1 574 470

10

15

20

25

30

35

45

PATENT SPECIFICATION «ay 1 574 470

(21) Application No. 36274/77  (22) Filed 31 Aug. 1977 (19)
(31) Convention Application No. 728458  (32) Filed 30 Sep. 1976 in
(33) United States of America (US)

(44) Complete Specification Published 10 Sep. 1980
(51) INT. CL.®>  GO6F 13/00

(52) Index at Acceptance
G4A 10P 12D 12N 12P 12R 13E 15A2 3B
SB 9C 9D FG

(54) INTELLIGENT INPUT-OUTPUT INTERFACE CONTROL UNIT
FOR INPUT-OUTPUT SYSTEM

(71) We, BURROUGHS CORPORATION, A CORPORATION OF THE State of
Michigan, United States of America, of Burroughs Place, Detroit, Michigan 48232, United
States of America, do hereby declare this invention, for which we pray that a patent may be
granted to us, and the method by which it is to be performed, to be particularly described in
and by the following statement:- .

This invention relates to digital computing and/or data processing systems and is concerned
with the means and methods of controlling the transfer of data between a variety of
different peripheral devices and the main memory of a central processing unit or main
system. Basically the system involves taking the load off of the processing unit and
distributing it among a variety of Intelligent I/O Interface units which can work
independently of the central processor in handling data transfer operations.

The invention described herein relates to an efficient implementation of an Intelligent
/O Interface unit which may be designated as a Line Control Processor and which provides
the intelligence capability of processing and controlling data transfers between peripheral
devices and the Main System.

Background of the Invention

The general configuration of a data processing system typically comprises a processor or
processors, a main memory, and a plurality of various types of peripheral devices or
terminals (sometimes called I/O units), which more specifically may be card readers,
magnetic tape units, card punches, printers, disk files, supervisory terminals, and so on.
The optimum systems generally involve the configuration wherein the peripheral devices
are handled by independent interface control units so that the processor is free to access and
process data contained in the main memory. In configurations having separate control
means for the peripheral input-output devices, it is possible to have parallel or concurrent
processing occurring at the same time that input-output (I/O) operations occur. These
concurrent processing I/O operations occur within the same program which operates
through one of the processors, and which also initiates all input-output operations. In
addition the program must have some means of determining when the I/O operations are
inactive or have been completed.

As an example, if a program calls for a file of data to be loaded into the main memory, it
must be able to determine when the operation has been completed before it can go ahead to
make use of the data. Thus, an input-output operation is initiated or started by the
program, as by some type of “initiate instruction” which provides, typically, an address
pointing to an “I/O descriptor” which is stored in the main memory. This descriptor
identifies the peripheral device from which data is to be received and/or transmitted, it
identifies the type of operation such as a *‘Read” or a *“Write”, and also identifies the field
of main memory locations to be used in the input-output operation. Generally this I/O
descriptor is transferred to a control means (I/O control means) to control the transfer of
data between the peripheral terminal device and the main memory.

When the input-output operation is “‘complete”, such as by the transfer of the data from
the peripheral unit to the main memory to load the main memory, then there is a need for
some type of a completion statement, which is typically referred to as a *“Result
Descriptor**. Usually this is transferred from the I/O control means to some specific
location in _main memory known to the program being used. Typically, the Result
Descriptor includes information identifying the particular peripheral terminal device and
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further includes information as to the result of or the status of that particular input-ouput
operation, -- thus, to provide information as to whether the transfer was complete and
correct, or whether any exception conditions occurred or whether any errors occurred or
any other peculiar situations arose in regard to the transaction involving that particular
peripheral terminal device.

us, when a program initiates an input-output operation, the program must have some
means to determine when the input-output operation has been completed. A standard
technique in this respect is for the program to have instructions to interrogate the Result
Descriptors periodically, to determine when and if a particular input-output operation has
been completed. However, it is much simpler if the Input-output control means indicates
when the transfer operation is finished. In accomplishing this, it is usually necessary to
interrupt whatever operation the processor has underway, and force it to examine the
Result Descriptors and to take appropriate action. This stopping or interruption of the
processor’s activities is generally designated as an “Interrupt”.

Thus, when an interrupt occurs, the processor must stop the program it is working on, it
must make a fixed notation of what point in the program execution it was interrupted and it
must then store the contents of certain registers and control flip-flops so it can have
information as to where it should return in the program after the completion of the
interrupt cycle; and then the processor must transfer its attention and operation to the
program designed to handle and service the Interrupt condition. -

Certain systems such as the system described herein, have a program for servicing
“Interrupt” conditions, which program is sometimes referred to as MCP or a master control
program. This program must keep a record of current input-output operations and associate
the particular Interrupt with the particular input-output otperation that caused it. Then it
must analyze the results of this Interrupt cycle to see i any unusual circumstances or
exceptions occurred or if an error condition was reported, so that corrective and
appropriate action may be taken. The Interrupt program must take the results of the
input-output operation and make them available to the program that initiated the
input-output operation and then further determine if other Input-output operations are
waiting to be initiated and, if so, to take action to initiate other needful input-output
operations.

In many of the prior and present system configurations, many calls or request for memory
access would come in to get memory service, but because of the limited bandpass and time
available for various peripheral units, many I/O transfers would be incomplete and cause
“access errors”.

Also many of the prior art system configurations provided only one or two communica-
tion paths or channels to a multitude number of peripheral terminal units so that I/O
transfers of a particular peripheral terminal unit had to wait their turn in sharing access and
use of a communications bus. This introduced congestion and delay into the system. It also
made difficulties in systems involving multi-programming since efforts are made to match a
job having heavy input-output requirements with another job that is “processor-bound”
and which has only limited input-output requirements,

Many of the present day data processing systems have a single communication path or a
limited number of communication paths between_the central processing unit and the
peripheral units. Generally within the communication path there is one or more
“input-output control”” means. When an input-output path is requested by a processor, the
path will only generally become available when: the peripheral unit is not initiating a
transfer operation; the peripheral unit is not busy in a transfer or other operation with the
input-output control means; the peripheral unit or its input-output control means is not
busy with other operations.

The data-transfer rate of the input-output control means is, of course, a limiting factor in
the operation of the system since the often slow transfer rate of certain peripheral units
(which are passed through the input-output control means) will unnecessarily tie up the
processor and memory activity to the low speed of the peripheral terminal unit.

Thus, many data processing systems have come to be provided with a plurality of
input-output control means which include buffers, to permit a particular peripheral or
group of peripherals to communicate with the main system. When there are a plurality of
input-output control means (through which pass the communication channels to individual
peripheral units or groups of such units) some prior art systems have used the method of
operating the data transfer operation in a sequential fashion so that the various
1Eput-output control means take turns in serving the peripherals which are associated with
them.,

A difficulty arises here in that certain peripheral units and their associated input-output
control means are busier than others, and certain of the channels involved actually need
more communications-time than they are getting. A ‘‘channel” may be looked at as a
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communication path between the main system, through the input-output control means,
over to the peripheral unit. Thus, there can occur situations where certain channels are
“short changed’’ to the extent that a great number of “access errors” will be developed.
Access errors involve the situation where the data bytes being transferred through the
input-output control means do not comprise complete message units but consist only of
non-usable fractions of message units. As a result of this, the central processing unit would
not be getting or transferring useful information and would have to become fixated on
continually requesting the same input-output operations over and over again. Thus, when
the peripheral units are placed in a situation where they are unable to send or receive an
entire message unit or record, then the likelihood of access errors occurs which leads to
uncompleted cycles in regard to a particular channel and no successful completion of
transfer of the required informational data.

It is desired that the maximum transfer of data occur through the mentioned plurality of
input-output control means, and without such access errors which lead to incomplete cycles
of data transfer (which are unusable, and the time period of which is wasted and of no use,
thus tying up valuable processor time).

Thus, in such a system configuration, problems arise in regard to how much time should
be allocated to each of the individual channels for data transfer operations and the further
problem of which channels should be given priority status over the other channels.

Now, in data processing systems where multitudes of peripheral units are involved (many
of which are at differently located installation sites) it is necessary to have groupings of
input-output control means to handle the variety of peripheral units at each given site.
Thus, the priority problems involve not only the priority to be given as to the competition
among peripheral units at one local given site, but also involve the priority problems of
priority allocation as between the different locational sites, each of which have their own
input-output control means.

The present invention consists in a digital system for the transfer of digital information
between a first main system, which includes a processor, a main memory and an
input/output translator interface unit, and a plurality of remote peripheral terminal units,

wherein each peripheral terminal unit is connected to the input/output translator interface
unit of said main system via a corresponding Line Control Processor comprising:-

(a) means for receiving and for error checking information-data and instruction-data
received from the respective peripheral terminal unit or from said main system;

(b) a buffer memory for temporarily storing said information-data and said instruction-
data, said buffer memory having at least two memory areas, each capable of storing a
complete block of message data;

(c) processor-logic means for execution of instruction data received from said main
system and for completing data transfer tasks;

(d) register and decoder means for developing status condition signals for controlling
the sequence of instruction steps to be carried out by said processor-logic means according
to a predetermined sequence, and for conveying signals to said main system representing
the steps completed in the execution of said instruction-data; and

(e) flow-logic means for providing signal information to said register and decoder
means, said flow logic means sensing each operational step in the execution of an
mstruction.

The /O Subsystem described herein and the operative components involved will be
better understood with reference to the following drawings of which:

Figure 1A is a schematic of a Central Data Processing System having two different types
of I/O Subsystems; the two I/O Subsystems are designated as (a) the Central Control
Subsystem (CC) with Input-Output Controllers (I0C) and (b) the Line Control Processor
(LCP) Input-Output Subsystem;

Figures 1B, 1C, 1D and IE are schematics which indicate various components of the
Central Control type of I/O Subsystem;

Figure 2 is a schematic drawing of a modular unit of the LCP I/O Subsystem known as the
LCP Base Module showing its relationship to a variety of peripheral devices;

Figure 3 is a schematic drawing of the central processing unit of the Main System of the
Line Control Processor 1/O Subsystem;

Figure 4A is a simplified schematic showing the basic connective relationships between
the Main System, the Line Control Processor and a peripheral unit within the Line Control
Processor 1/0 Subsystem; .

Figure 4B is a chart indicating various codes for the various instructions executable by a
Line Control Processor, LCP;

Figure 4C is a chart showing how four informational digits (ABCD) are organized such
that a Line Control Processor can inform the Main System of operational results via a
“Result Descriptor’;
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Figure 5A is a chart of digital information (Descriptors) used by the Input-Output
Translator (IOT) to generate Command Messages (C/M);

Figure 5B is a schematic showing the data field boundaries of the Descriptors in Figure
5A;

Figure 5C is a block diagram of the Input-Output Translator (IOT) in its relationship to
the Main System (Processor and Memory) and to the Line Control Processor (L(?P);

Figure 5D is a chart showing the information array in the 10T Descriptor Register;

Figure 5E shows the message level interface between the IOT and the Distribution Card
unit of the LCP Base Module;

Figure SF is a sketch of the IOT scratchpad memory;

Figure 5G is a sketch illustrating the address memory scratchpad of the 10T
(Input-Ouput Translator);

Figure 6A is a logic flow diagram of the interface between the Main System and the Line
Control Processor (LCP;

Figure 6B is a generalized block diagram of a Line Control Processor;

Figure 6C is another generalized block diagram of a Line Control Processor with detail in
regard to its data buffer memory;

Figure 6D is a detailed functional block diagram of the Line Control Processor;

Figure 6F is a diagram showing the intercooperating logic and control signals between the
Input-Output Translator (IOT) of the Main System and the Distribution Card unit for Line
Control Processors within a Base Module;

Figure 6F is a chart showing the arrangement of a message block and the composition of a
digital word;

Figure 7A is a logic flow diagram of a Line Control Processor which handles a peripheral
unit and shows the “status counts” for “Receipt of Instructions”;

Figure 7B is a flow diagram showing how the Line Control Processor handles a “Write”
operation;

Figure 7C is a flow diagram showing how a Line Control Processor handles the *“Read”
operation;

Figure 7D is a flow diagram showing how the Line Control Processor logically handles the

. Result Descriptor;

Figures 7E-1 and 7E-2 together form a logic diagram showing the overall logic flow of the
Line Control Processor.

Description of the Preferred Embodiment

The digital system described herein consists of a Processor, a Memory, a series of
Input-Output Controllers (IOC’s) forming a first /O Subsystem and a system of Line
Control Processors (LCP’s) that make up a second I/O Subsystem. The Line Control
Processors basically handle input-output operations for specific peripherals with minimal
interference to main processor operations. Further, no peripheral device is “hung up”
waiting for memory access, since the LCP for that peripheral 1s always readily available to
service its peripheral.

A substantial number of prior data processing systems utilize a hierarchical system of
Main Memory in which a large capacity, slow bulk memory must transfer information to a
small high-speed processor memory before that information can be used. The presently
described system allows the Processor and the I/O Subsystem to directly access any area of
memory, and since the memory size may go up to one-million bytes, far more information is
available to the Processor without the imposition of additional I/O activity. This system may
be provided with high-speed (250-nanosecond cycle time) bipolar memory together with an
error correction system. Bipolar memory is not only fast, but is inherently more immune to
the type of errors that cause program failures. If an error is detected, the error correction
occurs during the normal memory cycle and there is no additional time required for a
correction cycle. Various operating relationships between the processors main memory and
other units of the present system may be found in a Burroughs Corporation publication
entitled *“Burroughs B2800/B 3800/B 4800 series, MS-2 Reference Manual, Catalog
1090560, copyright 1976,

Normally, I/O memory cycles account only for a small fraction of the total number of
memory cycles available. However, during periods of high I/O activity, the probability of
any two devices requesting the same memory cycle increases. When, due to simultaneous
requests, a device fails to get access to memory within a system-allotted time period, then
valuable time is lost while the operation is retried. Furthermore, during periods of low I/O
activity, many memory cycles are unused.

The I/O activity problems are solved in the present system by distributing the I/O
processing among a group of LCP’s or Line Control Processors organised into Base
Modules of eight LCP’s each. In so doing, the Central Processor is only required to initiate
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the I/O activity and it takes no further role in the Input-Output (I/O) operation. The
Central Processor initiates the /O activity through a device called the Input-Output
Translator (I0T).

The LCP, once initiated, can buffer large amounts of data and, in most cases, an entire
message block. At some point in the operation, the LCP requests an access to memory and
when the access is granted, LCP transfers the information from its “word buffer” to the
Memory at the maximum rate of memory operation. Now, if the requested access to
memory is not granted, LCP continues to fill its word data buffer while waiting for an
opportunity to access Memory. Thus, the peripheral device is now protected against
no-activity since it transfers data to the buffer of the LCP, which transfers it to the Main
Memory without missing a memory access period.

The result of this method and system is that the peak loads imposed upon the Memory by
the demands of I/O activity are eliminated; instead, the I/O Subsystem utilizes those
memory cycles that would otherwise be missed. Since this method of I/O processing is more
efficient, the system is more capable of a higher input-output (I/O) data transfer rate and
can also support more I/O" devices.

In the instant computer system wherein there are two categories of Input-Output
Subsystems, that is, the second Subsystem of 1/O controls and the first Subsystem of an
Input-Output Translator working with a group of Line Control Processors, the control of
the system is facilitated by the use of “descriptor” information which is passed among the
various units.

A “Result Descriptor” is a report to the Main operating system that describes the manner
in which an operation was completed or the reason why the operation could not be
completed. The Result Descriptors for the Processor and for the I/O control systems are 16
bits (one word) long. The LCP Result Descriptors may be longer than one word, however,
and each bit in the Result Descriptor represents the status of some condition that is to be
reported to the Main operating System.

The LCP’s (Line Control Processors) and the I/OC’s (/O Controllers) always write
Result Descriptors upon completion of an operation; the Processor writes a Result
Descriptor only if an error condition was encountered. Result Descriptors are written into
predettlarmined locations in Memory; for the Processor, the location is address 80, for
example.

The Result Descriptors for the LCP’s and the I/OC’s are written into locations beginning

at the address specified by the equation (CH x 20) plus 200, where CH is the channel
number of the initiated device. The IOT Result Descriptor is written into address 260.
After the Result Descriptor has been written, an interrupt is generated.
LCP Result Descriptors, R/D: Upon the completion of its assigned operation, the LCP
stores a Result Descriptor, which describes to the Processor the manner in which the
operation was completed. An LCP Result Descriptor may consist of one, two, or three
16-bit words. The first Result Descriptor, R/D, is stored in Memory at the location specified
by the equation (CH x 20) plus 108, where CH is the channel number of an LCP. If more
than one word of Result Descriptor information is to be written (extended Result
Descriptor), the additional words are stored in the address memory of the IOT. As shown
in the table [ below, the first LCP Result Descriptor word is preceded by a 1-word link and
the channel (IOT) Result Descriptor. Typically, the link is used by the operating System as
an address to the next Result Descriptor to be examined. Table II shows the basic word
format for a “data” word having 4 digits, A, B, C, D, where each digit has 4 bits and each
character has 8 bits. Symbols are used to designate parts of each digit, as A8, A4, A2, Al,
etc.

TABLE I : Result Descriptor

16-bit 16-bit 16-bit
Channel (I0T) Link LCP
Result Descriptor Result Descriptor

|
(CH x 20)+ 100
(CH x 20) + 108

Channel/LCP Result Descriptor Location
in Memory

10

15

20

25

30

35

40

45

50

60



1 574 470

10

15

20

25

30

40

th
th

60

TABLE XI : Data Vord

Digits—— A B c D
A8 B8 c8 D8

AL [ BL | cu | DU
— | One Digit = &4 bits
A2 B2 c2 D2

A Bl cl D1

[R———
One Character = 8 bita = AB

S——————————
One Word = ABCD = 16 bits

The table III below indicates the format for the I/O descriptor which is normally stored in
Main Memory and then accessed in order to regulate a particular type of Input/Output
operation. As will be seen there are four syllables, wherein each syllable is composed of 6
digits. These digits are numbered D1 - D6, D7 - D12, D13 - D18, D19 - D24, to indicate the
relative positions of each digit. In syllable 1, the digits D1 and D2 always specify the type of
input/output operation to be performed and are generally called the “OP-code”. Digits D3
- D6 are referred to as “variant digits” in that they specify the various options that a specific
input-output operation can incorporate.

Syllable 2 contains the address of the most significant digit (MSD) of the Main Memory
section which is used in this particular input/output operation as a memory buffer area. This
buffer area is referred to as the beginning address. Syllable 3 contains the address of the
least significant digit plus 1 (LSD+1) of the input/output core memory buffer area which is
referred to as the “ending address”. The most significant address and the least significant
address plus 1 represent the maximum memory boundary limits of a record being
transmitted. The length of the record may or may not utilize the entire area within this
limit. But an attempt to exceed this limit causes termination of data transmission to that
area.

Syllable 4 is used only for disk file descriptors and contains the disk address.

The length of the record may or may not utilize the entire area within the beginning
address and ending address limits. As stated, an attempt to exceed this limit causes
termination of data transmission to that area. For example, punch cards may be read into
an area greater than 80 characters, that is, with a MSD and an LSD+1 at 80 characters
apart, or they may be read into an area less than 80 characters; for example, the record area
defined in a particular object program reflects 40 characters in a card reader record. Data
within columns 1 through 40 of the punch card are stored in the record area of core memory
allocated by MSD and LSD+1.

TABLE IXI 1 I/0 Descriptor Format

SYLLABLE S EA(NVN NS}

P e B e SR

:[lp,ilf!lI’[!MJJlm[’lMI)Ja!.l I]‘l ITI Tl ITJ lal“l’Im',,

'LlliLZ‘lo)lld)Ill)Illl\lll\llllll!ll{l\illilllI Vnany
valve

L0 aerc
N“W VARIANT D1CITS AS SPECIFIED M$D = AQOAEIS OF MOST SICNIFICANT DICIT
b $Y EACH 1O INSTAUCTION

SYLLANLE S

SYLLANLE D
———— T T

{0'3 Du‘[ 015 cts ot? on , D1y olo o1t on on (31}
i m 18

' nn l |

IAnnnnnnnnnnnnnnnnnn

BL2IRXM 3 1 04 31 8021 0 €218 4 T AT T4 04T pNaRY
e e T T ———— ALV

LS0«1 = ADDALES OF LEAST OIsX FILE ADOAESS

SISMIFICANT DICIT PLUS ONE

System Description: (general)

An l/O Subsystem is provided as part of a digital system environment to supply means of
communication between a central data processing system and a variety of peripheral
devices which are attached to and work within the system. The peripheral devices which
work with the overall digital system herein vary from mass storage devices, such as disks or
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disk packs, to system control devices such as the operator’s supervisory terminal, or to a
variety of other peripheral devices such as printers, card readers, card punches, magnetic
tape storage devices, and so on. :

The I/O Subsystem described herein can be divided into two major subsystem categories,
based on the method by which the various peripheral devices are controlled. The first
category uses a method which employs I/O Controllers (I0Cs) working in conjunction with
the Processor and a Central Control to handle /O activity. The second category uses an
Input-Output Translator (IOT) in the central processing unit which works with individual
units called Line Control Processors (LCP’s). The units known as Line Control Processors
are the devices which establish a communication path from the System (Main Memory and
Processor) to a specific peripheral device. Once the communication path is established, the
LCP can accept data from, or pass data to, the specific peripheral device, for later
transmission to the Main System. Since each LCP has a built-in data buffer, then data can
be transferred to and from the given peripheral device at the comparatively low speed rate
of the device; however, when the data buffer of the LCP is connected to transmit to the
Main System Memory and Processor, the data can be transferred to the Main System at the
highest rate allowed by the Memory of the Central System.

The first category of I/0 Subsystems which use IOC’s as an interface from a peripheral to
the Main Memory and Processor has a Central Control (CC) unit which links the I/O
channel and IOC with the Central Processor and Memory. These Input-Output Controllers
accegt instructions from the Processor and they return data information involving the result
of what h?pened regarding that particular instruction. This result information is placed in
a specified location in the Main Memory.

In the second category of I/O Subsystem is the system wherein the Processor and Main
Memory communicate, via an Input-Output Translator (IOT), to a group of LCP Base
Modules, each Module of which constitutes a unit supporting a group of 8 Line Control
Processors (LCP’s). Thus, an instruction from the Processor is translated by the IOT into a
specialized set of commands which is acceptable to individual LCP’s. After an LCP accepts
instructions from the IOT, it will then report back certain “result information” which is
stored in a specified location in the Main Memory.

Thus, in this second I/O Subsystem, all communications between the main system
Processor and Memory over to a specified peripheral device are controlled by an LCP
which is uniquely suited to that particular peripheral device.

When a Line Control Processor LCP; (or an Input-Output Control means having a
Central Control) is installed, it is assigned a unique number called its “channel number”’.
For I/O Controls this number corresponds to a word of scratchpad memory located in the
Processor. For Line Control Processors (LCP’s) this ‘““channel number” corresponds to a
word of scratchpad memory in the Input-Output Translator (I0T).

To accomplish an input-output operation in the system, an I/O request is initiated by an
Initiate I/O Instruction which tells the Processor where to find the appropriate 1/0
Descriptor in the Main Memory and also which channel number it is intended for. The /O
Descriptor contains the OP code and also the variants for the kind of I/O operation
selected, and the beginning (A) and ending (B) Main Memory address of the memory area
involved.

The Processor accesses this 1/0 Descriptor and then sends the OP code and its variants to
the selected IOC (first Subsystem) or to the IOT (second Subsystem). The 10C or the IOT
verifies the OP code and signifies acceptance or rejection of the request,

In the first Subsystem the Processor then loads the beginning (A) and the ending (B)
addresses into a local register and informs the IOC that the addresses are available. These
particular addresses are transferred by the IOC into the scratchpad memory location for
that designated I/O channel.

In the second Subsystem the IOT accesses the A and the B addresses directly from the
memory address lines leading to the Processor’s “local register” 10,,, Figure 3, at the time
of transfer from Main Memory and thus the IOT loads it own local scratchpad memory 10,.

The access to Main Memory is shared by the IOT, the Central Control and the Processor.
The highest Priority is shared by the IOT and the Central Control. The timing may be so
arranged that each Central Control is guaranteed and limited to every fourth memory cycle
(at, for example, 8 MHz.). The IOT is guaranteed the remaining cycles. When the Central
Control is not requesting memory, then the IOT can take all the memory cycles. The
Processor takes all memory cycles available on a lowest priority basis.

Thus, I/O communications in the system require that the Processor execute an Initiate
/O Instruction (which may be designated, for example, as OP = 94). This Initiate
Instruction specifies the channel number of the requested device and also the location of the
/O Descriptor in Main Memory. The I/O Descriptor specifies the action to be taken by the
peripheral device and specifies the boundaries in Memory of the data field. The
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Descriptors, and the manner in which they are executed, vary, depending on the method by
which the peripheral device is controlled.

If an Initiate I/O Instruction is executed for a channel containing an I/O Control (first /O
Subsystem), then the Processor sends the Descriptor OP code, variants and a C address (if
used) to the I/O Control. The A (beginning) and% (ending) addresses of the Descriptor are
stored in the Processor’s I/0 channel address memory. The I/O Control verifies that the OP
code is valid, then signals the peripheral device that a data transfer is to begin.

As was previously discussed, the embodiment of the present digital system involves a
duality of Input/Output Subsystems. The second of these involve a Central System with
Input/Output Translator (IOT), a Base Module having a plurality of Line Control
Processors (LCP) and a plurality of peripheral units; the first /O Subsystem involves, as
seen in Figure 1A, a Central Control unit 12 which interfaces with a plurality of I/O controls
13, and 13, which interface with a plurality of peripheral devices 14, and 14, etc.

The following discussion will involve the first /O Subsystem involving IOC’s with Central
Controllers, CC.

The Figure 1B shows the system of connecting the I/O channels with the Processor 10,
and the Main Memory 10,, through the Central Control 12. Logic levels are generated in
each I/O channel 100, 101 (Figure 1C) and combined by Central Control 12 before being
sent to the Processor 10, and the Main Memory 10,. Other logic levels are generated by the
Processor, and within the Memory, and distributed by Central Control 12 to each I/O
control such as 13, Figures 1A and 1B. There are also logic levels which pass through the
Central Control 12 with the Central Control performing as the connecting block between
the Processor 10, and 1/O channels. Priority logic, 10, of Figure 1C, determines which of
the 1/0 channels will be allowed access to the Main vaemory 10,,, should more than one
channel need access at the same time. :

As seen in Figure 1C, there is included, as part of Central Control 12, a plug in translator
which is capable of translating BCL (Burroughs Common Language) data to or from
EBCDIC (Extended Binary Coded Decimal Interchange Code) as it goes to or comes from
the Core Memory 10,,. The I/O Control units, 13,, 13, Figure 1A, request Central Control
12 to use the translator, 12,, Figure 1C, or to bypass it. The translation takes place as data is
transferred between the I/O Control unit, such as 13,, and the Main Memory 10,,.
Additional time is not required for I/O operation even though translation is necessary. The
translator logic translates incoming Burroughs Common Language (BCL) data into
EBCDIC (Extended Binary Code Decimal Interchange Code% data or the outgoing
EBCDIC data into Burroughs Common Language (BCL). Those EBCDIC codes which are
not assigned a BCL code, will cause to be generated a code for a BCL symbol “?”.

The Central Control 12 functions as an interface between an I/O channel and the Main
Memory 10,, during system operation, as seen in Figures 1B and 1C. It determines the
priority of memory accesses, should more than one channel need access, and it translates
data coming to the I/O channel, as 100, from Memory 10, or from the I/O channel to
Memory. The Central Control correlates various functions of the channels. The sequence of
events is initiated by the Processor 10, when an I/O channel is needed.

When the program being performed has need of a peripheral unit such as 14, or 14, of
Figure 1A, the Processor 10, executes the “Initiate I/O Instruction’. This instruction reads
an I/O Descriptor from Memory 10,, and then sends the necessary information to the I/O
channel, 100, through Central Control 12. This information contains the type of operation
(OP code) and the variant information. The remaining portion of the I/O Descriptor
including the beginning (A) and ending (B) addresses, is stored in Address Memory, 10,,,,,,
Figure 1C, of the Processor 10,. The channel is selected by the channel designate level
(CDL) as seen in Figure 1B, which line comes from the Processor 10,,.

Once all the information is available, the I/O channel, 100, is released by the start
channel bus (STCB), Figure 1B, to operate independently. When the I/O channel has been
released, it operates as another processor and shares the Main Memory 10,,, with the main
Processor 10, or other channels (Figure 1C).

If the operation being performed involves an “input type” peripheral unit 14; such as a
card reader, the data is received by the I/O channel 100 seen in Figure 1C, and the data is
stored in a buffer C, within the I/O channel 100. The I/O channel then requests access to
Main Memory 10, via Central Control 12. This request is processed by the priority logic
10, which controls other requests at the same time. Once access to Memory has been
granted to the channel, the information is transferred to Memory 10,,,. The information may
or may not be translated depending upon the 1/O Descriptor. The information is then
written into the Main Memory 10,, at the location specified by the beginning (A) and
ending (B) addresses in the Address Memory, 10,

Ifitis desired, at some point, for data or information to be transferred out to a peripheral

terminal unit, this is called an “output’ operation, Figure 1D. If an “output’ operation is
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being performed, a similar sequence of events occurs as before, except that data goes from
the Main Memory 10, to an I/O channel such as 102 of Figure 1D. Then when a peripheral
unit as, for exampe, a printer 14, needs data, the memory access request is made to the
Central Control 12 via the I/O channel, 102. When priority is granted to the channel, the
data is read from Main Memory 10,, from the address specified by the beginning and endin
addresses located in the Address Memory 10,,,,; this data is then transferred to the I/
channel buffer C, through the translator 12, (or b){gassed around the translator depending
upon the /O Descriptor). As seen in Figure 1D, the data is then transferred to the
peripheral unit, such as 14.

As seen in Figure 1E the Central Control 12 provides an interface to/from the 1’0
channels, the Processor 10,, and the Core Memory 10,. Control information from the
Processor 10, is sent to the éentral Control 12, where it is distributed to each I/O channel as
100, 101, etc. The Central Control 12 handles all of the Core Memory requests made by the
1/0 Control units in this first /O Subsystem. Data from each I/O channel, which is to be
written into Core Memory 10, is placed on the Memory Write Bus by the Central Control
12, and data which is to be read from the Core Memory 10, is placed on the Core Memory
Read Bus and distributed to each I/O channel.

When a request is made by an I/O channel unit, the Central Control 12 will obtain the
Core Memory address from the Address Memory location reserved for that specific /O
channel. This address is used to access Main Memory 10,, and the meémory cycle is then
initiated. The memory cycle could be either a “Read” or “Write” depending on the specific
I/O operation.

When the Processor 10, requests a memory access, the memory address involved is
obtained from the Address Memory 10,,,,, located in the Processor 10,,. This address is used
to access Main Memory 10,,, and the memory cycle (either a read or a write) is initiated.

Since only a single memory access can be made at a given moment, multiple memory
request must be handled individually, and this handling is accomplished automatically via
Priority Contrl 10, (Figure 1C, 1D} by Central Control 12, as previouly discussed. Each
Central Control 12 contains “priority logic” 10, which is established or changed by a field
engineering adjustment. As I/O channels are added to the Central Control 12, they are also
added to the priority network. The Processor 10,, in this case, has a lower priority than a
Central Control 12. The highest priority request is granted first, and as soon as it is
completed, the next highest request is automatically granted. This process is repeated until
all of the multiple requests are handled. The requests are alternately granted to each
Central Control unit céwhen Multiple Central Controls are used) depending on which
control was granted the last request. If a Central Control does not want the access, then it is
granted to the Processor 10,.

During the course of a data transfer operation within the first category Subsystem, the
1/0C (Input/Output Controller) may perform several functions depending on the OP code,
the variants, and the type of peripheral device. Typically, the /O Controls have the ability
to buffer only one byte or at most one word. Thus, when the data buffer of a control is
loaded, the I/O Controller or I/O Channel Unit 100,101,102 must request a memory access;
therefore, the rate at which data is transferred to or transferred from the System is
controlled primarily by the speed rate at which the peripheral device can read or write. The
second /O Subsystem using Base Modules with Line Control Processors does not have this
speed limitation.

When the I/O Controller requests a memory access, it is, in effect, asking the Processor
to perform a series of operations; these operations include: (a) the transfer of the data field
address from the processor’s I/O channel address memory to the local address register; (b)
the initiation of a memory cycle; (c) and the restoration of the data field address to the
address memory of the channel. The I/O Controller also indicates to the Processor the
amount by which the address must be incremented so as to point at the next data field
location. Upon completion of the operation, the /O Controller builds a Result Descriptor
(R/D) indicative of how the operation was effectuated, then the I/OC stores the Result
ges%riptor in a reserved memory location, after which it sets the Processor Interrupt

ip-flop.

In the second category of controlling I/O activity, use is made of an Input/Output
Translator (IOT) interface unit which is located in the central processor unit 10. The 10T
interfaces with a group of Line Control Processors (LCP) which are installed in LCP Base
Modules. Up to eight LCP’s may be housed in an LCP Base Module. The Base Module for
the LCP’s holds up to as much as eight LCP’s. The LCP is an intelligent interface unit which
establishes a buffered data-transfer path between the peripheral device involved and the
main system of Processor and Memory. This communication path is established by the LCP
upon recegt of a Command Descriptor (C/D) from the IOT which has translated an
origianl I/O Descriptor into a specialized Command Descriptor for the LCP.
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Since each LCP has a large ‘“‘data buffer” of, typically, 256 words, then data can be
transferred to and from a specific peripheral device at the comparatively low rate of the
device; however, when the data buffer is full, data can be transferred to the Main System at
the highest rate allowed by the memory speed of the Main Memory, which is at a fast rate.

The LCP Base Module, which houses up to eight LCP’s, operates in conjunction with the
IOT to establish connection to and to initiate operation of a particular LCP. The LCP Base
Module also supplies the timing siﬁnals, the maintenance logic, the power supply and
cooling which is supportive of each group of individual LCP’s.

The IOT is that portion of the central processing unit which, upon receipt of an I/O
Descriptor, works in conjunction with the LCP Base Module to establish connection to a
particular LCP in the channel specified by the Initiate I/O Instruction. The IOT translates
the I/O Descriptor to a form (Command/Descriptor) recognizable to the LCP, and, when
connection is established, passes the translated descriptor to the LCP, after which data
transmission may begin. During the time that the data is being transferred between the LCP
and the Main System, then the IOT, upon demand from the LCP, requests memory
accesses, addresses memory, then modifies and compares the data addresses. Further, the
IOT controls the routing of data between the selected LCP and the Main System, and it
performs translations (ASCIIVEBCDIC) of the data if so required. Upon completion of an
operation, the IOT accepts R/D (Result Descriptor) information from the LCP, and then
stores the Result Descriptor in a predetermined location. ’

The LCP system configuration allows up to 68 /O channels. In the I/O Control
Subsystem there may be two CC’s (Central Controls) with eight I/O Controllers each for a
total of only 16 channels.

In the LCP subsystem however there may exist up to eight LCP Base Modules per single
IOT. Each Base Module may service and carry up to eight LCP’s. Thus, one IOT may serve
as many as 64 LCP’s. A Multiplex Adapter may be used to provide the effect of “two” IOTs
connected to common LCP Base Modules. This configuration may be used to improve I/O
band pass to the Main Memory.

The entire I/O System has channel addresses which must be unique in themselves. Access
to Main Memory is shared by the IOT, the Central Control and also the Processor.

In Figure 1A there is seen an overall system diagram showing the dual categories of I/O
Subsystems. The first I/O Subsystem is made of Central Control 12 which supports I/O
Controls 13, and 13, which connect respectively to peripheral devices 14, and 14,,. This first
I/O Subsystem using Central Control is connected to the Main System 10 by means of
interconnecting bus 11.

The Main System 10 is shown comprising a Main Memory 10y, the Central Processor 10,
the Memory Control 10, and the Input-Output Translator 10,. A PCC (Peripheral Control
Cabinet) interface 10; connects via bus 5 to a Peripheral Control Cabinet 6 which houses the
Central Control and the I/O Control units of the first I/O Subsystem.

The Input-Output Translator 10, of the Main System, Figure 1A, forms a second 1/O
Subsystem through the use of cabinets shown as LCP cabinet numbers 0, 1, 2, designated as
164, 16;, 16,. Each of the LCP cabinets supports three LCP Base Modules, 0-8; for
example, base cabinet 16, carries Base Modules 20,, 20,, 20,; while LCP cabinet 16,
supports LCP Base Modules 205, 20, and 20s; likewise, LCP cabinet 16, supports LCP
Base Module 204 and 20,. Each of the individual LCP Base Modules is connected to the
é?'l; 10, by means of message level interface cables (MLI) 15, each of which is made up of

ines.

Referring to Figure 2, a typical LCP Base Module 20, is shown in greater detail. The
Base Module 20, is composed of eight Line Control Processors (LCP’s) 20, through 20,7,
in addition to a common Distribution Card 20,4, a common Maintenance Card 20, and a
common Termination Card 20,,. The Distribution Card 20,4 connects to one set of the
message level interface cables 15 which connect to the IOT 10, (also see Figure 5E).

Each individual Line Control Processor is seen connected by output lines to a particular
peripheral device, wherein, as seen in Figure 2 the LCP’s 20,,, through 20y, respectively
connect to peripheral devices 50, 51, 52, 53, 54, 55, 56, 57.

While each LCP of the Base Module may be slightly different in certain aspects in order
to accommodate the idiosyncrasies of each particular peripheral device which the LCP
handles, each LCP is of basically the same design and functional capability. With reference
to Figure 2, a typical example of each LCP is seen in the LCP 20y, which is seen having a
System Interface 21, a Device Interface 224 and having a Word Buffer 250 which is
typically capable of holding 256 words.

Referring to Figure 3 there is seen a more detailed block diagram of the Main System as it
relates to the I/O LCP Subsystems. The Main System 10 has a Main Memory 10, in which
there is a reserve portion 10, for I/O Descriptors and another reserve section 10,,, for
Result Descriptors. In addition the Main Memory 10,, has another reserve portion 10, for
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storage of channel numbers. The I/O Descriptors, Result Descriptors, and Channel
Numbers are information used by the System for control and for recognition of the status of
operations. These will be described in detail hereinafter.

The Processor 10, has a local register 10, which is useful for storing information for the
IOT. The Input-Output Translator 10, holds a channel scratchpad memory 10;.

The local register 10,, of the Processor 10, is used for storing the beginning (A) and the
ending (B) addresses of the appropriate o Descriptor. (In the case of the first /O
Subsystem using a Central Control, Figure 1A, the /O C causes these addresses to be
transferred into a temporary storage location called channel scratchpad memory or channel
address memory). In the case of the second Subsystem using the 10T, the IOT accesses the
A and B addresses directly from the memory address lines leading to the local register 10,
of the Processor. The channel scratchpad memory 10, for all 64 LCP’s is contained in the
IOT. The channel scratchpad memories will also contain the required channel numbers.

With reference to Figure 4A and the transfer of information as between the Main System
10 and a typical LCP 20,,, a brief look at these information words and their functions will
indicate the nature of the operating relationship.

Command Descriptor (Figure 4A):

The Command Descriptor (C/D) is a modified form of the /O Descriptor. The /O
Descrigtor is the information residing in Main Memory 10, Figure 1, (and specifically in
10,,; of Figure 3) which provides data and information as to the type of Input-Output
operation to be accomplished. The modification of the I/O Descriptor is accomplished by
the IOT 10, (Input-Output Translator, Figure 1) which receives the 1/0 Descriptor from the
System Memory 10,,, retains a portion of the instruction, and then transmits the applicable
portion to the LCP 20,, as a Command Descriptor.

The Command Descriptor is a 17-bit word, A, B, C, D, (Figure 4B) consisting of an OP
code digit (A), variant digits 1 (B), 2 (C), and 3 (D), and a parity bit. However, the LCP
20,, makes use of only the OP code digit and variant digit 1 for instructional purposes.
Variant digits 2 and 3 are always equal to 0. The OP code digit (A) defines the basic
operation to be performed by the LCP 20, and the variant digit 1 (B) specifies
modifications of the basic operation. No memory address information is sent to the LCP;
the System Memory address functions are accomplished by the IOT 10,. Figure 4B contains
the Command Descriptor codes for all operations that can be performed by the LCP. These
operations include: Write, Read, Write Flip Read, Test, Test Enable, Conditional Cancel,
and Echo. These operations will be later described hereinafter.

Descriptor Link (Figure 4A)

The Descriptor Link (D/L) consists of two 16-bit information words accom anied by a
longitudinal parity word (LPW). The Descriptor Link is exchanged between tge 10T 10,,
(Figure 1) and a LCP, as LCP 20, at specific times during communication between the two
units. The content of the Descriptor Link is shown in the following table. The data bits
which are not listed are reserved for future use.

TABLE 1V : Descriptor Link
(Also see Figure 5D)

Data Bit Designation
A8 Inhibit Access to system memory.
A2 ASCII Translation required.

C2 Base Module Address: 4 bit.
C1 Base Module Address: 2 bit.
D8 Base Module Address: 1 bit.

D4 LCP address: 4 bit.
D2 LCP address: 2 bit.
D1 LCP address: 1 bit.

Data (Intelligence) (Figure 4A):

These are the bidirectional communication lines for tranfer of data from the System 10
over to the LCP such as 20,, for eventual transfer to a peripheral unit such as 50; or
otherwise for transfer of data from the peripheral unit 50 over to the LCP 20, and thence
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to the System 10 for storage in Memory 10,,. In Figures 1 and 3, these channels would be
the message level interface (MLI) 15. Data transmission between the System 10 and the
LCP 20,, is in the form of words (Table II) except for certain transmission which are limited
to a single character or for transmissions ending in an odd number of characters. Each “data
word” is composed of two 7-bit ASCII characters and a single parity bit. Data bits A8 and
C8 are not used, (Table II).

It should be noted in regard to the Command Descriptor, that after receipt of a
Command Descriptor, but prior to execution of an operation, the LCP 20,, receives the
Descriptor Link from the IOT 10, and stores it in the LCP buffer 25, (Figure 2). When the
LCP 20, disconnects from the System 10, then reconnects for further communication, the
Descriptor Link is returned to the IOT 10, to identify the LCP and the operation in
progress. .

Result Descriptor (Figure 4A):

A Result Descriptor is generated by the LCP 20,, and forwarded to the System 10, after
the instruction contajned in a Command Descriptor (C/D) is executed, or when an error
occurs during receipt of a Command Descriptor or a Descriptor Link. The Result
Descriptor is sent to the System 10 by the LCP, in a 16-bit word format, with a parity bit.
Figure 4C shows the 16-bit format for a Result Descriptor, wherein digits A, B, C, D will
each have 4-bits. ) :

Longitudinal Parity Word (Figure 4A):

The Longitudinal Parity Word (LPW) is a 16-bit word representing the longitudinal
parity of each transmission between the System 10 and the LCP 20,,. An LPW is
accumulated in both the IOT 10, and the LCP 20, during a transfer of information between
the two units. An LPW register is provided in the LCP 20, wherein accumulation of the
LPW by the LCP 20,, consists of applying each word being transferred to the input of the
LPW register and performing a binary add operation without carry (exclusive OR
function). Then at the end of a data transfer, the exclusive OR function is again performed
between LPW’s of the sending and the receiving unit. If no errors have occurred, both
LPW’s will be identical, and the resultant value in the LPW register will be “all O’s”.

Input-Output Translator (IOT) (Figure 5C):

The IOT 10, translates the system /O Descriptors into the appropriate operational
messages relevant to each LCP. In return the result messages from the LCP in the form of
Result Descriptors are not translated by the 10T, but are stored directly into Memory 10,,
at 10, as transmitted by the LCPs. The IOT performs all the information transfers between
the LCP’s and the Main Memory 10,, necessary to support the input-output capability of the
second I/O LCP Subsystem.

The /O Descriptors, which are sent to the IOT from Memory 10,,,, are shown in Figure
SA. Section 1A of this figure shows the descriptors used by the IOT to generate command
messages C/M for the LCP. These can also be referred to as Command Descriptors C/D.
Section 1B indicates descriptors used by the IOT. Operations 40 through 58 are translated
into LCP OP codes and sent to the LCP’s in “message” format. The ““L” digits in the
variant field carry information used in the variant digits (B, C, and D) of the descriptor
information sent to the LCP’s. The S-digit is used by the IOT as shown by the note of
section 1A of Figure 5A.

Each operation shown in Figure SA has two OP codes; the difference is in the number of
addresses used by the LCP. The first digit of the OP code designates the number of
addresses required. For example, a value of 4 designates two-address operation (except
“test’ which has none); a value of 5 for the first digit of the OP code designates three
address operation. The second digit of the OP code is mapped into the actual OP codes sent
to the LCP’s as the “A” digit.

Figure 5B shows the data field boundaries of operations going in the forward direction
and in the backward direction. (Forward = System to LCP).

Figure SA also shows the four types of standard operational messages used for controlling
the LCP’s: these are

1. Read
2. Write
3. Test

4. Echo

The specific descriptor information is obtained in the form of variants which accompany
these OP codes. “*Read” and “*Write" require system memory access. All operations which
do not transfer data are considered *“Test”". Thus, a *“Test” is defined as an operation which
results in the IOT receiving result information only. “Echo” is a confidence test operation
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which causes the LCP to accept a buffer load of information from the System 10 and then
return it to the System 10 for check-out.

All communications between the Main System 10 and the LCP is over a standard message
level interface 15 (MLI). This communication between the IOT and the various LCP’s is
accomplished by a standard flow discipline which is common to all LCP’s.

In Figure 5C the IOT 10, receives I/O Descriptors from the Processor 10p,. The IOT then
connects via Distribution Unit 20,4 to the requested LCP channel and sends the translated
descriptor information (Command Descriptor C/D) in a message format which indicates the
LCP’s task. The IOT then becomes LCP “status driven”. This means that the IOT responds
to the various LCP states (including memory requirements) as indicated via the control
lines between the LCP and the IOT Figure 4A. The IOT manages the transfer of
information between Main Memory and the LCP’s. The LCP’s memory requirements drive
the 10T for all data transfers except that of initiation.

Either the IOT or the LCP can initiate a connection to Main Memory 10,,. The 10T
initiates a Main Memory connection to an LCP (and its associated peripheral) by peforming
an algorithm which is called a “Poll Test”. On the other hand, the LCP initiates a
connection to IOT and Main Memory by an algorithm called a “Poll Request”. Once the
LCP is connected, it indicates its status via the control lines of Figure 4A. An LCP which is
initiating a “Poll Request” must compete with the other LCP’s in the system; a connection
to Main Memory 10,, is granted on a priority basis which will be described hereinafter.
Déring an operation, the IOT 10, may disconnect from one LCP in order to service another
LCP.

The message transmissions between the IOT and the LCP involve data and control
messages which are transmitted 16-bits at a time along with a vertical odd parity bit.
Following the last message, a 16-bit longitudinal odd parity word (LPW) is transmitted
accompanied by a vertical odd parity bit. Parity is checked by both the IOT and the LCP. If
a parity error is detected by the LCP, then the LCP reports this in its result information
transmission (Result Descriptor) and halts the operation. If the IOT detects a parity error,
it is inserted in the LCP Result Descriptor.

The Input-Output Translator 10, (IOT) consists of four major functional sections, each
concerned with one particular aspect of input-output operation. These functional sections
are shown in Figure 5C. Further, the operating relationships between the IOT and the Main
Sg'stem (Processor and Main Memory) and also the LCP and the peripheral device, are also
shown. :

Referring to Figure SC, the Input-Output Translator 10, communicates with the
Processor 10 and the Main Memory 10,,. The IOT 10, also communicates with a selected
LCP as Line Control Processor 20, and the peripheral device 50. A series of control lines
in Figure 5C are shown from the Processor 10 to the Initiation Module 10,,, the Connection
Module 10, the Data Transfer Module 10, and the Reconnection Module 10.

Initiation Module:

The Initiation Module 10,, accepts the descriptor information, including the addresses,
from the Processor 10, and then translates the descriptor OP code and assembles the
information into a form usable by the LCP 20,,. The A and the B addresses of the
descriptor are stored in the IOT scratchpad memory 10, Figure 3, which has locations
reserved for each designated channel; the rest of the descriptor information is assembled in
a register (as shown in Figure 5D) for subsequent transmission to the LCP 20,,. Once the
information is assembled in this “descriptor information register”” and the addresses are
stored, then the contents of the first register are shifted to a second identical register. In this
manner, the first register can be cleared and the Initiation Module 10, is thereby freed to
accept a second descriptor.

The information contained in the descriptor register of Figure 5D consists of a number of
items:

(a) LCP OP CODE : these are four mutually exclusive bits, which are translated by the
IOT from the I/0 Descriptor OP code; they indicate to the LCP the type of operation that is
to be commenced.

(b)” LCP Variants : these are three digits which are used to pass supplementary
information to the LCP concerning the operation that is to be commencecE

(c) IOT Digit : this digit specifies if data transfers are to be inhibited and whether or not
data is to be translated.

(d) Backwards Flag : when on, this flag bit indicates that a reverse operation is to occur.

(e) LCP Address : this is decoded from the “BF” (channel number) of the processor
Initiate I/O instruction; this field contains three bits which specify one of the eight LCP
Base Modules, and the other three bits which are used in combination to select a particular
LCP in the designated Base Module.
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(f) C Address : this is a six-digit C-Address field (file address) of the I/O Descriptor.

The combination of the IOT digit, the backwards flag, and the LCP address constitute
the Descriptor Link (D/L) which is used by the LCP to re-establish connection to the
System following a previous disconnection. When the Processor signals the IOT that the
entire VO Descriptor has been sent, the IOT disconnects from the Processor, and the
Initiation Module 10,, passes control to the Connection Module 10y,.

Connection Module:

The Connection Module 10, of Figure 5C has the purpose of establishing a
communication path between a designated LCP, such as LCP 20,,, and the Input-Output
Translator 10,. The Connection Module 10y, decodes the channel number which appears in
the Processor Initiate Instruction, and, with the decoded value, selects a communication
li_attlth to the LCP Base Module such as 20, Figure 1A, in which the desired LCP is located.

e Connection Module 10, then sends the LCP address to the selected LCP Base Module,

and then signals the Base Module, such as 20,, to begin a “Poll Test”.

Poll Test:

The *“Poll Test” is an algorithm used by the LCP Base Module to establish connection
between the Base Module and a particular LCP; the Poll Test algorithm is a connection
which is initiated by the IOT (as contrasted with an algorithm called “poll request” which is
a connection initiated by the LCP). Once the connection between the LCP Base Module
and the specific LCP is established, the Base Module, such as 20, of Figures 1A and 2,
becomes transparent to data transfers between the LCP and the IOT. The “Poll Test”
algorithm also checks for priority, transmission errors, and busy conditions, any one of
which, if detected, could abort the connection attempt.

If the connection attempt is successful, the specific LCP remains connected to the IOT
10,, until the connection is terminated by the IOT. The LCP Base Module takes no further
role in the communications between the chosen LCP and the IOT.

In the course of the attempted connection, certain conditions may be detected which will
stop or abort the connection attempt, with the result that the existing condition is reported

in the IOT Result/Descriptor. The following are the types of conditions detected and

reported:
(a) The channel addressed does not contain an LCP or the LCP in the channel is off

line.

(b) The LCP in the particular channel addressed is “busy”, (that is, the LCP status is
not 2 or 3; the use of “status counts” will be described hereinafter).

(c) The port is busy, that is, some other LCP in that Base Module is presently
connected to the System 10.

(d) The LCP address has in it a parity error. When the IOT and Base Module
Distribution Control Means uses the *‘Poll Test” for connection to a particular LCP, then if
the Poll Test results in connection to that LCP, the IOT 10, will transmit the Descriptor
Link (D/L), the LCP OP code and variants, and the C address to the LCP selected. After
receiving this information, the LCP signals the IOT 10, that it is either going to disconnect,
or that it is now prepared to begin to transfer data. Typically, a “Write” operation (data
from Main Memory 10,, to the peripheral device, such as peripheral 50) causes the LCP
selected to request a “data transfer”; on the other hand a “Read” operation typically
results in a disconnection.

If a data transfer is requested, the Connection Module 10, passes control over to the
Data Transfer Module 10,.. If the LCP 20,, disconnected, then communication between the
LCP 20,, and the IOT 10, is terminated until the LCP requests a re-establishment of
communication via the Reconnection Module 104.

Data Transfer Module:

In Figure 5C the Data Transfer Module 10, is used by the IOT 10, to control and to direct
the flow of data between a connected LCP 20,, and the Main Memory 10,,. The LCP may
be in a connected state as a direct result of the actions of the Connection Module 10,4, or as
a result of the actions of the Reconnection Module 104; in either case the operation of the
Data Transfer Module 10,., is the same. When control is passed over to the Data Transfer
Module 10,., the A and B addresses of the descriptor are retrieved from IOT scratchpad
memory 10 , of Figure 3, where they had been stored by either the Initiation Module 10,
or by the Data Transfer Module 10,. of Figure 5C, at the end of a prior data transfer
operation. A memory access request is made and the A address is transferred from the IOT
10, over to the Processor memory address register 10p,r, in the Main System 10, Figure 3.

Assuming that a “Write” operation is in progress, in Figure 5C, the data from the
memory location specified by the A address 1s bussed via B, to the IOT Data Transfer

10

15

20

25

30

35

40

45

50

55

60



15

1 574 470

15

10

15

20

25

30

35

40

N
n

60

Module 10,.. Once in the module, the data is translated (if specified by the descriptor), and
used to generate longitudinal parity, and then is gated via bus B, to the selected LCP such
as LCP 20,,, accompanied by a strobe pulse. When the LCP 20, receives the data, it
acknowledges the reception by returning a strobe pulse back to the 10T 10,.

While the data transfer from Memory 10, over to the LCP 20, is occurring, the 10T 10,
increments the A address and compares it to the B address. As long as the A address is less
than the B address, the reception of the acknowledged strobe pulse from the LCP 20, will
cause another memory access to be requested and will allow the data transfer sequence to
continue. .

When the LCP buffer, such as 25,,, Figure 2, is filled with’ data from the Memory
10,,, the LCP signals the IOT 10, that it is going to disconnect; the 10T 10, then restores the
incremented A address to the IOT scratchpad memory 10, Figure 3, after which it
terminates the connection between the IOT and the LCP. The LCP, such as LCP 20,,, then
begins data transmission via B, with its peripheral device 50; the 10T 10, is now free to
establish connection to another LCP. _

Upon transferring the contents of its data buffer 250, to the peripheral device 50, the LCP

20,, requests a re-establishment of the data path to Main Memory 10,. This re-
establishment is handled by the LCP Base Module 20, and the IOT Reconnection Module
10ld' '
In order to increase the overall rate of input-output (I/O) activity; the IOT 10, may
contain, as an option, an IOT Multiplexor. This multié)lexor would enable the IOT to
service an LCP (Elring those memory cycles which would otherwise be lost while the 10T
was busy with some non-memory function.

Reconnection Module: . —
An LCP, such as 20,,, after having been connected to the IOT 19, and receiving the

Command Descriptor (C/D) and the Descriptor Link (D/L), then the LCP 20,, may

disconnect from the system in order to communicate with its associated peripheral device,
such as device 50. Now, if that LCP subsequently requires access to Memory 10,,, it sends a
request to the Base Module 20,. An algorithm called the “Poll Request” is the method by
which the LCP Base Module (in response to the request of the LCP) attempts to connect
the LCP back to the IOT 10,. The Base Module Distribution Card contains hard wired logic
to accomplish this. The purpose of the Reconnection Module 10,4 is to acknowledge the
“Poll Request” and to re-establish a data path over to the IOT 10,.

The Reconnection Module 10,4, during the reconnection attempt, and working with the
Base Module, as 20,, resolves any priority conflicts that may arise between various
requesting LCP’s. When priority is resolved, the Reconnection Module establishes the data
path from the requesting LCP over to the Main Memory 10p,.

Once the data path is re-established, the LCP returns the Descriptor Link over to the
IOT 10,. (The Descriptor Link was originally passed to the LCP 20, during the original
connection sequence). The Base Module 20, takes no further role in the LCP-IOT
communication. Following the transfer of the Descriptor Link, the Reconnection Module
10,4 passes control to the Data Transfer Module 10,..

The IOT 10, must have the ability to accept, store and to modify data field addresses in
order to transfer data to and from the correct memory locations. Because Main Memory
10,, may include up to two-million digits (addresses 0 to 1,999,999), and because the various
input-output devices may address the Memory 10, directly, then the I/O descriptor data
field addresses must be seven digits long. An /O descriptor data field address must be
either MOD 2 or MOD 4 (modulus is abbreviated to MOD); no odd addresses are
permitted. Because odd addresses are not allowed, the least significant bit of the least
significant digit is not required.

Furthermore, since the most significant digit can be only a “1” or a “0”, only one bit is
required for the digit position. With these facts, it is possible to construct a seven digit
address using 24-bits. The format for the I/O descriptor data field address is shown in the
table V below..

TABLE V

[+ F E D c B A Digit Position
Bit
Value 8

4

2

1

I/O Descriptor Data Field Address
Not-:@ indicates bit not used; must be zero
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In the address, the digit G may be a one or a zero, digits B through F may be any decimal

value (0 through 9), and digit A may be any even decimal value (0 through 8).

As was indicated in Fisgure 3, the IOT 10, has a scratchpad memory 10,,,. This is shown in
greater detail in Figure 5F. The IOT contains 256 words of scratchpad memory, each word
of which is 24-bits long. As seen in Figure SF, the scratchpad memory is divided into five
major areas. The areas marked A and B are used to store the begin (A) and the end (B)
addresses of the memory data field; both of these addresses are 24-bits long. The areas
marked EXRDW 1 and EXRDW 2 are used to store extended result descriptors wherein
each of these words are 16-bits long. The area marked “temporary storage” is used to store
flags indicative of errors detected during IOT operation. When the Result Descriptor is
assembled, the information from the temporary storage area is added to any existing Result
Descriptor information. Each of the five major areas is subdivided into 64 individual
locations, one for each channel.

The scratchpad locations are addressed by a combination of eight bits which represent the
Base Module number and the LCP number, the end address flag (ADDRESB), and the

-extended result descriptor flag (EXRDW 1). The six least significant bits of the scratchpad

address (Base Module number and LCP number) are derived from the BF portion of the
Processor’s Initiate Instruction (BFA = base number, BFB = LCP number). The EXRDW
1 signal is generated by the IOT 10, whenever access is required to either the extended
Result Descriptor word, or to the temporary storage area. ADDRESB is generated by the
IOT whenever access is required to a B address or to the second extended Result
Descriptor area.

The memory elements of the scratchpad 10, consist of 24 RAMs (256 x 1), organized in a
64 x 4 x 24 array (64 channels, 4 words per channel, 24-bits per word). As seen in Figure 5G,
the eight-bit address bus, B,4, goes to all RAMs, 60y, 60, ...60,4, in the array, as does the
Write Enable line 68. Each RAM has one data input line and one data output line; these
individual data lines are combined to make up the data input (RAMIN) 70; and the data
output (RAMOUT) 70, busses respectively.

When the scratchpad address is applied to the array, and the “Write Enable” is made
active, the data on the IOT address bus is written into the RAMs. In order to read from the
scratchpad, the desired location must be specified with the scratchpad address and the
“read enable” must be made active. The requested data is then transferred from the
scratchpad to the IOT address bus.

Address Store:

During the execution of an Initiate I/O Instruction, the Processor 10, assembles the
beginning (A) and the ending (B) addresses of the data field. The Processor then transfers
the complete A address from the Processor register 10, to the IOT address bus. At the
proper point of the 10T initiation sequence, the IOT generates the appropriate signals,
then gates the Base Module and the LCP address bits to the scratchpad 10,. Now, with the
channel’s scratchpad location addressed and with the ‘“Write Enable” active, the A address
can be written into the scratchpad. Subsequently the Processor 10, places the end (B)
address on to the IOT address bus and again the IOT generates the proper control signals
along with the Base Module and LCP address. This time, however, the IOT also generates
ADDRESB, thus causing the address on the bus to be written into the B address area of the
scratchpad (Figure 5F). The beginning and ending addresses of the data field have now
been stored in the channel’s address memory scratchpad 10,;. When the data transfer
operation begins, these scratchpad locations will be accessed by the Data Transfer Module
10,. (Figure 5C).

Message Level Interface:

As was previously described in reference to Figure 2, the LCP Base Module 20, is typical
of the other Base Modules in that each individual Base Module contains a Distribution
Card 20,4 which services up to eight LCP’s. In addition, each LCP Base Module has a
Maintenance Card such as 20,,, and a Termination Card 20,,.

The Distribution Card for each LCP Base Module provides an interface between the LCP
Base Module and the Input-Output Translator 10, of the Main System 10. As seen in Figure
2, the message level interface 15 provides a channel to the IOT 10, from each LCP Base
Module by means of 25 lines. These lines are shown in Figure SE. The functions of each of
these individually identified lines are listed in table VI herein below:
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‘Signal Name

ADDSEL

AG+SIO

TRM+MC

LCPST

ER+ST8

1P+ST4

PB+ST2

CS+ST1

PARITY

TABLE VI : (Refer to Figure 5E also)
Description

Address Select. This signal, when active,
indicates that the IOT is connected to, or

is attempting to connect to, a specific LCP.
Once the connection is made, the LCP remains
connected until the IOT drops ADDSEL.
Access Granted or Strobe I/0. If an LCP

is not connected, this signal indicates that

the LCPs request for reconnection has been
granted, and initiates the “Poll Request”
algorithm. If the LCP is connected, this

signal is the IOT’s acknowledgement for
information received, or strobe for information
transmitted.

- Terminate or Master Clear. If no LCP’s are

connected, this signal will cause all on-line
LCP’s to clear. If an LCP is connected, this
signal will terminate the connected LCP.
LCP Strobe. If an LCP is connected, this
signal is the LCP’s acknowledgement for
information received, or the strobe for
information transmitted. This signal is

also used by the Distribution Card as an
acknowledgement during Poll Test and Poll
Request.

Emergency Request or LCP Status 8.

When activated by an unconnected LCP, this
signal indicates that the LCP requires
immediate access to the IOT. If activated
by a connected LCP, this signal indicates
that bit 8 of the LCP status is set.
Interrupt Request, Poll Test Parity Error,
or LCP Status 4. When activated by an
unconnected LCP, this signal indicates that
the LCP requires access to memory, i.e., the
LCP is requesting a reconnection. If
activated during a system-initiated connection
sequence (Poll Test), this signal indicates
that a parity error was detected during the
Poll Test. If activated by a connected LCP,
IP+S8T4 indicates that bit 4 of the LCP
status is set.

Port Busy or LCP Status 2. When detected
during a Poll Test, this signal indicates

that the LCP Base is “busy”. If activated
by a connected LCP, PB+ST2 indicates that
bit 2 of the LCP status is set.

Channel Select or LCP Status 1. When
activated by the IOT and transmitted to an
LCP Base, this signal indicates *channel
select”, and that a connection or
reconnection attempt has been initiated. If
activated by a connected LCP, CS+ST1 indicates
that bit 1 of the LCP status is set.

Parity. This bidirectional line carries

the proper (odd) parity for the information
on the 16 data lines.
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TABLE VI (cont...

DATAxn Data Lines (x=A, B, C, or D; n=1, 2, 4, or
~ 8). In the unconnected state, these 16
bidirectional lines are used for addressing
and priority resolution in connection or
reconnection attempts. In the connected
state, these lines are used for the
transfer of data between the IOT and the LCP.

The message level interface 15 (MLI) which consists of 25 signal lines connecting the
Distribution éard as 20,4, of a particular LCP Base Module as 20,,, to the IOT 10, provides
assurance that the signal discipline presented to the IOT is a standard one regardless of the
variations of logic and oFeratlon found in the different types of LCP’s. It will be noted that
some of the MLI signal lines 15 shown in Figure 5E are bidirectional, and are assigned
multiple functions, depending on the source of the signal and the state (connected or
disconnected) of the LCP.

The Distribution Card 20, for a given LCP Base Module is used to provide a part of the
Message Level Interface between the IOT and the individual LCP’s within the Base
Module. The Distribution Card also works in conjunction with the IOT Connection Module
10,, to establish a data path to a specified LCP (Poll Test), and, upon request by an LCP,
works with the IOT Reconnection Module 10,4 to establish a path from that particular LCP
to the IOT (Poll Request).

LCP Status Counts:

During the time a particular LCP is connected, it follows a standard communication
procedure with the IOT. Although the sequence of events followed in the communication
procedure may not be identical for all LCP’s, the events occurring in any one point in the
sequence will be identical. The steps in the sequence, which are numbered 0 through 15, are
called “Status Counts” and are transmitted to the IOT. The IOT examines the ‘“‘Status
Counts” each time it receives a strobe pulse from the LCP and, based upon that status
count, takes appropriate action. More detail in the sequence and use of status counts will be
provided hereinafter. Figure 6A is a diagram showing the various status counts and the logic
flow which they involve. Detailed explanation of this logic and the status counts involved
will be provided hereinafter.

LCP Base Module Backplane:

A local common backplane is provided in each of the LCP Base Modules 20y, 20, 205,
etc. Each backplane connects to all the eight LCP’s in the Base Module. The backplane is
constructed so that all signal lines are bussed the length of the backplane, thus making each
line available to all LCPs in that Base Module. From the individual position of a single
LCP, these backplane lines fall into two general types: (a) those going to the Distribution
Card and on to the IOT; and (b) those going to the Maintenance and Termination Cards.
With the exception of the various clock and voltage lines, those lines going to the
Maintenance Card, (such as for example, 20,,, of Figure 2) are used for local or off-line
maintenance functions.

Of those lines which go to the Distribution Card, and on to the IOT, some, such as the
data and the parity lines, must be gated to individual LCPs. This gating is enabled only
when the LCP is in the “‘connected’ state; when the LCP disconnects, the gating is
disabled. The LCP is in a “connected” state when the LCP can transfer data between the
IOT and itself. The “disconnected” state of an LCP is where the LCP is disconnected from
the IOT, but is now able to transfer data between itself and its peripheral unit.

In addition to the gated lines, there are some lines which are dedicated to each individual
LCP, for example, the line which goes from the Distribution Card to only one LCP. Those
lines, which require no gating, are used for signals such as the LCP request for reconnection
or the LCP address lines.

During the time an LCP is connected to the IOT, that LCP has the exclusive access to the
Base Module Backplane. It is during this *“‘connected’ time that the IOT-LCP data transfer
occurs. Upon cessation of the data transfers, the LCP disconnects from both the IOT and
the Base Module Backplane, thus freeing them for use by other LCP’s in the system. Once
disconnected, the LCP is free to communicate, via the frontplane, with its associated
peripheral device. such as device 50. When a disconnected LCP requires that the
connection to the 10T be re-established, that LCP sends a request signal, via one of its
dedicated backplane lines, to the Distribution Card, such as 20,4. Reception of the LCP
request causes the Distribution Card to begin the *“Poll Request™ algorithm and to initiate
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the IOT Reconnection Module, 104, Figure 5C.

Line Control Processor: ) )

An LCP, Line Control Processor, is a device which is. used_as an interface unit
between a spcific peripheral device and the Main System. The LCPs are made in a variety of
types, each designed to operate with a specific type of peripheral device. Since peripheral
devices are different in their operational characteristics, the LCP is devised to handle,
control and be particularly adaptable to its own specific peripheral device. However, there
are certain general characteristics of the LCP interface unit which establish a common
characteristic for all LCPs. Basically, the common characteristics of each LCP involve: the
ability to transform serial data to parallel data or to transform parallel data to serial data; to
transform format from character-to-word format, or to transform from word-to-character
format; to recognize and take appropriate action in response to certain standard control
characters or signals. .

A generalized block diagram of a Line Control Processor is shown in Figure 6B, which
also indicates the relationship to Distribution Card Unit 20,4 and IOT 10,. If the LCP is
assumed to be in the “connected” state, and that a “write” operation has been initiated,
then data from the IOT 10, enters the LCP through the backplane receivers 23,. Then the
Multiplexor 24,; is used to select the “data source” for the operation, which in this case is
the I0T 10,.

The output of Multiplexor 24, is bussed to both the LPW (longitudinal arity word)
circuitry 24,, and also to the Mulitiplexor 24,,, which gates the data from Mu tiplexor 24,
into the data buffer 25,,. The LCP continues to receive data from the IOT 10, until the data
buffer 25,, is filled.

In the period that the LCP is receiving data, the LPW circuitry 24,, is generating the LPW
sum; then at the end of the transmission, the IOT 10, sends a longitudinal parity word
(LPW) which, if there were no errors in the transmission, clears the LPW circuitry 24,,. If
the circuitry 24,, does not clear, then an error is indicated.

When the data buffer 25, is filled, the LCP disconnects from the Main System (IOT) by
disabling its backplane transmitter drivers 23, and backplane receivers 23,; the LCP then
establishes a data path to the peripheral device, such as 50, by enabling its frontplane
transmitter drivers 28, and frontplane receivers 28,. Once this path is established, the LCP
uses Multiplexor 27, to select data (translated or untranslated) from the data buffer 25, to
be transmitted to the peripheral device 50. The transmission continues until the data buffer
25,, is empty, at which time the LCP requests a “reconnection” (to the I10T), either to
store a Result Descriptor or to request more data.

If a “read” operation is in progress and the LCP is disconnected from the Main System
(IOT), data from the peripheral device 50 enters the LCP via the frontplane receiver 28,.
The output of the receiver 28, is bussed to Multiplexor 24, which now selects the
peripheral device 50 (through frontplane receiver 28,) as the *data source™. The output of
Multiplexor 24, bypasses the LPW circuitry 24,, and goes on to Multiplexor 24,,, which
selects Multiplexor 24, as the input to the data buffer 254,. When the data buffer 25, is
filled, the frontplane receivers 28, and the frontplane drivers 28, are disabled, then the LCP
rec%nngcts to the IOT 10, and the backplane receivers 23, and backplane drivers 23, are
enabled.

The LCP now begins transmission (to the Main System 10) of the data from the data
buffer 25,,, through the Multiplexor 27, and driver 23,, over to the IOT 10,. During this
transmission, the output of Multiplexor 27, also goes through the Multiplexor 24, over to
the LPW circuit 24,,. When the data buffer 25,, becomes emptied, the LCP sends a signal to
the IOT 10, indicating that the longitudinal parity word, LPW, is coming, after which it then
gates the final LPW sum through Multiplexor 27, and driver 23, over to the 10T 10,.

After the transmission of the longitudinal parity word (LPW), the LCP may either
diconnect from the Main System (IOT) in order to receive additional data from the
peripheral device 50, or, if there is no further data, the LCP may store a Result Descriptor
and go on to an ‘“idle” state.

In the above described operations, the informational data could have been transferred
between the LCP and the peripheral device in the form of bits, characters, or words,
depending on the type of peripheral device involved. The method of data transmission is
typically controlled by the type of peripheral device used.

Typically, the informational data is transferred between the LCP and the 10T 10, as
“words”, with some instances of character transfers, as for example, the first or the last
character of a transmission. These data transfers between the IOT 10, and the LCP of
Figure 6B are controlled by the exchange of strobe pulses, and the recognition by the IOT
10, of the LCP *“status counts”, to be described hereinafter.

As previously introduced in connection with Figure 6A, the status count of an LCP
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provides standardized information which is transmitted to the IOT 10, and which permits
the IOT to take the next appropriate action based on the status count information,
During the time an LCP is “connected” to the Main System, it follows a standard
communication procedure with the IOT 10,. Even though the sequence of events followed
5  in the communication procedures may not be identical for all LCPs, the particular events 5
which occur at any one point in the sequence of communication procedure are all similar.
The steps in the communication sequence, numbered 0 through 15, are called “status
counts” and designated “STC”. These status counts are transmitted to the IOT 10, which
examines the status count (STC) each time it receives a strobe pulse from the LCP, and,
10 based upon that status count, the IOT can take appropriate action.. 10
Referring to Figure 6A and the following table, it will be seen that each status count has a
particular function and further, depending on the type of LCP and Descriptor involved, the
status count will have different exits. The following table VII briefly describes the various
LCP status counts:
15 15
TABLE VI
Status Count Description
20 STC=0 Master Clear 20
STC=1 Disconnect. The LCP is communicating
with it’s peripheral device.
STC=2 Not Ready. The LCP is idle. The
eripheral device is not ready. The
25 CP can receive descriptor information 25
from the System.
STC=3 Ready. The LCP is idle. The peripheral
device is ready. The LCP can receive
descriptor information from the System.
30 STC=4 Read. The LCP transmits data from its 30
buffer to the System.
STC=5 Send Descriptor Link. The LCP sends the
Descriptor Link to the IOT in order to
re-establish connection.
35 STC=6 Receive Descriptor Link. The LCP receives 35
the Descriptor Link from the IOT during
the IOT “connection” sequence.
STC=7 Result Descriptor. The LCP transmits its
Result Descriptor to the IOT.
40 STC=8 Write. The LCP receives data from the 40
System.
STC=9 Encoded Status. One character transmitted;
LCP sets DI bit (Figure 4C Result Descriptor)
as a flag to the IOT. The IOT decrements
45 the address by 2. 45
STC=10 Write One More Word. The LCP data buffer
can hold only one more word.
STC=11 I/O Descriptor LPW. The LCP receives
and checks the LPW for the I/O Descriptor
50 received in STC=2 or STC=3. The I/O Descriptor, 50
after being translated by the IOT, then becomes known as
the Command Descriptor.
STC=12 Break. There is no more data to be
. transferred. The LPW is transmitted
R and checked. 55
STC=13 Break Enable. Data transfer has been
halted; the LCP is requesting a return
to STC=8 (Write) or to STC=4 (Read).
STC=14 Character Transfer. The last transmission
60 consisted of a character instead of a 60
word.
STC=15 Result Descritor LPW. The LCP sends
t}g LPW for the Result Descriptor to the
10T.
63 Referring to Figure SC, the Processor 10, starts the chain of input-output operations by 65



21

1 574 470

21

10

15

20

25

30

40

50

v
W

60

(o))
W

the execution of an Initiate I/O Instruction. In this situation, the Processor passes certain
information, including the channel number of the desired LCP over to the 10T Initiation
Module 10, of Figure 5C. The channel number is decoded to determine the Base Module
number and the address of the LCP, which are then passed over to the Connection Module
10,,. The Connection Module then selects the proper LCP Base Module and sends a signal
(channel select) to the appropriate Distribution Card, as 20,4, for that Base Module, as 20,,
requesting that a connection attempt be made. The above described operation is called a
«“Poll Test” and is a means for the Main System to seek connection to an LCP; it is, further,
a method by which the Distribution Card 20,4, in response to the connection request, also
attempts to connect to a specific LCP.

Following the transmission of a “Channel Select”, the IOT 10, sends the address of the
desired LCP to the Distribution Card in the selected Base Module. At the same time, the
IOT sends “Address Select” to all Base Modules in the system. The Distribution Card that

receives both the Address Select and Channel Select begins a “Poll Test” and responds to-

the 10T with an “LCP Strobe”; the Distribution Cards that received the Address Select
only, consider it as a “‘busy” signal, and they are inhibited from communication with the
10T, When the IOT 10, receives the LCP Strobe, it drops the Channel Select.

‘When the Distribution Card receives an “Address Select” and “Chanpel Select”, a signal
is generated which enables the LCP address to be placed into an LCP address register in the
Distribution Card. The BCD (Binary Coded Decimal) output of the LCP address register is
decoded to enable one of eight lines. Each line represents one LCP in the Base Module.
When an LCP detects that its address line is active, then that LCP responds to the
Distribution Card with the signal LCPON meaning “LCP connected”. When this connected
signal is received in the Distribution Card, a connect flip-ﬂog) (CONF) is set. Then
depending on the state of the /O send line (IOSNDY Figure 6C) from the connected LCP,
this will cause an activation of control lines for either receiving data or sending data as
between the LCP and the 10T (Figure 6C).

If a Distribution Card detects the absence of Channel Select, it responds to the IOT with
the LCP’s status, accompanied by a strobe. The LCP is now connected to the IOT and
remains connected until the IOT drops Address Select; the Distribution Card takes no
further part in the 10T-LCP communications.

The above events show the steps leading to a successful “connection” attempt; however,
the connection attempt could have failed due to one of the following causes:

(a) there was no LCP at the location addressed or the LCP at the address location was
off-line;

b) the LCP was busy, that is the LCP status count was not 0 or 2 or 3;

¢) the port was busy, that is, a second Distribution Card in the Base Module was busy;

d) a parity error was detected in the address.

The detection of any of these errors would cause the connection attempt to be aborted
and a Result Descriptor indicative of the type of failure to be written and sent to the Main
System in 10, of Memory 10, (Figure ).

In subsequent discussions, reference may occasionally be made to specific flip-flops and
signal levels which are not specifically shown within the block diagrams. Since the design
and use of such elements are well known, it is considered to be redundant and overcomplex
to show all such elements.

Poll Request:

An LCP, after having been connected to the 10T 10, and receiving the Command
Descriptor and the Descriptor Link, may “disconnect”’ from the Main System 10 in order to
communicate with its associated peripheral device, such as 50. If that LCP subsequently
requires access to Memory 10, it sends a request (LCPRQ) over to the Distribution Card.
The ““Poll Request” is the method by which the Distribution Card, in response to the LCP’s
request, attempts to reconnect the LCP to the IOT. A number of events occur during a
“Poll Request” operation.

If several LCPs within the Base Module 20, simultaneously request access, the
Distribution Card 20,4 determines which one of them is to gain access by checking their
priority levels; thus, the requesting LCP which has the highest priority level (this priority
selected at installation time) is given access to the Distribution Card. This priority level is
called “*Base Priority” as it involves which LCP has what level of priority as among the eight
LCPs residing in that particular Base Module.

Once the “Base Priority” is resolved, the Distribution Card assigns a *‘Global Priority”
(which has also been assigned and selected at installation time) to the requesting LCP. The
“Global Priority” establishes the priority rank between different Base Modules in the
overall system rather than just the priority rank of LCPs in one single Base Module. The
Distribution Card 20,, contains a series of pins or socket-type connections which are
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connected to each individual LCP. These pin-socket connections can be jumpered (by a
field engineer) to a priority encoder which assigns an internal base priority number from
zero (low) to seven (ﬁighest) to each LCP. Thus, if several LCP’s in the same Base Module
request connection concurrently, then the Distribution Card control means will put through
the LCP with the highest priority.

Another set of pin-sockets on the Distribution Card are connected to each LCP. These
are “‘jumpered” or “strapped” by a field engineer so that each LCP is given a “global” or
external priority number to permit the Input/Output Translator interface of the Main
System to select amongst LCP’s which reside in different Base Modules of the system.
Thus, when the “global” Priority number is received by the IOT, and there are concurrent
requests from other LCP’s in other Base Modules, the IOT will select the LCP with the
highest global priority number, but this occurs only after internal base priority has been
resolved by the Distribution Card.

Those Distribution Cards receiving requests from their associated LCPs, each send an
“Interrupt Signal” (IP+ST4) over to thquOT 10,. (See message level interface Figure SE
and Table VI). When the IOT 10, detects the signal IP+ST4, it begins the “reconnection”
sequence and sends a signal (Access Granted) to all the Base Modules in the system. The
“Access Granted” signal causes those Distribution Cards that sent the IP+ST4 to the IOT
10, to begin their individual “Poll Request” algorithms.

In response to the “Access Granted” signal, the requesting Distribution Cards send their
individual Global Priorities over to the IOT 10,. The IOT compares the Global Priorities of
the requesting Distribution Cards (that is, sends the Channel Select signal over to the
requesting Distribution Card which has the highest Global Priority one clock-time later)
and the IOT sends an Address Select signal to all Distribution Cards in the system. The
Distribution Card that receives both the ‘“Channel Select” and the ‘“Address Select”
responds to the IOT with the LCP Strobe, then sets its LCP Address flip-flop, thus driving
the specific address line of the requesting LCP. When the LCP detects that its own address
line is active, it then responds to the Distribution Card with the LCP connected signal
(LCPCON).

Upon receipt of the LCP Strobe, the IOT 10, drops “Access Granted” signal and the
“Channel Select” signal; and when the Distribution Card detects the absence of the
“Access Granted” and the “Channel Select” and detects the presence of LCPCON, it then
assumes a connection to be completed and responds to the IOT with an LCP Strobe,
accompanied by the LCP Status Count and the Descriptor Link.

The Poll Request is now complete; the Distribution Card takes no further part in the
LCP-IOT communication. The LCP and the IOT continue with the reconnection sequence
until the LCP is connected, after which control is passed to the IOT Data Transfer Module
10,., Figure 5C. The LCP remains connected until the time when the IOT drops its
“Address Select” signal.

Error Checks:

Each transmission between the IOT and a particular LCP is checked for errors. The error
checking methods used are

(a) vertical parity checking on each word transmitted, and

(b) longitudinal parity checking on each block transmitted.

(a) Vertical Parity:

In “‘Read” operations, the LCP sends information to the IOT 19, on 16 Message Level
Interface (MLI) data lines, (SFigure SE) accompanied_by the parity bit on the
MLI parity line, Figure SE. The data and parity lines go to a parity generator-checker on an
IOT base driver card. In “Read” operations, the parity generator checker is used to count
the number of 1-bits on the MLI data and parity lines. If the total number of 1-bits
(including the parity bit) is odd, then parity is correct and a signal term (PAROK, Figure
6D) from parity-generator 48 is generated. If the total number of one bits is even, then the
PAROK signal is not generated; the absence of PAROK at the time that data is received,
causes the IOT to set a vertical parity error flip-flop (VPERRF).

Similarly, in *“Write” operations the 16 data lines from the Main System 10 are bussed to
a parity generator-checker on the IOT base driver card. The data on the 16 lines is
examined and if an even number of 1-bits is detected, the term PARGEN is generated. This
PARGEN signal is then used to force a “1” bit onto the message level interface parity line
to accompany the data to the LCP. On the LCP Base Distribution Card, the state of the
parity bit controls the parity generator-checker circuit. The parity generator-checker circuit
examines the states of the 16 data lines and generates PAROK if the total number of 1-bits,
including parity, is odd.
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(b) Longitudinal Parity Checking:

Longitudinal parity checking is an error detection method in which a check word
generated by a sending unit is compared to a check word generated in the same manner by a
receiving unit. These check words are generated by treating each word in the transmission
as a 16-bit number, then performing an exclusive OR operation (binary addition without
carry) of each word in the transmission. At the end of the transmission, the sending or
transmitting device sends the check word it has assembled over to the receiving device. If
there have been no errors in the transmission, the addition of the check word from the
transmitting device to the check word in the receiving device results in a sum of ““0”. Thus,
if the sum is not “0”, a longitudinal parity error flip-flop is flagged (LPERRF).

As was discussed in connection with Figure 6B, the LCP was provided with LPW circuitry
24,,. Likewise, there is longitudinal parity checking circuitry in the IOT 10,. This circuitry
connects in a parallel path to the data bus shown as the lower 16 lines of Figure SE.

The Line Control Processor (LCP), such as element 20,,, may be better understood with
reference to Figure 6C which represents a basic block diagram of the major elements
involved in addition to some specific details with regard to the RAM buffer such as 25, of
the LCP, 20,,.

The LCP buffer 25,, is a random access memory (RAM) which is functionally 256 bits
(0-255) wide and 18-bits deep. It can thus hold 256 words of 18-bits each. In one typical
embodiment, the buffer 25,, may have a section designated buffer A, 25,, having provision
for 90 longitudinal words of 18 bits each; another section designated 25,;; a Command
Descriptor C/D section designated 25,; a buffer area B, 25, which may typically be 90 words
long, &e., from address 128 over to address 218); another buffer area designated 25,,; a
Result Descriptor R/D area 25,; another area designated 25,5; and a Descriptor Link D/L
area designated 254.

The RAM buffer 25, is addressed by a memory address register 36 having a system
address register section 36, and a device address register section 364, which communicate to
the buffer 25, via an eight-bit address bus, Bg. The RAM buffer 25,, is functionally
composed in the vertical direction (Figure 6C) of 16-bits plus a parity bit, plus an eighteenth
bit called an “end flag bit”, the end flag bits residing in a storage section designated as 25..

A “data bus” 47 provides a data input and output channel for the buffer 25,, to
communicate to the Main System 10 through the system interface logic 21; and for the
buffer 25,, to communicate to its peripheral unit via a device interface 22,. The system
interface logic 21, the device interface logic 22, and the common logic 22 schematically
represents blocks which refer to more specific elements which are described in connection
with Figure 6D.

Referring to Figure 6F, there is shown a “message block”™ of the type used in the LCP
buffer 25, of Figure 6C.

As mentioned with the discussion of Figure 6C in regard to the RAM buffer 25,,, this is
typically a message block of “n” words, which block provides 90 words (or n = 90) for data
storage; and also there may be provided three words for Result Descriptors R/D; there may
be provided three word locations for Command Descriptors C/D; and there may be one
word location for Command Messages C/M.

Figure 6F also shows the basic word format, in that a word is composed of four digits
which are: A, B, C, and D plus a parity bit marked VPB (vertical parity bit), which
normally makes a total of 17-bits per word.

As seen in the drawing of Figure 6F, the four digits A, B, C and D are each made up of
four bits designated as the *‘8” bit, the “4” bit, the “2” bit, and the “1” bit.

In Figure 6C, the buffer 25, is also provided with an 18th bit or “‘end flag” bit which is
placed in the location designated 25, of Figure 6C.

The central or Main System 10 communicates with the peripheral terminal unit via the
LCP. The LCP provides the means for transferring controrinformation and data from the
Main System 10 to the peripheral terminal units, such as 50, and vice-versa. The LCP looks
at the Command Descriptor C/D received from the Main System 10 and sets itself up to
perform the operation required if it is sensitive to that particular command. It also transfers
the same Command Descriptor C/D unmodified to the peripheral terminal unit. The
peripheral terminal unit acts upon the Command Descriptor C/D and returns Result
Descriptors R/D to the Main System 10 via the LCP. The message block and the word
formats have been shown in Figure 6F. Typical Command Descriptors C/D and Result
Descriptors R/D will be shown subsequently hereinafter.

The LCP accepts the Command Descriptor C/D transmitted by the Main System 10. The
C/D contains a digit of the OP code, 3 digits of variants, and 6 digits of C address. The
Command Descriptor C/D is received by the LCP via 4 digits per transmission for a total of
3 words (4 digits per word). The two least significant digits contain all zeros. With each
word there is a vertical parity bit (VPB) and the entire C/D is followed by a longitudinal
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parity word (LPW). Should a parity error be detected on transmission of the C/D, the LCP
will branch to a Result Descriptor R/D mode and report a descriptor error to the Main
System 10.

yThe random access memory buffer 25,, (RAM of the LCP) buffers the entire Command
Descriptor, the vertical parity bit and the longitudinal parity word within the LCP, Line
Control Processor.

The LCP examines the first word of the Command Descriptor C/D and determines

whether it is an ECHO OP, HOST LOAD OP, or READ NO timeout OP. If it is one of
these, it sets the appropriate flag.

Descriptor Link (D/L):

Following the receipt of the Command Descriptor C/D, the Line Control Processor LCP
proceeds to accept the Descriptor Link D/L. This is a two word transmission followed by a
longitudinal parity word LPW. Should there be an error, the LCP branches to the Result
Descriptor R/D mode, and reports a descriptor error to the System 10.

The random access memory RAM of the buffer (such as 25,,) acts as the buffer for the
int‘i’{/e Descriptor Link D/L, the vertical parity bit (VPB) and the longitudinal parity word

PW.
Disconnect Mode: ' ’
Following the receipt of the Descriptor Link D/L, the LCP goes to the “disconnect

mode”.

Reconnect Mode:

If itis an ECHO OP, the Line Control Processor LCP proceeds to “reconnect mode” and
starts operating on the ECHO OP which involves the receiving of two buffers of data (each
180 bytes, or 90 words of 16-bits) and the transmitting of the same data back to the System
Memory 10,,.

If it is other than an ECHO OP, the LCP examines the readiness of the peripheral
terminal unit. Should the peripheral device be in the “not-ready” state, the LCP branches
to the Result Descriptor R/D mode and reports this to the System 10.

If the peripheral device is ‘“ready” the LCP starts communicating the Command
Descriptor C/D to the peripheral device, while at the same time branches to the ““idle” state
to make itself available for a possible ‘“Conditional Cancel OP”. The Line Control
Processor LCP stops in this “idle” state until one of two things happen:

1. The peripheral device sets up the Line Control Processor LCP to a ‘“‘data transfer”
state.

c 2. lThe System 10 communicates a ‘‘Conditional Cancel OP” or an Unconditional
ancel.

If it is number 2 above, the Line Control Processor LCP accepts one word from the
System 10 followed by the longitudinal parity word LPW, and the LCP determines if it is a
valid Conditional Cancel OP. In any case the LCP communicates this to the peripheral
device. If the situation involves number 1 above, the LCP branches back to the
“disconnect” state, where data transfer between the LCP and its peripheral can occur.

After transmission of the Command Descriptor C/D to the peripheral, the LCP is driven
by the peripheral device ‘‘state’’, which defines the operation mode and the memory
requirements. Data is transferred in “‘message blocks” together with a longitudinal parity
word (LPW) of 16-bits following each block and with a parity bit in every word (except in a
disk pack controller situation, the message block would consist of a segment). If the Line
Control Processor LCP detects an error on data received from the peripheral device or from
the Main System 10, it reports this information to the peripheral device and then branches
to the Result Descriptor R/D mode and reports it to the Main System 10.

In the “Read” mode, the data transfer between the Line Control Processor LCP and the
peripheral device is dependent on the requirements of the peripheral device. On the other
hand, data transfer between the LCP and Main Memory 10,, is dependent upon the
memory access rate of the Main System 10. Since the peripheral device may operate in a
“stream” mode, the LCP must compete with other LCP’s for access to memory, the LCP
glte'rnates between it’s two buffer areas to accommodate the transfer rate of the peripheral

evice.

Table VIII below indicates certain types of Command Descriptors C/D which are used
and acted on by the LCP. All other C/D’s are transparent to the LCP and pass through to
the peripheral device:
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TABLE VIII

Command Descriptors .
The LCP is transparent to all Command Descriptors except for the following as determined

by testing the first word of the C/D:

ECHO OP bit Al is true)
HOST LOAD A4 and B8 are true
READ NO T/O (timeout) A8 and B8 are true
CONDITIONAL CANCEL OP A2 and B8 are true).
UNCONDITIONAL CANCEL

Sab bl ad o

OP code digits of the C/D are defined as follows:

Read (A8) - Any operation where data is transmitted
from the LCP buffer to the Main System..
(1000)

Write (A4) - Any operation where data is transferred
from )Main System Memory to LCP buffer.
0100

Test (A2) - Any operation where no data transfer
takes place between LCP and System
Memory but results in a R/D storage
in System Memory. (0010)

Echo (Al) Operation that results in receiving a
message block from System memory and then
transmitting the same block back to System

Memory. (0001).

Normally Result Descriptors R/D are generated by the peripheral unit and accepted by
the LCP in one, two or three words. When the LCP generates a R/D, only one wor is sent
to the Main System 10. Table IX shows the conditions for the LCP to generate a Result
Descriptor:

TABLE IX
Result Descriptors
Bits Condition

A8 Not Ready

Ad Descriptor Error

A2 System Vertical Parity Error
Al System LPW Error

B8 Time-Out

B4 Remote Device Vertical Parity Error
B2 Remote Device LPW Error

B1 (blank)

Referring to Figure 6C with respect to the lines between the device interface 224; and the
peripheral unit, the peripheral device unit may be provided with a port interface which may
be designated as a DDP or device dependent port interface, 504, which is tailored to the
requirements of each specific type of peripheral device.

The LCP communicates to the peripheral via the DDP in an asynchronous mode. The
“Write” operation is defined as a transfer where the LCP is writing into the peripheral
device unit. The “Read” operation is defined as a transfer where the LCP is reading from
the peripheral device unit.

Referring to Figure 6C the line marked HTCL/ may be designated as the Host Transfer
Control Level, and when the LCP “Writes” into the peripheral device unit, this signal is the
asynchronous level, which signifies the presence o? data on the data lines. This level is
de-activated by the peripheral unit sending DML/ (peripheral message level) or by sending
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When the LCP is “Reading” data on a Result Descriptor R/D from the peripheral unit,
this HTCL/ signal is the asynchronous acknowledgement that the data on the data lines has
been received by the Line Control Processor LCP. Upon receipt of this level, the peripheral
device unit must deactivate DML/ or DINTL/. When the peripheral unit causes the
de-activation of DML/ or DINTL/, then the LCP de-activates HTCL/ (the Host Transfer
Control Level).

When the peripheral device unit drives the LCP to the Command Message C/M mode,
the Host Transfer Control Level HTCL/ is sent to the peripheral device unit when the
LCP’s buffers are emty and no system terminate has been detected. The HTCL/ must be
answered by the peripheral device unit with a DINTL/ and a change-of-state.

The line in Figure 6C marked HINTL/ is designated as the Host Interrupt Level and is
used by the LCP to indicate to the peripheral unit that the LCP wishes to interrupt the
operation. The response to this level by the peripheral device must be DINTL/ and a
change-of-state, to which the LCP responds by de-activating its Host Transfer Control
Level, HINTL/. Following the detection of the trailing edge of HINTL/, the LCP will
respond to the new. mode of operation described by the state line shown on Figure 6C as
ST-4/, ST-2/, ST-1/. '

When an interrupt from the System 10 is activated in the “Write” mode, the Host
Interrupt Level HINTL/ signifies that the last word of data has been transmitted and the
LPW is on the data line of bus 47. The peripheral unit needs to respond to the interrupt with
a DINTL/ and a change-of-state.

In the “Read” mode when the LCP detects the “Read Terminate” command, the LCP
will activate the Host Interrupt Level HINTL/. In the Command Message C/M mode, the
LCP will activate the Host Interrupt Level HINTL/ if a “Read Terminate” has been
detected.

The line of Figure 6C designated HCL/ refers to “Host Clear” which indicates to the
eripheral unit that the LCP is being cleared by the Main System 10, or that a parity error
as occurred during a read.

A combination of the Host Transfer Control Level and the Host Interrupt Level (HTCL/
- HINTL/) indicates to the peripheral unit the presence of a Host Load Command
Descriptor C/D. The peripheral unit responds by activating the line marked DINTL/
(peripheral interrupt levelg’ and the Status Count ST = 2; the LCP acknowledges by
de-activating both levels of HTCL/ - HINTL/. Following the trailing edge of DINTL/, the
LCP transfers data in the “Write mode’.

In Figure 6C a bidirectional data bus By is provided having 16 data lines and a parity line
between the LCP and the peripheral unit. When controlled by the LCP, these lines are
active as long as the Host Transfer Control Level HTCL/ is active. When control is held by
the peripheral unit, these lines are active as long as the peripheral device message level
DML/ is active. The direction of transfer is determined by the status of the peripheral unit.
The line designated DML/ refers to the peripheral device message level and is a
unidirectional line. When the LCP is reading data or a Result Descriptor R/D from the
peripheral unit to the LCP, the eripheral device message level DML/ is used as a transit
signal to indicate the presence of stable data on the data lines. When the peripheral device
receives a Command Descriptor C/D or data from the LCP, this signal, DML/, is used as an
acknowledge level for data.

The peripheral device (via its port interface) uses the DINTL/ (peripheral interrupt level)
to request the LCP to change its mode of operation. This is done by activating DINTL/ and
presenting the proper state on the state lines, ST-4/, ST-2/, ST-1/. The state lines must be
stable during the time that DINTL/ is active.

DINTL/ (peripheral device interrupt level) to the LCP.

In the “Write Mode”:

DINTL/ is the acknowledge level to the Host Transfer Control Level HTCL/ and the
LPW data word; or else it is the response to HTCL/ or HINTL/ in the Command Message
C/M mode. DINTL/ will cause a change-of-state to occur for either the above. When the
LCP is writing into the peripheral unit, the peripheral device interrupt level DINTL/ is
based on the leading edge of HTCL/ or HINTL/. DINTL/ is de-activated by the trailing
edge of these signals (HTCL/ - HINTL/).

In the “Read Mode"':

The peripheral interrupt level DINTL/ is a no-data transfer “‘strobe” used exclusively to
change states, DINTL/ is acknowledged by the Host Transfer Control Level HTCL/ in the
Read Mode. When the LCP is reading from the peripheral device unit, the peripheral
device activates DINTL/ instead of the peripheral message level DML/, and de-activates
DINTL/ when the peripheral unit detects the leading edge of the Host Transfer Control
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In the Host Load Mode:
This mode involves the transfer or loading of data from the peripheral device, as 50,

Figure 6C, into the LCP (Host) for the “Read Mode” and vice versa for the “Write Mode™.
The peripheral device interrupt level DINTL/ is the acknowledge level to HTCL/ -
HINTL/ as the Host Load Command. The peripheral device activates DINTL/ and changes
to State 2 (Table X). The LCP acknowledges this by de-activating both HTCL/ - HINTL/,
and if in the “Write Mode”, starts writing into the peripheral device memory. To interrupt
this mode the Peripheral device unit 50 activates DINTL/ in the same manner as in a regular

“Write Mode”.

The “State” lines:
In Figure 6C, these unidirectional lines ST-4/, ST-2/, ST-1/, indicate to the LCP the state

of the peripheral device, and from this, the LCP determines what kind of operation mode is
recLuired. For example, in a typicgl embodiment, there may be eight states, 0-7, as seen in
Table X, for the peripheral device which might be used to indicate the following conditions:
peripheral device not on-line; Read operations; Write operations; Result Descriptor;
Command Message (C/M); reset LCP timer (RT); ready or writing Command Descriptor
gC/D); last wordg of a block or the Result Descriptor and longitudinal parity word

R/D-LPW) is next to be transmitted.
A typical coding s%stem for the state lines from a typical peripheral device unit is shown

herein below in Table X:
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The interface discipline between the LCP and the peripheral device unit via the
peripheral device unit port interface (DDP 504, Figure 6C) may again be looked at in terms
of a “Reading Mode” and a “Writing Mode”.

Reading Mode:

With the Line Control Processor LCP reading from the peripheral device unit (State = 1
+ 7), the ﬁeripheral device unit (as 50, Figure 6C) places a word on the data lines and
activates the peripheral device message level DML/. The LCP acknowledges this by
activating the Host Transfer Control Level (HTCL/). The peripheral device unit now
de-activates DML/, and then the LCP de-activates the HTCL/. This process continues in
State = 1 until:

1. The LCP activates the Host Interrupt Level (HINTL/{. The peripheral unit
acknowledges by de-activating the peripheral message level (DML/), if active, and activates
the peripheral device interrupt level (DINTL/) with a change-of-state. This indicates to the
geripheral device that the LCP has a “Command Message” C/M to send to the peripheral

evice. .

2. The peripheral device activates the peripheral device interrupt level DINTL/ instead
of the peripheral message level DML/, with the proper change in the State Lines. The LCP
acknowledges by activating the Host Transfer Control Level (HTCL/), and, following the
de-activation of DINTL/, it de-activates the Host Transfer Control Level HTCL/ and goes
on to the proper State. DINTL/ does not transfer data on the data lines.

3. When the peripheral device detects it is transmitting the Last Word of a block, the
peripheral device changes to Status ST = 7 with the leading edge of DML/. The LCP
answers the peripheral device with a Host Transfer Control Level (HTCL/) and expects the
next transfer to be the longitudinal parity word LPW. The LPW is transmitted with the
?ﬁ{}‘phflr)axl message level DML/ and answered with a Host Transfer Control Level

CL/).

4. If the LCP detects a vertical or longitudinal parity error, the LCP will not
acknowledge the peripheral message level DML/ from the peripheral device. Instead the
LCP will generate a Host Clear Level (HCL/).

In the Writing Mode:

If the LCP is writing data into the peripheral device (State = 2 + 7), the following actions
take place:

The LCP places a word on the data lines and activates the Host Transfer Control Level
(HTCLY/). The peripheral device acknowledges by activating the peripheral device message
level (DML/). The LCP now de-activates the Host Transfer Control Level (HTCL/), and
then the peripheral device de-activates the peripheral message level (DML)).

This process continues (Table X) in Status ST = 2 until:

1. The peripheral device changes state to ST = 7, then activates the peripheral message
level DML/ which flags the LCP that the Last Word of that block has been received. The
next word in the data lines must be a longitudinal parity word LPW when the Host Transfer
Control Level HTCL/ becomes active again. Then the peripheral device activates the
peripheral interrupt level DINTL/ instead of the peripheral device message level DML/,
accompanied by a change in the State Lines.

2. AtST = 2or ST = 7, the LCP activates the Host Interrupt Level HINTL/ instead of
the Host Transfer Control Level HTCL/. In this mode, HINTL/ signifies an interrupt and
that a longitudinal parity word LPW is on the data lines. The peripheral device
acknowledges by activating the peripheral interrupt level DINTL/ and a change-of-state.
The LCP de-activates the Host Interrupt Level HINTL/ and goes to the proper mode after
DINTL/ is de-activated.

In another mode called the “Result Descriptor R/D Mode”, the LCP reads a Result
Descriptor R/D from the peripheral device (State = 3 + 7). When in the R/D Mode, the
LCP is reading the Result Descriptor on the data lines from the peripheral device. The
Result Descriptor R/D can be from 1 to 3 words long plus a longitudinal parity word LPW.
The first and second words of the 3-word Result Descriptor R/D are read in Status ST = 3.
The last word of the Result Descriptor R/D is read in Status ST = 7. The peripheral device
message level DML/ signifies there is stable data on the data lines. Each Result Descriptor
R/D word transferred is then acknowledged with a Host Transfer Control Level HTCL/. If
a 1-word Result Descriptor R/D is received by the LCP, then data transfer occurs after
going from Status ST = 3 to Status ST = 7 together with a peripheral device message level
DML/ which signifies a 1-word Result Descriptor R/D. The next word on the data lines is
the R/D longitudinal parity word LPW which is strobed by the peripheral device message
level DML/. After the LCP finishes reading a complete Result Descriptor R/D together
with its appropriate longitudinal parity word LPW, the peripheral device returns to Status
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ST = 6. It can now accept a Command Descriptor C/D.

Command Message CIM Mode: : :

This involves the situation in which the LCP is writing a Command Message into the
peripheral device (State ST = 4). When the LCP is in the “Read” mode and is directed to
the Command Message C/M mode (DINTL/ + ST = 4), the LCP continues to send data to
the Main System 10 until:

1. The “read-system terminate” is detected which results in activating the Host
Interrupt Level HINTL/ or: , _ o

5. Data buffer areas A and B (of buffer 25,,, Figure 6C) are empty and the
“read-system términate” is not detected. This causes the LCP to activate the Host Transfer
Control Level HTCL/, indicating that the Main System 10 expects more data.

The Reset Timer (R/T) Mode:

This occurs when the 5peripheral device resets the LCP timer (State ST = 5). A
change-of-state to ST = 3 resets the LCP timer. This change-of-state occurs without a
strobe. The peripheral device unit must remain in ST = 5 for at least 500 nanoseconds.

The Send Command Descriptor (CID) Mode: .

In this case the LCP is writing a Command Descriptor C/D into the peripheral device
(State = 6). In this send Command Descriptor Mode C/D, the Icp writes 3-words followed
by a longitudinal parity word LPW. The Host Transfer Control Level HTCL/ that
accompanies the C/D and LPW is acknowledged by the peripheral device interrupt level
DINTL/ and a change to the proper state.

The Last Word of Block Mode:

This is the State = 7 (of Table X) and during a “‘Read” operation with ST = 7, the LCP is
reading the last word of a block of data (or else a Result Descriptor R/D) from the
peripheral device. The next word will be an LPW. During a “Write” operation with ST = 7,
the LCP is writing the last word of a block into the peripheral device. The next word will be
a longitudinal parity word LPW.

Conditional Cancel:

After the LCP writes the Command Descriptor C/D into the peripheral device unit and
before the peripheral device changes from Status ST = 6 with the peripheral interrupt level
DINTL/, the Main System 10 can terminate the operation (OP) by issuing a “Conditional
Cancel”. In this case, the LCP de-activates the Host Transfer Control Level HTCL/ and
then activates the Host Interrupt Level HINTL/ as long as the Status ST = 6 and DINTL/ is
not active. ’

Unconditional Cancel:

The Main System 10 can generate an “Unconditional Cancel”. This causes the LCP to
generate the Host Clear Level HCL/ to the peripheral device. No acknowledgement is
required from the peripheral device.

The LCP (Line Control Processor) Subsystem consists of a number of individual LCPs
which communicate to the Main System 10 through the IOT 10,. While each of the several
LCPs have basically the same design and provide the same basic system functions, there are
variations of a2 minor nature as between the various types of LCPs, since each LCP is
tailored to meet the operational requirements of the particular peripheral terminal unit that
is services.

The discussion following herein will involve an operational description of one preferred
embodiment of a particular LCP which is provided for a peripheral terminal unit known as
the “Supervisory Terminal”.

The necessary functional elements of the LCP include registers, counters, encoders,
decoders, busses, logic elements, etc. In addition there is a large scale integrated (LSI)
receiver/transmitter for implementing communication between the LCP and its peripheral
terminal unit. Within the LCP, there are functionally two divisions that are used for
communication between the LCP and the Main System 10. They are designated as the
“read module” and “‘write module”. These modules exist *“functionally”, but they are not
separate components, since many of the logic levels of which they are composed are shared
by both modules. The “read module” is used to transfer data from the LCP over to the
Main System 10, and is active when the transmit flip-flop (XMITF) in the LCP is set. The
“write module” is used to transfer data from the Main System 10 over to the LCP, and is
active when the receive flip-flop (RECVF) is set.

Functionally, the components of the LCP are contained in three major sections: (A)
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Terminal Control; (B) Data Flow; and (C) System Logic Section. In order to understand
the means by which the LCP communicates with the Main System 10 and with the
associated peripheral terminal unit, such as 50, the functional characteristics of the
following components will be discussed:

A. Peripheral Terminal Control Section

Universal Asynchronous receiver/transmitter (UART).
UART Multiplexor.

Block check character register (BCCR).

Block check character decoder.

End code decoder.

Memory address register.

At ol ad o

B. Data Flow Section

Input Multiplexor

OP code register.

Variant register.

Valid OP encoder.

LCP buffer (RAM).

Terminal bus multiplexor.
Terminal bus.

Vertical parity generator/checker.
. Data Latch register.

10. Longitudinal parity word (LPW) register.
11. LPW encoder.

12. End code decoder.

N e

C. System Logic Section
a 1. Status Count (STC) register

2. STC decoder.

The above mentioned functional components will be understood with reference to Figure
6B, 6C, 6D, 6E and 6F, with particular references to Figure 6D.

Examples of types of interconnections between peripheral devices and 1/0 interface units
may be found in U.S. Patents, such as 3 510 843, 3 514 785, 3 526 878. Examples of the
circuitry involved in communication between remote units and corresponding buffer
registers in a typical fashion can be found by reference to U.S. Patent No. 3 390 379.

With reference to Figure 6D and the Peripheral Terminal Control (Section A) previously
mentioned, the universal asynchronous receiver transmitter (UART) 31 is used as the
interface between the asynchronous serial data channel of the terminal unit device interface
22, and the parallel data transmission channel of the LCP. The transmitter section of the
UART 31 converts a parallel data character and the control levels into serial information
containing a start bit, data, a parity bit, and a stop bit. The receiver section of the UART 31
converts serial information, containing a start bit, data, a parity bit, and a stop bit, into a
parallel data character. The UART 31 generates a parity bit for information transferred to
the terminal unit device interface 224;, and it also checks the vertical parity of information
received from the device interface terminal unit 22;.

The UART 31 has provisions for selecting various character lengths, odd or even parity
generation/checking, and a choice of one or two stop bits. For use with a particular LCP,
the UART 31 has options selected to provide the following characteristics:

(a) a character containing seven data bits;

(b) generation/checking of even vertical parity;

(c) one stop bit.

The UART Multiplexor 27, accepts an 8-bit character from either the AB (first two)
digits of the terminal bus 47 or from the block check character register (BCCR) 33. The
selected input is sent to the parallel data input bus of the UART 31. The UART
Multiplexor 27, is used only for the transfer of data or for a block check character from the
LCP over to the terminal device interface 22;.

The Block Check Character Register (BCCR) 33 is a register which consists of eight
separate flip-flops operated in the “toggle” mode, with inputs connected to the AB digits of
the terminal bus 47. While the LCP is transferring data to the terminal device interface 22;,
the BCCR 33 accumulates a block check character (BCC) to be sent to the device interface
terminal unit 22, When the LCP is receiving data from the device interface terminal unit
224, the BCCR 33 also accumulates a *‘block check character” to be checked against yet
another *‘block check character” (BCC) sent from the device interface terminal unit 22;.
The block check character accumulation is started upon the receipt of the first character
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following a STX Sstart of text) or a SOH (start of heading) character, and continues until an

ETX (end of text) character is received. Only messages and control sequences containing a

STX or a SOH character will cause a block check character (BCC) to be accumulated.

The accumulation of the BCC consists of applying each character being transferred to the
input of the BCCR 33 and performing a binary addition without carry (Exclusive OR
function). Prior to each operation in which a BCC will be accumulated in the BCCR 33, the
register is cleared. At the end of a data transfer, the exclusive OR function is again

erformed between BCC’s of the sending and receiving units. If no errors have occurred,
goth BCC’s will be identical and the resultant value in the BCCR 33 will be “all zeros”.

The block check character decoder 34 receives the output of the BCCR 33. At the end of
a transmission from the peripheral terminal unit 50, a BCC is received and checked against
the contents of the BCCR 33. If the two BCC'’s are identical, then the output of the BCCR
is equal to “all zeros” and the decoder 34 generates the BCCOK level (Block check
character OK) which is used in the BCC error logic.

The memory address register 36 is an eight bit register which develops addresses for a 256
word LCP buffer 25,,. The register 36 is controlled so as to provide selective or sequential
addressing of the buffer, as required by the data transter operation which is to be
performed.

The Termination Card 20,, (of Figure 2) provides a one-second timer which is enabled for
operation only during a “read” operation when the LCP is conditioned to receive data from
the peripheral unit, such as 50. When enabling inputs are active, the timer allows the
peripheral terminal unit a one-second period in which to begin a transmission or continue
an interrupted transmission over to the LCP. If the one-second period elapses without a
transmission from the peripheral terminal unit, a time-out flip-flop (TIMOUTF) is set,
generating time-out level (TIMOUTL), and the LCP then initiates an end to the read
operation by setting an end flip-flop (ENDF). However, this timer can be programmatically
inhibited from operating by placing the proper code in the variant-1 digit of the Command
Descriptor (Figure 4B).

With reference to Figures 6B and 6D and the prior discussion regarding the Data Flow
section of the LCP, (section B), the input multiplexor 24,, provides the selection of a 17-bit
word from three sources: the data input lines B;, the output lines B,, from RAM data buffer
25, or the peripheral device interface levels 24,,, which are generated on the Maintenance
Card (such as 20,,,, Figure 2) from the outputs of push-button switches on the maintenance
panel. The selected levels received by input multiplexor 24,; are transferred to the OP code
Register 42 and variant register 43, the terminal bus multiplexor 24 , or the valid OP
encoder 44, as required by the operation to be performed.

The OP code Register 42 receives the digital OP code of the Command Descriptor C/D,
and in conjunction with the output of the variant register 43, specifies the operation to be
performed by the LCP. The variant register 43 receives the variant digits contained in the
Command Descriptor C/D and, in conjunction with the output of the OP code register 42,
specifies further details of the operation to be performed by the LCP.

The Valid OP Encoder 44 is a network which receives Command Descriptor C/D
information at its input; then, if the OP code digits and the variant digits 1, 2, and 3 coincide
with values representing valid operations for the LCP, this encoder develops the valid OP
(VOP) level, which enables the Command Descriptor C/D to be loaded into the OP code
register 42 and the variant register 43.

The LCP RAM buffer 25, is made of a network of 18 RAM devices, each one of which
has a capacity of 256 information bits. Reference to Figure 6C will show more detail of the
RAM buffer 25,,. The buffer network can store 18-bits in each of its 256 address locations;
16 are data bits, one bit is a parity bit, and one bit is an end-flag bit (25, of Figure 6C) to
identify a word location containing an ending code.

Referring again to Figure 6D, the terminal bus multiplexor network 24,, provides
selection of a 17-bit word from four sources: the input multiplexor 24,;; the UART 31
parallel data output line; the LPW 24,, register output; and the Result Descriptor levels
24.4. The output of the terminal bus multiplexor network 24 ,, goes to the terminal bus 47.
Appropriate voltage levels are provided to those LCP components, (such as the data latch
register 49, vertical parity generator/checker 48, buffer 25,,, LPW register 24,,, decoder 52
and end code decoder 35 etc.) which have inputs received from the terminal bus 47.

The terminal bus 47 connects the output of the terminal bus multiplexor network 24,,
over to the following components: the data latch register 49, the LCP RAM buffer 25, the
LPW register 24,,, the vertical parity generator/checker 48, the BCC register 33, the end
code decoders 52 and 35, and the UART multiplexor 27,.

The vertical parity generator/checker 48 generates odd parity for every word transferred
by the LCP over to the Main System 10. The generator/checker 48 also checks for odd
parity of every word transferred from the Main System over to the LCP. Each word to be
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transferred from the particular LCP over to the Main System 10 s first placed in the 17-bit
register called the data latch register 49. The data latch register 49 then transfers the word
over to the Main System 10. The use of the data latch register increases the rate of data
transfer by allowing quicker access to data stored in the LCP RAM buffer 2560

The longitudinal parity word (LPW) register 24,, is made of 16 seperate flip-flops
operated in the “toggle” mode. It receives its inputs from the terminal bus 47. When the
Main System 10 sends a Command Descriptor C/D, a Descriptor Link D/L, or data, over to
the LCP, the LPW register 24,, accumulates a LPW (longitudinal dparity word) to be
checked against an LPW from the System 10. When the LCP sends data or a Result
Descriptor R/D over to the System 10, the LPW register 24,, also accumulates an LPW to be
sent to the System 10. Accumulation of the LPW consists of applying each word being sent
or received to the input of the LPW register 24,, and performing a binary addition without
carry (exclusive OR function).

The LPW register 24,, is initialized to “all ones” prior to each operation in which an LPW
will be accumulated in the LPW register. At the end of a data transfer from the Main
System 10, the exclusive OR function is performed between the accumulated LPW and an
LPW from the System 10. If no errors have occurred, both LPW’s will be identical and the
resultant value in the LPW register 24,, will be “all zeros”.

In Figure 6D the end code decoders 52 and 35 are used to determine the receipt of an
ending code character. Decoder 52 handles the AB digits and decoder 35 handles the CD
digits. The AB digit end-code decoder 52 is used to identify an ending code in the first
character position of a word from the Main System. This decoder is also used to identify an
ending code in any character sent from the terminal unit device interface 224;. If decoder 52
receives such an ending code, it causes the level EDCODE and the level SYSEND to be
generated. The CD digit decoder 35 is used to identify an ending code in the last character
position of a word from the System. Receipt of such an ending code by decoder 35 will
cause the voltage level SYSEND to be generated. :

The above discussion involved the second section B of the LCP. Now the third section C,
the System Logic Section of the LCP, will be discussed with reference to Figure 6D.

The Status Count Register 53 (STC) is a four-bit register. This register develops Status
Count levels (STCnL) for use in the LCP and levels designated LCSTUn (LCP Status
Levels) for transmission to the Main System 10. In conjunction with providing floating logic
levels, the STC register 53 also controls the sequencing of operations for the LCP. Each
Status Count developed by the STC register 53 specifies a different phase of operation in
the execution of a Command Descriptor C/D, as was previously outlined in connection with
Figure 6A. The decoder 54 is a binary coded decimal (BCD) to decimal decoder which
changes the BCD values of the STC register 53 to decimal values required by the LCP
system.

Reference to Figure 6E will be instructive in reviewing the system interrelationships
between the major LCP elements involved in regard to the logic and control signals
operating between these elements. Figure 6E shows the major logic and control lines
between the IOT (Input-Output Translator) 10,, the Distribution Card 20,4 (for the Base
Module 20,), the particular Line Control Processor LCP 20, and the peripheral terminal
unit 50.

First referring to the lowermost group of control lines, the LCP 20,, and its Distribution
Card 20,4, the designation LCPREQ (ng is a group of eight ‘request” lines where the letter
“n” represents the numbers 0-7 for each specific LCP in the Base Module 20,,. Each of these
signals is driven by one particular LCP over to the Distribution Card 20,4. This signal is
used by a particular LCP to “request” a connection to the System 10 and causes the
Distribution Card 20,4 to set up a “Poll Request”.

The next designation LCPCON is the designation for “LCP connected””. This line is
driven by the connected LCP (0-7) to the Distribution Card 20o4. This signal is driven by the
LCP when it detects its own particular LCP address and it is not in an “off-line” condition.
The signal is a response to the LCP address and signifies to the Distribution Card 20,4 the
presence of the LCP addressed.

The designation LCPSTL signifies “LCP Strobe Level”. This line is driven by the
“connected” LCP over to the Distribution Card. It is the particular LCP’s designation of
“send” or “acknowledge”, depending on the data direction involved.

The IOSND designates 1/O send. This line is driven by the “‘connected” LCP to the
Distribution Card 20,4. This lines defines the direction of the bidirectional data lines
marked DATA (xn). When this line is active low, the data lines will be driven by the
Distribution Card 20,, to the Main System 10 via 10T 10,.

The LCSTU (n) designates the status of the particular LCP where “n” may designate
either of LCP’s 0-7. This line is driven by the particularly-connected LCP to the
Distribution Card 20,4 and reveals the “status” of the LCP as shown in Figure 6A.
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Referring to Figure 6E, a number of connections are provided as between the LCP, such
as 20,, and the Distribution Card 20,4. The DATA (xn) represents the “message level
interface” (as previously shown in Figure 5E of which the lower 16 lines are the data lines

. for the digits ABCD). The next higher line is the PARITY line which carries the parity bits.

These 17 lines constitute the message level interface and are of a bidirectional nature, that is
to say, transmission may occur in either direction along these lines depending on the logic
control lines used to determine the direction of transmission.

The designation EMRREQ in Figure 6E signifies the “emergency request” line. This line
is driven by one or more LCPs to the Distribution Cards. The LCP may drive the
emergency request line at any time. The emergency reguest siéniﬁes that an LCP needs
system access quickly to avoid a data transfer failure. Only LCP’s whose lack of system
access will necessitate operator intervention or difficult error recovery, will drive the
emergency request in conjunction with their LCP request. Those LCPs which are not
emergency requesting, will disable their LCP request with this line. A Distribution Card
detecting an emergency request, will cause a Global Priority of “seven” to be transmitted to
the Main System 10 during a_“Poll Request”.

The designation TERM in Figure 6E designates a “terminate” voltage level. This is
generated on a Distribution Card and is sent to the LCP to terminate or end an operation.

The designation LCPAD “n” in Figure 6E designates the LCP address (where “n” can be
0-7) to designate the individual LCPs. One of these eight signal lines is driven by the
Distribution Card to each particular LCP. The receiver in the LCP will be jumpered to the
proper line. This signal is functionally a connection line to the LCP. An LCP receiving its
LCP address is “connected” to the Main System 10 through the Distribution Card.

The STIOL in Figure 6E signifies the “Strobe I/O Level”. This line is driven by the
connected Distribution Card. It represents the System’s “send” or “acknowledge”
depending on the data direction. .

The ARQOUT line of Figure 6E is the output end of the Distribution Card which has an
input designated ARQIN. These represent “access request in” and “access request out”.
These signals are driven and received by Distribution Cards only and consist of short lines
between adjacent Distribution Cards. They are used during “Poll Test” to resolve
Distribution Card priority. The lines DCB 1 and the DCB 2 represent Distribution Card
“busy” levels. These are generated on each active Distribution Card in a Base Module to
resolve Distribution Card priority in the module during a *“Poll Request” sequence.

The PTALB line designates “Poll Test active level”. This is a bidirectional signal level
between Distribution Cards in the same Base Module. A Distribution Card lge orming a
“Poll Test"”” operation sends this level to the other Distribution Cards, thus inhibiting them
from conducting a “Poll Test” or a “Poll Request” sequence.

Each Base Module may service not only one “main system” 10 via its Distribution Card
(2054, Figure 2) but may be provided with multiple Distribution Cards to cooperate with
and service other host ““main systems”. Each Distribution Card in a Base Module can
service a different host system and each host system would follow the same basic
organisation shown in Figure 3.

The REQACC line designates “Request Access’. This line is driven by and received by
Distribution Cards only. The line is used to signify an interrupt request as being “active” by
the Distribution Cards.

The BUSY line of Figure 6E designates a Base Module ‘“‘busy” level. This is a
bidirectional signal level developed on a Distribution Card when that card has made a
“connection” with the Main System 10. The level is sent to other Distribution Cards on the
same Base Module to indicate that the LCP backplane is in use.

Now further in reference to Figure 6E, the relationships between the IOT 10, and the
Distribution Card 20,4 will be discussed. At the upper left of Figure 6E, the LCPST
designates the LCP Strobe Pulse. This is generated on a Distribution Card from the LCP
strobe level and is sent on to the Main System via the 10T 10,.

The PB/ST 2 designates ““Port Busy” or the LCP status 2 line. This line resides on the
message level interface as shown in Figure SE. In the ‘“‘unconnected” state, this line
indicates a Port Busy condition during a “Poll Test” algorithm. In the “connected state”,
this line carries bit 2 of the LCP’s status to the System 10.

The IP/ST 4 designates an Interrupt Request or a Poll Test parity error, or an LCP status
4 line. In the unconnected state, this line is used to carry an “Interrupt Request” from the
LCP or else to indicate an address parity error during a “Poll Test” connection attempt. An
Interrupt Request indicates that an LCP is requesting access to Memory. In the
“connected” state, this line carries bit 4 of the LCP’s status to the Main System.

The ER/ST 8 designates “emergency request” or the LCP status 8 line. In the
“unconnected” state, this line represents an emergency request from the LCP. “Emergency
request” designates that an LCP needs immediate access to the Main System. In the
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“connected” state, this line carries bit 8 of the LCPs status to the Main System. Once
connected, the LCP indicates its System Memory requirements by its status. The LCP
status is gated continuously and may only be considered valid by the System at LCP
“Send/Acknowledge” time.

Further in Figure 6E to the connections between the IOT 10, and the Distribution Card
20,4, the connections designated PARITY and DATA “xn” refer to the message level
interface lines previously discussed. The CS/ST 1 designates ““‘Channel Select” or LCP
status 1 line. In the “unconnected” state, this lines carries “Channel Select” from the
System 10 to the Distribution Card. “Channel Select” is used in conjunction with “address
select” in both connection algorithms. However, in the *‘connected” state, this line carries
bit 1 of the LCP’s status to the Main System 10. This line is a bidirectional line. The receiver
on the Distribution Card will be any standard TTL device. The driver on the Distribution
Card will be a tri-state driver sucf‘ll as a 8097/8098 (National Semiconductor Corp.) or
equivalent which will be active only in the connected state.

The TRM designates the “terminate” level. This is sent from the Main System 10 to a
Distribution Card when a data transfer operation is to be terminated.

The ADDSEL line of Figure 6E designates *“address select”. This signal line indicates
that the Main System is connected or is attempting connection to a specific LCP. This line is
used in conjunction with “Channel Select” for both connection algorithms to achieve
connection. Once a connection to the LCP is achieved, the System and LCP remain
connected until the signal line is inactivated by the System. When the line is active, the
System can be considered “busy”.

Again referring to Figure 6E, the AG/SIO designates “access granted” or “Strobe IO”.
When the interface is in an ‘“‘unconnected state”, this line carries an “access granted”
signal. “Access granted” is used to acknowledge an Interrupt Request for connection and
to begin a “Poll Request” algorithm. With the interface in a “connected” state, this line
carries a “Strobe I/O” signal. This signal is the System’s Send/Acknowledge line in
transferring information between the System 10 and the LCP Base Module. The actual
signal is a 100 nanosecond minimum pulse sent from the System and latched by the
Distribution Card. The Distribution Card will generally clip the first 50 nanoseconds from
the signal to allow for cable settling time.

In regard to Figure 6E, the control signals as between the LCP 20,, and the peripheral
terminal unit 50 indicate a line designated RMDTLN. This designates Remote Data Line
Level. This is a bidirectional signal level which permits the transfer of serial data between
the LCP and the peripheral terminal unit in one direction or the other direction as
determined by the level.

Discussed here and below are the operational sequences of the LCP. The logic terms are
referred to as either being active or inactive in order to avoid any ambiguity that might
result from using the terms True and False.

Receipt of Instructions by Line Control Processor:

Previously in Figure 6A, the logic flow involving the Status Counts (STC) between the
LCP 20,, and the Main System 10 was discussed. Now referring to Figure 7A there will be
seen in greater detail a simplified flow diagram illustrating the receipt of instructions by the
LCP. This flow chart shows the basic actions of the LCP during receipt of instructions and
also shows those actions which can occur due to modification of the original instructions,
the receipt of a time-out level, and the occurrence of error conditions.

Prior to receiving any of the seven possible instructions from the Main System 10, the
LCP is normally in an “idle” state at Status Count 3. However, the LCP can also be in a
STC 3 during a “Read” operation, awaiting either a conditional cancel instruction from the
Main System 10, or a data transmission %rom the peripheral terminal unit, such as 50.

The following will describe the actions of the LCP during receipt of instructions from the
System 10 and during preparation for the instruction execution. These actions are itemized
as (a), (b), and (c).

(a) System-LCP connection: with the LCP in STC 3, the System makes a connection
withthe LCP through a “Poll Test” sequence, and the LCP receives its unique address level
(LCPAD) (n), as was illustrated in Figure 6E. The receipt of LCPAD (n) causes the LCPto
send the LCP connection level (LCPCON, Figure 6E) to the associated Distribution Card
20,4 and generates LCPADL (LCP Address Level), which “enables” portions of the LCP
system logic section. The address level LCPAD (n) also enables the LCP backplane
network by generating a gate system level (GATSYS). Then a strobe (STIOL) is received
from the Distribution gard (20,4, Figure 6E) causing STIOF (Syncrhonous Strobe
Flip-Flop) to be set. The setting of STIOF activates the desired module of the LCP b
setting RECVF (Receive Flip-Flop), enables setting of the LPW register (24,,, Figure 6D§
to logic “I's”, and sets selected flip-flops to a beginning state. The Command Descriptor
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C/D is received in the LCP and is loaded into the OP code register 42 and variant registers
43 (Figure 6D). Receipt of the C/D results in an LPW being placed into the LPW register
24,,. The C/D is checked for validity and the valid OP flip-flop (VOPF) is set. The LCP then
steps from STC 3 over to STC 11 (Figure 7A) to receive an LPW from the System 10.

b) . Receipt of LPW bl); the LCP: In Figure 7A at STC 11, a longitudinal parity word
(LPW) is received from the System 10 and is checked against the contents of the LPW
register 24,, to validate longitudinal parity of the C/D transfer. Vertical parity is also
checked, then a vertical level OK (VLOK) and vertical parity OK level (VPAROK) is set.
The LCP buffer address is preset to 253 in the memory address register MADR 36 (Figure
6D), and setting of the LPW register 24,, to logic “1’s” is again enabled; then the LCP steps
to STC 6 to receive the Descriptor Link D/L from the System 10.

(c) Receipt of Descriptor Link and Descriptor Link LPW; at STC 6, the LCP receives
the two words of the Descriptor Link D/L from the System 10 and an LPW is accumulated
in the LPW register 24,,. An LPW is then received from the System 10 and is checked
against the contents of the LPW register 24,,. The Descriptor Link D/L and the LPW are
stored in buffer address locations specified by the memory address register MADR 36 as
addresses 253, 254 and 255 (Figure 6C). From STC 6, the LCP branches to STC 8 for a
“Write” operation, or to STC 1 for a “Read” operation, or to STC 7 if a Descriptor Link
error occurred.

There are alternate flow path situations such as (a) when a “conditional cancel”
instruction is received from the System 10, or (b) a data transmission is received from the
peripheral terminal unit, such as 50, or (c) a time-out level is generated, or (d) a receipt of
test instructions. To further amplify these alternate flow path situations per Figure 7A.

(a) Receipt of Conditional Cancel Instruction: at STC 3, if a conditional cancel
instruction is received from the System 10, while the LCP is awaiting a transmission from
the peripheral terminal unit 50, a cancel flip-flop (CANCEF) is set and the LCP steps to STC
11 to receive a Command Descriptor longitudinal parity word, LPW. From STC 11, the
LCP steps to STC 7 and sends a Result Descriptor to the System 10, indicating that the
cancel operation is completed.

(b) Receipt of Transmission from the Peripheral Terminal Unit: at STC 3 during a
“Read” operation, if the terminal busy flip-flop (TRMBSYF) is set, indicating that terminal
unit has started transmitting, the LCP steps to STC 1 to receive data from the eripheral
terminal unit. The LCP continues to receive data and completes the remainder of the Read
operation in accordance with instructions contained in the Command Descriptor C/D.

(¢) Receipt of Time-Out Level: during a “Read” operation, with the LCP in STC 3
awaiting a transmission from the peripheral terminal unit (and if the 1-second timer is not
inhibited) then if there is a 1-second delay in receiving the transmission, the time-out level
(TIMOUTL) is generated. With TIMOUTL active, the end flip-flop (ENDF) is set, the
terminal complete (TMCNP) level is generated, and the LCP steps to STC1. AtSTC1a
request for reconnection to the System is initiated and the LCP steps to STC 5, Figure 7B.
At STC 5 with ENDF set, the Read operation is terminated and the LCP steps to STC7 to
send a Result Descriptor, R/D, to the System 10. A time-out level can also be received with
the LCP at STC 1.

(d) Receipt of Test Instructions: at STC 11, Figure 7A, if TESTF (Test Flip-Flop) is set
indicating that a test instruction was received, the LCP completes the test operation by
stepping to STC 7 and sending a Result Descriptor R/D to the System 10. Error Conditions:
the occurrence of two types of error conditions (ea) and (eb) during the receipt of
instructions will be acted upon by the LCP, as follows: (ea) Command Descriptor parity
error: In Figure 7A, at STC 11, if the VLOK (Validity Level OK) level is not active, or if
VOPF (Valid Operation Flip-Flop) is not set, the LCP steps to STC 7 to send a Result
Descriptor R/D containing a descriptor error to the System; (eb) Descriptor Link parity
error: at STC 6, if the VLOK level is not active, the LCP steps to STC 7 to send a Result
Descriptor R/D containing a Descriptor Link error to the System 10.

Write Operation:

Referring to Figure 7B, there is seen a sequential logic diagram which is simplified to
show the steps involved in the “Write” operation. Let us assume that one buffer load of
data will be transferred from the System 10 to the peripheral terminal unit 50, followed by a
partial buffer of data containing an ending code character in the last character position (CD
digits) of a word.

The following steps (a through i) describe actions of the LCP, such as 20,,, during
transfer of data from the System 10 over to the LCP, and from the LCP to the peripheral
terminal unit, such as 50.

(a) Receipt of data from system: at STC 6, if a “Write” operation is specified by the
Command Descriptor C/D, the LCP enables the setting of the LPW register 24,, to logic
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“I's”, then steps to STC 8 to receive data from the System 10. An IOSF (/O Send
Flip-Flop) is used and put in a reset state at this time to enable the bidirectional data lines
for transfer of data from the System 10 over to the LCP. There are provided multiplexor
control levels SLAIN (Select A Input Multiplexor) and SLBIN (Select B Input
Multiplexor). These are both inactive, connecting the data lines to the input multiplexor
network 24, of Figures 6B and 6D. There are otger multiplexor control levels SLARAM
(Select A Level Terminal Bus Multiplexor) and SLBRAM (Terminal Bus Multiplexor
Select B Level). These also are both inactive, connecting the input multiplexor network 24,
to the input of the Terminal Bus Multiplexor Network 24,,.

At STC8, the Receive Flip-Flop (RECV%‘) is set, activating the write module of the LCP.
The setting of RECVF causes the write enable level (WESYS) for the LCP buffer to be
active. Thus, data is transferred from system Main Memory 10, over to the LCP buffer
25,0, one word at a time, by way of the terminal bus 47 of the LCP. An Asynchronous
Strobe (STIOL) from the associated Distribution Card 20,4 (Figure 6E) accompanies the
transfer of each word, and as each word is received by the LCP, the LCP sends a strobe
level (LCPSTL) to the System 10 to *“acknowledge” receipt of the word. As each word is
placed on the terminal bus 47, then, in addition to being sent to the buffer 25, it is also
applied to the input of the vertical parity generator/checker 48, the LPW register 24,, and
the end code decoders 52 and 35. Vertical parity is checked and a longitudinal parity word is
accumulated in the LPW register 24,,. Transfer of words continues until the next to last data
word address 251 is attained in the Memory Address Register 36. The LCP then steps to
STC 10 of Figure 7B to receive one final word from the System. At STC 10, the LCP
receives the final word to fill the buffer, and then steps to STC 12 to receive an LPW from
the System 10.

(b) Receipt of LPW and disconnect from the System 10: at STC 12, the LCP receives an
LPW from the System 10 and checks it against the LPW accumulated in the LPW register
24,, during the data transfer. The LCP then enables setting of the LPW register 24, to logic

“1’s” and steps to its STC 1, disconnecting from the System 10 in order to transfer data to

the peripheral terminal unit, such as 50. Terminal bus multiplexor control levels SLARAM
and SLBRAM (Select A and Select B of 24,,) are both inactive thus to connect the output
of the buffer 25,, with the input to the terminal bus multiplexor network 24,,. The input
multiplexor 24,, has control levels SLAIN (Input Multiplexor Select A Level) and SLBIN
(Input Multiplexor Select B Level) which will ge controlled during the data transfer by the
state of the even flip-flop (EVNF) in order to access a character alternately from the AB
digits and the CD digits of a word in the buffer 2540-

(c) Transfer of Data to Peripheral Terminal Unit: with further reference to Figure 7B,
at STC 1, the receive flip-flop &ECVF) is reset, thus enabling the receive module of the
LCP. The terminal start level (TERST) is generated to prepare the LCP for operation with
the peripheral terminal unit. The TERST level enables the setting of master clear UART
flip-flop (MCUARTF) in order to clear the UART 31 (Figure 6D). The setting of a
terminal active flip-flop (TRMACTF), a send flip-flop (SENDF), and the terminal busy
flip-flop (TRMBSYF) are also enabled, activating terminal control logic for a Write
operation and specifying that the peripheral terminal unit is in a “busy” state. The Memory
Address Register 36 (Figure 6D) is set to MADR 0 to access the first word in the buffer
2550 In the UART 31, the “transmitter holding register empty” (THRE) level is active,
and the setting of the UART empty flip-flop (UARTETF) is enabled to provide a strobe
level to the UART multiplexor 27,.

The UART 31 accepts one character at a time from the LCP buffer 25,0. The even
flip-flop (EVNF) is used in conjunction with the Memory Address Register 36 to control
accessing of characters. When loaded with a character, the UART 31 transfers the
character serially over to the peripheral terminal unit, such as 50. As each character from
the buffer 25,, is placed on the terminal bus 47, it is also applied to the input of the block
check character register (BCCR) 33, which (after a STX/SOH, “start of test/start of
heading” character has been received) begins to accumulate a block check character during
the data transfer. The UART 31 continues to accept characters from the buffer 25,,, then
transferring them to the peripheral terminal unit 50, until memory address level MADR 252
is attained in the Memory Address Register 36, indicating that the last word in the buffer
has been accessed.

(d) Request for Reconnection to System 10: the memory address level MADR 252
causes the buffer transfer flip-flop (BFXFRF) to be set, indicating that the buffer 25,
needs service, and the LCP initiates a request for reconnection to the System by enabling
the setting of the LCP request flip-flop LgPRQF. The setting of IOSF (I/O Send Flip-Flop
which indicates the direction of data flow on the message level interface) is enabled to
condition the data lines for transfer of data to the System 10, and the setting of MADR 253
level is enabled to allow access to the Descriptor Link D/L (Figure 6C). The LCP then steps
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to STC 5 of Figure 7B to send the Descriptor Link D/L to the System 10. There are floating
logic levels which generate LCPADL (LCP Address Level) when the LCP address levels
(0-7), LCPADR, is received from the associated Distribution Card during the reconnection
sequence, and the LCP generates a level called gate system (GATSYS) to enable the
backplane network. The level LCP connected (LCPCON) is sent to the Distribution Card
10,4 to indicate that the LCP is connected.

(e) Tranfer of Descriptor Link and the Descriptor Link LPW: in Figure 7B, at STC 5,
the transmit flip-flop (XMITF) is set, activating the “Read” module of the LCP. The LCP
transfers the Descriptor Link D/L and the LPW (previously received at STC 6) back to the
System 10. The LCP enables the setting of the LPW register 24,, to logic “I’s” and if the
Main System has more data to send, the LCP steps again to STC 8 to receive additional data
from the System 10,

(f) Receipt of Additional Data and Ending Code from System 10: at STC 8, the actions
of the LCP while receiving the “second” buffer load of data from the System 10 are the
same as those performed during receipt of the first buffer load, up to the point that an
“ending code” is recognized by the terminal bus 47. When an “ending code” in the last
character position (CD digits) of a word is placed on the terminal bus 47, then a system end
level (SYSPEND) is generated. SYSEND level causes the data input for the end-flag 25, of
Figure 6C (RAM 18 L) to be active and the end-flag bit (ENDFG) and the endirg code
character are both stored in the current buffer address. The LCP then steps to STC 12 to
receive an LPW from the System 10.

(8) Receipt of LPW and Disconnect from System 10: at STC 12 of Figure 7B, the LCP
receives the longitudinal parity word LPW and checks it against the LPW accumulated in
the LPW registe 24,,. The LCP then steps to STC 1, disconnecting from the System 10, to
transfer the remaining data and the ending code to the peripheral terminal unit.

(h) Transfer of Data and Ending Code to Peripheral Terminal Unit: at STC 1, the
actions in transferring the remaining data to the peripheral terminal unit are the same as
those performed during transfer of the first buffer load, up to the point that an “ending
code” is recognized on the terminal bus 47. When an ending code is placed on a terminal
bus 47 from the output of the buffer 25,,, the ending code is transferred and the end
flip-flop (ENDF) is set. The accumulated block check character in the BCCR 33 (if a BCC
is being generated) is then tranferred to the peripheral terminal unit such as 50. SENDF
(send flip-flop) and TRECF (terminal receive flip-flop) are both in a reset state, causing
terminal complete (TMCMP) level to be active. The terminal complete level causes the
LCP to initiate a request for connection to the System 10.

(i) Request for Reconnection to Terminate Write Operation: the LCP requests a
reconnection to the System by enabling the setting of LCPRQF (LCP Request Flip-Flop).
In conjunction with the reconnection, the LCP steps to STC 5 of Figure 7B, sends the
Descriptor Link (D/L) to the System 10 and then steps to STC 7 to send a Result Descriptor
R/D to the System 10.

The above discussion completes the explanation of the general flow path for a “Write”
operation in which more than one buffer load of data was transferred, and in which the
operation was concluded by receipt of an “ending code”. This describes the normal
situation. However, there could be alternate flow paths and possible error conditions which
might occur as follows, in reference to Figure 7B. The following items (a) through (c)
describe the actions of the LCP when “modifications” to the original Write instructions are
made by the System 10 or the LCP.

(a) Request for Emergency Access to System 10: during transfer of data from the LCP
to the peripheral terminal unit 50, when the LCP buffer 25, is completely empty, a flip-flo
BFXFREF s set. This is the buffer transfer flip-flop which is located on the Terminal Car ;
this flip-flop is set when the LCP buffer is filled with data from the terminal unit, or when
emptied of data during transfer of data from the LCP to the peripheral terminal unit. When
BFXFREF is set, this enables the setting of LCPRQF (LCP Request Flip-Flop, which, when
set, indicates that the LCP requires access to the Main System Memory 10,,,). The setting of
the LCPRQF initiates a request for reconnection to the System 10 to either send data to the
Main System or to obtain more data if the buffer is empty. If a reconnection is not
completed prior to the time the transmitter-holding register of the UART 31 is ready to
accept another character, the LCP causes the emergency request level (EMRRENQ) to be
generated. The EMRREQ level is sent to the associated Distribution Card 20,4 to initiate
an emergency request for reconnection to the system.

(b) Receipt of Ending code (AB digits): if an ending code is identified in the first
character position (AB digits) of a word from the System 10, then EDCODE (end code
level) is generated. EDCODE is generated on the terminal control card when an end code
character is in the A and B digits of the terminal bus 47. Also generated is SYSEND
(System End Code Level). When active, the SYSEND level indicates that an end code
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character is on the terminal bus 47. At STC 8, the EDCODE level enables the setting of a
character end flip-flop (CHARENF), and the SYSEND level generates the 18th bit Write
end flag level, RAM 18 L. The “Write” end flag level is generated on the terminal control
card from the EDCODE level; this is the data input level for the end-flag RAM of the LCP
buffer 25,,. The ending code and the ENDFG (end-flag level is generated on the data flow
card from RAM 18L; when active, this level identifies the address of an end code in the
LCP buffer) are stored in the current buffer address of the LCP, and the LCP steps over to
STC 12 (Figure 7B) to receive a longitudinal parity word LPW. At STC 12, the LCP
receives an LPW from the System 10 and checks it against the accumulated LPW in the
LPW register 24,,. The LCP then steps to STC 9 to initiate decrementing of the System
Memory Address. (The address must be decremented by two digits to accurately reflect the
address of the ending code in System Memory). From STC 9, the LCP steps over to STC1
to transfer data and the ending code to the peripheral terminal unit 50. At STC 1,
recognition of the ending code on the terminal bus 47 causes the LCP to perform the same
actions described during the previous *“Write” operation at STC 1 when data, ending code,
and block check characters are transferred to the peripheral terminal unit 50, after which
the LCP disconnects from terminal unit 50 and reconnects to the System 10 and terminates
the “Write” operation. '

(c) Receipt of Terminate Signal from System 10: a terminate signal (TERM level,
Figures 6C, 6E) is sent from the System 10 to the LCP whenever System Memory space
designated for LCP operation is to be exceeded. During a “Write”” operation, the TERM
level can be received at STC 8, STC 10, or STC 12, Figure 7B. The actions of the LCP upon
receipt of the TERM level (Terminate Level) depend upon the Status Count in which the
LCP is operating, and upon whether or not the receipt of TERM level is preceded by a
receipt of an “ending code” from the System as follows:

(1) Receipt of Terminate Signal Before Ending Code: if the TERM level is received at
STC8or STg 10, the LCP steps over to STC 14. At STC 14, regardless of whether TERM
level remains active or is now inactive, the LCP steps over to STC 12, receives and checks a
longitudinal parity word LPW, then steps over to STC 7 to send a Result Descriptor R/D to
the System 10. If an ending code is received in the CD digits (last character) of a word at
STC 8 or STC 10, and the TERM level is also received, the LCP steps to STC 14. At the
STC 14, if the TERM level s still active, the ending code was not placed in the LCP buffer
25.- The LCP then steps to STC 12, receives and checks an LPW, then steps over to STC 7
to send a Result Descriptor R/D to the System 10.

(2) Receipt of Terminate Signal After Ending Code: if an ending code is received in the
CD digits of a word at STC 8 or STC 10, the LCP steps to STC 12 to receive LPW. At STC
12, if the TERM level is now received, the ending code is transferred to the LCP buffer 25,,
and the LCP steps over to STC 1 to transfer remaining data and the ending code to the
peripheral terminal unit 50. At STC 1, recognition of the ending code on the terminal bus
47 causes ENDF to be set. (End flip flop: when set, this flip-flop indicates that the terminal
control section of the LCP has ended its operation). The setting of ENDF indicates that
there is no more data to be transferred; after the data, ending code, and block check
character are transferred to the peripheral terminal unit 50, the LCP disconnects from
terminal 50, reconnects to the System 10, to terminate the “Write” operation.

As illustrated hereinunder, at STC 1, the recognition of the ending code on the terminal
bus 47 causes the ENDF (end flip-flop) to be set. The setting of ENDF indicates that there
is no more data to be transferred; after the data, ending code and block check character are
transferred to the peripheral terminal unit 50, the LCP reconnects to the System 10 to
terminate the “Write’’ operation.

If an ending code is received in the AB digits of a word at STC 8 or STC 10, and the
TERM level is also received, the LCP steps to STC 14. At STC 14, if TERM level is
inactive, the whole word containing the ending code in the AB digit was transferred to the
LCP buffer 25,,. A correction of System Memory Address is necessary. The LCP steps to
STC 12, receives and checks the LPW, then steps to STC 9 to initiate decrementing of the
System Memory Address. The LCP then steps to STC 1 to transfer data and ending code to
the peripheral terminal unit 50.

If the TERM level was still active at STC 14, then only the ending code character was
transferred to the LCP buffer 25,, and no correction of System Memory Address is
required. The LCP steps to STC 12, receives and checks the LPW, then steps directly to
STC 1 to transfer data and the ending code over to the peripheral terminal unit 50.

Error Conditions: During a ““Write” operation the following error conditions (a,b,c,d) will
be acted upon by the LCP:

(a) Access Error: after transmitting EMRREQ level to the associated Distribution
Card, if the LCP does not receive a reconnection to the System 10 prior to the time the
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UART 31 is completely empty, the LCP enables the setting of the access error flip-tlop
(ACCERF). The setting of AgCERF enables setting of the end flip-flop (ENDF), and the
LCP initiates a request for reconnection to the System 10 to terminate the “Write”
operation and to send an error Result Descriptor R/D to the System 10.

(b) System Vertical Parity Error: during transfer of data from the System 10 to the
LCP, if the vertical parity is not O.K. and the VPAROK level is not active after each check
of vertical parity, then the vertical parity error flip-flop (VPERF) is set to indicate the
existence of a vertical parity error. The absence of VPAROK level also Erevents the
vertical longitudinal OK level (VLOK) from being generated, and at STC 12, the LCP steps
over to STC 7 to send an error Result Descriptor R/D to the System 10.

(c) Longitudinal Parity Error (Figure 7B): when the longitudinal parity word is checked
after a data transfer from the System 10 to the LCP, if longitudinal parity OK level (LPOK)
is not active, the longitudinal parity error flip-flop (LPERF) is set to indicate existence of a
longitudinal parity error. The absence of LPWOK level (the LPW OK level: is generated
on the data flow card from the terminal bus 47 levels; when active, it indicates to the System
Logic Section of the LCP that the LPW is correct) prevents VLOK level from being
generated, and at STC 12, the LCP steps over to STC 7 to send an error Result Descriptor
R/D to the System 10. )

(d) Terminal Vertical Parity Error: during transfer of data from the LCP buffer 254, to
the UART 31, if the vertical parity OK (VPAROK) level does not remain active for each
character transferred, the terminal vertical parity error flip-flop (TVPERF) is set to
indicate existence of a vertical parity error. When the LCP reconnects to the System 10 and
terminates the “Write” operation, the Result Descriptor R/D sent to the System 10 at STC
7 will indicate the parity error.

Read Operation:

Referring to Figure 7C, there is seen a simplified logic chart showing the “Read”
operation. A “Read” operation is generally accomplished in conjunction with some form of
“Write”” operation. As an example, assuming that a “Write” operation has been completed
and the peripheral terminal unit 50 has responded with an acknowledge character (ACK),
indicating that the peripheral terminal unit 50 is now capable of sending information.
Again, assuming there will be no delay in receipt of data from the peripheral terminal unit
50, and that one buffer load of data will be received followed by a partial buffer of data
containing an ending code. It is also assumed that the ending code will be received in such a
way that it will be placed in the last character position (CD digits) of a word in the LCP
buffer 25,, (Figure 6C).

General Flow Path: The following paragraphs (a) through (1) describe the actions of the
LCP during transfer of data from the peripheral terminal unit 50 to the LCP, and also from
the LCP over to the System 10.

(a) Disconnect from Main System 10: referring to Figure 7C, at STC 6, when a “Read”
instruction is specified in the Command Descriptor C/D, from the System, the READF
(read flip-flop: located on the data flow card; the logic state of the read flip-flop is
controlled by output levels from the OP code register; the set state of READF indicates
that a “Read” operation is being performed by the System) is set. The LCP enables setting
of the LPW register 24,, to logic ““I's”, then steps to STC 1, disconnecting from the System
10 to receive data from the peripheral terminal unit 50. The terminal bus multiplexor 24,,
(Figure 6D) select A level (SLARAM) is active, and SLBRAM, SLAIN and SLBIN levels
are inactive to provide a path for data from the UART 31 over to the LCP buffer 25,,.

(b) Receipt and Storage of Data from Terminal Unit: referring to Figure 7C, at STC 1,
with READF set, the terminal start (TERST) level is active. This TERST level causes the
UART 31 to be master cleared and enables the setting of TERMACTF (terminal active
flip-flop; located on terminal control card; the logic state of this flip-flop is controlled by
TERST, TRECF and SENDF; the set state of TRMACTF indicates that the terminal
control section of the LCP has been activated for a ““Read’” or a “‘Write”” operation) to
activate terminal control logic. READF also enables the setting of the terminal receive
flip-flop (TRECF) to allow receipt of data from the peripheral terminal unit 50. The buffer
25, thas its address preset to MADR location 255 and if the even flip-flop (EVNF) is not
already set, its setting is enabled to initiate control of buffer addressing. Data characters are
transferred serially from the peripheral terminal unit 50 to the UART 31 in the LCP, and
the UART checks each character for even vertical parity.

(b-1) Receipt of First Character and Generation of Vertical Parity: with the terminal
receive flip-flop (TERCF) set, and the data store flip-flop (DATASTF), in a reset state,
receipt of the first character causes the data received level (DR) to be active. The DR level
enables setting of the reset UART flip-flop (RSUARTF) and also the terminal busy
flip-flop (TRMBSYF). The even flip-flop, EVNF, is set, causing the buffer address to be
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incremented to MADR location 0. The setting of the data store flip-flop, DATASTEF, and
the resetting of EVNF are then enabled, in preparation for storing the first character in the
buffer. With RSUARTEF set, the SLARAM level is generated which places the first
character on the AB digits and also on the CD digits of the terminal bus 47, forming a
complete word. A parity bit is not included with this word. The contents of the terminal bus
47 are applied to the vertical parity generator/checker 48 of Figure 6D. Parity for the word
on the terminal bus 47 is generated and a flip-flop, used to designate odd vertical parity is
set or reset, as applicable to indicate parity, until receipt of a second character from the
peripheral terminal unit 50.

(b-2) Storage of First Character in Buffer: with the data store ﬂiF-ﬂop DATASTF set,
the reset state of EVNF causes the buffer write enable A (ERWA) level to be active. The
System Write Enable (WESYS) level is also active, and these two levels provide the Write
Enable input for the AB and CD digits of the buffer network. The first character is then
stored both in the AB and the CD digit locations of MADR location 0 of Memory Address
Register 36. Transfer of the first character from the UART 31 to the buffer 25,, causes the
reset UART flip-flop (RSUARTF) to be reset. The data receive level (DR) is then made
inactive, followed by the resetting of DATASTF (Data Store Flip-Flop). This combination
of logig prepares the UART 31 to accept the second character from the peripheral terminal
unit 50.

(b-3) Receipt and Storage of Second Character: when the second character is received
by the UART 31, the data receive level (DR) is again made active and RSUARTF is set.
This logic in combination with the reset state of the even flip-flop EVNF inhibits the buffer
address from being incremented. The setting of the data store flip-flop DATASTF and the
even flip-flop EVNF are then enabled in preparation for storing the second character in the
buffer. The terminal bus multiplexor select A level, SLARAM, is still active and the
character is placed on both the AB and the CD digits of the terminal bus 47. The contents of
the terminal bus 47 are again applied to the vertical parity generator/checker 48. Parity is
generated for the word on the terminal bus 47 and is compared with the parity generated
during receipt of the first character. From the results of the comparison, a single parity bit is
generated for the first and second characters.

With the data store flip-flop DATASTF and the even flip-flop EVNF set, the ERWB
level (Write Enable level for CD digits of LCP buffer) 1s generated and the second
character is stored in the last character position (CD digits) of buffer 25,, at address
location MADR 0, overwriting the character previously placed there. The character on the
AB digits of the terminal bus 47 is not stored in the buffer 25, because the ERWA level is
not active (ERWA is the Write Enable level for the AB digits of the LCP buffer). A parity
bit from the vertical parity generator/checker 48 is added to the complete word now
contained in the Memory Address Register at MADR 0.

(b-4) Receipt of Additional Characters and Start of Block Check Character (BCC)
Accumulation: additional characters are accepted by the LCP. With the receipt of each
character, the logic state of the even flip-flop EVNF is complemented to control
incrementing of the Memory Address Register 36, so as to place data into the buffer 25, in
word format. With the receipt of the “start of heading/start of text” character (SOH/STX)
from the peripheral terminal unit 50, the block check character register 33 of Figure 6D is
enabled and each character following the SOH/STX character is applied to the BCCR 33 to
accumulate a block check character BCC for the message being received. Accumulation of
a BCC will continue through receipt of the first buffer load of data and through receipt of
succeeding buffer loads of data until the ending code (ETX character) is received. The
actions that occur when an ending code is received will be described subsequently
hereinafter.

(c) Buffer Filled: when the LCP buffer 25, is completely filled with data, the even
flip-flop EVNF and the Memory Address MADR 252 level are set, enabling the setting of
the buffer transfer flip-flop (BFXFRF). The setting of BFXFRF indicates that the LCP
ll)(t)xffer 25, needs service, and the LCP initiates a request for a reconnection to the System

(d) Request for Reconnection to System 10: after disconnection, STC 1, the LCP
initiates a request for a reconnection to the System by enabling the setting of the LCP
request flip-flop LCPRQF. The setting of the I/O send flip-flop (IOSF) is enabled also, to
condition the data lines for transfer of data to the System 10, and the setting of the Memory
Address MADR 253 (Figure 6C) is enabled to allow access to the Descriptor Link D/L. The
LCP then steps to STC 5 to send the Descriptor Link D/L and the LPW to the System 10.

The term MADR refers to Memory Address levels. These are generated on the Terminal
Control Card from outputs of the Memory Address Register 36. These levels represent
address locations shown in Table XI in the LCP buffer 25, (Figure 6C) which are reserved
for the following:
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TABLE XI
Location Description

251 Next-to-last data word

252 Last data word

253 Descriptor link information word
254 Descriptor link information word
255 Descriptor link LPW

When one of the eight LCP address levels, LCPADn, is received from the associated
Distribution Card 20,4 during the reconnection sequence, then the LCP address level,
LCPADL, is active. The LCPADL address level is generated on the Terminal Control Card
when the applicable LCPADn level is active. The LCPADn level also generates the gate
system level, GATSYS to enable the LCP backplane network. The LCP connected
(LCPCON) level is sent to the Distribution Card 20,4 to indicate that the LCP is
reconnected. The SLAIN level is active and the SLBIN, SLARAM, and the SLBRAM
levels are inactive in order to allow the Descriptor Link D/L to be transferred to the Latch
Register 49 gFigure 6D).

(ge) Transfer of Descriptor Link D/L and the Descriptor Link LPW: in Figure 7C, at
STCSS, the transmit flip-flop (XMITF) is set. The transmit flip-flop is located on the System
Logic card and the set state indicates that the LCP is transferring data to the System 10,
thus, activating the ‘“Read’” module of the LCP. LCP transfers the Descriptor Link D/L and
the longitudinal parity word LPW (previously received at STC 6) back to the System 10.
The LCP then enables setting of the LPW register 24,, to logic “I's”, and steps to STC 4 to
transfer data to the System 10.

(f) Transfer of Data to System 10: at STC 4 of Figure 7C, the transmit flip-flop XMITF
and the I/O send flip-flop, IOSF, are still in the “set” state from the operation at STC §.
The asynchronous strobe flip-flop (ASYNCEF) is set to enable asynchronous transfer of data
to the System 10. Data is transferred from the LCP buffer 25,,, by way of the data latch
register 49 (Figure 6D) to the System 10 (via the system interface 22 of Figure 6C).
Transfer is accomplished one word (plus a parity bit) at a time. The LCP strobe level
LCPSTL accompanies the transfer of each word, and as each word is received by the
System 10, the System sends a strobe pulse to acknowledge receipt of a word. Each word
placed on the terminal bus 47 of Figure 6D for transfer to the System 10 is applied
simultaneously to the latch register 49 and the LPW register 24,,. The LPW register 24,,
accumulates the longitudinal parity word LPW during the data transfer. When the last data
word address of the LCP buffer 25,, (MADR 252) is attained, the synchronous flip-flop
(SF, which is located on the Terminal Control Card and is set when the LCP is also
transferring data to the peripheral terminal unit) is set, resulting in the development of the
;ynchronl%us level, SFL, and then the LCP steps over to STC 12 to send an LPW to the

ystem 10.

(g) Transmission of Longitudinal Parity Word to System 10: in Figure 7C at STC 12, the
LPW accumulated in the LPW register 24,, during operation at STC 4, is sent to the System
10. The LCP then enables setting of the LPW register 24,, to logic “I’s” and steps to STC 1
to receive additional data from the peripheral terminal unit 50 ( via the terminal unit device
interface 224; of Figure 6C). After this, the LCP steps to STC 5 to send a Descriptor Link to
the Main System 10.

(h) Receipt of Additional Data and Ending Code from Peripheral Terminal Unit: upon
the second entry to STC 1, a terminal active flip-flop (TRMACTF) and a terminal receive
flip-flop (TRECF) are both in a set state from the previous operation at STC 1. The
terminal receive flip-flop TRECF is located on the terminal control card and this flip-flop is
set when the LCP is receiving data from the peripheral terminal unit; the terminal active
flip-flop, TRMACTF, is also located on the terminal control card and, in its set state,
indicates that the terminal control section of the LCP has been activated for a “Read” or
“Write” operation. The LCP buffer address is again set to MADR 255 in Freparation for
receipt of data from the peripheral terminal unit 50. At STC 1, the actions of the LCP while
receiving the second buffer load of data from the peripheral terminal unit S0 are the same as
those performed during the receipt of the first buffer load, up to the point that an ending
code is received on the terminal bus 47.

Assuming that prior to receipt of the end code, at STC 1, that the following two
conditions exist: (19 EVNF is reset, indicating that the next character to be received will be
placed in the last character position (CD digits) of a word; and (2) both RSUARTF (Reset
UART Flip-Flip) and the data store flip-flop (DATASTF) are reset. When the ending code
character is received, RSUARTEF is set, providing the necessary logic level to generate the
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Write Enable (ERW 18) level for the ending code RAM. Receipt of an ending code is
recognized by the LCP when the character is on the terminal bus 47. Recognition of the
ending code causes the end code level, EDCODE, to be generated, which develops the
data input level (RAM 18 L) for the ending code RAM; the end-flag bit (ENDFG) is then
stored 1n the present buffer address of the buffer 25,,. The setting of EVNF and DATASTF
is then enabled, which conditions the LCP to store the ending code in the buffer 25,. With
EVNF set, the ERWB (Write Enable level for CD digits) level is active and the character is
stored in the last character position of the same word address in which the end-flag level,
ENDFG, is stored.

(i) Check of BCC and Request for Reconnection to System 10: with DATASTF set, the
EDCODE level enables the setting of the end flip-flop (ENDF). The LCP now receives a
block check character (BCC) from the peripheral terminal unit 50 and checks it against the
accumulated BCC in the block check character register 33. The setting of the end flip-flop
ENDF causes the terminal receive flip-flop TRECF to be reset, and the terminal complete
level (TMCMP) to be active, terminating the actions of the terminal control section of the
LCP. The LCP then initiates a request for a reconnection to the System and steps from STC
1 to STC 5 to send the Descriptor Link D/L to the System 10.

(j) Transfer of Descriptor Link D/L and the Descriptor Link LPW: as in the preceding
reconnection to the System, at STC 5 the LCP sends the Descriptor Link D/L and the LPW
to the System, and then steps to STC 4 (Read) to transfer data to the System 10.

(k) Transfer of Data to System 10: at STC 4, the actions of the LCP are the same as
described before at STC 4, until the word containing the ending code character is placed on
the transfer bus for transfer to the System 10. Recognition of the ending code causes the
System end level (SYSEND) to be developed, and the LCP steps to STC 12 to send an LPW
to the System 10.

() Transmission of LPW and Result Descriptor R/D to System 10: the LCP sends the
LPW accumulated in the LPW register 24, to the System 10. After the LPW is
sent, since the terminate complete level (TMCMP) is now active, indicating that there is no
rsnore data to be transferred, the LCP steps to STC 7 to send a Result Descriptor R/D to the

ystem 10.

At STC 7, the LCP sends a Result Descriptor R/D to the System 10, then steps to STC 15
(Figure 7D), and sends an LPW, then returns to idle at STC 3 to await another instruction
from the System 10.

The above discussion has involved the general flow path for a “‘Read” operation in which
more than one buffer load of data was transferred from a ?eripheral to the Main System,
and in which the operation was concluded by receipt of an ending code.

However, during a “‘Read” operation, other situations may occur to cause alternate logic
flow paths and the handling of possible error conditions. The following sections (a) through
(d) indicate the action of the LCP when modifications to the original “Read” instructions
are made either by the System 10 or by the LCP:

(a) Receipt of Time-Out Level: referring now to Figure 7E, which is made of two
sheets, 7E-1 and 7E-2; at STC 1, with operation of the one-second timer not inhibited, and
data being received by the LCP from the peripheral terminal unit 50, if the sending of data
is interrupted for a period of one second, the time-out level (TIMOUTL) is generated.
With TIMOUTL active, the end flip-flop (ENDF) is set, and the terminal complete level
(TMCMP) is generated. A request for reconnection to the System 10 is initiated and the
LCP steps over to STC 5. At STC 5, with the end flip-flop (ENDF) set, the Read operation
is terminated and the LCP steps over to STC 7 to send a Result Descriptor R/D to the
System 10. A time-out level can also be received with the LCP at STC 3 as can be seen in
Figure 7E at STC 3 “idle status’.

(b) Transmission Still Expected from Peripheral Terminal Unit: In Figure 7E, at STC 1,
with the LCP conditioned to receive data from the peripheral terminal unit 50, then if data
is not being received, the LCP steps immediately to STC 3 in order to be in a condition to
receive a conditional cancel instruction from the System 10. The LCP will return from STC
3 over to STC 1 if a data transmission begins.

(c) Request for Emergency Reconnection: during transfer of data from the peripheral
terminal unit 50 to the LCP, when the buffer 25, is completely filled, a buffer transfer
flip-flop (BFXFREF) is set, initiating a request for a reconnection to the System 10 to store
data. (The buffer transfer flip-flop %BFXFRF) is set when the LCP buffer 25, is filled with

data from the peripheral terminal unit 50, or when emptied during transfer of data from the
LCP to the peripheral terminal unit). If a reconnection is not completed prior to the time
the UART 31 receives another character, the emergency request level (EMRREQ) is
generated. The EMRREQ level is sent to the associated Distribution Card 20,4 to initiate
an emergency request for a reconnection to the System 10.

(d) Receipt of Ending Code (AB digits): the actions of the LCP relating to receipt of an
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ending code, which will be placed on the AB digits (tirst character) of a word, are more
varied than those involved with receipt of an ending code to be placed on the CD digits of a
word. This condition exists because a transmission from the peripheral terminal unit may
consist of data followed by an ending code, or its may consist merely of an ending code by
itself. Additionally, decrementing of the System Memory Address may or may not be
required when storing the ending code, in order to reflect the accurate location of the
ending code in System Memory 10,,. Thus, the following actions of the LCP for these
various conditions are discussed below in paragraphs d1 and d2:

(d1) Receipt of Ending Code Following DATA: if the ending code follows a series of
data characters and is received on the terminal bus 47 when the even flip-flop (EVNF) is
set, the character, when stored, will be placed in the AB digit position of a word in the LCP
buffer 25,,. When the character is received, the end code level (EDCODE) is generated,
causing RAM 18 L (Write end-flag level) to be active, and the end-flag level (ENDFG) is
stored in the presently current buffer address. (The end code level (EDCODE) is generated
on the terminal control card when an end code character is in the A and B digits of the
terminal bus 47. The end-flag level, ENDFG, is generated on the data flow card from RAM
18 L, and when active, this level identifies the address of an end code in the LCP buffer
25,,. The write end-flag level (RAM 18 L) is the data input level for the end-flag RAM of
the LCP buffer 25,,). The set state of the even flip-flop (EVNF) then causes the buffer
address to be incremented to the next word address. The setting of the data store flip-flop
(DATASTF) and the complementing of the even flip-flop (EVNF) are then enabled. With
EVNF reset, the write enable A (ERWA) level is generated and the ending code is stored
in the AB digits of the buffer address following the one in which the end-flag level
(ENDFG) was stored. The LCP then initiates a request for reconnection to the System to
transfer data and the ending code to the Main %ystem 10.

During transfer of final data from the LCP buffer 25,, to the System 10 at STC 4, an
ending code in the AB digits of a word will be recognized when ENDFG (end-flag level)
level is active and the system end code level (SYSEND) is inactive. This logic combination
indicates that the next word to be transferred contains an ending code in the AB digits. In
Figure 7E, the LCP steps to STC 14 to accomplish transfer of a single character. At STC 14
the setting of a word transfer control flip-flop (WTCEF) is enabled unconditionally. The
setting of the character transfer flip-flop (CTSF) is enabled to specify that the character
transfer state was entered. The ending code is stored in System Memory 10y, and the LCP
steps first to STC 12 to send a longitudinal parity word LPW to the System 10, then steps
over to STC 7 to send a Result Descriptor R/D to the System 10.

(d2) Receipt of Ending Code Only: as per Figure 7E, at STC 1, if the transmission from
the peripheral terminal unit 50 consists of a single character (end code), it will be received
on the terminal bus 47 with the even flip-flop EVNF in a set state, and will be placed on the
AB digit position of a word in the LCP buffer 25,,. The character is stored and the LCP
initiates a request for reconnection to the System to transfer the character, as seen in the
3rd block of Figure 7E at STC 5. This steps over to STC 4, and with the end code level
(EDCODE) active, the setting of the character end flip-flop (CHARENF) is enabled. The
character is transfered (STC 14) to the System 10 and the LCP steps over to STC 12 to send
a longitudinal parity word (LPW) to the System 10. At STC 12, the set state of CHARENF
(the character end flip-flop) causes the LCP to step directly to STC 9 to initiate
decrementing of the System Memory Address 10,,. Then the LCP steps to STC 7 in order to
send a Result Descriptor R/D to the System 10.

(e) Receipt of Terminate Signal from System: a terminate signal (TERM level) is sent
from the System to the LCP during a Read operation whenever available system memory
space designated for the LCP operation is to be exceeded. During a Read operation, the
TERM level may be received (Figure 7E) at STC 4, STC 14, or STC 12. The actions of the
LCP upon receipt of the TERM level depend upon the status count in which the LCP is
operating when the TERM level is received, and upon whether or not the receipt of the
TERM level is preceded by the receipt of an ending code character from the peripheral
terminal unit 50. Under these conditions, the actions of the LCP are discussed in the
following paragraphs el and e2:

(el) Receipt of Terminate Signal Before Ending Code is Received: if the LCP receives
the TERM (terminate signal) level from the System before it has sufficient time to receive
and store an ending code, the LCP then acts as follows:

el (a) The receipt of the TERM level while the LCP is transferring data to the System
at STC 4, causes the terminate flip-flop (TERMF) to be set, and the LCP steps over to STC
12. A longitudinal parity word LPW is sent to the System 10 and the set state of the
terminate level (TERMF) causes the LCP to terminate the Read operation and step over to
STC 7 to send a Result Descriptor R/D to the System 10.

el (b) In Figure 7E, the LCP steps from STC 4 over to STC 12 after transferring a word
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containing an ending code in the CD digits over to the System 10. If the TERM level is now
received at STC 12, the setting of the word transfer control ﬂi{)—ﬂop (WTCF) is enabled,
and the LCP remains in STC 12 for an additional strobe time. If during the second strobe
time, the TERM level is still active, this indicates that the ending code was not transferred.
The setting of TERMF (terminate flig-flop) is enabled and the LCP steps over to STC 7 to
send a Result Descriptor R/D to the System 10.

el (c) The LCP steps from STC 4 over to STC 12 when the last word in the buffer 25,
has been transferred. If the TERM level is now received at STC 12, the LCP remains in
STC 12 for additional strobe time. The word transfer control flip-flop (WTCF) is set and
regardless of the logic state of the TERM level during the second strobe time, the LCP
terminates the Read operation and steps over to STC 7 to send a Result Descriptor R/D to
the System 10.

el (d) The LCP will be in STC 14 if the last data word transferred at STC 4 is to be
followed by an ending code in the AB digits of the next word. If the terminate (TERM)
level is now received at STC 14, the ending code is not stored and the LCP steps to STC 12,
it sends an LPW to the System, and then steps to STC 7 to send a Result Descriptor R/D to
the System 10.

(€2) Receipt of Terminate Signal After Ending Code is Received: if the LCP receives
the terminate level (TERM) from the System 10 after an ending code has been received
from the peripheral terminal unit 50, then the LCP acts as shown in the following
paragraphs €2 (a), €2 (b), €2 (c):

e2(a) InFigure 7E, the LCP steps from STC 4 over to STC 12 after transferring a word
containing an ending code in the BD digits to the System 10. If the term level is now
received at STC 12, the setting of the word transfer control flip-flop (WTCF) is enabled and
the LCP remains in STC 12 for an additional strobe time. If during the second strobe time,
the TERM level is no longer active, this indicates that the ending code was transferred. The
LCP then steps over to STC 7 to send the Result Descriptor R/D to the System 10.

e2 (b) The LCP steps from STC 4 over to STC 14 if the last word transferred at STC 4 is
to be followed by an ending code in the AB digits of a word. If the LCP progresses through
STC 14 without receiving the TERM level, the ending code is transferred to the System 10,
and the LCP steps over to STC 12 to send a longitudinal parity word LPW. If the TERM
level is now received at the STC 12, the LCP takes no action upon its receipt, but steps to
STC 7 to send a Result Descriptor R/D to the System 10.

e2 (c) If a transmission from the peripheral terminal unit 50 consists of a single
character (ending code), then at STC 4, the LCP enables the setting of the character end
flip-flop (CHARENF) and steps over to STC 12 to send a longitudinal parity word LPW.
At STC 12, if the TERM level is now received, the LCP will remain in STC 12 for an
additional strobe time. If during the second strobe time, the TERM level is still active, this
indicates that only the first half of the word containing the ending code was transferred and
the System Memory Address was not incremented to the next word address. The LCP steps
over to STC 7 to send a Result Descriptor R/D to the System 10. If the TERM level is
inactive during the second strobe time, this indicates that the System Memory Address was
incremented to the next word address and requires decrementing. The set state of the
character end flip-flop (CHARENF) and the inactive state of the terminate level (TERM)
cause the LCP to step over to STC 9 to initiate decrementing of the System Memory
g\ddress. From STC 9, the LCP steps over to STC 7 to send a Result Descriptor R/D to the

ystem 10.
Error Conditions: During the course of a “Read’” operation, certain error conditions may
occur which will be acted upon by the LCP, as follows:

(a) Access Error: after transmitting the emergency request (EMRREQ) level, if the
LCP has not received a reconnection to the System 10 prior to receiving a second character
in the UART 31, the UART 31 generates a level called overrun error level (OE). The OE
level causes the enabling of the access error flip-flop (ACCERF) and of the end flip-flop
(ENDF). The LCP then initiates a request for reconnection to the System 10 to terminate
the Read operation and to send an error Result Descriptor R/D to the System 10.

(b) Terminal Vertical Parity Error: during transfer of data from the UART 31 to the
LCP buffer 25, if the parity error level (PE) is generated by the UART 31, the terminal
vertical parity error flip-flop (TVPEREF) is set to indicate existence of a vertical parity error.
This flip-flop, TVPERF, has a logic state which is controlled by an output from the LCP
vertical parity generator/checker 48, or from the parity error output of the UART 31
(Figure 6D). The set state of the flip-flop indicates that a vertical parity error occurred
during transfer of data between the LCP and the peripheral terminal unit 50. This flip-flop
is located on a Terminal Control Card. '

(¢) Block Check Character Error: during the transfer of data (Figure 6D) from the
UART 31 to the LCP buffer 25,,. if the block check character OK level (BCCOK) is not
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active after the block check character has been checked, the block check character error
flip-flop (BCCEREF) is set to indicate the existence of a block check character error. The
BSCOK level is provided by decoder 34 of the block check character register 33 in Figure
6D.

Write Flip-Read Operation:

This operation is essentially a Write operation followed by a Read operation. Basically
the previous discussion regarding the ‘“Write” operation and the “Read” operation of
Figures 7B and 7C are applicable here. The receipt of a Command Descriptor C/D for the
“write flip read” operation into the OP code and the variant registers 42 and 43 (Figure 6D)
respectively, causes a “Write” operation to be initiated and a FLIP level (Flip Level) to be
generated. Data is transferred from the System 10 to the peripheral terminal unit 50 during
the “Write” portion of the operation. When an ending code is recognized on the terminal
bus 47 during data transfer from the LCP to the peripheral terminal unit 50 at (Figure 7C)
STC 1, then the end code level (EDCODE) is generated. The EDCODE level enables the
setting of the end flip-flop (ENDF) indicating that the data transfer is complete. The set
state of the end flip-flop (ENDF) and the generation of the FLIP level enable the setting of

the read flip-flop (READF), the terminal receive flip-flop (TRECF), and the even flip-tlop’

EVNF), the resetting of the write flip-flop (WRITF), the terminal busy flip-flop
TRMBSYF), and the presetting of the buffer address to MADR 255. With these actions,
the LCP is conditioned to receive data from the peripheral terminal unit 50, without
reconnecting to the System 10 to receive additional instructions.

To initiate the “Read” portion of the *“Write-Flip-Read” operation, the LCP does not
reconnect to the System 10. As per Figure 7E, from STC 1, the LCP steps over to STC 3 to
await a transmission from the peripheral terminal unit 50. Receipt of the first character
from the peripheral terminal unit 50 causes the DR level (Data Received) in the UART 31
to be active, enabling the setting of the reset UART flip-flop (RSUARTF) and the terminal
busy flip-flop (TRMBSYF). The setting of the terminal busy flip-flop causes the LCP to
return to STC 1 to receive the data. The “Read” operation progresses through to
completion, subject to the same conditions discussed previously for a regular Read
operation.

Test Operation: The “test operation” provides the System 10 with the capability for
determining the operational status of the LCP without requiring a transfer of data to or
from the System Memory 10,,. Located on a data flow card 1s a test flip-flop (TESTF). The
logic state of this flip-flop is controlled by output levels from the OP code register 42, Figure
6D. The set state indicates that a test instruction was received from the System 10. In Figure
7E, at STC 11, with the test flip-flop (TESTF) set, the LCP has no requirement to step to
STC 6 to receive a Descriptor Link D/L. It steps instead to STC 7 to return a Result
Descriptor R/D to the System 10. From STC 7, the LCP steps over to STC 15, and then
STC 3 (idle), where is remains until another Command Descriptor C/D is received. Under
normal conditions, the Result Descriptor R/D sent to the System 10 for a “test operation”
will have all bits equal to zero. The System 10 will recognize, by this condition, that the LCP
is operational. '

Test Enable Operation: The receipt of a Command Descriptor C/d containing a “test
enable” instruction conditions the LCP so that the peripheral terminal unit 50 can initiate a
communication with the System 10. The peripheral terminal unit 50 initiates a request for
communication by sending an inquiry character (ENQ) to the LCP. Upon receipt of the
inquiry character (ENQ), the “test enable” operation is terminated and the System initiates
a “Read” operation to receive data from the peripheral terminal unit 50. If the terminal
unit sends any other character but an ENQ inquiry character, the character will not be
recognized and the LCP will take no action. The “test enable” operation operates (in
reference to Figure 7E) as follows: '

At STC 3, upon receipt of a “test enable” instruction, the variant register flip-flop No. 3
(VARS3F) is set. The “VAR (1-4) F” represents the 4 variant register levels. These are
generated on the Data Flow Card by outputs of the variant register 43, Figure 6D. The logic
state of these levels is dependent upon the numerical value contained in the variant digit 1
of the Command Descriptor C/D. The setting of VAR3F inhibits the setting of the test
flip-flop (TESTF) but allows the read flip-flop (READF) to be set. The LCP steps over to
STC 11 to receive the Command Descriptor longitudinal parity word LPW from the System
10, and then steps over to STC 6 to receive the Descriptor Link D/L from the System. At
STC 6, because the “‘Read” flip-flop (READF) is set, the LCP disconnects from the System
10 and steps over to STC 1 to receive an inquiry character (ENQ) from the peripheral
terminal unit 50. At STC 1, (unless an inquiry character (ENQ) is received immediately)
the LCP steps over to STC 3 to await a transmission from the peripheral terminal unit 50.
When the terminal unit transmits, the terminal busy flip-flop (TRMBSYF) is set, causing
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the LCP to step over to STC 1 to receive the in?uiry character (ENQ). When the ENQ is
received, the set state of the variant register level, VARGSF, inhibits the LCP from stepping
over to STC 4 and also inhibiting the transfer of the character to the System 10. Instead the
LCP steps over to STC 7 to return a Result Descriptor R/D to signify to the System 10 that
the “test enable” operation is complete.
Conditional Cancel Operation: The “‘conditional cancel operation” provides the System 10
with a capability to cancel a previously sent Command Descriptor C/D containing a “Read”
operation. Referring to Figure 7E, if the LCP has initiated a “‘Read” or a “Write flip Read”
operation, but the expected data transfer from the peripheral terminal unit 50 1s not in
progress, the LCP will remain at STC 3 awaiting a possible *“conditional cancel” instruction.
if a conditional cancel instruction is now received, the “Read” operation is cancelled and
the cancel flip-flop (CANCEF) is set. This cancellation will not be effectuated unless the LCP
is at STC 3. The LCP then steps over to STC 11 to receive a Command Descriptor
longitudinal parity word LPW from the System 10. The set state of the cancel flip-flop
CANCF inhigits the LCP from stepping to STC 6. Instead, the LCP steps over to STC7to
return a Result Descriptor R/D to the System 10, indicating that the conditional cancel
operation is completed. »
Echo Operation: The “echo operation” is a maintenance aid to trouble shooting of .the
LCP. This operation begins with a “Write” operation in which data is transferred from
System Memory 10,, over to the LCP buffer 25,,. This is followed by a “Read” operation in
which the same data is transferred back to System Memory 10,,. Assuming, for example,
that less than a full buffer load of data will be transferred and that the operation will be
terminated by receipt of an ending code in the last character position of a word; and since
the “echo operation” is essentially a Write operation followed by a Read operation, the
following discussion will involve only those LCP actions which are unique to the echo
operation. (Read and the Write operations were previously discussed in connection with
Figures 7B and 7C). Now referring to Figure 7E, at STC 6, and with the echo flip-flop
(ECHOF) set, the LCP steps over to STC 8 to accept data from the System 10. Beginning at
STC 8, the LCP operates as previously discussed during a regular “Write”” operation up to
the point that the LCP receives an ending code and then steps over to STC 12. At STC 12,
although no data is to be transferred from the LCP to the peripheral terminal unit 50, the
LCP disconnects from the System 10 by stepping momentarily over to STC 1. When
disconnected at STC 1, the LCP initiates a request for reconnection to the System 10 by
enabling the setting of: the LCP request flip-flop (LCPRQF); the I/O send ﬂiE-ﬂop (10SF);
and by the presetting of the buffer address to MADR 253 (Descriptor Link, Figure 6C
The LCP then steps over to STC 5 to send the Descriptor Link D/L to the System 10. At
STC 5, the LCP transfers the Descriptor Link D/L to the System 10. The set state of the
echo flip-flop (ECHOF) then causes the” LCP to step over 1o STC 4 to return data in
the buffer 25,, back to the System Memory 10,,. Beginning at STC 4, data is transferred
from the LCP over to the System 10. The actions performed by the LCP are as those
previously described during a regular “Read” operation up to the point that the LCP
identifies an ending code on the terminal bus 47 and then steps over to STC 12. AtSTC 12,
the Read operation is completed and the set state of the echo flip-flop (ECHOF) causes the
LCP to step over to STC 7 to return a Result Descriptor R/D over to the System 10. Return
of Result Descriptor R/D: Figure 7D is a simplified logic flow diagram regarding the return
of the Result Descriptor R/D. The LCP steps over to STC 7 to return a Result Descriptor
R/D to the System 10 under any of the following conditions listed as a, b, c. d: .
At STC 12 or STC 9 when a “Read” or an echo operation is completed.,
At STC 5 when a “Write” operation is completed.
. At STC 11 when any one of the following conditions occur:

cl) A descriptor error occurred;

¢2) A test operation is specified by the Command Descriptor C/D being executed;

c3) The conditional cancel flip-flop (CANCF) is set.

d. At STC 6 if a vertical or a longitudinal parity error has occurred.

At STC 7, if the transmit flip-flop (XMITF) is not set, it is set at this time to activate the
LCP Read module. The terminal bus multiplexor select A level (SLARAM) and the
terminal bus multiplexor select B level (SLBRAM) are both active, which allows the
terminal bus multiplexor network (24,, of Figure 6D§ to select a word made up of Result
Descriptor levels for transmission to the System 10. When the Result Descriptor word is
placed in the data latches 49, it is also applied to tire LPW register 24,, to generate an LPW
for the Result Descriptor transfer. The LCP then steps over to STC 15 to send the R/D
LPW to the System 10.

At STC 15, the terminal bus multiplexor select A level (SLARAM) is inactive and the
terminal bus multiplexor select B level (SLBRAM) is active, which allows the terminal bus
multiplexor network (24,, of Figure 6D) to select outputs of the LPW register 24, for
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transmission to the System 10. (The SLBRAM is used in conjunction with the SLARAM to
select one of four inputs to the terminal bus multiplexor network). These are generated on
the System Logic Card from outputs of the STC decoder 54 of Figure 6D. The LCP
transfers the LPW, resets selected logic levels to a beginning state, and then steps over to
STC 3. The LCP remains at STC 3 until another Command Descriptor C/D is received.

Ig summary the LCP operates in two “modes” -- the “off-line” mode and the “on-line”
mode.
Off-line mode:

Operation of the LCP/Terminal Unit combination in an off-line mode is for the purpose
of performing maintenance functions. In the field, a variety of operations can be performed
to verify the condition of the LCP or for simple trouble shooting. These operations can be
carried out without effecting the normal operation of other LCP’s in the same Base
Module.

On-line mode:

The two basic operations controlled by the LCP in the on-line mode operations are (1) a
Write operation in which data is received from the System by the LCP and which data is
transferred to the peripheral terminal unit; and (2) a Read operation in which data is
received from the terminal unit by LCP and is transferred to the System Memory 10,,.

In addition to these basic operations, the LCP can change from a “Write” to a “Read”
operation with a single instruction, and can also perform selected test operations. The
following items represent the specific operations which the LCP can perform by means of
program instructions from the Main System 10. This is done by means of Command
Descriptors (C/D) and herein follows a brief summary of what is accomplished by each
operation.

pTable XII here below summarizes the specific operations which ghe LCP can perform:

TABLE XII

Test

Test Enable
Conditional Cancel
Echo

Write
Read
Write Flip Read

poe
w o A

Command Descriptors:

The Command Descriptors (C/D) are instructions from the Main System 10 to the LCP
regarding certain operations to be performed. The following items will summarize briefly
the Command Descriptors associated with each of the instructions (of Table XII) from the
Main System 10:

(a) Write:

The “Write” Command Descriptor is an instruction to transfer data from System
Memory 10, to the peripheral terminal unit desired, for examgle, such as peripheral
terminal unit 50. The LCP accepts data from the System 10 until the LCP buffer 25, for
example, is full, or until the data transfer is stopped by the receipt of an “‘ending code” or a
“terminate” signal from the Main System 10. When the LCP buffer 25, is full, or when an
“ending code” is received, the LCP transfers the contents of the buffer 25, to the
peripheral terminal unit 50. The “Write” Command Descriptor is identified as shown in
Table XIII below:

TABLE XIII : (Write C/D)
Data Lines Digit Value

A8
A4
A2
Al

OP Digit

B8
B4
B2
B1

(b) Read:
The “Read” Command Descriptor is an instruction to transfer data from the peripheral

Variant Digit 1
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terminal unit involved, such as unit 50, over to the System Memory 10,,. The LCP first
accepts data from the peripheral terminal unit 50 until the LCP buffer 25, is full, or until
the data transfer is stopped by the receipt of an “ending code” from the peripheral terminal
unit. When the LCP buffer 25, is full, (or when the ending code is received), the LCP

5 transfers the contents of the buffer 25,, over to the System Memory 10, unless the Main 5
System 10 sends a “terminate” signal to stop the Read operation because System Memory
space is not available to store any more data. If, after initiating a Read operation, the LCP
receives no data for a period of one second, the LCP ‘“times out” and sends a Result
Descriptor (R/D) to the Main System 10. The one-second timing interval can be inhibited
10 by setting a bit (B1) of the variant digit 1 of the Command Descriptor equal to 1. Table XIV 10
below shows the “Read” C/D.
TABLE XIV : (Read C/D)
15 Data Lines Digit Value 15
A8 1
A4 0
A2 0 OP Digit
20 Al 0 ' 20
B8 0
B4 0
B2 0 Variant Digit
25 B1 A see 25
note -
If B1 is equal to 1, the one-second time-out period,
30 allowed to the terminal unit to respond, is inhibited.
30
(c) Write flip Read:
The “Write flip Read” Command Descriptor is an instruction to the LCP to accomplish a
Write operation, at the conclusion of which an immediate Read operation is performed
without any intervention from the Main System 10. Data is accepted from the Main System
35 10 and transferred to the peripheral terminal unit until an “‘ending code” is received. Upon 35
receipt of the ending code from the Main System 10, the LCP transfers the ending code to
the peripheral terminal unit and then changes to the Read Mode. The LCP then accepts
data from the peripheral terminal unit and transfers it to the System Memory 10, until an
ending code is received from the peripheral terminal units, or until a terminate signal is
40  received from the Main System 10. If, after beginning of the Read portion of the operation, 40
the LCP receives no data for a period of one-second, then the LCP “times-out” and sends a
Result Descriptor (R/D) to the Main System 10. Of course, the one-second time interval
can be inhibited if desired, by setting the bit B1 of the variant digit 1 of the Command
Descriptor equal to one. Table XV below illustrates the “Write flip Read” Command
45  Descriptor. 45
TABLE XV : (Write flip Read C/D)
Data Lines Digit Value
50 50
A8 0 )
A4 1 ) OP Digit
A2 0 )
Al 0 )
55 55
B8 1
B4 0 ;
B2 0 ) Variant Digit
B1 see )
60 note ) 60
If Bl is equal to 1, the one-second time-out period,
allowed to the terminal unit to respond, is inhibited.
65 (d) Test: 65
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The “test” Command Descriptor is an instruction to the LCP to indicate its “‘operational
status” by returning a Result Descriptor (R/D) to the Main System 10. If the LCP is present
and available, the Result Descriptor will be equal to all “O’s”. Table XVI below shows the
Test Command Descriptor: N
5 5
TABLE XVI : (Test C/D)
Data Lines Digit Value
10 A8 0 ; 10
A4 0 OP Digit
A2 1
Al 0
15 BS 0 15
B4 0 Variant Digit 1
B2 0 _
Bl 0
20 (e) Test Enable: : 20
The “test enable” Command Descriptor is an instruction to the LCP to monitor incoming
data from the peripheral terminal unit, and upon receispt of an Inquiry Character (ENQ), to  °
form and transmit a Result Descriptor (R/Dg to the System 10. This instruction is used to
allow the peripheral terminal unit to initiate a communication with the Main System 10.
25 Table XVII below illustrates this Command Descriptor. 25
TABLE XVII : (Test Enable C/D) .
Data Lines Digit Value
30 ' 30
A8 0
A4 0 OP Digit
A2 1
Al 0
35 35
B8 0
B4 1
B2 0 Variant Digit
Bl see )
40 note ’ ) 40
If B1 is equal to 1, the one-second time-out period,
allowed to the terminal unit to respond, is inhibited.
45 (f) Conditional Cancel: 45
The “Conditional Cancel” Command Descriptor is an instruction to the LCP to initiate
cancellation of another Command Descriptor under certain conditions. When the
Conditional Cancel Command Descriptor is received by the LCP, and, if data is not being
received from the peripheral terminal unit during the applicable portion of a Read
50  operation, then the previous Command Descriptor will be cancelled. This C/D is shownin 50
Table XVIIIL:
TABLE XVIII : (Conditional Cancel C/D)
55 Data Lines Digit Value 55
A8 0 ;
A4 0 OP Digit
A2 1
60 Al 0 60
B8 1 )
B4 0 ) Variant Digit 1
B2 0
65 Bl 0 65
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Echo:

The “Echo” Command Descriptor is an instruction to the LCP to accept a full buffer of
data (or less) from the Main System 10 and then to return the same data back to the Main
System 10 to be stored. This provides a maintenance check and trouble shooting diagnosis
cycle for the System-LCP operations. Table XIX illustrates this Echo Command

Descriptor.
TABLE XIX : (Echo C/D)
Data Lines Digit Value

A8
A4
A2
Al

B8
B4
B2
B1

OP Digit

Vaﬁant Digit 1

OO Oo —_ooo

Features of the embodiment hereinbefore described with reference to the drawings are
claimed in Specification Nos. 1574467, 1574468 and 1574469 (Applications Nos. 36132/77,
36133/77 and 36134/77).

WHAT WE CLAIM IS:

1. A digital system for the transfer of digital information between a first main system,
which includes a processor, a main memory and an input/output translator interface unit,
and a plurality of remote peripheral terminal units, wherein each peripheral terminal unit is
connected to the input/output translator interface unit of said main system via a
corresponding Line Control Processor comprising:-

(a) means for receiving and for error checking information-data and instruction-data
received from the respective peripheral terminal unit or from said main system;

(b) a buffer memory for temporarily storing said information-data and said instruction-
data, said buffer memory having at least two memory areas, each capable of storing a
complete block of message data;

(c) processor-logic means for execution of instruction data received from said main
system and for completing data transfer tasks;

(d) register and decoder means for developing status condition signals for controlling
the sequence of instruction steps to be carried out by said processor-logic means according
to a predetermined sequence, and for conveying signals to said main system representing
the steps completed in the execution of said instruction-data; and

(e) flow-logic means for providing signal information to said register and decoder
means, said flow logic means sensing each operational step in the execution of an
instruction.

2. A system as claimed in Claim 1 including:-
means to interchange data with a peripheral unit at the speed rate capability of said
peripheral unit while said Line Control Processor is disconnected from said main system,
and connected to said peripheral unit;
means to interchange data with said main system at the highest speed rate capability of said
main memory while said Line Control Processor is disconnected from said peripheral unit
and connected to said main system.

3. A system as claimed in Claim 1 or Claim 2, including:-
means to receive and store an instruction-word from said main system and convey said
instruction-word to said first logic means for execution without further attention from said
main system;
means to generate result-descriptor signals to said main system when said instruction word
has been fully executed, said means including:
result descriptor logic responsive to an end-of-block message character transmitted when
each data transfer block is completed;
means responsive to signals from said main system or to signals from said peripheral unit or
to signals from said Line Control Processor to abort execution of an instruction word or a
data transfer and to signal this aborted transfer to the said main system.

4. A system as claimed in Claim 3, wherein:
said means for error-checking includes:

a vertical parity generator-checker,
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a block check character register-checker,

an operations code checker,

a longitudinal parity word checker,
and wherein each of said checkers provides a signal to said result-descriptor generation

5 means to develop a signal for conveyance to said main system as to the completion or 5
non-completion of a given data-transfer task.

5. A system as claimed in Claim 3 or Claim 4, wherein said buffer memory includes:
memory space for storing a descriptor-link identifier word generated from said main
system, to identify each data transfer operation task initiated by said main system;

10 memory space for storing an instruction word received from said main system; 10
memory space for storing a result descriptor word generated by said result-descriptor logic
circuitry for later transfer to said main system;
wherein each individual word space of said buffer memory is sufficiently large to digitally
carry a full 16-bit word plus a parity bit;

15 and wherein said result-descriptor logic is responsive to error signals generated by said 15
means for error-checking.

6. A system as claimed in Claim 1, wherein said means for receiving and for
error-checking includes:

a block check character register-decoder checker;

20 a longitudinal parity word register checker; 20

a vertical parity word register checker;

an instruction word checker;

signals from a time out clock;

result descriptor logic circuitry responsive to signals from said checkers;

25 said result descriptor logic circuitry including means to generate and to convey a 25
result-descriptor information word to said main system.

7. A system as claimed in Claim 1, wherein said buffer memory has memory space for
storing an identifier to identify any given data transfer cycle, said identifier constituting a
data-link-word which is transmitted to said main system with its corresponding. result

30  descriptor word to signal the main system of the completion or incompletion of any 30
identified data transfer cycle.

8. A system as claimed in Claim 1, wherein said means for receiving and for error
checking includes:
first receiving means for receiving digital data from said main system for temporary storage

35  within said Line Control Processor; i 35
second receiving means for receiving digital data from said peripheral terminal unit for
temporary storage within said Line Control Processor;
error-checking means for accuracy checking of each transmission of data transmitted and
for each transmission of data received, said error checking means including checking signals

40  for longitudinal word parity, vertical parity, and block-check character parity, said error 40
checking means including:
result descriptor logic means for developing signals reflecting the status of a given
instruction task received from said main system and also for generating signals representing
the detection of any error condition.

45 9. A system as claimed in Claim 8, further including a digital translator for optionally 45
translating data from said buffer memory;

a first, a second, and a third multiplexor;
said first multiplexor receiving data from said first receiver means, and/or said second
receiver means and/or said third multiplexor;

S0 said second multiplexor receiving data from said first multiplexor and/or from said 50
longitudinal parity signal of said error-checking means;
said first multiplexor including selection means responsive to control signals for selecting
whether the data received will be accepted from the main system or from the peripheral
unit;

55  said second multiplexor including control means to select its input directly from said first 535
multiplexor or from said longitudinal word parity checking signals;
said third multiplexor receiving data from said buffer memory and/or from said longitudinal
word parity checking means and/or from said digital data translator.

10. A system as claimed in Claim 9, wherein said buffer memory includes:

60  memory space for storing at least one full block of message data for later transmittal to said 60
main system or to said peripheral unit; N
memory space for storing a descriptor-link identifier word generated from said main
system, to identify each data transfer operation task initiated by said main system;
memory space for storing an instruction word received from said main system;

65 memory space for storing a result descriptor word generated by result-descriptor logic 65
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circuitry for later transfer to said main system.

11. A system as claimed in Claim 10, wherein said processor-logic means includes:
means for executing read, write and test operations independently of the processor of the
main system, said logic means also executing error checking operations on digital data
received by said Line Control Processor.

12. A system as claimed in Claim 8, wherein said error checking means includes:
a longitudinal parity word circuit for accumulating a longitudinal parity word from data
transferred to said Line Control Processor, said longitudinal parity word circuit operating to
add said longitudinal parity word without carry to a further longitudinal parity word from
the main system so that if the transfer has been accurate, then the output of said
longitudinal parity word circuit will be all zeros, and no inhibition of data transfer will occur
and no error signal will be generated.

13. A system as claimed in Claim 8, wherein said error checking means includes:
block check character circuitry for receiving each character of a message block from said

eripheral terminal unit and performing a binary addition of all characters in the message
lock to establish a sum which is compared to another sum generated in said peripheral unit
for the same characters in the same message block.

14. A system as claimed in Claim 1, wherein said buffer memory includes additional
storage space for storing:

(1)  an instruction word from said main system to determine the execution sequence of
said processor-logic;

(ii) a descriptor-link word from said main system to identify the instruction-task and the
specific peripheral unit involved in that task;

(iii) a result-descriptor word from said result-descriptor logic circuitry to specify the
condition of each instruction-task as to its completion, incompletion or error condition.

15. A system as claimed in Claim 1, including status count signal generation means, for
developing status condition signals in said Line Control Procesor, to control the sequence of
steps lrequired to carry out input/output operations according to a standardization line
discipline.

] ll6d A system as claimed in Claim 15, wherein said status count signal generation means
includes:

status count signals to signal the main system that a particular peripheral device is available
to the system;

status count signals to request a descriptor link from the main system before the said Line
Control Processor will begin an operation;

status count signals to signal the main system;

the Line Control Processor has disconnected and no longer needs access to the main
system;

status count signals to signal said main system that said Line Control Processor is requesting
connection to the main system;

and including means for the Line Control Processor to transmit the descriptor-link to the
main system;

status count signals to signal a Write operation when the buffer memory is empty;
status count signals to signal said system that the memory buffer can only accept one more
word in order to fill its buffer space;

status count signals to signal to the main system that the Line Control Processor has a full
buffer of data to transmit; and including means for transmitting data from said buffer
memory to said main system until the %uffer memory is empty of stored data.

17. A digital system as claimed in Claim 1 and substantially as hereinbefore described
with reference to, and as illustrated in, the accompanying diagrammatic drawings.

For the Applicants,
G.F. REDFERN & COMPANY,
Marlborough Lodge,
14 Farncombe Road,
Worthing,
West Sussex BN11 2BT.
Printed for Her Majesty's Stationery Office, by Croydon Printing Company Limited, Croydon, Surrey, 1980.

Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY from
which copies may be obtained.
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