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By R. W. Hodgers, Jr., Vice President
Planning & Engineering Operation

It hos been juat one year since Weslern Union began the physical con-
solidation of the monpower and resowrces devoted to new services develop-
ment and facilities modernization at the Western Union Teehnology Center
in Mahwah, New Jersey. The Center, which iz linked to the noafionwide
radio beam communications network by the tower pictured on the eover
of this issue of TECHNICAL REVIEW, today houses several hundred
gspecialized technical and profesgional support personnel.

Visitors who four this new Company facility—growps ranging from Wall
Street securities enalysis to representatives of communicationg industries
in countries as distent as Australio and Japan—express genuine apprecit-
tion for the opportunity to see a side of Western Union which is not fo-

miliar to many of owr customers and friends,

I think the beginning of our zecond year of operation af the Technology
Center is an appropricte time to desceribe hriefly for the readers of TECH-
NICAL REVIEW the program and planning efforts underwaoy here,

I believe that every reader of this publication is aware thet the Company
hos heen engoged for some time wow in modernizing ond expoanding ifs
facilities, and planning for new services, to meet the growing requirements
for message and date communications, The gh vriovily being given to this

effort is bosed on the simple fact of the substantial opporfunity represented
By oue industry's growth.

studies of the volume of traffic handled over common carrier focilities
wndicate that there hos been approrimately a 30 per cent inecrense in Rum-
ber af words carvied during the 12-year period between 18955 and 1967,
Forecasts indiceate that the indusfry will mateh thoat 500 pey cent growth
by 1872, The challenge we foce in this industry i3 to mointain owr cwrrent
afferings, with improved speed and guality of serviee, while we develop
the resources—nhoth in tnereased foeiity capaeily and tn new services—Ito

meet these exploding requirements.
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Chur traditional business of Western Union has been the information
transportation business. We have been the moving company of the inf orma-
tion industry, with the key choraeteristic being our acceptance of the total
responsibility for a customer message, from the time it is recetved into our
system wntil final delivery, We also have responsibility for the development,
maintenance and operation of whatever facilities are needed to do this Jjob.

With the introduetion of Telex, we began to provide an information trans-
mission service, wherein our role is to provide a path over which the
customer sends his own message,

The eommercial systems and government computerized communications
systems, we have been providing for several wears, give the cnstomer the
ability to handle hoth transportation and transmizsion funetions,

That was where we stood before the ( ‘ompany's modernization programs
were initioted. Sinee then, the Phase 1 Modernization Program hos Juod
several results: we have added Hot/Line and Broadband to owr transmis-
glon services; we have designed and installed commercial eompiter thifor-
mation transportation’/ transmission systems and, most recently, Western
Union has begun to offer computerized, shared sevvices. the new breed of
information transportation services.

There are three types of shaved services in the Phase I Modernization
Erogram: Telex Computer Communications Service ( TCCS ), Securities
I'ndustry Communications (SICOM ), and INFOCOM™ for the general
rpOse USer,

On Januwary 1 of thiz year, the TOCS service waz cut over, It is being
cepanded as rapidly as customers ean be frained, SICOM will o into opera-
tion shortly. INFO-COM 100, with a 1200-terminal egricity—half of which
already has been reserved—is now seheduled for eutover affer mid-year.

In addition, using the TCCS capability, we have been able to introduce
experimentally the sending of Public Message book messages directly into
the computer, bypassing the tnput reperforator, and then automatically
routing, by eity and state address, through the output reperforator to the
proper public office for final delivery.

™ Westarn Union Trade Mark
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Theze initial new gervices all fall within the information transportation
and transmission categories. They are coming on stream as the result of
the first phase in the implementation of owr total “Integrated Message/
Date System” eoncept.

In Phase I of the Modernization Program, the matn thrust is moderniza-
tion of the Public Message System, as well as expansion of INFO-COM into
higher speed dutn services and awtomation of our internal data processing
—particularly that associoted with message billing and accounting. The
Plase I planning also will take into account the outcome of our negotiations
for acquisition of TWX.

The objective of Public Message System modernization in Phasge IT iz to
improve service while effecting ecost savings, Computerization of our fa-
ctlity will allow us to attack PMS costs—those associated with cross office
handling, reperforator operation and billing and accounting, In addition,
the ecomputerized network will give us a better basiz for attacking the
largest area of cost—rterminal handling.

Establishing a computerized network, however, is only part of the PMS
improvement effort. I want to mention two service improvement and cost
reduction projects. First is tmproved telephone answering through cen-
tralization, already underway by the Public Office Operation. In the New
England area, call diverters are now being used to automatically switeh
phone traffic from local offices—iwhen these offices are busy or closed—to
central office. Tie line centralization also is planned to perwit opevation of

teleprinters and faczimile from greater distonces at lower transmission
eagly, Several other service improvement projects will be carried ot con-
currently with the computer segment of the modernization effort.

As we progress through the various stages of our program to implement
the “Integrated Message/ Data System” concept, we are moving cloger and
closer to our eventual goal. This goal is to have total integration of Western
Union systems and services, permitting our customers—whether in a pub-
lic office, o Telex station, INFO.COM subseriber site or private terminal
—to be able to eommunicate with each other and derive a useful service
witder control of the common, flexible facility we provide for them.,
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Modeling and Simulating th

To Simulate or Not??2?

The classical method of solving a scientific
prablem is to express its essential characteristics
in terms of formal equations or in terms of a
controlled laboratory experiment. This procedure
is frequently referred to as constructing a ““model”
of the real problem.

Many problems can be formulated and solved
entirely in terms of mathematical equations; but
frequently complex system problems cannot be
solved in this way. Consequently, they must be
solved by an experimental method. This laboratory
experimental method is often impossible or pro-
hibitively expensive with large, complex systems.
Another method, now popular in large systems, has
been found to overcome some of these difficulties:
it involves the development of a computer pro-
gram which imitates the system under study in
a simplified way. By this method called, "‘Simula-
tion,” system experiments can be carried out on
the “model” represented by the computer pro.
gram rather than on the system itself. It provides
a method of testing, interpreting and evaluating
the solutions to system problems for study by the
analyst or designer.

GPSS

To facilitate the development of computer pro-
grams for simulation, many programming lan.
guages have been developed that are general pur.
pose in application but contain many special
features convenient to “‘simulation” work. An
example of one of the most important and widely
used of these "programming languages or sys-
tems" is the General Purpose Systems Simulator,
GPS3. It was developed by Geoffrey Gordon of
IBEM and is particularly useful in preparing pro-
grams that simulate traffic-handling systems. The
system to be simulated is generally broken down
in terms of special "block diagrams.”" The user
must be familiar with the rules by which these
block diagrams are to be constructed. The output

of the GPSS provides information on:

L. the volume of traffic flowing through sec-
tions of the system, '

2. the distribution of transit times for the
traffic flowing through sections of the sys-
tem,

3. the average utilization of elements in the
system,

4. the maximum and average queue lengths at
selected points in the system.

Inputs to the Model

Various statistical and probability techniques
may be introduced into the “‘model,” many levels
of priority may be assigned to selected units of
traffic and complex logical decisions may be made
during the simulation. The interdependence of the
variables in the system, such as: queue lengths,
input rates, and processing time can be simulated

Simulation Languages

Some of the other languages developed for
computer simulation are: SIMSCRIPT, SIMPAC,
SIMULA, CL-1, GASP and DYNAMO. A description
and comparison of the features and application of
these languages is beyond the scope of this
article. However, they may be found in current
literature,

Criteria for Decision

A decision between using an analytical model
and simulation requires a detailed understanding |
of the nature and characteristics of the complex |
problem to be solved. However, some general con-
siderations should be followed before making such
a decision.

If the problem is amenable to mathematical
analysis and a relatively simple analytical model
can be formulated, results can be obtained in
much less time and at lower cost than with |
simulation, On the other hand, if too much sim.
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ISCS-Phase | Processing Center

plification is required to “make the problem fit
the model” the results will not be sufficiently
accurate to provide useful information.

Simulation is not a panacea but rather a last
resort. It 15 to be used for problems where no
satisfactory mathematical solution can be formu-
lated. This may occur because the problem is
logically complex, non-linear, discrete, contains
probabilistic elements or too many variables. In
such a case, simulation can provide a model that
more closely resembles the actual system, can
include analytic submodels, provides flexibility of
detail and results in the form of a time history with
variable time increments. On the other hand, it
does not provide "optimal” sclutions, except by
extensive parametric computer runs. It is costly
in terms of computer and man time and requires
highly skilled analysts and programmers. In ad-
dition, it generally requires voluminous input data
and results are frequently difficult to verify.

While the use of simulation techniques has
risen dramatically over the past five years, a word
of caution on this trend is in order. Although
simulation does, in fact, significantly assist in the
solution of many problems, its arbitrary use,
rather than a balanced use of analytic and simula-
tion techniques, is to be avoided. W

Mr., B. WailZzer, Direcltor of
Systems Anglysis of the Wesl-
em  Union Systems Projects
'::'Flﬂrﬂl'lﬂl'h 5 responsible tor
ine design and performance
analysis of |5CS Systams. His
17 yrs. diversified axpariance jn
computer sysiems has made
him an suthority in this fleld.

B. Weitzer
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By F. R. Hanvey, Jr.

The following article describes the com-
puter simulation of the Western Unlon I1SCS

Fhase | Processing Center. The complexity of
the PC was the major reason for electing the
simulation approach for that study. It would
have been possible to analyze only isolated
parts of the system, or a wvery simplified
model of it, had it been studied analytically.
The simulation model, on the other hand, is
a more accurate and comprehensive image
of the PC, It provides a means of observing
the entire system in operation, including the
i;terli;f:c.e relations among separate parts of
the .

Modernization Program

Western Union has embarked on a moderniza-
tion program to redesign its plant facilities for
expanding record communication services. This
modernization is designed to improve the speed,
quality and interchange capabilities of the present
communication system facility. This program will
ultimately provide an Integrated Message/Data
System (IMDS) capable of full message switching
interchange; the necessary new plant facility will
be a base for extensions of existing services, for
a new family of shared services, and will provide
growth capability into totally new message/data
SEMVICE areas.

One of the first stages of this development of an
integrated Message/Data System is called the
ISCS-Phase | System, which consists of computer-
based processing and communication centers
providing nation-wide, rapid, automatic record
message interchange on a store-and-forward basis
for Telex-to-Telex and Telex-to-TWX and Telex-to-
PMS subscribers. In addition, 1SC5-Phase | pro-
vides an initial INFOCOM service, a standardized
store-and-forward message switching service per-
mitting subscribers to maintain an apparent pri-
vate, computerized, message switch system, while
using the Western Union communication plant for
actual message transmission. The INFOCOM sub-
scriber may relay information to the Telex, TWX
and Public Message System through 15CS5-Phase |.
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The heart of the computing capability of the
Phase | system is the UNIVAC 418 computer,
which is utilized for both the Communication
Center (CC); and the Processing Center (PC)
functions. The 418 Communication Centers consist
of UNIVAC 418 main frames with communication
subsystems necessary to interface these with the
communication lines. No peripherals are employea
at the Communication Center for “on-line” mes-
sage switching operations. The CC performs all
of the repetitive communications functions as-
sociated with terminal servicing and line interplay
and it also responds to message routing indica-
tors to direct an input message to the proper PC
for processing. The processing center (PC) is a
UNIVAC 418 computer with a full line of peripheral
devices, i.e. drums, tapes, etc. It performs all of
the logical functions associated with the message,
such as in-transit storage, routing, header valida-
tion, journaling, billing, etc. This article concerns
itself with the modeling and the simulation of the
ISC5-Phase | processing center.

Why Simulate?

One of the major requirements for orderly de-
sign and development of any complex real-time
computer system is the ability to measure the
design status and the performance of the system
implied thereby. Additionally, one must be able
to predict the impact of design decisions be-
fore those decisions are implemented n hard-
ware or software. The typical techniques utilized
to provide these required measurement and pre-
diction capabilities include modeling, analysis and
simulation. For many problems, the analytical ap-
proach may be found superior to the simulation
approach, both in time required between problem
staterment and solution, and in terms of the insight
provided by the analysis itself. This article will
not attempt to compare simulation and analysis
nor to defend simulation as a technique often
superior to that of analysis. Instead, it will discuss
simulation as a technique reqguired in certain
instances where analysis cannot be effectively
employed for the entire system involved. This
situation was found in the evaluation of the ISCS-
Phase | PC performance characteristics.

Three conditions were found which prevented
the analysis approach from being effectively em-

ployed to evaluate the entire PC performance.
These were:

» Considerable complexity in the system model
and the interrelationships implied thereby.
This complexity is best exemplified by the
fact that the Central Processing Unit (CPUY
and the peripheral subsystem may both be
utilized simultanegusly in a time overlapping
manner. As of this time, simulation is the
only way to measure this overlap factor.

* Random characteristics of the traffic being
presented to the processing center, both in
terms of times of occurrence and traffic
character—such as message length, per-
centage of header, multiple address factor,
etc.

= The interdependence between system func-
tions and status within the model. i.e. the
waiting lines, or queues, which exist for one
program are functionally related to, and may
be entirely dependent upon, the time history
of the queues existing for, and the proc-
essing accomplished by, another program.

The foregoing three characteristics induced us
to utilize simulation as the major tool for per-
formance evaluation and prediction in the Phase-|
ISCS processing center. The potential ancillary
benefits to this decision are discussed briefly
below.

The model development required for simulation
happens to be a useful tool for monitoring the
system design progress and for displaying the
impact of “'system requirements’ decisions. As
the systemn design develops, so does the simula-
tion model. The timing estimates on model ele
ments, 1n many instances, can be viewed as
“coding budgets’ which the programmers may
try to meet. In a healthy design environment,
arguments will arise as to the merits of certain
algorithms, file structures or program priorities.
Simulation results of these modeled functions can
be of great value in deciding between approaches.,
Thus, a major by-product of any system modeling
exercise is that the detailed observations of the
system, necessary to create the model, inevitably
lead to a better understanding of the system
itself, and usually to suggestions for improvement
which would otherwise not become available. This
has been the case in the Phase-l PC modeling and
simulation reported upon in this article.
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The Simulation Model

The starting point for a useful simulation model
iI5 a detailed flow diagram depicting all system
functional operations, interaction paths and basic
logic constraints. For a Processing Center as
complicated as 1SCS-l, such a diagram required
a large wall for display and many volumes of
explanatory material for understanding. Some in-
sight into the complexity involved in the myriad
PC operations may be read in another article in
this issue of the TECHNMNICAL REVIEW dealing with
systemn checkout and test aids (TELTRAN, et al)
generated for the ISCS.| system. Suffice it to say
that a PC functional flow chart was generated in
the PC modeling process and that it was suffi-
ciently complex that it is inappropriate to attempt
an explication of it here.

As the modeling process continued, insight was
gained into various aspects of system operation,
such that certain model details could be omitted
and others could be combined. The result was a
PC simulation model compact enough to be
handled via GPS5—a General Purpose System
Simulation language developed by IBM and specifi-
cally tailored to traffic simulation. A simplified
functional block diagram of the simulation model
is5 shown in Figure 1. (Note that Fig. 1 is annotated
with operationally oriented statements, plus some
GPS55 code oriented statements).

The GPSS code actually implemented for this
model was developed by the Western Union Analyt-
ical Services a subsection of Systems Analysis. It
turned out to be rather unusual in two interesting
respects, First, the simulation of ''n'" minutes of
traffic may be accomplished in significantly less
than "'n"" minutes of IBEM 7094 time. Most "'com-
plex’” simulations require considerable moare com-
puter time to simulate a unit of real time. Secondly,
the GPSS code was large and complex, as measured
by nominal GPSS program sizes. This latter situa-
tion was discovered at the first Annual Conference
on “Applications of Simulation Using GPS5" held
in Mew York City on November 13-14, 1967 under
the auspices of the |EEE Systems Science and
Cybernetics Group. Some 500 GPSS users, de-
votees, and interested parties attended this con-
ference. In one of the working sessions, a straw
pole was taken on the sizes and complexities of
the GPSS programs of which the members of the
audience had any knowledge. In this straw pole
the Western Union PC simulation was the third
largest GPSS application identified. The fact that

TECHNICAL REVIEW

this GPSS code, which was both efficient and com-
plex, was generated and checked out in an interval
of approximately three months speaks as testi-
mony to Western Union's capability in this area
and the efficacy of the GPSS5 simulation approach.

Before any specific simulation results are dis-
cussed, a brief tour will be taken through Figure
1, in order to emphasize the significance of these
results. It should be noted, at this point. that
Figure 1 does not include any details of the
executive system’s interaction with the message
switching apphcation programs. These interactions
were omitted from the figure to make it more
readily understandable.

A Typical Message Switch

The ISCS-| CC interfaces with the message
input and output communication lines and multi-
plexes the indmvidual message data streams into
a form usable by the PC, In so doing the CC col-
lects characters for an individual input message
and then ships these forward to the PC, a "block’
at a time, The operation of the CC is shown at the
top left of Figure 1 in the box labelled “Generate
Message Data.'' This box provides the basic
driving function of the simulation, e.g. messages/
sec input to the PC, Most of the significant results
of the simulation are plotted against this msg/sec,
argument.

The blocks which are delivered from the CC to
the PC are initially placed into 2 comman buffering
pool of storage while awaiting processing. This
storage pool is shown as the “Block Storage
Pool™ in Figure 1. The storage area set aside for
this pool is one of the major system design
parameters, since it must be large enough to hold
(temporarily) all traffic presented to it; and as
traffic rates rise, so do the storage requirements
The management of the block storage pool con.
tents and block address allocations falls under the
province of the Input Block Buffering program
shown on Figure 1.

IBB periodically removes blocks from the block
storage pool and sets up the processing required
for the block involved. If the block is the first
one for a particular message/connection, it is
known as the “Bid Block™ and it goes to the Bid
and Error Block Processing {BEBP) program
which acts as a monitor on the PC activity to pre-
vent disastrous loss of information {(messages)
through computer overload. If BEBP finds the PC

9
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too busy to accept new messages, it sends a mes-
sage back to the CC directing that the CC dis-
connect the new message line represented by the
Bid Block. Otherwise, BEBP directs the CC to
connect the line and continue to send message
blocks into the PC for processing. In any event,
the Bid Block does not contain message oriented
data—which will be found in the second and sub-
sequent blocks on an individual connection.

Assuming that a successful connection has
been made, the second block of a message re-
moved from the Block Storage Pool will contain
“Header" information. This information tells who
originated the message, where it is to be sent, etc.
This information must be analyzed to determine
whether or not it is adequate for ISCS-| to accept
the responsibility for message delivery with a
negligible probability of lost messages. This anal-
ysis is called “Header Validation” and is accom-
plished in the Input Process Switcher program
(the path shown on Fig. 1 as the left branch of
the IPS block, i.e. IPS-00). If the message contains
more than one delivery addressee for the common
text. (a Multiple Address message), then this
same analysis must be performed for each of the
addresses. The bookkeeping involved in multiple
address messages causes this analysis to require
a separate (but similar) routine (shown as the
right hand branch of the IPS block, i.e. IPS.02).

The other basic block type to be processed in
IPS is the “Text" block, which contains the basic
information being transmitted by the subscriber.
This block need only be examined for format error
conditions, and, if none are found, it may be
stored while awaiting forwarding to the addressee.
In the ISCS-1 PC this storage takes place on the
FASTRAND drum, a mass storage random access
device, which has approximately a 92-milliseconds-
per-access (either writing on or reading off) exe-
cution time. This numerical value is mentioned,
primarily, because it is a critical number in deter-
mining the maximum msg/sec throughput which
the PC can sustain.

Although the message is now stored awaiting
delivery, that delivery may require additicnal rout-
ing information if the message is of the TELEX-to-
PMS type. The processing to obtain this routing
information is called “City/State Routing”, a
separate box for which is shown in Figure 1. The
message delivery (from the PC) is accomplished
by the “Output Processing’’ program. For this
delivery, the message blocks are read from the
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FASTRAND drum and stored temporarily in the
Block Storage Pool prior to going to the CC for
delivery. This completes the basic loop of process-
ing in the PC.

Block Storage Pool Sizing

The simulation provides a myriad of detailed
results which were useful in the system evalua-
tion. The most basic of these deals with Block
Storage Pool Sizing.

The design goal for the ISCS:-Phase | PC was
that it should handle approximately 5,000 ran-
domly input messages per peak hour while out-
putting a like number. An average message may be
taken as approximately 300 alpha numeric char-
acters long for this goal statement (including all
header and control information). The block size
for CC to PC intercommunications was set very
early at 64 characters, 50 of which represent
message characters and 14 of which are used for
block identification and communications control.
Thus, the PC might expect to see approximately
30,000 input blocks over the peak traffic hour.
The basic question posed concerns the number
of blocks that need to be set aside in the block
storage pool to safely handle that load.

Figure 2 shows a plot of observed Block Stor-
age Pool contents as a function of average input

Tﬂﬂ|—

B

= aop|- |
/ .ll

ADg=

FRE-EHAULA TiaW S

#oe—

oG — LEGEND

e, WA AW UM TEWTS
— —— HVERAGE CONTEMTS

BLOCK ESTORAGE COMTENTS-(numbers of Blacks |

ol T I T I |
[ F] 1 £ = 4 - [}

AVERAGE MESSAGE TRAFFIC Ra TE =i thivigands af me SSOQES o P

Figure 2—Plot of Observed Block Storage Pool
vs, Average Input Traffic
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traffic for the simulation runs. The blocks involve
both input and output block buffering. Figure 2
points out that over 525 blocks must be set aside
for this block buffering at the design goal traffic
of 5000 messages per hour. This may be con-
trasted with the 223 blocks set aside for this
purpose prior to the availability of the simulation
results.

Also, it may be noted from the figure that, at
the design goal, the rate of increase in BSP re-
quirements for increasing traffic is quite steep.

This is typical of the queues which exist in systems
approaching maximum capacity. Thus, we con-
clude that the design goal can be achieved.
Figure 2 induces us to look further into the specif-
ic element that is limiting the maximum traffic
to approximately the design goal.

The foregoing question may be examined rather
simply in the simulation, merely by changing in-
dividual timing elements and re-running the
simulation. The resulting runs showed very clearly
that the maximum PC capacity could be increased

Flg. 3—ISCS-Phase Il System at the New Technology Center in Mahwah, N. J;

TECHMICAL REVIEW
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by a factor of approximately 1.5 if we could lower
sufficiently the 92 millisecond average FASTRAND
access time. Further examination showed why
this is true.

As the PC programming is structured, the Input
Process Switcher may be working on one, and
only one, message block at a time. Also, if IPS
makes an |/0 call to FASTRAND, it suspends
further processing until the 1/0 response is com-
pleted. Thus, we have input blocks waiting for
service from IPS, and IPS is waiting for service
from FASTRAND. Therefore, speeding up the aver-
age access to the drum would result in lower
total waiting time, and, therefore, shorter waiting
lines in the Block Storage Pool.

Armed with this information, we may recom-
mend that future PCs, with higher design goals,
be structured with more of a parallel multi-pro-
gram environment, and that a large number of
accesses to relatively slow peripherals be avoided,
These suggestions are not particularly astound-
ing in themselves, but they tend to carry more
weight when the simulation justifies them with
actual cases.

Epilogue and Prologue

The PC simulation proved to be an extremely
valuable tool for evaluating the design of the

IMDS-Phase | system. Specific recommendations
forthcoming from that evaluation are now being
implemented in the system. Even greater benefits
are envisioned from simulation for the planned
ISC5-Phase Il system. This is partially true be-
cause of the increased magnitude of the message
switching job, (86,000 msg/hr.-system), and
partially true because we plan to obtain the bene-
fits of sharing peripherals (drums, etc.) in a
“Multi-processor'’ environment. The ISCS-Phase ||
system will employ high-speed 3rd generation
UNIVAC 1108 central processors with dual channel
peripheral access and with contention among the
CPUs (Central Processing Units) for peripheral
services. ISCS-Phase |l computer system equip-
ment is presently installed in the new Western
Union Technology Center in Mahwah, M. J., shown
in Figure 3. The added system complexity of 1SCS-
Il may be handled in its entirety via the combina-
tion of simulation techniques and this computer
equipment.
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Telex Computer Communications Service

and

Testing Techniques

Part |

by E. H. Primoff and F. C. Hilse

TCCS Hardware and Software

Fart I—describes the hardware and software used in the TCCE

programming system.
Part |l—describes the testing techhigues and the test tool TEL-
TRAN which iz covered in mora detail.

The Telex Computer Communications Service,
TCCS, previously known as ACTS, is a large,
complex, computerized store-and-forward message
switching system which connects several com-
puter systems by means of high-speed data trans-
mission lines. This service interfaces with the
existing services: Telex, TWX, and PMS, all of

which use different terminal equipment,

The TCCS programming system is a real-time

system having the following programming char-
acteristics:

Critical response time—real time
Input rate—medium

Number of input types—Iow
Priorities—mixed*
Reliability—fail soft

*pined priority means—messages are quedsd on a fiest-in first-
aut basis within 8 priority category [ie. rush or normal). Alsao,
message switching procesds with a finite number of tasks, sach
with an implied prigrity, for 8 given message,

TECHNICAL REVIEW

Characteristics of TCCS

TCCS enlarges the capacity of Western Union's
message switching services. In addition, it en-
hances billing functions, automatic record keeping
and message switching of our Telex customers.
Telex users may send messages to other services
such as TWX and PMS.

The Telex Computer Communications Service
interfaces with the three following networks, at
different speeds:

a) With the Telex network at 50 baud with 7.5

unit character frame in baudot code;

by With the TWX network at 110 baud with an

11 unit character frame in 8 level code
{ASCID; and
¢) With the Public Message System at 75 words
per minute, with 7.42 unit start-stop 5 level
code.
In TCCS, data transfer between CCs is at 2400
baud on full duplex lines.

Internal control of TCCS by Western Union re-
quires four types of supervisory positions at each
computer site.

a) 1P

At the Input Intercept Position ASR 35 sets
transmit at 110 baud with an 11 unit char-
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b)

d)

acter frame in 8 level code (ASCI). This
position is used for message retrievals,
amended headers and normal input mes-
Sages.

OIP

At the Output Intercept Position the same
type of ASR sets as above in (a) are used.
The position provides printouts of accepted
message headers with correctable errors
and printouts of retrieved messages.

SAP

At the Supervisory Acknowledgment Posi-
tion, ASR 28 sets are used to receive at 100
words per minute in baudot code. This posi-
tion receives acceptance or rejection mes-
sages on input disconnects.

CLP

At the Communication Log Printer, Klein-
schmidt RO devices are used to receive at
272.7 words per minute (300 baud). This
position is used for recording system status
reports and error indications,

TCCS Hardware

The TCCS Message Switching System has 12
computers, located at New York, Chicago, San
Francisco, and Atlanta. As shown in Figure 1, at
MNew York, Chicago, and San Francisco there are
3 computers, 1 CC, 1 PC and 1 Standby. At New
York, there is an additional remote CC, shown as
NYC2. Atlanta has only 2 computers, 1 CC and
1 Standby. The Standby at New York, Chicago, and
San Francisco may be used as a CC or a PC.

The CC computer is a Central Processing Unit
(CPU) with up to 5 multiplexers for handling the
communication lines. Thus, the CC serves as a
message concentrator.

The Central Processing Unit is a UNIVAC 418
computer having 65K 18-bit words of core mem-
ory storage and up to 16 Input /Output channels.
The CPU includes a day clock and delta clock, one
active index register, 12 bit addressing, and a
2 microsecond storage cycle time.

PC OR CC
STANDEY

SAN FRAN !

—

PC

PC OR CC | PC OR CC
STANDBY | STANDEY
CHICAGD NLY.C,

‘ ce ﬁc
| ATLANTA
| ce
I STANDBY NYC2
[
PUBLIC MESSAGE
DIRECTLY TWX
TERMIMALS: TELEX SERVICE
CONNECTED RECEIVE
{ RECEIVE OMLY) ‘ .

Fig. 1—TCCS Message Switching System
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The PC computer comprises a CPU, six tapes
of the VI C variety, a FASTRAND Il and an FH
330 drum. 1004 subsystems were available for
aid in program development and debugging.

All CCs are interconnected by full duplex 2400
baud lines. Each CC at New York, Chicago and
San Francisco has a dedicated PC for Telex input
traffic and a table of alternate routes in the event
of line failure.

Character Codes

Various character codes are used in the TCCS.
These are shown in Table |,

Table |
Code Function
Baudot Low speed—CLP, TLX,
PMS, SAP
ASCI Low speed—TWXK, 1IP, OIP
ASCIH High speed—CC to CC
Xs-3 1004
Fieldata 418 console

internal software control
errar detecting
Day Clock

Dense graphic binary
Rotating Harmming
Special internal BCD

Inputs/Qutputs

The system inputs are Multiple Address, Single
Address, or Multiple Message per connection. Mul-
tiple Message means more than one single address
message in a given connection.

The system outputs are messages to the TELEX
subscribers, to Public Message Service and TWX
subscribers.

Additional outputs provide an historical record
of message switching for on-line retrieval, off-line
billing, and legal purposes. In order to do this,
the TCCS maintains six journals plus statistical
and recovery information.

a) The Input Journal is routing line oriented
and provides a header record for every
message accepted by the PC.

b) The Reference Journal provides a record of
the header and text received by the PC.

¢) The Error Journal provides a record of ad-
dressees of messages received at the PG
but which have errors preventing routing
and delivery.

d) The MCF Journal is message oriented and
consists of the Message Control Packet,
one for each single address, multiple ad-
dress, and one for each multiple message
on single connect.

TECHNICAL REVIEW

e) The Output Journal identifies every message
successfully transmitted by the PC. It is the
principal source of billing information.

f1 The Bid-Acknewledge Journal provides in-
formation about CC to PC Bids and PC
Acknowledgements to the CC. This journal
iIs connection oriented.

Message Formats for Input

A general description of Telex input single-ad-
dress and multiple-address message formats im-
plies processing breakpoints. Generally, fields
within a logical line are delineated by spaces.
Physical lines are terminated by the two charac-
ters (CR) (LF) or (LF) (CR).

A single address (SA) message has the follow-
ing six basic segments

1) SOM line

2) Service line and primary routing for TLX,

TWX

3) Secondary routing for TLX, TWX and pri-

mary routing for PMS

4) End of routing indicator (or beginning of

text)

5) Text

6) End of Text indicator

In more detail, these six segments may be
written as follows:

1) ZCZC OMN PR NL COLLECT CSDATE (CR)
(LF)

2) SVC DIALCODE AB (CR) (LF) or SVC FREE
(CR} (LF)

3) 5R (CR) (LF)

4) BT (CR) (LF)

2) TEXT

B) NMNNMN

Lines 1 through 4 comprise the header.

Explanation

Line 1—ZCZC is the start of message sequence.

—OMM is an griginator assigned message number,
OMM is optional on one SA message peér con-
nect. It is required in multiple address (MA)
messages and more than one 5A message per
connect,

—FPR is an optional priority designator which may
be R {rush} or N {narmal) or C {rush for special
system wusage).

—ML {might letter) and collect are optional billing
indicators.

=CSDATE 15 ocriginators city and state with date
and is used for PMS.

17




Line 2=—3VC may be TLX, TWX, or PM5.

—DIALCODE and destination answerback (AB) are
used for TLX and TWX. FREE is used for FMS
and may be any wuser specified words {within
certain format restrictions.)

Line 32—35R is secondary routing which is optional for
TLX and TWX but reguired for PMS, In the latter
case it contains the city and state of the
destination.

Line 4=—BT is the beginning of text sequence.

Line &—MNMNMN is the end of message Indicator.

For a multiple address message one must have
a field containing the characters MA between the
ZCZC and the OMN. An example of MA con-
struction follows for N addresses:
1) First header
Text
MNMNMNM
2y Second header
3) Third header

43 Nth header
MNMMNMN

some of the restrictions that are necessary for

message construction are:

1) Header must not exceed 400 characters.

2) OMN's must be increasing numbers in suc-
cessive headers, where required.

3) Text must not exceed 15000 characters.

4) MNNN, ZCZC, or BT may not appear inside
the text.

How Messages Enter the System

The following steps indicate how a message is
entered into the TCCS;
Push Connect Button on terminal.
Dial indicator light will light when connec-
tion to Telex is available.
Dial the computer system.
Computer pre-message |D is typed out.
Originator's AB is triggered and typed out.
Enter message from punched tape or type-
in manually.
Acceptance (or rejection) message is typed
out.

Software Subsystem

The three main subsystem functions at a com-
puter node are:

a) CC processing

by PC/CC interface

£} PC processing

E) s

bl

-
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CC Processing

The CC handles high speed traffic with all other
computers in the system. It services input and
output on terminal lines, checks input message
character stream formats, converts characters
when necessary for internal processing form, buf-
fers input from low speed lines into blocks for
high speed transmission and processes blocks
for output to low speed lines.

Each CC gueues up to 10 blocks for output to
each of the other CC's, An acknowledgement
waiting table containing Block Serial Number
(BSN), block address, and time of transmission
out 15 kept. Each 32 word block transmitted out
must be acknowledged by the receiving CC. In
addition, the BSN and Terminal Sequence Num-
ber (TSN) sequences must be maintained.

When blocks are not acknowledged, BSN's are
not sequential, or TSN's are not sequential, the
blocks are dropped and appropriate error action
15 taken.

Idle Blocks are sent to maintain high speed line
activity and acknowledge prior blocks.

PC/CC Interface

At nodes with both CC and PC computers the
CC is connected to the PC by a high speed core to
core coupler, The PC/CC interplay function per-
mits connectivity between input/output lines and
the PC computer. Throughput control is super-
vised on both sides of the coupler. Information
is passed to and from the PC in a standard com-
munication block format used on high speed
lines (see high speed processing). Blocks are
used to transmit messages as well as intersystem
control data. For example, there are error noti-
fication blocks and threshold status blocks.

PC Processing

The PC software is composed of two sets of

programs.

1) One set contains the executive function and
a group of routines known as the commu-
nication input and output control (CIOC)
programs.

2) The other set constitutes the applications or
message switching programs. These in turn
are split into an input processing part and
an output processing part.

The PC computer accepts buffered message
blocks from the CC for message switching. Book

WESTERN UNION




(MA) messages are partitioned by routing line
(address) to create complete output messages
for transmission. Messages are transformed (in
the header, mainly) into a form acceptable to the
TLX, TWX and PMS systems and buffered out of
the PC at time intervals consistent with line
speeds. For each message, journals are created
by the PC for various off-line processes and re-
covery or retrieval when necessary.

The PC message switching programs operate
under the control of a real time multiprogramming
Western Union PC Executive, in a demand environ-
ment. The basic functions of the PC executive
are Time Control, Input/Output Handling, Inter-
rupt Processing, Interprogram Communication,
and Process Schedule control. This system has
a roadblock table (RBT), which may contain as
many as &4 programs.

The roadblock table (RBT) is repeatedly scanned
by the switcher (part of the executive) which en
ables execution of programs scheduled for opera-
tion. The latter is accomplished in one of two ways
(not both for a specific program): 1) by means of a
call which is accomplished by using a program fault
instruction. The executive analyzes the call packet
following the faulting location and sets a switch (ir
the appropriate slot of the RBT) for execution.
When the switcher reaches that location during
its scan of the RBT, the called program will be
executed. The calling program will be left in a
busy state unless an end of job indication is set
in the call packet, 2) by means of the Time-To-
Go (TTG) table maintained for the programs.
Every 15 milliseconds {ms) there is a delta clock
interrupt and, at that time, all timeto-go's are
decremented by 15 ms. Whenever the TTG for a
specific program goes nonpositive, the corres-
ponding switch is set for execution in the RBT.
This processor returns to the switcher when its
time chores are done. When a program is inter-
rupted, its parameters and place-to-re-enter are
saved. Monitor and external function interrupts
for the various 1/0 channels are handled by the
executive interrupt processors. When a program
calls for 1/0 service on a device, its request is
entered on a queue assigned to that device. The
/O program called will, in turn, fault to the
executive with a temporary “end-of-job'" after
initiating the 1/0 transfer enabling the switcher
to execute other programs. 1/0 completion is
indicated by an interrupt which is linked by chan-
nel number to the 1/0 call.

TECHNICAL REVIEW

Only some of the programs on the RBT are
initiated periodically. This is accomplished by
maintaining a finite TTG value between execu-
tions. Other programs have effectively “infinite"
TTGs.

The periodic programs include routines that
control 1/0 block transmission across the coup-
ler, error processing, city state (for PMS) routing,
output queue processing, recovery information
dumps and TELTRAN test data |/0.

First in the RBT (after the time control routine)
are the 1/0 handlers which are followed by com-
munication block 1/0 handling routines. The ap-
plication (message switching programs) and test
routines are next,

System Parameters

There are certain important system parameters
that are used to control and trigger significant
software functions.

The following list of some parameters is espe-
cially interesting for test functions:

1. CC trunk connect number (CCTCN).
Block sequence number (BSN).
Terminal sequence number (TSM).
Start of Message character (SOM).
Beginning of Text character (BT).

End of Message character (EQOM).
End of Transmission character (EOT).
PC internal sequence number (PCISN).

9. Ready to Compute indicator (RTC).

10. Routing line sequential count (RLSC).

11. Error notification characters.

12. Time stamps.

13. Slot number,

The CCTCN establishes a unique identification
for a connection of a trunk line to a CC. It is as-
sociated with each message on the connection
throughout the CC and PC. The CCTCN contains
the Julian date, the local CC identifier (to which
the line is connected), the trunk or line number

and a unique connection number assigned by the
CC sequentially to connections.
The BSN is used for high speed sequential

block transmission control relative to 1/0 transfer
queues.

The TSN is used for high speed sequential
bloeck transmission control relative to an associ-
ated terminal connection.

L B~
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The special 8 bit characters (SOM), (ET) and
(EOM) are inserted in the message stream (at
the CC) when the associated message character
sequences occur on input. Character packing in
the 32 word communication block is terminated
(for BT and EOM) and a Ready-to-Compute bit
is set in the control portion of the block. The
latter is then queued up for transmission to the
PC.

The EOT is a special character, similar to the
above, used when transmission on an input line
ceases legally.

A unigue PCISN is assigned when each mes-
sage enters the PC.

When the PC detects an RTC bit in an input
block, a well defined message portion may be
processed.

The RLSC is used for the control in the PC of
multiple routing lines (such as for MA messages).

The Error Motification Characters are special 8
kit characters that appear in communication
blocks to notify the other computer at a node of
an error condition.

Time stamps are made in the CC at the occur-
rence of SOM, BT, and EOM. These are placed in
two characters preceding the associated special
characters. Time stamps are used in the compu-
tation of message billing by off-line programs.

The PC (in CIOC area) maintains a table of
Slot Mumbers for processing control associated
with a line connection at the CC. This number is
used as an associative pointer to data and control
relating to a specific message portion (see RTC)
on a unique connection.

In addition to the above parameters, the rout-
ing lines and originators' answerbacks (AB), are
also important.

Message Transfer—Message Process Loop

TCCS message transfer is initiated when a
TELEX subscriber terminal dials the computer
requesting a connect. The TCCS transmits a
premessage header and requests the subscriber's
answerback.

While the subscriber terminal begins inputting
characters, the CC transmits a Bid containing the
CC trunk connect number to the appropriate PC.
If a connect is received, the CC Low Speed Pro-
grams scan the input characters for the SOM in-
dicator within 48 characters. If a connect is not
received, the terminal is disconnected.

20

The SOM sequence is recorded (with the time
and special SOM character) and the scan is con-
tinued for the BT condition. The characters are
converted to ASCIH, if not in ASCIl, and packed 2
char /word.

The CC High Speed Programs transfer data in
32 word blocks (containing < 50 characters) to

the co-located PC over the ICC (inter-computer
coupler) or to the appropriate PC via another CC.

Detection of the BT indicator, EOM indicator,
and any following indicators will result in a RTC
(Ready to Compute) Flag being set in the input
stream (actually, in the control portion of the 32
word block).

The message is passed via communication In-
put /Output control programs in the PC to the
Input Application Programs which perform the
following functions:

a) validate the routing information.

b} record the routing and internal control in-
formation in the MCP (one for each mes-
sage) and Qutput Control Packet (OCP)
(one for each routing line).

c) Create journals.

d} Transmit an acceptance or rejection mes.
sage to the subscriber terminal.

@) Enter reference to message on an output
queue.

Periodically the Output Application programs
scan a series of output queues and build a bid
block for each output message. The CIOC pro-
grams transmit the Bid to the co-located CC. If
the Bid is for a device associated with this co-
located CC, a connection is established over the
multiplexor lines. When a connection is estab-
lished to the device, a connect block containing
CC output trunk number and CC message se-
quence number is sent to the PC. The CC High
Speed Programs transmit the Bid to another CC,
if the bid specifies another CC.

The Output Application Programs record con-
nect block information, read text from the FAST-
RAND, and give the text to CIOC, Assignment of
BSN & TSN, and data transmission timing is done
by CIOC.

When the data is delivered to the destination de-
vice, an acknowledgement block is sent to the PC.

Receipt of the acknowledgement by the PC
causes an output journal entry, thus verifying that
the message has been delivered. The message
is retransmitted later as a suspected duplicate, if
the acknowledgment is not received from the CC.
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Part 1l

Testing and Debugging the TCCS

MSTT and TELTRAN

The two devices used successfully to test the TCCS-Phase | were the MSTT and TELTRAM. The
Message Switching Test Tool is a tool which includes an environment remate terminal simulator.
TELTRAN is a language and processor developed to test the TCCS. It prepares the test data in a

form which can readily be interfaced with the MSTT.

The first stage of PC testing was debugging,
prior to getting the TCCS system to cycle. After
that, testing was concerned with monitoring and
verifying the PC message processing loop (MPL).
MPL tests were successively run through the
stages of single thread, multi-thread, medium
load and high load testing. For all of these tests
normal processing and error processing were
both exercised. During the runs, various test
points such as important system parameters,
message control packets (MCPs), output control
packets (OCPs) and journal packets were ex-
amined. In simulator runs using TELTRAN input
and the environment simulator, SAP, OIP and
CLP output were recorded on the CC console
typewriter.

One area in which the test simulator proved
to be of great use was the introduction of simul-
taneous inputs in quantity. Some intricate timing
problems were solved here.

It is characteristic of real time message switch-
ing systems that high loads tend to uncover proh-
lems not noticed during low load activity. Here
the MSTT was significant.

The Message Switching Test Tool, MSTT, is
used to test and exercise the PC from the CC side
of the TCCS (ie. across the coupler hook-up).
The PC is more amenable to simulated testing
than the CC, because the PC is farther removed
from communication line interaction. In a sense
the PC is not considered as “real time" as the
CC by definition of the CC function.

The MSTT provided valuable timing data rele-
vant to PC throughput capabilities, One advantage
of the MSTT is that ““one person’ can exercise the
PC system by simulating many simultaneous dif-
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ferent input messages on different lines. All he
needs is the CC-PC hardware configuration, PC
software and the MSTT with TELTRAN derived
input.

A library of Test Messages for the purpose of
thorough system validation was generated. Some
of these messages can be used for timing and
throughput studies. Another set of messages
was created for off-line billing tests, with dif-
ferent originators and different addressees. SOM
line variations, text size variations, and all grades
of service were included in the test.

One type of test run, Real Time Recovery,
which was of great significance, interfaced very
nicely with the full real time system. The PC,
under control of the MSTT, read in TELTRAN test
data with the output processing part of the MPL
shut off. The resulting journal tapes were saved,
and real time system recovery from tapes was suc-
cessfully run with output turned on, thus pro-
viding significant recovery program tests.

The Phase | testing required the development
of three basic areas.

a) MSTT

1. PC test programs

2. CC simulator (remote terminal simulator)
b) TELTRAN compiler

c) Post mortem analysis and edit programs.

MSTT

A general description of the operation of MSTT
follows. In Figure 2 a set of snaps and dumps
was incorporated into the message switching pro-
grams of the PC. Many different types of snaps
are available. Some of these snaps were |ocated
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at critical points of message processing. During
a run, these snaps, along with many octal dumps
are activated when the programs process a
message, starting with the beginning of input
processing and ending with the successful trans-
mission of the message out of the system. These
snaps and dumps are immediately moved to
“sate” buffers to preserve their timeliness, in a
real time environment.

PC Test Programs

When the test buffers are full, the PC test pro-
grams dump them onto a history tape (post mor-
termn information). Thus, the sequence of events can
be reviewed along with dumps of message control
packets, etc., for integrity after the run is com-
pleted. Each snap is accompanied by such data
items as the message line number, snap time,
a mnemonic identifier, the program that called
for the snap and the PC internal sequence num-
ber, when appropriate.

While Figure 2 illustrates the breakdown of
the operating use of the MSTT into Input, Mes-
sage Switching Environment and Output, it em-
phasizes the interaction of test data with a
Message Switching Environment.

In the Message Switching Environment one of
the PC test programs, the batch control monitor
(BCM), is used to select the desired test bhatch
on the FMT (Tape Control). After BCM initializes
for a run, another PC test program, the Input
Distributor, periodically reads one frame from
the FMT into the PC every 5 seconds (the amount
of time required to process one block on each
line). The Input Distributor sends these blocks
over the coupler to the CC remote terminal simu-
lator (CCSIM) where the blocks undergo some
final transformations. Then CCSIM transmits the
blocks to the PC as if they had resulted from
real CC system interaction with the input lines.
CCSIM communicates thereafter with the PC in
essentially the same way as the real CC programs.
Messages transiting CCSIM may be printed out
upon user option. When the Input Distributor
senses an end of batch mark on the FMT, mes-
sage input ceases for this batch, At the end of
all activity for this batch. the batch control moni-
tor writes an end of batch mark on the history
tape. At the end of any batch runs, the journal
tapes may be finalized and saved for off-line
analysis.

In the third operation Output {(off-system) the
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history tape and EET are used to analyze run
results. EET is the Expected Events Tape.

CC Simulator

In the second operation, the CC Simulator,
CCSIM, is used as an environment and remote
terminal simulator.? Its function is to provide a
dynamic interface with the PC from the point
of putting a bid block on queue for transmission
across the coupler. Test data is read in every 5
seconds from the FMT magnetic tape by the MSTT
input distributor (IPDIST) which resides in the
PC. IPDIST transmits test data blocks to the CC
computer over the coupler. CCSIM receives these
blocks and reblocks the data according to the
appearance of special characters such as BT and
EOM. Dynamic parameters such as the CC trunk
connect number, time stamps, RTC indicators and
BSN's are inserted. Thus, after some final trans-
formations, the blocks are shipped back to the
PC as if their contents had originated from live
terminals. The CCSIM must interact with all blocks
sent to the CC by the PC system. This includes
messages destined for trunk lines from output
processing in the PC.

A CCSIM option prints all incoming and out-
going blocks on the 1004, This is useful during
low load runs for debugging.

Messages destined for CLP, SAP or OIP are
printed on the CC console typewriter,

When the CC capacity (i.e. queues) is about to
be exceeded, CCSIM informs the input distributor
in the PC to stop test data input.

On any given “line,”" characters appearing be-
tween (EOT) and ZCZC are discarded. This pro-
vides an interarrival delay capability which is
utilized by TELTRAN.

TELTRAN

TELTRAN is a versatile compiler language used
to generate test data consisting of messages and
associated control information. It is a language
and processor developed to test the W. U. TCCS

Phase |. It prepares test data for the MSTT. The
input to the CC Simulator shown in operation 1,
Figure 2, is obtained via TELTRAN.

TELTRAN generates messages on magnetic
tapes in a suitable form to be used in testing
significant portions of store and forward message
switching systems. One of the output tapes can
be used to generate paper tape input for testing
a total live system from its various terminals.




Input
Input to TELTRAN is in a special source lan-
guage on cards or on tape. Each job is processed
as a batch with a source listing provided with
error comments if errors are detected. The output
of a run is a Raw Message Tape (RMT) and an
Expected Events Tape (EET optional). The RMT

contains all the messages generated for the cur-
rent batch in serial order.

Each message on the RMT appears as a series
of communication blocks. The first block simu-
lates the bid block and contains various origina-
tion parameters which are specified by the user
for each message. Message characters are con-
tained in sequence in the following blocks. These
blocks contain, in addition, user specified control
information such as the originating line number.
The blocks represent essentially the pre-simulated
non-dynamic information that would normally be
constructed by a “live"” CC computer. Also these
blocks are 32 words long and contain control

information along with message data in packed
ASCIl format.

The format followed is essentially that required
by the PC-CC communications programs. When
one requires message data from many lines simul-
taneously another program (Framer), sorts the
blocks (by line number) on the RMT to provide
up to one block per line. A logical frame is defined
as a set of from 1 to N (total # lines into com-
puter) communications blocks. The result of this
run is a framed message tape (FMT). On reading
one logical frame of data, one block (when it
exists) from each of the N lines is available im-
mediately. In addition to the three tapes men-
tioned (EET, FMT, RMT), various edits of the
message tapes are available. The RMT can be
used for subsystem check out and for creating
bulk punched paper tape (Baudot or ASCII) for
live terminal input tests. The FMT should be
used for MSTT operations, throughput studies
and load testing.

A more detailed diagram of operation 1, of
Figure 2, is illustrated in Figure 3.

The TELTRAN programs were written for a 65K
(core) Univac 418 with 1004 and tapes. A 330
drum is useful but not essential. The framing
program requires a 32K (core) Univac 418 with
1004, tapes and a FASTRAND. TELTRAN was
written in 418 FORTRAN and ART (assembly

language).
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TELTRAN Processor (the Compiler)

TELTRAN is a one pass compiler that operates
in batch mode. The user can compile and execute
as many batches as he desires in one run. The
compiler analyzes input as a continuous stream
of characters. This syntax analysis is driven by
a Turing Table with less than 50 active entries.
Quite thorough error analysis of the user's source
code is provided. The analyzed (parsed) source
code is handed over to the semantics routine
which generates object code, coordinates symbaol
tables and compiles a data dictionary which is to
be referenced by the object code during execu-
tion, as shown in Figure 3.

If the batch has no errors at the end of com-
pilation, it is executed interpretively so as to
manufacture the RMT and EET. Errors detected
during execution are logged for the user, to aid
him in producing error-free test data.

Characteristics of TELTRAN

Since most programmers are familiar with
FORTRAN, any other language with FORTRAN-
like statements is simple to comprehend. FOR-
TRAN is meant to provide the user with easy /0
control mixed with an ability to manipulate
formulas. Here the problem of dealing with mes-
sages and message segments required that TEL-
TRAN should give the user the capability to
manipulate character strings of variable length.
In addition, he had to build tables of character
strings so that he could use the indexing features
available in FORTRAN. With these available, only
the introduction of DO loops was needed to pro-
vide the user with the ability to generate large
quantities of messages easily.

In addition to normal message characters,
certain special ASCIl characters occur in the
communications blocks. These characters are ex-
tensions of the ASCIl alphabet, hence, a whole
set of reserved names are required so that the
user may insert these characters in the message
stream if he so desires. Finally, an option is
provided that enables cne to specify, for each
message, a string of data characters that can be
used for automatic post mortem checking. This
information goes out on the “expected events"
tape, which can be saved for the post mortem
run. The manner in which such post mortem an-
alysis is carried out is up to the user and depends
upon the particular system. The user must pro-
vide the analysis program and insert the necessary
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snaps or dumps in his programs (to generate a
post mortem history tape) so as to get relevant
run data.

TELTRAN Language Elements
The basic language elements of TELTRAN are:

a) Comment

b} DEFINE

c) Character literals
d)} Data Definition
e) DO

f) CONTINUE

g) DUMP

hy BID

iy STOP

i) END

k) FINIS

I} Reserved names for special System para-
meters (extended ASCIl characters)

Format

The TELTRAN source language follows the gross
format of FORTRAN. A “C" in column 1 on the
card denotes a comment card, statement numbers
are put into columns 1 through 5, column 6 is
used for continuation marks and language state-
ments cccur in columns 7 through 72. It is obvious
that the TELTRAN literal statement resembles the
FORTRAN format statement. Thus, blanks are
ignored except inside literal statements. Language
statements may be spaced apart (between charac-
ters) at will and continued on any number of
continuation cards. The definitions of these ele
ments and how they are used follows:

a) Comment

A “C' in column 1 tells the compiler to treat
the characters in columns 7 through 72 as a com-
ment. All comments occurring before any other
statement will be transferred to the EET at the
head of this batch's data.

b) DEFINE

The DEFINE statement sets the compiler to
accept data and/or data table definitions.

c) Character Literals

Character Literals enable the user to define
character strings of arbitrary length from which
he can compose messages, There are two kinds
of literals—indirect and direct.
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The general form of the indirect literal is
m XAA; . . . . AX
(where m is optional (but = 1 when used) and 1 <
k <= 512. X may be any character of the ASCII al-
phabet that is notone ofthe A, 1 < i < k. If m is
absent, it is taken as 1. It is used to cause the rep-
etition of the literal m times in line. Each of the A,
will be converted to eight level ASCII.

Examples
Indirect Literal Result
‘HABCER ABCE
FAXYIA AYZNYZ

Direct literals enable the user to create ASCII
character representations himself. He may specify,
in fact, any series of 8-bit configurations, give it a
name and cause it to be inserted in a message
stream. The general form of the direct literal is

m’ ﬁ!IN]N:N; H4H5Hﬁ R Ng‘.g N;.-] Ngt
where & is zero, m has the same meaning as be-
fore and k is any positive integer not exceeding
512. Each N; is an integer between ¢ and 7 (i.e.
octal digit)

Direct Literal Result

#0132 132132
OI4I6TISH 14B6 77554

201112349 111236111234

d) Data Definition

Data is defined by giving a name to literals.
Either single items or the elements of a table may
be set up. Names must be legal FORTRAN names,
ie., 1 to 6 alphanumeric characters such that the
first character is an alphabetic. All data definitions
(if used) must appear before any other statements
except comments.

Examples

PMS = "XPMSX
A = 2'ALCA
B = 4UNX

S(1) = "ATLXA
S(2) = ‘BTWXB

5(3) = '‘CPMSC

RL(1) = 'X12242X

RL(2) = 'Y12325Y

N(1) = "XJOHN DOEX
MN(2) = 'BGENE PRIMOFFB

It will be seen later that these items may be
used in a BID statement. There, a reference to a
literal by its name causes the literal to be placed
in line in the message being created.
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a) DO

The DO statement is used to cause the repeti-
tion of the message generation statements that
lie between the DO and the designated statement
number. The general form of the DO statement is

DO N1 N2 = K1, K2,

where N1 is the statement number of a CON-
TINUE. statement following the DO, N2 may be
any legal FORTRAN name that is used as an index,
K1 must be less than K2 and both must be posi-
tive integers,

f) CONTINUE

The CONTINUE. statement with its statement
number in columns 1.5 delimits the TELTRAN
code segment which was set up for repetition by
a DO statement. Any number of DO loops may be
nested as long as each has a unigue continue
statement.

Example
DO 25 INDEX - 1. 10.
B3 15 ] 3, 6

15 CONTINUE.

25 CONTINUE.

g) DUMP

The DUMP statement specifies an expected data
stream that should be triggered by the associated
message (the one generated by the BID state-
ment immediately following) during an actual store
and forward message switching run. The gen-
aral form of the DUMP statement is

DUMP (A", &1, A Al . . .. . ARy A%y ARy AL,
Here, k may be any positive integer and the
number of characters in each group between
(.or,,or,) may be between 1 and 4, The ef-
fect of this statement is to place, with a sequential
message number and user designated line number
(from the BID statement) the character stream
.A1'| £ Ak.q, in ASCH onto the EET.
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Examples

DUMP (1).
DUMP (BEBP, HVAL, MCP, OCP, MACK, Q, FWD).
The order of appearance of these guartets in an

actual test run will not in general be preserved
in the TCCS systemn.

h} BID

Each BID statement causes the generation of a
message. lts general form is

1 RO et L
M may be any integer between 1 and N (the num-
ber of input lines) or a legal TELTRAN name that
i5 also the index of a DO loop that surrounds the
BID statement. It is here that each message is
assigned a line number.

The next five items are origination parameters
(such as the originators AB and terminal type)
that are packed into the bid block for this message.

The elements following the last bid block para-
meter are separated by commas and may be any
itern from the following list:

ltem Example
Special reserved name SOM
Indirect literal 2AZCA
Direct literal 1'$317
Mon-indexed data name ANAMEL
Constant indexed data name ROUTE (3)
Variable indexed data name RL {INDEX)
Index of a DO loop INDEX

i) STOP

The STOP statement should only be used with
card input to TELTRAN (card to tape to TELTRAN
15 optional). The STOP card halts the program so
as to give the operator a chance to refill the
1004 hopper,

i} END

The END. statement ends the current message
batch. An end-of-batch mark is placed on the
EET and RMT.

k) FINIS

The FINIS. statement ends the current series
of batches by placing an end-of-batches mark
on the EET and RMT.
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I} Special Reserved MNomes

The following list contains the special reserved
names used for Western Union's Phase | applica-
tion, Each name, when encountered in a BID state-
ment causes the insertion of an appropriate eight
level code.

Item Meaning
1) SOM Start of message
2y BT Beginning of Text
3) EOM End of Massage
4) ERROR The preceding character is an error code
5 DISCOMN Disconnect
&} ACK Acknowladpe
7 ATI Accapt terminal inpul
B} COMNMN Connact
oy CR Carriage Relurn
103 LF Line Feed
11} FIGS Figures shift
12} LTRE Lettars shift
13) EQT End of Transmission
14) WRU Who are you
15) E1 Firat of 32 error codes
E32 Last of 32 error codes

Advantages of TELTRAN

TELTRAN, currently being used for the TCCS-
Phase |, has many advantages for testing in the
communications and time-sharing computer in-
dustries. It is flexible enough to be used with other
message switching systems. It is modular in de-
sign. The following elements are easy to change
for a variety of applications:

The encoding of the message character set
The special reserved names

Error codes

Control information (in BID and DATA blocks)
The format of the output blocks

The contents and existence of bid blocks

The input language is similar to FORTRAN and
has application in message switching. The out-
put of TELTRAN is transparently simple in format
and therefore is easily interfaced with the areas
to be tested. Although the language is simple, its
structure is quite versatile and limitless in its
application. For example, the content of "mes-
sages'' may be any data string. TELTRAN is a tool
for generating bulk test data to service program-
ming needs as well as message switching re-
guirements in time shared systems.

Applications
A most promising application of TELTRAN is
remote terminal simulation. TELTRAN can be
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interfaced readily with both Outer Remote Termi-
nal Simulators (ORTS) and Inner Remote Termi-
nal Simulators (IRTS). An ORTS simulates line
traffic from a computer hooked back-to-back with
a front end line servicing and buffering computer,
and is used to check out an entire computer node
in a message switching system. An IRTS resides
in the computer node itself, for example just
before the point of handing over buffered message
data blocks to message switching routines. Thus,
the IRTS is used to check out message switching
functions.

By properly constructing message batches with
TELTRAN the user can set up timing and traffic
analysis runs. Header lengths and text lengths
can be defined in indexable tables which represent
a desired distribution of sizes. A series of runs
could give a fair approximation to random sam-
pling. We have had plans, in fact, to incorporate
a random number generator within TELTRAN to
give us the ability to sample given distributions
randomly such as message interarrival time and
message holding time. It is now possible to do the
same thing with message interarrival delays by
running a series of tests or by using the TELTRAN
Random Input Line Loader (TRILL).

Any characters that appear on a “line”, after
an EOT (end of transmission character) and before
the ZCZC, are discarded by CCSIM during a test
run. Every block of characters (50 per block)
discarded represents a real time delay of 5 sec-
onds (a teletype line rate is 10 chars/sec.) One
simply defines an indexable delay table and refers
to it as the last item in each BID statement. For
example

DO 1 I =1, 12

BID (1, ...., EOM, EOT, DELAYL (1) ).

BID (2, ...., EOM, EOT, DELAY2 (1) ).
1  CONTINUE.

In the MSTT, CCSIM performs the functions of
an IRTS, TELTRAN and the MSTT were designed
as early as September 1966 and have been
operating successfully together since January
1967. Currently the use of terminal simulators has
become a popularly accepted tool for developing
communications systems software.

The MSTT runs in simulation mode which is
considerably faster than real time. It is also highly
controlled and therefore provides a useful tool
in traffic analysis.
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Potential for TELTRAN

The TELTRAN processor uses up to date tech-
nigues in table driven syntax analysis. The
processor is functionally modularized and the
language is written mostly in basic FORTRAN.

TELTRAN may be converted to run on almost
any other computer. Finally, the closed loop test-
ing capability provided by the DUMP statement
can be a powerful controlled debugging tool in
the hands of a resourceful user.

EusEne H. PrRIMOFF is a consultant to Western Union in test
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Our Customer Says:

National Distillers’
order entry system
uses

a

Western Union

interface

by Philip J. Winterbauer

Corporate Communications Manager—
MATIOMAL DISTILLERS and CHEMICAL CORPORATION
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Western Union designed a multi-purpose inter-
face to make the Model #28 teleprinter com-
patible with the McGraw-Edison "Address Memory
Unit" Model 1000A. This interface is a very im-
portant link in the National Distillers’ Liquor Order
Entry System, as it opened the door to computer-
ized order processing.

Our order entry system produces orders, in-
voices, reports, summaries ,and a report of orders
received against quotas. All this is accomplished
with minimum effort on the part of our order entry
clerks as a result of the successful coupling of the
above-mentioned units. Fig. 1 is a flow chart show-
ing the steps in programming our order entry
system.

The MNational Distillers order system compo-
nents are;—a Western Union #111/115 private
wire teletype system; McGraw-Edison “'Address
Memory Units™; an IBM 360/30 system and the
Western Union specially designed interface, Mag-
netic Tape Control 12562-B. This is Mational
Distillers’ first application utilizing a magnetic
tape storage unit with an ASR set.

The Tape Control unit (interface) consists of a
control panel plus some associated electronic cir-
cuitry housed in a box. It is placed on a shelf to
the right of the Model 28 ASR unit as shown
in Fig. 2.

The interface allows order clerks to store five-
channel programmed alpha-numeric information
in the McGraw-Edison "“AMU" and then play it
back on "on command’’ to create input tapes for
transmission to our computer. It takes telegraph
line signal information, in standard Baudot code
and records it on magnetic tape.
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Computer
The flow chart, ilustrated in Fig. 1 defines the
steps required to process an order in the computer.
First, the computer edits the input and rejects
any data not presented in accordance with the
order entry program. From that point on it isolates,
by shipping point, the various parts of a customer’s
order and,—
1. Preprints sets of invoices for each shipping
point,
2. Prints sets of internal orders,
3. Punches a 5-channel order transmission
tape,
4. Tabulates statistics,
5. Prints a summary list of orders for the Credit
Department, and
6. Provides the Central Traffic Manager with a
summary of all orders

Western Union Interface

On the front panel of the interface (Magnetic
Tape Control} housing, shown below in Fig. 2. a
knob Is located at the left, which couples the

Figure 2. Front Panel of Magnetic Tape Control Unit. Unit
is located on shel so that the AMU may be
placed on top of it.

28ASR set with the "AMU" in either a 'record’
or '‘playback’ mode; it will also put the 2BASR
set ‘on line,” connecting it with the teletype circuit.
Three toggle switches, located across the upper
front panel, control the 28ASR transmitter, punch
and printer. When set in the ‘control’ position,
they respond to any of the six upper case charac-
ters listed below and order the unit to perform
the following functions:
FIGS C LTRS—Printer “an
FIGS F LTRS—Printer “off'"
FIGS L LTRSS —Punch "on"™
FIGE N LTRE—Punch “'off"

FIGS K LTRS=—Intermediate stop
FIGS V FIGS —=Transmitter or AMU “off "

These six combinations give us all the automatic
functions required to produce our order entry
transmission tapes. You will notice that the upper
case characters are in each instance followed by a
“LTRS' or “FIGS'" character. This is a necessary
addition in order to give the various clutches and
switches time to perform their required tasks be-
fore printing or punching the information which
follows. There is a critical balance involved here.
We found that for most installations one throw-
away character sufficed. However, one unit would
not work properly until we followed up with two
throwaway characters.

A word of caution about the “X OFF" (trans-
mitter or AMU off) function, FIGS V FIGS. We
found that if more than two throwaway characters
were recorded after the FIGS V, ghost characters
would appear in the tape being prepared. The
computer would then reject the order because of
the spurious characters.

The three toggle switches on the front panel
are the special devices which make this unit
more than just another intercoupling. The various
settings and their functions follow.

The transmitter switch has three positions:

ON, AUTO. and CONTROL.

13 When the switch is in the ‘'ON' position, it
allows the transmitter to send.

2) When the switch is in the ‘AUTO' position,
it allows the transmitter to respond to selec-
tion from the control station “on line.”

3) When the switch is in the ‘CTL' (control)
position, the transmitter is controlled by the
three buttons immediately below. The but-
tons are labelled STEP, STOP, and START.

WESTERN UNION




This is the feature that provides our National
Distiller's order entry clerks with the ability to edit
a bad tape quickly and accurately. With the knob
set for 'PLAYBACK' and the toggle switches for
the printer and punch set ‘'ON' and the toggle for
the transmitter set for ‘CTL' (control), a second
tape can be quickly prepared.

The button labelled 'STEP' allows the tape
to be read by the transmitter one character at a
time—each time the button is depressed. The
'START' button allows the tape to read and
duplicate until the ‘STOP' button is depressed,
Then, using the 'STEP’ button until the error is
reached, you step the tape through while each
character is being duplicated on a new tape. When
the error is reached, the correct information is
entered from the keyboard, the tape reset in the
transmitter to the next good section and then the
‘START’ button is pushed and the balance of the
tape is duplicated. This eliminates the necessity
of completely repeating the original order entry
procedure,—a most valuable time-saving contri-
bution made by the engineers who were responsible
for producing the interface.

Address Memory Unit

The AMU has a locking device similar to voice
recorders, When in the ‘record” mode, it is locked
in and a red caution light glows on its console.

The AMU has a storage capacity of 80 char-
acters per line and 1000 lines per unit. Thus the
storage of 80,000 characters is possible.

For fast selection of a customer or product play-
back there is a switch which will advance or
reverse the magnetic tape at a high speed. A com-
plete scan of the 1,000 lines takes less than eight
seconds. A knob on the right side of the AMU
is used for manual alignment of the desired item
after the fast scan.

Advantages

The significance of this innovation is that it is
a permanent record and replaces any other type
of card or tape filing system, in much less space,

Simplicity of operation was also a major factor
when we were considering the change over from
our old system. This is borne out by the reply given
by Mrs. Elizabeth Seward, our Eastern division
order entry clerk shown in Fig. 3 when asked di-

TECHNICAL REVIEW

rectly for her opinion. “It's simply marvelous. |
processed an order the old way and it took 47 min-
utes. Then | did it the new way and it took only
seven minutes. It's so simple, it is amazing."

Figure 3. Mrs. Elizabeth Seward of National Distillers
shown operating the W.U. Interface in the
Order Entry System described by Mr. P, J.
Winterbauer, author of this article.

Successful Installation

In the development of the multi-purpose inter-
face, Western Union engineers contributed greatly
to the successful application of the #2BASR set
to magnetic tape recording devices for punching
raw data. It played a considerable role in the
development and success of National Distillers'
much improved order entry system,

Teams of systerns men are already working on
the further utilization of this basic system to pro-
vide for perpetual inventory, production schedul-
ing and further applications as each of these is
realized.
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BOOK REVIEW

“The Anatomy of a Compiler,” by John A. M, Lee published by Reinhold Publishing Corp.,
subsidiary of Chapman-Reinhaold, Inc., 430 Park Ave., New York, M. ¥. 10022, 275 pages.

The Anatomy of a Compiler is a “how to" book
which fills some significant voids in the computer
programming literature. It is a tutorial book in-
tended for the professional programmer. The
subject of this book, the anatomy (and construc-
tion) of a compiler, is of great general interest
in the programming community.

The usual media for the presentation of new
developments in computer programming—""Com-
munications of the ACM’ and *‘Datamation,'" for
example—are frequently either overly esoteric or,
because of space limitations, insufficiently com-
prehensive. Dr. Lee, head of the Computer Science
Program at the University of Massachusetts, man-
ages to overcome both of these objections.

This is not a book for the interested individual
with no previous professional background in pro-
gramming. MNor is it a primer for one who wishes
to learn FORTRAN or BASIC. Rather, as the title
implies, it presents the basic principles underlying
the construction of a compiler and illustrates how

they are applied. A reasonably competent working
knowledge of at least one compiler language Is
a definite prerequisite for the reader.

Using the development of the FORTRANM lan-
guage as a framework for his discussion, Dr, Lee
traces the evolutionary path from language def-
inition, to grammar, to symbol definition, and
ultimately, to the generation of a machine code.
Specific technigues such as Polish string notation,
and the generation of machine codes from sym-
bols thus recorded, are covered.

Dr. Lee's exposition of his material is by no
means at the "Dick and Jane' level. It is never-
theless clear and highly professional. "'The Anat-
omy of a Compiler' summarizes and organizes
for the programmer much useful information
which has previously been buried in the periodical
literature, the proceedings of various symposia,
or available only by word of mouth.

R. L. Dulack

New Subscription Rates for 1968

Starting with the 1968 issues, new subscription rates
for the TECHNICAL REVIEW will be $10 per year.

WESTERN UNION
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New Technology Center

—A Showplace for Visitors

Inereasing interest in Western Union's application of the advancing
technology to communications is evident from a gquick look at the recent
list of visitors to the Technology Center at Mahwah, New Jersey. They
have come from far off places, and as near ag New York's Wall Street.

People are hearing about the Company's advanced work in message /data
communications—and reading about it in the poges of TECHNICAL RE-
VIEW —and are requesting that the Center be included in their itinerary.

For example:

Recently, a representative of the Postmaster (General’'s Department of
Australie spent a day at the Center with engineering, systems and plan-
ning personnel;

A contingent from Japan's Kokusai Denshin Denwa Company followed
ghortly after;

Nearly o hundred securities and financial analysts from New York City
participated in a full day's orientation dealing with Western Union develop-
ments, including demonstrations of some of the new shored communications
BEIVICES )

The Company's Board of Directors got a first hand look at the Mahwakh
facility during thetr Janwary 23vd board mecting, held at the Center for
the first time.

Western Union’s Technology Center is, indeed, proving to be an interest-
ing place to visif.
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