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ABSTRACT 

An approximate internal blocking probability 
calculation program is described, which has been 
~evised to reduce the procedure for practical 
applications and can generally be applied to an 
arbitrary complicated case without programming 
for the computation of individually derived 
formula. The calculation is performed by giving 
only a series of pseudo-instructions. The 
principle of the method and the functions of each 
pseudo-instruction are described in detail. 
Examples are shown to characterize this program, 
utilized for the traffic design of electronic 
switc hing systems development. 

1. I NTRODUCTION 

A great number of internal blocking probabilities 
(point to point loss) of multi-stage link systems 
must be obtained for traffic design and study of 
switching networks, in order to compare various 
network types, to decide traffic capacities and 
necessary number of networks, to provide junctor 
traffic capacity tables, etc. 

Zvaluations of t he accurate blocking probabilities 
by means of exact theory are thought to be 
impossible because of enormous calculation volume 
for link systems of the size used in practice. 
Traffic simulations using digital computers are 
known to be the most useful and almost sole means 
for this purpose. However, the programming for 
traffic simulation requires comparatively lengthy 
time, on the contrary, general purpose simulation 
programs are not always sufficiently effective. 
Therefore, simulations have not been suitable for 
the above-mentioned design and study purposes, 
but have usually been used to ascertain the 
accuracy of approximate methods in a few points. 

3pecial purpos~1,implified simulation methods 
such as NEASI M' may be devised to reduce the 
procedure, but the programming rather resembles 
the usual simulation and also may reqire longer 
time than numerical computations. Besides, if 
simplification is carried out to some extreme 
(of course, intermediate modification is very 
useful, e.g. b~ taking into account the dependence 
between stages), the accuracy may become similar 
to the simplest approximation for calculation 
formulas. 

Thus, approximate formulas have been preferred 
for system study and traffic design, because of 
such conveniences wherein the means for numerical 
computations are readily utilized and analytical 
treatment can be applied, e.g. for the case of 
optimum -design of switching networks. 

Lee(2) and Le Gall(3) have established a general 
approximate formula derivation method making use 
of the generating function of the network, which 
assumes mutual independence of each link implying 
Bernoulli distributions for each stage. This 
method enables one to calculate the blocking 
probability for an arbitrary channel graph (not 
necessarily uniform link occupancy), however, the 
procedure is rather complicated for practical use. 
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On the other hand, appro~i~ate formulas based on 
the Jacobaeus' principle~4) are tractable as a 
calculation method especially suitable for 
uniform link occupancy in every stage, which is 
usually assumed in practical cases. Also, the 
principle may be utilized as an extension of the 
above method, because appropriate distributions 
of simultaneous calls can be applied to each 
stage, according to recent simulation results or 
later t heoretical progress. Consequently, this 
principle has been adopted for system study and 
traffic design of electronic switching systems 
which have been developed and now under use in 
Japan. 

In spite of concentrating on approximate formulas, 
individual formula derivations and their program
mings for numerical calculation become fairly 
troublesome in t he case of complicated channel 
graphs, such as for 8-stage link systems. More
over, a number of formulas must be calculated 
for various parameters as mentioned before. So, 
even this method had a practical defect in obtain
ing sufficient results immediately. 

In this paper, a calculation program is described, 
which has been developed intending to overcom~ 
such a difficulty and employed for many years~5). 

2. OUTLINE OF THE PROGRAI., 

The approximate formula derivation procedure has 
already been generalized, extending the Jacobaeus' 
principle, by successive decomposition of channel 
graphs, which enables one to estimate tte block
ing probability for an arbitrary case(5). 
Indeed, this t'%~a caused to obtain the optimum 
channel graph ), by taking advantage of analy
tical expression. The procedure is explained by 
an example in Section 3 • 

From the formula derivation procedure, it is 
found that the process can be dissolved into a 
few fundamental operations such as series
parallel synthesis calculation of link blocking 
and weighted summation of conditional link block
ing. The latter corresponds to the decomposition 
usually applied to mesh type graphs, where the 
weighting is made by an appropriate probability 
distribution function assumed for the link stage 
which is to be put out by the decomposition. 
Therefore, in order to compose a calculation 
program, pseudo-instructions (simply 'instruction' 
is used, hereafter) associated with necessary 
parameters may be aSSigned to such fundamental 
operations so as to express the computation 
process by their combination. Functions of each 
instruction and simple illustrative examples to 
show the calculation principle are described in 
Section 4. 

This program gives -easy calculation means which 
do not need the individual formula derivation 
nor the programming for each formula, only if 
such an input is prepared as a combination of 
instructions corresponding to the channel graph 
decomposition procedure, and parameters concern
ing about the number of links and link occupancy. 
Consequently, a great number of calculations 
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needed for traffic design has been made possible 
in comparatively short period. A practical 
example applied to these cases· and considerations 
about application are shown in Section 5. 

The prototype of this program has already been 
accomplished in 1965, soon after the beginning 
of the electronic switching systems development, 
which now under use in Japan. Hitherto, owing 
to the above-mentioned convenience and effective
ness, the program has widely been applied, beyond 
initial expectation, to the traffic study and 
engineering of these switching systems from ( ) 
JEX-1 to 010 as cited in some earlier papers 5 
and also DEX-A1, DEX-A11 etc., including the 
traffic capacity tables for junctors. 

This program was written in terms of FORTRAN, 
taking into consideration the generality for 
using computers. At ~irst, the program was 
composed as an interpretative routine for pseudo
instructions, because of memory limitation of 
the early computers, simplicity of programming 
and extensibility for new instructions. Also, 
the program has successively been improved taking 
into account new requirements, e. g . those 
resulted from traffic simulations. 

Intending to further application in future, 
recently, an overall revision was carried out by 
altering t he program to a kind of compiler. The 
principal objective was to reduce the comput
~tion time and to extend the functions, according 
to the theoretical progress and enlargement of 
t~e computer capacity, which resulted in less 
t~an 1/1 000 t~e computation time of the former 
program for somewhat complicated cases. 

3. ?OaMULA DE~IVATION 

3.1 GEt .cttAL :i~ROCEDURE 

The derivation of approximate formulas based on 
the Jacobaeus' principle con9~tnS only the channel 
graph , i.e. graph expression~ ) of the link 
combination which is available for the pat~s 
between an inlet and an outlet (or outlets in 
some cases). 

lhe internal blocking probability B corresponding 
to a given channel graph is generally expressed 
by the followin~ Eq .(1), if the graph is devided 
into two parts C and J as in Fig.1(a), each 
including some consecutive stages in one side 
and the remainder in the other side, respectively. 

,vhere l" (Ci) denotes the probability that part C 
assumes the specific state Ci , i.e. one of the 
bus y-idle patterns of all links in the part C, 
n1 denoting the whole number of its states, and 
B\DICi) is the conditional blocking probability 
of the remaining part D under the condition Ci. 
Eg.(1) becomes exact expression provided that 
r \Ci) and B(DICi) are derived by taking into 
account the state of the whole link system instead 
of the channel graph. (This is true for Eq.(2) 
below; derived by furtner decomposition of the 
channel graph.) 

When the state Ci is given, such nodes on the 
border line between C and D are determined that 
are accessible from the inlet. ~o, B(DICi) 
corresponds to the blocking probability of the 
channel graph between the above-mentioned nodes 
and the outlet (Notation u' is used for this 
reduced channel graph) included in the part D 
under the condition Ci. If mutual independence 
of each stage is assumed, B(~ICi) can be calcula
ted as blocking probability B(Di) of the above 
reduced channel graph Di in the part D, independ
ently of the expression ~(Ci). 
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The similar procedure can be applied by the 
partitioning of channel graph Di in the part D, 
as shown in Fig.1(b), and by supposing a specific 
state in one of the devided part. (Note that the 
state assumption is not necessarily confined to 
the inlet side, adjacent to the part C, but may 
be applied to the outlet side.) Thus, the 
internal blocking probability B is obtained by 

n1 n2 
B =LP(Ci) E P(Ej) B(FICi,Ej). 

i=1 j=1 
(2) 

The meaning of each factor in Eq.(2) may be 
obvious from those in Eq.(1). Also, each prob
ability in Eq.(2) can be derived independently of 
each other under the condition of mutual indepen
dence between stages, and B(FICi,Ej) mar be sub
stituted by blocking probability B\ Fi .) cor
responding to thus reduced channel gra~h Fi j 
in the part F. ' 

If the reduced channel graph becomes so simplified 
by successive application of this procedure as to 
be expressed with series-parallel combination of 
links, the corresponding blocking probability, 
e.g. B( Fi j), can immediately be calculated 
assuming mutual independence of each link. Thus, 
supposition of states such as Ci and Ej is 
introduced 

(1) to simplify the finally reduced channel graph 
so as to be expressed by series-parallel link 
combination, and 

(2) to assume distribution functions for the 
stage where the independence of each link 
can not be applied. 

Consequently, the remaining blocking probability 
such.as B(Fi,j) has one of the following two 
meanl.ngs. 

(a) The blocking probability of finally reduced 
channel graph in the remaining link stages 
such as denoted by F in Fig.1(b), which 
corresponds to general cases as described 
above. 

(b) The blocking probability of finally remaining 
nodes of one stage, corresponding to the 
special case where F in Fig.1(b) includes no 
link stage. B(Fi .) takes the value 1 when 
one or more nodes'~an be accessed from both 
the inlet and the outlet, and value 0 when 
no such node exists. (Corresponding instr
uctions are provided; cf. Section 4.8(2» 

Inle~~~~~~ J.-.. -.. ~;: ::.-. f Utlet 

(a) 1 I 

~j~~~~ $X ruuet 

(b) 

Fig.1 Partition of channel graph. 

3.2 CHANNEL GRAl'H DECOI>1POSITION 

For practical application of the above general 
procedure, specific states such as Ci and Ej in 
Eq .(2) are generally assumed stage by stage 
successively from one end or both of the channel 
graph to the inner stages, so that the successive 
decompos ition of channel graph may easily be 
carried out. As for r (Ci), r (Ej), etc., one may 
assume the probability that a specific number of 
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l inks are idle in each stage (or in every group 
of the stage): Then the accessible number of 
odes from the inlet (or outlet) is directly 

1etermined and, consequently, the reduced channel 
~raph in the remaining part can immediately be 
rlrawn • 

The procedure is explained by an example of 
channel graph decomposition, as shown in Fig.2. 
Suppose that i1 limks are idle among n1 of the 
first link stage, denoting the corresponding 
probability by P1(i1), then, the internal block
ing probability B of the channel graph shown in 
Fig .2(a) is expressed by 

n1 
B = L P1(i 1) B2-5(i 1). 

i 1=0 

,Vhere B2-5(i1) is the blocking probability of 
the reduced channel graph, as shown in Fig.2(b), 
which may easily be obtained by the above sup
position of the state. Furhter, suppose that 
j1,j2, •• ,jn2 links are idle, respectively, among 
each n3 linEs of n2 groups in the 5th link stage, 
denoting the corresponding probability by 
P5(j1, .• ,Jn2)' then, B2_5li1) becomes as follows. 

n3 n3 
B2-5(i1) =f= ... f= P5(j1 ,··,jn2) 

J1=0 Jn2=0 

B2-4(i1;j1, •• jn2) (4) 

Where B2-4(i1;j1, •• jn2) is the blocking probabi
lity corresponding to the reduced channel graph 
as shown in Fig .2(c), under the above supposition 
of the state. If the mutual independence of 
each link occupation can be assumed for the 
reduced channel graph in Fig.2(c) , the following 
expression is easily obtained for its blocking 
probability. 

B2-4(i1;j1, •• jn2) 

ITe8 

Tr(r2+(1-r2 ){r3+(1- r 3)r4}jkJ i1 (5) 
k=1 

rk: Link occupancy ot k-th 
link stage 

r., r4 

(b) 

.il.2 Channel graph 
decomposition process. 

Consequen~ly, the internal blocking probability 
B is obtained as 

Appropriate distribution functions may be selected 
for P1(i1) and P5 (j1, •• jn?)' e.g. Engset's or 
Bernoulli's, in accordance with the conditions 
such as matrix shapes, etc. However, the opera
tions denoted by /1/, /2/ and /3/ in Eq .(6) are 
generally utilized regardless of the channel 
graph form, and the above quoted distributions 
are commonly applied to many cases as weighted 
summation of the type /1/ or /2/. Besides, the 
blocking probability of the finally reduced 
channel graph such as Fig.2(c) can be calculated 
only by combining series-/4/ and parallel-/5/ 
synthesis of link blocking. Thus, in this pro
gram, these fundamental operations such as 
denoted by /1/-/5/ accompanied with necessary 
probability distributions are provided for common 
use and designated by pseudo-instructions. 
Instead of the above formula derivation, a combi
nation of instructions enables one to calculate 
the internal blocking probability for any kind 
of channel graph . Details of each instruction 
are described in the next Section. 

What kind of distribution function, e.g. Engset's, 
Bernoulli's or General, should be applied to the 
weighted summation such as /1/ or /2/ in Eq.(6) 
is the problem concerning about the accuracy of 
approximation. Some considerations are shown in 
Section 5. 

4. INSTRUCTION 

4.1 VARIABLE 

The instruction consists of operation code and 
operand. The operation code is expressed by two 
alphameric characters, and the operand consists 
of not more than 5 integers. These integers 
denote the subscripts of variables which cor
respond to the necessary parameters such as 
number of links, link occupancy, etc. So, the 
number of integers depends on the type of oper
ation, as easily seen from Section 3.2. There 
are 4 types of variables which can be reffered 
to by the operand, as shown below with their 
usage. 

(1)Integer variable of one-dimensional array : 
used for number of links, parameters of 
summation or cumulative product and the 2nd 
suffix of two-dimensional variables, e.g. n1, 
n2' n31 i1 and k in Eq.(6). 

(2)Integer variable of two-dimensional array: 
used for parameters of summation or cumulative 
product, e.g. jk in Eq .(6). 

(3)Real variable of one-dimensional array: 
used for link occupancy, its ratio between 
stages, traffic offered and the same purpose 
as in (4), e.g. r2, r3,and r4 in Eq .( 5) . 

(4)Real variable of two-dimensional array: 
used for intermediate computation results of 
reduced channel graph, e.g. the value of Eq.(5). 

For convenience' sake, the following notations 
are used to characterize these variables. 

n: The subscript of type (1) variable 
r: The subscript of type (3) variable 
1: The first subscript of type (2) variable 

Instead, if confusion may not take place , n, r 
and 11). imply the values of the variables for the 
type (1), (3) and (2), respectively, in the cal
culation formulas for simplicity. In order to 
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distinguish the two meanings, the former is 
abbreviated as 'subscript ni, and the latter as 
'variable ri' in the text. 

A variable can take any value separately deter
mined by input or by another instruction which 
executes com~utation between variables (cf. 
Section 4.12). Thus, a combination of instruc
tions entirely coincides with a formula as illust
rated by Eq.(6). However, the sequence of inst
ructions is given as reverse order of the equa
tion, e.g. calculation of B(i1;jk), /3/, /2/ 
and /1/ for Eq.(6). Because such order resembles 
the sequence of computation, the early program 
became simpler by this effect. 

Calculations are usually operated between para
meters and the intermediate result which is 
denoted by variable A, then, the result is again 
stored as the value of A. When the calculation 
starts, variable A takes the value O. After 
some instructions such as 'store', also, it is 
cleared to O. 

4.2 SERIES/SET INSTRUCTION 

A = r + (1-r)A 
cf. (2) 

(1) The equal sign specifies replacement (the 
same in the followings), i.e. the value of A is 
replaced by the value of the right-hand side 
expression. 

(2) Two-dimensional real variable with subscripts 
(n1,n2) is substituted for variable r of the 
above formula. 

(3) The mark * denotes the possibility of indirect 
designation: If negative integer r=-i is found in 
the operand, -i is replaced by the value of such 
variable n as the subscript n=i. 

SET instruction: If the value of A is 0 before 
operation, SEaIES becomes SET, thus 

A = r. 

4.3 E~UAL INS1AuCTION 

cf.(3) in Section 4.2. 
cf.(2) in Section 4.2. 

(1) After the value of A is 'stored' in variable 
r, A is cleared to O. 

(2) This instruction corresponds to the equal 
sign, e. g . in Eq.(6), and is also utilized to 
'store' intermediate results, e.g. the equal 
sign in Eq. (5). 

4.4 PARALLEL, MEAN- PARALLEL I NSTRUCTION 

(1) PARALLEL 

PA n 

FA r* 
PA 1, n 

A 
A 

A 

cf. Note. 

Note: Positive integers in the operand is regard
ed as n, and only negative integers as r* apply
ing indirect designation (cf.(3) in Section 4.2). 
It must be noted that the operation differs for 
nand r*. 

(2) MEAN-PARALLEL 

PX n, r 
PX 1, n, r 

A 

A 

To reduce the computation time, sometim~s, the 
following approximation is introduced(5). 

331-4 

(7) 

Where the notation of Eq.(3) is applied without 
missing generality. If Bernoulli distribution 
is applied to P1(i1), the average number of idle 
links becomes n1(1-r1). (cf. Fig.2(a» So, the 
average of i1 is substituted for i1 of B2-5(i1) 
(right-hand side of Eq.(7», instead of obtain
ing the average B2-5(i1) weighted by distribution 
P1\i1) (left-hand side). An example is shown in 
Section 4.5. 

4.5 DISTRIBUTION ASSu}IPTION INSTRUCTION 
(SINGLE LINK GROUP) 

These instructions specify the state, i.e. the 
number of idle links in a stage, which enables 
one to decompose the channel graph. The weight
ed summation of the type /1/ in Eq.(6) is auto
matically performed by the designated distributi-
on function P(n1)· P(n1) 

MS n1, n2, r Bernoulli 
EG n1, n2, r, n3, n4 Engset A = r: P(n1 )A(n1 ) 
ER n1, n2, Erlang n1=O r, n3, n4 
GD n1, n2, n4 General 

where A(n1) denotes the value of A, computed for 
the reduced channel graph under the condition n1. 

Correspondence between distribution-specifying 
parameters and the variables designated by the 
operand of each instruction is as follows. 

(1) Common parameters f or each instruction 
n1: Assumed number of idle links among n2 
n2: Number of links (in a stage) concerning 

to the channel graph 

(2) MS: Bernoulli distribution 
n2: Number of links 
r : Link occupancy 

As for expressions of well-known distributions, 
see e.g. Ref.(7). 

(3) EG: Engset distribution 

n2: Number of outlets, if subscript n4=O. 
r : Inlet occupancy 
n3: Number of inlets 

If variable n3 is not greater than variable n2' 
the distribution becomes Bernoulli's bounded by 
the number of inlets. 

Note that the distribution corresponds to so
called time congestion assumption, observed at 
an arbitrary moment. 

(4) ER: Erlang distribution 
n2: Number of outlets, if subscript n4=0. 
r : Traffic offered 

If variable n3 is not greater than variable n2, 
the former is regarded as the number of outlets 
which specifies the distribution. Otherwise, n3 
has no effect. 

(5) GD: General distribution 

The distribution function, defined for the range 
of variable n2, is determined by instructions DF 
and DM, or read in by DR, if subscript n4=O. 

(6) Distribution-defined range 
(a) When subscript n4 of EG,ER or GD is 0, 
the distribution is defined for the range of 
variable n2, as in (3)-(5), i.e. the distribution
defined range coincides with the links concerning 
to the channel graph. The corresponding probabi
lity is denoted by PO(n1;n2), detailed for P(n1). 
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(b) When subscript n4 is not equal to 0, 
the distribution is defined for the range of 
variable n4, where the relation n4>n2 must 
hold between these variables. In this case, 
the links concerning to the channel graph is a 
portion of the whole distribution-defined range, 
as illustrated in Fig.3. The corresponding 
probability Pn4 (n1;n2) is given by 

( ) __ n4+A1-n2(~~) (n1:~~) ( ) (8) 
Pn4 n1;n2 L Po i;n4 ' 

i=n1 (n1) 

and applied to P(n1). 

__ ~~~~r--------------
channel 
graph --- ------------

11&.' D1atributlon-defined range 
aDd ctaaHl gnph • 

(7) Example 
If the channel graph of Fig.4(a) is given, 
Fig .4(b) is obtained by assuming 'MS i, n1' r1'. 

Correspondence between the other instructions 
and the reduced channel graph may be obvious. 
Instead of MS , if MEAN-PARALLEL approximation is 
applied, MS vanishes and PA is replaced by PX, 
as in Eq . (7) • 

SE r2 SE r2 
PA i PX n1. 
SE r, 9 r, 
PA n2 PA 112 
MS 1, n1. r1 

r1 

Pig •• Instructions and channel graph decomposition. 

4.6 DISTRIBUTION ASSUMPTION INSTRUCTION 
( MULTIPLE LINK GROUPS ) 

These instructions specify the multi-dimensional 
state, and perform the weighted summation of the 
type /2/ in Eq .(6). 

4.6.1 BERNOULLI DISTRIBUTION 

MC 1, n1, r, n2 
Mij 1, n1, r, n2 cf. (3) 

(1) Variables designated by the operand denote 
the following parameters. 

lk: Assumed number of idle links among n1 in 
the k-th subgroup 

n1: Number of links in a subgroup 
n2: Number of subgroups (in a stage) concern

ing to the channel graph 
r : Link occupancy 

(2) The calculation formula is g iven by 
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Where A(11, •• 1 ) denotes the value of A, 
computed for tR€ reduced channel graph under the 
condition {lk; k=1 ,2, .. n2} • 

(3) MZ is applied to the case where the value of 
A(11, •• ln2) is kept constant for an arbitrary 
interchange of the order of { lk}. Its comput
ation time is fairly shorter tnan MC. 

4.6.2 OTHER DISTRIBUTIONS 

To specify a distribution, one of the following 
auxiliary instructions is used subsequent to the 
above MC or MZ. 

CE n3' r, n4' n5 
CR n3' r, n4' n5 
CG n3' n5 

Engset 
Erlang 
General 

(1) The variables n3' n4' n5 and r, respectively, 
have the same meanings as n2, n3' n4 and r of 
the corresponding distribution ln Section 4.5. 

(2) The variables lk' n1 and n2 of MC or MZ are 
utilized to specify the condition about the sub
groups, and the subscript r of MC or MZ is 
ignored, when one of these auxiliary instructions 
is accompanied. 

(3) The following relations are introduced as a 
result. 

s=n3/n1: Number of dependent subgroups in a 
distribution-defined group concern
ing to the channel graph 

m=n2/s : Number of independent distribution-
=n1n2/n3 defined groups 

(4) The calculation formula is obtained by use 
of the corresponding P(n1) in Section4.5 with 
the distribution-specifying parameters in the 
above (1), and substituting number of i dle links 
Uj forn1. 

m [n3 .-- s -+ j . s ] 
A = IT1 u~=oP(Uj) L i~· L k=( j-V)S+1 (~~)/(~~) 

• A(11,· .ln2) 

Where the summations are carried out for every 
combination of lk' under the restrictions 

j.s 
TI lk = Uj • 

k=(j-1 )s+1 

4.7 rtEPETITION INST RUCTION 

CU n1, n2 
LP n1, n2, n3 

Cumulative product 
Loop 

cf. (1 ) 

cf.(2) 

(1) CD corresponds to the operation /3/ in Eq.(6). 

A =Tr A(n1) 
n1=1 

A(n1) is usually expres sed by A(ln1) ' when CD is 
applied, as in Eq.(5). 

(2) Repetition is carried out for n1=n2, ... n3. 
After each repetition, A is cleared to 0, exclud
ing the last value of A which remains as it is. 
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(3) Example: cf. Fig.2 

Instructions 

SE r4 
SE r3 

} 

____ Series-parallel synthesis 
PA j, k 
SE r2 
PA i1 
CU k, n2 
MC j, n3' 
EG i1,n1' 

in Fig.2(c) 

Decomposition of 
r5, n2 ---- Fig.2{b)--+(c) 
rO, N, 0 ---- Fig.2(a)-+(b) 

4.8 :IYPERGEOMETRIC DISTRIBUTION INSTRUCTION 

HG n1, n2, n3' n4 cf. (1) 

HZ cf.(2) n2, n3' 
HG n1, n2, 
HZ n2, n3' 

n4 
n3, 
1, 

1, 

n4 

n4 
} 

Variab~e n4 of the above 
cases lS replaced by 
variable In4. 

(1) Illustration is shown in Fig.5. 

Summation is performed for 

min(n3' n4) ~n1 ~max(O, n3+n4-n2)· 

(2) HZ corresponds to the following case in HG 
(cf. Section 3.1(b», where 

A 

for n1> 0 
for n1= O. 

'ig.5 Illustration for HG and HZ. 

4.9 BOT:l.l'IAY JUNCTO R INSTaUCTION 

I B·" n1, n2, r1, r2 I cf. Fig. 6 

A = 1 for n1.n2 =0, or else 
=1-0.5(1-r2)(1-r1)2 for n1+n2 
=1-(1-r2)(1-r1)2 for n1+n2 
=r2+(1-r2){r1+(1-r1)r1f for n1+n2 

lDlet r1 

~tXl~ 
D D2. Accessible among 
1'· two links 

~C.6 Illustration ror BW. 

331-6 

2 

3 
4 

4.10 DISTRIBUTION DEFINITION INSTRUCTION 

Definition 
1\1odification 

cf.(1) 
cf.(2) 

(1) The conditional blocking probability under 
the condition n1 is defined as 

G(n1) = A(n1) for n1 = 0, ... n2· 
A is cleared after every repetition. 

(2) Probability that i links are idle among n2 
is obt~ined by 

G(i) = (~2) j~O (~) (-1 )i-j G(n2-j), for i-O, •• n1. 

4.11 END INSTRUCTION 

II End 

II n1, n2, n3, r End weighted by Erlang's 

II n1, n2 End weighted by General 

The weighted internal blocking probability is 
finally computed by 

n2- 1 {n2-1 } 
A =n1E;p(n1) A(n1) + A(n2) 1-i~0 P(i) • 

This is generally applied to the case where 
retrials are allowed for up to n2 free outlets. 
In Erlang distribution, variables n1, n3 and r, 
respectively, correspond to n1, n2 and r in 
Section 4.5. 

4 .12 ARITHrIJ~TIC OPERATION INSTRUCTION 

The value of A is kept unchan~ed for t~ese inst
ructions. Some of them which may appear in the 
example are shown below, omitting 10 other inst
ructions. 

M1 n1, n2, 
M1 n1 ' n2' 
M2 r1, r2, 
E2 r1 , n, 

n3 

n3' 
r3 
r2 

n4 

Integer product n3 
Suffix modification 
Real product 

Integer power 

SUFFIX MODIFICATION performs tne following 
operation. 

This is usually utilized to decrease t he diillen
sion of array, e.g. (1, n1, n3) ~ (1, n4)' 
where n2 ~ n1 ~ 1. Thus, the two-dimensional 
integer variable in t his progr am is sufficient 
to express such a case. 

4.13 CONTROL INSTRUCTION 

These instructions do not perform any operation 
but assign indications to the 'assembler'. 

XX k 

YY k 

DR k 

Start point } 
Start point assignment 
General distribution read in 

cf. (1) 

cf. (2) 

(1) If 'YY k' is put immediately before the inst
ruction which . performs a repeatin~ computation, 
those including E or 1T and A (n1 ), LP and DF, 
the start point of repetition becomes the next 
instruction to 'XX k' with the same k in the 
operand. 'XX k' may correspond to more than one 
'YY k'. If 'YY k' is not inserted be f ore a 
repetition instruction, the start point becomes 
the first instruction. 

(2) DR defines the general distribution by read
ing in k values of G(i). 

• 

• 

• 

• 

• 
Details of input and output method, also related • 
instructions, are omitted in this paper. 



• 
• 

• 

• 

• 

• • 

5. APPLICATION 

5.1 PRACTICAL EXAMPLE 

As an example of application, the channel graph 
of D10 Electronic Switching System is decomposed 
and the corresponding instructions are derived, 
which have practically been utilized to obtain 
the internal blocking probabilities for various 
purposes. 

The channel graph)becomes as shown in Fig.7(a) 
for 32 junctors\5. To clarify the correspond
ence between channel graph parameters and oper
ands of each instruction" the notation of Fig.7 
is introduced. Engset distributions (valid for 
expansion as Bernoulli's) are applied to the both 
end (the first and the 7th link) stages. 
Concerning to the outlet selection, a few 
retrials for free outlets are assumed. 

'MC 1, 1, 1, 3' d' MC 2, 1, 3 , 9 ' 
When CE 4, 102, 6 an CE 4, 101, 5 are 
supposed for both end stages, the channel graph 
can be decomposed as in Fig.7(b). In order to 
simplify, further, 'PX 1, 901, l' and 
' PX 2, 902 3' are assumed for both end stages 
in Fig.7(b), then, the reduced channel graph in 
Fig .7(c) is obtained, which consists of series
parallel combination. 

Thus, the following instructions are derived . 

N2 1 170 3 
M2 3 100 101 Jr Preliminary computation 
H2 1 120 102 to define occupancies 
M2 1 140 4 
E2 4 7 2 
fvl 1 3 81 9 
XX 1 
;;lE 1 
?X 1 901 
E~ 11 
XX 2 
SE 3 
f<I 1 51 ? 52 902 
PX 2 902 3 
SE 2 
yy 2 
CU 52 81 
SE 11 
yy 2 
CU 51 3 
yy 1 
CU 901 3 
FA 2 
yy 1 
f1 C 2 1 3 ~} vecomposi tion of CE 4 101 5 
yy 1 Fig.7(a)~(b) 
NC 1 1 1 3 
ct: 4 102 6 
E~ 5 Store the result 
// 81 8 10 10 

---------------------
Given values other than Fi g .7 

Integer variable 

(b) 

Because of the retrials, three-dimensional 
variable may be needed for the 7th link stage • 
However, t he skillful application of the function 
of MC-CE and suffix m'odifica tion by M1 enables 
one to get an equivalent procedure. 

The values of the parameters are separately 
given (omitted here). To repeat the computation 
with di f ferent values of some parameters (for 
the same instructions), it suffices to assign 
only t hese changed values. Thus, the program 
is convenient for consecutive computations. 
Also, it may be understood from the preceeding 
example s that the individual formula derivation 
is not needed at all. 

5.2 CONSIDERATI ON 

The accuracy of this combinatorial approximation 
method depends on the application rule of prob
ability distribution function to each link stage. 
Full scale simulations were carried out for many 
network configurations to solve this problem. 
As a result, the application rule has generally 
been es tablished (cf. Refs.(5) and (8) for the 
details) and, al s o, t h is program has accordingly 
been improved. 

To decompose a channel graph, the state assum
ption (specification of idle links) for one or 
both end link stages is generally favorable to 
simplify the procedure. Fortunately, t his pro
cedure agrees with the fact that an internal 
blocking probability mainly depends on the matrix 
shapes of both end stage s , and that t he appro
priate distributions must be appli ed to these 
stages in order to guarantee t he accura cy. 

1 

..--- Real variable 
~ subscript 3 

GQl) (Occupancy) 
(3) (5) 

, 
I 
I 

1)4--Integer variable 
subscript 

(,)(81 )-(9) 
1_ .... --...._--,,....._-.;----:-1 
~. , 

~,-'~,L--r------~-~-" 
I 

I I 

Integer variable 
subscript (2,j) 

7 : Multiplicity of junctor 
8: Specified number of trial s 

10: Number of outlets in the 
route 

Real variable 

('1 r (2~1 ('1 
~(1,i)::13) ~(2,j)---:/l~ 

1a(9f1Tr:(1.1)~(2.j):]m-}51) ~ 
", (1,i)~_~(2,j) " n.(5~) 

(c) .... ( 1 , i.>'- /~ 2, j )' I 
j=(902) 

100 : Outlet/given link 
120: Inlet/given link 
140: Junctor/given link 
170: Other link/given link 

/ Occupancy ratio 
10: Traf fic offered to t he 

route 

Note: Retrial channel graph is abridsed in Fig.? 
indicating the branching by '~(81)'. 

ITC8 

t ~)4-o(------'. 
MEAN-PARALLEL in (c) 
41tterent from (b) 

rl,.7 Practical exaaple of instruction derivation. 
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On the other hand, a group of links in inter
mediate stages generally consists of such links 
as assembled separately from concerning matrices 
by one link or a group of a few links. The 
tendency that such a group of links usually 
submits to Bernoulli distribution is also proved(8~ 
Therefore, the application of Bernoulli's to the 
finally reduced channel graph is quite natural 
from this point of view, apart from the simpli
fication purpose. 

Finally, it may be added that the cases n4 + 0 
for the instructions in Section 4.5 and n5 + 0 
for those in Section 4.6.2 are provided to match 
a kind of limited availability, such as random 
slip multiple or transposed multiple, consider
ing the distributions which may take place in 
these cases. 

The effect of dependence between stages can not 
be taken into accoun~ explicitly in this method, 
but mean-parallel approximation has a tendency 
to compe~sate the error caused by ignoring the 
effect\?), besides the running time saving. 

6. CONCLUSION 

Easy calculation means for practical application 
to obtain internal blocking probabilities of an 
arbitrary complicated channel graph have been 
achieved by this general purpose program, which 
does not require any formula derivation nor the 
programming for computation, but suffices to 
assign comparatively small number of pseudo
instructions corresponding to the channel graph 
decomposition procedure, as illustrated above 
in detail. 

One of the remaining problems is that the requir
ed sequence of instructions rather resembles the 
formula derivation procedure than represents the 
channel graph closely, and that some degree of 
skill may be needed to prepare the instructions. 
It may be a further problem to express channel 
graphs by such a simple notation as introduced 
in Ref. (6). 
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