I"#$S%6&, () *+%

f-. 1,991+%2*3%A4BN%/83%5+0%4)5++6-9:
%

f 45/(%667%4/1;5;%)*<(*8%=%
f>*59+1<%
f"2,,83%/,819+*(*1%

f @/58A*+9%1;B/B(<
f=1;1(%C5?7*98
fD,+,(*8%%
f EI/11%81//,8(*+9%816,<
F F%)1(<%C Bh:
%
f 45/(%6667%G583*+,%Plh5/+*+Y

@103k

f 411;5%) (K%
f =5+01C%V5/*5; &
f W1*+(%5+0%G5/9*+5)%>*< ;' (*1+<
f11+0*(*1+5)%>*<(/*;" (*%+
f 4/10'8(%="),P%!35*+%="),P%Q5K %.%="
f6+J3,/,+8,%
f 6+0,?,+0,+8, %
%

f X1'.))%+,,0%5))%(3*<%<("JJ%I%H&(
+,Y(%J,2%2,,A<P%<1%C5A,%<'/,%}
10,/%*(%+%2:

%

"6HSSTY61/(*J*8¥5)%6+(,)V69, +8,
411:57)%(k%

6+<(/'8(1/<7%>5+%L),*+%5+0%4*, (,/IMIMID,/<*(K%1JI%!5)*IL/+*5PRE,/A,) K

R@3,<,%<)*0,<%2,/,%8/,5(,0%;K%>5+%L),*+%5+0%4*,(,/%I;;,,) %I 1/%!"#$$%6+(/1%(1%16%5(%N!%Q,/A,), KS%E) ) W (HBEYBCET,/26) £5 B St O5*

6+J,/,+8,%*+%D31<(;'<{B<

f 19931 <(%*<%*+%(3,%9/*0%
<1C,23,/, %

f " +<1/%/,50*+9<%(,))%312%
8)1<,%5%<Z'5/,%*<%(1%(3,%
931<to

f &+%(3,%931<(®#/,0

f #%1/%[%525K7%%45+9,
f \%1/%]%525K7%86))12
f ~_%525K7%9%)+

PA%<1/<%5/,%+1*<KP%;'(%2,%A+12%4°11) 1/994%6>*<(5+8,b

4°1,0%a%kb | 4'1/5+9,%a%p 4K,)12%a%p 49/, +%6a%%
cSc% cSH% | cs% | csw
R, C17%D31<(;'<(,/#61%°2/1;5;%)*(K% H#3




N+8,/(5*+(Ro

f D,+,/5)%<*('5(*19
%

[ "HS%&S!(&)%6%) +SH(,$&*'S- BI6I9, +(%A+12<%8,/(5*+% [
(3*+9<%5: 1'(%(3,%<(5(,%11%(3,%21/)0%", SISP%<, +<1/%
1,50%+9<%1/%<KC?(Yc<b '

%

f 0-1"#3$%&$'(&)%*)"+$%19,+(%+,,0<%(1%/,5<1+%5;1'(%
1(3,/%5<?,8(<%‘,898%23,/,%5+%1;B,8(%*<%l/%235(%0*<
?2/,<,+(b%

%
f 2%+ 7%I19,+(%A+12<%<1C, (3*+9965;1'(%312%(3,%A+12+
O5/+5;),<%/,)5(,%(1%(3,%"+ A+12+%CB/*5;), <

%

f 411;5;*)*<(*8%/,5<1+*+9%9*0,<%'<%5%J/5C,21/A%
C5+59*+9%1'/%;,)*,J<%5+0%A+22),09,

0

A1:5: %) (KY%>*<(/*: (* 19

=5+01C%V5/*5; %

f 1<<18*5(,%5%72/1;5;*)*(K%2*(3%,588%05)', %

f 19%/5+01C%O05/*5;),%*<%<1C,%5<?,8(%1J%(3,%2.
23*83%2,% C5Kb%350,%"+8 $b*+(K

f =%e%6<Y6*(Yf5*+*+9f
f @%e%6<%*(%314861/%681)0f
f >%e%g12%)1+9%2%))%*(%(5A,%6(1%06+0,%(1%21/Af
f H%e%-3,/,%*<%(3, %981 <(f
%
f -,%0,+1(,%/5+01C%O5/*5:),<%2*(3%852*(5%86), (/-
%

f H*A,%05/*5;),<%*+%5%!"4P%/5+01C%05/*5;),<%%

f =%*+%h(/',P%J5)<,i%%% 1J(,+%dABY65<%h_/P%

f @%*+%h31(P8681)0i

f >%*+%ReFP%

f H%*+%7?1<<*;),%)185(*1+<P%C5K;,%h &P cbP% cP#bP%Fi

A1:5: %) (KY%>*<(/*: (* 19

% %
f @,C?,/5(1,7 % f -5(3,/7%%
% %
0,
” 0 P(W)
P(T) pe 7 -% | 4%
@/0 4% (y / = / '
31(%| cs% ﬁ i <X <H% | cSpe
© v e 5% | cSHb
81)06] ¢S B2 J196 | cS%
C.(1/ %| cSeo

f N+1;<,/0,0%/5+01C%05/*5;),<%350, %0*<(t'(*1

% P(T) P(W)

% @ | 4% - % 4%

% 31(%| cS® <+% | cSph

% 81)0%| cS¥ /5*4% cSHo

% J1% cS%

" C,(,1/ %| cS& % ..

f 19%0*<(/*; (*1+%*<%5%@|QHE%1J%7/1;5;*)"b, <V 1R04H) %01C

% "31/(35+0%+1(5(* 247
%
0/gDth) = P(T = hot),
P(cold) = P(T = cold),
P(rain) = P(W = rain),

1=

5*+%,+(B7,886+*Z", 9

%
f |%?/1;5;*)*(K%‘)12,/%85<,%05)',b%*<%5%<%9),%+'5;:;,/
%

% P(W = rain) = 0.1

f G'<(%350,7%z P(X = z) > 00%%%%> _ P(X = z) = D6%%%%%%%%%%%Y
x



WLk (%>*< (/%' (*For< 411:5:%)*<(*8%G 1 0%

f 19851%8" (1)&*!+, &1$%%O,/%65%<,(%1I%/5+01C%CX 1, X>, ... Xn

04?/1°5*)*<(*80 0/p*<0/p50 *4(0p0*<(/** % Qﬁ"(*l+%10,/%@P—
% <2,81%,<5%1,5)96+ C;./96L1%,583%5<<" T3 (YLTH s S Sy T
% % (] - % ()
» o P(Xy=w1,X=12,... Xn = an) f 411;5;%)*<(*8%C10,%7 31%| <+%| cSPs
% P(T W) f "=5+01Cb%05/*5;),<%2*(3%0P65*+<% 31(% /5%49%| cSH#h
%  P(z1,T2,...%Tn) ’ [ 1<<Q+C,+(<%5/,%859,8% - /)’ :
% ® | % % f y\l/%;z(é/uog;(gl;'S;%+A<(;|o(/o<5|<%23,(3,/%5<<*9+d§1@£% <+%| cSpo
. (81C,<h%5/,%)*AY) *49
f G'<(%1;,K% P(z1,22,...7n) > 0 BL( | %+ | %S f O$*_ 1113/ (4% CY%(1%A6C 81)(%‘ %] cS%
% B1( | %r+ | wsH f 60.5)K7%1+)K968./(5"+%05/"5:). <%0 BOKI“(/58b 1 (9610 s9@P-
0 P(x1,z9,...20) = 1 ' %
OA) > (21,22, 2n) %B1)0| %+ | %S| [ 1L+<(/5*+(%<5(*<I58(*1+% 2/ 1% C<7 @ | - %| 4%
%o (w1,22,..n) BL)O0 | ¥6*+ | WS\ f V5/*5:),<%2*(3%01C8t+< | <% @
N FIL+<(/5+H(<TY<(5(,%623,(3,/965<<*0+C+ (<ABLIE 0 0
Yo 21<<5)% 31%| /5%9%| 1%
f "*k,%1J%O*<%(/*;'(*1+%*J%+%05/*5;),<%2*(3%0%35*+%<*k,<%0f f?A,O’5))K7%1+)K%B’I(5*+%05/*5;)'<%0*/’ ”08*5_5{%( <+%| 1%
f 11/9%5))%;'(%(3,%<C5)),<(%0*<(/*; (*1+<P%*C?/58(*85) M 1%2/*(,%1'(: % 81)®| /5% @b

EO,+(% N"*k7%EQ, <

f !;%5/%&%<%5%<,(%E%lJ%%(BlC,< f 4\_01*3%_%%1‘ P(X,Y)
0P(E): > P(z1...7n) Zf 0% | X% | 4%
(¢1..wn)€E N Yo | _196| cSpo
4" Yb%f = =
f 111C%5%B1*+(%0*<(/*;'(*1+P%2,%85+% P(T, W) f "o _Wo| M| cSth
85)8‘)5(,;@(3,%?/1;5;*)*(K%1J%5+%%,O,+( @] %] % 22 Mo | k6| cSpe
f 411;5;%)*(K%(35(%*(.<%31(%Im>Whp<'++Kf 31(%| <+%| cSpo f 4’ M%&=% %6b%f Wo| W0| B
% 31(%| /5%%| cS#o % -
f 221;5; V(K% (35(%*(.<%31(f 8004 <+%| cSph » %
f 411;5;%)%(K96(35(%*(.<%31(%&5o<"++Kf 81)06| /5*#%| cSPo

%
f @K?*85))KP%(3,%,0,+(<%2,%85/,%5;1'(%
5/,961%112'1))17% _ /%) P%)*A, %4 @31 (b
%



G5/9%+5)%>*<(/*:'(* %<

f GB5/9*+5)%0*<(/*;"(*1+<%5/ bg);<%23*83%,)*C*+5(,%05/%;),<%
f G5/9*+5)*k5(*1+% <'CC*+9%1'(b7%!1C;*+,%81))5?7<,0%/12%%0;K%50

P(T)
P(T,W) @ | 4%
» 31(%| cS%
@ | -%| 4% - 81(0; cS*’/O
31(%| <+%| cSpo P(t) =) P(t,s) J06_cS%
31(%| /5*4%)| cS86 s P(W)
81L)®| <'+%| cSPo - % 4%
81)®6| /5*4%| cSY% <'+%| cSP

P(s) = %:P(t,s) /59%| cSPb

P(X1=wm1) =) P(X1 =1, X =12)

T2

114+0%(*1+5)%4/1;5:%)* (%<

N"*K7%G5/9*+5)%>*<(/*;'(%h+<

f 1%<*C?),%/,)5(*1+%;,(2,,+%B1*+(%5+0%81+0*(*1+5)98%/1;5;*)* (*,<
f 6+%J58(P%(3*<%*<% (S ¥ERDISIB68 1+0*(*1+5)%72/1%;*)*(K

P(alb) = P(a,b)
P(b)
P(T,W) 891:"
@ | - %] 4% = =
0 o 0 P(W:s|T=C)=P(W s, T C):% —04

31(%| <'+%| cSpob P(T — C) 0.5

31(%)| /5%%| cS#b - —

8L)W| <+%| cSPo =PW=s5T=c)+PW=rT=c)
81)®0| /5*4%| cS% =0.2403 =0.5

P(X)
P(X,Y) 0% 4%
> Yo
o% | X% | 4% > =
6| 6| cspe|  Px) =) P(z,y) 2
Yo| M| cSw v P(Y)
M% | k6| cSpo X | 4%
M% | Mo | cs# > "%
P(y) =) P(z,y) N
T
1 . .
N"*k7%!1+0*(*1+5)%4/1;5;*)8¢c*,<
f 4 Y%a% %b%f
%
P(X,Y) %
%
o% | X% | 4% %
W6 | _K6| cSpe f 4" M%a% Hb%of
Yb| M% | cS% %
0,
M% | k6| cSpo 02
M% | MY | cS#b %

f 4" M%a% Mb%f
%
%

Do



114+0%(*1+5)%>*<(/*;'(* 1< M1/C5)*k5(*1+% @6*8A

f11+0*(*1+5)%0%<(*; (*1+<%5/,%7/1:5;*)*(KY%0*<(/*; (*1+<%10,/% ( )
P(W=s5T=c

<1C,%05/*5;),<%9*0,+%J*Y,0%05)",<%1J%1(3,/< PW =sT'=c)= T Pl=0
11405 (*L+5) %> *< (/% (*< (Ot i - PW =sT=c)
- B ) WLsH(%>*<(/' (%A + P(T,W) PW=sT=c+PW=rT=c)
P(W|T = hot _ 02
| P(T,W) @ | -%| 4% =02+03 24 P(W|T =c¢)
-. Of 4% @b A A% 31(%| <'+%| cSPo _ S %l 4%
o <+%) cS$o 31%| <+%| cspe 31(%| /5*%| cs# g <+% cSH
= /5*9%| cSPb 310%] /50| cS% 81)| <+%| cSPe , ) 5700 oS
- o P(W=rT=c
< | POWIT = cold) 8106 <+%| cspe BLOK| /5% cSW| POV =rlt=c)="po =S
% % 81)®6| /5%9%| cSW - PW=rT=c)
PW=sT=c)+P(W=nrT=c)
<+%| cSpe __ 03 _..
/5*9%)| cSpPo T 02403

M1/C5)*k5(*1+% @6*8A M1/C5)*k5(*1+% @6*8A

P(W = s,T
P(T=c

)

POW =sT=c)=

_ P(W =3sT=c)
T PW=sT=0)+PW=nrT=c)
2

-_20 —04
=62+03=° P(T,W) 34546%8,%B1*+(% 8192:5:<4( (3,%
ALEA(*,<% <,),8(*14% WIT =
@ | -%| 4% «+904(3.% P(c, W ‘c5A06+06< Con(1tat+ - (WIT = ©)
P(T, W) 34546%3,%B1*+(% 8192:5:<4( (3,% - — 05(08*% :g@(&b (c, W) 0*(%<"C%(
L5 <% L POVIT =0) 06 <% oSkl O0S% [ @l - o % “ %[ 4%
@ | -%| 4% C5(83*+9%(3,% F(c, W) ‘C5A,%*(%<'C%(1%1+,IF — 31(%| /5%9%| cSH6| % » 81)86 <+% cSEp i <'+%| CcSM
31(%| <+%) cSpo 0%0.48% [ @ - | 494 % - %] 4% 81)06 <+%| cSpo 81)0f6 /5*4% cS¥ [5*4% cSiA
31(%)| /5*96| cS#6b| % » |80k <+% csph v <+%| cSM 81)W6| /54%| cSW
8L)®6 <'+%| cSPo 81)0f6 /5*1% cSth I5*4%| ¢S
81)6 [5*4%| cS% f -3K%01,<%(3*<%21/Af%"C%1J%<,),8(*1+%*<%4",0*0,+8,b:%% 4" @e8bP%3,/,b
PW=rT=c %
POW=rT=c)= (: ) 0 P(mlymZ) P((E]_,IQ)
I PR % P(z1lzo) = =
% P(22) Y4y Pla1,2)
=m=06

%



n"*k7%m1/C5)*k5(*1+%860/*8A

@1%m1/C5¥K,

f 4 0% adiePdf

P(X,Y) 34546%8,%B1*+(% 8192:5;<4( (3,%

?/1;5;*)*(*,<% <,),8(*1'|°AJ
0% X% 4% C5(83*+9%(3,% "C5A,%*(%<'C%(1%1+,b

_Ybo Ko | cSPo ,0%0,+8,% %

6| MY | cSW| o — >

M% | k6| cSpe

%% M% | cSH#

411:5:%)*<(*8%6+J,/,48,

f >*8(*1+5/Kb%@1%;/*+9%1/%/,£(17,%(1%5%+ Y& 5)%81+0*(*1+

%
% All entries sum to ONE

f 4/18,0',7 %
f (. 2%H#7%!1C?'(,%p%e%<'C%10, /%85 %, +(/* <
f "(,2%[7%>*0*0,%,0,/K%,+(PK%;K%p

f A11;5;%)*<(*8%*+J,/,+8,7%81C?'(,%5%0,<*/,(
211;5: %1% (K%JI/1C%L(3,/%A+12+%2/1;5:4)*(*,
81+0*(*1+5)%J/1CY6BL*+(b
%

f -,%9,+,/5))K%81C?'(,%81+0*(*1+5)%7?/1;5:%

f 4" 1+96(*C,%a%-+1%/,?1/(,0%588*0,+(&b%e%cSq
f @3,<,%/,2/,<,+(%(3,%59, +{£PHB*O,+%(3,%,0*0
%
f A11;5;%)*(*,<%835+9,%62*(3%+,2%,0"% +8,7
f 4 1+%(*C,%a%+1%588*0,+(<P%"%856SCSh%e%:
f 4 1+%(*C,%a%+1%588*0,+(<P%"%5SCSPH0/5*
f &<,/O*+9%+ 2%,0%0,+8,%85- S +/" , 6 (L4/(

%
f EY5C?), 0% f EY5C?),%b
(")
for q
20| 4%[ Normalize | - %| 4% @ - %| 4% ] @ | - %| 4%
<Pop| cSHA > | <+od csp Moe| <+%| [c%| Normalize | 31(%| <+%| cSpo
9 e d BN IR
5% csw] z=o05 /5194 cSp G| 15 "% _ 06 q oo™
% P aoq <+ seow| =90 81)0d <+% cspo
81U /549 #% 81)0d /5794 csw
. ' *
6+J,/,+8,%;K%E+'C,/5(*%*
='=§7)" ) QA
f D,+/5)%85<7% f - %25+ eyt
f EO*0+8, %055, p671 - .. By =e1--.ex | X1 X, ... X, % 51H141/); 688
f nKr%05/5),%  Q . . P(Qley...e
f 9*00,+%O05/"5)%7 H, ... H, <ESLLHY) (Qlex K)
%
%
f(,2%#7%:",),8(%(3,% (2% 7% " CY%1'(%g%(1%9,(%B 1+ "(,2%\7%m1/C5PK,
(1%, <%81+<*<(,+(% 1J%n',/K%5+0%,0*0%4-8, %
2+(3%(3,%,0%0, 98, l , 1
’ X —
2= P@ et e
P(Q,e1...e;) = Z P(Q,hy...hroe1...ep) a 1
1 X1,Xo,...Xn P(Q‘Cl"'ck):ZP(chl"'ck)




6+J,/,+8,%;K%E+'C,/5(*%+

f 4- bf% % G| -%| %%
% <CC/ % 31(%| <+%| cS\
<CC,/ % 31(%| /5*9%| cScH

% <CC/ % BL)®b| <'+%| cSHeK
f 4~ @%2*+(,/18f <'CC,/ % 8L)®6| /5*4%| cSc¥
% 24+(/%| 31(%| <'+%| cSHK
% 24+(/%| 31(%| /5*49%| cScH
% 2+(/%| BL)®b| <'+%| CSH
2¢+(,/ %| 8L)W6| /5*4%)| cS[K

f 4~ @%2++(,/PY%3%bf

@3,%4/10'8(%9,

6+J,/,+8,%;K%E+'C,/5(*%+

f "1C,(*C,<%350,%81+0*(*1+5)%0*<(/*; (*1+<%:;'(%25+@6(3,%B1*+(
%

P(y)P(zly) = P(z,y) < rew="57

%
« Ml

%

f &0*1'<%?/1;),C¥h
%
f -1/<( N85<,%(*C,%81C?), Y*(@ts"
f "258,%81C?),Y*(KB6BY(1%<(1/,9%6(3,%6B1*+(960%6(/*;'(*1+

%
%

@3,%4/10'8(%9,

%
%
%

f EY5C?)%
%

PW)

=% | 4%

<'+%| cSY

/5*4%| cSP

P(y)P(z|ly) = P(x,y)

P(D|W) P(D,W)
>% | - %] 4% >0 | - %] 4%
2.(%| <+%] cs#p 2,(%| <+%

0K | <+%]| cSep <:> 0/K%| <+% )
2,(%]| 15%%| cs¢ 2,(%| /5%9%

0/K% | /5*4%]| cSY 0/K% | /5*4%




@3,%!35*+%%),

f G1/,%9,+,/5))KP%85+%5)25K<%2/*(,%5+K%B 1*+(%0*<(/*;'(*1+%5<%5+%

—~

*+8/,C,+(5)%7?/10'8(%1J%81+0*(*1+5)%0*< ;' (*1+<
%

%  P(x1,22,23) = P(z1)P(22lz1) P(23ley, 22)
%

o  Pzi,20,...20) =HP(1:i|a:1...m7;_1)

% 7

%

-3K%*<%(3*<%5)25K&80(/',f

%

%

%

%

Q5K,<.%=%

Q5K,<%=%

f @21%25K<%(19%J58(1/%5%B 1*+(%0*<(/*; (*1+%106(21%05/*5;),<7

% % 0, .
P(z,y) = P(aly)P(y) = P(ylz)P(x) ,.
%

f >*O*0*+9P%2,%9,(7
%
P
% Py =T
% (v)
f -3KOb*<U6(3*<%5(%5))%3,)2J)f
f H,(<%'<%;*)0%1+,%81+0*(*1+5)%J/1CWH<%/,0,/<, -
£ &I(+9%1+,9681+0%(*1+5)%+<%(/*8AKY:'(%6(3,%L(3, /%61 +,%6+<%<
f I1'+05(*1+961J%C5+K%<K<(,C<%2,.))%<,,%)5(,/%" , 9D S%I"=P%
%
f 6+9(3,06/++*+9%J1/%C 1<(%*C?1/(5+(%1686,Z'5(*1+:
%

P(x)

6+J,/,+8,%2*(3%Q5K,<.%="),

f EY5C?),7%>*59+1<(*8%7?/1;5;%)*(K%J/1C%85'<5) 2/ 1;5;%)*(K7

% P(effect|cause) P(cause)
P ff =
% (cause|effect) P(effect)
f EY5C?),%
f G7%C.+*+9*(*<P%"7%<¥5JJ%+.8A( )
P(+m) = 0.0001

%
o P(+s| +m) = 0.8 } S

’ P(+s| —m) = 0.01
%

N P(+snf°+ m)P(+m) P(+s|+m)P(+m) -~ 0.8 x 0.0001
Plml %) = P(+s) ~ P(+s| + m)P(+m) + P(+s| —m)P(-=m) ~ 0.8 x 0.0001 -+ 0.01 x 0.999

%
f M1(,7%21<(,/*1/%?/1;5;%)*(K%1J%C, +*+9*(*<%<(9)%O0,/K%<C5))
f ML(,7%K1'%<31)0%<(*))%9,(%<(*JI%+,8A<%83,84,0%1'(:%%-3Kf



N"*k7%Q5K, <.%848), D31<(;'<(,/<P%=,0*<®%0

D0, 4% P(DIW)

o P(W) % | - %] 4% f H,(.<%<5K%2,%350,%(21%0*< ;' (*1+<7
% — - 2 %| <+%] csHl f AI*1/1%0*<(/*;'(*13@4/%931<(%)185(*1+¥864 Db
=% | 4% TAREIET £ H,(.<%<5K%(3*<%*<%'+*J1/C

% <"+%| cSY > ol 5 s f " +<1/%/,50*+9%C10,)7%4 96a%Db
/5*4%| cSP (% o © f D*O,+7%2,%A+12%235(%1'/%<, $1/<%01
% 0K | [5*49%| cSY
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