
• 

• 

• 

• 

COMPARATIVE EVALUATION OF GRADINGS 
WITH THE AID OF A SIMULATION METHOD 

Giancarlo Miranda 

SIP - Societa Italiana per l'Esercizio Telefonico 

Rome, Italy 

ABSTRACT 

In this paper a simulation method in set forth which, 
through an electronic computer, allows the behavior of 
a grading subjected to pre-determined traffic conditions 
to be studied. 
The simulation method set forth is of the "time true" 
type, that is, each call is referred to an arrival time 
and a length, variables which obey statistical laws, fixed 
at will . 
The programming language adopted is the General Purpo
se Simulator System (GPSS) of IBM, which is oriented 
precisely toward those problems whose time factor is 
essential. 
A mention is made as to how the reliability of the results 
can be evaluated and of experimental investigations con
ducted in this regard. 
There is also a reference made about the way to compare 
different gradings . 
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1. FOREWORD 

The following are the principle elements of judgement for 
evaluating a grading: 
a) efficiency from the point of view of occupancy 
b) minimum sensibility to the unbalanced traffic in the 

incoming group s ; 
c) simplicity of operation and maintenance 
d) simplicity of execution ; 
e) easy modification following augmentations in the num-

ber of groups and/ or outlets. 
As can be seen, only the fir st two elements concern the 
theory of telephone traffic, while the other three involve 
purely practical questions . 
For points a) and b) it i s always possible, and relative
ly easy, to reach an objective evaluation by resorting to 
measurements of traffic or, better yet, to simulations by 
means of an electronic computer. These evaluations can 
be transformed into economic entity, keeping in mind that 
a lower efficiency requires a higher number of outlets (in 
order to handle a given traffic with a pre-determined loss) 
and then a certain augmentation in the relative expenditu
re which can easily be expressed in "annual" figures in 
order to make it with the figures relative to the other re
maining aspects (points c) , d) and e) ) . 
As for these other elements the search for an obj ective 
evaluation to be translated into annual costs is a bit more 
co_~plicated, given that in practice it is tied to the costs 
of operation, maintenance and modification of the grading. 
The best grading then will be that which entails the mini
mum annual cost for all the above-mentioned points ta -
ken together. 
The prevalence of the efficiency factor with respect to 
the practicality factor is the function essentially of the 
cost of the outgoing devices reached by the grading. 
Their cost varies notably according to whether it be a 
question of, for example: 
- devices of the same central office; 
- local trunk s ; 
- toll trunk s . 
In the following chapter a method of simulation for evalua 
ting the efficiency of a grading is illustrated. 

2. EVALUATION OF THE EFFICIENCY OF A GRADING 

2. 1 Methods of s·olution 

In telephone traffic theory there are problems which can
not be resolved by analyti c methods: one of these is the 
study of the efficiency of the gradings. It is well-known, 
in fact, that the analytic intercurrence relationship bet
ween degree of service, number of outlets and offered 
traffic has been found by various authors (Erlang, etc.) 
only in the case of full availability. 
In the case of limited availability the theorectical method 
which allo'NE- an exact resolving of the problem is that 

which leads to a formulation of a sy stem of state equations 
which, ho w eve r, unfortunatE:'ly is ea s ily solvable o l"lly i n 

simple cases . 



Other authors (O'Dell, Palm, Jacobaeus, Lotze) have 
found simple algor i thms for solving the p·roblem; howe -
ver, these approximate formulas do not refer to a well 
defined type of grading and are, therefore, useful only to 
get an idea of the amounts of losses and not to establish 
a classification of the different gradings. It seems, then, 
that the mo st expedient method for approaching and sol -
ving problems of these types is to resort to simulation 
technics which reproduce rather faithfully the actual be -
havior of the system under study. 

2. 2 Description of the simulation model 

In order to simulate a grading, it is necessary to con -
struct a model which reproduces the actual behavior of 
the calls offered to the grading under examination. 
The reproduction of the pattern of the grading in the col!! 
puter is relatively easy and is the function of the progral!! 
ming language chosen and of the machine at its disposal. 
The production of traffic is obtained by determining: 
1) the time of reception of each call, according to the 

statistical law of arrivals; 
2) the length of the individual communications according 

to the statistical law of the holding time itself ; 
3) the distribution of the calls over the· various incoming 

groups. 
As is seen, the "time" factor holds an essential position 
and regolates in a determinate way the entire simulation 
process." Nevertheless, it has been demonstrated that by 
making some hypotheses about the statistical laws of the 
holding time and arrival of calls, it is possible to get free 
of this factor. These hypotheses, which consist of supp£ 
sing that both the aforesaid laws be of the negative expo -
nential type, lead to conclusion that the traffic which must 
be generated is a Markovian proces s of the birth and death 
type whose coefficients depend solely on the state of the 

system. 
In the following section a time true model, that is, one 
which takes into account the "time" factor, will be set 

forth. 
The model in question can be outlined in the following way: 
- appearance of a call, as a flow unit of t.he system 
- assignment of its holding t~me 
- assignment of an incoming group 
- hunting for a idle selector for the group 
- seizing of this selector (if it exists) 
- hunting for a idle outlet in the graded bundle 
- seizing of this outlet (if it exists) 
- clearing of the outlet and of the selector after a time e-

qual to the holding time which pertains to that call 
- exit of the call from the system; the traffic unit it re -

presents has completed its cycle and supplied the desi
red information. 

2.3 The program of simulation adopted 

The program was written using the GENERAL PURPOSE 
SYSTEM SIMULATOR (GPSS) programming language which 
allows the construction of the model previously outlined in 
a rather simpl~ way, since it is provided with instructions 
or blocks oriented towards these types of questions in 
which the time factor must be taken into consideration. 
The calls move in the model in the same way as they do in 
the actual system. Each transaction can be considered 
as an event which must occur at a certain time. The pro -

gram automatically maintains a record of the time in 
which these events must occur and proceeds to put them · 
in their correct temporal sequence. When a call does not 
find an idle outlet it stops progressing and disappears from 
the system if this is "at loss", or keeps waiting as long 
as the cause of the block exists. 
In order to maintain the correct temporal sequences, the 
program· simulates a clock which memorizes the present 

moment of time reached by the model. The blocks or 
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inst_ructions of GPSS take care of the generation of traffic 
to be offered to the grading. Each of these block ~ corre-

. sponds to a typical action in the dynamics of t he sy stem 
and has a particular denomination which recalls its func :.. 
tion. • Attached is the flow-chart of a program of simulation. r!:. 
garding a loss system with sequential hunting for the out
lets from home posizion, reference to which wi ll be ma
de· in order to illustrate more typical functions of the mo
re important blocks of the program. A GENERATE block 
takes care of the generation of the calls, automatically as 
signs each of them an identification (not accessible to the
programmer), conserves memory stores in order to re€!. 
ster their characteristics, calculates the entrance times 
of future calls on the basis of the law of arrivals which it 
has been supplied and enter s their arrivals on a list of 
future events. 
To this end the GENERATE block is provided with 6 argu
ments from A to F, of which the first two, A and B de -
fine the time interval between two consecutive calls, there 
being in A the time value .(ta ) of the average interval of 
the arrivals, which is modified by the law of distribution 
of same described in B. More precisely, the value of 
the correction to be given ta is obtained by means of a 
sequence R of pseudo-random numbers uniformly distri -
buted throughout the interval (0-1) applying to it an appr£ 
priate correspondence, defined in the following way: ha
ving indicated by F(t) the function of the arrivals, the cor 
respondence 

R = 1 - F(t) (1) 

is applied where t represents the time interval between 
two consecutive calls and F(t) the probability that this va
lue be >t . 
g(R) indicates the inverse function of 1-F(t) which gives: 

t = g(R) (1') 

In normal case s we get: (see fig. 1) 

F(t) = e- t / ta 

. , F(t) 

• 

• 
FIG. 1A - Function F(t) •• -t 

1 , (1') becomes: 

t = - In (1-R) (1") 

(In indicates the natural logarithm) 
The function (1') , or alternatively (1 If) , is used as a cor
rection to yield the mean value ta' which is multiplied by 
the value of the function found at each generation of a call, 
obtained in this way, in the case of (1"), a d i stribution of 
interval arrival time in which the probability of s;rnall va
riations, with re spect to the mean value, between two su~ 

cessive arrivals is much more elevated than that of large 
variations, as the theory states. Although this function • 
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FIG. 1C - Function 
g(R) • - In(1-R) 

be defined by means a discrete number of points (24 in 

the case of (I") ) this can be considered pseudo-contirruos_ 

when GPSS interpolates linearly: it is possible, in fact, to 

chose between pseudo-continuous and discrete function by 

means of a symbol in the list of definitions ofthe function. 

For example, the function of distribution of traffic over 

the various incoming groups is a discrete step function, in 

which the interval of the pseudo-random numbers is divi

ded in parts proportional to the groups. In the example 

given in figure 2 each of the 5 groups is offered, respec

tively 20%, 15'70, 1070, 250/0, 30% of the total traffic. 

2 

"+----
R 

--i--------~------~--~------------~------------~-
0,2 0,35 0,45 0,7 

FIG. 2 - Function of Distribution of Calls over the 5 Incollng Groups 
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The SEIZE block carries out the occupation of the outlet 

specified in argument A of the blo'ck itself and the ADV A~ 
CE block which has in its arguments the specific holding 

time, prolongs the occupation for the time indicated . 

Clearing of the outlet comes about by means of the RELE

ASE block . 

The SAY EV ALU E block stores the instantaneous values of 

the dynamic characteristics of the process, for example, 

the number of Calls offered and lost, their holding time, 

etc. For more particularized information on the blocks 

given in the flow- chart, one returns to IT DJ • 
In order to reproduce the pattern of the grading it is nece~ 

sary to resort again to discrete functions, for each group, 
which present in absc i s sa the hunting steps and the num -
ber of the outlet in ordinate. 

For example : 

10 FUNCTION PM, DIO 

2 3 3 15 4 17 5 21 .•.• 

This means that in the tenth group at the first step outlet 
I is connected, at the second step outlet 3 , at the third 

step outlet 15 , etc. 

The function described, which is known to the computer, 

applies then a single value corrispondence between the 

hunting steps and the connected outlet: the order number 

of the step - that is, the abscissa of the value of the func

tion to be looked for - is memorized in store location 
\ 

N° 8 (P8) of the ca1l entered in th~ tenth group (function 10). 
The symbol D5 indicates that the function is discrete (D) 

and there are five points: then the number which follows 
the symbol D indicates the number of hunting steps, that 

is the availability of the grading. 

The hunting for an idle outlet is always made by exploiting 
the functions of type (o) which are as many as there are 

groups, that is, one begins to look for an idel outlet in the 

group that the call appertains to , analyzing point for point 

the function described, always beginning from the first p£ 

int , if the hunting is sequential, or from the point succe~ 

sive to that in which an idle outlet was found for the prec~ 

ding call if the hunting is without home position. Moreo

ver, if it is a waiting system, it is possible to join to each 

complete hunting of all steps a time and store it in a SA -

V EV ALUE block and compare this accumulated time with 

a maximum waiting time which when reached, the call di

sappears from the system. In this case the program also 

furnishes a histogram of the waiting time,s 

2.4 Comparative evaluation of gradings 

In order to evaluate n several gradings which have the a -

vailability K , the same number of G groups and N outlets, 

one might think, if the memory of the computer at his di -

sposal allows it, of making them parallel as if they _ ma

de up a single grading with availability K, n G groups curl 
n N outlets . 

The program behaves in the following way: a call is gene

rated, to which is attributed a holding time according to 

the pre-established law; then, through the extraction of a 

pseudo-random number and according to the distribution 

function of traffic it is attributed an incoming ,group, let 

us say the i- th group. At thi s point, by means of the 
SPLIT block, n duplications of the call for as many gra

dings under examination are created. 
Each call follows a grading, havi ng the program take ca

re of assigning to each call its group: that is, to the one 
which follows the r-th grading, the group (r-I)G +i . 

In this way each grading is evaluated under the same con

ditions as the others, when each group has the same en -

tries of corresponding groups and their calls last exactly, 

the same amount of time. It must be remembered, for 

the record, the GPSS of the IBM computer 7090 provides: 

100 functions, each corresponding to a group; 

200 facilities, each corresponding to an outlet . 



Then the largest grading that can be simulate d is compo
sed .of 100 groups and 200 outlets 
While an elaborator of the series 360 with 256 K provides: 
200 functions 
300 facilities. 
These values can, however, be augmented by re-alloca
ting the memory. This method of comparison, whenpra
cticable, is very useful and saves .time. In any case, the 
comparisons are always possible even when the gradings 
cannot be made parallel, owing to the property of the ge
nerator to always reproduce the same series of pseudo -
random number s . 
As output the program supplies automatically: 
- traffic in erlang handled by outlet by group and by the 

entire grading; 
- mean holding time for each outlet, group and the enti

re grading, respectively; 
- number of calls handled by each outlet, group and the 

entire grading, respectively. 
Use of the SAVEVALUE blocks gives some information 
regarding the results of the simulation, for example: 
- number of calls refused by each group and by the enti

re grading, respectively; 

- number of calls accepted by each group and by the en -
tire grading, respectively; 

- number of calls lost by each group and by the entire 
grading, respectively; 

- percentage of loss by each group and by the entire gr~ 
ding, respectively ; 

- number of outlet contemporaneously busy; 
etc. 

The length of the simulation is controlled by the system's 
clock which stops automatically when the time specified 
by the start card is reached. Alternately, it can also 
stop when a pre-determined number of calls to generate, 
defined as "limit-count" in argument D of the GENERATE 
block, is reached. 

3. RELIABILITY OF THE RESULTS 

In studies of this type, the parameter which concerns 
controlling is generally the "call congestion" . 
An estimate of the congestion or probability of loss is 
given by the proportion of blocked calls, with respect 
to those offered, during a sufficiently long period of si -
mulation . 
In other words, it is a matter of associating to the extra
cted value for simulation a confidence interval within 
which, with a pre-determined confidence livel, lies the 
real unknown value. 
To determine the accuracy, two different procedures 
may be used: 

- established a priori the confidence interval desired, 
the computer can be directed to generate the necessa
ry number of calls '. The reliability is verified by the 
computer itself after each intermediate result and the 
simulation stops only when the established precisionis 
reached, however many be the number of calls genera
ted; 

- a more economical procedure consists of fixing instead 
a limit superior to the number of calls to be generated 
and then calculate a posteriori the relative reliability. 

In the following paragraphs will be given an example of 
results obtained by proceeding with the second method. 

The confidence interval was evaluated according to a me
thod displayed in [}] , in the following way: the total 
number of calls N is subdivided into i samples of quanti -
ty n so that: 

N = i n 

The number of blocked call s in the sample j (j = 1, 2 ... , 
i ) being indicated by Pj , the mean value is taken a s the 
best estimate for the congestion: 
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1 .}; j I };j p . J... p p 
(2) Ba = Bj = -J 

1 1 n n N 

where P indicates the total number of blocked calls and 
Bj the congestion relative to the sample j . 
Th~ confidence interval aB is extracte d by the formula 

(i - 1) 
(3) 

where t c , i is the coefficient of Student' s distribution "t" 
relative to a confidence livel c and to (i-l) grades of 
freedom. 
Some experimental investigations were conducted in or 
der to control the convergence of values of the congestion 
on the augmentation of the sample and moreover to evalu
ate the influence of the initial conditions of the model on 
the determined values. In figure 3 the trend of the con
gestion in the case of a small grading composed of 5 
groups, 13 outlets, with availability la is given. The 
total number of calls launched was about 30 000 subdivi -
ded into 5 samples of 6 000 calls each, which equal gene 
rating 6, 14 erl by 40 hours, (the mean holding time be-::: 
ing fixed at ISO") recording the congestion each hour and 
beginning to accumulate the results from zero time (gra -
ding unloaded) . 

Bt 
I· 

t " 

123 1493 sose c 5842, 

FIG. 3 - Trend of the Call Congestion In the 5 Sallp1es with Grading Unloaded 

In this case the formulas (2) and (3) give for the conge -
stion an estimate equal to: 0 , 0076 ± 0.0011 

Figures 4 and 5 give the trends of the congestion for the 
same g.rading beginning to compute the los s data after 5 
and 20 hour s, respectively, from when traffic began to 
be offered the grading. 
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FIG. 5 - Trend of the Call Conglltion In the 5 Salp1es with Grading 
Loaded (after 20 hours) 

The conclusion drawn is that the initial condition of the 
model have no practical importance. 
The same conclusions are reached when .examining other 
cases, whose results, for lack of space, are not here gi
ven. 
Figure 6 gives, for the grading considered, the trend of 
the total traffic offered, making evident (figure 7) the 
aliquot of the offer to one of the 5 incoming groups relati... 
ve to the 5 sample s mentioned. 
All the proofs were carried out on a 7090 IBM computer 
which allows the launching of 100 000 calls in about three
quarter s of an hour . 
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SYMBOLISM 

V Variable 

1 Variab,le 
2 Variable 
3 Var.iable 

4 Variable 
5 Variable 
6 Variable 

FN Function 
1 Function 
I 2 3 

............ 

10,... ___ ........... 

18 

19 

group number 
availa bili ty 

inter-arrival mean time 

mean holding time 
V I + PlO 
2Vl + PlO 

P8, DK 

3 15 
(K = Availability) 

4 17 5 21 

2 Function P8, DK 
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G Function P8, DK 

(with these functions the pattern of the grading is 
introduced) 

51 Function RN1, C24 
(the continous function of the arrivals is defined with 
24 points) 
52 Function RNl, C24 
(the continous function of HIe holding times is defined 
with 24 points) 
53 Function RN 1, DG 
(the discrete function of traffic distribution over the 
various incoming groups is defined with G points) 
{G = Group number} 

BLOCK DESCRIPTION 

2 

3 

4 

5 

a call is generated with an inter-arrival defined 
by the 3 Variable and by the 51 Function 
to the parameter or store location nOlO is assi
gned the order number of the incoming group 
to parameter 1 is assigned the mean holding 
time 
asks whether there be an idle selector in the 
group defined in parameter 10 (block 2) 

all the group selector s are busy; 
accumulates the calls refused by the group in 

the corresponding counter whose number is de- • 
fined by 6 Variable (counters numbered from 
2G+ 1 to 3G, one for each group) 

6 leaves the system 
7 seizes a group selector defined inpararneter 10 
8 accumulates the calls entered the group in the 

corresponding counter, whose number is defi -
ned by 5 Variable (counters numbered fromG+l 
to 2G, one for each group) 

9 assigns parameter 7 the value of the 2 Variable 
(availability) 

10 places at ze'ro parameter 8 {sequential hunting} 
11 adds 1 to parameter 8 
12 assigns parameter 5 the value of the function 

whose number is in parameter 10, correspond
ing to the abscissa defined by parameter 8 {ab
scissa = number of step order, ordinate = ,num
ber of connected outlets} 

13 
14 

15 

16 

17 
18 

asks if the outlet defined in parameter 5 is idle 
the outlet is busy; substracts one at parameter 
7 and returns to block 11 {the loop can be re -
peated as many times as the value of the avai
lability and stops when the value of parameter 
7 becomes zero} 
all the outlets available to the group are busy; 
accumulates the group's lost calls in the corre
s~nding counter who se number is in parameter 
10 {counters numbered from 1 to G, one for 
each group} 
clear s the busy selector in the group who se 
number is in pararn.eter 10 
leaves the system 
the outlet, whose number is in parameter 5, is 
idle, so that one is seized 

19 the holding time lasts for a period defined by 
parameter 1 {block 3} and by the 52 Function 

20 
21 

22 

clear s the outlet defined in parameter 5' 
clear s the group selector defined in parameter 

10 

leaves the system . 

• 

• 


