CS/ECE 348
Summer 2001
Homework 6: Bayesian Networks

Handexd out: Friday, July 20th
Duge: In class, Th v, July 26Gth

For this homeworl, wou will be worldng with Bayesian Networks, with pencil and paper, and
also using a Java applet. You'll practice inferenos on a network, enter the network into the applet
to comfirm wour answer, then desion 4 simple network and perform some queries on it

Yol nee], to subanit, on paper, vour answers to the questions below. There will be no proorgm-

As alwegm, start early, ask lots of questions, dismss general isues (but not solutiong) with your
friemds, and state sy assumptions wou need to male

1. (40 points) Inference by Enumeration

(40 points) As noted in class, vou ein combine utility theory with probability theory in
Bayesian networls. The graph on the last page gives an example of such a combined net-
worle The Test and Dl nodes do not have CPTs, sinee they nmst be assigned values in onder
for an inferemes to be performed. (In other words, their prioms are undefined.) The Prafi node
i 2 utility node, and must be the queriad node. Tts CPT oontaing mot probabilities, but uiilities
that depend on its parent= (You oould rewrite the CPT using probabilities of 0 and 1, as in
the Result node but the table would be somewhat lange )

Using the fference by enuemenslion procedure deseribed in elass, ealeulate the walue of Prafid
fior the following queries. Show enough work that we can see that vou did the worl woursalf

(a) Profit | Test=Y, Drill=Y, Result=0Open
(b) Prefit | Test=N, Drill=Y
Things yon may need to think abont (but need not include n your writeup): How do T write
an expression for this query that ean be solved by the enumeration procedure? Do T nead to
wiorTy about normalization., and if so how? How do T adjust the procedune to deal with utilities
instead of probabilities?

2. (20 points) Using a Bayesian Network applet
(20 points) Enter the network into a Bayesian Network system, and oonfirm that your answens
in Question 1 were correct. (Note that yon can expect a problem like Question 1 on the exam,
and yon won't have a computer to help yon then, so make sune yon Jmow how to do infemenes
by emumeration!) You'll need to irmvent priors for the Test and Dradl variables, and you'll nesd
to oonwert the CPT for Prafit into a form that the system can use
Here's a mood Bayesian Network applet:
hitp:/ /e, e ubse. ca/labe,/ 1ei /(T space, bayes . html
Angwer the following questions briefly:
For sour metworlk, what is the probability distribution of G given only that Prefit = 307 How
and why does this nesult depend on the prices for Test and Drdl?

; The priors for Test and Drill don't affect the value of Oil.
; Oil and either of those nodes are independent, given the value of Profit.
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(a) Profit | Test=Y, Drill=Y, Result=(Open

i Bayes Applet Version 2.0 - untitled_bn =181 x|

=5
'~ P(none)=0.0
F{open)=1.0
Pi{closed)=00

ail
P{dry)=0.4226
P{wet)=10.3429

P(soaking ) = 0.2246,

result
= Observed¥al open

test
Obserwed Val T

drill
Ohseredval: T

Zlick on a node to stop or start monitoring its probability.

|

S5
== P{none)=0.41
F{open)=10.35
Piclosed ) =024

oil
P(dry)=015
Pi{wet)=03

P{soaking)=0.2

test
Ohserved Val: F

drill
Ohsered val: T

Zlick on a node to stop or start monitoring its probability.

e



3. (40 points) Network Clonstruction

(40 points) Create a new network in the applet using the variables described bselow. Draw
ressonable edges representing causality, and fill in the CPTs with ressomable numbers (for, say,

a fypical collage student = no Os or 15, pleasel).

+ Eyes — (Normal, Bloodshot, Glamed)

+ Grades — (Good. Poor)

+ Sleep — (Normal, Esxeessive, Not Encugh)

+ Using Drugs — (Yes, No)

+ Have Money - (Yis, No)

+ Orwn Textbooks - (Yes, Noj

» Working = ( Yes, Nao)
(a) Draw (or print) your complete network, ncluding CPTa
(b)) For your network, evaluate the following queries

i. PiGradas = Poor|Eiypes = Bloodshot, Worksng = No, Haove Money = Yes)
. PIUsingDrugs = Yes|Eyes = Glared, Have Money = No, Grades = Poor)
iil. PiWarking = Yes Eyes = Normal. UsingDrugs = No, Grades = Good)

i\ Bayes Applet Version 2.0 --- untitled bn

File Edit GraphOptions Guery Options Help

Solve

wworking
P(T)=04
F(F)=06

sleep
Pi{normal y=05
P{excessive)=02
Fi{notenounh)=073

" Make Observation
i+ Query Node

maney
P{Ty=062
F(F)=038

" Togale Monitoring

1~ Move Hode

~ Wiews Probability/Utility
1 Wiews/Modify Decision
Add Ma-fargetting Arcs

o testhooks
P(T)=0.648
P(F)=10.352

eyes
Optimize D ecisiong P{normal) = 0607
P{bloodshat)=0.179

Pi{glazed y=0.214

Independencs uiz

grade
P(T)=0.647
F(F)=0353

Autoscale I ol

===

using drugy
P(Ty=01
P(Fy=08

“wamning: Applet Window

i Start |J F-] Gy 5 3 [E] » Hliﬁﬂayes Applet__ & ]Clspace > Bape | 10 Bapes Applet Ve, I 427 oGk - Micr, I B Dacumert] - Mi
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i. PiGrades = Poor|Fiyes = Bloodshot, Working = No, Haove Money = Yes)

i Bayes Applet Version 2.0 — untitled.bn =121

wworking
Ohserved Val: F

sleep
P{normal ) = 0.3352

P(excessive)= 01453
£ notenounh )= 0.5196,

using drug
P(T)=0.1955
P(F)=0.2045

maney
Observed Val' T

o testhooks
P(T)= 0648
F(F)=0.352

eves
Observed Val: bloodshot

grade
P{T)=06379
P{F)=0.3621

i P(UsingDrugs = Yez|Eye: = Glarad, Have Money = No, Grades = Poor)

i\ Bayes Applet Version 2.0 --- untitled bn

wworking
P(T)=04
F(F)=06

sleep
Pi{normal )= 0257

P{excessive y=0.028

£{notenounh )= 0715

using drugy
P(T)=01589
F(F)=0.8411

maney
Obsered Val F

o texthooks
P(T)=072
P(F)=10.28

eyes
Observed Val: glazed

grade
Observed Val: F

Click on a node to stap or start monitaring its prabability.

|



iil. PIWorking = Yes|EFyes = Normal, UsingDrugs = No, Grades = Goud)

i Bayes Applet Version 2.0 — untitled.bn =121

working
P(T)=04
P(F)=08

sleep
P{normal )= 0.6343

P(excessive)= 02768
£( not enounh ) = 0.089,

using drug
Ohsered Val F

money
P(T)=0.62
P(F =038

o testhooks
P(T)= 0648
F(F)=0.352

eyes
Obseredal normal

grade
Observed val: T

Click on a node to stop or start manitoring its probability
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