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ABSTRACT 

This paper describes a heuristic algorithm for 
dimensioning a telephone network to be cont
rolled by BNR's Dynamic Routing (DR) algorithm. 
DR uses a centralized processor to provide 
intelligent switches with near-real time alter
nate route recommendations. The dimensioner 
incorporates multihour engineering principles to 
exploit the network's traffic non coincidence. 
Validation is performed analizing a subset of 
the Canadian intercity network. The multihour 
approach extends the trunk saving potential of 
DR while still maintaining DR's network surviva
bility benefits. Also noteworhty are improve
ments in network uniformity of grade of service. 

1.0 INTRODUCTION 

BNR Dynamic Routing (DR) algorithm has been 
advanced as an effective and viable means of 
improving network performance ([SZ79], [CAB1], 
[CA83]). The primary benefits cited are 
increased trunk efficiency (hence reduced trunk
ing costs), improved handling of traffic fluc
tuations, and improved survivability in case of 
switch or transmission failure. Full exploi
tation of these benefits requires new methods of 
network planning, most notably in the realm of 
trunk dimensioning. It is asserted here that a 
sound approach to multihour engineering plays a 
key role in the realization of the potential 
benefits. 

The trunk dimensioning process is an integral 
part of the network forecasting function. Based 
on a point-to-point traffic forecast, this pro
cess generates a proposed trunk facility allo
cation to best meet future demand. The traffic 
input to this process is an estimate of the cus
tomer demand for service and is quite independ
ent of the routing strategy and the current 
trunking architecture. It is primarily a func
tion of switch deployment and customer behavior. 
The sources of these data are typically traffic 
measurements which have been projected to esti
mate the expected demand in future years. 

The trunks obtained by this process are the 
"logical" circuit requirements between switches 
in the network. Actual provisioning will 
require the mapping of these trunk requirements 
onto physical transmission facilities. Provi
sioning is not affected by DR, since call rout
ing is irrelevant to provis i onning. The only 
part, then, of the downstream support system 
directly affected by the routing algorithm is 
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the determination of what logical trunking is 
required to meet the subscriber traffic demand, 
i.e., the trunk dimensioner. 

In simple terms, the objective of the trunk 
dimensioning process is to minimize the network 
trunking costs while satisfying grade of service 
(GOS) objectives. Within this context, GOS 
refers to maintaining the probability of loss 
due to congestion within acceptable limits, and 
does not bear any relation to hardware service 
constraints such as transmission quality, dial
tone delay, etc. 

The fact that DR changes the rules by which 
traffic is routed gives rise to different traf
fic flows than those that would exist under con
ventional Fixed Hierarchical Routing (FHR). 
This in turn changes the optimal trunk deploy
ment strategies. Developing the new method
ologies is necessary to ensure efficient 
utilization of network resources. In fact, the 
efficiency exhibited by an DR dimensioned and 
controlled network is substantially greater than 
its FHR counterpart. 

Traffic noncoincidence refers to the fact that 
not all demands for service occur at the same 
instants in time. Indeed, the entire telephone 
network is built on the premise that it is not 
required to provide service to all users at the 
same time . For dimensioning purposes, traffic 
noncoincidence often refers to the fact that not 
all switches in a network reach their peak loads 
at the same time. The greatest effects of this 
phenomenon are related to the time of day. In 
the intercity network, such hourly noncoinci
dence is primarily due to the effects of differ
ent time zones. Metropolitan networks see 
considerably different hourly behavior in busi
ness versus residential areas. 

Considering traffic matrices representing the 
peak loads of several periods of time is impor
tant under any routing algorithm t9 ensure that 
grade of service is met for all switches, even 
those which may peak at a time different than an 
overall network busy hour. However, multihour 
engineering offers the prospect of reducing 
trunking cost by exploiting the network idle 
capacity resulting from traffic noncoincidence. 
This potential takes on high prominence in a DR 
environment due to the flexible nature of the 
routing algorithm. Under conventional FHR rout
ing, the fact that alternate routes are static 
and generally few limits the amount of non
coincidence which can be exploited. 
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The wide choice of alternate routes combined 
with the intelligence of the DR routing proces
sor gives DR a far greater ability to seek out 
and use capacity idle due to traffic noncoinci
dence. In short, the same characteristics which 
allow DR to adapt to unpredictable traffic vari
ations can be depended upon to make use of the 
noncoincidence predicted by traffic forecasts. 

Let us take a moment to put into perspective the 
effects of traffic noncoincidence, traffic rout
ing, and trunk dimensioning on reducing network 
trunking cost. Traffic noncoincidence is a (de
sirable) network phenomenon dependent primarily 
on customer behavior. In a sense, it provides 
an upper bound on the possible trunk savings via 
multiload dimensioning techniques. The routing 
algorithm determines how much of a network's 
noncoincidence has the potential to be usable 
for trunk savings. Flexibility of alternate 
routes plays a key role here. How much of this 
"potentially usable noncoincidence" actually 
gets translated into the realization of trunk 
savings is dependent on the effectiveness of the 
multiload dimensioning algorithm. 

2.0 THE ROUTING ALGORITHM 

A DR network consists of a set of stored program 
control (SPC) switches, called "participating 
switches", which have been modified to commu
nicate with a centralized computer, called a 
routing processor (RP). The basic network 
architecture consists of switches of two types: 

I node 

N node 

Intelligent nontandem node. A switch 
which communicates with the central 
proces'sor and therefore is able to 
r~ute overflow calls intelligently, 
but which may not be used as tandem 
for via traffic. 

HPR tandem node. Like an I node, over
flow calls are routed intelligently 
but the use of these switches as tan
dems for via traffic is permitted. 

The sets of I and N nodes may be considered as 
forming a two-level hierarchy. 

Network O' . 
Processor ::. - - - - - - - - - - - -

A,~" . 
Data ~ . 
Links ' 

Figure 1. DR Network Architecture. 

SPC 
Switches 

At time intervals called update cycles, each 
participating switch sends the RP information on 
its trunk group occupancies and the state of its 
own call processing load. The RP performs a 
calculation called a path selection algorithm 
which produces a tandem recommendation for each 

origin-destination pair. Should an alternate 
route be required within the next cycle this 
recommendation will be used. The highlights of 
the path selection algorithm, described in more 
detail in [CA83], are: 

o rapid update cycles, typically 10-15 seconds 
o weighted random tandem selection based on 

the occupancy of the entire two-link path 
o direct traffic protection 
o protection of overloaded tandem switches 

3.0 UNDERLYING CONCEPTS 

Before g1v1ng the steps of the dimensioning 
algorithm let us discuss some important concepts 
underlying it. 

3.1 MULTIHOUR ENGINEERING 
Rather than consider a single, "busy season", 
traffic matrix as input to the dimensioning pro
cess, multihour engineering assumes the exist
ence of several traffic matrices. These 
matrices need not reflect actual hourly -aver
ages. The only assumption made by the dimen
sioner is that they represent noncoincident 
activity, that is, that the matrices do not 
overlap in time. Combining time periods into 
traffic "hours" assumes a false coincidence but 
is necessary to keep the number of input matri
ces manageable [SW85, BE82]. 

We may think of multihour engineering as having 
two objectives; first to ensure an acceptable 
GOS for all switches, even for those which may 
reach their peak loads at a time different from 
the overall "network busy hour", second to 
reduce the network trunking cost by exploiting 
the idle capacity resulting from noncoincidence. 
The first objective may be thought of as a con
servative one in that it aims to configure a 
network which will provide acceptable service 
under a variety of predictable traffic situ
ations. It is, therefore, foremost a service 
objective. The second objective may be thought 
of as improving the efficiency of network trunk
ing resources. 

Cameron [CA83] sketched the workings of an a~&o
rithm for single-hour dimensioning of a DR net
work. The algorithm uses two-moment traffic 
theory and make use of DR concepts first intro
duced by Lavigne [LA79]. Also presented in 
[CA83] was a multihour dimensioning method whe
reby traffic matrices of several hours were com
bined using the Kruithof procedure [BE76] to 
produce a single matrix where the total traffic 
for each switch was adjusted to equal its own 
peak load over all hours. The success of this 
method highlighted the significance of providing 
a switch with enough capacity to handle its own 
peak load. However, there is a loss of infor
mation inherent in the Kruithof merge process. 
Namely, while the total peak loads of each 
switch is known, a false coincidence is assumed 
since it cannot be determined which peaks occur 
at different times. Also lost are the actual 
traffic flows, as the different traffic hours 
may take on varied "shapes". It became apparent 
that further advancement in multihour dimension~ 
ing required enhancing the dimensioning algo~ 

rithm itself to consider these effects. 

4.3A-5-2 
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The new approach allows access to all the ori
ginal traffic matrices. The algorithm is still 
able to cater to a switch's total peak load but 
now it is able to determine what is happening in 
the rest of the network at that time. This 
leads to the "multihour guiding principle" that 
once enough trunks are provided to "get out of" 
the switch, additional capacity should only be 
built when the possibility of using links idle 
due to non-coincidence has been exhausted. To 
be able to accomplish this, all traffic flow 
calculations (overflow, link blocking, trunk 
efficiency) must be carefully preserved on a per 
hour basis. 

The basic idea, then, of this method is to allo
cate trunks on the individual links to satisfy 
the following constraints: 

1. The total number of trunks on each bundle 
must be able to handle the maximum incoming 
and outgoing traffic taken over all given 
loads to meet the desired GOS at any time. 

2. The trunk allocation must be done in such a 
way that if, for some load, one part of the 
network is very busy while the demand on the 
other switches is below the maximum load for 
which they were sized, as much as possible 
of the idle trunks should be used to retan
dem some of the "busy" traffic before adding 
new trunks to meet GOS. 

3. The network cost must be minimized keeping 
in mind the survivability aspect. 
Basically, overflow should be distributed 
over several possible routes, not totally on 
the cheapest one in order to maintain a 
satisfactory diversity. 

3.3.2 ECONOMIC CRITERION 
The underlying concept of the DR sizer is to 
keep the traffic on the direct route as long as 
the cost per unit of traffic carried is lower 
than the weighted mean cost for carrying the 
same unit of traffic on alternate routes. 

This rule is very similar to the ECCS (Economic 
CCS} ",-[TR54] principle used to size FHR networks. 
The only difference is that in FHR networks, 
since the choice of alternate routes is sequen
tial, only one alternate route need be con
sidered to compute a given ECCS. In DR 
networks, because many overflow routes must be 
considered simultaneously, the ECCS is based on 
a weighted average of the alternatre route 
costs. 

3.3.3 THE CONCEPT OF A BUNDLE 
The concept of a bundle is central to the DR 
sizing algorithm. For a given node, its outgo
ing trunk group bundle is defined as the set of 
trunk groups outgoing to all DR tandems. Simi
larly, the incoming bundle is the set of trunk 
groups incoming to the node from all DR tandems. 

Independent of the particular trunk group cho
sen, all the calls from a switch must be routed 
on the trunk group bundle. This means that a 
bundle must support all the first offered traf
fic to and from the tandems plus all the over
flow traffic intended for nontandem nodes. 

When a trunk group is sized, two cases are dis
tinguished: 

1. If the trunk group supports only its direct 
first offered traffic, it is sized using 
only the economic cr'iterion. 

2. If, in addition to its direct traffic, the 
trunk group also carries overflow traffic, 
the trunk group is not directly sized. The 
bundle is sized according to a given grade 
of service criterion. 

3.3.4 MODULE ALLOCATION 
When the number of modules in the bundle is det
ermined, the next step is to allocate modules 
among links in that bundle. The procedure which 
determines the number of modules for each link 
should do so in an economical way. Consequently 
a link should be incremented by adding modules 
to it as long as it is justified by the cost per 
carried unit of traffic in comparison to the 
corresponding cost in the other links in the 
bundle. To achieve that, the modified ECCS 
rule, described earlier, is applied. For each 
link in a bundle the efficiency ·of the remaining 
part of the bundle is represented by the weight
ed average of the other link efficiencies. 

3.3.5 TRAFFIC FLOW AND OVERFLOW ALLOCATION 
Whereas alternate routing under FHR obeys static 
tables, overlow in a DR network follows a near
real time recommendation which is proportional 
to the number of available two-link paths. To 
distribute overflow while dimensioning, it is 
therefore necessary to estimate the link occu
pancies so ' that the appropriate traffic spread 
among feasible alternate routes may be deter
mined. 

Given a two-link route (i-t and t-j) with known 
carried traffic, the question becomes one of 
estimating the average number of two-link paths 
which will be available. For a single link the 
average number of available trunks is the number 
of trunks in the group (N) minus the average 
number of links in use. This last term is sim
ply the mean of the carried traffic (CM) on the 
link. If IDLE(x,y) is a random variable repre
senting the number of idle trunks of x-y link we 
have 

E(IDLE(x,y)) = N(x,y) - CM(x,y) 

where E represents the expected value function. 

Let us denote A = CEILING [E(IDLE(i,t))] and B = 
CEILING [E(IDLE(t,j))]. Without loss of gener
ality, assume A <= B. Due to Regnier's [RE82a] 
approximation let us consider the number of idle 
trunks on the individual links as independent, 
discrete random variables, say a and b, taking 
values 0,1, ... ,2A and 0,1, ... ,2B with uniform 
probabilities 1/(2A+l) and 1/(2B+l) respec
tively. With this approximation the distrib
ution of the number of idle two-link paths 
z=min(a,b) can be derived as 

P(z=k) P((a=k and b=>k) or (a>k and b=k)) 

1 2B-k+l 2A-k 1 2A+2B+1-2k 
----*------ + ----*----
2A+l 2B+I 2A+I 2B+l (2A+l) (2B+l) 

4.3A-5-3 
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for k=O,l, ... ,A. The expectation of this dis-
tribution is equal to 

2 
k(2A+2B+1-2k) A A 

E(Z) ------------- A -
(2A+1) (2B+1) 3B 2B 

Since DR recommendations are proportional t o the 
number of idle routes on a two-link path, the 
distribution of overflow among a set o f feasible 
tandem routes can be approximated as being p r o
portional to the expected idleness value of each 
path as computed by the above formula. 

Spreading overflow among alternate routes allows 
the dimensioner to map the routing algorithm and 
to send larger amounts of overflow to those 
routes which have more idle capacity. Moreover 
this flow model also has p r operties favorable to 
the multihour concept. Trunks idle due to non
coincidence have a smaller carried traffic than 
those operating at their engineered load. Dis
tributing overflow based on expected idleness 
favors the idle alterna te routes. The fact that 
better approximating the DR r outing algorithm 
also c apitalizes on noncoincidence is merely a 
reflection of the fact that the routing algo
rithm itself sends traffic where there is capac
ity. 

While the need to consider expected idleness 
seems clear, using the concept alone has its 
drawbacks. While it is desirable to make use of 
long-haul alternate routes when there is idle 
capaci ty, it would not generally be pragmatic to 
add new trunks to these routes to cater to such 
alternate routing. When the network capacity 
has not yet bee n "built up" to meet the demand, 
one still wants to favor construction on the 
cheapest routes. In short, while the pure 
expected idlenes s concept produces a realizable 
flow, it does not take advantage of the 
dimen s i oner's ability to influenc e the eventual 
flow t h r ough its allocation of capacity. 

With this in mind, a hybrid approach was devel
oped. The idea is to still take into account 
the various alternate route costs, but to ensure 
the flows assumed by the d i mensioner are realiz
able by the routing algorithm. The approach 
used was to distribute overflow based on the 
quotient of expected idleness and cost. The 
uniformity of service benefits was still strong 
compared to inverse cost alone, but a better 
service per cost was found with ·the hybrid 
approach. The trade-off here could be of i nter
est as one controlled parametrically to adjus t 
to dimensioning objectives. Increased emphasis 
on expected idleness tends to favor survivabi li
ty, whereas the cost aspect improves cost. Wit h 
this in mind, the algorithm assumes the overflow 
be distributed proportional to: 

beta ei beta c -
El C 

where beta ~i and beta c are parameters. Note 
that 

beta ei 0 => inverse cost rule -
beta c 0 => expected idleness 
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A sensible range for beta ~i would be [0,1], and 
for beta c, [0,10]. Our- validation procedures 
made use-of beta ei = 1 and beta c = 1, but this 
could be a pla~e for algorithm fine tuning. 
This parameter could also be influenced by the 
application: military networks, for example, 
lean much more towards expected idleness than 
cost. 

4.0 THE ALGORITHM 
In this section the algorithm for dimensioning 
the DR network is described. It is built upon 
four main blocks. The motivation of such struc
ture of the algorithm is implied by the DR net
work architecture. 

o All the links between I nodes which carry 
only direct first-offered traffic from the 
I-I subnetwork. 

o The overflows from I-I links are sent to 
alternate routes which consist of links con
necting I nodes and N nodes. All such links 
form the I-N subnetwork. This subnetwork 
carries its own traffic plus the overflow 
from the I-I subnetwork. 

o The overflow from the I-N subnetwork is sent 
to the N-N subnetwork consisting of all the 
links between N nodes. The overflows from N 
to N links are sent to the other links of 
this subnetwork. 

The algorithm can work with one-way or two-way 
trunks. For two way trunking, we just have to 
add the traffic from each direction (fold the 
traffic) together before running the dimension
ner. This property comes from the symmetrical 
nature of the routing algorithm. 

4.1 THE MAIN PROCEDURE 

The sizing algorithm has the form of consecutive 
iterations which gradually approximate the final 
solution, i.e., the trunk requirements. The 
direction in which the overflows are sent, i.e., 
from I-I to I-N and from I-N to N-N subnetwork, 

yes I no 

Figure 2. Sizing the DR Network: Basic 
flow for the main procedure 
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determine proportions 
for moduh allocat ion 

flo," traffic and 
allocate internal 

over! 10," 

yes I no 

flo'" traffic and 
allocate external 

over! 10," 

Figure 3. Sizing the I-N subnetwork 

determines the order of processing within a giv
en iteration. 

Dimensioning the I-N subnetwork affects effi
ciencies of alternate routes of the previously 
dimensioned I to I links and a similar rela
tionship exists between the I-N and N-N subnet
works. Therefore, after sizing the N-N 
subnetwork the whole network is resized until 
the solution stabilizes. 

The global iteration is stopped when the N - N 
overflow from each link is within desired limit 

for each N nodE: 
f i nd the max 

traf f ic load 

size each bundle 
for that traffic 

for each bundle 
determine proport ions 
for module lI110cat ion 

alloclIt.e modules 
inside each bundle 

!la," traff i c and 
allocate overf 10," 

recompute traff ic 

solutions stab i lize? 1 

yes 

Figure 4. Sizing the N-N subnetwork 

from the overflow computed in the previous iter
ation. 

4. 2 THE I TO I SUBNETWORK 
The I-I subnetwork includes all the links ori
ginating and terminating in I nodes. Those 
trunk groups support only direct first offered 
traffic (including FHR overflow) similar to the 
Primary High Usage groups in FHR networks. They 
are sized using the economic criterion similarly 
to the ECCS rule, the main difference being that 
the alternate route cost and efficiency must be 
computed as weighted averages for all the cor
responding I-N links 

4.3 THE I-N SUB NETWORK 
In this subnetwork, the trunk groups carry their 
direct traffic and additionnal overflow from I-I 
and the other I-N links. The bundle is similar 
to a distributed final and it is sized according 
to a given grade of service criterion. 

The individual links in this bundle play the 
role of intermediate high usage groups and are 
sized according to an economic criterion. 

4.4 THE N TO N SUB NETWORK 
The N to N subnetwork is on the top of the two
level hierarchy of the DR network. An overflow 
from any N-N link is sent to some other N-N 
links. Thus N-N links carry overflows from the 
I-N subnetwork and from the N-N one. It has to 
be sized after completion of the I-N s1z1ng. 
The mutual overflow between different N-N links 
implies that this subnetwork must be sized in a 
different way than the I-N one. 

The procedure of distributing modules inside a 
bundle is now more complicated than that used in 
I-N network. The first difference is that bun
dles can no longer be dealt with one at a time. 
Rather, bundle sizes for the whole network must 
first be determined, with associated pro
portions, after which modules are allocated one 
at a time to the network as a whole. 

5.0 VALIDATION 

The validation method for the new algorithm is 
based on comparison of several networks dimen
sioned with DR and FHR sizing algorithms. The 
number of trunks, trunk miles and network cost 
are analyzed for networks with comparable grade 
of service. Note that in the following discus
sion the grade of service indicates blocking 
probability rather than transmission quality. 
By comparable grade of service we mean the equi
valent average grade of service for traffic 
loads for which the dimensioning was done. 

The grade of service was obtained by simulation. 
All simulated traffic loads were subjected to 
medium day-to-day variations (this was the par
ameter used in s1z1ng which can be varied 
according to requirements), and to overload con
ditions. In the latter case the traffic loads 
were inflated and perturbed several times and 
the arithmetic mean of blocking probabilities 
for all perturbations was computed and compared. 

4.3A-5-5 



ITC 11 Kyoto September 1985 

The sizing algorithms compared are: nation cost, a weight"ed distance factor, an 
echo suppressor when over a fix distance. 

1. GPTM6 General Purpose Trunking Model, 
release 6, sizing up mode, a dimensioning 
algorithm for networks with Fixed Hierar
chical Routing developed by BNR. For the 
multiload case the 'sizing up' procedure was 
used, starting with the matrix having the 
greatest total traffic, then considering the 
one having second greatest total and so on. 

2. DIMALG - Dimensioning Algorithm (developed 
by BNR) - the siz i ng algorithm for networks 
in a Dynamic Routing environment. This 
algorithm is designed for one traffic load, 
usually the ABSBH, or one traffic matrix 
obtained by Kruithof merge of several loads. 
Since it was found that the 'Kruithof' meth
od generally gives better results, we shall 
use this method for comparison with the new 
DR sizing algorithm. 

3. MDIMALG - Multiload Dimensioning Algorithm -
the s1z1ng algorithm for DR networks 
described in this paper. 

5.1 SIZING INPUTS 
In order to obtain as realistic a compa r i son as 
possible, we have used 'real' inputs to the siz
ers whenever feasible. The sizing inputs were 
the following: 

1. The Network 
The test network is based on fundamental 
plans on 1990 traffic distribution for the 
38 major switches in Canada. For test pur
poses, the 38 DR nodes were classified as 
tandems (N nodes). 

2. The Traffic 
The point-to-point traffic loads necessary 
for dimensioni ng the network described above 
were obtained from a Canadian intercity net
wor ;- database. Six dif f erent traffic loads 
were des igned to preserve most of the exis t
ing traffic noncoincidence. They were 
obtained from a larger number of point-to
point traffic matrice s in the following way. 

From any pair of matrices a third one is 
constructed containing max i ma of correspond
ing elements. If the sum of the elements of 
the third matrix does depart greatly from 
those of the two origi nal it reflects non
coincidence. Therefore these two should be 
kept apart in different load sets. If it 
does not depart then the smallest one can be 
dropped because i t does not contain valuable 
information on noncoinc i dence. 

This procedure allows for a reduction in the 
number of traffic matrices and keep the 
information on the traffic noncoincidence. 

3 . Modularity 
In all cases modularity of 24 was used. 
This corresponds to the North American stan
dard for DS-l transmission rate. 

4. Point-to-point unit costs 
The same point-to-point unit cost matrix was 
used in all computations. It is derived 
from a cost model taking into account termi-
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S. Grade of service requirement 
To compare the number of trunks, trunk mile
ages and network costs obtained by dimen
sioning with different algorithms, we have 
dimensioned using the inputs as described in 
1-4 of this section. Blocking constraints 
were specified in the input parameter files 
so that the resulting grade of service was 
comparable. 

5.2 NUMERICAL RESULTS 
In this section we shall compare the numerical 
results obtained by sizing with different algo
rithms. 

The summary of traffic loads used in dimension
ing is: 

LOAD NAME TOTAL TRAFFIC (ERLANGS) 

Load 1 10181. 7S 
Load 2 10455.75 
Load 3 8958.99 
Load 4 10396.14 
Load 5 9274.52 
Load 6 8720.52 
Load 7 (Kruithof merge 11596.27 

of loads 1 to 6) 

NUMERICAL RESULTS 
ALGORITHM NUMBER OF NETWORK TRUNK 

TRUNKS COST MILES 

1.FHR 16 560 10.379E7 5.72E6 
SIZING UP (100%) (100%) (100%) 

2.DR 15 120 9.696E7 5.26E6 
KRU I THOF (91%) (93%) (92%) 

3.MDIMALG 14 736 9.091E7 4.87E6 
IDLE/COST (89%) (88%) (85%) 

In the table above we can see that the most eco
nomical network for DR is the one obtained by 
MDIMALG, the DR sizer which allocates the over
flow in proportion to expected idleness and in 
inverse proportion to the cost of alternate 
route. The trunk miles and network cost are 
lower than the other networks and the difference 
in the number of trunks for that network com
pared to the number of trunks in the results 
from run 4 is negligible. 

5.3 GOS 
Producing a cheaper network is a desirable fea
ture of any dimensioner. Another important fea
ture of a sized network is its robustness. 

For the GOS validation, we used a BNR traffic 
simulator. We simulated the network obtained 
with MDIMALG, DIMALG and GPTM6 with the six 
engineered traffic loads and four hourly traffic 
loads. The September traffics were chosen so 
that the grade of service of the dimensioned 
networks could be evaluated with realistic traf
fic. The loads are Sep9, SeplO, Sep13, Sep20, 
where the numbers indicate the hour of the day 
(central time). Their total uninflated traffic 
is: 
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LOAD NAME 
SEP9 
SEP10 
SEP13 
SEP20 

TOTAL TRAFFIC (ERLANGS) 
9 911.79 

10 319.37 
9 753.13 
8 617.64 

Four different overload situations have been 
considered. We have performed four pertur
bations and expansions on each traffic matrix 
(pI, p2, p3, p4) which correspond to estimates 
of forecasting deviations in traffic loads. 
Simulation of the networks was also done for 
traffic loads expanded to account for the medium 
day-to-day variations (pO). We have found that 
all simulations resulted in approximately equiv
alent GOS. 

In the following three tables the simulation 
results with GPTM6, DIMALG and MDIMALG networks 
show the traffic blocking for the perturbed Sep-
tember hourly traffic loads: 

1.GPTM6 % blocking 

SEP9 SEP10 SEP13 SEP20 

pO .41 .65 .41 .39 
pI 2.06 2.41 .91 1.42 
p2 2.51 1.46 1.55 1.52 
p3 1. 63 1.49 .65 .49 
p4 1. 32 .97 .57 1.05 

average 1.58 1. 39 .82 .97 

2.DIMALG % blocking 

SEP9 SEP10 SEP13 SEP20 

pO .86 .91 .49 .27 
pI 1.56 2.33 .83 .56 
p2 2.56 1.92 1. 35 .49 
p3 .99 1.92 .92 .38 
p4 1.57 1.49 .69 .43 

average 1.51 1. 71 .85 .43 

3-.MDIMALG % blocking 

SEP9 SEP10 SEP13 SEP20 

pO .76 .89 .46 .60 
pI 1. 39 2.14 .66 1.17 
p2 2.18 1.55 1.21 1.18 
p3 1.17 1.59 .68 .73 
p4 1.49 1. 23 .63 1.14 

average 1.40 1.48 .73 .96 

When networks obtained from DIMALG and MDIMALG, 
both designed to size DR network are compared, 
the GOS of MDIMALG exhibit more uniform behav
ior. This is because the new algorithm takes 
into account traffic flow for each load without 
any distortion to the loads contrary to the 
Kruithof method. Also, since with MDIMALG over
flow is allocated in a manner which resembles 
the true overflow allocation in DR, more idle 
capacity gets utilized and fewer calls get 
blocked. 

6.0 CONCLUSION 

All the tests performed, some of which we have 
included here, provided consistent results. The 
MDIMALG gives a cheaper network with equivalent 
grade of service. That confirms the theoretical 
analysis that the Multiload DIMALG is better in 
exploiting the spare capacity available in the 
network in off-peak loads than the DIMALG algo
rithm, and also more accurately matches the 
actual traffic flow in DR. 

As previous studies indicated, the approximate 
cost savings of DIMALG with respect to GPTM6 
should be about 4 to 9%, depending on traffic 
forecast and network architecture. With the 38 
node network, mapped on an 1988 architecture, we 
obtained similar results - cost savings of 7% 
and trunk miles savings of 8%. As the tests 
indicate, the new DR dimensioning algorithm MDI
MALG provided additional cost and trunk mile 
savings of about 5% for the studied network. Of 
course these results could vary depending on 
traffic non-coincidence for a given application. 
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