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Abstract

Due to high cost of capacity investment,
many semiconductor manufacturing companies
have exhibited the need to pursuit innovative
capacity plans and planning methods. In the
third year of this project, we investigate the
optionbased capacity planning approach to
capacity planning. Three issues are addressed:
estimation of production cost parameters,
valuation of capacity, and development of
analysis methods. A case study of a company
in the industry shows that the optionbased
approach, in long-term, could generate a
capacity plan that requires less investment, but
generates higher operating income.
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Capacity planning is crucial to corporate
performance in the semiconductor industry but
is very challenging. Figure 1 shows the
installed capacity and output of a major
manufacturing company over a period of 9
years. There are periods of severe over- and
under-capacity. Due to high cost of capacity
investment, corporate performance is
necessarily impaired by such mismatches
between demand and capacity. This
phenomenon is not limited to any one company
but is pervasive in the industry. Therefore,
many companies have exhibited the need to
pursuit innovative capacity plans and planning
methods.

1200

1000 [ —e— Installed Capacity
800 | —e— Wafer Out
600 [
400

200

Figure 1. Mismatch between capacity and output

In the third year, the focus of research ison
applying the optionbased approach to capacity
planning. The objectiveis to develop a method
of capacity planning that takes into
consideration the impact of capacity decision

of corporate financial performance.

This study comprises three tasks: calibration of
demand uncertainty, valuation of capacity and a
case study.

3.1 Calibration of uncertainty

The uncertainty in demand is the root cause of
the problem facing capacity planning. There
have been little studies on characterizing the
uncertainty. The geometric Brownianmotion
(GBM) process has been used in [3] to model
the demand process. In this paper, we analyze
the suitability of BMP as a modeling tool using
the demand phenomenon of Figure 1 asthe

case study. [Note that the wafer output can be
considered as a one-side estimate of actual
demand.]

A GBM process is characterized by a diffusion
equation: dg; = mxq, xdt +s >, xdw Where

g isthedemand at timet, dw, isthe standard
Wiener process, and mand s arethe drift and
variance parameters respectively. Following
the method described in [8], the growth rate rt,
can be estimated by

e =In(ce) - In(Atg) ~ NI(M- s 2/2)(t - 1), s 2(t- tg)]

and the drift and variance parameters can be
estimated by
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The drift and variance parameters have the
value of 0.2596 and 0.3339 respectively.
Figure 2 shows some sample paths of the
constructed model, which validate that the
model can reasonably represent the variability
of the underlying demand process.
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Figure 2: Sample path

To facilitate numerical computation, the
binominal model of Jarrow and Rudd [6] is
then used to approximate the continuous
demand process (Figure 3). In this model, the
possihilities of an increase or adecreasein
demand are equal (Figure 3).
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Figure 3: The binomina tree of demand variation



The value of capacity is dependent on future
dernand I n thl S StUdy’ we anal yze the Capml ty —— Value in Place - Irreversible Cost
trgjectory of Figure 1 and evaluate the 300 \alue of Waiting

rationality of each capacity increment with the 200 |
premise that the underlying demand processis
GBM of the previous section.
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Given aredlized demand at time t, the future
demand will be represented as a binomial 200
scenario tree. Let the current capacity bec,

and the capacity increment beDc . The

effective capacity increment, ECI, can be
expressed as 3.3A Case Study

Figure 4. Optimal capacity increment

We have designed two boundary scenarios for

ECI Dc) = E[ f
Cle(6.co.0e) = Es[ T (a .. Co)] rationality analysis. The first scenario assumes

= Es[min[ Dc, max[gqt - o, 0]] that the GBM model is a faithful representation
where the expected value is computed over the  Of the demand process and no historical output
scenario tree's. Let the deployment lead-time data beyond the base period is utilized. This
be d, the life time of capacity be I, p bethe scenario is called the scenario of complete
priceand v be the variable cost. An irreversible  uncertainty. The other scenario assumes that
cost | (Dc) is incurred for acapacity the demand of the current and next time

periods is reasonable available. But the
demand beyond the next time period is full of
uncertainty. This scenario iscalled the scenario
of reduced uncertainty. These two scenarios

increment Dc . The value in place for a capacity
increment is the total operating profit, defined
as revenue less variable cost, during its life

time. will delineate the boundary in which the actual
Vig,s(to) (At Co. DC) demand might fall.
*d* i (19 +d) Denote the demand scenario tree emanating
e € Ap- V)ECI (A €0.00)  from gattimetas S(q). The demand
t=tg+d t '

tree for the complete uncertainty scenario is
o o St (6 ) » whereas that of the reduced
The value of a capacity increment is its vaue uncertainty is S (Ge+1)-
in place subtracted by itsirreversible cost.
The value of waiting, F g() , isthe discounted f=t

, t=t,+Dt t=t, +2Dt

. . . . q0+2Dt.l _-
value of deploying the capacity increment in Grocs 0. -
the next period. %ot Z q ’ ~.

a +2Dt,2: = ° -7
Fto.s(to) Vi, s(t) (@t o, ) - 1(Dc)) * - ~=s Gomez
= exp(- rDt) XEg[max[(Vy +pr,s (@ o, DC) - 1(De)), e ~~.

Fto+Dt,s(Vt,s(t) (At Co, De) - 1(De))]]

L . , . (a) Complete uncertainty (b) Reduced uncertainty
Both sizing and timing of capacity decisions

can be made based on the value of capacity and Figure 5. Two scenarios of uncertainty level
value of waiting. In general, the optimal The option-based model has been applied to
capacity increment and the demand required to  the two scenarios of analysis. A new capacity
trigger a pre-specified capacity increment trajectory is generated following the

(Figure 4) occur at the point where the two optionbased approach. Capacity increments
quantities have equal value: are determined using the sizing rule and

Vig.s(to) (@00 D) - 1(D0) = Ry s(tg) (Ve,st) (G G0.DC) - 1(Do) capacity decrements are taken directly from the
historical capacity trajectory. The resultant two



capacity trajectories are shown in Figure 6. It
can be observed that both trajectories are more
conservative than the historical traectory.
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Figure 6. Trajectories of capacity increment

The revenue, operating income and capacity
cost of the two trajectories are compared with
those of the historical tragjectory in Figure 7.
Following the optionbased approach, the
capacity cost will be lower but the operational
income will be higher by a ratio between 0.1%
and 7.6%.
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Figure 7. Income of capacity trajectories

In this project, the rationality of capacity
trgjectory of a major semiconductor
manufacturing company is analyzed at the
aggregate level of capacity. Our analysis has
shown that the option-based approach could
generate a capacity plan that requires less
investment, but generates higher operating
income in the long term.
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