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ABSTRACT. 

Throughput and performance evaluation/prediction in digital switch
ing systems with distributed microprocessor control required the 
development of new traffic simulation tools. These tools (simulators) 
are highly modular and can handle a wide range of system configura
tions, facilities and traffic environments without significant changes 
in the programs. A large number of simulations supported the system 
design and validated the performance objectives. The present paper 
shows the structure of these simulators, gives examples of results and 
briefly discusses the main traffic characteristics of S 12 distributed 
microprocessor control. It also compares the simulation results with 
those obtained with analytical tools. 

Keywords : multinode simulation, performance and throughput evalu
ation, large queuing systems, distributed microprocessor control and 
digital switching. 

1. INTRODUCTION. 

Digital switching systems with distributed microprocessor control con
stitute a distinct and unique class in digital switching. ITT System 12, 
built on advanced VLSI components, programmed in high level CCITT 
CHILL language and featuring a variety of integrated voice and data 
switching services [1], is the first fully distributed digital switch and 
one of the largest microprocessor systems used at present. 

For instance, a system of this type connecting some 20.000 telephone 
and data lines, may use several hundred microprocessors interconnected 
via a digital switching network (DSN) to control its operation (Fig. 1). 
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Distributed microprocessor control communicating via 
the DSN. 

S 12 distributed control architecture is very different from previously 
known SPC control structures : 

Switching and path search is accomplished autonomously by each 
of the DSN switching elements (custom-made VLSI's) without the 
intervention of the processors. The same DSN is used to switch 
the control messages, as well as the circuit and packet traffic. To 
send a control message from one processor to another a «virtual 
path» through the DSN is set up and broken down immediately 
after transmission. 

Although each individual control element is in fact a standard 
microprocessor, the distributed control as a whole is not a sequen
tial (Von Neuman) machine as the processing of calls and mes
sages is mostly done in parallel by the different processors and 
DSN elements. 

Each call is handled by a few microprocessors only, independently 
of all others. A total system failure is therefore very unlikely. 
Should any of the individual microprocessors fail, a spare one will 
take over its function. 

A possible microprocessor reload concerns only a limited number 
of lines or trunks (60 or 128 lines or 30 trunks), active calls are 
not effected. 

The same basic architecture supports various types of switching 
functions, like voice and data traffic switching, ISDN, advanced 
switching capabilities, etc. 

Compared to other control architectures, especially those with central 
SPC, the traffic characteristics of the fully distributed S 12 
microprocessor control are also radically different : 

The call and message handling capacity viz. the number of 
microprocessors, increases in a linear way (Cf. 3.3.) when the 
exchange size or number of call attempts or messages grows. 
Hence, the maximum call handling capacity is not limited; the same 
basic control architecture covers a wide range of exchange sizes 
from very small to very large offices, stepping up in a smooth way. 

As a consequence of the fully distributed control architecture, rep
lication of functions and autonomous switching of interprocessor 
messages by the DSN elements, the queuing characteristics of dis
tributed control in small and large exchanges are basically the same 
(Cf. 3.3.). 

The DSN through which the microprocessors communicate is vir
tually non-blocking [2] (see also 3.3.). 

Traffic studies of the above described system are mainly concerned 
with the behaviour, throughput and grade of service analysis in mul
tinode queuing networks (distributed control) in normal, high and over
load situations. This includes the behaviour under various load types 
created by voice/data, Integrated Services Digital Network (ISDN) and 
other advanced switching services. 

These studies also allow the simulation of real operating conditions 
and the performance prediction before the actual exchange installation. 

They require appropriate tools capable of keeping pace with the rapid 
evolution of digital switching technology. This implies a significant 
innovation effort as concerns the design of traffic simulators, especially 
the development of a powerful multinode simulator (MNS). This simu
lator uses the principle of flexible modelling [3], it is highly modular 
and the modules used are reusable for different environments and sys
tem functions. From the above basic version, various specific versions 
have been derived. 

The simulators are supported by additional modules which perform 
the automatic preparation of the input. They also format and analyse 
the output and link the simulators with the general systems support 
tools (e.g. system software production). 

They range from rather simple single processor models (or few proces
sors used in a specific sub-system) to full models representing the com
plete distributed control network. 

All these simulators use the time-true discrete-event sequencing method 
and are usually of the full call model type [4]. 
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The paper is structured as follows: 2.1. Internal structure of one node. 

Section 2 gives a brief description of the multinode simulator, the 
microprocessor's model and functions. It also outlines the organ
isation of the Operating System. The same section describes the 
support modules and their linking to system support tools. . 

Section 3 briefly discusses the main traffic characteristics of S 12 , 
distributed control and includes examples of multinode simulation 
results. 

Section 4 compares the results of MNS runs with analytical 
formulae. 

2. MULTINODE SIMULATOR. 

The S 12 distributed microprocessor control has been modelled in the 
multi node simulator in a simple and straightforward way as a collec
tion of sequential/parallel machines and processes. The simulation 
model consists of two fundamental parts : 

System model. 

Model of traffic environment. 

System model. 

The basic building block of the system model is a symbolic represen
tation of one microprocessor node taking into account its accurate in
ternal organization, all its essential functions, queues, feedbacks, 
resume/non-resume interrupt priority handling, etc. (Cf. 2.1.). This 
very detailed representation of the actual Operating System (OS) is 
necessary, since essentially the same OS supports many system vari
ants and switching functions. This fundamental module is repeated 
in each node of the multiprocessor system. 

The interprocessor communication is accomplished in each node via 
a specific sub-module representing the Network Handler (NH) with 
its message reception and transmission task priorities. The (virtual non
blocking) [2] DSN, via which the different processors communicate, 
is not simulated but is represented in the model by the appropriate 
transmission delays. 

The repetitive concept of the simulator and an algorithm that allocates 
the processor functions during the MNS run, result in a flexible and 
sophisticated mechanism that controls a large number of nodes and 
allows all the required modes of operation (e.g. processors working 
in load, function or device sharing modes, switching-in of a preloaded 
spare processor, hot stand-by, etc.). 

Traffic environment model. Basic call (or message) scenario concept. 

A basic call (or message) scenario is a detailed list of all tasks and events 
to be handled in a parallel/sequential order by the different proces
sors. The scenarios also indicate the type of processor to be used by 
each task group, the task priority, execution time and their linkage. 
A full pattern consists of several basic call (or message) scenarios so 
that all call or message types are represented in the pattern. The task 
execution times and system parameters are taken from measurements 
on each processor and function type in the labofatory model. 

Traffic generation modules create the required types of processes and 
initiate tasks or control the scenarios. The generation of calls (or mes
sages) is achieved by repeating the basic scenarios and by modifying 
the required parameters. The above mechanism for creating calls 
(and/or non-voice messages) and modelling traffic is very flexible and 
can be used to realize a variety of traffic conditions. In the example 
of a combined local and transit telephone exchange, all types of calls 
will use: 

Gamma distributed process for call arrivals (with Poisson process 
as a specific case). 

Exponentially distributed service times for all call phases. 

Distribution law for signalling phase will be choosen depending 
on the type of signalling used. 

The basic call (or message) scenario concept can be used to simulate 
many other interesting features : 

Short term traffic peaks can be created by introducing additional 
call or message types starting and terminating at specific times in 
the simulation run. If required, the peaks can be repeated follow
ing an assumed distribution law. 
Overflow traffic can be simulated using e.g. an interrupted Poisson 
process. 

The fidelity of representation of the real call details and possibility of 
using many call types increases the accuracy of the traffic environment 
simulation. 

The processor functions are partitioned into priority task groups that 
interact via system kernel interfaces. Task scheduling and dispatching 
are done by a non-interruptible operating system nucleus (backbone 
scheduler of the simulation) which acts on a flexible priority scheme 
within the different priority groups (Fig. 2) : 

Clock driven procedures are used to scan for asynchronous exter
nal events. 

An interface scan procedure used to retrieve information on in
terface events related to the digital swjtching network. 

Both clock drivc;:n and fast scan procedures are non-interruptible 
and defer the time consuming tasks to a medium priority task group 
of Event Handlers (EH) via an event handler priority queue. 

Event handlers run with interrupts enabled to detect new events. 

Processes perform the bulk of transaction processing and are mess
age driven via Message Ready Queues (abbrev. Message Queues 
MQ). ' 

Messages are entered to the queues by event handlers (e.g. incoming 
messages through the network via the network handler to the mess
age queue) or by processes (e.g. internal messages for another pro
cess in the same processor) according to the task priority within 
the low-priority groups (FIFO discipline per ' priority task). 
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Fig. 2 Organisation and linkage of tasks within one node. 

The backbone scheduler of the simulator (Fig. 3) can handle: 

60 different clock interrupt service procedures. 

An interface task. 

25 event handlers, of which the highest task in the medium-priority 
group is the network handler. 

8 process levels of message queues, numbered from 0 through 7, 
in the low-priority groups. 

For clock interrupts, occurring at fixed periods, a detailed interrupt 
mechanism, taking into account the saving and restoring of the 
environment, has been implemented. 

Event handlers are interruptible but must run to completion after 
the execution of the interrupt service procedures. 

Processes are also interruptible and placed on an Interrupt Con
trol Block (leB), also numbered from 0 through 7, to allow 
handling of higher priority tasks. 

2.2. Input/ output support. 

This section outlines the support software for the automatic preparation 
of inputs and the analysis of simulation outputs. 
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Fig. 3 Priority and interrupt handling in one node. 

Input composer. 

The simulator requires a typical input pattern consisting of linked trans
actions representing not only the external (outside plant) events but 
also defining all tasks to handle those events, as specified in the call 
scenarios. 

The translation of the original call scenarios into the simulator input 
format is done by a software composer system : 

In a first step, the call scenarios are translated into a manageable 
format in which all interprocessor paths and message types are 
identified. 

In a second step, all execution times for processes, data base ac
tions and procedure relations are introduced. 

In a third step, a final translation transforms the different mess
age types into a corresponding number of GPSS transactions, 
thereby maintaining the sequential and/or the parallel order of 
the message flow. In order to perform this in the most efficient 
way, predefined GPSS modules are developed for each type of 
message sending or receiving operations. 

During the execution of this input composer program, statistics are 
collected concerning the execution times per type of scenario and this 
per microprocessor and per specific task priority. 

Output composer. 

The output composer formats the GPSS simulation results and prints 
the required statistics : 

The average value and distribution, per priority and per sample, 
for each task load, queue waiting time and queue contents. 

Average and distribution for all response times to be evaluated 
(Response time is the time required to perform a predefined 
sequence of linked tasks, e.g. connection of the dial tone delay). 

Confidence intervals, based on the t-Student test, for each mean 
value of interest. 

A large number of MNS simulations has been performed to support 
system design, validate the performance objectives and to investigate 
the general traffic characteristics of the S 12 distributed microproces
sor control. The examples given in the present section have been selec
ted to illustrate two aspects of these studies : 

Sub-section 3.2. discusses in some detail the performance charac
teristics of distributed control in a small S 12 telephone exchange 
giving both the individual processor and the distributed control 
behaviour as a whole. These simulations use a full detail model 
(Cf. section 2), practically without any simplification of the actual 
operating system, event sequences and their linking, appropriate 
hardware representation, etc. Sub-section 3.1. gives the traffic en
vironment used in these simulations. 

Sub-section 3.3. selects a few simulation results to show some gen
eral characteristics of S 12 distributed control. These simulations 
have been performed with a model using a number of simplifica
tions to reduce the run times. These simplifications have been fur
ther carefully checked by a large number of separate simulations 
to confirm that no significant loss of accuracy will occur in the 
final and overall results. Due to lack of space the study of model 
simplifications will be discussed in a future publication. 

Note also that further simulation studies (to investigate the overload 
prevention and control mechanisms) have been performed elsewhere 
for the same type of distributed control [12]. 

3.1. Excbange configuration and traffic environment. 

Multinode configuration (Fig. 4). 

.-----2 
,.-'-----1 

Fig. 4 Simulation model of a small exchange. 

The control functions of the nodes are distributed over two major 
levels: 

The first level handles external events and issues commands to set 
up paths through the DSN. It consists of three processor types : 
Line and Trunk Terminal Control Elements (LTCE and TTCE), 
which supervise the subscriber resp. trunk lines and the Service 
TCEs, which supervise groups of signalling circuits. 

The second and higher level is represented by Auxiliary Control 
Elements (ACE). These perform functions such as call control 
(LACE and TACE) and Resource Management, Administration 
and Maintenance. These system functions reside in the System 
ACEs. 

Section 3.2. describes the simulation results of an exchange with 49 
processors, 39 in the first level and 10 in the second level, controlling 
1440 subscriber lines and 360 trunks. 

5.1B-1-3 
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Model of traffic environment. 

Basic call scenarios : a list of all call types used in the simulation, 
including the fully linked sequences of events used is termed the 
basic call scenario. A typical call pattern consists of several basic 
call scenarios so that all types of calls used in the simulation are 
represented with an appropriate call mix. Originating and incoming 
call attempts use an exponentially distributed (Poisson) process 
for the determination of the call interarrival times, service times 
of each call phase and between the call phases. The distribution 
laws for the signalling phase is chosen in accordance with the type 
of signalling. Once a call attempt is generated, it is offered at ran
dom to one of the TCEs; for terminating and outgoing call 
attempts the same principle of random selection is used. If 
required, the selection can be directed towards specific control 
elements resulting in imbalance and allowing observation of sys
tem reaction to focussed load situations. In order to accomplish 
a correct linkage between different call phases (e.g. interdigit times) 
additional interarrival time distributions are used. The traffic 
model used is therefore the full call model [4]. 

SIMULATION 1 SIMULATION 2 

Call mix: 

- Internal 0.1 0.1 

- Originating outgoing 0.5 0.5 

- Incoming terminating 0.4 0.4 

- Transit 0.0 0.0 

--:- Load per line 0.20 Erl. 0.25 Erl. 

- Load per trunk 0.67 Erl. 0.84 Erl. 

Table 1 Traffic characteristics of two MNS runs . 

3.2. Simulation Results. 

Total processor loads (including overhead), obtained after a simulation 
of 1 transitory period (Cf. Appendix) and 10 sample periods of 40 sec. 
real time each, are given in table 2. 

SIMULATION 1 SIMULATION 2 

CONTROL TOTAL LOAD TOTAL LOAD 
ELEMENT 

MEAN CONF. MEAN CONF. 

LTCE 0.294 ± 0.002 0.302 ± 0.001 

TTCE 0.285 ± 0.002 0.295 ± 0.003 

SVCE 0.462 ± 0.027 0.568 ± 0.028 

LACE 0.519 ± 0.020 0.626 ± 0.025 

TACE 0.542 ± 0.024 0.638 ± 0.020 

System ACE 1 0.426 ± 0.021 0.639 ± 0.018 

System ACE 2 0.508 ± 0.012 0.632 ± 0.017 

System ACE 3 0.523 ± 0.005 0.634 ± 0.010 

System ACE 4 0.519 ± 0.013 0.633 ± 0.009 
System ACE 5 0.528 ± 0.014 0.641 ± 0.012 

Table 2 Total load per processor in Erlang. The confidence 
interval is obtained from a two-tailed t-Student test. 

Simulation results as presented, are further subdivided into two 
categories : 

Results concerning the internal behaviour of a single processor. 

Results which depend on the multi-processor system behaviour. 
These are mainly response times as discussed below. 

Category 1 : Results per Single Processor. 

The processor load has only a small impact on the waiting time 
and the queue contents of the high-priority queues (Cf. table 3). 

(Note : in the tables and drawings the average value for all proces
sors of the same type is used where applicable, i.e. for L TCE, 
TTCE, LACE and TACE). 
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CE-LOAD CLOCK FAST SCAN NH 
(ErI.) 

LTCE 0.294 0.003 ± 0.0 0.771 ± 0.048 1.302 ± 0.082 

0.302 0.004 ± 0.0 0.759 ± 0.035 1.305 ± 0.062 

LACE 0.519 0.052 ± 0.003 1.014 ± 0.077 1.300 ± 0.074 

0.626 0.071 ± 0.004 1.039 ± 0.073 1.286 ± 0.064 

Table 3 Average waiting time in ms and confidence interval 
for the high priority queues in LTCE and LACE. 

The bulk of transaction processing is situated in the low-priority 
task group which is driven via messages placed on the Message 
Queue (i = 4 on fig. 3). This task group is more strongly influenced 
by an increase in the processing load than the high-priority tasks, 
which feed the lower levels (Cf. Table 4). 

CE TYPE SIMU- LOAD QUEUE QUEUE 
LATION (Erl.) WAITING CON-

TIME TENTS 

MEAN 95 010 MEAN 

LTCE 1 0.294 3.01 - 0.007 

2 0.302 3.02 - 0.010 

TTCE 1 0.285 1.82 - 0.006 

2 0.295 1.76 - 0.007 

SVCE 1 0.462 4.59 20.7 0.130 

2 0.568 8.26 36.4 0.318 

LACE 1 0.519 8.75 34.0 0.317 

2 0.626 13.81 49.6 0.670 

TACE 1 0.542 7.60 37.5 0.276 

2 0.638 12.09 57.0 0.558 

System ACE 1 1 0.426 7.52 40.0 0.061 

2 0.639 22.45 90.7 0.342 

System ACE 2 1 0.508 19.06 89.5 0.159 

2 0.632 37.75 162.0 0.421 

System ACE 3 1 0.523 12.43 52.7 0.176 

2 0.634 22.12 88.1 0.408 

System ACE 4 1 0.519 9.14 37.8 0.178 

2 0.633 16.25 61.5 0.414 

System ACE 5 1 0.528 12.20 52.3 0.198 

2 0.641 19.81 74.5 0.419 

Table 4 Low-priority message queue contents and waiting 
times (in ms) for simulations 1 and 2. 

An example of the waiting time distribution for the LACE proces
sors is given in fig. 5. 

P( >t) 

40 50 60 

Fig. 5 Waiting time distribution of the low priority 
message queue in the LACE. 

70 (ms) 

Fig. 6 presents the influence of the average processor load on the 
average queue contents for the LACE. 
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Fig. 6 Average queue contents for the low priority MQ 
as a function of the microprocessor load a. 

Category 2 : Multi-processor Results. 

lO 

The present sub-section is concerned with systems behaviour under 
normal and high-load conditions witH reference to response times 
as a function of the processor loads in table 2. 

Fig. 7 and 8 represent 2 typical response time distributions, re
spectively for subscriber preselection and incoming trunk preselec
tion. There is always a minimum processing and transmission time 
for linked tasks within and between the different processors. This 
is reflected in the horizontal line for P(RT>t) = 1.0. 

Fig. 9 sets out the average subscriber preselection response time 
as a function of the load. The average load value of the LACEs 
is put in abscissa to be able to represent the load increase. 
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Fig. 9 Average dial tone delay as a function of 
the LACE processor load. 

lO 

The response time performance is in accordance with CCITT 
requirements for normal and high-load. For overload the over
load control mechanism is activated. This assures a good response 
time for the accepted calls [12]. Fig. 9, however, shows results of 
simulations without the implementation of the overload control 
mechanism; this is emphasized by the dotted line for the highest 
traffic values. 

3.3. General characteristics of S 12 distributed control. 
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Fig. 7 Dial tone delay distribution. 
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Fig. 8 Incoming preselection delay distribution. 
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Exchange size : 

To demonstrate the performance of S 12 distributed control for 
exchanges of different sizes, two simulation examples are shown: 

(A) - exchange with 2.880 lines. 

(B) - exchange with 14.440 lines. 

The above exchanges are simulated under normal load (NL) and 
high-load (HL : 1.5 times the normal load). 

In exchange A several system functions are combined in a few Sys
tem ACEs, whereas in exchange B each system function is assigned 
to a dedicated System ACE. 

Exchange configuration, input parameters and traffic environment 
are also slightly different from those described in subsection 3.1. 
The average values of 3 response times for a local call, i.e. dial 
tone delay, ringing tone sending and through connection delay are 
compared in table 5. 

EXCHANGE DIAL TONE RING TONE THROUGH 
CONNECTION 

ANL 175 (± 7) 200 (± 7) 34.3 (± 0.3) 

BNL 178 (± 3) 201 (± 4) 34.4 (± 0.4) 

AHL 264 (± 16) 292 (± 18) 36.2 (± 0.7) 

B HL 268 (± 10) 295 (± 10) 35.9 (± 0.4) 

Table 5 Comparison of local call response times (in ms) for 
two exchanges of a different size and under differ
ent load conditions. The two-tailed t-Student test 
confidence intervals (95 070) are given in paren
theses. 

The results shown in table 5 are averages for ap·proximately 2.400 
and 12.000 local calls for exchange types A and B respectively. 
They are very similar in both cases. The delay time distributions 
obtained from the same simulations are also very similar for 
exchanges A and B. 
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The good agreement between the average response times and delay 
distribution results for the two exchanges as well as other studies 
not shown here, lead to the following observation : 

The S 12 distributed control queuing behaviour is independent of . 
the exchange sizes for the same type of traffic and load. The above 
property implies that studies of larger distributed control config
urations do not provide new information about the queuing 
behaviour. 

The interprocessor message traffic. 

The same simulation also shows that the inter processor message 
traffic constitutes a small fraction of the total switched traffic in 
the DSN. Fig. 10 demonstrates that the interprocessor traffic 
increases in a linear way when the switching office size grows (for 
a constant traffic per line). 

IEI ' INTERPROCESSOR MESSAGE TRAFFIC 

15 

10 

NUMBER OF LINES 

2000 LOOO 6000 8000 10000 12000 lLOOO 16000 18000 20000 

Fig. 10 Interprocessor traffic as a function of the exchange size. 

Virtual non-blocking in the DSN. 

One of the basic conditions for the successful handling of inter
processor messages is a very low blocking in the digital switching 
network via which the processors communicate. This is demon
strated in fig. 11, which shows the blocking for interprocessor mes
sages and for comparison also the DSN blocking for an outgoing 
call as a function of the load per line in the largest S 12 configur
ation. The outgoing call congestion comprises the following con
nections : subscriber line to receiver, line to outgoing trunk and 
selected trunk to sender . The calculations were done according to 
the congestion formulae given in rer. [2]. 
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Fig. 11 Interprocessor message and outgoing call blocking 
in the DSN as a function of load per line. 

4. COMPARISON WITH AN ANALYTICAL TOOL. 

The analytical performance evaluation tool used is based on the work 
of M. Villen [5,6]. It allows the calculation of the Average Response 
Times in an M/G/l Queue with General Multiple Feedback and any 
Arrangement of Preemptive/Non-Preemptive Priorities. For the evalu
ation of the overall response times in a multiprocessor environment, 
the sum of the average response times in each of the individual proces
sors participating in the specific task sequence is taken. 

The inputs require the definition of the task sequences, their service 
time distributions, priority and feedback assignment etc. as well as the 
arrival rates for each of them. 

Table 6 gives an example comparing the simulated and calculated re
sponse times for a normal load situation in a distributed microproces
sor control of a System 12 telephone exchange. 

ANALYTICAL MNS 
TOOL SIMULATION 

Local Dial tone delay 189 192 
call Through connection 27 29 

delay 
Call release delay 180 181 

Outgoing Dial tone delay 189 192 
call Through connection 130 122 

delay 
Call release delay 183 170 

Incoming Incoming response 179 172 
call delay 

Through connection 47 40 
delay 
Call release delay 178 174 

Table 6 Comparison of calculated and simulated average 
response times in ms. 

As it can be seen from the above table, the agreement between the simu
lated and the calculated results is very good. This has been confirmed 
by many runs in the whole range of interest. The calculated results 
lie within the confidence intervals of the simulated results. 

Note that the simulation results, compared with those obtained with 
analytical formulae, were derived from the full detail model (Cr. sec
tion 2 and 3). The good agreement between the simulation and ana
lytical formulae results has been found to be mainly due to precise 
priority, feedback and task linking representation in the formulae as 
well as the inclusion of exact overheads and transmission times. 

5. CONCLUDING REMARKS. 

A full detailed Multinode Simulator written in GPSS and PLl has been 
developed and employed for the study of large distributed microproces
sor control systems. The experience obtained with this simulator shows 
that it is an adequate tool to verify and prove the performance for 
a wide range of exchange sizes and types including performance predic
tion before the actual installation. 

Simulations of a large range of configurations and projects con
firmed the excellent quality, performance, throughput and queu-. 
ing behaviour of the System 12 distributed control architecture. 
Under normal load conditions the processors are loaded up to 
approx. 0.6 Erl., incl. the fixed overhead. 

Under high-load, i.e. 1.4 to 1.5 times the normal load, all calls 
are accepted and correctly handled, satisfying the grade of service 
specified for high-load situations (Cf. 3). 

Under all severe overload situations, the high-load throughput is 
maintained and a good grade of service is ensured for the accepted 
calls. The selective rejection of calls in excess of system capacity, 
allows calls to be handled according to priority [12]. 

S 12 with its distributed control architecture, virtual non-blocking 
digital switching network and mostly parallel and independent call 
or message handling by processors, makes the system architecture 
ready for present and future traffic environments among ISDN 
features, wideband switching and other advanced switching 
facilities. 

Analysis of results obtained with the above tool also allows the 
following general observations concerning the queuing behaviour 
of S 12 distributed control: 

The study of very large configurations does not bring new infor
mation because the system functions become replicated and charac-
teristics repetitive (Cf. 3.3.). The delay and response time 
characteristics are practically independent of the office size for the 
same type of traffic (Cf. table 5). 

The inter processor traffic constitutes a very small fraction of the 
total switched traffic in the DSN, independently of the office size. 
When the switching office grows, the interprocessor traffic 
increases in a linear way, proportionally to the number of mes
sages or calls to be switched. 

5.1B-1-6 



ITC 11 Kyoto September 1985 

The digital switching network through which the microprocessors 
communicate is virtually non-blocking. Simulation of the control 
structure (for a reasonable duration of the runs) cannot consider 
the DSN itself. This approximation has an entirely negligible effect 
on the results. 

The analytical formulae available at present allow the calculation 
of average delays and response times, load of the processors and 
many other interesting characteristics for this kind of queuing net
work (Cr. 4). Overall response time distributions are still not avail
able by analytical means but several approximations have been tried 
out and compared with simulation results. 

A full scale simulation is still recommended as a reliable means 
of comprehensive performance check (distributions, transi
tory/burst situations, control mechanisms and many other charac
teristics which will be very difficult to obtain by analytical means 
alone). 

The cost of simulations will drastically decrease as a result of using 
new simulation systems, compilers etc. e.g. the GPSS-H compiler 
[9] which reduces the run times at least 4 times. 
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APPENDIX·: TRANSITORY PERIOD AND CONFIDENCE 
INTERVAL ESTIMATION. 

The output of the initialisation run (in which the length of the tran
sition period has to be determined) was first batched into n exclusive 
adjacent groups of equal time sizes. The test for initialisation bias was 
then based on the comparison of the sample means of x consecutive 
batches (b 1, b2, ... , bx) of 4 sec. with those of the next x batches (b2, 
b3, ... , bx, bx + 1) and this replicated n-x + 1 times for various values 
of x. In practice, the truncation threshold was chosen when the sam
ple means for x = 4 flatten out. This simple heuristic approach showed 
its validity as the complete simulation results became available. Figure 
12 and 13 give two typical examples of the initialisation bias of the 
load, average queue content, average waiting time of one particular 
processor and an average total response time respectively. The com
parison of these figures with others (not shown here) revealed the fol
lowing facts : 

Truncation points differ from processor to processor and the selec
tion of these points should take into account the joint behaviour 
of all output series. 

The total response times have the largest transition period while 
the load of the processors has the lowest one. It is evident that 
the highest truncation point fixes the transient period of the simu
lation runs e.g. minimum 40 sec. real time for a typical load situ
ation. This does not mean that 40 sec. is sufficient for other load 
situations. 

Confidence intervals for the mean simulation output variables were 
gathered using the batched means method since it required only a single 
simulation run. As concerns the batch size, it should be noted that all 
observed mean values in each batch should have very little correlation 
with adjacent batch means. This leads to confidence intervals which 
are superior in terms of well defined measures of effectiveness [11]. 
Elementary statistical methods can then be used to construct a confi
dence interval on the process means. Consequently, 10 batch sizes of 
a time length equal to the transition period for a particular simulation 
run were used to perform a t-Student statistical analysis. A 95 0,10 con
fidence level has been imposed. 
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been performed. 

Fig. 12 Example of a transition period study for a particular 
processor of the MNS. The average waiting times are 
expressed in units of time. 
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Fig. 13 Initialisation bias for a response time measurement, for which 
the truncation threshold has been taken to be 8 transitory 
batches. 
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