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Abstract

With the rapid development of e-commerce, consumers’ reviews have more and more influence on
customers’ demand preferences. However, customer reviews often contain a lot of uncertain in-
formation, and it is difficult to describe decision data with accurate data. In addition, most of the
existing studies on determining criteria weight are directly determined by experts, without con-
sidering the personal preferences of consumers. Aiming at the above problems, this paper pro-
poses a multi-criteria decision model based on interval intuitionistic fuzzy number to solve the
problem of customer demand preference. Firstly, the concept of interval intuitionistic fuzzy is in-
troduced, which is transformed into multi-criteria decision making (MCDM) problem, and the de-
cision information contained in it is described with the form of interval intuitionistic fuzzy num-
ber. Secondly, BWM algorithm is used to calculate the attribute weight, which reflects the custom-
er’s personal preference information for each attribute scientifically and accurately. Then, the
products were ranked using the interval Intuitionistic Fuzzy Multiple Objective Optimization based
on a ratio analysis plus a full multiplicative form (IVIF-MULTIMOORA) method that uses three
methods to establish a robust decision. Finally, through the case analysis of two customers with
different demand preferences, the order of alternative products of two customers is determined
respectively, find out the most suitable products. And the effectiveness of this paper is illustrated
through comparative test and sensitivity analysis.
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BEE Web 2.0 IS IL, 20 7 RHR R 0 SE R SEE BRI, XA TR I SRS R . A
FESAT . FRAEEE 49 ¥k (b B W 2% R R e ) #dEgert, Bk 2021 4212 H, REM
LRI LR 8.42 42, HIKIME fF5E 73.00%, B — i ROARER AL L FLIK N A . FEX A
OUT Qo] TR B (0 75 SR 4 L O AR A Bk gy B 58 5 A 3% KO8 ) IR 1)l 2 w3 I TR
Tt B T 2 ) 5 SR A 4P [1] [2], @R 55 I3RS B I R, 3R B CE Rk LSS0,

B, DUE Tl s B BRSSP AE REAMERNGEE . AT E B
SEREIE R3], ARMERDASHE A SEEUE R 2N L R 4 &5 H0AE 2. DRIk, B W e Il SR O 9 7 AR 1Y
5 AP IR ADR HLAL ALy MCDM [, 51 ANASRA 22 J 1k R S5 VA M e 1) 4] [5] [6]. MM AR R e -
Hi Zadeh [7]F 1965 “Ef2th, I 2 M T RORI k55 L BRI TR ARORI 5 B AL BEAS Ak 22 4. BEA PR
FEUBR R R AT % LU R SR 1 B 22 B AR R MR R R BR A, ok SR 2 R B AR TR BN 2 O S L
P GEIIIU SR B 18 10 38 bR BB R e — AN — IMEDR SRR, AR R I RN A7 AR AR K AR =)
PRPE. PR, Atanassov [S8]f£ 1986 fEfgtt 1 X A/ ELWE MM S, MR, AR BENIMTL L =475 T 1
25 BRAHEN. 5, Atanassov [O]0 BRI ARIEATHE ™, - T XM ESCBOISE L, fEROMIE
S A RN TR T3 T S RAT SE
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AR X)L 0 ORI A B0 O 91 A 2 R s B OV, RV R T N U K A FE R [10] [11]
[12]. EE[L0[EH 7 —Fh3EF RABLER TOPSIS [X 8] BL WA 2 J& 1t e 0k 7. SB[ 1114 X 18] H.
A B S T AL S FH VRN AR T, A R R T DR PP A 32 A B — 0 3 W i i S B R 22 . A
FE[L120% X [R) BB ASOR 48 51 N 2125 A1 350 K BRI AL AG e BAR A v, A et dt v 7 AR Y (93 PR, BRI K
H ) COD & & .

H HIIE A 238 F DX 1) B0 O £ Sk Ab PR 75 sRAR I 1) 28, 1T ELIAS 1) IXC ) B AR S HE Y 7
PR SRR PR, B 1) FREREMSE, AR ERT T XEEAE, BEHEIYE
AN NG o 2) FeT B — k0 = i AT H i 44, A B ISR E N SR . DA SRS [X 8] B 5
RO B2 I8 FH 085 2 75 SR AR B W 7T BRI SE, A BWM B3l i S8 b, o ffe e ke b AR [0 ) 5 2
FAEAT SRR N IFE 2. 85, ] IVIF-MULTIMOORA J5 5%t A 7= s EAT HEFY 35 Bhii %
Pk FAEE S B ORI

2. AR
2.1. XEEREME
FESLL[9] BEX = X, %o X, S NAERH IS, X E AN ) B A 5 R
A={(% 115 (x).va (X)) I x € X} @)
Hot g, (x) €[0,1] Fl v, (%) e [0,1] 43 IR 7% x B T4 2 A 1SR X 1) A S5 X 1) P Ak 4 X )
X, Hil 2% 0 <sup u, (X)+supv, (X) <1, Vxe X o A TR, AP X A 5 BRIgE L N
A:{<x,[yA(x)L ()" [ [va (0 ()" Jixe x} @
Jot B, (0 =1 sy () =va () = [1= 210 (1) =7 (1) 21 (%) =va (0)" [ 7638 x BT r A 001

21X Ji]
L IR X BT A MRIBI] g (x) 0 (x) | FESRER v, (x)1 v, (x)° ] B4R

AR ([ 00 (0" 1 (0)” [ (0)" v ()" ) BRI B S AL 13)
EX 2014] B, =([a,b].[c.d]), (i=12,,n) A4l RS, A

NFWA (o, a,,-,a, ) =@1—lﬂ[(1—ai )" ,1—11(1—bi )" Hl‘!c“* ,]jd;”' D (3)

Ko N (i=12,--,n) RE, Ha [0,1](1=12,-,n), Zn:a)izlo PR NFWA Sy 1X 18] B 58 R AL

BT
SEX 3[14] %o =([a,b].[c.d;]) (=12 ,n) A—AHXFEERRIE, H

IIFWG(al,az,---,an):qua{”' qb“ Hl—ﬁ(l—ci )" ,1—]j(1—di ) D 4

Koy Na (i=1,2,--n) FINE, He e[01] (i=12,--n), Zn:a)izlo PR NFWG Dy IX 1] B3 HA AL
JUATF 3457
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SEX 4 [14] By =([a,b],[c,.d,]) Ml a, =([a,.b,].[c,,d,]) AFHAMER X B BB o Fl o, 19
IR RHN AN S (o) = 2 OO0 g ()= 0GR R
H(al):aierl;Clerl, H(az):a2+b2;c2+d2’ 4 -

D: #S(q)<S(ay)» WHa<ay;

2): #7S(ey)=S(a,),» MO FHH(y)<H(a,) May<a,: @ FHH(xy)=H(a,)r May=0a,.

2.2. BWM F53%&

BWM 7772 f ok S 3 Ut e Bt DA S s 22 2 b, 20 RN L AR AR AR 2047 9 8 %o LU A 2 PR A AL
AN AR N T BT 2n - 3IRBE BT L, AL T DME RSB AE, BRR T BT oo 4R IR AL 5 5L
MRZE, $em T 85 R — B FImT ek

BARTH D IR0 R [15]

1): & RIES . [ —4HIRIES (C,,C,, -, C, | FEIR AT T VEN I HARX R

2): VEHUREARIR R ZE S bR . PORFIRYE B & LB IEIRSE & {C,,C,, -+, C, } kit th e 4
b Cy MR ZFEF5 C,, -

3): e HAMFE AR AR T iR B SRR . R 1~9 2 BIFRR HARSR bR AR T e e A i)
HEFEE, WIS Ay = (ag,, 8g,. 85, ) ST, ag, RERAIRER Cy AN T-28 n AR IR I E 2R
fF. 1FRRC,MC, [AIZEE, 9 KR C, N C, i,

4): By HAhFRRRA T R E R B . (FHET 1~9 7 MR R HAb AR A T i 2= FR bR
AR, WIS R A, = (A, au . ayy ) o e Ay, ARFER n AMEFRAIX TR TR AR C,
FEE. 1R C, AC, [MS%EE, 9K /RC, HXHT C, MimEE,

5): HSETEARILE w= (W, Wy, -, W, ) o A EERCE IR IR AR

|

Horp, wy FOREAETER Cy IIBLE, w, RoRIRZETIR Cy, KA, w, FoR5H | MERIRE, ay, #rm
FEfiEhs Co AN THihr j I ZARSE,  a,, RoRTRR j MO BZETEHR G, I ZARSL
2.3. IVIF-MULTIMOORA

IVIF-MULTIMOORA J57£/& Brauers [16]32 H BI3E T LR 8T 2 H ARG AL T ARLE [X 18] B 5 AU £
FRyEER. EXMTETFERAT R RS, S ANeTREER = MONEmERZ. K5, 1
PERAFBI A FBAT RS, B rE8kERK. PBIT:

1): R SRR R

T=|t, - tij T ;i=1,2,---,m;j:1,2,-~,n
b o byt
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= (a8 ) [0 )-

2): Z AP REARGITEAR > R ARA TN TTIH KT A TR AR AL R R
3): HLERARLMNTIE
3.a): M NFWA 55 T2 BINAUE RS .

UiRS _ “FWA(tij,CO.)=([MRSL:M?SU :|,|:VIRSL,V$SU ])

ij ij ij i

3.b): XFUSS HEAT AR AL HE .

RSL RSU RSL RSU
GRS = Hy +Hy —Vy 7Yy
' 2
3.0): AU HATIA—HLALEE, FHET.
grs — UAiRi
i max U %

4): 2% [Tk

4a):HESEHr JHPSE L = ([max,&ijL,max,&}j’ },[m_inﬁﬁ,m,in\?}j’ }) yi=12,m; j=1,2,-,

4.b): THEEEIMABER D.
D=[d; |;i=12mj=12--n

St dY = 0ld (0,17

4.c): MRAEVIEL S KPR IR B o AN T R B K 2 -

U =maxd;; i=12,-,m; j=12,n
J

4.d): XU BATIH— AL, FEHET.

5): aIEHARITT ik
5.2): FIH IIFWG 5T AU F .

UM = IIFWG (t;, 0, ) = ([M?f”,ut?f“ ]’["t?jﬂﬂ'v*ru ])

5.b): UM EATRROBIAL R

MFL MFU _ MFL __ RsU
My~ F iy =V Yy

i 2 ]] ]]
5.0): X UM HEAFIA—MLALEE, FEHER.

JMF _ UiMF

m_aXUiMF
I

(6)

)

(8)

©)

(10)

(11)

(12)

(13)

(14)

6): “Gifiid RS, RP A1 MF =#J5 s #6807 it ATy, SREA LA BB S RIR A HP 4R
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3. BIRERIBLIRSRKS %
3.1. EIFERER

WP ={R,P,, P} NBE ML) E = 84, C={C,,C,,--,C,} W& Fh 7= MBS,
W= (W W, ) ARIESEC = {C,,C,, o, C, ) R it ietty = ([ g, 2y ][ 95,0 ]) 7= R e PR T
JETEC, eC KIVFINME, t, X[ B BORISE, [ﬁﬁ,ﬁ}j]%ﬂ [\7.]%,\7}; ] SRR R e PRTIEIEC, eC
SRR BEAARSR R . FERE T A2 s (v LAY DX T EEL o ASORY 1R SRR I
3.2. RRDE

Step 1 HiE &%/ P={R,P,,---, P, } K/ MJE&MES C={C,C,,.C,} -

Step 2 MR PEAE & TR E SRR A Cy M ZE /L C,, -

Step 3 HR4E 2 T (B) T E 7 S B MERHERCE w = (w, Wy, -, W, ) -

Step 4 18 ] IVIF-MULTIMOORA 555115 RS, RP Al MF =F 7 i3 £ 4% 77 i (K 4 45 R

Step 5 FIFAMAILLLEEHE RS, RP Al MF =Fi AR &1 = HE A 45 3, 1 e 1=
HeFp

4. LGSR

RS I A B KR A 5 B A AL R AR SEHIRIR S S VA FI AT . A 5 D &R FHL™
A (1=1,2,3,4,5) Al ik d, WX FHLLRETERRAMTHIE 1 4 BFHLIFORFR: ik C . it C, . BF
# Cy MIHLC, o MRHEREFH IR FHL™ i FOPEREFE AR A PO (5 2 220t b2 5 15 21 [X 1) B ARORA pR SfeA5 2 0
BT = (), L

T 5 =T AR R T I, RRARARR LT B B (R 5 O 4 9 5 R T B BT

Step 1 % A ¥ H 5 KE L NFHLFOHR bR BB IS C, . mERMEABERC, - Hi
T FA R AR TR IR C, R 22 R C, FOELA 4 A AS = (16,9,4) . AL =(9,7,1,3) . 5% B
R B 55 L NFHLPO R b b SR VENARNLC, - S R L C, o 8 St SR PEAR XS T 5
FE TR C, RIBL R C, LA RS 5 A =(7,9.20) . AL =(5,13,9).

Table 1. Interval intuitionistic fuzzy decision information matrix for mobile phone products
= 1 FH S XEERRR RS 2R

Cy

C,

Cs

Cs

([0.084, 0.161],

([0.271, 0.411],

([0.463, 0.608],

([0.102, 0.130],

Py [0.709, 0.792]) [0.448, 0.589]) [0.269, 0.413]) [0.752, 0.782])
5 ([0.358, 0.404], ([0.268, 0.343], ([0.129, 0.181], ([0.206, 0.343],
2 [0.409, 0.472]) [0.493, 0.570]) [0.679, 0.734]) [0.516, 0.656])
5 ([0.517, 0.545], ([0.804, 0.824], ([0.696, 0.720], ([0.915, 0.929],
3 [0.126, 0.144]) [0.017, 0.024]) [0.022, 0.031]) [0.008, 0.013])
5 ([0.591, 0.623], ([0.983, 0.990], ([0.949, 0.962], ([0.891, 0.911],
4 [0.077, 0.096]) [0.000, 0.003]) [0.003, 0.008]) [0.013, 0.022])
P, ([0.887, 0.901], ([0.843, 0.859], ([0.849, 0.865], ([0.733, 0.753],

[0.014, 0.020])

[0.011, 0.016])

[0.014, 0.019])

[0.037, 0.046])

Step 2 R4 AR (G)IHHE IR A FEE B MCERRHERE . BUETHE 4R35
, =(0.625,0.207,0.051,0.117) ,

= (0.124,0.049,0.265,0.562) -
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Step 3 f# F IVIF-MULTIMOORA 7778 5 FHLF= i HE 4 » 2 1 B SRAE A BWM J77E15 201 & 1
WA B EE N IVIF-MULTIMOORA JFiEMEIN . HiE A FE B R THERRY. &4 SMefeE
I IEI 45 1 R T A PG IR A 45 B an 2 2 fk 3 fion.

Table 2. Customer A’s product ranking results
F2 HEANERHRSER

%ﬁiﬁ HE 4 %ﬁﬁ HE 4, éﬁ%?ﬁ we R
Py 0.1885 5 0.0546 5 0.5573 3 4
P, 0.2613 4 0.0724 4 0.5421 4 5
P 1.0 1 0.1895 3 0.5260 5 2
P, 0.9639 2 0.2907 2 0.7226 2 3
Ps 0.6120 3 1.0 1 1.0 1 1

Table 3. Customer B’s product ranking results
3. mEBWRHARER

%ﬁfﬁ HE4, %ﬁﬁ HE 4 éﬁ%?ﬁ HE4, ﬁiﬁgﬁ
Py 0.1770 5 0.0524 5 0.5536 4 5
P, 0.2019 4 0.0548 4 0.4982 5 4
Ps 0.7683 2 0.4046 2 0.7994 3 2
P, 1.0 1 1.0 1 1.0 1 1
Ps 0.7310 3 0.3647 3 0.8022 2 3

Step 4 MRAERARINHBISHA 45 RiE MR A BRERETI N Ps, B B M ETFIL™ MmN
P4o
5. ¥ ECIRNR R BB 5 4

N T AERIASCHR M AR BEEA LSS, JATR TR I3 EM[S] [171H 5 R AT X Lo AR A8 FH AR )
MmE A RBAEEOUT, 7 5 HE 45 R 4 Frr.

Table 4. Product ranking results comparison
A4 FRERESERI

ik 4 4h
ARSCHTHEH 5 Ps>Py>P,>P; >P,
SCHR[SIH 72 Ps>P,>P;>P;>P,
SCHR[L710 7 ¥ Ps>P,>P,>P;>P,

MG 4 =FIRERIEA G RS HErh RATAT LRI, 76 Ps Al P #8J&8 THEASE —. BB LH™ e 7
it Pas Pa Al Py #GR AR SE B = i o SR EERN VAT 2 IO HE R 45 RAFAE 22 7 E R AR A2 4
AR, XA T BATER A RS B

1T MCDM & R FR 4 R AR T L 45 R HEBR PE A AT FE 1k, PRI — N SEE 4R (1) MCDM B it &2
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IO EEL T RAAEBCE NS 7 S 44 P RS2 IR, AR SCASE R U 3 BT SR U W R SC 4 HE 1) MCDIME AR
M. BURETHE AT

2.SCy 2.0y

SC, =% SC; =%,Vi, j, ®€{0,0.01,0.1,0.2,---,1} (15)
Horpr SC, RN IIEME P RBUE, SC, Ik i KTHAE j 19 RBUERY, DY R I5ik i ikl g
RAERHE | BUE SR R A IREL, FAFRFHEE R B .

R S+ 0.8061

0.6639

RP

0.0 0.1 02 03 04 05 06 07 08

Figure 1. Sensitivity coefficient of each method

1. B ENRERY

WmE 1R, SURBEEASE LR, 5 RS, RP Ml MF JVEMEL, 450G 107 RHEF
JRFE R H0R /1N (0.3048) o A 2 Ul M HE MIAUE K A U, EXT 45 SR A B T2 45 v i, BA
TR E R R, ASSCHTR Y IVIF-MULTIMOORA 77 4 I Hb i3 T 22 J@ Mk v 55 7 v () B
T T IR R .

6. &

AR SR IR AE I S i B R SRR AT, 45 T — P T DX 0] B DR A 2 e M e SR vk . i
454 BWM 1 IVIF-MULTIMOORA J7 3R VFAG #5156 7, 5 30 1) 22 Fh B S0 BB BCHE 7 7 V28047 06 L 43
PR, ARSCATHE I 7k B B (7 S X A R 70, T DA B L e S 2 R L TR AR R 7

WO TH T RIAAE B RR B 5 M (32 8T 2 FEAL, XA BSR4 7 R Bl (5 B S A7 E— 2 1)
JRIBRLAEE RIS G o A 0 A 2 3 9 215 S i RO RSN 1 R 52 % A M AR SR — N B TS T 1)
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