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4.6 Network Memory

A portion of call store is reserved for the purpose of recording the
busy-idle condition of the network links and junctors. This memory
block is commonly referred to as the network map and is used by the
network program in establishing or reserving network connections.
In addition to the network map, a word of call store memory is assigned
for every junctor terminal appearance on a line link network and for
every trunk terminal appearance on a trunk link network. There is
a direct relationship between a terminal and the address of its associated
word. These words for junctor and trunk terminals are commonly
referred to as path memory for lines and path memory for trunks,
respectively.

The information in the path memory for trunks, together with the
trunk network number, uniquely specifies a junctor’s terminal and
the network links used in the trunk link network. Translation and
conversion programs facilitate the derivation of the address associated
with the junctor terminal in the line link network. The network number
of the line junctor terminal, together with the contents of the path
memory for lines, uniquely specifies the line and the links used in the
line link network.

When no call control register is associated with a line-to-trunk con-
nection, the path memory for lines contains the line equipment number
of the No. 1 ESS customer and some control information specifying
originating or terminating line, special treatment, coin line, and flash
permission. The path memory for trunks contains a junctor network
number and control information specifying originating or terminating
terminal, and flash permission for the No. 1 ESS customer.

When no call register is needed on a line-to-line connection, each
line junctor terminal word contains a customer’s line equipment identi-
fication and control information. Translation programs facilitate the
derivation of the address of either junctor terminal, given the other end.

When a call control register is associated with a connection, the
address of the register is placed in the word, which usually holds the
path memory for trunks on a line-to-trunk connection. On a line-to-line
connection, the address of the register is placed in the words which
normally hold the path memory for lines. In both cases, the displaced
path memory is stored in the call control register in the area called the
path memory annex.

4.7 Recent-Change Register

Since the translation tables are stored in the program store, which
is not changeable by the program during normal operation, an area of
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temporary memory is set aside to provide an alternate location for the
day-to-day administration of line number changes, new connections,
disconnected lines, routing changes, etc. When this recent-change area
is filled, the data are transferred to the program store’s twistor cards by
replacing them with new cards written in the program store card writer,
a part of the master control center.

The translation program searches the recent-change register for a
requested translation before going to the program store’s tables, because
there is a possibility that a change might have been made on the data.

Fig. 15 shows the principal blocks of temporary memory used for
call processing and the flow of information from one to another.

V. PROCESSING AN INTRAOFFICE CALL

5.1 Detection of Origination

Fig. 16 demonstrates the role played by the program, the memory,
and the equipment involved when a request for service is initiated.
The supervisory line scan program examines the line ferrod sensor con-
dition, with its associated line supervisory memory, approximately ten
times per second. Upon detecting a line ferrod sensor in a saturated
state and its line supcrvisory memory in an idle state, the program
recognizes an origination. The program enters the line equipment num-
ber (LEN) in the line service request hopper.

5.2 Connection of Line to Digit Receiver

The first action of the dialing connection program, as illustrated in
Fig. 17, is to examine the line service request hopper for an entry.
Upon detecting an entry, the dialing connection program seizes an
originating register and stores the customer’s line equipment number
in it (from the line service request hopper). After storing the line equip-
ment number, the dialing connection program transfers control to the
translation program, giving it the calling customer’s line equipment
number. The translation program returns with the originating line
class information, consisting of: (1) TOUCH-TONE or dial pulse
receiver required; (2) class of line (manual, individual, party, coin);
(3) type of service (flat rate, message rate). The dialing connection
program stores the originating class information in the originating
register, then seizes and initializes a peripheral order buffer (POB).
The dialing connection program next transfers control to the network
control program, giving it the customer’s line equipment number,
the originating register’s address, and a code for the type of receiver.
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Fig. 16 — Detection of origination.
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Fig. 18 — Final actions for connection of line-to-digit receiver.

The network control program loads the POB with instructions to
establish the network connection between the customer’s line and the
receiver’s trunk network number. The circuit control program loads the
relay and scan operations required to perform the power cross test,
transfer of supervision check, and application of dial tone. After com-
pletion of the loading, program control is returned to the dialing con-
nection program which activates the POB.

As shown in Fig. 18, the POB execution program causes the instrue-
tions in the POB to be carried out. The successful execution of these
instructions establishes a configuration as shown in Fig. 19; the origi-
nating line is connected to the digit receiver by a path through the line
link and trunk link networks. Dial tone is applied to the originating

LINE LINK TRUNK LINK
NETWORK NETWORK
ORIGINATING
LINE LVEVEY, ‘ RECEIVER

X
X

SCANNER

Fig. 19 — Receiver connection.
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Fig. 20 — Detection of first pulse.

line, and supervision for abandonment is performed at the digit receiver.
Upon successful execution of the instructions in the POB (as shown in
Fig. 18), control returns to the dialing connection program. The dialing
connection program releases the POB, stores the originating register
address in the originating register junior, and sets indications in the
originating register junior which initiate scanning for dial pulses, aban-
dons, interdigital, permanent signal, and partial dial timing,.

5.3 Digit Analysis

5.3.1 Release of Dial Tone

As shown in TFig. 20, the dial pulse detection program examines the
ferrod associated with the pulsing relay of the receiver, and the origi-
nating register junior, to count dial pulses and to recognize the first
pulse of the first digit. When the first pulse of the first digit is detected,
the dial pulse scan program stores the originating address in the remove
dial tone hopper and increments the pulse counter.

The digit analysis program (as shown in Fig. 21) regularly examines
the remove dial tone hopper. On detecting an entry, the digit analysis
program seizes and initializes a POB. The digit analysis program then
transfers control to the circuit control program, giving it the receiver’s
trunk network number. The circuit control program loads the necessary
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Fig. 21 — Initial actions for the release of dial tone.

instructions in the POB to release dial tone and then returns to the digit
analysis program, which then activates the POB.

Upon successful execution of the POB (as shown in Fig. 22), control
returns to the digit analysis program. This program marks a dial tone
released indication in the originating register and releases the POB.

5.3.2 Reception of Digits

As shown in Fig. 23, if the receiver ferrod remains in a saturated state
for a period of 120 to 240 milliscconds, the abandon-interdigital timing
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2
ORIGINATING
REGISTER
DIAL TONE
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Fig. 22 — Final actions for the release of dial tone.
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Fig. 23 — Reception of digits.

program determines that this is the end of a digit. The program inter-
rogates the originating register junior for the pulse count and the
originating register address and stores both items in the dial pulse
digit hopper.

The digit analysis program (as shown in Fig. 24), scheduled by the
executive control program, detects the entry in the dial pulse digit
hopper, stores the pulse count in the originating register, and incre-
ments a digit counter. When the digit analysis program recognizes that
the third digit has been reccived, it delivers the first three digits to the
translation program. The translation program returns the following
three-digit class information to the digit analysis program: (1) special
service code dialed; (2) invalid code dialed; (3) interoffice code dialed,
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ORIGINATING RAG
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Fig. 24 — Analysis of third digit.
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Fig. 25 — Analysis after end of dialing.

expect seven digits; (4) interoffice code dialed, expect ten digits; (5)
intraoffice code dialed; and (6) charge call or free call.

5.3.3 End of Dialing

On the intraoffice call of this example, when the digit analysis program
determines that the entry in the digit hopper is the seventh digit (as
shown in Fig. 25), it shuts off the scan programs that detect abandon-
interdigital time-outs, dial pulses, permanent signals, and partial dials
by properly marking the originating register junior. The digit analysis
program transfers to the translation program and requests a directory
number translation. The translation program converts the directory
number to a terminating line equipment number and terminating class.
The translation program examines the terminating line’s supervisory
memory to see whether the line is busy. If idle, it marks the line super-
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visory memory busy and then extracts the directory number transla-
tion. The directory number class information consists of: (1) busy
line found, (2) invalid number, (3) idle line found, (4) busy but special
treatment, (5) temporary transfer activated, and (6) trunk group found.
The translation program places this information in its buffer memory
so that it can be passed to the digit analysis program, which in turn
stores this information in the originating register. The digit analysis
program determines whether it is a chargeable call. If chargeable, a call
charge register is seized, initialized, and linked to the originating regis-
ter. The digit analysis program stores in the call charge register the
originating line equipment number, charge information, and the dialed
directory number. The digit analysis program then seizes and initializes
a ringing register, links the ringing register with the originating register
and call charge register, and then transfers control to the ringing and
answer detection program.

5.4 Ringing and Answer Delection

5.4.1 Establishing the Ringing Connection

The ringing portion of the ringing end answer detection program
(as shown in TFig. 26) seizes and initializes a POB and transfers to the
network control program after giving it the originating register and
ringing register addresses. The network control program idles the
receiver, seizes idle ringing and audible ringing tone circuits, hunts an
idle path from originating line to the audible tone circuit, hunts an idle
path from the terminating line to the ringing circuit, reserves a talking
path between the originating line and the terminating line, and loads
the POB with instructions to establish two connections. The first con-
nection is from the originating line to the audible ringing tone circuit.
The second is from the terminating line to the ringing circuit. It also
stores the path memory specifying the above network configuration
in the ringing register path memory annex. The network control program
returns control to the ringing program, which requests the circuit
control program to load the POB with instructions to control relays
and scan actions in the two circuits. On return, the ringing program
releases the originating register and activates the POB.

As shown in Fig. 27, after the POB execution program successfully
executes the instructions, control returns to the ringing program. The
final actions in establishing a ringing connection are to set the audible
tone circuit supervisory memory in a state such that the trunk super-
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Fig. 26 — Initial actions for the ringing and audible connection.

visory scan program will detect a disconnect and the ringing circuit
supervisory memory in a state such that the ringing trip scan will de-
tect an answer by the called customer.

The successful execution of the POB actions in setting up ringing
establishes the configuration shown in Fig. 28. The originating line is
connected to an audible ringing tone circuit through the line link and
trunk link networks; the terminating line is connected to the ringing
circuit by a connection through the line link and trunk link networks;
and a path through the line link network to a junctor circuit is reserved
between the originating and terminating line. Supervision of the origi-
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nating line is maintained at the audible ringing tone circuit, and the

terminating line is supervised at the ringing circuit.

5.4.2 Answer Detection

The ring trip scan program (as shown in Fig. 29) examines the ring
trip ferrod and the ringing circuit supervisory memory ten times per
second. If the ring trip scan program detects the ring trip ferrod in an
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Fig. 28 — Ringing and audible connection.
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off-hook state and the ringing supervisory memory in an active state, it
recognizes this condition as an answer. The ring trip scan program sets
the ringing circuit supervisory memory to the ignore state and loads the
trunk scanner number in the ring trip hopper. The answer detection part
of the ringing and answer detection program (as shown in IFig. 30), when
scheduled by the executive control program, examines the ring trip
hopper. Upon detecting an entry, the answer detection program de-
livers the trunk scanner number to the translation program, which
translates the trunk scanner number to its trunk network number
and to the address of its associated path memory word. This information
is then made available to the answer detection program. It seizes and
initializes a POB and sets the audible trunk supervisory memory to the
“ignore” state. It then transfers to the network control program, giving
it the addresses of the ringing and call charge registers.

The network control program loads the POB with the instructions
necessary to release the connection between the originating line and the
audible ringing tone circuit, to release the connection between the ter-
minating line and the ringing circuit, and to establish a talking path
between the originating and terminating lines. The network control
program also (1) idles the ringing and audible tone circuits (2), loads
information associated with the talking path in the call charge register’s
path memory annex, and (3) places the address of this call charge regis-
ter in the junctor’s path memory words. The network control program
then returns to the answer detection program, which requests the circuit
control program to load the necessary relay and scan instructions to
close the talking path. Then the answer detection program activates
the POB.

As shown in Fig. 31, after the instructions stored in the POB are
carried out, the answer detection program sets both sides of the junctor
supervisory memory to busy, releases the POB, releases the ringing
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Fig. 30 — Initial actions for the talking connection.
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Fig. 31 — Final actions for the talking connection.

register, and transfers to the call charge program. The call charge
program enters the time of answer (after reading the time of day) in

the call charge register.

The talking connection between originating and terminating lines is
established (as shown in Fig. 32) through the line link network. Super-
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Fig. 32 — Talking connection.
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Fig. 33 — Detection of on-hook and hit timing.

vision of the originating and terminating lines takes place at the junctor
circuit. The call charge register is in control of the call up to the time of
disconnect.

5.5 Disconnect

Ten times per second the junctor supervisory scan program (as shown
in Fig. 33) examines the state of the junctor ferrod and the junctor
supervisory memory. If the junctor ferrod is unsaturated and the
junctor supervisory memory (side B, Fig. 33) is in the busy state, the
junctor supervisory scan program sets the junctor supervisory memory
(side B) in the idle state. The junctor supervisory scan program then
seizes and initializes a hit-timing register by placing the junctor scanner
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number in the hit-timing register to start a directed scan of the junctor
ferrod.

Three hundred milliseconds after the initial entry is stored in the
hit-timing register, the hit-timing program reads the ferrod specified
by the scanner number, and, if the ferrod still indicates on-hook, it
recognizes a disconnect. The hit-timing program enters the junctor
scanner number, the hit-timing register address, and a disconnect indi-
cation in the junctor disconnect hopper.

Later, the disconnect program (as shown in Fig. 34) removes the
entry from the junctor disconnect hopper and transfers to the transla-
tion program after giving it the junctor scanner number. The transla-
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Fig. 34 — Detection of disconnect and charging actions.




CALL PROCESSING 2529

tion program translates the junctor scanner number to the network
numbers of the junctor terminals and obtains the addresses of the asso-
ciated path memory. The translation program then returns these to the
junctor disconneet program. The disconnect program seizes a disconnect
register, stores in it the junctor network numbers and the hit-timing
register address, sets the junctor supervisory memory (side A, Fig. 34)
to the idle state, and links a disconnect register with the call charge
register. The call charge then records disconnect time in the call charge
register. From the call charge register the disconnect program deter-
mines that the originating customer has disconnected. The disconnect
program also initiates directed scans of the both junctor circuit ferrods.
If the called customer disconnects or the calling customer reoriginates
before 10 to 12 seconds have elapsed, the disconnect program stops the
directed scans, releases the hit-timing register and transfers to the call
charge program after giving it the call charge register address and a
disconnect indication.

The call charge program loads the charge information into the tape
output buffer. The call charge program returns control to the disconnect
program. As shown in Fig. 35, the disconnect program seizes and initial-
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1
1. LOAD BUFFER CONNECTION

Fig. 35 — Initial disconnect actions.
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izes a POB and transfers control to the network control program, giving
it the call charge register address. The network control program loads
the POB with the network actions necessary for restoration of the line
ferrod. The network control program then returns to the disconnect
program, which transfers to the circuit control program for the loading
of the necessary relay actions. On return, the disconnect program re-
leases the call charge register and activates the POB.

As shown in TFig. 36, after the relay orders stored in the POB are
carried out, the disconnect program releases the POB and delivers to the
translation program the originating and terminating line equipment
numbers. The translation program converts the line equipment numbers
to their line memory addresses and makes these available to the dis-
connect program. The junctor disconneet program sets the originating
and terminating line supervisory memory to the idle state and releases
the disconnect register.

PERIPHERAL PERIPHERAL ORDER BUFFER N TRk aND
EXECUTION PROGRAM DISTRIBUTOR
ORDER BUFFER CONTROLLERS
1. READ BUFFER .
2. ENA NTRO
oRDERS 7o ENABLE CONTROLLER
RELEASE .
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CONNECTION DISCONNECT PROGRAM
RELAY ORDERS
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TALKING 2. TO TRANSLATION
CONNECTION : SUPERVISORY
PROGRAM MEMORY
3. SET MEMORY TO IDLE
4. RELEASE REGISTER 3
) [
DISCONNECT /
2 ORIGINATING
REGISTER l LINE
ORIGINATING TRANSLATION PROGRAM
LINE EQUIP-
MENT NUMBER CONVERTS LINE
TERMINATING EQUIPMENT NUMBER TERMINATING
TO LINE MEMORY
LINE EQUIP- ADDRESS LINE
MENT NUMBER

Fig. 36 — Final disconnect actions.
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VI. CONCLUSION

The No. 1 ESS solves the problem of interconnecting telephone custo-
mers by centralizing the decision-making and the memory required to
process telephone calls in an electronic data processor. As a result,
trunk and service circuits have been greatly simplified.

The foregoing pages have described the manner in which the program,
aided by circuits and by temporary memory, processes telephone calls.
A simple intraoffice call has been used to illustrate the procedure followed
in processing a particular type of call. However, the No. 1 ESS must
offer many other services; hence programs must be provided to process
other types of calls. The basic framework described here is supplemented
in order to offer the full range of modern telephone services.

Although the variety of telephone services and equipment results in a
large program to control the system, the use of a stored program offers
an economical means to accomplish many present switching tasks and a
flexible means for accomplishing the numerous future switching func-
tions.
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Translations in the No. 1 Electronic
Switching System

By W. ULRICH and MRS. H. M. VELLENZER

(Manuscript received January 13, 1964)

Translations are the means of storing and retrieving office and customer
information in a No. 1 electronic swilching system installation. The transla-
tion scheme must be sufficiently general to handle special telephone services
in addition to the items slored as cross connections in present lelephone
systems. The categories of translation information, the techniques of storage,
the means for specifying translation data, and means for making changes
therein, are described in this article.

I. INTRODUCTION

The information recorded in the storage or memory units of a No. 1
ESS office consists of four parts:

(1) the transient information about telephone calls in progress and
the present state of all lines and trunks in the office,

(2) a program for controlling all system operations that is basically
identical in all offices,

(3) a parameter table in the program store (semipermanent storage
unit) containing certain information which varies from office to office
and which changes only when major additions are made to an office, and

(4) translation information, which includes the bulk of the informa-
tion that varies from office to office, some of which changes from day
to day.

This article is concerned with the translation information and the
portion of the program that is used to fetch and administer this informa-
tion.

The following are the basic categories of translation information,
described for the moment in simple form.

(1) Originating line translation: this translation indicates any special
treatment of an originating subscriber, and specifies the directory
number to be charged for his calls.
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(2) Terminating translation: this translation specifies which termi-
nating line should be connected to a calling customer or trunk when a
directory number is dialed by the customer or received from an in-
coming trunk.

(3) Trunk translations: in the No. 1 ESS| a trunk distributing frame
allows a trunk circuit in any frame to be connected to any position on
the No. 1 ESS switching network. This requires a flexible trunk equip-
ment location to trunk network position translation, as well as the
inverse. In addition, the nature and complexity of miscellaneous trunk
circuits and the fact that these trunk circuits are served by general-
purpose (master) scanners (to detect conditions within the eircuit),
and central pulse distributors and signal distributors (to change relay
states within the circuit) require a translation to let the ESS program
know which of these are connected to a particular trunk circuit.

In addition, it is necessary to know which trunks belong to which
trunk groups, since a trunk is usually seized because it is an available
member of a desired trunk group.

(4) Office code translations: The first three digits of a dialed number
must be interpreted to check for validity, detect intraoffice calls, and to
select a route for interoffice calls. For some 10-digit calls, a 6-digit
translation is necessary.

(56) Routing and charging translations: a route, as derived by the
office code translation, is only a route pattern; this must be interpreted
to find out which trunk group to use for an interoffice call, and how
many digits to pulse forward to the distant office. In case all the trunks
in this group are busy, an alternate route must be provided. If a coin
zone call is made from a coin telephone, an indication must be sent to
the operator so that she may quote the charge; for other charge calls, a
“billing index” is recorded on an automatic message accounting (AMA)
record along with other details of the call so that the customer will be
charged the correct amount for the call. In addition, routing provides
information as to the proper disposal of calls to vacant office codes, mis-
dialed calls, incompletely dialed calls, and other similar situations whose
treatment differs in different applications of the system.

In summary, translations make it possible for a general-purpose tele-
phone call control program! to function in any central office, by providing
in a standard form information specific to this office concerning directory
numbers, office codes, line and trunk equipments, and routing and
charging procedures.

The nature of the information provided by the translations requires
that translation data be changeable. Translation data are stored on
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twistor magnet cards? in the program store. Current changes are re-
ceived as messages from a teletypewriter (used as a major input to the
system) and are then stored in the variable memory or call store; there-
after, they are periodically transeribed into the program store, using
the program store card writer available as part of the master control
center of every office.

The translation problem may be broken up into five parts.

(1) What translations must be performed? This problem will be
discussed in terms of the input-output requirements of the ESS transla-
tion programs.

(2) In what format are translation data stored in the ESS? The
method of storing translation data dictates the translation program,
which interprets the translation data derived from the input quantity
in such a way as to give the full required output to the telephone opera-
tional program.

(3) How are the original translation data specified by a telephone
operating company? In this article we will describe some of the forms
which have been developed to simplify the problem of specifying transla-
tion data. It is important that even the most complex translation items
be easily specified.

(4) How are changes in translation data introduced into the system?
The ESS program which accepts change data from a teletypewriter,
converts these data into a form usable in the system and stores it in
the variable memory or call store will be described.

(5) How do we transcribe revised and/or additional translation data
into the semipermanent memory or program store from the call store?
The process of adding, revising, and deleting translation information
in the program store will be described.

II. THE CHARACTERISTICS OF THE TRANSLATION PROGRAM

The translation program (see Fig. 1) is a collection of related sub-
routines. It is requested by a call control program whenever the latter
requires information about a specific item, called the “input parameter”
to the translation program. These input parameters are stored in a
central control register at the time the translation program is entered.
Within one category, such as line translations, there exist a number of
input situations, usually specified by entering the translation program
at a different entrance point. Whenever the translation program has
finished its work, it transfers back to the requesting program. In accom-
plishing its task, the translation program records its output information
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TRANSLATION PROGRAM
AND
TRANSLATION TABLES
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SITUATION ADDRESSES
GENERIC EQUIPMENT
TRANSLATION NUMBERS

DATA
NUMERICAL
QUANTITIES

Fig. 1 — Input-output description of translations.

in central control registers and in fixed locations of the call store. If it
recognizes an unusual situation, it modifies its return point in the pro-
gram that requested the translation. The outputs are of five kinds:

(1) Special output situations are the result of finding a special condi-
tion as a result of making the translation. For example, if we are making
a directory number translation and we find the directory number is
unassigned, we wish to indicate that the call should be routed to an
intercept operator; we indicate this and other special output situations
by modifying the program address to which we return after completing
the translation program.

(2) Equipment numbers are the binary addresses required to select a
line or trunk network appearance, to operate a relay using a central
pulse distributor or signal distributor, or to read a line or trunk scan
point.

(8) Numerical quantities such as directory numbers, trunk group
numbers, billing indices, and route pattern numbers have the same
number of bits and format in all offices; the same quantity may eventu-
ally lead to different actions in different offices.

(4) Generic data are nonnumeric output information having the
property that a particular binary configuration has the same meaning
in all offices. For example, part of the output data from a line equipment
translation made in response to a service request is the information
concerning whether this is a two-party line and whether it has a TOUCH-
TONE subset; to provide this information, a particular group of output
bits exists which can be interpreted in the same manner by the call
control program in any office.
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(5) Auxiliary addresses are program store or call store addresses at
which translation information may be found. Sometimes it is more
convenient to give as an output the address at which information may
be found than it is to give the information. For example, if part of the
translation is a list, such as an abbreviated dialing list, it would be im-
practical to copy the entire list at the time an originating translation is
made. Instead, the auxiliary address provides the means for finding the
right item in this list at the proper time in the call. The information
stored in the block specified by an auxiliary address may consist of
generic data, equipment numbers, numerical quantities and auxiliary
addresses.

The above is a summary of the characteristics of the translation
program in terms of inputs and outputs. The program itself is mainly a
series of table look-ups, simple data conversions, and checks for special
auxiliary data. Because translations are made so frequently, it is impor-
tant that the translation program consume minimum time. Because of
the volume of translation data, it is important that it be densely and
efficiently packed. Because of the large number of required variations
in operation and because of the unknown requirements of the future, it
is important that the translation scheme be flexible and have ample
room for growth of features and services.

The translation program must work with a mixture of data in the call
and program stores. The call store contains translation changes repre-
senting items of data, such as the class of new customers recently con-
nected to the system, which must be up-to-date but which have not
yet been transcribed into the program store. The program store con-
tains the bulk of translation data, including, unfortunately, whatever
information has been rendered obsolete by the new information in the
call store. The translation program must provide the up-to-date data
to the telephone program.

Numerical quantities as defined previously exist in the system; these
pose a problem for the program. We must ensure that numerical quan-
tities are never directly examined but are either recorded without
examination or are merely stored to act as inputs for a subsequent
translation. This makes it possible for all translation outputs to be
handled in a standard way in all offices. For example, one part of the
line class of service is a numerical quantity representing specialized call
routing for this class of service. This quantity may be different for the
same general class of service —e.g., PBX toll diversion beyond two
message units — in different offices. (The types of classes of service
required are too diverse to make the number of a particular class stand-
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ard in all offices without incurring a heavy economic penalty in all
offices.) However, this presents no problem to the office program because
it never examines this part of the class of service; it merely stores it,
later uses it as an input parameter for the routing translation, and then
receives modified routing data. The translation program is insensitive
to the value of numerical quantities.

III. INPUT-OUTPUT DESCRIPTION OF TRANSLATIONS

3.1 Line Translations

The input parameter for line translations is the line equipment num-
ber, which is the network appearance of the line in question. The chief
outputs are the directory number (a numerical quantity) and the class
of service, a combination of a numerical quantity and generic data.

The generic class data consist of a 6-bit major class word, plus a
group of bits representing the presence or absence of some particular
service or feature, such as a TOUCH-TONE subset, abbreviated dialing,
call transfer, dial add-on, ete. (Space exists for many more bits than
have yet been assigned to features or services.) The major class repre-
sents mutually exclusive aspects of the class of service, such as denied,
unassigned, two-party, manual originating, multiline hunting group,
or coin. The code for a major class is standard in all offices.

The numerical part of the class of service is a 10-bit number repre-
senting the specialized charging and routing or CHART (CHArge and
RouTe) class. As previously mentioned, this number is used as an input
parameter for routing translations.

Because two-party lines require more complex translation data (two
originating classes, two directory numbers per line), an auxiliary address
is part of the translation output of a two-party line translation. This
auxiliary address is later used along with the party indication as an in-
put parameter to a special translation program for obtaining the origin-
ating class of service of the particular party, as contrasted with the
particular line.

In the discussion on multiline hunting groups (MHG) * in the directory

* We use the term MHG to refer to a method of selecting an idle line from a
group in the central office, as distinguished from the term PBX, which refers to
a type of equipment on the customer’s premises. In general, an MHG is connected
to a PBX on the customer’s premises, ]l))ut some of the smaller PBX’s are treated
at the central office as a series completion group. Series completion is handled
at the central office by attempting sequentially to connect to a series of direc-

tory numbers. The main attribute of an MHG is that one directory number
may be associated with many lines.
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number translation below, it will be seen that each line in the MHG
has a special busy-idle bit in the call store, grouped within a series of
such bits associated with the MHG. If an MHG line originates, the
translation program automatically busies the special busy-idle bit. (The
service request detection program' has already marked the regular
busy-idle bit busy, but that program has no way of knowing that the
requesting line was in an MHG or, if so, which line within which MHG.)
Thus, an MHG line can be treated very much like a regular line by the
service request processing program.

If a customer has abbreviated dialing and dials an abbreviated code,
the translation must provide the directory number corresponding to that
code.

If a customer is connected to certain auxiliary equipment, such as an
answering service, a special sleeve lead* condition must be created in an
auxiliary line circuit to control this equipment. The sleeve lead repre-
sents the busy-idle state of the line. When the customer goes off-hook,
this sleeve lead must be grounded by operating a relay. Since the con-
ventional No. 1 ESS line circuit does not provide such a relay, nor the
means for controlling one, a special relay in the auxiliary line circuit
controlled by a general-purpose output of a signal distributor is used
for applying the ground to the sleeve lead. The translation must provide
the indication that such an auxiliary line circuit must be controlled
(this is one of the bits of generic class data) and must provide the equip-
ment number of the signal distributor point used for controlling this
circuit.

A 3-bit disconnect guide is retained throughout the call. Two of the
bits refer to specific situations, coin and add-on privilege. The latter
requires timing to distinguish between a flash and a disconnect, since
a flash is a signal to request a dialing receiver so that another telephone
may be dialed and added to the present connection. The third bit is
general-purpose and indicates that some special action is required at
disconnect time, the special action to be indicated by the translation.
Included in this category are lines with sleeve lead circuits (idle must be
restored by releasing the relay) and multiline hunting group lines
(MHG busy-idle bit must be restored).

A number of special output situations also exist in line translations.
The output situation problem is handled as follows:

* In electromechanical systems, the sleeve lead is a third wire of the connection
within the office. The auxiliary equipment can be connected to this point. Every
effort was made to make the No. 1 ESS compatible with present customer station
equipment.
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Suppose there are four special output situations in addition to the
normal output situation. The program requesting the translation then
places four transfer instructions to the programs corresponding to the
four special situations, immediately followed by the program for han-
dling the normal case. Special output situations are discovered in the
course of making the translations; the requesting program must be
prepared to encounter these situations. The translation program will
transfer back to the return address (J)* for the first special situation,
to (J) + 1 for the second situation, (J) + 2 for the third situation,
(J) + 3 for the fourth situation and (J) -+ 4 for the normal case. (This
avoids the execution time of an extra transfer in the normal case.) This
scheme permits several programs to request a particular translation
and to have a standard method of handling special output situations
that are signaled by the translation program.

The special output situations are as follows:

(1) Unassigned line originates.

(2) Line from master control center originates. Dialing from this
line has completely different meaning than dialing from a customer’s line.

(3) Line marked in trouble originates. This may well be the signal
that the trouble has been cleared and that the line is now also available
for terminating calls. The temporary translation routing calls for this
number to an operator or announcement will have to be cleared if the
subscriber actually dials.

3.2 Directory Number Translalions

The input parameter for directory number translations is a directory
number. A directory number translation is made only when it is already
known that the call terminates in the local central office. The directory
number is in one of three versions:

(1) Normalized office code plus four binary-coded decimal digits. A
normalized office code is a 5-bit number representing a particular 3-digit
office code of the many that may be handled by one ESS; each of these
3-digit codes corresponds to a different normalized office code. The
normalized office code is obtained from the office code translation made
when a local subscriber dials a full 7-digit number, or when an incoming
trunk sends a tull 7-digit number.

(2) Four or five binary coded decimal digits plus the class of an in-
coming trunk. These must be interpreted to derive the implied nor-
malized office code for this trunk. (Communication of directory numbers

* The J register? is used to store the return address. It is set up viathe J option
at the time of the transfer to the translation program.
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among central offices is frequently accomplished by sending only the
last four or five digits.)

(3) Standard ESS format, consisting of a 10-bit quantity representing
the binary version of the hundreds, tens and units digits, and a 7-bit
quantity representing the number group number, the identification of the
group of 1000 directory numbers to which this directory number belongs.
This format might have been derived from an abbreviated dialing
translation or from a call transfer translation.

The object of the directory number translation is to find the equip-
ment location of a line associated with the called number and to provide
any special information necessary to complete a call to such a line. The
directory number translation program checks the busy-idle bit asso-
ciated with the called line and, if it is idle, marks it busy. If the line
agsociated with the called directory number is busy and has the series
completion feature, the translation program will try the directory num-
ber to which the called line series completes. If the called directory
number has the call transfer service in effect, calls will be transferred to
a different directory number; if the latter is not in the local office, the
translator output is simply the directory number to which the eall is
to be transferred.

For any call that can be completed in the local office, the directory
number translator returns the line equipment number and the terminat-
ing class of either the called subscriber or the line to which his call has
been switched because of series completion or transfer. The terminating
class information consists entirely of generic data. It consists of a 6-bit
major class word having the same meaning and coding as the originating
major class word, an indication of the type of ringing signal to be applied,
and an additional group of bits representing the presence or absence of
particular terminating features and equipment, such as ground start,
series completion, and call tracing,.

If the directory number is that of a multiline hunting group, the
directory number translation hunts for an idle line in the group. The
equipment number is then that of the idle line, while the class is that
of all the lines in the group. The translation program marks the idle line
busy. Subsequent terminating call actions are similar to those for calls
terminating to individual lines.

If the called line has an auxiliary line circuit, then the address of the
signal distributor point for operating a relay to apply ground to the
sleeve lead is provided by the translation.

In addition to the normal case of a line found and available, four
special output situations exist:

(1) called line busy
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(2) called directory number unassigned ; route to intercept

(3) called directory number is associated with a trunk group. This
will happen for official numbers that are associated with operator trunk
functions.

(4) called directory number has transferred its calls to a number
outside this central office. The new directory number is provided as the
output of the translation.

3.3 Office Code, Routing, and Charging Translations

The office code, routing, and charging translations are probably the
most complicated of the translations which occur in the ESS. From an
input-output point of view, an office code is given and full routing and
charging information is supplied. Internally, a number of translations
take place before these final results are given.

A special attribute of office code translations is that the translation
depends not only on which number was dialed, but on who dialed it.
The chart class of the originating customer will have an effect on the
routing and charging. For example, a customer whose toll calls are denied
will clearly have a different route when he tries to dial a toll call than
a regular individual service customer. Similarly, a customer on a four-
party line, who, when making a toll call, must be routed via a centralized
automatic message accounting office in order to have his directory
number requested by an operator, may well be routed differently than
an individual or two-party customer making the same toll call. While
these unusual routings are fortunately the exceptions, it does mean
that fundamentally the translation consists of finding the appropriate
data entry in a two-dimensional, rather than one-dimensional, matrix.

The situations described above could, of course, be handled by pro-
gram means alone. For example, it would be possible to check if the
customer has toll denial, and if so, to see whether this is a toll call,
or to check whether the customer is on a four-party line, and if he
is, check to see if this is a toll call. But such a scheme would lack
flexibility. It would not be prepared for unexpected situations. The more
generalized approach uses less real time and is able to handle unexpected
situations provided the latter do not exceed the limitations of the over-
all plan.

As mentioned previously, that aspect of a customer’s class of service
which affects the routing of his calls is the chart class. A chart class is a
10-bit number; thus the number of chart classes is limited to 1024.

The office code, routing and charging translations are shown diagram-
matically in Fig. 2. The memory layouts of office code translators are
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OFFICE CODE

ROUTING PATTERN (INCLUDES CALL TYPE)

I | l 1

INTEROFFICE INTRAOFFICE VACANT INTEROFFICE
CALL CALL CODE CALL, 6-DIGIT
TRANSLATION

I REQUIRED

REGULAR SCREENING NORMALIZED SCREENING VACANT CODE 6-DIGIT
ROUTE CODES OFFICE CODES ROUTE TRANSLATOR

INDEX CODE* INDEX NUMBER**

SCREENING CUSTOMER
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| -
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SPECIIQIBERXOUTE CHARGE TYPE CHARGE TYPE CHARGE INDEX
ROUTE INDEX
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*USED FOR SUBSEQUENT DIRECTORY NUMBER TRANSLATION

*¥USED FOR A SUBSEQUENT TRANSLATION; IN THIS TRANSLATION DIGITS 4,5 AND 6
WILL BE USED AS AN INDEX IN THE SPECIFIED TRANSLATOR TABLE

*¥**¥USED IF ALL TRUNKS IN THE SPECIFIED GROUP ARE BUSY; THIS ALTERNATE ROUTE
INDEX IS THEN TRANSLATED IN THE SAME WAY AS THE ORIGINAL ROUTE INDEX,
AND MAY LEAD TO FURTHER ALTERNATE ROUTING

Fig. 2 — Office code, routing and charging translations.

discussed more fully in Section IV, and are shown in Fig. 7. Associated
with each office code is a routing pattern. The route pattern first iden-
tifies the category of the call, i.e., vacant code, intraoffice, 7-digit inter-
office, 10-digit interoffice, 3-digit call, ete. For interoffice codes, this
routing pattern gives a regular route index and a series of 15 sereening
codes corresponding to 15* divisions of the chart classes, or charts. A
route index is a number which implies a trunk group plus appropriate
digit deletion and digit prefixing information, plus another route index
for alternate routing in case the first trunk group is busy. By proper
linkage of route indexes, it is possible to create any desired pattern of

* The number 15 is an engineering compromise between a larger number, which

would cost extra memory per route pattern, and a smaller number which might
excessively limit the screening flexibility.
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alternate routing among different trunk groups used for different des-
tinations. A regular route index is used for this call provided no screening
takes place. If screening takes place, a special route index will be found
and substituted for the regular route index.

Associated with each chart class is a list of 32 or 64 special route
indexes or charge indexes.* The route pattern will contain a screening
code for each chart. The translation program will then take the screening
code associated with the particular chart of which this subscriber’s chart
class is a member, and if that screening code is 7, will read the nth word
of the chart class table. This nth word will either provide a substitute or
special route index, or it will provide a charge index to be transeribed
on the AMA tape. In either case, a charge type is also found. A charge
type indicates such items as whether the call is free, whether a detailed
AMA entry (including both the calling and called subseriber’s directory
number) or bulk AMA entry (including only the calling subseriber’s
number) will be made, whether the entry must include the length of
time of the call or whether an entry may be made as soon as the called
subscriber answers.

The office code translation must also provide information as to whether
overlap outpulsing is used on the route associated with this call. If
overlap outpulsing is to be used, it means that pulsing to the distant
office must start after the subscriber dials his hundreds digit, i.e., before
he has finished dialing. This means that the connection for outpulsing
must be set up before the normal time.

The office code translation program must also take into account the
question of whether a subscriber dialed a prefix that he was not supposed
to dial, or failed to dial a necessary prefix. The standard prefixes of the
future in the Bell System are a 1 for station-paid toll calls and a 0 for
person-to-person and special calls. However, not all customers will have
the same rules for dialing a prefix 1; for example, dial TWX customers
may not have to dial a 1 for toll calls, whereas regular customers will
have to dial this 1. We must route the call to an appropriate announce-
ment if the 1 is omitted in dialing by a regular customer.

For an intraoffice call, the office code translation must provide the
normalized office code of this call. This is a necessary input for subse-
quent directory number translations (see above). For interoffice calls,
if a 6-digit translation is required, the office code translation must provide
the number of the table containing this particular 6-digit translation.
Subsequently, a translation will be performed using this table, with
digits 4, 5 and 6 as the index within the table, since digits 1, 2 and 3 have

* The following description is further clarified in Section IV and Fig. 9.
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already been used in the first translation to select the table. (Prefix 1
or 0 is not counted as a digit in the above discussion.)

3.4 Trunk Translations

Fig. 3 gives a diagram of the required trunk circuit translations.
There is a significant difference in the required translations between
universal trunks and miscellaneous trunk and service circuits. With a
universal trunk eircuit, a trunk scanner number implies a trunk signal
distributor number; universal trunk cireuits do not have any associated

TRUNK SCANNER NO.

TRUNK NETWORK NO.<¢=———TRUNK GROUP NO.

TRUNK CLASS

(a)

TRUNK NETWORK NO,«——— TRUNK GROUP NO.

TRUNK CLASS

CENTRAL PULSE SIGNAL MASTER
DISTRIBUTOR NOS. DISTRIBUTOR NOS. SCANNER NOS.

(b)

Fig. 3 — Trunk translations.

central pulse distributor points, since one of the requirements of a uni-
versal trunk is that it contain only signal distributor controlled relays.
Translations must be made from trunk scanner number to trunk network
number and vice versa.* The trunk scanner number is the source of
information concerning a seizure or disconnect. The trunk network
number must be obtained in order to set up a connection to this trunk
circuit. A translation from trunk network number to the trunk scanner
and signal distributor numbers is required in order to operate the trunk
circuit relays when we have seized a particular trunk on the basis of a

* A trunk distributing frame is interposed between the trunk switching frames
and the trunk frames, so that any trunk equipment may be connected to any
trunk network appearance.
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hunt based on network numbers. A translation from trunk network
number to trunk group number is required, since the administration of
available trunks within a group is made on the basis of the trunk group
number. We must be able to find the class of any trunk, and this is done
most conveniently by having a translation from the trunk group number
to class and from the trunk network number to class.

For miscellaneous trunk circuits the same basic translations are
necessary with the following additions: since the master scanner is used
for miscellaneous trunk circuits, it is necessary to substitute a master
scanner to trunk network number and reverse translation for the original
trunk scanner to trunk network number translation. Because the
miscellaneous trunks and service circuits are controlled from signal
distributor and central pulse distributor points which have no relation
to the master scanner number, a translation is required to find the
signal distributor and central pulse distributor numbers necessary for
controlling a particular trunk circuit.

The trunk class is in a standard 4-word array. The trunk class words
are:

(1) common and outgoing information

(2) incoming information

(3) special operator options

(4) trunk circuit program index.

The fourth word contains the trunk circuit program index. This is an
indication to the program of the type of trunk circuit; each type of
trunk has a different index. The third translation word contains special
operator options indicating such items as the type of coin control ac-
tion to be taken with this trunk. The second word contains incoming
information, including the number of digits to be received, the type of
incoming pulsing, and whether a start dial signal is expected; for the
case of trunks with 4-digit incoming pulsing, a normalized office code
is required to steer the call to the proper office code if the particular
ESS installation handles more than one office code. The first transla-
tion word contains common and outgoing options such as the type of
supervision on the trunk, the type of pulsing, the type of trunk circuit
(incoming, outgoing or two-way) and details on the form of the out-
pulsing (for example, start dial signals on dial pulse outpulsing).

Presumably, the trunk class information for any particular trunk
takes much less than four Wwoids. However, since the number of differ-
ent trunk classes in any office is relatively small, the gain in having a
standard program which will always know what information to expect
in a particular bit is greater than the loss of having an unnecessarily
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large area of memory devoted to the trunk class detailed information.
Tor a particular trunk group, a code is stored which is expanded into
the 4-word array; the 4-word block is stored in memory only once if
two trunk groups have the same class.

Other translations associated with trunks include the hunt for an
idle trunk. In the case of the directory number translation, it is con-
venient for the translation program to make the busy check because the
translation program has all necessary equipment numbers already
generated. It is equally convenient for translations to make the hunt
for an idle trunk and to make such a trunk busy, to hunt for an out-
going transmitter associated with a particular trunk, to hunt for an idle
terminal in a conference trunk, and to restore trunks in memory to the
idle state after a disconnect or after the discovery of a blockage in the
network.

Table T summarizes the universal trunk translations required for an
incoming call. The call is detected by means of a seizure signal recognized
by a trunk scanner. The trunk scanner address must be translated to
find the trunk network number, so that a receiver may be connected to
the incoming trunk. In addition, the class of the trunk must be derived,
so that the proper receiver may be connected. The trunk class is derived
by translation from the trunk network number. The trunk class also
indicates how many digits are expected over this trunk. Finally, the
trunk class is also needed to give the call processing program which
controls the trunk circuit relays the necessary information as to the
type of trunk involved. This information is given in the form of a cir-
cuit program index, an identifying number unique to each particular
type of trunk circuit configuration. Finally, the trunk network number is
used to permit the call processing programs to mark the appropriate
path memory for all paths to be associated with this trunk during this
call.

Incoming calls are not normally screened, because screening is per-

TABLE I — INncomiNnGg CaLL TRUNK TRANSLATIONS

Quantity Function

Trunk scanner no. seizure or disconnect signal discovered at this scan point

Trunk network no. | used for network path hunt and network memory changes

Trunk class code compact version of trunk class, used to find detailed trunk
class information .
Trunk class used to determine the type of incoming receiver needed,

incoming pulsing details, type of trunk circuit
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formed at the originating office. The translation corresponding to an
office code translation is merely one to find out which intraoffice code
has been called so that the proper directory number translation may be
made.

Disconnect is recognized by the scanner at the trunk circuit. It is
again necessary to make a translation from the trunk seanner number
to the trunk network number so that the disconnect signal may be
associated with the proper path information; the trunk class must be
found so that the trunk release operations may be controlled.

Table II summarizes the universal trunk translations necessary for
an outgoing call. The trunk was initially seized because it was a member
of the trunk group indicated by the route index which was found by the
office code translation. IFor outgoing calls, the route index indicates the
number of digits to be pulsed plus any digit prefixing information. The
class of the trunk is necessary in this case primarily to select the type of
transmitter to be used in connection with this outgoing trunk and to
provide the circuit program index necessary to control this trunk.

In order to control a trunk circuit and in order to mark the trunk busy
it is necessary to know the scanner number associated with the trunk;
for this purpose, a trunk network number to trunk scanner number
translation is necessary.

TaBLE IT — OurGoing CaLL TRUNK TRANSLATIONS

Quantity Function

Office code Dialed by customer
Route index
Trunk group

Trunk class Used for selecting outpulsing transmitter, and

indicating type of trunk circuit
Network number of idle trunk| Used for network path hunt and network memory

changes

Trunk scanner number Used for making scan point memory busy

At disconnect time:

Trunk seanner number Disconnect detected at this scan point

Trunk network number Used for making network memory changes at dis-
connect time . ) .

Trunk group number Used for updating list of idle trunks in group

Trunk class code Compact version of trunk class, used to find

detailed trunk class information )
Trunk class Used to determine the type of trunk circuit
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A disconnect may be initiated by either subscriber at the trunk ecir-
cuit. A translation from trunk scanner number to trunk network num-
ber is necessary at this time to find the proper network path informa-
tion, plus class.

3.5 Miscellaneous Translations

A number of other translations exist, not associated with the basic
telephone operation. Some of these are for maintenance purposes. Alarm
indications are connected to the master scanner; when such a scan point
becomes active, a translation must be made to discover the meaning of
this particular alarm indication. If a particular unit is being diagnosed
for faulty operation, a list of the scan points for examining the main-
tenance outputs of the unit and a list of signal distributor and central
pulse distributor points for applying test signals to that unit must be
provided.

Translations must also be provided for the details of traffic counts
peculiar to a specific office, including indications of which traffic counters
are to be printed out on a teletypewriter.

In general, translations must provide information on any item that
a telephone company may change on a day-to-day or long-term basis.

IV. MEMORY LAYOUT

A major aspect of the translation problem is that of storing the large
volume of the translation data in memory. The design of the memory
layout was influenced by three requirements:

(a) The data can be stored in either program store (PS) or call store
(C8).

(b) The data must be densely packed in order to conserve memory
space.

(¢) The output of a translation must consist of generic data, equip-
ment numbers, and numerical quantities.

Because of requirement (a), a 23-bit word was chosen as the basic
translation word (TW). Its physical location is either a 23-bit CS word,
the right part (23 bits) of a 37-bit* PS word, or the left parts (14 bits
each) of two consecutive PS words. In the latter case, the first of the
two words contains the 14 least significant, the second one the 9 most
significant bits of the translation word.

An exception from the rule of the 23-bit translation word is found in
abbreviated dial and transfer lists. It was found that 23 bits were in-
adequate, but 28 bits were adequate, for most entries in such a list. A

* Of the 44 bits in each program store word, 7 are check bits; hence only 37
useful bits of data are available in each word.
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list word therefore consists of 14 bits; two such words form a list entry.
Such lists are preferably stored in the upper or left bits of program store
words. In the call store, such list words are stored in two 23-bit words.

Translation data exist in the PS as a collection of tables. The set of
tables devoted to each type of input parameter is called a “translator.”
Corresponding to the various input parameter types, there are line
equipment number translators, directory number translators, 3-digit
code translators, trunk network number translators, etc.

Translators are composed of subtranslators, each subtranslator cor-
responding to a growth unit of the central office. For instance, there is a
subtranslator per line switch frame, per trunk switch frame, per number
group (i.e., block of 1000 directory numbers), ete.

Subtranslators are joined together to form a translator in the follow-
ing way:

The binary representation of the input parameter is divided into two
parts, the subtranslator selector identifying the unit and the index
identifying the item within the unit. A head table contains the addresses
of all subtranslators. The head table exists for the ultimate size expected
for the particular central office, but only as many subtranslators are
provided as have corresponding units, and new ones are added as the
number of units increases (see Fig. 4).

A subtranslator is a table which consists of one translation word
(T'W) per index. This word, the primary translation word, contains
either the complete data connected with the input parameter, or if one
word is not sufficient, a reference address to an auxiliary block where
the data are stored in auxiliary translation words. To make the recogni-
tion of auxiliary addresses possible, the complete data cannot start with
three leading zeros; a word whose three leading bits are zeros is then
interpreted as an auxiliary address.

The requirement for conserving memory space suggests the technique
of using abbreviated codes for generic data. The call control programs
which use translation need directly usable information. Therefore,
generic data consist of separate groups of bits for each item described.
The number of bits must be large enough to allow for all possible values
of the data, whether they occur in a particular office or not. For instance,
the type of outpulsing used on outgoing trunks is described in 3 bits to
allow for all possible types of transmitters, although there might be
only one type, multifrequency transmitters, in actual use. By listing
the values of the generic data which oceur frequently in a particular
office and assigning consecutive numbers to them, one arrives at an
abbreviated code for the actually occurring data combinations in a
particular office. The detailed version of this data is therefore stored
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INPUT PARAMETER
[seLecTor]  nDEx ]

HEAD TABLE

___| ADDRESS OF SUBTRANSLATOR

SUBTRANSLATOR SUBTRANSLATOR SUBTRANSLATOR

— PRIMARY TRANSLATION WORD

AUXILIARY BLOCK EXPANSION TABLE
— 1. CLASS WORD

2. CLASS WORD
1. CLASS WORD

2. CLASS WORD

Fig. 4 — Pictorial description of a translator.

once in an expansion table; everywhere else the abbreviated code is
stored. Since the call control programs are interested in generic data,
the translation program expands the abbreviated code (which is not
generic) before delivering it to the call control program.

Examples for the use of abbreviated codes are the line class of service,
the trunk class, and the route index:

(a) Class of service includes equipment information, special service
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information, and routing and charging information. In the detailed form,
it occupies two translation words. For a reason which will soon become
apparent, the size of the abbreviated codes is limited to 6 bits, which
makes it possible to use them for the 56* classes of service most fre-
quently occurring in a particular office. Consequently, for many lines
the primary translation word is sufficient to hold the originating informa-
tion, i.e., the directory number (17 bits) and the abbreviated code (6
bits). Lines for whose originating class of service no abbreviated code
exists need at least four words of storage, one for the auxiliary address,
one for the directory number, and two for the class of service.

(b) The trunk class describes equipment and use of a trunk or service
circuit. When spelled out in detail in the trunk class expansion table, the
data occupy four translation words. However, the abbreviated trunk
class code appearing in the trunk network number translator and the
trunk group number translator is only 8 bits long, allowing for 256
different classes of trunks in a particular office.

(e¢) A route index is an 11-bit abbreviated code for a particular rout-
ing describing the first-choice trunk group, the alternate route and
special treatment. The detailed route information, taking up two trans-
lation words each, is stored in the route index expansion table.

To summarize: a translator consists of a head table, one or more sub-
translators, auxiliary blocks, and possibly expansion tables (see I'ig. 4).

A detailed description of the line equipment number translator is
given here as an example (see Fig. 5). It has four types of primary
TW’s:

(a) The TW contains an auxiliary address (complex class of service).

(b) The TW contains an abbreviated class code and a directory
number (simple class of service).

(¢) The TW contains the abbreviated code for MHG lines, the MHG
number and the terminal number (i.e., the position in the multiline
hunting list).

(d) The TW is zero (unassigned line).

The class expansion table contains two class words for each abbre-
viated code. They provide for the following categories:

(a) major class: a code for the mutually exclusive aspects of the class
of service, as individual line, coin line, multiline hunting group, ete.

(b) feature class: a group of bits representing the presence or absence
of some equipment and service features as TOUCH-TONE dialing,
ground start, abbreviated dialing, variable or preset transfer, etc.

* 56 instead of 64 since codes 0 to 7 are not usable. Their binary representation,
starting with 000, conflicts with the code for an auxiliary address.



. TYPES OF PRIMARY TW’'S

TRANSLATIONS

2553

olo|o AUXILIARY ADDRESS ABB = ABBREVIATED CLASS CODE
DN =
ABB on DIRECTORY NUMBER
SDN = SPECIAL DIRECTORY NUMBER
N MH WRDN = WORD NUMBER
BB G-AND TERMINAL - NUMBER ABD = ABBREVIATED DIALING
__________ 500000 PTR = PRESET TRANSFER
MAJ = MAJOR CLASS
MHG = MULTI-LINE HUNTING GROUP
2. CLASS WORDS (IN EXPANSION TABLE TW = TRANSLATION WORD
OR AUXILIARY BLOCK) MTON = MISCELLANEOUS TRUNK
DISTRIBUTOR NUMBER
SPECIAL DISC. EQUIR MAJOR =
FEATURES  |CLASS| CLASS | CLASS MSN = MASTER SCANNER NUMBER
s
’ ﬁl CHART CLASS ,
3. TYPES OF AUXILIARY BLOCKS
(@) INDIVIDUAL LINE PATTERN (b) TWO-PARTY LINE PATTERNS
wrON [] DN wrDN [ ON (TIP) [ onemip)
NZE FIRST CLASS WORD ABB [ may 1.CLASS WORD (COMMON)
SECOND CLASS WORD ABB DN (RING) 1.CLASS WORD (SPECIAL) -F,SAT,%.
ADDR. OF ABD - LIST COMBINED 2.CLASS WORD
ADDR. OF PTR-LIST | DN (RING)
AR.
ARTT SPECIAL CALLING NO. ADDR. OF (TIP)ABD-LIST
MSN ADDR. OF (RING) ABD-LIST
MTDN SPECIAL CALLING NO(TIP)| | vAR.
SPECIAL CALLING NO.RING)| [ PART
MSN I
l MTDN
(C) SPECIAL MHG PATTERN (d) MISCELLANEOUS PATTERNS
WRDN | MHG - & TERMINAL No. WRDN | WRDN |
1. CLASS WORD 1. CLASS WORD 1. CLASS WORD
2.CLASS WORD 2. CLASS WORD 2.CLASS WORD
I SPECIAL BILLING NO. LIST OF DIRECTORY
NUMBERS OF MULTI-
PARTY LINE

Fig. 5 — Data stored in line equipment number translator.

(c) chart class: a code representing the charging and routing direc-

tions

(d) disconnect class: a group of bits indicating the action to be taken

at disconnect time.

The auxiliary blocks appear in several patterns:
(a) Individual line pattern: this pattern contains as the standard part
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the directory number and the two class words (which provide the same
categories as those in the expansion table). The following variable part
may be entirely or partially missing depending on the class of service.
It contains successively the address of an abbreviated dial list, the ad-
dress of a transfer list, a calling number which differs from the billing
number, and sleeve lead auxiliary line ecircuit data.

(b) Two-party line pattern: this comes in an abbreviated and in an
expanded form. In the abbreviated form, the pattern contains abbre-
viated class codes and directory numbers for both parties and, for
reasons of expediency, the common major class and equipment features.
In the expanded form, it contains the detailed data for both parties. The
common equipment features and disconnect class are stored only once.
The variable part of the pattern contains, if they exist, the addresses of
the abbreviated dial lists both for tip and for ring party, special calling
numbers for both parties, and the common sleeve lead data.

(¢) MHG pattern: If a line from a multiline hunting group is not
billed to the main directory number, or if its ground start feature differs
from that of the majority of lines in the group, an auxiliary block is
required which contains the MHG number, terminal number, two class
words, and billing number (either special or common).

(d) Miscellaneous patterns exist for multiparty lines and the line
from the master control center.

(e) Multiline hunting groups have their own miscellaneous translator.
Its head table contains for each group, identified by its PBX number,
the address of a common block. The common block contains the main
directory number, two originating and one terminating class words,
and the hunting list as a standard part. A variable part may contain
the address of an abbreviated dial list, and/or sleeve lead data for an
electromechanical overflow counter.

The office code translations require a number of special techniques
in order to include the screening facility previously described. The
translation memory layouts are shown in IFig. 6. The first step in making
an office code translation is to find a route pattern number associated
with each office code. This is done by looking in a table of a thousand
office codes to find a route pattern number. Assume that the route
pattern for a given office code is 41. Via the route pattern address table,
this route pattern number is expanded into the address of the corre-
sponding route pattern information. The route pattern information is
a 5-word block. The first word contains a route index (the standard
route index) and the call type information. The next 4 words contain 15
screening codes corresponding to the 15 charts or divisions of chart
classes.
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000| ROUTE PATTERN O ADDRESS

ROUTE PATTERN FOR 999

OFFICE CODE —=ROUTE
PATTERN TRANSLATOR

000| ROUTE PATTERN N ADDRESS |—

000 |MAX. ROUTE PATTERN ADDRESS

ROUTE PATTERN ADDRESS TABLE

[ ]
ROUTE INDEX | $OLL R ERNATE TRUNK GROUP
SC3 | sc2 | sci DIGITS DELETEDI PREFIX DIGITS
SC7 | SC6 | Sc5 | sc4 ROUTE PATTERN EXPANSION
scit | scio | sco | scs
SC15 | SCi14 | SCI13 | sCi12 CHNO = CHART NUMBER
ROUTE PATTERN SC = SCREENING CODE NUMBER

000 ADDRESS OF BLOCK O

000 ADDRESS OF BLOCK M

I CHNO

000 | ADDRESS OF MAX. BLOCK

CHART CLASS HEAD TABLE

CHARGE INDEX I CHARGE TYPE

ROUTE INDEX | CHARGE TYPE

SCREENING INFORMATION
(1 BLOCK PER CHART CLASS)

Fig. 6 — Memory layouts for office code translations.

Next, the originating customer’s chart class must be used to find
screening and charging information. If this chart class is M, the mth
word of the chart class head table indicates the address of the block of
screening information. A preliminary word in this block gives the chart
number (1-15) corresponding to the block. If the chart number is, for
example, 11, then SC11 in the route pattern would indicate the word
in the screening information block which is applicable to this call.
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If SC11 = 23, word number 23 of the screening information block is
the desired screening word. The contents of this screening word are the
charge type and either the billing index (if no screening is invoked) or a
special route index (if screening is invoked).

The route index is separately expanded into 2 words of data giving the
first-choice trunk group, an alternate route index in case this trunk group
is busy, and an indication of how many digits are to be deleted and/or
which digits are to be prefixed for outpulsing over the trunk group indi-
cated by this route index.

Other cases, such as vacant codes, intraoffice codes, and codes re-
quiring six-digit translations, are handled by variations of this basic
technique. For example, if six-digit translation is required, the expan-
sion on the route pattern indicates that an auxiliary three-digit transla-
tion is required and that this translation is stored at a table starting
with a given address.

Translation data which have recently been changed are stored in the
call store until they have been transcribed into the program store. While
in the call store, such entries are referred to as recent changes (RC’s).

RC’s are stored in the same form as the data will later have in the
program store, i.e., as primary and auxiliary TW’s. However, since they
do not appear in the context of a subtranslator, their association with a
particular input parameter must be established. This is done by storing
with them their primary translation address or TAG, i.e., the address
of the subtranslator location associated with the primary TW.

An RC entry therefore consists of a primary part and possibly an
auxiliary block. The primary part occupies two call store words, an
RC register. The first word contains the TAG and the status bits, and
the second word contains the primary TW.

The four states of the status bits correspond to the four possible
states of an RC:

11 — temporary, i.e., do not incorporate RC into PS;

10 — permanent, i.e., incorporate RC into PS;

01 — delayed, i.e., RC is not yet active; and

00 — deleted, i.c., inactive or no RC.

A temporary recent change is used in connection with certain services
which require a change of translation information that is not meant
to be permanent. For example, the record that a subscriber wants calls
to his telephone number to be transferred temporarily to another tele-
phone number is not meant to be entered in the permanent translation
record of the system. The record should be used in making the terminat-
ing translation whenever the subscriber is called; it must temporarily
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override the permanent translation information. However, the perma-
nent translation information must not be lost, because it contains all
aspects of his normal service which are reinstated when the temporary
change of translation is deleted. Temporary translation changes are
used in connection with temporary transfers, or with an indication that
a line is temporarily out of service because of trouble.

The primary RC’s are stored in the primary RC area in ascending
order of their TAG’s. RC’s with the same TAG but with different
status (and data) may exist simultaneously. If they do, they are ar-
ranged in the order: temporary, permanent, delayed, and deleted.

If an RC requires auxiliary data, it is stored temporarily in the
auxiliary RC area and the primary T'W is referenced to this temporary
auxiliary block.

RC’s must be available for translation. Therefore, before translation
data are read from the program store, a search is made through the RC
area for possible superseding information. For some translations, such
as trunk and 3-digit code translations, the search may be bypassed if an
RC indicator, a call store bit dedicated to this function, indicates that no
RC exists at this time for the translator.

The search through the primary RC area is performed as a so-called
“binary hunt.”

Let us assume that the RC area contains exactly 2 — 1 entries, as
shown in Fig. 7. Therefore, there is a central register which divides the
area into a lower and an upper half. Since the RC’s in the area are
ordered according to their TAG’s, comparing the primary translation
address of the item for which the translation is about to be made with
the TAG in the central register renders a three-way decision: an RC
for the item is found in the central register, an RC may exist in the lower
half, or an RC may exist in the upper half. If no RC is found in the cen-
tral register, the search is continued in either the lower or the upper
half, which is again an interval of the size 2» — 1. The process is con-
tinued either until an RC is found in a central register or until the inter-
val is reduced to size 20 — 1 = 1. If no RC is found within n steps, then
it has been proven that no RC for the item to be translated exists.

The restriction that the size of the RC area be exactly 2" — 1 registers
is unnecessary. If the size is m, the area is considered to consist of two
overlapping sections of size 2 — 1. After an initial decision as to which
section applies, the hunt can proceed exactly as described above. Again,
after n + 1 steps, it is proven that no RC for the item to be translated
exists.

Considering the fact that in most cases no RC will be found, a modifi-
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Fig. 7 — Recent change hunt.

cation to accelerate the hunt was designed by substituting a time saving
two-way decision for the three-way decision: if an RC exists at all, it
may be in the central register or the lower half of the interval, or it
may be in the upper half. If an RC exists in some central register, it is
considered to be in the lower half; the hunt is then continued, and from
then on the result of the decision will always be the upper division, with
the final result that the hunt ends in the register just below the one
with the found RC. By examining as a final step the register just above
the “end” register, either the RC is found or its nonexistence determined.

Auxiliary data are always obtained at the address stored in the primary
TW. The translation program does not care whether it is a temporary or
a permanent auxiliary address.

V. INITIAL PREPARATION OF TRANSLATION DATA

Fig. 8 shows how translation data enter the system. Originally, the
telephone company fills out forms from which punched cards are de-
rived. These punched cards are processed by a general-purpose computer
program and are then placed on twistor cards which are inserted into
the ESS program store. Subsequent information is inserted by means of
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Fig. 8 — Method of placing translation data in program store.

a teletypewriter message typed into the system; the system then stores
the translation information corresponding to this information in the
RC area of the call store. During the actual running of the system, the
call store is always checked for any updating information of the pro-
gram store translation information, so that the translation program
delivers the most current translation information. Periodically, the old
records from the program store and the recent changes from the call
store are processed, and a new set of program store cards are created
using the program store card writer. The change messages are then de-
leted from the call store, and the associated memory is again made
available for new change messages.

A set of forms for deriving the original translation data was created
for use by operating telephone companies. In creating these forms, an
attempt was made to simplify the task of filling in the high-runner
information and to make the complicated data conversions a part of the
general-purpose computer program for taking the contents of these
forms and creating the information to go on the program store.

Fig. 9 shows the major form used for line information. The form is
organized by directory numbers and is headed by an office code and
hundreds indication. These forms were designed to simplify keypunch-
ing. The small numbers shown on these forms indicate the column of an
IBM card into which the appropriate information is to be entered. The
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Fig. 9 — Form used for line information.

office code and hundreds information, being common to an entire page of
a form, is placed in the left columns of the card so that it can be simply
duplicated in going from card to card. It is followed in the sequence of
columns by the last two digits of the directory number and the line
equipment number. This line equipment number is written in the stand-
ard format of line equipment numbers in the ESS, i.e., a 2-digit network
number, a 1-digit frame number, a 1-digit bay number within the frame,
a 1-digit concentrator number, a 1-digit switch number and a 2-digit
level number. All the digits of the line equipment number must be
filled in unless the directory number is associated with more than one
line equipment number. This is the case for a multiline hunting group.
If a particular directory number is associated with such a group, the
person filling in the directory number record fills in the letters MHG
in the network and frame columns, and the number of the hunting group
in subsequent columns.

Next comes a pair of columns for ringing combinations. For all indi-
vidual lines nothing is filled in. For two-party lines, the number 1 or 2
is filled in, and for multiparty lines an M is written in the first column
and the code is written in the second column.

Next comes a group of columns for the class information of the cus-
tomer. This class is summarized in a uniform service order code (USOC)
and two 4-digit numbers summarizing the special equipment and features
associated with this subscriber. The five most common USOC codes in
a particular office will be written in as headings for the first five columns,
and a check mark will then indicate if a subscriber’s class of service is
one of these. If not, the 3-digit USOC designation is written in the last
column of the class heading. The equipment and features columns con-
sist of two 4-digit octal numbers which specify special equipment and
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special features associated with this line. Each of the octal numbers
summarizes a maximum of three binary conditions. It should therefore
be quite easy to remember the significance of each of these octal charac-
ters, especially those pertaining to features that are very common. For
a subscriber who has no special equipment or features, it is sufficient to
have the equipment and features columns blank.

If additional digital information is required, this information is found
in a supplementary reference form, and the basic directory number
record merely points to the page and line on this form at which this
supplementary information is to be found. Supplementary information
includes such items as sleeve lead circuit seanner and signal distributor
addresses, abbreviated dialing lists, fixed transfer lists and series comple-
tion lists.

This directory number record is straightforward, especially for lines
with simple features and equipment information. For the lines which
have more complicated information, a somewhat higher degree of knowl-
edge of the system is required. For example, it is necessary to know
that when a line has a sleeve lead as part of its auxiliary line equipment,
it is necessary to fill in supplementary information; this supplementary
information should be the master scanner and signal distributor number
of the sleeve lead circuit.

For multiline hunting groups, the form shown in Fig. 10 is used.
Each terminal in a multiline hunting group is identified by the group
number and the group terminal number. It is, of course, necessary to
specify the line equipment of each terminal. The main directory number
of the MHG must be shown, and if a particular terminal is to be reached
on a nonhunting basis using another directory number, this must also
be specified. The make-busy arrangements must be specified, and the

ﬁ§g3uos MULTI-LINE HUNTING GROUP RECORD
NO. | ESS
— ESS UNIT
PAGE ___ OF
., LINE EQP NO MAKE | o ass wro. | CHART | R
o [ax| HUNTING ORDER NoN-HUNTIG | BYSY cLass | NEQ:
3 S - = b 8
o2 |6u2| b |3(z|2|E| 8 NUMBER 1€ &glusoc | Ear |FEa | &) 3 |8 | ¥
Fiolc|z = It 518 |2~

00

02
03
04
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Fig. 10 — Form used for entering multiline hunting group information.
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USOC code, equipment, and features may have to be specified separately
for different terminals if not every line in the hunting group has identical
treatment. In the case of MHG’s, a single USOC code may specify a
number of different toll diversion treatments, so that it is necessary to
indicate the specific chart class. (Normally, a chart class is implied by
the USOC code.) Supplementary information may be required for at
least some of the terminals in the hunting group if, for example, they
have sleeve leads.

The trunk forms are relatively straightforward and will not be de-
scribed in detail here. They present the information that is necessary tor
making the translations indicated in Section III.

The specification of the 3-digit translations is considerably more
complicated. Five different forms must be filled out. Furthermore, there
is considerable interrelationship among these five forms.

The first and simplest of these forms is the basic 3-digit translation
form in which, for every 3-digit code, a rate and route pattern, simply a
4-digit number, is specified (see Fig. 11). All office codes having the same
rate and route pattern must have the property that all classes of service
in the particular office are routed and charged in an identical manner.

A similar form is filled out for each 6-digit translator.

Next, a rate and route pattern record must be filled out (see Fig. 12).
This pattern gives a regular route index, a call type, an indication of
whether overlap outpulsing can be used with the regular route index,
and a series of 15 screening codes. If this is an intraoffice call route pat-
tern, the normalized office code is substituted for the regular route index.
Each intraoffice office code must have a separate route pattern.

The screening codes that are written in the 15 double columns must
have corresponding entries on the form shown in Fig. 13. This form has

Ess 13008 THREE DIGIT TRANSLATIONS
NO. | ESS
T ESS UNIT
BASE RATE AREA . - PAGE — — OF e,
—_ISTDIGIT ___I57DIGIT

~ 3"2»—' Y 35-— gg e o :E’- ARKS
SO[L 3T | REMARKS  |S8| 3| REMARKS | 33| RemARks  |oo| b3F|  REM
¢o|lge zo|lge T z s

o~ o~ o~ o~

00 50 00 50

0l [oo09 51 ol |oooe 51

02]0002 520008 02|oo07 52
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Fig. 11 — Three-digit translation form.
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Fig. 12 — Rate and route pattern record.

two columns devoted to each chart class. Associated with each screening
code is a charge index and sometimes a special route index.

To illustrate the problem of filling out these forms, let us consider
only that aspect of the forms dealing with the translation necessary for
wide area telephone service (WATS). We will consider here only inter-
state WATS. This service permits all subscribers to dial calls outside
their state within certain zones on bands. Six different bands are pro-
vided, and a customer is able to reach all bands up to the farthest band
that he is allowed to reach. For example, a customer in New York
subscribing to band 6 will be able to call anyone in the continental
U. 8. outside New York State, whereas a customer having only band 1
service can call only a few of the surrounding states. The office code form
has been filled out for a few typical office codes. These office codes in-
clude 9 numbering plan area (NPA) codes (codes indicating a 10-digit
call to an area outside the subscriber’s 7-digit area) and one conventional
7-digit code. Different route patterns have been assigned to each of these
codes, and the route patterns are expanded on the rate and route pat-
tern record. Route patterns 0 through 7 are associated with call type
10 (a 10-digit call). Whereas route pattern 8 is associated with a 7-digit
code, route pattern 9 is associated with a 6-digit foreign area translator.
Since routing will be done on the basis of the 6 digits dialed, no route
index is specified. Nine different regular route indexes are shown for the
nine route patterns. In addition, a series of screening codes for chart 3
has been assigned. Chart 3 is the chart assumed to be used in the local
office for the WATS classes of service.

In Fig. 13, columns are labeled by the appropriate class of service.
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Fig. 13 — Rate and route chart.

Two types of WATS classes of service exist, measured-time and full-
time. Customers who have WATS measured-time service are charged
a base rate for a certain number of hours of calling time, and are charged
for overtime on a time basis. Customers who have WATS full-time
service are allowed to call for an indefinite amount of time for the basic
rate. Six of the seven screening codes refer to the six bands of WATS:
the seventh refers to intrastate numbers. All interstate WATS customers
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are denied intrastate calls and are routed to a special announcement
indicated by special route index 0081. Customers who are allowed to
complete their calls because the calls are within their allotted bands are
routed via the regular route. The charge index for measured-time
WATS customers is assumed to be 15 and for full-time WA'TS customers
is assumed to be 16. (The charge index numbers are for this particular
office.) If, on the other hand, a customer is denied the right to make this
call because the call is outside his band, there is no charge, a condition
indicated by charge index 0. In examining the rate and route chart it
can be seen that customers with WATS 1 service are allowed to call any
codes within screening code 1, customers with WATS band 2 service
within sereening codes 1 and 2, . . . , and WATS band 6 service customers
are allowed to dial any office codes with screening codes 1-6. For ex-
ample, any office code having a route pattern which has a screening code
4 on chart 3 would be denied to the customer with WA'TS 1M, 2M and
3M, and would be permitted to customers with class of service WATS
4M, 5M and 6M.

The chief difference between the WATS 1F and WATS 1M customer
is a different charge index for those calls that are not denied. This charge
index then implies what type of charge record will be made of this call.
(Presumably, in this case, the operating company is interested in taking
data even though no charge will be made on each individual call.)

The translation forms have a dual use. They are used for creating the
initial translation information and they become part of the office rec-
ords. When subsequent changes are made they are made on these forms.
A number of other forms, similar to the forms described, have also been
created for maintaining office records. However, the above records
contain most of the information necessary for generating the original
line, trunk, and office code translation information. These forms are then
punched on IBM cards and go through an extensive sorting, checking
and data conversion program. This program has been written for an
IBM 7090 computer and is approximately 15,000 words long. To compile
the data for a 5000-line office should require approximately one hour of
running time.

VI. PROCESS OF ACCEPTING RECENT CHANGES

The bulk of all RC’s are introduced into the No. 1 ESS through
service orders sent over the service order teletypewriter. A service
order is the form by which the operating company informs everyone
concerned of the pertinent facts of pending changes on customers’
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lines and telephone numbers. The message is expressed in telephone
company language and may contain, from the viewpoint of ESS, both
significant and superfluous information. (For example, the fact that a
pink phone should be installed is not pertinent translation data in ESS.)

Fig. 14 shows a copy of a service order with its various fields. The
first three fields on the first line are intended to hold the service order
number, the activation code, and the service order type. The activation
code indicates whether an RC should become effective immediately or
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Fig. 14 — Service order format.
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be delayed. The service order type (in order, out order, change directory
number, change class of service, etc.) indicates how to process the fol-
lowing data.

The fields on the second line are reserved to hold directory number,
unified service order code (USOC), and billing number, if it differs from
the calling directory number. The third line has the fields for the line
equipment number, or the MHG number if the service order refers to a
multiline hunting group, the type of ring, and the chart class. The next
two lines have the fields for all service and equipment features. A check
in one of them indicates the existence of the feature in question. Then
follows a field for the type of supplementary data. If this type is not
blank, the supplementary data, such as an abbreviated dial or transfer
list, or sleeve lead data, or a multiline hunting list, follow on the lines
underneath.

When an RC is introduced via the teletypewriter, the data are se-
lected from the appropriate fields as a function of the service order type,
and digested. If the format is not correct, the RC is rejected. Otherwise,
the code in the field is translated from telephone company language into
the cipher used inside ESS. For example, unified service order code
(USOC) 1FR (one party flat residential) is translated into the codes for
major class = individual line, and chart class = flat rate; line equipment
number 02425212 is translated into its binary form 00101001101101100.
The translated item is then stored in the proper place of the auxiliary
block of memory in the call store which is seized at the start of the as-
sembly of any new RC. The proper position within this block is deter-
mined by a pattern decided upon by an examination of early data. If
the pattern allows a variable-length block of memory, the largest size
is selected initially and revised downward as more information is ab-
sorbed.

In this way, the RC is gradually built up in the auxiliary area regard-
less of whether the block will finally be retained or not. At the end of the
assembly, a compressibility check is made. If the class of service allows
an abbreviated code, the auxiliary block is abandoned, and only a pri-
mary entry with complete data remains. If the data cannot be compres-
sed, the primary entry is made up with the reference to the auxiliary
block already prepared. In any case, the primary RC is entered into an
RC buffer register.

The RC buffer register is an intermediate storage location in which
the primary RC’s are stored before being inserted in the ordered RC
area. This buffer storage is necessary so that the actual insertion can
take place whenever spare time is available in the system.
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Supplementary data, such as abbreviated dialing or fixed transfer
lists which are not part of an auxiliary block, are also temporarily
assembled in the auxiliary area. For each of the items in the lists, a
primary RC entry will then be made as room in the RC buffer allows.

Insertion consists of the following steps: first, the point of insertion
in the ordered list is determined. Then a search is made for an inactive
RC register in the neighborhood of the point of insertion. If such a “hole”
is found, all entries between the point of insertion and the hole are moved
to create a “hole” at the point of insertion. Finally, the primary RC
from the buffer is inserted there.

The RC buffer is administered sequentially, with the top entry fol-
lowing the bottom entry, and emptied on a first-in, first-out basis.

The time spent in the insertion process is unpredictable, because it
depends on the number of RC registers between the point of insertion
and the first available empty space. Occasionally, this time might exceed
the allowable limit permitted by the main program of the system. There-
fore, the insertion sequence is temporarily interrupted if the allowable
time has expired, and continued later when time is again available.

In order to minimize insertion time, an effort is made to scatter the
active RC’s over the entire primary area. This effect is achieved by
merely changing the status bits of an RC that is to be removed to the
“deleted” or inactive code. Eventually, it will be overwritten in the
insertion process, since & deleted status is the indication of an available
space.

No action is taken to delete auxiliary blocks. As soon as the reference
to them becomes inactive in the primary RC, they are “dead,’ scattered
between still-active blocks. A consolidation routine is required which is
performed every night. This routine rearranges the scattered active
blocks into a contiguous file. It is a very time-consuming routine. It
runs through all primary RC’s, singling out those which have a reference
address to an auxiliary block in the still unarranged area, comparing
the reference addresses, and in the end arriving at the RC with an
auxiliary block nearest to the end of the consolidated area. This block
is then moved to close the gap and its reference address is changed. The
process is repeated until all “dead’ spaces are squeezed out.

Most service orders request a delayed activation of the change. In
this case, the primary RC or RC’s for line equipment number and/or
directory number are given delayed status until activation is called for
by dialing the service order number from a special telephone line termina-
tion.
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In order to preserve the connection between service order number and
resulting RC’s, an RC entry with the service order number as TAG is
made, whose primary TW contains either a line equipment number, a
directory number or an MHG number to identify the primary RC’s
which have to be activated. If more than one such identifier is needed,
a reference address leads to an activation block which contains them. At
activation time, the entry which contains the service order number is
deleted, while entries identified by the service order number are given
“permanent’’ status.

Changes on trunk circuits or office codes are treated in a way similar
to those originated by service orders. They are normally introduced
over the maintenance channel of the teletypewriter. They lack a service
order number and therefore cannot be accepted on a delayed basis.
Although they use telephone company terminology, their format is
closer to the needs of ESS.

VII. PROGRAM STORE UPDATING

When recent changes have accumulated in the call store, they are
transceribed onto the program store. The future location of primary
RC’s is predetermined by their TAG. The future location of auxiliary
blocks is chosen when the RC is received, and the location stored as
the permanent auxiliary address in a control word preceding the auxil-
iary block. This control word is not part of the auxiliary block and is not
carried over to the program store.

It is required that any number of modules be updated at a time and
also that the updating of a module may be interrupted at any time
without harm.

For each card of a module about to be changed, a card image is pre-
pared in the call store by copying into it the contents of the old PS card.
Then a search is made through the RC area to find the RC data modify-
ing the card image. The address of the 64 words in the card corresponds
to 64 program store addresses. Whenever a permanent RC with a TAG
equaling one of those addresses is found, the corresponding card image
location is changed. If the primary TW contains anything but a tem-
porary auxiliary address, it is transcribed as such. If the primary TW
contains a temporary auxiliary address, the control word of the auxiliary
block containing the future permanent auxiliary address is transeribed
instead (see Fig. 15).

If the primary TW contains a temporary auxiliary address, whether
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Fig. 15 — Transcription of recent changes from the RC area to the card image.

the TAG belongs to the card or not, the permanent auxiliary address is
examined and the following cases are distinguished :

(a) None of the auxiliary TW’s belong on the card.

(b) The auxiliary block starts on the card. It may or may not end
on it.

(¢) The auxiliary block ends, but does not start, on the card.

(d) Sixty-four auxiliary TW’s in the middle of the auxiliary block
belong on the card.

Whatever portion of the auxiliary block belongs on the card is then
transcribed onto the card image.

The card images thus prepared are used to write new memory cards.
After a module has been written and inserted into the PS, a limited
verification takes place. An error in a changed word does not cause
rejection, since the RC is still available.
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After an arbitrary number of modules has been written, verified, and
duplicated,* the RC area is updated; the RC data which were correctly
transeribed to the PS are climinated as follows:

All primary RC’s with permanent status are examined, and the
following cases are distinguished:

(a) The primary TW contains anything but a temporary auxiliary
address. The primary TW in the RC area is compared with its counter-
part in PS. If both are equal the RC is deleted.

(b) The primary TW contains a temporary auxiliary address. Each
auxiliary TW in call store is compared with the contents of the program
store words at the location of the permanent auxiliary address. If all
words match, the block is considered correctly transcribed. If the
primary TW in PS already contains the permanent auxiliary address,
the primary RC is deleted. If it does not yet have the right reference
address, the primary TW in the RC area is changed by replacing the
temporary with the permanent auxiliary address. If the block was not
correctly transcribed, no action is taken.

This method of updating the RC area explains why the limited veri-
fication method is permissible: if a changed word is incorrectly tran-
scribed to the PS, no harm is done, since the RC is not deleted. It will
be corrected at a later time.

This method of updating also makes the writing of modules independ-
ent of each other. For instance, if an auxiliary block overflows from one
module into the next one, and if either module is revised, the RC will
stay intact until the other part is done. Or, if the primary RC is in one
module, the auxiliary block in another, either module may be written
without consideration of the other one. Also, the writing of a module
can be interrupted without any damaging effect, since no changes in the
RC area are made before the three steps of writing, verifying and dupli-
cating are completed.

Available space in the PS translation area is administered via linked
lists of available space. The lists are first created in PS when the original
translation data are installed. Lists are maintained for spaces of 2, 3,
- -+, 31 words, and one list is maintained for larger spaces, both in the
right and the left halves of the PS. Each of the larger spaces contains
the address of the next large space and contains its own length. As new
space is needed, or as active space is relinquished, the linked lists and
their headcells are updated via the recent change mechanism. If space

* The first of the two duplicate modules is written as described above. The
second is merely copied from the first one.
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is seized from a larger area, the length information for this area is up-
dated.

VIII. CONCLUSION

The translation plan for No. 1 ESS has accomplished a number of
goals. It has provided:

(1) compact storage of subscriber, trunk and office code data — data
that are currently stored in cross connections in electromechanical
systems,

(2) convenient means for handling changes in such information,

(3) facilities for providing much of the information that permits a
generic program to handle a specific No. 1 ESS installation,

(4) convenient forms of input and output data for use by a generic
office program, and

(5) convenient means for introducing translation information changes
in a working office.

Translations have been a major tool in making a generic No. 1 ESS
possible and efficient.
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System Testing of the No. 1 Electronic
Switching System

By G. HAUGK, S. H. TSIANG and L. ZIMMERMAN
(Manusecript received January 27, 1964)

Plans for testing the hardware and software and for evalualing over-
all system operation of the No. 1 electronic switching system are de-
scribed. Program and hardware test facilities and the early results
achieved using these factlities on the first two No. 1 ESS installations
are presented.

I. INTRODUCTION

Planning for system testing started at the beginning of the No. 1 elec-
tronic switching system (ESS) development.! Test facilities were designed
concurrently with the design of the system. This paper describes the test
plan being followed, the test facilities that are being used and the results
that were obtained on the first two No. 1 ESS installations.

The first No. 1 ESS, located at the Holmdel Laboratories, is being used
for checking system design. The second No. 1 ESS at Succasunna, N. J.,
is the first of a large number of systems scheduled for commercial serv-
ice.

Fig. 1 broadly illustrates three sequential periods of testing. Factory
tests are followed by system tests and, after cutover of an office to serv-
ice, by maintenance tests.? Fig. 1 also depicts system evaluation, an ac-
tivity which has its beginnings in the planning and design stages and
carries through many issues of a new system.

Factory testing is a subject on which there are many views. Most
views include some degree of device and package testing, and inspection
for workmanship — such as the quality of the wired connections. Be-
yond that they range from continuity checks of mounting plate assem-
blies and major units to functional tests of groups of major units or sub-
systems, and on out to rather complete system testing. The major units
of the Holmdel system, after very little factory testing, were shipped di-
rectly to Bell Laboratories for extensive design testing prior to use in the
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Fig. 1 — Test diagram.

system. With the availability of test specifications, the major units for
the Succasunna system underwent considerable factory testing prior to
shipment.

The system test interval (see Fig. 1) consists of two sequential phases,
hardware and softwarc (program). At installations beyond the early No.
1 installations the software phase will largely disappear. The debugging
of programs which provide new features will be accomplished on the
Holmdel system. When this point is reached, testing at the field site
becomes what is known as “installation testing.” This paper deals with
system testing. However, much of the test planning and many of the
facilities and techniques for system testing can be and are being applied
to installation testing by the Western Llectric Company.

II. HARDWARE TESTING

System hardware testing checks the proper functioning of all units as
a system. The major units of the No. 1 ESS are the central control, pro-
gram store, call store, central pulse distributor, and peripheral units.
The peripheral units include the signal distributor, scanner, network, and
master control center. The teletypewriter, automatic message account-
ing unit, memory card (program store memory) writer, and control dis-
play and test panel are all parts of the master control center.

For the first No. 1 ESS system at Holmdel, the hardware testing was
intended to prove the system design both from the hardware and logic
standpoints. Although most units had been individually tested, they had
never worked together as a system. Many maintenance features,? such
as those in the central control, could be tested only during system testing.

The hardware testing is done in two stages, manual and program.
Manual testing comprises only a very small part of the total effort. The
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hardware testing is essentially accomplished by program means. Special
programs, called “X-ray programs,” were designed for this purpose.
The term “X-ray” is used to convey the idea of examining the internal
and basic functions of the system. Two aspects of hardware testing are
the detection and location of troubles. The latter is by far the more diffi-
cult. One objective in the design of the X-ray programs was to simplify
the method used in hardware testing. The programs developed not
only detect troubles at system speed but also help in locating them easily
and quickly.

2.1 Manual Hardware Testing

Manual hardware testing includes all tests not performed by use of
X-ray programs. Many of these tests, such as power testing and con-
tinuity checking of interunit wiring, are rudimentary in nature and per-
haps not properly classified under system testing. On the other hand,
some manual testing, particularly that carried out on the Holmdel sys-
tem, can be considered system testing — for example, the pulsing and
monitoring of the systems communication buses® using pulse generators
and oscilloscopes to ferret out system noise problems.

In the No. 1 ESS the central control is the basic control unit and the
most complex unit in the system. It governs the flow of information and
coordinates the action of all other units. The program store is used to
store the program of the system and data such as the translation in-
formation associated with each customer.*

In the plan that is being followed for No. 1 ESS testing, the goal is
to bring the central control and the program store to a state where they
can be operated together on X-ray programs as soon as possible in order
to fully test themselves and other units of the system. With a proper
installation sequence, manual testing and in fact X-ray testing, can
progress while many major system units are being installed. The total
hardware test period, therefore, can be shortened.

Manual testing of the central control and program store primarily
consists of testing the central control’s ability to send addresses to and
receive instructions from the program store. In addition, central control’s
ability to exccute a few simple instructions is checked before X-ray
programs are used. At the conclusion of these manual tests only a very
small fraction of the vast amount of circuitry in the central control® has
been tested. The manual testing of the central control and program
store is carried out with the aid of a central control manual tester (see
Fig. 2). This test set is mobile and plugs into a central control. Using
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Fig. 2 — Central control manual tester.

this set one is able to
(1) insert instructions and control the execution of instructions by
central control,
(2) simulate the response of any unit to central control,
(3) monitor key points in the central control,
(4) monitor outputs of the program store, call store and scanners, and
(5) generate signals to stop or interrupt* the system or automatically
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insert program instructions when a selected program store or call store
address is reached.

The last feature is used when a central control is under program control.
In fact, the central control manual tester is the primary tool used with
the X-ray programs.

2.2 Programmed Hardware Testing

The No. 1 ESS is a program-controlled machine having a high degree
of control centralization. This made possible the use of programs, very
powerful tools, for system testing. Also, because of the high degree of
control centralization, common testing is emphasized. That is, once the
central control operates with the program store, it is used to test itself
and the rest of the system in a “bootstrap” manner.

The basic central control circuits are tested first. Using the basic cen-
tral control functions, the central pulse distributor is tested next, and in
the process additional central control functions are tested. In a similar
manner, the call store and the peripheral units are added in turn. The
unit to be tested is selected by switches on the central control manual
tester.

The X-ray programs are designed to test at operating speed bit-by-
bit and function-by-function a system which has not been previously
operated. The underlying principle employed in the design of the X-ray
programs is to start with simple tests to check out basic eircuits, then
gradually extend into other circuits using, insofar as possible, only previ-
ously tested circuits. Each test in the X-ray program checks for a known
test result and is designed to check a particular circuit or function.

A generalized sequence chart for the X-ray programs is shown in Fig.
3. The programs go from test to succeeding test until a failure occurs.
When this happens, a transfer is made to a failure leg. What happens
in this leg is dependent upon the circuit-controlled option which has been
selected by the user. These options are provided in the central control
manual tester which is plugged into the system during the X-ray tests.
The options are stop, record and advance, and recycle.

Stopping freezes the machine in a state as close as possible to the trou-
ble condition. Pertinent information about the state of the system at the
time the error occurred is preserved and displayed on the central con-
trol manual tester.

Record and advance is an attempt to save the data in the central con-
trol registers and continue. The data are typed out via a teletypewriter
at the end of every test that fails.



2580 THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1964

FAILURE OPTIONS
TEST SELECTED BY
SEQUENCE TESTER

TEST N

FAIL

CHECK N

PASS

TEST N+1

FAIL

CHECK N+1

CIRCUIT
CONTROLLED
OPTION

STOP RECYCLE

PASS

RECORD
AND ADVANCE

Fig. 3 — Generalized X-ray sequence.

Recycle provides a means to continually repeat the test at system
speed. Therefore, any part of a circuit can be examined with an oscil-
loscope under dynamic conditions.

The normal mode of operation is to use the stop option to detect a
trouble. With the machine stopped, lamps on the central control manual
tester (J-register display)* are used to determine the program store ad-
dress of the test which failed. For each test a comment indicating the
possible source of trouble, should the test fail, is given in the program
listing. Other lamp displays on the central control manual tester yield
further information regarding the trouble. At this point the trouble is
localized. Additional information about the trouble can be obtained by
recycling the test. Using this procedure, which requires the use of the
X-ray program listing, circuit schematics and the oscilloscope, a trouble
is usually tracked down quickly.

The X-ray programs for most of the system units are divided into two
parts, single system and duplicate system. A single-system X-ray is used
to test a single unit. A duplicated system X-ray tests multiple-unit ar-
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rangements and maintenance features. All X-ray tests are made with a
central control-program store combination.

Tor reliability and maintenance purposes? all units, with the exception
of those which affect only single customers, are duplicated. The dupli-
cated units normally run in parallel. Each is checked against its mate by
match circuits while performing identical functions. It is possible, how-
ever, with minor hardware modifications, to split the system into two
independent systems. Such an arrangement, using a central control
manual tester on each system, has been used during single-system X-ray
testing. This method of operation accelerates single-system X-ray test-
ing, thereby reducing the hardware testing period. For duplicated system
X-ray tests, the split system arrangement is not applicable.

The X-ray programs used prior to cutover and the maintenance pro-
grams used after cutover of an office to service are similar, since they both
test the same hardware. In what follows, some of the factors which caused
differences are discussed.

Maintenance programs have stringent real-time and complicated in-
terface requirements because they must share real time with call pro-
grams. The X-ray programs, used before a system is providing tele-
phone service, are not time-shared with call programs. In addition, the
X-ray programs need not share the system memories with call programs.

The primary maintenance tool used when a No. 1 ESS is giving tele-
phone service is the dictionary.® A maintenance dictionary is a table
relating the printouts of diagnostic test results with corresponding faulty
plug-in packages. The dictionary technique is built upon the assumption
that a trouble has just occurred in a working system. However, at the
outset of the hardware phase of system testing, multiple faults must
be assumed in the system and the dictionary technique is not applica-
ble.

The maintenance programs have available to them all of the hardware
maintenance facilities — for example, working teletypewriters and match
circuits. On the other hand, during much of the hardware phase of system
testing the hardware maintenance facilities are not usable as tools.

The dictionary technique makes use of the pattern of test failures
which results from a series of tests applied over large amounts of cir-
cuitry. The X-ray technique makes use of the information at the first
test that fails in a series of tests, each of which is applied over small
amounts of circuitry.

In Table I these factors are summarized. In the last column of the
table an S or C indicates whether a factor results in simplification or com-
plication in the design of the X-ray programs.
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TaBLE I — TEsT PrROGRAM COMPARISONS

Factor X-Ray Maintenance Result
Time shared with call programs no yes S
Memory shared with call programs no yes S
Use of auxiliary test sets and instru- yes no S
ments
Multiple faults in every unit yes no C
Sy;ltem maintenance facilities availa- no yes C
e

The assignment of central pulse distributor, scanner, and signal dis-
tributor points varies from office to office. The X-ray program obtains
the addresses of these points and other items which vary from office to
office by reference to a translation area,® provided for system programs,
in the program store. Thus the X-ray program is usable in any No. 1
IESS installation.

III. SOFTWARE TESTING

The large system program for No. 1 IESS is at least as complex as the
hardware used to carry out the program. The early systems are being
used for design debugging of the software as well as the hardware.

3.1 Hardware Facilities

During system testing of No. 1 ESS, input-output, control, and moni-
toring facilities, which can be used for program debugging, are provided
by the central control manual tester and the system’s maintenance
teletypewriter, automatic message accounting magnetic tape unit, and
control display and test unit. However, because of the large amount of
program debugging being done at the Holmdel Laboratories, additional
facilities were added to the Holmdel system to provide greater speed and
flexibility.

The additional input-output facilities provided at Holmdel consist of
a card reader, a high-speed printer and a magnetic tape unit.

A card reader, which reads 100 cards per minute, is used as an alter-
native to the teletypewriter to load information into the ESS. This means
of loading information is a more reliable means of repeatedly introducing
information than the teletypewriter, is more flexible and is about 10
“times faster than teletypewriter tape. The information is read into the
system via No. 1 ESS scanners. This reader has also been provided at
Succasunna for use in program debugging.
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A high-speed printer, which prints 80 characters per line at 1000 lines
per minute, is used as an alternative to the teletypewriter to dump in-
formation from the ESS. It is more than 100 times faster than the tele-
typewriter. The printer provides a practical means of obtaining large
amounts of data from the system without excessive use of machine time
and eliminates the delay that is encountered in obtaining printed copy
if magnetic tape is used. The system communicates with the printer via
the peripheral bus.?

The tape reader assembler and processor (TRAP) is a facility used to
control the transfer of data from magnetic tape to program store twistor
cards via the memory card writer. TRAP has been provided at both the
Holmdel and Succasunna installations because of the frequent changes
required on twistor cards during the program debugging period. In addi-
tion, the TRAP unit at Holmdel has been modified and connected to the
system’s peripheral bus so that its magnetic tape unit can be used in
loading and unloading system information. The magnetic tape unit is
about 12 times faster than the high-speed printer.

At Holmdel a program test console (console) is used in place of a cen-
tral control manual tester; it provides greatly expanded monitor and
control facilities. In appearance, the most striking difference between
these units (see Figs. 2 and 4) results from the 2544 monitor lamps on the
console as opposed to a 442-lamp display on the central control manual
tester. The console simultaneously monitors 864 points in each central
control. These points include almost all of the central control flip-flops.
The remaining lamps are used to monitor key points in all other units of
the system. The view of system status provided by these lamps is espe-
cially important in debugging maintenance programs.

The console also provides three additional displays. A cathode ray
tube display of the program flow is obtained by using a digital-to-analog
converter on a program store address register. Because the No. 1 ESS is
controlled by a repetitive executive control program, this display pro-
vides a picture which gives immediate indication of program response to
external inputs and detection of anomalies in program flow.

For call stores, in which 24-bit words are stored, there are two console
displays. One makes use of program control to display the contents of
any set of 31 call store locations as a 31 X 24 array of spots on a cathode
ray tube. Another circuit, not program-controlled, uses a bank of 24
lamps to provide a continuous display of the contents of any selected
call store location.

The console and central control manual tester both provide similar
control of the central control clock for stopping, manually stepping, and
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Fig. 4 — Program test console.

inserting simulated inputs. The console connects to all units of the dupli-
cated system, while a central control manual tester can be connected to
only a single central control. The console is capable of more fully con-
trolling the duplicated system, as well as being able to control either half.
In addition, the console provides manual control over many of the im-
portant maintenance features such as the inhibition of system interrupts.*

A simplified picture of program debugging closely parallels that of
circuit debugging. Inputs are applied and outputs are checked. If trouble
is suspected, internal conditions must be examined. To obtain easy ac-
cess to information about any selected point in a program, flagging facili-
ties are provided in the console and the central control manual tester. A
flag is a signal generated under specified conditions which can be used to
(a) stop the system, (b) light a lamp, or (¢) interrupt the system. The
console has provisions for generating fourteen distinet flags. The mecha-
nisms for generating flags are:

(1) program address match — There are eight sets of switches on
which program addresses can be set up. Whenever the central control
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addresses the program store to an address which has been selected, a
flag is generated.

(2) call store address match — There are four sets of switches used to
select call store addresses in a manner similar to selecting program store
addresses. In addition, reading or writing and/or a bit configuration for
the data may be specified as additional conditions on the generation of
flags.

(3) call store block mateh — There are two call store block match
circuits identical to the call store address match circuits except that two
sets of switches are provided with each circuit to define a range of ad-
dresses. The address condition for the flag is satisfied whenever a call
store address is used which falls within a selected range.

3.2 Programmed Facilities

To expedite program debugging a programmed ESS utility system has
been designed around the flag generators. The teletype or card reader is
used to insert information into the system to define the function to be
performed when a flag generator causes an interrupt. The function to be
performed can be made up of any combination of the following:

(1) dump — The contents of call store or central control memory
locations are written on the teletypewriter, high-speed printer, or TRAP
magnetic tape.

(2) write — Information previously entered in the system (via card
reader, teletypewriter or magnetic tape) is transferred into preselected
call store or central control memory locations.

(8) trace — This sets up a central control mode which causes a dump
to be performed at each program transfer.

Upon the completion of any of the above items, program control is
transferred back to the point which was interrupted.

(4) jump — Jump specifies a program address to which control is
transferred.

(5) patech — This causes the system to transfer program control to
instructions which have been previously written in the call store.

The utility system outlined above was designed to be usable, with some
restrictions, for program debugging using the central control manual
tester. Most of the restrictions arise because the central control manual
tester does not have any call store block match circuits and has only two
program store and two call store address match circuits.

The program debugging facilities described were designed so that
program test conditions could be submitted to the system and results
obtained with a minimum expenditure of ESS machine time.
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IV. OPERATIONAL TESTING

Operational testing verifies that the hardware and the system pro-
gram satisfy system requirements. So as not to delay the introduction of
a new system into service, this phase of testing must be started early
enough to insure time to take corrective action as required.

The early systems must be subjected to extensive operational testing.
These tests, among other things, must

(a) check all call features without and with traffic,

(b) verify traffic handling capability,

(c) verify traffic counts,

(d) verify AMA accuracy,

(e) check all maintenance features,

(f) evaluate maintenance dictionaries,

(g) check system capability at temperature and voltage limits, and

(h) check transmission and crosstalk characteristics.

At later installations these items will be tested, but much less exten-
sively. In addition, installation tests include other items such as

(a) verify all translations (lines, trunks, etc.),

(b) test all lines, and

(c) test all trunk circuits.

V. EXPERIENCE

Fig. 5 presents a simplified picture of key events in the testing of the
Holmdel system during the year 1963. The arrival times of the central
controls (CC’s) and the program stores (PS’s) are shown. System testing
did not really start until the receipt of program store 1. Prior to that
time central control 1, which was shipped from the factory without bene-
fit of factory testing, underwent extensive manual testing. The early
manual tests were primarily of continuity, while later tests were func-
tional, using program instruetions inserted via the central control manual
tester. Intervals for the wiring of major central control design changes
are also indicated. The start of the use of X-ray programs, the beginning
of system program debugging on one shift, and the expansion of this
effort to two shifts as well as the first No. 1 ESS telephone call made
using an X-ray program are also shown.

Fig. 6 presents a simplified picture of key events in the testing of the
Succasunna system.

Figs. 7 and 8 show the total number of troubles cleared per month at
Holmdel and Succasunna during 1963. They are broken down into three
categories: wiring, circuit pack, and other troubles.
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Fig. 5 — Holmdel system events.

Circuit pack troubles were running about 85 a month on the Holmdel
system and somewhat higher than this at Succasunna at the end of 1963.
There are approximately 11,500 circuit packs in each of the systems. Ex-
perience with the Morris ESS7 and other electronic systems indicates that
an order-of-magnitude reduction can be expected in the package failure
rate as an electronic system moves from the testing and wiring change
period into service.

Many of the earlier wiring troubles encountered at Holmdel were at-
tributable to the factory. A lower proportion of the wiring troubles at
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Fig. 6 — Succasunna system events.
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Succasunna are attributable to the factory. They, like the later wiring
troubles at Holmdel, are more frequently chargeable to installation
and design change wiring.

Included in the category of other troubles are logic and circuit design
problems uncovered in system testing. This source has been a major
contributor to design changes necessary to realize an operational system.

The principal sources of program problems are programming error,
clerical error, requirement change and program improvement. Fig. 9
shows the number of program problems encountered per month on the
Holmdel system during 1963. These were found and corrected while de-
bugging X-ray and system programs. Since Holmdel is the first No. 1
ESS, it was necessary to do much of this work, particularly the debug-
ging of X-ray programs, concurrently with the debugging of the hard-
ware. On the average, one program problem was cleared for every 55 pro-
gram words verified.

System testing using X-ray programs read from program stores began
at Holmdel on April 5, 1963 (see Fig. 5) and at Succasunna on August 16,
1963 (see IFig. 6). This work was carried out on a two- and three-shift
basis at both places. I'ig. 10 gives the number of troubles cleared per
shift-month at Holmdel and Suecasunna and makes a comparison by
referencing them to the month in which X-ray testing started at each
loecation. As can be seen, troubles were found at a faster rate at Succa-
sunna than at Holmdel. The major reason for this is that testing on the
Succasunna system made use of X-ray programs that had already been
debugged on the Holmdel system.

The size of a system hardware testing task is dependent not only on
the number of system units involved but also on their complexity. Com-
plex units have larger X-ray programs associated with them than less
complex units. This suggests better ways of measuring the size of a sys-
tem hardware testing task than merely totaling the number of units in-
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Fig. 9 — Program problems encountered per month on the Holmdel system.
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Fig. 10 — Troubles cleared per shift-month at Holimdel and Suecasunna.

volved. A more meaningful and easy-to-use measurement is the sum of
the products of the number of units and the number of associated X-ray
program words, unit-words. This concept is illustrated for several No. 1
ESS units in Table II.

Using cumulative unit-words per shift, a comparison of the initial
progress at Holmdel and Succasunna is given in Fig. 11. The solid-line
curves show the progress by actual date. The dashed-line curve references
the progress at Succasunna to the Holmdel X-ray start date. The more
rapid progress at Succasunna was made possible by the use of debugged
X-ray programs and by the absence of troubles common to both systems
that had already been cleared at Holmdel.

Fig. 12 is a plot of the progress made in debugging X-ray programs con-
current with their use in debugging the Holmdel system hardware. As
can be seen, the verification of these programs was nearing completion

TABLE II — UN1r-WoORDS FOR REPRESENTATIVE UNITS AT SUCCASUNNA

Unit Number Words/Unit Unit-Words
Central control 2 19,100 38,200
Central pulse distributor 2 840 1,680
Call store 4 3,750 15,000
Master scanner 2 1,120 2,240
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Fig. 11 — Cumulative unit-words per shift at Holmdel and Succasunna.

at the end of 1963. Also shown is the early experience in debugging sys-
tem and utility (see Section III) programs. By using the data given in
this figure and the dates on which system program debugging started
as a one-shift and later two-shift operation (see I'ig. 5), it can be cal-
culated that an average rate of 2000 words per shift-month was realized.
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Fig. 12 — Program debugging progress on the Holmdel system.
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C central control, 1976
scanner, 2267
trunk and service circuits, 2345
Circurrs, MEmMory, 2162
Crrcurr Packs, 2372, 2441
extractor tool, 2449
COMPILER-ASSEMBLER, 2457
macro definitions, 2468
source language, 2463
storage allocation, 2461
CONCENTRATORS, 2226
CONNECTORS, 2383, 2444
design advantages, 2450
testing program, 2451
ConrtroL PANEL, 2361

Bus SysteM, 2021,
call store, 2028
circuitry, 2043
DC connections, 2052
interframe connections, 2024
peripheral, 2030, 2032
program store, 2026

CaBLE Rack, 2367
CavrL ProcEssiNg, 2483
digit analysis, 2517
intraoffice, 2513
programs, 2489
supervision and signaling, 2485
temporary memory, 2506
CaLL STORE, 2147, 2150
access, 2165
circuits
logie, 2151, 2171
maintenance, 1981 2151, 2178,
memory, 2150, 2162
current drivers, 2163
memory, 2151 D
operating experience, 2184

power supply, external, 2184 Drrra Noise, 2185

Carp LOADER, 2417 DiaL PuLskE Proaram, 1938
CentraL CoNTROL, 2055, 2397 DisPENSER PROGRAMS, 1044
logic circuits, 2056 DisTRIBUTING FRAMES, 2428
logic design, 2073 F
CENTRAL PROCESSOR, 1845, 2355
central control, 1850, 2055, 2397 FERREED SWITCHES, 2374, 2378
interrupt circuit, 1870 FERRITE SHEET MEMORY, 2152, 2378
maintenance, 1885, 1966 Also sce Call Store
order structure, 1877, 1880 FERROD SENSORS, 2376
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G

GatE, Loarc, 2058
GENERIC Program, 1956

|

InpuT-OUuTPUT PROGRAM, 1931, 1932
INTERCONNECTIONS, 2424

L

Line Link NErwoRks, 2196, 2388
Locic Circurrs, 2055, 2056
device characteristies, 2063
equipment design, 2088
LLL design, 2060, 2068,
reliability, 2056
switching speed, 2057
Loaic DEsiaN, 2068
in central control, 2073

M

MAINTENANCE, 1885 1961
dictionary, 2016
duplication, 1963, 1966, 1971
network frames, 2252
program store, 1980, 2129
programs, 1985
diagnostic, 1993, 2009
fault-recognition, 1988
MastErR ConTrROL CENTER, 2283, 2408
alarms, displays and controls, 2295
automatic message accounting, 2306
teletypewriter facilities, 2283
test panel, 2300
MgeMoRrY Carp WRITER, 2411

N

Nerwork Frames anp Circurrs, 2221,
2386
information processing, 2234
line switching frames, 2223
path selection, 2229
switching frames
trunk and junctor, 2227, 2393

P

Para SELECTION, 2229

INDEX

PERIPHERAL SUBSYSTEMS, 2255
Also see: Central Pulse Distributor,
Scanner, and Signal Distributor
PowER PraNTs, 2422
Process III
See Compiler-Assembler
Proaram StoRrEe, 2097
access, 2106
card writing, 2134
control, 2123
equipment, 2131, 2132
maintenance, 1980, 2129
performance, 2144
readout, 2117
Programs, StoreED, 1840, 1923
call processing, 2489
clock interrupt, 1931
dial pulse, 1938
dispenser, 1944
generic, 1956
input-output, 1931, 1932
main, 1943
task, 1952
ProTECTORS, 2386
Power DisTRIBUTING FRAMES, 2420

R

RELAYS, 2383
RinGING AND ToNE SurrLy, 2420

S

ScANNERs, 2256, 2270
master, 2406
SEMICONDUCTORS, 2058
SigNAL DisTRIBUTOR, 2270
SwitcHiNG FramEs, 2221
line, 2223
network, 2223
trunk and junctor, 2227, 2393
SwitcHING NETWORK Pran, 2193
control, 2208
frames and circuits, 2221
octal network, 2196
traffic performance, 2214
SystEM TEsTING, 2575
hardware testing, 2576
manual, 2577
programmed, 2579
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operational testing, 2586 service order TTY, 2286
software testing, 25682 traffic usage, 2286
programmed facilities, 2585 TRANSLATIONS, 2533
data, 2558
T input-output, 2538
Task Programs, 1952 memory layout, 25649
TELETYPEWRITER FaciLiTIES, 2283 TruNk aND LINE TEsT PANELS, 2351
call store buffer, 2287 Trunk Link NETWORKS, 2201, 2393

. maintenance, 2284 Twistor MEMORY, 2380



