
































































































































































































































































































































































































































































































































Fig. 9—4A terminal supplementary frame.
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Fig. 10—(a) Terminal operation command format. (b) TAC operation command for-
mat.

tion or an internal TAC operation. The former commands are formatted
as 20-bit words as shown in Fig. 10a. The opcode defines the task to be
performed, the address specifies a particular register or memory location,
and the terminal number indicates the terminal to be used. For TAC
operations the instruction format is as shown in Fig. 10b. In this case,
the data field contains information to be used during the task defined
by the opcode.

The sequences initiated by the proper enabling of the TAC are con-
trolled by a wired logic sequencer driven by a 12.5 MHz oscillator.

Communication with the terminal units takes place over two dedicated
busses per terminal. Twenty-three bits of data plus a parity bit are
transmitted over the 24-bit bidirectional TAC-To-Terminal (T'TT) bus,
and a 6-bit opcode plus a parity bit is communicated from the TAC to
the terminal over the 7-bit Terminal Opcode bus (TOP). Additional leads
are dedicated to each terminal for enable, all-seems-well, trouble, and
buffer status signals.

The CCIS terminal unit is a small, self-contained, high-speed, stored
program processor with an order structure tailored to CCIS operation.
All signaling link related functions in the terminal unit are controlled
by an internal stored program. The flexibility of this approach assures
that the terminal can evolve with both the international and domestic
signaling formats and can be compatible with data links using higher
bit rates.

Figure 11 is a functional block diagram of the terminal unit. There are
three separate control entities within the terminal. The Instruction
Controller (IC) provides access to the program memory and executes the
internally stored program. The Data Memory Controller (DMC) provides
access to the data memory for both the internal stored program and the
third controller, the I/O Controller (10C). The latter handles all com-
munications with the TAC. The three controllers operate asynchronously
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with respect to each other and interact by requests, or bids, and ac-
knowledgements. When one controller bids for service from another it
waits until an acknowledgement is received before gating the data and
removing the bid. The DMC can receive bids from both the 1C and the
10C for access to the data memory. Both data and program memories
are random access IGFET memories.

The instruction controller consists of an instruction sequencer, de-
coder, instruction address register and logic circuits used by the stored
program. The set of instructions that can be executed by the IC are re-
ferred to as the internal order structure of the terminal and consist of
logic, transfer, and memory access instructions.

A seven-phase instruction cycle is derived from a 12.5 MHz oscillator.
The basic instruction cycle timing is shown in Fig. 12. As shown, the
Instruction Address Register (IAR) is incremented during phase 1. Two
phases are allowed for address propagation and plane select decoding
prior to reading the memory. Phases 4, 5 and 6 allow for decoder and logic
circuit settling times before loading internal registers. The sequencer
is halted in phase 6 on bids to the DMC until the acknowledgement signal
is received from the DMC. The sequencer can also be halted on command
from the processor and is halted automatically upon detection of an error
which affects normal terminal operation.

The program memory can be equipped with up to sixteen 128-word
modules, or planes. The output of the program memory drives the in-
struction decoder directly, where the opcode is decoded along with
various parameters to be used in the programmed operation.

All logic operations under control of the internal stored program in-
volve the use of a 23-bit Logic Register (LR). The functions associated
with the LR include rotation, masked insertion, incrementation, check
code generation, and interface with the modem. Referring to Fig. 13,
generation of an 8-bit check code is performed by executing a 1-bit
rotation with the cyclic check code feedback logic enabled. For trans-
mission, the contents of LR bit one is gated to the modem interface and
the LR is rotated one bit to the left. Likewise, for receiving serial data
from the modem, the LR is rotated one bit and the current receive bit
from the modem interface is gated into LR bit nine.

The internal order structure of the terminal unit is tailored to the
performance of CCIS signaling functions. The instruction repertoire is
summarized in Fig. 14.

Of the 12 bits per program word, the first three to six bits are used for
the opcode, the twelfth bit is a parity bit, and the remaining bits are used
for option and parameter fields. All instruction addressing is direct and
program flow is sequential, except where altered by transfer opera-
tions.

Access to data memory is provided by the DMC. The DMC can receive
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Fig. 15—Data memory organization.

service requests from both the instruction controller and the I/O con-
troller. As a result of these bids, the DMC generates the memory address,
selects the data path to or from the memory, administers the signal unit
buffers, and provides the necessary memory timing sequence. A common
12.5 MHz oscillator is used to drive the DMC and the IC.

Data memory, independent of program memory, is provided for re-
ceive and transmit buffers, buffer pointers, and the transmit record table,
as well as for miscellaneous data required by the internal program. The
organization of the data memory is shown in Fig. 15. As shown, the
memory is divided into four pages, denoted 0, 1, 2, and 3, each page
having as many as three sections, denoted A, B, and C. Each section is
implemented with a 128-word IGFET memory plane, identical to that
which is used in the program memory. Unlike program memory, however,
data words may be 24 or 34 bits in length. The longer word length is used
for the receive and transmit buffer area, and typically consists of a 20-bit
signal unit, an 8-bit link forward pointer which gives the location of the
next item in the buffer, and various parity bits.

Receive and transmit signal unit buffers are realized by “first-in,
first-out” linked-lists, 16 of which can exist simultaneously in the buffer
area of data memory. Each of the 16 lists has associated with it a word
in memory which contains a first-in pointer and a last-in pointer, spec-
ifying the location of the first-in and last-in items on that list, respec-

394 THE BELL SYSTEM TECHNICAL JOURNAL, FEBRUARY 1978



LIST NUMBER
REGISTER

POINTERS

FIP I LIP l

POINTER WORD
FOR LIST NO.

POINTER WORD
FOR VACANT LIST

POINTER WORD
FOR LIST NO.

EMPTY
POINTER
REGISTER

FIRST—IN ITEM ON
LISTNO.O+N

|
BUFFER POOL )

Y ——
|
/

O+N /
F

DATA L

ALL ONES LF

— = LAST—IN
VACANT ITEM

LF

DATA

LEGEND:

FIP = FIRST—IN POINTER

LIP = LAST—IN POINTER

LF = LINK FORWARD

ALL ONES FIP = VACANT LIST

ALL ONES DATA = EMPTY BUFFER
POOL LOCATION

ALL ONES LF = END OF LIST

ALL ONES LF

POINTER IS STORED
IN NONMEMORY LOCATION

ALL ONES|ALLONES

ALL ONES

LAST—IN ITEM ON

DATA LISTNO.O+N

Fig. 16—List linkages.

tively. The items on a given list, not necessarily occupying sequential
memory locations, are linked to one another through the use of link
forward pointers stored with each item. Data memory locations in the
buffer area are dynamically allocated to a specific list on an as-needed
basis. Unused buffer locations are linked together on a “last-in, first-out”
linked-list, referred to as the empty list. Figure 16 provides a simplified
overview of these list linkages.

Decoding and sequencing of input/output operations are handled by
the 10C in a four phase sequence. The remaining I/0 operation, con-
trolled by the terminal’s program, is the serializing of data to and from
the modem. The modem transmit and receive clocks set flags which are
tested by the internal stored program. Servicing the transmit and receive
flags must occur within one bit time of the modem clocks to avoid an
overflow condition.
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Data transmission is accomplished utilizing the 201D modem, a syn-
chronous unit capable of data transmission at 2400 bits per second (bps)
over 3002-type or equivalent, 4-wire lines. A 4-level Phase Shift Keying
(PSK) modulation scheme is used. Although similar to the 201B and 201C
modems, the 201D is designed to be mounted directly on the terminal
unit and to be diagnosed by the processor via the TAC and terminal
units.

Several overlapping techniques are employed within the terminal unit
to detect faults. The primary means, which tests approximately 60
percent of the terminal’s circuitry (excluding memory), is an internal
self test exercise. This exercise is run whenever the terminal’s signal unit
processing software is idle. Supplementing these tests are hardware
parity checks, a program memory sequence coding check, and a basic
sanity test provided by the servicing of receive and transmit flags set by
the modem. Upon detection of a fault, a particular bit is set, depending
upon the failing test, in a register dedicated to recording errors for in-
terrogation by the processor.

3.2 No. 4 ESS terminal group

Although the Central Control (CC) of the No. 4 ESS* System differs
from the SPC No. 1A employed in No. 4A, the terminal frame designs
for the two systems are functionally the same and physically similar. The
terminal unit design described in Section 3.1 is common to the two sys-
tems. Peripheral bus requirements for the No. 4 ESS CC, however, dictate
a terminal access controller (CONTR) design somewhat different from
that of the No. 4A TAC.

The No. 4 ESS CCIS terminal group is comprised of three frames, ar-
ranged in a similar physical configuration to the No. 4A terminal group
previously described. As shown in Fig. 17, the basic terminal frame ac-
commodates up to six terminal units, duplicated peripheral bus interface
(r1PUB) and terminal access controller (CONTR) units along with their
associated fusing, power converters, power control, and voice frequency
link level adjustment equipment. Adjustment of the voice frequency link
transmit and receive signal levels is achieved through attenuator and
amplifier modules associated with each terminal-modem, rather than
with external voice frequency link access circuits. Terminal growth be-
yond the basic frame is accomplished with up to two supplementary
frames, each of which mounts up to 5 terminal units.

Like all peripheral units in No. 4 ESS, the CONTR employs coded en-
abling to respond to a CC order. With coded enabling, each peripheral
has a unique name and monitors the peripheral unit bus at all times.
When an order is sent over the peripheral unit bus, only that unit whose
name matches the name accompanying the order responds. The name,
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Fig. 17—No. 4 ESS basic terminal frame.
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called the K-code, is sent to the CONTR on the Peripheral Unit Enable
Address (PUEA) bus, the order containing the operation code, data, and
optional terminal number is sent on the Peripheral Unit Write Bus
(PUWB), and the CONTR replies on the Peripheral Unit Reply Bus
(PURB).

Each CONTR and its mate share a common set of cable drivers and
receivers contained in the IPUB units. These units allow either CONTR
to be accessed from either bus 0 or bus 1. Both IPUB units are powered
from a source independent of the CONTRs.

The sequence of CONTR operations is driven by a 12.5 MHz oscillator,
which generates 64 decoded clock pulses, each of 80-nanosecond dura-
tion. Initiating the sequence is a synchronization pulse from the CC that
precedes the K-code and data. At the beginning of each sequence the
K-code is compared with the hard wired code of the CONTR, and if a
match occurs, the sequence continues. If no match occurs, the sequencer
is initialized and awaits the next synchronization pulse from the CC.

Sequences that follow the activation of the proper CONTR either access
a terminal unit or perform the maintenance or control operations internal
to the CONTR.

3.3 No. 1ESS terminal group

The most recent addition to the family of CCIS terminal frames is the
No. 1 ESS5 data terminal group. Since this equipment is intended to be
used in a more general data terminal application as well as in CCIS, its
design reflects the requirements of both systems and represents a cost-
effective solution to the data terminal need.

Basically the terminal group interfaces to the No. 1 ESS Processor
Peripheral Unit Address Bus (PUAB) and Scanner Answer Bus (SCAB)
and is enabled by the Central Pulse Distributor (CPD). Duplicated ter-
minal access controllers (CONT) are provided which communicate with
16 terminal units. The No. 1 ESS bus system and enabling scheme is
similar to that of the No. 4A System, hence the CONT and TAC unit de-
signs are similar. Each of the 16 terminal units can be equipped with up
to two modems. Only one modem is equipped in the CCIS application,
however. The modem outputs are connected to the Voice Frequency
Links (VFL) via Voice Frequency Link Access (VFLA) circuits which
provide maintenance access to the link from an office test frame and
provide a loopback path for terminal-modem fault diagnosis. A block
diagram of the processor to VFL interconnections is shown in Fig. 18.

The No. 1 ESS data terminal group consists of a basic frame and two
supplementary frames. The basic frame mounts duplicated CONT units
and a maximum of eight data terminal units, along with two power
control units and VFLA circuits associated with each terminal.
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Basic terminal unit architecture is retained in the No. 1 ESS design.
Departures from the common No. 4 ESS design are in memory imple-
mentation and modem interfacing. The former involves the use of bipolar
memory planes, each of which provides storage for 256 twelve-bit words.
The resultant data memory organization is shown in Fig. 19. Alternate
blocks of 128 words are assigned to each modem. Maintenance access
to the VFL from an office test position is provided by the VFLA unit. The
modem output can be connected to the VFL or looped back for mainte-
nance purposes. Switched access to the VFL from a test position via the
No. 1 ESS Trunk Link Network (TLN) is also allowed for initial alignment
and periodic maintenance.
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IV. 4A TOLL DISTRIBUTOR AND SCANNER
4.1 Introduction

The Distributor and Scanner (DAS) is a peripheral unit of the Stored
Program Controller (SPC) providing autonomous base level scanning
and distributing functions which are new and crucial to CCIS in the No.
4A toll application. It is primarily used to interface CCIS trunk circuits
with the spC. Each DAS frame contains 2048 distribute points and 2048
scan points. With connectorized access to the SPC Peripheral Bus Sys-
tem up to nine DAS frames can be provided in a 4A toll office. Each office
requires at least two frames for reliability. They control up to 1700 trunks
and miscellaneous points. Each additional DAS frame controls up to 2000
trunks. The distribute point is a mercury relay controlled by a flip-flop.
The flip-flop is set and checked in one SPC cycle thus allowing a DAS
distribute order to be executed in base level programs.

Many fault recognition and diagnostic features are part of the DAS
design. Checks are made on each autonomous scan and each directed
operation. When a check fails it is stored and an All Seems Well (ASw)
failure is sent to the processor. A bit per point and per operation called
a pest bit is provided allowing diagnostic and repair work to proceed
without continual failure indications. The per point matrix pest also
allows partial equipping of the matrix in groups of 512 points.

4.2 General description

A functional block diagram of DAS is shown in Fig. 20. It consists of
duplicated controllers and bus access circuits and a simplex matrix. The
bus I/0 circuits contain the connectorized cable transformers for re-
ceiving data from the Peripheral Unit Bus (PUB) and the enable pulses.
They also provide connectorized access to drive the Scanner Answer Bus
(SCAB) leads and terminal strips for the various scan and distribute
points used to control the frame.

The two controllers provide completely duplicated autonomous, di-
rected and maintenance functions. During normal autonomous scanning
operation they run in synchronism with matching to detect faulty op-
eration. Most directed operations are also done in synchronism.

The matrix consists of 128 rows with each row containing 16 scan
points and 16 distribute points. Access is duplicated down to the circuit
packs containing the scan and distribute points.

4.3 Physical design

The Distributor and Scanner frame, Fig. 21, is a conventional ESS
double bay frame. The frame is provided fully cabled to a total of 8
matrix unit (256 scan and 256 distribute points each) and is equipped
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initially with the circuit packs for two matrix units. Growth for other
than the first two DAS frames, which must be fully equipped, is to be
provided with matrix packs as required for particular installations.

A fully equipped DAS frame requires 362 circuit packs of twenty dif-
ferent codes. The logic family used is the Western Electric Company TTL
logic mounted in dual-in-line packages.

Power requirements for the frames’ TTL logic are supplied via four
dc-dc converters which supply the eight matrix units and two converters
which are dedicated to the duplex controllers.

4.4 Matrix

The basic element in the matrix is a pair of circuit packs: the matrix
point pack containing 16 distribute flip-flops and 16 scan points and the
matrix relay pack containing the 16 mercury relays used as the distribute
drivers. The pair is arranged in eight rows with two points per row.

Sixteen of these circuit pack pairs are arranged to make a unit of 32

rows with 8 points/row. The full matrix then consists of eight units in
a 128 row by 16 points/row array.
A typical distribute and scan circuit is shown in Fig. 22. For distribute
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a flip-flop stores the data and a relay driver is used to buffer its output
to a mercury wetted relay.

The scan point consists of a resistor capacitor network which is read
by a TTL gate. When the contact is closed the gate input is above 2.81
volts. In the contact open state the gate input is about 0.5 volts negative.
Worst case DC noise margins at the contact are 3.8 volts when the contact
is closed and 11 volts when it is open. The filter network has a delay time
of 1.7 ms open to closed and 1.5 ms closed to open.

4.5 Controller

A block diagram of the DAS controller is shown in Fig. 23. It consists
of a memory, a number of registers, change logic and a wired logic se-
quencer. The sequencer controls all operations of the controller. Nor-
mally it autonomously scans every row of the matrix, detecting and
buffering any changes. When the SPC initiates a directed operation by
sending an enable and data the sequencer returns an enable verify, in-
terprets the desired operation from the data, interrupts autonomous
operation, executes the directed operation, and resumes autonomous
operation.

The memory is 1024 row by 18 bits/row static random access memory.
Each row consists of 16 data bits and two parity bits, one over each half
of the data. Memory is divided into 8 sectors, each sector having 128
contiguous rows of data. Five of these sectors (last report, last look,
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distribute memory, ignore, and pest) are direct images of the 128 X 16
matrix and are used to store data pertaining to each point in the matrix.
The change buffer sector stores a word of data for each scan change de-
tected during autonomous operation. This word contains the 12 bit ad-
dress of the changed scan point and a change direction bit. Two sectors
are unused.

The distribute registers, scan registers and change logic shown in Fig.
23 are used during autonomous scanning. Each register is a 16 bit parallel
in, parallel out shift register. The scan registers store data on one scan
row at a time. They are loaded in parallel from memory (last report, last
look, ignore, pest) and from the matrix. After they are all loaded with
data pertaining to the same row, they are shifted a bit at a time into the
change logic. In this way the change logic processes one point at a time.
If the ignore or pest bits are set, no changes are reported. Otherwise the
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change logic combines the present look at the scan point, the last look,
the last reported state of the scan point and state change data from the
mate controller. The result of this combination is new last report data,
a change indication to the mate and a change indication for loading its
own change buffer.

The distribute registers are used for trouble detection. On each matrix
read operation, the state of the distribute flip flops for that row is read
into one distribute register and its image read into the other. They are
shifted to the error logic and compared one bit at a time. A mismatch
causes an ASW failure and halts autonomous operation. This procedure
checks all the access and readout circuits on a continual basis.

The mode register is a 11 bit register which controls normal and di-
agnostic operation of each controller. It is set by a special maintenance
instruction. Bits are provided to control both normal and diagnostic
operation.

4.6 Operation

The DAS has two modes of operation, autonomous and directed. Fig.
24 shows the timing of the 3.93 microsecond autonomous scan cycle of
all 128 rows. For each row there are eight load cycles which load the scan
and distribute shift registers from the matrix and from the memory.
Then there are 16 examine cycles, one for each point in the row. During
each examine cycle the change and error logic combine the data for that
point. Finally there are eight write cycles during which the last report
and last look memory is written and the row address counter is ad-
vanced.

There are 15 directed operations; five reads, eight writes and a auto-
nomous scan start/stop pair. For call processing an interrogate operation
returns the address and direction of oldest change in the buffer and a
bit indicating if the buffer is not empty. There is also a matrix read which
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returns the status of all scan (or distribute) points in a row. Four writes
allow distributes to a point, a quarter row (four bits), a half row (8 bits)
or a complete row. The remaining reads and writes allow the processor
to read and write the DAS registers and memory for maintenance.

V. IGFET STORE

Memory for storing CCIS programs and data is provided by a semi-
conductor store unit using Insulated Gate Field Effect Transistor
(IGFET) memory devices. A store frame (F'ig. 25) consists of a controller
and from one to six memory modules, each having a capacity of 32,768
words by 47 bits. The controller provides external interfaces for its
memory modules and generates necessary timing and control signals.
Three memory modules are required in a CCIS switching office, and one
memory module is needed in a CCIS signal transfer point. Store frames
are duplicated for reliability.

The IGFET memory device is 4096 words by one bit, using n-channel
technology. The device is dynamic, with refresh provided autonomously
by the store controller. Sixteen memory devices are packaged on a
memory plane containing 32,768 words by two bits. A memory module
consists of 24 memory planes with the controller. Five-volt Transistor-
Transistor Logic (TTL) devices are used in the nonmemory portions of
the store.

VI. OUTPULSER FRAME

On all incoming CCIS calls served by new trunks, an outpulser must
be connected to permit the marker to establish the cross office connec-
tion. The outpulser also provides access to circuitry which tests conti-
nuity of the CCIS transmission facility. In the case where a conventional
outgoing trunk is selected, the outpulser transmits the address digits
to the next office.

The outpulser unit is a modified Multi-Frequency (MF) sender with
the MF receiver unit and incoming digit registration circuitry removed.
The modification also adds the ability to connect to the circuit which
tests CCIS trunk continuity and the ability to receive address digit loads
from the processor.

Three outpulser units are mounted on an outpulser frame (Fig. 26).
These are arranged into groups with up to 48 outpulsers per group. Up
to three outpulser groups can be provided per office.

VIl. CCIS OUTPULSER LINK—TRUNK COMPLEX

An equipment module consisting of three CCIS trunk frames and one
outpulser link frame is designed as a fully connectorized module. This
design permits the factory to prepare all cabling between the four frames
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Fig. 25—IGFET store frame.
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Fig. 26—Outpulser frame.
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in module. A total of 360 trunks are attached to their respective outpulser
link appearance by connectorized umbilical cables provided on the trunk
frames and mated with frame connectors on the link frame at the time
of installation. In addition the cabling between 11 outpulser link frames,
which form a group, are connectorized. These link frame cables provide
the ability for all trunks to access every outpulser in the associated
outpulser group. This permits easy rearrangement during growth ad-
ditions as well as ease of connection during initial installation.

7.1 Outpulser Link Frame

The outpulser link consists essentially of small crossbar switches and
functions to connect an incoming CCIS call to an outpulser. The frame,
Fig. 27, contains three links, one for each of the associated trunk frames
in the module. Each trunk on a link has access to every outpulser in its
outpulser group through the connection in the outpulser link.

7.2 CCIS Trunk Frame

The ccCIS trunk frame accommodates a total of 120 plug-in trunk units.
The trunks consist of epoxy coated steel boards making use of miniature
wire spring relays and other low profile components. A typical trunk is
shown in Fig. 28. Use of the metal boards takes advantage of the struc-
tural and thermal characteristics of these substrates. The connectors
for the plug-in trunks are hard wired at the trunk frame to cables which
are connectorized at the outpulser link. A test housing, to be equipped
in every third trunk frame, provides a convenient station for the manual
testing of any of the trunks in the same frame or adjacent frames.

7.3 Outpulser Link Controller Frame

An outpulser link controller frame, Fig. 29, provides the necessary logic
to operate the outpulser link when an incoming CCIS call is connected
to an outpulser. As part of this operation the controller also passes the
identity of the trunk and outpulser to the SPC. In addition the outpulser
link controller functions to connect a transceiver to the outpulser when
requested by the processor. A single outpulser link controller frame is
required for each outpulser group. Each frame provides four controller
units to serve the associated outpulser group.

Vill. TRANSCEIVER AND CONNECTOR FRAME

The transceiver and connector frame, Fig. 30, provides the ability to
test the voice path when the associated signaling is carried over the CCIS
data link. The transceiver generates tones and has a receiver for verifying
the integrity of the talking path under test. The connector portion of the
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Fig. 27—Outpulser link frame.
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Fig. 28—cCIS plug-in trunk.

frame uses connectorized patch cables to provide multiple appearances
of the transceivers which enhance rearrangements during growth.

IX. AUXILIARY DECODER CONNECTOR

The Auxiliary Decoder Connector (ADC), Fig. 31, is provided to in-
crease the capacity of each connector of the basic Decoder Connector
(DC). The additional leads provided increase the number of address digits
which the DC can handle. These additional digits permit the entire ad-
dress to be read from the sender or loaded into the outpulser for trans-
mission to the next office.

X. MODIFIED EQUIPMENT
10.1 Options and planning

Most 4A crossbar and ETS circuits require some alteration, either
minor or substantial, to operate with cCIS. The majority of the CCIS
market in 4A crossbar will be in conversions of existing machines. CCIS
features are now provided as standard in all common control circuits so
that all subsequent manufacture of common control hardware will be
CCIS compatible.

Circuits such as trunks, ETS, Peripheral Bus Computer (PBC) and test
frames introduce the CCIS changes as options.
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Fig. 29—Outpulser link controller frame.
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Fig. 30—Transceiver and connector frame.
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Fig. 31—Auxiliary decoder connector frame.
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This permits the customer to acquire the CCIS features only where
required.

10.2 Marker

The marker is modified to accept the outgoing link address of a CCIS
trunk selected by the processor and to establish a connection between
asender or outpulser and the transceiver. This circuitry is contained in
a single unit, added to the standard marker frame. The unit contains a
cross connect field to permit the marker to be quickly converted to CCIS
operation after the CCIS generic program is loaded.

10.3 Outgoing link frames

Relays are added to this frame through which the marker can seize
a CCIS trunk previously selected by the processor. This change is con-
tained in two units per link frame.

10.4 Senders

Senders are modified for CCIS to provide all address digits to the
processor. This change is required so that the processor can transmit the
entire address field to the next office when an outgoing CCIS trunk is
selected. In addition the MF sender must be modified to serve also as an
outpulser when the trunks served contain both conventional and cCIS
trunks. This requires the capability of accepting the address digits to
be outpulsed from the processor via the decoder channel. These changes
are accomplished by adding relays to the existing units plus some asso-
ciated wiring changes.

10.5 Decoder channel

The decoder channel is modified to permit handling all eleven address
digits of a call. This change is accomplished by addition of apparatus into
existing space on the unit.

10.6 Decoder connector
CCIS requires only wiring changes to associate the Decoder Connector
(DC) with the auxiliary DC to increase its data capacity.

10.7 EM trunks

Standard mounting plate versions of the MF intertoll trunks may be
field modified for use as CCIS trunks. The modification opens the E&M
leads, provides for looping the transmit and receive speech pairs for voice
path assurance testing, adds connections to the Distributor and Scanner
(DAS) for supervision and control and provides a connector for patching
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the facility side of the trunk for transmission tests. The modification
includes a rotary switch control to permit either MF or CCIS opera-
tion.

10.8 Electronic Translator System and Peripheral Bus Computer

Minor changes are required on the Alarm and Display (A&D) and
Teletypewriter Buffer (TTYB) frames. The A&D is changed to add lamps
and logic associated with new CCIS hardware. Additional TTYBs are re-
quired to serve additional teletypewriters used for CCIS.

The PBC modification requires additional core memory to accom-
modate the increased amount of data for CCIS traffic and an additional
disk unit. The expansion requires the addition of one cabinet, some re-
location of hardware units among the resulting four cabinets and asso-
ciated cabling changes.

XI. NEW TEST FRAMES AND INTERFACES
11.1 Outpulser Link Controller Test Frame (OLCTF)

The OLCT frame, Fig. 32, and the CCIS Intra-Office Trunk Test Frame
(C10T) together form a small test center located in the CCIS trunk area
of a 4A switching machine. The OLCT performs processor controlled
scheduled operational tests of the controller and manually requested
tests in conjunction with trouble clearance by the craftspersons.

A single bay contains the logic units, control panel, lamp displays and
writing shelf which comprises the OLCT frame.

11.2 CCIS Intra-Office Trunk ( CIOT) test frame

This test frame, Fig. 33, performs scheduled operational tests of CCIS
trunks under processor control. Manual testing via a TTY associated with
this test frame can also be performed to aid trouble clearing and circuit
order testing. Test connections may be held to permit manual trans-
mission measurements.

The CIOT consists of a single bay frame. A control and lamp panel, a
writing shelf, relay logic units and a telephone handset are component
parts of the hardware arrangement. An associated TTY is dedicated to
this test frame for I/O functions. This test frame along with the outpulser
link controller test frame form a remote test center.

11.3 VFL test frame

The Voice Frequency Link (VFL) test frame, Fig. 34, provides the
ability to perform manual transmission tests on CCIS data links. It is
intended for use only at the Signal Transfer Point (STP) locations where
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Fig. 32—Outpulser link controller test frame.

418 THE BELL SYSTEM TECHNICAL JOURNAL, FEBRUARY 1978



Fig. 33—cc18 intra-office trunk test frame.
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Fig. 34—Voice frequency link test frame.

there are large numbers of VFLs. The test appearance of a VFL is switched
to the VFL test frame under processor control. The frame provides a
Transmission Impairment Measurement, (TIM) test set for manual tests.
A telephone set and control logic for connecting to various communi-

420 THE BELL SYSTEM TECHNICAL JOURNAL, FEBRUARY 1978



cation circuits is also provided. An ETS teletypewriter (TTY) provides
the I/O function.

The VFL test frame is contained on a double bay framework. Jacks are
provided for 300 VFL appearances on the jack bay. A cross connect field
is provided to permit regrouping the VFL appearance on the jack bay
without office cabling changes.

11.4 Voice Frequency Link Access Unit and Frame

This circuit performs the switching necessary to disconnect a voice
frequency link from the CCIS terminal and connect it either to the VFL
test frame for manual testing or to the maintenance terminal for auto-
matic testing. As shown in Fig. 35, eight VFL access units are provided
in a single bay frame. Each unit serves four CCIS terminal units. This
frame is required in an STP, but not in a CCIS switching office, where only
a VFL access unit is required.

XIl. MODIFIED TEST FRAMES
12.1 Trouble recorder

This frame was modified to add CCIS information to the trouble record
card, to add circuitry for testing the operation of CCIS features in the 4A
common control hardware and to provide additional alarm and status
lamps. It was implemented by adding two new units, some components
to existing units and a new trouble record card.

12.2 Incoming Sender Register Test (ISRT) frame

This test frame was modified to perform tests of the CCIS features in
senders, outpulsers and sender/outpulsers. In addition the ISRT was
altered to test the transceivers which are used by CCIS to test the conti-
nuity of voice paths. Output information on hard faults is sent to the
maintenance TTY. These changes were incorporated by adding a new
unit to the frame plus some component changes on the frame control
panel.

12.3 Automatically Directed Outgoing Intertoll Test (ADOIT) frame

The ADOIT frame was modified to perform automatic transmission
testing of CCIS trunks. The test connector is not used by the ADOIT to
access CCIS trunks; instead ADOIT to processor communication is used
to request the processor to reserve the designated trunk for the ADOIT
connection. The changes were accomplished by addition of apparatus
and wiring to existing units on the ADOIT frame.
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Fig. 35—Voice frequency link access frame.

422 THE BELL SYSTEM TECHNICAL JOURNAL, FEBRUARY 1978



Xlll. TRANSMISSION EQUIPMENT
13.1 Integrated Manual Test Frame (IMTF)

This frame provides for the manual testing of both conventional and
cciI8 trunks. The frame has two test access appearances on the switching
machine and can optionally be equipped for Switched Maintenance
System 3B (SMAS) which can gain access to points in the transmission
terminal equipment. This arrangement allows the cross office testing
to be performed by one person. The test portion of the IMTF is shown
in Fig. 36.

For ccCIS trunk testing access is made via the Teletype Corporation
DATASPEED 40 teletypewriter. The DATASPEED 40 interfaces the
SPC through the Teletypewriter Buffer (TTYB) and can be used by the
craftsperson to access a specific trunk, control the state of certain
equipments, and to obtain information from other test frames.

Each test access via the switching machine is monitored during the
call setup. Certain operational problems which halt call progress are
displayed as an aid in trouble isolation. Transmission level and noise
measurements can be made from test lines or with a craftsperson in the
distant office.

The IMTF is optionally provided with a return loss measuring set
and/or an echo suppressor measuring system depending on the assign-
ments of toll connecting and intertoll trunk testing. Jacks are provided
for the use of portable equipment.

The Voice Frequency Links (VFL) for the switching offices appear in
the Test Trunk and VF Link Jack (TTJ) bay which is adjacent to an IMTF.
The test appearance of the VFL is switched to the TTJ bay by the pro-
cessor. From there it can be patched to the IMTF for transmission mea-
surements. Portable test equipment can be used if required, such as for
envelope delay distortion measurements. The TTJ also provides test
trunks and lines to other test frames and equipment.

The IMTF has been arranged to group together those functions which
are needed to permit one person to isolate trunk and facility problems.
The IMTF is part of what is known as a Trunk Operations Center (TOC),
which is responsible for pre-cutover and circuit order testing. The general
trunk maintenance functions include trouble detection, service pro-
tection, sectionalization, verification, and others.

To support these functions SPC channel 6 and PBC channel 26 are
available in the TOC to present information such as trunk status.

13.2 Outgoing Trunk Testing System (OTTS)

The Qutgoing Trunk Testing System (0TTS), Fig. 37 is a micropro-
cessor centered, minicomputer controlled test frame that operates au-
tomatically to test all intertoll and toll connecting message trunks
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Fig. 36—Close up of integrated manual test frame.

outgoing from a No. 4A switching machine. The minicomputer providing
the control can be colocated with and connected directly to the OTTS
[the Trunk and Facilities Maintenance System (TFMS) configuration]
or may be remote and controlled via a Direct Distance Dialing data link
[the Centralized Automated Reporting on Trunks (CAROT) configura-

424 THE BELL SYSTEM TECHNICAL JOURNAL, FEBRUARY 1978



gt

Yy ) i)

i

|
b

e

Fig. 37—Outgoing trunk testing system bay.
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tion]. In either case, the minicomputer serves to specify a trunk and a
test. The microprocessor part of the OTTS equipment serves to control,
monitor and report the results of each test.

OTTS is able to conduct tests on two trunks simultaneously via the
switching machine and results in sufficient capacity in a single test frame
to complete all the trunk testing requirements of even the largest No.
4A offices.

For conventional trunks, OTTS performs tests to all standard opera-
tional and transmission test lines. Following any of these, a supple-
mentary trunk identification, trunk verification, disconnect timing (for
intertoll trunks) or incoming release (for toll completing trunks) test may
be made. Alternatively, any of a variety of special abbreviated trunk tests
may be specified. Preceding each test, a set of call process checks is made.
Any failure terminates the sequence with a report message to the con-
trolling minicomputer. OTTS may be controlled to complete to a busy
trunk, distinguish between service and maintenance busies (without
service disruption) and to control the lockout relays of equipped
trunks.

For CCIS trunks, OTTS performs tests only to transmission test lines.
Before each test, a Voice Path Assurance (VPA) check is made. The re-
sults of the VPA check are reported to the controlling minicomputer, but
the transmission test line test is continued independent of those results.
Following each transmission test a special CCIS release timing check is
made.

These tests can be made on CCIS trunks made maintenance busy at
the near-end. Trunks may be made maintenance busy or returned to
service from a maintenance busy state. A sequence of call progress checks
analogous to those for conventional trunks is made. For conventional
trunks, OTTS interfaces the No. 4A switch as two incoming trunks. OTTS
performs its own sender functions and interfaces with the common
control via a single decoder connector appearance. OTTS identifies the
trunk to be tested to the marker via the test connector and a dedicated
trunk block connector.

Similarly for CCIS trunks, OTTS interfaces the switch as two incoming
conventional trunks. The same decoder connector appearance is used
as is used for conventional trunks to initiate the switching process, but
for CcCIS trunks the trunk to be seized and the call destination are iden-
tified to the switch via a pair of multi-lead interfaces with the DAS circuit
of the spcC.

User interaction with OTTS in the TFMS configuration takes place via
two local Trunk Maintenance teletypewriters. One terminal is custom-
arily dedicated to tests on intertoll and the other to tests in toll con-
necting trunks. The TFMS configuration operates in two distinct modes,
routine and demand. '
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In the routine mode of operation, all trunks are tested by traffic group
in a predetermined sequence. Only those tests that fail are reported, and
busy trunks are stored for retesting at 30-minute intervals. In the routine
testing mode, CCIS and conventional trunk groups may be mixed.

In the demand mode of operation, a formatted request may be entered
at a trunk maintenance terminal and cause one or more repetitions of
any test sequence in the repertoire to any trunk or group. The results
of any test made in the demand mode are reported, whether or not the
test results are passing.

User interaction with OTTS in the CAROT configuration can take place
in any of three modes, each of which requires that the OTTS be converted
to a Remote Office Test Line (ROTL) by application of an optional
OTTS/ROTL unit. The OTTS/ROTL unit serves to interpret communi-
cations between the CAROT processor and the OTTS sequence control-
ler.

The routine mode for the CAROT configuration is similar to that for
the TFMS configuration except in that the processor is remotely located
and the output (trouble) reports are prepared on a line printer colocated
with the CAROT processor. Similarly, a demand mode exists in the CAROT
configuration in which the request is made from and the results are re-
ported to a terminal connected to the CAROT processor either directly
or via a direct distance dialing data link.

The third mode of interaction with OTTS consists of direct connection
of a Manually Controlled Interrogator (MCI) to the OTTS/ROTL unit in
the OTTS bay. Using the MCJ, any test sequence in the repertoire can be
made repetitively and the results are displayed on panel lights on the
MCI.

13.3 Unitized terminal equipment

Modern No. 4A crossbar and No. 4 ESS toll offices utilize Unitized
Facility Terminals (UFT) to provide all the termination, signaling and
channel bank equipments needed for toll trunks in compact prewired
packages. This UFT family has been expanded to include frames for use
with CCIS trunks. Four frames sets have been added.

Two sets of frames were designed primarily to be compatible with No.
4A crossbar offices. One, a set of three frames provides a complete ter-
minal for 480 trunks including channel banks, carrier supply and dis-
tribution, power supply and distribution, transmission level adjusting
attenuators, and maintenance and communications equipment. The
second frame set design adds echo suppressors to the unitized terminal.
Similar frame sets were designed primarily for ESS offices in arrange-
ments with and without echo suppressors. The frame including echo
suppressors will not be needed in No. 4 ESS offices after the introduction
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of the digital echo suppressor terminal but will be needed in No. 1 and
No. 1A ESS offices.

The cCIS frames occupy only one-half the floor space needed for
similar UFT equipment which include signaling units.

All frames are arranged for convenient in-aisle maintenance access
and communications. Optionally, the frames may be equipped with
plug-in maintenance connectors to provide dial-up remote access to all
trunks at the carrier interface (+7, —16 TLP) from the IMTF or other test
position.

In the transition to CCIs it will be desirable to utilize existing equip-
ment arrangements at least temporarily. Plug-in units interchangeable
with SF signaling units have therefore been made available. These units
provide only the attenuators for transmission level adjustment.

Xlv. SUMMARY

The application of CCIS to the toll network has taken advantage of
existing but modern hardware technology in the various switching sys-
tems to reduce development time and cost to the network. New units
and frames have been required as well as modifications to existing
switching equipment. The technology matches exactly that being used
in new ESS offices and has been optimized for ease of conversion of ex-
isting No. 4A crossbar offices. The design should allow rapid expansion
of the CCIS network.
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Common Channel Interoffice Signaling:

Development Tools
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(Manuscript received May 7, 1977)

Tools used in the design, development, and testing of various com-
ponents of the Common Channel Interoffice Signaling (CCIS) feature
of No. 4A toll crossbar and No. 4 ESS are described. Included in the
discussion are CCIS software design and administration support tools,
electronic circuit design, analysis, and test tools, and laboratory support
systems for software and hardware testing.

I. INTRODUCTION

A cciIs switching office or Signal Transfer Point (STP) consists of a
variety of complex software and hardware systems whose sound design
and thorough testing can be aided by effective support and development
tools. Such software tools as a text editor, a macro assembler, and a
linking loader are indispensable for program development. Managing
large data bases of commonly used symbol definitions and large numbers
of individual programs is accomplished by sophisticated software ad-
ministration systems. Several hardware development tools not only aid
the design and analysis of complex electronic circuits, but also provide
circuit performance data used in the diagnostic software for these cir-
cuits. Support for the testing of completed software and hardware de-
signs has also been provided. Laboratory utilities and test systems are
available for debugging, function testing, and integration of system
programs. The need for testing certain electronic peripheral circuits in
an isolated environment has led to the development of off-line test
systems that simulate the appropriate central control processors and
their peripheral busses. The operation and application of each of these
systems in the development of CCIS are detailed below.
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Il. SOFTWARE DEVELOPMENT TOOLS

The software development tools described below are programs and
systems utilized in the design, development and maintenance of the CCIS
real-time application software. Most of the tools are similar to those
needed for any software development effort, and are representative of
the major tools used during the development of CCIS. They are used for
both the Stored Program Control (SPC) and Peripheral Bus Computer
(PBC) developments and include a development and maintenance ad-
ministration system, an editor, an assembler, a loader, and two special
aids. One special aid is used for the development and maintenance of
common pools of information, called COMPOOLS, which are used by the
assembler. The other aid is a special purpose assembler for the CCIS
terminal hardware unit to aid in assembling its language.

If we look at the development of a typical CCIS program module, called
a pident, we can see how these tools are utilized. First, the name of the
pident and its associated administrative information are entered into
the Interactive Program Administration System (IPAS) data base. The
user may then create the new pident through the use of an interactive
editor within 1PAS. The created pident, along with Advanced Processor
Editor (APE) control cards, is submitted by IPAS for assembly by the
appropriate version of the Switching Assembler Program (SWAP) as a
batch job. Once the assembly is flag-free, the object module created by
SWAP is linked to other modules of the system by the loader, which
creates a load tape of the CCIS or PBC programs. This program tape is
directly readable by the SPC or PBC machines, to initialize their memories
with the real-time application programs.

For the ccis development, these tools are designed to run on a gen-
eral-purpose computer-center machine rather than on the application
processor. The time-sharing and batch facilities of a large-scale, gen-
eral-purpose computer are required to accommodate the heavy demand
for these tools by the members of the development team; because the
application processor is specially designed to control a switching ma-
chine, its instruction set and operating system are not suitable for gen-
eral-purpose programming or time-shared use. Furthermore, to maxi-
mize the effective utilization of machine time, functions such as program
editing and assembling, which can be carried out off line, are supported
on the computer center processor, leaving the laboratory switching
processor available for program debugging and system testing.

2.1 IPAS—the Interactive Program Administration System

IPAS is at the heart of the program development process. It executes
interactively under the computer center’s time-sharing facility. Before
IPAS was available, programmers used card edit decks to define the
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changes required in a pident source file. Job Control Language (JCL)
statements were generated by hand to run program assemblies under
SWAP in a batch mode. IPAS replaced card edit decks with disk files of
editor statements, and it replaced manual submission of assemblies with
automatic generation and submission of required JCL. A programmer
can now log onto IPAS, interactively create or modify a set of edit state-
ments for a specified version of a pident, and schedule a batch assembly
of the modified source without an intimate knowledge of the computer
center operating system. Thus, more efficient use is made of program
development time.

IPAS utilizes a central data base to control user access to IPAS, to
control user access to particular functions and data files, and to record
the existence and status of a pident’s related edit files. The people in the
Program Administration Group use the IPAS data base to control per-
manent changes to program source files, to check dates and times of
assemblies, to generate official program listings for field distribution,
and to set up loader input to produce a new generic tape.

2.2 Editing, assembling, and linking pidents

As with all Bell System stored program switching developments, such
as No. 1 ESS, No. 2 ESS, and No. 3 ESS, an editor, assembler and loader
are the basic tools for program system development. The APE editor used
to edit the program source is that used by the No. 2 ESS and No. 3 ESS
developments. The SWAP assembler used is similar to those used for
other developments. The loaders which perform the linking functions
for each machine are unique.

2.2.1 APE—the Advanced Processor Editor

A subject file data base is edited by the APE editor through the use
of control cards and new input lines to produce a temporary updated file
which is passed to the assembly step, and optionally, to a new, perma-
nently altered and renumbered subject file. By using the APE editor,
temporary changes can be made to the source files, and incorrect edits
can be easily removed. In addition, the accumulation of these edits
provides a history of changes to each pident, allowing programmers,
testers, and administrators to determine the changes from one issue of
a pident to the next very simply and efficiently.

2.2.2 SWAP—the Switching Assembler Program

SWAP is a powerful macro assembler, which reads symbolically
coded machine instructions, pseudo-operations, and macros and converts
them into object machine code.!2 Its normal outputs include an assembly
listing and a disk data set containing the Object Program Module (OPM).
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The OPM contains the assembled machine code plus linkage and ad-
ministrative information needed by the loaders. Separate but similar
versions of SWAP exist to assemble SPC and PBC code.

The SWAP assembler, developed concurrently with the SPC No. 1A
processor? in the 1960s was intended for use by all electronic switching
system software developments. In the next decade, when the use of
high-level languages for SPC machines was investigated, the potential
improvements in the program development process and in software
maintainability did not appear to offset the penalty of greater real-time
consumption and memory usage characteristic of most high-level lan-
guages. As a result, traditional methods using macros and assembly-
language programming were employed in the development of 4A/CCIS
software.

2.2.3 LDR—the Loader

Separate loaders exist for the SPC and PBC systems. Each loader
takes any number of OPMs produced by SWAP (Section 2.2.2) and re-
solves the linkages between them. It also assigns each pident to a “real”
piece of memory (address) or disk space and converts all relative ad-
dresses to absolute addresses. Each loader produces a listing consisting
of the free and occupied areas of memory, the linkages resolved and
outstanding, and any error messages. The ultimate product is the load
tape, which is an application-machine-readable image of the linked
real-time programs.

2.2.4 COMPAS—the COMPOOL Administration System

References to common data, formats, and locations are resolved not
only in the loader stage, but also in the SWAP assembly stage using an
entity known as a COMPOOL or DATAPOOL. COMPOOL is a collection of
commonly used symbolic names, addresses, layouts (patterns) for
locations, and registers, which are assembled and saved on a disk data
set. A number of these preassembled disk data sets may then be used
in subsequent SWAP assemblies to resolve references to symbols.

When used to refer to memory locations, the symbols contain certain
special attributes, such as the address of a table, the address of a word
or structure within a table, or a particular portion of a single word. To
facilitate describing these symbols in a meaningful fashion, a special
language was developed. This language, its compiler, editor, and data
base are collectively known as the COMPOOL Administration System
(coMPAS). The high-level language of COMPAS is used to describe the
entities comprising a COMPOOL, such as tables, words, items, registers,
constants, memory blocks, and holes in a hierarchical and sequentially
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:SYSTEM BUILD (CCIS)
:MOVEBEFORE TABLEC, TABLEB
INSERTAFTER MYTABLE

MEMBLK addr1, addr2,,PROTECTED, OFFICE _DATA,,,
‘space for trunk tables and headcells’

TABLE TRKTABLE

PROGRAMMER ‘name room extension’

SYSTEM ccCIs

ORIGIN ABSOLUTE, EVEN, ‘used as list of headcells’

MEMORY PROTECTED, OFFICE _DATA

LENGTH 16, 32, ‘one word per trunk headcell’

QUANTITY 1, 4, ‘one table per trunk group — min=1, max=4'

DOCUMENT TTBL, 68009
DESCRIPTION  ‘these tables are indexed by trunk group number’

WORD NAME=WORD1. TTBL, WRDTYP=DATA, WRDNUM=0
PLACEMENT  ‘these headcells require immediate access’
DESCRIPTION ‘headcell is used to point to array of trunks’

ITEM TTBL_EQUIP, 3, 17, N, ‘eqpd=001, uneqpd=000, maint=100"
ITEM TTBL_PTR, 17,0, N, ‘ptr to trunk tbl’

WORD NAME=TYPE_TTBL, WRDTYP=DATA, WRDNUM=1
PLACEMENT  ‘corresponds to ttbl_ptr’
DESCRIPTION ‘used for trunk group type’

ITEM TTBL_TYPE, 3, 0, N, "see document PR-68003.14 for
bit types’
ITEM FILL, 17, 3,, ‘unused bits’, DEFAULT=0

TCONST TTBL_EQUIP_CHK, 1, ‘constant used to check
equipped status’
END_TABLE
REGD TTBL_REG _CHK, E (3), 0,, ‘register definition used
to check trk tbl’
HOLE 128, ‘leave hole 128 words long in memory’
:RENAME TRK_TBL, NEWTRK_TBL
:DELETE HOLE. 17744
:PRINTAFTER *ALL #print formatted list of compool
:END

Fig. 1—Sample table definition and input commands for a COMPAS run.

ordered structure. Figure 1 shows a typical table definition in COMPAS
format, with examples of the editing and layout commands.

The entities are entered into the data base, and the existing data base
is manipulated by using the COMPAS command language. Thus, COMPAS
provides the COMPOOL administrator with an entity-based editor and
command structure. This feature facilitates the manipulation of com-
plete entities such as tables, which have an arbitrarily complex structure
and length, by using a single command.

COMPAS provides other special advantages over conventional COM-
POOL defining techniques such as SWAP macros. It provides for the
checking of the entity data for consistency. For instance, when the layout
of a particular word is defined, the items can be checked to verify that
all bits are defined once, unless declared otherwise. This provides a level
of checking not possible using conventional SWAP declarations. COMPAS
also provides for the complete description of each entity and its parts.
This helps document the entities and provides for reference to the in-
dividuals responsible for controlling the entities.
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In addition to the features already described, the COMPAS high-level
language definition of a COMPOOL is transmitted to Western Electric,
where it is used to build a data compiler automatically. This is done using
a system developed jointly by Bell Laboratories and Western Electric
known as the Integrated Data Management System (IDMS). This system
facilitates the automatic updating of the data compiler needed to support
changes to COMPOOL often required with issuance of new generics of the
CCIS programs.

2.2.5 TASM—the Terminal Assembler

The terminal hardware unit,3 which is a special purpose computer
used as an interface between data transmission facilities and an appli-
cation processor, is used in several switching systems. Currently, the
terminal is able to communicate with the No. 1 ESS, No. 1A ESS, and SPC
No. 1A processors. The terminal does not contain a peripheral unit such
as a tape unit from which it is capable of loading its application program.
Therefore, the terminal application program must be assembled by the
respective SWAP assembler (Section 2.2.2) into the format of the appli-
cation processor (SPC No. 1A, No. 1 ESS, or No. 1A ESS). That processor
then can transmit the terminal application program to the terminal over
its own communication paths.

The terminal has its own assembly language, so a terminal assembler
(TASM) was written using SWAP macros and pseudo-operations. Thus,
the terminal assembler is imbedded within SWAP in much the same way
as was the CENTRAN (SNX360) assembler for the Safeguard project.*
It is a one-pass data handling, two-pass program handling assembler.

The assembler consists of two parts: a common portion and an ap-
plication portion. The common portion consists of approximately 1200
lines of macros and is used without change by all SWAP assemblers re-
quired to assemble terminal programs. The application portion is unique
to each application (system) using a terminal. It consists of approxi-
mately 300 lines of macros which perform the job of packing the as-
sembled data passed to it by the common section into the format nec-
essary for the particular application.

Using this technique, the assembly listing produced contains the
terminal source code lines, the assembled values and addresses in ter-
minal format, and the packed application format, cross-referenced to
the terminal format, in one listing. Also, as a result of this technique, a
single SWAP assembly produces an OPM which can be linked by any one
of the application-processor loaders.

. HARDWARE DEVELOPMENT TOOLS

There were two software tools of major importance used in the de-
velopment and testing of the hardware for CCIS. By far the largest and
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most complex tool was the Logic Analyzer for Maintenance Planning
(LAMP).

3.1 LAMP—Logic Analyzer for Maintenance Planning

LAMP is a large and complex system which runs under several gen-
eral-purpose computer operating systems. It is a circuit simulator ca-
pable of logic, fault, race, and timing analysis of circuits.?8 It was used
to help design the CCIS circuits through provisioning for diagnostics and
maintenance. It was also used to verify the logic and timing within the
circuits prior to building laboratory models.

LAMP can produce outputs which link it to many other tools, such as
the Diagnostic Language (DIAL) (Section 4.1) and the frame and circuit
pack testing tools (Section VI). In particular, one of its outputs is used
in the production of the Trouble Locating Manual (TLM), as described
below.

3.2 TLM—the Trouble Location Manual Program

In order to locate and diagnose hardware problems in the new elec-
tronic circuits added for CCIS, a printed TLM using a first-failing test
algorithm was provided. Production of such a TLM begins with one or
more LAMP simulations of the circuit; one simulation may be run for each
diagnostic phase. The input to each simulation is the data from the
SpcC-resident diagnostic programs. Results from multiple LAMP simu-
lations are combined to form one ‘“results” data base. These results,
however, cannot be used directly to generate trouble numbers. Packing
algorithms must first be applied to simulate the packing of results done
within the SPC. The SPC diagnostic programs pack the results because
of the limited SPC memory available for storage of the raw data. Different
packing rules may be applied for each CCIS circuit.

A fault data base is constructed from the LAMP circuit model and from
physical circuit data contained in circuit-pack device files. This data base
associates the fault numbers used in the various processing algorithms
(e.g., in LAMP), with physical locations and fault descriptions, and it
defines the classes of equivalent (logically identical) faults.

The final step in TLM generation is the application of the trouble
number calculation algorithm to the packed simulation results. The
trouble number data is combined with the physical fault information
to produce the printed behavioral TLM.

IV. COMBINATION HARDWARE-SOFTWARE DEVELOPMENT TOOL

DIAL is a macro language used to generate diagnostic tables for CCIS
~ peripheral units. These tables are stored in SPC memory and in con-
junction with a DIAL table executor, compose a diagnostic program. A
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typical DIAL statement may specify a peripheral order to the circuit
under test and the corresponding expected reply to that order. The
generation of the diagnostic tables is done using a DIAL-SPC compiler.
The DIAL macros are also compiled using a DIAL-LAMP compiler to
produce LAMP input vectors (Section 3.1). These input vectors are used
to drive a LAMP simulation of the circuit to verify circuit operation
during initial circuit design stages, to design and evaluate diagnostic
tests, and to produce a TLM for the circuit through fault simulation. A
third application of DIAL macros is to generate factory tests. The DIAL
statements generate a data base which is released to Western Electric
to be used to test the peripheral units before shipment.
Among the advantages of using the DIAL language are:

(i) The same set of source statements may be used during initial
circuit design, in diagnostic generation, and in manufacturing test gen-
eration by inputting them to different DIAL compilers.

(i1) Functions are easier to code and understand because DIAL
statements are macro calls.

(z17) The language is common to several peripheral units.

(v) DIAL table-driven diagnostics require less SPC memory than
machine-language code of the same tests.

In addition, because the DIAL compilers are actually a set of SWAP
macros, functions coded in the DIAL language are portable and can be
used in several machines and systems which use the SWAP assembler.

V. LABORATORY SUPPORT SYSTEM

The demand for increased reliability of software systems, coupled with
the high degree of complexity which is characteristic of many modern
software designs, has resulted in the need for effective and efficient
testing methods and sophisticated laboratory support tools. The de-
velopment of CCIS software for 4A crossbar and for No. 4 ESS—systems
where the reliable performance of the software is essential to the conti-
nuity of telephone service—was supported by a number of such tools.
(A discussion of No. 4 ESS support systems may be found in Ref. 7.)

5.1 Utilities for debugging and testing

When a program module is first introduced into the host processor
in a laboratory environment, the software designer requires special tools
which enable him to execute specific sections of his program, monitor
its operation, detect and analyze performance anomalies, and rapidly
make corrections and modifications. As system integration progresses,
function testing causes increased program interaction, and additional
testing aids are needed which provide for less disruptive collection of
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large amounts of performance data and rapid resolution of detected
errors. Two independent laboratory utility systems, a host-processor-
resident utility system and a minicomputer-resident noninteracting
utility system, provide the program control and monitoring facilities
required during the early stages of testing.

5.1.1 Resident Utility

Program testing at its most basic level is accomplished with the Res-
ident Utility system, which is illustrated in Fig. 2. In this mode, the user
is provided with the greatest degree of control over the execution of a
program. By the use of the Noninteracting Utility Program Interface
Console (NUPIC), which is used as a manual test console or “T-cart,”
program execution in the SPC processor may be stopped, instructions
may be executed one at a time, or “matchers” may be used to detect the
execution, reading, or writing of a specified memory location.

In addition to these manually controlled functions, the Resident
Utility provides a variety of software-controlled features through a
system of utility programs which “reside” in SPC memory. In either a
batch mode using punched-card input, or interactively with teletype-
writer (T'TY) commands, the user is able to establish his test environ-
ment, control the execution of the program sections under test, and
collect the desired run-time data. With the SPC system under the control
of the utility system, the user may initialize internal registers and scratch
memory, and cause execution to begin and end at given locations. By
inserting special instructions at user-specified addresses, the utility
system can monitor program progress at that address, dynamically
modify run-time program parameters, or divert execution to special test
routines. The transfer trace facility of the Resident Utility allows the
printing of program addresses and internal registers each time a transfer
instruction causes a break in sequential instruction execution.

A flexible program modification facility is an essential component of
a laboratory utility system. The Resident Utility Overwrite Assembler
is the means by which corrected program errors and modifications are
incorporated into the machine-language version of the programs as they
are being tested in the laboratory. Input statements to the Overwrite
Assembler are compatible with the SWAP assembler (Section 2.2.2); once
all additions and modifications have been tested in the laboratory to the
satisfaction of the programmer, the overwrites may then be incorporated
into the permanent version of the program using SWAP and its associated
editing programs.

A variety of miscellaneous testing tools and laboratory aids are also
part of the Resident Utility feature repertory. Memory may be dumped
to magnetic tape or to the line printer, memory may be loaded from tape,
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Fig. 2—Resident Utility system.

or data on a magnetic tape may be compared with that in memory.
System software and hardware may be reinitialized in varying degrees
under utility control.

However, a major drawback to the operation of the Resident Utility
is the high degree of direct interaction between the utility and the pro-
grams under test. Execution of programs under test at their normal
speed, without periodic interruption, is sacrificed for the fine control
of program execution and the simplicity of the hardware structure
characteristic of the Resident Utility.

5.1.2 Nonresident Utility

The ability to collect program execution and performance data
without interaction by the utility system becomes essential in the pro-
gram integration phase of testing. In a system such as 4A/CCIS, many call
set-up functions are performed by electromechanical common-control
hardware; the real-time software which controls and monitors this
equipment executes essentially instantaneously relative to the much
slower hardware. Interruptions to normal program flow, such as those
caused by the Resident Utility to collect and print program data, could
delay the initiation or execution of these programs, thereby distorting
normal hardware-software sequences and corrupting test results. This
inadequacy of the Resident Utility is overcome with the Nonresident
Utility, whose noninterfering monitoring and off-line data processing
are better suited to the more rigid environment of the latter phases of
testing.

The nerve center of the Nonresident Utility system is a minicomputer
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support processor (Fig. 3), one of whose peripherals is the NUPIC with
its associated buffer. Under control of the Nonresident Utility software,
the NUPIC is programmed to collect selected SPC program execution
information when one or more of a variety of matchers detects a user-
specified condition in the SPC processor. Among the conditions which
these hardware matchers may be armed to detect are the execution of
a specified SPC program address, the reading or writing of a given bit
pattern at a specified address, and the accessing of a given SPC peripheral
unit. In each case, the user may establish the particular conditions under
which a match should occur either by composing Nonresident Utility
statements interactively at a TTY keyboard or by identifying a previously
created disk file containing images of the desired statements. Once these
commands have been executed and the appropriate matchers armed,
the NUPIC continuously monitors the operation of the SPC processor until
a match occurs. At that instant, without interruption to the operation
of the SPC, the NUPIC gates the information previously specified by the
user’s commands to a buffer which is unloaded by the support processor.
An additional feature may be enabled or disabled when a match occurs:
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noninteracting transfer trace, which provides a snap of critical SPC op-
erational data each time a program transfer takes place. The autonomous
matching and data collecting processes performed by the NUPIC allow
for the gathering of a large amount of program execution data without
disrupting the normal, full-speed operation of the system under test.

An important component of the Nonresident Utility system is the
off-line data processing capability provided in the support processor
software. While data being collected by the NUPIC is loaded into the
hardware buffer, utility programs are unloading the data in its raw form
onto a disk file. At the user’s option, this data may be immediately
translated into a readable form and printed at high speed, or may be
stored on the disk for later off-line processing. A circular-file feature
allows the automatic, continuous overlaying of the oldest collected data
with new data. In this mode, the unneeded data from passed tests is
automatically discarded, and only after a test failure or other irregularity
is data collection stopped and the current file contents examined. The
printed output of any data collection file may take a number of forms,
including raw octal output, conversion to symbolic program names plus
offsets, or printout only of data collected from a particular selected
program.

Because of its rapid data handling and output capability, and its bulk
storage facilities, the Nonresident Utility provides a number of other
valuable tools and debugging aids. High-speed loading of SPC memory
may be achieved either from magnetic tape or from a support processor
disk file. SPC program and office data information may be rapidly
dumped to tape, disk, or line printer. The noninterfering accumulation
of large amounts of data, together with rapid and efficient off-line pro-
cessing, have made the Nonresident Utility system an extremely effective
testing tool.

5.2 4CAST—automated system testing

With the application of Common Channel Interoffice Signaling to the
basic No. 4A toll crossbar system, the size and complexity of the software
system has increased significantly. The architecture of the 4A/CC1S8 and
STP? machines, indeed, the structure of the entire signaling network,
suggests that traditional testing techniques, while adequate for earlier
switching systems, must yield to more flexible and powerful tools to keep
pace with this advancing technology. The requirements for such a testing
tool are that it be capable of communicating with a 4A/CCIS or STP ma-
chine over any of its various man-machine and machine-machine in-
terfaces; that it be a convenient vehicle for the development, application,
and administration of function and system tests; and that it provide
sufficient flexibility and speed of operation to allow rapid execution of
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a large number of tests with a minimum of user intervention. These needs
are met with the 4A/CCIS Automated Support and Test System (4CAST),
an implement with which the testing of the large and complex CCIS
software structure can be effectively managed. The 4CAST system con-
sists of a compiler, which converts stimulus-response commands written
in a high-level language into a command-table load module, and a lab-
oratory run-time system, which executes the load module commands.

5.2.1 Compiler

The 4CAST language, consisting of keywords and structures similar
to those in PL/1, enables the test designer to convert test specifications
into sequences of action directives or response monitors in a form that
is easy to generate and understand. A single 4CAST “procedure,” or
compilation entity, is typically produced for each test definition and
compiled by the 4CAST compiler, which runs on a general-purpose
computer center processor. As shown in Fig. 4, the generation of a pro-
cedure begins with the user’s coding of the procedure text in the 4CAST
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4CAST
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TEXT
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EXPANSION
COMPOOL
4CAST SYMBOL
COMPILER DEFINITIONS
4CAST
LOAD
MODULE
COMPUTER
CENTER DISK
STORAGE
HIGH-SPEED
DATA LINK
LABORATORY
DISK
STORAGE

Fig. 4—Generation of 4CAST procedures.
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PROCEDURE TESTX.CONTROL;

DECLARE

INTEGER X =25,Y=8(110100);
INTEGER SPC_ADDR; # definition in COMPOOL,;
TEXT ERR1="INVALID DIGITS";
TIMER T1=S(15), T2 = MS (200);
SU ANSWER, HANGUP; # supervisory signals;
1AM ADDR_DIGITS = C (565561212); # telephone number;
END;
START:
RUN INIT {(PARAM1, PARAM2); # initialize;
DELAY T2;

SENDSU ADDRLDIGITS . trunk_number; # initiate call;

ON ANSWER. trunk_number
DO;
PRINT “CALL ANSWERED";
IF READSPC {(SPC_ADDR) = Y
THEN GO TO RESTART;
ELSE CONTINUE;
END;
WAIT;

RESTART:
SENDSU HANGUP . trunk_number; # disconnect call;
PARAM1 = PARAM1 + X;
GO TO START;

END TESTX;

Fig. 5—Sample 4CAST test.

language. For added flexibility and convenience, user-defined macros
for repetitive or complex functions may be expanded by the SWAP as-
sembler’s macro facility. The 4CAST compiler then converts the text
commands, definitions, and directives into a 4CAST load module con-
taining tables which drive the laboratory Run-Time System. The com-
pilation process also provides access to the common pool (COMPOOL)
of symbol definitions used in the assembly of SPC and CCIS programs.
Figure 5 is a sample of the text of a simple 4CAST procedure. Once
compiled, a procedure’s load module is transported to the laboratory
either on a magnetic tape or directly from a computer center disk file
to the laboratory support processor disk via a high-speed intermachine
data link.

5.2.2 Run-Time System

Once the 4CAST load modules have been transferred to the 4CAST
processor’s disk, they may be executed by the 4CAST Run-Time System.
In the unattended mode of operation, a list of “master procedure” names
is entered by keyboard command to the Run-Time System. Each master
procedure contains 4CAST directives which load, start, and exit indi-
vidual tests, or “control procedures,” each of which is a 4CAST load

442 THE BELL SYSTEM TECHNICAL JOURNAL, FEBRUARY 1978



MASTER SLAVE
PROCESSOR PROCESSOR
4CAST SIMULATED
RUN_TIME (}:{) SIGNALING
INTEROFFICE
| __SYSTEM__ | TERMINALS _SIGNALING LINKS
/

USER—-DEFINED

¥

4CAST
PROCEDURES
] ccis
SIGNALING
- TERMINALS
NONRESIDENT NUPIC AND
- UTILITY BUFFER
SPC 1A
FIXED—HEAD COMPLEX
DISK
STAC
MAG
TAPE CHANNEL
SPCTTY 22RO
INTERFACE TTY
LINE
PRINTER
4CAST / 4A XBR
DISTRIBUTOR COMMON
AND SCANNER \ CONTROL
TTY l
w
¥ ¥
é _Lt_jj_ =
3 2
et o
= =
HIGH—SPEED z | 4ACROSSBAR | 5
DATA LINK o
4CAST ﬂ——t
TRUNK
INTERFACE

TO COMPUTER
CENTER

Fig. 6—4CAST system in switching office configuration.

module which performs the initialization, defines the required actions,
and monitors the results of a given test. Control procedures are capable
of initiating “‘subprocedures” to perform basic, repeated tasks, such as
the set-up of a particular type of call, or the removal from service of a
given signaling link. Communication between procedures is accom-
plished either with parameters passed from a calling procedure (master
or control) to a subordinate procedure, or through a common scratch area
accessible by all executing procedures.

As seen in Fig. 6, 4CAST can access the CCIS switching office or STP
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systems in a variety of ways. The most fundamental communication
channel is through the CCIS signaling links from the 4CAST Simulated
Terminal Interface. It is through this link that nearly all interoffice
signaling is simulated. CCIS call set-up and disconnect, signaling network
maintenance and control, and other interoffice communication can be
initiated and monitored automatically by sequences of user-specified
commands in 4CAST procedures. Conventional call origination and
termination is accomplished through the 4CAST Trunk Interface, which
controls signaling to a variety of conventional 4A trunks. The Distrib-
utor/Scanner Circuit, in addition to driving the Trunk Interface, provides
direct access to and control over functions in the 4A hardware and in the
SPC complex. The primary man-machine interface, the SPC maintenance
TTY, is controllable through the TTY Interface using a number of text-
handling commands and options in the 4CAST language. Using run-time
processing of text variables, the user’s procedure may simulate a TTY
dialogue with the SPC. Under special circumstances, a test sequence may
require that the 4CAST procedure have access to SPC memory or to in-
ternal SPC processes. For this reason, two channels are provided which
allow direct interaction between 4CAST and the SPC processor: the
Nonresident Utility interface using the NUPIC, for performing such
utility functions as setting matchers, and the Simulated Terminal Access
Circuit (STAC), which allows 4CAST to momentarily halt the SPcC, al-
lowing the gathering of internal status or progress data, or the reiniti-
alization of large blocks of memory. Additional features of the 4CAST
language and Run-Time System provide for arithmetic functions,
command execution control, timing facilities, and data gathering and
handling control.

Because of the programmable nature of 4CAST test procedures,
changes may be made quickly and easily, allowing test designers to keep
pace with the often rapid evolution of the software system under test.
An easily manageable administration system for 4CAST tests permits
the reapplication of all, or certain subsets, of the existing tests to sub-
sequent issues or generics of the software. For function testing, system
integration testing, and regression testing of CCIS software, 4CAST
provides an important facility for the generation and application of
tests.

VI. OFF-LINE HARDWARE TEST TOOLS

Three categories of testing necessitated the development of off-line
test systems for the new electronic peripherals developed for CCIS. These
categories are:

(f) Laboratory testing of prototype hardware by the circuit de-
signer.
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(i) Preliminary testing of diagnostic software against prototype
hardware.
(zii) Manufacturing testing of standard production hardware.

The peripherals for which this capability was developed are the No.
4A, No. 4 ESS, and No. 1 ESS Terminal Groups, the No. 4A Distributor
and Scanner, and the No. 4A/No. 4 ESS and No. 1 ESS terminal units.3
With the exception of the latter two units, these peripherals share a
common characteristic—they are controlled by commands from stored
program processors via well-defined bus structures. This characteristic,
plus the need for interactive testing and access to large, computer-gen-
erated data bases, indicated a computer-controlled system with input
media compatible with the LAMP-generated data bases and output in-
terfaces that simulate either the SPC No. 1A,19 the No. 1A ESS,!! or the
No. 1 ESS!2 processor peripheral bus structures.

In general, each test system is configured as shown in Fig. 7. A mini-
computer controls the application of tests to the peripheral under test
and compares the peripheral’s response with the expected response. The
bus interface, or simulator, generates signals of the level and duration
defined for the processor bus structure being simulated. Manual control
is provided to allow the test engineer to generate special tests which may
not exist in the computer-generated test file.

Test files for each peripheral are typically derived from the LAMP
simulation data base created during the development of diagnostic
programs. As a consequence, the diagnostic information is subjected to
an early test against prototype hardware. Once they are generated and
resident in the minicomputer, a test monitor program allows access to
single tests, groups of tests, or phases, allows repetitive application of
a single test or phase in a loop, and provides for on-line editing of the test
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Fig. 7—Test system general configuration.

DEVELOPMENT TOOLS 445



ADDRESS : TTTBUSO t

TERMINAL TERMINAL
DATA IN
MINICOMPUTER <:: ACCESS UNIT
CIRCUIT UNDER
DATA OUT SIMULATOR TTTBUS 1 TEST

:}

1/0
PERIPHERALS

Fig. 8—Terminal unit test system configuration.

file. Tests for circuits not simulated or tests written for the manufac-
turing testing environment may be run under control of the monitor in
conjunction with the computer-generated file.

In the case of the terminal unit test systems, rather than the processor
bus structure being simulated, the Terminal Access Controller (CONT)3
or Terminal Access Circuit (TAC)?3 interface is modeled. Figure 8 illus-
trates the general test system configuration for these units. The simu-
lation data bases in this case are translated into TAC- or CONT-to-ter-
minal operation codes and data, and the terminal responses are com-
pared by the minicomputer with those predicted by the simulation.

The off-line test system hardware and software designs also provide
flexible and efficient tools with which Western Electric is able to conduct
manufacturing tests on the respective peripheral frames.

Off-line facilities are also provided for the test and evaluation of in-
dividual circuit pack designs, and for testing frames and units at ex-
tremes of temperature and humidity.

Vil. CONCLUSION

From early design analysis through system integration and manu-
facturing tests, support tools provided an environment for the efficient
and productive development of each of the components comprising the
toll CCIS switching and signaling systems. As the development of new
features is undertaken to exploit the flexibility and potential of the CCIS
network, support systems will be relied upon more heavily to assist in
the administration and testing of new designs. Advancing technology
in the field of hardware and software support systems, as well as expe-
rience gained during initial CCIS development, will enable us to keep pace
with this demand for increased development support capability.
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Common Channel Interoffice Signaling:

Field Implementation
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This article reviews the Bell System domestic toll CCIS introduction
plan and summarizes the early stages of this field implementation.
Establishment of the first two signaling regions, installation and
cutover of the first two new CCIS toll switching offices, and the first
retrofit of CCIS to an existing office are each described. Emphasis is
placed on discussion of the installation sequence and special test
methods developed for adding the CCIS feature to in-service switching
offices in an efficient and reliable manner.

. INTRODUCTION

Domestic cCIS will extend eventually to most SPC-type switching
offices in the DDD network. The implementation plan! concentrates first
on the toll portion of the network in order to realize the benefits of CCIS
as soon as possible. Quasi-associated signaling is being used to form the
initial domestic CCIS network.? This is a simple dual-level signaling
network with ten regions corresponding geographically to the ten regions
of the DDD message network. Each region has a Signal Transfer Point
(sTP), duplicated for reliability, which has signaling links to every other
STP and to every CCIS-equipped Switching Office (SO) in its region.

Since the basic topological element of this signaling network is a
“quad” consisting of the two (mate) STPs in one region fully intercon-
nected with the STP pair of another signaling region, and since c¢én-
struction of a full quad of laboratory STP entities would be impractical,
the first two pairs of field STPs were scheduled to serve also as a test
vehicle for system design verification. This initial quad consists of STPs
at Indianapolis and Omaha for the Norway region and at Dallas and
Oklahoma City for the Dallas region. As noted in Ref. 2, these STPs were
derived from existing toll crossbar Electronic Translator System (ETS)
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offices which must remain in service switching conventional SF/MF traffic
while the STP feature was being installed and tested. Therefore, this
initial quad served also to verify the engineering, data compilation, in-
stallation and test methods developed jointly by AT&T, Bell Labs and
Western Electric.

Whereas the signal transfer function of an STP is entirely unrelated
to any trunk switching activity that the host SPC processor3 may also be
directing, the signal processing function in every CCIS SO is quite inti-
mately related to its trunk switching function. For this reason the first
two CCIS SO implementation sites were both new office installations
where the basic system design could be verified without risk to other
(nonexistent) service on the system. Both available major Bell System
toll switching system types were represented: No. 4A toll crossbar (4A)
ETS4 at Madison, Wisconsin, and No. 4 ESS® at Chicago. These offices
are in the Norway region, so each has signaling links to the Indianapolis
and Omaha STPs.

While the Chicago entity was the first No. 4 ESS (4ESS) in service and
all such new offices will have the CCIS feature, the Madison entity is likely
to be the last new toll crossbar installation and all subsequent toll
crossbar CCIS applications will consequently involve retrofit of the CCIS
feature to live offices. Therefore it was necessary in the toll crossbar
application to also verify proposed retrofit procedures at some existing
ETS site. Waukesha, Wisconsin was that site, which is also in the Norway
region.

Starting with inaugural CCIS service between Madison and Chicago
on May 15, 1976, the CCIS network had grown in six months to include
six STPs and six SOs shown in Fig. 1, and reached triple this size within
the first full year of CCIS service.

The following sections of this article describe the initial STP quad and
SO implementations, with emphasis on the installation sequence and
special test methods developed to assure smooth introduction of cCIS
service to the domestic toll network.

II. INITIAL STP QUAD IMPLEMENTATION
2.1 Overall description

Indianapolis was selected as the initial application site for STP im-
piementation. The other three members of the initial quad were
scheduled to follow the lead set at Indianapolis, but to lag by three weeks
in order to facilitate incorporation of any minor procedural modifications
deemed advisable from the Indianapolis experience. The major se-
quential steps in the modification of an ETS office to become an STP are
summarized in Fig. 2. Unlike most commercial data processing systems
which can be temporarily shut down for periodic maintenance and al-
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Fig. 1—ccCIs network at year-end 1976.

teration, the toll switching systems of the DDD network are required to
provide continuous real-time service. Therefore, special conversion and
growth procedures are developed to facilitate system modification and
to reduce the risk of service impairment to a practicable minimum.

2.1.1 STP candidate selection

An important consideration in STP selection is signaling network se-
curity. An STP candidate should be served by at least four physically
" independent transmission routes for most reliable interconnection of
the signaling network, and an STP should be geographically remote
enough from its mate that the likelihood of any single catastrophe af-
fecting both STPs is very small.

Each of the ten regions has at least two ETS offices which meet these
criteria. Each of the twenty initial STP sites is therefore already equipped
with the necessary basic SPC processing system, specifically an ETS. To
this nucleus must be added a number of significant features.

2.1.2 PBC retrofit

The first step beyond the basic ETS is addition of a feature known as
Peripheral Bus Computer (PBC)® to enhance the plant and traffic
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Fig. 2—STP implementation sequence.

measurement and administration functions of the office. This mini-
computer adjunct communicates with the SPC processing system by
means of an electronic interface known as the ac bus repeater, and ob-
tains measurements from the toll crossbar equipment via two additional
electromechanical interfaces called the traffic data converter and the
traffic usage interface. Connections between the PBC and the electro-
mechanical equipment of the toll crossbar system do not require any
unusual installation treatment and will not be discussed further here.
Two other aspects of the PBC retrofit operation are relevant and will be
mentioned.

First, the connections between the PBC and the electronic nucleus of
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the ETS do require special care and are necessary to the STP and CCIS
SO functions. These connections, consisting of insertion into the common
duplicated peripheral unit address and answer busses and provision of
certain dedicated control and status connections, are effected and ver-
ified with the aid of a peripheral unit growth program. This program is
loaded as a temporary overlay during the PBC retrofit procedure and
responds to input commands at the maintenance teletypewriter (TTY)
to provide special time-shared test access to the new equipment while
the original system continues to process calls in a simplex configuration.
When the new connections and equipment have all been verified the
growth program facilitates activation of this equipment by setting the
appropriate system parameters and establishing the necessary software
linkages. The growth program is removed by reloading the generic pro-
gram. ‘

The other significant aspect of PBC retrofit is the creation of the PBC
data base and coordinated modification of the ETS data base to reflect
the relocation of several plant and traffic functions from the ETS into
the PBC. The normal “recent change” procedures for updating small
amounts of ETS office data are not intended to handle such massive data
reorganizations as are required during PBC retrofit. Instead an Office
Data Recompile System (ODRS) is used to decompile the original ETS
office data, merge this with new data owing to the PBC addition and re-
compile this in the new format appropriate to the ETS/PBC package. The
ODRS operation is executed at a centralized data processing location on
a general-purpose computer. The ODRS produces as output both printed
documents for office record keeping purposes and magnetic tapes for
conveying the recompiled data to the ETS/PBC site.

When the PBC equipment connections have been verified, the PBC is
loaded with its program and data and the ETS is forced into simplex
operation on the active store bus while the new ETS program and data
are loaded into the standby store bus. After successfully comparing the
newly loaded contents against a second magnetic tape copy, the ETS is
forced into simplex operation on the new load and is subjected to a series
of tests to verify basic system sanity. Upon satisfactory completion of
these tests the ETS is returned to duplex operation on the new load.

2.1.3 Processor modifications

Processor modifications are required to improve system recovery
capability and to permit addition of more economical Metal Oxide
Semiconductor (MOS) program and data storage. After the processor
modifications have been completed, actual store growth is possible. Since
“the system requires unique data tables for each store frame controller
and for each store module, a special growth program is used to create
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these tables and to support the connection and verification of the new
controllers to the existing store/processor subsystem.

Complete controller verification requires the presence of at least one
memory module served by that controller, so growth of the first module
on each frame is always part of the frame growth process. Up to five more
modules can be added if more memory is required.

As with the peripheral unit address and answer busses, the store ad-
dress and answer busses use parallel ac pulse communication over bal-
anced and terminated pairs. A very important function of growth pro-
grams is the generation of bus pulse test patterns which facilitate oscil-
loscopic verification of bus connections since shorts, opens, mistermi-
nations, crosses, transpositions and reversals may occur during instal-
lation.

After all connections have been verified and the added store equip-
ment has passed all diagnostic tests, the store growth program serves
two additional functions. First, the contents of each store module are
initialized to the values pertinent to spare memory. Up to this point all
store growth activities have been performed on only one unit at a time.
Final activation, however, is done on a duplex pair of modules by di-
recting the growth program to set the equippage bits in active system
memory for this new pair of stores.

2.1.4 Additional STP equipment

The STP also requires growth of another Signal Distributor (SD1)
frame and another Peripheral Scanner (PSc4) frame to augment the
distribute and scan capability of the basic ETS configuration. An ex-
tension of the same peripheral unit growth program that is used during
the PBC retrofit is used to support SD1 and PSC4 connection, verification
and activation.

Growth of the signaling terminal equipment is predicated upon first
having loaded the STP generic program. Each group of signaling termi-
nals is served by a pair of Terminal Access Circuits (TACs) which must
be connected into the peripheral address and answer busses. A further
extension of the peripheral unit growth program supports TAC growth
and provides a means to check installation of each terminal unit and each
associated Voice Frequency Link (VFL) access circuit. Equipped sig-
naling terminals are left in the diagnostic state for future activation
under the STP generic program whenever a signaling link is to be placed
into service.

2.1.5 STP generic program activation

Upon completion of store, PSC4 and SD1 growth, the system is ready
to receive the STP generic program and office data. The STP program
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supercedes the ETS program and the STP office data tape is loaded to
augment existing office data. Since the STP function is an addition to
the regular ETS trunk switching function, rather than an integral part
of it, the STP software is designed to permit retention of the existing ETS
office data intact, thereby avoiding a decompile/recompile operation.

Introduction of the STP function also entails a coordinated load of a
new generic program and additional data into the PBC; however, no ex-
traordinary procedures are necessary.

2.2 VFL layout and characterization

Careful selection of transmission facilities for VFLs is essential to the
reliability of the signaling network. Circuit layouts for the initial signaling
links were provided by the cC1S Network Administration Center (CNAC)
several months earlier than normal so that these VFLs could be charac-
terized prior to signaling link activation. Normal analog measurements
of loss and noise parameters were recorded periodically for possible fu-
ture correlation with signaling link performance. Experience shows the
circuit layout procedures are effective in securing diverse routes, and
that the transmission characteristics are comfortably within the system
design objectives.

2.3 Signaling link activation

A signaling link consists of a VFL and terminal equipment at each end
of the VFL. This terminal equipment can, under program control, be
operated in a self-looped mode which does not include the VFL, a re-
mote-looped mode which does not include the distant terminal, or a fully
duplex synchronized mode which is the normal service configuration.
The signaling link activation procedure requires that each end of the link
pass a series of local tests in the self-looped mode. The office which has
been assigned maintenance control of the link advances the link through
the remote-looped mode into the normal duplex signaling configuration,
whereupon the two terminals automatically achieve synchronization and
the signaling link activation is complete.

2.4 Quad security verification

The first signaling links activated at the Indianapolis STP were tem-
porarily connected to the development laboratory equipment” in Co-
lumbus, Ohio. During this phase of CCIS implementation the laboratory
served many roles, simulating the remainder of the CCIS network in
support of basic tests at Indianapolis. As the Omaha, Dallas, and Okla-
homa City STPs became available the temporary VFLs from Indianapolis
to Columbus were replaced by the standard VFLs from Indianapolis to
those other STPs.
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Prior to activating any links to the first CCIS switching offices this
signaling quad was deliberately faulted to verify signaling security. Link
failures as well as complete STP failures were simulated and signaling
integrity was continuously maintained by virtue of network redundancy.
Access links to the Chicago and Madison CCIS switching offices from the
Indianapolis and Omaha STPs were then activated and proper responses
to access link troubles and to simulated switching office failures were
verified.

2.5 Signaling network growth

Signaling link activation for any new CCIS SO should precede CCIS
service to permit pre-cutover interoffice testing of CCIS trunks. When
a CCIS S0 is the first in its region, as is the Jacksonville 4ESS, the pair of
STPs for that region must first be added to the signaling network. This
in turn means activating a new quad of signaling links from the new STP
pair to every existing STP pair. The installation and activation methods
are the same as proven during implementation of the initial signaling
quad.

When the tenth and final pair of STPs are activated in late 1977, each
STP will require at least twenty CCIS terminals to establish the basic
interregional signaling network. When the signaling capacity of one
signaling link quad is reached, corresponding roughly to six thousand
CCIS trunks between the switching offices in those two regions, it be-
comes necessary to activate another quad of signaling links between the
associated STPs.

lll. INITIAL SWITCHING OFFICE IMPLEMENTATION
3.1 “Chicago 7 first 4ESS installation

The first 4ESS installation, known as Chicago 7, entered regular service
on January 17, 1976. As discussed in Ref. 5, the CCIS SO feature is an
inherent part of every 4ESS, so no retrofit procedure is required.

The initial STP network was not available in January, so Chicago 7 cut
over with its signaling terminals in the self-looped mode. During the next
three months the VFLs to Indianapolis and Omaha and the cC1S trunk
facilities to Madison were aligned and tested. In March, when the STPs
were ready to begin access link tests, the VFL-to-terminal connections
were completed and these signaling links were activated. In April, when
the Madison CCIS SO was ready to begin interoffice CCIS trunk tests, the
trunk facility-to-trunk unit connections were completed and preservice
tests were performed.

3.2 “Madison 2’ 4A installation

As mentioned in the introduction and further discussed in Ref. 4, the
installation of the new 4A toll crossbar office, known as Madison 2,
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provided the last “nonpenalty” environment in which to prove the in-
tegrity of the 4A CCIS S0 design.

Although many new 4A/ETS installations have been initially equipped
with the PBC, none other than Madison had the prerequisite processor
maintenance improvements included in the equipment as shipped from
the factory. With the prerequisite generic program in the system, the
MOS memory feature was introduced and the transition generic program
was loaded to support store growth.

Actual store growth at Madison 2 was completed without the security
and assistance of formal store growth procedures. This successful de-
parture from standard practice permitted an early version of the 4A CCIS
SO generic program and preliminary office data to be loaded into Mad-
ison 2. As the SO generic program development progressed, successively
more complete versions were loaded and verified.

Since new peripheral equipment, consisting of a Terminal Group (TG)
and a pair of Distributor and Scanner (DAS)8 frames, must be added to
the peripheral address and answer busses of each 4A CCIS S0, and since
standard growth procedures were not available in time to meet the
Madison 2 schedule, special arrangements were made to pretest this
equipment extensively prior to its connection into the peripheral busses.
The existing PBC system was used to exercise the DAS and TG frames for
off-system verification of these frames at Madison 2.

With the DAS frames on line, CCIS feature tests can get into full swing.
At Madison 2 this phase of the installation allowed discovery of latent
problems and permitted early determination of the root cause of these
problems.

3.3 “Waukesha 2” 4A retrofit

The Waukesha 2 4A/ETS entered regular service in 1973. It is therefore
a relatively new office with recent vintages of equipment. Its PBC has
been in service since early 1975. These factors, plus its position as a
sectional center in the Norway region, made it an excellent candidate
as the initial 4A cCIS SO retrofit site. However, unlike Madison 2, the
existing equipment did not already contain apparatus and wiring for the
ccCis feature, nor did the basic SPC contain the improved maintenance
feature. The most significant difference is that Waukesha 2 was in ser-
vice. Therefore, whereas the Madison 2 experience had proven in most
of the 4A CCIS SO design and manufacture, the role of Waukesha 2 was
to prove in the retrofit procedures.

3.3.1 PBC retrofit and 4A CCIS modifications

The major sequential steps in the modification of an ETS machine to
become a CCIS SO are summarized in Fig. 3. Most 4A/ETS offices which
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Fig. 3—No. 4A ccCIS SO implementation sequence.

are candidates for the CCIS SO feature are also independently candidates
for the PBC and maintenance enhancement features by virtue of their
expected service longevity. Several of these offices have already been
retrofitted with the PBC. Many of the same 4A equipment frames which
must be modified for the PBC feature will receive additional modification
for the cCIS sO feature. Therefore, recent and future PBC retrofit jobs
at'CCIS SO sites include many of the 4A CCIS modifications inthe same
operation, which reduces the overall time required to implement the two
features. In either case it is not feasible to verify the CCIS capability of
the modified 4A equipment until later in the retrofit sequence. Instead
it is only practical to verify that the CCIS modifications do not interfere
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with conventional 4A/ETS operation before returning each modified
equipment unit to service.

Of all the equipment requiring modification during retrofit of the ccis
feature, the quantity and vintage of senders is most critical in deter-
mining the overall time required for a given CCIS SO retrofit job, and the
moderate number and recent manufacture of senders in the Waukesha
2 office served to minimize the modification interval.

3.3.2 Maintenance enhancement and MOS store features

Application of the processor modifications, growth of the stores and
expansion of the PBC configuration in each CCIS SO retrofit situation
are nearly identical to those steps of the STP retrofit operation (see
Section 2.1.3). The only difference is in the greater number of store
modules and the greater amount of PBC core storage added for the CCIS
SO application.

3.3.3 CCIS SO data compilation

Once the store modules are activated, a substantial divergence oc-
curs between the SO and STP retrofit sequences. The 4A/ETS office data
additions and modifications needed to support the CCIS SO feature are
so extensive as to require a decompile/recompile operation analogous
to that provided by ODRS for PBC retrofit (see Section 2.1.2). An entirely
new and more powerful Integrated Data Management System (IDMS)
has been developed to provide this function. IDMS is able to decompile
existing office data, merge these data with new CCIS SO information and
create a recompiled set of data pertinent to the ultimate retrofitted
configuration of the office equipment and traffic routing. Since Madison
2 was an entirely new office with no existing data to decompile, Wauk-
esha 2 was the first IDMS application.

New information is provided to IDMS via a questionnaire containing
a series of formcodes which are filled out by the telephone company
planners in conjunction with the Western Electric line engineers. These
formcodes are similar to, but much more extensive than, the formcodes
which are filled out to specify the additional CCIS data required for an
STP office. Preplanning is an important aspect of any office data com-
pilation, to reduce or preclude the need for recent change activity as
trunking to other switching offices is added or reassigned during the
foreseeable future. Therefore, formcodes are filled out to include data
for at least two years, as an objective, of preplanned trunk additions and
rearrangements.

Existing office data are provided to IDMS via a magnetic tape copy of
those areas of system memory containing office data. A preliminary audit
dump of existing office data is submitted to IDMS in order to obtain an
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indication of any incompatibilities between the formcode entries and
the existing office data. Any such problems are resclved while the store
modifications are being made. As soon as the new stores are activated,
the final dump is made and final IDMS processing is performed. This final
processing typically requires several iterations to resolve data errors,
many of which are detected by IDMS itself through a series of reason-
ableness tests. The new office data tapes and documentation are deliv-
ered to the CCIS SO job site for further checking. This final checking is
the opportunity to prepare recent changes to correct minor errors in the
recompiled data, and to reprepare any recent changes which have been
entered into the existing office data base after the final dump was taken.
These recent changes are arranged for entry into the machine in de-
creasing order of importance to proper service.

3.3.4 CCIS SO software load

With all of the 4A common control modifications completed, the re-
compiled “ETS” and PBC data tapes ready to load and the most critical
recent changes ready to be entered upon this new load, consider for a
moment the matter of program compatibility. Whereas ETS call progress
is controlled mainly in hardware, CCIS SO call progress is controlled
largely in software, even for calls not involving CCIS trunks. The DAS
equipment (mentioned in Section 3.2 and described more completely
in Refs. 4 and 8), which provides the interface necessary to obtain soft-
ware control of the 4A call processing hardware, is as alien to the pre-CCIS
generic programs as it is vital to the CCIS SO generic program. This ap-
parent dilemma is solved by transcending through a series of four in-
termediate program versions which support gradual metamorphosis of
the critical hardware from ETS operation to CCIS operation.

The first intermediate program introduced at Waukesha allowed call
processing to continue in the hardware-controlled ETS manner, but using
the CCIS SO data base. The main function of this program version was
to maintain the integrity of switching service while the new “ETS” and
PBC data bases were brought up to date and verified. It also allowed, via
a compatible growth overlay program, controlled connection, verification
and activation of the new CCIS SO peripheral units. These are the DAS
frames, the TG with typically two terminal units and one VFL access unit,
and an additional TTY buffer frame or two for I/O channels associated
with ccis-equipped Integrated Manual Test Frames (IMTFs) for in-
teroffice CCIS trunk testing and status reporting.

Upon activation of DAS frames 0 and 1, which terminate the scan and
distribute leads for all common control equipment, the second inter-
mediate program was loaded. This version allowed 4A senders to be
tested on a demand basis to verify their ability to properly report seizure
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and release to the processor via the DAS. These were the first of many
tests to verify that the CCIS modifications previously installed in the 4A
hardware actually provided the cCIS function. This step afforded an
important opportunity not only to correct any problems affecting DAS
scanning of senders prior to committing service calls to such control, but
also a further chance for office personnel to become accustomed to op-
eration and maintenance of this new DAS equipment.

Successful completion of the above tests allowed advancement to the
third intermediate program, which expected sender DAS reports for all
calls, not just test calls. Thereafter, DAS frames 0 and 1 were an integral
and vital part of the system for all call processing. Their activation also
allowed subsequent activation of the TG equipment and of any additional
DAS frames which might have been needed to serve CCIS trunks beyond
the capacity of the first two frames. The modest size, recent vintage and
careful installation of the Waukesha 2 system permitted rapid progress
to be made through the first three versions of intermediate program.
Activation of the TG equipment was deferred until closer to the time that
signaling links to the home STPs were due for service in support of in-
teroffice CCIS trunk testing.

The Decoder-Marker Test (DMT) frame and associated trouble re-
corder were retrofitted with the CCIS feature. At this point the fourth
intermediate program was loaded; then it was only necessary to rearrange
a few cross-connections in order to activate the CCIS mode of testing. This
rearrangement then permitted verification of CCIS capability previously
installed in the decoder channels. These manual tests performed at the
DMT frame paved the way for activation of the CCIS feature in the
markers. The first intertoll marker was removed from service, its
cross-connections were rearranged for CCIS operation, it was subjected
to a series of tests from the DMT frame and it was returned to service.
Upon similar conversion of the remaining intertoll and toll completing
markers, the transformation of an ETS office into a CCIS SO is virtually
complete as far as conventional trunk call processing is concerned. What
remains to be proven before any CCIS trunks may be activated is that
all senders, transceivers and outpulsers or modified sender/outpulsers
are capable of serving CCIS trunks.

3.3.5 Sender test automation

Key to CCIS testing of senders, outpulsers, sender/outpulsers and
transceivers is automation of the Incoming Sender and Register Test
(ISRT) frame. With the automated ISRT frame, referred to as the ASRT
frame, under program control it becomes possible to finish the verifi-
cation of sender CCIS modifications and to begin the outpulser and
transceiver tests. Completion of these tests is necessary prior to allowing
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any CCIS traffic into the office, although pre-cutover CCIS trunk tests
can be performed as soon as a few of the outpulsers and transceivers have
been verified.

3.3.6 CCIS trunk testing

All cciS trunks terminating on the Waukesha 2 system are new
plug-in trunk relay units served by a new outpulser group. Access to these
outpulsers is provided by the outpulser link and outpulser link controller.
The link controllers are tested with the new Outpulser Link Controller
Test (OLCT) frame. These tests are performed soon after marker tests
are completed. Thus, when the ASRT frame is ready for CCIS testing and
a few outpulsers and transceivers have been verified, the CCIS Intraoffice
Trunk Test (CIOT) frame can be verified and used to exercise the CCIS
trunk equipment. CIOT tests can be performed on the entire “drop” if
the trunk relay unit is actually equipped, or simply on the cabling to the
empty socket and associated outpulser link termination on the trunk
frame if plug-in equippage has been deferred. These CIOT tests can verify
the incoming and outgoing modes of trunk seizure, including both
hardware and software in the process.

When circuit orders for the CCIS trunk circuits have been worked, the
IMTF is utilized to complete the interoffice trunk lineup, verification and
activation. An initial trunk query entered at the IMTF will verify com-
patibility of assighment data at both CCIS SOs interconnected by a given
trunk. Transmission characteristics are measured and final adjustments
are made to assure standard levels throughout each trunk circuit. The
office which has maintenance control of a given trunk group has the final
pleasure of activating each trunk via an IMTF keyboard message. Peri-
odically thereafter these trunks are routinely tested for proper opera-
tional and transmission characteristics by either the new Outgoing Trunk
Testing System (OTTS) as at Madison 2 or the CCIS-modified Automatic
Directed Outgoing Intertoll Trunk Test (ADOIT) frame as at Waukesha
2. Additionally the CIOT is scheduled under system program control to
perform a quick continuity check on CCIS trunks immediately prior to
periods of expected heavy traffic and to check the operational features
of CCIS trunks during light traffic periods.

Thus has the Waukesha 2 4A/ETS office been retrofitted with the CCIS
SO feature. Not only was this accomplished without disruption to its
continuous message switching service, but also it was done concurrently
with the completion of design development of such major items as IDMS
and ASRT. Most importantly the procedures for applying CCIS to a
working 4A/ETS have been demonstrated and refined into standards
which will permit rapid deployment of CCIS into the DDD toll net-
work.
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3.4 Other early CCIS sites

Beyond the initial STP quad and the three CCIS offices which have just
been discussed, Fig. 1 shows another pair of STPs and three-more
switching offices entering CCIS service in 1976. The three SOs are each
new 4ESS installations in Kansas City, Jacksonville, and Dallas. Each
of these new entities is capable of CCIS operation, but only Dallas lies
in a region with STPs already available. The Rockdale region STPs at
Atlanta and Birmingham were added to the signaling network to serve
the Jacksonville CCIS SO in 1976 and several more new 4ESS and retrofit
4A/ETS offices in 1977 and following years. However, the St. Louis region
STPs would have only the Kansas City 4ESS to serve until 1978, so sig-
naling for the Kansas City SO is being temporarily handled by the Dallas
region STPs. When the St. Louis region STPs at St. Louis and Kansas City
are placed in service and connected to a new pair of terminals in the
Kansas City S0, translation instructions at all other STPs will be changed
to direct Kansas City SO signals to the St. Louis region STPs in normal
fashion. The existing signaling links between the Kansas City SO and
the Dallas region STPs will then be deactivated and the associated ter-
minals held for future reassignment.

In Section 3.3.4 it was noted that the 4A/ETS CCIS retrofit at Wauk-
esha utilized a series of feur program load steps to achieve the transition
from non-CCIS to CCIS operation, and that automation of the ISRT was
perhaps the fifth step of this process. It is desirable to have ASRT
available much earlier in the retrofit sequence in order to expedite pre-
and post-modification testing of senders. A non-CCIS software package
capable of driving the ASRT frame is being developed. Later CCIS SO
retrofit jobs will utilize this approach to support ISRT automation prior
to application of the MOS store feature.

The other significant difference in procedure at later 4A/ETS CCIS SO
retrofit jobs is in the transition software. The Anaheim and Gardena
offices in California (which provided initial CCIS service in February,
1977) have superimposed a-transition overlay program upon the CCIS
SO generic program at the time of initial load. This overlay program
causes the main program to function as the first version in the Waukesha
sequence. It also contains a small control routine which responds to TTY
commands to advance the mode of operation to the next version, and
so forth, without requiring a reload at each step. This procedural im-
provement not only speeds the transition and lessens the risk of trouble,
but also materially reduces the number of magnetic tapes that must be
delivered to the job, kept properly in sequence during the transition, and
maintained as future issues of the system are developed.
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IV. INITIAL CCIS SERVICE
4.1 Chicago 7—Madison 2 trunk service

On May 15, 1976, the traffic routing instructions at Chicago 7 and
Madison 2 were altered to offer regular traffic to the CCIS trunks between
these offices. Overflow traffic would be offered to the regular existing
routes for calls between these two areas. Since Chicago 7 is a high volume
tandem switching office not normally involved in traffic with the Mad-
ison area, these conditions were artificially induced for test purposes.

Throughout the initial months of CCIS service the signaling network
performance has been excellent. No CCIS traffic has been affected by any
signaling link outages, nor by an entire STP outage which occurred when
the host Indianapolis switching office failed, leaving the mate STP at
Omabha to carry the full signaling load. Moreover, the rate and extent
of signaling link interruptions due to all causes is comfortably below the
level for which the signaling network has been designed.

4.2 Expansion to other switching offices

At least two aspects of extending CCIS to other switching offices which
should be mentioned are signaling and trunking. Since CNAC has been
able to preplan the assignment of terminals and bands for two years from
the date of service, the STPs already contain the data and most of the
terminal hardware necessary to serve all needs into 1978. In such cases
it is merely necessary to work the circuit orders for the new VFLs and
activate the terminals associated with signaling links for each new
switching office as that office prepares for CCIS service.

Provision of CCIS trunks for expansion of the CCIS network has more
alternatives. The simplest of these, conceptually, is through completely
new “drops” at each switching office and new voice transmission chan-
nels to interconnect them. This approach is most likely to be used in
growth situations. At the opposite extreme, existing SF/MF trunks may
be modified for CCIS operation in place while the traffic group remains
in service. Various combinations of these approaches are most likely to
be used in nongrowth situations. A special routing change technique has
been developed to permit concurrent access to both the “old” SF/MF
route and the “new” CCIS route during conversion. Upon completion of
the conversion, only the CCIS route remains linked into the routing
patterns, and the memory space previously occupied by SF/MF trunk
data may be reused.

V. CONCLUSION

The initial CCIS network is successfully in service. The basic CCIS
system design and new office installation methods have been verified.
Retrofit procedures for STPs and 4A CCIS switching offices are practi-
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cable. The domestic CCIS design meets its objectives and additional in-
stallations of 4ESS and retrofits of 4A offices are in progress. The rapid
deployment necessary for effectively realizing the potential of CCIS
presents a real logistics challenge. At the same time, CCIS implementa-
tion opens vast new horizons which help assure a healthy entry into the
second century of telecommunications service.
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