
CS 188 SECTION 6



ABOUT ME

➤ Daylen Yang 

➤ daylen@berkeley.edu (but use Piazza!) 

➤ Sections MW 4-5pm in 310 Soda 

➤ Office Hours Thursdays 4-6pm in 411 Soda

mailto:daylen@berkeley.edu?subject=


MIDTERM 1 IS 
OVER!!!



UPCOMING DEADLINES

➤ HW 3 due Wednesday 7/13 @ 11:59 

➤ Project 3 due Friday 7/15 @ 5pm 

➤ Contest 2 due Sunday 7/17 @ 11:59



PROBABILITY



RANDOM VARIABLES
Random$Variables

▪ A$random$variable$is$some$aspect$of$the$world$about$which$we$

(may)$have$uncertainty$

▪ R$=$Is$it$raining?$
▪ T$=$Is$it$hot$or$cold?$
▪ D$=$How$long$will$it$take$to$drive$to$work?$
▪ L$=$Where$is$the$ghost?$

▪ We$denote$random$variables$with$capital$letters$

▪ Like$variables$in$a$CSP,$random$variables$have$domains$

▪ R$in${true,$false}$$$(often$write$as${+r,$Qr})$
▪ T$in${hot,$cold}$
▪ D$in$[0,$∞)$

▪ L$in$possible$locations,$maybe${(0,0),$(0,1),$…}



PROBABILITY TABLES

$ Shorthand$notation:$

OK$if$all$domain$entries$are$unique$

Probability$Distributions

▪ Unobserved$random$variables$have$distributions$

▪ A$distribution$is$a$TABLE$of$probabilities$of$values$

▪ A$probability$(lower$case$value)$is$a$single$number$

▪ Must$have:$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$and

T P

hot 0.5

cold 0.5

W P

sun 0.6

rain 0.1

fog 0.3

meteor 0.0



JOINT DISTRIBUTIONS

Joint$Distributions

▪ A$joint'distribution$over$a$set$of$random$variables:$

$ specifies$a$real$number$for$each$assignment$(or$outcome):$$

▪ Must$obey:$

▪ Size$of$distribution$if$n$variables$with$domain$sizes$d?$

▪ For$all$but$the$smallest$distributions,$impractical$to$write$out!

T W P

hot sun 0.4

hot rain 0.1

cold sun 0.2

cold rain 0.3



MARGINAL DISTRIBUTIONSMarginal$Distributions

▪ Marginal$distributions$are$subQtables$which$eliminate$variables$$
▪ Marginalization$(summing$out):$Combine$collapsed$rows$by$adding

T W P

hot sun 0.4

hot rain 0.1

cold sun 0.2

cold rain 0.3

T P

hot 0.5

cold 0.5

W P

sun 0.6

rain 0.4



CONDITIONAL PROBABILITIESConditional$Probabilities

▪ A$simple$relation$between$joint$and$conditional$probabilities$
▪ In$fact,$this$is$taken$as$the$definition$of$a$conditional$probability

T W P

hot sun 0.4

hot rain 0.1

cold sun 0.2

cold rain 0.3

P(b)P(a)

P(a,b)

Conditional$Probabilities

▪ A$simple$relation$between$joint$and$conditional$probabilities$
▪ In$fact,$this$is$taken$as$the$definition$of$a$conditional$probability

T W P

hot sun 0.4

hot rain 0.1

cold sun 0.2

cold rain 0.3

P(b)P(a)

P(a,b)

The$Product$Rule

▪ Sometimes$have$conditional$distributions$but$want$the$joint

Definition of conditional probability

Product Rule



CHAIN RULE AND BAYES’ RULE

The$Chain$Rule

▪ More$generally,$can$always$write$any$joint$distribution$as$an$
incremental$product$of$conditional$distributions$

▪ Why$is$this$always$true?

Bayes’$Rule

▪ Two$ways$to$factor$a$joint$distribution$over$two$variables:$

▪ Dividing,$we$get:$

▪ Why$is$this$at$all$helpful?$

▪ Lets$us$build$one$conditional$from$its$reverse$
▪ Often$one$conditional$is$tricky$but$the$other$one$is$simple$
▪ Foundation$of$many$systems$we’ll$see$later$(e.g.$ASR,$MT)$

▪ In$the$running$for$most$important$AI$equation!

That’s$my$rule!

Quiz:$Bayes’$Rule

▪ Given:$

▪ What$is$P(W$|$dry)$?$

R P

sun 0.8

rain 0.2

D W P

wet sun 0.1

dry sun 0.9

wet rain 0.7

dry rain 0.3


