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ABSTRACT 

Keeping uniform spacing between data samples in time-division switching 
network to handle data of various speed, time slot assignment mechanism 
can be simplified, and control memory cost can be reduced. Some time
division data switching networks for large and small offices are shown and 
as a practically realizable solution to improve traffic handling capability, 
the primary rearrangement of low speed data is proposed to accomodate 
high speed data. The blocking probabilities for these networks without 
rearrangement and with primary rearrangement are derived and through 
numerical calculations, the effect of primary rearrangement is evaluated. 

I. INTRODUCTION 

The present enviroI1Il\ent of data communication calls for a data switching 
system in which asynchronous and synchronous data having a variety of 
speed can be switched efficiently. For a switching system used exclusively 
for data, electronic time-division switching may be the most economical 
and versatile solution if the system is designed appropriately. 

Assuming so called octet format in the data bus which includes at least 
6 data bits, Table I shows an example of a series of octet rates having the 
relationship of the power of two. Stuffmg excessive slots, synchronous 
data having the transmission rate indicated in the right column of Table I 
can be accomodated using respective octet rate. For asynchronous data, 
stuffing circuit can be simplified using sampling pulses which sample one 
data bit more than once. 

Table I. Relationship between the synchronous 
data rates and the octet rates. 

Octet Rate (Octets/sec.) 

62.5 
125 
250 
500 

1,000 
2,000 
4,000 
8,000 

Synchronous Data Rate (bits/sec.) 

375 
375 - 750 
750 - 1,500 

1,500 - 3,000 
3,000 - 6,000 
6,000 -12,000 

12,000 -24,000 
24,000 -48,000 

Fig. I shows the general configuration of a data switching system. A syn
chronous data line is accomodated by a receiver with single sampler (RSs) 
and a sender with single desampler (SDs) at the input and the output of 
the switching network respectively. A sampler samples and assembles 
received data into octets, and then applies sampled octets to the switching 
network. The octets obtained from the switching network are disassem
bled by the desampler into respective data bit, and then supplied to each 
terminal over a data line. An asynchronous data line is accomodated by a 
receiver with multiple sampler (RSm) and a sender with multiple de
sampler (SDm). Each bit of asynchronous data is sampled a number of 
times repeatedly, and then the sampled data are assembled into octets. 
The samplers and desamplers have buffers to absorb possible distortion 
caused by the phase shift . that occur during the transmission of octets" 
Either conventional modems or level converters are included in the 
receiver and the sender depending upon the method of data transmission. 

To accomodate data having various speed in one time division system, a 
basic frame having the repetition rate identical to the lowest octet rate 
is to be established. In the example shown in Table I, higher speed 
data can be accomdated by assigning 2i (j = I, 2 : ... ) octets in every 

. frame. 
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Fig. I. General configuration. 
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Network 

11. ASSIGNMENT OF TIME SLOTS FOR UNIFORMLY SPACED 
SAMPLING 

Normalizing the highest octet rate of the system by I, a data with the 
octet rate of 2-1 can be transmitted by assigning one time slot in every 
other time slots as is shown in Fig. 2 (a). The assignment of time slot 
can be expressed by a tree as is shown in Fig. 2 (b). This tree represents 
the use of the transmission line which can transmit one data having the 
rate of 1 or two data having the rate of 2-1 • Denoting the transmission 
rate by the first bit and the time slot number by the second bit, each 
node can be named by "00" "10" and "11" respectively. To transmit 
the data having the transmission speed of 2""2 as is shown in Fig. 3 (a), 
the tree can further be branched into 4, as is shown in Fig. 3 (b). For 
combined transmission of data having the rates of 2-1 and 2""2, the tree 
representation is as shown in Fig. 4. In this tree representation each 
node implies the possiblity of transmission of data of the specific rate 
in the specific time slot. If a node is included in the branch of the higher 
stage node, the higher stage node is called to "cover" the lower stage 
node. If a higher stage node is used for connection, the lower sta8e nodes 
covered by the higher stage node cannot be used. If a lower stage node 
covered by a higher stage node is occupied, the higher stage node carmot 
fully utilize the corresponding transmission rate. In other words, a node 
of the stage i can be used for the transmission of rate 2-1 only when all 
the nodes covered by the node are idle. Thus a node all the subordinate 
nodes of which are idle is called an idle node. 

If m + 1 kinds of data are to be transmitted, all the possiblity can be 
expressed by a binary tree of m stage which contain (2'" - 1) nodes, 
The identity of a node which is the data speed and the time slot number, 
can be expressed by a binary number of m bits . 
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Fig. 2. Time slot assignment for data with the speed of 2-1 
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Fig. 3. Time slot assignment for data with the speed of 2-2 
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Fig. 4. Combined transmission of data having the rates of 2-1 and 2-2
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Since the data path of a time-division switching network mainly consists 
of time-division gates, the majority of the cost for the switching network 
is those of the control memory to assign time slots to each data line. 
Especially in the local exchanges the control memory cost is dominant 
since the number of terminals is large.(l) 

To assign octet time slots to a sampler, the identification of the sampler 
may be stored at the memory location which is read out in the time slot 
assigned to it. Assuming the total 'number of time slots available in each 
frame is 2m and denoting the total number of samplers by x, the total 
memory capacity is given by 

y, = 2m [lOg2 (x +1)) ..........•......•.....•.• (1) 

In the equation [ ] means that fraction of the content is raised. In this 
storage system, the stored information is read out in every time slot and 
applied to the decoder which is provided in each sampler. Normalizing 
the full transmission rate of the time division bus by I, the lowest speed 
data has the octet rate of 2-m . For the data with the sampling rate of 
2-; the identical sampler identification is stored 2m -I times repeatedly. 
Thus if the ratio between sampling rates of various data is large, the 
required capacity of storage becomes relatively large. 
Another method to identify the time slot assignment is to store the spec~ 
fic samplinl rate and the identification of the time slots used for each of 
the samplers. Since there are (m + I) kinds of sampling rates and it is 
necessary to identify the idle state, the required capacity to store the 
sampling rate is [10g2 (m + 2») bits and the required capacity to store 
the time slot identification is [1012 2m) - m . bits. Thus the total 

. memory capacity is given by 

Y1 . =·x { m + [l012 (m + 2)]} •.. •....•.•.••••.•. (2) 

If on the other hand, the node number described above is stored in each 
of the sampler, the required capacity of memory is apparantly 
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m 
y, = X [1012 ( E 1! + I)) .. X (m + I) ............... (3) 

1-0 

The fmt method can be used for both of uniformly spaced sampling and 
non-uniformly spaced sampling. The methods of Y2 and y, can be used 
only for uniformly spaced sampling. Fig. S shows the comparison of the 
memory capacity for the case of m" 10. Since the value of x is generally 
smaller than 2m , the memory capacity of y, is the smallest. Thus the 
storage system for time slot assignment based upon the principle of tree 
expression is found to be the most economical. This indicates that the 
uniform: spacing of octets is essential for the cost reduction of samplers 
and de samplers. 
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Fig. S. Required memory capacity for three kinds 
of storage for m - 10. 
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Fig. 6. Time slot pulse generator by node number memory . 

Fia. 6 shows the decoder of the time slot for this storage system. Each of 
the sampler includes the node number storage of m + 1 bits (No, NI' ..... 
.. .. N".). A binary counter which generate the binary codes iden~ifying 
the time slots is provide4 in the switchina system and distributes the time 
slot code to each of the samplers. The decoder including m comparators 
compares the time slot code with the node number code. The circuit of 
the comparator is shown in Fia. 6 (b). 
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Ill. SWITCHING NETWORK CONFIGURATION OF TIME 
DIVISION NETWORKS FOR DATAHA VING UNIFORM 
OCTET INTERVAL 

Various networks can be used for the switching network shown in Fig. 1. 
The simplest of the network conflgUl'ation is the single bus system shown 
in Fig. 7. A number of data lines are connected to the bus via samplers 
and desamplers. The traffic carrying capability of the switching network 
is determined by the octet transmission rate of the bus . 

Fig. 7. Single-bus configuration. 

To construct a switching system having higher traffic carrying capability, 
a network having a plurality of buses is needed. Fig. 8 shows the network 
configuration of a multi-bus system in which each of data lines can access 
to any of n buses. The improvement of traffic carrying capability by the 
multi-bus system is essentially identical to the improvement by increasing 
the octet transmission rate by n times. Time slot assignment control for 
the multi-bus system is achieved by providing additional [I0g2 (n + 1)) 
memory bits for each of time slot assignment control shown in Fig. 6. 

n 

Fig. 8. Multi-bus configuration. 

If the calling rate from each of data lines is low and the scale of the 
switching system is large, it is apparently not economical to provide an 
access gate to each of bus. In such a case, a network configuration as 
is shown in Fig. 9 is more economical. In this configuration, a number 
of samplers are accessible by one input bus and a number of desamplers 
are accessible by one output bus. A plurality of input buses and a plur
ality of output buses are connected by a switching matrix. Since two 
bus stages are provided in the switching network, the network configu
ration shown in Fig. 9 is called a two stage system. In the two stage 
system, the time slot access control for each of data line is provided by 
the time slot assignment circuit shown in Fig. 6. 

As will be conceivable from the analogy of a large scale network con
figuration for time division telephone switching system, to construct 
larger scale time division switching network, so called three stage system 
as is shown in Fig. 10 will be more economical. In this network input 
buses and output buses are interconnected by a plurality of junctors. 

. ilTC8 

Fig. 9. Two-stage confIgUration . 

Juctors 

Fig. 10. ThretHItage configuration . 
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IV. EVALUATION OF BLOCKING PROBABILITY 

When providing a series of unifonnly spaced time slots for a higher speed 
data upon request for connection, if some of the time slots which may'be 
used for the data have been occupied by lower speed data, the higher 
speed data may suffer from high blocking probability. If the tiine slot 
used for the lower speed data cap be moved, however, the blocking pro
bability of higher speed data is substantially reduced. This operation is 
called the rearrangement. In the rearrangement operation, the data moved 
to accomodate the new request for connection may further cause the 
rearrangement of time slots. This phenomena is called the propagation of 
rearrangement. To reduce the complexity of control due to the propa
gation of rearrangement, the rearrange operation may be permitted only 
once. 

Such a limited rearrangement scheme may be called primary rearrange
ment operation. On the other hand the rearrangement operation which 
permits propagation of rearrangement infmitely may be called the com
plete rearrangement. 

For the purpose of evaluation of the blocking probability, let us assume 
for simplicity that the system handles data with two speeds, namely the 
high speed data with the speed of 2-k and the low speed data with the 
speed of 2-m • The high speed data needs 2m -k equally spaced time slot in 
a frame whereas the low speed data needs only one time slot in a frame. 
Denoting the traffic of high speed data and low speed data for each 
terminal by Ak and Am respectively, the average traffic for one data line 
is given by 

A =Ak 2m-k +Am ............................. (4) 

Denoting the number of buses accessible from the terminal by n and the 
total number of data lines by N, the occupancy of a time slot is given by 

NA 
p=~ ...........•......... . ......••.••• (5) 

In the following calculation, it is assumed that each time slot is occupied 
independently with the occupany p. 

Using the assumption of independent occupancy of each time slot, the 
blocking probability of the low speed data can be obtained using con
ventional equations developed for time-division telephone switching.(2) 
Therefore, in this paper only the blocking possibility for high speed data 
will be derived. 

4-1. Blocking Probabilities of One-Bus and Multi-Bus Systems 
If no rearrangement is performed, a high speed data needs 2m -k equally 
spaced idle time slots in one frame in either one of n buses so that the 
blocking probability of high speed data is given by 

{
m k } n.2 k 

Bbo = I - (l - p)2 - ................. (6) 

b d b c d 

If primary rearrangement is performed, ~ low speed data whlch occupies 
a time slot to be used for a high speed data can be moved to anyone time 
slot out of n· 2m time slots. Therefore a high speed data is blocked only 
if less than 2m-k time slots are idle out of n·?' time slots, thus the block
ing probability is given by U\,\. _ ~ 

~ e, m ' -~ , 
Bbl =~ (n . ? ) p(n.2 -i) (l-p)' ' ......... (7) 

i= 0 I 

4-2. Blocking Probabilities of Two Stage System 
In the two stage system, calls can be accomodated if cOinmonly idle 
time slots are available in both of the input and output buses. If no 
rearrangement is performed, a high speed data need 2m -k commonly 
idle time slots. Thus the blocking probability is given as 

k 
B = { 1 _ (I _ )2. 2m -k "1 2 to P J' ............... (8) 

Fig. 11 (a) shows one example of time slots occupied by high speed 
data a. b. c and d each of which occupies four low speed time slots, in the 
case that 16 time slots for low speed data are available in each frame. To 
help understanding the following calculation, time slots to be used by one 
high speed data are modified to occupy one consecutive sequence, as is 
shown in Fig. 11 (b). This notation is more convenient to visualize 
available time slots for each 'data." . 

Fig. 12 shows examples of rearrangement operation employing the modi
fied ,notation. In the figure, I, 11, III and IV are four possible time slots 
for a high speed data. If at least one of these high speed time slots is 
idle both in the originating input bus and the terminating output bus, the 
high speed data can be accomodated. 

Fig. 12 (a) shows an example in which a new request for connection of 
high speed data can be accomodated by a primary rearrangement. In this 
figure, an input bus A and two output buses Band C are shown. Busy 
time slots are indicated by hatching. A new request for connection is 
assumed to be applied to the input bus A and to be connected to the 
output bus B. In this case time slots b. c. d. and e are assumed to be 
idle. The time slot a is assumed to be used for the connection to the 
output bus C. If time slot e is commonly idle between the buses A and C, 
replacing the call occupying time slot a to the time slot e, the high speed 
request for connection can be accomodated in the high speed time slot I. 
This means that a high speed data can be accomodated without any pro
pagation of arrangement, i.e., by a primary rearrangement. 

Fig. 12 (b) shows another situation of time slot usage in the output bus 
C. In this figure the state of the output bus D which is used for the data 
f is also shown. In this case there is no commonly idle time slot between 
the input bus A and output bus C. to move the call using the time slot a. 
If the call occupying the time slot f is moved to the time slot c. however, 
a commonly idle time slot to move the call occupying the time slot a is 
obtained. After this procedure the new request for connection of high 
speed data can be accomodated. In other words, in the case of Fig. 12 
(b) the new request for connection cannot be accomodated by a primary 
rearrangement but requires secondary rearrangement. To avoid excessi-

b c d b c d 

(a) Actual time slot occupation of four high speed data a. b, c and d. 

(b) Modified time slot occupation to help understand the calculation. 

Fig. 11. Actual time slot occupation (a) and its modified notation. 
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vely complex rearrangement operation, the rearrangement operation is 
assumed in this report to be performed only when a new request for 
connection can be accomodated by the primary rearrangement. 

In case that the primary rearrangement is performed, the blocking pro
bability for a higher speed data is derived as follows. The assumptions 
for the calculation are as follows ; 

1) The plurality of low speed data to be rearranged are all destined 
to the same output bus. 

2) When 2m -k time slots with uniform spacing are occupied, this is 
taken as the case that these time slots carry a high speed data. 
This means that if uniformaly spaced 2m -k time slots are occu
pied , the data occupying the time slots are not moved for re
arrangement even if the data are low speed data. 

The first assumption lies on the safety side, i.e., gives larger blocking ' 
probability, since what actually happens is that the low speed data may 
be destined to serveral output buses so that the freedom of rearrangement 
is larger in actual case. The second assump·tion also gives safety side 
result, since in actual case 2m -k time slots may be occupied by low speed 
data so that rearrangement may be possible . • 

Let us assume that a new request for connection of a high speed data is 
given from the input bus A to the output bus B in Fig. 13. The call is to 
be accomodated in the time slot group A, , including r(= 2m ok) low speed 
time slots. In the r time slots, i time slots are assumed to be occupied by 
existing low speed data. All the time slots in the bus A other than the 
time slots in the group A, is assumed to be destined to the output bus C. 

Input bus A A, AI 

11 ! 21 i' 1 1' 12[ 13 [ 

Output bus B 
~ 1/1 

I ~ ! 2; ! ,I ! 1 

Output bus C 
C. 91 

11 i 21 i' 1 i 1121 13 [ 

Fig. 13 . Illustration of time slot occupation to derive 
the blocking probability. 

!i; 

I ! 

!il 

Let us derive the probability that these i data can be moved to A, . 
Denoting the corresponding group of time slots in the output bus C by 
C. , if more than i idle time slots exists in A, and if more than i time slots 
having the same phase as the idle time slots in the A, exist in c.. i data 
can be moved to A, . 

The probability that more than h time slots in A, are idle is given by 

_ 2m-r 2m-, -h .Jt 
P(h) - ( h ) P (I - pr .. .... ........ . (9) 

Th~ probability that t time slots in the particular h time slots are idle 
in Cl is given by 

C(h. t) = (~)ph -, (1 - p)~ .. . ... . ....... , .(10) 

Therefore the probability that rearrangment operation is successful is 
given by 

h h h-, , f,t: i (, ) p (I - p) }!J .......... .. .. (11) 

The probability that all the time slots in A 1 are idle or all the low speed 
flata occupying A I can be moved is given by 

Similar procedure is also needed at the destination bus B. Therefore the 
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probability that the new request for connection of a high speed data can 
be accomodated in time slots A, is given by ~. The blocking probability 
of the two stage system is given by 

. . . . . . . . . . . . . . . . . . . . . (13) 

4-3 Blocking probabilities of Three Stage System 
In the three stage system shown in Fig. 9, input buses and output buses 
are connected by a plurality of time-division junctors. In this system, it is 
assumed that r time slots needed for a high speed data may ·be accomo
d.ated in a plurality of junctors in a separated manner. In other words, r 
time slots for one connection may be carried in a number of junctors. 
Thus the spacing of a high speed data in the junctor may not be uniform. 

The blocking probability for a high speed data in a three stage system 
without rearrangement having j junctor to connect any input bus to any 
output bus is given as follows. Let us denote the occupancy of input or 
output bus by p, and the occupancy of junctor by Pl' The probability 
that r particular time slots are simultaneously available in specified input 
and output buses is given by (l - p, )lr . The probability that a particular 
time slot is available in one of J junctors is given by Q = 1 - Pl J. There
fore , the probability that one or more available time slots exist in each 
of r particular time slots is given by 

. . ... . . ... .. .. .. (14) 

Therefore, the blocking probability of three stage switching network for 
high speed data without rearrangement is given by 

2k 
B thO = {I - (1 - pdlr(l - p/),} . .. .. . .... . ... (15) 

The blocking probability of a three stage system performing primary 
rearrangement is obtained by a procedure similar to that for the two 
stage system. In the three stage system, since the set of time slot used in 
the junctors for a high speed data may tie carried using a number of 
junctors arbitrarily, the blocking probability caused by the existence of 
the junctor stage can be small if the number of junctors available is large 
enouth. Therefore, in the primary rearrangement operation, the re
arrangement is assumed to be performed in the input and output buses 
only. This simplifies the control of rearrangement especially in a system 
including a plurality of offices. 

The probability that more than i idle time slots are available within t 
particular time slots in J junctors are given by 

The probability that i data can be rearranged to obtain r uniformly 
spaced time slots at given position is given by the same procedure as 
to obtain Eq. (11), thus 

If the new request for connection is to be assigned to a particular r 
time slots, the probability that the particular r time slots are available 
or rearrangeable is given by 

The probability that particular r time slots are available in junctors is 
given by Q' of Eq. (14). The probability that new request for con
nection of high speed data can be accomodated in the particular r 
time slots is given by the product of probabilities that the particular 
r time slots are available in the input bus, junctors and the output bus. 
Thus the probability is given by Q~Q' . Since there are 2k sets of time 
slots for high speed data, the blocking probability after primary rearrange
ment is given by 

'). ,:2 k 
BthZ=(l - S,Q) . .... . ........ .. (19) 
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V. NUMERICAL EVALUATION OF BLOCKING PROBABILITY 
AND COMPARISON OF NETWORK CONFIGURATIONS 

Fig. 14 shows the blocking probability of high speed data when k = 6 and 
m = 8, for the one-bus system and two-stage system. In a two stage 
system, blocking probability is high when no rearrangement is performed . 
The system, however, has a relatively high traffic carrying capability if 
primary rearrangement is performed. 

In the multi-bus system, although the number of available time slots 
increases, the overall characteristics is essentially identical to that of 
one-bus system. In the one-bus or in the multi-bus system, the blocking 
probability is lower, but the improvement in blocking probability is less 
compared to that of the two stage system when the primary rearrange
ment is performed. The figure also indicates that to obtain reasonable 
blocking probability for a high speed data, primary rearrangement is 
essential. 
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__ One·bus system 
n · l 

With primary rearrangement 

Fig. 14. Blocking probability for high speed data in one-bus 
and two stage systems k = 6, m = 8. 

Fig. 15 shows the blocking probability versus the junctor occupancy 
P2 in three stage systems without rearrangement when .Pt = 0.25, 
k = 6 and m = 8. Needless to say, if the occupancy of incoming and 
outgoing buses is fixed, the blocking probability of three stage system 
is higher than that of the two stage systems shown by the broken lines. 
The graph shows that without rearrangement, blocking probability is 
generally excessive. IfJ = 8, however, the increase in blocking probability 
caused by the existence of the junctor stage is small enough if Pl is 0.5 
or less. 

Fig. 16 shows the blocking probability versus the junctor occupancy 
P2 for three stage systems with primary rearrangement when Pt = 0.88, 
k = 6 and m = 8 with reference to that of the two stage system. If the 
number of junctors increases, the blocking probability becomes asympto
tically equal to that of two stage systems. If J = 8, the blocking probabi
lity is essentially equal to that of two stage system if P2 < 0.5. 
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Fig. 16. Blocking probability for high speed data in three stage 
system with primary rearrangement. 
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VI. CONCLUSION 

In the time-division switching system to handle data having a plurality of 
speed, the control mechanism as well as the control procedure can be 
simplified by maintaining uniform spacing between data octets. One-bus, 
multi-bus, two-stage and three-stage time-division data switching networks 
for uniformly spaced data octet have been shown in this paper and as a 
practically realizable solution to reduce internal blocking, the primary 
rearrangement is proposed in which low speed data are rearranged only 
once to accomodate high speed data. Blocking probability equations 
for these network configurations without rearrangement and with primary 
rearrangement have been derived with some safety-side assumptions. 
Numerical calculations to evaluate the traffic handling capabilities have 
been carried out and the results indicate the drastic improvement by the 
primary rearrangement. The result of numerical evaluation also indicates 
that, if the primary rearrangement is performed either one of the pro
posed networks can handle data with reasonable efficiency and blocking 
probilbility. Hence, for larger offices the two-stage and the three-stage 
configurations may be preferable and for smaller offices the one-bus and 
multi-bus configurations may be suitable. 
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