
































































































































































































































































































































1.3 PROCON program design 

The PROCON has relatively high processing capacity. It has a rela­
tively powerful instruction set which is largely at the assembly lan­
guage level rather than the microprogramming level, and it manipu­
lates a 16-bit word. It uses a paged program memory and can execute 
instructions within a page in arbitrary, fixed order. (The next inter­
page address (displacement) is specified in each 24-bit instruction.) 
Because of this characteristic, care must be exercised in relocating 
code to avoid improperly crossing a page boundary. (Such errors are 
detected during compilation.) 

The PROCON'S 16K program memory limit requires that the pro­
grams be very compact. While an attempt was made to use modern, 
structured, design and documentation techniques, the limited memory 
size caused compromises in some areas. (The SSAS application requires 
a far larger program than most PROCON applications.) 

Multiprogramming was achieved by storing all call- (process) related 
information in the data RAM. Each program retrieves all data from 
that memory when it begins processing a new call. Each program is a 
pure process stored in ROM (i.e., the program contains no variable data 
and cannot alter itself). 

The PROCON has very extensive self-checking features. In addition 
to a variety of parity checks (including next address parity), the 
arithmetic and logic circuits are duplicated and checked by matching. 

1.3. 1 PROCON program administration and design standards 

Several designers developed separate programs which were inte­
grated into one large program. Loading was accomplished by using a 
linkage editor and a common file of symbols and macros. All symbols 
(except labels) and all macros were defined in the common file. No 
numerical references were permitted, and input/output control desig­
nation symbols were keyed to the circuit drawing names for the same 
leads. Thorough prologue comments were required for each routine. 
Standard labels and standard symbolic designations and usage for all 
PROCON internal registers were agreed upon by all programmers. 

1.3.2 PROCON active monitor 

The basic program loop for the PROCON in the active SSAS (i.e., the 
SSAS which is processing calls) is called the active monitor. The PROCON 

executes this program while looking for tasks to perform. In this loop, 
the PROCON first makes some maintenance checks and then reads a 
clock to determine if a new 512-ms period has begun. The 512-ms 
interval is called a base period. Its length is keyed to the length of an 
announcement speech segment. If a new base period has begun, a 
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special flag is marked in the system status register. * The PROCON then 
scans for a message from the TSPS processor. If such a message has 
arrived, it records the data in the appropriate RAM area. 

The PROCON then begins a loop in which each CDA is processed. 
Each CDA has a dedicated eight-word call register associated with it. 
(Figure 8 is a typical CDA register layout.) First, the PROCON reads the 
address of the program which should process the call. This address, 
which also defines the state of the call, is called a Progress Mark (PM). 

If the PM is zero, the CDA is idle or unequipped, so no action is taken. 
A typical PM program is the program which scans a CDA for coins. The 
PM is stored as a page number and a displacement within the page. 
The active monitor transfers to the PM routine. If the PM routine 
determines that the call requires timing, it checks the new base period 
flag. If that flag is set, the required timing counter is updated . 

. When the PM program returns to the active monitor, the monitor 
checks the new base period flag. If that flag is set, all timing counters 
for the CDA are updated as required and a new announcement segment 
is selected. (The announcement processing is described in Section 
1.3.4.) After the announcement program is completed, the monitor 
processes the next CDA. When all CDAS have been processed, the 
monitor clears the new base period bit, checks for various maintenance 
tasks, and then begins the main loop again. 

1.3.3 Announcement store layout 

Each announcement speech segment consists of 16,000 bits of digital 
data stored in 400 consecutive announcement store locations. Each 
location contains 40 bits of data. Decoded at a 31,250 bits/second rate, 
this corresponds to 512 ms of speech. For programming ease and 
circuit design convenience, all segments must begin at an address 
which is a multiple of 16. Most words used fit in one segment (for 
example, the numbers "one" to "ten"). However, several words or 
phrases require two segments (for example, the word "eleven" or the 
phrase "please deposit"). A few phrases require three segments (for 
example, the phrase "please signal when through"). 

Because the announcement circuitry bit-synchronizes segments, two 
or more segments can be blended together with no loss in quality. 
Therefore, words can be split between 512-ms segments to achieve the 
best cadence of speech. 

Successive segments constituting I-second and 1.5-second phrases 
need not occupy consecutive announcement store addresses. However, 
these segments generally must be used together. In contrast, suffix 
segments used for compound numbers may be combined with a variety 

* One of the PROCON general registers was reserved for critical status indicators. 
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Fig. 8-CDA data RAM call register. 

of other segments. For example, the suffix "-teen" can be combined 
with the syllables "thir-," "four-," etc. to form the numbers "thirteen," 
"fourteen," etc. with minimal use of memory. Similarly, the units place 
suffixes "-one," "-two," etc. can be combined with the numbers 
"twenty," "thirty," etc. to form the full required set of numbers (e.g., 
twenty-one, twenty-two, thirty-one, thirty-two). 

Several words are duplicated in the announcement store so that 
both neutral and falling inflections are available. The falling inflections 
are used only at the ends of sentences, while the neutral inflections are 
used elsewhere. 

In total, about 80 speech segments 512 ms in length are required for 
ACTS call handling. About 15 more are required for maintenance 
purposes. 

1.3.4 Announcement table structures 

Two major announcement tables are stored in the PROCON ROM. The 
first is simply a table of addresses. Reading this table using the speech 
segment number as an index provides the address of the first an­
nouncement store location containing the data for that speech seg­
ment. 

The second table is more complex, as it controls the sequencing of 
announcement segments to form sentences. The logic for this process 
is embedded largely in this table rather than the program code. This 
makes debugging easier and also simplifies the process of adding new 
announcements. The table consists of program addresses for general­
ized routines dealing with each step of the announcement. The address 
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of the current table entry is stored in the second word of the CDA 

register (see Figure 8). Each announcement routine must decide what 
speech segment is to be reproduced next and also update the table 
address in the CDA register. The major situations the various routines 
must deal with are demonstrated by the following example. 

The structure of a portion of a typical announcement is represented 
schematically in Fig. 9. This is the end of the time-and-charges 
announcement used for noncoin calls. A typical example of this an­
nouncement follows. 

"The charges are one dollar and twenty cents plus tax for seven 
minutes." 

The three major types of announcement routines are each involved 
in this announcement. One type of routine simply sequences speech 
segments in fixed order (for example, the words "plus tax for"). The 
second type of routine chooses a word or sequence of words ("one 
minute" versus "M minutes") based on the value of a parameter 
(whether M is one or greater than one). The third type of routine 
translates a parameter (M) into a speech segment (for example, the 
number "seven") or a series of segments (for example, "twenty-one"). 
This last program is a subroutine since the action to assemble the 
number is the same whether it represents a dollar amount, a cents 
amount, or a time period. 

II. MAINTENANCE 

2. 1 Overview 

2. 1. 1 TSPS maintenance requirements 

In TSPS, as in other Bell System electronic switching systems, the 
n1aintenance strategy is based on duplicating vital hardware units3 and 
providing hardware checking circuits for other units, using signals to 
indicate the successful execution of orders and using programs to test 
the state of the hardware, to detect faults, and to diagnose trouble. 

TSPS provides fault recognition and diagnostic programs for all major 
circuit elements. The purpose of the fault recognition programs is to 
quickly detect faulty equipment units and, if necessary, remove them 
from service. Hardware checking circuits are used for trouble detection 

PLUSTAXFOR I B ~ 
GEJ 

Fig. 9-Typical portion of an announcement phrase. 
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during operation. When a trouble detection circuit identifies a serious 
problem in the system, it notifies an interrupt circuit. The interrupt 
circuit immediately stops operational program processing and transfers 
control to a fault recognition program associated with the particular 
trouble indication. The functions of the fault recognition programs are 
to distinguish nonrepeating troubles (errors) from repeating troubles 
(faults), and, in the case of faults, to quickly establish an operational 
system configuration. This is generally done by switching out the 
faulty unit. When the fault recognition process is completed, opera­
tional program processing is resumed at the point of interruption. 

Fault recognition is the highest priority function in a real-time 
system like TSPS. It is of the utmost importance to high system 
reliability that minimum time be taken away from the operational 
processing functions because of faulty circuits. 

Once the faulty circuit has been taken out of service by the fault 
recognition program and the system brought back to an operational 
configuration, diagnostic programs are called in to test the out-of­
service unit to isolate the trouble to a small number of circuit packs. 
A diagnostic program is normally broken into logic testing entities 
called subphases or phases so that a series of rigorous tests can be 
performed on the out-of-service circuit unit. Depending on the outcome 
(pass-fail) of each test, a trouble-locating number is printed on the 
maintenance teletypewriter. This trouble-locating number is used by 
the maintenance personnel to reference a trouble-locating manual to 
isolate the particular fault involved. 

2. 1.2 SSAS maintenance requirements and anticipated reliability 

SSAS reliability and maintainability objectives are based on the fact 
that a significant part of TSPS traffic is served by the SSAS. The 
objectives are 

(i) An average of about one SSAS outage in 10 years. 
(ii) An average repair time of about 2 hours. 

The maintenance plan for SSAS impacts on the reliability objective 
in three major areas. First, it is necessary to provide fault detection 
mechanisms (primarily hardware checks) so all failures can be detected 
rapidly. Second, provisions must be made to minimize the interruption 
of call processing once a failure is detected, with few or no calls lost. 
Third, sufficient circuitry must be provided to obtain diagnostic reso­
lution to hold repair time to the 2-hour average as specified above. 

The SSAS maintenance strategy relies on a multilevel fault detection 
scheme in which faults are classified according to their impact on the 
SSAS operation. A fault that does not affect normal operation of the 
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SSAS is considered "tolerable." An SSAS side with this type of fault may 
continue to perform its normal function adequately as long as it is 
required to do so. As an example, all single bit failures in the SSAS 

semiconductor announcement memory are tolerated, since they would 
have very little effect upon the quality of the speech. By using a 
maintenance strategy that permits an SSAS side to be used with certain 
"tolerable" faults, the SSAS reliability is further enhanced. 

To verify that the SSAS design meets the reliability objectives, a 
reliability estimate was made by classifying and counting the boards 
on the SSAS side. The failure rate for each board type was calculated. 
The failure rate determines the Mean Time Between Failure (MTBF) 

of an unduplicated SSAS side. The Estimated Downtime (EDT) for the 
duplicated system was then calculated with the assumption that the 
mean time to repair for one side down and both sides down are 
identical. This is a valid assumption because the diagnosis of all critical 
circuits in SSAS can be done on each side independently. Plugging 
necessary parameters into the appropriate reliability model showed 
that the above reliability objectives are well satisfied. 

2.2 Announcement Store Maintenance 

2.2.1 SPC bus and store switch 

The Stored Program Control No. lA (sPc lA) is the TSPS main 
processor.4 The SPC memory is used for both programs and data. It is 
partitioned into a maximum of 24 duplicated stores. Each store is 
permanently assigned to one of the two SPC store buses. An SPC store 
can be equipped with a piggyback twistor (PBT) or semiconductor 
memory. Two sequential or complimentary name codes are assigned 
for an SPC store when equipped with semiconductor memory and one 
name code when equipped with PBT. The name code serves to identify 
the stores for addressing purposes. A semiconductor store consists of 
a semiconductor memory module and its associated semiconductor 
memory controller, shared by all modules in the same memory frame. 
The SPC store is the maintainable unit of SPC memory; i.e., it can be 
removed from or restored to service, diagnosed, and updated with the 
contents of its duplicate. 

The SSAS announcement memory is used to store digitized announce­
ments. An Announcement Store Frame (ASF) is permanently assigned 
to each side of each SSAS. The SSAS ASF consists of an announcement 
memory controller and up to six announcement memory modules. To 
simplify development effort and to take advantage of the memory 
loading facilities and diagnostic software of the SPC, the SPC semicon­
ductor store frame with a second access port is used as the announce­
ment store frame. This is accomplished by placing a switch on the 
announcement memory which allows the memory to be connected to 
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either the SSAS side or the SPC store bus. Furthermore, to reserve the 
maximum number of memory name codes for the SPC store, all SPC 

memory access operations use odd parity name codes while all an­
nouncement memory access operations use even parity name codes. 

Under the normal mode of operation, the switch is set to the SSAS 

side so that access to the announcement memory can be performed. In 
the SPC direct access mode, the switch is set to the SPC side so that 
loading from the Program Tape Unit (PTU) and diagnosing by the SPC 

can be accomplished. More discussion on loading and diagnostic op­
erations is presented in a later section. 

2.2.2 The choice of announcement memory 

To handle all TSPS station-paid coin call announcements as well as 
time and charge quotations for noncoin calls, it was calculated in 1974 
that announcement capacity equivalent to about 80 half-second words 
would be needed. An ultimate memory capacity of 200 to 400 half­
second words was forecast at that time if vocabulary for future features 
as well as space for other TSPS announcements were considered. 

A number of storage media were examined for the announcement 
memory. After some consideration, it was decided that with minor 
modifications the semiconductor memory used for the SPC 1A store 
would also be suitable for the SSAS announcement store. This choice 
of the announcement memory would provide flexibility in are.as such 
as future vocabulary growth and vocabulary reload in the field from a 
magnetic tape. It was also estimated that most hardware and mainte­
nance software designed for the SPC 1A store could also be applied to 
the announcement store with only a modest amount of effort. 

2.2.3 Diagnostic implementation 

The SPC store diagnostic programs were modified to be used for the 
SSAS announcement store diagnostic. Major objectives for the an­
nouncement store diagnostic implementation were specified as follows: 

(i) Circuits common to both designs to be tested by existing SPC 

semiconductor memory diagnostic programs. 
(ii) New announcement store circuits to be tested by the SSAS 

controller diagnostic. 
(iii) Same Trouble Locating Manual (TLM) to be used for SPC and 

SSAS announcement stores. 
(iv) Similar TTY input/output messages. 

Several diagnostic characteristics are common for the SPC and 
announcement store diagnostic programs: the basic diagnostic unit is 
a controller and one memory module, seven diagnostic phases are in 
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the program, the diagnostic terminates on early detection of errors, 
there is a special bus configuration for increased fault detection, and 
finally, there are automatic exercise tests for all 32K words. For these 
common areas, existing SPC store diagnostic programs were applied to 
the announcement store with only very modest modifications. 

On the other hand, some diagnostic characteristics pertaining only 
to the SSAS announcement store must be added to the existing store 
diagnostic programs. First, the announcement store has to be switched 
onto the standby SPC store bus before it can be diagnosed. Second, 
since during normal operations, the PROCON and ASD circuits in the 
SSAS controller control the operation of the announcement store, they 
must be stopped during SPC diagnostic tests. Third, the SSAS controller 
and memory modules use even parity names while the SPC store uses 
odd parity names; consequently, diagnostic programs must be capable 
of distinguishing these two cases and proceeding accordingly. 

2.2.4 Loading store from program tape unit 

To save development effort, the SPC program used to load from the 
Program Tape Unit (PTU),4 compare with PTU tape, and dump the 
memory contents of the SPC stores to a PTU tape is used to perform the 
same functions for the SSAS announcement stores. However, since 
there are some significant differences regarding tape format, loading 
procedures, and priority levels between the SPC stores and the an­
nouncement stores, some changes were made in the PTU program to 
extend its capabilities. 

The requirements for the handling of the tape unit are as follows: 

(i) The announcement information should be separate from office 
data and generic programs. A separate tape containing only 
announcement data should be used for announcement stores. 

(ii) For the load operation, the craftsperson must force one SPC bus 
active, simplex, before using the program to access the an­
nouncement stores on the other bus. 

(iii) The announcement tape header should be modified to distin­
guish it from an SPC tape. 

(iv) SPC reliability should be given the highest priority. The an­
nouncement store should not be accessed if the SPC is not able 
to run full duplex with all stores operational. 

(v) Changes must be made to minimize SPC downtime resulting 
from undetected SSAS store faults. 

With these requirements in mind, the craftsperson is instructed not 
to use the program to access the announcement stores if the SPC 

cannot run full duplex with all stores operational. With the SPC fully 
operational, one bus may safely be forced active for the load operation, 
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thus placing the system in the simplex mode. This choice of which bus 
to force active must be made such that the standby SPC bus will 
correspond to the SSAS side requiring PTU actions. This procedure 
ensures that the announcement stores will never be placed on the 
active SPC bus. Following this line of conservatism, the announcement 
stores are normally switched off the standby SPC bus and are connected 
just prior to a read or write instruction. After this instruction is 
completed, the stores are removed from the bus. 

The SSAS side to be accessed must fIrst be placed in the out-of­
service or unavailable state for the compare or dump option. If the 
operation is to load an SSAS announcement store with data from tape, 
the SSAS side must be in the unavailable state. This state will not allow 
SSAS side switching if a fault should be detected on the active side. 

2.3 SSAS fault recovery 

2.3.1 PRO CON detected and reported faults 

SSAS fault recovery strategy is based on a fault detection scheme 
which uses both the SPC and the programmable controller (PROCON) to 
detect various faults associated with the SSAS hardware. Faults de­
tected by PROCON are reported to SPC. The decision to choose one 
method or the other was based on the following considerations. 

(i) SSAS faults, particularly those with serious impacts on call 
processing, should be detected as quickly as possible. 

(ii) SPC routine processing time required for detecting SSAS faults 
should be kept as small as possible. 

(iii) PROCON should not be responsible for detecting those faults 
which could affect its integrity or its ability to communicate 
with the SPC. 

Those faults which are detected by PROCON are analyzed before 
being reported to SPC. PROCON has the capability to analyze available 
data and reinterrogate appropriate maintenance registers. If failures 
are indicated, the result of analysis and reinterrogation are sent to the 
SPC. The reports sent by PROCON are analyzed by the SPC and, if 
necessary, appropriate commands are sent to PROCON to prevent it 
from flooding the SPC with unnecessary information. 

2.3. 1. 1 Continuous exercises. Continuous exercise of hardware 
by PROCON is a means of verifying the correct operation of the hardware 
and detecting various failures. Exercises are used both on active and 
standby SSAS sides, but these are particularly important on the standby 
side since no call processing is taking place. (Call processing exercises 
the SSAS rather completely.) . 

The announcement subsystem5 (i.e., the announcement store and 
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announcement distributor combined) is among those units which is 
continuously exercised by PROCON on both the active and standby 
sides to ensure the integrity of the speech heard by the customers. 
Any malfunction in these units would result in the appropriate flags 
being set in a maintenance register called the Error Summary Register 
(ESR). This register is periodically scanned by PROCON, which analyzes 
the content and sends the appropriate information to SPC. 

2.3. 1.2 Announcement subsystem failure reports. PROCON can 
recognize failures associated with the announcement subsystem by 
scanning the Error Summary Register (ESR) periodically. The presence 
of any announcement subsystem failure will result in one or more flags 
being set in the ESR. If the content of ESR is different from its last look, 
PROCON sends a message to SPC indicating what trouble has occurred, 
provided PRO CON has received no commands from SPC to stop sending 
information. 

During normal operation, a Hamming and parity check on the 
address and data received from the announcement stores is performed 
by hardware5 before the data are sent on to the service circuits. Once 
an error is detected, an error flag will be set in the ESR. The 67 bits of 
address, data, Hamming and parity for the error will be trapped in 
special maintenance address and data regis.ters. 

The content of the ESR is scanned periodically by PROCON. Upon 
identifying an announcement store error flag in the ESR, PROCON saves 
the contents of trap registers. Then it performs a read using the saved 
announcement store failure address~ Subsequently, it loads the FIFO 

output register with the available information. This information in­
cludes (see Fig. 10) the content of ESR, the content of failure trap 
address and data registers (both original and retry values), and an 
extended reply code used to distinguish the cases where no error is 
detected upon retry from those where error is also detected upon retry. 

Upon receiving a PROCON report, SPC analyzes the reported errors 
and decides whether a hard fault or a transient error is present. 
Detected errors and faults are categorized according to their types and 
seriousness. Types of errors and faults detected by SPC are repeating 
double bit data fault, repeating single bit data fault, transient double 
bit data error, transient single bit data error, and repeating single bit 
address fault. The address and data associated with the errors and 
single bit data faults are also saved, and are printed hourly or upon 
manual request on the maintenance teletypewriter for manual trou­
bleshooting. The failing address is also passed to the store diagnostic 
program to allow extensive tests of the suspected area of the memory. 

A feature that will aid in detecting announcement store errors is the 
announcement store recital program, which sequentially accesses every 
announcement phrase by loading its address into the maintenance 
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DATA-RETRY (BITS 31-16) 

DATA-RETRY (BITS 47-32) 

Fig. lO-Format of announcement subsystem failure report. 

time slot of a Recirculating Shift Register (RSR). This type of routine 
exercise will guarantee that the memory used by every speech segment 
is accessed periodically. If any store error associated with a particular 
speech segment exists, a flag will be set in ESR notifying PRO CON of the 
error and the address and data associated with the errors will be 
trapped. This program is implemented on both active and standby 
SSAS sides. 

2.3.1.3 Mate frame buffer failure reports. Communication be­
tween the two SSAS sides (see Fig. 11) takes place asynchronously 
through a first-in, first-out serial memory called the Mate Frame 
Buffer (MFB). Each transmission through the MFB usually consists of 
data and an ID field which identifies the data. 

During normal operation, all the data associated with the calls in 
progress are sent from the active side to the standby side through the 
MFB. This operation enables the standby side to have an up-to-date 
copy in its Random Access Memory5 (RAM) of the data associated with 
each call for use if it is required to change role from standby to active. 
To test the validity of the data before it is stored, a l-out-of-16 encoded 
ID word is associated with the data coming through MFB, to indicate 
what it contains. The standby PROCON checks for a valid ID format 
and for proper sequences of IDS. If the standby PROCON detects an 
error, it informs the SPC by loading appropriate data in its FIFO output 
register. 
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During the unloading of the MFB by the standby side, an overflow 
condition in the MFB results in an MFB full flag being set in the ESR 

associated with the active side. This overflow condition could be 
caused by either an MFB failure or a failure in the standby side which 
prevents it from unloading the MFB. The MFB full flag in the ESR is 
monitored by the active PROCON. Upon detecting the MFB full condi­
tion, the active PROCON notifies SPC by loading the necessary infor­
mation in the FIFO output register. 

2.3.1.4 CDA error reports. A CDA failure is recognized by PROCON 

during normal interrogation. All calls except those that are in the 
announcement mode only require interrogating the CDA reply register 
for coin deposits. Prior to sending the first interrogation command to 
a CDA, PROCON reads the reply register to ensure that there are no 
premature replies from the CDA. In the case of premature reply, all 
records of the call are erased and a message is sent to SPC indicating a 
bad CDA. During the course of interrogation, the parity of the data 
received from the CDA is checked by PRO CON . In the case of a parity 
failure, PROCON again erases the records of the call and informs the 
SPC of the failure. 

During the course of interrogation, PRO CON continuously monitors 
the format and the validity of the data in the CDA reply register. A 
reply with invalid format is considered a CDA failure. In this case, the 
records of the call are also erased, and SPC is notified of the CDA failure. 
Another means of CDA error detection is the CDA maintenance register. 
If a maintenance bit is set in the reply register, the maintenance 
register is read to check the type of error. In this case again, PROCON 

notifies SPC and erases the records of the call. Upon receiving a CDA 

error report from PROCON, SPC routes the call to an operator position 
and also takes the bad CDA out of service, so it is not used for any 
future call. A diagnostic automatically will be requested for the bad 
CDA to aid the craftsperson in locating the faulty units. If too many 
CDA failure reports are received within a certain period of time, all 
associated with the same group controller, SPC then assumes that the 
group controller associated with the active side is faulty. 

PRO CON can only detect failures in the digital circuitry of a CDA. 

Failures in the analog circuitry of a CDA are detected by an error 
analysis program which resides in SPc. The success rate of attempted 
calls for a given CDA is analyzed, and if it is below a certain average 
threshold, the CDA is considered faulty and is taken out of service and 
automatically diagnosed. 

2.3.2 SPC detected and reported faults 

2.3.2.1 Maintenance interrupts. Maintenance interrupts are used 
as a means of identifying faults in SPC-SSAS interface registers. These 
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types of faults have a serious impact on the operation of SSAS. They 
can result in isolation of the SSAS, thus crippling the capability of SPC 

to determine the basic integrity of the SSAS. This basic integrity is a 
necessary condition for the SPC to have confidence in the capabilities 
associated with PROCON in detecting SSAS faults. 

As with other TSPS peripherals, any malfunction in SPC-SSAS com­
munication is detected by using standard peripheral unit fault recog­
nition techniques that can cause an F-level interrupt (such as central 
pulse distributor enable verify, and all-seems-well signal failures).4 
Upon occurrence of an F-level interrupt, appropriate fault recognition 
programs are entered to analyze the faults present in SPC-SSAS interface 
areas. These programs have the capability of distinguishing serious 
faults from nonserious faults and reporting them to appropriate recon­
figuration programs. 

During a scan operation of SSAS by SPC, a malfunction in one or both 
Scan Answer Buses (SCAB) results in an SPC processor mismatch which 
in turn causes a C-level interrupt to occur.4 Upon occurrence of a C­
level interrupt, appropriate fault recognition programs are entered 
which first determine whether SSAS caused the interrupt, and then by 
performing some tests isolate the faulty SCAB. The nature of failure 
and its degree of seriousness are also passed to SSAS reconfiguration 
programs. 

2.3.2.2 Periodic scans. SPC detects faults in PROCON itself or in the 
PROCON peripheral control system by interrogating maintenance reg­
isters on the scan answer bus. This interrogation is done periodically 
(every 25 ms). The information provided by this interrogation (scan) 
is used by the SPC to determine the sanity of the PRO CON for processing 
calls and to verify the capability of PROCON to detect SSAS faults. 
Among faults detected by periodic scanning are PROCON all-seems-well 
failures, Random Access Memory (RAM) all-seems-well failures, 
PROCON clock-stopped and output register-full indications. Both active 
and standby SSAS sides are monitored by the periodic scanning. The 
scan result is analyzed and is used to distinguish serious faults from 
nonserious faults, and to determine whether or not an immediate 
action is needed by the SPC. 

2.3.2.3 Dead side tests. Despite the fact that extensive error 
checking circuitry has been built into the SSAS hardware, the possibility 
still exists that some faults may elude the checks and not be reported 
to the SPC. Potential faults in this category are nonclassical faults, 
multiple faults, certain PRO CON and RAM failures, etc. A possible 
consequence of such faults is a dead SSAS side which appears to be free 
of faults during a period of no normal SPC-SSAS communications. To 
detect such a failure mode, the SPC performs an exercise periodically. 
The exercise involves sending a command to an SSAS side and receiving 
a specific reply. If an SSAS side fails to reply as expected, then the side 
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is considered to be faulty, and appropriate information is reported to 
the reconfiguration program. 

Since SSAS functional integrity is constantly checked by call proc­
essing functions, the dead side test for an active SSAS side will be 
skipped if traffic is present on the side. More specifically, an SSAS side 
will not be tested if valid replies are coming through its output register 
at a regular interval. 

2.3.3 Reconfiguration 

2.3.3. 1 Classification of faults. The response of the SSAS recon­
figuration program to various SSAS faults is based on a fault classifi­
cation scheme which categorizes the faults according to their impact 
on the normal operation of SSAS. Faults fall into one of four categories 
which can be summarized as follows: 

(i) Serious faults. This type of fault corresponds to those which 
seriously affect the call processing capability of SSAS. For ex­
ample, a fault which stops normal operation of PROCON is 
considered to be serious. A serious fault on an active SSAS side 
will cause an immediate switch to the other side. 

(ii) N onserious faults. A nonserious fault is defined as a type which 
does not seriously affect the call-processing capability of an 
SSAS side. An active side with this type of fault can continue to 
perform its normal function adequately as long as it is required 
to do so. This in turn implies that the switching action to the 
mate side can be delayed indefinitely, if necessary. For example, 
a single bit failure on the announcement data can be considered 
nonserious since its impact on the quality of the announcement 
is insignificant. As another example, a group controller failure 
on the active side can also be considered nonserious, since the 
side can continue to process calls using the remainder of the 
group controllers and their associated CDAS. 

(iii) MFB faults. This type of fault is usually an indication of a failure 
in the MFB itself or the standby SSAS side, with no impact on 
the active SSAS side. No switching of sides is performed in this 
case. Instead, the standby side and MFB are both diagnosed for 
isolation of faulty units. 

(iv) CDA faults. This type of failure usually represents a problem in 
an individual CDA. Since there are many CDAS in SSAS, an 
individual CDA failure does not have a serious impact on the 
call-processing capability of SSAS. A faulty CDA is marked out 
of service and will not be used until it is diagnosed and repaired. 

2.3.3.2 Smooth side switch. The process of interchanging the 
active side and standby side is referred to as a side switch. If this is 
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done so that the flow of announcements is not interrupted, the switch 
is called a smooth switch. 

A smooth switch between two SSAS sides is performed under two 
circumstances. One case is when the active side has a nonserious fault 
such as single bit failure in announcement data. In this case, the 
system can afford to wait as long as needed to switch smoothly. The 
other situation is when a routine switch to the standby side is desired 
to test the hardware controlling the reconfiguration and to provide a 
chance to run a routine set of diagnostics on the previously active side. 
This process (the smooth switch exercise) is performed three times a 
day. 

A smooth switch is typically characterized by the following actions. 
First, the SPC sends a command to the active side, telling it to go 
standby gracefully. Second, the active side brings the standby side in 
loose synch with the active. Third, the standby side is told to go active 
gracefully. Since by now the active and the standby are loosely in 
synch, both sides time themselves until the right moment when the 
old active goes standby followed almost immediately by the old 
standby going active. The new active verifies its success by sending a 
reply to the SPC. Upon receipt of this reply, the SPC changes the SSAS 

status words to record the new configuration. This type of side switch 
does not provide any discontinuity in the announcement heard by the 
customer and also has no effect on the call processing operation. 

2.3.3.3 Other types of side switch. The handshaking between the 
two sides required to perform a smooth switch may not be possible if 
the active side develops a serious fault such as a PROCON all-seems­
well failure. Assuming that the nonactive side is in the standby ready 
state, the SPC simply takes the faulty side out of service and makes the 
standby side active. This type of switch is referred to as an immediate 
switch. Since the standby's data RAM is up to date with the active side, 
only a minor disruption to call processing results. The announcement 
heard by a customer is interrupted. Approximately a half-second 
elapses, and then the entire announcement is repeated. In addition, it 
may result in mishandling a single call. However, this minor disruption 
of the call processing is considered a small penalty, as hardware faults 
occur rarely. 

Another type of side switch, called a rough switch, happens when 
the active side is doing call processing and the nonactive side is running 
a routine diagnostic on itself. If the active side develops a serious fault, 
it is immediately taken out of service. In the meantime, the routine 
diagnostic on the nonactive side is aborted, and the side is made active. 
Since the data RAM on the standby side is not up-to-date while a 
diagnostic is being run, it will be initialized before becoming active. 
Therefore, all processing on existing calls is aborted and the SSAS starts 
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afresh. Considering the reliability objectives of the SSAS, the probabil­
ity of occurrence of a rough switch is estimated to be very small. 

2.3.3.4 Tolerance of software errors. Software errors are usually 
analogous to a serious component failure, causing both SSAS sides to 
go down and remain down until the problem has been rectified. 
However, certain classes of software errors could be considered toler­
able. An erroneous software instruction which is executed infrequently, 
if it is considered to be nontolerable, could cause a permanent outage 
of the SSAS upon its first execution. On the other hand, if at this time 
the SSAS is reinitialized and restarted, it will continue to perform its 
normal function until some later time, when it will encounter its second 
failure, due to the execution of the erroneous software instruction. 
Following this strategy would substantially decrease the SSAS down­
time in cases where infrequently executed software errors are present. 

The above considerations provided the basis for developing a strat­
egy which tolerates certain classes of errors in the PROCON software. 
Upon occurrence of an SSAS outage, the SPC performs an analysis for 
both sides using past history of SSAS outages. First the side with the 
fewer past failures is selected. Then after the analysis a decision is 
made on the nature of the problem for that side, as to whether a 
hardware fault or a software error exists. In the latter case, the side is 
reinitialized and used for call processing after a successful initialization, 
while a diagnostic is requested for its mate side. In the former case, 
both SSAS sides are diagnosed to pinpoint the hardware malfunctions. 

2.3.3.5 Duplex failure. If SSAS becomes totally unavailable, the 
call processing function performed by the SSAS is aborted and all new 
calls will be routed to the operators. The new calls are blocked from 
attempting to cease CDAS for service. Also, several clean-up actions are 
performed by the SPC to allow for rapid restoration of ACTS. For 
example the peripheral orders waiting to be sent to the SSAS are 
searched and disposed of. The SSAS is blocked from providing ACTS 

until all the clean-up tasks are completed. 

2.4 SSAS diagnostics 

2.4. 1 Controller diagnostic 

2.4. 1. 1 Interface SPC- PROCON. The SSAS diagnostic programs 
run on one SSAS side at a time, always a nonactive side. The diagnostic 
request is made either by manual request or by fault recognition 
programs, either as a result of a fault being detected or as a routine 
diagnostic. The routine diagnostic is run once a day to do a complete 
check of the SSAS hardware. 

As a direct consequence of the SSAS architecture, the SSAS diagnostic 
control is divided into two parts; the first part resides in SPC, and the 
second resides in PROCON'S Read Only Memory (ROM) and is under 
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the control of a standby monitor program which controls the various 
activities of a nonactive SSAS side, including diagnostics. Other activi­
ties associated with the standby monitor include fault recognition, 
unloading of the Mate Frame Buffer (MFB) and other spc-requested 
nondiagnostic functions. SPC retains the overall control over the SSAS 

diagnostic. SPC initiates SSAS diagnostics by first marking the SSAS side 
out of service and then sending a diagnostic request to the PROCON. 

The request indicates that a group of tests referred to as a "phase" is 
to be run by PROCON. In some cases, this request is also accompanied 
by a test pattern to be used by PROCON. The standby monitor decodes 
the request, performs error checking, and invokes the PROCON diag­
nostic control program. This program further decodes the diagnostic 
request to select the proper diagnostic phase. Once a diagnostic phase 
is initiated, the standby monitor exercises control over the execution 
of the diagnostic. A diagnostic phase performs tests on the SSAS 

functional block being diagnosed, using predetermined test patterns 
and sends the test results to SPC through the FIFO output register. The 
test results are used by the SPC to isolate the particular fault involved. 

2.4. 1.2 Levels of raw data compression. The diagnostic test re­
sults sent by PROCON through the FIFO output register are compared 
against the expected result by the SPC. The result of that comparison 
is saved as a binary string of ones and zeros referred to as "raw data" 
results. The zeros represent the tests passed and ones indicate the 
tests failed. Although PROCON does considerable data comparison, in 
many diagnostic phases the test results sent by PRO CON are quite 
voluminous and exceed the capacity of the trouble number generation 
programs. In such cases, SPC uses a compression algorithm for con­
verting the test results into a compressed raw data bit string. The 
algorithm uses a simple procedure: If any test result word sent by 
PRO CON does not match the expected value, the SPC diagnostic program 
will map this mismatch into one raw data bit. The compressed raw 
data bit string is further reduced by the SPC to a 4-part, 16-digit 
number referred to as a "fault signature," which uniquely identifies 
the string. The fault signature is used by the maintenance personnel 
to reference a trouble-locations manual to isolate the particular fault 
involved. 

In some cases, the fault signature generated by SSAS diagnostic 
programs fails to provide enough information to clear the trouble 
associated with the SSAS. In such cases, the maintenance personnel can 
manually request either compressed raw data or expanded raw data. 
The raw data printout is used by maintenance personnel as an aid in 
manual troubleshooting. 

2.4. 1.3 Power of PROCON test. The SSAS architecture has parti­
tioned the hardware in functional modules (such as PROCON, peripheral 
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control, announcement memory, service circuit group controllers, 
etc.}.5 Each of these functional modules are further partitioned to 
attain the desired level of maintainability and diagnostic resolution. 

PROCON access to each functional module results in a simple diag­
nostic structure consisting of segments that diagnose only one func­
tional module. In general, diagnostic resolution is directly related to 
the size of the module's diagnostic. Resolution can be improved by 
reducing the size of the module. A further improvement can be realized 
by choosing a diagnostic structure that begins with the diagnosis of 
the most basic functional module and proceeds to test each module by 
adding diagnostic segments that use the diagnosed modules. These 
considerations have been taken into account in planning the SSAS 
diagnostic structure, which provides an average diagnostic resolution 
of three or fewer circuit packs, with the capability of detecting greater 
than 90 percent of potential SSAS faults. These diagnostic objectives 
are required to limit the average repair time to about 2 hours as 
specified by the SSAS maintainability objectives. PROCON access capa­
bility combined with the modular architecture allows the SSAS diag­
nostic objectives to be achieved. 

Another feature that helps to achieve the SSAS diagnostic resolution 
objective is the bit-sliced architecture used in designing SSAS input and 
output bus interfaces. The bit-sliced architecture is used to aid the 
SSAS diagnostics in pinpointing faulty packs and to reduce the number 
of board codes. This means that the common bits for all registers on 
a bus are grouped together on one or a few circuit packs (i.e., bit i for 
all registers on the bus are grol,lped together). Because of this archi­
tecture, it is only necessary for the SSAS diagnostic to know which bit 
is bad to isolate the faulty circuit boards. 

2.4.2 COA diagnostic 

2.4.2. 1 SPC-PROCON interaction. The CDA diagnostic is initiated 
by the SPC either as a result of CDA failures detected by fault recognition 
programs, error analysis programs, or a manual diagnostic request via 
the maintenance teletypewriter channel. Also, an automatic progres­
sion test of the CD AS is performed to ensure that each CDA is diagnosed 
once a day. 

A service circuit known as the CDA test circuit is used to diagnose 
CDAS. It has network appearances so it can be connected to the various 
CDA ports for analog circuit tests.5 When a CDA diagnostic is requested, 
the SPC attempts to establish a test configuration if the requested CDA 
is available for testing. It first verifies that the CDA test circuit is 
available and the nonactive SSAS side is in the standby ready state. If 
not, the diagnostic is blocked; otherwise, the CDA test circuit is made 
maintenance busy, and orders are sent to the active sSAsside to switch 
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both the CDA test circuit and the CDA under test over to the standby 
SSAS side. Next, the Signal Distributor (SD) controlled relays in both 
the CDA and CDA test circuits are released without regard to their 
previous states, and the two circuits are connected via the TSPS 
network. 

Once the test configuration is established, various phases of the CDA 
diagnostic are initiated by the SPc. For each phase, the SPC first 
operates the required sD-controlled relays, and then sends an order to 
the standby SSAS side to run tests of the specified phase. 

The PROCON standby monitor program processes the diagnostic 
order and transfers PROCON control to the CDA diagnostic program. 
This program performs the tests of the specified phase and sends the 
results to the SPC via the FIFO output register. Once the PROCON reply 
is received, the SPC compares the test results with the expected results. 
The result of this comparison is the diagnostic raw data. Each bit set 
to a one in the raw data represents a test failure. The raw data is then 
converted into a trouble number which is used by the maintenance 
personnel to isolate the trouble. 

When all the phases of the CDA diagnostic have been completed, the 
SPC releases the relays of the CDA and CDA test circuits, breaks the 
network connection between them, and sends orders to the standby 
SSAS side to switch them back to the active side. The CDA test circuit 
is returned to the maintenance idle state, and the CDA under test is 
either returned to service or placed out of service, depending upon 
whether the diagnostic tests have been passed or failed. 

2.4.2.2 CDA test circuit use. The CDA test circuit is a special type 
of sSAs-controlied service circuit. There is one CDA test circuit per 
SSAS, and it is always equipped as circuit 15 of the service circuit 
frame l. 

The primary functions of the CDA test circuit can be summarized as 
follows: 

(i) It produces simulated coin deposit signals for testing a CDA coin 
tone receiver. 

(ii) It detects test tones produced by a CDA announcement decoder. 

The CDA test circuit architecture is quite similar to that of the other 
SSAS service circuits. It consists basically of digital circuitry to interface 
with SSAS, a tone generator and a tone detector (see Fig. 12). Its digital 
interface circuitry with SSAS consists of command decoding logic, reply 
registers, and control logic which provides additional decoding of CDA 
test circuit commands, and also controls the miniature relays which 
provide switching of pads and filters. 

The tone generator consists of an announcement decoder, an inter-
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rupter switch, and a set of switch able attenuation pads. The interrupter 
switch is used to clamp the analog output of the announcement 
decoder to ground, thereby silencing the tone generator. The switch­
able pads provide the level variation needed for a CDA coin tone 
receiver testing. 

The tone detector consists of a switchable pad circuit, level detectors, 
and a switch able filter circuit. The switchable pad circuit provides 
level adjustment for signals generated by a CDA announcement de­
coder. The output of the announcement decoder of a CDA circuit is 
tested by the level detectors for both signal loss and distortion. During 
the process of checking for signal distortion, the switchable filter 
circuit is used to remove the expected fundamental frequency com­
ponent of the announcement decoder test tone without attenuating 
any harmonic frequency components. 

2.4.3 Use of test tones from announcement store 

Many tests performed during the course of CDA diagnostic are aimed 
at detecting possible malfunctions in either the announcement decoder 
or the coin tone receiver associated with the CDA under test. Proper 
operation of the announcement decoder is verified by monitoring its 
response to a set of digitized test tones. This response is checked for 
possible abnormalities in both frequency response and output level 
using a tone detector associated with the CDA test circuit. The coin 
receiver is tested by using the tone announcement decoder of the CDA 

test circuit to produce coin deposit signals from data stored in the SSAS 

announcement memory, and checking the response of the coin tone 
receiver to deposit signals having various level, frequency, and timing 
characteristics. 

The test tones required for checking the proper operation of the 
announcement decoder and the coin tone receiver are stored as an­
nouncement data. A total of 18 test tones are required for CDA diag­
nostic tests. The storage requirement for many of these tones is 
significantly reduced by packing several of them into a single an­
nouncement phrase. Combining up to four 125-ms test tones into a 
single segment reduces the number of the required segments to six. 
One hundred twenty-five milliseconds allows ample time for the an­
nouncement decoder output to stabilize and for the CDA test circuit 
tone detector to achieve a stable measurement. However, this ap­
proach adds additional timing functions for the standby PROCON to 
perform. PROCON must determine the appropriate time to strobe the 
tone detector and, for some tests, it must blank out the unwanted 
tones by operating an interrupter switch within the CDA test circuit 
which turns off the analog output of the tone announcement decoder. 
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2.5 CDA alignment and manual tests 

2.5.1 Trunk test panel connections 

The TSPS Control, Display, and Test (eDT) panel provides a means 
of manually initiating tests on trunks, operator positions, and service 
circuits appearing on the TSPS switching network.6 In conjunction with 
the ACTS feature, provisions have been made for testing both the eDA 

and the eDA test circuits from the eDT panel. 
Most eDA circuit tests originating from the eDT panel require that 

test connections be established between the eDA circuit and the eDT 

circuit. Operation of the Master Test Line-Test key on the eDT panel 
causes the spe to connect an MF receiver to the Position Master Test 
Line (PMTL) of the eDT circuit via the TSPS network. Once this connec­
tion is established, the SPC lights the Master Test Line (MTL) lamp on 
the eDT panel, indicating that codes can be entered via the eDT 

multifrequency (MF) key set. At this point, a test connection can be 
requested with any eDA circuit appearing on the TSPS network by 
entering its trunk group and member number and the camp-on bit via 
the eDT MF key set. A special display on the CDT panel indicates to the 
maintenance personnel whether the request was successful, aborted 
due to system failure, or invalid. 

The spe indicates the status of the requested eDA on a special 
display lamp. This lamp indicates whether the eDA is idle, traffic busy, 
maintenance busy, or out of service. If the eDA is busy and camp-on is 
requested, the spe reserves it for maintenance by placing it out of 
service as soon as it becomes idle and notifies the maintenance person­
nel of its availability via a teletypewriter output message. If the eDA is 
idle or out of service, the spe disconnects the MF receiver from the 
PMTL, extinguishes the MTL lamp, and establishes the test connection 
between the eDA and eDT circuits. 

Several other test features involving eDT panel key actions have also 
been provided for eDA circuits. By operating appropriate keys, the 
maintenance personnel can place the eDA connected to the CDT out of 
service, or return it to service. Also, a display of the ferrod states of 
the eDA under test can be requested by operating a special key. This 
key action causes the scan row containing the eDA ferrods to be 
displayed on the program display of the control and display panel. 

2.5.2 Trunk test panel measurements 

The eDA circuits contain analog transmission components which 
provide a part of the talking path between the customer or customers 
and the eDA announcement decoder. These eDA circuit voice paths 
must be tested with respect to noise and signal loss whenever trans­
mission problems associated with the circuit are suspected. The trunk 
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test panel, shown in Fig. 13, provides a convenient means of performing 
noise and loss tests on CDA circuits that appear on the TSPS network. 

Testing of the transmission path of a CDA circuit involves separate 
tests for performing noise and loss measurements. First, a test connec-
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tion is established and the Master Test Line-Test key is operated to 
signal the SPC to connect an MF receiver to the PMTL. Next, by entering 
an appropriate test code and appropriate test control key actions, each 
of these tests can be initiated. These tests can be repeated or performed 
in any sequence as long as only one test control key is operated at a 
time. These tests can also be sequenced under the SPC control by using 
an appropriate test code. As soon as the code is entered, the SPC 

establishes the connection for the first test. Upon completion of the 
first test, the connection for the second test is established. This process 
is continued until the completion of the last test. At this point, the 
CDA circuit is disconnected from the CDT panel and is returned to its 
previous state. 

Manual transmission tests of all CDA circuits in the office can be 
initiated by entering a special test code. The SPC connects each CDA 

circuit in sequence to the CDT panel. If the circuit is traffic or mainte­
nance busy, it is skipped and a teletypewriter message is printed. After 
the completion of the tests, the SPC disconnects the CDA circuit from 
the CDT and connects the next one. 

Automatic sequencing of the transmission tests of all CDA circuits 
can be initiated by entering another special code. The SPC connects 
each available CDA circuit to the CDT panel, and sequences through 
each of the tests. Once all of the tests for a CDA circuit are complete, 
another CDA circuit is connected. Busy circuits which are skipped are 
identified by teletypewriter messages. 

2.5.3 Vocabulary recital 

Because the announcement decoding aspect of the SSAS has no 
existing counterpart in the TSPS, a totally new test feature is provided 
from the CDT panel. This feature is an announcement vocabulary 
recital exercise whereby the maintenance personnel can listen to each 
speech segment in the announcement vocabulary via the CDT telephone 
head set. 

Listening to the announcement output of a CDA circuit provides a 
manual check not only of the CDA circuit announcement decoder, but 
also of the SSAS announcement subsystem circuits. When an announce­
ment store is loaded from tape, this feature can be used to verify the 
contents of the store before it is made active. The announcement 
recital test can be performed from both active and standby SSAS sides. 
Two options are provided for the recital test. They can be summarized 
as follows: 

(i) The decoding of every announcement segment and phrase in 
sequence. 

(ii) The repetitive decoding of a specified announcement segment 
or phrase. 
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The announcement recital test on an active SSAS side begins with a 
eDA circuit connected to the eDT panel. By operating appropriate keys 
and entering a special test code, the spe starts the PRoeON -controlled 
announcement exercise on the active side. This exercise accesses the 
announcement data for a phrase and sends it to the eDA circuit under 
test. It sequences through every word or phrase in the announcement 
vocabulary and then stops. Each word or phrase is separated by 1/2 

second of silence. 
Entering another test code causes a specified announcement phrase 

to be repeated at a constant rate. This is controlled by another PRoeON 
exercise which accesses the announcement data for the specified 
phrase and sends it to the eDA circuit under the test. One-half second 
of silence is inserted between repetitions. The phrase is repeated until 
the circuit is released from the eDT panel. 

Similar procedures are used for the announcement recital test from 
a standby SSAS side. Again by entering special codes, appropriate 
announcement exercises are started. If the SSAS diagnostic is in prog­
ress on the standby side, the exercise is not run and a teletypewriter 
output message is printed. 
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Automated Coin Toll Service replaces operator handling on most 
toll calls paid for with coins and provides operator handling when 
customers fail to deposit. Human factors work on ACTS consisted of 
first documenting the range and frequency of existing operator inter­
actions, then simulating various possible versions of machine-pro­
vided service, and last analyzing simulation results to provide service 
recommendations, performance estimates, and a list of important, 
but unanswered, questions_ The simulation also led to the early 
development of operator practice and training materials, evaluation 
tools, and operational requirements, as well as timely discovery of 
potential problems. 

I. INTRODUCTION 

Companion papers describe the hardware and software used to 
provide Automated Coin Toll Service (ACTS).l-a This paper describes 
human considerations which contributed to the design and evaluation 
of the automated service. 

Prior to the development of the hardware and software described in 
the previous papers, many questions were raised: 

(i) Would the automated service be an acceptable substitute for 
Traffic Service Position System (TSPS) operators performing 
routine functions, e.g., deposit request, coin counting, deposit 
prompt, deposit acknowledgment, and others? 

(ii) How would customer depositing (and other behaviors) depend 
on service design? 
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(iii) How would customer satisfaction with the service depend on 
the design? 

(iv) How would operators be affected by the automated service? 
These few broad questions implied many specific questions: How 

should performance be measured? What aspects of customer behavior 
are most important? and How should these be measured? 

The human factors work proceeded in three stages: detailed obser­
vations of existing (operator-assisted) coin toll service to comprehend 
the range and relative frequencies of events; a highly instrumented 
service trial to obtain performance measurements and customer opin­
ions; and a data analysis and recommendations phase to formulate a 
final service offering, estimate performance, and isolate potential dif­
ficulties for further study. The remainder of this paper is organized 
around these stages. 

Section II briefly describes early observing studies upon which the 
original service proposal, as well as the provisional announcement and 
timing schemes, were based. Additional confirming observing studies 
are also mentioned. Section III describes the usefulness of service 
simulations-first with operators only, later with computer-driven 
equipment to provide service and measure customer-service perform­
ance. Section IV describes the technical implementation of the com­
puterized simulation, Section V describes simulation results and rec­
ommendations, Section VI estimates performance and acceptance, 
Section VII enumerates unanswered questions, and Section VIII 
briefly mentions some cost-worth factors to be considered in evaluating 
the simulation. 

II. EARLY HUMAN FACTORS WORK-OBSERVING HOW COIN CALLS 
ARE PRESENTLY HANDLED BY OPERATORS 

At TSPS, toll coin calls are divided into several parts (called position 
seizures) for efficient operator handling. Each seizure accomplishes a 
single function: (i) initial period deposit request and verification of 
complete deposit, (ii) notification at the end of the initial period that 
overtime charges would apply unless the call ended immediately, (iii) 
call interruption, deposit request, and verification after each additional 
10 minutes of overtime conversation, and (iv) ringback (if necessary), 
deposit request, and verification at the end of conversation. The 
human factors effort concentrated on replacing operators performing 
these functions. 

The initial service proposal by J. C. Dalby was based on the 
characteristics of (operator-assisted) station-to-station coin toll calls 
monitored at Neptune, New Jersey and Chicago, Illinois.4 Of particular 
interest were: 

(i) The wording of the operators' deposit requests. 
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(ii) The time from the deposit request until customers deposited 
their first coins. 

(iii) The number of times operators repeated deposit requests before 
customers started depositing. 

(iv) The times between coins (intercoin intervals). 
(v) How frequently customers began depositing, then stopped and 

asked operators how much was still due. 
C. E. Bronell and M. S. Schoeffler5 conducted a more extensive 

service measurement study in Seattle, Washington, Miami, Florida, 
and Rochelle Park, New Jersey. The objective of this study was to 
reinforce earlier observations and accumulate enough direct observa­
tions of operator-handled calls to provide a thorough, general descrip­
tion of the process and of the most common situations likely to be 
difficult for an automated system. Location differences were also 
analyzed. 

From these observational studies, it became apparent that there are 
two general types of coin customers: experienced and (those presumed 
to be) inexperienced. Experienced customers are familiar with coin 
service. They had correct change and often knew the exact charges 
before making the call. After a short initial deposit request (e.g., "50 
cents please"), experienced customers immediately started depositing 
and continued until the requested amount was deposited. If the oper­
ator used a longer initial deposit request (e.g., "Please deposit 1 dollar 
and 75 cents for the first 3 minutes"), experienced customers often 
began depositing while the operator was still talking. 

At the other extreme, inexperienced customers are not prepared for 
the initial deposit request and often ask for a repetition. They began 
depositing, but occasionally lost count and asked for the remaining 
amount due. Inexperienced customers often did not have the correct 
change and had to deposit too much. The operator informed these 
customers that extra deposits would be credited toward additional 
charges, if any. Some inexperienced customers dialed the call as if they 
wanted to pay with coins when they did not wish to do so and were 
unprepared. (They should have dialed 0 plus the called number.) On 
these calls, the operator adjusted the method of payment. 

As a result of these observations, it was concluded that the sequence 
of announcements and coin deposit intervals should provide experi­
enced customers with fast efficient service and inexperienced cus­
tomers with repetitive requests for deposits, prompts for the remaining 
amount due, and automatic transfer of calls to operators when diffi­
culties were detected. In addition, the automated service should be 
able to acknowledge extra deposits and provide credit toward addi­
tional conversation time. 

It was estimated that provisional announcements and deposit inter-

ACTS HUMAN FACTORS STUDIES 1293 



vals would ha'ndle approximately 85 percent of initial deposit seizures 
without operator intervention. On this basis, automated service was 
an economically sound development. However, it was also recognized 
that further refinements in the announcements and timing intervals 
which increased the proportions of mechanized seizures, even by only 
a few percent, would yield substantial additional savings. 

III. FIRST AUTOMATED SERVICE-SIMULATION BY OPERATORS 

In the spring of 1975, O. O. Gruenz, Jr., conducted an experiment at 
Harrison, New York, Fort Washington, Pennsylvania, and New York 
City, in which the automated service was manually simulated.!; Several 
TSPS operators requested deposits and prompted customers using 
proposed announcements and approximate timing intervals. These 
operators were instructed to ignore any questions or comments made 
by customers. 

During the experiment, two variants of the provisional deposit 
request ("Please deposit 35 cents for the first 3 minutes") were tried to 
reduce customer requests for repetitions of the amounts due: 

(i) "Thirty-five cents please." (2-second pause) "Please deposit 35 
cents for the first 3 minutes," 

(ii) "Please deposit 35 cents." (2-second pause) "Thirty-five cents 
for the first 3 minutes." 

Both these announcements were successful in reducing customer 
needs for additional information. Furthermore, these results indicated 
that mechanized initial deposit seizures could be increased by several 
percent with the proper announcement wordings and timing intervals. 
However, because all record-keeping for this experiment was done 
manually, it was not feasible to explore many options. Thus, the 
experiment did not finally answer any design questions; rather, it 
demonstrated that proper design choices could substantially improve 
system performance. 

3. 1 Additional questions about customer/system performance and 
customer acceptance which justified additional simulation 

In addition to announcement wording and deposit timing, early work 
raised other specific design questions: 

(i) Would an alerting tone preceding announcements help cus­
tomers deposit more quickly and/or more reliably? 

(ii) How would customer/system performance and customer ac­
ceptance be affected by the use of a nasal monotone ("ma­
chine-like") voice as opposed to more natural-sounding an­
nouncements? (There was some speculation that informing 
customers that they were being machine-served would be 
beneficial, and it was thought that voice quality was a reliable, 
non-time-consuming way of doing so.) 
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(iii) Should coin station instruction cards inform customers that 
service is being machine provided? 

FurthernlOre, a properly designed simulation was expected to: 
(iv) Identify potential overall system weaknesses, overlooked by 

even careful examination of individual system elements and 
stimulate further work where required. 

(v) Give useful experience with microprocessor-controlled, an­
nouncement-generating equipment and software. 

(vi) Stimulate early development of operator procedures and train­
ing materials. 

(vii) Aid preparation of an appropriate public relations campaign 
for the introduction of automated service. 

(viii) Provide some engineering information useful in early site 
equipment provisioning. 

(ix) Complement performance measures with customer interviews 
which would reveal preferences and sensitivities to machine­
provided service. 

IV. COMPUTER SIMULATION OF ACTS 

Various versions of the automated coin toll service were simulated 
using microprocessor-controlled, announcement-generating equip­
ment. This equipment was originally built by an exploratory develop­
ment group to demonstrate the feasibility of generating announce­
ments using digitized segments of speech stored in semiconductor 
memory. However, this equipment lacked much of the hardware and 
software necessary to provide the fully automated service. First, the 
coin detection circuits had not been designed and, second, the circuitry 
and software to interface the microprocessor and the TSPS processors 
had not been developed. Thus, to simulate the automated service, it 
was necessary to have TSPS operators relay call and coin deposit 
information to the microprocessor. A minicomputer and a TTY were 
used as interface between the operator and the microprocessor. In 
addition, the minicomputer provided all the necessary timing intervals 
and a record of the call events on a 9-track tape (see Fig. 1). 

The sequence of events on a simulated ACTS call were as follows: 
(i) The call seized a position and the initial period length and 

charges were displayed to an operator. 
(ii) The operator transmitted the information to the minicomputer 

via the TTY. 

(iii) The minicomputer sent instructions to generate an announce­
ment (deposit request) which was patched into the customer­
operator voice path. 

(iv) As the customer deposited coins, the operator depressed keys 
on the TTY which were interpreted by the minicomputer as 
nickels, dimes, or quarters. 
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The timing and initiation of the announcements were under mini­
computer control, as were instructions to the operators. If the customer 
did not deposit coins, a second operator (sometimes with no previous 
knowledge of the call) assisted the customer, providing a customer­
operator situation much like the eventual service. 

Two operator positions (each with two operators) were equipped 
with TTYS. To ensure that these positions received only station paid 
coin calls, a special set of program overwrites was installed in the TSPS. 

In addition, other overwrites were inserted to ensure that calls at the 
special positions originated from one of a selected set of coin stations. 
Coin stations were selected to facilitate interviewing, traffic manage­
ment, station instruction card study, and traffic sampling. 

4. 1 Administration of the simulation- hourly traffic distribution 

Figure 2 illustrates the hourly distribution of simulation traffic and 
the corresponding distribution for coin-paid toll traffic at Illinois Bell's 
Great Lakes TSPS. This representative sampling for weekdays was 
attained by choosing an appropriate mix of 8-hour shifts over the three 
months of study. The simulation was operated for one shift per 
weekday, as well as a few weekends. 

4.2 Station selection and activation 

Stations participating in the trial were those most frequently used 
for coin-paid toll calls in the host TSPS serving area. A total of 732 
stations were activated at various times. However, at busy times during 
the day, fewer than 100 generally received simulated service. The 
number of active stations was adjusted dynamically to keep (one or) 
two trial positions as busy as possible, without overflowing calls to the 
regular team more than 10 to 15 percent of the time, on the average. 

4.3 Varying elements of the service design 

To answer the service design questions at hand, a daily schedule of 
service variants was constructed to sometimes include an alerting 
tone/no tone, a "machine-like" /natural announcement voice, etc. 
Overall service was composed of variable elements in a way that 
allowed the effects of each element to be partialed out by appropriate 
analyses. Ongoing analyses quickly suggested that some service ele­
ments be eliminated from further consideration and that others be 
tried. 

v. CUSTOMER/SYSTEM PERFORMANCE-ANALYSES, RESULTS, AND 
DESIGN RECOMMENDATIONS 

Table I presents some key results derived from simulating over 
seventeen thousand automated initial deposit seizures. The table 
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shows regression estimates of the effects of design decisions on impor­
tant service performance measures. Mechanization rate is the percent­
age of calls handled without operator assistance. Walkaway rate is the 
percentage of calls going into overtime but not fully paid for by 
customers "walking away." Abandonment rate is the percentage of 
calls that customers abandoned prior to receiving busy or ringing 
signals. 

The body of the table contains estimates, as percentages, of the 
incremental effects of several important service components. For ex­
ample, the alerting tone is estimated to decrease mechanization rate 
by 0.2 percent, to increase walkaway rate by 1.4 percent, and to have 
no measurable effect on abandonments. Service component effect 
estimates are arbitrarily constrained to a zero sum on each perform­
ance measure. 
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Table I-Estimates of design decision effects on initial deposit 
request handling performance measures 

(J indicates decisions taken) 

Service Components 

Alerting Tone (T) 
Present (Tone) 

.J Absent (No Tone) 
Voice Quality (V) 

Machine (Mach) 
.J Natural (Nat) 
Announcement Wording 

"Please deposit $X.XX for ... " 
.J "$X .. XX" please. Please de­

pOSIt ... 

"Please ,?eposit $X.XX, $X.xX 
for. .. 

Deposit Interval Allowed 
4.5 secs 

.J 6.0 secst 
8.0 secs 

Speech Detector (S) 
Present (Det) 

.J Absent (No det) 
Interactions 

Tone/Voice 
.J Tone-mach or No tone-nat 

Tone-nat or No tone-mach 
Voice/Speech Detector 
.J Mach-det or Nat-no det 

Mach-no det or Nat-det 
Constants 

Estimated Performance Measure Increments 

Mechanization 
Rate (%) 

-0.2 
+0.2 

-0.1 
+0.1 

-2.2* 
+1.3* 

+0.9* 

-3.7* 
+1.3* 
+2.4* 

-1.0 
+1.0 

+0.7 
-0.7 

+0.3 
-0.3 
86.4 

Walkaway Abandonment 
Rate (%) Rate (%) 

+ 1.4 Nil 
-1.4 Nil 

+1.8 +0.2 
-1.8 -0.2 

+4.7 +0.1 
-1.7 -0.8 

-3.0 +0.7 

-1.6 -0.9 
+1.5 -0.3 
+0.1 +1.2 

+0.9 -0.1 
-0.9 +0.1 

+0.5 +0.3 
-0.5 -0.3 

-1.5 -0.2 
+1.5 +0.2 
19.8 11.5 

* (Column) contrasts statistically different (p < 0.01). 
t 5.5 secs selected, but 6.0 secs estimates used. 

Most individual effects are estimated to be small-too small to be 
considered statistically different from zero with confidence. Those 
large enough to reach statistical significance at the 99-percent confi­
dence level are indicated with asterisks. However, estimated effects 
are additive, in general. 

The lower section of the table, labeled "Interactions," presents the 
estimable two-component interactions. These are, in effect, adjust­
ments to the additive estimates above them. Because of the experi­
mental design, not all such adjustments can be estimated. 

To compare the performance of designs, sum estimates correspond­
ing to each service design. For example, the service utilizing tone, 
natural voice, operators' announcement wording (shown first in the 
table), a 4.5-s deposit interval, and no speech detector would be 
expected to have a lO.3-percent lower mechanization rate than the 
service indicated by the checks (v). By adding the constants given in 
the bottom row of the table, the actual estimated rates are obtained. 
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Thus, the checked components result in estimates of 91.3, 14.5, and 
1004 percent for mechanization, walkaway, and abandonment rates, 
respectively, whereas the example alternative service results in esti­
mates of 81.0, 19.6, and 10.1 percent, respectively-slightly better 
abandonment performance at the expense of mechanization and 
walkaway rates. 

5. 1 Alerting tone effects and recommendations 

Prior to the simulation, it was reasoned that a short alerting tone 
would better prepare customers to understand the announcement 
requesting deposit and/or better prepare them to deposit promptly in 
cases when they knew the amount from previous experience. Thus, 
use of the tone should result in shorter times to first coin and better 
overall performance. 

In addition to the effects presented in Table I, our data indicated 
that the V2-S alerting tone we used had no significant effect on time to 
first coin in most situations. However, on intermediate overtime re­
quest seizures, the tone boosted the seizure mechanization rate signifi­
cantly: the tone, apparently, interrupts conversation more effectively 
than the announcement alone. Thus, the alerting tone is being used 
only on intermediate deposit seizures. 

5.2 Voice quality 

As mentioned earlier, a machine-like voice quality was tested in the 
simulation. It was thought customers might be able to respond more 
effectively to deposit requests if they realized they were being machine­
served and they did not try to converse with the system. 

The system performance effects of the machine-like voice were 
small, mixed, and generally not of practical importance; though 
walkaway rates are, apparently, increased. Overall, trends favored a 
natural voice slightly. However, interviewed customers strongly pre­
ferred the natural voice. Consequently, natural voice announcements 
are incorporated in the system. 

5.3 Announcement wordings 

Fairly early in the simulation study, the operator deposit request 
phrase (typically), "Please deposit 25 cents for the first 3 minutes," 
(listed first in Table I), was found to be less effective for the automated 
service than others. Repetition of the amount decreased average time 
to first coin and walkaway rate while increasing average proportion of 
seizures automated. 

In retrospect, the improved performance associated with repeating 
the amount due is not surprising since Bronell and Schoeffler found 
that operators repeat deposit requests 3 to 15 percent of the time. 
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Because the automated service would not be able to respond directly 
to customer repeat requests, improvement is achieved by repeating 
amounts to everyone who does not deposit immediately. 

The request wording chosen for ACTS is "25 cents please." (2-second 
pause) "Please deposit 25 cents for the first 3 minutes." Most customers 
begin depositing during the pause, truncating the announcement se­
quence. 

5.4 Deposit and announcement intervals 

The primary tradeoff for deposit timing is between allowing short 
intervals that favor customers who deposit quickly (but occasionally 
need the amount repeated) or need an operator, * and long intervals 
that avoid attaching an operator needlessly for customers who deposit 
slowly. 

Announcements that repeat the deposit amount reduce the need for 
whole announcement repetition. Thus they increase the overall desir­
ability of long interannouncement intervals, i.e., fewer customers must 
wait for prompting announcements. However, for customers needing 
an operator, lengthening interannouncement intervals degrades service 
quality. Therefore, in the final ACTS environments where relatively few 
customers reach ACTS when they need an operator, relatively longer 
intervals are desirable; in the environment where more who reach ACTS 

need an operator, shorter intervals are desirable. The appendix con­
tains a discussion of a potential means of discriminating between 
customers who need operators and those who do not. 

For initial deposit request seizures, 5.5-s interannouncement inter­
vals were incorporated into the system. This choice represents an 
attempt to balance the mechanization rate benefit of 6.0 s and the 
walkaway reduction of 4.5 s (see Table I). For intermediate and end­
of-conversation seizures, an 11-s interval is followed by operator at­
tachment because repetition of the whole announcement was found to 
be ineffective in obtaining additional deposits. 

5.5 Instruction cards 

Bright orange instruction cards were placed on half the simulation 
coin stations, chosen randomly. Previous studies had indicated that 
coin station instruction cards are rarely noticed or used by customers. 
It was reasoned that, if such an attention-getting color was ineffective, 
no less noticeable card would work. 

As anticipated, no practical, consistent changes in customer/system 
performance resulted from the use of bright orange cards. Customers 

* Incorrectly dialing a "I" instead of "0" prefix will result in reaching ACTS instead of 
an operator. This dialing error is quite common now in areas where "I" is used to specify 
a station toll call to be paid by coin deposit. 
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did use stations with orange cards about 6 percent more often on the 
average, indicating that they noticed the cards from a distance. How­
ever, when interviewed about service, immediately after using stations 
with these cards, customers very rarely remembered any card details, 
including the color or the statement, "Note: Charges may be requested 
by a recorded announcement during an equipment trial." Therefore, 
no special card design or card information was recommended. 

VI. CUSTOMER/SYSTEM PERFORMANCE AND CUSTOMER 
ACCEPTANCE ESTIMATES FROM SIMULATION RESULTS 

Simulation results are not only useful in reaching design decisions 
but also in estimating customer/system performance for the design 
chosen. However, these estimates are strictly applicable only to the 
simulation site. Because the Bronell and Schoeffler service measure­
ment study indicated that sites bear many overall similarities as well 
as significant differences, many findings of the simulation are expected 
to be accurate more generally. (Field performance of the final ACTS in 
the simulation site will provide valuable information about the ade­
quacy of the simulation.) 

6. 1 Times to first coin 

Fifty percent of first coins were obtained within 6 seconds of the 
beginning of the first announcement. Ninety percent of first coins were 
obtained in 12 seconds, 95 percent in 14 seconds. 

6.2 Proportions of seizures mechanized 

Seizure mechanization rates are estimated at 91 percent for initial 
deposit seizures, 64 percent for intermediate deposit seizures, and 76 
percent for end-of-conversation deposit seizures. Notification (at the 
end of the initial period) seizures, because they require no deposit, will 
be essentially 100 percent automated. Overall, these rates are expected 
to rise with customer experience, but the rate of increase cannot be 
predicted from simulation data, since it was conducted over a relatively 
short (3-month) period with intermittent service at a limited number 
of stations. 

6.3 Abandoned call attempts 

Abandoned call attempts, which can occur only on initial deposit 
seizures, are estimated to be about 10 percent of initial deposit seizures. 
This rate is expected to decline as customers become accustomed to 
service. Abandonment from the stations used in the trial, on calls 
handled normally by operators~ was about 7 percent. 

6.4 Walkaway rate 

The walkaway rate for the design chosen is estimated initially to be 
about 14.5 percent of calls extending beyond the initial period. How-
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ever; the validity of this estimate is difficult to assess. It is considerably 
higher than the 7 percent for operator-handled calls from the same 
stations over the trial period. Furthermore, even though no trends 
were detected during the trial, the walkaway rate is not expected to 
decrease with customer experience. 

Walkaway rate is being carefully monitored in the first ACTS instal­
lations to determine the need to adopt alternative overtime collection 
strategies. 

6.5 Customer acceptance of automated service 

Interviewed simulation customers generally preferred operator ser­
vice to automated service. More than a third expressed very strong 
preference for operator service (8 or 9 on a 9-point scale from 1 = 
"strongly prefer automated service" to 9 = "strongly prefer operator 
service"). About 15 percent preferred automated service. 

The quality of announcements was the most often noticed clue to 
customers that they were being machine-served. Seventy-one percent 
of the interviewed customers receiving the natural voice announce­
ments recognized machine handling; 79 percent recognized the ma­
chine-like voice. However, it should be noted that 28 percent of the 
interviewed customers who received operator service thought their 
calls had been automated. 

Overall, interview data indicate that customers will prefer operators 
to ACTS initially. As they gain experience with ACTS, acceptance- is 
expected to grow due to increasing familiarity. 

VII. QUESTIONS UNRESOLVED BY THE SIMULATION TRIAL 

Several important questions were not answered by the simulation 
study. They will be studied in early ACTS sites: 

(i) Will long-term customer acceptance require modification of the 
service? 

(ii) How will the operator task be affected by ACTS? (Customers 
reaching operators will often be those who have failed to satisfy 
ACTS.) 

(iii) Will walkaway rates remain at tolerable levels? 
(iv) Should ACTS employ different announcements, timings, etc., in 

different locations? In the same location over time? 
(v) Should a voice detector be incorporated into ACTS? (See the 

appendix for discussion of the voice detector.) 

VIII. COST /WORTH ANALYSIS OF SIMULATION AND OTHER HUMAN 
FACTORS STUDIES 

In addition to the savings provided by the initial proposal for ACTS, 
improvements in the ACTS seizure mechanization rate due to human 
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factors work will yield substantial additional savings. Operator proce­
dures and associated training materials developed for the simulation 
study were valuable in preparing for the actual service. Customer / 
system performance and customer acceptance evaluation tools pre­
pared for the trial are now being used to evaluate early ACTS installa­
tions. 

In addition, the simulation experiment forced the development, 
systems engineering, and AT&T operator services organizations to 
understand the new service in depth early in the development cycle. 
This understanding permitted early formulation of very detailed op­
erational requirements. The experiment also provided an early indi­
cation of some unanticipated development problems. For example, it 
was discovered that the editing features for analog announcement 
source tapes were not adequate for producing high-quality announce­
ments. A digital phrase-editing system was consequently proposed and 
developed in time for the first installation. 
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APPENDIX 

Considerations Leading to Proposal and Evaluation of a Voice Detector 
to Discriminate Between Customers Who Need an Operator and Those 
Who Do Not 

Manual simulations revealed a problem inherent in the scheme of 
using machine-controlled announcements to obtain customer deposits: 
a long interannouncement interval is desirable to allow the slowest 
customers to make deposits without being "rushed," but a short 
interannouncement interval gives better service to customers who 
need immediate repetition of the announcement or operator assistance. 
What is needed is a way to discriminate between the two situations. 

A potential solution was suggested during the manual simulations 
when we observed that customers desiring operator assistance often 
ask questions or make statements during the intervals following an­
nouncements, whereas customers preparing to deposit generally do 
not. For example, customers who say things like, "How much was that, 
operator?" "Make that a credit card call, operator," or "This is a 
collect call," need either an announcement repetition or an operator. 

A "voice detector" was devised and built to end the ongoing deposit 
interval if speech occurs. Initially, this causes the announcement to be 
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repeated. If talking persists, an operator is more quickly attached. 
Intuitively, this makes possible the provision of long intervals for 
(silent) customers slow to deposit while responding more promptly to 
those (speaking) who need announcement repetition or operator as­
sistance. 

The simulation trial did not provide a sensitive test of the voice 
detector for several reasons: 

(i) Potential benefit is limited a priori to those users who need 
announcement repetition or an operator. The need for an­
nouncement repetition was largely eliminated by selecting an­
nouncements that state the amount twice. Also, customers 
needing an operator due to dialing errors ("one plus" instead of 
"zero plus") were unusually rare in Chicago compared to other 
cities Bronell and Schoeffler characterized. 

(ii) No sensitive measures of the service improvements afforded by 
the voice detector were readily available. (Customers are una­
ware of the voice detector, and we were able to obtain very 
limited observer data.) 

Our limited data indicate that the voice detector operated as in­
tended. It was triggered in about 56 percent of the cases for which a 
shortening of the interval was beneficial but acted only 6 percent of 
the time when it was not potentially beneficial. The majority of cases 
it missed were due to customers talking during an announcement 
(when it was disabled because it would have been triggered by the 
announcement-an easily rectifiable design flaw). However, the voice 
detector had only a minor impact on primary performance criteria. 

Inclusion of the voice detector cannot be recommended on the basis 
of the data available from the simulation. However, the problem the 
voice detector was devised to solve still exists and could, at some future 
time, be shown to justify voice detector inclusion in ACTS or other 
mechanized services where customer speech is a reliable and useful 
indicator. 
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This paper is concerned with the development tools, strategies, and 
methodologies employed by Traffic Service Position System (TSPS) 

application programmers for the creation and testing of TSPS soft­
ware. Two environments are described: (i) The support environment 
provided by an IBM 370/168 and related TSPS support software 
packages for the production of testable TSPS software. (ii) The support 
environment provided by the TSPS system laboratory, utility system, 
and specialized hardware for testing the TSPS software. 

I. INTRODUCTION 

This paper describes the tools of TSPS software generation and 
testing in the following environments: 

(i) The facilities provided via a general-purpose IBM processor for 
the production of testable TSPS software. 

(ii) The facilities provided by the TSPS system laboratory for testing 
new and changed TSPS software in an operational environment. 

Section II is concerned with the IBM support environment utilized 
by TSPS application programmers. The major tools and strategies are 
described. More important, the methodologies that make use of these 
tools are explained. Section III is concerned with the testing environ­
ment provided by the TSPS system laboratory. This environment 
combines an actual TSPS machine, a utility system and related software, 
and special hardware for debugging TSPS software. 

II. SOURCE CODE DEVELOPMENT AND GENERATION OF SPC­
LOADABLE OBJECT CODE 

This section concerns itself with the general environment of TSPS 

source code creation, modification, and preparation for testing using 
the TSPS system laboratory and associated utility systems. 

1307 



2. 1 General software support environment of TSPS 

The software required to operate a particular TSPS installation is 
comprised of approximately 300 programs (PIDENTS) totaling over 200 
thousand 40-bit Stored Program Control (spc) 1A machine instruc­
tions. The combination of these 300 PIDENTS into an issuable (via 
Western Electric) software package is referred to as a generic release. 
There are currently four active TSPS generic releases, each having 
implemented a major new TSPS feature. 

The implementation of new minor enhancements are normally pro­
vided by a new release of an existing active generic. All capabilities 
provided by the software of a lower numbered generic are also provided 
by the higher numbered generic in addition to the new major feature. 
The starting point for software development of a new generic will be 
the current state of the source modules comprising the previous 
generic. Many of these modules remain unchanged in the new generic. 
Others are modified to produce a new version of the PIDENT that adds 
the new capabilities for the new generic. In addition, new PIDENTS are 
created for the new generic. It is therefore possible to have to maintain 
as many versions of a PIDENT as there are active generics. 

2. 1. 1 Featuring and a single source environment 

Four active generics with 300 PIDENTS per generic could imply that 
1200 PIDENT source modules would have to be maintained. This is not 
the case. TSPS employs the use of "featuring" to maintain a single 
source module for a PIDENT regardless of the number of distinct 
versions of that PIDENT. Featuring basically means the following: 

Any addition to a PIDENT source module must be bracketed by 
feature control directives which, during the assembly of the source 
module, direct the assembler to either assemble or ignore the 
bracketed source code. Any existing source lines to be replaced/ 
deleted are likewise bracketed. 

This implies that a single source for a PIDENT can be maintained 
which is capable of generating multiple versions of the PIDENT'S object 
module (i.e., the output of the assembler). By appropriate feature 
control directives to the assembler, different versions of a PIDENT can 
be assembled. In speaking of multiple versions of a PIDENT due to four 
active generics, what actually is meant is that multiple versions of a 
PIDENT'S object module are producible from a single PIDENT source 
module. 

The feature control directives employed by TSPS are: 

IN FOR feature expression 
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OUTFOR feature expression 
END FOR feature expression. 

The term "feature expression" in all three is a Boolean expression 
which is evaluated as "true" or "false" by the assembler. INFOR implies 
"assemble" the following source lines if the feature expression is true. 
OUTFOR implies "ignore" the following source lines if the feature 
expression is true. END FOR is the terminating bracket for source lines 
to be assembled/ignored. IN FOR with a true feature expression is the 
same as OUTFOR with a false feature expression. "Feature expressions" 
may be combined with Boolean "and," "or," and "not" operations. 

Each generic has associated with it sets of feature expressions that 
always evaluate as true. Every assembly of a PIDENT source module is 
initiated by the processing of a special control statement which speci­
fies the generic for which the PIDENT is being assembled and therefore 
the feature expressions which are to be "true" for this particular 
assembly. 

2. 1.2 Software development support environment 

Software to be executed on the TSPS SPC lA is generated by means 
of the computing facilities of an IBM processor located at the Colum­
bus, Ohio branch laboratory of Bell Laboratories. This facility operates 
the OS/370 operating system with the IBM Time Sharing Option 
(TSO). The latter point is significant because the TSPS development 
organization resides at the Indian Hill laboratory in Naperville, Illinois. 
All accesses to the TSPS software data base are through TSO via dial­
up terminal access from Indian Hill. The high-speed data network 
(VIPERDAE) connecting Columbus and Indian Hill allows hard copy 
and tape output to be returned to Indian Hill. 

TSO provides the needed interactive facilities to both TSPS application 
programmers and TSPS program administration personnel for data base 
administration, PIDENT creation and modification, and submission of 
OS/370 batch jobs for assemblies, loads, etc. It should be mentioned 
that this interactive environment was new for TSPS with the develop­
ment of Generic 8. Before Generic 8, the software development envi­
ronment was punched-card-oriented, with all functions to be per­
formed being initiated via over-the-counter submission of card decks. 

2. 1.2. 1 Creation and modification of PIDENT source modules. 
The major Tso-provided tool utilized by TSPS application programmers 
for the creation or modification of PIDENT source is the QED text editor. 
QED is a powerful, flexible, and general-purpose text editing facility 
capable of either line number or context editing on a range of various 
OS/370 file organization types. It should be mentioned at this time 
that TSPS application programmers do not directly modify existing 
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PIDENT source modules. Since a single-source module is used to gen­
erate (via assembly) the object modules for more than one active 
generic, it is felt that direct modification of the PIDENT source for any 
particular generic is too dangerous. Instead, TSPS employs the use of 
two editors for PIDENT source modification. Via QED, the application 
programmer is actually creating the editor statements to be processed 
by the Advanced Processor Editor (APE). APE is a very simple, line­
number-oriented editor. It provides only the basic "insert," "replace," 
and "modify" functions and is specifically designed to operate in 
conjunction with the TSPS assembler. In almost all cases, APE and the 
TSPS assembler are executed in sequence in the batch environment of 
the OS/370. APE applies the edits created via QED to the official PIDENT 

source and outputs a temporary edited copy of the PIDENT source, 
which is then assembled. The actual PIDENT source module is not 
altered during this sequence, although the mechanism does exist in 
APE to permanently apply the edits to the PIDENT source module, 
renumber all lines sequentially, and regenerate the PIDENT source 
module. From this point on, any reference to a PIDENT source module 
is actually a reference to a PIDENT source module in combination with 
the official module of APE edits for that PIDENT. 

2. 1.2.2 The TSPS assembler. The creation/modification of TSPS 

PIDENT source (source + APE edits) is only the first step in a sequence. 
This sequence of functions will eventually produce an output from the 
IBM support machine which is capable of being executed and tested 
on the TSPS system. 

The second step in this sequence is the conversion of the PIDENT 

source module into an assembled object module suitable for input to 
the load step. This conversion process combines the execution of the 
APE editor to produce a temporary modified source module, followed 
by the assembly of this modified source module by the SPc-sw AP 

(Switching Assembly Program) assembler. Primary outputs of the SPc­

SWAP assembler are an object module and an assembly listing corre­
sponding to a particular version of the PIDENT. SPC-SWAP is an excel­
lent, high-powered assembler which possesses an assortment of 
pseudo-operations for controlling listing format, symbol definitions, 
etc. SPc-sw AP also includes powerful MACRO definition and usage 
facilities. 

Another facility of the SPc-sw AP assembler which is heavily used by 
TSPS in its multigeneric environment is the capability to create a 
special file (referred to as a library) of symbol or macro definitions 
which can then be accessed by subsequent PIDENT assemblies for the 
purpose of symbol or macro resolutiqn. It is the library and macro 
facilities of SPC-SWAP which allow the single-source, multiple-generic 
environment of TSPS to be viable. The feature control directives 
described in Section 2.1.1 are actually macros available through the 
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library facility to each TSPS PIDENT assembly. The control statement 
which initiates each PIDENT assembly is again a macro (the PACKAGE 
macro). Execution of the PACKAGE macro, which basically takes a 
generic name as a parameter, establishes the generic environment of 
the assembly (i.e., what feature expressions evaluate as "true"; what 
generic-dependent libraries of symbol, macro, and data definitions will 
be available during the assembly; what "name" should be given to the 
produced object module; etc.). Simply by "inserting" via APE a different 
specification for the PACKAGE macro and reassembling, a single-source 
module is capable of producing many different generic-dependent 
versions of its object module. 

2. 1.2.3 The TSPS loading process. Object modules produced by 
the SPc-sw AP assembler are not suitable as input to the TSPS. The final 
step in the sequence of operations which produces spc-compatible 
output is the execution of the SPC loader on the IBM support machine. 
Primary inputs to the SPC loader are the object modules for all PIDENTS 
comprising a particular generic software release and control directives 
specifying such things as (i) what areas of SPC memory are available 
for loading PIDENTS, (ii) what PIDENTS are to be loaded and, if neces­
sary, at what addresses, and (iii) what types of maps and cross 
references are to be generated. In these respects, the SPC loader is very 
similar to most relocatable linking loaders. Primary output of the SPC 
load~r is an 800-bits-per-inch, 9-track tape representing the relocated, 
fully linked generic load module which is capable of being read into 
SPC memory and executed. Corresponding to the tape output is a 
printed load map showing memory assignments, available space, etc., 
and optionally cross-reference listings showing entry point definition 
and PIDENTS referencing. 

An additional capability of the SPC loader is somewhat unique to 
Ess-type loaders and is heavily used during TSPS software development. 
When creating a full generic software load of all 300 or so PIDENTS, the 
SPC loader can be directed to create a special file, called a HISTORY, 
into which detailed information concerning the generated load is 
written. The information includes the names of all PIDENTS loaded; 
the addresses at which they were loaded; how much space each 
consumed; what entry points each defined; where each entry point was 
referenced; where and how much free SPC memory remains; what SPC 
memory was originally available to be loaded; and a complete copy of 
the relocated, linked, and loaded SPC memory. On a subsequent exe­
cution of the SPC loader, the HISTORY file can be reinput to provide the 
capability for what is known as a partial load. On a partial load, the 
SPC loader need only be informed of changes to be made to the previous 
full load represented by the HISTORY. Previously loaded PIDENTS can 
be unloaded or replaced by new versions, new PIDENTS can be added, 
additional SPC memory can be made available for loading into, and a 
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new HISTORY reflecting all changes can be generated. Of particular 
importance is that, on a partial load, the tape that is generated reflects 
only the difference between the updated load image and the previous 
load image that had been saved on the input HISTORY file. This partial 
load facility of the SPC loader provides SPC application programmers 
with an incremental load capability that is the basis for one of TSPS'S 
primary software development methodologies to be described. 

2. 1.2.4 The Interactive Program Administration System. IPAS 
(Interactive Program Administration System) is a tool developed for 
use by TSPS and other SPC lA based systems. IPAS executes in the 
interactive TSO environment and primarily serves to shield the appli­
cation programmers and program administration personnel from the 
complexities of the OS/370 operating system, specifically the nontrivial 
Job Control Language (JCL) required for batch execution of spc-related 
support tools. IPAS is based on the concept of PIDENTS and versions of 
PIDENTs and utilizes the Bell Laboratories Data Management System 
(DMS), a hierarchical data base system. IPAS provides the TSPS user 
with access to QED for Ene edit file creation and a simple command 
language for initiating the execution of the SPC-SWAP assembler, the 
SPC loader, and other minor support tools. IPAS was developed for use 
with all TSPS generics but to date has been most extensively used on 
the Generic 8 development. 

2.2 TSPS software generation methodologies 

The discussion to this point has centered on the support tools and 
basic implementation strategies available for generating and preparing 
for execution the TSPS PIDENT source modules. The discussion now 
turns to the methodologies which make use of these tools and strate­
gies. Two methodologies will be covered, one which applies to software 
generation in a relatively free administrative atmosphere, and another 
which applies to software generation in a very tightly controlled change 
environment. Both have been applicable to the recent Generic 8 
development, and in fact both were formulated for the Generic 8 
development. Both are equally applicable to the other generics. The 
two methodologies correspond to the two administrative modes under 
which TSPS application programmers work. The "development" mode 
implies the free atmosphere; the "frozen" mode, the tightly controlled 
atmosphere. 

2.2. 1 Development mode methodology 

The "development" mode primarily applies to the generation of a 
major new feature, and therefore to a new generic. In this mode, the 
object is to provide the application programmers with as much freedom 
as possible in generating the new feature. For this reason, there is little 
restriction on how the programmers modify existing PIDENTS or create 
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new PIDENTS. The methodology formulated for this "development" 
environment is heavily based on the team programming concept and 
the partial load capabilities of the SPC loader. 

The overall software development of the Automated Coin Toll 
Service (ACTS) feature was divided basically along functional lines. 
TSPS application programmers were organized in programming teams 
based on these functions. The implementation of a given function 
required the modification of some subset of the 300 or so TSPS PIDENTS 
and the creation of new PIDENTS. The functional subsets of PIDENTS 
were not necessarily mutually exclusive. Many times multiple functions 
required modification to the same PIDENT. The startup point for the 
software development of Generic 8 was the stable state of the TSPS 
software as it existed for Generic 7 in the second quarter of 1976. TSPS 
program administration personnel set up the proper PACKAGE macro 
for Generic 8 and established the Generic 8 dependent macro and 
symbol libraries which the PACKAGE macro would make available to 
the SPc-sw AP assembler when performing Generic 8 assemblies. All 
Generic 7 PIDENTS were then reassembled to produce relocatable 
Generic 8 versions of the PIDENT object modules. Recall that a PIDENT 
source is actually the combination of the official (i.e., Program Admin­
istration Group [PAG] controlled) PIDENT source module and the 
official file of APE line edits for that PIDENT. All relocatable Generic 8 
object modules were then input to the SPC loader to produce a full 
Generic 8 load module. This load module was designated the "Base 0" 
Generic 8 load, capability-wise identical to the Generic 7 state from 
which it was generated, and loadable and executable in the TSPS system 
laboratory. The foundation upon which to build Generic 8 was estab­
lished. 

The programming teams were now capable of incrementally modify­
ing this "Base 0" load and testing their function implementation. To 
illustrate the methodology, assume programming teams 1 and 2. The 
function of team 1 requires modification of PIDENTS A, B, and C, and 
the creation of a new PIDENT D. The function of team 2 requires 
modification of PIDENTS A, E, F, and G. Team 1 would proceed as 
follows: 

(i) Exact copies of the official line edit files for PIDENTS A, B, and 
C would be created using QED. Each would be modified as 
needed for team 1 function implementation. 

(ii) The source for new PIDENT D is created using QED. 
(iii) An SPC-SWAP assembly is initiated via IPAS or other TSO facili­

ties utilizing the copied and modified team 1 line edit files for 
PIDENTS A, B, and C and the created source file for PIDENT D. 
The object modules produced by SPc-sw AP are saved as team 
1 object modules. 

(iv) Using the SPC loader, initiated via IPAS, a partial load is gen-
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era ted based on the HISTORY file corresponding to the "Base 0" 
Generic 8 load. PIDENTS A, B, and C are replaced by team 1 
versions, and PI DENT D is added. The partial load tape pro­
duced reflects only the differences between the team 1 load and 
the "Base 0" load. 

(v) Team 1 is now capable of overlaying their partial load image 
on top of a known-to-be-stable "Base 0" load image in the TSPS 

system laboratory and testing their function unencumbered by 
new code from other teams. 

(vi) The cycle can be reiterated as problems are discovered during 
testing, except that modifications are made to team 1 line edit 
files. 

Team 2 has concurrently been developing their function following 
the same procedures as outlined for team 1. This approach allows very 
extensive testing of individual functions, comprising large amounts of 
new and modified software, to be accomplished prior to a large-scale 
integration of functions. 

The PAG personnel again became involved with the Generic 8 
development at periodic intervals (usually 6 to 8 weeks) to produce an 
updated base load. In preparation for performing the official reassem­
blies for all PIDENTS modified by the programming teams, a merging of 
official and team line edit fues must take place. 

Recalling that both teams 1 and 2 copied the official line edit file for 
PIDENT A, the PAG personnel would first merge the team line edit files 
for PIDENT A, and the result would then be merged with the official 
line edit file for PIDENT A to produce an updated official line edit file. 
PIDENTS modified by a single team required only a single merge. The 
final merge with the official line edit file guaranteed that no original 
official line edits had been inadvertently deleted or modified in such a 
way as to adversely affect generics. Having completed the merging 
process, PAG could then make any required modifications to Generic 8 
macro or symbol libraries, and then reassemble all modified PIDENTS 

to produce updated official Generic 8 object modules. These object 
modules now would contain all the function code tested by the indi­
vidual teams up to the time the new base was created. PAG then 
reexecutes the SPC loader to produce a "base n + I" load module and 
corresponding HISTORY file. The base load image in the TSPS system 
laboratory is then updated to "base n + 1," and the new base can be 
system-tested to ensure stability. 

Although a large amount of new and modified software is introduced 
with a new base load, the interval between the start of the merging 
process and the completion of the system testing of a new base 
averages about 2 weeks. During this interval, the programming teams 
are able to continue working against "base n," with the stipulation 
that any additional team line-edit changes must be incorporated with 
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the updated official line-edit files reflecting "base n + 1." Due to heavy 
testing of individual team functions, a minimum amount of system 
testing is required to stabilize the new base load, even though the 
functions had not previously been integrated. 

Prior to Generic 8, the "development" mode methodology was based 
on manually overwriting a load image in the TSPS system laboratory to 
test new functions or including untested software in new load images. 
System testing of new load images was an enormous, time-consuming 
task. Function testing via manual overwrites was more of a hindrance 
to software development than a help. 

2.2.2 Frozen mode methodology 

The "frozen" mode of software generation applies primarily to active 
generics which have been issued through the Western Electric Com­
pany, and to the latter stages of the development of a new generic. 
The objective of the "frozen" mode is to maintain the maximum 
amount of stability in the generic software by providing a highly 
controlled and documented change environment through which appli­
cation programmers must make software corrections. 

For a generic in the "frozen" mode, software change is initiated in 
response to a written Trouble Report (TR) documenting a suspected 
problem or a needed improvement. The "frozen" mode imposes a 
number of restrictions on the application programmers and PAG as to 
the manner of software change: 

(i) No change to a PIDENT can cause the size of the PIDENT'S object 
module to either increase or decrease. 

(ii) The primary method for testing is not the partial load, but 
incrementally applied changes to the frozen generic's load 
image in the TSPS system laboratory. 

(iii) Line edit changes corresponding to a laboratory change must 
produce a bit-for-bit match between the PAG-generated (via 
PIDENT reassembly) next release of the frozen generic and the 
overwritten old release in the TSPS system laboratory. 

(iv) All programmer-generated changes must be independently 
tested and approved by a generic test team. 

(v) The application programmer must generate a written Correc­
tion Report (CR) documenting any changes made in response 
to a TR. 

(vi) Not only must the change be independently tested, but the TR, 
CR, overwrite, and line edits must be approved by a generic 
software change review committee prior to the line edits being 
included in the next release of the frozen generic. 

To alleviate some of the problems associated with (i), (ii), and (iii), 
above, a functionally identical set of "patching" directives exists, 

SOFTWARE DEVELOPMENT TOOLS 1315 



available to both the SPc-sw AP assembler and the test laboratory 
utility system overwrite assembler. In the case of SPC-SWAP, these ar~ 
TSPS system macros available to any PIDENT assembly. They are 
merely control directives to the utility system overwrite assembler. 
These "patching" directives allow the application programmers to add 
new software, replace existing software, or delete existing software 
within a PIDENT without altering the assembled size of the PIDENT. 

Primary input to utility system overwrite assembler is a deck of 
punched cards, composed of symbolic SPC source to be assembled, and 
utility system control directives. A few major restrictions on the change 
to be assembled are: 

(i) There is no macro capability. Any macro to be assembled must 
be manually expanded prior to input. 

(ii) There is no LIBRARY facility as with the SPc-sw AP assembler. 
The utility system overwrite assembler must be explicitly in­
formed of the value of any and all symbols referenced by the 
overwrite but not defined within the overwrite. 

(iii) No arithmetic beyond addition and subtraction is allowed. 
(iv) Many data defining pseudo-ops of the SPC-SWAP assembler are 

not recognized by the overwrite assembler. 
Given these restrictions of the overwrite assembler and the previ­

ously stated restrictions of the "frozen" mode environment, the change 
implementation flow prior to Generic 8 (and therefore prior to general 
TSO usage by TSPS) went as follows: 

(i) The TR would be received by the application programmer who 
would be making the software change. 

(ii) The application programmer would generate an overwrite deck 
to fix the stated problem and test the fix by temporarily 
overwriting the generic load image in the system laboratory. 

(iii) Satisfied with the results, the application programmer would 
generate the corresponding CR and a deck of line edits for the 
PIDENT source which produced results identical to the over­
write. 

(iv) The TR, CR, overwrite deck, and line edit deck would then be 
submitted to the generic software change review committee for 
approval. If rejected, back to step (ii). . 

(v) If approved, the TR, CR, overwrite deck, and line edit deck are 
submitted to the generic system test team for independent 
overwrite testing. If rejected, back to step (ii). 

(vi) If approved, the TR, CR, overwrite deck, and line edit deck are 
submitted to PAG. The line edit deck is included in the official 
line edit deck for the PIDENT(S) involved, the TR and CR are 
filed, and the overwrite deck is saved. 

This procedure was followed for each TR requiring a software change. 
When a new release of the frozen generic was required, P AG would 
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reassemble all modified PIDENTS and regenerate the generic load, 
maintaining the starting address and size of each PIDENT. This new 
load was required to exactly match the overwritten load image in the 
TSPS system laboratory before it would be released to Western Electric 
for distribution. The methodology outlined above was successful but 
possessed inherent and painful shortcomings when it was time to 
generate and match the next release of the frozen generic. The short­
comings were primarily due to the overwrite assembler and the need 
to create a separate line edit deck producing identical results. The 
areas most susceptible to error were the manual symbol resolution and 
manual expansion of macros required by the overwrite assembler, but 
not required in the line edits. 

For Generic 8, the basic theory of this overwrite methodology, with 
its checks and approvals, was not substantially altered. There was, 
however, the development of a new tool, an Overwrite Generation 
(OVGEN) program, which eliminated the need for separate manual 
generation of overwrite and line edit decks. OVGEN allowed application 
programmers to continue to create line edits as files via QED. OVGEN 

requires the application programmer to include in the line edit file 
special control directives, identified by the programmer I.D. and a 
trouble report number, which informed OVGEN of which line edits to 
extract for overwrite generation. OVGEN, actually a combination of 
three pre-processors, an SPC-SWAP assembly, and a post-processor, 
outputs a symbolic overwrite deck for input to the utility system 
overwrite assembler. The overwrite deck contains all information 
needed for external symbol resolution. Due to the fact that SPc-sw AP 

is used to assemble the line edits, the application programmer can 
utilize macros, libraries for symbol resolution, the SWAP data defining 
pseudo-ops, etc. In other words, for the application programmer, the 
environment is quite similar to the partial load environment, with final 
output being an overwrite deck instead of a partial load tape. 

The advantages of the OVGEN procedures in the frozen mode are 
many. 

(i) The application programmer need only create the line edits in 
response to a TR. 

(ii) The macro facilities of SPC-SWAP are available for use. 
(iii) Symbols used which are external to the line edit are resolved 

via pre-processing and SWAP LIBRARY facilities. 
(iv) Line edits are individually assembled. This leads to far less 

assembly problems by PAG when the full reassembly of the 
PIDENT is performed for the next release of the frozen generic. 

(v) The final match between the new release of the frozen generic 
and the old release plus overwrites is considerably cleaner due 
to the overwrites having been generated directly from the line 
edits. 
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III. LABORATORY TESTING ENVIRONMENT 

TSPS programmers use the TSPS system laboratory complex to test 
and debug new or changed PIDENTS. One or more programmers work­
ing on similar program areas will schedule time in the lab. Thus, this 
complex has been designed to provide a working environment condu­
cive to high programmer productivity. 

Two TSPS laboratories are available to programmers. Both consist of 
the Stored Program Control (sPc) No. lA/TSPS complex, the nonresi­
dent utility system, and call-oriented simulators. The SPC/TSPS com­
plex allows programmers to test in an environment much like a typical 
TSPS office. The utility system and simulators provide debugging aids 
not found in a typical office. This section describes the hardware and 
software facilities which make up the laboratory complex. 

3. 1 Hardware configuration 

The TSPS laboratory configuration is shown in Fig. 1. This section 
discusses each component in the configuration except the simulators, 
which are discussed in Section 3.3. 

3.1.1 Stored program control (SPC) 1 A 

The TSPS is controlled by the SPC lA.l The SPC consists of a processor, 
memory system, central pulse distributor, signal distributor, master 
scanner, and a maintenance control center for the man-machine inter­
face. Each of these parts is duplicated for reliability except the main­
tenance control center. 

The SPC processor provides the control for the TSPS by executing the 
instructions in the memory. The processor cycle is 6.3 flS. The registers 
available in the processor include a 20-bit Program Address Register 
(PAR), 20-bit Address Image Register (AIR) which contains the address 
of the most recent store access, 47-bit Memory Access Register (MAR) 
for storing the information read from or written into the memory, and 
seven 20-bit index registers. The index registers are general purpose 
and may be used for any function. 

The word length of the SPC memory is 47 bits (40 bits of information 
and 7 for error correction). There are 20 bits of addressing. Nineteen 
bits select the memory word. The remaining bit determines which half 
of the word is used. 

The processor communicates to the peripherals and TSPS by three 
units: the Central Pulse Distributor (CPD) which allows the SPC to send 
pulses to points in the system where fast response to an instruction is 
needed, the signal distributor which allows the SPC to operate or 
release magnetic latching relays which are connected to output points, 
and the master scanner which provides status and supervisory inputs 
to the SPC from the various units in the SPC complex. 
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The Maintenance Control Center (MCC) consists of a control and 
display panel, a teletypewriter, and a program tape unit for loading 
the SPC lA memory. 

3. 1.2 Nonresident utility system 

The utility system provides a means for easily loading and reading 
the SPC memory, for debugging real-time programs in a noninterfering 
fashion, for controlling devices in the laboratory, and for transmitting 
or storing files. The advantage of this utility system over the earlier 
TSPS utilities is that the programs are nonresident to the SPC and that 
debugging of programs can be done without interfering with the 
execution of the system's real-time programs. 

The utility system is a combination of hardware and software. This 
section discusses the hardware aspects of the system, and other sec­
tions discuss how the utility system is used for software change 
administration and program testing. The utility hardware consists of 
a support processor, a support processor interface, a noninteracting 
utility program interface console, an electronic signal distributor, and 
serial data links. 

3. 1.2. 1 Support processor. The support processor used in the 
utility system is a commercial minicomputer. The minicomputer uses 
the XVMDOS operating system and its peripherals include a 9-track 
magnetic tape unit, fixed head disk, 3-disk-pack bulk memories, tele­
typewriter, high-speed printer, card reader, and paper tape reader and 
punch. 

User files and TSPS generic programs are stored on the disk memory. 
These files can be updated and additional files added by means of the 
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magnetic tape unit, card reader, or paper tape reader. The user input 
is via the teletypewriter and card reader. The output is usually over 
the high-speed printer. 

3. 1.2.2 Noninterfering utility program interface console / sup­
port processor interface (NUPIC / SPI). The interface between the 
SPC and the support processor is the Noninterfering Utility Program 
Interface Console (NUPIC) and the Support Processor Interface (SPI). 

The NUPIC and SPI are two separate circuits but are discussed together 
because they are so closely related. 

The NUPIC interfaces directly with the SPC processors to allow the 
user to monitor and control the system programs. It provides access to 
the PAR, AIR, MAR, and the index registers in each SPC processor. It 
also provides processor clock control and interrupt interfaces. The 
circuitry in the NUPIC allows the user to load the SPC, read the SPC 

memory, set program matchers, and have the contents of the SPC 

registers read and stored. The NUPIC has a man-machine interface 
consisting of SPC register displays and manual controls. These manual 
controls are particularly useful if the support processor should fail. 
The section on program testing will discuss the debugging aids avail­
able with the NUPIC. 

The NUPIC is controlled by the support processor via the SPI circuit, 
which provides a 2-way, high-speed data communications channel. 
Since the support processor and the SPC processors have different word 
lengths and different cycle times, buffering (core memory) is provided 
in the SP!. The SPI is used in conjunction with the NUPIC and the 
support processor for loading the SPC memory, reading the SPC mem­
ory, and collecting data during program debugging. 

3. 1.2.3 Electronic signal distributor (ESD). In testing programs, it 
is often necessary to have TSPS configured differently due to multiple 
generics. This means that specified circuits can be connected to or 
removed from the TSPS buses, equipment can be removed from service, 
or equipment can be put into service. The ESD provides a means to do 
this automatically. Up to 2048 distributor points can be individually 
set or reset by the support processor. These points can be used to 
control relays, lamps, and logic· inputs. 

Each user can have a file on the support processor which specifies 
the generic program and how the ESD points should be set. Section 
3.2.1.2 discusses the creation and execution of the user files. 

Another use of the ESD is for physical fault insertion. This applica­
tion is discussed in a later section on trouble location manual genera­
tion. 

3. 1.2.4 Serial data channels. Several serial data channels are 
available on the support processor. The channels are full duplex, with 
data rates up to 10K baud. The channels are used for transmitting 
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files or receiving files for storage. Presently, one of these channels is 
used for transferring user call load files to and from the microprocessor 
controlled call simulator (Section 3.3.3.2) and another is used for 
loading the writable storage unit (used in program development) of 
the Programmable Controller in the Station Signaling and Announce­
ment Subsystem for the Automated Coin Toll Service2 (ACTS) feature. 

3.2 Laboratory software change administration 

The desire to add new features, as well as the need to correct 
software errors, make it necessary to be able to easily change programs 
in the TSPS laboratory. This is done differently, depending on the state 
of the software base being changed. If the code is being developed into 
a new major generic issue, programmers are free to perform large-scale 
code modifications and additions. This is termed the development 
mode. If the base is already an official generic issue, only minor 
changes and additions can be made in response to specific troubles. 
This is done to minimize the need for extensive retesting after applying 
the change. This mode is termed the frozen mode. 

This section deals with the tools available for changing the TSPS 

program in the lab in both of the above modes. 

3.2. 1 Development mode 

As mentioned in Section 2.2.1, the partial load is the primary means 
of changing code in the development mode. A partial load tape con­
taining all new and changed object code is brought into the TSPS lab 
by the programmer for debugging. The programmer then uses two 
support processor programs to load the base load plus the partial load 
into the SPC. These programs are DZLOAD and ALCFG (Automatic 
Laboratory Configuration). Once the desired load is in the SPC, the 
NOVA (Noninteracting Overwrite Assembler) program is used to make 
minor code revisions until a new partial load tape can be generated. 

3.2. 1. 1 The DZLOAD program. DZLOAD is the interchange and 
comparator program for SPC code and data residing on magnetic tape, 
disk, or SPC memory. It allows the user to easily load and verify SPC 

programs as well as create duplicate copies of SPC memory on disk or 
tape. The user may choose to store a partial load tape on disk in the 
support processor, which eliminates the need to carry the magnetic 
tape into the lab for subsequent debugging sessions. 

DZLOAD deals with only one file at a time; however, the support 
processor can also load multiple files and control the TSPS lab's 
hardware configuration. The program that does this is called ALCFG. 

3.2. 1.2 The ALCFG program. The TSPS system laboratories are 
used to develop and test hardware and software for use at TSPS 

installations in the field. The laboratory is used to simulate configu-
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rations existing in the field and new hardware configurations under 
development. 

The ALCFG program allows the user to easily and quickly change the 
laboratory's program and hardware configuration. The result is in­
creased lab availability, brought about by a decrease in the manual 
action required to establish a particular configuration. The user can 
predefine a configuration and store it on a support processor disk. 
Thus, calling in the configuration definition under ALCFG will cause 
the quick reestablishment of the desired lab environment-both soft­
ware and hardware. The lab hardware is controlled by the Electronic 
Signal Distributor (ESD). The ESD is explained in Section 3.1.2.3. ALCFG 
allows the user to easily define a particular ESD state. 

During a lab testing and debugging session, the user will probably 
uncover minor coding errors or oversights. These errors can be tem­
porarily corrected in SPC memory using the NOV A program. 

3.2.1.3 The NOVA program. NOVA is a utility program that allows 
the lab user to overwrite SPC memory. The input to NOVA is symbolic 
SPC source code residing on punched cards or disk, or typed directly on 
the user terminal. Since the program being changed resides at a fixed 
SPC memory location and occupies a fixed amount of storage space, 
code additions mllst be incorporated in a "patched" fashion. NOV A is 
therefore designed to manage a series of patch buffers. These buffers 
are the actual start and end addresses of spare program memory in the 
spc. Definitions of these buffers are covered in Section 3.2.2.2. 

NOVA allows the user to specify program changes in either relocatable 
or absolute fashion. NOV A reads the overwrite statements, assembles 
them into SPC object code, prints a listing, and stores a binary image 
of this code on a support processor disk. This binary file is then loaded 
into SPC memory. Another binary file is also kept by NOV A, namely, 
the contents of the addresses specified in the overwrite prior to loading 
the overwrite. This file is identified by a temporary overwrite number. 
The user can therefore instruct NOVA to flush a specific overwrite out 
of SPC memory by restoring all addresses to their contents prior to the 
change. 

Many options are available to the NOV A user. Some commonly used 
ones are (i) assemble and produce a listing, (ii) assemble, produce a 
listing, and create a binary file, (iii) load the last binary file created, 
and (iv) print the old data along with the overwrite listing. Another 
option has to do with permanent overwrites. This is covered in the 
next section. 

3.2.2 Frozen mode 

The NOV A-assembled overwrite is the primary means of changing 
SPC code in the frozen mode (see Section 2.2.2). The main emphasis in 
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this mode is placed on incremental change documentation and testing, 
and administration of the updated generic base load. The NOVA pro­
gram is used extensively during this process. A programmer submits, 
in addition to TR/CR (trouble report/correction report) forms and line 
edits, a symbolic overwrite to a system test team. This overwrite is 
designed to fix a particular trouble existing in the base generic. The 
test team tests the change as a temporary NOVA overwrite and, if 
accepted, prepares to permanently incorporate it in the base generic. 

3.2.2.1 NOVA-Permanent overwrites. The mechanics involved 
in establishing a permanent NOV A overwrite are very similar to those 
for temporary overwrites. The main differences are 

1. No old data file is kept (permanent overwrites cannot be flushed 
from SPC memory). 

2. The pointers into the patch buffers are permanently changed to 
indicate that patch used in the overwrite is no longer spare 
program memory. 

In addition, a permanent record of the start and end address of 
individual patches is kept on disk. This information is extremely useful 
to PAG when generating a patched load (see Section 2.2.2) correspond­
ing to the updated lab base load. Each patch origin must be defined to 
allow the SWAP assembler to correctly assemble the patched code into 
the changed program. The NOV A permanent overwrite listing is used 
to document the change in the lab until the new PAG load and listings 
are produced. 

3.2.2.2 NOVA- Generic administration. Up to this point in the 
lab software change section, only one base load is mentioned. However, 
as stated in Section 2.1, more than one TSPS generic issue is usually 
active at one time. Consequently, NOVA must be able to properly 
change and patch programs for each active generic. This generic is 
identified by the user each time the NOV A program gets called in. NOV A 

uses this identification to access a set of PIDENT and PATCH flies unique 
to that generic. The administration of these PIDENT and PATCH files is 
handled by a portion of NOV A, called PIDAM. The system test group 
usually takes care of this administration. PIDAM allows the user to 
define and update the PIDENT and patch files for each generic. These 
files contain a list of all PIDENTS that make up the generic issue along 
with their start and end addresses, available patch buffers, a store 
patch map (i.e., a map linking SPC programs to a specific patch buffer), 
and a list of all permanently loaded patches (see Section 3.2.2.1). 

3.3 Laboratory program testing 

After the SPC has been loaded with a new generic program (devel­
opment mode) or changes made to an existing generic program (frozen 
mode), the programmer is ready to begin testing. The following sec-
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tions describe the hardware, software, and simulators available to the 
programmers for testing programs. 

3.3. 1 Hardware for program debugging 

The NUPIC discussed in Section 3.1.2 gives the user extensive pro­
gram debugging tools. These tools include matchers, visual displays, 
and processor controls (Fig. 2). 

The matchers available with the NUPIC include: 
Address Matchers-There are nine address matchers (one manual) 

which can be set to indicate when a specified program address is 
executed or when a specified data address is read or written. 

Range Trap Matchers-Two range trap matchers are available. 
These matchers will indicate when any address within a range of 
program is reached or when any address within a range of data is 
accessed. 

Bit Matchers-Two 20-bit matchers allow the programmer to match 
against an address, contents of a memory location, or the contents of 
an index register. The bit pattern to be matched against can have an 
associated mask. This mask will indicate which bits in the pattern are 
"don't cares." 

Peripheral Matcher-The peripheral matcher is used to indicate 
when a particular peripheral order accesses a particular peripheral 
unit. The peripheral unit address can have an associated mask. 

Each of these matchers can be set manually via keys on the NUPIC. 

All but the manual matcher can also be set automatically. When a 
matcher "fires," the contents of the SPC registers can be collected by 
the support processor, analyzed, and printed on the high-speed printer. 

The matchers can be set up with different options which will be 
executed when the matcher fires. These options can be interfering and 
noninterfering. The noninterfering options include register snaps and 
transfer traces. The transfer trace gives a record of every transfer that 
occurs in the program once the matcher fires. 

The interfering options cause an interrupt in the SPC program 
execution and transfer of control to the SPC resident utilities. The 
options include doing a write into unprotected memory, dumping 
portions of memory, writing to registers, jumping to a different address, 
and stopping the spc. 

The visual displays on the NUPIC include binary lamp displays for 
the major points in each SPC processor such as the index registers and 
buses. Octal displays are provided for the registers most often used. 
These include the PAR, AIR, MAR, selected matcher address, and 
relocatable address (least five significant digits). The PAR, AIR, and 
MAR displays are available for each processor. 
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Several manual control functions are provided to allow the user to 
selectively control either or both SPC processors. 

(i) The user can stop or start the processor clock and can step 
through instructions one cycle or one phase at a time. 

(ii) Instructions, data, and scanner answers can be inserted. 
(iii) Matchers can be set up. 
(iv) Utility interrupts can be generated and flags provided for the 

SPC resident utility programs. 
(v) Transient store errors can be simulated. 

(vi) The processors can be split into two independent systems. 

3.3.2 Software for program debugging 

Facilities exist in both the support processor and the SPC to aid in 
TSPS program debugging and testing. The most useful of these resides 
in the support processor and is called SPCDDT (Stored Program Control 
Dynamic Debugging Tool). This program activates matchers and 
traces via the NUPIC to give the user information about program flow 
in the SPc. Another useful support processor program is AMADMP 
(Automatic Message Accounting Dump). This program aids call proc­
essing programmers by providing formatted AMA information at the 
completion of a call. Finally, spc-resident code assembled as a special 
set of Feature Assembly Debugging Aids (FADA) allows the program­
mer to selectively control the execution of TSPS programs. 

3.3.2.1 The SPCDDT program. SPCDDT is used to set address 
matchers, range traps, bit matchers, and a peripheral matcher in the 
NUPIC circuit (see Section 3.1.2). The user has the ability to control 
certain actions before and after a matcher fires. Some of these options 
are: 

(i) Jump to a program address when a matcher fires. 
(ii) Dump the contents of specific SPC memory areas on the line 

printer when a matcher fires. 
(iii) Write information into an SPC memory location when a matcher 

fires. 
(iv) Start or end a transfer trace when a matcher fires. 
(v) Selectively print trace information on the line printer. 

(vi) Continually store trace information in the core memory of the 
SPI Circuit (see Section 3.1.2.2). If the core fills, overwrite it 
with the more recent information (overlay mode). Freeze it and 
send the contents to the support processor for printing when 
another matcher fires. 

Option (vi) is a particularly useful feature. It allows the programmer 
to monitor the entire flow of one (or more) program(s), and print out 
only the flow prior to an interesting event. 

3.3.2.2 The AMADMP program. AMADMP provides formatted AMA 
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information on the support processor line printer at the completion of 
a TSPS call. This information is very useful to a programmer in 
debugging call processing or billing-oriented software. 

Normally, the AMA Data Accumulation Program (AMAC) stores the 
billing information in buffers in TSPS memory. When a buffer is full, 
AMAC activates another program which records all buffered data on 
magnetic tape. This tape must then be processed on an off-line 
computer. The delays and logistics involved in this procedure make it 
undesirable for debugging purposes. Consequently, AMADMP was writ­
ten during the development stage of the Remote Trunk Arrangement 
(RTA) feature of TSPS Generic 7. 

AMADMP uses the NUPIC to activate two matchers in the AMAC 

program. One matcher fires at the start of AMAC'S recording of the 
billing information and the other fires after all information has been 
buffered for a call. Using the information appearing in the SPC registers 
at the time the matchers fire, AMADMP requests a dump of the buffer 
locations used by AMAC. The data from these locations are then 
formatted in the support processor to make it more readable, and then 
printed on the line printer. 

3.3.2.3 The FADA feature. FADA is a collection of debugging soft­
ware that can be assembled into a development base load. It consists 
of special code added to generic TSPS programs as well as a special 
PIDENT (ECDB). This code does not get released officially for use in live 
TSPS offices. 

FADA was developed during the early stages of Generic 7 as an aid 
in the recovery of new program loads and a debugging tool. It accom­
plishes this by allowing the user to selectively inhibit execution of 
many program functions. This capability makes it possible to simulate 
many low probability events, cause race conditions, and exercise 
program failure legs. 

3.3.3 Simulators 

3.3.3. 1 Single-call simulators. Many times in testing programs, 
the programmer needs the ability to place a single call through the 
TSPS. Two types of test facilities are available for making single calls. 
The first of these facilities is the "single-line" simulator. This simulator 
consists of a local (calling) telephone connected to the local office side 
of the simulator and the toll (called) phone connected to the toll side 
of the simulator. The local and toll sides of the simulator are connected 
to a TSPS incoming trunk. This trunk is dedicated to a particular traffic 
type. For each traffic type (coin, hotel/motel, RTA), there is a single­
line simulator. 

Calls are placed by the programmer in the same way a customer 
would make a particular type of call. The simulator performs all 
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necessary signaling required by TSPS. The call is recognized by TSPS 

and handled appropriately by routing it to an operator's position or by 
connecting the called telephone. 

The single-line simulator is used for calls which are to be handled 
normally. The simulator generates the correct KP, Start (ST) digit, and 
Automatic Number Identification (ANI) digit for the call. However, 
there are times when the programmer must have more control over 
the call. For instance, the programmer may wish to test a call using an 
improper ST digit or ANI digit. In these cases, the manual trunk test set 
(also known as the "Burelback Box") is used. 

The manual trunk test set allows the programmer to place a single 
call and to have control over the entire call. The programmer selects 
the type of TSPS trunk circuit to be used and the call type. By operating 
switches, the programmer simulates seizure by the local office and 
responds to supervision from TSPS by keying in the KP digit, the call 
digits, a ST digit, an ANI digit, and the calling digits. When the toll side 
of the trunk is seized by TSPS, the programmer generates the toll 
supervision signals to TSPS. On ACTS calls, the coin tones can also be 
generated. 

3.3.3.2 Multiple-call simulators. There are program bugs which do 
not show up until there is a substantial traffic load on the system. In 
TSPS testing, a simulated load can be generated by the Electronic Load 
Box (ELB) and the Microprocessor Controlled Load Box (MICLOB). 

Both of these "load boxes" automatically generate calls on multiple 
TSPS trunk circuits. Each load box simulates the functions of both the 
local and toll offices. 

The characteristics of the ELB are: 
(i) Generates up to 14 simultaneous calls. All calls must be the 

same type and the same length. 
(ii) Can generate 1800 calls per hour. 

(iii) Works with MF (multifrequency) trunks, 2-wire, or 4-wire, loop 
or E&M signaling. 

To use the ELB, the user selects the number and the type of the calls 
desired. If more than one call type is required, another ELB must be 
used. To provide the user with more flexibility in setting up a call load 
and to provide the capability for coin signaling for ACTS, the MICLOB 

was developed. MICLOB (Fig. 3) has the following characteristics: 
(i) It generates up to 32 simultaneous calls of any call mix the user 

wishes. 
(ii) The call types include coin, noncoin, hotel/motel, and inter­

national. 
(iii) All call parameters are under user control. 
(iv) It works with either 2-wire or 4-wire trunks with MF or DP (dial 

pulsing) signaling and with loop or E&M supervision. Other 
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Fig. 3-Microprocessor Controlled Load Box. 
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trunk types can be easily handled by modifying the microcom­
puter program and providing the proper trunk interface. 

(v) The call load can be as high as 10,000 calls per hour for short 
calls. 

The user sets up his call load by entering the call parameters for 
each trunk via a teletypewriter or a terminal. Once the load is estab­
lished, the calls can be started or stopped individually or as a group. 
The user can save his call load parameters on the support processor's 
disk via a serial data link (Section 3.1.2.4). This call load can be 
reloaded at a later time. This save/load capability allows users to set 
up a call load without entering the information via the teletypewriter 
each time. 

Another feature of the MICLOB is the error messages printed on the 
TTY or terminal whenever calls do not proceed properly. These mes­
sages can alert the user to a problem with a trunk circuit or a MICLOB 

circuit. 
In a testing environment where a heavy load is required, the ELB 

can be used to generate a background load of a particular call type. 
The MICLOB can be used to generate a load of special calls or of call 
types not possible with the ELB. In this manner, the TSPS programs 
can be exercised in the lab much like a live system. 

3.3.3.3 Operator simulators. Operator simulators are used to sim­
ulate operator actions on calls arriving at positions. These simulators 
are used when a call load is generated containing calls which require 
operator assistance. The simulators recognize the call types arriving at 
the position and generate the required keying sequences. There are 
two types of operator simulators used in TSPS. The older simulator is 
hardwired. It can handle all call types except ACTS. Each of these 
simulators requires an actual position to operate. 

The new Microprocessor Operator Position Simulator (MOPS) can 
handle all call types. Each call type can be handled differently, new 
call types can easily be added, and existing calls can easily be changed. 
This simulator can work with or without an actual position available. 
In this way, less positions are required in the laboratory. The advan­
tage of having calls go to an actual position is that one can observe 
how the simulator is handling calls or one can manually handle a call 
if necessary. These functions can be duplicated via a terminal con­
nected to the simulator. 

The lamp and display orders sent to a simulator position by TSPS 

during a call can be converted to lamp names and digital displays and 
printed on the terminal. By monitoring a particular simulator position, 
the programmer can observe calls going to the position. The keys on 
the terminal are programmed to act as position keys so that the 
programmer can also manually handle a call if desired. The terminal 
can be remoted if necessary. This feature is useful when the TSPS 

1330 THE BELL SYSTEM TECHNICAL JOURNAL, JULY-AUGUST 1979 



operator positions are not at the same location where program testing 
is being performed. 

3.4 Trouble location manual (TLM) generation 

The Trouble Location Manual (TLM) contains Trouble Location 
Numbers (TLN) for a circuit or subsystem. Associated with each TLN 

is the location of probable failing circuit packs in the circuit. These 
numbers which are an output from the diagnostic program are used to 
assist craft in fixing a faulty circuit. 

The generation of a TLM for each circuit or subsystem requires that 
faults be physically inserted in these circuits. The diagnostic program 
for the circuit being faulted is run. The results from the diagnostic are 
used to generate the TLN. The collection of TLNS and faulted circuit 
locations make up the TLM. 

Originally, in TSPS, most circuit pack faults could be inserted at the 
connector. However, with the introduction of RTA and the IGFET 

(Insulated Gate Field Effect Transistor) memory, circuit packs become 
much more complex. They contained many integrated circuits in Dual 
In-Line Packages (DIP). All necessary faults could not be inserted at 
the connector. To insert faults in the newer circuit packs and to speed 
up the TLM generation process, a minicomputer-controlled fault inser­
tion technique was developed. This technique, which consists of fault 
insertion hardware and software, is discussed in the following sections. 

3.4. 1 Physical fault insertion 

The type of faults inserted in the circuits are opens and shorts to 
desired voltage levels on the circuit pack connectors and the pins of 
the DIPS on the packs. . 

The circuit pack which is being faulted is a special version of the 
standard circuit pack in that the integrated circuits are socket­
mounted. The circuit pack is mounted in a special extender board 
which is plugged into the circuit pack connector. The DIPS on the 
circuit pack have "daughterboards" inserted between them and their 
sockets. Both the extender board and "daughterboards" have relays 
which can be controlled to open or short the circuit pack connector 
pins and the DIP pins. 

These relays are controlled by the support processor by setting 
selected points in the ESD. The fault insertion hardware decodes this 
information to operate the selected relays and thus insert the desired 
fault. 

3.4.2 Diagnostic control and raw data accumulation 

The support processor contains software to control automatic phys­
ical fault insertion and the SPC diagnostic programs. It also contains 
routines to gather the test results, or raw data, from these diagnostics. 
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These results are combined into a data base used to produce system 
TLMS. The support processor software designed to control these proc­
esses is called MCFIT (Minicomputer Controlled Fault Insertion Tech­
nique). The MCFIT program, together with special code in the SPC to 
interface with system diagnostics, make up the automatic physical 
fault insertion control software. 

3.4.2. 1 The MCFIT program. MCFIT was designed to allow rapid 
fault insertion and TLM generation. The majority of faults to be 
inserted are stored in a data base on the support processor's disk. This 
data base consists of all standard faults that are defined for each type 
of DIP used in the circuit being faulted. Thus, the user must only input 
the layout of the circuit pack to be faulted and any modifications to 
the standard fault list. MCFIT automatically controls the faulting of the 
entire pack, requiring manual intervention only to move the fault 
insertion hardware to the next pack. 

Once the user has specified the pack layout, MCFIT retrieves the 
correct list of faults from disk and applies any necessary modifications. 
This list, together with the subsystem identification and circuit pack 
location, comprise the MCFIT "work file." MCFIT then executes a fault 
insertion program which sequentially inserts all faults appearing in the 
work file. This program controls the fault insertion hardware, activates 
a special SPC program which requests diagnostics on the specified 
subsystem unit, and records the failure data on the support processor's 
magnetic tape unit. It also prints summary data on the line printer. 
These data point out unexpected diagnostic ATPS (All Tests Passed) 
and inconsistent failure data for the user to examine. 

3.4.2.2 SPC interface software. As mentioned above, the MCFIT 

program activates a special SPC program to request diagnostics. This 
SPC program is not part of the official generic, but is loaded into 
memory at the start of each fault insertion session in the lab. The 
diagnostic is requested through the NUPIC/SPI interface. An interrupt 
is generated in the SPC which transfers control to this diagnostic 
interface program. This program sets the appropriate bits in the 
diagnostic request words and status words corresponding to the sub­
system unit being faulted. The diagnostic sequence proceeds normally 
in the SPC with one exception. Normally, each diagnostic transfers 
control to the SPC Diagnostic Output Control Program (DOCP) to print 
the pass/fail data on the maintenance teletypewriter. This special 
program, however, intercepts the data passed to DOCP and sends them 
to the support processor via the NUPIC/SPI. 

IV. CONCLUSION 

Effective software development depends very heavily on adequate 
development tools and test facilities. The tools and facilities described 
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in this paper came about through an evolutionary process. They 
started out in a much more basic form and were improved and 
expanded many times before they reached their present state. Thus, 
effective support software and hardware requires ongoing develop­
ment. This point must be kept in mind so that programmer productiv­
ity can continue to improve. 
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This paper describes the verification and evaluation procedures 
followed in the development of new features for the Traffic Service 
Position System (TSPS). Beginning with the definition of new feature 
requirements, these procedures are adhered to throughout the TSPS 

development cycle. Hardware and software designs are reviewed to 
verify that all requirements are met and to ensure that Bell System 
standards for reliability are maintained. Finally, both system labo­
ratory and site testing are performed to verify the proper implemen­
tation of each new feature and to evaluate the overall performance of 
the TSPS. 

I. INTRODUCTION 

A significant part of the effort required for any switching system 
development involves determining whether the system performs 
properly. The ultimate judge of system performance is the user_ In 
making this judgment, the user considers both system reliability and 
maintainability. Since Bell System standards for service are very high, 
measures of acceptable performance are rigorous. Thorough plans are 
made to ensure that switching systems provide this required high level 
of performance. These plans begin with the initial concept of a switch­
ing system or new feature and continue throughout the development 
process. Every design decision is based on providing the best possible 
service at the lowest possible cost. Each decision is evaluated for its 
impact on the customer who uses the switching system and on the 
operating company that must administer and maintain it. 

This paper discusses the methods used to verify and evaluate system 
performance of the Traffic Service Position System (TSPS). It also 
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describes the facilities specifically designed to support the verification 
and evaluation process. 

II. STAGES OF THE TSPS VERIFICATION AND EVALUATION PROCESS 

The verification and evaluation process for new TSPS features in­
volves all aspects of system development. This process begins with the 
determination of feature objectives and continues with the verification 
that the design requirements for each new feature are consistent with 
these objectives. Finally, the system is tested to ensure that the 
implementation reflects the design requirements. This process is di­
vided into several stages. The stages of verification and evaluation 
discussed in this article are (i) requirements reviews, (ii) design 
reviews, (iii) circuit analysis or program reviews, (iv) unit testing, (v) 
integration testing, and (vi) system testing. Figure 1 shows these six 

IDEA FOR A NEW FEATURE 

DEVELOPMENT REQUIREMENTS MEMORANDA 

CIRCUIT DESCRIPTIONS AND DEVELOPMENT SPECIFICATIONS MEMORANDA 

3 
CI RCUIT ANALYSIS AND PROGRAM REVIEW 

CIRCUITS AND PROGRAMS 

TESTED FUNCTIONAL UNITS 

FROZEN FUNCTIONAL UNITS 

NEW TSPS CAPAS I LlTY 

Fig. I-Six stages in the TSPS verification and evaluation process. 
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stages and how the results of each stage are used in subsequent stages 
of the development. 

The first stage of the verification and evaluation process begins 
when a new TSPS feature or system capability is proposed. Each new 
feature is analyzed to determine the service and maintenance require­
ments that must be satisfied. This analysis can be very extensive for 
some new features, such as the Automated Coin Toll Service (ACTS) 

feature. To perform this analysis for ACTS, an in-service TSPS was 
modified to simulate ACTS for a comprehensive human factors trial. 1 

The results of this trial guided the formulation of the requirements for 
ACTS. These requirements are documented in development require­
ments memoranda and form the basis for detailed design and devel­
opment. 

The detailed design and development of a new feature is generally 
accomplished by partitioning the feature into functional units which 
are then assigned to development teams for implementation. Contin­
ued division of responsibility within a team for the development of a 
functional unit is dependent on the complexity of that unit. This 
partitioning applies to both hardware and software portions of the 
system. 

The second stage of the TSPS verification and evaluation process 
begins when design reviews are held to determine if the conceptual 
aspects of each functional unit are consistent with the overall system 
requirements. Once the architectural design of the functional unit has 
been evaluated in this manner, the development team begins the 
detailed design of the functional unit. The design of each element in 
the functional unit is reviewed. Depending on the number and com­
plexity of functional unit interfaces, members of other TSPS develop­
ment teams may participate at this point in the process. After this 
review, development specifications memoranda and circuit descrip­
tions are usually written documenting the detailed design. 

The hardware development proceeds with the generation of circuit 
schematic diagrams and the specification of the circuit components 
used in constructing the circuit. The layout of the circuit components 
and their interconnections are specified, and prototype circuits are 
built. The prototype circuits are tested off-line from the system to 
ensure that they perform as required. Manufacturing tests are also 
generated for digital circuits using a logic simulation program.2 After 
these tests and prototypes of the digital circuits are verified with a 
circuit pack tester, testing begins in the system laboratory. Once the 
circuit is verified to operate in accordance with the design intent, 
manufacturing and factory test information is transmitted to Western 
Electric. This activity is scheduled so that standard Western Electric­
supplied hardware will be available when site testing begins. 
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The software development is done in parallel with the hardware 
development. After each program is written, a program review is 
conducted (i) to ensure that all development requirements are met; 
(ii) to verify that the interfaces between programs are correct; and (iii) 
to check that each program instruction is correct. Problems identified 
and corrected during this program review require much less effort than 
if they were left to be resolved during later stages of the verification 
and evaluation process. 

The fourth stage in this process is the formulation of functional tests 
which utilize special test facilities (see Section III) and which ensure 
that each functional unit meets the design requirements. Upon the 
completion of unit testing, the fifth stage of the verification and 
evaluation process occurs when integration testing is performed. In­
tegration tests ensure that each functional unit performs in a total 
system environment. Specifically, interactions between functional 
units and hardware:-software interfaces are emphasized. Once the 
integration tests have been successfully run, the functional unit designs 
are considered frozen, in that changes to a functional unit can only be 
made on a more formal and controlled basis. The frozen functional 
units are now ready for system testing, the sixth and last stage in the 
verification and evaluation process. 

During system testing, additional functional tests are written, and 
the total set of functional tests are performed by an independent group 
to ensure that any biases held by the design engineers are not reflected 
in the interpretation of test results. Beginning with this phase of TSPS 

testing, every change introduced into the system-hardware or soft­
ware-must be initiated by a trouble report which specifies the seri­
ousness of the problem so that corrections can be generated on a 
priority basis. -Changes must be submitted in a formal manner and 
approved by a special committee called the change review committee. 

Beginning with the system testing phase of the verification and 
evaluation process, each change is tested incrementally. That is, the 
correction to each problem, when possible, is considered an independ­
ent entity. Each correction can be rejected if not deemed appropriate 
by either the change review committee or the system testers. This 
procedure is used (i) to provide a high degree of visibility to all changes 
being introduced into the system, (ii) to provide a procedure whereby 
each change is individually and thoroughly tested, and (iii) to provide 
a procedure whereby design engineers can make changes without 
repeatedly going through the integration process. 

To this end, each change submitted by the design engineer must be 
accompanied by a very specific test procedure which has been verified 
before the change is submitted. System testers then take great care to 
ensure that the test procedure is appropriate and that the change does 
not invalidate a previously verified functional capability. In some 
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cases, this can only be done by repeating a long series of previously 
completed functional tests. This verification and evaluation process is 
greatly enhanced by a comprehensive set of test facilities discussed in 
the following section. These test facilities are available to both design­
ers and system testers. 

III. SYSTEM LABORATORY TESTING 

TSPS verification and evaluation is done at Indian Hill using two 
system test facilities. Each test facility contains a TSPS and its associ­
ated peripheral subsystems (i.e., a Position Subsystem No. 1/ Position 
Subsystem No. 2,4 Remote Trunk Arrangement,4 Station Signaling 
and Announcement Subsystem5-see Fig. 2). Minicomputers and var-

CALLER 

. . . : PERIPHERAL 
• CONTROL LINK 

• BASE 
• REMOTE 
• TRUNK 

TSPS 

: PERIPHERAL 
• CONTROL LINK 

Fig. 2-Traffic Service Position System No. 1. 

CALLED PARTY 

COIN DETECTION 
AND 

ANNOUNCEMENT 
CIRCUITS 

CALLER 

CALLED PARTY 
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ious microprocessor-controlled circuits are utilized to produce the 
desired hardware and software environment.6 In this environment, the 
system laboratory user can control and monitor the operation of the 
TSPS. Figure 3 shows one of the TSPS system laboratories at Indian 
Hill. 

One aspect of controlling the TSPS operation is to establish the 
desired hardware and software configuration. The minicomputer pro­
vides three major capabilities for reconfiguring or modifying the sys­
tem. First, the minicomputer provides the capability to load the TSPS 

with a new program, with the system's program stores being automat­
ically reconfigured to match the memory requirements of the new 
program. Second, portions of the TSPS program can be modified with 
changes assembled by the minicomputer. This capability is used ex­
tensively in the incremental testing of modifications to frozen pro­
grams. Third, automatic fault insertion by the minicomputer is used 
to exercise system diagnostics in the preparation of trouble locating 
manuals. These manuals are used in conjunction with diagnostic 
outputs to identify hardware faults. The automatic process by which 
these faults are inserted helps to increase trouble locating manual 
resolution by allowing efficient generation of a large number of sample 
diagnost!c results. 

Once the desired hardware and software configuration has been 
established, the minicomputer can then be used to monitor the oper­
ation of the TSPS. Data associated with a specific event or combination 
of events can be recorded and later retrieved by the minicomputer. 
When correlated with the normal system responses such as teletype­
writer messages, those data can be used to resolve problems or to 
confirm the proper operation of the TSPS. 

An important part of testing TSPS features is ensuring that system 
interactions involving customers and operators are correct. Many 
inputs processed by a TSPS result from these interactions. To provide 
similar inputs in the system laboratory, stimuli comparable to those 
generated by customers and operators are produced using system 
utilities. A microprocessor-controlled facility is provided to simulta­
neously generate calls from many· trunks. Both the traffic-handling 
characteristics of each trunk and call types can be changed under 
program control. Facilities are also provided to simulate the local and 
toll offices associated with a single TSPS trunk, thus allowing a labo­
ratory user to completely control all stages of an individual call. 
Microprocessor-controlled operator simulators are provided to auto­
matically handle calls at TSPS operator positions. In addition, calls can 
be handled manually at an operator position, thereby allowing the 
system laboratory user to test unexpected operator sequences. 

System testing is divided into functional testing and system evalu-
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ation. Ideally, it would be desirable to write and perform functional 
tests in the system laboratory for each call processing and maintenance 
situation the TSPS will encounter. In practice, however, this is impos­
sible. Consequently, during system testing, additional effort is required 
above and beyond the analysis of functional test results. This effort is 
referred to as system evaluation. In terms of cause and effect, func­
tional testing involves setting up a prescribed set of initial conditions 
and then determining whether or not the proper response occurs. 
However, system evaluation involves observing every improper system 
response and then determining the cause of that response. This can be 
a difficult task, which at times is more of an art than a science. 
Reproducibility is a primary requirement for identifying the cause of 
a problem. Problems discovered during functional testing are generally 
reproducible, since a set of initial conditions have been specified for 
running each functional test. However, problems encountered during 
system evaluation frequently do not meet this reproducibility criterion. 
As a result, much more analysis of these types of problems is required. 

During system evaluation, several indicators are used to determine 
that a problem exists. These indicators are: 

(i) Unexpected teletypewriter output messages. 
(ii) Loss of service of a hardware unit to the system for no appar­

ently valid reason. 
(iii) Unexplainable maintenance or call processing activity. 

The audit messages 7 printed on the teletypewriter are a primary 
indication of system problems. Each audit message generally signifies 
the presence of some program error resulting in an inconsistency in 
unprotected memory. This memory is continuously updated by differ­
ent programs to reflect the current state of the system, A detailed 
analysis of the audit messages will sometimes indicate what caused 
the error condition. The debugging capabilities of the minicomputer 
described above are particularly helpful in resolving this type of 
problem. With these capabilities, system activity which occurred be­
fore the audit program detected the error can be analyzed, and the 
cause of the problem can be identified. 

The system laboratory provides a controlled environment where 
interfaces external to the TSPS have been simulated with system 
utilities. Although it is possible to test most aspects of the TSPS 

operation in this environment, increased confidence is built when new 
features are tested at a newly installed TSPS which interfaces with 
actual local and toll offices. For these and other reasons, the verifica­
tion and evaluation process is continued at a test site. 
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IV. THE SITE TESTING INTERVAL 

Each new generic is tested at a TSPS that has not been cut into 
service. This TSPS has been fully engineered by operating company 
personnel, and the hardware has been installed by Western Electric 
during a normal installation interval. Bell Laboratories testing of a 
generic at this pre-cutover TSPS evaluates the new features in a fully 
equipped TSPS. It also verifies the accuracy of the information provided 
to Western Electric and the operating companies on these new fea­
tures. Testing is done with both local and toll offices to ensure that no 
interface problems exist. The length of the site test interval varies 
depending on the number of features being tested, amount and com­
plexity of the new hardware, and size of the program change. Table I 
summarizes the test site, major new features, and size of the program 
change for each of the recent TSPS generics. 

Testing at the site involves reverifying specific operational and 
maintenance capabilities for all new features, with the objective of 
determining whether or not the requirements for each feature are met. 
In particular, testing focuses on verifying interfaces with local and toll 
offices. Regression testing is also performed to ensure that previous 
TSPS capabilities are not adversely affected by the new features. Since 
site testing is performed after new feature development has been 
completed, problems identified at the test site are generally more 
subtle than those previously uncovered during system laboratory 
testing at Indian Hill. Furthermore, by the beginning of the site test 
interval, the hardware design has already been proven in the system 
laboratory. As a result, during this interval the majority of problems 
identified are in the software. Most are not due to any significant 
design problems and are easily corrected. 

Both functional testing and regression testing at the site are done in 
a systematic manner; a specific set of tests are performed for each 

Generic 

Generic 7, Is­
sue 1 

Generic 7, Is­
sue 2 

Generic 8, Is­
sue 1 

Generic 8, Is­
sue 2 

Table I-Recent TSPS generics 
Size of Pro­

gram Change 
(40-bit 

Test Site Major New Feature(s) Words) 

Syracuse, New Remote Trunk Arrangement, Po- 60,000 
York sition Subsystem No.2 

Saginaw, Michi- Selective Call Screening, more 5,000 
gan than twenty stores on a bus 

Phoenix, Arizona Automated Coin Toll Service 40,000 

Montgomery, AI- Automated Coin Toll Service with 7,000 
abama Remote Trunk Arrangement 
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feature, the results are observed, and these results are analyzed. The 
amount of detail with which functional test results are analyzed at the 
test site is minimal. Instead, any functional tests which fail are docu­
mented in trouble reports which are then sent back to the developers 
at Indian Hill. Extensive analysis at the test site is restricted to 
problems uncovered during system evaluation. In general, the exact 
conditions required to bring out these types of problems must be 
determined at the test site. 

The combination of system laboratory testing and site testing during 
this interval complement each other in the verification and evaluation 
of a TSPS generic. In the system laboratory at Indian Hill, emphasis is 
placed on testing individual changes being made to correct specific 
problems. However, as indicated above, effort at the test site is oriented 
toward verifying and evaluating functional capabilities rather than 
testing changes or corrections. 

The test facilities provided at the major test sites are comparable to 
those permanently installed in the system laboratories at Indian Hill. 
These facilities include the minicomputer, call generation capabilities, 
and operator simulators described in Section III. Additional capabili­
ties are also provided to remotely control these test facilities so that 
testing can be done from one location. 

The number of problems identified from the time the hardware and 
software were frozen until the completion of site testing is shown in 
Table II for each of the recent TSPS generics. These totals are broken 
down into: (i) problems identified at Indian Hill in the system labora­
tory and (ii) problems identified at the test site. 

At the completion of the site testing interval, responsibility for 
monitoring system performance is given to TSPS field support person­
nel. In addition to continuing the evaluation of TSPS and new feature 
performance, field support personnel are responsible for updating the 
system with any necessary changes. To assist in these efforts, the 
TSPS'S maintenance teletypewriter output can be transmitted to the 
TSPS Diagnostic Center at Indian Hill. Problems detected from this 
output or reported by the operating company are analyzed, and cor-

Table II-Trouble reports written through the completion 
of site testing 

TRS Written 
at the Base TRS Written at 

Generic Location the Test Site Total 

Generic 7, Issue 1 600 615 1215 
Generic 7, Issue 2 33 20 53 
Generic 8, Issue 1 565 800 1365 
Generic 8, Issue 2 108 58 166 
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rections are generated by designers working in conjunction with field 
support personnel. 

V. SYSTEM CAPACITY 

The addition of each new feature to TSPS has an impact on the real­
time capacity of the TSPS. Overall system real-time capacity varies for 
each TSPS installation based upon the hardware configuration used 
and the particular call mix being processed. Each new feature is 
evaluated during the development cycle to determine its impact on 
system capacity. This evaluation is verified at the first in-service office 
or the first office close enough to capacity for a verification to be made. 
The real-time capacity estimation and verification process is extremely 
important due to its effect on the long-range planning of the operating 
companies. To assist the operating companies in their analysis of an 
individual office's real-time capacity, a program called TSPSCAP is 
available. This program runs on an off-line computer and is updated 
with each generic to reflect the addition of new features. 

VI. SUMMARY 

System verification and evaluation is a process that is interwoven 
with all aspects of the development of new TSPS features. From the 
inception of the idea for a new feature, development requirements are 
evaluated to ensure a proper understanding of the proposed capabili­
ties and to verify that the proposed design will provide these capabil­
ities. After formal reviews, these requirements are specified in devel­
opment requirements memoranda, and the design is specified in de­
velopment specifications memoranda and circuit descriptions. Next 
the design is implemented and each functional unit is verified in the 
system laboratory. Before the commencement of site testing, both 
hardware and software are placed in a frozen mode, after which all 
changes to the system are verified through a formal procedure. Site 
testing is done in a pre-cutover TSPS engineered by an operating 
company with hardware supplied and installed by Western Electric. 
During site testing, functional tests are run to verify the proper 
implementation of all new features and regression tests are run to 
ensure the proper operation of previous TSPS capabilities. In addition, 
system evaluation is done before the site is cut into service, thus 
resolving many of the more subtle problems. Finally, an analysis of 
the real-time effect of each new feature is made after cutover to 
confirm the theoretical analysis made prior to cutover. 

This verification and evaluation approach is followed for each new 
TSPS feature. Adherence to this methodology allows new TSPS generics 
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to be properly verified and evaluated, thereby insuring Bell System 
customers of the best possible service. 
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The evolution of operator training facilities for TSPS No.1 has 
involved the development of new program-controlled positions which 
have much greater flexibility and reliability than preceding training 
equipments. These PROCON -controlled positions and associated facil­
ities are now the standard means for training TSPS operators. Coin­
cident with the development of these facilities, a minicomputer system 
for generating master training tapes was designed to facilitate the 
generating of new training tapes and modifying existing ones to add 
new operating features. 

Since the beginning of telephony, there has been a need to train 
switchboard operators in the procedures required to handle and com­
plete telephone calls. These procedures started with "on the job" 
training and gradually improved over the years to specialized training 
facilities to give the trainees the ability to handle calls before they sat 
down at a switchboard handling traffic. 

With the advent of the crossbar tandem Traffic Service Position in 
1961, a new specialized training facility (100A trainer) was designed to 
train operators in the basics of handling traffic on this new type of 
switchboard (Fig. 1). This consisted of an operator position with two 
equipment cabinets. One of the two cabinets contained a paper tape 
reader, a magnetic tape player, power supplies, and racks for tapes. 
The second cabinet contained densely packaged electromechanical 
and solid-state circuitry which performed the necessary trainer func­
tions under control of information on the magnetic and paper tapes. 

Customer calls were simulated by verbal passages on the magnetic 
tapes which also provided synchronizing tones to start the paper tape 
reader. The paper tape reader and the magnetic tape player were 

1347 



RELAY CABINET FOR 
PORTABLE ARRANGEMENT " 

RELAYS MOUNTED IN 
TERMINAL ROOM FOR 

FIXED ARRANGEMENT 

PROGRAM CABINET 
(DOOR REMOVED) -

TOTAL CALLS, 

\ 
\ 

WRONG KEY AND _____ -
TIME-OUT FAILURE 

REGISTERS 

MAGNETIC TAPE 
VOICE REPRODUCER 

TELETYPE T~ _ - -­

TAPE READER 

\ 
\ 

\ 

\ 

./ 
./ 

I 
/ 

\ 

\ 
\ 
\ 
I , 
I 

100 A/B TRAFFIC SERVICE POSITION 
(STANDARD TWO-POSITION 

SECTION) 

Fig_ I-Operator training equipment_ 

additionally controlled by the trainee sitting at the training position 
responding to simulated calls. 

In effect, the training system was a simulator which could duplicate 
nearly all types of calls handled by a TSP. Different types of calls were 
simulated by different input tapes which were loaded by supervisory 
personneL 

With the development of TSPS No.1, this 100A system was modified 
to provide added capabilities and was classified as the 100B trainer. 
Essentially, however, the basic operating principles and the physical 
appearance of the new trainer remained the same. This system has 
been used to train operators on TSPS call-handling procedures since its 
first application in 1969. However, as new features have been added to 
the TSPS, corresponding equipment modifications have been required 
in the relay circuitry. As there are over 2000 of these trainers in the 
field, this is a significant problem. In addition to this, the design of 
these changes becomes more difficult as control logic becomes more 
complex and as precise operating characteristics of the trainers is 
required. 

To overcome these problems, a new programmable 100e trainer 
system was designed. Programmability enables new TSPS features to 
be introduced to the simulator quickly with few or no hardware 
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modifications. This system also provides a supervisory function not 
available on the IOOB trainer. Furthermore, it uses standard IOOC 
operator positions which can also handle regular traffic when not used 
as trainers. 

This new trainer system shown in Fig. 2 consists of a maximum of 
eight training positions and one supervisory position. Each position 
can be switched to handle normal traffic. These positions can also be 
dedicated for training only and supplied on a stand-alone basis requir­
ing no association with any chief operator group or TSPS No. 1 System. 
A photograph of a training position is shown in Fig. 3. 

A standard IOOC position is converted to a trainer by a wiring option 
added to the existing local cable wiring, and an applique column (Fig. 
4) added to the rear of the position. This column contains a micro­
processor called the programmable controller (PROCON) (Fig. 5), which 
provides the necessary control functions for the trainer. In addition to 
this, translator and temporary memory boards, voice and tone detec­
tors, tone generators, I/O logic control circuitry, diagnostic indicators, 

I 
/ 
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1 - SUPERVISORY CONSOLE 
1 - SUPERVISORY POSITION 
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I 

TRAINING INSTRUCTOR'S POSITION 

__ lODC TRAINERS 

Fig. 2-100C training system. 
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Fig. 3-100C training position. 

switching circuitry, supervisory interface control, and isolation cir­
cuitry are all contained in the column (Fig. 6). 

To provide the necessary combined data and voice inputs to the new 
trainer, a special cassette tape reproducer was required. This repro­
ducer is largely based on conventional technology in the audio/visual 
and training fields. The prerecorded tape is in the standard Phillips 
cassette stereo configuration. However, several special features were 
required in this application: 

(i) A precise high speed reverse to enable the trainee to return to 
the beginning of a call pattern on the tape (called the "repeat" 
mode). 

(ii) Remote and local control functions customized for TSPS. 

(iii) Power supplied to external interface circuitry. 
(iv) Enclosure designed and stylized for a mounting location on the 

position accessible to the trainee. 
The reproducer is manufactured for the Bell System by an outside 

supplier. The prerecorded cassette training tape contains the voice and 
data associated with a maximum of 30 minutes of simulated calls. The 
tape contains two tracks, one for voice and the other for control tones 
(Fig. 7). In a position being used for training, the PROCON processes 
the cassette control tones, operator-keyed actions, and verbal re­
sponses to simulate actual calls. The operation of the player is under 
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control of the PROCON, although the trainee has some manual override 
capability. The trainee now has the ability to load the cassette and 
initiate and pace the training session, which was not possible in the 
previous system. 

The control of the various components is shown in Fig. 8. The 
trainee inserts a prerecorded cassette in the reproducer and operates 
the play button. The cassette advances beyond a point where data, 
representing a TSPS lamp display, has been presented to the PROCON. 

A proper response by the trainee (either a key operation and/or verbal 
response) causes the PROCON to continue reading the tape. 

The control data on the cassette are formatted in a 5-bit baudot 
code representation. Each bit is represented by a different frequency 
on the tape. A coded 5-bit character is represented by combinations of 
one to four frequencies simultaneously. These frequencies are present 
for 80 ms as the tape advances at 17/8 inches per second (Fig. 7). A 20-
ms interval is provided between consecutive characters as the tape 
advances. An instruction to the trainer generally is provided by two 
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Fig. 5-Architectural overview of PROCON. 

successive baudot characters although there are exceptions requiring 
only one. The data inputs are paired by PROCON and translated into a 
control function. For digital displays, telephone numbers are stored in 
the translator memory. There are standardized numbers for all trainees 
to use regardless of their location in the country. With this technique, 
a 10- to 12-digit display requires only a 2-character code. In addition, 
numbers keyed by the operator are stored in temporary memory. Both 
types of numbers can be displayed, when required, by operation of the 
corresponding display key at the operator's console. Other digital 
displays, for example, time and charges, are pre-coded and can be 
displayed on demand. 

Operation of the time display key will produce a time-of-day display. 
When a position is powered up for the training function, the time is 
initialized to 8 o'clock. If desired, this can be changed by keying in the 
desired time on the keyset. 

Operation of a key on the console generates one of the 84 possible % 
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key codes. These % codes are identified by PROCON through its asso­
ciated position interface circuit, and appropriate action is taken to 
control the cassette player, and light, flash, or extinguish lamps on the 
trainer console. 
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Verbal responses of the trainee are detected by a voice detector and 
forwarded to PROCON, which permits the call to progress to the next 
voice passage or group of data on the cassette tape. 

In addition to lamps and display data, the cassette tape data also 
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control tone signals (ziptone, audible ring, busy) to the trainee. These 
tones can be present for indeterminate time periods. For these types 
of signals, tone generators are provided under PROCON control. In 
general, these tones are initiated or terminated by the trainee key 
actions. 

The standard 100e operator position requires a 24-bit serial data 
word for each instruction to light a lamp or display pairs of numerical 
digits. In the 100e trainer, these 24-bit words are identical to those 
used on the standard 100e position but are generated by PROCON. As 
the trainee operates keys at the console, the % codes generated are 
translated and matched against expected results. If the correct re­
sponse is made, the cassette is advanced to present new data. If a 
match is not made, the trainer does not respond, forcing the trainee to 
question his/her actions and give the correct responses. A flowchart of 
the operations of the 100e trainer is shown in Fig. 8. 

The 100e operator training system also includes an instructor's 
console with an associated DATASP EED ® 40 printer to provide a 
record of trainee keying actions. The instructor's console provides a 
means to supervise trainees while they are learning to handle TSPS 

traffic. It permits the instructor to monitor the simulated calls and the 
trainee's responses. As keys are operated by the trainee, the corre­
sponding lamps light on the instructor's console. Incorrect key actions 
by the trainee cause the corresponding lamp to flash at the instructor's 
console. 

The instructor can select anyone of eight positions to monitor. 
While this one position is being monitored, all other seven positions 
are also being checked to determine if the trainees are making excessive 
errors in their responses. Excessive errors generated at a training 
position cause a corresponding position number lamp to flash at the 
instructor's console. 

A DATASPEED 40 printer produces a record of the numbers keyed 
by the trainees. This can be done on a position-by-position basis by 
operation of a print key on the console. These records provide infor­
mation on keying accuracy, as no actual matching of keyed numbers 
is provided in the 100e trainer programs. 

These trainers also require support facilities to provide training 
tapes. The production of these training tapes require the coordinated 
efforts of Bell Laboratories, AT&T, Western Electric and general trade 
suppliers. Initially, the efforts of BTL and the AT&T operator services 
organization are used to determine the correct operator actions and 
console displays required on calls. Once this has been determined, data 
codes required for new features are designed by BTL, and the infor­
mation is provided to the operator training groups at AT&T. The 
necessary data patterns are then determined by the operator training 
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group and entered into the data base of the minicomputer-controlled 
support system used to produce master training tapes. 

To put both the data patterns and voice passages on master tapes, 
the support system called Automatic Data Entry Console (ADEC) was 
designed (Fig. 9), and two custom-built systems were provided to the 
AT&T training organization. This system has the capability of editing 
tapes and synchronizing the recording of voice and data to accurately 
simulate actual calls. It is updated and modified as required to provide 
new features. In order to produce master tapes, a narrative script is 
provided by the AT&T operator training organization to a professional 
recording studio which in turn produces a voice master tape. The voice 
master tape is used by the ADEC to generate the combined master tape 
consisting of voice passages and data tones on separate tracks. The 
generating of these tapes can call for several revisions to achieve 
realistic simulations (Fig. 10). 

The combined master tape provided by this system is then trans­
mitted to Western Electric for quality control. Commercial suppliers 
provide cassette copies of the master tapes for use by the telephone 
companies. Tight specifications on the generation of the master tape 
and on the cassette duplication process are required to provide ade­
quate operating margins in the use of audio cassette technology for 
the basic input to the control system. 

The use of the ADEC system has been beneficial in providing capa-
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bilities for modifying and generating new training tapes not previously 
available with the older trainers. Requirements for training have been 
expanding continuously, and since the introduction of this system the 
production of training tapes has greatly improved. 
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