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Classification .. Class Association Rules
,

Decision Trees
,

logistic Regression

Probabilistic Approach
Attributes an .ae . . , an

,

predict a class e

A , Ar Au CEC

P (C -- e / Aina , n Az--aa r . .
n Aue au)

Among all CEC , choose the one with highest prob .



Ai Az AncTraining data - take

#Use frequencies to estimate 11--11/-2
probabilities -

Fix a class C G C - subset of rows

P(Ai --an , Aziz . - - ,
Akau) C-c)

Bayes Theorem : P (A/B) = PLANBTP(B)
PLBIA) = P (ARB)
⇒

=
PCAIB) - PCB)
⇒



P (G-CIA ,-- ai - a Au--aw) = PLAY -_a. . , Awan# . PCC --c)
-

Plateau . - , Au--au)

Pfc -- c) = fraction of rows with G-C

P (Ar -- au - - , Awan) = fracture of rows
with this

combination if value

Generative models

Pick CEC with probability PCC = c)

Gwen CEC
,
choose on . . . are

wth P(Ai=au/C=c)



Estimating parameters of generative model

-

Why we interpret frequency rehso as a probability ?

6 Heads in 10 tosses → p (needs) -- 0.6

Why not 0.55 ?

Observation → Parameter Estimate

-
probability of
observation



(6h ,
4T) → Ptkeads) E [0 , D

Plhleads)=p → a . pb (I-p)4 is the probability
4¥01 if Seay 64,4T

an#,sp
Maximum likelihood Estimator

MLE



C P(A=m ,
B-- b / c -- E) = Is

C G-f

C- p(⇐ e) =P (c- f) =Lw

g
PLA --g ,

B --g) = fo

PCA-g.BE/C--L7--ZzIfA--g,B--q
,
what is C?

-¥
G-f = I

P(G- tf A-=3 , B
-
-E) = PCA-g.AE/C--t7.PCc--t7/pCg,q)

G- f Iff PG-typcg.gg
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✓ PG --El A -- g ,
B -- b) ?

✓

✓ - - -

✓
✓

g
← P(A=g ,

B=D
✓

✓ Simplifying assumption = attributes are

independent
PLANB) = PLA) . P (B)

Naive Bayes Classifier PLA --g , B--b) = PCA .-a) - PCB=D

Unjustifiable in theory P(A=g ,
B --b (G-E) = PLA=aKEt) -Plblt)



Typical Example
-

Text classification
-

Topic assignment
- Junk Mail

Simplifying assumption
- Document is just a collection of winds

- Order is unimportant
- Document is past a set of words
Assume a vocabulary V = (wa , wz . . - , Wn) if relevant

words



Each document is a subset of V

O- I vector of length N wa wz - - - - WN

O l O l l - - l

N - altnhbs (boolean) t a category

dy O l O T

dz I o
- - -

I

'

NJ

PCC--c)
,
Phule) . Pluto) - - plwnnle)

represents P (Wi ,wa - i Wn Ic)



Generating model

Choose c win PG --c)

For each w EV , include w nih P (w/ e)

-

Independence solves the problem if mussing

combinations of attributes
Still could have some data values that do not

appear



If Ai -- r never appears in our table

P (vlc) ,
Mv) eh are 0

Pfeifer, .ua) = Gale) . PG)

NY) -- o ?

No meaningful prediction is possible



Pfr) = Mme ← A- of items where r owners
← total # if items

If n✓=0 ,
we have a problem

Sohrhm due to Laplace
V takes values Y ,eh , - - ,Um

⑨bsewahm On , On . . , On t Yik , - , Um

Plvi) = nv Laplace smoothing
n tm



Can gnuehu this to thirty 1=1 : Laplace

¥m 9=1
n

-

A moregeneral document model
Count number of occurrences of each word

length of document comes into play

"

Bag
"

of words model -
Bag = Mnltrset --
Set with multiplicities


