Pricing Capacity-Booking Fees for Semiconductor Fabs

with Outsourcing Alternative

gt L EL

TRt RN

PEARAY e R



B e i 3 AT A A
Pricing Capacity-Booking Fees for Semiconductor Fabs

with Outsourcing Alternative

B4 ED S Student : Cheng-Hung Tsai
R A EL Advisor: Dr. Muh-Cherng Wu

IR T
AL~
A Thesis

Submitted to Department of Industrial-Engineering and Management
Collegerof Management
National Chiao Tung University
In Partial Fulfillment of the Requirements
For the Degree of Master of Science
In
Industrial Engineering
June 2005
Hsin-Chu, Taiwan, Republic of China

PERRA e E R



Eob e i R ReiE g A s Ty

X

B R > 8T R (integrated circuits)ifd IC K32 P K8 o

=

OE Rl B RIA LR TR DA S R A A e - ERRAL D

H

AR fer X FFROPBIC KT E WL L LAREF T e

§ oo 30 R RO AT RIICKT 2P FAL HFH &1
B A v OPLE T%ﬁd BERE R IR EE WA R LAt

4\,,4,_ ],33’; m%}ﬁ# X_EI%IC —‘.L\’jm_rr_ﬁ, ‘f\'/}:?)r_ﬁr »ﬁ—l} wﬂllj’\ﬁﬁtl’l‘lfi

AR WA AT IO A EE > T Al AR A



Pricing Capacity-Booking Fees for Semiconductor Fabs

with Outsourcing Alternative

Student : Cheng-Hung Tsai Advisor : Dr. Muh-Cherng Wu

Department of Industrial Engineering and Management

National Chiao Tung University

Abstract

A semiconductor foundry fab is a factory that' manufactures integrated circuits
(IC), designed by a large number of customers (called IC design houses). We consider
a foundry fab that requires the“customers to pay a booking fee for reserving an
amount of capacity. And the capacity reserved for the customers can be either
provided by the fab itself or by outsourcing capacity from other fabs. The outsourcing
activity is implemented by subsequently paying booking fees to the
capacity-providers. This paper develops a method to determine the optimum booking
price for the foundry fab in order to maximize its profit. The proposed
capacity-booking paradigm and solution method help resolving the information

distortion problem in demand forecasting.

Keywords: pricing, Semiconductor manufacturing, capacity booking, demand forecast,

information distortion
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flr P EH I TR ROSBLIp, hiFER T AFT T RERL R R

be 1T o 0 BB QU A Y BT ek AL -
oA % - e B g 4 #ie (v,=500 , b=500, p, =900 ,

Vy =280,C,, =3.36*107,5, =300, p, =1100) » 2.7 F 1§ £Ikst 12 % 51

\\\

B S BR RTHE s o th T AR M R T 0 R AR R Y RS

53 m#EA T

b0=10> 1-a=0.9973 & BT + 7 by &g Ko e kRl

% 5.1 " ST A ey

u B Q E[z, ] E[7,] he R
(k-wafers) (dollars) (k-wafers) (million) (million) (k-wafers)
60 0 80.0 3.56 11.97 0

70 0 80.0 9.30 13.6 0

80 0 80.0 13.6 14.0 0

90 754 87.4 18.5 13.2 7.4

100 754 97.4 22.6 15.2 17.4

110 754 107.4 26.5 17.2 27.4

FRRS T g RAST S PR T R R AT &
RESTAANL DE 20§ HF RANIEPRRT 0 5§ i E R

HREUAVRFA S Sk N1 PRI B AR AFYN R 2 TR

19




A a4 o

Gu=100" 5 &1 TR 3 RAERT 0 A oo @G KA R fRE S

452 o®TapMAR B

< B Q Elzy] E[7g] Outsourcing
(k-wafers) | (dollars) | (k-wafers) (million) (million) capacity
(k-wafers)

15 703 96.9 22.0 15.2 16.9

20 657 97.0 21.8 12.9 17.0

25 630 97.2 21.6 12.5 17.2

30 614 97.3 21.5 12.3 17.3

40 598 97.5 21.4 12.2 17.5

45 594 97.6 21.3 12.1 17.6

Rfpefeip i > § 7 AL Z A AL BRFOFHE 2 d QB
B T T RARFD B S AT A R AR A R R R

el 4 FIRH 4o dod e

RS T3 SR A s L AN Rl st LS S E3 S
TR R AR M AR o Bt R R R E R p WA S A G
700 -

ded 53477 0 S; Sy Sz vS4 S5 ~Sg ~SpA A A 1 g enE =i
LB > @ R S H SRR PR o A A SAREE At FRR T

Rk R e o
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%53 ENHFHERT
Pu =700 Pe — Pw Pe Pw

S1 900 300 1,900 1,600
Sy 850 350 1,900 1,550
S3 800 400 1,900 1,500
S4 750 450 1,900 1,450
Ss 700 500 1,900 1,400
Se 650 550 1,900 1,350
Sy 600 600 1,900 1,300

# 54 B K
B Q Elz,,] E[7, ] Outsour'cing

s o capacity
(dollars) (k-wafers) (million) (million) (k-wafers)

S1 369 103.0 90:4 26.3 23.0
Sz 427 102.6 85.7 30.9 22.6
S3 492 102.1 81.0 354 22.1
S4 565 101.7 76.3 39.9 21.7
S5 646 101.3 71.7 443 21.3
Se 736 100.8 67.1 48.7 20.8
Sz 839 100.4 62.4 53.2 20.4

d A 540 R RECEEIBAAHREBE > WS R R N1 R

EREEF RN o O B

T eI S A AR R Rk F IR

21




BLEMERY > LS LT RERAN AN BB AAEY T HTEE

W R AEPTER] o S (2005)4 1 A A R B @ QoA KN EE - 27

QAR AR AR F R Y R AL 0 AR

R RdEd p AR AR RIFRE AT OPEN  EFRE - B
RfREF MR E S R e g IR KT o

THRTEIR, TR A T RF  RIEHG TS R

BRI R E IR g o ¥ - BRI LR BEE AT HE L TR

@l BIEH B2 e GeMIRQISg(B) « M 5 % - Bl

H R REA SRR 7R b RIAERT RS R T o 3T E S BT i

6.2 AXRFZ

AP BERAIRIECANER LRI R EF B €I BT H RO

ol FRETOBRTAFARATN PR e AR DL R M EIFHY L
AR G F] R BRLE T R o A RF M S BRI e s R fRAp M eI g

R

22



\\\?’,Ir

3

[1] Bechmann, M.J., 1958. Decision and Team Problem in Airline Reservations,
Econometrica 26 (1) 134-145.

[2] Bitran, Gilbert, S.M., 1996. Managing hotel reservations with uncertain arrivals,
Operations Research 44 (1) 35-49.

[3] Botimer, T.C., Belobaba, P.P., 1999. Airline pricing and fare product
differentiation: A new theoretical framework, Journal of the Operational Research
Society, 50 1085-1097.

[4] Brumelle, S.L., McGill, J.I., 1993. Airline seat allocation with multiple nested fare
classes, Operations Research 41 (1) 127-137.

[5] Cachon, G.P., Lariviere, M.A., 1999.: Capacity choice and allocation: Strategic
behavior and supply chain performance, Management Science 45 (8) 1091-1108.

[6] Coughlan, J., 1999.Airline-overbooking in the multi-class case, Journal of the
Operational Research Society 50 1098-1103:

[7] Cvsa, V., Gilbert, S.M., 2002. Strategic commitment versus postponement in a

two-tiers supply chain. European Journal of Operational Research 526—543.

[8] Gallego, G., Ryzin, G.,1994. Optimal dynamic pricing of inventories with

stochastic demand over finite horizon, Management Science 40 (8) 999-1021.

[9] Hsu, H.M., Wang, W.P., 2000. Modeling demand Driven with Forecasting
Regulation Safety Stock Setting and Capacity Analysis, International Journal of
Industrial Engineering-Theory, Applications, and Practice 7 (3) 195-201.

[10] Li, M.Z.F., 2001. Pricing non-storable perishable goods by using a purchase
restriction with an application to airline fare pricing, European Journal of

Operational Research 134 631-647.

[11] Mallik, S., Harker, P.T., 2004. Coordinating supply chains with competition:

Capacity allocation in semiconductor manufacturing, European Journal of

23



Operational Research 330-347.

[12] Relihan, W.J. III, 1998. The Yield-Management Approach To Hotel-Room
Pricing, Cornell Hotel and Restaurant Administration Quarterly 30(1) 40-46.

[13] Richard, D.W.,1992. An airline seat management model for a single leg route

when lower fare classes book first, Operations Research 40 (1) 26-38.

[14] Ringbom, S., Shy, O., 2002. The ‘‘Adjustable-curtain’’ Strategy: Overbooking of
Multiclass Service, Journal of Economics 77 (1) 73-90.

[15] Robinson, L.W., 1995. Optimal and approximate control policies for airline
booking with sequential nonmonotonic fare classes, Operations Research 43 (2)
252-264.

[16] Toh, R.S., DeKay, F., 2002. Hotel room-inventory management: An overbooking
model, Cornell Hotel and Restaurant Administration Quarterly 43 (4) 79-91.

[17] You, P.S., 2001. Airline seat management. with rejection-for-possible-upgrade
decision, Transportation Research Part B 35 507-524.

(18] B ff T RAR LR LHY > W2 AT A F1 51 BEFLTH LG

% > 2005 & 3% o

[19] Mathematica™, mathematical software. Available: http://www.wolfram.com/

24



