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ABSTRACT 

This paper deals with methods of nonblocking 
swi tching in integra ted PCI~ ne twor ks. 
At first some known methods are briefly ex
plained and then a new method by means of in
creased clock frequency is described. 
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1. SOME KJ:WWN METHODS POR NONBLOCKING SWITCHING 

Recently in various countries the PCM transmis
sion technique is coming more and more into use 
for short-haul telephone networks, primarily 
because of its economy. 
The transmitted PCN signals are demodulated at 
the entrance of an exchange and switched in the 
analogue form by an SDM switching network. 
If not only the transmission but also the 
switching is performed by means of TDM , we can 
save PCM modulators and demodulators in transit 
exchanges and the cumulative quantizing noise is 
avoided. Furthermore such a telephone network 
could be used at the same time as a data net
work (exact clock synchronization provided). 
This integrated PC M transmission and switching 
technique is expected, in the future, to be more 
economical than the conventional technique for 
local networks. 
This paper deals in particular with the switch
ing problem in integrated PCI'! networks. 
In PC!"! switching it is sometimes impossible, to 
switch a channel from an incoming PCM highway to 
a channel of the desired outgoing PCM highway, 
because no cOincident free outgoing channel is 
available. This is called internal blocking. 
Up to now, some methods are already known for 
nonblocking switching, i.e. switching without 
internal blocking. 
These methods presume that synchronizing cir
cuits keep up the bit and frame synchronization 
between all incoming and outgOing highways with
in the exchange in question. 
A frame of highways can be built up from n time 
slots. A speech memory can interchange the order 
of time slots in a frame arbitrarily. 
As a speech memory we could use, for example, a 
shift register or a magnetostrictive delay line. 

1.1 Speech memory matrix 

The most simple method for nonblocking switching 
uses a speech memory for each pairing of an in
coming and an outgoing highway (Fig. 1). 
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1. 2 ~ odif ied s pee ch memory matrix according to 
/1/ 

1-:1. a ll the s pee ch me mori e s of one row in Fi g . 1 
the s~me incoming information is stored s imul
t a ne ously. Ther e fore the hB s pee ch memorie s per 
row (according to Fi g . 1) can be r eplaced by 
one me mory. Each of its n storage positions is 
provided with hE gate s. Each ga t e has acce ss to 
one of the hp outgoing highways. Fi g . 2 shows 
this princi pl e . 
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1.3 Rearrangement according to /2/ and others 

The LCT (Laboratoire Central de Telecommuni
cations) developed the rearrangement method for 
nonblocking switching (Fig. 3). 

n time slots 
per frame 

n 

n 

input speech
memory for 
n channels 

~~ __ ~ ______ ~ __ ~ gate 

, 
total number of he 
outgoing highways 

This method requires, as is shown in Fig . 3, one 
input speech memory per incoming highway and 
furthermore one output speech memory per out
going highway. A certain time slot (channe l) of 
an incoming highway is conne cted with a certain 
time slot of an outgoing highway. The se two time 
slots must not have ne ce ssarily the same ordi nal 
number. Be tween the input and output me mory an
other time slot can be chosen, which is not con
stantly allocated during the holding time but 
can be rearranged, if further arriving calls 
require this operation to avoide internal block-
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ing. Output speech me mories could be omitted, if 
the information about channel rearrange ments is 
sent via a se parate control channel to the 
de stination exchange . By . means of such rearrange- • 
ment nonblocking switching can be achieved. 
The control processing unit of the exchange has 
to carry out the complicated logical operation 
of rearrangement. 

2. THE NEW MSTHOD 

2.1 Principle 

The new nonblocking switching method is based on 
the idea that the intermediate highway clock 
frequencyfL is chosen higher than the clock 
frequency fH of incoming and outgoing highways. 
Fig. 4 shows a two-stage PCM switching arrange
ment, having input and output speech memories. 
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The structure of this network is similar to that 
for rearrangement in Fig. 3. The difference is 
that the clock frequency of the intermediate 
highways is not identical with that of incoming 
or outgoing highways, respectively. A frame of 
highways or of intermediate highways has n or x 
time slots, respectively. Therefore each speech 
memory operates in this case with different 
write-in and read-out clock frequencies. 
In Fi g . S the space division switching array is 
shown, which is equivalent to the time division 
switching arrangement in Fig. 4 (/3/). 
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I;-rom Fip:. S it can be seen, that the switch is 
obviously a nonblocking one for value s of x, 
whe r e 

x ~ 2n - 1 (1) 

Por SDM systems and PAJV! local exchanges this 
method has been published by C. Clos /5/,/6/. 
For integrated PCM networks, this idea is tech
nically easy to realize. We choose the clock 
frequency fL of the intermediate highways so 
that 

1 fL ~ (2 - fi)·fH (2) 

The equation (2) can be derived as follows: 
One frame of an intermediate highway has x time 
slots. One frame of an incoming or outgoing 
highway has n time slots. Each time slot con
sists of B bits. The duration per frame must be 
the ' same in external and intermediate highways . 
It holds therefore 

1 1 X·B· IL = n· B· rH (3) 

From (1) and (3) we get equation (2). 
The frequency fL is used as the read-out clock 
frequency of the input speech memories as well 
as the write-in clock frequency of the output 
speech memories. The synchronized clock fre
quency fH of incoming and outgoing highways is 
used as the write-in clock frequency of the in
put speech memories and as the read-out clock 
frequency of the output speech memories • 
With regard to the circuit technique, it is 
generally favourable to double the frequency fH. 
Therefore we can choose 

(4) 

More generally we can also use any multiple of 
fH, where 

fL = (2+k)·fH; k = 0,1,2,··· (5) 

As compared with the other methods, this method 
requires special speech memories, but it saves 
for example the complex logical operation re
quired for rearrangement. 

2.2 Reduction of gates 

The intermediate clock frequency fL can further
more be applied in order to reduce the number 
of gates in a switching array. 

As is shown in Fig . 6, the hA incoming or the hB 
outgoing highways are subdivided into smaller 
groups, each having gA or gB highways, respec
tively. As observed from the side of inter
mediate highways, each of these highway groups 
can be considered as one highway with gA·n or 
gB ·n time slots, respectively. Th8 gA input or 
g E output memories per group are read out or 
writte n in with the intermediate clock frequency 
fL. Analogously to the principle mentioned above, 
nonblocking switching is achieved, if 

x ~ gA .n + gB.n - 1 (6) 
From (6) follows the intermediate clock fre
quency 

(7) 
For technical reasons, it will be convenient to 
choose fL analogously to equation (5)', Le. 

fL = (gA + gB + k).fH (8) 
k = 0,1,2,3,··· 

Arranging the highways in this way and increas
ing the clock frequency of intermediate high
ways suitably, the number of switching gates is 
reduced by the factor gA.gB. 
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