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ABSTRACT 

Recently within the Bell System there has been a resurg
ence of interest in the application of random slip multiple 
patterns in new switching systems. It is the intent of 
this paper to review the characteristics which make this 
switching arrangement an attractive alternative to the 
standard full-access switch. 

In addition to the capacity gains which are achievable 
through the use of the random slip multiple, it is shown 
by means of simulation results that another important 
feature of the random slip multiple is that its implementa
tion increases the administrative group size for load
balancing purposes. The administrative group becomes the 
total number of inlets on switches whose outlets are 
multipled together. The random slip multiple has the 
effect of equalizing service on the switches regardless of 
imbalance in loading among the individual switches. 

1. INTRODUCTION 

As a way of increasing the internal efficiency of switching 
networks and thereby reducing costs, it is desirable to be 
able to achieve the effect of large-access switches without 
incurring the increased equipment cost that comes with them. 
The advent of electronic control, which allows for more 
complex switching design and control in networks, has made 
it possible to consider the concept of Erlang's ideal 
grading [1] in the design of switching networks as a means 
of achieving greater link efficiencies. 

Erlang defined his ideal grading for a system of n trunks 
and an accessibility of k; i.e., each inlet froup has access 

to k of the total of n trunks. Each of the l~) possible 

combinations of k out of n trunks appears in a randomly 
hunted grading. Thus, Erlang's ideal grading can be 

realized with (~) inlet groups, each of which has access to 

a different combination of k out of the n trunks. 

For practical values of n and k it is not possible to 
achieve the number of inlet groups required for an ideal 
grading so that all possible access combinations are used. 
In practical applications some subset of these access com
binations must be chosen. The random slip multiple, devised 
by E. C. Molina in 1917, is the physical realization of the 
ideal grading subject to practical constraints. There is 
no set rule in general for determining the proper subset of 
access combinations to be used in a random slip multiple, 
but some guidelines will be mentioned in a later section. 

The line concentrator in the No. 1 ESS system is a rudimen
tary example of the use of a random slip multiple arrange
ment. In this case the outputs of four 4x4 switches are 
multipled to form a 16x4/8 (16 by 4 out of 8) random slip 
multiple [2]. This simply means that each of the 16 inlets 
has an access to four out of the total of eight outlets. 
On such a small scale, the increased link efficiency is not 
very significant. However, greater efficiency gains have 
been achieved in applications being studied which employ 
the random slip multiple arrangement on a larger scale, 
such that the total number of inlets to the arrangement 
ranges up to about 200, with an access of from 8 to 12 and 
concentration ratios of 2:1 to 5:1. 

As an autonomous, single stage switching arrangement, the 
random slip multiple could be applied in the rural line 
concentrator environment, where the numbers of inlets and 
the concentration ratios allow the use of a single stage 
of switching. As will be illustrated, the gain in effi
ciency of the output links is significant in this applica
tion. 

Another application is in small multi-stage switching net
works, where the random slip multiple arrangement forms the 
first stage of switching. In addition to the efficiency 
gains which are achievable, another important advantage of 
this kind of a switching arrangement is that it increases 
the size of the load-balance administrative group. Simula
tion results are used to verify this feature of the random 
slip multiple. 

2. RANOOM SLIP MULTIPLE AS AN AUTONOMOUS SWITCH 

In this section, the performance of the random slip multiple 
as an autonomous switch will be reviewed [3,4]. First, a 
simple example is given to illustrate how a random slip 
multiple is realized. Suppose a concentration ratio of 3:1, 
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27 inlets to 9 outlets, is desired from a single stage 
arrangement of 3x3 switches. Each of the outlets is 
multipled over a total of three of the nine switches in 
some random pattern, yielding a 27x 3/9 random slip 
multiple. 

From the many possible ways in which this particular 
random slip multiple could be achieved using 3x 3 switches, 
one guideline which is used to determine a good random 
pattern is that no two switches have outlets which are 
multipled together more than once. Figure 1 gives an 
indication of how such a pattern might be achieved. An 
equivalent arrangement of full-access switches without 
multipled outlets would consist of three 9x 3 switches. 
This arrangement also yields a 3:1 concentration ratio, 
and as in the case of the random slip multiple arrangement, 
each inlet has an access to three of the outlets. 

SWITCH 

27 
INLETS 

2 

3 
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5 

6 

7 

8 

9 
OUTLETS 

Figure 1. Random Slip Multiple 27x3/9. 

In order to see what effect a random slip multiple arrange
ment has on the efficiency of the outlets, an analytic 
comparison can be made between full-access and random slip 
multiple arrangements to indicate what size full-access 
switch has ap efficiency equal to that of the outlets of 
a given random slip multiple arrangement at some level of 
blocking. 

Figure 2 shows a particular example of this comparison for 
a finite source, blocked calls held queue discipline with 
a concentration ratio of 4:1 and an access of 8. It can 
be seen from the figure that as the number of inlets 
increases, the occupancy of the outlets increases for a 
given level of blocking. So, the outlets from a 192x8/64 
random slip multiple (formed by multipling the outlets of 
24 8x8 switches over four of the switches) have the same 
occupancy as the outlets of a full-access 60X15 switch at 
a .01 blocking level. This almost doubles the " effective" 
size of the switch as far as the outlet occupancy is con
cerned, and increases the average carried traffic per 
outlet by approximately 35% over that of a system with six 
autonomous (32 x 8) switches at the .01 service level. 

Figure 2 is derived by comparing a full-access binomial 
distribution function* with a concentration ratio of 4:1 

*PCT 2 (finite sources, equal calling rate), with blocked 
calls held (BCH). 
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Figure 2. Equivalent Full-Access Switch Size for a Random 
Slip Multiple with 4:1 Concentration and Access 
of 8. 

and outlets ranging from 8 to 60 to the following formulat 

used for determining the blocking in a random slip multiple 
assuming PCT 2 [3] and BCH: 

(n~l) t 
B -- P [1 - B(n-l-t ,m-t ,p)] + B(n-l,m,p) (1) 

(~) 
where 

n is the total inlets 
m is the total outlets 
t is the number of outlets to which each inlet 

has access 
p is the occupancy of the inlets 

B(i,j,p) is the cumulative binomial term, i.e., 

I [!]pm(l_p)i-m 
m=j 

A similar comparison made with an access of 16 shows that 
the equivalent full-access switch size approaches an upper 
limit of about 35 outlets. So there is a significant gain 
in efficiency of output links which can be achieved through 
use of the random slip multiple arrangement as an 
autonomous switch. 

3. RANDOM SLIP MULTIPLES IN MULTI-STAGE SWITCHING SYSTEM 

3.1 TWO-SIDED NETWORK 

In large networks for which complete accessibility is re
quired between each inlet and each outlet, several stages 
of switching must be used. It would be desirable to 
establish a formal method to investigate how the random 
slip multiple can be applied in these kinds of networks. 

t E. C. Molina derived the PCT 1 (infinite sources) version ~ 
of this formula. R. I. Wilkinson cites it in Reference 5. 
The modified version for PCT 2 used here was derived by 
W. A. Liss in notes for a course in Traffic Engineering ,~'".' 
and Switching Networks taught at Bell Telephone 
Laboratories in 1967. 
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The most obvious approach is to arrange the first stage 
switches in a random slip multiple pattern and then have 
subsequent stages arranged as usual on a full-access basis 
for further concentration and/or distribution. 

Figure 3 illustrates a network which has a random slip 
multiple arrangement in the first stage of switching. It 
is a three-stage network. The first stage of switching 
consists of five modules of ten 16xlO switches. The out
lets of switches within each module are multipled to four 
of the switches in a random pattern so that no two 
switches have outlets which are multipled together more 
than once. Five individual 160xlO/40 random slip 
multiples are formed in this way. 

20.20 

• 
• 

(10) 

Figure 3. Network I - Block Diagram of Switch Intercon
nections. 

The second stage of switching consists of ten 20x20 
switches which terminate the outlets of five random slip 
multiple modules. Each second stage switch terminates 
four outlets from each random slip module. The third 
stage of switching performs a distribution function only 
and consists of ten 20x20 switches. This network is . 
referred to as Network r. 

The linear graph [6] of Network I is given in Figure 4. 
Between each second and third stage switch there are two 
links, since there ar~ 20 outlets from each second stage 
switch to ten third stage switches. 

With the assumptions of finite sources, blocked calls held 
and a perfect random slip multiple in the first stage, the 
formula used to determine the load-service relation for 
this network is derived from Figure 4 through use of 
conditioning techniques as developed in References 7 and 8. 

where 

B 
(~J (~=~) 

(~) 

(
1 )2(10-i) 
~. pi + B(n-l.m+l.p) 

n number of inlets to first stage random slip 
multiple (n = 160) 
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Figure 4. Network I - Linear Graph (Channel Pattern Seen 
By An Individual Connection Attempt) 

m 

k 

number of outlets from first stage random slip 
multiple (n = 40) 

number of outlets each inlet sees in the first 
stage random slip multiple; the access (k = 10) 

p occupancy of the input terminals on the random 
slip multiple 

pi = internal link occupancy 

The combinatoric term in the middle of the formula is the 
hypergeometric, since it is assumed that the random slip 
multiple is perfect and the switches are equally loaded. 

In order to contrast the load-service results of Network I 
to a comparable network without the random slip multiple, 
the following network was analyzed also. The second and 
third stages of switching are the same as described in 
Network I. The first stage however, consists of 20 40xlO 
switches. This achieves the 4:1 concentration ratio with 
access of 10 as in the random slip multiple. The linear 
graph is the same as for Network I, since the access in the 
first stage is the same, and the second and third stages 
are identical. Formula (2) above can be used for this 
network by setting n equal to 40, m equal to 10 and k equal 
to 10, since with k = m in (2) the second summation reduces 
to a truncated binomial on the first linking stage. 

A comparison of the load-service results is given in 
Figure 5. In the range of interest (blocking of .01 or 
.02), there is a 17.0% to 13.5% increase in the capacity 
of this particular network. These results are an indica
tion of the kinds of gains which can be achieved in a two
sided network with no increase in crosspoints by using a 
random slip multiple on one side. 

In practice of course, the engineered capacity would prob
ably be somewhat lower in the network with a random slip 
multiple. Since the load-service curve for this arrange
ment tends to be slightly steeper than for the full-access 
switch arrangement, the network with the random slip 
multiple would be engineered more liberally. in order for 
the two systems to see equal service at say a 10% overload. 
The dashed curve in Figure 5 indicates the load-service 
curve for Network I with the random slip multiple which 
would result in equal blocking in both forms of the network 
at 10% overload. Even with this allowance, the use of the 
random slip multiple results in an increase in capacity of 
about 12%. 
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Figure 5. Load-Service Results for Network I With and 
Without Random Slip Multiple. 

3.2 SINGLE-SIDED NETWORK 

As shown in Figure 6, a second network form, Network 11 
was analyzed. 

Network 11 is a single-sided, 5-stage folded network with 
both inlets and outlets terminating on a random slip 
multiple. The first stage of switching consists of two 
modules of 24 8x8 switches, the outlets of which are 
multipled randomly over three switches within each module. 
Thus, two 192x8/64 random slip multiples are achieved 
yielding a 3:1 concentration. The second stage of 
switching consists of eight 16x8 switches. These give an 
additional 2:1 concentration for an overall ratio of 6:1. 
The middle stage consists of four 8x8 switches whose 
inlets and outlets are both terminated on second stage 
switches. Network 11 is unfolded, its linear graph is 
given in Figure 7. 

With assumptions, notation, and methods identical to those 
for Network I, formula (3) gives the blocking formula for 
a connection between inlets on different first stage 
modules in Network 11. 

B I I m-I+x (n-l)p)(1_p)n-1-) (~] (~=~] 
x=o y=O j=x j (~) 

• m:!.+y (n~1]pi(1_p)n-1-i (~](~=~] 

min(k-x,k-y) (k~Y) (k-~-Z) 
L -----. pr Z 

z=max( 0 ,k-x-y) (~) 

+ ,2xB(n-l,m+l,p) - (B(n_l,m+l,p))2 

vi th pr ~ ~ - ( 1 - i~ p ,] J" Here n is equal to 192, 

m is equal to 64 and k is equal to 8. 
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Figure 6. Network 11 - Block Diagram 

Figure 7. Network 11 - Linear Graph (Channel Pattern) 

The comparable network without a random slip multiple in 
the first stage of switching would have the same arrange
ment for the second and middle stages of switching. and 
the first stage would consist of 16 24x8 switches. This 
yields the same 3:1 concentration in the first stage with 
an access of 8. Again, the same formula can be used. 
formula (3) in this case, with n equal to 24, m equal to 8 
and k equal to 8. 
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The load-service curves comparing these two networks are 
given in Figure 8. As with Network I there is an effi
ciency gain to be achieved with the random slip multiple; 
however, it is not as great when the network is single
sided. In the range of interest the increase is from 
6.6% to 4.8%. 
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Figure 8. Load-Service Results for Network 11 With and 
Without Random Slip Multiple. 

4. EFFECT OF THE RANDOM SLIP MULTIPLE ON ADMINISTRATION 

4.1 ADMINISTRATIVE GROUP SIZE 

The effective increase in the network capacity with the 
use of a random slip multiple as the first stage of a 
switching network might not by itself be enough to justify 
its employment in view of added complication in control 
and manufacturing. However, further investigation reveals 
another significant feature of this kind of an arrangement; 
namely, an increase in the effective size .of the adminis
trati ve groups for the load balancing procedures. Through 
a careful multipling of the outlets of the first stage 
switches it is possible to desensitize the aggregate of 
swi tches to imbalance in the loading among the individual 
switches. 

The purpose of load balance procedures (i.e., the physical 
movement of inlets to insure equal loading of switches) is 
to insure that all inlets to the network experience as 
nearly an equal grade of service as possible. The random 
slip multiple tends to equalize service to all inlets by 
moving the load within the first stage of switching 
instead of physically moving the inlets to the first stage 
of switching. Since the random slip multiple tends to· 
equalize service among the switches in the arrangement in 
spite of possible imbalance in their loading, this arrange
ment is considered as having inherent load-balancing 
characteristics; that is, :Lt has the effect of balancing 
the load among the switches in the random slip multiple. 

Thus, by way of illustration, returning to Network I 
described above, the administrative group would consist of 
160 input terminals instead of 40 in the equivalent full
acces~ arrangement. 

Increasing the group size decreases the group-to-group 
load variation which occurs. This is clear from a simple 
argument. Let us use the coefficient of variation of 
average group load as a measure of variation. That is, 
if the mean load offered Qy a line group of size n is a, 
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then the coefficient of variation among many groups of size 
n is given by a/a, where a is the standard deviation of the 
load distribution. If the load to 16 individual independent 
groups of size n is summed together into one ~up of size 
16n, then the coefficient of variation is cr/a/16 or ~ . 

With increased administrative group size, the cost involved 
in administration should decrease, principally due to the 
reduced group-to-group load variation. It would seem that 
the assignment process could become less restrictive as 
long as minimal class of service distribution criteria were 
adhered to. In addition, the required number of traffic
usage registers as well as the amount of data to be pro
cessed would be reduced. 

4.2 EFFECT ON SERVICE 

Let us return to Network I to observe what happens when a 
random slip multiple is used in the first stage of switching 
to increase the load-balance administrative-group size. 
Consider Network I without the random slip multiple. 

In order to determine the service a particular group of 40 
inlets on a switch will experience when it is offering more 
or less than the load which yields .01 blocking, a new 
curve was derived. This curve was derived by assuming con
stant total offered load on the network so that the blocking 
would be .01 if all sources were equally loaded. Thus, the 
internal occupancy of the network remains constant. Then 
the average occupancy of a particular group of 40 inlets 
was allowed to vary. The occupancies of the remaining 
groups were assumed to vary in such a way that the total 
load on the network remained constant. A similar curve was 
derived for Network I with the 160XIO/40 random slip 
multiple considering the 160 inlet group size. Figure 9 
shows these new curves (B and D) for Network I with and 
without the random slip multiple along with their original 
load-service curves. 
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Figure 9. Network I - Comparison of Load-Service Results 
with Results Assuming Constant Internal 
Occupancy. 

The blocking experienced at the +3a limit of chance varia
tion is determined as follows. The coefficient of varia
tion of load among groups of 40 inlets chosen from an 
exponential distribution is .15B. The average occupancy 
per inlet which produces .01 blocking is .10B, so the 
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standard deviation is .017. The +30 point for a partic
ular line group is one whose average occupancy per inlet 
is .108+3x.017 or .159. 

In Figure 9 it can be seen that the blocking experienced 
by a line group with .159 average occupancy is about .095 
from curve B. 

The coefficient of variation of load among groups of 160 
inlets (as with the random slip multiple in Network I) is 
.079. The average load per inlet for .01 blocking in 
Network I with the random slip multiple is .125, so the 
standard deviation is .01, and the +30 point is .155. 
From curve D in Figure 9 it can be seen that the blocking 
experienced at .155 average inlet occupancy is .043. 

The difference in blocking experienced by these two net
works at these limits comes about not only because of the 
difference in the standard deviation of the loads but also 
because a larger portion of the total blocking (concentra
tor plus internal) occurs in the 40xlO switches than in 
the l60xlO/40 random slip multiple. Therefore, the 
blocking experienced by individual groups over the -30 to 
+30 range will tend to be slightly more equalized in 
Network I with the random slip multiple, as can be seen in 
Figure 9. 

If a normal distribution with me&l .108 and standard 
deviation .017 is assumed on the occupancy of individual 
groups in Network I with 40xlO switches, the average 
blocking experienced in the network is .0143. Similarly, 
if in Network I with the l60XlO/40 random slip multiple, 
a normal distribution with mean .125 and standard devia
tion .01 is assumed on the occupancy of individual groups, 
the average blocking experienced is .0114. These results 
are determined assuming constant offered loads which yield 
internal occupancies of .413 and .496, respectively. Thus, 
even the weighted blocking for Network I with the random 
slip multiple is less than that with the 40xlO switches. 

5. VERIFICATION BY SIMULATION 

Thus far it has been stated that the random slip multiple 
serves to balance the service experienced by the switches 
in spite of imbalance among switches. As a means of 
verifYing this very significant characteristic of the 
random slip multiple, a random walk simulation was 
developed. Infinite sources with blocked calls cleared 
was assumed. The capability of random hunting and 
sequential hunting was built into the simulation. 

Once again the random slip multiple was considered as an 
autonomous switch. The purpose of the simulation was to 
determine the effects of unbalanced loading among the 
switches on the average blocking and the blocking 
experienced by the individual switches. 

Several forms of the random slip multiple were examined. 
One example which will be investigated in detail here is 
modeled after the No. 5 Crossbar line link frame. The 
line link frame considered here consists of ten 50xlO line 
switches, each one of which forms a horizontal group. For 
present purposes, however, each horizontal group will be 
considered as five individual 10xlO switches. Lines 
terminate on the ten verticals of each switch, and in the 
normal arrangement, the horizontals are extended across 
all five switches to form the 50xlO line switch. 

A multipling pattern can be achieved by restrapping the 
wiring between some of the vertical switch units in an 
array of crossbar switches. Then &1 individual horizontal 
level from one switch may be multipled to other switches 
not in the same "horizontal group". Each horizontal must 
be multipled over five switches since the concentration 
ratio is 5:1. The 50 10xlO switches in the line link 
frame are divided into five groups of ten switches by 
making vertical groups of ten switches each. Then each 
horizontal is multipled to one and only one switch in each 
of the five vertical groups of switches. One final con
straint imposed on the model is that a horizontal must be 
multipled across each switch at the same level, 0 through 
9. Table AI in the appendix indicates the multipling pat
tern used, where the lOxlO switches are numbered from 1 to 
50 as shown in Figure 10. 

5.1 RANDOM HUNT 

Several experiments were run to compare the random slip 
multipled frame with the normal line switch arrangement. A 
random hunting scheme was assumed initially. In the first 
experiment all the switches were equally loaded, that is 
each of the 50 switches offered .02 of the total load on 
the system. Under this set of assumptions, the efficiency 
gain achievable in a random slip multiple becomes evident. 
The total offered load was set at 60 erlangs to the 50 
switches. In the random slip multiple frame the blocking 
was calculated from the simulation to be .013, and for the 
normal line switch arrangement the blocking was .043. 
Thus, the simulation shows what analytical approximations 
have indicated: The line links in the frame can be more 
efficiently loaded with the random slip multiple. 

The second experiment involved applying a distribution to 
the load over the 50 switches. The coefficient of varia
tion of the load offered to each switch was assumed to be 
30%. In one case, the load was distributed in the following 
way: The switch numbered "1" offered the highest load, and 
each subsequently numbered switch offered a decreasing 
amount of load until the switch numbered "50" offered the 
least amount of load. This distribution simulates a rather 
poorly balanced frame. Again, 60 erlangs was the total 
offered load. 

In the random slip multipled frame the overall average 
blocking observed was again .013, but in the normal line 
switch arrangement the overall blocking was .071. Thus, 
there is a significant decrease in the overall blocking 
with the random slip multiple arrangement. What is more 
important, however, is that the distribution of blocking 
experienced by the individual switches had a wider range 
in the non-multipled frame than in the multipled frame. 
Specifically, the highest blocking experienced by an 
individual switch in the non-multipled frame was .176 and 
the lowest was O. For the random slip multipled frame the 
highest blocking experienced on an individual switch was 
.020 and the lowest was .003. 

A third experiment attempted to model a class-of-service 
load-assignment on the horizontal groups. Again a load 
distribution with a 30% coefficient of variation was applied 
to the 50 switches. In this case the highest load was 
offered by switch number "1", and the load decreased down 
the frame so that the second highest load was offered by 
swi tch number "6", followed by "11". The eleventh highest 
load was offered by switch number "2" and so forth until 
switch number "50" offered the least amount of load. 
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Figure 10. Numbering Plan for Individual Crossbar Switch 
Units. --
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The average blockings observed for the customary line 
switch arrangement and for the random slip multiple 
arrangement were .044 and .012, respectively. The block
ing observed by individual switches varied from .007 to 
.019 in the random slip multiple arrangement and from 
.015 to .076 in the normal frame arrangement. 

Summary Blocking Characteristics 

Random Hunting, 60 Erlangs Offered Load 

Non-MultiEled 

Average ~ Highest 

Uni form loading .043 .033 .059 
Unbalanced loading .071 .0 .176 
Class of Service .044 .015 .076 

MultiEled 

Uniform loading .013 .008 .017 
Unbalanced loading .013 .003 .020 
Class of Service .012 .007 .019 

All these results are summarized in Table I. The random 
slip multipled pattern does allow for more efficient 
loading of the output links, and the blocking experienced 
by the individual 10xlO switches is distributed over a 
more narrow range in the random slip multiple pattern. 

~ reducing the total offered load to 47 erlangs on the 
non-multipled frame, the average blocking will be nearly 
equal to that experienced by the multipled frame with 60 
erlangs offered. Table 11 shows the blocking results for 
this case, and as can be seen, the range of blocking 
experienced by individual switches is still significantly 
wider than in the multipled case. 

TABLE II 

Summary Blocking Characteristics for the 

Non-Multipled Frame with 47 Erlangs Offered Load 

Uniform loading 
Unbalanced loading 
Class of Service 

5.2 SEQUENTIAL HUNT 

Average 

.012 

.029 

.014 

Lowest 

.005 

.0 

.003 

Highest 

. 022 

.081 

.033 

Similar experiments were performed for the sequential 
hunting case. With a sequential hunt each arrival starts 
its search for an idle output link with the level 0 link 
to which it has access. The hunt continues to levels I, 
2,3, etc. up to the level 9 link within the arrival's 
accessibility. It selects the first idle link it finds in 
this order of hunt. Sequential hunting in general in
creases the carrying capacity of link systems with 
"series-parallel" patterns (like all of the Bell System 
crossbar networks) by decreasing the probability of mis
matching through the network. It is clear that it would 
have no effect on the blocking characteristics of the 
non-multipled frame when it is modeled as an autonomous 
system as in this test. However, sequential hunting in 
the random slip multipled frame does have the effect of 
decreasing the blocking. Thus, for equal loading on all 
the switches the blocking seen with 60 erlangs offered is 
reduced to .007 from .013 in the random hunt case. For 
the two cases of non-uniform loading, the blocking is 
reduced from .013 to .009 and from .012 to .007, 
respectively. 

The results detailed here for the specific arrangement of 
crossbar switches can be reproduced to a greater or lesser 
extent for many random slip patterns which m~ be used in 
switching networks. It appears that the greater the 
number of switches over which each outlet is multipled, 
the greater is the service equalizing effect. Thus, if 
the first stage consists of an expansion switch in order 
to permit multipling outlets over a larger number of 
switches, the blocking experienced by individual switches 
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would have an even narrower range than for a random slip 
multiple of square switches and less multipling. 

6. SUMMARY 

To summarize, it has been shown that the use of a random 
slip multiple as an autonomous switching arrangement has 
the effect of increasing the efficiency of the output links 
to a significant extent. A practical application of this 
phenomenon would be in the rural line concentrator applica-. 
tion or in any circumstance where the total interconne9tion 
capability between inlets and outlets is not required. 

In circumstances where a multi-stage network is necessary, 
the random slip multiple can be employed as the first stage 
in the network. The capacity of a given network will be 
increased to a varying degree over that of a comparable 
network without the random slip multiple stage. The amount 
of capacity increase is dependent upon the nature of the 
network to which it is applied. 

More significantly, however, the random slip multiple 
arrangement of switches tends to equalize the service 
experienced by the switches despite imbalance in the load
ing among the switches. In this w~, the administrative 
group size for load balancing purposes is increased, and 
administrative costs can be reduced. 

As the systems presently under development which employ a 
random slip multiple go into service, more detailed 
information will be available as to the practical extent of 
the advantages to be gained by use of this arrangement. 
For the present, studies indicate that the random slip 
multiple m~ provide one relatively simple means of reducing 
costs in switching and administration. 
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APPENDIX TABLE AI (Cont. ) 

TABLE AI HG ~ Switches 

A Random Slip Multiple Pattern 
5 0 26 27 ,8 39 20 for Crossbar Line SWitches 

1 26 32 13 44 25 
Switches 2 26 37 18 49 30 l!Q. ~ 3 26 42 23 4 35 

0 0 1 2 3 4 5 4 26 47 28 9 40 
1 1 7 8 9 10 5 26 2 33 14 45 
2 1 12 13 14 15 6 26 7 38 19 50 
3 1 17 18 19 20 7 26 12 43 24 5 
4 1 22 23 24 25 8 26 17 48 29 10 
5 1 27 28 29 30 9 26 22 3 34 15 
6 1 32 33 34 35 ' 
7 1 37 38 39 40 6 0 31 32 18 9 50 
8 1 42 43 44 45 1 31 37 23 14 5 
9 1 , 47 48 49 50 2 31 42 28 19 10 

3 31 47 33 24 15 
1 0 6 7 13 19 25 4 31 2 38 29 20 

1 6 12 18 24 30 5 31 7 43 34 25 
2 6 17 23 29 35 6 31 12 48 39 30 • 3 6 22 28 34 40 7 31 17 3 44 35 
4 6 27 33 39 45 8 31 22 8 49 40 
5 6 32 38 44 50 9 31 27 13 4 45 
6 6 37 43 49 5 
7 6 42 48 4 10 7 0 36 37 28 24 30 
8 6 47 3 9 15 1 36 42 33 29 35 
9 6 2 8 14 20 2 6 47 38 34 40 .' 3 36 2 43 39 45 

2 0 , 11 12 23 34 45 4 36 7 48 44 50 
1 11 17 28 39 50 5 36 12 3 49 5 
2 11 22 33 44 5 6 36 17 8 4 10 
3 11 27 38 49 10 7 36 22 13 9 15 
4 11 32 43 4 15 8 36 27 18 14 20 
5 11 37 48 9 20 9 36 32 23 19 25 
6 11 42 3 14 25 
7 11 47 8 19 30 8 0 41 42 38 44 10 
8 11 2 13 24 35 1 41 47 43 49 15 
9 11 7 18 29 40 2 41 2 48 4 20 

3 41 7 3 9 25 
3 0 16 17 33 49 15 4 41 12 8 14 30 

1 16 22 38 4 20 ' 5 41 17 13 19 35 
2 16 27 43 9 25 6 41 22 18 24 40 
3- 16 32 48 14 30 7 41 27 23 29 45 
4 16 37 3 19 35 8 41 32 28 34 50 
5 16 42 8 24 40 9 41 37 33 39 5 
6 16 47 13 29 45 
7 16 2 18 34 50 9 0 46 47 48 29 40 
8 16 7 23 39 5 1 46 2 3 34 45 
9 16 12 28 44 10 2 46 7 8 39 50 

3 46 12 13 44 5 
4 0 21 22 43 14 35 4 46 17 18 49 10 • 1 21 27 48 19 40 5 46 22 23 4 15 

2 21 32 3 24 45 6 46 27 28 9 20 
3 21 37 8 29 50 7 46 32 33 14 25 
4 21 42 13 34 5 8 46 37 38 19 30 
5 21 ' 47 18 39 10 9 46 42 43 24 35 
6 21 2 23 44 15 
7 21 7 28 49 20 • 8 21 12 33 4 25 
9 21 17 38 9 30 
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