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ABSTRACT 

A General Exchange Simulator (GES) has been built to avoid 
the need to develop specialised simulation packages for 
analysing the behaviour and the processor capacity of 
individual processor control led telecommunications systems. 
The GES 'models the behaviour of the target system by 
interpreting a description in the form of Processin.g State 
Transition Diagrams, together with a parametric des'criptibn 
of the offered traffic and of the system's dimens lons, The 
design of the GES is based upon a system-independent model 
of switching control systems which is considered to be of 
great generality in application to telecommunications 
systems. An example is given of the GES's appl ication to 
a processor control led local telephone exchange. 
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1. INTRODUCTION 

An increasing proportion of the telephone exchanges in the 
Australian telecommunications network are control led by 
processors. The simulator described in this paper is 
designed to 'simulqte the processor load in these exchanges. 

Since a number of exchange applications are anticipated 
the simulator has been designed to suit a ~ide range of 
applications, and for this reason is known as the General 
Exchange Simulator (GES). It is a software package which 
takes a description of a telephone exchange, carries out a 
discrete event simulation, f1] and produces histograms, 
means and variances and other statistics, of the relevant 
delays, processor occupancies, etc. which occurred during 
the period of time simulated. 

Typical uses of the GES are investigation of 

(a) the capacity of a given network application of a given 
SPC system under different steady-state traffic mixes 
and call holding times. In this way the GES can be 
used to verify results from a linear processor-load 
model and to determine best values for maximum 
processor occupancy to meet (i) normal load delay 
standards, and (il) overload delay standards, 

(b) the effect on capacity or on Grade of Service of 
changes in system design, e.g. the effects of changing 
program priorities or frequencies in order to optlmize 
system performance, 

(c) load regulation: the effectiveness of alternative 
overload control techniques under conditions of heavy 
overload (transient and steday-state), 

(d) the relationship between Grade of Service delay 
criteria and the apparent capacity of a system. 

The concept of a general exchange simulator was first 
mooted in reference [2]. The basic idea is to take 
maximum advantage of the representation of cal I handling 
functions by Processing State Transition Diagrams (PSTD's), 
(see Appendix), for which the CCITT Specification and Desc
ription . Language [3] provides internationally standardised 
symbols. These high-level descriptions of cal I processing 
appear to be wel I suited to the application of simulation 
techniques. 

Reference [4] provides a survey of the analytical and 
simulation techniques which have been brought to bear on 
processor load problems. References [5] a'nd [6] provide 
examples of two different approaches to minimizing the 
cost of processor load simulation. In the former a sub
cal I simulation is proposed and in the latter a hybrid 
simulation technique. 

The approach of the present paper is to reduce the effort 
involved in future simulations to little more than that 
required to prepare PSTD's to describe the environment and 
cal I handling functions of the exchange. If these PSTD's 
already exist al I that wi I I be required is a translation 
to· the format required by the GES. 

Both sub-cal I and ful I-cal I simulations may be carried out 
with the GES. In general, the more transitions which are 
included in the PSTD's, the more expensive the simulation. 
The converse implication is that cheaper simulation may be 
obtained by simplifying the PSTD's. 

One of the main applications of the GES is likely to be the 
val idation of analytical models as in [7] and [8]. 

The paper is divided into six sections. The second section 
presents the model of switching systems on which the GES 
is based. The third section describes the structure of the 
GES software. The fourth section provides an illustrative 
example of a simulation performed on the GES. The fifth 
section describes how the project was organised from 
design through to implementation. 

2. A GENERAL MODEL FOR SWITCHING CONTROL SYSTEMS 

In this section a general model of switching control systems 
is set out. The major elements are described in the first 
subsection. The next sub-section provides a fairly 
complete description of how signals between processes are 
model led. The reader may prefer to skip this at the first 
reading. The next sub-section defines the kinds of 
permanent processes for which the GES provides standard 
software. The last sub-section describes how temporary 
processes are defined by means of PSTD's. 

2.1 The Major Elements 

A switching system is model led as a collection of 
sequential machines, processes and devices. The processes 
send signals to each other. The attributes of processes 
are known as categories. 

Sequential machines are the only entities which perform 
processing. They perform their processing on processes 
(such ~s cal Is, queues, timers and clocks), and each 
sequential machine .can activate at most one process 
at a time. The main sequential machines in an SPC exchange 
are the central or remote processors; however any common 
control unit may be model led as a sequential machine if 
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the activity it performs is worth model ling as a process 
(or several processes) rather than simply as a device. 

Devices are al located to and released from processes, and 
devices are only important insofar as a process may follow 
a different sequence of processing if a device of a certain 
type is unavai lable when required. Thus the behaviour of 
a dev ice is on I y noted to the extent of its. be i ng free or 
busy; devices are not model led using PSTD's. Typical 
examples of devices are incoming lines, outgoing lines, 
digit receivers and cal I-memory cel Is. 

Each process is defined by a PSTD (Processing State 
Transition Diagram), which consists of a I ist of suspended 
states, a list of input~, a state transition table, 
and a list of transition components. A more detai led 
description of PSTD's is given in the appendix. When a 
process receives a signal the transition occurs which is 
indicated by the entry in the state transition table 
corresponding to the signal received and the current 
suspended state of the process. A transition is a sequence 
of transition components, each one pointing to the next in 
sequence, the first pointed to by the state-transition 
table, and the last pointing to the next suspended state 
of the process. 

Signals are the ·explicit mechanism by which different 
processes communicate • . .The ~ concept is used to model 
not only telephone signals but also such things as 
processor interrupts, expiry of timers and the scheduling 
of cal Is in software queues. 

Categories are of two kinds: cal I categories (which gener
ally take different values for different cal Is) and 
system categor i es (wh i ch a re common to the who I e system L 
In either case, categories may be given values during the 
simulation; system categories are alsa initialized before 
the simulation begins, by the user. These values may be 
tested and changed in transftions during the activation of 
processes. Typical system categories could be: traffic 
level (normal or overload); call re-attempt probabilities; 
overload control threshold parameters. Typical ~ 

.~ategories could be: type of incoming junctor, last signal 
received from the cal led exchange; type of Information 
signa I ling used. 

2.2 Processes and Signals 

Processes are either temporary or permanent. Temporary 
processes are created with a specific temporary process 
~ and a specific PSTD. They cease to exist when they 
return to a defined idle state. During its life, a 
temporary process may create other temporary processes to 
which it is then linked. 

Permanent processes are fixed in identity and interpretat
ion through the simulation. Permanent processes are used 
to model queues, timers, a clock, schedulers, traffic 
creators and possibly some user· defined processes. 
The user does not provide PSTD's for these processes when 
using the GES, . though PSTD's may be used to describe their 
behaviour. 

There are three types of signals: interrupts, transfer of 
control signals and signals via a queue. The difference 
between interrupts and transfers of control relates mainly 
to their effect on the associated sequential machines. 
Interrupts of a particular signal type are always sent to 
a specific sequential machine - which is then interrupted 
If the current work in that sequentIal machine is of lower 
priority than the interrupt. Transfer of control signals 
carry the identity of the sequential machine associated 
with the sending process to the receiving process. They 
represent a "go to" instruction within Cl sequential machine. 
Signals via a queue cause .a certain amount of processing 
time to be accrued to the sending process and sequential 
machine at the time of sending. When the signal I.s unloaded, 
which can be some time later, the signal is sent on as a 
transfer of control. 

The processing going on In a sequential machine is assigned 
a certain priority level. A transfer of control signal 
retains the priority level of a sequential machine at its 
existing value. An interrupt of higher priority increases 
the priority level of the sequential machine to the value 

associated with the signal. Signals via a queue do not 
effect the priority level of a sequential machine. When a 
process fai Is to send a transfer of control the priority 
level of the sequential machine decreases. 

Signals for which processing time and sequential machine 
identity are of no importance are associated with 
"sequenti a I mach i ne zero". Signa I s may be de I ayed. ·1 n the 
case of transfer of control signals this delay always 
corresponds to the processing time consumed by the sending 
process. 

2.3 Permanent Processes 

A wide repertoire of permanent processes have been defined 
for use in the GES. The user provides parameters which 
define precisely how each permanent process should work. 

2.31 Queues 

Signals via a queue in effect occur. twice. The first time 
they pass from the sending process to the queue, the second 
time they pass from the queue to the destination. Signals 
to be stored in the queue arrive at any time. Unloading of 
the queue is initiated by a transfer of control to the queue. 
When this signal has been received the queue sends on each 
of its stored signals one by one, each as a transfer of 
control. 

The order of storing and unloading varies as do some of the 
detai Is of interaction of the queue. There are FIFO (first 
in first out), LIFO (last in first out), NPP (non-pre-emptive 
priority) and single server FIFO types of queue. The first 
three of these are designed for interworking with a 
scheduler process whereas the latter is designed for use in 
queueing studies where it is not intended to define a 
scheduler process. 

2.32 Timers 

A timer is initiated by a task in a PSTD. The running 
timers of a given type are are updated by a signal to the 
permanent process corresponding to this timer type. It is 
up to the scheduler to send these updating signals regularly. 
When a timer expire?, a signal of appropriate type is sent, 
usually via a queue, to the originating process. 

2.33 Clock 

The clock sends certain specified signals periodically to 
specified processes. 

2.34 Traffic Creators 

Traffic creators periodically create a specified type of 
temporary process (of a randomly selected process type) 
and send a signal (of randomly selected type) to it. There 
aretwo types: "infinite population" and "finite populat
ion". The former wi I I generate new signals with gamma 
distributed interarrival times (including the negative 
exponential distribution as a special case), the latter 
generate arrivals according to the law of a fi.nite populat
ion Poisson process. This is the model appropriate to a 
smal I group of subscribers, attached to a concentrator, for 
example. 

2.35 Schedulers 

Other words often used to cover .the functions of a schedul
er are "monitor" or "operating system". The function of the 
scheduler is to order the work of the sequential machines of 
a telephone exchange. Typically this is arranged periodically 
in accordance with a regular clock interrupt signal. After 
this signal is received a I ist of signals is sent to other 
processes, typically to unload queues and update timers. 

At this stage it has not been possible to design a 
completely general purpose scheduler. Unti I this is done a 
scheduler process wi I I be defined individually for each new 
exchange to be model led. 

2.36 User Defined Process 

Just in case there is another class of permanent process 
which a user of the GES requires there is provision for a 
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THE GES _______________ 

RUNNING SYSTEM 

(sets up a run time version)--- ------ ----- the run time version) 

Syntax check 

Logic check 

Output and Translation to 
Requ i red format 

OUTPUT SYSTEM 

\ 
LIBRARY ROUTINES 

I~ 
Transition Permanent 

Contro I I er Processes 

Figure 1 S'tructure of the GES Software 

user defined permanent process . The user must provide 
Simscript code for a subroutine defining the process. This 
~ubroutinewl 1I then be cal led whenever signals destined to 
processes of kind "USER" occur . 

2.4 Temporary Processes 

Gene rally speaking, processes which do not exist for the 
entire simu lation period and which may be large in number 
are model led as temporary processes. Examples are 
processes model l i ng fu l I cal Is, part cal Is (such as seizure 
t o ring current or answer t o conversation), A-party , B- party, 
cal I ing exchanges, cal led exchanges, operators and special 
faci I ity positions. 

Each type of temporary process (e . g. cal I type , A- party 
type) is described by a Processing State Transition 
Diagram (PSTD), which is suppl ied by the GES user . The 
transition components of PSTD ' s provide al I the faci lities 
needed to describe a temporary process . These faci lities 
are I isted in Table Al. 

3. STRUCTURE OF THE S IMULATION SOFTWARE 

Figure 1 gives a break down of the simulation soft~are i~to 
its various parts. At the broadest level the GES IS sp ilt 
into two parts which are run quite independently . The 
preprocessor takes the user input and converts it into a 
format suitable for use by the running system . The 
running system takes this description of the exchange and 
its traffic environment and simulates it . 

3. 1 The Running System 

The running system is a discrete event simulation program . 
The events simulated largely co rr.espond to the arrival of 
signals at processes model ling the exchange behaviour. 
There are also events t o start and stop the simulation, 
sampl ing events used to generate output statistics; and 
one event known as an "end of interrupt" which occurs when 
processing at a particular interrupt level finishes . 
There is an event routine for each type of event. 

The four most important event routines are. 

( 1) interrupt event rout i ne 
(2) transfer of control event routine 
(3) queued s ignal even t routine 
(4) end of interrupt event routine 

These event routines simu late the behaviour of signals and 
their interracti on with sequential machines and queues . 
They cal I the I ibrary rout ine of the process for wh ich the 
signa lis dest i ned . 

Each I ibrary routine corresponds to a distinct class of 

processes within the simulation . 

There is one I ibrary routine for each permanent process 
type and one for the temporary processes (this library 
routine is known as the transition controller) . 

More library routines may be added to the system quite 
eas i Iy . The behaviour of an indiv idual queue, clock, etc . 
is specified by parameters suppl ied by the user. 

The Transition Controller 

The most important of these library routines is the 
transition controller . This routine simulates the process
ing described by the transitions of PSTD's. It is assumed 
that al I temporary processes are specified by PSTD's and 
conversely al I PSTD ' s describe temporary processes . 

The Transition Controller controls that period of active 
processing which advances a temporary process from one 
suspended processing state to another. This active 
processing or "transition" is initiated by a signal 
destined for a speci fic temporary process . From the signal 
type and the current state of the process the transition 
control ler determines , using the PSTD description of that 
temporary process, the appropriate tasks to be simu lated in 
this transition . 

The transition controller consists of a hierarchy of 35 
software routines. The modularity of this hierarchy closely 
refl ects the functional breakdown of the work to be 
pertormed by the transition controller . 

3. 2 The GES Preprocessor 

The three main tasks of the preprocessor are : input and 
syntax check, PSTD logic check, and construct the running 
simulation data deck . 

The ~ ~ syntax check store;s the use r in p ut seq uent i a I I Y 
in a flexibly structured central storage area . If a syntax 
error is discovered an error code is output and the fol low
ing stages of processing wi I I be skipped . A hash table of 
al I ident ifiers used in the user input is bui It up as the 
input is re~d . Relative addresses are al located to al I 
identifiers . 

The PSTD log ic check sees that the states within a PSTD are 
consistent with regard to al location of devices and timers. 

Finally the data required by the running system is construct
ed by rearranging and transforming the data in the central 
storage area set up by the input sect ion . 
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*PSTDs 

PS-CALL STARTSAT SS-l 
INPUTSTO SS-l 

SI-S2, BR-l 

INPUTSTO SS-2 
SI-ANS,BR-5 
SI-C2, BR-6 

INPUTSTO SS-3 
Sl-C2, BR-7 
S l-RETRY , BR- 3 

INPUTSTO SS-4 
Sl-C2, BR-8 

BR-l 

BR-2 

CO-l 

BR-4 

$BEGIN TIMING 
NEXT CO-l 

SEND SI-RETRY 
TIME .00045,0 
NEXT SS-3 

DE-DEVICE, BR-4 
ELSE BR-2 

CREATE TP-O/GENV DESCRIBED BY 
PS-OIGENV 
SEND SI-RC 
$UPDATE 00-1 
NEXT SS-2 

FIGURE 7 PART OF GES INPUT FOR THE SIMPLE EXAMPLE 

4. EXAMPLE 

In this section a simple but self contained example of a 
GES simulation is provided: a local exchange handles cal Is 
passed from an "incoming environment process" (i.e. local 
subscribers) to an "outgoing environment process" (i.e. 
other subscribers). PSTD's are provided for al I the 
components of the simulation in Figures 2-6. Those for 
the I/C environment process, the cal I and the O/G environ
ment process are suitable for input to the GES preprocessor. 

The functional block diagram in Figure 2 depicts the way 
signals are sent between the processes which have been 
grouped into functional blocks. Each functional block 
contains a group of processes with simi lar functions and 
simi lar signal interfaces with other processes. 

This example has two sequential machines, three temporary 
process types, one device type, two queues (both first in 
first out, single server queues) and one traffic creator. 

Figure 7 is part of the GES input data describing the 
example of diagrams 2-6. Figure 8 is part of the GES 
output from a run of this example. 

The real to simulated time ratio for the example is 10:1. 
This is a dual processor system running at an occupancy of 
roughly 1.1 erlangs. We may anticipate a simi lar real to 
simulated time ratio in other simulations with a simi lar 
cal I handl ing processor occupancy and processing time per 
simulated transition. A real istic example would be, for 
instance, a system with processing time per cal I of 30 ms 
and 70 simulated transitions per cal I. 

5. ORGANISATION OF THE PROJECT 

Six people: one engineer, two mathematicians and three 
programmers have worked to implement the GES. There has 
been an average of three people working ful I time on the 
project for sixteen months. 

Initially discussions were held during which the aims, 
methods and concepts of the GES were decided on. Three 
types of written documents were used: (1) minutes of 
meetings: an outl ine of the discussion including a program 
of activity for the workers of the project; (2) SADT 
ro'ect or anisation dia rams: Figure 9 provides an 

example of these diagrams 9]; (3) design documents: 
several hundred of these discussion documents have been 
written. 

C Ill] SII OCCUPANCIES DUE TO PRIORITY LEVELS 

USERS NAIIE = OSSIIPLl 

RANGE 
O. • 10.000 

10.0no. 20.000 
20.000 - 30.000 
30.000. 'to,000 
'10.000 - 50.000 
50.000 - 1.0.000 
60.000 - 10.000 
10.000 - aD. 000 
eo.ooo. '10.000 
90.000 - 100.000 

FREQUENCY HISTOGRAII 
o 
o 
o 
o 
2 •••••• 
o • 
2 
2 
o 

15 ••••••••••••••••••••••••••••••••••••••••• 

IIEAN = ea.O'l220 

STANDARD DEVIATION" 1'1.01135 

[ VI] DELAY DIsTRIBUTIONS 

USERS NAIIE = DDDELAY •••••• 

RANGE FREQUENCY HISTOGRA"I 
O. 0.001 2 .. 3 ••••••••••••••••••••••••••••••••••••••••• 
0.001· 0.201 o • 
0.201· 0.'101 9 •• 
0.'101· 0.601 3 • 
0.601· 0.801 .. 
0.801 - 1.001 o 
1.001. 1.201 
1.201" · 1.'101 

.. 
5 

1.'101 - 1.6Ul 1 
1.601 - 1.801 o 
1.001 - 2.001 2 + 
2.001 - , ABOVE 15 ••• 

IIEAN " 0.2'16'6 

STANDARD DEVIATION" 1.05e51 

F [GURE 8 EXAMPLE OF GES OUTPUT 

As far as is possible, the design documents have been 
structured into four levels. Level 1 is the faci lity 
specification, level 2 is a more detai led presentation of 
the main concepts involved in the GES (simi lar in content 
to section 2 of this paper). 

Level '3 of the running system documentation provides a 
complete definition of al I the permanent processes, the 
transition controller and signal interworking, without 
setting out the definition of subroutines or data structures. 
The level 4 documentation for the running system provides 
sufticient detai I for coding to fol low. Subroutines are 
described in "pseudocode" - which is an informal programming 
language. Levels 3 and 4 of the preprocessor documentation 
adopt a simi lar breakup. 

The design phi losophy adopted in the GES project includes 
the following elements, which have been adhered to as far 
as possible: 

(1) Design al I parts of a system before beginning to code 
it. 

(2) Document al I design concepts and decisions. 

(3) Structure the documentation. 

The design of the GES preprocessor has proceeded much more 
smoothly than that of the running system. Partly this is 
due to the experience gathered in designing the running 
system. Also, since the preprocessor is quite simi lar to a 
compi ler, wel I known techniques [10] could be appl ied. 

Both the running system and the preprocessor have been 
written for the Honeywel I 6000 series computers owned by 
Telecom. The running system is written in Simscript and 
the preprocessor is written in Fortran. 

6. CONCLUSIONS AND ACKNOWLEDGEMENTS 

The General Exchange Simulator is capable of general 
application to control systems in telecommunications 
networks: to centralised and to distributed control 
systems; to single exchanges and to networks of exchanges; 
to circuit-switching, message-switching and packet 
switching systems; to stored' program control and hard-wired 
logic control led systems; and to the verification of 
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PREPARE 
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2. SYSTEM DESCRIPTION OF EXCHANGE, 
INCLUDING PROCESSING TIMES 

3. NETWORK TRAFFIC MODEL 

X 

TEST DATA 
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IMPLEMENT PROGRAM CODE 

EXAMPLE 
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TEST AND DEB UG 

OUTPUTS 

A. OCCUPANCY PREDICTIONS 
B. GRADE OF SERVICE PREDICT IONS 

FI G. 9 SADT DIAGRAM : "BUILD GENE RAL EX CHANGE SIMULATOR" 

analyt ical solut ions for complex or simp le queue ing systems . 

The essential differences between applying the GES and 
devel op ing a traditional simulation package for a new 
appl ication system are as follows . In both cases , it is 
necessary to develop a parametric description of the 
offered traffic and of the application system ' s dimensions . 
For the traditional simulation package, the behaviour of the 
system is described in a high level programming language 
such as SIMSCRIPT , SIMULA or GASP, typically requ ir ing 
5000 I ines of code for the simulation of a telephone 
exchange having 100 , 000 lines of assembly code , and 
typically requiring between four man months and four man 
years of effort to code, test and debug the s imu lation . 
The highest level of functional documentation of the 
simulation package is usually the program listing itself, 
which is often not readi Iy comprehended by the system 
designers, who have d i fficulty in checking the simpli lying 
assumptions introduced into the simulation model . The 
tradit ional simylation package typically incurs the 
foll owing costs and overheads [2]: 

(a) changes in the system des i g.n usua I I y necess i tate chan
ges in the coding of the simulation model , rather than 
simply changes in the input data to the model; and 

(b) effectively a new simulation mode l is designed for 
each significantly different network app l ication of a 
switching system. 

In the case of the GES , the behaviour of the system is 
descr i bed by : 

(i) data parameters to identify the sequential machines , 
interrupt levels , signals, categories , devices and 
permanent processes (queues , timers and clocks) 
required in the simulation, 

(i i) a set of PSTD ' s - in GES input data format - to 
describe the temporary processes required in the 
simulation ; and 

(iii)a user-defined routine in SIMSCRIPT code to 
describe the scheduler process only . (The problem of 
designing a pure ly parameter- defined general scheduler 
rout i ne 11as not yet been so I ved) . 

The typical costs and overheads of a traditional simu lat ion 
package, quoted above, are not incurred . 

MAJOR SYMBOLS 

STATE SYM B OL 

INPUT SYMBOLS 

E.ternal 

Internal 

TASK SYMBOL 

OUTPUT SYMBOLS 

E.ternal 

Internal 

DECISION SYMBOL 

o 
o 

<> 

FLOW LINES ANO 
CONNECTORS 

FLOW LINE 

CONNECTOR 0 
CONVERGENCE -----i 
DIVERGENCE n 

ANNOTATIONS 

COMMENT ---- -- { 

SIGNAL LINE --- - ------

FORMAT OF STATE SYMBOL 
WHEN IT INCLUDES PICTORIAL 
ELEMENTS 

STATE 
NUMBER STATE TITLE 

FIG. A1 RECOMMEND E D SYMBOL S IN THE CC ITT SOL 
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For systems already documented using the CCITT specificat
ion and description language [3] or other types of PSTD's, 
the work in translating this documentation to the GES's 
Input data format is minimal and almost mechanical. These 
systems represent Ideal appl icati9ns of the GES. 

For systems that are poorly documented or that lack upper 
level functional documentation, considerable effort Is 

. required to prepare PSTD description of cal I processes in 
the system, but arguably no more effort than is required 
to prepare accur~te SIMSCRIPT or SIMULA code for a tradit
ional simulation package. 

The authors wish to acknowledge the contribution of 
Kim Nguyen and Peter Neuhold to the programming and 
testing of the system. 

The permission of the Chief General Manager, Telecom 
Australia, to present the above paper is hereby 
acknowledged. 
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APPENDIX 

A. I PSTD's IN GENERAL 

A good introduction to PSTD's is provided in Reference [2]. 
for readers without ready access to th i s paper a b·r i ef 
introduction to PSTD's is given here: 

The central concept in the use of PSTD's is that of a 
process. Examples are: a cal I, a specific part of a cal I, 
a signal recognition process, a system recovery process. A 
process passes through a number of states in its lifetime, 
usually starting from and returning to an "idle state". 

Processing State Transition Diagrams are a method of 
describing the behaviour of a collection of communicating 
processes. The symbols recommended by the CCITT [3] are 
shown in Figure Al. 

Roughly speaking PSTD's are a combination of a state 
transition diagram and a flowchart. The transitions 
between states always begin with an indication of the input 
signal received. After this there is a flowchart made up 
of decisions, signals to be sent, and tasks. 

Inside each state box a state picture may be included to 
depict the state of the process. 

PSTD's have a wide appl icabi I ity. They seem to be 
particularly appropriate to describing telephony functions, 
probably because the active processing of a cal I is 
determined by the signals associated with the cal I. 

A.2 PSTD's SUITABLE FOR INPUT TO THE GES 

Since the GES consists of programmed software it is not 
capable of interpreting decisions or tasks in the ful I 
generality avai lable to the author of PSTD's for human 
consumption. A necessari Iy restricted range of tasks and 
decisions has been made avai lable for the transitions of 
GES PSTD's. 

State pictures are not used in GES PSTD's. A transition 
is cornposed of transition components. A transition component 
is either a branch, a congestion decision, an SM decision or 
a category decision. Each of the four transition component 
types has a name. Branches are composed of a name 
followed by a I ist of tasks. The names have a distinct 
form for each type of transition component. A list of the 
tasks and decisions avai lable is given in Table AI. 

A graphical version of GES PSTD's is also used, as in Figures 
3 and 4. There are two ·new symbols used in these: one to 
represent delay in transitions, and the other to represent the 
release of devices. These should be self explanatory. 

TABLE Al: GES PSTD TASKS & DECISIONS 

GES INPUT 

INPUTSt TO <suspended state name> 
--- <signal type>, 

<transition component or suspended 
state name> 

<branch component name> 
SEND <signal type> 
WITH DELAY m, sd; 
START <timer type> 

EXPLANATION 

spec if i es suspended state name for wh i ch inputs w i I I fo I low 
specifies input signal name and consequent (first) transition 

;' component. 

specifies the name of a branch 
send the signal with delay randomly 
generated with mean m, standard deviation sd., 
start the timer of type <timer type> 

tonly the underlined characters are madatory 
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GES INPUT 

STOP <timer type> 
REMOVE <signal type> 
CANCEL <signal type> 
$CONVEY <message type> 
$BEGIN TIMING 
$SUSPEND TIMING 
$RESUME TIMING 
$UPDATE <delay distribution name> 
GENERATE <category class name> 
SET <category class name> 
TO <integer> 
ADD <integer> 
TO <category class name> 
CREATE <temporary process type> 
DESCRIBED BY <PSTD id> 
TIME <processing time> 
RELEASE <device type name> 

<congestion decision name> 
<device type>, <next component or 
sus. state> ELSE <next component or 
susp~nded state> 

<category decision name> 
CLASS <category class name> 
<category value>, <next component or 
sus. state> 

DEFAULT <next component or sus. state> 

<SM decision name> 

ITC-9 

<next component or sus. state> 
IF <SM name> 
DEFAULT <next component or sus. 

state> 

EXPLANATION 

stop the timer 
remove the signal from the queue it is in 
cancel the signal from the event list 
convey the message to the GES statistics output system 
begin timing this process, using the stopwatch of this process. 
suspend timing with the stopwatch 
resume timing with the stopwatch 
update the delay distribution with the value in the stopwatch 
generate randomly a value according to predefined probabi lities 
set the category class to a specified value. 

add the integer to the category class. 

create a new temporary process with the specified type and PSTD. 

consume the specified processing time. 
release a device of the specified type. 

if a device of the specified type is avai lable attach it and go 
to the specified next component or suspended state, otherwise go to 
the next component or suspended state specified after the ELSE. 

branch according to the category value of the specified category 
class; if none of the explicit values is the value branch to the 
default value. 

branch according to the identity of the sequent ial machine actually 
processing this transition. 
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