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ABSTRACT 

A mathematical framework is presented for selecting an 
optimal strategy to relieve an exhausting switch. Using dynamic 
programming, a solution is found that has the form of a common 
inventory policy. The model, although simplified,accounts for 
piecewise-linear cost functions, a stochastic demand forecast, 
separate inflation rates for each cost component, and cost penalties 
for unplanned network rearrangements. The model has application 
to the monitoring of actual switch relief plans to determine when 
changes in forecasts or economic parameters are sufficient to jus
tify consideration of plan revisions. Such a monitoring capability is 
a new and important addition to the set of tools available to switch 
planners. 

1. Introduction 

One of the basic problems for traffic network planners 
is the relief of exhausting switches. In general, there are two stra
tegies for obtaining relief: (i) building new switching capacity, and 
(ii) rehoming traffic away from the exhausting switch to defer 
exhaust. In practice, both strategies have been used, as well as the 
combined strategy of deferring installation of a new switch for a 
few years by performing rehomings to nearby switches with spare 
capacity. 

Clearly, the two strategies trade off the one-time capital 
expense of a new switch against the continuing costs of network 
rearrangements. However, the multitude of variables involved in 
any practical switch planning study forbade the use of the existing 
planning tools in detailed analyses of the interactions between the 
two policies. Such a study is needed, though, to help planners 
identify the key variables that influence the choice of strategy, to 
establish general guidelines, and to provide planners with an ability 
to track, or monitor, the success of relief plans as they are imple
mented. Thus,our objective in this paper is to develop a useful 
mathematical model for the switch capacity relief problem. 

1.1 The Specific Problem 

The model network to be studied is depicted in Figure 
1. Switch A is the exhausting switch, Switch B is an existing 

switch with available capacity, and Switch C is a relief vehicle to be 
,built on-site with A in some future year. Switch A (and Switch C 
when it is installed) serves Demand DA and Switch B serves 
Demand DB. 

Given a set of forecasts of the demands (these are 
series of random variables with known distribution functions), 
various data on the cost of money, inflation rates, and facility 
costs, the problem we solve is to determine the future year in 
which Switch C should be built to obtain the least-cost plan for 
relieving Switch A. Because of the stochastic nature of the 
demand forecasts, the technique of stochastic dynamic program-

ming is used to determine the least cost policy for handli'ng the 
rehomings. Hence, along with the optimal building year, an 
optimal plan is provided for managing the loading and deloading of 
the various switches. 

1.1 Features of Modeling 

The mathematical solution of the above problem 
requires many simplifying assumptions to limit the complexity of 
the model. It is not claimed that the assumptions we make are the 
weakest possible for the results obtained. However, they are all 
reasonable in the context of modeling and are explained in detail 
below. The main features of the model and its main limitations 
are now previewed. 

• Demand is measured in trunks, switch capacity - in termina
tions. Although modern switching systems tend to be 
attempt limited, we believe that the complexity of modeling 
attempts and attempt capacity - a multiple-hour problem -
was greater than the perceived benefits of the simpler study. 

• The demand forecast for the exhausting switch, D A, is 
assumed to be a random variable. This assumption permits 
specific recognition of such phenomena as the need for mar
gins of safety in planning the timing of switch installations 
to account for forecast error. For simplicity, though, the 
demand forecast for switch B, DB' is assumed deterministic. 
This assumption is not restrictive since in practice the 
planner decides a priori in most cases for how many years 
rehomings to Switch B are feasible. (Switches with utiliza
tion approaching their limiting capacity are not considered as 
relieving alternatives.) 

• Costs are all piecewise linear (see sect.2.4), thereby allowing 
recognition of differences in cost between adding and 
removing equipment that has a reuse value. 

• Although the demand comes from several subtending 
offices, it is modeled, essentially, as an aggregated and con
tinuous variable; it is integerized to obtain a number of 
trunks only as the last step in the solution process. Thus, 
identities of individual subtending offices are not preserved. 
This allows the use of a dynamic programming as opposed 
to an integer programming formulation, and hence an 
analytical solution. On the other hand, it requires the 
necessity of a "breakage assumption", namely that in rehom
ing a given number of trunks, a non-integer number of 
offices may be required. 

• The cost of emergency network rearrangements, necessi
tated by an unexpected switch exhaust, are assumed to 
exceed the cost of planned rearrangements. 

1.3 Summary of Results 

Based on the model network and the above assump
tions, an analytical solution may be found using a dynamic pro
gramming technique as follows: 
Given a planning interval of N years, N + 1 dynamic programs are 
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formulated, each assuming that the new switch, C, is built in one 
of the N possible years, or not at all. The optimal policy, an 
extension of the Trunk Implementation Plan (TIP) discussed in a 
companion ITC paperl11, is derived. It has the form of a common 
inventory policy, accounts for forecast uncertainty in determining 
the rearrangements of the network, and is easy to implement. 

The relative simplicity of the model and the ease of 
implementation of its solution make it an ideal basis for a new and 
important switch planning capability: plan monitoring. The model 
depends on a small set of parameters that characterize a given 
relief plan. These parameters can easily be tracked and input to 
the model for annual reruns. If, on one of these reruns, the 
model indicates a change in the optimal policy of the given plan, 
then a more extensive reevaluation would be initiated. Hence, the 
switching capacity relief model can be used to develop a systematic 
methodology for the ongoing evaluation of switching relief plans. 

WORLD 

THE NETWORK TO BE ANAL YZED WHEN 
• . CHASING CAPACITY 

1.4 Outline of Paper 

b. BUILDING C ON-SITE WITH A 
FIGURE 1 

Section 2 describes the switch capacity relief model, 
including the assumptions, dynamics, and cost functions. Section 
3 presents the mathematical statement of the problem, its iterative 
structure and dynamic programming formulation, and compares 
the optimal capacity management policy with the TIP policy. The 
application of the switch capacity relief model to plan monitoring is 
discussed in Section 4. Section 5 provides a summary of the main 
features of the model and the main results of the paper. 
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2. SWITCH CAPACITY RELIEF MODEL 

The problem we solve is to find the least cost plan for 
accommodating Demand DA(j), j = 1, ... ,N, given that the capacity 
of Switch A is forecast to exhaust in year 1, that Switch C can be 
built in any future year I, .. . ,N of the study period and Switch B 
has spare capacity to which some of the Demand DA(j) may be 
rehomed in all years j = 1, ... ,N. The solution of this problem will 
specify (1) the best (cost optimal) year to build C (if any), and 
(2) the best capacity levels, at either Switch B or C to minimize 
the impact of demand variability and forecast uncertainty. 

2.1 Model Formulation and Assumptions 

The following assumptions further specify the problem: 

A) Network Assumptions 

AI. Switches A, B, and C are (or will be) in separate 
hierarchical routing chains or are DNHR 1 switches, 
Le., they cannot home onto each other. 

A2. Switch A (and eventually C) serves Switching 
Demand DA only, while Switch B serves Demand 
DB, and can provide relief for D A, unless Switch C 
has been built. 

A3. Once Switch C is cut over, it remains in operation. 

B) Demand Assumptions 

BI. The best present (time 0) estimates of the future 
peak demands {DA(1),DA(2), ... ,DA(N)}, for the N
year planning period are available in the form of the 
corresponding distribution functions of the demand 
forecasts {G 1(DA), ... ,GN(DA)}. The demands are 
assumed independent, and the uncertainty in the 
estimate of DA(j) is given by var(DA(j). 

B2. Demand DB(j) is known for all years j = I, ... ,N 
(i .e., DB is deterministic). 

B3. When a subtending office from Area A is rehomed 
to Switch B (or C), the demand between that office 
and other offices in Area A is handled by direct 
groups connecting the subtending offices. (In reality 
direct groups exist only when the demand is 
significant). 

B4. Any office rehomed from A to B brings new load 
onto B. This represents a conservative approach to 
calculating the load rehomed to B since it double 
counts the demand from the rehomed office which 
was already being routed to Switch B. The effect of 
this assumption should be slight since the percent of 
A-to-B demand relative to A-to-network demand is 
generally small. 

B5. Demand is measured in trunks. 

B6. Excess d~mand from Switch A may be rerouted 
from A in any desired integer quantity. (This is the 
"breakage assumption" described in the previous sec
tion). 

C) Utilization Assumptions 

Cl. Switches are termination limited. 

C2. Utilization of Switch B does not exceed utilization of 
Switch A (unless Switch C has been cut over). 

C3. Switch A is utilized up to a constant level a of its 
capacity CA. The difference between CA and a is 
chosen big enough to accommodate the expected 

1_ Dynamic Non·Hierarchic Routing • concept described in a companion ITC 
paper[2J_ 
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annual growth of the demand left to be handled by 
A. without service degradation. 

C4. Capacities· of Switches A. Band C (CA. CB and Cd 
are functions of the demand and a concentration 
factor a. b. and c. respectively: each incoming trunk 
(included in the demand DA('» requires at most 
one outgoing termination to complete access to the 
network. Thus each unit of DAO consumes 
(I +a) < 2 units of capacity at A. (I + b) < 2 at 
Switch B. and (1 +c) < 2 at Switch C. Actually a. 
b. and c are functions of the level of utilization at 
A. B. and C. and could be modeled as such. Choos
ing constant values simplifies calculation though. 
and is accurate for the early years of the study. 
which. from the point of view of a switch planner. 
are the years with the greatest influence on the cost 
of a given plan. 

D) Cost Assumptions 

D1. All annual costs are piecewise linear in the number 
of trunks. as described in Section 2.4 . 

D2. Transmission costs are functions of the distance. 
and distance from Demand Region A to Switch B 
(or C) is assumed equal to distance from Demand 
Region A to Switch A plus the distance from A to B 
(or C). Trunks between A and B are assumed 
interoffice. while those from A to Care intraoffice. 

D3. Rearrangement costs include all one-time effects of 
rearrangements such as: labor. terminations. and 
facility purchases. etc. 

D4. The expected cost of money is assumed to exceed 
the inflation rate (i.e .• p < {J-I in all years - where 
p is the discount rate and (J the inflation rate) . 

D5. In the event that the planned number of trunk ter
minations for a given year does not satisfy the real
ized trunk demand. we assume that the necessary 
network augmentations will be achieved via "rush
servicing." The underprovisioning costs reflect the 
costs associated with this "rush-servicing." 

1.1 NotatioD 

a: 

o(j): 

l(j): 

T(j): 

Gj(DA): 

Fj(o): 

T(j): 

The following notation is used throughout the paper: 

Peak demand (random variable in units of trunk termi
nations) for network access from Demand Region 
i = A. B. in forecast year j. 

The portion of DAU) (in units of trunk terminations) 
which can be carried by Switch A. 

The portion of DAU) (in units of trunk terminations) 
that is routed through either B or C. 

Indicator for Switch C. IU) = (0;1) (C not in use at the 
beginning of year j; C in use at the beginning of year j). 

Actual level of trunk terminations to accommodate o(j) 
at B or C at the beginning of year j. 

Capacity of Switch i. i = A.B.C. in units of incoming 
trunks (Le .• total trunk termination capacity of Switch i 
divided by the concentration factor 1 +a. 1 + b. or 
1 +c). 

Distribution function for D A(j). 

Distribution function for o(j). 

Planned level of trunking at B or C to accommodate 
o(j) assuming forecast base year 0 . 
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Number of planned augments/disconnects at B or C 
during the year j. assuming forecast base year year 0 . 

Inflation rate for cost q . 

p: Discount rate. 

g(o(j).T(j).(uU»: The present worth of the total cost at year j. 

1.3 Model DYDamics 

Given the previous discussion. the model dynamics fol-
low: 

Demand Dynamics. From Assumption A2. the demand 
from Region A is either switched by A. or rehomed to B or C. 
Thus. 

ou) = max{DAU)-a;O} for j = 1 •...• N • (2.3.1) 

where a ~ CA 

The distribution function of o(j) is given by 

Fj(o) = Gj(o(j» if 0 > 0 
= Gj(a) ifo=O 

for j = 1 ...... N. (2.3.2) 

Trunk Termination Dynamics. The number of trunk ter
minations that are actually added at either Switch B or Switch C at 

the beginning of year j + 1 (to accommodate the excess demand 
from A) is the maximum of the excess peak demand for year j or 
the added trunk terminations previously planned for year j: 

T(j+l) = max{o(j).T(j)+u(j)} • j = 1 ..... N . (2.3.3) 

The only constraint on the planned servicing control u(j) is that 

u(j) ~ -T(j). j = 1 ..... N (2.3.4) 

i.e .• the number of disconnects cannot exceed the number of ter
minations in service. 

Indicator Dynamics. Once Switch C is cut over. it 
remains in use. (Assumption A3); that is 

l(j+l) ~ l(j). j = 1 ..... N . (2.3.5) 

1.4 Cost FUDctioDS 

1.4.1 TraDSmissioD Cost 

Transmission Capital Cost. The transmission facilities 
capital cost function ck). i = B. C represents the annual incre
mental cost of adding facilities and trunk terminations between A 
and B. or A and C. and depends largely on the length of the 
group. type of facility. and supporting equipment. Similarly. c/k)' 
i = B. C • represents the reward. a negative cost. for removing 
trunks. In other words. credit is given for reuse of transmission · 
facilities. The unit cost for adding or disconnecting does not 
include the labor costs. which are part of the incremental switch 
Costs. The functions Ci(') and c;O are illustrated in Figure 2a. and 
are included in the following definition: 
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q(uU»: The transmission capital cost for trunking uU) in 
year j at switch i 

l
fl~ Ci uU) if uU) ~ 0 

fl~ c; uU) if uU) < 0 

where j = 1, ... ,N 

i = B,e 

Transmission Maintenance Cost. The maintenance cost 
function mk), i = B, e represents the annual cost for maintaining 
a trunk group and associated terminations, and is proportional to 
the number of trunks. This function m,O is illustrated in 
Figure 2b, and is defined as follows: 

M!(T(j)+u(j»: The transmission maintenance cost for 
TU) + uU) during year j at switch i 

fl~mi(TU)+uU» where i = B,e 

It is assumed that mi > 0, and ms > mc. 

I : TRANSMISSION CAPITAL b: TRANSMISSION MAINTENANCE 

'~'f(;>'." 
Tljl .. u(jl 

c: TERMINATION MAINTENANCE d: REARRANGEMENT COST 

Tlj)+ u(j) 

TRUNKING, SWITCHING AND REARRANGEMENT COST FUNCTIONS 
FIGURE 2 

1.4.1 SwitchiDg Cost 

Termination Maintenance Cost. The cost Si(') represents 
the annual charges incurred for providing switching capability in a 
given machine, and depends largely on the number of terminations 
on the given switch. The function Si( ' ) is illustrated in Figure 2c 
and used in the following definition: 

Si(TU)+uU»: The termination maintenance cost during year 
j at switch i 

fl~Si(TU)+uU» where i = B, e 

The cost Sj(') represents the unit cost times the concentration fac
tors (1 +b) for Switch Band (1 +c) for Switch e. 

Fixed Building Cost. The cost B represents the one 
time, fixed cost associated with building Switch C. Therefore , 

Bt: The fixed cost for building e in year j 

IJ~'B where B > O. 
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1.4.3 RearraDgement Cost 

The rearrangement costs function rj{-), i = B, e is 
illustrated in Figure 2d, and is used in the following definition: 

R!(uU»: The cost for rearranging uU) at switch i in year j 

{
fllri(U U» if uU) ~ 0 

flir;(uU» if uU) < 0 

where i = B, e and ri, r; > 0 

This cost reflects largely the labor cost involved in adding as well 
as disconnecting trunks (trunk terminations), which explains also 
the minus sign in front of r;. Since connecting/disconnecting at B 
involves interoffice trunks, while connect/disconnect at B involves 
intraoffice trunks, we can assume that rs > rc, and r~ > r~. 
These terms discourage unnecessary network activity and a pro
longed "chasing" for capacity at B. 

We can also define now: 

W(TU»: The cost of rehoming TU) trunks away from Band 
back to e in the year j, when Switch C is built. 

flil(r~ + rdTU)1 

1.4.4 UDderproYisioDiDI Cost 

The underprovisioning cost represents the penalty asso
ciated with satisfying the demand on a "rush" basis, let us call it 
demand servicing, versus planned servicing. We shall define first 
the realized underprovision cost pj{-), i = B, C, and then the 
expected underprovisioning cost E(Pi('», i = B, C. 

Realized Underprovisioning Cost. This cost function is 
defined as: 

P!(oU),TU)+uU»: The underprovision cost at switch i dur-
ing year j 

{fl~Pi[Ou)-(TU)+UU) )1 

if oU) > TU) + uU) 

o otherwise. 

where i = B, e and Pi > 0 

Demand servicing requires as much as planned servic
ing in terms of trunking, switching, and rearranging costs, plus a 
penalty for not carrying it out in an orderly, planned manner. 
Quantitatively we should say that for a given year j 

otherwise there would be no incentives to add new trunks and ter
minations: why add and maintain them when it is cheaper to miss 
the service objectives? 

Expected Underprovisioning Cost. The underprovisioning 
cost is the only cost which depends both on the planned number 
of trunk terminations and on the actual value of the demand. But, 
the actual peak excess demand, oU), is not known until after the 
control, uU), is implemented. Therefore, the underprovision cost 
Pj(oU),TU),uU» is a random variable, and we can select uU) so 
that the expected underprovision cost E(Pj{-» is minimized. The 
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general shape of E(Pj('» is illustrated in Figure 3. 

1.5 Reyiew 

EXPECTED UNDERPROVISION COST 

E (Pi (.» 

T(j) + u(j) 

EXPECTED DEMAND SERVICING COST 

FIGURE 3 

The preceding subsections have given the ingredients 
necessary to formulate the problem as a dynamic stochastic optimi
zation problem. For the given planning interval I ..... N. and n. the 
year when building C is cut over. we have defined the model for 
the trunk termination inventory (both planned and demand 
servicing - Equation 2.3.4). and all cost functions relevant in 
measuring the effect of a capacity expansion (trunk management 
or servicing) policy. 

Solution Policy Selection. A solution to this problem is a 
sequence of indicators {I(j);j=O ..... N-I}. and a sequence of thres
hold levels {(S(j).SU».j = O ..... N-I}. Once a policy specifies the 
year n to build C. then the optimum threshold level sequence is 
the soluti'on of a dynamic optimization problem governed by Equa
tions 2.3.2. and 2.3.4. From these thresholds the optimum controls 
{u·(j) In;j=O ..... N-I} and n < N}. which specify the best (least 
cost) trunk termination levels at B. for years up to n - 1. and at C 
for years from n to N. can be obtained as described in the next 
section. (When n ~ N. only levels at B are of interest.) The 
optimal solution policy to our problem is therefore obtained by 
solving N + I dynamic programs (one for each of the N possible 
years to build C: year I. year 2 •...• year N. never) and then taking 
the least cost building strategy. Since each dynamic program is 
solved separately. we need not refer to the subscript n; thus. 
whenever the controls or thresholds are mentioned. n is assumed 
known (determined). 

The mathematical statement and the solution of the 
problem are presented in the next section. 

3. Problem StatemeDt 

As noted in the introduction. once the year n is 
specified. the switch capacity relief problem is very similar to the 
trunk implementation (or capacity management) problem of ' 
current trunk-planners. discussed in Reference 1. However. the 
trunk implementation problem deals with one type of cost only. In 
this problem. as we will see. three types of costs are incurred (pro
viding that Switch C is built during the planning horizon). Thus. 
the trunk implementation optimal policy cannot be used to solve 
the switch capacity management problem. A new optimal policy 
must be developed. from which the expected cost can then be 
evaluated. 

3.1 Cost EquatioDs 

Suppose a new switch is planned to be built at the 
beginning of year n. Three sets of costs are incurred during the 
planning horizon: one set for those years j. j E {l •...• n-I} that 
excessive demand ou) is rehomed to B; one set for the year n that 
the traffic temporarily at B is rehomed to new switch C; and one 
set for the years j. j E {rl+l •...• N-l}. after the new switch is built. 
For years 1 to n - 1 and years n + 1 to N. there are capital and 
maintenance costs for transmission facilities. costs for expenses 

- 5 -

incurred in rearrangements. and costs for switch utilization. Also. 
there are underprovisioning costs which are scaled-up versions of 
the preceding costs. that apply when the actual demand in a given 
year exceeds the planned number of terminations. For year n. 
there are additional rehoming costs for rehoming all of the traffic 
due to A from B to the newly-built switch C. and the costs for 
building such a switch. Denoting the present worth of the total 
cost at year j by gj(o(j).TU).u(j». then the three types of cost 
functions can be expressed as follows. 

1. Type I. for years j = O •...• n-l 

gj( t5U). T(j). uU» 

= g/(t5(j).T(j).uU» 

= pi[ cM uU) )+RA( u(j) )+sMTU)+u(j) 

+MMTU)+u(j) )+PA( t5(j). T(j)+u(j)] 

2. Type 2. for year j = n 

gj( t5(j) .T(j) .uU» 

= g/(t5(j).T(j).uU» 

= pi[Cl(uU»+RJ(uU»+sl(TU)+u(j» 

(2.3.1 ) 

+Ml(T(j)+u(j) )+P~( t5(j). T(j)+u(j) )+Hj(T(j) )+B~] 

(3.2.2) 

3. Type 3. for yearsj = n+I •...• N-l 

gj( 15 (j). T(j). (uU» 

= g/(t5(j).T(j).uU» 

= pi[C~( u(j) )+RJ( u(j) )+S~(TU)+uU» 

+M~(T(j)+u(j) )+pl( 15 (j). T(j)+u(j»] (3.2.3) 

Consequently. given the year n. the expected 
(J(n.U). where u= {u(O) •...• u(N-l»} is 

{

N-I ) 
J(n.U) = E ~ gj(t5(j).T(j).u(j» 

cost 

~ E{~ gi'(o(j),T(j),u(j» + g,;(o(n),T(n),u(n» 

N-I } 
+ ~ g/.(t5U).T(j).uU» . 

,;-n+1 
(3.2.4) 

where the expected value is taken over all demands in all years. 

3.2 Dynamic ProgrammiDg FormulatioD 

A recursive procedure is presented in this section to 
solve the capacity management problem. namely to find a set of 
decisions (augments. disconnects) U* = {u·(O) •...• u·(N-l)} that 
minimizes the expected cost (3.2.4) subject to Equation (2.3.4). 
The derivation is based on the so-called principle of optimality 
which is stated as follows: 

An optimal policy has the property that whatever the 
initial state and decision are. the remaining decisions must consti
tute an optim~l policy with regard to the state resulting from the 
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first decision[3J. 

Following this principle, let us denote the mlnImUm 
expected cost from year k to the end of the planning horizon by 
V:(T(k» where T(k), as we recall, is the capacity (or trunk level) 
used to relieve excessive demand from A at the beginning of year 
k, and n is the year that a new switch is built. Mathematically, this 
term is given by 

(3.3.1) 

where the expected value is taken with respect to {OJ}~kl. 

Furthermore, the dynamic programming recursion is given by[4). 

V:[T(k)] = min E fgk(O(k),T(k),U(k» 
u(k) 6(k) l 

+ V~I[maX(8(k).T(k)+U(k»J) 

for k = O,I, ... ,N-l, and Vr&(T(N» == ° 

O,eniew of the Optimal Capacity Manalement Policy 

(3.3.2) 

In deriving the Trunk Implementation Plan[I) used for 
current-planning of the trunk network, it has been shown that the 
optimal policy for trunk group capacity management is an 
inventory-type policy. In this type of policy, two threshold levels 
are uniquely defined for each year. If at the beginning of a year 
the capacity level is below the lower threshold, capacity is added 
up to that level. If the capacity is above the upper threshold, the 
capacity is brought down to that level. Finally, if it lies between 
the two thresholds, no action is taken. However, the trunk imple
mentation studies were based on the assumption that the activities 
of augments and disconnects occurred in only one cost function. 
This is not comparable to the situation in our problem, since the 
augment and disconnect activities take place at both Switch Band 
Switch C. Consequently, the optimal decision variables, uU), for 
the years j, j E to, ... , n-l}, depend on the costs incurred at Switch 
B and Switch C, according to the principle of optimality of dynamic 
programming. Since all the cost functions are piecewise linear, it 
can be shown, following the same inductive procedure as in Refer
ence [1], that : 

First, after the new switch is cut over, and all the 
activities are shifted to the new switch and remain there until the 
end of the planning horizon, the inventory policy is optimal. Since 
only one switch is involved, with practically infinite capacity, the 
situation is almost identical to that in Reference [1]. 

Second, the inventory strategy applies also to the years 
before the new switch is built, when costs are function of two 
switches and the capacity of the relieving switch is limited. This 
proof is available on request from the authors. 

Once the optimal policy for each capacity management 
problem is determined, the expected cost can be evaluated. Corn-
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paring the resulting expected costs, the building plan that results in 
the minimum expected cost is chosen. The computational pro
cedure is given in the following algorithm: 

Allorithm 

In computation, one can proceed as follows (see Figure 
4): 

(1) Set n = N (Le., Switch C is not built during the planning 
horizon) 

(2) The threshold levels {(SU),SU», j = O, ... ,N-l} are obtained, 
and the minimum expected cost, J·(n), is evaluated. 

(3) Let n == n-1. 

(4) Repeat Steps 2 and 3. 

(5) Repeat Steps 4 and 5 until n = 0. 

(6) Comparing the resulting minimum expected costs, the n· 
which results the smallest J·(n) is obtained. 

If n· < N, the best building plan is to build Switch C at 
the beginning of year n·. On the other hand, if n· = N, Switch C 
is not to be built during the planning horizon, and we rehome all 
the excessive demand to Switch B each year. 

COMPUTE 
OPTIMAL 
POLICY 

{I*(j), j =O, ...• N } 

NO 

COMPUTE THRESHOLDS 
S. (j), S(j) 

FOR ALL YEARS 
j =O, ... ,N-1 

COMPUTE MINIMUM 
EXPECTED COST 

GIVEN n 

FLOWCHART OF THE SOLUTION PROCEDURE 

FIGURE 4 

-t. Application to Plan Monltorinl 

Until now, no methodology has existed for monitoring 
switch relief plans. Such a capability is important, though, because 
each relief plan triggers major expenditures in capital equipment 
and network reconfigurations. Typically, such plans require a 
three-to-five year lead time and so are based on very early projec
tions of demand growth that are subject to wide variability. 
Hence, after a relief plan is initiated, the planning organization 
requires a means of monitoring its continued validity as time goes 
by and new, better projections become available. 

The switching capacity relief model provides the basis 
for a monitoring capability as described. Once a relief plan has 
been determined for a given switch exhaust, the key parameters 
and costs can be input to the switching capacity relief model. It 
then can be run to determine its own estimate of the optimal 
building year (which may not be the same as what was chosen for 
the specific study). In subsequent years, the key parameters and 
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inputs of the model would be gathered and used to rerun the 
model, substituting actual values and new forecasts for the fore
casts used in the previous years. The optimal building year would 
be determined, and changes in the costs of the optimal plan could 
be noted. As long as the optimal building year remained 
unchanged, there would be reason to expect that the initial plans 
were still valid. Due to the robustness of the model in accounting 
for forecast error, minor parameter changes or changes in growth 
rate would not affect the choice of optimal building year. If, how
ever, the model's selection of the optimal building year changed, 
then the initial plan would be subject to re-evaluation. 

Thus, only a small set of parameters would be required 
to monitor the validity of a switching capacity relief plan, and a 
quantifiable procedure would be in place to trigger the more exten
sive plan re-evaluations that are sometimes required. 

5. Summary and Conclusions 

A nonempirical model has been proposed for the relief 
analysis of exhausting switches. This model incorporates the fol
lowing characteristics, not previously considered in this context: 

1. Cost functions are assumed piece-wise linear. 

2. Different inflation rates are used for different costs, such as 
transmission, rearrangements and switching. 

3. The demand DAis stochastic. 

4. Underprovision costs for capacity management are included 
in the model. 

5. Capacity is managed in the most efficient way according to 
the demand. 

The switching capacity relief model has been used to 
generate a computational procedure for determining the optimal 
building year. So far, the following has been accomplished: 
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I. An algorithm has been developed that determines the best 
building plan under different combinations of inflation rates, 
demand functions, interest rates, etc. 

2. The optimality of the (S,$) -type policy has been shown for 
the switch capacity management problem. Thus, the 
minimum expected costs under each building plan can be 
easily evaluated. 

Finally, the switch capacity relief model is seen to be 
the theoretical basis for a new and important tool in switch plan
ning: namely, the capability of monitoring a relief plan in the years 
after it has been established to assure its continued validity. 
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