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(71) We, SYSTEM DEVELOPMENT CORPORATION, a corporation organised and
existing under the laws of the State of Delaware, United States of America, of 2500
Colorado Avenue, Santa Monica, California 90406, United States of America, do hereby
declare the invention for which we pray that a patent may be granted to us, and the method
by which it is to be performed, to be particularly described in and by the following
statement:- '

This invention relates to information storage and retrieval systems.

Distinguishing the present invention from the prior art there are certain characteristics
that are generally applicable to prior art information storage and retrieval systems in
existence today. These features are as follows:

1. As the size of a stored data base increases, the average time required to retrieve data
therefrom increases. :

2. Data compressed in a storage and retrieval system must be expanded before it can be
operated on.

3. If another element is added to a data base (for example, a record is added to a file),
the amount of space required to store the updated base always increases.

4. Some inquiries will be rejected by a retrieval system because they are not stated or
formated correctly.

5. As the size of a random access data base increases, the efficiency of storage decreases
(due to the requirements for indexing tables, pointers, etc.).

An embodiment of the present invention does not have any of the above features.

A preferred embodiment of the present invention involves a method and apparatus of

restructuring digital information to produce iso-entropicgrams and seeds. Iso--

entropicgrams and seeds are explained hereinafter. To be explained in more detail, a seed is
an optimum way of representing a particular piece of information with minimum storage.
Stored information is retrieved, not by searching the data base, but by a generation process.
During the generation process a data request, along with stored iso-entropicgram seeds, are
fed as parameters to an output generator.

In summary, some of the advantages gained from using the techniques according to the
present invention may be achieved as follows: (1) less physical storage is required, (2) fast
retrieval time. (3) ease of restructuring and updating a data base, (4) ease of specifying new
retrieval criteria, and (5) ease of specifying and carrying out a process.

The information storage and retrieval system described in the present patent application
is a new class of machine, based on entirely new concepts and techniques. Since it is based
on new concepts, a new word has been coined to describe these concepts and techniques,
the word being ‘‘holotropic™.

The holotropic information storage and retrieval system is not based upon a new
component nor merely upon a rearrangement of existing components, but instead is based
upon new methods and apparatus for building a whole new class of information processing
machines.

Some superficial similarities will be found between presently available techniques and the
class of new machines disclosed herein. However, the differences are much more significant
then the similarities, making it awkward to describe the new class of machines in existing
terms. For example. one aspect of the invention resembles holography in the sense that
information pertaining to an item is not stored in one place. However, to use the word
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“holographic” to describe this new class of machines would convey the totally incorrect
impression that it is optical in nature and, at the same time, the term fails to refer to these
machine’s other characteristics. By way of further example, this aspect of the invention may
behave in some respects like an associative memory. However, here again, the differences
outweigh the similarities and the use of a descriptor like “associative” generates more
confusion that it does clarification. For this reason, the term holotropic is used to identify
the new machines, concepts and techniques involved.

One application of the holotropic method and apparatus is for information storage and
retrieval. However, in describing the functioning of a holotropic memory system, care must
be taken in using the terms used for previous techniques. The mechanisms by which
holotropic memory systems store and retrieve information are totally different from the
mechanisms associated with terms like “search”, “scan”, “match’, “point’, “link”, or
“thread”. Thus, according to an embodiment of the present invention, instead of searching
for the presence of stored data on the basis of matching an inquiry, the holotropic memory
system uses the inquiry to invoke parameters which define both the applicable pieces and
any relations between these pieces and the rest of the information. Those parameters then
produce the information requested in the inquiry, not by reading out of storage, but by
recomposing it. In a holotropic memory system, the information itself is not found, it is
generated. :

From the user’s point of view, there are two characteristics of holotropic techniques
which profoundly change conventional modes of dealing with an information storage and
retrieval system. One characteristic concerns the absence of the need for descriptors, and
another concerns file compression.

Attention will now be directed to descriptors and exactness as it applies to an
embodiment of the present invention. The data which is to be entered into the holotropic
system for later retrieval need not be categorized, indexed, described, or even formated for
the purpose of retrieval. Should the user wish to set up a structure of categories containing
descriptors or indices because it makes it easier for him, he may of course do so. An
important distinction here is that a holotropic memory system never imposes such
structures upon the process. Even though the holotropic memory system can accommodate
such structures, it does not require them.

The same flexibilities characterize the making of inquiries of a holotropic memory
system. The inquirer can simply ask questions in whatever form, using whatever words
occur to him. Usually the person attempting to use an information storage and retrieval
system has no trouble stating his inquiry in such a way that he understands it, and in such a
way that other people understand it. The difficulty arises when he tries to translate his
inquiry into an equivalent question which meets the acceptance requirements imposed by
conventional information storage and retrieval systems.

With prior information storage and retrieval systems, limits have to be set on the inquiry
process. Since a holotropic memory system does not impose any requirements on the
inquiry process, necessary control is vested where it belongs, namely, with the user. The
most important control the user exercises concerns the degree of exactness of the match
between his inquiry and the contents of the data base. The maximum setting on his “degree
of exactness” control would be that for an exact match. Should an exact match not be
found, the holotropic memory system enables it to tell the user that the situation exists and
indicates that change must be made in the exactness setting so that the inquiry will retrieve
at least one relevant item.

The exactness control setting has no effect whatsoever on the search time of the
holotropic memory system. However, since it indirectly controls the amount of data
retrieved, it does effect the total response time in the sense that more retrieved data will
take longer to display in print.

Because of the differences in the techniques of the inquiry process in traditional and in
holotropic information storage and retrieval systems, the structure of the latter may be
vastly different. In traditional retrieval information storage and retrieval systems, an
inquiry can be rejected because it contains an unallowable descriptor, or because something
is misspelled, or because the parts are ordered improperly, or because the inquiry is not
framed according to the specifications. Thus, an inquiry can be rejected regardless of
whether the information it asked for is actually in the data base. In a holotropic data storage
and retrieval system, no inquiry need ever be rejected for such reasons. The only sense in
which an inquiry needs to be “‘rejected” at all by a holotropic information storage and
retrieval system is that it fails to retrieve. In other words, the data base does not contain
anything which matches the inquiry at the specified level of exactness. If this happens, the
user is told whether or not a change in exactness will retrieve an item, and if so, the setting.

Another consideration for holotropic information storage and retrieval method and
apparatus is file compression. The nature of the holotropic system is such that the stored
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data is compressed into less space than would be used to store the data with presently
available techniques. This is true even if it were entered as a linear string, that is, as a single
record. The degree to which any particular data sample is compressed in a holotropic
system is a function of two independent processes.

The first process is fairly easily described, and its effects are relatively predictable. The
holotropic storage and retrieval system compresses input data by automatically taking
advantage of any redundancy. In one test, a 10,000-word sample of an ordinary English
prose was compressed to approximately one-half the space which would have been required
had the sample (without any index tables, pointer, or other artifacts) been stored as a single
record in a traditional information storage and retrieval system. The exploitation of these
redundancies occurs at all levels. Once a character, a word, a sentence, a paragraph, or any
other arbitrarily specified input element has been encountered, no subsequent occurrences
of that same element need be stored in their original form. Instead, the holotropic system
notes that a previously encountered element has occurred again, in a manner which permits
reconstitution of any or every one of the multiple input elements in its original context.

The second process contributing to data compression in a holotropic memory system is
more difficult to predict. It is more difficult to predict as it is a function of the relatedness of
elements which are part of a data base.

As each new input element is added to the data base, it is automatically correlated with
every other appropriate element already stored. Since this process operates on the data
base in its compressed form, it does not adversely affect storage time. One possible result of
this correlation is that the content and structure of a new input element may reveal a
relationship between itself and a number of already stored elements which permits all of the
related elements to be treated as a single entity and stored together. Thus, a number of
elements which at one time were stored separately, can be collapsed on the basis of their
relationship with a subsequent input element, with results that the updated file can require
less total storage space than it did prior to the addition of the new input element.

Another characteristic which is also very different in a holotropic system from traditional
information storage and retrieval systems is that in a holotropic system both the degree of
compression and the relative speed of retrieval may increase as the size of the data base
increases.

A derivative feature of compression in a holotropic system is that certain processing or
manipulation of the stored data is done in its compressed form, thus permitting higher
processing speeds than systems which must first expand the data.

Although the above discussion has been directed primarily to holotropic information
storage and retrieval systems, specific holotropic method and apparatus techniques may be
applied in other areas.

One area is in digital communications, where band width limitations place an upper
bound on speed of transmission. Here, a holotropic system can be used to encode the
digitized data, and the speed of transmission of any message will be increased as a function
of the degree of compression as discussed with respect to information storage and retrieval
applications. It is important to remember that the information thus compressed and
transmitted can represent anything whatsoever, from a payroll file to a digitized pictorial
image. Significantly, other systems can be used to efficiently compress and transmit data.
However, one thing which makes the holotropic approach unique is that, since holotropic
compression is a function of the redundancy of the message, compression and error
correction are one and the same mechanism.

Significantly, holotropic techniques can be implemented in software, but some or all are
much more efficient when implemented in microcode, and are maximally efficient when
implemented directly in hardware. However, even where holotropic techniques are
implemented in software or microcode, holotropic memory systems can perform more
efficiently in terms of storage, speed, etc. than presently known techniques. At the
hardware level, holotropic technology can take full advantage of the unique properties of
the latest components, such as, charge couple devices, magnetic-bubble logic, and memory,

etc’l‘he technology described herein is applicable alike to large computers (for example,
information storage and retrieval systems), to subsystems (for example intelligent disk
storage devices), or to very small stand-alone machines (for example, battery-driven
calculators).

The present invention is, from one aspect, a method, utilizing a digital data processing
system having a memory, for creating a digital coded data base in such memory from a
plurality of coded event signals in a desired order of occurrence, at least some event signals
representing different occurrences of the same event and at least one event signal
representing an event which is different from another one, said event signals, together,
representing a sequence of entries, some of said entries being the same and at least one
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being different, the method comprising the steps of :

a) forming a first event-time indication for each said event indicating the order of
occurrence thereof and forming a second event-time indication for each said entry
indicating the order of occurrence thereof; and

b) entering in the memory a stored multi-layered data base representing said events and
eniries comprising the steps of

1) forming a first data base layer comprising the step of storing in said memory
retrievable first layer event-time signals representing the first event-time indications and
which represent the order of occurrence of the events within entries; and

2) forming a second data base layer comprising the step of storing in said memory
retrievable second layer event-time signals which represent the second event-time
indications and which represent the order of occurrence of the corresponding entries.

The present invention is, from another aspect, a digital data processing system having a
memory, means arranged in operation to create a digital coded multiple Iayer data base in
such memory from a plurality of coded event signals, arranged in a desired order of
occurrence, at least some event signals representing different occurrences of the same event
and at least one event signal representing an event which is different from another one, said
event signals, together, representing a sequence of entries, some of said entries being the
same and at least one being different; said means comprising:

a) means arranged in operation to form a first event-time indication for each said event
indicating the order of occurrence thereof and to form a second event-time indication for
each said entry indicating the order of occurrence thereof; and

b) means arranged in operation to enter in the memory a stored multi-layered data base
representing said events and entries comprising:

means arranged in operation to form a first data base layer comprising means for
storing in said memory retrievable first layer event-time signals representing the first
event-time indications and which represent the order of occurrence of the events within the
entries, and

2) means arranged in operation to form a second data base layer comprising means for
storing in said memory retrievable second layer event-time signals which represent the
second event-time indications and which répresent the order of occurrence of the
corresponding entries.

The present invention is, from a further aspect, a data processing method of retrieving,
from a memory of a digital data processing system, data which is contained in a multiple
layered data base, each layer representing an ordered sequence of events and entries in
which one or more events represents each entry, in each layer some events being the same
and at least one being different, each layer comprising a plurality of separately retrievable
eveni-time signals which represent event-time values, the event-time values indicating the
order of occurrence of the events within entries on such layer, said data base comprising at
least first and second layers, each of a plurality of events in said second layer having a
different corresponding ‘entry in said first layer, the method comprising the steps of:

a) forming at least one second layer entry identification signal designating a selected
second layer entry;

b) utilizing the data base for generating a first layer entry identification signal
designating each first layer entry which corresponds to event-time values represented in the
designated second layer entry; and

¢) utilizing the data base for generating first layer event signals corresponding to the
event-time values which are represented in the designated first layer entries.

The present invention is, from a still further aspect, a digital data processing for
retrieving, from a memory system, data which is contained in a multiple layered data base,
each layer representing an ordered sequence of events and entries in which one or more
events represent each entry, in each layer some events being the same and at least one being
different, each layer comprising a plurality of separately retrievable event-time signals
represent event-time values, the event-time values indicating the order of occurrence of the
events within entries of such layer, said data base comprising at least first and second layers,
each of a plurality of events in said second layer having a different corresponding entry in
said first layer, the processing system comprising:

a) means arranged in operation to form at least one second layer entry identification
signal designating a selected second layer entry;

b) means arranged in operation to utilize the data base to generate a first layer entry
identification signal designating each first layer entry which corresponds to event-time
values represented in the designated second layer entry; and

¢) means arranged in operation to utilize the data base to generate first layer event
signals corresponding to the event-time values which are represented in the designated first
layer entries.
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The present invention is, from yet a further aspect, a method utilizing digital data
processing means for creating a multi-layer data base in a store and for reproducing the data
base comprising the steps of:

a) receiving as input a sequence of first type events which represent a sequence of first
type entries, the first type entries forming a sequence of second type events within a
plurality of second type entries;

b) utilizing the events and entries, received as input, for creating a multi-layer data base
in the store including the steps of:

1) forming digitally coded signals in a first data base layer representing the order of
occurrence of first type events in each of a plurality of first type entries, and

2) forming digitally coded signals in a second data base layer representing the order of
occurrence of second type events in each of a plurality of second type entries, each of a
plurality of second type events represented in the second layer having a corresponding first
type entry represented in the first layer; and

¢) reproducing events and entries in the same order received as input utilizing the first
data base layer to order first type events and utilizing the second data base layer to order
second type events within second type entries.

The present invention is, from a yet still further aspect, digital data processing system
having a store and for creating a multi-layer data base in the store and for reproducing the
data base comprising:

a) means arranged in operation to receive as input a sequence of first type events which
represent a sequence of first type entries, the first type entries forming a sequence of second
type events within a plurality of second type entries;

b) means arranged in operation to utilize the events and entries, received as input, for
creating a multi-layer data base in the store and comprising:

1) means arranged in operation to form digitally coded signals in a first data base layer
representing the order of occurrence of first type events in each of a plurality of first type
entries, and

2) means arranged in operation to form digitally coded signals in a second data base
layer representing the order of occurrence of second type events in each of a plurality of
second type entries, each of a plurality of second type events represented in the second
layer having a corresponding first type entry represented in the first layer; and

¢) means arranged in operation to reproduce events and entries in the same order
received as input utilizing the first data base layer to order first type events and utilizing the
second data base layer to order second type events within second type entries. .

Embodiments of the present invention will now be described, by way of example, with
reference to the accompanying drawings, in which:-

Figure 1 is a general block diagram of the data processing machine (DPM);

Figures 2, 3 and 4 form a schematic and block diagram of the ENCODE MODULE;

Figure 5 is a diagram showing the relationship of Figures 2, 3 and 4;

Figure 6 is a schematic and block diagram of the ALU used in various modules in the
DPM SYSTEM;

Figures 7 and 8 form a flow diagram illustrating the sequence of operation of the
ENCODE MODULE;

Figures 9 and 10 form a schematic and block diagram of the DECODE 1 MODULE;

Figure 11 is a flow diagram illustrating the sequence of operation of the DECODE I
MODULE;

Figures 12, 13 and 14 form a schematic and block diagram of the DECODE II
MODULE:;

Figure 15 is a schematic and block diagram of the DELTA MODULE;

Figure 16 is a flow diagram illustrating the sequence of operation of the DELTA
MODULE;

Figure 17 is a schematic and block diagram of the REVOLVE MODULE;

Figures 18A and 18B form a flow diagram illustrating the sequence of operation of the
REVOLVE MODULE;

Figure 19 is a block diagram of an iso-entropicgram revolver employing the REVOLVE
MODULE;

Figures 20 and 21 form a schematic and block diagram of the SEED MODULE,;

Figure 22 is a flow diagram illustrating the sequence of operation of the SEED
MODULE;

Figure 23 is a block diagram of a seed finder and employing the SEED MODULE;

Figure 24 is a schematic and block diagram of the CHANGE MODULE;

Figure 25 is a flow diagram illustrating the sequence of operation of the CHANGE
MODULE;

Figure 26 is a block diagram of a seed line changer employing the CHANGE MODULE;
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Figure 27 is a schematic and block diagram of a generalized clock control unit for use in
designated modules;

Figures 28,29,30 and 31 form a schematic and block diagram of the OUTPUT
MODULE;

Figures 32 and 33 form a flow diagram illustrating the sequence of operation of the 5
OUTPUT MODULE;

Figure 34 is a block diagram of the compaction and retrieval machine employing the
OUTPUT MODULE; :

Figures 35,36,37 and 38 form a flow diagram illustrating the sequence of operation of the
PIPE MODULE; 10

Figures 39,40, and 41 form a flow diagram illustrating the sequence of operation of the
PIPE MODULE;

Figures 42A-D are graphs used to illustrate functions of the BRIGHTNESS MODULE;

Figures 43,44,45 and 46 are schematic and block diagrams of the BRIGHTNESS
MODULE; 15

Figures 47,48,49 and 50 form a flow diagram illustrating the sequence of operation of the
BRIGHTNESS MODULE;

Figures 51,52 and 53 form a schematic and block diagram of the DPM INTERFACE
MODULE which includes the IPRF; :

Figure 54 shows the /O bus 1220 structure; 20

Figures 55 and 56 form timing diagrams representing the sequence of operation of I/O bus
output and input operations;

Figure 56A is a schematic and block diagram showing the control for the BDONE flip
flop in the DPM INTERFACE MODULE;

Figure 57 is a schematic and block diagram of the MEMORY MODULE; 25

Figure 58 is a write enable pulse diagram for the MEMORY MODULE;

Figure 59 is a schematic and block diagram of the SWITCH MATRIX:

Figure 60 is a schematic and block diagram of the P/B MEMORY;

Figure 61 is a block diagram of an alternative data processing machine (DPM 2);

Figure 01A, 61B and 6/C form a schematic and block diagram of the ENCODE 30
MODULE for the DPM 2 system;

Figure 61D and 61 E form a schematic and block diagram of the DECODE I MODULE
for the DPM 2 system;

Figure 61F, 61G and 61H form a schematic and block diagram of the DECODE II
MODULE for the DPM 2 system; 35

Figure 62 is a schematic and block diagram of the DELTA 2 MODULE for use in ‘the
alternative machine of Figure 61;

Figure 63 is a flow diagram for the DELTA 2 MODULE;

Figure 64 is a schematic diagram of the implies circuit of Figure 62;

Figures 65 and 66 form a schematic and block diagram of the REVOLVE 2 MODULE; 40

Figure 67 is a flow diagram for the REVOLVE 2 MODULE;

Figures 68 and 69 form a schematic and block diagram of the REVOLVE 3 MODULE;

Figure 70 is a flow diagram for the REVOLVE 3 MODULE;

Figures 71 and 72 form a schematic and block diagram of the SEED 2 MODULE;

Figure 73 is a flow diagram for the SEED 2 MODULE; 45

Figures 74 and 75 form a schematic and block diagram of the OUTPUT 2 MODULE;

Figures 76 and 77 form a flow diagram for the OUTPUT 2 MODULE;

Figure 77A is a schematic and block diagram of the CHANGE 2 MODULE;

Figure 77B is a flow diagram for the CHANGE 2 MODULE;

Figure 77C is an example of how information is moved between areas of the MEMORY2 50
MODULE during operation of the CHANGE 2 MODULE;

Figure 77D is a schematic and block diagram of the MEMORY 2 MODULE;

Figure 77E is a schematic and block diagram of the SWITCH MATRIX 2;

Figure 77F is a schematic and block diagram of the AUXILIARY MEMORY 2;

Figure 77G is a sketch showing the generalized diagram of the software; 55

Figure 78 is a generalized sketch showing the data structure for each layer;

Figure 79A is a sketch illustrating the generalized data structure for layer 0;

Figure 79B is a sketch illustrating the generalized data structure for layer 1;

Figure 79C is a sketch showing an example of the data structure for layer 0;

Figure 79D is a sketch showing an example of the data structure for layer 1; 60

Figures 80 and 81 form a PARSER program flow diagram;

Figures 82-84 form a PIPE program flow diagram;

Figure 85 is a sketch illustrating the address linkage during PI22 et seq. of the PIPE
program;

Figure 86 is a sketch illustrating the address linkage during P17 of the PIPE program; 65
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Figure 87 is a sketch illustrating the address linkage during PI11 of the PIPE program;

Figures 88-93 are sketches illustrating the sequence of operation and. primary storage
areas during the operation of the PARSER, PIPE and BRIGHT programs;

Figures 94-96 are BRIGHT program flow diagrams;

Figure 97 is an OUTPUT subroutine flow diagram;

Figure 98 is a MEMDPM subroutine flow diagram;

Figure 99 is a DPMMEM subroutine flow diagram;

Figure 100 is a DECODE 1 subroutine flow diagram;

Figure 101 is an INSERT subroutine flow diagram;

Figure 1024 is a pictorial flow diagram illustrating the operation of the FORMATER
program during a layer 0 request;

Figure 102B is a pictorial flow diagram for the operation of the FORMATER program
during a layer 1 request;

Figure 102C is a FORMATER program flow diagram;

Figure 103 is
Figure 104 is
Figure 105 is

a COMMAND subroutine flow diagram;
a GET INTEGER subroutine flow diagram;
a GET FLOATING POINT subroutine flow diagram;

Figure 106 is a REQUEST subroutine flow diagram;

Figure 107 is a PROCOUT (Process Output) subroutine flow diagram;

Figure 108 is a sketch giving an example and illustrating the correspondence between
G2TBL table and the OLIST list;

Figure 109 is a SETUP subroutine flow diagram;

Figures 110 and 111 form a GENERATE subroutine flow diagram;

Figure 112 is a SORT subroutine flow diagram;

Figure 113 is a PRINTR (Printer) subroutine flow diagram;

Figure 114 is a conceptual view of the prior art data base system;

Figure 115 is a conceptual view of a layered data base system according to the present
invention;

Figure 116 is a sketch illustrating layering data base structure of the data base;

Figure 117 is a sketch illustrating conversion tables CVRTBL and CVTBL2;

Figure 118 is a sketch illustrating ESTAK;

Figures 119A-E are sketches illustrating available used space management for the seed
lines;

Figure 120 is a sketch illustrating an example of the layered data structures after
initialization;

Figure 121 is
Figure 122 is
Figure 123 is
Figure 124 is
Figure 125 is
Figure 126 is
Figure 127 is
Figure 128 is
Figure 129 is
Figure 130 is
Figure 131 is
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I. GENERAL DESCRIPTION OF DPM SYSTEMS
A. Data Base Structure
Figure 1 depicts a general diagram of an information storage and retrieval system and
embodies the present invention. The system of Figure 1 is referred to herein as a data base
45 management &PM) system. The DPM system is designed to perform certain general data 49
base management functions, as follows. First is the “enter” function which is the ability to -
enter information into the data base. Second is the “update” function which is the ability to
change or delete information in the data base. Third is the “retrieval”’ function which is the
ability to retrieve information from the data base, and the fourth is the ““discrimination”
50 function which enables the user to discriminate upon the information in the data base. The 50
discrimination fuction is referred to herein as the “piping and brightness” function.
In order to understand the above four functions, it is imperative that one first
understands the structure of the data base and the technique of storage for the data base.
All incoming information to the DPM system is restructured by the MINI COMPUTER
55 into a layered data base in its main memory. Each layer is a logical entity or a group of 55
entities called “events”. Each of these events is separated by a delimiter from a set of
delimiters for the layer. The group of events between two delimiters is referred to as an
“entry”. Layering is hierarchical in that the higher level layers encompass the lower level
layers. For example, if one were to structure contextual data base, the following levels may
60 exist: layer 3 consisting ,of sentences; layer 2 consisting of phrases; layer 1 consisting of 60
words; and layer 0 consisting of letters. Each layer has appropriate and distinct delimiters.
However for purposes of illustration only a two layer system is specifically disclosed. One
layer is for words and the second for sentences.
Table 1 is an example of the word layer 0. Each occurrence of an event is represented by
65 a1l whereas an 0 represents the lack of an event. As depicted, the layer may be visualized as 65
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having two dimensions referred to as lines (or rows) and columns. The number of lines is
equal to the number of events in the layer. The number of columns is equal to the number
of possible occurrence values for each event.

Entries are viewed as a series of events occurring in time. Each column is assigned an
event-time, or possible occurrence value, from left to right in increasing monotonical value
order. Table 1 depicts layer 0 for the sentence “THIS IS A TEST”. Line 0 of layer 0
contains the delimiter b(representing a textual blank) which actually separates the words
of the sentence. Line 1 designates the T events. Line 2 designates the H events. Line 3
designates the I events. Line 4 designates the S events. Line 5 designates the A events. Line
6 designates the E events. _

Since the events can be considered as a series of chronologically occurring event-times,
each event is represented in the layer by a binary 1 in the appropriate line and column.
Thus, if the event-times can be considered as being represented by an occurrence clock,
each time a 1 is entered in the layer corresponding to an event the occurrence clock is
increased by 1. This is depicted in Table 2A. Thus a delimiter boccurs at event-time
0, the letters T-H-I-S occur at event-times 1, 2, 3 and 4. A second delimiter b
oceurs at event-time 5. The letters I-S appear at event-times 6 and 7. Another delimiter b
appears at event-time 8. The letter A appears at event-time 9. Another delimiter b
appears at event-time 10 and the letters T-E-S-T appear at event-times 11, 12, 13 and 14.
The ending delimiter b appears at event-time 15.

All of the events in any one line are represented by an occurrence vector. The occurrence
vector is represented by the occurrence values of an event shown at any particular line.
Occurrence vectors are shown in Table 2B, for each line of Table 1, as a series of decimal
occurrence values. Thus, for example, a “delimiter occurrence vector” for the delimiter b
event is depicted in the first line of Table 2B. Similarly, the event occurrence vector for the
letter T is depicted at the second row of Table 2, etc.

Table 3 depicts a sentence layer 1 for the sentence “THISIS A TEST”, the symbol “.” is
used as the delimiter symbol to delimit phrases. The first occurrence of *“.” is implied,
forming the initial leading delimiter for the word layer. A number of different types of
delimiters may be assigned to each layer (e.g., “.”; & . ete.) and can be selected as
desired by the user. The possible occurrence value at which each delimiter occurs in layer 0
is used as an implied line pointer to layer 1. The line pointer is formed by assigning a value
corresponding to the relative position of the events in line 0 of Table 1 and adding thereto a
bias. The implied pointers of 1, 2, 3, 4 and 5 are depicted at the bottom of Table 3.

Consider now an example of the sequence of operation required in layering the phrase b
THIS IS b A b TEST b Considering the examples of Tables 1 and 3, in an actual
example of the system, the first delimiter bis implied and not physically present in the
input stream. A line or event counter is used to keep track of each new event for each
different layer. In addition, an event-time clock for each-layer is provided for identifying
event-times, or possible occurrence values. .

Initially, the line and event-time clocks for each layer are initialized by setting them to 0.
The lowest layer, layer 0, is tagged with event names, in this case the binary representation
of the character assigned to the line. This is not done with higher layers.

The implied delimiter bis the first possible occurrence value encountered in the input
phrase. Since this is not present in layer 0, the bis assigned to the next available line,
line 0, by the line counter. The first delimiter occurrence is marked by placing a binary 1 in
column 0, line 0 corresponding to the state of the event-time clock and the line counter. The
line counter and the event-time clock are then incremented by 1. The event-time clock now
identifies event-time 1, and the line counter identifies line 1.

For each event line, zeroes are used to fill in the positions in which a 1 is not entered.

The next event to be encountered is the T in the word “THIS”. Accordingly, a 1 is
entered at line 1, column 1, corresponding to the 1 states of both the event-time clock and
the line counter. The event-time clock and the line counter are then incremented by 1. This
operation continues until the “bTHIS” has been entered in layer 0. The next event to be
encountered is the end delimiter b The line counter is then reset to 0 and at this time the
event-time clock is at 5. Accordingly, a 1 is entered at line 0, column 5. The complete word
event b THIS bhas now been entered on layer 0 and is to be processed on word layer 1.
The first occurrence of the *.” phrase delimiter is implied and is therefore entered at line 0,
column 0, corresponding to the event-time clock and line counter for layer 1. The
event-time clock and line counter for layer 1 are incremented by 1 and a 1 is entered at
column 1, line 1. corresponding to the word THIS.

Next the series of input events “IS B’ are encountered. First, letter layer 0 is checked
to see if there is an event line in existence for each of the characters IS b. Since
the events, I, S. bhave previously occurred, but not in that order, only the event-time
clock is incremented for each of these events and the line counter is appropriately
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positioned to identify the lines corresponding to each of these events.

A new event line is not added to layer 1 if the event has already occurred. Rather, only an
occurrence mark is added at the appropriate column of the line corresponding to the event.
A sequence of events between two delimiters is not added to the same event layer a second
time if an implied pointer exists to a higher layer. Instead, the series of events between the
two delimiters will be represented and entered in the layered system as an occurrence mark
on the next higher layer, and nothing needs to be done on the lower layer.

To be explained in more detail hereinafter, the DPM system of Figure 1 implements the
layering concept by representing data, not in lines and columns, but by occurrence vectors
which represent event-time by actual occurrence values.

B. Iso-entropicgram Techniques

Information is not stored in the DPM system directly in the event-time form shown on
Tables 1 and 3, but is translated into a special compacted form. The compaction is referred
to herein as iso-entropic compaction. Specifically, an occurrence vector or a word of
information is represented by a given line value and a given line number. Each given line
value and line number has a set of equivalent line values and line number values which
include the given line value and line number. Each equivalent representation has the same
information content. Each line value represents at least one digitally coded actual
occurrence value out of a set of possible ones. Each line value is related to another in the
same set by an exclusive OR of the values thereof and the values thereof relatively shifted.
The set of equivalent line values form an iso-entropicgram.

The representations in the set are of various lengths when leading 0’s are disregarded.
The shortest one is referred to as the “seed”. Most retrieval operations from the DPM
system, along with the operations that change or modify the data base, are carried out
directly on the seed and therefore are very efficient compared to conventional data base
techniques.

Table 4-A gives an example of an iso-entropicgram using binary 1’s and 0’s. Each line
represents one of the representations of the complete set. The input line is depicted at the
top of line 0. Referring to the input line, it will be seen that there are actual occurrence
values 0, 1, 2, 4 and 6. Each line, moving down in the iso-entropicgram, is formed by
shifting the binary bits of the preceding line in the iso-entropicgram by 1 bit position to the
right and exclusive ORing the bits (or values) of the unshifted line with the shifted line. The
~exclusive OR” is referred to herein as an XOR. An XOR operation on binary coded
information is a bit by bit half-add with a deletion or truncation of those resultant bits
which, as a result of the shift, exceed the number of bits in the original unshifted line. In this
case, the binary bits that are truncated are those to the right of the largest event-time or

‘possible occurrence value 7.

Refer now to Table 5 and consider in detail the way in which line 1 is formed from line 0
of Table 4-A. The top two lines of Table 5 depict line 0 unshifted and line 0 shifted to the
right by 1 binary bit. The vertical line indicates the point at which truncation occurs. The
remaining bits of the shifted and unshifted line 0 are XOR’d resulting in line 1 of the
iso-entropicgram. This process is repeated, using line 1 to form line 2, and using line 2 to
form line 3, etc. It will be seen that after a number of lines equal in number to the number
of bits in the input line have been generated, the next line to be generated is the input line,
also referred to as the output line. Note for example that lines 0 through 7 of Table 4-A are
each different, whereas line 8 is the same as line 0, the input line. The iso-entropicgram is
closed on itself, lines 0 and 8 being identical.

The process of going from one line to another in the same iso-entropicgram is referred to
herein as “revolving”.

One limitation imposed on the iso-entropicgram is that the number of bit positions, i.e.,
the width, must be an integral power of 2 (e.g., 1,2,4,8,16, etc.). It will also be found that in
an iso-entropicgram, one can look down through the columns and pick any number of
columns which are an integral power of 2 and the bits in these columns will repeat every
integral power of 2 lines. By way of example, columns 0 and 1 repeat at line 2; columns 0, 1,
2 and 3 repeat at line 4; columns 0, 1, 2, 3, 4, 5, 6, and 7 repeat at line 8; etc.

It will further be seen that as the lines of an iso-entropicgram are formed, past occurrence
information appears to progressively sweep across the iso-entropicgram, influencing
representation of later information. The sweeping in the iso-entropicgram of Table 4-A
appears to sweep fo the right. For example, at line 7, the information in line 0, column 0,
has interacted with every column to the right and, in fact, all columns have interacted with
columns to their right.

Table 6 illustrates this point by using, as the input line, the basic iso-entropicgram pattern
created by a single binary coded bit of occurrence information. The basic pattern depicted
in Table 6 has been named the “delta” pattern, partly because of its rough similarity to
delta modulation and partly because the physical shape outlined by the 1’s appears like the
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delta symbol. The iso-entropicgram produced in Table 6 is actually a result of the
interacting patterns produced by the delta’s position at the input line.

Another example of the delta interaction is depicted in Table 7 which shows an
iso-entropicgram with the 0’s left out for clarity. Here it will be seen that the deltas are
outlined: therefore their interference occurs at line 4. The interference pattern produced by
the interaction of these deltas has similar properties as those of an optical hologram. Thus,
in an optical hologram, each point is the combined result of a reflected beam whose
intensity and path distance is a function of the scene reflecting the beam. The recorded
intensity at each point is a result of the combined intensities of the two beams and the phase
displacement between them caused by the reflected beam’s path length.

Similarly, the information at each point in the iso-entropicgram of Tables 6 and 7 is the
result of two information intensities (binary 0 and binary 1) and the phasing between them.
At each point, past information is analogous to the optical hologram’s reflected beam, and
the present information to its direct beam.

Information stored in the iso-entropicgram is highly redundant. Thus each line of the
iso-entropicgram forms one representation of a complete set of equivalent representations.
All lines form the complete set. Each line represents a new encoding or transformation of
the input line. Additionally, it has been found that large sections of the iso-entropicgram
can be eliminated but the éntire iso-entropicgram can be reconstructed from the remaining
bits and pieces, using the interrelations of the lines and columns.

‘As discussed above, lines 0 and 8 of the iso-entropicgram of Table 4 are identical in form.
One can generalize by saying that if line 0 is the input line, line 0 + 2N is the output line
which is identical in form to the input line, where 0 + 2N is equal to the number of bits in
the input line.

The purpose of utilizing the iso-entropicgram techniques is to replace the input line with
another representation (line) which is equal to but preferably shorter in length than the
input line. The seed line is the one which can be represented with the minimum number of
bits eliminating leading 0’s. Referring to Table 4-A, it will be seen that the seed is line 2,
where only four occurrence values, namely, 0 through 3, are needed to represent the
information since the rest of the bits to the right are 0. The seed then represents a minimal
encoding for the iso-entropicgram. In the iso-entropicgram, the seed then is the one with
the least number of possible occurrence value positions required to represent all occurrence
values.

If all binary bit positions in a line are called the possible occurrence values and each 1 is
called an actual occurrence value, it can be said that the iso-entropicgram involves:

(1) Grouping strings of actual occurrence values into lines and grouping the lines into a
set. All lines in the set are equivalent and interrelated. According to the preferred
embodiment of the present invention, each line in the set is related to another by shifting
the occurrence values of the line one place and XORing the shifted and unshifted lines,
deleting those shifted values which go beyond the width of the iso-entropicgram;

(2) All lines of the set are unique, that is, no line is repeated;

(3) The set of lines is closed upon itself in the sense that by manipulating any one line,
the entire set of lines can be repeated, and the set size (number of lines in the set) is
predetermined.

The set size or number of lines for a given length of lines can be specified as follows:

N (number) = number of possible occurrence values per line and the number of lines per

set. The log ,N is an integer.

General techniques are disclosed herein whereby any line of an iso-entropicgram set can
be generated from any other line by knowing the line to be used as the reference and,
secondly, the number of lines between the line to be used and the input line.

Since the transmission of any line of the iso-entropicgram set before eliminating leading
O’s carries the same information and requires the same number of bits, the set is
iso-entropic. In terms of information theory each line has the same entropy. Using seed
finding techniques disclosed herein, it is possible to select line that will represent the input
line with fewer occurrence values and hence the entropy is reduced. As a result,
information representation may be stored or transmitted more efficiently.

The lines in an iso-entropicgram can be derived from any other line without resort to a
line by line revolve. Using for example, the line by line revolve, the seed line is revolved to
the input line by revolving the seed through the number of lines of the iso-entropicgram
which are necessary to generate the input line. For example, in Table 4-B, a revolve of 9
lines from the seed line 7 will generate the input line 16.

According to one preferred embodiment of the invention, means is provided for
generating the input line without generating each of the lines in between the seed line and
the input line. According to the preferred embodiment of the present invention, this is done
by determining the number of lines required to generate the input line and breaking this
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number down into its component powers of 2, going from the largest possible to the
smallest possible component power of 2. One XOR operation is then performed using each
of the component powers of 2 to move from the seed line to the input line.In each XOR
operation a given line is shifted to the right by the number of bit positions (possible
occurrence positions) identified by the corresponding component power of 2. The shifted
given line is then XOR’d with the unshifted given line.

The example of Table 4-B requires a revolve of nine lines to rotate the seed line to the
input line. Breaking 9 into its component powers of 2, going from the largest to the
smallest, the component powers are 8 and 1. Table 4-D top line shows the seed line
unshifted. The next line of Table 4-D shows the seed line shifted with respect to the first line
by 8 bits. The third line shows the XOR of the first two lines. In this step, then, the seed line
has been revolved from line 7 to line 15. (CF line 15 of Table 4-D). The remaining
component power of 2 is 1. Accordingly, the third line of Table 4-D, line 15 of the
iso-entropicgram, is right shifted one bit position and XOR’d with itself to generate the
input line 16.

Another revolve technique is disclosed herein for generating any line of an iso-
entropicgram directly from any other line of the same iso-entropicgram without generating
the intervening lines. This may be done by a process of revolving which involves a shift and
XOR of the given line of an iso-entropicgram. The number of positions of shift is
determined by one of the lines of the delta of Table 6. Basically the process involves:

1. Determining the number of lines in the corresponding iso-entropicgram by which the
given line is to be revolved;

2. Generating the line of the deita whose number is equal to that of the number of lines
to be revolved;

3. For each occurrence value in the selected delta forming at least partially an individual
representation of the given line and aligning the representations of the given line with one
end aligned with the corresponding occurrence value of the selected line of the delta:

4. XORing the thus aligned occurrence values of the given line eliminating those shifted
occurrence values outside of the iso-entropicgram.

Tables 46 and 47 depict such an example. Referring to Table 47, assume that the given
line is line 0. It will be seen that the sixth line in the iso-entropicgram from the given line is
line 6. Referring to Table 6, delta line 6 contains occurrence values 0, 2, 4 and 6. Taking the
given line depicted at line 0 of Table 47 forming a representation of that line for each of the
occurrence values of the delta line 6 and aligning the left hand end with the corresponding
occurrence values of the delta line 6 results in the pattern depicted at 0, 2, 4 and 6 in Table
46. XORing the aligned bits together results in line 6 of Table 47. In other words, there are
occurrence values at 0, 2, 4 and 6 of delta line 6. The given line is reproduced 4 times and
separate ones of the reproduced lines are shifted 0, 2, 4 and 6 possible occurrence values.
The resulting lines are XOR’d together to generate line 6 of the iso-entropicgram,
eliminating any shifted occurrence values to the right of the edge of the iso-entropicgram.

Any line can be used as the given line of the iso-entropicgram. The relative distance, i.e.,
number of lines by which the revolve is to take place, is equal to the desired line number
minus the given line number. This difference determines the line of the delta to be used for
the process of shifting and XORing. If the desired line is lower in number than the given
line, for example a given line of 5 and a desired line of 3, the relative distance is negative. In
that event, the width of the iso-entropicgram is added to the negative difference and the
result designates the line of the delta to be used. For example, using a given line of 5 and a
desired line of 3, one would compute the delta line as follows:

35 =-2; -2 + 8 =6.

This general concept is implemented in the alternative DPM system of Figure 61.
However, to facilitate implementation, the process involves a shift and XOR of the delta
line rather than the given line which is to be revolved. The process implemented in the
DELTA 2 MODULE and the DPM system of Figure 61 is as follows:

1. Determining the number of lines in the corresponding iso-entropicgram by which the
given line is to be revolved;

2. Generating the line of the delta whose number is equal to that of the number of lines
to be revolved, one such delta line at least partially being generated for each occurrence
value of the given line, and aligning each generated delta line with one end of the delta line
in alignment with the corresponding occurrence value of the given line;

3. XORing the thus aligned occurrence values of the generated delta line, eliminating
those shifted occurrence values outside of the iso-entropicgram.

A more detailed description of the DELTA 2 MODULE implementation is given in the
sections on the DELTA 2 MODULE and the REVOLVE 2 MODULE.

To be explained in more detail herein, any line of an iso-entropicgram is completely
identified by a line number, a line value and a width (or length) value. The line number is
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the line number in the iso-entropicgram. The line value represents the actual occurrence
values, excluding 0’s to the right of the last 1. The width is the width of the corresponding
iso-entropicgram which in turn is the length of any line of the iso-entropicgram including 0’s
on the right.

For example, using this form of expression, the seed line of Table 4-A can be represented
as line number of 2, line value of 1101 and width of 8. To be explained in more detail, the
actual embodiment of this invention operates an actual occurrence value expressed in
binary coded decimal rather than lines and columns of 1’s and 0’s. Using this form of
expression the above line value becomes 0, 1, 3.

C. Changes

Changes to a data base consist of insertions, deletions and the addition of new
information. Deletions remove actual occurrence values from event occurrence vectors. An
insertion adds an actual occurrence value to one or more event occurrence vectors and, if
necessary, actual occurrence values are shifted to allow for insertion. New additions to a
data base add new actual occurrence values to existing event occurrence vectors or add
entire new event occurrence vectors.

In accordance with a preferred embodiment of the present invention described
hereinafter in connection with the CHANGE MODULE, changes in the event occurrence
vectors are made directly to the seed line of an event occurrence vector. In other words, it is
not necessary to revolve an event occurrence vector back from its seed line to the input line
of its iso-entropicgram. Tables 9-A and 9-B illustrate the sequence of operation for
changing a hypothetical event X. Line a of Table 9-A depicts the occurrences of X in
absolute decimal coded form. Lines b and c, respectively, depict deletions and insertions.
Thus, occurrence values 6 and 12 are to be deleted and occurrence values 1, 3,8,9and 11
are to be added to the event X depicted at line a. The change vector incorporating all the
insertions and deletions is depicted at line d of Table 9-A. The change vector includes all of
the occurrence values for the deletions and insertions sorted in an increasing incremental
order from left to right. A change operation takes place by XORing the change vector and
the event occurrence vector to be changed. If lines a and d of Table 9-A are XORed the
result is as depicted at line e. It will be seen that line e includes all of the actual occurrence
values depicted at lines a and d with the common occurrence values 6 and 12 deleted. It will
be recognized that the XOR just described was described with both the event X and the
change vector at their 0 or input line for their corresponding iso-entropicgrams.

Assume now that the vector X is at its seed line as depicted at g in Table 9-A. The seed of
X is at line 6 of its iso-entropicgram. According to the preferred embodiment of the present
invention, the change vector is revolved through its iso-entropicgram until it is also at line 6
in its iso-entropicgram. Line h of Table 9-A depicts the change vector at line 6 of its
iso-entropicgram. According to the present invention the line values of X and the change
vector depicted at g and h are then XORed providing the result indicated at line i. Referring
to i of Table 9-A. the XOR results in the same line number, namely, line 6, with a line value
of 0,1. Table 9-B shows the iso-entropicgram for the input line depicted at e of Table 9-A. It
will be seen that when the input line (line 0) of Table 9-B has been revolved to its line 6, its
actual occurrence values are indeed 0 and 1 which is the same as that depicted at line i in
Table 9-A. Using the revolving techniques described hereinabove, the resultant value
depicted at i, according to the present invention, is then revolved until its seed line is found.

With reference to Table 9-B, it will be seen that the seed is at line 5. Accordingly, line 6
depicted at i of Table 9-A and 6 of Table 9-B, is revolved forward 15 times until it arrives
back at line 5 of the same iso-entropicgram, as depicted at the bottom of Table 9-B. Line 6
plus 15 additional lines is line 21. Subtracting out of 16 (the total lines in the
iso-entropicgram) leaves line 5 which is the seed line. Thus, the new seed line number 5 has
a line value of 0.

Significant to the present invention, it should be noted that in the aforegoing example the
changes involve five insertions and only two deletions. Even though the insertions and
hence information content increased, it resulted in a net reduction in the seed. In other
words, the seed event X contains three occurrence values in its line value whereas the line
value for the final seed contains only one occurrence value. This occurs because the seed is
a representation formed by information interference patterns which are not controlled by
the quantity or the number of occurrence values. The patterns are only influenced by the
relationship between the occurrence values. As a result it is possible for a data base to
shrink in size with added information.

D. Verifying Presence of Occurrence Value at Input Line
As described above, Table 6 depicts a delta. The delta of Table 6 is the same width as the
iso-entropicgram of Table 4-A. A delta is formed by placing a 1 at possible occurrence value
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0 as the input line and revolving it until the original input line is formed using the desired
iso-entropicgram width.

The delta can be used to verify the presence of an occurrence value (i.e., a 1) at the input
line of an iso-entropicgram without actually generating the input line.

The verification process may be accomplished using pencil and paper by physically
inverting the delta from top to bottom and from side to side. Thus, the delta of Table 6
inverted becomes that depicted in Table 9-C. Next, the lower right-hand tip of the delta is
positioned over the possible occurrence value column of interest at the output line. Next,
the line of the inverted delta that coincides with the line of the iso-entropicgram which is
going to be used for the test are ANDed together. The resultant line is then XORed. If the
result of the XOR is a 1, an actual occurrence value is present at the input line in the
possible occurrence value column of interest. If the result is 0, an occurrence value is not
present.

Although the foregoing method is accurate and useful using paper and pencil, the present
invention embodies concepts similar to the foregoing in a more practical embodiment. In
the actual embodiment of the invention it is possible to have a seed expressed as a line
number, a line value, and an iso-entropicgram width to determine whether the input line of
the corresponding iso-entropicgram has any particular desired occurrence value and this
can be done without revolving the seed back to the input line. Usually the line to be used for
the checking process is the seed line. Therefore, the description of the embodiment of the
ipvention will be described assuming that the line to be used as a basis for the test is the seed

ine.

Referring to the inverted delta, it will be seen that the numbers of positions between
adjacent “1’s” is an integral power of 2 for lines 0, 2, 4 and 6. For example, line 2 has 1’s
separated by two positions, whereas line 4 has 1’s separated by four positions. Because of
this characteristic of the delta, it is quite easy to generate occurrence values representing
the occurrence values which are present in the lines of the delta which are component
powers of 2. To this end, the seed line which is to be used as a basis for a test is first revolved
in its iso-entropicgram until it is at the line which is an integral power of 2 lines away from
the input line. Using Table 4-A by way of example, seed line 2 when revolved two lines to
line 4 is an integral power of 2 (namely, 4) away from the input line.

Referring to the inverted delta of Table 9-C, it will be seen that line 4 contains occurrence
values at 3 and 7. Thus it should be evident that the number of possible occurrence values
separating the actual occurrence values in the delta (for those lines which are integrai
powers of 2) is equal to the line number. Thus, applying the inverted delta of Table 9-C to
the iso-entropicgram of Table 4-A. assume that it is desired to determine whether
occurrence value 6 is present in the input line. Applying line 4 of the inverted delta of Table
9-C to line 4 of the 1so-entropicgram of Table 4-A, occurrence value 6 is present in the
inverted delta line of Table 9-C, whereas it is absent in the iso-entropicgram line of Table
4-A, whereas four places to the left of the occurrence value 6 (of interest), the inverted
delta contains an occurrence value and so does the iso-entropicgram of Table 4-A. Tables
9-D and 9-E depict these operations.

The foregoing method for determining the presence of an occurrence value at the input
line using one of the non-input lines of the iso-entropicgram is referred to herein as the
DEL function. The actual method whereby the embodiment of the present invention
carries out the DEL function is described in more detail in connection with the section
describing the OUTPUT MODULE.

E. Hybrid Coding

The disclosed embodiment of the present invention involves a further compaction
technique in which the occurrence vectors are represented in a hybrid encoded form.
Information is stored in the MEMORY MODULE in hybrid encoded form. Thus,
considering the iso-entropicgram technique used to represent a particular occurrence
vector, the present invention involves a technique which picks the line of the iso-
entropicgram which in hybrid coded form is the shortest, not necessarily the one which is
the shortest in the unencoded form.

The reason for selecting the shortest hybrid coded iso-entropicgram representation for
the seed is to enable the shortest or smallest memory space to be used for storage. Referring
now to Table 8, the possible occurrence values are depicted, and immediately below, the
corresponding binary bits representing an occurrence vector are depicted at 1.

Up to this point, the occurrence vectors have been primarily described in what will be
termed bit string form. In other words, a binary 1 or a binary 0 is used to represent the
presence or absence of actual occurrence values. This form of representation is depicted at
line 1 in Table 8. Line 2 of Table 8 depicts the same information in a binary coded decimal
form called absolute code form. Thus, bit string form for the information of Table 8
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requires 8 digits, each with 1 binary bit, for storage, whereas absolute code form requires
five digits, each with 3 binary bits, for storage.

Each digit in bit string form requires only one binary bit for storage, whereas each of the
digits in absolute form requires three binary coded bits. However, if the number of blanks
or 0’s between two binary ones (occurrences) becomes large, it will be seen that a point will
be reached where it will be shorter and save memory space to represent the information in
absolute form. Stating it differently, the distance between the binary 1’s in the bit string
form determines whether bit string encoding or absolute encoding will give the best
compaction and hence the shortest length of information to be stored.

By way of example, in a very wide iso-entropicgram, the distance between two
event-times or occurrences may be great. For example, one occurrence value may be 5 and
the next 2.673. In this case, absolute encoding should be used since it requires much fewer
binary coded bits of information for storage. If the distance between event-times is short,
and the number of occurrences is therefore frequent, bit string encoding will be better.

Accordingly, the present invention involves a technique where a hybrid encoding is used.
A brief description of the hybrid encoding will now be given since it is an integral part of a
preferred embodiment of the seed determination process.

Table 9 depicts in hybrid code an example of the most significant six words of storage for
an occurrence vector containing occurrences at event times 87, 88, 90, 93, 100, 114, 116,
119, 123 and 125. Each word contains a bit or “flag” at the left-hand end which identifies
whether it is a bit string word or an absolute word. A binary 1 indicates an absolute word
whereas a binary 0 indicates a bit string word. Disregarding the bit string/absolute form bit
at the left-hand of each word, each binary bit string word contains the largest occurrence
value at the right-hand end and the smallest at the left hand.

Word 1 is in absolute form and represents 125 with the most significant binary bit at the
left and the least significant binary bit at the right (disregarding the bit string/absolute form
bit at the left end of the word). Word 2 is in bit string form and has seven binary bit
positions representing possible occurrence values 118 through 124 but it only contains
actual occurrence values depicted by binary 1's for occurrence values 119 and 123.

During the process of encoding to hybrid code, an occurrence vector in bit string form is
scanned backward from the right-hand end as depicted in Table 4-A to the left-hand end
from the latest event time or largest occurrence value to the earliest event time or smallest
occurrence value, assigning absolute and bit string form to the words for storage in
memory. Memories are normally organized so that information is stored in words. As the
occurrence values are scanned from the largest to the smallest, absolute and binary form
words are assigned so as to give the maximum compaction. Thus, word 1 is in absolute
coded form and represents the occurrence value 125. Word 2 is in bit string form and has
binary 1's at the second and sixth position in the word, indicating occurrence values of 123
and 119. Word 3 is in bit string form with binary 1 bits at the second and fourth positions,
representing occurrence values of 116 and 114. Encoding is changed from absolute to binary
coded form when more than seven bits can be saved by switching from bit string form to
absolute form. The occurrence value 100 is 14 possible occurrence values away from the
occurrence value 114. In the encoding procedure, it is necessary to check the efficiency of
changing the forms of representation by calculating the number of bits that are saved. Since
there are three possible occurrence values to the left of occurrence value 114 in word 3,
three bits are potentially wasted by switching to absolute form, plus, it will require a full
word of seven binary coded bits to represent the information in absolute form. Thus a total
of 10 (7+3) bits are required for changing to absolute coded form, producing a saving of
four bits. Therefore, it is desirable to switch from binary form to absolute form. Thus, as
depicted in Table 9, word 4 is in absolute form and represents the occurrence value 100.

Occurrence value 93 is seven possible occurrence values from the occurrence value 100.
Since seven bits are potentially saved (not more than 7) the form of encoding is not changed
and the encoding for the next word 4 will remain in absolute form.

Occurrence vafue 90 is only three bits away from occurrence value 93. Accordingly, bit
string encoding is more efficient and word 6 is in binary string form.

Hybrid encoding is used to store all occurrence vectors in the DPM system. Therefore,

-although one particular line in an iso-entropicgram may produce the shortest length of

occurrences in bit string form, it may be found that another line of the same
iso-entropicgram will actually produce the shortest length when converted to hybrid form.

Hybrid encoding is used to encode all of the occurrence vectors sent back to the auxiliary
memory for storage and all occurrence vectors read from the auxiliary memory for
processing by the rest of the DPM SYSTEM.

Decoding of the occurrence vectors read from the auxiliary memory and processed in the
DPM INTERFACE MODULE is accomplished by entering the hybrid coded string of
words largest occurrence value first. Information is processed in the DPM SYSTEM in
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absolute coded form. Accordingly, the DECODE I and DECODE II MODULES depicted
in Figure 1 translate all hybrid coded information transferred from the auxiliary memory
into the MEMORY MODULE into absolute coded form for processing by the DPM
SYSTEM. Similarly, the ENCODE MODULE translates all processed information in the
DPM SYSTEM from absolute form back to hybrid coded form for storage in the memory
MODULE and subsequent transfer back to the auxiliary memory. The details for
performing encoding and decoding in the ENCODE and DECODE MODULES will be
described hereinafter with respect to each of these modules.

F. Conventions and Components Used in the Figures

Each of the modules has control input/output lines (narrow lines) and information
input/output lines (heavy lines). By way of example, the ENCODE MODULE shows these
lines along the right hand side of Figure 3. The narrow lines used to represent each control
input/output line represent a single conductor. Each heavy line represents 8 conductors for
carrying 8 binary coded bits of information in parallel. Arrows to the left indicate incoming
signals to the corresponding module whereas arrows to the right indicate outgoing signals.

Symbols are shown at the tail of each arrow representing each incoming control
input/output line. Each of these symbols not only uniquely identifies each line, but
identifies the source or module from which the signal for that line originates.

The convention employed is to use one or two letters followed by one or more numbers.
The letters identify the originating module and the number gives a unique identification to
the line. For example, Figure 3 of the ENCODE MODULE shows the symbol SM2 for the
top line. The signal for that line originates in the SEED MODULE. Table 10 gives a list of
the letter symbols and the corresponding module. Some control input/output lines have
identifying symbols which do not follow this convention and the originating module is
identified.

Outgoing control input/output lines (arrows to right) are also labeled. The symbols on the
left (tail of arrow) are logic representing the logical equations for gates used in generating
the signal on the outgoing line. A symbol is used at the arrowhead to identify the line as it
leaves and enters other modules. For example, in the ENCODE MODULE, the logic P9
represent a gate used to generate a logic signal on the line EWIL.

Gating is shown in block diagram in some instances and in others, logical equations are
used to represent the gating for simplification. Standard symbols are used in the logical
equation. Thus, a “+” represents an “OR” condition; a “.”” represents an AND condition;
and symbols representing the outputs from flip flops, gates, register, counters, etc. are used
as the terms in the equations. By way of example, logical gating is depicted in the
ENCODE MODULE, Figure 4 to reset the flip flop EFRST to 0. The logic is:
P5.G.EFRST.CLK. The gate represented by this logic is true when true signals are formed
at each of the outputs indicated in the equation. This, of course, illustrates an AND gate
with each of the indicated outputs as inputs to an AND gate. The logic P10.G+P7.GE+P-
11.Co for flip flop P11 represents three AND gating conditions combined by two OR gating
conditions.

Flip flops are extensively used throughout this patent application. One type of flip flop
used extensively employs a type SN7474 positive edge triggered D-type flip flop disclosed at
page 121 of the book entitled The TTL Data Book for Design Engineers, published 1973 by
The Texas Instruments Co. Each of these flip flops such as P12 of Figure 4 is characterized
in that an input exists at the top side and one at the bottom side and two inputs exist at the
left hand side. Also, each has a pair of complementary outputs at the right hand side, the
upper one of which has the same symbol as the flip flop (i.e., P12) and the lower one of
which has a line over the top referred to as prime (i.e., P12). These flip flops operate as
follows. A true signal applied at the top side (without clock) sets the flip flop to a 1 state,
causing true and false signals at the unprimed and primed outputs, respectively (i.e., P12
and P12). A true signal applied at the bottom side sets the flip flop (without clock) to a 0
state causing false and true signals at the unprimed and primed outputs, respectively (i.e.,
P12 and P12). The lower left side input of these flip flops is for clock, and the upper left side
input is for control of the state into which the flip flop is set responsive to clock at the lower
left hand side input. A true signal at the upper left side input causes the corresponding flip
flop to be set to a true state responsive to a simultaneously applied true clock pulse at the
lower left side input, and a false signal at the upper left side input causes the corresponding
ilip flop to be set to a false state responsive to a simultaneously applied true clock pulse at
the lower left side input.

To simplify the drawings, the outputs on the right side of flip flops are not always shown
as they are for flip flop P12. For example, see flip flop P1 of the ENCODE MODULE.
However, the unprimed and primed outputs are always implied and will be used at various
places in the system. For example, the P1 output of flip flop P1 is not shown on the right of
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flip flop P1, but it is shown in the logical equation P1.GE for controlling the upper left side
input to flip flop P1.

Similar to the control input/output lines and the information input/output lines, heavy
connecting lines are used throughout to designate muitiple signal conductors whereas a thin
line represents a single conductor.

Selection circuits are used throughout the system. By way of example, the ENCODE
MODULE has selection circuits EDS1-EDS?7. The selection circuits each have two or more
labeled multi-bit information input circuits, each input circuit for receiving multiple binary
coded bits of information, and one multi-bit output for receiving the same number of bits as
an information input. The information input circuits are labeled directly on the outside of
the box such as EDSI-EDS7 of the ENCODE MODULE. In some cases, the labels are
implied such as for selection circuit DS1 of the DPM INTERFACE MODULE where the
label is implied to be the same as the originating circuit of the information signals. Also,
each selection circuit has a control input corresponding to each of the information inputs
which is correspondingly labeled inside of the box. A true signal at the correspondingly
labeled control input causes the selection circuit to couple only those signals at the
correspondingly labeled information input to the output circuit. By way of example, in the
ENCODE MODULE, a true signal at the 1 side control input of selection circuit EDS1
causes the output of register 104 to be coupled through EDSI to the left input of the ALU.

Various modules also have an arithmetic logic unit ALU of the type SN74181 disclosed at
page 381 of the above TTL book. An ALU is shown by way of example in the ENCODE
MODULE., Figure 2. The arithmetic unit ALU is characterized in that 8 bit signals coded in
the 1, 2, 4, 8 binary coded number system applied at the inputs #1 and #2 enable ALU to
form 8 bit signals, coded in the same number system, at an output OP. A true signal applied
at the ADD input causes a signal at the output OP representing the sum of the two coded
signals applied at #1 and #2. Whereas, a control signal applied at the SUB input causes a
signal at OP, representing the difference between the signals at #1 and #2 in 2’s
complement form.

The arithmetic unit ALU has additional outputs G, L and E. A true signal is formed at
the G, L and E outputs, respectively, when the number represented by the coded signal at
#1 is *‘greater than” (>), “less than” (<), and *‘equal to” (=) than at #2.

The ALU design shown here is for a 4 bit chip. However, it could be generalized into
larger groupings. In all likelihood, larger capacity ALU’s (e.g., 24 or 32 bits) would make
use of type SN74182, look ahead carry generators, of the above TTL book. However, these
are not necessary for an 8 bit wide ALU.

Tt will be obvious to those skilled in the art that minor circuitry peripheral to the SN74181
is required to receive the true signals and provide the output signals shown and described
with reference to the ALU and these circuits are depicted in the block diagram of Figure 6.

Some modules have unprimed inputs (i.e., EOF1 of Figure 17), whereas a primed form
(i.e., EOFI) is used in the module. The primed form (i.e., EOF1) merely indicates the
logical inverse of the unprimed form which is formed by conventional signal inverter
circuits. Signal inverter circuits are not always shown but are implied in some instances (as
for example, EOF1 in Figure 17).

Although specific hardware is disclosed for various modules in the DPM system, it should
be noted that the modules might also be implemented using micro programmed mini
computers with appropriate firmware programs.

I-A. GENERAL ORGANIZATION OF DPM SYSTEM OF FIGURES 1-34

Reference should be made to Figure 1 in the following discussion.

The DPM SYSTEM has a MINI COMPUTER and a DPM INTERFACE MODULE.
The MINI COMPUTER may be one of a number of mini computers well known in the art,
a micro-programmed computer or a specially designed computer. For purposes of
illusration the PDP 11/45 with floating point arithmetic units is disclosed by way of
example. Included therein is a MAIN MEMORY and an OPERATOR CONSOLE with
typewriter and printer input and output. The MINI COMPUTER contains a user programn
which supervises and sequences the operations of the entire DPM SYSTEM. The DPM
INTERFACE MODULE provides the interface between the MINI COMPUTER, an
auxiliary memory for the MINI COMPUTER and the rest of the DPM SYSTEM. The
DPM contains an IPRF which is a set of registers in which the MINI COMPUTER stores
parameters to be used as input by the other modules in the system as discussed more fully in
connection with each module. The MINI COMPUTER through the DPM INTERFACE
MODULE also stores information in the MEMORY MODULE for processing by the rest
of the modules. The information stored in the MEMORY MODULE is in the form of
hybrid coded occurrence vectors. The DECODE I and II MODULES decode all hybrid
coded signals from the MEMORY MODULE to absolute coded value signals and the

10

15

20

25

30

35

45

50

55

65



22

1 570 341

22

10

15

20

25

35

45

50

55

65

ENCODE MODULE encodes all signals being stored in the MEMORY MODULE from
absolute coded value signals to hybrid code. The exception is with respect to information
signals transferred between the MINI COMPUTER or the DPM INTERFACE MODULE
and the MEMORY MODULE.

The MINI COMPUTER causes an occurrence vector, in the form of a given line of an
iso-entropicgram, to be sent from the MAIN MEMORY to the MEMORY MODULE via
the DPM INTERFACE MODULE. A REVOLVE MODULE reading from the
MEMORY MODULE through the DECODE I and II MODULES writes into the
MEMORY MODULE through the ENCODE MODULE and causes the given line value
and line number to be revolved through various lines in the corresponding iso-
entropicgram. The seed is formed using the SEED MODULE. Specifically, the
REVOLVE MODULE revolves a given line, under control of the SEED MODULE,
through its iso-entropicgram. The ENCODE MODULE determines the physical length of
each encoded line of the iso-entropicgram as it is stored in the MEMORY MODULE. The
SEED MODULE keeps track of the length of the shortest line and identifies the area in the
MEMORY MODULE that stores the shortest line.

The SEED MODULE during the seed finding process forms signals representing the
number of line revolves which must take place to locate the seed line. This signal, called the
total number of lines signal, is sent to the DELTA MODULE which forms one or more
signals representing the component powers of 2 of the total number of lines signal. The
component powers of 2 signals are provided one by one to the REVOLVE MODULE
which in turn revolves the given line by that number of lines. The input line of an
iso-entropicgram is retrieved from the seed line, or any other line, in a reverse sequence of
operation. More specifically, the REVOLVE MODULE under control of the OUTPUT
MODULE revolves the seed line until the input line is formed. In this case the QUTPUT
MODULE forms a signal representing the total number of lines required to revolve the
seed to the input line. The DELTA MODULE receives the total number of lines signal and
forms one or more signals representing its component powers of 2. The REVOLVE
MODULE again revolves the seed line by the amount specified by each component power
of 2 signal until the input line is reached.

Data is entered in the existing data base by adding, changing or deleting. This is generally
referred to as the update function. The update function is taken care of by the CHANGE
MODULE.

When a seed is to be updated, the MINI COMPUTER enters the changes, etc. into a
word referred to as the “‘change vector”. The CHANGE MODULE first gets the
occurrence vector in seed form from the data base. Using the DECODE I and II and
ENCODE MODULES for communication with the MEMORY MODULE, the RE-
VOLVE MODULE revolves the change vector seed back to the same line of its
iso-entropicgram as the seed. The change vector is then merged with the seed using the
XOR operation discussed above.

The OUTPUT MODULE is provided primarily for the retrieval process of revolving a
seed or other line to the input line of its iso-entropicgram. However, the OUTPUT
MODULE also causes the DEL function to take place. The purpose of the DEL function,
as discussed above, is to determine if a particular occurrence value exists at the input line of
an iso-entropicgram given the seed line. Significantly, the DEL function allows this to be
checked very rapidly without having to revolve the seed line back to the input line.

The OUTPUT MODULE has a special clipping function which allows the DPM
SYSTEM to recall an occurrence vector from the data base and retrieve just a specified
portion of the occurrence vector. For example, one might want to know how many times
the word “help” occurred between occurrence event times 2,000 and 2.832. To be
explained in more detail, the numbers 2,000 and 2,832 would be entered into the OUTPUT
MODULE as lower and upper clipping bounds, allowing the event “help” to be retrieved
only #or those occurrences which lay between 2,000 and 2,832.

The PIPE MODULE and BRIGHTNESS MODULE perform a discrimination function
in the DPM SYSTEM. This does not have anything to do with the data base managing
functions. Significantly, the PIPE and BRIGHTNESS MODULES allow near miss
retrievals. In other words, they allow inexact retrieval of information from the data base.

Both the piping and brightness functions of the PIPE and BRIGHTNESS MODULES
work on a sequence of events between delimiters. These delimiters could be any level
delimiters. The PIPE MODULE is presented with a sequence of events which make up the
user request. Each event is retrieved from the data base and compared against the others in
the request. The object is to find if the same sequence of events has occurred between any
two delimiters in the layer in question. The output of the PIPE MODULE consists of two
values for each logical entity in the layer as follows:

1. A starting value, and
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2. A numerical value which gives the number of occurrences of events that appeared in
the data base from the request.

If the sign bit of the numerical value is ““1” (true), this indicates that the request occurred
?xact}y somewhere between the specified delimiters. The aforegoing is primarily the piping

unction.

The brightness function improves on the piping function. For example, the piping
function chooses the best candidate for brightness. The brightness function then chooses
the best possible candidate.

Essentially, the brightness function takes the starting value within a logical entity which is
received from the PIPE MODULE and then takes each event from the input request and
finds the closest occurrence of the event to this starting value, if one exists. The brightness
function then finds this occurrence for each event in the request and the process is repeated
for each logical entity which is to be checked. After all the events in the request have been
processed, a calculation is made to find the brightness value for the request.

The brightness value can be described considering the following example. Picture the
logical entity from the data base and immediately to its left the request. The request is then
shifted right, one event at a time, over the data base entries and a value is computed for
each shift. The value indicates how close the request lines up with that of the data base. The
best value is then passed as an output to the user at the OPERATOR CONSOLE. This
value is computed for each logical entity which has been requested.

The exact way in which the piping and brightness functions work are best understood in
connection with each module. Accordingly, reference should be made to the sections XV.
PIPE and XVI. BRIGHTNESS MODULE and the software sections XXXII for a more
complete description and understanding of these features.

II. ENCODE MODULE

A. General Description

Section I GENERAL DESCRIPTION OF DPM SYSTEM describes hybrid form of
coding of the information. with respect to the example in Table 9. The ENCODE
MODULE is provided in the DPM SYSTEM of Figure 1 for the purpose of converting
absolute coded occurrence vectors to hybrid coded form and controlling the writing of the
hybrid coded occurrence vectors into the MEMORY MODULE.

At the outset, it should be kept in mind that occurrence vectors represent a series of
occurrence values out of a larger set of incrementally ordered possible occurrence values or
event-times. Occurrence vectors are stored, retrieved and processed such that the highest
numbered occurrence value is first. The highest numbered occurrence value identifies the
most recent occurrence in the event-time domain. The lowest numbered entry, and hence
the entry farthest back in event-time, is stored, retrieved and processed last. Examples of
delimiter and event occurrence vectors (in absolute coded form) are shown at “%’
and “T" of Table 2. This form of information representation is quite important to an
understnding of the ENCODE MODULE embodiment about to be described and with
respect to each of the other module embodiments about to be described.

The MEMORY MODULE reads and writes information a word at a time. A word has 8
binary bits of information.

The ENCODE MODULE, in the encoding process, processes each occurrence vector as
follows:

The ENCODE MODULE is called each time an absolute occurrence is to be encoded by
either the REVOLVE MODULE or the OUTPUT MODULE. The module which calls the
ENCODE MODULE is hereinafter called the calling module.

The ENCODE MODULE receives the absolute occurrence values of an absolute coded
occurrence vector in decreasing value order. A currently received absolute word and a
previously received word in the series are held and compared. The difference between the
current and previous absolute values represent the number of binary bits of displacement
between them. If the difference is greater than some “specified number of bits” (in this
case, 7 bits), then the previous absolute value is outputted in the hybrid word series as an
“absolute™ word (see word 0 of Table 9). If the difference is less than this “specified
number of bits”, the present absolute value is entered as an occurrence into a bit string
word (see word 2 of Table 9) of the hybrid series. The latter is accomplished by shifting the
bit string word under formation the number of bit positions designated by the difference
and entering a bit of predetermined value, i.e., “1”, into the bit string word, and the
ENCODE MODULE is “exited” by terminating its operation. When a bit string word
under formation is complete, it is also outputted. It should be noted that binary bits at the
most significant end of each word being outputted is reserved as a type or flag bit to indicate
the form of the hybrid word. A “1" bit flag indicates an absolute word whereas an “0° bit
flag indicates a bit string word.
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The hybrid form to which the absolute occurrence values are encoded is a series of
absolute and bit string words starting with an absolute word. An absolute word in itself
represents the value of one occurrence by a combination of binary coded signals. A bit
string word represents an occurrence value by the number of possibie occurrence values of
displacement of an occurrence of predetermined value, i.e., “1”, from the previous
absolute word or from the previous occurrence of predetermined value in the hybrid word
series. The first word of each hybrid word series is always an absolute word and therefore in
itself, identifies the value of the first and largest occurrence. However, it should be
understood that within the broader concepts of the invention, the invention may be
employed in a system which is not bound by words, in which case the bit string portion of
the hybrid form would not be confined to words.

Another purpose of the ENCODE MODULE is to perform “clipping’ and “clipping” by
“interval”. Clipping is the operation of determining if each absolute word occurrence value
lies between a top limit (TL) and a bottom limit (BL). This operation is performed by
comparing each absolute word with TL and BL. If the input entry is <TL and =BL, the
absolute word is within desired bounds, and encoding continues and, if not, a
corresponding indication is formed.

If “clipping” by “interval” is to be performed, an “interval” value (EI) is provided to the
ENCODE MODULE. If the absolute word is not <TL and =BL, then EI is subtracted
from TL and BL. and the same absolute word is again compared with the modified TL and
BL values. This continues until BL goes below 0 at which time a corresponding signal is
formed or the absolute word is found within the bounds of the modified TL and BL,
according to the above criteria, at which time the absolute word is converted to hybrid
form, as discussed above. The “clipping” by “interval” function is important under certain
conditions when it is needed to know if the input entry is within certain regular intervals,
i.e., 45-40 or 25-20, 10-5. The values TL, BL and EI are read by the ENCODE MODULE
from the corresponding registers of the IPRF.

B. Components

The ENCODE MODULE includes registers ET, EIR, EI, ER, EO, EHW, ETL, EBL
and EOP. Each of these registers contains 8 bits of storage. With the exception of EOP and
ER, each register is of type SN74100 disclosed at page 259 of the above TTL book and are
characterized in that a true signal applied at the L input at the side thereof causes the binary
coded signals applied at the upper side input to be applied to the lower output. When the
signal at the L input goes false, the information is retained in the register even though the
information input signals change thereafter. _

The EIR register is shown with two special outputs Eo and Eo. True signals are formed at
these outputs when the content of the EIR register is 0 and not 0, respectively. It will be
understood that an appropriate circuit (not shown) is connected to the SN74100 register for
forming these signals. Preferably, the circuit has the “1” output of each bit position
connected to the input of a common “OR” gate. The output of the “OR” gate is the Eo
output, whereas the output of the “OR” gate is connected through an inverter to the Eo
output. .

The ER register is a data latch of type SN74116 of the above TTL book and is similar to
the SN74100. except that it has a “CLEAR” line which provides a one step clearing
operation.

Register EOP consists of a flip flop MSB and a seven bit parallel-in/parallel-out shift
register 114 of type SN74199 as disclosed at page 456 of the above TTL book. Register 114
is a 7 bit register and is characterized in that parallel loading is accomplished by applying the
7 bits of data at its upper side and making the shift/load (S/L) control input low or false
when the CLOCK input is not inhibited, 1.e., receives a true signal. A true signal at S/L
causes a shift to the right by register 114 responsive to the leading edge of a true pulse at the
CLOCK input. A false signal at S/L causes the 7 bits applied at its upper input to appear at
the output of the register 114 and be stored therein responsive to the leading edge of a true
pulse at the CLOCK input. _

Considering register EOP in more detail, a false signal at P9 causes register 114 to load
the input signals applied at the upper side. Typically, a true signal is simultaneously formed
at P9-BSW to the MSB flip flop. When CLK goes true, P9-BSW-CLK becomes true and,
being applied to the CLOCK input of the MSB flip flop and the register 114, causes the
MSB flip flop to be set true and load 7 bits of information from register EO.

In addition. the ENCODE MODULE has counters MAR3, MLLN3, CTR and NOC.
CTR has 8 states NOC, MAR3 and MLN3 each have 256 states and are of type SN74161
disclosed at page 325 of the above TTL book.

CTR is a 3 bit up/down counter of type SN74191 disclosed at page 417 of the above TTL
book and is characterized in that a false signal at U/D causes the counter to count up when a
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true signal is applied to the CT input and a true signal at U/D causes the counter to count
down when a true signal is applied to the CT input. The counter can be preset to a value
corresponding to the signals applied at its input at the upper side while applying a true
signal to the L input. The block indicating CTR contains a circuit not shown, similar to that
described for the ER register for forming true signals at the Co and Co outputs when the
state of CTR is 0 and not 0, respectively. The counter CTR counts through its prefixed
sequence of 8 states and automatically resets to its initial or O state.

Each of the MAR3, MLN3 and NOC counters are of type SN74161 of the above TTL
book and are controlled to always count upwards. Not shown but included within each box
is a logical signal inverter to invert the signal at CLR before it reaches the SN74161. A true
signal applied at the CLR (CLEAR) inputs of MAR3, MLN3 and NOC causes them to be
cleared or reset to a “0” state. A true signal at the CT input causes the counters MAR3,
MLN3 and NOC to count up.

The ENCODE MODULE also has flip flops EFRST, ELAST, BSW, ECE, U/D and
MSB. In addition, a control counter 113 has flip flops P1 to P12.

The ENCODE MODULE also has a source of recurring clock pulses 102. The source of
clock pulses 102 forms a series of equally spaced (not essential) recurring true clock pulses
at its output. The output of source 102 is connected to one input of an AND gate 112 which
forms clock signals at CLK whenever the other input to gate 112 is true in coincidence with
a clock pulse. A signal inverter 117 inverts the signal at CLK to form pulses at CLK.

The ENCODE MODULE also has an arithmetic logic unit ALU at #1 and #2 in 2’s
complement form. Conventional OR gates 108 and 110 are connected to G, L and E so that
true signals are formed at a GE output of 108 and a LE output of 110, respectively, when
the values of the signals at #1 are “equal to or greater than’ (=) that at #2, and “equal to
or less than” (=) that at #2.

The ENCODE MODULE also has selection circuits EDS1-EDS7 of the type disclosed
above. The ENCODE MODULE also includes conventional logical OR gates 104-110, 118
and 119 and an AND gate 112.

C. Detailed Description

The ENCODE MODULE can be most readily understood with reference to the
description in connection with the block diagram, Figure 2 - 4, and the corresponding flow
diagram, Figures 7 - 8. As an aid, Table 11 contains symbols used to identify the counters,
registers, flip flops, and one-shot multivibrators, together with the mnemonic meaning of

the symbols used. Also as an aid, the flow diagram contains P numbers adjacent to the -

various blocks, i.e., (P1), (P2), etc. These P numbers correspond to the outputs of the
control counter 113 and thereby indicate the state of the control counter during which the
indicated action shown in the flow diagram takes place. However, the same P number
appears for more than one box. Therefore, for added ease in making reference to the flow
diagram, symbols EB1 through EB26 are used to identify each box in the flow.

Table 11 shows the principal information inputs and outputs and the input control for the
ENCODE MODULE. Top clipping limit, bottom clipping limit, interval and iso-
entropicgram width are each 8 bits long and are loaded into registers of the ENCODE
MODULE by the modules indicated in Table 11.

Assume initially that clipping is not to be performed in which case OPSW, ETL, EBL
and EIR are all initially 0. Also assume that the ENCODE MODULE is about to be called
for its encoding function for the first time. Preliminary to calling the module, the current

“absolute word is received by the EDS6 selection circuit either from the DS4 output of the

REVOLVE MODULE or from the ORT1 register of the OUTPUT MODULE. The first
current absolute word to be received is the first or largest absolute coded word (8 bits in
length) of an occurrence vector. After the REVOLVE MODULE supplies the current
absolute word, true signals are formed at RM11 and RM6 by the REVOLVE MODULE.
When the current absolute word is being supplied by the OUTPUT MODULE, true signals
are formed at OM13 and OM14 by the OUTPUT MODULE. A true signal at RM11 causes
the EDS6 selection circuit to couple the current absolute word at DS4 to the information
input of register EI. The true signal at RM6 enables the OR gate 109 to activate the load @)
input of EI and load the current absolute word into EI. Similarly, a true signal at OM13
causes EDS6 to route the information input from the ORT1 output to the information input
of EI and the true signal at OM14 enables the OR gate 109 to activate the load (L) input of
EI and load the current absolute word into EI. It should be noted that all current absolute
words for one occurrence vector are supplied in sequence largest to smallest by the same
calling module. ) .

The iso-entropicgram width (HW) is stored in the input parameter register file IPRF.
Loading of the iso-entropicgram width into EHW is enabled by true signals at any one of
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the following outputs: OM1 output of the OUTPUT MODULE; SM3 output of the SEED
MODULE; and CM3 outlet of the CHANGE MODULE.

OPSW is an output circuit of the OPSW flip flop in the OUTPUT MODULE, OPSW is
the logical inversion of OPSW. Only the OUTPUT MODULE determines if clipping is to
take place and, if it is to take place, the OPSW flip flop is in a 1 state, otherwise it is in an 0
state. Since it is assumed for the following explanation that no clipping is to take place, a
true signal appears at OPSW,

The EFRST flip flop is set to a 1 state whenever the present call on the ENCODE
MODULE is for converting the first absolute word in a particular occurrence vector.
EFRST is set by the calling module. In the case of the REVOLVE MODULE, a true signal
is formed at the RM2 output, whereas, in the case of the OUTPUT MODULE, a true
signal is formed at the OMI output, and enables the OR gate 105 to set the EFRST ilip flop
to a 1 state.

The ELAST flip flop indicates if the current absolute word is the last one of an
occurrence vector. A 1 state of ELAST indicates the last one, whereas the 0 state indicates
it is not the last one. ELAST is set by the calling module. In the case of the REVOLVE
MODULE, a true signal is formed at RM9 and in the case of the QOUTPUT MODULE, a
true signal is formed at OMI18, either of which causes the OR gate 106 to set ELAST to a 1
state.

Assume initially that ELAST is in an 0 state. Initially the MINI COMPUTER forms a
true signal at MINIT which causes gates 118 and 117 to set all of control counters 113 and
flip flop ECE to 0. To be explained hereafter, true signals at EMEND thereafter set these
elements to 0. The ENCODE MODULE is called by the REVOLVE MODULE by
forming a true signal at RM7 and by the OUTPUT MODULE by forming a true signal at
OML1S5. Either of these true signals enables the OR gate 107 to trigger the ENGO one-shot
multivibrator which, in turn, causes a true signal at the ENGO output. The true signal at
the ENGO output causes the ECE flip flop to be set to a 1 state. The 1 state of the ECE flip
flop causes a true signal at the ECE output which, in turn, causes the AND gate 112 to
couple the CLK output of the clock 102 to the clock input of each of the control counter 113
flip flops P1-P12. Clock signals now being formed at the output of the AND gate 112 causes
the ENCODE MODULE to commence its sequence of operation by virtue of the control
action of control counter 113. All flip flops P1-P11 being in an 0 state and a true signal being
formed at OPSW cause flip flop P5 to be set to a 1 state, forming a true signal at the P5
output.

One form of clipping is caused by the OPSW flip flop in a 1 state. An alternate form of
clipping is automatically done by the ENCODE MODULE. Specifically. in the alternate
clipping, the absolute words of an occurrence vector are received by the ENCODE
MODULE in decreasing order of magnitude. The ENCODE MODULE automatically
clips or discards all of those absolute words which are larger than the iso-entropicgram
width and hence lie outside of the iso-entropicgram. The alternative form of clipping is very
useful in connection with the REVOLVE MODULE where the result of an exclusive OR is
clipped to keep only the lower ordered values which are within the iso-entropicgram width.
The ENCODE MODULE will automatically perform this clipping, using flow chart blocks
EB6 and EBS.

Considering the alternate clipping function in more detail, EFRST is set to 1 when the
ENCODE MODULE is called for the first time to encode an occurrence vector. This is
done to insure that the alternate clipping function is performed. Thus at EB6, flip flop
EFRST being in a 1 state, causes EBS to be entered where the iso-entropicgram width in
register EHW is compared with the input current absolute word in register EI. If the
content of EHW < EI, the operation of the ENCODE MODULE is exited by forming a
true signal at EMEND, thereby indicating to the calling module (i.e., REVOLVE) that it
has processed one absolute word. Actually, the absolute word is just discarded by the
ENCODE MODULE. When the calling module again calls the ENCODE MODULE to
cause another absolute word of the same occurrence vector to be processed, flip flip EFRST
will still be in a 1 state, causing EB8 to again be entered. If the current absolute word is
larger in value than the iso-entropicgram width, an exit is again taken. This is repeated until
at EB8 the current absolute word is smaller than the iso-entropicgram width (e.g. EHW >
EI) at which time EB9 is entered to reset flip flop EFRST to 0. Thereafter when called, the
ENCODE MODULE does not perform clipping because the ENCODE MODULE goes
from EB6 to EB7.

Consider now the operation during EBS and EB9 in detail.

Assume EB1 and EB6 of the ENCODE MODULE flow have been traversed, and
assume EB8 is now entered during which the iso-entropicgram width in EHW is compared
with the current absolute word in EI. If the current absolute word is larger than the
iso-entropicgram width, it is outside of the iso-entropicgram and therefore a “don’t care”
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condition exists. To perform the comparison, the true signal at P5 causes EDS1 and EDS2
to couple the contents of EHW and EI to the arithmetic unit ALU. ALU, together with the
OR gates 108 and 110, in turn form true signals at outputs LE and G whenever the content
of EHW is. respectively, = than and < than the content of EI. IF the < condition is sensed,
true signals are now formed at the P5, LE and EFRST outputs and the true signal at CLK
causes the CLOCK SUSPENSION LOGIC -122 (i.e., P5-LE-CLK) to reset the ECE flip
flop to an 0 state which, in turn, removes the true signal at ECE and thereby causes the
AND gate 112 to stop forming clock signals at the input of the control counter 113. The
same signal causes the one-shot EMEND to fire and form a true signal at EMEND. This
signal notifies the caller that the ENCODE function has been completed. It also resets
control counter 113 through OR gate 112. This, then, in effect causes an EXIT to be taken
from the ENCODE MODULE where no action is taken until the next request is made to
the ENCODE MODULE from the REVOLVE or OUTPUT MODULE.

If, on the other hand, the content of EHW is > than the content of EI (true signal at G),
EBY is entered. Assume during EB8 the content of EHW is > than that of EI and a true
signal is formed at G. causing EB9 to be entered. The BSW flip flop states of 0 and 1
indicate the previous absolute word has been entered in the hybrid coded output in bit
string form and absolute word form, respectively. Since the first hybrid word is always in
absolute word form, BSW is to be set to 0, indicating that the corresponding output is in
absolute word form and the MAR3 and MLN3 registers are cleared to initial or 0 states,
ready for the first hybrid word to be stored in the MEMORY MODULE.

During EB9, true signals are formed at the following outputs: G, EFRST, and PS.
Hence, at the following pulse at CLK, the counters and registers NOC, MAR3 and MLN3
and flip flops EFRST and ELAST are all reset to 0.

EB19 is then entered and the same signals cause ER to be reset to 0 and the reset logic
resets BSW and MSB of register EOP to 0.

Following EB19, EB20 is entered during which the same true signals are also present
which causes load logic to load the current absolute word into EO. The current absolute
word in EO now forms the previous absolute word for the next call on the ENCODE
MODULE. The same logic also causes NOC to count up one state, indicating that one
absolute word has now been provided to the ENCODE MODULE.

At this point, a true signal is formed at the outputs P5, EFRST. Therefore, the next pulse
at CLK. the ECE flip flop is reset to 0, thereby disabling the gate 112 from applying clock
signals to the control counter 113 as described above.

Subsequently, the calling module again calls the ENCODE MODULE and provides the
next current absolute word at which time a true signal is applied at either the RM7 or OM15
output (of the REVOLVE or OUTPUT MODULES) causing the OR gate 107 to trigger
the one shot multi vibrator circuit ENGO, thereby setting the ECE flip flop back to a 1 state
and enabling the AND gate 112 to apply clock signals to the control counter 113.

At this point, it is assumed that the next current absolute word is not the last one in the
occurrence vector and hence the ELAST flip flop is in a 0 state, forming a true signal at
ELAST. This causes the next clock pulse from gate 112 to reset flip flop P5 and set flip flop
P6 to a 1 state. thereby enabling EB10 to be entered.

During EB10, a true signal is formed at the P6 output which causes EDS1 and EDS2 to
couple the previous absolute word contained in EO and the current absolute word
contained in EI to the ALU which forms an output at OP corresponding to the difference.
This difference is referred to as the previous and current difference signal. Additionally, the
signal at EDS7 causes the selection circuit EDS7 to gate the previous and current difference
signal to the information input of the ET into which the signal is loaded by the subsequent
clock signal at CLK. Thus, ET now contains the previous and current difference signal
which is the number of bits of displacement (either In event time or in possible occurrence
values) between the current absolute word in EI and the previous absolute word in EO.
Additionally, the true signal at PS causes the U/D flip flop to be reset to a 1 state, asserting
its true signal at the U/D output, thereby causing CTR to be set so that it counts down. The
P6 output of the P6 flip flop is connected directly to the input of the P7 flip flop, thus the
following clock coming out of the gate 112 causes the P7 flip flop to be set to a 1 state,
thereby entering EB11.

During EB11. the previous and current difference signal contained in ET is subtracted
from the remaining binary bit signal contained in ER. The remaining binary bit signals
represent the remaining binary bits to be filled in the bit string word being formed in EOP.
The subtraction results in a difference signal during EB11 which indicates one of two values
and these will now be explained. If the content of ER is larger than or equal to ET, the
difference is = than 0. meaning that the difference represents the remaining available bitsin
the bit string word (now under formation in EOP) after current absolute word is entered. If
the content of ER is < than ET. the difference is less than 0 (or -), meaning that the
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difference represents the number of bits needed in the next bit string word (to be formed) to
enter the current absolute word. An example of these two conditions is now given: the bit
string word has a maximum of 7 available bits (see register 114 in EOP having 8 bits, less 1
flag bit = 7). Assume the remaining available binary bits signal in ER = 5 and the previous
and current difference signal in ET = 3, giving a positive difference of 2. The difference of
+2 represents the remaining available bits in the bit string word after the current absolute
word. If the values are reversed (ER = 3 and ET = 5), then the difference is —2 and
represents the number of bits needed in the next bit string word to enter the current
absolute word. In other words, the current absolute word will require all remaining
available bits (ER) in the current bit string word under formation in EOP plus 2 additional
bits in the next bit string word to be formed.

When on a previous call to the ENCODE MODULE it was found (during EB18) that the
current absolute word was to be outputted in absolute word form, ER was reset to 0 at
EB18 and hence is 0 at the next entry to EB11. Under these conditions, a difference less
than 0 is formed during EB11. However, the difference is the negative of ET (0-ET = -ET).

Consider now the details of operation. Assume that the ENCODE MODULE is at
EB11, and a true control signal is being formed at the P7 output. This causes EDS1 and
EDS2 to couple the content of ER and ET to ALU which, in turn, forms an output
representing ER - ET. Assume the result is < 0. A control signal is formed at the L output
of ALU, indicating that there are insufficient bits in EOP for the current absolute word.
EBI2 is entered.

During EB12, the control signal at P7 and L causes EDS7 and the load logic for ET to
store the number of bits needed in the next bit string word signal being formed at EOP into
ET at the following pulse at CLK. Additionally, the same true signals cause EDS3 and the
load logic of CTR to store the content of ER into the counter, setting it to a state
corresponding to the content of ER. If ER contains 0, as occurs when this is only the second
call on the ENCODE MODULE and hence is the second time through the flow, the true
signals at P7 and L also cause the flip flop P8 to be set into a 1 state, thereby causing EB13
to be entered. If ER contains 0, CTR is set to 0, causing a true signal at the Co output. The
true signals at P8 and Co cause the P9 flip flop to be set to a 1 state and EB15 is entered,
thereby skipping EB14.

To be explained in more detail, EB14 causes the bit string word being formed in EOP to
be filled out with leading 0’s. This operation, and hence EB14, is skipped when ER is 0
since no remaining bits need to be filled in the bit string word under formation.

Return now to EB11 and consider the operation when ER is not 0 and ER-ET is < 0
causing a true signal at the L output of ALU. Note that ER is not 0 when a bit string word is
being formed in EOP and available bits exist in EOP in the bit string word under formation.
EB12 and 13 are entered as discussed above and CTR is set to a state corresponding to the
number of binary bits remaining to be filled value contained in ER. During EB14, a true
signal exists at P8 and Co (CTR is not 0) and each pulse at CLK counts CTR down one and
causes the EOP shift logic to shift the bit string word one bit position in the direction of the
least significant bit thereof until CTR reaches 0, at which time the true signal at Co is
removed and one is formed at Co. This causes CTR and EOP to stop counting and shifting
and EBI15 is entered as discussed above.

Assume that during EB15 the BSW flip flop is in an 0 state, having previously been set
there during EB19 thereby indicating that the next event in the hybrid output from the
previous event is to be in the form of an_absolute word. With BSW in an 0 state, EB16 is
entered. During EB16, the false signal at P9 causes the load logic of register 114 to load the
previous absolute word contained in EO into the register 114 of EOP and true signals at P9
and BSW cause the logic P9-BSW to set the MSB flip flop to a 1 state, indicating that the
word in EOP is an absolute word. Subsequently, EB17 is entered.

During EB17, the P9 output (see right hand of ENCODE MODULE schematic) causes a
Write Enable signal (EWI) to be formed in the MEMORY MODULE, causing it to store
the absolute word contained in EOP into the storage location designated by the content of
MAR3.

The true signals at P9 and the pulse at CLK cause the content of MAR3 and MLN3 to
count up one state. In this manner, the counter MLN3 always indicates the number of
memory writes and hybrid coded words written in the MEMORY MODULE. Thus, an
absolute word is outputted by the formation of the true signal at the P9 output which, in
turn, causes the MEMORY MODULE to read the absolute word from EOP.

Return now to EB1l and consider the situation where a previous absolute word is
contained in EO, a current absolute word is contained in EI, and ER is = ET. ALU forms
the difference between ER and ET (i.e., ER - ET) and ALU and gate 108 form a true
signal. The difference signal at the output OP of ALU represents the remaining available
bits in the bit string word now under formation in EOP after entry of the current absolute
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word in EL Under these conditions. the bit string word being formed in EOP is shifted by
télg number of bit positions indicated by ET and the current absolute word is entered into
P.

To this end. EB22 is entered from EB11. The true signals formed at P7 and GE cause the
load logic of ER to store the difference signal being formed at the OP output of ALU into
ER at the occurrence of the following pulse at CLK. Thus, ER now contains the new
number of bits remaining to be filled in the bit string word under formation which will exist
after the current absolute word is entered. Additionally, the same signals cause EDS3 and
the load logic to store in CTR the previous and current difference signal in ET. The true
signals at P7 and GE cause the P11 flip flop to be setto a 1 state at the next clock signal from
gate 112 and thereby enter EB23.

During EB23, and the subsequent state EB24, CTR is enabled to count through a
sequence of states corresponding in number to the previous and current difference signal
which was set into CTR from ET. To this end, the true signal at P11 and at CLK,, together
with the true signal at U/D, cause CTR to count down 1 state responsive to each true signal
at CLK. Additionally, in the absence of an 0 state of CTR, a true signal is formed at the Co
output. The true signals at P11, Co cause the register EOP to be shifted 1 bit position to the
right in the direction of the least significant bit. This operation continues until the counter
reaches 0 and a true signal is formed at the Co output. When a true signal is formed at the
Co output, counting and shifting of CTR and EOP is complete and the ENCODE
MODULE is ready to enter the value of the current absolute word in EI into the shifted bit
string word in EOP. EB25 is entered.

During EB25, a true signal is formed at the Co output and the subsequent true signal at
CLK causes the flip flops MSB of EOP and BSW to be set to a 1 state. To be explained, the
1 bit stored in MSB is subsequently shifted into register 114 of EOP during EB26, thereby
causing a bit of predetermined value, i.e., a 1 bit, the bit string word being formed in EOP.
The number of bit positions existing between the currently formed 1 bit and the previously
formed 1 bit or between the currently formed 1 bit and the previous absolute word in the
series of hybrid word outputs indicates the value of the current absolute word. The 1 state
of BSW indicates that a bit string word is now being formed in EOP.

The true signal at P11 and Co cause the flip flop P12 to be set to a 1 state at the following
clock signal from gate 112 and EB26 is thereby entered.

During EB26, a true signal is formed at the P12 output and the subsequent pulse at CLK
causes the content of EOP, including the content of MSB and register 114, to be shifted 1
bit position toward the right toward the least significant end, thereby placing the 1 bit into
the register 114 portion of EOP.

EB20 is now entered. During EB20, a control signal is now formed at the P12 output and
the BSW flip flop is in a 1 state. The subsequent pulse at CLK causes load logic to store the
current absolute word contained in EI into EO thereby forming a new previous absolute
word and causes NOC to count up one state, thereby indicating that another absolute word
has been encoded into hybrid form. NOC counts, and thereby indicates, the number of 1
bits processed in any given seed. Additionally, the true signal at P12 causes the ECE flip
flop to be set to an 0 state at the pulse at CLK, disabling clock signals at the output of gate
112. causing the EMEND monostable to fire and thereby form a true signal at the EMEND
output. This causes counter 113 to be reset and the ENCODE MODULE operation to
EXIT.

A very important operation in the ENCODE MODULE is depicted at EB18. This is the
condition under which previous and current difference signal contained in ET is compared
with a predetermined threshold value. This is the heart of the decision which enables a
change. in hybrid output, from bit string word form to absolute word form and the
operation is accomplished as follows. During EB18, the P10 flip flop isin a 1 state, causing a
true signal at the P10 output. This causes EDS1 and EDS2 to couple the switches 104 and
the output of ET to ALU. The ALU compares the applied signals and adds the content of
ET to the value 7 represented by the switches 104 and forms a result at OP. It should be
noted that when EB18 is entered, the content of the ET is always a negative number, the
number being stored in 2's complement form. The reason for this situation is that ET at this
point in the operation always indicates the number of bits needed in the next bit string word
to enter the current absolute word which is a situation where at EB11, ET was larger than
ER resulting in a negative value. Thus, at EB18 when ALU combines the content of ET
with the value 7 from 104, a difference signal is formed. IF the difference signal is > 0, i.e,
the value 7 is > the absolute value in ET. a control signal is formed at G and EB21 is
entered. If the value 7 is < the absolute value in ET, the difference signal will be < 0,
causing a control signal at the LE output of OR gate 110, which in turn causes EB19 to be
entered. The result of the comparison of the value 7 and the absolute value in ET is quite
important in determining subsequent operations.
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If the absolute value in ET is < 7 (the value 7 is greater), a control signal is formed at G
and the criteria is not met for switching from bit string word to absolute word in the hybrid
output because 7 is greater than the absolute value in ET. Accordingly, EB21-26 are
entered where the current absolute word in EI is entered in the bit string word under
formation in EOP. To this end, EOP is shifted right by the number of bits indicated by the
absolute value of the previous and current difference signal contained in ET and then a “1”
bit entry is made into the bit string word being formed in EOP.

If, on the other hand, the absolute value in ET is > than the threshold value 7, it would
be a saving in memory space to switch from bit string word form to absolute word form.
EB19-20 is entered. During EB19-20, as discussed above, logic resets flip flop BSW to 0,
indicating an absolute word form in the hybrid output for the current absolute word.

The operation during EB19 and EB26 has already been discussed hereinabove.
Therefore consider EB21. During EB21, true signals are formed at the following outputs:
P10, G and at the following pulse at CLK, the U/D flip flop is reset to an 0 state, causing the
counter to be set to count up and EB2 is entered. The least significant 4 bits of the 2’s
complement value in ET are set in CTR. Therefore as CTR is counted up it will return to 0
after the number of counts represented by the absolute value of ET.

During EB22, the content of ET is transferred to CTR and subsequently during EB23
and 24, CTR is counted up until it finally is recycled to an 0 state, causing a control signal at
Co. For each state of CTR, the content of EOP is shifted right by one. When CTR reaches
0, the control signal at Co causes the MSB flip flop of EOP to be set to 1, thereby providing
another occurrence in the bit string word output and subsequently during EB26, the 1 bit is
shifted into the register 114 of EOP, all as described above.

Thus, it should now be clearly understood that at EB18, determining whether the value in
ET (the number of bits needed in the next bit string word to enter the current absolute
word) is >7, also determines whether the ENCODE MODULE switches from bit string
word to absolute string form of output.

There is at least one occurrence held within the ENCODE MODULE that needs to be
written out at the end of its operation. Therefore, after the calling module has finished
using the ENCODE MODULE, the occurrence being held must be outputted. The calling
module outputs the remaining occurrence by setting flip flop ELAST. Flip flop ELAST is
set by the REVOLVE MODULE by forming a signal at RM9 and by the OUTPUT

MODULE by forming a signal at OM18, either of which causes the OR gate 106 to set.

ELAST to a 1 state. The 1 state of ELAST causes a true signal at the ELAST output,
thereby indicating this is the last call on the ENCODE MODULE for the ocourrence vector
currently being converted to hybrid form. The control signal at the ELAST output occurs
when the ENCODE MODULE EXITS during the 1 state of P5. After the control signal at
the ELAST output is formed, a control signal is formed by the REVOLVE or OUTPUT
MODULE at RM7 or OM15, thereby causing the OR gate 107 to trigger the ENGO shot
multi-vibrator, thereby causing the ECE flip flop to be set to a 1 state and hence the AND
gate 112 to start providing clock pulses where EB27 is entered.

During EB27, the true control signals at P5 and ELAST enable signals being formed at
the output of switches 116, representing the 2's complement of 8, to be gated through the
EDS7 selection circuit and allow the following signal at CLK to load the 2°s complement of
8 (i.e., a -8) into ET. Additionally, the true control signal at P5 enables the signal in ER,
representing the number of binary bits remaining to be filled (in the bit string word under
formation in EOP), to be gated through EDS3 to the input of CTR enabling the same pulse
at CLK to load this value into CTR. The true signals at outputs P5 and ELAST cause the P8
flip flop to be set to a 1 state, thereby causing EB13 to be entered. During EB13 and 14, the
bit string word in EOP is filled ouf with leading 0’s and right justified by shifting the bit
string word in EOP and counting CTR down until CTR = 0. Subsequently, EB15 and 17
are entered where the resultant bit string word is outputted. Of course, should ER be 0 and
hence the CTR is set to 0, right shifting is skipped, and outputting is done immediately.

The foregoing description of the ENCODE MODULE was made assuming that no
clipping was to take place. Only the OUTPUT MODULE enables clipping to take place. If
clipping is to take place. the OUTPUT MODULE initially forms true signals which enable
the bottom limit register EBL., the top limit register ETL, and interval registers EIR to be
loaded. To this end, the OUTPUT MODULE forms a true signal at OM16 and then a true
signal at OM1. The input of selection circuits EDS4 and EDS5 and register EIR are
connected to the BL, TL and IR registers of IPRF (Figure 52). Thus, the true signals at
OM16 and OMI1 cause the bottom limit, top limit and interval value (if an inverval value
exists) to be strobed from IPRF into EBL, ETL and EIR via the load logic contained in
each of these registers. The interval value is only used and, hence, an interval value stored
in the interval register EIR if the user wishes to ascertain if the output lies in certain
intervals. For example, if the user were to check the intervals between 35 and 25, and then
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again between 15 and 5 of an occurrence vector, he specifies an interval value of 10. The
clipping function in general forces the output to lie between certain values set by the user.
Thus, the operation of the ENCODE MODULE is to compare the very first absolute word
of an occurrence vector, which of course is the highest one, with the content of ETL and
EBL. If the interval value is 0, i.e., it is not desired to check between different intervals,
and if the current entry lies outside of either limit, the ENCODE MODULE operation
EXITS since the value lies outside of the prescribed limits. If, on the other hand, the
interval value contained in EIR is other than 0, this means that it is desired to check
between different limits and the limits contained in ETL and EBL are reduced to new limits
by the interval value in EIR. Then the comparison between EI and ETL and EBL is
repeated using the new reduced limits. It should be noted that in the example of the
ENCODE MODULE included herewith, it is only desired to check for increments in a
downward direction. Therefore, if the current absolute word contained in EI is above ETL,
the ENCODE MODULE operation automatically EXITS without decrementing.

Consider now the actual clipping and interval function in the ENCODE MODULE. The
OUTPUT MODULE sets OPSW flip flop, contained therein, to a 1 state. When flip flops
P1-P11 of the control counter 113 are in an 0 state causing true control signals at the P1,P2
... P11 outputs and the OPSW output has a true signal, the next clock causes the P1 flip flop
to be set to a 1 state. During EBS2, the control signal at the P1 output causes the EDS1 and
EDS?2 selection circuits to couple the content of ETL and EIR to ALU. If the top limit in
ETL is < the current absolute word in EI, the current absolute word is out of limit and a
control signal is formed at the L output of ALU and at the following clock pulse at CLK,
the ECE flip flop is reset to 0. disabling the clock to the control counter 113, resetting
counter 113 to 0, causing the ENCODE MODULE to EXIT and firing one-shot EMEND.

If the top limit in ETL is < the current absolute word in EI, a control signal is formed at
the GE output of the OR gate 108. A true signal is also being formed at the P1 output and
the combination of true signals at P1 and GE causes the P2 flip flop to be set to a 1 state,
thereby causing EB3 to be entered.

During EB3, the content of EBL is compared with the content of E1. To this end, the
true signal at P2 causes EDS1 and EDS?2 to couple the content of EBL and EIR to ALU. If
the bottom limit in EBL is > the current absolute word in EI, a control signal is formed at
the G output of ALU and EB4 is entered. If, on the other hand, the bottom limit in EBL is
<, the current absolute word in EI gate 110 forms a control signal at LE, causing EB6 to be
entered. The operation following EB6 is the same as that described above and need not be
reconsidered here.

However. assume that the bottom limit in EBL is greater than the current absolute word
in EI and a control signal is formed at the G output, causing EB4 to be entered. EB4 is only
shown in the ENCODE MODULE flow in order to indicate that a decision is made based
on whether the interval value contained in EIR is 0 or > ). If, at the time, true signals are
formed at P2 and G, the content of EIR is not 0, a control signal is formed at the Eo output
of EIR. The true signal at Eo in coincidence with the control signal at P2 and G enables the
P3 flip flop to be set to a 1 state at the following clock signal from gate 112, thereby entering
EBS.

During EBS3. the top limit in ETL and bottom limit in EBL are decremented by the
interval value contained in EIR. To this end, a true signal is now formed at the P3 output,
causing EDS1 and EDS?2 to couple the values contained in EBL and EIR to the input of
ALU, thereby causing ALU to form a decremented bottom limit corresponding to the
difference (EBL - EIR). The true signal at P3 also causes EDS4 to couple the decremented
bottom limit at OP to the input of EBL. The subsequent signal at CLK causes the load logic
of EBL to store the decremented bottom limit into EBL. Thus, EBL now contains the
previous bottom limit value decremented by the interval value contained in EIR. The true
signal at the P3 output causes the P4 flip flop to be set to a 1 state at the following clock
signal from gate 112. The control signal at P4 causes EDS1 and EDS2 to couple the content
of the top limit in ETL and the interval value in EIR to ALU, causing ALU to form a
decremented top limit at OP representing the difference (ETL - EIR). The control signal at
the P4 output causes EDSS5 to couple the decremented top limit from OP to ETL and the
following signal at CLK causes the decremented top limit to be stored in ETL. Thus, ETL
now contains the previous top limit value decremented by the interval value contained in
EIR. EB2 and EB3 are again entered where the input value is again compared, this time
with the decremented top and decremented bottom limit values as described hereinabove.

D. Example of Operation

A better understanding of the operation of the ENCODE MODULE will be had with
reference to the following ENCODE MODULE example. During this example, it is
assumed that the ENCODE MODULE is called six times to convert the following input
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entries from one occurrence vector and coded in absolute form to hybrid form: 125, 123,
119, 116, 114, 100. To further aid in understanding of the invention, it is assumed that no
clipping is to take place. Although the clipping function is an important feature in one
aspect of the invention. Rather than give a complete word description of the following
operation, the operation is indicated in symbolic form. 5
Input on the initial call:
OPSW = 0 .. ETL = EBL = EIR = ¢
EFRST = 1, EHW = 128
10 EI = 125 10
The sequence followed is:
EB1, EB6, EB8 - EB9, EB19 - EB20
EB1 : OPSW = 0 .. control goes to EB6
15 EB6: EFRST = 1 .. control goes to EB8 15
EB8 :  EI (125 < EHW (128) The input is less than the iso-
entropicgram width. Therefore,
control goes to EBY;
20 EBY9: EFRST = ELAST =0 reset flip flops; 20
NOC =0 clear number of occurrences;
MAR3 = MLN3 = 0 clear output memory area address
register and length register;
25 EB19: ER =0 indicates there are no remaining 25
bits left in output register EOP -
Here used to force an absolute
ones index form (AOI) output on
the next call;
30 30
BSW = 0 indicates we are in absolute ones
index form;
EB20 : EO(125) = EI(125) current input becomes previous
35 input 35
NOC(1) = NOC(0) + 1 up the number of occurrences
by one;
40 HALT 40
Output: EOP = 0 MLN3 = 0 NOC = 1 Memory area blank
Second call: E1 = 123
45 45
EFRST = 0 Other parameters remain as for
- first call;
Sequence of control: EB1, EB6-EB7, EB10-EB13, EB15-EB18,
50 EB21-EB24, EB23, EB25-EB26, EB20 50
EB1 OPSW = 0 .. control to EB6
EB6 EFRST = 0 .. control to EB7
EB7 ELAST = 0 .. control to EB10
55 EBI0 ET(2) = EO(125) - EI(123) bit distance between previous and 55
absolute word;
set UD = 1 . CTR to count down
EB11 ER(0) - ET(2) < 0 the current absolute word cannot
60 be placed in the remaining number 60

of bits in EOP .. control to EB12;
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EBI12 ET = -2 kept in 2’s complement form; i.e.,
ET = 11111110;
CTR (0) = ER (0) the amount of the output register 5
5 must be shifted if in bit string .
form, to keep alignment;
EB13 CTR = 0 .. control to EB15
EB15 BSW = 0 .. control to EB16 10
10 EB16 EOP(125) = EO(125) set output equal to previous input;
MSB (EOP) =1 set sign bit to indicate absolute
word form (AOI);
15 EBI17 Memory write of EOP 15
MAR3(1) = MAR3(0) + 1 pointer to next memory area
address;
20 MLN3(1) = MLN3(0) + 1 current pysical length of output; 20
EB18  ET(2) +7>0 control to EB21
EB21 Set counter to count-up since the number to be clocked 25
25 Ub = ¢ to CTR is < 0, must count up
to reach 0;
EB22 ER(5) = ET(-2) + 7 number of remaining bits that can
3% be used in EOP; 30
CTR(6)<ET(-2) the counter is loaded from the
rightmost 3 bits of the 2’s
complement of -2, i.e. 11111[10]
35 EB23 CIR(7) = CTR(6) + 1 (#0) . control to EB24 3
EB24 EOP = 0XXXXXXX shift EOP right;
EB23 CTR(0) = CTR(7) + 1 (=0) . control to EB25 40
40 since CTR is 3 bit register, adding
a 1 to the 7 causes wraparound to
occur;
45 EB25 EOP = 10000000 turn on sign bit; 45
BSW =1 indicates bit string form;
EB26 EOP = 010XXXXX shift EOP right one since sign
bit position 1s used to indicate 50
50 type;
EB20 EO(123) = EI(123) current absolute word becomes previous
NOC(2) = NOC(1) + 1 number of occurrences is bumped;
HALT Memory Area 33
Output EOP = 010XXXXX MLN3 = 1 NOC = 2 11111101

X = remaining bits to be used

Third Call EI = 119 other parameters remain the same;

EB1, EB6-EB7, EB10-EB11, EB22-EB24,
EB23-EB24, EB23-24, EB23, EB25-EB26,
EB20

Sequence of control
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EB1 OPSW = 0 .. control to EB6
EB6 EFRST = 0 .. control to EB7
EB7 ELAST = 0 .. control to EB10
5 EBI0  ET(4) = EO(123) - (EI(119) ET = bit distance to be 5
considered;
EBI11 ER(5) - ET4) > 0 control to EB22
10 EB22 ER(1) = ER(S) - ET(4) ER = number of bits left in EOP after 10
current absolute word process;
CTR(4) = ET4) number of positions EOP must be
right shifted before the sign bit
is set;
15 15
EB23 CTR(3)«CTR(4) - 1 (+0) *. control to EB24
EB24 EOP = 0010XXXX
20 EB23 CTR(2)«CTR(@3) - 1 (#0) " control to EB24 20
EB24 EOP = 00010XXX
- EB23 CTR(1) = CTR(2) - 1 (+0) " control to EB24 25
EB24 EOP = 000010XX
EB23 CTR(0) = CTR(1) - 1 (=0) .. control to EB25
30 EB25  EOP = 100010XX set on the most significant bit; 30
BSW = 1 indicate bit string;
EB26 EOP = 0100010X shift EOP right; 35
35
EB20 EO(119) = EI(119) current absolute word becomes previous
NOC(3)«NOC(2) + 1 bump the number of occurrences;
40 HALT 40
Memory Area
ouT EOP = 0100010X MLN3 = 1 NOC = 3 11111101
45 Fourth Call EI = 116 All other parameters remain the same; 45
Sequence of control EB1, EB6-EB7, EB10-EB14, EB13,
EB15, EB17-EB18, EB21-EB24, EB23
EB25-EB26, EB20;
50 50
EB1, EB6, EB7 same as before;
EB10 ET(3)«EO(119) - EI(116) obtain bit distance;
55 EBI11 ER(1) - ET(3) (< 0) there are not enough bits to 35
control to EB12 process this entry using
current information in EQOP;
EB12 ET(-2)«ER(1) - ET(3) ET = 11111110 in 2’s complement 60
60 form;

CTR(1)«ER(1)

number of positions that EOP must
be shifted to keep alignment
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EB13 CTR(1) # 0 .. control to EB14
EB14 CTR(0) = CTR(1) - 1
5 EOP = 00100010 right shift EOP; 5
EBI13 CTR(0) = 0 .. control to EB15
EBI15 BSW = 1 .. control to EB17
10 10
EB17 write EOP to memory
MAR3(2)«MAR3(1) + 1 ‘next memory address;
15 MLN3(2)«MLN3(1) + 1 physical length of memory area; 15
EB18 ET(-2) + 7 (> 0) . control to EB21
EB21 set UD = ¢ =~ CTR to count up
20 20
EB22 ER(5) = ET(-2) +7
CTR(6)«ET(-2) CTR = rightmost 3 bits of
25 2’s complement ET = 11111110} ’s
EB23 CTR(7) = CIR(6) + 1 (#0) -. control to EB24
EB24 EOP = 00XXXXXX shift EOP X = remaining
usable bits for EOP;
30 30
EB23 CTR(0) = CTR(7) + 1 (=0) 3 bit register - therefore
contro! to EB25 wraparound on the add;
35 EB25 EOP = 10XXXXXX set sign bit in EOP; 35
BSW =1 indicate bit string form;
EB26 EOP = 010XXXXX shift EOP since sign bit
indicates type;
40 40
EB20 EO(116) = EI(116) previous input is replaced by
the current;
NOC(4)«NOC(3) + 1
45 45
HALT
Memory Area
50 Output EOP = 010XXXXX MLN2 = 2 NOC = 4 11111101 50
00100010
Fifth Call EI = 114 Remaining parameters remain
the same;
55 55
Sequence of control EB1, EB6, EB7, EB10-EB11,
EB22-EB24, EB23, EB25-EB26,
EB20;
EB1, EB6. EB7 same as before;
60 60
EB10 ET(2)<-EO(116) - EI(114) bit distance;
set the counter to down
65 EBI1 ER(5) - ET(2) > 0 .. control to EB22 65
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EB22 ER(3) = ER(5) - ET(2) update the remaining;
CTR(2)«ET(2) number of bits;
5 EB23 CTR(1) = CTR(2) - 1 (+0) ". control to EB24 5
EB24 EOP = 0010XXXX shift EOP right;
EB23 CTR(0)«CTR(1) - 1 (=0) *. control to EB25 10
10
EB25 EOP = 1010XXXX set sign bit of EOP;
BSW =1 indicate bit string form;
15 EB26  EOP = 01010XXX shift EOP; 15
EB20 EO(114) = EI(114)
NOC(5)«-NOC(4) + 1 _
20 20
HALT
Memory Area
Output EOP = 01010XXX MLN3 = 2 NOC =5 11111101
25 00100010 25
Sixth Call EI = 100 all other parameters remain
the same;
30 Sequence of control EB1, EB6-EB7, EB10-EB14, 30
EB13-EB14, EB13, EB14, EB13,
EB15, EB17-EB20;
EB1, EB6, EB7 same as before;
35 35
EB10 ET(14)«—EO(114) - EI(100)
set UD = 1 .. CTR to count down
40 EBI11 ER(3) - ET(14) (<0)..control to EB12 40
EB12 ET(-11)«-ER(3) - ET(14) ET in 2’s complement form;
CTR(3) = ER(3) number of positions EOP must
45 be shifted to keep alignment; 45
EB13 CTR(8) # 0 .. control to EB14
EB14 CTR(2) = CTR(3) - 1
50 EOP = 001010XX 50
EB13 CTR(2) #+ 0 .. control to EB14
EBl4 CTR(1) = CTR(2) - 1
55 EOP = (001010X 55
EB13 CTR(1) # 0 .. control to EB14
EB14 CTR(0) = CTR(1) - 1
60 EOP = 00001010 60
EB13 CTR(0) = 0 .. control to EBI15
EB15 BSW = 1 .. control to EB17



37 37
EB17 write memory EOP
MAR3(3) = MAR(2) + 1
5 MLN3(3)=MLN33) +1 ' 5
EB18 ET(-11) + 7 < 0 .. control to EB19
EB19 ER =0 assure next call will write;
10
10 BSW = 0 current absolute word to be in
absolute word form;
EB20 EO(100) = EI(100)
15 NOC(6)«NOC(5) + 1 15
HALT
) Memory Area
2 Output EOP = 0 MLN = 3 NOC = 6 11111101 20
00100010
00001010
Seventh Call set ELAST = 1 all other parameters remain
25 the same; 25
sequence of operation EB1, EB6-EB7, EB27, ENI13,
EB15-EB20;
30 EB1, EB6 same as before; 30
EB7 ELAST = 1 .. control to EB27
EB27 CTR(0) = ER(0) in case we are in bit string;
35 ET = -8 assure proper balance at 35
EB18,;
EB13 CTR(0) = 0 .. control to EB15
40 EB15 BSW = 0 .. control to EB16 40
EB16 = EOP(100) = EO(100) prepare the output;
set sign bit of EOP indicates absolute word type;
45 . 45
EB17 write EOP
MAR3(4) MAR3(3) + 1 next address;
50 MLN3(4) MLN3(4) + 1 length; 50
EB18 ET(-8) + 7 < 0 .. control to EB19
EB19 ER =0 these are meaningless
55 55

BSW = 0
EB20  EO(100) = EI(100)

steps on the last time

through - note that NOC
is not incremented this time;
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In summary, what has been disclosed is an encoder for converting to hybrid form a 10
received series. of absolute word signals of decreasing value order. The hybrid form has a
series of at least one absolute word signal and bit string word signal. An absolute word
signal represents the value of one ocucrrence by the combination of binary coded bit
signals. A bit string word signal represents one occurrence by the number of bits of
displacement of a bit of predetermined value therein from an absolute word signal in the 15
hybrid word series. Means include the ALU, EDS2, EDS1 and control counter 113
operative during EB18 in response to received previous and current absolute word signals
for forming an output signal indicative of the difference in value therebetween. The
previous and current different signal is formed at the OP qutput of ALU and is stored in
ET. Additionally, there is means including ET and the control counter 113 for retaining the 20
previous and current difference signal. This occurs at EB10.

The encoder also includes means for indicating absolute or bit string word form of hybrid
output and includes means, including the switches 104, for indicating a preselected
minimum permitted difference (e.g. 7) between successively teéeived word signals. Such
means includes ALU, EDS1, EDS2 and the control counter 113 for comparing the 25
minimum difference indication and the retained previous and current difference signal and
for indicating the first being > than or < to the latter. I ;

The encoder also has means for providing absolute form outputs such means including
the EOP load and shift logic, the BSW and its set and reset logic and the control counter 113
operative in response to the < indication for outputting the stored current absolute word 30
and an absolute flag. This operation takes place during EB18-20, 10-17.

The encoder also includes means for providing bit string form outputs and has means
including the EOP, CTR and its load and control logic, EDS2, ER, EOP shift logic, MSB
set logic-and the control counter 113 which are responsive to the > indicafion for forming a
set of ordered signals comprising a binary bit of one value (e.g., 1) associated with the 39
number of binary bits of a second value (e.g., 0) corresponding to the value of the retained
previous and current difference signal. It will be seen that the operation is depicted .by
EB21-25. The means for providing bit string form outputs also includes means including the
clock and the control counter 113 for selectively outputting the set of signals in association
with a bit string flag. The binary bit of one value in thé"bit string form output is i a 40
predetermined relation to the outputted absolute word. In this regard, the number of bits of
displacement between a bit of the one value and an absolute word indicates the value of the
one -bit. - - LA -

A preferred embodiment of the encoder has a current store such as register EI for storing
a currently received absolute word. Means including EDS6 control logic stores received 45
absolute words into the current register EI. A previous register EO is provided for storing a
previously received absolute word. Means including the EO ¢ontrol logic and the control
counter 113 transfers the current absolute word from the ciiffent register to the previous
register, forming therein the previous absolute word. This is..accomplished at EB20.

A further preferred embodiment of the encoder provides hiybrid form output in a series 50
of words. The means for forming a set of ordered signals includes counter means CTR.
CTR has output Co for indicating completion of counting. A bit striig word forming
register EOP ‘is-provided and means including CTR load and control logic and EDS2 is
operative during EB21-24 in response to the > indication for enabling the counter means to
count through a sequence of states corresponding in number to the retained current and 55
previous difference signal contained in ET. -

The indication at output Co from CTR indicates completion of the last-mentioned
counting. Additionally included is means including EOP and its shift logic and control
counter 113 operative during EB21-25 for shifting the content of the bit string forming
register one bit position in the direction of the most significant bit thereof for each of the 60
last-mentioned counter means states. Additionally included is means including the MSB flip
flop and its set logic and the control counter 113 which is operative during EB25 in response
to the last-mentioned completion indication at Co for inserting a binary bit signal of
predetermined value (e.g., 1) at the least significant end of the content of the bit storing
register EO. By this means, occurrence is entered in the hybrid form word output. The 65

EOP = 0MLN3 = 4 NOC = 6
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means for outputting additionally comprises means including the P9 logic and the control
counter 113 operative during EB17 for selectively outputting the content of the bit string
word forming register by forming a signal at the PO output, indicating that the word in EOP
is now ready for output.

An additional preferred embodiment of the encoder, according to the invention, is a bit
string forming means which has means for entering a first occurrence in a new bit string
word under formation. Included in the last-mentioned means is means (ER) for storing a
signal representing the number of binary bits remaining to be filled in the bit string word
forming register EOP. Also included is combining means including the ALU, EDSI1, EDS2
and the control counter 113 operative during EB11 for forming a signal representing the
difference between the values of the remaining number of binary bit to be filled signal and
the previous and current difference signal. Additionally included is means including the
ALU, EDS1, EDS2 and gates 108 and 110, and the control counter 113 operative during
EB11 for comparing the values of the previous and current difference signal and the
remaining binary bits to be filled signal for indicating that the value of the first signal is =
(GE) than or < (L) than the latter signal. Additionally included is means including ET,
EDS7 and the control counter 113 operative during EB12 in response to the < than
indication at L for retaining the difference signal in ET from the combining means as the
number of bits needed in the next bit string word to enter a current absolute word.

Means including the CTR load and control logic and EDS2 is operative during EB11,
22-24 in response to the = than indication at GE for enabling the counter means to count
through a sequence of states corresponding in number to the retained number of bits
needed in the next bit string word signal contained in ET. It should be noted that the
foregoing operation occurs when, during EB11, the retained number of bits needed in the
next bit string word contained in ER is = than the previous and current difference signal
contained in ET. Also included is the EOP shift control logic, the control counter 113 for
shifting the content of the bit string forming register EOP one bit position in the direction of
the most significant bit contained therein for each of the last mentioned counter means
states. Means including MSB and its set logic and the control counter 113 are operative
during EB25 responsive to the completion signal at Co for inserting bit signal of
predetermined value (e.g., 1) at the least significant end of the content of the bit string
register EOP.

A further preferred embodiment of the encoder has a bit string forming means which
includes means for filling out the bits of a bit string word being formed when no further
occurrences can be entered therein. Included therein is means ER for storing a signal
representing the number of binary bits remaining to be filled in the bit string word being
formed. Combining means including ALU, EDS1, EDS2 and the control counter 113 is
operative during EB11 for forming a signal representing the differences between the value
of the remaining number of binary bits to be filled signal, contained in ER, and the previous
and current difference signal, contained in ET. Additionally, there is means including
ALU. EDS1, EDS2, gates 108 and 110 and the control counter 113 operative during EB11
for comparing the value of the previous and current difference signal and the remaining
binary bits to be filled signal for indicating that the first is = than or < than the latter.

Means including the CTR load and control logic EDS and EDS2 is operative during
EB12-14 in response to the < than indication for enabling the counter means CTR to count
through a sequence of states corresponding in number to that indicated by the value of the
stored remaining binary bits to be filled signal contained in ER. Also included is means
including the EOP shift control logic, the control counter 113 operative during EB13-14 for
shifting the content of the bit string forming register EOP one bit position in the direction of
the most significant bit thereof for each of the last mentioned counter means states.

According to a preferred embodiment of the encoder, clipping means is provided.
Included therein is means including ETL and EBL for storing an upper limit value and a
lower limit value. Means including ALU, EDS1, EDS2 and gates 108 and 110 are operative
during EB2-4 for comparing a current absolute word with the upper and lower limit values
and for indicating if it is out of the bounds defined by the limit values.

According to a further preferred embodiment of the encoder, an interval adjusting means
is provided along with the clipping means. Included is means EIR for storing an interval
value. Means including the ALU, EDS1, EDS2, EDSS5, gates 108 and 110, and control
counter 113 is operation during EB5 in response to the indication that the current absolute
word is out of bounds for incrementally changing the stored upper and lower limit values in
EBL and ETL by the stored interval value in EIR. In the specific example shown, the
incremental changing is a decrementing action. Also included is means for enabling the
comparing means to repeat the comparing, using the incrementally changed upper and
lower limit values and current absolute word.
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III. DECODE I MODULE
A. General Description

The DECODE I and Il MODULES are internally similar. The difference lies mainly in
the input and output signals. This section is devoted to the DECODE I MODULE. The
next section will discuss the differences in the DECODE II MODULE.

The purpose of the DECODE I MODULE is to convert to absolute word form a series of
received occurrences in a hybrid word. The occurrences are of decreasing value and are
coded in hybrid form. Thus, the DECODE I MODULE converts information in the
opposite direction from that of the ENCODE MODULE. The hybrid coded form
comprises a series of binary coded words, including at least one absolute coded word
followed by one or more bit string words and/or absolute words. Each absolute word
represents an occurrence directly in coded form. Each bit string word represents an
occurrence by the number of bits of displacement of a bit of a predetermined value from
either an absolute word or another one of such bits of predetermined value in the series of
hybrid words. Additionally, each hybrid word has a flag indicating whether it is an absolute
or bit string type of word.

The DECODE I MODULE operates in response to a call by a calling module. The
possible calling modules for the DECODE I MODULE are: PIPE, SEED, REVOLVE,
BRIGHTNESS, OUTPUT MODULES and the DPM INTERFACE MODULE. In
general terms, the DECODE I MODULE decodes a hybrid word by reading it from the
MEMORY MODULE and if the flag bit indicates the word is an absolute word, the
DECODE I MODULE outputs the word, passing it directly to the calling module. The
DECODE I MODULE saves the absolute word which has been outputted and then reads
another hybrid word from the MEMORY MODULE. If the flag bit indicates that the new
word is a bit string word, then the bit string word is stored in a shift register and shifted until
a “1” bit (bit of predetermined value) is shifted out of the register. With every shift, the
previous absolute word value is counted down and each time a “1” bit is shifted out of the
shift register, the state of the counter is outputted as the absolute word.

B. Components

The DECODE I MODULE includes counters MARI, MLN1, DO1, and BCTRI.
Counter MARLI is a 256 state counter of type SN74161 in the above TTL book. Counter
MLNT1 is formed of an SN74191 type counter disclosed at page 417 of the above TTL book
and counts up responsive to each true signal applied at the Ct input. The MLN1 counter is
also set to a state corresponding to the input signals applied at its upper side responsive to a
true signal at the L or load input. Internal gating (not shown) forms a true signal at Mo
when the MLN1 counter is at state 0. Counter BCTR is an 8 state counter. Counter DO is
an 8 bit 128 state counter. Both counters BCTR and DO1 are formed of an SN74191 type
counter disclosed at page 427 of the above TTL book. These counters operate as follows: a
true signal at the CLR input resets the counters to state 0, a true signal at the L input causes
the counters to be set to a state represented by the information input signals applied at its
upper input. Each true signal at the Ct input causes the counter to count up one state.
Counter BCTR has logic (not shown) for forming a true output signal at Bo and Bo when
the counter is at state 0 and not at state 0, respectively.

Also included in the DECODE I MODULE is an INRI register. Contained therein is a
shift register 202. The shift register 202 is a 7 binary bit storage register formed of the type
SN74199 disclosed at page 456 of the above TTL book.

The DECODE I MODULE also includes flip flops P1 through PS5, forming a control
counter 213, the flip flops DIFST, EOF1, D1SW, D1END, MSB1, S1FF and DCE. Each
of these flip flops is formed of type SN7474 disclosed herein in section I.F, Conventions
Used in the Figures.

One-shot multi-vibrators D1GO, DIMEND are also provided. Each of these one-shot
multi-vibrators is characterized whereby a true signal applied at its input causes the
indicated output to receive a true signal for a time period equal in length to the time period
between the beginning of one clock pulse and the beginning of the next clock pulse at CLK.
The DECODE I MODULE includes a source of equally spaced recurring clock pulses 240.

The DECODE I MODULE also includes the necessary logic to control the various
registers, flip flops and counters as indicated by logical equations using the notation
indicated hereinabove with respect to the ENCODE MODULE. In addition, specific AND
gates 216, 218, 220, 222 are shown and OR gates 224, 226, 228, 230, 234 and 235 are shown.
The AND gates 218, 220, and 222 are actually indicated schematically and comprise eight
individual AND gates (not shown) for gating eight bits of information through to the
corresponding outputs from the indicated source of information along the heavy line inputs.
The second input to each of the eight AND gates within AND gates 218, 220 and 222 is
connected to the indicated control logic indicated by logical equations. The output of the
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AND gates within each of the AND gates 218, 220 and 222 are OR’d together by the OR
gate 226 and provided as an eight binary bit information input to the MLN1 counter.

The rest of the AND and OR gates are also conventional gates well known in the
computer art and need no further explanation other than that provided in the following
detailed description.

The output of AND gate 216 is indicated by the symbol CLK corresponding to clock. The
output of an inverter 232 is indicated by the symbol CLK corresponding to the logical
inverse of the clock signal CLK similar to the ENCODE MODULE.

The required input and output control lines to the DECODE I MODULE are indicated
along the right hand side of Figure 9; also indicated along the right hand side of Figure 9 are
the information input and output circuits using the system of notation described
hereinabove.

Referring to the right hand side of the DECODE I MODULE figure, the information
inputs to the DECODE I MODULE are shown in heavy lines and are LN1 from IPRF,
MLN3 from the ENCODE MODULE and ORT2 from the OUTPUT MODULE. The
output from the DECODE I MODULE is from the DO1 counter (heavy line), the EOF1
output of the EOF1 flip flop, the DIMEND output of the one-shot multi-vibrator
DIMEND, and the output of a gate represented by the logical equation P2.D1SW. The
information output from the DO1 counter is the absolute words that have been decoded
from hybrid form. The signal at DIMEND indicates the completion of each resultant
absolute word in the DO1 counter, thereby indicating to the calling module that it can read
the absolute word from SO1. A true signal at the EOF1 output indicates that the number of
hybrid words, and hence the length of the memory area, indicated by the words stored in
the MLN1 counter, have been converted and therefore the hybrid occurrence vector has
been completely decoded.

C. Detailed Description

Table 13 gives the symbols for the important counters, registers and flip flops in the
DECODE I MODULE of Figures 9 and 10 and indicates the length thereof and the
primary output of the DECODE I MODULE. Table 11 shows the primary inputs. Figure
11 is a flow chart indicating the sequence of operation of the DECODE I MODULE using
similar notation to that described hereinabove with respect to the ENCODE MODULE.
Reference to the DECODE I MODULE flow diagram should be made in reading the
following decription to aid in a complete understanding of the present invention.

Similar to the ENCODE MODULE, the OR gate 234 is responsive to an initial signal
applied at MINIT by the MINI COMPUTER to apply a true signal to the resetting input of
each of the flip flops P1-P5, resetting them to 0. Also, OR gate 235 responds to the MINIT
signal for initially resetting the DCE flip flop to 0.

The DECODE I MODULE, as mentioned above, is called by any one of the following
modules: PIPE, SEED, REVOLVE, BRIGHTNESS, OUTPUT and INTERFACE. The
MINI COMPUTER, as later described through the DPM INTERFACE MODULE or one
of the other modules stores into one area of the MEMORY MODULE a hybrid coded
occurrence vector. This hybrid coded occurrence vector is to be converted to absolute
coded occurrence words using the DECODE I MODULE (and/or DECODE II
MODULE). A calling module initializes the DECODE I MODULE by placing the number
of words (length) of the hybrid form occurrence vector to be converted into the MLN1
counter and by setting the D1FST flip flop to a 1 state, indicating that the first call to the
DECODE I MODULE is occurring.

The length of the occurrence vector is provided to the DECODE I MODULE from
different sources according to the calling module as follows: PIPE MODULE- LN1 from
IPRF; SEED MODULE - LN1 from IPRF; REVOLVE MODULE - MLN3 counter from
ENCODE MODULE: BRIGHTNESS MODULE - LN1 from IPRF; OUTPUT MOD-
ULE - LN1 from IPRF or ORT?2 register in OUTPUT MODULE; CHANGE MODULE -
LN1 from IPRF; INTERFACE MODULE - LN1 from IPRF. loading MLNT is as follows:
a true signal applied by the OUTPUT MODULE at OMI6 or OM17 causes AND gates 218
and 222 and OR gate 226 to couple the length value from LN1 of IPRF and ORT?2,
respectively, to the information input of the MLN1 counter. The CHANGE MODULE
loads the MLN1 counter and the SEED MODULE calls the DECODE I MODULE. To
this end. the CHANGE MODULE applies a true signal at the CM4 output, causing the
AND gate 218 and the OR gate 226 to couple the length value from LN1 of IPRF to the

information input of the MLN1 counter. The SEED MODULE applies a true signal at the |

SM2 output which causes the AND gate 218 and OR gate 226 to couple the length of
occurrence value from LN1 of IPRF to the information input of the MLN1 counter. The
REVOLVE MODULE applies a true signal at RM14 to cause gates 220 and 226 to couple

the length of occurrence value from counter MLN3 of the ENCODE MODULE to the
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information input of counter MLN1.

One of the REVOLVE, SEED, OUTPUT, PIPE, BRIGHTNESS, and DPM INTER-
FACE MODULES then sets the D1FST flipflop to a 1 state via OR gate 228 by applying a
true signal, respectively, at the corresponding output P11, RM2, SM4, B3, OM21, and D1I
which, as indicated above, indicates that the first call of the DECODE I MODULE is
occurring.

Subsequently, the calling module triggers the D1GO one-shot multi-vibrator, causing it
to apply a control pulse at its D1GO output. D1GO is triggered by the gate 230 which
receives its control pulse from one of outputs P13, SM6, RM4, B5, and D1GO.

A true signal at output D1GO sets the DCE f{lip flop to a 1 state, causing a true signal at
the DCE output which, in turn, enables AND gate 216 to couple clock signals from the
clock 240 to the CLK output. Similar to the ENCODE MODULE, the inverter 232 forms
the logical inverse of the clock formed at CLK at its output at CLK.

Since all of the flip flops of the control counter 213 are initially reset to zero, true signals
are now formed at the outputs P1, P2, P3, P4 and P5 and the clock pulse at CLK causes flip
flop P1 to be set to a 1 state and D1B1 of the DECODE flow is entered.

During D1B1, the state of the D1FST flip flop is checked, assuming that this is the first
call on the DECODE I MODULE. The DIFST flip flop is in a 1 state, causing a true signal
at the DIFST output. Additionally, the P1 flip flop is in a 1 state. Accordingly, D1B2 of the
DECODE I MODULE flow is entered where the true signals at P1, D1FST and CLK cause
the D1SW flip flop to be reset to a 0 state. The clock pulse at CLK in combination with the
true signals at the P1 and D1FST outputs causes each of the DIEND, D1FST and EOF1 flip
flops to be reset to an O state and cause the MAR1 and BCTR1 counters to be reset to an 0
state. Additionally, the clock at CLK in coincidence with the true signal at output P1 causes
flip flop P2 to be set to a 1 state and flip flop P1 is reset to an O state.

The first DIFST, EOF1, D1SW and D1END flip flops have been reset at this time for the
following reasons. The D1FST flip flop is reset at this time to indicate that the resetting
operation during D1B2 has been completed. This is the only function of the D1FST flip
flop. EOF1 is reset at this time to indicate that the hybrid words in the occurrence vector
have not been completely converted. The D1SW flip flop is used to indicate within the
DECODE I MODULE that a MEMORY MODULE read is necessary. The 0 state of the
D1SW {lip flop indicates that a read from MEMORY MODULE is necessary to obtained a
hybrid word. This will subsequently take place during D1B5. A 1 state of the D1SW flip
flop is used to indicate that a read is unnecessary and, as will be explained subsequently,
D1BS is skipped when D1SW is in a 1 state. The DIEND f{lip flop is an internal flip flop
and, when set into a 1 state, indicates to the DECODE I MODULE that after conversion of
a hybrid coded occurrence vector the last absolute word has been ontputted or passed to the
calling module. To be explained in more detail, when the D1END flip flop is set to a 1 state,
any subsequent call on the DECODE I MODULE by the calling module will force the
DECODE I MODULE to form an end of file indication by setting the EOF1 flip floptoa 1
state.

Following D1B2, D1B3 is entered. During D1B3, the P2 flip flop is in a 1 state and the
D1END flip flop is checked. If during D1B3 the DIEND flip tlop is in a 1 state, which, as
discussed above, occurs when the calling module provides the last word of a hybrid
occurrence vector, D1B19 of the DECODE I MODULE flow is entered.

The action_of the clock suspension logic should now be noted. The true signals at P2,
DI1END and CLK reset the DO1 counter to 0 and cause the clock suspension logic 222 to
form a true signal at the OR gate 235 causing it to reset the DCE flip flop to 0 and trigger
the one-shot DIMEND. Resetting of the DCE flip flop to an O state removes the true
signal at output DCE and causes the AND gate 216 to remove the clock signals at CLK,
thereby causing the DECODE I MODULE operation EXIT and await the next call on the
DECODE I MODULE. The one-shot DIMEND then forms a true signal at output
DIMEND which causes OR gate 234 to reset flip flops P1-P5 to 0. The subsequent
operation caused by the DIEND flip flop being in a 1 state will be further described
hereinafter.

The above action of the clock suspension logic 222 is important and should be kept in
mind as a similar action is enabled by the clock suspension logic when any one of the other
logic conditions indicated for the clock suspension logic 222 becomes true.

Assume that during D1B3 the last word of a hybrid occurrence vector has not been
provided, and the DIEND flip flop is in an O state, causing a true signal at the DIEND
output. D1B4 is entered where the state of the D1SW flip flop is checked. It will be recalled
that the DISW flip flop in a 1 state indicates that the MEMORY MODULE read operation
is to be skipped, whereas if in an O state, causes a MEMORY MODULE READ. Assume
that the DISW flip flop is in an 0 state. D1BS5 is entered where the memory read actually
takes place.
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An input to the DECODE I MODULE is the SM10 output of the SEED MODULE. To
be explained in more detail, the SEED MODULE uses the DECODE I MODULE when
computing the number of lines to be skipped in an iso-entropicgram. However, the SEED
MODULE when computing the lines to be skipped, does not require the length value in
counter MLN1 to be decremented. Accordingly, the SEED MODULE normally forms a
true signal at output SM10 but removes the true signal when computing the number of lines
to be skipped, thereby inhibiting counter MLN1 from being decremented.

However, for the present description, assume that a true signal is formed at SM10. True
signals are also formed at P2 and DISW. Therefore the MLN1 counter receives a true signal
at its CT input, causing MLN1 to be counted down one state reflecting the fact that one
word of the hybrid occurrence vector is being read from the MEMORY MODULE. The
logic P2.DISW.CLK being true causes a true signal at the Ct input of MARI, causing
MARI to be counted up one state, reflecting the fact that the next word of the hybrid
occurrence vector is to be addressed in the MEMORY MODULE. The true signals at P2
and DSW cause a true signal to be formed at the DML11 output of the DECODE I
MODULE, thereby signalling the MEMORY MODULE, causing it to read out the
content of the proper memory area specified by the SWITCH MATRIX at the memory
location specified in the MARI counter prior to its being counted up.

The control signal at P2 enables the 8 bit word read-out of the MEMORY MODULE to
be stored into the INR1 register. The true signal at P2 causes the most significant bit (8 bit)
of the word read from the memory to be stored in the MSB1 flip flop. The true signal at P2
also goes to the S/L input circuit for the shift register 202 causing the remaining 7 bits of the
word from the MEMORY MODULE to be loaded into the register 202 when the clock
signal is applied from logic P2.D1SW.CLK. Accordingly, at the end of D1BS5 of the
DECODE I MODULE flow a hybrid word has been read from the MEMORY MODULE
from the appropriate memory area and has been stored in the INR1 register and the MLN1
counter has been decreased by one so that the length of occurrence vector contained therein
indicates the remaining words to be read from the MEMORY MODULE.

Assume now that the word stored in the INR1 register is an absolute hybrid word. It will
be recalled that the first word of every hybrid occurrence vector string will always be an
absolute word. When the word stored in INR1 is an absolute word, the flag bit, the most
significant bit of the hybrid word, is stored in the MSB1 flip flop and causes the MSB1 flip
flop to be in a 1 state. With the MSB1 flip flop in a 1 state, true signals are formed at the
MSB1 and P2 outputs. Accordingly, the P5 flip flop is set to a 1 state and D1B8 is entered.

A true signal is formed at the P5 output and the following pulse at CLK causes a true
signal at the L input of the DO1 counter, causing the 7 bits in the shift register 202 of the
INR1 register to be loaded into the DO1 counter. The true signal at P5 in coincidence with
the pulse at CLK enables the clock suspension logic - 222 to reset the DCE flip flop to an 0
state, thereby disabling the clock at CLK out of the gate 216 and resetting counter 213. An
EXIT is taken to await the next call. The next call is initiated by a control signal, as
described above at one of the inputs to OR gate 230.

If, during the true signal at P2 the word in the INR1 register read from memory is a bit
string word. the MSB1 flip flop is in an 0 state and true signals are formed at the MSB1 and
DSW outputs and the P3 flip flops is set to a 1 state, thereby causing D1B11 of the
DECODE I MODULE flow to be entered.

At the beginning of the processing of each bit string word of a hybrid occurrence vector,
the BCTR1 counter is in an 0 state having been set there at D1B2. Therefore, during the
first entry into D1B11 of the DECODE I MODULE flow, the BCTR1 counter isinan 0
state. Accordingly, a true signal is formed at the Bo output of the BCTRI counter so
indicating. The true signal at Bo in combination with the true signal at P3 causes the P4 flip
flop to be set to a 1 state and D1BI13 is entered.

During D1B13. the BCTR1 counter is loaded with a signal representing the maximum
number of bits in a hybrid word to be processed. To this end, true signals are now formed at
the P4 and Bo outputs and the following pulse at CLK causes the L input of the BCTR1
counter to be energized and the value 7, represented by the setting of the switches 236, is
loaded into the BCTR1 counter, and D1B14 is entered.

During D1B14 of the DECODE I MODULE flow a true signal is formed at the P4
output. Accordingly, the shift register 202 is repeatedly shifted one bit to the right until a
one bit indicating an occurrence is shifted out of register-202 into the S1FF flip flop. Each
bit shifted out of the least significant end of the register 202 is stored in the sign flip flop
SIFF. During D1B15 of the flow of a true signal is formed at the P4 output and the pulse at
CLK causes the Ct input of the BCTR1 counter to be energized and count the counter down
one state. The same signals cause the CT input of the DO counter to be energized and the
counter DO1 to count down one state. For each right bit shift of the register 202, the
number of bits left to be processed in the INR1 register identified by the state of the BCTR1
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counter is counted down one and the absolute word value indicated by the DO1 counter is
counted down one state. This operation continues until a 1 bit is shifted out of the shift
register 202 into the sign flip flop S1FF thereby causing a true signal at the S1FF output,
The state of the DO1 counter at this time is an absolute word representing the actual value
of the occurrence represented by the 1 bit shifted out of register 202 into the S1FF flip flop
and accordingly, the state of the DO1 counter to be outputted to the calling module.

To this end, signals are formed at the P4 and S1FF outputs and the following signal at
CLK causes the DCE flip flop to be reset to an 0 state and fires the DIMEND one-shot
causing a true signal at the DIMEND output signalling the calling module that an absolute
word is completed and contained in the DO1 counter. The DIMEND signal resets the
control counter 213 to 0. The formation of the signal at DIMEND indicates completion of
an absolute word and is referred to herein as outputting the absolute word.

Several important special conditions should be noted. If, during D1B15 and the 1 state of
the P4 flip flop; the content of shift register 202 is not 0, it means that there is a remaining 1
bit (representing an occurrence) yet to be converted to absolute form in a bit string word.
Accordingly, a true signal is formed by register 202 at 10 causing the D1SW flip flop to be
set to a 1 state at the following pulse at CLK. The 1 state of the D1SW flip flop is used
during the following entry into D1B4 of the flow to bypass the reading of another word
from the MEMORY MODULE. The reason for this action is that with the D1SW flip flop
in a 1 state, a new re is still at least a portion of a bit string word remaining in the shift
register 202 to be converted to absolute form.

Referring to D1B17 of the flow, whenever the bit string word contained in register 202 of
the INR1 register goes 0 zero by virtue of the fact that all of the 1 bit (or occurrence) of the
bit string word has been shifted out thereof, a control signal is formed at the I0 output of the
shift register 202. When this occurs another hybrid word must be read from the MEMORY
MODULE during D1B5. A true signal is formed at the outputs P4 and I0 causing the
DI1SW flip flop to be reset to a 1 state at the next pulse at CLK. The 0 state of the D1SW flip
flop, during the following entry into D1B4, causes D1B5 of the flow to be next entered
where a new hybrid word is read from MEMORY MODULE into the DECODE I
MODULE for conversion. When the last word of a hybrid occurrence vector has been read
from the MEMORY MODULE, the length of occurrence vector value contained in the
MLNT1 counter will have been counted down to 0, and a control signal is formed at the Mo
output of the MLN1 counter. A true signal at Mo and a true signal at the P5, the P4 and 10
outputs causes the DIEND flip flop to be set to a 1 state at the next pulse at CLK thereby
indicating that the last absolute word has been outputted to the calling module. With the
DIEND filip flop in a 1 state, the following call on the DECODE I MODULE flow will
cause the EOFI flip flop to be set to a 1 state responsive to true signals at the P2 and
DIEND outputs at the occurrence of the pulse at CLK.

One further special situation with respect to the DECODE I MODULE should be noted.
If, during the 1 state of the P3 flip flop, the BCTR1 counter is not in an 0 state, then DIB12
and D1B11 of the flow are utilized to insure that the proper alignment is made from one bit
string word to another. This is necessary when the last 1 bit of a bit string word has been
converted to absolute word form and outputted, and leading 0 bits remain in the bit string
word under conversion in the shift register 202. These leading 0 bits must be taken into
account in forming the next absolute work for output.

Referring to D1B11 and D1B12 of the flow and the corresponding action, a true signal at
the P3 output in coincidence with a true signal at the Bo output causes the BCTR1 counter,
as well as the DO1 counter, to be counted down one state responsive to each pulse at CLK.

As a result, the absolute word being formed in DO1 is adjusted downward by the number of '

leading 0’s remaining in shift register 202 which are indicated by the state of BCTRI.
Finally, when the BCTR1 counter reaches an 0 state, a control signal is formed at the Bo
output and the true signal is removed at the Bo output terminating the counting of the
Bé?TRl and DO1 counters and causing D1B13 of the flow to be entered as explained
above.

D. Example of Operation

Consider now an example of the operation of the DECODE I MODULE. Assume that
four words, making up a hybrid occurrence vector, are contained in the memory area 1 of
the MEMORY MODULE and are to be converted from hybrid to absolute word form.
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EXAMPLE
Assuming the following is in the memory area 1 of the MEMORY MODULE:
11111101 125)
5 00100010 123, 119 5
00001010 116, 114
11100100 100)
The physical length in words is 4.
Therefore it is the calling program's responsibility to load MLN1<4 and set the initialize
10 flip flop DIFST to 1. 10
First call MLN1 = 4
DIFST = 1
sequence of control .. D1B1 - D1B9
15 DIB1 DIFST = .. control to D1B2 15
D1B2 D1FST=D1END=EOF1=D1SW=0 reset these flip flops;
MAR1 = 0, BCTR1 = 0 initialize these registers;
Di1B3 DIEND = 0 .. control to D1B4
D1B4 DISW = 0 .. control to DIBS
20 DI1B5 read memory into INR1 do the read; 20 -
INT1 = 11111101 (125) the result;
MARI (1) = MAR1 (0) + 1 memory address to next
25 position; 25
MLN1 53) = MLN14) - 1 decrease the number of words;
D1B6 MLN1 (3) # 0 .. control to D1B7, .
D1B7 MSB(INR1) = 1..control to D1B9 AOI form
D1B9 Dol (125) = INR1 (125) input becomes the output;
30 DISW = 0 assure a read on the - 30
BCTR1 = 0 next call and set BCTR1 to
zero;
EXIT
output Dol = 125 EOF1 = 0
35 35
Second call initial conditions : D1FST = 0
MLNT1 is not clocked )
sequence of control D1B1, DIB3-D1B7, D1Bl11, D1B13-
D1B16, D1B14 - D1B17
40 DiBl DI1FST = 0 .. control to D1B3 40
D1B3 DIEND = 0 .. control to D1B4
DiB4 DISW = 0 .. control to D1B5
D1B5 read memory do the read to INRI;
INR1 = 00100010
45 MARI1(2) = MARI(1) + 1 increase address pointer; 45
MLN1(2) 046 MLN1(3) - 1 decrease length register;
D1B6 MLN1 # 0 .. control to D1B7
D1B7 MSB(INR1) = 0 ..control to D12B11
DiB11 BCTRO = 0 .. Control to D1B13
50 Di1B13 BCTR1 =7 this counter monitors how 50
much of the input register
remains to be processed;
D1B14 INR1 00010001
SIFF = 0
55 DIBIS BCTR1(6) = BCTR(7) - 1 reduce the number of bits 55
Dol(124) = Dol(125) - 1 to be processed and reduce
DISW =1 the previous output - set
D1SW to indicate no read
is necessary on the next
60 call; 60
D1B16 S1FF = 0 .. control to D1B14
D1B14 INR1 = 00001000 shift INR1;
SIFF = 1 S1FF = 1 because of the

shift output from INR1
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DI1BI15 BCTRI1(S) = BCTRI(6) - 1 decrement bits remaining;
Do1(123) = Dol(124) - 1 decrement previous output;
D1B16 S1IFF = 1 .. control to D1B17
D1B17 INR1 # 0 .. HALT
5 Output Dol = 123 EOFL = 0 5
EXIT
Third call just assert DIGO
sequence of control D1B1, D1B3-D1B4, D1B14-D1B16,
10 D1B14-D1B16, D1B14-D1B16, D1B14-D1B18 10
D1B1)
g same as before
D1B3
DiB4 DISW = 1 .. control to D1B14
15 DI1B14 INR1 = 00000100 shift INR1 right; 15
S1FF = 0 S1FF = 0 since “shift out”
from INR1 = 0
D1B15 BCTR1(4) = BCTRI(5) - 1
Do1(122) = Dol(123) - 1
20 DISW = 1 20
D1B16 S1FF = 0 .. control to D1B14
DiBi4 INR1 = 00000010
SIFF = 0
D1B15 BCTR1(3) = BCTR1(4) - 1
25 Do1(121) = Dol(122) - 1 25
Di1B16 S1IFF = 0 .. control to D1B14
DiB14 INR1 = 00000001
SIFF = 0
Di1B15 BCTR1(2) = BCTRI1(3) - 1
30 Do1(120) = Dol(121) - 1 30
D1B16 S1FF = 0 control to D1B14
D1B14 INR1 = 00000000
SIFF = 1
D1B15 BCTRI(1) = BCTR1(2) - 1
35 Dol(119) = Dol(120) - 1 35
D1B16 SIFF =1 *. control to D1B17
DI1B17 INR1 =0 . control to D1B18
Di1B18 DISW =0 assure a read on the
- next call;
40 EXIT 40
output Dol = 119 EOF1 = 0
Fourth call D1GO to 1
sequence of control D1B1, D1B3-D1B7, D1B11-D1B12, D1B11,
45 D1B13-D1B16, D1B14-D1B17 45
DIB1)
3 same as above
D1B3
D1B4 DISW =0 *. control to D1B5S
50 DiIBs read memory read into INR1; 50
INR1 = 00001010
MARI1(3)«MARI(2) + 1 bump the memory address;
MIN1(1)«MLN1(2) - 1 decrement the length
Di1Be6 MLN1 # 0 " control to D1B7
55 DIB7 MSB(INR1) = 0 . control to D1B11 35
D1B11 BCTR1(1) # 0 " control to D1B12
DiBi12 BCTR1(0) = BCTR(1) - 1 the value in BCTR1 is a
Dol1(118) = Dol1(119) - 1 measure of the unshifted
bits from the previous
60 read, Dol must be decremen 60
~ted by this unit;
D1B11 BCTR1(0) = 0 ". control to D1B13
D1B13 BCTR1 = 7 bits to be processed in
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D1B14 INR1 = 00000101
S1FF = 0
D1B15 BCTR(6) = BCTR(7; -1
Dol1(117) = Dol(118) - 1
5 DISW =1 no read necessary next time; 5
D1B16 S1FF = 0 *. control to D1B14
D1B14 INR1 = 00000010
SIFF =1
D1B15 BCTR1(5) = BCTRI1(6) - 1
10 Dol(116) = Do1(117) - 1 10
D1B16 SIFF =1 . control to D1B17
D1B17 INR1 # 0
EXIT
output Dol = 116 EOF1 = 0
15 15
Fifth call set D1GO
sequence of control D1B1, D1B3-D1B4, D1B14-D1B16,
D ) D1B14-D1B18
1B1
20 ) same as above 20
DiB3)
D1B4 DISW =1 .. control to D1B14
D1B14 ISNI1§1 = (())0000001 shift INR1 right;
iFF =
25 DIBIS BCTR1(4) = BCTRI(S) - 1 25
Dol1(115) = Dol(116) - 1
DISW =1
D1B16 S1FF = 0 .. control to D1B14
D1Bi4 INR1 = 00000000
30 SIFF = 1 30
D1B15 BCTR1(3) = BCTR1{) - 1
Dol(114) = Dol(115) - 1 '
D1B16 SIFF =1 . control to D1B17
D1B17 INR1 =0 . control to D1B18
35 DiB18 DISW = 0 read next time; 35
EXIT
output Dol = 114 EOF1 = 0
Sixth call set D1GO :
40 sequence of control DlBl,D1B3-D1B6,D1B10,D1B7-D1B9 40
D1B1) same as before
D1B3g
D1B4 DISW = 0 . control to D1B15
45 DIB15 Memory read 45
INR1 = 11100100
MARI1(4) = MARI1(3) + 1
MLN1(0) = MLN1(0) - 1
D1B16 MLN1 =0 . control to D1B10
50 Di1B10 DIEND =1 assures an EOF1 on 50
next call;
D1B7 MSB(INR1) =1 .. control to D1B8
reset to sign bit;
D19 BCTR1 =0
55 DISW = 0 55
Dol = 100 (01100100)
EXIT
output Dol = 100 EOF1 = 0
60 Seventh call set D1GO 60

sequence of control
D1B1

D1B1, D1B3, D1B19
same as above
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Di1B3 DIEND =1 . control to D1B19
Di1B19 EOF1 =1 ’
Dol =0
EXIT
output Dol = 0 EOF1 = 1

note the output retrieved was 125, 123, 119, 116, 114, 100 - the same as was encoded before.

In summary, it will be seen that what has been disclosed is a decoder for converting
hybrid coded signals to absolute coded word signals. The hybrid signals represent a series of
occurrence values of decreasing value. The hybrid signals have a series of received binary
coded word signals including at least one absolute coded word and a bit string word. The bit
string word represents an occurrence by the number of bits of displacement of a bit of
predetermined value (i.e., 1) from an absolute word in the series of hybrid words. A hybrid
word also includes a flag signal indicating the type of word. The decoder includes an
absolute word outputting means including the DIMEND one-shot multi-vibrator and its
logic and the MSBI flip flop and a control counter 213 operative during D1B9 of the flow in
response to an absolute word flag signal of a received hybrid word signal for outputting the
received word signal. In other words, the outputting means is responsive to the absolute
word flag signal for directly outputting the corresponding hybrid word since it is already in
absolute word form.

The decoder also includes absolute word signal forming and outputting means. The
means includes the INR1 register and its shift control logic, the S1FF flip flop, the DO1 and
BCTR1 counters and their Ioad and count control logic and the control counter 213 which
are operative during D1B14, 16, 7-9 in response to an absolute word signal and each bit of
predetermined value in a subsequently received bit string word for forming an absolute
word signal indicative of the actual value of the bit of predetermined value. Also included is
means such as the DIMEND one-shot multi-vibrator and its control logic operative during
D1B16 for outputting each of the absolute word signals formed thereby. The true signal at
DIMEND outputs the absolute word signal represented by the state of the counter DO1.

In a preferred embodiment, the means for forming and outputting the absolute word
signal includes the shift register 202 in register INR1 for storing a received bit string word
signal. Also included is means including the INR1 register and ifs shift control logic and the
control counter 213 operative during D1B14 for repeatedly enabling the shifting of the
content of the shift register 202, 1 bit position in the direction of the least significant bit of
the bit string word. Also included is means including the SIFF flip flop and the control
counter 213 operative during DIB16 for providing an indication when a bit of
predetermined value arrives at the output of the shift register 202. Also included is the
counter DO1 and means including the DO1 load control logic and the control counter 213
operative during D1B7-9 responsive to an absolute word flag signal of hybrid word
forsetting the counter DO1 to a state, relative to the reference (0) state thereof, which
corresponds to the value of the absolute word signal. Means including the DO1 count
control logic and the control counter 213 is operative during D1B15 for enabling the
counter to count one state towards its reference state for each shift of the shift register 202.
Means including the DIMEND one-shot multi-vibrator and its control logic and the control
counter213 is operative during D1B16 in response to the bit of predetermined value in the
SIFF flip flop for outputting the state of the counter by forming a true signal at DIMEND.

In a further preferred embodiment there is means for adjusting the counter DO1 for bits
which are not of the predetermined value (e.g., 0) which remain in the shift register 202
after decoding the last bit of predetermined value in a hybrid word. Included is an
additional countermeans such as the BCTR1. Means including the switches 236 indicate the
maximum number of bits in an absolute word for output. Means including the BCTR1 load
control logic and control counter 213 is operative during D1B11-13 for selectively setting
the additional counter means BCTR1 to a state relative to a reference state (e.g., 0), which
corresponds to the indication of the maximum number of bits in an absolute word signal.
Means including the BCTR1 count control logic and control counter 213 are operative
during D1B15 for enabling the additional counter means BCTR1 to count one state,
relative to the set state thereof towards the @ reference state for each shift of the shift
register means 202. The Bo output of the BCTR1 countes indicates the occurrence of the
reference state of BCTR1. Means including the count control logic of BCTR1 and control
counter 213 is operative during D1B12 in response to the flag signal of a bit string word
signal stored in MSB1 and the indication at Bo indicating the lack of a reference state of
BCTR1 for further enabling the counting of the counter DO1 and BCTR1, one count for
each shift of the shift register means 202. By this arrangement the high order @ bits which
are not of the predetermined value which are left in the shift register 202, after all bits of

10

15

20

25

30

35

45

50

55

65



49

1 570 341

49

10

15

35

45

(7]
(=]

a\

3

65

predetermined value are shifted out, are reflected into the absolute word signal under
formation in shift register 202.

IV. DECODE II MODULE

Figures 12-14 form a schematic and block diagram of the DECODE Il MODULE. The
DECODE II MODULE is basically constructed the same as the DECODE I MODULE
except as described below. Two decode modules, DECODE IMODULE and DECODE II
MODULE, are needed in the system in order to decode the occurrences of an occurrence
vector from hybrid to absolute coded words and provide the resultant absolute coded words
in two streams at different rates. DECODE I MODULE and DECODE II MODULE
provide their respective streams of absolute coded words, one word (or occurrence) at a
time when called.

The DECODE II MODULE is virtually identical to the DECODE I MODULE as
mentioned above. In keeping with the virtual identical structure, the same symbols are used
to denote the various parts of the DECODE II MODULE as are used for the DECODE I
MODULE. However, in some instances a 1 in a symbol for the DECODE I MODULE is
changed to a 2 in the DECODE II MODULE to help simplify the description or distinguish
between lines going between modules. The components whose identity and symbols have
been changed in the DECODE II MODULE by changing a 1 to a 2 are identified below.

DECODE 1 DECODE II
BCTR1 BCTR2

DO1 DO2

INR1 INR2

MARI1 MAR?2
MLN1 MLN2
DIFST D2FST
EOF1 EOF2

D1GO D2GO
DIMEND D2MEND

A data selector DDS1 similar to that described above replaces the gates 218-226 of the
DECODE I MODULE for gating the occurrence vector length into counter MLB2.
However, a gating circuit similar to the DECODE I MODULE could be used. The
occurrence vector length is coupled from the information source indicated along the top of
DDS1 to the MLN2 counter responsive to true signals at the control lines indicated along
the sides of the DDS1. Additionally, the gating conditions indicated for the load or L input
of MLN2 differs from that of the DECODE I MODULE and should be noted.

The input control lines connected to gates 224", 228', 230’ and 234', and the clock
suspension logic 222, differ in minor respects from that of gates 224,228, 230 and 234 and
suspension logic 222 of the DECODE I MODULE and the primes are affixed to these
symbols to so indicate.

V. DELTA MODULE
A. General Description

The DELTA MODULE breaks the number of lines to be revolved (in an iso-
entropicgram) from a calling module and breaks the number into smaller increments. The
implementation now to be described breaks the number of lines to be revolved into its
largest possible component powers of 2 in decreasing value order which, in turn,
corresponds to the number of lines to be revolved. This feature is described in the General
Description with reference to Table 4-C and is of importance because the lines in the
iso-entropicgram can be derived with a minimum of XOR operations. Also, by revolving
from one line to another in an iso-entropicgram where the second line is away from the first
by a number of lines equal to a component power of 2, the revolve to the second line is
accomplished by a single shift and XOR operation.

The DELTA MODULE, in operation, receives a binary coded number in the 1, 2, 4, 8
number code (from the calling module) representing the total number of lines to be
revolved, and breaks the number into its largest possible component powers of 2. The
largest component power of 2 is formed first, followed by the other largest powers of 2 in
decreasing order of magnitude. Although the invention is not limited thereto, the DELTA
MODULE about to be described operates on 8 bit words.

The DELTA MODULE converts a number by storing it into a first register and then
shifting the number towards the most significant bit position, repeatedly, one bit position at
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a time. A second register with the same number of bits as the first register has a “1” bit that
is shifted towards the least significant bit position, one bit position each time the first
register is shifted. Since the two registers are shifted in opposite directions by the same
amount whenever a “1” bit arrives at the output of the first register, the “1” bit in the
second register indicates directly the corresponding power of 2 of the 1 bit shifted out of the
first register.

Table 14 is a DELTA MODULE example illustrating how the above operation takes
place. The binary coded number to be converted represents the decimal number 13 and is
stored in the first register in binary coded form, whereas the second register is initially set to
0. Eight shifts are depicted, one for each bit of the number to be converted. On the first
shift, the first register is shifted 1 bit towards the most significant bit, whereas the second
register has a 1 bit stored in the most significant end where it represents the binary coded
number 128. With each subsequent shift of the first register towards the most significant bit,
the second register is shifted towards the least singificant bit. Following shift 5, a 1 bit for
the first time is shifted out of the first register. This indicates that the content of the second
register, which now represents 8, can be read as it now contains the largest component
power of 2. Also, 1 bits are shifted out following shifts 6 and 8 and the second register at
these times represents the numbers 4 and 1, respectively. Adding 8, 4 and 1 results in 13
which is the binary coded number originally stored in the first register.

B. Components

The DELTA MODULE, Figure 15, contains inputs and output control lines indicated
along the right hand side. The system of notation described above in section LF.,
Conventions Used in Figures, is used. Additionally, there are information input and output
lines. These input and outputlines carry multiple bits of information and are indicated by
heavy lines.

Two registers DELI and DELO are provided. Register DELI includes an 8 flip flop shift
register 302 and the register DELO includes an 8 flip flop shift register 304. Both of the
registers DELI and DELO include a most significant bit flip flop, DELI containing
MSBDELI and DELO containing MSBDELO. MSBDELI has its input for setting it to a 1
state connected to the output SOUT of shift register 302. The output SOUT of register 302
is the unprimed output from the most significant flip flop in register 302. The MSBDELO
flip flop in DELO has its MSBDELO (or unprimed) output connected to the “IN” input of
register 304 which is the set to 1 input of the most significant flip flop in register 304. Logic
(not shown) in register 302 applies true signals at DIo and DIo when the register is 0 and not
0, respectively. The operating characteristics of shift registers 302 and 304 are the same as
shift register 114 of the ENCODE MODULE. Register 304 also has a CLR intput which is
responsive to a true signal at CLR to reset register 304 to 0. Shift registers 302 and 304 are
of type SN74198 disclosed at page 456 of the above TTL book.

A control counter 313 has two flip flops P1 and P2. Additionally, control flip flops
DELFST, DELEND and DELCE are provided. The DELFST flip flop, when in a 1 state,
indicates that the first call is occurring to the DELTA MODULE. The DELEND flip flop
in a 1 state indicates that the word stored in DELI has been completely converted into its
component powers of 2. Thus, the 1 state of DELEND is an indication that the DELTA
MODULE has completed its operation. The flip flop DELCE controls the formation of
clock pulses at CLK. Each of the flip flops in the DELTA MODULE are of type SN7474
described in section I.F. Conventions Used in Figures.

One-shot multi-vibrators DELGO and DELMEND are contained in the DELTA
MODULE. One-shot multi-vibrator DELGO is set to a 1 state pursuant to each call on the
DELTA MODULE. One-shot multi-vibrator DELMEND indicates each exit from the
DELTA MODULE operation by a true signal at the DELMEND output and resets the
module. The one-shot DELGO and DELMEND have the same characteristics as the
one-shot of the ENCODE MODULE. :

A source of clock signals formed by a clock 312 forms a series of regular recurring true
pulses as depicted.

The DELTA MODULE also includes OR gates 314, 315, 316, 317, 318 and 320, and an
AND gate 322. These gates are conventional gating circuits well known in the computer art.
The output of AND gate 322 is designated CLK. The inverter 324 is a conventional logical
inversion circuit which forms the logical inverse of the signal at CLK, and the inverted
signal is designated CLK. :

A selection circuit DELS is a conventional selection circuit of the same type disclosed in
the section I-B above. Selector circuit DELS couples 8 bits of information from any one of
the design(e)lted three 8 bit inputs to a single 8 bit output which is the information input into
register 302.

10

15

20

25

30

35

45

50

55



51

1 570 341

51

10

15

20

35

45

50

55

65

C. Detailed Description

The purpose of the DELTA MODULE is to receive a number representing the number
of lines to be revolved and convert the number into its largest possible component powers
of 2 in decreasing value order.

The DELTA MODULE is called by either the REVOLVE MODULE or the OUTPUT
MODULE. The DELTA MODULE is called by the REVOLVE and OUTPUT
MODULES by first setting the DELFST flip flop to a 1 state. The OR gate 316 sets the
DELFST flip flop to a 1 state and has inputs RM1 and OM2 from the REVOLVE and
OUTPUT MODULES, respectively. A control signal at either the RM1 output of the
REVOLVE MODULE or the OM2 output of the OUTPUT MODULE enables OR gate
316 to trigger the DELFST flip flop to a 1 state. Following the signals at either RM1 or
OM2, the REVOLVE and OUTPUT MODULES, respectively, provided signals at the
RM3 and OMS3 outputs. A control signal at either the RM3 or OM3 output energizes the
OR gate 320, causing a true signal to be applied to the one-shot DELGO, causing it to
apply a true signal to the input of the DELCE flip flop. This causes the flip flop DELCE to
be set to a 1 state and causes the flip flops P1 and P2 to be reset to an O state.

The 1 state of flip flop of DELCE causes a true signal at the DELCE output which, in
turn, enables the AND gate 322 to couple the clock signals from clock 312-to the CLK
output. The resulting true signals at the P1 and P2 outputs of flip flops P1 and P2 cause flip
flop P1 to be set to a 1 state at the following pulse at CLK. As a result, D1B1 of the DELTA
MODULE flow is entered.

The source of the number to be converted is determined by control signals at the OM2,
CM4 and SM7 outputs of the OUTPUT, CHANGE and SEED MODULES, respectively.
A true signal at OM2, CM4 or SM7, respectively, causes the DELS selection circuit to gate
the 8 bits of information from DS6 of the OUTPUT MODULE from CLINE of the
CHANGE MODULE or from T1 of the SEED MODULE, respectively, to the
information input of the shift register 302. The signal at P2 is now false, causing register 302
to be in a load mode of operation and the true signal at SM8 (SEED MODULE), OM4
(OUTPUT MODULE), or CM5 (CHANGE MODULE) enables the OR gate 314 to cause
register 302 to store the 8 bit information signal from DELS.

During the 1 state of flip flop P1, control signals are formed at the P1 and DELFST
outputs of flip flops P1 and DELFST, causing the MSBDELO {lip flop to be set to a 1 state.
To be explained in more detail, the 1 state of the MSBDELO flip flop is used to enable a 1
bit to be shifted into the most significant bit position of the shift register 304 during the
following shifts of register 302.

The true signals at P1 and DELFST additionally cause the OR gate 318 to reset the
DELFST flip flop to an 0 state and reset the DELEND f{lip flop to an O state.

Register 302 no longer contains all 0's, a number to be converted having been stored
therein. therefore a true signal is formed at the DIo output indicating that the register is not
0. This signal, in coincidence with the true signal at P1, causes the P2 flip flop to besettoal
state and DB3 is entered.

The conversion is made by shifting register 302 containing the number to be converted
towards the most significant bit and by shifting the register 304 towards the least significant
bit. The first shift shifts a 1 bit into the most significant bit position of register 304 from flip
flop MSBDELO. During DEB3 of the flow, whenever the register 302 does not contain all
0's, a control signal is formed at the Dlo output in coincidence with the true signals at P2
and MSBDELL. Coincidence of these true signals cause the register 302 to be shifted one bit
towards the most significant bit position, causing the most significant bit in register 302 to be
stored in the MSBDELI flip flop and causing the register 304 to be shifted 1 bit position
towards the least significant bit position. During the first shift, the MSBDELO flip flop is in
a 1 state, causing a 1 bit to be stored in the most significant bit position or flip flop of the
register 304. It will be noted that the DELTA MODULE flow indicates a “SHIFT DELO
1t and “SHIFT DELO Ift”. “SHIFT DELO +t” indicates a shift right towards the least
significant bit position of register 304 whereas “SHIFT DELI lft” indicates a shift left
towards the most significant bit position of the register 302.

Following DB4, DBS5 of the flow is entered where the MSBDELI flip flop is checked. If
the MSBDELI flip flop is not in a 1 state, i.., a 1 bit having been shifted there from register
302. DB4 of the flow is again entered where the above shift is repeated in the same manner
as described above. The shifting process continues until a 1 bit is stored into the MSBDELI
flip flop. When this occurs, DB6 of the flow is entered. B

The 1 state of the MSBDELI flip flop causes a true signal at the MSBDELI output. The true
signals at P2, MSDELI and CLK trigger the one-shot DELMEND to a 1 state, causing a true
signal at the DELMEND output from the DELTA MODULE and additionally resetting the
DELCE flip flop to a 0 state, thereby preventing the AND gate 302 from applying additional clock
pulses at CLK and causing the shifting to terminate and operation of the DELTA MODULE flow
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to EXIT. The true signal at the DELMEND output indicates to the calling module that it has
finished processing and that the word contained in register 304 of DELO may be read as it now
contains one of the component powers of 2 of the input number originally stored in register 302.
The true signal at output DELMEND also enables OR gate 315 to reset control counter 313 to 0
(i.e. P1, P2 = 0). The true signals at P2, MSBDELI and CLK reset the MSBDELI flip flop to a 0

state.

The DELTA MODULE is again called by either the REVOLVE MODULE or the
OUTPUT MODULE by applying control signals at either the RM3 or OM3 outputs. Either
of these signals cause the OR gate 320 to again trigger the one-shot DELGO which, in turn,
sets the DELCE flip flop to a 1 state, enabling the AND gate 322 to form pulses at the CLK
output. Both the P1 and P2 flip flops are in 0 states, accordingly, flip flop P1isset to a 1
state at the following pulse at CLK. After the first call (signal at RM3 or OM3), the
DELFST f{lip flop is into a 0 state, accordingly, DB3 of the flow is entered, followed by
DB4-6, as described above. During each entry into DB4 and DBS, the shift registers in
DELI and DELO are shifted until another 1 bit is stored in MSBDELI, causing another
true signal at the output DELMEND, indicating to the calling module that a new
component power of 2 is now in register 304 for output.

Finally, when the last 1 bit of the input number contained in register 302 is shifted into the
MSBDELI flip flop, the content of register 302 is 0, causing a true signal at the DIo output.
If this occurs while the P1 flip flop is in a 1 state, the following pulse at CLK sets the
DELEND flip flop to a 1 state. If it occurs while the P2 flip flop is in a 1 state, the
DELEND flip flop is set to a 1 state, irrespective of the clock. The 1 state of the DELEND
flip flop and resulting control signal at DELEND signals the calling module that the last and
least significant power of 2 of the input number has been formed (e.g., entire number has
been converted). A true signal at the DELEND output or the DIo output in combination
with true signals at P1 and CLK cause the DELMEND one-shot to be set to a 1 state and
the DELCE flip flop to be reset to a 0 state, inhibiting the gate from providing further
pulses at CLK.

DELMEND clock circuit becomes P1-DELEND-CLK + CLK P2.MSBDELI. These
changes permit the DELTA MODULE to convert the number set in DELI to its
component powers of 2. After this has been done, DIo will be asserted. Then any further
call on the DELTA MODULE will cause DELEND to be set during P1 and the module will
terminate upon the assertion of the CLK signal during pulse P1. Note that DELO is cleared
in this case.

D. Example of Operation

With the foregoing detailed organization in mind, consider an actual example of the
operation of the DELTA MODULE. For the example, assume initially that the number 13,
which in binary coded form is 00001101, is to be converted and the DELTA MODULE is
called by control signals at RM1 and RM3 or OM2 and OM3 from the REVOLVE and
OUTPUT MODULES, respectively, as described above. The binary coded number
00001101 is loaded into the register 302 as described above. The sequence of operation
thereafter is as follows.

sequence of control DB1-DB5, DB4-DB5, DB4-DBS5, DB4-DBS5,
DB4-DB6;
DB1 DELFST = 1 *. control to DB2
DB2 DELFST = DELEND = 0 reset these flip flops;
set MSBDELO of DELO
(100000000);
DB3 DELI (13) + 0 .. control to DB4
DB4 DELI = 00011010 shift DELI left;
DELO = 10000000 shift DELO right;
DBS5 MSB(DELI) 0 = ". control to DB4
DB4 DELI = 00110100
DELO = 01000000
DBs MSB(DELI) # 0 *. control to DB4
DB4 DELI = 01101000
DELO = 00100000
DB5 MSB(DELI) # 0 .. control to DB4
DB4 DELI = 11010000
DELO = 00010000
DBS MSBDELI = 0 " control to DB4
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DB4 DELI = 10100000
DELO = 00001000
ggg l\h//{ggg%ﬁ = (1) . control to DB6
= DELI =
s DALT , L 10100000 5
OUTPUT DELO = 8 (highest component power
of 2 in 13) :
DELEND = 0
10 Second call DELI is unaltered 10
DELFST = 0
sequence of control DB1, DB3-DB6 :
DB1 DELEST = 0 . control to DB3
DB3 DELI # 0 .. control to DB4
15 DB4 DELI = 01000000 15
DELO = 00000100
DBS MSBDELI = 1 .. control to DB6
DELO = 4 - next component
power of 2
20 DB6 MSBDELI = 0 DELI = 01000000 20
HALT
OUTPUT DELO = 4 DELEND = 0
Third call all parameters are unaltered on input
25 sDe%Iis.nce of control DB1, DB3-DB5, DB4-DB6 25
) as explained above
DB3)
DB4 DELI = 1000000
30 DELO = 00000010 30
DBS MSB(DELI) . control to DB4
DB4 DELI = 0000000
DELO = 00000001
DBS MSB(DELI) = 1 ) . control to DB6
35 DB6 MSB(DELI) = 0 DELI = 00000000; - 35
HALT : ' '
OUTPUT DELO =1 DELEND = 0
40 Fourth call 40
sequence of control DB1, DB3, DB7;
DB1 as before
DB3 DELI = 0 . control to DB7
45 DB7 DELEND = 1 DELO = 0 HALT 45
OUTPUT DELO = @ DELEND = 1 '
50 VI. REVOLVE MODULE 50
A. General Description

As disclosed and described herein above with respect to Table 5, a line in an
iso-entropicgram represented by 1's and 0's can be generated simply by shifting the
preceding line 1 bit position to the right and XORing the unshifted and shifted preceding

55 line together, truncating above the most significant bit to the right. Also, lines of an 55
iso-entropicgram can be skipped to generate a second line in an iso-entropicgram from a first
line. This is done by breaking the number of lines, between the first line and the second
line. into its component powers of 2, going from Jargest to smallest power of 2. If the
component powers of 2 are used to determine the increment in which revolve takes place

60 from the first to the second line. each increment is a simple shift and XOR operation. This 60
has been described above in connection with Table 4-C.

However, each occurence making up a line of an iso-entropicgram is represented in
absolute coded form rather than by binary 1's and 0's, to facilitate implementation. As a
result, the shift and XOR operation are accomplished according to the embodiment of the

65 invention using absolute coded occurrence values rather than 1’s and 0’s. Table 4-E 65
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illustrates this process for the revolve operation disclosed and described in connection with
4-D. Thus, the 1's only need be represented and are represented by absolute decimal
numbers. Line 7 is shifted by 8 places to the right simply by adding 8 to the absolute decimal
value of line 7. XORing takes place simply by sorting the unshifted and shifted values in
order of magnitude, deleting those absolute ‘occurrence values which are the same and
those values which go beyond the end of the iso-entropicgram. In this manner the result of
the first XOR results in Line 15 of the iso-entropicgram of Table 4-B which is a simple sort
of the unshifted and shifted values. Note, however, that the shift of line 15 by 1 resultsin a
value 16. Since 16 exceeds the width of the iso-entropictram, it is discarded. Also during the
subsequent XOR the values 3, 7, 8, 11 and 15 are discarded. The sort of the remaining
numbers results in a sequence of decimal values representing Line 16.

Turning now to the REVOLVE MODULE, the revolve operation is performed
principally under control of the REVOLVE MODULE with assistance of the MEMORY,
ENCODE, DECODE I and II, and DELTA MODULES.

Figure 18 shows a flow chart which illustrates the sequence of operation of the
REVOLVE MODULE. The symbol RB followed by a number identifies each box in the
flow and the symbol P followed by a number identifies the flip flop(s) of the control counter
413 which is (are) in a 1 state for the corresponding flow blocks.

The REVOLVE MODULE serves the following two functions:

1. It revolves a line of an iso-entropicgram down the number of lines which the calling
module has set into the DELI register of the DELTA MODULE.

2. Tt merges two lines (i.e., XOR's two lines) of an iso-entropicgram together without
any revolve. This function is accomplished by the calling module’s placing an @ in the
DELI register of the DELTA MODULE. '

The purpose of the first function is to find the “seed” line or the output line of the
iso-entropicgram. The second function is used in connection with the CHANGE
MODULE where the CHANGE MODULE uses the REVOLVE MODULE to revolve
the changes down to the seed line and then uses the REVOLVE MODULE to merge these
changes with the seed line. Thereafter, the REVOLVE MODULE performs its first
function of revolving the merged line to the seed line.

The REVOLVE MODULE Treceives as input actual absolute coded occurrence values
provided by the DECODE I and II MODULES. DECODE I and II MODULES act
independently in the sense that they select in order all occurrences values of a common
input line from the MEMORY MODULE at different rates. The rate at which DECODE I
and I MODULES select the occurrence values from a common input line is determined by
the REVOLVE MODULE which calls or requests occurrences as required.

The REVOLVE MODULE also receives absolute coded values representing the
component powers of 2 formed by the DELTA MODULE. These values each represent a
number of lines in the iso-entropicgram to be revolved. Each component power of 2 signal
is combined with each occurrence value provided by the DECODE I MODULE to form
the shifted occurrence values. The actual received (unshifted) occurrence values provided
by the DECODE I MODULE and the shifted values are then XOR'd and the result is the
new line in the iso-entropicgram.

The most important function of the REVOLVE MODULE is the XOR (exclusive OR)
function. To this end, the REVOLVE MODULE compares all of the shifted values with
the unshifted values and sorts these two series of values in decreasing order of magnitude.
Significantly, when a shifted value and an unshifted occurrence value are found to be equal,
the two values are deleted. As a result, the exclusive ORing (XOR) function is provided.
The resultant series of values are provided from the RDS4 selection circuit as output of the
REVOLVE MODULE to the EI register of the ENCODE MODULE. The ENCODE
MODULE in turn, by use of one of its two clipping functions (described for ENCODE
MODULE), clips off those high order occurrence values from the resultant series which are
larger than the width of the iso-entropicgram, i.e., larger than the width of the original
input line. )

The resultant series of occurrence values provided by the REVOLVE MODULE to the
ENCODE MODULE are in absolute coded form and the ENCODE MODULE converts
these occurrence values to hybrid form for storage in the MEMORY MODULE as
described above. _

B. Components

The REVOLVE MODULE of Figure 17 includes 8 bit or 8 flip flop registers CR1, CR2
and DN. Each of these registers is formed of register type SN74100 disclosed at page 259 in
the above TTL book. Each has load circuitry which. responsive to a control signal at the L
input along the side of the registers, causes the 8 bit information signals applied at the upper
side to be stored into the corresponding register.
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Selection circuits RDS1-RDS4 are provided. The selection circuits are of the same type
disclosed above which, responsive to a control signal at the numbered inputs along the side
of the selection circuits, couple the 8 bit inputs indicated along the upper side of each
selection circuit through to an 8 bit output circuit.

In addition, an arithmetic ALU is provided of the same type disclosed above.
Additionally, logical signal inverters 402 and 403 are provided for forming the logical
inversion of the signal at E and CLK, respectively, and for providing corresponding outputs
at E and CLK.

A clock 412 is a source of regular occurring, equally spaced clock pulses. Flip flops RCE,
RS and P1 through P9 are provided, flip flops P1-P9 forming the control counter 413.
One-shot multi-vibrators REVGO and REVEND are provided. One-shot multi-vibrators
REVGO and REVEND normally form a false signal at outputs REVGO and REVEND
but respond to a control signal applied to their inputs for setting to a 1 state wherein true
signals are formed at outputs REVGO and REVEND for a time interval equal to that
between the beginnings of two successive clock pulses from the clock 412.REVEND when
forming a true signal at output REVEND signals the calling module that the revolve
operation is complete.

Switches 404 and 406 are provided, each providing at its output a continuous 8 bit binary
coded signal, representing the 2’s complement of 1, thereby representing -1.

AND gate 416 and OR gates 418 and 420 are conventional AND and OR gates well
known in the computer art and need no further explanation. Boolean logical equations are
used to indicate various logical gates in the system as discussed above. Clock suspension
logic 422 suspends operation of the REVOLVE MODULE by terminating the CLK and
CLK pulse while one of the other modules completes its operation. .

Along the right side of the REVOLVE MODULE schematic are shown the input and
output control lines for the REVOLVE MODULE, and the information input and output
lines using the same system of notation described hereinabove.

C. Detailed Description

The REVOLVE MODULE during its revolve function cooperates with the MEMORY,
ENCODE. DECODE I and II, and DELTA MODULES. Normally the DELTA
MODULE provides the component powers of 2 of the number of lines to be revolved and
the DECODE I and Il MODULES each read and decode the same event occurrence vector
from the MEMORY MODULE. The DECODE I and II MODULES provide the absolute
coded occurrence values, making up the event occurrence vector, one at a time as requested
by the REVOLVE MODULE. Both the DECODE I and II MODULES provide the
absolute coded occurrence values in the same order but one decode module may be
requested to provide several occurrence values before the other decode module provides an
occurrence value. To be explained in more detial, this operation is required in carrying out
the exclusive XORing operation. The resuit formed by the REVOLVE MODULE is'a
sequence of absolute coded occurrence values which are encoded by the ENCODE
MODULE back to hybrid form and written into the MEMORY MODULE.

To be explained in more detail, a simple merge of the occurrence values may be effected
by the REVOLVE MODULE without XORing simply by providing a value of 0 to the
DELTA MODULE as the number of lines to be revolved.

To obtain a better overall view of the REVOLVE MODULE, refer now to the
REVOLVE MODULE flow. Figure 18 and the REVOLVE MODULE schematic and
block diagram, Figure 17, and consider in general the sequence of operation. As indicated
in Table 11. the REVOLVE MODULE does not have a formal set of input and output
values. However, the inputs and outputs indicated for the ENCODE, DECODE Iand II
and DELTA MODULES are present. The result of the revolve function is a line of an
iso-entropicgram which is stored in the MEMORY MODULE. During RB1 and RB2 of
the REVOLVE MODULE flow, the DELTA MODULE is called by the REVOLVE
MODULE., causing the DELTA MODULE to provide its first component power of 2
making up the number of lines to be revolved. The first and subsequent component powers
of 2 are stored in the register DN in the REVOLVE MODULE. During RB2, the
DECODE I and DECODE 1I MODULES and the ENCODE MODULE (the latter not
indicated on flow) are initialized by setting the appropriate initial conditions therein
preceding the first call on these modules.

During RB4. flip flop DELEND is checked and if in an 0 state, the value of the number
of lines to be revolved contained in DELI of the DELTA MODULE has not been
completely broken into all of its component powers of 2 and, regardless of the state of flip
flop RS, control goes to RB5 for further processing. If, during RB4 and RBS3, flip flops
DELEND and RS are in 1 and 0 states, respectively, the flip flop DELEND indicates that
the value of the number of lines to be revolved contained in DELI has not been completely
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broken down into its component powers of 2, and the flip flop RS indicates that a non zero
value is stored in DELI and RBS5 is also entered for further processing. However, if, during
RB4 and RB6, flip flops DELEND and RS are both in a 1 state, flip flop RS indicates a
simple merge operation and that an 0 value has been stored in DELI by the calling module.
DELEND indicates that the two series of occurrences from the DECODE I and II
MODULES have already been merged. Accordingly, the REVOLVE MODULE
operation is EXITED. ' .

During RB5 the DECODE I MODULE is called by the REVOLVE MODULE by
setting the D1GO multi-vibrator to a 1 state and, the first time in RB5, the first and highest
numbered occurrence from the input line to be revolved is provided by the DECODE 1
MODULE and stored in the CR1 register of the REVOLVE MODUILE. Typically, the
next operation is in RB8 through RB9, combining the highest component power of 2 of the
number of lines to be revolved contained in the DN register with the occurrence value
contained in the CR1 register and the result is stored back into the CR1 register. Since the
occurrence value provided by the DECODE I MODULE is in absolute binary coded form,
the sum results in a value simulating the right shift of “DN” places of the occurrence value
provided by DECODE 1. :

Overflow is checked during RB10. If overflow has occurred, this means that the resultant
shifted value in CR1 is larger than the DPM can handle. Thus, the content of CR1 is larger
than the current iso-entropicgram width. This is so since the width is constrained to lie within
the bounds of the machine. Therefore, when overflow occurs, control returns to RB5 and
the DECODE I MODULE is again called, so that it reads the next smaller occurrence
value which is then combined with the content of DN and stored into CR1. Therefore, the
result previously formed during RB9 and stored in CR1 is ignored. On the other hand, if
overflow did not occur or if flip flop EOF1 (end of file for DECODE I MODULE) is true,
control goes to RB12. .

During RB12-15, the DECODE II MODULE is called by setting the D2GO
multi-vibrator into a 1 state. Initially, the DECODE II MODULE provides the largest
occurrence value of this value is stored in register CR2. If there is nothing to read (i.e., end
of file has been reached for DECODE II MODULE), flip flop EOF2 is true and RB15 is
entered where CR2 is loaded with a value of -1.

During RB16, outputs EOF1 and EOF?2 are checked to see if both are true and if so, this
indicates the end of file for both DECODE I and DECODE II MODULES. If end of file
has been reached, control goes to RB17-RB19 because this portion of the revolve or merge
is complete. Accordingly, flip flop ELAST is set and the ENCODE MODULE is instructed
to write out its final value. MLN3 in the ENCODE MODULE contains the physical length
of the line which was just generated. This value is clocked into MLN1 and MLN2 of the
DECODE I and II MODULES. This is done in case another revolve is needed.

If either or both of the flip flops EOF1 or EOF2 are in a 1 state, the end of one or both of
the files being read by DECODE I and II MODULES has been reached and RB20 is
entered following RB16. During RB20, the shifted occurrence value in register CR1 is
compared with the unshifted occurrence value in CR2. If the shifted value contained in CR1
is larger, then it is necessary to write out this value and accordingly, RC23-24 are entered
where the ENCODE MODULE is called by setting the ENGO muiti-vibrator to 1, causing
the content of register CR1 to be sent to the EI register of the ENCODE MODULE where
it is subsequently encoded and written out in a preselected area of the MEMORY
MODULE. During RB25-RB28, the DECODE I MODULE is again called by setting
D1GO to 1; the next lower occurrence value is read from the same input line; the next
lower occurrence value is combined with the same component power of 2 value contained in
the DN register; and the result (shifted occurrence value) is stored in the CR1 register.
Subsequently. RB20 of the REVOLVE MODULE flow is again entered where the content
of registers CR1 and CR2 is again compared. This operation occurs and is repeated as long
as the shifted value stored in register CR1 is larger than the unshifted value in register CR2.

If, during RB20 of the ENCODE MODULE flow, it is found that the unshifted
occurrence value contained in CR2 is larger than the shifted occurrence value in CR1,
RB21-RB23 are entered where the ENCODE MODULE is called and the unshifted
occurrence value contained in the CR2 register is sent via the RDS4 selection circuit to the
EI register of the ENCODE MODULE for encoding and writing out in the same
preselected area of the MEMORY MODULE. RB12 is re-entered where the DECODE II
MODULE is again called, causing the next lower occurrence value to be read out by the
DECODE II MODULE and stored in register CR2. This operation also occurs and is
repeated until an unshifted occurrence value is stored in CR2 that is larger than the shifted
occurrence value in the CR1 register.

If during RB20 of the REVOLVE MODULE flow it is found that the shifted occurrence
value contained in CR1 is equal to the unshifted occurrence value contained in CR2, then
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RB5-RB19 of the REVOLVE MODULE flow are again entered where the action of the
ENCODE MODULE of storing a value in the iso-entropicgram is skipped, and two new
occurrence values are read from the same input line by the DECODE I and DECODE II
MODULES.

When the end of file of both the DECODE I and Il MODULES are reached (i.e., no
further occurrence values remain to be read by either the DECODE I or the DECODE II
MODULE).RB17-19 are entered where the ENCODE MODULE is signaled to write out
the last occurrence value being formed in the preselected area of the MEMORY
MODULE. ,

It should be noted that during a revolve operation the MAR1 register of the DECODE I
MODULE and the MAR?2 register of the DECODE II MODULE form pointers for the
respective modules which indicate which occurrence value of the common input line is next
to be read by the corresponding decode module. In this manner, the DECODE I and
DECODE II MODULES can provide a string of occurrence values from the same input
line at different rates, the occurrence values being provided one by one by the respective
decode modules, as called by the REVOLVE MODULE. During a CHANGE operation
the MARI register and the MAR?2 register form pointers for the respective modules which
indicate occurrence values from different memory areas that are to be read by the
corresponding decode module. ) '

Refer now in more detail to the organization of the REVOLVE MODULE, referring to
the schematic diagram of Figure 17 and the flow diagram of Figure 18. Initially, the MINI
COMPUTER forms a true signal at the output MINIT causing the circuits to which it is
connected, including control counter 413, flip flops P1-P9, to be reset to 0. The REVOLVE
MODULE is called by any one of the following modules; SEED, CHANGE and
OUTPUT, by forming a true signal at the respective outputs SM9, CM6 and OMS, any one
of which causes the OR gate 418 to trigger the one-shot multi-vibrator REVGO to a 1 state,
causing a true signal at the REVGO output. The true signal at REVGO causes the RCE
flip flop to be set to a 1 state. The 1 state of the RCE flip flop enables the AND gate 416 to
start coupling the clock pulses from the clock 413 to the output CLK and through the
inverter 403 to CLK.

The one-shot multi-vibrator REVGO returns to a Q state. Since flip flops P1...P9 are all
0, the following pulse at CLK causes the flip flop P1 to be set to a 1 state, thereby causing
RB1 of the REVOLVE MODULE flow to be entered. The 1 state of the P1 flip flop causes
a control signal at the output P1 of the P1 flip flop. The control signal at output P1 in turn
resets flip flop RS to 0; causes a true signal at the RM1 output of the input and output
control lines from the REVOLVE MODULE causing the DELFST flip flop in the DELTA
MODULE to be set to a 1 state; and also causes a true signal at the RM3 output from the
REVOLVE MODULE, setting the DELGO multi-vibrator.in the DELTA MODULE to a
1 state, thereby calling the operation of the DELTA MODULE as described hereinabove.

The DELTA MODULE then converts a number representing the number of lines in the
iso-entropicgram to be revolved to its component powers of 2 starting with the largest
power of 2. all as described in connection with the DELTA MODULE. At this point in
time, the DELMEND one-shot multi-vibrator in the DELTA MODULE is in an O state
forming a false signal at the DELMEND output while a true signal is concurrently being
formed at the RM3 output from the REVOLVE MODULE. Accordingly, logic RM3.
DELMEND of the clock suspension logic 422 become false, causing a false signal at the
input to the AND gate 416, disabling further clock signals from being applied at the CLK
and CLK outputs, thereby disabling further operation in the REVOLVE MODULE. The
DELTA MODULE independently completes the formation of the component power of 2
of the number representing the lines to be revolved and then sets the DELMEND one-shot
multi-vibrator to a 1 state, applying a true signal at the DELMEND output. The term
RM3.DELMEND then goes true, causing the clock suspension logic 422 to again apply a
true signal to the AND gate 416, again causing clock pulses to be formed at theCLK and
CLK output. The true signal at output P1 at the following pulse at CLX sets the P2 flip flop
to a 1 state, causing a true signal at the P2 output thereof and resets flip flop P1 to 0. The
true signal at the P2 output causes a true signal at the L input to the DN register, which in
turn causes the DN register to store the largest power of 2 signal formed in the DELO
register of the DELTA MODULE, and RB3 of the REVOLVE MODULE flow is entered.
The true signal at the P2 output of the P2 flip flop causes the DECODE I and DECODE IL
MODULES and the ENCODE MODULE to be initialized. Initialization is a process
whereby a true signal at the P2 output of control counter 413 causes a true signal at theRM2
output of the REVOLVE MODULE, which in turn causes the DIFST flip flop in
DECODE I MODULE, the D2FST flip flop in the DECODE II MODULE, and the
EFRST flip flop in the ENCODE MODULE, all to be set to a 1 state. RB4 of the
REVOLVE MODULE flow is now entered where the state of the
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to RBS. If, however, the DELEND isin a 1 state, then control goes to RB6. Here the RS
flip flop of the REVOLVE MODULE is checked. If in a 1 state, flip flop RS signals a
merge operation. The logic P2.DELEND is true, resetting flip flop RCE and monostable
REVEND to 0, causing the clock signals from gate 416 to be disabled and the operation to
EXIT. The REVEND monostable applies a true signal to OR gate 420 causing it to reset
counter 413 to zero. At the same time, the true REVEND signal is applied back to the
calling module indicating that the REVOLVE MODULE has completed its function.

Assume now that during RB4 the DELEND monostable in the DELTA MODULE is in
a 1 state forming a true signal at the DELEND output, this signal, in coincidence with true
signals at RS, the P2 output of control counter 413, and the pulse at CLK, causes a true
signal at the RM8 output which goes to the SWITCH MATRIX, causing the SWITCH
MATRIX to be activated to perform its reading and writing operation in the prescribed
MEMORY MODULE area in the manner to be described hereinafter. The true signals at
the P2 and CLK outputs in the REVOLVE MODULE additionally cause a true signal at
the RM4 -output of the REVOLVE MODULE which in turn sets the D1GO monostable of
the DECODE MODULE to a 1 state, thereby calling and causing the DECODE I
MODULE to provide the next smaller occurrence in the input line from the MEMORY
MODULE and provide it as an absolute binary coded occurrence value at theDol output of
the DECODE I MODULE. The true signal at the RM4 output of the REVOLVE
MODULE in coincidence with a true signal at the DIMEND output from the DECODE I
MODULE causes the clock suspension logic 422 to again form a false signal and disable the
gate 416, preventing further clock signals from being formed at the CLK and CLK outputs,
thereby disabling the operation of the REVOLVE MODULE. When the DECODE I
MODULE completes its operation, the true signal is-removed at the DIMEND output,
thereby causing the clock disable logic 422 to again enable the gate 416 and clock pulses to
be formed at the CLK and CLK outputs. The true signal at the P2 output of control counter
413 in coincidence with the pulse at CLK causes the P3 flip flop to be set to a 1 state,
thereby forming a true signal at the P3 output and the P2 flip flop is reset to 0. The true
signal at the P3 output of the control counter 413 and at the EOF1 output of the ENCODE
MODULE (indicating that the end of file has not yet been reached), causes the logic
P3.EOF1 to be true and the value of the input line provided by the DECODE I MODULE
is coupled through the RDS1 selection circuit to the information input of the CR1 register.
The true signals at P3 and the signal at CLK cause the load circuitry in CR1 to store the
occurrence value from the DOI output of the DECODE I MODULE into the CR1
register.

During RB7, if the end of file had been reached and the DECODE I MODULE was
forming a true signal at the EOF1 output, RDS1 would not have coupled the output DO1
from the DECODE I MODULE to register CR1 but, instead, would have coupled the
signal representing the 2's complement of 1 (-1) formed by the switches 404 to the
information input of CR1 causing the corresponding value to be stored in register CR1.
This occurs during RB11 of the flow after the end of file is reached by the DECODE I
MODULE where no further occurrences are to be provided by DECODE I MODULE and
a -1 insures that further occurrences will not be obtained from DECODE I MODULE nor
outputted from register CR1. All further occurrences, if any, are taken from CR2.

The true signals at the P3 output of control counter 413 and the RS, and CLK outputs
also cause a true signal at the RM12 output of the REVOLVE MODULE, which in turn
sets the special flip flop SP in the SWITCH MATRIX. To be explained in more detail, the
SEED MODULE forms a true signal at SM5, causing the SP flip flop to be set to a 1 state
only if a current output is considered to be the best seed. This will be discussed in more
detail in connection with the SEED MODULE.

The true signal at the P3 output also causes the P4 flip flop to be set to a 1 state and flip
flop P3 is reset to an 0 state at the following pulse at CLK, and RB9 and RB10, RB12 of the
REVOLVE MODULE is entered. The true signal at the P4 output of the P4 flip flop causes
the RS flip flop to be set to a 1 state. As explained before, this is done so that after the first
pass the REVOLVE MODULE will EXIT when DELEND (DELTA MODULE) isin a 1
state.

The true signal at the P4 output causes the RDS3 selection circuit to couple the power of
2 signal in the DN register to the ALU and causes the ALU to add the content of the
registers CR1 and DN and form an output signal at OP corresponding to the sum. This
signal represents the occurrence value shifted towards the most significant position by the
number of possible occurrence values indicated by the power of 2 value in register DN. This
signal is called the shifted occurrence value.

The ALU forms a true signal at the OVL output, causing the RDS1 selection circuit to
couple the shifted occurrence value from the OP output back to the information input of the
CR1 register. Additionally, the true signal at P4 and E0630F1 in coincidence with the pulse
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DELEND monostable of the DELTA MODULE is checked and if in a 1 state, control goes
at CLK causes the Joad circuit of the CR1 register to store the value back into the CR1
register.

1f overflow occurred from the sum of the CR1 and DN registers, the result is larger than
the width of the iso-entropicgram and there is formed a true signal at the OVL output which
in conjunction with the CLK pulse causes the output RM4 to be true. In addition, the true
signals at the P4 output from counter 413 and the OVL output from the ALU cause the
input to flip flop P3 in counter 413 to be set to a 1 state. In the flow diagram this is
equivalent to going from RB10 to RBS. The reason for this flow is that if overflow occurs in
the addition of CR1 and DN, this indicates that the simulated right shift has generated an
iso-entropicgram column value which cannot be represented by the DPM. If this is the case,
we know the number is larger than the current iso-entropicgram width (which obviously is
represented in the machine) and thus the above value would have been clipped by the
ENCODE MODULE. Going from RB10 to RB5 eliminates the call to the ENCODE
MODULE and nothing is written in the MEMORY MODULE.

RM4 sets the D1GO monostable in the DECODE I MODULE. As a result the next
lower occurrence value is provided by the DECODE I MODULE. In addition, the logic
RM4 DIMEND is true, causing the clock suspension logic 422 to suspend the clock until
the DECODE I MODULE is finished. When finished, the next lower occurrence value in
DO1 of the DECODE I MODULE is stored into the CR1 register and hence over-writes
the overflow value previously stored in CRI1. ,

Assume RB12 of the REVOLVE MODULE flow is now entered following B10. The
true signal at the P4 output of the P4 flip flop in coincidence with the true signals at the CLK
output and the OVL output causes a true signal at the RMS output of the REVOLVE
MODULE which sets the D2GO multi-vibrator in the DECODE 1II MODULE to a
1 state, thereby calling the DECODE II MODULE so that it too reads an occurrence value
from the same input line as the DECODE 1 MODULE obtained its occurrence value. If
this is a merge operation initiated by the CHANGE MODULE, DECODE 1II will be
reading a line which is different from the line being read by the DECODE I MODULE.

The D2MEND monostable in the DECODE II MODULE is in state 0 causing a true
signal at the DZMEND output. The true signal at the RMS output of the REVOLVE
MODULE in coincidence with the true signal at the D2MEND output indicates that the
decoded occurrence value is not ready in the DECODE II MODULE for the REVOLVE
MODULE and causes the clock suspension logic 422 to again apply a false signal to and
disable the gate 416 from supplying clock pulses and the operation of the REVOLVE
MODULE is suspended. After the DECODE Il MODULE provides the occurrence value,
it returns control the the REVOLVE MODULE by removing the true signal at the
D2MEND output of the D2ZMEND monostable. This enables the gate 416, allowing clock
pulses to again be formed at the CLK and CLK output, enables the P35 flip flop to be set to a
1 state, and enables flip flop P4 to be reset to 0.

The true signal at the P5 output of the P5 flip flop in coincidence with a true signal at the
EOF2 output of the EOF2 flip flop in the DECODE II MODULE causes the selection
circuit RDS2 to couple the occurrence value from the DECODE II MODULE to the
information input of the CR2 register. The true signal at the P5 output in coincidence with
the following pulse at CLK causes the value to be stored into the CR2 register. It should be
noted that if this is not a merge operation, the value obtained from DECODE IIMODULE
is an actual occurrence value in the same input line of the iso-entropicgram and constitutes
the unshifted occurrence value which will be compared with the shifted value now
contained in the CR1 register. It should be noted that should the EOF2 flip flop in the
DECODE II MODULE be in a 1 state, the end of file has been reached by DECODE 11
MODULE and therefore no occurrence value is being provided by DECODE 1I
MODULE. Accordingly. the RDS2 selection circuit, responsive to the true signals at P5
and EOF2, couples the output of the switches 406 to the input of the CR2 register, causing
the 2's complement of -1 to be stored in the CR2 register.

The checking of flip flop EOF2 and placing a -1 in CR2 if EOF2 is in a 1 state is
necessitated by the following. If in a merge operation, the DECODE 1 and DECODE II
MODULES are reading different lines from different MEMORY MODULE areas. In case
the DECODE II MODULE finishes reading first, the -1 in CR2 will force the DECODE I
MODULE to pass the remainder of its occurrence value to the ENCODE MODULE via
RB20. RB23, RB24.

RB16 of the REVOLVE MODULE flow is now entered where the states of the EOF1
and EOF2 flip flops of the DECODE I and DECODE II MODULES are checked. If both
flip flops are in a 1 state, indicating that both DECODE I and DECODE II MODULES
have reached the end of file (i.e., the end of the input line of the iso-entropicgram), RB17
of the REVOLVE MODULE flow is entered and the true signals at the outputs P5, EOF1
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and EOF2 cause a true signal at the RM9 output which sets the ELAST flip flop in the
ENCODE MODULE to a 1 state. Additionally, the following pulse at CLK in coincidence
with the true_signals at P5, EOFl and EOF2 cause a true signal at the RM7
output which in turn sets the ENGO one-shot multi-vibrator to a 1 state, thereby calling the
operation of the ENCODE MODULE. This causes the ENCODE MODULE to encode
and store the last of the occurrence values of the new iso-entropicgram line into the
MEMORY MODULE.

Assuming that either the EOF1 or the EOF?2 flip flop in the DECODE I and DECODE
II MODULES is 0, thereby indicating that either DECODE I or DECODE II MODULE
has reached the end of file, RB20 of the REVOLVE MODULE flow is entered where the
shifted occurrence value in CR1 is compared with the unshifted value in CR2. It should be
noted that the registers CR1 and CR2 contain absolute binary coded values, indicating
directly the shifted and unshifted occurrence values. This comparison operation is an
important part of the REVOLVE MODULE operation as it is a key part of the exclusive
ORing process. To this end, the shifted and unshifted occurrence values of the input line
must be sorted into descending order of magnitude. Those shifted and unshifted occurrence
values which are equal are dropped. This then exclusive OR's the shifted and unshifted
occurrence values and causes a revolve from one line to the next in the iso-entropicgram.

Referring to RB20 of the REVOLVE MODULE flow, the true signal at the P6 output
causes the RDS3 selection circuit to couple the CR2 register to the ALU and causes the
ALU to compare the content of the CR1 and CR2 registers. If the shifted value contained
in CR1 is greater, a true signal is formed at the G output. This causes RB23-RB30 of the

REVOLVE MODULE flow to be entered where the shifted value contained in CR1 is
encoded and stored into the MEMORY MODULE by the ENCODE MODULE and the

DECODE I MODULE reads its next occurrence value from the same input line, the next
occurrence value is combined with the content of register DN to form a shifted occurrence
value, and the shifted occurrence value is stored in register CR1.

Consider in more detail the operation during RB23 and RB24. The true signals at the G
output of ALU and at the P6 output causes the RDS4 selection circuit to couple the shifted
occurrence value contained in the CR1 register to the output thereof, which does to the
input of the EI register of the ENCODE MODULE. A signal is formed at the E output of
the inverter circuit 403 when the values compared are not equal. The true signals at outputs
P6 and E cause a true signal at the RM11 output of the REVOLVE MODULE which, in
turn, causes the EDS6 selection circuit in the ENCODE MODULE to couple the output
from RDS4 to the El register. The true signals at P6, E and CLK energize the L input of the
EI register of the ENCODE MODULE, causing the occurrence value contained in CR2 of
the REVOLVE MODULE to be loaded into the EI register. The true signal at the outputs
P6, E AND CLK also cause a true signal at the RM7 output of the REVOLVE MODULE
which, in turn, sets the ENGO multi-vibrator to a 1 state, thereby calling the operation of
the ENCODE MODULE as described above. Once called, the ENCODE MODULE
converts the shifted value obtained from the CR1 register to hybrid form and stores it in the
MEMORY MODULE.

If, during the true signal at the P6 output both the EOF1 and EOF2 flip flops from the
DECODE I and DECODE II MODULES are in a 1 state, a true signal is formed at the
RM14 output of the REVOLVE MODULE which, in turn, causes the MLN1 and MLN2
registers of the DECODE I and DECODE II MODULES to be loaded with the value
contained in the MLN3 register of the ENCODE MODULE. This is done since the
complete input line will have been processed by the REVOLVE MODULE and the new
iso-entropicgram line which is now in the area designated by the MLN3 register of the
ENCODE MODULE forms the new input line and is next to be processed by the
DECODE I and DECODE II MODULES in order to revolve to the next line of the
iso-entropicgram. This operation allows subsequent lines in the iso-entropicgram to be
formed from the new iso-entropicgram line just formed by the REVOLVE MODULE.

Continuing with RB24 of the REVOLVE MODULE flow, the true signal at the RM7
output in coincidence with the true signal at the EMEND output of the ENCODE
MODULE causes suspension logic 422 to suspend the operation of the REVOLVE
MODULE similar to that discussed above until the ENCLODE MODULE has completed
its encode function and removes the true signal at the EMEND output. After the
suspension has ended and the gate 416 is again enabled by the clock suspension logic 422,
the following pulse at CLK causes flip flop P7 to be set to a 1 state and flip flop P6 is reset to
0. That 1 state of the P7 flip flop is used as a time delay in the system. A time delay is
needed in order to allow the ENCODE MODULE to complete its operation before the
decode modules are called. This is needed in this system since all the modules operate
serially. However, this need not necessarily be the case as the system could be designated so
that all the modules operation in parallal.
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RB25-28 are now entered. A true signal at the P7 output again causes the selection circuit
RDS3 and the ALU to compare the shifted and unshifted values, respectively, contained in
registers CR1 and CR2. Since the values have not changed, the shifted value contained in
register CR1 is the larger and hence a true signal is again formed at the G output of ALU.
The true signal at the P7 and G outputs causes the flip flop P8 to be set to a 1 state at the
following pulse at CLK. Additionally, the true signal at the P7, G and CLK outputs causes a
true signal at the RM4 output, thereby again calling the DECODE I MODULE, causing it
to read out the next lower actual occurrence value in the same input line from the
MEMORY MODULE. As before, the true signal at the RM4 output in coincidence with
the true signal at DIMEND from the DECODE MODULE causes the clock suspension
logic 422 to disable the gate 416 and suspend the operation of the REVOLVE MODULE
until DECODE II MODULE removes the true signal at DIMEND, indicating that it has
now completed its decode operation and is now providing its next lower actual occurrence
value of the input line. During RB27 the true signal at the P8 and EOF1 outputs causes the
RDS1 selection circuit to couple the next lower occurrence value from register DO1 of the
DECODE I MODULE to the information input of CR1 and the following pulse at CLK
causes the CRI load circuit to store the value into the CR1 register. Similar to that
described above, in connection with the true signal at P3, should the EOF1 flip flop of the
DECODE I MODULE be in a 1 state, providing a true signal at the EOF1 output, the
DECODE I MODULE would have reached the end of file, RB30 would be entered and
hence the 2's complement of a -1 represented by the switches 404 would be stored in
register CR1 rather than the output from the DECODE I MODULE.

Continuing with the operation during RB27-RB28, the true signal at the P8 output causes
the P9 flip flop of the control counter 413 to be set to a 1 state and RB28 of the REVOLVE
MODULE is entered. The true signal at the P9 output causes the RDS3 section circuit to
couple the power of 2 value contained in the DN register to the ALU and causes the ALU
to add the content of the CR1 and DN registers and form a new shifted occurrence value at
the output OP.

As explained with pulse P4, if overflow occurs during the addition of CR1 and DN, a
signal is formed at OVL indicating a right shift to an iso-entropicgram column value which
cannot be represented by the DPM. The value is therefore ignored. Accordingly, if output
OVL is true, the logic P9.OVL is true, causing flip flop P8 and P9 to be set to 1 and O states,
respectively, at the following CLK pulse and a signal is to be formed at output RM4 during
the CLK pulse P9, and DIGO of the DECODE I MODULE is set. The DECODE I
MODULE reads the next lower occurrence value as explained above. However, if the
addition does not produce overflow, OVL is true, causing logic P9.OVL to become true
and the following CLK pulse sets flip flops P6 and P9 to 1 and 0, respectively, and control
returns to RB16.

With the new occurrence value from the input line now read from the memory module
and the shifted value contain in the CR1 register,RB16 and RB20 of the REVOLVE
MODULE flow are reentered. The true state at the P6 output of the P6 flip flop again
causes the content of registers CR1 and CR2 to be compared, as discussed above, to
determine which is the larger. If the new shifted occurrence value contained in register CR1
is the larger RB23-RB30 are again entered where the larger value contained in crl is sent to
the ENCODE MODULE for conversion to hybrid form and writing in the MEMORY
MODULE and the DECODE I MODULE is again called, causing the next lower value
oceurrence value of the same input line to be read from the MEMORY MODULE,
cCon{nbined with the value in DN to form a shifted occurrence value and stored in register

1.

Assume that during RB20, during the true signal at the P6 output, the ALU detects that
the content of the unshifted occurrence value at CR2 is larger than that of the shifted
occurrence value contained in registered CR1. The ALU now forms a true signal at the L
output causing RB21-RB22 to be entered.

During RB21-RB22 the true signal at the P6 and L outputs causes the RDS4 selection
circuit to couple the unshifted occurrence value contained in register CR2 to the ENCODE
MODULE and the true signals at the P6, E and CLK outputs cause a true signal at the RM6
and RM?7 outputs which, in turn, cause the unshifted occurrence value in CR2 to be stored
into the EI register of the ENCODE MODULE and cause the ENCODE MODULE to be
called. Thus called. the ENCODE MODULE encodes the unshifted occurrence value from
register CR2 to hybrid form and causes it to be stored into the MEMORY MODULE in the
new iso-entropicgram line being formed there.

As discussed above, the true signal at the RM7 and EMEND outputs again cause the
clock suspension logic 422 to suspend the operation of the REVOLVE MODULE. When
the ENCODE MODULE indicates that it has ended its operation by removing the true
signal at the EMEND output, the suspension ends and the clock causes the P7 flip flop to
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again be set to a 1 state, forming a true signal at the P7 output which against causes the
RDS3 selection circuit and the ALU unit to again compare the shifted and unshifted
occurrence values contained in the CR1 and CR2 registers. Since the value in CR1 is still
smaller, a true signal is again formed at the L output and RB12 is entered.

During RB12 the true signals at the P7, L and CLK outputs cause true signals to be
formed at the RMS5 output which, in turn, sets the D2GO one-shot to a 1 state thereby
calling the operation of the DECODE II MODULE, causing it to read the next lower
occurrence value from that which it originally read from the MEMORY MODULE and
provides it for storage into the CR2 register.

The true signal at the DZMEND output from the DECODE II MODULE again causes
the operation of the REVOLVE MODULE to be suspended until the DECODE II
MODULE provides the next occurrence value. Once the next occurrence value is provided
by the DECODE II MODULE and the true signal is removed at the D2MEND output, the
clock suspension logic 422 again terminates the suspension of operation of the REVOLVE
MODULE and the following pulse at CLK in coincidence with the true signals at P7 and L
cause the PS5 flip flop to again be set to a 1 state where during RB14 the next lower
occurrence value from the DECODE I MODULE is stored into the CR2 register, as
described above.

Assume now that RB20 of the REVOLVE MODULE flow occurs and the P6 flip flop is
in a 1 state and the shifted occurrence value contained in CR1 is equal to the unshifted
occurrence value contained in CR2, thereby causing the ALU to form a true signal at the E
output thereof and inverter 403 forms a false signal at E. According to the exclusive ORing
procedure, it is necessary to delete both the shifted and unshifted occurrence values in the
CR1 and CR2 registers from the new iso-entropicgram line being formed. Accordingly, the
ALU forms a false signal at the E output in coincidence with the true signal at the P6
output. the logic P6-E.CLK is now false and therefore the pulse at CLK does not cause a
true signal at RM7 and hence does not cause the ENGO multi-vibrator in the ENCODE
MODULE to be set. The true signal at the P6 output, however, causes the P7 flip flop to be
set to a 1 state where the ALU again compares the content of registers CR1 and CR2 as
discussed. Since the values in CR1 and CR2 are still equal, the ALU forms a true signal at
the E output. The true signal at the E output in coincidence with the true signal at P7 sets
the P3 flip flop to a 1 state, thereby causing RB7 through RB20 of the REVOLVE
MODULE flow to again be entered where both the DECODE I and DECODE 1I
MODULES are called, causing respective new occurrence values of the same input line to
be provided to the REVOLVE MODULE.

This process continues until during RB16 it is detected that both the EOF1 and EOF?2 flip
flops of the DECODE I and DECODE II MODULES are true, indicating that both
DECODE I and DECODE II MODULES have reached the end of the input line. When
this occurs, true signals are formed at the EOF1, EOF2 and PS5 outputs, causing a true
signal to be formed at the RM9 output which in turn sets the ELAST flip flop in the
ENCODE MODULE which, in turn, causes the ENCODE MODULE to store any
remaining occurrence values in hybrid form in the MEMORY MODULE as described in
connection with the ENCODE MODULE.

D. Example of Operation

Consider now an actual example of operation for the REVOLVE MODULE. Table 4-B
herein gives an example of the way in which one revolves from one line to another in an
iso-entropicgram. Using this same example, consider the way in which the present
embodiment of the invention revolves from line 2 to line 7. Before the REVOLVE
MODULE is called, the following preliminary steps are taken:

1. The MLNI register of the DECODE I MODULE and the MLN2 register of the
DECODE II MODULE are stored with the physical length of line 2 of the example which
physical length is normally obtained from the IPRF.

2. Line 2 of the example. namely, event occurrence vector 0, 1, 3, 8, 9, 10, 11, is stored
in hybrid coded form in one of the memory areas of the MEMORY MODULE.

3. The number of lines to be revolved, i.e., 5, is loaded into the DELI register of the
DELTA MODULE as described above.

The sequence of operation following these initial conditions is as follows:

RS =0
RBI DELEST = 0 ; initialize DELTA MODULE
RB2 DELCO =1 ; get largest component
power of 2
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RB3 DIFST = D2FST =1
ERFST =1 : initialize DECODE AND
ENCODE MODULES
RB4-RB5 DELEND = 0 .. DIGO =1 ; get first value from
DECODE I MODULE 5
DOl = 11
RB7-RB11 CR1 = DO1 = 11 : load value from DECODE
MODS into CR1
CR1(15) = CRI1(11) +
DN(4) ; simulate the right shift ' 10
OVL = 0 .. RB12
RB12-RB14 RS =1 ; set merge indicator
D2GO > 1, EOF2 = 0 ; call DECODE II MODULE
CR2 = DO 2 = 11 ; load the output into CR2
RB16 EOF1(0).EOF2(0) = 0 15
- RB20 ; REVOLVE process not
finished yet
RB20, RB23,
RB24 CR1(15)>CR2(11) .RB23
El = CR1 = : transfer CR1to ENCODE MODULE 20
ENGO =1 . call the ENCODE MODULE
RB25-RB29 DIGO =1 : call DECODE I MODULE
CR1l = DOl =
EOF1 = 0 ; get next value
CR1(14)«-CR1(10) ' 25
+ DN(4) ; simulate the right shift
OVL = 0 .. go to RB16
RB16 EOF1.EOF2 = 0 .. RB20
RB20,RB23,
RB24 CR1(14)>CR2(11) 30
El = CR1 = 14 ; write out through 14

call ENCODE
RB25-RB29 D1GO =1
CR1 = DO1 = 9, EOFL = 0

call DECODE I MODULE

CR1(13) = CR1(9) + DN ; simulate the shift 35
OVL = 0 . RBl
RB16 EOF1. EOF2 = 0 .. RB20
RB20, RB23,
RB24 CR1(13)>CR2(11) :
El = CR1 = 13 : CR1 sent to ENCODE MODULE 40
call ENCODE (ENGO = 1)
RB25 - RB29 set DIGO =1 . call DECODE I MODULE
CR1 = DO1 = 8. EOF1 = 0 ; get next value
CR1(12) = CR1(8) + DN(4) ; simulate the right shift _
OVL =0 .. RB 45
RB16 EOF1. EOF2 = 0 . RB20
RB20. RB23,
RB24 CR1(12)>CR2(11).. ; simulate the XOR
El = CR1 = 12 : CR1 sent to ENCODE MODULE
ENGO =1 : call ENCODE MODULE 50

RB25-RB29 D1GO =
CR1 = DO1 = 3, EOF1 =0
CR1(7) = CR1(3) + DN(4)

call DECODE I MODULE

e we v

simulate the shift

OVL = 0 .
RB16 EOF1. EOF2 = O 55
RB20 CR2(11)>CR1(7) ; XOR

RB21. RB22 EI = CR2 = 11
call ENCODE (ENGO = 1)
RBI12-RB14  call DECODE I

send CR2 to ENCODE MODULE
activate ENCODE MODULE
activate DECODE II MODULE

e we e e e

CR2 = DO2 = 10, EOF2 = store result in CR2 60
RB16 EOF1.EOF2 = 0 ..
RB20 CR2(10>CRI(7) ; simulate XOR

RB21. RB22 EI = CR2 = 10

output CR2
call ENCODE

oo we
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RBi2-RB14 call DECODE 11 ; get next value
CR2 = DO2 = 9, EOF2 = ;
RB16 EOF1.EOF2 =
RB20 CR2(9)>CR1(7)
5 RB21,RB22 El = CR2 = ; output CR2 5
call ENCODE ;
RB12-RB14 call DECODE II ; get next value
CR2 = DO2 = 8, EOF2 = 0 ;
RB16 EOF1.EOF2 = 0
10 RB20 CR2(8)>CR1(7) ; XOR 10
RB21, RB22 El = CR2 = ; output CR2
call ENCODE ;
RB12-RB14 call DECODE II ; read next value
’ CR2 =DO2 = 3, EOF2= 0 ; from DECODE II MODULE
15 RBI6 EOF1.EOF2 = 0 15
RB20 CR1(7)>CR2(3).- ; simulate XOR
RB23, RB24 El = CR1 =7 ; output CR1
call ENCODE ;
RB25-RB29 call DECODE I
20 CR1 = DOl = 1,EOFIL = 0 ; 20
CR1(5) = CRl(l) + DN(4) ; simulate shift
(01
RB16 EOFl EOFZ 0.
RB20 CR1(5)>CR2(3) ; simulate XOR
25 RB23, RB24 El = CRl = 5 ; output CR1 25
call ENCODE
RB25-RB29 call DECODE I ; read next value
CR1 = DO1 = 0, EOF1 =0
CR1(4) = CR1(0) + DN(4) ; simulate shift
30 OVL = 0 .. 30
RB16 EOF1.EOF2 = 0 ..
RB20 CR1(4)>CR2(3) ; simulate XOR
RB23, RB24 El = CR1 = 4 ; output CR1
call ENCODE 5
35 RB25, RB26, 35
RB30 call. DECODE 1 ; end of file reached
CR1 = -1, EOF1 = 3
RB16 EOF1.EOF2 = 0 ; Tevolve not done
RB20 CR2(3)> CR1(1) 3 XOR
40 RB21, RB22 El = CR2 = 3 ; output CR2 40
call ENCODE ;
RB12-RB14 call DECODE II ; get next value
CR2 =DO2 =1, EOF2 = 0 ;
RB16 EOF1.EOF2 = 0 :
45 RB20 CR2(1)>CR1(-1) ; keep outputting CR2 until 45
EOF2 =1
RB21, RB22 =CR2 =1
call ENCODE ;
RB12-RB14 call DECODE 11 ; read in next value
50 CR2 = D02 = @ ; 30
RB16 EOF1.EOF2 = 0 ; not finished yet
RB20 CR2(@)>CR1(-1)
RB21,RB22 El=CR2 =0 ; output CR2
cali ENCODE -
55 RBI12, RBI3, 55
RBI15 call DECODE 1II ; end of file reached
CR2 = -1, EOF2 = ;
RB16-RB19 EOF1.EOF2 = :
set ELAST ; write out last value
60 call ENCODE ; to MEMORY MOD 60
MLNI1, MLN2 = MLN3 i length of new line

; stored in DECODE I and

DECODE II MODS
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At this point the revolve operation is not complete. Line 6 in the iso-entropicgram has been
formed and stored in hybrid coded form in the MEMORY MODULE. The decimal
occurrence value of line 6 are 15, 14, 13, 12, 11, 10, 9, 8, 7, 5, 4, 3, 1, @. This line is next
revolved down one line to line 7 as follows:

RB2 call DELTA ; get next component
power of 2 from DELTA MOD
DN = DELO =1, DELEND =0

RB5, RB7-RB10  call DECODE 1 ; read the first value
CR1 = DO1 = 15, EOF1 ;

CR1(16) = CR1(15) + 1 ; simulate the shift
OVL =0 ..

RB12-RB14 call DECODE 1I ; get unshifted version
CR2 = DO2 = 15, EOF2 = 0 ;

RB16 EOF1.EOF2 = 0 .-

RB20 CR(16)>CR2(15) ; XOR

RB23, RB24 EI = CR1 = 16 ; this value (16) will be

clipped by ENCODE MODULE

call ENCODE MODULE :

RB25-RB29 call DECODE I MODULE ; read next value

CR1 = DO1 = 14, EOF1 = 0 ;

CR1(15) = CR1(14) +1 simulate the shift
0.

OVL = .
RB16 EOF1.EOF2 = 0 ..
RB20 CR1 = CR2 = 15 ..
RB5., RB7-RB10 call DECODE I MODULE ; read another value

CR1 = DO1 = 13, EOF1 = 0 ;
CR(14) = CR1(13) + DN(1) ; simulate the shift

OVL = 0 ..
RBI12-RB14 call DECODE II MODULE ;

CR2 = DO2 = 14, EOF2 = 0 ;
RB16 EOF1.EOF2 = 0 ..
RB20 CR1 = CR2 = 14 .. ; XOR

RBS. RB7-RB10  call DECODE 1 MODULE
: CRl = DO1 = 12, EOFL = 0 ;
CR1(13) = CRI(12) + DN(1) ; shift

OVL = 0 . '
RB12-RB14 call DECODE II MODULE ; read DECODE II MODULE
CR2 = DO2 = 13, EOF2 = 0 ;
RB16 EOF1.EOF2 = 0 -~
RB20 CR1 = CR2 = 13 .. ; XOR

RB5, RB7-RB10  call DECODE I MODULE  ;
CRI = DO1 = 11, EOF1 = 0 ; read DECODE I MODULE
CR1(12) = CRI(11) + DN(1) ; shift

OVL =0 ..
RBI12-RB14 call DECODE II MODULE
CR2 = DO2 = 12, EOF2 = 0
RB16 EOF1.EOF2 = 0
RB20 CR1 = CR2 = 12 ; XOR
RBS. RB7-RB9 call DECODE I MODULE ; read

CR1 = DO1 = 10, EOF1 = 0

CRI1(11) = CR1(10) + DN(1) ; shift
- "OVL = 0 ..
RB12-RB14 call DECODE II MODULE
CR2 = DO2 = 11, EOF2 = 0
RB16 EOF1 = EOF2 = 0
RB20 CR1 = CR2 = 11 ; XOR

RBS. RB7-RB9 call DECODE I MODULE
CR1 = DOl = 9, EOF1 = 0 . read
CR1(10) = CR1(9) + DN(1) . shift
OVL = 0 ..
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RB12-RB14 call DECODE II MODULE : read
CR2 = DO2 = 10 EOF2 = 0
RB16 "‘EQF1.EOF2 = 0
RB20 CR1 = CR2 = .; XOR
5 RBS, RB7-RB9 call DECODE I MODULE 5
CR1 = DO1 = 8, EOF1 = 0
CR1(9) = CR1(8) + DN(1)
OVL = 0 .-
RB12-RB14 call DECODE II MODULE
10 CR2 = DO2 = 9, EOF2 = 0 10
RB16 EOF1.EOF2 = 0 .-
RB20 CR1 = CR2 = 9 .. ; XOR
RB5. RB7-RB10 call DECODE I MODULE
CR1 = DO1 = 7, EOF1 = 0 ; read
15 CR1(8) = CRI(7) + DN(I) 15
RB12-RB14 call DECODE II' MODULE
CR2 = DQ2 = 8, EOF2 = 0
RB16 EQF1.EOF2 =
RB20 CR1 = CR2 =8 ; XOR .
20 RB5, RB7-RB10 call DECODE I MODULE 20
CR1 = DOl = 5, EOF1 = 0 ; read
CR1(6) CR1(5) + DN(1) ; shift
RB12-RB14 caIl DECODE II MODULE 25
25 CR2 = DO2 = 7, EOF2 = 0 ;
RB16 EOF1.EOF2 = (
RB20 CR2(7)>CR1(6) -
RB21-RB22 El = CR2 = 7 ; send CR2 to ENCODE MODULE
call ENCODE MODULE ; output it . 3
30 RBI12-RB14 call DECODE II MODULE ; read DECODE II MOD again
CR2 = DO2 = 5, EOF2 = 0
RB16 EOF1.EOF2 =
RB20 CR1(6)>CR2(5)
RB23-RB24 EI = CRI = : send CR1 to ENCODE MODULE
35 call ENCODE MODULE 35
RB25-RB29 call DECODE I MODULE  ; read
CRl = DOl = 4, EOFL = 0 ;
CRI1(5) = CR1(4) + DN(1) ; shift
OVL = 40
40 RBi6 EOFL. EOF2 =0 .
RB20 CR1 = CR2 = 5 ; XOR
RB5, RB7-RB10 call DECODE I MODULE
CRI = DOl = 3, EOF1 = 0 ; read
45 81\%2 - OR1(3) + DN(1) 45
RBI2-RB14 call DECODE II MOD
CR2 = DO2 = 4, EOF2 = 0
RB16 EOF1.EOF2 = 0 ,
RB20 CR1 = CR2 = 4 .. ;  XOR %
50  RB5. RB7-RB9 call DECODE I MODULE  ; read
CR1 = DOl = 1, EOFl = 0 ;
CR1(2) = CRI1(1) + DN(1)
OVL = 0
RB12-RB14 call DECODE II MODULE
55 CR2 = DO2 = 3, EOF2 = 0 ; 55
RB16 EOF1.EOF2 = 0 :
RB20 CR2(3)>CR1(2) ; XOR
RB21-RB22 EI = CR2 = ; output CR2
call ENCODE MODULE ; . _
60 RB12-RBIS call DECODE Il MODULE ; read DECODE II MOD again 60
CR2 = DO2 = 1, EOF2 = 0 ;
RB16 EOF1.EOF2 = 0
RB20 CR1(2)>CR2(1) ; XOR
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RB23-RB24 El = CR1 = 2 ; output CR1
call ENCODE MODULE
RB25-RB29 call DECODE I MODULE
CR1 = DO1 = 0, EOF1 = 0 ; read DECODE I MODULE
5 CR1(1) = CR1(0) + DN(1) ; shift 5
OVL = 0 ..
RB16 EOF1.EOF2 = 0 ..
RB20 CR1 =CR2 =1 .. . XOR
RB5, RB7, RB11 call DECODE I MODULE . read
10 CR1 = -1, EOF1 =1 . EOF reached DECODE 1 MOD 10
RB12-RB14 call DECODE 1I MODULE
_ CR2 = DO2 = 0, EOF2 = 0 ;
RB16 EOF1.EOF2 = 0 ..
RB20 CR2(0)>CR1(-1) - ; XOR
15 RB21-RB22 El = CR2 = 0 . output CR2 15
call ENCODE MODULE
RB12, RB13,
RBi5 call DECODE II MODULE ;
CR2 = -1 EOF2 = 0 : EOF reached DECODE II MOD
20 RBI16 EOF1.EOF2 =1 .. 20
RB17-RB19 set ELAST ; output last value from
ENCODE MODULE
call ENCODE MODULE .
MLN1,MLN2 = MLN3 ; reset lengths
25 RB2-RB4 call DELTA MODULE ; get next DELTA value 25
DN = 0 DELEND =1
reset DECODE I and II,
ENCODE MODULES
DELEND = 1 ..
30 RB6 RS =1 .. EXIT 30
35 Upon EXIT the MEMORY MODULE contains line 7 of the iso-entropicgram of Table 4-B 35
which in absolute decimal occurrence values is 7, 6, 3, 2, 0. :
VII. REVOLVER
The portion of the DPM SYSTEM including the MEMORY, ENCODE, DECODE I
40 and I, DELTA, and REVOLVE MODULES forms an iso-entropicgram revolver. Figure 19isa 40
block diagram of the iso-entropicgram revolver.

The iso-entropicgram revolver revolves a received binary coded input line signal to a new
line signal in the iso-entropicgram for the input line. The MEMORY MODULE forms a
means for storing a received input line. As explained above, the MINI COMPUTER with

45  user program causes an event occurrence vector, or some other binary coded number, tobe 45
stored into an area of the MEMORY MODULE. Though not essential to the present
invention, in the disclosed embodiment the number is stored in the MEMORY MODULE
in hybrid code. The number which forms the input line comprises a binary coded signal
representing one or more actual occurrence values from a group of decreasing

50 monotonically order possible occurrence values. The actual occurrence values correspond 50
to what has been referred to as event-times and the possible occurrence values are all of the
event-times which are within the width of the iso-entropicgram.

The DELTA MODULE forms a means for forming a signal indicating the number of
lines the received input line signal is to be revolved.

55 The REVOLVE MODULE forms a new line signal forming means and includes means 55
such as the CR1 and CR2 registers. the DN register, the RDS2 selection circuit, the ALU,
and the control counter depicted in Figure 17 which is responsive to the number of lines
signal indication provided in the DELO register by the DELTA MODULE and the input
line signal stored in the MEMORY MODULE for forming 2 binary coded signal

60 corresponding to the received input line shifted relative to itself by the number of possible 60
occurrence values identified by the number of lines indication signal.

The new line signal forming means also includes means such as the CRI, CR2 and DN
registers, the RDS3 selection circuit, the ALU and the control counter of the REVOLVE
MODULE, the ENCODE, DECODE I and II and the MEMORY MODULES for

65 exclusive ORing (XORing) the occurrence values represented by the received input line 65
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signal and the shifted input line signal for forming a resultant signal representing one or
more occurrence values in monotonical value order.

By way of example, the resultant signal is coupled through the RDS4 selection circuit to
register EI of the ENCODE MODULE which then converts the absolute coded value of
the occurrence values in the result back to hybrid code for storage in the MEMORY
MODULE. The new line signal forming means also includes means such as the ALU and its
OVL and OVL output circuits and the related portions of the REVOLVE MODULE
which are operative during RB5, RB8, RBY, RB10, RB25, RB27, RB28 and RB29 for
eliminating the shifted occurrence values from the resultant series of occurrence values
which are not within the group of possible occurrence values making up the width of the
iso-entropicgram. _

According to a preferred embodiment of the invention, the DELTA MODULE receives
a signal representing the total number of lines to be revolved and contains internal means
for converting such representation into one or more signals representing one or more of its
component powers of 2.

Also preferably, the means for shifting includes means such as the ALU, the CR1, CR2
and DN registers and the DECODE I and I MODULES which are operative during RBS5,
RB8, RBY9, RB10 and RB25-RB28, for responding to a component power of 2 signal,
received as input to the DN register for forming a shifted line signal corresponding to one of
the input line signals. The occurrence values represented by the shifted line signal represent
the occurrence values of the line signal received as input shifted by the number of possible
occurrence values designated by the component power of 2 signals stored in the DN
register. The exclusive ORing means includes means such as the CR1 and CR2 registers and
the ALU operative during such flow boxes as RB20, RB21, RB5 and RB23 for exclusive
ORing the occurrence values represented by a line signal received as input by the shifting
means and the corresponding shifted line signal for forming a corresponding resultant line
signal.

In this connection it will be noted that the unshifted and shifted values successively stored
in the CR1 and CR2 registers are ordered into monotonical value order and those values
which are found to be equal (indicated by a true signal at the E output of the ALU) are
dropped are eliminated.

In order to revolve from one line across successive lines in an iso-entropicgram, the
switching matrix (yet to be described) forms a means for coupling the input line signal and
the resultant line signal, formed as a result of the exclusive ORing, as an input to the means
for shifting described above. Additionally, the connection from the DELO register in the
DELTA MODULE to the DN register in the REVOLVE MODULE and the load control
for the DN register forms a means for coupling, as input, to the means for shifting one of
the component powers of 2 signals for operation on each one of the line signals which are
received as input by the shifting means.

Preferably, the means for shifting includes the ALU and the RDS3 selection circuit of the
REVOLVE MODULE for combining the value of each component power of 2 signal
stored in the DN register with each actual occurrence value stored in the CR1 register.

According to a preferred embodiment of the invention, the input line signals are stored in
a composite code such as the hybrid code and first and second decoders such as the
DECODE I and II MODULES are operable independently for separately providing an
individual actual occurrence value signal representative of each occurrence value of the
input line signal. The decoders each provide the actual occurrence value signals in the order
of the values in the input line signal.

Also preferably, the resultant signals are encoded by means such as the ENCODE
MODULE from the actual occurrence value code back to the composite code before the
result is stored in the MEMORY MODULE.

VIII. SEED MODULE
A. Geaeral Description
The SEED MODULE takes an occurrence vector and locates the shortest line of the
occurrence vector in its iso-entropicgram. The shortest line is referred to as the seed line.
Though the seed line can be located by revolving the occurrence vector line by line
through its iso-entropicgram, noting the length of each line and looking for the shortest
line, such an approach would be time consuming. Therefore it is desirable to minimize the
seed finding time in data processing equipment.
Additionally, as discussed above, information is actually stored in memory in encoded or
hybrid coded form which further reduces the size of the stored information.
Generally speaking then the disclosed embodiment of the invention locates seeds as
follows. An event occurrence vector, to be converted to seed form, is stored in the
MEMORY MODULE and is presented to a seed finding machine which includes the
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SEED, ENCODE, DECODE I and II, DELTA and REVOLVE MODULES.

The revolver, including the ENCODE, DECODE I and II, DELTA and REVOLVE
MODULES, revolves the input line down through the lines of the iso-entropicgram and as
this is done each line is presented to the ENCODE MODULE for encoding to hybrid form.
The physical length of each line is noted and the encoded or hybrid coded line that is
physicaily shortest in length is the one selected as the seed line.

According to a preferred embodiment of the invention, seed finding employs the SEED
MODULE which receives as input, primarily, an event occurrence vector signal forming an
input line signal of an iso-entropicgram and a signal that represents the iso-entropicgram
width for such input line. The event occurrence vector or input line signal represents actual
occurrence values out of a group of possible occurrence values arranged in a decreasing
incremental value order from a largest to a smallest value. The SEED MODULE computes
the difference between the largest two occurrence values represented by the input line and
computes the difference between the value represented by the width signal and the largest
occurrence value in the input line. The largest of the two differences indicates the number
of lines to be revolved in the iso-entropicgram. The SEED MODULE calls the REVOLVE
MODULE, causing it to revolve the input line signal down the number of lines indicated by
the largest difference. The new line signal (in hybrid code) is then checked against the
original input line signal and the shorter is kept as the possible seed line. The above
procedure is then repeated using the possible seed line signal as the input line signal. The
newly revolved line signal is compared against the retained possible seed line signal and the
shorter is again retained as the possible shortest line. This operation is repeated until the
REVOLVE MODULE has revolved over all possible lines in the iso-entropicgram. At that
time, the possible seed line is retained in the ENCODE MODULE as the seed line.

The right hand side of Table 4-B indicates an example of this implementation of the
SEED MODULE.

B. Components

Refer now to Figures 20 and 21. The SEED MODULE has the following input registers,
each containing eight flip flops for storing 8 binary coded bits: ONOC, SDN, SLINE, SLN,
SMHW. SMLI, T0, T1 and T3. Additionally, a two bit, two flip flop register OAR is
provided. The registers ONOC, SLINE, SLN, SMLI, T0 and T1 are formed of register type
SN74100 disclosed at page 259 of the above TTL book and the registers SMHW and SDN
are formed of registers of type SN74116 disclosed at page 261 of the above TTL book where
a true signal at the L inpuf causes the 8 bits of information at the upper input to be stored
therein. Additionally, the SMHW and SDN registers are responsive to a true signal at the
CLR input for resetting or clearing to 0. The other registers in the system are characterized
in that all registers in the SEED MODULE are of the type that the output signal follows or
reproduces the information input signals during the presence of a true clock signal at the
clock or load (L) input. The register retains at its output and stores the signals being applied
at its information input when the true signal at the clock or load input terminates. The T3
register is formed of an SN4174 type register disclosed in the above TTL book where the
leading edge or true excursion of the pulse at L loads and retains the then existing
information input signals even though the information input signals change before the true
nulse at L terminates. This is done since during the true signal at P2 it is only desired to
strobe the initial signals from DO into register T3. The register OAR is formed of two flip
flops of the same type as the reset of the flip flops whose lower left side clock input is
connected to designated L input and whose inputs are connected to upper left side
information inputs.

The SEED MODULE also has flip flops SCE, CNG, SMB and a control counter 513
having flip flops PO to P10. Each of these flip flops are of the same type SN7474 disclosed
above under Conventions and Components Used in the Figures.

Selection circuits SDS1-SDS6 are provided for gating any one of the information input
signals mdicated along the upper side of each selection circuit to the output responsive to a
true signal applied to one of the control inputs at the side of the selection circuits. These
selection circuits are of the same type as that disclosed above in the section Conventions
and Components Used In the Figures.

An arithmetic unit ALU is provided for adding, subtracting and comparing the
information signals applied at the two information inputs indicated along the upper side of
the ALU. The arithmetic unit ALU is of the same type as that disclosed above in the section
Conventions and Components Used in the Figures. An OR gate 516 has its inputs
connected to the G and E outputs of the ALU and forms a true signal at the GE output
when a true signal is formed in either the G or E output. In addition, the SEED MODULE
has conventional OR gating circuits 516, 517 and 518 and a conventional AND gating circuit
520. Additionally, the SEED MODULE has logical gating circuits which form true and
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false signals enabling the operation of many of the circuits shown in the SEED MODULE.
These gating circuits are indicated by logical equation for simplicity. A logical signal
inverter 526 is connected between the clock CLK output of AND gate 520 and the input to
the CLK output for forming pulses between the CLK pulses.

The SEED MODULE also has one-shot multi-vibrators SMG0 and SMEND as well as a
clock 512. The clock 512 is a source of regularly recurring true clock pulses as indicated.
The one-shot multi-vibrators are responsive to a true signal applied at the input indicated
along the left hand side for triggering to a 1 state where a true signal is formed at an
unprimed output. The one-shots remain in a 1 state for a time interval equal to that between
the beginning of two successive clock pulses from the clock 512 and then returns to an 0.

The SEED MODULE has three sets of switches 526, 528 and 530. The switches 526, 528
and 530 are mechanical or electronic switches which represent, respectively, the decimal
values 1, 2 and 3 in binary coded form-as 01, 10 and 11, respectively. Table 16 lists the
primary registers, flip flops and one-shots and identifies their primary purpose.

Similar to other modules, the control inputs and outputs are indicated along the right
hand side of Figure 20 and the information inputs and outputs are indicated by large solid
lines also along the right hand side. : :

C. Detailed Description .

Consider now the details of organization of the SEED MODULE, making particular
reference to the schematic and block diagram of Figures 20 and 21, and the SEED
MODULE flow diagram of Figure 22. The flow diagram contains blocks indicating the
sequence of operation. The symbols SB1 through SB18, shown next to the blocks, are used
to identify the boxes in the flow diagram. The symbols designating the various flip flops of
the control counter 513 are also shown in parentheses adjacent the various blocks to help
relate the operation indicated in each box of the flow with the state of the control counter
513.

Initially, the OR gates 516 and 517 receive true signals from the MINIT output of the
MINI COMPUTER which causes flip flops PO-P10 and SCE to be reset to 0 states.
Subsequent true signals formed at SMEND by one-shot SMEND cause OR gate 517 to
reset flip flops PO-P10 to 0. :

Table 11 shows the primary inputs to the SEED MODULE as well as the inputs to the
ENCODE, DECODE I and II, DELTA and REVOLVE MODULES making up the seed
finder. The initial inputs come principally from the IPRF (Figure 52) and the MEMORY
MODULE. Accordingly, the MINI COMPUTER, in the manner described hereinafter,
first loads the IPRF and the MEMORY MODULE with the required initial input
information. To this end the MINI COMPUTER initially stores an event occurrence
vector, in hybrid code, into MEMORY MODULE area 1. This event occurrence vector is
the input line for an iso-entropicgram and at the beginning of the operation of the seed
finder forms what is currently assumed to be the seed lme.

To be explained in more detail, the input or current line may not necessarily be line 0 of
its iso-entropicgram and accordingly the number of the input line as well as the width value
for the iso-entropicgram are initially stored by the MINI COMPUTER into registers LINE
# and HW of the IPRF (Figure 52). The length of the input line is variable and hence a
length value specifying the number of words in this input line is stored in register LINE # of
the IPRF.

After the IPRF and MEMORY MODULE area 1 are loaded, the SEED MODULE is
called by the MINI COMPUTER or the CHANGE MODULE by forming signals at the
USER and CM2 outputs, respectively. A true signal at either of these outputs causes the
OR gate 518 to apply a true signal to the one-shot SMGO, triggering it to a I state causing a
true signal at the SMGO output. The true signal at the SMGO output sets the SCE flip flop to
a 1 state. The output from clock suspension logic 522 is initially true. Therefore, the true
signal at the SCE output of the SCE flip flop enables the AND gate 529 to couple clock
pulses from the clock 512 to the CLK output, which in turn causes an inverter 526 to form
pulses at the CLK output. The 0 state of the flip flops PO to P10 causes true signals at the PO,
P1... P10 outputs, thereby causing the flip flop PO to be set to 1 state at the following pulse
at CLK, thereby causing SB1 of the SEED MODULE flow to be entered.

During SB1 of the flow during the true signal at PO output, the input parameters for the
SEED MODULE are stored into their proper registers. During the true signal at the PO
output of the SEED MODULE. the initial input parameters for SEED MODULE are also
enabled and clocked into their proper registers. Additionally, the SWITCH MATRIX is set
so that the REVOLVE MODULE when called for the first time will cause the DECODE I
and I MODULES to read the input line from the MEMORY MODULE area 1 and cause
the ENCODE MODULE to write the revolved or new line into the MEMORY MODULE
area 2.
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It should be noted that the CHANGE MODULE forms a true signal at the CM4 output,
thereby setting the CNG flip flop to a 1 state only when the CHANGE MODULE is the
calling module. Referring to the right hand side of Figure 20, true signals at the PO, CNG
and CLK outputs cause true signals at the SM1, SM2 and SM3 outputs to the SWitch
MATRIX and also cause input parameters to be loaded into the ENCODE, DECODE I
and II, and DELTA MODULES in the manner and from the sources discussed above for
each of these modules.

A true signal is only formed at the outputs SM1, SM2 and SM3 when the MINI
COMPUTER is the calling module. Thus, assuming that the MINI COMPUTER is the
calling module, true signals are formed at the SM1, SM2 and SM3 outputs. The true signal
at SM1 causes flip flops S11, S22 and S31 to be set to 1 in the SWITCH MATRIX. The true
signal at SM2 causes the length value LN1 in IPRF to be gated to registers MLN1 and
MLN2 of the DECODE I and II MODULES and the pulse at SM3 actually causes the
length value to be loaded into the registers MLN1 and MLN2 and into register EHW of the
ENCODE MODULE. Additionally, the true signal at output PO resets the SMB flip flop to
an 0 state. The true signals at PO, CNG (CHANGE MODULE is not the calling module).
cause the SDS6 selection matrix to couple the line number in the LINE # register of the
IPRF to the information input of the SML1 register. Note that if the CHANGE MODULE
were the calling module, the true signals at CNG and PO would cause the switching circuit
SDS6 to couple the line number from the CLINE register of the CHANGE MODULE to
the register SML1. During the true signal at the PO output, the pulse at CLK causes the line
number from SDS6 to be stored into register SML1 and causes the SMHW register to store
the iso-entropicgram width signal from the HW register of the IPRF (Figure 52).

Thus, the SML1 register contains the line number of the input line (stored in MEMORY
MODULE area 1) and the SMHW register contains the iso-entropicgram width value.

The true signal at PO causes flip flop P1 to be set to a 1 state. Therefore, also during SB1
of the SEED MODULE flow, the true signal at the P1 output causes the selection circuit
SDS7 to couple the length value from register MLN1 of the DECODE I MODULE to the
information input of register SLN. Additionally, the true signal at P1 causes the SDN
register to be reset or cleared to 0 and causes the SMB flip flop to be set to a 1 state. The 1
state of the SMB flip flop causes a true signal at the SMB output to be removed and thereby
remove the true signal at the SM10 output. As explained above, the signal SM10 goes to the
DECODE I MODULE, and when false, inhibits the count down of the physical length of
the input line in MLN1. The SEED MODULE is about to become operative during SB2
through SBS for causing the DECODE I MODULE to do a read on the input line from the
MEMORY MODULE only for the purpose of reading the largest two occurrence values of
the input line and the count down of MLN1 is inhibited during this operation because the
DECODE I MODULE will later be called to go back to the beginning of the same input
line to again read the same occurrence values.

At this point in time, the input line is retained as the current possible seed line since this is
the only line considered to this point. The register SLINE stores the number of the current
possible seed line. Accordingly, the true signal at the P1 output causes the SDS5 selection
circuit to couple the input line number from register SML1 to the information input of
register SLINE and the true signal at the CLK output causes the line number to be loaded
into register SLINE.

Additionally, it is necessary to prevent the SWITCH MATRIX from allowing the
MEMORY MODULE area 1 containing the input line to be overwritten since this line is to
be retained as the current possible seed line. In order to insure that the SWITCH MATRIX
retains the input line in MEMORY MODULE area 1, the true signal at the P1 output
causes the SMS flip flop to be set to a 1 state which in turn causes a true signal to be formed
at the SM5 output of the SEED MODULE. The SM5 output in turn is connected to the
SWITCH MATRIX and a true signal at SM5 a conjunction with RM12 from the
REVOLVE MODULE causes the SWITCH MATRIX to prevent overwriting a MEM-
ORY MODULE area 1.

During SB1, SB2 of the SEED MODULE flow is entered. During SB2, the true signal at
the P1 and CLK outputs causes a true signal at the SM6 output which in turns calls the
DECODE I MODULE by setting the D1GO one-shot to a 1 state. The DECODE 1
MODULE then commences its operation of obtaining the largest occurrence value from
the input line in MEMORY MODULE area 1. The true signals at the outputs P1 CLK and
DIMEND (from the DECODE I MODULE) causes SM6 to be true and the clock
suspension logic 522 removes the true signal at the corresponding input of gate 520 and
stops clock pulses from being formed at the CLK and CLK outputs, thereby suspending
operation of the SEED MODULE while the DECODE MODULE completes its operation
and provides a decoded occurrence value.

After the DECODE I MODULE provides the largest occurrence value from the input
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line stored in MEMORY MODULE area 1, the true signal of DIMEND is removed,
thereby causing the clock suspension logic 522 to again apply a true_signal at the
corresponding input of gate 522 enabling pulses to be formed at the CLK and CLK outputs.

The true signal at the P1 output, together with the true signal at the EOF1 output, causes
the flip flop P2 to be set to a 1 state. The true signal thus formed at the P2 output in
coincidence with a true clock signal at output CLK causes this largest occurrence value from
register DO1 of the DECODE I MODULE to be stored into the T3 register. Note that
should a true signal be formed at the EOF1 output, a false signal is formed at the EOF1
output and, hence, the flip flop P10 would be set to a 1 state rather than the P2 flip flop. If
EOF1 is set, there is no meaningful output from DECODE I MODULE. As a result, the
output from the DECODE I MODULE would not have been stored into register T3.
Hence, state SB16 of the SEED MODULE flow would be entered from SB3. During SB4
of the flow, the true signal at the P2 output also causes the SDS1 and SDS2 selection circuits
to couple the iso-entropicgram width value from register SMHW and the largest occurrence
value from the DOL1 register of the DECODE I MODULE to the inputs of the ALU and
causes the ALU to subtract the largest occurrence value from the width value. The resultant
difference formed at the OP output of the ALU is coupled to the information input of
register T1 by the SDS4 selection circuit, under control of output P2, and the true signal at
the P2 output causes the difference signal formed at the OP output to be stored into register
T1 at the following pulse at CLK. Thus, following SB4 of the SEED MODULE flow, the
largest occurrence value is contained in register T3 and the register T1 contains the
difference between the iso-entropicgram width value and the largest occurrence value of the
input line.

pSBS of the SEED MODULE flow is then entered and true signals are formed at the
outputs P2 and CLK thereby forming a true signal at the SM6 output which again calls the
DECODE I MODULE by setting DIGO to a I state. The MAR1 register of the DECODE
IMODULE has now been counted up by 1 address, thereby forming the address of the next
to the largest occurrence value of the input line contained in MEMORY MODULE area 1.
Thus, the DECODE I MODULE now reads out the next to the largest occurrence value
and stores it in its Dol register. While this takes place, the true signals at the P2, CLK and
DIMEND outputs again cause the clock suspension logic 522 to disable the AND gate 520
thereby terminating the pulse at CLK. When the DECODE I MODULE has completed its
operation thereby providing the next to the largest occurrence value in its register DO1, the
true signal is removed at the DIMEND output thereby causing the clock suspension logic
522 to enable the AND gate 520 to start causing pulses at CLK and CLK.

The true signal at the P2 and EOF1 output also causes the flip flop P3 to be set to a 1 state
at the following pulse at CLK. If EOF1 is set, then flip flop P10 is set to 1. The signal at the
P3 output causes the SDS1 and SDS2 selection circuits to couple the largest occurrence
value in register T3 and the next to the largest occurrence value from register DO1
(DECODE I MODULE) to the information input of the ALU and causes the ALU to
subtract the next to the largest occurrence value from the largest occurrence value and form
a corresponding difference signal at the OP output.

SB7 of the SEED MODULE flow is now entered. The true signal at the outputs P3 and
CLK causes the register TO to store the difference signal. Thus, at this point in time, the
register TO contains the difference between the largest two occurrence values of the input
line, and the register T1 contains the difference signal representing the difference between
the width value and the largest occurrence value.

“Again, note that should the DECODE I MODULE be at the end of a file and a true
signal be formed at the EOF1 output, a true signal is not formed at the EOF1 output.
Hence, the flip flop P3 would not have been set and instead the flip flop P10 would have
been set to a 1 state, causing SD16 of the SEED MODULE flow to be entered.

Assume now that true signals are formed at the output P3. The P4 flip flop is set to a 1
state causing SB8 of the SEED MODULE flow to be entered. During SBS, a true signal is
formed at the P4 output. The true signal at the P4 output causes the difference between the
largest two occurrence values of the input line, contained in register T0, and the difference
between the width value and the largest occurrence value, contained in register T1, to be
coupled through selection circuits SDS1 and SDS2, respectively, to the information inputs
of ALU and causes the ALU to compare the two difference values. Note carefully that
should the difference between the largest two occurrence values contained in register T1 be
greater, a true signal is formed at the G output of ALU and the contents of register T1
remain unchanged. However, should the difference between the width value and the largest
occurrence value in register TO be larger, a true signal is formed at the L output of ALU. A
true signal at the P4 and L outputs causes the selection circuit SDS4 to couple the content of
the register TO to the information input of register T1 and the true signals at the P4, L and
CLK outputs cause the content of register TO to be stored into register T1. Thus, it now can
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be seen that register T1 stores the larger of the difference between the largest two
occurrence values of the input line and the difference between the iso-entropicgram width
value and the largest occurrence value. Note that the larger of the difference values now
contained in T1 is the number of iso-entropicgram lines by which the input line stored in the
MEMORY MODULE is now to be revolved.

The true signal at the P4 output causes the PS5 flip flop to be set to a 1 state at the
followiélg pulse at CLK, thereby causing the SB9 of the SEED MODULE flow to be
entered.

The register SDN is used to accumulate and keep track of the total number of
iso-entropicgram lines revolved by the REVOLVE MODULE. Thus, during SB9, the
number of lines next to be revolved (the largest difference signal) contained in register T1 is
added to the content of register SDN. The first time through SB9 the register SDN contains
0. To be explained in more detail, during SB10 the total lines revolved contained in register
SDN is compared with the iso-entropicgram width value contained in register SMHW to
determine when the number of lines revolved exceeds the width value for the
iso-entropicgram.

To this end, the true signal at the P5 output causes selection circuits SDS1 and SDS2 to
couple the content of registers SDN nd T1 to the information inputs of the ALU, and causes
the ALU to add the values together and form a sum. If no overflow occurs, OVLis true and
the logic P5.CLK.OVL becomes true and stores the sum into register SDN. Note that if an
overflow occurs, the signal at OVL will be false, preventing the result at the output of OP
being stores back into SDN. Also if overflow occurs, it is necessary to clear the width value
in register SMHW to 0 so that the subsequent compare during P7 will cause a GE condition
which will in turn cause P10 to be set to 1 and terminate the operation. It is desired to
terminate because if overflow occurs, an attempt is being made to revolve to a line which is
not within the iso-entropicgram for the input line.

The true signal at the P5 output causes the flip flop P6 to be set to a 1 state at the
following pulse at CLK. The true signal at the P6 output causes the SDS1 and SDS2
selection circuit to couple the line number value contained in register SML1 and the
number of lines to be revolved value contained in register T1 to the information inputs of
the ALU and causes the ALU to add the values together and form the sum at the OP
output. The true signals at the outputs P6 and CLK cause the SDS6 selection circuit to
couple the sum to the information input of SML1 and to store the sum into register SML1.
Thus, register SML1 now contains the number of lines revolved relative to the number of
the input line. Note that should overflow have occurred, the sign bit at the output of ALU is
disregarded because this amounts to an additional module of the iso-entropicgram length.

The true signal at the P6 output causes the P7 flip flop to be set to a 1 state responsive to
the following pulse at CLK and causes SB10 of the SEED MODULE flow to be entered.
During SB10, the number of lines revolved value is compared with the width value as
described in connection with SB9. If the number of lines revolved value contained in
register SDN is greater than the iso-entropicgram width value contained in register SMHW,
the SEED MODULE goes to SB16-18 following which the operation of the SEED
MODULE exits. An exit is taken at this point in the operation since the REVOLVE
MODULE will have revolved across all lines in the iso-entropicgram. If the number of lines
revolved value contained in register SDN is less than the iso-entropicgram width value
contained in register SMHW, meaning that the SEED MODULE has not revolved across
all lines of the iso-entropicgram, SB11 through SB14 of the SEED MODULE flow are
entered.

Assume during SB10 that the number of lines revolved value contained in register SDN is
less than the width value contained in register SMHW, the true signal at the P7 output
causes the SDS1 and SDS2 selection circuits to couple the number of lines revolved value
(register SDN) and the width value (register SMHW) to the information inputs of the ALU
and causes the ALU to compare the two values forming a true signal at the L output. The
true signal at the L output of the ALU in coincidence with the true signal at the P7 output
causes the P8 flip flop to be set to a 1 state at the following CLK pulse and SB11 of the
SEED MODULE flow is entered.

During SB11, the number of lines to be revolved value contained in register T1 is sent to
the DELTA MODULE which in turn forms the component powers of 2 of this value
beginning with the largest component power of 2 as discussed above in connection with the
DELTA MODULE. To this end. the true signal at the P8 output causes a true signal at the
SM7 output which in turn causes the DELS selection circuit in the DELTA MODULE to
couple the largest difference value from register T1 to the information input of the register
302 in DELL A true signal at the P8 output of the SEED MODULE in coincidence with the
true signal at the CLK output causes a true signal at the SM8 output which in turn causes
the load circuitry of register 302 in DELI to store the larger difference value from register
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T1 into register 302 of DELI.

SB12 of the SEED MODULE is now entered. The true signals at the outputs P8 and
CLK also cause a true signal at the SM9 output which in turn calls the REVOLVE
MODULE by setting the REVGO one-shot to a 1 state. The REVOLVE MODULE in
turn calls the DELTA MODULE as discussed above and the REVOLVE MODULE and
DELTA MODULE in conjunction with the DECODE I, DECODE II and ENCODE
MODULES revolve the input line, contained in MEMORY MODULE area 1, down the
number of lines indicated by the largest difference value sent to the DELTA MODULE.
During this operation, the true signal at the P8 and REVEND output causes the clock
suspension logic 522 to again disable gate 520 and thereby suspend the operation of the
SEED MODULE. After the designated number of lines have been revolved by the
REVOLVE MODULE, the true signal is removed at the REVEND output, thereby
causing the clock suspension logic 522 to again enable gate 520, thereby enabling a clock
pulse to again be formed at the CLK and CLK outputs in the SEED MODULE. The
following pulse at CLK causes the flip flop P9 to be set to a 1 state, thereby causing SB13 of
the SEED MODULE flow to be entered. The true signal at the P9 output of the control
counter 513 in the SEED MODULE causes the SDS1 and SDS2 selection circuits to couple
the length value (number of words in the hybrid coded line written into the MEMORY
MODULE by the ENCODE MODULE) contained in register MLN3 of the ENCODE
MODULE to be gated to one input of the ALU and causes the length of the original input
line which length value is contained in register SLN to be gated to the other input of ALU
and causing the ALU to compare the two values. If the length of the new line as indicated
by register MLN3 is smaller than the current seed line as indicated by register SLN, the
ALU forms a true signal at the L output indicating that MLN3 is less. This causes SB15 of
the SEED MODULE flow to be entered where the content of register MLN3 (which is
smaller) is stored into the SLN register. If, on the other hand, the length value for the new
line (in register MLN3) is equal to or greater than the length value of the original input line
(in register SLN), true signals are formed at the G or E outputs of the ALU, causing the
OR gate 516 to form a true signal at the GE output. This causes SB14 of the SEED
MODULE flow to be entered. In this manner, the smallest of the length values for the
original input (current possible seed) line (register SLN) or for the new line (register SLN3)
is retained in register SLN.

Consider now the actual operation in this regard. Assume that the length of the new seed
line is smaller and hence a true signal is formed at the L output of the ALU during the true
signal at P9. The SDS7 selection circuit couples the length value from register MLN3 of the
ENCODE MODULE to the information input of register SLN and the following pulse at
CLK in coincidence with the true signals at P9 and L cause the load circuit of register SLN
to store the length value from register MLLN3 into register SLN. Additionally, since the new
line is now shorter, it is necessary to store the line number of the new line into register
SLINE. Accordingly, the true signal at P9 causes the SDS5 selection circuit to couple the
line number value for the new line from register SML1 to the information input of register
SLINE and the true signals at the P9, L. and CLK outputs cause the load circuit of register
SLINE to store the line number value. Additionally, the true signals at the outputs P9, L
and CLK cause the SMS flip flop to be set to a 1 state which, as discussed above, causes a
true signal at the SMS5 output thereby indicating to the SWITCH MATRIX that the new
line stored in the MEMORY MODULE area 2 should be retained as the possible seed line.
Following SB15, SB14 of the SEED MODULE flow is entered and the true signal at the P9
output causes the SMB flip flop to be set to a 1 state, thereby removing the true signal at the
SMB output. This is required since the DECODE I MODULE is going to read the new line
for computing the larger of the difference between the largest two occurrence values of the
new line and the difference between the width value and the largest occurrence value. The
lack of a true signal at the output SMB and hence at the output SM10, causes the DECODE
I MODULE to prevent the MLN1 register of the DECODE I MODULE from being
counted down.

Return to SB13 of the SEED MODULE flow and assume that a control signal is formed
at the GE output of OR gate 516, indicating that the length value of the new line is equal to
or larger than the current possible seed line contained in register SLN. This causes SB14 of
the SEED MODULE flow to be entered, skipping SB15 and accordingly, the current seed
length value register SLN and its current seed line number value in register SLINE remain
unchanged. Likewise, flip flop SMS remains unchanged, thereby causing a false signal at
the SMS output and, hence, at the SM5 output of the SEED MODULE, thereby signalling
the SWITCH MATRIX that the new line contained in MEMORY MODULE area 2 can be
overwritten and need not be saved. The true signals at the P9 and P9.CLK outpuits cause
true signals at the SM11 and SM12 outputs.

At this stage the first revolve has just been completed and the new line is in the
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MEMORY MODULE area designated by the S31 flip flop in the SWITCH MATRIX.
Though the description has been made up to this point for only the first or input line stored
in the MEMORY MODULE, the same general operation takes place if a new current seed
line is formed. In this latter case, during SB13 the new seed line may be stored in any one of
the MEMORY MODULE areas. The area will be specified by the true state of one of flip
flops S31, S32 and S33 as more fully described in connection with the MEMORY
MODULE and the SWITCH MATRIX.

The S31 signal has to be relayed to the S11, S12, S13 flip flops of the SWITCH MATRIX
before the DECODE I MODULE can read the new current seed line. At the same time the
existing information must not be modified in the MEMORY MODULE areas designated
by the S21, S22, S23, or S31, S32 or S33 flip flops. Thus, a true signal is formed at the SM11
output. This inhibits the clock signal to flip flops S21, S22, S23, S31, S32 and S33. The
true signal at SM12 then clocks the proper information from S31, §32, S33 to S11, S12, S13
in the SWITCH MATRIX. When all is done, S2i, S3i (i = 1,2,3) in the SWITCH MATRIX
are unaltered, whereas S1i (i = 1,2,3) is able to gate the information from the new line to
the DECODE I MODULE. Also since the rest of the system remains unchanged, when
REVOLVE is called and a true signal is formed at RMS8, the operation proceeds as normal.
True signals at the P9 and CLK outputs cause a true signal at the SM4 output which causes
the gate 228 to set flip flip D1FST to a 1 state in the DECODE I MODULE and cause a
true signal at the SM6 output which calls the DECODE I MODULE by setting the D1GO
one-shot to a 1 state.

Following SB14, SB2 of the SEED MODULE flow is again entered. The true signals at
the P9, CLK AND DIMEND outputs again cause the clock suspension logic 522 to suspend
the operation of the SEED MODULE until the DECODE I MODULE has completed its
operation and provides the largest occurrence value in register DOI1. Note that the
DECODE I MODULE now reads the current possible seed line which is contained in the
MEMORY MODULE area and which was found by the SEED MODULE during SB13 to
be the shortest. After the DECODE I MODULE has completed its operation and is
forming the largest occurrence value of the current possible seed line, the true signal is
removed at the DIMEND output, and the clock suspension logic 522 again enables the gate
520, allowing a pulse to be formed at the CLK output. The true signal at the P9 and EOF1
output in coincidence with the true signal at the CLK output causes flip flop P2 to again be
set to a 1 state. The resulting true signal at the P2 output causes the SB2 of the SEED
MODULE flow to again be entered where the largest occurrence value is stored in register
T3 and the difference between the width value and the largest occurrence value is stored via
the SDS4 selection circuit into register T1. The operation during SB3 through SB15 is again
repeated as discussed above, this time utilizing the current possible seed line which was
previously determined during SB13.

Assume now that during SB10 it is found that the total number of lines revolved value
contained in register SDN 1s equal to or greater than the iso-entropicgram width contained
in register SMHW. The ALU then forms a true signal at either the G or the E output,
causing the OR gate 516 to form a true signal at the GE output. The true signals at the P7
and GE outputs in turn cause the flip flop P10 to be set to a true state, thereby causing SB16
of the SEED MODULE flow to be entered.

During SB16, the number of the current possible seed line contained in register SLINE is
compared with the width value contained in register SMHW. If the number of the current
possible seed line value in register SLINE is larger, then SB17 is entered, whereas if it is
less, SB18 is entered.

Consider now the details of the above operation. The true signal at the P10 output causes
the SDS1 and SDS?2 selection circuits to couple the current possible seed line number value
contained in register SLINE and the width value contained in register SMHW to the
information input of the ALU for comparison. Assume that the current possible seed line
value is larger. The ALU forms a true signal at the G or E output which in turn causes the
OR gate 516 to form a true signal at the GE output and SB17 is entered. Additionally, the
true signal at the P10 output causes the ALU to form the difference between the current
possible seed line value contained in SLINE and the width value contained in register
SMHW and forms a difference value at the OP output. The true signal at the P10 output
also causes selection circuit SDS5 to couple the difference value from ALU to the
information input of the register SLINE. The true signal at the P10, GE and CLK outputs
causes a load circuit to store the difference value into the register SLINE. Note that the
current line number value stored in register SLINE during SB17 is the seed line number less
the iso-entropicgram width value. That is, the current possible seed line contained in
SLINE is greater than the iso-entropicgram width value, the REVOLVE MODULE has
revolved past the end of the iso-entropicgram and it is therefore necessary to subtract the
width value from the current possible seed line value in order to determine the actual
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number of the seed line. This operation is taken to insure that the current possible seed line
value contained in register SLINE lies within the bounds of the iso-entropicgram. If a
revolve has taken place past the end of the iso-entropicgram, then line values are contained
in register SLINE which are greater than the iso-entropicgram width. However, these
values would be inaccurate and to find the value of the actual seed line value it is necessary
to subtract the width value from the line value to arrive at the true number of the seed line,

Following SB16 or SB17 of the SEED MODULE flow, SB18 is entered. The true signals
at the P10 and CLK outputs cause the load circuit for the ONOC register to be activated
and store the number of occurrences that have appeared in the possible seed line from
register ENOC of the ENCODE MODULE into register ONOC.

It should be noted that true signals occur at the P9, L and CLK outputs during SB15 when
the new iso-entropicgram line is found to be shorter than the current possible seed line. The
true signals at the P9, L and CLK outputs cause the register OAR to load values
corresponding to MEMORY MODULE areas 1, 2 and 3, respectively, from switches 526,
528 and 530. The one which is selected is determined by the outputs S31, $32 and S33 of the
corresponding flip flops in the SWITCH MATRIX which indicate the output area in the
MEMORY MODULE currently being used for the new line.

D. Example of Operation .
Consider now an example of operation of the SEED MODULE and related portions of
the DPM forming the SEED MODULE. Assume that the SEED MODULE is to revolve
down through the iso-entropicgram shown in Table 4-B discussed above in . GENERAL
DESCRIPTION. Assume that the input line to be revolved is line 0; thus the revolve will
revolve from line 0 to line 2 and then to line 7. Lines 0, 2 and 7 broken down into 7 bit words
with a 0 bit indicating absolute word code and a 1 bit indicating hybrid word code at the
lefthand end are as follows:

10001110

00011010

01110101

10001011

00000111

00011010

10000111

01011001

hybrid line 0
length = 3

hybrid encoding of line 2
length = 3 words

hybrid encoding of line 7

Nt N N N N e e e N e N

length = 2.

The subsequent sequence of operation of the seed finder is as follows:

Input to the SEED MODULE is
from “LINE NO” of IPRF line # of the seed (0) to
' SML1 iso-entropicgram width (16)

to SMHW
from HW of IPRF
from MLN1 of DECODE I MODULE length of input line (3) to SLN

from DO1 of DECODE I MODULE line (0) in MEMORY MODULE area 1

sequence of control SB1-SB14, SB2-SB13, SB15, SB14,
SB2-SB10, SB16-SB17
SB1 SDN = 0

SMLI = 0 SLINE (0) = SMLI(0)

assume beginning line # and length
are SEED and initialize modules;
SIN =3

DIFST = 1
SB2 call DECODE I MODULE
CR1 = DO1 = 14 EOF1 = 0
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SB3 EOF1 = 0 .. SB4
SB4 TI(2) = SMHW (16) - CR1(14) difference between iso-entropic-
gram width and largest occurrence
value;
SB5 call DECODE I MODULE
DO1 = 12 EOF1 = 0
SB6 EOF1 = 0 .. SB7
SB7 T0 (2) = CR1(14) - DO1(12) difference between the two
largest occurrence values;
SB8 T1(2) = MAX(T1(2),T0) ) the maximum of these differences;
SB9 SDN(2) = SDN(0) + Ti(2) how far revolved; )
SMLI(2) = SMLI(0) + T1(2) line position in the iso-entropic-
gram
SB10 SDN(2) < SMHW(16) .. go to
SBi1
SB11 DELI(2) « T1(2) largest to DELTA MODULE input;

SB12 The REVOLVE MODULE is called -
and creates line No.2 of the
iso-entropicgram . )

SB13 SLN(3) = MLN3(3) .. go to SB14  the possible shortest seed

line is not less than 2; therefore
iso-entropicgram line 2 is not
considered as a seed line;

go to SB2 reset the DECODE I and II
MODULES:
DIFST = 1
SB2 call DECODE I MODULE read the largest occurrence;
CR1 = DO1 = 11 EOF1 = 0
SB3 EOF1 = 0 .. go to SB4
SB4 T1(5) = SMHW(16) - (CR1(11) difference between iso-entropicgram
width and largest occurrence;
SB5 call DECODE 1 MODULE
DO1 = 10 EOF1 = 0
SB6 EOF1 = 0 .. go to SB7
SB7 T0 (1) « CR1(11) - DO1(10) difference between the
two largest occurrences;
SB8 T1(5) = MAX(T1(5), T0 (1) ) number of lines to be
revolved,;
SB9 SDN(7) = SDN(2) + TL(5) number of lines revolved;
SMLI(7) = SMLI(2) + TL(5) position of the seed line

after the revolve;
SB10 SDN(7) < SMHW(16) .. go to SBllr

SB11 DELI(5) = T1(5) number of lines to be
revolved to the DELTA
MODULE;

SB12 line 2 is now revolved down 5 lines to line 7

by the REVOLVE MODULE - the format and length of
this line were given in the input discussion
SB13 SLN(3) > MLN3(2) .. SB15

SB15 SLN(2) = MLN3(2) save new iso-entropicgram
SLINE(7) = SMLI(7) line as possible shortest
seed line;
SB14 DIFST = 1 reinitialize DECODE I
and II MODULES - inhibit
go to SB2 the overwriting of the

seed line in the MEMORY
MODULE area;
SB2 call DECODE I MODULE
CR1 = DO1 = 7 EOF1 = 0
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IX. SEED FINDER —

Briefly, an electronic data processing SEED FINDER or data compactor has been
disclosed. The compactor is for a coded occurrence signal, such as an event occurrence
signal, which represents actual occurrence values out of a group of possible occurrence
values. The possible and actual values are arranged in a monotonical, preferably
decreasing, value order. Memory means such as the MEMORY MODULE stores such a
coded occurrence signal. Means such as the DECODE I and DECODE II MODULES
form a first signal representing the stored coded occurrence signal. Means such as the seed
finder of Figure 26 responds to the first signal for selectively forming, for each different first
signal, any one of a set of equivalent signals, the set including such first signal. Each
equivalent signal is related to another one by an exclusive OR of the values thereof and the
values thereof relatively shifted. The means for forming equivalent signals further includes
means for enabling one or more of the equivalent signals to be sequentially formed. In this
connection the SEED MODULE, including its control counter, enables a coded occurrence
signal such as an event occurrence signal to be revolved through its iso-entropicgram.

Means such as the SLN register of the SEED MODULE and the MLN3 register of the
ENCODE MODULE store and form a signal indicative of the length of the occurrence
signal and the equivalent signals. Means is provided for forming a signal identifying the
equivalent signal which is associated with the shortest length signal. In this connection the
SEED MODULE is operative during SB13 of its flow for comparing the length of the value
stored in the MLN3 and SLN registers to determine which is the smallest, The signal in
register SLN indicates the length of the shortest seed to that point and the content of
register MLN3 indicates the length of the line value being stored in the MEMORY
MODULE from the ENCODE MODULE.

The purpose of the seed finder is to locate the seed of an event occurrence vector. Stating
it differently, an event occurrence vector signal is to be revolved through its corresponding
iso-entropicgram until an equivalent signal is found that is shortest in length. The
iso-entropicgram has a set of unique but equivalent signal sets which include the input or
event occurrence vector. Each signal set is related to another one in the set by an XOR of
the value thereof and the value thereof relatively shifted by one possible occurrence value.
In a preferred embodiment of the invention the shortest length is that which is shortest
when stored in hybrid coded form in the MEMORY MODULE.

Figure 23 is a block diagram showing the internal control/data flow for the seed finder.
The ENCODE, DECODE I and II, REVOLVE, DELTA, and SEED MODULES shown
in Figure 23 in conjunction with the MEMORY MODULE and the SWITCH MATRIX
(not shown) are a part of the DPM system depicted in Figure 1 and function together as a
data compactor.

What has been disclosed is a data processing method for compacting a line signal which
represents actual occurrence values out of a group of possible occurrence values, the
possible and actual occurrence values being arranged in monotonical value order. An
example of the line signal in the disclosed embodiment of the invention is an event
occurrence vector which is stored in memory in hybrid coded form (see Table 9). However,
it will be understood the line signal might be in other codes within the concepts of the
invention under consideration.

The steps are as follows. Such a line signal is stored in a memory, such as the MEMORY
MODULE, as the possible shortest line signal. In this connection, the SEED MODULE
applies a signal to the MEMORY MODULE which stores an event occurrence vector
(whose seed is to be found) and the SEED MODULE applies a signal to the SWITCH
MATRIX causing the appropriate switches to be set identifying area 1 as the one containing
the current shortest line signal (i.e., the seed).

The SEED MODULE responds to the values of the possible shortest line signal for
forming at least one signal representative of a total number of lines to be revolved. Such an
operation takes place during SB8 when the largest of the two different signals contained in
registers T1 and TO is transferred to register T1. In this connection, register TO contains the
difference between the values represented by the last two occurrence values at one end
(i.e., the largest end) of the shortest line signal and register T1 contains the difference
between the values represented by the maximum length (iso-entropicgram width) signal
stored in register SMHW and the occurrence value at one end (i.e., largest occurrence
value) of the possible shortest line signal.

The steps include the step of responding to the total number of lines to be revolved signal
for forming one or more incremental revolve signals representative of the incremental
number of lines by which a revolve is to be effected. In this connection, the DELTA
MODULE breaks the total number of lines to be revolved into its component powers of 2
thereby specifying the actual increments by which the revolve is to be effected.

Continuing with the method is the step of revolving the input line, which involves the step
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of forming a resultant incremental line signal representing the value of the possible shortest
line signal exclusive OR’d with the value of the possible shortest line signal shifted by the
number of occurrence values specified by one of the incremental revolve signals. This step
is accomplished by the REVOLVE MODULE during the revolve portion of the operation
disclosed in connection with SB12 of the SEED MODULE flow. The step of revolving
further includes the step of enabling the resultant incremental line signal to be used in the
preceding step for exclusive ORing, using another one of the incremental revolve signals. In
this connection. after each exclusive OR, the result is stored into the MEMORY
MODULE and the DELTA MODULE provides the next component power of 2 signal
which is then used for exclusive ORing the result formed by the REVOLVE MODULE.
This operation is repeated until all of the incremental powers of 2 have been used in the
revolve process by the REVOLVE MODULE. Further included in the step of revolving is
the step of storing the final incremental line signal, after all of the incremental revolve
signals have been used. In this connection, the final line signal stored in the MEMORY
MODULE during the revolve process is identified by the OAR and the SWITCH
MATRIX. The length of the stored possible shortest line signal (contained in register SLN)
and the length of the new incremental line signal contained in register MLN3 of the
ENCODE MODULE are compared and the ALU of the SEED MODULE forms a signal
indicating the shortest one during SB13 of the SEED MODULE flow. Subsequently, the
preceding steps are repeated utilizing the line signal which is indicated to be the shortest
one. In this connection, note that following SB13, SB14 and SB15 may then be entered
following which SB2 is reentered where the repeat operation takes place.

Preferably. the steps also include that of combining values represented by a series of the
total number of lines to be revolved signal to thereby form a further signal representing a
line number value for the stored possible shortest line signal. This is accomplished using the
ALU and registers SML1 and T1 of the SEED MODULE during SB9.

Preferably, the step of forming a resultant incremental line signal involves the step of
combining the values represented by the possible shortest line signal in one of the
incremental revolve signals to form a corresponding shifted signal. In this connection, the
absolute occurrence values provided by the DECODE Il MODULE are combined with the
incremental power of 2 values from the DELTA MODULE to form a shifted value by the
REVOLVE MODULE. The step of forming a resultant incremental line signal further
comprises the step of exclusively ORing the values represented by the shifted and unshifted
possible shortest line signals to form the resultant incremental line signal.

In terms of apparatus, there has also been disclosed a data compactor for an input line .

signal (i.e., event occurrence vector) which represents actual occurrence values out of a
group of possible occurrence values. The possible and actual occurrence values are
arranged in an incremental, preferably decreasing, value order. Included is memory means
such as the MEMORY MODULE for storing the input line signal. Decoding means such as
the DECODE I and II MODULES convert a line signal stored in the memory means
including the stored input line signal from a first compact code (i.e., hybrid code) to a
second expanded code (i.e.. absolute code). Means including the SEED and DELTA
MODULES are responsive to a converted line signal from the decoding means for forming
one of a selected number of value signals. The number of value signals correspond to such
signals as the component power of 2 signals provided from DELO in the DELTA
MODULE. Means such as the REVOLVER is responsive to one of the number value
signals and the corresponding converted line signal from the decoding means for further
converting the converted line signal, as a function of the number value signal, to a modified
but equivalent line signal. This process is effected in the REVOLVER through the
exclusive ORing process. Encoding means, such as the ENCODE MODULE, converts the
equivalent line signal from the second to the first code for storage in the memory means.
Included is means such as the OAR, the ALU and SLN and MLN3 (ENCODE MODULE)
for selecting one of the equivalent sets of signals. During SB13 the shortest one, in hybrid
code. is selected. The ALU of the SEED MODULE in combination with the MLN3
register of the ENCODE MODULE and the SLN register of the SEED MODULE are
operative during SB13 for forming a signal indicating the shorter of the original stored line
signal and the equivalent line signal. The control counter of the SEED MODULE is
operative following SB14 to enable the foregoing means such as the DECODE I and II,
SEED, DELTA. and ENCODE MODULES and the REVOLVER to repeat their
operation. However, means is responsive to the shorter indication signal for enabling the
decoding means to decode the shorter one of the stored original line signal and the
equivalent line signal during the repeat. In this connection, either SB14 is entered directly
or SB15 is entered followed by SB14 depending on the result of the comparison by the ALU
during SB13. During SB15 the memory area number in the OAR register is changed if
necessary to identify the MEMORY MODULE area containing the possible shortest seed
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line before entering SB14 where the DECODE I and II MODULES are called to decode
the possible shortest line signal. It will also be noted in connection with the SWITCH
MATRIX that the flip flops of the SWITCH MATRIX are appropriately set to identify the
MEMORY MODULE area containing the possible shortest seed line.

Preferably, the decoding means involves a first decoding means and a second decoding
means (such as DECODE I and II MODULES) to enable the actual occurrence values of a
line signal to be provided to the REVOLVER at different rates upon demand. It will be
noted that the repeat operation enabled by the control counter of the SEED MODULE
going from SB14 back to SB2, et seq, will be repeated until the original input line has been
revolved completely through its iso-entropicgram, thereby insuring that the shortest
equivalent new line signal (seed) has been formed. Means is provided for disabling the
repeat enabling means after the shortest of the equivalent new line signals has been formed.
To this end, the value of the current number of lines revolved relative to the input line is
stored in register SDN and is compared with the iso-entropicgram width value contained in
register SMHW by the ALU of the SEED MODULE, during SB10. If the current number
of lines revolved relative to the input line contained in register SDN is the greater, then
SB16 et seq. is entered where the operation of the SEED MODULE is subsequently exited.

It will also be noted that the DECODE I and II and MEMORY MODULES form a
means for storing and retrieving the input line signal which is to be compacted.

1t should also be noted that means is provided for combining the value of the successive
number of lines to be révolved signal in such a way as to form a line number for the shortest
line. This function is provided by means such as the ALU, the SML1, T1, and SMHW
registers and the ALU during SB7 and SB17 of the SEED MODULE flow.

X. CHANGE MODULE
A. General Description

Section I. GENERAL DESCRIPTION describes a method whereby changes may be
made in an occurrence vector. These changes include insertions, deletions and the addition
of new information. A deletion removes an occurrence value from an event occurrence
vector. An insertion adds an occurrence value to an event occurrence vector. An addition
of new information may be the addition of new occurrence values to an existing event
occurrence vector or the addition of new event occurrence vectors.

According to a preferred embodiment of the invention changes may be made to an event
occurrence vector at any line number of its iso-entropicgram. Preferably, the change is
applied to the seed line and the resultant changed line is then revolved until the new seed is
found.

Describing the change operation in more detail, a seed which is to be changed is defined
in terms of a line number, a line value, and a length of line value. The change vector is
composed at the input line for its iso-entropicgram (line 0) and includes an occurrence value
for each insertion, for each deletion, and for each new addition that is to be made in the
seed.

Generally, the method followed is as follows:

(1) revolve the change vector in its iso-entropicgram down to the line number
corresponding to that of the seed which is to be changed. This will provide a revolved
change vector having a line number the same as that of the seed, a change value and a
length the same as that of the seed;

(2) merge the occurrence values of the line values in the seed and change vector by
exclusive ORing the two together.

More specifically, the operation involved is as follows. The line value of the change
vector, in hybrid code, is placed in MEMORY MODULE area 1. The line value of the seed
is placed in MEMORY MODULE area 2. The change vector is revolved down to the same
line of the iso-entropicgram as that of the seed. At this point, the change vector is defined in
terms of the line number of the seed, the line value for the change vector and the length of
seed. The merge operation involves XORing the line value of the seed and the line value of
the change vector resulting in a changed line value. The changed seed is then defined in
terms of the line number for the original seed, a changed line value and the length of the
seed. The changed seed is then revolved down to its seed.

Figure 24 is a schematic and block diagram of the CHANGE MODULE which enables
the above operation. Figure 26 is the internal control/data flow for the seed line changer,
which is a portion of the overall DPM system. It will be seen from this figure that the
CHANGE MODULE makes use of the ENCODE, DECODE I, DECODE II, DELTA,
REVOLVE, and SEED MODULES as well as the MEMORY MODULE, the SWITCH
MATRIX and IPRF in its operation.
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B. Components

The CHANGE MODULE, Figure 24 has two 8 bit 8 flip flop registers CLINE and CLN.
Both of these registers are of type SN74100 disclosed in the above TTL book, having the
same characteristics as those described above.

In addition. the CHANGE MODULE has a control counter 613 with flip flops P1-P4.
Flip flops P1-P4 are the same type disclosed in Section I. GENERAL DESCRIPTION, F.
Components.

The CHANGE MODULE has a generalized clock control circuit 700. The generalized
clock control circuit 700 is described in more detail in the subsequent section entitled
“Generalized Clock Control Circuit”.

The CHANGE MODULE also has clock suspension logic 622 connected to the CS input
of the clock control circuit 700.

As described with respect to the ENCODE MODULE, logical equations are used to
indicate gating required to control various circuits and to generate various signals, all
indicated in the CHANGE MODULE.

Depicted along the right hand side of the CHANGE MODULE Figure 24 are input and
output control lines and information inputs and outputs. The information inputs and
outputs are depicted by heavy lines.

C. Detailed Description

Reference should be made in the following discussion to the CHANGE MODULE
schematic of Figure 24 and the CHANGE MODULE flow diagram of Figure 25. The
following discussion will describe the CHANGE MODULE using an example of a specific
seed line and change line in order to provide a better understanding of the system. The
specific example is that given hereinabove in I. GENERAL DESCRIPTION with respect
to Tables 9-A and 9-B.

As noted. the CHANGE MODULE when combined with the ENCODE, DECODEI,
DECODE II. DELTA, SEED and MEMORY MODULES, the SWITCH MATRIX and
IPRF, forms a seed line changer. The seed line changer sub-system of the DPM is depicted
in the general block diagram of Figure 26 (the MEMORY MODULE, SWITCH MATRIX
and IPRF are not shown).

Initially. the MINI COMPUTER forms a true signal at the output MINIT, thereby
applying a true signal to the IP input of the clock control 700. The true signal at the input IP
causes a true signal at the MR output which resets flip flops P1-P4 of the control counter 613
to 0 without a clock pulse. The MEMORY MODULE areas 1 and 2 and LINE # and ILN1
and LN2 of the IPRF initially are loaded by the MINI computer with the inputs illustrated
in Table 11. Thus, the values for the examples of Tables 9-A and 9-B which are now stored
are as follows:

MEMORY MODULE area 1 136891112
MEMORY MODULE area 2 0612

LINE # 6

LN2 8

LN1 7

The MINI COMPUTER then forms a true signal at the CNGO output causing the clock
control 700 to start forming its clock pulses at the CLK and CLK output.

At the first true pulse at the CLK output, the logic P1.P2.P3.P4 is true and the flip flop
P1is set to a 1 state. thereby forming a true signal at the P1 output. The true signal at the P1
output causes the CLINE register to couple the line number of the seed from LINE # of the
IPRF to the output of the CLINE register.

The true signal at the P1 output also causes a true signal at the CM4 output of the
CHANGE MODULE which in turn goes to the DECODE I, DECODE II, SEED and
DELTA MODULES, and the SWITCH MATRIX. The true signal at CM4 causes the
CNG flip flop in the SEED MODULE to be set to a 1 state where gates 218 and 226 couple
the length of line value for the change vector from LN1 of IPRF to the registers MLN1 and
MLN2 in the DECODE I and DECODE II MODULES; causes the selection of circuit
DELS to couple the line number of the seed from the output of the CLINE register of the
CHANGE MODULE to the input of register 302 in DELI of the DELTA MODULE; and
causes flip flops $31 and $23 in the SWITCH MATRIX to be set to 1 states. The 1 states of
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flip flops S31 and S23 cause the DECODE I and DECODE II MODULES to read from
MEMORY MODULE area 1 and the ENCODE MODULE to write into MEMORY
MODULE area 3. To be explained, when the true signal at P1 terminates, the CLINE
register stores the line number from LINE # of the IPRF.

Subsequently, a true signal is formed at the CLK output of the clock control 602, thereby
causing the logic P1.CLXK to be true, thereby forming true signals at the CM3, CM5 and
CM6 outputs. The true signal at the CM3 output causes the length of line value from LN1 of
IPRF to be stored into the MLN1 and MLN2 registers of the DECODE I and II
MODULES; causes the length of seed line from LN2 of IPRF to be stored into the CLN
register in the CHANGE MODULE; and causes the line number from the output of the
CLINE register of the CHANGE MODULE to be stored into the register 302 of DELI in
the DELTA MODULE; and causes the one-shot REVGO in the REVOLVE MODULE
to be set, thereby calling the operation of the REVOLVE MODULE.

In addition, a true signal is now formed by the logic P1.REVEND.CLK in the clock
suspension logic 622, thereby causing a true signal at the CS input of the clock control 700.
The true signal at input CS causes the clock control 700 to suspend the clock pulses at CLK
and CLK, thereby suspending operation in the CHANGE MODULE until the operation of
’ghg REVOLVE MODULE is complete and removes the true signal at REVEND so
indicating.

Using the example shown in Table 9-A, 9-B, the following conditions now exist:

(1) register MLN1 (DECODE I) contains the length of the line value for the change
vector (MLN1 = 7);

(2) register MLN2 (DECODE II) contains the length of the line value for the change
vector (MLN2 = 7);

(3) register DELI (DELTA) contains the line number of the seed line value (DELI =

(4) CNG flip flop (SEED) is in a 1 state;

(5) flip flops S31 and S23 (SWITCH MATRIX) are in a 1 state;

(6) MEMORY MODULE area 1 contains the change line value signals (MEMORY
MODULE area 1 = 1,3,6,8,9.11,12);

(7) MEMORY MODULE area 2 contains the seed line value signal (MEMORY
MODULE area 2 = 0,6,12);

(8) register CLINE (CHANGE) contains the line number of the seed line value
(CLINE = 6);

(9) register CLN (CHANGE) contains the length of the line value of the seed (CLN =

(10) REVOLVE MODULE has been called.

Following its call, the REVOLVE MODULE forms a true signal at the RMS output,
thereby indicating that the SWITCH MATRIX has been clocked. Since flip flops S31 and
$23 of the SWITCH MATRIX had been set previously, this results in the setting S11, S21
and $33 of the SWITCH MATRIX. Thus, the DECODE I and II MODULES will read
from MEMORY MODULE area 1 and the ENCODE MODULE will write to MEMORY
MODULE area 3. The true signal at the RM8 output of the REVOLVE MODULE sets
the flip flops S11, S12 and S33 in the SWITCH MATRIX to a 1 state. Additionally, the
input SM5 to the REVOLVE MODULE is false, indicating that the current line value in
MEMORY MODULE area 1 is not to be kept as a possible seed. The signal at RM12
output of the REVOLVE MODULE causes the SP flip flop in the SWITCH MATRIX to
be reset to 0. Therefore, the first pass of the REVOLVE MODULE causes the change
vector to be revolved down four lines to line 4 of its iso-entropicgram and the revolved line
value of the change vector is now stored in MEMORY MODULE area 3 as specified by the
1 state of flip flop S33. Thus, the revolved line value stored in MEMORY MODULE area 3
now contains the absolute values 1, 2, 5. 7, 9, 11, 12, 15 and the line value 4 is stored.

At this point, the register MLN3 of the ENCODE MODULE contains the length value
for the revolved change line value now stored in MEMORY MODULE area 3 (i.e., a
length of 8). The REVOLVE MODULE then forms true signals at the RM14 and RM10
outputs, thereby causing the length value contained in MLN3 of the ENCODE MODULE
to be enabled fo the input of the registers MLN1 and MLN2 of the DECODE I and II
MODULES and stored.

The REVOLVE MODULE then embarks on a second pass through its flow. At this
point in time, flip flops $33 and S21 in the SWITCH MATRIX are in a 1 state; therefore,
when the REVOLVE MODULE forms a true signal at its RM8 output it causes the flip
flops $13, $23 and S31 in the SWITCH MATRIX to be set to a 1 state. The 1 states of these
flip flops cause the DECODE I and Il MODULES to both read the revolved change line
value contained at MEMORY MODULE area 3 and cause the ENCODE MODULE to
write the resultant revolved line value into MEMORY MODULE area 1.

10

15

20

25

30

35

45

50

55

65



83

1 570 341

83

10

15

20

30

35

45

50

55

65

It should be carefully noted at this juncture that although reading and writing is taking
place in MEMORY MODULE areas 3 and 1, MEMORY MODULE area 2 contains the
original seed line value and it remains there unaltered at this point.

A true signal is subsequently formed at the RM12 output of the REVOLVE MODULE
which causes the SP flip flop in the SWITCH MATRIX to be reset to an 0 state. The
REVOLVE MODULE then revolves the revolved change line value (i.e.,1,2,5,7,9, 11,
12, 15) down two lines from iso-entropicgram line 4 to 6, and the ENCODE MODULE
writes the new revolved change line value in MEMORY MODULE area 1. Thus at this
point in time (conclusion of this second pass of the REVOLVE MODULE), MEMORY
MODULE area 1 contains the revolved change line value 1, 6, 12 (see h. of Table 9A).
Additionally, the length value of the new revolved change line value is contained in register
MLN3 and the ENCODE MODULE. Subsequently, the REVOLVE MODULE forms a
true signal at the RM14 and RM10 outputs, causing the value to be stored from register
MLN3 into register MLN1 and MLN2 of the DECODE I and II MODULES.

The DELTA MODULE has now provided all of the component powers of 2 of the total
number of lines to be revolved for the change line and therefore the REVOLVE
MODULE terminates its operation and forms a false signal at its REVEND output. This
causes logic P1. REVEND 1n clock suspension logic 622 to become false which causes the
clock control 700 to again form pulses at CLK and CLK.

The next true signal at the CLK output resets the P9 flip flop to a 0 state and sets the P2
flip flop to a 1 state in the control counter 613, thereby forming a true signal at the P2
output.

The true signal at output P2 causes a true signal at the CM2 output of the CHANGE
MODULE which causes the length (2) of the seed line value in the CLN to be coupled to
the input of MLN2 of the DECODE 1II MODULE.

The true signal at P2 also causes a true signal at the CM1 output to the SWITCH
MATRIX thereby inhibiting any input to the S21, S22 or S23 flip flops.

When the pulse is formed at the CLK output, the logic P2. CLK becomes true, which in
turn causes a true signal at the CM6 and CM8 outputs of the CHANGE MODULE.

The true signal at the CM8 output causes the MLN2 register in the DECODE 1L
MODULE to be loaded with the content of the CLN register. Thus the length 2 of the seed
line value (in MEMORY MODULE area 2) is stored in the MLN2 register of the
DECODE II MODULE.

The true signal at CM6 causes the clock control 700 to suspend the clock in the
CHANGE MODULE. It also causes the REVGO mono-stable to be fired in the
REVOLVE MODULE thereby initiating the revolve process.

Note that nothing was loaded into DELI of the DELTA MODULE. This will cause the
REVOLVE MODULE to merge or XOR the seed line value and the change line value.

The REVOLVE MODULE forms a true signal at the RM8 output causing S11 and S33
flip flops in the SWITCH MATRIX to be set to 1. Also the RM12.CM!1 logic becomes true,
causing the S22 flip flop in the SWITCH MATRIX to be set. This indicates that the
DECODE I MODULE will be reading from MEMORY MODULE area 1, the DECODE
II MODULE will be reading from MEMORY MODULE area 2, and the ENCODE
MODULE will be writing to MEMORY MODULE area 3.

Upon completion of the merge operation, the REVOLVE MODULE forms a false
signal at the REVEND output which causes the logic P2.REVEND.CLK to go false
which. in turn, causes the clock control 700 to again form pulses at the CLK and CLK
outputs.

Tlile next true signal at the CLK output resets the P2 flip flop to a O state and sets the P3
flip flop to a 1 state in the control counter 613, thereby forming a true signal at the P3
output.

When the pulse is formed at the CLK output, the logic P3.CLK becomes true, which in
turn forms a true signal at the CM2 output of the CHANGE MODULE. The true signal at
the CM2 output sets the SMGO one-shot in the SEED MODULE to a 1 state, thereby
calling the operation of the SEED MODULE. The SEED MODULE then commences its
operation of locating the seed in the manner described hereinabove with respect to the
SEED MODULE.

To this end. the SEED MODULE causes the new seed line value contained in
MEMORY MODULE area 3 to be revolved through its iso-entropicgram and locate the
seed which. in the case of the disclosed embodiment, is the line from the ENCODE
MODULE which has the fewest number of words. The SEED MODULE causes the line
value of the seed value to be saved in the MEMORY MODULE in the area specified by
OAR of the SEED MODULE. At the time the true signal is formed at the CM2 output, the
logic P3.SMEND . CLK becomes true, thereby forming a true signal at the CS input to the
clock control 700 which again causes the clock control 700 to terminate its pulses at the CLK
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and CLK outputs and suspend the operation of the CHANGE MODULE.

When the SEED MODULE has completed its seed finding operation, its register OAR
identifies the MEMORY MODULE area containing the line value of the new seed; its
register SLN contains the length of such line value; its register SLINE contains the line
number value of such line value, and its register ONOC contains the number of occurrences
in such line value. When the SEED MODULE completes its operation, a true signal is
formed at the SMEND output from the SEED MODULE, which in turn causes a false
signal at the SMEND output. This causes logic P3.SMEND . CLK to go false and causes the
clock control 700 to start forming its pulses at CLK and CLK. )

The following pulse at CLK resets the P3 flip flop to a 0 state and sets the P4 flip flop to a
1 state in control counter 613,

The true signal at the P4 output causes a true signal at the MT input of the clock control
700 which, as discussed above, sets a one-shot in the generalized clock control 700 which in
turn causes true signals to be formed at the MR and FC outputs. The true signals at the MR
output of the clock control 700 cause all of the flip flops including T4 of the control counter
613 to be reset to 0. The true signal at output FC causes the CNGEND ouput of the
CHANGE MODULE to turn true and signals the calling module that the operation of the
CHANGE MODULE is complete.

D. Example of Operation .
An example of the operation of the CHANGE MODULE in the seed line changer will
now be given in symbolic notation using the example depicted in Tables 9A and 9B. The
corresponding blocks in the flow diagram are shown along the left hand side.
The following is expected as input:

CLINE = 6 Line number of the seed line value;

HW = 8 Iso-entropicgram width;

LNi1 = 7 Length of line value for the change vector;
LN2 Length of the line value for the seed:
DELI = 6 Line number of the line value for the seed;
Change line value In MEMORY MODULE area 1;

1,3,6,8,9,11,12 where 6,12 are deletions;
the remainder insertions;
Seed line value i[)n61\1/12EMORY MODULE area 2;
Sequence of control is CB1 - CBS; )
CB1 initialize clock proper information into the
proper registers;
CLINE = LINE # =6 seed line number;

CLN = LN2 length of seed line value;
CB2 DELI(6) = CLINE(6) number of lines to revolve to
DELTA MODULE:
call REVOLVE MODULE revolve the change vector down to
same line number as the seed line;
CB3 MLN2 « CLN load the length register with

the length of the line value of the

seed; set DECODE II MODULE to read
reset DECODE II MODULE from MEMORY MODULE area 2;
CB4 call REVOLVE MODULE the change line value and the seed

line value are XOR'd with the result

as shown in h of Table 9-A;

CB5 SML1 = CLINE line number value clocked to SMLI

CNG = 1 of the SEED MODULE, CNG flip flop seed
call SEED MODULE the new seed is located;
HALT

output  taken from the SEED MODULE
SLINE = 5 (seed line number)
OAR = MEMORY MODULE area which contains the seed
SLN = 1 (seed line value length)
ONOC = 1 (number of occurrences in seed line value)
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XI. SEED LINE CHANGER

From the foregoing description of the CHANGE MODULE it will be understood that
the ENCODE, DECODE I and I, REVOLVE, DELTA and SEED MODULES depicted
in Figure 26 in association with the MEMORY MODULE and the SWITCH MATRIX
(not shown) form a Seed Line Changer which allows a seed to be changed without revolving
it back to the zero or input line of the corresponding iso-entropicgram. The seed line
changer forms an electronic data processing system for changing an occurrence value signal,
such as a seed, utilizing a change value signal such as a change vector. The aforementioned
occurrence and change value signals each represent an actual occurrence value out of a
group of possible occurrence values, the possible and actual occurrence values being
arranged in monotonical, preferably decreasing value order, as depicted in Tables 1 and 2.
Means such as the MEMORY MODULE area 1 is provided for storing the occurrence
value signal which is to be changed. Means such as the CLINE register of the CHANGE
MODULE is provided for storing a line number signal in association with the stored
occurrence value signal. The line number signal stored in register CLINE specifies the
number of the line of the line value of the seed. Means such as the MEMORY MODULE
area 2 stores the change occurrence signal (i.e., the change vector) which specifies the
changes in the values of the stored occurrence value signal. Means such as the
REVOLVER depicted in Figure 19 forms a means for responding to the change occurrence
value signal for selectively forming, for each different change value signal, any one of a set
of equivalent signals, the set including such occurrence value signal. Each equivalent signal
within each set is unique and is related to another one by an exclusive OR of the values
thereof and the values thereof relatively shifted. Included in the foregoing means is means
for forming any one of the equivalent signals in a set as specified by a received number of
lines signal. Means such as the SEED and DELTA MODULES respond to the stored line
number signal for applying a number of lines signal to the equivalent signal forming means.
It will be recalled in connection with the DELTA MODULE that the DELTA MODULE
forms a number of lines signal in the form of component powers of 2 of the total number of
lines to be revolved.

Further included is means such as the REVOLVER for exclusive ORing the values
represented by an equivalent signal and the occurrence value signal to thereby form the
changed occurrence value signal.

XII. GENERALIZED CLOCK CONTROL

Individualized clock control circuits have been disclosed for the previously described
ENCODE. DECODE I, DECODE II, REVOLVE, DELTA and SEED MODULES.
However, it should be noted that a generalized clock control circuit may be employed.
Therefore. with respect to the CHANGE MODULE just described and other modules
subsequently to be disclosed in connection with the DPM SYSTEM, a generalized clock
control 700 shown in Figure 27 will be used.

Specifically. the generalized clock control circuit 700 includes one-shot multi-vibrators
702 and 704, a flip flop 708, OR gates 712 and 714, an AND gate 718 and logical signal
inverters 720 and 722. all of the same types disclosed for the ENCODE MODULE. A
source of regular recurring clock pulses 701 provides clock pulses to one input of the AND
gate 718. The clock control 700 has input circuits IN, CS, IP and MT and has outputs MR,
CLK. CLK and FC. Modules subsequently to be disclosed only disclose the clock control
700 in block form with the prior mentioned input and output circuits.

The one-shots 702 and 701 are of the same type disclosed for the ENCODE MODULE
and, responsive to a true signal at the input at the left side, are triggered to a 1 state where a
true signal is formed at the output indicated on the right hand side. The one-shot remains in
a 1 state for a time interval equal to that between the beginning of two successive clock
pulses from the source of clock signals 701 and then automatically resets to a 0 state where a
false signal is formed at the corresponding output.

The flip flop 708 is a conventional flip flop of the same type disclosed hereinabove with
respect to the ENCODE MODULE. The one-shot 702 has its input connected to the IN
input and the IN input is the one which receives a true signal whenever the corresponding
module is called. A true signal at the IN input triggers the one-shot to its 1 state, causing its
output to go from a false to a true signal. The OR gate 712 also has inputs connected to the
output of one-shot 704 and to the IP input. The IP input is the one which receives a true
signal whenever it is desired to reset the control counter in the corresponding module.
Additionally, the one-shot 704 has its input connected to the MT input of the clock control
700. The MT input receives true signals whenever the corresponding module has completed
its function. Thus. a true signal at the MT input causes the one-shot 704 to be set to a 1 state
which, in turn, applies a true signal at the FC output, thereby indicating that the function of
the corresponding module is complete. The true signal at FC is also applied to the OR gate
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712. Whenever any of the inputs to the OR gate 712 receives a true signal, a true signal is
formed at the MR output. The MR output is connected to the control counter in the
corrle?sgonding module and resets each of its flip flops to a 0 state when a true signal is
applied. '

The AND gate 718 is connected to the CLK output and is connected through the logical
signal inverter 722 to the CLK output of the clock control 700. The gate 718 is an ANd gate
which has one input connected through the logical signal inverter 720 to the CS input, a
second input to the unbored output of the flip flop 708, and a third input connected to the
clock 701. The CS input is the one which receives true signals from the clock suspension
logic of the corresponding module. The flip flop 708 is set to a 1 state which, in turn. applies
a true signal to the gate 718 whenever a true signal is formed either at the control counter
reset circuit IP or the end of function input MT. As a result, the AND gate 718 causes true
clock pulses to be formed at the CLK and CLK outputs whenever the CS input is false (due
to a false condition for the corresponding clock suspension logic) and the flip flop 708 has
been set to a 1 state and a pulse occurs from the clock 701. The logical signal inverter 722
inverts the clock signals at CLK, forming the complement thereof at the CLK output.

XII. OUTPUT MODULE
A. General Description ,

The OUTPUT MODULE operates in conjunction with other portions of the DPM
SYSTEM generally depicted in Figure 34 for performing two functions. The first is to cause
a simple retrieval or decompaction type of operation wherein an event occurrence vector
which is represented by one of the non-input lines (usually the seed) is revolved back to the
input line of its iso-entropicgram. The second is called the DEL function and causes a check
to determine if an event occurrence vector which is represented by a non-input line (usually
a seed) contains particular actual occurrence values back at the input line of its
iso-entropicgram. Significantly, the second function is done without revolving the non-input
line clear back to the input line of its iso-entropicgram.

Briefly, the operation of the OUTPUT MODULE in carrying out the retrieval or
decompaction function is as follows: an event occurrence vector, at one of the non-input
lines of its iso-entropicgram (usually the seed), is represented by a line value signal and a
line number signal. The OUTPUT MODULE determines the difference between the value
of the line number signal and the width of the iso-entropricgram. The difference thus
identifies the number of lines required to revolve the line value signal back to the input line
of its iso-entropicgram. The difference is then provided to the DELTA MODULE which
forms signals representing its component powers of 2 beginning with the largest (as
discussed above). The REVOLVE MODULE then causes the line value signal to be
revolved in its iso-entropicgram by the specified number of lines back to the input line of
the iso-entropicgram. :

Consider now the operation for the DEL function. A reference line (in hybrid coded
form) is stored in the MEMORY MODULE and represents one or more test values, Each
test value identifies an actual occurrence value whose presence is to be checked in a line of
an iso-entropicgram. However, the given line to which the test is to be applied is one of the
non-input lines of its iso-entropicgram (usually the seed). Also the presence of an
occurrence value is desired at the input line, not at the non-input line. The DEL function
allows the presence of an occurrence value, at the input line, to be determined without
revolving a given line (usually the seed) clear back from its non-input line to its input line.

The given line (usually a seed) is represented at its non-input line by a line value signal
and a line number signal. The OUTPUT MODULE utilizes the same hardware and method
described for the regular output and finds the difference between the values of the line
number signal and the width of the iso-entropicgram. The DELTA MODULE then
determines the integral powers of 2 of the difference beginning with the largest. The largest
integral power of 2 is saved and the line value signal is revolved by the number of lines
specified by the remaining integral power (or powers) of 2 to form a revolved line value
signal to determine if the occurrence value identified by the test signal is present. The
revolved signal is examined and information as to the presence of an occurrence value,
equal to the line value, is exclusive OR’d with information as to the presence of an
occurrence value which is displaced from the one under test by the value of the saved signal.
If either occurrence value exists in the revolved signal then the actual occurrence value
under test exists at the input line. The checking and exclusive OR is performed by forming
an absolute coded value representing each actual occurrence value of the revolved line
value signal. from largest to smallest, until one is found that is equal to or less than the value
of the test occurrence value. If equality exists. a signal is stored in a flip flop representing a
1. Otherwise a 0 is stored. The test occurrence value is then decreased by the largest
component power of 2 signal which has been saved. The absolute coded values representing
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the actual occurrence values of the revolved line are then continued to be formed beginning
with the next one in order until one is found whose value is equal to or less than the
decreased test occurrence value. If equality exists the 1 or 0 signal previously stored in a flip
flop is complemented. Otherwise the previously stored 1 or 0 signal is left unaltered. If the
result of the last complement is a 1. the actual occurrence value under test exists at this
input llipe. If the result is a 0, the actual occurrence value under test does not exist in the
input line.

B. Components

Figures 28-31 show a schematic and block diagram of the OUTPUT MODULE. Included
are registers OHW, OR1, ORT1, OLINE, OR2, ORSN, ORTZ, ORT3, OLN and OAR,
all 8 bit or 8 flip flop registers of type SN74100 described hereinabove with respect to the
ENCODE MODULE. The only exception as to size is register OAR which contains 2 bits
or flip flops of storage.

Also included are selection circuits DS3, DS6 and DS7. These are conventional selection
circuits of the type and operating in the manner discussed hereinabove in section L.F.
CONVENTIONAL AND COMPONENTS USED IN FIGURES.

Also included are switches 810 and 812. The switches 810 and 812 are conventional
mechanical switches or other circuits which form a 2 bit coded signal at the respective switch
output representing a binary coded 1 and 3, respectively.

Also included are flip flops DELOP, SS, SW, and P1-P10. Flip flops P1-P10 are a part of
the control counter 813 for the OUTPUT MODULE. The flip flops are of the same type
and have the same characteristics as that described hereinabove in section LF.

The OUTPUT MODULE includes an arithmetic unit ALU of the same type disclosed
hereinabove with respect to section I-B.

The OUTPUT MODULE also has an AND gate 802, an exclusive OR gate 804, and a
conventional OR gate 805. The exclusive OR gate 804 is of the type wherein a true signal is
formed at its output whenever a true signal is formed at either one, but not at both, of its
two inputs simultaneously.

The OUTPUT MODULE contains a generalized clock control 700. The generalized
clock control is described in detail hereinabove in section X. GENERALIZED CLOCK
CONTROL.

Similar.to the ENCODE MODULE, the OUTPUT MODULE also has gating which is
depicted by logical equation for controlling various input circuits and output circuits of the
OUTPUT MODULE. Included among the logic gates is a clock suspension logic 822 for
controlling the suspension of the clock formed by the clock control 700.

The input and output control lines and the information inputs and outputs of the
OUTPUT MODULE are depicted along the right hand side of Figures 30 and 31.

Table 17 at the end of the specification lists the various registers and flip flops and gives
the general purpose of each in the OUTPUT MODULE.

C. Detailed Description

Reference should primarily be made in the following discussion to the OUTPUT
MODULE schematic and block diagram of Figures 28-31 and the flow of Figure 32.
Consider now a detailed description of the OUTPUT MODULE during its “regular
output™ operation. The “regular output” operation of the OUTPUT MODULE is the
retrieval or decompaction operation which is to revolve any line of an iso-entropicgram,
preferably the seed, back to the 0 or input line.

Initially. a control signal is formed at the MINIT output of the MINI COMPUTER,
thereby causing the following to be reset to 0: flip flops DELOP, OPSW and P1-P10. The
MINI COMPUTER then loads MEMORY MODULE area 1 with the line value of the
seed which is to be revolved back to its iso-entropicgram input line (or 0 line) and the IPRF
is loaded as follows:

LN1 with the length of the line value of the seed;

HW with the width of the iso-entropicgram for the seed;

LINE # with the line number of the line value for the seed

Also, flip flop DELOP of the DMP INTERFACE is set to 0 to indicate a “regular
output”. If set to 1, DELOP indicates a DEL function.

Since flip flop DELOP in the DPM INTERFACE MODULE is in a 0 state, a false signal
is formed at the SET DELOP output and therefore flip flop DELOP in the OUTPUT
MODULE remains in a 0 state. Flip flop DELOP being in a 0 state indicates a “regular
output’”” operation. It will be noted that the generalized clock control circuit 700 has its
input IP connected to output MINIT and is responsive to the true signal at MINIT for
forming a true signal at the MR output which, in turn, resets the flip flops P1-P10 to 0.

Within the OUTPUT MODULE, the true signal at P1 causes the ORSN register to be
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cleared to 0. The true signal at the CLK output causes the logic P1.CLK to become true
which causes the register OLINE to store the LINE NO (see line number from IPRF).
Subsequently, the true signal at the CLK output causes the logic P1.CLK to become true
which, in turn, causes the following: in the OUTPUT MODULE, register OHW stores the
iso-entropicgram width from HW of the IPRF; and a true signal at the output OM1; also,
register ORT3 stores the length of the line value of the change vector, if one exists, from
LN2 of the IPRF. It should be noted that the length of reference line from LN2 is only of
interest during the DEL operator function which will be discussed in more detail
hereinafter.

The true signal at the OM1 output causes the registers MLN1 and MLLN2 of DECODE I
and I MODULES to store the length of the line value for the seed from LN1 of the IPRF
and causes registers EBL and ETL and EIR to store the value from BL and TL and IR from
the JPRF.

OB3-OB6 of the OUTPUT MODULE flow revolves the line value in MEMORY
MODULE area 1 through its corresponding iso-entropicgram to its input or 0 line. The
revolve is done in two steps to help implement the DEL function and for clipping, which
will be explained in more detail after completing the description of the “regular output”
function. The number of lines through which the line value must be revolved to reach the
input line is the difference between the iso-entropicgram width in OHW and the line
number of the line value in OLINE. This value is computed during OB3. Using the
DELTA MODULE, the largest component power of 2 of that difference is determined and
stored in register ORSN during OB5 and the remaining component powers of 2 are
represented by the value left in DELI of the DELTA MODULE. It will be recalled that the
number of lines equal to all component powers of 2 must be revolved before the input line
will be reached. However, again to help implement the DEL function, the OUTPUT
MODULE first causes the REVOLVE MODULE to revolve the line value through the
remaining lines to be revolved designated by the value remaining in DELI of the DELTA
MODULE (OB6) and later OBS revolves the revoived line value through lines equal to the
largest component power of 2. Return now to the actual operation.

OB3-OB6 of the OUTPUT MODULE flow is used for revolving the line value in
MEMORY MODULE area 1 toward the input line of its iso-entropicgram and to
determine the largest component power of 2 for storage in the register ORSN for use during
the DEL function. OB2 of the OUTPUT MODULE flow is used to check the content of
register OLINE to see if it is 0. Register OLINE contains the line number for the line value
stored in the MEMORY MODULE. If the line number is 0, it is not necessary to revolve
the line value since it is already at the input row. Hence, OB3-OB6 can be skipped.
Therefore, if the content of OLINE is 0, a true signal is formed at the output OLo of the
OLINE register. Also, the DEL function is not being performed and flip flop DELOP is in
state 0 and a signal is formed at output DELOP. The logic P1.OL0o.DELOP becomes true
and the following pulse at CLK resets flip flop P2 to 0 and sets flip flop P-10 to 1, causing
OB7 of the OUTPUT MODULE flow to be entered, thereby skipping the revolve steps of
OB3-0B6. :

However, return to OB2 and assume that the line value is not at 0 and hence register
OLINE does not contain a line number of 0 and OLo is true. The true signal at CLK is
formed while a true signal is formed at the P1 output. A true signal is formed at the OLo
output of register OLINE (thereby indicating that its contents are not 0) and the logic
P1.OLos true and the pulse at CLK resets the P1 flip flop to 0 and sets the P2 flip flop to 1.

At this point, the OUTPUT MODULE forms a true signal at the P2 output and OB3 of
the OUTPUT MODULE flow is entered. As mentioned, OB3-OB6 are used to partially
revolve the line value of the seed toward the 0 or input line of its iso-entropicgram. During
OB3, the difference between the seed line number contained in register OLINE and the
iso-entropicgram width contained in register OHW is computed. This difference is the
actual number of lines by which the seed’s line value contained in MEMORY MODULE
area 1 must be revolved in order to get its input line. Thus, in the OUTPUT MODULE, the
true signal at the P2 output causes selection circuits DS4 and DSS5 to couple the content of
registers OHW and OLINE to the ALU and causes a true signal at the S input of ALU. The
ALU forms a signal at its OP output, representing the difference between the
iso-entropicgram width and the seed line number contained in registers OHW and OLINE.
The true signal at P2 also causes the DS6 selection circuit to couple the difference signal
from the OP output of ALU through to its output. The true signal at the P2 output also
causes a true signal at the OM2 output of the OUTPUT MODULE. The true signal at OM2
causes the output from the DS6 selection circuit to be coupled in the DELTA MODULE
through the DELS selection circuit to the DELI register. The true signal at CLK causes true
signals to be formed at the OM3 and OM4 outputs of the OUTPUT MODULE. The true
signal at the OM4 output causes the DELI register to store the difference value from
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selection circuit DS6 of the OUTPUT MODULE into its shift register 302. The true signal
at OM3 calls the DELTA MODULE by triggering the DELGO multi-vibrator. The
DELTA MODULE then computes the highest component power of 2 of the difference
value (OHW - OLINE) and forms it in its register DELO in the manner described for the
DELTA MODULE.

Before the DELTA MODULE completes its operation it forms a true signal at the

DELMEND output. The true signal at the P2 output, together with true signals at the
DELMEND and CLK outputs cause the logic P2. DELMEND.CLK to become true in the

clock suspension logic 822. This causes the CS input to the clock control 700 to become true
and thereby suspend the pulses at the CLK and CLK outputs. The DELTA MODULE
continues, as described hereinabove, to determine the largest component power of 2 of the
difference value stored in the DELI register, and when this is complete, control is returned
back to the OUTPUT MODULE. .

When the DELTA MODULE has finished, control is returned back to the OUTPUT
MODULE by the DELTA MODULE by forming a true signal at the DELMEND output,
thereby forming a false signal at the DELMEND output. The false signal at the
DELMEND output causes the clock suspension logic 822 to form a false signal at the CS
input to the clock control 700 which, in turn, causes clock pulses to be formed at the CLK
and CLK outputs. The first pulse at CLK causes the flip flop P2 to be reset to 0 and causes
flip flop P3 to be set to a 1 state.

At this point, OB5 of the OUTPUT MODULE flow is entered, output P3 being true.
The true signal at P3 causes register ORSN to store the largest component power of 2 from
register DELO in the DELTA MODULE. OB6 of the OUTPUT MODULE flow is now
entered. After all component powers of 2 are formed, a true signal is formed at the output
DELEND of the DELTA MODULE. The true signal formed at the DELEND output of
the DELTA MODULE and the P3 output of flip flop P3 (OUTPUT MODULE) sets the
DD f{lip flop in the OUTPUT MODULE to a 1 state. The logic P3.DELEND is true,
causing a true signal at the OMS5 output which, in turn, triggers the REVGO one-shot in the
REVOLVE MODULE, causing the REVOLVE MODULE to revolve the value line
contained in MEMORY MODULE area 1 through the number of lines of its
iso-entropicgram specified by the remaining lines to be revolved signal contained in the
DELI register of the DELTA MODULE after computing the largest component power of
2. As discussed above, the remaining lines to be revolved can be represented by the
following: iso-entropicgram width (HW) - line number (OLINE) = largest component
power of 2 (ORSN). During, the operation of the REVOLVE MODULE, the true
condition of logic P3.REVEND.DD causes the clock suspension logic 822 to form a true
signal at the CS input of the clock control, thereby causing the clock control to disable
further pulses at the CLK and CLK output. Finally, when the REVOLVE MODULE
finishes its operation (i.e., revolved the line value through a number of lines equal to
HW-OLINE-ORSN), the REVOLVE MODULE forms a false signal at the REVEND
output, thereby causing the logic P3 REVEND.DD of the clock suspension logic 822 to
become false and enable clock pulses at CLK and CLK. Additionally, the logic P3.DELOP
is true, thereby setting flip flop P10 to a true state and resetting flip flop P3 to a 0 state at the
following pulse at CLK.

At this point, true signals are formed at the P10 output and OB8 of the OUTPUT
MODULE flow is entered. The true signal at P10 causes the OPSW flip flop to besettoal
state to indicate that clipping may take place, if required, in the ENCODE MODULE.
Clipping may only take place during the production of the original occurrence vector and at
no other time, otherwise errors may result during the revolve operation.

During the true signals at P10 and CLK, true signals are formed by the logic P10, P11+
P10) CLK. P10.CLK, causing true signals at the outputs OM2, OM4, OMS5 of the
OUTPUT MODULE. The true signal at P10 causes the selection circuit DS6 to couple the
Jargest component power of 2 from register ORSN to register DELI in the DELTA
MODULE. The true signal at OMS calls the REVOLVE MODULE which, in turn,
revolves the revolved line value contained in the MEMORY MODULE down the
remaining number of lines specified by the largest component power of 2 stored in DELI of
the DELTA MODULE.

The true condition of logic P10 _CLK.REVEND causes clock suspension logic to disable
clock pulses at the CLK and CLK outputs of clock control 700. When the REVOLVE
MODULE completes its operation, the signal at REVEND goes false and clock suspension
logic 822 again causes clock control 700 to form pulses at CLK and CLK. One of the flip
flops S31 and S33 in the SWITCH MATRIX is true, indicating the MEMORY MODULE
area containing the revolved line value and the selection circuit DS7 couples the coded
signal from the corresponding switch to the information input of register OAR. The true
condition of the logic P10.REVEND causes the register OAR to store the signal so that it
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will identify the MEMORY MODULE area containing the revolved line value. The
revolved line value is now the input line of the iso-entropicgram. Note that the MLN3
register of the ENCODE MODULE now contains the length of the revolved line value.
The true condition of logic P10.REVEND also causes register OLN to store the length of
the revolved line value from register MLN3 of the ENCODE MODULE.

The true condition of logic P10.REVEND also causes a true signal at the MT input of
clock control 700 which in turn causes a true pulse at output OUTEND and at M7, thereby
signalling an end of the OUTPUT MODULE operation and terminating further pulses at
CLK and CLK and resetting control counter 813 to 0.

With the detailed description of the ‘“regular output” operation for the OQUTPUT
MODULE in mind, consider now the DEL function.

As discussed above, the DEL function is to check for the presence of an occurrence value
in the input line using one of the non-input lines of the iso-entropicgram. The sequence of
operation required for the DEL function is briefly set forth under section XIII-A above.

Additionally, the MINI COMPUTER loads the MEMORY MODULE area 1 with the
line value of the seed (non-input line) and loads MEMORY MODULE area 2 with the
change vector. The change vector is in hybrid coded form and represents one or a plurality
of occurrence values, each of which identifies an occurrence value in the input line for the
seed which is to be checked for presence. In other words, if the change vector represents
occurrence values 2, 6 and 8, each one of occurrence values 2, 6 and 8 in the input line for
the seed is to be checked for presence. The DEL function allows this checking operation to
be performed without revolving the non-input line value of the seed back to the input line of
the iso-entropigram.

In addition, the IPRF is loaded as follows:

LN2 with the length of the line value of the change vector;

LN1 with the length of the line value of the seed;

HW with the width of the iso-entropicgram for the seed;

LINE# with the line number of the line value for the seed.

Also flip flops DELOP of the DPM INTERFACE MODULE is set to 1 to indicate a
DEL function operation. This causes a true signal at the SET DELOP output of the DPM
INTERFACE MODULE thereby setting the DELOP flip flop to a 1 state, indicating that
the DEL function is to be performed.

The operation of the OUTPUT MODULE is then called by the MINI COMPUTER by
forming a true signal at the OUTGO, thereby triggering the clock control 700, causing it to
reset the control counter 813 and start forming pulses at the CLK and CLK outputs. The
operation during OB1 through OB6 of the OUTPUT MODULE flow is identical to that
described hereinabove with respect to the “regular output™ operation and will not be
repeated.

Rssume now that the operation of the OUTPUT MODULE during the DEL function
has progressed through OB6 of the OUTPUT MODULE flow similar to that described
above. At this point the following has taken place: the difference between the
iso-entropicgram width (OHW) and the line number (OLINE) has been computed and sent
to DELI in the DELTA MODULE; the largest component power of 2 of this difference has
been determined by the DELTA MODULE and the result has been stored in register
ORSN of the OUTPUT MODULE; the REVOLVE MODULE has revolved the line value
of the seed down a number of lines in its iso-entropicgram where the number of lines is
equal to the remaining number of lines after the largest component power of 2 (e.g., OHW
- OLINE - ORSN). In other words, the original seed line value has now been revolved
through its iso-entropicgram until it is within a number of lines from the input line which
equals the largest component power of 2 contained in ORSN.

However, in contrast to the operation during the regular output, the operation during the
DEL function has flip flop DELOP in a 1 state and therefore, during OB7, when a true
signal is formed at the P3 output of flip flop P3 of the control counter 813, the logic
P3.DELORP is true and the following pulse at CLK resets flip flop P3 to 0 and sets flip flop
P4 to a 1 state. )

The MINI COMPUTER forms a true signal at output OUTGO which causes a true signal
at the IN input of the clock control 700. Subsequently, pulses are formed at the CLK and
CLK outputs of the clock control 700.

The outputs P1-P10 are now in a 0 state, causing the logicP1 + P2 ... + Pil0to
be true. The following pulse at CLK sets flip flop P1 to a 1 state, thereby forming a true
signal at the P1 output. Block OB1 of the OUTPUT MODULE flow is now entered.
During OB1, the ENCODE, DECODE I and II and DELTA MODULES and the
SWITCH MATRIX are initialized, thereby gating informatijon to the proper registers. To
this end, the true signal at the P1 output causes the OUTPUT MODULE to form a true
signal at the output OM16. The true signal at the output OM16 causes the following action
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in the DECODE I and Il MODULES: gates 218 and 220 of DECODE I and a data selector
DDS1 of DECODE II couple the length value from LN2 of IPRF to registers MLN1 and
MLN?2, respectively; in the ENCODE MODULE BL (bottom limit) and TL (top limit)
fro&nér?}]iF are coupled through their respective data selectors to the input of registers EBL
an .

The logic P1.CLK becomes true, causing a true signal at output OM1 which in turn
initializes the DELTA MODULE by setting DELFST. A true signal at P1 also initializes
the SWITCH MATRIX.

OB9 of the OUTPUT MODULE flow is now entered and a true signal is formed at the
P4 output, which in turn causes true signals at the following OUTPUT MODULE output
circuits: OM6, OM8, OM21. The true signal at the OM6 output causes an inhibit signal
from inverter 1444 in the SWITCH MATRIX while a clock signal is formed at the OM7
output of the OUTPUT MODULE. The reason for the inhibit signal will be explained in
detail in connection with the SWITCH MATRIX. However, in general terms the current
revolved line value is now stored in either area 1 or area 3 of the MEMORY MODULE and
must now be read by the DECODE I MODULE during the subsequent operation by the
OUTPUT MODULE. Also the SWITCH MATRIX remains set so that the DECODE II
MODULE re-reads the change vector from MEMORY MODULE area 2 and the
ENCODE MODULE writes into the other one of areas 1 and 3 where the revolved line
value is not stored. Accordingly, the inhibit signal prevents the setting of the SWITCH
MATRIX from being changed for the DECODE 11 MODULE but permits a change in
setting for the DECODE I and ENCODE MODULES during the subsequent clock at the
OM7 output of the OUTPUT MODULE.

The true signal at the OM21 and OM8 outputs initializes the DECODE I and II
MODULES by setting the DIFST and D2FST flip flops therein to 1 states. Additionally,
the true signal at P4 sets the OPSW flip flop to a 1 state, thereby indicating that the clipping
function may now be performed by the ENCODE MODULE and causes the register ORT2
to store the length value from register MLN1 in the DECODE I MODULE into register
ORT?2 of the OUTPUT MODULE. Register MLN1 in the DECODE I MODULE now
contains the length of the revolved line value and this value must now be saved in register
ORT2 to enable a re-read of this line value.

The following pulse at the CLK output causes flip flop P4 to be reset to 0 and flip flop P5
to be set to a 1 state, thereby causing OB10 of the OUTPUT MODULE flow to be entered.

During OB10, a true signal is formed at the P5 output of the control counter 813. The
true signal at the P5 output causes true signals at the OM10 output of the OUTPUT
MODULE. The true signal at the OM10 output causes flip flop S22 in the SWITCH
MATRIX to be set to a 1 state, thereby indicating that the DECODE II MODULE is to
read from MEMORY MODULE area 2 (where the change vector is stored) and causes a
selection circuit in the DECODE II MODULE to enable the length of the line value for the
change vector contained in register ORT3 to be coupled through to the information input of
register MLN2 inthe DECODE 1T MODULE.

The following pulse at the CLK output causes the logic P5.CLK to become true and true
signals are formed at the OM11 and OM?20 outputs of the OUTPUT MODULE. The true
signal at the OM11 output calls the DECODE 11 MODULE by setting its D2GO one-shot
multi-vibrator and causes the register MLN2 in the DECODE IT MODULE to store the
length of reference line from register ORT3.

The true signal at P35 also causes OB11 of the OUTPUT MODULE flow to be entered. It
is during this block that the DECODE II MODULE is called, thereby causing the first
occurrence value from the change vector to be provided.

The logic PS.D2END.CLK forms a true signal at the CS input of the clock suspension
logic 822, thereby causing the clock control 700 to suspend further clock pulses. After the
DECODE II MODULE has finished its operation of reading and decoding the first
occurrence value from the change vector, the true signal at the DZEND output of the
DECODE II MODULE goes false, causing the clock suspension logic 822 to remove its
signal from the CS input of the clock control 700, thereby enabling clock pulses to again be
formed at the CLK and CLK outputs.

If, during the operation of the DECODE II MODULE, it was found that the last
occurrence value from the change vector had previously been read and that no additional
occurrence values could be provided, the DECODE II MODULE sets its EOF?2 flip flop to
a 1 state, thereby causing a true signal at the EOF2 output. The true signal at P5 causes the
flip flop P6 to be set to a 1 state and flip flop P5 is reset to a 0 state at the following pulse at
CLK and OB27 is entered.

During OB27 of the OUTPUT MODULE flow, the true signal at the P6 output, together
with the true signals at the EOF2 and CLK outputs causes the logic P6.EOF2.CLK to
become true. thereby forming a true signal at the OM15 output which in turn causes the
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ENGO one-shot to be set, thereby calling the operation of the ENCODE MODULE. In
addition, the logic P6.EOF2 is true, forming a true signal at the OM18 output, thereby
causing the ELAST flip flop in the ENCODE MODULE to be set to a 1 state indicating
that this is the last call on the ENCODE MODULE and that the last entry from the input
line, if any, is to be written out into a MEMORY MODULE area in hybrid coded form. To
be explained in more detail the values so written out are in hybrid coded form and represent
the occttirrence values, identified by the change vector, which are present at the input line of
the seed.

Continuing with the operation, the true signal at the P6 output causes the flip flop P7 to
be set to a 1 state and flip flop P6 is reset to a 0 state at the following pulse at CLK, causing
OB29 to be entered.

During OB29 of the OUTPUT MODULE flow, registers OAR and OLN contain values
identifying the MEMORY MODULE area containing final output and the length of this
area and the OUTPUT MODULE is exited.

However, consider now the operation assuming that the last occurrence value from the
reference line has not been read and that the signal at the EOF2 output is true and consider
the operation following OB11 after the DECODE II MODULE has been called to provide
the next occurrence value from the change vector.

The true signal at the PS5 output at the CLK following the clock suspension causes flip flop
P6 to be set to a 1 state and flip flop PS5 to be reset to a 0 state, thereby causing OB12 to be
entered.

The true signal at the P6 output causes the selection circuit DS3 to couple the occurrence
value (from the change vectorg) in the DO2 register of the DECODE II MODULE to the
information input of the OR2 register, and causes the register OR2 to store the occurrence
value. Additionally, the true signal at P6 causes the ORTI register to store the same
occurrence value into register ORT1.

The true signal at the P6 output also causes the flip flop SS to be set to a 1 state and the
flip flop SW to be reset to a 0 state. Flip flop SS is set to a 1 state and will subsequently be
reset to 0 to indicate that the first pass through OB18 and OB20 is about to be undertaken.
To be explained, the next time through OB18 and OB20, flip flop SS will be in a 1 state.
The flip flop SW is used to indicate if an occurrence value, corresponding in value to the
occurrence value from the change vector, is present at the input line corresponding to the
revolved line. As previously explained, an occurrence value is present at the input line if the
revolved line value in the MEMORY MODULE, being read by the DECODE I
MODULE, has an occurrence value equal either to the occurrence value from the change
vector or equal to the occurrence value from the change vector minus the largest
component power of 2 in the register ORSN. In actual operation, the flip flop SW is used to
exclusive OR the presence of an occurrence value in the revolved line value equal to the
occurrence value from the change vector with the presence of an occurrence value in the
revolved, line which is equal to the same change vector occurrence value less the largest
component power of 2. In order to cause the flip flop SW to perform its exclusive ORing
function, it is initially set to a 0 state and, to be explained in more detail, the flip flop SW
will end up in a 1 state if the exclusive OR results in a true condition, whereas it ends up in a
0 state if the exclusive OR is a false condition.

OB13 of the OUTPUT MODULE flow is now entered. The true signals at the P6 output
and the EOF2 output (the latter indicates that the DECODE II MODULE has not reached
the end, or last occurrence value, of the change vector) and the true signal at the CLK
output causes the logic P6.EOF2.CLK to become true, thereby forming a true signal at the
OM12 output. The true signal at the OM12 output of the OUTPUT MODULE causes the
D1GO one-shot in the DECODE I MODULE to be set, thereby calling the operation of
the DECODE I MODULE, causing it to read the first occurrence value from the revolved
line value. The logic P6.DIMEND .CLK is true, thereby causing the clock suspension
logic 822 to disable the clock control thereby suspending further pulses at the CLK and
CLK outputs. When the DECODE I MODULE has provided the occurrence value from
the revolved line value, a false signal is formed at the DIMEND output from the DECODE
I MODULE, thereby causing the logic P6.DIMEND.CLK to become false, thereby
causing the clock suspension logic to enable the clock control 700 to commence forming
pulses at the CLK and CLK outputs. Assume that the DECODE I MODULE has not
reached the end of the revolved line value and hence a true signal is not formed at the EOF1
output and a true signal is formed at the EOF1 output. The true signal at the P6 output
causes flip flop P7 to be set to a 1 state and P6 is reset to a 0 state at the following pulse at
CLK, thereby causing CB14 of the OUTPUT MODULE flow to be entered.

During OB14, a true signal is formed at the P7. CLK output of the control counter 813
which causes the register OR1 to form at its output the occurrence value which was read
from the revolved line value by the DECODE I MODULE. When the signal at P7 is
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removed, the register OR1 will retain and store the value, which is a characteristic of the
register.

OB15 of the OUTPUT MODULE flow is entered. During OB15, the true signal is still
formed at the P7 output. The true signal at the P7 output causes the selection circuits DS4
and DS5 to couple (1) the line value occurrence value from register OR1, and (2) the test
occurrence value (from the reference vector) from register OR2 to the inputs of the ALU.
Initially, the true signal at the P7 output causes the compare (C) input of the ALU to be
activated, thereby causing the ALU to compare the two input values. It should be noted
that three possible conditions may result from the compare. These possible conditions are
as follows: (1) OR1 = OR2; (2) OR1>0R?2; and (3) OR1<OR2. It will be recalled from
the theoretical discussion that the revolved line value of the delta is to be aligned so that its
rightmost or largest occurrence value, contained in ORI, is aligned with the rightmost
oceurrence value in the line of the iso-entropicgram to which it is applied. If the rightmost
occurrence value is equal to the test occurrence value, the contents of OR1 = OR2 at this
point, and the two lines are aligned and the state (0) of flip flop SW is exclusive OR’d with 1
and therefore is set to a 1 state. Thus, if the ALU forms a true signal at the E output, one
input to the AND gate 802 is true. Additionally, at this point, output EOF1 from the
DECODE I MODULE is false. Hence, a true signal is formed by the logic P7. EOF1 at the
other input, causing AND gate 802 to form a true output. The flip flop SW forms a false
signal at the SW output and hence the exclusive OR gate 804 forms a true signal at the
upper side input of flip flop SW. Additionally, since the ALU forms a true signal at the E
output, the OR gate 805 forms a true signal at the LE output. Therefore, the logic P7.(LE
+ EOF1).CLK is true and the exclusive ORing flip flop SWisset to a 1 state corresponding
to the true input from exclusive OR gate 804.

Assume a non-aligned condition where the occurrence value (from the revolved line)
contained in OR1 is greater than (>) the test occurrence value contained in register OR2.
The ALU will form a true signal at the G output but will not form a true signal in either the
L or E output. The gate 805 will therefore form a false signal at the LE output, causing the
logic P7.(LE + EOF1).CLK to be false and flip flop SW will remain unchanged.
Additionally, if OR1>OR2, a decision cannot be made and values must be read from the
revolved input line until a decision can be made, i.e., OR1<OR2. Accordingly, the logic
P7.EOFL.G will be true and hence flip flop P7 will be reset to a 1 state, causing OB13,
OB14 and OB15 of the OUTPUT MODULE flow to be re-entered where the DECODE 1
MODULE provides the next lower occurrence value from the revolved line value. It should
be noted that the DECODE I MODULE provides the occurrence values from the revolved
line value in decreasing value order. Accordingly, the DECODE I MODULE will be
moving through the revolved line value in a direction toward the smaller values to bring the
line value into alignment with the larger occurrence value contained in the OR2 register.

Assume that during OB15 the third condition is found where the occurrence value from
the line value in ORI is less than (<) the test occurrence value (from the reference line)
contained in OR2. Under these conditions, the occurrence value from the line value is less
than (<) the occurrence value from the reference line contained in OR2 and hence lies to
the left of the position under test. This means that it is no longer necessary to look for the
test occurrence value because the revolved line value does not contain this occurrence
value. Therefore, the occurrence value in the revolved line value which is to the left of the
one under test (OR2) by the number of occurrence value specified by the largest
component power of 2 contained in register ORSN is next to be checked for presence. This
is done by incrementally decrementing the value in register OR2 by the value in register
ORSN and by causing the DECODE I MODULE to continue providing the occurrence
values in the revolved line value in sequence.

To this end, OB16 of the OUTPUT MODULE flow is entered. The second time through
the status of flip flop SW is not known but it is to remain unchanged. Therefore, its state is
XOR'd with 0. To this end, the output E from the ALU is false and the gate 802 forms a
false input to the OR gate 804 causing the exclusive OR gate in turn to apply a false signal at
the upper left side of the flip flop SW. Hence, during OB16, the exclusive OR flip flop
remains unchanged. Following OB30, or following OB16, a true signal is formed at the P7
and LE outputs. This causes the logic P7.(LE + EOF1) to become true and the following
pulse at CLK resets flip flop P7 to a false state and sets the flip flop P8 to a 1 state, thereby
causing OB17 to be entered.

The true signal at the P8 output causes OB17 to be entered. The leading edge of the true
pulse at P8 triggers the SS flip flop from a 1to a 0 state. OB18 is now entered where the
state of the SS flip flop is checked. Since the SS flip flop is now in a 0 state indicating that
this is the first pass through OB18 et seq., for the particular test occurrence value from the
reference line contained in OR2, OB24 and OB25 of the OUTPUT MODULE flow are
entered.
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During OB24 and OB25, the test occurrence value in register OR2 is modified to a test
occurrence value which is to the left of the test occurrence by the number of occurrence
values specified by the value in ORSN. In other words, it is necessary to form a test
occurrence value signal which identifies the next occurrence value in the line of the delta
iso-entropicgram which corresponds to the largest component power of 2 in register ORSN.

Considering the above operation in more detail, the true signal at the P8 output causes
the selection circuits DS4 and DS5 to couple the test occurrence value from register OR2
through to the left input of the ALU and couple the largest component power of 2 from
register ORSN to the right hand input of the ALU. The true signal at P8 also causes the
ALU to subtract the content of ORSN from OR?2 and form a difference value signal at its
output OP. If the result is greater than or equal to 0, which is the usual case, the resultant
difference signal has not resulted in a value which is to the left of or off the end of the
iso-entropicgram. To be explained in more detail, should the difference signal have resulted
in a value which is less than 0 (OR2<0), a position off the end of or to the left of the
iso-entropicgram would result and OB19 would be entered.

Assume that the difference is equal to or greater than 0 (OR2=0). The true signal at the
P8 output_causes flip flop P9 to be set to a 1 state and flip flop P8 to be reset to 0 at the
following CLK, thereby causing OB20 to be entered.

The true signal at the P8 output causes the difference signal formed at the output of ALU
to be coupled through the DS3 selection circuit back to the input of register OR2 and the
true condition of logic P8.SS.CLK causes register OR2 to store the difference value. Thus,
OR2 now contains the original test occurrence value decreased by the largest component
power of 2 contained in register ORSN. .

During OB20, true signals are formed at the P9 and SS outputs (i.e., flip flop SS isin a 0
state), thereby causing OB26 to be entered.

If during OB26 the content of register OR2 is equal to or greater than (=) 0, meaning
that it is still within the width of the iso-entropicgram, then it is necessary to re-enter OB14
et seq. where the new test occurrence value contained in register OR2 is compared against
the occurrence value from the revolved line value stored in OR1, to determine whether
they are equal. To this end, a true signal is formed at the QR20 output of the OR2 register,
indicating that the OR?2 register is not 0 and the logic P9.SS. OR20 becomes true and the
following pulse at CLK triggers the P7 flip flop to a 1 state and resets the P9 flip flop to a
false state, thereby causing OB14 of the OUTPUT MODULE flow to be entered.

During OB14, a true signal at the P7. CLK output again causes the register OR1 to store
the next occurrence value from the revolved line value which is still stored in register DO1
of the DECODE I MODULE.

During OB15, register OR1 contains the occurrence value from the revolved line value
and register OR2 contains the test occurrence value. As discussed above, should the values
contained in OR1 and OR2 be equal, OB30 is entered. If flop flop SW is now in a 1 state,
the AND gate 802 and the exclusive OR gate 804 will apply a true signal to the exclusive
ORing flip flop SW, causing it to change to a 0 state. A 0 state of the SW flip flop at this
point indicates that the revolved line value contains occurrence values equal to those
designated by both the test occurrence value from the reference line and the calculated
occurrence value which the ORSN positions to the left. This indicates that an occurrence
value equal to the test occurrence value from the reference line is not present in the input
line of the iso-entropicgram for the seed. If, on the other hand, the comparison during
OB15 reveals that the occurrence value from the revolved line value contained in ORI is
greater than (>) the value contained in register OR2, the OUTPUT MODULE, through
the DECODE I MODULE, has not yet reached the position in the revolved line value
corresponding to that now specified by register OR2. Accordingly, OB13 is again entered
where the DECODE I MODULE is again called, causing the next occurrence value from
the revolved line value to be provided and during OB14, stored in register OR1. It will be
noted that OB13 is re-entered with flip flop P7 in a true state, the logic P7.EOF1.G causing
flip flop P7 to be reset at the pulse at CLK.

This operation continues causing occurrence value after occurrence value in the revolved
line value to be provided by the DECODE I MODULE until one is stored in OR1 which is
equal to or less than the computed test occurrence value stored in register OR2. If an
equality is found, then OB30 is entered where, as discussed above, the exclusive OR flip
flop is complemented. If an entry is stored in register OR1 that is less than the value in
register OR2 before an equality is detected, OB16 of the OUTPUT MODULE flow is
entered where the SW flip flop remains in its previous state. The 0 state of the SW flip flop
then indicates that the occurrence value under test is not present at the original input line. If
SW flip flop is in a 1 state, the occurrence value under test is present.

If during OB15 it is found that the content of OR1 is equal to (E) or less than (L) that of
registers OR2, the OR gate 805 forms a control signal at the LE output. The true signal at
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the LE output causes the logic P7.(LE + EOP1) to become true and flip flop P8 issettoal
state and flip flop P7 is reset to a 0 state at the following pulse at CLK as described above.

OB17 is now entered for the second time. The true signal at the P8 output causes the SS
flip flop to be reset from a 0 to a 1 state, thereby indicating that this is the second pass
through OB18 et seq. The 1 state of the SS flip flop and the true signal at the SS output
causes OB19 to be entered where the state of the SW flip flop is checked.

If the SW flip flop is in a 1 state, OB22 is entered. During OB22, the true signal at the P8
output causes the OM13 output of the QUTPUT MODULE to be true and thereby enable
the appropriate circuits in the ENCODE MODULE in preparation for causing the
ENCODE MODULE to write out the occurrence value contained in ORTL. The test
(())c];lirzrence value from the reference is still in register ORT1 where it was stored during

During OB23, true signals are formed at the SS and SW outputs and the following pulse
are CLK causes the logic P8.SS.SW.CLK to become true which in turn forms a true signal
at the OM14 output, thereby calling the ENCODE MODULE.

The true signal at the P8 output causes the flip flop P9 to be set to a 1 state and flip flop P8
is reset to a O state at the following pulse at CLK and OB20 is entered.

Assuming that the flip flop SS is in a 1 state, a true signal is now formed by the logic
P9.SS causing the output circuits OM17 and OM21 from the OUTPUT MODULE to be
true. The true signal at the OM17 output is applied to the DECODE I MODULE, causing
its MLN1 counter to be set to the value contained in register ORT2 in the OUTPUT
MODULE. (D1FST causes MARTI to be reset on the first call to DECODE I). It will be
recalled that ORT?2 contains the length of the revolved line value. Additionally, the true
signal at the OM21 output sets the DIFST flip flop in the DECODE I MODULE. Thus,
the DECODE I MODULE has now been set so that its next call will cause it to again start
reading the beginning of the revolved line value to use for a further test occurrence value
from the reference line.

OB11 of the OUTPUT MODULE flow is now re-entered and the true signal at the
P9.SS.CLK logic causes a true signal at the OM11 output. The true signal at the OM11
output causes the DECODE II MODULE to again be called, this time reading out the next
test occurrence value from the reference line designating the next occurrence value in the
input line of the iso-entropicgram to be tested (if any). The value is stored in registers
ORT1 and OR2 during OB12 as discussed above for the first test occurrence value from the
reference line.

The sequence of operation discussed above is then repeated to determine whether there
is an actual occurrence value in the input line of the iso-entropicgram specified by the test
value contained in registers ORT1 and OR2. If so, the occurrence value is encoded by the
ENCODE MODULE and stored in the MEMORY MODULE. This operation continues
until the last test occurrence value of the reference line has been read by the DECODE II
MODULE and processed. After this occurs, the operation of the OUTPUT MODULE
returns from OB21 to OB11 at which time it is found that the EOF2 flip flop in the
DECODE II MODULE is in a 1 state, indicating that the last test occurrence value from
the reference line has been read. A true signal is now formed at the EOF2 output causing
OB?27 and OB28 to be entered where the true signal at P6 causes the ENCODE MODULE
10 be called for the last time and the last encoded value, if any, is stored in the MEMORY
MODULE. :

D. Example of Operation

The following is an example of the “regular output” operation of the QUTPUT
MODULE., using the example of Table 4-B. Symbolic notation is used to indicate the
sequence of operation.

The line value of the seed is assumed to be in MEMORY MODULE area 1 and in hybrid
code is as follows:

10000111) occurrence values 7, 6, 3, 2, 0,
01011001) physical length = 2
The following is stored in the IPRF:
LINE = 7 seed line number;
HW = 16 iso-entropicgram width;
IN1 = 2 physical length of seed line value;
TL = 16 top clipping limit;
BL =0 bottom clipping limit;
IR = interval value;

DELOP = 0 DEL function not requested.
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Sequence of control OB1-OBS:
OB1 OPSW = 0 turn off clipping f/f;
ORSN = 0 clear;
OHW = HW=16 iso-entropicgram width;
5 OLINE=LINE= 7 seed line number; 5
OB2 OLINE # 0
<. go to OB3
OB3 DELI(9)=0OHW(16)
-OLINE (7) - DELI contains the number of lines seed line
10 value must be revolved to get original input; 10
OB4 call DELTA MODULE DELTA MODULE generates highest
DELO = 8 component power of 2 in 9 which
is 8 and DELI contains the remainder
of 1 upon return;
15 OB5 ORSN = DELO = 8 save the result in ORSN; 15
OB6 call REVOLVE revolve the seed line value down the
number of lines remaining in DELI,
in this case, generate line 8;
OB7 DELQOP = 0
20 .. go to OB8 20
OB8 DELI = ORSN = 8 turn on the clipping;
call REVOLVE function and revolve down ORSN (8)
OPSW = 1 lines;
OB9 OAR = output area which contains the event’s original occurrence vector;
25 OLN = 3 the length of this area 25
HALT.
The following is an example of the DEL operation of the OUTPUT MODULE using the
example of Table 4-B. Symbolicjsnotation is again used to indicate the sequence of
30 operation. The content of IPRF is as follows: 30
LINE = 7
HW = 16
TL = 16
35 BL = 0 35
IR=0
IN1 =2
IN2 = physical length of reference line
DELOP =1 to indicate the DEL function. 40
40 -
MEMORY MODULE area 2 contains the following hybrid coded representation of seed
line value;
10000111) occurrence values 7, 6, 3, 2, 0,
45 01011000) - physical length = 2; 45
MEMORY MODULE area 1 contains the following hybrid coded representation of the
reference line:
50 10001100) 50
. 10001000)
10000011)
10000000) test occurrence values 12, §, 3, 0
55 Intermediate seed line result line 8 of iso-entropicgram (Table 4-B): 35

10001000)
01101010) occurrence values 8, 6, 4, 2, 1, 0

00000001) length = 3;



97

1 570 341 97
Sequence of control:
OB1-OB6 same as for example of regular output given above.
At this point, line 8 of the iso-entropicgram has
5 been generated, 5
OB7 DELOP =1 .. OB9
OB9 initialize DECODE I, IT and ENCODE MODULES;
DIFST = D2FST = 1
ORT2 = MLN2 = 3
10 OBI10  SetS22in SWITCH MATRIX; assure DECODE Il reads from 10
proper area;
MLN2 « ORT3 = 4 length of reference line;
OBI11 call DECODE 11 read a column index;
DO2 = 12 EOF1 = 0 to be checked;
15 SS=1SW =0 15
OB12 OR2 = ORT1 = 12 save the value read;
OB13 call DECODE 1 read a value from line 8 of the
DO1 = 8 EOF1 = 0 iso-entropicgram;
OB14 OR1 =8 save it;
20 OB15  ORI(8)<OR2(12) .. 20
go to OB16 stimulate XOR;
OB16 SW(0) = SW(0) XOR @ 0
OB17 SS =0
OB18 SS = 0 .. go to OB24
25 OB24  OR2(4) = OR2(12) - ORSN(8) 25
next position to be checked;
0OB25 OR2(4) > 0 .. go to OB20
OB20 SS = 0 .. go to OB26
OB26 OR2(4) > 0 .. go to OBl4
30 OB14 ORIl =DO01 =38 30
OB15 OR1(8) > OR2(4) .. go to OBI3
OB13 call DECODE I
DO1 = 6 EOF1 = 0
OB14 OR1 = DO1 = 6
35 OBI5  ORI1(6) > OR2(4) . go to OBI3 35
OB13 call DECODE 1
DO1 = 4 EOF1 = 0
OB14 OR1 = DO1 = 4
OB15 OR1 = OR2 = 4 .. go to OB30
40 OB30 SW()=SW(0)D1 40
OB17 SS =1
OB18 SS =1 .. go to OB19
OB19 SW = 1 .. go to OB22
0B22 EI(12) = ORTI(12) write out the test occurrence
45 value; 45
0OB23 call ENCODE
0OB20 SS = 1 .. go to OB21
OB21 MLN1 = 3 reset the DECODE I MODULE;
DIFST = 1
50 OB11  call DECODE II 50
DO2 = 8 EOF2 = 0
OB12 SW=0SS =1
OR2 = ORT1 = &
OB13 set DECODE 1
55 DO1 = 8 EOF1 = 0 55
OB14 OR1 = DO1 = 8
OB15 OR1(8) = OR2(8) .- go to OB30
OB30 SW(1) = SW(0)®D 1
OB17 SS =
60 OB18 SS =0 .. go to OB24 60
0OB24 OR2(0) = OR2(8) - ORSN(8)
OB25 OR2 = 0 .. go to OB20
0OB20 SS = 0 .. go to OB26
OB26 OR2 = 0 .= go to OBl4
65 OB14 ORIl =38 65
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OB15  ORI(8) > OR2(0) .. go to OB13
OB13  DECODE I
DO1 = 6 EOF1 = 0
OB14 ORI = DOI = 6
5 OBI5  ORI(6) > OR2(0)°.. go to OB13 5
OB13  call DECODE I
DO1 = 4 EOF1 = 0
OB14 ORIl = DOl = 4
OBI5  ORI1(4) > OR2(0) .- go to OB13
10 OB13  call DECODE I 10
DO1 = 2 EOF1 = 0
OB14 ORl = DO1 = 2
OB15  ORI1(2) > OR2(0) .. go to OBI3
OB13  call DECODE I
15 DO1 = 1 EOF1 = 0 15
OBl4 ORIl = DOl =1
OB15 ORIl > OR2 .. go to OB13
OB13  call DECODE I
DO1 = 0 EOF1 = 0
20 OBI4 ORIl = DOl =0 20
OB15 OR1 = OR2 .. go to OB30
OB30 SW(0) = SW(I)® 1
OB17 SS =1
OB18 SS =1 .. go to OB19
25 OB19 SW =0 .. go to OB20 8 does not appear as an 25
0OB20 SS =1 .. go to OB21 occurrence in input line
OB21 MLN1 = ORT2 = 3 reset decode to given point;
DIFST = 1
OB11  call DECODE II
30 DO2 = 3 EOF2 = 0 30
OBI2 SS=1SW =0
OR2 = ORTI] = 3
OB13  call DECODE I
DO1 = 8 EOF1 = 0
35 OB14 ORI = DOI = 8 35
OB15  ORI(8) > OR2(3) .. go to OBI3
OB13 - OB14 - OB15 loop repeats until the 2 is
read from the iso-entropicgram
line number 8;
40 OB14 ORIl =DO1 =2 40
OB15  ORI(2) < OR2(3) - go to OB16
OB16  SW(0) = SW(0) & 0
OB17 SS =0
OBI8 SS =0 .. go to OB24
45 OB24  OR2(-5) = OR2(3) - ORSN(8) if OR?2 is negative, then 45
OB25 OR2(-5) < 0 .. go to OBI19 we need not consider
OB19 SW = 0 .. go to OB20 further;
OB20 SS = 0 .. go to OB26
OB26  OR2(-5) <0 .. go to OB21
50 OB2I MLNI = ORT2 = 3 50
OB11  call DECODE I
DO2 = 0 EOF2 = 0
OB12 SS=1SW =0
OR2 = ORT1 = 0
55 OBI3  call DECODE I 55
DO1 = 8 EOF1 = 0
OB14 ORI = DOI = 8
OBI5  ORI(8) > OR2(0) - go to OB13 _
OB13-OB14-OB15 the DECODE 1 loop repeats until
60 the 0 is read 60
OB14 ORI = DOl = 0
OB15  ORI(0) = OR2(0) - go to OB30
OB30  SW(1) = SW(0) ® 1
OB17 SS =0
65 OBI8 SS =0 .. goto OB24 65
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OB24 OR2(—8) = OR2(0) - ORSN(8)
OB25 OR2(—8) < 0 .. go to OB19
OB19 SW = 1 .. go to OB22
0OB22 El = ORTL = 0
OB23 call the ENCODE MODULE
OB20 SS = 0 .. go to OB26
OB26 OR2(-8) < 0 .. go to OB21
OB21 MLN1 = ORT2 = 3 reset DECODE I
DIFST = 1
OBI11 call DECODE II ,
DO2 = 0 EOF2 = 1 .. go to OB27
OB27 set ELAST
OB28 call ENCODE
0B29 OAR = output area written by ENCODE
OLN = length of this area
HALT

OUTPUT OAR )
} as described above
OLN )

actual output 10001100 12
10000000 0

The test occurrence values stored in the MEMORY MODULE output area 1, in hybrid
code, are now as follows:

10001100 (occurrence values of 12)
10000001 (occurrence value of 0)

This indicates that of test occurrence values 12, 8, 3 and 0, in the reference line, only 12 and
0 appeared in the original input line of the iso-entropicgram.

XIV. DATA COMPACTION AND RETRIEVAL MACHINE

It will be recognized from the foregoing description of the SEED MODULE and
OUTPUT MODULE in conjunction with the REVOLVE, DELTA, ENCODE, DE-
CODE 1 and II MODULES depicted in Figure 34, that a data compaction and retrieval
machine has been disclosed. The data compaction retrieval system forms a sub-part of the
overall DPM SYSTEM. The data compaction and retrieval system has several features.
Specifically, the OUTPUT MODULE in conjunction with the ENCODE, DECODE I,
DECODE II, REVOLVE and DELTA MODULES, forms an output machine which
retrieves compacted information that has been retrieved into iso-entropicgram form of
representation.

Specifically, an electronic data processing system is disclosed for retrieving a desired
coded signal from a representation in the form of a line value signal, a line number signal
and a length signal. The line value signal represents a line of an iso-entropicgram,
eliminating leading zeros. The line number designates the line in the iso-entropicgram for
the line value signal. The length signal is equal to the width of the iso-entropicgram which in
turn is equal to the length of the line value signal without excluding leading zeros. So as not
to confuse the length with the storage space, the length signal would be equal to the total
number of possible occurrence values in the line of the iso-entropicgram which in turn is
equal to the largest possible occurrence value in a line of the iso-entropicgram. The data
processing system includes a memory, such as the MEMORY MODULE, for storing the

line value signal. Means such as the OLINE register of the OUTPUT MODULE stores the

line number signal. Means such as the OHW register of the OUTPUT MODULE stores the -

length signal. Means such as the ALU of the OUTPUT MODULE forms a difference signal
corresponding to the difference in values represented by the stored line number signal and
the stored length signal. Means such as the REVOLVER, discussed hereinabove, responds
to the provided line value signal and a provided number signal for forming any one of a set
of equivalent signals. The set includes the line value signal. Each equivalent signal within a
set is unique and is related to another one by an exclusive OR of the values thereof, and the
values thereof relative shifted. The formed equivalent signal represents the desired coded
signal. Means such as the DECODE I and II MODULES provides a line value signal to the
means for forming an equivalent signal which corresponds in value to that stored in the
memory means. Means such as the DELTA MODULE provides to the means for forming
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an eqluivalent signal a number value signal corresponding in value to that of the difference
signal.

The ENCODE MODULE provides signals from the memory means (MEMORY
MODULE) to the equivalent signal forming means (REVOLVER). The means for
providing a number value signal, i.e., the DELTA MODULE, comprises means for
forming as the number value signal one or more signals representative of the component
powers of 2 of the difference signal. ,

Preferably, the equivalent signal forming means, i.e., the REVOLVER, includes means
such as the ALU REVOLVE MODULE for combining the provided number signals with
the provided line value signal to form a further signal which corresponds to the shifted
signal formed by the REVOLVER. Additionally, the ALU and associated logic form a
means for combining the line value signal and the further signal to form the equivalent
signal. Preferably, the line value signal has one or more actual occurrence value signals out
of a group of possible occurrence value signals. The possible and actual occurrence value
signals are arranged in an incremental, preferably increasing incremental, value order.
With such a signal representation the means for forming an equivalent signal includes
means such as the ALU of the REVOLVE MODULE for combining the value represented
by the provided number value signal with each of the values represented by the occurrence
value signals of the line value to form a further signal, and the ALU and associated control
and logic of the REVOLVE MODULE form a means for exclusive ORing the values
represented by the provided line value signal and the further signal to form the equivalent
signal.

It will be recalled that in the REVOLVER the means for exclusive ORing involves the
ALU control and logic of the REVOLVE MODULE for sorting the occurrence value
signals represented by the provided line value signal and the further signal into an
incremental value order. Additionally, those occurrence value signals which are equal are
deleted. The ALU control unit and associated logic of the REVOLVE MODULE sort the
values representing the further signal and the occurrence value signals from the provided
line value signal to form a series of occurrence value signals arranged incrementally in the
order of the values thereof. During the process of sorting, those occurrence value signals
which are outside of the width of the iso-entropicgram, i.e., not among the possible
occurrence values, are eliminated.

As indicated above, the SEED MODULE and OUTPUT MODULE in association with
the other modules of Figure 34 form a data compaction and retrieval system. The data
compaction and retrieval system is actually an electronic data processing system for both
compacting a coded signal and for retrieving a compacted signal. Included in this system is a
memory means such as the MEMORY MODULE for storing and making available coded
signals for compaction and retrieval. Means such as the REVOLVER of Figure 19 responds
to a coded signal and a provided number signal for forming any one of a set of equivalent
signals. The set includes the coded signal. Each equivalent signal within a set is unique and
related to another one by an exclusive OR of the values thereof and the values thereof
relative shifted. Decode means such as the DECODE I and Il MODULES decodes a coded
signal for compaction or a coded signal for retrieval from the memory means from a first
code to a second expanded code for the means for forming equivalent signals. In this
connection it will be recalled that the DECODE MODULES decode occurrence vectors
from hybrid code to the expanded absolute coded form representing occurrence values.
Encode means, such as the ENCODE MODULE, encodes the equivalent signal from the
second code to the first code for storage in the memory means. Means such as the SEED
MODULE is responsive to at least a portion of the decoded signal for compaction for
forming a total number value signal which represents a quantity of the equivalent signals. In
this connection the larger of the largest and next largest occurrence value differences stored
in the register T1 designates the total number of lines by which a revolve is to be taken.

Means such as the OLINE register of the OUTPUT MODULE stores a line number
signal associated with a coded signal for retrieval. Means such as the OHW register of the
OUTPUT MODULE stores a length signal associated with the stored line number signal.
The OUTPUT MODULE forms a means for forming a different signal representing the
difference in values of the stored line number signal and the stored length signal. Means
such as the DELTA MODULE provides the number signal to the equivalent signal forming
means (REVOLVER). Specifically, the DELTA MODULE forms a means which is
responsive to either the total number value signal, for a compaction, or the difference
signal, for a retrieval, for forming, corresponding thereto, the number signal. In this
connection the number signal is one or more signals representing the component powers of
2 of the total number value signal or the difference signal.

Preferably, the compaction and expansion provided by the DECODE I and II and
ENCODE MODULES are provided in the system. However, this further compaction
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would not be essential within the broader concepts of the present invention. In this
connection then the DECODE I and If and ENCODE MODULES form, broadly, a means
for providing coded signals corresponding to those available from the memory means and
corresponding to those from the means for forming equivalent signals to the other.

5 The OUTPUT MODULE in conjunction with the REVOLVE, DECODE I and II, 5
REVOLVER, DELTA and ENCODE MODULES, provide the DEL function described
above. The DEL function allows a test to be made to determine whether an actual
occurrence value is present in an input line of an iso-entropicgram given one of the
non-input lines. Broadly, the steps include the steps of forming a line representing the

10  non-input line. The formed line signal represents one or more actual occurrence values of 10
the possible occurrence values making up each line of an iso-entropicgram. This step -
corresponds to OB6 of the OUTPUT MODULE flow. During OB5 of the OUTPUT
MODULE flow a length signal is formed representing the number of lines of displacement
in the iso-entropicgram between the non-input line and the input line. A test signal is

15 formed during OB12 representing the value of an absolute occurrence value in the input 15
line to be checked for presence. The test signal corresponds to an occurrence value in a test
vector.

During OB24 the values represented by the test signal and the length signal are combined
to form a further test signal identifying a further occurrence value for test. This step

20  corresponds to forming a further one of the occurrence values in one of the lines of the 20

inverted DEL (Table 9-C).

During OB15 in the first pass, the value of the test signal is compared with the values of
the formed line signal for equality, i.e., a predetermined relation. During OB15 in the
second pass the value of the further test signal is compared with the values of the formed

25 line signal for equality, also a predetermined relation. A predetermined signal is formed 22
during OB19 by causing the flip flop SW to be in a 1 state responsive to the results of both of
these tests of comparing. When the SW flip flop is in a 1 state following both comparisons,
the occurrence value specified by the test signal is present in the input line. Due to the
exclusive OR gating to the input of the SW flip flop detection of equality in one step of

30 comparing and the detection of inequality in the other step of comparing is required for the 30
flip flop SW to end up in a 1 state and thereby indicate the presence of the occurrence value
at the input line. If both tests produce equality or inequality, the SW flip flop ends upina 0
state, thereby indicating the lack of the presence of the occurrence value in the input line.

In terms of the system, involving the DEL function, an electronic data processing system

35 s disclosed for checking for the presence of an actual occurrence value out of a series of 35
possible occurrence values arranged in an incremental value order. The checking is for the
presence of the actual occurrence value in the input value line of the iso-entropicgram
utilizing one of the non-input lines of the same iso-entropicgram. There is disclosed
memory means such as the MEMORY MODULE for storing a line value signal

40 representative of a non-input line. Means such as the OLINE register stores a line number 40
signal corresponding to the stored line value signal. Means such as the OHW register stores
a length signal. Means such as the ALU of the OUTPUT MODULE forms a difference
signal corresponding to the difference in values represented by the stored line number
signal and the stored length signal. Means such as the REVOLVER responds to a provided

45 line value signal and a provided number signal for forming any one of a set of equivalent 45
signals. The set includes the line value signal. Each coded signal within a set is unique and
related to another one by an exclusive OR of the values thereof and the values thereof
relative shifted.

Means such as the DELTA MODULE responds to the difference signal for forming a

50 first signal representing the largest component power of 2 of the difference and for forming 50
a second signal representing the remaining component power of 2 of the difference. Means
such as the ORSN register in the OUTPUT MODULE stores the largest component power
of 2 signal. The DELTA MODULE provides the remaining component power of 2 signal
and the line value signal to the means for forming an equivalent signal (REVOLVER)

55  thereby causing an equivalent signal to be formed. Means such as the ORT1 register forms 55
a means for storing a test signal representing the value of the absolute occurrence value in
the input line to be checked for presence. Means such as the ALU of the OUTPUT
MODULE forms a means for combining the values represented by the test signal and the
length signal to form a further test signal identifying a further occurrence value for test.

60 Means such as the ALU of the OUTPUT MODULE compares the value of the test signal 60
with the value of the formed equivalent signal for a predetermined relation. The ALU and
the associated timing and logic additionally forms a means for comparing the value of the
further test signal with the values of the formed equivalent signal for a predetermined
relation. Means such as the SW flip flop is operative during OB19 and responsive to the

65 results of both of the predetermined relations to thereby indicate the presence of anactual 63
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occurrence value in the input line corresponding to the test signal.

XV. PIPE MODULE
A. General Description

5 The general purpose of the PIPE MODULE is to help in the process of locating requests 5
for data out of a large mass of data provided in the data base. The data base disclosed
herein is arranged, by way of example only, into paragraphs, each of which in turn contains
sentences, each of which in turn contains words, each of which in turn contains characters.
The request may be a word, a phase, a sentence, or a paragraph.

10 If a request is always in the data base exactly, it is no problem to retrieve the requested 10
information from the data base. The inexactness between the request and the data base may
come about because of misspelling of words, transposing of words, or may be caused just by
a lack of knowledge by the requestor as to the exact wording in the data base. For example,
the request word “SIT” may be a misspelled word such as “THIS”. Problems arise where

15  there is an inexact relation between the request and the data base. The PIPE MODULE 15
and the BRIGHTNESS MODULE cooperate in locating those requests which are exactly
or inexactly contained in the data base.

The purpose of the PIPE MODULE then is to determine whether the request is located
in the data base exactly or inexactly. To locate inexact requests from the data base, the

20 PIPE MODULE requests or determines which entries (occurrences) in the data base could 20
be used for further selection criteria employed by the BRIGHTNESS MODULE. Thus,
the PIPE MODULE selects those entries in the data base which would be candidates for
processing by the BRIGHTNESS MODULE. These candidates are then used by the
BRIGHTNESS MODULE to select the best possible candidate for the request.

25 Before considering the theory of the PIPE MODULE, the following terminology should = 25
be carefully noted. An “event” is composed of primitive elements which lie between two
“delimiters”. For example, in the letter layer O of Table 1, the events are letters. “Event
time”, also called “possible occurrence position”, identifies a possible relative position or
value in a data base for an event or delimiter occurrence value. An “event occurrence

30 vector” represents event occurrence values, each of which identifies the event time at which 30
an event has occurred. An “entry” is a series of primitive elements, i.e., letters which lie
between two delimiters where the delimiters identify the beginning of two successive
entries. For example, in the letter layer 0 an entry such as “THIS” is a word composed of a
series of events (letters) between the two delimiters positioned at event times 0 and 5.

35 Considering the theory of the PIPE MODULE in more detail, the PIPE MODULE 35
employs a selection criteria for indicating to the requestor those possible entries in the data
base which might be a response to a request. Two selection criteria are employed by the
PIPE MODULE and are as follows.

The first selection criterion is a “pipe width” (PW). The pipe width is an offset value

40  which identifies how far to the right or to the left (above or below) each particular possible 40
occurrence value an actual occurrence value may lie for purposes of the piping function.
Those which fall within + the “pipe width” (PW) are called “hits”.

The second criterion is the relationship of the length of the request (LNRQ) to the
number of hits within each entry in the data base. The second criterion is important in

45  determining a meaningful number of hits in a data base entry before the entry should be 45
considered as a candidate for the BRIGHTNESS MODULE function. The relationship
between the length of the request (LNRQ) and the number of hits is determined by a
“threshold” value which represents the minimum number of hits before a data base entry is
considered by the BRIGHTNESS MODULE for processing.

50 The importance of the second criterion becomes evident by considering the following 50
example. Assume the data base contains the word “THIS” and the request word is “BIG”.

It is apparent that the I in BIG lies at a position within =+ 1 of the position of the I in THIS.
However, it is quite apparent that one would not select the word THIS to be sent to the
BRIGHTNESS MODULE since there are four events in the word THIS and only one hit.

55 The rest of the theory of the PIPE MODULE is best understood by reference to an actual 55
example. Assume the data base depicted in Table 1. Also assume a request occurrence
vector THIS. The first step is to pull out the event occurrence vectors for the events TH 1S
from the data base of Table 1. Table 18 sets out the decimal values of the event occurrence
values for each of the events T HI S. Table 18 also shows the event occurrence vectors for T

60 H IS lifted out from the data base of Table 1 in columnar notation. Table 18 on the right 60
side shows the actual occurrence values, in decimal form, of the event occurrence values for
each event. The first step is to find out whether the request is in the data base exactly or
inexactly. To this end, “bias’ values are assigned to the event occurrence vectors identified
by a request. Increasing valued bias values are assigned to the event occurrence vectors

65 starting with the number 0. For example, in the request word THIS, the event ocurrence 65
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vectors for the events T H I S are respectively assigned bias values 0, 1, 2 and 3. The bias
values are then subtracted from event occurrence values in the corresponding event
occurrence vector. The results are “biased event occurrence values”.

Table 19, in columnar notation, depicts each event occurrence value in the data base of

5 Table 18, decreased by its bias value. Thus, the bias value for the event “t” is 0 and the 5
corresponding event occurrence values remain unchanged. The bias value for the event “h”
is 1 and the corresponding event occurrence values are decreased by 1 or moved left one
place. The bias value for the event “i” is 2 and the corresponding event occurrence values
are decreased by 2 or moved left two places. The bias value for the event *“s” is 3 and the

10 corresponding event occurrence values are decreased by 3 or shifted left three places. 10

It will now be apparent with reference to Table 19 that each of the event occurrence
values between the delimiters for event time 0 and 5 will be shifted so that they line up at
event time 1. This then gives four hits in event time 1 which is exactly the length of the
request word “this”. Therefore, an exact entry exists in the data base for the request word

15  “this”. It should also be noted that the biased occurrence values for the word “this” in the 15
data base are all lined up at event time 1 which is just one event time away from the
delimiter in event time 0 and are therefore associated with the beginning delimiter at event
time 0. The resultant biased event occurrence values are depicted at the right of Table 19 in
decimal form.

20 Consider now another example where there is an inexact match between the request and 20
the data base. Assume that the request is the word “SIT”. First, the event occurrence
vectors for the delimiter and the events S, I and T are pulled out of the data base of Table 1
as depicted in Table 20. The right hand side of Table 20 depicts, in decimal form, the event
occurrence values in the event occurrence vectors for the events S I T. Next, the bias values

25 0,1 and 2 are assigned for the events S I'T and the bias values are subtracted from each of 25
the occurrences in the corresponding event occurrence vectors. Thus, the bias value for the
event S is 0 and the corresponding event occurrence values remain unchanged. The bias
value for the event I is 1, and the corresponding event occurrence values are decreased or
shifted to the left by 1 and the bias value 2 for the next event is 2 and the corresponding

30 event occurrence values are decreased or shifted to the left by 2. The resultant biased event 30
occurrence values are depicted in decimal form on the right side of Table 21.

With respect to the event T, it should be noted that the circled occurrences were biased or
shifted below the beginning delimiter for their entry. It is necessary to tag or somehow
identify each event occurrence value which is shifted past the corresponding beginning

35  delimiter and hence no longer represents the entry in which it originally appeared. 35

Tt is now necessary to satisfy the second criterion, that is, to relate the length of the
request (LNRQ) to the number of hits in the data base. This is accomplished by assuming a
“total pipe width™ of twice the “pipe width” (PW) and associating the center of the “total
pipe width”” with the rightmost event time in the entry under consideration; counting the

40 number of hits within the “total pipe width”; retaining the number of hits; and moving onto 40
the lower event times to the left, one by one, and for each event time, counting the number
of hits within the “total pipe width”.

Using the biased event occurrence values of Tables 21 and 28, the first test is made on the
biased event occurrence values appearing between event times 10 and 15. The test is

45 depicted in Table 22. It is assumed that the “pipe width” (PW) is 1, and hence the “total 45
pipe width” is 2. Thus, the test starts with event time 14 and the possible biased event
occurrence values between + 1 of 14 are checked. It will be noted that there is a biased
event occurrence value at event time 13 for the event S, hence there is a hit value of 1 for
event time 14. Event time 13 is then tested. Thus, in effect, the “‘total pipe width” is slid one

50 place to the left so that it is now centered on event time 13. Again, the number of hits within 50
the “total pipe width” are computed. There is a hit for the event S at 13 and a hit for the
event T at 12 and hence the number of hits for event time 13 is 2. This same process is
repeated for event times 12 and 11, resulting in hits of 2 and 1 for event times 12 and 11.

For simplicity, if two pipe centers are found with the same number of hits, the first one

55 encountered is selected as the center. Thus, with reference to the lower part of Table 22, 55
event time 13 is selected as the one with the largest number of hits. To be explained in more
detail, these values are sent to the BRIGHTNESS MODULE for processing.

Event time 10, containing a delimiter, is skipped, and event time 9 is next selected as the
next pipe center. Referring to Tables 1 and 23, it will be seen that this portion of the data

60 base deals with the word “a” and there are not hits for the request S I T. 60

Referring to Tables 1 and 24, the pipe center is next slid over the delimiter 8 and tests are
performed at event times 7 and 6. Two hits are found for the center at event time 6, whereas
only 1 is found at event time 7. Event time 5 is skipped over and event times 4, 3, 2 and 1 are
selected as centers. It will be noted that for the center at event time 3, 2 hits are again

65 found. It should also be noted that for each of the tests depicted in Tables 22-25, the 65
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occurrence value in the ending delimiter had no effect on the rightmost pipe test. The
reason for this will become clear when considering the operation of the PIPE MODULE.
The three entries for the words “test”, “is” and “this” are then passed to the
BRIGHTNESS MODULE which makes a decision as to which is the best hit for the
5 request SIT. Before considering the operation of the BRIGHTNESS MODULE, consider 9

in more detail precisely how the PIPE MODULE carries out the foregoing operation.

Within the concepts of the present invention, it is possible to form a module that operates
in parallel and looks vertically down across each entry in a data base array such as that in
Table 1. The disclosed embodiment of the present invention involves a PIPE MODULE

10  which does not look down vertically across each entry but instead looks at the entries 10
serially by occurrence value and entry. To this end, the PIPE MODULE is arranged to
keep track of the left shifted or biased event occurrence values. This is accomplished by
storing in the PIPE/BRIGHTNESS MEMORY (P/B MEMORY) each different biased
occurrence value and a “hit count” equal to the number of times the biased event

15 occurrence value occurs. In other words, in subtracting the bias value from each event 135
occurrence value in the same event occurrence vector, the same biased occurrence value
may occur more than once. By storing each different biased event occurrence value and its
hit count, it is possible to keep track of the number of times it has occurred simply by
upping the hit count by 1 whenever a further one is encountered.

20 Referring to the example shown in Table 19, the following will be noted. At event time 1, 20
the biased event occurrence value for the entry “THIS” are all lined up at event time 1 and
hence event time 1 can be assigned a maximum hit count of 4. It will also be noted that the
length of the request (LNRQ) for “THIS” is 4 and therefore is exactly the same as the hit
count. This indicates that the entry appears exactly in the data base. Thus, instead of

25 placing one row beneath the other as depicted in Table 19, the PIPE MODULE disclosed 25
herein utilizes the approach where information is represented by biased actual event
occurrence values and hit counts. One further condition should be noted. If the biased
event occurrence value is less than or passes across a beginning delimiter for the
corresponding entry, a decision is made as to whether it is included or is not included within

30 the corresponding entry. For example, in Table 21, the biased event occurrence values —1 30
and 9 for the event T are less than the beginning delimiter values 0 and 10, respectively. A
rule has been laid down that if a biased event occurrence value lies within the “pipe width”
of the lowest event occurrence value in an entry and its value is less than the beginning
delimiter for the corresponding entry, then use a biased occurrence value equal to the

35 beginning delimiter for the entry. This is an artificial value which avoids computational 33
problems relating to those biased event occurrence values which slide into another entry
from their original entry.

Consider now how the PIPE MODULE handles an exact match between the request and
the data base. Table 26 depicts the transformation of the columnar notation of Table 19 into

40  linear notation. Four passes are required. The transformation is done serially by event and 40
serially by event time (possible occurrence value position) within each event. Consider the
example of Table 26 (corresponding to Table 19) for the request “THIS”. The entry
“THIS” is now linearized in four passes. During pass 1, the event occurrence vector for “T”
is processed. Table 18 reveals that the “T” event occurrence vector, in decimal notation, is

45 1,11, 14. Table 19 reveals that the bias value is 0 for the first event T. Therefore, the 4
decimal form of the biased event occurrence values is 1, 11 and 14 directly. With reference
to Table 26, the decimal biased event occurrence values 1, 11 and 14, along with a hit count
of 1 for each, are stored in the P/B MEMORY.

During pass 2, the event occurrence vector for the event H is processed. According to

50  Tables 19 and 20, for the second event H the bias value is 1 and the event occurrence vector >0
is the decimal value 2.

Subtracting the biased value 1 from the occurrence value 2 results in a biased event
occurrence value of 1. Accordingly, a biased event occurrence value of 1 and a hit count of 1
were stored in the auxiliary memory. Therefore it is only necessary to up the hit count from

55 1 to 2 for the previously stored biased event occurrence value 1. 55

During pass 3, the event I is processed. According to Tables 19 and 20, the bias value for
the third event I is 2 and the decimal occurrence vector is 3, 6. Subracting the bias value 2
results in the biased event occurrence values 1 and 4. The biased occurrence value 1 and hit
count of 2 are already present in the auxiliary memory from pass 2 and therefore the hit

60  count of 2 is merely increased to 3 and the biased occurrence value of 4 with its hit count of 60
1 are added to the auxiliary memory.

During pass 4, the event S is processed. According to Tables 19 and 20, the fourth event S
has a bias value of 3 and a decimal event occurrence vector of 4, 7, 13. Subtracting the bias
value 3 results in the biased event occurrence values 1, 4 and 10. Referring to Table 26, pass

65 3, the auxiliary memory already contains biased occurrence values 1 and 4, hence it is only 65
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necessary to up the hit counts for biased occurrence values 1 and 4 from 3 to 4 and 1 to 2,
and introduce the biased event occurrence value 10 with its hit count of 1. Thus, what has
been disclosed above is a method for linearizing from the information layer depicted in
Tables 1, 2 a request represented by the occurrence vector for “THIS”. The linearization is
5 represented by the biased event occurrence values and hit counts depicted at pass 4 of Table 5

26. This linearized result corresponds to that depicted in Table 19. Thus, the linearized
result formed by the PIPE MODULE and stored in the P/B MEMORY is nothing more
than a translation of the columnar array-type display depicted in Table 19.

Table 27 provides an example of how the columnized information of Table 21 may be

10 converted into linearized form. Quite importantly, Table 27 involves an inexact match 10
between the request and the data base array. The first event is S and its bias value is 0.
Therefore, during pass 1, the decimal occurrence values 4, 7, 13 for the event occurrence
vector of S are transferred directly to auxiliary memory, each associated with a hit count of
1. The second event is I and its bias value is 1. During pass 2, the decimal occurrence values

15 3 and 6 for the event occurrence vector of I are decreased by 1, resulting in biased event 15
occurrence values 2 and 5. Since during pass 1 these biased event occurrence values were
not formed, they are stored along with their corresponding hit counts of 1 in the P/B
MEMORY. The third event is T and its bias value is 2. During pass 3, the decimal event
occurrence values 1, 11 and 14 for the event occurrence vector of T are decreased by 2,

20 resulting in biased event occurrence values of —1,9 and 12. Assume a “pipe width”” (PW) of 20
+ 1. The lowest event occurrence value for the entry THIS is 1 and therefore the biased
event oceurrence value of —1 is outside of the pipe width. As a result, the biased event
occurrence value of —1 is ignored. Similarly, the biased event occurrence value 9 is less than
the delimiter 10 for the entry “TEST”, and is more than the 1 below the lowest occurrence

25 value and is likewise disregarded. Therefore, the biased event occurrence value of 12 with 25
its hit count of 1 is added to the result depicted in pass 2 with the result depicted at pass 3 in
Table 27. The linearized result depicted at pass 3 corresponds to the columnar result
depicted in Table 21.

Steps are now taken to satisfy the second criterion namely, to determine the relationship

30  of the length of request (LNRQ) to the number of hits within each entry in the data base. 30
More specifically, the number of biased event occurrence values within & the pipe width of
each possible event time is determined. The next step then is to perform the operation
depicted in Tables 22-25 using the linearized results depicted at pass 3 of Table 27.

Table 28 depicts the linearized result depicted at pass 3 of Table 27. All of the possible

35 event times 0 through 15 are depicted and immediately below event times 2, 4, 5,7,12 and 35
13 are shown the number of hit counts for the corresponding event time. Those event times
which are underlined in Table 28 have no corresponding biased event occurrence value.

The next step is to pass the total pipe width across the linearized result and transform it into
the piping values. This step corresponds to the steps depicted in Tables 22 through 25. The

40 procedure as outlined above is to select the total pipe width and count the total number of 40
hits within the total pipe width, using each event time as a pipe center except for the event
times corresponding to the delimiter occurrence values.

Table 29 depicts the operation where the pipe width is passed across the event between
delimiters 15 and 10, centering the total pipe width at event times 14, 13, 12 and 11. At the

45  right side of Table 29 the total number of hits for each pipe center is depicted. With the pipe 45
centers at 13 and 12, maximum hit count of 2 is reached and therefore the first pipe center
of 13 is selected for output along with its hit count of 2.

The next entry lies between the delimiters at event times 10 and 8. Therefore, the total
pipe width is placed with its center at event time 9. No biased occurrence values are present

50 at this pipe location and a —1 is outputted to indicate that there are no hits. 50
Referring to Table 31, the next tests are made for the event times 6 and 7 between the
delimiters 8 and 5. With the pipe centers at 7 and 6, the number of hits depicted at the right
of Table 31 are found, with the maximum number of hit count being 2 for the pipe center at
event time 6. Therefore, the biased event time 6 and the hit count 2 are outputted as being

55 the maximum hit count. 55

Similar tests are made for event times 4, 3,2 and 1 between delimiters 5 and 0 as depicted
in Table 32. Here it is found that the pipe center at event time 3 produces the maximum hit
count of 2 and therefore the bias value 3 and hit count 2 are output.

60 B. Components 60
Figures 35-38 form a schematic and block diagram of the PIPE MODULE. Table 33 lists
the various registers, counters and flip flops in the PIPE MODULE. The registers and
counters are of the following types shown in the above TTL book and have the following
states and/or bits (or flip flops) of storage: counters MI, M2, M3, N, BIAS are of type

65 SN74161 and each has 8 bits of storage; registers OUT, PSAV, MAX, DI, T, RIL,RL S, 65
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PW, LNRQ, are of type SN74100 and each has 8 bits of storage (except MAX, which has 7

bits); counters CV, PWC are of type SN74191 and each has 8 bits of storage. The most

significant flip flop (or bit) in register RII is for a sign bit. An output SRII is connected to

this {lip flop and receives a true signal when the sign is - (sign flip flop is in a 1 state) and a

5 false signal when the sign is +. 5

Also included are switches 901-904. The switches are conventional mechanical switches

or other electronic circuits which form an 8 bit binary coded signal at the information input

of the corresponding selection circuit representing, in binary code, the decimal digit

depicted inside each box.

10 The flip flops PFIRST, PLAST, PFLG, SM, SGN, ET and ET and control counter flip 10
flops P1 through P35 are each of the same type and have the same characteristics as that
described above. The flip flops P1 through P35 and the corresponding gating circuitry form
the control counter 913.

The generalized clock control 700 is the same as that discussed above and is depicted here
15 in block diagram. 15
The PIPE MODULE also includes an arithmetic unit (ALU). The ALU is the same type
disclosed hereinabove with respect to the ENCODE MODULE.
The G output of the arithmetic unit ALU is connected to the G output through a logical
signal inverter 918. The logical signal inverters 914, 916 and 918 are each a conventional

20 logical signal inverter which forms a complementary logical signal at its output 20
corresponding to the signal at its input.

Figure 38 depicts the input/output control lines and the information input/output circuits
for the PIPE MODULE. The arrows to the right depict outgoing signals whereas arrows to
the left depict incoming signals. The outgoing control input/output lines each have a symbol

25  at the arrowhead identifying the line and, in parentheses following the symbol, symbols 25
corresponding to the part of the rest of the system to which the control signal lines are
primarily intended to go. Heavy lines depict multiple lines for carrying multiple bits of
information in parallel throughout the PIPE MODULE and block diagram.

Logical equations are used to represent the required gating for operating the PIPE

30 MODULE. Clock suspension logic 922 causes the clock generator 700 to suspend the pulses 30
at CLK and thereby suspend operation of the PIPE MODULE under the conditions
outlined in more detail hereinafter.

C. Detailed Description
35 Figures 35-38 form a schematic diagram of the PIPE MODULE. Figures 39-41 forma 39
flow diagram depicting the sequence of operation of the PIPE MODULE. Symbols are
shown adjacent each of the boxes in the PIPE MODULE flow. A symbol PB followed by
different numerals identifies the various boxes in the PIPE MODULE flow. In addition,
the symbols P1-P35 are used to correlate the corresponding boxes to one of the flip-flops
40  P1-P35 of the control counter 913 which is in a 1 state. 40
In operation, the PIPE MODULE linearizes the event occurrence vectors for a
corresponding request during PB1 through PB20 of the PIPE MODULE flow. A special
loop is formed at PB20, PB21 and PB22 of the PIPE MODULE flow to assure that
everything has been written out to the P/B MEMORY at the appropriate point in operation
45  of the module. The maximum number of hits within the pipe, for each pipe center, is 45
determined during PB26-PB48 of the PIPE MODULE flow.
Consider now the details of the system, assuming that a pipe operation is about to take
place. The MINI COMPUTER and its program perform the following operations:
First, a request is formed at the operator console of the MINI COMPUTER. Second, the
50 MINI COMPUTER determines the layer in the data base contained in the auxiliary 50
memory to which the request is to be applied. Third, the event occurrence vector for each
event, which is stored in auxiliary memory, is retrieved using standard data processing
techniques. The request events are used as indices into the data base. Fourth, the seed of
the event occurrence vector for each event in the request is selected one by one by the MINI
55 COMPUTER, stored in the MEMORY MODULE and passed to the OUTPUT 55
MODULE for conversion from seed form to the input line of the corresponding
iso-entropicgram (in hybrid coded form). Fifth, the hybrid coded event occurrence vector is
passed to the PIPE MODULE. Each subsequent event occurrence vector is selected,
converted and passed to the PIPE MODULE only after the previous event occurrence
60  vector has been processed. Sixth, the MINI COMPUTER causes the pipe width (PW) and 60
length of request (LNRQ) to be sent to the PIPE MODULE which, in turn, processes the
event occurrence vectors one by one. Seventh, following the processing of each event
occurrence vector, the PIPE MODULE notifies the MINI COMPUTER that it is ready for
the next event occurrence vector. Eighth, the MINI COMPUTER responds by repeating
65  the above procedure of obtaining the seed of the next event occurrence vector, passing it 65
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through the OUTPUT MODULE, thereby converting it to its input line form, storing the
input line in the MEMORY MODULE, and calling the PIPE MODULE for processing.
The foregoing operation continues until the PIPE MODULE processes the last event in the
request, at which time the PLAST flip flop in the PIPE MODULE is set to a 1 state by the
5 MINI COMPUTER, notifying the PIPE MODULE that the last event is being processed. 5
With the foregoing general operation in mind, consider now the example depicted at
Tables 20, 21 26-30. Table 11 illustrates the major input/output for the PIPE MODULE.
Before each call on the PIPE MODULE, it is assumed that the event occurrence vector
about to be processed has been passed through the OUTPUT MODULE and has therefore
10 been converted from seed form to the input line (0) of its iso-entropicgram and stored, in 10
hybrid code, in MEMORY MODULE area 1. Initially, the delimiter occurrence vector is
also passed through the OUTPUT MODULE, converted from seed form to the input line
of its iso-entropicgram, and stored, in hybrid code, in MEMORY MODULE area 2.
Initially, all of the registers and flip flops in the PIPE MODULE are cleared or reset to 0,
15 by a control signal at MINIT from DPM INTERFACE MODULE. 15
At this point the DPM INTERFACE MODULE forms a control signal at the output
FIRST =1, setting the PFIRST flip flop in the PIPE MODULE to a 1 state. The 1 state of
flip flop PFIRST indicates that this is the first pass through the PIPE MODULE.
The inputs for operating the PIPE MODULE for the example depicted in Tables 20, 21,
20 26-30 are as follows: ‘ 20
pipe width = 1; length of request (LNRQ) = 3; length of the first event occurrence vector
(LN1) = 3; length of delimiter occurrence vector (LN2) = 4;

Memory Area 1 10001101 ) event occurrence vector =
25 of MEMORY MODULE 00100000 ) 13, 7. 4 25
(0000010 ) in hybrid code
Memory Area 2 10001111 ) delimiter occurrence vector =
of MEMORY MODULE 01010000 ) 15,10, 8, 5.0
30 00000100 ) in hybrid code 30
00000001 )

The MINI COMPUTER forms a control signal on the control line PIPGO, causing the
clock control 700 to be activated and commence forming clock pulses at CLK and CLK.

35  Since all of the flip fiops P1 through P35 have been reset to a 0 state, the upper left hand 35
input of flip flop P1 is true and therefore the true pulse at CLK (hereinafter called pulse
CLK) sets the P1 flip flop to a 1 state, causing PB1 of the PIPE MODULE flow to be
entered.

During PB1, a true signal is formed at the P1 output of flip flop P1 and hence the control

40  counter 913, causing the L input of register PW and the CLR inputs of address counters M1 40
and M2 to be true, which in turn causes the PIPE WIDTH in IPRF to be stored into register
PW and address counters M1 and M2 to be cleared to 0. Additionally, the logic P1-PFIRST
is true, causing the CLR input of the register BIAS to be true, thereby clearing the register
BIAS to 0. The logic P1-PFIRST-CLK also comes true which, in turn causes a true signal at

45 the L inputs of the PWC counter and LNRQR register, causing the PIPE WIDTH signal 45
and the LNRQ signal from the IPRF (Figure 52) to be stored into the PWC counter and
LNRQR register, respectively.

Additionally, during PB1, the control signal at P2.PFIRST causes the pipe width signal
stored in the PWC register to be counted down 1. Since the pipe width is initially 1, the

50 resultant signal in the PWC register is 0. Thus, at the end of PB1 of the PIPE MODULE 50
flow, the PW register contains the pipe width value 1, the LNRQR register contains the
request length of 3, and the PWC counter contains a 0.

In summary then, during PB1, the registers and various flip flops in the PIPE MODULE
are initialized and since this is the first time through the PIPE MODULE, the PFIRST flip

55 flop is in a 1 state. 55
Referring to the control input/output lines in Figure 38, the true signal at the P1 output
causes a true signal at the P11 output which, in turn, causes an ENABLE signal to be
applied to the DECODE I MODULE, thereby resetting register MAR1to 0, enabling LN1
through a data selector to the MLNI register and setting DIFST to 1. The true signal at the

60 P11 output is also applied to the DECODE II MODULE thereby resetting register MAR2 60
to 0, enabling the LN2 through a data selector to register MLN2 and to the SWITCH
MATRIX, thereby setting flip flops S11, S22 and S33 to 1. Additionally, logic P1.CLK is
true. causing a true signal at the PI2 output which in turn causes a true signal to be applied
at the L inputs of the MLN1 and MLN?Z registers of the DECODE I and II MODULES,

65 causing the LN1 and LN2, respectively, to be stored therein. 65
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The true condition of logic P1.CLK also causes a true signal at output PI6 which sets the
D2GO one-shot multi-vibrator in the DECODE II MODULE thereby calling the
operation of DECODE II MODULE. This causes the last delimiter occurrence value 15 for
the last entry to be read and discarded.

5 The true signal at the P1 output of flip flop P1 causes the P2 flip flip to be set to a 1 state 9
and the P1 flip flop to be reset to a 0 state with the following CLK pulse and thus PB2 of the
PIPE MODULE flow is entered.

It should be noted at the outset that the clock suspension logic 922 is depicted by the
equation P13.DIMEND + P16.D2MEND. PI3 and P16 become true when the DECODE I

10  and II MODULES, respectively, are called. Hence, the generalized clock 700 is disabled, 10
thereby disabling the CLK and CLK pulses whenever the DECODE I and II MODULES
are called. When the DECODE I and II MODULES complete decoding and providing an
occurrence value to the PIPE MODULE, DIMEND and D2MEND become true and
hence the suspension logic 922 goes false and the generalized clock control is enabled to

15  provide its CLK and CLK pulses. 15

The DECODE II MODULE operates on the delimiter occurrence vector in the
MEMORY MODULE area 2. During PB2, the DECODE II MODULE is called twice.

On the first call, the ending delimiter 15 for the last entry in the data base is decoded and
skipped. Thus, the second call causes the beginning delimiter 10 for the last entry to be
20  decoded and formed in register DO2. 20

To this end, the true signal at the P2 output of flip flop P2 causes no action except that at
the following CLK pulse, the P3 flip flop is set to a 1 state and the P2 flip flop is reset to a 0
state, thereby forming a true signal at the P3 output. .

The true condition of logic P2-CLK again causes a true signal at the output PI6 and

25  thereby sets the D2GO one-shot multivibrator in the DECODE II MODULE for a second 25
time. This time the DECODE II MODULE reads the beginning delimiter 10 for the last
entry and subsequently forms the delimiter signal at the DO2 output. The DI register is
connected to the DO2 output from the DECODE II MODULE and the true signal at the
P3 output causes the L input of the DI register to be true and hence couple the delimiter

30 from DO2 to the output of the DI register. The true signal at the P3 output also causes the 30
DS10 selection circuit to couple the delimiter 10 from the output of the DI register to one
input of the ALU and causes the DS11 selection circuit to couple the decremented PIPE
WIDTH 0 from the PWC counter to the other input of the ALU. The true signal at the P3
output also causes the S input to the ALU to be true and the ALU subtracts 0 from the

35  delimiter 10, forming the result 10 at OP. When the true signal is formed at the CLK 35
output, the logic CLK.P3 becomes true, the L input of the T register receives a true signal
and the T register stores the result 10 at OP. It should be noted that the value in T is equal
to the delimiter 10 minus the decremented PIPE WIDTH in PWC. This value in T is the
minium occurrence value (or event time) that will be considered for a biased event

40  occurrence value. Any biased event occurrence value for the entry between delimiter values 40
0 and 15 that is smaller will be ignored.

During PB3, the state of the PFIRST flip flop is checked. Since this is the first pass
through the PIPE MODULE, the PFIRST flip flop is in a 1 state and hence PB19 is
entered.

45 During PB19 the following action takes place in response to the true signal at the P1 45
output. The logic P1.PFIRST is true, thereby causing the —1 (2’s complement of 1) formed
at the output of the switches 904 to be coupled through to the input of register RII by the
DS7 selection circuit. The logic CLK.P1 causes the L input to the RII register to be true and
hence the RII register is loaded with a —1. This is a forced value that is used during PB10 to

50  insure that all event occurrence values are decoded and stored in the P/B MEMORY. Flip 30
flops P2 and P3 are sequentially set to a 1 state and when P3 is 1, PB5 is entered.

During PBS5, the logic P3-CLK is true and causes the output PI3 to be true which in turn
sets the D1GO one-shot multivibrator in the DECODE I MODULE true.
This in turn causes the DECODE I MODULE to be called so that it decodes and provides

55  the first event occurrence value 13 from the event occurrence vector stored in hybrid form 55
in MEMORY MODULE area 1.

The true signal at PI3 always calls the operation of the DECODE I MODULE and the
operation of the PIPE MODULE is suspended until the DECODE I MODULE has
decoded the next event occurrence value 13. The logic P6 + P8 is true and hence the DS8

60  selection logic receives a true signal at the DI input, causing the event occurrence 13 from 60
DOT1 to be coupled through to the input of the R1 register. The end of file has not been
reached by the DECODE I MODULE and a true signal is formed at the EOF1 output from
the DECODE I MODULE. Therefore, logic EOF1-P3 is true, causing the P4 flip flop to be
set to a 1 state and the P3 flip flop to be reset to a 0 state at the following CLK pulse and

65 PBS5is entered. During PBS5, a true signal is now formed at the P4 output. The true signal at 65
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the P4 output of the flip flop P4 causes the L input of the RI register to be true and hence
load the event occurrence value 13 from the event occurrence vector into the RI register.
Though the flow shows DECODE I MODULE being called during PB5, the actual load
into RI takes place during PB6.

5 The true signal at the P4 output also causes the control input for register RI of the 5
DS10 selection circuit and the control input for register DI of the DS11 selection circuit to
receive true signals and hence couple the output of the registers RI and DI to the input of
the ALU. The true signal at the P4 output also causes the compare input of the ALU to be
activated and hence the first occurrence from the event occurrence value contained in

10 register RI is compared with the delimiter 10 contained in the DI register. If the event 10
oceurrence value contained in register RI is = the delimiter contained in register DI, PB7 is
entered. However, should the event occurrence vector contained in register RI be < the
delimiter contained in DI, the PIPE MODULE would have in register RI an event
occurrence value which is less than the delimiter and hence would fall into the next lower

15 entry and, under this situation, PB18 would be entered. 15

Since the event occurrence value is 13 and the delimiter is 10, the content of register RI
will be the larger, hence the ALU will form a true signal at the G output which, in turn,
causes the OR gate 910 to form a true signal at the GE output. A true signal is now formed
by the logic P4-GE, causing the P6 flip flop to be set to a 1 state and the P4 flip flop to be

20 reset to a O state at the following CLK pulse, thereby causing PB7 of the PIPE MODULE 20
flow to be entered.

Since we are now dealing with the first entry in the request, or the first event occurrence
vector, the bias is 0 and hence the BIAS register contains a 0. During PB7, the bias of 0 is
subtracted from the event occurrence value contained in register RI and the result is stored

25  back into register RI. To this end, the true signal at the P6 output of flip flop P6 causes true 25
signals at the control inputs of the DS11 and DS10 selection circuits for registers BIAS and
RI, respectively, thereby causing these registers to be coupled to the inputs of the ALU.
Additionally, the true signal at the P6 output causes the S input of the ALU to be true and
the control input of the DS8 selection circuit for OP to be true. Thus, the ALU subtracts the

30  content 0 of the BIAS register from the content 13 of the RI register, forming a biased event 30
occurrence value 13. The DS8 selection circuit couples the biased event occurrence value 13
to the input of the RI register. Additionally, the logic P6.CLK is true, causing the L input of
the RI register to be true and the biased event occurrence 13 is stored back into register RI.

The true signal at the P6 output causes the flip flop P7 to be set to a 1 state and the flip

35 flop P6 to be reset to a 0 state at the following CLK pulse, causing PB8 to be entered. 32
During PBS, the biased event occurrence value 13 in register RI is compared with the lower
occurrence value limit 10 contained in register T. To this end, the true signal at the P7
output causes true signals at the control input of selection circuits DS10 and DS11 for the RI
and T registers, respectively, thereby causing these registers to be coupled to the inputs of

40 the ALU. Additionally, the true signal at P7 causes the C input of the ALU to be true. The - 40
biased event occurrence value in register RI is > the lower occurrence value limit in register
T, causing the ALU to form a true signal at the G output which in turn causes the OR gate
910 to form a true signal at the GE output. The logic P7.GE now becomes true and at the
following CLK pulse, the P8 flip flop is set to a 1 state and the P7 flip flop is reset to a 0

45  state, causing PB9 to be entered. Note that if the biased event occurrence value in register 45
RI were smaller, a true signal would have been formed at the L output of the ALU and PBS
would be re-entered where the next to lower event occurrence value would be read.

During PB9, the biased event occurrence value in register RI is compared with the
delimiter, of the entry now under consideration, in register DI. To this end, the true signal

50  at the P8 output causes a true signal at the control input of registers DS10 and DS11 for the 50
registers RI and DI, which, in turn, couples these registers to the input of the ALU. The
true signal at P8 also causes the C input of the ALU to be true and hence the ALU
compares the content of RI with that of DI. The biased event occurrence value 13 in
register RI is > the delimiter 10 in register DI and hence a true signal is formed at the GE

55 output of gate 910, causing PB10 to be entered. 355

It should be noted that should the biased event occurrence value in register RI be < the
delimiter of DI, the PIPE MODULE would be operating on a biased occurrence value
which is below the delimiter for the entry under consideration. Therefore, according to the
rules laid down above, the delimiter in register DI would be transferred to register RI for

60 subsequent storage in the P/B MEMORY. 60

Return now to the example. During PB9, the biased occurrence value in register RI is >
the delimiter in register DI and hence a true signal is formed at the P8 output and the
following CLK pulse causes the P9 flip flop to be set to a 1 state and the P8 flip flop to be
reset to a O state, thereby causing PB10 to be entered.

65 Register RII was forced fo store a value —1 during PB 19. Register RI contains the biased 65
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event occurrence value 13. During PB10, content of these registers are compared. Since
the biased event occurrence value 13 in register RI is the larger, PB11, PB15 and PB16 is
entered where biased occurrence value 13 is stored in the P/B MEMORY along with a hit
count of 1. In operation, the true signal at the P9 output causes a true signal at the control
5 input of the DS10 and DS11 selection circuits corresponding to registers RII and RI, 5
causing the content of these registers to be coupled to the input of the ALU. The true signal
at the output P9 also causes the C input of the ALU to be true, causing the ALU to
compare the content of registers RII and RI. Since register RII contains a —1, it is the
smaller, and a control signal is formed at the L output of the ALU.
10 A true signal is formed by the logic P9-L-CLK hence PB11 is entered. Also, the control 10
input of the DS6 selection circuit corresponding to the switches 903 receives a control signal
and the Ct input of the N counter receives a true signal. Thus, the DS6 selection circuit
couples the signals representing a 1 from the switches 903 to the input of the N counter and
the true signal at the L input causes the 1 to be stored into the N counter. The true signal at
15 the P9 output also causes the P10 flip flop to be set to a 1 state and the P9 flip flop to be 15
reset to a O state at the following CLK pulse, thereby causing PB15 to be entered.
During PB15 and PB16, the biased event occurrence value 13 in register RI and its hit
count of 1 now in the N counter are stored into the P/B MEMORY. To this end, the CLK
pulse, in combination with the true signal at the P9 output, causes the flip flop P10 to be set
20  to a1 state and the P9 flip flop to be reset to a 0 state, thereby causing PB15 to be entered. 20
At this time, the GT flip flop is in a 0 state, causing a true signal at the GT output. Hence,
the logic P10.GT is true, causing a true signal at the control input of the DS2 selection
cireuit, corresponding to the RI register. This causes the DS2 selection circuit to couple the
bjased event occurrence value register RI to the P/B MEMORY. The true signal at the P10
25  output causes a true signal at the P17 output of the input/output control signal lines going to 25
the P/B MEMORY. This then causes the P/B MEMORY to store the biased event
occurrence value contained in register RI into the location specified by the address
contained in address counter M2. Additionally, when the CLK pulse occurs, the logic
P17.CLK is true, causing the Ct input of the address counter M2 to receive a true signal and
30 the address therein is increased by one. Thus, the M2 address counter now stores the 30
address 1. The true signal at the P10 output at the following CLK pulse causes the flip flop
P11 to be set to a 1 state and flip flop P10 to be reset to a 0 state, thereby causing PB16 of
the PIPE MODULE flow to be entered.
During PB16, a true signal is formed at the P11 output. The true signal at the P11 output
35 causes the control input of the DS2 selection circuit corresponding to the N counter to 35
receive a true signal and hence the DS2 selection circuit couples the output of the N counter
to the input of the P/B MEMORY. Additionally, the true signal at P11 causes the
input/output control signal line P17 to receive a true signal and enable the write operation of
the P/B MEMORY. Thus, the hit count of 1 contained in the N counter is stored into the
40 P/B MEMORY at the location immediately following the location of the biased event 40
occurrence value. Additionally, the true signal at PI8 output causes the Ct input of the M2
address counter to again receive a true signal which, in turn, causes the address to be
counted up to address 2.
Following PB16, PBS5 is again entered where the next event occurrence value 7 in the
45  event occurrence vector is obtained by the DECODE I MODULE from MEMORY 45
MODULE area 1. Referring to the input/output control signals, the logic P11.GT.CLK is
now true, thereby causing a true signal at the P13 output which in turn sets the D1GO
one-shot multi-vibrator in the DECODE I MODULE to a true state, calling the operation
of the DECODE I MODULE, causing the event occurrence 7 to be read and stored into
50 the RI register as discussed above. 50
PB6 is now entered where the next event occurrence value 7 in register RI is compared
with the delimiter 10 in register DI. This time it is found that the event occurrence value 7
contained in register RI is < the delimiter 10 in register DI. Therefore, a true signal is
formed at the L output of the ALU. Returning to PB6, a true signal is now formed at the P4
55  output and the logic P4.L is true. Therefore, at the following CLK pulse, the flip flop P5is 35
set to a 1 state and the flip flop P4 is reset, causing PB18 of the PIPE MODULE flow to be
entered.
During PB18, the next lower delimiter 8 is read from MEMORY MODULE area 2 and
the modified pipe width value of 0 contained in PWC is subtracted therefrom to form a new
60  lower event occurrence value limit in the T register. To this end, the true condition of logic 60
P4-L formed during PB6 causes the logic P4-L-CLK to be true and form a true signal at the
P16 output. The true signal at the PI6 output causes the D2GO one-shot multivibrator to be
set true and the DECODE II MODULE to be called again, causing it to read the next
lower delimiter occurrence value 8 from the delimiter occurrence vector contained in
65 MEMORY MODULE area 2. The logic P16 DZMEND is now true and the operation of the ~ 63
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PIPE MODULE is suspended while the DECODE II MODULE decodes_the next
delimiter. After the DECODE II MODULE provides the next delimiter, the D2MEND
output therefrom becomes false and hence the logic PI6-D2MEND goes false, enabling
generalized clock generator 700 to again provide the CLK pulses. The true signal at the P5

5 output enables a true signal at the L input of register DI and hence the delimiter occurrence 2
value 8 formed at the DO2 output of the DECODE I MODULE is coupled through the DI
register. As before, the 0 value contained in register PWC is subtracted from the newly
provided delimiter occurrence value 8, causing a lower event occurrence value limit of 8
which is stored into the lower limit register T. During PB6, the event occurrence value 7 in

10 register RI is compared with the new delimiter in register DI. The event occurrence value 7 10
is still smaller and therefore PB18 is again entered where the next lower delimiter
occurrence 5 is read out, decremented by the content 0 of register PWC to form a new lower
event occurrence value limit of 5 in lower limit register T.

Following PB18, PB6 is again entered where the event occurrence value 7 in register RI is

15 compared against the new delimiter occurrence 5 in register DI. This time, the event 15
occurrence value 7 is larger and the gate 910 forms a true signal at the GE output, causing
the logic P4-GE to be true, thereby causing the P6 flip flop to be set to a 1 state and PB7 is
entered.

During PB7, the bias value of 0 contained in the BIAS register is subtracted from the

20  event occurrence value 7 in register RI and the resultant biased event occurrence value 7 is 20
stored back into the RI register. Following PB7, PB8 is again entered.

During PB8, the biased event occurrence value 7 in register RI is compared against the
lower event occurrence value limit 5 in register T. The biased event occurrence value 7 is
the larger and therefore PB9 and PB10 are re-entered. During PB10, the RII register still

25  contains a —1 and therefore is the smaller, causing PB11, PB15 and PB16 to again be 25
entered where the N counter is stored with a 1 and the biased event occurrence value 7 ,
with its hit count of 1, are stored from register RI and counter N into the next two
subsequent memory locations in the P/B MEMORY.

Following PB16, PB5 is again entered where the next event occurrence value 4 is provided

30 by the DECODE I MODULE and stored in the RI register. PB6 is re-entered where the 30
new event occurrence value 4 in register RI is compared with the delimiter 5 in register DI.

The event occurrence value in register RI is the smaller and therefore PB18 is re-entered
where the next lower delimiter 0 is stored into the DI register. The content 0 of PWC is
subtracted from the delimiter 0 to form a new lower limit of 0 in lower limit register T. At

35 this point, the DI register and the T register each contain 0. 35

PBG is now re-entered where the event occurrence value 4 in register RI is compared with
the new delimiter 0 in register DI. The event occurrence value 4 in register RI is the larger,
and therefore PB7 is entered.

During PB7, the bias value 0 in register BIAS is subtracted from the event occurrence

40 value 4 in register RI and the resultant biased event occurrence value 4 is stored back into 40
the RI register.

During PB8. the biased event occurrence value 4 in register RI is compared with the
delimiter 0 in register DI and since the baised event occurrence value 4 is the larger, PB10 is
re-entered. Again, the —1 value contained in register RII is smaller and therefore PB11,

45 PB15 and PB16 are re-entered where the biased event occurrence value 4 and its hit count 43
of 1 in the RI register and the N counter are stored into the subsequent two available
memory locations in the P/B MEMORY.

The sequence of operation from PB5 to PB 16 and to PB23 or PB21 should be noted. If
EOFI is true (last event occurrence read from MEMORY MODULE area 1) and the last

50 entry (a —1 to indicate end of entries) has been read from the P/B MEMORY and stored in 50
register RII, a true signal will be formed at the SRII output of register RII which causes
control to go from PB3 through PB20 to PB23. If, on the other hand, EOF1 is true and the
last entry (—1) has not been read from P/B MEMORY and stored in register RIl, a
non-negative value will now be stored in register RII, causing a false signal at the SRII (true

55 signal at SRII ) output of register RII. Under these conditions, control goes from PB5 55
through PB20 to PB21 (P13) where the loop involving PB20, PB21 and PB22 is entered.
Control stays in PB20, PB21 and PB22, causing event occurrences and hit counts to be read
out of the /B MEMORY until the last entry (—1) is reached at which time control goes
from PB20 to PB23.

60 Continuing with the example of operation, following PB16, PB5 of the PIPE MODULE 60
flow is re-entered. The last event occurrence has now been read from the MEMORY
MODULE area 1, hence the EOF1 flip flop in the DECODE 1 MODULE is in a 1 state,
causing a true signal at the EOF1 output. The last entry (—1) from the P/B MEMORY has
been read and stored in register RII and hence a true signal exists at output SRII. Flip flop

65 Pilisin a 1 state, causing a true signal at the P11 output. As a result, the logic 63
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EOF1.P11.GT.SRII is true. This causes the flip flop P16 to be set to a 1 state and flip flop
P11 is reset to a O state, thereby causing control to go through PB20 to PB23.

During PB23 and PB24, a forced value of —1 stored in the P/B MEMORY at the end of

the field of biased event occurrence values and hit values identifies the end of the event

5 ocurrence. To this end, a true signal is formed at the P16 output of flip flop P16, causinga 5

true signal at the input of the DS2 selection circuit which causes the —1 signal from the

. switches 901 to be coupled through to the input of the P/B MEMORY. The true signal at

.P16 also causes a true signal at the P17 input/output control signal lines which, in turn,

causes the P/B MEMORY to store the —1 value from the DS2 selection circuit. The true

10  signal at the PI18 output in turn causes a true signal at the Ct input of address counter M2, 10
causing it to count up by one address. Additionally, the true signal at P16 causes a true
signal at the Ct input of the bias counter. Significantly, this signal causes the BIAS counter
to count up one bias value so that it now has a bias value of 1. Additionally, the logic P16.

CLK is true, causing a true signal at the output PI13, thereby causing the /B MEMORY to

15  be switched. 15
The logic P16.CLK being true, causes the PFIRST flip flop to be reset to a 0 state. This is
important since the first pass through the PIPE MODULE, wherein the first event
occurrence vector is biased and stored into the P/B MEMORY, has been completed.
Following PB24, the PLAST flip flop is in a 0 state since this is not the last pass through

20  the PIPE MODULE. Accordingly, the logic P16.PLAST .CLK becomes true, resetting the 20
generalized clock generator 700 which, in turn, stops further pulses at CLK and CLK,
causing the operation of the PIPE MODULE to exit or terminate.

The PIPE MODULE has now completed its first pass for the first entry “S” and is now
ready for its second pass for the second entry “I’. The P/B MEMORY contains the :

25 following pairs of biased event occurrence values and hit values: 13-1, 7-1, 4-1. At theend 25
in the P/B MEMORY there is stored a —1 to identify the end of the field. This then is the
linear representation of the row S depicted in Table 26 and in Table 27 at pass 1.

Next, the PIPE MODULE enters pass 2 where the results depicted at pass 2 of Table 27
are formed.

30 During pass 2, the I event occurence value is processed. With reference to Table 20, it 30
will be seen that the I occurrence vector has event occurrence values 6 and 3. With
reference to Table 21 and pass 2 of Table 27, it will be seen that the bias number is 1 and
therefore event occurrence values 6 and 3 are decreased by 1, resulting in biased occurrence
values 5 and 2. Thus, during pass 2, biased occurrence values 5 and 2 with hit values of 1 are

35 stored in proper numerical order among the results of pass 1 in the P/B MEMORY. To this 35
end, initially the MINI COMPUTER causes the I event occurrence vector to-be stored in
MEMORY MODULE area 1 in hybrid coded form.

; I’}‘he hybrid coded I event occurrence vector stored in MEMORY MODULE area 1 is as
ollows:

10000110 g
00000100 )

I = event occurrence vector 6, 3

45 MEMORY MODULE area 2 still contains the delimiter occurrence vector 15, 10, 8,5 45
and 0 in hybrid coded form. Additionally, the MINI COMPUTER stores the length 2 of the
event occurrence vector into LN1 of the IPRF.

The MINI COMPUTER initiates the next pass by forming a true signal at the PIPGO
output, enabling the generalized clock control 700 to again form CLK and CLK pulses and

50 thereby enabling the operation of the PIPE MODULE as described hereinabove. 350
Additionally, the address counters M1 and M2 are reset to 0 and register PSAV is again
loaded with the length 4 of delimiter occurrence vector LN2 from the IPRF. Thus the
following all contain 0: M1, M2, M3. The content of the following can be disregarded:
OUT, MAX, N, DI, T, RII, RI, CV, S. The content of the following are as follows: PSAV

55 = 4;PW = 1; PWC = 0; BIAS = 1; and LNRQR = 3. 55

During PB2, the DECODE II MODULE again decodes and discards the end delimiter
15 of the event occurrence vector then decodes and provides the next to end delimiter 10.
The ALU subtracts the 0 in register PWC from the delimiter 10 to determine the lowest or
minimum event occurrence value 10 which is stored in the minimum event occurrence

60 register T. The delimiter 10 is stored in register DI and the delimiter 10 less the 0 in PWC, 60
namely 10, is stored into the minimum event occurrence register T.

During PB3, the state of the PFIRST flip flop is again checked and this time is found to
be 0. Hence, PB4 is entered and PB19 is skipped because this is not the first pass through
the PIPE MODULE.

65 During PB4, the largest stored biased event occurrence value and its hit count (i.e. 13 65
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—1) are read from the P/B MEMORY and stored into register RII and counter N,
respectively. This operation is as follows: Referring to the input/output control signals, the
logic P1.PFIRST is now true, causing a true signal at the PI4 output. The true signal at the
PI4 output enables the P/B MEMORY to read the biased event occurrence value 13 from
5 address 0 specified by address counter M1. Additionally, the logic P1 . PFIRST is true,
causing the selection circuit DS7 to couple the 13 from the P/B MEMORY through to the
input of register RII. The logic P14.CLK causes a true signal at the Ct input of address
counter M1 which causes the address therein to be counted up to 1, thereby forming the
address of the corresponding hit count. The logic CLK .P1 then becomes true, causing a
10 true signal at the L input of register RII, causing the register RII to store the biased event 10
occurrence value 13. Additionally, the true signal at the P1 output of flip flop P1 causes the
flip flop P2 to be set to a.1 state and flip flop P1 to be reset to a 0 state at the occurrence of
the CLK pulse.
At this point, the logic P2. PFIRST is true, again causing a true signal at the PI4 output of
15 the input/output control signal lines. The true signal at the P14 output again causes the P/B 15
MEMORY to read out the hit count of 1 from memory location 1 specified by address
counter M1. The logic P9 is now true, causing the DS6 selection circuit to couple the output
of the P/B MEMORY to the input of the N counter. Figure 35 shows a logic equation
representing the logical gates for forming a signal at PN. It will be noted that the logic
20 P2. PFIRST is now true, causing a true signal at the PN output. The logic PN. CLK causes 20
a true signal at the L input of the N counter, causing the N counter to store the hit count of 1
provided by the P/B MEMORY. Additionally, the true condition of logic PI4. CLK causes
a true signal at the Ct input of the M1 address counter, causing it to count up to address 2,
pointing at the biased occurrence value 7 contained in the P/B MEMORY.
25 The true signal at P2 causes the flip flop P3 to be set to a 1 state and the flip flop P2 to be 25
reset to a O state. thereby causing PB5 of the PIPE MODULE flow to be entered.
During PB5, the DECODE I MODULE provides the largest event occurrence value 6
from the event occurrence vector for I and it is stored into register RI as described above.
PB6 of the PIPE MODULE flow is then entered where the event occurrence value 6
30 stored in register RI is compared with the delimiter 10 stored in register DL Since the event 30
occurrence 6 in register RI is less than (<) the delimiter 10 in register DI, PB18 is entered
where the DECODE I MODULE is called, causing it to decode and provide the next lower
delimiter 8 and the delimiter 8 (8-6) is stored back into register RI.
PB6 of the flow is re-entered where it is found that the event occurrence value 6 in
35 register RI is again found less than the new delimiter 8 stored in register DI, causing PB18 35
to be reentered. During PB18, the DECODE I MODULE provides the next lower
delimiter 5 and the delimiter 5 (5-0) is stored back into register RIL.
PB6 of the flow is reentered where the event occurrence value 6 in register RI is
compared with the new delimiter 5 in register DI and is found to be the larger. Accordingly,
40 the ALU and gate 910 form a true signal at GE, causing the logic P4-GE to be true causing 40
the control counter 913 to set flip flop P6 to a 1 state and reset flip flop P4 to a 0 state. Thus
PB7 is entered.
During PB7 of the flow, register BIAS contains a 1. Register RI contains the unbiased
event oceurrence value 6 and true signals are formed at the output P6. This causes the DS10
45 and DS11 selection circuits to couple the RI and BIAS registers to the ALU, causing the 43
bias value of 1 to be subtracted from the unbiased event occurrence 6 and the resultant
biased event occurrence 5 to be stored back into the register RI.
PBS of the PIPE MODULE flow is now entered where the biased event occurrence value
5 contained in register RI is compared with the minimum occurrence value 8 in register T,
50 and the biased event occurrence value 5 is the larger, therefore PBY is entered. 50
During PBY, the biased event occurrence value 5 in register RI is compared with the
delimiter 5 in register DI and is found equal. Therefore, PB10 is entered.
During PB10, the biased event occurrence 13 from the previous pass read from the P/B
MEMORY and stored in register RII is compared with the newly biased event occurrence
55 value 5 in register RI. The previous biased occurrence value 13 in register RII is the larger 55
and therefore the ALU forms a true signal at the G output and PB13 is entered. To this
end, the true signal at the P9 output causes flip flop P10 to be set to a 1 state and the flip flop
P9 is reset to a O state.
The true signal at the P10 output causes the output PI7 to receive a true signal. The true
60 signal at the PI7 output causes the P/B MEMORY to write the previous biased event 60
occurrence value 13 from register RII into the memory location 0 specified by address
counter M2 and the address counter M2 counts up one address to address 1. The true signal
at the P10 output causes flip flop P11 to be set to a 1 state and flip flop P10 to beresettoal
state, again causing true signals at the P17 output which, in turn, cause the hit count 1 in the
65 N counter to be stored in the next P/B MEMORY address 1. Additionally, the address 65
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counter M2 is counted up to address 2.

The true signal at the G output of the ALU during PB10 causes the logic P9.G. CLK to
be true and thereby set the GT flip flop to a 1 state, causing a true signal at the GT output.
Thus, at PB14, the logic P11.GT is true, causing the output PI4 to receive a true signal. The
true signal at PI4 causes the P/B MEMORY to read out the next previous biased event
occurrence value 7 and its hit count of 1 for storage in register RII and counter N. PB10 is
now re-entered.

During PB10, the previous biased event occurrence value 13 in register RII is compared
with the newly formed biased event occurrence value 7 in register RI and the first is the
larger. Therefore, PB13 and PB14 are re-entered where the previous biased event
occurrence value 7 and its hit count 1 in register RII and counter N are stored in the next
two memory locations, 2 and 3, of the P/B MEMORY and the next previous biased event
occurrence value 4 and its hit 1 are read out of the P/B MEMORY from the memory
locations, 5 and 6, specified by address counter M1 for storage in register RII and counter
N, respectively. The address counter M2 is appropriately incremented.

PB10 is re-entered where the previous biased event occurrence value 4 is again compared
with the newly formed biased event occurrence value 5 in register RI. The previous biased
event occurrence value 4 in register RII is now smaller and therefore PBII, PB15 and PB16
are now entered where the newly formed biased event occurrence value 5 and its hit count
of 1 are stored into the P/B MEMORY at locations 4 and 5 specified by the address counter
M2 and the address counter M2 is appropriately incremented.

Following PB16, PBS is re-entered where the next event occurrence value 3 for the event
I is decoded and provided by the DECODE I MODULE and stored in register RI and the
operation continues as discussed above until the MEMORY MODULE area 2 of the P/B
MEMORY contains the biased event occurrence values and hit counts depicted at pass 2 of
Table 19. At the end of pass 2, the PIPE MODULE exits from PB25 as discussed above
after incrementing the BIAS register to a bias value of 2. :

The MINI COMPUTER then obtains the event occurrence vector for the event T and
stores it in MEMORY MODULE area 1. The hybrid coded event occurrence vector for the
event T is as follows:

10001110%
00000100 g T - event occurrence vector 14, 11, 1
00100000 ) '

The PIPE MODULE is initialized with appropriate information as discussed above and is
again called, causing it to go through the third pass, resulting in the information depicted at
pass 3 of Table 19.

One of the things which the MINI COMPUTER does when initializing the PIPE
MODULE for the last event occurrence value is to form a true signal at the PLAST — 1
output, causing the PLAST flip flop to be set to a 1 state. Therefore, the logic
P16-PLAST - CLK does not become true and hence, the flip flop PCE is not reset to 0. As
a result the PIPE MODULE does not exit and PB26 is entered following PB25.
Additionally, the logic P16-PLAST causes a true signal at the PI5 output which resets the
DECODE II MODULE by setting the flip flop D2FST in the DECODE II MODULE to a
1. Additionally, the true conditions of the logic P16—PL AST—CLKP causes a true signal

“at the PI6 output. The true condition of this logic causes the M1, M2, M3, S and MAX

registers and counters to be reset to 0 and PB27 is entered.

The linearization process was completed during PB1 through PB25. The P/B MEMORY
contains the biased event occurrence values and hit counts depicted at pass 3 of Table 27.
The next step is to start at the rightmost or largest biased event occurrence value and its hit
count and pass a pipe across the data to obtain the maximum number of hits at each pipe
center. To this end, PB26 through PB48 is entered where the DECODE II MODULE is
reset so that it starts redecoding the delimiter occurrence vector 15, 10, 8, 5, 0, starting at
the largest one.

The true condition of logic P16 and the CLK .P16.PLAST causes the DS1 selection
circuit to couple the —1 signals at the output of switches 902 to the input of register OUT
and causes the L input of register OUT to receive a true signal. This causes the register
OUT to store the —1 signal. THE TRUE CONDITION OF LOGIC P16.PLAST. CLK
causes a true signal at the PI6 output which, in turn, calls the DECODE II MODULE,
causing it to decode and discard the last delimiter 15 of the delimiter occurrence vector. The
true signal at the PI6 output of the flip flop PI6 causes the PI6 flip flop to be reset to a O state
and the logic P17.PLAST sets the flip flop P17 to a 1 state, thereby causing PB28 to be
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entered. During PB28, the next to the last delimiter 10 of the delimiter occurrence vector is
read by the DECODE I1 MODULE. To this end, the logic P17. CLK forms a true signal at
the PI6 output, setting the D2GO one-shot to a 1 state, calling the operation of the
DECODE II MODULE, causing the delimiter 10 to be stored in the register DL
5 The true condition of logic P17 causes a true signal at the PI4 output of the PIPE 5

MODULE, causing the P/B MEMORY to read out the largest biased event occurrence
value 13 and its hit count 1 (see Table 27). The logic PT . PFIRST is now true, causing the
DS7 selection circuit to couple the biased event occurrence value 13 to the input of register
RII. Additionally, the logic CLK .P17 becomes true, causing a true signal at the L input of

10 register RII which in turn causes the biased event occurrence value 13 to be stored into 10
register RII.

The logic PI4. CLK causes a true signal at the Ct input of address counter M1, causing it
to count up to address 1, which is the address of hit count 1. The true signal at the P17
output of flip flop P17 causes flip flop P18 to be set to a 1 state and flip flip P17 to be reset to

15 0. The true condition of output P18 causes the output of the P/B MEMORY to be true, 15
causing the P/B MEMORY to read out the hit count 1. Additionally, the logic CLK is true,
causing the address counter M1 to count up to address 3, thereby pointing at the next lower
biased event occurrence value 12 in the P/B MEMORY. The logic P9 is now true, and
therefore the selection circuit DS6 couples the hit count 1 from the P/B MEMORY to the

20 input of the N counter. With reference to Figure 35, the logic P18 is now true, causing a true 20
signal at the PN output. The logic PN. CLK causes the N counter to be loaded with the hit
count 1 from the P/B MEMORY.

The CV counter keeps track of the pipe center. The first pipe center will be the largest or
rightmost biased event occurrence. To this end, the true signal at P17 causes the DS9

25 selection circuit to couple the largest biased event occurrence 13 to the input of the CV 25
counter. Additionally, the logic P17. CLK causes the biased event occurrence 13 to be
stored into the counter CV. The true signal at the P18 output causes the flip flop P19 to be
set to a 1 state and the flip flop P18 is reset to a 0 state at the following CLK pulse, thereby
causing PB30 to be entered.

30 During PB30, the hit count 1 in the N counter is compared with the length of request 4 30
contained in the LNRQR register. Since an inequality exists, PB31 is entered. If, however,
an equality exists, the content of counter N equals that of register LNRQR and PB20 is
entered where the biased event occurrence value in register RII is transferred to register
OUT and the hit count in counter N is transferred to register MAX.

35 Continuing on with the example, the true signal at the P19 output of flip flop P19 causes 35
flip flop P20 to be set to a 1 state and flip flop P19 to be reset to a 0 state at the following
CLK pulse.

During PB31, the largest biased event occurrence value 13 in register RII is compared
with the largest delimiter 10 in register DI. The purpose of PB31 is to determine whether

40 the biased event occurrence value in register RII is within the event specified by the 40
beginning delimiter in register DI. If the biased event occurrence value in register R is the
larger or equal to the delimiter, then it is within the event and PB32 1s entered.

In the example, the true signal at the P20 output causes the DS10 and DS11 selection
circuits to couple the content of register RII and DI to the inputs of the ALU and causes a

45  true signal at the C input of the ALU. The ALU in turn compares the values. The biased 43
event occurrence 13 in register RII is larger than the delimiter 10 in register DI, therefore a
true signal is formed at the G output of the ALU. Flip flop ET is in a 0 state, hence, the
logic P20-G- ET is true, causing the flip flop P21 to be set to a 1 state and the flip flop P20 is
reset to a O state at the following CLK pulse, thereby causing PB32 to be entered.

50 During PB32, the pipe center value in counter CV is subtracted from the biased event 50
occurrence value in register R2 to form a value which, during PB33 is compared with the
pipe width to determine if the biased event occurrence value in register RII is inside or
outside of the permissible pipe width on the + side of the pipe center. To this end, the true
signal at the P21 output causes the DS10 and DS11 selection circuits to couple the 13 and 13

55  inregister RII and counter CV to the input of the ALU. The true signal at P21 causes a true 55
signal at the S input of the ALU which in turn subtracts the 13 in counter CV from the 13 in
register RII, forming 0 output at OP. The logic CLK -P21 causes the T register to load the 0
output at OP into the T register. Thus the T register now contains a 0.

The true signal at P21 causes flip flop P22 to be set to a 1 state and flip flop P21 is reset to
60 a 0 state at the following CLK pulse, causing PB33 to be entered. 60
The content of register T and PW are now compared to determine whether the biased
event in register RII is within or outside of the permissible pipe width on the + side of the
pipe center. To this end, the true signal at P22 causes the DS10 and DS11 selection circuits
to couple the 0 and 1, respectively, in registers T and PW to the input of the ALU. The true
65 signal at P22 causes a true signal at the C input of the ALU, causing the 0 in register T to be 65
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compaéed with the 1 in register PW. The 0 of register T is the smaller and therefore PB34 is
entered.

To this end the ALU forms a true signal at the L output which in turn causes the OR gate

911 to form a true signal at the LE output. The logic P22-LE is true, causing flip flop P25 to

5 be set to a 1 state and flip flop P22 is reset to a O state at the following CLK pulse. 5

During PB34 the biased event occurrence value in register RII is checked to make sure it

is not outside of the pipe width on the left or - side of pipe center. To this end, the true

signal at the P25 output causes the DS10 and DS11 selection circuits to couple the 13 stored

in registers CV and RII to the input of the ALU. The ALU subtracts the biased event

10 occurrence value 13 in register RII from the pipe center 13 in register CV and the result 0is 10
formed at the output OP. The logic CLK -P25 now is true, causing a true signal at the L
input of register T, causing the 0 output at OP to be stored into the T register.

The true signal at the P25 output causes the flip flop P26 to be set to a 1 state and flip flop
P25 to be reset to a 0 state at the following CLK pulse, causing PB35 to be entered. The true

15 signal at the P26 output causes the DS10 and DS11 selection circuits to couple the 0and 1, 13
respectively, in the T and PW registers to the input of the ALU. Since the value 0 in register
T is the lesser, the ALU forms a true signal at the L output. The logic P26-L is true, causing
flip flop P27 to be set to a 1 state and flip flop P26 is reset to a 0 state at the following CLK
pulse, and PB36 is entered.

20 During PB36, the hit count in counter N is added to the content of the S register. The S 20
register keeps a running tally of the total number of hits within the “total pipe width”. Since
the S register is initially 0, and the N counter initially contains a 1 (the hit count for biased
event occurrence value 13), the result formed in register S during PB36 is 1.

Considering the actual operation, the true signal at P27 causes the DS10 and DS11

25  selection circuits to couple the output of the N counter and the S register to the input of the 25
ALU and causes a true signal at the A input. The true signal at the A input causes the 0 and
1in the S counter and N register to be added, and the result 1 is formed at the OP output.

The logic P27. CLK is true, causing a true signal at the L input of the S register, causing the
S register to store the 1 at OP. The true signal at the P27 output causes the flip flop P30 to

30 besetto a1 state and the P27 flip flop to be reset to a 0 state at the following CLK pulseand 30
PB37 is entered.

During PB37, the next biased event occurrence value 12 and its hit count 1 are read from
the P/B MEMORY from the addresses specified by the M1 address counter. To this end,
the true signal at P30 causes a true signal at the PI4 output of the PIPE MODULE, causing

35 the P/B MEMORY to read out the biased event 12. The logic PI4. CLK is true, causing the 39
M1 address counter to count up one address, pointing at the corresponding hit count of 1.

Flip flop P31 is set to a 1 state and flip flop P30 is reset to a 0 state. The true signal at the P31
output again causes a true signal at the PI4 output and causes a true condition of logic
PI4- CLK, thereby causing the hit count of 1 to be read from the P/B MEMORY and the

40  address counter M1 is counted up one address. Referring to the RII register and the N 40
counter, the PI - PFIRST logic causes the DS7 selection circuit to couple the biased event
occurrence value 12 to the input of register RII and the true condition of logic CLK -P30
causes the biased event occurrence value 12 to be stored in register RII. Similarly, the true
condition at P9 and, hence, the true condition of logic PN- CLK causes the hit count 1

45  formed at the OP output of the ALU to be stored into the N counter. The true signal at the 45
P31 output of the flip flop P31, causes the flip flop P19 to be set to a 1 state and flip flop P31
to be reset to a 0 state at the following CLK pulse, thereby causing PB30 to be re-entered.

During the subsequent pass through PB30 and PB31, the hit count 1 in counter N and the
length of request 4 1n register LNRQR are again compared and found not equal, causing

50 PB31 to be entered. During PB31, the biased event occurrence value 12 in register RI[is 50
compared with the next to last delimiter 10 in register DI and found to be larger. Therefore,
PB32 and PB33 are re-entered.

During PB32 and PB33, the biased event occurrence value 12 in register RII is checked
and found within the pipe width on the + or right side of the pipe center, as discussed

55 above. Therefore, PB34 and PB35 are reentered where the biased event occurrence 12 in 99
register RII is found to be within the pipe width on the - or left side of the pipe center as
discussed above, and therefore PB36 is reentered.

During PB36, the hit count of 1 for the biased event occurrence value 12 is added to the 1
already in the S register and the resultant hit count of 2 is stored back into the S register.

60 The next biased event occurrence value 7 and its hit count of 1 are read from the P/B 60
MEMORY stored in register RII and the counter N and the M1 address counter are
appropriately incremented.

PB30 through PB35 are now entered where the hit count in the N counter is compared
with the length of request 4 in the LNRQR register and found to be the smaller. Hence,
65 PB31 is reentered where the biased event occurrence value 7 in register RII is compared 65
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with the delimiter 10 in register DI and the former is found to be the smaller or outside of
the event presently under consideration. Referring to the flow diagram, it will be seen that
when this occurs, the PIPE MODULE branches from PB31 to PB39. To this end, the ALU
forms a true signal at the L output, causing the logic P20-L to become true and at the
5 following CLK pulse, the flip flop P28 is set to 1 and the flip flop P27 is reset to 0. 5

During PB39, the content of register MAX is compared against the S register. The
register MAX is a temporary storage register to hold the current maximum number of hits
within a total pipe width in one entry. The S register is keeping a running tally of the
number of hits within a total pipe. The reason for the comparison during PB39 is to

10  determine if the tally, being kept in the S register, has become larger than the current 10
maximum contained in register MAX. If this occurs then PB41 is entered where the pipe
center contained in counter CV is transferred to register OUT and the content of register S
is transferred to register MAX. To be explained in more detail, if the content of register
MAX is the larger, PB40 is entered directly where the pipe center in register CV is

15 decremented. 15

Returning to the example under consideration, register MAX was initially set to 0 and
therefore its content is smaller than the hit count of 2 in the S register. Thus PB41 is next
entered. To this end, the true signal at the output P28 causes the DS10 and DS11 selection
circuit to couple registers MAX and S to the input of the ALU and the ALU in turn forms a

20 true signal at the L output. The true signal at the output P28 causes the DS1 and DS5 20
selection circuit to couple the 13 and 2, respectively, from registers CV and S to the input of
registers OUT and MAX. The true condition of logic P28-L causes a true signal at the L
input of register OUT, causing the pipe center 13 in counter CV to be stored in register

» OUT. The true condition of logic P28- CLK causes the L input of register MAX to be true,

25 thereby causing register MAX to store the total hit count 2 in register S. 25

Following PB41, PB40 is entered where the pipe center in counter CV is decreased by
one to 12, thereby moving the pipe one place to the left or down. To this end, the logic
P28- CLK applies a true signal at the Ct input of counter CV, causing counter CV to count
from 13 down to 12.

30 The true signal at the P28 output of the flip flop 28 causes flip flop P29 to be setto a 1 30
state and flip flop P28 to be reset to a 0 state at the following CLK pulse, thereby causing
PB42 to be entered.

During PB42, a check is made to determine if the new pipe center in counter CV is above
the lower delimeter contained in register DI and therefore still within the entry under

35 consideration. If the pipe center stored in counter CV is equal to or larger, the pipe center 35
in counter CV it is still within the entry and PB43 is next entered. However, if the pipe
center in counter CV is less than the delimiter in register DI, then the pipe center has
passed below the lower delimiter for the present entry and PB44 is entered.

Returning to the example, counter CV contains a 12 and register DI contains a 10.

40 Therefore, the pipe center in counter CV is the larger. The true signal at the P29 output 40
causes the DS10 and DS11 selection circuits to couple the 12 from counter CV and 10 from
register DI to the input of the ALU and a true signal is applied at the C input of the ALU.
Since the content of counter CV is the larger, a true signal is formed at the G output,
causing PB43 to be entered. Since we are about to test the new pipe center 12, the number

45 of hit counts in register S is reset to 0 and the M1 address counter is reset to the state of M2 45
which contains the address of the first event occurrence value 13 in the entries under test
(see Table 29). Considering the actual operation, the true signal at the G output of the
ALU causes the OR gate 610 to form a true signal at the GE output. This in turn causes the
logic P29.GE- CLK to be true and clear or reset the S register to 0. The same logic causes a

50 true signal at the L input to the M1 address counter and the address in counter M2 is stored 50
into M1. Thus, the S register now contains 0 and the address counter M1 contains the
address of the P/B MEMORY for the largest event occurrence 13. A true signal is now
formed by the logic P29-G, causing the flip flop P30 to be set to a 1 state and flip flop P29 is
reset to a O state at the following CLK pulse, causing PB37 to be entered.

55 During PB37 the largest event occurrence 13 and its hit count of 1 are read out by the P/B 55
MEMORY and stored into register RII and counter N, respectively.

During PB30, it is found that the hit count in counter N is less than the length of request
in register LNRQ and PB31 is entered. During PB31, it is found that the event occurrence
value 13 in register RII is greater than the delimiter 10 in register DI and PB32 and PB33

60 are entered. During PB32 and PB33, it is found that the event occurrence value 13 is within ~ 60
the pipe width on the + side of the pipe center 12 in counter CV and, accordingly, PB34 and
35 are entered. During PB34 and PB35 it is found that the event occurrence value 13 in
register RII is within the pipe width on the — side of the pipe center 12 and, accordingly,
PB36 is entered. During PB36, the hit count contained in counter N is added to the 0 in

65 register S so that the S register now contains a hit count of 1. PB37 is then entered where the 65
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next lower event occurrence value 12 and its hit count of 1 are read from the P/B
MEMORY and stored into register RII and counter N and the address counter M1 is
appropriately incremented.

PB30 through PB36 are re-entered with the same results found for the event occurrence
13 and thus during PB36, the hit count of 1 contained in counter N is added to the hit count

of 1 already contained in the S register, causing a total hit count of 2 in the S counter. PB37

is again re-entered where the next lower event occurrence value 7 and its hit countof 1 are
read from the P/B MEMORY and stored in register RII and counter N, and the M1 address
counter is appropriately incremented.

PB30 and PB31 are then re-entered. During PB31 it is found that the event occurrence
value 7 in register RII is smaller than the delimiter 10 in register DI, indicating that the
event occurrence is not within the event presently under consideration as specified by the
beginning delimiter 10 in register DI. Accordingly, PB39 is entered as discussed above.

During PB39, the maximum hit count of 2 in register MAX is compared with the total hit
count of 2 in register S and found equal. Accordingly, PB40 is entered directly (bypassing
PB41) where the pipe center 12 in the CV counter is decreased to 11.

It will now be noted that where, as just discussed, there is an equality between the
previous stored maximum hit count in register MAX and the accumulated hit count in
register S, that the previous maximum hit count and the corresponding pipe center in
registers MAX and OUT are retained. Referring to Table 29, it is noted that the first pipe
center with a hit count of 2 is 13 and it is the one which is used as the output from the PIPE
MODULE.

During PB42, the comparison is made to determine if the pipe center in counter CV has
passed below the beginning delimeter 10 in register DI. Since the pipe center 11 in counter
CV is the larger PB43 is entered where the address counter M1 is reset to the address of the
largest evg,nt occurrence 13, which address is contained in register M2 and the S register is
reset to

Following PB43, PB37 is entered where the largest event occurrence 13 and its hit count
of 1 are reread, stored in the register RII and counter N and the M1 address counter
appropriately incremented. During PB30, the hit count of 1 is not equal to the length of
request of 3 contained in register LNRQR, accordingly, PB31 is entered.. During PB31, the
event occurrence value 13 is found greater than the delimeter 10. Accordingly, PB32 is
entered. :

The operation during PB32 through 35 should now be carefully considered. The event
occurrence 13 in register RII is decreased by the pipe center of 11 contained in counter CV,
and the difference of 2 is stored in the total register T. During PB33, the difference of 2
contained in register T is compared with the pipe width of 1 contained in register PW and
the former is larger. Accordingly, the ALU forms a true signal at the G output and PB38 is
entered directly from PB33. The reason for this change in operation at this point is that the
event occurrence value 13 is now outside of the pipe width for the pipe center 11 in counter
CV and therefore the PIPE MODULE no longer needs to consider the event occurrence
value 13. Accordingly, the address of the next lower event occurrence value 12 is
transferred to the M2 address counter and this value is read from the P/B MEMORY,
stored into the register RII and its associated hit count of 1 is stored in counter N. To this
end, the true signal at the P22 output, in combination with the true signal at the P22 output,
in combination with the true signal at the G output of the ALU, causes the logic
P22.G. CLK to be true, causing a true signal at the L input of the address counter M2,
Accordingly, the address of the event occurrence value 12 is loaded into the M2 address
counter. The true signal at the P22 output causes a true signal by the logic P22.G and
accordingly, the flip flop P23 is set to a 1 state and the flip flop P22 is reset to a 0 state,
causing a true signal at the P23 output. The true signal at the P23 output, in turn, causes a
true signal at the P14 output of the PIPE MODULE, causing the P/B MEMORY to read
out the event occurrence value 12 specified by the address counter and stored in register RII
and the M1 address counter is incremented by 1, pointing at the hit count corresponding to
event occurrence value 12. The true signal at the P23 output causes the flip flop P24 to be
set to a 1 state, and flip flop P23 to be reset to a 0 state at the following CLK pulse, again
causing a true signal at the PI4 output of the PIPE MODULE and causing the P/B
MEMORY to read out the hit count of 1 for storage in counter N and the M1 address
counter to be incremented by one additional address, pointing at the event occurrence
value 7 in the P/B MEMORY. Following PB38, PB30 is re-entered. To this end, the true
signal at the P24 output causes the input to the P19 flip flop to be true and accordingly at the
following pulse at CLK, flip flop P19 is set to a 1 state and flip flop P24 is reset to a 0 state,
causing PB30 to be re-entered, followed by PB31.

During PB31, it is found that the event occurrence value 12 in register RII is greater than
the delimiter 10 in register DI, accordingly PB32 and 33 are entered. During PB32 and
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PB33, the comparison indicates that the event occurrence value 12 in register RILis within
the pipe width on the + side of the pipe center in counter CV. Accordingly, PB34 is
entered. During PB34 and PB35, it is found that the event occurrence value 12 in register
RII is within the pipe width on the — side of the pipe center 11 in counter CV, accordingly
5 PB36is entered, where the hit count 1 in counter N is added to the 0 in register S, resulting 5
in a total hit count of 1 in register S. PB37 is then entered where the next event occurrence
value 7 and its hit count 1 are read out from P/B MEMORY stored in register RII and
counters N and M1 appropriately incremented. PB30 and PB31 are then re-entered where it
is found that the event occurrence value 7 in register RII is less than the beginning delimeter

10 10 in register DI. Accordingly, PB39 is directly entered where the maximum hitcount 1in 10
register MAX is compared with the total hit count 1 in register S and found to be equal.
Accordingly, PB40 is entered where the pipe center 11 in the CV counter is decreased by
one to 10. During PB42, the pipe center 10 in counter CV is compared with the lower
delimeter 10 and is found equal. A false signal is thus formed at the G output of the ALU,

15 causing the inverter 918 to form a true signal at the G output. The signal at the G output 15
indicates that the pipe center equal is less than the lower delimiter 10 for the present entry
and hence the logic P29- G is true, causing flip flop P32 to be set to a 1 state, and flip flop
P29 to be reset to a 0 state at the following CLK pulse. Accordingly, PB44 is entered where
the event occurrence value 7 in register RII is compared with the beginning delimiter 10 in

20 register DI. To this end, the true signal at the P32 output causes the DS10 and DS11 20
selection circuits to couple the output of registers RII and DI to the input of the ALU. The
ALU detects that the biased event occurrence value 7 in register RII is smaller and,
accordingly, forms a true signal at the L output, thereby causing logic P32.L to be true and
flip flop P34 is set to a 1 state and PB32 is reset to a 0 state at the following CLK pulse, and

25 PB46 is thereby entered. It should be noted that during PB44, should the event occurrence 25
value in registér RII have been found larger or equal to the beginning delimiter in register
DI, PB45 would have been entered where the next lower biased event occurrence value and
its hit count would be read from the P/B MEMORY.

Continuing with the example, during PB46 the DECODE II MODULE decodes and

30 provides the new lower delimiter 8 for storage in the DI register. Additionally, the pipe 30
center in register OUT along with the corresponding maximum hit count in register MAX,
along with the sign represented by the SGN flip flop, are stored into the MEMORY
MODULE at the address specified by the M3 address counter. Thus, the pipe center 13 and
its corresponding hit count of 2 are stored into the MEMORY MODULE at the two

35 consecutive memory locations specified by address counter M3. This then specifies the 35
center of the best pipe for the event between delimiters 10 and 15.

Consider now the operation during PB46. The logic P32.L. CLK causes the output PI6to
receive a true signal, causing the DECODE II MODULE to decode and provide the next
lower delimiter 5 for storage in the DI register. The true signal at the P34 output causes a

40 true signal at the L input of the DI register, which in turn causes the DI register to store the 40
delimiter 5. The true signal at P34 causes the DS3 selection circuit to couple the best pipe,
center of 13 from register OUT to the input of the MEMORY MODULE. The true signal at the
PI9 output causes the MEMORY MODULE to write the best pipe center of 13 into the address of
area 3 specified by the M3 address counter. The true signal at the output PI10 also causes the

45 address counter M3 to count its address by one so that it now specifies the addres of the next 45
available address in MEMORY MODULE area 3. The true signal at the P34 output causes the
ﬂi;i flop P35 to be set to a 1 state and flip flop P34 to be reset to a 0 state at the following CLK

ulse.
P The true signal at the P35 output now causes new signals at the PI9 and PI10 outputs. .

50 Additionally, the true signal at P35 causes the DS3 selection circuit to couple the SIGN 50
output of the SGN flip flop and the output from register MAX to the input of MEMORY
MODULE area 3. The true signal at PI9 then causes the MEMORY MODULE to store
the provided signals at the locations specified by the address counter M3. Additionally, the
signal at P110 causes the address counter M3 to be counted up to the next available memory

55 location. 55

PB47 is now entered. The true signal at the P35 output causes the DS1 selection circuit to
couple the signals representative of a —1 from switches 902 to the input of registers OUT,
the true condition of logic P35- CLK causes the register OUT to store the —1 signals.
Additionally, the true condition of logic P35-CLK causes registers MAX and S to be cleared

60 or reset to 0. Additionally, the new or next pipe center to be considered is that specified by ~ 60
the next event occurrence value stored in register RII. Accordingly, the event occurrence
value is stored from register RII to register S. The true signals at P32 and L cause the logic
P32-L- CLK to be true, transferring the content of counter M1 to M2. The logic P34 + P35
is true during the true signals at P34 and P35. As a result, the countdown input of counter

65 M2 receives a true signal causing counter M2 to count down 2 addresses. 65
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Considering the actual operation, the true signal at the P35 output causes the DS9
selection circuit to couple the biased event occurrence value 7 in register RII to the input of
counter CV and the true condition of logic P35- CLK causes the L input of counter CV to
be true and hence the counter CV stores the biased event occurrence value 7 from register
RII, thus creating the next pipe center for consideration.

Following PB47, PB48 is entered and since the end of file for the delimeter field has not
been reached by the DECODE II MODULE, the EOF2 flip flop is in a O state.
Accordingly, PB30 is re-entered. )

Thus, at this point, PIPE MODULE has completed the phase of operation depicted in
Table 29. The true signal at the P35 output causes the logic P35- EOF2 to be true,
accordingly, flip flop P19 is set to a 1 state and flip flop P35 is reset to a 0 state at the
following CLK pulse. Hence, PB30 is re-entered. The operation of the PIPE MODULE
drops down to PB31 where the event occurrence value 7 in register RII is found to be less
than the delimiter 8 in register DI. Accordingly, PB39, 40 and 42 are entered where the
pipe center in counter CV is decreased from 7 to 6 and the new pipe center of 6 is found less
than the delimeter of 8 in register DI. Accordingly, PB44 is entered. During PB44, the
biased event occurrence value 7 in register RII is compared with the delimeter 8 and found
to be smaller. Accordingly, PB46 is re-entered.

Note at this point that register OUT contains a —1 and that register MAX contains a 0.
Accordingly, during PB46, a —1 and 0 is written out into the next two available memory
locations in MEMORY MODULE area 3. Also, the DECODE II MODULE reads out the
next lower delimiter 5 for storage in register DI. The operation depicted in Table 15 has
now been completed and the —1 stored in MEMORY MODULE area 3 indicates that there
are no hits for the entry between delimiters 5 and 8.

Register OUT is again stored with a —1 and register MAX and the counter S are again
reset to 0. The biased event occurrence value 7 contained in register RII is again transferred
as the pipe center to counter CV and 2 is subtracted from the address in address counter M1
and the result is stored in address counter M2. The PIPE MODULE then goes through
PB48 back to PB30.

Finally, the PIPE MODULE reaches a point during PB40 where the pipe center stored in
counter CV is reduced to 0. At this point the beginning delimiter in register DI is 0 and the
pipe center in counter CV is 0 and, accordingly, are equal, causing PB44 to be entered.
Register RII contains the biased event occurrence ~1, and since RII < DI, control goes to
PB46. -

During PB46, the best possible pipe center of 3 contained in register OUT and its
corresponding hit count of 2 are written out into MEMORY MODULE area 3 at the
address specified by the M3 address counter. PB47 and PB48 are now entered and during
PB48, the EOF2 flip flop is in a 1 state, indicating that the DECODE Il MODULE has now
completed all of the delimiter event occurrence vector. Accordingly, the DECODE II
MODULE forms a true signal at the EOF2 output, causing the logic P35-EOF2- CLK to be
true, resetting the generalized clock generator 700 so that it stops forming CLK and CLK
pulses, thereby causing the PIPE MODULE to exit its operation.

In summary, PB1 through PB20 are used to linearize from an information layer a request
represented by an event occurrence vector. A loop is formed around PB20, PB21 and
PB22, which assures that a biased event occurrence and corresponding hit count are stored
in the P/B MEMORY for each event occurrence value in the event occurrence vectors
under consideration. PB26 through PB48 are used to determine the maximum number of
hits with in a total pipe width. This is accomplished by sliding the pipe across the entry
positions or event times one by one, from right to left, until the maximum number of hits

for a particular pipe center within each event is outputted or stored in the MEMORY
MODULE area 3.

XVI. BRIGHTNESS MODULE
A. General Description

The PIPE and BRIGHTNESS MODULES cooperate together to select the best
response out of a data base to a request. As discussed above, the PIPE 1\’/IODULE forms a
set of pipe center signals each of which identifies the beginning delimiterévent for a possible
response to the request.

The user programs the MINI COMPUTER to select from among the pipe centers those
pipe centers which are to be sent to the BRIGHTNESS MODULE. The user selects pipe
centers based on some prearranged criteria, such as the number of hits within a “total pipe
width™ computed by the PIPE MODULE. Thus, for example, the user may decide that all
pipe centers associated with hit counts above some preselected value will be sent to the
BRIGHTNESS MODULE. Alternatively, the user may select all pipe centers whose hit
counts bear a certain relation to the length of the request, i.e., 90%.
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The BRIGHTNESS MODULE receives the selected pipe centers from the MINI
COMPUTER and develops data about each pipe center that can be used to select the “best
response” from among the entries for each pipe center. The “best response” is used herein
to indicate the closeness with which the events and their order in the response (from the

5 data base) match that of the request. ' 5

“Scatter value” (S) is one value used to determine the best response. Scatter value is a
measure of the closeness with which events of the request match the events of the response.
By definition, a scatter value of unit 1 indicates a request that is contained exactly in the
data base response. A scatter value of 0 indicates that the request is not contained in the

10  data base. If some or all of the events of the request are scattered throughout the database 10
response, the scatter value is somewhere between zero (0) and one (1), reflecting the
amount of scatter or mismatch. : ,

Situations may arise where a second value will be helpful in determining the brightness
value. This value is called the “length factor” (L) and relates to the length of the request to

15 the length of the response. The L value also ranges between 0 and 1. The L value is 15
desirable in locating misspelled words or where the response is desirably nearly an exact
duplicate of the request. Thus, responses which have a much larger or smaller number of
events than the request would get a much lower L value than those which have nearly the
same number of events.

20 il"he (fso)llowing discussion is directed to the background for development of the scatter 20
value (S).

Table 34 gives an example of a data base response word of “POISSON” and a request
word of “PRISON™. The scatter value is determined by positioning the request word
«PRISON” so that all of its events (letters) are to the left of the events in the response word

25  “POISSON”. Then the number of events of displacement or offset between each event in 25
the request and the matching event in the response is determined and summed together.

Next, the request word “PRISON” is shifted one event position to the right with respect to
“POISSON" and the offsets are again summed. These steps are continued, right shifting
the request as long as the sum of offsets is less than the previously determined sum.

30 Eventually the sum of offsets will go through a minimum value and then start increasing. To 30
be explained in more detail, the sum of these offsets provides desirable variables for use in
computing the scatter value S. 7

Table 34 depicts the word “PRISON” shifted to the right, beginning with a 0 shift. A 0
shift is where the last event (N) of the request word “PRISON™ is positioned immediately

35  at the left of the first event (P) in the response “POISSON™. This relation of the requestto 35
the response is desirable since it minimizes the displacement of the request. The sum of the
offsets for the 0 shift is designated at Dg in Table 35. Thus, the offsets for the events
POISSON are 6, 6, 6, 6, 7 and 7. It will immediately be noted that the event R of the
request “PRISON” does not have a corresponding event in the response “POISSON".

40 Under this condition where the event in the request does not have a match in the response, 40

' that event is arbitrarily given an offset value equal to the length of the request. This is
important and will be explained subsequently. Thus, the sum of offsets Dy is equal to 38.

Note carefully that if the request were aligned farther to the left, then for the O shift
position the sum of offsets would be larger. The sum of offsets would only remain the same

45 regardless of shift position if none of the events in the request match an event in response. 45
A minimum sum of offsets can be determined as explained above by making a series of one
event right shifts and computing the sum of offsets for each position until the minimum sum
of offset values is determined. Tables 34 and 35 depict shifts of 0,3,6,7,and9. The sum of
offset values is identified in Table 35 for these shifts as Do, D3, Dg, D7, Dy, the number

50 following the letter D indicating the number of event positions of shift. Each shift beginning 50
with D, produces a sum of offsets value which is less than the sum of offsets for the previous
position until the minimum sum of offsets value, 8, is reached. This condition is assured
since the request is being shifted one position closer towards the match. A shift of 6
produces the minimum sum of offset value 8. Subsequent right shifts after the minimum

55  sum of offset values increases the sum of offset values. Figure 42A is a graph depictinga 55
sum of offset values as a function of right shifts. The sum of offset values decreases so long
as there are more request events to the left of their matching response events than there are
on the right. As soon as half or more of the request events either match or lie to the right of
the position of their matching response events, the minimum sum of offset values occurs on

60 the graph. 60
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From this information the following equation for scatter value has been derived:

Equation 1 S = Do — Dmin
Do
5 where S = scatter value 5
Do = sum of offsets first response event
Dmin = smallest sum of offsets
Where no match exists between an event in the request and an event in

the response, use an offset equal to the length of request (LNRQ).

10 10

The significance of assigning an offset value equal to the length of the request will now be
explained. Figure 42-B illustrates the offset for the R event as a function of the number of
shifts. Since the request event R does not have a corresponding response event R, the offset
value is constant at 6 which is the length or number of events in the request word '

15 “PRISON”. However, with reference to Figure 42-C, it will be seen that offsets as a 19
function of shifts for the events P, I, S, decrease from 6 to 0 and then start increasing
following a shift of 6. Figure 42-D depicts the offset as a function of shift for the events O,N.,

The offsets decrease to 0 and then start increasing at a shift of 7.

Considering Equation 1, if there is no match, D, will equal D,;.. Therefore, the scatter

20 will be 0. If, on the other hand, there is an exact match between the request and the 20
response, the offset at Dy, will be 0 and therefore the scatter value will be 1. Thus, the
above equation for scatter value produces the desired result of S = 1 for a complete match,
and S = 0 for a complete mismatch.

The implementation of the brightness module for determining the scatter value requires

25 minor rearrangement of the above formula. This rearrangement can be best understood 29
with reference to Table 36. Table 36 shows the request word “PRISON” and the response
“PROMISE” in the word “COMPROMISE”. Event times 11 through 20 are assigned to
the events of the word “COMPROMISE”. The offset for a particular request event is
generally depicted by the following equations:

30 30
Equation 2 Offset = BIAS + (t; — min)
Equation 3 = (BIAS + t;) — min
where: BIAS = minimum displacement from a

request event to the corresponding response event; 35
35 t; = event time in the response :

corresponding to the request event

in question;

min = minimum event time in response.

49 A value of importance in the implementation of the BRIGHTNESS MODULE in BIAS 40
+ t;. Therefore, the following symbol is used to represent the equation:

Equation 4 6 = BIAS + t;

45 & is also referred to herein as the intermediate (IV) value. An equation for scatter value § 49
can then be written as follows:

Equation 5 S = (dy + NM) — (dpin + NM) 7
50 dp + NM 50
n
Equation 6 Where; dy = £ (&i - min) and
i=
55 ‘ 55
n S .
Equation 7 Amin = (0] - & Mid)
60 . 60
ai = intermediate value & for the

i-th event time;
8 mid = intermediate value & closest 6
65 to the mid & value;
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n = no. of request events that are
present in response;

= minimum event time (t) of response;
NM = (LNRQ — n) LNRQ (Note: this value
adds in the length of the request
for each request event for which
there is not a corresponding event
in the response).

Equation 5 then reduces to

= d

Equation 8 S = do — dpy
dy + Nﬁ

The final scatter value equation then becomes;
n
n ce .
S (di-min) — > , (5i-dmid)
=1 i=1
z“ (8i-min) + NM
i=1
where: i, dmid, NM and n are given under Equation 7.

Equation 9 S =

Applying the final equation 9 to the example of Table 36 the values depicted in Table 37
can be derived. Taking the request event P by way of example, the BIAS from the
beginning of the response word “PROMISE” is 6 events. The event time for the event “P”
in the response “PROMISE” is 14. The & value is 6 + 14 = 20. Along the right hand side of
Table 37 the & values are shown in ascending order of magnitude and this is the final order
in which the 0 values are stored in the P/B MEMORY.

It should be noted from Table 37 that neither a t value nor a 8 value is shown for the
request event “N”. This is because the request event “N”’ does not have a corresponding
event in the response word “COMPROMISE”.

A number of intermediate arrays of data are stored in P/B MEMORY but the final
intermediate array of data is depicted in Table 38. First, a pipe center (CP) value 18 is
stored. This is the largest event time within the entry in question. Next is the “min” value
which is defined above as the beginning (or smallestg event time in the response. Next are
stored the o values in ascending value order. The § values shown are taken from the right
hand side of Table 37.

The d, and d,;, values for the example of Table 38 are computed by the BRIGHTNESS
MODULE as follows:

dy = Z (& - min)

(18—14) + (20—14) + (20~14) + (22—14) + (22—14)
4 + 6 + 6 + 8 + 8

dmin = z I 61 - dmid i

[18-20] + [20-20] + [20—20| +[22—20] + [22—20]
% + 0 4+ 0 +2 o+ 2

I

where M = the number of events which are concurrently in the request and the respbnse.'

The BRIGHTNESS MODULE then stores a final output into MEMORY MODULE
area 3 as depicted in Table 39. The first value stored is the beginning delimiter for the
response entry in question. In the example of Table 36, the delimiter would be located one
event time to the left of the C in “COMPROMISE” and therefore is 10. Next in
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MEMORY MODULE area 3 is stored the number “n” of matching events between the
request and the response. The number of matching events n is also referred to in connection
with the BRIGHTNESS MODULE as the “# of hits” for brevity. In this case, “PRISON”
has six events whereas only five match and hence the # of hits is 5. Next in MEMORY

5 MODULE area 3 dmin is stored. The dmin value is 6 for the example of Table 36. Next dyis 5
stored . As computed above, d, is 32 in the example of Table 36.

The second factor mentioned above for determining the quality of response is the length
factor L. The length factor is concerned with the length of the request as compared to the
length of the response. One preferable use of the length factor would be at the word layer of

10  the data base to catch misspelling and cull out words which contain the request but which 10
are obviously not the request desired. For example, the length factor would help eliminate
the return of the word “FUNDAMENTAL” as a response to the request “MEN”. The
preferred length factor equation was derived empirically from the following considerations:
(1) a function is needed which has a near unity so long as the lengths of the response and

15  request are close; (2) after a definable difference in lengths, the curve should drop off 15

sharply.
The equation for the length factor L is as follows:
A 3
- , A < LNR
20 1- (@) NRQ) Q 20
Equation 11 L=
(A/LNRQ)™ A > LNRQ
25 Where LNRQ = length of request 25
N = length of the response
A = |LNRQ-N|
o = (.63 - the value which maintains

a relatively flat curve for L
30 until A = 1. At this point 30
(A = 1) L has a value of 0.75.
This value could be adjusted,
depending upon user requirements.
If L is taken into account, the quality of the response (B) is defined as

35 _ 35
Equation 12 B=LS T

where; S is scatter value, and
L is length factor
40 If length is not taken into account, then the quality of response is: 40

Equation 13 B =S

Table 40 is an example showing how the MINI COMPUTER and the BRIGHTNESS
45 MODULE together would order a “piping set” as to the quality of their response. 45

B. Components
Figures 43-46 form a schematic and block diagram of the BRIGHTNESS MODULE.
The registers and counters are of the following type shown in the above TTL book and have
50 the following states or flip flops storage: address counters M1, M2 and M3 have 256 states 50
and are up-type counters with a clear input control and are of type SN74161; register BSAV
has 8 flip flops and a load input control and is a data latch, type SN74100; the N and NP
counters have 256 states and have load and clear input controls. The N counter is an up
counter of type SN74161 and the NP counter is of type SN74191. The NP counter has an
55 output NP, for indicating when its contents are not 0. Register RII is also a counter, hasa 55
load control and a count up input control (CLK) and is of type SN74161. Register RII has 8
flip flops of storage and as a counter has 256 states.
Registers RI, DI, MIN, S, DO and T each have 8 flip flops which are edge triggered and
are of type SN74175; registers S, DO and T each have a clear input control (CLR). The
60 register TO has an output T, for indicating when its contents are 0 and an output T, for 60
indicating when its contents are not 0; registers LNRQ and DII each have 8 flip flops and
are down counters of the type SN74191.
DS1 through DS10 are data selectors (hereinafter referred to as selection circuits) and are
represented by rectangular boxes with symbols on the inner sides of the boxes
65 corresponding to the inputs. When a true signal is received at the input of the side of the 65
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selection circuit box, the correspondingly labeled data input circuit is coupled through to
the output circuit of the selection circuit. For example, the DS1 selection circuit has control
circuits along the side of the rectangular box labeled “M1 and T” and data inputs to the
selection circuit DS are from the M1 address counter and the T register. A true signal at

5 the Ml input causes the output of the M1 address counter to be coupled through to the 5
output of the DSI selection circuit and a true signal at the P input circuit causes the DS1
selection circuit to couple the T register through to the output.

The BRIGHTNESS MODULE also contains the following flip flops: BFIRST, BLAST,
FLG. FF PI through P36, GT, LT and ET. Each of the flip flops is of the type identified

10 above in the above TTL book. The flip flops P1 through P36 form a control counter 1113 10
which controls and sequences the operation of the BRIGHTNESS MODULE. In addition,
the BRIGHTNESS MODULE includes a generalized clock control 700 of the same type as
that discussed above. To be explained in more detail, the generalized clock control 700 has
its operation controlled by clock suspension logic 1132.

15 The BRIGHTNESS MODULE also includes an arithmetic unit (ALU) which is of the 15
same type disclosed hereinabove with respect to the ENCODE MODULE. The ALU
forms a true signal at the G and L outputs when the value represented by the signal at the
left data input is > and <, respectively, the value of the signal at the left hand data input.

The E output receives a true signal when the value of the two data inputs is equal. An OR

20 gate 1150 is connected to the G and E outputs of the ALU and forms a true signal when 20
either the G or E output receives a true signal. An OR gate 1152 is connected to the L and
E outputs of the ALU and forms a true signal at the LE output whenever true signals are
formed at the L or E outputs. A signal inverter circuit 1140 inverts the signal at the L output
and forms a true signal at the T output whenever a false signal is formed at the L output.

25 Figure 46 depicts the control input/output lines and the information input/output for the - 25
BRIGHTNESS MODULE. The arrows to the right depict outgoing signals, whereas
arrows to the left depict incoming signals. The outgoing control input/output lines each has
a symbol at the arrowhead identifying the line and, in parentheses following the symbol,
additional symbols corresponding to the part of the rest of the system to which the control

30 lines go. Heavy lines depict multiple lines for carrying multiple bits of information in 30
parallel throughout the BRIGHTNESS MODULE schematic and block diagram.

Also included are switches 1130, 1132, and 1134. The switches are conventional
mechanical switches or other electronic circuits which form a continuous 8 bit binary coded
signal at the output thereof. Switches 1132 and 1134 form signals representing a —1 whereas

35 the switch 1130 forms signals representing the value 255. 35

Logical equations are used throughout the BRIGHTNESS MODULE schematic and
block diagram to represent gates which in turn control the operation of the indicated
circuits.

It should be noted that the outputs of all of the flip flops are not shown in the

40 BRIGHTNESS MODULE but the same convention is used as described in the section .LF 40
CONVENTIONS AND COMPONENTS USED IN THE FIGURES.

C. Derailed Description
An abbreviated discussion of the general operation of the BRIGHTNESS MODULE is

45 now given with reference to the BRIGHTNESS MODULE flow diagram of Figures 47-50. 45
The BRIGHTNESS MODULE flow diagram generally depicts the brightness operation by
a sequence of interconnected boxes labeled B1 through B58. Within the boxes are labels
indicating actions within and between registers, flip flops, the DECODE 1 and II
MODULES. the MEMORY MODULE and the P/B MEMORY. Also associated with the

50 B designations are the letters P followed by numbers. These P numbers correspond to the 50
flip flops of the control counter in the BRIGHTNESS MODULE which are in a 1 state at
the particular points in the operation.

Considering the operation, initially, the MINI COMPUTER under program control
obtains the “S” request event occurrence vector and the corresponding delimiter

55 occurrence vector from auxiliary memory, in seed form, and causes the OUTPUT 55
MODULE to revolve them back to the input line in their iso-entropicgrams. The “S” event :
occurrence vector and delimiter occurrence vector in hybrid code are stored in MEMORY
MODULE areas 1 and 2. respectively, as depicted in Table 41. The MINI COMPUTER
also loads the IPRF with the length of the request (LNRQ), the length of the first E.O.

60 vector of the request (LN1), the Iength of the delimiter occurrence vector (LN2), and sets 60
the FIRST and LAST flip flops to states 1 and 0, respectively. Also, the MINI
COMPUTER selects pipe center values from among those stored by the PIPE MODULE
in the P/B MEMORY which are to be used during the brightness operation and stores those
in P/B MEMORY area 1. These conditions are depicted by way of example in Part 1 of

65 Table 41. 65
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During the subsequent operation, the DECODE II MODULE always reads and decodes
from the delimiter occurrence vector in MEMORY MODULE area 2, going from the
largest (end) to the smallest delimiter. Similarly, the DECODE I MODULE always reads
and decodes from the event occurrence vector in MEMORY MODULE area 1 going from
the beginning (largest) to last (smallest) event occurrence value. Likewise, the P/B
MFMORY is read going from the beginning (largest) to the last (smallest) pipe center
values.

B1 of the BRIGHTNESS MODULE flow is now entered where the BRIGHTNESS
MODULE is initialised, the M1 read address counter and the M2 write address counter for
the P/B MEMORY are reset to 0, the DECODE II MODULE provides a beginning
delimiter from the delimiter vector into its register DO2. The beginning delimiter is also an
end delimiter.

During B2, a pipe center value is read from the P/B MEMORY area 1 using the M1
address counter, the MIN register is set to 255 (a forced value equal to the largest possible
pipe center value for a 8 bit ward) and the T register is set to a mimimum value of 0. During
B3, the beginning delimiter is stored in register DI and the DECODE I MODULE
provides an event occurrence value from the stored event occurrence vector. If this is not
the last end of the event occurrence vector file (EOF1 # 1), then B7 is entered where the
event time value is stored into RI register.

During B8 of the BRIGHTNESS MODULE flow, the pipe center value contained in the
RII register is checked against the beginning delimiter contained in the DI register to see if
the pipe center lies between the beginning and end delimiters in registers DI and DII. By
virtue of the sequence of operation and the fact that the first pipe center is never greater
than the ending delimiter of a delimiter occurrence vector, it is only necessary to check the
pipe center against the beginning delimiter in the DI register to see if the pipe center lies
between the two delimiters. If the pipe center does not lie between the two delimiters, it is
< the beginning delimiter in the DI register. Under these circumstances, B14 through B16
are entered. If the pipe center does lie between the two delimiters, it is > the beginning
delimiter in the DI register. Then B9-B13 are entered.

During B14 and B15, the DECODE I MODULE is adjusted so that it passes over each of
the event occurrence values in the event occurrence vector for the entry designated by the
beginning delimiter in the register DI. However, the smallest event occurrence value is
saved in register RI. To this end, at B14 the contents of the RI and DI registers are
compared and if the event occurrence value in register RI is = the beginning delimiter in
register Di, then B15 is entered where the DECODE I MODULE provides the next event
occurrence value from the event occurrence vector. This operation continues, reading the
event occurrence values from largest to smallest value, until, during B14, the event
occurrence value in register RI is smaller than the beginning delimiter in register DI. B16 is
then entered.

During B16, the next lower valued delimiter is provided by the DECODE II MODULE
and stored in the DI register and the lower delimiter previously stored in register DI is
transferred to register DII. B8 is then reentered. This operation continues through B8, B14,
B15 and B16 until the delimiter in register DI is smaller than the pipe center value in
register RII. When this occurs, the DECODE Il MODULE has been adjusted so that the
pipe center in register RII lies in the proper event as specified by the delimiter in register DI
and B9 is entered.

During B9, the event occurrence value for the event occurrence vector contained in
register RI is compared against the beginning delimiter in register DI and if greater or equal
to, there is an event occurrence value within the entry designated by the beginning delimiter
in register DI. B10 through B13 is then entered. '

During B10, the difference between the event occurrence value in register RI and the
pipe center in RII is computed and the absolute value is stored in register D. During B11,
the difference value contained in the D register is compared with the content of the MIN
register and if the former is smaller, then B12 is entered where the difference value in
register D is transferred to the MIN register, and the corresponding event occurrence value
in register RlI is transferred to the T register. In this manner, the event occurrence value of
the event occurrence vector with the smallest displacement from the corresponding pipe
center (in register RII) is stored into the T register for future use. It will be recognized that
the smallest event occurrence value from all event occurrence vectors of a response that lies
in one entry (i.e., between two adjacent delimiters) is the “min” value of Equation 9 above.

During B13, the DECODE I MODULE provides the next smaller event occurrence
value for storage in the RI register. The loop through B9-B13 is then repeated until each
event occurrence value in the entry lying above the delimiter in register DI has been
processed and the one closest to the current pipe center has been found and stored in
register T.
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When an event occurrence value is found and stored in register RI that is smaller than the
beginning delimiter in register DI, the last event occurrence from the entry specified by the
delimiter in register DI has been processed. B17 of the BRIGHTNESS MODULE flow is
then entered.

5 During B17, the register MIN is again initialized to the forced maximum value of 255 and 5
the pipe center in register RII is increased by one so that it is equal to the event occurrence
value for the next higher event in the response. The incremental value, to be explained in
more detail, is stored in the P/B MEMORY and is subsequently read out for processing the
next event occurrence vector in the response. Incrementing of the pipe center is similar to

10 prejudicing or moving the request one event position to the right with respect to the 10
response as discussed above.

During B18, the BFIRST f{lip flop is checked. The BFIRST flip flop is in a 1 state while
processing the first event occurrence vector and is in a 0 state while processing the second
and subsequent event occurrence vectors. Thus, for the first event occurrence vector, B19is

15 next entered where the N and NP registers are reset to 0 and subsequently B22 is entered. 15

If during B18 the BFIRST flip flop is in a 0 state indicating that the second or subsequent
event occurrence vector of the response is being processed, B20 and B21 are entered where
the current minimum event occurrence value and hit count, previously stored in P/B
MEMORY, are read and stored into the MIN, N (and NP) registers, respectively. Thus,

20 the MIN register contains the minimum event occurrence value up to this point for one 20
particular entry (corresponding to one delimiter value in register DI) and the N and NP
rﬁgisters contain the # of hits which is equal to the number of & values for such entry up to
this point.

B22 of the BRIGHTNESS MODULE flow is now entered. Hence, the minimum of the

25  pipe center (RII) and ending delimiter —1 (i.e., DII —1) is stored into the P/B MEMORY. 25
The purpose for the choice is that a pipe center (CP) value is being stored into the P/B
MEMORY at the beginning of a list of information for one particular entry. This value, as
mentioned above, identifies the next higher event occurrence value next to be processed for
the next event occurrence vector of the response. However, there is a limitation as to the

30 possible event times and that limitation is the ending delimiter (DII —1) for the entry being 30
processed. Thus, the next to end delimiter DI —1 is the highest event occurrence value that
is obtainable within the entry and the highest event occurrence value stored during B22.

B23 of the BRIGHTNESS MODULE is now entered during which the register T is
checked to see if it contains an event occurrence value. If an event occurrence value is

35 contained in the T register (# 0), this indicates that there is an event occurrence valueinthe 35
present entry designated by the beginning delimiter in DI and B26 and B27 are entered.

During B26, the new minimum event occurrence value in the T register is compared with
the minimum event occurrence value read from P/B MEMORY from a previously
processed. Thus, the next to end delimiter DII —1 is the highest event occurrene value that

40 value (T) is smaller, than B27 is entered where the new minimum event occurrence value 40
(T) is stored into the MIN register, this becoming “min” of Equations 2 and 3 above. If the
formerly stored min register MIN is smaller or equal, then B28 is entered directly, skipping
B27, thereby saving the min value in register MIN.

During B28, the # of hits count in counter N corresponding to the total number of

45 matching events counted to this point is incremented by one. Also, the length of request 45
value, which corresponds to the BIAS above, is contained in the LNRQR register and is
added to the new event occurrence value presently being processed in register T and the
result is stored back into the T register. Returning to the theory, it will be recognized that
this corresponds to t; + BIAS = oi in the scatter value (S) equation. Thus, at this point, a

50 new  value has been formed and stored into the T register and the total number of 0 values 50
in the present entry has been counted by the N counter.

Following B28, B29 is entered. If there are no event occurrence values in the present
entry for the current event occurrence vector being processed (which lies between DI and
DII), the T register will not contain a new minimum event occurrence value (T = 0) at B23,

55  and B24 and B25 will then be entered following B23. During B24 and B25, a previously 55
stored & value, if one exists, for the entry specified by DI from previously processed event
occurrence vectors, is read from the /B MEMORY and stored in the T register. The NP
counter keeps track of the number of 8 values stored in the P/B MEMORY for the entry
being processed. If there are & values, the NP counter will not be 0 and B25 is entered

60 following B24 where a & value is read from the P/B MEMORY and stored into the T 60
register and the NP counter is decremented by one. Following B25, B29 is entered. If the
NP counter was 0, then B29 would have been entered directly from B24.

During B29 and B30, the minimum event occurrence value for the present entry specified
by DI is stored from the MIN register into the P/B MEMORY and the # of hits count is

65 siored from the N counter into the P/B MEMORY. Following B30, B31 of the 65
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BRIGHTNESS MODULE flow is entered.

During B31, the NP counter is checked to see if it is 0. If it is 0, then all of the § values for
the present entry (specified by DI) and contained in the P/B MEMORY are in sorted order.
If, however, the NP counter is not 0, a d value remains in the P/B MEMORY to be stored
into increasing value order as discussed hereinabove.

To this end, during B32, a § value is read out of the read area of the P/B MEMORY,
stored into the RII register and the NP counter is decreased by one. During B33, the
magnitude of the § value in register RII is compared with that of the & value in the T
register. If the 8 value in T is larger, then B34 is entered where the smaller 8 value in the
RII register is stored into the P/B MEMORY. If the 8 value in RII is larger, then B33 is
entered where the d value in the T register is stored in the P/B MEMORY and the larger 9
value in RII register is transferred to the T register. In this manner, the d values are stored
in increasing value order in the write area of the P/B MEMORY.

After all the incremental values in the P/B MEMORY have been processed through B31
through B35, then the NP counter will be reduced to 0 and B36 through B38 will be
entered.

If during B36 the FLG flip flop is in a 1 state, having been set there during B28, a new &
value will have been formed in the T register which is to be stored into the corresponding
field of the P/B MEMORY. To this end, B37 is entered where the content of the T register
is stored in the P/B MEMORY. If the FLG flip flop is in a 0 state, B37 is skipped as there is
no § value to be stored. During B38, the next pipe center value (CP) is read out of the P/B
MEMORY into the RII register, the forced maximum value of 253 is stored in the MIN
register and the T register is set to 0.

If during B39 the pipe center value contained in RII register is =0, it contains another
pipe center value, (read during B38 from P/B MEMORY) to be processed. Accordingly,
B16is reentered where the DECODE I and II MODULES for the event occurrence vector
and delimiter occurrence vector are repositioned for the next entry which corresponds to
the pipe center (CP) in the RII register.

This operation continues, returning to B16, until after the last pipe center (CP) value has
been read in from the P/B MEMORY. The end of field value —1 is then read from the P/B
MEMORY and stored in RII register during B38. Subsequently, during B39, RII contains
the —1 (end of field) value and B40 is entered.

During B40, a —1 is written into the P/B MEMORY at the end of the § field, thereby
indicating the end of field for the corresponding entry. Additionally, the length of request
value contained in the LNRQR register is counted down one to reflect that one of the event
occurrence vectors of the response has been processed. The LNRQR register now contains
the BIAS value for the next event occurrence vector of the response.

During B41, the BLAST flip flop is checked. The BLAST f{lip flop indicates when the last
event occurrence vector of the response has been processed. If the BLAST flip flop is a 0,
the last event occurrence vector has not been processed and the BRIGHTNESS MODULE
exits. If the BLAST flip flop is a 1, the last event occurrence vector has been processed and
B42 is entered. B1-B41 sets up phase I in which the S, and min are computed. B42-B58 are
entered only after all entries have been processed and it does the summing to compute Do
and Dmin.

p At 'giis point, the P/B MEMORY contains an array of data such as that depicted at Part
, Table 41.

Consider now the second half of the operation of the BRIGHTNESS MODULE
commencing with B42. When the last event occurrence vector of the response has been
processed and the BLAST flip flop is set to a 1 state by the MINI COMPUTER, B42 is
entered following B41. During B41, the switching flip flop (SM) for the P/B MEMORY is
toggled, thereby interchanging the read and write areas. In other words, the BRIGHT-
NESS MODULE will now read from the area 2 in which it originally wrote and will write
into area 1, from which it was originally reading. Additionally, the M1, M2 and M3 address
counters are reset to 0 and the DECODE II MODULE is reset so that it starts reading at
the largest or end delimiter of the delimiter occurrence vector. Also during B42, the
DECODE II MODULE reads and discards the end delimiter.

During B43, the DECODE II MODULE reads the next to end delimiter which is the
beginning delimiter of the last entry and the delimiter is stored into the DI register.

B44 through B58 are then entered repeatedly until each of the CP values and their
associated min values (# of hits) and 8 values have been processed. More specifically, the
purpose of B44 through B58 is to process each CP and associated field of values and store
back in MEMORY MODULE area 3 the delimiter for the beginning of the corresponding
entry followed by the number of matching events between the request and the response (#
of hits) and the d;, and d,, values which go into the computation of the scatter value (S).

To this end, during B44 the CP value for the entry is read from the P/B MEMORY and
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stored into the RII register. During B45, the content of the RII register is checked to see if
the end of field (—1) value has been reached. If an end of field value has been reached, the
BRIGI(;ITNESS MODULE exits. If the end of field has not been reached, then B46 is
entered.

During B46 and B47, the DECODE II MODULE is adjusted so that it provides to the
register DI the beginning delimiter for the CP value now stored in the RII register. When
this has been accomplished, the CP value in RILis = the delimiter in the DI register and
B48 is entered. During B48 and B49, the S and D, registers are set to 0, the P/B MEMORY
reads out the minimum event time value (min) for storage in the MIN register and the P/B
MEMORY reads out the # of hits value for storage in the N and NP counters.

During B50, the binary value represented by the content of the NP register is right shifted
with respect to the corresponding ALU inputs by one binary bit, thereby dividing the
number by two and the result is added to the address in the address counter M1 with the
result being stored in the T register. The right shift is done by a wiring connection between
the NP register and DS10 selection circuit. In this manner, the address of the midpoint of
the & values in the P/B MEMORY is computed and stored in the T register. The & value
specified by the address in the T register is now read out of the P/B MEMORY and stored
in the RII register. The & value in the RII register is the & mid value discussed above.

During B51, a check is made to see if the P/B MEMORY contains any & values left for
processing for the entry presently being processed. If the NP counter is 0, there are no s
values left to be processed and B35 is next entered. If, however, the NP counter is not 0,
then there is one or more remaining & values in the P/B MEMORY for the present entry
and B52 through BS54 are entered.

During B52, the & value is read out of the P/B MEMORY and stored in the RI register
and the NP counter is decreased by one to reflect that one of the & values has been
removed. During B53, the absolute value of the difference between the 8 mid value in RII
and the & value in RI is formed and stored in the D register. Also during B53, the S register
is used as an accumulator to store the source of the present and previous difference values
stored into the D register. Thus, the S register contains the sum of the difference values
which corresponds to the dp;, value.

During B54, the difference between each & value and the min value stored in the RI and
MIN registers is taken and the result is stored in the D register. The Dy register is used as an
accumulator for accumulating the present and previous difference values stored into the D
register during B54. Thus, D, register contains the sum of & —min difference values which
corresponds to the d, value. The loop around B51 through B54 is repeated until all of the &
values have been processed. For each & value read from the P/B MEMORY, the NP
counter is reduced by 1 and when 0, BS5 through B58 are entered.

During B55, the beginning delimiter of the current event stored in the DI register is first
stored into the MEMORY MODULE area 3. During B56, the # of hits (number of
matching request and response events) is stored from the N counter into the next location in
MEMORY MODULE area 3. During B57, the dpy;n value is stored from the S register into
the next location of MEMORY MODULE area 3. During B58, the dg value in register Dy is

stored into the next location of MEMORY MODULE area 3.
Following B58. B44 is reentered where the CP value, min value, # of hits value, and &

values for the next entry are processed. _

Finally, when the values for the last entry have been processed, a —1 end of field value is
stored into the RII register during B50 and is detected upon reentering B45, causing the
BRIGHTNESS MODULE to exit. :

After the last exit by the BRIGHTNESS MODULE, the MEMORY MODULE area 3
contains a field of information such as that shown in Part 7 of Table 41. The field of
information is then read by the MINI COMPUTER which computes the scatter value,
using the formula discussed above.

The following discussion makes reference to the calls upon the DECODE I and II
MODULES wherein these modules decode a value from the hybrid code to absolute code.
Time is required for the module to perform its conversion. Accordingly, the clock
suspension logic 1132 forms a true signal at the CS input of the generalized clock control 700
whenever a call is made on the DECODE I and Il MODULES and this causes a suspension
of the CLK and CLK pulses and hence a suspension of the BRIGHTNESS MODULE
operation until the called module completes its decode operation. The DIMEND
and D2MEND outputs from the DECODE I and 11 MODULES are normally true and go
false momentarily when the corresponding decode module finishes a decode operation.
Thus, when the DECODE I MODULE is called by the BRIGHTNESS MODULE, the
BRIGHTNESS MODULE output B5 is true, causing a true condition of logic
B5.DIMEND and hence a true condition of the clock suspension logic 1132. This true
condition causes the CS input to be true and hence the generalized clock control 700
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terminates the CLK and CLK pulses. -

When the DECODE I MODULE finishes its decode operation and has the decode value
in register DO1 ready to be read, DIMEND becomes false, causing a false condition of
logic B5.DIMEND and hence of the clock suspension logic 1132. This causes the CLK and
CLK pulses to resume and operation of the BRIGHTNESS MODULE resumes at P6 of the
control counter 1113.

The B6 output of the BRIGHTNESS MODULE receives a true signal whenever the
DECODE II MODULE is called. Thus the B6.D2MEND logic performs a similar
function for the DECODE II MODULE as logic BS.DIMEND does for the DE-
CODE I MODULE.

Consider now an actual operation of the BRIGHTNESS MODULE taking the example
used in the PIPE MODULE. The data base reply is the sentence “THIS IS A TEST”
depicted in the PIPE MODULE Table 1. The request is the word “SIT”.

Initially, the DPM INTERFACE MODULE forms a control signal at the MINIT output
and MINIT is fed to the general clock control circuit 700 which causes MR to become high
thus resetting control counter 1113 to 0.

Table 41 depicts the data stored in the MEMORY MODULE, and P/B MEMORY, and
the IPRF during the operation of the BRIGHTNESS MODULE. Part 1 of Table 41 depicts
information stored into the IPRF and MEMORY MODULE to process the event “S” from
the request word “SIT”. Thus, the MINI COMPUTER, under program control, initially
stores 3, the number of events in the request (length of request) into theLNRQ of IPRF;
stores 3, the number of physical words in the event occurrence vector (length of event
occurrence vector) into LN1 of IPRF; and stores 4, the number of physical words needed to
store the delimiter event occurrence vector (delimiter occurrence vector length) into LN2 of
IPRF. All are depicted in Part 1 of Table 41. Also, the MINI COMPUTER initially stores
the “S” event occurrence vector, in hybrid coded form, into MEMORY MODULE area 1;
stores the delimiter occurrence vector for the response “THIS IS A TEST” into MEMORY
MODULE area 2; and stores the pipe center values (selected from among those provided
by the PIPE MODULE) into P/B MEMORY area 1, all as depicted in Part 1 of Table 41.
Additionally, as depicted in Part 1 of Table 41, the FIRST and LAST flip flops are set to 1
and 0, respectively. The 1 state of flip flop FIRST indicates that the first event occurrence
vector of the request is being processed and the 0 state of flip flop LAST indicates that the
last event occurrence vector is not being processed.

The DPM INTERFACE MODULE then forms a true signal at the BMGO output to the
IN input to the generalized clock control 700, causing it to commence applying CLK and
CLK clock pulses. Since all of the P1 flip flops in the control counter 1113 are initially ina 0
state, the first CLK pulse sets the P1 flip flop to a 1 state, causing B1 of the BRIGHTNESS
MODULE flow to be entered.

During B1, a true signal is formed at the P1 output of the P1 flip flop, causing M1 and M2
P/B MEMORY read and write address counters to be reset to 0 and causing true signals at
the B3 and B4 outputs of the BRIGHTNESS MODULE (see Figure 50). The true signal at the B3
and B4 outputs causes the DIFST flip flop in the DECODE I MODULE and the
D2FST flip flop in the DECODE II MODULE to be set to 1, thereby indicating that the
first call is about to occur on the corresponding decoders. The true signal at the P1 output
also causes the logic P1.CLK to be true, thereby causing a true signal at the B6 output
of the BRIGHTNESS MODULE. The true signal at the B6 output causes the D2GO
multi-vibrator to be set to a 1 state, thereby calling the operation of the DECODE II
MODULE. The DECODE Il MODULE then reads in the beginning delimiter 15 for the
word “TEST” from MEMORY MODULE area 2 (see Part 1 of Table 41) into its register
DO1. Subsequently the true signal at P2 stores the value from register DO1 into DI. The
subsequent true signal at P3 causes the value to be stored from DI into the DII register.

The true signal at the P1 output causes the P2 flip flop to be set to a 1 state and the P1 flip flop is
reset to a O state at the following CLK pulse, thereby causing B2 of the flow to be entered.

The true signal at output P1 also causes a true signal at the Bl output of the
BRIGHTNESS MODULE which goes to various modules in the system thereby enabling
values to the following modules: SWITCH MATRIX, DECODE I MODULE and
DECODE II MODULE. The true condition of the logic P1.CLK also causes a true
signal at the B2 output of the BRIGHTNESS MODULE, thereby applying a system clock
to the modules in the system, causing the above value enabled by the output B1 to be stored
in the respective modules.

During B2 of the flow, the true signal at the P2 output of the P2 flip flop causes true
signals at the B5 and B6 outputs of the BRIGHTNESS MODULE which, in turn, call the
operation of the DECODE I MODULE. The DECODE I MODULE is now operating on
the entry “TEST” (see PIPE MODULE, Table 1). Calling of the DECODE I MODULE
causes it to provide the largest event occurrence value 13 from the “S” E.O. vector stored
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in MEMORY MODULE area 1 (see Part 1 of Table 41). Additionally, the true signal at the
P2 output causes the DS7 selection circuit to couple the signals representing the forced
maximum value of 255 from the switches 1030 to the input of the MIN register. The DS1
selection circuit receives a true signal at the P25 output, causing the output of the M1
register to be coupled to the address input of the P/B MEMORY. The true signal at the B7
output causes the P/B MEMORY to read out the first pipe center value 13 (see Part 1 of
Table 41) using the address 0 in the read address counter M1. The true condition of logic
P2.CLK causes the RII register to store the pipe center value 13 from P/B MEMORY and
causes the MIN register to store the forced maximum value 255. The true signal at the P2
output also causes the P3 flip flop to be set to a 1 state, and the P2 flip flop to be reset toa 0
state at the following CLK pulse, thereby causing B3 of the flow_to be entered.

During B3 of the flow, true signals are formed at the P3 and P22 outputs of flip
flops P3 and P22, respectively. The logic P3.CLK becomes true, thereby forming a true
signal at the B6 output of the BRIGHTNESS MODULE, causing the D2GO flip flop in the
DECODE II MODULE to be set, thereby calling the operation of the DECODE I
MODULE, causing it to read out the beginning delimiter 10 for the response word
“TEST”. The logic P4 causes the beginning delimiter 10 to be stored into the register DI

The EOF1 flip flop in the DECODE I MODULE is now in a 0 state because the end of
the “S” E.O. vector field has not been reached. The P22 flip flop is in a 0 state and B7 of the
flow is entered. Accordingly, the logic EOF1 . P22 is true, causing the DS6 selection
circuit to couple the event occurrence value 13 in register DO1 of the DECODE I
MODULE to the input of the RI register. Additionally, the logic P3.CLK causes the
RI register to store the “S” E.O. value 13 from the DECODE I MODULE. The true signal
at the P3 output of flip flop P3 also causes the P4 flip flop to be set to a 1 state and the P3 flip
flop is reset to a 0 state at the following CLK pulse, thereby causing B8 of the
BRIGHTNESS MODULE flow to be entered.

During B8 of the flow, a true signal is formed at the P4 output of flip flop P4. The true
signal at the P4 output causes the DS9 and DS10 selection circuits to couple the output of
the RII (13) and the DI (10) registers to the input of the ALU and so to form a true signal at
the C (compare) input of the ALU. In the preceding sentence and in the following
discussion, a parenthesis () following a register label indicates the value contained therein.
Thus register RII contains a value 13 and register DI contains a value 10. The ALU detects
that the content of register RII (13) is larger than that of register DI (10), and is therefore
within the event designated by the delimiter in register DI. Accordingly, the ALU forms a
true signal at the output G, causing the OR gate 1150 to form a true signal at the GE
output. The true signal at the GE output causes the lotic P4.GE to be true and the following
pulse at the CLK output causes the P6 flip flop to be set to a 1 state, and the P5 flip flop to
be reset to a 0 state, causing B9 of the flow to be entered.

During B9 of the flow, the true signal at the P6 output causes the register RI (13) and the
register DI (10) to be coupled through the DS9 and DS10 selection circuits to the two inputs
of the ALU and causes a true signal at the C input of the ALU. The ALU compares the two
values and finds that the event time value 13 in register RI is the larger and hence is within
the entry designated by the delimiter 10 in register DI and forms a true signal at the G
output, causing the OR gate 1150 to form a true signal at the GE output. The logic P6.GE
then becomes true and the following pulse at the CLK output causes the P7 flip flop to be
set to a 1 state, and the flip flop P6 to be reset to a 0 state.

B10 is now entered. The true signal at the P7 output causes the event time 13 in register
RI to be coupled through the DS9 selection circuit to one input of the ALU and the pipe
center value 13 in register RII to be coupled through the DS10 selection circuit to the other
input of the ALU. Additionally, the S (subtract) input of the ALU receives a true signal
and the ALU subtracts the two values, resulting in signals representing a 0 at the OP
output. The logic P7.CLK becomes true, causing the D register to store the 0 output at
OP. It should be noted at this point that should the subtraction have resulted in a negative
value, such as when the contents of Rl is < that of RII, a true signal would be formed at the
L output of the ALU during the subtraction process, causing the logic P7.L to become true,
thereby causing the P8 flip flop to be set to a 1 state and the P7 flip flop to be reset to a 0
state. What will happen under these circumstaces is that the DS9 and DS10 selection
circuits will recouple the RI and RII registers to the ALU again, but this time reversed, so
that a positive number will result and the positive number will be restored into the D
register. In this manner, a positive or absolute value result always ends up in the D register
as indicated in B10 of the flow. .

In the example where the difference is 0, a true. signal is formed at the L output of the
signal inverter 1140 and accordingly, the logic P7.L is true, causing the P9 flip flop to be set
to a 1 state.

Note carefully now what has happened during B10. The difference between the pipe
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center 13 and the first event occurrence value 13 has been computed and found to be 0.
Therefore, the displacement therebetween is the smallest possible, namely, 0. The event
occurrence value 13 is then the value min for the entry “TEST” designated by the delimiter
10 in register DI.

5 B11 is now entered where the true signal at the P9 output causes the DS9 and DSI0 5
selection circuits to couple the difference of 0 from the D register and the forced maximum -
value 255 from the MIN register to the two inputs of the ALU and a true signal at the C
input causes the ALU to compare the two values. Since the displacement value 0 in the D
register is the smaller, a true signal is formed at the L output. The true signal at P9 causes

10 the DS7 selection circuit to couple the output of the D register to the input of the MIN 10
register and the logic P9.L is true, causing the MIN register to store the 0 value.
Additionally, the true signal at P9 causes the DS8 selection circuit to couple the output of
register RI to the input of the temporary storage register, T, and the logic P9.L.CLK
causes the T register to store the minimum event occurrence value 13 from register RI.

15 B13 of the flow is now entered. The true signal at the P9 output causes a true signal at the 15
B5 output of the BRIGHTNESS MODULE, thereby setting the D1GQ multi-vibrator in
the DECODE I MODULE, calling the operation of the DECODE I MODULE. The
DECODE I MODULE then decodes the next event occurrence value 7 from the “S” E.O.
vector (see Part 1 of Table 41) and stores it into its DO1 register. Also, the EOF1 flip flop is

20 ina0state. Accordingly, the DS6 selection circuit couples the output of register DO1 of the 20
DECODE I MODULE to the input of the RI register and the logic P6.FLG causes the
‘event occurrence value 7 to be stored into the RI register. The true signal at the P9 output
causes the P6 flip flop to be set to a 1 state and the P9 flip flop to be reset to a 0 state at the

, following CLK pulse, thereby causing B9 of the flow to be reentered.

25 With reference to the PIPE MODULE, Table 1, event occurrence value 7 of the “S” 25
E.O. vector is in the entry “IS”, not the entry “TEST” specified by the delimiter 10. During
B9, the RI and DI registers are again coupied to the input of the ALU and this time it is
found that the event occurrence value 7 contained in register RI is smaller than the

~delimiter 10 in register DI and is therefore not in the same entry designated by DI.

30 Accordingly, a true signal is formed at the L output of the ALU and B17 of the flow is 30
entered. The true signal at the P6 output causes the forced maximum value 255 from the
switches 1030 to be coupled to the input of the MIN register. The logic P6.L. CLK
is true, thereby causing the MIN register to again store the value 255. Additionally, the

. logic P6.L. CLK is true, causing the initial pipe center value of 13 to be counted up to a CP

35 value of 14 in register RIL. .35

The true condition of logic P6.L causes the P10 flip flop to be set to a 1 state and the P6
flip flop to be reset to a 0 state at the following CLK pulse thereby causing B18 to be
entered. The *°S” E.O. vector is the first to be processed and the BFIRST flip flop is in a 1
state. Accordingly, B19 of the flow is entered.

40 During B19, the logic P10.BFIRST.is true, causing the N and NP counters to be cleared 40
to 0. B22 of the flow is then entered. )

During B22 is the only time that the content of register DII is used. Also DII is clocked
down by one during pulse P4. Thus when the compare is done in pulse P10, it is a compare
of RII and DII —1.

45 The true signal at the P10 output causes the DS9 and DS10 selection circuits to couple the ~ 45
center pipe value 14 in register RII and the upper delimiter value 14 in register DII to the
input of the ALU and a true signal is formed at the C input. The ALU compares the two
values and determines that center pipe value 14 in register RII is equal and forms a true
signal at the E output. This in turn causes the gate 1152 to form a true signal at the LE

50 output, causing the logic P10.LE to be true. Responsive thereto the DS4 selection circuit 50
couples the output of the RII register to the input of the /B MEMORY. Additionally, the
true signal at P10 causes a true signal at the P8 output of the BRIGHTNESS MODULE,
causing the P/B MEMORY to write the center pipe value 14 from the DS4 selection circuit
into_its_memory location, 0, specified by the M2 write address counter. The logic

55 BS8. CLK increments the address in register M2 up one address to address 1. The true 5§
condition of the P10 flip flop causes the logic P10.BFIRST to be true and this following
CLK pulse sets the P13 flip flop to a 1 state and resets the P10 flip flop to a 0 state, thereby
causing B23 of the flow to be entered.

During B23, the content of the T register is checked to see if it is 0. It is not 0, since a

60 minimum event occurrence value of 13 was stored there during B12 and accordingly a true 60
signal is formed at the T, output of the T register. This causes the logic P13. T, to
be true and causes the FF flip-flop to be set to a 1 state. B26 of the flow is now entered.

During B26, a true signal is formed at the P13 output of flip flop P13, causing the DS9
and DS10 selection circuits to couple the T and MIN registers through the DS9 and DS10

65 selection circuits to the ALU and causes a true signal at the C input of the ALU. The T 65
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register now contains the minimum event occurrence value 13 which is < the value 255 in
register MIN. Accordingly, the ALU forms a true signal at the L output. The true signal at
P13 causes the DS7 selection circuit to couple the minimum event occurrence value 13 from
register T to the input of register MIN and the logic P13.L. CLK becomes true, caus-
ing the register MIN to store the event occurrence value 13. B28 of the flow is now entered.

During B28, the true condition of logic P13. Ty also causes the N counter to count up
1 state to reflect the fact that one d value is about to be formed for the “S” E.O. vector
being processed. The N counter was set to 0 during B19, accordingly the N counter is now in
state 1, indicating there has been one hit or entry. Also, the NP counter is now in state 0 and
a true signal is formed at the NP, output. The logic P13. Ty is true, causing the FLG
flip flop to be set to a 1 state. The FF flip flop is now true, accordingly the logic P13.FF
becomes true and the following CLK pulse sets the P14 flip flop to a 1 state and resets the
P13 flip flop to a O state.

The true signal at the P14 output of flip flop P14 causes the DS9 and DS10 selection
circuits to couple the content of the T and LNROR registers to the input of the ALU and
causes a true signal at the A input of the ALU. The T register now contains the minimum
event occurrence value 13 and the LNRQR register- contains the actual length of the
request, 3. This value 3 is the BIAS value discussed above. Accordingly, the sum at the
output of OP is now 16 (13 + 3). The true signal at P14 causes the DS8 selection circuit to
couple the value 16 at OP to the input of the T register and the logic P14. CLK
subsequently becomes true; causing the value 16 to be stored into the T register. The true
signal at P14 additionally causes the flip flop P15 to be set to a 1 state and the flip flop P14
to be reset to a U state. Accordingly, B29 is entered.

During B29, the minimum occurrence value for the event corresponding to the CP value
14 written during B22 is now contained in register MIN and 1is written into the P/B
MEMORY. To this end, the true signal at P15 causes a true signal at the B8 output circuit
of the BRIGHTNESS MODULE causing a write operation in the /B MEMORY area 2at
the location specified by the write address in counter M2. The true signal at the P15 output
causes the DS4 selection circuit to couple the minimum event occurrence value 13 (min)
from the MIN register to the input of the P/B MEMORY allowing it to be written at address
1 following the CP value written during B22. Additionally, the true condition of logic
B8. CLK causes the M2 address counter to count up to one address to address 2. The
content of addresses 0 and 1 of P/B MEMORY area 2 is depicted in Part 2 of Table 41.

The true signal at the P15 output causes the P15 flip flop to be reset to a 0 state and the
P16 flip flop to be set to a 1 state at the following CLK pulse, thereby causing B30 of the
flow to be entered.

During B30, The # of hits stored in address counter N is stored into the P/B MEMORY
at the next subsequent location following the min value. To this end, the true signal at P16
causes the DS4 selection circuit to couple the # of hits value from the N counter to the input
of the P/B MEMORY and causes the B8 output of the BRIGHTNESS MODULE to
receive a true signal. Additionally, logic B8. CLK is again true. As a result, the P/B
MEMORY stores the # of hits value 1 from counter N at address 2 (as specified by the M2
address counter) and the address counter M2 is.counted up by one so that it now contains
address 3.

Addresses 0 - 2 of the P/B MEMORY area 1 now contain the values depicted in Part 2 of
Table 41. During B31, the NP counter is at 0, causing a true signal at the NP, output of the
NP counter. Accordingly, the logic P16.NP, is true, causing the flip flop P19 to be set to a 1
state and the flip flop P16 is reset to a 0 state at the following CLK pulse, causing B36 of the
flow to be entered. :

During B36, the FLG flip flop is in a 1 state, having been set there during B23, and
accordingly B37 is now entered. During B37, the logic P19.FLG is true, causing the DS4
selection circuit to couple the & value contained in the T register to the input of the P/B
MEMORY causing a true signal at the B8 output of the BRIGHTNESS MODULE. This
causes the P/B MEMORY to write the & value 16 at address 3 as specified by the address
counter M2. The true condition of logic B8. CLK again causes the M2 address counter
to count up one address to address 4. Thus addresses 0 through 3 of the P/B MEMORY
area 1 contain the values indicated in Part 2 of Table 41.

During B38, true signals are formed at P19 and P26 outputs of the P19 and P26 flip
flops. Accordingly, the true signal at the P26 output causes the DS1 selection circuit to
couple the address 1 contained in the M1 address counter to the input of the P/B
MEMORY and causes the B7 output of the BRIGHTNESS MODULE to receive a true
signal. As a result, the P/B MEMORY reads out the second pipe center value 6, contained
at address 1 of /B MEMORY area 1 (see Part 1 of Table 41). The true condition of logic
P19. CLK causes the RII register to store the second pipe center value 6 read from the P/B
MEMORY. With reference to the PIPE MODULE. Table 1. it will be seen that the pipe
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center value 6 corresponds to the entry “IS”. Additionally the logic B7. P26
. CLK becomes true, causing the M1 address counter to count up to address 2. The true
signal at the P19 output also causes the DS7 selection circuit to couple the signals
representing the value of 255 from the switches 1030 to the input of the MIN register. The
5 true condition of logic P19. CLK causes the value 255 to be stored into the MIN register 5
and causes the T register to be reset to 0. The true signal at the P19 output of the P19 flip
flop causes the flip flop P20 to be set to a 1 state and the P19 flip flop to be reset to a 0 state
at the following CLK pulse, thereby causing B39 of the flow to be entered.
During B39, a true signal is formed at the P20 output and register RII now contains the

10 new pipe center value 6 and hence does not contain a minus quantity. SRII is the sign bit of 10
the RII register. (SRII = 0XXXXXXX - positive # or @, SRII = IXXXXXXX —
negative #). Accordingly, a_true signal is formed at the SRII output of the RII regis-
ter, causing the logic P20. SRII to be true and at the following CLK pulse, flip flop P4 is
set to a 1 state and flip flop P20 is reset to a O state.

15 During B16, the true condition of the P20 output of flip flop P20 causes the DII register 15
to store, as the new upper delimiter, the lower delimiter 10 from the lower delimiter register
DI. Additionally, the true condition of the logic P20. SRII . CLK causes the output
B6 of the BRIGHTNESS MODULE to become true, set D2GO to 1, and call the operation
of the DECODE I MODULE, thereby causing the next lower delimiter value 8 (see Part 1

20 of Table 41) to be provided to the lower delimiter register DI. The logic B6. D2ZMEND 20
is true in the clock suspension logic 1132 and the operation of the BRIGHTNESS
MODULE is suspended until the DECODE II MODULE is finished and reactivates the
BRIGHTNESS MODULE by forming a false signal at the D2MEND output. The logic
P20. SRII is now true and flip flop P4 is set to 1.

25 The logic P4 causes the register DI to store the new lower delimiter value 8. Following 25
B16, the logic P20. SRII causes the BRIGHTNESS MODULE flow to go from B16 back
to B8. The lower delimiter 8 in register DI is for the entry “’A” (see Table 1). Accordingly,
the “S” E.O. vector does not contain any event occurrence values for this entry.

During B8 of the flow, the true signal is again formed at the P4 output of the P4 flip flop.

30 Accordingly, as described above, the ALU compares the new pipe center value 6 contained 30
in the RII register with the new lower delimiter value 8 contained in the DI register and
finds the former to be smaller. This indicates that pipe center in register RII is for a lower
entry than the entry “A” specified by the Iower delimiter 8. Accordingly, the next lower
delimiter needs to be read by the DECODE II MODULE. To this end, B14 and B16 are

35 reentered where the lower delimiter 8 in register DI is transferred to the upper delimiter 35
register DII and the DECODE II MODULE provides the next lower delimiter 5 (see Part 2
of Table 41). The lower delimiter 5 is for the entry “IS” (see PIPE MODULE Table 1.)

Following B16, B8 of the flow is reentered where the pipe center value 6 in register RII is
again compared with the new lower delimiter 5 in register DI. This time the pipe center 6 is

40 found to be the larger, indicating it lies in the entry specified by register DI and accordingly 40
B9 is entered.

During B9, the event time 7 from the “S” E.O. vector (which is stored in register RI
during the preceding pass through B13) is compared with the lower delimiter 5 in register
DI and the former is found to be larger. Accordingly, B10 of the ENCODE MODULE

45 flow is entered. During B10, the ALU computes the absolute value of the difference 45
between the event occurrence value 7 in register RI and the pipe center 6 contained in
register RII. The absolute value of the difference is 1 and is stored in the D register. Note
carefully that this difference value is for the entry “IS”, whereas the difference previously
formed during B10 is for the entry “TEST”.

50 During B11, the difference stored in the D register is compared with the content of 50
register MIN. Register MIN contains the forced maximum value 255. Accordingly, the
difference value 1 in the D register is the smaller, causing B12 to be entered.

During B12, the new difference value 1 is transferred from register D to register MIN and
the new event occurrence value 7 is transferred from the RI register to the T register as a
55 potential min value. 55
During B13, the DECODE I MODULE is again called, causing the next lower event
occurrence value 4 from the “S” E.O. vector to be decoded and stored into the RI register
(see Part 1 of Table 41). This is not the end of the ““S” E.O. vector. Accordingly, the EOF1
flip flop is in a O state.

60 During B9, the event occurrence value 4 in register RI is for the entry “THIS” (see Pipe 60
MODULE Table 1) and therefore is found to be smaller than the beginning delimiter value
5 in register DI. Accordingly, B17 is entered. During B17, the maximum forced value of
255 is stored into register MIN and the pipe center value 6 in register RII is counted up by 1,
forming a CP value of 7.

65 During B18, the flip flop BFIRST is in a 1 state since the BRIGHTNESS MODULE is 65
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still operating on the first or “S” E.O. vector. Accordingly, B19 is entered where the N and
NP counters are reset to 0. During B22, the test CP value 7 is written into the P/B
MEMORY at address 4 as specified by the address counter M2 and the M2 address counter
is counted up to address 5. The content of addresses 0 through 4 of the P/B MEMORY area
2 is depicted in Part 2 of Table 41.

During B23, the T register does not contain a 0 but contains the minimum event
occurrence value 7. Therefore B26 is entered. During B26, the minimum event occurrence
value 7 in register T is compared with the forced maximum value 255 in register MIN and is
found to be smaller. Accordingly, B27 is entered where the minimum event occurrence
value 7 in register T is transferred to register MIN. During B28, the counter N is increased
by 1 to reflect that a new 8 value is about to be formed. Additionally, the minimum event
occurrence value 7 in register T is added to the length of request value 3 contained in the
LNRQR register, forming a & value of 10, which is stored back into the T register.
Additionally, the FLG flip flop is set to a 1 state.

During the subsequent B29 and B30, the minimum event occurrence value 7 in register
MIN is written into address 5 of /B MEMORY area 1 (see Part 2, Table 41) and # of hits
value 1in counter N is stored into address 6 of P/B MEMORY area 1 (see Part 2, Table 41).
Additionally, the address counter M2 is counted up one for each write so that it now
contains address 7.

Following B30, B31 of the flow is entered. The NP counter is now 0, and accordingly B36
and B37 are entered. The FLG flip flop is in a 1 state and accordingly the & value 10 in
register T is stored at address 7 of the P/B MEMORY area 1 (see Part 2, Table 41) and the
address counter M2 is counted up to address 8. ’

During B38, the /B MEMORY reads out the next lower pipe center value 3 from area 1
and it is stored in register RIL. With reference to PIPE MODULE Table 1, pipe center
value 3 is associated with the response word “THIS”. Also, during B38 the MIN register is
set to the forced maximum value of 255 and the T register is reset to 0.

During B39 of the flow, the register RII contains the new pipe center 3 and is therefore
not —1, and accordingly B16 is reentered. The operation continues now through B16, B8,
B9, B10, B1l and B12 of the flow, similar to that described above. This operation is
depicted below in symbolic form.

B16 DI(5) — DII : set new end delimiter from
DECODE II MODULE;
call DECODE II MODULE
DO 2(0) — D1 ; get new beginning delimiter;
B8,B9 RII (3) > DI(0) ; pipe center lies in the
current entry of “S” E.O. vector
RI(4) > DI(0) ; pipe center lies in the current

entry of “S” E.O. vector;

B10 D = | RI(4) — RII 3

=1 . calculate absolute value of

difference;

B11,B12 D(1)- < MIN (255) ;

MIN « D ; save content of D as new minimum

T «— 4 . save the corresponding event

time;

Following B12 above, B13 is again entered where the DECODE I MODULE is again
called. However, this time it is found that the last event occurrence value 4 has been read
and the EOF1 flip flop in the DECODE 1 MODULE has been set to 1 to indicate end of the
«g” E.0. vector. At this point, the P9 flip flop is in a 1 state, causing the P9 output to be
true and the P22 output is true. Accordingly, the logic EOF1. P22 is true, causing
the DS6 selection circuit to couple the —1 end of field value from the switches 1032 to the
input of the RI register. The logic P6.FLG causes the register RI to store the —1 value
signals from the switches 1032. ) ) .

B9 is then reentered where it is found that the —1 end of field value in register RIis < the
delimiter O contained in register DI. The subsequent operation during B18 through B37 is

similar to that described hereinabove as indicated below in symbolic notation.

B18 FIRST = 1.. ‘
B19 N, NP « 0 . initialize # of hits to 0;
B22 write RII (4) to
P/B MEMORY . MIN (RII, DII —-1) = MIN 4,4)

= 4;
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B23 T@) # 0 ..

B26 T(4) <MIN (255)

B27 T(4) - MIN )

B28 N@©) + 1 ; update # of hits
T4) + LNRQR
3) - T(7)
FIG « 1

B29, B30 write MIN = 4 & ; output current minimum and
DI =1 current # of hits;
to P/B MEMORY

B31 NP =0 ..
FLG « 1

B37 write T = 7 to ; output last value
P/B MEMORY

; compute E.O. value + BIAS

During the next B38 of the flow, the end of field value —1 is read out of the P/B
MEMORY and stored in the register RII and the read address counter M1 is counted up
one addr%ss, the MIN register is set to the forced maximum value 255, and the T register is
reset to 0.

During the subsequent B39 of the flow, it is found that the content of the RII register is <
0, causing a true signal at the L output of the ALU, causing B40 to be entered.

During B40 of the flow, a true signal is formed at the P20 output of the P20 flip flop
causing a true signal at the B8 output of the BRIGHTNESS MODULE. The true signal at
the P20 output causes the DS4 selection circuit to couple the —1 value from the switches
1134 to the input of the P/B MEMORY. The true signal at the B8 output of the
BRIGHTNESS MODULE causes the P/B MEMORY to write the —1 end of field value at
address 12 of the P/B MEMORY area 2. At this point in time, the contents of addresses 0
through 12 of the P/B MEMORY area 1 as indicated in Part 2 of Table 41. The logic
B8. CLKbecomes true, causing the write address counter M2 to count up one address. The
—1 stored in register RII causes its sign bit to be true which in turn causes a true signal at the
SRII output of register RII. Thus, logic P20.SRII is true, causing the LNRQR register to
count down one address, reducing the BIAS value from 3. :

B41 of the flow is now entered. The BLAST flip flop is now in a 0 state, indicating that
this is not the last E.O. vector of the response and accordingly the BRIGHTNESS
MODULE exits its operation.

The example of operation being given herein assumes a request of “SIT” and the
response “THIS IS A TEST”. The “S”E.O. vector has been processed and the MINI
COMPUTER now sets up the conditions for the second call on the BRIGHTNESS
MODULE for the “I” event of “SIT” as indicated in Part 3 of Table 41. To this end, the
MINI COMPUTER stores in IPRF the following: length of “I”” E.O. vector (value 2) in
LN1, and length of delimiter occurrence vector (value 4) in LN2. LNRQR is loaded only
for the first E.O. vector. Therefore, the LNRQ register IPRF need not be refilled. The
MINI COMPUTER also stores the “I”” E.O. vector (6,3) into MEMORY MODULE area
1 and sets flip flop BLAST to 0 to indicate this is not the last E.O. vector being processed.
MEMORY MODULE area 2 contains the same delimiter occurrence vector indicated in
Part 1 of Table 41 and the P/B MEMORY area 2 contains the information stored by the
BRIGHTNESS MODULE during the first call on the BRIGHTNESS MODULE. During
the second call on the BRIGHTNESS MODULE, reading will take place at area 2 of the
P/B MEMORY and writing will take place at area 1.

Part 4 of Table 41 shows the content of the P/B MEMORY area 1 after the second call
and exit from the BRIGHTNESS MODULE and should be noted in the following
discussion.

The BRIGHTNESS MODULE is called for the second time by the MINI COMPUTER
and DPM INTERFACE MODULE as described above, causing Bl to be entered.

During B1, the BRIGHTNESS MODULE causes the DECODE I and II MODULES to
be initialized by resetting them so that they commence decoding at the beginning, or
largest, value in the corresponding event occurrence vectors. Additionally, the M1 and M2
address counters are reset to 0 so that reading and writing take place, starting at address 0 of
the P/B MEMORY areas, and the switching matrix (SM) for the P/B MEMORY is toggled,
causing read and write areas in the P/B MEMORY to be reversed. This causes writing to
take place in P/B MEMORY area 1 using address counter M2, whereas reading takes piace
in the P/B MEMORY area 2 using address counter M1. The way in which the switching
matrix for the P/B MEMORY is toggled or switches areas will be discussed in more detail
hereinafter.

Additionally, the DECODE II MODULE is called, causing it to read out the end
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delimiter 15 for storage in register DIL.

During B2, the address 0 of the /B MEMORY area 2 is read, using address counter M1,
causing the CP value 14 (see Part 2, Table 41) to be read and stored in register RIL. This is
the incremented pipe center value stored during the first call. Additionally, the M1 register
is incremented to address 1, the forced maximum value of 255 is stored in the MIN register
and the T register is reset to 0. Additionally, the DECODE I MODULE is called, causing
the first event occurrence value 6 from the “I” E.O. vector to be read and stored in the
DOL1 register of the DECODE I MODULE. '

During B3, the DECODE II MODULE is called, causing the beginning delimiter 10 to
be read and stored in the DI register. During BS, the EOF1 flip flop in the DECODE I
MODULE is 0 because the last event occurrence value has not been decoded. Accordingly,
B7 is entered.

During B7, the event occurrence value 6 from the “I”” E.O. vector is transferred from the
DO1 register into register RL. During B8, it is found that the pipe center value 14 in register
RII is larger than the beginning delimiter value 10 in register DI. Hence, the pipe center is
within the delimiter designated by the content of register DI and B9 is entered.

During B9, the event occurrence value 6 in register RI is compared with the beginning
delimi‘gar 10 in register DI and the latter is found to be the larger. Accordingly, B17 is
entered.

During B17, the forced maximum value 255 is stored into register MIN and the pipe
center value in register RII is incremented from 14 to 15.

During B18, the BFIRST flip flop is found to be in a 0 state, and accordingly B20 and B21
are entered. Considering the operation in detail, during B18 the P10 flip flop is in a 1 state
and the BFIRST flip flop is in a 0 state, causing the logic P10. BFIRST to be true.
This causes the P11 flip flop to be set to a 1 state and the P10 flip flop to be reset to a 0 state
at the following CLK pulse, thereby causing B20 of the BRIGHTNESS MODULE flow to
be entered.

A true condition at the P11 output of the P11 flip flop causes the B7 output of the
BRIGHTNESS MODULE to receive a true signal. Additionally, the flip flop P26 is now in
2 0 state and true condition of the P26 output of the P26 flip flop causes the DS1
selection circuit to couple the address 1 contained in the M1 address counter to the P/B
MEMORY. The true signal at the B7 output causes the P/B MEMORY to read the min
value 13 from address 1 of /B MEMORY area 2 (see Part 2 of Table 41). The true signal at
output P11 causes the DS7 selection circuit to couple the min value 13 from the P/B
MEMORY to the input of register MIN and the logic P11. CLK causes the MIN reg-
ister to store the min value 13. Additionally, the logic B7.P26 . CLK causes the M1
address counter to count up to address 2. The following CLK pulse causes the P12 flip flop
to be set to a 1 state and the P11 flip flop to be reset to a 0 state, causing B21 of the flow to
be entered. )

During B21, a true signal is formed at the P12 output causing another true signal at the
B7 output of the BRIGHTNESS MODULE, again causing the /B MEMORY to read out,
this time from address 2. Referring to Part 2 of Table 41, the # of hits value 1 is read out to
the input of the N and NP counters. The logic P12. CLK becomes true, causing the #
of hits value 1 to be stored into the N and NP counters. Additionally, the M1 address
counter is counted up to address 3. A true signal being formed at the P12 output causes the
P13 flip flop to be set to a 1 state and the P12 flip flop to be reset to a 0 state at the following
CLK pulse, thereby causing B22 of the flow to be entered.

During B22, an updated or incremented pipe center value of 15 is contained in register
RII whereas the upper delimiter minus 1 (15 =1 = 14) is contained in register DII. DII was
decremented by one during the true signal at P4. Since the incremented pipe value is not
allowed to cross the upper delimiter 15, the upper delimiter. 15 —1, or 14, is now stored into
the P/B MEMORY using address counter M2. Thus, address 0 of P/B MEMORY area 1
now contains the CP value 14 indicated in Part 4 of Table 41. Following B22, B23 is
entered.

During B23, the content of the T register is checked and it now contains a 0. The reason it
contains a 0 is that no event occurrence values from the “I” E.O. vector are present in the
entry “TEST" (see PIPE MODULE, Table 1), defined by the beginning delimiter 10 in
register DI. Accordingly, B24 is entered. B24 and B25 are used for checking the & values
stored in the P/B MEMORY while processing the previous “S” E.O. vector.

During B25, the NP _counter contains a value 1 and hence does not contain a 0.
Accordingly, its output NP, is true. Additionally, the T register contains a 0 and accordingly
its output T is true. Thus, the logic P13.T,.NP, is now true, causing a true signal at the B7
output. Also, the output P26 of flip flop P26 is still true, causing the DS1 selection circuit to
couple the address 2 from the M1 address counter to the P/B MEMORY. The true signal at
B7 causes the P/B MEMORY to read out the d value 16 from the address 3 (see Part 2 of of
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Table 41). The logic P13.T, causes the DSS8 selection circuit to couple the  value 16 to the
input of the T register and the true condition of logic P13.T,.CLK causes the & value 16 to
be stored into register T.

Additionally, the M1 address counter is counted up to address 4 and the true condition of
logic P13.T,.NP, causes the NP counter to count down to 0. It should be noted that the NP
counter keeps track of the number of § values in the corresponding CP field in the P/B
MEMORY which have been processed. Additionally, during B25 of the flow, the logic
P13.T,.NP, causes the FLG flip flop to be set to a 1 state.

Following B25, B29 and B30 of the flow are again entered where the minimum 6 value 13
contained in the MIN register is stored into address 1 of the P/B MEMORY area 1, # of
hits value 1 in counter N is stored into address 2 of the P/B MEMORY area 1 (see Part 4 of
Table 41) and the address counter M2 is incremented to address 3.

B31, B36 and B37 of the flow are now entered where the 8 value 16 contained in register
T is written into -address 3 of the P/B MEMORY area 1 and the M2 address counter is
incremented to address 4.

During B38, the next pipe center value of 7 (see Part 2, Table 41) is read from address 4
of the P/B MEMORY area 2 and stored in the register RII, and the M1 address counter is
incremented to address 5. The forced maximum value of 255 is stored into the MIN register
and the T register is reset to 0. During B39, the 8 CP value in register RII is not 0, and
accordingly B16 of the flow is reentered.

This operation depicted by the flow continues until the end of field marker —1 in the P/B
MEMORY area 2 is detected. This occurs when during B39 it is found that register RII
contains a —1 (less than 0), causing B40 to be reentered. The operation for the example
being described from the point where the above description leaves oif to the entry into B40
is depicted symbolically below.

B16 DIIDI (10) ; get a new end delimiter
call DECODE 1II MODULE
DI<DO2 (8) ; read a new beginning delimiter;
B8 RII (7) < DI (8) :
Bl4 RI (6) < DI (8)
Blé DII « DI (8) ; get mew end delimiter
Call DECODE II MODULE
DI <« DO2 (5) ; get new end delimiter
BS RII (7) > DI (5)
B9 RI (6) > DI (5)
B10 D = | RI (6) — RII (7) |
B1i, B12 D (1) < MIN (255) D is less
MIN « DI (1) ; save D and
T « RI (6) ; save position in T
BI3 Call DECODE I MODULE
EOF1 = 0 .. RI « DO1 (3)
B9 RI (3) < DI (5)
B17 MIN « 255 ; reset MIN
RII = 8 ; update RII

B18 BFIRST = 0 .-
B20, B21 MIN « P/B MEM (7)
N, NP « P/B MEM (1)

B22 Write DII — 1 (7) to ; write out center pipe - do mot
P/B MEM ;v allow it to cross definite
. ; boundaries
B23 T#+0 .-
B24 T (6) < MIN (7)
B27 MIN « T (6)
B28 N =N+1=2
T (6) + LNRQR (2) = T (8)
FLG < 1 ) .
B29, B30 Write MIN (6) ; write out the current minimum
N (2) to P/B MEM ; and # of hits
B31 NP =10 . : NP is not 0
B32 Read RII « P/B MEMORY (10) ; read in the next value
NP(1) « NP — 1 = NP (0) ; decrement # of hits

B33 T (8) < RII (10) ; T < new value
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B35 write 8 to P/B MEMORY ; output T
T <« RII (10) ; set T = to new value
B31,B36 NP = 0 & FLG =1 .. ; no more to be read
B37 write T (10) to ; write T
5 P/B MEMORY 5
B38 Read RII « P/B MEMORY (4) ; read the next center pipe
MIN « 255
T« 0
B39 RII (4) > 0 .. B16
10 BI6 DII « DI (5) ; get new end delimiter 10
call DECODE II MODULE
DI <« DO2 (0) ; get new beginning delimiter
B8 RII (4) > DI (0) .
B9 RI (3) > DI (0)
15 B10 D I=3i RI4—[ RII | ; compute offset 15
Bil, B12 D (1) < MIN (255) ; its minimum
MIN « D (1) ; save value
T <« RI (3) ; save position
20 Bi3 Call DECODE I module 20
EOFl =1 . Rl « -1 ; done
B9 RI < DI ..
B17 MIN < 255 ; reset MIN
RII (4) + 1 = RII (5) ; shift the center pipe
25 BI18 FIRST « 0 ; not the first time 25
read MIN
B20, 21 Read MIN = 4 ; and # of hits from AM-II
& N = 1 from P/B MEMORY
B22 Write DII — 1 (4) to ; write adjusted center pipe -
30 P/B MEMORY do not allow to cross 30
boundary
B23 T+0
B26 T (3) < MIN (4)
B27 MIN < T (3)
35 B28 N{A)N+1=N() ; update the number of hits 35
T (=)T (3) + LNRQR (2) = ; add BIAS to the position
TG
Set flag FLG « 1 :
B29, B30 Write min (3) ; write out the new minimum
40 & N (2) to P/B MEMORY ; and # of hits 40
B31 NP#0 ..
B32 Read RII « P/B MEMORY (7) ; read in new value
NP (0) «- NP—1 = NP (0). ; decrement count
B33 T (5) < RII (7)
45 B35 Write out T =5 to 45
P/B MEMORY
T (7) to P/B MEMORY
B31, B34 NP =0 .. FLG =1 ..
B37 Write out T (7) to P/B MEMORY
s0 B38 Read RII —1 : read end of field 50
MIN « 255
T<20
B39 RII < 0 ; end of data
B40 Write —1 as end of data
55 to AM-II 55
LNRQ (2) = LNRQ -1 = ; lower the bias count
LNRQ (1)
B41 BLAST = 0 .. EXIT
60 , 60
Following B41 of the flow, the addresses 0 through 14 of the P/B MEMORY area 1 are
as depicted in Part 4 of Table 41. '
The “I” E.O. vector has been processed and the MINI COMPUTER now sets up the
conditions depicted in Part 3 of Table 41 for the third call on the BRIGHTNESS MODULE
65 FOR the “T" event of the request word “SIT”. To this end, the MINI COMPUTER stores 65
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in IPRF the following: length of “T” E.O. vector (value 3) in LN1; length of delimiter
occurrence vector (value 4) in LN2. LNRQ is not changed. The MINI COMPUTER also

stores the “T” E.O. vector (14, 11, 1) into MEMORY MODULE area 1. MEMORY

MODULE area 2 contains the same delimiter occurrence vector indicated in Part 1 of Table
41 and the P/B MEMORY area contains the information stored by the BRIGHTNESS
MODULE during the second call on the BRIGHTNESS MODULE as depicted at Part 4 of
Table 41. Additionally, the DPM INTERFACE MODULE forms a true signal at the
BLAST «- 1 output causing the BLAST flip flop in the BRIGHTNESS MODULE to be set
to a 1 state, indicating that the last E.O. vector for the last request event is about to be
processed.

The operation of the BRIGHTNESS MODULE is again called by forming a signal at
BMGO causing the operation of B1 through B40 of the flow to be reentered. However, it
should be noted that at B1, the switching matrix for the P/B MEMORY is again toggled,
causing the read and write areas to reverse.

Hence, writing now takes place in P/B MEMORY area 2, whereas reading takes place in
the P/B MEMORY area 1. The operation of the BRIGHTNESS MODULE is similar to
that described above and will not be repeated in detail, but instead is indicated in symbolic
notation below.

B1 initialize DECODE 1 & II MODULES
call DECODE II MODULE
DII « D02 (15) ; get end delimiter )
B2 Read RII « P/B ; read pipe center (CP) value
MEM (14)
MIN « 255 ; reset MIN & T to O
T« 0
Call DECODE 1
B3 Call DECODE II MODULE ; get a beginning delimiter
. . value
DI « D02 (10)
BS-B7 EOF1 = 0 .. RI « D01 (14) ; read in a “T” event
time
B8 RII (14) > DI (10) ; CP value lies within entry -
designated by delimiter in
DI -
B9 RI (14) > DI (10) ; event time lies within entry
designated by delimiter in
DI
B10 . D = | RI (14) — RII (14) |
=0
B1i, B12 D < MIN (255) ..
MIN « D (0) -3 save MIN
T « RI (14 ; save event time

B13 Call DECODE 1 MODULE
EOF1 = 0 .. RI « DO1 (11)

.B9 RI (11) > DI (10)
B10 D « | R(II) — RII(14) | = D(3)
Bl11 D(3) > min (0) ..
Bi3 Call DECODE I MODULE
EOF1 = 0 RI « D01 (1)
B9 RI(1) < DI (10) ..
B17 MIN « 255 ' reset MIN

RII RII(14) + 1 = RII (15)

B18 BFIRST = 0 ..

B20, B21 Read MIN « P/B MEMORY (13)
Read N, NP « P/B MEMORY (1)

.

shift pipe center

B22 Write DII —1 (14) — P/B MEMORY ; write out the
shifted pipe center
B23 T#0 ..
B26 T(14) > MIN(13)
B28 N «~ N(1) + 1 = N(2) ; adjust N
T « T(14) + LNROR(1) = ; add BIAS
T (15)

Set FLG « 1
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B29, B30

B31
B32

B33
B35

B31
B36
B37
B38

B39
B16

B8
B14
B16

B8
B9
B17

B18
B20
B21
B22

B23
B24
B25

B29, B30

B31
B32

B33
B35

B31
B36
B37
B38

B39
B16

B8

B9
B10
B11, B12

Write out MIN(13) —» P/B MEMORY
Write out N(2) - P/B MEMORY

NP # 0 ..

Read RII « P/B MEMORY (16) ; read in new value

NP « NP(1)-1=NP(0)

T(15) < RII(16)

Write T(15) — P/B MEMORY

T « RII(16)

NP = 0 ..

FLG =1 ..

Write out T(16) — P/B MEMORY _
Read RII « P/B MEMORY ; read in next pipe center

- value
MIN « 255
T 0
RII (7) > 0 .. B16
DII « DI (10) ; get new end delimiter
Call DECODE II MODULE
DI « DO2 58) ; get new beginning delimiter
RII(8) < RI(8)
RI(1) < DI(8)
DIl « DI(8)
Call DECODE II MODULE
DI « DO2 (5)
RII (7) > DI(5)
RI (1) < DI(5)
MIN « 255
RII « RI7) + 1 = RII (8)
BFIRST = 0 ..
Read MIN « P/B MEMORY (6)
Read N. NP « P/B MEMORY (2)
Write DII — 1 (7) - P/B MEMORY ; write adjusted

pipe center
T=20 .

NP + 0 ..

Read T « P/B MEMORY (8)

NP « NP(2) — 1 = NP(1)

Set FLG « 1

Write MIN (6) — P/B MEMORY
Write N(2) —» P/B MEMORY

NP # 0 ..

Read RII «- P/B MEMORY (10)
NP « NP(1) — 1 =0

T(8) < RII (10) .-

Write T(8) — P/B MEMORY;

T = RII (10)
NP =0 ..
FLG = 1 -

Write T(10) — P/B MEMORY

Read RII <« P/B MEMORY (4) ; read a new pipe center

MIN « 255 ; reset min

T« 0 ; reset T

RII (4) > ..

DII « DI (5) ; get new beginning delimiter

Call DECODE II MODULE ; delimiters

DI « DO2 (0)

RII (4) > DI (0) . ; CP lies in entry designated
by beginning delimiter in
|

RI (1) > DI (0) ; event time

D « | RI (1) — RII (4) | = D@3)
D(3) < min (255)

MIN < D(3)

T « RII (1)

save min value
save O value

P

-
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B13 Call DECODE I MODULE
EOF1l =1 .. RI'e —1
B8 RI (-1) < DI (0)
B17 MIN « 255
5 RII < RII (4) + 1 = RII (5) 5
B18 BFIRST = 0 ..
B20, B21 Read MIN « P/B MEMORY (3)
Read N, NP « P/B MEMORY (2) . )
B22 Write DII —1 (4) - P/B MEMORY  ; write out adjusted

10 pipe center 10

B23 T#0 ..

B26 T(1) < MIN (3) ..

B27 MIN « T(1) save new min 8
B28 N « N(2) + 1 = N(3) ; update # of hits

15 T « T(1) + LNRQR(1) =T(2) ; add the BIAS 15

B29, B30 Write MIN(1) - P/B MEMORY
N(3) - P/B MEMORY

B31 NP # 0 ..

B32 Read RII «— P/B MEMORY (5)

20 NP < NP(2)—1=NP(1) 20
B33 T(2) < RII (5)

B35 Write T(2) — P/B MEMORY
T « RII (5)

B31 NP # 0 ..

25 B32 Read RII « P/B MEMORY (7) 25

NP « NP(1) ~1 = NP(0)

B33 T(5) < RII (7)

B35 Write — P/B MEMORY (5)
T « RII (7)

30 B31 NP =0 .. 30

B36 FLG =1 ..
B37 Write T(7) - P/B MEMORY
B38 Read RII « P/B MEMORY ( —1) 4 reelid end of field
value
35 MIN « 255 35
T<«20
B39 RII (-1) < 0
B40 Write ~1 — P/B MEMORY
LNRQR «-LNRQR (1) —1 = LNRQR (0)
40 B4l BLAST = 1 ' 40
It should be noted that at B41 of the operation depicted in symbolic form above, the BLAST
flip flop is in a 1 state (see Part 5 of Table 41). Accordingly, B42 is entered. At this point,
the P20 flip flop is in a 1 state, causing a true signal at the P20 output. Accordingly, the logic

45 P20.BLAST is true. causing a true signal at the B4 output of the BRIGHTNESS MODULE 45
which in turn resets the DECODE II MODULE so that it will commence reading at the
beginning of the delimiter occurrence vector depicted in Part 1 of Table 41. Additionally,
the register RII now contains the end of field marker —1 causing the sign bit of the register
RII to be true, thereby causing a true signal at the SRII output. The logic P20.BLAST.SRII

50 is now true, thereby causing the M2 address counter to be reset to 0. The logic 50
P20.BLAST.CLK is true, thereby causing a true signal at the B6 output of the
BRIGHTNESS MODULE which in turn calls the operation of the DECODE II
MODULE, causing it to read the end delimiter 15. The end delimiter 15 is merely read and
discarded as it is not needed in the subsequent operation.

55 The true condition of the logic P20.BLAST.SRII also causes, at the following CLK pulse, 55
the flip flop P21 to be set to a 1 state and the flip flop P20 to be reset to a 0 state. The true
condition of the output P21 of flip flop P21 causes the M2 and M3 address counters to be
reset to 0. During B1 of the flow, the true condition of logic P1.CLK causes the length of
the delimiter event occurrence vector to be transferred from LN2 of the IPRF to the BSAV

60 register of the BRIGHTNESS MODULE. The length 3 is retained for resetting of the 60
DECODE II MODULE. During B42 of the flow, the true condition of the logic
P20.SRII.BLAST causes a true signal at the B10 output of the BRIGHTNESS MODULE,
which in turn enables the length 3 in register BSAV to the input of register MLN2 of the
DECODE II MODULE. The logic B10.CLK causes a true signal at the B11 output of the

65 BRIGHTNESS MODULE which in turn causes the length 3 to be stored into register 65



143

1 570 341

143

10

15

35

45

50

55

65

MLN2 from the BSAV register. .

B43 is now entered. The true condition of logic P21.CLK causes a true signal at the B6
output of the BRIGHTNESS MODULE, which in turn again calls the operation of the
DECODE II MODULE, causing it to read out the beginning delimiter 10 (see Part 1 of
Table 41). The logic P22 causes the delimiter 10 contained in register DO2 of the DECODE
II MODULE to be stored into the DI register.

During B44 of the flow, a true signal is formed at the output P21 of flip flop P21 which in
turn causes a a true signal at the B7 output of the BRIGHTNESS MODULE. The true
signal at the B7 output causes the content of address 0 of P/B MEMORY area 2 to be read
out as specified by address counter M1. With reference to Part 6 of Table 41, address 0
contains the first CP value 14. Logic P21.CLK becomes true, causing the CP value 14 to be
stored into register RII. Additionally, the logic B7.P26.CLK is true, causing the address
counter M1 to be counted up to address 1.

The true signal at the output P21 causes the flip flop P22 to be set to a 1 state and the flip
flop P21 to be reset to a 0 state at the following CLK pulse, thereby causing B45 of the flow
to be entered.

During B45 of the flow, register RII does not contain the end of field value ( —1).
Accordingly, B46 is entered. .

During B46 the output P22 is true, causing the DS9 and DS10 selection circuits to couple
the content of registers RII and DI to the input of the ALU and causing a true signal at the
Cinput of the ALU. The CP (14) value in register RII is larger than the beginning delimiter
10 in register DI and accordingly a true signal is formed at the L output of the signal inverter
1140. The logic P22.L is now true, causing the P23 flip flop to be set to a 1 state, and flip
flop P22 is reset to a 0 state at the following CLK pulse, thereby causing P48 of the flow to
be entered.

During B48, a true signal is formed at the output P23 of flip flop P23. The true signal at
the output P23 causes the DO and S counters to be reset to 0. These registers, it will be
recalled, store the dy and d;, values. The true signal at the output P23 also causes a true
signal at the B7 output from the BRIGHTNESS MODULE. The true signal at the B7
output causes the content of address 1 of P/B MEMORY area 2 to be read out, using
address register M1. With reference to Part 6 of Table 41 address 1 contains the min value
13. Accordingly, the min value 13 is read out of the P/B MEMORY and the DS7 selection
circuit couples it through to the input of the MIN register. The true condition of logic
P23—CLK causes the min value 13 to be stored into the MIN register and causes the M1

- address counter to be counted up to address 2. The true signal at the P23 output causes the

flip flop P23 to be reset to a 0 state and the flip flop P24 to be set to a 1 state at the following
CLK pulse, thereby causing B49 of the flow to be entered.

During B49 of the flow, a true signal is formed at the P24 output of flip flop P24, causing
a true signal at the B7 output of the BRIGHTNESS MODULE. This causes the content of
address 2 of P/B MEMORY area 1 to read out using address counter M1. With reference
to Part 6 of Table 41, address 2 contains the # of hits value 1. Accordingly, the # of hits
value 1 is read out to the input of the N and NP counters. The logic P24-CLK is now true,
causing the # of hits value 1 to be stored into the N and NP counters. The M1 counter is
then incremented to address 3. The true condition ot the P24 output causes the flip flop P25
to be set to a 1 state, and the P24 flip flop to be reset to a 0 state at the following CLK pulse,
thereby causing B50 of the flow to be entered. ‘

During B50 of the flow, the mid & (8 mid) value is read from the P/B MEMORY area 1
and stored into the T register. The address of the & mid value is located by adding to the
address in M1 the number of  values to reach the mid d value in the field of & values.- The
NP counter at this point contains the # of hit values 2 which is the total number of 8 values
in the field. One half of the # of hits gives the number of addresses over from the beginning
of the & field where the & mid lies. In order to divide m half the # of hits value in NP, the
NP is connected to the DS10 selection circuit so as to provide a one digit shift to the right,
discarding the bit shifted past the decimal point. It will be understood that in binary
notation, a one binary bit shift to the right is the same as dividing the number by 2. Thus the
P25 output causes the DS10 selection circuit to couple the output of the NP counter, with a
1 bit wired in right shift, to the input of the ALU and causes the DS9 selection circuit to
couple the M1 address counter to the other input of the ALU. The NP counter at this point
contains the value 2 and the M1 address counter contains the address 3. One-half of the
value 2 is 1. Accordingly, the ALU now forms at the OP output signals representing the
value 4 (2/2 + 3). The true signal at the P25 output causes the address of the d mid to be
coupled through the DS8 selection circuit to the input of the T register. The true condition
of logic P25.CLK causes the address 4 to be stored into the T register. The true signal at the
P25 output causes the flip flop P26 to be set to a 1 state and the P25 flip flop to be reset to a
0 state at the following CLK pulse. -
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The true signal at P26 causes the DS1 selection circuit to couple the address 4 of the d mid
from the T register to the input of the P/B MEMORY and causes the output B7 to receive a
true signal. The true signal at output B7 causes the /B MEMORY to read out the & mid
value 16 (see Part 6 of Table L). The true condition of the logic P26-CLK causes the RII
register to store the & mid value 16.

B51 of the flow is now entered where the content of the NP counter is checked to see if it
is 0. The NP counter now contains the value 2 corresponding to the # of hits value and a
true signal is formed at the NP, output. The logic P26.NP, is now true, causing the P27 flip
flop to be set to a 1 state and the P26 flip flop to be reset to a 0 state at the following CLK
pulse, thereby causing B52 of the flow to be entered.

Also during B52, the true signal at the P27 output causes the output B7 of the
BRIGHTNESS MODULE to receive a true signal, thereby causing the /B MEMORY
area 2 to read out the § value 15 from address 3, using the address counter M1. The 8 value
15 is coupled through the DS6 selection circuit to the input of the RI register. The true
condition of logic P27-CLK causes the d value 15 to be stored into register RI and the
address counter M1 is counted up to address 4. Additionally, the true signal at the P27
output of flip flop P27 causes the NP counter to count-down from 2 to 1, thereby indicating
that there is one 0 value left to be processed in area 2 of the /B MEMORY. The true signal
at the P27 output causes flip flop P28 to be set to a 1 state, and flip flop P27 to be reset to a 0
state at the following CLK pulse thereby causing B53 to be entered.

During B53, the true signal at the P28 output causes the DS9 and DS10 selection circuits
to couple the RII and RI registers to the inputs of the ALU. That causes a true signal at the
S input of the ALU. Register RII now contains the & mid value 16 whereas the register RI
contains the smallest 8 value 15. Therefore the ALU forms at OP the difference of 1
between the two values. Since the content of register RII is the larger, a true signal is
formed at the L output of the signal inverter 1140 and the logic P28—-1—-CLK is true,
causing the register D to store the difference value of 1. Register D now contains one of the
offset values to be used in forming d,.

The true signal at the P30 output causes the DS9 and DS10 selection circuits to couple the
D and § registers to the inputs of the ALU, and causes the A input of the ALU to receive a
true signal. The D register contains the difference value of 1 whereas the S register contains
a 0. Accordingly, the ALU forms the sum of the two values namely, a 1 at the output OP.
The logic P30-CLK becomes true, causing the sum value of 1 at the output OP to be stored
into the S register. Additionally, flip flop P31 is set to a 1 state and the flip flop P30 is reset
to a 0 state at the following CLK pulse. It should now be noted that the d,;, value is being
formed in the S register by the action during B53.

Should the & mid value in register RII be smaller than the & value in register RI, there
would have been a negative result. Since the absolute value is desired, flip flop P29 would
have been set to 1 rather than P30 and the difference value at the OP output therefore
would not be stored into the D register. The true signal at P29 would cause the registers RII
and RI to be coupled to the ALU reversed from that during P28 and therefore would result
in a positive value at the OP output which would then be stored into the D register and
subsequently summed with the S register during the true signal at P30.

Assume now that the P31 flip flop has been set to a true state and that B54 is entered.

During B54, a true signal is formed at the P31 output. Accordingly, the RI and MIN
registers are coupled through the DS9 and DS10 selection circuits to the input of the ALU.
The register RI contains the smallest § value. 15, whereas register MIN contains the min
occurrence value 13. The true signal at the P31 output causes a true signal at the S input of
the ALU, causing the ALU to subtract the min values 13 from & value 15, resulting in a
difference value of 2 at the OP output. The logic P31-CLK becomes true, causing the value
2 at the OP output to be stored into the D register. The true signal at the P31 output causes
the flip flop P32 to be set to a 1 state and the flip flop P31 is reset to a 0 state at the following
CLK pulse. Thus, at this point, the D register now contains the offset between the smallest
event time of the request and the first & value, making up the first offset value making up d,.
The true signal formed at the P32 output causes the difference value 2 in register D and the
0 content of register D, to be coupled through the DS9 and DS10 selection circuits to the
inputs of the ALU and causes a true signal at the A input of the ALU. The D register
contains the difference 2 whereas the D, register contains a 0. Accordingly, the ALU forms
the value 2 at its output OP. The following pulse at P32-CLK causes the difference value 2
at the OP output to be stored back into the D, register. Thus, register Dy now contains the
first sum of offsets value d,.

The NP counter now contains a 1 and accordingly is not 0. Thus a true signal is formed at
the NP, output of the NP counter. The logic P32 NP, is now true, accordingly, the following
CLK pulse sets the P32 flip flop to a 0 state and sets the P27 flip flop to a 1 state, causing
B51 of the flow to be reentered.
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During B51 of the flow, the NP register counter stores a 1 and accordingly is not 0, and
B52 is entered.

During B52 of the flow, the next 8 value 16 is read from address 4 of the /B MEMORY
area 2 (see Part 6 of Table L) and the value is stored in register RI. The M1 address counter
is counted up to address 5 and the NP counter is counted down to 0.

B53 of the flow is now entered. The & mid value 16 is still stored in register RII and, as
explained above, the ALU forms the difference between the contents of registers RI and
RII (16 - 16) and the difference, a 0, is stored into the D register and subsequently added to
the 1 contained in the S register. Thus the S register now contains dy;y, the sum of offsets.

During B54, the ALU subtracts the difference between the d value 16 in register RI and
the min event time value 13 in register MIN. The difference value, 3, is subsequently stored
in the D register and is subsequently added to the value 2 already contained in the Dg
register, causing the value 5 to be stored in the D, register. Thus the Dy register at this time
contains the sum of offsets value d, for the CP value 14 stored in address 0 of P/B
MEMORY area 2 (see Part 6, Table 41). »

At this point, B51 of the flow is reentered. The NP counter has been counted down to 0,
indicating that all of the 8 values for the entry in addresses 0 through 4 have been processed.
Accordingly, a true signal is now formed at the NP, output of counter NP and a true signal
is formed at the P32 output. At the following CLK pulse, the logic P32-NPg is true, causing
'ltjhe P33 ﬂig flop to be set to a 1 state and the P32 flip flop is reset to a 0 state, causing BS5 to

e entered. -

The beginning delimiter 10 is now stored in register DI. The true signal at the P33 output
causes a true signal at the B13 output of the BRIGHTNESS MODULE which in turn calls
the operation of the MEMORY MODULE. The MEMORY MODULE writes the
beginning delimiter 10 in area 3 at the location specified by address 0 in the M3 address
counter as indicated in Part 7 of Table L. A true signal is now formed at the B13-CLK
output, causing the M3 address counter to count up to address 1. The true signal at the P33
output also causes the P34 flip flop to be set to a 1 state and the P33 flip flop to be reset to a
0 state at the following CLK pulse.

During B56, the # of hits value, 2, is contained in the N counter. The true signal at the
P34 output causes another true signal at the B13 output of the BRIGHTNESS MODULE,
thereby causing the MEMORY MODULE to again be called and write the # of hits value 2
at address 1 of area 3 as specified by the address counter M3. The true condition of logic
B13:CLK again causes the M3 address counter to be counted to address 2. The true signal
at the P34 output of the P34 flip flop causes flip flop P35 to be set to a 1 state and flip flop
P34 to(li)e reset to a 0 state at the following CLK pulse, thereby causing B57 of the flow to be
entered.

The S register now contains the sum of offsets to & mid, referred to as the d;, value, a
value of 1. The true signal at the P35 output causes a true signal at the B13 output of the
BRIGHTNESS MODULE, causing the MEMORY MODULE to write the d,;, value 2 in
address 2 of area 3 (using the M3 address counter) and the M3 address counter is counted
up to address 3. The true signal at the P35 output of flip flop P35 causes the P36 flip flop to
be set o a 1 state and flip flop P35 to be reset to a 0 state at the following CLK pulse,
thereby causing B58 of the flow to be entered. The sum of offsets to the first event of the
response, dy, is now stored in the Dy register. The true signal at the P36 output again causes
a true signal at the B13 output, causing the MEMORY MODULE to write the dq value 5 at
address 3 using the M3 register and the M3 address counter is counted to address 4. At this
point, the MEMORY MODULE area 3 contains the values indicated for addresses 0
through 3 depicted in part 7, Table 41.

During B44, in the manner described above, the P/B MEMORY area 2 reads out of
address 5 (using the M1 address counter) and the new CP value 7 is stored into register RIL
Additionally, the address counter M1 is incremented to address 6.

During B45, the register RII does not contain the end of field valug —1, accordingly, B46
is entered. During this pass through B46, the CP value 7 in register RII is found to be < the
beginning delimiter value 10 in register DI. Accordingly, a true signal is formed at the L
output of the ALU. This causes B47 of the flow to be entered.

During B47 of the flow, the logic P22-L°CLK becomes true, causing a true signal at the
B6 output of the BRIGHTNESS MODULE. This in turn causes the DECODE II
MODULE to read out the next lower beginning delimiter value 8. The true signal at the
P22 output causes the delimiter value 8 to be coupled through the DI register to its output.

B6 of the flow is reentered where the CP value 7 in register RII is compared with the
beginning delimiter value 5 in register DI and _the former is found to be the larger.
Accordingly. the ALU causes a true signal at the L output of inverter 1140 causing the logic
P22-L to become true as discussed above, thereby causing B48 of the BRIGHTNESS
MODULE flow to be reentered.
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The operation of the BRIGHTNESS MODULE continues similar to that described
above as depicted below in symbolic notation.

B48 S, DO « 0
Read MIN « P/B MEMORY (6)
B49 Read N, NP «— P/B MEMORY (2)
B50 T « MI8) + NP2 (1) = T(9) ; compute & midpoint address
Read RII «— P/B MEMORY (10) ; read midpoint o value
B51 NP + 0 .
B52 Read RI « P/B MEMORY (8)
NP « NP (2) — 1 = NP(1)
B53 D = [ RII (10) — RI (8) | = D(2)
§ = (0) + D(2) = 5(2)
B54 D « RI(8) — MIN (6) = D(2)
DO = DO(0) + D(2) = DO(Q2)
B51 NP # 0
B52 Read RII « P/B MEMORY (10)
NP « NP(1) — 1 = NP(0)
B53 D = | RII (10) — RI (10) | = D(0)
S« S(2) + D) =S (2)

B54 D « RI (10) — MIN (6) = D(4)
DO = DO(2) + D(4) = DO(6)
B51 NP =0 ..
B55-B58 Write followmg in addresses 4-7 of MEMORY MODWULE area 3:

DI 5
=2
S = 2
B5 Dy =6
B44 Read RII « P/B MEMORY (4)
B45 RII (4) > 1 .~
B46 RII (4) < DI (5)
B47 Call DECODE II MODULE
DI « DO2(0) ; read beginning delimiter
of last entry in response
B46 RII (4) = DI (5)
B48§ S, DO « 0
Read MIN «- P/B MEMORY (1)
B49 Read N, NP «— P/B MEMORY (3)
B50 T « MI(13) + NP2 (1) = T(14)
Read RII « P/B MEMORY (5) ; read & MID
B51 NP # 0
Bs2 Read RI « P/B MEMORY (2)
NP « NP(1) —1 =NP(2)
B53 D « | RII (5) — RI'(2) |
S « S(0) + D(3) = S(3) '
B54 D(1) « RI(2) — MIN (1) = D(1)
DO « DO(0) + D(1) = DO(1)
B51 NP # 0
B52 Read RI « P/B MEMORY (5)
NP < NP(2) —1 = NP (1)
B53 D = « | RII(5) — RI(5) | = D(0)
S « S(3) + D(0) = S(3)
B54 D « RI{5) ~ MIN (1) = D)
DO « DO(1) + D(4) = Dy(5) -
B51 NP # 0
Read RI « P/B MEMORY (7)
NP « NP(1) — 1 = NP(0)
B53 D « | RII(5) — RI(7) | = D(2)
S « S(3) + D(2) = S(5)
B54 D « RI(7) — MIN (1) = D{6)

DO — DO(S) + D(6) = D(11) '
B51
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B55-B48  Write following in addresses 8-11 of MEMORY MODULE

B44 read RII «P/B MEMORY (-1); end of field.

10 After Bd4 of the flow, B45 is entered. During B45, the register RII contains the end of 10
field delimiter —1. Accordingly, the logic B9 (P22.SRII) causes the BRIGHTNESS
MODULE to exit.

At this point, the MEMORY MODULE area 3 contains the field of information depicted
at addresses 0 through 11, Part 7 of Table 41. The BRIGHTNESS MODULE forms a true

15 signal at the FC (BMEND) output, signaling to the MINI COMPUTER that it has 15
completed its brightness function. The MINI COMPUTER then takes the field of
information depicted at Part 7, Table 41, and computes the following scatter values for each
entry as illustrated below in equation form.

{
20 Sentry 1= do — dmin : = 5-1 = .50 20
(TEST) d, + (LNRQ — N) LNRQ 5+ (3-2)3
S entry 2 o= 6 -2 = 444
(IS) 6 + (3-2) 3
25 _ 25
S entry 3 1 -3 = ,5454
(THIS) 11+ (3-3)3

30 From the above, it will be seen that the scatter value for entry 3 corresponding to the 30
word “THIS” is closest to unity and accordingly would most likely be selected as the
response for the request word “SIT”. The MINI COMPUTER also computes the length
factor L, using the equation given above, together with the length of request LNRQ stored
in IPRF and the length of the response for each entry as follows:

. . 35
35 L entry 1 - 1 -Gtggg had N}3 - 1 - (.63(3 ; 4)) 3
(TEST) = 1- (.6 g— )3
- .99
40 40
' L entry 2 - 1- (.633;2)3
(18) = .1 - -3
_ . (-63 - 1/3)
45 - .9 45
L entry 3 ) - 1 - (.63 3;4
{THIS) ] - ) - (.63 g_ )3
50 %9 50
The MINI COMPUTER under program control then computes the brightness value B
for each of the entries as follows:
Bl = L] S] = .99 X 50 = .495 -
55 (TEST) 55
B, =L, S, = .99 X 444 = .437
(IS)
(THIS) ‘ .

From the above example it will be seen that the word “THIS” has the highest brightness
value B of .5499 and based thereon, would be selected as the best word from the data base
65 Which is a response to the request word “SIT” 65
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XVII. DPM INTERFACE MODULE

The DPM INTERFACE MODULE of Figure 1 acts similar to a conventional I/O
peripheral to the MINI COMPUTER. The DPM INTERFACE MODULE is initialized by
the MINI COMPUTER. The DPM INTERFACE MODULE then stores information from

5 the MINI COMPUTER or, upon completion of a desired function by the delta processing 5

machine (DPM), the results are read by the MINI COMPUTER from the DPM
INTERFACE MODULE.

Three groups of information are necessary to run the DPM as follows: (1) input
information such as the iso-entropicgram width (HW); length of data in memory areas (i.e.,

10 LN1, LN2), length of request (LNRQ); line number (LINE #); top limit (TL), and bottom 10
limit (BL), internal (IR) and pipe width (PW). The input information is placed into the
IPRF shown in Figure 52 by the MINI COMPUTER. (2) Output information such as new
line number of seed, seed length, etc., all of which have been pointed out in connection
with each module. (3) Memory information which is written and read in the MEMORY

15 MODULE or the /B MEMORY by the MINI COMPUTER. 15

The DPM INTERFACE MODULE provides the necessary circuitry to handle the
input/output interface in between the MINI COMPUTER and the DPM. Reference is now
made to Figure 51 through Figure 53, showing block and schematic diagrams of the DPM
INTERFACE MODULE. Heavy lines are used to depict multiple lines for carrying

20 multiple bits of data in parallel. Logical equations are used to represent gates used to 20
control the operation of the system. A parallel I/O bus 1210 provides the interconnection
between the MINI COMPUTER and the rest of the circuitry in the DPM INTERFACE
MODULE. As the module is disclosed, the necessary connections will be presented to
show how this INTERFACE MODULE would be set up as an interface to a Digital

25 Equipment Corporation PDP-11 computer. 25

The I/0 bus 1210, as depicted in Figure 54, is made up of three groups of lines referred to
as the “data lines”, the “address lines” and the “bus control lines”. Considering first the
address lines, the MINI COMPUTER places addresses on the address lines. The address
signals are the addresses of peripheral units external to the MINI COMPUTER with which

30 the MINI COMPUTER is to communicate. The addresses for the INTERFACE 30
MODULE are of the following type:

XXXXXYYY

where XXXXX uniquely identifies the desired peripheral with which the MINI COMPU-
35 TER is to communicate. the YYY identifies the register within the peripheral with which 35
the MINI COMPUTER is to communicate.
Referring to Figure 1, the DPM INTERFACE MODULE contains interface logic unit
1204. The details of this unit which are of importance to the present invention are disclosed
in connection with Figures 51 through 53. Generally speaking, the interface logic 1204 is
40 responsible for gating data to and from the I/O bus 1210. The unit 1204 also handles the 40
handshaking steps of forming the signals at the READY and BDONE lines of the bus
control lines as discussed in more detail hereinabove. Additionally, the unit 1204 monitors a
STATUS register depicted in Figure 53 and depending on the status of various flip flops in
the STATUS register, notifies an.interrupt control module 1206 when interrupt operations
45 are to be handied. 45
In the present system, the only peripheral of interest is the DPM INTERFACE
MODULE. The specific registers within the DPM INTERFACE MODULE with which
communication takes place are disclosed in more detail in connection with Figure 51.
The data lines carry the data which is being communicated between the MINI
50 COMPUTER and the DPM INTERFACE MODULE. Data may be placed on the lines, 50
either by the MINI COMPUTER or the DPM INTERFACE MODULE. The bus control
lines carry control signals for controlling the transfer of information in between the MINI
COMPUTER and the DPM INTERFACE MODULE.
Consider now the sequence of operation and timing for an I/O bus “output” operation
55 from the MINI COMPUTER to the DPM INTERFACE MODULE. Figure 55 containsa 55
timing diagram illustrating the sequence of operation. First, the MINI COMPUTER
applies address signals on the address lines as indicated at 1. Next, the MINI COMPUTER
applies data signals on the data lines as depicted at 2. After transient conditions have settled
on the address and data lines (such as after a predetermined time delay), the MINI
60 COMPUTER forms a true signal on the READY line in the bus control lines. A true signal 60
on the IN/OUT line indicates an output transfer from the MINI COMPUTER to the DPM
INTERFACE MODULE, whereas a false signal indicates an input transfer to the MINI
COMPUTER. Around the same time that data is applied on the data lines, the MINI
COMPUTER applies a true signal on the IN/OUT line indicating that this is to be an output
65 transfer. After the true signal at the READY control line, the DPM INTERFACE 65
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MODULE reads the data applied on the data lines. After the DPM INTERFACE
MODULE completes its ready operation, the DPM INTERFACE MODULE applies a
true signal on the BDONE line of the bus control lines. The true signal on the BDONE line
signals the MINI COMPUTER that the output operation is complete, and therefore the
5 MINI COMPUTER then removes the signals it applied to the READY line, the address 5
line, the data lines, and the IN/OUT line. Subsequently, the DPM INTERFACE
MODULE removes the true signal on the BDONE line. This cooperative signalling of
ready and done on the READY and BDONE lines is referred to in the computer art as
handshaking and is a well known technique requiring no further explanation.

10 Consider now the sequence of operation and timing for an I/O bus “input” operation to 10
the MINI COMPUTER from the DPM INTERFACE MODULE, as depicted by the
timing diagram of Figure 56. Initially, as indicated at 1, the MINI COMPUTER applies
addresses on the address lines of the bus 1210. Also, the MINI COMPUTER maintains the
signal on the IN/OUT line false, indicating that this is an input operation to the MINI

15 COMPUTER from the DPM INTERFACE MODULE. The MINI COMPUTER then 15
forms a true signal at the READY line of the bus control lines after the signals on the
address lines have settled (such as after a prefixed delay). The DPM INTERFACE
MODULE then responds by applying data signals onto the data lines as indicated at 2. The
DPM INTERFACE MODULE then forms a true signal at the BDONE line of the bus

20 control lines, signalling that the operation is complete. Subsequently, after a prefixed delay, 20
the MINI COMPUTER reads the data on the data lines. The MINI COMPUTER responds
to the true signal at the BDONE line by removing the signals on the READY and the
address lines, as indicated at 1, 2, and 3. Subsequently, the DPM INTERFACE MODULE
removes the true signal at the BDONE line and the data lines, completing the input

25 operation. 25

The foregoing input and output sequences are repeated for each transfer of data in
between the MINI COMPUTER and the DPM INTERFACE MODULE.

Refer now to the general block diagram of Figure 1. The DPM INTERFACE MODULE
contains an address selector 1202. The address selector 1202 has inputs connected to the

30 address lines and the IN/OUT control line of the I/O bus 1210. The address selector 1202 30
contains address recognition circuits (not shown), well known in the computer art, for
recognizing the XXXXX portion of the address signal on the address lines which designate
the DPM INTERFACE MODULE. In addition, an address decoder (not shown) is
contained in the address selectors 1202 for converting the coded signals in the YYY portion

35 of the address on the address lines to a true signal on one of the output lines S0, S1 and S2. 35
To be explained in more detail, with respect to Figure 51, true signals at the SO output
selector either a DATAO output gate or a DATAI input register, and true signals at the S1
and S2 outputs select the Al and STATUS registers, respectively (see Figure 51). Thus, the
address decoder (not shown) in the address selector 1202 forms a true signal at one, and

40 only one, of the output lines SO, S1 and S2, depending on the coded signal in the address 40
portion YYY of the signals on the address lines.

The address selector 1202 also contains a decoder (not shown) which is responsive to a
true signal on the IN/OUT bus control line for forming a true signal on an IN output line
and is responsive to a false signal on the IN/OUT bus control line for forming a true signal

45 atan OUT line. The IN line and the OUT line are outputs depicted for the address selector 43
1202.

It will be understood that the address selector 1202 will contain other logic, timing, and
control which are not important to an understanding of the present invention and therefore
need not be described for a complete understanding thereof.

50  Refer now in more detail to the portions of the circuitry of the address selector 1202and S0
the interface logic 1204 depicted in Figures 51 through 53. In Figure 51 there are depicted
three registers that are addressable by the MINI COMPUTER. These registers and their
functions are as follows.

DATADO register is an output register responsive to the logic S0.0UT to store 8 bits of

55 information from the data lines of the I/O bus 1210. Register DATAO handles the transfer 35
of information from the MINI COMPUTER to the IPRF, the MEMORY MODULE, or
the /B MEMORY.

The DATAO register can be represented as a PDP-11 interface register by using a M1502
bus output interface as disclosed on page 198 of the Digital Equipment Corporation manual

60 PDP-11 INTERFACE MANUAL. The following connections must be made. Note only 60
low order 8 bits of UNIBUS are used. Bus signal B00-B07 are connected to M1502 pines
BE1, BF2. BH2, BD2. BE2, BF1, BH1, and BD1 respectively to form the connection from
the I/O bus to the register. To get from the register to data selector DS3 the M1502 pins
BUIL. BR2. BS2, BSi. BR1, BM1, BL1, and BL2 are connected to bits 0-7 of the data

65 selector DS3. Additionally, bus signal INIT is connected to M1502 pin AE1 while pin AP1 65
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is grounded. INTERFACE signal SO is attached to AM1 and out to AA1 forming the clock
input for DATAO.

Al register is an output register that is responsive to the logic P2.CLK.S1 for storing an 8
bit address from the data lines of the I/O bus 1210 provided by the MINI COMPUTER.

5 This register is used only as an output register and is designed as disclosed below. The
register picks only the low-order 8 bits from the UNIBUS and is clocked when the signals
S1.OUT are asserted by the address selector. The register can be reset by asserting the
INIT control line on the UNIBUS. Note that the Al register is a counter. Therefore,
loading AT is normally a two step process. During the first step the information is clocked

10  from the bus into a register. This is shown on the design as an enable pulse. Secondly, after 10
the information settles in the registry it is loaded into the co-nter Al. This is shown as the
load pulse. The signal which clocks the interface register is delayed to allow the outputs of
the M1502 register to settle out. Then the AI counter is loaded with the value in the M1502
register. The rest of the operation is as described in the DPM interface module. The

15 UNIBUS input connections to M1502 module in the Al register are the same as disclosed 12
for the DATAO register. The output pin connections on the M1502 register only now they
are attached to bits 0-7 of the Al counter. Additionally, the INIT signal from the UNIBUS
is applied to pin AE1 of the M1502 while pin AP1 is grounded. The signal S1 is applied to
pin AA1 while the OUT signal is applied to the AM1 pin. These form the strobe pulse that 20

20 strobes information into the M1502. This signal is delayed until the lines in the M1502 settle
out. Then the contents of the 1502 are loaded into the counter AI. The AI register is an
address register used to select a particular register in the DPM to address in the MEMORY
MODULE or to address in the P/B MEMORY where information is to be written or from
which information is to be read. To this end, the Al register is connected to a decoder DC1

25 and to a data selector DS4. From DS4, the information is gated to data selectors DS1-DS3 25
of the MEMORY MODULE or to data selectors DS1-DS2 of the P/B MEMORY.

The action of the Al register in controlling the DS1 to DS3 selection circuits in the

MEMORY MODULE or selection circuits DS1-DS2 of P/B MEMORY will be explained
in more detail in connection with the MEMORY MODULE description. The decoder DC1

30  is a conventional decoder that is responsive to the rightmost 4 bits of binary coded address 30
information in register Al and forms an output signal on one of ten output lines designated
D1 through D10, responsive to a true enable signal at M. Although the 4 bits give 16
possible combinations, only 10 combinations are used. In this manner, the register Al
selects and causes a true signal on one of the output lines D1 through D10. Also, at a

35 different time, the signals on the lines D1 through D6 are used for controlling a DS2 37
selection circuit which couples the output of registers in the SEED MODULE and the
OUTPUT MODULE into the DPM INTERFACE MODULE. Also, at still a different
time, the outputs D1 through D9 from the DC1 decoder are operative to select one of the
registers of the IPRF into which information is to be stored from the DATAO register.

40 The STATUS register is an input/output register that is responsive to the logic 40
(IN+OUT).S2 for storing control information applied on the data lines of the I/O bus 1210
by the MINI COMPUTER. The information stored in the STATUS register performs a
number of functions, including initiation or setting of certain flip flop conditions needed in
execution of the various DPM modules and the selection of modules to be used for various

45 operations. 45

The STATUS register is an INPUT/OUTPUT register and thus to convert it to the

UNIBUS of a PDP-11 would require a M1501/M1502 register pair. The M1501 would be
used as the input portion of the register and the M1502 is used as the output portion of the
register. The full 16 data bits of the UNIBUS are used. The connection of pins would be

50 done as below indicated. 50
M1502 OUTPUT portion
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Busbit B00is connected to pins BE1
” " BOl " n " " BF2
n " BOZI' " n n BH2
” " B03 4 " n n BD2
" " BO4 n " " " BE2
" " BOS " " n " BFl
” " B06 " " " n B H 1
o BO7T" T v " HIl of the M1501
” 14 B08 " " n " BKl
" n B09 " " n " BJl
" " B 10 " " " " B Cl
”n " Bl 1 n 1 " " BB 1
” " B12" n n ”n BVl
” " B13II " " " ACl
" " B 14” " " " AD 1
" n B 15 " " n n BT2

Additionally the INIT signal from the UNIBUS is connected to the AE1 pin of the M1502
module while pin AP1 is grounded. The signal S2 from the address selector is applied to
pins AA1 and AB1 while the OUT signal is applied to pin AM1 forming the load strobe for
the M1502 register. Note that bus bit B07 was connected to input pin Hl of the input
module M1507. This bit (BDONE) to be explained later must have the capability that it can
be asynchronously set and reset.

The in put portion of the STATUS register is designed for the UNIBUS of the PDP-11 by
using an M1501 Bus Input Interface as disclosed on Pages 196 and 197 of the above
reference manual. The UNIBUS connection needed to complete this design would be as
follows:

Pin P2 of STATUS register bit 0 is connected to the UNIBUS bit B0O
N2 BO01
M1 B02
L1 B03
K1 B04
J1 BO05
L2 B06
M2 B07
S1 B08
R1 B09
U2 B10

SOV W

[y

Pin T2 of STATUS register bit 11 is connected to the UNIBUS bit B11
S2 12 B12
R2 13 B13
N1 14 B14
P1 15 B15

Additionally the signals S2 and IN from the address selector are connected to pins K2 and
J2 respectively and form gating signals which gate the information in the STATUS register
onto the UNIBUS. Again bit 7 must be handled specially in that it feeds from pin Al of the
M1501 module to pin DD and from there onto the UNIBUS.

Figure 53 shows a schematic and block diagram of the STATUS register as well as a block
diagram of the decoder 1218 which is connected to the output of the STATUS register. The
STATUS register includes three flip flops labelied 1, {2 and f3 which are connected to the
input of a decoder DC2. The decoder DC2, responsive to the combination of bits stored in
flip flops f1, £2 and 3, forms, at any one time, a control signal at one and only one of the
output circuits DIGO, SMGO, CMGO, OMGO, PMGO, and BMGO. It will be
recognized that the foregoing outputs are the control lines which call the operation of the
DECODE I. SEED. CHANGE, OUTPUT, PIPE and BRIGHTNESS MODULES.

The STATUS register has two flip flops identified as m, and m, which are connected to
the input of a decoder DC3 and the input of an OR gate 1220. The flip flops m, and m, have
a total of four possible combinations of states. When either flip flop m; or m, isin a 1 state,
the OR gate 1220 forms a true signal at the M output. This indicates that the area in the
MEMORY MODULE or P/B MEMORY is being selected by the m; and m; flip flops. The
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STATUS register also has a flip flop PBM and when in a 0 state, the outputs of decoder
DC3 are used to address the MEMORY MODULE, and when in a 1 state, the outputs of
the decoder DC3 are used to address the P/B MEMORY.

Table 42 depicts the state of the flip flops m; and m, and the corresponding outputs Mle,

S M2e, and M3e which receive a true signal when the PBM flip flop is 0. Table 43 depictsthe 5
state of the m; and m, flip flops and the corresponding outputs Mle and M2e receiving true
signals when the PBM f{lip flop is a 1. AND gates 1232, 1234 and 1236 have one input
coupled to the outputs of the decoder DC3 to the input of the MEMORY MODULE when
the flip flop PBM i1s in a 0 state. AND gates 1238 and 1240 couple only the outputs M1le and

10 M2e to the P/B MEMORY when the flip flop PBM is a 1. The outputs Mle, M2e, and M3e, 10
in turn, control the DS1, DS2 and DS3 selection circuits in the MEMORY MODULE for
areas 1, 2 and 3, respectively, or DS1 or DS2 of the P/B MEMORY. The decoder DC3 has
an enable input which is connected to the M output of the OR gate 1220. The decoder DC3
only forms a true signal at one of its three outputs when the signal at the M output is true.

15 The OR gate 1220 also has its output connected through a logical signal inverter 1222 to the 15
M output. The M output has a signal which is complementary to that of the signal at the M
output. :

The STATUS register also has five flip flops identified as DELOP, FIRST, LAST, PBM,
DIINIT and DPM. The aforementioned five flip flops are used to provide control signals

20 from the DPM INTERFACE MODULE to other modules in the DPM. Using the same 20
system of notation described above, the primed and unprimed outputs of the flip flops are
shown as outputs at the bottom of Figure 53. Looking more specifically at these flip flops,
flip flops FIRST and LAST are used to control the 1 and 0 states of flip flops BFIRST and
PFIRST in the BRIGHTNESS and PIPE MODULES. The unprimed output of the PBM

25 flip flop is used as one input to an AND gate 1231 for forming the PBWE signal, a write 25
enable signal to the P/B MEMORY. If the PBM flip flop is in a 1 state, a read operation
takes place to the P/B MEMORY. If the PBM flip flop is in state 0, no operation takes
place in the P/B MEMORY.

The DELOP flip flop has its unprimed output connected to the OUTPUT MODULE.

30 The OUTPUT MODULE also has a DELOP flip flop. The DELOP flip flop is used to set 30
the DELOP f{lip flop in the OUTPUT MODULE.

The DIINIT flip flop has its unprimed output connected to the DECODE I MODULE.

This flip flop is used to prime the DECODE I MODULE prior to calling said module from
the DPM INTERFACE MODULE. The DPM flip flop has its unprimed output connected

35 as a control input to the decoder DC2 (Figure 53) as explained in more detail hereinafter. 35

Two flip flops are contained in the STATUS register to control the movement of
information across the I/O bus 1210 and will now be described. The interrupt enable flip
flop (bit 6 of the output portion of the STATUS REGISTER) is set to a true (or one) state
if upon completion of the called module, an interrupt is to be generated. If an interrupt is

40 not desired, then the completion of the called module can be monitored by testing the 40
second flip flop, the BDONE flip flop (STATUS REGISTER bit 7). As long as BDONE is
set to 0 this indicates that the called module has not completed. Upon completion the called
module sets the BDONE flip flop to a value 1, thus indicating to the MINI COMPUTER
that the operation is complete. The BDONE flip flop can be designed for a PDP-11

45 interface by considering the design of Figure 56A. 45

BDONE is affected in the above described PDP-11 interface modules by attatching
UNIBUS data line B07 to M1501 pin H1; the asynchronous set (S) input is attached to pin
b1; the clock input, to pin D2; the asynchronous reset (R) to pins C1 and F1; and attaching
output pin Al to pin DD. All the pins mentioned above deal with the flip flop labeled RQE

50 in the M1501 module. 50

Logic and control circuit 1252 are provided for controlling the state of the BDONE flip
flop and for the generation of interrupts. If the circuit P2.CLK + SMEND + CMEND +
OMEND + DIEND + BMEND + PIPEND is set to 1, and the interrupt enable bit is set
module 1252 will generate an interrupt to the MINI computer. The interrupt control

55 module can be made to interface with a PDP-11 by using the module M782 Interrupt 55
Control Module as disclosed on pages 317 and 318 of the above referenced manual. In
Figure 53 this would mean that the completion circuit would be attached to pin U1l of the
module while the interrupt enable signal would attach to pin Ul. The M782 module would
then proceed to obtain control of the UNIBUS and generate an interrupt from pin M1. The

60 interrupt vector address in the M782 module would be gated onto the UNIBUS through 60
pins E2, L1, N2, F1, F2, and H1.

Referring back to Figure 51, and [ register is connected to the output of a DS1 selection
circuit which in turn has three data inputs connected to the output of the DSS5 selection
circuit in the MEMORY MODULE, the DS2 selection circuit in the DPM INTERFACE

65 MODULE, and the DS6 selection dircuit in the P/B MEMORY. The DS 2 selection circuit 65
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in turn has six data input circuits connected to the outputs of the registers SLINE, SLN,
ONOC, and OAR of the SEED MODULE, the registers OAR and OLN of the OUTPUT
MODULE, register DO1 in the DECODE I MODULE, and the STATUS register. The
DS2 selection circuit is of the same type described hereinabove in connection with the
ENCODE MODULE and has six control circuits with the corresponding numbers to those
used for the DATA input circuits. When one of the control input circuits (i.e., 1) receives a
true signal, the correspondingly numbered data input circuit (i.e., 1) is connected through
the DS2 selection circuit to the input of the DS2 selection circuit. The DS1 selection circuit
is of the same type as the DS2 selection circuit and has control inputs at the-sides thereof,
labeled the same as the corresponding data inputs. The DS1 selection circuit couples a data
input to it? output when the corresponding control input, shown along its side, receives a
true signal. - .

The address selector 1202 is shown in the left hand corner of Figure 51. As shown the
address of a desired DPM register is gated from the bus into the address selector. The
selector decodes the address and asserts one of the three signals S0, S1, or S2. Additionally
the control lines from bus are also gated into the address selector. They are decoded into an
IN signal if data are to be input into the MINI; an OUT signal is generated if data are to be
output from the MINI to the DPM. Finally the P2.CLK pulse is used to generate the
DONE signal to the I/O bus 1210 indicating that the requested operation is complete.

The address selector 1202 shown in Figure 51 can be interfaced to a PDP-11 by using an
M105 address selector as disclosed in pages 311 and 312 of the above referenced manual.
Bus lines A01 - A017 are attached to pins H2, H1, F1, V2, U2,Ul1,Ul1,P2,N2,R1,P1,L1,
Cl1, K2, K1, D2, E2, and D1 respectively.. Additionally control ines C0, Cl from the
UNIBUS are attached to pins F2, J2 of the M105 module. Pins M2, and N1 are OR’ed
together to give the OUT signal while pin M1 gives the IN signal. Also, pins S2, T2, and R2
give the signals S0, S1, and S2 respectively. The SSYN signal on the M105 is grounded and
the P2.CLK supplies the SSYN signal (DONE) to the UNIBUS.

A control counter 1213 has two flip flops P1 and P2. These flip flops are also edge trigger
flip flops of the type disclosed above. An OR gate 1226 is connected to the unclocked reset
to 0 inputs of the flip flops P1 and P2. The OR gate 1226 has its inputs connected to MINIT
and the circuit P2.CLK.

The control counter 1213 also has an AND gate 1228. The AND gate 1228 has one input
connected to the DPM output of the DPM flip flop and another input connected to the
output CLK of a source of clock pulses CLK and CLK. A source of clock pulses forms a
series of recurring true pulses at the CLK and CLK output thereof as depicted in Figure 51.

Figure 52 is a block diagram of the IPRF. The IPRF includes a group of nine registers,
each of which has 8 flip flops for storing 8 binary bits of coded information. The registers in
the IPRF each have a data input connected together in parallel to the data output of the
DS3 selection circuit of Figure 51. Each of the registers of the IPRF is of type SN74175
disclosed in the above TTL book and has an L input connected to one of gates 1230-1 to
1230-9. When one of the L inputs receives a true signal, the corresponding register stores
the binary coded data from the output of the DS3 selection circuit. The gates 1230-1 and
1320-9 are AND gates with one input connected to the output of an AND gate 1232 and the
other input connected to one of the outputs D1 through D9 of the decoder DC1 of Figure
51. The AND gate 1232 has three inputs connected to the outputs P1 of the P1 flip flop,
CLK of the source of clock pulses, and OUT of the I/O control 1216, all of which are shown
in Figure 51. Table 43 depicts the five outputs from the 1/O control 1216 along with the
indication of the meaning of a true signal at the corresponding output.

With the above general discussion of the DPM INTERFACE MODULE in mind,
consider the actual operation. The control counter 1213 has three states. ‘When the DPM
INTERFACE MODULE is not in operation, both the P1 and P2 flip flops are in 0 states.
Both of the flip flops P1 and P2 become true, sequentially, when data is being stored into
the DATAO register from the I/O bus 1210, or when data is being read out of the I register
onto the /O bus 1210. Otherwise, only flip flop P2 becomes true. The control counter 1213

is always reset to 0 whenever an operation completes after the interface of the DPM-

INTERFACE MODULE has been selected by the MINI COMPUTER or a MINIT signal
has been formed indicating system initiation. The output of OR gate 1223 is set to a 1 state
whenever the DPM INTERFACE MODULE is requested, i.e., S0, S1 or S2 is set. It
should be noted that the output of the OR gate 1223 is the control for gate 1228 which
allows the clock pulses to be applied through the gate 1228 to the P1 and P2 flip flops of the
control counter 1213. -
_ Following is an example of the sequence of an output operation for writing a word of
information from the MINI COMPUTER into the IPRF.

The sequence of operation similar to that depicted in Figure 55 is followed. Consider the

operation of writing a status word into the STATUS register. To this end, the MINI -
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COMPUTER forms an address on the address lines of the IO bus 1210 and the status word
is applied on the data lines. As discussed above, a true signal is subsequently formed at the
output of gate 1223 causing the clock to be enabled. The proper address is decoded by the
address selector 1202 which forms a true signal at the S2 output. The logic (IN+OUT).S2 is

5 now true, causing a true signal at the load input of the STATUS register to store the control 2
word applied on the data lines of the I/O bus 1210 by the MINI COMPUTER.

The true signal at the output 1223 causes the gate 1228 to couple the CLK pulses to the
clock inputs of the P1 and P2 flip flops. Since both of flip flops P1 and P2 are in a 0 state, the
signals at the P1 and P2 outputs are false. Also, since a true signal is not formed at the SO

10  output, a true signal is formed at the SO output. As a result, the logic (P1 + P2).S0 is true,
causing the P2 flip flop to be set to a 1 state at the following CLX pulse. The logic P2.CLK
becomes true which in turn is applied to the logic and control circuit 1206, causing it to set
the BDONE flip flop {bit 7 of STATUS) to a I state, causing a true signal on the BDONE
line. The P2.CLK also is applied to_address selector 1202 thereby causing the bus to be

15  freed for other operations. When P2.CLK is set to a 1 state, gate 1226 forms a true signal 13
and flip flops P1 and P2 reset.

Next consider the sequence of operation that allows for the outputting of information to
the Al register. The sequence of operation is somewhat similar to that described for the
STATUS register.

20 Initially the address of the AI register is put onto the bus 1210 by the MINI 20
COMPUTER. This address is received and decoded by the address selector 1202 and as a
result the S1 and QUT lines of the circuit are asserted. The S1 signal causes gate 1223 to fire
thereby initializing the clock enable gate 1228. Since S1 is asserted, the circuit (P+P2).S0 is

, true and on the first CLK pulse the P2 flip flop is set to a 1 state. '

25 Initially, recall that lines SI and OUT were asserted. These are OR’ed together and form 25
a true pulse at the enable input of the Al register. Recall that this enable pulse clocks the
information from the bus into a storage register. The pulse P2.51.0UT.CLK loads the
information from this register into the counter AI. The P2.CLK signal causes control
counter 1213 to be reset to 0. Additionally the P2.CLK pulse is applied to 1202 address

30 selector which in turn supplies a done signal to the bus. The MINI COMPUTER responds 30
by freeing the bus for future operations.

1t should be noted here that the output of the Al register is used as an address into the
IPRF, the DPM MEMORY MODULE, or the /B MEMORY MODULE. Once the Al
register is loaded initially all subsequent output operations to the DATAO register cause

35 the Al counter to be counted up by one. This is so since the circuit P2.CLK.S0 would then ~ 33
be true. This design is simply a means whereby a sequence of consecutive memory locations
can be filled by placing a starting address into AI and then repeatedly writing to the
DATAO register.

Next, the MINI COMPUTER provides a data word which is to be stored into the

40 DATAO register and subsequently transferred to the IPRF. To this end, the MINI 40
COMPUTER again follows the sequence of operation depicted in Figure 55. Thus, the
MINI COMPUTER applies an address on the address lines and a data word on the data
lines and a true signal on the IN/OUT line, indicating that an output operation is taking
place by the MINI COMPUTER. The address on the address lines causes the address

45  selector 1202 to form a true signal at the SO output and the true signal on the INNOUT line 45
z:la;uses a tgue signal at the OUT output of the address selector 1202. Therefore, the logic

1 + P2).
flip flop is set to a 1 state rather than the P2 flip flop. The logic SO.OUT also becomes true,
causing the DATAO register to store the data word applied on the I/O bus 1210 by the

50 MINI COMPUTER. 30

Referring now to the STATUS register, both the m; and m, flip flops are 0 since
information is not being written into the MEMORY MODULE or P/B MEMORY.
Accordingly, a true signal is formed at the M output of the inverter 1222. Accordingly, the
logic P1.M is now true, causing the DS3 selection circuit to couple the content of register

55 DATADO through to the input of the IPRF registers shown in Figure 52. The address word ~ 39
stored in register Al causes the decoder DC1 to form a true signal at one of the outputs D1
through D9 which in turn selects the one of the registers in the IPRF into which the word
contained in register DATAQO is to be stored. Assume for purposes of explanation that the
address in register Al causes a true signal at the D1 output corresponding to the TL

60 register. A true signal is_being formed at the OUT output and the source of clock signals 60
forms a true signal at the CLK output. True signals are now formed at the outputs P1, CLK
and OUT, causing the AND gate 1232 to form a true signal. The true signal at the output of
AND gate 1232 in combination with the true signal at the D1 output of the decoder DC1
causes AND gate 1230-1 to apply a true signal to the TL register, causing the contents of

65 DATADO to be loaded into the TL register. On the next CLK pulse flip flop P1is resetto 0 65
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and flip flop P2 is set to 1. When the P2.CLK pulse is formed the address selector send a
DONE pulse to the bus indicating to the MINI COMPUTER that the operation of the
DPM INTERFACE MODULE is complete. The MINI COMPUTER responds to the true
signal at the DONE control line and drops control of the bus.

An input operation for reading information from the DPM to the MINI COMPUTER
will now be described.

Information is read from one of the registers SLINE, SLN, ONOC, OAR of the SEED
MODULE or one of the registers OAR and OLN of the OUTPUT MODULE D01 from
the DECODE 1 MODULE, or from the STATUS register. Initially, ,the MINI
COMPUTER stores a control word in the STATUS register as described above. Also, an
address word is stored in register Al as described above. :

Next a word is to be sent over the data lines of the I/O bus 1210 from the DPM
INTERFACE MODULE to the MINI COMPUTER. Following the operation depicted in
Figure 56, the MINI COMPUTER initially applies an address on the address lines and after
the signals have settled, forms a true signal on the IN line and on the SO line. The true signal
at SO causes OR gate 1223 to fire which causes the AND gate 1228 to apply CLK pulses to the
clock input of the P1 and P2 flip flops. The logic (P1 + P2).SO is true, causing the P1 flip
flop to be set to a 1 state, thereby forming a true signal at the P1 output. The control word
stored in the STATUS register causes both m; and m, flip flops to be in a 0 state and
accordingly a true signal is formed by the inverter 1222 at the M output. The true signal at
the M output enables the decoder DC1 to form a true signal at one of the outputs D1
through D6 corresponding to the address contained in register AI. Additionally, the
address selector 1202 forms a true signal at the IN output. The true signal at the IN output
in combination with the true signal of one of the outputs D1 through D7 causes the DS2
selection circuit to couple one of the registers from the SEED MODULE or the OUTPUT
MODULE or the DECODE 1 MODULE or the STATUS register through to the input of
the DS1 selection circuit. Additionally, the logic P1.M is true, causing the DS1 selection
circuit to couple the same register through to the input of the I register.

The logic P1.CLK becomes true, causing the I register to load the data from the selected
register into the I register. The true signal now formed at the P1 output of the P1 flip flop
and the following CLK pulse causes the P2 flip flop to be set to a 1 state and the P1 flip flop
to be reset to a 0 state, causing a true signal at the P2 output. The true signal at the P2
output causes the logic P2.CLK to become true. The logic S0.P2.CLK.IN is now true,
causing the DATALI gate to gate the data in the I register onto data lines of the I/O bus
1210. Additionally, the logic and control circuits 1206 set the BDONE flip flop to a 1 state,
causing a true signal on the BDONE control line of the 1/O bus 1210, thereby signalling the
MINI COMPUTER that a data word is available for reading. The true signal at the P2.CLK
output causes the OR gate 1226 to reset the P1 and P2 flip flops to a 0 state, thereby
terminating the operation of the DPM INTERFACE MODULE.

Consider now the way in which the information is written to the MEMORY MODULE
by the MINI COMPUTER. In the manner discussed above, the MINI COMPUTER causes
a control word to be stored in the STATUS register, an address word to be stored in the Al
register, and a data word to be stored in the DATAO register. It should be noted that the
control word now stored in the STATUS register causes the DPM {lip flop to be in a 0 state,
the PBM flip flop to be in a 0 state (selecting the MEMORY MODULE), and either or
both of the m; or m, flip flops to be in a 1 state (selecting memory area 1, 2, or 3 in the
MEMORY MODULE). As a result, the OR gate 1220 forms a true signal at the M output.
The true signal at the M output causes the decoder DC3 to be enabled and it forms a true
signal at one of the outputs Mle, M2e, or M3e, depending upon the states of flip. flops m;
and m, as depicted in Table 42. .

After the MINI COMPUTER has stored a data word into the DATAO register, the P1
flip flop is set to a 1 state in the manner discussed above, causing a true signal at the P1
output. The logic P1.M.PBM is now true, causing the DS3 selection circuit to couple the
DATAO register to the input of the DS4 selection circuit of the MEMORY MODULE.
Additionally, the MINI COMPUTER applies a true signal on the IN/OUT line on the I/O
bus, causing a true signal at the OUT output. Thus, each of the signals P1, M. PBM and
OUT are now true, causing the AND gate 1230 to form a true signal at the IWE output.
The true signal at the IWE output is a write enable pulse for the MEMORY MODULE.
The true signal at the IWE output causes the data word in the DATAO register to be
written into the address and the memory area of the MEMORY MODULE specified by the
Al register. . . )

ThegPZ flip flop is subsequently set to a 1 state in the manner discussed above which again
causes the Al register to be incremented, thus allowing the next memory location in the
MEMORY MODULE to be selected for writing. In this manner, it 1s possible to write into
consecutively addressed addresses in one of the memory areas of the MEMORY
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MODULE with one write to the Al register and a series of writes to the DATAQ register.
Consider now the way in which an input operation takes place from the MEMORY
MODULE to the MINI COMPUTER. The sequence of operation is as depicted in Figure
56. The STATUS register and Al register are loaded with a control word and an address
5 word, respectively, as discussed above. One or both of the flip flops m; and m, is now true, 9
causing a true signal at the M output of the OR gate 1220. Thus, the decoder DC3 and
associated circuitry (Figure 52) are also enabled to form a true signal at one of the outputs
Mle (DS1 MEMORY MODULE), M2e (DS2 MEMORY MODULE), and M3e (DS3
MEMORY MODULE), selecting DS1, DS2 or DS3 for memory areas 1, 2 and 3 of the
10 MEMORY MODULE. It should be noted that should a read be faking place from the /B 10
MEMORY, a true signal would be formed at PBM and a signal would be formed instead at
one of the outputs Mle (DS2 P/B MEMORY) or M2e (DS1 P/B MEMORY).
Returning to the example, once enabled, the MEMORY MODULE reads out from the
memory location specified by the address contained in the register AI. The logic
15 P1.M.PBMis now true, causing the DS1 selection circuit to couple the information read out 15
from the addressed location in the MEMORY MODULE to the input of the I register. The
logic P1.CLK becomes true, causing the I register to store the word from the MEMORY
MODULE.
The true signal at the P1 output causes the P2 flip flop to be set to a 1 state and the P1 flip
20 flop to be reset to a 0 state at the following CLK pulse, causing a true signal at the P2 20
output. The logic P2.CLK again becomes true, causing true signals at output BDONE and
causing the input operation to terminate.
The address selector is forming a true signal at the SO output, causing the logic
SO.P2.CLK.IN to become true and causing the DATAI gate to gate the data stored in the I
25  register onto the data lines of the I/O bus 1210. The true signal at the BDONE control line 29
causes the data to be read by the MINI COMPUTER. Subsequently, the P2, BDONE, and
P1 flip flops are reset as discussed above, causing the operation to terminate.
Again, consecutive memory locations may be read from the MEMORY MODULE,
using only one write into the Al register, simply by incrementing the address as discussed
30 above. 30
Specific DPM functions such as the operation of the SEED MODULE, the CHANGE
MODULE, the OUTPUT MODULE, the DECODE 1 MODULE, the PIPE MODULE,
and the BRIGHTNESS MODULE are also initiated and controlled by the DPM
INTERFACE MODULE. These operations are initiated by (1) writing the proper
35 information into the MEMORY MODULE; (2) writing appropriate information into the = 39
registers of the IPRF; and (3) writing a control word into the STATUS register, thereby
setting the proper combination of function flip flops f1, f2, and £3, and setting the DPM flip
flop to a 1 state, enabling the decoder DC2 to form a true signal at one of the outputs
SMGO, CMGO, DIGO, OMGO, PMGO, and BMGO thereby calling the operation of the
40 corresponding SEED, CHANGE, OUTPUT, PIPE and BRIGHTNESS MODULES. This 40
then starts the proper function and operation in the DPM. The MINI COMPUTER
monitors the operation waiting for a “finished” signal to be formed at one of the outputs
SMEND, CMEND, DIMEND, OMEND, PIPENED, or BMEND by the SEED,
CHANGE, DECODE 1, OUTPUT, PIPE and BRIGHTNESS MODULES, respectively.
45 With reference to the I/O control 1216, it will be seen that a true signal at any one of these 45
outputs causes the 1/0 control 1216 to apply a true signal to the MINI COMPUTER via the
VO bus 1210 which in turn causes the MINI COMPUTER to interrupt its operation and
subsequently read the appropriate results from the DPM. Reading of the results from the
DPM involves reading the data from the registers SLINE, SLN, ONOC and OAR of the
50 SEED MODULE or registers OAR and OLN from the OUTPUT MODULE as discussed 50
above. Alternatively, or in addition, information may be read from the proper MEMORY
MODULE area.
It should be emphasized that the DPM INTERFACE MODULE shown hereinabove is
not the only way in which the interface module might be constructed, but is shown by way
55 of example. 35

XVIII. MEMORY MODULE

Figure 57 is a schematic diagram of the MEMORY MODULE. On the right of Figure 57

are shown the input/output control lines used for controlling the MEMORY MODULE
60 and the information input/output lines. Heavy lines are used to designate multiple signal 60
data lines.

The MEMORY MODULE includes three random access memories 1310, 1312 and 1314
forming MEMORY MODULE areas 1, 2 and 3, respectively. The MEMORY MODULE
areas 1, 2 and 3 are TTL RAM type SN7489, disclosed at page 220 of the above TTL book.

65 Each memory has 256 memory locations, each of which contains 8 binary coded bits. The 65
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aforementioned type of memory is only used herein by way of example and, within the
scope of the present invention, may be of different sizes and types, depending upon the
particular application. In most applications it may be desirable to replace the TTL. RAM
memories with one or more disc files to give greater storage capacity.

Associated with each of the memories 1310, 1312 and 1314 are address decoders 1316,
1318 and 1320, respectively. Each address decoder receives a composite binary coded signal
and decodes it into signals suitable for addressing memories 1310, 1312 and 1314.

Also within each of the memories 1310, 1312 and 1314 is a memory information register

(MIR). Each memory information register has its input connected to the output of a DS4
selection circuit from which it receives 8 binary bits of information for storage in one of the
memory locations of the corresponding RAM memory. Each of the MIR registers forms a
part of the RAM memory disclosed in the above TTL book. Also included in each of the
memories 1310, 1312 and 1314 is an MDR which forms the information output for the
corresponding RAM memory. 8 binary coded bits are applied as output at each of the MDR
circuits when information is being read out of the corresponding memory.
_ Writing takes place in one of the memories 1310, 1312 and 1314 by applying an
information word to the corresponding MIR and an address word to the corresponding
address decoder. After the signals have stabilized at the foregoing inputs, a true write
enable signal is applied at the WRITE ENABLE input to the memory, causing it to write
the information word applied at the MIR input to the address specified by the address word
applied to the address decoder. Reading takes place in a memory merely by applying the
address of the desired location to the address decoder for the memory, thereby causing the
word at the corresponding address to be read out and applied at the MDR output of the
memory. ,

Selection circuits DS1 through DS5 are used for gating address and data into and out of
the MEMORY MODULE. The selection circuits DS1 through DS5 are data selectors of

‘the type disclosed above. Connected to each data selector are heavy lines to designate

information lines and thin lines to designate control signal lines. Each heavy (information)
line is numbered and has a correspondingly numbered thin (control) line. A true signal at
the control input line causes signals applied at the corresponding information lines to be
coupled through to the output of the data selector. Thus, for example, selection circuit DS1
couples information input 1 to its output responsive to a true control signal at the control
input 1 shown on the left side.

‘A WRITE ENABLE circuit 1322 generates write enable signals at its WE output. The
WRITE ENABLE circuit 1322 has a control input line MEMGO connected to an OR
gating circuit 1324 and another input connected to the MINIT output of the MINI
COMPUTER. One-shot multi-vibrators M1 and M2 have outputs using the same symbols
as the corresponding multi-vibrator. The primed output receives a true signal when the
one-shot multi-vibrator is in a 0 state and the unprimed output receives a true signal when
the multi-vibrator is in a 1 state. The one-shot multi-vibrators are normally in a 0 state and
when a true signal is applied on the line MEMGO, the multi-vibrators are triggered toa 1
state where the true signal is removed at the primed output and a true signal 1s applied at
the unprimed output. To be explained in more detail, the one-shot multi-vibrators
automatically reset to a 0 state a prefixed time interval after being triggered to a 1 state. The
delay time for the one-shot multi-vibrator M2 is longer than that of the M1 for the reasons
explained hereinafter. Also included in the write ENABLE circuit 1322 is a flip flop FF.
The flip flop FF is of type SN7474 disclosed in the above TTL book. The flip flop FF has 1
and 0 states with outputs FF and FF’ (the latter not shown) which receive true signals when
the flip flop is in 1 and O states, respectively. The flip flop FF has two inputs for controlling
the setting and resetting thereof, and a clock input. The clock input is shown on the lower
left hand side of flip flop FF. The upper left hand input of the flip flop FF is connected to a
source of voltage (Vcc), not shown, which always applies a true signal at the corresponding
input at all times. The upper left hand input of the flip flop FF causes the flip flop to be set
to a 1 state when a clock signal is applied at the lower left hand side input of the flip flop.
The input shown along the bottom side of flip flop FF resets the flip flop FF to a 0 state
without clock.

Also included in the WRITE ENABLE circuit 1322 are AND gates 1326 and 1328 and an
OR gate 1330. AND gates 1330, 1332 and 1334 apply the control signals to the WRITE
ENABLE input on the memories 1310, 1312 and 1314, respectively.

The modules which communicate with the MEMORY MODULE of Figure 57 and
whether information is read out from the MEMORY MODULE and/or wriiten into the
MEMORY MODULE, are summarized as follows:
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DECODE I MODULE
DECODE II MODULE
ENCODE MODULE
PIPE MODULE
BRIGHTNESS MODULE
DPM INTERFACE

MODULE - read and write (IWE)

read

read

write (EWI)

write(P19)

write (B13) 5

Gating circuits are depicted by logical equations using the outputs of other modules, flip 10
flops, etc., as to designate terms in the equations. '

The sequence of operation of the MEMORY MODULE during a write operation in one
of the memories 1310, 1312 and 1314 will now be described with reference to the timing
diagram of Figure 58. A write operation is initiated or called by the DPM INTERFACE
MODULE or the PIPE MODULE or the BRIGHTNESS MODULE or the ENCODE 15
MODULE. The calling signal is applied on the output control line shown in parentheses
after the name of each module above and being shown as input to the OR gate 1324. The
calling module applies a calling signal to the OR gate 1324. It in turn applies a true signal at
the MEMGO output which triggers the one-shot multi-vibrators M1 and M2 to a 1 state. In
addition, the true signal at the M1 output of the M1 multi-vibrator causes a true signal to be ~ 20
applied at the clock input of the FF flip flop, acting as a clock, causing the FF flip flop to be -
set to a 1 state. The time delay built into the M1 multi-vibrator is sufficient to allow the
signals on the address lines to the DS1-DS3 selection circuits and on the information lines to
the DS4 selection circuit to settle out. After the one-shot multi-vibrator M1 resets to a 0
state, a true signal is formed at the M1 output thereof. Additionally, the FF flip flop is still =~ 25
in a 1 state, and therefore both inputs to the AND gate 1328 receive a true signal and form a
true signal at the WE output. The true signal at the WE output is applied to the inputs of
AND gates 1330-1334. Each of the AND gates 1330-1334 has a second input which controls
the particular one of the memory areas 1, 2 and 3 into which information is to be written
from the selection circuit DS4. To be explained in more detail, the signals from the 30
SWITCH MATRIX of Figure 59 or from the DPM INTERFACE MODULE determine
which of the RAM areas into which information is to be written.

Thus, a true signal at the IWE output of the DPM INTERFACE MODULE causes the
second input of each of the AND gates 1330-1334 to be true, thereby causing each of the
AND gates to apply a WRITE ENABLE signal to the corresponding RAM memory. Thus, 35
the word of information applied at the output of the DS4 selection circuit is written into
each of the memory areas 1, 2 and 3.

Normally, writing into the memory areas 1, 2 and 3 is controlled by the SWITCH
MATRIX. To be explained in more detail, the area into which writing is to take place from
the ENCODE MODULE is determined by true signals at the S31, S32 and S33 outputs of 40
the correspondingly labeled flip flops of the SWITCH MATRIX. Thus, a true signal at the -
S31 output causes AND gate 1330 to receive true signals at both inputs and thereby apply a
WRITE ENABLE circuit to the memory area 1, causing a write operation only in that
memory area. Similarly, true signals at the S32 and S33 outputs of the SWITCH MATRIX
cause writing to take place in the memory areas 2 and 3, respectively. However, it should be 45
noted that a write operation from the interface module does not use the SWITCH
M‘Q‘TRIX. This is shown by the addition of IWE to the WRITE ENABLE gates 1330, 1332
and 1334,

In summary then it should now be understood that the outputs of EOP from the
ENCODE MODULE of DS3 from the PIPE MODULE, of DS3 from the BRIGHTNESS 50
MODULE, and of DS3 from the DPM INTERFACE MODULE, are coupled to the inputs
of the DS4 selection circuit. A true signal at the EW1, P19, B13, or IWE outputs from the
ENCODE, PIPE, BRIGHTNESS, and DPM INTERFACE MODULES, respectively,
causes the DS4 selection circuit to couple outputs from the corresponding modules through
to the MIR input of the memory areas 1, 2 and 3, respectively. The DS1, 2 and 3 selection 35
circuits couple the addresses to the inputs of the corresponding address decoders 1316, 1318
and 1320. By way of example. a true signal at the DM11 output of the DECODE I
MODULE, and a true signal at the S11 output of the SWITCH MATRIX cause the DS1
selection circuit to couple the output of register MAR1 of DECODE I MODULE to the
input of address decoder 1316. 60

The DSS5 selection circuit couples the information being read out of the memory areas 1,

2 and 3 to the inputs of the DECODE I, Il and DPM INTERFACE MODULES. By way of
example, a true signal from the M1E output of the DPM INTERFACE MODULE or from
the output DM11 from the DECODE I MODULE, in combination with a true signal at the
S11 output of the SWITCH MATRIX, or a true signal at the DS21 output of the DECODE 65
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II MODULE. in combination with a true signal at the S21 output of the SWITCH
MATRIX. will cause the information from MDR of memory area 1 to be coupled through
to the output of the DS5 selection circuit.
After sufficient time for the signals to be applied at the output of the DS5 selection circuit
5 are stabilized to the input of the modules receiving the signals, the M2 multi-vibrator >
automatically resets to a 0 state, causing a true signal at the M2 output, which in turn causes
both inputs of the AND gate 1326 to be true and thereby apply a true signal to one input of
the OR gate 1330. The OR gate 1330 in turn applies a true signal to the reset input of the
flip flop FF causing it to be reset to a 0 state, thereby removing the true signal at the FF
10 output. This, in turn, causes the AND gate 1328 to terminate its true signal at the WE 10
output, terminating the WRITE ENABLE signal to the memory areas 1, 2 and 3.

XIX SWITCH MATRIX
The SWITCH MATRIX of Figure 59 has nine flip flops designated S11-S13, $21-523,
15  and $31-833. The flip flops are set to allow the DECODE I, DECODE II and ENCODE 15
MODULES to read and write in the proper MEMORY MODULE areas (Figure 57). The
flip flops are labeled as follows: Sij where 1 = 1 designates DECODE I; 1 = 2 designates
DECODE 1II; i = 3 designatess ENCODE, and where j = 1 identifies MEMORY
MODULE area 1; j = 2 designates MEMORY MODULE area 2, and j = 3 designates 0
20 MEMORY MODULE area 3. With reference to the SWITCH MATRIX of Figure 59, and 2
the description of the DECODE I, DECODE II and ENCODE MODULES, it will be
recalled that the DECODE I and Il MODULES always read from memory, whereas the
ENCODE MODULE always writes in memory. Thus, when flip flop S11 is in a 1 state, it
designates that DECODE IMODULE is to read from MEMORY MODULE area 1. If flip
25 flop S21 is in a 1 state, it designates that the DECODE II MODULE is to read from 2
MEMORY MODULE area 1, and if the S$31 flip flop is in a 1 state, it designates that the
ENCODE MODULE is to write in MEMORY MODULE area 1. In addition to the flip
flops, the SWITCH MATRIX has gates 1410 through 1440, signal inverters 1442 and 1444,
and an SP flip flop which controls the setting and resetting of the above-mentioned flip flops
30 responsive to control signals from the rest of the system. The input/output control signals
for controlling the operation of the SWITCH MATRIX are shown along the right hand side
of Figure 59, along with the modules from which the signals originate.
The flip flops are all of type SN7474 having the characteristics disclosed above. Consider
now generally the operation of the SWITCH MATRIX. As mentioned above, the
35 SWITCH MATRIX ié used for controlling the operation of the MEMORY MODULE. 35
Normally, the MEMORY MODULE will be used in manipulation of seeds. A seed must be
read, acted upon, and written out since there is no guarantee that the output length of a new
seed will be less than the input length of the current seed. There must be at least two
memory areas for reading and writing the seeds. Additionally, in accordance with preferred
40 embodiment of the present invention, the “best seed” (i-e., the one with the shortest
physical length) is always retained during the course of locating the seed. This is
advantageous since it saves regeneration time upon completion of the seed finding process.
By virtue of the last mentioned feature, a third memory area was added to the MEMORY
MODULE system. During the operation of the DPM SYSTEM, the normal method of
45 reading and writing in the memory area is through the DECODE I and DECODE II 4
MODULES and the ENCODE MODULE. The routing of these modules to the proper
memory areas is accomplished under control of the SWITCH MATRIX.
Turning now more specifically to the SWITCH MATRIX but still speaking generally of
its operation, initially the proper flip flops S11-S13, S$21-S23, and S31-S33 are set by the
50 calling modules (SEED, CHANGE, OUTPUT, PIPE, REVOLVE, and BRIGHTNESS 50
MODULES). The SWITCH MATRIX is set up so that when it is clocked (by a signal
through gates 1410 and 1412-1416), the MEMORY MODULE area last written into from
the ENCODE MODULE will be enabled for reading out information to the DECODE 1
and DECODE II MODULES. This is done by setting the proper one of the flip flops
55 S11-S13, $21-S23. and S31-S33. The flip flops S31, $32 and 533 which control writing from 35
the ENCODE MODULE, have control circuitry for appropriately setting these flip flops so
that if the current write area contains the best seed, it is not overwritten at a later time.
The SP flip flop indicates whether the area just read contains the seed. If in a 0 state it
indicates that the area just read does not contain the seed and can be overwritten. If the SP
60 flip flop is in a 1 state, it indicates that the area just read contains the seed and can not be
overwritten. For example, assume flip flop SP is in a 0 state and reading is taking place in
area 2 and writing in area 1 of the MEMORY MODULE. Flip flops S31, S12 and S22 are in
a 1 state. The following clock from gate 1410 causes flip flops $32,S11 and S21 tobe set to 1
(and flip flops S31. S12 and S22 to be reset to 0), causing a read from area 1 and a write in
65 area? of the MEMORY MODULE. Assume now for example that the SP flip flop isinal 65
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state and reading is taking place in area 2 and writing in area 1 of the MEMORY
MODULE. Flip tlops $31, S12 and S22 are again still in a I state. The following pulse from
gate 1410 now does not reach flip flop S32, it being blocked by gates 1430 and 1438 due to
the false signal at SP. Instead, the pulse from gate 1410 in combination with true signals at
outputs SP, S33 and S23 causes the gates 1426 and 1436 to set flip flop S33 to a 1 state,
causing writing, not in area 2, but area 3 of the MEMORY MODULE. Additionally, flip
flops S11 and S21 are set to 1 states, again causing reading in area 1. As a result, writing
takefi place in area 3 and the seed in MEMORY MODULE area 2 is not overwritten but is
saved.

In summary then, the DECODE I and II MODULES read from MEMORY MODULE
area (e.g., area 2); the ENCODE MODULE writes to some other MEMORY MODULE
area (e.g., area 1) and the area in which reading and writing take place is determined by the
states of the flip flops S11-S31, S12-S32, S13-S33.

Gating circuits are depicted by logical equations using the outputs of other modules, flip
flops, etc., as to designate terms in the equations.

Consider now an actual example of the operation of the SWITCH MATRIX of Figure 59
and the MEMORY MODULE of Figure 57. Table 44 shows an example of an
iso-entropicgram and will be used in illustrate the operation of the system. Table 45
indicates the sequence of operation while performing the revolve operation indicated along
the right hand side of Table 44,

Initially, the MINI COMPUTER and DPM INTERFACE MODULE store line 0 of the
iso-entropicgram in MEMORY MODULE area 1 as described above. Line 0 is depicted at
the beginning of Table 44. The SEED MODULE is then called by the MINI COMPUTER.
A true signal is formed at the SM1 output of the SEED MODULE, causing the flip flops
S11, S32 and S22 of the SWITCH MATRIX to be set to a 1 state. The SEED MODULE
then calls the operation of the DECODE I MODULE. The DECODE I MODULE forms
a true signal at the DM11 output, causing the logic DM11.S11 to become true, thereby
causing the DS1 selection circuit to couple the output of the DS4 selection circuit to the
input of the address decoder 1316 and causing the DSS5 selection circuit to couple the output
MDR in MEMORY MODULE area 1 to its output. Thus, the DSI selection circuit gates
the address in the MARI register of the DECODE I MODULE to the address decoder of
MEMORY MODULE area 1 and the DS5 selection circuit gates out from MEMORY
MODULE area 1 back to the calling module (the DECODE I MODULE). Since a one line
revolve operation takes place, the SEED MODULE forms a true signal at the SM5 output
(asserts SM5), thereby indicating that MEMORY MODULE area 1 contains the best seed
so far and then calls the operation of the REVOLVE MODULE.

The REVOLVE MODULE then forms a true signal at the RM8 output thereof, causing
gates 1410 and 1412-1416 in the SWITCH MATRIX to form a clock pulse which sets flip
flops S11, S21 and S32 to a true state and resets flip flops S22 and S31 to a 0 state. The
REVOLVE MODULE then forms a true signal at the RM12 output while the true signal is
still formed at the SM5 output. This causes the SP flip flop to be set to a 1 state. The
REVOLVE MODULE then forms line 1 of the iso-entropicgram as depicted in Table 44
during which the DECODE I MODULE and the DECODE II MODULE both read from
MEMORY MODULE area 1, under control of SWITCH MATRIX flip flops S11 and S21
and the ENCODE MODULE writes into MEMORY MODULE area 2, under control of
the S32 flip flop. Upon completion of this operation, control returns to the SEED
MODULE.

The SEED MODULE then forms a true signal at the SM11 output, which cguses the

signal inverter 1442 in the SWITCH MATRIX to apply a false or inhibit signal to the clock -

gates 1412-1416. The SEED MODULE also forms a true signal at the SM12 output, causing
the OR gate 1410 to apply its clock signal to the gates 1412-1416 but it is ineffective because
of the inhibit signal from inverter 1442. Since line 1 of the iso-entropicgram (Table 44) is
shorter than line 0, the SEED MODULE again forms a true signal at the SM5 output,
indicating that line 1 in MEMORY MODULE area 2 is to be saved.

The SEED MODULE now forms a true signal at the SM12 output but since the gates
1412-1416 are inhibited, only the flip flops S11, S12 and S13 receive a clock signal. Also,
since the flip flop S32 is in a 1 state, the clock signal causes the flip flop S12 to be set to a 1
state and the flip flop S11 is reset to a 0 state. Thus, at this juncture the flip flops S12, S21
and 832, as well as the flip flop SP, are in a 1 state as indicated in Table 45.

The SEED MODULE now reads, using the DECODE I MODULE from MEMORY
MODULE area 2 and determines that the system is to revolve down two lines in the
iso-entropicgram and therefore calls the REVOLVE MODULE. The REVOLVE
MODULE now forms a true signal at the RM8 output, causing the gate 1410 to apply a
clock signal to the flip flops S11. S12 and S13 and to the gates 1412-1416. At this point the
SP flip flop is still in a 1 state because in this last cycle it was established that area 1 was not
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to be overwritten. A true signal is now formed at SM5 because line 1 in area 2 is the shortest
and now the possible seed and is not to be overwritten. Therefore the clock signal causes
the flip flops S12, S22 and S33 to be set to a 1 state.
The REVOLVE MODULE now forms another signal at the RM12 output and since a
5 true signal is still formed at the SM5 output, flip flop SP still remains in a 1 state. This time 5
the 1 state of the SP flip flop indicates that MEMORY MODULE area 2 containing line 1is
to be saved as the best seed line to this point. The REVOLVE MODULE then proceeds to
revolve down two lines in the iso-entropicgram. After the revolve is complete, MEMORY
MODULE area 3 contains line 3 of the iso-entropicgram. Control now returns to the SEED
10 MODULE. The SEED MODULE now forms true signals at the SM11 and SM12 output, 10
causing the gates 1412-1416 to be inhibited and therefore only flip flops S11, S12 and S13
receive clock signals. This causes flip flop S13 to be set to a 1 state. The SEED MODULE
then determines that a revolve of two lines is to take place. It also determines that line 3 of
the iso-entropicgram now contained in MEMORY MODULE area 3 is shorter than
15 line 1 and therefore the true signal at the SM5 output is removed by the SEED MODULE. 15
The REVOLVE MODULE is then called, causing the revolve operation to take place.
The REVOLVE MODULE forms a true signal at the RM8 output, causing OR gate 1410
to provide clock signals to all of the flip flops in the SWITCH MATRIX. As a result, the
flip flops S13, $23 and S31 are set to a 1 state and flip flops S22 and S33 are reset to a 0 state.
20 Thus, MEMORY MODULE area 2 containing line 1 of the iso-entropicgram is saved. The 20
REVOLVE MODULE also forms a true signal at the RM12 output and since a true signal
is not being formed at the SM5 output, the flip flop SP is reset to a 0 state. The REVOLVE
MODULE now revolves line 3 down to line 5 of the iso-entropicgram and line S is stored
into MEMORY MODULE area 1. During this revolve process, the REVOLVE
25 MODULE calls the DECODE I MODULE, which in turn calls the MEMORY 23
MODULE. and forms a true signal at the DM11 output. Since the flip flop S13 isinal
state, the logic S13.DM11 is true, thereby causing the DS3 and DSS3 selection circuits to
couple the address to the MEMORY MODULE area 3 and couple the information read
out of MEMORY MODULE area 3 via the DS5 selection circuit back to the calling
30 module. Additionally, the REVOLVE MODULE calls the DECODE Il MODULE which 30
in turn forms a true signal at the DM21 output. Since the flip flop S23 is in a 1 state, the
logic $23.DM21 is true, causing the gate DS3 to couple the address from the MAR2 register
of the DECODE II MODULE to the MEMORY MODULE area 3 and causing the
information read out of the address location to be coupled through the DSS selection circuit
35 back to the DECODE II MODULE. 35
Finally in its output operation, the REVOLVE MODULE calls the ENCODE
MODULE which writes into MEMORY MODULE area 1. To this end, the ENCODE
MODULE forms a true signal at the EWI output, and since the flip flop S31 of the
SWITCH MATRIX is in a 1 state, the logic S31.EWI is now true, causing the DS1 selection
40 circuit to couple the address in register MAR3 of the ENCODE MODULE through to the 40
MEMORY MODULE area 1. Additionally, the true signal at EWI causes the DS4
selection circuit to couple the output from the ENCODE MODULE through the DS4
selection circuit to the MIR input to the MEMORY MODULE area 2. The write enable
circuit 1322 forms a true signal at the WE output as described above, and true signals at WE
45 and IWE cause the AND gate 1330 to apply a write enable signal to MEMORY MODULE 45
AREA 1. causing it to write the output from the ENCODE MODULE. Control then
returns to the SEED MODULE.
The rest of the operation, while revolving through the iso-entropicgram of Table 44, may
be followed with reference to Table 45. :
50 50
XX P/B MEMORY .
The P/B MEMORY depicted in Figure 60 has two memory areas 1 and 2 identified at
1514 and 1516, respectively. These memory areas are RAM type memories of the same type
as that disclosed hereinabove with respect to the MEMORY MODULE. The memory
55 areas are used as a read/write scratch pad while executing the PIPE and BRIGHTNESS 55
MODULE functions. The only modules in the system with which the P/B MEMORY must
interface are the PIPE. BRIGHTNESS, and DPM INTERFACE MODULES.
The P/B MEMORY has a switching flip flop SM which designates the proper read/write
areas between area 1 and area 2. Thus when flip flop SM is in a 1 state, a read takes place
60 from area 1 and a write takes place in area 2. 60
Gating circuits are depicted by logical equations using the outputs of other modules, flip
flops, etc.. as to designate terms in the equations.
DS1 and DS2 selection circuits are data selectors of the same type as that described above
with respect to the MEMORY MODULE which route the signals from the PIPE and
65 BRIGHTNESS MODULES to the proper memory address decoders 1515 and 1517. 65
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Referring to the DS1 and DS2 selection circuits, it will be noted that each of the logic
indicated contains a term from either the PIPE MODULE or BRIGHTNESS MODULE
and each of the control inputs, except for control input 5 of the DS1 selection circuit, has a
second term from one of the outputs from the SM flip flop. In this manner, the SM flip flop
5 s able to switch the areas being used between area 1 and area 2, depending on its state. If 3
flip flop SM is in a 1 state, OR gates 1510 and 1512 cause the PIPE and BRIGHTNESS
MODULES to read from P/B MEMORY area 1 and write to P/B MEMORY area 2. If flip
flop SM is in a O state, OR gates 1510 and 1512 cause the PIPE and BRIGHTNESS
MODULES to write in P/B MEMORY area 1 and read from P/B MEMORY area 2. In this
10 connection, the addresses for reading are coupled by DS1 and DS2 from the DS1 selection 10
circuit in the BRIGHTNESS memory and from the M1 register in the PIPE MODULE,
whereas, the addresses for writing are received from the M2 register in the BRIGHTNESS
MODULE and register M2 in the PIPE MODULE and the DS4 selection circuit in the
DPM INTERFACE MODULE.
15 The data selector DS5 gates the data to be written into the MIR input of the P/B 15
MEMORY areas 1 and 2.
The data selector DS6 in the P/B MEMORY gates the information read out of memory
areas 1 and 2 to the PIPE and BRIGHTNESS MODULES.
The write enable circuit 1522 is identical to the write enable circuit 1322 described
20 hereinabove for the MEMORY MODULE Figure 58. Similar to the MEMORY 20
MODULE, the write enable circuit 1522 has an OR gate 1524 (corresponding to gate 1324)
which forms a“true signal at the P/B GO input to the write enable circuit 1522. The P/B GO
input corresponds to input labeled MEMGO in the MEMORY MODULE. The OR gate
1524 has the designated inputs from the PIPE, BRIGHTNESS and DPM INTERFACE
25 MODULES, which call the operation of the /B MEMORY, similar to that described 25
hereinabove with respect to gate 1324 of the MEMORY MODULE.
The operation of the P/B MEMORY is similar to that described hereinabove for the
MEMORY MODULE and need not be set out in detail for a complete understanding of
the invention.
30 The input and output control signals used to control the operation of the P/B MEMORY, 30
as well as the information inputs/outputs (designated by heavy lines) are shown along the
right hand side of Figure 60. Arrows to the left indicate incoming signals and arrows to the
right indicate outgoing signals with respect to the P/B MEMORY. -

35 XXI. GENERAL ORGANIZATION OF ALTERNATE DPM SYSTEM 2 35
A. General discussion

The general organization of the alternative DPM SYSTEM of Figure 61 involves the fast
seed finding method described hereinabove. The alternative DPM SYSTEM of Figure 61
includes the MINI COMPUTER, the DPM INTERFACE MODULE, the DECODE I and

40 1I MODULES, and the ENCODE MODULE, all of which have been disclosed and 40
described hereinabove.

Especially provided for this preferred embodiment of the invention are the following new
modules: DELTA 2 MODULE, REVOLVE 2 MODULE, REVOLVE 3 MODULE,
SEED 2 MODULE, OUTPUT 2 MODULE, MEMORY 2 MODULE, AUXILIARY

45 MEMORY II MODULE, and SWITCH MATRIX 2 MODULE. The REVOLVE 2 45
MODULE in conjunction with the other portions of the system depicted in Figure 61 forms
a revolver for generating various lines of an iso-entropicgram, given an input line, without
generating the intermediate lines of the iso-entropicgram. The REVOLVE 3 MODULE is
a modified version of the REVOLVE 2 MODULE which only generates the largest two or

50 Ilast two actual occurrence values for a line of the iso-entropicgram. It will be recalled that 50
the largest two occurrence values are the ones needed to determine the next line in the
iso-entropicgram which is to be generated in the process of locating the seed. To be
explained in more detail, the DELTA 2 MODULE differs from the DELTA MODULE in
that the DELTA 2 MODULE generates any line of the Delta depicted, by way of example,

55 in Table 6. The DELTA MODULE also right-shifts lines of the Delta causing shifted Delta 55
values to be formed. These shifted Delta values are provided as inputs to the REVOLVE 2
MODULE and the REVOLVE 3 MODULE and are used by these modules in their
process of generating subsequent lines of the iso-entropicgram. The specific implementa-
tion of these modules will be described in more detail in connection with each module.

60 However, the method of operation of the fast seed finding implementation can be briefly 60
summarized as follows:

1. Read the largest two actual occurrence values (N1, N2).
2. Compute T = MAX (HW — N;, N1 — N,) where HW = the iso-entropicgram width.
3. If the system has completely revolved through the iso-entropicgram then go to Step 6
65 below; otherwise go to Step 4 below. 65



163

1 570 341

163

5

10

15

20

35

45

50

55

65

4. Call REVOLVE 3 MODULE causing it to return Nj, N, of the next line in the

iso-entropicgram. The REVOLVE 3 MODULE revolves a line of an iso-entropicgram
by the number of lines specified by the value T but only returns N1 and N2 of that line,
not the entire line.

5. If N1 is less than the largest occurrence value of the current seed line, store an
:dentification of the current seed line and return to Step 2.

6. Call REVOLVE 2 MODULE causing a revolve by the number of lines specified by T

and generate the entire resultant seed line.

7. Halt.

A more complete understanding of the present invention will be had with reference to the
following discussion.

The DECODE I and II MODULES and the ENCODE MODULE used for this
alternative implementation are essentially identical in design to the DECODE and
ENCODE MODULES of the first disclosure. However, due to the nature of the second
design, the calling sequences to these modules differ. Hence the altered version of these
modules appear in Figures 61A - 61H.

‘As mentioned above this alternative implementation forces a different calling sequence
on the DECODE and ENCODE MODULES. It can be stated that this alternative
implementation generates lines of the iso-entropicgram directly at the expense of using
auxiliary storage while the first implementation generated a new line by revolving down by
component powers of 2 while not using any auxiliary storage. Because the new lines are
generated directly. there is no switching back and forth of control to the DECODE I andI1
MODULES. Hence the loading or initializing circuits of these modules are somewhat
shortened. Also the CHANGE 2 MODULE must perform the merging of the revolved
change line with the seed line. This necessitates its calling on all three modules.
Additionally, the OUTPUT 2 MODULE writes its output directly to the MEMORY
MODULE area 3. It, therefore, does not call ENCODE. Finally, it should be noted that in
this implementation the situation does not exist in which both DECODE I and DECODE
1I read from the same DPM MEMORY MODULE area. What follows is a brief description
of these three modules and the circuit changes that are necessitated.

B. Revised encode moduie

In the previous system the ENCODE MODULE was called by the SEED,
REVOLVE, and OUTPUT MODULES. In the revised ENCODE MODULE for the
alternative implementation only the REVOLVE 2 and CHANGE 2 MODULES call the
ENCODE MODULE. REVOLVE 2 must call the ENCODE MODULE when it is
generating a line of the iso-entropicgram; CHANGE 2 calls ENCODE during the process
which merges the revolved change line and the seed line.

Since the OUTPUT 2 MODULE does not call the ENCODE MODULE, the clipping
function is not performed. Hence, there is no need for data selectors EDS4 and EDS5. As
can be seen in Figure 61A they have been omitted. Now the appropriate IPRF registers are
fed directly to EBL and ETL. Note that the initial loading circuits of the registers EBL,
ETL, and EHW have been changed to A2R2 + A2CS. These pulses originate in the
REVOLVE 2 and CHANGE 2 MODULES respectively.

In Figure 61B it can be seen that the first input to data selector EDS6 has been changed
from the OUTPUT MODULE to the DSI1 output of the CHANGE 2 MODULE. The
second input now comes from RI of the REVOLVE 2 MODULE. The enabling lines of
EDS6 have been changed to A2R8 and A2C9. Likewise the inputs to OR gate 109 has been
changed to reflect clocking pulses from the REVOLVE 2 and CHANGE 2 MODULES.
The load (L) input of the EIR register has been changed to A2R2 + A2CS. Additionally on
Figure 61B the input/output signals have been changed to reflect only those control and
data signals that are needed. Note that these signals come only from the REVOLVE 2 and
CHANGE 2 MODULES.

In Figure 61C the following circuits of the ENCODE MODULE have had their input
circuits revised: OR gate 105, 106, and 107 have been altered to reflect the proper signals
from the REVOLVE 2 and CHANGE 2 MODULES. Additionally the input to flip flop P1
is grounded. This indicates that the P1-P4 portion of the counter is not used. Flip flops
P1-P4 had performed the clipping function for OUTPUT MODULE. This function is not
needed for the alternate implementation.

This completes a discussion of the revised ENCODE MODULE for the alternative
implementation. The above revisions pertain to the NECODE MODULE as it is called
from the REVOLVE 2 and CHANGE 2 MODULES.

C. Revised decode I module
The revised DECODE I MODULE is called by the DPM INTERFACE, REVOLVE 2,
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REVOLVE 3, SEED 2, CHANGE 2, and OUTPUT 2 MODULES. Only the initialization
circ(ljxitls have been changed to reflect the control and data signals from these alternate
modules.

The input selection circuit to register MLN1 has been revised to reflect the fact that the
switching back and forth of MEMORY MODULE areas is only done in this implementa-
tion in connection with the CHANGE MODULE. Therefore, AND gate 222 is omitted
from the design. The enabling circuit on AND gate 220 which enables MLN3 from
ENCODE to MLN1 consists of the circuit A2S10. CNG + A2VS5. The A2CS signal is from
the CHANGE 2 MODULE and is used to enable the length of the revolved change line
into MLN1. The A2S10.CNG comes from the SEED 2 MODULE when that module is
called from the CHANGE 2 MODULE. AND gate still gates information from the IPRF to
MLNI1. The enable circuit is essentially the same as for the original DECODE 1
MODULE; only the names of the signal have changed. NOTE that if the SEED 2
MODULE is called directly the signal A2S510.CNG gates the information from the OPRF
to MLNI rather than from MLN3.

OR gate 228 whose output initializes the DIFST flip flop has as input signals from the
alternate modules in addition to those signals from the INTERFACE, PIPE, and
BRIGHTNESS MODULES.

ON Figure 61E the input/output signals have been modified to reflect the signals from the
alternative implementations of the new modules. In addition the activating gate 230 has had
its inputs changed to reflect the calls from the new modules.

D Revised decode Il module

The revised DECODE II MODULE shown in Figures 61F-61H reflects the fact that in
the alternative implementation DECODE II is called only by the CHANGE 2, OUTPUT
2, PIPE, and BRIGHTNESS MODULES. As a result portions of its initializing circuits
have been considerably reduced.

In Figure 61F the input to data selector DDS1 has been reduced from seven inputs TO
three inputs. In the revised module only the inputs from the OPRF, PIPE, and
BRIGHTNESS are needed. The enabling circuits have been similarly modified to reflect
these changes. Likewise, the load circuit has been modified to reflect the fact that the
CHANGE 2 and OUTPUT 2 MODULES are the only alternate modules which call
DECODE II. Additionally, on Figure 61F the input to the D2FST flip flop asynchronoies
set circuit have been modified, i.e. the inputs to OR.gate 228’ have been changed.

In Figure 61G only the module activating signals input to gate 230’ are changed. Finally,
on Figure 61H the input control and data signals have been modified to reflect the signals
and data originating from the alternative modules, CHANGE 2 and OUTPUT 2.

These are the revisions that must be made to the DECODE I and II and ENCODE
MODULES in order to incorporate them into the alternative implementation. It should be
noted that the circuits changed dealt mainly with initializing and activating circuits, i.e.
those circuits which interface directly with the calling modules.

E. Pipe and brightness modules

The PIPE and BRIGHTNESS MODULES are incorporated into the alternative
implementation but they are revised slightly. They must be revised in that the signals that
now are used between the PIPE and BRIGHTNESS MODULES and the P/B MEMORY
MODULE are now connected to the AUXILIARY MEMORY MODULE II. The P/B
MEMORY MODULE is not used in this alternative implementation. Note also that the
changed signals represent a 1-to-1 change. Signals are neither added nor dropped from the
modules in question.

XXII. DELTA 2 MODULE
A.General description

The DELTA 2 MODULE differs from the DELTA MODULE in the DPM SYSTEM of
Figures 1-60. The DELTA MODULE merely breaks a number provided thereto
designating the number of lines to be revolved, into its component powers of 2. The
DELTA 2 MODULE differs from the DELTA MODULE in that the DELTA 2
MODULE generates any line of the delta, depicted by way of example in Table 6. The
DELTA 2 MODULE is also capable of right shifting any line of the delta any specified
number of possible occurrence values. These two features of the DELTA 2 MODULE
enable any line of the iso-entropicgram for a given line to be generated without being
required to generate the intermediate lines of the iso-entropicgram. This technique has
been generally discussed hereinabove under I. B. Iso-Entropicgram Techniques.

In addition, the DELTA 2 MODULE utilizes a special technique for generating any row
of the delta. Note that a delta of the same width as the iso-entropicgram for the given line is
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required. Table 6 depicts a delta of 8 possible occurrence values. The special technique is as
follows: If an iso-entropicgram has a width of N, any line M of the delta can be generated
utilizing the implies function for the column (possible occurrence values) going from O to N
and the line number M. This function is depicted by the following:

F = C implies R is the same as (C - R).
F=CorR.

The implies function is therefore applied between any column (possible occurrence value)
value C and any line value R, where C is the number of the column (or possible occurrence
value) of the delta and R is the number of the line of the delta which is to be generated. The

result of the equation F = C or R is taken and the bits are serially ANDed together. If the
result is a 1, then there is an occurrence value in the column (possible occurrence value) of
interest and the line of interest of the delta. If on the other hand the result is 0, the column
of interest in the line of interest in the delta does not contain an occurrence value.

The above concept can be more easily understood with reference to the example of Table
48. To be explained in more detail in connection with the DELTA 2 MODULE, the
possible occurrence value of interest is stored in a register DELCOL whereas the line
number value of interest is stored in the register DELRO. For purposes of illustration, the
iso-entropicgram is assumed to be 8 values wide and it is assumed that it is desired to
generate delta line 5. Referring to Table 48, the line number value is constant at 5 (101)
whereas the possible occurrence value varies between 0 (000) and 5 (101). Considering the
implies function for possible occurence value 0 (000) using the F = C + R implies function
results in the following: F =000 + 101 = 111 + 101 = 111 The foregoing is depicted at 0
of Table 48. Repeating the implies function for each of possible occurrence values 1 through
5 results in the binary equivalent of decimal values 775577 depicted in Table 48. Doing a bit
wise AND, as explained above, on the binary equivalent results in 110011 as depicted in the
next to last column of Table 48.

This represents possible occurrence values 0, 1, 4 and 5 which is delta line 5 (see Table 6).

In summary then and of importance to this implementation of the DELTA. 2 MODULE,
whenever the result of the bit wise AND is a 1, then the corresponding possible occurrence
value is outputted since it designates the presence of that occurrence value in the desired
line of the delta. If the result is a 0, then the possible occurrence value is not outputted since
there is no occurrence value in that column. Tt will also become apparent in the following
discussion of the DELTA 2 MODULE that it is necessary to shift the possible occurrence

values of the delta values to the right by some specified number N. This is simply done by -

adding the value N to the possible occurrence value and outputting that result. For
example, the right hand list of occurrence values depicted in Table 48 is shifted to the right
by three merely by adding three to each value. .

Several additional features of the alternative DELTA 2 MODULE should be noted.
First, it is not necessary to form the values of the delta moving from left to right beyond the
point where the remaining values to the edge of the isoentropicgram are 0's. For example, if
the iso-entropicgram width is 256 occurrence values wide and line 2 of the delta is being
generated, there is no need to generate values beyond possible occurrence value 2 because
all values beyond possible occurrence value 2 are 0’s. In this regard, once the possible
occurrence value has exceeded the line number of interest, all succeeding values are 0.
Thus. it is possible at this point to merely form an indication that the entire line of the delta
has been generated.

Additionally, the DELTA 2 MODULE shifts lines of the delta a specified number of
places to the right. As a result, it is possible that the shifted line may extend beyond the
iso-entropicgram width. Those values beyond the edge of the iso-entropicgram need not be
generated. To this end, an overflow indication is generated, whenever a value is formed, in
the process of shifting, beyond the iso-entropicgram width.

B. Components
The DELTA 2 MODULE is depicted in Figure 62 and contains registers DELCOL,

DELRO, DELV and DELHW. The purpose of each of these registers is depicted in Table
49. Each of the registers has eight bits for storage and are of the following type
A true signal applied at the L input of the DELRO and DELHW and DELRO registers
causes each of these registers to store the eight binary bits applied at the input thereof. The
DELCOL and DELYV registers count up one state responsive to each true signal applied at
the C input thereof. The register DELCOL is reset to 0 responsive to a true signal at the
CLR input.

In addition, the DELTA 2 MODULE has DS1, DS2 selection circuits. The selection
circuits are of the same type disclosed hereinabove.
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Also provided are flip flops, P1 through P5 which form a control counter 1613. Flag flops
DELFST, DELEND and DELOVL are present and their purpose is set forth in Table 49.
The flip flops are each of the leading edge trigger type disclosed hereinabove.

In addition, conventional OR gating circuits 1620, 1622 and 1624 are provided. A
conventional logical signal inverter circuit 1626 forms the logical inversion at LT of the
signal at the LT output.

The unprimed outputs of the eight flip flops in each of the DELCOL and DELRO

‘registers are depicted in Figure 64 by lines labled 0 through 7. Only lines 0 and 7 depicting

the least significant and most significant flip flops are shown in Figure 64, the rest being
indicated by dashed line.

Eight logical signal inverter circuits 1640 are connected to the unprimed outputs 0
through 7 of the register DELCOL. The inverter circuits 1640-0 through 1640-7 (only
1640-0 and 1640-7 are shown) are connected to the outputs 0 through 7 of the DELCOL
register. Seven OR gating circuits 1642 labled 1642-0 through 1642-7 (only 1642-0 and
1642-7 being shown) are associated with the correspondingly numbered outputs of the
DELCOL and DELRO registers. Thus, OR gate 1642-0 has one input connected to the
output of the signal inverter 1640-0 which in turn is connected to the 0 output of the
DELCOL register and a second input is connected directly to the 0 output of the DELRO
register. Each of the other OR gates 1642-1 through 1642-7 also have two inputs, one of
which is connected through one of the correspondingly numbered inverter circuit 1640 to
the correspondingly numbered output of the DELCOL register and the other of which is
connected directly to the correspondingly numbered output of the DELRO register. The
outputs of each of the OR gating circuits 1642-0 through 1642-7 are all connected as an
input to the AND gate 44. The output of the AND gate 44 is connected to the clocked input
at the upper side of the S flip flop.

The S flip flop has its clocked input at the lower portion of the left hand side connected to
a gate represented by the logic P4.CLK. Also, the reset input is connected to the VCC
output of the DPM INTERFACE MODULE and the upper unclocked set to one input is
connected to the P3 output of the P3 flip flop in the control counter 1613 (Figure 62).

The clock control for the DELTA 2 MODULE is the generalized clock control 700
disclosed hereinabove. It should be noted that the CS input is connected to ground thereby
providing a permanent false input the CS input which disables the clock suspension feature.

Also provided are comparitors, C-1 and C-2. The comparitor C-1 compares the content
of the registers DELCOL and DELRO and forms true signals at the GT and LT outputs
responsive to the content of register DELCOL being the larger and the smaller
respectively. The comparitor C-2 compares the content of registers DELV and DELHW
and forms true signals at the G, L and E outputs responsive to the content of register DELV
being the larger, the smaller and equal respectively.

Circuit 1628 forms an implies circuit. The implies circuit is a logical gating circuit which
OR’s corresponding bits in registers DELCOL and DELRO and then does a bit wise AND
on the result to produce a true signal at the S and S outputs responsive to the result being 1
and 0 respectively.

Figure 64 shows the details of the implies circuit 1628 shown generally in Figure 62. As
indicated, there are logical signal inverters 1640-0 through 1640-7, OR gates 1642-0 through

1642-7 and an AND gate 1644. A leading edge type trigger flip flop S is also included and is |

of the same type disclosed hereinabove.
The information input/output lines are depicted by heavy line and the control
input/output lines are depicted by thin line along the right hand side by Figure 62.

C. Detailed description

Consider first the general sequence of operation of the DELTA 2 MODULE with
reference to the flow diagram of Figure 63. Various blocks of flow diagram are identified by
the symbols DM followed by a number (i.e. DM1) and the corresponding state of the
control counter 1613 is indicated by a P followed by a numeral (i.e. P1) identifying the one
of the flop flops of the control counter 1613 then in a one state. Initially each of the flag flip
flops DELFST, DELEND and DELLOVL are reset to 0 as are the control counter 1613 flip
flops and then the DELTA 2 MODULE is called. Initially, a true signal is formed at one of
the outputs A201 by the SEED 2 MODULE or the output A2S1 of the SEED 2 MODULE
causing a width value for the iso-entropicgram to be stored from the HW register of the
IPRF into register DELHW. Additionally, a true signal is formed at the output A2R4 or
A3R4 by the REVOLVE 2 MODULE causing a shift value to be applied to the input of the
register DELV from the DO1 output of the DECODE 1 MODULE or a true signal is
formed at the A208 output of the QUTPUT 2 MODULE causing a shift value formed at its
OP output to be applied at the input of the DELV register by the DS2 selection circuit.
Subsequently, a true signal is formed at the C input of the DELV register at one of the
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following outputs: A2R5 and A3RS from the REVOLVE 2 MODULE or the A209 of the
OUTPUT 2 MODULE. The true signal at the C input of the DELYV register causes the shift
value to be stored into the DELV register.

Also. initially a true signal is formed at one of the following outputs: A3R1 and A2R1 of
the REVOLVE 2 MODULE and the A205 output of the OUTPUT 2 MODULE causing a
true signal at the 1, 3 and 2 inputs of the DS1 selection circuit. True signals at the 1, 3 and 2
inputs of the DS1 selection circuit cause the line value to be applied from the RIL output of
the REVOLVE 3 MODULE, the RIL output of the REVOLVE 2 MODULE and the OP
output of the OUTPUT 2 MODULE, respectively, to the input of the DELRO register. A
true signal at the A2R2 output of the REVOLVE 2 MODULE or the A206 output of the
OUTPUT 2 MODULE or the A3R2 output of the REVOLVE 3 MODULE causes the
DELRO register to store the line value.

The OR gate 1622 triggers the DELFST flip flop into a one state on the first call to the
DELTA 2 MODULE responsive to a true signal of any one of the following outputs:
A3R1. A3R1 of the REVOLVE 3 MODULE. A2R1 and A2R1 from the REVOLVE 2
MODULE and A201 from the OUTPUT 2 MODULE.

With the storage of the aforegoing information, the DELTA 2 MODULE has now been
initialized. The DELTA 2 MODULE is incalled by forming a true signal at one of the
following outputs: A2012 from the OUTPUT 2 MODULE; A3R6 of the REVOLVE 3
MODULE and the A2R6 output of the REVOLVE 2 MODULE. A true signal at any one
of these outputs causes the OR gate 1620 in the DELTA 2 MODULE to form a true signal
at the output thereby triggering the generalized clock control 700 into operation causing
clock pulses to be applied at CLK and CLK to the DELTA 2 MODULE to thereby
sequence its operation.

With the DELFST flip flop in a one state, the call on the DELTA 2 MODULE causes
DM?2 to be entered following DML.

During DM2 the following takes place: The DELFST flip flop is reset to 0. Additionally,
the DELEND f{lip flop is reset to 0.

DMI0 is entered following DM2. During DM10 the occurrence value (possibly a shifted
occurrence value) is to be stored from the DELYV into the DELO register for output.

Following DM10, the operation of the DELTA 2 MODULE is exited awaiting a
subsequent call. All future calls to the DELTA 2 MODULE, simply call the module and
the module uses those values previously placed therein as described above.

The second call to the DELTA 2 MODULE occurs with the DELFST flip flop in a zero
state. Accordingly, DM3 is entered following DM1. During DM3, a check is made to
determine whether the module has generated a complete desired line of the delta. To this
end, the current possible occurrence value contained in register DELCOL is checked to see
whether it is greater than or equal to (=) the line value initially stored in register DELRO.
If greater, flip flop DELEND is set to a one state to indicate that the module has completed
its operation and clock control 700 ceases operation exiting to the calling module.

If the current possible occurrence value in register DELCOL is less than (L) the line
number value in register DELRO, DMS is entered. During DM5 the current possible
occurrence value in DELCOL and the possible occurrence value in register DELV are
incremented by 1. Following DMS, DM6 is entered where a check is made to see whether,
the shift represented by counting up the possible occurrence value in register DELV has
resulted in a value which is beyond the width of the iso-entropicgram. To this end, the
iso-entropicgram width value contained in register DELHW is compared with the content
of register DELV. If the possible occurrence value in DELV is greater than the
iso-entropicgram width, DM7 is entered where the DELOVL flip flop is set to a one state
and the operation of the clock control 700 is to exit to the caller. :

If on the other hand the comparison during DM6 reveals that the possible occurrence
value in register DELV is less than the iso-entropicgram width value in register DELHW,
DMS is entered.

During DM8, the implies function is applied to the content of the DELCOL and DELRO
registers. The relationship set forth above is F = C + R and in terms of the possible
occurrence value in register DELCOL and the line value in register DELRO, the relation
can be rewritten as F = S = DELCOL + DELRO. If the implies function results in a 0,
then following DM9, DMS5 is re-entered and the possible occurrence value in registers
DELCOL and DELV are increased by one value as discussed above. The loop through
DM6 and DMS is repeated until the possible occurrence value in register DELV is larger
than the iso-entropicgram width value in register DELHW or until the implies function
performed during DM8 results in a 1 (S = 1). When this occurs, a true signal is formed at
output S and DM10 is entered where the possible occurrence value in register DELV is
transferred to the output register DELO for output to the caller.

Summarizing then, possible occurrence value (or column) has been shifted along,.
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