
6.825 Midterm Quiz, Fall 2005

October 28, 2005

Name:

The exam is on the long side. Do not write long explanations; be brief. The fact that

there is a lot of white space does not mean that we expect you to fill it. If you don’t

immediately see how to do one question, move to another one and come back later.
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1 Propositional Logic (15 points)

Recall the first proof from Project ib:

• All men are mortal

• All mortals are boring

• Hera is not boring.

• Therefore, there exists someone who is not a man

The predicates required for this proof are Man(x), Mortal(x) and Boring(x).

].. (3 pts) Explain briefly how you can use an algorithm for checking propositional satisfiability

to carry out this proof.
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2. (2 pts) Indicate whether you should use DPLL or Wa1kSAT for this application. Explain

briefly why.
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3. (5 pts) Write down in detail the propositional sentence involved in this approach to finding a 4

proof.
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4. (2 pts) What is the size of the complete search space for this proof?
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5. (3 pts) Would DPLL need to examine every state in the search space for this problem?

Explain briefly.

;5 91 c

vsC

‘1

I”

J -)- 2e ce

7c i\



2 First Order Logic (25 points)

Here are two sentences in FOL (note the placement of parentheses):

(Vx.P(x)y.Q(y)))

(Vx.P(x)) (y.Q(y)) . y..

1. (5 pts) Assume the universe is U = {A, B}, for each of the interpretations

which sentence is true and which is false in that interpretation.

P(A) P(B) Q(A) Q(B) Sentence 1 is T/F? Sentence 2 is T/F?
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3. (2 pts) Does the second sentence logically entail the first?
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Explain briefly.
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4. (8 pts) Using resolution refutation, try to show that given the first sentence you can

prove the second. Be very clear about what clauses you are using in the proof. Specify

which clauses you are using at each step and the unifier, if any. Be sure to say whether you

think the proof succeeds or fails.

Here are the two sentences again:

(Vx.P(x) (y.Q(y)))

(Vx.F(x)) = (Ey.Q(y))
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5. (8 pts) Using resolution refutation, try to show that given the second sentence you can

prove the first. Be very clear about what clauses you are using in the proof. Specify which

clauses you are using at each step and the unifier, if any. Be sure to say whether you think

the proof succeeds or fails.

Here are the two sentences again:

(Vx.P(x) =t (y.Q(y)))

(Vx.P(x)) z (y.Q(y))
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3 Bayesian Nets (20 points)

Here is a Bayesian Net involving four variables.

1. (5 pts) What is the number of (non-redundant) probability values that need to be specified

at each node of this network? What is the total nmnber for the whole network?
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2. (5 pts) Suppose you find out that D d1, write a formula for the probability distribution

over C, given this. Show the formula so that it involves the minimal amount of computation.
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3. (5 pts) If we knew nothing else (ignore previous question), could learning that C = c affect

the probability of B b2? Explain.
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4. (5 pts) If we knew D = d1 (and nothing else), could learning that C = ci affect the probability

of B = b2? Explain.
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A has two values (ai, a2), B has three values (bi, b2, b3), C has two values (Cl and c2) and D has

two values (di and d2).

7-

z
3

()

rckv
.7L.f( p6-7’+P

6 D t.ç. C

/



4 Bayesian Net Inference (20 points)

Here is a Bayesian Net involving five variables.

Assume each variable X has two values, Xi and x2.

1. (5 pts) Show how P(B) is computed via the Variable Elimination algorithm using the variable

order: A, E, C, D. Show the intermediate factors created by the algorithm as described in

class.
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2. (1 pt) What is the largest factor created during the computation and how big is it?
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3. (2 pts) How big is the biggest factor if we used the variable order D, C, A, E. Hint: You don’t

need to do the full VE process to answer this.
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4. (2 pts) When would you want to use the clique tree algorithm instead of simple variable

elimination? Why?
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5. (4 pts) If you are doing likelihood weighting to compute P(E —
e C = c1, A = a2), what is

a formula for the weight that you have to assign to the sample (a2, b1, Cl, d2, Cl)?
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6. (6 pts) Assume we are using a very large Bayesian Net that represents the connections be

tween hundreds of diseases and thousands of symptoms. The network has intermediate nodes

(between diseases and symptoms) that represent the states of internal organs, e.g. kidneys

and lungs. A given symptom may ultimately be caused by multiple diseases.

We want to use sampling to estimate the probabilities of the following events; indicate which

/ b spling algoritlun you wod recommend and (briefly) why.

(a) P(symptom diseased)
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5 Hidden Markov Models (20 points)
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The following picture specifies a Hidden Markov Model for a DNA sequence “pattern”, of length

at least 6. There are two special states, S which is the start state and Z which is the end state.

We always start in state S, that is, the state distribution at time 0 has all the probability on state

5, there are no observations in state S. Once we transition into state Z, all the observations are

of an “end of string” symbol (which is not relevant in this problem). The other states show the

distribution over the observations possible in that state (one of the four bases of DNA - A,C,G,T).

The transition probabilities between the states are given on the arcs between the states.

1ff

- 7

1.0 CM1 1.

1. (10 pts) What is the distribution over the states after seeing “ACAAA”, i.e. P(X5IE1:5=

ACAAA). Compute the probabilities and write them in the 5th table column. Write the

probabilities as sums and products of entries in the diagram, do not multiply or add the

numbers. So, an entry in the table could be 0.3 x 0.4 x 0.2 + 0.5 x 0.2 x 0.2. The table is big

enough to keep track of intermediate results, but you do not need to fill in the whole table.

i you do, you might want to label important entries with letters, e.g. a and b, so you can

reuse them. In this range of time, S and Z have 0 probability, so they’re not shown.

State]lt=1 t=2 t=3 t=4 t=5
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2. (1 pt) Which algorithm should be used for computing the distribution above?

3. (4 pts) How would you expect the distribution you computed above (for X5) to change after

seeing “ACAAAATC”, that is, P(X5IE1:8 ACAAAATC)? You do not need to compute

the new distribution numerically; indicate the qualitative changes to the state probabilities.

Jr (x5 /
Sj

Pc (7ç ( Kç ‘D) 4

4. (1 pt) Which algorithm should be used for computing this new distribution?

5. (4 pts) Explain how ts algorithm would arrive at the expected change in the distribution.
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