Vytézovani dat, cviceni 4:
Bayesovské sité

Radomir Cernoch

PRA|[HA % %
PRA|GA x
A I rralc e

EVROPSKA UNIE

Evropsky socialni fond
Praha & EU: Investujeme do vasi budoucnosti

Fakulta elektrotechnicks, CVUT

1/14 Bayesovské sité



Modelovy priklad

Consider the following situation. You have a new burglar alarm
installed at home. It is fairly reliable at detecting a burglary, but
also responds on occasion to minor earthquakes. You also have
two neighbors, John and Mary, who have promised to call you at
work when they hear the alarm. John always calls when he hears
the alarm, but sometimes confuses the telephone ringing with the
alarm and calls then, too. Mary, on the other hand, likes rather
loud music and sometimes misses the alarm altogether. Given the
evidence of who has or has not called, we would like to estimate
the probability of a burglary. Zdroj: AIMA

!This example is due to Judea Pearl, a resident of Los Angeles; hence the

acute interest in earthquakes.
2 /14 Bayesovské sité



Krok 1: Vytvoreni struktury Bayesovské sité

» Méjme 4 nadhodné proménné:
Burglary, Earthquake, Alarm, JohnCalls, MaryCalls.

» Zakladni princip: Sipka vede od X do Y pravé tehdy kdyz X
ma pfimy vliv na Y.

» Navrhnéte vazby mezi proménnymi!

» Applet: http://wuw.cs.cmu.edu/~javabayes/
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http://www.cs.cmu.edu/~javabayes/

Krok 1: Spravna odpovéd

Create | Move | Delete |

Query | Observe |
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Burgtary

arthquake

JohnCalls MaryCalls

d
]
Edit variable |

il
Edit Function |  Edit Network |
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Krok 3: Zadani parametri

Marmne: |Elurg|ar}f

Values: |true. false

Types:
7 Chance node (] Single distribution
_Explanatory node _ICredal set with extreme points

Variable properties:

Mext |position = (45, 37) Mew

Function properties:

MNext | MNew

Edit funct\on| Apply| Dismiss

plBurglary)

true b.oo1
false 0.999

Apply | Dismiss
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Krok 3: Data

» P(Burglary = true) = 1%

» P(Earthquake = true) = 0.2%

» P(Alarm = true| Burglary = true, Earthquake = true) = 95%
> P(Alarm = true| Burglary = true, Earthquake = false) = 94%
» P(Alarm = true| Burglary = false, Earthquake = true) = 29%
» P(Alarm = true| Burglary = false, Earthquake = false) = 0.1%

» P(JohnCalls = true| Alarm = true) = 90%
» P(JohnCalls = true| Alarm = false) = 5%
» P(MaryCalls = true| Alarm = true) = 70%
» P(MaryCalls = true| Alarm = false) = 1%
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Krok 4: Evidence

Create Mowve | Delste |

query | ohserve |

L=

Burgtary

arthquake

JohnCalls M@}Calls

r
KL
Edit variahle |

=
Edit Function |

Edit Metwork |
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Krok 4: Vypocet podm. p.

File  Options Help

To observe a node, click on it. -
To guery on a particular node, click on it.

Posterior distribution:
probability ( "Earthquake" ) { /1 variable(s) and 2 values
table
.0 Jt pltrue | evidence )
0.0; Jf pifalse | evidence };

To guery on a particular node, click on it.

Posterior distribution:
probability { "MaryCalls" ) { 41 variable(s) and 2 values
table

0.2105554  jf pltrue | evidence )
0.7894446; Jf plfalse | evidence ); J
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Krok 5: Ruéni vypocet (1/3)

P(MaryCalls| Earthquake = true) =

P(M, E)

>3 > P(BEAM,J)
A B J

P(M| ) =

P(M,E) _
P(E)

ZZZP(B)-P(E)-P(AIB»E)-P(MIA)-P(J\A)

ZP M|A)ZZP
P(E)ZP M| A) ZP
P(E)ZP (M| A) ZP

Tahdk: 3 P(X) =1; >« P(X,Y) = P(Y);
P(M, E) =P(E) - P(M|E); 32y fIX) - g(¥) = fiAX) Xy AY).
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Krok 5: Ruéni vypocet (2/3)

P(M,E=t
P(MaryCalls | Earthquake = true) = H =
= true

P(E = true) >, P(M|A) > g P(B) - P(A| B, E = true)

P(E = true)
= > _P(M|A)Y P(B)-P(A| B, E = true)
A B
A
true | 0.01 true false
= EA:P(M‘A)ZB:( B= false | 0.99 ) “| T true [0.95 0.05
~ false | 0.29 0.71
A
true false
- ZA:PM‘A EB: B— true | 0.0095 0.0005
~ false | 0.2871 0.7029

\ A
E P(M|A) true false
A

0.2966 0.7034
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Krok 5: Ruéni vypocet (2/3)

A |
Z P(M|A) x true false

A 0.2966 0.7034
A | A

= Z true _ false X true false
- true | 0.75 0.01 —_—

A\ M= false | 030 0.99 0-2966  0.7034

A \
B Z true false
- " M= true | 0.22245 0.007034
" false | 0.08898 0.696366

_ Mo true 0.229484
- " false | 0.785346
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Uloha: Popis dat

Alt Bar Fri  Hun Pat Price Rain Res Type Est Wait
Yes No No Yes  Some 3 No Yes  French 0-10 Yes

Yes No No Yes Full 1 No No Thai >30 No
No Yes No No Some 1 No No  Burger 0-10 Yes
Yes No  Yes Yes Full 1 No No Thai 10-30 Yes
Yes No Yes No Full 3 No Yes French >30 No
No Yes No Yes  Some 2 Yes Yes Italian 0-10 Yes
No Yes No No None 1 Yes No  Burger 0-10 No
2
3
3
1
1

No No No Yes  Some Yes Yes Thai 0-10 Yes
No  Yes Yes No Full No Yes Italian >30 No
Yes Yes Yes  Yes Full No Yes Italian >30 No
No No No No None No No Thai 0-10 No
Yes Yes Yes  Yes Full No No  Burger >30 Yes
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Uloha: Legenda

1. Alt: whether there is a suitable alternative restaurant nearby.

Bar: whether the restaurant has a comfortable bar area to
wait in.

3. Fri: true on Fridays and Saturdays.

4. Hun: whether we are hungry.

5. Pat: how many people are in the restaurant (values are None,

© o N o

10.

11.

Some, and Full).

Price: the restaurant’s price range ($, $$, $$%).

Rain: whether it is raining outside.

Res: whether we made a reservation.

Type: the kind of restaurant (French, ltalian, Thai, or Burger).

Est: the wait estimated by the host (0-10 minutes, 10-30,
30-60, >60).

Wait: whether we decided to wait
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Uloha: Zadan{

1.

Navrhnéte strukturu Bayesovské sité. Snazte se respektovat
kauzalni vazby mezi ndhodnymi proménnymi.

Z dodanych dat vypoctéte podminéné pravdépodobnosti,
které odpovidaji strukture BS.

Pomoci pocitace vypoctéte nasledujici pravdépodobnosti z
Bayesovské sité:

3.1 P(Est)

3.2 P(Est| Pat)

3.3 P(Rain)

3.4 P(Rain| Fri)

4. Podminénou pravdépodobnost 4 vypoctéte navic rucné.

Porovnejte vysledky 1 s 2 a dale 3 s 4. Ovliviiuje dotazovanou
proménou informace o proménné v podmince?

Proc¢ nelze pocitat podminéné pravdépodobnosti pfimo z dat a
je dobré vyuzit ,,mezikrok" podminénych pravdépodobnosti
BS?
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