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Probabilistic Reasoning

Unit # 19
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Twisted Party Problem
(by Ross Shachter)

* Erica wants to celebrate her birthday by throwing a party this
coming weekend. After some thinking, she rushes to her dorm
to get started with the arrangements.

* At the dorm, she learns that another student is also interested
in using of the shared areas of the dorm next Saturday, so she
must book the area she wants now.

* “How can | possibly know if | should reserve the garden or the
cafeteria?” asks Erica. “What if it rains on Saturday? All the
food will get wet! But if instead we stay inside and the Sun
shines outside, the boys will leave to play Frisbee and my
party will be a disaster!”
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Twisted Party Problem (Cont’d)

* Erica also invited Jane, a girl she met over the
summer in a Hockey camp.

* Jane said that she could bring a large tent that could
cover and save the party in case Erica chooses the
garden and it rains.

* Ericais not sure if Jane will come and in case she
comes, whether or not she will remember to bring
the tent. “She always forgets everything”.
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More issues....

* What is she going to wear?
 What food should she serve? Coffee or Coke?

e Erica also doesn’t know what she should ask
her parents for a gift.
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Basic Elements of Decision Making

Values and Objectives
* Decisions to be made

Uncertain Events
* Consequences
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Structuring & Framing

* Decisions & Alternatives
— What space too book: garden or cafeteria
— What to wear?
— What gift to ask?

* Uncertainties
— Is it going to rain?
— Is Jane coming? Is she bringing the tent?
— Is Erica’s party going to be a success?
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Structuring & Framing

e Erica doesn’t know how to handle the values.

* “There are no $S attached to any of the alternatives,
except for the money I'll have to spend! What should
| do?”

* Values: Even though there are no clear values
attached to the elemental possibilities, Erica must be
able to express her preferences in such a way that
she can order the possibilities.
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Twisted Party — Possible Decision Tree

Decision Uncertainties values

Sun

Garden, Sun

Jane brings the tent

Garden — Rain
with Tent

Jane comes

Garden

Jane forgets the tent Garden —Rain

Rain

- Jane misses the party Garden —Rain

Sun

Cafeteria — Sun
Cafeteria

Cafeteria - Rain

Rain
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Techniques for Identifying Objectives

* Develop a wish list

* |dentify alternatives

* Consider problems and shortcomings

* Predict consequences

* |Identify goals, constraints, and guidelines
* Consider different perspectives

* Determine objectives
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Food Processor Problem
(by Goodwin & Wright)

* An engineer in a food-processing industry has been
asked to consider the development of a new kind of
processor and make a recommendation.

* Two alternatives power sources could be used for the
processor, namely gas and electricity.

* Resource constraints mean that the company will
only be able to pursue one of the designs.

* The engineer estimates that there is a 75% chance
that the electricity-powered design would be
successful and only a 60% chance that the gas-
powered design would be a success.
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Food Processor Problem (Cont’d)

$10m

-$3m

$15m

“$7m
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Food Processor Problem (Cont’d)
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Food Processor Problem (Cont’d)

13

You judge the quality of a decision
before knowing the outcome
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Evacuation Problem
(by Clemen & Reilly)

Risk Cost
Evacuate
Forecast: Safe High
“Hurricane Hits Hurricane Hits
Miami” Miami
o Danger Low
/ /
h Hurricane Misses
Miami Safe Low
-
.
Forecast: Evacuate
o -
“Hurricane Misses /// Safe High
Miami” -~ Hurricane Hits
Miami
Danger Low
Stay
Hurricane Misses
Miami Safe Low
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Evacuation Problem (Cont’d)
Risk Cost
Evacuate Now
Safe | High
Evacuate
Forecast Safe | High
\ “Hurricane Hits Hurricane Hits
\ Miami” Miami
\ /
\ /
\ /
\ /
\

s

Danger Low
\. Hurricane Misses
Miami Safe = Low
Forecast:
“Hurricane Misses

Evacuate
Miami”

Safe
Hurricane Hits

Miami

High

-
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Danger Low

. Hurricane Misses
Miami Safe | Low
Fall 2012
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Drilling Example
(by Hillier & Lieberman)

The ALPHA COMPANY owns a tract of land that may
contain oil. A consulting geologist has reported to
management that she believes there is 1 chance in 4
of oil.

Because of this prospect, another oil company has
offered to purchase the land for $90,000. However,
Alpha is considering holding the land in order to drill
for oil itself.

The cost of drilling is $100,000.

If oil is found, the resulted expected revenue will be
$800,000.
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Texaco vs. Pennzoil
(Clemen & Reilly)

In early 1984, Pennzoil and Getty Oil agreed to the terms of a
merger. But before any formal documents could be signed,
Texaco offered Getty a substantially better price, and Gordon
Getty, who controlled most of the Getty Stock, reneged on the
Pennzoil deal and sold to Texaco.

Naturally, Pennzoil felt as if it had been dealt with unfairly
and immediately files a lawsuit against Texaco alleging that
Texaco had interfered illegally in the Pennzoil-Getty
negotiations.

Pennzoil won the case: in late 1985, it was awarded $11.1
billion, the largest judgment ever in the United States.

A Texas appeal court reduced the judgment to $2 billion, but
interest and penalties drove the total back up to $10.3 billion.
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Texaco vs. Pennzoil (Cont’d)

James Kinnear, Texaco’s Chief executive officer, had said that
Texaco would file for bankruptcy if Pennzoil obtained court
permission to secure the judgment by filing liens against
Texaco’s assets.

Furthermore, Kinnear had promised to fight the case all the
way to the U.S. Supreme Court if necessary, arguing in part
that Pennzoil had not followed Security and Exchange
Commission regulations in its negotiations with Getty.

In April 1987, just before Pennzoil began to file liens, Texaco
offered to Penzoil $2 billion dollars to settle the entire case.
Hugh Liedtke, chairman of Pennzoil, indicated that his

advisors were telling him that a settlement between $3 billion
and $5 billion would be fair.

[T Can v 19

Texaco vs. Pennzoil (Cont’d)

* What should Hugh Liedtke do?
— Accept S2 Billion
— Refuse S2 Billion and counter offer S5 Billion
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Texaco vs. Pennzoil (Cont’d)

Max Settiement

Amount
) (S Billion )
Accept $2 Billion 5
I:‘;”"/ Texaco Accepts $5 Billion 5
\
Y
\
A\ High
Y P L LT
\ //'
' Counteroffer, Texaco Refuses :j Final Court Medium 5
$58ilion | Counteroffer ~Deasion
\ ~ ow o
High
P 103
/'/
Refuse /Y Final Court Medium 5
\ / \_A\_Decwsiun
Texaco | _;/ S~ Low 0
COunter-'—D\
offers $3 Billion .
\‘\.
. Accept $3 Billion 5
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Texaco vs. Pennzoil (Cont’d)

* Given tough negotiation positions of the two
executives, it could be an even chance (50%) that
Texaco will refuse to negotiate further.

* Liedtke and advisor figure that it is twice as likely
that Texaco would counter offer $3 billion than
accepting the S5 billion.

* Hence, because there is a 50% of refusal, there must
be a 33% chance of a Texaco counter offer and a 17%
chance of Texaco accepting S5 billion.
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Texaco vs. Pennzoil (Cont’d)

* What are the probabilities of the final court
decision?

— Liedtke admitted that Pennzoil could lose the case. Thus
there is a significant possibility the outcome would be
zero. It’s probability is assessed at 30%.

— Given the strength of the Pennzoil case it is also possible
that the court will upheld the judgment as it stands. It’s
probability is assessed at 20%.

— Finally, the possibility exists that the judgment could be
reduced somewhat to $5 billion. Thus there must be a
chance of 50% of this happening.
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Texaco vs. Pennzoil (Cont’d)

Max Selllement
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Accept $2 Billion 8 EHHI;n )
I:F'“/( Texaco Accepts $5 Billion (0.17) .
\
\
\
\
\ High (0.20
\ - an e ) 10.3
\ .
', Counteroffer Texaco Refuses (0.50) " Final Court  Medium (0.50) .
N~ (J—phaiCoun_Nem 00
$5 Billion | Counteraffer . .
| e Low (0.30) o
High {0.20
gh {0.20) 103

-

P
Refuse /Y Final Court Medium (0.50) 5
/ \_/_Decision

|
Texaco | / T tewem:)

Gounter - (022 -
offers $3 Billion “\\

.

"~ Accept $3 Bilion

T
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Texaco vs. Pennzoil (Cont’d)

A | B | C | D | E | F

Pennziol Reaction
46348

Texaco vs. Pennzoil

Texaco Reaction
46348

CounterOffer 55

10.3)
Court Decision
4.56

50.0%

0.066
10.3. 10,3
Court Decision

4.56

50.0% 0.165

ennzoil Reaction
4.56

CounterDffer 53 | 23.0%

0
FALSE
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Texaco vs. Pennzoil (Popularity)

Advanced Sesrch
Frafersnces

Go ()Sle P —

Search: @ the web O pages from Pakistan

Web Results 1- 10 of about 110,000 for texaco pennzoil. (0.17 seconds|

Pennzoil - Wikipedia. the free encyclopedia

Texaco. In 1984, Pennzoil made an informal, yet still binding, contract with the Getty Qil
company to purchase the company.
en.wikipedia.org/wiki/Pennzoil - 35k

Cached

Similar pages - Note this

ror Case Study. Texaco versus Pennzoil In early 1984, Pennzoil and ...

File Format: PDF/Adobe Acrobat - View as HTML

In early 1984, Pennzoil and Getty Qil agreed to the. terms of a merger. But before any formal.
documents could be signed, Texaco offered Getty ...

www.agsm.edu.au/bobm/teaching/SGTM/pennzoil pdf - Similar pages - Note this

ror Case Study: Texaco versus Pennzoil In early 1984, Pennzoil and ...
File Format: PDF/Adobe Acrobat - View as HTML

shares, reneged on the Pennzoil deal and sold to Texaco
Pennzoil began to file the liens, Texaco offered to ...
www_agsm_edu_au/bobm/teaching/MDM/pennzoil pdf - Similar pages - Note this

. In April 1987, just before

Texaco vs Pennzoil Modeling a Sefflement in PrecisionTree - Palisade
Pennzoil immediately sued Texaco, alleging Texaco had illegally interfered in the

negotiations. ... 52 billion if Pennzoil accepts Texaco's initial offer.
www.palisade.com/articles/ptree_texpen.asp - 26k - Cached - Similar pages - Note this

ror 729 S W 2d 768 [Excerpts from Texaco v. Pennzoil] Court of Appeals ...

File Format: PDF/Adobe Acrobat - View as HTML

Pennzoil and Texaco presented conflicting evidence. at trial on the common business usage

and ... Texaco points out that Pennzoil amended its tender ...

w mi, priuNRlennlurea/Slnan-Sehnnl-nfMananemant/15R40Thed awenf |, L., .. 26
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Texaco vs. Pennzoil (Wikipedia)

FPennzoil v. Texaco [edit]
In 1984, Pennzoil made an informal, yet still binding, contract with the Getty Oil company to purchase the company. The deal, however, was
encroached upon by the Texaco oil company when it instead attempted to acquire Getty. In a landmark lawsuit presided over by Judge
Solomon (Sol) Casseb of San Antonio, Pennzoil, represented by a legal team including Joe Jamail and Baine Kerr, won $10.53 billion from
Texaco. (The case was appealed, and the decision of the trial court was upheld on condition that Pennzoil file a remittitur agreeing to a

reduction of punitive damages from 3 billion, to $1 billion, while the compensatory damages of $7.53 billon remained unaffected) Pennzoil paid
Mr. Jamail $335 million and Mr. Kerr $10 million for the victory.

External links [edit]
= Pennzoil Official Web Site &

= Shell's US Site &

= Quaker State's Official Web Site &?

= SOPUS Official Web Site &

= Good Writeup on Pennzoil Histaory &

= Press Release on Pennzoil - Quaker State Mergeré&?
= Jiffy Lube web site &@

ved-2 Fi of go County, F i [hide]

Jennifer Antkowiak | Charles Almanze Babcock | Orrin Dubbs Bleakley | John Wilkes Booth | Mai Rogers Coe | Cornplanter | Wiliam Holmes Crosby
Charles Vernon Culver | Hidegarde Dolzon | Albert Gallatin Egbert | Frank Evans | Gabby Gabreski | John Galbraith | Leon H. Gavin
Calvin Willard Gilfillan | Alexander Hays | Samuel Hays | Stevin Hoover | John W. Howe | Shauna Howe | Wilie James Hulings | Chris Kirkpatrick

Penonle
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You judge the quality of a decision
before knowing the outcome
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Drilling Example
(by Hillier & Lieberman)

The ALPHA COMPANY owns a tract of land that may
contain oil. A consulting geologist has reported to
management that she believes there is 1 chance in 4
of oil.

Because of this prospect, another oil company has
offered to purchase the land for $90,000. However,
Alpha is considering holding the land in order to drill
for oil itself.

The cost of drilling is $100,000.

If oil is found, the resulted expected revenue will be
$800,000.
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Sensitivity Analysis

50000
Land Decision
100000

Qil Drilling

0.25

&00000 700000

Chances of il
1000040

m 75.0%

0

0.78
-100000

* What if the probability of oil is unknown?

* How sensitive is the decision to the probability of oil?

Sajjad Haider Fall 2012
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Sensitivity Analysis (Cont’d)

* Solving the equation
8p+0(1-p)—1>0.9
=> p>0.2375
|

90000
Land Decision
90000

o
800000 700000
Hold and DrifFALSE Chances of Oil
00000 84000
7.0% [ A \ B c D
0 -100000 o
50000 90000
Land Decision
0.24
300000 700000
Chances of Oil
92000
76.0% 0.76
-100000
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Food Processor Problem (Cont’d)
$10m
~$3m
$15m
-$7m
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Food Processor Example
(Two-wav Sensitivitv Analvsis)

pvsq

10p —3(1-p) >

12
15g-7(1-q) 1

08
2 06

=>P>22/13 q-4/13

0 02 04 0.6 0.8

Fall 2012

Sensitivity Analysis in BNs

* The analysis of how sensitive the Bayesian
network is to changes in parameters or inputs
is called sensitivity analysis.

* The network output is the posterior
probability of the query node(s).

* The changes to be tested may be variations in
the evidence provided or variations in the
network parameter.
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Two Metrics to Gauge Uncertainty

* Entropy
—H(X) =- X P(x) log P(x)

* Variance
— Var(X) = 2 (x - u)? P(x)
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Entropy and Variance Computation

rz-y  |pz-2  |pa-3) lea-9 |wa|va@
1 0 0 0 0 0

0.25 0.25 0.25 0.25 1.39 1.25
0 0.5 0.5 0 0.69 0.25
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Sensitivity Analysis in Netica

- Smoker
Paollution T 00
Low 900 — F 700 i
High 10.0 }
Sensitivity of 'Cancer' due to a finding at another node:
Node Mutual Variance of
- Info Belisfs GoET
Cancer 0.09142 0.0114547 EERIE
XRay 0.01633 0.0003528 F 9EE|
Swoker 0.o01i008 0.0001778 L
Dyspnoea 0.00431 0.0000765
Pollution 0.00156 0.0000335
\ /
XRay Dyspnoea
T 208m T 304 e
F 792 F 695
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Sensitivity Analysis in Influence Nets

Given A, E
where A = Set of Actionable Events
E = Desired Effect

Iterate V | where |l € A

Set P(l_Original) = P(l) //store the original probability of the desired
effect

Set P(l)=0

Compute P(E). Set P(E_min) = P(E)
SetP(l)=1

Compute P(E). Set P(E1) = P(E)

Set Diff(l) = P(E1) — P(EQ) //store the difference between the two
probabilities

Set P(l) = P(1_Original) //restore the original probability of I.
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BN Modeling Tasks

* When constructing a BN, the major modeling
issues that arise are:

— What are the variables? What are their
values/states?

— What is the graph Structure?
— What are the parameters (probabilities)?
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Knowledge Engineering Example
(Source: Korb & Nicholson)

* John and Mary Nguyen arrive home after a night out to find
that their second car is not in the garage.
* Two explanations occur to them:
— either the car has been stolen or
— their daughter Sam has borrowed the car without permission.
* The Nguyens know that if the care was stolen, then the
garage will probably show signs of forced entry.

* The Nguyens also know that Sam has a busy social life, so
even if she didn’t borrow the car, she may be out
socializing.

* Should they be worried about their second car be stolen
and notify the police, or has Sam just borrowed the car
again?
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Identification of Important Elements

Possible Situations (nodes and values)

Words connecting situations (graphical
structure)

Indication of evidence (observation nodes)

Focus of reasoning (query nodes)
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Knowledge Engineering Example
(Cont’d)

* John and Mary Nguyen arrive home after a night out to find
that their second car is not in the garage.

* Two explanations occur to them:

— either the car has been stolen or
— their daughter Sam has borrowed the car without permission.

* The Nguyens know that if the care was stolen, then the
garage will probably show signs of forced entry.

* The Nguyens also know that Sam has a busy social life, so
even if she didn’t borrow the car, she may be out
socializing.

« Should they be worried about their second car be stolen

and notify the police, or has Sam just borrowed the car
again?
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Model

How to specify
the probability
P(CM=T|CS=T,
SB=T).

How is it possible
for Sam to have
borrowed the car
and for the car to
have been stolen.

* These are
mutually
exclusive events!
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Modified Model

* The Nguyens are actually
interested in the state of
their car, whether it has
been borrowed by their
daughter, stolen, or is it safe
at home.

* Soinstead of two Boolean
guery nodes, we should
have a single query node
CarStatus with possible
values {home, borrowed,
stolen}.

{Home,
Borrowed,
Stolen}

Sajjad Haider Fall 2012 a4
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Fire Alarm Example
(Source: Korb & Nicholson)

* We receive a phone call saying that everyone is
leaving the building.
* The call can come from three different sources:

— a security center gets a report from a special sensor in
the building. If the sensor reports “Leaving” the
security center calls us.

— we also get calls from kids who are playing practical
jokes (mainly during the holidays) and

— From seriously concerned people who notice smoke
coming out of the building (mainly after work-hours).
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Fire Alarm Example (Cont’d)

* The sensor is noisy.

* |t sometimes doesn’t report when everyone is leaving
and sometimes reports leaving for no reason.

* |If the fire alarm goes off, that causes people to leave
the building.

* The fire alarm can go off either because there is a fire
or because someone tampers with it.

* The fire also causes smoke to rise from the building.

* In winter, fireplaces in the building can also cause the
presence of smoke.
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Model: Fire Alarm
(Matilda Software)
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Queries Answered by Matilda

* What is the relationship between two nodes?
* When does a node become irrelevant?

* Given some information, what happens to the
relationships between nodes?
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Recap of the Course
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Course QOutline

* Knowledge Representation
* Modeling and Reasoning with Bayesian Networks
* Handling Knowledge Acquisition Issues

* Belief Updating in Singly and Multiply Connected
Networks

* Dynamic Bayesian Networks and their Variants
* Parameter and Structure Learning

* Papers Reading (a lot of them!)

 Sensitivity Analysis and Knowledge Engineering
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