1194 Jk.‘:!b"‘_}.’ dngfy g/t«r ‘J}:‘.fjwa.b'bj!wiaj)g—‘;&uuw

o 0856 ¥ Laint Joo 31 00liiul b (319 SI! kgl 9L f

r . J -s s P
b Lo o (5 25 (G g g0 A dams s

VAN ONY 1 @Ju AM\VAR VIR I T @,U
ol

Al B Ul e oY ez 5 Sealus oo ) o sled w00 oo 53 J RS 5 alilep s e Sl OB G iy L)
S 351 53 15 0l L el (Sl Olsie 40y Glgatns Sl eslinad 3 8 el 250t by e Dby 5 e 03 2L
72 i B S n 02 o Je S, e 0ol 5 Vel (sla s S5 el il 5 Ll e (50 s e
S Lk Lo bl 3 4y IS ol (B 55 Ol 4 g3l ol s 0deB gls s) 5 o be 4Kl 4 s S 038 e e
S oo o8 Ceh 0 b sla B 4 Sl VL Sl Gl s s e (nl e 238 o LSS (g e Sl 5 S 5 S
sats sl oS SOl gl S I s Ol Wie ol Kos llpe 3l 3s) o et e panas 5 g b3l le S s e
Aas e bl Iy ol ol s b e 3 b GUls Jde ((Sale (pioman A3l o LT 03 S ls 03 OISl e

3 e s ,SNes oolgiig Jde 5 ol Glaslas CAS1 55 a8 das e Ol b £ il (53l SO L i &QJJI&JL;)LN@@LG

Sl o antls Ol a5 allis 45 45 550 T

5 e Jie =l odeB s — o e A — e Gl s — g L5 ishdS 08515

mousavishushtari@mail.Um.aC.ir apis wss s elSiils udipe 5 28 0aSils ¢y (6 ,5S (gomidls

Usis 00y — SLYEAIN@UM.ACHT sgice o5 olStils o uriigro sl 51 09,5 el |



258 S b il o o 8 il g alts
5 6o sl dlet Ll e Gl Jlezl JLals b
Rk r J s Sl Groan

OB a8 gazme Lol o (Y]l st slaltle
oy s SO panaite 5 ot 53151 eds Ol
Ly Ol o6 bl ol Bl ely3 bl o ol
w53 4 Vsane 01 53 5 g0 Cunlad pls g5 5 0 p
Gl S g e e (L6 5 [Vl
Sl i s o] 5t gloal Gla prcw [¥]" o 5o
Soldde by Sy Job oS st o s 0 g5l
Al s aelss e ol b e 5 SVl

Slal jopas a4 Sl Lag bl s al
B N | F B B GOV N RV ASVR | R PV
S e ol g el e feall S 5 oL
3 O S S 5 OB plinad Gl e 5 6o
el algdy de b gy nl 3 22 e ety
S s 9Ll (S5 Jhe S Olge 4yl easl
dbe 5l elinad bocbdg ol s Jad o)
Gl Sy «ulg s il o OF 4 esslenig
skl 5 2l 250 (008 el slaslae 51 eslandd
258 o aslio () gl e, by an S 15

Cmle Goy S e 5 G5 amd 5 LSl
2 S Al el el - e
=2l Olonde Y
R S Al )Y
ils 8 ol Vel (SIS e o 52 S
e iz 51l o5 a0 b5 gle Dl 5 e sla
Gol e an Sl DS AS o oS
(DAG"™) s cgmr 555 0k OIS K uV) e ae

b Vil sla w8 5l 6l as ez (G) ax g

19 Bayesian networks

1 Fuzzy inference systems

12 probabilistic Rule base Model
3 Directed Acyclic graph

Y

boe odels sVl ke 3l oslinad L sl pa Glaal g s

Ao .

23 88 A3k (o ey 5 Ly ame Sl 05 wms
g gl Wbl Sl o Gl Sledbl L ol
ol o3 s o Slles U1 4 (8K 5 i (o3l
Ol 5 Oledzr cims Cunds 3l moms S o sl Ll 3
Shll 55 clu 5 Laoes 53 ouST Gilaal (gl dasd LU
S Gl ol Sl b odlie S8 s g0
O Pl = BIFE I PN S VI S R P S
3L, ol uﬁwl(pa-gw B Dl 4
Ol o s Sl 5 el GV s iames
Gl Sdsls 5 S8 02 e 65 sl (65
e AL o el S Sl (g el cabilie 5l
b el e SO B > S 5 kil e
el e Bl el a1y (Sos e sbml ads
.Jﬁb%‘d)w)"&g.udbjo{jt:ﬁjb

ol o bt i B Ul @ Tosls il
Lol Gl LS e oS5 wledbl 5 L asly
e dies = 5 g b)) Coenss
Jbe &S o (b e 3 Skes 3 1 skl S5l
Geils Jde o 53 508 5 o el axlis  [V] JDLY
e e lgie o £ 3 a8 AL e slla ealie 53 el
Olye 4 g Sl Ll o 5l dde 1) Jos b ool
gl s sdge 5 bl (63,555 WJde ol Sl il
O o3 S ek s s s A la el AL A
Jobe sla @y, 51eslinal bl s 2V Joe Il
O Gl b Sl 5SS e g Ol et sl
G il ol p8 sl e e 355
S S Pl e (LK LB Slds 5 Lug

Z Decision support system (Dss)
® Data fusion

* Situation Awareness

® Threat assessment

® Weapon assignment

" Joint Directors of Laboratories
® Refinement

° Expert knowledge modeling

v

€9 D‘L.M

>

ol

\YAA



b ash - oede Lelllas

2
J

A J:,L?La

J

7

€9 QJ\LQ..W

7

olesb

YYaA

I | )

o3ly JB S 58 Sl Sl b sls oSl 0 LS s
o 28 BB S5 s fa g e 4Kl s s cd 5L
S eVl el Gl iy o Gl sl B L
Sl Sl g e [Vl NP-hard dis
o 53 e Dl g g sle &G ol sla
Sole (Slids ol ol S e Ll es S om0
g b K e T gzl Ol byl )
Al oy a5 e glas 1S 53 1 O 5l eslizal &S
P 5 GBS s 3 4 el e sla )

Ly

Variable , Junction Tree [Polytree Algorithm

5 a8 gl Gl Gy i el Elimination
5 search based Algorithms stochastic simulation
Cm\ sl B, de> 3l [Loopy belief propagation
VAT A3l o o &

Sop sl S Gl oly sl p BB sla i, S s
2ol pled iy @S ple Rl L, SN sl Ol
v.é\S Cés 4 oS ;;-1\ Sl 5 Jgja., CL:::MI sl 23
o g S red Sl ki

334048 ol OF LSS (pm gbs S s S5 s
5355 gr s a5 el 5kl sl 56
Ssbae 5 e Ll slotle 5 Kt SIS Gl sl
el il 53 S Jl 3 0,8 e S8 3l 55
Jsl eVl 5 CPT Jslir bls o8 s sls oS
53 LS e ol el s i e ady; gla o S
ol s W8 B LS S e glas )8
5 5 edemy bl i3sel JU S e el LT Ol o
oSl bl &S el Sl el 5l 5 L s c3lb
w3l e W58 e S pllly sl 3l sl b CPT
¥ S e S WY LS S ¢l CPT Jle Ol e

35:24’3 c.L“)i bo;dw&‘fjklb334281 ‘J\J.)\J

?! Real time
?2 Structure Learning
23 parameter Learning

Ll ek Ol « CPTY ( bos =l Jslis L oS (P)
OlF o b fnim A3 S o F (pl il el S0
w,S . DAG GIS ;5 5l Bme (V,GP) 4K a L
Lils, DAG Siile uS Lo 0l 1,V a5 sams 51 it
OF 53 Jb o 5 dleis asidan 1 La e o Jolas 5 e
by piie 8 A3l o piie 3 o Gle (Sls Sl
DAG ;I o5 o .l bbb Jores 550 slasl 5l il
| s & il P acsume 31 CPT & (6lyls
AS o e s el 5 ine OF G (b2

ezl w55 gl asseme 5 G SIS IS il
Sl 4Kt gl oy 0l Sl eslinad L X oS o s
JEV sy, 2P (‘JPDH)(‘U Jhaml w38 G o
AL el

P(xy, ..., xp) =1} P(x;|pa;) M
5 Llea X c; L)'.’.J‘ﬂ} 4L jozme 4&).9 dja.gb 3 pa;

OF cplls 52 05 b3 Jlasl w35 SSb P(xilpay)

Al e
Ll Y Vel slenal 015 e el Jloil w555
ol Sl 3550 (gl piie ey Szl U1 B oS 5 S
o 48 game a1y 4SS Sla ke Ol e 3 8
o b 1 Taalyd oS Z s sla oS 45 ges 3 S
asgarme 5 X Ul i gla ki 4 geme S
L k3 s gazme 55 5l )l glapite ST Olgsy gla pie
(8055 53 P(X|2) o Szl aslns (gl 2 355 0 Juls
LY Olgy lamte S5 » o G 058 Sl eslanal L AL,
V"S osly

M

Ty P(XY,2)

P(X|z) = Sy P Y,2)

4 Conditional probability table
!> Chain Rule

18 Joint probability distribution
" Probabilistic inference

18 posterior probability

Y Evidence

2 Query



a N
Q2 CN

%)
C1
Q‘ a an
El E2 EN
< G (Causal mechanism) )
)
| E

I s Sz CIM s 1Y S

E Jsee o5 555 1€ e e JI By (S5 ol 5o
SO e RV CISC N RCREIC IS N1V SO VO
oy O1 53 &S S5 CPT b S 1S5 o 5L b
©oegd o e ol G5) 2 Je den Obojen (108 S
S ¢ sazee 3 S ptasls e CPT s 5L N sl
Lol Sk 5l o Jald 1) (6 208 Sl sla el
03,5 S5 AL b 1) Jowe JUT 50 0 G b Jles
S el 3y Lol S s S S, CPT L b

LS e K

S8 5 koS g 55 CIM Cilis gl s sl
Noisy il  Ey GEq Jos U1 g5, » G &b Jesl
LS o 2 55,8 o K s b e S WS OR
Slp s Sl Jgre ol b w0 06 LS o cde a &S
2B el B e S e (IS 3 ks (385 sl
= A P o (Jels Ay cnl prares (OR

=

3,8
@l k> b s 4 Noisy OR L., L Noisy MAX
SEIMAX) iy 3 dapsne o Jolas (6,8 k0 55 e

S e bl

boe odels sVl ke 3l oslinad L sl pa Glaal g s

G e S sl b bl e 1Ll a1l
SV sl L s o S i shls L3565 a5 S5
Sl e S b Ll 5 L SBl gal il e sl
53 CPT S JKie Jo we) 53 ) 03,28 Dlidiows
S dbe Ll 4 e S B S e i b S
i CIM s ol sl el odd CIM™ 4 oo
5388 ol e IS S LIB s o shee 5 s ala
O aos)ls Glime gla il oS 5 slp ald b S O
RO S e 2,5 ol el )5 IS
A s el b [T 2l sy (s ok
CIM a5 paze 15 sl o, S 51 il (gls e Obey
S aslke T op tege 45 A3 il

[\Y]Noisy OR

[\YOY] Noisy MAX e

[VEINAT™ o

[Yo] Multivalued NAT e

ﬁwﬁJi;wx)UT%;)zL@.Z))alm)lwal

s e 0l 1 0T CIM Jue

5 e aSed 1) S

o

2 Causal independence model
% Causal mechanism
% NIN AND Tree

s el il

2
J

.MD/ 3 JQ.\JLO

7

s dlo

v

€9 B‘LM

>

ol

YA



b ash - oede Lelllas

2
J

A J:,L?La

J

7

€9 QJ\LQ..W

7

olesb

YYaA

9 f‘l ol 8;& )\J\.;.A <A£((i:1,,Tk) ‘d}.’% ibb L

| rl K eaels BE o 03 )ls “ Slas sldas Tk

J\J}‘-) 4}:::.: DL Di b‘u\}) )}L} 4> 2 ﬁik(izl,...,N)
& (Xl,Xz,...,XTk) = (Al{,AIZC,,Agk) Jga;/ “ A:JW

Z?’:l'ﬁik =1 J§l C,.w\ J.G‘jﬁ nKﬂL’: L .LG‘)_E Sl L Js..::Lv

skl JolSU s cpl e a5 S sl al K
!61')

J..J:l; = .LG‘)_E eK.iL; BN R

o= B (:‘ kK oaels Q)j

ol Ol S sl T dizes Slis 035 (84, -

IF-THEN 5 o IF-THEN el o Sl ouls
Loy Vo amS (e odelB s 5pd e bl sl
sodee Cod b glyls (gl eeB s il Lle L e
laail b Slle ol A8l Ol s BIs Oby Gl
s de kulgy o des e 0L 5 5 b 0L s (g e
B e e N R Ly ST B P

AS

P18 g o Yl Y
5 gl sl by [YE] ER™) 515 0 o JVzul

o S35 S Al e dels3 d KL Sl st A

Ll

il o U= (U, 1= 1,00 ) oo ($3555 455 24
Aol oSSl s Slio S sl T ol o Uy 0T 53 48
)Gl dL asl 3 51 S Slio b o, i

.Lﬂ Cewl 0led A 6‘)” MLSJLW.“:.% O &. 4&;19

%8 Evidential reasoning
2 Activation weight

iﬁwkdgui}w,;& LS5 b oS el e NAT
hiie Sl Qe nl 2 S SR s b e e
@bt NAT 0T sy e 355 2 I & 5 b
ol s e Jeld WC)-*‘ Sk 28 sla i
s sildae |, AND GU S Cl gl 55 4 5 gde
Goye By 3 aS spd o B S cpl Hs S
ke ol 5 5 Wles S Ghse S osbel Yo aen (Jshee
O el ol bl B ge Mo 51K e sk
S 5 S ol maly e el ol Ci s Sl s

.JJ‘JW&EOT
33 055 b &S el by, 2l wdl- s NAT Jus
Jibe 2l &S YT Jle 5l el sds = ke CIM ool il
53 0T Sl 55 gz 53 s I by S B pme

KRG 03 g Cm\ ..X.A.:\J.é 9 L;)L"" aJL:g:

i @5 Gl wag 5 O oLy glayslal 2

b g S gl gl o, L LS 5 NAT

S o S8 01 et 1531 5 el Aol 35 g

o 0ue 5L (S iuuns .T,¥

s 3 gl (5 bl [YY] 0L 5 KL

o3 gl sl a5 (5B a4 e (5, 55 5 [ YT 20

ok (SR rl NS e L edel gl

Olge & IF-THEN 5L of L3 5 ool s 36 3,

bﬂ&dbﬁ)%b‘o.&GL&MJ‘ f‘kaJ&G
IF (Xy is AX)N(X; is AN .. A(Xy, is AF,)

THEN {(D1, B1k), (D2, B2k), - Dy, Bri) 3, (V)

" Graded



.Iaﬁjﬁ ) 9> O,“:\)J oL L;QJ’“‘ 6& L)':}) odes ol ol
)wﬁ&md&.ﬁé\fua&ﬁéh uj:_g))'\a.)l.ii'.w\@.
S 4 ez by SVl L8 654,55 il SV L

AL & R A oslana 6‘_}:’ 31t

sds Sl 6, 5l aS del g Sl ol i, Lol i1 b s
S wdsl e coals S SIS L ey e

iy o35 1 CPT sl s odel s &Vlaz>|

s e bl el Sl e S WSS Gl s [T
delh Sl Al sl mll e 5 e o Sy cnl o
S B gl 5 s e Ksd e p A
5 ol i Sl S Ss abye peaasie oS

3,8 oo o3 szl 3 50 L0 SV Lez]

LS Gl Gl S0 ) Sz (5l ol VY]
oo ol S Sl Sy e sl SVlensl 5 36
e o bz SVl 5 3L g Sl gla caal
o A el 5 a3 5 plpe Slal dug b5

s

oaly gl Szl as (636 (sla 4 gazea 3l eslinal L [YA]
S g ol Sy ST 008 55 i oS8 3055 sl
S3B by el enl gl s gl gl s 5 B o)

J.;j\:: & aJJled.S/ R
j=1..,N
T S g_,.asjj Qyu )\ i b[cY/\] AJL.:.A 6.2}) BE [YQJ

)W)6u°;MQYL&>\¢5JJMJJW‘Pu
5,08 Olea 53 e 4SS (635 SVl C3s ooens

Sols

Ol OlF o 55 b s sl o slea b
Sy e das )8 -l QSYLW};%JMK@&}SQ.;)AJ

V.:SL;AQMLGJT)‘MjAJuL‘}

boe odels sVl ke 3l oslinad L sl pa Glaal g s

S el pdy QG e Ll g 5l (g5ladled 05y Al

(’~75;$ﬁ°)l”"[YY] C>J.A4.bbsul.a

T -
01 xTT. K (au)
Wk — - k 1_1T(k k) - (Y,)
2j=1[9jxnl=1(“lj) l]
. = o; -
aik(l = 1, ...,Tk) 9 6i = ol ys s

max;—y,_r,{6:}
o M ol 1L Xy €U (53555 Jines SUkil ax 5

T
l_[iil aik < 1. jaik = 0 ‘03 g f‘ k oded BE cA{‘

. T 5.
o okl oS5 Ol amys g = [1E (ag)®

.Jj..ﬂ

dels3 oL 3l el a (giludled sls O35 s Sl e
sl e gl 5 aels S5 el ER o
23 IS eSS e S S (e Ll eslind
G
o) ={(p;B)).j=1...,N} (1)
U=(U,i= 3555 S o 45 Lo 0l dal, o
B1 x5 LDy e b sl ael 3 oKL 0 1,.,T)
Losls daly &5 By 455 L Dy 5 o By 55 L Dy
Bj S5 55b exy ER p%)}fj‘ el b 5l eslina

B]'= (0)
L 1w SN g )Tk (1-wi SV B
wxX[T1k _ (WiBjic+ 1-wie S g Bjic)-TTh =y (1-wi S0 1 By )|
1-px[[Tg =1 (1-wy)]

p=x" H£=1(Wkﬂjk +1-w, XY, Bjk) - ol &S
(N-1)x Hk=1(1 — Wi Z}vﬂ ﬁjk)

B NCUIE TR AL

sdols gla Gy 5 e la A Al 6Ll 4S5k Olea
30 ol e ol S 5 Lle Gl SO s e
(eSS S S S pocghete Dl Slied o

S e3k5 S 5 Sl s elnil ale sl 5 Slallas

¢ als 3

S A5

2
J

Y JQ.ULO

7

e

Copm Jlo e

v

€9 D‘L.M

>

ol

\YAA



b s - ele Lellad

2
J

f,uu

9
7

-
—

J

¢ 92 O)LA-\ﬁ».

7

olesb

YYaA

o5 Jlo

7

03 pde GO L L T P T EPL ng_<l> Lo
s el SIS L e Ll (5,5 Dl 55
38 o sdeme SVl g i b e cnl s e
L OLSS IKa L e i aen gl 5 s 58 aes 5 &S
a)y‘&&w&w)zcaﬁéu.izﬁjrw.;yi&uﬁ)g
05 5 ozt S a5 4 e Al e oS el U
S S Ol el Ob3 w3 S op e 4SS g oS
5 ol DI e o LS 1y el e s s ol 5o
Olae & 5 S5 4 o 0 j3 &8 0,8 o b s Camss
Cou [TV] 558 ood oledids 5 ol Chnal 5 o sl
B L sl o pe i 5 00 S pad e nl 2 ads
Ozl Ol s Canle LT s Ll s

el oals OLES

Lowa NP hard. 5o sls a0 55 588 gloal gla i)
Dl B8 s 51 as gl s a8 sl Sy
e 0 Sup b opmaes Ll 1) Sl e 3L
Ol zluzad gla o5, CPT Jslir jle 21580 5 oS
Gl e 5 ST glas S 3 &S Lk o 0L
Sode ks o s 31y 34 S e ile Sl e
e 03 5l OB e s planl 18 Sl b S s ae )
Ll o o Sl ol b el el s b

IFE] A3l odiS o a8 sla rs = b o b 4 e

SCIM Ul 51 pldl L b a5 Eolods = ke sls il
S Sl Sge 5 oS 5 e e ool sl sl i
$2505 sl bl (65 )8 a5 g SL3)1 s
S Je cpl s emled SL1 el SO 5 aL;
O JS CPT Jsdr S5 4 b ot s B
b Jlasl sl jose 53 e b Che 5 Jgles
Bl Sose @ Sle a s olee g e S S

g3 e Lol b ol bl ol cpl sps e S5

S o3 ekeB n se ne 5B Gl e S [V ]
e 3 T e e eslitl (B OIS ails
Conds G g L3 36 el e gzl
wlie bo) SIIYY] 5 eedd oL glo iS5l eolanad

oles o oolital (Jpamms DLty Sbs ot sl

Sdlgiy 29y T
comls Ol SVl Jae S Olse a4 e sl a5

NS VoSO °Jf;.. LSJL.JJ.» 6&;]:)[5 L WL‘ wjla d\)‘b
gJ’:Jl?: 92 4.» Ld&r«i QJ.\.:: ‘f))" L A o)Li\ 45 )‘}19 dw
Shestizal 5l OF Gla mell faass 3 aw Sl ksl

Sl asslke oS col bl K s glls Je

SLhes 1 5o diS dsdoms gla 55 @

gl 5 o Jolad Ol 5 oo Z3lid pue @
Jolae S

glnl OASe 05 Bl @

CIM oslgls la iy, 51 SO oa odl S 5550 53
Sia ly LEas 01 G pdy 3,08 &S dzes ola 55 (gl
o OR 1) 555 rme 1 NOISY OR S o 5 5o
Coosa S aas ol ik AND 1) ol oINAT
Sl uS s 25 Noisy OR Lzes KusS L oslss s
5 Sl S e SOl IS (Jae 3550 sl
b cle aen ol S ol gl &S s o5 NAT
ol o= Noisy MAX sl axsls 360 (6,138 3
A3 o b 5 S o bome MAX 1555 e ol 5
b e 8 ol 51,36 o 5 3z ol Jsles 1 aS
Sold slas 8 5 W Ol g o LIS s Jskre 555
Jleel LB s 0T 53 b (23 ool 51 S S 5.5 S50,

g el 0T 53 L 3 ol 31 (oS 5 sl 3V b 5 s



D5 oss 0 s 2l 8 e slesleldy Jde 5o
(2l gl Shes 5 w5 51 ) a5 gams Jlasl Lzl
o M5 2le e SET 6oy eld b ke
s o b glinad s 5850 J3 53 o 5l 4 aS
Jsl ¥ (52555 &5 it axlsn 5L, Slhes gl S5
Sl 3OS e s sle &Y s esp e el LT
25 s Al (U AV e SHb s L s s s,
o Ol |y pliaad s 555 SO ) SSled o IS

s

4S5 Olriy oL 2 2 pmse sl bl oal sl S
Q\JE@@J&&Q)@MJ}(Q@KJ\W))EQ
o gl ol o3l oL GG s [YYe] il e Ol
bl (S8 el opl Lsd o ~1b [TV Wl
o3ly L OOl cpl ol s Sk 5 ho s ) e
3 o Dol 4ok S delgd sl L) S e
35 oo 5 4 @3B IF-THEN sel s s ax 0f ks 3
Oe el e IS Dose a delsE nl Sy W52 0Ly
2 el J S Sse ol S ol e
IF- oaels &G L1y 0 Ol5 o els 3525 Heo o Joles

55 0l THEN

boe odels sVl ke 3l oslinad L sl pa Glaal g s

o Sl (63,8 553 ;ﬁ)sgjcm\)>g<fljk

Al sl oyl s gl s SO p s aS AS

s sl b5 0ty aelys il s gzl 540

.,LLL:..: ~° 4¢-:L>u= b L;LLGJ _;3\ Lgl’” 6“}3\ L;J)ﬁu‘bti)

03 ek esls DL g 4 gl ool e T JSCs
PP gote Jakae o 50T 53 oS a0l ) IS
» e sl e gy nicy CIM Jus alin | 542 &
A3 Sl Jes el Jlas € e o B s S
e CPT Jsus N sl b Jae ol 5 L Jle
N Gl e S|.sss S o, 5l Pleley) ,i=1,..,N
03 S bl ML e e en 5 3L e o S
Jle 55 5 CPT bl (M4+ DVl (g oK
or e s pd S o Sl Gubl NXM? (solgiy
osb & a4l bbb e slaas I L eS s 5

Al o Il e s a4 eoleldn Je s ol

(‘/cm (‘/cz\ (‘/CN
N
/El /EZ El;l
/ . A
[ el &L [

Do S Gl sleig e Y S

J

&J.L&J_i{)j‘d.&;‘w‘e J}Lufclg;.k&dbuj\¢El
SV el Slen b s Jlae uir 3l oSS e By 2L

sl 514 CIM Jus s 13 gla oy, OO o

s el il

2
J

JA.\J\A

9
>

wd
o

7

s dlo

v

€9 B‘LM

>

ol

YA



2
J

JALu

9
7

-
—

J

¢ 92 SJ\LA.\Zh

7

olesb

YYaA

o5 Jlo

7

o Jo o oSl ol S G el il e

If ¢, is low and ¢ is high Then e is medium

If ¢, is very low and ¢y, is medium Then e is low

If ¢, is medium and ¢y, is medium Then e is medium

Q_\J;‘gCﬁLGjDJ\JL:JJAl:JJ)}A)J;«;JJWM
0 BT VPRI L PRIV B S &

If ¢, is very low and ¢ is high and c¢; is medium Then e is
low

If ¢, is very low and ¢ is very high and c; is very high Then
e is high

SH » )‘Jﬁ‘ &i gR={W1,W2,...} jf‘ Y h&iﬁ
AR CR ;b e Johae g5y 2 X o o sanms
Mo s saze ¥ =UW; ER' SR Sl ol s as gama 5
(SIS 5 S s Cu 48 JJGJLQJB‘)(

VR P(e2 ek « y") < P(e 2 e* < x*)
SIS 5 St Caaad olas shyls X as gazes

VR P(e > ek « y*) > P(e = e¥ < x*)

Jolss shils X e as same oS ol ol G58 Slils e
! X 51 asgozmn s 2 3l 4 ST e ool
D = erypw Sl b RN
D, = {short,medium,long}
D2 (hliirSuot iy gey K Mo a5 same it o i
Bz {dloseshedjuntifary s SIS 5 S| aes wiy
B e S L5 R U AL W i B R E NI
e=E; , i* =index of MAX;_1 n(E;)

Y

S| r)‘y cgjj—ﬁ Q)Lﬂw L LJ‘}.::: & 4.]42-% PLY )jja_:la.ﬁ

K S sl aline OV wals glyls G}.baijfiu s

(a) (a)- (e

1 ni Sl K onals S5k

L v
tenls Sk

Evidential Reasoning

Ve
[ e
C&d‘)j}jﬂ‘\.“ﬁu@w:i Je

o3 ek el gla gy ans rames 5 S el
WS s Yy e ol eges V0= Jax2dS (slasls
JESL PUUC SPPER SR PINE SP0S AR € W
=S o S

35 o 0l e X anenS olad e 1)
L osls 4 oS S aods ppghe bl OF oV wals S
Jle LSl Se

¢85 VL€ Jsles 2 €k 5 € oo Jlo Jalad 1Y iy ja5

slaslo=, ool ¢mggdjlkﬂ>LL$) SRy j§\rﬁj§ ;mizkﬁ

% Average

*! Undermine
¥ Reinforce
33 |V|aX

* Min



O ool Jie 5o dines LSS el gl 52505
Bl e Jae L Jlsl s S s LG sl b
D o e gl s 5o s 055 5 eslinal S
Jote Juii ) ¥

e bl 05 pslee (25 L snlenig e S35 )
el s e b (Jolee

e 5 Wy (e gla o S SIS 8 O3y e -)
e 5 oy Sl SIS e Y-
ST

¢i.D;={cip,...c,}, i=1,..,N

2 SV wnls stias 0Lz D D, = {ey, ..., e,}
BERARIN VIR RPN T FIG C S S B NG e t)
Ho Glp G35 S Gose 25w o K
I T R U DO V5 USSP A R
.mﬁb

S A e (s dlel Sl dsl Y
L I Pt SIS ST TIY

AT STLEST

S dlie ol 5 e, 3l Vel dsl (S8 s e 53
ssb a e el g el el eslitl ks )
33 ol S 8K 1 s Sl ol ks
ey &S Sose 50 Al e ml) o S sl )8
Shesleal Sl e ledsy Al s 53 e
e ol 3 08 S 5 6 e 5 i
3ot Sl 5l e S5 sledsy pemmen [T

oslazal bod Jlasl Jslis K55 G 0305 4o goms

\ -

boe odels sVl ke 3l oslinad L sl pa Glaal g s

e gl s, 5 CIM Joe s Slassase 55
6 ol ol @sletn dbe Shilkal 5l S YA T
s 03 shae 0 8 LBy (oo SUT 055 e
s el 3l i a5 mode (63555 Sla e
e DU G5y el 3 5 uS e SUS phae 030 oo
ol 3 G 50350 S e G 8 058 o

0> el (5l esly 5 el 5o (3l el sk &
B sk LByl e pliaal e sl S
A oSbe Jsl bl S oS e LS O 5 Py e
oY skl 6l il OT bl o35 bl 5 o
s sl ) 5] o s3de Jbee Sl s ol
d= (A a Jdu o5 Gl e Olps o«
bl gla cus olse « 1, [0.2,0.5,0.8]
(ol oS o shuDe = [low, medium, high]
M= ;-1:1 E;; x d; v
o;= ;-1:1 E; x (dj — p)* W)
a L3l o Jskae it OV slaad ey ol oM S
F S waraaSail o\ B ssie y d s Sl

oy QLS (b

s O ,J\.Zb.daci

)
Ll Jshan 53y i o S Sl 5 o 4 O 4

JJJSJQ)}JL;MLJJQJLMJ&Z

5 Qlj:a olas

S a A 055 Ol (osleiny Jde oolslal sl
wuijﬁéuw);a&\w\.mp@w
(2505 S oS @ adl olanl gl 05y o ol
et |y a0 S 53 51836 5 08 O Coasl Ol 5o
(oolal gl Lo L ol slas )8 s L aSCs



b ash - oede Lelllas

2
J

A J:,L?La

J

7

€9 QJ\LQ..W

7

olesb

YYaA

BT PR NS PRRNCE PSR P S
Al o b (ke ol slils e o
cle O35 Loy (S uloly) 5 Al bl
o o3 sl 658 Sl 5 VL O i

ZCM‘ Cl ol c}:jLAJJ Q)} 4W’i c‘k.b{b

w; .
wi="1y ,i=1,..,] ©
Zt:lwt

Hl Sl &jle :Sle Sk (29,5 k)l

Oavg = [Z{:l all] -

. .“ _}%)—LL}J[}J

€1,y € Mo aegome o Cu gl el
Gl b S5 obee 3 dd bl S
e e o sl e S S
S S Jsbae DA (o i 550 5 AL
Sl ol 5l e Ul xS

V.:.:L:...» = salaza! u.:x..,a_? 9 Qﬂjj; JAL& 6)L..JJ\A

Urfe = 1- Z{=1(1 - ui)ai
J

Orfc = Z 0;

i=1

5 CusE Ol o3y (b gla Ll ) @
Jﬁd\ﬂ;(.ﬁwﬁwb&&q@
ﬁ)lsw‘al<1)§\)¢~lj2j‘a,21
Al s e by (b Al syl
sldbe 53 bl i 5 S e V‘"’E‘; 0
LB s 5 Cus Ol 22 sy S
Jbe gblse 51 Ks (SO bt cpl s o

S 5 ey Jole

ok bl e sl Sud 5l Jales ol s

Q%Q%QM‘CI,...,C] J.L&k..u);

A+

QA

o BB oals assame 4 e ted Dyges 8 AiSe

.[i'].)u.\ (5.)\'=J'.'

53 Jols (K58 w0 0dsB n sl 3 oS0k LSt
(gl e 53 33l e S L s i L
355 L s o BT 5o p 1S e ol del 3
L Sl sS o Jle Olye 4 s iy Jlo
e i Wl ol Aol Lag 5 ol e e
J 51 S wly e delsd ol sl A

s 0l T3 S 5L s 5

R;:
e interaction of causes W, is ...
e ifc,isc, theninteraction of
causes W is ...,
else interaction of
causes W is ...
e c.isacritical parameter

o s S W 5 2013 oL ol 1 oasls Ry
(e JIL s $ons e L b ogo Jeld
S ey 4hE gl 0 il e Jue
SYASBI RUPSTSCRP IR O
Pl S8 NAT oy, alie lie ol o
3 dsd e Ol e B i o
B al e s S iy S pe
Al 56 welB Sl el e sl e
DFATs 5
ool i b Sy bl B le Sk b
el 3 ol s ek Ol

1Sk Jolas
S el gl €4y e, € s e S 5
Sl el e KUK L Sl g5

-UJ@)‘SQL@T)UT&:J. 6;5 w-<4l~‘

[y Aty W
Havg = [Zizlﬂ_i] X 21:17; K

-y

W)

AR



Vx| oo b 5l e BT 05,50 conty =)

.dlmdbﬁdw}lw;bjbéijjjdueﬁ

E; = P(c;) x p(elcy) (T
Lilss Gk 510y 5 Py polas « Ey sy s -V
Omax = Oy
Hmin = My ,i* = index of MIN;(u;*%)
Prpim, SETE L a pleaad 550 0 Lo sss Jlesl =Y
53 gl Wl sl aS s e 51, W 5 0
Olaiy delsd bl ces ged ] coanl s il
Boik, S5k =57 P(€p) 55,5 oV
25 Sk osled USs 5 |, Whik, 5 Ok,
G Sl s (g2 bl il 5 5
e 033 s e Jame ER Glg L L
Of @ 355 sla 035 gyeme il Soh oa

RGO

L Ll ds 93555 51 G e ER S s -8
G e e i O by IS
€pik, pos S 5 6ln s o shae
5hesleal b ) Gpik, 5 Hpik, b =Lk Sl
3 S s S 8] eds oS Jlej ol
&5 s 2w ol e s W A el
WDsbro e S oa gl el (mlb oy e
GL? A Slses Colas al=e b oslll o
Rl 05l 5 Jlasl oSl Ly pae
B S B O - T STl - Qe W
Al o s 4 Ushae o S

bk, = TN[ﬂblkt: Ok, 0, 1] \e)
, 1
€ bty = Jg MFm X Gk, (Vo)
_ e,blkt‘m
€blk;,, = QY]

Zm=1¢blkem
LSLA 63‘9)‘93\.,\35}()‘_))1&»0)_?@.}15- J‘.,lx.;rl
Ll s S ol Sl oslaw) ER S

% Truncated normal

\Y

boe odels sVl ke 3l oslinad L sl pa Glaal g s

Zr.:sg;debu;w‘ﬂj@bj\uﬁgf),\,i

Mnax = Wi, T = (\Y)
index of MAX;(u;°),

Gsp b el V1 S S Py S

SRV EPRCWCINC S FRCRE VY TR IE R

plaaesl

OTOUSS dsl b e 3 53 o 51 S ol s
ol a s il e S sS lls bl S
258 o Sl el 5 R S
LS 5 sl b

55 b DBT Jalas (635050 5 ol (S
S a aten Jle Olge 4 050 el 3 S o
L oSle g 5l Jales e sl Sl
ooy bl orropl 0y L el
e DU cilite SOl 3 0T Canss
OMalas ol a5l s Oj)ca-‘{-&-j_)‘\-:mbw
ARl g 3 a8l janass 055 05d e B S
53 b a8 il SV g s Sl
231 S5 Jels gl ey i 3 e S
s el L oLl 0l

Lo bl s gas gl eals b die s
R sl SHh bl Aol e
Jls! b (Jke f\,la 3 o 2Ll el

.n, t=1,...K

L;Laful)l., gdjb A ST L;-“)j SRS

LS e B el 5 il 2 se b

Tl wagl Y /Y

e iallasd

S A5

2
J

Y JQ.ULO

7

e

Copm Jlo e

v

€9 D‘L.M

>

ol

\YAA



2
J

\fa.\du

9
7

e
OO

J

Jle

WAA Olbsl s 3oladi ¢ ps

BL dLﬁ o; .}a.w): f})} gb“).z-_? Ol 44.:,.3') LSL"‘ o;

el V"”‘f;’ @y 3

Sled Sloal wag bl L

Jow LS /g

5ok g bl g bl A a0 sla s
e prle ool on AL e e il
YVILS o gbyme Loy ) Jadr 53 ol o Lil (sla ane
o iz (i s 5 arle Gos G e b [EA-EY
o LAg oLl Sl Olps 4 AU
o 250 Sl oS sl e a>de &S 5k Olas 55 S
Do Sle gl o8 5 Ll edd sy ames (IS as
g b b oS ol il e Mes b5 ekl
{oS o oS o ol ol A} -0 slls
R P B L o R
bk Sl 2ol S Olpe oo i e
25,8 o5,y g e S

% Intent
%7 Capability
% Opportunity

C)‘)J'j(,:()‘l‘ )u=06 6‘)" o ol;js

{(.S v gie ols) Al e Gl Sy pae

S e olis |y
141
Low MF
Medium MF
12 High MF
Tnormal function
1k
0.8 [
0.6 [
04
0.2

“yTnormal b 5 oo pie olsi0 S

Z

sl Goas S Su Gl @iy Lo e S ey
sy el JolS zlezal 0 alal; Sl eslied L ER S
Gl 05 bl o s @ sl o S SV VL
O35 eoped ot o 013 Ssk 4 035 a1 0 e,
33,5 oo GIB lls e o 8 055 e Al s
Ol Sl 5 @ ls [FO] o (goldie 45 035 ol
el G305 alsd el s s ndyslesl
AL i AS e dalgd JaS (o5 sle oS sl
Fooleasl Jb pluzal and 5 5005 G ow a2 O3
WS sls 5 slgiy e s hadh Sl ol s dalgs

Dyh h o smeine S S S
i a Sk ede esledy Jhe Son Cupe S
o 4SS B k) sl oS s p adsl VL
sl s ol e s gla Sk Bl s ol
WSk K sls a5 aen S| AS e S 53 s
e ite 4 4y 3 Jlesl s U SL 0T el a3 136
ol a il el Al bl wylp s b e
Aol e B3 Gl s 5 el sl s S
S 2 o SVl Cl A s 4 e 4SS 53 o e

\Y



‘}:’. 6)L5 v.:.w.:w )l v QJ}"’ BE ("i"\“"’JL:’ cC,\.:l.:LQ B

boe odels sVl ke 3l oslinad L sl pa Glaal g s

wlsr Sl i bl gla el ) Jsi

LS S el g 2 pd i L sl sl es e > YR
Ll S Sl ol Velocity (V) e 5 a5
uaJJ)J V<i>j’
Soke o gl oS gl edd S B s 055 Closing (CL) G (Sss Sosy 033 (S350
Sl el P
Along (AL) slkad e 3l Coas 3k o sz (oS
25 bl 05 s ) _ _ -
5T oL E M(T\;l]ﬁlli\//)er Gaa e S o e oS
PC DI | MNV | AL cL Y% ke Dive (DI) e 2 8 3L e g 08
Politic(z;lcc)limate b Lyl &l ot
t Y A r A ¢ 059 Feet wet (FW) o C]““ 3l e e (ke
e Sl
WR | WD R H PF | FW | & Platform (PF) AP o
LS)&‘;' ghj.iﬁl
\ § 1 ) A § O3 Height (H) RV Cw)l 3L cdaw s ‘VS
Range (R) RIS 3L cdaw s S
CPA | VS | SC | Weap g)estmy s O A S |3k e e oS
Weapon range ; . !
1 ¢ o O~j FWR) Y QMC})\M S p Jlﬂ) L.]a.w}w Lrs
) .y
Sea c(gré(;ltlon Lo Lol 2 L da st ‘VS
Sl by o by Jleas! Jsldr 035 a5l Visibility (VS) | s 5y edalice Olje | 3L o gie oS
Wand Olpe & amled o et aly; sl o S 51K Closestpoint | U4 48 a8 (25535 5 g 10
approach (CPA) Gda ¢ . R 20 ol
. . . z BRNE o2 ~osliV]
:)\W‘UJL‘:S‘L,&JWOJSJ}\ZACPT -
LVS LVS L;L"‘;.
Commander ale 3 L gl L - b -
P(INT|V) = opinion (CO) S A5 o g
b5 e
Int=VL | Int=L | Int=M | Int=H | Int=VH -
GVS GVS LSL:?
V=L 0.4 0.4 0.2 0 0 Intent (INT) dam Gl Ca & b dam s2e
V=M 0 02 | 05 | 02 0.1 2 S
L('.g g('.g ‘;\.&?—
V=H 0 0 0.1 0.4 0.5 Capability . R A . )
(CAP) [GLNV. .hw}; PIves s_,.:.l.llﬁ ‘JL:) ‘Ldjlﬂ
RLESE) duﬁ&'xw&aw .LC«‘)E L;'LW.LL; e rlf).: 3Ly ke
o 3 K e ) sl Sl S s ikl
el 3 4 S aelsd 51 (SO b i Opportunity o s e s e
(OPP) [NV 2y 2 P (21BN g0
g5 31V 5 CL Jals il sdips 555 CL ST @ 2L
Threat (THR) NERVANIN VAN ol e g
. . ey = - . sby
Q)ﬂdbaﬁbyw.\ﬂyvﬁd\owbﬁ

3)‘;6549‘::‘"]1)“1‘96”\":)\

\Y

S a4 leslad Gl 5B K ag L
5 S s $oas sb oS o b VYA L CPT Jjs

&b)))du ojfoﬁq\)z\\‘\o LCPT JJJ}&W

s el il

2
J

Y JA.\J\A

7

sJle J

ol

YA



2
J

=S 9 \;Q.U\.a

J

Jle

WAA Olbsl s 3oladi ¢ ps

P(Int|CL)

O 5 H e

\Y
P(Int|V)
Int_v

O 5 M aml=e

ANNVZAN
N TINN

W=p(CL)

e e e e e e e e e e e e e e e o — — —

CL .,V el Sy s

331 dity Lol DI s MNV AL (sla 65 550 55
S

25 SR PC S FW (sla 0 5550 53 (o 5 o &
WSl eal e

el Sike PC S FW il il Ze FW S @

Gl iy (PC S FW Lol il e FW 81 o

Ol 3555 Sla 0,8 5 o a3 2 (o3lging Joo
Syl A S Gilae

CPT il 1l cu Sl sl 2 oalgnig e o

(FW 1) 0%Y sl b o 5l & 5 087 sl b s
Loy osd o dodr bl Ve e 534S 55 sl
awslle LB 5 aSa CPT s 5L 5550 bl VYA
0o (b b sSl Do e s o Leosdle 4
S (50 Dl 3151 a3 51 2Ll (s gla S
s CPT it (mlb U L o s oS0
A A O s 53 s a4 remen il s 5
G b A3 Mol 5 Sl s Al e S TS

AL Sl s S

C)eS Vo5 (oS Jles &) ok 5i 552 CL ST o
el 08 Sl o Sl (05 5l

b g V5 (o5 Sl &) 0dipd 553 CL ST o
RO PC ST T @ )

>Q5VJ(¢5)L:-.CA¢3)°JJ}~3)J>CLJ§‘ °
el Ja e S Bl (L Sl &)

V 5 CL Jolad 5550 53 pj el Xy opl aslsl b

S P

g5 31V 5CL Julss il g3502 CL S1 @
SV 5 CL el il sbips K555 CL ST @

Ll a8
6\)l;J§iJQpV,CL6¢le\@)§,\;|)§w€.AA
0 oo CL s |y Jolas ool oo 5 dtn ol
el o LT oo oY sl sdipd 4 CL ST s
CL s T A3l (53500 CL 81553 6,5 (Sl
slisd sy CL 815 55 o Obl il JIV
s S e a1y A Vo5 CL s 0T it
SAE bl s ppl el D 3 edd w8 S s o
g0l g dale= VL CL Sl S0 Joese o8 51 A
Lo oslal 3 oo 53 oS conl oS5 el 5l 6l & ge
S an e ol rjﬁ da 63555 035 SVl 4 a8
D15 055 e S Sl aalinal L Ll )3 058 g5l esly Jules
s AS eobul e 035 o0l CL oV Jlaxs| oS
CL 5V Jols ol SHL & (S8 558 o sl Slg

VO



boe odels sVl ke 3l oslinad L sl pa Glaal g s

g ol s A IS

[ MY |

(o) (n)

v

NS e ot ol S5l i VSl
OF ol > ph ol SAB e sl s g
PF s T ol on 0 WR s R WD Lol S5L 5 5
Mo a8 o JolS 1y el o 3, ER Sk H 5
T Jowe 3l S 5 Jolas a3 H 5 PF oS ()
5 oSke a4 s skl SLogby IS 4

ol ER S)Ju J)‘j LQM ‘CPA E) VS cSC u.k>w

B N e

B oo il 4 bgye o o a5l bl 55 53
235 s S

a.L;l.A_)é o5 B RGN LA 2 W""" _);‘ é‘)‘b CO a;

T g ped B Ml (Ol G i 3hse 2

WS s s el p e s 235 el | oSS
3 ga5 daslons 15 035 S0k S

Sl dnls mls Y/Y
[LETV] s eslanal 5550 (s aobew 3l (gsle and (6l
Slal OS> ogmd 5 Gl 0 Ao S (e eslitdd
oo ol ys ol sdalin LB A ISKS 53 (6555 4 Sl

92 JAL..Z

&‘ﬁt-’%.lﬁijw.bj).’é)}}c;ﬂ

\#

CAP opPpP
THR
O M ambe| |0 R ambous| [0 5K tibs| |0 s tlous| [0 5 R aibns| [0 5P trlons| O 51 dlons
A4 Y A 4 A\ 4 } A4 ;
CL,V s s4L FW Q@ PC [ FIRIR PR AL 5 DI <MNV [ FIREE PR

T~ \ =

Evidential reasoning

Y

Intent

Sl ssleig Jhe A IS8

.o

Jq&b&gWD}RcWch%GJW)D

.@lri
~/'L»WR}R‘WD b il bwge WD 31 o

Casi WR 5 R WD Ll sl sL; WD 31 e

NG

o fellab

5y -
T

»:SJJQ.UMJ_‘} Jw.ﬁj

7

¢ 9> BJL.AM‘.ekaMJEJ

9
>

ol

YA



RGN WA

proposed method

90
80
R
canyren -
g -
o e
=
@
© 60
]
S
350
<
=
40
30
’ : ‘ : . L 1 1 1 1
0 2 4 6 8 10 12 14 16 18 2
Time (Second)
o -'~“ Vvi'}) L’ Ly JL,)J 47%;_ A J—: R
Proposed Method
90
————— F16
- - -B2
i 7472
.......... 2471
°l __,.-._.._.-.,-».'-‘v"--.___'__“
o S | [ S
3 e “l'l‘“ ~ o
= l not A "
g !
S s0f i
E e gooty
: ¥
40
30
20

2 4 6

8 10 12 14 16 18 20
Time (Second)

(V] e e oo b e b)) ams 1)) IS

o e el Glaglas e Al X Jsus

e D80 8 e &Sd FCM sla gy b onleiny

Aas e ) [YV]

e la gy sl ) Ce e anglie X Jgi

23) BaRE ) :
< BN i Some
gty [vv] FCM
ST VA T LV [Py
Solson 4z
aTA 16 AY A 0 gA
Loy
Crsln— a5
ANO VEY VYo Ve 0T
S
SKSE a s
Y8V Yo VALY YAAY .
Lgie g pdy

Trajectory
5000 r T r : : :
4000 -
3000 ~
2000 - 1319
6.35 .o “
1000 - e
— /
£ - o 1415
> ,.'
-1000 - 13.4s.7 !
= g
7.85,~" 4
-2000 o et
. p
- L~ 9.5
3000
4000 - - 4.8s
] ] : : b b : 3 ;

-5000
-5000 -4000 -3000 -2000 -1000 0 1000 2000 3000 4000 5000
X(m)

éjb%iéﬁ)bw:ﬁ‘w:‘\ﬁi

Dol wged ol b gl Ve (g3l ad Ol S
RGPS W r.h.; Slaal a8y Olasiie gl

))(MATLAB )\jﬁ‘ cf BL ‘) dv\ﬁ L5>)J> c\' J)/\..:/
o3l 5 S ARAM LVe iy ble pien S

Aas e olis Corei

(Y] g o oo b ol pped (s 30 V) IS
55w s s FCM (650 leds, Lol s oS il

RGO P 4 4....::[.3.4

‘ng;&‘fg)jCPT;gi;ﬂ.iszdKA‘rJ&thb4..
eMW@ “g’.’. ¢[YV] B ol onlanal R 4.<~Jl
Cpaad el 0l W] e e nl 3 O Sl 5 oS

oslaial M.WJ’U.A [V & g)':‘ W)US«‘ LSLa)L“au )\

\Y



Gl Jho s b L 5l el s gz se gl s S0 L
. Y4 - . - .
oI ¢ Q@vxaquﬂmdblfwjeﬁ
C)‘)J\S 6‘)‘} ct\.:.d e.,\.QB 9 (U'»:'J:J &.ﬁ)@‘yw}‘ ‘_gLA
oslanal (glyls gy Slsyl Sdal (gl a5 5 e s (g i
N LR .. G . .
o Sl s S s gl G, s
a S LHls Lag oLl s e, gsledie Hy eslatal LB
59 mimed QT 3 e s ;b"]s.'; Q&Al <=.L€« J‘.‘.j>
U'l\ BE L@;T 6..0}.745&[-;) LSL“ C,;_‘.}j.lmj&wu

sy » e SV asseme esn Grmes
as gl S5 S5 wn, S aher Sl s Liaipa
eslizel g il S iaS Lty cnl 45 das s OLES
Geld bl (635150 55 e0ls 3ol e Il Y 5o L 5 Ll el
b el et 4B 3 I (g g gl 5 skl
s L bl Gln ey ol Sl aS Sl ags s
B S b el Ve (ool sl oslanal s
sl eslinal Ll 3l IS8 o 5 esles 55 5 ol ol 4z S
e Sledss ple b el cpl 5 oS 5 eslinal ol
wils g3 et @l IS e g S b R
Al L 2Ll s Sl bl Ol Ll cpl Sl
ored 5wl Ol Ll da bl Sl b
das DL ) et cpl lie SIS LIS (oo 5 s el
Joy-0+]

S5 ARl 0
u{‘.ﬁj)‘ L;‘f LMA ode 3 L;';YLQ:\}‘ Ju\.ﬂ “Si ‘4.3\.2.« w‘ L
Sl SILaS Jue cpl ol &l les Glasl Lag
sl ol Ls sl 550 Jus L 0T S5 5 CIM Ju
)‘ cCLLLw‘ 9 f‘-’b (_;LA "‘“‘i‘j‘e LSJL“" ool J:JJ Le G|
Sl Sl Szs ol Sl 55 5 oV Sl o1
c&)}}b th)gﬁ.iul}.&md.,\» ui\U°J"":' CA&L LJS J;‘lli

Jv.::b 4.’(...::\3 6)\Jﬁ a]@{ QK.A‘ ‘-Ll-*-éj ‘-fb..))l )ﬁ)ls DL

% Uncertainty
* Dempster-shafer

VA

boe odels sVl ke 3l oslinad L sl pa Glaal g s

Wlis pl olgni Jhy sd o oMo &S lailes
b iy ple 5l g o Shes caglio 3550 8 55,507 s

Aas e olis s e

JLJJJFCM)‘J:’.:JM'JJ\JJY’Y. J}.\?}a.\JWBN
BL JL“F‘ G-hfk.ff&.’ck;ijﬂ U'i‘ ML&[YV] C>-J.a

.J}J&;‘Jwgéﬁ}a.\m Q‘J:ﬁ

b Sl e 60b5 Db Olie 4 el g2 (Sl 500 a2

Sl odalie J.:B Cy)

U"-ﬁl"— oj.a.'o 6b|.> LgJL@,m:ﬁ U’i’}) u;.:wl.w;- 4}):)@)\
Cy ode ekl U‘i‘ NG uu,f&j) ﬁLw “"C“’“‘"'LSJ:’
O35 I L OT s L Ol (o 5 das o 65 S5l Jobe

Sl sl i Conle  lage sla sl

s Shes s ceslgiins Jhe o g ady KS& L

el (S e

sLls @leiy oy opd o > S shilea
N plinad o dgl op e 45 Sl @35 (sl
e e POl il s (b s sy Sl
A b sl (S (S B s Ll L
bl Sk culs e rimes 5 OOl 2l sl
g DMNelad og &S S 53 Bl o SO R
G S Sl o Zlb il sl Ol =Sl s
2555 pleaal o Ja 5 0l Olo ol Al g8 S L@jd;@\
b Gl bl s dde gl 0t (Bome Lal s ien
o 3l Sad 55 s et 5 e b plb &S s
Al e o3l LT (ol b 4

l.hu’;'ag)xlu Jy
c.,\.OGL;Lﬁ ui:)) ;A.NSJ,.?A.LL:JJ.,\;”J;- L;S-MLULSA O..:‘\)J
A S aslie Gigs g ol b al) e gl 4SS L

M.{LE.A)J@MJL“&j))ﬁdﬁ‘}j@b;ﬂ\@\&b

S ma s = oo dallas

2
J

JA.\JL‘:

9
>

e
-

7

s o

v

€9 B‘LM

>

ol

YA



2
J

J:.ULA

9
7

-
—

J

WAA Olsl s bsled ¢

o5 Jlo

7

ool Sl oolgily Jbe JSUS 5 mLb dld anes
Sl de 5 e b Sl G ol S g L Ly 5
C;Lp\)&g%o&ﬂ\ tf‘wdbb-f@(b.é‘ 31t
Oy o IS o5k 4 dle (o e s Sl | dobe

e g galgidn Ao Gl oy s bl

P30 G LS s 5 eiS sadme gla (55 Ll @
CIM ol 5= sla

Jo o A la 1S (58 i s Ol e

WSt L alio 53 dos 5 0ld 5 m e (1L @
S8 e 5 o Sl

gl Aol 8 55 e ol 5 Sy a5 @

b oo ghmal Aol 4 s S sl @

JMQLJ)GJMC)MU&[{% °

SLa bl 025 o fws 2 b (s B Sl e
b o

b (g5, 03,5 Jls 055 Ol @

s o, 6l sl SVl a5 s @

e sl &S L anslie s aly,

Lol Sl telas sl dil 3 oJle sl Blis s
LSL“ ;-’»&?Lﬁ. )‘ ¢62.:U LSLA 6}.1.. f‘)l’ﬁ oLl C\J.>=‘;.~\
Ui 5 S5 S (oo A3l o b o
S5 Sy ol 5 Sk Ol BB e s ) el

53”;’@

Do b aeglie 5 Sl g ) sl 5l
53 ledn Je g el S TV &m0 S, sl
(e Gl G il o o lael gla, S LLel
2 Ol 38 oS el s b s ) YL b

e.l._e::.: ) VP 6)LN oJL:;T L;‘J’ ‘.;Q_:U L;LA J}L WJ;

Al o e ST gls anw sy gl Slslgniny dhax 5l

Y4



[14] Xiang, Y., & Jia, N. (2007). “Modeling causal
reinforcement and undermining for efficient CPT
elicitation”. IEEE Transactions on Knowledge and Data
Engineering, 19(12),PP 1708-1718.

[15] Xiang, Y. (2012). “Non-impeding noisy-AND tree
causal models over multi-valued
variables”. International ~ journal of  approximate
reasoning, 53(7),PP 988-1002.

[16] Xiang, Y., & Truong, M. (2013). “Acquisition of
causal models for local distributions in Bayesian
networks”. IEEE transactions on cybernetics, 44(9), PP
1591-1604.

[17] Xiang, Y., & Jiang, Q. (2016, May). Compression
of general Bayesian net CPTs. In Canadian Conference
on Artificial Intelligence (pp. 285-297). Springer,
Cham.

[18] Xiang, Y., & Jiang, Q. (2018). “NAT model-based
compression of Bayesian network CPTs over
multivalued variables”. Computational
intelligence, 34(1),PP 219-240.

[19] Yang Xiang, “Direct causal structure extraction
from pairwise interaction patterns in NAT modeling
Bayesian  networks”, International  Journal  of
Approximate Reasoning 105, Elsevier 2019.

[20] Xiang, Y. (2019). “Direct causal structure
extraction from pairwise interaction patterns in NAT
modeling Bayesian networks”. International Journal of
Approximate Reasoning, 105, PP 175-193.

[21] Xiang, Y., & Loker, D. (2018, May). “De-
causalizing NAT-modeled Bayesian networks for
inference efficiency”. In Canadian Conference on
Artificial Intelligence (pp. 17-30). Springer, Cham.

[22] Yang, J. B., Liu, J., Wang, J., Sii, H. S., & Wang,
H. W. (2005a). A generic rule-base inference
methodology using the evidential reasoning approach —
RIMER. IEEE Transactions on Systems, Man, and
Cybernetics — Part A: Systems and Humans [in press].

[23] Shafer, G. (1976). A mathematical theory of
evidence (Vol. 42). Princeton university press.

[24] Yang, J. B.,, & Xu, D. L. (2002a). “On the
evidential reasoning algorithm for multiple attribute
decision analysis under uncertainty”. IEEE Transactions
on Systems, Man, and Cybernetics — Part A: Systems

and Humans, 32(3), PP 289-304.

[25] Thirumuruganathan, S., & Huber, M. (2011,
October). “Building Bayesian Network based expert

Y.

boe odels sVl ke 3l oslinad L sl pa Glaal g s

&l
[1] Roy, J. (2001, August). “From data fusion to
situation  analysis”.  In Proceedings of  Fourth
International Conference on Information Fusion (Vol.
2).

[2] Llinas, J., & Antony, R. T. (1993). “Blackboard
concepts for data fusion applications”. International
journal of pattern recognition and artificial
intelligence, 7(02), PP 285-308.

[3] Pearl, J., Bacchus, F., Spirtes, P., Glymour, C., &
Scheines, R. (1995). “Probabilistic reasoning in
intelligent systems: Networks of plausible inference.”
[4] Zadeh, L. A. (1965). “Fuzzy sets”. Information and
control, 8(3),PP 338-353.

[5] Negoita, C. (1985). “Expert systems and fuzzy

systems”.

[6] Cooper, G. F. (1990). “The computational
complexity of probabilistic inference using Bayesian
belief networks”. Artificial intelligence, 42(2-3),PP 393-
405.

[7] Guo, H., & Hsu, W. (2002, July). “A survey of
algorithms for real-time Bayesian network inference”.
In Join Workshop on Real Time Decision Support and
Diagnosis Systems.

[8] Ramos, F. T., & Cozman, F. G. (2005). “Anytime
anyspace probabilistic inference”. International Journal
of Approximate Reasoning, 38(1), PP 53-80.

[9] Meek, C., & Heckerman, D. (2013). “Structure and
parameter learning for causal independence and causal
interaction models™. arXiv preprint arXiv:PP1302.1561.

[10] Zagorecki, A. (2010), “LOCAL PROBABILITY
DISTRIBUTIONS IN BAYESIAN NETWORKS:
KNOWLEDGE ELICITATION AND INFERENCE”,
(Doctoral dissertation, university of Pittsburg )

[11] Diez, F. J., Mira, J., lturralde, E., & Zubillaga, S.
(1997). DIAVAL, “a Bayesian expert system for
echocardiography”. Artificial Intelligence in
Medicine, 10(1), PP 59-73.

[12] Diez, F. J. (1993, January). Parameter adjustment
in Bayes networks. The generalized noisy OR-gate.
In Uncertainty in Artificial Intelligence (pp. 99-105).
Morgan Kaufmann

[13] Diez, F., & Druzdzel, M. (2007). “Canonical
Probabilistic Models for Knowledge Engineering
Technical Report”. Madrid (Spain): CISAID.

le dalliad

S A5

2
J

WJ xS 5 Akl

L

|
(&

(s

o

J

€9 E‘Lom:~

>

ol

YYAA



oo dellas

(&

=}
T

9
7

9

7

JALu

9
<

-l
OO

J

Il oJ

{
J

e

v

¢ 92

7

Olss

YYaA

I | )

[36] Calzada, A., Liu, J., Wang, H., & Kashyap, A.
(2014). “A new dynamic rule activation method for
extended belief rule-based systems”. IEEE Transactions
on knowledge and data engineering, 27(4), PP 880-894.

[37] Sai, T. K, & Reddy, K. A. (2014). “New rules
generation from measurement data using an expert
system in a power station”. IEEE Transactions on
Power Delivery, 30(1), PP 167-173.

[38] Fenton, N. E., Neil, M., & Caballero, J. G. (2007).
“Using ranked nodes to model qualitative judgments in
Bayesian networks”. IEEE Transactions on Knowledge
and Data Engineering, 19(10), PP 1420-1432.

[39] Yu, Q., & Liu, K. (2019). “An Expert Elicitation
Analysis for Vessel Allision Risk Near the Offshore
Wind Farm by Using Fuzzy Rule-Based Bayesian
Network”. TransNav, International Journal on Marine
Navigation and Safety od Sea Transportation, 13(4).

[40] Zhang, G., & Thai, V. V. (2016). “Expert
elicitation and Bayesian Network modeling for shipping
accidents: A literature review”. Safety science, 87, 53-
62.

[41] Cozman, F., & Krotkov, E. (1994). “Truncated
Gaussians as Tolerance Sets” (No. CMU-RI-TR-94-35).
CARNEGIE-MELLON UNIV PITTSBURGH PA
ROBOTICS INST.

[42] Liebhaber, M. J., & Smith, C. A. (2000). “Naval air
defense threat assessment: Cognitive factors and
model”. PACIFIC SCIENCE AND ENGINEERING
GROUP INC SAN DIEGO CA.

[43] Liang, Y. (2007, August). “An approximate
reasoning model for situation and threat assessment”.
In Fourth International Conference on Fuzzy Systems
and Knowledge Discovery (FSKD 2007) ,Vol. 4, PP
246-250. IEEE.

[44] Johansson, F., & Falkman, G. (2008, October). “A
comparison between two approaches to threat
evaluation in an air defense scenario”. In International
Conference on Modeling Decisions for Atrtificial
Intelligence, PP 110-121. Springer, Berlin, Heidelberg.

[45] Benavoli, A., Ristic, B., Farina, A., Oxenham, M.,
& Chisci, L. (2009). “An application of evidential
networks to threat assessment”. IEEE Transactions on
Aerospace and Electronic Systems, 45(2), PP 620-639.

[46] Kumar, S., & Tripathi, B. K. (2016). “Modelling of
threat evaluation for dynamic targets using bayesian
network approach”. Procedia Technology, 24, PP 1268-
1275.

systems from rules”. In2011 IEEE International
Conference on Systems, Man, and Cybernetics. PP
3002-3008

[26] Zarikas, V., Papageorgiou, E., & Regner, P. (2015).
“Bayesian network construction using a fuzzy rule
based approach for medical decision support”. Expert
Systems, 32(3),PP 344-369.

g_;.'L.'.).)\" .(\Y’“\\/ QLI...V.A) L) a;,..v‘J.:...n L.ﬁj:lﬁ s 46)@)\.1 B [YV]

2 s GVl 5 b sle s Sl el L Glaal wag

n

VAV oo £ ol

[28] Yazdi, M., & Kabir, S. (2017). “A fuzzy Bayesian
network approach for risk analysis in process
industries”. Process  safety ~and  environmental
protection, 111, PP 507-519.

[29] Pan, Y., Zhang, L., Li, Z.,, & Ding, L. (2019).
“Improved fuzzy Bayesian network-based risk analysis
with interval-valued fuzzy sets and DS -evidence
theory”. IEEE Transactions on Fuzzy Systems.

[30] Zarandi, M. F., Seifi, A., Ershadi, M. M., &
Esmaeeli, H. (2017, October). “An expert system based
on fuzzy bayesian network for heart disease diagnosis”.
In North  American Fuzzy Information Processing
Society Annual Conference (PP. 191-201).

[31] Rahman, N. S. F. A, Yang, Z., Bonsall, S., &
Wang, J. (2015). “A fuzzy rule-based Bayesian
reasoning method for analysing the necessity of super
slow steaming under uncertainty:
containership”. International Journal of e-Navigation
and Maritime Economy, 3,PP 1-12.

[32] Xiao, S., Hu, Y., Han, J., Zhou, R., & Wen, J.
(2016). “Bayesian networks-based association rules and
knowledge reuse in maintenance decision-making of
industrial product-service systems”. Procedia Cirp, 47,
PP 198-203.

[33] Woudenberg, S. P., Van Der Gaag, L. C., &
Rademaker, C. M. (2015). “An intercausal cancellation
model for Bayesian-network engineering”. International
Journal of Approximate Reasoning, 63,PP 32-47.

[34] Henrion, M. (1986, August). “Should we use
probability in  uncertain  inference  systems”.
In Proceedings of the Cognitive Science Society
Meeting. PP 320-330.

[35] Yang, Z., Bonsall, S., & Wang, J. (2008). “Fuzzy
rule-based Bayesian reasoning approach for
prioritization of failures in FMEA”. IEEE Transactions
on Reliability, 57(3), PP 517-528.

Y



Yy

boe odels sVl ke 3l oslinad L sl pa Glaal g s

[47] Naseem, A., Khan, S. A., & Malik, A. W. (2017).
“A real-time man-in-loop threat evaluation and resource
assignment in defense”. Journal of the Operational
Research Society, 68(6), PP 725-738.

[48] Unver, S., & Giirbiiz, T. (2019). “Threat Evaluation
In Air Defense Systems Using Analytic Network
Process”. Journal ~ of  Military and  Strategic
Studies, 19(4).

[49] Shahpari, A., & Seyedin, S. A. (2014). “Using
mutual aggregate uncertainty measures in a threat
assessment problem constructed by Dempster—Shafer
network”. IEEE Transactions on Systems, Man, and
Cybernetics: Systems, 45(6), 877-886.

[50] Wang, G., Guo, L., & Duan, H. (2013). “Wavelet
neural network using multiple wavelet functions in
target threat assessment”. The Scientific World
Journal, 2013.

[51] Yihong, F., Weimin, L., Xiaoguang, Z., & Xin, X.
(2011, October). “Threat assessment based on adaptive
intuitionistic fuzzy neural network”. In 2011 Fourth
International Symposium on Computational Intelligence
and Design (Vol. 1, pp. 262-265). IEEE.

[52] Chen, H., & Zhang, K. (2012, August). “Target
threat assessment based on genetic neural network”.
In 2012 International Conference on Industrial Control
and Electronics Engineering (pp. 1789-1792). IEEE.

e Sellss

9

S A5

J f"\’.\kﬁ,

-l

J
¢
u/

o3 Jlo

v

€9 D‘L.M

>

ol

YYAA



