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ABSTRUCT 

As the telecommunication network becomes larger and more 
complex, Its responsibility to the society also becomes 
greater. Recently, the traffic flow distribution in the 
network is changing in accordance with the change of the 
customer'shabits and the variety of the available cornmuni
cati?n services. The ~lexibility in the traffic handling 
to Wlthstand extraord1nary traffic variation due to some 
social incidents and network impairments has become an 
important factor in the recent telecommunication network 
design. 

~i~ paper ~tudies on the means to give network an adapta
b1l1ty to w1thstand extraordinary traffic variation. It 
proposes a 11 Variable Communication Network ". The network 
has an ability to rearrange channel configuration effective
ly when an extraordinary traffic arises, using a semi
permanent switching equipment at each switching node. The 
procedures to design and to rearrange the variable communi
cation network are discussed. Several numerical results 
show that the ability to withstand local traffic overload 
in the communication network is significantly improved by 
the network rearrangement. 

I. I NTRODUCT I ON 

The telecommunication traffic is ever increasing with the 
grawth of the social and industrial activities which are 
calling for more sophisticated, individualized and reliable 
communication services. The responsibility of the communi
cation network to the society also has become greater. The 
flow distribution of the traffic is recently changing with 
the change of the customer's habits and service varieties. 
Countermeasures to the extraordinary traffic fluctuations 
due to some social incidents and network impairments have 
become serious problems. The flexibility to the traffic 
variations and the reliability to the network impairments 
are now very important factors in the design of the tele
communication network. 

This paper di~cus~es on a method to increase the flexibility 
of the commun1cat1on network to withstand traffic variation. 
It proposes a flexible network organization which is called 
11 V<:triable Communication Network 11 in this paper [1]. It is 
def1ned to be a network of which topology is rearrangeable. 
It can vary the channel configuration of the network when 
the traffic intensity on the links exceeds more than a 
certain preassigned quantity. The traffic intensity will 
vary as the consequence of various reasons. The traffic 
volume will be different in the daytime and night, in the 
days of the week and seasons, and in the geographical time 
difference. It will also vary by some extraordinary causes 
such as social incidents and network impairments. . 

The network topology can be varied by certain semi-perma
nent switching devices such as the group transit switches 
[2] or the IDF ( inter-office distributing frame) switches 
[4]. The semi-permanent switches connects and disconnects 
a certain number of grouped channels simultaneously to 
rearr~ge link capacity effectively. It can be implemented 
econoIDlcally, because the conventional call-by-call transit 
switching is not necessary. The channels are switched simply 
on a rnultiplexed group basis. The network is switched semi
permanently only when the extraordinary traffic variations 
occur. 

2. PRINCIPLE OF THE VARIABLE COMMUNICATION 
NETWORK 

Figure 1 shows a mesh type communication network. The nodes 
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A,B,C, --- are switching o~fices. Each node pair is con-
.n7ct7d by a direct link which consists of groups of trans
IDlSS10n channels. The nodes have no function of transit 
switching on the conventional call-demand basis. But they 
have se~-permanent s~itches for the network rearrangement. 
The seIDl-permanent sW1tches connect and disconnect a group 
of channels simultaneously. As the connected channels by
pass the node, the network configuration is varied effect
ively. The. semi-P7rmanent switch can be operated manually 
or automat1cally 1n accordance with static or dynamic 
changes of the traffic flow in the communication network. 
Assume the traffic from node A to node B has increased for 
some reasons, an~ the link AB has become considerably con
gested. If the llnkS AC and CB are not so congested at this 
moment, an amount of surplus channel: capaci ty in these two 
l~nks can be rearranged so as to carry the congested traf
f1C between the nodes A and B. The semi -permanent switch 
in the node C will be operated to connect necessary amount 
of channels in the links AC and CB semi -permanently. The 
connected channels are used as direct channels from node 
A to node B, and the capacity of the direct link AB is 
~nc:eased effectively. The dotted line AEDB in this figure 
1nd1cates another example of rearranged path. This is a 
rnul~i-tandemrear:angement. For such rearrangement, the 
seIDl-permanent sW1tches along the path should be operated 
concurrentl~. The model explained above is a simplified 
example to 111ustrate the principle. But it can also be 
applied to more generalized hierarchical communication 
networks as well. 

The semi-permanent switching devices can be implemented 
and ope:ate~ re~atively easily, because frequent call-by
call sW1tch1ng 1S not necessary at all. In addition it 
can.be switched· simp~y on the rnultiplexed channel g;oup 
?aS1s. Th7 10ad.requ1red for the control will be very light 
1n compar1son w1th that of call-by-call transit switching. 

3. DESIGN OF VARIABLE COMMUNICATION NETWORK 

( 3-1) REARRANGEMENT OF NETWORK 

Figure 2 is the model of communication network discussed 
in this paper. It is a mesh type network which has n 
switching nodes, VI' V2 , --- ,Vn . Those switching nodes 

Direct link 

Fig.l A variable communication network. 
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are assumed .to have no fUnction of conventional transit 
swi tching, but have semi -pennanent switches which are used 
for the network rearrangement. Let r . . be the total munber 

1J 
of direct channels in the link V. V. between nodes from V. 

1 J 1 
to V., and a .. be the offered traffic intensity originated 

J 1J 
at V. and directed to V .. 

1 J 
Suppose an extraordinary traffic has arisen at the link 
V.V., and the traffic a . . has increased. Figure 3 shows an 

1 J 1J . 
example of the network rearrangement for this traffic vari
ation. In this case, the semi-pennanent switches in the 
nodes Vk1 ,Vk2 ' --- ,Vkp are connected to increase effective 
channel capacity between the nodes V. and V .. To simplify 

. 1 J 
the control of the semi-permanent switching, it would be 
desirable not to switch channels individually, but switch 
them in group basis. Let the size of the group be <p channels. 
In other words, the semi-permanent switches connect <p chan
nels simultaneously. 
Let the munber of groups rearranged in the path V. Vk Vk - --112 
- -Vk V. be g. k k k " Then the total number of effective 

p J 1 1 2-- J 
channels which are ~ed to carry the traffic from Vi to Vj 
exclusively is increased to, 

r·. + <I> g·k k k ' 1J 1 1 2 -- pJ 
(1) 

This is the sum of the numbers of the original channels in 
the direct link and the " borrowed" channels which are 
rearranged from other links. There will be several ways to 
borrow the channels. By combining all of the possible ways, 
the total number of effective channels can be expressed 
more generally as follows. 

s .. 
1J 

r .. + 
1J 

m 
2::::: 
p=l 

n 
L 
kp=l 

<I> [ gik1k2--kpj - gijk1k2--kp - gk1ijk2k 3 --kp 
-------- - &k1k2--kpij ] (2) 

where m is allowable maximum number of tandem nodes in a 
rearranged path. g ..... is assumed to be zero if it uses 
the same number twice or more in its subindex. The first 
term in the swnmation means the number of borrowed channels. 
The other negative terms correspond to the channels which 
are " lent " to other pairs of nodes from the link between 
V. and V .. 

1 J 

( 3-2) OPTIMIZATION OF NETWORK 

In order to analyze the network theoretically, the following 
matrices are defined for i,j = 1,2,3,---,n. 

DIRECT OiANNEL Mt\TRIX; R = [ r f .. + r ..] ,1J V,lJ 
The elements of this matrix are the numbers of the chan
nels in each direct links. r f .. is the number of fixed ,1J . 
channels which cannot be used for the rearrangement. 
r .. is the number of rearrangeable channels. V,lJ 

COST Mt\TRIX; ef = [ Cf .. ], r = [C .. ] 
,D ~ v,D 

The elements Cf,ij and Cv,ij are the cost per channel of 
the fixed and rearrangeable channels in the direct link 
V.V .. 

1 ) 
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Fig.2 The model of communication network 
discussed in this paper. 

Fig. 3 A tandemly connected rearranged path from 
V. to V. via nodes Vk ' Vk ' --- , Vk • 

1 J 1 2 P 

Traffic flow in the daytime and the night·is usually not 
the same. Busy hour will vary day by day in the week and 
the seasons. It will also be changed by some extraordinary 
traffic variation. Unless the busiest traffic occurs in 
all of the links coincidently, the variable communication 
network will handle the varied traffic more efficiently. 
In this section, the variable communication network is 
optimized, in the condition that a kinds of different 
traffic flow patterns are given. 

TRAFFIC Mt\TRIX; A).1 = [ a).1,ij ] 
The element a .. is the traffic intensity offered to ).1,1) 
the node pair from V. to V. at the ).1-th traffic pattern 

1 ) 
( ).1 = 1, 2, 3, --- ,a ). 

Using these traffic matrices, the required number of total 
effective channels for each traffic pattern can be calcu
lated. In this paper, the Erlang's loss formula is used 
for this calculation. In this way, the following matrices 
are obtained. 

REQUIRED rnANNEL Mt\TRIX ; 

The element S .. is the required number of total ef).1,1) 
fective channels from V. to V. at the ).1-th traffic pat-

1 ) tern. 

S .. ' s are obtained as follows. ).1 ,1) 

E [a .. B 
s).1,ij ).1,1) 

as 
where, E [ a ] s Sf 

(3) 
s s 

/ L a 
i=O IT 

and B·is the loss probability given as the specified grade 
of service. 

The optimization in this variable communication network 
design is to minimize the total link cost of the network. 
In this case, the objective function which has to be mini
mized is the following equation. 

n n 
Y = L L (Cf .. r f .. + C .. r ..) 

i=l j=l ,1) ,1) V,l] V,l) 
(4) 

This objective function should be minimized under the fol
lowing several constraints. Each number of total effective 
channels when the network is suitably rearranged should 
not be smaller than required number for any traffic pattern. 
Equation (5) shows this relation. The other constraint is 
that the total number of lent channels should be less or 
equal to the number of original rearrangeable channels in 
the direct link. This relation is expressed in the equation 
(6) . 

+ r . . + 
V,l) 

m 

L 
p=l 

s .. ).1,1) (5) 
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m n n 
~ ~ 
p=l kl=l 

~ et> [g · ·k k k kp=l ~,1J 1 2-- P 

where, i,j = 1,2,---,n and ~ = 1,2,---,a 

The above problem can be solved by the mathematical method 
of linear programming. However, the number of the con
straints and the variables will increase very rapidly as 
the number of switching nodes n increases, and it become 
considerably difficult to calculate the problem numerically. 
It is necessary to simplify the problem. 

( 3-3) SIMPLIFICATION OF THE NETWORK DESIGN 

The calculation of the network design can be fairly simpli
fied , if there is no limit to the length of the rearranged 
path, and the number of the fixed channels r f . . is a given 

,1J 
parameter or zero, in other words, the problem is to design 
only the part of the rearrangeable channels, r .. 'so In 

V,1J 
this case, the problem is to minimize the following objec
tive flU1ction. 

n n 
y= L 

i=l 
L 
j=l 

C .. 
V,1J 

r .. 
V,1J (7) 

As the length of the rearranged path is not limited, the 
following new parameters, h .k.'s can be defined. 

~,1 J 

h .k . 
~,1 J 

n-3 
L 
p=l ~,ikj + 

g~,iklk~ --kpkj + g~,iklk2--kp_lkjkp 

+ ---- + g~,ikjklk2--kp ] (8) 

This parameter represents the number of groups of the rear
ranged paths which start from a node Vi' pass through the 

link VkV., and 'terminate not only at at a node V. but also 
J J 

at any other possible nodes. 

Using this parameter as a new variable, the total effective 
channels which is the sum of direct channels and rearranged 
channels can be expressed as follows. 

n 
r f " + r .. + L et> [h 'k' - h . 'k - h k'·] (9) ,1J V,1J k=l ~,1 J ~,1J ~, 1J 

Therefore, the constraints corresponding to the equation 
(5) becomes as follows. 

n 
rv,ij + f;i et> [ h~,ikj - h~,ijk - h~,kij ]::> D~,ij 

where, 
{S " 

- rf,ij S ~ rf,ij 
D = 0~'1J ~,ij 
~,ij S <: rf,ij ~,ij 

( i,j = 1,2, - -- ,n ~ = 1,2, - -- ,a ) 

(10) 

The design problem of this variable communication network 
is to minimize the equation (7) under the constraints, 
equation (10). It can be shown that the constraints corre
sponding to the equation (6) is included in the equation (10) 
in this case. By this simplification, the number of con
straints and variables in the calculation of linear pro
gramming is considerably reduced. 

( 3-4) NUMERI CAL RESULTS 

Suppose a regular pentagonal mesh type communication 
network as shown in Figure 4. The number of switching 
offices is five ( n = 5 ). All of the direct channels are 
assumed to be rearrangeable ( r.. = r " , r f ., = 0 ). 1J V,1J ,1J 
The size of the group of rearrangement is one ( et> = 1 ). 
The cost of the link per channel is assumed here to be pro-
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.......... \ 

Fig.4 A regular pentagonal mesh 
network. 

portional to the length of the link. Since the network is 
regular pentagon, the cost matrix is shown as follows, 
where the cost is normalized with the value of the link 
corresponding to the edge of the pentagon. 

~ = [1~62 
1.62 

1 

1 
o 
1 

1.62 
1.62 

1.62 
1 
o 
1 

1.62 

1.62 
1.62 

1 
o 
1 

/62J 1.62 
1 
o 

(11) 

Suppose two traffic matrices are given as follows ( a = 2 ). 
In this example, the elements of these matrices are selected 
randomly, using the table of random integers in the range 
o - 20. 

[ 
0 3 12 9 15 

] 2 0 4 18 13 
Al 12 4 0 2 4 

16 14 18 0 9 
2 9 2 12 0 

(12) 

A2 = [ 

0 19 18 5 8 

] 19 0 7 4 13 
2 12 0 7 8 

11 1 11 0 10 
11 6 18 16 0 

(13) 

The length of the rearranged path is not limited, in other 
words m = 3. 

The problem is to minimize the objective flU1ction , equation 
(7), lU1der the constraints, equation (10). The service grade 
is kept to be less than 1 % ( B = 0.01 ). The result of this 
calculation is summarized in Table 1. In this table, the 
total link cost of the two kinds of networks, the variable 
cornmlU1ication network and the conventional mesh network 
where the channels are not rearranged ~t all, are compared. 
It shows that 12 % of link cost can be saved by use of the 
variable communication network. 

Table 1 A comparison in total link cost 
of the variable communication 
network and conventional mesh 
network where the channels are 
not rearranged at all. 

Total link cost 
Variable communication 
network Yv 510.53 

Conventional mesh network 
Ye 580.81 

Improvement 
Ye - Yv 

Ye 
12.1 % 

4. REARRANGEMENT OF VARIABLE COMMUNICATION 
NETWORK 

The next problem is to show how to rearrange the channels 
when an extraordinary traffic variation has occured in the 
variable commlU1ication network. This section shows a theo
retical consideration on this problem. A more practical 

AKIYAMA-3 



algorithm of the rearrangement will be shown in the next 
section. 

( 4-1) A STRICT PROCEDURE OF REARRANGEMENT 

Suppose a variable communication network with direct chan
nel matrix, R = [ r f .. + r .. ], and the traffic matrix ,1J V,lJ 
has become A = [ a. . ] in consequence of an extraordinary 1J 
traffic variation. The problem in this section is to mini
mize the worst loss probability at the link, by the rear
rangement. 

Let (Bmax)min be the minimized worst loss probability. 
Figure 5 shows a procedure to obtain the probability. In 
the first step, the loss probability ba .. at the link V.V. 

,1J 1 J 
before the network is rearranged is calculated for i,j = 1, 
2; --- ,no The Erlang's loss formula is used for this cal
culation using the number of direct channels r f .. + r 

,1J V,lJ 
and the offered traffic intensity a ... Then the maximum 

1J 
and the minimum probabilities are chosen. 

b = rnax [ ba .. ], 
rnax .. ,1J 1,J 

b. = min [ ba . . 
ffi1n .. ,1J 1,J 

In .. the next step, it is checked whe.ther the worst loss prob
ability can further be decreased to a level bm by the 
rearrangement, or not, where, 

(14) 

It can be checked as follows. If it is possible, the fol
lowing constraints should be satisfied. These equations 
~orrespond to the equations (5) and (6). 

m n n n 
L L 2:. L <P [ gik lk2 - -kpj - gijk lk2--kp p=l kl=l k2=1 kp=l 

- gk lk2--kpij 
] ~D . . - r v,ij (15) 1J 

where, { :ij - r f ,ij S .. ~rf .. 
D .. 1J ,1J 

1J S .. < rf,ij 1J 
m n n n 

L L L ~ <P [ gijklk2--kp + gk l ijk2k 3 --kp p=l kl=l k2=1 kp=l 
+ + gk lk2 --kpij ] <- r .. 

V,lJ (16) 

( i,j = 1,2, -- - , n ) 

In the above equations, Sij is the number of total effec
tive channels which are required to satisfy the service 
grad~ bm for the offered traffic aij . 

If those constraints are not satisfied in the above check 
and the worst loss probability can not be decreased to the 
level bm' the least loss probability bmin is increased to 

the level bm' and the same check is tried again. This pro
cess is repeated until the difference between bmax and bmin 
becomes less than an allowable range of error £ 0 • 

The accuracy of the calculation ·for the minimized worst 
loss probability can be estimated by the following equation 
where w is the nwnber of times of the check repeated in the 
procedure in Figure 5. It can be easily shown, because the 
difference between b and b. is halved in each repeti-
tion. max mID. 

where i lit j . 

min 
i,j 

( bo, ij ) ] (17) 

When the minimized worst loss probability (Bmax)min is ob
tained as above, the next problem is to find an optimum 
way of channel rearrangement. The solution is usually not 
unique. It depends on the factors of evaluation. If it is 
to minimize the total number of rearranged channels, for 
example., the problem becomes to minimize the following ob-
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Calculate B = [ bo .. ] for Rand A. 
,1 J 

Choose bmax=max[bo,ij]' and bmin=min[bo,ij]· 
Store bmax as parameter x. 

Calculate z = I x - bml , 
where bm = ( bmax + bmin )/2. 

Compare z with specified allowable error 
range £. 

Calculate required numbers of total ef
fective channels S .. 's which satisfy the 

1J 
service grade bm for A. 
Check whether non-negative solution,g __ _ 's 
which satisfy the .constraints, equations 
(15) and (16), exist or not. 

b -+ 
m 

b -m 

YES 

b max 
x 

NO 

b _ b . 
m m1n 

b ~ x 
m 

Fig.5 A procedure to minimize the worst loss 
probability by rearrangement. 

jective function. 

m+2 n 
Q= L 2=: 

p=3 k2=1 
(18) 

The constraints in this minimization are the same as the 
equations (15) and (16), except that S .. in this case is 

1J 
the nwnber of total effective channels which are required 
to satisfy the service grade (B ). for the offered 
traffic intensity a... max m1n . 

1J 

( 4-2) NUMERI CAL RESULTS 

Figure 6 shows the effect of the rearrangement of network. 
This is an example calculated for a simple pentagonal mesh 
network. An extraordinary traffic is assumed to have occur
ed in the links which start from the node VI. To simplify 
the model and illustrate the quantitative characteristic 
clearly, the network is assumed to have been designed uni
formly at the normal traffic state when aij = 10 erlangs 
and B = 1 % for every pair of nodes. 

The solid curves indicate the characteristics for the case 
where r f .. = 14 channels and r .. = 4 channels. The dot-,1J V,lJ 
ted curves are for the case where all of the direct channels 
are rearrangeable, r.. = r . . = 18 channels. 1J V,lJ 
The abscissa indicates the rate of traffic increase in the 
links starting from the node VI where the extraordinary 
traffic is assumed to be injected. The vertical axis indi
cates the minimized worst loss probability in the network. 
The uppermost curve shows the characteristic for the case 
where no channels are rearranged at all. The second curve 
corresponds to the case where the extraordinary traffic has 
arisen in the three links, El,E2 and E3 , uniformly and 
simultaneously. The third and the fourth curves correspond 
to the cases where the extraordinary traffic has occured 
in the two links, El and E2, and only in the link El respec
tively. 
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Fig.6 Relation between the traffic increase 
in the links start from node Vl and 
minimized worst loss probability. 
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Fig.? Relation between the traffic increase 
in the links start from node V and 
minimized worst loss probability. 

It can be seen in this figure that the ability to withstand 
traffic overload is significantly improved by the network 
rearrangement. If the allowable loss probability at the 
extraordinary traffic state is specified to be 10 %, for 
example, the network will be able to resist to the traffic 
overload of about 3 times when the extraordinary traffic 
arises at One of links in the variable communication net
work. Wherease, it is only 1.5 times when it is not rear
ranged at all. 

Figure ? shows the characteristics of the pentagonal mesh 
network, too. But in this case, aij = 1000 erlangs which 

is uniformly offered to every pair of switching nodes. All 
the direct channels are assumed to be rearrangeable. The 
solid curves indicate the case where 60 channels are rear
ranged simultaneously ( <p = 60 ), and the dotted curves 
correspond to the case where the network is rearranged 
channel by channel ( <P = 1 ). 

The ability to withstand traffic overload will become 
greater as the number of switching nodes increases. Figure 
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Fig.8 Relation between the number of nodes and 
minimized worst loss probability when an 
extraordinary traffic of 2, 5 and 10 times 
has arisen at one of the links in the 
network. 

8 shows the relation for the mesh type communication net
work. In this example, the traffic intensity in each pair 
of nodes at the normal traffic state is assumed to be a . . 

1) 
= 10 erlangs uniformly. All the direct channels are rear
rangeable and r.. = 18 channels. The network was designed 

1) 
with service grade, B = 1 %, at normal traffic state. 

The uppermost curve shows the minimized worst loss proba
bility when an extraordinary traffic which is 10 times as 
much as the normal traffic load has arisen at one of the 
links in the network. The second and the third curves are 
for the load,S times and 2 times respectively. This figure 
shows that even 10 times of traffic overload can well be 
accommodated by the network rearrangement, if the overload
ing is localized and the network is able to rearrange links 
among 15 - 20 or more switching nodes. 

5, A PRACTICAL ALGORITHM TO REARRANGE VARIABLE 
COMMUNICATION NETWORK 

The procedure of the rearrangement described in the previ
ous section is accurate and theoretical. But it might be 
too rigorous for practice. It requires a greate deal of 
calculation if the network contains a large number of 
switching nodes. The number of constraints and variables 
of the linear programming equations increases very rapidly 
as the number of switching nodes increases. 

On the other hand, multi-tandemly connected long paths will 
not be used so frequently for rearrangement, in usual case. 
Actually, it is not desirable to use such longer path for 
which more complicated control is necessary to operate a 
number of semi-permanent switches in tandem. Therefore, it 
will be more practical to use a simplified algorithm which 
neglects longer paths for the rearrangement. 

( 5-1) STEP-BY-STEP ALGORITHM OF NETWORK 

REARRANGEMENT 

Figure "g shows the principle of the practical procedure of 
the network rearrangement which is named here " Step-by
step Algorithm". In this procedure, the loss probability 
at the congested links is decreased by borrowing excess 
channel capacity from the other inactive links. The small 
circles in this figure indicate respective amounts of loss 
probability at the links in the network. 

At the beginning, the worst loss probability, Bmax , is de-
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b b + \)0 

b b + 30 
b b + 20 
b b + 0 
b b 

Fig.9 Principle of a step-by-step 
algorithm of rearrangement. 

creased tmtil the amotmt becomes smaller than the next 
highest loss probability, bmax2 . Then the bmax2 is tried 

to be decreased. In this way, the loss probabilities at the 
congested links are decreased one by one in such step-by
step operation. 
In this rearranging procedure, the shortest path which con
tain only one semi-permanent switch ( m = 1 ) are selected 
in the first. If they are not enough for the rearrangement, 
more longer paths will be used in the order of their length. 
The channels to be rearranged are borrowed out of the ex
cess channels of the most inactive link in the first, then 
out of those of less inactive links as far as they are re
quired. The level of the service grade ( loss probability) 
is set to be b to calculate the number of excess channels 
in the b~ginning. When more channels are reqired, the level 
is increased by an . amotmt of small value 0, to supply more 
excess channels. In this way, the service level is gradual
ly increased until all of the loss probabilities are de
creased below this level. When it is achieved, the worst 
loss probability in the network will be minimized. 

Figure 10 shows the detail of this procedure. This is an 
example where the length of the rearranged path is limited 
to be m = 2. The upper part of this figure shows the algo
rithm to find the paths which contain only one semi-perma
nent switch, and the lower part shows the process to find 
the paths whi.ch contain two semi-permanent switches in 
tandem. Note that g' .... in this figure indicates not the 
number of groups but the number of rarrangeable channels 
in a path. 
Figure 11 shows a numerical example calculated by the step
by-step algorithm. This is for a mesh type network which 
consists of 100 switching nodes. In this model, the number 
of channels per link is assumed to be tmiformly 30 channels, 
and 20 erlangs of traffic is to be offered at the normal 
state. It is also assumed that an extraordinary traffic 
arises in the links which start from different M nodes and 
terminate at the same one node, silTD.ll taneously. The small 
circles indicate the results calculated by tile algorithm. 
The solid lines are exact solutions which can be obtained 
easily for the tmiform network. The accuracy of the approxi
mate algorithm which neglectes the long path containing 
three or more semi-permanent switches is fairly good. This 
is because the probability that the longer paths are used 
is usually negligible in tmiform network. 

( 5-2) STEP-BY-STEP ALGORITHM WITH UPPER 
AND LOWER BOUNDS 

The rearranging procedure shown in Figure 12 is a modifi
cation of the step-by-step algorithm. The principle is 
almost the same, but it has two bounds for the rearrange
ment. In this procedure, the links of which loss probability 
is larger than the upper bound Bl can borrow channels. Their 
loss probability is decreased until it reaches to the level 
of this upper bound. On the other hand, the links which can 
lend channels are those of which loss probability is less 

' than b. The service grade b is gradually increased as 
mentioned above, but in this case the rearrangement is 
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Calculate the number of required channels, 
$=[S .. ] for A=[a .. ] and service grade b. 

1J 1J 
Calculate the number of excess channels, 
U=[Uij]=[rij]-[Sij]' 

Choose the worst two loss probabilities. 
b l=max b .. =b lJ b 2=max b . . max . . 1 J max . . 1 J 1,J 1,J 

r lJ rIJ+ <p, r lK r lK- <p, r KJ r KJ - <p 

UlJ UlJ+ <p, UlK UlK- <p, UKJ UKJ - <p 

blJ E
rlJ 

(a lJ), bIK= E (a lK), r lK 
bKJ= E (aKJ ) r KJ 

YES 

YES 

NO 

b b+ol----....l 

, rKlK2=rKIK2- , 

UKIK2=UKIK2-<P, 

NO 

Fig.lO Step-by-step algorithm of network rearrangement. 

finished when it reaches to the level of the lower botmd 
B2. This algorithm will be more practical, because the 
excessive rearrangement can be controled by selecting 
suitable levels for the botmds. The detail of this algo
rithm is almost the same as Figure 10, except that it has 
two decision parts to stop rearrangement at those botmds. 

Figure 13 shows .an example of the numerical results. The 
parameters used for this calculation are the same as in 
Figure 11. M = 10 nodes in this case. The upper and the 
lower bounds are B = 10 % and B = 5 %, respectively. brnaxl 
is the worst loss probability minimized by this algorithm. 
The service grade b is also shown in this figure. It is 
shown that the worst loss probability is kept just below 
of the upper botmd tmtil b reaches to the lower botmd. 
When b reaches to the lower botmd the rearrangement is 
suspended and the worst loss probability increases again. 
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Fig.ll The worst loss probability minimized by the 
step-by-step algorithm when the traffic origi
nated at M nodes and directed to the same one 
node has increased extraordinarily (n = 100, 
r . . = 30 chs, a .. = 20 erls, ~ = 1 ch, b = 1 %, 

1) 1J 
and 0 = 0.2 % ). 

Fig.12 

Loss probability 

Bl ( upper bound ) 

B2 ( lower bound 

b b + 20 
b b + 0 
b b 

Step-by-step algorithm with upper 
and lower bounds for rearrangement. 

The dotted line indicates the level of the highest loss 
probability of those which are under the level b. 

( 5-3) APPLICATION TO HIERARCHICAL NETWORK 

Figure 14 shows a hierarchical communication network. It 
has two ranks of networks, a transit network and several 
local networks. The transit network TN consists of N transit 
switches, VI' V2, --- , VN. There are N local networks, LNi 

i = 1,2,---,N. The local network LNi consists of a transit 

switch Vi and n local switches, ViI' Vi2 , --- , Vin0 
Each of these sub-networks is assumed to 'be a variable com
munication ne'twork. The procedure of the network rearrange
ment mentioned above can be applied for the rearrangement 
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Fig.13 The worst loss probability minimized by the step
by-step algorithm with upper and lower bounds, 
when the traffic originated at 10 nodes and di
rected to the same one node has increased extra
ordinarily ( n = 100 nodes, r .. = 30 chs, a . . = 20 

1J 1J 
erls, ~ = 1 ch, b = 1 %, 0 = 0.2 %, Bl = 10 %, 
B2 = 5 % ) 

Fig.14 A hierarchical communication 
network. 

of the hierarchical network, using the rearranging algo
rithm separately for each of the sub-networks. This is an 
approximation. Strictly, it is not optimum, because the 
sub-networks are mutually not independent, and the network 
should not be rearranged separately. 

Figure 15 shows a numerical example. The parameters used 
for this calculation are as follows. The number of transit 
switches is N = 4. There. are n = 30 local switches in each 
of the local networks uniformly. Total traffic originated 
at a local switch is A = 1000 erlangs. 50 % of the origi
nated traffic is directed to the local switches which are 
in the same local network, uniformly ( S = 50 % ). The 
remaining traffic is directed uniformly to the local 
switches which are in the other local networks via the 
transit network. 
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Fig.15 The minimized worst loss probability for a hier
archical network when the traffic from 10 local 
swi tches in the same local network to the same 
one local switch in the different local network 
has increased extraordinarily. 

The extraordinary traffic is assumed as follows . The traf
fic which is originated at 10 local switches in the same 
local network and directed to the same one local switch in 
the other local network increases extraordinarily. Three 
subnetworks, the originating local network, the transit 
network and the terminating local network are separately 
rearranged by the step-by-step algorithm, and the results 
are comb ined. 
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6. CONCLUSION 

This paper has discussed on a variable communication net
work, as a method to improve the flexibility of the net
work to withstand extraordinary traffic variation . The 
variable communication network has semi-permanent switches 
at the nodes. They rearrange the channel configuration of 
the junction network, in accordance with the change of 
traffic flow distribution . The switching is not on the 
conventional call-demand basis . It can simply be carried 
out for a group of channels and only when the variation of 
the traffic flow distribution occurs . 

A procedure to design the variable communication network 
has been shown . It is a problem to design a network with 
non-coincident busy-hours. This problem can be solved by 
the mathematical method of linear programming . 

Another problem discussed in this paper is a procedure to 
rearrange the variable communication network when an extra
ordinary traffic variation has arisen. This paper has 
shown a theoretical solution and an approximate but more 
practical algorithm for this problem. 

The traffic handling characteristic of the variable commu
nication network has been calculated numerically . The 
results show that the flexibility and resistivity to with
stand extraordinary traffic variation and local traffic 
overload can be significantly improved by the rearrange
ment of the network. 
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