ERVE
20194E 9 A

[ B K % OE BB % B
JOURNAL OF TONGJI UNIVERSITY(NATURAL SCIENCE)

Vol. 47 No. 9
Sep. 2019

XEHES. 0253-374X(2019)09-1359-10

DOI. 10. 11908/j. issn. 0253-374%. 2019. 09. 018

ETHHEREDRERANGREFHEEEZEERE

1,2
EE T

, I, EAKRS

. My KE 25 5EH¥E, 1§ 200092;2. I_J??fj(% ANETEFRE, B 20009253, BN BWHRERE, B 200444)

HE . HXHMEERRERIT (QFD) R E B B AR
FOIPHHE AR E A, 2 — M SR TR

SR B JZ IR W s R T BRAS A HE P 20 T PR P SRk Y kit
QFD HEAY , T LR it 5 B R P ) T 22 B2 RO A . R
oy T P TR S RER TR C R i e P KB E
BENE S RERENEZEEHT 3 AU B IR TR
B EEE PR, 85 Ul —HE TR T2
> R GUR) BB T B BT R R ], HEAT TR R R 3
PERAIE LU P A OR824 RSO R R 7H R
2%,

KR FHENERIT(QFD);
X3 ZIRMEIIR
q:ﬁgé"n:_v 693;G431

BRI BB —IuiE
XEIREED: A

of Quality Characteristics
Based on
Function Deployment Model

Determination

Importance Improved Quality
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(1. School of Economics and Management, Tongji University,
Shanghai 200092, China; 2. School of Foreign Language, Tongji
University, Shanghai 200092, China; 3. School of Management,

Shanghai University, Shanghai 200444, China)

Abstract: Aiming at the fuzzy and uncertain information of
language evaluation in traditional quality function deployment
(QFD) on the construction process of quality house, an
improved QFD model combining hesitant fuzzy 2-tuple
linguistic variables, multiple criteria decision making methods
such as AHP and TOPSIS is proposed, to determine the
importance ranking of quality characteristics. The proposed
model consists of three stages. Firstly, the relationship
between user needs and quality characteristics is evaluated.

Secondly, the relative importance weight of user needs (Cs)
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is determined. Lastly, the importance ranking of quality
characteristics (@) is determined. Through the above steps,
the accuracy of importance ranking of quality characteristics is
improved. Finally, an example of importance ranking of
quality characteristics of the digital language learning system
from one enterprise was given to demonstrate the
effectiveness of the proposed approach. This research may
provide a reference for improving the design quality of E-

learning system that user-centered.

Key words: quality function deployment (QFD); quality
characteristics; hesitant fuzzy 2-tuple linguistic; multiple

criteria decision making
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2,5, IELEF A WIES EN X EE, &R
WG Ty WX A IR R R R, L 2.

HB 2.8 3BH Irowa BT, #E QFD H BAXT
FH PR SR R Z (1] 56 RPN I X Al 6K R
HEFEEE R= (75 1. L3R 3. HH Itowa B FHIAE
(0. 112,0. 236,0. 304, 0. 236,0. 112) 5@ id HFEFA
G370 W S B O T R

HE 2B R P RREMAH B E R,
TR P TR AT R we , LAES TR,

B 3.0 T RIARAE. B P
SRAHASR R 1~9 BUEFFI KRR, X 5 WA FH
RFATHE B G LG LG, G C)=(3,7,9,5,1),
BH—b b B ERE AP T REMNNELE w, =
[0.12,0. 28,0. 36,0. 20,0. 041",

BB AER P TR EEEXRRMEW.. U
PR “m B R (C)” i, TR S AT
SRIG A AR AR E AR OC 2. BB 5 AE AT BE B 2 1Y 7]
R L, AR VR e R PR, P R R IR E K
M) " 5“RGEL &ML, B EEE TS
B —NHEAHB I, TP OTREMAAEE R R A
1I~kER,“I"RE 2N TERFEE, “9"RFE—
NIRRT A — LB EE. FREFILERNE
BERRWL ay =1/a; K a; FORE i MICERM
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Tab.1 Linguistic assessment on the relationship between C, and Q by the QFD team
BRERE
o = Q Q: Qs Q Qs Qs
T VH >H L M ML VL
T, H =M VL <M <ML VL
C T; H~VH MH VL~L L L L
T >MH M <M <M L~ML VL
Ts H <MH <L ML L <L
T MH VH <L L<M L L
T, MH VH ML M <ML ML
C, Ts >=MH VH VL~L M~ML <ML <L
Ty MH H~VH VL ML ML~M <L
Ts H >H <L ML L L
T VL VL H~VH MH M~MH <ML
T VL VL VH =M MH MH
Cs T; VL~L L VH H H L~ML
T VL <L >MH MH >M <M
Ts <L VL H VH MH <ML
T L <L L ML~M VL~L VH
T, VL <L L MH <L H~VH
Cy T; VL~L VL VL~L M ML VH
Ty VL VL <ML <M VL =H
Ts <L VL <L ML <L VH
Th VL VL ML~M <MH >H L~ML
T VL~L VL M MH VH VL
Cs Ts L L =M H H~VH ML
Ty VL~L <L >ML MH H <ML
Ts <L VL ML =M VH L
£2 T MRE-TAXRER
Tab.2 Interval 2-tuple relationship matrix of T;
APk &% Q Q Qs Q Qs Qs
T: [(s650),(s6,00]  [(s650),(s6500]  [(s150)5(s1,00]  [(5350),(s3,00]  [(s1,0),(s1,0)] [(s5050),(s0,0)]
T [(5550)5(s5,00T  [(53,0)5(s6,00T  [(505005C50,00] [(s5050)5 (s30T [(s5050),(s150)] [(50,0)5(s0,0)]
G T [(5550)5Cs6500T  [(545005Css,00T  [(5050)5Cs1,0OT  [(5150), 51,07 [(s5150)5(s1500] [(51,0),(s51,0)]
T, [Cs450),(s6,00]  [(s350),(s3,00]  [(s050)5(s1,00]  [(5050)5(s3,00]  [(s1,0),Cs1,0)] [(s5050),(s0,0)]
Ts [(s5550),(s5,00]  [(5050)5Cs5500]  [(s5050)5(50,00]  [(5150),(s1,00]  [(s1,0),Cs1,0)] [(s5050),(s0,0)]
T; [(5450)5 (51500 [(5650)5Cs6,00T  [(5050)5 (1,07 [(5050), (51,07 [(s5150),(s1500] [(51,0),(s51,0)]
T, [Cs450)5(s2500]  [(5650)5(s6500]  [(5150)5(s1,00]  [(5350),(s5,00]  [(5050),(s1,0)] [(51,0),(s1,0)]
C T [Cs450),(s6,00]  [(s650)5Cs6500]  [(s050)5(s1,00]  [(5150),(s3,00]  [(50,0),(s1,0)] [(s5050),(s0,0)]
T, [(5450)5 (51500 [(555005 (56,007 [(5050)5(s0,0OT  [(5150), (51,007 [(s5150),(s3,00] [(50,0),(s51,0)]
Ts [(5550)5Cs5,00T  [(55,005(s6,00T  [(5050)5 (10T [(5150)5 (51,07 [(s5150)5(s1,00] [(51,0),(s51,0)]
T [(5050)5(s0500]  [(5050)5Cs0500] [(s550)5Cs6500] [(s5450)5Csa500]  [(s3,00,(s0,00]  [(5050)5(s1,0)]
T, [(50,0),(s0,00]] [(50,0),(50,00] [(56,0),(s6,00] [(s53,0),(s6,00] [(52,0),(54,0)] [(5450),(s4,0)]
G T [(50,0)5(s1,00T  [(5150)5Cs1,00T  [(8650)5 (56,007 [(s5550), (55,001  [(s550),(s5,0)] [(51,0),(s51,0)]
T, [(5050)5Cs0500T  [(50,0)5Cs0,00T  [(s550)5 (56,007  [(5450),(s4500]  [(s350),Cs650)] [(50,0),(s3,0)]
Ts [(5050),(s0,00] [(50,0),(50,00] [(s5,0),(s5,00] [(5650)5(s6,0)] [(5450),(s54,0)] [(5050),(s1,0)]
T [(5150)5Cs1500]  [(5050)5Cs0500]  [(s150)5(s1500]  [(s150)5Cs35,00]  [(s50,0)5Cs1,00]  [(5650)5(s550)]
T [(5050)5Cs0,00T  [(50,0)5Cs1,00T  [(s150)5 (51,07 [(5450)5 (545007 [(s5050)5(s150)] [(s5,0),(s650) ]
Cy T [(5050)5Cs1500T  [(5050)5Cs0,00T  [(5050)5 (51,07  [(s5350),(s3,007]  [(s5150),(s1,00] [ (56,005 (s6,0)]
Te  [(s050)5Cs050]  [(s5050)5(s0500]  [(s050)5(s1,00]  [(50,0)5(s3,00]  [(5050)5(s0,00]  [(s550),(s650)]
Ts  [(50,0),(s0,00]  [(s5050)5Cs050]  [(5050)5Cs0,0T  [(5150),C51,00T  [(5050)5(50,00]  [(s5550),(s6,0)]
T; [(5050)5Cs0500T  [(50,0)5Cs0,00T  [(s150)5 (53,07  [(s5050)5(s4500]  [(s650),(s650)] [(51,0),(s51,0)]
T, [(5050),(s1,00]  [(50,0),(50,00] [(s53,0),(s3,00] [(54,0),(s4,0)] [(s5650),(s6,0)] [(5050),(s0,0)]
Gs Ts [(s150), (51,001 [(s1,0),(s1,00]  [(s3,0),(s6,00]  [(55,0),(s5,0)] [(s5,0),(s6,0)] [(5150),(s1,0)]
T, [(5050)5Cs1500T  [(5050)5(s0,00T  [(s350)5 (56,007  [(5450)5(s4500]  [(s550),(s5,0)] [(50,0),(s51,0)]
Ts [(50,0)5(50,00T  [(50,0)5(s0,00T  [(s150), (51,07  [(s5350), (6,007  [(s650),(s650)] [(51,0),(s51,0)]
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Tab.3 Collective interval 2-tuple relationship matrix

B
sk =

Q Q Qs Q Qs Qs NE
C Al0. 833, AL0. 539, Al0. 019, A[0. 185, Alo. 167, Al0. 019, 0. 096

1 0. 942] 0. 764] 0.127] 0. 423] 0.275] 0.019] .
C ALO. 685, A[0. 942, Al0. 037, Af0. 315, AL0. 127, Alo. 127, 0. 280

2 0. 743] 1.000] 0.167] 0.391] 0.294] 0.167] .
C A[0. 000, AL0.112, Alo. 891, Alo. 762, A[0. 664, Alo. 207, 0. 360

3 0. 112] 0.112] 0.981] 0. 852] 0.762] 0. 466 .
C alo. 019, AL0. 000, A[0. 058, Al0. 373, AL0. 037, AL0. 942, 0. 206

4 0. 058] 0.019] 0.167] 0. 5007 0.127] 1.000] .
C Al0. 019, AL0. 019, Al0. 442, AL0. 571, A[0. 942, Alo. 127, 0. 058

5 0. 109] 0.019] 0. 655 0. 743] 0.981] 0.257] .

XFE AT ENEES ;. =1 HFRIFFWEE  NEEHITRENFHET.

LA e ) B BEAN L. 7 B S e Al L L SR
AHP AT AT R W E A,

BRI EERINEK 4 Pis, RPBRAIIAIHTH
FRENAEERT i BL PR (Co)” i F P 75 SR I 2 ]
AR B2 RE [ . HLAp, 5 i 5 BE R B A R
REMFTRRIER .

£4 3 C, WARPEREBEXRER
Tab.4 Relationship matrix of C;

Gs Cs C (A HXEEER
Cs 1 3 1/7 0. 158
C 1/3 1 1/7 0.076
Cy 7 7 1 0. 766

F3R 4 AIAS, B0 e B ER B AR B P R SR TR
MHERRELEE R E we ok
we = [0.158,0,0,0. 766,0. 076"
RIS, SR A T8 SR I A P 5 SR B AH B
KAREEF N, BRI ERBHPTREN
PP 45 B P 7 oK TR B B O R A B W

[0.750 0 0 0 0.158]
0 1000 0 0 0
W.=1 0 0 1.000 0 0
0 0 0  0.875 0.766
0.250 0 0 0.125 0.076]
BB S5HEB IR T PR P #R

B we.

we =W, ew, =

[0.096,0. 280,0. 360,0. 206 ,0. 058"

ML B & C, MM, BRAHE W T RE
AT AH X ALEE R . we = [0. 096, 0. 280, 0. 360,
0. 206,0. 05877, IL3E 3.

TEESHELEEE 2 HBMER C NH, 8
F TOPSIS J5 % 018 7 41 50 MR 5 e AR A7
A e S5 R R PR F b » 8 A N 5 4 T B AR S

HIR 6. 11E ZoniE A MW IE fUR. T A
C. BIAE, MR (1D ~A7) HE = JTiE LEMIE
£ FRAR R (B 53 0

AT=A(0. 08,0. 09),A(0. 264,0. 28),A(0. 321,
0. 353) ,AC0. 194,0. 206) , AC0. 055) , AC0. 057)

A~ =A(0.002,0.002),A(0. 010,0. 047),A(0,
0.04),A(0,0. 04),AC0. 001),A0. 001)

BB 7.l ERAD~1D,HEL Q 5t
SCE S BEAEAE YRR D 1 D (JLER 5).

HIR 8K QO TR Q SHEAMHAHE
MHEGERRE R M{E 53504 0. 334,0. 411,0. 506,
0.576.0. 451.,0. 404, IL5& 5.

%5 HTL-TOPSIS HiEHitE&EE
Tab.5 Results of the HTL-TOPSIS method

Elkd D Dy Ri Hr
Q 0.539 0. 270 0. 334 6
Q 0.512 0.358 0.411 4
Qs 0.441 0. 452 0. 506 2
Q 0. 309 0. 420 0.576 1
Qs 0.423 0.348 0.451 3
Qs 0. 469 0.318 0. 404 5

BB 9 GEN R RS EAE R R BRI RS
PR REVNEF R Qi Qi Q5 Q. Qs Qi R, A%
ZHF X EFET ¥ RGN ST Bk UL
REER R RS R (QO, B )5 827 LR
W R 25T B P e g, R Th REME (Q)) -
BB Q)R Q) ITEME Q). FEFH
Q.

3.2 k®5itie

Ry — Bk R e QFD A A ot Bt
ZHH E-learning R 45 5 &t o R 3 2 HEP ) &K
AR TR S XMtk # T E, WA RER
(combined house of quality, CHOQ)¥: , #:47 b #5843
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Tab.6 Ranking results by listed improved QFD
CHOQ

N=N'E=y ¥
TR W, T B 5
Q 0.034 6 6
Q 0.149 4 4
Qs 0. 270 2 2
Q 0. 290 1 1
Qs 0. 100 5 3
Qs 0.158 3 5

RHER 6 LR LT, 4565 —JuiE X
Ag & . AHP 1 TOPSIS Mt # QFD X} Q. Bt Se4k
HF 5 CHOQ FikMHE P B AR R — R (E BT,
R T %7 B ARG RO, TR T R R 4
WHEP AT Z R BRI T T X NERF B MA P
T RACE X HEF 45 R W, TR B T AR SO 2
FEEMEHATRBAREEST IR T HE Birs
IRV AH H LA QFD B, A SCHE A ek
QFD BRI EERHAH T =5

(1) 7 Bl HFLTSs, A) L)% i = e
QFD HBARL B B & IR AR E 1B T Rk, AR5
BEEK, Wi QFD BB ol IMERE MR EFEE
MIIES N ESEERIA A H W AT

(2) Zrgd AHP 8, SE PR B P &
SR IV P AH L5 e 56 2R, 4 L B B (AR X AN EE )
. FA FEARZE AR S O AR B 10 » 12 B T NS R
FRHE BRI HERR IR A J4 o0 R, A5 T H L= 4
43

(3) #EEE —I0iE Xk TOPSIS, 4 L&
ai—RERE R E, 458 ZoniE UE B E R
TR ALY L, AT {75 2] 1 T B e R
FEHE AR v A A R T R e R LR B A
5L TR PR

4 5E

PR B W 2 f2 E-learning RE TR
BT HOCHEE, QFD 1R —Fh P 75 SR R 1) I 7= ik
LR, @ REERNWERSAROTE L RRR
PEREZEION. HXHMEG QFD £ KIEF BN
AR S A, A< S0 ) — P 45 HFLTSs, AHP
1 TOPSIS Rkt QFD, B DA% & 7= i it B ek
EEHT. A B AA . O HFLTSs 4k
HRBESIMMER . AR THFEEERAE ©
JE i AHP # € i P R R EE EAERACE  FER IR

SR TRAH LR W 5E R B IR A O AR 2. O A
4G —ouif A TOPSIS 5 S A5 Y B A
el R T RIS R IR IR

X Fe AR — K F 2K E-learning R
R PR B B RE AT B UE T BT AR O 1 A
FRATHE 5 HALSEE QFD HBG i, Prif Jr kit
IS REA A SE 8, BRI BOE = 335
25 FEAR SR B 0L T Ay Bk [ R B B th T
{5 B AL B M B BEPL S 4R 5, T — 22
S Rl 25 RS ARV R REALE Y 22 8 1k SR T ¥k
AR R — A B AL

it QFD J7 i W R PIB 5T R W], 72 E-learning
RGP, 5 AT EE R R R
Wb FE = S K BT 5675 58S B A SR T
BEFIIR S5 it. RIS , il LR P o Rl i A7 7
A » ANANCE SR T D RE R IR By HL AR e i RN A 42
AN B G A SE B B 32 SR T P SR AE 7 A R R
HABIARRL. 7E LM AT A SIS T, B AR EH
R TT 1 A0 TR P 3 3R B T2 40 0 2 77 i B
BT R RS, A B T3 E-learning R4
M B R 5384 77
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