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This paper deals with switching networks for multi channel connections. 
The conditions under which the three-stage switching network ;s non
blocking for s-channel connections are given. The switching networks 
nonblocking in the strict sense as well as the switching networks non
blocking in the wide sense are considered. The conditions for two-sided 
and for one-sided switching networks are derived. 

1. INTRODUCTION 

In the future Integrated Services Digi
tal Network (ISDN) a traffic with vari
ous data rates will be offered by sub
scribers. Services and applications 
which will be offered in future net
work, will require different bit rates. 
These bit rates may change from a few 
kb/s up to 600 Mb/s in case of broad
band services (videophone, high-speed 
data transmission, HDTV). Therefore, 
the future exchanges will have to be 
capable of switching connections with 
different bit rates. This kind of 
switching is called multirate switch
ing. It can be realized either by using 
an Asynchronous Transfer Mode (ATM) or 
by using multi-slot connections. This 
paper deals with multi-slot connec
tions. 

One of the difficulties of multi-slot 
switching is the preservation of time
slot order. It means that the time
slots of an originating call must be 
switched to designated time-slots at 
terminations in a way which preserves 
the order of time-slots. Some methods, 
in which this problem has been solved, 
are reported in the literature [1], [2], 
[3]. Several other papers deal with the 
performance evaluation of switching 
networks with multi-slot connections 
[4], [5]. In this paper nonblocking 
switching network for multi-slot con
nections are considered. Such networks 
were earlier considered in papers [6], 
[7], but the conditions under which the 
switching network is nonblocking were 
either incorrect [7] or unprecise [6J. 

In Section 2 some aspects of multi-slot 
connections are discussed. Some defini
tions are also given. Section 3 pre
sents the two-sided switching networks. 
The conditions under which the network 
will be nonblocking are formulated. 
Section 4 deals with one-sided switch
ing networks. In Section 5 the networks 
which are nonblocking in the wide sense 
are considered. 

2. MULTI-SLOT CONNECTIONS 

A switching network which have to 
switch calls at varying speed can be 
designed either for the highest or the 
lowest speed calls. In the first case 
the low-speed calls use the same band
with as the highest ones and, there
fore. it is not economical for the net
work which carries many low speed 
calls. In the second case high-speed 
calls are connected by using more than 
one time slot. The connections which 
occupy more than one time slot are 
called multi-slot or multi-channel con
nections. The connection which occupies 
5 channels is called s-channel connec
tion. These 5 channels may be switched 
independently using channels in differ
ent multiplexed links or they may 
occupy only channels of the same multi
plexed link. In the first case non
blocking conditions are well known [8], 
but it is not easy to preserve a time
slot order. In this paper we assumed 
that multi channel connections occupy 
channels in a common multiplex system. 

Another problem which affects nonblock
ing conditions is the way in which idle 
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channels are assigned to a new call. 
These channels may be assigned in a 
random way, a periodic way or a bursty 
way [3]. The random assignment does not 
impose any restriction on the assign
ment of time slots. The periodic as
signment permits only equal-interval 
assignment, i.e. there are equal inter
vals between time slots which are as
signed to the connection. The bursty 
assignment permits only adjacent time 
slots (see Fig . 1). 

a) 
fX1 I fX1 I fX1 I fX1 I I 

b) 

Fi g. 1. 

I I I I I>dXI><IX1 I I I I 

The time slot assignment: 
a)periodic, b) bursty 

If a new s-channel call is to be set up 
through the switching network, the 
multiplexed link, which is accessible 
for this connection has to be found, 
and then 5 channels should be assigned. 
A space-division switching network is 
strictly nonblocking if it is always 
possible to set up a connecting path 
between its free terminals indepen
dently of the already existing connec
tions and the path search algorithm 
[9], [10]. In the multi-channel switch
ing we will call the switching network 
strictly nonblocking if it is possible 
to set up a new call independently of 
the path search algorithm and the time
slot assignment. The switching network, 
which is nonblocking when the special 
path search algorithm or time slot as
signment are used, used to be called 
nonblocking in the wide sense. In this 
paper both strictly nonblocking and 
nonblocking in the wide sense switching 
networks are considered. 

3. TWO-SIDED SWITCHING NETWORKS 

The conditions under which a three
stage space-division switching network 
is nonblocking were considered by Clos 
[9]. Nonblocking space/time-division 
switching networks were treated by A. 
Jajszczyk [8]. Since both space-divi
sion and space/time-division switching 
are the special cases of the multi-slot 
switching, the theorems for the multi-

slot switching should include these 
known results. 
Let us consider the three-stage switch
ing network shown in Fig.2. Each stage 
of this switching network consists of 
digital switches, which can switch up 
to n incoming and n outgoing PCM links 
with up to f channels each. The 
switches in the adjacent stages are 
connected between themselves by v PCM 
1 ; nks. Numbers f j and f 0 denote the 
number of channels in PCM links which 
can be used for setting up a path 
(f j i f and f o i f).The switching net
work is to switch m-channel connections 
where 1 i m is, s i f j . 

Fig.2. The three-stage switching 
network 

Theorem 1: The three-stage switching 
network composed of digital switches is 
nonblocking in the strict sense for 
multi-slot connections if and only if 

m 1 + 1 

where lxJ is the greatest integer less 
than or equal to x, and rxl ;s the 
smallest integer greater than or equal 
to x. 

Proof: Let us consi der the "worst" 
state of the network presented in 
Fig.3. Let us also assume, that the k
channel call is to occupy k adjacent 
slots, 1.5.. k .5.. s, i.e. the bursty time
slot assignment is used. In the "worst" 
state n j r ; -s input channels of one of 
the first-stage switches and n j fj-s 
output channels of one of the third 
stage switches are occupied, and there 
is not any connection between these 
switches. The occupied channels of 
these outer stage switches are assigned 
only to the 1-channel connections. The 
channels are occupied in such a way, 



that there are exactly s-l free chan
nels between two occupied channels, as 
it is shown in Fig.3b. The link, whose 
channels are occupied in the way 
described above, is inaccessible to the 
new s-channel connection if a bursty 
time-slot assignment is used. In this 
link rfo/sl channels are occupied. 
Finally, we can have v7 = L( n i f i 
s)/(vrfo/s1J links between first and 
second stage switches, whose channels 
cannot be used for setting up an s
channel connection, and consequently, 
middle stage switches are inaccessible 
to a new s-channel call. Similarly, the 
same number of links between the third
stage switch and second-stage switches 
are occupied. In the worst case these 
sets of 7 mi dd 1 e-stage swi tches are 
disjoint. If s-channel connection is to 
be realized between the said outer
stage switches an additional switch in 
the middle stage is needed. When (n i f i 
s) / ( vr f 0/ sl) is not an integer the ad
ditional middle stage switch may be 
partially occupied, but it will be 
still accessible for a new s-channel 
call. 

a) 

s-1 free slots 
,-----~~------ ------~~----~ r , I' , 

~_ 1b<l1 1b<l1 

Fig.3. The "worst" state in the 
switching network (a) and in a 
single link (b) 

It should be noted that for r ;=ro=v=s=l 
(i .e. space-division switching). we 
obtain Clos ' condition [9]. For s=l 
(i .e. space/time-division switching), 
we obtain Jajszczyk's condition [8] . 
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4. ONE-SIDED SWITCHING NETWORKS 

Now let us consider a one-sided switch
ing network composed of digital trian
gular switches. The simplest two-stage 
structure is presented in Fig.4. It is 
similar to that proposed by Clos [9]. 
The incoming lin ks in the triangular 
switch operate as duplex circuits. This 
switch can connect any channels of any 
terminal links . The connections between 
channels belonging to the same first
stage switch are set up without using 
the second-stage switches. If this 
switching network is used for multi
channel switching the nonblocking con
ditions are as follows. 

Fig.4. The one-sided two-stage 
switching network composed of 
triangular switches 

Theorem 2: The two-stage one-sided 
switching network composed of digital 
triangular switches is nonblocking in 
the strict sense for multi-slot connec
tions if and only if 

1) m 2. + 1 when r 1. 4, 

3n;f i - 2s 
2) m 2. + 1 when r=3, 

L f
ro] 

2v ~ . 
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l 
n j r j - 5 

3) m 2. .. -.. -----~ .. _- + 1 when r=2, 

r r "l 
v l ---; 1 

where LxJ is the g~eatest integer less 
than or equal to x, and r xl is the 
smallest integer greater than or equal 
to x. 

Proof: Case 1: If 1'2.4, the proof given 
for two-sided switching networks can be 
easily extended for one-sided ones and 
the result i s similar. 

Case 2: r=3. Let us as s ume that we are 
te set a path between switches r l and 
r~~ and that this connection i§ to 
occupy 5 slots . Let j be the number of 
already existing connections (rl,r2), 
let k be t he number of already existing 
connections (r l , r 3), and let 7 be the 
number of existing connections (r2,r3)' 
Each of the said connections occupies 
only one channel. We should note that 
the existence of the c onnection (a , b) 
means that the connection (b,a) also 
exists. For the "worst" state of a 
network, we have: 

j+k = n i r i - s 

j+ 7 n i r i -s 

k+ 7 2. n i f j 

because 
channels 
r l , 

because 
channels 
r 2 , 
because, 
channels 

there are 5 free 
in the s witch 

t here are 5 free 
in the switch 

at most, all 
in the switch 

r 3 are occupied. 

Solving these three formulas, we obtain 
j= r ( n i f i - 2 5) /2 1 and 7 = k= L n i f i /2 J . as 
the numbers j , k, and 7 are integer. 
For the "worst" case the existing 
connections occupy a second- stage 
switches, where a=(j+k+7)/(vrro /sl) if 
a is integer or LaJ+l if a is not an 
integer. We obtain 

a 

If a is an integer an additional switch 
is required and if a is not an integer, 
there are 5 adjacent free channels in 
the switch LaJ+l. 

Case 3: r=2. In the "worst" case, 
n i fj-s connections are established 
between two different first-stage 
switches, and each of these connections 
occupi es onl y one channel. It means, 
that L(n j r i-s)/(vrfo/sl)J second-stage 
switches are inaccessible to an s-chan
nel connection and one additional 
switch is needed. 

It is seen that for r i =fo=V:s=l, we 
obtain Clos' theorem (for r2.4). If only 
s= 1 , we 0 b t a i nth ere s u 1 t s g i v e n i n 
[11] . 

5. SWITCHING NETWORK NONBLOCKING IN THE 
WIDE SENSE 

The strictly nonblocking switching 
networks result in increasing a cost of 
the network . The cost can be reduced by 
using a path search algorithm or a time 
slot assignment for which the switching 
network with the fewer number of 
swi tches in the mi ddl e stage will be 
nonblocking. Now let us assume that 5-

channel connection can occupy any 5 

free time slots in the multiplexing 
link. The algorithm presented in [3] 
can be used for preserving the time 
slot sequence. In the following 
theorems nonblocking in the wide sense 
means nonblocking when the said time 
slot sequence preserving algorithm is 
used. 

Theorem 3: Two-sided three-stage 
switching network presented in Fig.2 is 
nonblocking in the wide sense for s
channel connections if and only if 

Proor: Let us assume that s-channel 
connection between 5 idle channels of 
the incoming link of the first stage 
switch and 5 idle channels of the out
going link of the third stage switch 
are to be made. In the "worst" case all 
other channels in these outer switches 
are seized. Therefore, a total n ; f ; -s 
channels of the incoming links of the 
first stage switch are occupied, and 
the same number of channels of the out
going links of the third-stage switch 
are occupied. The links between the 
first-stage switch and the second-stage 
switches will not be available for the 
s-channel connection if at least fo-s+1 
time slots are already seized in each 
of these links. Finally, we have 
7=L(nir j -s)/v(ro-s+l)J switches in the 



middle stage which are not available 
from the first-stage switch if 5-chan
nel connection is considered. Simi
larly, the same number of the middle
stage switches are not available from 
the thi rd-stage swi tch. I n the "worst" 
case these sets of middle stage 
switches are disjoint, and one more 
switch is needed for setting up the 5-
channel connection. 

It should be noted that for f j= f 0= v=s=l 
and for 5=1 we obtain the previously 
presented results. This is because we 
consider the special time slot assign
ment algorithm but we do not put any 
restriction on the way in which the 
second-stage switches are chosen. Since 
in both space-division switching and 
space/ time-division switching the time 
slot assignment is not considered, the 
result given in Theorem 3 should 
include these known results. 

Theorem 4: One-sided two-stage switch-
ing network presented in Fig.4 is non-
blocking in the wide sense for 5-chan-
nel connections if and only if 

1 ) m 2. 
I n i f i -5 I 

2l~( f " -5:'1) J 
+ 1 when r2.4, 

l 3n;T ; -2s I 2) m 2. + 1 when r=3, 
2 v( f " -5+ 1 ) 

3) m 2. 
I n;T ; -s I l ~-( -f~ ~';;i),_ + 1 when r=2. 

In case 1, the result is the same as 
that for two-sided switching networks, 
and the proof is similar to the proof 
of Theorem 3. For f i =fo=m and v=l, we 
obtain the results given by G.Niestegge 
[6]. The proofs of cases 2 and 3 are 
similar to the proofs of cases 2 and 3 
of Theorem 2. Theorem 4 includes the 
known results for space-division 
switching and for space/time-division 
switching. 

6. CONCLUSION 

The condition under which the multirate 
switching networks are nonblocking were 
given. We considered a two-sided 
switching networks as well as one-sided 
ones. We also proved the conditions 
under which the multi rate switching 
networks are nonblocking in the wide 
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sense, if the time-slot sequence pre
serving algorithm is used. 
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