T HE UNIVERSITY C F M ICHTIGA AN

Technical Report 28

Data Concentrator User's Guide

David L. Mills
Jack 1. Di Giuseppe

W. Scott Gerstenberger

CONCOMP: Research in Conversational Use of Computers
F.H. Westervelt, Project Director
ORA Project 07449

supported by:
ADVANCED RESEARCH PROJECTS AGENCY

DEPARTMENT OF DEFENSE
WASHINGTON, D.C.

CONTRACT NO. DA-49-083 0SA-3050
ARPA ORDER NOG. 716

administered through:

OFFICE OF RESEARCH ADMINISTRATION ANN ARBOR

April 1970






Data Concentrator User's Guide

ABSTRACT

This report 1is a user's guide for the Data
Concentrator, a terginal control device designed for use
with the Michigan Terminal System (MTS). This device
presently 'supports several types of ATET and IBM terminals
together with remote computing and visual display equipment
using 103A, 202C and 201A data sets. Included is a
description of the extensive set of options available
together with useful reference material.

This report was prepared using FORMAT, a computer

program in MTS. This program is described in: Berns, G.M.,
Description of FORMAT, a _text-processing_ _program, Comnm.
ACM, 12, 3 (March 1969), pp. 141-146. The text was entered
to this program partly in punched-card form and partly
directly from a typewriter terminal and was printed on an
IBM 1403 printer equipped with a TN print train.
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1« INTRODUCTIGCN

This user's qguide describes how to wuse the Michigan
Terminal System (MTS) through the Data Concentrator. It is
assumed that the reader is familiar with MTS itself. The
Data Concentrator is actually a PDP-8 computer attached, on
one hand, to the two 2870 Multiplexor Channels of the 1IBHNM
360/67 and, on the other hand, to a variety of AT&T data
sets. All of this equipment except the PDP-8 itself was
designed and constructed by members of the Computing Center
staff and the CONCCMP Project. Appendix F describes the
physical construction of this equipment, while [8] and !a69]
describe the architecture of 1its control progranm. The
interface to MTS is common for each of the several types of
data sets-- i.e., MTS 1is not concerned with whether a
particular Data Concentrator terminal is a Teletype Model 35
or 37, an IBM Model 2741 or 1050, a CCI display terminal, or
is actually a remote computer. Because the Data
Concentrator is a programmable device, a great deal of
flexibility is achieved in its operation. The uniform
interface with MIS @wmeans that MTS does not require a
separate set of device support routines for each of the
various devices which the Data Concentrator supports.

The following terminals are fully supported by the Data
Concentrator:

(1) Teletype Models 33, 35 and 37 terminals with
optional paper-tape reading and punching
equipment.

{2) 1BM 2741 Communications Terminals and IBM 1050
Data Communications Systems with optional 1056
Card Reader.

(3) “Special" terminals designed to be compatible with
the transmission code and operating protocol of
(1) or (2) above and operating at transmission
rates to 300 bits-per-second (baud). Terminals of
this type include those marketed by Computek,
ARDS, Datapoint, Execuport and Tektronix.

(4) IBM Binary Synchronous Communication (BSC) systenms
utilizing 201A data sets for remote job entry,
including the IBM 1130 and System/360 Models 20
and 25 Data Processing Systems operating with the
remote HASP support system. (Support for the 1IBM
Model 2780 is contemplated but deferred at
present.)

(5) BRemote display and processing equipment utilizing
the so—-called CONCOMP transmission protocol

1« Introduction
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operating with 201A data sets and the RAMP support
systen.

{6) CCI (Computer Communications Incorporated) Model
300 TV display terminals utilizing 202C data sets.
(Support for Computek and similar storage—-tube
display terminals utilizing this type of data set
is contemplated but deferred at present.)

(7) Paper-tape reading and punching equipment attached
directly to the Data Concentrator. This equipment
is intended for low-duty-cycle coperation and can
read and rpunch fan-fold 8-channel paper tape.
More rugged punching equipment 1is presently on
order and should be installed by this summer.

Note that support provided for any of these terminals
does not obligate the Computing Center to provide the
terminals themselves, and the Computing Center reserves the
right to discontinue service for any terminal types as
actual usage indicates. Where support for new terminal
types can be shown to involve minor changes in the existing
system, such support can be neqotiated, but only well in
advance of purchase ccomitments.

Teletype terminals attached to the Data Concentrator
may be either Models 33, 35 or 37 (ASBR or KSR, i.e,. With
or without paper-tape equipment) operating on the Bell
System dial network through a 100-series data set and
presumably, although not necessarily, capable of full-duplex
operation. Special <considerations are necessary in paper-
tape operation with the Model 33ASR, as described in Section
4.1, IBM 2741 Comnmunications Terminals and 1050 Data
Communications Systems may also be used with the Data
Concentrator. Such terminals mnmust operate on the dial
network and be equipped with the interrupt and reverse-break
features. If the 1056 Card Reader is used with the 1050 it
should be equipped with the extended character reading
special feature. Generally, ATET 103A data sets (or
equivalent) are used to attach IBM terminals to the dial
network. The 103A data set telephone number for Teletype
and IBM terminals is:

(313) 763-1500
Sixteen trunk-hunting lines are available at present.
Computer Communications Incorporated (CCI) Model 300 TV
display terminals may also be used with the Data
Concentrator. These terminals operate on the dial network

with 202C (1200 baud) data sets in the half-duplex mode.
The reverse-channel feature is required with these data

1. Introduction
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sets. The 202C telephone number for CCI terminals is:
(313) 763-4208
Crly one line is available at present.

Remote computers may ke connected as MTS terminals or
remote batch entry stations via the Data Concentrator.
Communication between the remote machine and the Data
Concentrator 1is made on the dial network using 201A data
sets (2000 baud) operating 1in the half-duplex mode and,
preferably, strapped ftor short-turnaround operation. Remote
computers connected via these facilities nmust operate
according to the protoccls described in Section 4.5. Users
ccntemplating such operation are advised to contact
ccqgnizant members ot the Computing Center staff for
additional information. The 201A telephone number is:

(313) 763-0570
Four trunk-hunting lines are available at present.

If the Data Concentrator does not answer any of these
telephone numbers within a few rings or if a busy signal 1is
present then either MIS or the Data Concentrator 1s not
available. The Computing Center maintains a special "hot
line" for a recorded message concerning current systen
status. The telephone number for this "hot line" is:

(313) 763-0420

1. Introduction
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2. EASIC PROCEDURES

The following secticns describe the basic operational
Frocedures 1in cverview form. These sections are designed
Ior quick reference by experienced users of the system. The
operation ot each terminal is described in more detail in
Section 4.

2.1 Origination

For Teletype terminals with the half-duplex/full-duplex
(ECX/FDX) switch option, the switch should be placed in the
FLX position. For IBN 2741 Communications Terminals, the
LCCAL/COMH switch should be set to CCMH and the POWER switch
should be ON., For IBM 1050 Data Communications S5Systems the
POWER switch should be ON, the SYSTEM switch should be 1in
the ATTEND position, the PRINTER switch in the SEND/REC
Fosition and the KEYBOARD switch in the ON position. All
other switches should be in the OFF or normal position.
Eetore dialing, press the LINE RESET key to clear the
control unit. For Computer Communications Incorporated
(CCI) terminals press the MASTER CLEAR button on the control
unit and tne RESET button cn the right side of the keyboard.
Then press the CTL-CLEAR key <combination to «c¢lear the
screen. All rocker switches on the control unit should be
in the down position. Fcr Binary Synchronous (ommunications
(BSC) terminals using 201A data sets, the terminal should
enable the Terminal Ready signal to the data set ana be 1n a
confiquration to receive the first nmessage from the Data
Concentrator.

For Teletype ternminals press the ORIG button, wait for
a dial tone (heard on the speaker), and dial the 1034
telephone number listed above. For IBM terminals using 103A
data sets, press the TALK button on the data set, lift the
receiver, wait for a dial-tone and dial the 103A telephone
number. After the Data Concentrator answers the call a
steady, high-pitched tone will be heard. Press the UATA
button and replace the receiver.

For CCI terminals using 202C data sets proceed in the
same manner as above for IBM terminals using 1034 data sets,
except dial the 202C data set number listed above. After
pressing the DATA button press the ATIN button and CTL-TRANS
key combination in that crder.

For BSC terminals using 201A data sets proceed as above
for IBM terminals using 103A data sets, except dial the 2014A
telephone number listed above. The procedure following this
is, of course, dependent wupon the particular terminal
architecture.

2. Basic Procedures
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221.1 Terminal Identification. The procedures used by the
Data Concentrator to identify the various types of terminals
using 103A data sets are described in this section. Users
with special terminal equipment will need to understand how
these procedures work. Users with standard Teletype and IBH
terminals can skip this section. Note that the following
procedures are necessarily highly volatile and are subject
to revision as new terminals and different requirements
arise.

When the Data Concentrator answers an incoming call a
timeout is set for fifteen seconds. If the data set has not
completed its handshaking procedure within this period the
data set is placed in an on~hook condition and the caller is
disconnected. This would occur if the caller's data set
were faulty or in resgonse to a wrong-number call.

When the data set handshaking procedure is complete the
Data Concentrator sends a printer-poll sequence for an IBHM
Model 1050 terminal. This consists of the three-character
sequence "EOT / 9% transmitted in the PTTC code at 135 baud
(see Appendices). If the calling terminal is a 1050 and
both the printer and the control unit are ready, the single
character ACK will be returned and the identification
procedure will be terminated.

If the calling terminal is an IBM 2741 the polling
sequence is ignored. The terminal will automatically
generate the single character STX following a 700-
millisecond timeout and the identification procedure will be
terminated.

If no characters are received following the 700-
pillisecond timeout, the Data Concentrator will switch the
data set clock rate to 110 baud and transmit the Teletype
terminal answerback-request character ENQ (also called WRU)
in the ASCII code. Model 33 and 35 Teletypes will respond
to the ENQ <character with their answerback code, which is
coded into a revelving drum. A five-second waiting period
is allowed for the operator to hand-key at least the first
character of the answerback code if his terminal is not
equipped to respond automatically to the ENQ character. 1If
any character is received during this period the
identification procedure will be terminated.

I1f no character is received foilowing the five-second
timeout the Data Concentrator will switch the data set clock
rate to 150 baud and transmit the ENQ character again.
Model 37 Teletype terminals will respond with their
answerback codes in the same fashion as the Model 33 and 35.
I1f any character is received within a fifteen-second timeout
interval the identification procedure will be terminated.

2. Basic Procedures
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OCtherwise the data set is placed in an on-hook condition and
the caller is disconnected.

2-2 Connection

After answering the call and interrogating the terminal
to determine its type, the Data Concentrator will indicate
this to MTS so that the default values for device commands
(see Section 3) can be set up. This process is completely
automatic for all terminals except those Teletype terminals
not equipped with a standard answerback code. During the
identification procedure Teletype terminals may "bump"
oddlye. This is due to the IBM 1050 polling sequence
generated as part of the terminal identification procedure
and is normal. Following identification of the device type
the Data Concentrator line number and answverback code are
printed on the terminal and control is passed to MTS. The
line number and answerback code are printed in the format:

%¥ttnnsansw

where "%" is the prefix <character used for all messages
originated by the Data Concentrator, tt is the device code
as shown in Figure 1, nn is the data set number and answ is
the answerback code. A user program can determine this
information using the GUINFO subroutine (see Vclume 3 of the
MIS manual, third edition). The code ttnn is the device
name used within the Data Concentrator to identify the data
set or MTS interface device. This should be given to
Computing Center perscnnel 1if data set malfunctions are
suspected.

2. Basic Procedures
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Device Answerback Terminal

Type Code

EC na MTS interface device
1B 1050 IBM 1050

1c 2741 IBM 2741

ID (see text) Teletype 33, 35

LE (see text) Teletype 37

MA NONE CCI 300 (202C)

SA NONE BSC (201A)

Fiqure 1. Device and Answerback Codes

For all except Teletype terminals the answerback code
is a function only of the device type. For Teletype
terminals the answerback is obtained from the terminal by
transmitting an ENQ character during the terminal
identification procedure. Teletype terminals which are not
equipped with answerback drums must nevertheless supply an
answerback to MTS. This is most easily done by entering the
telephone number of the terminal immediately after the
“"bump" during the terminal identification procedure. The
answerback code should be no more than 12 alphanumeric
characters in length and should be followed by a CR (RETURN)
code. Users wishing to code their own answerback drums
should contact the Computing Center for details.

Following the terminal identification message MTS will
then transmit an announcement line to the terminal:

MIS : ANN ARBOR (DCxx—nnnn)

In the announcement message the xx in DCxx will be a number
between 00 and 63, indicating the MTS device name for the
particular transmission path between MTS and the Data
Concentrator operable for this user. The four-digit number
nonn is the UMMPS job number for this job. The device nane
and job number serve as a reference in case of difficulty
and should be given to Computing Center personnel if
inquiries are made regarding the status of a job.

After the announcement message has been printed a
"signon message" may Le printed. This message contains

2« Basic Procedures
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announcements to users regarding such items as when MNTS is
next scheduled to shut down. MTS will then prompt the
ofperator with a "#" character when ready to receive the
first 1line of input. The first input line to MTS should be
a $SIGNON command. The system will indicate whether the
signon is acceptable and if it is, the operator may then
enter other commands. Most terminals provide a means to
suppress the printing of the user passvword when entered from
the terminal. A terminal can be disconnected at any time
from MTS by simply hanging up or placing the terminal data
set in an on-hook <condition. However, it is usually
considered more polite to enter a $SIGNOFF command, after
which an itemized bill for services rendered is printed.

<=3 _COperation

In most cases terminal operation procedures default to
those normally expected by users experienced with
timesharing terminals. See Section 4 for the details of
operation peculiar to each terminal type. Changes to these
procedures are indicated by commands directed to small
command language interpreters resident both 1in the Data
Concentrator and the MIS Device Support Routine (DSR) which
serves the Data Concentrator. In general, Data Concentrator
inktound record extents, editing procedures and code
translation are under control of the Data Concentrator
commands, while tabulation stops and outbound carriage
cecntrol, record extents and c¢ode translation are under
control of the MIS DSR ccmmands.

203.1 Line Editing. Fiqgure 2 summarizes the <control keys
used on the various terminals. Note that the line-delete
and end-of-file characters for the IBM equipment have
immediate eftect, that is, they are line-ending characters.
Note also that the input line preceding either an end-of-
file or an attention indication is passed to MTIS unless it
is empty, in which case it is discarded. Furthermore, note
that the 1literal-next character can be used preceding any
character whatsoever, including device-control characters,
but excluding case-shift characters. However, an
alphanumeric character following the literal-next character
is mapped into the corresponding control character in the
first quadrant of the EBCDIC code table (see Appendix A).
Since the editing characters are not considered part of the
input line they cannot be "backspaced over." Line editing
can be modified for ccnvenience in paper—-tape and card input
ncdes.

2. Basic Procedures
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Function TTY 35/37 2741 1050 CCI
ECL RETURN RETURN RETURN CTL-TRANS
EQF ETX (CTL-C) ¢ /4 BACKSLASH

Backspace BS (CTL-H) EACKSPACE BACKSPACE na

Line-Del. RUBOGUT _ _ na
Attention ENQ {CTL-E) ATTN LINE RESET ATTN
Lit.-Next DLE (CTIL-E) ! ! !

Fiqure 2. Preferred Editing Control Characters

In addition to the characters shown in Fiqure 2 several
control characters are defined for use by certain terminal
types. These are described separately by terminal type in
Section 4.

<23.2 Code Translation. Code translation normally defaults
toc the code appropriate for the terminal type: American
Standard Code for Information 1Interchange (ASCII) for
Teletype, CCI and ESC and Paper Tape Transmission Code
{PTITC) for IBM terminals. ASCII is a seven-bit code with an
eighth bit generated as even parity. PTTC is a six-bit code
with a seventh bit generated as odd parity. Correct parity
is always generated in messages sent by the Data
Concentrator. Correct parity is also expected 1in nmessages
sent to the Data Concentrator unless overridden by a Data
Concentrator command. Both the code translation and parity
operations can be modified so that the MTS program can
orerate with the bits exactly as received from and
transmitted to the terminal.

Appendix A shows the code translation tables wused by
the Data Concentrator. These tables are identical in all
but trivial aspects to those used within the MIS system for
other devices. Appendices B and C explain the conventional
interpretation given the ASCII and PTTC codes respectively.

2.3.3 Record Formation. Normally, messages are transmitted
on a record-by-record basis. The extents of the terminal
records are not constrained to the extents of the MNIS
read/vwrite operations involved, however. MTS write
orerations may be of any length up to about a thousand
bytes, depending upcn system loading and the configuration
of other terminals attached to the Data Concentrator. Users
are strongly advised to use 1lengths less than 256 bytes

<. Basic Procedures
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however. Any record longer than 255 bytes will be truncated
at 255 bytes, unless the @BIN modifier is used. Operations
using the @BIN modifier are written on the terminal without
translation and are ccncatenated on a record-by-record basis
so that the terminal receives all succeeding @BIN operations
as a continuous record. OCperations using either the @BIN or
the @SP modifier are written without the customary prefix
character (s) as generated within MTS.

The extents of MIS read operations are controlled by
editing characters generated by the terminal and by a
maximum character count, which may be <changed by a Data
Concentrator command. The behavior may be specified to:

{1) be dependent only upon the size specified by MTS
(usually 128 or 256 bytes, depending upon the LEN
specificaticn) and to pack succeeding input
records into these extents as necessary,

(2) be dependent on the maximum character count as
specified in the Data Concentrator, and

{(3) be dependent uron special line-editing characters
unigque to each terminal type (see Line Editing
above) .

Note . that, in the <case of MTS read operatioans, the
specification of record extents, code translation, parity
operations and control functicns must be performed Dbefore
the record arrives at the Data Concentrator. Thus the
inclusion of the @BIN modifier in an MTS read operation does
not necessarily result in the proper control of the code
translation and record extents unless either the terminal
itselt has indicated this by a control function or a
previous Data Concentratcr command has been executed.

2.3.4 Error Detection and Recovery. The Data Concentrator
checks at several pfpoints for transmission and equipment
€ILLOrS. Transmission errors are detected by nmeans of
character parity as determined by the particular terminal
type. If a parity error is detected on an input record a
data check condition is said to exist on that record. If an
input character has nct been processed by the system before
another input <character arrives (perhaps due to sonme
hardware fault or to an unusuval demand for service), an
cverrun condition is said to exist on the record containing
that character. Finally, if no buffer storage space is
available for an input character, then a buffer overflow

condition is said to exist on the associated input record.

Depending upon the particular terminal type and the
options specified, these errors may cause the associated

2. Basic Procedures
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input record to be deleted and a diagnostic message to be
transmitted to the terminal. Where the construction of a
terminal permits the retransmission of a record without
manual operator intervention the terminal is simply
requested to retransmit and the diagnostic message 1is not
printed. This latter behavior occurs with CCI and BSC
terminals, as well as with the IBM 1056 card reader attached
to the 1050 terminal.

Parity checking cn input records can be disabled with
the PARITY option. For BSC terminals the option applies
only to checking the constraint that control characters and
translated text <characters have correct odd parity; the
cyclic checksum transmitted following the record must still
be <correct. By convention, the data check condition is set
only when a bad-parity data character is stored in an input
buffer. A character received of bad parity is assumed to be
a data character (even if it appears to be a control code)
if the transmitting terminal 1is thought to be in a text-
transmit state and is ignored entirely if the transmitting
terminal is thought tc be in any other state.

An overrun condition is detected by the Data
Concentrator hardware itself and may occur both on input and
output operations. From the terminal operation point of
view an overrun conditicn on an 1input record appears
identical to a data check condition. An overrun condition
or an output record will usually result in garbling of the
transmitted characters. An incidence of this condition 1is
considered a recoverable system error and is logged within
the Lata Concentrator as such. It 1indicates a possible
hardware or software =malfunction within the system itself
and cannot normally be caused by an attached terminal.

A buffer overflow ccndition occurs when no storage can
be found for a data character received from a terminal.
Since buffer storage is assigned in small blocks (called
nibbles) on demand frcm a large pool available to all
terminals, this <condition can occur only if all the
available nibbles have been allocated, either because of an
exceptionally heavy lcading condition or because one or more
terminals have made unreasonable demands for buffer storage.
The behavior of the system under these <conditions 1is that
echoing wusually ceases (for full-duplex Teletype terminals)
Or an excessive number of retransmissions is requested (for
CcCI and BSC terminals). When storage 1is once again
available a diagnostic message will be transmitted to the
terminal and normal operation can be resumed. Note that the
buffer overflow condition is not related to the options
specified by an individual terminal but only to the overall
demands placed by all attached terminals wupon the Data
Concentrator system itself.

2. Basic Procedures
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3. COMMANDS

Input/output operations in MTS are supported by a set
of Device Support Routines (DSRs) for each type of hardware
device which can be used. These routines interface on a
uniform level with the system I/0 routines (such as READ,
WRITE, SCARDS, SPRINT, etc.). In this way, the user program
performs I/0 operations on a named device, but the systen
executes the I/0 operation by calling the particular DSR for
that device based on the device type. 1In the case of a
terminal operator's using the Data Concentrator, information
entered from the terminal passes through both the Data
Concentrator control program and the MTS DSR for the Data
Concentrator before being actually read by MTS or the user’®s
prcgram. On output, the reverse is true.

A uniform control procedure has been established for
the MNTS Data Concentrator DSR and the Data Concentrator
itself. As a data record passes through either of these
processors, the first character of the record is examined
for a special selection character, which is initially set at
SOH in the system (EBCDIC) code. If the selection character
arpears as the first <character in the record, then the
record 1is intercepted and interpreted within that processor
as a command. If the record begins with two selection
characters then the first character is removed, making the
record one character shorter, and the remainder of the
record 1is passed tc the next processor. A record not
beginning with a selection character 1is passed unchanged.
Given these conventions, it is clear that a terminal input
line beginning with a single selection <character will be
interpreted as a command by the Data Concentrator control
program. Likewise, an input 1line Dbeginning with two
selection characters will appear as a command to the MTS
Data Concentrator DSR since the Data Concentrator will strip
off the first, thereby making the second the first character
of the record as seen by the MTS DSR. 0f course, since
these processors recognize commands on output too, it is
possible to have an executing MTS program issue any of these
commands. Both the Data Concentrator control program and
the MTS DSR <contain facilities to <change the selection
character to other than the SOH assumed initially.

3.1 Data Concentrator Cogmands

A Data Concentrator command may be generated either by
the <terminal or by an MIS progranm. If the command is
generated by the terminal it takes the form of an SOH
character followed by the command name and a list of
operands. The SOH character is generated by the CTRL-A key
ccmbination on Teletype terminals and by the two-stroke
sequence !A on IBM and CCI terminals. If the command is
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generated by MTS program it takes the same form but preceded
by two SOH characters. If a command is issued from an MTS
program, prefixing must be disabled, either by the aSP
modifier, the $SET PFX=0FF MTS command or the PFX OFF device
ccmmand (see below). It 1is necessary to enter only the
first and last letters of command and operand names.

Although many commands are presently implemented in the
Data Concentrator system, only a few will be described in
detail here. Users with unusual applications should contact
the Computing Center for further information regarding these
commands.

ATTENTION

This command can be wused to cause an attention
interrupt to MIS and 1is most useful if issued from the
terminal. This command is useful for BSC terminals which
need to <cause such an interrupt and yet have the message
itself acknowledged (see Section 4.5).

HELLGC

This command causes the time of day and the version
number of the current LCata Concentrator coantrol program to
be printed on the terminal. The message is printed in the
focllewing format:

#time xxxx ttnn-ttnn PDP-8 RAMP CONTROL SYSTEM (VERSION XX)

where time is the time of day in hours:minutes:seconds
format, xxxx 1is the 1location within Data Concentrator
storage of certain contrcl information and the two codes
ttnn are the device names within the Data Concentrator
associated with this user (see Figure 1).

OFPER message

The message {(which should not exceed 71 characters)
will be printed on the Lata Concentrator operator's console
along with the time of day. Cperators experiencing
difficulty using the Data Concentrator may use this command.
It is suqggested that several BELL <characters (CTRL-G) be
included to alert the operator. The BELLs are not included
in the 71 character limitation.

EARAMETER [ PREFIX=code]
This command is used to alter «certain fields of the
task control block used for record transmission within the

Cata Concentrator systen. Although several operands are
available in this command, only the PREFIX operand is of
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general wutility. This operand causes the selection
character used to identify a Data Concentrator command to be
changed. If the code in this operand is a character other
than a letter, digit or blank, then that character becomes
the new selection character. If this code is a three-digit
{(cctal radix) number, then the EBCDIC character code
corresponding to that —rnumber becomes the new selection
character. Selection can be completely disabled if the code
is either a blank or the number zero.

Note that the selection character on the transmission
path for this «ccmmand only is changed. Therefore, if the
direction of transmission is inbound to MTS, the selection
cocde 1is <changed for that direction only. The same is true
for cutbound transmission from MTS; the selection characters
for the two directicns are entirely separate.

BEADE

o s st st

This command is wused to start paper-tape and card
equipment  attached to Teletype and IBM terminals. See
Sections 4.1 and 4.3 for details of operation using this
command.

SENSE [devicename])

This command causes the Data Concentrator to print the
private storage allocated to the device devicename. The
default devicename is the terminal issuing this c¢ommand.
Users with special terminal equipment should obtain this
information, if possitle, and present 1t to a cognizant
Ccmputing Center staff member if a Data <Concentrator
malfuaction is suspected.

CCNTROL [MODE=mode] [ (N=optlist ] [OFF=optlist ] [CLOCK=a])
[SIZE=n] [ SYNC=n,m]

This command is used to change the, operational
characteristics of a terminal attached to the Data
Concentrator. The operands to this command cause certain
fields in the private storage attached to the terminal to be
changed and in some cases cause the hardware registers to be
changed. In general these operations can be performed "“on-
the-fly" by the terminal itself (carefully!) with due
allowance made for inbound records which may be queued ahead
and so forth.

The parameters that can be <changed by the CONTROL
command are called optiocns and are generally represented by
a set of switches which may be set ON or OFF. These
switches are generally ncn-interacting, although exceptions
to this rule are several. The options which may take on
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values ON or OFF are set by the operands ON and OFF
respectively in the fcllcwing form:

ON=optlist OFF=optlist

where optlist is a list c¢f options (see below) separated by
cCcmmas. Options which may take on other values are set by
other operands (usually the name of the option) in a forn
described below under the particular option.

For operator convenience a particular configuration of
options has been associated with a mode. The mode of a
terminal can be set by tke MODE operand in the following
forms

MCDE=mode

where mode is a name assigned as a function of terminal type
as described in Secticn 4. When other operands are included
in the CCNTROL command the MODE operand must occur first.
Note that the use of a keyvword as a mode name does not
preclude its use as an oftion name; and the two uses may
have different interpretations.

In some circumstances a special character or line
signal generated by the terminal has the effect of an
implicit MODE keyword. This happens during the terminal
identification phase of connection and upon exit from the
BINARY mode for instance.

Cptions. Several options are applicable to all terminal
types, while others are specialized to certain types. The
valid options for the various terminals and their defaults
at connection time are summarized 1in Figure 3. These
options provide contrcl over error check, keyboard
interlock, code translation and inbound record blocking
orerations. Note that the options described here apply only
to inbound record transmission and terminal control.
Options applying to outbound record transmission are under
the control of the MIS DSR system and the applicable MTS
nodifiers. Unless noted below all of the following optioas
have the value either ON or OFF as specified by the CONTROL
command.
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CETICN 35 37 2741 1050 CCI BSC
BID OFF
BINARY OFF OFF OFF OFF OFF OFF
CLCCK B D C C B

CCNCOMP ON
LUPLEX ON CN OFF
DELAY ON CN

ECHO ON ON

EDIT ON CN ON ON

HCLD CN

INTERLOCK OFF OFF OFF OFF OFF OFF
CLC OFF
CVERFLOW ON ON ON CN CN ON
PARITY ON ON ON ON ON OFF
PREFIX OFF OFF OFF OFF OFF OFF
CUEUE ON ON

READER OFF OFF OFF

REPLY OFF
SI1ZE 128 128 128 256 256 256
SINC 6,64

Figure 3. Option Combinatioas

BID. (BSC terminals c¢nly) If this option is ON a text
message will not be transmitted by the Data Concentrator
unless a positive response to a bid request has Dbeen
received. Once such a response 1is received the Data
Concentrator will continte to transmit output until its
transmit queue becomes empty, after which it will transmit
the single character EOT. This behavior 1is expected in
certain IBM systems, although it 1is not recommended for
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highly interactive systems. If this option is OFF the Data
Concentrator will transmit text messages as they arrive, but
with certain restricticns based on acknowledgments and
timeouts (see Secticn 4.5). This option detaults OFF for
BSC terminals at connection time and is undefined for all
other terminal types.

BINARY. If this opticn is ON the normally effective inbound
code translation from the native code of the terminal to the
system (EBCDIC) code is disabled. Record extents in binary
input operations are determined only by the SIZE option and
blocked or not as determined by the OVERFLOW option.
Inbound binary records are never processed by the Data
Concentrator as ccmmands, may contain any code combinations
and may be of any length greater than zero. This option
defaults OFF for all terminals at connection tinme.

CLOCKa (non-BSC terminals only) The data set clock rate can
be set by this operand. This is useful for those terminals
that can change their clock rate to values other than those
assumed by the system at connection time. The format of the
CLCCK operand is:

CLCCK=a
where a is a single letter which is associated with the

following clock rates: (Note: These rates may change fron
time to time to accommodate new terminal types.)

Value Rate Frame Terminal
(baud)

202C data set

a 1200 10,1 CCI 300

B 600 10,1 CCI 300

103A data set

A 300 10,1 Computek, Tektronix, ARDS
B 110 11,2 Teletype 33, 35

C 135 9,1 IBM 1050, 2741

D 150 10,1 Teletyﬁe 37

Figure 4. Data Set Clock Rates
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In the entry for frame the designation =n,s corresponds to
"number of bits per character,number of stop bits" as shown
in Appendix D. Note that the frame is fixed at connection
time and cannot thereafter be changed. Consideration will
be given to providing this option in the future.

CCNCCMP. (BSC terminals only) If this option is ON then the
2010 data set protoccl is assumed to be compatible with one
established by an earlier version of the Data Concentrator
ccntrol program. If this option is OFF then the standard
BSC conventions established by IBM and modified by local
option (see Section 4.%) are assumed. This is not an option
that can be set by the ON and OFF operands to the CONTROL
command, but can be set only by an appropriate MODE operand
(see Section 4.95). This option 1is included only for
ccmpatibility with <clder systems and considerably degrades
the performance of the ©Lata Concentrator. It will Dbe
removed at an early date; therefore, users are advised to
convert their systems to the new standard protocol at the
earliest possible date. This option presently defaults ON
for BSC terminals and is undefined for all other terminal
tyres.

LUPLEX. (Teletype, IBM and BSC terminals only) This option
is interpreted differently for Teletype, IBM and BSC
terminals. For BSC terminals, if this option 1is ON text
messages and acknowledgments will be concatenated as single
records whenever possible. If this option is OFF every text
message and acknowledgment will be transmitted as a separate
record. The latter is the behavior expected by most IBM
systems, although the former provides a significant increase
in throughput for highly interactive systems.

For Teletype terninals, 1if this option is ON then full-
durlex operation is assumed; 1if 1t 1is OFF half-duplex
operation is assumed. This option defaults ON for Teletype
terminals and OFF for ESC terminals at connection time and
is undefined for all cther terminal types.

DEIAY. (Teletype terninals only) If this option is ON an
automatic 200-millisecond delay 1is executed at the end of
each output line to allow the carriage to return to the left
margin stop. This delay is overlapped with the generation
cf the CR and LF characters, so that the effect 1is
equivalent to the generation of a number of NUL characters
depending upon the clcck rate selected by the CLOCK option:
none at rates below 150 bits-per-second (baud), one at 150
baud and four at 300 baud. If this option is OFF then no
delay 1is executed. This option defaults ON for Teletype
terminals at connecticn time and is undefined for all other
terminal types.
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ECHO. (Teletype terminals only) 1if this option is ON then
the input characters from Teletype terminals will be return-
echoed in certain modes (see Section 4.1). If this option
is OFF then the echo process is disabled entirely. This
option is undefined fcr all cther terminal types.

EDIT. (Teletype and IBM terminals only) If this option 1is
CN then the normal input editing ofperations are in ettect.
If this coption 1s OFF then certalin 1input editing operatiouns
are suspended. This «cption 1is userul for paper-tape and
card input to the system. This opticn defaults CN <for 1BY
terminals at connection time. For Teletype terminals tnils
cpticn defaults OFF while the answerback code 1s beiny
received and automatically is switched CN tollowlng
reception. This option 1s undefined for CCI and B5C
terminals.

HCID. (CCI terminals cnly) If this option is CN then the
CCI display will stop output when the screen 1is full. Only
when the CIL-TRANS key «combination 1s pressed will the
screen be erased and cutput continued. If this option is ON
then the screen will be automatically erased and output will
ccntinue, This option defaults ON at connection time for
CCI terminals and is undefined for all other terminal types.

INIEELOCK. There are two terminal protocol ©procedures
surported by the Data Concentrator in connection with the
facilities for queirg inbound records in advance of MTS read
orerations. If the INTERLOCK option 1is OFF with IBH
terminals then the keyboard 1is unlccked after every MIS
write operation so that the operator can enter a new input
line, regardless of whether an MIS read operation 1is
cutstanding or not. If an outbound message 1s generated by
M1S when the keyboard is unlocked and if the operator has
not bequn a new input line, then the keyboard is locked and
the outbound message is fprinted. If the INTERLCCK option is
ON then the keyboard 1s wunlocked only when an MTS read
operation is outstanding. In this mode it is not possible
to queue records in advance of MTS processing.

In full-duplex Teletype equipment the keyboard is never
locked and can be used to input records in advance of MTS
processing whether the INTERLOCK option is ON or OFF.
However, if the INTERLOCK option is CFF then the return-echo
characters are printed at the terminal on a 1line-by-line
tasis as the input lines are entered and without regard to
MIS read operations. If the INTERLOCK option 1s ON then
return-echo 1lines are delayed until MTS presents a read
oreration for the corresponding input record. Thus the
return-echo lines printed at the terminal are always in
their correct position relative to the MTS input and output
cfperations.
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In all terminals, if the INTERLCCK option is ON when a
line 1is entered to the Data Concentrator Command Language
Interpreter the Data Concentrator prefix character
(currently "%") is printed as the prefix to the next input
line. See Section 4 for special considerations of operation
using the INTERLOCK option with particular terminal types.
See also the descriptions of the PREFIX and QUEUE options in
this section. This option defaults CFF for all terminals at
ccnnection time.

Note: The interplay between the terminal, MTS and the Data
concentrator is necessarily highly intricate in the
transitions between the ON=INTERLCCK and OFF=INTERLOCK
states. It is recommended that entry into the ON=INTERLOCK
state be made only when no output activity is 1in progress,
no input 1lines are queued and MTS is waiting for an input
line from the terminal. Occasionally it 1is possible to
enter an "out of phase" state in which the 2741 keyboard may
become locked or the Teletype terminal echo lines may appear
out of order. This is most often due to a user program or
MIS failure to respond to an attention interrupt with a read
cperation (eventually) and can be recovered from (for
Teletype terrminals at least) by simply issuing the
CFF=INTERLOCK operand, then pressing the RUBOUT key and
finally issuing the GN=INTERLOCK operand.

CDD. (BSC terminals c¢cnly) If this option 1is ON then all
outbound ASCII control «characters and translated text
characters will be generated with odd parity. If this
option 1is OFF then these characters will be generated with
even parity. Note that if the PARITY option is ON then
inbound control <characters and translated text characters
are checked for odd ©parity. This option 1is included
primarily for compatibility with older systems and defaults
OFF for BSC terminals at connection time, at least for the
present. This opticn 1is undefined for all other terminal
tyres.

OVERFLOW. If this option is ON in the event of inbound
record overflow, the rresent record is ended and transmitted
to MIS as a complete line. 1If this option is OFF 1in the
event of inbound reccrd overflow the record is concatenated
with following inbound records and the blocking 1is a
function only of the extents provided by the MTS read
operations. This option defaults ON for all terminals at
ccnnection time.

FARITY. All terminals presently supported are provided with
scme form of transeission error detection, usually in the
form of a Vertical Redundancy Check (VRC) or Longitudinal
Redundancy Check {(LRC) or both. The Data Concentrator
always generates the correct VRC and LRC on outbound records
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as required. If the PARITY option is ON then the Data
Concentrator will also verify the correct VRC and LRC on
intound records as well. If a parity error occurs on an
inbound record then tlke record is deleted and the comment
“DATA CHECK™ is printed on the terminal. If the PARITY
option is OFF then the Data Concentrator ignores all parity
check faults and the record is passed as—-is to MTS. For IBM
and CCI terminals this c¢ption defaults ON at connection
time, while for BSC terminals this option defaults OFF. For
Teletype terminals this option defaults ON only if the
answerback code has correct even paritye. Otherwise it
defaults OFF.

PREFIX. This option provides control over the MTS prefix as
it appears in response to 1line-delete and command
orerations. If this option is OFF then a line-delete or
command operation 1is performed entirely within the Data
Concentrator itself and without regeneration of the MTS
prefix characters. If this option is ON then each such
operation causes the MTS prefix character(s) to be printed
at the terminal immediately following the operation. This
option defaults OFF for all terminals at connection tinme.

QUEUE. (IBM terminals only) If this option is ON an
operator interrupt initiated by the ATTN (2741) or LINE
RESET {1050) keys while the printer 1is active causes the
keyboard to be unlocked at the end of the current output
line. If this option is OFF an operator interrupt while the
printer 1is active <causes the current output line to be
immpediately terminated and an attention interrupt to be
generated. In either case, if the printer is not active an
operator interrupt causes an attention interrupt to be
generated. This option defaults ON for IBM terminals at
connection time and is undefined for all other terminal
types.

READER. (Teletype and IBM 1050 terminals only) This option
provides control over whether the keyboard or the optional
paper—tape or card reader is active at the terminal. If
this option is ON in the case of paper-tape equipment
attached to Teletype terminals then the Data Concentrator
generates the DC1 (XON) and DC3 (XOFF) characters used to
control this equipment. If this option is ON in the case of
the IBM 1050 Data Communications System the Data
Concentrator polls the 1056 Card Reader instead of the 1052
keyboard. This option defaults OFF for Teletype and IBHM
1050 terminals at connection time and is undefined for all
other terminal types.

REPLY. (BSC terminals only) If this option is ON then the

Data Concentrator will expect a reply after every outbound
transmission which is to be acknowledged. It will nmeasure

3. Commands



22 Data Concentrator User?s Guide

the reply time autcmatically and use this measurement to
ccntrol the number of SYN characters generated before the
next message and thereby the turnaround time. If no reply
is received after an interval computed on the basis of the
present SYN count the <count will be increased and an ENQ
message will be initiated. 1If a reply is received before an
interval computed on the basis of the current SYN count then
the count will be decreased. This procedure 1is applicable
cnly following transmission of a text message or ENQ message
and is disabled by receipt of any acknowledgment, following
which the ENQ timeout 1is in effect (see the SYNC operand
description). This bLehavior 1is designed to adapt to
infrequent transmission errors yet minimize the average
turnaround time. If this option is OFF then the fields set
by the SYNC operand are wused for the SYN count and ENQ
timeout and the adaptive behavior is suppressed. This
option defaults OFF for ESC terminals at connection time and
is undefined for all other terminal types.

SYINC. {BSC terminals only) This operand sets two parameters
controlling the timing of the BSC terminal. The SYNC
operand takes the following form:

SYNC=n,m

where n is the number of SYN characters to be generated
preceding the message and m is the timeout (centiseconds)
for ENQ generation fcllowing a no-reply condition. The
value n may take on values from 1 to 63 with a minimum of 4
recommended, while the value m may take on values from 64 to
4095 (0.64 to 40.95 seconds) but will be rounded up to the
nearest multiple of 64. The defaults assumed at connection
time are equivalent tc SYNC=6,64.

SIZE., The maximum inbound record 1length is set by this
operand. Records received of longer lengths are split into
segmnents of no 1longer than this specification and are
blocked or not under control of the OVERFLOW option. The
SI1IZE operand takes the fcllowing form:

SIZE=n

where n takes on values from 1 to 256 bytes and defaults to
128 bytes at connecticn time for Teletype and IBM 2741
terminals and 256 bytes for all other terminal types. See
also the MTS DSR command LEN described in Section 3.2.

3.2 MTS Device Support (DSR) Commands

Note; Commands must begin with SOH SOH (i.e., CTRL-A CTRL-A
on Teletype terminals) if issued from a terminal; SOH if
issued as output from MIS (with prefixing off-- see aSP
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modifier description below, PFX device command description,
or MTS $SET PFX=OFF ccmmand) . The SOH <character 1is the
default DSR selection character {see the SEL conmand
description below).

TAB [ON] [OFF] ["X*] [nl1 12 ...]

This command is used to control input tabbing, i.e.,
the processing of tabs for input being sent from a terminal
to MTIS itself or to an executing program running in MTS.
The parameters may ke entered (after the characters "TAB"Y)
in any order, may be separated by any character(s) which are
not themselves legal rarameters, and are processed from left
to right. The parameters ON and OFF enable and disable tab
processing respectively. The parameter "X" sets the tab
character to any uprer case character X. The decimal
numbers (in the range 1 to 255) nl, n2, etc. are the tab
stops to be used. An error comment is printed for numbers
not within the 1 to 255 range and if more than 20 stops are
given. In such cases, the remainder of the input line after
the error is ignored, but the initial part takes effect. As
a convenience, tabbing i1s enabled {as with an CN parameter)
whenever a valid tab stop is set. Tab stops should be given
in numerically increasing order. Whenever a TAB command
contains at least one tat stop setting, all stops set by any
previous TAB command are reset. The default conditions are:
tabs OFF; tab stops at columnas 10, 16, and 35; and the tab
character is the EBCDIC HT {(i.e., HT (CTRL-I) on Teletype
terminals and "TAB" on IEM terminals).

Examples:

TAB ON

Enable tabbing, with stops as previously set or at 10,
16, and 35 if never set; and with tab character as
previously set or EBCDIC HT if never changed.

TABS=0N;10,20,30

Enable tabbing with stops at columns 10, 20, and 30.
The tab character remains the same. The ON parameter
is redundant in this example since the presence of a
tab stop setting turns tabs ON. The equal sign, semi-
colon, and commas were chosen arbitrarily in this
exanmple and are not required.

TABS 5 15 »;w 25 ,,, OFF

Set tab stops at 5, 15, and 25 and change the tab
character to semicolon ";", Disable tabbing. Note
that the OFF parameter must occur after (to the right
of) the last tab stop setting if it is not to be
overridden. The commas have no effect.
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HEX [ON] [OFF] [ “X"]

This command contrcls hexadecimal input conversion.
The parameters may be entered in any order. Any upper-case
character, X, may be used as the hex number delimiter. This
character defaults to a prime. Hex processing transforms
hexadecimal input <consisting of an even number of hex
characters (0ees9,A...F) delimited by the <current hex
delimiter into half as many bytes with the delimiters
removed. A delimiter may be entered by giving two
ccnsecutive delimiters. The hex processing is done before
the input 1line is examined for an initial DSR selection
character (indicating the presence of a command), before
taks (if any) are expanded, and before line number peeling
(if any) is done. If an input line begins with two DSR
selection characters, then the first is deleted and the line
is not modified further by the DSR. Hex conversion defaults
off. The CLEAR command disables hex processing and changes
the delimiter to prime.

Examgples:

HEX=0FF /%
Disable hex input, but change the delimiter to a slash.
The equal sign was chosen arbitrarily.

HEX ON

Enable hex input prccessing. The hex delimiter is not
changed, it remains a prime if it has not been changed
previously.

ABC'00¥B? *'TEST?*?.

This input 1line, when entered with hex processing
enabled and with prime as the delimiter, will result in
the following line of input (shown here in hex form):

C1C2C300FB4 C7DE3C5EZE37D4B

e
Il
=]

The right margin (RM) and 1left margin (LM) conmands
allow the terminal user to adjust the logical Iength of his
terminal carriage (the carriage length 1s equal to the RN
setting minus the LM setting). The actual RM and LM
settings are irrelevant since only their difference matters.
However, both numbers must 1lie in the range 0 to 255 and
their difference must ke greater than one. An error comment
is given for violation of these requirements and the
settings are not changed. Any MTS output line which, after
truncation ({see LEN conmmand), exceeds the logical carriage
length will be broken up into two or more 1lines each of
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length equal to the carriage length (except for the last
line which may be shcrter). Each extra output line
generated by this process will be prefixed with an asterisk
wixn, The default value of LM is zero. BRM defaults to 72
for Teletype terminals, 126 for IBM 2741 terminals, 144 for
IBM 1050 terminals and 255 for all other terminal types.

Examples:
RM 100
LM=6
LEN D

The 1length (LEN) command sets the output line
truncation length (in the range 0 to 255). Any output line
exceeding the current length setting will be truncated to
that length. The default LEN settings are: 72 for Teletype
terminals, 126 for IBM 2741 terminals, 144 for 1IBM 1050
terminals and 255 for all other terminal types. Except when
the @BIN modifier is given {see Section 3.3), input lines
are truncated to 128 <characters i1f the LEN setting is no
greater than 128, 255 if the LEN setting 1is greater than
128.

Examples:
LEN 100

LEN=30

CLEAR

This command, which requires no parameters, resets the
values of all command parameters to their defaults.

Ic [ON] [OFF])

The upper-case (UC) command permits all 1lower-case
input (such as can be typed on an IBM terminal) to be
converted to upper case. If disabled, conversion is
controlled by the MIS @aUC modifier. The default is ON for
IBM and Teletype Model 37 terminals and OFF for all other
terminal types.

£ [ON] [OFF]
The carriage control (CC) command permits the enabling

and disabling of output carriage control processing. The
command overrides the action of the @aCC modifier which
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normally controls the application of carriage control.
Using this command to enable or disable carriage control
recognition means that the MTS aCC modifier will be
completely ignored. The CLEAR command must be used to
return control to the @CC modifier (which is the default
condition).

Examples:
CC ON
CC=0FF
FX [ON] [OFF]
The prefix {(PFX) command operates analogously to the CC
ccmmand except that it applies to prefixing (both input and
output) and overrides the @SP modifier Dbit. The CLEAR

conmand must be used toc return control to the @aSP modifier
(which, again, is the default condition).

Examples:
PFX OFF PLEASE

SEL l!x"

This command changes the current selection character
for the MTS DSR to any upper—-case character X. The
selection character, which defaults to SOH, must be the
first character of any command line. In addition, any line
which begins with two selection characters will have the
first one deleted and will not be treated as a command by
the DSR. The CLEAR ccmmand resets the selection character
to SCH.

Examples:
S EL "Q“
SELECTION ®. %

DCN'T

The DON'T ccmmand prevents the Data Concentrator fronm
disconnecting the telerhone connection after signoff.
Fcllowing the printing of the last 1line of the signoff
message, the operator may enter an attention character which
(if MTS has completed the signoff process) will cause MTS to
print the announcement message again as if the operator had
just dialed in. A new $SIGNON command may then be eantered.
This command permits the operator to signon under a
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different user i.d. withcut placing another (perhaps 1long
distance) phone <call. If there 1is no response to the
attention character, the operator should re-enter the
character until MIS responds. Note that after signing on
fcllowing a DON'T signoff, the DON'T command must be Te-
issued if another [CN'T signoff is desired. The CLEAR
ccemand resets the DCN'T switch.

JOB

e g

The JOB command causes a line of output tc be printed
which gives, amcng other things, the MTS device name (DCXX)
and UMMPS job number (nnnn) as printed in the announcement
message.

3.3 MTS Modifiers

cC

The MTS logical carriage control modifiers aCC and @-CC
affect the application of carriage control processing to
Data Concentrator output. Current 1legal carriage control
characters (a carriage control character is the first
character of the output 1line, not including prefix
character, if any) are:

1 Skip 6 lines

- Skip 2 lines {triple space)

0 (zero) skip 1 line {double space)
& No carriage return at end of line
(See also CC command description.)

SP

The MTS special modifiers (&SP and a@-SP) <control the
processing of MIS prefix characters for the Data
Concentrator. The @SP mcdifier applied to an I/0 operation
prohibits the use of prefixing on that operation, i.e., no
prcempting character(s) are printed if the operation is input
and no character(s) are prefixed to the output line for
output type operations. The modifier @-SP enables prefixing
fcr the operation.

Users should note that to have a line of output from
MIS recognized as a command, it is necessary to turn
prefixing off with the aSP modifier, the PFX OFF device
command, or the MTS $SET PFX=OFF command because the final
output line including prefix character(s), 1if any, is
composed before command recognition is performed. Since the
first prefix character is generally not an SOH {or the
current DSR selection character) an output command line will
not be recognized as such unless either prefixing is off or
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the prefix starts with SCH. (See also MTS subroutine SETPFX
description in Volume 3 of the MTS manual, third edition.)

EIN

The MTS binary modifiers @BIN and @-BIN control the
application of output character translation. In addition to
disabling the translation, the @#BIN modifier also disables
carriage control processing, prefixing, command recognition,
tabbing, hexadecimal conversion, line number peeling, output
or input line truncation, output margin stop processing, and
any other operations which affect the input or output data.
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4, TERMINAL OPERATIONS

The operaticn of the various terminals that <can be
attached to the Data Concentrator will be described in the
fcllowing sections. Throughout the discussion it will be
assumed that the user is familiar with the operation of MTS
itself. In the sections describing the operation of
particular terminal types it will be assumed that the user
is familiar with the lasic operation and construction of the
terminal itself. Certain system operations, especially
those concerned with record formation and error recovery,
are common for all terminal types. These operations are
summarized in Section 2.

In order to avoid confusion between several models of
the same terminal, which may differ only in their keyboard
and printing element configuration, the various functions
performed by the Data Concentrator will be associated with
tte characters in the native code of the terminal which

initiates then. Where meaningful, the key combinations
which produce a <character will be shown in parentheses
fcllowing the character. See alsc Appendices B and C for
further information regarding the conventional

interpretation given the control characters of the various
native codes.

4.1 Teletype Models 33, 35 and 37

All Teletype terminals operate using the ASCII code
{see Appendices A and B), which <contains 128 code
ccmbinations. Each character 1s transmitted with an eyven
parity check bit unless specified otherwise (see the BINARY
and PARITY option descriptions and the @BIN MIS modifier
description). Mcdels 33 and 35 operate at 110 bits-per-
second (baud) (10 characters—-per-second) with an 11-bit
frame size (see Appendix D), while the Model 37 operates at
150 baud (15 <characters-per-second) with a 10-bit franme
size. These transmission rates can be changed with the
CLOCK option.

A Teletype terminal operating in the full-duplex mode
provides a facility for using MTS in an efficient manner.
Because of the full-duplex operation, it is possible for a
Teletype operator toc input lines tc MTS at any time, even
when MTS is not waiting for input. The terminal operator
can anticipate input requests from MIS and queue lines ahead
to satisfy those reguests. The Data Concentrator will
buffer the lines and transmit them to MIS as they are
requested. It is permissible to type while output 1is in
progress with the result that output continues normally
until the end of the current output line, at which time the
input 1line which has been {(or is being) typed is echoed.
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The INTERLOCK option can be used to modify this behavior.

A Teletype terminal can also be operated in the half-
duplex mode or in either of two paper-tape input modes.
Special consideration is necessary in the operation of
paper-tape equipment which does not respond to the standard
tape-control <characters DC1 (XOFF) and DC3 (XOFF) as
described in Section 4.1.2. Various combinations of modes
and options can be used to realize special behavior where
required. Some of these will be found wuseful for the
operation of special terminal equipment which functions in a
manner similar to Teletype terminals.

4.1.1 Operations. Following is a description of the control
functions performed by the Data Concentrator in connection
with Teletype terminals. Each of these functions is
initiated by a contrcl character generated by the terminal,
as shown in Figure 5.

The End-of-lLine characters for Teletype terminals are
CR (RETURBRN) and DC3 (CTRL-S also called XOFF). A npew-line
sequence (CR-LF) will be echoed to the terminal following
one of these characters.

The Character-Delete {Backspace) character is BS (CTRL-
H) « This character may be entered repeatedly to backspace
over more than one character. The underscore character "_¥
{which prints as 1left arrow on some terminals) will be
echoed to the terminal unless the backspacing has reached
the beginning of the input line and there remains nothing to
kackspace over, in which <case further backspaces are
ignored. The BS character is ignored if the EDIT option is
CFF.

The Line-Delete character is DEL (RUBOUT). An entire
line may be completely canceled by sending a DEL character
at any time before an End-of-Line character is entered. A
pound sign "#" will be echoed followed by a new-line
sequence. The pound sign provides a visual indication that
the input 1line was not transmitted to MTS. The editing
function provided by ltackspace and line-delete is processed
entirely by the Data Ccncentrator (however, see the PREFIX
option description). The DEL character is ignored if the
ELIT option is OFF.
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Code 33/35 Keyboard Function

NUL CT EL-SHIFTI-P Ignored

ETX CTERL-C End of File

EOT CTEL-D End of Transmission
ENQ CTEL-E Attention

ACK CTEFL-F Ignored

BS CTERL-H Character Delete

LF LF Ignored

CR CR End of Line

DLE CTEL-F Literal Next

DC1 CTFL-Q Ignored

DC2 CTRL-R Start Printer/Punch
DC3 CTEL-S End of Line

DC4 CTEL-T Stop Printer/Punch
ESC ESC (CTRL-SHIFT-K) Echo On/0ff

DEL RUBCUT Line Delete

BREAK BREAK Attention

Figure 5. Teletypewriter Control Characters

The End-of-File characters are ETX (CTRL-C) and EOT
(CTRL-D) . A backslash character followed by a new-line
sequence is echoed to the terminal when either of these
characters are received. The EOT character has, in
addition, special significance in TAEBE mode. The backslash
provides a visual indication that an end-of-file was entered
to end the input line. It should be noted that a non-null
input 1line ended by an end-of-file is actually transmitted
as two separate records in MTS, the first being a normal
data record (return code of zero from READ), and the second
being a zero leagth record with an end-of-file indication
{return code of 4 from READ).
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The Attenticn interrupt is generated by either the
BREAK signal or the ENQ (CTRL-E) character. An exclamation
point "!" Followed by a new-line sequence is echoed to the
terminal. The Data Concentrator will purge the output
buffer whenever an attention interrupt is received from a
terminal. If the attention 1is received while the Data
Concentrator is transmitting an output 1line, then the
pcertion of the output 1line not yet transmitted will be
purged. An exclamation point "!" Followed by a new-line
sequence is appended to the end of the truncated output line
to indicate where in the output data stream the purge
occurred. An attention received while an input line is in
rrogress but not yet ended causes that line, along with all
other lines which might be queued, to be deleted. A pound
sign character followed ty a new-line sequence is 1inserted
in the echo buffer to indicate that the partial input 1limne
has been deleted.

The ENQ character is ignored if the EDIT option is OFF.
The BREAK signal will not cause an attention interrupt if
the EDIT option is OFF, tut will result in a reset of the
terminal options as described in Section 4.1.3, however.

The Literal-Next character is DLE (CTRL-P). This
character causes the Lata Concentrator to interpret the pext
character as a data character regardless of whether it nmay
be a control character. In such a case the control
character itself will be echoed and not the special echo
sequence that is usually echoed. For example, the sequence
"CIRL-P RETURN" will pnot end an 1input 1line, but will
actually place a CR character in the input buffer for
transmission to MTIS. 1In this case a CR will be echoed to
the terminal, but no LF will follow the CR.

The ESC character {(which may also be typed as CTRL-
SHIFT-K on Teletype terminals which lack an ESC key) causes
the Lata Concentrator to invert the echoing on/off switch.
This character may be entered before and after passwords so
that the password is not echoed. The ESC character itself
is not transmitted to MTS. An End-of-Line, End-of-File,
Line-Delete or Attention character will automatically turn
echoing back on. Echcing can be disabled entirely by the
ECHO option. The ESC character is ignored if the EDIT
option is OFF.

It is possible for a terminal operating according to
Teletype protoccl tc control output operations at the
terminal. If a DC4 (CTRL-T) is entered from the keyboard
all output operations, whether printer or paper—-tape punch,
will be suspended. If the DCU4 character is entered during
an output operation the output operation will immediately
stop. Output operations will continue when a DC2 (CTRL-R)
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character 1is received by the Data Concentrator. No output
data will be lost and the DC2 and DC4 characters will not be
transmitted to MTS. This feature is useful for special
processing equipment and remote computers connected to the
Data Concentrator via 103A data sets.

The NUL (CTRL-SHIFT-P), ACK (CTRL-F), LF and DC1 (CTRL-
C) characters are completely ignored by the Data
Concentrator and are not transmitted to HMTS. In addition,
the BS (CTRL-H), ENQ (CTRL-E), ESC (CTRL-SHIFT-K) and DEL
(RUBOUT) are ignored if the EDIT option 1is OFF. In any
case, however, if any of these characters are preceded by
the literal-next (DLE) character, then they will not be
ignored and will be transmitted to MTS as data.

Figure 7 summarizes the special echo sequences
transmitted in respcnse to the various control functioas.
If a control <character 1is preceded by the 1literal-next
character the control character itself is echoed and not the
special echo sequence shown. If the ECHO option is OFF, no
echoing of any kind is allowed to occur.

Function Echo
End of line new-line
End of file backslash/new—line

Character delete

Line delete #/new-line
Attention 1/nevw~-line
Ignored none

Figure 8. Teletypewriter Special Echo Sequences

In addition to these special echo sequences, certain
other <characters transmitted to the Teletype terminal cause
special behavior. If a forms-control character (CR, HT, VT
and FF) is transmitted the Data Concentrator will execute a
220-millisecond delay to allow the forms movement to be
ccmpleted before printing the next character. This delay is
controlled by the DELAY option.

4.1.2 Options and Modes. Four modes are available for
Teletype terminals. These are set using the mode operand of
the CONTRCL command. The applicable options include the
BINARY, CLOCK, DUPLEX, ECHO, EDIT, INTERLOCK, OVERFLOW,
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PARITY, PREFIX, REALER, and SIZE options, which are
described in detail 1in Section 3.1. The four modes are
described belovw.

FLX (Full-Duplex). This is the default mode for Teletype
terminals. In this mode the return echo is produced by the
Data Concentrator and may include special echo sequences for
editing control characters. The special echo sequences are
prcduced by certain input characters, as shown in Figure 5
and described in the frevious section. All other characters
are echoed exactly as received. The return echo provides a
means of visual indication of the data as received by the
Data Concentrator. iransmission errors from a Teletype
terminal to the Data Concentrator will show as garbles on
the Teletype terminal printer. A mechanism has been
provided in the Vbata Concentrator to defeat this echoing
Frccess (see the ECHO option and HDX mode) .

The FDX mode is invoked by the MCDE=FDX operand of the
CCNTEOL command, which 1s equivalent to the following
crticns:

CN=DUPLEX, ECHO,EDIT ,CVERFLOW OFF=BINARY,READER SIZE=128

HDX _{(Half-Duplex). In this mode the terminal itself
rerforms the return-echo process and the Data Concentrator
transmits only the special echo sequences for editing
control characters. The special characters for line
termination and editing are the same as those defined for
FDX mode. In HDX mcde it is not permissible to type while
cutput is in progress.

The HDX mode is invoked by the MCDE=HDX operand of the
C(NTEFOL command, which is equivalent to the following
crticns:

CN=ECHO,EDIT,OVERFLOW OFF=DUPLEX,BINARY,READER SIZE=128

TAPE. This mode 1is intended for paper-tape input in
symbolic format and 1s useful for input of tapes punched
either off-line or by a terminal connected to HMTS. Tapes
may be read onrly from Teletype terminals equipped with a
paper-tape reader which responds to the <control characters
LC1 (CTRL-Q also called KON) and DC3 (CTRL-S also called
XOFF). The terminal must also be <capable of full-duplex
operation. The Data Concentrator will send a DC3 to the
terminal to stop the reader only in the case when a conmplete
record has been received before the preceding record has
teen processed by MIS. When the preceding record has
finally been processed the Data Concentrator sends a DC1 to
restart the reader. In many instances the HNTS input
processing rate will be sufficiently high so that the reader
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will run continuously.

Equipment such as the Teletype Model 33ASR, which does
not respond to these ccntrol characters, can still be used
with the Data Concentrator but the operator should be warned
that a fair probability exists that data will be lost if the
total number of input characters exceeds about 250. Is
suggested that echoing te disabled using the ECHO option in
such cases.

The TAPE mode is invoked by the MODE=TAPE operand of
the CONTROL command, which is equivalent to the following
options:

ON=ECHO, OVERFLOW,READER OFF=EDIT,BINARY SIZE=128

Note that the EDIT option defaults OFF in TAPE nmode. This
means that certain editing control characters are ignored
and cannot be transmitted unless preceded by a 1literal-next
{CLE) character. This Lbehavior can be overridden of course
ty means of an ON=EDIT operand following the mcde operand.
Note also that the FARITY option is not affected by any of
the mode operations; therefore, 1f the tape is not punched
with corrrect even—-parity characters the OFF=PARITY operand
should also be used.

The ECHO option defaults ON in TAPE mode and therefore,
since echo lines have priority over output lines, the order
of input echo 1lines and MTIS output 1lines may not be
preserved as they appear on the printer. For this reason it
is suggested that MTS prefixing be disabled, either by the
@SSP MTS modifier, EFX OFF MTS DSE command, or the $SET
PFX=CFF MTS command. For exanmple, the following MTS command
might be used to copy a paper-tape to a file or device:

$COPY *SOURCE*@SP TO fdname

where FDname is the name of the file {or device) to which
the tape is to be copied. This command can be given either
before or atfter entering TAPE mode. If it is desired to
keep the input echo lines and MTS output lines in sequence,
the INTERLOCK option should be turned ON. The following
Data Concentrator cosmand will result in that confiqguration

CCNTECL MCDE=TAPE ON=INTERLOCK

Once TAPE mode has leen entered the READER command can
be used to start the reader, after which automatic operation
will then continue. An EOT {CTRL-D) character should be
entered when the tape reading is concluded, either from the
keyboard or from the tape itself. This character will
transmit an end-of-file indication to MTS, stop the tape
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reader and return the terminal to either the FDX or HDX
mcdes, whichever was in effect prior to the issuance of the
MCDE=TAPE operand. Pressing the BREAK button will also
cause an exit from TAPE mode, but may not stop the tape
reader and will not cause an end—-of-file indication to be
transmitted to MTS. The BREAK button will not cause an
attention interrupt in this case.

BINARY. This mode is intended for arbitrarily coded paper-
tape input format and is useful for the input of binary
tapes punched by peripheral equipment. Since the data are
assumed to be binary rather than symbolic the normal ASCII-
to-EECDIC code translation is not performed. Therefore, all
code conmbinations are treated as data and transmitted to MTS
with the high-order (parity) bit being placed in the high-
order bit position 1in each System/360 byte. A record is
formed by counting the number of input characters. When the
default record size of 256 characters has been reached the
record is automatically ended and transmitted to MTS. The
SIZE option can be used to change the default record size.

The BINARY mode is invoked by the MODE=BINARY operand
of the CONTROL command, which is equivalent to the following
options:

ON=BINARY, READER O¥F=ECHO,EDIT,OVERFLOW SIZE=256

Note that the @BIN modifer is required. To copy binary data
to an MTS file the following form might be used:

$COPY *SCURCE*®BIN TO fdname

The @BIN modifier also turns off prefixing. It is not
necessary to apply the @BIN modifier on the output file nanme
since the file routines never do character translation and,
therefore, ignore the @BIN modifier. If the copy is to a
device rather than a file, it may be necessary to apply @BIN
to the device (or pseudo-device) name. This will depend on
whether the device involved normally does character
translation (if ASCII to EBCDIC translation is desired on
the tape input then TAPE mode should be used instead).

See the section cn TAPE mode for a description of the
terminal hardware cbharacteristics required for BINARY tape
input mode. Operation of that eguipment is described in the
same section.

The BREAK button is used to exit from BINARY mode and
return to either FILX or HDX mode, depending on which of
these modes preceded BINARY mode. The BREAK will not cause
an attention interrupt in this case. An EOT (CTRL-D)
character should be sent from the keyboard to end the HMTS
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copy operation.

4.1.3 Option Combinations. The four modes are mutually
exclusive. The BINAFY cption precludes the EDIT and PARITY
ofptions. The remaining cptions can ke applied or not in any
ccmbination, although scome combinations may not result in
useful device behavior. Figure 6 summarizes the options set
by the four mocde operands. Where neither ON or OFF is
specified for an opticn, that option is not changed by the
mcde operand.

MCDE =-> FDX HDX TAPE BINARY
BINARY CFF CFF OFF ON
CUPLEX ON CFF - -

ECHO ON CN GON OFF
EDIT ON CN OFF OFF
QVERFLOW ON CN ON OFF
READER OFF CFF ON ON
SIZE 128 128 128 256

Figure 6. Teletypewriter Option Combinations

In all modes the BREAK button and the EOT (CTRL-D)
character act like an implicit CONTECL command which resets
the options to the following values:

ON=ECHO,EDIT,OVERFLOW CFF=BINAKY,READER SIZE=128

In addition, if the EDIT option is ON, the BREAK button
causes all queued input lines to be deleted and an attention
interrupt to be transmitted to MTS. The EOCT character
initiates the end-of-file function as well if the BINARY
option is OFF. The PARITY option defaults ON 1if the
answerback code has gocd (even) parity at connection tinme.
Otherwise it defaults OFF. The other options default at
connection time to <correspond to the following CONTROL
commands:

CONTROL MODE=FLX CLOCK=B OFF=INTERLOCK,PREFIX

4.1.4 Transmission Errors. The Data Concentrator monitors
each input operation for a variety of error conditions,
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including the data check, overrun and buffer overflow
conditions described in Section 2.3.4. At the time that the
Lata Concentrator processes the character which caused the
error condition a EREAK signal is sent to the terminal to
intorm the operator of the error. The BREAK signal turns on
the OUT-OF-SERVICE 1light on the terminal and disables its
keyboard. Following this action a diagnostic message will
be transmitted to the terminal and operation can be resuned
after pressing the BRFAK RELEASE button.

Under unusual circumstances it may happen that every
character entered causes the BREAK signal to be transmitted
to the terminal and the QUT-OF-SERVICE lamp to ke
illuminated. This might be due to a terminal malfunction or
to a buffer overflow condition in the Data <Concentrator
itself. If such a condition 1s suspected the operator
should press the BREAK button, which causes the Data
Concentrator to reset the error flags and reclaim the
buffers allocated to the terminal. If the trouble persists
after pressing the BREAK RELEASE button, the terminal should
be disconnected and the trouble reported to the Computing
Center.

4.2 IBM 2741 Communications Terminal

The IBM 2741 Communications Terminal operates using the
PTTC <code (see Appendices A, C and D), which contains 64
code combinations. Each character is transmitted with an
o0dd parity check bit at a transmission rate of 134.5 bits-
per-second (baud) (about 14.8 characters-per-second). The
transmission rate can be changed with the CLOCK option.

The Data Concentratcr operates the 2741 in a manner
which permits the operatcr to enter input whenever output is
not in progress. The Data Concentrator will keep the
keybcard unlocked whenever possible. This permits the
oferator to gueue input in a manner similar to the nmethod
available to Teletype terminal users. However, because of
keyboard differences, the protocol for the 2741 differs
slightly.

4.2.1 Operations. Following 1is a description of the
functions performed by the Data Concentrator in connection
with the IBM 2741 Comnmunications Terminal. Most of these
functions apply equally to the IBM 1050 Data Communications
System described in Section 4.3. Each of these functions is
initiated by a control character generated by the terminal
as shown in Figure 8.
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Code Keyktoard Function

NL RETURN End of Line

ETB ALIN CODING-ECSB End of Line

¢ ¢ End of File

BS EACKSFACE Character Delete

Line Delete

CAN ALTN CODING-CAN Data Check

BYP ALIN CCDING-BYP Suppress Printing
RES ALIN CODING-RES Resume Printing
EOT ALTN COLCING—-EOT End of File

uc SHIFT Upper-case Shift
LC SHIFT Lower-case Shift
RS - Reader Stop

- ATTIN Attention (2741)
- LINE RESET Attention (1050)

Fiqure 8. 1IEM Terminal Control Characters

Some of the characters shown in Figure 8 cannot be produced
on the 2741 keyboard. All can be produced on the 1052
keyboard of the 1050 terminal. The INTERLCCK and QUEUE
options have special significance for IBM 2741 and 1050
terminals and are descrited in Secticn 3.1 and in Section
4.2.2 below.

The End-of-Line characters are NL {RETURN) and ETB
(ALTN CODING-EOQOB).

The Character-Delete (backspace) character 1is the BS
(EACKSPACE) . This «character can be entered repeatedly to
delete more than one character, but 1is 1ignored once the
input line has been ccmpletely deleted.

The Line-Delete <character 1is the underscore non

character. An entire input line may be completely canceled
ty sending an undersccre character at any time before the NL
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has been entered. The line-delete operation is performed by
the Data Concentrator immediately wupon receiving the
underscore, so it is not possible to backspace over the
line-delete character itself. The Data Concentrator
responds to the line-delete character (as well as the end-
of-file character "¢") by locking the keyboard and sending a
new-line sequence. Therefore the NL (RETURN) character
should not be entered following this <character. This
response 1is deferred until the terminal shifts to lower-
case. Any characters entered between the underscore and the
lower-case shift are ignored.

The end-of-file <character is the cent sign ngn
character. As in the case of the line-delete character, the
Data Concentrator autcmatically responds to an end-of-file
character with a new-line function. Note that a non-null
input line ended by the end-of-file character is passed to
M1S before the end-of-file indication itself.

The ATTN button (or the LINE RESET button on the 1050
terminal) operates in a slightly different fashion than the
Teletype terminal attention characters and depends upon the
INTERLOCK and QUEUE options. If the QUEUE option is ON and
if the INTERLOCK opticn is OFF, and 1if the terminal is
printing an output line, then pressing the ATTN/LINE RESET
button indicates to the Lata Concentrator that the operator
desires to enter an input line. The Data Concentrator will
stop printing at the end of the current output 1line and
unlock the keyboard sc that input may be typed. The
cperator may then enter an input line, which will be queued
in advance of MTS processing. Alternatively, the operator
can press the ATIN/LINE RESET button again (when _the
keyboard is unlocked) and this causes an attention interrupt
to be transmitted to KTS just as a ENQ or BREAK would from a
Teletype terminal. Thus the ATTN/LINE RESET button serves
the dual function of {1) requesting use of the keyboard when
it is locked and (2) sending an attention to MTS when it is

unlocked.

The QUEUE and INTERLOCK options may be used to modify
this behavior. If either the INTERLOCK option is ON or the
CUEUE option is OFF, the ATTN/LINE RESET button will cause
an attention interrupt to be transmitted to MTS, whether
output is pending or not; and, therefore, it is not possible
to gqueue input lines if printing is in progress. When the
ATTN/LINE RESET button causes an attention interrupt to be
transmitted to MIS the Data Concentrator responds by sending
an exclamation point followed by a new-line sequence.

The Literal-Next character is the exclamation point

nyn, The literal-next character followed by any of the
characters in Fiqure 7 will cause the EBCDIC code
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corresponding to that character to be transmitted to MTS and
the control function norrally associated with that character
to bLe suppressed. The keyboard will remain unlocked and,
except in the case of RETURN, the carriage position will be
unchanged. The exclamation point is also used in a manner
analogous to the Teletype terminal CTRL key. if the
character following the exclamation point has an EBCDIC code
whose hexadecimal value lies in the range 80 - FF then 1its
code 1is masked so that the resulting code lies in the range
00 - 3F. The latter code is transmitted to MTS. This
feature is useful for entering the EBCDIC code for SOH in
connection with command operations (see Section 3). The SCH
character can be produced by the two-stroke key combination
12,

As there is no way to disable 1local printing of the
keybocard characters, there can be no operation equivalent to
that performed by the Teletype ESC character. However, 1if
the PW= field of the $SIGNCN command is omitted, MTS will
blacken a space in which the password can be typed.

4.2.2 Options and Modes. There are no modes (cther than the
default) applicable to the 2741 terminal. The applicable
options include the BINARY, CLOCK, EDIT, INTERLOCK,
OVERFLOW, PARITY, PREFIX, QUEUE, and SIZE options, which are
described in detail in Section 3.1. The INTERLOCK and QUEUE
options have special significance for 2741 and 1050
operations and are descriked further below.

INTERLOCK Option. When the INTERLCCK option is turned ON
for an IBM Model 2741,1050 terminal its operatiocn is changed
ccnsiderably. The general effect that the INTERLOCK option
has on the behavior of a terminal is described in the
section which describes the INTERLOCK option. The INTERLOCK
option also changes the behavior of the ATTN (2741) and LINE
RESET (1050) buttons. With the INTERLOCK option ON, the
ATIN and LINE BRBESET buttons always cause an attention
interrupt. If the terminal is printing at the time ATTN or
LINE RESET is pushed, the output 1line is truncated and
terminated with an exclamation point followed by a new-line
sequence. It is suggested that the INTERLOCK option be used
in conjunction with the PREFIX option. This will cause the
M1IS prefix characters to be repeated whenever a line delete
occurs. It is important to note that if the INTERLOCK
option is ON and an attention condition has been transmitted
to MTS then another attention cannot be entered until MTS
comes back with a read operation. This means that if a
user's program or MTS ignores an attention then the operator
will be hung until the user program or MTS terminates the
operation the operator desires to interrupt. This problenm
exists only for IBM Mocdel 274171050 terminals.
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CUEUE Option. If this option 1is turned OFF then the
keyboard is still unlocked whenever possible but, in
addition, ATTN/LINE RESET will cause an immediate attention
interrupt during output and truncate the output line (see
the CUEUE option for details).

4.2.3 Transmissicn Errors. The Data <Concentrator monitors
each input operation for a variety of error conditions,
including the data check, overrun and buffer overflow
conditions described in Section 2.3.4. At the time the Data
Ccncentrator processes tle character which caused the error
ccndition the 2741/1050 keyboard is locked and a diagnostic
message 1s transmitted tc the terminal.

Under unusual circumstances it may happen that every
character entered from the keyboard will cause an apparent
transmission error. This might be due to a terminal
malfunction or a buffer overrun condition in the Data
Concentrator itself. If such a condition is suspected the
operator should press the ATTN/LINE RESET button, which
causes the Data Concentrator to reset the error flags and
reclaim the buffers allocated to the terminal. If the
trouble persists after pressing the ATTN/LINE RESET button,
the terminal should be disconnected and the troulkle reported
to the Computing Center.

4.3 IBM 1050 Data Compunications_Systenm

The basic 1050 Data Communications System consists of
the 1051 Contrcl and 1052 Keyboards/Printer. A 1056 Card
Reader can be attached to the basic system and is supported
by the Data Concentrator programming. An auxiliary 1053
Printer can be attached to the basic system, as well as a
1C54 Printing Card Punch and a 1055 Paper-Tape Reader,
although no specific programming is incorporated in the Data
Ccncentrator system to support these devices.

The IBM 1050 Data Ccmmunication System operates using
the PTTC code (see Aprendices A, € and D), which contains 64
ccde combinations. Each character is transmitted with an
odd parity check bit at a transmission rate of 134.5 bits-
per-second (baud) (abcut 14.8 characters—-per-second). The
it rate and character framing constants are identical with
those of the IBM 2741 Communications Terminal described in
Section 4.2. The transmission rate can be changed with the
CLCCK option.

The operaticn of the 1050 is very similar to that of
the 2741 except in the choice of certain control characters.
In addition, the 1050 can be equipped with a card reader,
which is operated as described in Section 4.3.2.
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4.3.1 Operations. The ccntrol functions applicable to the
1050 are similar tc those of the 2741 Data Communications
Terminal and are described in Section 4.2.1. Some minor
differences do exist, however, and these are described
telow.

The End-of-Line characters are ETB (ALTN CODING—-EOB)
and NL (RETURN).

In addition to the 2741 end-of-file character "¢" the
EOT (ALTN CODING-EOT) is also effective for this purpose on
the 1050. The Data Ccncentrator responds to either of these
characters with a new-line sequence.

The attenticn interrupt is generated by the LINE RESET
buttcn, which is equivalent in operation to the ATTN button
on the 2741. However, because of the construction of the
1C50 control unit, the LINE RESET button causes the terminal
to immediately go intc a deselected state. Therefore, it
printing 1is in progress it will abruptly halt with the
remainder of the output 1line being lost. The Data
Concentrator will automatically terminate incomplete output
lines with a new-line function. If the INTERLOCK option 1is
CN and the LINE RESET caused an attention function then the
output line will be terminated with an exclamation point
fcllocwed by a new-line functicn.

The Literal-Next character is exclamation point ",
Its behavior parallels that on the IBM 2741 Communications
Terminal. However 1t 1s worth mentioning the effect that
literal-next has when applied to <characters which are
available only on the 1050 terminal. Literal-next followed
by EOT, EOB, BYP or RES will generate the EBCDIC codes for
ECT, ETB, BYP or RES resfpectively.

The 1052 keyboard has a pair of keys which can be used
to suppress the printing of confidential information. These
are the ALT CCDING-BYPF and AIT CCDING-RES key <combination,
which generate the BYP and RES characters respectively.
These keys affect only the 1050 control unit; the BYP and
RES characters are ignored by the Data Concentrator and are
nct transmitted to MIS.

4.3.2 Options and Modes. All of the options described for
the IBM 2741 Data Ccmmunications Terminal in Section 4.2.2
are in addition availatkle for the 1050. In addition, two
mcdes are available for the 1050 which provide for input
either from the 1052 keytoard or the 1056 card reader.

EYBCARD. In this mode input 1is expected from the 1052
eyboard. Characters can be entered at any time the green
PFOCEED lamp is on. This is the default mode assumea at

K
X
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connection time and can Le set at other times by the
MCDE=KEY BOARD operand tc¢ the CONTROL command, which 1s
equivalent to the following options:

(N=EUIT CFF=REALER

CARDS. The Data Concentrator provides card-reader support
for IBM 1050 Data Communications Systems with an attached
Mcdel 1056 Card Reader. The card reader must be equlpped
with the extended character reading special feature. This
feature allows the card reader to read EBCDIC cards punched
on the IBM 029 Keypunch. The CARDS mode can ke invoked by
the MODE=CARLS operand of the CCNTECL command, which 1is
equivalent to the fcllowing options:

(N=FKEADER OFF=ELIT

The card reader 1is ©placed 1in ready status by the
fcllcwing steps:

(1) The console switch labeled READER 1 should be in
the ON positicn. The AUTC-EOB switch on the card
reader should ke in the ON position.

(2) The cards should be properly positioned 1in the
card reader hofpfger.

(3) The card reader FEED button should be pressed in
order to rfosition the first card at the read
station.

If the AUTC-EOB switch is ON it 1s not necessary to punch an
ETB or NL character at the end of each card, since the card
reader itselt provides the NI-ETB sequence following each
card read. If the AUTO-EOB switch is placed in the OFF
rosition and an ETB is punched in the card, then an increase
in net transmission rate <can be achieved if the nonblank
informaticn punched in the <card 1is short. The Data
Concentrator will transmit a new-line sequence to the 1052
printer each time an ETB is received from the card reaaqer,
so that each <card will ©be listed on the printer on a
separate line.

All cther switches may be lett in the position indicated 1in
Section 2.1 for normal 1050 keyboard operations. The card
reader will be activated and proceed to transmit card images
after the following Data Concentrator command is issued from
the keyboard:

CONTROL MOLE=CARLS ON=INTERLOCK

Note that the command must begin with the two-character
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sequence !A (SOH) in order that the command be interpreted
as a Data Concentrator ccmmand and not as an MTS input line.
1f the "ON=INTERLCCK" portion of the command is not used
then the card reader will not start automatically. The
READER command can be used to start the card reader.
Pressing the LINE REALER START button will also start the
card reader. The FROCEED 1light should be CN before the
button is pushed. An alternate way to place the terminal in
CARDS mode would be tc have the first card in the input deck

ccntain the CARDS mode ccmmand.

The card reader will continue to operate automatically
until any of the four following conditions arise:

(1) The card reader becomes empty and the last card
has been read.

{2) The terminal ofperator presses LINE RESET.

(3) The STOP CODE switch is set to SENSE and a stop
code (9-5) is read from a card.

{4) An EOT code (9-7) is read from a card.

If the card reader runs out of cards more cards may be
loaded and, when the first card has been positioned using
the FEED button, the card reader will automatically continue
creration.

Pressing LINE ©ERESET is equivalent to an implicit
command of the forn

CONTHECL MCLE=KEYBOARD

and returns control to the keyboard. If LINE RESET is
pressed in the middle cof a card reader operation the input
buffer at the Data <Concentrator will be purged of the
partial card card image that may have been received.

It the card reader stops due to a STOP CCDE the «card
reader will continue if the LINE READER START button is
pressed.

An EQT <code behaves like an implicit CONTROL
MCDE=KEYBOARD command and returns control to the keyboard.
This character also causes an end-of-file indication to be
transmitted to MTS. This code can be punched on a card
which then becomes an end-of-file to the MTS ©progranm. The
EOT code causes an automatic card eject, so that if another
deck of cards follows, it will be in position for a
subsequent MODE=CARLS command.
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The LINE RESET button can always be used to escape from
CAFDS mode. Another way to return to KEYBOARD mode is to
include a card in the input deck which changes the mode back
to KEYBOAHD mode. Once control returns to the keyboard,
another mode command is required in order to return to CARDS
mode.

All <card codes including the cent sign "“eg© and
underscore " _" are valid and will be treated as text with
the following excepticns:

BS (11-9-6) performs the backspace editing operation,
and

ETB {(0-9-6) terminates the card and ends the current
record. The card will be ejected. 1In the normal
case with the AUTO-EOB switch in the ON position
the card reader will automatically generate the
ETB character following the 80th card colunn.

BYP {(0~-9-4) and BRES (11-9-4) can be used as in KEYBOARD
mode to prevent printing of confidential
information. These characters are not transmitted
to MTS.

UC (9-6) and LC (12-9-6) are case-shift codes and are
deleted by the 1050 itself.

EOT {0~7) causes an end-of-file and implicitly changes
the mode to KEYBOARD (see above).

! (11-8-2) retains the literal-next behavior effective
in the KEYBCARL mode.

4.3.3 Option Combinations.s The KEYBOARD and CARDS modes are

mutually exclusive. The remaining options can be applied or
not in any combination, although some combinations may not
result in useful device behavior. Figure 9 summarizes the
cptions set by these two mode operands.

MODE -> KBD CARDS
EDIT ON OFPF
READER QFF ON

Figure 9. 1IBM 1050 Option Combinations

the default options assumed for the 1050 at connection time
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correspond to the following operands of the CONTROL command:

MODE=KEYBOARD CLOCK=C ON=OVERFLOW,PARITY,QUEUE
OFF=INTERLOCK, PREFIX

4.3.4 Transmission Errors. The procedures used by the Data
Concentrator in the event of 1050 transmission errors are
identical to those used in the event of 2741 transmission
errors and are descriked in Section 4.2.3. The 1050 is
operated with more sorhisticated error recovery procedures;
however, and it may happen that these procedures may detect
an error which the 2741 grocedures do not.

If an input line is ended with one of the end-of-line
characters NL (RETUEN) or ETB (ALTIN CODING-EOB) and the
input line contains an error, then the terminal DATA CHECK
light will turn on, the RESEND light will remain on and an
error diagnostic message will be transmitted to the
terminal. In this case the Data Concentrator has deleted
the input line and is waiting for the operator to repeat it.

If the Data Concentrator detects a transmission error
in the data received from the card reader it will reply with
a character that causes the card to be read once again. In
addition an error diagnostic message will be transmitted to
the terminal. The <card reader will stop and manual
intervention will be required. The card should be ejected
from the reader and corrected. After re-feeding the card
into the reader, the operator can start the reader with the
LINE READER START key or the READER command. Cards punched
with invalid EBCDIC code combinations will also cause the
same behavior, that is they will be treated as transmission
€IIOLS.

4.4 Computer Communications Incorporated _Model _300 Iv
Cisplay

The Computer Comnunications Incorporated (CCI) Model
300 IV Display is a video-readout terminal using an integral
core-memory refresh buffer. The refresh buffer is also used
to hold pre-edited input records to MTS before transmission
to the Data Concentrator. The equipment operates at 1200
bits-per-second (baud) using 202C data sets operated in the
half-duplex mode. Further informaticr concerning the use of
this terminal in M1S is available from the Mental Health
Research Institute.

L4.4.1 Operations. Since input records to MTS are held in
the refresh buffer of the CCI terminal all editing
orerations are performed there. Editing therefore consists
of manipulating the blue-topped cursor controls and retyping
as required. Lines may be queued in advance of HNTS

4. Terminal Operations



48 Data Corcentrator Usert!s Guide

processing as with other terminals. For this reason the
keyboard is unlocked whenever not actually transmitting to
the Data Concentrator. Up to 256 characters may be included
in any input record; longer input records will be blocked as
described 1in Section 3.1 under the OVERFLOW and SIZE
ortions.

When ending an input record the <cursor 1is positioned
just following the last character of the record. The CTL-
TRANS key combination is then pressed to signal the Data
Concentrator that a record ds waiting. The Data
Concentrator will then write an end-of-line code on the
screen, reposition the cursor to the first character of the
record and then <cauyse the terminal to transmit all
characters up to but not 1including the end-of-line
character.

The end-of-record cocde is generated by the CTL-TRANS
key combination and is used also following the end-of-file
code and the attention interrupt. The end-of-file code 1is
generated by the backslash key and the attention code by the
ATIN button installed at the upper right <ccrner of the
keyboard. If the keyboard is unlocked when the ATTN button
is pressed, the operator must also press the CTL-TRANS key
combination. The literal-next character is the exclamation
pcint "!", which can le used also in the fashion described
in Section 4.2 for IEM terminals, that is, to generate
certain EBCDIC code ccmbinations in the first gquadrant of
the EBCDIC code table. 1I1f the caret code is included in an
input record then the screen will be erased automatically
before the next 1line 1is written on the screen. None of
these codes are transnitted to MTS.

U4.4.2 Options. The options applicable to <CCI terminals
include BINARY, CLOCK, HOLD, INTERLOCK, OVERFLOW, PARITY,
PREFIX and SIZE options, which are described in Section 3.1
above. All of these options, with the exception of the HOLD
option, have the same function as with other keyboard-
oriented terminals. The HCLD option can be used to cause
the ocutput process to cease when the screen is full. If the
screen becomes full and the HOLD option is ON output stops
and the keyboard is wunlocked. If the CTL-TRANS key
ccmbination is pressed the screen will be erased and output
will begin again. If the HOLD option is OFF the screem is
automatically erased when it becomes full and output is not
interrupted. The default options assumed at connection tinme
are equivalent to the following operands to the CONTROL
ccmmand:

CN=HCLD,OVERFLOW,PARITY C(FF=BINARY,INTERLOCK,PREFIX CLOCK=A
SIZE=256
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4.4.3 Transmission Errors. The Data Concentrator monitors
each input operation for a variety of error conditioans,
including the data check, overrun and buffer overflow
conditions described in Section 2.3.4. Any of these
conditions will cause the Data Concentrator to delete the
associated input 1line, reposition the cursor and cause the
terminal to retransmit the 1line. This process will be
continued until the line is correctly received or until an
attention interrupt is recognized. If an error occurs when
the Data Concentrator attempts to read the cursor address,
the attempt will be repeated until the cursor address is
correctly received.

4.5 Binary Synchronous Ccmmunications (BSC) Terminals

This section describes the procedures wused with the
2014 data sets attached to the Data Concentrator. The
terminals using these data sets are called generically
Binary Synchronous Ccmmunications ({BSC) terminals, although
several different transmission protocols and coptions may be
enjoyed by individual terminals of this type. It was the
intent of the design of the support for these terminals to
provide service for ‘"standard" IBM Binary Syachronous
Communications terminals used for remote job entry as well
as for highly interactive remote computer terminals used for
graphics processing. On an interim basis, support 1is also
extended to certain terminals of an older type for the
purpose of convenient transition to the newer protocols.

The 201A data sets used by the Data Concentrator are
standard models operated at 2000 bits-per-second (baud),
equipped with the external clock feature (the timing signals
are generated by the Data Concentrator) and strapped for the
short-turnaround option. This means that the data sets can
be switched between the traansmit and the receive modes
{"turned around") in about eight milliseconds. Using the
CDUPLEX node {see below), the overhead for message
acknowledgment is typically 1less than 70 milliseconds,
including the time to transmit the ending sequence, receive
the acknowledgment and transmit the beginning sequence of
the next record. This compares with greater than 350
milliseconds using more conventional IBM protocols.

The 201A interface adapters used by the Data
Concentrator have been repackaged for use by remote PDP-7,
-8 and PDP-9 computers. Several of these adapters are
presently in use, although other hardware can be used for
this purpose of course. Whatever hardware is used, however,
it should by <capable of half-duplex operation, automatic
synchronization on the ASCII SYN character (octal 026) and
an 8-bit frame size. Users contemplating connection via
these facilities should contact the Computing Center for
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further details.

4.5.1 Transmission Protocol. The transmission protocol used
for 201A data set operation is modeled closely after IBM
Binary Synchronous <Communications ([BSC) protocol. The
operation of the systems 1likely to be connected to Data
Ccncentrator facilities is much more interactive than the
usual IBM equipment, hcwever; and for this reason the Data
Concentrator protocol is tuned for rapid turnaround and
sreedy recovery from potential error conditions.

At present actually three protocols are supported by
the Data Concentrator:

(1) The so-called CONCOMP protocol, which has been in
use since 1967 in an older version of the Data
Concentrator control program. At sone time,
hopefully in the near future, the CONCOMP protocol
can be removed and the system performance thereby
improved. {This c¢lder protocol suffered greatly
from various ills due to lcst records, contention
and so fortkh.)

(2) A protocol designed to be compatible with current
IBM systems, that is, in a contention~with-bidding
environment, where the special conversational
features of the Data Concentrator protocol have
been suppressed.

(3) The proposed standard "DUPLEX" protocol with all
the bells and whistles useful for interactive
remote computer systems.

The options applicable to BSC terminals include the
BID, BINARY, DUPLEX, INTEELOCK, <$DD, OVERFLOW, PARITY,
PREFIX, REPLY and SYNC options, which are discussed in
Section 3.1 above. The varicus protocols are invoked as
ccmbinations of these options, either individually or using
the MODE operand of the CONTRCL command. The CONCOMP
protocol is invoked by the MODE=CONCOMP operand, which is
equivalent to the following options:

CN=CONCOMP OFF=BIL,DUPLEX,ODD,PARITY,REPLY SIZE=256

The IBM protocol is invoked by the MCDE=IBM operand, which
is equivalent to the following options:

ON=BID,0DD,PARITY CFF=CONCOMP,DUPLEX,REPLY SIZE=256

The DUPLEX protocol is invoked by the MODE=DUPLEX operand,
which is equivalent to the following options:
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ON=DUPLEX,ODD,PARITY,REPLY OFF=BID,CONCOMP SIZE=256

Many variations in these basic protocols can be constructed
using different coszbitations of options. The various
options set by the three mode operands are summarized in
Figure 10.

MODE -> CCNCOMP IBM DUPLEX
BID OFF CN OFF
CONCOMP CN CFF OFF
DUPLEX OFF CFF ON

oDD CFF ON ON
PARITY CFF CN ON
REPLY QOF F OFF ON
SIZE 256 256 256

Figure 10. BSC Mode Combinations

Note: until the various users of the CONCOMP protocol have
been flushed from the wuser population it is necessary to
assume the CONCOMP mode for all BSC terminals at connection
tine. The default options presently assumed at connection
time are equivalent tc the following operands of the CONTROL
ccomand:

EODE=CONCOMP ON=QOVERFLOW OFF=BINARY,INTERLCCK,PREFIX
S1ZE=256 SYNC=6,64

The following procedure can be used to change to other modes
“on-the-fly" by a terminal equipped to operate only in that
pode:

(1) Ignore the first message transmitted by the Data
Concentrator at connection time. This will have
the format:

SYNe..SYN DIE CR % S A nan :CONCOMP DLE CR
BCC1 BCC2 PAD

vhere SAnn is the device name assigned when the
call is ansvered {(see Section 2.2 and Figure 1).
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{(2) Transmit a Magic Message in the £format given in
Section 4.5.2. This message has the same control
character and checksum conventions established for
the "new" nodes and is a standard Data
Concentrator command but not preceded by a
selection character (see Section 3.1). This
command should be structured to set the desired
options and modes. Note that the first message
transmitted by the Data Concentrator has not been
acknowledged at this time.

(3) When the [ata Concentrator has received this
message ccrrectly it will respond with an
"acknowledgment" of the form:

SYN...SYN LCLE DLE ACK PAD

which is an indication that the modes and options
requested in (2) have in fact been accomplished.
Any other respcnse indicates that the message was
received incorrectly and should be retransmitted.

Operation in the '"new" protocol <can now comnmence;
however, the first message transmitted by the Data
Concentrator has not yet been acknowledged. This can be
accomplished in the wusual way in the new protocol and
operation in that protococl can ensue.

In the following only the DUPLEX protocol will be
described in detail. Fortunately, the CONCOMP protocol has
nct been described formally anywhere. The IBM protocol is
described in [5 and 6]. The various features possible in
the LUPLEX protocol are discussed 1in Section 3.1 under
"Options" and will not be discussed further here.

The control characters used in all protocols are
interpreted according to the ASCII conventions (see Appendix
B) and given the code ccmbinations shown in Appendix A.
Note that if the PARITY option is ON, all inbound control
characters are checked fcr correct odd parity. Even parity
inbound control characters are ignored in some sequences and
re-interpreted in others, depending on a "best guess" of the
nature of the error and the most efficient recovery
procedure.

Every record which is transmitted either by the Data
Ccncentrator or the remote computer begins with a PAD
character, continues with several SYN characters and ends
with a single PAD character. The PAD character is coded as
the character consisting only of one bits. The number of
SYN characters is set by the SYNC operand of the CONTROL
ccmmand and is initially set at six. A record may contain
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either a text message, an acknowlegment or, if the DUPLEX
opticn is ON, may contain both concatenated as a single
record. A text message is always transmitted in transparent
mcde, that is all code ccmbinations are valid. The text
message terminates with a two-byte checksum calculated as
described in Appendix E. The acknowledgment is a one or
more character sequence designed to return to the
transmitter the status of the receiver after a text message.
This may take several forms, as described below.

Two special messages are defined for error recovery and
attention interrupt functions. If the transmitter has lost
the status of the receiver following transmission of a text
message it sends the ENQ message, which is transmitted in
lieu of a text message. The remote computer c¢an cause an
attention interrupt in the MTS program running on the Model
€7 with the RVI message, which is transmitted in lieu of an
acknowledgment. If the DUPLEX option is ON then the Data
Concentrator will concatentate the acknowledgment and text
messages wherever possible. If this option is OFF it will
transmit each as a separate record; but, in any case, two
succeeding records will ke separated by an interval equal to
at least that of the reply timeout (see below). (The coding
of these messages has been subverted from IBM conventions
which assign these messages slightly different functions.)

If the DUPLEX option is ON, a text message may be
transmitted 1in the same record as an acknowledgment (for
traffic flowing in the converse direction of course), but in
this case the acknowledgment must precede the text message.
If an acknowledgment is to be transmitted by itself, then
the single character EOT is appended in lieu of the text
message. An ENQ message can be transmitted in lieu of a
text message, that is, by itself or immediately following an
acknowledgment. An RVI message can be transmitted in lieun
of an acknowledgment, that 1is, followed either by a text
message, ENQ message or a single ECT character. If the
CUPLEX option is ON then the the possible combinations are:

<text message>
<ENQ message>
<acknowledgment> EOT
<acknowledgment> <text message>
<acknowledgment> <ENQ message>
<RVI message> EQT

<RVI message> <text message>
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<RVI nessage> <ENQ message>

If the DUPLEX option is CFF then all of these nmessages and
acknowledgments are transmitted as separate records and the
ECT character is not transmitted. Note that it is possible
under certain conditiocns to transmit more than one
acknowledgment in a single record. If this is the case all
of the acknowledgments are concatenated together and
transmitted in the position shown.

4.5.2 Message Format. The format of a text record is:

PAD SYN...SYN DLE SCH (text) LDLE ETB BCC1 BCC2 PAD

where BCC1 and BCC2Z are the two characters of the checksunm,
All characters in the text are included in the checksum
(except as noted below) as well as the ETB which follows.
These are the o¢nly characters 1in the record which are
included in the checksum. None of the control characters
shown_ _will be transmitted to MTS on_inbound records_and_all
will be generated by the Data Concentrator _on__outbound
records. The code conmbinations used for the text characters
can be any 8-bit combination with the fcllowing two

exceftions:

(1) The character LDLE appearing in the text 1is coded
as the twc-character sequence DLE-DLE in the
message. Orly the second 1s included in the
checksum.

(2) The two-character sequence DLE-SYN 1is completely
deleted by the receiver. Neither character is
included in the checksum. (This seguence is used
in some IBF equipment to reset receive timeouts.)

Following recognition of either a text message or an
ENQ message the receiver transmits an acknowledgment
consisting of a one or more character sequence. This
sequence consists of the single character NAK if the
receiver has detected a checksum discrepancy, the two-
character sequence I[LE-? {WABT) 1f the message has been
received without error but the receiver is unable to accept
further messages at this time, and one of the two-character
sequences DLE-0 (ACKO) or DLE-1 (ACK1) if the nmessage has
been received without error and the receiver is able to
accert the next message. The choice of which of the two
sequences ACKO or ACK1 is made by the following rule: The
ackncwledgment to the first transmission is always ACK1 and
alternates thereafter between ACKO and ACK1 following every
successfully received text message. It does not alternate
if the record is received in error or if an ENQ message is
received. Note that transmission of an ACKO/ACK1 sequence
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imrlies a WABT sequence; so, if the receiver transmits an
ACKO/ACK1 sequence first following reception of a text
message, the WABT sequence should not be transmitted. The
WABT sequence is useful in connection with the REPLY option
and in cases where message processing at the receiver is
temporarily suspended due to a timing constraint. Following
are several typical records containing acknowledgments:

PAD SYN...SYN DLE O EOT PAD
PADL SYN...SYN NAK ECT PAD

PAD SYN...SYN DLE 2?2 [L[LE O DLE STX (text) DLE ETX BCC1 BCC2
PAD

Note the last record, which shows how acknowledgments and
text messages can be concatenated in a single record. This
example also illustrates a possible timing situation in
which the WABT and ACKO sequences are included in the same
record. Terminals attached to the Data Concentrator should
be able to correctly process such records, which can occur
as the Data <Concentrator receiver changes state during
transmission of the WABT sequence itself.

Figqure 11 summarizes the DLE sequences used for
acknowledgments. These, together with the single characters
NAK and ACK are the only valid acknowledgments. Although
the only transmission code supported by the Data
Concentrator at present is the ASCII code, the [LE sequences
for the EBCDIC code are also shown for completeness.

Name ASCII EBCDIC {('HEX?')
ACKO DLE-0O DLE-*'70?
ACK1 DLE-1 DLE-*61"
WABT DLE-? DLE-*7F?
RVI DLE-< DLE-*7C?

Figure 11. DLE sequences

The ENQ message is coded as the two-character sequence
DLE-ENQ. Following are examples of typical records
containing this messace:

PAD SYN...SYN DLE ENC PAD
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PAD SYN...SYN DLE O DLE ENQ PAD

The RVI message is coded as the two-character seguence
DLE-<. Following are examples of typical records containing
this message:

PAD SIN...SYN DLE < EOT PAD
PAD SYN...SYN DLE < DLE SOH (text) DLE ETB BCC1 BCC2 PAD

There are several possible variations in the basic text
message. If the BINAFY cption is COFF and if a received text
message begins with the DLE-SOH sequence, it will be
translated from the native (ASCII) code to the systen
(EECTCIC) code as aprropriate. Furthermore, it is
“yulnerable" to command language operations both in the Data
Concentrator and in tlte MTS DSR system. If a text message
begins with the DLE-STX sequence, the text will not be so
translated and will be immune from command interpretation.
Note that the @BIN modifier should be applied to the MTS
read operation in such a case. If the BINARY option is ON
then the ASCII-EBCDIC translation is disabled regardless of
whether or not the DLE-SOH sequence is used. If the text
message ends with the DLE-ETB segquence as shown a normal
ending condition is assumed. If, on the other hand, the
text message ends with the LLE-ETX segquence an end-of-file
ending condition is assumed. This is the manner in which a
remote computer can transmit an end-of-file indication to
MIS.

An MTIS write operation with the @BIN nmodifier will
cayse the Data Concentrator to begin the transmitted text
message with the DILE-STX sequence. All other write
operations will result in the DLE-SOH sequence.
Furthermore, an MIS prefix transmission will be terminated
by the ETX sequence; all other transmissions will be
terminated by the ETB sequence.

As a special concession to simple terminals which <can
tclerate an occasioral dropped or duplicated text message,
the Data Concnetrator will accept the single character ACK
as an acknowlegement. This character is interpreted as
either ACKO or ACK!1 as appropriate. The Data Concentrator
never transmits this character as an acknowledgment. Note
that a simple terminal can ignore entirely a received WABT
acknowledgment and «can interpret both the ACKO and ACK!1
acknowledgments without respect to the count of transmitted
text messages as described in Section 4.5.2. Such terminals
can, in additiomn, elect not to transmit the WABT
acknowledgment if their receiver processing is temporarily
delayed; but, in this case, the REPLY option should be OFF
to prevent erroneous turnaround delay calculations by the
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Data Concentrator. If such a terminal is not equipped to
generate odd-parity ccntrol and translated (nonbinary) text
characters, the PARITY option should be OFF. Finally, a
simple terminal can ignore entirely the ENQ message,
although this is a drastic simplification which severely
handicaps the error recovery procedures.

4.5.3 Transmission Errors. The Data Concentrator moanitors
each input operation for a variety of error conditions,
including the data <check, overrun and buffer overflow
conditions described in Section 2.3.4. The data check
condition can occur with BSC terminals only if the PARITY
option 1is ON and a translated (nonbinary) text character is
received with incorrect (even) parity. The overrun and
buffer overflow conditions will be recorded only if the
cendition is detected on a text character. In any of these
cases, if the <checksur accompanying the text message is
correct the appropriate acknowledgment will be transmitted
and a diagnostic message will be transmitted to the terminal
in the correct format. This message must be acknowledged by
the terminal in the usual manner. 1f, on the other hand,
the checksum accompanying the received text message is
incorrect the NAK acknowledgment will be transmitted and the
recovery performed in the usual fashion. These <conventions
are designed to support remote multi~-device data
concentration and batch entry equipment.

Transmission link errors show up in these systems in
two uways:

(1) The receiver understands the transmitted record
but has detected a checksum discrepancy;

(2) Either the receiver has not synchrcnized on the
SYN sequence, has 1lost the ending sequence (and
the checksum), or the transmitter has failed to
understand the acknowledgment.

In the first case the receiver returns the NAK
acknovledgment, which the transmitter interprets as a
request to retransmit the record. In the second case the
transmitter does not know the status of the receiver, so,
after a discrete timeout interval (which may be set by the
SYINC option), it transmits the ENQ message. If the receiver
understands this sequence but has not understood the end of
a previous text message it inmediately deletes any text
accumulated and returns the NAK acknowledgment to the
transmitter.

If the receiver is temporarily busy it may return the

WABT acknowledgment, which the transmitter will interpret as
a successfully-received record, but will not transmit a
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further record. The ENQ timeout continues to run at the
transmitter in such a case. If the receiver is in an idle
or non-busy state it shculd return its last_acknowledgment,
either ACKO or ACK!1 as appropriate. The transmitter will
retransmit the last record if the choice of these two does
not agree with its owr. 1In other words, a "bad" ACK is
treated as a NAK.

Finally, if the remote computer transmits the RVI
message the Data Concentrator will interpret it as both a
positive acknowledgment to the last transmitted record and
as an attention interrupt to MTS. Note that this message is
not itself acknowledged and can be lost in the flurry of
contention. For this reason it is recommended that use of
this message be avoided. As an alternative the special Data
Concentrator command ATIENTION can be transmitted as a text
message for the purpose of causing an attention interrupt.
This message 1is acknowledged in the usual way, of course,
and stands a high protltability of being punched through under
severe contention ccnditions. It is recommended that the
remote computer use the ENQ message to recover fronm
suspected contention kangups.

4.5.4 Timeouts. The Data Concentrator uses several timeouts
to aid in error recovery and to minimize contention. These
timecuts are designed to minimize the requirements of the
remote computer system and, in fact, allow the remote systen
to operate effectively without any timeouts whatsoever
except a slightly impatient operator. These timeouts are
executed as follows:

(1) During transmission of a text message the two-
character sequence DLE-SYN will be inserted in the
text at nominal one-second intervals. The renote
computer should ignore these sequences entirely;
although they are necessary for certain IBY
equipment.

{2) If an attempt is made to start transmission and
the remote ccmputer has not stopped transmitting
(as indicated by a loss of «carrier), the Data
Concentrator will execute a nominal 50-millisecond
timeout, after which it will once again attempt to
begin transmission. Note that certain received
sequences, such as an ENQ message or a checksun
sequence fcllowing a text message, will cause the
Data Concentrator to suspend this criterion and
begin transmission regardless of the state of
carrier.

{3) Following transeission of a text message or ENQ
message the Lata Concentrator will execute the

4. Terminal Operations



Data Corcentrator User's Guide 59

reply timeout as described wunder the REPLY and
SYNC options above. If the REPLY option is ON
then the tiring of the reply generated by the
remote computer system 1is used to establish the
SYN count and the reply timeout interval itself.
If no reply has Leen received before this second
timeout expires an ENQ message 1s generated and
the timeout is increased and executed again. If a
reply is received before this timeout expires the
reply timecut 1is decreased. This procedure 1is
terminated ty any received acknowledgment.

(4) Following termination of the reply timeout
described abcve, the Data Concentrator will
execute the ENC timeout as described under the
REPLY and SYNC options above. If this timeout
expires before an ACKO, ACK1 or RVI acknowledgment
is received an ENQ message is generated and the
timeout executed again. This procedure will
continue until either an ACKO, ACK! or RVI
acknowledgment 1s received.

Further details of transmission protoccl can be
obtained from <cognizant members of the Computing Center
staff. A special loader is available which can, in a crude
tashion, load a PDP-8 fprogram over the 201A data set link.
A stripped-down version cf the contrcl program which rums in
the Data Concentrator is also available. This program is
intended to replace tke cld RAMPS55 program which is 1in use
at several installaticns.

4.6 Paper-Tape Bulk I/O Egquipment

A high-speed paper-tape reader (300 char/sec) and punch
(60 char/sec) are an integral part of the Data Concentrator
equipnent. These devices operate using fan-fold {only)
eight-channel paper c¢r mylar tape and are intended for
light-duty operation. Since these devices require
considerable manual operator intervention to lcad and unload
tapes and to unsnarl the occasional Jjams, users are
requested to batch their Jjobs whenever possible and to
notify the machine operators of any unusual demands placed
on the equipment. Users requiring more than about 100 feet
of tape (12,000 characters) are requested to submit bulk
tape for punching, although the tape submitted may not be
the actual tape used for punching the user's job. The
quantity and type of tape to be submitted will be arranged
on an individual basis as the needs arise.

4.6.1 Paper-Tape Punch. The userts 3job acquires the
paper—tape punch through the *MCUNT subroutine (see
elsewhere MTS publications). For example, the following MTS
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command will acquire the paper-tape punch:
$RUN *MOUNT PAR=PTPP *TAPE*

where *TAPE* is the pseudo-device name assigned the paper-
tape punch within the  user*s job. The *MOUNT routine
produces a special header in which the user's signon i.d.,
the date and time are punched in a directly readable
format.it is preceded and followed by a number of DEL codes
and separated from the beginning of the punched data by
about a foot of blank tape. A trailer consisting of about a
foot of blank tape followed by an ASCII EOT code is punched
when the paper-tape punch is released, either by the
*DISMOUNT subroutine or when the user signs off.

Data are transmitted to the paper-tape punch using the
standard MTS c¢cmmands and subroutines as with any other
output I/C device. Fcr example, the MTS command

$CCPY fdname TO *TAPE¥

can be used to transmit the contents of the file or device
fdname to the paper-tape punch. Records transmitted should
not be longer than 256 bytes and can be punched byte-by-byte
exactly as received (using the @BIN modifier) or with
translation to ASCII {usually using the @SP modifier).

No Data Concentrator commands are applicable to the
paper-tape punch, although several MTS DSR commands and
modifiers are useful (see Section 3.2). The PFX and EOF
commands and @#SP and ®@BIN modifiers have particular
relevance to this device.

U4.6. 2 Paper-Tape Reader. The paper-tape reader attached to
the Data Concentrator is intended for use only when the IBM
2871 Paper—-Tape Reader attached to the Model 67 1is not
practical. The orly application im which the Data
Concentrator equipment is recommended is when large volumes
of fan-fold eight-channel tape must be processed. Users
with such applications are requested to contact the
Computing Center, and all such requests will be processed on
an individual basis.
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5. APPENDIX A. CCDE TRANSLATION TABLES

The tables on the following five pages show the code
translation tables used by the Data Concentrator for the
various terminals that may be attached to the systen. The
ASCII code is used by Teletype, CCI and BSC terminals, while
the PTTC code is used by IBM terminals. The last table is a
cross index of the names given the control charactecrs in the
various codes and the preferred (EBCLIC) names used by the
systenm.

The code used by the terminal 1is <called the native
code, while that wused by the Data Concentrator and MTS
{({EBCDIC) is called the system code. The translation tables
from the native code to the system code are shown for ASCII
(Figure 2) and PTTC (Figure 3). Native <code combinations
corresponding to blarks in these tables are mapped into the
character coasisting only of zero bits in the system code.

The translation tables from the system code to the
native codes can be derived from Figure 1. Since all native
code combinations are represented separately in the systen
code, that subset of Figure 1 corresponding to the graphic
and control functions of the native code 1is the actual
translation table used. System code combinations for which
no native graphic or control function exist are mapped 1into
the character consisting only of zero bits in the native
code with the following exceptions: in the mapping to the
ASCII code the NL (New line) character is mapped into the
two-character sequence CR (Carriage Return) followed by LF
{Line Feed).
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CAT EBCLIC ASCII ITY PTTC FUNCTION
NUL NUL MULL Null
cC SOH SOH SCoM Start of Heading
CC STX STX ECA EOA (D) Start of Text
cC ETX ETX ECM End of Text
EC PF PF Punch Off
FE HT HT H.TAB TAB Horizontal Tab
GR LC 1C Lower Case
DEL DEL FUBCUT T[EL Delete
SMM Start of Manual Message
FE VT VT V.TAB Vertical Takb
FE FF FF FORM Form Feed
FE CR CR RETURN Carriage Return
GR SO 50 L0 Shift Out
GR SI SI SI Shift In
CcC DLE DLE [Cco Data Link Escape
DC DC1 DC1 X-CN Device Control 1
LC DC2 DC2 TAPE ON Device Control 2
TH DC3 X-C:FF Tape Mark/Dev Ctrl 3
LC RES RES Restore
FE NL NL New Line
FE BS BS BS Backspace
IL iL Idle
CAN CAN FEO CAN Cancel
EM EM 1 End of Mediunm
cC Cursor Control
Ccu cu1 Customer Use 1
1S IFS FS sS4 Info Field Separator
15 IGS GS S5 Info Group Separator
I8 IRS RS S6 Info Record Separator
Is 1us us s7 Info Unit Separator
ED DS Digit Select
ED 50S Start of Significance
ED FS Field Separator
LC BYP EYP Bypass
FE LF LF LF LF Line Feed
CcC ETB ETB LEM EOB (B) End of Text Block
ESC ESC £3 PRE Escape
SM Set Mode
cu cu2 Customer Use 2
of ENQ ENQ KRU Enquiry
cC ACK ACK FU (Y) Acknowvledge
BEL BEL BELL Bell
cC SYN SYN SYNC Synchronous Idle
DC PN PN Punch On
LC RS BS Reader Stop
GR uc uc Upper Case
CC EOT EOT ECT EQOT (C) End of Transmission
cu cu3 Custoner Use 3
LcC DC4 DCY TAPE OFF Device Control 4
ccC NAK NAK EBRBCR (N) Negative Acknowledge
SUB SUB 52 Substitute

Appendix A. Code Translation Tables



66 Data Concentrator User?®s Guide

Notes: the categories of characters are defined by the
fclloving:

CcC (Communication Control). A functional character
intended to contrcl or facilitate transmission of
information over communication networks.

FE (Format Effector). A functional character wvhich
controls the layout or positioning of information in
printing or display devices.

IS (Information Separator). A character which is used to
separate and qualify information in a logical sense.
There is a group of four such characters, which are to
be used in a hierarchical order.

DC {Device Control). A functional character used for the
control of ancillary devices associated with data
processing of telecommunication systens, more
especially switching devices "on" and "off."

ED {Edit and Mark). A control <character used by the
System/360 Edit and Mark (EDMK) instruction for the
formatting of alphanumeric fields.

GR (Graphic Control). A control character indicating that
the code comtinations which follow are to be
interpreted in a particular code table, depending upon
the particular ccntrol character.

cu (Customer Use). A character excluded from future
assignment by IENM. These M"protected" codes are

intended for use by customer systems so that their use
will not conflict with a possible future IBM use.

Table 1. Control Functions
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6. APPENDIX B. €LOSSARY OF ASCII CONTROL FUNCTIONS

The following glossary is compiled from [14]. It

summarizes the <cconventional interpretations assigned the
ASCII control functions as used in Teletype terminal control
and Binary Synchionous Ccmmunications systems.

NOL

SCH

STX

ETX

ECT

ENQ

ACK

BEL

BS

(Null). The all-zeros character which may serve to
accomplish time fill and media fill.

{Start of Heading). A communication control character
used at the beginning of a sequence of characters which
constitute a machine-sensible address or routing
information. Such a sequence 1is referred to as the
heading. An STX character has the effect of
terminating a heading.

(Start of Text). A communication <control character
which precedes a sequence of characters that is to be
treated as an entity and transmitted through to the
ultimate destinaticn. Such a sequence is referred to
as text. STIX may be used to terminate a sequence of
characters started by SOH.

({End of Text). A ccmmunication control character used
to terminate a sequence of characters started with STX
and transmitted as an entity.

(End of Transmission). A communpication control
character used to indicate the <conclusion of a
transmission, which may have contained one or more
texts and any associated headings.

(Enquiry). A communication control character used in
data communication systems as a request for a response
from a remote staticn. It may be used as a "Who Are
You" (WRU) to obtain identification, or may be used to
obtain station status, or both.

(Acknowledge) . A communication control character
transmitted by a receiver as an affirmative response to
a sender.

{Bell). A character for use when there is a need to
call for human attention. It may control alarm or

attention devices.

(Backspace). A format effector which controls the
movement of the [printing position one printing space
backward on the same printing line (applicable also to
display devices).

Appendix B. Glossary of ASCII Control Functions
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{Horizontal Tabulation). A format effector which
controls the mcvement of the printing position to the
next in a series of predetermined positions along the
printing 1line (apflicable also to display devices and
the skip function or punched cards).

(Line Feed). A format effector which controls the
movement of the printing position to the next printing
line (also applicable to display devices).

{Vertical Tabulaticn). A format effector which
controls the mcvement of the printing position to the
next in a series of predetermined printing lines (also
applicable to display devices).

(Form Feed). A format effector which <controls the
movement of the printing position to the first
predetermined printing line on the next form or page
(also applicable to display devices).

(Carriage Return). A format effector which <controls
the movement of the printing position to the first
printing positicn c¢n the same printing 1line (also
applicable to display devices).

{Shift Out). A control character indicating that the
code combinations which follow shall be interpreted as
outside of the character set of the standard code table
until a Shift In character is reached.

(Shift In). A ccntrol character indicating that the
code combinations which follow shall be interpreted
according to the standard code table.

{Data Link Escape). A communication control character
which will <change the meaning of a limited number of
contiquously following characters. It is used
exclusively to provide supplementary controls in data
communication networks.

pC2, DC3, DCY (Device Controls) . Characters for the
control of ancillary devices associated with data
processing or telecommunication systens, more
especially switching devices "on" and "off." (If a
single *"stop" contrcl is required to interrupt or turn
off ancillary devices, DC4 is the preferred
assignment.)

(Negative Acknowledge). A communication control
character transmitted by a receiver as a negative
response to a sender.
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(Synchronous Idle). A communication contrcl character
used by a synchrcnous transmission system 1in the
absence of any other character to provide a signal from
which synchroniss may be achieved or retained.

(End of Transmission Block). A communication control
character used to indicate the end of a block of data
for communication purposes. ETB is used for blocking
data where the block structure 1is not necessarily
related to the processing format.

(Cancel). A control character used to indicate that
the data with which it is sent is in error or is to be
disregarded.

[End of Medium). A control character associated with
the sent data which may be used to identify the
physical end of the medium, or the end of the used, or
wanted, portion of intormation recorded on a medium.
(The positicn of this character does not necessarily
correspond to the physical end of the medium.)

(Start of Special Sequence). A control character used
to indicate the start of a variable length sequence of
characters which have special significance or which are
to have special landling.

{Escape). A control character intended to provide code
extension (supflementary characters) in general
information interchange. The Escape character itself
is a prefix affecting the interpretation of a limited
number of contiqgucusly fcllowing charactercs.

(File Separator), GS (Group Separator), RS (Record
Separator) and US (Unit Separator). These information
separators may be used within data in optional tashion,
except that the hierarchical relationship shall be: FS
is the most inclctsive, then GS, thean RS, and US is
least inclusive. (The content and length of a File,
Group, Record or Unit are not specified.)

{Delete). This character is used primarily to "erase"
or "obliterate" erroneous or unwanted characters in
perforated tape. (In the strict sense, DEL 1is not a
control character.)
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7. APPENDIX C. GLOSSARY OF PTTC CONTRUOL FUNCTIONS

The following glossary is compiled from IBM
documentation. It summarizes the conventional
interpretation assigned the FTIC control functions, as used
by the IBM 2741 Communications Terminal and the 1050 Data
Communications System.

EN {Punch On). A device control character used to start
the 1055 Paper-Tape Punch when attached to the 1050
Data Communicaticns System.

RES (Restore). A device control character which causes the
1052 Printer/Keyboard and the 1053 Printer when
attached to the 10£0 ©[ata Communications System to
resume printing following a BYP (Bypass) character.

BYP (Bypass). A device control character which causes the
1052 Printer/Keyboard and the 1053 Printer when
attached to the 1050 Data Communications System to
suspend printing until an RES (Restore) character is
reached.

PF (Punch Off). A device control character used to stop
the 1055 Paper-Tape Punch when attached to the 1050
Data Communicaticns Systen.

uc {Upper Case), LC (Lower Case). Control characters used
to indicate that the code combinations which follow are
to be interpreted according to selected portions of the
code table.

BS (Backspace). A format effector which controls the
movement of the printing positions one printing space
backward on the same printing line.

ETIB (End of Text Block - also called EOB, circle-B). A
communication <ccntrol character used in the 1050 Data
Communication System to end a record containing text
information. This character is always followed by the
LRC (Longitudinal Redundancy Check) character.

RS {Reader Stop). A device coantrol character used to stop
the 1056 Card Reader when attached to the 1050 Data

Communications Systen.

N1 {New Lline). A format effector which <controls the
movement of the printing position to the first printing
position on the next printing line. (This character
causes the same action as a combination CR (Carriage
Return) and 1F {line Feed) sequence.
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({Line Feed). A format effector which controls the
movement of the printing position to the next printing
line.

(Horizontal Tabulation). A format effector which
controls the movement of the printing position to the
next in a series of predetermined positions along the
printing line.

(End of Transmission - also called <circle-C). A
communication control character which causes the device
and its control unit to be reset and to revert to the
control-receive state following a message transmission
sequence. This character 1is wused in the 1050 Data
Communications System before polling and addressing
operations and in the 2740/2741 Communications Terminal
following the NL (New Line) character at the end of
each text record.

(Idle). A character which serves to accomplish tinme
fill and media £fill. (This character is used in the
same manner as - choice of the bit combination used to
represent the SP (Space) character, the all-zeros
character is not available for this function.)

{Escape - also called PRE). A control character used
by the various components of the 1050 Data
Communications System to precede device control
characters interpreted specially by the device for
format-effector and device control functions.

{Delete). This character is used primarily to "erase"
or "obliterate"™ erroneocus or unwanted characters in
perforated tape. {In the strict sense, DEL 1is not a
control character.)

(Cancel). A control character used to indicate that
the data with which it is sent is in error or is to be
disreqgqarded. {This character does not exist 1in the
standard code table and is implemented as an even
parity (rather than odd parity) code which the receiver
recognizes by virtue of the parity error {!).)

(Start of Text - also called EOA, circle-D). A
communication ccntrol character used as an affirmative
reply to a polling sequence. Transmission of this
character indicates that the transmitter has data to
follow and that this data will be terminated with
either an EOT or an ETB-LRC sequence.

(Acknowledge - also called circle-Y). A communication
control character used in the 1050 Data Communications
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System in two ways:

1) As an affirmative reply to an addressing sequence

indicating that the addressed device 1is ready
receive data, andgd

2) As an affirmative reply to an ETB-LRC sequence
indicating that the preceding record was received

without apparent error.

NAK (Negative Acknowledge - also called <circle-N).

communicaticn c¢cntrol character used in the 1050 Data

Communications System in two ways:

1) As a negative rerly to a polling or addressing
sequence 1indicating the polled or addressed device is

not ready to receive or transmit data, and

2) As a negative reply to an ETB-LRC sequence
indicating that the preceding record was received in

error.
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8. APPENDIX D. START/STCP TEANSMISSION CODES

The framing of the transmission line signal assumed at
connection time for Teletype, IBM and CCI terminals is shown
in Figure 1. The direction of transmission is to the right.

|<-- - 67 DS ==—==m———=mmm——e >1
{ insS |
ek e B T al Baabed el S tm———t
181716 5141311211 |
T bt e S e L bl St TR P P Y

{8 = even parity)
150 WPM Teletype Model 37 (150 baud)
CCI Model 300 TV display (1200 baud)

American Standard Code for Information Interchange (ASCII)

|{==m=m=====m 67 WS ==————=m—m————=D|

| : ->17. 4 )<~

{ inS |

prmm e e e o fm e} tm———
I 1] 2| 48]} AaA} B |
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{(C = odd parity)
IBM Models 2741 and 1050 {134.5 baud)

Paper-Tape Transmission Code {(PTTC)
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| jmS |}

S S &y —— $———2t
1817 16§54 )32} 1] ]
P

(8 = even parity)
100 WPM Teletype Models 33/35 (110 baud)

American Standard Code for Information Interchange (ASCII)

Figure 1. Start/Stcp Transmission Codes
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9. APPENDIX E. CHECKSUM CALCULATION FOR BSC TERMINALS

The checksum <calculation for BSC terminals can be
performed either by special hardvare attached to the remote
computer or by a subtrcutine in its control ©progranm. The
calculation invclves a continuous division process in which
the transmitted bit sequence is formally divided by a bit
sequence called the generator polynomial. The polynomials
used in IBM equipment are called CRC-12 and CRC-16 and are
shewn in Figure 1. Although the Data Concentrator is
equipped to use either of these polynomials, only the CRC-16
(8-bit bytes) is used at present.

The hardware mechanizaticn of the division <circuit is
very simple and can be constructed from an shift register
and a collection of modulo-two adders {"exclusive~-or"
circuits). The conrections of these components can be
determined by an inspection cf the gemerator polynomial as
shown in Fiqure 1. These «circuits as used in the Data
Cecncentrator are connected so that:

1) The check digits are déveloped in real-time; that
is in step with the message digits; and

2) The check digits are transmitted only following
the message digits, so that the transmitted
message consists of exactly the bits of the
message as presented and iollowed by the check
digits.

The operation of these devices is as follows: Dbefore
transmission the shift register 1is cleared. During
transmission the serial bit stream is transmitted and also
fed at the point shown into the device, which is performing
a continuous division process such that the remainder is 1in
thke shift register at every step. Following transmission
the feedback path is brcken and the bits in the shift
reqgister are shifted onto the line as-is. Meanwhile at the
receiver a corresponding process is going on in which the
message is being divided by the generator polynomial. After
transmission of the entire message, the remainder left 1in
the shift register had better be zero or an error has
cccurred. Further informaticn concerning the operation of
these devices can be fourd in [ 11 and 12].

A PDP-8 subroutine to calculate the CRC-16 checksum 1is
shown 1in Figure 2. Upon entry toc this subroutine CYCHR,
BCC1 and BCC2 contain the transmitted or received character
and the two bytes of the accumulated checksum respectively
{right justified). Uron exit BCC1 and BCCZ2 <contain the
updated checksum. This subroutine has an average execution
time of 411 microseconds per character.
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CRC-12 Checksum Computer
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Prime Factors: 1 +# x, 1 + x2 + x11

Figure 1. [Mechanization of Cyclic Codes
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¥
* RCUTINE TC COMPUTE CYCLIC PARITY CHECK
* USES PCLYNCMIAL X**16 + X¥*15 + X*%2 + 1
* {CALLED ONLY BY SERIAIL-SYNCHRONQUS REAL-TIME
*
cYCsuM 0O AC=CHAR
AND K0377
DCa CYCHR
TAD K7770 INITIALIZE SHIFT COUNT
DCA CYCNT
TAD BCC1 SHIFT HIGH-ORDER CHECKSUM
cyc2 CLL+RAR
DCA BCC1
RTR
RTR
TAD BCC2 SHIFT LOW-ORLER CHECKSUM
CLL+RAR
DCA BCC2
TAD CYCHR SHIFT CHAR
RAR
SEA
CML
DCA CYCHR
SNL FEEDBACK?
JMP CYC3 NO. CONTINUE
TAD BCC2 YES. MOD-2 ADD LOW-ORDER F
CLL+RAR
CML+RAL
DCA BCC2
TAD BCC1 MOL-2 ADD HIGH-ORDER FB TA
AND K0 240
CIA
CLL+RAL
TAD BCC1
TAD K0240
SKP
cYC3 TAD BCC1
152 CYCNT HAS SHIFT COUNT REACHED 8
JMP CYC2 NO. CONTINUE
DCA BCC1 YES. NORMAL EXIT

JMP* CYCSUN

Figure 2. PDP-8 Subroutine to Compute CRC-16 Checksum
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10. APFENDIX F. L[ATA CONCENTRATOR HARDWARE

The Data Concentratcr is constructed of a number of
srecial-purpose inputsoutput interfaces, all connected to a
Digital Equipment Corroration PDP-8 computer. The basic
PDP-8 <computer  itself contains a 12-bit central processor
together with a 40%6é~-word bank of 1.5-microsecond core
mEMOLY. The basic machine includes a Model 33ASR Teletype
and its control unit as the lasic input/output device. For
the Data Concentrator application, three additional 4096-
word banks of core memory have been added to the basic
machine, along with a high-speed paper—-tape reader (300
char/sec) and punch (60 char/sec) for convenience in program
development. Hardware for high-speed multiply-divide
(Extended Arithmetic Element) and automatic fpower restart
has been field-installed on this machine. Several small
mcdifications have been made in the fprocessor to provide for
special behavior in connection with scome of the interfaces.

The special-purpcse input/output “nterfaces attached to
the Data Concentrator comprise most of the bulk hardware in
the system. These interfaces connect the system on one hand
to both IBM 2870 Multiplexor Channels used on the System/360
Mocdel 67 duplex systemr and, on the other, to ATET data sets
cf the 100, 200, 400 and 80C series, providing transmission
rates on the switched telephone network to 2000 baud. The
various interfaces operate both on a core memory cycle-steal
basis for data transmission and on a programmed accumulator-
transfer basis for ccntrol operations. Liberal use is made
of the interrupt facilities in conjunction with special
line-adapter scan equirment which has the capability of
selectively disabling the interrupt facilities by blocks of
devices. Figure 1 shows the interconnection of the various
major components in the system, which are described in
detail in subsequent sections. References [2, 8, 10 and 17]
ccntain a more detailed description of this equipment than
is presented here.

1. _Data Multiplexor and Clock Generators

A special PDP-8 core memory data multiplexor has been
ccnstructed to satisfy the requirements of the various
interfaces using cycle-steal operations. This multiplexor
operates wusing a cormon-bus distrikution system for memory
data transfer in both input and output directions. Each
device attached to these busses provides transmission gates
between its registers and the busses as required, and
ccnditions data transmission by signals distributed by the
data multiplexor separately to each device.
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Figure 1. Data Concentrator

Included in the data multiplexor itself 1is a set of
buffers which distritute the various PDP-8 input/output
busses to the scan control and data set 1line adapter
equipment attached to the system. Also included is a set of
crystal-oscillator clocks and associated countdown circuitry
which provides timing signals ifor the data set line adapter
equipment. Signals of all popular transmission bit rates
are provided from 45.45 ltaud (Teletype Models 28 and 32
attached to ATET type 103E data set) to 2000 baud (ATE&ET type
2014 data set). In addition, an interval timer using a
tasic clock rate of 100 Hz provides a maximum countdown
interval of 40.95 =sec. The timer is implemented using a
memory-increment cycle-steal operation in PDP-8 memory. A
timer overflow is signaled by a program interrupt.

2. _Systemy/360 Interface

The System/360 interface connects directly to the
channel-control unit interface cables which interconnect the
multiplexor channels and the various IBM control units to
which in turn are attached such input/output devices as card
readers, 1line printers, and communications devices.
Usually, several devices of the same type share a common
ccentrol unit, which serves both as a relay station between
the channel and each device for command and status byte
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processing and as a temporary buffer storage medium for
their data streams. This channel-control unit interface
normally operates in a byte-interleaved multiplex mode in
which data bytes are transmitted one at a time to each
control unit using separate signal sequences for each byte.
Thus, several devices may transmit data records in an
overlapped fashion at relatively slow tramsmission rates to
about 110 kilobytes/sec. The transmission sequences are
arranged into three classes: those intended to transmit
ccmmands from the channel to a control unit, those intended
to transmit status information from a control unit to the
channel, and those intended to transmit the data bytes
themselves between the channel and the control unit.

Each of the two System/360 interfaces appears to its
respective IBM channel-control unit interface as a standard
control unit, and processes commands and supervises data
transmission for a set of 64 unit addresses. Each
interface, containing buffer registers, parity generators,
and sequencing circuitry, provides temporary storage and
isolation between the channel-control unit interface and the
pPLOP-8. The construction is such that channel-command
sequences can be processed concurrently with data
transmission sequences and such that these operations do not
require program intervention on the part of the FDP-8 wuntil

the entire sequence las been concluded. The various
interface control operations are supervised via the PDP-8
accunulator and Frogrammed input/output operations.

Transmission of both data and status bytes is via the three-
cycle data break facility wusing a type of cycle-steal
operation in which the word count and current address
registers are implemented in core memory. Transmission
rates can be as high as 80 kilobytes/sec., depending upon
the instantaneous 1loading conditions imposed by the other
control units attached toc the channel. The interface is
non-overrunable, that is, data cannot be lost if the channel
tempcrarily refuses data byte service due to a pending
service request by a higher-priority control uait. The
construction of the System/360 interface is described in
detail in [10].

3. line Adapter Scan_Controls

All of the data set line adapter equipment is connected
to a special interface called the scan controls. This
interface connects on one hand to the PDP-8 accumulator,
interrupt and cycle-steal facilities, and on the other to a
set of transmission tusses that is common to all 1line
adapter equipnent. The various 1line adapter service
requests are processed for each adapter in turn by a high-
speed scanner-control circuit which uses a seven-bit counter
called the scan address register. The contents of the scan
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address register are distributed on a common bus to each
line adapter, which decodes its address consisting of the
high-order six Dbits. Thus, each of the possible 64 line
adapters decodes two addresses - one with the low-order bit
equal to a zero (receiving address) and one with the low-
order bit equal to a cne (transmitting address).

If a line adapter requires scan service, its circuitry
generates a signal to the scan controls when one of its
addresses is decoded on the scan address bus. This signal
causes the scanner to stop while the service requirements
are net. If no further action 1is indicated at the
conclusion of the service operation, the scanner
automatically restarts. If a character-assembly complete
condition 1is recognized, the scanner is not restarted and a
program interrupt 1is requested. The scanner 1is then
restarted by a program ccmmand.

Both the character assembly and line control functions
of each 1line adapter are controlled through the same scan
address. Associated «ith each line adapter are one or more
12-bit control registers which perform functicns unique to
each line adapter. The various bit positions 'in each of
these control registers are accessed through a programmed
procedure which first requests the scanner to stop scanning
the line adapters, then waits for a possible pending service
request from a line adapter to be cleared, and finally sets
the scan address register to the required line adapter
address. Following the control register operations, the
scanner is restarted by a program command.

The 64 line adapters addressable through scan controls
are divided 1into eight blocks of eight line adapters each.
Each block of eight can ke separately enabled or disabled
for interrupt requests using an eight-bit mask register
called the scan priority register. Using properly
ccnstructed programmed oferations it is possible to mask off
interrupts from a particular block of low-speed low-priority
line adapters while one of its members is being serviced,
yet while allowing interrupts to be serviced from higher-
priority blocks.

Two types of 1line-adapter service requests can be
processed by the scan controls. One type, used for serial-
synchronous Jline adapter eguipment, involves no other
operation than stopping the scanner when a program interrupt
condition due to a character-assenbly complete signal is
generated within the line adapter itself. The other type,
used for start/stop 1line adapter equipment, involves an
interesting cycle-steal-shifting operation in PDP-8 core
memory. This operaticn is 1initiated whenever inbound or
outbound bit service is required at the line adapter. When
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this occurs a special cycle-steal operation is requested by
the scan controls. This cycle, when granted, proceeds
starting with a core memory read cycle, followed by a one-
bit rightwise shift of the memory buffer register, and
ending with a core memory write cycle. The fifteen-bit core
memory address at which this operation takes place 1s formed
by the scan address register as the low-order seven bits and
by an eight-bit register called the scan page register as
the high-order eight Dbits. Thus the serial/deserial
oreration of each line adapter is implemented in two words
of PLP-8 core memory, one for the transmit operation and the
other for the receive coperation. As it happens, the PDP-8
memory buffer register is already provided with shifting
circuitry in connection with an analog-digital converter
cption. A few 1logic <components have been pirated fronm
unused options for the purpose of interfacing this shifting
circuitry to the scan controls.

A character—assently-conmplete signal is generated by
the equipment for e€ach character when the serial/deserial
process has been conpleted. For serial-synchronous line
adapters, this. signal 1is generated in the line adapter
itself when its self-contained serial/deserial register
contains a fully assembled character during a receive
operation or has ccmpletely emptied during a transmit
operation. This signal stops the line adapter scan process,
fcllowing which the line adapter generates a standard cycle-
steal operation which transmits a character between the
serialy/deserial register and the addressed core memory
locatione. For start/stop 1line adapters, the character-
assesbly-complete signal is generated in this fashion: on
transmission when, during the shifting of the right-hand bit
of the serializer word at the addressed core memory location
to the line adapter transmit bit buffer, an all-zero word is
detected; on reception when, during the shifting of a bit
from the 1line adapter receive bit buffer to the left-hand
bit of the deserializer word at the addressed core memory
location, a one-bit is shifted out of the right-hand end of
the same word. Thus, the various frame sizes of the several
start/stop transmissicn codes can be accommodated by loading
the proper mask bits in the core memory serial/deserial
words prior to the character assembly/disassembly operation.

4. line Adapters

A line adapter is associated with each data set
serviced by the scan controls. It contains the circuitry to
interface the control and data transmission characteristics
peculiar to each data set to the common-bus interface of the
scan controls. Depending upon the characteristics of each
data set, the line adapter contains none, a single bit, or a
full character of buffer storage between the scan controls
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and the data set transmission circuitry. Each line adapter
ccntains either cne or two twelve-bit control registers used
for the various data set control functions. Several bits
assigned in these words have the same interpretations among
all data set types, so that common program Servicing
routines can be conveniently implemented. The bit/character
buffers of each line adarpter are accessible only through the
cycle-steal operations described rreviously, while the
ccntiol registers are accessed through the PDP-8 accumulator
using programmed inputs/output operations. In either case,
tte scan address register estaplishes at each instant which
line adapter is 1in fact - accessitle for the various
operations and which core memory location 1is in fact
available for data transfer.

There are currently five different types of line
adapters connected tc the scan contrcls. These five types
correspond to the five types of data sets connected to the
Data Concentrator: low-speed start/stop (AT6T 103E), medium-
sreed start/stop (ATI&T 202C), serial-synchronous (ATST
2014), 1Touch Tone digit receiver (AT&ET 403E), and the
automatic calling unit (AT&T 801C). The 103E data set is a
full-duplex start/stop type utilizing frequency-shift
mcdulation for simultaneous transmission rates to 300 baud
in each directicn. This data set is used for connection of
almost all low-speed Teletype and IBM equipment, such as
Teletype Models 28/32 (45.45 baud), 33/35 (110 baud), and
37,38 (150 baud), and IBM 2741 Communications Terminal and
1050 Data Communicaticns System (both 134.5 baud). The 202C
data set 1is a half-duplex start/stop type utilizing
frequency-shift modulation for transmission rates to 1200
baud. This data set is used for connection of medium-speed
data communications egquipment utilizing special message
ccnventions. Both the 103E and 202C can share the same type
of line adapter in the Data Concentrator, although a special
202C line adapter has Leen constructed to minimize the
system overhead. The 201A data set is a half-duplex serial-
synchronous type using fcur—-phase modulation at a
transmission rate of 2000 baud. This data set is used for
connection of IBM Binary Synchronous Communications devices
and in particular for the connection of remotely located
PDP-7, PDP-8, and PDP-S computing facilities to the parent
Model 67 system for rpurposes of remote job entry and
graphics processing. The U403E data set is a receiver for
Touch Tone multifrequency dialing digits transmitted by the
standard telephone instrument equipped with the Touch Tone
feature. Included in this data set is an audio answerback
channel which enables computer-generated replies to be
transmitted to the <caller in response to a dialed-digit
message. The 801C automatic calling unit is a transmitter
for Touch Tone multifreguency dialing digits and is arranged
sc that outbound telerhone calls can be placed in connection
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with certain data set types. The automatic calling unit
incorporates circuitry for the recognition of the
appropriate data set type at the called terminal so that the
transmission circuit can be verified before use.

4.1 Start/Stop Line Adapters. The low-speed start/stop
line adapter ccntains two single~bit line buffers, a clock
frequency selection matrix and various clock countdown and
control «circuitry. Four clock frequencies are distributed
to all start/stop line adapters on a common bus at eight
times the basic transmission rates of 45.45 baud, 110 baud,
134.5 baud, and 150 Laud. The <clock selection matrix
circuitry within each 1line adapter determines which clock
frequency is active at any time and allovws dynamic
reconfiguration during the terminal recognition phase of
system operation. Both transmit and receive operations are
completely independent except in choice of clock frequency,
which is common to both operations. The control <circuitry
provides program monitoring of all data set interface lines
and, in addition, program control over the lines used to
enable the data set for automatic answering and to seize an
automatic calling unit. Indications of data set and control
circuitry faults such as character and bit service overrun
are available to the program. It is possible under program
control to «recognize Ltoth the break signal and the space
disconnect signal, each consisting o¢f various periods of
space-signal transmissions, and to generate either of these
signals.

Using the standard start/stop 1line adapter with the
202C data set places a very severe strain on the interrupt
systen. The reason fcr this 1s that only about 800
microseconds is available for the program to respond to the
character-assembly complete signal and to restart the line
adapter scanner. In order to relax this requirement a
special medium-speed start/stop 1line adapter has been
constructed which oferates in the same fashion as the 103E
start/stop line adapter, except that four core memory words
are assigned instead of the wusual two. On receive
orerations a swing-buffer technique is used, so that while
the program is servicing one core buffer the line adapter
may be assembling the next character into the other. Such
an operation requires that the scanner be left running
during the interrupt-processing time but disabled for
character service. 1In this manner character serial/deserial
orerations proceed normally but the character—assembly
ccmplete signal is inhibited from stopping the scanner.

4.2 Serial _Synchronous_ _Line Adapters. The serial-
synchronous line adapter contains a twelve-bit
serial/deserial register, a four-bit frame counter, a four-
kit frame size register, a parity generator, and various
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centrol and synchronization circuitry. The serial/deserial
register is used as the primary character
assembly/disassenbly e€lement and the core memory words at
the receiving and transmitting scan address locations are
used as Dbackup buffer registers. Since only one
serial/deserial register is 1ipplemented in this 1line
adapter, transmit and receive operations may not occur
simultaneously. The frame counter is loaded from the franme
size register just before the first bit 1is transmitted
between the serial/deserial regqgister and the data set. Thus
the frame size rtregister, which 1is accessible from the
program, establishes the number of bits per character (up to
twelve) in the data stream. This adapter contains circuitry
for the automatic synchronization of character frames using
a special synchronization character which can be
established, at least in some line adapters, by the progranm.
A parity generator provides an odd vertical parity bit for
each transmitted character. A corresponding detector
verifies the odd parity ccndition on each received
character. These rarity features may be enabled and
disabled by the program.

As in the start/stop line adapter <case, the <control
circuitry provides program monitoring and control over all
of the data set interface lines, including those to seize an
automatic calling unit. Indications of data set and control
circuitry faults such as character service overrun and
vertical parity check are available to the program. All of
the serial-synchronous line adapter equipment 1is connected
at present to a 2000-baud clock frequency socurce for use
with ATET 2012 data sets on the switched telephone netwvork.
However, these same 1line adapters can be operated at much
higher clock frequencies up to the 1limit of the 1logic
components themselves, about two megabaud. The construction
of the serial-synchronous 1line adarters 1is described in
detail in [17].

4.3 Special Line Adapters. The 403E Touch Tone digit
receiver 1line adapter and 801C automatic calling unit line
adapter are simple devices with the capability of a single-
character paraliel transfer between the scan control
register data busses and the data set. Neither of these
adapters makes use of the <cycle-steal facilities in the
fashion of either the start/stop or serial-synchronous 1line
adapters. The U403E Touch Tone digit receiver adapter
provides a character—-assembly complete signal and a progran
interrupt when a dial digit has been detected; the 801C
automatic calling unit adapter causes a bit to be set in its
ccntrol register when the data set is ready to receive the
next dialing digit. 2t present two automatic calliang units
have been installed 1in the systen. One of these is
switchable over the sixteen 103E data sets connected to the
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start/stop line adafpters, and the other is switchable over
the four 201A data sets connected to the serial-synchronous
line adapters. The association of a particular line adapter
to one of these automatic calling units is by a progran-
selected bit in the control register for each line adapter.
The automatic calling unit remains selected to the line
adapter until the attached data set signals that the call is
ccrnplete, after which the automatic «calling wunit can be
selected to a different line adapter.

S. _Auxiliary Equipmert

A number of special-purpose input/output components
have been added to the Data Concentrator for utility
purposes. One of these is a programmable audible alarnm,
consisting of an extraordinarily obnoxious siren, which is
used to attract the atteirtion of an equipment operator for
the purpose of ranual intervention. A scurrilous
programmed-timeout operation has been implemented within the
current supervisor which sets off the siren at noon and
midnight, presumably to alert the machine-room <c¢rew for a
shift change.

In connection with binary synchronous communications a
requirement exists to calculate a special 16-bit checksun
using a procedure invclving shifting and modulo-two bitwise
addition. A subroutine to implement this procedure requires
a calculation time of about one-half millisecond per
character. A special hardware adapter has been constructed
which impplements this procedure using a 24-bit shift
register and a set of mcdulo-two adders. Using this
adapter, the <calculation time, including shift-register
loading and storing, is about twenty microseconds per
character. This device is described in detail in [2].
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