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ABSTRACT

Purpose: To develop an interactive version of the conventional process capability—based approach, called
‘Interactive Process Capability—-Based Approach (IPCA)" in multi-response surface optimization to obtain a
satisfactory compromise which incorporates a decision maker(DM)’s preference information precisely.
Methods: The proposed IPCA consists of 4 steps. Step 1 is to obtain the estimated process capability indices
and initialize the parameters. Step 2 is to maximize the overall process capability index. Step 3 is to evaluate
the optimization results. If all the responses are satisfactory, the procedure stops with the most preferred
compromise solution. Otherwise, it moves to Step 4. Step 4 is to adjust the preference parameters. The adjust—
ment can be made in two modes: relaxation and tightening. The relaxation is to make the importance of
one of the satisfactory responses lower, which is implemented by decreasing its weight. The tightening is
to make the importance of one of the unsatisfactory responses higher, which is implemented by increasing
its weight. Then, the procedure goes back to Step 2. If there is no response to be adjusted, it stops with
the unsatisfactory compromise solution.

Results: The proposed IPCA was illustrated through a multi-response surface problem, colloidal gas aphrons
problem. The illustration shows that it can generate a satisfactory compromise through an interactive proce—
dure which enables the DM to provide his or her preference information conveniently.

Conclusion: The proposed IPCA has two major advantages. One is to obtain a satisfactory compromise which
is faithful to the DM preference structure. The other is to make the DM’s participation in the interactive
procedure easier by using the process capability index in judging satisfaction/unsatisfaction. The process
capability index is very familiar with quality practitioners as well as indicates the process performance levels
numerically.
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(Multi-Response Surface) ¥A|2kaL gek(Khuri 1996). t5wks-%W F2) s A2 &=
g Bl HAslehs AANS B dEWS(nput Variables)®] #31& 2= Zlo|t}

teikead s 2SS vold 4, 3 deolHE &83 (tere)) uhedr 4, 49 e

o B4 A4t 5ol Al 1A WS Baje] AART, B =ES vps A45) ool 28S DR ek, wep
kW8] RbSRE, Sy, e, g B EROF Sl AIZE ol A Aok, v Rke Y A S Al A (D3 2ol
Fd9h 4 (DA g, (2) & b a0 FAAG=1, -, k), z& 4FE5 e, 0= 5] 71sd
gol M9 UehiT, weel 244 ) o)ATE o maan

Optimize [yj(w% y;(:l:), e yAk(Il?)} (D

s.t. zEN.

A g7 A ke F 2 3K Multi-Response Surface Optimization, MRSO)E 9J5te] -8 W Eo] A<t
HE=d(Myers et al. 1989, Myers 1999, Myers et al. 2004, Ardakani and Wulff 2013), o]&& A ¢4+
7)8+4 (Priority-based Approach), E7%3H(Desirability Function Approach), £23=%(Loss Function
Approach), & 7|"HH(Probability-based Approach), &2 7]WF (Process Capability-based Approach) &
o2 ER¥tUeong 2011).
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WmRe gt 2ol P gtk 240 Fo IAFEAS, DENSEY AH8 Bl |E AT, B4
S7lubg el )E AT2 DA 34 U5 TS AIIHAPCAIS AT, 474 ARk
2 B8t oS FolRrh 5 AE IPCATH 7|& BT Y el VL, vk =

=
2

off

wN

- ghspak Aol Bk hel=giel T Aol dato] Btk v tte, Agkd Wl aof B RS 5

o3t

FASAAFE FASAAL A RES AT 5 Qe 49 5Y Tt %S 4FHoR S A5
2, FASAHA 7142 Qvht 242 5 QAo tek A% gol STk BAA ke FFEA
Aol gouk, B =R A7 @geld] el 2853 Y hEAA M, F G, (b, Gpm S AN

ZF 3t}(Juran 1974, Sullivan 1984, Sullivan 1985, Kane 1986, Hsiang and Taguchi 1985, Chan et al. 1988).

WA Cpe AR ASE, 7P 7184 FEle] sASHATR, 1A S HUSL-LSL)E #4534 A¢] 253
ZHo)ol 65 w3 ghez e 2oz Aoerial (2). 2 A LSL USLe 717 gt 43K Lower
Specification Limit)¥} 727343 Upper Specification Limit)S 2]k}

USL—LSL

= 60

4 @A LSL3} USLE ofF] FoIA(ZF, WAR] Y WOIDE (piz ool oJ3) AU o7 BR(EE
F7hah Gpi FAHEE BAT b Atk A& o7t o] FASHAT FATA el FoI2 Wgo]

0= A on| gt

Ope FASAA] Ht(weol USLT LSL AFele] F4lell Adthe A& 7Pdskar i), whef prh 3 How
A¢AA A= Aol 34 5L SvtEA AT S Uk Ok ot o) FATAY] T4l SIAEA e
Aeol® A TEE kA AT 5 e Agelth 4 32 pkd] HOE BT Atk Cpk USLHY
LSL % B A7t ¥ 7phe AL Hskel 1 AelE 302 U WaoR At ol 3458 57
Al BEAQ QS Ao ACw B 5 vk B U p, 0 2AANA i Gp B AAY 2o

= 3 5 o7b AT H A dFE VY Ae

AAskar ok, ey FASAA A= i HEA7E 9lew, o] Ff-olls FASEATE FRANZFE oA

. 5 B A @ AHMean Squared Error, MSE)E o thAl AR&-sh= Zlo] 86ttt Cpm2 2] (4)$} 2ol
Aot Fa, MSEx: #atel g SAZI R FE3)= o til VMSEE AHgslof St
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BE AAHCE Y 5 k. E FPFAAGI 7190 FAREF Yo B gdolX, BF AFA)
A%aha 47 589 b B AR 2 ARolth B eRe ool 5714 tEusEd A45% A% 4
W 3 3wl 24

=l
or21 AthFigure 1).

MRSO Approach PROs CONs
Priority-based ’ Introduqngthe tradmonall L * Not considering the tradeoffsamong
formulation style of multi-objective .
Approach L responses systematically
optimization
AS-IS (Limitation)
* Considering the tradeoffsamong « The existing studies assume
Desirability Function responses systematically * Not considering the variability of that a decision maker’s
Approach * Incorporatinga decision maker’ responses systematically preference information is
preference information effectively given before solving the
problem.
« Itis difficult and
. - -~ * Neglecting a decision maker’s R ﬂ . -
Loss Function + Considering the variability of . . impractical fora decision
. preference information on the .
Approach responses systematically maker to specify all the
tradeoffsamongresponses . .
require preference
information assumptively
o = without understanding the
* Not considering a decision maker’s tradeoffs among responses.
Probability-based * Considering the variability of preference information on the -
Approach responses systematically tradeoffsamongresponsesatall
* Requiring strict statisticalassumptions
TO-BE (Alternative)
* Considering the tradeoffs among
responses systematically * Wepropose an interactive
Process Capability- * Considering the va.riability of . (V/A) procedureto Process
based Approach responses systematically : Capability-based Approach
* Very familiar and popular with to overcome the limitation.
quality practitioners

*Research Scope

Figure 1. A Big Picture of MRSO Approaches and the Research Scope and Goal

Aol A= 37 SR 7)ES] AFE AR 7 o] 7€ A9 owd s S Betalal

TS I 7]$E A 2= Barton and Tsui (1991), Plante (1999), Plante

=, o5 BT Opk BT Opms AHET RS 2] (5)-(6)7 2ol A tatal
th A G- p(z), oe)E 22 idA whsise] P D gFA s 24AE vdt 2

2 (B 7= iR wgHae] HRAE ofv|jith

. min{USLi—,L;i(x),,L;(m)—LSLi}

o 5)
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o (2) USL, — LSL,
m.(T) = = = :
g 6/ (imla) — 7,0+ (o,(2) ?

(6)

K3

Plante (200D Cpm,(z)9] 7F718t8 1S Adslats AL A9MISItkA (7). Ch'ng et al. (2005)
pmy(z) 2] 71EES A AL ANSATHA (8). A (D-(8)NA w,(= 0)+ 2 v-EHR(FASHAF) 7F
*c}fﬂﬂ TLEE e 7R E ouidit) o714 w,= TS 3 EYo]=Q 3| gk ojAbA Ak e
Lol ofsf 21 ghol anﬁﬂ‘:} 7}, 94/‘}7“31}7} HEEH(E2 FATEAT) j& T Azt old e
= wol AR 5 = FofebA k.

o

Com(z) = (Cpm,(2)" « Comy(@)"™ « -+ Cpmy(x)"™) =" 7)
Opm(z) =w,Cpm,(z) + - +w,Cpm,(z). ®

AT7HA] s E7Iy skl AllE A w7k ARl Aokl Fo1A Sl AS 7kl v 1

o] A8 .
=AE e T ZP‘J-"J Ase ARE dAH o= AAsH: TS A O}OPLZ} UFEHFlgure D. 5, Fzel AA
A% BHE 7ML 3

= s
FHATE EAlE R glo] ofyet, Fo] AdE AuRal Al e zgig A8 2=
Lr S 29 urlx] oy g Ax wiEE & 9t} o] WhHe o)X} AR]
A7F s AEE H ol FASA BE w7kA] Ak Al 24 dok ofeh 22 st AAk(Interactive

Approach)© 2AMAA AL A% ARE A3 AAT 4= 9o HHAHE SIS 5T 4 JtKSteuer

3. Algts vhg: 312 FA5E7|4PE (IPCA)

3.1 718

Lo e K R o P Ll K R IS P e b A B o= AL g o7 gkedsty] fleke] isha] A
A5 AlQtskaar gk oA AFgk mpeh o] Aljkd ”o“?é% Wk 457 (Interactive  Process
Capability-based Approach)' .= WHslal FojA [PCAZ F A3}

[PCACIA = /W WIS 34585 Hetshs Bgo] Fasgtd, o] uf 2] (5)-(6)4 AHold T4
A4 BF A48 4 Qg 2 =74 = 4 (6)9] Cﬁmi(a:)—e‘ ettt [IPCAE 47 9AZ 7AW (Figure

2), Z7te] WA= the Hell AAE AwEo] 9

i
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3.2 Ak Az}

3.2.1 38R =& 9 w/fds 2713 (194)

el R B 9 BEEA e 242 u(2), o) (=1, -, BE A (9-(10)7 2o EEgt) A
(9)-(10) wHeHs o 179 YHW(z,, -, o) 7F B 2D BFAA} 9 2448 HJFa 9ok 4
O-ONA By, By B B Yo e Y s BAAAFE FAAE Yehiie), EFA4} w355 27 BAolA

Ay NkEg Fof B9 oy fsta of8 Tl REHAE AltsoF 4] 7hesitt. o9} dsto]

47F2] o A|s} Table 25 AR, FEHA; b3kl 34 S oldlleh=d] =wo] A

60+Zﬁrl’t+zﬂu L+Ezﬂ/j i _}’ (9)
’YO+Z’}/71’7+E’}/77$7 +22777 ].O)

1<y

20 (@), o,(z)E TP WSEEEE 24 (6)9] FASEAS 24 CE?n,-(x)%—
Z(Preference Parameter), &
ojo} it} w3 gt E wtEA o7 sl Qs gL e U3 3l4=(Iteration Counter, n)E 27183 Hn

=0).

3.2.2 AA3} wy 7] (994

A ges APAS5E 19 7 AHn=n+ 1), 1DANA 228 Cpm,(x) 9 1DAIA 271845 ALK

HA 2hE(n=D)el%t ) 4GA A AL HA = o] F(n=2)FH %) w, & 7H]3L 3 THA| e

5T Gpmlz) & AT (8)) PR AE A 2sEAFRRY A4 395 EAS

e A, ST Al A (D3 ol ETIsg@es AA $5EA
LIPS

2 A1 A esha A TAEAS ol
1

Maximize C?)'I\TL(:E) 1D
st w; =0, forall 4,
TE S

3.2.3 H&3} A3} 37} (32A)

3= 2HAZRYEE =E2E FHANE Cpm e EE3te] Hrleht) e BE w3 TSy d4)
o] FA& 7}t 7P A5E = dZEs(Most Preferred Compromise Solution, MPCS)7} &1L [IPCA= 8%t} 18
A o 4AR o] F3ir),
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s
Step 1: Obtain the estimated process capability indices
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4. FRo|EA 712 o} ZE EAE 5% AF

f
o
2
_z
rlr
]

ZoluA] 7}~ o} E(Colloidal Gas Aphrons, CGA) #A|(Jauregi et al. 1997, Kim and Lin
2006)5 E3to] Alete Wl [PCAE o F3staal gt

4.1 A AH%

of wAl= FR2eol=A — XFol Inm ~ 1000nm B} PPt 714 B A Fofl kel G — 7k of L
29 745 M8 Ho}oi ol o] 03?2}‘—3 T sted AuEe] A4 s 2 Aol Hapelt) o] wAle vk
W 30, s iR 3 E ] vk Zzhe] RSl tigh AW} v W] LSL, T, USL-S Table 19 50
A Qe Fag, B =i Ae= [PCAY o5 & B WEs] BolF7] flste] vhgRge] df 213 S48}
of ARg3lelth &, B2 SN YAEES He v 4,7 ' & wndAE B HESAAEEAE
747} 5,003 0.352 AA)o2 WA,

o5 ML) tste] 8719 220 (Factorial Point), 67§¢] %7 (Axial Point), 1712 £417(Center Point) 2.2
o]Folx T4 & Al(Central CompOSlte Design)®] A37Ago] F=HHAT. T NAM= 63]9 v, 21 9] &
AT FHolM= 23] WHE 5 T 343]9] Aol AAEAnt AAIg A7 Hlo|H = Table 201 F014 Uk

A3 vlolB 2 E Al Whgge] Wyt WSk FAX o EAAF v A7 A (12)-(17)3% Ze] F
ol [T}, zHzte] ek —irxéi] of tigt ApMlet HH = Jauregi et al. (1997)7} Kim and Lin (2006)& 3a1shd
=

Table 1. The Dependent and Independent Variables of the lllustrative Example

Variable Type | Code Descriptions Measurement Unit LSL T USL
U Stability log(Seconds) 3.00 5.00 7.00
D . . .
ependent Y Volumetric Ratio Ratio 0.10 0.35 0.60
Variable
Ys Temperature T 15 30 45
. Concentration of _ _ _
! Surfactant
Independent (Coded Values: -1,
Variable Ty Concentration of Salt 0, 1) - - -
Ty Time of Stirring - - -
11,(z) = 4.95+0.82z, —0.452, — 0.152° +0.2822 — 0.112,2, +0.072,24, (12)
115(x) = 0.46 +0.13z, —0.062, +0.052, — 0.07z —0.0422, (13)
f15() = 28.36 — 1.48z, +2.333, — 0.1527 — 14222 — 071224, (14)
o,(x) =0.06+0.11z, +0.062; +0.1227 +0.1123 — 0.102,24 -+ 0.052524, (15)
oy(x) = 0.02—0.01z, +0.012, — 00124 +0.0222 —0.012,24 +0.022,24, (16)
r4(z) = 6.08— 153z, +0.50z, +4.852, +2.2622 — 0.65,15 —0.672,2,7,. a7
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Table 2. The CGA Study Data

ul

pul

U Ty Ty Z3 | Replication | Y1 Yu2 Yu3 gm Z_lug &ug Sul Su2 Su3
-1 -1 -1 1 450 | 0.17 | 29.0
1 450 | 0.22 | 26.00 | 0.00 | 0.06 4.24
-1 -1 -1 2 450 | 0.26 | 23.0
1 -1 -1 1 6.04 | 0.50 | 23.0
2 6.22 | 0.52 | 24.20| 0.25 | 0.02 | 1.70
1 -1 -1 2 6.39 | 0.53 | 254
-1 1 -1 1 3.81 | 0.17 | 22.0
3 3.95 | 0.19 | 2450 | 0.20 | 0.02 | 3.54
-1 1 -1 2 4.09 | 0.20 | 27.0
1 1 -1 1 5.67 | 0.44 | 255
4 543 | 0.42 | 23.25| 0.34 | 0.03 | 3.18
1 1 -1 2 5.19 | 0.40 | 21.0
-1 -1 1 1 4.67 | 0.32 | 20.0
5 4.45 | 0.32 | 30.50 | 0.32 0.00 | 14.85
-1 -1 1 2 4.22 | 0.32 | 41.0
1 -1 1 1 6.73 | 0.57 | 35.5
6 6.65 | 0.57 | 26.75 | 0.11 0.00 | 12.37
1 -1 1 2 6.57 | 0.57 | 18.0
-1 1 1 1 3.40 | 0.12 | 43.0
7 3.86 | 0.20 | 31.50 | 0.65 0.11 | 16.26
-1 1 1 2 4.32 | 0.28 | 20.0
1 1 1 1 5.72 1 0.46 | 19.0
8 5.41 0.48 | 26.50 | 0.45 0.03 | 10.61
1 1 1 2 5.09 | 0.50 | 34.0
-1 0 0 1 4,09 | 0.27 | 36.0
9 4.24 | 0.25 | 30.00 | 0.21 0.03 8.49
-1 0 0 2 438 | 0.23 | 24.0
1 0 0 1 5.52 | 0.52 | 30.0
10 5.46 | 0.52 | 27.00 | 0.09 0.01 4.24
1 0 0 2 5.39 | 0.51 | 24.0
0 -1 0 1 592 | 0.61 | 32.0
11 5.93 | 0.60 | 27.70 | 0.01 0.01 6.08
0 -1 0 2 593 | 0.59 | 234
0 1 0 1 474 | 0.36 | 36.0
12 4.62 | 0.33 | 28.50 | 0.17 0.04 | 10.61
0 1 0 2 450 | 0.30 | 21.0
0 0 -1 1 5.01 | 0.36 | 27.0
13 4.86 | 0.31 | 25.50 | 0.22 0.08 2.12
0 0 -1 2 470 | 0.25 | 24.0
0 0 1 1 494 | 0.53 | 38.0
14 498 | 0.52 | 31.50 | 0.05 | 0.01 | 9.19
0 0 1 2 5.01 | 0.51 | 25.0
0 0 0 1 4.85 | 0.47 | 34.0
0 0 0 2 494 | 0.46 | 34.0
0 0 0 3 498 | 0.49 | 33.0
15 494 | 0.47 | 2817 | 0.06 | 0.01 | 6.37
0 0 0 4 4.89 | 0.48 | 24.0
0 0 0 5 494 | 0.46 | 19.0
0 0 0 6 5.01 | 0.47 | 25.0
Yuj is the response data of y; at the wth design point, j=1,2,3; u=1, ---,15.
y,,(s,;) denotes the sample mean (sample standard deviation) of y, ;.
[PCAS] 3@AlX = A3} Aol gt 37}, = whgHFE v o L5 A stofof gt} & w=ol| A& Al
W% BT pm go] 10139 W RIS 134 gL 5ol NI Ao Agu,
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4,2 IPCAE o]83t &A4| Eo]

4,11 = A A (194)
2 (12-(1Del Fo17 p(z), o(x) (=1, 2, 35 7M1 WSR2 (18)-(2009] FHSHAF F44

Cpm,(z) 7 EZH AT

— 7T—3
Opm,(z) = = — , (18)
T e i@ -5 + (0 @)
Cpmy(z) = 060010 , (19)
6/ (11(z) —0.35)> + (0,(x))*
Oy () = 45715 (20)

6/((z) —30)2+ (0,(z))”

ri
I
)
ro,
Sl
2
it

oo SkA Al B THAF 119 TFEAE wmw,mw, =12 Z27] 818 B E W34 n=0

4.2.2. 18FE (2~4TH)
A7 ghes Az A 190N 27188 w,mw,=w, =13 A (18)-(20)2] Cpm,(z) S 7HA13L Cpm(z) 743
(A (21), 4 (D9 HA3} 2Y¥S FAst FoH2eA).

COpm(z) =w16}7n\11(:c)+w2%2(w)+w3%3(w). 21

A3t A}, & =(a], 25 23)=(-0.714, -1.032, -0.611), plz")=(p, (&), gy ("), 13(z"))=(5.00, 0.35, 26.09),
o(z)=(a,(z"),0,(z"),0,(¢")=(0.00, 0.04, 6.12), Cpm(z")=(Cpm,(z"), Cpmy(z"), Cpmy(z"))=(512000.00,
2.15, 0.69)% =&HAch. FE, Cpm,(z") 2] Fto] WS- A U o] p,(z) S y, o X 5002 &
H AL 31(z*) T3 0.000.2 EE50A 4 (18)9] Chm,(z) 2] BRI o] A 002 Foj57] wlito|r}. A A

WA 71E(Cpm =19 A B whehy, 3} g, DE2T Y, o WE2HA) 2 AOR Yepd

>
e,
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J I
i
rip

TSR] e WSS 4 5 PN T]7] Sl 3.2.47 00 A e ule} o), hE A y Iy, T S

: % shubs AlEEoF Fhtk i Al Eololl M W S
A7, & w, S EF7IR S A w, ol diste] o W] AHGFE £4S AT F w9 g
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4.2.8. 2TLE (2~4TA)
12+e= 4914 249 1,=0.01, w,=w,=17} 2 (18)-(21)2] Cpm,(z)E 7ML Cpmlz) S 2 (217} o]

A 5 A (D9 43 2yS FAdsta FoHEA).
HAA3 A} g =(a;, 25, 2;)=(-1.080, -1.633, 0.822), plz")=(n,(z"), 1, (z"), 1y(z"))=(5.12, 0.35, 28.54),
o(z)=(o,(z"),0,(z"),04(x"))=(0.17, 0.00, 16.54), Cpm(z")=(Cpm ("), Cpm,(z"), Cpmsy(z"))=(3.30, 46.52,

0.30)0.2 FZE0) ol TLEANE 53 4 BEAN, ik BEAAA e Ao et 19
SolA BEE F7o] WS ok 4 & %zzwag»ma} £ 51200000004 28485 3.300.% 7ha), HuHEA
499 y37]' BEsE S SEoR FAEA i 05Y WEALNH 5,7t OE FAHAGAGEE 215004 28}

b, AR} g 19eEuT o ol E A2 06994 288 03022 74)FEA).
o8l Bhero At MEAHA GO WENE 4, F BT AN 1, E AFANE, 5 0, RFI2 8
CR o

Mg Akl w, o g BE 1eAM 162 diE £9

4.2.4, 3eE (2~4TH)

22he-= 49 Ao A 249 w,=0.01, w,=1, w,=15% 2 (18)-(2D)¢] Cpm,(z)E 7T Cpm(z) < 2 217
ol AT £ 24 (1D HAst nyS FAdskal Frh2dA).

HA3 AW, z'=(x), vy 7,)=(-0.278, -0.034, -0.871), plz )=(u,(z ), py(z"), puy(z"))=(4.74, 0.35, 26.56),
o(z)=(o,(z"),0,(z"),04(x"))=(0.07, 0.04, 2.11), Cpm(z")=(Cpm,(z"), Cpm,(a"), Cpmy(z"))=(2.48, 1.87,
L2)® =AUk ol SN 3y, gy, yy BT WH2EE o2 e old dAle] HAs o 5 M
A3 %+ AE3Most Preferred Compromise Solution, MPCS)% 4tal IPCAE F8AZITHEEA). AF7F4
el ghe=d HAg A= Table 30 8.9F- ﬂa}-ﬂfﬂ AL,

FNZ, g0 Cpmit, & Cpmyle’) o] THE whgRSol Hg)A] A2 o= o} o]F 23 1 %Y & YA
AR}t w, B 159014 303 502714 EoiM 2] (1DE FOJHITh Table 4914 Fo]% nje} o] & o]

gl Aoz vt

do

l
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Table 3. The Intermediate and Final Results of IPCA on the lllustrative Example

Iteration (n) Step 2 Steps 3 & 4

x =(z), 2y, x4) =(-0.714, -1.032, -0.611)

wlz) =, (&), o (z7), 3 (2))=(5.00, 0.35, 26.09) | y, and y, were satisfactory, but

n=1 o(z")=(o,(z"),0,(z"),04(z"))=(0.00, 0.04, 6.12) y; was unsatisfactory
Com(z")=(Cpm, (). Cpmy(z"). Comy(a)) w,=120.01

=(512000.00, 2.15, 0.69)

x =(z), 29, 24) =(-1.080, -1.633, 0.822)
wz )=, (27), py(27), s (27))=(5.12, 0.35, 28.54) | y, and y, were satisfactory, but

n=2 olz")=(0,(x"),0,(z"),04(z"))=(0.17, 0.00, 16.54) | Y3 Was unsatisfactory

Com(z")=(Com,(z"), Cpmy(z”), Cpmy(a’)) wy=1=15
=(3.30, 46.52, 0.30)

@ =(z), 2y, 25) =(-0.278, -0.034, -0.871)

w(z' )=, (&), ("), 5 (x")) =(4.74, 0.35, 26.56)
n=3 o(z")=(o,(z"),0,(z"),04(z"))=(0.07, 0.04, 2.11)
Gpm(z")=(Cpm,(z"), Comy(z”), Comy(a”))
=(2.48, 1.87, 1.24)

All y,'s were satisfactory
(Successful Stop)

Satisfaction Threshold: Cpm =1
w;, Wy, and wy were initialized as 1 in Step 1.

Table 4. A Sensitivity Study for w,;=15, 30, 50

* * * ~K ~K ~K K K K — X

_ — s
Wy | Wy | Wy Ty Ly T3 H 2 s 04 P O3 Cpmy | Cpmy| Cpmy

001 1 | 15]-0.278|-0.034|-0.871| 4.74 | 0.35 | 26.56 | 0.07 | 0.04 | 2.11 | 248 | 1.87 | 1.24

001 1 | 30]-0.303|-0.039|-0.899| 4.72 | 0.34 |26.50| 0.08 | 0.05 | 2.00 | 2.33 | 1.77 | 1.24

0.01] 1 | 50 |-0.365|-0.037|-0.923 | 4.67 | 0.33 |26.49| 0.08 | 0.05 | 1.94 | 1.96 | 1.57 | 1.25
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