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ABSTRACT 

In time division data switching network hadling a variety of speed classes, 
a design choice is whether the variety of data should be handleq in an 
integrated manner or to be handled separately. To give a decision to the 
problem, the paper . analyses one-stage and two-stage time division data 
switching network" inlwhich data of variety of speed is assigned randomly 
and evaluates the \ figure of merit gained by integration. To evaluate a 
large scale system using reasonable computer time, an approximation 
method is proposed and evaluated. The conclusion indicates that inte
gration will be justified in a system handling a large variety of speed classes. 

I. INTRODUCTION 

The configuration of circuit-switched data switching systems is basically 
the same to that of time division telephone switching systems. The major 
difference is that the former is to handle data that have a variety of 
transmission speeds. To accomodate a variety of speed classes, a data 
frame having the repetition rate of the lowest data speed is to be estab
lished. Data of the lowest speed class occupy one time slot per data frame, 
whereas data of higher speed class occupy a plurality of time slots in one 
data frame . When data of different speed classes are commonly carried 
by any time slot in a data frame, a request for connection of higher 
speed data is blocked if at least one of the time slots that the data 
requires is already occupied by lower speed data. As the result, the 
blocking probability takes an oscillatory form in accord acne with the 
applied traffic values.(1 ).(2).(3) This is called the residual time-slot effect. 

The residual time-slot effect is more significant in the case that uniformly
spaced time slots are to be assigned to carry higher speed data than in the 
case that the use of non-uniformly-spaced time slots is permitted for the 
purpose. The situation may be understood by measns of a tree shown 
in Fig. 1 that visualizes uniformly-spaced time-slot assignment.(4) As an 
example, it is assumed in the figure that the data speeds have the relation'of 
the power of two in each other. A node in the lowest level represents one 
time slot in every data frame that carries data of the lowest speed class. 
A node in the second lowest level represents two time slots in every data 
frame that carry data of second to the lowest speed class, and so on. 
A node in the mth level represents 2m·] time slots in every data frame 
that carry data of the mth speed class. Figure 1 shows the assignment of 
nodes and the corresponding assignment of time slots in a data frame 
when one data frame consists of 8 time slots and data with three speed 
classes are dealt with. The figure shows the state that the node 21 is 
carrying one Class 2 data and the nodes 13 and 18 are carrying two Class 
1 data. Suppose at this state, a new request for service originated to carry 
one Class 3 data which needs 4 time slots per data frame. Since four time 
slots, i.e., 12, 14, 16 and 17 are idle, the connection is possible if the use 
of non-uniformly-spaced time slsots is permitted. If on the other hand, 
uniformly-spaced time slots are needed , the request has to be blocked 
because the idle time slot 17 is not unit'ormly spaced. Connection can 
be made however, if the Class 1 data that occupies the node 18 is 
rearranged to the node 17 as shown by brocken lines in the figure. In 
more complicated systems, the rearrangement has to be made several 
times repeatedly to accommodate higher speed data. This is called the 
complete rearrangement to make distinction from the case that the 
rearrangement is performed only once or twice. 

If time-slots can be assigned non-uniformly, rearrangement operation is 
not needed . in a single-stage configuration. Figure 2 shows a situation 
similar to that shown in Fig. 1. In this case since a Class 3 data corre
sponding to the node 32 can be carried by time slots (2), (4) , (6) and 
(7), rearrangement operation is not needed. Therefore the traffic carrying 
capability of a single-stage network with non-uniform spacing is identical 
to that of uniformly-spaced system with complete rearrangement. 

For large scale data switching systems, larger number of time-division 
buses may be required. Figures 3 (a) and (b) show a single-stage and a 
two-stage networks respectively. In the single-stage network, each of 
data terminals are connected to a multiplexor and ' a demultiplexor 
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through a buffer. The multiplexors and demultiplexors are connected 
to a single time-division bus which is used in time-division system as has 
been shown in Figs. I or 2. 
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Single-stage and two-stage data switching networks 

On the other hand, in a two stage-network, time-division buses are con
nected by time-division gates. The gates are used to. interconnect time
division buses in which each time-slots are occupied by respective data. 
In the two-stage network, major source of blockiflg is time-slot mismatch. 
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The situation is illustrated by Fig. 4. In Fig. 4 two of incoming buses and 
tw() of outgoing buses are shown and a data from is assumed to have 8 
time slot, namely (1) through (8). The connection between buses are 
identified by arrows and the identify of data a, b, c, --- r. g, h. For 
example time-slots (7), (8) of the incoming bus 2 are connected to the 
outgoing bus 2 and carry a Class 2 data c. In this example the incoming 
bus 2 has 3 idle time-slots and the outgoing bus 1 has 4 idle time-slots. 
However, these buses cannot be interconnected because there is no 
commonly idle time-slot between them. If the data d is to be accomo
dated, data g between the incoming bus 1 and.the outgoing bus 2 may be 
shifted from the time slot (6) to (5). By this rearrangement operation, 
the data d can be accomodated. 

DATA FRAME 

OU:~~~~G (1) (2) (3) (4) (5) (6) (7) (8) 

BUS 1 idle 

BUS2 

INCOMING 
BUSES 

BUS 1 

BUS2 

idle 

idle 

Fig. 4 Rearrangement in non-unijormly spaced asSignment 
system for two-stage networks 

To simplify the control function to the maximum extent, time slots in a 
data frame may be exclusively assigned to each of the speed classes. The 
drawback of this scheme however, is that the use of time-slots becomes 
less efficient and the system tends to be less adaptive to the change in 
user's preference of speed classes. One of the design alternatives is 
therefore the separated or integrated handling of data with different speed. 

The present paper analyses single-stage and two-stage time-division 
switching networks under various control schemes, and evaluates the 
traffic carrying capability. The time-slot assignment scheme is assumed 
to be non-uniform. And system with ~arrangement, and without 
rearrangement are evaluated. The traffic carrying c~pability for these 
networks are compared with that of the separated system and the fIgure 
of merit gained by integration is evaluated. 

The basic·Jormulae to evaluate \blocking ' probabilities for these systems 
can be obtained by modifying known equations. However, to evaluate 
systems of practical size, the conventional formulae is too time consum
ing to be calculated by computers. To reduce the computer time, 
approximate formulae are proposed and evaluated. 

11. THE MODEL FOR EVALUATION 

The networks to be evaluated is the single-stage and two-stage networks 
shown in Figs 3 (a) and (b) respectively. Time-slots are assumed to be 
assigned non-uniformly. The assumptions for evaluation are as follows. 

(I) Data of n speed classes, having speed ratio of power of two in each 
other are to be handled by the network. More specifically, data of 
classes 1, 2, ---- n requires 1, 2, ---- 2n -1 time slots for data frame respec
tively. 

(2) Request for connection arrives in Poisson process from infmite num
ber of incoming data lines and service time is exponentially distributed. 

The following is the list of simbols used in this paper. 

T, : Number of time slots in a frame. This is identical to the number of 
available channels for the lowest speed data. 

Si : Number of time slots in a frame needed for data with speed No. i. 
The value of Si is larger for larger value of i. It is assumed that 
S,=I. (i=I ........ n) 

n: Number of data speed which can be handled by the system. 

Ai: Applied traffic of speed No. i. 
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At: Total traffic applied to a bus in terms of the lowest speed traffic, i.e., 

At = ~ SIAI: 
1= 1 

RI: Proportion of traffic for the data ~f speed No. i., i.e., RI = SIAi I At. 

BI: Blocking probability for the data of speed No. i. 

Cl: Number of channels assigned to the data with the speed No. i, in a 

separated system. If Cl s are given, T, = f SICI. 
i=1 

Ill. BLOCKING PROBABILITY FORMULAE FOR SINGLE STAGE 
NETWORKS 

3-1 Blocking Probability Equation 

Assuming randomly spaced assignment' of time slots, the probability that 
ri' r2, - - - -, rn simultaneous connections exist for Classes I, 2, - - - -, n 
data is given by(1) 

n 
IT (A{ilrl!) 
1=1 

p (ri' '2' ---, rn) =---:-------------
k, k, kn 

............ (1) 

l; l; l; IT (A/lltl!) 
t,=O t,=o tn=O 1=1 

where 

ki [(T, - l; tjSj )/S/] .................................... · .................. (2) 
1<1 . 

and [ ] is the Gaussian notation. The probability that r time slots in 
total are simultaneously used in a data frame is expressed as 

The blocking probability of the Class i data is then given as 

where 

"i { 

T, 
l; 

T=T,-SI+1 
per) 

k', k'l-l k'l+l k~' n , 
l; --- l; l; l; .IT(A/;Irj!) (A/llk'I!) 

T, =0 TI_l=O TI+l=O Tn=O ~~ 

t, =0 t,=o tn=o 1=0 

........................... (4) 

[ (T, - l; rrS/)/Sj], j#;i 
1<; 
I*i 

[(T, - l; rIS/)/S;] , j=i ............................. (5) 
1*1 

Although these equation are widely known, if the value of T, ~d n are 
large, the calculation of the blocking probability is so time consuming 
even by a large scale computer that very few results are known about 
overall characteristics of data switching systems. Therefore a simpler 
approximation method is needed. 

3-2 Approximation of Blocking Probability for Two Speed System 

In case that data of two speed classes, namely with speeds SI and S2 are 
handled, Eq. (1) is approximated as follows 

-:iIT'lrl! A .. /l Ir2 , 

k, k, 
l; Al t, It I , l; A 2t1 lt2' 

........................... (6) 

tl=O. t2=0. 

where 

[T,/S1 ] 

kl [(T, - r,S,)/Sl] ............................................. .......... (7) 

SAITO / INOSE I HAYASHI-2 



And the blocking probabilities of Class 1 and Class 2 data are given 
re&1>ectively by 

l: P('l, '2) ............................................ (8) 
TrrlSl-r2S2 <S2 

The difference between Eq. (4) and Eq. (8) only exists in the denomi
nator. In calculating the blocking probability using Eq. (4), the value of 
(A 1 tl /t1 /). (A:/2 /t l !)Imust be obtained for all the possible combinations 
of t 1 and tl • On the other hand in calculating Eq. (8), the value of 
denominator can be obtained by changing the values of t1 and tl indepen
dently. Thus in Eq. (8), value of numerator may be obtained calculating 
only for the .combinations Of'l and 'l whicl}. cause blockin~, which 
results in the reduction of computation time. 

3-3 Approximation for the System with More Than Two Speeds 

The blocking probability of the system handling data with three or more 
speeds is approximated by reducing the number of speeds to(two,depend
ing upon the values of Ai and n. Comparing various possibility for 
approximation, the following method is calculated to give relatively good 
result. . 

In the approxunation it is assumed that n speed classes with the value of 
SI's (2°, 2 1 , 22 , - - - , 2"-1 )Iare carried. Taking the effect of middle speed 
data, the traffic ratio RII is replaced by RII ' represented by 

RII' 
11 

l: 
i=1 

Ri (2i-1 - 2°) 
2"-1 _ 20 .......................................................... (9) 

The value of blocking probability for Class n speed data i.e. B 1/11 is obta
ined using the valuesR 1 = r -R II ' and RII'. 

3-4 Blocking Probability Formulae for Separated-System 

For a separated system, the blocking probability is obtained by using 
Erlang's B Formula for each of the speeds. D~noting the number of 
channels available for the ith speed data by Cl (the number of time slot 
is Cl • SI) the following equation is used 

AFi/cI! 

..................................................... (10) 
Cl 
l: (A/ /kl) 
k=O 

IV. BLOCKING PROBABILITY FORMULAE FOR TWO STAGE 
NETWORKS 

4-1 System without Rearrangement 

Assuming non-uniformly spaced systems, the blocking probability for 
two-stage networks is obtained using Eq. (3) which gives the probability 
that, time slot are occupied simultaneously. Denoting the numbers of 
occupied time slots in the originating and the terminating time-division 
buses by x and y respectively, a request for connection of Class i data is 
blocked in the following two cases. 

Case 1: The number of idle time slots in the originating time-
division bus is less than Si; x ~ T, - Si + 1 

Case 2: At least (T, - x - SI + 1) time slots out of y occupied 
time slots in the terminating time-division bus are identical 
to the (T, - x) idle time slots in the originating time-divi
sion bus. 

The blocking probability is therefore given by(3) 

T, T,-Si T, 
Blli = l: P(x) + l: P(x) { l: P(y) 

x=T,-Sj+1 x=O y=T,-x-Sj+1 

x } ............................ ( 11) 
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4-2 System with Rearrangement 

In time-division switching systems generally, the time slot ~ccupied by a 
call may be shifted or the bus used by a call may be changed to another in 
rearrangement operation. The former is called "time rearrangeIl)ent" and 
the latter is called "space rearrangement". In the two stage system, 
however, since the incoming and outgoing buses are siven, ; space re
arrangement is ·not needed. If SI idle time slots exist in both of the 
incoming and the outgoing buses, the call which needs SI time slots should 
be set up, if intensive enough rearrangement is performed. Such an 
intensive rearrangement is called complete rearrangement. In non
unformly spaced system since the call with the speed SI can be reduced 
to Si calls of the speed 1, complete rearrangement can be attained only 
by time rearrangement as is well known in time-division telephone switch
ing techniques. 

The blocking probability of the Class i data in the non-uniformly spaced 
single stage system is given by Eq. (4). Using Eq. (4) the blocking pro
bability of two-stage system performing complete reaaangement is 
given by 

B'21i = (B1/i)2 - 2B11i ..................................................... (12) 

4-3 Approximation to Reduce Computer Time 

The computer time to calculate Eqs. (11) and (12) is class quite time 
consuming .when the value of T, or n are large. To give the blocking 
probability for larger value of T, and ~. the following approximations are 
devised. The principle for approximation is identical to the approxima
tion described in 3-3 for a single bus system. 

(1) System without rearrangement 

To simplify the calculation of blocking probability of two stage system 
without rearrangement, the calculation of P (x) and P (y) in Eq. (11) 
should be simplified. Since P (y) is given by Eqs. (1) and (3), tire compu
tation time can be reduced by approximating Eq. (6) by Eq. (1). Using 
Eq. (3) approximated by this method, the blocking probability can be 
obtained using Eq. (11). 

(2) System with complete rearrangement 

Using the simplified blocking probability formulae given by Eq. (6), the 
blocking probability for the two-stage system with complete rearrange
m~nt can be given by Eq. (12). 

4-4 Blocking Probability Formulae for Two Stage Separated Systems 

In a system in which each of data with different speed is handled by 
separatedly assigned time slots, the blocking probability of two-stage 
network is given by 

AFI 

Cil Ci A/ 
----l: (Ci - z + 1)--

Cl 
l: 

'1=0 

A 2 'Y z=O zl 

"11 

The above equation is applicable to the data of each speed independently. 

V. COMPARISON OF TRAFFIC CARRYING CAPABILITY 

In the integrated systems, the traffic carrying capability may be improved 
due to the large group effect or may be degraded due to various effects 
including difficulty of matching especially in the case of two-stage system 
without rearrangement. 

The comparison of integrated system and separated system may be made 
from .the view point of traffic carrying capability whichlis represented by 
the maximum traffic that can be carryed under a predetermined blocking 
probability. Given conditions are, the number of speed classes handled 
by the system (n), the total number of time slots in a frame (T,) and the 
relative traffic of each speed class. Denoting the total traffic which can be 
carried in the integrated and separated I systems by Ati and Ats respec
tively, the figure of merit gained by integration is expressed by 

Ati - At, 
M = x 100% 

Ati 
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VI. EVALUATION OF TRAFFIC CARRYING CAPABILITY 

The blocking probability versus total applied traffic At in single-stage 
systems is shown in Figs. 5 and 6. In Fig. 5 the blocking probability for 
higher speed data in two speed systems is evaluated. The broken line 
shows the results of approximation. The approximation can be evaluated 
to have good agreement with the result of regorous calculation. Figure 6 
shows the blocking probability for the highest speed d:lta in of 3, 4 and 
5 speed systems. In this case also, approximation shows a good agree
ment. 
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Fig. 6 Approximated blocking probability of the highest speed 
data in multi-speed systems, in comparison with rigorous 
values, in case non-uniform spaced single-stage system 
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Figures 7 and 8 show the applicable traffict to two-stage systems. 
In Fig. 7 the applicable traffic versus Rl is shown for two-speed systems 
when the total number of time slots Ts is 192 and 1536 respectively. 
The value of SI is 1 and the value of S~ is 2. 16 or 64. p.:lch of "case are 
shown by symbols 0, 6, X respectively. The applicable traffic for the case 
of Ts = 1536 is obtained by approximation. The traffic carrying capabi
lity is the lower as the speed ratio is the greater. 

Figure 8 shows the applicable traffic versus total number of time slots for 
4, 6, 8 and 10 speed two-stage systems. Although the traffic efficiency is 
decreased as the number of speed classes increases, the ratio of applicable 
traffic of integrated systems and of separated systems increases as the 
number of speed systems increases. Values for cases of 6, 8, 10 speed 
systems are obtained by approximation. For a case of 4 speed system, 
the applicable traffic is .obtained by approximation when the value of Ts 
is 368 or greater. T. = 192 T. = 1536 
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Fig. 8 Total applicable traffic intensity (Ad. versus number of time 
slot~in one frame (Ts) multi-speed, two-stage configuration 
Blocking probability = 0.01 
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VII. RESULTS OF EVALUATION ON FIGURE OF MERITS 

Figure of merit gained by integration has been evaluated for various 
cases in single-stage and two-stage configuration. 

7-1 Single-Stage Systems 

Figure 9 shows the figure of merit M versus the ratio of the higher speed 
data R2 in single-stage systems for the cases of two speeds when SI is I 
and S2 is 2, 4, 16, or 64. Figures 9 (a), (b), (c) show the results for the 
cases where T, is 48, 192 and 153'6 respectively. The value in Fig. 9 (c) 
is obtained by the approximation. The following tendencies are observed 
from the figure. 

(1) When the number of time slots T, is far larger than the value of S2 , 
the merit is maximum when the value of R2 is about 0.5. 

(2) The merit is greater as the speed ratio is larger. 

(3) When the number of time slots is as small as 2 times or 3 times or the 
value of S2, the merit is maximum at the point where the value of 
R2 is near to zero or near to one. 

The tendency (3) is caused by the fact that, in the case that value of T, is 
very small, the assignment of time slots is inefficient when the value of R2 
is near to zero or near to one. 
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M M M S. - 4 '" s. = 1. 40 4 
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50 

20 

10 

0 0 
0 

0.1 0.3 0.5 0.7 0.9 0.1 0.3 0.5 0.7 0.9 

R. R. 

(a) (b) (c) 

Figure 10 shows the figure of merit M versus the number of time slots T,. 
Figure 10 (a) shows the result when RI = R2 = 0':5 for a two speed 
system. Figure 10 (b) shows the cases of 4,6 and 7 speed systems. The 
traffic ratio of each speed is assumed to be identical. ' The values for 6 
and 7 speed systems and for systems having 384 or more time slots have 
been obtained by the approximation. The following tendencies were 
observed from the figure. 

(1) The merit gained by integration decreases as the number of available 
time slots T, increase~. 

(2) The merit increases as the number of possible data speed increases. 

7-2 Two-Stage Systems 

Results of evaluation of figure of merit for non-uniformly 
spaced two stage systems are shown in Figs. 11 and 12. 

Figures II (a) and (b) show the figure of merit versus R2 
for T, = 192 and T, = 1536 in two-stage systems. The latter 
results are obtained by approximation. The broken lines 
show the results for systems with complete rearrangement 
and the solid lines show the results for systems without 
rearrangement. Since the loss caused by mismatching is 
greater in systems without rearrangement, the merit is less. 

Figure 12 shows the merit versus total number of time 
slots in two-stage systems. 

Figures 12 (a) and (b) show the figure of merit versus 
number of tim'" slot in two-stage systems handling 2 speed 
classes and multi-speed classes respectively. The data 
for systems having 384 or more time slots are obtained by 
approximation. The data of systems handling 6, 8 and 10 
speed classes is also obtained by approximation. 

The tendency of figure of merit is identical both for 
completely rearrangement system and no-rearrangement 
system. The following tendencies were observed in 
general for non-uniformly spaced systems. 

(I) When the value of T, is large enough compared with 
the number of time slots Sn requried for the highest 
speed data, e.g. T, > 20Sn , the value of M is gradu
ally increased as the speed ratio increases. The value 
of M decreases when the proportion of traffic is less 
uniform. 

Fig. 9 Figure of merit gained by integration on total applicable traffic (M). versus 
proportion of high speed traffic (R 2 ) in two speed single-stage systems 

(2) When the value of T, is as small as twice or three 
times of the value of Sri, the value of M increases as 
the proportion of traffic is less uniform. 
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Fig. 10 Merit gained by integration on total applicable traffic (M), versus 
number of time slots (T,) in single-stage configuration 
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(3) The value of M decreases as the value of T, increases. 
In the case of non-uniform completely rearrangement 
system handling two speed data, the value of M is as 
small as 10 %. 

(4) The value of M is larger as the value of n, the number 
of possible data speeds, is larger. 

The effect (1) is caused due to the fact that the efficiency 
of separated systems decreases as the speed ratio increases. 
The effect (2) is caused due to the fact that, if the value of 
T, is as small as twice or three times of Sn, the effective 
time slot assignment is not possible when traffic propor
tion is less uniform. The effect (3) is caused due to the 
fact that, if the value of T, is larger enough, the efficiency 
gets larger even in separated systems. And the effect (4) 
is caused due to the fact that, if the number of possible 
data speed is increased, the number of time slots assigned 
to each speed decreases which results in the degradation 
of efficiency in separated systems. 
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Fig. 11 Merit gained by integration (M), versus proportion of high speed data traffic intensity (R"l) in 2 speeds, two-stage systems 
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Fig. 12 Merit gained by integration (M), versus number of time 
slots in one frame (Ts) in two-stage configuration 

VII. CONCLUSION 

In this paper, the traffic carrying capability of circuit switching data net
work based on time division principle was analyzed. Integrated systems 
and separated systems to handle data with variety of speeds were com
pared from the view point of traffic carrying capability. To evaluate 
relatively large scale systems, an approximation method for blocking 
probability was proposed. Data are assumed to be assigned with non
uniform sp,acing. The conclusions are as follows. 

(I) In almost all cases, applicable traffic is greater in integrated systems. 

(2) The improvement of traffic efficiency gained by integration increases 
as the number of possible data speed increases. 

(3) The improvement decreases as the total traffic increases or in other 
words, the available number of time slots in a frame increases. 
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In both of one-stage and two-stage system merit obtained ,by integration 
is as small as a few percent in a system of two or three speed having the 
total capacity of several hundreds of Erlangs. However if the number of 
possible speeds increases to 10, the gain will be as large as 100 %. 

Considering possible increase of control complexity, the improvement of 
a few percent is too small to justify the implementation of integrated 
system. However if the system is to be designed to handle 10 speeds, the 
integration may be justified. 
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