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A general object of the present invention is to provide a
new and improved data data processing apparatus. More
gpecifically, the present invention is concerned with a data
processing apparatus of the programmed type which is
characterized by its ability to process data in such a
manner that the data is handled more efficiently and eco-
nomically than has heretofore been possible.

Data processing machines, particularly the clectronic
type, have been finding application in many areas of data
processing.  Electronic data processing machines have
been widely used in the area of science where scientific
problems, having massive calculation problems, were
solved. With the high speeds of electronic computation
available in an electronic computer, the application of the
computer has been very successful. However, the scien-
tific lype of computer with high capabilities in the area
of calculation, has not been efficiently and economically
adapted for use in the solution of problems encountered
in the commercial or business field where the problems
of calculation are but a small part of the overall problem
of daily data processing. Thus, in a typical business oper-
ation, the following principal areas of data processing may
be enumerated.

A. Sorting: that is the rearrangement of data, which is in
random order, according to some desired criteria,

B. Splitting: that is the subdividing of a file into two or
more groups according to some parlicular criteria.

C. Collation: that is the pre-ess of merging two or more
files of data, which are .n order according to the same
criteria into a single file having the same criteria.

D. Reproducing: that is where one file is reproduced into
a second file where the reproduced file may contain all
or some of the data present in the original file.

E. Data Preparation: that is the preparation of the data
to be processed into a standard form and order so that
it may be included in the business record file of data.

F. Consulting: that is the process of searching through
stored data in order to recover information which js in
the file to satisfy a particular inquiry.

G. File Maintenance: that is the process of keeping a data
file up to date with current incoming information,

H. Computing: that is the process of performing certain
mathematical operations and logical manipulations cn
the information contained in a particular file item or
in the course of assembling statistical information from
the file.

I. Checking: that is the process of performing certain
comparative routines with respect to the data to insure
that the data is being processed in a desired manner.

In a2 commercial or business operation, file maintenance
and sorting constitute the greater portion of the work load
required in the overall data processing operation. Conse-
quently, when a data processing machine or apparatus is
viewed in connection with its adaptability to the handling

5

10

20

25

30

[
o1

40

60

2

of a business problem, its ability to function in the areas
of widest use activity, such as file maintenance and sorting,
requires that the machine be capable of operating effec-
tively in the designated areas.

In evaluating the application of an electronic data proc-
essing machine to a particular business problem, the eco-
nomics of the use of the data processing machine must
be carefully analyzed. The problem of sorting, for exam-
ple, represents one of the areas where data processing ma-
chines heretofore in existance have been unable to eco-
nomically compete with electro-rechanical type sorters
and consequently, the data processing installation sur-
rounding a data processing machine has inherently in-
volved electro-mechanical sorters or else the data process-
ing machine has been used but at high expense to the user.
This is not desirable from a users standpoint as the in-
creasing cost, time, space, and operating personnel cause
the data processing machine to lose its economic value.

The present data processing machine has been arranged
circuit-wise and the order structure that utilizes this ar-
rangement has been devised to minimize the number of
program steps required to accomplish the common data
processing functions of sort, merging, searching, etc.

1t is, therefore, a more specific object of the present
invention to provide a new and improved data processing
machine which has been arranged to minimize the num-
ber of functions to be performed in the handling of a
specific group or groups of informational data,

In considering the manner in which the foregoing object
is achieved, the general make-up of the present data proc-
essing machine should be considered. The present ma-
chine is built up around a central processor or data manip-
ulating section which has input logical circuitry and out-
put logical circuitry which permits the transfer of large
quantities of data through the central processor. The data
transferred through the central processor may be in the
form of “key word” identification data from a large num-
ber of bulk data storage units or may be the key word,
if present, and other data taken from a single bulk storage
unit. Co-operating with this new and improved input and
output logic is an improved central processor logic which
increases the over-all flexibility and speeds the use of the
control orders used in programming the machine.

The present machine, described in the present applica-

5 tion, may be classed as a three address machine. That is,

the basic order word by which the machine is programmed
contains three separate address locations to be used in
controlling the operation of the machine. For example,
two of the addresses may be used to located an internal
memory location for the operands of an order and the third
address may be used to identify the location to which the
result of the order is to be transmitted. The order word
also identifies the particular operation to be performed
by a code carried therewith as well as appropriate other
identifying data and data checking information.

In connection with the achieving of large transfers of
data through the central processor, the present data proc-
essing machine has been provided with 2 double buffer
or intermediate storage circnit between the central proc-
essor and the bulk storage means for the machine, both
at the input end and at the output end. This double
buffer configuration permits the loading of one section of
the buffer while the other portion is being unloaded.
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Thus, in the case of the input buffer, data may be {rans-
ferred from bulk storage into one section of the buffer
while the central processor is utilizing the other section
of the buffer for an input transfer of data. Insofar as
the output is concerned, one section of the output buffer
may be used for receiving output data from the centri}l
processor while the other section of the output buffer is
transferring data to the bulk storage means of the ma-
chine. Furthermore, the logical circuitry relative to the
input and output transfers has been arranged so that data
may be simultaneously moved into and out of the data
storage portions of the central processor during the same
time interval.

It is, therefore, a still further more specific object of
the present invention to provide a new and improved in-
termediate data storage circuit in combination with a data
processing machine involving a pair of data storage sec-
tions adapted to have data inserted into one section while
data is being removed from the other.

Another more specific object of the present invention
is to provide a new and improved data processing ma-
chine having an input buffer circuit divided into two sec-
tions where each section is adapted to be selectively filled
from a bulk storage means and a fractional portion of
each buffer section may have its contents transferred for
use in the data processing machine.

Still another more specific object of the present in-
vention is to provide a new and improved data process-
ing machine having a pair of output buffer sections, one
of which is adapled to be filled by a transfer of selectively
variable numbers of word groups and the other of which
may be used to transfer data to bulk storage.

In connection with the achieving of the large transfers
of data through the central processor, the present ma-
chine has been provided with an improved logical cir-
cuitry in the central processor or data manipulative sec-
tion so that data to be processed may be moved into the
central processor at the same time that data is being moved
out. Further, the logic of the circuitry has been arranged
so that during the course of a transfer, selected portions
of the data transferred may be scanned and manipulated
in order to generate machine control orders in accord-
ance with the data derived in the course of the transfer.
With the present machine, it is possible to accomplish the
foregoing functions in the course of a single control order
or major cycle of the machine as will be more clearly set
forth in the description of the invention that follows.

A still further more specific object of the invention
is, therefore, to provide a new and improved data proc-
essing machine which is adapted to effectively transfer
data into a central processor and out of the central proc-
essor at the same time.

As a further adjunct to the foregoing object, the present
data processing machine has as a further object the exam-
ination of data in the course of the transfer and the selec-
tive control of the machine in accordance with a generated
machine order resulting from examination of the data
transferred.

As will be apparent from the foregoing objects, the
double input buffer logic and double output buffer logic,
in combination with the transfer logic within the central
processor permits the simultaneous transfer of data at
four different areas of the machine. Thus, the apparatus
may be programmed so that data is coming into the input
btuffer in one section and other data is being transferred
out of one section of the output buffer at the same time.
Vhile thesc transfers are going on, data may be moving
from the other section of the input buffer into the central
processor and other data may be moving out of the cen-
tral processor into the other section of the output buffer.
In addition to this transfer within the central processor,
as mentioned above, the central processor may be manip-
uvlating the data or computing with respect to portions
of the data. This large transfer capacity of the present
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machine further enhances its usefulness in the handling
of large quantities of business data and the like.

The present machine is also capable of performing
other types of operations while transfers into the input
buffer and out of the output buffer are being made.
Thus, the central processer may be performing an arith-
metic operation, an internal transfer, and the like without
disturbing the transfers in the buffer circuits. This gives
the present machine a functional balance which prevents
selected portions of the machine from sitting idle while
other portions are functioning.

Another more specific object of the present invention
is to provide a data processing machine which is func-
tionally balanced so that a number of data handling
operations may be going on at the same time.

Another feature of the present invention lies in the
manner in which the flexibility of the data manipulative
section enhances its use by a programmer or operator.
As in other types of data processing machines, the pro-
gram used to control the machine may be selected in
the form of successive orders from internal memory loca-
tions and the operation will proceed sequentially under
the control of the orders as they are selected in sequence.
However, the present data processing machine has been
devised to direct the operation away from the normal se-
quence in what may be termed a subsequence mode of
operation. This mode conveniently enables subroutines
to be called into execution following which the normal
sequence of instructions may be resumed. A circuitry
has been devised so that it is possible to select a sub-
sequence mode of operation to establish a subroutine
without the need for separate exit and entrance orders
for the machine program. This further enhances the
speed of operation of the machine and permits the han-
dling of larger amounts of data in less time than has here-
tofore been obtainable.

It is therefore a still further more specific object of the
present invention to provide a new and improved data
processing machine having its logical circuitry arranged
to enter into a subsequence mode of operation without
the necessity of generating or using any exit or entrance
orders to effect this subsequence mode of operation.

In conjunction with the subsequence mode of operation,
the present circuitry has been devised so that certain
types of control orders for the data processing machine
may be modified in the course of their performance so
that one of several types of subsequence modes of opera-
tions can be entered depending upon the manner in which
the control order is modified during the course of iis
performance. This latter feature is of particular im-
portance in conjunction with a sorting routine wherein
a digital selection order may be modified for purposes
of selecting a subroutine for the storage of an identifica-
tion tag for data being sorted. This will be more appar-
ent upon a consideration of the example of the sorting
routine discussed in conjunction with the operation de-
scription of the present machine.

Still another object of the present invention is therc-
fore to provide a data processing machine having logical
circuitry capable of modifying a control order in the
course of its performance to establish a selected sub-
scquence mode of operation or subroutine operation in
accordance with data handled in the course of perform-
ance of the order.

The feature of order generation and erder modification
set forth above has been extended into other areas of
the central processor logic in order to further facilitate
the handling of large amounts of data and to enhance
the flexibility of the machine under the direction of a
programmer,

Thus, certain types of control orders may be gencrated
and may be used to establish an internally devised pro-
gram in accordance with the data being handled. This
feature of generating an internal program may be used
to climinate some of the laborious manual programming
required in other types of machines. This internally
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generated program may Turther be vilized to effoct a
balance in the manner in which the data is being trans-
ferred into and out of the machine so that selected por-
tions of the machine are not idle and waiting for other
portions of the machine (o caich up before proceeding
with a data handling problem.

A further object is to provide a data processing ma-
chine which is capable of generating an internal pro-
gram in accordance with the daia being handled in order
to achieve a balance of the flow of the data through the
data processing machine.

An essential part of a data processing machine of the
present type useful in achieving the foregoing objects is
an accumulator circuit which is adapted for use in the
order generalion operations where the accamulator may
handle all types of data transforred through the ma-
chine. More specifically, the present dala processing
machine is devised to handle both alphabetic and numeric
characters which have been suitably coded into binary
form. The numeric data is coded in the binary decirnal
form and the aiphabetic data is also coded in the binary
form. The numcric data is represented by four binary
bits while the alpha-numeric data is represented by six
binary bits per character. As the use of an accumulator
in the course of order gencration may result in the gen-
eration of a hexadecirmal number (10 to 15) due to the
use of the four bit code, it is essential that a muunber gen-
crated be capable of being converted into decimal form.
Te achieve this in the present invention, the accumulator
has been devised with special circuits for selectively add-
ing constants to the data transferred therethroush so
that, if desired, hexadecimal data may be converted into
conventional decimal data.

It is therefore another more specific object of the pres-
ent invention to provide an accumulator circuit for the
present data processing machine which is capable of con-
veiting hexadecimal data into decimal data.

A still further more spacific ebject of the invention is
to provide a data processing machine incorporating an
accumulator having a main adder which is adapted to
add binary coded data, and an additional pair of circuits
which may be rendered selectively active to add binary
coded constants to the data in the accumulator.

In conjunction with the maximum use of the control
circuits required by the foregoing objects, the present in-
vention has as a further object the protection of data
which may temporarily be stored in some of the operat-
ing registers of the data processing machine. In the
present machine, a number of auxiliary storage registers
are located in the central processor or manipulative sec-
tion and are adapted to co-operate operationzlly with, for
example, the accumulator. It is convenient to use some
of these registers for the storage of control data in con-
junction with some types of orders and to have the
data readily available in the central processor in these
registers, The protection of this data has been achicved
by arranging the logical circuitty so that when certain
of the registers are to be used, the data therein is trans-
ferred to another register in the machine during the
peiformance of selected type orders where the data will
be protected.  Following the order performance, the data
to be protected will be restored to its original location.
This guarding of the information again simplifics the
programming of the machine in that the information in
the register is readily accessible for certain types of con-
trol orders without reguiring that a special transfer order
be used to extract the control data from scme bulk stor-
agzs location or from the internal machine memory,

A further object of the invention is therefore to pro-
vide a new and improved data processing machine where-
in auxiliary storage registers for the machine are ap-
propriately guarded during the performance of certain
types of contro! orders,

A farther feature of the present invention resides in
the provision of means for searching through large quan-
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The scarching through arge
quantitics of data may be accomplished by appropriate-
ly dividing the informatior stored into a series of blocks
where each block carries a “key word” or “augment
word” peculiarly identifying each individual block. The
present machine is devised so that it is possible to ex-
amine the key words from blocks located in up to ten
different bulk storage devices. This objective is achieved
by the novel input buffer arrangement whereby key words
from a plurality of data storasc devices may be simul-
tanecusty incerted in the input buffer and selectively
called out of the buffer by the central processor. The
apparatus is further arranged so that the data key word is
appropriately guarded, under cortain conditions, to pre-
vent the destruction thereof cven though the data insert-
ed in the biock associated with the key word is changed,
This provision for key word guarding further facilitates
the ability of the present machine to search out desired
data and provides for identifying the block where the
data examined may have originated and where the data
should be reinserted after inspection and/or modification.

A still further object is therefore to provide a new and
improved data processing machine wherein a plurality
of bulk storage devices may be simultaneously scanned
in order to make a file search of the data handled by
the data processing machine.

Still another more specific object of the invention is
to provide a data processing machine wherein the data
is stored in sections or blecks wherein each block is suit-
ably identified by a key word stored in a selected position
in the block which may be selzctively examined inde-
pendently of the other information in the block,

As an adjunct to this Iast menticned object, the present
invention provides a means whereby it is possible to
transfer data into the selected block without destroying
the key word which is used to identify the block.

With the foregoing objects in view, it will be apparent
that other objects flow therefrom due to the new and
novel combinations of circuitry described hereinafter.
The various features of novelty which characterize the
invention are pointed out with particularity in the claims
annexed to and forming a part of this specification. For
a better understanding of the invention, it advantages,
and further more specific cobjects attained with its use,
reference should be had to the accompanying drawings
and descriptive matter in which is illustrated and de-
scribed a specific embodiment of the invention,

Of the drawings:

FIGURE 1 is the diagrammatic representation of the
present data processing machine insofar as data flow is
concerned;

FIGURES 2A-2C represent the form of the information
handled in the present data processing machine;

FIGURE 3 represents a basic form of one of the logical
circuits or packages of the present machine;

FIGURE 4 shows a modified form of logical circuit
arranged for circulation of data with the circuit func-
tioning as a dynamic flip-flop;

FIGURES 4A—4B illustrate a form of circulating stor-
age register using dynamic logical packages of the type
shown in FIGURE 3;

FIGURES 4C-4D show block diagram representations
of multivibrators or flip-flops which may be used in the
present circuitry;

FIGURES 4E-4F show the diagrammatic symbols for
circuits for producing assertions and negations of certain
types of signals;

FIGURE 4G shows a diagrammatic representation for
a blocking oscillator;

FIGURE 5 is the diagrammatic representation of an
input mechanism for the data processing machine;

FIGURE 6 illustrates some of the preferred details of
the magnetic file associated with the present machine
with FIGURE 6A illustrating the formation of the words
in the magnetic file, FIGURE 6B showing the general

titics of bulk stored data,
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arrangement of the magnelic fle with respect to the
buffer circuits of the present machine and in conjunction
with the tape control circuits, and with FIGURES 6C-6P
showing details of the control circuits for the magnetic
file unit;

FIGURE 7 illustrates the overall logic of the input
buffer of the present machine while FIGURES 7A-7R
illustrate the details of the logical circuitry associated
with the input buffer;

FIGURE 8§ is a diagrammatic representation of the
major portions of the central processor of the present
invention in combination with the control console;

FIGURE 9 illustrates the logical arrangement of the
circuits associated with the high speed memory section
in the central processor;

FIGURE 10 illustrates the form of a serial storage
register which is adapted for converting serial information
into parallel information for use in the high speed mem-
ory section of the present machine;

FIGURE 11 shows the logical circuitry for the memory
local register in the central processor;

FIGURE 12 shows the logical form of the circuit for
producing a signal used in the high speed memory portion
of the central processor;

FIGURE 13 illustrates the circuits for selecting the
drivers used in conjunction with the high speed memory
with the circuits receiving signals from the address lines
of the central processor;

FIGURES 14-14A illustrate basic detail of the high
speed core memory of the present machine;

FIGURE 15 illustrates the logical form of the sense
amplifier circuitry associated with the high speed memory
circnits;

FIGURE 16 shows the logical detail associated with
the control circuits for the high speed memory portion
of the central processor, while FIGURE 16A illustrates
the timing chart associated with the control circuits illus-
trated in FIGURE 16;

FIGURE 17 illustrates the logical detail of the parallel
to serial converters associated with the high speed mem-
ory portion of the present machine;

FIGURE 18 is a diagrammatic showing of the prin-
cipal elements associated with the arithmetic portion of
the present machine;

FIGURES 19, 19A-19B show diagrammatically the
arrangement of the circuits for the high speed transfer
bus of the present machine;

FIGURES 20, 20A-20F illustrate the logical circuitry
associated with the auxiliary transfer bus of the present
machine;

FIGURE 21 illustrates the logical form of the serial
register identified as auxiliary register 1;

FIGURE 22 shows the logical circuitry associated with
the second auxiliary register;

FIGURE 23 iilustrates the logical circuitry for the
auxiliary register 4;

FIGURE 24 represents the diagrammatic showing of
the logical circuit of the auxiliary register 7;

FIGURE 25 illustrates diagrammatically the logical
detail of the low order product register;

FIGURE 26 illustrates diagrammatically the basic
functional elements of the accumulator;

FIGURE 27 illustrates in greater diagrammatic dctail
the functions of the accumulator;

FIGURES 27-1, 27-2 show in greater detail the logical
circuit associated with the accumulator of the present
machine while FIGURES 27A-27H illustrate further
portions of the logical circuit utilized with the accumu-
lator of the present machine;

FIGURES 28A-28D illustrate the logical details of the
central processor multiplier static registers;

FIGURES 29A-29B show the dynamic flip-flops for
implementing an “equal” function used in the present
machine;
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FIGURES 30A-30B illustrate the dynamic flip-flops
of the present machine for implementing the sign func-

tion;

FIGURES 31A-31B show the logical circuitry for the
sorting control register;

FIGURES 32A-32B illustrate diagrammatically the
logical circuitry for the digital selection comparison cir-
cuits;

FIGURES 33A-33B illustrate the logical circuits for
indicating the presence of a sentinel signal;

FIGURE 34 illustrates the basic functional arrange-
ment of the major elements in the control unit circuits
of the central processor;

FIGURE 35 illustrates a serial storage register desig-
nated as the sequence register;

FIGURE 36 illustrates the logical circuitry of the label
register of the present machine;

FIGURES 37, 37A-37H illustrate the logical circuitry
associated with the control register in the central proc-
€s50T;

FIGURE 38 illustrates the logical circuitry for the
dynamijc flip-flop circuitry for storing the transfer of
control information;

FIGURES 39A—39B represents the dynamic flip-flops
for storing the subsequence representation of the central
processor;

FIGURES 40, 40A-40B represent the logical circnitry
for the program counter of the present machine;

FIGURE 41 illustrates the logical circuitry associated
with the operation code tegister circuits;

FIGURE 41A shows the special logical package asso-
ciated with the various control functions of the central
Processor;

FIGURES 42, 42A-42]J illustrate the logical circuitry
for the address selection circuits of the central processor;

FIGURES 43, 43A-43] illustrate the logical circuitry
for the cycle counter of the central processor;

FiGURES 44, 44A—44E illustrate the weight count
circuitry for one of the transfer weight adders in the
central processors;

FIGURES 45, 45A-45G illustrate a second transfer
weight adder circuit in the central processor;

FIGURES 46A-46C illustrate the logical circuitry for
implementing some of the checking circuits of the present
machine while FIGURE 46D is a timing diagram asso-
cinted with these checking circuits;

FIGURES 47, 47A illustrate the logical cireuitry asso-
ciated with a further comparison check function circuitry
of the central processor;

FIGURES 48, 48A-48R illustrate the functional rela-
tionship of the circuiiry in the decoded weight generator
or selection checking circuitry of the present machine;

FIGURE 49 illustrates the logical circuitry for the
proceed functions of the breakpoint control functions of
the present machine;

FIGURE 50 illustrates the logical circuitry for effecting
the presence of special addresses in the present machine;

FIGURES 51, 51A-51J illustrate the logical circuitry
associated with the timing functions in the central proc-
essor of the present machine;

FIGURE 52 illustrates the timing check circuits asso-
ciated with the central processor;

FIGURES 53A-537 illustrate diagrammatically some
of the functions in the control area for the buffers and
magnetic files in the present machine;

FIGURES 54, 54A-54H illustrate the logical circuitry
associated with the output buffer of the present machine;

FIGURES 55-1, 55-2 illustrate the logical circuitry
associated with the tape control and buffer circuitry for
activating a “ready” function;

FIGURES 56, 56A—568 illustrate diagrammatically the
principal circuitry of the contro! console and circuitry
directly related thereto;

FIGURE 57 illustrates diagrammatically an output
converter and data presentation means useful in the
output of the present data processing machine;
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FIGURES 58-260 are timing and functional diagrams processor performs during cycle 1 when there is no spe-
illustrating the manner in which selected control orders cial function circuit active; and FIGURE 59 illustrates
are performed by the present machine. More specifically, cycle 1 when there is a special function circuit active;
FIGURE 58 illustrates the manner in which the central The FIGURES 60-260 are tabulated as follows:

Program
Order Cycle Counter
Sctting

Figure 60 Addition. . _____ .
Yigure 61 Addition_
Figure 62 Addition__
Figure 63 Addition__
Figure 64 Addition. _
Figure 65 Addition. _
Figure 66 Addition____
Figure 67 Subtraction
Figure 68 Subtraction

Figure 69 Subiraction.
Figure 70 Subtraction _
Figure 71 Subtraction .
Figure 72 Subtraction.
Figure 73 Subtraction___
Figure 74 Multiplication_ __
Iigure 75 Multiplication. __
Figure 76 Multiplication___
Figure 77 Multiplieation___
Figure 78 Multiplication. _.
Figure 79 Multiplication_ __
Figure 80 Multiplication_
Figure 81 Multiplication.
Figure 82 Multiplication_
Figure 83 Multiplication_
Figure 84 Mujtiplication_
Figure 85 Multiplication .
Tigure 88 Multiplication__
Figure 87
Figure 88
Figure 89
Figure 0
Figure 91 I

Tigure 92 Division._
Figure Y3 Division. .
Figure 44 Division._
Figure 95 Division.__
Figure 06 Division__
Figure 07 Divisi
Pigure 98 Division________
Figure 90 Shift Lelt, E

IR

i

False Overflow,
No False Overflow.,
No False Overflov.

ixcluding Sign. -
Figure 100 Shift Lelt, Exeluding Sign__
Figure 101 8hift Lelt, Excluding Sign. .
Figure 102 8hift Left, Excluding Sign__
Figure 103 Shift Left, Excluding Stgn__
Figure 104 Shift Left, Excluding Hign. _
Figure 106 Bhift Lelt, Excluding Sign__ .
Figure 106 Shift Right, Excluding Sign__
Figure 107 Shift Right, Excluding Sign__
PFigure 108 Shift Right, Excluding Sign
Figure 109 Shift Right, Excluding Sig:

Figure 110 Shilt Right, Excluding Sign_
Figare 111 Shift Right, Excluding Sign_
Figure 112 Shift Right, Excluding Sign
Figure 118 Shilt Left, Iueluding Sizn .
Figure 114 Shift Left, Inchuling Sign_
Figare 115 Shift Left, Including Sign_
Figure 116 8hift Left, Including Sign _
Figure 117 8hift Lett, Including Sign_
Tigure 118 8hift Left Including Sign_.
Figure 119 Shift Left Including Sign. _
Figure 120 Shift Right Including Sign. _
Figure 121 Shilt Rizht Ineluding Sign__
Figure 122 Shift Right Including Sign_ _
Figure 123 Shift Right Inecluding Sign__
Tipure 124 Shift Right Including Sign__
Figare 125 Shift Right Inclading Sign_
Figure 126 8hift Right Including Sign
Figure 127 Transmit Maskoes
Pigure 128 Transmit Masked
Figure 129 Transmit Masked
Figure 130 Transmit Masked_
Figure 131 T'ransmit Masked.
Figare 132 Transmit Masked_
Figure 133 B Word Taput Transfer.
Figure 13¢ B Word Input Transfer.
Figure 135 B Word Input Transfr.
Figure 138 B Word Input Transter.
TFigure 137 B Word Input Transfer.
Figure 138 C Word Transfer_
Figure 139 C Word Transfor.
Figure 140 C Word Transfer__
Figure 141 ¢ Word Transfler_
Figure 142 B Word Output Tra
Figure 143 B Word Output Tra;
Figure 144 B Word Quiput Transior.
Figure 145 B Word Qutput Transfer.
Figure 146 B Word Output Transfer_ ..
Figure 147 Transior and Subseguence Call

Figure 148 Transfer and Subscguence Call.
Figure 148 Transfer and Sabsequence Call
Figure 150 Transfer and Subsequenece Call_
Figure 161 Transfer and Subseguence Call_
Figure 152 One anid One Word Transfer. .
Figure 153 One and One Word Transfer.
Figure 164  One and One Worl Transfer. .
Figure 155 One and One Word Transfer._____________
Figure 136 Double B Word Transfer and Digitul 8eleetion.__
Figure 157 Douhle B Word ‘Pransfer and Digital Selection.__
Figure 158 Double B Word "Transfer and Digital Seleetion___
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Program
Cyclo Counter
Setting

Figure 159
TFigure 160
Figure 161
Figure 162
Tigure 163
Figure 164
TFigure 165
Figuro 166
Figure 167
Tigure 168
TFigure 169
Figure 170
Figure 171
Tiguro 172
Figure 173
Figure 174
Figure 175
Figure 176
Figure 177
Figure 178
Figure 179
Figure 180
Figure 181
Tigure 182
Figure 183
Figure 184
Figure 185
Figure 186
Figare 187
Figure 183
Figure 189
Figure 190
Figure 191
Figure 192
Figure 193
Figure 194
Fipure 195
TFigure 196
Figure 197
Figure 198
Figure 199
Figure 200
Figure 201
Figure 202
Figure 203
Figure 204
Figure 205
Figure 206
Figure 207
Figure 208
Figore 209
Figure 210
Figure 211
Figure 212
Figare 213
Figure 214
Figure 215
Figure 216
Figure 217
Figure 218
Figure 219
Figure 220
Figare 221
Figure 222
Figure 223
Figure 224
Tigure 225
Figure 226
Figure 227
Figure 228
Figure 229
Figure 230
Figure 231
Figure 232
Figure 233
Figure 234
Figure 235
Figure 236

Figure 237

TFigure 238
Figure 238
Figure 240
Figure 241
Figure 242
Fizure 243
Figure 244
Figure 245
Figure 246
Fipure 247
Figure 248
Figure 249
Figare 250
TFignre 251

Figure 254
Figure 255
Figure 250
Figure 257
TFigure 258
Figure 209
Figure 260

Double B Word Transfer and Digital Selection __
Double B Word Transler and Digital Selection. ..

Double B Word Transfer and Digital Selection. ..
Double B Word Transfer and Digital Selection___

T Word Transfer and Digital Selection...
3 Word Transfer and Digital Selection_
B Word Transfer and Digital Selection.
B Word Transfer and Digital Selection.
B Word Transfer and Digital Selection. ..
B Word Transfer and Digital Selection.
B Word Transfer and Digital Selection.

Forward Tape Read...
Forward Tape Read.
Forward Tape Read.
Forward Tape Read.
Forward Tape Read
Forward Tape Read
Roverse Tape Read.
Reverse Tape Read.
Reverse Tape Read_
Reverse Tape Read_
Reverse Tape Read.
Reverse Tape Read_
Forward Tape Write
Forward Tape Write
Forward Tape Write..
Forward Tape Write_.
Forward Tapo Write_.
Forward Tape Write._

Input Branch Fi -
Input Branch First Ifalf
Input Branch First Jialf_
Input Branch First Hall.
Input Branch First Hall.
Input Branch First Half.
Input Branch Sccond Half
Input Branch Second Hall-
Input Branch Second Tialf_
Input Branch Second Half.
Input Branch Second 11alf.
Input Branch Second Half.
Inequality Branch Numeric.
Inequality Branch Numeric.
Inequality Branch MNumeric.
Inequality Branch Numeric.
Tnequality Branch Numeric.
Inequality Branch Numeric__
Inequality Branch Alphabetic
Inequality Branch Alphabetic
Inequality Branech Alphabetic
Inequality Branch Alphabetic
Inequality Branch Alphabetic
Inequality Branch Alphabetic
Less Than Branch Numeric.
Less Than Branch Numeric.
Tess Than Branch Numerie
Less Than Branch Numeric
Less Than Branch Numeric
Less Than Branch Numeric
Less Than Branch Alphabetic_.
Less Than Branch Alphabetic_-
Less Than Branch Alphabetic_.
Less Than Branch Alphabetic_
Less Than Branch Alphabetic..
Less Than Branch Alphabetie__........
Sequence Change and Subsequence Call.
Sequence Change and Subsequence Call_
Sequence Change and Subsequence Call.
Seqquence Chauge and Subsequence Call.
Sequence Change and Subsequence Cull.
Sequence Change and Subsequence Call.
Alter Control

Alter Control

Alter Control
Alter Control_.
Alter Control..
Alter Control_.
Alter Control.
Pass_._
Conditional Stop_
Conditional 8tep_..
Conditional Stop__.
Conditional Stop_..
Conditional S8top-_.
Print Numerice_ .-
Print Numnerie_
Print Numeric
Print Numeric.
Print Numerie.
Print Numeric. _.
Print Alphabetic.
Print Alphabetic.
Print Alphabetic_
Print Alphabetic_
Print Alphabetic_
Print Alphabetic
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FIGURE 261 illustrates how the present machine may
be programmed for balanced operation; and

FIGURE 262 illustrates a sorting routine using the
present machine.

GENERAL SYSTEM LAYOUT

The present data processing machine is adapted to
take in informational data in the form of machine con-
trol orders, control data, and data to be processed. This
informational data is transferred in through suitable con-
version circuitry and stored in a bulk storage means, such
as a tape file storage means. The data may be selectively
called out of tape file storage and then electronically proc-
essed in the course of performing a particular programmed
data processing problem. After this processing, the data
may then be returned to the tape file storage means,
When it is desired to transfer data from the tape file stor-
age means to produce an output record, the transfer is
made by way of a suitable output converter which changes
the data into a form so that it can actuate an output
device such as a record printer or a record punch,

In the diagram of FIGURE 1, the major elements of the
data processing machine are shown in combination with
the major informational transfer paths of the over-all
system. As will be apparent from a consideration of
the detailed description of the components discussed be-
low, the apparatus must of necessity incorporate addi-
tional signal transfer paths between the units in order
to effect control and checking in the system.

Referring more specifically to FIGURE 1, the numeral
10 represents an input data reader which is adapted to
take information from tabulating cards, punched tape,
or the like, and convert the information into electrical
impuises which are fed into a suitable converter circuit
11. The converter circuit 11 is adapted to conveit the
electrical impulses received from the data reader into a
series of electrical impulses which are compatible with
the operating characteristics of the rest of the data proc-
essing machine and to further produce suitable control
and checking indicators which are carried along with the
data as it is processed. The converter 11 is arranged to
have its output connected to a switching rack or circuit
12. The switching circuit 12 is arranged so that the in-
formation coming in from the converter 11 may be suit-
ably directed to one of the bulk storage devices, such as
file units shown generally at 13 through 19A. The pre-
ferred form of storage file for the file units 13 through
19A is a magnetic tape on which the signals from the
converter 11 are suitably recorded.
types of high capacity storage means well known in the
art may be used.

Cnce the data has been stored in a storage file, it may
be transferred out of the file and processed with other
data in the central processor 20, In order to remove the
information from the storage file, the information is first
read from the file into an input buffer 21 which con-
verts the informatien from the storage file moving at a
relatively slow rate into information where it is adapted
for transfer at a relatively high speed in the central
processor 20.

The information in the central processor 20 will be
suitably acted upon in accordance with control orders
stored therein and fed therein from the input buffer or as
directed by siznals from the control console 22. After
the information has been suitably processed in the manner
desired, the same is fed to an output buffer 23 where
the information will be reduced to low speed and re-
formed for reinsertion into one of the storage file units
13 through 1%9A.

When it is desired to transfer the information from one
of the file units 13 through 19A to the output, the signals
will be fed through the switching circuit 12 to an output
converter 25, the latter of which will convert the ma-
chine code into electrical signals which are adapted to

However, other
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control a suitable output device such as, for example, a
record printer or record punch 26.

MACHINE WORD STRUCTURE

The information handied in the present data processing
machine is carried in groups of bits generally referred to
as words or machine words. FIGURE 2 shows the gen-
eral form of the words as they are used in the present
system. The words may be divided into three main
groups, the first type being a numeric word which carries
numerical information. The second type word is the
alphabetic word which carries alphabetic characters. The
third type word is the order word which is used for di-
recting and controlling the operation of the processing
machine. The order word is actually divided into four
separate categories which will be discussed below in de-
tail. In addition, the informational word may be mixed
with alphabetic, numeric, binary, and the like combined
in a single word.

As shown in FIGURE 2A, each word is made up of
fifty-two bits which may be assigned a 0 or a 1 designa-
tion in accordance with the particular information to be
stored at each bit position. The bit positions are each
assigned a transfer weight. That is, if there is a one
stored in any particular bit position, the decimal value
of the weight assigned thereto will be as indicated in the
transfer weight column. Thus, a 1 stored in the first bit
position will have a transfer weight of decimal value 1
and corresponds to the decimal designation 20, A 1 stored
in the second bit position will have a decimal transfer
weight of 2 which corresponds to the decimal designation
of 21, Similarly, a 1 stored in the third bit position will
have a decimal transfer weight of 4 corresponding to
22, A 1 stored in the fourth bit position will have 2, trans-
fer weight of 8 which corresponds to 29,

The transfer weight assignment is repetitive in that
each four bits will be repeated in transfer weight assign-
ment so that bits 5 to 8 will carry the same transfer
weight designations as bits 1 through 4. This is repeated
for all of the fifty-two bits of the machine word.

Referring to the numeric word shown in FIGURE 2B,
this word will be seen to comprise a weight count section
formed of four binary bits, eleven decimal digit positions
each four bits in length, and a sign position formed by
four bits in the bit positions 49 through 52. 1In the sign
position, the bits 49 and 51 are always designated as
being 1 while the bit position 50 is designated as 0. If
there is a 1 in the 52 bit position, the sign will be positive,
If there is a O in the 52 bit position, the sign will be
negative.

Each of the eleven digits is comprised of four binary
bits, as mentioned above, and the weight assigned to each
of the four bit positions in ascending order js 1,2, 4, and
8. In other words, each digit is enceded in the binary
decimal form where the bit position is assigned a value
corresponding to a decimal value shown in that portion
of the transfer weight column for the particular digit.
Thus, if a 9 is to be stored in the seventh digit position,
there will be a 1 in bit position 29 and a 1 in bit position
32. Noting the corresponding transfer weight column,
the 1 in bit position 29 will have a value of 1 and the 1
in the bit position 32 will have a value of 8 which when
added together will equal 9. In other words, the number
9 will be written in conventional binary terms as a 1001,
Each of the digit positions will carry a corresponding
binary designation in the four bit combination to desig-
nate a particular decimal digit.

The weight count section comprises a decimal digit
which is generated within the machine converier at the
the time that the information is first fed into one of the
storage files. The weight count comprises a number in-
dicative of the total number of 1’s present in bit positions
5 through 52 in accordance with the transfer weight of
each of those bit positions. This weight count digit is
produced by an adder circuit which has a binary coded
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output where the sum of the bits is reduced modulo 9
and carried with the data. The principles involving the
weight count and its generation will be found in the
patent issued to R, M. Bloch on April 7, 1953, bearing
number 2,634,052, For purposes of the present expla-
nation, it will suffice to say that this weight count is used
as a checking means to insure that each time that there
is a transfer of information whether- it be a numeric
word, an alphabetic word, an order word or a mixed
word, a check will be made to see that the information
transfered is capable of producing a weight count cor-
responding to the weight count which is appended as a
part of the word. In the absence of a suitable checking
signal, the apparatus will shut down as set forth in the
above mentioned Bloch patent and as more fully ex-
plained below.

FIGURE 2C shows the form of the alphabetic word
used in the present data processing machine. This word
is formed of eight characters each of which comprises
six bits. As with the numeric word, the alphabetic
word carries with it a weight count of four bits which is
representative of the assigned value of all of the bits
present in the alphabetic word in the bit positions be-
tween 5 and 52.

The order words shown in FIGURES 2D through 2G
are used to control the operation of the machine. The
present machine is designated as a three address machine
indicating that in certain of the control orders, three
addresses are used for data selecting and tramsfer pur-
poses. The addresses are actually used to identify spe-
cific storage circuits of the machine where information
may be stored or control orders may be stored. When
a particular address of an order is examined, it is possible
to take the data represented by the bits of the address
and select data from or insert data into a suitable address-
able machine memory location.

Noting FIGURE 2D more particularly, this order is a
three address order having addresses A, B and C located
in bit positions 5 through 40. In addition, bits 49 to 51
are further designators associated with the addresses A,
B and C respectively. Noting address A more specif-
ically, this address actually comprises a units digit
formed by the bit positions 29 through 32. The address
further includes a tens digit represented by the bit posi-
tions 33 through 36 and a hundreds digit represented by
the bit positions 37 through 40. A thousands digit for
address A is represented by bit position 51 and is labeled
D, Each of the units, tens and hundreds digits may be
of any value between 0 and 9, while the thousands digit
D, willbe aOoral

Address B and address C are formed in a similar man-
per. The bit position 52 carrying the designator Dy is
the sign position for the control order.

The order word also includes operation code bits in
the bit positions P41-P48, These operation code bits are
used to select the type of operation to be performed by
the central processor and associated apparatus.

Also included in the control order is a weight count in
the form of a number appearing at bit positions 1
through 4.

The actual use of the control order shown in FIGURE
2D will become more apparent upon a consideration of
the discussion of the overall system operation. How-
ever, it should be noted at this point that the order is
particularly used in controlling the arithmetic operations
of the central processor where, for example, in an add
order, the data stored at address A will be added to the
data stored at address B and the result shall be stored at
address C.

FIGURE 2E shows another form of order word used
in the present machine particularly in connection with
input and output transfers of information from the input
and output buffers to the central processor. In this par-
ticular control order, the A address and the C address
are as above described. ‘The operation code will again
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occupy the same positicns in bit positions 41 through 48
and the weight count will perform the same function as
it does in all of the other machine words. At the B
position of the order, the bit positions have been selected
for storing information necessary in the effecting of a
transfer. Thus, the B, bit positions including bit position
25 through 28 and 50 are used to select a particular
word of a number of words which are to be transferred.

The By position defined by the bit positions 17 through
21 is used to select the number of words which are to be
transferred which may be up to thirty-two words inas-
much as the binary number equivalent to thirty-two may
be stored in the bit positions 17 through 21. The bit
positions 22 and 23 in this order identified by the re-
spective designators B, By, are used in the manipulative
section of the buffer units to determine the manner in
which, and the source from which, the information next
to be used is transferred. The by-pass interlock bit By at
Py if a 1 provides a means by which a programmer may
control the input storage so that the information it con-
tained immediately prior to the last read order will be
transferred, If By is a zero, the input storage will trans-
fer the information resulting from the last read order.

The control order word shown in FIGURE 2F is
another type of information transfer order for transfers
to be made internally within the central processor. In
this control order, there is an A address, a B address,
an operation code and a weight count as in the first
control order discussed in connection with FIGURE 2D.
In this particular order, the number of words to be trans-
ferred is designated by the C, position identified by the
bits § through 9. Again, since there are five bits present
in this C, position, it is possible to transfer up to and
including thirty-two words. The transfer would be a
consecttive transfer of C, words starting with address
A to consecutive address positions starting with address B.

The fourth order word shown in FIGURE 2G is the
order word for shifting informational data in the central
machine to the left or to the right from its normal
position. The left or right shift will be designated by
the operation code positions and the extent of the shift
will be governed by the designation stored in the B
address position of the order, namely bits 21 through 28,
The bit positions 25 through 28 designate the number
of four bit shifts to be made while the bit positions 21
through 24 designate whether or not a two bit shift is
to be made. The remaining portion of the order is basi-
cally the same as the other control orders with the pres-
ence of the addresses A and C, the weight count and the
operation code. As used in the machine, this order will
take a word stored at the A address, shift it in accordance
with the directions in the B portion of the order, and
then store the resultant shifted data at address C.

The machine words shown in FIGURES 2B through
2G are each adapted for transfer within the machine in
the form of preselected electrical impulses representing
binary 1’s and binary 0’s. These may be transferred in
serial or parallel fashion depending upon the particular
section of the machine handling the word.

LOGICAL PACKAGES USED IN THE CIRCUITRY

The circuitry for implementing the logical functions
performed in the present data processing machine takes
many different forms. It has been found desirable to
break the various logical circuits into a group of “build-
ing blocks” or “packages” which may be combined to
produce the desired overall logical functions.

FIGURES 3 and 4 show diagrammatically the arrange-
ment of typical high speed packages used in the control
circuitry and transfer circuitry in the present system.
The circuits of FIGURES 3 and 4 are of the type which
will selectively pass electrical pulses in accordance with
the signals on the inputs thereof. The general form
for these logical packages is well known in the art and
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articles describing representative packages of this type
will be found in the following articles:

Packaged Logical Circuitry for a 4 me. Computer,
Norman Zimbel, Convention Record of LR.E., 1954,
Part VI, pages 133-139

Basic Gating Package for Computing Operation,
Franklin R. Dean, Electronic Equipment,

February 1956, pages 14

Referring more specifically to FIGURE 3, this circuit
shows a buffer-gate combination for transferring electri-
cal pulse in the associated machine. The circnit includes
a gating circuit 171 having a plurality of input gate legs
172, 173 and 174. In order for the gate 171 to pass
a control signal, it is necessary that each of the input
gate legs 172, 173 and 174 be active at the same instant
of time.

Connected to the input gate leg 172 are a pair of input
lines 175 and 176. These two lines arc buffered to-
gether so that if there is a pulse on either the input
line 175 and/or line 176, there will be a signal applied
to the line 172 to activate that gate leg.

Comnnected to the gate l=g 173 are a pair of input lines
177 and 178. These two lines are buffered together on
the gate legs so that either one or the other or both of
the input lines, if active, will be effective to activate the
gate leg 173. Similarly, if there is an input signal on
input line 179 and/or line 180, the gate leg 174 will be
active inasmuch as the input lines 179 and 180 are
buffered together on the gate leg 174.

The output of the gate 171 is fed into a reshape ampli-
fier 181 which is adapted to have on its output an output
pulse on the assertion line 182, if there is a pulse on each
of the input gate legs 172, 173 and 174. If there is no
output on the assertion line 182, there will in effect be
an output on the output line 183 which may be used
as an inhibiting signal. At the instant a pulse appears
on the assertion line 182, a pulse of opposite polarity
will appear on the output line 183 and as such is generally
referred to as a negation pulse. When the negation pulse
leaves the line 183, the line will again become active,

Referring to FIGURE 4 there is shown another form
of logical package which is sometimes referred to as a
dynamic flip-flop. The package is actually arranged so
that when a pulse has been applied thereto the package
is set into a state of oscillation and will continue to oscil-
late until a gate in the feedback path is closed to stop the
oscillation. More specifically, the package comprises a
pair of gating structures 185 and 186. The gate 185 is
referred to as a set gate and, as shown, has a single input
gate leg 187 which is adapted to receive an input activating
pulse. The gate 186 is referred to as a recirculating gate
and has an input gate leg 188 and a recirculating gate
leg 189. The output of the two gate structures 185 and
186 are buffered together on the input of the reshape am-
plifier 190 which has an output line 191 and a recircula-
tion or feedback line 192 which is connected to the gate
leg 189,

In operation, a set pulse will be applied to the input line
187 and will be passed by the gate 185 to the input of the
reshape amplifier 198. One pulse period later, the sig-
nal will appear on the recirculation line 192 and be ap-
plied to the recirculation gate leg 189 of the gate 186.
If the gate leg 188 is active, the pulse will be passed
through the gate 186 to the input of the reshape ampli-
fier 190 and again one pulse period later the pulse will
appear on the output circulation line 192. So long as the
signal to gate control leg 188 is active or up, the pulse
will continue to circulate in the package in an oscillatory
manner and represents the set state of the package. As
soon as the gate leg 188 is down or made inactive, the
gate 186 will close and the package will be reset to a static
condition. As with the reshape amplifier shown in FIG-
URE 3, the reshape amplifier of FIGURE 4 is adapted to

[

10

15

25

30

40

60

18

have both an assertion output as well as a negation out-
put. An active pulse on the assertion output indicates
that the package is set. A negation pulse will appear
at the same time on the negation output. When the active
pulse disappears with the resetting of the package, the
assertion line will be down or inactive and the negation line
will be up or active.

FIGURES 4A and 4B illustrate representative logical
diagrams for a serial register which incorporates the basic
bufler-gate structure shown in FIGURES 3 and 4. As
shown in FIGURE 4A, there are two logical packages con-
nected in series to form a representative type of serial
storage register. The first logical package comprises an
input set gate 193 having a pair of input gate legs and a
recirculation or reset gate 194 having a clearing line and a
recirculation line connected 1o the input gate legs thereof.
The gates 193 and 154 are buffered together on the input
of a reshape amplifier 195 and the reshape amplifier in
turn is arranged to supply the driving energy to a delay
line 19$5. The delay line 196, having the numeral 3
therein, is a delay line having three pulse periods of delay
between the input and the output thereof. The delay
between the input of the gates 193 or 194 and the output
of the reshape amplifier 195 is arranged to be one pulse
period so that the entire package encompassed by the com-
ponents 153-1956 will have four pulse periods of delay
between the input and the output thereof.

The second package shown in FIGURE 4A comprises
a gating structure 197 connected to the input of a reshape
amplifier 198, the latter of which is arranged to drive a
delay line 1%3. The logical gate 197 and the reshape
amplifier 158 are arranged to have a one pulse period
delay between the input and output thereof while the delay
line, having the numerals 3 therein, is arranged to have
three pulse periods of delay. The output of the delay
line 199 is arranged for connection back 1o the recircula-
tion gate 194. Taps may be provided anywhere along
the delay lines and the logical packages to permit the re-
moval of information from the line for use in some other
circuitry.

This serial register of FIGURE 4A may be cleared or
lrr:set by closing the gate 194 to stop the circulation in the
ine.

FIGURE 4B shows the manner in which
register of the type shown in FIGURE 4A is illustrated in
the present specification. Tt will be noted that the only
distinction between FIGURES 4A and 4B is the elimina-
tion of the reshape amplifier from the figure so that the
figure is reduced to the basic logical elements incorporated
in the circuit. In the subsequent showings of this type
of circuit, as well as the circuits of the type shown in
FIGURES 3 and 4, will be without the reshape ampli-
fier. However, it is to be understood that each basic
gating circuitry has incorporated therewith a suitable re-
shape amplifier in the manner set forth above,

FIGURE 4C shows the logical representation of a mulli-
vibrator which is adapted to be used in some of the low
speed circuitry associated with the present apparatus,
The multivibrator shown in FIGURE 4C is presumed to
be a bi-stable multivibrator having an input set line S and
areset line R, When the set line S receives an input pulse
it is adapted to switch the multivibrator to a set state.
When the reset line R is pulsed, the multivibrator is
adapted to be swilched back to the reset state. The multi-
vibrator may be arranged to have four types of output
pulses representative of four separate conditions of the
function being stored in the circuit, When the apparatus
is in the set state, for a function A, output line A will be
active. When the circuit is in the reset state the output
line A will be active. When the apparatus is switched
into the set state, a single output pulse Ag is produced.
Conversely when the circuit is reset, an output pulse Ag
is produced. In other words, the output pulses Ag and Ag
occur substantially simultaneously with the application of
reset and set pulses on the input,

a serial storage
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FIGURE 4D is the logical representative for the well
known type of monostable multivibrator which is adapted
when set to remain in a set state for a predetermined period
of time and then switch automatically back to the reset
state without the need of an external reset pulse. This
type of multivibrator will have outputs corresponding to
those of FIGURE 4C. Thus with the function B repre-
sented by the multivibrator FIGURE 4D, when the mul-
tivibrator is set, the output line B will be active. Simi-
larly, when the set pulse is applied, an output signal Bg
will appear in the form of a pulse. In the timing circuit
of the multivibrator, if it has completed its timing opera-
tion the circuit will switch back to the reset state indicated
on the output by a signal B. The switching to the reset
state is accompanied by an output pulse Bg.

FIGURE 4F shows a logical representation for a low
speed pulse producing circuit which is adapted to have
an input gate, an amplifier, and an output. This type of
circuit is represented by a gating circuit on the input
and by a P circled in the output line denoting an ampli-
fier is included for producing an output positive pulse
when the input gating circuit applies a signal to the ampli-
fier thereof.

FIGURE 4F shows the reverse of the above wherein a
negative output pulse is produced when the input gating
circuitry passes a signal to the associated amplifier,

FIGURE 4G shows the diagrammatic representation
for a blocking oscillator which js used in certain of the
circuits of the present invention. Ths time length of the
output is varied in accordance with the time constants of
the circuit parameters used.

For details of the circuit design for the foregoing types
of logical circuits, reference should be made to volume
19 of the Radiation Laboratory Series entitled “Wave-
forms” by Chance et al., McGraw-Hill, 1549, noting par-
ticularly chapters 5 and 6.

The generation of the words, shown in FIGURE 2,
which are used in the central processor may be accom-
plished by manual means or by some record medium
which is read in through suitable input circuitry to a
storage medium such as magnetic tape. Thus, as shown in
FIGURE 1, there may be a data reader 10 which feeds
the information through appropriate converter circuitry
11 to the switching circuitry 12 and from there the data
may be fed to the magnetic file units for recording on tape
in any suitable form.

FIGURE 5 shows in greater detail the diagrammatic
arrangement of elements which may be used in connec-
tion with the creating of the machine words stored on the
magnetic tape used in the magnetic files 13 through 19A
and thence used in the central processor. In FIGURE
5, the numeral 26 refers to an input document in the form
of a data card, said card taking any suitable form having
punched holes therein, or marks thereon, arranged in
» manner characteristic of the information to be trans-
ferred into the data processing machine. The data card
26 is arranged to be fed by means of a card feed 27,
of any suitable type, past a card reader whose card read-
ing function is compatible with the type of data indicia
used in the card 26. The card reader 28 will produce an
output signal which is indicative of the indicia on the
data card and which may be re-arranged by a suitable
plugboard 29 into a format compatible with the central
machine operation. The output of the plugboard is ar-
ranged to pass through a suitable encoder 30 which con-
verls the data into a form referred to in FIGURE 2.
The output of the encoder is arranged to pass through
a suitable coded weight generator 31 which may be of
the type shown in the Bloch Patent 2,634,052 where the
weight count is appended to each word of information to
form a complete machine word as shown in FIGURE 2.
The data passing through the coded weight generator
will have the weight count appended thereto and then
passed into a suitable storage register circuilry 32 where
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a portion of a block of information is assembled as the
data is read by the card reader.

After the data card is passed through the card reader
28, it is passed onto a further station where a sequential
number is printed thercon by a number printer 33. The
number printed on the data card is suitably encoded by
means of the encoder 34 so that a sequential number
formed in the mammer shown in FIGURE 2B may be
transferred through the coded weight generator 31 into a
storage register position in the storage register circuitry
32, After the card has had the sequential number printed
thereon by the number printer 33, the card will be suitably
stacked by a card stacker 35.

As soon as the storage registers 32 are filled, there is
a transfer from the registers out to the recording circuitry
of the file units. The actual form in which the data is
recorded on tape will be noted in the discussion and draw-
ings covered with respect to FIGURES 6 and 6A.

In one embodiment of the present invention, the file
units referred to in FIGURE 1 by the reference numerals
13-12A took the form of magnetic recorders. The data
for the magnetic data recorders is derived either from
the converter or from the buffer units and is recorded
on tape in the manner set forth in FIGURE 6. The in-
formation is recorded in serial form along the length
of the tape within selected boundaries defined by a scries
of marks referred to as “block marks,” The block system
of recording of data is shown in a preferred form in the
copending application of Henry W. Schrimpf entitled
“Storage Apparatus,” bearing Serial Number 583,118,
filed May 7, 1956. This Schrimpf application shows
{he recording on magnetic tape to comprise a series of
blocks of information, every other one of which is read
when the tape is being moved in a first direction. When
the tape is moved in the opposite direction after having
reached the end, the alternate blocks are read. The
blocks are suitably specified by signals recorded on the
tape, and the block mark signals are so arranged that a
particular block may be read in either direction depend-
ing upon whether the data processing machine calls for
a forward read or a reverse read of the tape.

As shown in FIGURE 6, the block set forth is ar-
ranged with a series of channels across the width of the
tape with two words in each channel. In one embodi-
ment, the number of channels across the tape was 31 so
that it was possible to record within the block limits
62 machine words of the type shown in FIGURE 2.

FIGURE 6A shows the make-up of the words recorded
in serial form in each channel. As mentioned in the
description of FIGURE 2, each machine word comprises
52 bits. In addition to the bits required for the body
of the word, the recording of each word carries with it
an additional bit known as the complement bit which, if
present, indicates that the data recorded on the tapc for
that particular word has been recorded in its comple-
mented form. Thus, when the data is used, the sensing
of the complement bit provides a means for initiating the
complementing of the information into its desired form.
The principles of this complementing of the informa-
tion is set forth in the co-pending application of Way
Dong Woo entitled “Control Apparatus,” bearing a Serinl
Number 601,448, filed August 1, 1956.

In addition to the complement bit recorded with each
of the two words in series, the limits of the data are de-
fined by a further bit BW signifying the beginning of the
word and an EW bit defining the end of the word. It
will thus be seen that in any one channel, the two words
and the identifying data therefor will be comprised of
108 bits of information.

In the present data processing machine, as shown in
FIGURE 1, a number of file units may be used for the
storage of information. Each of these individual file
units has its own tape control circuitry which is adapted
to co-operate with signals originating from the central
processor through the buffer units to start and stop the
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tape. This has been represented in FIGURE 6B in block
diagram form wherein the input buffer and the output
buffer supply the signals to the tape control, the latter
of which is adapted to control the cperation of the tape
drive mechanism as well as the circuits for initiating the
reading and writing of information file units.

The mechanical apparatus for effecting the movement
of the tape is not shown in the present application but
may well take the form shown in the co-pending applica-
tion of Robert A. Pendleton, entitled “Control Apparatus,”
bearing Serial Number 586,209, filed May 21, 1956, The
contro} apparatus of the Pendleton application is one for
initiating the starting and stopping of the movement of
the file tape so that the tape may be read from, or written
on, a single block at a time.

The electrical circuits associated with the recording of
the information on the tape are likewise not disclosed
in the present application but these circuits may well take
the form of the apparatus disclosed in the co-pending
application of Kenneth E. Perry, entitled “Information
Storage Record and Apparatus,” bearing Serial Number
631,400, filed August 1, 1956.

FIGURES 6C through 6N show a preferred form of
tape control circuitry which is compatible with the buffer
units of the present invention and the central processor.
This contro! circuitry has for its general function the
controlling of the starting and stopping of the magnetic
tape to read data therefrom or to write data thereon.
The coatrol action may result from a machine pro-
grammed tape move forward order, a tape reverse order,
or a tape rewind order. Further, a tape read or tape
write signal is used to effect the desired transfer of data
to or from the magnetic tape. In addition, the tape con-
trol circuitry provides signals to the central processor
indicating whether or not it is in a condition to perform
a programmed order. The Glossary of Terms for the
tape control circuitry is set forth in the following table.
This table lists all the major assertions for the functions
involved. The negations are identified by a line over the
code symbols. Thus, the negation of the BD (Brake

Delay) signal is BD.

GLOSSARY OF TERMS USED IN THR TAPE CONTROL
CIRCUITS

BD—Brake Delay

BDgr—End of Brake Delay

BMS—Block Mark Squelch

BSD—Block Switch Delay

BT1—Brake Timer

BT2—Brake Timer for Reversals

BT2z—End of Brake Timer for Reversals

CMyy—Magnetic File ‘Unit can not Perform Order Given

DWR—Brake Timer for Relay Switching

DWRp—FEnd of Brake Timer for Relay Switching

ET—End of Tape

ETp—End of Tape (Delayed)

ETs—Entering End-of-Tape Region

EW—End of Writing

FH—First Half of Tape

TH—Second Half of Tape

FHp—Second Half of Tape (Delayed)

FHp—Entering Second Half of Tape

FHg—Entering First Half of Tape

FRD—Forward Read Delay

KDp—CKD (Check D from A.U-CU.) Delayed 7
psec. and Amplified

KDA—CKD (Check D from AU.-C.U.) Delayed 1
wusec. and Amplified

KDB—CKD (Check D from AU.-CU.) Delayed 2
wsec. and Amplified

KWO0—Channel 0 (Key) in Write State

KWo0—Channel 0 (Key) in Read State

KWS—Channel 1-30 in Write State

K WS—Channel 1-30 in Read State

N—Negative Blockmark
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NBMS—No Block Mark Squelch (q.v.)
NE—N Blockmark Stored (60 gsec.)
NSp—N Blockmark Delayed 60 usec.
NTR—Not Reading or Rewinding
OBSF—Order: Block switch to First Half
OBSS—Order: Block switch to Second Half
OF—Order: Read or Write Forward
O0W-—Order: Put Channel 0 (Key) in Write State
O0W-—Order: Put Channel 0 (Key) in Read State
ORF—Order: Read Forward
ORR—Order: Read Reverse
ORW-—Order: Rewind

OSW—Order: Put Channel 1-30 in Write State
OSW-——Order: Put Channel 1-30 in Read State
OWF—Order: Write Forward

P—Positive Blockmark

PS—Positive Blockmark Stored (60 usec.)

PSp—Positive Blockmark Delayed 60 usec.

QCOTCO (From A.U~CMU.) After Hi-Lo Speed Con-
verter

QUO—C0 (From AU-CU.) After Hi-Lo Speed Con-
verter

QCl—C1 (From AU-C.U.) After Hi-Lo Speed Con-
verter

Qui—Ci (Frem AU-C.U.) After Hi-Lo Speed Con-
verter

OX0—X0

QX1—X1

QX4—X4

RBD—End of Brake Delay Amplified

RBEDp—End of Brake Delay Amplified and Delayed §
us.

RY-Magnetic File Unit is Called on to Perform an
Crder, and It Is Ready to Go

RYRp—RY is resct, Order is Starting to be Performed

RYgs—RY is set, Order is Getting Ready to be Performed

SBD—Stored Beginning of Block (About 4 msec,)

SBDp—Beginning of Block, Delayed About 4 msec.

SFH-—Switch to First Half of Tape

SP—RYg Amplified

SPR-—Switch to First Half of Tape (Rewind or Block
Switch Order)

SPS—Switch to Second Half of Tape (Block Switch
Order)

5 SR—Start Reading

SW—-Start Writing

Tr—Tr (AU-C.U.) Tens Digit for Tape Unit After
Hi-Lo Speed Converter

TBU—"l(;a)pe Brake Command (If Quick-stop Method is

se

TDE-—Tape Drive Error

TF—Tape is in Forward Motion Mode

TF—Tape is in Reverse Motion Mode

TM—Tape is Being Driven

T3 —Tape is Being Stopped

TMp—Tape Brake Command (If no Quick-Stop Method
is Used)

TMg—Tape Start Command

TNA—Tape Drive Not Available

TOMTF—Stored Tape Order Requires Moving Forward

TOMPFg—Stored Tape Order Requires Moving Forward
(Delayed 232 psec.)

TOR-~Tape Order Stored Requires Moving Reverse

TORz—Tape Order Stored Requires Moving Reverse
(Belayed 214 psec.)

TOS—Magnetic File Unit Get Ready

TOS,—Magnetic File Unit Get Ready (Delayed 1 gsec.
and Amplified)

TOSp~—Magnetic File Unit Get Ready (Delayed 10 gsec.
and Amplified)

TR—Tape Ready Multivibrator

TRF—Stored Tape Read Forward Order

TR¥Fz—FEnd of Stored Tape Read Forward Order

TRR-—Stored Tape Read Reverse Order
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TRRp—End of Stored Tape Read Reverse Order
TRW—Stored Tape Rewind Order
TRWg—End of Stored Tape Rewind Order
TRWg—Start of Stored Tape Rewind Order
TRY ry—Tape is Ready to Perform Order Received
TUR—Tape is Ready to Perform Some Order
TWF-—Stored Tape Write Order
TWFr—End of Stored Tape Write Order
Uy—Uyg (A.U~C.U.) Units Digit for Tape Unit After

Hi-Lo Spesd Converter

Considering FIGURE 6C, where there is shown the
circuit for indicating the availability of a particular tape
unit, the nurmeral 75 indicates a bi-stable multivibrator
used to store a tape ready function TR. This particular
multivibrator will be switched to the set state whenever
the selected tape unit has its numerical code lines Tr, Uy
selected and there is a tape order start signal TOS pro-
vided certain other functions do not exist. The functions
which must not exist include the block switch delay func-
tion BSD, the tape not available TNA, the tape order
move forward TOMF, the tape order reverse TOR, all
of which are gated and buffered together to produce the
function TUR on the gate on the input of the multivibra-
tor 75. Further, the functions representing tape read
forward TRF, tape read reverse TRR, or tape rewind
TRW must not be present on the gate on the input of the
multivibrator 75 in order to set the multivibrator TR.

1f the conditions of the tape unit permit, the multivi-
brator unit TR will be set so that the output line TR will
be active and arrange to apply a set signal along with the
tape order start delay signal TOSp to a multivibrator 76
for the ready function RY., When the ready multivibra-
tor RY is set, the output line RY will become active and
will remain active until this multivibrator is reset.

The ready multivibrator RY will be reset when a check
pulse XDB is received from the central processor at the
end of a major cycle of operation. This check pulse will
be applied through a gating circuit along with a TUR
signal and will reset the ready multivibrator RY so that
the output line RYy will have a pulse thereon.

Controlled by the ready multivibrator RY are a num-
ber of functions including a can't move function CM
which has a gating section adapted to be active when the
output line RY is active. The output line CMpy will
provide a signal representing that the particular tape unit
should not be moved by the current order.

Another gating and amplifier circuit associated with
this can’t move circuit produces an output CM whenever
an end of tape condition exists. Thus, this output line CM
will have a negative pulse thereon if there is an end of
tape condition ET, there is an order calling for a forward
movement of the tape OF, and the tape is on the second

half ¥H. Similarly, if there is an order calling for a |

reverse read ORR, an end of tape condition ET, and the
tape is on the first half FH, a signal CM will be produced.

FIGURE 6D shows the circuitry for storing the tape
conirol orders which are to be performed and this cir-
cuitry includes four multivibrator circuits of the bi-
stable type indicated by the numerals 77, 78, 79 and
80. FEach of these multivibrators has an input gating
section which is arranged for selectively activating one
of the multivibrators into the set state when a particular
order is to be performed. All of the multivibrators re-
ceive the ready reset pulse RYg when the ready multi-
vibrator 76 shown in FIGURE 6C is reset. A further
input to the multivibrator 77, 78 and 79 is the signal
signifying that the tapes can move CM.

The multivibrator 77 is designated as the tape write
forward multivibrator TWF and, in addition to the ready
RYg and can move signals CM on the input gate there-
to, there is a further signal derived from the central
processor for storing the order write forward OWF,
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necessary to set this multivibrator to produce the signal
TWEF.

The multivibrator 78 has an input on the gating sec-
tion thereof, in addition to the can move signal CM and
ready signal RYg, a read forward order signal ORF and
will produce an output when the tape is to read forward
thereby implementing the function TRF.

The multivibrator for implementing the function TRR
for tape read reverse is controlled by the input signal
for the read reverse order ORR, as well as the can
move signal CM and the ready signal RYp.

The multivibrator 80 is used for storing the function
for a tape rewind TRW. This function will be set when
there is an order ORW calling for a rewind and the
apparatus has not reached the end of tape condition
signified by a signal ET.

The multivibrators shown in FIGURE 6D are reset
by functions indicating that the particular tape move-
ment called for has been completed. Thus, the multivi-
brator 77 is reset whenever there is an end of write
signal EW. The end of write signal EW is produced by
an eight stage binary counter, not shown, which is effec-
tive to produce an output signal after a predetermined
number of digits have been recorded on the tape.

The tape read forward multivibrator TRF will be reset
in accordance with the type of blockmark signals re-
ceived indicating that the blockmark signal NBMS at the
end of the block has been sensed and there is a no posi-
tive blockmark signal PS. Similar blockmark signal
logic is used in resetting the read reverse multivibrator
TRR. The tape rewind multivibrator TRW is reset by
an end of tape signal produced in the manner set forth
in the above mentioned Schrimpf application or as shown
in FIGURE 6G.

FIGURE 6E shows the tape brake control circuitry
and this comprises a brake delay multivibrator BD indi-
cated by the logical block 81. This multivibrator is pro-
vided for producing a delay when a signal calls for
the stopping of the tape. Thus, when the TRW, TRR,
and TWF multivibrators are reset, it is desired to use
the reset pulses to set the brake delay multivibrator BD.
This is a monostable multivibrator which will remain
set for a predetermined period after which is will reset.
This brake delay multivibrator BD will also be set by
an end of tape signal combined with a tape forward
signal TF.

A further multivibrator 82 is used for establishing a
time delay and provides the function BT1. This multi-
vibrator is a monostable multivibrator adapted to be
set by a reset pulse BDg when all of the functions TWF,
TRR, TRF and TRW are reset.

.The pulse BDy, produced by the resetting of the multi-
vibrator BD, is fed into a further circuit which produces
a five microsecond delay and the resultant pulse RBDp
is used in conjunction with the tape movement control
circuits shown in FIGURE 6l

As set forth in the aforementioned Schrimpf applica-
tion, the blocks of data on tape are identified by a series
of distinctive magnetic marks on the tape with a positive
mark being used to designate the beginning of a block
and a negative mark being used to designate the end of
a block.

FIGURE 6F shows a blockmark signal squelch multi-
vibrator BMS indicated by the numeral 83. This multi-
vibrator is a monostable multivibrator adapted to be set
by a start write signal SW or a forward half set or reset
pulse. When the blockmark signal multivibrator 83 is
not set, the output line BMS will be up and adapted to
set a further multivibrator 84 for storing the fact a
positive blockmark is received. This multivibrator 84
will be set as soon as a positive blockmark signal P is re-
ceived if the multivibrator BMS is reset as indicated by a
signal BMS. The multivibrator 84 will store the posi-
tive blockmark signal for a predetermined length of time
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to indicate that & blockmark signal which has been posi-
tive has been received at the control circuit and that this
signal may be used for contro! purposes. The resetting of
this multivibrator PS produces an output pulse PSy which
may be used to initiate a start write signal SW when
there is a tape write forward signal TWF and there was
no signal indicating a negative blockmark signal.

Another circuit which may be set by the signal PSy is
the forward read multivibrator FRD designated by the
numeral 85. This multivibrator 83 is arranged to be
activated by a tape read forward signal TRF when there
has been no negative blockmark signal received as indi-
cated by the signal NS. The output of this multivibrator
feeds a further amplifier producing an output start read
signal SR.  This latter start read signal SR will be initiated
by the resetting of the muitivibrator 85,

The positive blockmark signal stored in the multi-
vibrator 84 with the resetting signal PSg is used in a further
gating circuit on the input of the amplifier producing the
start read function. This gating circuit has the tape read
reverse siznal TRR on the input as well as the signal desig-
nating no negative blockmark signal has been received
NS.

The logical circuitry set forth in FIGURE 6G is used
for storing signals relative to the blockmarks on the tape.
Included in this circuitry is a multivibrator 88 of the
monostable type which is adapted to be set into a set state
by a negative blockmark signal N when there is no block-
mark squelch signal as indicated by a BMS signal. There
is an output from this multivibrator NS indicating that
there is no negative signal stored when the multivibrator
is reset. When the multivibrator resets from the set state,
there will be an output pulse NSy signifying that a pre-
determined period has passed since the multivibrator was
set by a negative blockmark pulse.

A further multivibrator §7 is associated with this block-
mark signal and this multivibrator 87 is used to produce a
signal indicating the presence or absence of an end of tape
signal ET. 1In order to set this multivibrator §7 into a
set state, it is necessary to have the stored positive signal
PS from the multivibrator 84, FIGURE 6F, a no stored

blockmark squelch signal BMS, and no set signal ETg
indicating the multivibrator is in the reset state. In
addition, the negative signal N is combined with a posi-
tive signal to open the gate on the input of the multivibra-
tor 87 to put the same in the set state, This multivibrator
will be reset when there is a negative blockmark signal,
indicated by the presence of a signal N, a positive signal
stored PS, no blockmark squelch signal BMS and a de-
layed signal from the set side of the multivibrator signified
by the signal ETg. When the end of tape multivibrator
is set, the ET output line will be up signifying that an end
of tape condition exists. When the multivibrator is reset,
the output line BT will be set signifying an end of tape
condition does not exist.

This circuit of FIGURE 6G further includes a multi-
vibrator 88 for indicating the logical half of the tape being
used. Every other block of information is used when
the tape is moved in a first direction and the blocks be-
tween the first mentioned blocks are used when the tape
is active in the opposite direction. The first half of the
tape signal FH is used to designate that the blocks which
lic in the series are being read from the beginning of the
tape to the logical middle. The signal FH designates that
the second half of the tape is being used and the tape is
being analyzed from the logical middle of the tape to the
end thereof. This multivibrator will be set in a set state
to produce a first half signal FH when the tape starts mov-
ing from its end position and the input gate receives the
signal ETg along with a tape forward signal TF and the
tape half indicator multivibrator 88 has an output FH
which is delayed in its application to the gate. In addi-
tion, the multivibrator FH may be put in the set state
by a control signal SFH manually produced by means not
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shown or a SPR signal which is adapted to be produced by
the signal source shown in FIGURE 61 in accordaice
with the ready signal RY and an order rewind signal or
block switch signal.

The multivibrator 88 is adapted to be reset by an end
of tape signal ETg, a tape forward signal TF, and a sig-
nal indicating that the first half of the taps is presently
active as indicated by the signal FHg, the latter being de-
rived from the set side of the multivibrator 88. The re-
setting may also be worked in conjunction with the cjr-
cuitry shown in FIGURE 61, wherein a ready signal RYg
and a block switch signal OBSS will produce an output
signal SPS.

FIGURE 6H shows circuitry for controlling the move-
ment of the tape and this circuiiry produces the output
signals which are adapted for application directly to the
circuitry shown in the aforementioned Schrimpf applica-
tion, This circuit comprises three multivibrators 89, 99
and 91. The first muliivibrator is used to produce a sig-
nal calling for a reverse or forward movement, TF and
TF. The multivibrator 89 is adapted to be set in the set
state calling for a tape forward movement TF when the
brake delay multivibrator BD has an output BD and
there is a tape order move forward signal TOMF, the lat-
ter being produced by the circuitry shown in FIGURE 6],
The multivibrator 89 is adapted to be reset by a tape
order reverse signal TOR and a reset signal from the
brake delay multivibrator BD designated here as BD.
The pulse outputs from the multivibrator 89 are used for
setting the monostable multivibrator 90, the latter of
which functions as a time delay producing circuit whose
output is used for controlling the tape move multivibrator
TM referred to in FIGURE 61.  This multivibrator pro-
vides a predetermined time delay before the actual injtia-
tion of tape movement after a tape forward or tape reverse
signal has been received.

The tape movement control multivibrator 91 shown in
FIGURE 61 is a bi-stable multivibrator adapted to be set
into the tape move condition TM when the input gate
thereto has a tape order move forward TOMFE signal or
a tape order reverse signal TOR and none of the timing
multivibrators are in the set state as indicated by a BT,
BT2, or DWL.

The multivibrator 91 is arranged to be reset by a DWR
signal or a BT2 signal indicaling a set state in one or the
other of the two delay multivibrators and there is a reset
signal BD from the brake delay multivibrator 81. The
multivibrator 91 is adapted to be reset by a further com-
bination of signals including a set signal from the delay
multivibrator 82 having an output signal BT1 in combina-
tion with a delayed brake delay signal RBDyp produced by
the delay circuit shown in FIGURE 6E,

Whether or not the tape will move in the physical for-
ward or physical reverse direction is determined by the
logical circuitry shown in FIGURE 6J. Here there are
shown two logical amplifier circuits 92 and 93 for produc-
ing the output funclions calling for a tape order move for-
ward TOMF or a tape order reverse TOR,

The logic of these two gating circuits is so arranged that
when the tape is on the first logical half, and there is a
read forward order or a write forward order, a TOMF
signal is praduced calling for the movement of the tape
in the physical forward direction. Similarly, if the tape is
on the second logical half, and there is a read forward
order or a write forward order, a TOR signal is produced
calling for the movement of the tape in the physical reverse
direction. If a rewind order or a read reverse order oc-
curs when on the first logical half of the tape, then the
tape is moved in the physical reverse direction. Con-
versely, if the tape is on the second logical half and there
is a read reverse order the tape is moved in the physical
forward direction. The tape control circuits are so ar-
ranged thai when a rewind order is reccived, the tape will
be moved only in the physical reverse direction. This is
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effected by always switching the FH multivibrator, FIG-
URE 6G, into the first logical half by the signal SPR,
from FIGURE 6L. Thus, in the logic in the circuit of
FIGURE 6], the TOR signal is produced calling for physi-
cal reverse movement of the tape. The logic illustrated
in this figure is actually inverse logic with this form
having been selected in order to minimize the circuitry
required.

FIGURE 6K shows three further multivibrators used
in the tape control circuitry and these are identified by
the numerals 94, 95 and 96. The first multivibrator 94
is used in conjunction with a write order and controls
the writing circuits so that the writing from the output
buffers will be in a single channel referred to as the argu-
ment channel in the block. This multivibrator is adapted
to be set by the order calling for the writing in the argu-
ment channel OOW and a set pulse SP derived from the
ready multivibrator RY of FIGURE 6C. The output of
this multivibrator is adapted to control a relay when a
multivibrator is in a set state and to produce a further
output signal W0 when the multivibrator is in the reset
state.

The second multivibrator 95 is adapted to be set when
it is desired to write in the satellite channels in a particular
block. When so set, a relay conpected to the set output
of the multivibrator will be effective to connect the output
buffer to the appropriate channels for recording or writing
in the satellite channels.

This multivibrator 95 will set by an SP pulse and an
OSW signal calling for the writing in the satellite chan-
nels. The multivibrator will be reset by a further SP
signal and a signal OSW indicating it is no longer desired
to write in the satellite channels.

The multivibrator 96 is a monostable multivibrator
adapted to be set by the signals derived from the multi-
vibrators 94 and 95 or from the SPS signal and SPR signal,
the latter being produced by the circuitry shown in FIG-
URE 6L. This particular multivibrator produces an out-
put DWR which introduces a delay in the circuitry to allow
for relay switching time in connection with the control
circuits.

FIGURE 6L shows the circuitry for producing control
pulses SPR and SPS. The SPR signal is produced when
there is a ready pulse RYg and a block switch signal
OBSF or an order rewind signal ORW. The SPS signal
is produced when there is a ready signal RY and the block
switch signal OBSS. Either the SPR signal or the SPS
signal may be used to set the block switch delay multi-
vibrator BSD.

FIGURE 6M shows a monostable multivibrator for
producing a delay following an input set pulse from either
a start write signal SW or a start read signal SR. When
this multivibrator SBD resets, there will be an SBDg
reset pulse which is adapted to produce a tape brake signal
TB. A tape move reset puise TMg will also produce a
tape brake signal TB.

FIGURE 6N shows the multivibrators associated with
the individual orders which are to be performed. Each
of the multivibrators shown in FIGURE 6N has a set
gate input and a reset input. The set gate for the multi-
vibrators are adapted to be selectively activated in accord-
ance with a tape order start TOS signal and a predeter-
mined combination of the operation code register set-
tings as derived from the central processor and as repre-
sented by the QC, and QXj signal inputs. Fach of the
respective multivibrators, when set, is adapted to be reset
by the check pulse KDp when this pulse is received from
the central processor.

FIGURE 60 is a diagrammatic representation of the
circuits for electrically switching the signals with respect
to the reading heads associated with the channels on the
recording tape. As mentioned above, one embodiment of
the invention incorporated thirty-one channels across the
width of the tape with the first channel, channel 0, being
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designated as the argument channel and the remaining
thirty channels being designated as satellite channels.
Each of the individual channels has associated therewith
a recording head which is adapted to produce the desired
magnetic recording upon tape. This is indicated at 98
in the argument channel. For controlling the signal paths
for this recording head, there are two relays 99 and 100
which are adapted to be simultaneously energized when it
is desired to do a write on the tape. When it is desired
to read the tape, the relays are in the de-energized posi-
tion. The relay energization may be controlled by any
desirable means, for example, a three electrode amplifier
tube 101 which has an appropriate input function to effect
a current flow through the tube 101 when it is desired to
switch to a write state. As shown, the writing in the
argument channel is affected by a control signal KWO
which is derived from the logical circuit shown in FIG-
URE 6K. Each of the satellite channels incorporates a
similar relay structure which is adapted to be energized
when a writing operation is to take place and to be de-
energized when a read is to take place. The control signal
for initiating a write in the satellite channels is KWS and
is derived from the circuitry set forth in FIGURE 6K.

Referring again to the argument channel shown in FIG-
URE 60, when the relays are de-energized, the recording
head 98 is arranged for direct connection through a resistor
102 to a read preamplifier, not shown. When the relay
99 is energized and the relay 100 is energized, the read
preamplifier is effectively grounded by the relay 100 and
the write signal source is conmnected to the head 98 by
way of the relay 99. The grounding of the write signal
is prevented by the resistor 102. The operation in this
argument channel is the same as the operation utilized in
the satellite channels.

The overall operation of the tape control circuits in
relation to the central processor will be understcod by
making reference to the specific tape control orders to
be performed as described in the present specification and
illustrated in the timing and functional diagrams of FIG-
URES 170 through 193.

OPERATION OF TAPE CONTROL CIRCUITS

To facilitate the understanding of the specific manner in
which the aforedescribed tape control circuits are tied
together, a brief operational description is given here for
a tape read forward order. The tape read forward order
is assumed to direct the reading of all thirty-one channels
on the tape. The reading operation is also considered only
with respect to a single block of information on the record
tape.

In discussing this order, it is assumed that at the instant
before the order to read forward is received, that the
tape control circuits are inactive. Thus, the order multi-
vibrators in FIGURE 6N are all reset and the order
storage multivibrators 77-80 in FIGURE 6D are all
reset, With these multivibrators reset, the gate on the
input of the tape ready multivibrator TR, FIGURE
6C, will have active signals at TUR and NTR.

Upon the occurence of signals on the address lines T
and the Uy of the tape ready set gate and a tape order
start signal TOS,, the tape ready multivibrator TR will
be switched to the set state. Thus, there will be a tape
ready signal TR on the output thereof.

The tape ready signal TR is gated together with a tape
order start signal delayed TOSp and used to activate the
ready multivibrator RY. With the ready multivibrator
RY set, this will indicate that the particular tape unit is
ready to perform the desired tape order.

As soon as a KD check pulse from the central processor
is received as shown as KDA, the signal will be gated
together with the signal TUR to reset the ready multivi-
brator RY. At this time, the output signal CMypy will
remain inactive and the can move signal CM signal will be
active as it is assumed that there is no end of tape condi-

5 . . ..
2 tion existing,
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With the can move signal CM, and the ready reset
signal RYg both occurring, then the inputs will be ap-
plied to the multivibrators 77-79 in FIGURE 6D. If
a read forward order is to be performed, the read for-
ward multivibrator ORF, FIGURE 6N will be switched
to the set state by a tape order start signal TOS, and by
appropriate operation code signals (U0 and and QC1
designating the desired tape control order. When seft,
the GRF multivibrator will have an output signal ORF
which will operate on the input of the tape read forward
TRF multivibrator 78 in FIGURE 6D 1o switch this multi-
vibrator to the set state.

With the TRF signal present on the output of 78, and
the first half FH signal present, the logical circuit $2 of
FIGURE 6J will produce on the output thereof a tape
order move forward signal TOMF and the delayed move
forward signal TOMFy.

With the TOMF signal present, a set signal will be
applied to the tape forward TF multivibrator 89 in FIG-
URE 6H along with a no brake delay signal BD produced
in FIGURE 6E when the multivibrator 81 is in the reset
state. With the TF multivibrator in the set state, a tape
forward signal will be applied to the tape drive circuits
to move the tape in the forward direction. Further, the
tape order move forward signal TOMFy is applied to
the tape move TM multivibrator 91 and this multivibrator
will also be switched to the set state to supply a tape
move signal to the drive circuits for the tape unit,

As the tape starts to move, the first signal sensed in
the normal tape read will be a positive blockmark signal
P. This blockmark signal P is used in the circuitry in
FIGURE 6F to set the positive blockmark store multi-
vibrator PS when there is no blockmark squelch signal
BMS. This multivibrator will remain in the set state
for approximately sixty microseconds in one embodiment
of the invention after which the circuit resets and pro-
duces a reset signal PSg. This reset signal PSy is gated
together with a no stored negative signal NS and a tape
read forward signal TRF to set the forward read delay
multivibrator FRD, the latter of which will reset after a
period of time and apply a signal to produce the output
start read signal SR. This start read signal is used in the
reading circuits, not shown, to produce a signal which
will permit the preamplifier circuits to pass the signalls
from the individual channels to the utilization circuit.
The start read signal SR is a pulse which will set a gate
which will remain active during the reading operation.
The read circuits, however, will be deactivated by a con-
trol bit in the word as explained in detail in the afore-
mentioned application of Kenneth E. Perry.

The tape will continue to move in the forward direc-
tion until such time as a negative blockmark signal is re-
ceived. This negative blockmark signal will signify that
the end of the block being read has been reached. This
negative blockmark signal is used in the circuitry in
FIGURE 6G along with the BMS signal to set the nega-
tive blockmark store multivibrator NS.

As shown in FIGURE 6D, the negative blockmark
signal is also applied to the multivibrator 78 to reset the
tape read forward multivibrator to thereby produce the
reset signal TRFg,

The signal TRFg, produced by the resetting tape read
forward TRF multivibrator is used to set the brake delay
multivibrator BD shown in FIGURE 6E. After a prede-
termined time, the brake delay multivibrator BD will
reset and produce the reset pulse BDy. This signal BDg
is applied as a set pulse to the delay multivibrator BT1
and is also applied through a delay circuit to produce
the signal RBDp. These two signals are combined on a
gating circuit on the input of the tape move TM multi-
vibrator, FIGURE 61 to reset the multivibrator so that
the output signal TM is present to thereby stop the move-
ment of the tape,
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The foregoing discussion is illustrative only of a tape
forward read order. The analysis of a rewind order, a
write forward order, or a read reverse order, may be
followed through the circuitry in the aforedescribed man-
ner. A complete analysis of the magnetic file and the
control circuits thereof should include a study of the
aforementioned Schrimpf application and Perry appli-
cation.

The switching circuit 12, referred to in FIGURE 1, is
shown in diagrammatic detail in FIGURE 6P. Refer-
ring (o this figure, the switching circuit 12 is shown with
the basic switching functions associated with each of the
file units 3 through 19A. In the overall arrangement
of the data processing machine, the input converter is
generally arranged for connection to a single file unit.
In this case, the input converter is shown being arranged
for connection by way of a lead 40 and a switch 41 to
the file unit 13. The lead 40 is also adapted for con-
nection to an output converter. When the switch 41 is
moved to its right hand position, it will engage a further
contact which is adapted to connect the file unit 13 to the
buifers of the central processor. The single lead shown
from the file unit and from the switch contacts for the
switch 41 represent all of the leads passing to the mag-
netic file unit required for the writing on the thirty-one
channels of tape as well as the leads required for tape
control,

File unit 14 is shown connected by way of a switch
42 to either the output converter or the buffer circuitry.

The file unit 15, as well as the other remaining file
units between 15 and 19A, are arranged to be connected
by switches, such as the switch 43, to a suitable monitor
circuit 44 or to the buffer circuitry.

The setting of the swilches 41, 42, 43 and the others
associated with the respective file units, are each adapted
to be set manually prior to the running of a particular
program in the data processing machine.

In the event that any file unit should require servicing,
the file unit may be disconnected from the circuit and
another file wnit substituted therefor by means of the
switching bus 5. Thus, the file unit 13 could be removed
from the circuit by disconnecting the jumper 46 and con-
necting the switch 41 by way of the jumper 46 to the
switching bus 43. Next, the jumper 47 associated with
the file unit 14 disconnecied from its switch 42 and recon-
nected to the switching bus 45 to thereby permit the input
converter, for example, to write on the magnetic tape In
the file unit 24. It will be apparent that other combina-
tions of swilching of the file units may be accomplished
by way of the switching bus 45,

FIGURE 7 is a diagrammatic showing of the input
buffer circnitry used in the present machine. The sub-
figures, FIGURES 7A~7R show the detailed logical cir-
cuitry used in the design of the input buffer circuitry.

Referring first to FIGURE 7, the input buffer circuitry
is divided into two major sections, an “argument section”
and a “data” section. The argument section and the data
section are arranged to be selectively connected on their
inputs to a selected one of the magnetic file units for the
normal type of reading cperation. As mentioned above,
each magnetic file unit is arranged to have thicty-one
channels across the width of the tape and within each
block of information on the tape, there are recorded
sixty-two words or two words in each chanmel, Since
there are thirty-one channels on the tape, the magnetic
filz vnit utilizes thisty-one ouiput circuits which are
adapted to be switched to supply the input of either the
argument section or the data section.

The Information received from the magnetic file unit
is received in serial form and is transferred in serially
into thirty-one serial shift register circuits located in the
respective buffer sections.  Since the machine word is
fifty-two bits lonz, plus a complement bit, the length of
the serial input registers in each of the buffer sections must
be long enough to accommodate two machine words and
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the output circuitry must be arranged so that a single
word may be shifted out from the buffer section at a time.
After data has been moved in serially, it is adapted to be
shifted out by a parallel shift into a high speed register
designated as one word line OWL by way of fifty-three
transfer amplifiers AP1-APS53. This is accomplished by
arranging the buffer sections into upper and lower sections
with the words being arranged in the sections in the order
in which they are received from the block on the magnetic
tape. The shift from the buffer section must also be
made keeping in mind the fact the words may be written
into the buffer by a reverse read. Thus the bit order of
the words as well as the order of the words themselves
may require rearrangement on an output transfer.

The argument section, shown in FIGURE 7, is ar-
ranged to receive a block of information from a single
magnetic file at one time or to receive data from a plu-
rality of magnetic files, a single channel at a time. In the
recording of information on tape, ope channel is gen-
erally designated as the argument channel or as the key
channel into which is inserted certain key information or
data by which it is possible to identify other data that
may be recorded in that particular block. Since the argu-
ment buffer has been assigned the special function of re-
ceiving information from the areument channels of a
number of magnetic files, the argument section incor-
porates additional logical circuitry in the first ten storage
registers to facilitate the selective read-out of information
from any one of the first twenty word positions in the
section. This logic is not incorporated in the data sec-
tion although such could be done if so desired.

In the normal read-out of cither the argument or data
sections of the input buffer, the read-out is in sequential
order starting with the first word. The number of words
transferred out may be selectively controlted by the pro-
grammer so that less than ihe total number of words stored
in either section may be transferred to the central proces-
sor for use therein.

Once the word has been dropped from the serial shift
register into the high speed one word line, it may be
transferred to the central processor at the central processor
transfer speed.

The Glossary of Terms used in conjunction with the
input buffer as shown in the logical diagrams for FIG-
URES 7A-7R is as follows:

GLOSSARY OF TERMS—INPUT BUFFER

AC—When set indicates that the word being transterred
from the argument scction is to be complemented.
When reset, indicates that the word from the argument
section is not to be complemented.

ACF—Allows the functionss storing the direction of the
hunt into a specific channel to set up the main forward
fiop, AF, for readouts on the channel during input
branch orders.

ADF_If set stores the fact that a forward read has been
completed. If reset indicates that the latest read order
was in the reverse direction.

AE—When set indicates that the argument section s
emply. If words from the argument section are called
for by means of an input transfer when AE is set,
fitlers will be transmitted.

AF—Indicates that information resides in the argument
section as a result of a forward tape rcad order. AT
is in the reset state for reveise tape read orders.

ALTA-ALTD-—A device which changes state for each
transfer cycle of the input transfer orders. ALTA al-
lows the selection lines in the argument section to be
shifted alternately in the proper order. ALTD is the
same as ALTA except that it is used in the data sec-
tion.

Ai—The read in switch. When set allows the tape read
in to enter the argument section; when reset allows
the tape read in to enter the data section.
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Ao—The read out switch. When set allows words to be
transferred from ihe argument section; when reset al-
lows words to be transferred from the data section.

AOWL—A high speed register which receives words in
parallel from the argument section and presents them
for high speed serial readout to the manipulative sec-
tion.

ADF to A9F—Functions used to store the direction of a
hunt into an argument channel. An F stores the direc-
tion of a hunt into argument channel n.

APsn—Transistor amplifier used between core registers
outputs and the high speed packages of the AOWL.
There are 54 APn functions, one for each register stage.

BF-—Indicates that there is a word in the argument chan-
nel called for by an input branch order.

CA-—Clears the argument section prior to a read-in from
tape.

CD-—Same as CA except for data section.

CMA—CMB—A signal from the tape drive indicating that
the tape is in such a position that another command to
move might cause it to attempt to read or write beyond
its logical end. The two cases where CMA and CMB
are active are:

(1) The tape is set to read first half blocks and the
reading heads are in the middle of the last block
(a second half block). A reverse read order at
this point would cause the tape to go beyond iis
end.

(2) The tape is set to read second half blocks and
has last completed a read or write over the last
block in the forward direction. Another forward
read or write order would cause the tape to go
beyond its end.

CRI_-Controls whether information from tape will enter
the buffer during a read order. If set, CRI allows
CA or CD to clear the buffer section and allows the
read steps (RS0-RS30) to be set.

DC—Same as AC except for data section.

DE-—Same as AE except for data section.

DF—Same as AF except for data section.

DOWL—Same as AOWL except for data section.

DPn—Same as AP except for data section.

ER—The error signal. ER is set if an uninterlocked
transfer order is attempted while a tape is in the ac-
tual process of reading in.

ESA-ESD—A function activated at the end blockmark
for the purpose of supplying an exira shift to the lower
channel drivers.

FF_Stores the fact that the BBM has been encountered.

LSLA-LSLD—High speed to core converters for loading
2 one into the first stage of the selection lines.

NW—No writing. Indicates that no portion of the write
order is in progress.

051-052—Low speed delay circuits used to synchronize
the end block mark from the tape with the machine
clock time.

RIB—The input buffer readout gate. All words from
the input buffer must pass through this gate on their
way to the MS. Complementing of words from the
buffer is accomplished at this gate. If the buffer is
empty, filiers are supplied by RiB.

RCO-RC9—Argument channel readout functions. Used
to clear an argument channel prior to a hunt into that
channel, and to read out an argument channel during
the input branch order. The various RC functions are
activated by SFM.

RLA-RLB-RLS—The ready line. The ready line halts
the progress of any order which may require the use
of a portion of the buffer that is engaged in the com-
pletion of a previous buffer order. Before any buffer
type order is allowed to proceed, the state of the buffer
is examined to determine whether it is available for
use by the current order. If the current order should
not proceed, the ready line is reset and the machine
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repeats CY2 of the order until the buffer is ready to
process it,

RSO to RS30—The read sic 38; one for each channel on
tape. These functions enable and disable the read cir-
cuits at the proper time to allow only valid information
from the tape to eater the buffer. For normal reads ail
thirty-one read steps are activated simultaneously; for
hunts, only the read step for the buffer channel corre-
sponding to the tape drivz involved in the hunt is ac-
tivated.

SFM—A timing pulse which clears the argument channel
prior to a tape hunt and reads out the argument chan-
nel during the input branch order.

SLAI-SLA2-SL.31-SLD2_The seleciion lines, thirty-
two stage registers with a tap at each stage. A single
cne Is shifted through these lines during each transfer
cycle of the input transfer order. The “one” output
at each tap is used to cause a sequential readout of the
thirty-one channels of a bufler section.

SPR—Stores the fact that a read with the satellite chan-
nels in the write state is in progress.

S8P0 to SEP9-—Stores the fuct that a tape is reading with
the argument and satellite channels split.

SSP—SEPO-85P3 bulfered together. Indicates
tape is doing a split read.

STHX—Indicates that the vnits digit of the address being
processed in the MS is the same as the unils digit of
a tape drive which is performing a hunt. This furction
is used on the ready line to prevent an input branch
on an argunient channel that is receiving information
from tape.

STHO to STH9—Stores the fact that a tape (tape n) is
hunting. The STH function is active from the time
the hunt order is generated in the CU untii the end
blockmark for the tape that is hunting is encountered.

STR—S5iores ihe fact that some tape is reading. STR
is active from the time the read order is generated in
the control unit until 1 minor cycle after the end block-
mark is encountered,

that some

ST1—A one minor cycle step cceurring at the end of a ¢

tape read. This step allows the OWL to clear and

times the drop-in of the word from chanael 0 to the

OWL.

STW—Indicates that an output buffer iransfer or tape
write s in progress,

ST3A-ST3B—A timing and control step which allows a
word to be read from a buffer section to the MS. &T3
oceurs once during each transfer cycle {CY3) of the
input transfer orders.

TH-—Indicates that a taps hunt order is being processed.

T5—Indicates that a split read order is being processed.

TAI-TA2-T31-TD2—Shift pulses for the argument and
data section selection lines. Each time the selection
line is shifted, a word is read out of a buffer section
core regisier and dropped into the OWL.

TRH—Indicates that some tape is reading or hunting,

TRYA-TRYB-~indicate that the tapz drive involved in
the current tape order is ready. A tape drive is ready
if it is not reading, hunting, writing or rewinding.

TRF-TRR—The TR¥» signals frem each tape drive arc
buifered together to produce TRF. TRF indicates the
end of a forward read. The TRR#n signals from each
tape drive arc buffered togeiher to produce TRR. TRR
indicates the end of a reverse read.

Referring more specifically to FIGURE 7A, there is
here shown the logical circuitry for loading a serial regis-
ter in the argument section or the data section with data
originating from the magnetic file. The output of the
magnetic file is arranged to pass through appropriate
switching circuitry 183 to an amplifier detector circuit
which may well take the form shown in the aforemen-
tioned Kenneth C. Perry application. The ontput of the
amplifier-detector circuit for each channel is fed through
an appropriate gating circnit such as the circuit 184 which
has on its output a series of pulses adapted for use as
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shift pulses in the shift regisiers and also signals useful
to indicate the presence of binary ones or zeros, the latter
being passed through an am;iifier 185 to g pair of gating
circuits 186 and 187. The gating circvits 156 and 167 are
each arranged to supply an input signal to a magnetic core
iype shift register which is adapted 1o store the data re-
ceived from the magnetic file uatil such time a3 it is called
out for use in the central processor. A discussion of mag-
netic core shift registers wilt be found in an article by 5.
Guterman, R. Kodis, and S. Ruhman, entitled “Logical
Control Functions Performed of Magnetic Cores,” in the
Ifarch 1955 Proccedings of the LR.E., pagzes 261-298,

If the QA signal produced in FIGURE 7D is active
on the gate 186, the data coming in through the amplifier
185 will be fed into the selected channel in the argument
section. With the QA signal active, the drivers for the
shift registers in the upper and lower section of the
argument section will be active to shift the serial data
along the register. If the function QA is active, the
duta coming in frem the amplifier 165 will be fed into
the data section of the buffer and will be shifted serially
by the shift register drivers associated with the upper
and lower portion of the selected channels in the data
section.

The opening of the gating section 104 is controlled by
a rcad step multivibrator RS which is adapted to be set
when it is desired to transfer information into the buffer
regisicrs. There is a read step multivibrator associated
with each channel of the buffer, as shown in FIGURE
73, and this is required because each individual channel,
whether in the argument section or the data section,
operates independently of the other channels during the
read in operation. The reset multivibrator RS will be
set and remain set until the information coming in by
way of the amplifier 205 has progressed along the reg-
Ister to the point where the register has been filled. At
this instant, the read slep multivibrator RS is reset. The
reset signal is generated by a signal passing from core 3
to core 2 in the lower section of either of the argument
or duta sections. The presence of a pulse passing be-
tween core 3 and core 2 will produce a control signal on
a pair of gating circvits 108 which will be effective to
reset the rend step of the multivibrator RS and thereby
close the input gate 1¢4. The closing of the gate 104

~ prevents any further information coming in to either of

the data or argument sections of the buffer,

After the information has been shifted into the serial
registers, an additional shift is made in the lower portion
of each of the registers to prevent the superposition of
any signals on a read out from the upper portion of the
section.  ‘This extra shift is accomplished by a pair of
multivibrators ESA and ESD for the argument and data
sections respectively.  These extra shift functions are
activated at the end of a block which will be a time
after all of the channeis have been filled. It will be
noied that each of the extra shift functions ESA and ESD
are appropriately gated on the input set line so that one
or the other of the functions will produce an output
dependent upon whether or not the argument section or
the data section is being utilized.

The data transferred into the input buffer from the
magnetic file may come in by way of a forward read
or a reverse read, as explained above in connection with
the tape control circuits. The arrangement of the data
moved into the storage registers in the input buffer is
shown in FIGURE 7B. When there is a forward read,
the word is moved in in serial fashion and stored in fifty-
five register positions so that the beginning word mark
BW is in the number 2 core of the lower register and the
end word pulse EW is stored in the fifty-four position
in the upper register. The two words and their comple-
ment bits are stored in the storage positions between the
beginning werd bit and the end word bit.

If there has besn a reverse read, the order of the bits
of the two words are completely reversed so that now
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the end word bit EW will be in the number 2 core posi-
tion of the lower register and the beginning word bit
BW will be in the fifty-four core of the upper register.

FIGURE 7C shows the order of the information stored
in the upper and lower registers after an exira shift has
been applied to the register. It will be noted here that
after the extra shift, the fifty-five core position of the
lower register now contains a zero. This is so whether
there has been a forward read or a reverse read. The
need for this zero is to provide room for the inherent
transfer of data from the number 1 core position of the
upper register into the lower register which occurs when
there is a transfer of information out of the upper reg-
ister into the one word line OWL. A read out from
the lower register will be taken only from the first fifty-
four core positions ignoring any data stored in bit posi-
tion fifty-five.

FIGURE 7D shows the logical circuitry associated
with the reading out of information from the storage
registers into the one word line OWL. From the dis-
cussion of FIGURE 74, it should be noted that the input
data from the magnetic file comes in in serial fashion
into the serial shift registers representing each channel.
The shifting of the information from one core of the
serial register to the next is accomplished by a driver
circuit which has an output pulse of approximately four
microseconds, for example. Each of the cores of the
shift register receives a shift pulse at the same time and
the shift pulse is removed before the pulse from the
preceding core has been transferred into the next core.
This shift driver circuit is indicated generally by the
numeral 189 in FIGURE 7D. The circuit actually com-
prises a gating circuit which feeds a shaper circuit having
a four microsecond output pulse, and the shaper circuit
in turn supplies a signal to the driver, the latter having
sufficient power to shift the cores of the register directly
associated therewith. After the information has been
shifted into the register in the manner described in con-
junction with FIGURE 7A, the data is then ready for
shifting out.

When any particular register is to be read into the one
word line, a shift is applied to the cores of the register
so as to shift out the information stored in the respective
cores. By appropriately timing the shift out with gating
circuits on the one word line OWL, it is possible to shift
information directly from the cores by way of suitable
transfer amplifiers into the one word line. The shift out
from the cores is controlled by a shift pulse whose time
length is greater than the time length associated with
the serial shift.
prevent data stored in the delay line between cores from
being able to proceed to the next core in line and set the
same since the next core in line will still have a shift
pulse applied thereto to hold it in its reset state. This
output shift pulse may be approximately 20 to 25 micro-
seconds in length compared to the four microsecond
serial shift pulse. The effect of this read out pulse is to
shift out the information and to also clear the particular
register having a read out thereon.

The normal read out from either the argument or data
sections of the input buffers is accomplished by means
of a serial magnetic shift register operating as a counter
in the manner set forth in the co-pending application of
Robert D, Kodis et al., entitled “Magnetic Control Sys-
tem,” bearing Serial Number 441,968, filed July 8, 1954,
This serial register is indicated generally at 110 in FIG-
URE 7D and comprises a series of magnetic cores con-
nected in a shift register configuration with appropriate
input circuitry for adding a pulse in the first core of the
series. This loading is accomplished by a core loader
111 having an input gating circuit which is appropriately
timed and gated by a read-in signal A/ and a step signal
ST12. As soon as a one has been loaded in the first core,
appropriate control circuitry is activated for shifting the
pulse along the cores as a register. This latter shifting

The increase in time length is used to ;
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circuitry comprises a pair of gating circuits 112 whose
input logic is arranged to co-operate with the control
signals from the central processor to shift the one stored
in the register 110 to the mext core in the series. The
output from the gating section 112 passes through a shaper
circuit which produces an eight microsecond shift pulse
which is fed through an appropriate driver amplifler to
the shift windings on each of the cores of the counter.

The counter circuit comprising the serial register 110
may be cleared by means of the CSL signal, the latter
having an input gating section 113 whose logic calls for
the clearing of the counter register. The register may
also be cleared by a CA signal which takes the form of
a twenty-five microsecond pulse. When the CA signal is
applied to the counter register 119, it is also applied to
the storage registers by way of the drivers associated with
the respective shift register circuits. The clear pulse is
produced by circuitry indicating the registers must be
cleared prior to a read-in of new information and the gat-
ing circuit associated with this logic is indicated by the
numeral 114. The QA signal used in the gating circuit
114 is produced by the high-speed to low-speed converter
115 which produces an output to indicate which of either
the argument section of the buffer or the data section of
the buffer is under control.

When the single pulse inserted in the register 110 is
shifted from one core to the next, the output of the core
is applied to the drivers associated with each register, in
sequence, from one through thirty-one. Thus, when a
pulse is shifted out of the core one into core two, the
transfer from core one will be fed into the driver asso-
ciated with the amplifier circuit 109 and the time length
of the pulse will be approximately twenty microseconds.
This will be effective to reset each of the cores in the
associated serial register and the data may be dropped
out through the transfer amplifiers AP1-AP53, referred
to generally in FIGURE 7 and thence into the one word
line for the argument channel AOWL.

When a read out is taking place in the upper section,
the next read-out will take place in the lower section of
the selected buffer section and for this purpose there is
provided a further counter 116 which corresponds to the
register 110; the only distinction being that the register
116 will be alternately energized or shifted with respect
to the register 110. Consequently, in a normal read-out,
where there has been a forward read performed into the
buffer, the first word will be read out by way of a pulse
being shifted along the counter line 116. The second
word will be read out by way of a pulse being shifted from
the counter 110, The third word will be read out by a
further shift in the counter line 116 followed by another
shift in the line 110.

The first ten channels of the argument section are
provided with a special biasing circuit used during a tape
hunt operation to prevent any transfer of data into the
transfer amplifiers feeding the one word line while permit-
ting data to be read into each of the ten channels. This
biasing circuit permits the central processor to receive
data from one of the argument channels while a write is
taking place in others of the ten selected channels. The
circuitry for this takes the form of a D.C. voltage step
producing circuitry CFO~CF9 which will produce a 10.5 v.
bias signal on the core transfer circuitry when any one
of the tape hunt signals STHO-STHY is present.

The first ten channels of the argument section of the
buffer are also provided with special means for selectively
reading out a word from the desired location in the argu-
ment section of the buffer. Such a read-out may be ac-
complished by a read-out pulse applied to the drivers
associated with the particular register storing the word
desired. This selection circuit provides the machine pro-
grammer with a means for selecting one word out of a
possible twenty from the argument section without making
a transfer of any other information. A representative
form of circuitry for selecting a register is shown by the
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gating circuit 117, the latter of which receives appropriate
controf signals from the central processor representative
of selected operation code register settings which corre-
spond to the word that is desired. These operation code
settings are appropriately gated with the buffer control
signals to effect the desired read-out into the argument
section one word line AOWL. A similar gating selection
circuit is shown in 118 and is associated with the lower
register in the first channel.

In one embodiment of the present invention, channels
11 through 31 did not include this special selection cir-
cuitry although such additional circuitry could be provided
if desired.

The circuitry shown in FIGURE 7D just discussed is
the circuitry representing the argument section of the
input buffer. The circuitry for the data section takes the
same basic form of the argument section except that the
data section does not incorporate gating circuitry for select-
ing a single word from the section out of its normal se-
quential transfer. In other respects, the data section cor-
responds to the argument section and is not shown here
in detail.

As mentioned above in conjunction with normal read-
out, the words are alternately selected from the upper and
lower registers in a sequential manner. The circuitry for
controlling this alternate selection for the argument and
data sections of the buffer is shown in FIGURE 7E and
is implemented in the functions ALTA and ALTD for the
argument and data sections respectively. The logical
packages shown in FIGURE 7E are dynamic flip-flops,
cach arranged with two input gating sections and a recir-
culation section. The logical package is arranged to be
in a set state having an output ALTA when a iransfer is
to be made from the lower register, as shown in FiG-
URE 7D. When a transfer is made from the upper regis-
ter, the AT/TA function will be active indicating that this
package has been reset,

In a similar manner, the function ALTD for the data
section is arranged to be set when a read is to take place
in the lower register of the data section and to be reset
ALTD when the reading is to take place in the upper
register,

FIGURE 7F shows the two logical packages for imple-
menting the timing step functions ST3A and ST3B. The
output of these two logical packages is in the form of a
timing and control step which allows a word to be read
from a buffer section to the central processor. Each of
the logical packages comprises two gating sections which
are arranged to be selectively opened during cycle 2 or
cycle 3 and in accordance with the settings of the opera-
tion code registers in the central processor as used during
a transfer in order. The ST3A and ST3B functions are
arranged to be active for as many minor cycles as there
are words being transferred, that is until the program
counter PC equals 31.

The ST3A function is utilized in conjunction with the
register selection lines 116 and 116 shown in FIGURE 7D,
The ST3B function is used for controiling the clearing of
the one word line AOWL and DOWL.

FIGURE 7G shows the logical circuitry for implement-
ing the read-in switch functions A/A and AiB. This
implementation is accomplished by two logical packages
in the form of dynamic flip-flops with each package hav-
ing an input gate and a recirculation or reset gate. The
functions are duplicated for checking reasons. When
these logical packages are in a set state, the reading in of
information will be to the argument section of the buffer.
When these logical packages are reset, the reading in of
information will be to the data section of the buffer. The
signals for setting and resetting these circuits are derived
from the central processor with the exception of the buffer
timing signals 1615.

FIGURE 7H shows the logical circuitry for controlling
the read-out of the OWLS via the read-out gate 121 or 122
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shown in FIGURE 7P. This circuitry is embodied in
duplicate form in two logical packages AeA and AoB.
The duplication is provided for checking purposes. Each
of the logical packages in this figure is arranged as dy-
namic flip-flops with three input gating sections and a
recirculation or reset section.  The input logic to the pack-
ages is arranged to set the package when it is desired to
have a read-ount from the argument section of the buffer
into the central processor. When it is desired to have a
read-out from the data section, the logical packages are
reset by the logic on the reset gates. The basic signal
logic for these circuits is derived from the ceniral proc-
€850T.

FIGURE 71 shows the logical circuitry used to produce
a signal which is a read-out signal effective to initiate the
read-out of words from the argument channel, The sig-
nal is also used to clear a selected argument channel
register prior to a hunt into that channel register. The
signal is also used to initiate a read-out from the argu-
ment channel registers during an input branch order.
The circuitry includes ten blocking oscillators RC0-9
with the input to the blocking oscillator being selected in
accordance with the units digit of the control order and
in accordance with the output from the timing pulse SFM
which produces a desired output pulse for a clearing op-
eration or a read-out operation at a selected interval of
time. The SFM logical package has as an input a further
logical package producing the function OTR, the latter
being set for use during a hunt order. The other gating
section for SFM is used in conjunction with an input
branch order as identified by the code signal T72.

Referring now to FIGURE 7], there is here shown the
logical circuitry for controlling the read steps as imple-
mented by the bi-stable multivibrators RSO-RS30. These
multivibrators are adapted to be set by the input logic sig-
nals derived from the tape control circuitry, the start read
signals SR0-5R9 and the negated stored tape read signal
QSTR. The primary use for this circuitry is in connec-
tion with a tape hunt operation.

The read step for channel 0 may be selectively con-
trolled by a further logical circuit which includes a circuit
where the SRO-SR9 functions are buffered together and
combined with the converted stored tape read signal
QSTR to produce the output function SAR. This SAR
function may also be used to control the read steps RS1-
RS30 if the ST°R signat is present to produce the output
function SRS. The SPR signal will be present if the SPR
multivibrator is in the reset state indicating that there
is no condition present wherein a read ig being made with
the satellite channels in the write state.

The read steps RSO~RS30 are adapted to be selectively
reset by a signal originating from the individual Tegisters
for the argument or data section, as the case may be, in-
dicating that the beginning word bit BW or end word bit
EW has passed from storage register core 3 to core 2,
as shown in FIGURE 7A.

FIGURE 7K shows the logical cirenitry for producing
asignalindicating that a forward or a reverse read has been
made with respect to data that is stored in the argument
section of the buffer. This circuit is implemented by a
series of bi-stable multivibrators AOF-A9F which are
arranged to be set by the tape read forward signal TRF
or the forward read signal FR and reset by the tape read
reverse signal TRR and the rear reverse signal RR. The
TRF signals and the TRR signals arrive from the tape con-
trol units as set forth in FIGURE 6 and subfigures there-
under.

Each of the multivibrators AOF through A9F are eated
through a further logical package ACF which has a plu-
rality of gating circuits controlled by the settings of the
multivibrators storing the direction of tape read hunt
and the digits which are selecting the particular tape
unit and/or the argnment chanrel into which the tape
unit is honting. The presence of the signal on the out-
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put of any one of the five gating circuits shown will pro-
duce a pulse which will be effective to set the dynamic
flip-flops AFA and AFB which are duplicated for check-
ing purposes. When the flip-flops AFA and AFB are set,
it is an indication that the information residing in the
argument channel is the result of a forward tape read
order. If these logical packages are reset, it is an indi-
cation that information residing in the argument sec-
tion of the buffer was placed there by a reverse read
ordar. Thus, data in adjacent argument channels of the
first ten may be inserted therein by a forward or reverse
reading of the tape. This circuitry keeps track of the
direction of the read in each channel. The same is true
of a normal read in the argument or data section.

The second gating section 118 of the AFA function
and the second gating section 119 of the AFB function
are provided for setting the logical package when a nor-
mal read is to take place. The input gating sections 120
and 121 are arranged to set the logical packages AFA
and AFB if an input branch order is being performed
and a selected word is being transferred. This latter
gating section is required in that when the input branch
order is being performed, it may be functioning during
a time when the tape hunt orders may be mixed in the
argument channels 0 through 9 with part of the reads
being forward reads and others being reverse reads.

FIGURE 7. shows the logical circuitry for control-
ling a pair of dynamic flip-flops DFA and DFB which
are used to indicate whether or not a forward read or
a reverse read has been made into the data section of
the buffer. When the DFA and DFB packages are in
the set state, it indicates a forward read has been per-
formed. When these logical packages are reset, it indi-
cates that a reverse read has been made. The setting of
these two dynamic flip-flops is accomplished by the ADF
multivibrator which is set by a further multivibrator pro-
ducing an end of forward read pulse EFR when any one
of the tape units TRFg through TRFgy sets the multi-
vibrator.

The ADF multivibrator will be reset by an end of
reverse read signal produced by the ERR multivibrator,
the latter being set by a tape read reverse signals from
any one of the input tape units TRRy, through TRRgs.

FIGURE 7M shows the logical circuitry for produc-
ing an output step QSTR indicating that a tape read order
is being performed and that some tape is reading. The
QSTR is produced by a high speed to low speed con-
verter Q having as an input the output from a dynamic
fip-flop STR, the latter being active from the time that
a read order is generated in the control unit until approx-

imately one minor cycle after an end blockmark signal

is encountered on the tape. The STR logical package
will be set when there is a tape read order received from
the tape control circuits during cycle 3 and will be reset
by the ST1 signal at time 54 or during cycle 2 when
there is no tape read order or a can move signai CMA
from the tape control circuits.

The ST1 logical package is adapted to be set by a
signal derived from two low speed multivibrator type
delay circuits which are used to synchronize the end
blockmarks from the tape with machine clock time, these
multivibrators being indicated by the identification [oX3}
and OS2. The output OS2 is fed into the set gate sec-
tion of the dynamic flip-flop for implementing ST1 with
a clock pulse ¢54, which is the equivalent of the illus-
trated $52b? timing signal, and a stored tape read signal
STR.

FIGURE 7N shows a circnit for generating a signal
for indicating that the argument section is empty; that
is each of the registers has had its contents transferred
to the cne word line AOWL. This circuit comprises a
dynamic flip-flop having an input set gate which is
adapted to receive a pulse from either the upper or lower
counter register 110 or 116, as shown in FIGURE 7D,
by way of the last counter core SLA1-31 and SLA2-31.
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The package will be reset when one or the other of the
two gate legs has the input logic thereto arranged to close
the recirculation gate to the package.

The one word line used in the argument section is
shown in FIGURE 70. This one word line comprises
a circuit for converting the low speed pulses stored in the
shift register cores into a high speed signal. The logic
on the individnal gating sections of the package is
arranged so that regardless of the direction that the
data from the tape was read in from the buffer, it will
always be stored in the one word line in a form con-
sistent for use in the central processor starting with the
first bit position of the word appearing first in time. If
the data was stored in the register in the forward direc-
tion, the AFA and AFB functions will be active in each
of the logical packages. If there was a reverse read into
the register from which the transfer is being made, the
ATA and ATH signals will be active to indicate that the
word being transferred in must be reversed in its order
as it is dropped into the storage line.

Considering the first logical package of this line, it
will be seen to comprise six gating circuits each arranged
to operate at a different clock time, #59 through #64.
‘This means that these clock times must be included with-
in the overall timing of a single read-out pulse applied
to any one or more of the six gating sections. The read-
out pulse from the cores of the registers as amplified by
the transfer amplifiers has an output time duration of
approximately twenty-five microseconds which is far
zreater than the timing associated with the timing pulses,
said pulses occurring at approximately 0.45 microsecond
intervals.

If there has been a forward read, at time 59, pulse
AP47 will be transferred through the logical package into
the output delay line which has five pulse periods of
delay therein. At time £60, the signal from the transfer
amplifier AP48 will be passed to the output of the logical
package and into the delay line.

At time 61, the signal from the transfer amplifier
AP49 will be applied at the output of the package and
transferred into the five pulse period delay line. At time
162, the transfer amplifier AP50 will be arranged to
pass an output pulse to the output of the logical package.
At time 163, the transfer amplifier AP51 will be arranged
to transfer a signal to the output of the logical package.
Turther, at time t64, the transfer amplifier AP52 will be
arranged to produce an output on the logical package.
The resultant pulses produced during the time periods
159 through 64 will be transferred serially into the stor-
age line. By the time these pulses have propagated
through the five pulse period delay line, the pulses from
the subsequent logical packages will have been dropped
in through their logical circuitry into their associated
delay lines so that the information transferred in
parallel from the selected shift register of the buffer now
resides in the high speed serial register. The logic for
each of the other packages in this one word line AOWL2-
AOWLS is shown in charted form to facilitate an under-
standing of the conversion.

When a reverse read has been made into the shift reg-
isters of the input buffer, the AFA and AFB signals will
be active to indicate that a reverse read took place. As
indicated in the logical circuitry, the reverse read is ef-
fective to drop the information from the shift register into
the one word line in reverse form so that it appears in
the desired order for read out into the central processor.
This one word line, in addition to the logical packages
AOWL1-AOWLY includes a recirculation gating section
120 which has appropriate input logic by which it is
possible to clear the one word line prior to an input
transfer to the line.

The output of the one word line on the output of the
package AOWLY appears in both the assertion and nega-
tion form and is arranged to be delayed two pulse periods
so that the output is AOWL9? and AOWL9?,
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FIGURE 7P shows the circuitry for feeding the output
of the one word line into the central processor. This is
implemented by the logical package RIB, the latter hav-
ing four gating sections 121, 122, 123, and 124. The
gating section 121 has, as one of its inputs, a signal de-
rived from a dynamic flip-flop which is arranged to be
set when it is necessary to complement the information
stored in the one word line when a read is made from
the argument section of the buffer. This dynamic flip-
flop for implementing the AC function will be set at
time 61 if there has been a forward read and there is a
bit position stored in the register and transferred to the
logical package by way of the transfer amplifier APS3.
If there has been a reverse read, the logical package will
be set if there is a pulse transferred thereto by the
transfer amplifier AP1.

If the complement flip-flop has been set, the negation
output from the one word line will be transferred through
the gating section 121. If the complement flip-flop AC
has not been set, the normal output of the one word
line will be transferred by the gating section 121.

In a similar manner, the gating section 122 is con-
trolled by the complement bits that have been stored in
the data section and the words transferred therefrom.
This latter complementing is controlled by the dynamic
flip-flop DC.

The gating sections 123 and 124 for the output pack-
age RIB are used to produce fillers when the buffer is
empty. The filler will take the form of a special ma-
chine word, for example a sentinel sequence change
order whose C address is 1985, as generated by the gating
section 124 with the timing pulses on the input thereof,
An appropriate transfer weight count is produced by the
gating section 123 in accordance with the input logic
and the timing pulses applied thereto.

FIGURE 7Q shows a special dynamic flip-flop which
is adapted to be set to indicate that there is a word
stored in the argument channel called for by an input
branch order. This dynamic flip-flop is arranged to be
reset during cycle 3 at time 754. The output BF is used
in the central processor.

FIGURE 7R shows the logical circuitry associated with
the checking circuits of the input buffer as implemented
by the logical packages IBEA and IBEB the latter pro-
ducing output pulses for use in the central processor
checking circuitry, These checking circuits are operated
in conjunction with the blockmark signal storing circuit
FF which is set by the control signals from the tape
control circuits by way of the multivibrator BRD and is
arranged to be reset by the blocking oscillator RY when
the input functions to the gating circuit thereto are appro-
priately active. Further, the duplicate function circuits
are examined in this logical circuitry to produce an out-
put signal when the functions do not agree. For example,
if the functions AOA and AOB are not active at the same
time so that AGA and ACT are active, the right hand
gates in each of the IBEA and IBEB circuits will pro-
duce an ountput fo indicate this lack of agreement.

CENTRAL PROCESSOR

The central processor 20 has been shown in further
functional block diagram form in FIGURE 8. The
central processor is divided into three principal sections,
each of which is very closely related to the other in
general operation but which may be considered separ-
ately in understanding the operation of the machine.
Cne section is a high speed memory section 151 which is
of the rapid access type. This high speed memory sec-
tion is adapted to store information, control orders, and
control data that may be readily called out for use with
the other portions of the central processor during a single
minor cycle of the machine. The information stored
takes the form of machine words illustrated in FIGURE 2.

The central processor 20 further includes an arithmet-
ic or manipulative section 152 which handles all alpha-
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betic and numerical computations as well as comparisons
that are performed in the central processing section. The
arithmetic and logical circuits will be discussed in detail
below.

The central processor also includes a control section
153 which is adapted to interpret the order words which
are called into operation and to translate these order
words into the form that is used to control the sequencing
and operation of the central processor as well as the
operation of the circuitry feeding the central processor.

The control console 22 has its main functional con-
nections to the central processor and serves as an oper-
ating station to permit an operator to initiate and monitor
the operation of the central processor as well as the re-
lated peripheral equipment.

The glossary of terms used in describing the logical
circuitry of the central processor is listed as follows:

CENTRAL PROCESSOR GLOSSARY OF TRERMS

AAT—Add Auxiliary Bus to Accumulator (Transfer
Weight Count position)

AAW—Add Auxiliary Bus to Accumulator (Word Posi-
tion)

AB—Auxiliary Bus

ABA to ABF—Auxiliary Bus Input

ABT2-—Add Auxiliary Bus Information to Transfer
Weight Adder 2

ACC-—Accumulator

ACI—Accumulator Circulation Write-in Package

AC2—Complement Accumulator

AC3—Accumulator Six Adder

AC4—Accumulator Main Adder

AC8—Accumulator Ten Adder

AC14—Accumulator Shift Circuit

ACI to AC62—Accumulator

ALP—Add to Low Order Product Register

AOR—Connect the Data Buffer Half to the Manipula-
tive Section

AOS—Connect the Argument Buffer Half to the Manip-
ulative Section

ASH—Shift the Accumulator and Low Order Product
Register

AR1-1—Auxiliary Register 1 (Circulation Packape)

ARI-1 to AR1-61—Auxiliary Register 1

AR2-1—Auxiliary Register 2 (Circulation Package)

AR2-1 to AR2-61—Auxiliary Register 2 (Bxtractor Reg-
ister)

AR4-1—Auxiliary Register 4 (Circulation Package)

AR4-1 to AR4-Gl—Auxiliary Register 4 (Seiecticn
Register)

AR7-1—Auxiliary Register 7 (Circulation Package)

AR7-1 to AR7-61—Auxiliary Register 7 (Sentinel Reg-
ister)

ASA—Address Selector Active

APA, APB—Add Unity to Program Counter

AT1—Add to Transfer Weight Adder 1

AT2—Add to Transfer Weight Adder 2

BF—Buffer Channel Full

BPDA—Buffer for 2.2 mec. Pulse Distribution Amplifier

BPC—Break Point Comparator

C0 to C7—Operation Code Digits

CLH—Clear the High Speed Memory Local Register

CAPA, CAPB—Program Counter Auxiliary Package

CART7—Clear Auxiliary Register 7

CAS1—Clear Address Selector (U and X)

CAS2—Clear Address Selector (T and Y)

CCR—Clear Control Register

CDSA, CDSB—Digital Selection Comparator

CKA1, CKA2—Check Auxiliary Bus in Transfer Weight
Count Adder 1

CKAZ=VA—Check the Auxiliary Bus for Invalid Zero
(VOID Transmission)

CKC, CKC1, CKC2—Comparison Check Pulses

CKD—Decoded Weight Check Pulse

CKH1—Check High Speed Bus in Transfer Weight
Adder 1
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CKHZ=VH—Check the High Speed Bus for Invalid
Zero (VOID Transmission)

CKOC=CO—-Comparison Check Pulses (Op Code, Sign
and Equal Packages)

CKT1, CKT2—Check Transfer Weight Adder 1 or Trans-
fer Weight Adder 2

CKY=CC—Check Cycle Counters, No. Two Active
Simultaneously

CLH—<Clear H Register

CMA, CMB—Can’t Move Tape (Simulates Physical End)

CMN—Sense Amplifier Output (Stage N)

CM1 to CM52—Memory Sense Amplifier Output

CO0 to C7—Operation Code Digits

CR—Control Register

Cr0 to Cr7—~Converter for Reading From Memory Local
Register to High Speed Bus

CrN—Parallel to Serial Converter (Stage N)

CR1—Control Register Circulation Package

CR1 to CR62—Control Register

CR26—Control Register Shift Package

CSA—Clear Special Address

CS-C—Conditional Stop Switch Setting (Compare)

CSH—Shift Control Register

CS-P—Conditional Stop Switch Setting (Proceed)

CSR—Clear Sequence Register

CS-S—Conditional Stop Switch Setting (Stop)

CSSA, CSSB—Clear Subsequence Package

CWN_—Serial to Parallel Converter (Stage N}

CW1—Serial to Parallel Converter Circulation Package
for High Spced Memory

CW1 to CW59—Serial to Parallel Converter for Writing
to High Speed Memory from Auxiliary Bus

CY1A, CY1B—Cycle Counter One

CY2A, CY2B—Cycle Counter Two

CY3A, CY3B—Cycle Counter Three

CY5A, CYSB—Cycle Counter Five

CY6A, CY6B—Cycle Counter Six

CY7A, CY7B—Cycle Counter Seven

CY8A, CY8B-—Cycle Counter Eight

D1—Decoded Weight Hundreds Digit of Address Selector

D2—Decoded Weight Tens Digit of Address Selector

D3—Decoded Weight Units Digit of Address Selector

D4—Decoded Weight Correction Factors

D5—Decoded Op Code Digits

DCK—Double Check

DS1, DS2, DS3, DS4, DSF—Decoded Weight Adder

DW-—Add to Decoded Weight Adder

DWA, DWB, DWC, DWD—Decoded Weight Adder Cor-
rection Functions

DWG—Decoded Weight ‘Generator

FA-=EQA, EB=EQB—Signs of Operands A and B are
Equal

ERA, ERB—Error in Word From Tape

FOF =FQ—False Overflow

HAC—Read High Speed Bus to Accumulator

Hn—Memory Local Register

H1 to H52—High Speed Memory Local Register Stages

HSA, HSC, HSD—High Speed Bus Input

HSB—High Speed Bus

HSM—High Speed Memory

16 A—Inhibit Six Adder

KAC1—Add Constants to Accumulator (Transfer Weight
Count Paosition)

KAC2—Add Constants to Accumulator (Word Position)

KAT2—Add Constants and Accumulator Information to
Transfer Weight Adder 2

KD—Stored Indication That Decoded Weight Check
Pulse Obtained

KT2—Add Constants to Transfer Weight Adder 2

KYD—Drop Into the Keyboard Register

LPI—Low Order Product Register Circulation Package

LP1 to LP61—Low Order Product Register (Remainder
Register)

LR1—Label Register Circuiation Package

LR1 to LR61—Label Register
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MA—Main Adder in Accumulator

MAC—Main Adder Carry in Accumulator

MC1—Manual Control for Cyclic Memory Operation

MC2—Manual Control for One Shot Memory Operation

MCAC, MCAR, MCSR—Manual Controls at Console
for Reading or Writing Into Accumulator, Auxiliary
Register 1 or Sequence Register

MCK1, MCK2—Manual Controls for Transfer Weight
Adder 1, Transfer Weight Adder 2 Check Pulses

MCKD, MCKC—Manual Controls for Decoded Weight
Check Pulse, Check Comparator

MCSR—Manual Control of Sequence Register

MCT—Manual Control for Variable Time Pulse

MCU—Manual Control to Operate Control Unit Inde-
pendently

MCY1 to MCY8—Manual Controls to Set Cycle Coun-
ers 1 through 8

MDS—Manual Conirol to Bypass Double Check Func-
tion

MKD—Console Manually Controlled Word Drop-In to
Local Register

MKN-—Console Manually Controlled Digit (Stage N)

MNS—Manual Normal Start

MRD-—Console One-Shot Read

MRR—Manual Register Read from Console

MRW—Manual Register Write from Console

MSR1, MSR2—Multiplier Static Register Stages 1 and 2
and No Zero Storage

MSR4 to MSR7—Multiplier Static Register Stages 4, 7

MSU-—Manual Set-Up

MUO—Multiplication CY6 Program Counter Settings
0Odd 5-25

MUI1—Multiplication CY6 Program Counter Seftings
Even 6-26

MWT—Console One-Shot Load Memory

NS—Normal Start

NZA, NZB—Non-zero Indicator (Included in MSR1 and
MSR2)

OA—Operation Code Groups (A, 8)

OAM-—Operation Code Groups (A, S, M, TM)

OAT—Operation Code Groups (AC, OOT, BIT, SDS)

OBT—Operation Code Groups (IBF, 1BS, BIT, BOT,
DDS, SDS, FTR, FTW RTR, TR)

OC or O,—Operation Code Groups (IBF, IBS, IBA, 1BN,
LBA, LBN)

OCS—Operation Code Groups (CS)

OCT-—Operation Code Groups (CT)

OCTS—Operation Code Groups (CT, TSC)

OD-—Operation Code Groups (D)

ODA—Operation Code Groups (A, S, M, DDS, SDS)

ODS—Operation Code Groups (DDS, SDS)

OIT—Operation Code Groups (BIT, DDS, SDS)

OK—Machine is Computing

OM—Operation Code Groups (M)

OMD—Operation Code Groups (M, D)

OMT—Operation Code Groups (BIT, BOT, DDS, SDS}

OO0T-—Operation Code Groups (O0T)

OSH-—Operation Code Groups (SLE, SLI, SRE, SR1)

0OSM1, OSM2—One Shot Manual Control

OTC—Operation Code Groups (AC, CSC, TR, FTW,
PA, PN, RTR, TR)

OTM—Operation Code Groups (TM)

P1 to P52—Denotes Position of Digit in word

Pb—Printer Busy

PCO to PC31—Program Counter

PR—Proceed Function Machine Should Continue Com-
putation

PWD-—Post Write Disturb Signal

P1A, P1B—Program Counter Low Order, Decimal 1

P2A, P2B—Program Counter, Decimal 2

P4A, P4B—Program Counter, Decimal 4

P8A, P8B—Program Counter, Decimal 8

P16A, P16B—Program Counter High Order, Decimal 16

QHn—H Signal Converted to Low Speed
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Q:x Function—High Speed to Low Speed Converter for
Fuunction (i)

RC—Read from Cores

RCr—Read from Memory Local Register to High Speed
Bus

RIB—Information from the Input Buffer

RLA, RLB—Buffer Ready Line

RM—Read from the High Speed Memory

ROB—Information from the Output Buffer OCverflow
Register

RPDA-—Rack Pulse Distribution Amplifier (PDA)

RR-—Rerun Button on Console

RSAA-—Read from Special Address to Auxiliary Bus

RSAH—Read from Special Address to High Speed Bus

SA—Special Address Selected

SACRI, SACR2, SACR3—Set Address Selector from
Control Register

SASR1, SASR2—Set Address Seleclor from Sequence
Register

SCRA, SCRB—Sorting Control Register

SF—Special Function (SN, TOF, ER, FOF)

5GA, SGB—Sign of Operand, Stored

SKYD—Set KYD (Dron Into the Keyboard Register)
for Manual Read

SM-—S5trobe Memory Cutput

SNA, SNB—Sentinel Word Sensed

SPO, SP30—Stored Program

SP31—3tored Program Counter=31

5QG—Output from Square Wave Generator

SR1—S8equence Register Circulation Package

3R1 to S8R62—Scquence Register

SSA, SSB-——Subsequence to Next Order

ST64-—Timing Step to be Used in Buffers and in Oper-
ator’s Console

STW~—Stored Tape Write

SU—Set Up Order

SY2—Set CY2A-CY2B

SY3—Set CY3A-CY3B

SY8—8et CYSA-CYSD

TO to T9—Tens (0 through 9) Address Selector (Drive
Y Axis Units Digit of High Speed Memory)

T1A=1A, TID=1D—Transfer Weight Count Adder 1

T2A=2A, T2D=2D—Transfer Weight Count Adder 2

TI1R-—Reset Transfer Weight Count Adder 1

T2R—Reset Transfer Weight Count Adder 2

IAD, tASL-—Special Timing Functions

TB—Typewriter Busy

TCA, TCB—Transfer Control to Address B of the Con-
trol Register

1CK=TK-—Clock Check

tDT—Special Timing Function

TG—Ten Generator

TH—Tape Hunting

TK—S8ee 1CK

TN—Y Axis Units Digit

tr—Timing Pulse Available at “2 Time

thm—Timing Pulse Group Available from “x to m”
Times

TOF=TO—True Overflow

TOS—Tape Order Sequence Signal

TS—Tape Split

TW—Tape Write

TWA—Transfer Weight Adder

TWC—Transfer Weight Count

TWI1—Read Out Transfer Weight Count Adder 1

TW2—Read Out Transfer Weight Count Adder 2

U0 to U9—Units (0 through 9) Address Selector (Drive
X axis Units Digit of High Speed Memory)

UN—X Axis Units Digit

VA—Variable Time Generator Control

VH—S¢ce CKHZ

VN—Variable Time Generator Reset

Vt53—Manual Controlled Clock Pulse

VZ—Sge CKAZ

WC—Write Into Cores
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WCZ—Activate Z Drivers During Write Into Cores

WH—Read from Write Converter CWN (o Memory
Local Register Ha

WM-—Write into High Speed Memory

WNO n=5-—Word Generator

WPA, WPB—Wrile into Program Counter

WSAH-—Write into Special Address from
Bus

X0 to X4—Coded Hundreds and Thousands of Address
Sclector (Drive Y Axis Tens Digit of High Speed
Memory)

XMN—X Axis Driver for Line N

XN—Y Axis Tens Digit

XRN—X Driver Regulator N

Y0 to Y3—Coded Huondreds and Thousands of Address
Selector (Drive X Axis Tens Digit of High Speed
Memory)

YMN--Y Axis Driver for Line N

YN—X Axis Tens Digit

YRN—Y Driver Regulator N

ZN—7 Axis Driver for Digit Plane N

1AB, 2AB—Auxiliary Bus Amplifier

1HSB to 4HSB—High Speed Bus Amplifier

2.2 me. osc—Clock Oscillator

NOTES

1. Any function whose symbol ig preceded by a number
denates it to be an auxiliary amplifler for that function.

2. All superseripts appehded to symbols denote delay in
pulse perlods from original output reference point,

3. Letters A or B affer symbol denote more than one pack-
age with that title,

HIGH SPEED MEMORY SECTION
FUNCTIONAL CIRCUITRY

FIGURE 9 shows the high speed memory section 151
of FIGURE 8, in its major functional form with the
major components included in the memory section. The
circuitry is arranged for making ready access to g suitable
raemory unit shown and referred to in the rresent appli-
cation as a magnetic core memory of the coincident cur-
rent type. The core memory may well be of the type
disclosed in the Forrester Patent 2,736,880, issued Feb-
ruary 28, 1956, The core memory 155 described, by way
of example only, comprises a fifty-two core plane memory
having two thousand cores in each plane so that up to
two thousand words may be stored therein. Access to
the core memory is by way of selection lines for the X
axis, the Y axis and the Z axis.

The moving of information info the memory 155 is
accomplished by a number of related circuits. The in-
formation fed into the high speed memory section is by
way of an input line upon which the information will
be passing in a serial manner as maching words. The
serial form of transfer is referred to as that type of trans-
fer wherein the ffty-two bits appear at a single point in
the transfer circuitry in sequential order over a period
of time. The serial input is fed into a serial to parallel
converter 156 wherein the serial mode of transmission
is converted into a parallel mode so that the fifty-two
bits of the machine word may be dropped out at a
single instant of time onto fifty-two transfer lines. These
fifty-two transfer lines are connected to supply con-
trol signals which will selectively set up a local register
157, said register being adapted to store the information
received and hold it in the register until there is a call
for a transfer of the information to another point in
the circuit. The details of this local register are dis-
cussed in connection with the circuit shown in FIG-
URE 11.

The output of the local register £57 is a parallel out-
put and is arranged for conmection to the Z driver sec-
tion 158 which comprises fifty-two amplifiers, one each
connected to each of the fifty-two core planes associ-
ated with the core memory 155. A memory control
circuit 159 supplies to the Z drivers 158 by way of a
lead 183 a control signal which will activate the drivers

High Speed
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so that the signal from the local register 157 may be
transferred by way of the Z drivers into the core
memory planes of the memory 153, The particular po-
sition in the core memory where the information passed
by the Z drivers 158 will be stored will be dependent
upon the selected X and Y address lines that are acti-
vated on the input of the core memory 155, The X
axis line will be selected by the X axis decoding and
driver section 161 while the Y axis line will be selected
the Y axis decoding and driver section 162. The de-
tails of this portion of the apparatus are discussed be-
tow in FIGURES 13 and 14,

When it is desired to remove information from the
core memory 155, appropriate signals are applied to
the circuits associated therewith and the signal will be
dropped into a sens¢ amplifier section 163 which com-
prises fifty-two individual amplifier circuits. These am-
plifier circuits are adapted to supply signals in parallel
to the input circuits of the local register 187 where the
information will be stored until such time as it is re-
placed in the core memory 155 or is moved out of the
memory by way of a parallel to serial converted 164.
The parallel to serial converter is adapted to take all
of the fifty-two bits of information from the machine
word and to transmit on the output thereof the infor-
mation in serial order.

It can be seen from the functional diagram shown in
FIGURE 7 that machine words may be stored in the
core memory 155 and called in or out of the memory
in accordance with control signals supplied thereto,

SERIAL TO PARALLEL CONVERTER

FIGURE 10 shows a representative form of serial
to paralle! converter adapted for use with the particular
machine that is described herein. In this figure, the ma-
chine words are passed in serial form on an input line
into a control gate circuit 200. When open, the control
gate circuits will pass the input serial information along
a serial delay line formed by a phurality of gating pack-
ages 201 through 208. As pointed out above, there is
a pulse period of delay in passing through any one logical
package. As used in the present converter, each of the
packages, in addition to having a pulse period delay in
the package has a delay line positioned in the output
which delay line will produce a number of pulse periods
of delay indicated by the numeral inscribed in the delay
line. This delay line normally has a delay of three or
four pulse periods. If a longer delay is required, it has
been found desirable to add a stage of amplification to
drive a further delay line.
this is illustrated hereinafter without the additional stage
of amplification shown. Thus, on the output of the
package 201, there is a delay line 210 having six pulse
periods of delay therein. The same will be true for all
of the other packages with the exception of the package
208 which has a one pulse period delay line 211 on the
output thereof. The output of the delay line 211 is fed
back by way of a recirculation line 212, and suitable de-
lay circuitry, not shown, to the control gate circuits 200
where, npon the control gate circuits being appropriately
opened, will pass a feedback pulse to the line and the
information in the line will be caused to circulate therein.

There are fifty-two output terminals connected to this
serial register so that, at a selected instant in the timing
of the central machine, the machine word will be lined up
so that the fifty-two bits of the word will appear at the
fifty-two terminals on the cirenlating register. At this
particular instant, it is possible to move the information
in the register out in a parallel manner into another reg-
ister, such as the local register 157 shown in FIGURE 7.

As will be seen from the circuit of FIGURE 10, this
serial to parallel converter is adapted to function both
as a serial to parallel converter and as a serial register
wherein information may be stored for use in the machine.

As a matter of convenience, °
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MEMORY LOCAL REGISTER

The local register 157 for the memory section 151 is
shown diagrammatically in FIGURE 11. This local reg-
ister is adapted to receive input transfers from the serial
1o parallel converter shown in FIGURE 10 or inputs from
the sense amplifiers 163 shown in FIGURE 7 and in FIG-
URE 15. This local register 157 comprises a plurality
of dynamic flip-flop packages of the type discussed in
FIGURE 4. There is one package for each bit in the
machine word in this register. Consequently, there must
be in the presently described machine fifty-two logical
packages to handle the fifty-two bits of the machine word.

Each logical package comprises three gating sections.
The first gating section 215 is a gating section by which
pulses from the control console may be supplied to store
a bit in the selected local register package. The second
gate 216 is a gate for setting the local register package
from the serial to parallel converter shown in FIGURE
10. The gate legs of this gate 216 are supplied with a tim-
ing pulse WH and a pulse CW59! from the serial to par-
allel converter. This would correspond to the tap Pl
in FIGURE 10. The third gate 217 is the recirculation
gate for the selected logical package and actually is
arranged for setting the logical package as well as contral-
ling the recirculation in the package. When a pulse is
applied through either of the gates 215 or 216, the pulse
will be applied to the recirculation line 218 and thereby to
the two input lines 219 and 220. If the CTLH leg is ac-
tive, the signal will recirculate through the gate 217 and
the package will continue to oscillate until the TLH line
is rendered inactive. The clearing pulse on the CLH line
will close the gate 217 so that the circulation or oscillation
will stop.

If it is desired to use the gate 217 for setting the logical
package, it is necessary to apply an input pulse at CM1
which will be a pulse from the memory circuits by way of
the sense amplifier and a read core pulse RC while the
gate leg CLH is active. Thus, the recirculation line 218
does not have to be active in order to pass a pulse through
gate 217 yet, in this way, the logical package may be set.

Each of the logical packages of this memory local
register are formed in the manner aforedescribed. Each
of the packages has an assertion output where a pulse will
appear when the particular logical package is in a set or
oscillating state and a negation output which will be active
when the selected package does not have a signal stored
therein.

Z DRIVERS

FIGURE 12 shows diagrammatically the arrangement
of each of the Z driver packages which are used to supply
a control signal to the core planes of the core memory
155. Inasmuch as the assumed core memory has fifty-
two core planes, the actual apparatus will embody fifty-
two of the Z driver packages shown in FIGURE 12. This
package is arranged to receive an input control signal at
a time controlled by the central machine and transmit a
control pulse to Z line in the memory as explained in the
core memory description of FIGURE 14.

As shown in FIGURE 12, this package comprises an
input gate 225 which has two input gate legs one of which
is adapted to be activated by the negation line of the
associated package in the memory local register shown
in FIGURE 11, The other gate leg is adapted to be made
active by a write core pulse WCZ which is adapted to
open the gate 225 at the particular instant that it is de-
sired to write a signal into the associated core plane.

The output of the Z driver package is arranged to co-
operate in the memory core circuitry with signals from
the X and Y axis selection lines that are rendered active
to insert desired bits into the core memory.

X AXIS AND Y AXIS DECODING AND SELECTION
DRIVE LINE DRIVERS

FIGURE 13 shows a representative form of XorY

axis selection system which is adapted for use with the
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core memory 155. The circuitry shown in FIGURE 3 is
for purposes of providing a signal on a selected output
line in accordance with an input coded signal where the
signal on the output line may be used in co-operation with
an appropriate selection line in the core memory 155.

The selection system comprises a plurality of gating
packages which are arranged to be selectively opened in
accordance with an input code. The first gating package
has a gate 230 with three input gate legs on the input
therof and a driver circuit on the output thereof. The
first gate leg is a units digit gate leg while the second gate
leg 232 is a tens digit gate leg. The third gate leg 233
is connected to a timing pulse derived from the memory
control circuits which produces an address select active
signal ASA for application to all of the gate circuits of
the combination. If there is a signal on the units line
231 and on the tens line 232, as soon as the address
select active signal ASA is received on the gate leg 233,
the gate 230 will apen and a signal will be applied to the
driver which in turn will supply a driving signal for the
particular line selected in the core memory.

For the X axis, there are forty such logical packages.
For the Y axis, there are fifty such logical packages all
of which are arranged in the same general fashion set
forth in FIGURE 13. The number of input lines for cod-
ing the particular information for the selection lines will
be fourteen for the X axis and fifteen for the Y axis. In
cther words, for the X axis, there must be ten units digits
available and four tens digits in order to select a possible
one out of forty, In the case of the Y axis where there
are fifteen input lines to the decoding circuit, the fifteen
input lines are comprised of ten units digits and five tens
digits. The signals for the address selections in the X
and Y axis are derived from the address selector to be
discussed in detail in connection with the control section
of the central processor.

MEMORY CORE PLANE

FIGURE 14 shows a typical core plane in diagrammatic
form wherein there are forty input X lines and fifty input Y
lines. At the intersection of each of the X and Y lines,
there is positioned a small ferrite core which has rectan-
gular hysteresis characteristics and is adapted to store in-
formation. For purposes of iltustration and example, the
plane shown in FIGURE 14 has only a single core al-
though it will be apparent that when there are forty X and
fifty Y lines, there will be two thousand such cores if there
is one placed at each intersection. Also intersecting each
of the cores of the core plane is a Z winding and a sense
winding.

In any particular timing cycle of the memory, the first
action that takes place is a reading operation whereby a
selected core, such as the core shown will have a signal
applied thereto by the X and Y input lines which intersect
that particular core. FIGURE 14A shows a pair of posi-
tive read pulses in the X and Y axis lines and, if the core
at the intersection of the selected X and Y lines is in a
residual flux state opposite that called for by the positive
pulses, the core will be switched. In being switched, there
will be induced in the sense winding shown in FIGURE
14 a signal indicating that the core has been switched.
The presence or absence of a signal is used to indicate the
type of information that was stored in the core.

In order to write in the core at the intersection of the
selected X and Y lines, it is necessary that there be coin-
cidence of applied signals on the X and Y lines as indi-
cated at the write position in FIGURE 14A. The Z line
will be effective to inhibit the writing in a selected core if
there is a pulse on the Z winding as shown in FIGURE
14A. If there is no pulse on the Z, winding, the coincident
pulses on the X and Y lines will be effective to switch the
core in its residual state to a state opposite that to which
it was switched by the readcut pulses.
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SENSE AMPLIFIER CIRCUITRY

FIGURE 15 is a diagramn:atic showing of a representa-
tive form of sense amplifier circuitry used in the high speed
memory section. In a fifty-two plane core memory, as
explained in the present specification, there must be fifty-
two sense amplifier circuits of the type shown in FIG-
URE 15.

This sense amplifier circuit comprises a differential am-
plifier 235 which is directly coupled to the sense winding
of the associated core plane. The reason for the differ-
ential amplifier is that it will tend to cancel out unwanted
signals due to electrostatic pickup in the sense windings.

The output of the amplifier 235 is passed through a rec-
tifier 236 and then to a gate 237 having one gate leg
supplied by the rectifier 236 and a second gate leg 238
adapted to be supplied by a control pulse SM which may
be referred to as a strobe memory pulse or a sense mem-
ory pulse. This pulse is supplied by the control circuitry
for the memory. When the gate 237 has been opened,
there will be a signal on the output line thereof and this sig-
nal will be applied to the blocking oscillator 239 which
will in turn produce a controlled output pulse on the out-
put line CM.  This pulse is adapted for dropping into the
associated local register storage position as shown in FIG-
URE 11. Inasmuch as there are fifty-two sense ampli-
fiers, there are provided fifty-two of the aforedescribed
circuits to produce the signals CM1-52.

Magnetic core memories of the type used in the present
invention are known in the art and representative elec-
tronic circuitry which is adapted for use with circuits of
this type will be found in an article entitled “New Ferrite-
Core Memory” by William N. Papian, in the March 1955
issue of “Electronics,” pages 194 through 197.

HIGH SPEED MEMORY CONTROL CIRCUITS

The basic elements of the control circuits for the high
speed memory section are shown diagrammatically in
FIGURE 16. These memory control circuits function to
provide the timing and control pulses for use in the high
speed memory section of the central processor so that it
is possible to both read info and read out of the core
meniory 155. The timing and control pulses are illus-
trated in FIGURE 16A.

Considering the circuitry of FIGURE 16 more specif-
ically, there is provided on the input thereof a main con-
trol gate 241 having a plurality of input gate legs which
control the opening and closing of the gate, The first
gate leg 242 has three input lines buffered thereto carrying
signals X, Ty and Ty. These three input lines are rep-
resentative of a special address which, if present, will
render the gate leg 242 inactive so that the gate 241 will
close. This will prevent the control section 153 from se-
lecting a special address of the fype determined by the con-
trol signals from the high speed memory. The second
gate leg 243 has a manual control sequence register signal
input line MCSR originating in the control console, The
sequence register is a register in the control section 153
and will be discussed below. When there is no manual
control of the sequence register, the gate leg 243 will be
active.

The third gate leg 244 is connected to be activated when-
ever the manual control accumulator line signal is not
present as represented by the signal MCAC.

Tke fourth gate leg is arranged to be controiled by a
signal originating from the control console in accord with
the manual control of the Auxiliary Register AR],
When there is no manual control of the Auxiliary Register,
the line MUATR will be active so that the gate leg 245 will
be active.

The fifth gate leg 246 has three input lines buffered
thereto, the first line MC being a manual control line, the
second line WM being a write memory signal and the
third line RM designating a read memory signal,






