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Telecommunications network planners typically require two types of specialist planning 
tools for their daily work: 

• A sophisticated design tool which accurately determines the circuit and transmission 
media requirements necessary to satisfy equipment ordering programmes; 

• A design tool which enables different network scenarios to be studied rapidly, and 
yet, to be compatible with the more sophisticated tool. 

The MINDER network planning system sets out to satisfy both these criteria, by pro
viding a powerful set of programs based on the Berry network dimensioning model/l/, 
which has been the subject of several papers at past International Teletraffic Congresses. 

1 INTRODUCTION 

The MINDER system is a menu-driven software package which enables a telephone network planner 
to construct a network database and to produce an optimal network design based on the Berry digital 
network design method, [1,6]. The acronym, MINDER, translates into: Modular, Interactive, 
Network, Design and Enquiry Routines. In this paper, we shall describe the MINDER system 
as it applies to hierarchical and non-hierarchical telecommunications networks. There will be an 
emphasis on the latest optimisation strategies used and the design of non-hierarchical networks with 
dynamic routing and circuit reservation, since the topic of modelling hierarchical networks has been 
described more fully in earlier works, e.g. [6]. "The paper begins with an overview of the MINDER 
system and the features which distinguish it from other network design packages. In the following 
sections, the mathematical models used in the MINDER system to optimally design hierarchical 
and non-hierarchical networks are described in some detail. 

2 OVERVIEW OF MINDER FACILITIES 

The objective in dimensioning a telecommunications network is to ensure that it carries the traffic 
offered to it at the required grade of service and at minimum cost to the operating authority. This 
can only be achieved by optimally distributing the switching and transmission plant in the network, 
so that it matches the offered traffic distribution, and to provide just the right number of circuits on 
all traffic routes to meet the specified end to end grade of service. The MINDER system differs from 
traditional packages through its ability to determine optimal network designs base4 on end to end 
grade of service standards. The Berry model, [1,2,5], is a very ftexible network design method, and, 
in conjunction with techniques such as the Modified Reduced Gradient Method [3], many large-scale 
network problems have been investigated. 

2.1 Network Data Files 

Data required by the MINDER system is relatively standard and five principal files are required 
to provide the necessary information for constructing a network database. The information in these 
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files includes names of exchanges, switching stages and cost curves. Cost curves are described by 
piecewise linear functions for each transmission media type. A master file contains a list of all links in 
the network specifying originating and terminating node names, node to node distance information, 
current numbers of circuits planned-for or installed on the link, pointers to other network information 
files. 

2.2 Implementation Stages 

Implementation of the system is carried out in five stages: 

1. Data Preparation/Entry 4. Design and Optimis'ation 
2. Network Transformation 5. Report Generation 
3.. Initialisation 

With the ,exception of the first stage, the above stages have been described in detail for hierarchical 
networks in [6], and this paper will only be concerned with the operations involved in stage 4. In 
this stage, users may use an interactive planning program which enables a planner to interrogate 
the network data base and compile a list of alterations to circuit allocations on specific links of 
the network as dictated by local knowledge, reliability or administrative procedures. The interactive 
program has many facilities which can be used by both planners and network managers. In particular, 
the system provides details of the network trunking, which OD pairs use a given link and how much 
traffic for a given OD pair was expected to flow on that link (useful to know in the event of link or 
network failures), trunking used by each chain of an OD pair, lists of incoming and outgoing routes 
to specified nodes, etc. 

3 MODELLING OF HIERARCHICAL NETWORKS 

3.1 Mathematical Model Formulation 

The basic mathematical programming approach was described in [6] and, in mathematical terms, 
the model is a nonlinear integer programming problem and can be formally described as follows: 

L 

Minimise: C(n) = 2: Ci(~) 
i=1 

(1) 

where C(n) is the total cost of incrementing the network from its present configuration. If the user 
has not specified any pre-existing circuit allocations, then the model will generate an optimal network 
as if it were a "desert study". The incremental cost for each link i is given by Ci(~)' where: 

T(i) 

Ci(~) = 2: Cirnir 
r=l 

for i = 1, ... , L (2) 

and Cir is the cost per circuit of link i with transmission media type r. The number of circuits on 
link i with transmission media type r is defined as nir. Thus, the total number of circuits on link i 
IS: 

T(i) w 

nt = L nir 
r=1 

The optimisation is subject to the following constraints: 

m(1:) 
(1 - B~)t~ ~ L h' < t~ k = 1, ... , N 

h~ > 0 , -

i=1 
N m(l:) 

It = 2: 2: af; hJ i = 1, ... , L 
1:=1 ;=1 

for j = 1, ... , m(k) and k = 1, .. :, N 

for i = 1, ... , L and,. = 1, ... 0' T (i) 
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(4) 

(5) 
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(Where "ir ~onsists of integer multiples: 1,15 or 30 according to r.) 

BIe = prescribed maximum end to end loss for OD pair k; 
h~ = traffic carried on chain R: 
h = total traffic carried on link i; 
a~ 0 = { 1 if link i E R: 

'J 0 otherwise 
At each stage of this dimensioning process, the mean Mi and variance Vi of the offered traffic to link 
i are computed as: . 

N m(le) 

Mi = L L at;M; (8) 

where 

1:=1 ;=1 

N m(l:) 

Vi = L L at;Vt 
1e=1 ;=1 

; 
M Ie - le ~hle ;+1 - t - L..J • 

.=1 

V ie M;+1 { I: ;+1 = -6- 3 - M;+1 + 

for j = 1, ... , m(k). 

(3 - M~ )2 + 12tl: =t±! . [MI: ]OOI} 
,+1 . tl: 

The variance of the lost traffic from link i is: 

(9) 

(10) 

(11) 

(12) 

Vi = (Mi ~ 'i) {3 - (Mi - M +'1(3 - M; + /;)2 + 12.4; [(M~ Mt} (13) 

where A = V +3 ~(i1-1) is the well-known Rapp formula for the equivalent random traffic. Circuits 
required on all links are computed using Berry's formula: 

(14) 

Where it is necessary to split streams into their various chain flow components, this is done using 
Wallstrom's splitting formula, viz: 

(15) 

where B is the link congestion, and the remaining symbols are as defined above. 

3.2 Optimisation Procedures 

In [6], two optimisation procedures were described; the first method dealt with the problem of 
determining the optimal quantities of transmission media to be used on a given link. The MINDER 
system currently permits two transmission media types per link and the user has· a choice as to 
whether a single type can be present or that both media types can co-exist. The second procedure 
concerned the optimisation strategy required to adjust circuit values until a minimum cost network 
had been obtained. This second procedure had no simple analytic solution and so heuristic strategies 
were described which appeared to give encouraging results. Further work on this problem has resulted 
in some improvements to these heuristics and they have been incorporated into the present version 
of MINDER. The current heuristic strategy consists of two stages: 
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• Generate an initial feasible solution based upon the existing or planned-for circuit allocations 
and the chain critical factors, P~ defined by 

le _ MI+2 
P;+1 - Vie (MIe )21VIe 

;+1 + ;+1 ;+1 
(16) 

for all chains 1, ... , m(k) - 1. 

• Apply the Modified Reduced Gradient Method in an iterative way until a suitably accurate 
solution (see below) has been reached. 

The above heuristic method is based upon the observation that if the chain critical factors for a 
given OD pair, defined by equation (16), had values between 0.1 and 0.2 then circuit wastage was 
minimised and the network cost was near optimal. Algebraic manipulation of equation (16) shows 
that it is possible to explicitly comput~ the chain flows for an OD pair if the chain critical factors 
are known or specified: 

h1 = M} - p1[Vl + (Mj)2 IV;] 

Further experimentation has generally shown that, by choosing p1 . = 0.2 a quite reasonable starting 
solution can be obtained. For networks with existing circuits, a computation is made to determine 
whether the suggested chain flows give an allocation which is above (or equal to) the present numbers 
of circuits. If this is not the case, then the existing (or planned for) circuit allocation over-rides this 
theoretical assignment and the chain flows ar~ adjusted accordingly. When all the chain flows have 
been assigned, the circuit requirements are calculated and an accurate determination of the chain 
flows existing in the network is made and the network is costed. 

After the first stage has been completed, the MINDER system determines whether the solution 
is optimal or not, by computing a new search direction vector {y7} using a variation to the Mod
ified Reduced Gradient Method described in [3]. This variation to the algorithm is based on the 
observation that for each iteration, most gradient-based methods make very small changes to the 
chain flow vector, resulting in a large number of iterations and rather slow progress through to the 
minimum. In MINDER, this process is speeded up by ignoring small steps if they alter a chain 
flow by less than a prescribed fraction of the total OD pair traffic and by recomputing the estimate 
of the cost function gradient at a (user specified) frequency. The algorithm also takes into account 
the constraints in such a way that the automatic optimisation procedure never reduces circuits on a 
link to a value which is below the existing circuit allocation. The main penalty associated with this 
speeding up process is that when the solution is very close to optimal, it may overshoot the solution 
resulting in a cost increase rather than a cost decrease. In the event that this occurs, the user must 
permit finer step sizes if a more accurate solution is desired. 

In pr~ctice, nonlinear programming algorithms rarely converge to the optimal solution in a finite 
number of iterations; hence, the MINDER system uses a number of methods to determine when 
a suitable near optimal solution has been obtained. Possibly one of the most useful measures is 
obtained by computing an estimate of the difference between the current network cost C(hp) and a 
lower bound on the minimum network cost CE based on the current chain flow hF vector and search 
direction vector, {y7} viz: 

CE = C(hF) + L h~!I~ 
j.lelll:~o 

4 MODELLING OF NON-HIERARCHICAL NETWORKS 

4.1 Mathematical Model Formulation 

(17) 

In mathematical terms, the model for optimising non-hierarchical networks is also a nonlinear integer 
prograIIlIl1ing problem with an identical formulation to that outlined in equations (1) to (7) of Section 
3. The essential differences between them being related to the determination of stream means and 
variances and the operations required to assess the performance of the network. In particular, for 
cases where Dynamic Routing applies and the overflows are not necessarily modelled using overflow 
processes,. the means and variances of the various streams are computed in a manner appropriate to 
the routing scheme. 
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4.2 Assumptions 

The operation of the MINDER system for non-hierarchical networks is based upon the usual as
sumptions concerning pure chance first offered traffic and independence of the traffic streams using 
the network. In addition to these assumptions, the following specific 'assumptions have been made 
for non-hierarchical networks modelled by MINDER: 

1. Two hop routing is employed for any local network, although further hops may be introduced if 
traffic is destined for other exchange areas. We shall confine our attention to a region in which 
only two hop paths are required. 

2. Trunk reservation for direct routes is employed and, provisio.n for trunk reservation on termi
nating traffic streams on a link as well, since it would appear from simulation studies that small 
traffic parcels perform poorly if extensive protection is granted to large parcels in the. form of 
direct route trunk reservation. This problem is made more acute if small traffic parcels do not 
justify a direct route to the destination ~xchange. 

3. All links in the network can be considered to employ bothway circuits, although the planner 
may elect to send traffic in only one direction and effectively make it a uni-directional circuit 
group. 

4. Each link of the network consists of three components: 

(a) Reserved trunks for direct routed traffic. 

(b) Trunks carrying traffic to the destination which may either terminate there or use the 
node as a transit p<?int. 

(c) Reserved trunks for traffic which terminates at the node. (This link represents the final 
link in the two hop path for these OD pairs.) 

I 

5. The routing sequence for OD pairs may be Fixed or Dynamic in nature. It should be noted that 
the user is required to specify the possible routes for each OD pair, or to use the default chain 
generator incorporated into the MINDER system. The mode of operation for the network 
will dictate whether these chains represent an overflow ordering or a simple set of possibilities. 
It should also be noted that the chains and their ordering are for planning purposes only, 
and may not necessarily coincide with the practical operation of the network, due to network 
. management actions which could alter the routes taken under overload conditions. 

6. Where appropriate, crankback is assumed to apply throughout the network. 

( 

4.3 . Non-Hierarchical Network Design Procedure 

In this subsection, we outline the design procedure followed by the initial version of the MINDER 
system for non-hierarchical networks. As more accurate analysis techniques are developed they will 
be included, provided that computation and storage space can be kept to a minimum. The basic 
algorithm for the design and analysis procedure is summarised below: 

1. Determine an initial feasible solution for the network design based on critical factors or simu
lation results (for the Dynamic routing networks). This initial solution is found by allocating 
the chain flows in the network to comply with the end to end grade of service constraints and 
computing the numbers of circuits required using the traditional Berry model formulae. 

2. The Modified Reduced Gradient Method of [3] is then applied to the network using the incre
mental chain costs per unit flow and the approach described in Subsection 3.2. After a suitable 
number of iterations - without recomputing the incremental chain costs per unit flow - the 
process is stopped, the new circuit requirements established and new incremental costs per 
unit flow calculated. The Modified Reduced Gradient Method is then reapplied. The process 
is repeated as often as necessary in order to obtain a "near optimal" solution. 

3. Using the latest circuit allocation, apply the user's trunk reservation rules to the network for 
direct routes only. 
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4. Compute an estimate for the actual chain flows using Wallstrom's splitting formula, the break
down of each link into its three components and the routing scheme. To determine the moments 
of traffic arriving at the second link of a two hop path, an adaptation of Schehrer's model [4] 
is used. This process is recursive. Stop iterations once the chain flow pattern settles into an 
equilibrium condition. 

5. Check the end to end grades of service for each OD pair of the network to ensure that they lie 
within user specified tolerances and adjust circuits until the chain flows indicate that all grade 
of service constraints have been satisfied. 

Note that a further step in the algorithm may be performed which determines the new incremental 
costs per unit flow and then executes further optimisation iterations. 

4.4 Chain Flow Estimation 

Recently, simulation work was carried out to establish the rules for assigning the chain flows in 
non-hierarchical networks employing various forms of fixed and dynamic routing. Details of the 
simulation techniques useq and preliminary results obtained were reported in [7]. Studies of three 
non-hierarchical routing strategies were conducted, they included two dynamic routing strategies and 
one fixed routing strategy. These three strategies are outlined below: . 

1. Fixed Routing: In this scheme, the pre-specified order of paths for each exchange pair is tested 
sequentially, until either a free connecting path has been located, or the call is blocked and 
cannot proceed. The determination of an appropriate selection sequence has been investigated 
in simulation studies and it would appear that a scheme based on the order of selection for 
overflow chains derived from the thickness of the final link connecting to the required destination 
gives a suitable criterion. The ordering is from the thickest (largest number of circuits) link to 
the thinnest link (least number of circuits) to the required destination. 

2. Sticky Random: This routing scheme involves a learning process, where a call is first offered 
to a direct route and, if this route is not available, then an adjacent node is picked at random 
to become a chosen transit point for that exchange pair. It will continue to be used to transit 
calls until an offered call is congested; then, a new transit node is drawn at random and the 
process continues as before. (See [7] for further details of this strategy.) 

3. Global Allocation: In this case, each potential path for an exchange pair is examined to deter
mine the path with the largest number of free and available circuits. H no free path is found, 
then the call is blocked. (Also see [7] for further details of this strategy.) 

Each of the above strategies was simulated on sample non-hierarchical networks. A typical histogram 
of the chain flows in a simple 5-node network is illustrated in figure 1. The figure shows that although 
each of the chain flows are different between strategies, they each exhibit the same trends. The 
significance of this observation lies in the fact that the two Dynamic routing strategies have aligned 
their chain flows in a similar way to the Fixed Routing scheme. This suggests that an initial approach 
to assigning the chain flows for the two Dynamic Routing methods is to apportion them according 
to the thickness of the final links in two hop paths but alter the means and variances of the offered 
traffic to the various choices to reflect the way in which the traffic overflows from the direct routes 
and is offered to the alternative chains. This idea has been incorporated into the current version of 
MINDER until a selection of the most appropriate Fixed or Dynamic Routing philosophy has been 
finalised. 
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Figure 1: Histogram of chain flows 
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