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Application of Common Random Numbers in Simulation Experiments Using

Central Composite Design

Chi-Myung Kwon

ABSTRACT

The central composite design (CCD) is often used to estimate the second-order linear model. This paper uses a
correlation induction strategy of common random numbers (CRN) in simulation experiment and utilizes the induced
correlations to obtain better estimates for the second-order linear model. This strategy assigns the CRN to all design
points in the CCD. An appropriate selection of the axial points in CCD makes the weighted least squares (WLS)
estimator be equivalent to ordinary least squares (OLS) estimator in estimating the linear model parameters of CCD.
We analytically investigate the efficiency of this strategy in estimation of model parameters. Under certain conditions,
this correlation induction strategy yields better results than independent random number strategy in estimating model
parameters except intercept. The simulation experiment on a selected model supports such results. We expect a
suggested random number assignment is useful in application of CCD in simulation experiments.

Key words : Correlation Induction Strategy, Central Composite Design, Common Random Number, Efficiency of
Estimator
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Table 1. Values of a for Orthogonal CCD

Number of Factors(p) @

2 1.000

3 1.216

4 1.414

5 1.596

6 1.761

7 1.910

8 2.045
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Table 2. Distribution of Demand Size

Table 3. Second Order CCD

Demand 1 2 3
Probability 02 03 03 02

Al 85 APt s SEAIA Aohs e A5
Fe e sk Aow 7Pkl & Aadeulg
2 FEHE, AaH|8at A EH]E(shortage cost) O
B R FEEE- 2 83200 ] 7|7te] A
F O & A AarfEelg-e 247t $19} §50]
oh FEE o & Aol I=Ed wrix|e] AFEQIETIZE
(e}

and Kelton, 2000, Chapter 12 3%).
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Table 32 AlgHo]d 3ol ARg-H CCDY] 157) 3%
240l 891 s9F S 123l Cycled] 2@} 55
AEB T WOl 7hS vehdith CCD+= 8719 &
AR 6702] F4 1|t 1749] SAHORE FAd=]o] 9L
ok Qe ()42 27], )58 WA Alo]9
AR (3) AlERIE71ZE 3719] SEAQ] 8AE EIS
I 9tk CRN e dere HE FEoA 5Ygt
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AlEd o) elo] AweSim(Pritsker and O’Reilly, 2001)
= ol&sto] 120069 AJ7E B2t AlEdold He 3
stk 27] Az 7 BEH|A Soltk. Table 4
= =4 Wt HEIRN) Y A= HZHCRN) S 25 E
TRE stenle] 2AAE YehfaL glon] Table 5= 37
Ao Ak B FEArRIE o) BE AT} Trace ~12]al IRN
o thgh CRNS} AR M| &(%)S tebdick.

Table 52| AlEg|o]4 ZAxfo|A CRN Ar=xeo]
AP RF O] 1A 22149 ghep|elE Fgsket] &
g SR G peke o e sk 1A 2%

it

@D =15 01858 =21

Design Factor Combination
Point
i S(zy;) s(@y,) Cycle(zs;)
1 60(-1) 20(-1) 1(-1)
2 60(-1) 20(-1) 2(+1)
3 60(-1) 40(+1) 1(-1)
4 60(-1) 40(+1) 2(+1)
5 80(+1) 20(-1) 1(-1)
6 80(+1) 20(-1) 2(+1)
7 80(+1) 40(+1) 1(-1)
8 80(+1) 40(+1) 2(+1)
9 70( 0) 30( 0) 1.5(0)
10 82.16(+c) 30( 0) 1.5(0)
11 57.84(-) 30( 0) 1.5(0)
12 70( 0) 42.16(+a) 1.5(0)
13 70( 0) 17.84(-c) 1.5(0)
14 70( 0) 30( 0) 2.108(+a)
15 70( 0) 30( 0) 0.892(-)
a=1216
Table 4. Parameter Estimate for (3
Estimate IRN Run CRN Run
By 51.11 51.16
B, 1.81 1.82
B, 0.37 043
By -0.18 -0.26
B -1.82 -1.48
Bas 0.52 0.88
B3 2.81 245
Bia -0.39 -0.40
Bis 1.51 1.50
Bas -4.03 -3.83

2] uehu)g] S2eke] BARA Hl8-S 11%-14% H==
UER}IL Qlet Tfuf Ag 23129 AR=g) uletulE, 5,
o] 40| QlojA= CRN ARrEZEfo] =8 e o
kT 220 AR digk 13% J= VA7)
ek olgt AlEHo)Ad AX= 4] (15)2F (19)o142] A
el BA Avkel Ak deS & 4 Atk Det
(Cov(B)) @} Trace (Cov(f))) 7} 71Z0l|A= CRN A
THpEAERo] =0l W dghekEct 945k Awt

g Holm girk



Table 5. Performance Measure for Estimator

Variance
Pe;/lfzzluitce IRN Run | CRN Run Reduction%)
Var (3,) 0.996 1.127 | 13.15(inflation)
Var(B,) 1.361 1.166 14.33
Var () 1.361 1.166 1433
Var (B,) 1.361 1.166 14.33
Var(3,,) 2.088 1.846 11.59
Var (B,,) 2.088 1.846 11.59
Var (By;) 2.088 1.846 11.59
Var(B,,) 1.543 1364 11.60
Var (B,,) 1.543 1.364 11.60
Var (B,,) 1.543 1.364 11.60
Det(Cow(B)) 83.97 28.52 -
Trace (Cov(B) | 15.97 14.25 -
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