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An Effective and Powerful Test for One-sided Manufacturing Characteristic in
Supplier Selection Problem

Student : Yu-Shan Chuang Advisors : Dr. Hui-Nien Hung
Dr.——————

Institute of Statistics
National Chiao Tung University

ABSTRACT

In this paper, we consider the supplier’selection-problem, which deals with
comparing two one-sided processes and selecting a-better one that has a higher
capability. We first review two.existing.approximation approaches, and an exact
approach proposed by Pearn et'al: (2009) which we refer to as the Division
method. We then develop a'new-exact approach called the Subtraction method.
We compare the two exact methods on'the selection power. The results show
that the proposed Subtraction method is indeed more powerful than the Division
method. A two-phase selecting procedure is developed for practical applications.
Some computational results are tabulated for practitioners’ conveniences.
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Table 1. Corresponding NCPPM
for some specific values of (.

G NCPPM
100  1349.898
1.25 88.417
1.33 33.037
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2.00 0.001
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Figure 1. Probability density function plots of W for sample
sizes m,=n,=30; 50,.100, 150, 200(from bottomrto top in plots).
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Table 2. Critical values for rejecting Cppy < Cpyy With 1, = 1, = 30(10)200 and « = 0.05.

Cr =Crp=C

n

1.0

1.1 1.2

1.3 1.4

1.5 1.6

1.7

1.8

1.9 2.0

30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200

0.3512
0.2991
0.2651
0.2384
0.2219
0.2055
0.1924
0.1826
0.1729
0.1664
0.1600
0.1536
0.1471
0.1440
0.1375
0.1343
0.1311
0.1279

0.3833
0.3232
0.2854
0.2584
0.2384
0.2219
0.2087
0.1989 0.2120
0.1891 0.2022
0.1794 0.1924
0.1729 0.1859
0.1664 0.1794
0.1600 0.1729
0.1536 0.1664
0.1503 0.1600
0.1439 0.1568
0.1407 0.1536
0.1375 0.1471

0.4124
0.3512
0.3094
0.2786
0.2584
0.2384
0.2252

0.4421 0.4725
0.3761 0.4014
0.3336 #0.3547
0.3025 0.3232
0.2753 0.2956
0.2584 0.2753
0.2417 0.2584
0.2285 0.2451
0.21860.2318
0.2087 0.2219
0.1989 "0:2120
0:1924 "0.2055
0.8459 .0.1989
0.1794 0:1924
0.1729 0.1859
0.1697 0.1794
0.1632 0.1761
0.1600 0.1697

0.5036
0:.4272
0.3797
0.3441
0.3163
0.2922
0.2753
0.2618 0.2753
0.2484 0.2618
0.2384. 0.2517
0:2285 0.2417
0.2186 0.2318
0.2120 0:2252
0.2055 0.2153
0.1939 0.2087
0.1924 0.2022
0.1859 0.1989
0.1826 0.1924

0.5355
0.4534
0.4014
0.3654
0:3336
0.3128
0.2922

0.5683
0.4802
0.4234
0.3833
0.3547
0.3301
0.3094
0.2922
0.2786
0.2651
0.2551
0.2451
0.2384
0.2285
0.2219
0.2153
0.2087
0.2055

0.5978
0.5075
0.4496
0.4050
0.3725
0.3477
0.3267
0.3094
0.2956
0.2820
0.2685
0.2584
0.2517
0.2417
0.2351
0.2285
0.2219
0.2153

0.6280 0.6591
0.5355 0.5600
0.4725 0.4958
0.4272 0.4496
0.3941 0.4124
0.3654 0.3833
0.3441 0.3618
0.3267 0.3406
0.3094 0.3267
0.2956 0.3094
0.2854 0.2991
0.2719 0.2854
0.2618 0.2753
0.2551 0.2685
0.2484 0.2584
0.2384 0.2517
0.2318 0.2451
0.2285 0.2384
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B4 4718 ) ek X AR e Phase | £_f%4p inen e § W =Cpyy, —Cpyy % 3T E 3
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Pr{W 2 ¢, |H,:Cpy, <Cpyy +hinyym, andCPu1—C}<a ’
30075 (Cpyy,Coyy) 7 5 P E BRI THRIL > AP 2C,,, =C Y
Coup =CHBHReNiE T 2328 » ¢ @R H 4 chiph B, o Flpb » AT %
TR RN R ERE EC
Pr{W >¢,|C,,,=C,C,,,=C+h,n,n}=a -

hed e ARG T ﬂ;ﬁ Bk Hy > 1 )I}Z\ﬂ'j\‘ 'FBJ ’iﬁ]mP LA Ll—)%—r? I
HEPRPEFCIRG iR | ABET F LEh o Lbﬁljf)]} § AT
B kRIS hiE R 1o Table3 5127 & Montgomery (2001) #7# ¢

B8 Coy bl S E KC o HY CT i 3 1251450 160 & 4 FUERF it
4 thE wh=0.1(0.1)0.5 + % # & #n, =n, =n=30(10)200 » & ¥ -k # ¢ = 0.05 2.
x ’E’i"JT‘_E:,;IL T'EI;CO o

Table 3. Critical values for rejecting Cppi- < | Cppy + A for various values of # with « =
0.05.

(CPU17 CPUZ)

n (1.25,1.35) (1.25, 1.45) (1.25, 1.55) (1.25,1.65) (1.25, 1.75)
30 0.5477 0.6727 0.7934 0.9186 1.0417
40 0.4802 0.5978 0.7146 0:8352 0.9540
50 0.4346 0.5518 0.6682 0.7833 0.9014
60 0.4050 0.5155 0.6324 0.7435 0.8423
70 0.3797 0.4918 0.6063 0.7194 0.8299
80 0.3582 0.4725 0.5808 0.6958 0.8089
90 0.3441 0.4534 0.5642 0.6773 0.7883
100  0.3301 0.4421 0.5518 0.6591 0.7732
110  0.3197 0.4272 0.5396 0.6457 0.7582
120  0.3094 0.4197 0.5275 0.6368 0.7435
130  0.3025 0.4087 0.5195 0.6280 0.7338
140  0.2922 0.4014 0.5075 0.6193 0.7241
150 0.2854 0.3941 0.5036 0.6106 0.7194
160 0.2786 0.3869 0.4958 0.6020 0.7099
170  0.2753 0.3833 0.4879 0.5978 0.7052
180  0.2685 0.3761 0.4841 0.5893 0.6958
190 0.2651 0.3725 0.4763 0.5851 0.6911
200 0.2618 0.3654 0.4725 0.5808 0.6865




Table 3. (Continued)

(CPU17 CPUZ)
n  (1.45,1.55) (1.45, 1.65) (1.45, 1.75) (1.45, 1.85) (1.45, 1.95)
30 06106  0.7338  0.8568  0.9782 1.1025
40  0.5315 06502  0.7682  0.8900 1.0031
50 04802  0.5978  0.7146  0.8299 0.9480
60  0.4459 05600  0.6727  0.7883 0.9014
70  0.4161 0.5315 06412  0.7533 0.8678
80  0.3941 0.5075 0.6193 0.7289 0.8406
90  0.3761 04879  0.5978  0.7099 0.8194
100 03618 04725 0.5808  0.6911 0.8037
110 03512 04572  0.5683 0.6773 0.7883
120 0.3371 04459 05560  0.6636 0.7732
130 0.3301 0.4383 0.5436  0.6546 0.7632
140 03197 04272  0.5355 0.6457 0.7533
150 03128 04197  0.5275 0.6368 0.7435
160 03059 04124  0.5195 0.6280 0.7338
170 0.2991 04050  0.5115 0.6193 0.7289
180 02922 04014  0.5075 0.6150 0.7194
190 02888  0.3941 04997  0.6063 0.7146
200 02820  0.39057%"0.4958:. 0.6020 0.7099

(CPUI} CPUZ)

n (1.60, 1.70).(1.60, 1.80) (1.60, 1:90) (1.60;:2.00) (1.60, 2.10)
30 0.6591 0.7782 0.9014 1.0222 1.1451
40  0.5725 0.6911 0.8089 0.9244 1.0483
50  0.5155 0.6324 0.7484 0.8623 0.9782
60  0.4763 0.5893 0:7052 0.8194 0.9361
70 0.4459 0.5600 0.6727 0.7833 0.8957
80  0.4234 0.5355 0.6457 0.7582 0.8678
90  0.4050 0.5155 0.6237 0.7338 0.8460
100 0.3869 0.4958 0.6063 0.7194 0.8299
110 0.3725 0.4802 0.5935 0.7005 0.8089
120 0.3618 0.4686 0.5767 0.6865 0.7986
130 0.3512 0.4572 0.5683 0.6773 0.7833
140  0.3406 0.4496 0.5559 0.6636 0.7732
150  0.3301 0.4383 0.5477 0.6546 0.7632
160  0.3232 0.4309 0.5396 0.6457 0.7533
170 0.3163 0.4234 0.5315 0.6368 0.7484
180  0.3094 0.4161 0.5235 0.6324 0.7386
190  0.3059 0.4124 0.5195 0.6237 0.7338
200  0.2991 0.4050 0.5115 0.6193 0.7241
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Figure 2. Power curves for Cp,=1.0,
1.5, and 2.0, with sample sizes #=30,
50, 100, 150, 200.
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& 2 o ) o Division method ( 14 ---3 % 77 ) e T4 S JUGL R 7 g o
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1
CPUZ CFZE
Fig 3. Power curves of the two methods Fig 4. Power curves of the two methods
for Cpyp = 1.00 and n,=n,=30. for Cpyy = 1.00 and #n,=n,=50.
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Fig 5. Power curves of the two methods Fig'6.-Power curves of the two methods
for Cpy; = 1.00 and n,=1,=100. for Cpyr=1.00 and #,=n,=150.

L L L
19 19

Fig 7. Power curves of the two methods Fig 8. Power curves of the two methods
for Cpyy = 1.33 and n,=n,=30. for Cpyy = 1.33 and n,=n,=50.

L L L
19 . . E E . A . 198 2

Fig 9. Power curves of the two methods  Fig 10. Power curves of the two methods
for Cpyy = 1.33 and n,=n,=100. for Cpyy = 1.33 and n,=n,=150.
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Fig 11. Power curves of the two methods  Fig 12. Power curves of the two methods
for Cpyy = 1.67 and n,=n,=30. for Cpyy = 1.67 and n,=n,=50.
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- weeeeee Division
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CPU? CFM
Fig 13. Power curves of the‘two methods = Fig 14: Powercurves of the two methods
for Cpyy = 1.67 and n,=n,=100. for Cppi=1.67 and n,=n,=150.

0 L L L
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Fig 15. Power curves of the two methods  Fig 16. Power curves of the two methods
for Cpy; = 2.00 and n,=n,=30. for Cpyy = 2.00 and n,=n,=50.
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Fig 17. Power curves of the two methods  Fig 18. Power curves of the two methods
for Cpyy = 2.00 and n,=n,=100. for Cpyy = 2.00 and n,=n,=150.
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Table 4. Sample size required for the Subtracion (S) and the Division (D) methods to
differentiate Cpy; and Cpyp with power 1— £=0.9, 0.95, 0.975, 0.99.

Power Power
Crun Crp 090 | 0.95 | 0.975 | 0.99 | Con Crp 090 | 0.95 | 0975 | 0.99
1.00 1.15S | 466 597 127 888 1.25 | 1.40S | 672 | 854 | 1043 | 1268
D | 535 675 810 980 D| 763 | 965 | 1157 | 1403
1.20S | 272 347 426 517 145S | 401 | 510 614 737
D| 314 396 474 574 D | 445 | 561 673 816
1.20S | 183 230 278 340 1.50S | 260 | 330 397 487
D| 210 264 316 383 D| 295 | 372 447 540
1.30S | 130 164 245 245 1.55S | 184 | 233 287 350
D| 152 191 229 277 D | 212 | 267 320 388
1.35S 98 123 183 183 1.60S | 138 | 176 214 262
D| 116 146 175 211 D| 161 | 203 243 295
1.40S 177 99 117 144 1.65S | 109 | 138 169 206
D 93 116 139 168 D| 128 | 161 192 233
1.45S 62 79 95 117 1.70S | 88 112 136 165
D 76 96 114 138 D| 104 | 131 157 190
150S 52 66 79 98 1.75S | 72 93 112 137
D 64 81 96 116 D| 87 110 131 159
1558 44 56 68 83 1.80S | 62 78 95 116
D 55 69 81 99 D| 75 94 112 135
1.60S 38 49 59 71 1.85S | 53 68 82 99
D| 48 60 12 87 D| 65 81 97 117
1.65S 33 42 51 62 1.90S | 46 59 71 86
D| 43 53 63 I&d D| 57 71 85 103
1.70S 30 37 45 55 1.95S | 41 52 63 76
D 38 48 57 68 b| 51 64 76 92
1.75S 27 34 40 49 2.00S | 36 46 56 68
D 35 43 51 62 D| 46 57 68 82
1.80S 24 30 36 45 205S | 33 41 50 61
D 31 39 47 56 D| 41 52 62 74
1.85S 22 28 33 40 210S | 30 38 45 55
D 29 36 43 51 D| 38 47 56 68
1.90S 20 25 30 37 215S | 27 34 41 50
D 27 33 39 47 D| 35 43 52 62
1.95S 19 23 28 34 220S | 25 31 38 46
D 25 31 36 44 D| 32 41 48 57
2.00S 17 22 26 31 225S | 23 29 35 43
D 23 29 34 41 D| 30 37 44 53
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Table 4.(Continued)

Power Power
Crn | Comn 090| 095 |0.975| 0.99 | Corn | Cop 0.90 | 0.95 | 0.975 0.99
1.45 [160S | 869 | 1099 | 1335 | 1639 | 1.60 | 1.75S | 1034 | 1368 | 1594 1947
D | 983 | 1242 | 1488 | 1805 D | 1167 | 1475 | 1768 2145
1.65S | 519 | 658 | 788 | 945 1.80S | 615 | 781 | 933 1123
D | 570 | 719 | 862 | 1046 D | 674 | 852 | 1021 1238
1.70S | 331 | 422 | 516 | 622 1.85S | 394 | 501 | 618 740
D | 376 | 474 | 569 | 690 D | 444 | 560 | 672 815
1.75S | 236 | 302 | 382 | 445 190S | 282 | 360 | 432 528
D | 269 | 339 | 407 | 493 D | 317 | 400 | 479 581
1.80S | 178 | 227 | 276 | 333 195S | 212 | 271 | 325 394
D | 204 | 257 | 308 | 373 D | 239 | 302 | 362 438
1.85S | 138 | 178 | 213 | 262 200S | 165 | 211 252 308
D | 161 | 203 | 243 | 294 D| 189 | 238 | 285 345
1.90S | 112 | 142 172 211 205S | 132 | 170 | 205 250
D | 131 | 165 197 | 239 D| 153 | 193 | 231 280
1.95S | 93 118 142 174 2.10S | 109 | 139 169 205
D | 109 | 137 164 199 D | 127 | 160 192 232
200S | 78 100 120 147 2.15S 92 117 142 174
D | 93 117 140 169 D | 108 | 136 163 197
205S | 67 85 103 127, 2.20S 79 100 122 148
D| 80 | 101 121 146 D| 93 117 140 170
2.10S | 58 74 89 110 2.25.S 68 87 105 128
D| 71 88 106 128 D,| 82 103 123 148
215S | 51 65 79 96 2:30'S 60 76 92 113
D | 63 78 94 113 D 72 91 109 131
220S | 45 58 70 85 2.35S 53 68 82 100
D | 56 70 84 101 D [a 65 81 97 117
225S | 41 52 63 i 240 S 48 61 73 90
D| 51 63 76 91 D 58 73 87 106
230S | 37 47 56 69 245 S 43 55 66 81
D | 46 58 69 83 D | 53 66 79 96
235S | 33 43 51 63 250 S 39 49 60 73
D | 43 53 63 76 D | 48 61 12 87
240S | 31 39 47 57 25585 36 45 55 67
D | 40 49 58 70 D| 45 56 67 80
245S | 28 36 43 53 2.60S 33 42 50 62
D | 37 45 54 65 D| 41 52 62 74
=~ R

%0 @ A sk 4 g0 Subtraction method =% st 0 A B 7 A Pearn et
al.(2009) ¥ # s 5 1 B (Wavelength Division Multiplexer, WDM) &] &+ - iz ]
FEARF - FOTREIELAR I IEALS > AL ASF KR D RIA
(Polarization Dependent Loss, PDL) e 3 A% -] A% o @ ¥ g it 4p R 4F 4 & B &
Farihadk K& K5 C =125 o #2a i &7 24 i Kolmogorov-Simirnov
P A Ptk R URRIES FR BT TR LT B B4 B S R
Plehp-value 32+ 3+ 0.15 - Figure 19 4 7 i&% RERER & & Tk DE > B -
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Figure 19. Histograms of the two PDL data
(Pearn et al.(2009))
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22k E 4T o
X, = 0.06079, X, = 0.05018
5, = 0.00495, 5, = 0.00486

12008 5t B 7 @ECoyy=12936 ~ Cpy, = 2.04527 o P 54 i
“r#% ) e Subtraction method » ¥ 3* 3 e i W = CPU2 Cpu1=0-75167 ;
7 %4>+ Division method f]% 3+ 5 4% * 2:5 F R= CPU2 /Cpy, =1.58107 o % 7 3+
Bl @ A C AR N edBig i feant ¥ o 255 F iﬂiﬂ *d R T e
BAza 4 B Cpyy ~ Coyy » M2 TH R 28N s, el E R Ea (F
Coup SCpyym B2 T 2 &3 4B Cpy, <Cpyy PR %6 ) 0 7 18 T N TRA - 5
o, =105 ~ n, =100 ~ C,y, =Cpy, =1.25 (Cpy cFd] it + % £) 112 ¢ =0.05
2. 4 & C 423% » ¥t Subtraction method 4v Division method 4 &) 1 3| f2ft & 3
0.2211 4= 1.1924 - 7] 5 #& = %3 € W =0.75167 > 0.2211 » R=1.58107 >1.1924 >
Flet o w95% e kB2 T PR S R I { R | e

ERER TER

TR REER AflARN Y oL BERCAPRGET SRDEXK
% > H,:Cp,<Cpy+h 4v H:Cp, >Coy+h o 34 % 12 n, =105 ~ n, =100 -
Coy =125 (C,y b [ it 4 % £)~ Cpy,=125+h » # ¢ h=0.2(0.1)0.4 fr
0.41(0.01)0.49 > 12 % ¢ =0.052 T 4 §4 C 423 » =B A I hh > ¥ @53 F e
BiE o BR i TS5t & Table 5 {- Table 6 - %% &7 4v% ¢ * Division
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method » 2V i B iy T RMEERERE I B A R I 1 041 v
Co, >Cp  +0.41 o e 4% 34 i £ % * Subtraction method » R ¥ & Bk &R
Il en®sdac 4 v i 145+ 048> =¥ C,,>C,,+0.48 -

Table 5. Decisions of testing the two WDM suppliers
for Cpy;=1.250, Cpy,=1.450, 1.550, 1.650, 1.660, 1.670.

Cpuz | 1.250 1.250 1.250 1.250 1.250

Cpuz | 1450 1.550 1.650 1.660 1.670
H 0.200 0.300 0.400 0.410 0.420
S Reject Reject Reject Reject Reject
D Reject Reject Reject Reject Accept

Table 6. Decisions of testing the two WDM suppliers
for CPUI:1 250, CPU2:1 680(001)1 .740

Cpuz | 1.250 1.250 1.250 1:250 1.250 1.250 1.250

Cpu2 | 1.680 1.690 1.700 1.710 1.720 1.730 1.740
h 0.430 0.440 0.450 0.460 0.470 0.480 0.490
S Reject Reject Rejeet Reject Reject Reject Accept
D Accept Accept Accept Accept Accépt Accept Accept

=~ k=3
g

‘:313‘>

2

AR R g E AR R Ry e pe AR 0 /AR 4 4p iR Cpy G B
Wi FP e AR LE Y TR HRRRARN S LI F 2R RE ARG
PP R ERA RERF R M ARTERF £ ol AR
N0 - BATOD FES FfRA LT ERATERF ORAE A AP TR D S 2 A

s 4L % Subtraction method » 375 7 Division method 4p#x » » fFrdk &7 & &
et LA e

BRI B TR S AT E LK TG AATRER ORAELREF
WL R E A FARARE AARR U o P RS>0 AL NFTOER
BERILG DB o A%~ & 10 Subtraction method - 2kt AR
R € H :Cph, <Cpyy+hfrH, iCpy, >Cpyy+h o e ® b o A g
# % 1 % (Wavelength Division Multiplexer, WDM) iz B ]+ > & @& * 5
Division method > R & & Il @ ERF | hE R 5 041 @ i * g3 orad

# e Subtraction method » R & &7 I 2B SRR | & 5 048> @ 2£041 -
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