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Quantifying Uncertainty and Probabilistic Reasoning

"O}vm x@U=Lt =Q Q} R Q}O=kt ’xOW xO=O pt=m s-=wD ‘} RwD x@ xHwD =@ “1

P (toothache) “hr=”
P (cavity) “?”
P(Cavity) “G”

P(Toothache|cavity) “O”
P(Cavity|toothache ∨ catch) “y”

%OQ=O =tW |=Q@ O@ Q@N l} w ?wN Q@N l} lWRB ’A;lJ l} s=Hv= R=TB “2

j}kO —99 CUD u}= |iQ] R= "O}=xOW |OH |Q=t}@ l} Q=JO =tW xm |vat u}= x@ &CU= xOw@ C@Ft =tW CUD %O@ Q@N •

OW=@ |ivt CUD ?=wH w O}W=@v Q=t}@ =tW xmv}= p=tDL= ı OW=@ C@Ft CUD ?=wH w O}W=@ Q=t}@ =tW xmv}= p=tDL=” CU=
"“—99 ı

"OwW|t qD@t u; x@ Qiv 1 \ki ’Qiv 10000 u}@ R= xm CU= QO=v |Q=t}@ l} |Q=t}@ u}= %?wN Q@N •

#CU= QOkxJ ’O}W=@ xDW=O =Q |Q=t}@ u}= ,=ak=w =tW xmv}=Tv=W #CU= ?wN Q@N l} u}= =QJ

%O} Q}o@ Q_v QO =Q Q} R |R}@ |xm@W “3
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#OwW|t xH}Dv xm@W Q=DN=U R= Q} R |=yCQ=@a R= l}s=Om ’=yCPT uDiQoQ_vQO uwO@ “hr=”

(i) P(B, I,M) = P(B)P(I)P(M)

(ii) P(J |G) = P(J |G, I)

(iii) P(M |G,B, I) = P(M |G,B, I, J)

"O}vm x@U=Lt =Q P (b, i,¬m, g, j) Q=Okt “?”

xQ=W= l =} r umtt Q}O=kt =@ xXNW (Handness) |DUOAJ =} |DUOCU=Q x@ xm OW=@ |iO=YD Q}eDtl} Hx O}vm ZQi “4
Gx uS ,q=tDL= |va} ’OwW|t xOQ@ EQ= x@ xO=U sR}v=mt l} =@ |DUOAJ =} |DUOCU=Q xm CU= u}= pwtat ZQi l} "OQ=O
R= O}=@ ,q=tDL= uS u}= OwN ’xwqax@ "OwW|t |DUOAJ =} |DUOCU=Q ?Hwt s p=tDL= =@ w l =} r umtt Q}O=kt =@ xm OQ=O OwHw

"OW=@ xOW xOQ@ EQ= x@ |DUOAJ =} |DUOCU=Q QOVyH |=Q@ m lJwm p=tDL= =@XNW u}Or=w R= |m}

#Ovm|t u=}@ =Q Q} R =aO= Q} R |R}@ |=yxm@W R= l}s=Om “hr=”

P(Gfather, Gmother, Gchild) = P(Gfather)P(Gmother)P(Gchild)

#OQ=OQ@ QO =Q xr�Ut CQwY |x}[Qi =@ Q=oR=U pqkDU= |=y=aO= =yxm@W u}= R= l}s=Om “?”
#CU= xr�Ut CQwY |x}[Qi h}YwD u} QDy@ =yxm@W u}= R= l}s=Om “G”

|Dkw r → l w l → r |=yVyH” O}vm QB =Q u; Q}O=kt w O}vm sUQ (ii) =} (i) |=yxm@W QO P(Gchild) |=Q@ =Q CPT “O”
"“OwW|t wer ’OvQ=O hrDNt |=yuS =yOr=w

P (Gchild = l) |=Q@ =Q |DQ=@a (ii) =} (i) |=yxm@W QO "P (Gfather = l) = P (Gmother = l) = x xm O}vm ZQi “y”
"O}vm G=QNDU= u; Or=w |=yxQo |wQ |Q=Po\QW =@ ’=yvD x w m ?UL Q@

=Q x Q=Okt ’xDmv u}= R= xO=iDU= =@ "OW=@ x@=Wt =ypUv pqN QO =yuS ‘} RwD xm s} Q=O Q=_Dv= |m}DvS pO=aD \}=QW CLD “w”
|=OD@= QO xOWh}YwD |x}[Qi =QJ xm O}yO K}[wD =yu=Uv= QO |DUOAJffl|DUOCU=QC}a[w x@ sra =@ w O}vm x@U=Lt

#OW=@ CUQO=v |DU}=@ xr�Ut u}=

%O} Q}o@ Q_v QO wQOwN |@=}?}a |=Q@ =Q Q} R |R}@ |xm@W “5

Prepared by Kazim Fouladi <kazim@fouladi.ir>, Fall 2023 “1402 QP; 26” 3 R= 2 |xLiY



9 |xQ=tW u}QtD |awvYtVwy

"O}yO VQDUo “QDQ=DU= QwDwt” StarterMotor w “M} |=wy” IcyWeather |rw@ |=yQ}eDt =@ =Q xm@W u}= “hr=”
"O}yO@ x�=Q= pODUt |awv Q}O=kt =@ |]QW p=tDL= |=ypwOH ’=yxQo |xty |=Q@ “?”

s-=wD ‘} RwD QO pkDUt Q=Okt OvJ ’OW=@ xDW=Ov OwHw |iO=YD |=yQ}eDt u}@ |]QW pqkDU= |x]@=Q I}y xmv}= ZQi =@ “G”
#OQ=O OwHw |rw@ Q}eDt 8 p=tDL=

#OQ=O OwHw jwi |R}@ |xm@W |=ypwOH QO pkDUt p=tDL= Q=Okt OvJ “O”
QO =Q pOt xO=wv=N u}= "OwW h}YwD noisy-AND ‘} RwD l} CQwY x@ Ov=wD|t Starts |=Q@ |]QW ‘} RwD „|Q=}DN=« “y”

"O}vm \@DQt noisy-OR ‘} RwD x@ =Q u; w O}vm h} QaD |rm Cr=L

xOWxO=O |xv=DU; Q=Oktl} R= =tO |xHQO Rw=HD s=ovy QO xm OQ=O OwHw |Q=OWynvR ’|=xDUy |SQv=C}=Ul} QO „|Q=}DN=« “6
’“Q]NnvR uOw@?=QN” FA ’“Q]NnvR |=OY” A |rw@ |=yQ}eDt "Ovm|t |Q}oxR=Ov= =Q xDUy |=tO ’xHQO "O};|tQO =OY x@
"O} Q}o@ Q_v QO =Q “xDUy |ak=w |=tO” T w “xHQO R= xOW xOv=wN Q=Okt” G |Q=OktOvJ |=yQ}eDt ’“xHQO uOw@?=QN” FG

Q=}U@ xDUy |=tO x=oQy ’OwW|t ?=QN QDW}@ p=tDL= x@ xHQO xmv}= x@ xHwD =@ ’O}vm sUQ xvt=O u}= |=Q@ |R}@ |xm@Wl} “hr=”
"OwQ q=@

#CU= “OQ=O OwHw u; |xQo wO Qy u}@ CyH uwO@ Q}Ut l} QFm =OL xm |=xm@W” (polytree) |DNQOOvJ xm@W u}= =}; “?”
xmv}= p=tDL= "(high) q=@ w (normal) |O=a %OQ=O OwHw |ak=w |xOW|Q}oxR=Ov= |=tO Cr=L wO =yvD xm O}vm ZQi “G”
xm |t=ovy OyO u=Wv =Q |DUQO |=tO ’xHQO xmv}= p=tDL= w x ’Ovm|t Q=m xm |t=ovy OyO u=Wv =Q |DUQO |=tO ’xHQO

"O}vm sUQ =Q G =@ Q_=vDt |]QW p=tDL= pwOH "CU= y ’CU= ?=QN
p=tDL= pwOH "CW=O Oy=wNv |}=OY Cr=L u}= QO "OW=@ ?=QN xmv}= Qot ’Ovm|t Q=m |DUQOx@ Q]NnvR xm O}vm ZQi “O”

"O}vm sUQ =Q A =@ Q_=vDt |]QW
xDUy |=tO xmv}= p=tDL=› |=Q@ =Q |DQ=@a "O};|tQO =OY x@ Q]NnvR w Ovvm|t Q=m wO Qy xHQO w Q]NnvR xm O}vm ZQi “y”

"O}vm x@U=Lt xm@W u}= QO hrDNt |]QW Cq=tDL= ?UL Q@ ‹CU= q=@ Q=}U@

Q@XNWt |=yxDUO R= |m} x@ xOW xO=O |vDt OvUl} ?=UDv= pta (Text Categorization) uwDt |Ov@xDUO „|Q=}DN=« “7
(query wHwTQB Q}eDt ’=ypOt u}= QO "OwW|t xO=iDU= (Naive Bayes) pOt R= ?re= Q=m u}= |=Q@ "CU= uDt |=wDLt T=U=
Qw]x@ C=trm xm CU= u}= ZQi "CU= u=@ R C=trm R=l} Qy ?=}e =} Qw[L (effect) QF= |=yQ}eDt w OvU |xDUO variable)

"OwW|t u}}aD OvU |xDUO \UwD =yv; |v=w=Qi xm OvwW|t Qy=_ O=vU= QO pkDUt

(training data) |WRwt; |=yxO=O xm O}vm ZQi” #OwW xDN=U Ov=wD|t |rOt u}vJ xvwoJ xm O}vm K} QWD j}kO Qw]x@ “hr=”
“"OW=@ xOW xO=O ’Ov=xOW |yOC@Uv =yxDUO x@ uwvm =D xm O=vU= R= |=xawtHt CQwYx@

#OwW|t |Ov@xDUO O}OH OvU l} xvwoJ xm O}yO K}[wD j}kO Qw]x@ “?”
#O}yO K}[wD #CU= |DUQO w pODUt ZQi pqkDU= ZQi =}; “G”
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