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Abstract As a universal irrational behavior in stock market, investor sentiment is a significant factor leading to

the fluctuation of stock price. Based on fuzzy sets theory, the propagation process of stock investor sentiment is

studied from a micro perspective. The symmetrical triangular fuzzy set is used to depict fuzziness of stock investors'

viewpoints, and the fuzzy stock price expectation for investor sentiment. The propagation model of stock investor

sentiment is proposed, where three basic propagation types of investors' sentiment are introduced. The effectiveness

of the proposed model is demonstrated via the investor sentiment propagation in the “guba” community.
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Fig.1  Center propagation of fuzzy stock expectation

L ER 4R O 1 L s 0

|c] — ¢l

1-— ;e — eyl < b

Hey (C’[l)) = b2 ‘ ! 2| -2 (6)
0, HoAth

BRI X 18 C1 T WA AF SRR R R EON:




S 46 1

1034 4 -
|z — C4|
B — <
HX|Cy (z|Cy) = 1 b, |z — C1] < by (7)
0, HoAt

;H\:EP, 61€R+ \bQERJr \CQ€R+ iéjj'ﬂ*%ﬁﬁﬁ,

&y € RT NZE.
B (6)s (7) AR (5), ITEBHI4E X %
SR J B BR L x ()
uxcw==;g$§Inm[uxmh(wwﬁ,uclﬁﬁﬂ (8)

B 2 25 T R B A T rh O A R I, 5K (8)
RKAE AR BOSFE.

1.0 ¢
09T pyg (2l€)
08}

07t \
0.6}
05}
04}
031
021

0.11L
0

Hey (c)

by + b,
b, + b,

T Cy ¢y

B2 BRI U AR 3R I X (8) BB R AL
Fig.2 How the max in (8) is achieved for center
propagation of fuzzy stock expectation

¥ pixic (alcd) e, () BAEE Ry 9L,
HIJE 2 T, R (8) ATREUNEZ B2 B 1 Bk E
o= b"j;" GREUA, LTS, ORI X [
S I B KON

Tr — C
NX(m)_{l_(llerbZ)’ |z — ca| < b1+ bo (9)
0, X

30 (9) PE 0 e ol B0 B HUAE X 18] 4 R
PORBGSFE AL AL A3 (9) HHATEAE ), Z25d A
A0 A TSm0 A B i ) RO RORT R X ) SR e R
HAT IR IR = A R BOE I, Pl oo NI 55 Cy
A% 338 B H 79 R X (ELRORA I T A AN 2 12 e
by BN by + by, AE T S0 R . IR, 2
SRAR R 3 i A PR B8 3 O SR AHASOR J AN T v 0
{ELIN, ZH T fie A B i A T o0 B 5 T 9
R AR I FOUIEA ) o, AR 32 R o PR B2 )
AN E PR AT SR G n, AN 2 1k B 3S n 5
FUOBORI AR B AIE 0 S B2 e BB IX TR K. &85

AR P A7 0300 oA R A L ORI 4R X AR 0 SRR
JSERR BB X TR K T, BB & s B o R
W2 T, IXARW], BUI BRSO B TR EE <R T

2.2 IRHIRRN TR fE MR 1B

FREUN B BRI B E M AR RAGL AR R
B AR Bt UM DRI £ & X 2RoR, MRS B
SRR I BT 22 90 I 45 & BT AT 1 49 2 14
WIS X O o, RUBCEE O TOR O M, (EJC %1
SEAZ T B X S AN E PRV L. MBI+ 5
I Bt N USRI L A e k. 2
WHN %ET%&B’JWE%E fize—/\i‘ﬁ*ﬂﬁ% By, HA
£ By OB o I N 4558, HOH e X R AN
5E M by B M ARHE B C6F N BERE I G AERE L 1
JE .

K3 4t 1 BRI TR E B AR 2%
ZitlE. N 3 FTLUR ), BRSE S X M OME ¢
R AR, OE ey X BN E TE By 2 —

IR &, BATREX R BB 16 4 AL 16 07 Ak
*ﬁ#ﬂﬂ%ﬁﬁﬁﬂ%ﬁﬁ%‘fﬂ%%ﬁ

B

1_|17’1';BC'2| ) |b'|‘7 Czl <B,

ty (D)= o
0, HoAth,

o B,

Gy b,

3 UM TR AN E VA
Fig.3  Uncertainty propagation of fuzzy
stock expectation

ANHfE T By BB G & SR B R HON:

b7 — caf
v - Vol <
pp, (b7) = {1 by bt = eof < bo (10)
0, HAth



5 TR T T XRRR = AR B (1 B R 0T 1 2 AL d 1035

BRI X AE By T BRI RJR R EON:

|z — ¢
1-— — <B
X |B, (.’E‘B]) = { B, ’ |1‘ Cl| >~ D1 (11)
0, oAt

H, ¢ eRT,c; e R, by e RT N KE W 3,
b e RY AL E.

KX (10) (11) RN (5), AT BRI % X TG
A ST R e (2) M

Mx($) = b?g}igr min [/’l’XlBl ((E|b11}) y By (bilj)] (12)

B 4 25 T B0 B OB AN PR AR SR, 3C
(12) I KREARBOGSFE.

1.0 U
0.9 g, (07) Hgs, (2109
0.8 |
0.7
0.6 | @
0.5}
0.4
0.3
0.2 |

0.1}

B4 OB BRI P 5L (12)
HRORA R SR EL
Fig.4 How the max in (12) is achieved for uncertainty
propagation function of fuzzy stock expectation

P 4 T4, 2 (12) ATEUNE B2 R R RO 7
VE+ oz —a] . .
= VAL gy e, o

B i AN R kAR 4R O 30T, B4R X e 2% A

‘\/cg +4by |z — 1] —02‘

1-— )
px () = 2bs (13)
|z —c1| < ca+ by
0,

AR 0 S FE R HOGT B EAE X TR] Fé sk B A2 7 L
bfsx B.

X (13) 7TE0, px () B BT R e, KT
ABR JE A0 F0U B () AN o PR 1, LSRR B ok ) R
OEAAE.

R, ey = 0B, 2 (13) &2 A:

|z — 1]
MAMZ%_V b Tralsh oy

0, HoAt

N, B R (13) MR RN R Skt — 25
G W ASORI A RO I AN 8 VEAL 38R 12, 0 AR
T T HEAT 1 18

1) #5 ez >> bo, RIXIRR=F1 7% 53 By X H E /I
OMHE oo FEHEAEAE, 715
bg(l — 6*4)2 + co (1 — 6’4) N 1—e*
by(1—e 1) e (1 —et) Tl-e!
o by(1- e_l)2 e (1—e) o 1—e!
= b2(1 _ e_1/4)2 + e (1 _ e_1/4) T ] —el/4

(15)

2 (15) H ke Bl sx #RAEH AL T % B = 1 56
BT B R HME, 31X 15 B AE BRI B AN TR AN E AL
FEIETE T, BOMISE X (0 2% 10 S5 8 B s Bk i
YRR = A BRI

2) # cog < by, BIXIHFR =75 81 By X H S H
Wl e FEHARTE, W15

Cbh(l-e ) te(l-et)  (1-e?)?

kx =

SXx

T bo(1—e 1) +¢5 (1 —e 1) ~ (1—e1)?
bg(l—e_1)2+02 (1—et) (1_6—1)2

Sx = ~

X b2(1—6_1/4)2+c2 (1_6_1/4) (1—6_1/4)2

(16)

3 (16) H kx Mlsx #AEF T IT 30 (14) % B
BRI B P VAR R N0

AL IR BT AT RN, 2 T A OB I A
TUAA s AL 3% (W 3 Fim) B, BERIEE X 1
F a8 R oR B B I X B = A ok O AR 1R A R
(13) iR TE 261 R IR s BUY 3, ZR B 5 S
A RIR AL, TEXTFR = A R AR 20 (14) MR 0T
Wl EIR s 2

NTHEEMMER EROWEER, S =4,
by =1, 2P HIHL 0. 1 F1 2, AT AR (13) %L
FGaIE 5 B, R 5 RS H TR =M E

{1_|x—cl| |z —e1] < by
¥ b < B2 i gyt
0, HoAt

M5 ATRLE 1, 53R =M o e, 52X
(13) MR BCRA “HAL” MR, 8 B AL &
W) T, Wi xR R SR A
IRRFEEE RN, =X (13) %t BRI E X EL X AR
=MEEAE CERRY T, XU R ERENA
il 58 A% 2 B TSR B 0 U0 ) Ak E 1, B4
TIN5 3 A 2 AN SE 1




1036 H 3

S 46 1

1.0
0.9+
0.8+ ¢, =0
0.7+

001 s = i =2
0.5
0.4+
0.3}
0.2}

0.1}

K5 XEJoakERIE R

Fig.5 Unconditional membership function of
fuzzy set X under uncertainty propagation
of fuzzy stock expectation

2.3 EMRNTHT ORI THELEEE

R IER: #5E M ERER TSRS,
o H O RIBOR AN TUEA A — MBI EE X RO, (HAE
AR AR 1 R OCME Cy A S AN 2 T By B RE
. BEBTH N M ERAEBOH AN T O fE O,
[EIF, ¥t P iR O XA E M By, C~ By
BRI SE G, HR R R i %3 N
P #fiE.

Bl 6 25 T FIRTETE T 3555 15 45 4% R I I 2%
it K 6 v LUE H, BORES X 1d O oy
B FLXE R I 2 Ve By S BRI EE & BRATTRRIX Fh
PG 2B AL 36 5 O BOR A P v O AN
PEAL %

FEOTE M WIE B SEG& X, HS 8 B R 20T
RKINN:

|z — C4 ]
12— —0yl <
px (r) = { By e = Cil < By (17)
0, HoAt

BRHE N G P ERES ¢, KRRE
BRE R RO A

e — caf

v - V] <

uawn={1 b, la-elsh gy
0, HoAth

Bt P 4 IR B P BB A By, JEROR
P HT

|blf - C3|
v - v ey <
u&@OZ{l b el s )
0, HAh

Bl 6 BRI AN T o R A E AL 4R
Fig.6  Center and uncertainty propagation of fuzzy
stock expectation

Hr, ¢y e R c3 € RT. by € RS by € R B NFEH
¢y e RY, W € RYIPNEHE.

RHE (5) 1) Zadeh & BAERALN, =L (17).
(18) HJ 1
|z — ca

(B1 +by)’
0, HoAth

|z — co| < B+ by

px|B, (¥|B1) = {
(20)

HIRHMH Zadeh & peAEB AN, H2L (19).
(20) ATASASERAEE X (2130 I8 B R B -

pux(w) = max min x|, (2[07), pm, (09)](21)
3 (21) HR K AEUEL S by :

ks \/(b2 +¢3)” + 4bs |z — ¢
1o 2
ok, 2R (21) PR X KRR

‘\/(b2+03)2+4b3 |z — ca| —c3 — b
1—

(22)

px () = s :
|IL’*CQ| Sb2+03+b3
0, At

(23)
ol (23) ATRUAE:



5 TR T T XRRR = AR B (1 B R 0T 1 2 AL d 1037

1) Hﬂ\/(b2+03)2+4b3|x—02| —c3—by =0, AJ
15 o = co, HIBERIER X 1T 641 31 B JFE B B b ot
T R Oy R PO oo . XRBR, BB
W I AN S PEAL R A DR A X rbaofE, (|
ORI U0 oo A% FE K TP OB o BRI AR Cy 1%
s T BRI X

2) X (20) AT RLE HE, 38— S AT S
Cr A BUR BRI X 10 50 SR & 12 R 8O IR
3R (23) 58 (20) ML, 80T —ANARHE R
AN By, B TSR & L BRI T AR (A P A2 0 A
AR S), R RAR KM REE R
MITREZ T.

SVEERUL, FEBOR AN U b0 SAN e VA%
#I7UT, B E M 2RI T 5EE N A,
K B DR BN T b O E A E N EERIER O 1Y
HCE, BTN AN E N AL By, Zad i
P JE LT MR 500, HE SR T8 P2 ek A
RN =M KA X, 5IREH N RALRBOR 4
Cy FHEL, #BE8 M e & BB I T B A
W T

3 KERAEFRERERENNE U
ARAEAL X AR YR 5 & TR LR B 9

fERET I, R EFE BT AKX,
ARBEIE 5 BR P AR T 5 BT SRR B R
AL RIS F SR VL 0 RN 2 AR 1118
SRR ML . BB AR R 2 )5, A HAbk
R HEATPRE (B 7 I R B PR 1),
RS RE T, AR E MR T R E
HIAERE M 4. AR — R, BL 1 NS 5 APFigN
B, FABRERR T2 8 SRR KRR, &
2R EFUME NI TEE R IS, ik, 6 B E(E
TR T — > PR I 3 T 2 AR R I 2% Sl ), il 8
FR.

B e -

T TRFTE

B 7 RIS

Fig.7  Guba comments

K8 MM EEEEHELE R
Fig.8  Close-loop network diagram of investors' senti-
ment propagation

DU A X e 52 45 B8 5 1 28 K AR 4k o ], 6
UEAS SCHIT 2 1) i 52 5 B8 o 1 46 A 1 70 1 4 2
PE. 6 A E BT RIUA H RO i YT 2R A AR SCHR
H R AR = A1 SRR I R AU 3, B SR 3B 1 4
FERER IS 2 TP 3R I = AL 4877 30, AR
R R A 1R PR A ) 5 5 1) P G 1] 9 s

Y,

Wy | Wio[{WisH Wiaf| WisH Wie Coy 4%
X,
o N

C31 O
T T B 31 U3l

e by E}Z' wQEI.EuM Wy, w%Hw%Ii,$4_
X
%

22
________ L » Y,
Cap 3y
’ - - Cy By,
2 E”xl wsZHE:ss Wiy Was || Wae
301 X,
A v A
f
Cs3 by
By,
] 1o W H W, H w5 fwyg
/ 4

1

By C35, b5

i

Cs6

Ko BRFE LR

Fig.9 Diagram of investors' sentiment propagation

6 AT A BB B ] B B A T
W TR RIS X, 0 I S S 2 B O



1038 T o
e £l
1- ’ 7 — Clg S b i
px; (i) = { b1; 2 = el ! (24) .
0, HAth | 19— Coi .~ Gyl < By,
Hy;|Cas (yz|021) = Bs; ) |y 2 | < Do
Ho, e €RT L by eRTEDARIRIEL, i=1,2,+ 6. 0, St
e A7 R, BB 5 B A (28)

B TR 1 52 B B A (0080 Jise A7 T 300 5 i
G, A2 3 H A BB A B U T K 2. A
WA Y, FOR G i MBTE L B0 4 A N 4%
P8 J5 72 25 1R foe 25 RO A0 T, RIDES & A0
H A ISR SR R AL

|yi - sz'|
1 - s |y = Cail < By,
py; (yi) = { Ba; lv 2l 2 (25)
0, HAth

Hrr, Coiv By WINERWISES, i=1,2,--- 6.
FESR B (25) AR 58 3 S A IO BRI T A
TR, 75 2 B 4T 5 3.
SIFE 1. ABMIES X, (i=1,2,--- ,n) AR
=M, SRR B (4) iR, w, >0
R BRI, WL wi = 1LY, = wi X+

2K 4w X R A BB 2, FR R
N (26).
Yn— szcl n
1 n- 1“1 < (A%
v, (Yn) = Z“’ ! ;wc Zw
0, Hof
(26)
B 1 [ ELARTE DT T C.
DUV P OIS Coi = 3wy X,
(Frft, iy 5 AT B R A 15 v
MAMRE, LY wy=1i=12.6), i

= (26) 15, 1‘%*&1%‘“ Co; WISRIE R ECA A (27),
Hrpi=1,2-..,6.

6
1—|eq;— Z WijCj
j=1

G
> wijh;
j=1

)

HCa; (61211) =
6

> wigby

j=1

0, HAth

(27)

6
ch; — wijcrj| <
2i 1jCly
j=1

2 pyiics Wil Coi) T pey, (c3;) 72 WAEN Za-
deh & BUHEFLRL I A oy (2] V) B gy (v), DS
WG Y, RTC R IBRERRECA 1y, (vi)
(v, 0o (WilSs) s e, (65,)] 58 A lﬁﬁﬂikﬁﬁ ¢y =
(Ba le wijc1+Yi ij (Bai +Z
ARERAR, HHIE AT ARSI AR Y (TG SR A SR B FE e
3 (29).

= max,y er Min

wwblj wwblj

1—

6
yi— E W;;C1j
j=1

6
—E wijClj| <

6 )
Bai+ Zwijblj =t
wy; (yi) = i=1
6
Zwijblj + Bo;
j=1
0, ot
(29)
Hpi=1,2,---,6.3 (29) H Ik 0 FJEEF R EL

FOUAE DX 1] P SR B A LB 53¢ D

FEA 5L SR B A TS P AN S PE BRI £
B OB, HIZSR TR E H S KO E S A
TEE A OME I ZE R e . B BORIAE Ba; 11
O E 3 = alers — éZj: .6, a
9 [ 7 A OB ez KT B AN € 14 bsy HHEEA
BT EARE A OB ALK E. Kk, BOIE B,
55 & 2 BRI 0] R

|bs; — cail
e U
BB, (b3;) = { b3; 102
0, HoAth

¥ 1y, 1By (il B2i) M, (b5;) 73 WAE N Zadeh
B BRI ) oy (2| V) By (0), UK (29) 7]
BE—BRIRN: py, (yi)=maxpy cr min [py; g, (vilb5;) ,
By, (by;)], L7 B T 43 , 12 bR H i KR 1 B A
A (31).

1Clj| ’ Z:1727

c3i| < bs; (30)

‘b C3Z| /

ooy, RNy, (yi) =1 - Bl i
MERHEZILE 9 FrosR v E %ﬁé?’ﬁﬂ%)ﬁﬂﬁ
LB HA PO B A T S 8 B R B R (32).



5 H FERE: H TR = AR AR T B 2 L iR i Y 1039
2
6 6 6 6
C3i _Zwijblj + Zwijblj —cgi | +4 CSiZwijblj + bsi |Yi _Zwijclj
b j=1 j=1 j=1 j=1 (31)
6 2 6 6 6
(Z W, ; blj - csi) +4| ey, Z wq‘,j blj + b3i Y, — Z wij Clj - (C3i+ Z wij blj)
j=1 j=1 j=1 j=1
1- 9
My, (y1> = 2b3; (32)
6 6
Yy, — wij Clj < Z wij blj + Cs; + b3i
j=1 j=1
0, Hoft

A (32) HlE 0 R FE B8 HOAH X L IX 7D £
RIS AL E.

G WIS 8 26 1 0 e AR ASTR 0 545 ST L
R 5 i MBI R BB B 0 A
T AT HE B ) R T oD 0 AT 34 4
S wipeny, (B IESR R BRI K T
fl, B A S T B E MR, MBI 5
IR TR T

Gk T, A IR A X b R s 3
TFVPIR I, HE 2 00 B 0 2 b 0o (W RS0
e B UL ol AT 35064 WA 0 T80 0t bk,
B 5 A 1 2 B B 5 0 B R, o
F AL AR E A BN, 8
SR WL H AT L B T

4 Zip

AR SCR IR = M 4R & Ko I B R 4,
iz PSR HE 2E L U v A 15 9 5 1 4R R AR kL A,
FEVEE 1 3 0 R = A RS 5 (10 M SR 4 B2 3 1 2 A
M, S GRERREEELREE, il
T = MR BRI B T AR T A DUBE R
SEH I BEE BB B TG AR 0], Al T B i
R 2, IR AR A S R AT T A% O 2L
FHESANLEY. AR @SR, EEGE W
gt

1) BT 4 K A% 4k 7 X9 RO i A7 73]
R I, RN B T BRI & O E DN
UL IR AE R A G 4 0.

2) BHEH NG 2 1A% 4% 7 OO IRt 03]
ANE R PEAR HR I, BT 2 1 O R AR,
B B e O U AR T 2. i i & a5k
PSR FERR ORI, AR 0 8 B2 ok Bonk B2 Y HUEL X
[, R REEHERBEESUE TEZ T
=, RIGHE B T

3) BV G LK 0 A% 3k 7 OO IRt Y]
ol AN E VEAL SR, BB R 28 1 O ey
DR MEE BB B R4 O, R E RIS
FER B AR T 2.

BEAL, M SR8 3 2 B AN E 1™ i B
AR FRANGA E 1) R, E R R i R
HeFARR AR R R L e B HE L R R R AR XA
=S R AR R = A R H) — R R R A,
AE 0 3R Je B R BB UAEL X 1) PR A 8 T OAAE XK = A
bR SRR 2 UM IX 8] Rk 2 S A a2 I 2%, AT A
FEXS FRANH E PEIAIE T AR P08 3 1 AL R
WEFCBLE AT LA

Bis% A

20 (9) TR O S JE 2 oR R 0T B HUAE X TR] e 4E 2.

TORIER X [0 TG 2 At S 8 B2 oR B0 R AE DL N MG T
T4HEo:

Deg>a, Heg—a <by +bo, Bl: =) — by < 2-¢y
<0.

Nea<z, Hr—co <by + b, Bl 0<z-¢y< by +
by.

W4 13 3] 9E 0 5% Jm 22 pa 21 i U X 7] Jy
—by — by <x — o < by + bo, BPBIIEE X 1L %M
0 RJBEMHPIBEX AN |z — ca] < by + ba.

Mk B

2 (13) HEE O s ) 2 bk B S HUAE X ) (0 4 5.

Bz —c| <Y, g — by <z <ecp+bY, il
|bY —co| <o, fFco — by <BY <o+ by, Kep + b2 AR
ABY, 0[S ¢y — bY /MBI ¢1 — co — ba, HH g + b
M KAE N ¢ + co + bo. L, 15 EIBMISE X LK1
0 FE EMEMKRMEXEAN g—Cc-
by <z <ci+cat+by , Ble—ci| <co+ bs.



1040 H

Eitd 46 %

fisk C

51 EE 1 HIERA.

KHBCEABAE 5 B 1, B En = 2 1
T, MYy = w X1 + weXo . OIS X A1 X, (3R

_|.’,Ui_ci| |$_C|<b
JEREERECN: px, (z;)= b, e
0, HoAth
4 Zadeh 9 R B Y, MR & E B #n] B =X
3RS
Hy, (y2) =

=1,2,

max

- min [y, (1), px, (22)]
Y2=w1T1+wW2T2

(C1)
1
B oyo = wizy +wory A Hro = w—Q(yg —wyz1),
i (C1) &R (02).

ty, (Y2) = max min [px, (1), px, (2)]

|1 — 1
e 1
{ b1
0,

Jrr — e < b

HoAth

= max min
x1ER

1
— (y2 - w1$1) —C2
1 12
by ’
1
— (y2 —wi1) — 2| < bo
w2
0, HAth
(C2)
1 w1 [ Y2 W2C2
*(y2*w1561)*02:* — - — 1/,
Wo w2 \ W1 w1
Rk, 5 (C2) A (C3).
. 1—M7 |z1—c1]|<b1
Iy, (y2)=max min by ;
zr1ER
0, HoAth

wp w1

wac w
$1—(y2— 2 2)‘Sb22

0, HoAthy
(C3)

X (C2) M KEBUE M 21 = biys + wabaer —
w202b1/w1b1+wgbg,ﬁ)\iﬁ (02) m‘ﬂ:ﬂfi 1-— |1/’(U2(y27

wix1) —C2|/ba=1—|ya —wic1 —waca| / (w1bi +wabs) .
BEMIEES Yo TELL N AME O T LRI HE 0 3R B E
B

2 W2C2 2 WaC2 w2
1) 2 Ta% o p2_ —c1<bi+ba—,
w1 w1 w1 w1 wq
R wier +waco <ya <wicr +wacg+wi by +wabs.
2 W2C2 2 W2C2 w2
2) LEN <ci H C1—(yf— )<b1+ba—,
w1 w1 w w1 w1

R wy e +waco —wiby —wabs <yo <wicq +wacs.

X EIRPI G yo B HUE X R EUHREE, 15 200145
G Yy EO0R)EERENBMEXNEA. we+
wacCz — w1by — waby < yo < wicy + waca + wiby + waby
RI: Jya — wier — wacs| < wiby 4 wabs.

2k, WTLLB BB RS Yy SRR B R HOA A
(C4).

Y2 —wier —wacy
wiby + wabs

wy, (y2) = ly2 — wic1 — waca| < wiby + wabs

0, HAth
(C4)

e (Ca) W n=FkF W, BIY, =w X;+
woXo + -+ wp, Xy I, HSRJEERHCHA (C5).

k
Yk — Zwici
i—1
1-—=
wibi
py;, (i) = ;
k k
Yk — Z wic;| < Z w;b;
i=1 i=1
0, HoAth

(C5)

Wn=Fk+1K, ﬁYk-&-l =wi; X1 +we Xg+ -+
WXk + Wet1Xp+1 = Yi + i1 X1, BB Vi 1

Ky qq (yk+1) = max

Yk+1=Yk T Wk41Th41

min [NJYk (yk) y WX 1 (xk+1)] (CG)

Hr,

1— |$k+1 - Ck+1|
br+1

Y

125 ¢t ($k+1) = |1'k+1 - Ck+1| < byt

0, HAth

W yk = yry1 — wrprzp e RO ye, T2 (CT).



5 1 T IR FET SRR = A AR B 1 A S 45 B0 1 AL A Y 1041
i k
Yr+1 — Wk+1Tk+1 — Z wW;iC; & &
. 1 - =1 Yk+1 — Wg1Tk41 — w;ic;| < w;b;
HYieqq (Yrs1) = z;ili”e(R min i , ; [ ; 171 7
w;b;
i=1
L0, HAh
1- = Ck+1|, |Zk41 — chp]| < brta
br+1
0, HAth
(C7)
b k+1
g TEH Gk yk“*wk“xk“fzifl WiCi yk“_zw%@‘ k+1
= - 1
b1 Zk Wb H12—7 yk+1_zwici <
i=1 Zw'b' i=1
A0 (C7) KM U R, A9 B 5 gy RN AYen (k)= T
k+1
n
Ynt1 — Wnt1Tnt1 — Cwe w;b;
- 7 Zzzl 19 3 BB 4R & ;
>, wibi 0, Hof

k+1
Yk+1 — Zi:l wiC;
Yieer HOAE O SR B O — -

w;b;

i=1
WIS Virr JE O S8 B ek HO6 B2 X JH] (1) 3R B
PR

k k
B |Ykt1 — W1 Thtr — Ziﬂ w;c; | < Ziﬂ w;b;

. k k
CIEGE wk+1zk+1+zi71 wici*Ziil wib; <Y1 <

k k
Wk4+1Tk+1 + E g wici E iy Wibi

=1
H | zk41 — cht1] < brr1 TTHF cpr1 —bpg1 <xppr <

Cht1 + brg1 -

1) %’l Tl E&ck_,_l — bk+1 Hﬂ' s Yk+1 E,‘] —F IKE j\j

k k
w;iC; — E o wib;, M
=1 =1

Wh41Ch+1 — Wh1bp+1 + E .

k+1 k+1

Zi:l w;C; — Zi:l wibi .
2) FIFLA S, 2 wp Bepyr + bryr B,y B0 1

9 5" e 3 b By ORI

k41 ket 1
wib; <Y1 < Z

k1
E L wici— E ) w;ic;+
i=1 i=1

k+1 )
i=1 "

2, [EHIES Vi KSR R EON:

Misk D

3 (29) HEE 0 R FE R FUE X (8] (14 5.
WRIEE Y; 72 DL R PR G T T BLCEIE 0 3R s B R4k
{&:
6 6 6
1) ijl WiC1j > yi,zjzl wijc1; — Yi < ijl
wijbij + Boj, AlI: ijl wijclj_ijl
6
Yi < ijl
6

6 6
2) Zj:l WijClj < Yir Yi — Z oy Wig €y < ijl

6
w; b1 74+Ba;, W Z wzjclj<yz<z wijclj+zj:1
wl]bl_] + Ba;.

LA T, g (B A Z

Z:z wnglj Bo; <y; <Z wzjclj +Z
6 6
_ Zj:l W;;5C1j S Zj:

Wijb1;—Ba; <

W;jC1j -

w”—clj—

| Wigbist
BZi )

MiE E
2 (32) ek O SR FE R SO U X 7] (4 5

b 6
E w — | — E
1jY15 Yi j=1

208 B py, g (vialbS;) 15 BB O AC KON DS,

. wi;jb1; + Boy .

A
W;;C1j ETJ‘, 15




1042 =l 3

(8

S 46 1

>
Wi s
j=1 1y

B 10 HUE X 8] 4 bY; <cgi+bg; , HP

3 by, MR (30) o e

6
Zli—ZFl

<

wijc1;

6
ijl wi;jbi; + c3; + b3;

10

11

12

13

References

Wen Dan-Yan, Ma Chao-Qun, Wang Kun. A multi-source data
driven decision model for automatic trading systems. Acta
Automatica Sinica, 2018, 44(8): 1505—1517

(O, DR, FIR. — M2 EEER I B 358 5 R G R
. BEIEEIR, 2018, 44(8): 1505-1517)

Sun Yan-Lin, Chen Shou-Dong, Liu-Yang. Forecast of stock
price fluctuation based on the perspective of volume informa-
tion in stock and foreign exchange market. Systems Engineer-
ing-Theory & Practice, 2019, 39(4): 935-945

(FhERK, BRSF AR, KUFE. BT it AL T s B S A A PR AR A i3
M. KRG TR 55, 2019, 39(4): 935-945)

Wu Yan-Ran, Han Li-Yan. Imperfect rationality, sentiment and
closed-end-fund puzzle. Economic Research Journal, 2007, (3):
117-129

BEWEAL, 2007, (3): 117-129)

Odbal, Wang Zeng-Fu. Emotion analysis model using composi-
tional semantics. Acta Automatica Sinica, 2015, 41(12):
21252137

(DB L, AR, — AT ALE81E RSOl B 3)
4R, 2015, 41(12): 2125-2137)

Guo Dong-Wei, Wu Yun-Na, Zou Yun, Meng Xiang-Yan. Simu-
lation and modeling of non-rational game based public opinion
spread. Acta Automatica Sinica, 2014, 40(8): 1721-1732
(FRAAE, o tils, AR2, Fatfa. 36T AR R A L 1 1
BRI, H kIR, 2014, 40(8): 1721-1732)

Bu Hui, Xie Zheng, Li Jia-Hong. Investor sentiment extracted
from internet stock message boards and its effect on Chinese
stock market. Journal of Management Sciences in China, 2018,
21(4): 91-106

(BRE, o, 2 (il BT IRV 4R BT 15 48 0 I SE T 3 R S
R SR, 2018, 21(4): 91-106)

Sul H K, Dennis A R, Yuan L. Trading on Twitter: using so-
cial media sentiment to predict stock returns. Decision Sciences,
2017, 48(3): 454—488

Xu Qi-Fa, Bo Zhong-Pu, Jiang Cui-Xia. Exploring the relation-
ship between Internet sentiment and stock market returns based
on quantile granger causality analysis. Journal of Management
Science, 2017, 30(3): 147-160

(VPR R, B, %3 0. 51312 Granger BRIP4 1541 5
ik ot RIF AT, B HERLE, 2017, 30(3): 147-160)

Scott J. Social Network Analysis (4th Edition), London, U.K.:
Sage Publications Ltd, 2017.

Acemoglu D, Ozdaglar A. Opinion dynamics and learning in so-
cial networks. Dynamic Games and Applications, 2011, 1(1):
3-49

Yuan Y. Market-wide attention, trading, and stock returns.
Journal of Financial Economics, 2015, 116(3): 548—564

Wu Xuan, Tian Gao-Liang, Si Yi. Internet media management
and stock liquidity. Journal of Management Science, 2017, 30(6):
51-64

(RHE, W R, A3k, W% E ISR EREME. &R,
2017, 30(6): 51-64)

Bozorgi A, Samet S, Kwisthout J, Wareham T. Community-
based influence maximization in social networks under a compet-

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

itive linear threshold model. Knowledge-Based Systems, 2017,
134: 149-158

Zhang X, Jiang D, Alsaedi A, Hayat T. Stationary distribution
of stochastic SIS epidemic model with vaccination under regime
switching. Applied Mathematics Letters, 2016, 59: 87—93

Xiong Xi, Qiao Shao-Jie, Wu Tao, Wu Yue, Han Nan, Zhang
Hai-Qing. Spatio-temporal feature based emotional contagion
analysis and prediction model for online social networks. Acta
Automatica Sinica, 2018, 44(12): 2290—2299

(REER, Te/b7, RVE, MR, i, skiGs. J6 T SRR A AL 52
S EAL SN SR Bk, 2018, 44(12):
2290-2299)

Liu X, He D, Liu C. Information diffusion nonlinear dynamics
modeling and evolution analysis in online social network based
on emergency events. IEEE Transactions on Computational So-
cial Systems, 2019, 6(1): 8—19

Zhuang Y, Yagan O. Information propagation in clustered mul-
tilayer networks. IEEE Transactions on Network Science and
Engineering, 2016, 3(4): 211-224

Jackson M O. Social and Economic Networks. Princeton, NJ,
USA: Princeton University Press, 2008

Wang L X, Mendel J M. Fuzzy opinion networks: a mathematic-
al framework for the evolution of opinions and their uncertain-
ties across social networks. IEEE Transactions on Fuzzy Sys-
tems, 2016, 24(4): 880-905

Wang L X, Mendel J M. Fuzzy networks: What happens when
fuzzy people are connected through social networks. In: Proceed-
ings of the 2014 IEEE Symposium on Foundations of Comput-
ational Intelligence (FOCI). Orlando, FL, USA: IEEE, 2014. 30-
37

Wang L X. Hierarchical fuzzy opinion networks: top-down for
social organizations and bottom-up for election. arXiv preprint,
arXiv: 1901.00441, 2019

Hommes C H. Heterogeneous agent models in economics and fin-
ance. Handbook of Computational Economics, 2006, 2: 1109-
1186

Wang L X. Modeling stock price dynamics with fuzzy opinion
networks. IEEE Transactions on Fuzzy Systems, 2017, 25(2):
277-301

Lux T. Estimation of an agent-based model of investor senti-
ment formation in financial markets. Journal of Economic Dy-
namics and Control, 2012, 36(8): 1284-1302

Anzilli L, Facchinetti G. A Fuzzy quantity mean-variance view
and its application to a client financial risk tolerance model. In-
ternational Journal of Intelligent Systems, 2016, 31(10): 963—988

Chen H M, Hu C F, Yeh W C. Option pricing and the greeks
under gaussian fuzzy environments. Soft Computing, 2019,
23(24): 13351-13374

Baker M P, Wurgler J. Investor dentiment and the cross-sec-
tion of stock returns. Fconomic Management Journal, 2006,
61(4): 1645-1680

Da Z, Engelberg J, Gao P. The sum of all FEARS investor sen-
timent and asset prices. Review of Financial Studies, 2014,
28(1): 1-32

Zadeh L A. Is there a need for fuzzy logic? Information Sciences,
2008, 178(13): 2751-2779

Zadeh L A. Outline of new approach to the analysis of complex
systems and decision processes. IEEE Transaction Systems,
Man, and Cybernetics, 1973, SMC-3(1): 28—44

Zadeh L A. The concept of a linguistic variable and its applica-
tion to approximate reasoning-I. Information Sciences, 1975,
8(3): 199-249


https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.1111/deci.12229
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.1007/s13235-010-0004-1
https://doi.org/10.1016/j.jfineco.2015.03.006
https://doi.org/10.3969/j.issn.1672-0334.2017.06.004
https://doi.org/10.1016/j.knosys.2017.07.029
https://doi.org/10.1016/j.aml.2016.03.010
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2016.2574911
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1002/int.21812
https://doi.org/10.1002/int.21812
https://doi.org/10.1007/s00500-019-03876-w
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1016/0020-0255(75)90036-5
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.1111/deci.12229
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.1007/s13235-010-0004-1
https://doi.org/10.1016/j.jfineco.2015.03.006
https://doi.org/10.3969/j.issn.1672-0334.2017.06.004
https://doi.org/10.1016/j.knosys.2017.07.029
https://doi.org/10.1016/j.aml.2016.03.010
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2016.2574911
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1002/int.21812
https://doi.org/10.1002/int.21812
https://doi.org/10.1007/s00500-019-03876-w
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1016/0020-0255(75)90036-5
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.1111/deci.12229
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.1007/s13235-010-0004-1
https://doi.org/10.1016/j.jfineco.2015.03.006
https://doi.org/10.3969/j.issn.1672-0334.2017.06.004
https://doi.org/10.1016/j.knosys.2017.07.029
https://doi.org/10.1016/j.aml.2016.03.010
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2016.2574911
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1002/int.21812
https://doi.org/10.1002/int.21812
https://doi.org/10.1007/s00500-019-03876-w
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1016/0020-0255(75)90036-5
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.1111/deci.12229
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.1007/s13235-010-0004-1
https://doi.org/10.1016/j.jfineco.2015.03.006
https://doi.org/10.3969/j.issn.1672-0334.2017.06.004
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.12011/1000-6788-2018-1985-11
https://doi.org/10.1111/deci.12229
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.3969/j.issn.1672-0334.2017.03.013
https://doi.org/10.1007/s13235-010-0004-1
https://doi.org/10.1016/j.jfineco.2015.03.006
https://doi.org/10.3969/j.issn.1672-0334.2017.06.004
https://doi.org/10.1016/j.knosys.2017.07.029
https://doi.org/10.1016/j.aml.2016.03.010
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2016.2574911
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1002/int.21812
https://doi.org/10.1002/int.21812
https://doi.org/10.1007/s00500-019-03876-w
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1016/0020-0255(75)90036-5
https://doi.org/10.1016/j.knosys.2017.07.029
https://doi.org/10.1016/j.aml.2016.03.010
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TCSS.2018.2885127
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TNSE.2016.2600059
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2015.2486816
https://doi.org/10.1109/TFUZZ.2016.2574911
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1016/j.jedc.2012.03.012
https://doi.org/10.1002/int.21812
https://doi.org/10.1002/int.21812
https://doi.org/10.1007/s00500-019-03876-w
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1109/TSMC.1973.5408575
https://doi.org/10.1016/0020-0255(75)90036-5

5 TR T T XRRR = AR B (1 B R 0T 1 2 AL d 1043

FoFE  LWARMEREERRES
TR R BZ. 2010 3k H [E R
B B S AT FE P 1 L2 7. AT
I THRE e B SR, A
B, OB TR SR, A B E 1R
E-mail: huidong.wang@ia.ac.cn

X (WANG Hui-Dong Associate pro-
fessor at the School of Management Science and Engin-

eering, Shandong University of Finance and Econom-
ics. He received his Ph. D. degree from the Institute of
Automation, Chinese Academy of Sciences in 2010. His
research interest covers computational intelligence and
its applications, type-2 fuzzy logic and fuzzy decision
making. Corresponding author of this paper.)

FIE  LWRMERFERARES
TREEBE 0 o2k BT T )
DRECRY) BT X 2% 5 15 B A 1 4K
E-mail: 1zd190663182@163.com
(LI Zhao-Dong Master student at
the School of Management Science

and Engineering, Shandong Uni-
versity of Finance and Economics. His research in-
terest covers fuzzy opinion networks and investor sen-
timent.)

SkEm LR ERFERRES
I8 e ) e e 62 7 A |
RS 5 N, SO £
.

E-mail: yjl2mm@126.com

(YAO Jin-Li Master student at
the School of Management Science
and Engineering, Shandong University of Finance and
Economics. Her research interest covers fuzzy logic
theory and applications and fuzzy multi-attribute de-
cision making.)

FiEE  PLRHE R GL
REEPARS T 5 W0 551 58 L B BIF 5
L2017 FERAGSE E DR KA A
AL EEBFIIT IR A E R, AT
< RRIEE S5 /46 R RS X1 RS
E-mail: yudegan@mail.sysu.edu.cn
(YU De-Gan Research assistant
professor at the Business School, Sun Yat-sen Uni-
versity. He also serves at the Center for Accounting,
Finance and Insitutions, Sun Yat-sen University. He
received his Ph. D. degree from the University of
Rhode Island in 2017. His research interest covers on
corporate finance, behavioral finance, and the intersec-
tion between finance and supply chain.)



