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A consensus decision making model with personalized interval
composite scales

HUANG Haiyan, LIU Xiaoming
(Institute of Command Information System, Army Engineering University of PLA, Nanjing 210007, China)

Abstract Considering that different people are different in their linguistic preference and in order to
determine the consensus state for supporting consensus decision making, this paper first proposes an
interval composite scale based 2-tuple linguistic model, which realizes the process of translation from
word to interval numerical and the process of retranslation from interval numerical to word. A consensus
decision making model with personalized interval composite scales is proposed, which can provide different
linguistic representation models for different decision-makers. This model includes a semantic translation
and retranslation phase during decision process and determines the consensus state of the whole decision
process. These models proposed take into full consideration that human language contains fuzziness and
usually real-world preferences are uncertain, and provide efficient computation models to support consensus

decision making.

Keywords consensus decision making; personalized interval composite scale; linguistic 2-tuple; fuzziness
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W, AR A AR T SO B A AE 2 (8.

A WIBTFAR D25 8 A N B AR 2 57 X SR TR RE ], I, 73025 e N IX 8] —Tei U A BE &, T
T IXH] e A A B T & B LB RS, (LR R AR RIS A S P, BrLd
- YN: LY LIE%IE?E@E’JE%*TE, P — R T XA 2 SR R —oTilE B, DIEHIRIEA S A
(IINHIZE AL IOE & BB BRI, it — S BT — B R, RYE Yager $2HHMTFHER U0, niE 1 p
s, BT B R T B R 773k, SR B G B — S SR, A A R A s
R —ECIRS AT AN, RO — A SUBALA, #BIHRF RIS PR A B B T S0, H HARGE S
AR A et A2

watn | i e it i

Bl 1 Yager f§ CWW HZE

2 ETEESHREN_TIEEE

AF EEERAA GRS T B SR E R oo X (M) S5 R SCR B KR E A iR B AR L.
RNE TG o KM 0 ~ n FREESLBE B 5 RHURRI MR, f2ih T A& AR 4]
WE G, &l TR TE SN —oiE L. BARNTS, HEESWE, IMRER A (s, p) KR
AR BE S S B

EX 1 EFHIESE sIY

S HETHREWMAES {5}, HH s ?ﬂiu_ﬁfﬁiﬁ, HTH i € [0, 9] BUEEL so 1 sy S HIFRRIER
B BME RPN ER TRRALIR, S B S RIBEWEER g+ 1, Bl S g+ 1 B AP g ZRAMHE
¥, FIRMTHRAESLbA B IR S & SCH 3~9 I, Jrl'J g B 2~8. HAkth, MFrEEmmeE. Y7 K, g =6,
S={s0, s1, 82, 83, 54, S5, 6} = {HC,C,JC,YB,JH,H HH}, H# “HC,C,---, HH” FfH 57 HER “R
%=, 52, B, — %, B, 0, AR

EX 2 ETEEEN I8 SO EIE (si,p)

W si € S fe—MEF MG, AN c4UB @ R /R EoRes-

0(s;) = (si,0), s, € S. (1)

N T IR E = PO 5 R TR0R, M 5T (si,p) € 8" = 8 x [-0.5,05), Ht s, € S, p €
[—0.5,0.5). Mh, NHBREAA LM TEE, MEME 0 € V @47 TIF—LAF, 81 v e V = [-1,1], I
VB 5 SRR KU BAR R DR B AR T, X B R i R P JE TR X AR AR SIR IR UL, BIrLA, g W B%L g+ 1
NS EEEFITE L

EX 3 ETHEAENTHES —IeiE SO IS AV — 5

W v € [-1,1] HEMMTES TP~ E, NEL TR RE A BREE v N JTiE SO

i

ulll3

T

A:[-1,1] — S x [-0.5,0.5),

g4 round(log, ((a? —1)v+1)), 0< v<1,
Si, 1= 2

5 (I

2

round(log,, (Jv| (a? —1)+1)), —1<wv<0. (2)
AW) = (s0.p) = °

- |
loga((a%—l)v—i-l)—kg— i, 0<wv<1,
p:
+

. g € [-0.5,0.5).
—log,(1 —(a? —1)v) 5 ¢ i, —-1<wv<0.

round J& “PUGFHN" BUSEHL
/IE.X 4 BETREEWERN JoE G EERIHERS A~ S -V
BE (si, p) = ZJCiE G 4EIE, MIAELL R EE A~ ALV —JeiE SO EIE (s, p) BEAL RARR
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WEUE v e [—1,1], Bfi:
A=l 8§ x[-0.5,0.5) — [-1,1],
alttr—3) _ 1

g .
) S <1 < )
5 ¥ —1 g ='TP=Y (3)
A (s =v={ O
_a(§7l7P)+1 . g
T o<itp<
a2 —1 2

XH AT (s, 0) HILAT A7 (s) R, BIAR A1 (s4,0) = A7 (sy).
fln, MYT g = 6, h E3CHAREFAEIES S WA HAHNE SRE IS S V KB SCRM
Bl 2 s, ;X FAELERIE UG PR R DR SRR SEhr DB {EL

HC C JC YB JH H HH
3'%0 -‘;l 5;2 Sg Sﬁ 5;5 5;6
-1 -0.55 -0.23 0 0.23 0.55 1

(g=6,a=1.4)

B 2 SEmEMES V REGxRT6]

HHGEN T B S BN —oeiE SO RIS EET 0 ~ n ARBEM —oeiE SO B — R (DL
A FE A ARG G PG 25 R A B IR R R Z o LR G PN 451, Rk T

1) BT B (sj,01) Al (s, p2) WIEEFA ICE SO AEIE, 5T —ooiE SO EE R s
AT HLE:

Fj>k M (sj,p1) > (s, p2), XE “>" TR “BT;

5 j=k,

@ p1 = p2, W (sj,p1) = (8K, p2), XH “=" TR “GFF7;

@ p1 > pa, W (sj,p1) > (8k, p2), XH “>7 TR DT

® p1 < p2, W (s4,p1) < (8K, p2), XH “<” TR “HTF.

2) WHF: A (si,p) = —A  (sg-i, —p).

3) WEEF T HHEE A AL Bz ERMRERT R [12]) aisCrE PR b Bk A
B T SCRNE B

AR FI A hn B FT MR I H L 5 RS R DB, REME AT S R A i D ERRES. (R
MEEB RSB T HIES T EHRIRY, AR IR HERTTEIME, Ir R T —Fh 4 & XM EUER
FEME IR (KHESIREE) B —JoiE AL DIX B FR IR % B Y BiE.

3 ETKXEIESHREN_TiEXIESE
BT LOcHR BB OCE OB, R RIE T A SRR, A SO S IERIASUEREE 11514 DL R BAT4R
W SR, 21 T XEIE S RERREE, DL RTE IR L3 3T X W & A hr B —oeiE SRR (AR
A S TRIBIEUE X (A At R DA B BB X A1 BR B A f2, — @ R LARBE T AT 4Ry B A
FPsR B 7=t T, B5ex XEE S EE T L
EX 5 XT SWXARGHE ICS: S - M
BE S = {sili =0,1,2,---, g} HETHEEH, M = {[AL, AR]|AL, Ar € [-1,1], AL < Ag} & [-1,1]
R —HXHE KB ICS: S — M #E Xl S WIXKHEBEEE, ICS(s:) A s MIXHEEHE.
W 1CS(s;) = [AL, AL, WEEEL ICSL, Fl ICSk & XIT: ICSL(si) = AL fl ICSgp(si) = Al 454
HISCRR I E B0 BB, A0 R RATARIES SHE & MBI 500, BN 2L N
1) A7(s;,—0.5) < AL < A7(s;),i=1,---,9, & AY = —1;
2) A71(s;) < AL < A7Y(s441,-0.5),i=0,1,---,9— 1, & A% = 1;
3) AL + A% =0,i=0,1,---,;
4) Al — A7 (sy) S AT = A (siqa), H g/2<i<g—2
5) A7 (si) — A} S A7M(siq1) — AT Hfrg/2<i<g -1
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BrUA, KTEIEBHREE ICS A7, B, iR ICSL(si) < ICSp(sip1) H ICSr(si) < ICSr(sit1).

THEMNEET XA SRR —oCiE KRR AT A 4.

EX 6 XT S WKXAEGHE ICS' : " - M

YT (si,p) € 8, Hrt s, € 8, p e [-0.5,0.5). FeF X [HE G IRER ICHE KPP 05 2] DX TH] 1B,
BiZeT 8" WX E G in B

1CS'((si,p)) = [AL, AR]. (4)
o
. { A7 (55,0 + (1= p) x (A4}, ~ A= s0)) 4 p(AF — A (5131)), 920, 5
A7 Y(si,p) + (1 +p) x (AL — A7Y(s;)) — p(ATH — A~ Y(s;-1)), p <0,
_ AT i)+ (L= p) x (AR = A7 (i) + (AR — A (si41)), 20,
Ap = “1(. i A=L(c)) _ i—1 —1(¢. (6)
A (si2p) + (14 p) X (Afy — A~ (s)) — p(Alr L — A~V (s5,1)), p<0.

HiZzE X a2 WesiorE, Bp plirg}s ICS) ((si,p)) = ICS, ((siy1,—0.5)), [FIHE, plir(r)l.SIC’S'R((s“p)) -
ICS((si41,—0.5)).

KT XME SR 1CS, BAL T4k 190

1) ICS((si, p)) = —1CSR((sg—i, —p))-

2) R ICS XKF S ZHTH, W ICS KT S WEFTH.

3) W 10S KT S BAHFW, W ICS),, ICSy,, ICS" XUt (——at) ER%t

HZE 3 |4, Wk ICS kT S FHFH, W 1CS', ICS,, ICS), Wiz HRATFER). Bl Ph 2
BN ICS™L, I0S, !, ICSR .

B I={AJA=1ICS(s),s € 8’} IXRAEEHE 1CS" WBUETRE. hiZsie 3 W15

W ICS KF S BAHFH, W ICS™(A) = ICS; ' (AL) = ICSR (AR), XM FAER A =[AL, Ar] € 1.

NIRRT X RIE A AR B A SR T S

EN 7 ICS WEE 105!

BE S = {sili = 0,1,2,---,g} HIBHHEIESE ICS BEXT S WEFXHEEGHE, Uk M =
{[AL, AR |AL, Ag € [-1,1], AL, < Ag} A [-1,1] EM—AHRXEE. BETREESHERXE{ER] —ICE X
PEM GBI, TR 1CS a8 105 BE Uk

Ics t:mMmM— S, (7)
Hr X TAEE Ac M, A ICS~'(A) =s, H.
d(A,ICS'(s)) = grgrg;} d(A, ICS (x)). (8)

B d S TR PR BERSERAL, A SCHP U M RIK BT, B d(o, bl [e,d)) = \/(a — ) + (b — d)?, E3EH
BN F T P AL R (101,
THEEBX ICS', ICS™ By 2.
#l 1 ®EH S = {s0,51," +,86}, B ICS(sg) = [-1,-0.8], ICS(s1) = [-0.65,—0.51], ICS(s2) =
[—0.35,—0.22], ICS(s3) = 0, ICS(s4) = [0.22,0.35], ICS(s5) = [0.51,0.65], IC'S(s6) = [0.8, 1].
1) KT8 (s4,0.2) MIXEIEAE K 1CS((s4,0.2)) = [AL, Ag], BARMRER (5) 5
A = A7 (54,0.2) + (1 — 0.2)(0.22 — A (s54)) +0.2(0.51 — A7 (s5)) = 0.2697.
A2, RHE= (6) 15
Ap = A7 (54,0.2) + (1 —0.2)(0.35 — A (54)) + 0.2(0.65 — A" (s5)) = 0.4017.
JITLL, 18 1CS'((s4,0.2)) = [AL, Ag] = [0.2697,0.4017].
2) 3R 1CS71([0.5,0.7)), & 1CS" A FHE, BIER (7) FIk (8), 5
min d([0.5,0.7], ICS'(x)) = d([0.5,0.7], ICS'(s5,0.0910)) = 0.0015.

BrLh, 145% 1CS=1([0.5,0.7]) = (s5,0.0910).
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4 FETFAA ICS H—BURHHEE

FRP% b SCH W T X ) B A bR B —oeiE SRR, T B AR — BRI B T Br R AR
A, BB — R R R BAEIE ER b E . R E b B DL e — Bt f2. e
A —Fe R g, FRE DN ARHE SRR, BRGNS WE AR EIE S X, Frilsgi
PORA RS E N NIRRT ICS #RARAR Y. FCrFEEF M AXHESHE (ICS) —3
TSR, HA R KR S An PR 5 E SO —3
4.1 ETFAA ICS f—BRRizs

WHEGHEEE S = {s0, 51,5}, FIEHRE X = {1,200, xn}. WREHLE = {e1,e2,---,em},
HAEIEY Wa = {wh,wg, - wi}, Howl € 0,1, 300, wh = 1. P = (pri)mxn BYSRHE & KTIE
x; PRIRE T IR RE.

1) i Sk 7R

RYE LSCR IR, CAIPRE & 2T S WERFXHESE ICS*, FIf 10S* #f ik
FHIETWIFER P, PR AEBREERS V = (Oc)mxn, HF 0u = (v, vf] = 1CS*(prs)
(k=1,2,---,m).

2) WAL

BENV = (0pi)mxn J&, AREE IO ETB S A ET TORR SR A NN ML, JELEE X
BRI R AR Ve = [0F,05, - - -, 5] ASSCEEE A IACT 3T, Bk T:

m m
of =i ot = ) S wh g Y Swh o 9)
k=1 k=1

FRABLEA LR, B 0F IR/NET LU IR RAVITIR.

3) & ST AR

B Ve, ATARYEIX 8 A FR B ia 5, SRABHXT Fosk 2 e WA GES B, Vo' = {10SH1(#9),
ICS%=1(05), - -, ICSH(o5,)}, ot ICSH1(05) = (sis ., pf ) TARRT IR = WERGIHNGER: of, DR
HeF MMNNESTHER. W sse S, H op(ss) BE S ss WALEREL B, IR ss = (s, p), W @p(ss) =1,
WA HEERRN ¢p(si) = i. REX—ALERE 0p, ATRE—FREMNT S WAIEES, L = {ep(sig ),
‘Pp(Slg‘k% E) Sﬁp(51°k)} = {likv lg,k’ T ’lfm,k:}'

4) —Fd

FEX B, BRI SRR, TR SRR

O —F RS

LB ELEETENGER Ve = (05,05, -+, 02, RAREFAERE P, 3% LOGR AT S BALE KL ¢, o)
RIRE e WA NI GEREAN T S WALEES, LF = {pp(sp), wp(sip), - op(sn)} = {15,105, -+ 1),
BHGLEEPNEER L = {ep(sic s ep(sig,)s s pp(sie )Y = {4015 4+ 16 1 ) BEATILER.

—HRad R, B LR =R R — SRR

EM 8 YR —HEE dcon

PR & KTITE o WITEN, SR —ERREE 6,0 & LNT:

05y, — UF]

Sip=1——2k 1 10
y: p (10)

Hop, 0 € [0,1), {EBR, RARRE & RTHE o GEENTR—Z
PRF o TR TR, SEAITHIIG—BRRE o). &30 T:

1 n
5’“:525““' (11)

Hrft, o), € [0, 1], fEMR, RRPSRE & LT HrATr 5 BT R—2
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BAJURE R —BORE, W SCHPr A ISRE T IR IT RETTEN I —BoK T, BT
1 m
50011 = E ; 5k (12)

e, deon € [0, 1], R, PORSRE—EOREE M, HLRE Z T —2K.

O —FORE

YRR dcon T REE/IDN—BUBME Senra BF, BP dcon > Oenra, —BQLFRER, BV CoRGHISREIF
W Z¢ FXSTTRAEATIERE. B, 2 Ocon < Oenra B, MBI, FHRIASCRNITESH. JuR
B IRGEFT AR PR G BT — B B M — e ARG, M NFT—RISRaE R, Mtk E. BR—%
FREBE Ocon AL Bt/ N—BURE Senra, BH BB RAREIEEL MaxRound, BIZERZILER. HA, MaxRound J&2
T S AR R AT g, HR/N—3BfE dona MEAKEIEGE MazRound W45 EIER
M L B SERR R JE 24

@ BRI

IR ERUREN BRI N SR Z T X 7 R PR, LAJT (4R SR R P vh SR BT

HIL, HiE R E AR IRE L ED:

ED = {€k|5k < 5thrd}- (13)
HIR, Bie iR of TR EMITEN T EE EDX):
EDX}, = {prile® € ED A 6; k. < Sinva A 0p(pri) # ep(sie, )} (14)

K, #X 88— EDX,, f2HH BRI B AR 5 27

() B o (pie) > op(src ). FRLRTEH & AR LT IR o, WOHEERNE pio.

(i) DR 0p(pri) < p(sic ), APIRE e THIMETITR xi WG PHIME pra-

wJa, WG RGBT NG S s, B i — s .

ETAMA ICS B—BRRIRE ARG

WHIHISRLHRE E = {e1,e2,e3,e4, 65}, WEXN—EIFHFTEHTIFM, FIEFTEE X = {11, 20,
T3, 74} WIETEESEN S={s0, 51, s2, 53, 54, 55, 56} = {HC,C,JC,YB,JH, H HH}. (RFH * T
£ o PIRBIETMFRREE P = (pri)mxn BTG HIBEE S KRR, 7EIHIEER L, USRS IAE
A Wa = {0.2,0.2,0.2,0.2,0.2}. BRBYR— M SRE BT r RIrREIE S R R T s

S4 S5 S4 S

4.2

S5 S4 S3  Ss
P= S4 Sy S3 Sp
S4 S84 83 S5
S5 S5 S4 S4
HIRE—PURE RN NG SRR AR, 32 1 B H 8 —IuR LRIt M X & SR 1C5F.
& 1 RERENMANXEEESHRE

Ics* S0 S1 S2 S3 S4 S5 S6

el [-1,-0.8] [-0.64,—0.46] [—0.28,—0.18] [—0.04,0.04] [0.18,0.28] [0.46,0.64]  [0.8,1]
e? [-1,-0.85] [-0.62,—0.45] [—0.25,—0.17] [=0.02,0.02] [0.17,0.25] [0.45,0.62] [0.85,1]
el [-1,-0.87] [-0.65,—-0.47] [-0.29,-0.19] [-0.03,0.03] [0.19,0.29] [0.47,0.65] [0.87,1]
et [-1,-0.82] [-0.61,-0.43] [-0.25,—0.16] [-0.03,0.03] [0.16,0.25] [0.43,0.61] [0.82,1]
e’ [-1,-0.86] [—0.63,—0.47] [—0.27,—0.18] [—0.04,0.04] [0.18,0.27] [0.47,0.63] [0.86,1]

1) IE AL R

FIRAFC R AR 1CS, AT H R AR S R A V hy:

(0.18,0.28] [0.46,0.64] [0.18,0.28]  [0.8,1]
0.45,0.62] [0.17,0.25] [—0.02,0.02] [0.45,0.62]
V= [0.19,0.29] [0.47,0.65] [-0.03,0.03] [0.47,0.65]
0.16,0.25] [0.16,0.25] [—0.03,0.03] [0.43,0.61]
0.47,0.63] [0.47,0.63] [0.18,0.27] [0.18,0.27]
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2) BENTE
B (9), MW FRR:

BERE R IAEMR IS RA M Ve
f/C:( 0.292,0.418] [0.346,0.484] [0.056,0.126] [0.466,0.630] )

BRI FRGEHITH ©4 - x2 = 21 > 3.
3) i R R
B Ve, AARIE X0 R AR a5, SRABLEA 45 A TR o A GBS B, BIMIXT S 17
BTG, BkmE 2.
R 2 REEBXTHRELERNNMANER
YL QN eSS

et Vo = {(s4,0.4299), (s5, —0.3837), (s3,0.4347), (s5, —0.0075)}  L§ = {4,5,3,5}

e? V™t = {(s4,0.4880), (s5, —0.3322), (s3,0.4815), (s5,0.0407)} LS = {4,5,3,5}

e Vo = {(54,0.3981), (s5, —0.4136), (s3,0.4166), (s5, —0.0339)}  L§ = {4,5,3,5}

et Vo = {(s5, —0.4834), (s5, —0.2998), (s3, 0.4899), (s5,0.0864)}  L§ = {5,5,3,5}

b Vot = {(s4,0.4415), (s5, —0.3753), (s3,0.4457), (55, —0.0047)}  LE = {4,5,3,5}
4) —Fat 2

OHE—HEE
CH AN IT R PN P, BiIA3R 3 YSRE DA TIT R sT-
& 3 REREBXT AR

R (AR N AHER

el L' =1{4,5,4,6} aa> 22> 21 ~ 23
e? L? ={5,4,3,5} a1 ~x1> T2 > 23
e’ L3:{4,5,3,5} Lo~ Tg > L1 > T3
e L* ={4,4,3,5} 24> 21~ 22 > T3
5

9

L° ={5,5,4,4} 1 ~x2 > 23 ~ 24

HWR, ARSI beon, BHIGHHEDSRE & KT HE v B9TENY, ST 89— B2 6,1,
BRI

{611,09.1,031,041} = {1,1,0.8333,0.8333},
{81.2,02.2,032,042} = {0.8333,0.8333,1, 1},
{61,3,02,3,03,3,043} = {1,1,1,1},
{61.4,02.4,03.4,024} = {0.8333,0.8333, 1,1},
{615,025,03.5,045}+ = {0.8333,1,0.8333,0.8333}.

IR e BT IrA FREN, SRR —RRRE 0k, 1T
(61,02, 03, 64,05} = {0.9167,0.9167, 1,0.9167, 0.8750}.
EEI_Z‘}E" *f%%/l\%%ﬁfi—‘ﬁﬁiﬁ 5con:
dcon = 0.9250.

QM —BOIRES

A, R ER/ADN—BBE dma = 0.85, NMIIZHRIIRER, AT EHIFN 24 - 20 - 21 = 23.

RN —B{E Othea = 0.95, RIGFHT—FFEE dcon < Sthea, ITRATRMESFALH], T 25, Krdk
ZE T B,

@ AR
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B, PiE RERN RS % ED:
ED = {e',e? et e}
HIR, BEguRE o TEIPRMEMEITN FEE EDX,.:
EDX; = {p13,p14},
EDXy = {pa1,p22},
EDXy = {pa1, paz},
EDX5 = {ps1, P53, p5a}-
B, fxt—4 EDXy, R AARpyiaE g UMt 2%, TH&HH—Fr]ie:
sS4 S5 Si S
S5 S4 S3 Sp
P =] s4 s5 s3 s5
S5 S84 S3  Sp
Sy S5 S4 54
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