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Ak Yol E Aol 1M A
oz Alger] oy Fao] He FAYEE A
a7 ¥tk AMY GDF7IHAM s 54845
o 7ksAE Fol7] A B 3eM FAPEE 2
T oA gal FAReE e AeE A A
gt S FAE o] AdAEE TG
)= Ak 2] AAQ 2ol GDF7I 3
Ak (A 1, 5, 6), GDF7I Well EAlsts
2 & ST JuAZ olds &
AAS

oln] 7}%3k ute} o] ZW7IH-& A EA )2
of Zgkstdtt. AFETAY 75 T8 S (reduced
cost)d At el dEA oA (F 1)¢]
e grh W B A A = A EA 9 3

Aol 23E Fa dd. HAdEEAY s

(reduced gradient)& A7 $l8iM e @A 2
o e 4 (4)9 THolgte F7H =9 gl
ojgt}, ulgbd o] 2 w=H S g H| = n|AYE
Ao Arte ZW7 I e dEnsags of
&8 F U5 Bt

ofAl At HE(GA 1, 2, 4, 5)& AHEA B
€ AME 2R AFAGEAEY 23 b
Ao w FAHET. o] defdl uieh o] AP
g2AY B g HAs7E B A
Faolu o gol glok. Efeta o] e H
APAGEAS dE Hs a7skA eth we
A AP B ES ALY BRekA] gom ol st
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ap7] 918l ZW7IH 2 gt Alojet. ejv ALt
Aol A B3t v AP AL EA 9 A EE AHEAA
A3 a7t A ARl v P A EA < 3
AL O AR A goH, AR o] &
s A2 & Foo] g Zlojtt, =3 A gt 243
o Bl glrh, = shute] e HA A & A
& Pdshe ettde Bge 285 Frt 2
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= convergence)°|t}. & A g
H A3 fol] AR A7} vhSshe ald] =2
& e WHES a7g. B dFdA Akd
THES GDF7IEY Azl 3 £ 2 =5
A gt GDF7Ie $HAS ov] SHE v
(Geoffrion, Dyer, Feinberg 1972, Miettinen
1999: pp. 141-149), & A79 Wi g
THA g BAET ok, w29 30| #d
upep ol WP Eo] W} W] et S
Ak dolgltt, & A<l A
g g glont, AA S
2 BET o] & ffsiM e
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A EAlolth, o] e B AT FoEA o
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Var(y,(x")) = V&% = 20X, X))
# x"A y(x)ol WAE Bk

Vi(x") o2& %ﬂﬂ"%(DraperQr Smith 1981).

-
23
—n
i

>

MMZEHEO

vel Wi adug Bt )7k vix)us
At £94% x7h x'wn o Asge) g 4
AR £ 95 B *Jgoﬂ e 71
g #2835

|~

4 yi1(x) 9 yo(x) 4

Vi(x) = 0.568 - 0.092x; - 0.004x3
+0.051x% - 0.002x2” + 0.001x5”
- 0.008x” (10)
Va(x) = 0.549 - 0.396x2 + 0.114x2"
- 0.001x1x3 + 0.002x:°xs + 0.014x°
+ 0.001xy" (11)

wehd & Aol @ BEAH45 BAE 44
3 e 2o

max fi(x) = yi(x)
max  H(x) = y(x)
min  f3(x) = Vi(x)
min  fi(x) = Va(x)
s.t. 0<x <12
1 <x <10
94 < x3 < 335 (12)
= 4709 HV SRS
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“on. o=

V. 22 ME
A 2Y (12)8 28 (1) FHdd Tt oA
waan e o
max  Ulf(x)] = Ulfi(x), £(x), -6(x), ~fi(x)]
s.t. x1 + x4 =12

7] &l 27] %2 ?% x = (0,

s Bayme ASEE uPd. oA e
(13)% A8a7] skl AL Fras Pae
1

X2 - x5 = 1

xo + x5 = 10

X3~ X7 = 94

x3 + xg = 335

x = (x,..,xs) =20 (13)

23 (12)° e 2719 Aoz} 542 Aozt =
° 478 =

JM&} =] Hidt. 4

g AEg Zlolt, & xy = 0(HSETHY 27
AZEE 0), x0 = 1(&SHAFAYD TFAZEL 1004
7h, x5 = 94(&GH = 94utgl)o|t}, olm) =z}
PEE = (A fix")) = [19.28,
64.41, 9.03, 0.28)°Itt. & 71t} o] oF 19%F
4, 71 F4L oF 644, ol&9 EAake 9.03, &

Aol BAR (.28t

A 2: 2718 x'E ao g J|AusHE xp!
= (x2, x3, x1, X5, xs) 9 WI7IARASHE ! =
(x1, x5, x7) & Weth 283 HZ|A RS of
g R &S ALt (E 4)F nfEdt BE
ZIASEEd g FHHE2 0o]2E YERfA
23kt

SA 3: AR AL A 2 WA EEY]
H| & Fzo U3t Az d iE(Es )i
£ ==t 94 x 9 4H18HH (38.555, 0.376,
0.092, 0.094)= H7|AWS xi0] 7|AHER 2

gjhsEL 2 479 BERES REE SN £ S

& Uehith 323 el 48U (1.336,
9.153, 0.004, 0.122)% Akt +x2& Zte
Seh) SR B9 s el 40 E T
zo el BEZ Rolth. FA w0l FRH &
31 (1.206, 0, -0.184, 0)& fie] T4, fie] sk,
09 BAGFES Wl g P2E B
AR 37 s8] ABAE BERAL, o]
Aol Fu3 drka H e

).

f X X5 X7 f!

fi 38.555 1.336 1.206 19.278
f2 0.376 9.153 0 64.409
I3 0.092 0.004 -0.184 -9.026
i 0.094 0.122 0 -0.282
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A 4: B 394 dofdl HEE MeR v
o YA EAZ A G,
min G s.t.

38.555w1 + 0.376we + 0.092ws + 0.094wy > ¢
1.336w1 + 9.153we + 0.004ws + 0.122ws > ¢
1.206w1 - 0.184 w3

wit wet wst wy=1

< -e

w1, wo, wy, wa =& G =0

A 6: vl (X 5)E AP A Al o] F
A t1ge AReA ath WA B4 fio] ghe o
BT t'gho] Z/14E A&Aor ET} ¢
= 0.8 v A7t Fz, 2 o3 o oy o
sttt 54 Kk tﬂi}%}%& 9 A v § &
A, ¢ = 0.62 W Ao, ¢! = 0.871A v4
g Holthrt 2 ol4Y e WE SER o5
At} 24 9] ghe ALHow dgEy, nixgt
o8 54 L8 #e 0.17K =7t 1

o] ZRE A&H o otstdt} Fdlo] ¢ = 0.8
B EAS Zo] 79 w! = (0.001, 0.001, ¥ A$E JAEFAS} ﬂﬂ pl=eiz= A o3k o
0.012, 0.986)2 43It} oluf ¢ = 107 AHgst oo A2 &= x* = x' + t'z' = (9.6, 8.2,
At} 94, 2.4, 7.2, 1.8, 0, 241)0] 3, A e & f*
A 51 @A 4ol e JLEAHMEE o] gste] = (214.87, 89.44, 5.63, 17.82)°]t}. o]A] f*
daE q' = (12,10, 94, 0, 9, 0, 0, 241)& 2 JAERAA Ao & s Bt}
ot 23 4 PR 20 = 4! -x'e AR £ e dsel BEed mE dAE
Adsted, gt a0, NRkEA e fx' +  FE3km, 234 onl W 22 Bobt ohg 4
t'2") 35S (F 5)st 2ol valgeh FREHNE WA de
(& 5) Bk 2x3% 7t Helo| MH(h = 1)
t! fi f f fi
0 19.278 64.409 9.026 0.282
0.1 63.869 72.403 8.970 0.210
0.2 102.705 79.007 8.975 0.509
0.3 135.786 84.220 8.957 1.299
0.4 163.112 88.043 8.834 2.711
0.5 184.683 90.477 8.524 4.896
0.6 200.499 91.520 7.942 8.019
0.7 210.560 91.173 7.006 12.260
0.8 214.866 89.436 5.633 17.817
0.9 213.418 86.308 3.740 24.901
1.0 206.214 81.791 1.244 33.741
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oT

Tl 27 89) 1 = (19.28, 64.41, 9.03, 0.28)2} Al
2839 £2 = [214.87, 89.44, 5.63, 17.82)Z 1] 3]
B F4o] B0l £5 AYslae oA A A

1{%
o @9 (E 5)dllA JAEA AL 4
t'3(]E =9 0.75, 0.85
#EST 2ol 2 9k o
$EnE WEE] Bk S o
VAR AL 25 2] e

)=

o

N

O,

ol
£
lo

>~

A 20 YA 7 8 x°E HlEgoR J|A S
e xp” = (x1, X2, x3, x5, x3) S} H]7] A Mg
XN = (xa, X6, x7) & WED, 283 07|95 E
of thg 5 H) &2 ANtste] (i 6)2 vl gt

A 3: AR ANA 2 v AMSES] 4
H & Fzd g HEelre 2et iA x9
AH$HEE (7.026, 1.256, -1.325, 0.221)9]
B2 2 oA7)E W Unlx] BHSS A
72 9eg Hajzth, 281 9 A9 (1.206,
0.038, -0.184, 0.010) A ¥&3 F25 z=
o g x9 A9 (-10.955, 1.028, -0.033,

ST

6.687)2 £} 15 FIA7E B AT £E o3
A7 F2Z HolEr), old tiste] oAHEHA}
9 x79) SN EHEE BEE T xgo AL wHE
SHA] Fetia 7HY kAt

@A 49 5 A WA dIusay 2 e
2 NIAYEAE AYste], HEAEY wh =
(0.093, 0.1131, 0.640, 0.136)< F-atgich.
& HAEA w'E ol gslo] WEHE 4° = (0,
335, 12, 0, 9, 241, 0)& 43t} 282 4%
wahilE g7 = @7 - XM ARlele, ke e
(0, DgEd bl f(x* + t2)3ES (& D
o] whd gty

WA 6: AR AA (TS Hol Hale ¢
#e AR gt dAg vkt 2ol o] gk

S/VEFE B4 9 g ogiEy, 1 99 &
95d] e ge 3ET. JAEZA} ¢
2014 7% wiEdtga pgEthd ) ol A 2$
de x’ = x° + t'2° = (7.68, 6.76, 142.20,
4.32, 5.76, 3.24, 48.20, 192.80)¢]1, =A gk
HEE= = [265.67, 93.03, 18.81, 9.20)°|t},
AAARANA & AFdle] WHARE BET}
AN AR AL B dllel] dete] wEsE x'3} foo]
HF A7t P BE dAas TRt 2¥87 ¥o
W A A 22 Eolt the Aen iy S AAl
Fi=

1, ©°

(e

(% 6) HIZ7IXEHE| 881 (h = 2)
f X4 X6 X7 f?
fi 7.026 -10.955 1.206 214.866
f 1.256 1.028 0.038 89.436
~f3 -1.325 -0.033 -0.184 5.633
~fy 0.221 6.687 0.010 17.817

1266

HAStIT Ri3sA AM52 20094 10




i

pad
L

T

HoFo
CEER
2RUY(EE B9 H2BE A

Aol #

fi
17.817
9.200
3.834
0.971
0.032
0.282

<

=

=
TS A

&3t
1

Q

ol A&7 FHEs

b 2E 3
A A

kol 71thA) ]

1o
ojd

5 ©

29 M
=7

=

y
f3

5.633
18.806
35.635
56.459
81.618
111.451

d

el =

9

oh 2 % gtk Wy )

1

=

T

o
fus

|

BF&

oA 2 ke,
oA Aol A8

ZERPE:
A7 oIt A

FRINE
8

f
89.436
93.029
92.322
87.317
78.013
64.409

GDF7% 3}
15 Abgol

kg

fi

214.866
265.667
306.381
337.008
357.550
368.005
o] &9

A o

ohet A A

3L

[}

0.2
0.4
0.6
0.8
1.0

o1 9] 34 (consistency)

e AeeA,

i

hus

[e}

Ao

oIt}

i

[
=

bl 9

0]

# &3}

e dle =5 By

s 9o agn IAEAAT A o

°

ol A2 27t 4

SER

SR B

=
=

APAFEE FAE A

1)
e

o AR 277t vidad 4

ol

o]
B

.o

it
s
)
o

4
o
Mo
‘__Iﬁﬂ

i

~X
AR

1267

T 38 M55 20094 10

o &
stod

L
.

27

st
4

°

40

7
=]

upetA AP ATE RS AEd o o

A



o
N
0z

J
0

of oln] EAgth. 2y HIAEEAIE SR
dstmA olafot Agol fa HrAFo] Goldt
R Eo] ofds] a7y, T £ AelA AT
| ES vEsel o] 7H s sk slent, of 7t

gha ¢ e e ] Besid.
T A7 e HEE AAE JAEAA
o gHl= F&sk= 2ot DEARA <A
DEAA7|AE, FAZHDANM = SA7]A
CHAS M FeAg - H7AE 2
7k AHeliok she g el 7] WEelt. g
AEGA DA 2E o] TR E AAte] A3 &

LN
(SIS [e]
$9 2% 3907 5 9L A

{0

o

4y

o rﬁ i

M o

Al A

=

n‘é

wu rfr e S o2
oft

AN
o
=

o<, ¥, B4t (2006),

WY BPUEE 19
& P 5L B

: DEAS}F A&

Mo A" AT, 35(3), 805-824.

A, B4 (2007), AR S &98A B A
A% DEASH BEAA A e] ZdAke”
Fetelq, 36(2), 479-497.

Bazaraa, M.S., H.D. Sherali, and C.M. Shetty
(2006), Nonlinear Programming: Theory
and Algorithms, John Wiley & Sons, New

Jersey.

ol

Benayoun, R., J. Montgolfier, J. Tergny, and O.
Larichev (1971), "Linear programming with
multiple objective functions: Step method
(STEM),”
366-375.

Box, G.E.P. and N.R. Draper (1987), Empirical
Model Building and Response Surfaces,
Wiley, New York.

Mathematical Programming 1,

1268

>
o
rlo

Bragge, J., P. Korhonen, J. Wallenius, and H.
Wallenius (2008), “Bibliometric analysis of
multiple criteria decision making/multiat-
tribute utility theory,” Presented at the
International Conference on MCDM in Auck-
land, New Zealand, January 2008 (see also
http://www.mecdmsociety.org/facts.html).

Chinchuluun, A. and P.M. Pardalos (2007), “A su-
rvey of recent developments in multi-
objective optimization.” Annals of Opera-
tions Research 154, 29-50.

Cooper, W.W., L.M. Seiford, and K. Tone (2000),
Data Envelopment Analysis: A Compre-
hensive Text with Models, Applications,
References and DEA-Solver Software, Kluwer
Academic Publishers, Boston.

Draper, N.R. and H. Smith (1981), Applied Reg-
ression Analysis, John Wiley & Sons, New
York.

Dyer, J.S., P.C. Fishburn, R.E. Steuer, J. Wallenius,
and S. Zionts (1992),
decision making, multiattribute utility

“Multiple criteria

theory: The next ten years,” Management
Science 38(5), 645-654.

Gardiner, L.R. and R.E. Steuer (1994), "Unified
interactive multiple objective programming,”
European Journal of Operational Research
74, 391-406.

Geoffrion, A.M., J.S. Dyer, and A. Feinberg (1972),
“An interactive approach for multi-criterion
optimization, with an application to the
operation of an academic department,” Ma-
nagement Science 19, 357-368.

Goicoechea, A., D.R. Hansen, and L. Duckstein
(1982), Multiobjective Decision Analysis
with Engineering and Business Applications,
John Wiley & Sons, New York.

Aol 38R AM5% 20094 10¥



Haimes, Y.Y. and V. Chankong (1985). Decision
Making with Multiple Objectives, Lecture
Notes in Economics and Mathematical Sy-
stems, No. 242, Springer-Verlag, Berlin.

Kahneman, D., P. Slovic, and A. Tversky (1982),
Judgment Under Uncertainty: Heuristics
and Biases, Cambridge University Press,
Cambridge.

Kaliszewski, I. (2004), “Out of the mist - towards
decision-maker-friendly multiple criteria
decision making support,” European Journal
of Operational Research 158, 293-307.

Khuri, A. and J. Cornell (1996), Response Sur-
faces: Designs and Analyses, Dekker, New
York.

Korhonen, P., H. Moskowitz, and J. Wallenius
(1992), "Multiple criteria decision support:
A review,” European Journal of Opera-
tional Research 63, 361-375.

Korhonen, P., S. Salo, and R.E. Steuer (1997), "A
heuristic for estimating nadir criterion
values in multiple objective linear pro-
gramming,” Operations Research 45, 751~
757.

Loganathan, G.V. and H.D. Sherali (1987), "A
convergent cutting-plane algorithm for
multiobjective optimization,” Operations
Research 35, 365-377.

Miettinen, K.M. (1999), Nonlinear Multiobjective
Optimization, Kluwer Academic Publishers,
Boston.

Park, K.S. (2004), "Mathematical programming
models for characterizing dominance and
potential optimality when multicriteria
alternative values and weights are simul-
taneously incomplete,” IEEE Transactions

on Systems, Man, and Cybernetics —-Part A

HAStoT Hi3sA AM52 20094 10¥

) ATFRY 2 YuS Moz K

34, 601-614.

Park, K.S. and K.J. Kim (2005), “Optimizing multi-
response surface problems: How to use
multi-objective optimization techniques,”
IIE Transactions 37, 523-532.

Roy, A. and J. Wallenius (1992), "Nonlinear multi-
ple objective optimization: An algorithm
and some theory,” Mathematical Program-
ming 55, 235-249.

Sadagopan, S., and A. Rivindran (1986), “Interac-
tive algorithms for multiple criteria non-
linear programming problems,” European
Journal of Operational Research 25, 247-
257.

Shin, W.S. and A. Ravindran (1991), “Interactive
multiple objective optimization: Survey I -
Continuous case,” Computers and Opera-
tions Research 18, 97-114.

Steuer, R.E. (1986), Multiple Criteria Optimization:
Theory, Computation, and Application,
John Wiley & Sons, New York.

Tversky, A. and R.H. Thaler (1990). “Anomalies:
preference reversals,” Journal of Economic
Perspectives 4(2), 201-211.

Zeleny, M. (1982), Multiple Criteria Decision
Making, McGraw-Hill, New York.

Zionts, S. and J. Wallenius (1976), "An interactive
programming method for solving the mul-
tiple criteria problem,” Management Science
22, 652-663.

Zionts, S. and J. Wallenius (1983), "An interactive
multiple objective linear programming
method for a class of underlying nonlinear
utility functions,” Management Science 29,
519-529.

1269



L3
o
0z
>
omn
rlo

An Interactive Multiple Objective Optimization Method
and Its Application to Opening Branch’s Operational Design
and Target Setting

Kyung Sam Park* - Dong Eun Shin**

Abstract

Suppose a methodology has what it takes to succeed in terms of its application to real
problems. It might then be obvious that the method is a simple, understandable, and usable
approach to the problem setting in question. This study elaborates on this highly abstract but
obvious and important requirement in the context of multiple objective optimization (MOO)
endeavors. We develop an enhanced interactive method to meet the requirement, which cross-
fertilizes the two most well-known interactive techniques to compensate for the drawbacks of
the two methods and capture their positive aspects. Special emphases are also placed on what
the current development makes a considerable improvement in comparison to some other
relevant methods. The developed method is then applied to a real-world case problem involving
several highly nonlinear objective functions, the problem of operational design and production
target setting for the opening branches of a fast-food company. We demonstrate in detail the
entire process of the application from modeling a nonlinear MOO problem to generating its
solution, in order to guide the practical use of our method to the other potential applications.

During the last five decades, a great deal of theories and methods have been developed to
resolve the MOO problems. Interactive approach is one of the most widely used families of the
MOO techniques. This is based upon a human-computer interaction process in that the computer
algorithm generates and presents a solution to the human decision maker, and the decision
maker then provides the algorithm with information, so this process repeats until the final

solution satisfies the decision maker. The show-and-tell approach articulates the decision
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maker’s preferences gradually and, hence, helps her to provide her preferences in a step-by
-step manner, unlike other families of the MOO techniques requiring all such information at a
given moment. Furthermore, the decision maker can learn about the changing pattern of the
generated solutions and anticipate the next solution during the solution process, which is also
of great help in both information supply and desirable solution choice.

Many different interactive methods constitute the family, interactive approach, and they
each have different computational algorithms and require different types of information from
the decision maker. The success of an interactive method usually lies in how easy and comfortable
it is in terms of not only its computational aspect but also information requirement. We thus
delve deeply into the characteristics of several representative interactive methods and take
advantage of their positive features. As a result, a significantly improved interactive method is
developed, thus minimizing both computational and informational burdens on the decision
maker.

This paper also explores an important managerial problem of operational design and production
target setting for opening branches in a fast-food company. All the branches utilize multiple
inputs, such as manpower and operating costs, to produce multiple outputs like revenue and
customer satisfaction. It is therefore needed to plan as to how much inputs should be used and
how much outputs should be produced, before the new branch’s operation. The input setting is
referred to as operational design and the output setting as production target setting. To
accomplish this, we model a nonlinear MOO problem and apply our method to that problem. It
is worth mentioning that there are various cases of opening new branches in many different
kinds of industries. Examples are fast-food franchise restaurants, telecommunication service
offices, and bank branches. Possible areas of the application of our modeling idea and method

are therefore numerous.

Key words: Multiobjective optimization, Interaction, Nonlinear program, Operational design,

Target setting
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