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Capacity Allocation with Demand Variability

Student : Yi-Chuan Tsai Advisor : Dr. Hsi-Mei Hsu

Department of Industrial Engineering and Management
National Chiao Tung University

Abstract

In this research, considering the important degrees of customers, we present a
systematic approach to determine the optimal capacity allocation for a make-to-order
firm to maximize its profit. Due to customers’ demands rapid change, during the peak
season, customers’ demands exceed'the firm’s capacities. On the contrary, during the
off-peak season, the customers’ demands rapidly.decrease, resulting in the excess
capacities of the firm. Moreover, the capacities allocated to a customer during the
peak season influence his ordering quantities during the off-peak season. As
mentioned above, first, using Analytic Hierarchy Process, we obtain the important
degrees of customers. Then, we develop aprofit model to determine the optimal
capacity allocation of the firm under the constraints of fixed capacity and important
degrees of customers. Finally, an example is given to illustrate this systematic
approach. This approach can provide an integrated and objective perspective for
decision makers on capacity allocation and help them make the trade-off between the
profit and the importance of customers.

Keywords: Capacity Allocation, Analytic Hierarchy Process
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linear allocation, proportional allocation 4= uniform allocation > # #£3¢ &z = f&
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AR UCE L
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A ALY A HH RN AT LE A PR O P P IR S kS
Max, 7 = Max, [(P,k , + P,k,) —C]

ko’P % 5T L_Pizl*/ﬂ 3 pE 21, A nb’frﬁf i~ & At ml%’]‘é
K Py 7 B A & BB, cf 6 A 4 B 4ol A & cnif

Bk B oA i & AR S B o W
P=a-p*k

K: t PFELDZ

rel P ERRIE T 5 Pr=a=pkat k)

to P BEEFPRAE G i T 5 P, =a—p(k,)

DRFFFFREAERN
BANE R Max, 7 = Max, (P,k, —C)

A A k,=k =al2p
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e=(K-Kk)=(K-al28)>0
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(3) & =~ 7= (Analytic Hierarchy Process: AHP)
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(4) Elimination Et Choice Translating Reality : ELECTRE

(5) Technique for Order Preference by Similarity to Ideal Solution : TOPSIS

(6) Fuzzy Set Theory
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4. EH &£ % g (Choosing a best alternative/Policy)

o

7 /4~ Fe(Allocating Resource)
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i+ 2_F F-(Determining Requirements)

7. FERLE 5% & Rk & (Predicting Outcomes/Risk Assessment)
8. & ¥k 3+ (Designing Systems)

9. ¥ »xi®=& (Measuring Performance)

10. 7z i% % $L4E < (Insuring the Stability of a System)

11. B i i* (Optimization)

12. =% «hf%;3-(Resolving Conflicts)
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%31 AHP = ¢ B & fomm

EE R T & e p
A A ARG FOTRER LR S LR
' (Equal Importance) e %3 (Equally)
HEx SSE I e B R - 2k
° (Weak Importance) e 7 5% (Moderately)
FEE Ly XErn e et S %
° (Essential Importance) @ 47 52 (Strongly)
BE & FRE AT RAM-EH R -2 &
! (\ery Strong Importance) e &3 (Very Strong)
BHELE FERERY LEHESE - %
’ (Absolute Importance) @ &% (Extremely)
AR Rz P R
2,4,6,8 7 & IR B pF
(Intermediate values)
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o3
Kffr,ﬁ—,j":—_
BEEAETE LR SEL (o) = (o )P PR A S8 B BT AL

ERGE AN AR H A A IR

B 1.3 14 15 16 17 18 1.9 2.0 2.1
a," 0.662 0.669 0.654 0.638 0.621 0.604 0.600 0.600 0.600
X, 25147 25438 24845 24231 23595 22936 22786 22786 22786
X H

L 0.322 0.326 0.319 0.311 0.302 0.294 0.292 0.292 0.292

78000
a," 0.596 0.642 0.687 0:733 0.779 0.825 0.835 0.835 0.835
X, 23829 25662 27495 29328 31161 32994 33402 33402 33402
X, ‘

2 0.306 0.329 0.353 0.376 0.400 0.423 0.428 0.428 0.428

78000
a,” 0.813 0.747 0.708 0.670 0.633 0.596 0.588 0.588 0.588
Xg 26024 23900 22660 21441 20244 19070 18812 18812 18812
X H

3 0.334 0.306 0.291 0.275 0.260 0.244 0.241 0.241 0.241

78000
a,” 1 1 1 1 1 1 1 1 1
X, 3000 3000 3000 3000 3000 3000 3000 3000 3000
X H

4 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038

78000

Profit 308,500,900 308,700,400 308,849,000 308,955,100 309,021,000 309,048,200 309,049,100 309,049,100 309,049,100
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Hids =

¥

i
%

B A AFE H ot ]

RETH RS f(a )= (") R BRI B A E KB BT

B & 13 14 15 16 17 18 1.9 2.0 2.1
a,” 0.662 0.713 0.764 0.814 0.803 0.774 0.744 0.715 0.715
X, 25147 27082 29016 30950 30511 29402 28281 27165 27165
X H
L 0.322 0.347 0.372 0.397 0.391 0.377 0.363 0.348 0.348
78000
a," 0.596 0.642 0.687 0.733 0.779 0.825 0.871 0.916 0.916
X, 23829 25662 27495 29328 31461 32994 34827 36630 36630
X H
2 0.306 0.329 0.353 0.376 0.400 0.423 0.447 0.470 0.470
78000
a," 0.813 0.696 0.578 0.460 0417 0.394 0.372 0.350 0.350
Xg 26024 22256 18489 14722 13328 12604 11892 11205 11205
X H
3 0.334 0.285 0.237 0.189 0171 0.162 0.152 0.144 0.144
78000
a,” 1 1 1 1 1 1 1 1 1
X 3000 3000 3000 3000 3000 3000 3000 3000 3000
X H
4 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038
78000
Profit 299,929,400 300,667,800 301,225,600 | 301,579,800 301,754,900 301,875,100 301,946,500 301,969,700 | 301,969,700
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b =

Bl AN ARE AR

BEAETH AR S f(a")=(a" ) P REERCY? b3 B 48 B

BT R

B & 13 1.4 15 1.6 1.7 18 1.9 2.0 2.1
a," 0.662 0.713 0.764 0.814 0.865 0.916 0.889 0.841 0.792
X, 25147 27082 29016 30950 32885 34819 33773 31940 30107
X H
L 0.322 0.347 0.372 0.397 0.422 0.446 0.433 0.409 0.386
78000
a,” 0.596 0.642 0.687 0.733 0.779 0.825 0.871 0.917 0.962
X, 23829 25662 27495 29328 31161 32994 34827 36660 38493
X H
2 0.306 0.329 0.353 01376 0.400 0.423 0.447 0.470 0.494
78000
a;" 0.813 0.696 0.578 0.460 0:342 0.225 0.200 0.200 0.200
Xg 26024 22256 18489 14722 10954 7187 6400 6400 6400
X H
3 0.334 0.285 0.237 0.189 0.140 0.092 0.082 0.082 0.082
78000
a,” 1 1 1 1 1 1 1 1 1
X, 3000 3000 3000 3000 3000 3000 3000 3000 3000
X H
: 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038 0.038
78000
Profit 285,399,300 286,814,600 288,230,000 289,645,300 291,060,600 292,475,900 292,840,200 292,927,100 293,013,900




UiE=ays

BlER P PR AT TE R ST 2B B RN E

=

f (aiH )= (aiH )%

f(aiH) = (OfiH)O'5

f(aiH):(aiH)l

f(OliH):(OfiH)2

Profit Profit 3 £ Profit Profit 3 £ Profit Profit 3 £ Profit Profit 3§ £
13 $308,500,900 $299,929,400 $285,399,300 $264,382,500
14 $308,700,400 $199,500 $300,667,800 $738,400 $286,814,600 $1,415,300 $266,036,900 $1,654,400
15 $308,849,000 $148,600 $301,225,600 $557,800 $288,230,000 $1,415,400 $268,510,100 $2,473,200
1.6 $308,955,100 $106,100 $301,579,800 $354,200 $289,645,300 $1,415,300 $271,802,100 $3,292,000
17 $309,021,000 $65,900 $301,754,900 $175,100 $291,060,600 $1,415,300 $275,913,000 $4,110,900
1.8 $309,048,200 $27,200 $301,875,100 $120,200, $292,475,900 $1,415,300 $280,842,700 $4,929,700
19 $309,049,100 $900 $301,946,500 $71;400 $292,840;200 $364,300 $282,378,500 $1,535,800
2.0 $309,049,100 $0 $301,969,700 $23.200 $292,927,IOC $86,900 $282,889,000 $510,500
21 $309,049,100 $0 $301,969,700 $0 | $293,013;900 $86,800 $282,889,000 $0
2.2 $309,049,100 $0 $301,969,700 $0 $293,085,300 $71,400 $282,889,000 $0
23 $309,049,100 $0 $301,969,700 $0 $293,085,300 $0 $282,889,000 $0
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