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1. INTRODUCTION

1.1. GENERAL

The Data Communications Subsystem (DCS) of the Univac Division of Sperry Rand

o Corporation serves as the interface between the UNIVAC 9000 Series Central Processors
and any device which meets the accepted standard for data transmission. Because it serves
as an interface, the DCS is treated in terms of the hardware environment created by both
the central processor and the communications equipment.

This manual outlines the data transfer characteristics which stipulate the onsite interaction
between the DCS and the central processor, briefly describes the communications
facilities and devices which dictate external response, and details how the DCS meets these
conflicting demands.

tZ MANUAL ORGANIZATION

This manual is divided into numbered sections. The manual contains information that is

valid regardless of the particular UNIVAC 9000 Series Central Processor used. A

supplement is provided which supplies information that is peculiar to the DCS when it is

operating with a particular UNIVAC 9000 Series Central Processor. Thus, the manual

and the supplement supplied with it give only the information needed to understand and to
| operate your particular system.
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2.2.
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2. THE COMMUNICATION ENVIRONMENT

GENERAL

In stipulating the design requirements of a communication subsystem, the complexities
may be reduced to manageable proportions, because hardware implementation is always
concerned with the transmission characteristics of the communication environment but
seldom involved with the operational features of the individual terminals. These
transmission characteristics, while they are in large measure dictated by the
communication devices, are to a degree regulated by commonly accepted standards and
may be categorized in terms of transmission mode, transmission method, and transmission
rate. The operational features, such as language, selection capability, media
characteristics are normally relegated to device-oriented software.

TRANSMISSION MODE

Communication devices all operate by signaling externally on a direct current (DC) basis.
Figure 2-1 shows a direct current circuit on which a receiving device is linked to a typical
transmitting mechanism. This mechanism consists of a plate which mounts one electrically
isolated segment for each element of a character, and a wiper arm which makes one
complete revolution for each character transmitted.

LEE AN

Mba

Figure 2-1. Bit-Serial Transmission

Each segment is wired to a sensing contact which, in turn, would be operated by a
mechanical component of the transmitter such as a paper tape sensing pin. Current flows
in the circuit connecting this transmitter to the receiver when the wiper arm traverses a
segment whose associated sensing contact is closed. Because the wiper arm tests each
segment in order, the circuit responds accordingly and the generated code elements are
presented serially to the receiver.

By substituting a compatible receiver and eliminating the distributing mechanism (shown
in Figure 2-1), it is possible to illustrate parallel transmission (shown in Figure 2-2).
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Figure 2-2. Bit-Parallel Transmission

In summary, a communication device presents information to the transmission circuit in
one of two modes: bit-serial or bit-paraliel.

2.3. TRANSMISSION METHOD

A communication receiver is designed to accept and act upon the intelligence contained in
the signal received from a remote transmitter. To do this, receivers must know how
many bits constitute one character and then be made to operate in a time frame dictated
by the transmitter. The bit-serial receiver must know when the first bit of a character is
available and must know the fixed time interval which separates each subsequent bit. The
bit-parallel receiver must be capable of distinguishing between the quiescent condition of
the data leads and the occurrence of information. The transmitter and the receiver must
be synchronized and, because there is no mechanical linkage between the two, the requisite
timing information must be conveyed on the circuit connecting them. This synchronism
is established by one of two transmission methods: asynchronous or synchronous.

2.3.1. The Asynchronous Method

Asynchronous transmission, by definition, is the method in which the requisite timing
is derived from each character transmitted. Asynchronous circuits presume a normal
(current ON) line condition. To initiate operation, the transmitter precedes the data bits
of each character with a START (current OFF) bit. This reversal of the normal line
condition advises the receiver to process the subsequently known number of bits as data.
The transmitter follows the last data bit with a return to the normal line condition by the
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addition of a STOP (current ON) interval, the length of which is determined by the
occurrence of the earliest subsequent character. The term, asynchronous, is synonymous
with START-STOP and implies that the receiver comes to rest between each character.
The START element provides synchronism with each incoming character and causes the
receiving device to make one complete cycle.

In many processor-to-teletypewriter circuits, the processor interface is operating slightly
slower than the teletypewriter. Figure 2-3 elaborates on Figure 2-1 by showing the
START eclement being inserted ahead of the first intelligence bit and how, when the
wiper arm comes to rest in the STOP segment, the signal circuit remains closed until the
distributor is triggered by the advent of the next character. The STOP segment has a
fixed length but the transmitted STOP element may only be described when continuous
transmission is assumed.

s ' SIR

1{2{3]|4a]s]stop ‘
(3—{ Receiver - 5
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Figure 2-3. Asynchronous (Bit-Serial) Transmission

To operate asynchronously, the bit-parallel receiver relies upon the occurrence of a
timing or ‘clock’ pulse to signal the simultaneous arrival of data. The timing contact
(shown in Figure 2-2), would be operated when any one of the sensing contacts closed.

2.3.2. The Synchronous Method

This more sophisticated transmission method assumes that both the transmitter and the
receiver are being driven at identical rates and that the corresponding functions of each
(bit generation by the transmitter and detection of that same bit by the receiver) occur at
the same point in time. The internal cycling rates of the transmitter and receiver are
matched by the transmission of timing patterns. The bit configuration of these timing
patterns (‘sync’ characters) is system-specified and is wired into the receiver.

In some systems, data traffic is inserted into a continuous stream of sync characters; in
others, sync characters are only sent when a data message has been readied for
transmission. In all systems, the receiver is designed to do a bit-by-bit positional
comparison of the incoming bit stream to the bit configuration of the wired sync
character. When a match is detected, the receiver is said to be locked-on and data
characters may then be forwarded without additional timing information. The receiver
can then distinguish between the individual bits of a data character, because the sync
character has been positionally established.

The transmitter may or may not be aware that the receiver has locked-on. If a separate
N circuit is available, a supervisory ‘ready’ signal could be returned by the receiver. If not,
only a parity examination following the message transmission can determine whether the
number of sync characters which were transmitted did establish the requisite
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synchronization. The number of sync characters that are needed depends primarily upon
the circuit used for any given message. The synchronous transmission method is
advantageous for two reasons:

® In asynchronous transmission, timing information is included with each transmitted
character. In a ‘worst case’ situation (five-level code), the timing overhead in each
character approaches 50% (7 1/2 bits). Synchronous transmission has the inherent
advantage of being able to discharge this timing responsibility by placing a few sync
characters at the beginning of a long message. Cost overhead becomes a significant
factor because high speed remote terminals demand high cost transmission facilities,
Therefore, the user must consider which of these overheads is most detrimental to him
when choosing the transmission method.

® Asynchronous transmission requires the receiver to start and stop as each character is
processed. As transmission rate increases, the time between successive characters
decreases. Electromechanical receivers may not have enough time to reach a stop
condition before the next character requires it to restart. Even when it is theoretically
possible to stop the receiver between characters, excessive wear is likely to result.

TRANSMISSION RATE

Communication terminals operate at many different speeds and individual devices are
frequently capable of operating at two or more transmission rates. The speed at which a
unit is made to operate may reflect the economics of facility procurement rather than
maximum efficiency. A card transceiver capable of ten cards-per-minute transmission may
be geared to transmit three cards-per-minute in order to utilize a less expensive telegraph
grade circuit. A teletypewriter requiring no better than 150 bits-per-second service may be
linked to a voice-grade facility to take advantage of Wide Area Telephone Service. The
circuit termination capability of a communication subsystem is occasionally expressed in
terms of ‘line’ speeds when the primary consideration is actually the transmission rate of
the remote device. In order to select the appropriate terminal, it is necessary to
understand how the speed of the associated remote devices is expressed and how it is
calculated.

How Transmission Rates Are Expressed

The speed of a communication terminal can be expressed as: operations-per-minute
(OPM), characters- or cycles-per-second (CPS), words-per-minute (WPM), and baud,
bauds, bits-per-second (B/S). The terms,baud and bauds, are used interchangeably as
equivalents of  bits-per-second. See Section 9 for further definition.
Characters-per-second provides adequate device definition for bit-serial equipment.
Characters-per-second also serves to describe the transmission rate of the bit-parallel
device, because, by definition, this device requires separate circuits for each bit in a
character thus making characters-per-second the equivalent of bits-per-second on any one
circuit. But bit-serial terminals have a varying number of bits in each character and
transmission facilities are concerned with the maximum number of electrical transitions
they may be required to tolerate. Therefore, bit-serial devices and transmission facility
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limitations are expressed in terms of bits-per-second.

2.4.2. How Transmission Rates Are Calculated

The number of bits in a transmitted character should not be automatically equated to
the number of bits required to define a character in the bit-serial unit’s code structure.
For example, the USASCII code requires only seven bits for character description, but
the synchronous transmitter adds a parity bit while the asynchronous device not only

adds parity but includes a START bit and STOP interval.

* For synchronous devices, rates are calculated as follows:

Bits /Second = Characters/Second x Bits/Character (Data Bits + Parity Bit)

e For asynchronous devices, however, the calculation is complicated by the fact that the
STOP clement assuming automatic transmission) is seldom the same length as the
START element or data bits. The asynchronous character must first be described in
terms of bit-lengths or, more properly, described as the time-independent Unit Code.
The START eclement is considered as the unit length and serves to define the length of
all data bits. The STOP interval is longer than the START interval but not always by
an even number of units. In the standard, five-level teletypewriter code, this STOP
interval is 1.42 units. In certain card and paper tape transmission systems, the STOP
interval is 1.5 units while some teletypewriters currently use a two-unit STOP interval.

To describe the character, these units must be totaled:

TELETYPEWRITER CARD/PAPER TAPE NEWER
STANDARD SYSTEMS TELETYPEWRITER
START 1 unit 1 unit 1 unit
Data Bits 5 units 7 units 7 units
Parity Bits (not used) 1 unit 1 unit
STOP 1.42 units 1.50 units 2 units
Unit Code = 7.42 10.50 11.00

For asynchronous transmission, the formula is:

Bits/Second = Characters/Second x Unit Code

The number of bits-per-second that a device generates determines the transmission
facility grade, whether data sets are required, and the characteristics of the interface
to be furnished by a communications subsystem.
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3. DATA COMMUNICATIONS SUBSYSTEM

GENERAL

The UNIVAC Data Communications Subsystem (DCS) satisfies the 1/O transfer
requirements of the UNIVAC 9000 Series Central Processors and permits time-shared
access to any of these central processors from a virtually unlimited variety of onsite and
remote communications devices.

The DCS is available in three basic configurations:

DCS-1

DCS-4

and

DCS-4A

DCS-16

1 Line Terminal Control
1 Line Terminal
1 Communication Interface

Asynchronous or Synchronous Timing Assembly as required

1 Line Terminal Control

Up to 4 Line Terminals

Up to 4 Communication Interfaces
1 Dialing Adapter

Asynchronous and Synchronous Timing Assemblies as required

1 Line Terminal Control
Up to 16 Line Terminals
Up to 16 Communication Interfaces
Up to 4 Dialing Adapters

Asynchronous and Synchronous Timing Assemblies as required

The DCS is linked to the UNIVAC 9000 Series Central Processors by the multiplexer
channel (channel). The channel provides eight shared subchannels. Although it is
physically possible to connect eight DCS’s to the channel, practical considerations limit the
number of DCS’s that can be connected. In the case of the UNIVAC 9200/9300 Central
Processor, no more than two DCS’s can be connected thereby limiting the number of
duplex channels to eight (two DCS-4’s). For the UNIVAC 9400 Central Processor, no
more than four DCS’s can be connected which impose a limit of 64 duplex channels (four

DCS-16’s).

The DCS can take a variety of configurations, depending upon the particular application.
Figure 3-1 illustrates a typical installation.
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SPEEDS < 75 baud ATA — ASYNCHRONOUS TIMING
ASSEMBLY
€l ~ COMMUNICATION INTERFACE
DA - DIALER ADAPTER
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ASSEMBLY
LRC — LONGITUDINAL REDUNDANCY
i - CHECK
| |
I
: MODEM ! MODEM MODEM MODEM MODEM
{ | 3 K Y
[p— ‘___l
. v y
TELEXt CRT — VARIOUS UNIVAC 1004/5 TOUCHK-TONE t ANY DEVICE USING
WX BANK WINDOW SETS (DLT 1 AND 3) INPUT SWITCHED NETWORK
28ASR COLLECTDATAT DCT ~ 2000 FACILITIES DEPENDING
33ASR TELEX CRT - VARIOUS ON LT CHOICE
35ASR TWX UNIVAC 9400 PROCESSOR
37ASR 28ASR UNIVAC 9300 PROCESSOR
TELEDATA} 33ASR UNIVAC 9200 PROCESSOR
1BMt 1050 35ASR UNISCOPE 300
32ASR - W.U. 37ASR OTHER UNIVAC PROCES-
DATA-PHONE 1BM 1050 SORS
32ASR ~ W.U.

* A SECOND UNIVAC 9400 CENTRAL PROCESSOR CAN BE CONNECTED TO THE DATA COMMUNICATIONS SUBSYSTEM (DCS-16) THROUGH THE
USE OF THE DUAL CHANNEL ADAPTER. THIS CONNECTION IS MANUALLY SWITCHED AND ALLOWS ONLY ONE PROCESSOR AT A TIME TO

INTERFACE WITH THE DATA COMMUNICATIONS SUBSYSTEM,

+ TELEX ~ TRADEMARK OF WESTERN UNION TELEGRAPH CO.

TELEDATA AND COLLECTDATA ~ TRADEMARKS OF FRIDEN, INC.

IBM ~ REGISTERED TRADEMARK OF INTERNATIONAL BUSINESS MACHINES CORP,
TOUCH-TONE — REGISTERED SERVICE MARK OF A.T. & 7. CO.
DATA-PHONE — REGISTERED SERVICE MARK OF A.T. & T.CO.

Figure 3-1. UNIVAC Data Communications Subsystem
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3.1.1.

Central Processor-Subsystem Interface

The channel (Figure 3-2) is the interface between the central processor and the DCS.
The controllers begin sampling when informed by the channel that a device address is
available. If the address byte contains a correct device (line terminal) address and its
parity is correct, the initial selection sequence begins. The appropriate controller alerts
the addressed line terminal that an initial selection sequence is beginning. If the
addressed line terminal is busy with a previously initiated command, the appropriate
status is stored in the line terminal for return to the central processor when the command
byte is issued later in the sequence.

After allowing 400 (:+100) nanoseconds for address comparison, a polling signal
(SELECT OUT) probes each controller in descending priority order. Assuming that the
addressed line terminal is not busy, the controller, when polled, captures the interface.
The controller returns a signal (OPERATIONAL IN) which indicates to the channel that
the controller has captured the interface and is ready to proceed.

The line terminal address is then sent to the central processor and, in response, the
central processor issues a command byte and informs the controller that the command
byte is available. If command byte parity is correct and the command is in the repertoire
of the addressed line terminal, the line terminal returns, by way of the controller, a
status byte indicating to the central processor that the command was accepted. If the line
terminal was busy, the appropriate status byte is returned at this time and the sequence
terminates.
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Figure 3-2. Processor-Subsystem Channel Detail
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The initial selection sequence terminates upon acceptance of the command. The
subsystem now enters the input or output data sequence, as appropriate. Once initiated,
the data transfer proceeds, a byte at a time, on a reciprocal request /acknowledge basis
until the amount of data specified in the Buffer Control Word has been transferred
(channel is not locked up by central processor). When the data transfer is completed, the
line terminal returns a status byte to the central processor indicating whether or not the
data transfer was error-free. On data transfers, a buffer area is set up in main storage
either to receive incoming data or to store output data. Access to this buffer is
controlled by the Buffer Control Word and the channel. In this manner, data transfers
can proceed without attention by the central processor and the central processor is free
for computational work. '

3.1.2. DCS Addressing and Priorities

On data transfers to and from the central processor, the device (line terminal) effecting
the transfer must identify itself (input) or must be addressed (output). This device
address is contained in one nine-bit byte (eight address bits plus parity). Address format
and interpretation depend upon the central processor used in the system. Line terminals
consist of input and output logic each of which is independently addressable. The input
logic always takes an odd address, while the output logic always takes an even address.

\ Since the format of the address byte depends upon the central processor model, detailed
information on addressing is presented in the appropriate supplement.

Two levels of priority are involved in the DCS: DCS controller priority and line
terminal priority. Controller priority is governed by connections made on priority patch
boards. Figure 3-3 illustrates the controller priority scheme.

M

U TAPE CARD DCS #l DCS #2 DCS #3
L C

T H LO Lo

I A

p N

L N SELECT HI HI HI
E Ef—OoUuT—>

x L .
E

R PRIORITY 1 5 2 4 3

Figure 3-3. Control Unit Priority Scheme

The threading of the SELECT OUT line through the various control units can be
represented as a loop. As the SELECT OUT signal is propagated down the line, it is
made available to the control unit in the sequence established by the patch board
connections. Thus, in the example shown in Figure 3-3, the signal is available to the
various controllers in the following sequence:
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TAPE CONTROL UNIT
Descending
DCS #1 CONTROL UNIT
Order
DCS #3 CONTROL UNIT
Of
DCS #2 CONTROL UNIT
Priority '
¥ CARD CONTROL UNIT

As a result, the tape controller has the highest priority and the card controller has the
lowest priority. The DCSI1 and DCS 3 controllers have higher priority than the DCS 2
controller. It is strongly recommended that the high speed DCS configurations be given
priority over the low speed DCS configurations.

The line terminals attached to a controller also have their own priorities and, similar to
addressing, the input logic and the output logic of a line terminal can be independently
assigned priorities. These priorities depend on position relative to the other line
terminals. Input logic is given higher priority than output logic within a given line
terminal. Thus, in a DCS-4, the priority sequence is as follows:

' Lowest
Line Terminal #4 Input Loglc.
Output Logic
Line Terminal #3 {Input Loglc' Ascending
Output Logic
Input Logic Order Of
Li . Priori
ine Terminal #2 {Output Logic riority
T . Input Logic
Line Terminal #1 .
Output Logic
Y Highest

Obviously, since input and output logic priorities depend upon relative position, the line
terminal priority can be changed by changing the physical location of the boards that
comprise the input and the output logic.

3.1.3. Byte Transfers

All transfers between the channel and a controller are on a nine-bit byte basis as shown
below:
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MSB LSB
AN
PARITY 0 1 2 3 4 5 6 7

Hardware conversion is employed to expand or compress these nine-bit bytes for the remain-

der of the DCS for example, line terminal may be handling five bits plus parity characters.

Thus, all unused data bits of a central-processor-generated byte must be zero.

3.1.4. Command Bytes
The command bytes accepted by various line terminals from a central processor, by

way of the controller, are listed in Table 3-1. This table lists the name, bit configuration,

and function of each command. In the command format, P is the parity bit and bit

position O is the most significant bit. A controller is never busy and it will ‘look at all

commands.

COMMAND BIT CONFIGURATION FUNCTION
P01234567
WRITE COMMANDS

SEND DATA P0OO000O0O0O1 Initiates output data sequence. Sent during initial
selection sequence,

DIAL P0O0O000101 Same as SEND DATA. Acceptable only by a line -

N terminal equipped with a dialing adapter. Dialing
function is performed by the dialing adapter and
not by the line terminal.

READ COMMANDS

TURN-ON P0OO0OO0OO0OO0O10 Initiates input data sequence. Sent during initial
selection sequence. When data is made available
on input data lines, it is transmitted to the central
processor.

LOOKFORSYNC| P 0O O0OO0O0O0110 Suppresses character synchronization in line
terminal (input only) and causes line terminal
to recognize two contiguous unique sync charac-
ters and optional Start-Of-Message (SOM) charac-
ter in a serial data stream. When recognized, new
character synchionization is established. Line
stops and does not resume the input operation
until recognition of first non-sync character
following resynchronization.

NEW SYNC POO0OO0OO0C1O010 Sent to communication interface (F1002—~03 only)
associated with addressed line terminal which
enables communication interface to turn off
receive clock of a synchronous modem. This permits
fast resynchronization with a newly turned on
remote transmitter. Generally used only in multi-
parity applications.

N

Table 3—1. Commond Bytes Accepted by Data Communications Subsystems (Part 1 of 3)



UP-7613

UNIVAC 9000 SERIES

DATA COMMUNICATIONS SUBSYSTEM

3

SECTION: PAGE:

COMMAND BIT CONFIGURATION FUNCTION
P01234567
CONTROL COMMANDS
TURN-OFF P0OO0O0DO0CO0OO0OI11 Initiates early termination of input or output
data sequence.
DCS TEST PO0OO0O0O01 Q011 Sent to line terminal input logic. Terminates
(For field connection between associated communication

engineering use
only)

interface and remote device. Connects addressed
line terminal input logic with its paired line
terminal output logic to permit back-to-back test-
ing of DCS by central processor.

END TEST
(For field
engineering use
only)

Poo0OO0OO0O1T111

Sent to line terminal input logic. Returns communica-
tion interface and line terminal to normal operation
after completion of tests initiated by DCS TEST or
LOCAL TEST control commands,

DISCONNECT

P0O0O0OO0O10011

Sent to line terminal input logic which causes
associated communication interface (F1002-04
only) to ‘‘hang-up’’ call. Upon receipt of command,
data terminal ready lead is dropped which directs
modem to ‘‘hang-up'’.

LOCAL-TEST
(For field
engineering use
only)

POOOOOI1 11

Sent to line terminal input logic, Causes associated
communication interface (F1002—-05 only) to place
modem in back-to-back test mode which permits
testing of ail onsite hardware, including modem, by
central processor. Applicable only when modems have
turnaround capability.

Table 3-1. Command Bytes Accepted by Data Communications Subsystems (Part 2 of 3)
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COMMAND BIT CONFIGURATION FUNCTION

TN
P01234567
GENERAL COMMANDS

SENSE P0OO0OO0OO0OO0O1O00 When error condition exists, line terminal sends a
UNIT CHECK status byte to central processor. Central
processor replies with a SENSE command (implemented
by software).-Upon receipt of the SENSE command,
line terminal returns two SENSE bytes to the central
processor.

TEST 1/0 POO0OO0OOOOOO Used to obtain present status of a line terminal.
Command does not cause generation of new status.

PARALLELTEST| P OO 000110 Special command for paraliel line terminal. Upon

(For field receipt of command, line terminal requests input

engineering use data and then automatically generates data. In

only) effect, it simulates the presence of output logic in
the line terminal thereby permitting back-to-back
testing of the parallel line terminal.

SEND BREAK P0OO0O0O10001 Sent to line terminal output logic. Causes associated
communication interface to send a break (spacing)
signal for 205 milliseconds (minimum) for TWX and
1 second (minimum) for TELEX. Used to turn off a
remote transmitter. Implementation is restricted to
fult duplex circuits.

N

ANSWERBACKA |P OO0 010010 Sent to line terminal input logic. Causes associated

ANSWERBACKB | P 0 0 01 01 0 communication interface to send one of three differ-

ANSWER BACKABf P 0 0001110 ent tones on answer back channel of type 403A
modem. Preselects and controls tone by issuing
appropriate command. Selected tone is sent for
three to five seconds.

Table 3-1. Command Bytes Accepted by Data Communications Subsystemns (Part 3 of 3)
3.1.5. Status Byte
A status byte contains information about the acceptance of a command, status of a
unit, or the performance of a command. A status byte may be returned to the channel,
by way of the controller, following acceptance of a command, termination of an
operation, or request by the central processor. The bits of a status byte are designated as
shown in Figure 3-4.
BUSY CHANNEL END
NOT USED DEVICE END
7 UNIT CHECK
PARITY ] e A | g UNIT EXCEPTION
Plo}1l 213 51617
NOTE: Status is indicated by setting appropriate bit position to a 1 bit.
p_—

Figure 3-4. Status Byte Format
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3.1.6.

Status information is stored in the input or the output logic of the line terminal handling
the operation. The bits of the status byte have the following significance (when set):

e BUSY

Indicates a previously initiated command is in progress.
e CHANNEL END

Indicates an initiated command has been completed.

e DEVICE END

Is the same as CHANNEL END.

e UNIT CHECK

Indicates an error condition. When the central processor receives this status, it may
issue a SENSE command to determine cause of error.

e UNIT EXCEPTION

Indicates that addressed line terminal (input or output logic) is nonexistent or is not
active.

Sense Bytes

Whenever the central processor receives a UNIT CHECK status bit from line terminal
logic (input or output), it indicates one of the following:

e there is an error of some kind in the last message;

® a command was rejected for some reason;

e there is a malfunction in the data set;

e there is a malfunction in the channel;

e A dialing connection by a remote station is being attempted; or

e that line (over which automatic dialing is being done) is receiving a busy signal.
Upon receipt of a status byte containing a UNIT CHECK bit, the central processor
issues a SENSE command (software generated) to the line terminal logic. When the

SENSE command is received, the line terminal logic returns two sense bytes to the
central processor. The sense byte bits are designated as shown in Figure 3-5.
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) NOT
\— USED
BUS OUT CHECK DATA CHECK
NOT USED OVERRUN
COMMAND REJECT RING INDICATOR
PARITY NOT USED
A\ [
P 0 112 3 41 5] 6 7
FIRST SENSE BYTE
DIAL
(NO GOOD)
ERROR (CARRIER OFF) LINE TRANSITION
MESSAGE STATUS** TIMEOUT (150 ms)
MESSAGE STATUS* NOT USED
PARITY \ / NOT USED
\ /
P 0 1} 2 314 5 6 7
SECOND SENSE BYTE
*Longitudinal Redundancy Check Error
**Character Parity Check Error
N

NOTE: Sense is indicated by setting the appropriate bit position to a 1 bit.

Figure 3-5. Sense Byte Formats

The bits of the first sense byte, when set, have the following significance:
e COMMAND REJECT

Indicates that the command was rejected because it was an invalid (not acceptable to line
terminal) command.

e BUS OUT CHECK

Indicates that the controller has detected a parity error in the command byte received
from the channel.

e DATA CHECK

Indicates that the controlier has detected a parity error in one of the data bytes received
from the channel.

e OVERRUN

Indicates that the channel did not acknowledge receipt of a data byte or send a data
byte, when requested, during a specified time period.



UNIVAC 9000 SERIES 3
UP-7613 DATA COMMUNICATIONS SUBSYSTEM SECTION: PAGE:

e RING INDICATOR

A dialed connection is being attempted from a remote location. This is applicable only
when communication interface (F1002-04 only) must answer calls automatically.

" The bits of the second sense byte, when set, have the following significance:
e MESSAGE STATUS (Longitudinal Redundancy Check)
Indicates that a block parity error was detected in the last message received.
¢ MESSAGE STATUS (Character Parity Error)
Indicates that a character parity error was detected in the last message received.
¢ ERROR (Carrier Off)
Indicates that the carrier was lost while receiving a message.
e DIAL (NO GOOD)

Indicates an unsuccessful dialing attempt, for example, the called number or the invalid
number is busy. :

e LINE TRANSITION

Indicates that input line has transited from spacing to marking condition sometime after
expiration of 500 +50 millisecond timeout period.

e TIMEOUT (150 Milliseconds)

Indicates that the line terminal has received a break signal. Break signal consists of a
150-millisecond (minimum) spacing signal. Used by receiving station to stop
transmission by computer. Implementation is restricted to full duplex circuits.

3.1.7. Special Conditions

Line terminal logic is busy once it has been turned on and remains busy until it has
been turned off. However, line terminal logic accepts certain commands after it has been
turned on. These commands are any one of the three Answer Back commands, which
are SEND BREAK, LOOK FOR SYNC, and NEW SYNC. The dialing adapter is
associated with the output logic of a particular line terminal and is busy under the same
conditions as the line terminal. '

A selective reset causes the line terminal operation and any status it may have stored to
be reset and is issued after a malfunction or time-out. The DCS must receive a new
TURN ON command if the line terminal is to be used after the receipt of a selective
reset.

A BUSY status byte is returned to the central processor:

e If addiessed line terminal logic is active; or

| e If addressed line terminal logic is active and issued command is an invalid command;
or
|
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N e SEND DATA command is issued to line terminal output logic after a DIALING
command has been issued and before the dialing sequence has terminated.

If the line terminal logic is inactive, the command is accepted and the appropriate
status byte is returned to the central processor.

A systems reset terminates all devices and no status is returned to the central
Processor.

The conditions listed below will be indicated by a UNIT CHECK bit and detailed
information in the sense bytes. The first sense byte has COMMAND REJECT bit
set and the second sense byte is all 0’s.

® Read command to line terminal output logic or a write command to line terminal
input logic. (Control commands are not considered Read or Write commands.)

e Issuing a SET INHIBIT STATUS, RESET INHIBIT STATUS, or STATE OF
INHIBIT STATUS REMAINS UNCHANGED commands to a DCS.

3.2. LINE TERMINAL CONTROL

The line terminal control (controller) functions as the DCS control center to coordinate

and control data transfers between the central processor and the remote devices. It also

acts as the interface between the channel and one or more line terminals. Backboard

wiring connects the controller to a maximum of 16 line terminals. External circuitry
N (shown in Figure 3-2) links the controller to the processor.

The major functions of the controller are as follows:

e Responds to commands from the central processor and requests from the line
terminals.

e Performs byte parity generation and checking on channel/line-terminal transfers and
notifies central processor of results.

® Controls all types of line terminals and permits operation of line terminals concurrently.

® Presents status information to the central processor when requested by the line
terminal. Status is not stacked by the controller.

® Selects line terminals requesting service according to line terminal logic priority.

® Releases each line terminal after it has completed its operation.

3.2.1. Longitudinal Redundancy Check

This optional functional characteristic permits the checking of block parity on data being
transferred to and from the central processor. While the logic of this feature is installed
as part of the controller it can only be exercised by line terminals that incorporate the
longitudinal redundancy check characteristic. Detailed information concerning this

N— feature can be found in 3.5.4.4.




UP-7613

. DATA COMMUNICATIONS SUBSYSTEM

UNIVAC 9000 SERIES I

SECTION:

PAGE:

14

3.2.2.

3.3.

Parity Check and Generate

The controller has the capability of checking and generating parity for the bytes being
transferred to and from the central processor over the channel. This operation is separate

and distinct from the character parity check and generates functional characteristic of the

line terminals. On transfers to the central processor, the controller generates and adds a
parity bit (P-bit) to the byte being transferred. On bytes coming from the central
processor, the controller checks byte parity. If a parity error is detected in a command
byte, the controller sets the BUS OUT CHECK bit in the addressed line terminal. For
parity errors detected in data bytes, the DATA CHECK bit is set in the line terminal
handling the transfer.

LINE TERMINALS

The line terminal provides circuit termination for telegraph, telephone, or broadband
communication lines. Line terminals consist of input (receive) and output (send) logic
which interconnect to permit half duplex or full duplex operation. All line terminals are
compatible with all controllers. Line-terminal /communication-interface requirements are
largely dependent upon communication service and application requirements. Table 3-2
supplies information about line-terminal /communication-interface compatibility.



€19.°dN

S31YAS 0006 DVAINN

WILSASHNS SNOILVIINNWWNOD Vivda

LINE TERMINAL LINE TERMINAL LINE TERMINAL LINE TERMINAL
LOW SPEED MEDIUM SPEED SYNCHRONOUS PARALLEL
COMMUNICATION LINE SERVICE | C! MODEL F1003- F1004- F1005-
NUMBER 99 98 97 96 99 98 99 98 97
. . . . . . . . . F1006-99
out | in Jout | in Jout | in |out | in Jout | in |out | in Jout | in |[out| tn |out ] In
(00){(01) [(02) {(03) |(06)] (07)] (06) | (07){(00) | (01){(02) | (03)] (00) {(01) | (02)[(03){ (04)|(05)
20 ma Neutral Teletype* F1002-00 | X | X | X | X X1 X | X[ X
50-60 ma Neutial Teletype -00 X | X | X]X X| X| X| X
20-40 ma Polar Teletype -00 | X | X | X]|X X| X1 X[ X
E{A Private Line (Voice Grade) -03 X{ X[ XX X X[ X X| X X[ X{ X{ X{X
EIA DATA-PHONE (Voice Grade) -04 X} X ]| X]|X XTI X| X X]| x| X| X} X} X|X
TELPAK?t —-05 X{X | X| X|] X|X
Parallel See 1. X
2058 Modem -08 XX X}| X| X|X
TWX 4-row See 2. X | X
TELEX -10 X | X
NOTES:

1. C/1 for Parallel line service is an integral part of F1006-99
2. C/1 for TWX line service is an integral part of F1003-96
* Teletype-Trademark of Teletype Corp.

Y TELPAK - Trademark of A.T.&T. Co. ’
Table 3-2. Line-Terminal/Communication-interface Compatibility
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Line terminals arrange data in the format required by the central processor or in the
format demanded by the circuit with which the line terminal is designed to operate.
Incoming data is received from the associated communication interface and is arranged in
bit-parallel form for transmission to the central processor by way of the controlier.
Output data is formatted by the line terminal in accordance with the requirements of the
associated communication circuit. (Bit-serial format, except when dialing adapter or
parallel line terminal, is used.)

A wide variety of line terminals ‘are available which have features and options that make
them suitable to operate with virtually all types of communications facilities. Table 3-3
summarizes the major features of the various line terminals.

SYSTEM CHARACTERISTICS FEATURE/OPTION BREAKDOWN
Number of Terminals Duplex mode — one, four, or 16 positions
Type of Operation Simplex, half duplex, or full duplex
Data Transfer Rate Low speed — 45.45 to 300 bits per second

Medium speed — 300 to 1800 bits per second
Synchronous (voice grade) — 2000 to 4800 bits per

second
Synchronous (broadband) — 40.8K or 50K bits per
second :
Character Size Low speed — five or eight bits

Medium speed - four to eight bits
Synchronous — five, six, seven, eight, or ten bits

| Special Applications ® One dialing adapter can be attached to a DCS-4

(or four dialing adapters in the case of a DCS-16)

to permit the central processor to control an A.T.&T,
801A or 801C Automatic Calling Unit,

e A parallel line terminal (input only) enables the
central processor to interface with a Touch-Tone*
telephone. It operates by means of an A.T.&T,.
403D5 or 403E3 Data Set (two out or eight codes).

® A dual channel access feature allows two UNIVAC
9400 Multiplexer Channels to access the same
DCS-16 through operator intervention.

*Registered Service Mark of A.T.&T. Co.

Table 3-3. Line Terminal Features

3.4. COMMUNICATIONS INTERFACE

The Communications Interface (CI) makes the necessary conversion between the electrical
operating levels of the line terminals and those of the particular external circuit with
which the CI is designed to operate. Table 3-4 presents the various characteristics of the
different CI's. Table 3-5 presents revelant information concerning CI/modem
compatibility. CI compatibility with the various line terminals is shown in Table 3-2. A
brief description of the features is as follows:
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TEST command causes the input and the output logic of the line terminal to be
interconnected through the CI for back-to-back testing.

UP.7613 DATA COMMUNICATIONS SUBSYSTEM SECTION: P AGE:

\ e 20 ma Neutral Telegraph
Certain telegraphic systems employ a DC current of 20 milliamperes for signal
transmission. Binary I’s are a marking (closed loop, current flowing) condition and binary
0’s are a spacing (open loop, no current) condition. '
e 60 ma Neutral Telegraph
Same as for 20 ma Neutral Telegraph except that a heavier current flow is employed.
e 20 to 40 ma Polar Telegraph
These telegraphic systems use directional current flow to represent binary digits. Current
flow in one direction indicates a binary 1 (mark) and current flow in the opposite direction
indicates a binary O (space).
e Half Duplex (inhibit Local Copy)
Inhibit local copy is a characteristic of half duplex operation. Output data cannot be
received by the input logic of the transmitting line terminal. This feature is not
implemented by hardware and if it is desired by the user, he must implement it through
the use of software.
e Speed Select
This feature permits manual selection of the modem clock speed. A maximum of three

e speeds can be selected.
e EIA RS 232B
This is a generally accepted industry standard interface specification with which some CI’s
are compatible (see Table 34).
¢ TELPAK
As used in the context of the DCS communications environment, it refers to a current
interface that is compatible with modems employed in broadband communications.
e MIL Standard 188B
This MIL Standard is a specification for electrical circuit compatibility (circuit
compatibility is provided only for data and clock signals). .
¢ Unattended Answer
This is a characteristic of DATA PHONE and TWX service. Compatibility with this
characteristic requires the ability to hang up a received call. The DISCONNECT
command performs this function.
e DCS TEST Maintenance Aid
This maintenance aid permits testing of the system under program control. The DCS
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ITEM

F1002-

00

03

04

05

See

08

3

10

FEATURE

20 ma Neutral D-C Telegraph

20—40 ma Polar D-C Telegraph

60 ma Neutral D-C Telegraph

EIA RS 232B

Full Duplex

=

x

Haif Duplex

MIL-STD 1888B

Simplex

Speed Select

TELPAK

STATUS

Ring Indicator

CONTROL COMMANDS
Answer Back Tones (A, B, AB)

DCS Test

Disconnect (Unattended Answering)

End Test

XXX X

Local Test

X XXX

New Sync

Send Break

TYPICAL USE

Government Communications Systems

Private Lines, Modems, Broadband

Private Lines, Modems, Voice Grade

Private Line, Telegraph A.T.&T.

Private Line Telegraph Western Union

Public Network, Modems, Voice Grade

Touch-Tone Receive

4-Row TWX

TELEX

NOTES:
1. C/l is integral part of F1006—99
2. C/l is integral part of F1003-96

Table 3-4. Communication Interface Characteristics
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MODEM TYPICAL USE
N Cl NUMBER
SERVICE SPEED OPERATION TIMING
Bell Data Set 103A F1002-04 DATA-PHONE; Up to 200 baud Half or ful! Asynchronous
: Public Network; duplex
Auto-cailing; Unattended
answer
Bell Data Set 103F F1002-03 Private line Up to 300 baud Half or full Asynchronous
duplex
Bell Data Set 201A3 F1002-04 DATA-PHONE; Public 2000 baud Half duplex Internal timing — synchronous

Network; Auto-calling;
Unattended answer

Bell Data Set 201B1 F1002-03 Private line 2400 baud Haif or full Internal timing — synchronous
duplex
Bell Data Set 202C F1002-04 DATA~PHONE; Public Up to 1200 baud Half duplex Asynchronous

Network; Auto-calling;
Unattended answer

Bell Data Set 202D F1002-03 Private line Up to 1800 baud Half or full Asynchronous (synchronous operation
duplex at 1200 baud when used with Synchronous
Timing Assembly F1011-00)

Bell Data Set 20581 F1002-08 Private line 600, 1200, or 2400 Full duplex Internal timing — synchronous
baud

Bell Data Set 301B F1002-05 Private line 40.8K baud Full duplex Internal timing — synchronous

Betl Data Set 303C F1002—05 Private line S0K baud Full dupiex internal timing — synchronous

Bell Data Set See 1. DATA-PHONE (re- Simplex

403D5 and 403E3 ceive only)~ parallel

2 out of 8 code; Un-
attended answering

Bell Data Aux- See 2. TWX network interface,
iliary Set 8118 A-row TWX only.
\/' Western Union
F1002-10 TELEX 50 baud Half duplex Asynchronous

12150 Interface

NOTES: 1, C/! is integral part of F1006=99

2. C/lis integral part of F1003-96

Table 3-5. Communication Interface/Modem Compatibility
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3.5.

As indicated in Table 3-4, the CI's have the ability to respond to certain commands.
These commands are actually directed to the line terminals because the line terminals are
addressable and the CI's are not. The line terminal passes the command to the CI.

One of the capabilities of certain CI's is unattended answering. When the CI detects a
ringing signal from a remote station, the CI sets a sense bit in the associated line terminal
input logic. The input logic of the line terminal then generates a request to input status.
Upon acknowledgement of the request, the line terminal inputs a status byte with the
UNIT CHECK bit set. The central processor responds with a SENSE command. In
answer to the SENSE command, the line terminal inputs two sense bytes; the first sense
byte has the RING INDICATOR bit active and the second sense byte is all O’s. The line
terminals follow the sense bytes with an input of normal ending status (status byte with
CHANNEL END and DEVICE END bits active). The central processor should then
issue a TURN-ON command to the input logic of the line terminal and the line terminal
will input the message. At termination, the line terminal returns normal ending status.
The central processor, after examining the message, issues an Answer Back A, B, or AB
command to the line terminal logic (parallel LT only) which causes the CI to transmit the
appropriate tone to the transmitting station and causes the line terminal to return normal
ending status. The central processor may now send either a DISCONNECT command to
hang up the call or send another TURN-ON command to allow another message to be
received. The meaning of the various Answer Back commands is up to the user. For
instance, they could be assigned the following meanings:

Answer Back A: Message is received and it is valid.
Answer Back B: Message is received and appears to be invalid.
Retransmit message.

Answer Back AB: Message received and it is valid. Send next message.

LINE TERMINAL CHARACTERISTICS AND OPERATION

Listed below are the functional characteristics which are applicable to all types of line
terminals. Characteristics which are peculiar to a particular type of line terminal are
discussed in the paragraphs dealing with each type of line terminal.

e Send

Line terminal output logic accepts data bytes from the channel, by way of the controller,
and transmits them to the communication line by disassembling the bytes into a bit-serial
stream which is sent to the modem by way of the communication interface. In the case of
the dialing adapter, the transfer from the communication interface to the modem is in
bit-parallel form. Asynchronous line terminals insert the START bit preceding the data
bits and a STOP interval after the data bits. Serial characters are transmitted with the
least significant bit first.

e Receive

Asynchronous line terminal input logic accepts bit-serial characters from the
communication interface, strips the START and STOP pulses, assembles the bit-serial
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3.5.1.

3.56.2.

characters into bit-parallel data bytes, and transfers the data bytes in bit-parallel form to
the channel by way of the controller. Synchronous line terminals operate in a similar
manner except that they strip off sync characters instead of START and STOP pulses. In
addition, both asynchronous and synchronous line terminals strip off the transmission
parity if this option is desired by the user.

¢ Operation

Line terminals can be operated half or full duplex depending upon the application and the
desires of the user.

e Timing

-Asynchronous line terminal output and input logic receives a timing signal from an a-
synchronous timing assembly (ATA) , which determines the data transmission rate. The
synchronous line terminal output logic receives its timing from a synchronous timing
assembly (STA). The clock for the input logic of a synchronous line terminal is derived
from received data if an STA is used; otherwise, the modem supplies the data clock.

Command, Status Byte, and Sense Byte Repertoire

While all line terminals are capable of returning all status bits, not all line terminals
are capable of accepting all commands or returning all of the various sense bits. The
limitations in these areas are indicated in Table 3-6.

Summary of Line Terminal Capabilities

Table 3-6 summarizes the functional characteristics, capabilities, and us