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Linguistic Multi-attribute Group Decision Making Method Based on Normal Cloud Similarity
XU Cong PAN Xiao-dong

(School of Mathematics,Southwest Jiaotong University,Chengdu 610031, China)
Abstract  On the basis of analyzing the inadequacies of existed similarity measures between normal clouds,through syn-
thetically considering the shape similarity and position similarity of normal clouds, this paper proposed a new similarity
measure between normal clouds,and proved its characteristics. The comparison results with other methods demonstrate
the stronger discrimination of the proposed method. The proposed normal cloud similarity measurement method was ap-
plied to the linguistic multi-attribute group decision. Firstly, the linguistic variables is transformed into a normal cloud
according to the normal distribution law. Secondly, information aggregation is realized by means of cloud weighted arith-
metic mean operator. Finally,according to the VIKOR method, the scheme is ranked by the comprehensive similarity of

the optimal cloud and the worst cloud. The feasibility and validity of this method were analyzed through an example in

this paper.
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Fig. 1 Normal cloud model (20,3,0.5)
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Fig. 2 Entropy expectation curve of cloud (20,3,0.5)
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Fig. 3 Standard expectation curves and maximum entropy expectation

curves of cloud C, (4. 6,0.60159,0. 1)and C2(6.6,0.160159,0. 25)
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Fig. 4 Normal clouds C,(1.5,0.7266,0. 1) and
Cy(4.6,0.70159,0. 1)

3.2 ESzHEUMEENEN

B Al R 2224 3 % IE A 2 00 A8 B B i R AT T Y, B
MBLTF 3 A B T 2SR A R . D TR AL
TR PR A T 2) T R ARV AR AR U R 5 3)
F 2L LA TR i i v R S R 9 25 R A A 3 Y
SN 22 AR R I AS B B4l 3B 4% B IE 25 25 B A 4 A DL 2
5 T A5 A (R B A R R 2% 3 DA A TR A B A B v . AR S

TERF S R R B E S A AU AU R IES =
AR AL BE &5 Y DG R D 3R, T LA 5 B A NS S AT A AT &
MINIR . R, 76 BE S TF 2 25 AH AU I 0 25 18 DA T Sk A o D)

IDEEE PN NNE-SURINAE

DFFEESEZMUEERNSERR MIESZ M
7 EFIE AR 5

)RR BE B B R 19 X 43 g
3.3 FIMESZHUEERE

R T B R S B 2 B R AR LR SO T —
Tl T %) AR AL B i .

BEW I ER =45~ C (Ex;,En; » He;) #1 C; (Ex; ,
En;sHe;) s Wi 5 25 0 08 14 22 BE R R B, T 3 19 T 4R A (0L 2
MK, FEZGHEME AR KRS BB EMmL, & TES
= C; (3012 i 28 45 18 A s BB X0 A9 T BUR V/2m Eny s B0 K
Fr R M 2R 5 R Ak bR LA X B V2x (Eng +
3He) IEZSZ C 1 018 il £ A RS Ak % BBl & IX 8 7% Tl AR5 e
R 5 B o R RS A A LS O AR Z L BT = B
RAAEE . TCIB WA= B IR B 25 53 o], 5 % 2 L &R B
W 2 = 7E T IR B AR ABLEE

EX 4 BMAEESEHN C (Ex En He) Ml C; (Ex;
En;He;) , U

min((En; +3He,;) /En; , (En; +3He;)/En;)
max((En; +3He;)/En; ,(En; +3He;)/En;)

(D
J9 C: FC; AR ML (Shape based Cloud Model, SCM) ,
BEW S IEA = 3N C (Ex, s En s He) il C; (Ex;
En;He;) s 2P = 1 391 88 119 22 B ORI, 0 =& 1 o2 & A 10
FE ALK W R E A S s X AR, Wk
FA A% A o 14 B 7 X TR BB O
=min(Ez;, +3En, ,Ex; +3En;) —max(Ex; —3En; ,
Ez; —3En;) (2)
AR 1 <0, MR W 2 = M9 A2 B HIBLE A 0,
T 2 25 2 A A IXC ) 9 B R 5
I, =max(Ex; +3En, sEx; +3En;) —min(Ex; —3En; ,
Exz;—3En;) (3
L5 1 Z HC B R T 2 2 00 07 AR AL o | WA
BE 25 5 Q0T L 5 22 L AT BB S I o = AR R AR LB
Kt 2O MR O A USRI T E X,
EX5 WHAEESZ® N C (Ex;, En » He) Ml C; (Ex; »
En;,He;) )l

S, (C;,CH=

S,(CLCp=1- )

g C; 1 C; B9 AL E A ) (Position based Cloud Model,
PCM),

EX 6 BEHEESZHMEMLUER S, (C.CHIER
AERLE R S, (C; . C) L

S.(C;»C;)=S5,(C;,C;)XS,(C;,C) 5
HIEE = C A C; BHPLE (Position and Shape based Cloud
Model, PSCM) , S, (C;,C,)#l K , 7R P 45 == BY A LB 8 1
S (Ci»C /N R IR W 2 2= AR LB R 1K



&6 M {63

L A5 BT IE S AL

i S R 2 Jm PR PR T ik 221

EHE2 BWEESZE N C (Ex,En ,He) M C; (Ex;,
En;sHe;) W C; #1.C; WAHUE S, (Ci, C) I & LT M i

DOS, (G, CHX1;

2)S.(C,CH=1HHMNYE C=C;;

3)S.(C;.C)H)=S.(C;.C))

WD W F 0<<S, (C,.CH<1,0<S,(C,.CH<1. W Ik
0<CS. (C;,CH<1,

(A Y S.(CLCH=1W,S,(C.C;H)=1 H S,
(G .CH=1,

S, (C..CH=1713,

min(Ex; +3En; s Ex; +3En; ) —max(Ex; —3En; , Ex; —
3En;) = max (Ex; + 3En;, Ex; + 3En; ) — min (Ez; — 3En; ,
Ex; —3En;)

A

min(Ex; + 3En; » Ez; + 3En; ) + min (Ex; — 3En; » Ex; —
3En;) = max(Ex; + 3En; s Ex; + 3En; ) + max(Ex; — 3En; ,
Ex; —3En;)

HETT ;

min(Ex; +3En; s Ex; +3En; ) = max(Ex; + 3En; s Ex; +
3En;)

min(Ex; —3En;  Ex; —3En; ) = max(Ex; —3En; , Ex; —
3En;)

8 Ex, +3En, = Ex; +3En; ; Ex; — 3En; = Ex; — 3En; .
W,Ex;=Ex; En,=En,,

i S.(C:,C) =1, min((En; +3He;)/En;, (En; +
3He;)/En;) =max((En; +3He;)/En;, (En; +3He;)/En; ) ,
W (En,+3He;)/En;= (En; +3He;)/En; . X En,=En; 1%
i He,=He; . HIt.C,=C,,

LMY C,=C; W ,Ex;=Ex; ,En;=En; , He, = He, ,
S, (C;.C;H=1,S,(C;,C)H=1,H1k S.(C;,CH=1,

3R 3) BRI .

3.4 RAEAZHELERNILR

Bl 1 SCER[15J4AH T 3 %= C(3,3.123,2.05),C, (2,
3.1 HI Cy (1. 585.3. 556, 1. 358) + 43 5l F) JH A% SC i 12 i 1% O
PR SCHR13-16 10T $2 3 4) 3 4R IE 25 == B9 AR U kA7 355
THEAE R 1 T,

F 1 RE AR TR Y LB (] D
Table 1 Comparison of different cloud similarity measurement

models(example 1)

Similarity LICM/™M) EcMI) MeME) crsMUS) sM (13 Psem

S(Cy5Cy) 0.9712  0.8728  0.7821  0.7790 0.8013  0.6040
S(Cy,C3) 0.9438  0.8336  0.8983  0.7223  0.6924  0.6273
S(C,,C3)  0.9850 0.9138 0.8800 0.9035 0.8841 0.7864
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Fig.5 Standard expectation curves of three clouds(example 1)
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Table 2 Comparison of different cloud similarity measurement

models(example 2)

Similarity LICMI!') EcMM®! MCMIP) cEsSMES) sM o1 PSCM

S(C,.Cy) 0.96 0.01 0.33 0.00  0.4753  0.0834
S(C,.Cy) 0,97 0.04 0.37 0.01  0.5177 0.1409
S(Cy.Cp 0.99 0.94 0.96 0.88 0.9677 0.9168
S(C,,Cy) 0,99 0.86 0.95 0.79  0.9777 0.6630
S(C,.Cp 0.97 0.01 0.38 0.00 NA  0.0922
S(Cy.Cp 0.98 0.04 0.37 0.01  0.5302 0.1523
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Fig. 6 Standard expectation curves of four clouds(example 2)
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Table 3 Evaluation information of decision members
x 1 I.Z 15 X 4
Hl (1.2 Ll3 (11 (1.1 dz 113 0.,1 dl 112 (1.3 al Hl (1.2 d3 (11
ey VP SG VP P VG G F VP P SP VG G SG VG G VP
ey VP F G VP F VG VG SG VG F VG F F G F SG
ey SG SG VG F F P SP F VP G VG VP VG G VP P
e, F G F SP F F VP F G VG P P G VP G SG
es F G P SP VG F F SP P SG VG F SG G G P
€q VP SG F SG F F VP G VG SP P VG SP G VG SG
e P G SP F P G SG VP VP P P F P SP P P
eg SP SG vpP SG F SpP VG SP vpP SP F F SP F SG SP
eq SP SG G SG VP SP SG VP SP VG VP F F F SG SP
€10 SG SG P G SP P P F G VG G SG F G F SG
ey SG VG VG G P VG P SP SpP P VP F SG SG F P
€ SG G G P F SP VG F P SP P VP VG SG VG P
€3 F VG VP G VG SG SP VP G P VG SG G F VP SP
ey VP G G VP SG VP F SP P SP G P VG F F SG
e G F SP VP SP SG F SG P G P F F G SG SG
e VP G F F VG SP P SG SG G F G SG SG P SP
ey SG SP VG VP VP VG VG G F SG P G P VG VG G
e F SG A\ G VP SP SP F F F G VG VG F G G
3T G G SP SG P P F G SG VG VP P G VG vp G
€9 F G VP P P VG F VP G P P P F F VG F
AR A T Step3 HFEITE 2 FIBHEQ, A RBUE S % 5
Stepl  FI I SCHK L1910 2 A4 j 07 ¥ 6 i 5 T 15 B 7% i,
A 7~ 1] _ -
B =B, H5 AP
TR g NI JL - = =
LIESWESIL LT 745 :VP(2,1.775,0.075), P Table 5 Comprehensive similarity of each attribute
(3.35,1.593,0.136),SP (4. 31,1. 260,0. 247),F(5,1. 153, a a, ay a,
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Table 4 Cloud evaluation of gather expert
(ll (1.2
xy (4.4360,1.4340,0.2131) (6.1670,1.4485,0.2008)
Ty (4.7855,1.4991,0.1967) (5.2640,1.4755,0.1983)
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Table 6 Comparison analysis results of proposed method
and ref. [19]’s method
7k H 7
K X % FHME 2y xy 11 >,
X[19]8 7% taE % x>y > >,

Z8 Loy B AR SOTT 36 AT S 200 S 9 SR E

HRIE ACELDN T IA R IES AL R PR 7
L AETE R — SE B, TR BE A AR B T — A BT R IE S S A
LR &7 ¥ I 8 3 B X LR T A AR B
A ARGE BAR LD S0 L O ELWE R AR RUR B B BT, RS
BIES AL SN T F L R RAOP KR ES
oA HLRERE AN (5% AL O TE S B R = A R
R TS MIES =5 B AR S il i T 7 5 AR bR 55 B
DA% 5 N 1 e S S S o o N = ]
AR AT LT ELA R T o B A SR e B 7 R AR L X
BT = BRI BB AT A RO B A R RO AT AR

£ % X M

[1] DELGADO M,VERDEGAY J L,VILA M A. A Model for lin-
guistic partial information in decision-making problem[]]. Inter-
national Journal of Intelligent Systems,1994,9(4) :365-378.

[2] FAN Z P,XIAO S H. The consistency and ranking method for
comparison matrix with linguistic assessment [J]. Systems En-
gineering Theory&.Practice,2002,22(5) :87-91. (in Chinese)
IR H UL LT H SRR B A5 3R 0 LB M A — B K
HEF 7k [T). ARG T REIE 5 5. 2002.22(5) : 87-91.

[3] CHEN S M,HONG ] A. Multicriteria linguistic decision making
based on hesitant fuzzy linguistic term sets and the aggregation
of fuzzy sets[ J]. Information Sciences,2014,286:63-74.

[4] DONG Y C,LI C C,HERRERA,et al. Connecting the linguistic
hierarchy and the numerical scale for the 2-tuple linguistic model
and its use to deal with hesitant unbalanced linguistic informa-
tion [J]. Information Sciences,2016,367;259-278.

[5] LIU P.CHEN S M. Multiattribute group decision making based
on intuitionistic 2-tuple linguistic information []J]. Information
Sciences,2018,430:599-619.

(6] Z=flg  ALEE. Aufe tE A TR RECGH 2 BOLMI. dbst . B Tk
AR AL, 2014 :50-51.

[7] ZHANG Y.ZHAO D N,LI D Y. The similar cloud andthe
measurement method [ J ]. Information and Control, 2004,
33(2):129-132. (in Chinese)

KRR T AR MM s R RS EL) ] FRSE
il . 2004,33(2) : 129-132.

[8] LITZ,YANG X L. Risk Assessment Model for Water and Mud
Inrush in Deep andLongTunnels Based on Normal Grey Cloud
Clustering Method[ ] ]. Korean Society of Civil Engineers,2018,
22(5):1991-2001.

[9] PENG B,ZHOU ] M,PENG D H. Cloud model based approach

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

to groupdecision making with uncertain purelinguistic informa-
tion[J 7. Journal of Intelligent & Fuzzy Systems,2017,32(3);
1959-1968.

PENG H G, WANG ] Q. Cloud decision model for selecting sus-
tainable energy crop based on linguisticintuitionistic information
[J]. International Journal of Systems Science, 2017, 48 (15):
3316-3333.

LIU P D,LIU X. Multi-attribute Group Decision-Making Meth-
od Based on Cloud Distance Operators With Linguistic Informa-
tion[ J]. International Journal of Fuzzy Systems,2017,19(4):
1011-1024.

CAI S B,FANG W,ZHAO ], et al. Research of interval-based
cloud similaritycomparison algorithm [ J ]. Journal of Chinese
ComputerSystems,2011,32(12) :2456-2460. (in Chinese)
BRI AR R L S RE T X [H] B 2 R B B L A ik Y BT Y
CJ0. NSRRI AL ZR 4, 2011, 32(12) 1 2456-2460.

XU X H,WANG P,CAI C G. Linguistic multiattributelarge
group decision-making method based on similarity measurement
of cloud model [ ]J]. Control and Decision,2017,32(3) :459-466.
(in Chinese)

Riede, B 5R00. T S ML IE S Wi E R ZEER
WEAA ST 1L 0], 5 Y3 . 2017.32(3) : 459-466.

ZHANG G W,LI D Y,LI P,et al. A collaborative filtering rec-
ommendation algorithm based on cloud model [J]. Journal of
Software,2007,18(10) :2403-2411. (in Chinese)

TRIE T AR ARG AL R B Y P T o v Sk L.
BAF2EH,2007,18(10) : 2403-2411.

LI H L.GUO C H,QIU W R. Similarity meraurement between
normal cloud models [J]. Acta Electronica Sinica,2011,39(11) :
2561-2567. (in Chinese)

AR, SRS A B ES SR B A R Rk )] B
S%,2011,39(11) :2561-2567.

GONG Y B,JIANG Y D, LIANG X C. Similarity measurement
for normal cloud models based on fuzzysimilarity measure[ ] ].
Systems Engineering,2015,33(9) :133-137. (in Chinese)
FRHO UK W AR, T AR T RO W O B 1 1E 2 2 8 R A L
R R TR ,2015,33(9) :133-137.

YAN Y.TANG Z M. Pertinencemeasurement of cloud model by
using expectation-entropycurves[ ] ]. Journal of Huazhong Uni-
versity of Science and Technology ( Natural Science Edition),
2012,40(10) :95-100. (in Chinese)

) A AR R R T A0 S Y A R A O e D vk [ .
Ao B R 222 A CA AP 24 1D . 2012, 40(10) £ 95-100.

LID Y,LIU C Y. Study on the universality of the normalcloud
model[ ] ]. Engineering Science,2004,6(8) :28-34. (in Chinese)
ZEER X B IR ES B A E L) ] E TR R,
2004,6(8) :28-34.

WANG]J Q,LU P,ZHANG H Y,et al. Method of multi-crriteria
group decision-making based on Cloud aggregation operators
with linguistic information[ ]J]. Information Sciences,2014,274:
177-191.

LIAO H C,XU Z S.ZENG X ]. Hesitant fuzzy linguistic
VIKOR method and itsapplication in qualitative multiple criteria
decision making [ J]. IEEE Transactions on Fuzzy Systems.
2015,23:1343-1355.





