
Exam Probabilistic Reasoning

3 July 2002, 9:00 - 12:00 uur

The exam consists of three problems, for each of which the number of credits per question is
given. In total, a maximum of 100 credits is awarded.

Good luck!

Problem 1

(a: 10 pts., b: 15 pts., total: 25 pts.)

Consider a probabilistic network B = (G,Γ), where G = (V (G), A(G)) si the following
directed graph: and Γ = {γVi | Vi ∈ V (G)} is defined as:

V1

V2

V3 V5

V4

V6

γV1(v1) = 0.6 γV5(v5 | v2 ∧ v4) = 0.2
γV5(v5 | v2 ∧ ¬v4) = 0.5

γV2(v2 | v1) = 0.3 γV5(v5 | ¬v2 ∧ v4) = 0.8
γV2(v2 | ¬v1) = 0.8 γV5(v5 | ¬v2 ∧ ¬v4) = 1

γV3(v3 | v2) = 0.7 γV6(v6 | v5) = 0.4
γV3(v3 | ¬v2) = 0.1 γV6(v6 | ¬v5) = 0.05

γV4(v4) = 0.9

Let Pr be the joint distribution defined by probabilistic network B.

a. Compute the probabilities Pr(v5) and Pr(¬v5) using Pearl’s five computation rules.
Clearly demonstrate the different steps in your calculation.

b. Suppose evidence V3 = false is entered into the network. Compute the probabilities
Pr¬v3(v5) and Pr¬v3(¬v5) from the network. Clearly demonstrate the different steps in
your computation.
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Problem 2

(a: 10 pts., b: 10 pts., c: 15 pts., d: 10 pts, totaal: 45 pts.)

Suppose that a probabilistic network is being developed for a certain application. With the
help of a domain expert, the following graph G is constructed:

V1

V2

V3
V4

V5

V6 V7

V8

For the domain of application we know that the variables V2, V3 and V4 obey the assumptions
of accountability and exception independence with respect to variable V1. In addition, the
following probabilities are known:

Pr(v1 | v2 ∧ ¬v3 ∧ ¬v4) = 0.8
Pr(v1 | ¬v2 ∧ v3 ∧ ¬v4) = 0.95
Pr(v1 | ¬v2 ∧ ¬v3 ∧ v4) = 0.65

a. Is it possible to specify a complete assessment function for variable V1 based upon the
above information? If not, indicate what information is missing. If so, give the complete
assessment function. Explain your answers.

In the literature for the domain of application, the following probabilistic information is found:

Pr(¬v1) = 0.5
Pr(v1 ∧ v5) = 0.25
Pr(¬v1 ∧ ¬v5) = 0.3
Pr(v5 ∧ ¬v6) = 0.2
Pr(v5 ∧ v6) = 0.25
Pr(¬v5 ∧ v6) = 0.15
Pr(v6 | ¬v1 ∧ v5 ∧ v7) = 0.56
Pr(v8 | v2 ∧ v3) = 0.8

No further information is available.

b. Provide all assessment functions for G that can be completely specified based upon the
above information. Clearly demonstrate how your answers came about.

c. Suppose that the probabilities that are still missing are elicited from a domain expert.
The resulting netork is subsequently subjected to a sensitivity analysis where we are
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interested in the sensitivity of the probabilities for the values of variable V5 to changes
in the assessment functions specified. We conduct a sensitivity analysis both in the
prior network without evidence, and for the network in which the variables V1 and V7
are instantiated. Let the sensitivity set for variable V5 be the set of variables Vi for
which the assessment function γVi can influence the probabilities for the values of V5,
given the available evidence.

1. Give the sensitivity set for variable V5 in the prior network.

2. Does the instantiation of variables V1 and V7 affect the sensitivity set for V5? If
not, why not? If so, what will the new sensitivity set be?

Explain your answers.

d. Once the probabilistic network for the domain of application is constructed, it is sub-
jected to an evaluation study. In an evaluation study you would like to make use of
a gold standard. Explain what a gold standard is and why it is often not available in
practice.

Problem 3

(a: 10 pts., b: 10 pts., c: 10 pts., total: 30 pts.)

Consider a probabilistic network B = (G,Γ), where G = (V (G), A(G)) is the following
directed graph:

V1

V2

V3 V5

V4

V6 V7

V8

V9

V10

a. Give two different loop cutsets C1 and C2 for graph G. Demonstrate that C1 and C2

indeed adhere to the definition of a loop cutset.

b. Give an optimal loop cutset for graph G. Would this loop cutset be found with the
Suermondt and Cooper algorithm? Explain your answers.

c. Provide a proof or counter example for the following claim:

Every multiply-connected directed acyclic graph has a unique optimal loop
cutset.
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