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ABSTRACT

This document conteins w-ter izl generated ar meetings of the 473L Sub-
system Integration Desig: Geuoup (SIDG). Techmnical material presented
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473L DPSS/ICSS INTERFACE DESCRIPTION

1.0 INTRODUCTION

The 473L Data Processing Subsystem (DPSS) communicates on a real-
time basis with a number of input/output consoles comprising the Integrated
Console Subsystem (ICSS). These consoles are of three types designated
the AN/FYA-2, AN/FYA-3 and AN/FYA-4 respectively and differing principally
in the aggregation of major functional components provided in each.

The AN/FYA-2 console (Type A) contains all major components, these
being:

1. Electronic Typewriter/Display (ET)
(includes Control Keyboard)

2. Logic Keyboard Assembly (LKB)
3. Multicolored Display (MC)

4, Hard Copy Device (for MC) (HC)
5, Console Printer (CP)

The AN/FYA-3 Console (Type B) contains only items 1, 2 and 3 of the
above, The AN/FYA-4 Console (Type C) contains only items 1 and 5.

The detailed description of these integrated consoles may be found
elsevwhere,

This document describes the electrical and functional interface
between these consoles and the DPSS and establishes their mode of inter-

action.

The DPSS and the ICSS will be installed in two phases, These are the
I0C phase (Interim Operational Capability) and the COC phase (Complete
Operational Capability). The IOC phase requires a partial implementation
of system equipment configuration and involves the use of only one AN/FYQ-11
data processor and 4 integrated consoles. For the sake of generality, the
following description relates to the COC configuration of which the IOC
configuration is but a subset. With the exception of the implications of
"duplex' switching between two data processors, the larger number of con-
soles and the references to the Large Panel Displays, the console interface
descriptions are equally applicable to the IOGC configuration.

1.1 General Description of DPSS/ICSS Interface

In general, the DPSS provides separate and distinct interfaces
for communication with each of three major functional areas in the integrated
consoles.
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These are: .l1. ET, and Control Interface (incl. LKB)
2. MC Display Interface (incl, Large Panel Displays)
3. Console Printer Interface

An I/0 register directly associated with the computer portion
of the Data Processor communicates directly with the ET and CONTROL area
of the consoles by high speed data transfer in either direction. This
ET and,CONTROL interface handles all Integrated Console inputs to the
Data Processor and all outputs to the ET Display, Logic Keyboard and the
Control Keyboard. (i.e., all communications to the console except M~C
display and console printer outputs),

The DPSS communicates with the M-C Displays via an area of the
MASS MEMORY unit designated the Mass Memory Buffer Store (MMBS).

The M~C Display interface provides solely an output capability,
data being transferred from the DPSS to the M-C displays on a word demand
basis.

The DPSS communicates with the Console Printers via an area in
the MASS MEMORY unit designated the Mass Memory Console Printer Store
(MMCPS). An output capability only is provided, data being transferred
from the DPSS to the Console Printer on a character demand basis.

Console inputs to the DPSS functionally related to the M~C
Displays or Console Printers are transmitted via the ET and Control inter-
face.

In addition to the above, the DPSS communicates with Large Panel
Displays in an output function only and via the M-C Display interface.
Separate channels in this interface functionally identical to those provided
for M~C Displays provide for DPSS output to future LP displays on a word
demand basis. Since the LP displays have not yet been specified, this
part of the interface is considered tentative.

The COC configuration of the Data Processing Subsystem will
provide 15 ET and Control input/output channels and 11 M-C Display, 15
Console Printer and 8 Large Panel Display output channels. With the
exception of the 8 LPD channels, the above channel complement is duplicated
in each of the two data processors and any or all consoles may be manually
switched to either processor with no degradation of output capability
(other than that which may result from increasing the load on a given
processor),

Only &4 basic LPD channels are provided in each of the two data
processing subsystems. The 4 basic output channels are expanded to 8
by processor controlled switching which permits time sharing of outputs
to two Large Panel Displays. Any or all LP displays may be manually
switched to either Data Processing subsystem but if more than 4 are switched
to one processor, time sharing of affected channels will reduce output
rate to the related LP displays.
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The ET and Control interface input/oviput channels are not
capable of simultaneous operation. No buffer storage is provided and all
consoles communicate directly with the same I/O register on a sequential
basis for input and on a program selected basis for output. The same
I1/0 register is used to communicate with the DATACOM interface. Data
transfers via this register, however, are of sufficient speed that effective
practical simultaneity of operation of the Integrated Consoles is achieved.
This is further aided by the essentiallv "off-line'" mode of operation of
the Consoles between data transfers.

Data transfers to the M-C and LP displays involve a substantial
amount of buffer storage in each MMBS. The MMBS is shared among all
connected M-C and LP displays, but each output channel contains recirculating
storage for two blocks of data. Consequently, outputs via these channels
can proceed simultaneously with only minor interactions during channel accesses
to the MMBS or data processor accessing of the MMBS.

Data transfer to the Console Printer is via separate buffer
storage in the MMCPS allocated to each Console Printer output channel,
Outputs via each channel can proceed independently and simultaneously
with only minor interactions.

In the COC configurations, all consoles aund Large Panel displays
interface with the DPSS through wmanual duplex switching which permits
assignment of each console or LPD to either Central Processor. Any or all
of the consoles or LPDs may be simnltaneously and indeperdently assigned
to either processor or they may be distributed hztween the two processors
in any manner desired to meet operational requirements.

The manual switchiog 1s accomplished independently for each
interface area go that the ET and Cuntrol, M-C digplay and Console Printer
portions of each console may be individually assigned to either processor
subsystem. Ordinarily, all components of a comsole would be assigned to
the same processor, nowever failure of a Mass Memory unit may require
placing all M-C displays and Console Printers un the remaining Mass Memory
unit while the ET and Control portions remain distributed between two
processors, Switches for 10 ¥-d and 73 Grannels wra alectrically ganzed.

The Central Processor program mayv test the status of the manual
duplex switching to determine which interface channels on either processor
are actively connected to consvles or LP displays.

The manual switching does not provide the capability to switch
devices from one channel to another in the same processor subsystem nor t9
any arbitrary channel on the alterndate processor subsystem. Switching
only occurs between a given channel and its alternate. Change of chanunel
assignments beyond this requires relocation of device connectors,

A general outline of the DPSS/ICSS interface including the
tentative duplex manual switching is shown in Figure 1 (a).
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Figure 1 (b) shows the Large Panel Display interface as it is
defimed at this time. Although this interface is tentative and cannot
" ennfirmed until the Large Panel Display subsystem is specified and
iarined in detail, it is expected that little change will occur in the
iwwt.ion described herein,
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MASS MEMORY MASS MEMORY
A B
MMBS MMBS
1[3[5]7 2[4]6]s
1 1 Processor 1T 1
e Controlled —_——
‘ Switching
' ) ¢ ? 9 "
-

YY VY Yy Y
1 l MANUALLY CONTROLLED l 1
DUPLEX SWITCHING

4
1 2 7 8
Y Y
LPD LPD LPD LPD
e e — —— a— — — —
1 2 7 8

LPD's 1 & 2 are shown switched to individual channels
IPD's 7 & 8 are shown switched to time share channel 7

of MMA

NOTE: Neutral OFF position may also exist on all manually
controlled switches
Fig. Ib DPSS/LPD INTERFACE (SCHEMATIC ONLY)
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2,0 ET AND CONTROL FUNCTION INTERFACE

The ET and Control Function Interface is illustrated grossly in
Figure 2.

ET and control meseages are carried in a two-way transmission function
over an individual set of lines for each ICSS. Thase lines communicate
directly with a specilal input=-output register connected with the processor
core memory, which is also used for Digital Data Link transmission.

"Input to Processor' requests (Message Available gignals from the
ICSS's) are scanned, with all the Digital Data Links being considered
_every time an ICSS is considered, to produce a processor "Input" inter-
rupt. The processor, programmatically, determines the source of input,
allocates space in core memory and initiates the input operation proper.
The processor continues its program execution and may test for completion
of the input process. At the end of the message transfer, the processor
will receive an "I/O Interface Not Busy" interrupt.

Outputs to the LCSS and Digital Data Links are initiated by pro~
cessor program execution. Outputs are from core memory through the in-
put-output reglster used for input and proceed independent of program
execution, Outputs are gent by address directly to the receiving device
without operator intervention but responsive to the '"Device Available"
signal which indicates comsole status. A console, when not inm the INPUT
mode, is always ready to accept am output control mesaage and an ostput
to the EY display usually occurs in response Lo an 1aput control message
request coupled ivtrinsically with readinese »f the ET to receive the
output message.

When output to the ET Display occurs in response to a control message
r..dest other than those origimating in the Logic Keyboard, activation of
the request control key clears the ET Display so that it is ready to
recelve the requested megsage. When the outpur wo the ET Display occurs
in response to a Logic Keyboard operation or without operator request,
the ET Display 1Ls clearad by the console on receipt of the Message header
and prilor to tramnsmission of the rest of the message. In the latter
instanceg, transmisaion of the body of the outpuk message 1s delayed bv
the receiving device for spproximately 16 milliseconds while the ET Dis-
play is cleared,

The 3155 computer program can precede the transmission of an output
message by a test of the state of the duplex switching.

The actual output process is initiated by executing an output in-
struction deflning the destination device (with the field selection char-
acters) and the (indexed) memory location of the first word to be trans-
mitted. During transmission, this instruction is held in a special input-
output instruction register, so the computer can proceed with its program.
Core memory accesses are made by interrupt at logic level.
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The output process begins with a signal on the Output Priority Line
to the selected device. The device must answer on the Device/Message
Available line, or the transmission aborts. Transmission begins when the
first data bit is on the Output Data line and the Imput/Output Operation
line goes ON, Device clock pulses gate successive bits of the message.

The output operation terminates when the device signals Output
Operation Complete in response to receipt of an EOM character.

If the computer detects bad parity in a word it is about to trans-
mit, it removes the Input~Output Operation signal, aborts the transmission
and causes an error interrupt in the program, This condition is noted
in the device and any retransmission is made under program control.

If the receiving device detects bad parity in & character, it removes
the Device/Message Available signal, not having sent an Output Operation
Complete signal. This condition aborts the transmission and causes a
second type of error interrupt in the program. The processor program may
attempt to retransmit the aborted ET message. If errors persist, the
program may retransmit the ET message with a speclal header., This header
is recognized by the receiving device which then accepts the entire
message regardless of parity errors and without sending error signals
back to the processor or aborting transmission. The resulting ET Display,
in this instance, will show special flashing symbois in place of charac-
ters on which bad parity is detected.

If an output instruction selects a device that does not respond with
a Device Available signal, a third type of error Interrupt occurs. As
duplex switching status 1s separately program testablie, this error con-
dition presumably indicates an inoperative device,

The same lines used for output carry input messages. The input
process is signified by an absence of a signal on the Output Priority
line.

The input process begins with a device originated signal on the
Device/Message Available line. A scanner selects one of the devices
agking to input and causes a program Interrupt. Transmission begins
when the computer executes an input instruction which sends a signal to
the selected device on its Input-Output Operation line, The device
responds by sending Data and Device Clock. Core memory accesses are
made by interrupt at logic level. The input instruction carries the
(indexed) memory locati.n where the input message is to start,

The input operation terminates when the computer detects an EOM
character and signals Input Operation Complete.

If the computer detects bad parity in a word it 1s receilving, it
removes the signal on the Input~Output Operation line without sending
Input Operation Complete. No more characters will be received, and an
error interrupt occurs in the program. The device notes failure of
reception and the message retransmission, if deslred, is performed by
the console operator.
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The device may recognize that it has bad parity in a character it is
sending and abort the transmission by removing the Device/Message Avail-
able signal. This is noted in the computer and an error interrupt occurs
in the program.

Lf the device fails to send its clock in response to the Input~-Output
Operation, a hang-up occurs in the interface. The hang-up is ended by
a timer which frees the interface to respond to other inputs and outputs
and generates a "Hang-up Error" interrupt.

Any error interrupts to the program in the computer may be selectively
ignored, under program control.

2.1 Data Transmission Rate

Data is transmitted between the Data Processor I/0 register and
the ET and control portion of the integrated comnsole at a rate of 720+15%
kilobits/sec. Data is transmitted in a '""Non-Returm to Zero" (NRZ) signal
mode to or from the console and is timed by a console originated clock
signal establishing the actual rate of transfer. The maximum data trans-
fer rate acceptable by the Data Processor is 1.l megabits/sec.

2.2 Message Formats

The two types of messages transferred in the ET and control
function interface are ET Display Messages and Control Messages. Data
transmission formats are in general governed by the Dataz Processor 56 bit
word format which is alphanumeric and contains 8 characters each comprised
of 6 bits plus parity. Data is transmitted to and from the processor, in
this interface, serially by bit on a character basis. FEach word is trans-
mitted with the least significant bit of the most significant character
first in the sequence (i.e., Bit 1, Character 7; Bit 2, Character 7j.....
Bit 7, Character 7; Bit 1, Character 6; Bit 2, Character 63.....Bit 7,
Character 6;.....Bit 1, Character @; Bit 2, Character @, etc.) Normally,
the format of every message transferred in this interface is headed by
a control character, which identifies the nature of the message, and is
terminated by an "EOM' character.

2.2.1 ET Message Formats

ET messages from the Data Processor to the counsole are
destined for display on the ET display surface and would normally not
exceed 2370 characters including the message header and the "end of
message' (EOM) character (i.e., one ET display page). The length of an
ET message is arbitrary up to this value. In any event, the console
terminates the transmission on receipt of EOM or the 2369th character,
whichever occurs first.

ET messages transmitted from the console to the Data
Processor cannot exceed 2370 characters including the message header and
the EOM character because of limit in page size. The actual length of
ET messages transmitted by the console is arbitrary up to this number.
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2.2.1,1 Data Processor to Console

The message format applicable to ET message
transmissions from the Data Processor to the console is shown in Figure 3.
The control character heading the format has two states applicable to ET
message transmissions. These designate ET Type 1 and ET Type 2 messages.
ET]l messages are subject to interrupt on parity error detection. ET2
messages are transmitted to the ET display in entirety regardless of parity
errors occuring during transmission. In the latter case, parity errors
are nevertheless detected and indicated to the counsole operator,

The control character heading the ET message
occurs only in the Character 7 position of the first word of the message.
Subsequent words may be fully packed with alphanumeric symbol data. The
EOM character terminating the message may occur in any character position
of the appropriate word in the sequence., The first displayed character
in the message is that appearing in the Character 6 position of the first
word of the message. Subsequent characters follow in sequence according

to the Data Transmission sequence described iu Paragraph 2.2,

In an ET message the only control character uvsed
other than the header and EOM characters is the '"Lower Case' code which
may occur anywhere in the ET message and causes the ET to perform the
"carriage return/line feed" function. No symbol is displayed on the ET
corresponding to this character code.

2.2.1.2 Console ro Data Processor

The message format applicable to ET message
transmissions from the console to the Data Processor is shown in Figure
3. The first character transmitted in any ET message is a control
character identifying the message as an ET message and in some instances
indicating to the processor the operation to be performed on the input
data. Bit positions 5 and 6 of the control character are used to indicate
to the processor which of the three display pages available to the ET
Display is being transmitted. The first line of the ET Display (64 char-
acters) is reserved for further instruction to the processor regarding the
disposition of the following portion of the message. This line is used
for such things as routing address, storage address, etc. Consequently,
the format of a complete ET input message header consists of a control
character followed by 64 characters ir which direction to the processor
is given. This is followed by the body of the ET meszsage and terminated
by the EOM character. The total ET input messdge, including header and
EOM, cannot exceed 2370 characters. The EOM character can occur anywhere
in the ET message following the control character.

The control character code is not responsive to
control by the alphanumeric keyboard on the console nor is it displayed
on the CRT, The control character for a given message is in general set
up by console pushbutton action. Consequently, a direct relationship
exists between the character codes utilized and corresponding pushbuttons
on the Integrated Console. The utilization and significance of the control
character codes available are shown in Figure 3,
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2.2.2 Control Message Formats

All control messages transferred between the DPSS and
the Integrated Console are headed by a control character identifying the
message as a control message. The control character may also contain
other information relative to the control function to be performed.

2,2.2.1 Data Processor to Console

The message format spplicable to control messages
transmitted from the Data Processor to the console is shown in Figure 4(a).
These messages consist of two 56 bit words and are terminated by an EOM
character at the end of the second word., The control character heading
the control message designates whether a CM Type 1 (CMl) or CM Type 2
(CM2) message is being transmitted. Parity error in a CMl message does
not indicate error to the console operator but requests retransmission
of the message by the processor. If a parity error occurs in a CM2 message,
transmission is aborted, all control indicators*on the receiving console are
not changed, and an appropriate error indicator is lit on the Integrated
Console. ("Message Waiting' counters on the console remain at existing
count) (% Logic keyboard indicators will be cleared to OFF.)

With the exception of the characters transmitted
controlling the logic keyboard indicators, all characters have "Zero" in
bit positions 4, 5, and 6. Logic keyboard control characters always have
a "one" in bit position 6. Bits in positions orher than those fixed
above (except parity) may have any simultaneous values so that a single
control message can simultaneously establish several control or indicator
conditions. (Obviously some combinations are contradictory and would not
normally occur) The location and significance of control message codes

are shown in Figure 4(a).

2,2.2,2 Console to Data Processor

The message format applicable to transmission
of control messages from the console to the Data Processor is shown in
Figure 4(b). These control messages are initiated by console pushbuttons
and consist of four characters only. The first character (Ch. 7) uniquely
identifies the message as a control message by means of the values 111l or
1001 in bit positions 1, 2, 3, and 4 respectively. Bits 5 and 6 of the
control character designate the ET display page being viewed at the time
of transmission of the control message.

Character 4 of the control message is always
an EOM character signifying the end of transmission.

Characters 5 and 6 have different meanings de-
pending or whether the control message is originated by the Logic Keyboard
or by a control pushbutton. In the former case, character 6 indicates
which overlay is in place on the Logic Keyboard while character 5 indicates
which Logic Key was depressed. In the latter insatance, character 6 is
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always "ZERO" and character 5 indicates which control pushbutton was
activated. The cndes assigned for character positiorn and their signi-
ficance are shown in Figure 4(b).

2.3 Transmission Modes

2.3.1 Data and Control Lines

The following signal lines are used for transmission of
control ard ET messages to and from the conszole. Several lines are dual
putpose carrviug differeat signals depending on whether the console is
in the "Input Mode" or in the "Output Mode.” "Input Mcde'" is defined as
the condition wherein the cornsole is tramnsmitting data to the Data Processor,
The "Output Mode'" exists when the Dats Processor is transmitting data to
the console.

Line Input Mode Output Mode

Function Signal Source Function Signal Source

1 Input Data Proc. Output. Data Proc.
Operation Operaion

2 Lunput Op. Data Proc. Ourput Data Proc.
Complete Data

3 Output Data Proc. Outpur Data Proc.
Priority Priosrite

4 Device Console Device Console
Clock Clock

5 Input Console Output Op. Cnmsole
Data Complete

h Mesgsage Console Device Console
Available Available

The furictions of each of these lines are outlired helow.

Line 1 -~ Input/Outpur Operation (I/0 OP)

When in Input Mode this line will go tr.e ir response to s '"Message
Available'" signal from the congole when the Dina Processor is ready to
receive the message to be transmitted. Under crese conditions, the "Troe'
state of this line indicates that an Input Operation is in progress. The
I/0 OP Line goes false if a parity error is derected bty the processor in
the incoming message.
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When in output mode, this line goes true in response to a ''Device
Available" signal transmitted by the console on receipt of a Data Processor
request to output a message (Output Priority). The true state of the
I/0 OP line under these conditions indicates that an output operation is
in progress. This line will go false if a parity error is detected by
the processor in the output message.

Line 2 - Input Operation Complete/Output Data (IOC or OD)

In Input Mode, this line goes true when the Data Processor success-
fully receives an EOM character signifying the end of the input trans-
mission,

In Output Mode, this line carries the data transmitted by the
processor to the console.

Line 3 ~ Qutpuft Priority (OP)

In Input Mode this line remains false indicating that the console is
in the Input Mode,

In Output Mode this line is set true by the processor to indicate to
the console the start of Output Message sequence.

Line 4 - Device Clock

In both Input and Output Modes this line carries console generasted
clock signals used to synchronize transfers of dare to and from the console.

Line 5 - Input Data/Outpuft Operation Complete (ID or 00C)

In Input Mode this line carries data transmitted by the console ro
the Dara Processor,

In Qutput Mode this line is set true by the console on successful
receipt of the EOM charzcter (or on receipt of 236% characters) signi-
fying completion of the transmission. The line will remain false if a
parity error in the transmitted message is detected at the console.
(Except when an ET2 message is transmitted)

Line 6 ~ Message Avaiizble/Device Available (M/D A)

In Input Mode this line is setr true by the console to indicate that
a message is ready for transmission to the Data Processor. Provided the
OP line is false, the true state of this line causes an "input interrupt"
and places the console in the input mode.

In the Output Mode this line goes true in response Lo receipt of an
Output Priority (OP) signal, signifying that rhe console is operating and
ready to receive an output message. This lire will go false if a parity
error in the transmitted message is detected at the console. This line
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is interlocked with other console originated signal lines to ensure that

no console error or failure will tie up the I/0 interface of the central
processor. The false state of this line signifies functional disconnection
of the console of '"Device Not Available.”

2.3.2 Normal Output Operation (DP to IC)

The relative timing of signals and data relevant to an
output transmission is shown in Figure 5{a}.

An output operation is initiated by the Data Processor
by causing the Output Priority Line (OF) to go true. In response to this
action the Device Available line must be set true by the console within
6 seconds. If the Device Available line does not go true after 2u seconds
and before 6u seconds after the OP line gces true, or is true before OP
goes true, a 'Hang-up Error' interrupt of the Data Processor will occur
causing the console to be functionally disconnected for that operation.

The Output Operation line will go true, signifying com-
mencement of output transmission, in response to the console originated
Device Available signal at 8+2u seconds after the Output Priority line
goes true. The first data bit is present on the Output Data line at the
time that the Output OP line goes true. The console then supplies clock
pulses on the Device Clock line controlling output of data.

Upon receipt of the EOM character signifying the end of
the transmission, the console switches the Output Operation Complete line
(00C) to the true state for one bit period. In response to the true
state of the O0OC line the processor returns the Output OP and Output
Priority lines to the false state. Clock pulses are supplied by the
console until the Ouput Operation line goes false. The Device Available
line will be set false by the console at the end of an output operation,
coincident with the return of 00C to the false state.

The sequential states of the various control signals
during an output operation are summarized in Table 1 below.

all Response Transmit End 0P Regelve Send wevice ,
v Error Ecror Linoperative
0P-31 | M/D A=»1 O0P=1 00C- ) M/D A-40 | I/0 OP+) Hang-up error
M/D A=1 . _ if:
00C=0 f(ﬁ“ o 170 O0r=1l e
u age. ;
1/0 -»1 P 00C=0 No M/D A-b1
or
Q0P -1 '
Attempted i
when !
! /AL !
i .

TABLE 1



TM-3511 15

The ET Display cursor is normally positioned over the
EOM character after completion of a data transfer from the processor.
If a full page transfer is made (2369 characters including header) the
cursor is automatically positioned in the first position of the second
line of the ET Display.

2.3.3 Normal Input Operation (IC to DP)

The relative timing of control signals and data relevant
to an input operation is shown in Figure 5(b).

An input operation is possible oaly when the Outpur
Priority line is false. Under these conditions the input operation is
initiated by the console setting the Message Available line (M/D A) true
as a response to operator actiom.

In response to a ftrue level on the Message Available
line, the processor sets the Input Operation line true under program cou-
trol. Clock pulses and data are then sent to the processor by the console
ort the Device Clock and Input Data lines.

Upon receipt of the EOM character signifying the end of
transmission, the processor sets the Input Operation Complete line (IOC)
true. The console must respound to a true level on the I0OC line by re-
turning the Message Available line to rthe false state.

The processor then returns the Toput Operation line to
the false state on receipt of EOM signifying complecion of the input
operation. The Device continues to send clock pulses until the I0C lire
is set false by the processor,

The normal sequence of control signels occuring in an
input operation is summarized in Table 2 below.

Call Response Termination Receive Send Device
Error Exror Tnoperative
M/D Al I/0 OPp1 10C—p 1 I/0 OR-»0 M/D A—$0 No M/D A—dl
0OP=0 M/D A=1 0P=0 I10C=0 TOC=0 on call
10C=0 (on receipt OP=0 1/0 OP=1
0P=0 of EOM) 0P=0

TABLE 2
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2.4 Error Considerations

In general, three types of malfunction can occur in the DPSS/ICSS
interface causing errors in operation. These are errors in the data being
transmitted, errors in control line levels or sequence of operation and
operator procedure errors. Reliance is placed on parity checking and in
some instances code legality checks to discover errors in data transmission
and initiate appropriate action. Parity is checked both at the console
and at the Data Processor M Register on all message transmissions and
error conditions indicated to the operator. Control live errors are
detected or prevented by functional or direct interlocking where feasible
particularly iIf such errors cause unwarranted serious degradation of the
system. In the latter case, if a console is the source of the error con-
dition, special devices are used to ensure thaf total interface hang~up
does not occur.

Operator procedure errors, where not inhibited by console inter-
locks are in general detected by the processor program and indicated to
the operator via the procedure error indicator and if appropriate by an
ET display or console printer message.

Two of the control lines are used to signify error conditions
detected at the processor and at the console. The Input/Output Operation
line (L/0 OP) is used to signal the comsole that an error condition is
detected at the processor while the Message/Device Available line (M/D A)
is used to signal the processor regarding error conditions detected at
the console. In both instances, the fzlse state of these lines when they
would normally be expected to be true gignifies an error condition and
halts or prevents the operation in progress. In either case, a data
processor interrupt occurs allowing the program and/or the console oper-
ator to take appropriate remedial action.

2.4,1 Error in OQutput Operatioa (DP to IC)

An output operation will consist of either an ET message
transmission or a control message transmission. In either case parity is
checked at the Data Processor M Register prior to entry of data into the
I/0 word register. Parity errors, if they occur, are detected at the end
of the word and cause the processor to set the /O OP line false. A false
level on the I/0 OP line in conjunctiou with the false state of the 00C
line and the true state of the M/D A line indicates a Data Processor de-
tected parity error, Transmission of the meassge is stopped and the con-
sole disconnected, by virtuve of the I/O OP line going false, and an "M'
Register Parity Error' interrupt occurs.

Parity checking of both ET and control messzges also
occurs at the console. In addition the comsole performs legality checks
on the first character (control character) of each iIncoming message. In
event of a console detected error the consple will cause the M/D A line
to go false and continue to send clock pulses until the Input/Output
Operation line (I/O OP) goes false. The processcr will set the I/0 OP
and the Output Priority lines false within 5, secrnds after the M/D A
line goes false, generate a '"Data Parity Erfor" interrupt, and disconnect
the console.
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In the normal sequence of operations, detection by the
console of the EOM character terminating a message, or receipt of 2369
characters causes the console to set the M/D A line to false state ter-
minating transmission and freeing the processor I/0 interface to service
other devices., Failure by the console to detect EOM will cause trans-
mission to continue until the 2369th '"character' is received. If this
condition fails to terminate transmission, a timer in the Data Processor
will automatically terminate the operation. Any ET or Control message
output not terminated normally or by a detected error will he terminated
by the processor in45-85% milliseconds, disconnecting the Console from
this interface. The output operation is thereby terminated and an "1/0
Hang-up Error" interrupt generated.

Cen Mall e . . R
LER Ol lar ety el e e

All parity errors are indicated to the operator. If a
parity or illegal code error is detected im the first character of an
output message the console cannot determine what type of message is being
received. The processor will attempt to retramsmit the message in which
the error was detected. After the third unsuccessful attempt, the message
is aborted and an indicator on the console lit signifying the inoperative
state of that console or output channel.

2.4.1.1 ET Message Error Operations

ET messages are notrmally traunsmitted to the
console with an ET1 control character., Parity or other errors detected
in the ET1l message are indicated to the processor as described above and
cause cessation of transmission and discoanection of the console. Under
program control, the processor may retransmit the message with an ETI1
control character. If errors occur the second time, the processor may
elect to retransmit the message with ar. ET2 control character. This
control character causes the console to accept the message regardless of
pn ity errors {except in lst character) and display the message. Under
these conditions, characters on which parity errors are detected are
displayed as a special blinking svymbol (E).

2.4.1.2 Control Message Error Operations

Control messages are normally transmitted to
the console with a CMl control character header. 1f & parity error is
detected on a CMl control message, transmission is halted as above arnd
the control message is ignored. Under program control the CMl message
may be retransmitted by the processor. On a third attempt, the Processor
may change the control character to a CM2 header. The console detects
this header, ignores the input message if a paritv error is detected - -
indicates an error condition to the operator, Tumeryi indicators remsin
unchanged. Further remedial action may be taken by the processor,

2.4.1.3 Control Line Error Operations

Control lines active during an output operation
may fail in either the false or the true state at either the transmitting
or receiving end. Console clock pulses may fail preventing transfer of
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data out of the Processor I/0 register. Since unilateral failure of the
console clock can cause serious degradation of I/0 interface this line
where feasible, is interlocked with the Message/Device Available line at
the console so that failure of clock signals will cause the M/D A line
to go false effectively disconnecting the console. A summary of the
effects of control line error on an output operation is given below. It
is assumed that only one control line will fail at a time, When a timed
disconnect occurs, this means that the output operation is terminated by
the processor, the console is disconnected from the I/0 interface and an
"I/0 Hang-up Error" interrupt is generated.

Line 1 - Input/Output Operation
Error 1

1/0 OP Locked False

Result

Timed disconnect occurs.
Error 2

1/0 OP Locked True

Result

Not absolutely determined. Either a normal transmission or a timed
disconnect will occur.

Line 2 -~ Output Data Line

Locked in False or True state
Result

This will cause a first character parity or illiegal code error at the
console causing disconnection of console and a processor interrupt,

Line 3 - Output Priority (OP)

Error 1

OP Locked False

Result

Fails to signal output operation to console. Absence of M/D A-$pl re-
sponse from console signifies '"Device Inoperative' causing '"Hang~up
Error" interrupt.

Error 2

OP Locked True
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Result
Timed disconnect occurs

Line 4 - Device Clock

Exror
Failure of clock signals

Result

This condition is interlocked with M/D A line causing a false condition
of this line and appropriate disconnect and processor interrupt actions.

Timed disconnect occurs if error is not disconvected by other means.

Line 5 - Output Operation Complete (OOC)

Error 1
00C Locked False
Result

Similar to failure to receive EOM or detect ernd of page. Timed disconnect
occurs,

Exrror 2
00C Locked True
Rejalt

Processor sends only one character and ceases transmission, Programming
implications not determined.

Line 6 - Message/Device Available (M/D A)

Error 1

M/D A Locked False

Result

Signifies Device Inoperative to Processor. A "Hang-up Error" interrupt
occurs if the processor attempts to output. If this occurs during an
output operation, a "console detected error'" is indicated causing an
attempt at retransmission and consequent '"Hang-up Error" interrupt.

Error 2

M/D A Locked True
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Result

If this condition exists prior to an output operation, the console is
locked in the input mode and a "Hang-up Error'' interrupt occurs on
attempt to output.

If this occurs during an output operation, a timed disconnect will occur.

2.4.2 Error in Input Operation (IC to DP)

An input operation will consist of either an ET message
or a control message transmission from the conscle to the Data Processor.
Parity is checked both at the console and at the Data Processor. The
response to error conditions is identical for both ET and control messages.

Parity errors on an input message are detected by the
Data Processor at the end of a word on transfer of this word from the
I/0 register to the DP "M Register", A detected parity error will cause
the processor to set the Input Operation line to the false state without
sending Input Operation Complete, terminate the input aperatjon and
generate an "I/0 M Register Error" interrupt. The console will recoguize
this early termination as a Data Processor detected parity error, switch
the M/D A line to the false state and notify the operator that a trans-
mission error has occurred,

Parity errors in an input message detected at the con-
sole cause the console generated M/D A line to go false terminating the
input operation. Indication of input transmission error is given to the
operator and to the program as a '"Data Parity Error" interrupt. (The
computer recognizes the early terminavion as an error)

The console is not disconnected immediately on the
occurrence of an error interrupt. The program, however, can examine the
Input Scanner to determine which console is causing the error, disconnect
that console and allow the scanner to proceed to the next device.

The stepping circuits of the scanner are inhibited by
the presence of an error condition settiung any of the detailed error
flip-flops associated with the processor I/0 interface. The scanner will
continue to select the last device used for input until either the "Ignore
Error'" flip-flop is set or the detailed error flip~ficp is reset by the
computer program.

If the input operation does not terminate normally or
by a detected error it will be terminated by the processor in 35 to 85
milliseconds, generating an "I/0 Hang-up Error'" interrupt. Program re-
sponce to the interrupt can cause the Input scanner to step to the next
device, disconnecting the affected console.

Procedure errors in input operations, where rot inbibivnd
by fuuctional or electrical interlocks at the console, are detected by the
computer program and the console operator notified by a special irdicator,
and at the discretion of the program, by an ET Display or console priuter
message,
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In general, errors occuring in transmission of ETI or
coutrol messages terminate the input operation and notify the console
operator that an error condition exists. Retransmission of the message
is achieved by the operator if desired by repeating the input operation
that failed. Persistent failure to achieve a successful input transmission
indicates console or DP interface failure requiring maintenance.

2.4,.2.1 Control Line Errors

The contrel lines relevant to an input operation
mey fail in either g farze wr a true srate at either the console or the
Data Processor. Where mnecessary to prevent 1/0 interface hang-up, the
controlling levels are functionally or electrically interlocked. A sum~
mary of the effects of connrol line failures on an input operation is
given below.

Line 1 ~ Input/Output Operation (i/0 OP)

Error 1

I/0 OP Locked in False State
Result

Timed disconnect occurs
Exror 2

I/0 OP Locked True

Not fully determined

Line 2 ~ Input Operation Complete (LOC)

Error 1

IOC Locked False

Result

This condition causes action similar to "Computer Detected Error" at the
console causing the M/D A line to go faise, Tramsmission I8 terminated
normally and error condition Indicated to the operator.

Error 2

I0C Locked True

Result

This will cause early terminatinn of rhe irput overation and causes z
processor detected "Data Parity Error' interrupt.



TM-3511 22

TLine 3 - Output Priority (OP)

Error 1
OP Locked False

Result

No significant effect on input operation unless true at processor end.
If trus at processor end, a '"Hang-up Error" interrupt will occur if an
Output operation is attempted.

Error 2

OP rocked True

Result

Inbibits input operation. No hang-up of I/0 interface will occur.

Lina 4 - Device Clock

Error

Locked True or False

Rezult

A timed disconnect will occur generating x "Hang-up Error" interrupt.

Line 5 - Input Data

Error

Locked True or False

Result

Because of normal NRZ operation of this line., false condition wiil trans-
mit all zeros. Parity error derecfiva wili hell fransmission and signal
console operaror., If locked true all ones will be cransmitfed and a

timed disconrect wili occur freeing the interface,

Line 6 - Message/Device Availatle (M/D A)

Exror 1

M/D A Locked in False State

No input operation car he initisted. Consoiz iz in the "Device inoper-
ative" state.
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Error 2

M/D A Locked in True State

Result

The console will be in concinuous inpat mode becvause of priority of Input
mode over Output mode. A timed disconect will occur generating & "Hang-

up Error'" interrupt.

2.5 Summary of Console Kevy Funccions Prowviding Inputs to the Data
Processor Via the ET and Coatrol Iuterface

The following congole keyvs transmit control messages or control
characters plus ET messagez from the console t> the Data Processor. The
functinas to he performed hy these kevs will ke fully described in tech-
nical memoranda pertainiung to the design of the iIntegrated console. A
number of spare keys and spare codes will exisr on the console to accom-
modate a reasonable number of additions.

2.5.1 The following keye generate ard insert a unique control
character in the ET message header and initizte transmission of the
combined ET message to the process~r. Subsequant <ction is initiated
and carried out by the DPSS pragram. The cuntrnl crsracter includes
designation of the ET displav page being viewed at rte time of transmission.

Name Funcsion
1. ENTER Eater ET page
2, LINE PRINTER Enter ET page and print entire relared

message 2. . ine priater,

3. CONSOLE PRINTER oter ET pege and prinft displayed page
2 emsole printer,

4. NEXT PAGE Enter ET page, ciear ET display and
digplay rewr pags in sequence,

5. PREVIOUS PAGE Enter EL page, cltewr ET display and
display previous page In sequence.

6. STORE MESSAGE Enter ET page and store total related
message in location designated in
header .

7. ROUTE MESSAGE (TENTATIVE) Enter ET puge and route related message
to destinariep 1ndicated in header.
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2.5.2 The following keys generate and insert unique codes for
the control character and the third character of a control message, and
initiate transfer of a four character control message to the processor,
The second and fourth characters of these control messages are ''ZERO"
and EOM respectively. The control character includes designation of the
ET Display page being viewed at the time of transmission.

Name

Function

1. HARD COPY

2. PRIORITY/MESSAGE ACCEPT

3. ERROR/REPLY ACCEPT

4. MESSAGE ACCEPT (M-C DISPLAY)

5. FORMAT INDEX

6. CANCEL OPERATION

Initiate M-C display hard copy cycle
and notify processor for security
logging.

Clear ET Display and request display
of next pPriority or ET message in queue.

Clear ET Display and request display
of next message in 'Retrieval' and
"Procedure Error" queue.

Request display of next M-C display
in queue.

Clear ET Display and request display
of index of formats.

Request process.or to cancel all oper-
avions initiated by this console.

2.5,3 The following keys generate unique codes for the control
character and the third character of a control message. The second char-
acter in these control messages is a unique code determined by the desig-
nator of the overlay in positioan on the logic keyboard. The fourth char~
acter of all control messages is EOM. The control character includes
designation of the ET Display page being viewed at the time of transmission.

Name

Function

Start (Overlay)

Logic Pushbuttons

Start sequence of operations identified
by the overlay descriptor; light initial
options.

Perform operation associated with
particular overlay key and overlay
descriptor indicated.

Code assignments for the sbove functions and their
location in the appropriate message formats are shown in the measage zZor-

mat diagram,
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2.6 Summary of Console Indicators Activated by Outputs from the
Data Processor Via the ET and Control Interface

2.6.1 The following console indicators are activated by control
messages from the Data Processor.

Name Function

1. PRIORITY/MESSAGFE COUNTER Indicates number of priority and
routed messages waiting in queue for
transmisgion to console.

2. "PRIORITY/MESSAGE ACCEPT" Indicates "Priority'" messages waiting
P. B. Indicator if top half of dual indicator is
flashing red. TIndicates non-priority
routed messages waiting if only white
portion of indicator lit.

3, "ERROR/REPLY ACCEPT" Indicates that '"Query'" reply or
P, B. Indicator "Procedure Error' message is ready
for transmission to comnsole. Dual
indicator shows red for "Procedure
Error'" message, white for "Reply"

message.
4, '""MESSAGE ACCEPT" Indicates that a message is ready
P. B, Indicator (M-C) for transmission to the console M-C
Display.
5. "KEYBOARD ACTIVATE" Indicates OFF, ENABLED and ACTIVE
P. B, Indicator state of ET Keyboard. May be switched

berween LENABLED state (greem) and
ACTIVE stste white) by Data Processor
Control message a3 well as by oper-
ator action.

6. "START" Indicates initial condition of Logic
Key operation or option to restart
under control of processor or oper-
ator,

7. LOGIC KEYS Indicate permissible optioms in
Logic Keyboard overlay sequence

All control pushbuttons, logic keys and local function keys with the
sxception of power switches, error indicator P. B.'s and miscellaneous
test or adjustment controls are disabled during transmission of a
message from the console to the DPSS and, if the transmission is suc-
cessful, remain disabled until the DPSS sends an appropriate enabling
control message. These control keys and pushhuttons are also disabled
during transmission of messages from the DPSS to the console and when
the console is in the "'STANDBY" condition.
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2.6.2 The following ET indicators are activated by control
line conditions in the ET and control portion of the console interface
or by internal console action related to data transfers.

Name Function

OUT OF ORDER Indicates detected error in trans-
mission from processor to comsole

RE-ENTER Indicates detected error in trans-
mission from console to processor

The names assigned for the above keys and indicators
are subject to change although the functions are as indicated.

2.7 Character Codes and Symbol Set

(See Appendix A)

2.8 Physical and Electrical Interface

The electrical characteristics of the signals in the ET and
Control interface are as follows:

- A logical "True" level (1) is represented by 8.5+2.5 Volts
- A logical "False" level (0) is represented by 0+1.0 Volts

- Rise and fall times on all signals will be between 0.l and
0.3 microseconds.

The input impedance presented to a line by the receiving device
shall be 75 ohms + 10% for either logical level. The driving or output
impedance is not specified; provision should be made to add a 75 ohm
resistor if it is required for termination purposes.

75 ohm coaxial cable with a capacity no greater than 23 pico-
farads/foot will be used for all data and control lines between the
console and the processor. Cable lengths have not yet been determined.

Detailed electrical and physical characteristics are to be
determined and specified in the detailed subsystem interface specification,



NOTE:

TM-3511 27

i"""'——"'—""“""_""—"—"""""‘_—'——l
‘ L3155 |
l I CENTRAL PROCESSOR |
l | CENIRAL PROC. ' (AN/FYQ-11) '
‘ | CORE MEMORY |
| Lr____J |
': 1/0 Data I
i INTERFACE |
CONTROL l |
: "M' REGISTER |
OUTPUT
3 : INPUT SCAN A | |
SELECTION 1,2
ELECT 1 OF &4
I DECODE 1/0 REGISTER S 1 |
I 1 of 18 : IlT '
| L___.. INPUT/OUTPUT — IEPU'; ch;‘ B |
' DEVICE SELECTION 4-18 [SELEC 1 OF 15
1121345 -c-cvcncnens 18 * See Note
TO DATACOM
INTERFACE { m—
S il Sbuiied uiergiogimlioatint
" 7} To Alt. DPSS
| ivibwalities b :
MANUAL "| """
DUPLEX |
SWITCHING |
_____ J
______________ 15
Position 4 of TO CONSOLES
Scan A selects B —
Scan B, Scan B e e -
moves only one OUTPUT PRIORITY
position each time -a{ INT
it is selected. I/0 OPERATION | CONSOLE
ET AND
OUTPUT DATA OR INPUT OP COMP _| .. oroo
DEVICE CLOCK FUNCTION

MSG/DEVICE AVAILABLE

INPUT DATA OR OUTPUT OP COMP

Fig. 2 ET AND CONTROL INPUT/OUTPUT INTERFACE



28

TM-3511

IVILGINT SSA/11 ~ SIVIOd VIva

€ ‘%

(‘$s 1ox3we) ‘g°d I
(*So 1033000 ©F1  1001)

¢ oqd -1 |t VIS 0001
Tavas (110
Theydsg =0 |1
14epdera =1 | o iwvas Olle
9SH OIS 1010
€ {9 A9V4 SNOIATEd 0010
P 10vd Ixan 1100
38313 I1Q IuwOTyjusys Jswey 4 YAINI¥E TT0SNOD 0100
PIIIFWSTRII 8T I1339mawy> juanbssqns yowg uoysSYWEURI) jO WIINI¥d INIT 1000
(L "9 ‘133€ “"2°F) -3s373 a930wawyd Y3 Iw pazderas sy afwd Y3IINI 0000
3uwdyjjulys 3som jo 31q JuwsyyFudye Av1dsyg 13 YI19n SIwoppuy .
I8WIT YITA A[[wiaes pa3Iymsuea; ST wiwg L "aey) 30 9 puw ¢ EIPQ & S3400 I0UALMOO
TVSSIH & O 13
UOTIFSOg IAIWINY) 283209 2poD
Aue up anddg uwy peierderg amy 1033003 —
JOVSSIH viva viva XAAVIH
d0 @3
111100
W3 M d [ }d
T T € 9 ¢ 9 ¢ T T €9 S 9 £ T t v <

UoYIFsOd I3IoWIRY
Lue uj anssp uwy

IVSSE 13 0L &

9 WD L

29302

pesoydeyg 38
j—— 2A9VSSTH - viva jo— viva WIAVER L
0 a3
ojoJoJo
111100 F afpa-u a
Woa Lla=10

1T ¢ v 9 tt1 ¢ 9v $9¢
[ 2 -] L



29

TM=-3511

OI OL 40 IWDE0d ZOVSSS T00IN0D  ®y )i

€ *314 uo 230u 295 :ajoy

(330) asa0a3y = ¢ WY of = §
(90) 323940 = T 4y NeIddg =« 1
SI03WOYpU] BOIINg ysng
21801
(s€ °3 1£ ¥ (1) (69 (D) 1) (1) )
umee a2 (5| 8 [af2qr t o2l 2] 8! (alz] glz]zls A TSI laf 3] 12l 2ls I3z a
W1
o€ {62 | 8T} LZf9tT sTlye eree |1z ozj61 | 8Y] 1] 91 stptjeyjar oy 618 | £19 styfejz] 1
.—~n4no-~n¢mon.—~acnon—~n<nou~«ﬂ¢n»~.—~n<nws
0 "3 1 “ae T "amy) £ amp % C3IMD € IWMD 9 "amp) L "3
(P3d) 103w23pul ,3d@ddy aswssa /Kata03ag,, | | SEEEEE—— as3uno) afessey; acnpey
(2314n) 203wo1puy ,3d3d3y Lydaysaodag,, u-u..sou aSwsey; dveAPY
=)
d03w23pul ,3dd30y o W (M) 203e23pu]l ,3da30y K1day/aoxaz,,
$710131U05 d1qPUy
PIROQLIN 3IWATIDY
Pavoqhey sIwalIdRagq J _
ojojo 0| olo o} ofjo 0j10]0]0
(s?012z 11®) (s20192 17¥) (sa013z 11¥) (sa0133 1¥) s sl & sle] s «| x| 3
aasn aasn aasn aisn |poor
08 d 10N d 10N d 0N d d 4 4 {10=00 4
~Nn4no~_Nnﬂmcn.—uncmon—un.ﬁnon
0 “amp 1 "3 T I € "3 v "2 $ ‘D 9 ‘3D LA



30

TM-3511

a0 01 O IvKEOd FOVSSIM I0ULN0D

ATERISSV NOLLNEHSAd 1901

“f ‘933 uO uoISSYMSURI] "Iy IION IS

q 313

ot 62 8T (24 9
sz Yyt € [44 1z
414 61 81 {1 91
S1 71 £1 1 11
01 6 8 L 9
S ” € z 1

<3108

[ e ) 71

29§ CUOTSSTESTNII JO WWF3I ¥4I IV
pa3de1es o1 o8wd IVIaSIA 13 WIR
3wOTPUT L “IWY) JO 9 PO S SITE,

VS TIT000
FWVLS 011000
NOIIVYI40 TIMVDI 101000
X3IANI IVWRIO2 001000
(M) 14300V IIVSSB T10000
14300V A1aw/Momid 010000 JIVSSM
14300V 9SH/ALIHOT¥d 100000 XA I0UINGD
1300 QUVH 000000 000000 SAVIIV =- 1
Avlun
SE-1¢ sday oy%0q 0010TT ©3 0000T1 308 11100 = RO3)
0t-1z s&ay 3180 100101 ©3 000001 iy
0Z-11 #4ay 231807 100110 ©3 000010 | -33A0 AT €9 AF¥3IUpy oSk N1
01-1 #4ay 31807 100100 ©3 000000 03 pasn s3pod IV = 1001

T
— W3 |OT

-3uap] L
uoIINQUSNG

—

uep; 9

[¢— sapoy; —M

AR1a9A0 gXT 10a3u0)
| =
ryr ity vt oloja L d LA
1. 2 ¢ % ¢ 9 ¢Ll1 T € 9 ¢ 9 41 ¢ v ¢ 9 2]1T € ¢S 9 ¢
v 2I9INIVY) € Amydmawy) 9 I9dWany) FARRLEE 2.1 o)




31

TM=-3511

OMIR0O QXY 13 O MOLIVEZJO IAJIN0 WOSSEOOS VIWL
SHYEOVIQ 2MINIZ
g *S1x

.ucn\n.o ©) 1°0 sww3} . %206 um
ITeZ puv »syy uym desw Z

%5079
(7a) =%

*porasd 3)q 1 303

dn 3q 3sry TIVIST SWIRT
L v \ cupy deef 7 I (Y G/30 ®1qe1IvAY 93yasg
m h « / T T gp—— ] 8980“3“3
- M‘ UOTIWX: andyng
071 AN
T T T T T T T1 T T T 1
u.u”“a -ﬂmag
r A\ ~
L i i i L { L ™ T (ze) Indamp wawq
! | onmm (30) £3y3073Z Indang
L m J _lu..ul_IlL (20 0/1) woravaedo Indavo
T =
e TveTy
RS X




32

TM-3511

TI0SN0D QIIVEOGINT HOUL NOIIVEZO LOINI $OSSIINI VIVG
SRVEOVIQ DNIKIL
q¢ ¥z

desel £°0 03 1°p swwyy
1152 pur »eyy

T L

asydeavy)

N

(L3 gy

1

(Twl wawg Indey

(Y /50 viavyivay sSwesey

X301 ¥ojang

TRITT
“PISWITITIS SYSINSS

(20) £3y30323 Indang
(501) ®3e74mo) woyawaedp Induy

(80 0/1) woyasaedo Indwy

e
ISR




TM-3511 33

3.0 MULTI-COLORED DISPLAY INTERFACE
(TENTATIVE LARGE PANEL DISPLAY INTERFACE)

Display messages for all M-C and Large Panel displays are output
via a portion of the Mass Memcry disk file designated as the Mass
Memory Buffer Store (MMBS). This MMBS has a capacity of 16,000
words which is shared among fifteen output channels. Eleven of these
output channels are assigned for M-C displays while four are reserved
for Large Panel Display outputs. Display messages, or portions
thereof, sent to the MMBS have destination addresses identifying the
appropriate output channels and these messages are automatically
routed to the displays connected to these channels at display demand
rates. Each output chaunnel contains a circulating register capable
of holding two 16-word blocks of a display message and, except
during block accesses from the MMBS, providing simultaneous output to
all displays.

An outline of the M-C (and LP) display interface is shown in
Figure 6.

The MMBS is loaded by the processor under program control by
a File Command which initiates the display message output operation.
Processor loading of the MMBS is by l6-word block units. Output
of data from the MMBS to the circulating registers in the output
channels is also by l6-word block units. Outputs to each M-C
Display is by word demand from the associated circulating register
containing two l6-word blocks of the display message. Transmission
of display messages from all output channels can proceed simultaneously
and independently except for block accesses tc the MMBS which may
interfere with one another or may be interfered with by processor
loading of the MMRBS.

Transmission of a display message to a particular M-C display
will continue, subject to word demand sigunals from the M-C display,
until the MMBS is depleted of blocks with the corresponding destina-
tion address. This may or may not be the end of the complete
display message since the processor may transfer a very long display
message into the MMBS in several sections to avoid occupying an
excessive amount of the available MMBS storage capacity to service
only one display device.

The processor is notified by a special interrupt when the MMES
is depleted of blocks for a particular display. Then, and only then,
can additional blocks for that display be entered by the processor
into the MMBS.

The end of a display message transmission to a particular M-C
display is signified by the occurrence of an EOM character. It is
a program requirement that the EOM character, when it occurs, coincide
with the depletion of blocks in the MMBS for the associated display.
Otherwise, an error condition will occur causing an interrupt to
be generated.
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3.1 Data Transmission Rate

M-C display data transmission from the MMBS output channel
to the display console is by word demand at a maximum rate of approx-
imately 180 words per second. Data transmission in this interface is
one way only, no messages from the M-C Display being transmitted to the
processor via this route. Control messages for the M-C display are
routed through the ET and Control interface.

In most instances the Mass Memory Buffer will supply a word
to the M-C Display within a maximum of 5.6 milliseconds after receipt
of a word demand signal from the console. Words are transmitted bit
serially at a rate of 356 + 10% kilobits/sec. as determined by the
MMBS clock. The least significant bit of the most significant char-
acter is transmitted first as in the ET and control interface.

Each character is processed by the M-C display device in
approximately 1 millisecond. Vectors require a maximum of 10 milli-
seconds. If a character or vector is to be displayed in a color
different from that of the preceding transmitted symbol, an additional
100 milliseconds is required by the device in order to effect the color
changes.

3.2 M-C Message Formats

M-C messages from the DPSS to the console are of arbitrary
length and are terminated by an EOM character. When the EOM character
is received by the console, the transmission is terminated and the
M-C display image is processed.

The message formats applicable to M-C message transmissions
are shown in Figure 7.

Three types of word formats are used in the M-C message,
Reference Slide Selection Words, M-C Character Words, and M-C Line
Coordinate Words. Each type of word is headed by a control charac-
ter identifying the word and determining the color of the printed
character or line. The remainder of the word identifies the reference
slide or contains coordinate and character information.

In order to display a line it is necessary to send two words
in sequence to the console, one designating the initial coordinate,
the second designating the final coordinate. Color designation is
repeated in both control characters. If two different colors are
designated, the second color only is recognized and implemented by
the M-C display.

The reference slide selection word contains the selected
slide number in characters 0, 1 and 2. The first bit of character 2
has numerical weight 256; the 4th bit of character 1 has numerical
weight 128, etc. If more than one slide selection command occurs in
a message, only the first such command will be honored by the console.
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The character designation word contains the designated
alpha-numeric character in character 6. X and ¥ coordinates of
the character display position are contained in characters 5, 4, and
3 and characters 2, 1, 0, respectively. X and Y position informa-
tion is in binary form with bit values as indicated in Figure 7.

Line coordinates are sent in character positions identical
to those described above for character coordinates and are also

designated in binary form.

3.3 Transmission Mode

The following signal lines are used in transfering infor-
mation to the M-C display:

a. '"Word Transfer Qrder" - MMBS originated signal
transmitted concurrent with data and clock
signals.

b, "Clock" - MMBS originated clock signal trans-

mitted concurrent with data.

cs '"Data" - MMBS originated data signals., These
signals are transmitted in "Non-return to Zero”
(NRZ) mode.

d,  "Word Demand" - Console originated signal requesting

a word from the MMBS.

3.3.2 Normal Qutput Operation

Timing diagrams showing the interrelationship of
tuitrol, clock and data signals for normal output operation are
given in Figure 8.

Message transfer to an MC display begins with a
File Command. This File Command contains the destination code which
chooses an output channel and hence the display to which it is
connected, The File Command initiates transfer of a designated
number of blocks from core memory into the Mass Memory Buffer Store.
The Load Point Register counts in sequence through the block
addresses on the disk during transfer and so controls where in the
MMBS the blocks are put. An Unload Point Register keeps note of
the oldest block not yet transmitted to a display. This cannot be
passed by the Load Point Register and loss of information by over-
writing is thereby prevented. Should the Load Point Register
catch up to the Unload Point Register, a program interrupt occurs.

Concurrent with transfer of data to the MMBS, the
first two blocks of the display message are loaded into the designated
output channel circulating register. This loading, as well as
processor loading of MMBS with the display message, is conditiomed
by a logical "ONE" (true state) on the WORD DEMAND line from the
related M-C display device.
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Loading of the designated output channel takes
approximately 5,6 milliseconds. After the output channel is loaded
and after an access delay of approximately 0.3 milliseconds, the
WORD TRANSFER ORDER iine is set true and the first word of the display
message is transmitted bit serially to the M-C display over the related
DATA line. Concurrent with transmission of the data, exactly 56 MMBS
originated clock pulses are transmitted to the M-C display over the
related CLOCK line. When the full word has been transmitted, the
WORD TRANSFER ORDER line is set false.

Successful reception of the transmitted word is
acknowledged by the console by setting the WORD DEMAND line false
wichin 4.5 milliseconds after the WORD TRANSFER ORDER line goes
false. The WORD DEMAND line must remain false a minimum of 10 micro-
seconds. Transmission of the next word ensues when the WORD DEMAND
line is again set truz by the console signifying readiness to receive
the next word, provided che circulating line has brought the next
word into position. Lf the WORD DEMAND line is set true wiihin 4.5 milli-
seconds after the end of the previous word transmission, the next
word will be transmitted 5.6 milliseconds afrer the end of the previous
word transmission. 1f a longer delay is encountered in setting the
WORD DEMAND [ine true, transmission of the next word will ensue in
corresponding muctipies of 5.6 milliseconds after the end of rraus-
mission of the previous word. The true state of the WORD TRANSFER
ORDER line causing transmission occurs on concurrenca of a true state
on the WORD DEMAND LINE and proper positioning of data in the output
circulating register. Transmission of successive words occurs as
above until a full l6-word block is transmitted.

After the first block in the outpur channel circulating
register has been transmicted, transmission of the second block
procedes immediately and simul taneous with output channel accesses to
the MMBS to mark the transmitted block obsolete and to transfer the
third block of the message to the circulating register. Transmission
of the remaining blocks of the message in the MMBS procedes smoothly
in this manner until the MMBS is depleted of biocks for that output
charmel except for occasional possible interference in accessing the
MMBS caused by loading of the MMBS by the processor or by accesses by
other output channels.

When the last word of the last block in the MMBS for
any output channel has been sent, the related M-C display will azcknowledge
receipt as above. The output channel will access this block in the
MMBS, mark it obsolere and cease transmitting. As soon as the Processor-
Mass Memory interconnection allows a 'Display"” interrupt is generated
signifying depletion of the MMBS or data blocks for that chammel.

If the last word transmitted was not an EOM. the MC
display will request further transmission by setting the WORD DEMAND
line true as above. This will allow the processor program to load
a continuation of the display message into the MMES and further
transmission ensues as above,
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If the last word transmitted is an EOM, the M-C will
keep the WORD DEMAND line false until it is ready to receive subse-~
quent messages.

Whenever a message transmission is completed, either
successfully or through an abort resulting from error condition, a
program interrupt occurs notifying the processor that the transfer is
terminated. At this time, the program can determine which output
channel (and, hence, which display device) was involved and whether or
not the transmission was successful.

Since M-C or LP display messages are of arbitrary
length and the 16,000 words of the MMBS are shared among all MC and LP
displays it may not be possible to insert a full M-C or LP display
message in the MMBS at one time. If this occurs, as many blocks of the
message are transferred from the processor to the MMBS as there is
space available (subject to programming or other procedures or constraints).
When the available space 1s filled, the message transfer is interrupted
until all of the blocks of data in the MMBS for that display have been
transmitted. The processor may then again access the MMBS under program
control and transfer more of the message. During this access and trans-
fer from the processor to the MMBS, output from the affected channel to
the display is halted and resumed only when the rest of the message or
the maximum number of blocks available for that display in the MMBS
have been filled.

The Processor can test the status of each output
channel to determine whether it is transmitting or not, whether the
non-transmitting state resulted from a successful transmission of all
blocks available in the MMBS for a particular channel or from an abort
condition and whether an operative display device is present on a
gi :n output channel as indicated by the true state of the related
WORD DEMAND line. The processor can then determine in response to
interrupt which channels are ready for loading, which have completed
message transmission and which have aborted or are not available through
inoperative condition of the channel or the counected device.

3.4 Error Considerations

3.4.1 Data Transfer Errors

Parity is checked at the MC display for each word
transmitted. If a parity error is detected by the M-C display, receipt
of the word is not acknowledged and the WORD DEMAND line is held true
for at least 4.5 milliseconds after the WORD TRANSFER ORDER line is
set false. The output channel will respond to this error indication by
retransmitting the incorrectly received word, approximately 5.6 milli-
seconds after the end of the previous transmission. If this transmission
is received correctly, normal transmission of subsequent words ensues.
If, however, a parity error is again detected on the retransmitted
word, a third attempt at transmission is made as above. If an error
is detected in the third transmission attempt, the M-C display will
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signal detection of the error as above by holding the WORD DEMAND LINE
true. The WORD TRANSFER ORDER line will go true again within 5.6
milliseconds and will remain true for the normal duration of word
transmission though data will not be transmitted. This will signify
to the console that the MC display message is aborted. The MMBS

at this time will stop sending the display message, mark all blocks

of the message remaining in the MMBS obsolete and signal the program
with a "Display" interrupt that the transmission is terminated and an
error has occurred in transmission to that particular console, The
fact that transmission has failed due to three successive parity
errors on a given word is indicated to the console operator by means
of an "M-C ERROR" indicator. The M-C display device will at this

time abort the portion of the message already processed and ready itself
to receive the next M-C display message.

If the WORD DEMAND line, after acknowledging a

successful word transmission, fails to demand the next word within

3.0 + 1 seconds aftrer acknowledgment of the previous word due to turn-
off of the device before complete transmission, ervoneous interpre-
tation of a character as EOM or for any other reason, the transmission
will be aborted as above. The timer causing this abort is located in
the MMBS portion of the interface and an individual timer is provided
for each of the 15 output channels.

3.4.2 Control Line Errors

Any of the control, clock or data lines may fail in
either the false or the true states. A general system requirement
exists to ensure that no persistent malfunction of a particular M-C or
LP display or its corresponding MMBS ocutput channel will cause serious
degradation of outputs capability to other M-C or LP displays. Such
degradation could occur if a substantial portion of the MMBS was occupied
by a particular display message which is neither transmitted nor
aborted due to undetected malfunction of cthe related output channel or
display device. The effect would be to reduce the space available in
the MMBS for all othar display messages and adversely affect service
time for all other M-C and LP displays.

In general, timing devices or functional interlocking
of clock, signal and control lines are used where feasible to minimize
system degradation on single output channel or display device malfunctions.

A summary of the effects of data, clock, and control
lines follows. The assumption is made that only one failure will

occur at a time in a given display device interface.

Line 1 - WORD TRANSFER ORDER

If the WORD TRANSFER ORDER line fails in either the false
or the true state, the display device will not acknowledge receipt
of the transmitted word and the sequence described for repeated paritw
errors will occur ultimately causing abort of the message.
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Line 2 - CLOCK

Same effect as failure of WORD TRANSFER ORDER line results
for CLOCK failure in false or true state.

Line 3 - DATA

If the DATA line fails in the false state, all zeroes will be
transmitted causing parity error detection and abort of transmission
after third unsvccessful transmission try.

If the DATA line fails in the true state, all ones will
be transmitted and transmission will continue until the entire message
is sent unless the display device recognizes this condition and
causes an abort via control of the WORD DEMAND line. It is expected
that bit number & of Character 5 of each M-C (or LP) display word
will be always designated as zero and checked by the display device
to ensure that the DATA line is not failed in the true state. Detec~
tion of "ONE'S" in all three bit positions will cause the device to
initiate "abort' procedures.

Line 4 - WORD DEMAND

If the WORD DEMAND line fails in the true state, the effect
will be the same as for repeated parity errors and the message will
abort on the third transmission try.

If the WORD DEMAND line is failed in the false state prior
to transfer of a display message to the MMBS, the transfer will not
take place since Processor test of output channel status will indicate
no operative display device present for that channel.

If WORD DEMAND fails false after the MMBS has been loaded
and before the first word is transmitted. the related display
message will abort.

If WORD DEMAND fails false after acknowledging successful
transmission of one or more words, it will fail to demand the next
word and the transmission will abort within 3.0 + 1 seconds after
the end of the acknowledged word transmission.

3.5 Character Codes and Symbol Set

See Appendix A.

3.6 Physical and Electrical Interface

The electrical characteristics of the signals in the M-C
display interface are as follows:

- A Logical "True" Level (1) is represented by -8.5 + 2.5 Volts.

- A Logical "False'" Level (0) is represented by O + 1.0 Volts.,

- Rise and Fall times on sigrals from the MMBS to the MC Displey
will be between 0.1 and 0.3 microsecurds.
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~ Rise and Fall times on signals from the M=-C display to
the MMBS will be between 0.1 aund 3.0 microseccuds.

The input impedance presented to a line by the receiving
device will be 75 ohms + 10% for either logical level. The driving
or output impedance is not specified. However, provision will be made
to add a 75 ohm resistor at the Line Driver if it is required for term-
ination purposes.

75 okm coaxial cable with capacity o greater than 20
picofarads per foot will be used for all data and control lines between
the console and the MMBS. Cable lengths have rot yet been determined.

Detziled electrical and piysical characteristics are to be
provided in the interface specification.
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4,0 HARD COPY ASSEMBLY INTERFACE

No data or control transmission exists between the DPSS and the
M-C display hard copy assembly. Request for a hard copy reproduction of
the M~C display is initiated through depression of the "Hard Copy'" control
key. This key generates and transmits a 4 character control message to
the Data Processor via the ET and Control Interface notifying the processor,
for logging purposes, that a copy of the M-C display is being made.

Once this control message has beern successfully transmitted, the M-C
display reproduction cycle is initiated locally at the console.

Controls internal to the console insure that no change occurs to the
M~C display for which a reproduction is requested until critical portions
of the reproduction cycle are completed or until the request is aborted
as a result of failure to successfully transmit the Hard Copy control
message to the Data Processor.
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5.0 CONSOLE PRINTER INTERFACE

Transmission of messages to a Console Printer (CP) may be initiated
independently by the Data Processor or in response to a control message
request received by the Processor via the ET and Comntrol interface. 1In
all instances, however, CP messages are output by the Data Processor via
the Mass Memory Console Printer Store (MMCPS).

The MMCPS is an integral part of the Msss Memory unit and contaiuns
15 regions of disk storage each with a =uominal capacity of 1024 characters.
Actual storage capacirty of each region is 1110 characters. Transfer of
data from the Processor to the MMCPS, however, is by block where each block
contains 1024 characters.

Each MMCPS region is uniquely associated wirh one of 15 Console Printer
output channels. All 15 CP output channels sre capable of independent
simultaneous output. Output chaunel accesses to the MMCPS are by character,
each channel holding one character at a time until it is accepted by the
agsociated console printer.

Data Processor loading of the MMCPS is initiated by a File Command
containing the address of the region to be loaded and hence the Console
Princer with which ir is associated. The program may precede the trans«
mission with a test of the system duplex switching to ensure that a
console printer is switched to the zddressed channel,

Once a full or partial message block is roaded inte the MMCPS and
a character is available in the relevant output channel, transmission
will proceed subject to character demand by the associated Console Printer.
Transmission continues on a character~by-character basis until the MMCPS
region is depletsd of characters or an EOM choreocter is detected signi-
f. ag end of message. In elther case the processor is notified of the
termiraction of transmission by a '"'Displaw” 1aterrupt occuring at the end
of whatever file operation was in process and coiucident with the "End of
File Operation' program interrupt. The program at this fime can determimne
by test which console printer channels are no longer traansmitting and
consequently which MMCPS regions are ready to be relcaded with a sutsequert
block (or, partial block) of the output message or with the first hlock
of a new message.

If the processor attempts to output data to an MMCPS reginn still
involved in transmission or to whick an "unsvailable' cousoie printer is
connected, the data will not be transferred and a '"Display'" interrupt will
occur. (The 'unavailable'" condition of the Console Printer is sigunified by
a false state of the azsociated '"Character Damand" line at the time of the
attempted output operation).

The program may test at any time to determine tbe tramsmitting/non-
transmitting status of each Console Printer sutput chdnnel. 'Unavailabie"
status however, as defined above, cannot be determined meaningfully by
test prior to attempted output since determirstion of this ztate requires
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program interpretation of receipt of a '"Display' interrupt in response to
the output attempt together with the 'mon-transmitting" status of the
relevant output channel as determined by test.

5.1 Data Transmission Rate

Data is transmitted from the CP Buffer to the Console by
character demand. Each character 1s represented by levels on seven
parallel lines (6 bits + parity) and transmitted sequentially in response
to Character Demand signals transmitted by the Console Printer. The nominal
rate of demand is 14 characters per second.

5.2 Message Format

With the exception of insertion of "Line Advance/Carriage Return'
and EOM codes in appropriate places in the printer message, no particular
format restrictions exist. If the "Line Advance/Carriage Return'" codes
are omitted, the printer will automatically perform this function at the
end of each printer line. Messages may be of any arbitrary length subject
only to programmed limitations which may arise as a consequence of the
relatively slow rate of output via the console printer.

5.3 Transmission Mode

5.3.1 Data and Control Lines

Transmission from the Mass Memory Buffer to the console
printer is effected through utilization of the following signal and con-
trol lines.,

Lines ) to 7 -~ Data Lines

Six lines carry levels identifying the character transmitted. The
seventh line level indicates odd parity for the character.

Line 8 - CHARACTER AVAILABLE

This line is set true by the MMCPS whenever a character exists on
the Data Lines,

Line 9 - CHARACTER DEMAND

This line is set true by the console printer to indicate readiness
to receive the next character. The line will be false while the printer
is printing the last received character or if the Console Printer is off
or in "Not Available' condition, '

5.3,2 Normal Output Operation

The MMCPS region associated with a particular Console
Printer output channel is loaded with the first block (or partial blozk)
of an output message under program control and subject to the availability
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of that channel for transmission., Dats transfer from the Processor to

the MMCPS is initiated by a File Command specifying the region to be

loaded. Data transferred in one operation is limited to one block = 1024
characters. When this data transfer to the MMCPS is completed, the processor
is signaled by means of a "File Not Busy" interrupt.

After the MMCPS region is loaded and when the first
character is present on the output channel data lines, the "Character
Available'" line level is set true. The related Console Printer '"Character
Demand" line will normally be true at this time and the Console Printer
will sense the available character and commence the print cycle.

As soon as the Console Printer has adequately sensed the
transmitted character, it will set fthe Character Demand line false for
at least 4 microseconds. The Character Demand line will be returned to
the true state as soon as the Console Printer is ready to 1accept the next
character of the message.

When the Character Demand line is set false as above,
the output channel will set the Character Available line false within
4 microseconds and begin access of the MMCPS to obtain the next character.
This access may take from 4 microseconds to 70 milliseconds depending on
the position of the related MMCPS region on the storage disk relative to
the readout position.

Once the next character has been accessed and is present
on the output data lines, the Character Available line is again set true.
Transmission will ensue immediately if the Character Demand line is true
at that time or will occur when the Charuacter Demand line becomes true.

Transmission will conrinue as shove cn a character-by-
chwracter basis until all 1024 characters in the MMCPS region are transmitted
or until an EOM character is detected. Either condition will cause trans-
mission to be halted and cause a '"Display'" interrupt to be generated at the
end of whatever File operation was in progress and coincident with the
"End of File Operation'" iuterrupt.

The processor may, at this time, test the status of ali
Console Printer output channels and, if allowed, commence transfer of
additional blocks of data into appropriate MMCPS regions.

5.4 Ervor Consideration

5.4,1 Data Transfer Errors

The "transmitting" or'non-transmitting" status of each
Console Printer output channel is indicated to the Processor by program
test of a Display Status word. The program would ordinarily precede ar
attempt to load a particular region of the MMCPS with a test to ensure
that the related output chanunel is in the "non-transmitting" state. If,
however, an attempt is made to load MMCPS region where channel is in
"Transmitting" status, a "Display" interrupt is gencrated and the loadirg
attempt is blocked.
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"Unavailable" status of the Console Printer channel
is indicated to the MMCPS by a 'false' level on the Character Demand line
but does not directly affect the Display status word. An attempt by the
processor to load an "unavailable" region of the MMCPS will cause a "Dis-
play" interrupt. Occurrence of the Display interrupt in conjunction with
"non-transmitting' status of the output channel may be interpreted by the
program as "unavailable" status.

The Console Printer checks parity on each incoming char-
acter. Detection of a parity error does not affect the transmission but
causes a special symbol (M) to be printed in place of the character re-
ceived in error. Detection of a parity error also causes a "PRINTER ERROR"
indicator on the Console Printer to be lit and remain lit until manually
reset. Parity error detection and indication is strictly a local function
of the Console Printer, no information concerning detected parity errors
being fed back to the Data Processor or the MMCPS output channel.

5.4.2 Control and Data Line Failures

Any of the Control or Data lines may fail in either
the false or true state. Since failures affecting a particular Console
Printer output channel will not significantly affect outputs to other
channels no serious degradation of the system will result. Consequently,
no elaborate interlocks or automatic disconnects are required.

5.4.2.1 Data Line Failures

Failure of any one of the Data lines, including
the Parity line, in either false or true state will result in multiple
parity error printouts and garbled copy easily identified by the console
operator as a faulty condition and indicating the need for maintenance.

5.4,2.2 Control Line Failures

Character Demand Line - If a Character Demand
line fails in the true state, either before or during transmission, data
transfer from the Processor to the MMCPS will take place without inter-~
rupt (at least for the first block transferred) but only one character
will be transmitted to the Console Printer and transmission will cease.
The affected channel will remain in the "transmitting" state. Program
testing of the Display Status word prior to subsequent output attempts
will indicate "transmitting" status of this channel and the output attempt
may be deferred. No explicit indication of this fault condition is given
to the Processor or to the Console Operator.

Failure of a Character Demand line in the false
state will, if it occurs prior to an attempt by the processor to output
a message, indicate '"'unavailable" status of the affected output channel
to the processor by means of a "Display' interrupt occurring when an
attempt is made to load the affected region of the MMCPS,
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Since "unavailable" status may be a normal
state, no explicit indication of "fault" condition is given to the
Processor or to the Console operator.

If a Character Demand line fails false after the
related MMCPS has been loaded, transmission to the console printer will
cease. The affected output channel will remain in the "transmitting"
state. Program test of the Display status word prior to a subsgequent
output attempt will indicate "transmitting" sratus of this channel and
cause further loading of the MMCPS region to be deferred,

No explicit indication of this fault condition
is giver: to either the console operator or the Data Processor.

Character Available Line Failure

Failure of the Character Available line is
either the false or true state will enhibit transmission of data from
the MMCPS to the Console Printer but will not directly affect transfer
of data from the Processor to the MMCPS., After the related MMCPS region
is loaded, however, it wiil remain in the "transmitting" state, Program
test of the Display status word will indicate "transmitting" status for
the affected channel and the attempt to load the MMCPS region may be
deferred.

No explicit indication of this fault condition
is given either to the Processor or to the Console Printer operator.

5.5 Character Codes and Symboi Set

See Appendix A,

Two of the assigned codes are interpreted by the printer as
instructions for mechanism action other than printing. These are:

(a) EOM- prints EOM symbol, causes paper to be advanced to
permit operator viewing of the received message and left justifies the
printer "carriage'.

(b) Lower Case Code - Advances paper one line and returns
carriage to left hand margin.

5.6 Physical and Electrical Characteristics

Cable type, input and output impedances, True and False levels
and Rise times are as described for the M-C interface.

Detailed electrical and physical characteristics are included

in the detailed interface specifications.

(/‘
c. B.(x;"” '
CBB:vanl

Attachments: Apperdix A, Appendix B, Appendix C
Distribution List
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APPENDIX A

473L EQUIPMENT CHARACTER SET
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Appendix A

473L EQUIPMENT CHARACTER SET

The following is an updated list of symbols to be used in the 473L
System. The Console Printer and the ET Display have an extra symbol, not
shown in the list, that will not have an associated code but will be
generated and displayed when a parity error is detected on an incoming
message. This symbol (M) will be printed instead of the erroneous charac-
ter received by the Console Printer and 'will be presented as a flashing
symbol in place of erroneous character received by the ET Display.

473L EQUIPMENT CHARACTER SET

1-3055 Code Line Printer (1) Field Data Integrated Con- (3)

7 65 4321 & Typewriter Characters sole Characters  Card
Characters (Includes ET, CP, Reader/

MC) Punch
Row(s)

1 11 0000 (Blank) (Space) (Blank) (Blank)

0 11 0001 A A A 12-1

0 11 0010 B B B 12-2

1 11 00:xl C C C 12-3

0 11 0100 D D D 12-4

1 11 0101 E E E 12-5

1 1) 0110 F ¥ F 12-6

0 10 0OulL G G G 12-7

0 11 1000 H H 12-8

1 11 100: I I I 12-9

1 11 1010 3 ) ) 12-8-4

0 11 1011 . (Period) . 12-8-3

I 11 7 Tow 2y 0O BELL (] 11-8-2

0 1i 1toy (2) (Underline) OWD (Underline) 12-8-6

0 11 1110 (2) # ! #* 11-8-5

1 11 111t 2) ? ? ? 12-8-7

0 10 0000 : (Colon) : : 12-8-5

1 10 0001 J J J 11-1

1 10 0010 K K K 11-2

0 10 0011 L L L 11-3

A-2
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L-3055 Code Line Printer (1) Field Data Integrated Con- (3)
7 65 4321 & Typewriter Characters sole Characters Card
Characters (Includes ET, CP, Reader/
MC) Punch
Row(s)
1 10 01uv0 M M M 11-4
0 10 0101 N N N 11-5
0 10 0110 0 0 0 11-6
1 10 0111 P P P 11-7
1 10 1000 Q Q Q 11-8
0 10 1001 R R R 11-9
0 10 1010 (Minus) (Minus) (Minus) 11
1 10 1011 * * %* 11-8-4
0 10 1100 (N Wp) (Upper Case) N 11-8-7
1 10 1101 (2)$ $ 11-8-3
T 10 1110 (2) (Down) (Lower Case) See note 4 12-8-2
0 10 1111 2) ¢ & & 0-8-5
0 01 0000 + " (Quote) + 12
1 01 0001 / / / 0-1
1 01 0010 S S S 0-2
0 01 0011 T T T 0-3
1 0L 0100 U U U 0-4
0 01 0101 \' \' \'s 0-5
0 01 0110 W W W 0-6
1 01 0111 X X X 0-7
1 01 1000 Y Y Y 0-8
0 01 1001 Z Z Z 0-9
0 01 1010 ( ( ( 0-8-4
1 01 1011 (Comma) (Comma) (Comma) 0-8-3
0 0l 1100 Q) # # # 0-8-2
1 01 1101 (2) o(Degree) o(Degree) o(Degree) 6-8
1 01 1110 (2); 5 5 11-8-6
0 01 1111 (2)[ (line Feed) [ 0-8-7
1 00 0000 1] 1] @ 0
0 00 0001 1 1 1 1
0 00 0010 - 2 2 2 2
1 00 0011 3 3 3 3
0 00 0100 4 4 4 4
1 00 0101 5 5 5 5
1 00 0110 6 6 6 6
0 00 0111 7 7 7 7
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L-3055 Code Line Printer (1) Field Data Integrated Con- (3)

7 65 4321 & Typewriter Characters sole Characters Card
Characters (Includes ET, CP, Reader/

MC) Punch

0 00 1000 8 8 8 8

1 00 1001 9 9 9 9

1 00 1010 = % = 8-3

0 00 1011 (Apostrophe) (Apostrophe) (Apostrophe) 8-4

1 00 1100 . (2)> > > 8~2

0 00 1101 (2)< > 4 8-5

0 00 1110 (2) (Carriage Return) 2-3-6

1 -

00 1111 (2) (EOM) (Master Space) OM

NOTES: (1) As translated by the L-119 Buffer Processor
(2) Low speed print characters (Line Printer)
(3) This code is compatible with IBM 026 Type-H print set
(4) This code when received by the ET or CP will cause the
cursor or writing mechanism to space down one line and over

to the extreme left., When received by the MC, the solid
box is generated (H).

A-4
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APPENDIX B

LIBRASCOPE SPECIFICATION

L190 000 832

Preliminary specification of L3155 Central
Processor Input/Output Interface with the
ET and Control portions of the ICSS (and"
with the L119 Buffer Processors.)

B-1



1.0
1.1

2.0
2.1

2.2
2.3

2.4

2.5

3.0
3.1
3.l

3.1.2

3.1.3

S00PE

The Central Proceusor Input-Output Interface provides the path for
information tranafor betwoon ths L-3155 Central Processor and the
1.-119 Buffar-Proceasor anl tha ET portion of the ICSS. The inter-
faco characteristics, both functional and electrical requirements,
are defined by this apncification.

LANGUAQE AND WORD

An L=3155 Central Procensor character consists of six data bits and
ons odd parity bit. Tho code used in the L-3155 is given in Appendix
A,

Eight characters constitute one word,

An input meszage 1o defined as any sequence of characters trans-
mitted from the axternal davice to the L-3155 Central Processor bit
serially over the input data line, A character will be transmitted
least-significant bit first in sequence through the most-significant
of the alx data bita, Every seventh bit will be the odd parity bit
for the six preceding data bits,

An output message is defined as any soquence of characters trans-
mitted from the L-3155 Central Processor to the external device bit
serially over the output data line. A character will be transmitted
least-significant bit irst in sequence through the most-significant
of the six data bits. Every seventh bit transmitted will be the odd
parity bit for the six preceding data bits,

Messagos, both input and output, will be transported in decreasing

order of charactor significance. A partial-word portion of a message
will occupy the mogt-significant register positions,

SIGMAL LEVELS AN IMPEDANCE

Signals to Extarnal Davice.

A "truc® lovel (lopical one) on tha signal lines to the external
devicen shall bo representod by -8,5V 2 2.5V,

A "false" level (logical zero) on the signal lines to the external
devices shall be represonted by OV X 1V,

The sigmals to the extarnal devices shall be transmitted owver 75 ohm
coaxial 1ins such as Amphenol 21-597.
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3. The input impedance of the external device for any signal line,
measured at the device terminale, shall be 75 ohms ! 10%, to signal
ground, for either the true or false levels, This specified imped-
anoe shall include any required line terminstion.

3.1.5 The rise and fall times measured between the 10f and 90% pointis
shall be batween O,1 and 0.3 microseconds after transmissinn through
two hundred feet of properly terminated coaxial line,

3.2 Signals from External Device.

3.21 A "true” level (logical ons) on the signal lines from the external
devioce shall bs represented by -8,5V & 2,5V.

3.2.2 A "false® level (logical zero) on the signal lines from the exte.. -1
device shall be represented by OV ¢ 1,0V,

3.,2.3 The signals from the external devices will be transmitted over 75 ohm
coaxial line such as Amphenol 21-597.

3.2.4 The input impedance at the Central Processor to any signal from the
external device will be 75 ohms ¥ 10f to signal ground for either the
true or the false levelsn,

3.2.5 The rise and fall times moasured between the 10% and 90% points shall
be betwesn 0,1 and 0,3 microseconds after transmission through two
hundred foet of properly terminated coaxial line.

3.2.6 Clock pulsss will havs a minfimum duration of 0.2 microseconds as
masired betwsen the 90f amplitude points and a minimum separation
of 0.2 microseconds an msasured between the 10% amplitude points.
Concurrent input data bits will be sampled at the trailing edges of
the clock pulses and must be 90% established 0.5 * 0.2 microseconds
befors the 10f mmplitude point of the false transition of the clock
signal. Output data bits will be 90% established 0.5 * 0.2 mioro-
seconds after the 10f amplitude point of the false transition of the
olock signal. The time spacifications refer to the L-3155 Central
Procesgor commectores and do not include cabls delays.

3.3 Transfer Rates,

3.3 Transfer rate, both input and output, for the L-119, as established
by the 1-119 clock will bs 760,000 £ 10£ bits per second,

3.2 Transfer rate, both input and output, for the ET portion of the ICSS,
as ostablished by the ET clock will be 720,000 2 10% bits per sscond,
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L.0 INTERFYRENCE LIMITS

k.1 Ay External Dsvice which intarfaces with the L-3155 Central
Processor shall meet the interforence limits as specified in
MIL-I-26600,

5.0 SIGNALS AND DESIGMATIONS ~ L~119 BUFFER-PROCESSOR AND L-3155
CENTRAL COMPUTER COMHUNICATION

5.1 Signals Required for L-119 Output Operation from L-3155 Central
Proceasor,

S.1.1 Signals from the L-3155 Central Processor to the L-119.
{1 = Addressed Davice

Opel(4) Output Operation (3£4145)
Cpe2(1) Output Data (3£1¢45)
S.1.2 Signale from the L-119 to the L-3155 Centrsl Processor,
Cppl(1.) Davice Clock (3%21%5)
Cpp2(1) Operation Complete (3£1¢%£5)
Cpp3(1) Device Available (3£1 £59)
Cppli(1) Parity Error (31 %59)
5.2 Signals Required for L-119 Input Operation to L-3155 Central
Procesvor,

5.2.1 Signals from the L-3155 Central Processor to the L-119.
J = Addressed Device
Peol( §) Input Oparation (0£3t2)
Pecd( 1) Compter Operation Completed (04 3£2)
5.2.2 Jigits Trom ¢he 5117 to the 1-3155 Central Processor.

Popi(J) Message Available (0&£3%2)
Pop3(J§) Device Clock (0&3L2)
Popli( §) Input Data (02 3£2)
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5.3

6.0

6.1

6.1.1

6.2
6.201

6.2.1.1

6.2.1.2

6.2.2

6.2.2.1

T™he indices 1 and j above refer to a specific L-119 connector posi-
tion on the L-3155 Central Processor console.

SIONALS AND DESIGNATIONS - ET PORTION OF THE ICSS AND L-3155
CENTRAL COMPUTER COMMUNICATION

Sigrals required for ET Input-Output Operation between the
L=3155 Central Processor and ET Portion of the ICSS,

Thers are six lines providing commnications between the ET
portion of the ICSS and the L-3155 Central Processor.

Signal Descriptions,

During output operations, which are specified by a true condition
of the Output Priority signal line, designated Cpc3(k), the lines
have the following meanings, respectively:

Signals from L-3155 to ET:

Cpe3(k) OQutput Priority (0% k £1))
Cpeli( k) Output Data (0£k 1)
CpeS(k) Output Operation (0£x £14)
Signals from ET to L-3155:

cpp5(k) Device Clock (0 &k £1))
cpp6( k) ' Output Operation Complete (0 £x £ 1)
cpp?(k) Device Availabls (0£k 1)

During input operations, which are designated by a false condition
of the Output Priority (Cpc3) line, the wires have the following

designmations:

Signals from L-3155 to ET:

Cpo3(k) Output Priority (0 &£k &1L)
Cpeli( k) Input Op.ouuon Complete (04k £1k)
CpeS(k) Input Operation . (04 Kk £1k)
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6.2.2.2

6.3

1.0
7.1

7.101

7.1.2

7.2
7.2.1

T.2,2

7.2.3

T.2.4

Sigmle {rom ET to L-3155¢

Cpps( k) Davice Clook (0 &£k ~1L)
Cppb(k) Tnout Data (0L k&)
Cpp7(k) Mannage Available (0 £k £1))

The index % ahove refars to a specific input-output device con-
nsctor position on the L-3155 Central Processor oonsols.

SYSTRM OFERATION - OUIFUT TO THE 1~119 BUFFER-PROCESSOR FROM THE
Y -3T55 CENTTA L FHOCESSOR

External Navice Addronsing.

The prepa:edness of the L-119 to receive an output message from
the L3155 Central Computer will be ascertained by program testing
tho appropriato *Device Available” (Cpp3) line and the status of
duploxing ewltching.

The output inetruction will select the L-119 and oonnect its set
of signal linaes enumerated in section 5, O to the Central Processor-
Duffar Procenscr Interface.

Message Transfer from L-3155 Central Processor to L-119.

Ths "Dovice Available” (Cpp3) line will remain true throughout the

{ranemiseion period mntil the Contral Processor returns the ™utput
Operation” (Cpcl) line to the false stats., A test instruction dur-
ing the transmission period will find any output L-119 unavailable.

Data will be tranaferred to the selected L-119 bit serially over
the Wutput Data” (Cpe2) 1dne., The first bit transmitted will be
the Wrast~significant blt of the most-significant character of the
output messaga,

The true stato of the ™utput Operation® (Cpel) line will indicate
to the externsl dovice that a meaningful bit is present on the
Output Lata® J4ve, The "Outpul Operation” line will sssume its
trwe ntats afiayv tha {irst deta hit has been established on the
ulput Devs” iino,

When the L-119 is ready to receive the output message, it will send
a series of clock pulses to the L-3155 Central Processor on the
*Davics Clock® (Cppl) line. The L-3155 will use the trailing edges
of ths clock pulses received from the L-119 to make the subsequent
bits of the message available to the L-119,
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7.2.5

7.3
7.3.1

7.3.1,1

7.3.2

7.3.3

T.3.k

T35

T.3.6

Tol
7.h.1

7.4.2

The L-119 will check the parity of each character as it is receivsd,
Parity of each character shall also be checked at the computer pricr
to transmission.

Output Operation Termination.

An end-of-message character tranamitted from the Central Procassor
and recognized by the L-119 will be used to terminate the output
operation, The end-of-message character will be the "end-of-meszage®
character speoified in the L-3155 Code 1listed in Appendix A.

The output opsration will also be terminated by the character code
for 17! (question mark) as listed in Appendix A, which can be inter-
preted also as End-of-Block, more block(s) following.

After the L-119 recognizes the end-of-message or end-of-block char-
acter and has verified parity, it will place a logical cne on the
"Operation Complete” (Cpp2) line and ocontinus sending clock pulses
on the "Device Clock" line,

After a logical one is placed on the "Operation Complete® line, the
Central Processor wlll place a logioal sero on the Output Operation
line,

After a logical zerc is placed on the "™utput Operation” line, the
1-119 will place a logical zero on the *Device Available® line,
cease transmitting clocks on the "Device Clock" line and place a
logical zero on the "Operation Complete® line,

When the L-3155 Central Processor places a logical zero on the
"Output Operation” line, it will also disconnect the selected exter-
nal device from the Central Processor-Buffer Processor Interface and
generate an *I-0 Interface Not Busy" interrupt.

The termination control signals will operate in synchronism with the
1~119 olock.

Error Considerations,

If a parity error is detected by the 1-119, it will place a logical
ons on the "Parity Error" (Cppli) line and maintain this signal level
and continue sending clock pulses on the "Device Clock" line until a
logical rero is placed on the "Output Operation" 1line. The logical
ons on the "Device Available" line will be maintained by the 1L-119.
*Data Parity Error" interrupt is generated by these oconditions.

If the L-3155 Central Processor detects an error, it will disconnect
the selacted L-119 from the Central Processor-Buffer Processor Inter-
face by placing a logical zero on the ™utput Operation” line. The
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7.!‘.!‘

8.0

8.1
8.1'1

8.1.2

8.1.3

8.2
8.2.1

logdead ona on tha "Davice Avallable” line will be maintained by the
~119, 71-0 X Rogleter Error® or "I-0 Operand Address Error®
intorrupt i genaratsad by thoss conditions,

I the output operation has not terminated normally, as described in
7.3, or by detacted error, as described in 7.L.1 and 7,L.2, 1t Wil

bu torminated in 7.0 I 10% milliseconds, disconnecting the L-119 and
causdng an "I.0 Hang-up Error® interrupt.

If a logical zeru 1s placed on the "Output Operation” line while
2 logical zero ie on the 'Oporation Complete® line, the L-119 will
ignore all bits recieved during the interrupted output operation,

SYSTEM OPERATION - INPUT TO L-3155 CENTRAL COMPUTER FROM THE L-119
BUFER-FROCIEOR

External Device Addrsssing.

The L-3155 Centxal Processor will contain two interlocked electronic
stepping circuits that will cycle and sample the state of the
"Megaage Available® {Pepl) or (Pep3) lines of each external device
position, Three extornal device positions will be uniquely avail-
able for L-l19 Buffer-Processors, One of the two electronic stepping
olrcuits will sampls the L-119 "Message Avallable" lines at computer
clock rate. For every cycle through the L-119 positions, the second
stepplng clrcuit will advance to the next available ET position,
i.0,, durlng evory fourth consecutive computer clock period, all
L-125 Buffer-Processors and ons ET will be sampled for message avail-
sbillty, If a stepping circuit finds that an external device has a
mossage available (logical one level on the "Message Available® line),
it will oelect that position and generate a program interrupt. The
program will ba abla to distinguish between a L-119 message ari ia ET
meseage Yty the type of interrupt,

The program can dotarmine the identity of the device having the
messaga avajlable, and causs an input operation from that device by
an input inatruction,

The input instrvation will directly connect the set of signal lines
onerated in snction 5.2 or 6.2 of the selocted external device to
the Centrsl Proaassor~Duffor Processor Interface.

Hatunge Trausfor from L-119 to L-3155 Central Processor.

The "Meesage Available” (Popl) line will remain true throughout the
transmission period until the Central Processor returns the "Input
Opsration® (Pool) line to the false state, However, a test instruc-
tion during the transmission period will not find a message available.
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8,2.2

8.2.3

8.2,k

8.3

8.3.1

8.3.1.1
803.1.2

8.3.2

8.3.3

8.30!‘

8.3.5

8.l
8.k.1

Data will be transferred from the selected L-119 bit serially over
the "Input Data" (Popk) 1ine. The first bit transmitted will bs the
least-significant bit of the most-significant character of thes input
massage.

The trus state of the "Input Operation” line shall indicate to the
L-119 that the L-3155 Central Processor is ready to receive daia.

When the L-119 is ready to transmit the message, it will send s
series of olock pulses to the L-3155 Central Processor on the "Device
Clock® (Pcp3) line. The computer will use the trailing edtes of the
olock pulses received from the L«119 to strobe the bits on the "Input
Data" 1line and check parity on sach character received,

Input Operation Termination,

An end-of-message or end-of-block charascter transmitted from the 1119
and recognized by the L-3155 Central Processor will be used to termin-
ate the input operation.

The end-of-message character specified will designate an end-of-
messags without followin;; blocks,

The end-of-block character designated by the code representing a
question mark will specify blocks following.

After the L-3155 Central Procossor recognizes either end-of-block or
end-of-massage character and has verified parity, it will place a
logical one on the "Computsr Operation Complete®™ (Pco2) line.

After a logical one is placed on the "Computer Operation Complete®
lins, the L-119 will place a logical zero on the "Message Avallable"
1ine.,

The Cemntral Procaessor will respond to the logical gero on the
"Mesoage Available" line by placing logical gzeros on the fInput
Opsration® anxd "Computer Operation Complete"” lines. The logical
gero on the *Input Operation® 1line will disconnect the external
device from the Central Processor-Buffer Processor Interface, and
gonerate an "I-C Interface Not Busy" interrupt.

The termination control signals will operate in synchronism with
the L-119 olock.

BError Considerations,
If the 1-3155 Central Processor detects an error, it will disconnect

the selsoted L-119 from the Central Processor-Buffer Processor Intar-
face by placing a logical zero on the "Input Operation®” line. The
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8.4.2

8.k.3

8.L.L

9.0

9.1
9.1.1

9.1.2

9.2
9.2,1

9.2,2

9.2.3

logicel ona on the "Message Available® line will be maintained by
tho 1119, *I-0 M Register Error* or *I-0 Operand Address Error®
interrupt 1s generated,

If a logioal zero is placed on the *Input Operation® line while a
logical ze10 is on the "Computer Opesration Complete" line, the L-119
will retain all portions of the message transmitted and it will be
prepared to retransmit,

If the input operation has not teminated normally, as described in
8.3, or by detasted error, as described in 8.L.1 and 8.4.2, it will
be terminated in 7.0 ¥ 10% millissconds, generating an "I-0 Hang-up
Error?® intermpt, Program response to the interrupt can cause the

stepping circuit to step, disconnecting the 1-119,

The "Stepping Circuits" will be inhibited by the presence of an
error cordition as specified by any of the dstailsd error flip-flops
associated with the Processor Interface., The Stepping Circuit will
contime to select the last device used for 'Input! until either
the Ignore Error flip-flop is set, or the detailed error flip-flop
is reset,

SYSTEM OFERATION - OUTPUT TO ET PORTION OF THE ICSS FROM THE L-3155
TENTRAL TPROCISSOR

Iixtermal Device Addressing.
The pruparedimas of the external ET device to receive an output

‘mersage from the L-3155 Central Computer will be ascertained by

program testing the appropriats status indicator of the duplexing
svitching.

The output instruction will directly connmect the set of signal lines
enmerated in saction 6.2 of the selscted ET to the Central Processor
Input-Output Interface, '

Massegn Transfer fyom the 1-3155 Central Processor to External Device.,

An outyut operaticn is inditiated by the "Output Priority" (Cpe3) line
going trua,

In vesponss Lo thie action, the "Device Available™ (Cpp7) line must
como true within 5.0 microseconds., The "Device Available" line will
remain true throughout the transmission period, until the Central
Pro::asor returns the "Output Operation® (Cpc5) line to the false
state, -

Data will be transferred to the selected ET bit serially over the
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<satap

9.2.L

9.2.5

9+2.6

9.3
9.3.1

9.3.2

9.3.3

9.30!‘

9.3.5

moutput Data" (Cpch) line. The first bit transmitted will be the
least-significant bit of the most-significant character of the
output message.

The trus state of the "Output Operation® (Cpe5) line shall indicate
to the ET that meaningful data is present on the "Output Date*
(Cpoli) 1ine, The ™Output Operation” line will assume its true state
after tho first data bit has been established on the Qutput Data
1ine but no sooner than 10 microseconds after the ™output Priority"
line goen true.

When the ET is ready to receive the output message, it will send a
series of clock pulses to the L-3155 Central Processor on the "Dewius
Clook® (CppS) line. The L3155 will use the trailing edges of ths
clock pulses received from the ET to make the subsequent bits of thwe
message available to the ET,

The ET shall check the parity of esch character as it is received.
Parity of each word shall also be checlmd at the computer prior to
transmission,

Output Operation Termination,

An end-of-message character transmitted from the Central Processor
and recognized by the ET will be used to terminate the outpul oper-
ation, The end-of-massage character will be the end-of-message
character apacified in the L-3155 code as listed in Appendix A,

After the ET recognizes the end~of-msssage character and has veri-

‘fied parity, 1t will place a logical one on the "Output Operation

Complete” (Cpp6) line and continue sending clock pulses on the
*Device Clock” (Cpp5) line.

After a logical one is placed on the "Output Operation Complete® 1linas,

ths Central Processor will place logical zeros on the "Output Priority®

and "Output Operation" lines.

After a logical zero is placed on the "Output Operation” (Cpe5) lins,
the ET will place a logiocal zero on the "Device Available" (Cpp7)
1ine, cease transmitting clocks on the "Device Clock" line, and placa
8 logical zero on the "utput Operation Complete" (Cppb) line.

When ths L-3155 Central Processor places logical zeros on the "Output
Operation® 1line and the ™utput Priority* line, it will also dis-
oonnect the selected ET from the Central Processor Input-Output
Interface and generate an "I-0 Interface Not Busy" interrupt.
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9.3.6

9ol
9'!‘.1

9.4.2

9.3

9okl

10.0

10.1
10.1.1

Tha tarmination control) signals will oporate in synchronism with
tha ET clock,

Error Considorations,

If o parity error 1s datacted by the ET, it will place a logical zero
on the "Davice Available” (Cpp7) line without placing a logical one
on the "™utput Oparation Complete” line and continue sending clock
pulses on the "Davice Clock" 1line until logical zeros are placed on
the Mutput Opsration” and "Output Priority" signal lines, "Data
Parity Error" intsrrmpt is generated by these conditions.

If the L-3155 Central Processor detacts an error, it will disconnect
tha relected ET from the Cantral Processor Input-Output Interface by
placing loglcal zaros on the "output Operation" and "Output Priority"
signal lines without placing a loglcal one on the "Jutput Operation
Complsta™ 1ins, Vhan the ET dotects a logical zero on the "Output
Operation” lina, 1t will stop sondlng clock pulses and place a logi-
cal zaro on the "Davice Available” line, "I-0 M Register Error" or
#T-0 Oporand Address Error" interrupt is gemsrated by these condi~
tions.

If "Dovice Available" does not come true after 1 usec and before

5 microneconds after "Output Priority" goes true, or is true before
"Ooutput Priority" goes true, this will lead to an "I-0 Hang-up Error®
intarrupt of the L-3155 Contral Processor and causs the ET to be
disconnoctad,

If the output operatlion has not terminated normally, as described in
9,3, or by detectad error, as described in 9.L.1 and 9.L.2, it will
be terminated in 35 * 10% milliseconds, disconnecting the ET an-
causing an "I.-0 Hang-up Error® intsrrupt.

SYSTEM OFERATION - INPUT FROM THE ET PORTION OF THE ICSS TO THE
T=315s CRNAEAT CONPUTER

External Davicze Addresaing,

The L-3355 Central Procossor will contain two interlocked electronic
stepping clreults that will cycle and sample the state of the
"Messege Available” (Pepl) or (Pep3) lines of each external device
position, Three external device positions will be uniquely avail-
able for L-119 Buffer-Processors, One of the two electronic stepping
circuits will sample the L-119 "Message Available" lines at computer
olock rate, For every cycle through the L-119 positions, the second
stepping circuit will advance to the noxt available ET position,
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10.1.2

10,1.3

10.2
10,2.1

10.2.2

10.2.3

10.2.4

10.2.5

10.3
10.3.1

10.3.2

1.e,, during every fourth consecutive computer clock periods, all
1-119 Buffer-Processors and one ET device will be sampled for
mossage availability. If a stepping circuit finds that an external
device has a msssage available {logical ons level on the "Message
Available" 1line ), it will select that position and genorate a pro-
gram interrupt. The program will be able to distinguish betwuer a
L-119 message and an ET message by the type of interrupt.

The program can determine the identity of the device having the
nogaaga avedlabla and cause an input oporation from that device uy
sn input dnstruction,

The inpnt instruction wlll directly connect the set of signal linec
enwnarated in section 6,2 of the selected ET to the Central Processoy
Input<Output Intaerface,

Message Transfer from the ET to the L-3155.

During an input operation, the ™utput Priority* (Cpc3) line will
remain falae.

The "essage Availsble” (Cpp7) lino will remain true throughout the
trangimission perilod, until the Cantral Processor returns the "Input
Oporation" (CppS) line to the false state,

Data will be transfarred from the selected ET bit sorially over the
"Input Data" (Cpp6) linae, The first bit transmitted will be the
least-significant bit of the most-significant character of the input
message,

The trus state of the "Input Operation® (Cpe5) line shall indicate
to the ET that the L-3155 Central Processor is ready to rsceive data.

When the ET is ready to transmit the input mossaga, it will sond a
series of clock pulsas to ths L-3155 Central Processor on the "Davice
Clock® (Cpp5) line. The L-315% will use the trailing edges of the
alock pulses rascoived from the ET to strobe the bits on the "Input
Data”™ line ard check parity on each word received,

Input Operation Termination.

An end-of-rnie3sage charactar tranzmitted from the ET and recopgnized

by the L~-315% Cantral Procasser will bo used to terminats the lnput
operation, Tha snd-of-mossage character will be the end-of-mossage
ocharacter specified in the L-3155 code as listed in Appendix A.

When the 1-3155 Central Processor recognizes the end-of-message
character and has verified the parity, it will place a logical ons
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10.3.3

10.3.L

10.3.5

10.4
10.L.1

10.L.2

10.L.3

10011 .h

on tha "Input Operation Complete® (Cpcli) line,

Whon a logical one is placed on thes "Input Operation Complete® (Cpeli)
1lins, tho external davice will place a logical zero on the "Message
Available® (Cpp?7) line.

The L-3155 Central Procensor will respond to the logical zero on

the "Massage Avallable® line by placing a logical zero on the "Input
Operation" line. It will also disconnect the selected external
device from the Central Procossor Input-Output Interface and generate
an "I<0 Interface Not Busy" interrupt.

The tormination control signals will operate in synchronism with the
ET clock.

Error Constderations,

If a parity error 1s detected by the ET, it will place a logical zero
on the "Massage Avallable” (Cpp7) line without placing a logical one
on the "Input Operation Complste® line and continue sending clock
pulsea on the "Davice Clock®” line until a logical zero is placed on
the "Input Operation” (Cpc5) line, *Data Parity Error® interrupt is
generated by these conditions,

If the L-3155 Central Processor detects an error, it will disconnect
the solected ET from the Central Processor Input-Output Interface by
placing a logicel. zero on the "Input Operation® line. The ET will
stop sending clock pulses and prepare to retransmit. "I-0 M Register
Parity Error® interrupt is generated by these conditions,

If the input opsration has not terminated normally, as described in
10.3, or by detacted error, as described in 10.L.1 and 10.L.2, 1t will
be tarminated in 35 ¢ 104 milliseconds, generating an "I-0 Hang-.p
Error" interrupt. Program response to-the interrupt can cauze ithe
stepping oircult to stap, disconnecting the ET.

The "3tepping Clrcuite” will bo inhibited by the presence of an error
aonditlon aa opocified by sny of the detalled error flip-flops asso=~
clatad with the Procusaor Intarface. The Stepping Circuit will
conlinun to nelont the last device used for 'Input! until either the
Tgnory Evror f1ip-flop is sat, or the detajiled error flip-flop is
renat, :
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MEMORY output interface with the MC Dis-
play and Console Printer portions of the
ICSS (and LP displays.)
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1,0
1.1

2.0
2.1

2,2
2.3
2.b

2.5

2.6

3.0
3.1
3.2

’.102

3.1.3

PRELIMINARY

The Mass Momory Output Interface provides for information transfer
between the L-3155 Central Processor and the MC and CP portions of
the ICSS., Any device satisfying the MC requiremsnts (such as a
Large Panel Display) can be connected to this interface.

SCOPE

LANGUAGE AND WORD

An 1-3155 Central Processor character consists of six data bits
and ons odd parity bit. The code used in the L-3155 is given in
Appendix A,

Eight characters constitute one word,
Sixteon words constitute one hlock.
Information transfers from the L3155 Central Processor to the

Mass Memory ( for subsequent transmission to the ICSS) shall be
in units of blocks.

.An output message from the Mass Memory to the MC is defined as a

ssquencs of words transmitted bit serially over the MC data line.
A word is transmitted most-significant character first. Each
characteor is transmitted leoast-significant bit first. Every
seventh bit transmitted will be the odd parity bit for the six
preceding data bita,

An output message from tho Mass Memory to the CP is defined as a
sequence of characters transmitted seven-bit parallel over the
CP character lines, The seventh bit is the odd parity bit for
the other six bite, ‘

SIGNAL LEVELS AND IMPEDANCE

Signals to MC and CP.

A "true” level (logical ono) on the signal lines to the external
devices shall be represented by -8,5V & 2,5V,

A "false" lsvel (logical zero) on the signal lines to the external
devices shall be represented by OV ¢ 1v,

The aiépala to the external devices shall be transmitted over
75 ohm coaxial line such as Amphenol 21-597,
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3.10h

The input impedance of the external device for any input signal
1ine shall be 75 ohma & 10% for either the true or false levels,
This specified impedance shall include any required line termin-
ation, .

3.1.5 The rise and fall times measured between the 10% and 90% points
shall be between 0.1 and 0,3 microseconds after transmission
through two hundred feet of properly terminated coaxial line.

3.2 Signals from MC and CP,

3.2.1 A "true"” level (logical one) on the signal lines from the externsl
devices shall b8 represented by -8.5V ! 2,5V,

3.2.2 A "false" level (lopical zero) on the signal lines from the exter-
nal devices shall be represented by OV ! 1,0V,

3.2.3 The signals from the external devices will be transmitted over

' 75 ohm coaxial line such as Amphenol 21-597.

3.2.h The input impedance to any signal from the external device will be
75 ohms & 10% for either the true or the false levels,

3.2.5 The rise and fall times measured between the 10§ and 90% points
shall be between 0,1 and 3.0 microseconds after transmission
through two hundred feot of properly terminated coaxial 1ine,

33 Transfer Rates,

3.3.1 Transfer rate from the Mass Memory to the MC shall be at 356,000
! 10€ bits per second, controlled by the Mass Memory clock., The
transfer will initiate at a maximum of 5.6 milliseconds, in most
cases, in response to a demand by the MC,

3.3.2 Transfer rate from the Mass Memory to the CP shall be 1l * 5%
characters per second maximum, as determined by demand by the CP,

k.0 INTERFERENCE LIMITS

L.l Any External Device which interfaces with the L-3L55 Mass Memory
shall meet the interference limits as spscified in MIL-I-26600,
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5.0
5.1

5.1.1
5.1.2
5.1.3
5.2

5.2.1

6.0
6.1

6.1.1
6.1,2
6.1,3
6.2

6.2.1

7.0
7.1
7.1.1

7.1.2

SIGNALS REQUIRED FOR OUTPUT OPERATION FROM MASS MEMdRY T0 MC

Signals from Mass Memory to MC,
4 = pAddressed Device

mMc(1) Word Transfer Order 04£1 £
FeMe(1) Data 0<1i&ll
FIme( 1) Clock 01411

Signals from the MC to Masns Memory.
MC(4) Word Demand 0£4i£1

SIONALS REQUIRED FOR OUTPUT OPERATION FROM MASS MEMORY 10 CP

Sirnals from Mass Memory to CP,

J = Addressed Device

FEcr(3) Character Available 0£3<1
M k)CP(3) Data 14k £6 0cjell
rer(d) Parity | 0t )&l

Sigmls from CP to Mass Mernory.
CPF(3) Character Demand 0431

SYSTEM OPERATION - OUTPUT TO MC

Transfer from Central Processor to Mass Memory Buffer Store (MMES).

The preparedncss of the MC to receive an output message may be in
part ascortained by program tasting of the status of the duplexing
switching. i

The selection of a specific output chamnel, and thereby the MC to
vhich it 1s connected, shall be by specific characters in the Mle
Command that initiates transfer of a program designated number of
blocks from the Contral Processor to MMBS,
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7.1.3

7.1.k

T.1.5
7010501

7.1.5.2

7.2
7.2.1

7.2.2

T.2.3

7.2."

Mass Memory Buffer Store (MMBS) will consist of 1000 blocks of
storage within the File Console, numbered sequentially and filled
sequentially and ocyclically by the Central Processor. The sequen-
tial filling is handled autormatically, and is not under program
control.

As with other File Commands, the Central Processor program is
signaled by a "File Not Busy" interrupt when message transfer to
MMBS ends,

Error Considerations.

when message transfeér to the MMBS cannot take place without over-
writing a non-transmitted block, the message transfer ends. The
program can detect incomplete transfer by a specific test in
response to interrupt, and determine the appropriate manner in
which to resume message transfer. :

when a mesgsage transfer is prograrmed to the MMBS addressed to an
output channel engaged in transmission to an MC or to.which there

is not connacted an MC ready to receive a transmission, the message
transfer to MMBS will not take place and a "Display" interrupt will
be generated, The program can detect failure of the message transfer
by a specific test in response to the interrupt. This test is
further described in section 7.2.9.5.

Message Transfer from Mass Memory Buffer Store (MMBS) to MC.

Concurrent with the transfer to IMBS, the first two blocks (or the
only block) of the message are loaded into the selected output
chammel circulating line. This loading, as well as- the transfer
to MMBS, is conditioned by a logical one on the 'Wiord Demand" line.

After the selscted output channsl) is loaded (taking approximately
5.6 milliseconds), and after a delay of approximately 0.3 milli-
ssconds for the first word to appear, the first word ils transmitted
tostho MC bit serially over the Data line, as described in section
2.5.

A logical one on the Word Transfer Order line shall indicate to

the MC that meaningful data is present on the Data line, A loglcal
sero will be placed on the! "word Transfor Order" line at the end of
the last (56th) bit of the data,

Clock pulses will be present on the Clock line concurrent with the
coenter of the data bita, The clock pulses shall be in the logical
one state & minimum of 0.2 microseconds as measured at the 90%
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T.2.5

7.2,6

T.2.7

7.2.8
702.801

7.2.8.1,1

7.2.8.,1,2

smplitude points, The clock pulses shall be in the logical zero
state a minimun of 2.0 microseconds as measured at the 10% amplitude
pointa. Thoe center of the clock pulses shall be concurrent with the
center of the data within 0.5 microseconds,

Successful transmission of the word will be acknowledged by the MC
by placing a logical zero on the Word Demand line within L.S milli-
seconds after a logical zero is placed on the Word Transfer Order
line. Tho logical zero must remain on the Word Demand line a minimum
of 10 microseconds,

After aclnowledgement, a logical one placed on the Word Demand line
will indicatc readiness of the MC to receive the next word, If
acknowledgement is made as in section 7.2,5, and a logical one placed
on Word Domand within L.5 milliseconds after the end of a word trans-
mission, the next word will be transmitted 5.6 milliseconds after the
end of a word transmission., A longer delay in placing a logical one
on Word Demand will causs transmission of the next word in a corres-
ponding multiple of 5,6 milliseconds after the end of a word
transmisaion,

After the firat block in the output channel has been transmitted,
transmission of words from the second block ensues without hesitation,
vwhile the output chamel accenses MMBS to mark the first block obso-
lete and to pick up the third block of the message and ready it for
transmlasion, Transmisalon of the remaining blocks proceeds smoothly
in this manner except for occaslonal possible interference by loading
of MMB? by the Central Processor or by accesses by other output
channels,

Termination of Transmission,

when the last word of the last block in MMBS for any channel has beend
transmitted, the MC will acknowledpge as in section 7.2.5. The output

channel will access amd mark obsolote this block in MMES, and enter a

non-transmitting astate. As soon as the Central Processor-Mass Memory

interconnectlon allows, a "Display" interrupt will be generated.

If the last word of a tranamiasslon is not an EOM, the MC will request
further tranemisaion as in section 7.2.6, which will allow the pro-
gram to load a continuation of the output display image as in section
7.1. '

If the last vord of a transmission is an BEOM,-the MC will continue to
plece a loglcal zero on the Word Demand line until such time as it
can ucogpt resumption of transmission.
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7.2.8.2

7.2.9

T¢2.9.1
7.2.9.1.1

7.2.9.1.2

7.2.9.1.3

7.2.9.1.4

7.2.9.1.5

T.2.9.2
T.2.9.2.1

T.2.9.2,2

7.2.9.2.3

The Central Processor can test the status of all the output chamnels
as to transmitting, or non-transmitting, and thus determine, in re-
sponse to interrupt, which channel is ready for loading. .

Error Considerations.
Parity Errors in Transmission.

If a parity error is detected by the MC, there will be no acknowledge-
ment as in section 7.2.5, and the MC will continue to place a logical
ono on the Word Demand line for at least L.S5 milliseconds after a
logical zero is placed on the Word Transfer Order line.

2 The Output Channel will respond to the error indication in section
7.2.9.1,1 by retransmitting the word as described in sections 2.5,
7.2.3 and 7.2.L, Retransmission will begin in approximately 5.6
milliseconds after the provious transmiasion,

Successful retransmission will be acknowledged as described in section
7.2.5 and the normal transfer sequence will resume.

If a parity error is detected in the first retransmission, the condi-
tions in sections 7.2,9.1l.1, 7.2.9.1.2 and 7.2.9.1.3 will again apply,
providing a second retransmission,

If a parity error is detected in the second retransmission, the condi-
tions in section 7.2.9.1.1 shall apply. Approximately 5.6 milli-
saconds after the second retransmission, a logical one will be placed
on the Word Transfer Order line for the normal duration of a Word
Transmission. Wwhen a logical zero is again placed on the Word Transfer

Order line, the transfer to the MC will be considered to have aborted,

Signal Failures,

If the Word Demand line fails so that a logical one is continuously
presented to the Output Channel, the sequence described in 7.2,9.1
will take place, as though there were repeated parity errors, and
the message transmission will abort.

If the Word Demand line presents a logical zero between MMBS loading
as described in section 7.2.1 and first word transmission as described
in section 7.2.2, the mossage transmission will abort.

If the Word Demand 1lina, after acknowledging a successful transmission,
as described in section 7.2.5, fails to demand the next word as des-
oribed in section 7.2.6 within a timed interval after the end of the
acknowledged tranamiaelon, the transmission will abort. The timed
interval will be 3.0 ! 1.0 seconds,
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70209-26!‘

7.2,9.2.5

7.2.9.3

T¢2.9.4

70209.5

8.0
8.1

8.1.1

8.1,2

8.1.3

a.l.b

Should there be a failure of the Word Transfer Order line or the

Clock lins, the MC will not acknowledge transmission and the se-

quence described in 7.2.9,1 will take place, as though there were
repsated parity errors and the message transmission will abort.

If the Data line fails, it will either send logical zeros, recognized
as bad parity, or logical ones in which case message transfer is not
halted, unless the MC recognizes this condition and induces an abort.

When message transfar to an MC is aborted resulting from conditions
deacribed in sactions 7.2.9.1 and 7.2.9.2, the Output Channel will
cease responding to signals on the Word Demand line, and will cease
transmitting words,' It will find and mark obsolete all remaining
blocks of the message in MMBS, and then enter a "non-transmitting,
error" state. As socon as the Central Processor-lass Memory inter-
connection allows, a "Dlsplay" interrupt will be gensrated.

The Central Procsssor test of Output Channel status, described in
section 7.2.8.2, will indicate additionally for each channel whether
the non~transmitting atate resulted from a successful transmission
or from an abort condition,

The Central Processer test of Output Channel status, described in
sections 7.2.8.2 and 7.2.9.L, will indicate additionally for each
channel whether an opsrative MC is present as indicated by a logical
ons on the Word Damand line.

SYSTEM OPERATION - OUTPUT TO CP

Transfer from Centrnl Processor to the Mass Memory Console Printer
Store (MMCPS).

The preparedness of the CP Lo receive an output message may be in
part sscertained by program testing of the status of the duplexing
BwitOhing .

The selsction of a spacific output channsl, and thereby the device
to which 1t 1s connocted, shall be by & specific file address in
the File Command that initiates trsnsfer of the message to Mass
Memory Console Printer Stoye,

The Maas Memory Console Printer Stors (MMCPS) will consist of

15 regiona of storage, sach reglon capable of holding up to 1110
characters, FEach reglon will oporate in conjunction with a specific
one of the 15 Console Printer Quiput Channels.

As with other File Commands, the Central Processor program is
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8.1.5

8.1.5.1

8.2
8.2.1

8.2.2

8.2.3

8.2.L

8.2.5

8.2.6

8.3
80301

signaled by a "File Not Busy" interrupt when message transfer to
MMCPS ends.,

Error Conalderations.

vhen a massage transfer 1s programmed to the MMCPS addressed to an
output channel engaged in transmission to a CP, the message transfer
to MMCPS will not take place and a "Display" interrupt will be gener-
ated, The program can detect failurs of the message transfer by a
spacifi~ test in response to the interrupt. This test is further
deseri. .d in section 8,2,6.

Message Tranafer from Mass Memory Console Printer Store (MHCPS) to CP.
Subsequent to MMCPS loading, and after access time, the Character
Available line will go true indicating presence of the first valid
character of ths message on the Data lines and on the Parity line.

The Character Demand line msy be on or may come on in response to a
signal on the Character Available line,

vhen the Character Demand line goes false, the Character Available
line will go false within L usec. and access to the next character
will begin, This access will last between L usec, and 70 milliseconds.

After the next character is accessed, the message transfer will con-

tinue as described in 8.2.1.

Phen the end of the message loaded into MMCPS is reached, or when an
FOM character is detected, message transmission will cease and a
"Display® interrupt will be generated.

The Central Prodessor can test the status of all output channels as
to transmitting/unavailable or not transmitting, and thus determins,
after interrupt, vhich channel i1s ready for losding. Unavailable
status shall be indicated by a logical zero on the "Character Demand"
1ine after the output channel has finished transmitting.

Error Considerations.
No proviaion is made to detect erroneous parity in the MMCPS during

transmisaion, nor is provision mada to signal the MMCPS of parity
error detected in the CP.
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