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Probabilistic Reasoning

p}=i l} ?r=k QO =Q x]w@ Qt VQ=Ro w =yp}=i s=tD w O}vm |R=UxO=}B Python u=@ R QO =Q Q} R |=yu} QtD QO xOW xDU=wN |=yxt=vQ@
"O}vm OwrB; TQO C}=U QO xOWXNWt pLt QO zip

s=Hv= ‹wrQ=m Cvwt› VwQ R= xO=iDU= =@ =Q |R}@ xm@W l} QO G=DvDU= xm O}U} wv@ xt=vQ@ l} |DU}=@ =tW ’u} QtD u}= QO “1
"OvDUy (binary) |} wOwO ’|iO=YD |=yQ}eDt s=tD xm O}vm ZQi O}v=wD|t ’|oO=U |=Q@ "OyO|t

sDU}U QO OwHwt |=yQ}eDt pt=W |OwQw p}=i |Oa@ \N n "Ow@ Oy=wN sDU}U QO OwHwt |=yQ}eDt O=OaD |OwQw p}=i pw= \N
"“\N l} Q}eDt Qy |=Q@” Ow@ Oy=wN

T} QD=t ’OvQ=Ov |Or=w xm |}=yQ}eDt |=Q@ "CW=O Oy=wN OwHw Q}eDt Qy |=Q@ (link) Ovw}BT} QD=t l} ’=yQ}eDt h}YwD R=TB
%CU= Q} R CQwYx@ Ovw}B

P(<variable name>)

<P(<variable name> = false)> <P(<variable name> = true)>

%CW=O s}y=wN ’OW=@ CUQO 0 66 p=tDL= =@ xm OW=@ xW} Q Q}eDt l} A Qo = ’p=Ft u=wvax@

P(A)

0.34 0.66

Ovw}BT} QD=t ’B w A Or=w wO =@ Q}eDt l} |=Q@

P (A|B,C) ¬a a

¬b,¬c 0.2 0.8

¬b, c 0.5 0.5

b,¬c 0.3 0.7

b, c 0.4 0.6

%OwW|t xO=OV}=tv Q} R CQwYx@

P(A|B,C)

0.2 0.8

0.5 0.5

0.3 0.7

0.4 0.6

%Ovw}BT} QD=t D w C ’B Or=w xU =@ AQ}eDt l} |=Q@ ’?}DQD u}ty x@
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P (A|B,C) ¬a a

¬b,¬c,¬d 0.2 0.8

¬b,¬c, d 0.5 0.5

¬b, c,¬d 0.3 0.7

¬b, c, d 0.4 0.6

b,¬c,¬d 0.1 0.9

b,¬c, d 0.8 0.2

b, c,¬d 0.6 0.4

b, c, d 0.9 0.1

%OwW|t xO=OV}=tv Q} R CQwYx@

P(A|B,C,D)

0.2 0.8

0.5 0.5

0.3 0.7

0.4 0.6

0.1 0.9

0.8 0.2

0.6 0.4

0.9 0.1

%OQ=O OwHw xQ}D \N GvB R= pmWDt \N l} ’Ovw}BT} QD=t R=TB

-----

%O};|t CU= Q} R sQi x@ xm ’=yQ}eDt R= xawtHtQ} R l} |=Q@ Oy=wW CU}r l} u; p=@vOx@ w

<variable name> <value>

"O};|t xQ}D \N GvB pt=W Qo}O \N l}TBU w

-----

%CU= Q} R x}@W |R}J Ovtvwv=k sQi QO |OwQw l} |xvwtv

4

A

B

C

D

P(A)

0.2 0.8

P(B|A)

0.3 0.7

0.1 0.9

P(C|A)

0.85 0.15

Prepared by Kazim Fouladi <kazim@fouladi.ir>, Fall 2022 “1401 u=@; 27” 4 R= 2 |xLiY



6 |xQ=tW |QDw}Bt=mh}rmD |awvYtVwy

0.25 0.75

P(D|B,C)

0.2 0.8

0.6 0.4

0.6 0.4

0.9 0.1

-----

D 1

-----

Qy QO "OyO s=Hv= |iO=YD V}=tR; ?U=vt O=OaD O}=@ w Ovm|t Ci=} QO =Q p}=i s=v w =yQ=QmD O=OaD |OwQw u=wvax@ =tW |xt=vQ@
T=U= Q@ Q=Oktl} ’xW} Q |=yQ}eDt |=Q@ "OwW|t ?=NDv= Q=Oktl} ’Ovw}B |=yT} QD=t T=U=Q@ ’=yQ}eDt R=l} Qy |=Q@ ’V}=tR;
s}vm|t x=ov =yOr=w xty |=Q@ xOW ?=NDv= Q}O=kt x@ ’Or=w |=Q=O |=yQ}eDt |=Q@ "OwW|t ?=NDv= OW=@ CUQO Q}eDt xm u}= p=tDL=
=}; xm s}vm|t x_Lqt ’=yQ=m u}= s=Hv= R=TB "s}vm|t xO=iDU= Q}eDt Q=Okt u}}aD |=Q@ Ovw}BT} QD=t QO ?U=vt Q]U R=TBU w
CUQO u; QO Q}eDt Qy xm |Q}O=kt ’Ow@ Qo = "s}};|t uwQ}@ V}=tR; u}= R= ’Ow@v Qo = "Q}N =} CU= j@]vt =t |=yQ=Okt =@ Oy=wW
CUQOV}=tR; QO Q}eDt u; xm |D=aiO O=OaD =@ CU= Q@=Q@ Q}eDt Qy p=tDL= ’OW s=Hv= =yV}=tR; s=tD |Dkw "s}vm|t C@F =Q CU=
|}=yR}J ’OvwW|t s=Hv= xO=U Q=}U@ |@=} RQ= \ki xm O}W=@ xDW=O xHwD "Q@Dat |=yV}=tR; O=OaD Q@ s}UkD CU= xOw@ (true)

"P (a, b|c, d) Ovv=t |=xO}J}B R}J xv P (a|b, c) Ovv=t
%qFt "Q}eDt Qy p=tDL= ’Q@Dat |=yV}=tR; O=OaD %Ovm O}rwD Q} R pmW x@ |HwQN l} O}=@ =tW |xt=vQ@

Valid Trials: 39759

P(A) = 0.432

P(C) = 0.321

P(B) = 0.510

P(D) = 1.0

"O}vm OQ=w montecarlo.py p}=i QO =Q OwN |=yOm "CU= xOW xt}t[ Q=m ‘wQW |=Q@ uwD}=B p}=i l}
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’|O}WQwN |=yxQ=QW ’u=]QU ’uO}Wm Q=o}U ’u=DWov= |OQR u}@ |x]@=Q xm |R}@ xm@Wl} |R=UxO=}B x@ =tW u} QtD u}= QO “2
"O} R=OQB|t OyO|t u=Wv =Q w} wwQm}=t j=H= R= xO=iDU= w ‘WWD

‘WWD x@ QHvt w} wwQm}=t QO =Pe CNB w |O}WQwN xQ=QW ’xOW u=]QU w u=DWov= |OQR x@ QHvt uO}Wm Q=o}U |R=UpOt u}= QO
"OwW|t u=]QU x@ QHvt R}v C=aWWD w

%CU= xOW xOy=Wt Q_v Ot xm@W R= Q} R C=aq]= O}vm ZQi u}vJty

Prior Prob(Smoking=1)=0.3

Prior Prob(Solar Flares=1)=0.8

Prior Prob(Microwave=1)=0.9

Prob(Radiation=1| Flare=0,Microwave=0)=0.1

Prob(Radiation=1| Flare=0,Microwave=1)=0.2

Prob(Radiation=1| Flare=1,Microwave=0)=0.2

Prob(Radiation=1| Flare=1,Microwave=1)=0.9

Prob(Cancer=1| Smoking=0,Radiation=0)=0.1

Prob(Cancer=1| Smoking=0,Radiation=1)=0.6

Prob(Cancer=1| Smoking=1,Radiation=0)=0.3

Prob(Cancer=1| Smoking=1,Radiation=1)=0.9

Prob(Yellow Finger=1| Smoking=0)=0.11

Prob(Cancer=1| Smoking=1)=0.8

%O}yO MU=B Q} R Cq=-wU x@ w O}vm xO=iDU= PyMC3 |xv=N@=Dm R= |R}@ |xm@W |R=UxO=}B |=Q@

#CU= QOkJ u=]QU u}W}B p=tDL= “hr=”

#u=]QU ‘wkw \QW x@ uO}Wm Q=o}U p=tDL= “?”

#‘WWD w u=]QU ‘wkw \QW x@ uO}Wm Q=o}U p=tDL= “G”

#u=DWov= |OQR |=Q@ hwmQ=t |wDB “O”
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