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TSPS No. 1:

System Organization and Objectives

By R. J. JAEGER, JR., and A. E. JOEL, JR.
(Manuscript received September 14, 1970)

This article is an introduction to a series of detailed technical articles
that describe the Traffic Service Position System No. 1. The organization
and objectives of the system are given and the overall operation of the
system s explained.

I. INTRODUCTION

At the outset of telephony, connections between telephones were
established by operators through cords, plugs, and jacks at switch-
boards. Within the first decade, switchboard design and operating
techniques soon settled into a pattern that is still followed today. The
switchboards of 80 years ago are remarkably similar to those commonly
used today. (See Figs. 1 and 2.) With rapidly increasing traffie, it
became apparent that to use operators to establish local calls was not
the best way to continue. Dial switching was invented.

Although the shift to local dial office operation started early in this
century, it was in the years following World War IT that the transition
was rapidly completed. (See Fig. 3.) As the efficiency of transmission
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Fig. 3—Station growth.

and signaling facilities improved, the burgeoning use of the telephone
for long distance calling permitted the development of arrangements
by which operators dialed and supervised toll calls from their switch-
boards. These capabilities speeded call completion and improved opera-
tor charging accuracy.

In the 1950s customer direct distance dialing was introduced for
station-to-station calling, This used the established toll dialing network
and the new automatic message accounting facilities for recording the
call details needed for charging. Thus, through technological advances
the need for operators was greatly ameliorated by the customer’s
dialing both local and toll calls.

Operators were still needed, however, to handle local assistance calls,
coin toll calls (to monitor coin deposits) and speeial toll ealls, such as
person-to-person and collect calls. The need for operators was eased
only temporarily because the unabated growth of stations and traffic
has been accompanied by an increase in the number of special toll
calls, the expanding use of coin stations for toll calls, and the introduc-
tion of credit card calling. (See Fig. 4).

Coincident with the problem of obtaining greater numbers of operators
was a changing labor market. It was becoming more difficult to hire
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women to work in the urban switchboard locations, particularly for
weekend and night duty. Competition from broadening job opportuni-
ties in business offices, sales work, and suburban factories was being
felt. These factors combined to start a search to do the operator’s job
more efficiently and to make it more attractive.

Toward this end, the New York Telephone Company developed an
operator assistance switchboard for customer dialed special toll calls
to work with No. 5 crossbar system called PPCS (person-to-person,
collect, and special) in 1958.' Based on this start, Bell Telephone Labora-
tories undertook the development of a standard cordless console with
semiautomated call handling of customer dialed special toll calls through
the crossbar tandem system in the early 1960’s to provide a more com-
prehensive design to meet the broader needs of the Bell System. The
new console was named the traffic service position (TSP) and the first
standard installation went into service in 1964 in Cleveland, Ohio.”
There are now some 21 installations in major cities. To provide TSP
features with the other toll switching systems in the same manner would
have required similar development for the No. 4 toll ecrossbar and No. 5
crossbar systems.

In order to provide a single system that could work with any toll
switching system, present or future, the idea of an autonomous system
to provide the automatic operator functions was conceived. That sys-
tem, named the traffic service position system No. 1 (TSPS No. 1), has
been developed. It is the purpose of this article and the six that follow
to describe the new system.
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II. OBJECTIVES

The basic objective of the system design is to relieve the operator of
handling the routine switchboard operating functions so that she can
concentrate on providing those functions which require judgment to
be exercised and data to be put into the system. The initial design of
the system provides for the types of calls and the operator functions
described in Table I.

There are a significant number of call types now handled on toll
switchboards that were not included in the initial design of TSPS in
order to limit the size of the development and to meet the most urgent
needs of the field. Typical call types not included in the initial design
are conference calls, mobile and marine calls, inward to operator calls,
and special handling of hotel and motel calls.

In order to handle the calls outlined in Table I and to obtain the
desired service, administrative and operational improvements discussed
in the introduction, these general design objectives were established:

() Autonomous system with standard trunk interfaces to other
systems.
(#2) Modern attractive consoles.
(727) Economical position remoting capability.
(iv) Stored program system design.
(v) Economical over a reasonable range of office sizes.
(vi) Improved administrative features.
(vi7) Improved maintainability.
(viit) Tlexibility in adding new features.
(i) A generic processor-memory complex useable in other system
applications.
(x) Use of “on-the-shelf” hardware.

In order to expedite development and field introduction, it was
decided to adapt both the basic hardware components and the system
structure of No. 1 ESS.®> A number of fundamental modifications were
made, however, and these are described later in this series of articles.

To establish bounds for the size of the design, a review of the potential
market was made. Considered were trunking needs and the number
and size of chief operator groups.* With the recognition that the system
would receive wide application, equipment quantities were selected so
that no one system component would be limiting in obtaining maximum

* A chief operator group is the location of a group of positions under a single
administrator or chief operator.



TaBLE I—OPERATOR FUNCTIONS

Input Credit Called Customer Obtain Acceptance Operator
From Card or Identification of Charges Identification Monitor Operator
Stations | Third Number | on Person-to-Person on Collect of Calling Number* Coin Deposits | Assistance
Noncoin 0+ 0+ 0+ 14,0+ - - 0—
Coin 14,04+ 0+ 04 14,04+ 14,04 - 0—

14+ Customer dialed station-to-station calls
04 Customer dialed special calls
0— Operator assistance calls

* Needed only when calling number is not automatically identified and forwarded from the local office.
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system utilization. As it now stands, the design is limited by data pro-
cessing capacity. The maximum quantities of the major system elements
shown below have covered the needs of all installations to date.

(¢) 3000 trunks,
(7z) 310 positions, accessible as a single team,
(#77) 62 positions per chief operator group, and
(#v) 9 chief operator groups, remote, local or both.

The number of cities expected to require multiple installations of
the system is small, indicating that a larger system with its higher
start-up cost was not justified for the current potential market of
several hundred systems.

III. SYSTEM DESCRIPTION

3.1 100B Console

Since the basic function of TSPS is to automate the routine aspects
of the operator’s work, the system description begins from the operator’s
viewpoint: the way calls appear on her console, her responses, and the
features of the console. Against this background, deseriptions of the
software and hardware should be more meaningful.

Figure 5 shows a typical operating room. Each console section con-
tains two positions in a desk-like arrangement. Figure 6 is a closer view
of the console keyshelf with its lamps and keys. Except for the digital
display in the uppermost portion of the section of the console, the
remaining lamps are on the main panel. Some keys are equipped with
lamps and are indicated in the legend.

A position becomes available to the system for service when an opera-
tor inserts her headset plug into its jack. Calls are automatically dis-
tributed to all attended positions in such a way that all operators receive
an equal share of the traffic load. When a position is given a call, the
operator hears a zip tone and is given a lamp display. A lamp indicates
the type of the originating station, coin or noncoin, and whether the
customer dialed 0 followed by 7 or 10 digits (0-), dialed 0 only (0—)
or dialed a station-to-station call (1+4). The use of a *1” prefix for
station calls is not universal, but for purposes of description, station-
to-station calls are often referred to as 14-.

With these indications the operator is able to respond appropriately.
On calls received from coin stations, the deposit for the initial period and
duration for the call dialed by the customer are also indicated in the
numerical display when the operator takes the call, On 0+ calls she
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Fig. 5—A typical operating room.
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asks what type of operator assistance the caller wants. When she deter-
mines the type of call being placed, the operator depresses a class of
charge key. If it is necessary for the operator to enter a credit card num-
ber, the number of a third station for billing purposes, or to provide the
called number or calling number, there is a keyset in the lower right
corner which is conditioned by the operation of an appropriate key
pulse key to indicate the type of number being entered into the system
by the operator.

In the lower center part of the key shelf are three columns of keys
which are referred to as “loops”. When a call is connected to the posi-
tion, it is associated with one of these loops. When the operator is in
voice contact with the customer, the bottom key lamp designated
Acs (access) is lighted. If the operator desires to keep this call associated
with her position while handling other calls, she can push the mHorLD
key lamp. The upper two lamps of each loop indicate the switchook
condition of the originating and terminating stations when a call is
in ecither Access or HOLD. The call is released from the position when
both the sT ™va (start timing) key to the immediate left of the three
loops and the ros RLs (position release) key in the lower left corner are
operated.

Whenever a call is connected to a TSPS position, all call details are
available from the system memory. These call details are directly equiv-
alent to those that she would have written on a ticket if the call had
been processed at a cord switchboard. She can display, under key con-
trol, the calling number, the number that is being called, a credit eard
number if keyed into the system, the number of a third telephone if
one is being billed, and the charging rate on coin calls. Also, the operator
can get the exact time of day being used by the system by depressing
the TIME key. The displays associated with the two leftmost keys do
not lock in and are only displayed as long as the key is operated. The
time display is fixed at the instant the key is depressed.

Other operator controls include the ability to release connections
forward or backward, ring the stations forward or backward, collect
or return coin deposits and connect to special service operators over
outgoing trunks.

Although the operator has some freedom in the way she handles
calls, many of her key actions are automatically checked and flashing
lamps used to indicate detectable errors. If, for instance, the operator
depresses the sTART TIMING key before a class of charge has been re-
corded, the sTART TIMING lamp will flash. The operator must then deter-
mine what information is missing. Similarly, keying 11 digits on a 0—
call will cause the xp FwD (xp forward) lamp to flash. '
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For all calls that are to be automatically timed by the system two
key operations normally end the initial position seizure. These keys
are sT T™MG (start timing) and Pos REL (position release). The START
TIMING key is used to indicate to the system that the operator has all
of the billing details on the call, and that when her position is released
from the call, and the called station answers, the time of the connection
is to be recorded. On 14+ coin calls the sTART TIMING key may be
operated before the called party answers, but on person-to-person calls
the sTART TIMING key is operated after the conversation starts. In
either case, the time of connection is established when the operator is
disconnected from the call. Timing for charges stops when a call is
reconnected to a position for any reason.

3.2 General

Figure 7 is a basic block diagram for this system. All trunks have two
two-wire appearances on the link network. The network connects the
trunk to various service circuits—digit receivers, outpulsers, coin con-
trol circuits, tone circuits, and operator positions. Being a stored pro-
gram system, the basic call logie instructions are in the memory and are
executed by a processor. Changes of the supervisory state of trunk,

TO
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service, and other peripheral circuits including the positions them-
selves, are detected by scanners. Output instructions via signal dis-
tributors and central pulse distributors control these circuits and the
position lamps.

During the conversation period of a call, the customers are connected
only to each other; there are no connections to operators or service
circuits. It can be seen in Fig. 7 that the TSPS trunk circuit is a dedi-
cated facility connecting the local office to the toll office. No switching
capability nor concentration exists for this trunk circuit at TSPS.
Thus, TSPS is a unique type of switching system because all the ele-
ments of a switching system are present only for the purpose of tem-
porarily connecting equipment units and operators to the trunk circuit.

3.3 Hquipment

The system equipment is divided into two principal parts, the proces-
sor-memory complex, and the TSPS No. 1 periphery which includes
the position subsystem.

3.3.1 Processor-Memory Complex

One of the major points of divergence from the No. 1 ESS design is
in the processor-memory complex. The processor-memory complex,
including such supporting units as the control and display panel, a
signal distributor, a central pulse distributor, a master scanner, the
maintenance teletypewriter and the program tape unit for loading and
unloading memory, constitute a subsystem called the stored program
control No. 1A (SPC). The SPC equipment is covered by a separate
set of engineering documents and has well defined interfaces so that it
can be easily used in other applications. It is used with the electronic
translator system for No. 4 toll crossbar as well as for the TSPS No. 1.°

The SPC No. 1A design incorporates several novel improvements.
For example, the duplicated processors have fast dec matching circuits
that compare the states of certain internal circuits and are able to abort
orders within the failing cycle when a mismateh occurs. This provides for
improved discrimination of errors and faults as well as better recovery
from mismatches. Another difference is in the use of a simplified store
bus arrangement to minimize the complexity and inherent hazards of
having cross bus switching at every store frame.

For system simplification, a single type of store using the electrically
alterable, nondestructive readout piggyback twistor was chosen to
provide all of the memory required by the system applications.* The
advantage of using this memory is discussed elsewhere in this issue.
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3.3.2 TSPS Periphery

Many of the peripheral units of TSPS No. 1 are similar in function
and appearance to those of No. 1 ESS. The plug-in circuit packs, the
framework, and terminal strips are virtually identical. Details of the
differences are described in Ref. 6.

The switching network used to connect the trunks to the service
circuits and positions is a four-stage, two-wire space division network
using ferreeds. In order to provide uniform traffic loading of the linkages
for the widely differing traffic occupancies of TSPS trunks, a unique
network configuration that involves build-out frames has been pro-
vided. The build-out frames are physically attached to the basic frames
by cable connectors to ease the problem of network growth.

The plug-in trunk units and the universal trunk frames look like
No. 1 ESS units. They are quite different in function and this is reflected
in the internal design. Because TSPS works with any local office type,
it must be able to receive multifrequency pulsing or dial pulsing over
both loop and carrier facilities. Since the serving toll office may have a
four-wire switching system, both two-wire and four-wire trunk circuits
are provided. The four-wire trunk circuits are used when the toll office
has four-wire switching and the incoming trunk facilities are four-wire.

3.3.3 Posttion Subsysiem

While the position subsystem is really part of the TSPS periphery,
it is sufficiently large and novel to warrant separate mention. Orders
from the SPC to control the lamps at the consoles are decoded in a
position signal distributor which operates or releases magnetically
latched miniature wire spring relays. These relays are circuit pack
mounted in the position buffer and, with a modest amount of wired
logie, control the lamps and key lamps on the console. The console’s
numerical display is controlled directly from the position signal dis-
tributor.

Operators’ key actions are detected by an autonomous scanner which
codes and gates the keyed information along with the position number
back to the peripheral master scanner.

When the positions are remotely located, the orders to control the
position lamps and the data words for key operations are sent via the
digital T1 carrier system which acts as an extender of the peripheral
bus. The T1 carrier also provides the voice circuits for the operators.
The manner in which the T1 system provides voice and data capability
simultaneously is described in detail in the article on the TSPS pe-
riphery.”
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3.4 Software

The program structure for TSPS closely follows that for No. 1 ESS.?
An executive control program, interrupt levels, priority work lists,
fault recognition programs and diagnostic programs are employed to
provide the real-time, time-shared characteristics of the system. The
individual programs are arranged to be part of either the SPC or TSPS
similar to the equipment dichotomy described in section 3.3.1.

3.4.1 SPC

The SPC program package provides the system framework within
which the TSPS programs function. It is composed of the executive
control, maintenance control, interrupt and input-output programs.
It also has those programs needed to maintain SPC equipment. The
interfaces between the SPC and application programs have been care-
fully arranged to avoid significant penalties in overall program size
and system real-time usage.

The SPC program package is covered by separate documentation
that is coordinated with the SPC equipment. There are 35,000 words
of SPC program of which 24,000 are for maintenance functions.

3.4.2 Traffic Service Position System

The TSPS programs operate within the SPC framework to achieve
the desired total system functions. They are composed of both call
processing and maintenance programs.

The call processing programs provide call handling logic and are
concerned with the input-output functions of scanning and signal
distribution, and the control of peripheral hardware to process calls.
These programs detect changes of state, provide the data processing
to interpret the changes of state, and issue orders to the periphery to
change the status of the hardware to further the progress of the call.
For example, call processing programs provide for the reception of
digital information, establishing connections through the ferreed link
network, the sending of information to control the lamp displays at
operator positions, the reception of key signals from the operators,
the computation of coin charges, and the placing of billing information
on the magnetic tape. These programs operate under the stored program
control executive control program structure which insures that all
necessary work will be given an opportunity for execution within selected
time periods.

For the programs that cover the operator functions, care has been
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taken to insure that standard operating practices are reflected in the
program design. The primary intent here is to give the operator maxi-
mum latitude in sequencing her actions while insuring that she properly
completes all the necessary functions before releasing the call from her
position.

There are 80,000 words of TSPS program of which approximately
37,000 are for maintenance of the peripheral equipment including the
local and remote positions.

3.5 Maintenance Fealures

3.5.1 General

In this system as in other Bell System central office electronic switch-
ing system designs, the maintenance strategy is based on having vital
hardware units in duplicate, using signals to indicate the successful
execution of orders and using programs to test, detect faults, and
diagnose trouble. The deductive and test strategies designed into the
programs are relied on heavily to obtain fast and effective results. The
use of teletypewriters and lamp displays to simplify the man-machine
interface aids in an overall improvement in maintenance. The intent is
to achieve greatest reliability through automation wherever possible.

3.5.2 Equipment

The most fundamental aspect of equipment maintenance is the
extensive use of plug-in circuit packs to simplify replacement of defective
units and to minimize the need to repair or adjust apparatus in the
office. Duplication of important, commonly used equipment assures
continuity of service while failing units are being repaired or additions
are made. One method of duplication is achieved by having two separate
and identical units, one active and the other a working standby operat-
ing in parallel. Only the active unit participates in system call processing.
The stored program control processor and stores are examples. Another
technique is to provide two halves of a unit and divide the work. When
one half fails, the other half takes over the total work load; the link frame
controllers are an example. There is also duplication in power and
bussing of data signals.

As already mentioned, the teletypewriter is the primary means for
a man to communicate with the system. Messages printed on the
teletypewriter identify trouble and failing units. The messages provide



ORGANIZATION AND OBJECTIVES 2433

the needed detailed information for the maintenance craftsmen to take
action. There are periodic teletypewriter reports given on system func-
tioning so that a picture of the relative state of the machine can be
obtained periodically. It is also possible via the teletypewriter to modify
system operations. For example, the maintenance craftsman can re-
quest the system to test particular units.

In addition to the teletypewriter, there are adjacent display panels
at the master control center for the SPC and TSPS equipment that
give the status of the major equipment elements indicating whether
they are in trouble or removed from service. These panels also have
control keys which permit the maintenance craftsman to directly
reconfigure the system. This permits him to manually associate certain
equipment units to form a working system when automatic software
defenses are inadequate or other troubles warrant.

The program tape unit for loading the electrically changeable memory
via a magnetic tape is located in the master control center (see Fig. 8).
This unit can also be used for recording on magnetic tape the contents
of system memory to aid in the analysis of program problems. It is
also used by the Western Electric Company to obtain a magnetic tape
record of office data when engineering for growth.

Craftsmen gain access for testing service and trunk circuits, and to
make transmission measurements over trunks through the control
display and test panel. A voltmeter is available for making the normal
ground and battery cross-checks on cable pairs that connect to
the system.

The duplicated automatic message accounting magnetic tape units
are in the master control center so that the maintenance craftsman can
remove and replace the magnetic tapes on which call billing data are
placed. The time of day circuit has key controls, also located at the
master control center, for setting the time if commercial power inter-
ruptions cause slight time errors to occur.

Almost all frames in the office have the standard powrr orrF keys
which are used to remove power from circuits when replacing faulty
circuit packs. Because the position subsystem can sometimes have
some of its equipment located at a remote site, special controls are
provided at the remote location to aid the maintenance man in clearing
troubles. Using these controls to enter requests, the system sends selected
test orders to the position subsystem signal distributor and position
buffer frames. These and other maintenance features unique to the
position subsystem are described in Ref. 7.
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Fig. 8—TSPS master control center.
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3.5.3 Software

Both the TSPS and the SPC provide fault recognition and diagnostic
programs for all major circuit elements. The purpose of fault recognition
programs is to quickly detect faulty equipment units and cause them
to be removed from service. When the execution of an order fails in
the processing of a call, an appropriate fault recognition program is
called in to determine if the trouble is repeatable and if so, to locate
the faulty unit and remove it from service. Later, on a lower level of
priority, diagnostic programs are called in to test the removed unit
to isolate the trouble to a small circuit area. A trouble test number is
printed on the maintenance teletypewriter for each specific test that
fails. The maintenance man looks this number up in a trouble locating
manual which indicates the circuit pack or packs that are likely to be
faulty.

IV. DESCRIPTIONS OF TYPICAL CALLS

The operation and purpose of the system is best understood by
describing how it processes two of the many varieties of calls. The
numbers in Fig. 9 might be helpful as a guide.

4.1 Coin Call

When a customer places a toll call from a coin station associated with
a local office that is served by a TSPS, the instructions on the coin tele-
phone direct that the complete called number, that is, the area code
(if required) and the seven digit number for the desired party be dialed
as soon as dial tone is obtained. If the customer wishes to place a station-
to-station call, either a one prefix or no prefix is dialed prior to the called
number depending upon local numbering plan arrangements.” As soon
as the local office receives the digits, it determines that this call requires
the services of a TSPS operator and the call is forwarded over a trunk
to the TSPS. (See 7 in Fig. 8.) At the TSPS, as soon as the trunk circuit
seizure is detected by scanning (2), a connection is established through
the link network (3) to an appropriate service circuit.

Assuming the call is from a local office that has multifrequency
outpulsing, a multifrequency receiver is attached and a supervisory
signal is returned to the local office to indicate that outpulsing can
begin. As each digit is received in the multifrequency receiver, it is
detected by a directed scan (4) and placed in memory (5). When the
complete called number has been received, a supervisory signal is
returned to the local office requesting that the calling number be identi-
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Fig. 9—To understand typical TSPS calls, study this drawing and its numbered
parts in conjunction with the text.

fied and outpulsed to the TSPS office. In this case the multifrequency
receiver remains attached to the trunk and receives the complete calling
number and places each digit in memory.

When both the called and calling numbers are stored, the system
simultaneously seeks an idle operator position (6) and an idle outpulser
(7). When both are available, it establishes connections from the two
appearances of the trunk circuit to these two ecircuits (6), (7). While
the operator is responding to the call and talking to the originating
party, the outpulser is connected to the toll office (8) and after an ex-
change of supervisory signals, outpulses the called number supplied to it
a digit at a time by the central pulse distributor (9).

The operator’s display, controlled by a signal distributor (10), in-
dicates that this is a coin call and gives the initial charge and time period
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for the call on a numerical display. She depresses the class of charge
key to indicate to the system that a station-to-station type of call is
being handled.

The customer, in responding to the request for money, deposits the
coins. The operator monitors to see that the proper deposit has been
made. In the meantime, the outpulser completes its function, is released,
and the call is forwarded through the direct distance dialing network.
An audible ring can be heard by both the operator and the originating
party because the trunk has now connected the calling and called
parties. Since this is a station-to-station call, the operator depresses
the start timing key and releases her position as soon as the coins are
deposited and she hears audible ringing. She is not required to partici-
pate in the call any further.

If the call is of the person-to-person type, she depresses a different
call type key and remains with the call until the called station answers.
After determining that the desired person is speaking, she depresses
the start timing key and releases her position (6). All key actions are
detected by a scanner and recorded in memory (11).

With the operator released, the call is timed by the system for the
initial period. Eighteen seconds prior to the completion of the initial
period, the TSPS sends a coin collect signal (12), (13) to the local office
to cause the initial deposit to be collected automatically. This alerts the
customer that the initial period is drawing to a close.

At the end of the initial period the system connects (6) an idle operator
position to the trunk circuit. The position is not likely to be the same
operator as for the initial seizure. This operator notifies the customer
that the initial period is completed and that his call is going into the
overtime period. If the call continues more than six seconds after the
operator releases, the overtime period begins.

When the call is concluded, as indicated by on-hook supervision,
the system seizes an available position (6) and indicates to its operator
that this is the end of an overtime coin call. The overtime duration and
charges are displayed. If the calling customer’s phone is on the hook,
the operator rings it by operating the appropriate key. After monitoring
the deposit of the overtime charges, the operator depresses a key which
signals that coins are to be collected and releases her position. When-
ever charges are given to the operator for coin collection, appropriate
taxes are computed and automatically added to the charge.

Studies have shown that normally it is not economical to provide
memory space for coin rating tables for all calls. Most telephone com-
panies attempt to provide automatic coin rating for about 95 percent
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of their coin traffic. When calls are not automatically rated, the operator
receives a display indicating that she must do the rating of the call
either by using the bulletin on her position or by calling a special
operator over one of the outgoing trunks. Having determined the rating
information, she then keys it into the system and the system automat-
ically computes the charge, adding appropriate taxes. Except for the
manually rated cases, it is the responsibility of the system and not of
the operator to use the proper rate period based on the time of day and
to keep track of holidays and weekends.

4.2 Person-to-Person Credit Card Call

Calls made from noncoin stations are handled basically the same as
they are from coin stations without the use of the coin features. To
illustrate the difference in operation when dial pulsing is involved, let
us follow a call from a step-by-step office.

Assuming a noncoin customer in a step-by-step office wishes to place
a person-to-person call, a “0” will be prefixed before the 10-digit direct
distance dialing number. The ¢“0” indicates to the local office that the
services of an operator are desired and a trunk to the TSPS is seized
immediately after the initial “0” is received. Because there is no second
dial tone with this type of service, the TSPS must be prepared im-
mediately to receive dial pulse digits as soon as it detects the trunk
seizure.

Because it may take 190 milliseconds to establish a connection (see
14 in Fig. 8) to an idle dial pulse receiver, the dial pulse incoming
trunk circuits in the TSPS are arranged to receive and store up to two
dial pulses to provide the needed time to establish the connection.
When the receiver is connected to the trunk cireuit through the network,
a de signal is sent from the trunk to the receiver indicating whether 0, 1,
or more than 1 pulses have been received. If more than 1 pulses are
indicated, the receiver signals (15) the processor to connect the call to
reorder because it cannot assure the accuracy of the pulse counting.
However, this occurs in less than five in 1,000 cases, which meets the
designated service criteria. The remaining dial pulses are counted in
the dial pulse receiver and at the end of each digit the processor (15)
is given the digit for storing in memory as in the case of the multi-
frequency pulsing.

At the end of the called number dialing, the system releases (14)
the dial pulse receiver and connects (3) a multifrequency receiver to
the trunk circuit through the network. A supervisory signal is sent to
the local step-by-step office to request identification of the originating
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number which is sent to the TSPS and recorded in memory as in the
previously described coin call. In this instance, when the position is
seized, the indication to the operator is that it is from a noncoin station
and that the customer dialed ‘0" followed by 7 or 10 digits. She asks the
customer what service is required and the customer indicates that he
is making a person-to-person call using a credit card. The credit card
number is then given to the operator and she keys it into the system.
When the called station answers, she seeks the desired party. If the
party is not at the station that was called and she determines that the
person is at another station, she can release the forward connection (8)
and key a new called number into the system (11). An outpulser is
again connected (9) to the trunk to send forward the new called number.
When she determines that the right parties are connected to each other,
she depresses the start timing key, releases her position and the call is
now “floating” (not associated with a particular operator) with the
system monitoring the switchhook supervision of both the called and
calling parties.

If for any reason the calling customer desires the assistance of an
operator, a switchhook flash is detected by the scanner (2) and an
idle position is connected (6) to the call. The operator determines the
problem or the reason for being brought in on the call and takes the
appropriate action. If there is a noisy condition, poor transmission, or
wrong number, she can disconnect the called number and try again.

All positions in a TSPS are treated as members of one large team of
operators to gain efficiency in service. There are several benefits. When
the team size exceeds 120 operators, it is possible to achieve the 92
percent occupancy which has been established as an objective for
operator services. Also, the full access of all trunk units to all occupied
operator positions is valuable during light loads because all traffic can
be sent to a small group of operators. This permits all but one group to
be completely shut down during the lightest loads.

V. ADMINISTRATIVE FEATURES

5.1 Recent Changes

As in most complex telephone systems where many of the features
are dependent upon the local conditions, call routing and charging must
be appropriate to that area. Therefore, it is necessary to provide in-
formation known as “office data’ for a particular installation to func-
tion properly. It is often necessary to modify or change this information
from time to time.
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In TSPS, because it uses electrically alterable memory, it is possible
to make all changes through teletypewriter messages and for these
changes to become a relatively permanent part of the system memory
as soon as they have been verified. In order to minimize human errors,
the TSPS recent change messages use an easily understood alphanu-
meric format. The TSPS programs insure that the information being
provided for recent changes is rational within the context of the ma-
chine. It is also necessary for a person making a recent change to specify
the existing information that is being changed. This acts as a double
check and minimizes the possibility of errors getting into the system.
In order to provide a simple method of operation, a separate teletype-
writer channel is provided for recent changes giving the telephone
company the option of placing the machine in the most convenient
location. Frequently it is located in traffic quarters since most recent
change information originates from the traffic department. The greatest
recent change activity involves the coin rating tables and the size and
classes of the trunk groups.

5.2 Traffic Facilities and Force Administration

Of fundamental importance in the proper use of any switching system
is the administration of the traffic dependent facilities of the system.
Adequate quantities of hardware such as receivers, outpulsers, and coin
control circuits, as well as software buffers, hoppers, and registers, must
be maintained. In addition, a system like TSPS requires a sufficient
number of operators to meet certain service criteria such as are set for
speed of answer. To assist the traffic people of the operating companies
in monitoring the adequacy of these facilities, traffic data is printed
out periodically on a teletypewriter at the central administration group.

Part of this data is printed hourly to record peg counts and traffic
usage measurements. Peg counts of certain service circuit seizures,
usage measurements of in-service and out-of-service circuits, and usage
measurements of many software facilities are provided. Additional
information is also provided at 15-minute intervals on the load level
of the system, the number of trunk seizures, trunk seizures requiring
dial pulse receiver use, dial pulse calls encountering reorder, and the
number of trunks made busy during an overload. Using this information,
the facilities engineer can make adjustments in response to changes in
the telephone traffic patterns and loads.

The central administration group also receives data concerning
operator usage every half hour. These data include the number of
position seizures, work volume, average number of positions occupied,
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and actual call value or the average holding time/position/call with the
figures summarized by chief operator group and for the entire complex.
With this data the forcing groups determines the total size of the
operator work force and works out the requirements for each chief
operator group. Central force administration is particularly important
in the TSPS because all operators are a part of one large team but they
are divided into as many as nine groups that can be separated by many
miles.

Each chief operator also receives operator usage data every half
hour for her group as well as for the complex. This information allows
her to assess the effectiveness of her own group in comparison with the
team and modify the training and supervision of her group.

5.3 Operator Keyed Trouble Reports

The TSPS operator, like most operators, is in a unique position of
being able to assess the general quality of operation of the telephone
network. She can detect operational problems when calls fail to be
completed and can judge noise and transmission quality. Moreover,
she frequently can detect whether the problems are toward the called or
toward the calling party.

Because TSPS is a stored program system, it has a unique opportunity
to record these observations efficiently. Any time she encounters trouble,
the operator can, by key operations, indicate to the system the problem
with the call then connected to her position. She operates the keypulse
trouble key, two digits signifying the nature of the trouble, and the
start key. The system upon receipt of the two digits makes a simple
translation to determine whether the trouble report should be forwarded
to the master control center teletypewriter in addition to the direct
distance dialing service bureau teletypewriter.

When the printout is made, the trouble code, the reporting position
identity, the identity of the trunk and the calling and called numbers
are given. It is possible by analyzing repeated reports to locate such
units as faulty trunks or to indicate areas that should get increased
maintenance serutiny. Results to date have indicated that this is a
most valuable tool and means are being sought to automatically process
the trouble information supplied by the operators so that effective
response to these reports can be made in minimum time.

VI. PLANNED NEW FEATURES

It is the long range intention of the Bell System to ultimately replace
all cordboards with TSP operation. The tedious and repetitious functions
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that can be best accomplished through mechanization will be automated.
In keeping with this intention, it is expected that additional features
will be placed on the TSPS No. 1 for handling those calls that still
remain on cordboards. For example, mobile and marine calls, conference
calls, and inward traffic to a toll center are likely candidates for addition
to the TSPS.

There are plans to further automate certain calls now handled on the
TSPS with manual ticketing. Included are automating time and charges
record keeping on noncoin calls, semiautomated handling of hotel and
motel calls, and providing operator assistance for international direct
distance dialed calls.” It is likely that features that are not foreseen
at this time will be added to the TSPS in future years. The stored pro-
gram concept facilitates the addition of such features to existing offices.

VII. CONCLUSION

Nine TSPS installations are now in service in the United States.
About 30 more offices have had equipment shipped which is now being
installed. It is anticipated in the decades ahead that several hundred
TSPS installations will be in service.

Experience in the early installations has shown that the TSPS has
met its design objective. Those telephone customers who have ex-
pressed opinions about TSPS service have been most commendatory
because of the speed of service and of the ability of the operator to give
her undivided attention to the call. The telephone companies are
pleased with this system because it provides simplified engineering,
improved maintenance, adequate and timely data for traffic manage-
ment and significant savings in traffic operating costs. The operators
like TSPS because of the attractive decor employed in operating rooms,
the modern consoles, and the fact that they can give customers their
undivided attention when calls are connected to their positions.

The articles that follow describe many of the features of the system
in more detail. Those items that are unique to the design of TSPS
are stressed. The material covered in these articles represents the
work of many people. This project was supported by many areas of
Bell Telephone Laboratories and built upon the techniques of earlier
developments such as No. 1 ESS and the crossbar tandem TSP. It
also represents a close cooperative effort with the AT&T Company,
Western Electric, and those telephone companies that received the
early installations, all of whom played a most vital part in establishing
requirements and implementing the design.
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TSPS No. 1:

Stored Program Control No. 1A

By G. R. DURNEY, H. W. KETTLER, E. M. PRELL,
G. RIDDELL and W. B. ROHN

(Manuscript received August 17, 1970)

The Stored Program Control No. 1A processor complex was conceived
as a program sequenced conirol for the Traffic Service Position System
No. 1 and for the Electronic Translator Systems. It was designed to be a
highly reliable complex using a conservative discrete component hardware
design with excellent fault detecting capability and with exceptionally good
automatic recovery of call processing when faced with hardware faults.

The design aims, order structure, hardware features, fault detection,
diagnostic, and recovery aspects of the system are described. Siress is
placed on those features which are felt to be tmprovements over previous
program controlled systems.

I. INTRODUCTION

New telephone services are regularly being conceived which place
large demands upon existing switching facilities—demands which are
increasingly difficult to satisfy with electromechanical techniques. The
use of large high-speed memory and stored-program logic permits the
modernization of existing switching functions' and implemenation of new
services more effectively and at lower cost than by electromechanical
means. The stored program control (SPC) No. 1A has been developed
as a general purpose stored program electronic processing system to
provide a flexible control for implementing new or modernized telephone
services. It is a system which is independent of application but with
generalized interfaces to which hardware and software may be readily
applied in the development of specific application systems.

Bell System electronic switching machines must work reliably in
an environment in which substantial noise and temperature variations
may be encountered. System processing capacity must economically
meet traffic handling needs over the projected life of the system. How-
ever, this requirement is generally met more readily with state-of-the-
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art technology than the reliability objeetives. Thus, the SPC No. 1A
represents a conservative design in device technology and processing
speed, but an advanced and sophisticated organization for automatic
trouble recovery. The emphasis in this article is on the hardware and
software organization for maintaining system operation with particular
attention given to the maintenance features which depart from those
used in other Bell System stored-program processors.

The SPC was developed concurrently with the traffic service position
system (TSPS) No. 1, which is designed to improve operator assistance
facilities.” The SPC is also used in the electronic translator system
to replace the present electromechanical call routing translators in
the 4A toll crossbar system.

II. A COMMON SYSTEM

2.1 Hardware Organization

The basic concept of the SPC is that of an electronic data processor
operating with a stored program to control all functions of its associated
application system on a time-shared basis. The general organization
of the SPC complex is illustrated in Fig. 1. The complex consists of the
arithmetic-logic unit known as the processor, the memory system using
“piggyback twistor” stores,’ several peripheral units required for
maintenance of the processor-memory system, and a master control
center complex for man-machine interaction.

PIGGYBACK TWISTOR STORE
PROGRAM DATA CONTROL
AND
1 1 1 7 DISPLAY
STORED PROGRAM CONTROL. TELE-
PROCESSOR TYPEWRITER
i PROGRAM
SIGNAL TAPE
DISTRIBUTORS UNIT

CENTRAL
PULSE
DISTRIBUTORS

MASTER
SCANNERS

_—— -t —_——_—_ V- — — —

ASSOCIATED SYSTEM
SCANNERS AND DISTRIBUTORS

Fig. 1—Basic SPC complex.
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To permit the widest application for the SPC, careful consideration
was given to the structure and definition of the instruction set. The
final choice consisted of 19 basic processing operations and 14 main-
tenance operations. These represent a compact but powerful order
set that is well-balanced for either logical data processing or for control
of peripheral hardware. This was particularly important for the SPC
which in its inception was not aimed specifically at either one of these
fields of application.

The first two application systems using the SPC, the electronic
translator system and TSPS, are examples of these two quite distinct
processing orientations: logical data processing and peripheral hardware
control.

For basic data manipulation, memory access is organized for both
word and character. In addition to access to full or half words, indi-
vidual memory access instructions ean, through an option field, specify
the reading or writing of any byte. (A byte is an item of < bits positioned
7 bits from the least significant bit of any half word.) Seven processor
index registers are fully flexible, that is, any may be specified for the
functions of accumulator, return address, and so on. Transfer tests
may be made on the total data or any specified bit of any register.
The basic hardware oriented orders are scan and distribute orders.
Special purpose orders provide combined operations to permit real-
time efficiency for highly repetitive input-output functions.

Data transfer to and from memory always consists of a full 40-bit
word plus seven bits of error detection and correction code. The stores
are nondestructive readout memories which are used to store both
semipermanent and temporary data. Semipermanent data locations
are protected from inadvertent writing by lockout circuitry. Protection
is defined in increments of 1/16th of a store through wiring straps which
may be easily changed in the field. The lockout function may be over-
ridden by program control to permit updating or loading the semi-
permanent data.

Since the stores are electrically alterable, they provide a single-
memory-device system for the generic programs, parameter data,
office translation data, and the temporary data scrateh pad.

Maintenance of the central processor requires the ability to distribute
control signals (that is, to set flip-flops or operate relays). This dictates
the need for a central pulse distributor and a signal distributor.* To
maintain units of the SPC, the system must also perform scan operations
to read the states of internal points which requires the use of a master
scanner,* Points in the matrices of these units which are not required
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for the SPC are available for use in the application system. Communi-
cation to these units is via private SPC peripheral and central pulse
distributor address bus systems.

As a common system, the SPC design does not attempt to anticipate
the peripheral addressing requirements of the application systems.
Thus, provision is made for a standard binary output to an application
system peripheral unit address bus. It is assumed that each application
system requiring peripheral unit communication will provide an external
translator for any desired translation function.’ Application system
scanner type units share the scanner answer bus system with the SPC
master scanner.

The master control center consists of a control and display panel,
a teletypewriter and a program tape unit. The control and display
provides visual and audible indications of major and minor alarm
conditions, as well as lamp displays of the status of the various equip-
ment and buses that make up the SPC complex. It also provides keys
for data input to the system and for control of the system configuration
of on-line equipment units when manually aided recovery is required.
These lamps and keys represent additional functions of the SPC that
are implemented through the central pulse distributor, signal distributor,
and master scanner.

The teletypewriter is the device by which the maintenance crafts-
man receives detailed information concerning trouble detection and
isolation and through which he instructs the system to perform specific
tests.

The program tape unit serves as a secondary memory system that
is used initially to load the piggyback twistor memory and subsequently
to make large changes in the generic program or office translation
data. The capacity of the tape memory is such that many application
system functions requiring bulk storage with slow access can be ac-
commodated. For example, it can be used to collect dumps of office
data for off-line verification and to retain the original office data during
changes. It thereby serves as a backup should restoration be required.
It can also be used to contain a library of infrequently used application
routines, such as growth testing routines.

Flexibility for growth is quite important. In the SPC complex, the
impact of growth centers primarily on the stores and central pulse
distributors. As previously mentioned, the signal distributor and
master scanner are on a private SPC address bus system and contain
adequate matrix capacity for all SPC functions up to a maximum
size. Assignments in the signal distributor and master scanner have



STORED PROGRAM CONTROL 2449

been made to allow for maximum growth in the SPC area before allowing
assignment points to be used by the application system. Growth for
stores is considerably simplified by providing full bus connectorization.’®

2.2 Software Organization

The SPC generic program provides the necessary maintenance
functions for recovery from troubles and for fault isolation in the
various equipment that comprises the SPC hardware complex. (Generic
program refers to the set of instructions common to all SPC systems.)

Since maintenance of the SPC hardware involves a man-machine
interface, the programs which relate to the control and display, tele-
typewriter, and program tape unit are also part of the generic program.
The maintenance test programs and input-output programs for the
SPC equipment function as an integral part of the surrounding software-
environment and make very specific assumptions regarding this environ-
ment. This environment consists of job administration and certain
common service programs. These provide not only a cohesive SPC
maintenance system but also the framework for executing a broad
range of application programs.

Figure 2 is a general block diagram of the SPC generic program
and its interfaces with the application system program. The blocks
are arranged from top to bottom to show descending priority levels
of program execution. Certain blocks are labeled sPC APPLICATION.
This indicates that for this class of program functions generalized
interfaces have been established that readily allow integration of
application system programs with SPC programs.

Of highest priority in the automatic handling of troubles are the
fault recognition programs which are entered by interrupts generated
when trouble detection circuits recognize a system malfunction. These
programs are required to distinguish non-repeating from repeating
circuit malfunctions and, in the latter instances, to remove the faulty
unit from service, establishing a working system configuration so that
the system’s normal tasks may be resumed. In priority ranking, they
are concerned with processor, store, and peripheral unit malfunctions.
The peripheral unit fault recognition programs at this priority level
are concerned with symptoms of hardware trouble which appear im-
mediately after signals are sent to the peripheral system. Failure to
receive an enable-verify signal or an all-seems-well signal from the
peripheral unit indicates such trouble.

Hardware emergency action is another high priority program that
is required to facilitate recovery from circuit malfunctions. It functions
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Fig. 2—SPC generic program.

in conjunction with a wired logic hardware sequencer to establish
and test new combinations of active processor and active base store
until a combination is found which is trouble free. (The base store is
the store unit containing the emergency action recovery programs.)
It is essential to cope with troubles that destroy sanity of the active
control processor system first.

All maintenance interrupt programs return to normal call processing
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via the restart and restore program. In most cases, the return is made
to pick up processing at the point at which the interruption occurred.
However, under some conditions this is not safe or feasible; the return
is then made to an appropriate restart or reference point in the job
administration stream where carryover of index register data is not
required. Several of these reference points are defined in the two ex-
ecutive control programs.

An executive control program for input-output work is entered
periodically from interrupts generated by a 5 ms clock.” This repre-
sents the next lower major priority class of work. Both SPC and ap-
plication system input-output tasks are scheduled by the executive
control. The SPC tasks include teletypewriter and program tape unit
input-output, execution of signal distributor orders to operate lamps
and alarms, and scanning for alarm conditions.

Another program activity scheduled at the input-output priority
level is an extension of peripheral unit fault recognition. These programs
look for peripheral controllers that have failed to reset to an idle state
in the normal time interval. The SPC program of this class is required
to handle signal distributor controller troubles.

A software emergency action is also scheduled by the executive
control for input-output programs. It makes several tests for the sanity
of system processing to detect degradation that could have been caused
by data mutilation in unprotected memory. The SPC system and
any appropriate application programs normally detect and correct
such data errors by frequently running a series of memory audit pro-
grams. However, in some cases, mutilated data will produce an avalanche
effect that requires immediate and drastic action. The emergency
action program is designed to detect these cases and immediately
execute a series of memory audit and initialization routines to restore
normal operation.

The lowest priority class is that consisting of all the programs executed
at the base level of processing, that is, the noninterrupt level of pro-
cessing. These are scheduled by an executive control for base level
programs which has flexible arrangements for assigning priority and
scheduling task programs. These administrative functions are developed
through the use of parameter tables which provide a simple interface
for application programs.

In general, base level task programs process data collected by mput
programs and buffer appropriate data to be subsequently distributed
by output programs. Return address linking is maintained in the output
buffer tables so that the executive control programs can arrange the
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stages of processing in sequence for each call while providing time-
shared processing of many calls.

At the lowest priority level in the base level of processing, the ex-
ecutive control enters the maintenance control program. This program
arranges in sequence all maintenance task programs whose work may
be performed on low priority relative to other system tasks. These
deferrable maintenance tasks are executed by maintenance control
according to priority.

The highest priority group consists of the deferred fault recognition
programs. These programs are intended to bring as many units as
possible into operation, since the interrupt level fault recognition
program (because of constraints on interrupt time) may have to put
together a minimum working configuration. The next level consists
of high priority memory auditing routines designed to check the integrity
and consistency of the data used in the various bookkeeping operations
of the program system. The routines are called in at this priority level
by programs encountering processing anomalies or hardware failures
which might lead to data mutilation.

The diagnostic programs are next in the prlorlty structure. They
perform exhaustive tests on the units removed from service by the
fault recognition programs and save the pass-fail data for the tests.
These data are processed by the dictionary number generation program
to produce a number printed on the maintenance teletypewriter. The
number is used to enter an appropriate trouble location manual which
will identify a circuit pack or packs suspected of causing the trouble.
The lowest priority of maintenance programs are the exercises, which
include routines that respond to manual requests, routines that peri-
odically test circuit functions which are not in continuous use, and
memory audits which are run when all high priority work has been
completed. The tables used by the maintenance control program make
generous allowance for adding application routines in each of the
various priority categories.

Another important function of the maintenance control program
is known as audit stitch control. This mode of system operation is
requested by the software emergency action program when it detects
symptoms of software insanity. Under the audit stitch control, a series
of memory audit and software-hardware initialization routines are
executed (that is, ‘‘stitched’’) to restore sanity. All call processing
activity is suspended during this operation.

Figure 3 depicts the program control plan specifying the functional
assignments for the maintenance interrupts (4 through G plus K),
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the input-output interrupts (H and J) entering the executive control
for input-output, and the executive control for base level with its
several priority classes of work., Most of the blocks in this figure have
been referred to generally in the preceding discussion. However, a
few further comments are required to clarify some points.

The maintenance interrupt blocks are designated in terms of the
hardware subsystem whose trouble detection circuits generate the
particular interrupt level. An appropriate fault recognition program
for a given hardware subsystem is entered from the interrupt level
associated with the control and display panel where facilities exist for
the craftsman to configure the system when automatic reconfiguration
is unsuccessful. The ¢ and K levels are associated with specialized
functions discussed in detail later.

All base level task programs are assigned to one of the five priority
classes (4 through E). A priority class of work known as “interject”
represents an intermediate priority between interrupt and noninterrupt
(base-level) programs. Section IV says more about this class. The
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lowest priority base-level class (£) is primarily dedicated to main-
tenance control and the programs which it schedules.

Several techniques have been used extensively to provide a clean
interface between the SPC programs and the application system.
One approach in the administrative programs is heavy reliance on
table control. The tables of these programs allow very flexible task
program scheduling and priority assignment. The SPC and application
task programs may be mixed together in the tables with SPC assign-
ments ordinarily remaining fixed.

Transfer vector tables (transfer orders to link interprogram com-
munication) are used as a fixed interface for certain necessary linking
of SPC programs and application programs. Since the application
programs may be loeated differently in the various systems, this tech-
nique avoids consequent variations in the SPC programs.

These techniques make it possible to provide a standard SPC load
tape. This is of considerable value to development organizations that
use the SPC in an application system development, since they can
freely alter the structure of the application programs without having
to reassemble SPC programs.

III. HARDWARE

3.1 General

To obtain economic advantages from standardized hardware it was
decided early in the development of the SPC complex to use low
level logic and the existing ESS No. 1 circuit packs wherever possible.®
Only when there was no existing circuit pack was one designed. Where
possible, entire circuits and circuit functions were used from ESS No. 1
with the result that several units are nearly identical.’ Because of this
decision, the central pulse distributor, signal distributor, master scanner,
teletypewriter circuits, and communication bus systems are so similar
to ESS No. 1 circuits that only minimal descriptions are given here
because detailed descriptions appear in Ref. 10.

3.2 Basic Logic Gate

Throughout the entire system the basic No. 1 ESS “and not” low
level logic gate was used (see Tig. 4). The characteristics are as shown.
Worst case circuit design techniques were used in order to insure
reliability over working voltage and temperature ranges during the
life of the office.

For a moderate sized SPC complex with 20 piggyback twistor stores,
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4—Basic low level logic gate (a) and characteristics (b).

about 50,000 low level logic gates are required. Forty-two percent are
used in the stores, 40 percent in the duplicated processors and the
other 18 percent in the rest of the SPC complex. In addition to low
level logic gates there are many circuit packs requiring higher powered
transistors for power supplies, memory drivers, etc.
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3.3 Processor Description

3.3.1 General

The processor, which provides the control for the system, is a com-
puter-like circuit which executes program instructions received from
the piggyback twistor stores. The processor cycle is 6.3 u long. Execution
of an instruction requires from 1 to 10 processor cyeles. During the
last cyele of each instruction the processor reads memory to obtain
the next instruction to be executed. Figure 5 depicts the essential
portions of the processor which are required for this instruction fetching.
The memory address of the next instruction is contained in the 19-bit
program address register. '

The five most significant bits specify the name of the store to be
approached, and the remaining 14 bits indicate the internal address
within that store. The processor is thus capable of addressing any one
of 32 stores and approaching any of 16,384 locations in that store.
The total memory capacity for the system exceeds one-half million
directly accessible 47-bit words.

The address image register is a 20-bit register which temporarily
retains the address of the most recent communication with the store.
If an error occurs during the store communication, the address to

.
PIGGYBACK
TWISTOR
STORE TO
PROCESSOR BUS
(47)
ORDER INSTRUCTION |, 20 ngEOsRsY
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CONTROL
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REGISTER B

Fig. 5—Program fetching.
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which readdressing is required is available in the address image register.
The least significant bit of the address image register is used internally
by the processor to select a half word on some instructions. »

The processor performs logic with a 20-bit combinational parallel
subtractor which is also capable of addition and the logical operations
AND, OR, and EXCLUSIVE-OR. .

The result of a logic operation may be gated to the delay register
via a 20-bit bus called the masked bus. The delay register provides
temporary storage for instructions which require gating of information
from the program address register (or an index register) through the
logic operation and back to the program address register (or index
register).

The memory access register is a 47-bit register which accepts informa-
tion from the piggyback twistor stores. The 47 bits consist of a 40-bit
word generally containing a 20-bit operation code and a 20-bit address
or data field as well as a 6-bit Hamming error correction code and an
overall parity bit. The instruction register is a 20-bit register which
stores the operation code for the instruction to be executed, and the
order decoder controls the gating and information signals necessary for
its execution.

In memory fetching, the contents of the program address register
are gated onto the memory address bus, and a read instruction is sent
to a store. While the processor is waiting for the store response, the
program address register contents are gated to the logic circuits
where they are incremented to the next higher store address to prepare
for reading the next program instruction. The resultant address is
gated to the masked bus and into the delay register.

When the store has completed its reading cycle, it gates 47 bits of
information onto the store-to-processor bus and subsequently into
the memory access register. The most significant 20 bits are gated
into the instruction register where they provide inputs to the order
decoder until the instruction is completed. During the beginning of
the execution of the instruction, the updated program address will
be-gated from the delay register to the program address register in
preparation for the next fetch. ‘

There are five main classes of SPC instructions which make up the
SPC program repertoire: internal data manipulation, transfer, memory
reading, memory writing, and peripheral input-output orders. These
instructions are designed to provide a powerful set of orders for use
in abroad variety of application programs. To accomplish this objective,
virtually every instruction can be executed with any of the internal
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index registers. Any index register may be used for operations such
as address indexing, return address storage, logic operations, and
peripheral unit enables. Special circuits were designed to permit some
of the frequently performed tasks to be accomplished efficiently. For
example, circuitry was added to provide access to a particular bit
or set of adjacent bits (that is, a byte) with just one instruction. A
corresponding packing option is available through another circuit for
memory writing orders.

3.3.2 Internal Data Manipulation Instruction

An internal data manipulating instruction is used for operations
in which data from an internal register are placed into a register after
some arithmetic or logic operations are performed on the data. There
are seven general purpose registers each consisting of 20 bits which
provide storage for information manipulation. For convenience and
efficiency all data handling inside the processor is done in the half
word size of 20 bits. Two 20 lead digital converted bus systems provide
easy access to and from these registers.

Figure 6 indicates the arrangement of the registers and the buses.
Access from the registers to the logic operation circuit is provided by the
unmasked bus and the argument bus. With this arrangement it is
possible to perform a logic operation on any two of the registers by
gating one on the unmasked bus and the other on the argument bus
and requesting the desired function from the logic circuitry. The results
are gated onto the masked bus and into the delay register. From there
the result may be transferred to any of the registers.

Although the data words are 20 bits long, operational data themselves
normally consist of much smaller bytes. A byte is a quantity defined
by a programmer which can vary between 1 and 20 bits. Several of
these bytes are then assembled into a 20-bit word for efficiency in stor-
age, and a common task is to unpack a particular byte. The byte of
interest is isolated by performing an ANDing operation of the 20-bit
word with a register.

Figure 6 also indicates circuits which have been added to permit
unpacking of the most commonly used bytes without using a register.
The shift and rotate is a combinational circuit which permits shifting
or rotating data to the left or the right by any number of bit positions
from 0 to 19. The wired mask inhibits transmission of all information
except a selected group of right adjusted bits. There are 16 different
mask sizes which may be selected. These mask sizes are 1-12, 14-16,
and 20 bits. Unpacking is accomplished by gating contents of a register
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Fig. 6—Internal data manipulation and transfer instruction information flow.

onto the unmasked bus into the shift and rotate where the data is
rotated until the byte to be isolated is adjusted to the right. The byte
can then be passed through the wired mask and gated into one of the
general purpose registers. Some instructions of this type have sufficient
bits in the instruction code to specify a logic operation with a second
register after the wired unpacking has taken place.

3.3.3 Transfer Instructions

Transfer instructions require a single machine cycle, and are basically
fetching operations. If the transfer is conditional the address at which
the fetching occurs depends on whether the transfer conditions are
satisfied or not.

The least significant 20 bits of the memory access register contain
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the address to which program control is to be transferred if the transfer is
consummated. This address may be augmented by adding to it the con-
tents of any one of the seven general purpose registers in an operation
called indexing. Indexing is permissable on all orders which involve
store or peripheral communieation.

An address is indexed by gating the right half of the memory access
register to the logic operations and at the same time placing the con-
tents of the selected general purpose register on the argument bus.
These two quantities are added in the logic operations, the sum is gated
onto the masked bus for subsequent gating to the memory address bus,
and to the piggyback twistor stores. When a transfer is executed, the
present address may be gated into any one of the general purpose reg-
isters and later be used as a link back into the present program.

When a conditional transfer instruction is executed on contents of
a register, the register is tested in test logic at the same time as the
indexed address is being formed. The result of the test is transmitted
to the order decoder where the proper gating is established to transfer
program control to the new address or to perform a normal fetch for
the next sequential instruction,

3.34 Memory Reading Instructions

Figure 7 depicts the flow of data associated with a half~word memory
read instruction. In a fetching instruction the 20 least significant bits
in the memory access register contain the basic store address. During
the first part of the first cycle this address can be combined with the
contents of any general purpose register to initiate a reading sequence
in the store selected.

The five most significant bits in the indexed address specify the name
of the store to be approached. Name code 00000 is permanently assigned
to 22 sets of registers within the processor circuit known as buffer bus
registers. A particular register is specified by the remaining bits of the
address. These registers are read by the maintenance programs in
monitoring the operation of the processor. These registers contain as
many as 24 flip-flops.

The reply from the store or buffer bus register arrives in the memory
access register near the end of cycle 1. The least significant bit in the
address image register is used to specify which half of the 40 bits in
the memory access register is to be used. In the second cycle this data
filters through the wired mask any one of the general purpose registers.

A full word memory reading is also available which can read two half
words into two separate general purpose registers, but no unpacking is
permissable.
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3.3.5 Memory Writing Instructions

The half-word writing instruction consists of three main operations:

(?) Preread data of the memory location which is to be changed,

(%) Operate logic to form the information to be written back into
the location, and

(#4¢) Transmit new data to the store.

During the first machine cycle, address indexing is permitted and the
resultant address is transmitted to the store over the memory address
bus (Fig. 7). The proper mode bits are also transmitted to cause the
store to perform a preread cycle. This results in reading a location,
the address of which is retained by the store so the subsequent
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writing will oceur at the same store location. The response from the pre-
reading arrives in the memory access register near the end of the first
cycle.

Writing often requires a packing process in which a byte is inserted
in an existing word without disturbing the rest of it. This packing process
(insertion masking) is accomplished with dedicated circuitry. The size
of the byte is selected by program from the available wired masks.

In the second cycle the register containing the right adjusted byte
or word to be written into memory is gated to the unmasked bus through
the shift and rotate where it is left rotated to the proper bit position.
It then flows unchanged through the test logic, wired mask, and logic
operations to the masked bus and into the insertion mask. Here it is
combined with insertion mask contained in the delay register and is
gated into the memory access register in those bit locations specified
from the delay register. This can occur in either half of the memory
access register as selected. Hamming and parity bits are generated over
this new 40-bit word and the internal store address which is present in
the address image register. The data are then transmitted to the store.

The third cycle consists of the normal fetch and the transmission of
a ‘“write go” signal to the store after the data to be written has been
verified.

When the indexed address contains the store name code 00000 the
preread and subsequent write will occur at the buffer bus registers
specified by the remainder of the address. Thus these registers may be
controlled in the same manner as a store location.

3.3.6 Peripheral Orders

There are four main ac buses associated with information flow
between the processor circuit and a unit of peripheral hardware. The
SPC-peripheral unit address bus is dedicated to the units which are a
part of every SPC installation; the application system peripheral
equipment is located on a separate peripheral address bus. The central
pulse distributors are located on a dedicated central pulse distributor
enable bus, and one of them is activated on every peripheral order.
The scanner answer bus is provided for responses from scanner-type
units to the processor. This bus serves both the SPC and the application
system peripheral units.

Figure 8 illustrates the flow of information for the normal two-cycle
peripheral instruction. The address to be transmitted on the address
buses is formed by the normal address indexing of the right half of the
memory access register and one of the general purpose registers. This
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address is gated from the masked bus to the address image register
where it is stored until it is gated onto the peripheral address buses.

Concurrently with the address indexing operation, the central
pulse distributor enable is gated from a selected general purpose register
onto the unmasked bus and into the central pulse distributor address
translator. The enable is then translated into a 1/8, 1/8, 1/16 code
and transmitted to the central pulse distributor. This encoding is per-
formed in the processor to reduce the number of logical units required
in the various central pulse distributor circuits to decode the information
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to a particular 1/1024 selection. The internal peripheral address in
the address image register is pulsed onto the two address buses in the
proper time frame so the signal from the central pulse distributor and
the address bus reach the chosen peripheral unit in coincidence. The
data for the SPC-peripheral unit address bus is translated into a 1/8,
1/8, 1/4, 1/2, 1/2, 1/2, 1/2 code while the data on the peripheral
address bus is transmitted without translation. An overall parity bit
is generated over the data on the latter bus. During the second cycle
of the instruction, checks are made for receipt of enable verify signals
and other indications of correct transmission of all data.

3.3.7 Features to Increase System Efficiency

A write operation into the piggyback twistor store requires about
37 microseconds from the time the store receives the information to
be written until it is ready to be accessed again. If the store passes
internal tests made during the write operation, the store pulses a ‘“write
all seems well” signal to the processor about 17 microseconds after
receiving the information. A write overlap sequencer enables the proces-
sor to begin processing the next instruction while the store is completing
the write operation. This sequencer monitors the store for the signal and
requests an E-level interrupt if it is missing. The sequencer is active
until the store has sufficient time to complete its write operation. If
an attempt is made to access a store which has not completed a write
sequence, it will not return an ‘““all seems well read’’ signal. The processor
will reaccess the store each cycle until the write overlap sequence
returns to normal or access is successful. All seems well read failures
that occur with the write overlap sequences inactive result in normal
store error sequencer action.

When an interrupt sequence is activated, control is transferred to an
interrupt program. Once this interrupt program is in control, it re-
quires the contents of the seven registers to be placed in memory so
the state of the processor may be restored just prior to returning to
the main interrupted program. To write this information in the piggy-
back twistor stores would require a relatively large amount of system
time for the J level input-output interrupt since it occurs every five
milliseconds. In order to save this time, the seven general purpose
registers were designed to have two flip-flops for each bit of data. When
a J level interrupt occurs, the contents of the registers are gated in
parallel into the auxiliary registers. When the J level interrupt is com-
pleted and control is being returned to the interrupted, program, the
contents of the auxiliary registers are gated back into the main register
with no loss of system time.
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3.3.8 Maltching Between Processors

The principle means of detecting malfunctions is through the inter-
processor matching system. The processors are normally locked in
step executing the same instructions and matching selected data between
the two units. The matching signals are transmitted between processors
over dc connections to minimize signal delay. Three matches can be
taken in each cycle.

Figure 9 indicates schematically the two independent matching
units, matcher A and matcher B, which comprise the matching system
in the processors. The match control is a buffer bus register which is
controllable through a memory write instruction. This register is used
to control the match sources which are to be used, the times at which
the matches will be made, and the action to be taken on an abnormality.
The A match unit in each processor is capable of matching any one of
five groups of data against the same information in the other processor.
The B matcher operates identically with the exception that it can sample
any one of six different groups.
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Fig. 9—Matching system.
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The matching system may be operated in either the sample match
mode or the directed match mode. In the sample mode, a single match
is taken in one or both of the matcher units at a previously designated
cycle and phase of an instruction under direction of match control
circuitry which specifies when matching should occur. This sample
match mode is terminated as soon as the match is taken with the match
registers containing the sampled data.

In the directed mode, match control establishes a source and times
for sampling for each matcher unit. Any of the sources may be specified
and the sample may be taken in any or all of the three phases each
cycle. These particular sources are then matched at the specified phases
of each cycle until the mode is terminated by an abnormality or by
program control.

The directed mode is active during normal operation with the un-
masked bus and masked bus specified as the sources and a match oc-
curring during each of the three phases. Virtually all the pertinent data
associated with the execution of an instruction passes over these buses
so a malfunction in a unit will be quickly detected.

Three automatic matching features are available while the matching
system is operating in the directed mode:

() match on write instruction,
(72) match on store error sequencer, and
(#77) match on store error correction.

When any of these automatic features are activated by setting a buffer
bus register bit, the normally selected source will be automatically
overridden for a particular eycle and phase and the memory access
register substituted as the source.

When the results of the “matching’ operation indicate a malfunction,
the match registers and the counters are inhibited from further opera-
tion. All of these circuits are registers on the buffer bus and may be
interrogated with a memory read instruction. The match registers are
frozen with the data which caused the abnormality, a 4-bit cyecle counter
indicates the cycle of the instruction at which it occurred, and a phase
counter records the phase. This information is used by the maintenance
programs in detecting and isolating hardware faults.

3.4 Conirol and Display Unit

The control and display circuit is patterned after the No. 1 ESS
circuit."* It provides a visual indication of the system status through
indicator lamps and allows manual control of the system through keys
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and switches. Figure 10 depicts the arrangement of the apparatus used
in its operation.

There are trouble lamps associated with the system as a whole and
with the separate SPC units. When a system or unit malfunction oceurs,
an alarm is sounded and the corresponding trouble lamp is lighted.
Lamps are used to display trouble active and power status. If the
system becomes inoperable and cannot recover, manual control may
be assumed. The craftsman may force any combination of stores and
active processor for the first eight store frames. He may also isolate
power from a particular store bus, peripheral bus, or central pulse
distributor bus system.

3.5 Program Tape Unit

One of the major advantages of the piggyback twistor stores is
their ability to change stored program and data electrically from the
program tape unit by programmed means.

To load information into the piggyback twistor memories, the
program tape unit, under system control, reads characters from its
magnetic tape and places corresponding signals on groups of ferrods in
the master seanner as shown in IFig. 11. The processor then reads and
assembles the characters into a 40-bit word, combines this with the
address of the store location which is to be changed, generates a hamming
and parity code, and then writes the information with the hamming
and parity bits into the proper store. Synchronization of the program
tape unit output with the SPC processors is controlled by clocking pulses
originating in the processor. The program tape unit also can be used
to write information ‘contained in memory on tape. For this type of
operation the processor reads the piggyback twistor memory. The 40-
bit word received from memory is broken up into five-eight~bit charac-
ters, a parity bit is generated over each character, and the characters
are transmitted in sequence to the program tape unit over the peripheral
bus system.

The format of information on the magnetic tape is shown in Fig. 12.
Identity words are used to identify the blocks of data. The tape is
prepared and written at 200 BPI density with non-return to zero writing
mode. Following each block of characters is a longitudinal parity check
character to verify the validity of the data forwarded to the processor.
Each block of data is followed by a 2 inch inter-record gap. Reading
and writing is done at five inches per second tape speed to synchronize
transfer of information with the five millisecond J level interrupts.
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Fig. 11—Block diagram of program tape unit.

3.5.1 Read Mode

Since the magnetic tape is written in the non-return to zero mode,
the presence of a logical one is indicated by a flux reversal. The read
head output consists of bellshaped bipolar pulses corresponding to
appropriate flux reversals. These pulses are linearly amplified and then
sent through an analog-to-digital converter (Fig. 13) which produces
unipolar square pulses with leading edges at the corresponding peaks
of the original bipolar pulses. After delays for bit deskewing and
synchronization, the contents of the buffer are gated into a normal
register slot; a general reset then occurs which resets the buffers, and
the distributor is advanced to provide a new slot for the next character
to be read from tape. The register has six slots each containing the nine
bits of one character. Words are picked up by the processor at five-
millisecond intervals.

3.5.2 Write Mode

The write mode is initiated by the processor. When the processor
desires to transfer information from the store to the program tape unit,
it signals via central pulse distributor points to condition the program
tape unit circuit for writing and starts the tape transport running in the
forward direction. The processor then transmits unit five or six charac-
ters sequentially to the program tape. These characters are held in the
six normal register slots. The processor then signals the program tape
unit to begin writing a record block. One character is written on tape
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Fig. 13—Program tape unit.

each millisecond. Before each character is written, it is checked for
transverse parity. Five normal register slots are emptied each five
milliseconds, and the processor fills emptied slots with new characters.
After a maximum of 151 words have been written, the processor will
signal the program tape unit to end the record block. The processor
times for the interrecord gaps.

3.6 Teletypewriter Circuits

Teletype circuitry as used with the SPC is almost identical to that
used in No. 1 ESS and needs little explanation. The interface buffer
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between the teletypewriter and the processor is a low level logic circuit
connecting to the peripheral bus. In operation, an enable signal is
received from the central pulse distributor to enable the teletypewriter
to accept the information which appears on the address bus. The char-
acter or control information for the teletypewriter is received in parallel
from the peripheral bus and is shifted out serially toward the teletype-
writer at a pace compatible with the mechanical speed of the machine.
The teletype buffer receives a character when a message is being typed.
The design of the interface buffer is arranged to simplify diagnostics
of both the electronic and electromechanical parts of the teletypewriter.

3.7 Communication Bus Systems

To provide communication between the component parts of the
system, an ac bus transmission system is used. These are parallel twisted
pairs running from unit to unit in particular groupings called buses.
They carry information words in the form of 0.45 microsecond pulses.
Pulse generating and receiving circuitry is designed to produce recogniz-
able signals at the receiving circuits of all the units connected to the
bus. Bus impedances are about 50 ohms at the driving point. Since only
one order may be sent in a 6.3 microsecond cycle, the duty cycle for
pulsing is less than 10 percent thus allowing operation of the bus re-
ceivers without de restoration.

The ac bus driving transformers are well shielded and the system
is balanced with respect to ground. Contact protection networks
are extensively used in relay circuitry to prevent generation of transient
voltages. Paired leads are used wherever possible to minimize coupling
of noise into the bus system.

Peripheral unit bus lengths can be as great as 450 feet. Store buses
are restricted to 100 feet in order to minimize propagation delays for
proper store/processor communication.

3.8 Central Pulse Distributors

The central pulse distributor is used to provide the SPC processor
with directed access to many points within the system which require
fast response to the instructions being transmitted. The unit is a trans-
lator decoder which takes an equipment address and provides a unipolar
or bipolar pulse output on one out of a possible maximum of 1024
points. Address storage registers at the input of the central pulse dis-
tributor connect to parity error detection circuitry which check the
input information for accuracy. The address registers simultaneously
prepare a path through a matrix to an output point of the central pulse
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distributor. If the error check is satified, a pulse is applied to the apex
of the matrix and appears at the selected output point. If internal checks
for correct operation are satisfied an all seems well pulse is returned to
the processor indicating the SPC has functioned properly.

3.9 Stgnal Distributors

The signal distributor is accessed from a peripheral bus and therefore
uses low level logic circuitry as an interface with the system. Internally,
however, nearly all logic is performed by relays. The selection matrix
consists of relay contact trees which form a selected path under control
of the input address information. The signal distributor is intended
to operate magnetic latching relays, in response to instructions dis-
tributed by the processor. The apex of the relay tree matrix can connect
to a —48 volt signal or a +24 volt signal to operate or release magnetic
latching relays connected to the output points. Operation of the mag-
netie latching relay causes a pulse to be generated along the energizing
path back through the matrix. When this signal is detected, the current
to the relay is interrupted and the input registers are reset.

3.10 Master Scanner

Master scanners are used throughout the system for supervisory
input from the various equipments to the SPC complex. A master
scanner contains a matrix of ferrods connected in such a manner that
they can be interrogated in groups of 16 to determine whether or not
the ferrite material is magnetically saturated. Saturation of the material
occurs when the point to be monitored causes current to flow through
a winding surrounding the ferrite rod. A saturated ferrod produces a
very low output in the output winding when interrogated, a non-
saturated ferrod produces a high output. The output of the ferrods is
transmitted to the SPC on the scanner answer bus for the use of the
processor, in the handling of calls or execution of other work.

IV. ORGANIZATION FOR RELIABILITY AND MAINTAINABILITY

This section is concerned with those aspects of the SPC No. 1A
hardware design and organization which are provided specifically to
facilitate maintenance and achieve the over-all system reliability ob-
jective'®'™, Thus, it describes the equipment redundancy scheme, the
arrangements for switching, access to the various equipments, special
circuit facilities for emergency recovery from troubles, maintenance
instructions, and so on. Sufficient description of the workings of each
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function are given to indicate the basis and validity of the choices.
However, the section does not discuss the complete strategies for re-
covery from trouble conditions. Rather it is intended to provide the
background for such a discussion which will be given in the following
section on the SPC program.

4.1 Redundancy

Duplication of subsystem equipment units in the SPC is provided for
dependability rather than for an increase in the traffic handling capacity
of the system. The memory subsystem consists of two store groups,
each of which contains numerous information blocks (or stores). Each
store of a particular store group has its corresponding image in the
opposite store group. The stores contain two distinet categories of in-
formation: semipermanent data (program and parameter), and tem-
porary data which may be intermixed in a store. The processors normally
run in parallel, synchronously executing the same program, each from
its own associated store group. Basic processor store communication is
achieved with a partially dedicated bus system using a hamming code
plus parity scheme for error detection. This system is arranged in such
a manner that a store can only receive and answer over one bus, and
each bus of the duplicated bus system has access to only half the stores.
At the processor end of the bus, the static control of send and receive
modes between each processor and the store buses is augmented by
dynamic switching of the store answer bus by either or both processors
using a store name match circuit. This program controlled ecircuit
informs a processor when only one of the duplicated stores is in service
and from what bus the answer can be expected.

4.2 Siore Communication

4.2.1 Control

Generally, all communication buses are completely switchable at the
SPC processor. Hence, various SPC processor communication bus modes
can be established by means of unique configurations of the buses and
processors. The output from a flip-flop in each processor dictates whether
or not that processor is active. Communication channels to peripheral
units and central pulse distributors are normally established only for
the active processor. Since a change in the status of the system is es-
tablished by means of the central pulse distributors, the active processor
is in command of the system configuration.

The active processor selects the bus configuration for the appropriate
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processor-store communication mode and thus dictates the treatment
of instruction and data communication to and from the stores. It can
send on either or both buses while the standby can only send on a
bus not being used by the active unit. Normally, each processor com-
municates with a separate copy of memory (fully independent access);
but store communications control is provided to allow flexibility in
choosing different bus configurations.

Some of the functions of the store communications control are:

(Z) to specify the active processor store bus,
(%) to allow each processor to independently communicate with
a bus,
(#7) to allow the standby to receive from the active processor store
bus and deny the standby write access,
(i) to allow the active processor to send over both buses (implied
denial to standby), and
(v) to allow both proeessors to receive from both store buses.

4.2.2 Store Failure Bus Modes

When the system has a single defective store, the system is recon-
figured to establish a mode in which the active processor communicates
with the good store group. The standby processor performs as dictated
by the store communication control except when communicating with
the defective store on its associated bus. When the standby processor
addresses the defective store, it will momentarily switch its receiving
bus so as to receive from the good copy. This switching mode is estab-
lished by a program action that places the name of the defective store
in a name code recognizer register in each processor. A program con-
trollable bit is provided which specifies the receive bus that should be
used by both processors when a match of the defective store name occurs.

If a second store failure oceurs when one store in the system is out
of service, the system can still function as long as the second failure is
not in the mate of the off-line store. When there are two or more stores
inoperable and all are on the same bus, the name code recognizer
circuits will not be used. The processor-store bus mode which is used
causes the active processor to transmit over both buses with both
processors receiving from the active bus, i.e., the bus containing the full
complement of stores.

When a single store is out-of-service on each bus (not mates), each
processor uses its name code recognizer. Each processor transmits and
receives over its respective bus except when an inoperable store is ad-
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dressed. At this time, the processor which is addressing the defective
store will receive from the other processor’s bus.

When there are more than two stores defective with only a single
store defective on one bus, the name code recognizer circuits of each
processor are used to specify this store in both processors. The active
processor is configured to transmit over both buses; and both processors
are configured to receive from the bus containing the single defective
store, except when that store is addressed. Both processors then receive
over the other bus, i.e., the bus which has the good copy. This mode
keeps the good stores on the standby bus updated although their data
is not used.

When there are two or more stores defective on each bus (not mates),
it becomes necessary to operate the store complex without redundancy.
The action prescribed is to shut down one copy of the remaining re-
dundant stores and to place the system in a mode in which the active
processor transmits over both buses and both processors receive over
both buses. In this mode of operation, the store name code recognizer
circuits are not used. Any subsequent store outage during this mode will
necessitate use of the emergency action facility to recover a working
system if sufficient working stores remain. This mode of operation is
used as a last resort to keep the system running.

4.2.3 Selective Store Addressing

The operational programmer who uses the basic instructions for
writing data processing routines assumes troublefree operation and
ignores subsystem duplication. The maintenance programmer, however,
requires some other orders in addition to the operational instructions.
These additional orders are used in fault recognition, diagnostic and
routine exercise maintenance programs.

Maintenance instructions provide access which is either inconvenient
or impossible to obtain with combinations of normal orders. Indirect
paths to the desired points sometimes exist via the normal instructions
but require reconfiguration of the interconnections between subsystems.

To test store buses, stores, or processor access to a particular store
bus, selective addressing of either the 0 or 1 subsystem is accomplished
within the processors by a special routing control. This control works
in conjunction with a special set of instructions to allow selective ad-
dressing of stores, bus testing, selected access to internal points within
a store or processor, etc. The order control signals are transmitted from
that processor selected by the maintenance programmer in setting up
the special routing control. Subsequently, both processors receive the

reply.
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Hamming, parity, and all-seems-well (ASW) checks are made by the
processor(s) when executing maintenance instructions. But, since
troubles may be expected to occur during these tests, no corrective action
is taken. All responses to store errors are inhibited so that data contain-
ing errors may be analyzed.

Special bus testing maintenance instructions are provided in conjune-
tion with special store hardware to test the input-output control leads
between the processor(s) and the store complex.

4.3 Processor Reactions to Store Errors

In the fully duplicated SPC system, single errors are corrected using
a Hamming error correction facility. The results of correction are then
compared by the processors, and, if the match is successful, processing
continues. If not, a reread is performed, because failure to match after
correction indicates the original error was an odd, multibit error.*
Reread failure now leads to a processing interrupt, resulting in store
system reconfiguration. With any configuration, double errors, address
errors, and ASW read errors immediately cause a reread; and reread
failures lead to a store interrupt. Failures to write immediately lead to
an interrupt.

With at least one processor or store out-of-service, the Hamming
error correction facility is inhibited, because, on some or all reads,
matching is not available to detect false error correction. Consequently,
single errors are treated like double errors. If store errors which cause
interrupts occur and the failing store cannot be removed from the sys-
tem because its mate is faulty, the system’s ability to function with
single error correction must be checked. If it can be proved that the
system is making only single errors (through use of test word reads), the
system maintenance program will attempt to run the system with
single error correction. Otherwise, manual intervention is required.

4.4 Processor(s) Sending to the Store System

A preread feature is provided on all write operations so a Hamming
check can be made to insure that the internal address read from the
store is the one intended for the write. The store retains the preread
address for the write operation. Protection against erroneous writing
into another store is provided by a parity check on the store name
(higher-order bits of the store address). Because of the preread check,
erroneous writing in the desired store is essentially limited to writing

* The Hamming code detects and corrects single errors and detects all double
and some higher order even errors. It detects all higher order odd errors but treats
these as though they were single errors.
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erroneous data at the correct address. Invalid data put into the correct
store at the correct address should be detected by the Hamming or
match circuitry on a later read of that address. If the other copy exists,
the processor(s) can continue without difficulty. In the fully duplex
mode of operation, the Hamming check over the data and address field
is backed-up by a processor match of the data returned independently
to each of the two processors.

4.5 Peripheral Communications

SPC peripheral unit input-output orders use an enable code to identify
the unit which is to receive the order. Certain bits of the code select
a central pulse distributor and provide address data used by the central
pulse distributor to select an output lead over which the central pulse
distributor will send an enable signal to the particular peripheral unit.
The data being sent to peripheral unit (which includes an internal
selection code) is routed to a particular peripheral unit controller of a
duplicate pair, depending upon which peripheral unit and central pulse
distributor address buses are selected in the enable code. The enable
signal from the central pulse distributor allows the information to be
gated from the address bus to the proper peripheral unit controller.

Should any central pulse distributor, bus, or peripheral unit controller
fail, there is sufficient redundancy to allow access to the peripheral unit
via another route. This requires a change in the associated enable code(s).
Most of the bits for the enable code in a peripheral unit are fixed.
However, the two bits which control the choice of the peripheral unit
address bus and the choice of central pulse distributor (and thereby
indirectly the choice of a peripheral controller) vary as trouble condi-
tions affect the status of these units. These two bits are often referred
to as the “routing” bits. Since they reflect the status of the peripheral
unit system, maintenance programs are required to keep the entire
complex of enables updated with each change of the system.

4.6 Maintenance Control of System Sanity

When an error in the store containing the interrupt programs leads
to an interrupt, there exists the possibility of system insanity. Two
defensive mechanisms are used here. First, store communication at the
interrupt level is limited to the store containing the interrupt program
until the program has established that the system is operating properly.
This protects system data. Second, an attempt is made by hardware logic
to provide the system with the good copy of the interrupt program.
This function is performed by conditional bus switching at the time of
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interrupt to the store bus not indicating the error. This function ean
be inhibited (under program control) if there is only one copy of the
interrupt program available to the system and if that copy is in the
store on the active bus.

4.7 Emergency Action Funclions

The purpose of the emergency action circuit is to monitor system
sanity through a variety of independent timing circuits, and to provide
a sequencer for selecting a new hardware configuration if these circuits
detect trouble.

A timer is provided for monitoring system sanity at all times. This
timer, called the long timer, is active whenever its associated processor
is active. This circuit times for 630 milliseconds; if, at the end of this
interval, the timer has not been properly administered, it will cause an
emergency action B-level interrupt. Two independent program controll-
able timers are activated by the emergency action circuit when a
system malfunction is detected. These timers must be reinitialized
periodically or the emergency action circuit will create an emergency
action B-level interrupt. These timers can also be used to provide
defensive protection in cases where a program action might result in an
insane system configuration.

The emergency action sequencer controls the reconfiguration of the
system during an emergency action resulting from the emergency action
B-level interrupt by sequentially selecting combinations of processor
and store buses. If all combinations of processor and store bus have
failed to pass the tests administered by the emergency action program,
an emergency action alarm will be activated. This indicates to the
maintenance personnel that the system cannot recover.

An emergency action program is provided to complement the func-
tion of the emergency aection sequencer. This program administers a
series of hardware tests to determine the acceptability of the sequencer
established configuration. These actions are discussed in Section 5.3.3.

V. DESCRIPTION OF THE SPC PROGRAM

5.1 Maintenance Functions

This system depends primarily on hardware-checking ecircuits for
trouble detection during operation. When a trouble detection circuit
locates a problem in the system, it notifies an interrupt circuit. The
interrupt circuit immediately stops operational program processing and
transfers control to a fault recognition program associated with the
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particular type of trouble indication. The functions of the fault recogni-
tion programs are to distinguish nonrepeating troubles (errors) from
repeating troubles (faults) and, in the case of faults, to quickly de-
termine an operational system configuration, establish it by switching
out faulty units, and then return to operational program processing.

Fault recognition is the most important maintenance funection in a
real-time system. The minimization of time taken from the operational
processing function and an extremely high probability of returning to
processing with an operational (sane) system are the critical objectives
which any automated maintenance technique must satisfy. Diag-
nostics with “fine’” resolution are of secondary importance.

5.1.1 Processor Errors

The processor retrial program is designed to qualify a processor
trouble indication as an error or a fault. The program also interrogates
critical areas within the processors; and, if they are found to be faulty,
it isolates the fault to the active or standby processor, records pertinent
processor error information, and initiates actions required to return
the system to normal operation at the conclusion of the program.

Since errors are expected to be more frequent than faults, and, as it
requires considerable time to completely check both processors, the
mismatch is first assumed to be an error. As the processors inhibit
destination register gating on mismatches, it is possible to re-establish
the state of the processors at the beginning of the interrupted order
and re-execute most instructions. To determine if the mismateh was
caused by a fault, the failing instruction is unwound and control is
returned to the interrupted program. In the process of preparing the
processors for re-executing the failing instruction, a hard fault may
again make itself evident. In such a case, retrial of the order is unneces-
sary and actions will be initiated immediately to remove the faulty
processor from service. If the instruction retrial causes another C-level
interrupt, the mismatch is presumed to be a fault, and control is trans-
ferred to a complete check control routine in the processor fault recog-
nition program.

The processor retrial program maintains error counters based on
the results of processing mismatches. If any of the error counts become
excessive during a given time period (implying an undetected processor
fault), control is transferred to the complete check control routine.
Otherwise, control is returned to the interrupted program for retrial
of the failing instruction.

When a mismatch oceurs, the C-level interrupt hardware sequence
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starts the 2-millisecond and 40-millisecond emergency action timers
(See Section 4.7). If the active processor has a fault which impairs its
ability to properly execute the retrial program, a time-out will occur
and control will be switched through a B-level interrupt to the emergency
action program.

5.1.2 Store Errors

Two basic facilities are provided in the maintenance programs for
dealing with store errors. One is essentially a data collection faeility
for gathering pertinent information regarding the nature and source
of store errors. It is expected that this will be useful to the maintenance
craftsman for correcting problems that are causing infrequent but
generally consistent store errors. The second facility is an automatic
error analysis and reconfiguration strategy that is aimed at the problem
of error bursts. In this case, the error rates are so high that immediate
and automatic recovery actions are required to avoid severe system
penalties.

The G-level interrupt is used to invoke the program that performs
store error bookkeeping. This interrupt occurs after any single error is
successfully corrected or after any multiple error is eliminated on a
reread. The G-level interrupt mode is normally active. However, it is
deactivated when certain maintenance programs are running to avoid
undesirable interaction. Also, a program governor action is present
which limits the number of G-level interrupts to approximately two
every two seconds. Allowing more interrupts would probably only
generate redundant data and cause an excessive overhead (real-time)
penalty.

The G-level program records counts of the various types of errors
(repeating single, nonrepeating single, multiple) for each store, internal
store addresses for the first 15 errors of each type, and the failing bit
for the first five occurrences of repeating single bit errors. The tables,
if nonempty, are printed out on the teletypewriter every hour and then
cleared.

If transient single errors are prevalent, the craftsman can request
a special matching mode that matches the received data before error
correction occurs. The resulting mismatch on an error will invoke the
C-level interrupt program which generates a printout that identifies
the store, the address, and the failing bit.

The error analysis program which is concerned with error bursts
or sustained high error rates performs a periodic scan of hardware single
and multiple error counters. If either of these counters overflows in a
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specified interval, the error analysis mode is initiated. The analysis
program collects error data for an additional period of time and attempts
to determine from this data whether the errors are caused by store,
store bus, or processor trouble. If the analysis is successful, it removes
the noisy unit from the system configuration and identifies the unit by
a printout. It also causes an immediate dump of the G-level store error
tables which should provide useful information for localizing store
troubles. A diagnostic is requested for a suspected noisy store, but the
store is not automatically returned to service if the diagnostic passes.
Because of the intermittent nature of errors, it is likely that the diag-
nostic will pass. Thus, the system provides printouts of all pertinent
data on the problem and leaves the decision to place the unit in service
to the judgment of the craftsman.

5.1.3 Peripheral Unit Errors

Malfunction of an order sent to a peripheral unit is detected through
immediate checks made on the communications with the units and by
a gross check of whether the unit successfully completed the desired
operation. The immediate checks include: a central pulse distributor
execute return signal indicating that the proper central pulse distributor
was enabled; a central pulse distributor all-seems-well signal indicating
normal functioning of the central pulse distributor; an enable-verify
signal indicating that the peripheral unit received an enable signal;
a scanner all-seems-well signal indicating successful readout of a scanner
row (in the case of a scanner); and, in the case of the application periph-
eral address translator, an all-seems-well indicating successful address
translation for data transmitted to the application peripheral unit bus.
The signal distributor provides a gross check of normal operation by
indicating through scan points that it has returned to an idle state
after executing the order.

Failure to receive the immediate check signals result in an F-level
interrupt. The fault recognition program at this level handles all prob-
lems associated with high-speed peripheral orders; i.e., those not directed
to units involving relay operations or other such long-work-cycle opera-
tions. Diserimination of errors from faults is derived by repeating the
high-speed order in the F-level and observing whether the failure indi-
cation is repeated.

For the slow operating units such as the signal distributor or similar
applications system equipment, retrials are performed by a J-level
program. At a later time, the order that caused the F-level is retried
in J-level to determine whether the failure was due to an error or a
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fault. Troubles detected by checks within the signal distributor or
similar frames are indicated to the programming system through Master
Scanner ferrods. These ferrods are checked in J-level every 25 milli-
seconds. This check occurs just before an order is sent to the unit by
the peripheral order buffer execution program. The failing order is then
retried in J-level. This retry will determine whether an error or a fault
occurred.

The procedures described above apply to all SPC peripheral units
cxcept the teletypewriter and the program tape unit. Maintenance on
these units is initiated by the maintenance craftsman, The strategy
applied to application peripherals will depend on the characteristics of
the device.

With any of the units discussed above, a successful retrial will result
in immediate termination of activity. The program involved in error
detection may increment a counter or print a message indicating the
nature of the error, but no further actions will be performed. The suspect
unit is returned to normal service, and program execution returns to
its normal schedule.

5.1.4 Processor Faults

In the SPC No. 1A system, the processor fault recognition and pro-
cessor diagnostic programs have been integrated. This method assumes
that, with sufficient match access, fault recognition can be a subset
of diagnostics. That is, those procedures which test the logical capa-
bility of a processor also provide results for diagnostic resolution. The
programs will be discussed as separate entities, but one should keep in
mind that the test sequences are one and the same. Only the control
programs are separate entities.

For repeating troubles, the processor fault recognition program
determines which processor is faulty, switches this unit out of
service, records significant error information, and places a request for
a diagnosis of the faulty unit. Because it runs during the C interrupt
level, the fault recognition program checks only those -circuits
which could have caused a mismatch and those peripheral system
communication circuits which may not have been in use but will be
employed in the new active processor. A complete analysis of the faulty
processor is made by the processor diagnostic program at a later time.
It is important to understand that the objective of fault recognition
is to find a working configuration. This means that the faulty processor
might be active and diagnosing the good processor. This is possible
when faults are in areas such as the following: processor-external bus
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GET THE PROCESSORS IN STEP
AND SET UP DIRECTED MATCH OF
THE PROGRAM FLOW
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Tig. 14—Processor fault recognition test mode.

communication circuits not presently in use by the existing configura-
tion, the match circuits, and processor-processor interfaces. The diag-
nostic program has been designed to detect and correct for this anomally.

The basic program flow technique used within test phases in the
fault recognition program is shown in Fig. 14. The tests are
designed as if each processor is testing itself. Tests consist of data manip-
ulation operations which check for the proper circuit response followed
by conditional transfer orders. If the active processor fails, it will
switch processors (which it alone can do by program). The faulty unit,
now standby, will be removed from service and the diagnostic program
requested. If the active passes, checks are made to see if the standby
is following the operations of the good active unit (by examining the
match circuits). If the standby is found to be out of step, it is removed
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from service. This testing process is continued until all tests have passed
or a faulty unit is found.

The fault recognition program is entered by the retrial program when
that program decides that a hard fault exists in the system (i.e., two
consecutive C-level interrupts occur at the same program location) or
when the retrial programs’ error counters have exceeded their specified
thresholds. The processor fault recognition program is also entered via a
B-level interrupt from the emergency action program after a normal
processor switeh to test the new configuration. In this case, the pro-
cessor fault recognition program performs internal tests (sanity), estab-
lishes and tests new store configuration, tests peripheral unit communi-
cations and configures it, if necessary, and returns the system to normal
operation.

If the program was initiated by a normal processor switch or by a
processor mismatch, the standby processor is made to operate in step
with directed matching of the masked bus and unmasked bus. The
standby processor is stopped whenever it disagrees with the aective
processor. If the program was initiated by an emergency action, only
the active processor is tested and only the basic sanity tests are per-
formed.

The sanity tests include arithmetic and logic functions, transfer
decision, writing and insertion mask, store error detection and correc-
tion, and instruction decoding. The completion of the above tests
indicates that the active processor has passed the tests. The store name
clamp, which limits processor access to the base store, is removed before
further tests which check auxiliary index registers, store addressing to
the store with a complementary address name of the base store, and
store address interaction.

When the fault recognition program is ready to release the system
from interrupt control, measures are taken to determine if the return to
normal system operation can be to the interrupted point (the point at
which the mismatch oceurred) or must be made to an arbitrary reference
point. If the return is to the interrupted point, the retrial program will
attempt to unwind the interrupted instruction. If the retrial program
cannot unwind this instruction, it transfers to the fault recognition
program, which forces a return to an arbitrary starting point (reference
return).

5.1.5 Store Faults

Normally, a store reread or write failure creates an E-level interrupt
and calls the store fault recognition program. The basic steps the
program follows are:
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(#) Tind the faulty store, bus, or processor. Isolate the failing unit
from the rest of the store-processor complex, and request an
appropriate diagnostic program.

(%) Update status records.

(7it) Reconfigure the remaining system in order to create a system
configuration with maximum store duplication for call processing.
(&) Return the system to normal processing.

Program transfers to out-of-range addresses or memory reads or
writes into out-of-range addresses will also create an E-level interrupt
which initiates the store fault recognition program control program.
The basic steps the program follows in this case are:

(7) Recognize that the error data saved by the processors on all
store errors indicates an out-of-range condition.

() Recognize that the communications address register contained
an unequipped store address at interrupt time.

(#77) Request a selected set of high level audits in an attempt to find
and correet the error in temporary memory.

() Request a return to a reference point in the executive control
program.

(v) Request the maintenance restart program to turn on special
timing because of possible data mutilation in the system. If this
event occurs repeatedly in the next 16-second interval, this will
automatically trigger a call processing recovery phase (or
phases). The latter is discussed in Section 5.3.3.

(vi) Establish the store and processor configuration existing prior
: to the interrupt.

Store fault recognition program programs are, in general, organized
so that an overall control program, uniquely associated with some
particular broad functional task, links together a number of routines
and tests. These routines and tests range in scope from simple test
routines to comprehensive testing and analysis routines. Also, many
contingencies can arise which do not cause E-level or G-level interrupts
and, hence, do not directly engage the store fault recognition program
programs. Nevertheless, they do require the testing of the store-processor
complex. For the aforementioned reasons, it was desirable to organize
the store fault recognition program to create a pool of routines
and tests useful to the maintenance and system programs which must
handle such contingencies.

The primary purpose of the store fault recognition program is to estab-
lish in a minimum amount of time a workable set of stores that provide
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access to at least one copy of all data. Determination of the faulty
store is of secondary importance. In order to accomplish this objective,
the store fault recognition program keeps a record (or maps) of the
present set of in-service, and off-line but usable stores. After determining
the failing unit and updating the maps, the store fault recognition
program uses a generalized routine which uses the maps to determine
and establish a maximum store configuration. Once this configuration
has been established, this program executes a quick access check to
each store unit. If this passes, it is assumed that the faulty unit has
been successfully isolated. Then, on a deferred basis, the faulty unit is
diagnosed.

If a configuration cannot be established because history indicates
mate™® stores are in trouble, or if the access test fails, this program starts
a bootstrapping operation in which a bus is chosen and all stores on
that bus are tested using test pattern techniques. The set of stores not
passing on this bus are then tested on the other bus. If a complete
configuration is obtained, the system is restarted as outlined above,
and, on a deferred basis, the remaining faulty and/or untested stores
are tested. Those that pass the tests are returned to system operation;
those that fail are diagnosed. If the basic bootstrapping operation fails,
an attempt is made to establish a working set of stores using the single
error correction features; that is, previously failing stores are tested
to see if they have only a single-bit oriented fault. If successful, a working
system is recovered. Otherwise, manual intervention is required.

A program controllable (on/off) feature is available in the interrupt
sequencer to insure that, on an E-level interrupt, the active bus after
the interrupt sequence was not the bus causing the E-level interrupt
(i-e., conditional bus switching on interrupt). This feature is activated
by the store fault recognition program, if the store containing
the E-level program is in service on both buses. It is useful in minimizing
recovery time. When it cannot be used, the emergency action timers
provide a back-up mechansim.

5.1.6 Peripheral Unit Faults

Peripheral unit faults are detected by the same checks used to detect
peripheral unit errors. Some of these checks are central pulse distributor
all-seems-well, enable verify, and peripheral unit all-seems-well. An
error is distinguished from a fault by the success of the initial retry.
All work performed on faults detected by an all-seems-well failure or

* Both copies of the same unit.
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an execute reply failure is performed in F-level. The failing order is
retried using a different central pulse distributor from the original
order. If these retries fail, a retry is made utilizing the off-line processor.
Control of the central pulse distributor and peripheral unit buses is
given to the standby machine and a retry is executed. When any retry
succeeds, the faulty unit is removed from service and control is returned
to call processing. The procedure described for central pulse distributors
is also followed for the application peripheral unit address translator.
However, in the case of this unit, control is transferred to an applica-
tion subprogram to complete the final cleanup work.

The SPC system contains only one unit, which returns a scanner
all-seems-well; viz., the master secanner. Fault recognition for the master
scanner progresses in the following manner. The order is retried using
the mate master scanner controller. If the retry is successful, the original
scanner controller is marked in trouble and all enables for the unit are
updated. If the orders to the mate fail, an attempt is made to determine
if the scanner row presently being addressed is faulty; this is done by
reading other rows in the same master scanner. If other rows can be
successfully read, the all-seems-well check is deleted from all enables
for this scanner, and control is returned to normal processing. If neither
of the above strategies has been successful, the order is executed through
the standby processor in an off-line mode. The active processor will be
removed from service if this procedure is successful.

When an enable verify failure occurs and the unit involved is of the
fast™ type, all possible routes will be tried in an effort to achieve a
working configuration. Here, again, enables will be updated, the faulty
equipment will be removed from service, and control will be returned
to the normal processing programs.

Fault recognition for the slow units is also a logical extension of error
recovery. When the initial retry procedure has failed, a series of retries
using other routes is attempted in order to achieve an operational con-
figuration. The retrial procedure is implemented in J-level on a time-
shared basis to provide proper order timing. All routes are attempted
to insure recovery. The first successful retry causes termination of the
procedure and a request of the appropriate diagnostics. Although the
details of the retry strategy may vary depending on the unit involved,
the following is representative of the procedure followed. If central
pulse distributor and bus status indicate a good route exists to the mate
controller, the failing controller is removed from service and the order is

* A fast unit can receive and process orders at electronic speeds, whereas a slow
unit requires about 25 milliseconds to process an order.
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retried using the mate. When this fails to achieve success, all possible
routes are tried in an arbitrary fashion. There are four possible routes
to each of the slow units. The routes are determined by using either
central pulse distributor with either peripheral unit bus. If none of
these retries succeed, the order is executed from the standby processor
in an off-line mode. If this does not succeed, no further action is taken.

The SPC peripheral fault recognition programs contain a great num-
ber of control tables to allow easy adaptation to application demands.
An application system may easily provide special routines and programs
for handling non-SPC equipment. In this way, the SPC peripheral
system has the flexibility necessary to adapt to a wide variety of appli-
cation needs.

5.1.7 Processor Diagnostics and Exercises

The primary objective of the processor diagnostic program is to isolate
a fault in the standby processor to a small number of replaceable circuit
packages. This objective is met by performing a series of rigorous tests
on the standby processor, recording the pass-fail results of each of these
tests, processing the resultant pass-fail test data by a dictionary num-
ber generating program into a fixed-format trouble number, and trans-
mitting the trouble number to the maintenance craftsman via the
maintenance teletypewriter. The maintenance -craftsman refers to a
trouble locating manual to associate the trouble number with the corre-
sponding circuit package(s). Replacement of the ecircuit package(s)
associated with the trouble number is expected in most instances to
remove the fault from the standby processor.

5.1.7.1 Matching Features. The primary means of trouble detection
for the processor is the matchers. They do, however, have a secondary
function of providing a means for diagnosis of the processors; i.e., they
provide access to many points within the processors.

Basically, the match system must be able to perform both a directed
match and a sampled match. In a directed match, the matchers are
directed to look at match sources* at specified time segments on a
continuous basis.” In the sampled match, the matchers are directed to
look at specified sources at a specified time segment, a given number

* A match source is comprised of a set of internal points within a processor;
e.g., an internal bus, decoder points, sequencer status, etc.

T A variation because of machine complexity is for the matcher(s) to be directed
to look at a set of match sources on a sequential basis. The source to be matched
may also become a function of the instruction(s) being processed.
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of machine cycles from the point of initialization. This is frequently
called selective, discrete, or snapshot matching. This is a powerful tool
and it is used in certain ‘“diagnostic only” tests in the integrated pro-
gram method to be discussed in the following sections. However, the
integrated tests use the directed match mode with the flexibility pro-
vided by varying the match sources and/or the segments of the machine
cycle when matching occurs. In this mode, the specified sources are
matched continuously on every machine cycle at one or more of the
three time segments.

In the processor diagnostic program, it is assumed with a
high level of confidence that the standby is faulty and that the active is
fault-free, or that the active is faulty in circuitry not effecting the normal
system operation in the system’s present configuration. Thus, the active
can be used to test the standby. The assumptions of single failure and
no redundant logic are applied when designing tests. The execution of
a test follows a strict pattern:

(7) initialize circuits external to the circuit being tested so their
interaction with the tested circuit will be consistent,
(#7) apply inputs to the circuit under test,
(747) deactivate or reinitialize the tested circuit when necessary,
() compare outputs with expected outputs, or the active processor
results, and
(v) record results indicating whether the test passed or failed. If it
failed, record results about how it failed.

5.1.7.2 Integrated Approach. In the integrated approach, a single
functional block (or phase) of tests performs both diagnostic and -
fault recognition functions. The majority of the tests are “integrated”
tests. The basic difference between using the program for fault recogni-
tion or diagnostics is the collection of data. When this program is run
as a fault recognition program, data from the standby processor is not
collected. When the program is run as a diagnostie, & failure in test ¢
will provide data which “points” to the ith executed instruction and
indicates the bit pattern of mismatch. An interrupt technique invokes
data recording for diagnosis (Step 5 in the preceding outline of the pro-
gram structure) so that this function can be omitted when the tests are
performed for fault recognition. A general flowchart for the integrated
program for a test is shown on Figure 15. Note that the test now includes
all instructions including initialization. Thus, this is a continuous
sampling technique. :
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Fig. 15—Integrated technique.

5.1.7.3 Processor Diagnostic Control Program. The processor diagnostic
program may be entered to run a complete diagnosis as a result of a
fault recognition program detecting a processor fault, for a demand
exercise to perform one or more phases (or subphases), or for an auto-
matic exercise of one or more phases (or subphases). The processor
diagnostic control program must be able to determine the nature of the
request and base control decisions on the particular function being
performed.

The processor diagnostic control program performs general initiali-
zation, phase and subphase initialization, linkage between phases
and subphases, and termination functions.
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A diagnostic program is broken into logical testing entities called

subphases or phases. A phase is the series of tests performed between
entries to the dictionary number generation program which consolidates
this information. This dictionary number generation program prepro-
cesses a maximum of 40 raw data (pass-fail or bit pattern of mismatch)
words at a time. A subphase is used to describe a functional block of
tests and comprises a series of tests between entries to the diagnostic
control program. Several subphases comprise a larger functional entity
which is used to form a phase and which satisfies the maximum raw
data words constraint.
. Processor diagnostic program general initialization includes the mark-
ing of control bits to determine which diagnostic phases should be run,
the disjoining of processors, and similar details. In addition to some
common initialization required by all phases and subphases, the control
program uses a control table to determine special initialization necessary
for the subphase to be run. The control table concept is illustrated in
Fig. 16.

The control program uses a pair of ordered-bit words for linkage
between phases (phases 1 through 20 are represented in a 20-bit word
and phases 21 through 36 in the other). A “one” is marked in the bit
position representing each phase to be run. The processor diagnostic
program linkage of phases and subphases is performed by the control
program which scans the two control words for the next “rightmost one”.
The bit position of the “one” indicates the phase number to be run.
A head table is indexed by the phase number and contains the address
of the first word of a control table related to the phase to be run. Sub-
phases within a phase are sequentially placed in the control table de-
picted in Fig. 16, with the last subphase of a phase containing an “end-of-
phase bit.”” This bit signals the completion of a phase and indicates a
need to request the dictionary number generating program to process
the data obtained. This process continues until all requested phases
have been processed. Then, the dictionary number generating program
is entered to produce a trouble number.

5.1.74 Tests and Test Phases. For testing purposes, the processor
circuits are organized into functional blocks that are tested as inde-
pendently as possible. A hierarchy of tests was established based on the
critical nature of the particular circuits and processor functions that
are being checked. The hierarchy of tests is the basis of the selective
phase skipping and early termination procedures which will be deseribed
in a succeeding section. .
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CONTROL CONTROL
SEQUENCE TABLE
INDEX

—— - SUBPHASE .
ooress. |M|L|K|J|I|H|GzGi|F|E|D{C|B|A

CONTROL PROGRAM ACCESS TO CONTROL TABLE

1. THE CONTROL PROGRAM MAINTAINS A POINTER (CONTROL
TABLE [NDEX) INDICATING THE CONTROL TABLE LOCATION
BEING ACCESSED.

2, THE CONTROL SEQUENCE IS ALWAYS EXECUTED IN ASCENDING
ORDER OF CONTROL TABLE ADDRESSES,

METHODS EMPLOYED BY PDIAG USING CONTROL TABLE CONTENTS

1. USE BYTE A-D AS ORDERED BITS BUFFER:
(a) LOCATE RIGHTMOST “17%
(b) EXECUTE HARDWARE OPERATION,
(C) LOCATE NEXT RIGHTMOST “14,
(d) EXECUTE HARDWARE OPERATION.
(e) ETC.

2. USE BYTE E AS AN INDEX TO A TRANSFER VECTOR TABLE TO
PERFORM FIXED SUBROUTINES: AN EXAMPLE IS MATCHING INI-
TIALIZATION.

3. USE BIT L TO DESIGNATE THE FINAL SUBPHASE WITHIN A PHASE,

4., USE THE SUBPHASE ADDRESS AS THE POINT OF ENTRY INTO
THE SUBPHASE PROGRAM TO BE EXECUTED.,

Fig. 16—Control table arrangement.

Control program access to control table:
(#) The control program maintains a pointer (control table index) indicating the
control table location being accessed.
(7¢) The control sequence is always executed in ascending order of control table
addresses.
Methods employed by processor diagnostic program using control table contents:
(¢) Use byte A-D as ordered bits buffer:
(@) Locate rightmost “1.”
(b) Execute hardware operation.
(¢) Locate next rightmost “1.”
(d) Execute hardware operation.
(¢) And so on.
(#t) Use byte E as an index to a transfer vector table to perform fixed subroutines:
an example is matching initialization.
(777) Use bit L to designate the final subphase within a phase.
(iv) Use the subphase address as the point of entry into the subphase program to be
executed.
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An individual test might consist of any one of, or a combination of,
the following actions: (7) examining various state indicators for specific
conditions, (77) completely exercising circuits to verify the ability to
assume all possible states, or (747) applying inputs to circuits to effect
expected actions. Groups of tests form subphases. A subphase may
test one or several circuit areas.

5.1.7.6 Recording Results of Processor Diagnosis. There are essentially
two methods of evaluating test results. In one method, the active and
standby processor test results are compared. In the other method, the
test results are compared with expected values. It should be noted that
various logical functions are used to compare and record results within
the framework of the two aforementioned methods of test evaluation.

An interrupt mechansim is used by the processor to record diagnostic
test failures in a general purpose scratch area (see Fig. 15). The interrupt
does not occur until the completion of the instruction causing the mis-
match, so that the active processor will contain the complete data
necessary to continue at the next executable instruction. This interrupt
causes the diagnostic recording program to be entered. After recording
the data the diagnostic program is re-entered at the next executable
statement. This process continues until the end of the subphase.

Periodically, a check of accumulated test results is performed in
order to isolate certain active processor faults. An active processor
test failure causes the diagnostic to be aborted. A diagnostic message
with data pertinent to the active processor failure is printed on the
teletypewriter. This message is also useful in isolating faulty ecircuits
being used as test tools by the processor diagnostic program.

Recording of data for all phases uses a standardized record area.
Figure 17 shows the recording for a typical phase. Normally, a match
source point is associated with each test area. The first four words are
used for storing the mismatch bit pattern. Word five is used to record
the point of execution (¢ycle and phase) within the instruction sequence
at which the failure was detected for the first three failures. Each inde-
pendent test is recorded ‘“‘pass” or “fail” in words six through forty
as needed for a given phase.

5.1.7.6 Selective Test Skipping. The running of phases is subject to a
selective test skipping mechanism which is controlled by a table. Each
phase has a control table entry which is applied in one of two ways:
() the entry specifies a set of phases to be skipped if this phase fails;
or (¢4) the entry specifies a set of phases to be skipped if there have
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WORD 19 [0}
1 OR-STORE AREA 1
2 OR-STORE AREA 1
CONTINUED
UNUSED
3 OR-STORE AREA 2
4 OR-STORE AREA 2
CONTINUED
UNUSED
CYCLE-PHASE CYCLE-PHASE CYCLE-PHASE
5 OF 3RD K-LEVEL OF 2nD K-LEVEL OF 1sT K—LEVEL
INTERRUPT INTERRUPT INTERRUPT
6 PASS—-FAIL AREA
7 3 2 1 o
40

Fig. 17—Typical phase recording.

been any failures recorded by the diagnostic up to and including the
present phase. The skipping rules were derived logically based on the
axiom that diagnosis should continue only if verified test circuits are
available to test the next circuit. For example, if phase seven, matcher
access tests, fails, then phase eight, matcher function testing, is skipped.
The skipping table entries were later modified considerably as a result
of sample fault analysis.®

An additional abort rule compares the accumulated number of dis-
tinct tests which have failed over a number of related phases with a
threshold. If an unacceptable number of failing tests have been recorded,
the diagnostic is terminated. This rule is used to minimize inconsistent
results by ending the diagnosis if many basic tests fail, thereby pre-
venting the running of more sophisticated tests which could lead to
confusing results. A second purpose of this abort rule is to avoid giving
the standby processor control of a store bus and/or peripheral bus if
a basic fault has already been uncovered. This prevents adverse inter-
action with normal data processing.

* Thousands of faults were physically inserted into the processor(s) to evaluate
the diagnostic program.
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Finally, individual tests are skipped or the diagnostic is terminated
within a phase when certain eritical tests within a phase fail.

5.1.7.7 Some Resulis. The techniques discussed previously produced a
considerable reduction in the number of faults which resulted in in-
consistencies when diagnosed repeatedly. Previous comparable diag-
nostics have resulted in approximately one of twelve faults producing
differing results during repeated fault simulation. In contrast, only one
out of sixty faults fell in this category during fault simulation with the
SPC processor diagnostic program. The improvement in consistency
can be attributed to differences in hardware design (which uses a
“bit-oriented’’ hardware layout), recording techniques, abort rules, and
program structures.

5.1.8 Store Diagnostic Program and Exercise Program

The store diagnostic program attempts to locate a fault within a
store which has previously been found faulty. The tests are performed
using both processors when they are in service. Most of the testing
is performed using special maintenance orders provided for this purpose.
Using these orders, only the store on the bus specified by the order
responds. The route (i.e., bus 0 or bus 1) for these maintenance orders
can be specified by a control flip-flop within the processors. Since stores
are dedicated to a particular bus, selectivity is achieved. In addition,
a pair of special maintenance orders were designed with associated
special store circuitry to test the bus leads associated with the store
complexes. These two orders provide complementary mode control
bits to the store, directing it to transfer its input directly to its output.
Thus, a minimal amount of store control is required to test the store
interface with the bus system.

The store tests are divided into related groups called ‘“‘phases’” which
test various portions of the store circuits. A special store monitor bus
is used for observing internal de points; a store “snapshot” register is
available to sample internal functions in & manner similar to a processor
match circuit when it is being used in a sampling match mode. Control
of this “snapshot” register is provided by special maintenance instruc-
tions called control reads and control writes.

If the all-tests-pass diagnostic of the store occurred after a faulty
circuit pack was replaced, certain sections of memory may have become
outdated (i.e., they do not contain recent changes in variable data)
before the power was restored to the frame. Therefore, before a store
is returned to the working system after an all-tests-pass diagnostic
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result, steps must be taken to ensure that the store memory contents
are current. The contents of the diagnosed store should be the same,
or be made the same, as the contents of the mate store on the other
store bus.

If the all-tests-pass diagnostic occurred as a result of a scheduled,
automatic exercise, no rewriting should be necessary. The store
diagnostic program keeps stores updated while diagnostic tests are
being run.

The checking and updating of a store which has passed diagnosis
is performed in two millisecond segments, with call-processing inter-
rupts inhibited. Each segment, whether checking or writing, deals
with eight 40-bit words. The checking includes two parts: comparing
40 bits of each word with the corresponding word in the mate store,
and a check of a processor buffer bus flip-flop bit. The flip-flop can be
set by a parity failure, a double bit error, an address error, or a read
or write all seems well failure.

If one or more 40-bit mismatches occur during a checking segment,
the entire eight-word block will be rewritten from the mate in the
following segment. The eight-word block is then rechecked in the next
two millisecond segment to see that the writing was performed properly.
As stated previously, the buffer bus flip-flop is checked only if 40-bit
mismatches have not occurred in the current checking segment. If the
flip-flop indicates an error, the eight-word block will be rewritten and
rechecked in the following two segments.

Stores are automatically diagnosed and updated once a day to insure
that maintenance circuits are excercised and that residual single errors
in memory are not allowed to accumulate.

5.1.9 Peripheral Unit System Diagnostic and Exercise Programs

The SPC System provides diagnostic programs and exercise programs
for all its major peripheral units. The exercise routines keep records on
manually induced equipment states and initiate routine diagnostic
testing of their respective frames. The diagnostic programs provide
testing in response to fault recognition requests and manual teletype-
writer requests. The five SPC peripheral units with diagnostics are:
the master signal distributor, the master scanner, the central pulse
distributors, teletypewriters, and the program tape unit.

The teletypewriter and program tape unit diagnostics do not conform
to the scheme described above. The teletypewriter diagnostic can be
requested manually and is also run as a scheduled exercise. This is
because there is not a fault recognition program for the teletypewriter.
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The program tape unit diagnostic is only run in response to a manual
request; no fault recognition or routine exercise is available. Since both
of these frames are under manual supervision, this scheme does not
present any problems.

Although the basie functions of the diagnostics and exercises are those
mentioned above, certain special features do exist. These factors pro-
vide the flexibility necessary to allow the system to be used for many
applications. The scanner and signal distributor diagnostics are specially
designed to allow use of many of their program segments in diagnostics
provided for similar application peripherals. An application system
with frames similar to the scanner or signal distributor can eliminate
a great deal of additional program by utilizing these features. The
diagnostics use tables and transfers to special application sub-programs
to achieve this flexibility.

The central pulse distributor diagnostic also provides transfers to
application sub-programs to provide tests of central pulse distributor
features that are dependent on frame assignments. This means that
individual applications are not restricted to any special scheme in as-
signing central pulse distributor points for their equipment.

5.1.10 Off-Line Testing

The off-line control programs provide testing tools to assist the
maintenance operator. They are generally used to locate the cause of
hardware problems which cannot be readily detected by the diagnostic
programs (due to inconsistent results, intermittent faults, ete.).

Off-line testing is limited to processors, stores, and store buses. No
special provision is made for off-line testing of peripheral equipment
since test facilities are available at the master control center and
independent use of the peripheral buses would pose major problems.

5.1.10.1 Off-Line Functional Tests. Off-line functional tests fall into
two basic categories: those which are repetitively executed, and those
which are performed in a single operation. Repetitive tests include:

(7) Execute a specified instruction or group of instructions at a

fixed repetitive rate.

(%) Write a specified 40-bit word repetitively into one or more
consecutive unprotected store locations.

(47) Write a specified 20-bit word repetitively into one or more
consecutive unprotected store locations.

() Read 40-bit word(s) repetitively from one or more store loca-
tions.
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(v) Read 20-bit word(s) repetitively from one or more store loca-
tions.
One-shot tests include:
(7) One-shot initialization of a processor buffer bus register.
(#) One-shot initialization of an unprotected store location.

5.1.10.2 Non-Off-Line Functional Tests. Non-off-line functional tests
provide a means of printing data on the maintenance teletypewriter
concerning the state of the active system upon execution of any specified
program instruction. This data is useful in analyzing hardware troubles
or verifying program changes.

To obtain the data printout, the maintenance operator sets the
switches on a plug-in auxiliary matcher unit (which will generate a
G-level interrupt on a match condition) to the octal address of a desired
program instruction. He then activates this monitor function by typing
in an appropriate input message.

Activation of the plug-in unit will not affect normal system operation
or matching. The first time the program instruction specified on the
plug-in unit is executed, a G-level interrupt takes place. The G-level
program then enters a dump routine which produces a teletypewriter
printout of all active processor buffer bus registers. In addition, any
12 memory locations specified in the input teletypewriter message will
be dumped.

The plug-in unit is deactivated and no further dumps will be made
unless requested by the maintenance operator. System operation will
continue with no effective change of state.

5.1.10.3 Method of Performing Off-Line Repetilive Exercise. Repetitive
exercises give the maintenance operator the ability to execute any
specific program instruction(s) available in the off-line store(s) or
specified via the teletypewriter while observing the results on an oscillo-
scope or making other operational checks. The instruction(s) are
executed at a repetitive rate of approximately once every 50 milli-
seconds. An oscilloscope may be synchronized on the start pulse of the
standby processor or any signal directly related to the start pulse.

Briefly, the sequence of performing repetitive exercises is accomplished
in the following manner. The input teletypewriter message either
specifies the address of the first instruction to be exercised or the pro-
gram internally generates this start address. The same conditions apply
for the last instruction to be executed (end address). If only one in-
struction is to be executed repetitively, the start address and end ad-
dress are identical
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The end address plus four (pseudo end address) is inserted into the
match register physically located in the active processor. The matchers
are set up in the directed mode in a manner which causes the standby
processor to stop after completion of the instruction specified as the
original end address.

When entered by the J-level interrupt control program, the off-line
program starts a time-out counter in the active processor and inserts the
stored starting address into the standby processor program address
register. The match circuitry is activated to stop the standby processor
on a match of the pseudo end address. The standby processor is then
started. While the standby processor is executing the instruction(s),
the active processor continuously monitors the ‘“standby-processor-
stopped” flip-flop.

As soon as the standby processor stops, the active processor switches
buses so that it can write into both sets of stores in order that the
standby store system can be kept up-to-date during call processing.
It then returns to the main program for normal call processing. At the
next scheduled entry from the J-level control program (nominally
50-millisecond intervals), the entire procedure is repeated.

In order to defend against the standby processor’s inability to reach
the pseudo end address and stop, the active processor counts the num-
ber of cycles elapsed since the program was entered by the J-level
control program. Each time the standby processor does not stop within
a fixed period of time (approximately one millisecond), a time-out
counter is inecremented. The standby is forced to stop, and the normal
off-line routine described above is repeated at the next J-level entry.
The time-out counter is interrogated at each J-level interrupt entry
into the off-line control program. If the number of time-outs exceeds a
programmed limit of 100, the off-line-control program informs the
maintenance operator of the time-outs, clears all off-line indicators,
and restores the system to normal. A request is made to diagnose and
update the off-line store frame, and the standby processor is left out
of service.

5.1.10.4 Limiting Write Access to a Single Off-Line Store Frame. The
off-line processor is restricted to sending and receiving on a specified
off-line bus. There is also a further restriction on write operations by
the off-line processor. Write instructions are completely inhibited by the
processor unless specifically requested by the maintenance operator.
When requesting an off-line system configuration, the operator must
request write access to a specified off-line store frame.
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The store name code is placed into the off-line processor down-store
name mateh register. The off-line write access flip-flop is then set.
Normal down-store name matching in the active processor is not
affected. However, if the off-line processor attempts to write into a store,
the store name code of the store being accessed is automatically com-
pared with the store name code in the down-store name register. If
the store name codes are not identical, an E-level interrupt is generated
and the off-line testing is terminated. This defensive action is necessary
to protect against the mutilation of processing information.

The above restrictions have no effect on normal processing, since
the active processor sends on both buses during all time intervals be-
tween actual off-line program activity.

5.2 Input-Output Control Programs

The SPC system provides a number of basic input-output control
functions for the use of application systems. There are four major
input-output control functions provided by the SPC system. These
are: program tape unit read and write control; teletypewriter message
translation and control; control and display panel input control; and
POB execution for buffered control of various units. The design of these
programs embodies the flexibility needed to provide service for a wide
variety of application devices. This flexibility is achieved through the
use of structured tables and provision for application sub-programs in
appropriate areas.

The teletypewriter control program provides control and structuring
of all system output messages. It provides the necessary features for a
wide variety of output message formats. It also provides a variety of
input message translations and numerous mechanisms for passing
control and data to programs responsible for reacting to the various
input messages. The program is designed with provisions for variable

_size application message translation tables in addition to the SPC trans-
lation tables. This feature allows an SPC application system to rely on
teletypewriter control program for all teletypewriter control and mes-
sage construction.

The program tape unit control program provides three major func-
tions, viz., bootstrap recovery, system loading, and system copying for
SPC and application systems. A bootstrap program is provided to re-
load the system programs when operation has been curtailed by severe
mutilation of protected memory. There are two copies of this program
on each store bus to insure availability for system recovery. This en-
ables the bootstrap to function after almost any system failure. The
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bootstrap program can be initiated from the control and display panel
when the system is not operational by inserting a special card into the
processor to cause transfer of control to the bootstrap on a manually in-
duced A-level interrupt.

When the bootstrap program receives control, it determines a work-
able combination of master scanner, central pulse distributor and
peripheral address bus for communication between the processor and
the tape unit. It then begins the system reload by unlocking all frames
on both store buses and writing the data obtained from tape into dupli-
cated memory. The store unload logic is written in such a way as to
minimize the total size of the program. Also, the program must be
self-sufficient so that it does not depend on any parameter data to ob-
tain store or program tape unit enables. In this way, it can reload any
SPC system regardless of the degree of mutilation in other programs.
To some degree this requires a blind approach to the memory writing
operation. For example, all store frames are unlocked before each 40-bit
word is written. However, since the program must wait for the slow-
speed tape unit ( 5 inches/second), this inefficiency is acceptable and
permits an office independent design.

The program tape unit control program provides two major functions
during normal system operation: system reloading for installation of
generic program changes; and system copying to provide permanent
tape records of protected memory. The program to provide these
facilities operates in J-level and base level. The J-level entry provides
accurate timing for communication with the program tape unit. The
base level program assembles data for the J-level program. In this way,
a minimum of J-level occupancy is required.

The eraftsman can use the program tape unit program in a variety
of ways. Copies can be made of any desired sections of memory. Also,
there are automatic features to provide dumping or loading of all office
data areas and all program areas. These areas are defined by application
tables and may be easily redefined for any application.

The A-level interrupt control program provides filtering of emergency
requests made by the craftsman using the control and display. When
a system reconfiguration request is initiated from the control and display,
the control program insures that proper software status is established
for the new configuration. The program also responds to manual re-
quests for call processing recovery phases and passes control to the
system initialization and recovery programs. Additionally, there are
several minor functions provided. The primary one is reinitialization
of the teletype software to allow the craftsman to gain control of the
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teletypewriter when it is not functioning properly. In addition, for the
use of application systems, several spare keys are also provided. Modi-
fication of a table used by the A-level control program enables these
keys. :

The last input-output control program residing in the SPC generic
system is the peripheral-order-buffer execution program. Ior the SPC,
this program provides queuing of data destined for the signal distrib-
utor. In application systems, it can provide similar services for any
peripheral unit with a low data rate. In addition, the program also
provides specialized services for fast units. In this way, specified order
sequences can be executed by the program and rigidly defined timing
between events will be automatically provided by the input-output
program. For the basic SPC system, orders for the scanner and the
central pulse distributor may be initiated by the peripheral-order
execution program in any combination with signal distributor orders
and delay orders.

The SPC implementation of the peripheral-order execution program
provides a great deal of flexibility for adapting to application needs.
All order sequences in the buffer consist of a control code followed by
one or more data items. Each control code defines a unique subroutine
designed to provide a particular service. These subroutines are accessed
through a transfer vector table thus allowing any application system
to tailor the program to its needs by merely providing a special sub-
routine for each new device to be serviced.

5.3 Maintenance Administration

5.3.1 Maintenance Control

The base-level executive control program enters the maintenance
control program through the lowest priority base-level class (Class E).
At this time, maintenance control searches for requested work according
to a priority hierarchy. Deferred fault recognition work is higher than
diagnostics, which in turn are higher than exercises. In honoring new
requests, maintenance control insures that the highest priority request is
performed first. Within the broad priority categories, the search for work
requests is made by hardware unit type. These unit types are arranged
in the status tables such that maintenance for the more critical units is
performed first.

When maintenance control finds a job request, the requested client
program is started and the job is carried out on a segmented basis.
Segmenting of the maintenance program is necessary to prevent inter-
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ference with the processing of normal system tasks. Each client segment
is approximately ten milliseconds long after which maintenance control
returns control to the base level executive control. When maintenance
control is reentered in Class E, it initiates the client’s next segment.

Maintenance control administers, coordinates, and schedules main-
tenance client programs through the maintenance control register, a
common temporary scratch pad and control block. The seratch pad
area is used by the client to record test data. Since the scratch pad is
used by almost every client, maintenance control performs house-
keeping functions to avoid conflicts. Maintenance control also provides
periodic status reports on the teletypewriter regarding all units in
the system.

The maintenance alarm scan is a subprogram of maintenance control
that is entered in Class C of the base level every two seconds. It provides
periodic scheduling for maintenance control clients such as audits and
automatic exercises. It also provides general purpose timing for main-
tenance control as well as the maintenance control clients and per-
forms administrative functions such as controlling lamps on the equip-
ment frames.

5.3.2 Maintenance Interrupt Return

The Maintenance Restart and Restore Program provides a common
return mechanism for maintenance interrupts. It runs any necessary
clean-up jobs and determines where the system should be restarted.

The restart program provides several entry points for programs
returning from maintenance interrupts. Each entry provides special
functions appropriate to the returns it receives and then enters a com-
mon clean-up thread. The clean-up thread is a general purpose task
dispenser. It executes a number of subprograms that check the in-
tegrity of data structures after an interrupt. Programs that cannot
be reentered after maintenance interrupts provide abort routines to
be run by the clean-up task dispenser. For example, the peripheral
order buffer execution program provides a subprogram to insure that
it will not be reentered if a maintenance interrupt oceurs while it has
control. Similarly, all programs administered by the maintenance
control program are aborted when a maintenance interrupt occurs.
Finally, one of the subprograms tests the hardware and software inter-
rupt counts to determine if they are excessive.

The final action performed is program restart. The point of return is
established, the registers are restored if appropriate, and control is
returned to a lower level. Selection of the point and level to which the
return is made involves several factors. Certain maintenance interrupts
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or combinations of maintenance interrupts must never return to the
interrupted point. Instead, a reference point return is made. Reference
points are provided in the executive control program, and they will re-
start processing in a natural fashion. When a reference point return is
not required, execution will be reinitiated at the point and level where
the current interrupt took place. In some situations this may also be a
maintenance interrupt level. One other factor is considered in determin-
ing the restart point. If a software recovery phase has been requested
or was in progress at the time of the interrupt, control will be passed
to the beginning of the software recovery control program in the
emergency action program. A new software recovery phase will then be
initiated. After the return point has been established, the registers
are restored if a direct return is to be made, and control is passed to the
appropriate program.

The restart program provided with the SPC is easily modified for
use by any application program. The subprograms mentioned above can
be augmented to provide data structure validation and interrupt
sensitivity testing for all programs unique to a given application.

5.3.3 Emergency Action

The emergency action program provides monitoring of system
normaley and control of recovery from abnormal operation. When
the system is incapable of normal operation due to a major hardware
failure, the B-level portion of the emergency action program is entered.
This program operates in conjunction with the hardware emergency
action sequencer to provide an operational hardware configuration.
The hardware provides a series of initial processor and store bus con-
figurations, and the program tests these configurations. The processor
is tested by the processor sanity test program under control of the
emergency action program. All processor functions except peripheral
communications are tested. A failure in one of these tests activates the
hardware sequencer which will then select a new configuration. When a
working processor has been found, the central pulse distributors are
tested. A series of tests are run to verify the basic addressing and
functional mechanisms of the central pulse distributor. For each central
pulse distributor pair, the best central pulse distributor is selected as
the active unit. The final action in hardware emergency action re-
covery is selection of an operational store system. This is accomplished
through the store bootstrap program. This program makes a series of
read and write tests to select an acceptable store system. If a complete
system is not available, the hardware emergency action sequencer is
started to select another configuration.
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The second major function of the emergency action program is to
insure the sanity of the software system. This is done by a number of
tests which originate in a high-priority J-level program which is entered
every 100 milliseconds. One of the functions of this program is to
administer a hardware long timer. Failure to perform these actions will
cause an emergency action (B-level) interrupt. In addition, the pro-
gram makes several tests for software insanity of a less obvious nature,
and it initiates system overload actions. Five basic tests are performed.
The systems’ interject response is monitored to detect loops in base
level programs. The time between Class E base level visits is monitored
to determine if the system is in an overload state. J-level activity is
monitored to insure that no J-level program is in a loop. The base
level job visitation schedule is monitored to guard against various
forms of base-level processing insanity.

Hardware and software caused maintenance interrupts are also
monitored. Software-caused maintenance interrupts are considered
to be a very strong indication of mutilated data or residual program
errors. Hardware interrupts are not considered to be a conclusive
indication that the system has generated and used invalid data. There-
fore, a small number of software-caused interrupts are considered to
indicate a serious loss of normal processing, whereas the count for
hardware interrupts must be relatively high to reach the same con-
clusion. For all of the above tests, certain failure thresholds are set.
If these thresholds are exceeded, a call processing recovery phase will
be initiated.

The emergency action recovery program provides control of call
processing recovery phases. The control program initializes hardware
and makes requests for all appropriate software routines to audit and
correct the variable areas of memory. It also monitors the sanity of the
programs operating during the phase. If a phase fails to recover the
system, the control program will restart the action and run the audit
routines appropriate to the next higher phase. The recovery control
program is table-driven and has the flexibility necessary for use in
any application system. With appropriate audit routines, a complete
call processing recovery phase system can easily be developed for any
application.

VI. SUMMARY

The SPC No. 1A has been designed as an economical and reliable
central processor which can be easily applied to varied real-time control
and logical processing functions. This article has attempted to give an
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overview of the SPC hardware and software design while placing em-
phasis on the more novel features of the system. Thus, particular at-
tention has been given to certain aspects of the order structure, the
development of standard interfaces for the application systems, dupli-
cation and switching arrangements, and special program structures.
It has been assumed that the reader has some familiarity with the stored
program switching systems of the Bell Telephone System such as the
ESS No. 1 system.''** Thus, areas of similarity which have already
been well documented in connection with these systems were described
only briefly herein for completeness.

The common system design of the SPC proved to be of great value
in the adaptation of the second application system, the electronic
translator (ETS). A number of installations of both the TSPS and
ETS systems are now in service and the SPC has proven to be de-
pendable and easy to maintain.
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TSPS No. 1:

Stored Program Control No. 1A Store

By W. A. BAKER, G. A. CULP, G. W. KINDER and
F. H. MYERS

(Manuscript received July 20, 1970)

The single memory system provided in the Stored Program Control
(SPC) No. 14 is built around the piggyback twistor (PBT). Each SPC
14 store provides 770,048 bits of random-access mondestructive readout
(NDRO), electronically alterable information organized into 16,384 words.
The store has a read-cycle time of 6.3 us.

The paper describes in detail the memory medium, memory circuits,
and equipment design. A general description is given of store operations
and store diagnostic and maintenance procedures.

I. INTRODUCTION

Digital storage in the Stored Program Control (SPC) 1A is pro-
vided by the piggyback twistor (PBT) memory store. The heart of
this system is the PBT module which is composed of pairs of wires
wrapped with two magnetic tapes, one piggyback on top of the other.
The SPC 1A store has been designed around the PBT memory module.
This store meets the SPC 1A requirements of high reliability and low
cost with an operating speed that is adequate for the present SPC
1A applications. High reliability is provided by the nondestructive
readout (NDRO) characteristic of the PBT memory. The memory
element needs no regeneration after reading and is not disturbed by
power interruptions. It is alterable at electronic speeds with this fea-
ture being protected from accidental use by several independent
checks on the write process. Low cost has been achieved by high-
volume continuous fabrication of the PBT memory element.

The SPC 1A store! is used for all the memory needs in the SPC 1A.
This is in contrast to No. 1 Electronic Switching System (No. 1 ESS)
in which the memory needs were split into two groups, temporary
memory for the storage of call-related data and semipermanent
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memory for storing programs and translation data. The temporary
memory, known as the call store? uses the ferrite sheet as the basic
memory medium. The semipermanent memory is called the program
store® and uses the permanent magnet twistor (PMT).

Figure 1 shows a photograph of a SPC 1A store frame and lists
some of its important characteristics. The 47-bit word consists of 40

FEATURES

® NONDESTRUCTIVE
READOUT

® ELECTRICALLY
ALTERABLE

©16.384 WORDS
© 47 BITS / WORD

©6.3 LS READ
CYCLE

©50.4 S WRITE
CYCLE

Fig. 1—Photograph of SPC 1A Store and Table of important characteristics.
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bits of information, six Hamming cheek bits, and one parity bit. This
provides single- and double-error detection over the word and its
address as well as single-crror correction on the information. The
capacity of 16,384 words allows SPC No. 1A storage to be provided
economically for applications that require moderate amounts of pro-
gram and data.

The store read-access time is under 3.25 us with a 6.3 ps read-cycle
time. The write time for a single store is 50.4 ps, but multiple stores
in a single system permit the use of an overlap write mode in which
one store can begin a read operation before another store has com-
pleted a write. With this overlap feature, a write instruction requires
between 18.9 us and 56.7 ps.

In addition to the PBT memory modules, the store contains all the
circuitry required to operate the memory. Access circuits select the
proper memory word and apply word-line drive currents for reading
and writing. Bit drivers provide information-dependent bit current
for writing. Sense circuits amplify the memory output and make the
one or zero determination. Circuits are included to provide a com-
munication link with the processor for normal operations and main-
tenance.

Maintenance is an important consideration in the store design.
Both software and hardware facilities have been provided for detect-
ing and isolating store faults.

II. MEMORY

2.1 General

Of the few known approaches to a memory device that offered the
features of both electronic writability and nondestructive readout,
only an adaptation of the permanent magnet twistor memory—called
the Piggyback Twistor (PBT) memory*—offered the economics that
were consistent with large-capacity stores for -electronic switching

systems.

2.2 Organization

2.2.1 Capacity

The 15B PBT memory module has a capacity of 4096 words and
47 bits per word for a total of 192,512 bits. An SPC 1A store uses
four of these modules to obtain a total of 16,384 words. Since the
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PBT module is an integrated approach to magnetic memory design;
that is, 4096 memory sites on a continuous pair of wires, its manu-
facturing yield is very sensitive to isolated defects. One defective
memory site renders the entire 4096 sites on a bit line unusable.
Manufacturing yields close to 100 percent are maintained for the
PBT by assembling the module with additional capacity so that seven
spare bit lines are available to replace any bit line having one or
more sites that fail to pass the final electrical tests.

2.2.2 Physical Arrangement

Figure 2 is a photograph showing a 15B PBT memory module as a
background for a few unfolded memory planes. The inserts are en-
largements of sections of the planes. The entire memory consists of
64 of these memory planes. Each plane contains 64 words at 0.175”
spacings and a plane-to-plane spacing of 0.20 inch making the 64 X
64 array of words nearly square. The bits are spaced on 0.05” centers
along the word line. The active memory bit density is 570 bits per
cubic inch. The overall module dimensions are 15” X 15.25” X 5.75”
and the unit weighs about 27 pounds. A toroidal ferrite core per word
is included within the memory structure to perform part of the address
decoding function (insert of Fig. 2).

Each bit line consists of a pair of piggyback twistor wires which
are fabricated by wrapping two thin, flat tapes of magnetic material
spirally on a 40-gauge copper wire. Figure 3 shows a photograph of
a short section of twistor wire taken on a scanning electron micro-
scope at 500X magnification. The second magnetic tape, which is
wrapped underneath the first tape, can just barely be seen. The
double wrap suggested the name piggyback twistor.

Each wire of the bit line is continuous throughout the memory. The
4096 bits per line require only four connections, one on each end of
the pair of wires. The actual length is about 76 feet. The 108 wires
that make up the 54 bit lines (47 active and 7 spare) in the PBT
module are encapsulated in plastic before module assembly. In this
form, the bit lines can be handled easily and economically. The word
lines, which are mounted in groups of 64, are assembled as single
turn solenoids complete with their access and shuttle suppression cores.
Sixty-four word line subassemblies or “planes” are bonded to the bit
cable. Then the bit line cable is folded so that the planes lie on top
of one another. The resulting stack of 64 planes is mounted in a light-
weight metal frame.



SPC NO. 1A STORE 2513

SHUTTLE

SUPPRESSION
s T2 core )

g

~FERRITE
ACCESS CORE

ALUMINUM 1
- COOLING FIN

Fig. 2—Photograph of a 15B Memory module in the background and an un-
folded section of a module in the foreground showing the 64-word plane
assembly and the continuous bit line cable. Inserts are expanded views of the
twistor wire, access core, and shuttle suppression core.

2.2.3 Electrical Configuration

The PBT memory, like any other memory, requires drive currents
to read and write information, and contains sense lines along which it
transmits the information to the external readout circuits. Figure 4
shows a block diagram arrangement of the PBT.

The access drive currents are generated external to the memory.
They supply the excitation to an access core matrix which is part of
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B \UFcCo TAPE Mg

Fig. 3—A photomicrograph of a piggyback twistor wire. The memory, tape
(AuFeCo) is on top wrapped around a #40 AWG copper core wire. The edge
of the sense tape (4-79 Mo-Permalloy) can just barely be seen under the
memory tape.

the memory and which converts the access drive into a current on
a single memory word line. Between the access core matrix and the
word lines is a second array of cores that compensates for the fact
that the access cores are not perfect threshold devices. If the access
cores were perfect, a single X-access and a single Y-access current
would be transformed into a single word-line current. Actually, in
addition to the desired word-line current, 126 other word lines have
small currents induced in them. The shuttle suppression core array
keeps these unwanted currents small enough to be tolerable.

The 4096 word lines shown in Fig. 4 intersect the 47 active bit lines.
A current flowing in a single word line will drive all bit lines in
parallel. The bit lines are shown to consist of pairs of twistor wires,
terminated at one end by a nonreflective termination and 47 bit driver
circuits; and at the other end by a diode array and 47 sense channels.

For writing information into a memory word, an .X and Y-access
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line is energized, thereby selecting a single word line in which useful
current flows. At the same time, each bit driver generates current
around the loop formed by the two wires of the bit line and the
terminating diodes. The information written into each bit of the
selected word is a function of the associated bit current polarity. The
coincidence of the 47 bit currents and a single word line current writes
the 47 bit word.

In order to read a PBT word, the desired word is again selected by
a single X and Y-access current. This time, however, no bit current
flows. The word current switches magnetic material on one wire of

ACCESS DRIVE CURRENTS
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{72 g m— oY
CURRENTS| 2 1 : (64 XG4TCIORES)
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— ) ]
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Fig. 4 —Block diagram of a PBT memory showing connections to the external
drive and readout circuits.
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each of the 47 bit line pairs thus inducing a voltage on the bit line
which now acts as a sense line. This information—either a positive or
negative voltage—is transmitted down the sense/bit line to the external
readout circuits.

The details of how each of the major components of the PBT
contributes to the overall performance of the memory is given in the
following sections.

2.3 Theory of Operation

2.3.1 Two Material System

The memory element of the PBT is made up of two short sections of
twistor wire, a sample of which is shown in Fig. 3. The two tapes are
mechanically wrapped on the copper wire, one to perform the infor-
mation-storage function and one to sense the information. Both are
made from square loop magnetic materials; that is, their characteristic
hysteresis loops have vertical 'sides and very little slope on the top
and bottom. Such loops are typical of magnetic memory materials,
but the hysteresis loop of a PBT wire is not typical in two important
aspects. First, it is the composite of the loops of two magnetic ma-
terials having different values of coercivity and magnetization. This
produces steps in the hysteresis loop. The second difference is that
there is a significant demagnetizing field caused by the fact that only
a short length of wire is magnetized in operation. This demagnetizing
field has the effect of shearing the otherwise vertical sides of the
hysteresis loop. Figure 5 is an idealized sketch of the hysteresis loop
of a PBT wire.

Of the two tapes on the PBT wires, the outside tape stores the infar-
mation and the inside tape senses it. The information in the storage
tape is determined by the direction of magnetization. The magnetiza-
tion produces a magnetic field external to the tape that is related to
the demagnetizing field. This external field can be approximated by:

20,
Heo = £75 ;. )

7l

The sign of the external field (Hext) is determined by the direction of
magnetization of the remanent flux (¢,) and the amplitude is directly
proportional to the flux level and inversely proportional to the square
of the length (1) of the magnetized section.



SPC NO. 1A STORE 2517

aosngFl{ve BIAS ON SENSE
FLUX — MATERIAL DUE TO FIELD
ux(e@) - FROM MEMORY MATERIAL
/
- SENSE MATERIAL
j -~ HYSTERESIS LOOP

S i) Ny

|
} FLUX LEVEL ‘

| OF SENSE
MATERIAL
FLUX LEVEL )
OF MEMORY
MATERIAL l
FIELD
DISTURB INTENSITY

|
|

|

|

|

I

t THRE\SHOLD (H)
|

I

|

|

1

I

|

¥ m_ L——r——ﬂ
. \
1

2H DEMAGNETIZATION

NEGATIVE BIAS ON
SENSE MATERIAL

DUE TO FIELD FROM~
MEMORY MATERIAL IREAD PULSE

Fig. 5—The composite hysteresis loop of a PBT memory element.

2.3.2 Writing a PBT Bit

In order to write information into the PBT, a short length of
twistor wire must be definable as a bit location, and the magnetiza-
tion of the memory material along that short length must be driven
to positive or negative saturation.

The bit location is defined by the intersection between a word line
and a wire pair that makes up a bit line. The magnetization of the
memory material is driven to saturation in this region by the coinci-
dence of a word-line current and bit-line current. (Since the magnetic
material is wrapped at about a 45° angle on the copper core wire as
shown in Fig. 2, it is coupled by both bit- and word-line currents even
though these currents are orthogonal to each other.) Figure 6 shows
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Fig. 6—Write fields acting on each wire of the bit line for writing: (a) a
ONE, and (b) a ZERO.

the currents and resulting fields for writing a one or a zero. The bit
current flows in opposite directions in each wire of the pair. The
word-line current for writing flows in one direction for half of the
write time and the other direction for the other half. For the first
half of the write operation, the fields due to the bit and word current
will add at one wire and subtract at the other. During the second
half of the operation, the two fields will add at the other wire of the
pair but with the opposite polarity than the previous summation.
The result is that the magnetization of the memory material will be
driven to saturation on both wires of the pair, but one will be driven
positively and the other negatively. For writing information of the
opposite polarity, only the bit current polarity is changed, but this
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interchanges the effects on the two wires of the bit pair, reversing
the magnetization in each.

For proper writing, the currents involved must be held within
certain limits. The derivation of these limits will be discussed in Sec-
tion 2.5. Another requirement is that the timing of the currents must
be such that the bit current is maintained at its proper level during
the application of the word current. When the bit current is removed,
the bit line voltage is reversed momentarily resulting in a post-write-
disturb (PWD) current that completes the writing operation. The
purpose of this pulse is to counteract the disturbing effects of the
bit current.

To insure that the bit length is the same for both polarities of
magnetization (i.e., for both ones and zeros), the memory material
between adjacent bits must be close to zero magnetization. If it were
not, it would tend to make a bit location, of the same magnetization
direction as the interbit material, appear longer than a bit location of
the opposite magnetization. This would result in an asymmetrical
external field [equation (1)] and an asymmetrical composite loop
(Fig. 5). To avoid problems due to lack of symmetry, all bit lines are
demagnetized during memory manufacture. During memory use, no
drive fields are applied to the bit lines with amplitudes sufficient to
disturb the zero magnetization level between bit locations. Only the
individual bit locations are driven to saturation.

2.3.3 Reading a PBT Bit

The reading of stored information depends on the sense material
magnetization state being a function of the memory material state.
This is accomplished by the action of the external field [equation (1)].
The amplitude of this field is sufficient to bias the sense material
beyond its switching threshold. The polarity of this field, which is
determined by the magnetization direction of the memory material,
either permits or prevents sense material switching as a result of a
word-line current. For example, in Fig. 5, for a read pulse as shown,
the sense tape would be switched if it were under the influence of a
positive bias, and it would not switch under the influence of a nega-
tive bias. The read pulses must not exceed the disturb threshold or
else the memory material flux will be switched, thus altering the
stored information.

For the two-wire bit, information is written so that there is one and
only one wire biased to switch. The information—whether a one or
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a zero—is determined by which of the two wires is biased to switch
and, consequently, whether a positive or negative readout voltage is
induced on the bit line.

Reading, then, is accomplished by impressing a current on a word
line that had been used in the past to write the desired information
into the 47 associated bits. This current results in switching sense
material on one of the wires of the bit pair and 47 voltages—some
negative, some positive, depending on the stored information—are
induced on the bit lines and transmitted to the input of the sense
circuits. After the read current is removed from the word line, the
external field from the memory material resets the sense material
making the read operation a nondestructive one. An unlimited number
of read operations are possible on any memory word without any
intervening write operations.

2.3.4 Access Core

The access core switch is similar in operation to the access cores
used in permanent magnet twistor memories (PMT). It performs
part of the memory address decoding function by virtue of its
threshold characteristic. Each word line in the memory is coupled to
an individual access core. The cores are arranged in a 64 X 64 array.
Each column of 64 cores has a two-turn winding threading the cores,
and each row of 64 cores has another set of two-turn windings. A
single-turn bias winding threads all 4096 cores in the array. The bias
winding is energized with de to bias all the cores to saturation. In
order to select a word line for reading or writing, the row and column
windings, which thread the core associated with the proper word line,
are energized with a current pulse. The combination of these pulses
is enough to overcome the bias on that particular core, switching it
and inducing a current on the word line. The other cores on the
selected row and column are not switched because they receive only a
single pulse, which is not sufficient to overcome the core bias. This
results in a linear select mode of operation for the PBT. Using a
ferrite core as the access device, instead of the more commonly used
semiconductor diode, decreases the number of access switches from
that required for diode access, provides a current step-up to the word
line by transformer action, and also provides a bipolar word-line cur-
rent by the resetting action, thereby eliminating the need for a bipolar
current driver.

There are two major differences in the use of the access core in the
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PBT compared to its use in the PMT. The first is that the core is used
to write information into the PBT. This means that significantly
higher currents must be induced in the word line and, because of the
two-wire bit, these currents are bipolar as shown in Fig. 6. The second
difference is that the read output is sensitive to the current induced in
the word line when the access core is being reset by its bias. Unless this
current is limited properly, the timing of the output signal can change,
the read-cycle time can be affected, and the NDRO feature can be
destroyed.

In order to perform the write operation, the access core must con-
tain sufficient magnetic flux to induce currents in the range of 3.8
amperes in the word line for a duration of about 6 microseconds. As
long as the X~ and Y-access pulses are of sufficient amplitude and dura-
tion, the write pulse will be bipolar—the bias current resetting the
core will induce the opposite polarity word current. The duration
of the reset current is determined by the amount of access core flux
that had been switched by the coincidence of the X and Y pulses. If
these pulses are too short, the core flux available on reset may be
insufficient to write the second wire of the bit pair. For optimum
writing the bipolar currents on the word line should be symmetrical.

During the read operation, the opposite problem occurs. The read
is a linear select operation; i.e., all 47 bits of a word are read out in
parallel by a single current on the word line. This current is induced
by switching the access core in the same way that the write current
was induced. In this case, however, the appropriate word line current
is in the range of 1.7 amperes. Too large a current during the read
operation will approximate a write-access current. This will not write
information because of the absence of bit current but it will destroy
stored information. This effect can be prevented on the initial read
pulses by limiting the amplitude of the X and Y pulses. In order to
limit the reset current, however, the amount of core flux switched
must be limited. This is accomplished by a maximum limit on the
duration of the X and Y read pulse.

2.3.5 Transmission Line E{fects

Since each bit line has a capacity of 4096 bits, its physical length
is relatively long—approximately 76 feet. This length and the fre-
quency spectrum of the output signals from the bit locations make
the transmission line characteristics of the bit line important memory -
parameters. Of particular interest are the velocity of propagation, the
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attentuation, and the phase shift. The effect of these characteristics on
the memory output can be seen in Fig. 7. This figure shows an oscillo-
gram of two output-voltage wave forms from a PBT memory—one
from an address adjacent to the readout terminals (near end) and the
other from an address 4095 bits away from the readout terminals
(far end). The oscillogram shows the far-end signal on the right to
be lower in amplitude, longer in duration, and delayed when com-
pared with the near-end signal. The variability of the output signal
due to transmission line characteristics increases the difficulty of sig-
nal discrimination. However, because the transmission delay is a
function of address, diserimination circuits can be designed to com-
pensate for the variable delay of the memory output.

2.4 Design Details

2.4.1 Magnetic Materials

The choice of magnetic materials for the two twistor tapes that are
wrapped on the twistor wire is based on a compromise among design
parameters. The sense tape requires a relatively low switching thresh-
old so that it can be biased easily by the memory tape and also so that
it can be switched with relatively low drive currents. The total flux of
the sense tape determines the amplitude and duration of the output
signal and should therefore be as large as possible. However, total flux
is restricted by the limitation on tape cross-sectional area necessary to

2.5mV

_.i

‘b’ |<—ZOOHSEC

Fig. 7—Output waveforms showing the effect of bit position on the bit line.
The _earlier, higher amplitude signal is at the near end and the later, lower
amplitude signal is at the far end with reference to the read amplifier.
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minimize eddy currents, which tend to impede flux switching. In addi-
tion, the sense tape flux must be considerably less than the memory
tape total flux so that a sufficient bias can be developed by the memory
tape. The coercive forces of the two materials should be in the ratio
of about 15 to 1 with the memory tape being higher so that it will not
be disturbed by read currents. Minimum read cycle time and accept-
able drive current variations also require trade-offs in material char-
acteristics. The switching time produced by the read current is ex-
pressed by:

o Sy
read Hread - (HO + Hext)

where:
Treaa = time required to switch 90 percent of the tape flux

Sw = switching coefficient of the tape
H.... = read current field
H, = switching threshold of the tape

H.., = external field from memory tape [see equation (1)].

The time required for the external field from the memory tape to reset
the sense tape is:

Sw
Troser = (Hext + H:ead) - Ho (3)
Because H,q is a function of time, its polarity and amplitude in
equation (3) differ from those in equation (2). Since the total memory
read cyele is related to the sum of r,eaq and 7reset, there is an advantage
to minimizing this sum. This requires a compromise value for He:.
Equation (1) shows that the value of H.y is determined by the mem-
ory tape properties. A limitation on Hy that is not expressed in equa-
tion (1) comes from the fact that Hy affects the memory material as
a demagnetizing field; that is, it tends to reduce its magnetization to
zero. In order to assure a stable state of magnetization in the memory
material and thereby insure against a loss of information, the switch-
ing threshold of the memory tape (H,,) must be considerably larger
than Hey. That is:

H,, > H, . 4)

The value of Ho, cannot be increased without increasing the write

current amplitudes. ,
The relationships that determine the field intensities required for

proper writing are:
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Hword + Hdigit g HOm + Hext (5)
Hword - Hdigit é HOm - cht (6)
Hbit é HOm - Hext (7)

where
H_,.. = field intensity of the word line write current

Hy;, = field intensity of the bit current.

All these inequalities must be satisfied concurrently in order to have
proper memory writing. In order to minimize write currents on both
the word line and bit line, Hy,, must be minimized.

A compromise among the requirements expressed in equations (1)
through (7) coupled with a desire to maximize the amount of signal
induced by switching the sense tape, led to the selection of material
properties. A 4-79 molydenum permalloy was selected for the sense
material, Tt is processed to give a coercive force of 0.75 oersted and a
total flux of approximately 1 mV-ps. The memory material is a
4Au-12Fe-84Co alloy® with a 13 oersted coercive force and a total
flux of about 5 mV-us. Besides the fact that these two materials can
be processed to produce compatible properties, a second outstanding
characteristic of these materials is the lack of strain sensitivity. Thus,
inexpensive assembly techniques can be used in memory production.

2.4.2 Ferrite Cores

Kach word line in the PBT memory threads two ferrite cores—an
access core and a shuttle suppression core. (See the inserts of Fig. 2.)
The access core uses a square-loop material so that it acts as an
address decoder. The core has low loss so that it is an efficient current
transformer, and has sufficient flux to sustain the high write currents
for a sufficient duration. The core that was selected was a Cadmium
ferrite with a nominal eross section of 0.023 em? and a mean diameter
of 0.314 cm. This produces a loss of 0.3 ampere-turn and a total flux
greater than 900 mV-ps.

By itself, the access core is acceptable for driving the selected word
address—its flux is sufficient and its loss is low enough. However, it
is not an adequate decoder because it produces a shuttle current when
it is one of the 63 cores on a selected row or column that receives a
single pulse. Outputs induced by 126 of these currents can obscure
the output from the selected core. To remedy this situation, the addi-
tional shuttle suppression core is used. This core adds a large induc-
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tance in series with the word line impedance, thereby reducing the
word line current induced by a half-selected core. (See Fig. 8a.) In
order that the fully-selected word line current is not reduced by the
inductance of the shuttle suppression core, this core is designed to
saturate whenever the word line current approaches a full select
current. (See Fig. 8b.) The added nonlinear inductance minimizes
noise currents without seriously affecting drive currents. To do this,
the core is made from a linear ferrite with a total flux of 100 mV-ps
and an ID of 0.038 inch.

2.4.3 Plastics and Adhesives

The low assembly cost of the PBT memory is due in large measure
to the generous use of plastics and adhesives. The 108 twistor wires

FfTUT ‘HLE 3

ISUPPRESSION CORE

WITH SHUTTLE
ESSON CORE

—

Fig. 8—Word line current waveforms showing: (a) Current on a half-selected
word line with and without a shuttle suppression core. (b) Current on a fully-
selected word line with and without a shuttle suppression core.
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which form the bit line cable are economically assembled into the
memory by first encapsulating them in a polyester sandwich. Each
side of the sandwich is made up of a 1-1/2 mil polyester film coated
on one side with 2-1/2 mils of polyester adhesive. The adhesive sides
of the two films are brought together with the wires between them and
bonded under heat.

The materials and process for this assembly had to be designed to
produce a structure that has long-term stability under operating
conditions that could include short-term temperatures as high as
180°F within the memory. The use of preshrunk film and high tem-
perature adhesive, rigid control of encapsulating temperatures, and
film tensions offer the solution. The success of this assembly technique
is greatly enhanced by the use of strain insensitive magnetic tapes on
the twistor wire.

A similar encapsulating process is used to assemble word lines in
groups of 32. A single film is used in this case. One side of the flat
copper word lines is embedded in the adhesive. Long lengths of word
line cable are produced and cut into short lengths to make the word
line loop. Two of these 32 word line subassemblies are required per
memory plane.

A specially developed pressure sensitive adhesive is used to bond the
plastic encapsulated bit line cable to the word line subassemblies.
Experience showed that using only a pressure-sensitive adhesive for
this bond would not result in a uniform and stable spacing between the
word line and bit line and this dimension critically affects the trans-
mission line properties of the bit line. In order to stabilize this dimen-
sion, a 1/2 mil plastic film coated on both sides with pressure-sensitive
adhesive is used. The film adequately stabilizes the spacing between
the word lines and bit lines. A cross section of the word line and bit
line cable assembly is shown in Fig. 9.

- POLYESTER ADHESIVE

MYLAR —FIL 7 “«”
TFikM <\\\\* oo HHHHHI -« —> PRESSURE SENSITIVE
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T } BIT LINE ENCAPSULATED
A ASSEMBLY
CRITICAL DIMENSION {m

FILM FOR DIMENSIONAL
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Fig. 9—Cross section of a bit line and word line assembly.
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2.5 Operating Characteristics

2.5.1 Drive Variations

Since selection of the magnetic material properties determines the
operating currents, any practical design must assume operation over
some variation in drive currents. The PBT is designed for access drive
current variations (X-axis, Y-axis and bias) of =2 percent. These
currents determine word line current according to the equation:

Z—word = 2(Iz + Iu) - Ibias - Iloss (8)

where I,,,, is a loss term due to the energy required to switch the
access core. A study of equation (8) will show that the 2 percent variation
in access currents amounts to a considerably larger variation in word
line current. Table I summarizes the drive variations throughout
which the PBT memory cell must operate.

2.5.2 Output Signal

The output signal from the PBT is bipolar. The polarity is related
to the polarity of bit current that was used to write the information.
The output amplitude ranges from a minimum peak of 3.5 mV to a
maximum of over 10 mV depending on the drive levels, information
stored, operating history, etc. The width of the output signal at the
0.5 mV level can have a duration of about 900 ns but this duration is
decreased and its timing is varied by the operating conditions. Figure
10 shows the effects of some of the operating variables on the output
signals. Figure 10a is a photograph of 64 ONE outputs from a single

TABLE I—DRIVE VARIATIONS

Maximum Minimum Variation
(amps) (amps) (%)
Bias
Tvias 3.98 3.82 2.0
Read Access
= 1.48 1.42 2.0
I, 1.48 1.42 2.0
IWO!‘d 18 14: 12.5
Write Access
I, 2.04 1.96 2.0
1, 2.04 1.96 2.0
Iword 4:04 3.56 7.7
Taigit 0.15 0.21 16.6
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Tig. 10—ONE outputs from a PBT: (a) 64 outputs from a middle plane with
noise canceling pattern and no read pulse amplitude variation. (b) 128 outputs
from near end and far end planes with maximum noise pattern and extreme
read pulse amplitude variations.

memory plane. Since the outputs are from the same plane, there is
very little variation due to transmission line effects. All the bits are
read with a constant amplitude read pulse and a minimum noise
information pattern has been stored in the rest of the bit line. By
contrast, Figure 10b shows 128 ONE outputs—64 from a near end
plane and 64 from a far end plane. The bits are read with both
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extremes of read pulse amplitude and the information pattern ends
to maximize the negatively going noise output. A comparison of the
two photographs shows how the area between the bundle of output
traces and the zero line decreases as the number of operating variables
is increased.

2.5.3 Transmission Delay

The average transmission delay of an output signal at room tem-
perature is about 10.6 ns per memory plane. This varies about =6
percent with information content. A bit line having all ONES or all
ZEROS stored will have a total delay of about 640 ns. That same bit
line with alternating ONES and ZEROS on adjacent bits will have a
total delay of about 720 ns. This change in delay is due to the fact
that bit line inductance is related to the information content of the
bit line.

2.5.4 Temperature Effects

Magnetic metals with Curie temperatures of 700°C to 800°C, well
in excess of any practical operating temperature, from the basic
memory element in the PBT memory and, therefore, the character-
istics of the memory cell show no temperature effects. However, both
access and shuttle suppression cores do show temperature effects. The
transmission line characteristics of the bit lines change slightly due
to temperature because of the conductivity changes in the copper
core wire and the dimensional variations in the plastics. All these
changes are small. The only temperature effect that is important
enough to require compensation is the output signal delay. As the
temperature increases, the output is generated earlier in time because
- of the changing characteristics of the ferrite access core. This change
is nominally 1.0 ns per °C.

2.6 Worst-Case Testing

In a memory that has as many operating variables as the PBT, an
extensive test sequence is needed to guarantee all the requirements
implied by random access, electronic writability and nondestructive
readout performance. This is accomplished by a sophisticated test
machine that uses a small digital computer for address and function
control, and pulse measuring and recording equipment for data dis-
play. The test sequence is a combination of worst-case information
patterns, including history effects, and extreme values of drive cur-
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rents. Testing at temperature extremes is performed on a sample
basis. Outputs under all these variations are tested for proper polarity,
amplitude, and duration. The output noise level prior to the signal
interval is also tested as an additional check on memory quality.
Figure 11 shows a block diagram of the PBT test facility.

III. ACCESS

3.1 General

The access system must provide the regulated read or write current
drive pulses to the PBT modules. It also provides the regulated DC
bias for the biased core access matrix. The access method and many
of the circuit designs are similar to those used in the permanent
magnet twistor® program store of ESS No. 1. Circuits were modified
wherever necessary to accommodate the higher current levels and the
different timing of the PBT module.

3.2 Operation

Each PBT module has 64 X- and 64 Y-access lines. Four PBT
modules are arranged in a two-by-two matrix with X or Y lines from
adjacent modules connected in series as shown in Fig. 12. The result is
a 128 by 128 array of access wires. To select a desired word, a current
is applied to the proper X and Y wire.

Figure 13 shows the general arrangement of the access system for
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Fig. 11—PBT test facility block diagram.
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Fig. 12—Module access arrangement.

one axis (X or Y). This arrangement is duplicated for the other axis.
One bias current regulator, which is not shown, is provided for the
whole store. The 128 wires are arranged in an 8 by 16 array. The
particular access wire is then chosen by selecting one out of eight
lower access switches and one out of sixteen upper access switches.
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Fig. 13—Access system for one axis.
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Three bits of the address are used on each axis for lower switch selec-
tion and four bits for upper switch selection.

The regulated read and write currents normally flow to ground
through their associated A switch. When the module is to be accessed,
the address information is used to first turn on the access matrix
switches associated with the selected address. After allowing sufficient
time for the matrix switches to operate, the desired (read or write) A
switech is pulsed open, forcing the current to flow through the asso-
ciated steering diode, the access matrix switches, and the B switch
to ground.

The A limiter clamps a constant voltage across the access system
during access rise time. This forces a current ramp through the pri-
marily inductive access matrix. The access current waveform is shown
in Fig. 13. When the current reaches the flat top level, the A limiter
ceases conduction.

One microsecond later, the A switch is closed and the B switch is
opened. This initiates the fall time interval. The B limiter clamps the
matrix voltage to set the fall time. After the matrix current reaches
zero, the B switch is closed and the access matrix switches are opened.

3.3 Current Regulalors

The active series current regulators represent a major departure
from the switching mode regulators used for the PMT. Figure 14 shows
a partial schematic of the regulator.

The circuit functions by comparing the drop across R1 to a regu-

L
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,“ADJUST
#
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Qs Rz
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TP, Ry
-48

Fig. 14—Access current regulator.
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lated voltage and adjusting the drive to the Darlington configuration
of transistors @i, Q., and Qs to maintain the voltage equal to the
reference. The reference is an aged zener diode (CR1) driven by a
constant current source. The “output adjust” potentiometer provides
some adjustment range to compensate for initial tolerance on CR1
and R1, and offset in the differential amplifier. The reference resistor
(R1) is a precision power resistor chosen for good initial tolerance and
tight load-life tolerance.

The differential amplifier is a matehed transistor pair, with a con-
stant current load. The series regulator uses a triple Darlington circuit
to minimize base drive effect on output current. Both @> and Qs are
mounted on heat sinks to accommodate the high power dissipation.
Resistor R2 shunting the series transistor provides most of the output
current, thus lowering dissipation in the series transistor.

The regulator loop is stabilized by a single capacitor across the
differential amplifier. Test points TP1 and TP2 are provided to allow
a field check of the regulating voltage (nominally 6.00 volts). The
inductor (L) absorbs the module back voltage during access current
pulsing, or, on the bias regulator, provides the high bias source im-
pedance needed by the access matrix.

This same design is used for the read, write, and bias regulators,
with only the values of R1 and R2 changed to provide the currents
shown in Table 1.

The flat top regulation is determined primarily by the regulation
of X, Y, and bias regulators. End-of-life regulation is 42 percent in
each case. Regulation is primarily controlled by the current sensing
resistor in the regulator (R1 in Fig. 14). Measured short term regula-
tion with power supply (42.7 to 52.5 volts) and ambient temperature
(2 to 50°C) variation is less than =+0.35 percent. The =2 percent
tolerance of the individual regulators is magnified by the access matrix,
resulting in a 412.5 percent solenoid drive variation which meets
the PBT memory module requirement. :

IV. READ

4.1 General Organization

In the module arrangement shown in Fig. 12, whenever a given
module is accessed, the half-access current of either X or Y access
alone flows through two other modules. Although shuttle suppression
cores are used, the shuttle noise during readout.is. still .significant.
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The module which is diagonal to the selected module however, receives
no half-access currents, and so has a quiet bit line. Therefore, the bit
lines of modules 0 and 3 are connected in parallel, and those of
modules 1 and 2 are connected in parallel. This always places the
outputs of a quiet module and a fully-accessed module in parallel.
The paralleling has the undesired effect of reducing the readout signal
amplitude by a factor of two, but it does require only one-half
as many readout preamplifiers, as well as simplifying preamplifier

selection.

% MODULE ©

% MODULE 3

|

%[ MODULE 1

PREAMPLIFIER

%: MODULE 2

]

DISCRIMINATOR

ADDRESS 1= -
L Js ] ENABLE A
——{ ENABLE FLIP-
— GENER- FLOP
ATOR L
ENABLE B
[ | -
FROM READ RESET H
"A'SWITCH ADDRESS
ADDRESS — 1 ke
— STROBE
X—| GENERATOR
Y—b
BIAS =

=

—————

Fig. 15—Readout system.
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Fig. 16—Relative readout system timing.

Figure 15 shows the block diagram of the readout system. The out-
puts of the two preamplifiers, A and B, are fed to the zero-crossing
discriminator, where selection is made by using two separate enable
signals, controlled by X and Y address bits. The enable signal is
started when current through the access A switch is interrupted (at
about 10 percent of access drive). The enable generator then intro-
duces both a fixed and an address-dependent delay before generating
its enable pulse to set the read enable flip-flop. This flip-flop is reset
after strobing of the information into the data register.

The signal from the zero-crossing detector in the discriminator is
gated to the data register by the strobe pulse. Since the strobe timing
is more critical to proper operation of the readout system, it is gen-
erated with greater relative timing accuracy. This is accomplished
by starting the strobe reference timing from a fixed point on the read
access overdrive. The proper timing is derived by using X, ¥, and bias
currents from the access system and triggering the delay start with
the optimum 1.0 ampere-turn overdrive point. The strobe generator
then produces its fixed and address-dependent delays and generates
the 150 ns strobe pulse. This is then amplified and fed to the dis-
criminators. The relative timing of these signals is shown in Fig. 16.

4.2 Preamplifier

The readout amplifier raises the output of the PBT modules to a
level of 500 mv sufficient for gating and polarity detection in the
discriminator. It is a two-stage direct coupled amplifier with a mini-
mum gain of 2000 and 6 dB response points at approximately 150
KHz and 1.5 MHz. The low frequency cut off is necessary to insure
fast amplifier recovery after a write current pulse. In addition, a
resistor diode network is used at the input to limit the overload the
amplifier sees during the write process.



2536 THE BELL SYSTEM TECHNICAL JOURNAL, DECEMBER 1970

4.3 Discriminator

The discriminator circuit provides selection of either the A or the B
preamplifier and polarity detection of the selected signal. The output
for a ONE signal is a low-going logic pulse used to set the associated
data register flip-flop.

Figure 17 shows a partial schematic of the discriminator. The inputs
from both preamplifiers are AC coupled to diode bridge clamp circuits.
The clamp circuits provide a low impedance ground for the pre-
amplifier signals until one side is unclamped by the enable pulse,
which back biases the clamping diodes in that particular bridge.
Resistors R1, 2, 3, and 4 form a resistive adder to couple the enabled
signal into the differential detector @1 and Q2. The output of Q2 is
coupled through zener diode CR1 into the output gate, and ANDED
with the strobe to produce the data output.

+24 +19
—\\N—+24
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) 4
ENABLEA - CR,
. 14 14
1
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It ,\?\}\/ /I7
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Fig. 17—Readout discriminator.
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Fig. 18—Strobe generator.

The differential amplifier is greatly overdriven by the amplified
output to provide zero-crossing detection. Capacitors C1 and C2 pro-
vide low-pass filter action before the differential detector. This effec-
tively lengthens the readout signal, giving a larger operating window.
Two discriminators are provided on a single circuit board, with the
enable bridges being shared by both circuits.

4.4 Strobe Generation

The strobe generator and associated fanout amplifier chain must
generate the address and temperature dependent strobe pulse and
deliver this pulse to the 47 readout discriminators. Figure 18 shows a
block diagram of the strobe generator circuit pack.

The overdrive sensing core is selected from PBT access matrix
cores and threaded with the X, ¥, and bias current leads. The turns
are arranged so that it produces an output pulse at the 1.0 ampere-turn
overdrive point. Using an access matrix core provides first-order
temperature compensation for the output signal delay temperature
effect described in Section 2.5.4.

The five address bits, which partially determine the plane to be
accessed, are used as inputs to the digital-analog converter. The
analog output then is proportional to the distance along the twistor
tape from the readout amplifier, and thus proportional to the expected
time the output will occur.

The pulse from the overdrive sensing core is used to start a ramp
generator, The ramp generator output is then compared to the output
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of the digital-analog converter, and the comparator output used to
initiate the strobe pulse.

Adjustments are provided on the strobe generator board to set both
the initial (address independent) and the end-to-end (address depen-
dent) values of the delay. These are factory adjusted to compensate
for component variations on the strobe board itself.

4.5 Enable Generation

The enable pulses for the discriminators are generated in much
the same way as the strobe pulses. The accuracy of positioning is less
critical, however, so the parameters are not as tightly controlled. The
address tracking is accomplished in the same manner as for the
strobe. The pulse must be considerably earlier than the strobe, how-
ever, so the start of the ramp is initiated by a pulse from the “4”
access switch when it turns off. Starting it from overdrive would not
allow it to be early enough for optimum positioning. The enable over-
laps the strobe, so the pulse from the enable generator is used to set a
flip-flop which is reset after the strobe interval. The flip-flop output
is then used to drive high power logic gates for fanout to the discrimi-
nators.

4.6 Performance

Readout system performance has been excellent. The store operating
margins are sufficiently large that once the strobe is adjusted the
error rate is zero over all operating conditions. No failures have been
encountered due to drift.

V. WRITE

5.1 General Organization

Figure 19 shows the circuits for writing one bit line in each module.
Forty-seven of these circuits are provided in each store. The four
modules are effectively connected in parallel during a write current
pulse, and are isolated by the reverse biased diodes at other times.
The writing of four modules in parallel is dictated by economics, and
is the limiting factor on bit current regulation. The readout pre-
amplifiers are connected across the near ends of two modules in par-
allel, and the far ends of all modules have resistive terminators (RT).
The write current driver provides the bidirectional current switching
and the current regulation.
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Fig. 19—Module bit interconnections.

5.2 Bit Current Driver

L

SEEMS WELL

Figure 20 shows a simplified schematic of the bit current driver.
To write a ONE, a positive write current must be followed by a nega-
tive post-write-disturb. For a ZERO, both currents must be reversed.
The logic to accomplish this is done by the AND and NOR gates
shown. The WP (write positive) and WN (write negative) pulses
correspond to the “write” and “post-write-disturb” pulses for modules
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Fig. 20—Bit current driver.

0 and 1. Since modules 2 and 3 are connected in reverse to the readout
amplifiers, the WP and WN functions are interchanged by logic pre-
ceding the bit current drivers during writing in these two modules.

The NOR gate outputs drive either the A or B transformers to
generate drive for the proper two bridge transistors.

The current regulator is composed of the Darlington pair of Q1
and @2, CR1, R1, and R2. The dissipation in Q1 is kept low by
bypassing most of the current around @1 by R1. One bit current driver
is provided on a single circuit pack.

The voltage seems well (VSW) test point is monitored during the
bit current pulse to check for shorted bridge transistors. If a bridge
transistor is shorted, the VSW point will rise almost to ground, causing
an ASW failure to be sent to the processor.

During the post-write-disturb interval, the current limiter is satu-
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rated due to the high load inductance. At this time modules are driven
by the —48 volt supply. To maintain the necessary volt-microsecond
control, the length of the post-write-disturb is varied according to the
potential of the —48 volt supply. The pulse generator circuit is
designed to keep the volt microsecond area constant with supply
voltage changes from —42 to —53 volts.

VI. READ-WRITE TESTS

The object of the read-write tests is to establish all the worst case
operating conditions in the frame and then evaluate the read-write
margins.

The variables that must be controlled to establish worst case read-
write operating conditions are those which affect the module operation
and are listed in Section II of this article. To carry out worst case test-
ing required a facility utilizing a computer-controlled test set.® This
facility is shown in Fig. 21. The computer uses a complicated al-
gorithm to establish the testing sequence which is then applied to the
store. The variables under computer control are listed in Table IIL
Since this facility is very flexible many testing sequences have been
checked that were suspected of being worst case thus evolving a very
comprehensive test. .

To measure the read-write margins, the readout strobe timing is
varied while store outputs are checked against expected outputs.
There are two timing adjustments on the strobe board; initial (INI)
and end-to-end (E-E) delay. The range of these two adjustments for
correct outputs is a measure of the store frame operating margins.

For read-write tests, both strobe adjustments are put under com-
puter control and each can be set to one of 32 possible values. The
CCSTEVA (computer-controlled store evaluation) program determines
the strobe settings at which the store will pass all tests at all addresses.
It then produces a plot of failing and passing settings with the E-E

TaBLE II—CoMpUTER CONTROLLED STORE VARIABLES
Variable

Read-Write Program
Strobe Timing

Enable Timing

Access Drives

Bit Drives

Frame Supply Voltage
Post-Write-Disturb
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values as the abeissa and the INT values as the ordinate. Such plots are
known as “strobe windows” and one is shown in Fig. 22. It was taken
on a store at room temperature with all drive currents held at nominal.
The read-write program was worst case and took about 120 minutes to
run. Also shown is the production test requirement.

The computer-controlled test set has been used extensively in the
development of the PBT store. It is also being used for production
testing. Field experience has shown that a store whose strobe board is
adjusted optimally with respect to the strobe window will operate
without errors as long as there are no circuit faults.
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TaBLE IIT—PBT StorE COMMUNICATION LINKS

Unit Type Signal Wire Pairs Description
Input From Unipolar 71 Data Duplicated address
Processor 0.5 ps Pulses 5 SYNC bus from the processor.

1 Write Go Each bus is shared by
half of the stores in
the system.

Output to Unipolar 47 Data Duplicated answer bus
Processor 0.5 ps Pulses 2 ASW to the processors.

1 SYNC Each bus is shared by
half of the stores in
the system.

Input From Bipolar 2 Dedicated leads to
Central Pulse 0.5 us Pulses control the trouble
Distributor and protected area
flip-flops.
Input From DC 2 Dedicated leads to
Master Control control the trouble
Center flip-flops.
Output to DC 2 Dedicated leads to
Master Control indicate the state of
Center the trouble flip-flop
and the power relay.
Input From DC 8 Dedicated leads to
Signal control the several
Distributor scan relays and the
out-of-service lamp.
Qutput to DC 56 48 scan leads shared
Scanner by all stores and 8
dedicated scan leads.

VII. COMMUNICATIONS

The major communication links between the processor and the PBT
store are the address and answer buses. The signals on these buses are
0.5 ps pulses for binary ONES and no pulses for ZEROS. The address
bus carries the address, control, and data information from the
processor to the stores and the answer bus carries data back to the
processor. The bus systems and stores are completely duplicated
with each store having access to only one bus system but with each
processor having access to both bus systems. All store inputs and out-
puts are listed in Table III.

VIII. STORE OPERATIONS

Store operations are divided into normal and maintenance. There
are three normal operations, normal read, normal write, and inactive.
When the store is faulty or suspected of being faulty, various main-
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tenance operations are possible. Three of these, the bus-register test
(BRT), control read, and control write operations are powerful tools
that use the full address and answer bus facilities of the store. If neces-
sary, all bus communications with a given store can be stopped by
setting a flip-flop in that store. This can be used to silence a store
which is signaling on the answer bus when it should be quiet. When
this flip-flop, which is called TBL (trouble) is set, DC measurements
can be made on the store by the scanner. The TBL state can be modi-
fied by setting the PORT (partial override of trouble) flip-flop to al-
low the store to receive address bus inputs and execute instructions
but not respond. This state is used in the store update operations after
a store has been out of service.

Figures 23, 24, and 25 illustrate the major circuits that are used for
store operations. On all bus operations, the 24 bits specifying the store
name, operation, and address are gated to the proper registers in all
stores by the SYNC pulses. If the transmitted name matches the name
that is wired in the decoder, the store goes active. If not, the store
executes an inactive operation. »

During each bus-controlled operation the ASW (all-seems-well)
circuit gathers data on the operation of critical store circuits. If they
all give indication of functioning properly, it then sends an ASW sig-
nal to the processor. If the signal is not returned, the processor retries
the command. If it fails again, the processor forces a transfer to the
maintenance programs.

8.1 Normal Operations
Figure 23 shows the major information flow for the normal read,
normal write, and inactive operations.

8.1.1 Normal Read

On a normal read, the addressed location is interrogated and the
resulting 47 bits are passed to the data register and then to the proces-
sor. The data is gated out sometime between 3.1 microseconds and 3.8
microseconds after receipt of the read command from the processor.

8.1.2 Normal Wrile

The normal write operation consists of a store read (called preread)
and store write. The preread operation is a normal read with the ex-
ception that the name, operation, and address registers are not reset
at the end of the cycle. This serves two funetions: Often, only part of
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Fig. 23—Information flow for normal operations.

a word is to be modified and the preread is necessary to obtain the
other bits that will not be changed since all bits must be written
simultaneously.

The other preread function is that it provides a fail safe protection
of the processor to store address path. The processor makes a Ham-
ming check of the data and address of the preread cyecle. If this check
is passed, then the proper address has been locked into the store. Now
the processor sends the 47 bits of data for the write operation which
are received by the store and are held in the data register. The store
writes this data at the location just read. Thus a check has been made
on the whole address path from the processor to the store assuring
that the correct location is written. In addition, a “write go” pulse
from the processor is required during the write cycle by the store.
This pulse initiates write access. The absence of this pulse causes the
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cycle to abort and fail to send an ASW signal. The store is ready for
another cyecle 50.4 us after the start of the preread cycle.

The PBT store has a protected area feature that prevents programs
from writing into certain preselected areas. The protected area is
specified by permanent wiring in the decoder. There are seventeen pos-
sible protection options; no protection, 34 protected, 15 protected,
ete., to all protected. All areas protected are continuous and start at
address 2. Addresses 0 and 1 are always unprotected for maintenance
purposes. If a write is attemped into protected area, it is recognized
by the decoder on the preread operation and the store fails to go ac-
tive. Since an inactive store does not respond, the processor detects an
ASW failure and calls maintenance programs.

All program and translation data are located in protected areas of
the store so that they will not be destroyed by programs that attempt
to write in the improper area. Since maintenance programs are called
by these attempts, many program bugs can be uncovered by analyzing
attempts to write in protected area.

8.1.3 Inactive

All stores receive and register the full information for each opera-
tion. Only the store that recognizes its name will go active. The other
stores perform a simple sequence. The most important part of this
sequence is resetting all registers and verifying the reset with the all-
seems-well circuits. Thus, if during a period of inactivity, a transient
sets a register in a store, the register will be reset on the next opera-
tion in any store.

As was noted above, a write cycle takes 50.4 ps. Much of this time
is spent applying bit current and then waiting for the read circuits to
recover. The processor has completed its write cycle after two cycles
(12.6 ps) and is ready to read again. Therefore, all inactive cycles are
6.3 ps long and if the next operation after a write is in a store that is
different from that just written, it will commence two cycles after the
write began. This write overlap feature allows a write instruction to
consume between three and nine system cycles (one cycle is added to
read the write command).

8.2 Maintenance Operations

Store maintenance operations are used both for store fault recogni-
tion programs and store diagnostics. The store fault recognition pro-
grams, using these operations, run a very brief set of tests on a suspect
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store and determine whether the store should be diagnosed or remain
in service. The store diagnostics, using these operations, run a lengthy
sequence of tests which will resolve a majority of the faults to a small
number of cireuit packs.

The communication bus is used to execute the bus-register test
(BRT), control read and write operations, and to set up the trouble
mode. These are all 6.3 ps operations. The signal distributor is used
to set up the scan mode. Scanning proceeds at relay speeds.

8.2.1 BRT (Bus-Register Test)

The BRT operation is used for verifying the proper operation of
registers, sequencers, and bus communications. The information flow
for this operation is shown in Fig. 24. In this operation the six-bit
name and the 14-bit address are formed into a 20-bit data word,
double-gated into the data register and outpulsed to the processor. The
Hamming bits cannot be checked by this method, but if this test

passes, the diagnostic program can proceed. The Hamming bits will be
checked in a later test.
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Fig. 24—Information flow for BRT operation.
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Fig. 25—Information flow for control operations.

8.2.2 Conirol Read

The control read operation is used by the maintenance programs
to determine the state of a group of store circuits. Figure 25 shows the
information paths for this operation. At one of three times in the cycle
the states of a group of ten flip-flops are gated into the SNAP register.
This register holds the data until it is time to send it on to the proces-
sor. Any one of eight groups of ten flip-flops may be specified. These
80 flip-flops comprise most of the control and maintenance flip-flops

in the store.

8.2.3 Conirol Write

The control write operation is used to set the state of important
store circuits. Figure 25 shows the information paths for this opera-
tion. One of six groups of twenty flip-flop gates can be pulsed in a
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control write operation. After these points have been written, their
states are gated into the snap register and can be read on a subsequent
control read to verify the control write operation.

8.2.4 Delayed Snap

The delayed snap operation makes it possible to get a control read-
ing on a normal operation by using both a control write and a control
read. This is important for maintenance since many store functions
are inhibited during maintenance operations.

To make a delayed snap requires a control write of the snap flip-
flops to establish on which of the next seven operations the control
reading is to be taken. On the specified operation, at the specified point
in the cycle, the states of the selected group of ten flip-flops is gated
into the SNAP register. A subsequent control read brings this informa-
tion to the processor.

8.2.5 Scan Mode

The scan operation provides DC information about various circuits
in the store. In this mode relays are operated to connect a 1.3 KQ
ferrod scan point in the scanner into the desired store circuit. The scan-
ner is interrogated by the processor under program control and returns
a ZERO if more than 3.9 mA flows and a ONE if less than 1.8 mA
flows. This mode is used to test the output of the voltage regulators,
the fanout diode in the timing cireuits, the states of many flip-flops,
and the state of the store power relays.

IX. MAINTENANCE

Every store fault must be repaired as rapidly as possible. Figure 26
shows the process used to repair stores. The next sections describe the
three techniques used to identify the fault.

9.1 Diagnostic Program

All attempts to repair stores begin by running the diagnostic pro-
gram which usually generates a trouble number. The diagnostic pro-
gram usually is called automatically because of either massive opera-
tion failures, the failure of a scheduled exercise, or a fuse alarm.

Occasionally a fault will occur that causes a very low number of
store operation failures (typically less than 30 in any 30 second inter-
val). If these persist, the maintenance man will begin his diagnosis by
calling the diagnostic program.
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Fig. 26—PBT store maintenance process.

If the diagnostic program produces a trouble number, the mainte-
nance man looks up the trouble number in the trouble locating manual
(TLM). He usually finds the number listed and along with it is a list
of circuit packs whose failure result in that number. He replaces these
packs, one at a time, until the store operates properly.

Studies have shown that about two-thirds of the store faults will
result in a trouble number that can be found in the TLM. Studies
of the TLM show that 65 percent of these matches will identify three
or less circuit packs. However, 10 percent identify more than nine
circuit packs and may require manual methods to resolve the fault.

The remaining third will result in no trouble number or a random
trouble number due to marginal fault conditions. In these situations
manual diagnosis must be used. To date the manual diagnostic tools
have proved satisfactory. As a matter of fact, several very subtle faults
have been found readily and rapidly using these tools.

9.2 Manual Maintenance Using Software Tools

If a trouble number is not listed in the TLM, the maintenance man
can request the diagnostic program to print out all the raw data on
which the trouble number is based. This data shows exactly which
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store tests failed. By analyzing the raw data he can determine areas
of the store which should be checked for failure.

It may be necessary for him to cause the store to sequence to isolate
the problem. To this end a set of “off-line” programs are provided that
will allow him to sequence the store repetitively through as many as
twenty operations. He can then use an oscilloscope to dynamically
view the suspected store areas.

If the fault is a transient operational failure and the store passes
the diagnostic program, it is necessary to recreate the conditions that
exist when this failure occurs. To do this, programs and hardware are
provided that will enable the maintenance man to pinpoint what pro-
gram steps were being executed at the time of failure. He can then
use the off-line program to set up this condition and to trace the fault.

9.3 Manual Maintenance Using Hardware Tools

When software approaches have failed to locate a store fault and
the problem appears to be in the read-write circuits, it is necessary
to resort to manual testing. Several pieces of equipment have been
provided in each TSPS office for manual maintenance: the SPC store
test set, the digital strobe set and the PBT demagnetizer set. When
this equipment is used, the store is taken completely off-line and is
manually disabled from communicating with the rest of the system.

The SPC store test set connects to the store via a special test con-
nector. It gains direct access to the sequencer, decoder, read, write, ac-
cess, and ASW circuits. It has facilities for sequencing several severe
but not worst case read-write programs through every address in the
store. On every read operation it checks the data read out and will in-
dicate errors. Most marginal read-write or ASW faults are easily lo-
cated with this test set.

The digital strobe set is used with the store test set for marginal
checks on the store. By varying the strobe settings while the test set
is running test patterns, a check may be made on the strobe window
(see Section VI and Fig. 22). Figure 27 shows the test set and strobe
set connected to a store.

If a portion or all of a bit wire is bad, there is a possibility that the
memory material in the interbit regions has become magnetized due
to eireuit pack malfunction. To remedy this, the PBT demagnetiza-
tion set is connected to the bit wire and operated. A decaying 60 Hz
sine wave is applied to the bit wire which leaves it completely demag-
netized,
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Tig. 27—PBT store test set and digital strobe set connected to a store.

X. PHYSICAL DESIGN

10.1 Frame Description

The store physical design uses No. 1 ESS style frameworks and
packaging techniques’ wherever possible. The store physical design
problem can be stated by four general requirements:

(7) Package the store circuitry within a single 7-foot high double-

bay framework.

(#7) Separate circuit functions to eliminate noise interference that
would cause erroneous circuit operations.

(#7) Locate circuit functions to minimize interconnecting lead
lengths.

(iv) Provide adequate thermal dissipation for high wattage com-
ponents and isolate them from temperature sensitive circuitry.

The store, shown in Fig. 1, consists of one double-bay framework
that contains four piggyback twistor (PBT) modules; access, read,
and write circuits; and other related circuitry. The location of the
major circuits is shown in Fig. 28. ESS No. 1 type circuit packs are
used to package the majority of the store circuitry. Over 600 of these
boards, representing 58 different codes, are required.
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Fig. 28—SPC No. 1A store showing the location of the major circuits.

The requirement to package the store circuits within a single double-
bay framework requires that the PBT modules be mounted within 34
inches of bay space. This objective is accomplished with a back-to-
back mounting of the four modules, which also shortens interconnect-
ing cable lengths. Of particular importance was the need to separate
the access circuit, which produces 2.0 ampere pulses, from the logic,
register and read circuitry. To this end, bay 1 contains the high level
access and power distribution circuits along with the four back-to-
back PBT modules. All other store functions are contained within
bay 0.

Five current regulators that supply access and bias current for the
modules contain components operating at temperatures up to 250°F.
The regulators, in accordance with requirement (iv), are mounted at
the top of bay 1 on a single mounting plate. A 4-inch wide unblocked
area is retained below the regulators to allow convective cooling of
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regulator components. A detailed description of these regulators is
given in Section 10.3.1.

10.2 Power Dissipation

Each SPC No. 1A store frame in an idle or read state dissipates
1240 watts. An additional 585 watts may be introduced by writing at
the rate of one write operation every 157 ps in a particular store. This
represents the highest average writing frequency of present SPC No.
1A applications. Presently a maximum of 40 stores, dependent on
memory requirements, may be provided with the SPC No. 1A. Thus,
the store has considerable effect on office ventilation® and power plant
requirements.

Approximately 62 percent of the total power dissipation is concen-
trated in three areas; the five current regulators, the four PBT mod-
ules and the write circuit packs. Each of two read current regulators
dissipates approximately 75 watts, each of two write regulators 95
watts, and the bias regulator 135 watts. For the highest expected write
rate, each of the four PBT modules dissipates 40 watts, including 20
watts of bias. The write circuit consumes 505 watts. Power levels of
these magnitudes require special design treatment to avoid high com-
ponent operating temperatures which increase failure rates. The fol-
lowing section deals with the thermal design considerations in some
detail.

10.3 Thermal Characteristics

The thermal characterization of the store was achieved by four lab-
oratory experiments involving the 15B modules, the current regula-
tors, and the circuit packs within bay 0 of the frame.

10.3.1 Current Regulator

Five current regulators are required to supply bias and read and
write access current for the PBT modules. The regulator circuit is an
active series type regulator utilizing a power transistor and resistors
as the series elements. A plug-in unit design was adopted because it
offers the advantage of a fully tested and adjusted functional unit.
Also, it is readily accessible for maintenance or replacement in a work-
ing store with minimal downtime. Of primary importance for a final
overall unit design is the high power dissipation that is a characteristic
of a series type regulator circuit. The three design objectives needed
to accommodate this high power dissipation are:
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() Provide efficient heat-transfer mechanisms to limit component
operating temperatures to safe values.
(#7) Isolate power dissipating components from thermally sensitive
regulator components.
(777) Limit the exposed surface temperature of the package to 140°F
to prevent personnel injury when extracting the regulator.

A laboratory evaluation of models indicated an economical approach
to produce a plug-in unit (see Fig. 29) that meets these three objec-
tives. A conventional heat sink was found adequate to limit the tran-
sistor temperature within its rating. One quarter inch thick black
lacquered aluminum parts were used to construct a rectangular heat
sink mounting for the resistors. To achieve requirements (i) and ()
a package design utilizing six thermally isolated areas within the reg-
ulator was conceived and evaluated. The principle form of heat transfer
between the six areas is conduction, whereas the principle form of
heat transfer from the unit is convection. .

Laboratory evaluation of regulator models of the compartmented
design indicated that only semi-isolation between the six areas was es-
sential. Therefore, only some degree of restriction of conductivity was

Fig. 29—Current regulator.
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necessary to accomplish the objectives. This thermal restriction was
accomplished by reducing the total area of contact between sections to
four small conneeting areas. This reduced cross-sectional area between
sections established a thermal gradient large enough to greatly reduce
the thermal effects of the resistors and transistor on each other and
on the more sensitive components in the regulator. Perforated steel,
50 percent open, further increased the temperature gradient along the
right side plate to the front panel.

Power resistors and transistors, which normally operate at elevated
surface temperatures, were located internally to minimize danger to
personnel. Heat from these components is dissipated by conduction to
heat sinks to insure that temperature limits are not exceeded. Some-
what in opposition to this arrangement is the requirement that outside
surfaces of the unit must not be a hazard to maintenance personnel.
Accordingly, the design provides thermal isolation for the front panel
and right side plate which limits these surfaces to 135°F even under
maximum operating conditions. This is within the 140°F design limit
specified by objective (iit).

10.3.2 16B PBT Module

The 15B module (sce Fig. 2) contains two heat sources, the digit
lines, and the bias winding. The principle form of heat transfer from
the module is by convection from the front surface of the memory
planes and from vertical fins extending outward from the rear of the
module. Each fin covers the area of a memory plane and extends past
the edge of the plane by 0.65 inch. Thus a 0.65 by 12 inch area of
each fin extends into a chimney formed by the back-to-back mounting
of the modules.

Since the maximum internal temperature of the module must not
exceed 180°F, a study was conducted to establish the relationship be-
tween module power dissipation and its internal temperature. Write
rate was used as the variable parameter instead of power to provide
an easily understood expression that can be directly applied by system
programmers who determine store usage.

The write rate (£,) is defined as the percent of the time required to
perform a write operation in a particular store (50.4 ps) with respect
to the average time between the start of consecutive write operations
(7). The definition may be represented by the following formula:

_ 504 X 10'4_
- T
Module thermal properties were established through a series of tests

‘tp
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on a store frame maintained at a constant ambient temperature in an
environmental chamber. These tests established the relationship be-
tween write rate and module hot spot temperature as:

T = 0.78t, + T, + 13.

where T, is the ambient temperature.

The internal temperature limit of 180°F restricts continuous store
operation to a 60.2 percent write rate at the ambient temperature
limit of 120°F. Knowledge of this write rate limitation is an important
application parameter. It represents a relationship between the method
of use and the component physical characteristics which always exists
but is often unknown. Considerable temperature safety margins exist
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since present SPC No. 1A applications will not exceed a 32 percent
write rate.

10.3.3 Bay 0 Circuit Packs

The circuit packs mounted within bay 0 of the store frame dissipate
approximately 770 watts. To determine component operating tempera-
tures the store was placed in an environment whose temperature was
near the maximum ambient and with air movement by natural con-
vection only. The store was then exercised at the expected worst case
write rate of 32 percent (r = 157ps). After the store reached thermal
equilibrium, temperatures were measured to produce an isothermal
plot. This plot, corrected to the maximum ambient of 120°F, is shown
in Fig. 30.

The resulting maximum component environmental temperature was
found to be 185°F for an ambient temperature of 120°F. No com-
ponent was found to operate above its maximum temperature ratings.
Since the thermal characterization was produced without forced air
movement, the air velocity about the frame was due only to natural
convection and represents a worse case condition. With some forced
air motion, as now recommended for these equipments, additional
temperature margins are provided.

XI. SUMMARY

The requirements of the SPC 1A store motivated the development
of a new and highly sophisticated memory device. The complexity
of this device, the PBT memory, led to an intensive test program in
order to understand the theory and to characterize its performance.
The results of this effort have produced a memory that is very well
characterized and stringently tested.

The resulting store combines the nondestructive readout features
of the No. 1 ESS program store and the electronic alterability of the
call store. The preread write sequence along with the protected area
feature has made accidental program destruction practically impos-
sible. The electronic alterability makes office data and program
changes an easy, quick procedure. Field experience has demonstrated
data integrity over wide ranges of store adjustments.
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TSPS No. 1:

Peripheral Circuits

By W. K. COMELLA, C. M. DAY, JR., and J. A. HACKETT
(Manuscript received August 18, 1970)

The TSPS No. 1 peripheral circuits permst the data processing ability
of the Stored Program Control No. 14 to be applied to TSPS functions.
These circuits include scanners, signal distributors, networks, trunk and
service circuits, operator positions and the position subsystem. A descrip-
tton of each circuit is given, followed by a description of the features provided
by the associated maintenance program.

I. INTRODUCTION

Some of the TSPS peripheral circuits are new or have novel features
worthy of deseription while others are very similar to their No. 1 ESS
counterparts and need no further deseription. Thus scanners, signal dis-
tributors, the AMA frame, and TTY buffers which have been described
previously® will not be treated in detail here. The communication bus,
networks, trunk and service circuits, local and remote position subsys-
tems, and novel features of various maintenance programs are the es-
sential subjects of this article.

The communication bus joining all units to the Stored Program
Control (SPC) is described in Section II.

A network consisting of trunk link network (TLN) and position
link network (PLN) frames is used to establish connections between
the trunk ecircuits and the operator positions. The network fabric is
new and deseribed later in Section ITI, although the implementation
and control circuitry is similar to that used in the No. 1 ESS network.

In addition to operator positions and trunks, numerous service
circuits such as MF receivers and outpulsers also appear on the net-
work. These circuits and their associated maintenance programs are
described in Section IV.

Displays for all TSPS equipment and test faecilities for all trunks
appearing on the network are provided in the Control Display and
Test (CDT) frame as described in Section V.

2561
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The group of circuits which links the communication bus (data)
and position link network (voice) with the operator’s console is called
the “position subsystem.” This subsystem is arranged to work with
operators in the same building as the SPC (local) or many miles dis-
tant (remote). These circuits, which do not have ESS counterparts,
are arranged in a series chain which leads to a maintenance program
strategy different than that for other peripheral units. The position
subsystem and the associated maintenance programs are described
in Sections VI and VII.

The maintenance programs for the TSPS peripheral units operate
in the same interrupt structure and under the same executive and
maintenance control program as do the SPC generic maintenance pro-
grams, which are described in the article, “Stored Program Control
No. 1A” of this issue.? Thus much of the material of that article is
prerequisite to an understanding of the organization, strategy and
methods used by the TSPS maintenance programs.

II. TSPS COMMUNICATION BUSES

Communications with units in the TSPS No. 1 is accomplished
through groups of paired wires called buses (Fig. 1).

Some of the translation necessary to decode orders from the SPC
is implemented on a common basis for a number of peripheral units in
the Communications Bus Translator (CBT). The CBT receives 20
bits of data, plus parity and various control signals from the SPC.
The CBT translates the information to a code consisting of several
groups of one out of N and broadcasts the translated data and the
original binary data to the TSPS peripheral units. The use of a one
out of N bus and a common translator eliminates the need for a
translator in each peripheral unit and allows the peripheral unit to
make a simple error check of the data received.

Answer information is transmitted from the peripheral circuits to
the SPC via the scanner answer bus (SAB). Enable information
transmitted from the SPC is decoded by the Central Pulse Distribu-
tor and results in a pulse over a private pair which selects the par-
ticular unit which should receive a particular order from the com-
mon address bus, and reply over the common answer bus.

The maximum cable length for the CBT address bus is 450 feet.
The maximum number of series connected cable pick-off transformers
is 50. The bus circuitry and apparatus are similar to that of ESS No.
1®*; however, both a one out of N and a binary bus are provided, and
fanout circuitry is not used as these buses may run in two directions.
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Fig. 1—TSPS No. 1 communications buses.

2.1 Connecting Units

The TSPS Master Scanners (MS), Universal Trunk Frame Scan-
ners (UTSC), Universal Trunk Frame Signal Distributors (UTSD)
and Networks receive 1 out of N information from the CBT. The
AMAs, Position Group Gates, TTY Buffers and Service Observing
Gate (SOG) receive binary information. The CBT 1/N translation
lead assignments and functions for the connecting units are shown
in Figs. 2 and 3.

2.1.2 Use of SPC Maintenance Programs

The SPC generic maintenance programs are extended by means of
TSPS application programs to serve some of these TSPS peripheral
units. For example, the network controllers function in a manner
practically identical to signal distributors, from the viewpoint of the
SPC. Therefore the SPC peripheral unit fault recognition program,
PUFR, which serves the SPC signal distributor, also serves the TSPS
signal distributors and the TSPS network controllers. The SPC scanner
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Fig. 2—CBT translation, lead assignhments and functions for connecting units.
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fault recognition program, SCFR, also serves the TSPS scanners. The
SPC scanner and signal distributor diagnostics are extended by means
of short TSPS application programs to also serve the TSPS units. Thus
a description for some of the maintenance program for the TSPS pe-
ripheral units is covered in the article “SPC No. 1A” of this issue.

2.2 False Code Facility

Invalid 1 out of N or bad parity may be broadeast to the TSPS pe-
ripheral units by maintenance programs. To achieve this, a false code
register within the CBT is addressed by the program and loaded with
a code indicating the modifications desired in the output data from
the CBT. The first order distributed through the CBT subsequent to
this will be modified accordingly. The false code register then automat-
ically resets and the CBT reverts to normal operation. A We Really
Mean It (WRMI) pulse is required to set the false code register to
insure that a false code is not inadvertently set up by noise conditions.

2.3 Interrupts Caused by the CBT

When data is distributed through the CBT, a parity check is per-
formed by the CBT circuit. A successful parity check in conjunction
with proper receipt of timing signals from the SPC causes an All Seems
Well (ASW) pulse to be returned to the SPC. Failure to receive an
ASW from the CBT will result in an F-level interrupt, and a CBT
diagnostic request by the F-level program.

2.4 CBT Diagnostic Program

The CBT diagnostic checks the ability of the CBT to receive data
from the SPC by using two test ferrods, which report an all ones con-
dition in the buffer register and false code register respectively.
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Diagnostics of the connecting units have been structured in such a
way that the tests which check the ability of these units to receive
data from the CBT are run as subroutines by the CBT diagnostic. A
connecting unit which is indicated as being good is selected by the
CBT diagnostic and the subroutine for that unit is called to test the
ability of the CBT to transmit data on the leads which connect to that
unit. This process is repeated with successive unit types until all output
leads have been tested. Referring to Figs. 2 and 3, it will be seen that
the AMA serves to check all leads of the binary bus, and the PLN,
UTSC, and UTSD serve to check all leads of the 1/N bus.

2.5 CBT Faults Detected by Connecting Units

The performance of the CBT translation and output circuitry is
monitored through responses of the connecting units. If the fault
recognition program for a connecting unit detects possible address
data problems, a diagnostic is requested both on the particular unit
involved and on the CBT. Both the peripheral unit and the CBT are
marked in trouble. '

As the CBT is assigned a lower unit type number than all con-
necting units, the CBT diagnostic is run first and updates the CBT
trouble flag according to the result. The connecting unit diagnostic
then runs avoiding the use of the CBT marked in trouble. Thus of
the two diagnostic requests one will pass and one will fail, resolving
the trouble either to the CBT or to the peripheral unit. '

This process takes some time, however, and in the case of a CBT
trouble, a number of peripheral units may be affected by the fault.
This condition is guarded against by the fault recognition programs
for the connecting units. The typical strategy is to retry the order
over the original bus. If this retry also fails, the order is sent to the
same unit over the other bus. If that order succeeds, bus trouble is
assumed and the enables of all units are updated to change the bus
choice. The assumption of bus trouble is not necessarily correct as the
fault may not lie in the bus, but in the connecting circuitry of the
peripheral unit. However, the bus switch (enable update) is requested
to avoid propagation of possible bus troubles.

In the case of scanners, failing orders may be tried with a second
scanner unit to positively isolate bus trouble. This strategy cannot
be used with other unit types as it would result in an unwanted relay
or network operation. A short CBT fault recognition routine is pro-
vided by the TSPS application program and is run immediately prior
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to the generic scanner fault recognition program to isolate bus troubles
affecting scanners.

The TTY is not monitored by a fault recognition program but by
the craftsman who observes improper printing and manually requests
a diagnostic. The TTYs are routinely checked by an exercise which
requests a daily diagnostic on each TTY.

The authors acknowledge the contributions of W. R. Serence, and
P. J. Cuffaro to the AMA maintenance programming, P. J. Brendel to
the AMA data transfer and bus fault recognition programs, and R. J.
Greylock and R. Riley whose efforts permitted the extension of SPC
programs to TSPS.

III. NETWORK

3.1 Network Fabric ‘

The basic function of the network is to connect trunk circuits to
position circuits, receivers, outpulsers and other service circuits. Fer-
reed switches are used as network elements in a fabric designed to
meet the particular needs of TSPS, namely: ability to handle large or
small installations, serve trunks carrying light or heavy traffic, and
permit addition of equipment to grow with a minimum of installer
effort.

The network uses 4 stages of switching to provide a 3 link connec-
tion from input (trunks) to output (positions and service circuits).
Eight by eight ferreed switches are used in the first three stages; 8 X 4
switches are used in the final stage to provide a 2:1 concentration. The
switches are arranged in grids, the first two stages being mounted on
the trunk link frame, the last two on the position link frame. The
ferreed switches and wiring for one grid are shown in Fig. 5 which,

CHANNEL 7
6
5

TO 4 TO POSITION

TRUNK 3 OR SERVICE

CIRCUITS CIRCUIT
2
1
0
TRUNK LINKS JUNCTORS POSITION LINKS
(A LINKS) (B LINKS) (C LINKS)

Fig. 4—Eight-channel pattern.
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Fig. 5—One grid (7) illustrating the eight-channel pattern.

along with Fig. 4, illustrates the eight possible channels which could
be used to connect a given input to a given output. A connection is
made up of an A link which interconnects the switches of a grid on
the trunk link frame, a B link or junctor which connects a trunk link
grid to a position link grid, and a C link which interconnects the
switches of a grid on the position link frame. Eight grids are mounted
on a frame and are wired as shown in Fig. 6. Thus, one network pro-
vides 512 input appearances with full access to 256 outputs.
Positions are engineered for a maximum occupancy of 91.5 percent
as determined by requirements on operator work load, and service
circuits for 70 percent as determined by the group size. Positions have
two appearances on the network; service circuits have a single ap-
pearance. If an 8 X 4 switch has two positions and two service circuits
on the outputs, the above occupancies result in a link occupancy of
29 percent;
91.5 + 2(70) _ 209
8
or a traffic intensity of 148 erlangs (0.29 X 512) at the input of a
network. At this link occupancy in order to meet the network block-
ing objective of 0.001 it is necessary to provide at least two retrials
on connections to positions (both appearances are examined on each
trial) and at least 3 retrials on connections to service circuits. The
call processing program provides the necessary retrials and queuing.
Retrials are accomplished by choosing another idle service circuit or
position. If the call is blocked after the above retrials, it is queued
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and a new attempt is made every half second. On each attempt
retrials are made as described above.

If a traffic intensity of 148 erlangs is not reached with 512 inputs
to a network, trunk switch buildouts may be connected into the
trunk side of the network to increase the linkage load by increasing
the number of trunks which have access to 8 A links, as shown in
Fig. 7. Thus, additional trunk groups carrying lighter densities of
traffic may be accommodated. Concentration at the input to the net-
work may be varied from 1:1 to 4:1 in unit steps by appropriate
usage of trunk switch buildouts.

Connectors are provided to minimize installer effort and provide for
future growth as shown in Fig. 6. The B links or junctors are hard
wired to the position link at the factory, and are distributed across

TO TRUNK CIRCUITS

1 GRID 7 L ,__Y

8 8 8 8 |CH 7 8

8| 7 817 8l 7 8l 7 |CHO 718

LY LY

GRID O I

8 8 8 8 |CH 7 8

81 7 817 8l 7 8] 7JCHO 718

8]0 8l o0 8| 0 8] 0 O |8
8 8 8 8 8
3 2 !

1
TRUNK SWITCH BUILDOUT

I
TRUNK LINK NETWORK

Fig. 7—Addition of trunk switch build-outs to trunk link network.
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SWITCH
BUILDOUT

I
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Fig. 8—Addition of junctor switch build-out to trunk link network and sym-
bolic representation.
all grids in the position link to provide full access. At the job site the
connector ended cables are simply plugged into the appropriate trunk
link grids. Connectors are provided for plugging additional junctor
cables as the network grows.

A junctor switch buildout is connected into the basic trunk link
frame to provide access to additional position link networks as indi-
cated in Fig. 8. The two network configuration is shown in Fig. 9, and
is the smallest size recommended. It uses the junctor switch buildout
on the trunk link frame, as previously described, and multiplying of
junctors via connectors at the trunk link to provide full access.

A three network configuration requires a junctor switch buildout
on the position link frame as does the four network configuration
illustrated in Fig. 10. As the network configuration grows, existing
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TRUNK LINK POSITION LINK
NETWORK 1 NETWORK 1

Fig. 9—Two-network configuration.

junctors need not be rearranged. The added buildouts and junctor
cables are connectorized for ease of installation.

3.1.1 Path Hunt Program

This network organization facilitates a simple path hunt program.
As networks are added to the system, an area of memory known as
a link map is also added. As shown in Fig. 11, this table is organized
in such a manner that when it is desired to connect a trunk to a
position, portions of the trunk terminal number (TTN) and position
terminal number (PTN) are used by the path hunt program as
indices into the link map table to obtain the addresses of three words
containing busy-idle bits. These busy-idle bits correspond to the eight
sets of A, B, and C links which may be used to connect a given trunk
to a given position. The first word contains eight bits corresponding
to the eight A links, channel 0 to channel 7. The bits are set to 1 to
indicate an idle condition on the corresponding link, and to 0 to indi-
cate a busy condition. Thus, to determine an available path it is
merely necessary to form the logical product of these three words.
Idle channels will be indicated by 1’s in the result. In the example
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below this procedure indicates that channels 1 and 5 are idle.

Channel: 7 6 543 210
A links 10110010
B links 01110111
C links 10100110
Product 0 01 00O0T10
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Fig. 11—Link map.

The channel which is finally used is selected from the available
idle channels. The low order bits of the system clock are used to change
the first choice channel for each selection to spread usage over the
equipment.

3.1.2 Fabric Maintenance

The integrity of the fabric is monitored by continuity checks made
via ferrods in most service circuits and by operator trouble reports.
Continuity check failures or operator trouble reports keyed at the
positions result in TTY printouts of the links used on the failing con-
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nections. The TTY information may be analyzed to isolate possible
network troubles, or troubles external to the TSPS office, either in the
trunks or in connecting offices. In the case of continuity check failures
involving service circuits, the service circuit is automatically diag-
nosed to check one possible cause of the failure.

Portions of the network fabric may be made busy for maintenance
purposes by a teletype request which initiates a program that sets
zeroes in the busy-idle bits for the desired links. As two 8-bit link
groups are packed within one 20-bit word of the link map table, the
remaining 4 bits may be used to set an index to a supplementary table
which indicates to the audit programs exactly which of the links are
maintenance busy as shown in Fig. 11.

After calls have been blocked from the links by making them
maintenance busy, test connections may be established on these links
by means of a TTY request. Suspected hardware faults may then
be verified and cleared. A TTY request is available to repeatedly
connect and disconnect a test path at 200-millisecond intervals for
dynamic testing. If an active switch must be replaced, it may be
made busy for the replacement interval by a similar method. It is
also possible to busy out a single faulty link for a longer period of
time to prevent call failures if the repair cannot be made immediately.

3.2 Network Controllers

The ferreed switches are operated by controllers which are similar
to those used in No. 1 ESS* described in the September, 1964, B.S.T.J.;
therefore, only a general description and new features unique to the
TSPS controller will be given here.

The TSPS controller differs from the ESS controller in the mainte-
nance features provided, and in that a separate disconnect order
rather than the destructive mark of a subsequent connect order is
used to release the ferreed switches.

3.2.1 General Description

The controllers, shown in Fig. 12, receive orders in 1/N form from
the CBT and operate appropriate path selection relays to set up a
pulsing path in the ferreed switches. When the pulse path is complete,
as indicated by continuity over that path, a high current pulser fires
to effect a connect or disconnect of the ferreed switches, and causes

*B.S.T.J., September 1964, 43, p. 2221, No. 1 ESS Switching Network Frames
and Circuits, D. Danielson, K. S. Dunlap and H. R. Hofmann.
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Fig. 12—Network controllers.

a successful completion of these operations to be indicated to the SPC
via ferrods designated F, S, and T. Two controllers are used per frame.
Controller 0 normally controls wire spring relays which set up pulse
paths in grids 0-3; controller 1 normally serves similar relays in grids
4-7. These wire spring relays are a double wound type with one coil
connected to each controller. Thus, it is possible for either controller
to operate in any of the eight grids should its mate fail.

The path select relays are arranged in various groups. To effect
a network connection, one and only one relay in each group is op-
erated. A group check circuit senses the initial current drain within
each of these groups to determine if the 1/N condition is met and, if.
it is not, causes battery to be removed from the path selection relays
preventing their operation. It is necessary to prevent the relays from
operating under this condition to avoid firing the pulser over an
improper path, as the pulser is triggered when continuity is presented
to its output leads.

Additional controller points may be cut through via the TPA relay
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to a diagnostic bus consisting of a group of ferrods shared by all con-
trollers of the same type within the office.

The pulse path selcction for one grid is shown in Fig. 13. Path
selection relays are operated to select the grid, trunk switch buildout,
connect/disconnect, level, switch, channel, junctor and junctor switch
buildout. Connectors are provided to plug in buildouts. The additional
pulse path selection circuitry for one grid of a trunk switch buildout
which would be plugged is as shown in Fig. 14.

As it is necessary to insure disconnection in one buildout before
establishing a connection in a second to avoid bridging the talking
paths, separate orders for connect and disconnect are required. Thus,
the advantages of buildout frames introduces the penalty of a sep-
arate disconnect order.

3.2.2 New Maintenance Features

The integrity of the pulse path is monitored by the ferreed pulser
which detects opens or short-to-ground conditions. An innovation
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Fig. 14—Trunk switch build-out for one grid.
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found in the TSPS controller is the use of transfer contacts on the
grid select relays to hold ground on pulse paths in grids other than
that grid in which a connection is being established. With this fea-
ture, shorts between pulsing paths can be picked up by the short-to-
ground detector.

Also new ‘is the indication of short-to-ground conditions via a
ferrod to notify the fault recognition program of the short condition
while the network order is still available. Network orders resulting
in short-to-ground or open pulse path indications are printed on the
TTY and may be analyzed to determine the-probable location of
the fault.

The TSPS network controllers also provide additional outputs from
the group check circuits to increase diagnostic resolution.

One path selection ferrod is provided per group and is wired to a
make contact from each relay within the group to provide an indica-
tion that at least one relay has operated. The steering circuit at the
output of the high current pulser allows the use of test orders which
operate path selection relays but do not fire the high current pulser.
The path selection relays lock up and may be checked via the path
selection ferrods for a positive indication of armature movement.

A TTY request may be used to input a test order to be repeated to
the frame at 200-ms intervals. This feature may be used to check
relay operation and controller functions without pulsing into the
fabric which might cause cutoffs or possibly harm the ferreed switches
if certain faults are present.

As previously mentioned, under normal operation battery is re-
moved from the path selection relays before they have operated in case
of a group check failure. The TSPS controller overrides this check
on diagnostic test orders, allowing the path selection relays to operate
and lock up, providing specific information on relays which fail to
operate.

The authors acknowledge the contributions of the late E. L. Erwin
who conceived the network fabric arrangement, L. J. Murphy, who
implemented the circuit, and 8. Lederman who designed the software
control.

IV. CIRCUITS WHICH APPEAR ON THE NETWORK

4.1 Trunk Group Number
Every position, service circuit, and trunk appearing on the TSPS
network is a member of a group of similar circuits. Each group is
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assigned a trunk group number (TGN), and each member of the
group is assigned a member number (MEMN) sequentially. Table I
lists the trunk group numbers and their functional assignment. The
TGN and MEMN of a position is identical with the chief operator
group number and member number. Hence, TGNs 0-8 are for the 9
groups of positions. TGNs 9-30 are assigned to the various service ecir-
cuits by their function, with 24-30 unassigned. Thus, each network
appearance on the position link corresponds to a member of a group
with a TGN between zero and thirty.

TGNs 31-511 are assigned to groups of trunks with network ap-
pearances on the trunk link. TGNs 31-39 are unassigned; 40-55
identify groups of service trunks, CAMA trunks, delay call trunks,
and test trunks. A TGN of 57 or more identifies a universal trunk
group which carries TSPS traffic from the local office to the toll office.
Universal trunks are grouped by their origination and function in

TaBLE I—TGN ASSIGNMENTS

Register Link

TGN Group Function CRI Type Appear.
0-8 Chief operator groups 0 Sr
9 Service observing 6 Jr

10 Coin control and ringback 5 Sr

11 Audible tone 4 Jr

12 MF receiver 1 Jr

13 DP receiver 2 Jr PLN

14 MF outpulser 3 Jr

15 Idle line termination 13 Jr

1621 Reorder tone and announcement, 7-12 Jr

22 Master test line (TMTL) 23 Sr

23 Access line zero 24 Sr

24-30 Unassigned

31-39 Unassigned

40 Service trunk (information) 14 Jr

41 Service trunk (rate & route) 15 Jr

42-43  Service trunk (unassigned) 16-17 Jr

44 MFR test 25 Sr

45 DPR test 26 Sr

46 OP test 27 Sr TLN

47 Master test line (PMTL) 28 Sr

48 Access line one 29 Sr

49-53 CAMA trunks 30 Sr

54-55 Delayed call trunks 18 Sr

56 System monitor circuit 31 Sr

57-511 Universal trunks 31 Sr

Note: 'The Circuit Register Identifier (CRI) is used by many programs in a manner
similar to the use of the TGN. The administrative registers of each circuit are of two
kinds: senior and junior.
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the usual manner (e.g., Dover, N.J., to Morristown, N.J., coin) and
each of these groups is then assigned a TGN.

4.2 Trunks and Service Circuits

The local-toll TSPS trunks can be placed in six categories since two
types of pulsing (dial pulse [DP] and multifrequency [MF]), two
types of signaling (loop and E&M) and two types of transmission
(2-wire and 4-wire) are provided. The six types, rather than eight,
obtain because all 4-wire trunks use only E&M signaling to the local
office. At present all TSPS trunks use loop signaling toward the toll
office and must be located near enough to the toll office to insure not
exceeding a 2-dB loss. It is expected that use of carrier facilities be-
tween TSPS and the toll facility will be provided in the near future.
A typical trunk is shown schematically in Fig. 15.

4.2.1 Dial Pulse Trunks

Handling Dial Pulse Signaling posed the classic problem of how
to cope with fast dialing which occurs before a DP receiver is at-
tached. A stored program system aggravates this problem since not
only must time be taken to obtain a link connection to an idle
receiver, but also the scanning interval time must be considered.

’ 46
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__ PART OF UNIVERSAL __
%_'* TRUNK FRAME SCANNER - |_FERROD
= -48
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To | To
TRUNK TO UNIVERSAL TRUNK TRUNK
LINK FRAME SIGNAL DISTRIBUTOR LINK

Fig. 15—Simplified schematic—TSPS MTF trunk.
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The unique solution employed in TSPS provides a two-pulse detector
in each DP trunk circuit. That is, the first two pulses of any dialed
digit can be recognized and stored by the trunk whether or not a
DP receiver is attached. Thus, if a customer dialing from a step-by-
step local office manages to start the next digit (after the initial 0 or 1)
before a link connection is established to an idle receiver, the call is
not necessarily lost. When the receiver is attached, it notes the state
of the two-pulse detector (0, 1, or 2 pulses) by a voltage state sent
over the ring lead and follows subsequent pulsing over the tip lead. If
0 or 1 pulse is found, then the receiver connection is considered to have
been made in time and the call is handled normally. If a count of
two is noted, then a ferrod output of the receiver is energized to alert
the SPC that receiver connection occurred too late. The call is then
aborted and connected to reorder tone. Laboratory testing, simulation,
and some limited field experience indicate that the probability of 2 (or
more) pulses before a receiver connection is very low, and there
should be no need to expand the featurc to a threce or four pulse
counter.

The two-pulse detector is realized by use of three dry reed relays
which are part of a six-relay pack intended for two TSPS trunks.
The remainder of the trunks consists of a transmission path, three
magnetic latching relays, two ferrod scan points and a pulsing relay.
The magnetic latching relays define the different talking and signaling
states of the trunk under SPC control, while the pulsing relay follows
dial pulsing from the local office and repeats the pulses for use by the
DP receiver. The two scan points are in a supervisory scan field and
provide supervision toward the local office and toward the toll office.

4.2.2 MF Trunks

The MF trunks resemble the DP trunks in appearance and are
simpler, since a pulsing relay and two-pulse counter are not required.
The three magnetic latching relays provide eight possible states, six
of which (including the idle state) are used at present.

The delayed call trunk is essentially an MTF trunk which has both
its ends connected to the toll office. This allows an operator to originate
calls from her console and reach both the calling and called parties.

Operation of the magnetic latching relays and scanning of the
supervisory ferrods is handled the same as in No. 1 ESS which has
previously been described.
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4.2.3 Service Circutls

The circuits terminated on the position link frame which can be
connected to trunks as needed are called service circuits. These include
digit receivers, digit outpulsers, coin control circuits and announce-
ment trunks. Maintenance of these circuits is aided by use of service
circuit test circuits connected to the trunk link frame and discussed
in Section 4.4.

4.2.3.1 Dial Pulse Receivers. The dial pulse receiver receives dial
pulses over the tip lead and counts complete digits using conventional
relay cireuitry. Upon seizure the receiver notes the state of the two-
pulse counter in the trunk via a voltage on the ring lead. Its counting
circuitry is advanced by one if a “1” is noted on the ring lead.
A “reorder” ferrod is energized if a ““2” is noted on the ring lead since
this could mean two or more pulses were received by the trunk before
the receiver was connected. Output from the DP receiver is in BCD
code on four ferrods and a “‘signal present’” ferrod is energized each
time an interdigital interval is recognized. Thus, scanning of all but
the ‘“‘signal present” ferrod can be a directed scan and the SPC need
only deal with whole digits, not the individual pulses of a digit.

4.2.3.2 MF Receiver. The major portion of the MF receiver is similar
to conventional MF receivers and delivers only whole digits to the
SPC. However, in addition to the 10 decimal digits, several “start”
signals ean be received. Both start pulses and digits are received as
frequency pairs in 2 out of 6 combinations. This 2-out-of-6 (2/6)
reception is passed to the SPC ferrod scan points. The variety of “start”
pulses (pairs of tones) are used as a means for the local office to describe
the type of call (coin, noncoin, dial “0” or 0-+) to TSPS, thus per-
mitting several types of calls to be handled by a single group of trunks.
The SPC translates the 2/6 code to BCD (in the case of a digit) for
temporary storage in the software trunk register.

While the MF receiver is primarily used to receive digits from a
local office, it can also be connected to the toll office side of the TSPS
trunk. This is done when a call which could not be handled by TSPS
(mobile radio, marine, etc.) has been passed forward through a toll
office connection to a cord switchboard operator. In this case when
the cord switchboard operator must signal back to the calling customer
(possibly to collect or return a coin) inband tones are generated at the
operator location and sent to TSPS. An alerting pulse (reversal) permits
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TSPS time to attach an MF receiver which then receives the inband
tones. TSPS then sends appropriate signals to the local office.

In the reverse direction there is the further problem of passing a
disconnect or flash by the calling eustomer forward to the cord board
location without actually disconnecting. The MF receiver has the
ability, when connected to the toll office side of the TSPS trunk, to
generate a --130 volt simplex “ring-forward’’ signal which is recognized
by the toll office trunk and passed to the cord board operator. One
or two spurts of this ring-forward signal can be used to indicate flash
or disconnect while still maintaining the connection in case the switch-
board operator must take some additional action.

4.2.3.3 MF Outpulser. The MF outpulser transmits standard 2/6
frequency combinations to the toll office under SPC control. Since
several signals must be sent to it by the SPC in fairly rapid sequence,
it is controlled by CPD outputs rather than signal distributor points.
A pair of CPD enables will cause the outpulser, once connected to the
toll office side of the TSPS trunk, to outpulse the correct digit, time
the length of the pulse, and time the appropriate interdigital interval.
The present timing is that specified for Bell System use and can easily
be changed to a lower value if projected higher outpulsing speeds
are standardized.

4.2.3.4 Coin Control and Ringback Circuit. The coin control circuit
can generate three signals, used for coin collect, coin return, or ringback
to the calling customer. When E&M signaling between the local office
and TSPS is used or when the local office is an ESS office, these three
signals are sent as inband tones. In this case the timing of the “quiet
period”’ before tones are sent as well as timing of the tone interval
itself are done by the coin control and ringback (CC&R) circuit. Signal
distributor point input (from SPC) is used to select the particular
signal to be sent.

When the local office trunk uses loop signaling (except for ESS local
offices) the three signals are sent by use of “high-low’’ de signaling.
This requires 4130 and —48 volt potentials on the T&R leads which
are recognized by marginal and polar relays in the local office. The
CC&R circuit applies the correct potentials to the line, again under
signal distributor point control, and provides the required timing.

4.2.3.5 Audible Tone Trunk. Audible tone is returned to the customer
whenever the connection to an operator is expected to take longer
than four seconds. The customer would then hear standard 2 second
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on—4 second off tone, simulating an operator being rung. This informs
him that his call is recognized and that an operator connection is being
accepted.

4.2.3.6 Recorded Announcement and Tone Circuit (RATC). A re-
corded announcement is used to inform the customer of unusual delays
or catastrophic conditions (fire, flood, etc.), which have caused traffic
to back up. Standard procedure is to allow two repetitions of the
announcement and then switch to reorder tone. The RATC circuit
is arranged to connect to a continuous recorded announcement so
as to start at the beginning of the announcement, count two cycles
of the message, and automatically switch to a source of reorder tone.
The initial connection is, of course, under SPC control and provision
is made to have the announcement bypassed and immediate application
of reorder tone if appropriate SD point signals are received from the
SPC.

Announcements may be provided for a variety of reasons such as
local call intercept (LCI) or delay messages. These different announce-
ments require separate groups of announcement trunks. However,
in event of a catastrophic condition, special announcements can be
recorded on two spare tracks of the announcement machine and these
messages would be routed to the two groups of RATC circuits connected
to those tracks. As these two groups become overloaded all other
RATC circuits can be switched (at the announcement frame circuit)
to these two disaster channels. Thus, all RATC circuits in the office
can be used for disaster purposes, if needed, without requiring a large,
separate, and mostly unused, group of RAT circuits for that even-
tuality.

4.3 Maintenance of Trunks

Automatic maintenance facilities are not provided in TSPS for
universal trunks, as responsibility for maintenance of these trunks
rests on the local office. The local office performs routine testing to
the toll office in the usual manner, with TSPS merely forwarding the
test codes which have been pulsed from the local office. If trouble is
detected by testing from the local office, a craftsman at the TSPS
control display and test frame may be contacted to aid in isolation of
the trouble by testing baeck toward the local and forward to the toll
office.

Routine checks made in the TSPS office during the processing of
calls may result in indications of trunk trouble. When connecting
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service circuits to trunks, continuity checks are made via ferrods
in the service circuit. Continuity failures may indicate possible trunk
trouble and result in a TTY printout identifying the trunk involved.
For outpulsers, continuity and polarity are checked before outpulsing;
and continuity is again checked after outpulsing to verify proper
response from the toll office. If relays within the trunk fail to operate,
a TTY report is also made. When a pattern of printouts indicates a
particular trunk, the craftsman may remove the trunk from service
and check for possible faults.

4.4 Maintenance of Service Circuits

Trunk group numbers 44, 45 and 46 are test circuits which may
be conneeted to a service circuit in order to diagnose them; (see Fig.
16). The circuits are set in their various states and their reactions
are checked via ferrods.

TSPS
UNIVERSAL
TRUNK
FROM LOCAL X TO TOLL
OFFICE : OFFICE
LINK
TRUNK POSITION
TO
OPERATOR
POSITIONS
AUDIBLE TONE
MF OUTPULSER
OUTPULSER,
COIN CONTROL, COIN CONTROL
AUDIBLE-TONE,
REORDER &
ANNOUNCEMENT REORDER &
TEST ANNOUNCEMENT
TRUNK
MF RECEIVER
TEST MF RECEIVER
DP RECEIVER
TEST DP RECEIVER
ACCESS 1 ACCESS 0
P T
REFERENCE
MTL TRUNK
TRUNK
TEST
PANEL

Fig. 16—Test circuits for trunk and service circuits.
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Service circuit diagnostics may be initiated by manual requests
from the TTY or the control display and test (CDT) frame, by the
automatic progression test program, or by requests from other pro-
grams which encounter difficulties in using a particular service circuit
during call processing.

Service circuits to be diagnosed are processed one at a time by a
control program which prepares the circuit for diagnosis and transfers
it to the appropriate diagnostic program. The diagnostic programs
are broken down into a number of different phases so that a particular
test may be requested from the TTY or CDT frame. The tests for
each service circuit are summarized in Table II.

Diagnostic results are processed by the dictionary output control
program (DOCP) using a pseudo unit type number to produce a
trouble locating number in the usual manner. Thus standard dictionary
lookup techniques have been extended to the service circuits.

Automatic progression testing of service circuits is initiated twice
a day. All circuits are diagnosed with a TTY report only on those
circuits which fail diagnosis. The circuit is diagnosed a second time
before removing it from service to prevent out-of-service conditions
resulting from transient errors.

The test circuits are also monitored for failures. If a test circuit
is used on two consecutive failing diagnostics it is considered suspect,
and a service circuit which is assumed to be good is selected at random
to check the test circuit. The diagnostic for this service circuit is run
in the usual manner but the results are used to produce a trouble
number for the test circuit rather than the service circuit. In this
manner the service circuit diagnostics perform double duty, and
diagnostics for the test circuits are obtained for free.

The Circuit Maintenance List Auxiliary (CMLA) is also processed
by the trunk maintenance programs. Circuits are placed on the CMLA
by audit programs to return them from an unknown hardware state
to the idle condition. Circuits are removed from this list, all relays
are initialized and the circuits are then returned to the appropriate
idle link list. Universal trunks are placed on the high and wet list
where they are held in a busy condition until a seizure is no longer
indicated. The trunk is then idled.

The authors acknowledge the contributions of W. Fisher who
designed the trunks and R. F. Pina who wrote the trunk and service
circuit maintenance programs.

V. CONTROL DISPLAY AND TEST FRAME
The Control Display and Test (CDT) frame, shown in Fig. 17,
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provides display facilities for all TSPS equipment and a Trunk Test
Panel (TKTP) which may be used to test all equipment appearing
on the network.

5.1 Displays

Lamp displays are of three types: A/B, primary/secondary, and
trunk group status. Refer to Fig. 18. The A/B display is provided for
units having a single duplicated pair, for example AMAs. One lamp
is provided for each half of the pair and is lit steady to indicate
trouble. Primary/secondary lamps are provided for units having more
than one duplicated pair, such as the Trunk Link Network. The

TRK LINK AMA

TRUNK
GROUP
STATUS

Fig. 18—Display panel.
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secondary lamp is lit steady to indicate trouble in one half of a pair,
and flashed to indicate such a condition in more than one pair. The
primary lamp is used in a similar manner to indicate trouble in both
duplicated halves of a pair. Trunk group status lamps are provided
for all units which have been assigned to trunk groups; (refer to
Table I). The lamp is lit steady to indicate one or more members of
a trunk group out-of-service and flashed to indicate when the number
placed out-of-service exceeds a service affecting threshold.

The position subsystem is comprised of a serial chain of units
and is pictured on the display panel in block diagram form. An A/B
lamp display is provided for these units. As the equipment configura-
tion is different for local and remote groups, separate diagrams are
provided for each. In the normal case the lamp states from all chief
operator groups are ORed together. If it is desired to view the status
of a single group, a key may be depressed to select a status display
of that group alone.

A test of the more than 500 lamps of the CDT frame may be
initiated from the TTY.

5.2 Trunk Test Panel

The Trunk Test Panel shown in Fig. 19, has four (4) network
appearances (Access 1, Access 0, PMTL, TMTL) as previously shown
in Fig. 16. The access circuits 0 and 1 are to connect to voltmeter or
transmission test terminations.

The voltmeter termination may be used as a voltmeter or milliam-
meter, keys being used to select the function and meter scale to be
used. By means of graphs contained in the circuit drawing, readings
may be converted to resistance readings if desired.

The transmission test termination provides facilities to send tone to,
or measure tone levels from the circuit under test. Quiet terminations
or noise measurement, facilities may also be connected under key con-
trol. '

A reference trunk to each chief operator group (see Fig. 16) is used
for transmission testing with positions, allowing one man tests to be
made with any position on a loop around basis. Two man tests may
also be performed with a craftsman at the position if desired.

A key telephone set provides for 4 to 15 lines which may be utilized
for central office lines, tie lines or intercom lines within the building.
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Fig. 19—Trunk test panel.

A telephone headset may be associated either by the key telephone
set, or the Master Test Line. If desired, the frame belt line may also
be added on a call.

5.2.1 Test Connections

Facilities are provided which enable the craftsman to connect any
circuit with a network appearance to the test lines at the Trunk Test
Panel. The craftsman establishes a connection to a MF receiver by
operating the Test key and, using the MF keyset at the test panel,
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keys in the Trunk Group Number (TGN) and Member Number
(MEMN) of the circuit to be tested. The ecircuit under test is then
connected to the Master Test Line at the TKTP. If a voltmeter or
transmission test is to be made, the circuit must be connected to the
appropriate access circuit. Under key control, trunks are connected to
Access Line Zero; positions or service circuits are connected to Access
Line One.

If a trunk, service circuit, or position is traffic busy when testing is
requested, it will be automatically camped on. When the circuit be-
comes idle, it will be removed from service and a TTY message will
inform the craftsman that the circuit is available for testing.

Programmed tests may be requested on ecircuits connected to the
test panel by keying in test digits.

5.2.2 Service Circuit Testing

Service circuit diagnostics can be requested by keying in test infor-
mation after the TGN and MEMN which selects the tests to be per-
formed as shown in Table II.

5.2.3 CPD and SD Operations

The craftsman is given the capability to easily operate or release
any relay in any circuit on the network including the Trunk Test
Panel itself. He can also pulse any unipolar or bipolar CPD point
in any circuit on the network. Once set up from the TKTP these tests
can be controlled remotely at the circuit location by plugging a
pushbutton control (32A Test Set) into a frame belt line.

~ 5.2.4 Scan Display

When the Scan Display key is operated a program displays the
states of the ferrods associated with the circuit that is under test by
the TKTP. The ferrod states will be displayed on the Program Dis-
" play lamps on the SPC Control and Display Panel and will be ex-
tinguished when the key is released.

5.2.6 Maintenance Busy, Out-of-Service, and High and Wet

Trunks, service circuits, or positions are unavailable for service
(indolent) because they are “maintenance busy,” “out-of-service,” or
“high and wet.” Maintenance busy implies that the circuit is under
control of a maintenance program; that is, the circuit is about to be
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tested from the Trunk Test Panel or by a diagnostic, or is currently
under test, or has just been tested and has not yet been restored.
Out-of-service implies that the circuit, after being tested, has been
found faulty and is being kept from service until it can be repaired
or replaced. Incoming trunks that are maintenance busy or out-of-
service appear busy at the originating office. All circuits that are
out-of-service are kept on a list which can be printed out on the
TTY by operating the Busy Status key or by TTY request. High and
Wet implies that the circuit (trunks only) is in the state of permanent
seizure.

The Trunk Test Panel program makes a circuit maintenance busy
before testing and restores it to idle or out-of-service after testing.
A circuit can be taken out-of-service after failing a test, or restored
to service after being repaired by operating the Make-Busy key or
Remove Busy key.

5.2.6 Thru Test and Incoming Call

Trunks incoming to TSPS from local central offices are routinely
tested at the local office by sending codes over the trunks which
request connections to test equipment in the toll office. The TSPS
receives these codes, identifies them as test codes, and checks their
validity. If found valid, they are pulsed forward to the toll office,
and the trunk is placed in a state appropriate for the test. This elim-
inates contacting the TSPS maintenance center for most tests.

If a trouble is found, it may become necessary to sectionalize the
trunk to locate the trouble. A feature is provided to permit the local
office to contact the TSPS maintenance man over the suspected trunk.
The craftsman at the local office dials another test code which the
TSPS recognizes as an incoming call to the TKTP. The audible signal
at the TKTP is rung and the MTL lamp flashed, indicating an in-
coming call; audible ringing is returned on the trunk. When the
craftsman operates the Test key, the calling trunk is connected to
the Master Test Line.

5.2.7 Trunk Class Lamps

Universal Trunks connected to Access Line Zero will have their
class of service identified by the Trunk Class Lamps. Lamps light
to indicate that the trunk carries noncoin, coin, 14, 00, and/or 0+
traffic. If any trunk (not restricted to universal trunks) is a 4-wire
trunk, a lamp indicating 4-wire lights and several relays within the
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trunk test panel operate to configure the test circuit for the 4-wire
trunk.

When testing universal incoming trunks, it is necessary to test the
trunk toward the originating office, toward the toll office, and in the
“cut-thru” state. The desired state is established automatically by
the program in response to the Toll Only and Toll Bridged keys
making it unnecessary for the craftsman to obtain the trunk type,
study the SD and CD, and decide which relay must be operated.

Outpulsing is necessary to complete a test toward the Toll Office.
This is done by requesting a connection to Access Line Zero and
keying in the outpulsing information after the TGN and MEMN.
Then by operating one of the “TOLL” keys and the OP key on the
TKTP, the proper code will be outpulsed.

5.2.8 Lquipment Localion

Once a trunk or circuit has been found faulty, it must be repaired
or replaced. This requires knowledge of its physical location in the
building. In past systems, a translation would be provided by a book.
Operation of the TCN key will cause a machine translation and TTY
printout of the equipment location and network appearance of the cir-
cuit last connected to the Master Test Line.

5.2.9 Position Testing

The transmission path to positions may be tested from the trunk
test panel by means of reference trunks extending from the test panel
to each chief operator group. Located at the position end of the
reference trunk are a milliwatt supply and terminations which are
used in conjunction with the test meters at the panel to calibrate the
reference trunk for transmission testing. The Access 1 circuit is con-
nected to the other end of the transmission path through the network.
Two modes of testing are provided; one-man tests, and two-man
tests.

The one-man position test consists of four separate parts; near-end
to far-end loss and noise, and far-end to near-end loss and noise
measurements. Before making these tests the reference trunk is cali-
brated. The calibration of the reference trunk consists of three sep-
arate parts; loss and noise calibration and a noise level check.

A two-man test may be made with one man at the trunk test panel
and one man at the position, using the following portable test equip-
ment which is plugged in at the position:
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21A  Transmission Measuring Set
3B Noise Measuring Set
132A  Test Set.

In this case the position is connected to Access line 1 but no reference
trunk is used.

5.2.10 Operator Keyed Trouble Reports

Instead of filling out trouble tickets, operators key trouble codes
into the TSPS when they encounter trouble or receive reports of
trouble. These reports, and as much pertinent call data as is still in
the system, are printed on the service bureau TTY and/or on the
toll office TTY. Certain of the reports, which may be TSPS affecting,
will be printed at the maintenance TTY. The craftsman is expected
to monitor these reports and act accordingly if he detects a pattern
indicating a common piece of equipment.

The authors acknowledge the work of W. A. O’Connell who de-
signed the CDT {rame and J. W. Seazholtz, P. J. Brendel, A. W.
Robinson and R. A. Thompson for their many contributions to the
program.

VI. THE TSPS POSITION SUBSYSTEM

The TSPS position subsystem links the peripheral address bus,
master scanner, and link cut-through circuits with the eyes, ears,
hands, and voice of the operators. Specifically, voice circuits are pro-
vided to connect an operator to the trunk; and data is sent to light
incandescent lamps and multidigit Nizie® displays. At the same time
data is returned from operator key actions or alarm outputs. Provision
is included to reach operators at remote locations as well as operators
in the same building. Thus, small groups of operators can be employed
in suburban “traffic offices” while the full access link and single com-
mon control provide the efficiencies inherent in a single large group of
operators. A single position subsystem provides circuitry for up to 62
operators, 2 supervisors, and one chief operator. A maximum of 9
such subsystems can be provided although the total number of posi-
tions cannot exceed the original design intent of 310 and, moreover is
dependent on the traffic mix at a particular location.

* Trademark of the Burroughs Corporation, Electronic Components Division,
Plainfield, New Jersey.
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6.1 Local Subsystem-Sending

In the local case, shown in Fig. 20, the path from the address bus
to the operators is comprised of a group gate, position signal distrib-
utor, position buffer for each operator, and a console for each operator.
The group gate acts as a time buffer and also converts binary informa-
tion from the high-speed bus to a set of 1-out-o0f-8 (1/8) codes applied
to the position signal distributor (PSD). Transfer relays are included
between the group gate and position signal distributor for use in
fault recognition and to permit operation with two bad units. The
PSD acts upon the 1/8 coded instructions to select the desired posi-
tion buffer and operate or release a miniature wire spring (MWS)
relay within that position buffer. Outputs from the buffer connect to
incandescent lamps within the operator’s console. The MWS relays
of the buffer are predominantly magnetic-latching and are arranged on
printed circuit boards of the A-pack type.

The “local” case actually provides for the operator group to be
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Fig. 20—Local subsystem—sending.
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located up to about 4 miles from the group gate at the base location.
The sets of 1/8 leads between group gate and PSD can be run as
twisted pairs in cable facilities for that distance. Longer distances
(the remote case) require additional circuitry interposed between the
group gate at the base end and the PSD at the remote end. This
remote operation is discussed in more detail later.

6.1.2 Position Group Gale (Local)

The group gate connects to the peripheral address bus and central
pulse distributor in the same manner as other bus-connected circuits
such as scanners, signal distributors, etc., as shown in Figure 1. It
is actually made up of two independent halves with the usual 4
enables. Normally both halves are used simultaneously to send data
to a chief operator group, providing two separate information paths.
Should one half develop a fault, the remaining half is used to send
all the information previously sent via the two independent paths.
Input information is in the form of a 17-bit word arranged as shown
below:

|16 | 15 |14131211109| 8 | 7 |6 543210 |
PAR NIXIE ADDRESS N/M o/R INFO

As used here “address” means the operator position number and
“info” refers to a particular relay in the associated position buffer.
Bit 7 designates operate or release, bit 8 designates normal or main-
tenance order, and bit 15 is used when sending multidigit Nixie dis-
plays. The Nixie displays, which may be up to 12 digits in length, are
used to give time, coin charge and initial period information, calling
or called numbers, and other numerical information to the operators.
A special part of the PSD is dedicated to Nixie displays as described
later.

The group gate is reset and prepared for the next order upon
receipt of a “check-back” pulse. For maintenance orders this pulse
is generated within the group gate itself while for normal orders to
a position the pulse originates at the particular MWS relay concerned
and is regenerated and passed on by the PSD.

In the maintenance mode the information portion of the group gate
order may be intended for the group gate itself or some subsequent
circuit. Certain orders that are acted upon by the group gate could
also cause some reaction (usually undesired) in subsequent circuits,
and these maintenance orders are blocked by the group gate to pre-
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vent this. With the exception of transfer and quarantine orders, these
various maintenance orders are provided for diagnostic program pur-
poses to allow the programs to temporarily set up checking configura-
tions and comparison circuitry as a diagnostic check is performed.

6.1.3 Position Signal Distributor

The position signal distributor (PSD), shown in Fig. 21, and all
circuitry following it is arranged the same for both local and remote
traffic offices (operator groups). It is made up basically of two relay
trees, one of which selects a set of cut-through relays to connect a
multi-lead bus to a particular buffer while the other connects an
apex pulser to a particular lead of this bus. It differs from a universal
trunk frame signal distributor in that it is completely duplicated,
including all relays of both trees. Thus, if any portion of one half of
the PSD should {fail it is still possible to reach every lamp in every
position via the remaining half.

6.1.3.1 Apex Pulser and Check-Back Pulse. When a path is estab-
lished to a particular MWS relay in a position buffer, an apex pulser
sends operate or release current through the relay winding. As the
relay armature moves, a momentary ground is generated from a de-
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Fig. 21—Simplified schematic of position signal distributor.



2600 THE BELL SYSTEM TECHNICAL JOURNAL, DECEMBER 1970

liberate ‘“bunching’” of one contact set and used as a check that the
relay did, indeed, operate or release. Since this check-back path is
common to all MWS relays of a position buffer, a check for permanent
ground (caused by a poor relay with “floating” armature) is made by
the PSD prior to any relay operation. This check-back pulse sets a
flip-flop in the PSD which causes pulser current to be cut off and a
regenerated pulse to be sent to the group gate. In the event the MWS
relay fails to function normally and no check-back pulse is generated,
the group gate is not reset, and subsequent scanning of a maintenance
ferrod (F point) will alert the SPC to the failure. The SPC then sends
a system reset to clear the group gate. This releases the PSD and cuts
off the apex pulser current. As a back-up to the above two methods of
cutting off pulser current, a timer is started on each PSD order and
is designed to cut off pulser current in about 12 milliseconds. Normal
operate or release time for the MWS relay is about 5 ms. The timer
will cut off the current even if a system reset is not sent. At the same
time an alarm is generated and returned by the Alarm Sender (described
later) to alert the SPC that a time-out has occurred. While the bulk
of the PSD is comprised of relay trees and relay logie, the check-back
circuitry is all electronic and provides rapid return of the reset signals.

6.1.3.2 Nixie Display Orders. A multidigit display such as a 10-digit
number reaches the operator via Nixie tubes positioned near the top
of her console. A total of 12 Nixie tubes are provided (to ultimately
handle digit displays for overseas dialing). Since each tube contains
10 cathodes (digits), a total of 120 subsystem orders pertain to Nixie
tube operation. Actually a few more orders are used since preparing
for the display and releasing the display must also be considered.

Nixie displays are characterized by the necessity for sending several
orders to one position in a short time. This differs from the incandes-
cent lamp displays where lamps are lighted singly at a position with
several seconds between each order as the operator takes various
actions on a call. Because of this difference a separate portion of the
PSD handles Nixie orders exclusively.

The technique used is to dedicate the PSD to a particular position
for the length of time needed to send a complete Nixie display. A
“priming” order is first sent to the PSD to establish this dedicated
path. This order results in two 10 lead buses and one 6 lead bus being
cut through to a particular position. A signal on one lead of the 6-bit
bus selects a pair of Nixie tubes. This is immediately followed by
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a pulse on one lead of each of the 10-bit buses to select a digit in each
of the pair of tubes. The advancing to successive pairs of Nixie tubes is
accomplished automatically by the PSD, while the selection of a par-
ticular digit is dependent upon receipt of orders from the stored pro-
gram control. After advancing through all 6 pairs of tubes, or at any
time the program reaches the end of the display being sent, a “release”
order is sent to the PSD. This drops the connections to the position
and restores the PSD to its normal undedicated state.

The pulses mentioned above are not applied to the Nixie tube
elements directly but instead are used to break down (ionize) a min-
iature neon lamp provided in series with each Nixie tube cathode as
shown in Fig. 22. This neon lamp, which is a very low cost device,
has two well defined states and is used as the “memory” element as
well as a “switching” element of the Nixie display. Thus a display is
“locked-in” through the medium of the ionized neon lamps, and the
Nixie display remains ON after the PSD releases from the position.
It is later extinguished under either program control or operator
actions by momentarily opening the holding battery. The entire dis-
play, including Nixie tubes and sockets, all neon lamps, and all biasing
resistors, is mounted on one printed wiring board and can be easily
removed for maintenance purposes. The complete display board is
shown in Fig. 17 in the article “TSPS Physical Design’” in this issue.

6.1.3.3 PSD Maintenance Orders. The PSD is arranged for several
different maintenance checks. The electronic check-back circuitry can
be tested for both steady ground conditions and for lack of ability to
detect the check-back pulse from MWS relay. The timers can be checked
to insure proper timeout and that alarms are generated and returned
via the alarm sender. One of the most powerful maintenance checks,
however, is the ability to take two output trees, one which normally
selects a position, and one which normally selects a particular lamp
at a position, and connect them to each other. Orders can then be sent
which are expected to result in a match or are expected to mismatch
with the resulting actual matches and mismatehes used to pinpoint
troubles.

If tests such as mentioned above result in trouble being detected in
a PSD other maintenance orders can be sent to quarantine the half
of the circuit found in trouble. Transfer relays can be operated to
link the A half of the PSD with the B half of a previous circuit. Any
such orders, upon execution, generate alarm codes which are returned
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Fig. 22—Nixie® display printed circuit board.

to the SPC via the alarm sender and serve to verify that such orders
were correctly executed.

6.1.4 Position Buffer

The position buffer consists of a number of A-type circuit packs,
each of which contains from 3 to 8 miniature wire spring relays.
The MWS relays operate incandescent lamps on the operator’s 100B
console. They are also used to cut through a transmission path and
extend the transmission path to a supervisor or monitoring circuit
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as desired. These miniature relays are predominately magnetic latching
and operate or release on a short pulse of current from the PSD with
no holding current required. A few are not magnetic-latching and are
operated by a pulse from the PSD but lock to contacts of some other
relay. This facilitates the release of position lamp displays since one
or two key relay operations at the end of the operators work will
release several relays. Provision for growth is made by providing for
16 buffers per frame and by permitting frames to be partially equipped.
As positions are added, a set of 10 plug-in circuit packs, which con-
stitutes a position buffer, is inserted for each position.

6.2 The 100B Console

The physical aspects of the new operator consoles are discussed
in the article “TSPS Physical Design” of this issue.* The additional
features covered here include arrangement of key codes for receipt of
information from operators and transmission arrangements.

The information keyed by the operator utilizes a 3-out-of-9 code
(3/9). That is, each of the keys has contacts which close ground to
3 leads of a 9 lead bus when the key is depressed. Use of a 3/9 coding
scheme has several advantages: each key needs just 3 make contacts
(a fourth contact is sometimes used to light a lamp as the key is
depressed), 84 combinations are possible (allowing for future growth),
only 9 leads need to be cabled to the position itself, and the code is
self-checking as is any M/N code. A detector circuit mounted within
the position insures that a 3/9 condition is present before any service
request is sent to the position scanner. This prevents the system from
dealing with false 1/9 or 2/9 codes generated during the downward
travel of the key. Since valid information is present only while the
key is depressed, the scanner receives a pulse of information and must
be fast enough to reach the position while the pulse is present. In
the worst case (fastest operators) these pulses will be about 35 ms
in length.

The 100B console is arranged for 4-wire transmission. As already
noted, the link and service circuits, as well as several trunks, are all
2-wire transmission circuits. A 24V4 repeater physically located near
the link frames converts the 2-wire path to 4-wire and also provides
sufficient gain to reach remote positions up to about 10 miles distant.
Where T-carrier is used to reach remote positions, the 2-wire to
4-wire conversion is provided in the T1 channel banks. A transmission
path to 3 separate supervisory trunk circuits connects to each position.
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These are used to connect to a supervisor for needed assistance or to
permit monitoring from either supervisor console. Another transmis-
sion path connects to all positions and permits monitoring from a
specially equipped monitoring position.

6.3 Local Subsystem Receiving

6.3.1 Position Scan and Gate

The position scan and gate (PS&G) circuit, shown in Fig. 23, is
arranged as an autonomous scanner continually looking for key signals
from the operators. As mentioned in Section 6.2, the keys are arranged
to provide a 3/9 code, and a detector circuit is provided in each
console to discriminate against 1/9 or 2/9 codes. When a 3/9 code is
detected, a “service request” lead to the position scan and gate is
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Fig. 28—Local subsystem—receiving.
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energized. This service request lead is in addition to the 9 leads of
the 3/9 bus. The scanner is continually checking these service request
leads, and upon noting a signal, it stops at that point and accepts the
3/9 code information.

The 3/9 information, together with a 6-bit binary number indicating
the position involved and a parity bit, is returned over a 16 bit bus
to the SPC via a master scanner. Sixty-two of the 64 possible inputs
to the PS&G come from positions. The other two inputs are shared
between two supervisor consoles, a chief operator administration
circuit, and an alarm sender circuit.

The scanner is controlled by a 40 kHz oscillator driving a 6-bit
binary counter. The binary counter outputs are arranged in two groups
of 3, and each 3-bit segment is expanded to a l-out-of-8 (1/8) code
output. The two 1/8 groups are arranged in a horizontal-vertical grid
arrangement with a 2 input gate at each of the 64 intersections. Thus,
64 outputs are obtained with a pulse appearing sequentially on each.
This scan pulse is combined with a service request, when present, to
stop the oscillator and inhibit further scanning. The state of the 6-bit
binary counter is sampled to generate a position number, the 9 leads
from the position (or other circuit) are sampled to obtain the keying
information, a parity bit is generated, and the resulting 16-bit output
is sent to a master scanner ferrod row. When the SPC scans this row
and accepts the information, it sends a “scan complete” pulse via the
group gate to the position scan and gate. This restarts the oscillator
to permit scanning to resume and sets a flip/flop to prevent the scanner
from again stopping on the same point. When the operator releases the
key, this flip/flop is cleared and any subsequent keying by that opera-
tor will cause the scanner to again stop on that position.

The interval allowed for a complete scanning operation as deseribed
above is 10 milliseconds. This is a compromise between sufficient speed
to insure reaching key signals as keys are depressed and moderate
scan rates to insure not placing a real-time burden on the SPC (fast
scans result in no information most of the time). Thus, the scanner
would expect a restart of the oscillator within 10 ms. If no restart oc-
curs after about 150 ms, then the scanner is automatically placed in
quarantine, alarms are generated, and diagnostics are requested.
Checks are also made to insure that the scanner progresses correctly
from position to position. If failure is noted, the quarantine state is
automatically entered. The scanner is fully duplicated and operates
by a “leap-frog” arrangement wherein one scanner skips a position
if the mate scanner is momentarily stopped at that position.
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6.3.2 Alarm Sender

The alarm sender receives alarm information from all subsystem
circuits except the group gate and temporarily stores them until such
time as the PS&G can accept them and transmit them back to the
SPC. The storage and ultimate transmittal to the PS&G, as well as a
progression arrangement to allow handling of several alarms at once,
is accomplished primarily through relay logic.

Circuits sending alarms to the alarm sender quite often send 2 or 3
alarms in succession. For example, if the PSD sends a timer alarm
indicating that an operation took too long, it will also send an indica-
tion of the state of the transfer relays and an indication of the opera-
tional status (normal, quarantine, power off) of the circuit. These are
picked up by successive scans of the alarm sender and sent to the SPC.
Alarms are arranged in a 4/9 code to distinguish them from operator
key codes. Also, in the case of alarm codes, a maintenance bit is sent
by the PS&G as well as the 16 bits of information mentioned in Sec-
tion 6.3.1. This maintenance bit appears as a separate ferrod indica-
tion scanned by the SPC to insure immediate detection of maintenance
information. The 6-bit position number becomes a “circuit number”
indicating which circuit (PSD, PS&G, 100B console, interrupter, ete.)
is generating the alarm.

The alarm sender also provides for input information from the posi-
tion subsystem frame location by the maintenance man using a com-
bination of thumbwheel switches. The thumbwheel switch allows the
maintenance man to set up an order, verify visually that it is cor-
rect, and then have it scanned and sent to the SPC. The SPC then
acts on the order perhaps causing some requested reconfiguration or
some lamp display at a position. This gives a maintenance man con-
cerned with position subsystem maintenance (which might be remote
from the rest of the TSPS installation) some of the control normally
provided by the MCC maintenance teletypewriter.

6.4 Remote Subsystem—General ,

The remote position subsystem, shown in Fig. 24, was designed for
use with T1 carrier to reach operators up to 80 miles from the base
location. The group gate, T-carrier, and Data Assembly and Check
(DAC) circuit comprise a data link that is unique and worthy of dis-
cussion. T1 carrier terminal equipment encodes 24 analog circuits
(voice) into a serial pulse stream and reconstructs the 24 analog sig-
nals at the distant end. The sampling rate is 8 kHz so that each of
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the 24 channels is scanned every 125 microseconds. The terminal
equipment is designed to encode the amplitude of the analog input into
a 7-bit binary number but actually transmits an 8-bit binary number.
The eighth bit is normally used as a “signaling” bit to indicate a 0 or 1
supervisory state.

For TSPS the ability to encode 24 voice signals into digital form
is used intact to provide voice circuits for 24 remote operators. The
8th bits from each of the 24 channel are combined to give essentially
a 24-bit word which can be sent from the group gate at the base
location to the DAC circuit at the remote location. It is possible to
send a new 24-bit word every 125 us, and thus considerable data (to
control lamp displays and return key signals) can be sent to and from
operator positions over the same path that is needed for the voice
circuit. This is the rare case where it seems we are obtaining “some-
thing for nothing.” In practice two T1 banks are used for reliability
and either one alone can handle all data to and from a chief operator
group (62 operators, 2 supervisors and 1 chief operator). These are
designated T1-A and T'1-B, with T1-A also carrying the voice circuits
to 24 of the 62 operators and TI1-B serving as a voice backup for
those 24 operators. To serve up to 48 operators a third T1 bank is
added and designated T1-C. T1-C handles no data but provides 24
voice circuits and is also backed up by T1-B via a relay transfer ar-
rangement. For full groups of 62 operators, a 4th T1 is added and
partially equipped. It, too, can be backed up by T1-B.

6.4.1 Remote Subsystem—Sending

The sending portion of the position group gate, when arranged for
remote operation, acts only as a time buffer and does not change the
format of the instructions received from the SPC. Thus the same 17-
hit word received over the binary bus is applied to 17 of the 24 T1
channels. Other channels are used for synchronization, maintenance
transfer of paired DAC circuits at the remote end, and a special TTY
circuit to the remote site. The 17-bit word is sampled by T1 for 5 ms
which results in 40 consecutive transmissions of the same information
to the remote end. At the remote end the DAC circuit receives the in-
formation from T1 carrier and eventually converts it to the set of 1/8
codes required by the position signal distributor (PSD). The PSD, as
mentioned before, is the same for both local and remote operation.

6.4.2 Data Assembly and Check Circuit (DAC)
The DAC circuit checks parity on the first T1 transmission and, if
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good, temporarily stores the 17-bit word. It then checks the second T1
transmission (the second transmission of the same information) and,
if parity again checks, it compares the two 17-bit words. If the com-
parison test passes, it then converts the binary information into a set
of four 1/8 codes (plus a few other outputs) for use by the PSD. If
the comparison fails then the stored information is discarded and two
more T1 transmissions are checked and compared. This process con-
tinues until a valid comparison is found or until all 40 T1 transmis-
sions have been completed. A “comparison failure” alarm is then gen-
erated and returned to SPC via the alarm sender.

The combination of both parity and comparison guards against bad
data due to short noise bursts on the T1 line. The probability of a few
consecutive pulses being mutilated in a stream of pulses is not too low
and the DAC effectively increases the overall reliability of the sending
chain. In order to periodically check the operation of the comparison
test feature in the DAC the group gate is arranged, under control of
a maintenance order to send alternate “ones” and ‘“zeroes” on con-
secutive T1 transmissions. It is also arranged to send bad parity to
check the parity circuits of the DAC. Other diagnostic checks used
for DAC maintenance depend upon the succeeding circuit (PSD) diag-
nostic tests to isolate trouble.

6.4.3 Remote Subsystem— Receiving

The use of the 8th bit on each T1 channel is the same for sending or
receiving, The output of the Position Scan & Gate (PS&G) is changed
slightly to connect to T1 carrier instead of ferrods on a master scan-
ner. The 17-bit output from the PS&G (3/9 code, 6-bit position num-
ber, parity, and maintenance bit) is applied to T1 carrier until a
“scan complete” pulse is received by the PS&G and scanning resumes.

The 17-bit information is sampled by T1 carrier every 125 us and
transmitted to the receiving portion of the group gate at the base loca-
tion. This receiving group gate (RGG) accepts the data and checks
parity but does not make the comparison test as made in the other
transmitting direction by the DAC ecircuit. This is permitted because
the data is intended for the SPC where the correctness of 3/9 codes
and parity can be checked. The RGG does, however, require two trans-
missions of the information in case the T1 sampling at the distant
end occurred in the middle of the 17-bit data.

Once two transmissions have been received, the RGG generates an
“information present” signal to a ferrod scanned at a fast rate (10
ms) by the SPC. SPC then makes a directed scan of the 16 ferrods
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containing position number, 3/9 code, and parity. It next sends a “sean
complete” (CPD pulse) signal to the group gate which forwards it
over T1 carrier to the distant position scan and gate circuit. This
restarts the PS&G oscillator and permits scanning to resume as in
the local case.

Thus for the remote receiving case the only additional circuit (other
than the carrier system) is the receiving group gate. However, the
maintenance procedure is more elaborate since two sets of transfer
relays are involved; one at the output of the PS&G as it connects to
T1 carrier, and another set at the input to the RGG at its connection
to T'l-carrier. Remote subsystem diagnostics use these transfer points
plus portions of diagnostics on succeeding circuits to isolate trouble.
The position subsystem maintenance programs are described in suc-
ceeding sections.

6.5 Auxiliary Subsystem Circuits

There are a number of small circuits used with the position sub-
system for control, monitoring, and traffic data purposes. Circuitry is
provided for two supervisor positions and one chief operator position
as well as a wall-mounted traffic register cabinet. The traffic register
cabinet contains registers and a jack field which permit traffic data
to be recorded from any 9 traffic service positions. These register
counts can be read and reset by the chief operator and supply in-
formation to supplement the regular traffic printouts on her TTY
machine.

Up to four administration cabinets may be provided, one of which
contains lamps and keys used to facilitate training of inexperienced
operators plus a few lamps to indicate heavy traffic or system initiali-
zation. Five traffic service positions, identical to others in all respects,
are designated in the stored program as training positions. By use of
the proper keys, the chief operator can exclude certain types of traffic
from each of the five positions. As new operators at these positions
become more proficient, the chief operator ean change the restriction
to permit a wider variety of calls at any one or all of the five positions.
Alternatively she may use them for all traffic just as the rest of the
positions are used.

The supervisor consoles and associated circuits are more SOphlS-
ticated than the wall-mounted cabinets just described since they per-
mit the two supervisors to perform a variety of functions. The super-
visory buffer contains a small switehing network so that calls arriving
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over one of three trunks from operators, or one of three transfer trunks
from the toll office can be switched to either console or any one of
four jack appearances positioned around the operating area. These
jack appearances allow a roving supervisor to plug in her headset and
be connected immediately without returning to her console. Flashing,
wall-mounted lamps alert her to an incoming call.

The calls to the supervisor may be from the operator directly or
may be from a customer who was transferred to the supervisor via a
toll office connection. This latter type of call would have been set up by
a TSPS operator after hearing the customer specifically request a
transfer to her supervisor. The former type call, coming from an op-
erator requesting assistance, appears on one of three trunks common
to all operator positions. In addition to the small network, the super-
visor buffer contains the relay logic to light lamps at the supervisory
consoles, place calls on hold, permit monitoring by a supervisor of any
operator talking path, and permit calls to be originated by either su-
pervisor to any operator or to the outside world.

These cireuits, together with the alarm sender, share the first two
position numbers (0 and 1) in the 6-bit position address. That is, the
first two position buffers on the PB frame are not intended for opera-
tor positions but instead provide outputs to these other circuits. Sim-
ilarly, the first two inputs to the position scan and gate do not come
from positions but instead arrive from these other circuits. Thus, in
a TSPS traffic office the first physical position is designated position
number 2 and the 62 positions use up the remainder of the 64 position
addresses. This is illustrated in Figs. 20 and 23.

One other subsystem circuit worthy of note is the teletype channel
and machine provided for each chief operator, In addition to several
other T'T'Ys used by TSPS for other jobs, each chief operator group
(traffic office) is provided with a receive-only TTY. Traffic data for
the associated operator team is sent to these machines at regular inter-
vals by the SPC. Maintenance information pertaining to that group
can also be sent when requested. In the local subsystem case the chief
operator’s TTY is handled in the same manner as other TSPS TTYs;
ie., a TTY buffer is reached via the PUAB and connects to the TTY
machine. However, in the remote case use is again made of the T1
carrier signaling bit (that “free” eighth bit!). In this case the TTY
buffer output is applied to a spare T1 channel (“spare” only in the
data sense—17 of the 24 channels were used for group gate output—
all are used for voice). The 125 us sampling rate is much faster than
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the TTY requires and permits simple reconstruction of the TTY
signal at the distant end. Thus, no data sets or dedicated outside line
are needed for remote chief operator TTYs.

The authors acknowledge the many contributions of S. Balashek,
F. Luludis, J. Kunish, L. Caron and E. C. MecIntosh on the position
subsystem hardware.

VII. POSITION SUBSYSTEM MAINTENANCE PROGRAMS

7.1 General

The position subsystem maintenance program package is designed
to complement reliable, duplicated hardware so that the hardware-
software combination accurately passes information from the periph-
eral unit address bus to the operator and from the operator back to the
master scaner without interruption of call processing operation. This
package of programs includes a fault recognition program, diagnostic
programs, automatic exercise programs, demand exercise programs,
and hardware initialization programs.

The fault recognition program detects abnormal circuit responses of
two types; errors and faults. An error is a statistical failure usually
caused by noise which does not persist from a short term point of
view, whereas a fault is a hardware failure. In both cases, it is the
responsibility of the fault recognition program to:

(2) successfully complete the intended system operation,

(i) remove a faulty unit from service,

(72) identify the fault for maintenance personnel by teletypewriter
(TTY) message or request a diagnostic to be run later which will
identify the fault, and

() return a working system to call processing as quickly as pos-
sible.

Diagnostic programs are written to facilitate quick repair by main-
tenance personnel to minimize the possibility of simultaneous failures
in duplicated units taking a chief operator group out of service. These
programs, running under control of the Maintenance Control Program
(MACR), compare the actual test results with expected results, and
pass the comparison results to the dictionary control program (DOCP)
for data reduction and generation of a dictionary number which is
printed on the TTY. Maintenance personnel look up the dictionary
number to determine the location of the fault.
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Since dictionaries are generated for single faults only, it is important
to discover a single fault before a second fault develops. Some faults,
particularly those in circuits which perform maintenance functions,
will not be detected during normal call processing. Therefore, auto-
matic exercise programs are run on a regularly scheduled basis to un-
cover those faults.

In cases where it is not economical to provide fully automated diag-
nostic capability (e.g., double fault and intermittent fault situations),
demand exercise programs may be called by maintenance personnel to
provide diagnostic test results (called “raw data”) or test order se-
quences suitable for visual or test equipment checks to aid them in
their analysis of the trouble.

Finally, initialization programs are provided which return either an
individual operator position or the whole position subsystem to a
known initial state. An individual position is initialized to prepare
that position to receive calls whenever an operator plugs in her head-
set or upon request by the audit programs. A position subsystem and
all associated operator positions are initialized when some major sys-
tem failure has allowed the software records of hardware states to be-
come jumbled.

7.2 Position Access Fault Recognition Program (PAFR)

As indicated previously, it is the responsibility of the Position Ac-
cess Fault Recognition Program (PAFR) to respond to any indication
of abnormal circuit response (a trouble—either an error or a fault),
complete the intended system operation if one was in progress, re-
move a faulty unit from service, identify a fault for maintenance per-
sonnel, and return a working system to call processing quickly. In
order to understand the details of the implementation of this philos-
ophy, it is first necessary to examine the mechanisms for detecting
troubles.

7.2.1 Trouble Detection

Each group of call processing orders (maximum of 17) to be sent
to an operator position is loaded in a block of memory called a posi-
tion information buffer (PIB) which is added to the linked list of
PIBs of either half of the group gate for the operator group contain-
ing the position. Once every 25 milliseconds the PIB Execution Pro-
gram (PIBE) gets an entry from PAFR in J level and distributes one
order to each group gate half which has a PIB linked.
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A distributed order to a group gate half normally results in an en-
able verify response from the enabled group gate half. Failure of
the SPC to receive the enable verify results in an F level interrupt.
The Central Pulse Distributor Fault Recognition Program (CPFR)
passes to PAFR those failure reports that might be unique to a group
gate. These might result from problems in the group gate itself, in the
central pulse distributor (CPD), or peripheral unit address bus
(PUAB).

Each sending group gate half (SGG) and receiving group gate half
(RGG) has three master scanner points (F, S and T) which uniquely
describe its state. When an SGG is enabled, its F point becomes a 1.
If the order executes properly, the group gate is reset and the F point
returns to 0. Failure of an SGG to be reset within 25 milliseconds
indicates that the order failed.

All position subsystem circuits other than SGGs and RGGs transmit
alarms through the alarm sender (AS) if abnormal circuit conditions
are encountered. Every 10 ms the Group Gate Scan (GGSN) program
scans, in J level, those RGGs whose information-present ferrods are
set. If the RGG F point is a 1, GGSN interprets the data as an alarm
and passes it to PAFR.

CPFR gives control in F level to PAFR to allow PAFR to save the
data on the F level interrupt in memory dedicated for that purpose.
Similarly GGSN enters PAFR in J level with alarms which PAFR
saves in an area of memory called an alarm hopper. In both cases
PAFR returns control after saving the data, and processing of the
data is deferred to the next regularly scheduled entry to PAFR.

7.2.2 J Level Entry to PAFR

PAFR is entered from the executive control program in J level once
every 25 ms. In general, the following operations are performed:

() A c