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ABSTRACT

The dual response approach has widely been used in the literature to solve the
Taguchi’s problem. This excellent approach contains some deficiencies especially
on the standard deviation response. These restrictions may rule out better
conditions or globally preferred values in the industrial process or the product of
interest. This paper presents a more flexible formulation of the problem and it’s
solving technique. In this study, we also extend the dual response problem by
some cost elements (i.e., treatment cost).
Key Words: Quality Improvement,
Optimization, Response Surface Methods

Taguchi’s Problem, Multi-Objective

TAGUCHI PROBLEMININ COK AMACLI OPTIMIZASYON COZUMLERI
OZET

Literatiirde, “ikili cevap (dual response)” yaklasimi olarak bilinen yontem,
Taguchi probleminin ¢6ziimiinde yaygin olarak kullanilir. Ancak, bu miikemmel
yaklasgimin bazi yetersiz yonleri de vardir. Kalite standart sapmasi ile ilgili
kisitlamalar siire¢ veya iiriinle ilgili bulunabilecek daha iyi kosullar1 veya tiimel
optimum degerleri dislayabilir. Bu ¢aligmada, kalite standart sapmasini kisittan
kurtaracak yeni bir problem tanimi ve ¢dziim stratejisi onerilerek, maliyet 6geleri
ile Taguchi probleminin genisletilmesi konusu iizerinde durulmustur.

Anahtar Kelimeler: Kalite Gelistirme, Taguchi Problemi, Cok Amagh
Optimizasyon, Cevap Yiizey Yontemleri
1. GIiRiS 1. INTRODUCTION

Bu calismada, kalite literatiiriinde sikga tartisilan
Taguchi probleminin ¢dziimii igin, yeni bir formiilasyon
Onerisi ve bunun ¢6ziim stratejisi lizerinde durulacaktir.
Kalite standart sapmasina iligkin cevap yiizey fonksiyonu
kisittan kurtarilarak, degeri minimumlastirilacak bir amag
fonksiyonuna doniistiiriilecektir. Ayrica bu g¢aligmada,
“deneme maliyeti” ve “hedeften ayrilis maliyeti” isimli
yeni cevap degiskenleriyle de bilinen Taguchi problemi
genisletilecektir.

Japon kalite uzmani Taguchi’nin kalitede en 6nemli
problem olan {irlin veya siire¢ degiskenliginin azaltilmasi
ve belirli hedeflerin tutturulmasi yoniindeki fikirleri,
degisik bilim c¢evrelerinin ilgisini ¢ekmistir. Ancak,

Taguchi’nin kalite gelistirme konusundaki fikirlerini
destekleyen tasarim ve analiz stratejileri yetersiz
bulunmustur (Bkz. Koéksoy ve Muluk, 2002). Bu

elestirilerin temelinde, etkilesim kavramina yeterli 6nemin
verilmemesi, disiik ¢6ziimli tasarim  yapilarinin
kullanilmasi ve ¢aprazlanmis dizim formatinin yeterince
ekonomik bulunmamasi yatmaktadir. Analiz bazindaki
elestiriler ise, genellikle Taguchi’nin sinyal-giiriiltii
oranlar istatistikleri iizerinde yogunlagsmistir. Taguchi

In this study, we provide a formulation along with its
solution method for solving the well-known Taguchi’s
problem in the literature. Unlike imposing a restriction on
the value of the standard deviation we allowed to change it
freely (i.e., a smaller standard deviation is often
preferable). We also aim to extend the dual response
problem (under Taguchi’s philosophy) based on two
different cost elements such as “treatment cost” and “cost
due to any departure from intended targets”.

A key component of Taguchi’s philosophy is the
reduction of variability in products and processes so that
the process performs consistently on target. While the
statistical methods suggested by Genichi Taguchi remain
controversial, there is a little disagreement among the
researchers and practitioners about his basic philosophy
(see, Koksoy and Muluk, 2002). The designs
recommended by Taguchi are obtained by “crossing”
designs. The crossed array structure usually leads to a very
large experiment and so not economical and provide
“low” resolution that all of the interactions of interest
could not be estimated. Several of Taguchi’s data analysis
methods are questionable. For example, the use of
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felsefesinde, siire¢ varyansi ve ortalamasi ayni anda tek bir
istatistikle dlciilmeye calisilmaktadir. Ancak bu durumda,
konum ve dagilma etkileri birbirine karigacaktir. Siirecin
varyansinin ve ortalamasinin ayri ayri incelenmesi ve
stokastik bir modellemeye gidilerek degiskenlik yaratan
mekanizmanin  anlagilmaya ¢alisilmasi, miihendislik
acisindan daha bilgilendirici olabilir. Buradan hareketle,
cevap ylizey yontemlerinin Taguchi tekniklerine alternatif
olarak kullanildigin1 gérmekteyiz. Bu konuyla ilgili olarak
Tuck etal. (1993), Lucas (1994) ve Khattre (1996)
caligmalari incelenmeye degerdir.

Taguchi problemleriyle iliski kurabilmek ig¢in, siire¢

ortalama ve siire¢ standart sapmasinin sirasiyla gzu ve §_

bicimindeki cevap yiizeyleriyle modellenebilecegini
varsayalim. Eger secilecek tasarim, ikinci dereceden ylizey
modellerini destekler nitelikte ise, yukarida sozii gegen
cevap yiizey tahminleri,

(1.1)
(1.2)

¥, =b, +x'b+x'Bx
¥, =co +Xc+x'Cx

biciminde yazilabilecektir. Modellerdeki dogrusal terim
katsayilart b ve ¢ vektorleri ile, karesel ve ¢apraz terim
katsayilar1 ise, B ve C matrisleri ile temsil edilmektedirler.
Ayrica, x ile gosterilen vektdr, deney tasariminda
kullanilan etkenleri temsil etmektedir. Model parametre
tahminleri i¢in en kiiciik kareler veya agirlikli en kiigiik
kareler yontemlerinden faydalanilabilir.

Siirecin standart sapmasini modellemek igin, literatiirde
stkca kullanilan tekrarli yontem (pure replication) veya
hata aktarim yontemi (propagation of error) Onerilebilir
(Bkz: Vining ve Myers 1990, Lucas 1994, Koksoy 2001).

Taguchi problemlerinin cevap yiizeyleri ile ¢oziilmesi
strasinda, cevaplardan birisi amag fonksiyonu olarak kabul
edilirken; digeri belirli bir kisit degerine baglanir. Bir
diger kisit ise, deneysel bolge smirlamasidir. Deneycinin
belirledigi faktor diizeylerinin uzayda smirladigi bolgeye
deneysel bolge denilmektedir. Deneysel bolge, deney
tasarimmin deneye getirdigi zorunlu bir kisitlamadir.
Literatiirde tartigilan iki 6nemli deneysel bolge sinirlamasi
kiibik ve kiiresel bolgedir. Kiibik bolge sinirlamasi
altindaki tiim tasarim noktalar1, uzayda bir hiper kiibiin
iizerinde veya iginde yer alirlar. Kiibik bolgede, kodlanmig
etken diizeyleri [-1,1] araliginda degerler almaktadirlar.
Kiiresel bolgede ise, tiim tasarim noktalari r yarigaplt bir

hiper kiirenin iizerinde veya igindedirler (x'x < 12 ).
Tasarim yarigap1 r’nin kontrolii deneyciye aittir.

Taguchi’nin 6nerdigi “Enbiiyiik-eniyi” ve “Enkiiciik-
eniyi” problemlerinin cevap yiizeyleri ile ¢ozlimil
sirasinda literatiirde izlenen genel optimizasyon stratejisi
asagida verilmektedir:

Durum 1- Enbiiyiik-eniyi :
Max }?p

(1.3)

Kusitlar: §_ =¢, ve x'x =1’

Durum 2- Enkii¢iik-eniyi :
Min Y,

Taguchi’s signal-to-noise ratios may result in some
confounding of location and dispersion effects. A better
approach for isolating location and dispersion effects is to
develop separate stochastic modeling for the mean and the
standard deviation responses. This type of strategy gives
more insights to the engineers about the process of
interest. An alternative approach to Taguchi’s robust
design has often been referred to as the response surface
modeling approach (see, Tuck et.al. (1993), Lucas (1994),
and Khattre (1996)).

Let assume that both 51“ and }A/ - denote the second

order fitted response surfaces for the process mean and
process standard deviation, respectively. The second order
models of the form,

(1.1)
(1.2)

¥, =b, +x'b+x'Bx
¥, =c¢, +Xc+x'Cx

where b and ¢ are vectors containing the estimated
coefficients of the first order terms of each response
model, B and C are matrices containing the estimated
coefficients of the second order terms of each response
model, and x is a vector of control or design variables.
Model parameters can be estimated by either the method
of least squares or the method of weighted least squares.

The model for standard deviation can be obtained by
using any of the available approaches (i.e., pure
replication or propagation of error) (see, Vining and
Myers 1990, Lucas 1994, Koksoy 2001).

In the response surface approach to the Taguchi’s
problem, one response is chosen as a primary response to
be optimized subject to some specified value of the
secondary response. A solution is found under an
additional constraint on the x’s that defines the
experimental region. Two different regions of interest
mainly discuss in the literature, cubodial region and
spherical region. For cuboidal designs, the constraint is of
the form -1 < x; < 1, i=1,..., k (k is the number of control
variables), and for spherical designs the constraint is

defined by x'x < 2, where r is the design radius. The
value of r should be chosen by an experimenter.

We shall consider Taguchi’s basic situations in the
following manner:

Case 1- The Larger the better:

Max }‘/“

Constraints: §_ =o, and xx =1’ (1.3)
Case 2 — The Smaller the better:

Min yu

Constraints: § =o, and x'x =r’ (1.4)

In both cases one typically imposes a restriction on the
value of standard deviation, that is G . An acceptable

value for the standard deviation is usually unknown. In
fact, process conditions that result in a smaller standard
deviation are often preferable. Much of the past work in
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(1.4)

Kisitlar: §_ =6, ve x'x = r?

Durum1 ve Durum2’den goriildiigii gibi, siire¢ standart

sapmasinin kontrol edilen degeri G ’dir. Burada dnemle

tartigtlmast gereken bir husus, G degerinin nasil tespit

edilecegidir? Maalesef, bu deger genellikle bilinemez veya
bilinmesi uzun miihendislik ¢aligmalarini gerektirecektir.
Aslinda, siire¢ standart sapmasmim miimkiin oldugunca
minimum diizeyde tutulmasi her zaman arzulanan bir
hedeftir. Bu sorunu gidermeye yonelik olarak, Del Castillo
ve Montgomery (1993), Lin ve Tu (1995), Copeland ve
Nelson (1996), Kim ve Lin (1998) makaleleri 6nerilmistir.

2. COK AMACLI OPTiIMiZASYON PROBLEMI

Bir ¢ok amagli optimizasyon problemi,

Min {)’}1’5}2"'»)’;\:} (2'1)

x € R

seklinde tanimlanabilir. Burada §, =f,(x) (i=1,2,...,v)
ifadeleri, her cevaba iliskin yiizey fonksiyonlarin
gostermektedir. Ayrica, x bagimsiz degiskenler vektorii
icin bir R deneysel bolge kisitlamasi vardir. Burada
minimum yapmanin anlami, tiim amag¢ fonksiyonlarinin
esanli olarak minimum yapilmasidir. Eger Esitlik
(2.1)’deki yiizey fonksiyonlar1 arasinda uyusmazlik yoksa,
tiim ylizey fonksiyonlarini ayri ayr1 minimuma ulastiracak

*

tek bir X ¢6ziim vektorii bulunabilecektir. Bu ¢6ziime
ideal ¢oziim ad1 verilmektedir. Ideal ¢6ziim noktasindaki
yiizey fonksiyon degerlerine ideal kriter degerleri adi

%
verilir ve @; (i=1,2,...,v) seklinde gosterilir. Bilesenleri

ideal kriter degerleri olan a" e RV vektdriine de ideal
kriter vektorii adi verilir. Ideal ¢oziim genellikle yoktur.
Cilinkii bir yiizey fonksiyonunu optimum yapacak kosullar,
digerleri i¢in genellikle optimum olmaktan uzak olabilir.

Uygulamada ideal ¢oziim yerine genellikle pareto
optimal (uzlasik) ¢Oziimler Onem kazanir. Pareto
optimalite felsefesinde, bir amaci iyilestirme ancak ve
ancak diger amaclardan fedakarlik etme yoluyla
saglanmaktadir. Matematiksel olarak her pareto optimal
¢oziim, ¢ok amagli optimizasyon probleminin ayni
derecede kabul edilebilir bir ¢oziimiidiir. Bu ¢oziimler
icinden ideale en yakin olan seg¢ilmeye caligilir. Bu se¢im
islemi bir karar verme birimi tarafindan gergeklestirilir.
Karar verici (KV), sistemi degistirmek i¢in, kendisinde
otorite olan ve sorumluluk tasiyan kisidir. KV, eldeki
bilgilere gore mevcut ¢dziim alternatiflerini inceleyerek,
optimumu belirleyen kisi ya da gruplar olabilir. KV nin
problemi daha iyi kavradig: ve farkli ¢oziimler arasindaki
tercih iligkilerini ifade edebildigi varsayilir. Son ¢6ziimden
KV sorumludur. Cok amagl optimizasyon probleminin
¢oziimii, KV-Analist igbirliginde gergeklestirilir. Analist,
¢Oziim silirecinin matematiksel ve teorik yoOniinden
sorumlu olan kisi ya da bilgisayar programlaridir. Analist,
¢Oziim segeneklerini olusturur ve KV nin 6nerilerine gore
secim yapilir. Cok amagli optimizasyon probleminin
¢oziimii ile, pareto optimal olan ve KV’nin
gereksinimlerini yerine getirecek, uygun bir ¢dziimiin

this area have been attempts to provide a formal
framework within which an optimum solution to the
problem can be sought; for example, Del Castillo and
Montgomery (1993), Lin and Tu (1995), Copeland and
Nelson (1996), Kim and Lin (1998).

2. MULTIOBJECTIVE OPTIMIZATION PROBLEM
A multiobjective optimization problem of the form,
Min {5, 5,..... 5, }

x € R

@2.1)

where we have v ( > 2) response surface functions
9, =f,(x) of each response. We denote the vector of

independent variables by x belong to the experimental
region R. The word “Min” means that we want to
minimize all the objective functions simultaneously. If
there is no conflict between the objective functions in

*
(2.1), then a solution X can be found where every
objective function attains its minimum. This solution is
called an ideal solution. Each response functions are

* *
evaluated at X to get the ideal criterion values, @;

(i=1,2,..., v). A vector a" e RY is called an ideal criterion

*
vector whose components are formed by a;. There

usually does not exist an ideal single solution which is
optimal with respect to every objective function. This
means that conditions which are optimal for one response
may be far from optimal or even physically impractical for
the other responses.

In practice we might consider finding Pareto optimal
(compromise) conditions on the input variables that are
somewhat favorable to all responses. Pareto optimality
roughly means that one can not improve any criterion
without deteriorating a value of at least one other criterion.
There are usually a lot (infinite number) of Pareto optimal
solutions. Mathematically, every Pareto optimal point is
an equally acceptable solution of the problem. However, it
is generally desirable to obtain one point as a solution. We
need a decision maker to make selection. The decision
maker is a person (or a group of persons) who is supposed
to have better understanding into the problem and who can
express preference relations among the alternatives.
Usually, the decision maker is responsible for the final
solution. Solving a multiobjective optimization problem
calls for the co-operation of the decision maker and an
analyst. The analyst is a computer program or a person
responsible for the mathematical aspects of the solution
process. The analyst produces information for the decision
maker to consider and the solution is selected according to
the preferences of the decision maker. By solving a
problem we mean finding a string of Pareto optimal

615
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bulunmast anlasilir. Béyle bir ¢6ziimiin oldugu varsayilir
ve o ¢Oziime KV nin son ¢6ziimii denilir.

Cok amagli ylizey optimizasyon problemlerinin ¢dzim
sirecinde  kullanilabilecek  yontemler dort grupta
siniflandirilabilir. Bu smiflandirmaya temel teskil eden
makale Hwang ve Masud (1979)’dur. Hwang ve
Masud’un smiflandirmasini, Hwang et al. (1980),
Buchanen (1986) ve Lieberman (1991 a,b) makaleleri de
benimsemektedir. Yontemler, KV’nin siirece katilim
derecesine gore asagidaki sekilde siniflandirilir:

1. Tercih Bilgisinin Kullanilmadig1 Y dntemler,
2. Sonsal Tercih Bilgisini Kullanan Yo6ntemler,
3. Onsel Tercih Bilgisini Kullanan Y®&ntemler,
4

Adimsal  Gelistirimli ~ Tercih
Kullanan Yontemler.

Bilgisini

Bu calismada, adimsal gelistirimli tercih bilgisini
kullanan yontemlerden biri olan NIMBUS iizerinde
durulacaktir (Miettinen, 1994). Adimsal gelistirimli tercih
bilgisini kullanan yontemlerde, KV nin gerekli zamana ve
igbirligi  yapabilme  yeteneklerine  sahip  olmasi
gerekmektedir. KV ile Analist beraber c¢aligirlar.
Basglangicta KV’nin ¢6ziime iligkin herhangi bir tercihi
olmayabilir. Ancak ¢dziim siireci iginde, Analist’in
yardimiyla, KV’nin tercihleri ortaya cikabilecek ve bu
tercihler ¢oziime yansitilacaktir. Coziim siirecinin herbir
adiminda, KV’ye bir takim bilgiler sunularak onun bazi
sorulara cevap vermesi ve silirecin diger adimlarin
etkileyecek tercihlerini bildirmesi istenecektir. Coziim
stirecinin bir parcasi olan KV, son ¢6ziime yiiksek giivenle
karar verecek yetenege sahip olmalidir. KV’nin
tercihlerini  Analist iyi anlamali ve ¢6ziim siirecine
yansitmalidir. KV her adimda  problemini daha iyi
tantyacak ve tercihlerine yon verebilecektir. Burada
bulunacak son ¢oziimiin, diger siniflardaki yontemlere
gore kabulii de yiiksek olacaktir. Coziim siirecinin
sonlandirilmas1 degisik bigimlerde olabilecektir. Bazen
KV’ler sabirsiz davranabilirler ve durmak isterler. Ancak
bulunacak sonu¢ optimumdan uzak olabilecektir. Diger
taraftan, deneyimli KV’ler sabirla tercihlerini Analist’e
aktarirlar ve durduklar1 noktada son ¢oziime yiiksek
giivenle sahip ¢ikarlar. Ciinkii bulunacak ¢oziimden daha
iyilerinin bulunmasi ya ¢ok zordur ya da ¢ok zaman
alacaktir. Diger bir sonlandirma sekli, belirli adimdan
sonra KV’nin tercihlerinin belirsiz hale gelmesi ve daha
ileriye gidememesi olabilecektir.

3. TAGUCHI PROBLEMININ COZUMU

Taguchi problemlerini ¢ok amagl yiizey optimizasyon
problemleri gibi diisiiniip ¢6zmenin miimkiin olabilecegini
diistinmekteyiz. Bu amagla tasarlanacak problem,

Min {§ .9,

xeR.

3.1)

seklindedir. Problemin tasarlanig bigimi Esitlik (2.1)’deki
yapiya uymaktadir. Esitlik (3.1)’den goriildiigii gibi,
ortalama ve standart sapma fonksiyonlar1 esanli olarak
minimum yapilacaktir. Bulunacak ¢6ziim, ‘Enkiigiik-eniyi’
durumu i¢in ¢6ziim olarak kabul edilecektir. Eger

solutions that satisfies the needs and the requirements of
the decision maker. Assumming such a solution exists; it
is called a final solution.

Methods of multiobjective optimization can be
classified in many ways according to different criteria.
Hwang and Masud (1979) suggest four classes of solution
methods according to the participation of the decision
maker in the solution process. This classification is also
followed by Hwang et al. (1980), Buchanen (1986) and
Lieberman (1991 a,b). The classes are:

1. No-preference Methods,
2. A Posteriori Methods,
3. A Priori Methods,

4. Interactive Methods.

In this study we utilize an interactive method,
specifically the NIMBUS (Miettinen, 1994). The interest
devoted to the interactive methods can be explained by the
fact that assuming the decision maker has enough time and
capabilities for co-operation. In interactive methods, the
decision maker works together with an analyst. At the
beginning the decision maker has no idea or preferences
about the problem. The analyst tries to determine the
preference structure of the decision maker in an interactive
way. After every iteration, some information is given to
the decision maker and she is asked to answer some
questions or provide some other type of information. Since
the decision maker is involved throughout the solution
process she can be assumed to have more confidence in
the final solution. The data provided to the decision maker
should be easily obtainable by the analyst and contain
information about the system. Interactive methods can be
presumed to produce the most satisfactory conditions
about the problem compared to the methods of the other
classes. Stopping criteria are related to the convergence of
interactive methods. Either the decision maker gets tired
of the solution process and then stop or the decision maker
finds a desirable solution and wants to stop. The only
practical stopping criterion is the satisfaction of the
decision maker with the solution obtained. This means that
the decision maker must have sufficient evidence that no
significantly better solutions exist.

3. ASOLUTION TO THE TAGUCHI’S PROBLEM

The goals of the Taguchi’s philosophy can be achieved
by solving the following problem,

Min {g g |

xeR.

3.1

Here, we state the problem as defined by Equation
(2.1). The objective is to find the settings of x’s that would
jointly optimize both mean and standard deviation
functions. In the original form in (3.1), the problem is
solved for minimization only (i.e., the smaller the better).
If the objective function for the mean response is to be
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tasarlanan problem ‘Enbiiyiik-eniyi’ ise, Esitlik (3.1)’deki
S’H fonksiyonu yerine —9“ alinarak problem tekrar

minimum problemine doniistiiriilerek ¢oziilebilecektir.
Taguchi tarafindan onerilen bir diger problem de ‘hedef-
en-iyi’ problemidir. Bu problem yap: olarak kisith
problem tanimina uymaktadir. ‘Hedef-en-iyi’ probleminin
cok amacli optimizasyon formatindaki ¢oziimlerine bu
calismada yer verilmeyecektir (Bkz: Kéksoy, 2001).

Esitlik (3.1)’de verilen problemi c¢ozebilmek igin
adimsal gelistirimli tercih bilgisini kullanan yontemlerden
biri olan NIMBUS kullanilacaktir (Miettinen 1994,
Miettinen ve Mikeld 1995,1997). NIMBUS yo6nteminin
isleyisi ile ilgili bazi temel ayrintilar EKLER béliimiinde
verilmektedir.

Taguchi probleminin Esitlik (3.1) seklindeki yeni
tanimi  ve ¢Oziimiinde NIMBUS yonteminin tercih
edilmesinden dolay1 saglanacak bazi faydalar:

e Ortalama kalite ile ilgili hedeflere ulasirken, siireg
standart sapmasimin miimkiin oldugunca minimum
yapilmasi ilkesi benimsenecek,

e NIMBUS yo6nteminin kullanimi ile, KV ¢6ziim
siirecine dahil edilecek,

e Tek ¢bziim yerine alternatif ¢éziimlerin bulunmasi
ilkesi benimsenecek,

e  NIMBUS yo6nteminin kullanim alan1 oldukga genistir.
Yontemin bir diger avantaji ise, diferansiyelsiz
fonksiyonlardan olusan gergek hayat problemlerini
bile ¢6zebilmesidir. Boylece, karmasik cevap ylizey
fonksiyonlarini gerektiren problemlerde NIMBUS un
kullanimi miimkiin olabilecek,

seklinde siralanabilir.

4. TAGUCHI PROBLEMININ MALIYET OGELERI
ILE GENISLETILMESI

Kalitesi yiiksek, maliyeti diisiik {riin tretebilme
problemi; miihendislik, istatistik, ekonomi, isletme gibi
bilimlerin ortaklaga ¢aligmalarini gerektiren bir konudur.
Sonu¢ olarak, “hangi maliyette ne kadar Kkalite
istenmelidir”? Sorusunu cevaplayacak bir stratejinin
gelistirilmesi gerekecektir.

Phadke (1989), maliyet 6gelerini ii¢ ana baslik altinda
siniflandirmistir. Bu simiflar agagida verilmektedir:

1. Isletme Maliyeti (Operating Cost): Isletme
maliyetinin bilesenleri, enerji, ¢evresel kontrol,
bakim ve yedek parca maliyetleri olarak siralanabilir.
Farkl1 igletmelerin iiretim i¢in harcayacaklari enerji
miktarlar1 (dolayisiyla da enerji maliyetleri) farkli
olabilecektir. Eger bir iirlin sicaklik ve nem gibi
cevresel etkenlere karsi duyarlilik gosteriyorsa, bu
durumda havalandirma ve 1sitmadan dolayr bir
maliyet de ortaya ¢ikabilecektir. Yiiksek bozulma
oranina sahip bir {irlin, bakim ve yedek parca
maliyetini de beraberinde getirebilecektir. Isletme
maliyetini azaltmanin bir yolu, saglam iriin
tasarimidir.  Yani, bir iriiniin ¢evresel kosullara,
isletmeler arasindaki degiskenlie ve yedek parca
farkliliklarina karsi duyarlilifi, deney tasariminin

maximized (i.e., the larger the better), this can be
accomplished by minimizing —9“. A solution for the

target is best case will not be discussed in the frame of this
study since this case can be more directly addressed using

a restricted optimization problem rather than the
formulation in (3.1) (see, Kdksoy, 2001).
We utilize standard nonlincar multiobjective

programming techniques, more specifically the NIMBUS
algorithm (Miettinen 1994, Miettinen and Mikeld
1995,1997). Technical details about the NIMBUS are
discussed in the Appendix.

A new problem formulation given in (3.1) and its
solution technique via NIMBUS might provide some
benefits for the readers as follows:

e Unlike fixing the standard deviation to a specific
value we minimize it while achieving the goals of the
mean response,

e  The decision maker will be added to the solution
process in an interactive manner,

e A string of solutions will be generated rather than a
“one-shot” solution,

e The NIMBUS algorithm is appropriate not only for
differentiable functions but also for highly nonlinear
and nondifferentiable response functions. For this
reason, it is capable of solving complicated real-
world problems.

4. ENHANCING THE TAGUCHI’S PROBLEM VIA
COST ELEMENTS

Designing high-quality products and processes at low
cost is an economic and technological challenge in
engineering, in statistics and mathematics and in
administrative sciences. As a result, we should look for a
strategy to answer the following question: “Quality at
what cost?”

Phadke (1989) classifies the cost elements in the
following three main categories:

1. Operating Cost: Elements of the operating cost are
the cost of energy needed to operate the product,
environmental control, and the cost for maintenance
and spare parts, etc. Products made by different
manufacturers can have different energy cost. If a
product is sensitive to environmental factors such as
temperature and humidity, then one needs to pay for
costly air conditioning or heating system. If a product
failure rate gets high, the manufacturer will have to
pay for large maintenance and for spare units. The
fundamental principle of robust design is to improve
the quality of a product by minimizing the product’s
sensitivity to environmental noise conditions,
manufacturing variation, and deterioration of parts.
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etkin kullanimu ile azaltilabilecektir.

2. Yapim Maliyeti (Manufacturing Cost): Yapim
maliyetinin bilesenleri, iscilik, ham madde, makina
vb. olarak siralanabilir. Birim yapim maliyetini (unit
manufacturing cost) diisiik tutabilmek i¢in, kalitesi
disik ham madde, kalifiye olmayan is¢i, ucuz
makina ve teknoloji kullanimi tercih edilebilir. Bu
yolla yapim maliyetini diisiirmeye ¢alisan isletmeler,
ayni anda kalite seviyesini de istenen bir diizeyde
tutmak isteyeceklerdir. Aksi halde, rekabet ortaminda
yaris dis1 kalma tehlikesi de vardir. Yapim maliyetini
diistirmenin bir baska yolu, saglam {iriin tasarimidir.
Yapima iligkin aksakliklara karsi, siirecin duyarliligi
saglam hale getirilmelidir.

3. Arastirma ve Gelistirme (ARGE) Maliyeti (R&D
Cost):  Arastirma ve  Gelistirme maliyetinin
bilesenleri, yeni bir iiriin gelistirmek i¢in harcanan
zaman, gerekli mihendislik ve laboratuvar
kaynaklarinin miktar1 vb olarak siralanabilir. ARGE
faaliyetlerinin amaci,  isletme ve birim yapim
maliyetlerinin diigiirilmesidir. Bu amaca ulagmak
i¢in, saglam iiriin ve siire¢ tasarimina bagvurulabilir.

Yapim ve ARGE maliyetleri direkt ireticileri
ilgilendirir. Ancak bu maliyetler, iriin fiyatlar1 ile
miisteriye de bir 6l¢iide yanstyacaktir. Isletme maliyeti ise,
dogrudan triin kalitesi ile ilgilidir ve miisteriyi etkiler.
Yiiksek kalite denildigi zaman, genellikle diisiik isletme
maliyeti anlagilir. Yukarda tanitilan maliyet dgelerinden
goriildiigli  gibi, saglam tasarimla yiiksek Kkaliteye
ulasilmasi, igletme maliyetinin diisiirilmesi miimkiindiir.

Taguchi problemine eklemeyi diisiindigiimiiz maliyet
unsurlari “deneme maliyeti (dm)” ve “hedeften ayrilis
maliyeti (ham)” olarak tanimlanmaktadir. Deneme
maliyeti, yiizey fonksiyonunun tayininde kullanilacak olan
deney tasariminin her bir deneme noktasinin deneyciye
getirecegi masraf olarak tanimlanabilecektir. Hedeften
ayrilis maliyeti ise, belirlenmis bir kalite hedefinden
ayriligin yaratacagi ekonomik kayiplardir. Hedeften ayrilis
maliyetlerini 6l¢ebilmek i¢in, Taguchi’nin karesel kayip

fonksiyonundan  yararlanilacaktir. ~ Karesel  kayip
fonksiyonu,
L(x) = k (x-m)’ (4.1)

seklinde yazilir. Hedef deger olarak bilinen m
noktasindan, x birim uzaklagmanin kalite karakteristigi
iizerindeki kaybi1 L(x) kadar olacaktir. Esitlik (3.1)’de k
katsayisina kayip katsayisi adi verilmektedir (Phadke,
1989). Deneme maliyeti ile gelistirilecek olan “Uglii
cevap” problemi,

Min {9p’909§/dm } (42)

xER
bigiminde tanimlanabilecektir. Burada, deneme maliyetine
iliskin ylizey tahmin modeli §’ dm ile gosterilmistir.
Maliyet konusunda ilgimizi ¢eken bir baska durum,
deneme ve hedeften ayrilis maliyetlerinin birlikte

incelenmesidir. Hedeften ayrilis maliyetleri, her bir
deneme noktasi igin ayrt ayri hesaplanir. Bu sozii gecen

2. Manufacturing Cost: Elements of the manufacturing
cost are the cost of equipment, machinery, raw
materials, labor, scrap, etc. In a competitive market, it
is important to keep the unit manufacturing cost low
by using low-grade marterial, employing less-skilled
workers, and using cheap equipment and in the
meantime maintain an appropriate quality level. On
the other hand, a manufacturer can greatly reduce the
manufacturing cost by minimizing the process
sensitivity to manufacturing disturbances under a
robust design scheme.

3. R&D Cost: Research and development cost consists
of the time taken to develop a new product plus the
amount of engineering and laboratory resources
needed. The objective of R&D activity is to keep the
unit manufacturing cost and operating cost low.
Robust design plays an important role in achieving
this objective.

The producer is directly affected by the manufacturing
cost and R&D cost and then indirect effect to the customer
through the purchase price of the product. The operating
cost is incurred by the customer and also it is directly
related to the product’s quality. Higher quality means
lower operating cost. It can be seen from the elements of
cost that robust design will help to keep the producer’s
cost low while delivering a high-quality product.

In this study, we aim to extend the dual response
problem (under Taguchi’s philosophy) based on two
different cost elements such as “treatment cost (tc)” and
“cost due to any departure from intended targets (devc) .
Each treatment in a specific design costs differently to the
practitioner. The Taguchi’s quadratic loss function is
adapted to find economic losses due to any departure from
intented targets. According to the quadratic loss function,
the quality loss is given by

L(x) =k (x—m)’ “4.1)

where “k” is a constant called quality loss coefficient. Let
x be the quality characteristic and m be the target value for
x. Notice that any departure from the target m results the
quality loss (i.e., L(x)) (Phadke, 1989). A “triple response”
problem can be defined as:

Min§y 9.9, |

xER

4.2)

where S/tc is the fitted response surface function belong

to treatment cost.

Another interesting problem might be the following.
Here, we decide to consider both cost elements together.
Taguchi’s loss function in (4.1) will be used to calculate
economic losses due to any departure from intented

targets. Let §/ deve 18 the fitted response surface function

belong to the cost of deviation.

Min {910 b 5’dcvc } (43)

xER
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hesaplamalar Esitlik (4.1)’de verilen karesel kayip
fonksiyonu yardimiyla yapilacaktir. Hedeften ayrilis

maliyetine iligkin yiizey tahmin modeli S]ham olsun.

Tasarlanacak problem,
MiIl {ydm,s\/ham}

xER

(4.3)

seklindedir. Bu problem c¢oziildiigiinde, her iki maliyet
fonksiyonunu esanli olarak minimum yapacak kontrol
degisken diizeyleri bulunacaktir.

5. UYGULAMA

Bu béliimde, Taguchi probleminin ¢dziimiine yonelik
olarak gergeklestirilmis olan bir uygulamanin sonuglar
sergilenecektir. Uygulama i¢in, bir kagit helikopter deneyi
gerceklestirilmistir. Deneyin sonuglart Cizelge (5.1)’de
verilmektedir.

Deneyde tii¢ kontrol degiskeni kullanilmistir. Bu
degiskenler sirasiyla kanat uzunlugu (kanat), kuyruk-kanat
orant (ku/ka) ve kuyruk eni (en) olarak Cizelge (5.1)’de
gosterilmektedir. Deney siiresince sabit tutulan bazi
degiskenler de vardir. Ornegin, helikopterler sadece A4
kagittan yapilmis olup, tiim helikopterler i¢in govde
uzunlugu 1.5cm olarak belirlenmistir. Tasarlanan deney, 4
tekrarli 3° ¢oketkenli deneyidir. Deneme kombinasyonlart
ve tekrarlarin sirasi tamamen rasgele olacak sekilde
belirlenmistir. Kagit helikopter deneyinin yapilisi, deney
tasarimi egitiminde kullanmimi ile ilgili ayrintili bilgi igin
Muluk, Balce ve Koksoy (2000) ve Koksoy ve Hocaoglu
(2000) caligmalar: incelenmelidir. Helikopterler yaklasik 4
metre yiiksekten serbest diisme olarak birakilmigtir. Yere
diisen helikopterlerin, daha oOnce belirledigimiz bir
hedeften uzakliklart santimetre cinsinden Sl¢tilmiistiir. Her
bir deneme 4 kez tekrar ettigi i¢in, bulunan uzakliklarin
ortalama ve standart sapmalart hesaplanarak, Cizelge
(5.1)’nin ‘ort.” ve ‘ssap.’ isimli siitunlar1 olugturulmustur.
Deneme maliyetleri, helikopterlerin yapildigi materyalin
alan1 tizerinden Ol¢lilmistiir. Her bir deneme noktasinda,
helikopterleri yapmak i¢in kullamlacak kagidin 1cm?’sinin
maliyeti 1TL olarak belirlenmistir. Cizelge (5.1)’de
deneme maliyetleri, ‘dm’ isimli siitunda gosterilmistir.

Thus, we will try to minimize both cost functions
simultaneously.

5. EXAMPLE

A paper helicopter experiment has been conducted to
illustrate the performance and the applicability of the
proposed method. Table (5.1) displays the data from this
experiment.

The three control variables in Table (5.1) are wing
length (WL), body length-to-wing length ratio (BL/WL),
and body width (BW). All helicopters are made by A4 size
paper with a body length 1.5 centimeters. The
experimental design is a 3° factorial with four repetitions.
The treatment combinations and the repetitions are
completely randomized. A good discussion on a paper
helicopter experiment and its educational benefits is found
in articles by Muluk, Balce and Koksoy (2000), Koksoy
and Hocaoglu (2000). Our test flights were carried out in a
room with a ceiling 4 meters from the floor. After each
flight we measure the deviances from a specific target on
the floor based on a scale by centimeters. In Table (5.1),
‘mean’ and ‘stdev.” are the usual point estimates of mean
and standard deviation, respectively, at the i™ design point.
The treatment cost (referred to ‘tc’ in Table (5.1)) is the
price paid for a helicopter in Turkish liras (i.e., 1TL for
one unit area in square centimeters).
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Table 5.1. A Paper Helicopter Experiment
Cizelge 5.1. Kagit Helikopter Deneyi

M Kanat kuka En
[Wingd  (BLAMLY (B
1 B 05 4
2 B 05 B
3 B 0s 8
4 B 1 4
5 B 1 B
B B 1 g
7 B 15 4
g B 15 B
9 B 15 g
10 g 05 4
11 g 05 B
12 g 05 g
13 g 1 4
14 8 1 B
15 g 1 g
16 8 15 4
17 g 15 B
18 g 15 g
19 10 05 4
20 10 05 B
21 10 05 g
22 10 1 4
23 10 1 B
24 10 1 g
25 10 15 4
26 10 15 B
27 10 15 8

ort. sIap. Dm
(MEAN) (STDEW) (TC)
26.00 643 42
2625 E.40 B3
4050 1377 o4
21.00 7.70 54
24.00 942 &1
3375 3.30 108
22.00 707 [513]
2775 1047 99
3725 10480 32
2975 G.62 54
2875 E.30 &1
1763 1340 108
18.25 E.15 El
26.00 942 105
26.00 5.94 140
27.00 483 i3]
2975 2085 129
3400 1525 172
2225 5.56 EE
2825 7.80 a9
3|25 2133 132
3025 1360 GE
33.00 7.44 129
39.00 G.87 172
22.00 5.94 106
3975 32155 158
5275 2613 2

Cevap degigkenleri ile kontrol degiskenleri arasindaki
iligkiyi tespit edebilmek ig¢in, ikinci dereceden ylizey
modellerinin kullanilmast diigiiniilmiistiir. Modellemeye
iliskin varyans analiz sonuglari, Cizelge (5.2), (5.3) ve
(5.4)’de verilmektedir. Cizelge (5.3)’deki standart sapma
modeli harig, ortalama ve maliyet modelleriyle ilgili R?
degerleri yeterince biiyiiktiir. Ortalama ve maliyet igin
ikinci derece modeller U = 0.05 diizeyinde anlamlidirlar.
Standart sapmanin ikinci derece modeli ise, O =0.10
diizeyinde anlamli bulunmugtur.

Table 5.2. Analysis of Variance for the Mean
Cizelge 5.2. ‘Ortalama’ i¢in Varyans Analiz Sonuglart

The design used here supports a second order modeling
for all three responses. Tables (5.2) through (5.4) display
the resulting analysis of variance. With the exception of
the standard deviation modeling, the R”’s are quite high.
In the light of this concern, the greater R provided by the
second order model justified its use at 0.05 alpha level.
Table (5.2) shows that the second order model for the
standard deviation is significant at 0.10 alpha level.

Fegresyon =d KT rE F P=F
[Regression) (il [=5]
DodrusaliLinesr £] 715715628 04437 8505  0.0011
Karesel fuadratic £] 176882017 01109 2102 01379
CaprazgarpimiCrozsedterms 3 225459333 01414 2678 00795
ToplamFen./TotalRey g 1115037175 07010 4429 00044

Dedigken  t p HKOMMSE=25 050960

M ariable)

w1 -2437 00261

%2 -2470 00244

%3 -0.457  0B336

w1l 2229 00396

2l 1140 02700

3 0196  0.5469

B R 1.880 00773

w1*3 0345 05528

23 2050 00561
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Table 5.3. Analysis of Variance for the Standard Deviation
Cizelge 5.3. ‘Standart Sapma’ i¢in Varyans Analiz Sonuglari

Regresyon s KT r2 F P=F
[(Regression) (df) (=5
DodruzslLinesr 3 422 516725 03352 4248 00206
karezel iGuadratic 3 134 7EESE3 01228 1536 02367
CaprargarpmiCrossedierms 3 119.679973 00349 1203 03386
ToplamReg . fTatalReg | G956 9652586 05529 2336 006831

Dedigken  t ] HHOMEE=33.136667

(Wariakle]

xl -0894  0.334

%2 -209F 00313

%3 0384 07037

w1t 0523 06074

w22 1.800 00743

w33 <0885 03887

ot 1411 01764

%03 1228 02339

w2G 0331 07448

Table 5.4. Analysis of Variance for the Treatment Cost
Cizelge 5.4. ‘Deneme Maliyeti’ i¢in Varyans Analiz Sonuglart

Regresyon 5. KT R2 F P=F
[Regression) [dfl [55)
DodrusaliLinear 3 37453.000000 07641 359.748 0.0000
Karesel iGuadratic 3 255.535536 00443 0590 06301
Caprazgapim/Crossedterms 3 3665.000000 01136 6015 0.0033
ToplamBRey./TatalReg 9 43 B7Ye000 03311 15451 0.0000
Dedigken  t 4] HEOMASE=314.0582759
[Wariable)
kal -0.0602 08527
x2 -0.4030 06915
] -0.0354 09699
w1l -0.7630 0453
¥2*x2 07650 0453
¥ixd -0.7650 0453
w2 28020 00123
w1 *x3 318930 0.0053
W25 00652 09453
e  Kagit Helikopter deneyine bagli olarak bulunan, .
‘ortalama’, ‘standart sapma’ ve ‘deneme maliyeti’

degiskenlerine iligkin yiizey kestirim modelleri

(kodlu) Esitlik (5.1), (5.2) ve (5.3)’de verilmektedir.
Burada dikkat edilmesi gereken bir husus,
modellemeye gegmeden dnce, degiskenlerin —1, 0, 1
diizeylerini alacak sekilde kodlanmis olmalaridir.

1
+
2.88x1x2 + 0.83x1x3 +

9H =24.42 +2.44x

+ 2.09x2 +5.42x

3

3.14)(2x3

G =8.55+2.98x, +2.44x_ +294x_ +123x° +4.47x°
o 1 2 3 1 2

+2.35x x, +2.04x x, +0.55x . x

172 13

N _ _ 2 2
Ydm —112.41+29.56)c1 4—18.44)62 +29.44x3 5.56x1 5.56x2 5.56x3

+14.33x1x +16.33x.x

2 1

273

3~ 0.33x2x

3

+ 4.82x12 + 2.47x§ +042x2

3

2
~2.08
3

621

The fitted response surfaces for all three responses
(based on —1, 0 and 1 coding system of the design
variables) are given by Equations (5.1) through (5.3).

(5.1)

(5.2)
2

(5.3)
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Esitlik (4.2) probleminin NIMBUS ¢6zlim sonuglari
Cizelge (5.5)’de verilmektedir. Deneysel bolge kisiti
olarak kiibik bolge tercih edilmistir.

The NIMBUS solution to the problem in the Equation
(4.2) based on the cuboidal region of interest is presented
in Table (5.5)

Table 5.5. NIMBUS Solutions to the “Triple Response” Problem
Cizelge 5.5. ‘Uclii Cevap’ Probleminin NIMBUS Céziimleri

Alternatiflerf Alternatives ﬁ, & dm ic) x'
Alternatifl/Alernativel 19 204638 4 258531 T3311731 (-0.484852, 0.371348, -1.0)
Alternatiflisernatived 19452590 38422384 T1.OE3483 (-0.542091, 0.259334, -1.0)
Alternatif3/ARernatived 13 831039 3576402 G2 263034 (—0.599330, 0.147321, -1.0)
Adternatifdisfernatived 20330983 3460883 G6.650384 (-0.656568, 0.035307, -1.0y
AlternatifSiAlernatives 20978455 3495724 ad. 445420 (—0.714308, -0.07563%, -1.00
Adternatifflsternatived 21 693570 36314280 61200170 (-0.244008, -0.0549297, -1.00
Adternatif 7 A Rermative? 22200545 3773457 30396907 (—0.974376, 0.033895, -1.0y
AdternatifB/ Al ernativel 23 502207 4 0250668 57526640 (-1.0, -0.197434, -1.00
Adternatif@fA Rernative? 24 B204R87 4 852106 35602068 (-1.0, -0.438704, -1.00
Alternatifl0fARernative 10 26 134057 5915414 53.538254 (-1.0, -0.636%74, -1.00

Cizelge (5.5)’de alternatif ¢oziimler sergilenmektedir.
Deneyci, bu ¢oziimler i¢inden kendi sistemine uygun
birini segebilecektir. Ornegin, alternatif 4, standart
sapmanin en kiiciik oldugu bir ¢oziimdiir. Bu ¢6ziimde
deneme maliyeti 66TL dolaylarindadir.

Hedeften ayrilis maliyetlerini hesaplayabilmek igin,
kayip katsayis1 k=1TL olarak alinmistir. Helikopter deneyi
icin hedef deger m =25cm olarak belirlenmistir. Bu
degerden sapmalar hedeften ayrilistan dolayr meydana
gelecek  kayiplardir. Bu  kayiplara iligkin  yiizey
fonksiyonu,

. 2 2 2
§pam = —47:00+5024x  +45.22x,, +85.12x ; +78.79x, +48.35x, +63.16x]
+

5.4
79414xlx2 + 48.84)(lx3 + 50.88)(2)(3

seklinde hesaplanmigtir. Hedeften ayrilis maliyetine iliskin

The decision maker feels free to select a solution that
fits better to her/his system from a string of solutions
presented in Table (5.5). For example, the fourth
alternative provides the smallest value of the standard
deviation with a treatment cost of 66 Turkish liras.

As a second example, we calculated the cost at each
design point due to any departure from an intended target
(referred to ‘devc’) by assumming the quality loss
coefficient k=1 Turkish lira and the target m=25
centimeter. The fitted response surface of this case is
given by

2
3

54

9devc =—47.00 + 50,24)(1 + 45.22x2 + 85.12)(3 + 78.79xl2 + 48.35x§ +63.16x

+ .
79.14xlx2 +48.84x1x3 + 50.88)(2)43

Table (5.6) shows the corresponding analysis of variance.

varyans analizi Cizelge (5.6)’de sergilenmektedir.

Table 5.6. Analysis of Variance for the Cost of Deviation
Cizelge 5.6. ‘Hedeften Ayrilis Maliyeti’ icin Varyans Analiz Sonuglari

Regresyon = KT R2 F P=F
[Fegression) [dfl [=5)
DodruzaliLinesy £ 212639 03419 6047 00054
Karezel fauadratic £ 75209 01208 2139 01330
CaprazcapimfCrossedterms 3 134549 02166 3835 00239
ToplamRey TotalRey 9 422695 06796 4.007 00067

Dedizken  t 4} HECOMSE=11722

[Marishle)

%1 -2379 00294

w2 -2601 00156

3 -1.864 00661

Ea k3| 1783 00925

K22 10394 02892

®3*%3 1429 01M2

1 *x2 2532 0025

w1 *x3 1563 01365

H2RRG 1628 01218

Esitlik (4.3)’in  ¢oziim sonuglart Cizelge (5.7)’da
verilmektedir. Bu cizelgede, sadece bes alternatif ¢oziime
yer verilmistir. Helikopter deneyi gercek bir sanayi deneyi

The NIMBUS solution to the problem in the Equation
(4.3) based on the cuboidal region of interest is presented
in Table (5.7). Five alternative solutions are presented
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degildir. Bu deneyde KV’nin istekleri tam olarak
tarafimizca bilinmemektedir. Bu nedenle, daha fazla
alternatif ¢6ziim iiretimine gidilmemistir.

Table 5.7. NIMBUS Solutions for the both Cost Elements

only since we really do not know the preferences of a
decision maker in the concept of the prototype design (not
a real industrial design) for a paper helicopter.

Cizelge 5.7. ‘Deneme’ ve ‘Hedeften Ayrilis’ Maliyetlerinin NIMBUS Coziimleri

AlternatiflerfAlternatives dim (1c) ham (devc) x'

Alternatifl FARernativel 58.099453 17. 747861 (-1.0, -0.10375, -0.999994
Alternatif2fA Remative 52519793 33.250241 (-0.431399, -10,-1.0)
Alternatif3f4 Rematived 52.099483 48.441907 (-0.530357,-10,-1.0)
AlternatiffAlternatived 50589208 0273157 (-0375507,-10,-1.0)
Alternatifiia Rematives 4% 644683 141 n00o0g (-0997533, -1.0,-1.0)

Cizelge (5.7)’den gozlendigi gibi, deneme maliyetinin
kiiglilmesi, hedeften ayrilis maliyetlerinde bir artisa sebeb
olmaktadir. Karar wverici, uygun bir uzlasik ¢6ziimil
Alternatif 2 olarak segebilir. Bu durumda, kodlu bigimde,
kanat uzunlugu —0.431399, kuyruk/kanat oranm —1 ve
kuyruk eni —1 seklinde belirlenecektir.

EKLER: NIMBUS ALGORITMASI

NIMBUS, tiim amaglarin esanli olarak minimum
yapilmasim1  gerektiren ¢ok amagli  optimizasyon
problemlerini ¢dzebilmektedir. Eger, amaglar iginde

maksimumu istenen bir fi fonksiyonu varsa, bu sorun fi

yerine — fi alinarak giderilebilir.

NIMBUS yonteminde, kullanict yiiriirliikteki amag
fonksiyonlarinin degerlerini inceleyerek, amag
fonksiyonlarin1 bes smnifa ayirir: 1.) Degerleri azalmasi

gerekenler (ieI<), 2.) Degerleri KV’'nin istedigi bir

diizeye kadar azalacak olan fonksiyonlar (i€l S).
KV’nin istedigi bu ama¢ fonksiyon diizeylerine

aspirasyon (esik) diizeyleri denilir ve ﬁi (i=1,2,...,v) ile
gosterilir. 3.) Yiriirliikteki degerleri tatmin edici olanlar
(1 el” ), 4.) Degerleri KV’nin belirledigi iist sinirlara
(Sih) kadar artacak olanlar (1€ I > ), 5.) Degerleri
<> )

Burada smiflamanin gecerli olabilmesi igin, en az bir

serbestce degisebilecek olanlar (1€

. . < . <
fonksiyon “(1€ I ~)"yada “(1 €1 ~)” simfina, en az

bir fonksiyon “(i el <> )” ya da “(i el > )” sinifina
ait olmadir. Eger ikinci veya dordiincii alternatif secilirse,
aspirasyon diizeyleri ile alt/list smirlarin belirlenmesi
istenecektir.  Aspirasyon, bir amag¢ fonksiyonunun
arzulanan degeridir. Alt/Ust smirlar ise, aspirasyonun
tersine, amag¢ fonksiyonunun alabilecegi en koti
degerlerin alt ve iist sinirlaridir.

NIMBUS pareto optimal ¢dziimleri iiretirken, MPB
(The Multiobjective Proximal Bundle) isimli bir
altyordamdan yararlanir. Bu altyordam ile ilgili ayrintilar
Miettinen (1999, s.71-76)’de  verilmistir. NIMBUS
algoritmasinin adimlart Miettinen (1994) tarafindan
asagidaki sekilde verilmistir:

As shown in Table (5.7), when the treatment cost
decreases, the cost for the deviance will increase
dramatically. The decision maker may pick the Alternative
2 as a compromising solution (i.e., in the coded scale, the
wing length = —0.431399, the body length-to-wing length
ratio = —1, and the body width = 1).

APPENDIX: THE NIMBUS ALGORITHM

The NIMBUS algorithm can be used for minimization
problems only. If the objective function fi is to
maximized, however, this can be accomplished by
mimimizing — fi .

The classification is the core of NIMBUS. The
algorithm divides the objective functions into up to five
classes according to the preferences of the decision maker.
The classes are the response functions whose values 1.)

should be decreased (i e1 <), 2.) should be decreased to a

. L = . < .
certain aspiration level a;, (1€17), 3.) are satisfactory

at the moment (i el” ), 4.) are allowed to increase to a

. h - >
certain upper bound &;, (1€ I17), 5.) are allowed to

change freely (i el <> ).

Here, the classification is feasible only if at least one
function is in the first two classes (i.e., 1el <,
1el S) and at least one objective is in the one of last

. . > . <>

two other classes (i.e., 1€ 1=, 1el ). If the
second or the fourth alternative is selected, you are asked
to specify the bounds for the function values, that is,
aspiration levels and upper/lower bounds, respectively.
Aspiration level defines a desired value for the objective
function. Upper/lower bound defines the limit value that
the function should not exceed, if possible.

The NIMBUS uses a subroutine called MPB (The
Multiobjective Proximal Bundle) for generating Pareto
optimal solutions ( see, Miettinen (1999, s.71-76)). A
detailed algorithm of the NIMBUS method is given below
by Miettinen (1994):

1) Choose a starting point x° and calculate its weakly
Pareto optimal counterpart x'eR by setting
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1))

2)

3)
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x’ baglangic noktasi secilir ve onun x'eR zayif
pareto  optimali [F= {1,2,...,V} iken, MPB
kullanilarak hesaplanir. h=1 denilir.

KV’den,

< = >
ahzf(xh) noktasinda, I<, =, 1", I7,

ama¢ ile ilgili  fonksiyonlarini,
<> . .
1 smiflarina ayirmasi istenir. Bu smiflandirmada

= <
1 u]>uI<>¢ O ve I<UI_¢ & olmalidir.
Eger birlesimlerden ikisinden biri bos ise, 9. adima

e s : < .. zh
gegili,. KV'ye 1€l icin
diizeyleri, 1€l

. <
1€ I<UI_ W? > (0 agirhik
katsayilar1 sorulur. Agirliklar toplami 1 olmalidir.

aspirasyon

. h .
igin  &; st swrlari ve

icin  miimkiin

MPB yontemi ile,

Min{fi (x)/wi (i € I<),§réai)é(max(fj(x)/wj -a, 0))}

4)

5)

6)

7)

8)

f,(x)<f,(x"), iel”
f(x)<g;, iel®

x € R

problemi ¢oziilerek f(h hesaplanir. Eger )A(h = Xh

ise, KV’ye baska smiflandirma yapip yapmayacagi

sorulur. Eger yapacaksa Xthl =Xh, h=h+1,

denilerek 2. adima gidilir. Aksi halde 9. adima
gegilir.

ah = f(x") denilir. KV’ye a" ve 2" sunulur.
KV  bagka
d" = %" —x" ile 6. adima gegilir. Eger, KV ah y1

tercih ederse, x™! = x", h=h+1, denilerek 2. adima
gegilir.

Eger secenekleri gérmek isterse,

~h . . < .
KV, @ ’dan devam etmek istesin. Eger "= @ ise,

Xh+1 = f(h , h=h+1, denilerek 2. adima gegilir. Aksi
haide, (IS= @), 1% ={12,.,v} iken MPB
kullanilarak kontrol

zayif pareto  optimalite

. .- . . ~h ~
edilmelidir. Cézim X olsun. XhJrl = Xh, h=h+1,

denilerek 2. adima doniiliir.

P tane farkh f (xh + tjdh) kriter  vektorleri

(Yl TR

Kriter vektorlerinden [ = :{1727,“,\,} iken, MPB

hesaplanir.  Burada,

seklindedir.

kullanilarak ~ zayif Pareto optimal ¢dziimler
olusturulur.
P tane segenek vektdor KV’ye sunulur ve bunlar

arasindan en ¢ok tercih edileni segtirilir. Kars1 gelen

2)

3)

| ={1,2,...,V} via MPB subroutine. Set the
iteration counter h=1.

Ask the decision maker to divide the response
functions into the classes I<, IS, I:, IZ, and

I<>

at the point ah =f(xh) such that

= <
[Tul” Ul 2 @and ISUIT % @. Go to step
(9) if either of the unions is empty. Ask the decision

_ . <

maker for the aspiration levels aih for 1€l~ and
the upper bounds 8? for i € I”. Ask also for the
optional weighting coefficients Wih >0 for

: < < .
1el"ul , summing up to one.

Calculate )A(h
subproblem,

via MPB by solving the following

Min{fi (X)/Wi (i € I<),}1ée}>é(max(fj(x)/wj -aj, 0))}

4)

5)

6)

7)

8)

f(x)<f,(x"), iel”

f.(x)<g, iel”

x € R

~h _ _h .
If X =X, ask the decision maker whether she
wants to try another classification. If yes, set
Xthl = Xh , h=h+1, and go to step (2); if no, go to
step (9).

~h ~h h ~h
Let a =f(X"). Present a  ve A& to the
decision maker. If the decision maker wants to see

h h

different alternatives, set d" = %" —x" and go to

step (6). If the decision maker prefers ah, set
x"™! =x", h=h+1, and go to step (2).

.. . ~h
The decision maker wants now to continue from a .

If I<¢ J, set Xthl = f(h , h=h+1, and go to step
(2). Otherwise (I< = (&), the weak Pareto optimality

must be guaranteed by setting 1~ = {1 2y V} and
solving the subproblem via MPB. Let the solution be

ih . Set Xh+1 = ih, h=h+1, and go to step (2).

Ask the decision maker to specify the desired number
of  alternatives P and calculate  vectors

h h . .
. .Here, . _(j-1 =1,2,...,P.
f(x" +t,d"). Here tr(J 4—1) i

When [ < = {1,2,,.,,\;} , obtain weakly Pareto optimal
solutions by using MPB.

Present the P alternatives to the decision maker and
let her choose the most preferred one among them.



9) Asagida verilen,

Multi-Objective Optimization Solutions to.../ Taguchi Probleminin Cok Amag¢h Optimizasyon ...

karar degigkeni XhJrl ile gosterilir ve h=h+1 denilir. Denote the corresponding decision vector by Xh+1

Eger KV devam etmek istiyorsa 2. adima doniiliir. and set h=h+1. If the decision maker wants to
continue, go to step (2).

v 9) Check the Pareto optimality of Xh by solving
Max Zsi auxiliary problem,
i=l
v
F(0) 48 =f,(x") =12y Max ;81
1=

> 1= sk .
£ 20 12y f0)+8 = F(x)  Fl2uy

xeR
€20 i=12,..v
ek
probleminde, X Xh gibi  disliniilerek  ¢6zliim
xeR

h . o i
yapilir ve X ’in Pareto optimalitesi kontrol edilir.

~ o~ ~ ek ~ o~
Co6zim ( X, € ) olsun. Durulur ve son ¢6ziim X ’dir. with Xh as X . Let the solution be ( X, € ). Stop

with the final solution X .
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