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Probabilistic Fuzzy Cognitive Maps Based on Ordered Weighted Averaging Operators

LU Zhen-bang ZHOU Li-hua
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Abstract By aggregating the casual reasoning results with simple weighted sum, the Fuzzy Cognitive Maps (FCM) and
the Probabilistic Fuzzy Cognitive Maps (PFCM) ignore the uncertainties of And/Or combinations among the antecedent
nodes. The threshold functions cause further distortions to the inference results. A novel fuzzy cognitive model, Probabi-
listic Fuzzy Cognitive Maps based on Ordered Weighted Averaging (OWA) operators, OWA-PFCM was proposed by
preserving the merits of FCM and PFCM, and introducing OWA operators for simulating the various certain or fuzzy
And/Or relationships. To illustrate the application of OWA-PFCM, a dynamic attack effect evaluation model was con-
structed, OWA-PFCM can represent uncertainties of node states, uncertainties of causal relationships,and uncertainties
of And/Or relationships effectively, therefore has more powerful simulation performance.

Keywords Fuzzy cognitive maps, Ordered weighted averaging operator, Causal relationship, And/Or relationship, At-

tack effect evaluation

1 518

ERXFNFERGHERATEEF - IEEMNHRTN
B, BORASE (Fuzzy Cognitive Maps, FCM)™ £ F FH 2
KRARFRMERMNA R TE., FCM BRI A 5 A5 ER
FCM fiE H & FCM , Bl FCM BRI £ BE R,
Y B BRI H1 B (Extended Fuzzy Cognitive Maps, EF-
CM)E | #E 5% # B9 A %1 B (Probabilistic Fuzzy Cognitive
Maps, PFCM)#145 | H. o1, EFCM 7] LI B fES{E & FCM 7E
X EMEESE. SIEFH FCM MY, HER FCM A
FRIRREUETTERBEE RN, BRE X EERD &
RN A S BITEE REN B ERME. B FITERR,
ER FCM EEZ N TREEHKB T/ ZMH. PFCM &
HRLGE FCM AR S METIR T, 5l ARG HRIERZRHES
6] PSR B AR 58 B AN 8 1, % 40 FCM B IR i
;A
{B%{E R FCM($E PFCM) A BB B 11 R A 45 A& 8] 89 %
MEHRXR.AFEFH FCM U NBRTFE B EN SHA
BRED, XGRS, A3 PFCM $15] A K FF nAL
B F (Ordered Weighted Averaging operator, OWA &
PETENTERTAEFMREYE FHOBEREHADE

(OWA-PFCM) # %I, &8 T OWA-PFCM 8RB
B, i@ E A F OWA-PFCM ¥ I 353 BB 3 S TEAG
R, ER T OWA-PFCM £ T 252 B h i BAR R A .

2 EHMPIARE(FCM) S8R EMA M B (PFCM)

EX 1 ERARE(FCM) 2355 FH B & 4 h A2 ]
R X R ERRL, 3 S A |0 40 SRS XS E
BRRR, SEBARN ¢ (+D=T(Feye: ), 3
i, () TR R K (antecedent) E ¢ B 2 BAR S E 5 ¢; e+
DFERER A (consequent) 78 ¢+ 1 B 2 MR ASME B 134
HIAUE e; Z/nc: Ho; AMBERBERIRE GF) e WA, B
WCAZ BB B Y e 70 BF ¢; B BUAEE—-IERW AT
RBREEE (D) e; WATREFXE[0,1]8%[~1,1], &
%.»e[0,1],e;€[0,11VE—1,1], T:R—~[0,1](&R R*
—[0, 1 D8R ¢; ¢+ 1 €[0,1],

&4 FCM BB A B R AT SRS AR EH, B{UR
TRAAENENHROERER. B 1R MR
BHAEIE.,

SCHR[4]7E FCM #E B B R R R PEIAT XM &M
WERE P B , S A RN A S B (PFCMD B RY , # PFCM =,

OESTH . HEARPEE 4SBT H (60573036) , i Rt B & BT B (03F31007), SEM MHEProvd, TEBE I EMRH

B ERZEBANE B BL4%0m.

« 187 -



BARAAREEESE N A RERBRET B EGEER p
[es [ciCe) sen () s ycn (O IRIURE, MTAEE E AT ey » L H R
¥ RBT FCM B iIEE S .

Bl — R mE

BN 2 EEEHHAME(PFCM) 2—f B FCM 4
B A H&UERNEERHAR RN A ST, HEHES

AW o6 D =TCE ples [ (D 1en ()06 (D] (D)0

i, ples e (D vem (85000 ca WD JRIEH ps (DY E [0, 118
[—1?1]o

3 ETF OWA EFRRERIANE

FCM il PFCM Z B A A REAL BT S Ry 5l & %
R EZBTHERAAKESE K., &%, FCM f1 PFCM
5 AT BB INABCR 2ok 2R B E RN, ZR T RET &
MR ENRER N S RAERE HK, IR G+ e
[0,17(ER[—1,1D, BME B T ¥ i1 2k 58 £ o,
[ 1,10, SEIHEEE R B R E,

BRI (OWA) B FREAXEY¥%E Yager M
—REBEMNIELEE T, BB FI AR B A8 B L& F
FEMNSERNSEXR, T ZHATERMES5BES
52[6.7]0

E)‘( 3 1& ¢:R"—’R,?+EF‘:

l)w:['w'l yu)‘z"'"'LUn]T’.é_T"_z‘luﬁ:lawi 6[0,1],1—_—1,2,

e,

Z)aa:[aa(l) s Ax(2) 3 "7 9 Aot ]T £a *ﬁ?uﬁ%ﬁﬁf-ﬁdéﬁ
Bma,

3)¢(al 1Az =wla, = _éwjaa(j) » ¥ a:[al s A2 9"y
an]TER",
WFR ¢ K n R T IIBCES (OWAY BT,

OWABFAFE LRE—MSHAMS5SEE, /T min
M maxiBB 26, LA A Hd ARk S REES ., B
AFEB OWA BUR £ 7T LB Fh s @ M Ei B i 5 B3
%,

Yager ZESCHR[6]H1 8 X T orness ] £, LI & OWA
BETFr5eE, MAEE AR orness B E,OWA BT
iyt PN R

EX 4 omess(w)=ﬁ§(n-‘j)wj
W orness(w)€0,1];
0rness(Wrin ) =0 s 0rness (Wi, ) :% s orness{Wmas ) =1,

¥ OWA BF5| A PFCM, Fl OWA BEF &R 55
FCM RS g 0AU RN 2 5 BRE B T, 48 h 2 T8 InLF
WE TR RENA M E——OWA-PFCM ##Y,

EX S EFERMAEHET SR ADE
(OWA-PFCM) & —#" B i FCM &, #| G FF AR
BFFRRSEAAEFR OTE N, M AR ERNE R R
HERRRBREOARESE., HEEARN.

1D EEX a®el0,1]Ap; (DE[—1,1], M,

+ 188 -

¢; D =max{g[ py; () c1 (1), p; (D2 () s+ P (D
1,0}

DEEL a(DE[—1,1]V p; (€ [0, 1] (HARIEE),
) .c; G =¢[p1; 11 ) 4 o (D2 (8) s+ pus D (O ],

OWA-PFCM BEFILLE & T RESEHIWE . &4 B =
WE. . SRARWE, &5 FCM # PECM k&Y B, 4
— =[—}z—,% ,++, = ], OWA-PFCM 38 ft, % PFCM,
I py (DBIH e B HE— BRI FCM,

OWA-PFCM O &HENES . EEBEREEHRNA
REAERFENEREDNE p; OFBERERESHXLRZN
OWA fa & w., B OWA-PFCM H#EEAR, “H 5K
A ARRSEIE R R RN SRS

2 (OB ¥ SR E KA 0B OWA-PFCM Bt DA B {E 51
FRERARENERERA B,

e OWA R M E w B a3 TRk,

R ERA HENIES Bk OWA £458n
. A¥E OWA £44m BREMIE S BiRfkZ H )
BB B L F (RIM Quantifier) , A0 B AT &4 .

D Q0)=0,Q(1)=1;

2) & n>r, W QU =Q(n).,

B —Fh i R RS Y orness 7K P CBP R 3 £ &
WS EREE) ,E it SR B K (BB 2, disp(w)) HL R R
BB/ (T E, var(w)) RAERDI R E OWA £
AR w=[w s ws s wn e

4 ETF OWA-PFCM By 3 e R (G488

EARRMEE, H FTRWEREREREHTHEL,
FIFE 4 5 2 5 B 2L B AT A BUR A R T s B
T, A Bk B R A MNBGE FHEHE N AKE, BB
RTERASENEERRURTRENRSS. /ER8GEE
REFEEY R, dKF EeRA . EERFSERZMEFT
TYSHBEAR, MEMATENREFEREGEARNES
R ZMXFEE R NEELR, A ZMERARFZ
EEAEFEEEIHEN SEXE. BHIEMNTFEAUE, &
ERWEAGEEE RN SRAG XA, MRk FCM
PFCM th AR X b3k o] RE At

BETAFMPCESE TR EERIA M E OWA-PFCM
EERM GeFon M BN A E R X R, F IR R
REENA et FREWASREASXEANAHESE, £2—
MECHERMANMER TR, A WU —-MRENEAK
#H——Mstream DDoSH? Sy 45, F] F§ OWA-PFCM # g — 4
W B RE S A TEAL AR,

& 2 #HF OWA-PFCM fy Mstream DDoS T 5 BB IEA R R



Mstream DDoS A 43 5 BB 1D M EH;2) B
HRO;3) ARERS: READ;S Bigd. HETF
OWA-PFCM B I3 REPEAG R R N 2 iR,

ET OWA-PFCM #0738 RE PR B B O — AN oA
{A,V,E,P,¢}. HF,ANBEEMEELE, V S
EREE, E o m Bt P W& ERIE, s  OWA
BTESG. B E RERLANERNTA . EREAHREHAN
HHER. ALV 5E G2DARIRRM N FE i MBGEH
BRARERGER . EEHEEMLEER. ALV, HHE
AL, HRSERS ENRBEREEE . E BREYATHEH
BEMERT A XEEENBIGEER E- MERT A.
OWA-PFCM #3235 F N5 00 SeTRASE EHEH o O RS
RASXE . FAARKY OWART ¢ HEHRESER. H
TIEHM BT SE V. (0),A O EOBLZ R ARG
B R E (D E (), Ery (O WEMG>1), Bl
ps OB TR BRI EE., % OWA-PFCM i 3 BB TF
BRI RNT .

DIHEE @,E ), E @}, BB &R H M B
BEVPAS

E G+ =A@, Vi1

EGHD=§[A @), Vi), E (), E (), E_ (D],
i>1;

DHE E, @ :EG+1)= $o [El (1) E (1), Es (1],
B BB BT SR .

BRE F% FCMBEBARRA T ERSHAHE
AR TR AN REEXER., PFCM A%
HERNERRERLRN AR EN, VBT FCM fH 68,
{8 FCM 5 PFCM iR %A T SR S RA G X BT E
H. OWABFRIZ MR/ & BUEE , BE%5 F F A R AL
RBEDIENSRHAG AR . ETAFNBEHETFHH
EEHA M A OWA-PFCM # 8 7E 4k 7k PFCM {f &5 B AT 48
TEBAREYENE N EEN R ERAEGXE, ER
B RRAERT ARSI FENE . HRRZERENAHER.
SRAEA(FNRHENE, LA TR SHEBEES .

& X X W

[1] Kosko B. Fuzzy Engineering[ M]. New Jersey; Prentice-Hall,

1997
[2] Aguilar J. A Survey about Fuzzy Cognitive Maps Papers[J]. In-

ternational Journal of Computational Cognition, 2005, 3(2):27-
33

[3] Hagiwara M. Extended Fuzzy Cognitive Maps[ C]// Proc. of the
1st IEEE International Conference on Fuzzy Systems. New
York.IEEE, 1992, 795-801

(4] Bsaes, m%s. BESEOBAMEL]. FERELR%%M , 2003,33
(1):26-33

[5] Lv Zhenbang , Zhou Lihua . A Hybrid Fuzzy Cognitive Model
Based on Weighted OWA Operators and Single-antecedent Rules
[J7. International Journal of Intelligent Systems,2007,22(11);
1189-1196

[6] Yager R R. On Ordered Weighted Averaging Aggregation Oper-
ators in Multicriteria Decision Making[J]. IEEE Transactions
on Systems,Man, and Cybernetics,1988,18(1):183-190

[7] Calvo T,Mesiar R, Yager R R. Quantitative Weights and Aggre-
gation[J . IEEE Transactions on Fuzzy Systems, 2004,12(1):
62-69

[8] s, W%, R EFFEERMRENELEMADEL]
HEHLFT SRR, 2003,40(7):925-933

[9] Fulléer R , Majlender P . An Analytic Approach for Obtaining
Maximal Entropy OWA Operator Weights[J]. Fuzzy Sets and
Systems, 2001,124(1) :53-57

[10] Fullér R, Majlender P. On Obtaining Minimal Variability OWA
Operator Weights[J]. Fuzzy Sets and Systems, 2003,136(2):
203-215

[117 Carver C A, Hill ] M D,Pooch U W, Limiting Uncertainty in In-
trusion Response[ A]//Proceedings of the 2nd IEEE Workshop
on Information Assurance and Security[ C]J. New York, USA,
IEEE Computer Society,2001:142-147

[12] MIT Lincoln Laboratory. 2000 DARPA Intrusion Detection Sce-
nario Specific Data Sets [ EB/OLJ. http://www. 1L mit. edu/
IST/ideval/data/2000/2000_data_index. html

(L#% 153 ®)

[2] xlends, 200K, — R GE ) R AR 5 35 R L2 B[ C] / Proc.
The 7th World Congress on Intelligent Control and Automa-
tion, Chongging, China, 2008

(3] #a8, 2K, 8. Ashng RSP EEmmRl]
HEWLEI,2005,32(11):158-161

[4] ARE, KA PXRAEREFHRABREI] HBENLTE,
2004,30(18) '

[5] LiX,RothD. Learning Question Classifiers [C]//Proc. the 19th
International Conference on Computational Linguistics (COL-
ING). Taipei, Tatwan, 2002

[6] Zhang D,Lee W S. A Language Modeling Approach to Passage
Question Answering [ C] // Proc. The Twelfth Text Retrieval
Conference. Gaithersburg, Maryland, 2003

[7] Ravichandran D, Hovy E. Learning Surface Text Patterns for a
Question Answering System[ C] // Proc. the 40th Annual Mee-
ting of the Association for Computational Linguistics (ACL).
Philadelphia, July 2002

(8] cBh, =, X, % BT MREWa R m@sasiil &
AE R AR, 2006,120(12),33-39

[9] Z=&,HAW, % ETAREEMEUEBHRBSELICI/
F—ELEGFRRRINAZEEARSI. HBEK¥,2004;
243-251

[10] 3%, TRiMg, B IFE, %, |19 3E & RGN A a0 %40
(J]. R K2R  FHAEAR , 2006,41(3) : 30-33

(11] {EFEE. DUBRBREM A EEMAEMRD] ESHESH
3%,2002(2) :41-49

[12] %, B8, %. 5K ERFARIM]. b3 B 1 AR, 2004

+ 189 -



