






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2922 THE BELL SYSTEM TECHNICAL JOURNAL, DECEMBER 1970

move states. Data is transmitted to the tape unit, a byte at a time,
at a rate necessary to achieve 800-bit-per-inch density at 56.8 inches
per second. When the order is completed, the tape unit control stops
and releases the tape unit, and reports status to the buffer control.
Read instructions are similarly handled by the tape unit control.

At the beginning of the search operation, search data received
from the buffer control is saved in the tape unit control. Next, the
tape unit is selected and controiled as in a read operation. Data
read from tape is not sent to the buffer control; instead, the search
control circuitry matches search data within each record obtained
from tape against the search data received from the buffer control.
When an exact match is obtained, the search operation is terminated,
the tape unit is stopped and released, and successful search status is
reported to the buffer control.

Two types of search instructions are provided. The journal file
search instruction searches the first five blocks of every record to
match 9-byte search entries. Section 4.4 of this article describes the
layout of the journal file record. The permanent file search matches
a 24-bit search number against the first word (three bytes) of every
record passed on the tape. Permanent files can be searched in either
forward or reverse.

2.2.2 Integrity

The tape unit control contains several mechanisms for guaranteeing
the integrity of data transmission and storage. One method used is the
all-seems-well response® to buffer control transmissions. Absence of
an all-seems-well response causes a system interrupt, which results
in immediate program action towards solving the difficulty.

Communications between the tape unit and its control are monitored
via status registers in each tape unit control. Failures or data errors
cause unique status bit combinations in the status register. At the
conclusion of every operation the contents of the status register are
transferred to the tape queue in buffer control call store. Program
detection of a bad status triggers the tape system fault recognition
software.

Transverse and longitudinal parity checks insure the integrity of
data stored on tape. As a part of the write operation, the tape unit
control generates parity over each 8-bit byte and stores it as the
ninth bit of the byte. During a read operation, after parity has
been checked, the tape unit control strips off this parity bit. A parity
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failure causes the tape character error counter in the status register
to be incremented and the tape character error indicator to be set.

As data is being written, the tape unit control also computes
longitudinal parity over the entire record. At the end of the record,
this byte is written on tape. This serves as an additional error detec-
tion device used in read operations.

The tape unit sends data to the tape unit control in an amplified
analog form over a common bus. For reliability, the tape unit control
has two signal detectors, the high and the low amplitude threshold
read registers, listening to this bus. If both registers agree, the infor-
mation is accepted as valid. However, if the low register’s parity
passes and the high register’s parity does not, the data is judged in
error and the tape character error indicator in the tape unit control
is set. Nevertheless, the entire record is read. This enables the No. 1
ESS ADF to retrieve the best copy of the requested data, if after
multiple attempts parity errors continue to occur.

The status report, initiated by the tape unit control upon comple-
tion of an operation, enables the software to determine the sucecess or
failure of the order. Decisions to try again, remove equipment from
service, or continue normal operational sequence are heavily based on
the status report. The layout of the tape status report (Table I) pro-
vides insight into the error detecting and reporting scheme of the tape
unit control.

2.3 Bujffer Control Tape Sequencers

Within each buffer control, dedicated tape sequencers are provided
for each of the two tape unit controls. These sequencers control the
flow of information between the corresponding tape unit control and
its dedicated tape instruction queue in buffer control call store.

Each tape instruction queue consists of 32 buffer control call store
words. Tape programs place the instructions, in two-word instruction
sets, in the desired queue. The first word of the instruction contains the
address of the buffer control call store link list of data blocks to be
used for the data transfer. The second word contains the operation
code (read, write, backspace, and so on), the tape unit involved, and
other pertinent data.

The sequencer is responsible for obtaining the data from (or storing
data in) buffer control call store and sending it to (or receiving
it from) the tape unit control upon request. Data in buffer control
call store is stored in 32-word block link lists. The sequencer inter-
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TasLE I—LaAvouT or Tare StaTUus WORD

Bit Description
0 Beginning of tape
1 End of tape
2 Rewinding
3 Unsuccessful search
4 Tape unit failure in setup
5 Tape unit failure in run
6 No character response
7 Data time-out
8 Parity error
9 Word count error
10 Parity generator error_
11 Longitudinal parity mismatch
12 Write longitudinal parity mismatch
13 Longitudinal parity error
14 Tape character error
15 Counter overflow
16
17
18 Word error counter
19
20 Buffer control invalid sequence
21 Successful operation
22 Successful operation

prets the last word of each block as the link address of the next
block of data. Each transfer of data from the buffer control to the
tape unit control is verified by all-seems-well techniques.

The tape sequencer responds to instruction, data, and status requests
from the tape unit control. In the idle state, a tape unit control con-
tinuously sends instruction requests until the sequencer finds work to
do. When an instruction is found in the tape instruction queue, the
sequencer sends the instruction to the tape unit control. If a transfer
of data to tape is involved, the tape unit control sends a data request
to the tape sequencer, in response to which the sequencer obtains a
data word from buffer control call store and transfers it to the tape
unit control. When this data has been transferred to tape, the tape
unit control sends another data request to the sequencer. The next
word is sent to the tape unit control, and the process continues until
all data has been transferred to tape.

When the tape unit control has completed execution of the instruc-
tion, it sends a status request to the buffer control tape sequencer.
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In reply to this, the tape sequencer fetches the execution status from
the tape unit control and stores it in the queue for later software
examination. Unsuccessful status freezes the sequencer, thus retaining
tape unit control and sequencer information for fault recognition
processing. After a successful operation, the sequencer proceeds to the
next instruction in the tape queue.

Checks are made within the tape sequencer as well as the tape unit
control to insure that the correct number of data words have been
transmitted. If errors are detected, appropriate status bits are set and
the sequencer is stopped as for other errors.

IITI. MAINTENANCE CONCEPT

The objective of the tape subsystem maintenance scheme is to pro-
vide a high degree of dependability and maintainability, consistent
with ESS standards. To meet this objective, sophisticated techniques
are used in fault detection and recognition, diagnosis, error analysis,
and routine exercise.

3.1 Environment

Although duplicated hardware matching is a standard technique
used in high reliability systems, it is not used in all segments of the
tape subsystem. Notably, the tape units and tape unit controls used
in the No. 1 ESS ADF magnetic tape subsystem are operated in a
simplex mode. Reliable simplex operation of these units is provided
by extensive maintenance hardware and software for detecting, re-
porting, and analyzing errors. The simple fact that two tape unit con-
trols and several tape units are installed in the No. 1 ESS ADF switch-
ing center does mean that functional redundancy effectively exists.
All critical filing operations are continued, for example, when a tape
unit control is out of service. For such an occurrence, the retrieval
function is simply deferred until the second tape unit control is re-
stored. The powerful ESS diagnostic approach used for tape subsystem
equipment insures that equipment downtime is minimized.

Tape maintenance procedures must deal with several types of faults
and abnormalities. The hard logic failure is easily detected and iso-
lated, but intermittent logic and mechanical problems are a serious
challenge. Numerous retries of failing instructions and error analysis
methods are used to overcome the latter problems.

3.2 Fault Recognition
The tape subsystem fault recognition software:
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() Determines action required when tape subsystem errors are
detected.

(%) Identifies true faults from superficial failures such as minor
tape imperfections.

(7%) Isolates true faults to the defective equipment unit.

(tv) Removes faulty equipment from service for diagnosis and re-
pair.

Fault recognition processing begins upon detection of tape hardware
interrupts or failing status reports.®* Faults which cause interrupts
are isolated by the program to the faulty tape unit control, buffer con-
trol, or data store bus. The faulty unit is then removed from service
and diagnosed.

When fault recognition is stimulated by an unsuccessful status re-
port in the tape instruction queue, the failing instruction is repeated
up to four times. If any of these four attempts passes, no further ac-
tion is taken. After four consecutive failures the instruction is tried
on the other tape unit control. A success implies that the original tape
unit control was at fault. If no attempt succeeds, the tape unit is as-
sumed to be at fault since it cannot work with either tape unit control.

This simple algorithm has some complications resulting from the
uniqueness of the tape system. First, it is difficult to tell if the tape
unit control, the tape unit, or the magnetic tape is at fault. For ex-
ample, a longitudinal parity failure during a tape operation may be
caused by defective tape or a bad parity circuit in the tape unit con-
trol. A simplification is made by assuming that tape imperfections are
minute and isolated to a small portion of tape. For a failing write in-
struction, before trying the instruction on the other tape unit con-
trol, up to six inches of tape is skipped and the write process re-
peated, If this fails, the failure is assumed to be an electronic fault.
Success implies a tape imperfection, and no further action is taken.

When a tape unit is removed from service, the tape is placed in
off-line storage. However, when a tape unit control is removed from
service, the tape unit it was addressing is not removed. Incorrect or
incomplete records are erased from the tape using the in-service tape
unit control. Correct data is then written on the tape using the in-
service tape unit control.

3.3 Error Analysis

Error analysis provides the means by which tape system fault rec-
ognition copes with marginal electronic circuitry and mechanical ab-
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normalities. Both problems are usually intermittent and not con-
sistently reproducible. Therefore records are kept in call store of all
failures. When any one type of failure is excessive the unit is re-
moved from service and diagnosed.

3.4 Diagnostic

The tape subsystem diagnostic software provides a thorough test of
all tape-related hardware equipment. The objective, of course, is to
isolate failures to individual replaceable circuit elements such as ecir-
cuit packs. Diagnostic procedures are provided for the tape unit con-
trols, tape units, tape sequencers, and connecting buses.

The diagnostic software reports results via the maintenance tele-
typewriter to maintenance personnel. If an error is detected, a unique
12-digit trouble number is reported which, when checked in a trouble
locating manual, identifies the faulty circuit.

Mechanical faults are difficult to diagnose. Inconsistent diagnostic
results often occur, yet optional raw data diagnostic printouts assist
maintenance personnel in locating faulty components.

3.5 Exercise

The tape subsystem exercise routinely checks idle hardware to in-
sure that operationally undetectable faults do not remain undetected.
This is accomplished by periodically running all equipment diagnostics
on those units which have not been diagnosed within a given time.
This technique guards against faults in the maintenance failure detect-
ing circuitry which could mask other faults, and thus prevent error
detection.

Each tape unit control is routinely exercised, provided that one
tape unit control remains in service at all times. All ready tape units
are exercised. However, exercises of tape units assigned to an active
filing, retrieving, or on-line storage pool are deferred until termination
of the functional assignment.

If an exercise passes, the equipment unit is returned to service. If
a fault is detected, a diagnostic report is sent to the maintenance per-
sonnel, and the equipment unit is left out of service.

IV. OPERATIONAL FEATURES

The primary purpose of the magnetic tape subsystem is message
retrieval. The permanent filing feature exists mainly to support mes-
sage retrieval. As Section II discusses, on-line permanent file tape



2928 THE BELL SYSTEM TECHNICAL JOURNAL, DECEMBER 1970

units provide for the bulk storage of customer messages. Assuming a
complement of 16 tape units, 10 would normally be in the on-line
pool. Using 2400-foot reels and average message statistics, the on-line
retrieval capacity is approximately 125,000 messages. Older messages
are retrievable semi-automatically from off-line reels.

The configuration, control, and use of the tape subsystem equipment
is totally automatic. The system maintains in the cross-reference file
the storage locations of all retrievable messages handled by the system.
Further, the location of every tape reel is maintained in a call store
table. Both of these are routinely audited to insure integrity. Retrieval
center personnel need change tape reels only as indicated by the sys-
tem. For permanent and journal filing as well as on-line retrieval
operations, no manual intervention or tape handling is required.

Retrieval center personnel have access to the journal records via
the journal file retrieval process. Information filed on the journal tape
gives a history of message switching transactions but does not include
any message text. Through off-line analysis of the journal tapes, tele-
phone company personnel can ascertain the quality of total user ser-
vice, operating and traffic statistics, and switching transactions. The
journal file retrieval capability also enables retrieval center personnel
to assist the user with special problems for any given message.

4.1 Permanent Filing

Each message handled by the No. 1 ESS ADF is recorded on per-
manent file tape after all terminations for the message have been
completed. '

For program and tape packing economies, messages are divided
into three categories, based on total file length (that is, the total num-
ber of message heading, text, and message processing blocks.) Mes-
sages of five blocks or less (short messages) are packed two or three
to a record, provided that sufficient messages are terminated with this
characteristic within a fixed time. Since the maximum tape record is
15 blocks, messages greater than 15 blocks (long messages) are filed
in several records. Messages from 6 to 15 blocks long (normal mes-
sages) are not packed and thus record size in blocks is equivalent to
message length.

In the first word of each tape record is placed a unique 23-bit
search number. As Fig. 4 shows, this number consists of a base search
number, and long and short message indexes. The short message index
is set to zero in the tape record. After a message has been filed on
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BITS BITS BITS
16-22 2-15 o-1
/ \ /
T T
LONG MESSAGE BASE SEARCH SHORT MESSAGE
INDEX NUMBER INDEX

Fig. 4—Breakdown of search number used to locate a message, or part of a
message, on tape.

tape, the base search number (and short message index if applicable)
and tape reel number are placed in the cross-reference file forming
the basis for searching if a retrieval is requested. When permanent
filing is started on a new tape, the base search number is set to one.
For subsequent records that are not long message residue segments,
the base search number is increased by one, providing the uniqueness.

For a normal length message, the long and short message indexes
are always zero. For a long message, the long message index is zero
for the first record and is increased by one for each subsequent record
of the same message. The base search number remains the same for
all records of a given long message. For short messages; one base
search number applies to all messages within a record. The short mes-
sage index which is placed in the cross-reference file entry identifies
where the message is packed within the record. This index is zero in
the search slot at the beginning of the tape record.

Permanent file strategy does not require that all records of the long
message be written consecutively. High efficiency is obtained by in-
volving the program is concurrent processing of numerous messages.
Figure 5 shows an example of final tape data packing.

A tape-to-tape link is provided when the end of tape is reached
when partially recorded long messages exist. The balance of these
messages are written on the replacement permanent file tape, and a
link record is written on the first tape, linking each such message to
its new tape address. Thus a tape can be completely used without
sacrificing retrieval capabilities. At the same time, call store and pri-
mary message store space can be released when each long message
segment is written on tape.

The permanent file message tape copy contains a complete copy
of the message, its heading, and associated message processing blocks.”
Thus when a message is retrieved from tape, the retrieval program
readily verifies correctness and completeness, reconstructs the mes-
sage, and nominates it for delivery.
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BEGINNING END
OF TAPE OF TAPE —>
MESSAGE FIRST SECOND MESSAGE  THIRD
L SEGMENT SEGMENT n SEGMENT
OF LONG OF LONG OF LONG |
MESSAGE j MESSAGE j MESSAGE j
SHORT MESSAGE k SHORT MESSAGE M

SHORT MESSAGE 1

Fig. 5—An example of data packing on permanent file tape.

4.2 Cross-Reference File

A vital link in the message retrieval process is the cross-reference
file, which is a station-by-station record in the message store of mes-
sages sent or received. The cross-reference file is the basis for mes-
sage retrieval since it contains the location or retrievability status of
messages handled by the No. 1 ESS ADF. The fixed cross-reference
file area for a particular station can be found in that station’s transla-
tion information. From this, the entry concerning a given message
can be obtained via an indexing scheme using the message number.

The cross-reference file organization consists of four different kinds
of blocks, each 32 words long. (See Fig. 6.) Recycling blocks point to
summary blocks, and summary blocks point to file blocks. Accumulat-
ing blocks accumulate cross-reference data, and when full, their con-
tents are transferred into file blocks.

Within each station’s fixed area of cross-reference file are two re-
cycling blocks, one for terminated messages and one for originated
messages. A recyeling block is an overall record of received or sent
messages. The first 21 words of the recycling block are divided into
seven sections of three words each. Each section represents a group of
1000 message numbers called a cycle. Message numbers for a station
generally proceed from 1 to 999 and then go to 1 again, although sta-
tions may reset their message number counter before normally re-
cycling. The newest cycle is at the top of the recycling block and the
oldest at the bottom. Since the seventh cycle is needed for updating,
each station’s cross-reference file can contain information for a maxi-
mum of 6000 messages each for send and receive message numbers.

For each cycle there is a summary block address, the date and time
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of the first message number in that cycle, and the message number
upon which the cycle ended. The last two words of the recycling block
contain the oldest valid message number cycle and the oldest message
number therein for which cross-reference file information has not yet
been released.

Summary blocks and file blocks are seized from a pool common to
all stations. The number of these blocks that a station may seize is a
subseriber feature directly affecting retrieval capability. Thus, a sta-
tion may elect to be able to retrieve from none to the latest 6000 mes-
sages. A summary block contains the addresses of all the file blocks
pertaining to a given cycle within a recycling block. Each of the 32

ENTERED WITH STATION'S ADDRESS OF STATION'S
DIRECTORY NUMBER FIXED CROSS REFERENCE
!
, JFILE AREA DETERMINED FILE BLOCK ADDRESS

/ / OBTAINED BY INDEXING
/ NEXT CROSS REFERENCE  INTO SUMMARY BLOCK
! FILE BLOCK TO ENTER DE- WITH 5 MOST SIGNIFI-
TERMINED USING MESSAGE = CANT BITS OF MESSAGE

TRANSLATION

DATA NUMBER, DATE,AND TIME _-~ NUMBER
// //
_———_— —ﬁ/—————————r/——————
r 7 7 ]
’ / TAPE ADDRESS OR
// / MASTER REGISTER
/ ADDRESS OBTAINED
SUMMARY // FILE BY INDEXING INTO
BLOCK , BLOCK FILE BLOCK WITH
/ THE 5 LEAST SIGNI-
. ! . FICANT BITS OF MES-

/ . ,/ SAGE NUMBER

. // . //

SUMMARY = FILE
BLOCK [ BLOCK

RECYCLING
BLOCK

4 ACCUMULATING
b BLOCK |

SUMMARY

CROSS REFERENCE FILE

MESSAGE
STORE

MASTER
REGISTER

Fig. 6—Layout of cross reference file, illustrating indexing scheme for locating
a message on tape or in primary message store,
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words of a summary block points to a file block if this is a full cycle
of 1000 messages. A file block contains the location or status of a
group of 32 messages such as those for message numbers 1 to 32, 33
to 64, and so on.

An accumulating block collects entries for the most current group
of 32 messages. When a message number which is a multiple of 32 is
reached, the contents of the entire accumulating block are transferred
to a file block. The appropriate slot, within the summary block is also
updated with this file block address. Accumulating blocks, like re-
cycling blocks, are part of each station’s fixed cross-reference file area.
There is one accumulating block for receive message numbers and
one accumulating block for send message numbers.

As soon as a message enters the No. 1 ESS ADT, an initial entry
in the cross-reference file is made for the originating station’s send
message number. As each message termination is completed, an initial
cross-reference file entry is made for that addressee’s receive message
number. In these initial entries, a master register” address is inserted
into the appropriate message number slots in the corresponding sta-
tion’s accumulating blocks. At this time the master register points to
the address of the message in the message store. After all deliveries
are made and the message is permanently filed on magnetic tape, the
appropriate cross-reference file slots for the originator and all termi-
nators are updated with the tape address of the message. If the mes-
sage was not completely filed, if it was an action request, or if it was
aborted in origination or delivery, the cross-reference file entries are
marked with a non-retrievable code.

4.3 Message Retrieval

The message retrieval service feature permits user stations to retrieve
their messages in the event of garbled copy, message numbers out of
sequence, a station out of paper, or the like. The location of each mes-
sage requested is obtained via the cross-reference file. Each message
is found, processed, and sent to the retrieval destination. Examples of
a garbled message, a message retrieval request for that message, and
the message retrieval output are shown in Fig. 7.

4.3.1 Requesting Message Retrieval

The input stimulus for message retrieval is an input message called
a resend action request, whereby a user station requests the No. 1
ESS ADF to resend one or more messages. Basically, the only items



TAPE SUBSYSTEM 2933

_ — — HEADING GENERATED BY
- NO. 1 ESS ADF

R237 01/30 1211 CST 4

AN EXAMPLE OF -A MESSAGE THAT WAS GARBLED

ATATEBNRERETRINEMESSISE BRRERUETIDE HANDLING TEXT

A LINE FEED CHARACTER.

(a)
— ——— HEADING GENERATED BY
AcTION S119 01/30 1522 CST =< NO. 1 ESS ADF
e
ﬁEnUEST TMACT-REQ e ——— MNEMONIC OF STATION
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/RESEND/BTL100 TO BE RETRIEVED
R237 01/30 1215 CST < —— — — MESSAGE NUMBER PLUS
OPTIONAL DATE AND TIME
/TO/BTLQI __—~MNEMONIC OF STATION
~N—— TO RECEIVE RETRIEVAL COPY
__—— HEADING GENERATED BY
o NO. 1 ESS ADF
R354 01/30 1525 CST < _—— MNEMONIC OF STATION WHOSE
DATE/TIME - MESSAGE WAS RETRIEVED
OF RETRIEVAL ™. ...05-03...COPY R237 _ -~
REQUEST pie e MNEMEOSmc OF STATION
o REQUESTING THIS
01/30 1522 CST BTL10O BTL101 BTL‘lgi R EvAL
-
R237 01/30 1211 CST ~ ~  __ MNEMONIC OF
P
AN EXAMPLE OF A MESSAGE THAT WAS GARBLED EE;?.',EX%%O v
RETRIEVED

MESSAGE —| AT THE RECEIVING END AS A RESULT OF A
STATION OR TRANSMISSION ERROR WHILE HANDLING
A LINE FEED CHARACTER.

(c)

TFig. 7—(a) A garbled message received at station BTL100. (b) Message re-
trieval request originated at station BTL101. (c¢) Retrieved message copy received
at station BTL101.

that must be specified are the identity of the station whose messages
are to be retrieved and the message numbers desired. (A maximum of
100 message may be requested in a single action request.) Unless dates
and times of the messages requested are also included, it is assumed
that these messages are in the most recent cycle of 1000 messages. A
variation in format permits retrieval from a given message number
through the most recent message number for that station. The tele-
phone company retrieval center has the further capability of request-
ing a message whose tape address is already known. In all cases, the
retrieval destination, unless otherwise specified, is the action request
originator.
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4.3.2 Locating Messages Requested

When a message retrieval action request is received, the cross-refer-
ence file of the station whose message is to be retrieved is interrogated
for each message number desired. First it is determined whether the
message is retrievable; if it is, its location is obtained.

It could happen that a desired message is too old, that is, its perti-
nent cross-reference file area has been released. In this event, a service
message is sent to the retrieval center, where the attendant may,
through journal file retrieval, obtain the tape address, which then is
used for the retrieval request.

A message number may be nonexistent or nonretrievable. An ex-
ample is a requested message number larger than the most recently
used message number as indicated by the message number counter.
This results in a service message to the action request originator.

If a retrieval is requested for a message which is being filed, a delay
mechanism causes the cross-reference file to be interrogated later.

4.3.3 Queuing Tape Search Requests

In most cases the cross-reference file entry for a message number
contains a permanent file tape address, consisting of a tape reel num-
ber and a search number. Because of the time-consuming nature of
tape operations and the fact that only one search can be performed
at a time, this tape address is used to make an entry on a tape search
queue. A tape search queue is a call-store-linked list of retrieval re-
quests for a given tape reel. Each tape search queue entry consists
of a four-word call store facility called a retrieval register. Each
retrieval register contains the message number requested, the tape
address of the desired message, and a reference to the action request
(which is stored in primary message store until the message has been
found).

Several tape search queues are involved in message retrieval. For
on-line tape reels there is a queue per tape unit. For off-line tape reels
there is only one queue. Entries on any tape search queue are ordered
according to ascending search number. In the case of the off-line tape
search queue, entries are grouped first-in first-out, according to tape
reel number. Within each off-line tape reel number group, entries are
further arranged in order of search number. Tape searching normally
proceeds in the direction of increasing search numbers.

4.3.4 Scheduling Tape Searches
All tape search queue entries are serviced in reasonable time because
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of a tape search priority scheduling scheme. New tape search opera-
tions are started on the highest priority scheduled tape search queue
which has entries.

The four categories of tape search queues, listed in order of priority,
are:

(7) Ready-On-Way: For a tape unit with the oldest completed on-
line permanent file tape scheduled for reel change on completion of
search.

(77) Timed Out: For an on-line tape search queue that has not been
serviced for an excessive time.

(#2) Off-Line: For search requests for either permanent or journal
file off-line tapes. Off-line permanent file searches are scheduled to
alternate with journal file retrieval searches.

(tv) On Timing: When an on-line tape search queue is initially set
up, it is given this lowest priority. A timer is also set so that the
priority can be upgraded if this tape search queue is not processed
within a reasonable time. If a search is to be performed from this
schedule, the longest queue is selected first.

4.3.56 Searching A Permanent File Tape

The prerequisites for starting a search are that (z) another search
is not in progress, (it) the secondary tape unit control is available,
and (#t) the tape unit (corresponding to the tape search queue sched-
uled for processing) is available for searching.

If the tape selected for searching is on the active permanent file
tape unit, writing of the permanent file is first switched to the standby
permanent file tape unit. The former active permanent file tape unit
becomes the standby, and its tape is rewound and made available for
searching. When retrieval is completed on the standby, its tape is
positioned just after the last record written so that it may immediately
resume permanent file writing when needed. _

If an off-line permanent file tape is scheduled for searching, an off-
line tape unit is assigned. The tape attendant is instructed to replace
its tape reel with the desired off-line permanent file tape. When this
is accomplished, the tape unit is made available for searching. When
retrieval is completed from this off-line tape reel, the tape attendant
is requested to put the next tape on.

Searching a particular permanent file tape begins with processing
the first entry on the corresponding tape search queue. A forward
search is started for the search number contained in the first entry.
When the proper record is found, and the tape backspaced for read-
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ing, buffer control call store tape blocks are seized for receiving the
data, and a read is ordered. When the read is accomplished, the mes-
sage is verified for station directory number and message number. A
new message is built, using the message found and an indication that
this is a retrieval copy. This message is then sent to the retrieval
destination.

If the message requested is long (stored in more than one record)
the search-backspace-read sequence is repeated for each segment until
the entire message is found. If it is a short message packed in a record
with one or two other short messages, the desired message is extracted
from the record and processed.

These tape operations and the subsequent processing of the message
found are repeated for each entry on the tape search queue of the tape
being searched. Since retrieval queue entries are grouped according
to ascending search number, all entries on a tape search queue can
be processed in one efficient pass along the tape. At the conclusion of
the seareh, the tape unit is returned to the proper state and search
scheduling logic is entered to select the next tape search queue for
processing,.

4.3.6 Retrieving From Message Store

A master register address in the cross-reference file slot for a re-
quested message number implies that the message is recent. It has not
yet been filed on magnetic tape and is still located in the message
store. The message is immediately retrieved from message store and
sent to the retrieval destination.

4.4 Journal File

Selected data from each message is filed in journal file records on
tape. Originating and terminating directory numbers, delivery status,
dates, times, tape address of permanecnt file message copy, and mes-
sage numbers are examples of this selected information.

All journal tape records are 15 blocks long, and each record is di-
vided into 50 entries. Each entry is composed of a three-word search
slot and a six-word text slot as illustrated in Fig. 8. A three-word
search slot with its corresponding six-word text slot is used for each
message originator. Similarly, each message terminator is assigned
search and text slots. Thus a message sent to three addresses requires
a total of nine words for the originator and 27 words for the termina-
tors. :
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g 1ST SEARCH SLOT
50 2ND SEARCH SLOT
3 - WORD ]
SEARCH | - 5 BLOCKS
ENTRIES .
50TH SEARCH SLOT
TEXT ENTRY CORRESPONDING TO
1ST SEARCH SLOT
TEXT ENTRY CORRESPONDING TO
2ND SEARCH SLOT
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6-WORD . |
TExT 10 BLOCKS
ENTRIES
TEXT ENTRY CORRESPONDING TO
50TH SEARCH SLOT

Fig. 8 —Layout of data in the journal file tape record.

All information packed into the journal file record is obtained from
the message processing block complex for each message. Message data
is accumulated in a 15-block journal file buffer in buffer control call
store. Data from individual messages is packed into the journal file
buffer. When the buffer is full, its contents are written as a single
record on the journal file tape.

The journal file record, unlike the permanent file record, in no way
has a one-to-one relationship with the individual message. Rather,
the journal tape record usually contains entries for many messages,
one or two of which may overlap into adjacent records. The originator
and terminators of an individual message always occupy contiguous
slots in the record.

The search slot for each message originator and terminator contains
the directory number, message number, and originator or terminator
flag applicable to the message sender or receiver. The information
contained in the search slot is unique to this message and thus forms
the basis for search in a journal file retrieval. The corresponding text
slot contains statistical information concerning the handling of the
message by the No. 1 ESS ADF, such as delivery status, date, and
time.

No. 1 ESS ADF journal records are useful because:
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(1) They contain tape addresses of all permanent file message copies,
and thus a message may be retrieved even after the cross-reference
file entry has been overwritten in the message store. A journal file
retrieval process is provided for this purpose.

(%) Extracts of message processing records can be retrieved from
the journal file tape by telephone company retrieval center attendants
for assisting users and operating center personnel with special prob-
lems.

(7t) Statistical studies of operating performance, traffic levels, and
specialized problems are reduced to final form by analyzing the jour-
nal records on commercial data processing systems. A journal file
analysis program geared to a commercial computer is operational and
is frequently used for this purpose.

4.5 Journal File Retrieval

The journal file retrieval service feature enables retrieval center
personnel to obtain origination, termination, and processing informa-
tion concerning messages handled by the No. 1 ESS ADF.

4.5.1 Requesting Journal File Retrieval

A journal file search is initiated by an input message called a jour-
nal file resend action request. This action request specifies the direc-
tory number of the station that sent or received the message, the mes-
sage number, the journal file tape reel number, and the date and time
that the recording was started on the journal file tape. The journal
file tape reel to be searched must be off-line. Each journal file search
action request implies a search over the entire reel for all entries per-
taining to the message specified.

4.5.2 Queuing Journal File Search Requests

Since journal file retrieval requests cannot be processed immediately
and since each search consumes considerable time, a journal file search
queue entry is made for each search request. As in message retrieval,
a four-word call store facility called a retrieval register is used. A
new entry is added to the end of the queue, the queue consisting of a
one-way link list of retrieval registers.

4.5.3 Scheduling Journal File Tape Searches

Journal file search scheduling is performed with the message re-
trieval tape search scheduling; journal file searches are alternated
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with permanent file off-line searches. The same conditions and proce-
dures are followed as in setting up a permanent file off-line search.

4.5.4 Searching A Journal File Tape

When a journal file search is next in the search priority, a journal
file forward search is set up. Unlike a message retrieval search on one
word (the search number), a journal file search operation is based on
three words. The hardware matches on three-word entries within the
search section (the first five blocks) of each 15-block record on the
journal file tape. The first two words include the originator or termi-
nator flag and a ten-digit directory number. The third word is the
message number.

Processing the journal file record that is found involves locating the
search slots for all the entries associated with the entry for which the
search was made. The originator entry and all terminator entries for
this message are found. Since the entries for a given message may
extend beyond one record, additional tape operations may be required.
The contents of the text slot corresponding to each search slot is then
put into output format, one entry at a time, starting with the origina-
tor entry. Using this newly formed text, a journal file retrieval output
message is built and sent to the retrieval center.

Such a message contains data concerning origination, termination,
and handling of the message. Originator information includes the
originator’s directory number, the message number, the date and time
of the origination, the originating message customer identity, and the
input message status. The termination data for each terminator con-
sists of the directory number, the message number, the terminating
date and time, the delivery status, and the delivery precedence. The
tape address of the complete message copy and the total message
length are included as handling information.

After a match has been made and the record processed for output,
another search is set up for the given directory number and message
number. The search-read-and-process sequence is repeated until all
entries have been found on the tape for the given directory number
and message number combination. When the end of the tape is reached,
the tape is rewound and reel change ordered, as appropriate for re-
maining off-line retrieval work.
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No. 1 ESS ADF:

Teletypewriter Stations and Transmission
Facilities

By A. C. CARNEY, S. M. FITCH and G. PARKER
(Manuseript received March 2, 1970)

A solid-state electronic station controller, small enough to be housed
within Model 33, 35 and 37 teletypewriters, administers station on-line
procedures. To realize automatic message reception and transmission at
the station, the controller samples all traffic exchanged between the line and
the station teletypewriter, detects message-and device-conirol characters and
generates and detects station-identity codes. In addition, the coniroller
monitors the status of the station teletypewriter and provides appropriate
alarms which are displayed on an attendant unit.

Stations are linked to the No. 1 ESS ADF office via the Bell System’s
private line telegraph network. New ac and dc data sets have been developed
to accommodate speeds up to 300 bauds with lower distortion and crosstall
generation than previously attainable with former transmission apparatus.

I. INTRODUCTION

1.1 Facilities

With the advent of the No. 1 Electronic Switching System, Arranged
with Data Features (No. 1 ESS ADF), the art of store-and-forward
switching has been significantly advanced in the areas of reliability,
capacity and feature capability. Interconnection between the newly
designed stations and the message switcher is provided by existing
Bell System and Independent Company private-line telegraph facili-
ties. Only minor modification was required to modernize these facilities
for use with the higher data rates of No. 1 ESS ADT.

The private-line telegraph system contains a large number of cen-
trally located offices which provide both transmission and maintenance
facilities. These locations are interconnected by a variety of carrier
systems, utilizing channels derived from frequency division of voice
channels shared with other subscribers. This sharing of facilities pro-

2041
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vides the subscriber with significant savings. At each location, the
data signals of a channel are demodulated to baseband. Any number
of individual baseband “legs” can be combined by an interconnecting
circuit called a “hub.” The basic function of a hub is to permit all
outgoing legs to transmit what has been received on an incoming leg.
As shown in Fig. 1, hubs can be interconnected to permit multistation
arrangements or a hub may simply be used to interconnect two car-
rier channels, or to connect a final channel to the local loop of a
station. In this way, hubs are well suited to the formation of party
lines and broadcast systems. ’

Each hub has one additional leg, providing alarm, monitor and
test circuits at the local service board. This expedites trouble locating
and at times even makes it possible to anticipate service failures by
the early detection of deteriorating transmission margins. Rerouting
of circuits is often possible, ensuring prompt re-establishment of ser-
vice. Due to these features, the private-line telegraph system has
achieved high reliability and continuity of service. Over the years, a
large network of shared hub-to-hub links, readily capable of meeting
the growing needs of subscribers, has been established throughout the
United States.

At times, the most efficient trunk utilization between two stations
may require quite a circuitous route, i.e., many hub-to-hub links may
be involved. To compensate for the accumulating distortion of the

TO ADF
STATION
NEW YORK
HUB HUB ciTyY
CHICAGO NEW YORK
cITY
HUB
HUB
SOUTH BEND
HUB STATION
ATLANTA
STATION STATION ALEXANDRIA
SOUTH BEND ATLANTA STATION
ATLANTA

Fig. 1—Typical network illustrating use of hubs for a multistation arrangement.
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many modulations and demodulations of the data signals, data-stream
regenerators may be added at appropriate hub points. These regener-
ators restrict the network to a limited number of speeds and code
structures.r The No. 1 ESS ADT code structures are compatible with
such restrictions.

Although the system presently operates at a maximum of 150 bauds,
new data sets have been developed for this system to provide data
transmission at speeds up to 300 bauds between the hub and the sta-
tion, anticipating the need for future increases in speed. At the same
time these new data sets produce considerably less electrical noise on
the loops than previous arrangements which operate at voltages com-
patible with vacuum-tube circuits.?

One office, near the No. 1 ESS ADF office, is designated as the
controlling serving test center. Special data sets have been developed
to provide a lower-cost arrangement for the link between this center
and the No. 1 ESS ADT office, taking advantage of the fact that this
link is expected never to exceed one mile.

1.2 Stations

Both half-duplex and full-duplex teletypewriter stations have been
developed for this system. Half-duplex stations may send and receive
message traffic sequentially, but not simultaneously, while full-duplex
stations may send and receive messages simultaneously. Messages are
transmitted from a station from punched paper tape and are received
at a station as printed-page copy and/or punched-paper tape. The sta-
tions described in this paper use the USA Standard Code for Informa-
tion Interchange (ASCII)? and operate at either 100 or 150 words per
minute.*

1.2.1 Station Configuration

The functional form of the half-duplex station is shown in Fig. 2.
The station controller conducts the control dialogue with the No. 1
ESS ADF processor (ADF)¢, directs the flow of data within the station
and controls the operation of the teletypewriter. The teletypewriter
sends and receives all message traffic and the attendant unit, con-
sisting of lamps and keys, permits the station attendant to initiate
actions at the station and observe the status of the station.

The attendant unit and controller are physically mounted within the

* Presently all stations operate at either 100 or 150 words per minute and use
ASCII. However, ADF ig arranged to accommodate stations that operate at 60,
75 and 100 words per minute and use the Baudot code.
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AL « DATA | DATA || DATA STATION DATA_ | TELETYPE-
SET CONTROLLER WRITER
LINE ‘
ATTENDANT
UNIT

Fig. 2—Functional form of half-duplex station.

teletypewriter. Figure 3, for example, shows the front view of a half-
duplex station equipped with a Model 33 automatic send-receive
(ASR) and an optional Model 33 receive-only (RO) teletypewriter;
this station many send and receive message traffic. The attendant unit
is mounted to the right of the keyboard of the ASR. The RO is an
optional secondary receiver which allows messages or any portion of
them to be received at either or both the ASR or RO, thus permitting
separation of received traffic into message categories. All message traf-
fie originated at the station is printed as local copy on the ASR. In
Fig. 4 the station controller is shown mounted in the pedestal of a
Model 33 ASR.

The functional form of the full-duplex station is similar to the
half-duplex station and is shown in Fig. 5. The station controller per-
forms all of the functions mentioned previously but in addition
permits the station to send and receive messages simultaneously. Be-
cause of this simultaneous operation, two teletypewriters (one send
and one receive) are provided, whereas in the half-duplex station only
one teletypewriter (send-receive) is necessary.

A typical send-receive full-duplex station equipped with Model 35
teletypewriters is shown in Fig. 6. The station controller is physically
mounted in the ASR along with the send attendant unit. The RO
has the receive attendant unit mounted in it and is shown equipped
with an optional secondary receiver, a receive-only typing-reperforator
(ROTR). A received message or any portion of it can be delivered
to either or both the RO or ROTR while the local copy of traffic
originated at the station is printed on the ASR.

1.2.2 Controller

The functional form of the half-duplex station controller is shown
in Fig. 7. Data may be received from either of two sources, the half-
duplex line or the teletypewriter, and since the station is half duplex,
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these sources are never active simultaneously. The data is passed to
the character storage, detection and generation circuits where each
character received by the station is temporarily stored. Those char-
acters which require some action on the part of the station are detected
and the resulting information is passed to the logie circuits for process-
ing. Suppose, for example, ADF is “polling” the station, i.e., asking
the question “Do you have traffic to send?” This is part of the control
dialogue and is accomplished by ADF sending a prescribed character
sequence to the station. The characters are detected in turn by the
controller detection circuits and an appropriate response is de-
termined by the logic circuits based on the information available from
the attendant unit and teletypewriter. With the response determined,
the response character is generated and passed to the half-duplex line.

In addition to the detection and generation of control characters,

 MODEL 33RO

Fig. 3—Half-duplex station equipped with Model 33 teletypewriters.

B
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Fig. 4—Half-duplex station controller mounted in pedestal of Model 33 ASR
teletypewriter.

the controller must also direct message traffic within the station. Con-
sider, for example, a message at ADF which is intended for delivery
to the station. ADF “selects” this station as a receiver using another
prescribed control sequence and then delivers the message to the
station. At the station, the logic directs this message data from the
half-duplex line, through storage, to the teletypewriter. A more com-
plete discussion of controller operation, including these functions, is
presented in Section III.

The full-duplex station controller can be described in terms similar
to those above except, as noted earlier, the controller must handle
both message transmission and reception simultaneously. This means
that while some of the functional blocks of the half-duplex controller
are provided in duplicate in the full-duplex controller, the logical
operation is similar.

1.2.3 Attendant Unit

The attendant unit is an assembly of lamps and keys which dis-
plays the status of the station and permits the station attendant to
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control the operation of the station. By means of operating these keys,
an attendant may, for example, make a request to send a message.
The lamps indicate such states as selected to send, selected to receive,
alarm conditions, ete.

124 Teletypewriters

Teletypewriters of the Model 33, 35 and 37 product lines of the
Teletype Corporation were adapted for use in the stations. In all,
eight different types of teletypewriters are available: two Model 33s,
the ASR and RO; three Model 35s, the ASR, RO and ROTR; and
three Model 37s, the ASR, RO and ROTR. The Model 33 and 35
teletypewriters are shown in Figs. 3 and 6, respectively. The Model
37 teletypewriters are shown in Figs. 8, 9 and 10. The Model 33 and
35 teletypewriters operate at 100 words per minute and the Model
37s at 150 words per minute and all use ASCII. The Model 33s are
intended for limited usage while the Model 35s and 37s may be used
continuously. Selection of the type of teletypewriter for use at a
station depends on such items as station usage, machine features,
cost objectives, ete.

II. TERMINATION TRANSMISSION LINKS

2.1 -Statton Links

ADF has a direct and permanently connected link to every station
in its system. For the sake of economy, the channelized trunk routes
between hubbing locations can be shared with other subscribers of the
private-line telegraph system, and stations on multipoint lines of the
No. 1 ESS ADF system can share a single channel, being connected

SEND
ATTENDANT
UNIT
ASR
FoLL - SEND DATA TE“L,EE.EF;E'
DUPLEX DATA STATION
LINE SET CONTROLLER RECEIVE DATA
RO
TELETYPE-
WRITER
RECEIVE
ATTENDANT
UNIT

Fig. 5—Functional form of full-duplex station.
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o

Fig. 6—Full-duplex station equipped with Model 35 teletypewriters.

to ADF on a “party line” basis. In contrast the last transmission link,
between the station and its nearest telegraph office, is always indi-
vidual to the station.

As previously mentioned, new end-link data sets were designed.
The basic objectives of these new designs were: higher-speed capabil-
ities than heretofore available for end links, less electric interference
into other circuits on the same cable than some existing equipment,
and simplicity of equipment to keep costs comparable to previous
services.

Two new types of data sets for transmission links were introduced:
one uses ac (voice frequency) transmission, the other polar de.

2.1.1 DC Data Set

One new type of data set developed for the system, coded 109, uses
polar de¢ transmission combining reliability of operation with low
cost. The limitations of this method are the need for metallic cable
pairs and the restricted range of operation, namely, 2500 ohm loop
resistance, ranging between 6 and 15 miles depending on the gauge of
wire used. Yet, because of the strategic distribution of service locations,
the probabilities are high that a sizable portion of the stations of any
system can be served by these dc facilities.

The funectional form of the data set 109 is shown in Fig. 11. It con-
tains a transmitter which acts as a low-impedance voltage source. The
data set applies 4 volts between the wires of the line for a mark, and
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12 volts of opposite polarity for a space. The data set at the other end
of the line is similar, but is connected with opposite polarity to the
metallic conductors. Thus, the voltage around the loop, including both
data sets, is 8 volts for marking signals generated at both ends. If
either end sends a spacing signal, the voltage around the loop changes
to 8 volts in the opposite sense. Resistance padding is used to keep the
total of line-plus-pad resistance constant. Thus, the loop current for
two marking data sets is about 3 mA, while the loop current for one
marking and one spacing data set results in current flow of 3 mA in
the opposite direction around the loop.

Each set contains a pair of monitor resistors, one inserted in the
“tip” and one in the “ring” leg of the transmission line. Under favor-
able conditions, the polarity of the voltage drop across either resistor
indicates whether both data sets are marking, (i.e., current flowing in
one direction) or whether one set is marking and the other spacing
(current flowing in the opposite direction). In practice, longitudinal
currents may flow along the line due to a ground potential difference
between the two ends. As this potential difference may exceed the
source voltage of the transmitters, the current in either monitor re-
sistor may drop to zero or even reverse direction. On the other hand,
by checking the voltage drop in both monitor resistances simultane-
ously with a differential ecircuit, the voltage drop due to the loop cur-
rent can be found independently of the longitudinal current. This
information then yields the data condition of the data sets.

SEND MESSAGE DATA

r SEND DATA
TO
LINE
(VIA - L
DA .
SETT%\) L caTe CHARACTER REGEN- .
L NG STORAGE, ERATOR | To
DETECTION AND [ RECEIVE & - -
SAMPLER TELETYPE
7 AND GENERATION GATE | MESSAGE WRITER
p DATA,
s LOCAL COPY
RECEIVE
DATA
STATE LOGIC
TELETYPEWRITER

CONTROL AND
ATTENDANT UNIT
FUNCTIONS

Fig. 7—Functional form of half-duplex station controller. .
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Fig. 8—~Model 37 ASR teletypewriter.

Other circuitry detects loss-of-loop current, a condition which indi-
cates a failure of the local portion of the transmission facilities. There
is also provision to suppress “copy” of the transmitted signal in the
receive lead of the same set. The entire circuit is contained on a single
printed circuit board for easy installation at the station and in the
telegraph office.

Extensive tests of data set 109 have yielded very satisfactory re-
sults. The set operates with less than 5 percent peak distortion on
lines up to 2500 ohm loop resistance and under 1 uF capacitance at 150
bauds. It will work with proportional increases in distortion up to 300
bauds. The set can tolerate up to 20 volts de and ac ground po-
tential difference. The electrical interference generated by the set is
sufficiently low not to adversely affect other circuits.

The data set 109 just described is restricted to half-duplex operation;
however, a full-duplex version of this data set, operating over 2-wire
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lines, is now in preparation and will be applicable to the No. 1 ESS
ADF system.

2.1.2 AC Data Set

Whenever full-duplex service is required, or whenever the distance
between the last hubbing location and the station is such that the
limits for dec transmission would be exceeded, ac (voice frequency)
transmission is used. A new type of data set was designed to permit
operation at the speeds of the No. 1 ESS ADF system.

Fig. 9—Model 37 RO teletypewriter.
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Fig. 10—Model 37 ROTR,
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Fig. 11—Functional form of dc data set.

This data set, coded 108, contains a frequency-shift modulator,
generating 2125 Hz 100 Hz and 1170 Hz +100 Hz at the station
and at the hub, respectively. These frequenmes are used in Teletype-
writer Exchange (TWX) and DATA- PHONE® services and have been
maintained for private-line telegraph end links, so that the test facilities
in central offices can be shared. Receive circuitry employs conventional
FSK demodulating techniques. The send-and-receive frequencies of the
station set match the receive-and-send frequencies of the central-office
set. The data-set circuitry is contained on a single printed circuit board,
which is physically interchangeable with data set 109. Data set 108 is
shown in Fig. 12. The peak distortion of data set 108 at 150 bauds is
less than 10 percent over transmission lines with up to 30 dB end-
to-end loss at a signal-to-noise ratio of 10 dB. With a proportional
increase in distortion, it will work up to 300 bauds.

2.1.3 High-Voltage Circuits

The data sets described above have input and output circuits in the
typical low-voltage range of transistor circuits: under 24 volts. At the
hubbing location, data sets 108 and 109 must connect to the existing
high-voltage hub circuits which were designed for vacuum-tube cir-
cuits with a +130 volt plate supply. An auxiliary circuit has been de-
signed to provide the proper voltage conversion between hub and data
set circuits. As data sets 108 and 109 have the same characteristics at
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Fig. 12—Data Set 108 type.

their baseband interface, the same auxiliary circuit is used for either
set.

This circuit, coded data auxiliary set 811C, contains multistage
conversion circuits to effect the necessary step-up and step-down in
voltage. The auxiliary set also contains the directional control for use
at half-duplex hubs to prevent copy received from its data set from
being sent back to the same data set by the hub.

2.2 Office Link

The ADF office is always located close to the first hubbing location
which is its serving transmission center, usually in the same building.
It was therefore possible to utilize a de¢ transmission scheme without
ground potential compensation. To accommodate full-duplex stations,
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the transmission on this link has to be full-duplex also. This is
achieved by the use of 4-wire facilities between the serving office and
the ADF office, keeping data-set circuits as simple as possible.

At the serving office a single cireuit board, containing the de data-
set circuit as well as the low-voltage to high-voltage conversion cir-
cuits, is used. At the ADF office only a low-voltage interface is needed
and the conversion circuits are not required. Therefore, the dc data
set may be mounted on one of the smaller No. 1 ESS circuit boards
which permits 256 data sets to be accommodated on a single frame.5:
Facility interruption is indicated at both ends of the Iink by detection
of the loss of dc line current.

III. STATION OPERATION

3.1 Character Format '

As in most teletypewriter systems, asynchronous character timing
is employed. In this mode of operation, referred to as start-stop, a
fixed-timing pattern is used for each group of bits representing a
character. Each group is preceded by a start element which serves to

PARITY
STARTr —————— ASCII CHARACTER ———— 9{ ’(—- STOP —>START|
MpE————— --—-r-—--r——"’l-——"r_——r"*—'—r—-—‘lr——— r===

!
i i i

M/S IM/STM/S T M/STM/S I Mss IM/s I M/S]

sl____ _.__,J,_-_J.____L___I____Il___I____l___l\ —

0 9.09 100.00
TIME IN MILLISECONDS
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’STARTI(— ~~~~~~ ASCII CHARACTER -———-— -)‘ STOP lSTART]
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o] 6.66 66.67
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Fig. 13—Character format of teletypewriter signals. (a) Format at 100 words
per minute. (b) Format at 150 words per minute. M = mark, S = space, M/S
= mark or space.
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indicate when a fixed pattern is to start. The character format for 100
words per minute (10 characters per second) and 150 words per
minute (15 characters per second) is shown in Fig. 13. Each character
consists of a spacing start element, a seven-bit ASCII character, a
parity bit, and two (100 words per minute) or one (150 words per
minute) marking-stop element(s). The parity bit is chosen (mark or
space) so that the eight-bit character consisting of the ASCII charac-
ter and the parity bit, contains an even number of marking bits.
The station controller is automatically sequenced through message
handling operations by selected control characters, a subset of the
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ASCII alphabet. Some of these characters are part of the normal mes-
sage format and some are transmitted out of message context, for line-
control purposes. The complete ASCII character set is given in Table
I. Characters listed under columns 0 and 1 in the table are defined to
be control characters.

3.2 Sending from the Station

Messages for transmission from the station are prepared on paper
tape using the teletypewriter keyboard and tape punch. Messages
must possess the following format:

DS S ED
IO Heading T Message Text TE
LH X XL

The message heading, separated from the message text by the control
character STX (Start of Text), includes the addresses of those stations
that are to receive the message text. The control characters SOH
(Start of Heading) and ETX (End of Text), denoting the beginning
and end of the message, together with STX, are detected by ADF and
the station controller to initiate message handling sequences. To pro-
vide a tape leader that facilitates introduction of the prepared tape
into the teletypewriter tape reader, a number of DEL (Delete) charac-
ters are punched in the tape prior to SOH. Several messages may be
sent by the station during a single transmission. In this case, additional
messages with the prescribed format are prepared on the same tape
with DEL characters used to physically separate the messages. An
EOT (End of Transmission) control character is punched in the tape
following the ETX of last message to denote termination of the
transmission.®

To initiate the sending sequence, the tape containing the prepared
message is inserted into the tape reader, and the tape reader is started
by the controller when a key (BID) on the station attendant set is
operated. Alternatively, at stations equipped with Model 35 or 37
teletypewriters, tape may be fed directly into the tape reader from
the punch and the reader started automatically when the EOT charac-
ter is punched in the tape. In this case, a differential counter in the
station controller is incremented each time an EOT is punched during

*Since certain control characters automatically initiate message control se-
quences, both at ADF and at the station, they may never appear in the message
heading or text. These control characters are SOH, STX, ETX, EOT, ENQ
(Enquiry) and DLE (Data Link Escape).
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message preparation, and decremented each time an EOT is detected
by the controller during actual transmission to the line. The advan-
tages of this feature will be noted in subsequent sections.

The controller discards the DEL characters and stops the tape
reader upon detection of the SOH character. At this point the control-
ler logic is now conditioned to generate and transmit control characters
indicating that the station has traffic to send upon interrogation by
ADPF.

3.2.1 Polling

ADF periodically interrogates each station on a line in order to
determine if the station sender has traffic to originate and if the sta-
tion receiver is ready to receive traffic. The polling cycle begins when
ADF transmits the control character DLE (Data Link Escape). This
character causes all station controllers on the line to assume the polling
state. Programmable character detection circuits in the station con-
troller permit each station on the line to be assigned a unique station-
polling code which is selected from the set of ASCII printing charac-
ters.* Upon receipt of the appropriate polling code from ADF, the
controller generates and transmits a 1- or 2-character sequence,
depending on the status of the station. The possible responses and
their significance are as follows:

CAN (Cancel) : this character indicates that the station has no traf-
fie to send, but is ready to receive.

NAK (Negative Acknowledge): NAK is transmitted if the station
has no traffic to send and is not ready to receive. The station is de-
fined as “not ready” for any of the following reasons:

(7) The receivingt teletypewriter does not have sufficient paper (or
tape, in the case of an ROTR).

(7) The receiving teletypewriter is in the process of feeding form?
or tape, a process that may have been initiated as the station returned
to the idle state after receiving a previous message.

* Characters included in Columns 2 through 7 of the ASCII code, except
characters SP and DEL, are printing characters. The characters P, R, W, X and +
have special significance in the operation of the controller and therefore are
not usable as station-polling codes.

T Most of the operations described are common to both full- and half-duplex
stations; where operations are not the same in both cases, the differences will
be noted. When reference is made to the sending or receiving teletypewriter it
should be understood that in the case of a send-receive half-duplex station, these
teletypewriters are one and the same.

1 ASR and RO teletypewriters may be equipped with either a typing unit
that uses paper on rolls or one that uses fan-folded paper forms.
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(7it) The station has been put out-of-service using a key on the
attendant set.

R ACK (Regular Acknowledge): this two-character sequence is
generated if the station has regular (nonpriority) traffic to send and is
ready to receive.

P ACK (Priority Acknowledge): the meaning of this sequence is
similar to that for R ACK, except the available traffic in this case is
of priority level. The priority level is assigned by the station attendant
using a key on the attendant unit.

R NAK (Regular Negative Acknowledge) : these characters indicate
regular traffic available but the receiving teletypewriter is not ready
to receive.

P NAK (Priority Negative Acknowledge): similar to R NAK, ex-
cept that traffic is of priority level.

On half-duplex lines, if none of the stations indicate traffic available,
ADF can return all stations to idle by transmitting a control character.
If all stations on a full-duplex line respond “no traffic available,” ADF
transmits a control character which causes the sending logic of the
controller to assume the “cocked” state. A programmable character-
generation circuit in the controller permits each station on a line to be
assigned a unique station-identity code, selected from the set of print-
ing ASCII characters, with the same exceptions as noted for the station-
polling code. When the full-duplex controller is in the cocked state,
it will automatically generate and transmit this code when an SOH
character is detected from the station’s tape reader. ADF detects
the activity on the line and interprets this as a polling request. Ordi-
narily, ADF would not discover that a station on the line had traffic
to send until the next periodic polling cycle. Polling subtracts from
the time available to ADF for message delivery, therefore, the cocking
feature increases the efficiency of full-duplex lines. The efficiencies of
the cocking feature cannot be realized on half-duplex lines since inter-
ference would result at the half-duplex hub if a station attempted to
send at the same time ADF was sending.

On both half- and full-duplex lines, when a station indicates traf-
fic available, ADF will normally proceed to the message pick-up
operation, as described in the next section.

3.2.2 Message Pick-up by ADF

The programmable character-detection circuits in the station con-
troller also permit each station on the line to be assigned a different
call-enquiry code chosen from the ASCII printing characters, with the
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same exceptions as noted for the station-polling code. After identifying
those stations with traffic available during the polling cycle, ADF
begins the traffic pick-up sequence by transmitting the control character
ENQ (Enquiry) followed by the call-enquiry code of the station to be
selected as a sender. When the controller detects this, it automatically
generates and transmits one of two possible control characters. If SOH
has been detected from tape, as described in Section 3.2.1, the con-
troller is in the traffic-available state and will regenerate and transmit
SOH, causing the station to be selected as a sender and a lamp
(TRAN) to be lighted on the attendant unit of the sending teletype-
writer. However, if the traffic available state has been cancelled, by
removing the tape from the tape reader for example, the controller
responds with the control character NAK, If traffic is still available,
ie., the station responds with SOH, ADF transmits appropriate con-
trol characters causing the controller’s data-gating logic to be condi-
tioned to pass data received from the line to the typing unit of the
sending teletypewriter. ADF may now transmit an originating mes-
sage number for message identification as well as the time and date.
At this point it is necessary to differentiate between half- and full-
duplex operation.

On a half-duplex line, traffic can originate from only one source at
any given time, either from ADF or from a sending station. This being
the case, in addition to messages being forwarded by ADF, direct
station-to-station communication or intra-line delivery under control
of ADF is permitted. On a full-duplex line, however, both a station
and ADY may originate traffic simultaneously; therefore, to prevent
interference, messages are handled on an interline basis only, i.e. all
messages are stored and forwarded by ADF. The remainder of the
description of message pick-up will be divided into two parts. Half-
duplex operation will be discussed first.

3221 Half-duplex. After transmitting the time, date and message
number, ADF sends the go-ahead control character STX. The con-
troller detects STX and starts the station tape reader. The controller’s
data-gating logic applies the output of the tape reader to the station
data set for transmission to the line. The controller also unblinds the
station printer so that local copy of the message is obtained. The
controller monitors the transmission and stops the tape reader when
STX, the control character that follows the message heading, is de-
tected. Stopping the reader at this point in the sequence provides an
opportunity for ADF to determine if any stations on the same line as
the sending station are designated as addressees of the message. If
this is the case, ADF will call in these stations, i.e., select these stations
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as receivers, (see Section 3.3.1) provided of course they have indicated
that they were ready to receive during a previous polling cycle. ADF
then restarts the sending station’s tape reader and the message
text is transmitted. Upon detection of ETX, the control character de-
noting the end of the message, the controller again stops the tape
reader. The called-in intraline stations receive the message di-
rectly from the sending station, and ADF stores the message for future
delivery to the interline addressees. ADT “roll-calls” (see Section 3.3.2)
all called-in receive stations to determine if they have received the
message properly and then unselects them as receivers. ADF again
transmits the go-ahead signal, and the tape reader is turned on once
again at the selected-to-send station. If the station has additional
messages to transmit, the reader continues to advance the tape until the
controller detects and transmits the SOH character denoting the be-
ginning of a new message. ADF will restart the tape reader and repeat
the pick-up process described above. If no additional messages are
available, ETX on the tape is followed by EOT. The EOT is trans-
mitted by the controller and the station becomes unselected as a sender
and returns to the idle state. If the controller’s EOT counter indicates
zero, the controller stops the tape reader, otherwise the tape is per-
mitted to advance until the next SOH is detected. SOH stops the reader
and cycles the controller logic to the traffic-available state.

3222 Full-duplex. On a full-duplex line, after transmitting the
originating time, date, and message number to the selected-to-send
station, ADF transmits control character DC2 (Device Control 2).
The controller detects DC2, starts the tape reader, and restores the
receive portion of the line to the receive-only teletypewriter. Since intra-
line delivery is not possible on full-duplex lines, the controller, in
contrast to half-duplex operation, does not stop the transmitter until
both the heading and the message text are transmitted, i.e., until the
controller detects ETX from the tape. Local copy is provided on the
typing unit of the sending teletypewriter. Except for the different go-
ahead control character, DC2 instead of STX, the remainder of the
full-duplex pick-up sequence is identical to that for half-duplex. After
message pick-up has been completed ADF polls a full-duplex line in
order to determine if traffic has become available during the pick-up
process.

3.2.3 Hold Feature

In the process of sending many messages during a single transmis-
sion it may be desirable to transmit a message of higher precedence
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from a separate piece of prepared tape. The hold feature allows the
station attendant to remove the in-progress tape and introduce a
“torn-tape” message without affecting the station’s status as a selected
sender. When the HOLD key on the attendant unit is operated, the
controller inhibits ADF from restarting the tape reader after it has
been stopped following detection of ETX. When the tape reader stops,
the HOLD key lamp lights indicating that the original tape may be
removed and the new tape inserted. The station remains selected as a
sender and the station attendant may restart the tape reader. To
reintroduce the original tape, the hold process is repeated.

3.2.4 Emergency Stop

During transmission from the station, ADF checks for invalid ad-
dress information and errors in message format. If a violation is de-
tected, ADF initiates an emergency stop sequence. This procedure
stops the station’s tape reader and activates an alarm; ADF then
delivers a service message to the offending station indicating the nature
of the error.

ADT interrupts a half-duplex sender by transmitting a break signal,
ie., several character intervals of steady spacing followed by a se-
quence of control characters that unselects the station as a sender,
activates an alarm and unblinds the station receiver. After delivery
of the service message ADF restores the station to the idle state.

In the case of a full-duplex station, ADF transmits a sequence of
control characters that interrupts the sending station and blinds all
called-in receive stations on the line. After sending the service message,
which is copied by the typing unit of the sending teletypewriter, ADF
sends a sequence that unselects the sending station and unblinds any
selected receivers and then resumes delivery of the message to the
selected receivers.

3.3 Receiving at the Station

33.1 Call-In and Message Delivery

If ADF has a station marked ready to receive as a result of the
polling cycle, the station is eligible for selection as a receiver, an
operation referred to as “call-in.” To select a station ADF transmits a
two-character sequence, ENQ followed by the station’s unique call-
enquiry code. This sequence is identical to the sequence used to select
a station as a sender but is distinguishable since the controller is not
in the polling state.
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As mentioned previously, full-duplex stations are arranged to send
and receive traffic simultaneously. During the course of receiving a
message, the station controller must generate and transmit control
characters in response to interrogation by ADF. When the station is
in the process of sending, the control character ENQ interrupts the
transmission permitting the receive portion of the controller to access
the sending logic in order to generate and transmit the necessary
responses.

ENQ followed by the station’s call-enquiry code elicits a two-
character response from the controller, the station-identity code fol-
lowed by ACK or NAK. The station-identity code is used by ADF to
verify that the response originated from the station that was called.
NAK indicates that the station is not ready to receive for reasons
previously described in Section 3.2.1. Further attempts to: call-in a
station responding with NAK will not be made until the station is
found to be ready during a subsequent polling cycle. When the con-
troller generates the NAK response, a lamp (CALL) lights on the
attendant unit of the receive teletypewriter to alert the station atten-
dant to the call-in attempt.

The station response ACK, i.e., ready to receive, automatically
selects the station as a receiver, causing a lamp (REC) on the atten-
dant unit of the receive teletypewriter to light. ADF may now trans-
mit any per-station heading information such as a receive-message
number. If additional stations on the same line are designated as
recipients of the message, ADF transmits ENQ followed by the call-
enquiry code of the second station. ENQ blinds the receiver of the
first station ensuring private delivery of per-station information to the
second station. To call in additional stations the process described
above is repeated. When call-in has been completed, ADF transmits
the sequence ENQ DC2 and unblinds all called-in stations. DC2 also
reactivates any sending full-duplex station that was interrupted when
call-in was initiated. ADF now transmits the text of the message
followed by the control character ETX.

3.3.2 Roll-Call

As stated previously, ADF unblinds all selected station receivers
prior to message delivery by transmitting the sequence ENQ DC2.
DC2 also enables that part of the controller logic that monitors
“proper” reception of the message. This logic state is referred to as
“roll-call.” Specifically, any one of the following occurrences indicate
improper reception;
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(7) A character received by the controller did not reach the receiving
teletypewriter.

(%) A receiving teletypewriter that utilizes paper forms ran out of
forms before the end of the message.

(77) The control character ETX was not detected or was received
with a parity error.

After transmitting ETX, ADF interrogates each station in turn
using the sequence ENQ followed by the station’s call-enquiry code
which, since the controller is in the roll-call state, is interpreted as the
beginning of the roll-call sequence rather than either a call-in or
select-to-send sequence. The controller generates and transmits a 2-
character response, the station-identity code followed by either CAN
or NAK. CAN indicates proper reception; NAK indicates improper
reception and activates an alarm on the attendant unit. After all
stations are roll-called, ADF transmits EOT which restores all sta-
tions to the idle state. In the event a station responds NAK to roll-
call, ADF makes another attempt to deliver the message. If the second
attempt is not successful ADF passes the message to a network con-
trol station for appropriate action.* On full-duplex lines, DC2 is sent
after EOT to reactivate an interrupted sending station, if any.

3.3.3 Receive Message Abort

This feature allows ADT to interrupt message delivery to a station
and activate a station alarm if an irregularity is detected in the mes-
sage or if some other system anomaly occurs.

On a full-duplex line ADF transmits a sequence of control charac-
ters that interrupts any selected sender and activates an alarm at
selected receive stations. ADTF then transmits a service message indi-
cating the reason for the delivery interruption, then idles all selected
receive stations and restarts the interrupted sending station.

On half-duplex lines ADF sends a sequence of control characters
that activates an alarm at the selected receive station and in the case
of an intraline delivery, also interrupts the tape reader at the send-
ing station and activates an alarm (see Section 3.2.4). After sending
the service message, ADF restores the sending station, if any, and all
selected receive stations to idle.

3.4 Controller Operation

3.41 Character Processing
All data exchanged between the station teletypewriter and the line
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is monitored, temporarily stored, and then regenerated by the station
controller. The character-processing circuits perform the required
timing, storage, control character detection and response generation.
The functional form of this circuit for the half-duplex controller is
shown in Fig. 14. To facilitate simultaneous reception and transmis-
sion, the full-duplex controller contains two character-processing cir-
cuits.

Each character, from either the teletypewriter tape reader or the
receive-data lead of the data set, initiates a new timing cycle and is
stored in a 10-stage magnetic core shift register. Special windings
threaded through the cores of the shift register permit detection and
generation of the necessary control characters. During message trans-
mission, characters are read into the shift register and applied to the
line simultaneously. However, the shift register is in series with the
received data stream; therefore, a character received from the line is
stored in the register until shifted out by the timing cycle initiated
by the following character. By introducing a delay of one character
interval during reception, sufficient time is gained to permit the use of
gating circuits to prevent sequence-control characters transmitted by
ADF from reaching the station teletypewriter.

Pulses from the character-detection circuits sequence the controller’s
state logic through the various operational modes. Status signals from
the station teletypewriter and attendant unit are monitored by the
state logic and exercise control over the writing and gating circuits.

3.4.1.1 Timing. Three timing signals are necessary for character
processing. One, derived by the character timer, defines the character
interval; the second, provided by the bit clock, defines the element
or bit* interval. The third will be discussed in Section 3.4.1.2.

In the idle state, the input-data lead is marking. A mark-to-space
transition, denoting the beginning of a character, initiates the timing
cycle by starting the character timer, the bit clock, and the clock-
guard timer. The output of the bit-clock circuit is a square wave; the
period of one cycle of the square wave is equivalent to a bit interval.
The bit clock is permitted to run for ten cyecles before being squelched
by the character timer. Data sampling and shifting operations are
timed by the bit clock.

The shift register is divided into two parallel 10-stage information
stores. One stores marking bits and the other stores spacing bits. A
" *1In the strict sense, not all the elements of the teletypewriter character may

be defined as “bits”. For convenience, however, the term will be used in this
discussion.



FROM TAPE SEND MESSAGE DATA
READER
OR
DATA SET sTOP DOUBLE-1~
L7 BIT AN
WRITE ¥ \
SPACE T arAr
DATA __:1>——- SPACE STORE
IN SAMPLER PN ouT
WRITE B8 |B7 |B6 Bs—ﬁm B3|82|B1
MARK T
MARK STOR
SHIFTJ WRITE |DETECTION
WINDING| WINDING
WRITE <~ le-”
DOUBLE -1
. WRITE DOUF"E
e
LoGic DETECTOR
START | cHARACTER | START BIT
TIMER SToP cLock
7TH
10TH | BIT
STOP BIT Y /
’/I ‘/
4
START
CHARACTER
DETECTOR
CLOCK RESPONSE
START GUARD TIMING START
TIMER CONTROL A

Fig. 14—Functional form of half-duplex character processing circuit.

TO DATA
SET SEND MESSAGE DATA
-~~~ AND RESPONSES
j} RECEN TO STATION
ERATOR |___ . TELETYPE-
AND A WRITER
—-i>_ GATE {
|
|
|
RECEIVE
MESSAGE

DATA

I~ CONTROL ™

Sy

T
TO STATE LOGIC

DATA AND LOCAL

COPY

9963

06T YEIWAOHA “IVNUNOCL TVOINHOAL WHILSXS TIdd HHL



STATIONS AND TRANSMISSION FACILITIES 2967

logical 1 is entered into the appropriate store as each bit following the
start bit is sampled. Coincident with the start bit, however, a “double-
1” is entered into the register; i.e., a 1 is entered into both the mark
and space stores. As each of the remaining nine bits (seven-bit ASCII
character, parity bit, and one-stop bit) is sampled and entered into the
register, the double-1 propogates through the register and is detected
as it enters the tenth position, coincident with the center of tenth-
timing cycle. When the double-1 is detected, a pulse is fed back to the
character timer and terminates the timing cycle. The clock guard
timer, which is reset at the beginning of each timing cycle, prevents
the bit clock from free-running in the unlikely event a double-1 pulse
is not detected or is mutilated.

The possibility exists that the bit clock may be falsely started, by
a hit due to line noise for example. The write and detect double-1 se-
quence still occurs and the normal timing interval is maintained. Un-
less certain repeated characters are received causing the timing circuit
to synchronize on some mark-to-space transition other than the nor-
mal-start transition, synchronization is quickly regained. In order to
reduce the number of incorrect characters that are printed or punched
while the receiver is recovering synchronization, the received data is
sampled at the end of the timing interval, coincident with what would
normally be a marking stop bit. If the sample is found to be spacing,
the received character is changed to an “underline” (_) character
by the write circuit before it is passed to the teletypewriter. In addi-
tion, characters received from the line are also checked for parity.
Those having incorrect parity are also changed to an underline.

3.4.1.2 Character Detection and Generation. A separate wire, which
acts as a detection winding, is threaded through the cores of the shift
register for each character to be detected. Each wire is threaded in a
unique manner, governed by the mark-space bit pattern of the char-
acter to be detected. Except for the SOH, ETX and STX windings,
the wires are arranged so that the characters are detected as the stop
pulse is written into the shift register. As described in Sections 3.2.1
and 3.2.2, the controller is required to stop the station’s tape reader
when message-format characters are detected from the tape; these
stop characters are SOH, ETX and, in the case of half-duplex operation,
STX. The station’s tape reader must be stopped before reading the
character following the stop character. To gain time, therefore, the
windings for the stop characters are arranged to permit detection as
the seventh ASCII bit is written into the register, without regard
for the parity bit. The presence of a character that agrees with the
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winding pattern of a detection winding is indicated by a negative
pulse on the winding output, provided it occurs at the appropriate
point in the timing cycle. Other characters yield positive pulses. In
order to sample the detection windings of the stop characters, a third
timing signal is derived by an additional double-1 detector which
is arranged to detect the double-1 coincident with the center of the
seventh ASCII bit; the other detection windings are sampled by the
same double-1 pulse employed to terminate the timing cycle. Pulses
from the character-detection circuits are applied to the controller’s
state logic to initiate automatic sequencing of the various operational

modes.
When the state logic is conditioned to the appropriate mode, the

detection of certain control characters will initiate a response sequence.
The response-timing control circuit is triggered by a signal from the
state logic; the state logic also indicates whether a 1- or 2-character
response timing cyecle is required.

A separate write winding is threaded through the shift register
cores for each of the characters to be generated. A current driver is
associated with each write winding and the desired character is writ-
ten into the register by applying a narrow current pulse to the appro-
priate winding. To do this, the response-timing control circuit applies
a pulse to the write logic. The pulse is gated under control of the state
logic to the appropriate current driver and the character is written
into the shift register. After a suitable delay, the response-timing
control circuit applies a pulse to the character timer and a timing se-
quence is initiated. The character residing in the register is shifted out,
passed to the data set and transmitted. If the state logic indicates that a
second character is required, the response timing control is enabled by
the character timer at the end of the timing eycle and the write and
shift process is repeated.

342 Alarms (

A number of alarm conditions are detected by the controller. Lamps
on the attendant unit indicate the nature of the alarm condition; an
audible alarm is also provided by a loudspeaker housed in the atten-
dant unit. A list of the alarms and their meaning is given below.

(¢) TAPE: This alarm monitors the status of tape in the teletype-
writer tape reader while the station is selected as a sender. The
alarm is activated if the tape reader runs out of tape or if the
tape becomes taut. The latter condition is likely to occur when tape
is fed directly into.the tape reader from the punch with insufficient
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slack. The alarm also occurs if the tape is removed from the reader
or if the switch on the reader is moved from the RUN position.
This alarm circuit is disabled when the hold feature described in Sec-
tion 3.2.3 is in effect. :

(1) EMERGENCY STOP: This alarm occurs when ADF initiates
the emergency-stop sequence described in Section 3.2.4.

(71t) PAPER LOW: For teletypewriters that use paper on rolls, the
alarm condition is indicated when the diameter of the paper supply
roll is reduced to a preseribed dimension. In the case of teletype-
writers that use paper forms, the alarm is not given until forms are
depleted.

(tv) TAPE LOW: This alarm is provided to indicate a low tape-
supply condition when the station is equipped with an ROTR.

(v) MESSAGE RECEPTION: A message-reception alarm is given
whenever a station responds NAK to roll-call indicating “improper”
receipt of a message. The conditions that elicit this response are de-
scribed in Section 3.3.2. In addition, this alarm is triggered at a
selected receive station if ADF interrupts message delivery in order
to transmit a service message.

(vi) ERROR: This alarm occurs if a parity error is detected or if
the normally marking stop element is found to be spacing in a charac-
ter received from the line. In addition to generating the alarm, the
controller changes the affected character to an underline character
with incorrect parity before it is gated to the teletypewriter.

The alarm lamps are located under translucent nonlocking keys on
the attendant unit; by depressing the lighted key the alarm lamp and
audible tone may be turned off. The PAPER LOW and TAPE LOW
alarms, however, cannot be canceled until the paper or tape supply is
replenished. A separate locking key is provided to allow the attendant
to disable the audible alarm.

3.5 Maintenance Features

3.6.1 Local Tests

Model 33, 35 and 37 ASR teletypewriters are equipped with a mode
switch. Using this switch the teletypwriter may be switched off-line,
isolating the machine from the station controller. When off-line, the
typing unit and punch operate from either the keyboard or tape
reader allowing the operator to check basic machine functions. When
the station is polled while in the off-line mode, the full-duplex con-
troller will respond “no traffic available;” half-duplex stations equipped
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with an ASR teletypewriter will, in addition, respond “not ready to
receive.” If an attempt is made to select a half-duplex station as a
receiver while the ASR is off-line, the CALL lamp on the attendant
. unit will light, alerting the station attendant to the call-in attempt.

3.5.2 Remote Tests

When the station is equipped with an ac data set, a switch (MTCE)
located on the controller may be used to interconnect the send and
receive data leads of the data set. Thus, with the remainder of the
controller and the station teletypewriter isolated, tests of the transmis-
sion facility and data set may be performed from a remote test center.

Remote tests of many controller functions may be performed using
an automatic loopback feature provided by the controller. If the con-
troller is equipped with the ac data set, it may be conditioned to the
automatic loopback mode from a remote test facility by transmitting
a prescribed sequence of control characters. The sequence forces the
station to the “ready’” mode and permits the station to be selected as a
receiver using the normal call-in process. The controller’s state logic
now causes all data that would normally be passed from the data re-
generation and gating circuits to the station teletypewriter to be
looped back to the data set and transmitted to the line. Since much
of the controller logic is included in the loopback path, many control-
ler functions may be verified merely by monitoring the returned data
at the test facility. For example, the ability of the controller to detect
control characters used to blind and unblind the station receiver can
easily be tested since the printer control logic will control the looped-
back data. The obvious advantage of the automatic loopback feature
is that maintenance personnel need not be dispatched to the station;
nor do any switches have to be operated by the station attendant. By
transmitting EOT the test facility returns the station to the idle state.

IV. CONTROLLER APPARATUS

The station controller consists of a wired nest equipped with a power
supply and 13 printed circuit boards, and measures 15.5 inches long
by 7.5 inches wide by 6 inches high (see Fig. 15). Different brackets
are available to permit installation of the controller within various
types of teletypewriters. Cords are used to interconnect the controller
to the attendant unit and teletypewriter.

The data set is contained on one of the printed circuit boards; the
other boards provide all of the controller logic. Discrete components
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Fig. 15—Full-duplex station controller equipped with data set 108 type.

are used; each logic board contains, on the average, 13 capacitors, 12
diodes, 95 resistors and 26 switching transistors. The controllers may
be equipped with either of two clock circuit boards, one for 100-words-
per-minute operation, the other for 150-words-per-minute operation.

The power supply converts standard 117 volts, 60 Hz ac power
to +24, +12 and —12 volts dc for use in the controller. The con-
troller dissipates 50 watts of power making forced ventilation within
the teletypewriter pedestal unnecessary in environments at normal
room temperature.

The attendant unit for a half-duplex send-receive station is shown
in Fig. 16. The loud speaker for the audible alarm is clearly visible.
The attendant unit mounts under a cutout of the Model 33 and 35
teletypewriter cover as shown in Figs. 3 and 6. In the case of Model
37 teletypewriters, the attendant unit is installed in a vertical door
panel as shown in Fig. 8.

V. CONCLUSION

The marriage of the electronic controller and the teletypewriter has
been successful. Since system cutover on February 3, 1969, the sta-
tions have operated with a high degree of reliability.” This per-
formance, coupled with the ability of ADF to frequently check the
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Fig. 16—Attendant unit for half-duplex send-receive station.

status of all stations and the inherent reliability of the private line
telegraph network, has contributed significantly to the users’ confi-
dence in the No. 1 ESS ADF system.
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No. 1 ESS ADF:

System Testing and Early Field

Operation Experience

By D. R. BARNEY, P. K. GILOTH and H. G. KIENZLE
(Manuscript received August 14, 1970)

This article describes the equipment and test procedures used for system
testing of a large store and forward system. It discusses a novel programmed
computer load test facility for determining syslem operational characteristics
in overload, system traffic handling capacity, and the adequacy of operational
call register design. It presents early field experience with No. 1 ESS ADF
controlling a very large nationwide data network for the Long Lines De-
partment.

I. INTRODUCTION

A No. 1 Electronic Switching System Arranged with Data Features
(No. 1 ESS ADF) was installed in New York City to operate and
control the Long Lines Department’s nationwide Administrative-Data
Network (ADNet).® The new system was cut into service February 3,
1969, and connects some 720 Long Lines, Operating Company, and
Western Electric Company locations to the No. 1 ESS ADF switching
center through 400 circuits which are terminated by 1,250 four-row
teletypewriters that use the American Standard Code for Information
Interchange (ASCII). Connection is also made to computers at two
Long Lines data processing centers so that computer-generated data
can be distributed by the network, or field data can be assembled for
computer center processing.

Large traffic handling capacity was needed for the ADNet. There-
fore, a near maximum-sized system has been installed. Two autono-
mous data scanner-distributors terminate 1,024 full duplex or half
duplex data lines which operate at speeds up to 150 words per minute.
Call stores capable of handling 159,744 24-bit words, duplicated, are
provided. Duplicated program stores of 327,680 44-bit words are pro-
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vided for storing the 250,000 word program, along with translation and
parameter data for 1,024 lines.

Two duplicated disk communities, each capable of storing 2,359,296
24-bit words, are used for in-transit storage. There are 12 magnetic
tape units, so that journal filing, permanent filing, and retrieval can
be handled with six tape units in the on-line pool for retrieval. This
provides an on-line retrieval capacity of approximately 75,000
messages.

The various development testing phases of a message switching
system of this complexity added up to a sizable undertaking. New
testing techniques were developed to yield thorough hardware and
software testing in minimum time.

II. FUNCTION TESTING

When testing any large system, it has been conventional to divide
the work into two main phases, discrete function testing, and system
operation and maintenance testing. However, it is quite difficult to
define exactly where function testing for either hardware or software
ceases and system testing starts. This article uses a somewhat arbi-
trarily-defined point: that point where all program words had been
initially debugged (see Fig. 1) and all hardware testing had been
completed in a fashion similar to a conventional No. 1 ESS sys-
tem.2 Hardware testing is not described here. Function and system
tests are separated to present certain of the testing phases which were
somewhat uniquely handled in the overall testing program.

The complete computer program required by the No. 1 ESS ADF
system contains about 250,000 words. A considerable amount of pro-
gram testing was required over a period of three years before the sys-
tem was considered to be operating satisfactorily. The bulk of the
testing was performed in the test model system laboratory at Bell
Telephone Laboratories, Naperville, Illinois. The function testing re-
quired 22 months while system tests started seven months before sys-
tem cutover and continued for eight months after. The progress in
program testing, indicated by the amount of program words debugged
during this period, is shown in Fig. 1.

During function testing the individual programs were tested as in-
dependently of other system functions as possible. A test plan was
devised that would achieve the maximum (¢) rate of program integra-
tion, () number of programmers able to use the system effectively,
and (#%) number of programmers on day shift. To implement this
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plan, special utility programs were developed, new laboratory operat-
ing procedures were established, and a new program test console was
designed. The console, as shown in Fig. 2, contained some 6,000 lamps
indicating status in all parts of the system and the information stored
in the many system registers. It was an expansion of previous ESS
test console designs with their capabilities, but several important new
features were added.? Facilities were installed for controlling and
monitoring the frames unique to No. 1 ESS ADF, along with addi-
tional program and call store address matehers which could be set
electronically under program control from card input data. The entire
console was duplicated, but so interconnected that a duplex system
could be controlled from either half, or the system could be split into
two simplex systems each independently controlled by one half of the
console and each half capable of independent operation. This feature
doubled the machine testing capacity for those programs not requiring
a duplex system.

The general concept for the plan of operation was to run the sys-
tem laboratory as a computation center where programmers would
work on a single day shift while there would be sufficient console
operators to complete all the day’s batch work in either two or three
shifts, as required. A programmer could request to be present while
his work'was being run, to observe the system operation and make
limited changes in his test procedure. All work, however, was under
control of the console operator. No time was allowed for problem
study at the machine, on machine time. All problem study was done
off-line with only completely defined tests being run using machine
time.

If a programmer were not present, his work was called a “batch”
run. If he were present, his work was called a “personal” run. No
time limit was placed on the length of batch runs, but the longer runs
were usually performed during night shifts. However, a personal run
was limited to ten minutes because experience showed that few pro-
grammers could efficiently use more than ten minutes of time on a
personal run without requiring at least one-half hour off-line time to
analyze his results. ,

This general plan was adhered to during the period of function test-
ing and well into the system test period. During the end of the system
test period before cutover, the request for batch runs dropped off and
the personal run time was allowed to become longer. After the New
York system cutover the work became almost entirely personal runs
with the run time limit extended to 30 minutes.
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At the start of program testing on a test model at Naperville, Illi-
nois, not all the programs had been loaded. As more programs were
loaded into the system, the quantity of test runs increased sharply.
Figure 3 shows the total runs made per month from the start of in-
tegration until the New York system was cut over in February 1969.

Figure 4 shows the monthly percentage of the total runs which were
batch runs during the entire test period. During the debugging of in-
dividual programs the percentage of batch runs was high, but as the
testing became more of the system type, the percentage dropped off.

Figure 5 shows the average length of a test problem. The length of
each test during the peak program debugging months was kept under
five minutes. Of this, set-up and read-in of the instruction deck took
less than one minute, the run itself averaged two minutes, and the
high-speed printer dump used the remaining time. With the dual input
console arrangement, the tests were made alternately on each half



ADF SYSTEM TESTING 2981

75 /A 1
START

" \\//’T l«—— SYSTEM
z F‘\W TESTS
2
T 50 \\
w
o]
'2 \
g 25
o
w
o

ottt vt i tilril o fe bl et gt gt

MJJASONDIJFMAMUJJAS OND
1967 1968

Fig. 4—Percent of batch runs to total runs.

with one half setting up the next run while the other half was making
a run. This feature greatly helped to keep running time to & minimum.

Figure 6 shows the monthly rate of program integration which
reaches a peak of over 18,000 words in a month. Figure 7 shows the
relationship between words integrated and tests made. The relation-
ship remained relatively constant throughout most of the integration
period, indicating that a definite number of test runs must be made by
a programmer to accomplish a given amount of program integration.
This seems to be independent of the length of run or the work load
being performed in the laboratory.

The relationship between the number of program words integrated
and hours of machine time is shown in Fig. 8. The overall average was
37 words integrated per hour of machine time based on the hours when
the machine was used only for program debugging. If all the hours of
machine time, that is, overwrite time and maintenance time, are in-
cluded, the average number of program words integrated per hour
drops to 30.
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During the various phases of program testing at the Naperville
Laboratory, 58,000 overwrite words of program were introduced while
debugging 134,000 words of program. During the seven months of
system testing, 22,000 overwrite words were made against the whole
program of 242,000 words, that is, 9.4 percent of the program was
changed. During the first eight-month period after system cutover,
9,700 overwrite words have been put into the system, many because of
feature additions. Detailed information on the number of overwrites
made is shown on Figs. 9 and 10.

IIT. SYSTEM TESTING

System testing was conducted primarily on the New York installa-
tion of the No. 1 ESS ADT system. This installation alone contained
a full complement of hardware necessary to operate the system at
full design capacity and to provide a nearly normal environment for
testing operating procedures. This testing period started seven months
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before cutover and continued for eight months after. The system tests
consisted of three distinet but related areas of testing: feature tests,
network tests, and load tests.

3.1 Feature Testing

A detailed test plan was prepared before the start of system testing.
This plan listed all the tests to be conducted and the system conditions
and configuration for each test. The tests included all operational and
administrative features, maintenance test procedures, and system re-
sponses to abnormal conditions.

A test bed of stations, not part of the Long Lines network, were
connected to the New York system for operational feature testing.
This group of stations consisted of six eight-level ASCII stations and
nine five-level Baudot stations. There were approximately 500 opera-
tional tests subdivided into major feature categories as shown in
Table I. Each test required the preparation of station message tapes;
and because of the limited number of stations in the test bed, recent
change tapes had to be prepared for many of the tests to establish
the proper station options for the given test. Several general purpose
programs were written to aid in the preparation of these test tapes.

These tests were systematically run during the early months of the
system test and were very effective in detecting program bugs. Many
of the tests were performed while a large system load was being placed
on the system by the load facilities which are discussed in Section 3.3.
A subset of these tests were used until cutover to test the introduction
of new program loads in the New York system.

3.2 Network Testing

During the seven months before the cutover the 400 circuits and ap-
proximately 1250 teletypewriters were installed and tested from manual
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TaBLE I—OPERATIONAL FEATURE TESTS

Heading format 133
Addressing 8
Precedence 30
Privac 4
Multiline hunt group 15
Message retrieval 48
Poll-delivering criteria 111
Undeliverable traffic 17
Miscellaneous customer services 126

Total 492

transmission test positions. Five months prior to cutover, the transla-
tion data for the total Long Lines network was installed in the New
York system. During this period, one shift of system time was devoted
to network testing which checked the ability of each station to trans-
mit and receive traffic, and which verified the translation data. Mes-
sage tapes were prepared by Bell Laboratories and mailed to station
attendants for testing the transmission capability of each station. In
addition, message tapes were prepared for a Long Lines location to
send to each station for testing that station’s receiving capability.
Since stations continued to be installed throughout this period, special
network testing programs and procedures were developed to allow the
translation data to be progressively activated as the stations were in-
stalled.

These tests proved to be very effective, and the smooth cutover of
the network was a direct result of the joint efforts and cooperation of
Long Lines and Bell Laboratories personnel during this test period.
The network tests also provided a vehicle for testing the No. 1 ESS
ADF switching center. Any troubles reported during the tests were
given the bookkeeping name of failure reports, and corrections were
introduced into the program. Figure 11 shows the number of failure
reports issued during system testing. Prior to cutover, there were 690
reports per month. While the network tests were responsible for a large
number of these failure reports, load tests and feature tests which
were conducted concurrently and the continued testing on the Naper-
ville test model contributed significantly to these results. After cut-
over the rate dropped to an average of 135 reports per month for the
next five months and then dropped to near zero. These failure reports
were divided into three classes:

Class A, serious service-affecting troubles which were corrected im-
mediately (less than five percent).
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Class B, refinements to service or maintenance which were corrected
more routinely (over 80 percent).

Class C, corrected only if simple, otherwise deferred for later pro-
gram versions.

3.3 Load Testing

A switching system cannot be considered to be fully tested until it
is stressed to the limits of its traffic handling capability. However, the
large traffic capacity of the No. 1 ESS ADF switching center makes
live load testing difficult because of the problem of generating the large
amounts of controlled traffic required to stress the system to capacity.
To fully load the system with traffic on each line is impractical be-
cause the total cost of hardware becomes prohibitively great. Even if
one could afford the hardware, it is virtually impossible to administer
the generation of traffic to produce a controlled load which is re-
producible. Therefore, load testing of the No. 1 ESS ADF system was
accomplished through the use of two load boxes which were developed
for this purpose. The test configuration for the load boxes, a five-level
load box and a computer-controlled load box, is shown in Fig. 12.

3.3.1 Five-Level Load Bozx

The five-level load box was designed as a means of testing the data
scanner distributor units under full load. This device consisted of ten
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paper tape readers each of which could be connected to as many as 52
ports on the data scanner distributor units. The load box thus simu-
lated 520 five-level full duplex stations. The five-level full duplex
signalling sequence is such that after the initial handshaking with the
station to establish the connection, a multimessage transmission can
be continued indefinitely since no further signaling dialogue between
the station and the switching center is required. The control teletype-
writer shown in Fig. 12 was used to handle the initial signaling se-
quences for each of the paper tape readers. Once the connection was
established, the control teletypewriter was then available for use with
another tape reader. While this load box arrangement was designed
primarily for testing the data scanner distributor units, it had some
characteristics which produced useful program tests. Since a paper
tape reader was connected to 52 lines, the traffic presented to these
lines was not random, that is, all actions such as start and end of mes-
sage occeurred simultaneously. This in turn produced stresses on par-
ticular program functions as each action occurred. This load box was
an effective testing device in the early stages of system testing, but
had to be removed when the network tests started to make way for
the Long Lines network.

BUFFER CENTRAL
CONTROL PROCESSOR
LINE FACILITY BUS
DATA
SCANNER
DISTRIBUTOR
UNITS
NO.1 ESS ADF
INTERFACE
HARDWARE FIVE—-LEVEL CONTROL
LOAD TELETYPE-
BOX WRITER
DDP-516 T
COMPUTER
CONTROLLED PAPER TAPE
LOAD-BOX READERS

Fig. 12—Load box facilities used in testing the No. 1 ESS ADF system.
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3.3.2 Computer-Controlled Load Box

A computer-controlled load test facility was developed for the No.
1 ESS ADT project. This load box consisted of a small computer, the
Honeywell DDP-516, and hardware connecting it to the ADF system
in such a way as to simulate a data scanner distributor unit with 512
lines and two stations per line. The program written for the DDP-516
computer provides a large degree of flexibility in controlling the traffic
parameters used to specify the type of traffic load presented to the
system.

These parameters are: () the number of active originating stations,
(77) the level of presented load called message presentation rate, (ii7)
the multiple address factor or number of addresses per message, and
(fv) the text length of the message. The latter three parameters can
be provided with constant, normal, or exponential distribution. Traf-
fic statistics collected by the load box are periodically printed and
have proven to be valuable in evaluating the No. 1 ESS ADF system
operation.

The DDP-516 computer was so programmed that steady state or
dynamic load testing could be performed. In a steady state test, the
traffic parameters remain fixed during the test. This allows the system
response to a steady load to be observed. In a dynamic test, the basic
traffic parameters for the load box are varied with time according to
a pattern. This allows the system response to varying traffic conditions
to be observed.

The first use of the load box was to supply a background load while
feature tests were performed on the system. Subjecting the No. 1 ESS
ADF to traffic loads while making discrete functional tests of individ-
ual programs exposed program faults which otherwise would have re-
mained undetected. Many of the program faults consisted of subtle
interactions within the program which had a very low probability of
occurring under light load. Such situations could be created by large
volumns of traffic which would never have been produced manually.
The ability to control the traffic and reproduce the tests made it pos-
sible to examine a given fault repeatedly.

3.3.3 System Capacity Tests

To build a foundation for future traffic engineering of the Long
Lines network, it was necessary to make dynamic system load tests
to gather information concerning the capacity limits of the system.
In addition, system performance under heavy loads and overloads
needed to be demonstrated. Since the system is now only partially
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loaded from the Long Lines network, the use of the computer-con-
trolled load box was the only means of obtaining the desired test re-
sults.

The large number of system problems encountered before cutover
and in the early months after cutover, and indicated in Fig. 11, made
it impossible to perform meaningful capacity tests. However, these
problems were gradually fixed and by September 1969, all the known
software and hardware problems had been eliminated. A week-long
test of system capacity and overload performance was conducted dur-
ing September 1969.

The No. 1 ESS ADF system uses the time required by the program
to complete the main program cycle (called the E-to-E cycle time)
as a measure of the load on the system and as a means of initiating
load control procedures. To aid in collecting data on real-time capacity
tests of the system, additional measuring equipment was provided
with the load box. This consisted of an electronic counter which was
triggered upon the completion of each main program cycle of the No.
1 ESS ADF processor. The counter was started on odd pulses and
stopped on even pulses. The results of the counter were read by the
load box, thus the load box collected measurements of every other
main program cycle time. These data were printed periodically as a
part of the load box traffic statistics with the maximum, the minimum,
and the average main program cycle time for the preceding period.

The load box also predicted the capacity based on measurements
taken in the preceding measurement period. The prediction was an es-
timate of 90 percent of the limiting capacity, that is, 90 percent of the
capacity at which the E-to-E cycle time would be infinite. The 90 per-
cent level was chosen as the best guess of the level of capacity which
would be achieved with the current load control parameters. The pre-
diction was based on this equation which was derived from theoretical
analysis of the system capacity.

0.98,T

0.9 =z —7. ¢))

C(0.9) = 90 percent of the limiting capacity in characters per
second.
E, = Average E-to-E cycle time in ms.
Ey = No load E-to-E cycle time in ms.
T = Average capacity in characters per second during the
measuring interval.
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For some values of traffic characteristics, call store size and not
real time, limits the system capacity; thus a prediction method was
necessary to determine real-time capacity. Also, the load box predic-
tion was useful during load box runs to establish changes in the input
load box parameters to establish the desired load level. The data re-
quired for the calculation of equation (1) was measured by the load
box during each test interval with the exception of Ey, the no load
E-to-E cycle time. This quantity which was an input parameter to
the load box was a constant for the purpose of the prediction calcula-
tion. The value used was the average E-to-E cycle time observed dur-
ing long periods of operation with no load on the system and was about
50 ms. The variation in Ey during the test runs results in a prediction
error in the calculation of equation (1). The value of the error de-
creases as the load increases and has been observed to be less than
3 percent for values of the capacity in excess of 50 percent of the
real-time capacity.

The real-time capacity of the ADT system is a function of multiple
address factor, message length, and statistical distribution of message
length. Past estimates of capacity based on calculations rather than
on measurements have indicated that the multiple address factor
(M), the number of addresses per message, has a minor effect on
capacity. To validate this, tests were made with M = 2 and M = 3
for the same average message length. The results indicated only a 5
percent increase in capacity for the higher multiple address factor.
This confirmed the original assumption so that the major effort was
directed at determining real-time capacity as a function of message
length and its statistical distribution, and all other tests were made
with a multiple address factor of 2.

Two test runs, fixed message length and exponential distribution of
message length, were made for four average message lengths: 100,
500, 900, and 1,300 characters. The call store rather than real time
was found to be the limiting factor on capacity for all average mes-
sage lengths greater than about 300 characters. The call stores could
support more capacity if the data rate on the lines were increased. For
this reason, the load box was programmed to produce a line rate of
150 words per minute rather than the normal 100 words per minute
for the tests made at the three longer message lengths. A load was ap-
plied to the system and allowed to stabilize. Recordings of capacity,
predicted capacity, and minimum, maximum, and average E-to-E
cycle were taken. The load was increased and the process repeated
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until the real-time load control level was reached or the call store
limited further increased in the load.

The predicted capacity, 90 percent of the limiting capacity, as a
function of the average message length for the two types of message
distributions, is given in Fig. 13. The prediction error should be low
since capacity levels of 75 percent or higher were reached during each
test run.

The tests were analyzed to determine whether the ADF system
could operate at 90 percent capacity and, even further, whether it
should. To understand this analysis, it is necessary to consider the
functional relationship between the average E-to-I cycle time and
the capacity, and how the capacity is limited by the load control pa-
rameters. The functional relationship between the average E-to-E
cycle time and the capacity is a family of curves dependent on mes-
sage length which tends to make the present considerations quite
complex. To simplify the analysis, only the functional relationship be-
tween the average E-to-E cycle time and normalized load were con-
sidered, where normalized load is defined as the ratio of the amount
of data that pass through the machine to the limiting capacity. This
results in a single curve independent of message length. This relation-
ship is given in Fig. 14 based on the load box data. At the load con-
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Fig. 14—Average E-to-E cycle time versus normalized load (ratio of data
passing through the computer to its limiting capacity).

trol level, currently set in parameters as 400 ms, the capacity is kept
by the load control procedures to approximately 88 percent of the
limiting capacity, not quite 90 percent.

To determine if the load control level is set properly, the effects of
peak rather than average E-to-E cycle time must be considered as
two other actions are initiated as a result of parameter value com-
parisons with E-to-E cycle time. (2) If the E-to-E cycle time exceeds
3.24 seconds, a real-time overload will be declared and certain opera-
tional tasks will be suspended. (i) If the E-to-E cycle time exceeds
4.32 seconds, phases of emergency action will be initiated.

During tests with the capacity at 85 to 90 percent, peak values of
E-to-E cycle time went very high—about eight times the average
E-to-E cycle time. However, the number of occurrences of real-time
overload was small and it appeared that the recovery was rapid, that
is, the real-time overload ended in the E-to-E cycle following the one
in which it began. The overload appeared to have no effect on service;
thus the current value of 400 ms for the load control level appears to
be quite reasonable. With this control level, the system will operate
at about 88 percent of the limiting capacity. The capacity curve of
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Fig. 13 for the exponential distribution of message length appears to
be a conservative representation of the real-time capacity of the ADF
system for the Long Lines traffic characteristics.

To further confirm this conclusion, a load test of the No. 1 ESS
ADT system was made during a normal traffic day. Throughout the
test period, 8:00 a.m. to 6:00 p.m., the trafiic data produced by the
system was monitored. The load box parameters were adjusted to
maintain a system traffic intensity that was three times that produced
by the Long Lines network alone while maintaining the traffic profile,
that is, the length of busy hours was unchanged. During the course of
this demonstration, all the traffic was handled without an overload,
although some of the call store facilities were in very heavy use. To-
ward the middle of the afternoon, it was decided that an overload
should be forced on the system. Therefore, the load box traffic was
sharply increased to force a call store overload. Load control was
automatically called in and, after the overload was removed, the sys-
tem recovered from the overload without incident or loss of messages.
This test was a demonstration to establish performance credibility
and was not used to collect capacity data.

3.3.4 Queueing Tests

A series of tests was designed to show that the queueing logic, im-
bedded throughout the operational program, operated properly for
each and every call store facility. A method was devised, using a small
number of program store overwrites, to artificially reduce the number
of items assigned to any given call store facility. For the call store
facility under test, the number of items available could be controlled
and changed by setting the appropriate value in a call store location.
With the load box providing a high level of load on the system, but
with the load controlled to a level that produced no facility queueing,
the number of items for the facility under test was reduced to where
virtually continuous queueing existed. The system was operated for
approximately one hour in this state to exercise as many points as
possible in the program which involved queueing for the facility being
tested. Audits were run periodically to detect errors, and the perform-
ance of the system was monitored. It should be obvious that there
is no assurance that all points in the program which involve queueing
will be tested by this process; however, those with a reasonable prob-
ability of occurrence will have been thoroughly exercised. All call
store facilities were tested through this process.
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In addition to the call store facility queueing tests, a test of the
performance of the system during a message store overload was made.
Load control procedures were initiated which allowed current inputs
to continue until they were complete, but restricted the acceptance of
any further input traffic until the output process could make storage
space available.

3.3.5 Call Store Tests

Capacity of a store and forward system is generally defined in
terms of the system’s thruput capability, that is, the number of
characters transmitted and received by the switching machine per
unit of time. In line-switched electronic switching systems, capacity
is primarily limited by the real-time capability of the central proces-
sor. However, in store and forward systems, the requirements for
storage are much greater. The system is committed to accepting origi-
nating traffic without regard to whether the traffic can be delivered to
the terminators. Large amounts of storage are required to hold or
queue the traffic for delivery to the terminators in addition to the
storage required for the bookkeeping associated with transmission to
and from the switching machine. In the No. 1 ESS ADF system, the
call store capacity, as well as the real time of the central processor,
limit the system capacity under certain traffic characteristics. Storage
space is assigned by two basic considerations: that which is associated
with transmission—the greater the storage, the higher the thruput
that can be obtained—and that which is associated with holding traf-
fic in the system—the greater the storage, the longer the traffic may
be held in the system—which, in turn, means that transmission facili-
ties can be used more efficiently. Both of these functions are vying
for the same pool of finite storage.

The current call store allocation for the New York system was
based on a traffic survey made by the Long Lines Traffic Department.
The recommended assignment of call store for all traffic-dependent
areas based on this design load is shown in Table II. The five major
items—input processing registers, output processing register, assembly-
disassembly blocks, message processing blocks, and message queue
registers—require 88 percent of the assignable area with message proc-
essing blocks requiring more storage than all other items. For this
reason, the major traffic engineering cffort was placed on these five
items in the development of assignment rules.

To test the adequacy of the call store assignments, several load box
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TaBLE II—PrESENT CALL STORE ASSIGNMENT ForR TRAFFIC DEPEND-
ENT FAcILITIES

Words
per Number | Total Num-
Facility Register | Assigned |berof Words| Percent
Assembly disassembly blocks 32 544 17,408 16.2
Input processing registers 16 150 2,400 2.2
Output processing registers 19 331 6,289 5.8
Message processing blocks 32 1645 52,640 48.7
Message queue registers 3 5500 16,500 15.2
Other items 2,724 2.5
Unassigned area 10,038 9.4
Total 107,999 100

runs were made varying the traffic intensity of the presented load.
During these runs, the quarter-hour traffic printouts provided by the
ADFT system were used for capacity measurements and for average
usage of each call store facility. Peak values for the call store usage
counts were obtained by reading the traffic counters inside the ADF
system about once per minute.

The peak and average usage of each facility as a function of traffic
load was analyzed. As a result, the present procedures for engineering
call store appear to be quite valid, with some minor changes. Making
use of these changes in the traffic engineering procedures, Fig. 15 il-
lustrates an approximate relationship between the number of call store
words required per input line and the average input load per line. The
number of call store words include the requirements for input trans-
mission (input processing registers, assembly-dissassembly blocks, and
message processing blocks), output transmission (output processing
registers, assembly-disassembly blocks, and message processing blocks),
and holding traffic on the message queue (message queue registers).
This illustrates the design choice between call store facilities for input
and output transmission and facilities for delaying traffic. As the input
load increases, a breaking point is reached where the load on each
output line is one erlang. At this point there is a choice of adding
more output lines and associated call store output transmission facili-
ties or adding only message queue registers to hold the traffic for fu-
ture delivery. The latter is less expensive if one can put up with the
increased service delays.

Some knowledge of the future traffic requirements is needed to make
recommendations concerning future traffic engineering and call store
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assignment of the ADF system. Call store must be put to the most ef-
fective use to reduce transmission plant cost while meeting the traffic
needs. The maximum number of call stores were provided with the
New York system. It is, therefore, assumed that the network load
will increase as a result of the addition of stations to the present plant
in preference to the addition of large quantities of transmission facili-
ties. In the process, the load on individual lines should be balanced.
Because future traffic requirements are unknown, Table II1 proposes
an allocation of call store in which a traffic load of about 3.5 times
the present Long Lines load can be handled. If the Long Lines traffic
forecast indicates that capacity levels are needed beyond that which
can be achieved with the call store allocation of Table II, additional
transmission plant cost will be incurred. By converting all the 100
words per minute lines to 150 words per minute, the amount of data
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Fig. 15—Approximate call store requirements per input line as a function of
load per input line for the major traffic dependent registers. 8 — Service delay
in minutes. R = Ratio of output to input lines. Output message length: 1200
characters. “Busy hour”: 1 hour followed by a low traffic period for emptying
message queues. Multiple address factor: 3.0.
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TABLE III—PRroPosED CALL STORE ALLOCATION FoR TRAFFIC DEPEND-
ENT FACILITIES

Words
per Number Total
Facilities Register | Assigned Words Percent
Assembly-disassembly blocks 32 711 22,752 21.1
Input processing registers 16 182 2,912 2.7
Output processing registers 19 415 7,885 7.3
Message processing blocks 32 1,333 42,656 39.5
Message queue registers 3 10,006 30,018 27.8
Other items 1,776 1.6
107,999 100

passing through the computer would approach the system’s real-time
capacity, and a traffic load of about five times the present Long Lines
load could be handled. The system capacity limits are summarized in
Fig. 16.

IV. FIELD EXPERIENCE

By May of 1970, the No. 1 ESS ADF switching system at 811 Tenth
Avenue, New York, had been in continuous operation for 15 months.
During that time, hardware and software changes were introduced to
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correet troubles encountered, new service features were added, and a
final generic program was installed without interrupting service.

Although certain operational difficulties were encountered during
the early months, the system has performed satisfactorily. The net-
work is now being used to handle all Long Lines administrative mes-
sages, commercial service orders, traffic service orders, service results,
payroll, plant circuit orders and expense analysis reports. As shown in
Fig. 17, over 20,000 messages (originated plus terminated) were
handled daily in the first month of operation. As new projects were
added to the network, the daily traffic grew to 35,000 messages averag-
ing 1,200 characters each. Additional traffic will be added during the
next year to increase the load to 120,000 messages daily.

4.1 Service Experience

4.1.1 Grade of Service

The quality of service of a store-and-forward system may be mea-
sured by the: (¢) delivery time of messages, (¢7) number of lost or mis-
directed messages, and (¢%) number of station troubles per day. Be-
cause of the nature of store-and-forward service, no one criterion tells
the whole story.

The pick up and delivery time of messages depends on how heavily
a multistation line is loaded and, therefore, is a function of engineer-
ing rather than switching center service. On lightly loaded lines, the
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pick up is immediate and the delivery to any station on the admin-
istrative-data network is less than one minute. On heavily loaded lines,
pick up delays may be as long as 20 minutes and delivery may be
delayed varying amounts depending on the length of the queue for
the terminating station. Customer reaction to service has been excel-
lent, but some additional lines have been added in some locations to
reduce overload on key message center lines.

During the first week of operation, some messages were lost during
a duplex disk failure. Since that time over 10,000,000 messsages have
been handled without loss or misdirection of messages accepted by
the system. About one message in 5,000 is undeliverable and the origi-
nator is asked to send the message again.

The number of station and transmission troubles is about one-fifth
the monthly Bell System average for conventional teletypewriters in
the field. This improved performance can be attributed to the teletype-
writer electronic controller, new data sets, and continuous monitoring
of the network by the No. 1 ESS ADF switching center.

4.1.2 Message Retrieval

The number of retrieval requests have been averaging about 250
per day or about 0.7 percent of daily traffic. These retrievals are
needed by the user because of station problems, loss by local at-
tendant, delivery to an additional terminator, or desire for a second
copy. The breakdown for each of the above categories is not known
in detail, but most retrievals result from station problems. The amount
of retrieval traffic is below the level predicted and the retrieval service
given has proven satisfactory to the user.

4.1.3 Network Management

The network management center described in Ref. 3 has proven to
be very effective in managing a network as large as the Administrative-
Data Network. On many occasions when traffic bottlenecks occurred
because of transmission or terminal outages, network management per-
sonnel were able to pinpoint these bottlenecks and reroute the traffic
until the line or station troubles were cleared. In addition to the spe-
cific network management features, the memory capacity of the sys-
tem also is helpful in handling large backlogs of traffic. For example,
the system provides for an interconnection with off-line commereial
computers which process payroll data and other projects. Because
these commercial computers are occasionally out of order, messages
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destined for the data processing center cannot be delivered and traffic
in excess of 1,000 messages has been stored and queued for delivery in
No. 1 ESS ADF for a day or more.

4.1.4 Network Maintenance

The normal maintenance procedure for data transmission and sta-
tion plant is to test and repair facilities in the light of customer
trouble tickets. To identify trouble before a customer reports it, No. 1
ESS ADF has been designed to locate trouble within seconds and re-
© port the trouble automatically to the maintenance center. This is pos-
sible because the switching system is programmed to poll every sta-
tion not originating or terminating traffic every two seconds. By
analyzing the results of polling and other “handshaking” signals, it is
possible to determine station problems such as power failure, teletype-
writer out of paper, jammed paper, or general station failure. Open,
shorted, or noisy lines are also detected and reported to the mainte-
nance center.

These automatic trouble reports now supplement customer trouble
reports and, in many eases, malfunctions are being fixed before the
customer is aware of a problem. The average time to repair admin-
istrative-data network data line and station troubles is below the Bell
System average for similar equipment.

4.1.5 Addition of New Features

As a result of early operational experience, several new features
seemed desirable to improve system performance. For example, im-
provements were made to identify the specific error in a heading
format of a rejected message so that the originator could more easily
make corrections. Provisions were also made for automatic control of
a tape punch or other auxiliary equipment at a station by using ad-
dress mnemonics. Features also were added to improve the procedure
for introducing translation changes for new lines and stations.

The new or improved features were introduced temporarily with-
out service interruption and were all included in the final generic

program.

4.2 Operational Problems

4.2.1 System Down Time
The No. 1 ESS ADT switching center and the network it controls
are designed for continuous operation without loss of messages or de-
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lays in message delivery. As described in Refs. 3 and 4, the programs
were designed so that auditing programs could monitor and correct
any call store words which were mutilated by software or hardware
malfunctions. In addition, special programs called “emergency action
programs” were provided to take care of excessively mutilated data
which could not be handled by audits, or failures of system operation
which could not be cleared by simple maintenance. These programs
restart certain registers and memory locations and make it possible for
the system to recover and continue processing.

Such emergency action programs are divided into four successive
phases, each automatically called in if the situation is not corrected
by the preceding one. The first three are relatively short and do not
interfere with data processing. Phase 4 lasts about 40 seconds and
does interrupt processing. However, this does not significantly affect
service since originations are queued for input and output and the
delay is not noticeable to the customer. Messages already accepted by
the system are not mutilated, but messages being originated while a
phase 4 program is in progress are aborted and the originator is auto-
matically advised to send the message again.

These defensive tactics proved to be very effective in reducing sys-
tem down time during the early months after cutover as they were
able to maintain satisfactory service even with hardware and soft-
ware troubles. Figure 18 shows the system down time since cutover.
The relatively high down time shown during February and March
resulted from program and hardware troubles not detected until after

100

®
o
l

3
o
]

IS
(o]
I

n
o)
|

DOWNTIME PER MONTH IN MINUTES

I |
J FMAMUJJ ASOND|IJFMAM
1969 1970

[e]

Fig. 18—System downtime in minutes.



3002 THE BELL SYSTEM TECHNICAL JOURNAL, DECEMBER 1970

a continuous live load had been placed on the system. These troubles
were rapidly corrected. Total down time per month then dropped
dramatically and has varied from 1 to 5 minutes per month. During
January 1970, when the final generic program was introduced, several
phase 4 emergency programs were required before the system would
run satisfactorily on the new generic program. These emergencies ac-
cumulated 10 minutes of down time during the midnight hours.

4.2.2 Types of System Problems

Analysis of trouble reports show that software accounted for many
of the early troubles. Program troubles were encountered in the tape
retrieval system when it was under heavy retrieval load. Unfor-
tunately, the load test facilities used before cutover were not capable
of testing a heavy message retrieval load. Several other problems not
sensitive to load, but to improper system operation by the user became
evident. For example, one user tried to send a 905-multiple address
message. The design limit is 379 addresses, with a check to reject mes-
sages asking for a greater number. However, the program was in error
and did not detect the illegal request, so the machine switched auto-
matically to emergency action programs.

Some maintenance programs were too sensitive. For example, thresh-
olds for allowable error rates were set too low and, in some cases, the
maintenance strategy of system reaction to malfunction had to be
revised.

After the initial software troubles were corrected, the remaining
troubles generally resulted from either hardware failures or improper
procedures by maintenance personnel. Circuit pack failures were few
and in line with previous data, as reported in Refs. 5 and 6.

Two analog units in the system, the tape transport and the disk
file, required the most attention. The tape transport is sensitive to dirt,
tape wear, and transport adjustments. Since 12 tape units are avail-
able, the problems were not critical to system operation, but they did
require considerable maintenance. New alignment procedures, cleaner
rooms, and close inspection of magnetic tape quality has reduced the
troubles.

The disk file had failures in head diodes. An improved diode is
now available, which is gradually being put into service. The disk file
also had several “head crashes;” that is, the head touched the rotating
disk, scratching off the magnetic coating. Such head-touching prob- -
lems can most likely be attributed to dirt. New routines have been set
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up for cleaning the sealed disk units periodically and replacing the
0.2 micron dirt filter more frequently. The long term solution appears
to be the development of a closed self-purging system so that air is
recirculated and dirt is not allowed to accumulate.

V. CONCLUSION

The development of No. 1 BESS ADF has resulted in the design of
several new types of hardware and the creation of some new testing
techniques. The introduction of this system puts into Bell System
operation for the first time disk files, acoustic delay lines, magnetic
tape retrieval systems, and an electronic autonomous scanner-distribu-
tor for data lines. Newly introduced are: batch program debugging on
an ESS machine, dual position program test console with matchers
that can be set electronically, program controlled computer load test-
ing, real-time printout of monitor dump facilities, and a complete set
of improved utility programs to facilitate program compiling, loading,
debugging, and insertion of program changes.

The operation of the new system at 811 Tenth Avenue, New York,
since cutover, has been very satisfactory. Although the system is not
being loaded to handle maximum traffic now, a live load test was run
to demonstrate very large traffic handling capability and the ability
to operate in real-time overload without mutilating, aborting, or losing
messages. The measured traffic handling capacity of this system is a
function of message length. For example, the system can handle 19,000
messages per hour for 1,200 character messages or 33,000 messages per
hour for 400 character messages.

The system has proven to be reliable and during the last 15 months
has handled 10,000,000 messages without loss. The monthly system
down time is averaging about two minutes per month with excellent
prospeets for further reduction as more experience is gained with the
system.

The field experience gained since cutover confirms the effectiveness
of the service features, the adequacy of system traffic capacity and
the reliability of system operation.
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