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ABSTRACT 

A new probabilistic approach towa'rd calculating 

internal blocking situations in the three-link 

connection systems operating in dedicated se

lection mode and having a limited number of re

routing s is discussed. The probability of inter

nal blocking situations is determined for two 

unlocking procedures. The first procedure as

sumes a random choice of connections being re

routed, the second one has 'an ordered list of 

I~routings . Theoretical results are compared 

with statistical simulation data. 
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1. INTRODUCTION 

One of the main problems in designing a connec

tion system consists in obtaining preset traf

fic characteristics with a minimum production 

cost. There are several ways to secure a desir

ed traffic characteristics : 

(a) to increase the ,number of intermediate 

routes; 

(b) to increase the number of links; 

(c) to v.ork out an eff ective connecting pro

cedure; 

(d) to use reroutings and thus eliminate block

ing situations in the system. 

In the last few years att ention has turned to the 

method aimed at higher traffic characteristics 

of connection networks with reswitching taken 

as a basis [1-3J., Most of t he papers dealing 

wit :'1 this problem consider non-blocking reswitch

ing connection syste ms. However, in practice a 

certain probabi;tity of losses in a system .is 

Ordinarily tolerated. 'l'herefore it is 6f in

terest to investigate res'witch ing connec tion 

systems with losses occurring in the case when 

the number of permissible reswitching i~ limit

ed • 

This paper provides the calculations of the block

ing probability value fo r the three-link connec

tion system wi.. i:h a limi ted number of reswitch-

ing and t'M) unblocking procedures . 

Let us consider a three-link 'connection system 
wi th parameters n, m and ,k (Fig.'1) operating 

in dedicated selection mode. Let us further as

sume that the flow of reque sts entering the sys

tem is a Poisson stream and tha,t the request 

service time is exponetially distributed" 

It is known that the system ~llustrated in 
Fig.1 is a reswitching system [1J • If the list 

of reswi tc hed connec tions is chosen in a random 
manner (let it be the G1 procedure), the number 
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of reswitching according to theorem (2) does 

not exceed 

\f~x ~ 2 k - 2 

In analysing the 1 ist of reswi tching (an orde,:r-, . 

ed procedure of reswitchings), their number does 

not exceed 

lfJ~x ~ k - 1 • (2 )., 

In this case the c onnec ti on system is a non

blocking one. 

Let us study this system for the case when the 

number of reswi tching does not exceed the value 

e with any possible procedure. Let us deter

mine the probability with which the internal 

blocking situation occur's in the system with 

a limited number of reswitching . 

2 . Determination of Blocking Probability 

To approximately calculate the internal block

ing pro~ability for the connection system with 

a limited number of reswitchings, let us use 

a concept of statistical ana. functional indepen

dence [4] . 

In the further discussion use is made of the 

terminology intro duced in [1J to describe mac ro

states of reswitching connection system. 

Let us denote the probability that the system 

requires B reswitchings in order to be 

unblocked by P( tf = B ). If for a two-letter al

gorithm the maximum number of reswitchings ran-

ges from 1 to tp G ' the probabilit ies 
max q . 

p(Lp:=8) must satisfy the following condition: 

If max Gq 

L P(lf= e ) 
e = 1 

1 , 0) 

where ':P :max G is the maximum number of reswitch-
q 

ing for a chosen procedure Gq • 

If blocking situations occurring in the connec

tion system are assumed to be mutually indepen. 

dent statistically (which can be considered ad

missible for a large connection system), the 
probability of a blocking situation whic h re

quires ljJ reswi tc hings (1 ~ Lp 4 e ) to be 

eliminated, is e 
P(<p ~ e ) '= L P( If = r) • (4) 

r=1 

Then the probability that a blocking situation 

which requires mOl'e than (J l'eswitching to be 
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unblocked, P( 'f > e) OCcurs in the system is de-

termined as follows: 

. 'P (f > e<) ':/ -;'''~ p (tp ~ FJ ) 
',' . . "-,' 

If , it is now assumed that with no reswitchings 

the . ,internal blocking si tuations occ ur in the 

'connection network vd th the probability Po' the 

blocking probability with e re switch ings 

assumes the value 

e 
Po [1 - LP(lf=r~. (6) 

r=1 

Th~s, to det~rmi~ the inter~l blocking proba

bi;Lity for th,e connec;tion system with a limited 

numb,er of re~witchings, p(lf ,= r) and Po are to 
be calculated. , 

, . 

Lej; us, now determi;ne tl1e pr,ob,abilit i$s P( tp =r) , 

wher~ :r: ~' 1:, . 2~ •. ,. ',. <P tnax ~ ~ pr~e.~ding fr~m 
q 

the assu~tion that' th'e c onnec'tion system has 

a given mean load a. 

Let us first calculate th e probability tr..at two 

switching units with i and j connections are 

chosen which can be used t o eliminate blocking 

situations in the system. 

The probability t hat i connec ti ons pass an 

intermediate switching unit is assumed to be 

distributed under Bemulli law: 

ti = c~ a i (1-a) k-i (7) 

Then the probability that tv,'O s witching units 

wi th i and j connec tions would be chosen to 

unblock the system is 

(8) 

A certain letter, say A, may be used to denote 
the unblocking process, if it occurs either in 

a row or column of the macrostates matrix. The 

probability 'of this event is 

a. = i (m - i) 
~ m2 

( 9) 

Then the probability that two switching units 

with i and j connections respectively are used 
is determined as 

( 10) 

Thus, the probability that the chosen switching 

units may be used for unolocking the system may 
be written as fo llows: 

ij (11) 
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If there are altogether m intermediate switch
ing units, the probability that two switching 
units with i and j connections are chosen which 
can be used to unblock the system is 

Wi·=cf-. J m 

ij(m-i) (m-i) 

m4 

(12) 

Ho.wever, not all connections in the chosen switch
ing units can be used for unblocking purposes. 

Let us denot e by fJes the number of chain pairs 
which may be constructed from the states matrix 
with i letters A and j letters B. 

The value ~es can be calculated using the fol
lowing formulas which are deduced in the Appen
dix: 

+ C~/2 C~/2 CS / 2 Cs / 2 l-even, s-even 
1 J i-l / 2 j-l/2 

s-1 s+1 1/2 s+1 
1/2 1/2 -z- c-Z- C. C~/2C~1 J 

Ci Cj C. 1 j -1/2 + 1 J 1- /2 
1- 2 

Jes 1+1 1-1 
cTcY 

J J 
+ 

1+1 1-1 s-1 s+1 
c-Z- c-Z- C-Z-l +1 Cj~ 1:1 
i j i- ~- 2 

+ 

l-even, 
s-odd 

(13) 

1-1 1+1 s+1 s-1 
+C-Z- c-Z- C-Z-'_1 CY-l+1 l - Odd , s-odd 

i j i- ~ J--2' 

where 1 ~ l,s ~ i+j-1. [ 
j es elements form the matrix Pe }which is 
symmetrical with respect to the m:fn diagonal. 

For given i and j and a random chain selection 
procedure, the total number of chains of va
rious lengths is 

c i s 
l\j = L L ( 14) 

1=1 s=1 

The probability that the chosen unblocking 
chain has less than e steps assumes the value 

s '-P e 
L L.Pkd..+2 

1 cL=1 k=1 j =1 
P(l.f~8) =2 L (Ji j ------------------------

ij Rf j 

Using the symmetric properties of the matrix 
as: 

= 

( 16) 

ij 

Then the blocking probability for a system with 
a limited number of reswitchings and a random 

list of reswitched connections is 

(17) 

When using an ordered tmblocking pro cedure for 
selecting the shortest chain i n the set of re
switched connections, the total number of chains 
of varying length for given i and j is determin
ed by the following formula: 

i+j-1 i+j-1 i+j-1 

L 
1=1 

L .fe~s, s~l+ 2 L jes 
s=1 e,s=1 

( 18) 

The probability that a chain with less t han e 
steps is chosen for tmblocking is as follows: 

s If fk ri + e 'f J J 
p(I0t..8) = \' w .. _~1 ___ ~1 ____ E1 __ §1 k 

T-.:. L... lJ t ( ) 

ij ~j 19 

while t he blocking probability amounts to: 

To calculate the probability Po' the loss cal
culation techniques given , for example, in [4J 
can be used. 

To check the proposed method we perforned a set 
of computer runs simulating the reswitching 
three-link connection system with parameters 
n=m=k=6 and n=m=k=12 the value of the input mean 
load a amounting ~o 0.5 and 0.7 erlang respecti
vely. The simulation runs were performed for the 
case when incoming requests form a P,oisson flow 
and the holding time is distributed exponentially. 

ALGOL was used as a programming language to per
form calculations with the above given formulas. 
Fig.2 shows both the computation and simulation 
results. 

APPENDIX 

Derivation of formula (13) determining the 
number of unblocking pairs of chains with 
a fi xed length j es. 

Let us consi der a p articular case: one of the 
chains at the instant o f blocking cons ist s of 
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a single letter, say A, corresponding to the 
connection passing through the switching unit A, 
the second chain consists of two letters A and 
B, which correspond to two connections passing 
through the switching uni ts A and B. Let us de
note this chain by A * BA. An example of such a 
chain is given in Fig.3. 

It is obvious that the total numoer of such 
chains in the matrix with i letters A and j 

letters B is: 

r'12 = c~ 01_1 c~ (1) 

By analogy, 

r 12 = c] C~ C1-1 for the string B" AB (2) 

The total numoer of combinations of chains of 
the two types (A *' BA and B * AB) is: 

J12 = C{ C2_1 c] + c] C~ C~_1 • 0) 

Let us now consider chains of the type A * BAB. 
In combinations of symbols A and B of this type 
the number of chains consisting of three let
ters (if the matrix contains i letters A and 
j letters B) equals C{_1 ~ , while the total 
number of combinations of letters A and B is 

For chains of the type B .. ABA we obtain: 

" C1 J C1 r13 = . C;; . 1 • J 1 J-

The total number of combinations of chains 
A .. BAB and B lit ABA is 

• r" C! 1 ~+ j13= r13 + 13 = 1 
C
i

_
1 

C~ cif 1 . + C
j
_

1 J 

(4) 

(5) 

(6) 

B.y analogy with the previous case, for chains 

A "* BABA and B *" ABAB we have: 

(7) 

Using induction we have 

C! 
s/2 s/2 

C~ 
s/2 s/2 

even 5 (8) C
i

_
1 c., + Ci C for 

1 J 

}15= s-1 s+1 s+1 s-1 for odd s . -Z- ~ ~ 7"" 
C! C

i
_1 Dj + C~ Ci °j_1 

~ J 

For the number of combinations of chains 
AB '" BA and BA * BA we 0 otain 

1 1 1 1 1 1 1 1 • (9) J22 = Ci Cj Ci _1 Cj _1 + Ci Cj Ci _1 C~_1 
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The number 0 f chains AEA * BAB and BAB * ABA 
is 

1 1-/ 1 1 1 1 2 .P23= Ci Cj Gt_1 Cj_1 + Ci Cj Ci _1 Cj _1 (10) 

Then USing induction we fina~ly arrive at the 
formula for the number of combinations of chain 
parts with chain lengths 1 and s: 

1/2 ~/2 s/2 s/2 
Ci C C. 1 C. 1 

1- 2 J- 2 

s-1 
1/2 1/2 -Z- + 

Ci Cj Cj _l/2 

1/2 1/2 s+1 

1/2 1/2 s/2 s/2 
+ C. C. C C 

1 J i_l/2 j-l; 2 

1 - odd, s - even 

C C 7"" 
+ i Cj i_l/2 1 -even, 5- odd 

Jes = 
1+1 1-1 s/2 
c7 cY- C 

1 J i _ 1+1 
2 

1-1 1+1 

s/2 
C j _ 1-1 

1 

+ 

~ ~ 5/2 5/2 
+ Ci Cj Cl. _ 1-_1 C 1+1 

j -
2 2 

1- odd, s - even 

1+1 1-1 5-1 
C.""T c.""T c-Z-

1 J 1±.1 i-
2 

1+1 s+1 
1-1 Z- Z-

+ Ci Cj Ci -
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