
˙Â‡„Â È‡ È‡˙· ‰˜Ò‰
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È‡„Â ‡Ï Ú„È ‚ÂˆÈÈ
≠ÏÎÏ ‰˘È‚ ÔÎÂÒÏ ÔÈ‡ Î¢„·  ∫È˙ÈÚ· ÂÈ‰ ÔÂ˘‡¯ ¯„ÒÓ ‰˜È‚ÂÏ· Ú„È ‚ÂˆÈÈ

ÆÂÏ˘ ‰·È·Ò‰ ÏÚ Ú„È‰

≠‡Ï ÌÈ˘ÈÈÁÓ ‰‡ˆÂ˙Î È‡„Â ‡Ï ÂÈ‰ ÌÏÂÚ‰ ÏÚ ÔÎÂÒ‰ Ï˘ Ú„È‰Ó ˜ÏÁ
ÆÌÈÓÏ˘ÂÓ

≠ÌÈÚÈÙ˘Ó‰ ÌÈ¯ËÓ¯Ù‰ ÏÎ ÔÎÂÒÏ ÌÈÚÂ„È ‡Ï˘ ÔÂÂÈÎÓ È‡„Â ÂÈ‡ ¯Á‡ ˜ÏÁ
ÆÂ˙ÂÂÎ ÏÚ

≠È‡„Â ‡Ï Ú„È ‚ˆÈÈÏ ˙ÏÂÎÈ· ÈË‚ÈÏËÈ‡‰ ÔÎÂÒ‰ ˙‡ „ÈÈˆÏ ÂÈÏÚ ÔÎ ÏÚ
Æ˙Â˜ÒÓ Â˙ÂÚˆÓ‡· ˜ÈÒ‰ÏÂ
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˙È‡ÂÙ¯ ‰˜ÈËÒÂ‚‡È„ ∫‡Ó‚Â„
≠Æ‰˜È‚ÂÏ ˙ÂÚˆÓ‡· ˙È‡ÂÙ¯ ‰˜ÈËÒÂ‚‡È„Ï ˙Î¯ÚÓ ‚ˆÈÈÏ ÂÂˆ¯·˘ ÁÈ

≠∫ÔÂ‚Î ÌÈ˜ÂÁ ÏÈÎ˙ ÂÊ ˙Î¯ÚÓ

∀ ⇒p Symptom p Toothache Disaease p Cavity( , ) ( , )

≠Æ¯ÂÁ ‡ÏÏ Ï·‡ ÌÈÈÈ˘ ·‡Î ÌÚ ÌÈËÈÈˆÙ ÂÎ˙È ∫ÔÂÎ ÂÈ‡ Ô·ÂÓÎ ‰Ê ˜ÂÁ

≠∫˙ÂÙÒÂ ˙ÂÈÂ¯˘Ù‡ ÛÈÒÂ‰Ï ÏÎÂ

⇒ ∨ ∨p Symptom p Toothache Disaease p Cavity Disaease p GumDisease( , ) ( , ) ( , ) L

≠˙Â·ÈÒ‰ ÏÎ ˙‡ ˜ÂÁ· Ë¯ÙÏ ÂÈÏÚ ÔÂÎÏ ‰Ê ˜ÂÒÙ ÍÂÙ‰Ï È„Î ÌÏÂ‡
ÆÌÈÈÈ˘ ·‡ÎÏ ˙ÂÈ¯˘Ù‡‰

≠∫˜ÂÁ‰ ˙‡ ÍÂÙ‰Ï Ô˙È

∀ ⇒p Disaease p Cavity Symptom p Toothache( , ) ( , )

≠ÌÈÓÈÈ˜˙Ó Ì‰È˘ ÔÎ˙È  ÆÌÈ·‡Î ‡ÏÏ ¯ÂÁ ÔÎ˙È ∫ÔÂÎ ÂÈ‡ ‰Ê ˜ÂÁ Ì‚ ÌÏÂ‡

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠³6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

ÆÌÈ¯Â˘˜ ÌÈ‡ ÌÏÂ‡

‰˜È‚ÂÏ· ˘ÂÓÈ˘· ˙ÂÈ˙ÈÈÚ·
≠ ‰·È˙Î‰ˆÓÓÌÈÈ¯˘Ù‡‰ ÌÈÓÂËÙÓÈÒ‰ ÏÎÏ ˙ÂÈ¯˘Ù‡‰ ˙Â·ÈÒ‰ ÏÎ Ï˘ 

ÆÈ„ÈÓ ‰·¯ ‰„Â·Ú ˙·¯ÚÓ

≠ÆÏÈÚÈ ÂÈ‡ ÍÎ ÏÎ ÌÈÎÂ·Ò ÌÈ˜ÂÁ· ˘ÂÓÈ˘‰

≠‰ÁÓÂÓÏ ÔÈ‡ ®˙È‡ÂÙ¯‰ ‰˜ÈËÒÂ‚‡È„‰ ÌÂÁ˙· ÂÓÎ© ÌÈÓÂÁ˙‰ ·Â¯·
ÆÌÂÁ˙‰ ÏÚ ‰ÓÏ˘ ‰È¯Â‡È˙

≠ÂÈ‡ ËÈÈˆÙ‰ ∫‡Ó‚Â„Ï© ÂÏ ˙ÂÚÂ„È‰ ˙Â„·ÂÚ‰Ó ˜ÏÁ È·‚Ï ˙Â‡„Â≠È‡ ˙ÓÈÈ˜
®ßÂÎÂ ¯Â¯· ÂÈ‡ Ô˘‰ ÌÂÏÈˆ ¨ÂÏ ·‡ÂÎ ˜ÂÈ„· ÔÎÈ‰ ÁÂË·

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠´6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©



˙Â¯·˙Ò‰‰ ˙¯Â˙· ˘ÂÓÈ˘
≠ÂÏ˘ Ú„È‰ ˙‡ ¯‡˙Ï ÌÈÏ‚ÂÒÓ ÂÈ‡ Â· ÈÈÈÙÂ‡ ·ˆÓ ÂÈ‰ Â¯‡È˙˘ ·ˆÓ‰

ÆÌÈÈ‚ÂÏ ÌÈ˜ÒÈ‰ ˙ÂÚˆÓ‡· ÌÂÁ˙·

≠ ˙‡ ¯‡˙Ï ÛÈ„Ú ˙‡Ê ˙Á˙‰ÂÓ‡‰ ˙„ÈÓÆÌÏÂÚ‰ ÏÚ ÌÈ˜ÂÒÙ· ÔÎÂÒ‰ Ï˘ 

≠ÌÈ˜ÂÒÙÏ ‰„ÈÓˆÓ‰ ˙Â¯·˙Ò‰‰ ˙¯Â˙ ‰È‰ ÂÊ ‰¯ËÓÏ ¯˙ÂÈ· ÚÂ„È‰ ÈÏÎ‰
ÆÌ˙ÂÂÎ È·‚Ï ÔÎÂÒ‰ Ï˘ ˙Â‡„Â‰ ˙‡ ‡Ë·Ó‰ ¯ÙÒÓ

≠ ÂÏ ˙¯˘Ù‡Ó ˙Â¯·˙Ò‰‰ ˙¯Â˙ÌÎÒÏ˙Â‡„Â‰ È‡ ˙‡ ˙ÈÎÒÁ ‰¯Âˆ· 
Æ‰ÏÚÓÏ Â¯‡È˙˘ ˙Â·ÈÒ‰Ó ˙Ú·Â‰

≠¨ÌÈÂÒÓ ËÈÈˆÙ Ï˘ ÌÈÈÈ˘‰ ·‡Î Ú·Â ‰ÓÓ ÌÈÁÂË· ÂÈ‡˘ ÔÎ˙È ¨‡Ó‚Â„Ï
 ˙Â¯·˙Ò‰·˘ ÌÈÈÓ‡Ó Â‰ ÌÏÂ‡0.8·‡Î ÂÏ ˘È Ì‡ ¯ÂÁ ËÈÈˆÙÏ ˘È 

ÆÌÈÈÈ˘

≠20%ÂÈ‡ Ô˙Â‡ ÌÈÈÈ˘ ·‡ÎÏ ˙Â¯Á‡‰ ˙Â·ÈÒ‰ ÏÎ ˙‡ ÌÈÓÎÒÓ ÌÈ¯˙Â‰ 
Æ˘¯ÂÙÓ· ÔÈÈˆÏ È„ÈÓ ÌÈÏˆÚ Â‡˘ Â‡ ÌÈÚ„ÂÈ

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠µ6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

˙¯ÂÎÊ˙ ≠ ˙Â¯·˙Ò‰
≠ÆÌÈ„È„· ÌÈÈ‡¯˜‡ ÌÈ˙˘Ó· Ô‡Î ˜ÂÒÚ

≠ÌÈÎ¯Ú‰ È˘ ÈÏÚ· ÌÈÈ‡ÈÏÂ· ÌÈ˙˘ÓÏ ÔÂÈ„‰ ˙‡ ÌˆÓˆ ˙ÂË˘Ù Ì˘Ï
True≠Â False¯˙ÂÈ ÈÏÚ· ÌÈÈ‡¯˜‡ ÌÈ˙˘ÓÏ ˙ÂÏ˜· ‰·Á¯‰Ï Ô˙È ÔÂÈ„‰  Æ

ÆÌÈÎ¯Ú

≠˙‡ ·˙Î ¯ÂˆÈ˜ Ì˘Ï P Cavity True( )= ‰¯Âˆ· P Cavity( )Æ

≠P A( ) ˙Â¯·˙Ò‰‰ ‰È‰ ˙È˙ÂÓ È˙Ï·‰© unconditional Â‡ prior≠˘ ®A
ÆÈ˙ÈÓ‡

≠P A B( ) Ï˘ ˙È˙ÂÓ‰ ˙Â¯·˙Ò‰‰ ‰È‰ A≠· B© ÆconditionalÂ‡ 
posteriorÆ®

≠  ∫‰ÏÙÎÓ‰ ˜ÂÁP A B P A B P B( ) ( ) ( )= ∧ ÏÎÏ P B( ) > 0Æ

≠≠· ÔÓÂÒ˙ ÌÈÈ¯˘Ù‡‰ ÂÈÎ¯Ú ÏÎ Ï˘ ˙ÂÈÂ¯·˙Ò‰‰© ‰˙˘Ó Ï˘ ˙Â‚ÏÙ˙‰‰

P( ) . , .X = 0 7 0 3

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠¶6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

®Í˘Ó‰© ˙¯ÂÎÊ˙ ≠ ˙Â¯·˙Ò‰
≠© ÌÈ˙˘Ó ˙ˆÂ·˜ Ï˘ ˙Ù˙Â˘Ó‰ ˙Â‚ÏÙ˙‰‰joint probability

distributionÈÓÂÁ˙ Ï˘ ˙ÈÊË¯˜‰ ‰ÏÙÎÓ· ¯·È‡ ÏÎÏ ˙Â¯·˙Ò‰ ‰„ÈÓˆÓ ®
ÆÌÈ˙˘Ó‰

≠ ¯Â·Ún ˙· ‰Ï·Ë ‰È‰ ˙Ù˙Â˘Ó‰ ˙Â‚ÏÙ˙‰‰ ÌÈ˙˘Ó 2n
Æ˙ÂÒÈÎ 

≠∫‡Ó‚Â„Ï

Toothache Not Toothache

Cavity 0.04 0.06

Not Cavity 0.01 0.89

≠‰ÏÂÎÈ ÌÈÂÒÓ ÌÂÁ˙ ÌÈ¯‡˙Ó‰ ÌÈ˙˘Ó‰ ˙ˆÂ·˜ Ï˘ ˙Ù˙Â˘Ó‰ ˙Â‚ÏÙ˙‰‰
ÆÌÂÁ˙· ˙È˙Â¯·˙Ò‰ ‡˙ÏÈ‡˘ ÏÎ  ÏÚ ˙ÂÚÏ ˘Ó˘Ï

≠˙Â·Ï Ô˙È ‡Ï ÌÈ˙˘Ó ˙Â‡Ó Â‡ ˙Â¯˘Ú È¢Ú ÌÈ¯‡Â˙Ó‰ ÌÈÈ˘ÚÓ ÌÈÓÂÁ˙Ï

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠·6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

Æ˙Ù˙Â˘Ó‰ ˙Â‚ÏÙ˙‰‰ ˙Ï·Ë ˙‡

 ÒÈÈ· ˜ÂÁ(Bayes' Rule)
P B A

P A B P B
P A

( )
( ) ( )

( )
=

∫‡Ó‚Â„ 

≠  MÆÁÂÓ‰ ÌÂ¯˜ ˙˜Ï„  ∫

≠  S‰˘˜Â ¯‡ÂÂˆ   ∫ 

≠  P S M( ) .= 0 5
≠P M( ) =1 50000
≠P S( ) =1 20
≠‰˘˜Â ¯‡ÂÂˆ ÏÚ· ËÈÈˆÙ˘ ˙Â¯·˙Ò‰‰ ˙‡ Ï·˜Â ÒÈÈ· ˜ÂÁ ˙‡ ÏÈÚÙ

∫ÁÂÓ‰ ÌÂ¯˜ ˙˜Ï„· ‰ÏÂÁ

P M S
P S M P M

P S
( )

( ) ( )
( )

.
.= = × =0 5 1 50000

1 20
0 0002
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© ÒÈÈ· ˙Â˙˘¯Bayesian Networks®
≠È˙˘Ó Ï˘ ˙Ù˙Â˘Ó‰ ˙Â‚ÏÙ˙‰‰ ˙‡ ÔÈÈˆÏ ˙ÈÎÒÁ Í¯„ ‰È‰ ÒÈÈ· ˙˘¯

ÆÌÂÁ˙‰

≠ÆÔÂÂÎÓ Û¯‚ ‰È‰ ˙˘¯‰

≠ÆÌÂÁ˙· ÌÈÈ‡¯˜‡‰ ÌÈ˙˘Ó‰ ÌÈ‰ ˙˘¯· ÌÈ˙Óˆ‰

≠ ˙‡ ‚ˆÈÈÓ‰ ˙ÓÂˆ‰ ÔÈ· ˙ÂÂÎÓ ˙˘˜ ˙ÓÈÈ˜X ˙‡ ‚ˆÈÈÓ‰ ˙ÓÂˆ‰ ÔÈ·Ï Y
≠Ï Ì‡X ÏÚ ‰¯È˘È ‰ÚÙ˘‰ ˘È YÆ

≠‰˙˘Ó‰ Ï˘ ˙È˙ÂÓ‰ ˙Â¯·˙Ò‰‰ ˙‡ ˙¯‡˙Ó‰ ‰Ï·Ë ‰„ÂÓˆ ˙ÓÂˆ ÏÎÏ
ÆÌÈ¯È˘È‰ ÂÈ¯Â‰·

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠¹6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

‰˜ÚÊ‡‰ ˙Ó‚Â„
≠ÆÌÈ·‚ „‚ ‰˘„Á ‰˜ÚÊ‡ Â˜˙‰˘ ÁÈ

≠ÆÌÈ·‚ ˙ÂÁÎÂÏ ‰‰Â·‚ ˙ÂÈÓ‡· ‰·È‚Ó ‰˜ÚÊ‡‰

≠Æ˙ÂÏ˜ ‰Ó„‡ ˙Â„ÈÚ¯Ï Ì‚ ÌÈ˙ÚÏ ‰·È‚Ó ‰˜ÚÊ‡‰

≠Ì‰˘ ‰¯˜Ó· ‰„Â·ÚÏ ÂÈÏ‡ ¯˘˜˙‰Ï È¯ÓÂ ÔÂß‚ ¨ÌÈÎ˘ È˘Ó Â˘˜È·
Æ‰˜ÚÊ‡ ÌÈÚÓÂ˘

≠‡Â‰ ¯˘‡Î ˙ÂÚË· ÏˆÏˆÓ ÌÈ˙ÚÏ ÌÏÂ‡ ‰˜ÚÊ‡ ˘È˘Î ÏˆÏˆÓ „ÈÓ˙ ÔÂß‚
ÆÏˆÏˆÓ ÔÂÙÏË‰ ˙‡ ÚÓÂ˘

≠Æ‰˜ÚÊ‡‰ ˙‡ ˙ÚÓÂ˘ ‡Ï ÌÈ˙ÚÏ ÔÎÏÂ ‰·¯ ‰ÓˆÚ· ‰˜ÈÒÂÓÏ ‰·È˘˜Ó È¯Ó

≠ø‰ˆÈ¯Ù ‰Ú¯È‡˘ ˙Â¯·˙Ò‰‰ ‰Ó ¨‡Ï È¯ÓÂ ÏˆÏˆ ÔÂß‚˘ Ô˙È‰·

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠±°6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

˙˘¯‰ ˙È‚ÂÏÂÙÂË
≠ÆÌÂÁ˙· ˙ÂÈ˙·ÈÒ‰ ÏÚ ÂÏ˘ Ú„È‰ ˙‡ ˙Ù˜˘Ó ˙˘¯‰ ˙È‚ÂÏÂÙÂË

≠˙ÏÚÙ‰ ÏÚ ‰¯È˘È ˙È˙·ÈÒ ‰ÚÙ˘‰ ‰Ó„‡ ˙„ÈÚ¯Â ‰ˆÈ¯ÙÏ ¨ÂÏ˘ ‰¯˜Ó·
Æ‰˜ÚÊ‡‰

≠ÆÈ¯ÓÂ ÔÂß‚ È¢Ú ÏÂˆÏˆ ÏÚ ‰¯È˘È ˙È˙·ÈÒ ‰ÚÙ˘‰ ‰˜ÚÊ‡‰ ˙ÏÚÙ‰Ï

≠ÔÎÏÂ ‰ˆÈ¯Ù· ‡ÏÂ ˙ÂÏ˜ ‰Ó„‡ ˙Â„ÈÚ¯· ÌÈ˘È‚¯Ó ‡Ï È¯ÓÂ ÔÂß‚˘ ÌÈÁÈÓ Â‡

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠±±6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

Æ˙ÂÚ¯Â‡Ó‰ ÔÈ· ¯È˘È È˙·ÈÒ ¯˘˜ ÔÈ‡

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠±²6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

EarthquakeBurglary

Alarm

JohnCalls MaryCalls



‰˙ÂÓ‰ ˙Â¯·˙Ò‰‰ ˙Â‡Ï·Ë
≠˙ÂÈÂ¯·˙Ò‰‰ ˙Â‡Ï·Ë ˙ÂÚˆÓ‡· ˙˘¯Ï ˙ÂÈÂ¯·˙Ò‰‰ ˙‡ ÌÈÙÈÒÂÓ Â‡

ÆÌÈ˙ÓˆÏ ˙Â„ÓˆÂÓ‰ ˙Â˙ÂÓ‰

≠˙ÓÂˆ‰ È¢Ú ‚ˆÂÈÓ‰ ‰˙˘Ó‰ ÈÎ¯Ú Ï˘ ˙Â‚ÏÙ˙‰‰ ˙‡ ‰¯È„‚Ó ÂÊÎ ‰Ï·Ë
ÂÈ¯Â‰ ÈÎ¯Ú Ï˘ ÛÂ¯Èˆ ÏÎ· ˙ÂÏ˙Î

≠≠Ï ˙ÂÓÎ˙ÒÓ ‰¯Â˘ ÏÎ· ˙ÂÈÂ¯·˙Ò‰‰1.0
≠ ÌÚ È‡ÈÏÂ· ‰˙˘Ó ¯Â·Ún ‰Ï·Ë‰ ‰ÏÈÎÓ ÌÈ‡ÈÏÂ· ÌÈ¯Â‰ 2n © ÌÈÎ¯Ú2n

®˙È„ÈÈÓ ÌÈ¯Ê‚ ÌÈ¯Á‡‰ ÌÈÎ¯Ú‰

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠±³6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

Burglary Earthquake P(A|B,E)=True P(A|B,E)=False

True True 0.950 0.050

True False 0.950 0.050

False True 0.290 0.710

False False 0.001 0.999

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠±´6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

EarthquakeBurglary

Alarm

JohnCalls MaryCalls

P(B)
0.001

P(E)
0.002

A P(J)

T 0.90

F 0.05 A P(M)

T 0.70

F 0.01

Burglary EarthquakeP(A)

True True 0.950

True False 0.950

False True 0.290

False False 0.001

˙Â¯Ú‰
≠‰ÈÚ·Ï ÌÈÈËÂÂÏ¯ ÌÈ‡¯˘ ÌÈÂ˘ ˙ÂÚ¯Â‡Ó ˙ÏÏÂÎ ‰È‡ ˙˘¯‰˘ ·Ï ÂÓÈ˘

Æ‰˜ÊÁ ‰˜ÈÒÂÓÏ ‰·È˘˜Ó È¯Ó˘ Ú¯Â‡Ó‰ ÔÂ‚Î

≠˙ÏÚÙ‰ ÔÈ· ¯˘˜Ï „ÓˆÂ˙˘ ˙Â‡„Â‰ È‡ È¢Ú ÌÈ‡ËÂ·Ó ÂÏ‡ ˙ÂÚ¯Â‡Ó
ÆÈ¯Ó È¢Ú ÏÂˆÏˆÂ ‰˜ÚÊ‡‰

≠ ˙ÂÈÂ¯·˙Ò‰‰˙ÂÓÎÒÓÏ˘ ®˙ÈÙÂÒÈ‡ ÈÏÂ‡© „Â‡Ó ‰ÏÂ„‚ ‰ˆÂ·˜ ‰˘ÚÓÏ 
ÆÌÈÈ¯˘Ù‡ ˙ÂÚ¯Â‡Ó

≠Æ˙ÈÂ¯Ë˜Ï‡ ‰Ï˜˙ Ï˘· ÏÚÙ˙ ‡Ï ‰˜ÚÊ‡‰˘ ÔÎ˙È ¨‡Ó‚Â„Ï

T˙È˙ÂÎ‡ÏÓ ‰È·Ï ‡Â·Ó  ˙Â‡„Â È‡ ≠±µ6/19/00ıÈ·Â˜¯Ó ÏÂ‡˘©

˙Ù˙Â˘Ó‰ ˙Â‚ÏÙ˙‰‰ ·Â˘ÈÁ

≠˙‡ ·˘ÁÏ Ô˙È ÌÈ¯È˘È‰ ÂÈ¯Â‰· ˜¯ ‰ÈÂÏ˙ Ú¯Â‡Ó ÏÎ Ï˘ ˙Â¯·˙Ò‰˘ ÔÂÂÈÎÓ
∫®±© ‡ÁÒÂ‰ ÈÙÏ ˙Ù˙Â˘Ó‰ ˙Â‚ÏÙ˙‰‰

  
P x x P x Parents Xn i i

i

n
( , , ) ( )1

1
L = ( )∏

=
≠È¯ÓÂ ÔÂß‚ ¨‰˜ÚÊ‡ ‰ÚÓ˘¢ ∫‡·‰ Ú¯Â‡Ó‰ Ï˘ ˙Â¯·˙Ò‰‰ ˙‡ Ï˘ÓÏ ·˘Á

Æ¢‰Ó„‡ ˙„ÈÚ¯ ‰˙È‰ ‡ÏÂ ‰ˆÈ¯Ù ‰˙È‰ ‡Ï ÌÏÂ‡ ¨ÂÏˆÏˆ
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 Ï˘ ÌÈ„ÏÈ‰Ó „Á‡ ÏÎ ÏÚ X®˙È·ÈÒ¯Â˜¯© 
≠Ï ‰ÚÙ˘‰‰ ÏÂÏ˜˘ ˙‡ ÌÈ¯È·ÚÓÂX
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ÌÈ„ÏÈ‰Â ÌÈ¯Â‰‰ ˙ÂÚÙ˘‰ ˙„¯Ù‰

≠ ≠· ÌÈÈÂÚÓ Â‡P P( ) ( , )X E X E EX X= − +

≠∫¢Ú˜¯¢ È˙˘Ó ˙¯˘Ù‡Ó‰ ÒÈÈ· ˜ÂÁÏ ‰·Á¯‰ ˙ÓÈÈ˜

P
P P

P
( , )

( , ) ( )
( )

Y X B
X Y B Y B

X B
=

≠ ∫Ï·˜Â ˜ÂÁ‰ ˙‡ ÏÈÚÙP
P P

P
( , )

( , ) ( )

( )
X E E

E X E X E

E EX X
X X X

X X

− +
− + +

− +=

≠X ÔÈ· „È¯ÙÓ EX
+

≠Ï EX
−

 ÔÎÏ P P( , ) ( )E X E E XX X X
− + −=

≠ ≠· ˘Ó˙˘1 P( )E EX X
− +

∫Ï·˜Â ÏÂÓ¯ ÚÂ·˜Î 

P P P( , ) ( ) ( )X E E E X X EX X X X
− + − += α
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function Ploytree-Ask(X,E)
input : X, A random variable

E, A set of random variables with known values

output: P( )X E  A distribution over X given evidence E
return Support-Except(X,{},E)

function Support-Except(X,V,E)
input : X, a Random variable.   V and E, sets of random variables.

output: P( )\X EX V
[A distribution over X given evidence variables E except that reachable via V]

if  X E∈  then return  observed point distribution for X.

else calculate P( )\E XX V
−

 = Evidence-Except(X,V,E)

U ← Parents[X]

if U is empty  then return  Normalize P P( ) ( )\E X XX V
−( )

else for  each Ui in U

calculate and store  P( )\U Ei U Xi
= Support-Except(Ui ,{X},E)
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return Normalize P P P( ) ( ) ( )\ \E X X u U EX V
u

i U X
i

i

− ∑ ∏





function Evidence-Except(X,V,E)
input : X, a Random variable.

V and E, sets of random variables.

output: P( )\E XX V
−

[probability of downstream evidence (except evidence reachable via V) for each value of X]
U ← Children[X] - V
if Y is empty then return a vector of 1s

;No downstream evidence - true for all X
else

for each Yi in Y do

if  Y Ei ∉  then

calculate   P( )E YY ii

−
=Evidence-Except(Yi,{},E)

Z Parents Y X Ei i← [ ] − −
  ′ ← [ ] −( )Z Parents Y X Ei i I
for each Zij  in Zi do calculate
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 P Z Ei Z Yj i j i\( ) = Support-Except(Zij ,{Y i},E)

return  
i

∏ if  Y Ei ∈  then

 P Y X Z Z Z Ei i i i Z Y
jZ

j i j i
i

, , \′( ) ( )∏∑ P

else

P PE Y P Y X Z Z Z EY i
Y

i i i i Z Y
jZ

i
i

j i j i
i

−( )∑ ′( ) ( )∏∑ , , \
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ÌÈ¯·Ò‰
function Ploytree-Ask(X,E)

≠ ÌÈ‰ ˙Â„Ú‰ È˙˘Ó˘ ÁÈ Ì‡Burglary≠Â MaryCalls‰‡¯È ËÏ˜‰ ÈÊ‡ 
 ∫ÍÎBurglary True MaryCalls False= =,¯ÂˆÈ˜· Â‡ 

Burglary MaryCalls,¬
≠ÂÈ‰ ‡˙ÏÈ‡‰ ‰˙˘Ó Ï˘ÓÏ Ì‡  Æ± ÂÓÂÎÒ˘ ÌÈÎ¯Ú Ï˘ ¯ÂË˜ÂÂ ‰È‰È ËÏ˜‰

Alarm ∫ÍÎ ‰‡¯È ËÏÙ‰ ÈÊ‡ 
P Alarm True

P Alarm False

( ) . ,

( ) .

= =
= =

0 8

0 2
 ¯ÂˆÈ˜· Â‡0 8 0 2. , .

if  X E∈  then return  observed point distribution for X.

 ≠ÚÂ„È ÈÊ‡ ˙Â„Ú ‰˙˘ÓÏ ÂÚ‚‰ Ì‡  Æ‰ÈÒ¯Â˜¯‰ Ï˘ ‰¯ÈˆÚ‰ È‡˙Ó „Á‡ Â‰Ê
‡Â‰˘ ÔÂÈÎÓ ®‰ËÓÏ ˙„¯Ï Â‡© ‰ÏÚÓÏ ÒÙËÏ ÍÈ˘Ó‰Ï Í¯Âˆ ÔÈ‡  ÆÂÎ¯Ú ÂÏ

®ÂÈ„ÏÈ Â‡© ÂÈ¯Â‰ ˙‡ ÌÒÂÁ

calculate P( )\E XX V
−

 = Evidence-Except(X,V,E)
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 ≠ ‰Â˘‡¯‰ ‰‡È¯˜· ÌÓ‡  ÆÌÈ„ÏÈ‰ Ï˘ ‰ÚÙ˘‰‰ ·Â˘ÈÁÏ ‰‡È¯˜‰ È‰ÂÊV



∫ÌÈÁ‡‰ Ï˘ ‰ÚÙ˘‰‰ ˙‡ ÌÂÒÁÏ ‰ˆ¯ ˙Â‡È¯˜‰ ¯‡˘· ÌÏÂ‡ ˜È¯ ‰È‰È

  

X

Y1 Yn

ZnjZ1j

EX
-

E1 E2
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≠ Ï˘ È·ÈÒ¯Â˜¯‰ ·Â˘ÈÁ·Y1 Ï˘ ‰ÚÙ˘‰‰ ˙‡ ÌÂÏ·Ï ‰ˆ¯ E2 Í¯„ XÆ

if U is empty

then return  Normalize P P( ) ( )\E X XX V
−( )

≠Æ®˙Â„Ú ‰˙˘Ó ÂÈ‡˘© ˘¯Â˘Ï ÂÚ‚‰  Æ‰ÈÒ¯Â˜¯‰ ˙¯ÈˆÚÏ È˘ È‡˙ Â‰Ê

≠ ÈÊ‡ ÌÈ¯Â‰ ÔÈ‡˘ ÔÂÈÎÓ ÌÏÂ‡ ‡ÁÒÂ‰ ÈÙÏ ÌÈ·˘ÁÓP P( ) ( )X E XX
+ =Æ

for each Ui in U
calculate and store

 P( )\U Ei U Xi
= Support-Except(Ui ,{X},E)

≠≠Ï ¯˘˜‰ ˙‡ ÌÈ˜˙Ó  Æ˙È·ÈÒ¯Â˜¯‰ ‰‡È¯˜‰ È‰ÂÊX˙‡ ÌÈÏÈÚÙÓÂ 
ÆÌÈ¯Â‰‰Ó „Á‡ ÏÎ ÏÚ ‰¯Â„ˆÂ¯Ù‰
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P P P( ) ( ) ( )\ \E X X u U EX V
u

i U X
i

i

− ∑ ∏




≠ ÈÂËÈ·‰P( )\E XX V

−
‰ÚÙ˘‰‰ ˙‡ ˙·˘ÁÓ‰ ‰¯Â„ˆÂ¯ÙÏ ‰‡È¯˜‰ È¢Ú ·˘ÂÁ 

Æ‰ËÓÏÓ

≠ ÈÂËÈ·‰P( )X u ‰˙˘Ó‰ Ï˘ ‰˙ÂÓ‰ ˙Â¯·˙Ò‰‰ ˙Ï·ËÓ Á˜Ï XÆ
≠ ÈÂËÈ·‰P( )\U Ei U Xi

Æ˙ÂÈ·ÈÒ¯Â˜¯‰ ˙Â‡È¯˜‰ È¢Ú ·˘ÂÁ 

≠ ÈÂËÈ·‰ ÈÏÏÎ ÔÙÂ‡·P P( ) ( )\X u U E
u

i U X
i

i
∑ ∏˙ÂÈÂ¯·˙Ò‰‰ ˙‡ ÌÎÒÓ 

 Ï˘X È¯Â‰ Ï˘ È¯˘Ù‡ ÛÂ¯Èˆ ÏÎ· ˙ÂÏ˙Î XÆ
≠È·ÈÒ¯Â˜¯ ·Â˘ÈÁ È¢Ú ·˘ÂÁ ˙Â„Ú‰ È˙˘Ó· ˙ÂÏ˙Î ÛÂ¯Èˆ‰ Ï˘ ˙Â¯·˙Ò‰‰

ÔÈ· ˙ÂÏ˙≠È‡ ·˜Ú© ÂÏ·˜˙‰˘ ˙ÂÈÂ¯·˙Ò‰‰ ˙ÏÙÎ‰Â ÌÈ¯Â‰‰Ó „Á‡ ÏÎÏ
Æ®Í˘Ó‰· ¯·ÒÂÈ˘ ÈÙÎ ÌÈ¯Â‰‰
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ÌÈ¯Â‰‰ ˙ÚÙ˘‰ ·Â˘ÈÁ

≠ ≠Ó ÌÈÏÈÁ˙Ó Â‡P( )X EX
+

≠ ˘ ÔÂÂÈÎÓX˙‡ ÌÈÓÎÒÓ Â‡ ®˙˘¯‰ ˙¯„‚‰Ó© ÂÈ¯Â‰· ˜¯ ÈÂÏ˙
 È¯Â‰ ÈÎ¯Ú Ï˘ ÌÈÈ¯˘Ù‡‰ ÌÈÙÂ¯Èˆ‰ ÏÎ· ·˘Á˙‰· ˙ÂÈÂ¯·˙Ò‰‰X

 ÆÌ‰Ï˘ ˙ÂÈÂ¯·˙Ò‰· ÌÈÏÏ˜Â˘ÓP P( ) ( ) ( )X E X u P u EX X
u

+ += ∑

≠EX
+

Ì‰Ï˘ ˙ÂÈÂ¯·˙Ò‰‰ ÔÎÏ ®È˘ÈÏ˘‰ È‡˙‰ ˙‡ Â¯ÎÊ© ÌÈ¯Â‰‰ ÔÈ· „È¯ÙÓ 
∫‰¯Âˆ· Ô˙Â‡ ·Â˙ÎÏ Ô˙ÈÂ ˙ÂÈÂÏ˙ È˙Ï·

P P( ) ( ) ( )X E X u P u EX i X
iu

+ += ∏∑
≠‰¯Â‰ ÏÎ Ï˘ ˙Â„Ú‰ È˙˘Ó ˙‡ „È¯Ù‰Ï Ô˙È ÛÂÒ·Ï

  E E EX U X U Xm

+ + += ∪ ∪
1 \ \L

≠∫ÌÈ˙˘Ó‰ ¯‡˘Ó ‰¯Â‰‰ ˙‡ ‰„È¯ÙÓ ÂÊÎ ÌÈ˙˘Ó ˙ˆÂ·˜
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P P( ) ( ) ( )X E X u P u EX i X
iu

+ += ∏∑


