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ABSTRACT. 

This paper describes the traffic 
design for a time-division wideband 
switching network for high-speed bearer 
ser~ices .more than 384kb/s including 
m~vlng vlde~. ~ key point in realizing 
wlde~and sWltchlng networks is to gain 
archltecture efficient for switching 
variable bit-rate traffic and for 
integrating both point-to-point 
connection and broadcasting connection. 
In a conventional time division switching 
network, since higher bearer traffic 
requires multi-slot connection the 
bloc~ing probability is high. We ~ropose 
a slngle slot connection method for all 
types of traffic. This paper shows that 
a single-slot connection can carry more 
traffic than the multi-slot connection 
and that broadcast services can be 
switched integrally with point-to-point 
establishment. 

1 . INTRODUCTION 

Communication services are expected 
to progress from voice-only communication 
by telephone to image communication 
which includes text, high-speed facsimil~ 
and moving video. 

A wideband switching system is the 
heart of such ~nhanced integrated 
services digital networks (ISDN). 
However, there are many traffic problems 
mentioned below, t o be evaluated i~ 
realizing advanced services. 

Although space division switching 
networks are adopted due to the limit of 
device technologies at present, time 
division networks will be required in 
practice and have become feasible through 
advances in high speed semiconductor 
technology. 

This paper discusses the 
design for time division 

traffic 
wideband 
wideband 

switching 
following 

transmission 

switching networks. In 
communication networks, the 
system must provide the 
functions for transparent 
and switching. 

(1) Balanced bi-directional end-to

end communication such as TV 
telephones. 

Japan 

(2) Multi-party balanced bi-
directional communication, such 
as TV conferences. 

(3) Unbalanced bi-directional 
center-to-end communication such 
as videotex, including moving 
video. 

(4) CATV-like distribution services 
such as retransmission of 
broadcast programs. 

There are many functions different 
from the 64kb/s network. These services 
imply inclusion of traffic at a variety 
of bit rates and require efficient 
establishment of both point-to-point 
connections and point-to-multiple 
connections. 

In the conventional time division 
switching network, since higher bearer 
traffic requires multi-slot connection, 
which uses multiple internal time slots 
in a path establishment, the higher the 
bit rate, the larger the blocking 
probability, and also the larger the 
switching network control volume. To 
resolve these problems, it is necessary 
to introduce a switching method efficient 
for calls at variable bit rates. 

This paper proposes a single-slot
connection method, which is more 
efficient than the multi-slot connection 
method for all types of bit rates. This 
paper also shows its traffic design 
results for time division wideband 
switching network based on traffic 
analysis. 

2. GRADE OF SERVICE IN TIME DIVISION 
WIDEBAND SWITCHING NETWORKS 

As mentioned above, basic functions 
required for time division wideband 
switching networks include switching 
various bit rate calls at a balanced 
grade of service, and establishment of 
point-to-multiple connections as well as 
point-to-point. 

On the other hand, the probability 
distributions of interarrival time and 
service time of calls at various bit 
rates are not clear at present. But these 
probability distributions are believed to 
be similar to those for telephone and to 
have different mean value, because the 
main service is man to man. The loss 
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system is assumed because wideband calls 
will be handled mainly in the circuit 
switching system. 

There is an idea that a nonblocking 
switching network is necessary so as to 
confirm reservation connections for TV 
conferences. However, nonblocking 
switching is not economical in wideband 
switching network. So, the switching 
network should be economized by 
permitting a little blocking probability. 
In a wideband switching system, the 
common channel signaling method is 
essential for the administration of a 
variety of types of calls. Therefore, the 
blocking probability need not to be 
assigned to signaling trunks such as a 
multi-frequency sender. As a result, the 
blocking probability assigned to 
switching points, which is 0.001 at 
standard grade of service and 0.03 at 
overload, can be perfectly assigned to 
the switching network. 

3. CONNECTION METHOD FOR TRAFFIC AT 
VARIOUS BIT RATES 

3.1 Connection Method for Various Bit
Rate Calls 

3.1.1 Problems of Switching for Various 
Bit-Rate Calls 

The 
calls at 
division 

( 1 ) 

typical methods used to 
various bit rates in a 

switching network follow: 
connection by a unit of 
bearer rate 

switch 
time 

lower 

(2) connection by a unit of higher 
bearer rate. 

Method (2) is not economical when there 
are many lower bearer calls because lower 
bearer calls are converted to higher 
bearer calls. 

In method (1) a higher bearer call 
is switched by using multi-time slots N. 
A few research papers on multi-slot 
connection show its traffic 
characteristics and show that the 
blocking probability for higher bearer 
calls is higher than for lower bearer 
calls and that large N is not allowed~l 
Further, path control volume for higher 
bearer calls increases in order to 
maintain time slot sequence integrity 
(TSSI). Therefore, method (1) is not 
economical when there are many higher 
bearer calls. 

3.1.2 Single Slot Connection Method for 
Calls at All Bit Rates 

For a wideband switching network 
where there are calls at various bit 
rates and these traffic ratios vary, the 
authors propose an efficient connection 
method, namely the single slot connection 
method. In this method, each bearer call 
is cyclically switched in time division 
mode by the period corresponding to its 
bearer rate. As a result, all the bearer 

rate calls are connected by . a single slot 
during a time division switching period. 
An example of the connection method based 
on the above consideration is shown in 
Fig. 1. Several switching networks are 
combined, and in one of these networks, 
only . one kind of call'is switched for a 
period of its special bit rate. This 
method brings a little divided losp , in 
switching network hardware when the 
number of bit rates increase. , In 
practical phase are three or four bearer 
rates are standardized from a digital 
hierachy view point. 

This method is expected to reduce 
the blocking probability and simplify 
switching control because any vearer call 
can be switched if there is one same
phase . idle time slot in the 1st and 2nd 
links. In the input highway by this 
method, for a frame of a lower bearer 
call, multiple time slots of a higher 
bearer call must be periodic as shown in 
Fig. 2. 

3.2 The Broadcast Connection Method 

For a l:M broadcast connection, the 
method that connects M paths 
independently is not efficient. In a time 
division switching network, the final
stage time switch can distribute the 
information to many subscribers on the 
same output highway. In this case, since 
the number of busy time slots on the 
internal link is smaller than on the 
output highway, the blocking probability 
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Fig. 1 Integrated single slot switching network. 
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for a l:M broadcast call can be expected 
to be reduced, as mentioned in section 
4.2. Consequently both 1:1 calls and 1:M 
calls can be expected to be efficiently 
switched in the same switching network. 

4. TRAFFIC ANALYSIS 

4.1 Performance Evaluation of Single 
Slot Connection 

4.1.1 Analysis of Internal Blocking 
Probabilities for Single Slot Connection 

Internal blocking probability for 
single-slot connection is analyzed and 
compared with that for multi-slot 
connection. 

Fig. 3(a) shows a multi-slot 
connection model. A lower bearer call 
uses one time slot of a highway that has 
m time slots. A higher bearer call uses N 
time slots of the highway. 

Fig. 3(b) shows a single-slot 
connection model. Lower bearer calls and 
higher bearer calls are separated at the 
entrance of the switching network. Lower 
bearer calls are switched in the lower 
bearer switching network -having m time 
slots, and higher bearer calls are 
switched in the higher bearer switching 
network having m/N time slots. Each call 
uses one time slot during a time division 
switching period. 

BL and BH denote the internal 
blocking probability of a lower bearer 
call and of a higher bearer call, in the 
multi-slot connection method. BL and BH 
are defined as the following conditional 
probabilities. 

BH 

Pr{there is no same-phase idle 
time slot in the 1st and 2nd 
links of -mul tiplexi ty m I 
there are one or more idle 
time slots in each link} 

Pr{there are less than N same-
phase idle time slots in the 
1 st and 2nd links of 
multip1exity m I there are 
more than N-1 idle time 
slots in each link} 

To calculate BL and BH 
probabilities are defined. 

following 

Pt (r) : 

Q I (i,j): 

Q 2 (i,j): 

The probability that r time 
slots of the L -th link 
are occupied 

The probability that there 
is no same-phase idle time -
slot when i time slots of 
the 1st link and j time 
slots of the 2nd link are 
busy. 

The probability that 
are less than N 

there 
same-

phase time slots when i 

(a) Multi Slot 
Connection 
Model 

(b) Single Slot 
Connection 
Model 

(c) Broadcast 
Connection 
Model 

Input 

Highway 1st-link 2nd-link 
+ , ~ 

Output 
Highway 

• + 

Fig. 3 Traffic models of various connections. 

Then, 

time slots of the 1st link 
and j time slots of the 2nd 
link are busy. 

tm.-l -tm.-1 
~ L,P 1 ( i ) p 2( j ) Q I ( i ,j ) 

v=0 j=nn.-A-

B H = L L. p 1 ( i ) p 2( j ) Q 2( i ,j ). 

'!'l-F-J ~ N 
l., cl ~ I\'II..-N 

(1) 

If the selection of the time slot in the 
link is assumed to be random, Ql(i,j) and 
Q2:( i, j) are 

i,j~ m-I, i+j~ m 

"H~j-~~=~) (~) /(~) (2) 

Q2(i,j) i,j~m-N, O~m-i-j<N 

~~ ~_~ -k) t~i) /(~) . 
i,j~m-N, m-i-j<O 

Then the numbers of simultaneous calls of 
links are assumed to be independent and 
form a two-dimensional Erlang 
distribution. The probability p( rl r

2
) 

that a link is occupied by r
1 

lower 
bearer calls and r2 higher bearer calls 
is then 

p(r1,r2) (3) 
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The probability that r time slots of the 
link are occupied is then 

(r/N) 

p(r) = L. p(r-N o r2' r2) 0 

r~:.o 
(4) 

Using equation (4), pt(i), Pi(j) can be 
calculated. Note that PL(r) is normalized 
such that the sum of p(r) (r=0,1 ,---,m-1) 
is equal to one when we calculate BL and 
PL(r) is normalized such that the sum of 
p(r) (r=0,1,---,m-N) is equal to one when 
we calculate BH• 

,-.... .;"'... 

BLand % denote the internal 
blocking probability of a lower bearer 
call and of a higher bearer call 
respectively, in the single slot 
connection method. These are defined as 
conditional probabilities as above 
mentioned about BL. 

As p!(r) in multi-slot connection, 
x.t (r) and Y..l(r) denote the t-th link 
occupancy in the lower bearer switching 
network and in the higher bearer 
switching network respectively, and Q3 
(i,j) and Q4(i,j) denote the probability 
that there is no same-phase idle time 
slot in each switching network. Then, 

,.-1 1J'It-1 

BL = ? l .X1(i)X2(j )Q3(i,j) 
,,-0 4=11\.-1-

.- ~-I "VN-I 
BH = L L Y1(i)Y2(j)Q4(i,j). 

;,. ... 0 j,.rMJ-i. 

(5) 

If the selection of time slot in the link 
is random, 

(6) 

In the single-slot method, the numbers of 
simultaneous calls of the lower and 
higher switching network are independent 
and form an Erlang distribution. That 
is, 

r/ r a l "':-1 a l - L-
r ! raO r ! 

(7) 

4.1 .2 Numerical Results 

Figure 4 shows the internal 
blocking probabilities vs. total traffic 
offered under a balanced ratio of calls 
for the multi-slot connection and for the 
single-slot connection. When the bearer 
rate ratio N of hiqher bearer calls to 

lower bearer call is great, BH is large. 
This is because the greater N is, the 
more difficult it is to find N same-phase 
idle time slots in the 1st and 2nd link. 
The greater N is, the greater ~~ is. 
The tendency of increased B H (B H) to 
traffic offered is weaker in the single
slot connection than in the multi-slot 
connection. This i~ because the occuparicy 
of the higher bearer switching network in 
the single slot connection is near to 
half the total occupancy due to the 
separation of traffic offered to two 
types networks. If the blocking 
probability B H (BR)is permissible to be 
about 10-~ the occupancy in the multi
slot connection for N = 16 can be risen 
to ibout 0.49 and the occupancy in the 
single~slot connection for N = 16 can be 
risen to _about 0.84. Therefore, the 
single-slot connection is believed to be 
able to switch many more calls than the 
multi-slot connection. 

In Fig. 5, the authors compare two 
bearers to three bearers for the single
slot switching network. The blocking 
probability of each traffic in the three 
bearer switching networks is lower than 
that in the two bearer switching 
networks. This is because the occupancy 
of the higher bearer switching network is 
lower in the three bearers than in two 
bearers due to separation of traffic 
offered to three networks. . Therefore, 
even if the number of bearer rates is 
three or four, performance is believed to 
be by no means bad. 

Figure 6 shows the 
blocking probabilities for 
and multi-slot connection (m 
the total traffic offered is 
160 erl) and traffic volume 

internal 
single-slot 
= 256) when 
constant ( 
ratio of .. 
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higher bearer calls to both calls 
varies. The greater 0 is, the greater is 
the blocking ~robability of a higher 
bearer call. BH is much smaller than BH. 
This fact also shows the single slot 
connection is thought to be able to 
switch many more higher bearer calls than 
the multi-slot connection. 

4.2 Traffic 
Connection 

Analysis of Broadcasting 

4.2.1 Internal Blocking Probability for 
Broadcasting Calls 

The broadcast connection service in 
the time-division switching network is 
performed as shown in Fig. 3(c). The 
broadcast is performed by using the 
mechanism of the time switch. The 
broadcast from an input highway to a 
number of highways is executed by the 
multiple reading of the first-stage time 
switch memory. In the same way, broadcast 
to the output highway is executed at the 
final-stage time switch. 

If the number of highways is n, the 
broadcast call must find each a time slot 
free on each of n highways. So, it is 
considered that the internal blocking 
probability is high. However, as the 
broadcast on the same output highway is 
performed by the final-stage time switch, 
it can reduce the internal link 
occupancy compared with that of output 
highway and result in reducing the 
internal blocking probability of the 
broadcasting call. This fact is expected 
to enable to connect both point-to-point 
connection (1:1 call) and point-to
multiple-connection (1:M call or 
broadcast) efficiently in the same time
division switching network. Following 
analysis will make this clear. 

In Fig. 3(c), assume that the number 
n of highways in the 1st link equals the 
number of highways in the 2nd link and 
that the distribution number is balanced 
on each highway. Let nl be the number of 
distributing at the final-stage time 
swi tch, and let n2 be the number of 
highways distributed by the first-stage 
time switch. 

This broadcast call can be 
considered as a group call with the size 
n1 X n2. The internal blocking 
probability of this call is defined as 
the probability of not choosing 
simultaneously the free time slot in n2 
highways. 

Let n be the output highway 
occupancy. Assume that point-to-point 
and point-to-multiple-connection calls 
are occupied at a rate <l : S in traffic 
volume. If it is assumed that all 
highways are used uniformly, the 1st link 
occupancy and the 2nd link occupancy are 
identical and is represented as n1 

When it is assumed that the probability 
distribution of the number of 
simultaneous connections for each link is 
independent and forms Binomial 
distribution, the blocking probability of 
an arbitrary path between the 1st link 
and the 2nd link is represented by 

(8) 
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Let Bl and BM be the blocking 
probabilities of point-to-point-
connection calls and point-to-multiple
connection calls, respectively. The 
blocking probability Bl is equal to y. 

Conversely, from the previous 
definition of the blocking .probability 
for the broadcast call, the blocking 
probability BM is given by the following 
equation. 

~ = 1 - ( 1 _ y )n2 

.While it is natural to give a probability 
distribution to the group size ( nl x n2) 
of the broadcast call, it is difficult 
to do definitely so. In this paper, the 
internal blocking probability of the 
broadcast call is evaluated for the 
situation distributing situation 
broadcast call to all highways in 2nd 
links, i.e. n2 = n. 

4.2.2 Numerical Results 

Figures 7 and 8 show numerical 
resul ts of blocking probabilities Bl and 
BM for output highway occupancy and 
occupation ratio { B / ( et + B)} of point
to-multiple-connection traffic to the 
total traffic. 

In these numerical results, 
naturally, although the blocking 
probability ~ of the point-to-multiple
connection caLl is always larger than the 
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Fig. 7 Blocking probability VS. 
link occupancy. 

blocking probability Bl of the point-to
point-connection call, for increase of 
the number distributed by the final
stage time switch, blocking probability 
rapidly becomes lower. This causes the 
internal link occupancy to be reduced to 
the ratio l/nl of the ·occupation rate of 
point-to-multiple-connection calls. 
Although internal blocking probabilities 
are high in the range where the 
occupation ratio of point-to-multiple
connection traffic to the total traffic 
is small, in proportion to increase of 
this ratio, blocking probabilities 
rapidly become lower. Also for increase 
of' time slot numbers, blocking 
probabilities rapidly become lower. 

If the blocking probability is 
permissible to be about 10 -2 the same 
order as 1:1 connection, from Fig. 7, the 
output highway occupancy can be risen to 
about 0.75 for n=16, m=32 and nl = 2. 
This satisfies the service grade of the 
same rank discussed in the previous 
section 4.1, although the number nl is 
the small value. Further, as shown in 
Fig. 8, even if the occupation ratio of 
point-to-multiple-connection traffic to 
the total traffic is the small value 20%, 
the above service condition is completely 
satisfied for m=64 and nl = 8. 

Therefore, it is possible that point
to-point and point-to-multiple-connection 
calls are very efficiently established in 
the same time-division switching networ~ 
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Fig. 8 Blocking probability VS. 
occupation ratio of l:M 
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only if the number of time slots in a 
highway is larger than 64, which is 
feasible by using high speed 
semiconductor technology. 

5. DESIGN RESULTS FOR SWITCHING NETWORKS 

In a switching network having calls 
at various bit-rates, important factors 
of the traffic characteristic are the 
bearer rate ratio N, the ratio 0 of 
higher bearer traffic offered to the 
total traffic offered and the time 
division multiplexity m. This section 
shows the useful relationships of N, 
o and m when the service condition is 
given. 

Figure 9 shows the maximum occupancy 
under the practical condition BR (ElR) = 
10-~ when lower bearer traffic offered is 
equal to higher bearer one (0=0.5). The 
greater the time division multiplexity 
is, the more calls the switching network 
can switch. The tendency toward the 
permissible occupancy to the multiplexity 
is greater in the single-slot connection. 

Figure 10 shows the Nand 0 
relationship that is satisfied under the 
condition BR (BR) = 10-2 when the mean 
occupancy is 0.625. For the single-slot 
connection, the allowed N is larger than 
for the multi-slot connection. When 0 is 
about 0.5, for the multi-slot 
connection, the maximum of N is 4 for m 
= 128, 8 for m = 256, and 16 for m = 512. 
That is, time division multiplexity that 
is 32 times N is necessary. Conversely, 
for the single-slot switching network, 
w~en 0 is about 0.5, the maximum of N 
is 16 for m = 128 and 32 for m 256. 
That is, the multiplexity that is only 8 
times N is necessary. Currently, using a 
fast bipolar IC, memory can be read or 
written at 64Mb/s. Therefore if 
switching network memories are 
constructed in 8 bit parallel, the 
switching can realize highway throughput 
of 512Mb/s. This fact shows that if two 
types of traffic are included, for 
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example, 2Mb/s high speed data and 32Mb/s 
video, up to 70% video traffic can be 
carried under the time division 
multiplexity of 256. 

6. CONCLUSION 

Wideband switching networks must 
efficiently switch calls at various bit 
rates more than 384kb/s and establish not 
only point-to-point connection but also 
point-to-multiple connections. This 
paper proposed a single-slot -connection 
method based on switching all bearer 
calls by using a single-slot during a 
time division switching period. Further, 
this paper showed that single-slot 
connection could carry more traffic than 
multi-slot connection and that broadcast 
connection could be handled integrally 
with point-to-point connection. 

The blocking probability of higher 
bearer calls is not sufficiently small 
when there are many higher bearer calls, 
even by using the single-slot connection 
method. Further, the grades of service 
for higher bearer calls and for lower 
bearer calls are unbalanced. These 
problems must be resolved in the future. 
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