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Probabilistic Model s
A probabilistic model is a joint distribution over a set of variables:

0(6h, 6,8 ,6%)

We can represent this quantity through the Chain Rule:
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Using a Bayéxet, we can reducéhis redundancy to
€
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Again, we definé (&g equal to the parents ofg

Naive Bayes Classifier
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Using the chain rule:

p(C,F,... Fy)
=p(C) p(A, ..., F|C)
=p(C) p(F1|C) p(F, ..., FL|C, Fy)
= p(C) P(F1|C:3 I-I"fF2|C, Fi) p(F5, ..., Fn|c_. Fi, Fy)
= p(C) p(F|C) p(F|C, Fy) p(F3|C Fy, Fy) p(Fy,.

Using conditional independence for BagNets:
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Conditional Independence in Bayes ONet

Reachability (the Bayes’ Ball)

= Correct algorithm:
» Shade in evidence
» Start at source node
» Try to reach target by search
» States: pair of (node X, previous
state 5)

s Successor function:
= X unobserved:

= To any child
* Toany parent if coming from a
ch
= X observed
= From parent to parent
» |f you can't reach a node, it's
conditionally independent of the
start node given evidence

Future topics :
- Sampling and Variable Elimination
- Decision trees
- More prediction/learning with HMMs
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Question 1 (Directed graphical models and conditional probabilities)

A standard test for prostate cancer, the prostate specific antigen (PSA) test, has a sensitivity of around
95% and a specificity of around 55%. (The sensitivity is the conditional probability of a positresuéisgiven
that the disease is present; the specificity is the conditional probability of a hegativeetest given that the
disease is absent.) @probability of developing prostate cancer is afgpendent.

Suppose that:

- The probability that a sixtyearold patient has prostate cancer is 2%, and this probabiiityeases with
age.
- The probability that a sixtyearold patient has a more benign prostate disease, BPH, is 8%hiand
probability increases with age.
- DA@GSY (KS LI GASyGQa +F3S GKS S@Syd GKF(G KehasKl a .t
prostate cancer
- Age and presence @bsence of BPH doast affect the sensitivity or specificity of the PSA test.
- Independent of age, the probability of an enlarged prostate is 10% for healthy patientspB8pétients
with BPH, 60% for patients with prostate cancand 85% for patients with bottliseases.

(a) Draw the graph of a directed graphical model that describes the joint probability distribliitrthe
constraints on entries in the conditional probability tables that have been specified infthrenation
presented above.

(b) If a sixtyyearold patient tests positive on the PSA test, what is the probability that hetmstate
cancer?

(c) If the patient also has an enlarged prostate, what is the probability that he has prostate cancer?

(d) If a sixtyyea-old patient has an enlarged prostate, what is the probability that he has BPH?
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Question 2

An ambitious Bongo Burger employee wants to maximize tips, which he thinks depend on the quality of
GKS OKST¥Qa 0221 Ay 3dreppdaiidmoiedald TR B dBAcasS 2 YRR TS 6 S NI LIS 2
al @& Bla@E®»SIEGiSNI 02YYSyia 02YS 6AGK 0SGGEGSNI GALIEAD® IS RNIga
variables to model the scenario

a. Which of the following are true of this network? Note that a marginal distribution over a subset of
G NAI ot Sa Ay rdsult oflsinBiagbut liSiher kadablésKr&n the full joint
distribution.
(Circle whichever are true, 1 pts each)
i It can represent any joint probability distribution over Salt, Pepper, Delicious, Bland,
Tip.
ii. For any marginal distribution over Sddelicious, Bland, the network can represent at
least one joint distribution with that marginal distribution.
iii. For any marginal distribution over Salt, Tip, the network can represent at least one joint
distribution with that marginal distribution.

b. How manytotal probability entries are there in the conditional probability tables for this network.
Note: not the number of degrees of freedom, which may be fewer; a coin flip has two probabilities,
odzi 2yfeé 2yS RSAINBS 2F FTNBBRBY X YR 6SQNB | aiAy3

c. List all of the marginal independence assertions made by this graph about pairs of variables.

d. List all of the conditional independence assertions made by this graph about pairs of variables.
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For one of the conditional independeneassertions above, briefly explain how you might test its
correctness from a set of observations.

Gb23 y23 y23¢ (KS OKST NBLI ASar a4t S2LX S GAL)I 0SOF «
but comments are more complicated. Customers saycioeis or Bland in part based on whether

GKSe ftA1S GKS FT22RX o0dzii Yzadafte olFaSR 2y K2g t 2f A
this scenario, which includes variables for Tasty and Polite, but which has as few arcs as possible. You

do not needto specify the CPTs.

Givend (0NQ = "M 6Q = O("G = "Y6Q = 065 GKS /t¢ o6S5t246 FyR GKS
constructed for part (e), can you givg0'QNQ = "YOQ™0 = "@x QY 0w = "B Q? Ifso,
compute it. If not, explain why not.

Pepper Salt P(Tasty=True|pepper, salt)
True True 0.8
True False 0.6
False True 0.6
False False 0.1

What is the (marginaprobability of the food beingasty?

How might the chef alter her seasoning habits to increa&&si &w without using any more salt or
pepper overall? Whatwould("¥io) 0 S | FGSNJ G KAa OKIy3ISK 22dA R (KAA
you drew for (e)? If so, how? If not, why not?



