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« Homework 7 was released and due 12/3 — no slip days.
« Gal’'s OH today at 4:15 instead of Wednesday.



Remember, you can always ask questions at
g.dsc40a.com!
If the direct link doesn't work, click the "Lecture
Questions" link in the top right corner of dsc40a.com.




e \We defined Bayes’ Theorem:

P KB
= F(NB) P)+~HNR)P(B)

e Bayes' Theorem describes how to update the probability of one

event given that another has occurred.



Naive Bayes Classifier




e Using Bayes’ Theorem to solve the classification problem
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Bayes’ Theorem is very useful for classification problems, where we want to
predict a class based on some features.

P(A|B) * P(B)

P(B|A) =

B = belonging to a certain class
A = having certain features

P(A)

P(features|class) x P(class)
P(features)

P(class|features) =



e Making predictions based on examples (training data)
e Response variable is categorical
e Categories are called classes

e Examples:

o decide whether patient has kidney disease )o,\nér3 - 9y,
o identify handwritten digits 19.4,72,3, 4, 3 § % 1,97 pist

o determine whether an avocado is ripe

o predict whether credit card activity is fraudulent



Color Ripeness | You have a green-black avocado. Based on this data, would
brightgreen  unripe | YOU predict that your avocado is ripe or unripe?
green-black ripe
purple-black ripe
green-black | unripe Which class would you predict?
purple-black ripe — A ripe
B. unripe
bright green unripe
green-black ripe
purple-black ripe
green-black ripe
green-black unripe
purple-black ripe




Color Ripeness  YOou have a green-black avocado. Based on this data, would

bright green  unripe | YOU predict that your avocado is ripe or unripe?

green-black ripe

purple-black | ripe Strategy: Calculate two probabilities:
green-black | unripe .

. . %rlpe and Grean Wnel 2
purple-black | ripe P(ripe | green-black)= prz ‘VH -
bright green | unripe kﬁl ok Q& S
S — P(unripe | green-black) :§
purple-black ripe
green-black | ripe Then choose the class according to the larger of these two
green-black unripe probabilities. 5

2
325 = rie

purple-black ripe



Bayes’ Theorem gives another strategy for predicting the class given features.

A= hore cerfam Cature
PAIB) % P(B) e by b o clus
P(A)

P(B|A) =

P(features|class) * P(class)

P(class|features) = P (foaturos)
N—"N—"""" "
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Bayes’ Theorem gives another strategy for predicting the class given features.

P(A|B) * P(B)

P(B|A) =

P(A)

Iz (features|class )l * @(class)]

P(class|features) =

| P(features) |

Can all be
estimated
from the
training data



Color Ripeness  YOou have a green-black avocado. Based on this data, would
bright green | unripe  YOU predict that your avocado is ripe or unripe?

e 0 [P(features| class))* @)(class)]
purple-black | ripe P(class|features) = [—]
green-black unripe i 2 P (fea't ureS)

purple-black | ripe P@'\Qﬂ’\ b]“A ) er’) = —?— (

bright green | unripe 7+ ripe dwe, ( : rtul-p)[ac[\ =

green-black ripe f( P?FL > = ,rti%h;m. (I P(nﬁ)’(llﬁ )

purple-black | ripe S ( ?(JNM-HM/( ’“PC»> P(r‘ﬁ"@)z_ %! 2:,3_
green-black | ripe F(&V“'UJ\— (E(o\c.&) = ﬂ { < g(&rjm"itd‘)’ A =
green-black | unripe l‘ m\,.,‘&bru_,“ _bla CL>= = %
purple-black | ripe :




Color Ripeness  You have a green-black avocado. Based on this data, would
bright green  unripe | YOU predict that your avocado is ripe or unripe?

-black [
lREe Sy | oo |P(features|class))* [P(class))
purple-black  ripe P(class|features) = TP (foatures)
green-black unripe ( ea'tures)
purple-black ripe 6)( l - l)l N A)

rl '\U\,\A S

bright green | unripe @0 L() ha\\( * Sone O\p‘(\%l\m’\\' Ve
green-black ripe We LI\"I- V\M ™ @IC,
purple-black | ripe P (U\" r;f{[j Mﬂ_#{aci) st oo st A% Mmoo
green-black ripe ‘) {)
green-black unripe
purple-black ripe




Color Ripeness ' You have a green-black avocado. Based on this data, would
bright green  unripe | YOU predict that your avocado is ripe or unripe?

-black | ri
| D0 |P(features|class)|x [P(class)]
purple-black | ripe P(class|features) = Bt

_ p— (features)
purple-black ripe
bright green | unripe Shortcut: Both probabilities have same denominator. To

_ find larger one, choose one with larger numerator.
green-black ripe (Ph"r to l)
or 'S
purple-black | ripe . 2 pa g
P(ripe | green-black = = =
green-black | ripe ( P | 9 )DC' P N 11
| v

green-black unripe _ 2 }—4_ _ 1
B——— P(unripe | green-black) oC 7 - 7, = b




You have a firm green-black Zutano

avocado. Based on this data, would you
predict that your avocado is ripe or
unripe?

Color Softness Variety Ripeness
bright green firm Zutano unripe
green-black medium Hass ripe
purple-black firm Hass ripe
green-black medium Hass unripe
purple-black soft Hass ripe
bright green firm Zutano unripe
green-black soft Zutano ripe
purple-black soft Hass ripe
green-black soft Zutano ripe
green-black firm Hass unripe
purple-black medium Hass ripe




You have a firm green-black Zutano
avocado. Based on this data, would you
predict that your avocado is ripe or
unripe?

Color Softness Variety Ripeness
bright green firm Zutano unripe
green-black medium Hass ripe
purple-black firm Hass ripe
green-black medium Hass unripe
purple-black soft Hass ripe
bright green firm Zutano unripe
green-black soft Zutano ripe
purple-black soft Hass ripe
green-black soft Zutano ripe
green-black firm Hass unripe
purple-black medium Hass ripe

Strategy: Calculate two probabilities:

P(ripe | firm, green-black, Zutano)
Pr*aut\v\‘. No 'ﬁ\rm/\c}%/%u‘\a\n\o ave o f,.h

P(unripe | firm, green-black, Zutano)

Then choose the class according to the
larger of these two probabilities.



You have a firm green-black Zutano

avocado. Based on this data, would you
predict that your avocado is ripe or
unripe?

Color Softness Variety Ripeness
bright green firm Zutano unripe
green-black medium Hass ripe
purple-black firm Hass ripe
green-black medium Hass unripe
purple-black soft Hass ripe
bright green firm Zutano unripe
green-black soft Zutano ripe
purple-black soft Hass ripe
green-black soft Zutano ripe
green-black firm Hass unripe
purple-black medium Hass ripe

Problem: We have not seen an avocado
with all these features. Both probabilities

will be undefined.

P(ripe | firm, %reen-black, Zutano)
_ Pleipe & fvm gbrihn) 1w
= pe 22 >

P@m\, 3‘/"““*“"3 > W"o"'(\'w %0

P(unripe | firm, green-black, Zutano)




You have a firm green-black Zutano
avocado. Based on this data, would you
predict that your avocado is ripe or

unripe?

Color Softness Variety Ripeness
bright green firm Zutano unripe
green-black medium Hass ripe
purple-black firm Hass ripe
green-black medium Hass unripe
purple-black soft Hass ripe
bright green firm Zutano unripe
green-black soft Zutano ripe
purple-black soft Hass ripe
green-black soft Zutano ripe
green-black firm Hass unripe
purple-black medium Hass ripe

ng features|class )l* lg( class ) l

P(class|features) = P (foatures)
ur

Solution: Use Bayes’ Theorem, plus a
simplifying assumption, to calculate the
two numerators.



You have a firm green-black Zutano

avocado. Based on this data, would you
predict that your avocado is ripe or
unripe?

Color Softness Variety Ripeness
bright green firm Zutano unripe
green-black medium Hass ripe
purple-black firm Hass ripe
green-black medium Hass unripe
purple-black soft Hass ripe
bright green firm Zutano unripe
green-black soft Zutano ripe
purple-black soft Hass ripe
green-black soft Zutano ripe
green-black firm Hass unripe
purple-black medium Hass ripe

lPS features|class )l* P(class)

P(class|features) = P (features)

Simplifying assumption: Within a given
class, the features are independent.
conditiona| depeadence A Ssuunption

P(firm, green-black, Zutano | ripe) =

P(firm | ripe)*P(green-black | ripe)*P(Zutano | ripe)

i\ CulLula(DQ even & M + hove an aVocado
Wit al 3 Reatureg



e Recall that A and B are independent if
P(A and B) = P(A) x P(B)

e A and B are conditionally independent given C if

P((A and B)\C) (A\C) % P(B\C’)
\[\eﬁwu C[&SS Lokt cluss ek L clasg

e Given that C occurs, this says that A and B are independent of
one another.



Color Softness | Variety  Ripeness | You have a firm green-black Zutano
bright green firm Zutano unripe avocado. Based on this data, would you
Breen-biack]. | medium | Hass fipe predict that your avocado is ripe or
ipe?
purple-black firm Hass ripe IRl
green-black medium Hass unripe P(class|featu e P(features|class *M
. i E P(features) | 0.
purple-black soft Hass ripe )( ] G.rm )
l'"(@{, Tutae M‘hvxu
bright green firm Zutano unripe l "“‘6 z‘
Co"al‘hv‘“
green-black = | soft Zutano ripe
purple-black soft Hass ripe \Clrmlr'?() Pbk r'g‘) P( 'twh‘m IV'/”‘)
green-black soft Zutano ripe 1 S
31
green-black firm Hass unripe
~ 12 6
purple-black medium Hass ripe P(flﬂl‘ l’ﬂem"‘QDC 233 %: 539




Color Softness  Variety | Ripeness | You have a firm green-black Zutano
bright green | firm Zutano unripe avocado. Based on this data, would you
greenblack | medium | Hass fipe predict that your avocado is MPe OF
0 0

. . unripe’ [
purple-black firm Hass ripe y/
green-black medium Hass unripe ? (Al@)t ] - p(A (B> /J- { —P(A\ I@)
purple-black | soft Hass ripe Assuming conditional independence of
bright green firm Zutano unripe features given the class, calculate
green-black - o fipe P(firm, green-black, Zutano | unripe).

A 0O ( .
purple-black soft Hass ripe B 1/4 P('F?rml 3’0/}(4']'“‘0 "’}()
green-black soft Zutano ripe C. 3/16

- - 2. 1 - (7317217 5" lrige)
green-black firm Hass unripe -1 ) 21 '?(-&hw ripe
purple-black medium Hass ripe




You have a firm green-black Zutano
avocado. Based on this data, would you
predict that your avocado is ripe or

unripe?

Color Softness Variety Ripeness
bright green firm Zutano unripe
green-black medium Hass ripe
purple-black firm Hass ripe
green-black medium Hass unripe
purple-black soft Hass ripe
bright green firm Zutano unripe
green-black soft Zutano ripe
purple-black soft Hass ripe
green-black soft Zutano ripe
green-black firm Hass unripe
purple-black medium Hass ripe

ng features|class )l* lg( class ) l

P(class|features) = P(features)
ur




e Bayes’ Theorem shows how to calculate P(class | features).

P(features|class) * P(class)
P(features)

P(class|features) =

e Rewrite the numerator, using the naive assumption of conditional
independence of features given the class.
e Estimate each term in the numerator based on the training data.

e Select class based on whichever has the larger numerator.



e The Naive Bayes algorithm gives a strategy for classifying data
according to its features.

e It relies on an assumption of conditional independence of the

features.

e Next time: application to text classification



