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Trust measure based on quantum interference in social network group
decision making environment

CAI Mei®, JIAN Xing-lian, WANG Ya

(School of Management Science and Engineering, Nanjing University of Information Science & Technology,
Nanjing 210044, China)

Abstract: In view of the redundancy of trust sources and the fact that the interference between them is not considered in the
existing trust measure models, a decision model based on trust measure considering interference effect in a social network
is proposed. When calculating the trust value between decision-makers, this model simplifies the types of trust sources,
avoids the overlapping of some trust sources, and increases the interference item between trust sources. Firstly, the
sources of trust between decision-makers are divided into “close relationships between decision-makers” and “objective
backgrounds of decision-makers” according to the determination of social relationship and background on trust. Secondly,
the concepts of “closeness degree” and “professionalism” are proposed as the measures of these two trust sources to
ensure that the defect of redundancy can be overcome on the premise of integrity of trust sources. Then, a trust value
quantification method considering the interference effect is further designed. The trust value can comprehensively reflect
the individual decision degree and the overall influence degree of trust sources. Finally, the trust values of decision-makers
are transformed into weights to aggregate the preferences of decision-makers to solve the actual group decision-making
problem. Numerical and theoretical results show that the proposed trust measure method considering the interference
effect can be used as a tool to improve the accuracy of trust relations and solve the group decision-making problems in
social networks, which has a broad application prospect.
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IO AT s = A ANHLER 5 2 56 A0 FE AT T IR NIR DY,
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AL 20 ME 28 B (1) P SR A O AE S S AR T
AR K B T, (B S BE AR 47 Hb B N AE AN o 87 i
R T HIRFEAT . BT %18 (quantum probability
theory, QPT) K T “ME 10" 5 “BE ¥ 1% M4
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Rl 1y & MONE S i e R ) DL K 4 R 2R
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AT DA IR 22 AME AT U5 B AR e 1 R Ak s e
Mera . 5OA RASAEI R A E, Z 7
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2) AT H A RAET 3N E 2. ys 2 LS o
B.A (ax + By, 2) = a(z,y) + By, 2);

N XFHFW—VIHE,E (2,2) > 0,H
(v,2) = 0RO W EFKM 2 = 0.

MR, 2SS0 R B R RN, BT A AT R Y
HARRA M B — AN Hilbert 5 24 2% (6] Hy, Ho b Hy
M Hilbert T RIMKEF N H; = HI 9 Hy ®...®
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T} AN E E ARE S, WL T SRR B R TE A
(probabilistic linguistic term set, PLTS) #% & XN
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step2: f# F PLTSs ¥EAT {a1, ao, ..., an ), R
X Shapley # % i 7 Choquet 14 (GS-PLCA) & 32]
B &R PENE BT R A, A5 1HE PLTSs [
RE AR I E U (L L B4R bR

step 3: 15 & TN S AEAE;
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23 FHRE
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2% F& B 520 [R 2 2 18] R AE A BT 1, (R i, i@
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interference = 2 — —— ¥ C %
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31 B fl
FH M A */\ﬂ%TTﬂﬁiﬁﬁ YR e i ik
W — AN by, G WA, e 5Dk X =

{1, 09, w3, w4, x5} A T IEFHA B T @I H,
A SO IR E R T SRHFAT VL, 3 AN E = {e!, €2,
e3, et €S} TEVPAN 2 B, 5 Xt 33 2 (A B AT R
FHEAT B DUORIE PR SR 45 R s . 200 1 A, o
HH N B 2R R R W B 3 .

B3 RIRFZEHEEXR
step 1: TF LIRS H 2 18] SRR
®1 EMERNSKEESRIEERR

1) e B3 ], B RS I RN K (e!) =
3, k(e 2):3 k(e?) = 2,k(e") = 4,k(e”) = 2;

2) d gt 3K (6) 3R H P A 2 1A B SR B
CD(et,e?) = 5,CD(e!,e®) = 7, CD(e',e*) = 13/2,
D(el,e®) = 6, CD(e?,e?) = 6, CD(e?,e*) = 13/2,
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(

O QO

D(e2,e) = 7, CD(e?,e*) = 9, CD(e3,¢e%) = 4,
CD(e*,e®) =

step 2: frﬁt"@% AR AEC S

1) FH PLTSs 7 520 K 2 {5 2

CHNZ R R, %ik}ﬁﬁﬁﬁfﬂﬁl%?@,%
a1 (BB KF); a0 (R IRAL); az (B Mk F17 g 25 72
JE); ag (N N D4l). ASCRA S RIFEE 5 RIBEES =
{51 =“—K" L8 = R4 , 83 = “E , 84 = “lH:”,
55 = “AFELF LA LIE IR L

PRI R IX 5 A Fn 2 [/ — 2R A1, Fir DL AT B4R B
VRS B AR HELL. NFR 1 AT DL I — 2 PLTSs (14
AT A TE R, DR, 06 250 2% S F1 PLTSs [ b #E
. FARAEAC S R 2 2 .

KT B FE ) 52 i R 2% 9T A 2 AH BT ), A
I, 8 I A ] A OC SCHR, AR SC 8 78 3 2RI AR R s e
BRI 2% 2 1] 28 ELAE F SR 0 Ry
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{12(0.163), 15(0.116),
1,(0.257), 15(0.464)}

{15(0.231), 15(0.387),
14(0.211)}

{11(0.089), 15(0.112),
15(0.187), 14(0.274),
15(0.338)}

{11(0.154), 15(0.189),
15(0.253), 14(0.211),
15(0.193)}

{11(0.096), 15(0.160),
15(0.240), 15(0.288),
15(0.216)}

{11(0.089), 15(0.145),
15(0.286), 14(0.153) }

{12(0.160), 15(0.240),
14(0.288), 15(0.312) }

{11(0.076), 15(0.114),
15(0.236), 14(0.196),
15(0.178)}

{11(0.107), 15(0.128),
15(0.197), 14(0.282),
15(0.286)}

{11(0.121), 15(0.263),
15(0.325), 14(0.128)}

{11(0.079), 15(0.135),
15(0.212), 14(0.237),
15(0.337)}

{11(0.172), 15(0.156),
15(0.213), 14(0.195),
15(0.164)}

{12(0.135), 15(0.197),
14(0.282), 15(0.386) }

{12(0.276), 15(0.281),
14(0.262)}

{11(0.036), 12(0.098),
15(0.233),14(0.319),
15(0.314)}

{11(0.064), 15(0.174),
15(0.221), 14(0.223),
15(0.227)}

{11(0.209), 15(0.357),
15(0.189), 14(0.245)}

{11(0.312), 15(0.216),
15(0.211), 14(0.261)}

{11(0.373), 12(0.232),
15(0.113), 14(0.127),
15(0.155)}

{11(0.213), 12(0.221),
15(0.189), 15(0.201)}




%58

RO F AL AL

AHERRTRTATET FHOEENE

1703

Fz2 FENHIPLTSs /R

ay

az

as

aq

{11(0),12(0.163),
et 13(0.116),14(0.257),
15(0.464)}

{11(0.034), 15(0.266),
15(0.421), 15(0.245),
15(0.034)}

{11(0.089), 15(0.112),
15(0.187), 14(0.274),
15(0.338)}

{11(0.154), 15(0.189),
15(0.253), 14(0.211),
15(0.193)}

{11(0.096), 12(0.160),
e? 15(0.240), 14(0.288),
15(0.216)}

{11(0.154), 15(0.211),
15(0.352), 14(0.218),
15(0.065)}

{11(0),12(0.160),
15(0.240), 14 (0.288),
15(0.312)}

{11(0.116), 15(0.154),
15(0.276), 14(0.236),
15(0.218)}

{11(0.107), 12(0.128),
e? 13(0.197), 14(0.282),
15(0.286)}

{11(0.154), 15(0.294),
15(0.358), 14(0.161),
15(0.033)}

{11(0.079), 15(0.135),
15(0.212), 14(0.237),
15(0.337)}

{11(0.192), 15(0.176),
15(0.233),14(0.215),
15(0.184)}

{11(0), l2 (0‘135)7
et 15(0.197),14(0.282),
15(0.386)}

{11(0.036), 15(0.312),
15(0.318), 15(0.298),
15(0.036)}

{11(0.036), 12(0.098),
15(0.233), 14(0.319),
15(0.314)}

{11(0.082), 15(0.192),
13(0.239), 14(0.242),
15(0.245)}

{11(0.209), 15(0.357),

{11(0.312), 15(0.216),

{11(0.373), 15(0.232),

{11(0.248), 15(0.256),

b 13(0.189), 14(0.245), 15(0.211),14(0.261), 13(0.113),14(0.127), 13(0.224),14(0.236),
15(0)} 15(0)} 15(0.155)} 15(0.036)}
S 3o 1™ S Shapely 1 5 X AT A8 50 01 7% ) 2) A4 PLAE 4, T SEAGA Ye e 1 ML 494,
Shapely 1A : H
p(ar) = 0.6792, p(az) = 0.1042, FY(Li(p)) = 3.68, F*(L2(p)) = 3.20,
plas) = 0.0875, p(as) = 0.1292, F3(L}(p)) = 3.26, F*(Lj(p)) = 3.67,
v(ai,aq) = 0.8833, ¢(a,as) = 0.8750, FS(L3 (p)) = 2.31.
plar,a,) = 0.9083, plaz, a) = 01750, step 3: T TR T T EAL
p(az,a,) = 0.2083, p(as, ay) = 0.2, 1) SEEE RV EFREAL 3.
o(ar,ay,a3) = 0.9, p(ai, ay,as) = 0.95, XF S B AT bR AL, 19 35K 3.
o(ar, as,aq) = 0.925, p(az,as,aq) = 0.475, ®3 ARELERRRE

o(ay, as,as,a4) = 1.

FIH GS-PLCA H 7, it ES B2 A M RIE S

NS

[ {1,(0.0277),15(0.1620), 15(0.159 6),
{11(0.0930),15(0.163 5),15(0.250 2),
{11(0.1123),15(0.1436),15(0.2122), —
{1,(0.0139),15(0.1439), 15(0.215 2),

| {1,(0.2731),15(0.2702), 15(0.200 3),

15(0.2571),15(0.3935)} |
14(0.2802),15(0.2132)}
— 14(0.2656),15(0.2664)}
14(0.2884),15(0.338 6)}
14(0.2494),15(0.006 9)} |

CD(el, e?) = 0.076 CD(el, e3) = 0.106

CD(el, e*) = 0.098 CD(el, eb) = 0.091

CD(e2, e3) = 0.091 CD(e2, ef) = 0.098

CD(e2,e®) = 0.106 CD(e3, e*) = 0.136
CD(e3,e®) = 0.061 CD(e*, e5) = 0.136

X EEBEAT R AEAL,
FY(Ly,(p)) = 0.23, F2(L(p)) = 0.20,

F3(L3(p)) = 0.20, F(LL(p)) = 0.23,

F5(LE (p)) = 0.14.

2) fEARE T
TE S0 B AL B B2, TR SR OB AT R
I3 Ai N e = 0.56,0 = 0.63, HL T8 4.
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T4 REREBEZEWEETE

Pr2(t) = @1(0.611 + 0.53 cos 01)
Pr'3(t) = a3(0.606 + 0.57 cos 03)
Pri4(t) = «5(0.609 + 0.54 cos 05)
Pri®(t) = a7 (0.603 4 0.58 cos )
Pr?3(t) = a9 (0.608 + 0.55 cos fy)
Pr?*(t) = a11(0.609 + 0.54 cos 011)
Pr?%(t) = a13(0.600 + 0.59 cos 613)
Pré34(t) = a15(0.603 + 0.57 cos 015)
Pr3%(t) = 17(0.609 + 0.55 cos 017)
Pr5(t) = 19(0.813 + 0.79 cos 1)

Pr?!(t) = @2(0.613 + 0.51 cos 02)
Pr3!(t) = a4(0.608 + 0.55 cos 04)
Prit(t) = a6 (0.609 + 0.54 cos 0g)
Prol(t) = ag(0.610 4 0.54 cos fg)
Pr32(t) = a10(0.608 + 0.55 cos f10)
Pr*2(t) = @12(0.607 + 0.56 cos 012)
Pr®2%(t) = a14(0.606 + 0.57 cos 614)
Pri3(t) = a16(0.602 + 0.58 cos O16)
Pro3(t) = 15(0.614 4 0.50 cos f:15)
Pro4(t) = a20(0.604 + 0.57 cos f20)

step 4: YL EAUE BT
FEAA R cos 0 = 0, FH I AT LAR 5E TR 58 2 [A]
FUEATAA, F it 545 2k S R R
w' = 0.198, w? = 0.197, w® = 0.197,
w* = 0.196, w® = 0.212.
step 5: F AL HL I PEAN(EHE T
T I VA, RS 3 b ) s 47 R B Ay
e! [0.6 070708 0.7
e 0.5 0.8 0.7 0.7 0.6
0.7 0.7 0.8 0.7 0.7
e* 10.7 06 0.6 0.9 0.8
e 0.7 0.5 0.6 0.8 0.9 |

RN 1 I i 286, AT LAAS 3] 45 46 1
E@%?@ﬁff@%%?ﬂxl < X2 XT3 <X Ty < 4.

3.2 Xttearh

NG AR SCT7 53 90 5 AR STk A A L o T v
HEAT ST B, T 45 AN R 5 BT,

9T Ui B TE T SR E B S RS AT YR T
B P 0 A, A SO AN [R] () BEE 1B AT T EC BRI 1
. RS ITH A BT LG tH, B 4 FhAS [R] AL =
AT DS B 25 . BARAE 4 FPB LT, 448 A [
(R A5 21 (1) 3 0 7 SR R g, A5 2277 R I HE P
AT 2R N O RCE AR BUM BT 5
B 2 T AL 5T, X AN A R 33 $2 T AN
IFi) ) E P, b e A R N S e R R H
R APRCE TR TR R B TR A R AR
R, T 2 1B AT IR 8] )T AR, A LA H AL
HIEE [ R A R S AT OC R I R RS
ST SN T A AT AR A 1, AT TR A R
() A THI .

=S5 FAEMEEER
REHE REEEEZ
AT A { Efi i 77 S (KT HE P 4 R
B (NeRa o P —— B A 377 R HE 4 R
@R x x X (0.2,0.2,0.2,0.2,0.2) To <1 <23 <5 < T4
AR E N N x (0.19,0.23,0.31,0.03,0.24) Ty < T1 < T3 < T5 < T4
| P AR BT [X.
Ji1] 237 (BUM) 3 Nl \ x (0.13,0.17,0.46,0.02,0.22) To < T3 < T1 < T5 < T4
J& B S IR E
A O H AUE \ \ N (0.198,0.197,0.197,0.196,0.212) 1 < T2 < T3 < Ts < T4

Wi 4 A 5 BT R, 39 BUAS 8] (9 2 3000 23 5% 1) i
AR 2 A FEAE S R, il B 477 DUR I, AN [F]
R 2 [BEATAERE E cos OB IM3E I N, 24 0 =
0ff,cos = 1, HKH Z A SR &R, 40 =
I, cos @ = —1, RIEFH L BIHEAEAE I /. RS E
Z A I ABATAE N 5 cos 6 FAE BB b 9% 2 (LA 5).
T T, e 55 5 22 (8] FRAE AT AR AR, ANE AT A i i
N, 23 BT AR AL

Pr(n)
----Pr'(y

Pri(n)
1.6 P
—+— Pr(n
—+—Pr'()

- - Pr()
*- Prii()

-0.2 0.2 0.6 1.0
cos 0

4 B cos VHIFEIMEEERFME

-0.6
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—<—Pr'(y)
—b— Pr(s)
= —&—Pr(n)

X X X b —&— Pr(y)

0 ——e— P

-1.0 -0.6 -0.2 0.2 0.6 1.0 [-#- Py
cos

5 S¥cos 0 HIFENMEEERNF M

[FIFE, B 0 124k, F B AT R= A e s,
X P S BB A 2 PR AR R, sk 2 B RS
Ak vy B, R R PR gl 2 K, TR U, $
cos 0 [1E, 2= [F) I I s v 58 = 2 (8] (A5 AT 5% R AN B
WM RPERE. fER SRR, 9 TRk 2
H] BRI A5 AT 5% 2R, 32 e {0 AT X 4% ) e ke, AT DAk s v
H L B8 A R/, BIEG T cos 618 ) K/,
DAFE e R S I AR (1 2805, Yok R A i e SRR AN B 12
U SR g U 38 B RS TG 0. 240 = O, $R3E
B B AT AR B K, BRI, W 558 38 0ok e 558 vl ik
FRFE VR BT 5 (B TR) R AR B A, 75 B i S s L il &
SO A I KR /D 24 0 = i, WS 2 TR I ANME AR
B 5K, SRR (B AT 08 RAFR R M fe v, KORIG I T 4k
FH N T AME AT ) s 1 R AR, BRI 1 3t
PR R, — BRIGHL T, TR0 = 01E At i
BEX RN RN SEL
4 4 ®

BE 5 15 B AL B R JE, 1E 4k 2 0 48 B W 5 ) R,
BT 2 2R 9043 b0 25 22, 17 26 TS A 0 B 1 7 vk
B AT AR TR A R, F 245
{EVR Z AR TUAR, S BUG AR E A 5 LG AR
AR 2. N T B PR 8 A5 AT 0% R B HE R 14, 4% 3¢
Wil 7 5T T PR A 2 WX 2845 AT 0 B 5 v, 1%
T35 Re S T A AS AT IR (1 2 2, 8 G i o (B AT IR S
I A SRR A AR I B T VR AN A S AR YR
() Al 5, B — PR AT B, — OB S AT
W EERIE T, B P, NIRSRE 2 R B =N
R B AR YR AT T 899 5 25, K LRI 4 S e o
BRI R R A RIRH R WY =7 PR,
Perh “ORELEE” ATV PIRERAE AR AMELE
JE I BE . SRS R e T SRR R R
V) FF) 533 L, 25 W S e T 4 2 ) A L 2 (AR P
1 PLTS F 4 A AN 2 e 3145 BHEA A ) T A,
AT DA 4 A 38 3 35 N AR 1 oMb B s e [ 32 VR
55, BRIV E B E K. Ba, B REATEH G

AL I3 AR U 2 8] PR T P RN, AR SC DA 7R A g 4
iR Ve, X Z TR PUHEAT 1 201 T S,
BRI RS RS BEALVE BERT A AN AT R
. AEARRAIBIE T, o] UG IEAR S SR (K A, 5
JEPRFE M EREAE IR R KI5,
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