
!"#$$%&'()*+,%

�ƒ -,. /,%01+,%2*(3%45/(%67%",5/83%5+0%4)5++*+9:%
%

�ƒ 45/(%667%4/1;5;*)*<(*8%=,5<1+*+9%
�ƒ>*59+1<*<%
�ƒ "?,,83%/,819+*(*1+%
�ƒ@/58A*+9%1;B,8(<%
�ƒ=1;1(%C5??*+9%
�ƒD,+,(*8<%
�ƒE//1/%81//,8(*+9%810,<%
�ƒF%)1(<%C1/,:%

%

�ƒ 45/(%6667%G583*+,%H,5/+*+9%

!"%#$$7%I/(*J*8*5)%6+(,))*9,+8,%
%

4/1;5;*)*(K%

6+<(/'8(1/<7%>5+%L),*+%5+0%4*,(,/%I;;,,)%MMM%N+*O,/<*(K%1J%!5)*J1/+*5P%Q,/A,),K%
R@3,<,%<)*0,<%2,/,%8/,5(,0%;K%>5+%L),*+%5+0%4*,(,/%I;;,,)%J1/%!"#$$%6+(/1%(1%I6%5(%N!%Q,/A,),KS%%I))%!"#$$%C5(,/*5)<%5/,%5O5*)5;),%5(%3((?7TT5*S;,/A,),KS,0'SU%

@105K%

�ƒ 4/1;5;*)*(K%
 

�ƒ=5+01C%V5/*5;),<%
�ƒW1*+(%5+0%G5/9*+5)%>*<(/*;'(*1+<%
�ƒ !1+0*(*1+5)%>*<(/*;'(*1+%
�ƒ4/10'8(%='),P%!35*+%='),P%Q5K,<.%='),%
�ƒ6+J,/,+8,%
�ƒ6+0,?,+0,+8, %

%

�ƒ X1'.))%+,,0%5))%(3*<%<('JJ%I%H&@%J1/%(3,%
+,Y(%J,2%2,,A<P%<1%C5A,%<'/,%K1'%91%
1O,/%*(%+12:%

%
%

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

�ƒ I%931<(%*<%*+%(3,%9/*0%
<1C,23,/, %

�ƒ ",+<1/%/,50*+9<%(,))%312%
8)1<,%5%<Z'5/,%*<%(1%(3,%
931<(%
�ƒ &+%(3,%931<(7%/,0%
�ƒ #%1/%[%525K7%1/5+9,%
�ƒ \%1/%]%525K7%K,))12%
�ƒ ^_%525K7%9/,,+%

4`/,0%a%\b% 4`1/5+9,%a%\b% 4`K,))12%a%\b% 4`9/,,+%a%\b%

cSc%̂ cS#%̂ cS%̂ cS\%

�ƒ%%",+<1/<%5/,%+1*<KP%;'(%2,%A+12%4`!1)1/%a%>*<(5+8,b%

 

R>,C17%D31<(;'<(,/%d%+1%?/1;5;*)*(K%`H#[>#b%U%



N+8,/(5*+(K%

�ƒ D,+,/5)%<*('5(*1+7%
%

�ƒ !"#$%&$'(&)%*)"+$#(,$&*'$-.$/7%I9,+(%A+12<%8,/(5*+%
(3*+9<%5;1'(%(3,%<(5(,%1J%(3,%21/)0%`,S9SP%<,+<1/%
/,50*+9<%1/%<KC?(1C<b%

%

�ƒ 0-1"#$%&$'(&)%*)"+$#7%I9,+(%+,,0<%(1%/,5<1+%5;1'(%
1(3,/%5<?,8(<%`,S9S%23,/,%5+%1;B,8(%*<%1/%235(%0*<,5<,%*<%
?/,<,+(b%

%

�ƒ 21'$+ 7%I9,+(%A+12<%<1C,(3*+9%5;1'(%312%(3,%A+12+%
O5/*5;),<%/,)5(,%(1%(3,%'+A+12+%O5/*5;),<%

%
 

�ƒ 4/1;5;*)*<(*8%/,5<1+*+9%9*O,<%'<%5%J/5C,21/A%J1/%
C5+59*+9%1'/%;,)*,J<%5+0%A+12),09,%

=5+01C%V5/*5;),<%

�ƒ I%/5+01C%O5/*5;),%*<%<1C,%5<?,8(%1J%(3,%21/)0%5;1'(%
23*83%2,%`C5Kb%35O,%'+8,/(5*+(K%

 

�ƒ =%e%6<%*(%/5*+*+9f%
�ƒ @%e%6<%*(%31(%1/%81)0f%
�ƒ >%e%g12%)1+9%2*))%*(%(5A,%(1%0/*O,%(1%21/Af%
�ƒ H%e%-3,/,%*<%(3,%931<(f%

%

�ƒ -,%0,+1(,%/5+01C%O5/*5;),<%2*(3%85?*(5)%),((,/<%
%

�ƒ H*A,%O5/*5;),<%*+%5%!"4P%/5+01C%O5/*5;),<%35O,%01C5*+<%
 

�ƒ =%*+%h(/',P%J5)<,i%%%`1J(,+%2/*(,%5<%h_/P%M/ib%
�ƒ @%*+%h31(P%81)0i%
�ƒ >%*+%RcP%�f b%
�ƒ H%*+%?1<<*;),%)185(*1+<P%C5K;,%h`cPcbP%`cP#bP%Fi%

4/1;5;*)*(K%>*<(/*;'(*1+<%

�ƒ I<<18*5(,%5%?/1;5;*)*(K%2*(3%,583%O5)',%
%
�ƒ @,C?,/5('/,7 %

%
%
%
%

%

@% 4%

31(% cS%̂

81)0% cS%̂

- % 4%

<'+% cSj%

/5*+% cS#%

J19% cS\%

C,(,1/ % cSc%

%
%
�ƒ -,5(3,/7%%

%
%
%
%
%

%

% "31/(35+0%+1(5(*1+7%
%
%
%
%
%

&L%if%5))%01C5*+%,+(/*,<%5/,%'+*Z',%
%
%

4/1;5;*)*(K%>*<(/*;'(*1+<%

�ƒ N+1;<,/O,0%/5+01C%O5/*5;),<%35O,%0*<(/*;'(*1+<%
%
%
%
%
%

%

�ƒ I%0*<(/*;'(*1+%*<%5%@IQHE%1J%?/1;5;*)*(*,<%1J%O5)',<%
 

�ƒ I%?/1;5;*)*(K%`)12,/%85<,%O5)',b%*<%5%<*+9),%+'C;,/%
%

%
�ƒ G'<(%35O,7%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%5+0%

@% 4%

31(% cS%̂

81)0% cS%̂

- % 4%

<'+% cSj%

/5*+% cS#%

J19% cS\%

C,(,1/ % cSc%



W1*+(%>*<(/*;'(*1+<%

�ƒ I%joint distribution%1O,/%5%<,(%1J%/5+01C%O5/*5;),<7%
% <?,8*J*,<%5%/,5)%+'C;,/%J1/%,583%5<<*9+C,+(%`1/%outcomeb7%%

%
%
%
%
%

 

�ƒ G'<(%1;,K7%
%
%
%

 

%
�ƒ "*k,%1J%0*<(/*;'(*1+%*J%+%O5/*5;),<%2*(3%01C5*+%<*k,<%0f%

%

�ƒ l1/%5))%;'(%(3,%<C5)),<(%0*<(/*;'(*1+<P%*C?/58(*85)%(1%2/*(,%1'(:%

@% -% 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

4/1;5;*)*<(*8%G10,)<%

�ƒ I%?/1;5;*)*<(*8%C10,)%*<%5%B1*+(%0*<(/*;'(*1+%
1O,/%5%<,(%1J%/5+01C%O5/*5;),<%

%
�ƒ 4/1;5;*)*<(*8%C10,)<7%

�ƒ `=5+01Cb%O5/*5;),<%2*(3%01C5*+<%%
�ƒ I<<*9+C,+(<%5/,%85)),0%outcomes 
�ƒ W1*+(%0*<(/*;'(*1+<7%<5K%23,(3,/%5<<*9+C,+(<%

`1'(81C,<b%5/,%)*A,)K%
�ƒ Normalized:%<'C%(1%#Sc%
�ƒ 60,5))K7%1+)K%8,/(5*+%O5/*5;),<%0*/,8()K%*+(,/58(%

%
�ƒ !1+<(/5*+(%<5(*<J58(*1+%?/1;),C<7%

�ƒ V5/*5;),<%2*(3%01C5*+<%
�ƒ !1+<(/5*+(<7%<(5(,%23,(3,/%5<<*9+C,+(<%5/,%

?1<<*;),%
�ƒ 60,5))K7%1+)K%8,/(5*+%O5/*5;),<%0*/,8()K%*+(,/58(%

%
%

@% - % 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

@% - % 4%

31(% <'+% @%

31(% /5*+% l %

81)0% <'+% l %

81)0% /5*+% @%

>*<(/*;'(*1+%1O,/%@P-%

!1+<(/5*+(%1O,/%@P-%

EO,+(<%

�ƒ I+%event%*<%5%<,(%E%1J%1'(81C,<%
%

 
 

�ƒ l/1C%5%B1*+(%0*<(/*;'(*1+P%2,%85+%
85)8')5(,%(3,%?/1;5;*)*(K%1J%5+K%,O,+(%

%
�ƒ 4/1;5;*)*(K%(35(%*(.<%31(%Im>%<'++Kf%

%
�ƒ 4/1;5;*)*(K%(35(%*(.<%31(f%

%
�ƒ 4/1;5;*)*(K%(35(%*(.<%31(%&=%<'++Kf%
%

�ƒ @K?*85))KP%(3,%,O,+(<%2,%85/,%5;1'(%
5/,%partial assignmentsP%)*A,%4`@e31(b%
%

%%

@% - % 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

n'*k7%EO,+(<%

�ƒ 4`_YP%_Kb%f%
%
%
%

�ƒ 4`_Yb%f%
%
%
%

�ƒ 4`MK%&=%_Yb%f%
%

%
%%

o% X% 4%

_Y% _K% cS[%

_Y% MK% cS\%

MY% _K% cS]%

MY% MK% cS#%



G5/9*+5)%>*<(/*;'(*1+<%

�ƒ G5/9*+5)%0*<(/*;'(*1+<%5/,%<';M(5;),<%23*83%,)*C*+5(,%O5/*5;),<%%
�ƒ G5/9*+5)*k5(*1+%`<'CC*+9%1'(b7%!1C;*+,%81))5?<,0%/12<%;K%500*+9%

@% - % 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

@% 4%

31(% cS%̂

81)0% cS%̂

- % 4%

<'+% cSj%

/5*+% cS]%

n'*k7%G5/9*+5)%>*<(/*;'(*1+<%

o% X% 4%

_Y% _K% cS[%

_Y% MK% cS\%

MY% _K% cS]%

MY% MK% cS#%

o% 4%

_Y%

MY%

X% 4%

_K%

MK%

!1+0*(*1+5)%4/1;5;*)*(*,<%

�ƒ I%<*C?),%/,)5(*1+%;,(2,,+%B1*+(%5+0%81+0*(*1+5)%?/1;5;*)*(*,<%
�ƒ 6+%J58(P%(3*<%*<%(5A,+%5<%(3,%definition%1J%5%81+0*(*1+5)%?/1;5;*)*(K%

@% - % 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

P(b) P(a) 

P(a,b) 

n'*k7%!1+0*(*1+5)%4/1;5;*)*(*,<%

o% X% 4%

_Y% _K% cS[%

_Y% MK% cS\%

MY% _K% cS]%

MY% MK% cS#%

�ƒ 4`_Y%a%_Kb%f%
%
%
%
%

�ƒ 4`MY%a%_Kb%f%
%
%
%
%

�ƒ 4`MK%a%_Yb%f%
%

%
%%



!1+0*(*1+5)%>*<(/*;'(*1+<%

�ƒ !1+0*(*1+5)%0*<(/*;'(*1+<%5/,%?/1;5;*)*(K%0*<(/*;'(*1+<%1O,/%
<1C,%O5/*5;),<%9*O,+%J*Y,0%O5)',<%1J%1(3,/<%

@% - % 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

- % 4%

<'+% cS$%

/5*+% cS[%

- % 4%

<'+% cS]%

/5*+% cSj%

!1+0*(*1+5)%>*<(/*;'(*1+<% W1*+(%>*<(/*;'(*1+%

m1/C5)*k5(*1+%@/*8A%

@% - % 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

- % 4%

<'+% cS]%

/5*+% cSj%

345467%(3,%B1*+(%
?/1;5;*)*(*,<%
C5(83*+9%(3,%

,O*0,+8,%

%

m1/C5)*k5(*1+%@/*8A%

@% - % 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

- % 4%

<'+% cS]%

/5*+% cSj%

@% - % 4%

81)0% <'+% cS[%

81)0% /5*+% cS\%

8!92:5;<4( (3,%
<,),8(*1+%

`C5A,%*(%<'C%(1%1+,b%

%

m1/C5)*k5(*1+%@/*8A%

@% - % 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

- % 4%

<'+% cS]%

/5*+% cSj%

@% - % 4%

81)0% <'+% cS[%

81)0% /5*+% cS\%

345467%(3,%B1*+(%
?/1;5;*)*(*,<%
C5(83*+9%(3,%

,O*0,+8,%

%

8!92:5;<4( (3,%
<,),8(*1+%

`C5A,%*(%<'C%(1%1+,b%

%

�ƒ -3K%01,<%(3*<%21/Af%"'C%1J%<,),8(*1+%*<%4`,O*0,+8,b:%%`4`@e8bP%3,/,b%
%
%
%
%
%
%
%

%%



n'*k7%m1/C5)*k5(*1+%@/*8A%

o% X% 4%

_Y% _K% cS[%

_Y% MK% cS\%

MY% _K% cS]%

MY% MK% cS#%

345467%(3,%B1*+(%
?/1;5;*)*(*,<%
C5(83*+9%(3,%

,O*0,+8,%

%

8!92:5;<4( (3,%
<,),8(*1+%

`C5A,%*(%<'C%(1%1+,b%

%

�ƒ4`o%a%XeMKb%f% �ƒ `>*8(*1+5/Kb%@1%;/*+9%1/%/,<(1/,%(1%5%+1/C5)%81+0*(*1+%
%
%

�ƒ 4/18,0'/,7 %
�ƒ "(,?%#7%!1C?'(,%p%e%<'C%1O,/%5))%,+(/*,<%
�ƒ "(,?%[7%>*O*0,%,O,/K%,+(/K%;K%p%

%

�ƒ EY5C?),%#%
%

%
%
%

@1%m1/C5)*k,%

All entries sum to ONE 

- % 4%

<'+% cS[%

/5*+% cS\% Z = 0.5 

- % 4%

<'+% cS]%

/5*+% cSj%

�ƒ EY5C?),%[%
%

%
%
%

@% - % 4%

31(% <'+% [c %

31(% /5*+% ^%

81)0% <'+% #c%

81)0% /5*+% #^%

Normalize 

Z = 50 

Normalize 
@% - % 4%

31(% <'+% cS]%

31(% /5*+% cS#%

81)0% <'+% cS[%

81)0% /5*+% cS\%

4/1;5;*)*<(*8%6+J,/,+8,%

�ƒ 4/1;5;*)*<(*8%*+J,/,+8,7%81C?'(,%5%0,<*/,0%
?/1;5;*)*(K%J/1C%1(3,/%A+12+%?/1;5;*)*(*,<%`,S9S%
81+0*(*1+5)%J/1C%B1*+(b%
%

�ƒ -,%9,+,/5))K%81C?'(,%81+0*(*1+5)%?/1;5;*)*(*,<%%
�ƒ 4`1+%(*C,%a%+1%/,?1/(,0%588*0,+(<b%e%cSqc%
�ƒ @3,<,%/,?/,<,+(%(3,%59,+(.<%beliefs%9*O,+%(3,%,O*0,+8, 

%
�ƒ 4/1;5;*)*(*,<%835+9,%2*(3%+,2%,O*0,+8,7%

�ƒ 4`1+%(*C,%a%+1%588*0,+(<P%^%5SCSb%e%cSq^%
�ƒ 4`1+%(*C,%a%+1%588*0,+(<P%^%5SCSP%/5*+*+9b%e%cS$c%
�ƒ &;<,/O*+9%+,2%,O*0,+8,%85'<,<%beliefs to be updated 

6+J,/,+8,%;K%E+'C,/5(*1+%
�ƒ D,+,/5)%85<,7%

�ƒ EO*0,+8,%O5/*5;),<7%%
�ƒ n',/Kr%O5/*5;),7%
�ƒ g*00,+%O5/*5;),<7%

%
%

All variables 

* Works fine with 
multiple query 
variables, too 

�ƒ -,%25+(7%
%

�ƒ "(,?%#7%",),8(%(3,%
,+(/*,<%81+<*<(,+(%
2*(3%(3,%,O*0,+8,%

�ƒ "(,?%[7%"'C%1'(%g%(1%9,(%B1*+(%
1J%n',/K%5+0%,O*0,+8,%

�ƒ "(,?%\7%m1/C5)*k,%
%



6+J,/,+8,%;K%E+'C,/5(*1+%

�ƒ 4 -̀ bf%
%
%

�ƒ 4 -̀ %a%2*+(,/bf%
%
%
%

�ƒ 4 -̀ %a%2*+(,/P%31(bf%

"% @% - % 4%

<'CC,/ % 31(% <'+% cS\c%

<'CC,/ % 31(% /5*+% cSc%̂

<'CC,/ % 81)0% <'+% cS#c%

<'CC,/ % 81)0% /5*+% cSc%̂

2*+(,/ % 31(% <'+% cS#c%

2*+(,/ % 31(% /5*+% cSc%̂

2*+(,/ % 81)0% <'+% cS#%̂

2*+(,/ % 81)0% /5*+% cS[c%

%
�ƒ &;O*1'<%?/1;),C<7%

%

�ƒ -1/<( M85<,%(*C,%81C?),Y*(K%&`0+b%%
 

�ƒ "?58,%81C?),Y*(K%&`0+b%(1%<(1/,%(3,%B1*+(%0*<(/*;'(*1+%
%
%

6+J,/,+8,%;K%E+'C,/5(*1+%

@3,%4/10'8(%='),%

�ƒ "1C,(*C,<%35O,%81+0*(*1+5)%0*<(/*;'(*1+<%;'(%25+(%(3,%B1*+(%
%
%
%
%

@3,%4/10'8(%='),%

%
%
%

�ƒ EY5C?),7%
%

=% 4%

<'+% cS$%

/5*+% cS[%

>% - % 4%

2,( % <'+% cS#%

0/K% <'+% cSq%

2,( % /5*+% cSs%

0/K% /5*+% cS\%

>% - % 4%

2,( % <'+% cSc$%

0/K% <'+% cSs[%

2,( % /5*+% cS#]%

0/K% /5*+% cScj%



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

�ƒ G1/,%9,+,/5))KP%85+%5)25K<%2/*(,%5+K%B1*+(%0*<(/*;'(*1+%5<%5+%
*+8/,C,+(5)%?/10'8(%1J%81+0*(*1+5)%0*<(/*;'(*1+<%
%
%
%
%
%
%

�ƒ -3K%*<%(3*<%5)25K<%(/',f%
%
%
%
%

Q5K,<%='),%

Q5K,<.%='),%

�ƒ @21%25K<%(1%J58(1/%5%B1*+(%0*<(/*;'(*1+%1O,/%(21%O5/*5;),<7%
%

%
%

�ƒ >*O*0*+9P%2,%9,(7%
%

%
%

�ƒ -3K%*<%(3*<%5(%5))%3,)?J')f%
 

�ƒ H,(<%'<%;'*)0%1+,%81+0*(*1+5)%J/1C%*(<%/,O,/<,%
�ƒ &J(,+%1+,%81+0*(*1+5)%*<%(/*8AK%;'(%(3,%1(3,/%1+,%*<%<*C?),%
�ƒ l1'+05(*1+%1J%C5+K%<K<(,C<%2,.))%<,,%)5(,/%`,S9S%I"=P%G@b%

%
�ƒ 6+%(3,%/'++*+9%J1/%C1<(%*C?1/(5+(%I6%,Z'5(*1+:%

%

@35(.<%CK%/'),:%

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

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

�ƒ EY5C?),7%
�ƒ G7%C,+*+9*(*<P%"7%<(*JJ%+,8A%

%
%
%

%

%
%

�ƒ m1(,7%?1<(,/*1/%?/1;5;*)*(K%1J%C,+*+9*(*<%<(*))%O,/K%<C5))%
�ƒ m1(,7%K1'%<31')0%<(*))%9,(%<(*JJ%+,8A<%83,8A,0%1'(:%%-3Kf%

EY5C?),%
9*O,+<%



n'*k7%Q5K,<.%='),%

�ƒD*O,+7%
%
%
%

�ƒ-35(%*<%4`-%a%0/Kb%f%%

=% 4%

<'+% cS$%

/5*+% cS[%

>% - % 4%

2,( % <'+% cS#%

0/K% <'+% cSq%

2,( % /5*+% cSs%

0/K% /5*+% cS\%

D31<(;'<(,/<P%=,O*<*(,0%

�ƒ H,(.<%<5K%2,%35O,%(21%0*<(/*;'(*1+<7%
�ƒ 4/*1/%0*<(/*;'(*1+%1O,/%931<(%)185(*1+7%4`Db%

�ƒ H,(.<%<5K%(3*<%*<%'+*J1/C%
�ƒ ",+<1/%/,50*+9%C10,)7%4`=%a%Db%
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