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Variability Analysis in QFD: Prioritizing Engineering Characteristics
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Abstract 91t Chan et af., 1999; Temponi et al., 1999,

This paper proposes a new framework for variability
analysis in QFD. The proposed framework c¢onsiders the
uncertainty of the information contained in the house of
quality chart and analyzes the variability resulting in the
outcome. A new framework provides a dominance index
and a difference index for each pairwise ECs. The indices
are helpful to evaluate prioritics of cach pairwise EC.
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Dominance Theory

importance,

1. A&
ZAANSAANQD) = AZ ALs e 7
SAo) ] 2] apAlge BAG HA Exo=

Hestzl A bk FAAFF 2 AL A A AR
o] ch(Sullivan, 1986; Hauser and Clausing, 1988).
QFDE AFY F2E FFAI7IR, Bl &L A st
H, A J1e & PE=E dEd. 25
QFD] AgFots AFE AAe =@L o] ofv
o}, of® Foi7l 54 E(Whats)ol] 7b5 3 g Wi
(Hows)d] $4%9} A5 B8 +3¢ AANFe=

2t dud oz F9=yn

A
&

QFD+ 'House of Quality (HOQ)et= SR =
ool mio] 98l AT HOQE 27 RFALD
{(Customer Attributes, CA)3 CA A4 Sa%, A4

A E A4 (Engineering Characteristics, EC), CA-EC <
THAA), EC-EC A&TA, dAn7) T4 g8 AR
2 F4drh

QFDE FalA dojxle= HEHY BHAE
HOQS| ¢% ARE 2A= 42T BC Fawo
th. 719 QFD #4) wWHojA EC Fa%%E CA
Fa%9 CA-EC dARAE Zsto 4 ECE 745
Ho=E AbEdr. o] wWto] oldsn AL o
3 44, HOQY) 98 Rust FAH FHst
2 3 AR E HeM EAZE Ao

QFD7} AFdA e Z271dA AggEtts 3
oA HEg YERAERE F5st7le oftoh met
A, dEARAE EBZA A (Uncertainty)’ =] X &5
of itk wE dHAE e ESHA L dFge] 7
T4 (Variability)’ & 7+ &t 7]E& AT EAA ]

28442 elgen o8 uestEs Amst

=)

o

o

=2

it

SA6-1

Shen er al, 2001). Eg, o] EBHAHo= AF
EC Famg Ze Bageld ¥ede Aysin
ZF st 9+ % 9sitiKhoo, L.P. and Ho, N.C.,
1996; Kalargeros, N. and Gao, 1.3, 1998). 3}#] 4,
dHAR Y EFAYS ugern, o2 A§F 25

el wEede #HAogste, $4esE FHrksied
g43te AA B4 AAN a+dd Wang, T

(1999)7} Han er al. (2003)7+ 23 AAsk @A +
Aed AR A WENE BEHAYAW,
$HEA A7t Yobs gk, £= $Eeo7
FAE S G F RWHY YAAROE
Ao £ A g
2 oERdMT gEERY BEAYS mes
L ol2 A ARge] WBAL mepstu, o2
Mg B BReE H2E QFD B4 A4
A4 Gk B dre £xe 2Dy
a3, WE4 stet B ohig, of 9
o Bgere RE Sde] shig B4 A=
gegirks Helth wF $AE9 BAE )
755 Aol =g Helsgrks o] SEF

=
Aoltt.

, E
A

=

ST < ¢

O 2] 2

LIS

A <o o2 o o

2ol M= B Ao HjBE dista, 340
Me Adstnasts 422 QFD #4 AAds &
ARE digdnh 4dolMe BEE 32 EEs Y
.

2. WA
21. AEAQ BC Fa% A 34

Z2d% EC FLE(|F EC FLE)E /e
£ HEAHL ¥HE CA Faxs CAEC 4334
AeE Absdw A7 ECol dielM, Taxs
ohE ge] AatEoh

J— | —

AL= Y Ry, 7=1...n, (1

A= ECRA EC, j=l..n) 58T dEZ, 7
CA(MA CA, i=l,...m) o= HEz, 29
Re CASt EG Alele dadA A4+s e
o ARE ALY @A E AR AR

v eaddde 2AE HEH Wi
O}'E CA; == 0 =

= 2452 TaE
1&ta, mbAAR 2 Aye dd9dA As
Fig=3

i
AL
1]
T =1
P Eﬁ =

e

e A S

4 A

=

do



22 B2 AEAy

HOQY Z&44e 948 AR e Adst
A gA Kete AHE oRI§e QFDE AFEA
o 27IGA AFEHZ] Wi FEA s, A
o2 EFEste HOQY 98 Ars BEWsa
(fuzzy), 2= 3Hvague) 545 7142 ot
oA, ¥= Hreo EBEIHHHE QFDY =
AielA e gtk weEbd A4
Za%x, CAEC 9997, EC-EC ad7, 1w}
ZelAM HEbd
BEH S FATge Aot sty WEES
15tk olA2 =" Aro Baayge] oF
#E ERdT B dFeAE EC FameA
| HERdoh mEbd, ojH EC FAEE ¥
| TdEts CA Fa%9 CA-EC ARFA
Aol 29 T4 WUEAR AAA 2,
A4 WEHL Aozt
dTolAE HOQ o Hreo BEUdE
275k
A Z2AE A B LI
9 AAE AAFAL St

o

o]

rov &

r
@

ok ot fob

(oo ok (& ol o
nfe
g

e lo

do R
ek off L
o ot S
o
i
¥
iz
o, o
lo
ol
B
fil
k9
w
<
o

B
ik

22 71E QF
QFD <77v =ZA AAEstdAs, HOQ &
EZHAEE adEeta, Zae] HEvE &
A el g |

(M)
o i R
ol
L
!

!

Y
o
ggl,:\
o

o 0
ol
fo
1o,
e

o o
it

o o,
o,
=
o
r dl
.
1o
e
e

i o e F =
o

bl
£

&,
o}

>
°,

_,4
_&ﬂ?ﬂ
¢

ke
k1
2,

SR )
o
o
(]
2
A
[E
!

¢
i
ki
iy
i

o

2
L
rl >
o & ot
:;é- JHL'I 0 -
i
FF & ?o S e
o &%5 iy
e 3
it
2, y
o T
o

Mn

il

oh
to
@
r
c)
r dl
.
)
r
=

Jevogh i ol 2, 9,
N
=
o
Di.'{_ur

M

>,
o
o,

g
- & AR, AHPE CA F
g d+2 o

]

N

]_

oo oo 2 B do it 1 ox
i
rD
o2
ok
8
i
ol
ok
™~

o o
L oo 30
e 0

o i o
BB
re
‘\Ho?c
D—J_,—i—’HE
22 e
Fy
0 A
o3
[=1)
5 3 o -
&
=4l
n
.
gl‘
o
O‘E’
>r£~
ofi

Be Teiste o8 WA+ e
B2 HA3le HF CA $L&E
F3dstgtt Temponi et af (19992
-EC 733 A A HASHA FEete] o 9
ESdNE stz stgdtt. Shen er
7% CA Famd HAE ¥H £
(Trend) 845 F7lsted HF CA T =E HAs
A vt EFAYES nstdch o] dTFES
HOQ 28 Auo] 2HA4L 2%y K@
A5 pag ATzl
4 ARY EZHAE e aFeER, o319

TR wAdEE EC $aR WE

& AAE Agd d+E° srh Khoo, L.P. and
Ho, N.C. (1996)9} Kalargeros, N. and Gao, J.X.
(1008)= A2 o]&dle] CA £aT9 CA-EC

O -1 =Y A B
>«>ﬂu
o1 | LT
=
AL S
Lo 4
ol
ol

&
oy
Pamnt
[
[
[ane]
—
o

Ul

SA6-2

FoTE WA
o} Zhou, M. (1998)% 7| o] 2
928 SA$2 HEsts By

sz e
rJ
rJ
2
2L
r
il

v B
S
o
F
&
N,
rf
P

oo
O%%O

Shen et al. (2001)2 HAFZ A=
2 oAl EdY 2AE 2ess W
11, Kwong and Bai (2003)2 CA =8
Fold AEHUE BFF ESH
t 2 AHPE =#|<tsta EC $2
= g ol de dTES
AR BatdAe] 9§ 237 E
gz 2z 4 Yok

Wang, 1. (1999)7} Han er al. (2003)& EC =
e WERS EC 5459 2RE AT 944
ZAe] T3t Wang, J. (19992 3 Aol
7 (Fuzzy Oufranking) WH-E& o|g3tof, &= EC F
F=7t #2 ECE dAst= WHE A<lstA
o} Han er ol (2003)2 = HH BIFHHLE
LPI (Linear Partial Information) SHel= 2&sta, &
A4 (Strict Dominance)¥  ¢F3F5-¥  (Weak
Dominance)2 EC $-H9 ZAsAr. 859
o Ay g ke ZARH, E€R3ANY A
o e A7bA vekstReL, o A Re] dejA =
Serg 4 gk & BC $LES WENE $A%
A ZA gt A EC7: 7

N h

[=)

C Fax9

(T IC off 2 dfl o fo xR

off i S pok

o L
l'm r-\;—‘ o0

aoAs
ze 715

R

M

.__rL

o
2
s
de
S
Hir
i
SR
tjo
£ i
L
N
e

3. HZE QFD A5y &4 AA At

A2g QD WEH 24 AAE HOQ 9
Ao BHAYS vHstel, o2 A oprHE
279 WEYL ol Fetel FHwY Ao BEe
= welth Al AAE SEAR FHEE @
BEAy BY 2 000 EC Fam) ¥EY A
i) $-8A% A (v) AolAs A, TElw W
$HES DGR

AE BY AA SHe 22U
AL EAA WEY A, AGn o
$A%9 B S AAY B T
dolth T2 shte =SF SHE EE
Aole $HEAE Y A AFE
W oohie), olsl 9 Aol AwE A4=

L
mgo%}ifﬂf”ﬁ"ﬁﬂ
o Do 4

ESNG I A (e =

T
o

31 B8N Y F5

EZHY =Y Y=EAE AR EFH
A7y AHFHoE gHEHE AL s B4
AR 75 dACAE FHE HolHE o] &st
of, BEAY BYEE A&t EZAY g X
FHoR F@Es] Yl = B E(Distribution)s] 3

ha
d Rnervale] et AHSE = ich e
A BHIY BY 72 GAGAL B2AY B3
A8 ddstn, g te BaF B4



20043 58 21

=
m MOTOEE..“J
N T R o ol
- dd T P
2 y 3o il I o
B mmo%:mﬂc o 2 M M =
ok o H [ ™ wop I
g kW Galle }%i%%ﬁu &
— qﬂRL\I)EV q .OH 7Lﬂ L W] aA.O — .ﬁE“
ny oy DT o 0 N0l MR o ~all
5 w _nW.,:.L o ﬁol 0 oW 9 o)~ —_ N AR
e SR T R s = 2 -~
: %M%ﬁﬁ%go 5@ %ﬂ%&g%%# R Kaw b
P Truilaiy 33 LTrulE s FIETIT e pgeee
g . B N = o ™ G X T
o v%%ﬂ%%%mb15 MOVHE o) u%ﬁw%i o T E 2y
= B 5 o ° ™ a1 R gl W o B e 5 .m < ©
e M . = L E ok N o % ﬁeum S o T A < ©
2 5 PR N LT R SrTEE ez grTlg
= 0 2 RN o g .o = ].Wa ]m_ =0
EmWﬁﬁ%ﬂ% 5 &e L%QG%Mﬁiﬂa im%hﬂm 5 < A x%xﬁw
w@ﬂo1%4%%u% i @ﬂ%ﬂzg%Tw 4 2™ E TAE P e
4 g ok g,ooLﬁo - A = 7 AR .Qulﬂ = % by oy 78 AV By oF oT_o_E I
T I 5 B Vo~ daE T it M %
a T .D_Lm ] o &I] :l.fxla_e . i ) _LI77] .H_.c.__( 1_I7E
K m ‘0‘7 dl\r ) &n i ,lvAﬂ.H\urO?_ﬂ\mL.m = g N Mo mﬂ:ﬂ,q 7016 D.m .;o.l_lll;o
ﬂ/le —_ 3 Tl Twwml Xl__o o Tl e &= 4 m\rpf B ﬁor B wn m_/,% _ﬂuﬂ
=9 < o] [ 4 il 0 e ™ Zirl\ g |bF ] o Bl e ﬂl 5T
<oy o F 5 o o F o= N ) ~+ T o & I T o~
NOR R = " o X —— Eh%zﬁ ) ) &
v_.._/uq .E_Eﬂ.l. ﬂIHX I _.;L — ]7 ﬂl.l [ L_n_..mﬂ‘ﬂﬂ .
B o ¥ 5 w8 %ﬁ.ﬂﬂ & . ey
- - W ok i J L ok R & T P
= % o o o Zl_ ] o5 W <H it ﬁeMﬂAT ql
lﬂ,ﬂofz a L o — T w® fdm?@? W o
N3 e n:._.._._lu — _E JHL JI:A 1__.|rc e él
o ‘_ﬂou 3o O_ ZWO o ﬁﬁlwo o .Hblﬂé\ ﬁE 'AL OT“%OT.“R. QE L,_I .._m_|L.1r
K5 o <o E wr o BHmw < ) ﬂmo‘M/Twr ﬁoﬂﬂ OT & i ﬂ,_whm w J o ol OTﬂ_ul S
m“;fn.éma mﬁmﬂim w,mowmq_ouio_g R R ﬂw_mwi ToRT R
I ) o oD & Al ST A= S T i RRgCE
o P : ol o) Qs o M) 5o o 2 W R W iy )
Coerﬂﬁ A R T G o e ﬂl]o Wy~ g N o_gxd]ﬂ
g%y%ﬂmﬁatg &Q%@%% RGN a o
B T e . moa®F PRI b 8- I -
T ®0 S mEew AR TI da WRE 5 F < oo
q‘aﬁﬂEﬁﬁ Eam mmoNE% ,Am._ﬂﬂ__ﬂw_l _¢o ﬂlxﬁﬂlm = S . ﬁo.lr_/CQm "
%%ﬂ&ﬂﬁig%é% %%ﬁfrﬁ A%Q, > IS : = P oy%EE%&%
i ~ = O : = E
%%%%4&“3%%1 %mmi%g M%ﬂmh . ~ [= : %Mgﬁﬂiﬂﬁ
DT S L A g X ~ g I | “ v M R
o - Ty P g S = n Lm N T
o = L o L Nl O @] L 1= =S = I KO £l dlﬁﬂﬁ
B e R BTN Tr T & - R N .
PR — o — . ].
SRS g BoET ] vt 482 L E LN B L IO
#Wﬁﬂ%ﬂz%%% g%cﬂﬂE m@15& ~ = (O ﬂa%ﬁﬁﬂﬁﬁx
%Lﬂ%WK%wf?% e Do ™ ol 4F Tl LB ﬂE%%@ NGB
o & s BT S T AR Ho ™ T = = .J A TR o W
o % < e O o lui.izeE o~ o & . | . kH kgh7u w Uk
o ~ ”_u._L [ ﬂtﬂ_u_._ = = B .mL N i Ex_ il OL _.;L _.yA‘ . :.C o — w L.__ = o ”: Ou_ ] ﬂm .AE 0 ..L.Bl
deided = = T S 2 X wﬂﬂ moﬂwm SO o o %2%?&&
ANy Tﬂ,@ I %@qﬁ}ﬂ. G %%,m L 3 e T ﬂﬂﬂ%q T
iﬁzf.ﬁg %%E{ﬂqﬂﬂ%iJﬁl,m)nml g s ﬂ%.%,%EL§
ST o ] & ) wo ey & = AN L - R i ) ol T
g - WOH_EWLHMH._._ dp H ﬂhﬁﬁ m, o g o ISIA Eﬁ o ﬂél&.owrﬂT
< o T 3 = = et = — — J o
~ e b o ™ ﬁwﬂﬂ%ﬂm = M I = = EIOO o i \_M_._Aﬂ_lv
z%ﬂiﬁm 2 g = ,%éiacgh
Eele ¥ 3 wtwib:o_ucﬂEg x
m,o‘.‘ :lF Nmo.%
ﬂ&vaﬁ%%#
o o 9 :.m
mﬂﬂ;ozmwﬁmmi%
£E of of

Eclo] E‘]
SA6-3

1

R

Zmun
kgw?‘ %v}ﬁcﬂ b=l
214 A 5-of

o
il

rot.

7 L.
e o = <17

=
T

-



th o] FHE EGH EGE o= o] ¢ Faszid
3 oBE fi gAd, Bl gu 2% 9
A @bl 2 Fyoltt o IVY A% F A%
25 92 A%E, EGY EC F o= Ao ¢ F
astttm FE] @53, 3 Ao A oo
e or g
T '
pap HOI : I
1
0.3 j
507 |
=l 1
5 08 :
(] 1
§ 05 fm--===—-------- fosscssosososooog
: !
5047 IV : o
0.3 1
1
0.2 :
1
0.1 1
1
O 1 1 1]
0 0.2 0.4 0.6 0.8 1
Dominence Index

a9 1 $HEN aEAE AT BY

4. £ 2 48

2 owRodt dH4RY BHUYEe e
o, o2 AT BAY WEYEL $AEY B
st 2

24l A2E QD B4UYS
ASEERE ANHLE mEes]
stk B dTE 234 ¥
W oohUe ol& $H%4 #7e] B
seo] shie AA= A
@, $AE9 BAE A9
g Austel, Fue) &4 Folm,
ATt 53 S0l
d2e 24 AAY 5 A A 478
YRE su gk S99, 2o
AN 2289 Bol HTaHm g

s
=
-
olft
o
=

0

Ol 4

W
i -y

s
o
@

A E =R Al
b BEAy 2YS dAste Uud HEE
AAE 7 e eolm, MEAHE Adss HHE
T AiEE o oo wE, MEAY TS 99
T Hold Aotk €& W, EFEAH EFEE o
W OEYR FMAsES F5 ¥HEA g4 BEY
HHE =2 5 glojof & Helth oH ¢ &
£4 $43AE AYT £ gov, T ECH ¢4
¢ ARE FEHY THR AFD 5 9e e
c}.

A 23

1. Chan, L. K, Kao, H P, Ng, A, and Wu, M.
L..(1999), Rating the importance of customer needs
in quality function deployment by fuzzy and

SA6-4

10

11.

12,

13.

14,

15.

16,

. Kmmietowicz,

. Shen, XX, Tan, K.C., Xie,

Oesddssal/s=3 st
20044 bE 2

Sl 2004 =4 =0 &
1 CA

Y ~22g ASE

entropy  methods,  Imfernational  Jowrnal  of
Production Research, 37(11), 2499-2518.

. Han, CH., Kim, JK., and Choi, S.H., Prioritizing

engineering  characteristics in  quality fiunction
deployment with incomplete information: A linear
partial ordering approach, International Jouwrnal of

Production Economics, Article in Press.

. Hauser, G. R. and Clausing, D.(1988), The House

of Quality, Harvard Business Review, 63-73.

. Hiller, F.S. and Lieberman, G.J.(1995), Introduction

to Operations Research, McGraw-Hill, New York.

. Kalargeros, N and Gao, J.X.(1998), QFD: focusing

on its simplification and easy computerization
using fuzzy logic principles, International Journal
of Vehicle Design, 19(3), 315-325.

ZW., and Pearman, A.D.(1984),
Decision Theory, Linear Partial Information and

Statistical Dominance, Omega, 12(4), 391-399.

. Khoo, L.P. and Ho, N.C.(1996), Framework of a

fuzzy
International  Jowrnal

34(2), 299-311.

quality  function  deployment  system,
of Froduction Research,

. Kwong, C.K. and Bai, H.(2003), Determining the

importance weights for the customer requirements
in QFDusing a fuzzy AHP with an extent analysis
approach, IIE Transactions, 35, 619-626.

. Shen, XX, Tan, K.C, and Xie, M.(2001), The

implementation of quality function deployment
based on linguistic data, Jowmnal of Intelligent
Mamifacturing, 12, 65-75.

M., and Wang,
H.(1999), Sensitivity of the relationship matrix in
quality function deployment, Infernational Journal
of Industrial Engineering, 6(3), 214-223.

Shen, XX, Xie, M. and Tan, K.C.(2001),
Listening to the future voice of the customer
using fuzzy trend analysis in QFD, Quality
Engineering, 13(3), 419-425.

Sullivan, L.P.(1986), Quality function deployment,
Quality Progress, 19(6), 39-50.

Temponi, C., Yen, J, and Tiao, W.A.(1999),
House of Quality: A fuzzy  logic-based
requirements  analysis, Euwropean Jowna of

Operational Research, 117, 340-354.

Wang, 1.(1999), Fuzzy outranking approach to
prioritizing design requirements in quality function
deployment, Iternational Journal of Production
Research, 37(4), 899-916.

Xie, M, Goh, TN., and Wang, H.(1998), A study
of the sensitivity of "customer voice” in QFD
analysis, International Jownal of Industrial
Engineering, 5(4), 301-307.

Zhou, M.(1998), Fuzzy logic and optimization
model for implementing QFD, 23rd Infernational
Conference on  Computers and  Industrial
Engineering, 35, 237-240.



