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Abstract

With the development and popularization of Internet technology, the fields of language deci-
sion-making are more and more extensive, and the ways of evaluating something are more and
more diversified. The traditional expert decision-making can not meet some daily needs. Online
reviews contain a lot of user experience information, but the amount of data is large and the lan-
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guage structure is complex, which increases the difficulty of decision-makers to give the evalua-
tion results. Therefore, this paper establishes a probabilistic linguistic multiple attribute decision
making (pl-madm) model based on comment text to evaluate products or services. Firstly, the
subject words are extracted from the text to construct the attribute word dictionary, and the key-
word pairs and emotional tendencies in the comments are obtained by keyword extraction and
sentiment analysis model; secondly, considering the confidence degree of sentiment analysis on
the opinion expression of the reviewers, probabilistic language term set is used to expand the re-
sult of sentiment analysis, and finally the products or services are ranked comprehensively. Final-
ly, the proposed model is applied to a restaurant quality assessment case, and the results show
that the method is feasible and effective.
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1. 3]

HEAFHDMIRZELEFREACHER, HFREIEHARESEERRNESEE, N
MTHEAT PSR, AR AR S 7 it o B DA S A A BB R, SR e i R 22 e %5 SOR ik
ITRF . AEGRREIE BN XS 5L BRI, RARIHER T, 6T 5 W
R, HEEEN S FRH MR, UL XS 5RO TEN 2 — S HHISEF R, RE RN
FEIT Y K2 58 MR, EFERERRENL, MMBAEEAH LY 7 BRARVFIE R R ETTH, K
ARBURHEAR A, Bl REAR IR R 7 IZHTE

TR R R HEAA PPAN PRSI DA IR 22 HE AR TR SR (MCDM) J VA R R 1A A2 A e Lok SR 3 i id
by TAERHER MY H LS O KEBARIACUT, LIy — R BISCA,  Refs RSt
WRRARAR I 55 R T, PR A B A 2 MCDM il j b i pR 564 2 I e (EAn AT R Y UGC $odfs
A2 H AT FERIB, AR, KA AR DR R R 0 A PR AN BE LI AR 48 MCDM L ik, JRIN B2 =Rl —
& HARE AT E , 1458 MCDM [ 2 BEE [ 52 @ v il & AT VR0, TIAELPHE R P R ER, Hik
ALERTER, FEMNOR T, R ERATE, AF T DT RS i B I PP S 0
WHEATIPH], FELPPRSCAT PR E AZIRE], WEFE, MEEITPNEIGERE, =25 S RIEAH
S, BRIRIEERKZ 2 EARK, 155REWH, 1 UGC B2 545155 HiA 2 HE %,
BEANIE T RIS W45 RRAFAEA T E N

R, TORER PR SOAR RO R T 0E . AT SERHE, T VPO H AR 8 PR &R
SERVPO, R R LA O B BRI B ARIK O S AT PR DS T 7T (OGBS
AR TAELPFRSCA, B B W AT R, R RS 5 JORAE B, &R KT
PR 2 Jo P R SR R REAT SR VA, AL M AT MERIE S 2 R R U5

2. xIE

B G5 MR S(GDM) M R — B 32 )0, W RG =Mtk —22 sk, RS E 26t
i BIRE L N RYEERE T, T REAE, S EERAMCER SR B e HoE, Bk AR E U
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LHRBRER: —RAME M, E2FFEEMERIIZEAEHT, Rik77 M Siiss RAE LA, ks
B RBMAAEATHENE[1]. 1975 4F Zadeh [2]18&H T BWIE 532, HVEEEUE A 2 BARKCF A8 B ARE
A AFRIE SR, DUERRIUE L KA e 5 E . 2013 4 Rodriguez 2531 — B4 H TR
FEERIE = % (hesitant fuzzy linguistic term set, HELTS) IS, % S = {sa |a =0,1,---, t} R MESAIBLELTS,
A4 HELTS SHE = /R 0 el A e 45 € LTS P ARIEHR LI, 1 S={s;=Mk, s,= T, 5,=
Fy e (HIELH T E S ARETES A FRCE, X BRI, RFE S — T getEriaic, s
SARBELEGAFEZEE. 2016 £ Pang % A[415EHF S ——ME%1E 5 RiE4E (probabilistic linguistic
term sets, PLTS), & XRFER s KIBEFE N p, WRIFNL(p)= {L(k)(p(k))|k =12, n} , JEIE A A
9" & HFLTS T AR R AGTE 515 B FIFMEERE S B, AT DL B PS8 5 PN R G T LRk AT RE Y
BEE, &R BZAENBRGERE, HEEAMMYSEE WIS . %9 MCDM 17 HELL & 5T
LRV, PR E GBI SHAELR, M2 2 ERAEHUSE, BEHTEEGHT, WETRERER
(2 on AR B R AL R[S ]-[ 1] XFPAVETR BAR S b, [ e (@ AR bR ik RAVEAN 52, X
TAEL KRB TR UL, RARBRE] T8 T 2 WAL . REFR R IE S 2006 4F HHFRIRLL[12]
e, RERBMS5E—RADT 20, REBARKEERA 240 BEPLIES . SRS T E RSN
FHIZ I, T RBMAR L SRR, AR AR 13]-[18]45 & B 1R KBRS 4 i N AR 34T
WIS St A 2 G E PR SR B WP 9T, 42 T 3T UGC 8l i R B pe 3 7 125,
Peng %5 A[19]-[26] AP SCASE A TRHEIR L, HEIFREEN, RAMEIE, BB miEgH
FORNREAE R, BEHTHR R #RIEHEE5E127] [28] [29] [30] [31]FERFF N Sk SR ik 24 UGC
KEHE, B RAE WA TTIFAELE

I SCERBE R A, KBRS 0 i (2 538 800 B8 — 5 KA (e KA, i 7 48 SCAR %
WEIRBUR SR, e si B8 K ARMIEI[32] [33]. T ERKIHTHES MCDM ik, BRI
¥ RZ g, MA RS HIREE, MERE T IR SRS 7, K SHREE A 17 B
FHEAT 4328, RSB TG T3S Grh BB S DI A, (R AP IR S M 7 R RO, BIF
KRBT RNEBEGERE, Hik, BTFELKPRHRKEHAZ B RFNAC TR — b, 9k
TEEOHT R, SN (E B RIA HER M.

3. AR
3.1. ARABTMFEARELR

ASCHIRT U A 75 E BRSO TE F ROV J A R, Bl s e SR, i€ HARKE
VEfA R, HUGR IR SCAR T I SC R L, SRAE T 7 500 € VEAN 540, B HFLTS *PHIIE S A
I, B R RS, Ba TR OIS R EE L, @I PLTS # B ROABERIE 5
FHERE, X AAREATZR A PR, SORHEZR QA 1 Fror

3.2. ERIEERREERA

3.2.1. BHiRiR AR

LG 2 IR PERE R R SR 7 2 N E Rk, A E W ARIEM BT S RTIR&E, SR CE %L
R RBATUR, R THIE 2 R AR . AU R MTEL PR CAS 5EHERE, HRA
BEAR, MHEAST, A G — S0 8 AR R AR N PN S a8 T AN 2 (1 22 Ja P KRR e 5 1) . AL
BB H bR 2R R R, A SCRA LDA 8RR P16 SCAR BT T s, 5 2IH S eEe
MEEEME. LDA AL E S8R, — A T M SO S S, HLaT U8 R B 1) 5 4 i
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Figure 1. Technical route framework of this paper

B 1. ASCROR B AESE

3.2.2. RS SIREN

TG TEDE, SR SRR A U R PP SCAR AT L, AT YD A AL EE, 15 B4R
PR PPN B L, BISCBEIAIAYS, AR AR, B g T Or A Mo K ir, A
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Figure 2. Examples of opinion extraction results
2. 1L iR ENEE Rl
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ST AR PR, ORI A R EEAT SR R AR S, RIEAFAEAR 2 R IR R RS L. X2
ANV FY RV B8 2R AN FE SR, JCHARRRAELSOR S, X — SRR, 1R ik
A, HEHR TSR BT, AU CPRIEANES T, WA IR, AU B SER AR
DRI, 7 AR R S Uy R AH LA TS S A0 Je {1 ] 3] S, g 0 it A 0 ) 44 3] B 1) o P ] 3] i
A T X (na ) 20 B UR PR R AR X (as ), RIS RTIA BTG — K “ <k,
AtE>", BARoRBInE 2, mEMEFEE I el <Jm i, >, KRN

review={(nl,a1>,<n2,a2>"",<”n’an>} ={(Al,s1>,<A2,s2>,---,<Ai,s,->} @)

3.23. BMEERETE

TR AL T na T PO IR B IECREE, BB sen A N =G B, P
PERIE A, AR 1. 0 -1 SkRFoR, b bUIB BRI, TR I R AL, 15 2R A%
A p ATEARIRESRAG n, K na A0 X OO KR S A & T H LA 2 B as 1A) X FAO 175 KR, P

paszzpna/m (3)
i=1

N, = inm / m 4)
i=l

Hep, m FoRF—EIERSATEANE 25, RYEA KGR BB M OB LR E T, 5317 %
BREA RIERERE s, tHE AT

sen*p, sen=1

0, sen=0 &)

sen*n, sen=-1

HRBTERRE EEE, TEARIES RIESE LTS, HTEMNES G BMRE., A skt 5iE
SR, HARLEHRIL IR N E SR, A REONHER, N T AEREEREFAREE, AUEEX
(AR EL I 77 2R S ARIESE S, BIRTHEAS BRI BYE s A1, X A FBESE, % BIEES ARG
£, KAEIEME s KR 7 A XL, AR 7 MBS ARIEDL S= Ak E, £, ME, —M&, M, i
HIFY, (S, S, 81, So, S1, Ss, Sy &R, WHHEARIMT:

S =

S, =88, e[a,b] (6)

a:SmaX—%*(i+1),i6{0,1,2,3,4,5,6,7},L:max(Sj)—min(S/.) (7
L .. .

b=Smax—7*1,16{0,1,2,3,4,5,6,7},L=max(Sj)—mm(Sj) (8)

FHE, JEIS HFLTS B iFie s B oo dlia et 347 — RV & 4, 193 Pt 5o 854 8 v
(TE S e (Z B<E M, S ARIED>, H<attribute, lts>F o, W<, s3>, <HEE, s>

3.3. BEEIBSRRERITN

G HIE S AREEMRA T, BE T IEM S R4EE, g irE P E L RES ARAED
MER oA, R AEE LERFRIES ARED S, (IR, EEZESRENENS R S MR, XRriEEk
WA REZE SRR S, AT ER, BIMZERA 1. B9br bt isEE ki, iT0E SR EE A
EASTANEN, FE—EMEREE.
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TERPFRSCAR R AL, 8% & R B R IT SN TR RERI7E, (HIE R R E KRS
(1, HEERIFA R EFEEE PR H WKL, Hk, ASCHELVPS AR TIE BTt iy, dE—
B EIEBETT HE RN EGEE, DUENFRE RN ATERE, RSuHE 5 AEEMR T ER %, i
XFHAPFR R W o (B as WD AT B, IHRBEGE, BISRIE—MTExs S 8=, & HFLTS
N PLTS, REIFEE N =JudH<g@M, HESARED, 3>, H<attribute, Its, p>FoR, W<HBR, s3,
0.89>, <IEE, 55, 095>, MIMIHIIE HERIE S R, S E— &K TFe R MRRWT:

R = A (kky, ook, ), Ay (K koo ky )y A, (Koo k)

=[ 4 {(s () (s (k) (k))os(s(, ) e (K, )
A {(s(k),e (k) (s(k)se(y))eea(s (K, ) e (K ) oo o
A (s (k).e(k)){s (k). (k) (s (k) e (k) }]
=(S(4),P(4)).(S(4).P(4)).(S(4,).P(4,))
=8, (p).S, (p). S, (p)

Horb, c(k) TR B BN BAS S, H F-score Rffif & . I RIMTFIRE B IWLRIEMMRIESFE, PLTS
R :

L= () 2 e z0n 12 nn) ] o

%) PLTS a7 E 5, AORIESAREI LO% Tr, pORZAR BT IMEM, #L(p) AR IBEIR
K. A4 Lo 8 E 5

E(L(p))=s, (11)

sk, = [
%F,ﬁﬁahﬁ%M%% 73 Score, EfRERFANBIERIGT, n AHRXNREEESE
Score =3 E, (12)

i=1

4. SERRSTHT
4.1. BUETALIE

4.1.1. SEIEIHIA

AR SCIEHL T RA VPR h EARTTHT 10 BHE R T PR AT 7, JL4dE 1000 26 PR 9S00 28
SR RE T, MERE S RO EREET . B, . POREERIUA R, BIT(R, ROERN
WM E RS, BT EH R N(A, -, 4,), REFHEHN(D,, ,D,y)s RIFRITESRIEEN (S, S, S-1, So,
S1, S5, Ss}s RIREERN S(p), BMAFFSE XIE 1,

4.1.2. FEREIRIR)ER

KA LDA EEBAHAT ISR, tHESA 2T N A, SRR REN EEECRN S, &ARVE
WA BT T RE, 53] 5 A E R G B OGEE . ASRE DS R h, BeR I gh HART I LR R
BA: CIBR. BB RS MEMTEL. HoAh, (ERNETREME AR R BT R R A TR,
52 @ AR L, a2 B

$>§
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Table 1. Symbolic meaning
F1LFSAN

(i) £ #E
restaurant_id BITHS
cm_id Wit s
prop RISk 1A . Ak
adj PRI R ] e b —&
keywords SR 1] e % s IR

Table 2. Examples of attribute word dictionaries

= 2. BiiaiR s RpAl

prop Ai prop Ay prop A; prop Ay prop As

S FIk JIk %5 k% 2N B2 ki PEATEE R Hpts
Erl FIk k% N\ 7 JIk %% el B2 EilJagz3 P L Hefk Hpts
it Ak e JIk 55 JETH B2 K& P L (AL Hpts
S Ak JIk% A JIk %% 28 B2 Wi P L SRIN Hpts

4.2. HEEMERRRER

4.2.1. LT AEREL
JE T SR R OO PR SO HEAT PRI, A5 B PRIR P I OCB R, WAVEIT 1 IR
(B3 Pom) A8 e <%, Scll>, <iE, h>, <@k, R,
= MNE—FHAFMERER, ERUIEMRR, B )EREARIXE,
B E10STRENRA TR TGS ). MHEEE, EERRVANETHE,
IRXANSKEBATRRA, BRASER, F/LRUF, REBHLTRRM, IFR
IR, SEHERIERDIO, B MNERSRARE, HHASRADLUED MY
BB2FIZ! SURGIFAR, EEAISHRETK, BBIIRE, RSMRSEIAE
MO MBOOSSERRHE, CREERAKAEN, 108HREHRE

FRESENEREERT, NIFTREEOR. IPARTIONE, AR
T2295%!

Figure 3. A comment example

B 3. —&FiR Rl

4.2.2. BE#HIERNER

S B A BT o B B R R, AR FE BB RO p RO BB FO RS, 3
3ot RSP BIV Hhond % O A s S SR(6) B BIVE AN 2 RIE T S, ST TR NI, 5>,
<Ok, s> <M, 5>

4.3. MIEMRES RRIER

TSR I A RN EE R, 3R LS SRR 5 ORE R Sip), iR Its, p RERERFE,
LRI 3 P

4.4. RV

44.1. BT ZEHAE
WA DM HARET SRR Ey RETTHEGE S EIT T, Wk 4.
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Table 3. Probabilistic language opinion representation results
=3 BMEESENRRER

restaurant id cm_id attribute sen positive_prob negative prob Its confidence
1 1 WIS 1 0.941488758 0.058511249 3 0.869975254
1 1 JiF&:3 -1 0.118784003 0.88121599 -3 0.736034989
1 2 P E 1 0.505304491 0.494695505 2 0.987889499
1 2 mIVS 1 0.786715508 0.213284493 3 0.526033998

Table 4. Restaurant ranking results

T4 BTHRE

restaurant_id Hk 7R I35 PEATEE Hfts 5me 4
1 1.848052956 2.402341473 1.016110516 0.264801693 2.435544555 7.966851193 3
2 2.102340116 1.120326731 0.181712911 1.930996074 2.285171878 7.62054771 4
3 1.711299908 2.595882248 —0.563354999 0.47249144 2.503605068 6.719923664 7
4 1.43190488 2.055042786 —0.180921945  —0.467382248 2.547098309 5.385741781 8
5 1.897053723 2.629783215 —0.261292219  —1.541079267 1.860646533 4.585111984 10
6 2217183988 1.251362205 0.962320087 2.61722069 2.263138184 9.311225154 2
7 1.834135843 2467938196 —0.40842552 1.182353251 1.819067246 6.895069015 6
8 2.701744788 1.183461506 2.058253685 1.988212109 2.629263006 10.56093509 1
9 1.335474539 2461771716 0.687169522 —1.651868856 2.319074205 5.151621126 9

—
(=]

2.188423784 0.359727273 0.918998081 1.780679603 2.208439438 7.456268179 5

4.4.2. BRIEM

B rp A S PR X BT AR ST 43 rating AU CIBR S FREG L ARSS =AN 7 THIHT 43, BUETERIN {1, 2,
3, 4, 5, WEIFEITE VRS IMETS 2] rating HEA FEEABEHER, XA SOOTERRCER, Wik 5 for,
I T SRR ZE SR IR T VA AR E T

Table 5. Comprehensive comparison of restaurant ranking results

5. BITHIFEREAEE

restau- rating AICHE BUATT @MYy ARSCS rating WAEITES AXEREWY  BAETESRE

rant_id 4 B Y EER Ml rating ZE{H HZEE PES(E 2
1 7 3 2 8 ~4 -5 -5 -6
2 4 4 7 4 0 3 0 3
3 9 7 4 9 -2 -5 -2 -5
4 8 8 10 7 0 2 1 3
5 3 10 6 5 7 3 5 1
6 1 2 5 2 1 4 0 3
7 5 6 3 6 1 -2 0 -3
8 2 1 9 1 -1 7 0 8
9 6 9 1 3 3 -5 6 -2
10 10 5 8 10 -5 -2 -5 -2

it ZE

3.255764119 4.123105626 3.405877273 4.123105626
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MEERATUE, BITHS 6 M 8 Lrev A R FEATH, EAE DR, PEALE . HABSE T mi i@ ks
SR HEBIAERT, T DAHE AT CBRATPE O b T 2R HER S mBOR, HERE R D RANEAY LU AT
WHEAEAE, 55 5 M9 ZREFERE, FERRETIEM LR, EoFKAEAr 8, EaH
PP B 2 AR AE -

5. ZitE5RE
5.1. &g

I RY], SOATVEME, ASCREEITNAMERREG, B S RbrHEZRUN, EINERE.
XU 1R AE 2RV 18 SCA R 408 22 Je VR A R SRR AT PR vT LA BEAL I 4 2R, BT Rl AT I
FURT S o AR RO AT FUrp,  SINSORYZ IR U0 H B o ik, KRR R IR 5 SO S,
Hth, SEHLT SORIEACHEAR, W] DA S RS VAN S5 A E [ 1R 8 [N, 25 e I i e o
VRIS WG B R 1 B SR, f HFLTS §7 /824 PLTS, SEN5EsH TiFie& B ML, BT 45 R
ATEENE

5.2. RE

ARSI T B RG VR SCAR IR MCDM IR A 2., 15 BIBERIE 5 (5 BT 28 VY, R8T
R IEG R R — 2 BYEAER AR, RSO E T AT B I RE, P R
JRPERCEER AR, HSEPr ERANE IR EZ IR AE2AME, Fik, 58 it R A E Rk
MR TRVFRE A E AL, APPSO IR bR T AR RN ARk, e R 2 A
o ASCHITAFCE — BB, M THFESE, EAEKEMAT, PR KR mA—, PRIk
HERREBARME, Pk, REFEHEM PR, SENNERLRRE,

£ E&WA
rh o R AR 5% B L T 465 B B H (2232018H-07).
SE MK

(11 ALyofs, £RER, BT, % BELRARGS WA T &ML /I RRERRITED]. - EE R, 2017,
25(12): 167-178.
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