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ABSTRACT 

This paper describes a junction network 
optimization technique which takes into account 
higher order PCM transmission systems. The 
optimization procedure, composed of logical- and 
physical-network deSign parts, is proposed. 
During the optimization process, data 
representing both networks are iteratively 
transferred between these two parts. The 
proposed method introduces plural hierarchical 
module sizes, while the conventional modular 
engineering uses a unique module size. The case 
study shows that considerable cost saving was 
provided as compared with the conventional method. 

1. INTRODUCTION 

The rapid introduction of digital switching 
and transmission facilities requires a 
reconsideration of conventional network planning 
methods. Main problems are as follows. 

- Transmission facilities are provided on the 
basis of a variety of module sizes, e.g., 30, 
120, 480 and 1920 channels, because of the PCM 
hierarchy used in digital networks. 

- Junction networks can be viewed from two 
aspects, i.e. a logical network and a physical 
network. Diversity in the transmission media, 
such as cable PCM, fiber optic system, digital 
microwave system and so on, increases the 
necessity for a network optimization method 
which takes into account these two aspects 
simultaneously. 

The logical network is concerned with 
routing rules and the logical number of circuit 
groups to be established between exchanges 
(Fig.1). The physical network corresponds to the 
physical organization of a network, i.e., the 
selection of transmission media, their 
geographical layout and the number of digital 
carrier systems for PCM hierarchical order 
(Fig. 2). 

A logical network dimensioning method, 
call ed modul ar engineering, is known [1]. It 
takes into account non-linear trunk cost, by 
constraining the size of circuits to be multiples 
of a fixed size, and provides network cost 
saving. However, conventional modular 
engineering has the following problems. 

- Higher PCM hierarchical order cannot be taken 
into account, because the dimensioning method 
only uses a unique module size. 
Routing rules between exchange offices remain 
to be predetermined throughout the 
dimensioning procedure. 

- The method considers the physical network 
conditions only through the approximate per
trunk cost ratios between alternate and direct 
routes. 

On the other hand, several physical network 
optimization methods have been reported [2], [3]. 
However, these papers did not consider logical 
network optimization importance. 

To solve the above mentioned problem, this 
paper proposes a junction network optimization 
method which equally considers both logical- and 
physical-network aspects. The proposed network 
planning method introduces plural module sizes, 
i.e., an administrative logical trunk circuit 
module size and physical module sizes (e.g., 30, 
120, 480 and 1920 channels), so that further cost 
reduction can be obtained by introduction of 
appropriate PCM hierarchical order systems for 
each route. 

~ : Local exchange 
~ : Tandem exchange 

- - -- : High usage group ) 
- : Final Gro~p 

Fig.1 log ical networ k 

Fig.2 Physical network 
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2. PLANNING SYSTEM OUTLINE 

2.1 Network Configuration 

The .proposed junction network optimization 
procedure deals with urban area telephone 
networks which consist of local offices (LO) and 
local tandem offices (LMO). As routing methods 
between local switching offices, the following 
three routing methods are considered, 

(1) Direct routing, 
(2) Alternate routing, 
(3) Tandem routing. 

As shown in Fig.3, The proposed'procedure deals 
with the al ternate routing method, in which 
second choice route s are established between 
origin offices and destination side tandem 
exchanges. As a resul t, there are at most three 
possible routes in the alternate routing method 
dealt in this paper, i.e., first- and second
routes having high-usage groups and a third-route 
as a final route. All possible routing patterns 
between local switching offices are shown in 
Fig.4, in which the direct routing is pattern 
(1), the alternate routing is patterns 
(2),(3),(4) and (5) ,and tandem routing 
corresponds to patterns (6) and (7). The circuit 
group size is constrained to multiples of a fixed 
module, called a module size in the logical 
network. 

Tandem1 Tandem2 

First route ---------
Origin Destination 

[ 

- - - - : High·usage Group J 
-- :Final Group 

Fig.3 Alternate routing method 

As for physical networks, cable PCM and fiber 
optic systems are candidates for transmission 
media to use. Transmission system capacities 
are called module sizes in the physical network. 

For simplicity, it is assumed that switching 
and transmission nodes are located in ihe same 
place. 

2.2 Input Data 

The following input data are necessary for 
the optimization program, 

1. Total number of exchanges included, 
2. Individual office ranks (LO or LMO), 
3. Individual tandem exchange areas, 
4. Number of subscribers in each exchange, 
5. Amount of traffic offered between exchanges 

(Traffic Matrix), 
6. Available links to use in physical network 

and their length, 
1. Module sizes in logical- and physical

networks, 
8. Grade of s-ervice constraint (final group 

blocking probability), 
9. Facility cost data. 

r 0: local Exchange 

lL::. : Tandem Exchange 

- - -~ : High-.usage Group] 

~ : Final Group 

Fig.4 Possible routing patterns 

2.3 Output Data 

The optimization program outputs the 
following items. 

1. Routing rules between local offices, 
2. Required number of circuit groups between 

exchanges, 
3. Path for individual circuit groups on 

transmission network, 
4. Selection and dimensioning of transmission 

systems for each route, 
5. Required number of multiplexing facilities, 
6. Detailed cost tables. 

2.4 Network Cost Calculation Method 

The cost element for switching, transmission 
and multiplexing systems used in the optimization 
program are explained briefly. 

2.4.1 Switching Cost: CE 

where 
ns number of subscribers, 
nd number of digital trunks, 
cf fixed cost, 
Cs unit cost per subscriber, 
Cd unit cost per digital trunk. 

2.4.2 Transmission Cost : CT 

where 
cable length (km), 
repeater span (km), 

(1) 

minimum integer greater than x, 
required number of s th order 
transmission systems, 
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: unit cost per system per km for 
s th order transmission line, 

:unit cost per system for s th 
order repeater. 

2.4.3 Multiplexing Cost: CM 

CM : L [cm(s).nm(s) + cd(s).nd(s)] 
s 

where 
~(s) number of multiplexers which convert 

from s to (s+1) th order PCM 
hierarchy, 
number 01' demul tiplexers which 
convert from (s+1) to s th order 
PCM hierarchy, 
unit cost for multiplexer which 
converts from s to (s+1) th order PCM 
hierarchy, 
unit cost for demultiplexer which 
converts from (s+1) to s th order PCM 
hierarchy. 

3. OPTIMIZATION METHOD 

3.1 Problem Description 

In order to make the problem clear, let us 
generalize a junction network optimization 
problem. The following parameters are defined: 

G(V,U) Network topology, where V is a set of v 
nodes (switching/transmission nodes) and 
U is a set of u links (available 
physical links between nodes). 

Traffic demand originating at node i 
destined for node j (i,j:1,2, ••• ,v). 
Routing pattern for i,j traffic (Fig.4). 
Number of circuit groups between nodes 
i, j in the logical network. 
Grade of service for the network. This 
is a bound on final group blocking 
probabili ty. 
Blocking probability on circuit group 
i,j. 

Pi ,jk Circuit assignment rule to the physical 
netwo rk . If a circuit group i,j is 
routed a long a physical link k, Pi jk: 1; 
otherwise, Pi jk:O (k:1,2, ••• ,u).' 

lk, s Number of s' th order transmi ssion 
systems on physical link k (s:1,2,3,4). 
Number of s th order multiplexing system 
in node i (s:1,2, 3 ). 
Module size on the logical network(s:O); 
or on the physical network (s:1,2,3,4). 

C ( n i j , 1 k ~ t mi s ) 
, Netwo~k cost providing ni j trunks on 

swi tching offices, lk s transmission 
systems on physical ~inks and mi s 
multiplexing facilities in transmission 
nodes. 

The junction network optimization problem can be 
written; 

Given: G(V,U) and ai,j 

Minimize: Network cost C(ni,j,lk,S,mi,s) 

With respect to: rl..' .,n. j'P' .k,lk and ml..·,s ,J l.., l..,J ,5 

Under constraints: 
Bi,j ~ Bo (for final group) (Cn 

ni,j : mOdO·x (x:integer) 

r: lk s.mods > ~ Bn. j.p .. k 
s' - i j l., l.,J 

(C2) 

(C3) 

The implication of the constraints is 

(C1) Final group link blocking probabilities 
must be no greater than the given grade of 

(C2) 

(C3) 

service. 
The number of circuit groups in the logical 
network is constrained to multiples of 
given module size on the logical network, 
mOdo· 
Each physical link capacity must be no less 
than the circuit demand on the link. 

Transmission link facility parameter (lk s) and 
node facility parameter (m i s) are ~esign 
variables, which have an interrelation with each 
other. Since it is too complicated to optimize 
both variables simultaneously, the proposed 
optimization procedure adopts the following 
simplified subproblems. First, for the variable 
lk s' selection of PCM hierarchical order and 
didiensioning are carried out, on a link by link 
basis, so that the lowest transmission system 
cost can be obtained. Next, for variable mk s' a 
transfer level concept is introduced' for 
simplicity. Transfer level is a certain PCM 
hierarchical order level, at which through 
circuit bundles are directly transferred from 
incoming to outgoing ports in transmission nodes. 
The level is defined on a circuit-group by 
circuit-group basis. Then, the number of 
multiplexing systems is calculated using lk,s' 
Pi jk and the transfer level. Therefore, 
networks are optimized with respect to the 
routing method, circuit demand and circuit 
assignment to a physical route. 

3.2 Optimization Procedure 

The proposed design method is composed of 
logical- and physical-network design pdrts~ as 
shown in Fig.5. The former part determines 
traffic routing rul es and the number of circui t 
groups between switching nodes. The latter part 
optimizes circuit-group assignment and 
transmission medium selection/dimensioning on the 
physical network. During the optimization 
process, the data representing the logical- and 
physical-network are iteratively transferred 
between these two parts. The optimization 
process makes locally optimal networks according 
to a physical network initializing parameter. 
The locally optimal solution having the lowest 
cost is adopted as a final solution. 

The junction network optimization proceeds, 
taking the initiative by the logical network 
design part. The optimization order is logical 
network initialization, high-usage group 
optimization and routing method optimization. In 
each step, the physical network is modified and 
optimized by a physical optimization module 
composed of physical link deletion and route 
change. Exceptionally, physical network 
initialization is required after the logical 
network initialization. 

3.2.1 Logical Network Initialization Module 

Routing methods between local offices (r i j) 

are established by judging whether or not hign-
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Fig.5 Optimization procedure 

usage/final groups are set up on the first and 
second routes. For the first route, the decision 
criterion is shown in Table 1, Le., offered 
traffic between exchanges (ai j) is compared with 
appropriate thresholds [A1,A2~. Next, the number 
of circuits (n i j)on the first route is 
determined by a ma~ginal occupancy method [4] in 
case of high-usage groups using approximate cost 
ratios; or by Erlang B formula in case of final 
groups. Then, the traffic offered to the second 
route is calculated, the link setting for the 
second route decision is made, and the number of 
circuits (ni j for first link of second route) is 
determined ~n the same way as for the first 
route. Finally, the number of final circuit 
groups (ni j for third route) is calculated using 
the Equivarent Random Theory [5]. 

Table 1 Offered traffic and circuit group . 
on first route 

No circuit 
High-usage group 
Final group 

3.2.2 Physical Network Initialization Module 

Plural physical networks are set up in order 
to obtain a global optimum network out of locally 

optimal solutions. The following shows how to 
make initial physical networks. A network which 
consists of all available links given by input 
data is called a full network. On the other 
hand, a partial network is defined as a network 
composed of a subset of available links. First, 
a partial network is selected according to a 
physical network initializing parameter. Next, 
paths for indi vidual circuit groups (Pi, jk) are 
set up on the partial network by the shortest
path routing cr~terion. Then, transmission media 
selection and dimensioning (lk s) are carried 
out for individual transmiss~on links. In 
addition, the number of node facilities (mi s), 
e.g., multiplexers and demultiplexers,' is 
calculated based on the assumption described in 
3.1. The obtained initial physical networks vary 
in regard to concentrated degree for each link 
and route length for each traffic flow. 

3.2.3 Routing Method Optimization Module 

The routing methods determined in the 
logical network initialization module do not 
always gi ve the optimum network structure. 
Therefore, the following routing method 
perturbation is carried out. The routing method 
between nodes (r i j) is changed by 
adding/deleting a first', second or third route. 
This process is shown in Fig.4. Consider the 
cases wherein a routing method between a certain 
pair of local offices is (4) in Fig.4. This 
routing method can be changed to (1) and (7) by 
deleting the third and the first route, 
respectively, or can be changed to (3) by adding 
the second route. In each of these three 
networks, (1),(3) and (7), obtained by the 
perturbation, traffic flow is calculated and 
circuit dimensioning is performed. Then, the 
network cost is calculated. The routing method 
between the node pair which gives the lowest 
network cost is adopted. This optimization module 
proceeds repeatedly, as long as the cost is 
reduced. 

3.2.4 High-Usage Group Optimization Module 

The number of high-usage circuit groups 
(ni j) is recalculated, based on actual cost 
rat~os obtained in the physical network design 
part, instead of approximate cost ratios used in 
previous modules. The amount of overflow traffic 
and the required number of final groups are 
recalculated accordingly. Every time the number 
of high-usage groups is recalculated, the 
physical network is modified by the physical 
route change module. When all high-usage 
circuits are processed, the network is optimized 
in physical network optimization module. This 
procedure is also carried out as long as the 
network cost decreases. 

3.2.5 Physical Link Deletion Module 
I 

A link in the physical network is deleted 
and the circuits traversing the link are set up 
on a more economical route in this module, as 
shown in Fig.6. A list of al ternate paths for 
each pair of nodes, when a certain link is 
deleted, is prepared beforehand. First, a link 
to delete is selected. Next, delete the link 
and change the route of circui ts traversing the 
link to several candidate routes. Then, the new 
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network cost is calculated. If the cost is 
reduced, the route which gives the lowest network 
cost is selected. 

This procedure is executed in expectation of 
network cost reduction due to transmission system 
economy of scale, i.e., the transmission cost per 
channel generally decreases while its capacity 
increases. 

Fig.6 Physical link deletion example 

3.2.6 Physical Route Change Module 

The physical routes for individual circuit 
groups are changed to obtain a more efficient 
network from a view point of the high fill rate 
at transmission 1 ines, i.e., circuit groups can 
be packed into physical links effectively. An 
example of this process is shown in Fig.7. First, 
a circuit whose physical route is changed is 
selected. Next, the route is changed onto the 
candidate routes, which were listed beforehand as 
described in 3.2.5 and the new network cost is 
calculated. If the new cost is lower than the old 
one, the new route is employed. 

U Destination 

a::: 3 
(\ Object -:P 

circuit group 

Fig. 7 Physical route change example 

4. A CASE STUDY EXAMPLE 

The procedure was applied to a hypothetical 
urban area telephone network with 2 local tandem 
offices and 8 local offices. Figure 8 shows 
exchange office layout, distances between 
exchange offices and the number of subscribers 
covered by each exchange. Traffic flow matrix 
statistics are shown in Table 2. Junction 
network dimensioning and optimization were 
executed under the conditions shown in Table 3. 
In the following, the optimization method by 
modular engineering, with a unique module size 
(30 ch), is called a conventional method. It is 
compared with the proposed new method. 

Fig. 8 Studied network configuration 

Table 2 Traffic flow matrix statistics 

Number of local tandem exchanges 2 
Number of local exchanges 8 
Total traffic flow 1963.8 erl 
Average traffic flow 35.1 erl 
Standard deviation 26.5 erl 
Minimum traffic · flow 5.2 erl 
Maximum traffic flow 115.2 erl 

Table 3 Network optimization condition 

(1) Grade of service constraints 
Link blocking for first route 3 % 

- Link blocking for second route 2 % 
- Link blocking for third route 1 % 

(2) Circuit establishment thresholds 
- [A1,A2] for first route [5 erl,30 erl] 
- [A3,A4] for second route: [5 erl,30 erl] 

(3) Module sizes 
Logical network 

mOdo = 30 
- Physical network 

mod 1 30 (Cable PCM) 
mod2 = 120 (No use) 
mod3 480 (Fiber optic system) 
mod4 =1920 (Fiber optic system) 

4.1 Network Performance at Each Optimization Step 

Figure 9 shows network costs at each 
optimization step. Network costs optimized by 
the proposed method are compared with the 
conventional modular engineering in regard to 
relative cost. In Fig. 9, network cost, after 
the logical and physical network initialization 
(Step 1), obtained by the conventional method is 
set to be 1.0. Figure 10 shows the ratio for 
indi vidual routing method s (tandem, alternate or 
direct routing), and the ratio for number of 
channels using each PCM hierarchical order at 
each optimization step. 

As shown in Fig. 9, 5.7 % cost reduction, 
compared with the conventional method with the 
module size of 30 channels, was obtained by the 
proposed method. For reference, 12.4 % cost 
reduction, compared with the conventional analog 
junction network dimensioning method where no 
modular engineering is adopted, was also 
obtained. 
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Figure 9 shows that the cost reduction 
effect of the logical network optimization was 
observed at step 3, Le., routing method 
optimization combined with physical network 
optimization. The ratio for tandem and alternate 
routing methods increases while that for direct 
routing method decreases at step 3. As a 
result, the number of final circuit groups for 
tandem or alternate routing becomes large, 
because traffic offered to those groups increases. 

On the other hand, the cost reduction effect 
of the physical network optimization can be 
directly seen between step 1 and step 2 in Fig. 
9. At step 1, it makes little difference in 
network cost between the two methods whether 
third order PCM systems are used or not. 
However, after the physical network optimization, 
3.6 % cost reduction in relative cost wa s 
achieved. The reason is that the number of 
physical links decreases and the number of links 
using third order PCM transmission systems 
increases due to physical route change and link 
deletion procedures • 
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No cost reduction was obtained by the high
usage group optimization. The reason is that 
the module size in a logical network used in the 
proposed method equals the lowest physical 
network module size (30 ch). If module sizes 
with less than 30 channels were adopted, network 
cost reduction can be expected by the high-usage 
group optimization module. 

When junction network was optimized only 
from a logical network aspect us i ng a unique 
module size, the network extremely tends toward a 
star like constitution [6]. However, it has a 
moderate distribution of routing patterns, a s 
shown in Fig.10, because it is optimized from 
both logi cal- and physical-network aspects. 

As mentioned above, it was clari fied that 
the junction network opt i mization method, whi ch 
equally considers both logical- and physical
network aspects, is very important. 

4.2 Cost Reduction vs Offered Traffic Increase 

Figure 11 shows network cost reduction in 
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regard to relative cost, when original total 
offered traffic volume decreased/increased. In 
this figure, ' network costs, obtained by 
conventional modular engineering, are set to be 
1.0 at each offered traffic ratio. 

Figure 12 shows results of transmission 
system selection obtained by both conventi6nal 
and proposed methods. In this case study, 
a transmission link is considered to be a 
one-way link. 

When offered traffic is light, e.g., the 
ratios are 0.25 or 0.5, transmission network 
configuration and obtained network costs were not 
so different. However, when offered traffic is 
heavy, e.g., the ratio is greater than 1.0, 
considerable network cost saving was provided. 
Under heavy traffic conditions, the number of 
physical I inks decreased. This caused the 
selection of higher order transmission systems 
on many physical links, as shown in Fig.12. The 
maximum network cost reduction was 36 % when the 
ratio is 5.0. 

5. CONCLUSION 

This paper has shown a new junction network 
planning system which can take into account large 
scale transmission facilities in a PCM hierarchy. 
In order to consider higher order transmission 
systems, the proposed method introduces plural 
module sizes, while the conventional modular 
engineering uses a unique module size. 

The proposed method consists of logical- and 
physical-network design parts. During the 
optimization process, data representing both 
networks are iteratively transferred between 
these two parts. As a result, junction networks 

can be optimized from both switching- and 
transmission-network aspects. 

Network studies for hypothetical urban 
telephone network were executed. Case studies 
show that the proposed method can reduce total 
network cost form several to more than 30 
percent, compared with the conventional method, 
depending on network scale and/or network traffic 
load. 
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