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"};ﬁ‘ When you run Waliz algorithm on the following drawing, which of the following statements is true? Circle the
COLrect answer.

(i} The algorithm will label all edges uniquely.
(i} The algotithm will report that some cdges are ambiguous.
(i) The atgorithm will report that the image cannot be labeled consistently.

ANSWER: (ii)

How many degrees of frecdom does a rigid 3-d object have if it moves in a 3-d space?
ANSWER: 6

c j(c) How does randomized hill-climbing choose the next move each time? Cirgle the correct answer,

(i) It generalcs a random move from the moveset, and accepts this move.
(i) It generates a random move from the whole state space, and accepts this move.,

(iii) Tt generates a random move from the moveset, and accepts this move only if this move improves the
evaluation function.

{(iv) It generates a random move from the whole state space, and accepts this move only if this move improves
the evaluation function.

ANSWER. (iii)

> \/(d) Suppose you arc using a genetic algorithm. Show the children of the following two strings if single point
crassover is performed with a cross-point between the 4th and the 5th digits:
14625723 and 85346761

ANSWER: 14626761 and 83345723

‘/(c) What is the entropy of these examples: 13231332
ANSWER: 1.5

> /(f) Which of the following is the main reason of pruning a decision tree? Circle the correct answer.

(i} to save computational cost
(ii} to avoid over-fitting

(iii) to make the training error smaller

ANSWER: (i)

J (g) Which of the following does the Naive Bayes clagsifier asgsume? Circle the correct answer.

{i) All the attributes are independent.
(ii) Al the atiributes are conditionally independent given the output label,
{iii) All the atiributcs are jointly dependent to each other.



ANSWER; (i)

— J(h) By which of the following networks can XOR function be learned? Circle the corect answet.

(i} linear perccptron

(ii) single layer Neural Network
(iiiy 1-hidden layer Neural Network
{iv) none of the above

ANSWER: (iii)

)((i) If we use K-means on a finite set of samples, which of the following statement is true? Circle the correct answer.

(i) K-means is not puaranteed to terminate.
(i) K-means is guaranteed to terminate, but is not guaranteed to find the optimal ¢lustering.

(iii) K-means is guaranieed to terminate and find the optimal clustering.

ANSWER: (ii)
{j) In the worst case, what is the number of nodes that will be visited by Breadth-First Search in a (non-looping)
tree with depth d and branching factor 47

ANSWER: O(b%)

*(k) True or False : If a search tree has cycles, A* Scarch with an inadmissible heuristic might never converge when
run oh that tree.

/ ANSWER.: False
— () Circle the Nash Equilibria in the following matrix-form game:

ANSWER:
Player 2

D E F

A 0,1 @ 2,1
1,3 3,2

ik ‘) (m) Assume the following zero-sum game, where player 1 is the maximizer:
ANSWER:

Player 1
=




Player 2

C D

-~ Al 2 0
5
k)
(=W

B| o 1

If Player 1 chooses strategy A with probability p, and if Player 2 always plays sirategy C, what is the expected
value of the game?

j ANSWER: 2p+ {1 —p) = 2p
: (n) In the mixed strategy Nash equilibrium for the above game, with what probability does Flayer 1 use stralcgy AT
p=1

ANSWER: p=1/3

X(o) True or False : In a second-price, sealed bid auction, 1t is aptimal to bid your true value. Ther¢ is no advantage
10 blulling.
ANSWER: Truc

- 'J (p) How many values does it take to represent the joint distribution of 4 boolean variables?

ANSWER: 16
b
J (@) If P(A) = 0.3, P(B) = 0.4,and P(A|B) = 0.6
(2) What is PGAAB)?
ANSWER: P(A A B) = P(A|B) + P(B) = 0.24
(b) What is P(B|A)?
ANSWER: P(B|4) = ZAZIEE) — 0.8

(¢) Are A and B independent?
ANSWER: No



7((0 For the following questions, use the diagram below. If you do not have enough information o answer a question,
answer False.

{a) TrueorFalse: 4 L B
ANSWER: True

(b} Troe or Falge: A 1L O
ANSWER: Fals¢

{c) True or False: 1< A, {C},B >
ANSWER: False

(d) True or False: I C, {A}, B >
ANSWER: False
‘/(s) True or False ; Policy iteration will usually converge to a better policy than value iteration.
ANSWER: False
t) True or False : For a densely connected MDP with many actions, policy iteration will gencrally converge faster
than value iteration.
ANSWER: True
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1 Problem 1: Game Tree Search (20 pts)

The figure below is the game trec of a two-player game; the first player is the maximizer and the
second player is the minimizer. Use the tree to answer the following questions:

() Max
(B () () Min

() () () (] () () () () () Max

O Oe®LY OERLREEWE VW R@E@WWH

-.__}N(a) What is the final value of this game?

Consider running the alpha-beta pruning algorithin on this game tree.

.._._.h).g/(b) Is the final value of beta at the root node (after all children have been visited) +o00? (T/F)

'J (¢) What is the final value of beta at the node labeled P (after all of P's children have been visited)?

Suppose we are in the middle of running the algorithm. The algorithm has just reached the node
labeled 3. The value of alpha is 5 and the value of beta is +o0.

J (d) Will any nodes be pruned?

J (e) What value will Q) return to its parent?
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2 Problem 2: Game Theory (20 pts)

Two players, A and B, play a game, in which they each shout out an integer: 1, 2 or 3. 1f they
both shout the same number, they receive a prize:

¢ They cach get one dollar if they both shouted “17.
» They each get two dollars if they both shouted “27.
» They each get three dollars if they both shouted *3”.

If they shouted different numbers, they get nothing.

~—/(2) Is it a Nash Equilibrium to both shout “1°? (T/F)

Consider the mixed strategy of

I1: shout “1" with probability %
12: shout “2" with probability 5
I3: shout “4" with probability 3

.—--‘-'-‘/-’/(b) If both players use this mixed strategy, is that a Nash Equilibrium? (T /F)

Now consider a verydifferent game. Two companies, A and B, both make elbow warmers. The
more they spend on ertising, the more sales they get, byt there arc diminishing returns. A's
advertising somcwhat helpg B, and B’s advertising somewhdt helps A. the exact fomulas are

revenue

erpertse

where

. BR _ 2

Hint: 52 = 255
or, _ 1
de T at+2b
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3 Problem 3: Search (20 pts)

Consider the search problem below with start state 5 and goal state 7. The transition costs are
next to the edees, and the heuristic values are next to the states.

If we usc Uniform-Cost Search:

e3> [(2) What is the final path for this search?
If we use Depth First Search, and it terminates as soon as it reaches the goal state:

J (b) What is the final path for this DFS search? If a node has multiple successors, then we always
expand the successors in increasing alphabetical order.

If we use A* search:

J {¢) What is the final path for this A* search?

—3» (d) Is the heuristic function in this example admissible?
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4 Problem 4: Hill Climbing, Simulated Annealing and Genetic
Algorithm (20 pts)

An N-Qucens problem i3 to place N Queens on an NxN chess board such that no qucen attacks any
other (a queen can attack any other piece in the same row, column or diagonal). Let's consider
one slightly efficient complete-state formulation as below:

s State: ALl N queens are on the board, one queen per row and per column. In this way, we
only need to worry about the attacks along the diagonal, and this simplifies the evaluation
function calculation.

s Evaluation: Number of nonattacking pairs of queens in this state,

» Successor Function: Swap of adjacent columns. For example, swap (1,2) means swap the
column#1 and column#2

Let’s study the 5-Queens problem:
“—'—%\‘a) Given the definition above, how many states are there in total?

Number of states:

Q.... Q... Q.. Qo Q...
Q... Q.... ..Q.. .Q... .Q...
Q. Q. .. Q. ..Q.. ....Q
) Q... ... ...Q.

Figure 1: Initial state Figure 2: Successors

-f (b) If we carry out steepest ascent hill-climbing starting from the initial state in Figure 1, what is
the final state, and ia it a solution? (The evaluation function values for the initial statc and its four
successors are given as below.)

TnitState: Eval = 8
swap(1,2): Eval = 4
swap(2,3): Eval = 6
swap(3,4): Eval = 6
swap(4,5): Eval = 6

J {¢) Consider the relations between simulated annealing and variants of hill-climbing in a general
setying:
When T=c0, simulated annealing is:_...—.-

# A, steepest ascent

s B. stochastic hill climmbing
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e C. first-choice hill elimbing
s D random-restart hill climbing
« E. none of the above
./W hen the tempcrature decay rate = 1, simulated annealing is ______
» A. steepest ascent
¢ B, stochastic hill elimbing
e (. first-choice hill climbing
o D. random-restart hill climbing

« E. none of the above
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J 6 Problem 6: Constraint Satisfaction (20 pts)

Consider the perennial problem of scheduling classrooms in Wean Hall. We have 4 instructors
(I1.12,I3,14) and 3 rooms (R1, R2, R3). We need to assign rooms to instructors. We assume that
the instructors need the rooms at the following times:

I1: 9am to 1lam
12: 10am to 2pm
I3: 1pm to S5pm
I4; 1pm to 3pm

We assume that a roomn canh be use by only one instructor at a time and that room A3 is too small
for instructor I1 and that rooms B2 and R3 are too small for instructor 3.

() Show the search with forward checking by writing the domain for each variable at every step in
the table below. Write the variable instantiated at each step of the search in the left column and
the corresponding value domain for each the variables in the remaining entries of the table. Use
the variable ordering (11,12,13,14) and the value ordering (R1,R2,R3).

Variable Il 12 13 I4
Instantiated
Initial R1.R2 R1,R2 R1 R1,R2
Domains R3 R3

J (b) Can the problem be solved by constraint satisfaction alone without backtracking?

pre Gﬂ‘lgqﬁ'on



15-381 Spring 05 Final

Thursday May 5th, 2005

Name: Andrew ID:
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J{ 8 Markov Decision Process 9
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1 Game Tree Search (10 points)

Figure 1 shows the game tree of a two-player game; the first player is the maximizer and the second
player is the minimizer. Use the tree to answer the following questions.

Max A
Chance o o

=1/2 p=1 12 =3/4 p=1 /4

-

™~
L~

Min S

1 2 4 3 2 3 1 1

Figure 1: Game tree of two-player game with chance

—% )1. Circle one (2 pts) : What is the value of the node labeled 57
Answer: (b)

(a) 1/2

(b) 1

(c} 2

{(d) Not enongh information / cannot be determined

‘—"’:5/2. Circle one (2 pts): What is the expected value of the node labeled Q7
Answer: (d)

(a) 1/2
(b) 1
(c) 3/2
{d) 2
(e) 3
(0

Not enough information / cannot be determined
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J 3. Circle one (2 pts): What is the expected value of the node labeled R?
Answer: (b)

(a) 2

(b) 7/4

(¢} 1

(d) 2/3

(e) 1/4

{f) Not cnough information / cannot be determined

', 4, Circle one (2 pts): What is the expected value of the game?
Answer: (c)

(a) 1
(b) 7/4
(¢) 2
(d) 3
(e) Not enough information / cannot be determined
5. True or False (2 pts): You have been provided with enough information so that you could

modify the alpha-beta pruning algorithm to work on this game tree.
Answer: True
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¥ 3 Decision Trees (14 points)

Your spaceship has just landed on an alien planet, and your crew has begun investigating the local
wildlife. Unfortunately, most of your scientific equipment is broken, so all you can tell about a given
object is what color it is, how many eyes it has, and whether or not it is alive. To make matters
worse, none of you are biologists, 50 you are going to have to use a decision tree to classify objects
near your landing site as either alive or not alive. Use the table below to answer the following

(uestions:
Object | Color | Number of eyes | Alive
A Red 4 Yes
B Black 42 No
C Red 13 Yes
D Green 3 Yes
E Black 27 No
F Red 2 Yes
G Black 1 Yes
H Green 11 No

-é.}l Circle one (2 pts): Which of the following is the largest? (Note that we are not asking for
exact values. You may solve this problem by simply inspecting the table.)
Answer; {c)

(a) H(Alive|Number of eyes > 10}
(b) H{Alive|Number of eyes < 3)
(c) H(Alive|Color = Green)
(d} H{Alive|Color = Black)

\512. Fill in the following blank (2 pts):

What iz the entropy of Alive?
Answer: H(Alive) = —§logz§ — §log23 = 0.9544

3. Fill in the following blank (2 pts):

What is IG(Alive|Color)?
Answer: 0.36

. Circle one (2 pts): Suppose we wanted to turn Number of eyes into a binary attribute for
the purpose of building a decision tree. Which of the following binary categorial splits results
in the larger value of IG(Alive—Number of eyes)? (Note that we are not are not asking for
exact values. You may solve this problem by simply inspecting the table.)

Answer;: (b)
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(a) {Number of cyes = 11, Number of eyes # 11}
(b) {Number of eyes < 4, Number of eyes > 4}
(¢) {Number of eyes < 13, Number of eyes > 13}

5. (6 pts) Suppose we were going to build a decision tree for this data:

s First, we split using the attribute you chose in the previous question.
¢ Second, we split on Color.

How would this tree classify the following objects? (In case of a tie at a leaf node, classify
the object as Not alive.) NOTE: This should not be a very complicated tree.

(1) Circle onc (3 pts): (Alive or Not alive) A red object with 23 eyes
(b) Circle one (3 pts): (Alive or Not alive) A black object with 1.5 cyes

Answer:
If (a) on previous question, Not Alive; Not Alive
If (b) on previons question, Alive; Alive

If (¢) on previous question, Not Alive ; Alive
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4 Naive Bayes (10 points)

For each question below, you are required to write down the basic formulas that you use
to compute your answers. Otherwise, you can only get a maximum of half credit.

Tom is a CMU student. Recently, his mood has been highly influenced by two factors: the weather
(W) and his study (S). Naturally, he likes good weather and hates bad weather. More impor-
tantly, Tom worries about his exams. Tom feels happy if he passes exams and not happy if he fails
them. Now Tom wants to predict his happiness according to these two factors using his previous
expericnce. Tables A and B show this data.

Weather(W) | Study(S) | Happy(H)
Bad Fail 0
Good Fail 0
Good Fail 0
Good Fail 0
Bad Pass 0
Bad Pass 1
Bad Pass 1
Good Pass 1

Table A: 2 factors

“—Qj(a) Using Table A: If today’s situation is W=Good, S=Pass, and Tom uses a Naive Bayes classifier,
how would he predict his happiness? Please show your computations and the classifier’s prediction.
(2 pts)

Answer:

P(W =CG|H =0)P(5=P|H =0)P(H =0) = 3/40
P(W _— G|H = 1)P(S = PlH = I)P(H = 1) = 1/8
predict Happy.

1) (b) Using Table A: If today’s situation is W=Bad, 5=Fail, and Tom uses a Naive Bayes clagsifier,
how would he predict his happiness? Please show your computations and the classifier’s prediction.
(2 pts)

Answer:

P(W = B|H=0)P(5=F|H=0)P(H=0)=1/5
PW=BH=1P(S=F|H= 1)P(H=1}=0
predict Unhappy.

Tom also notices that his neighbor always goes for a walk if the weather is good and stays at home
if the weather is bad. Tom thinks it wouldn’t hurt to have more information, so he adds onc more
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factor, Neighbor (N), to the table. The new table is shown as Table B. You can see that whenever
W=Good, N=0ut, and whenever W=Bad, N=home.

Weather(W) | Study(8) | Neighbor(N) | Happy(H)
Bad Fail Home 0
Good Fail Qut 0
Good Fail Out 0
Good Fail Out 0
Bad Pags Home 0
Bad Pass Home 1
Bad Pass Home 1
Good Pass Qut 1

Table B: 3 factors

/ (¢) Using Table B: Now, if W=Good, $=Pass, N=0Out, and Tom uses a Naive Baycs Classifier,
how would he predict his happiness? Please show your computations and the classifier’s prediction.
(2 pts)

Answer:

P(W =G|H=0)FP(S =P|H=0)P(H =0} =9/200
PW=GH=1)P(S=PH=1)P(H=1)=1/24
predict Unhappy.

wpd‘\’ (d) Will the new factor improve the performance of the Naive Bayes classifier? Why or why not?
(2 pts)

Answer: No. Since weather and neighbor are not conditionally independent. The assumption
of Naive Bayes doesn't hold anymore.

— J (e) Using Table B: Now, if Tom uses a Bayes Classifier instead of a Naive Bayes Classifier, and we
still assume W=Good, S=Pass, N=0ut, how would he predict his happiness? Please show your
computations and the classifier's prediction. (2 pts)

Answer:
PW=G,S=PN=0O|H=0)PH=0)=0
PW=GS§=PN=0OH=1)PH=1)=1/8
predict Happy.
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j 7 Bayes Nets (10 points)

Given the Baycs net shown in the Figure below; A, B, C, D, and E are all Boolean variables.

P(A="“+") is simply denoted as P(A).
KE
2lo
0.5

B|C|PD

E| O D)

+ |+ | 05

Alclrem +|03 )
0.6 - |08 ——

: = ~ [+ 02

P(A) - gi / \ 0.5
05 il Bl

0.6
O

Figure 2: Bayes Net

Note: In the following, we'll use the notations: A L B means A is independent of B; A L B|C
mcans A is conditionally independent of B given C.
——f(a) Please judge if the following independence assumptions are correct or not:

1. (True or False) (1 pt);: B L E|C
Answer: True

2. (True or False) (L pt): AL D
Answer: False

3. (True or False) (2 pts): AL D|B
Answer: False

4. (True or False) (2 pts): A L D|B,C
Answer: True

J (b) Compute the value of P(C) (2 pts)
Answer: 0.53

ﬁﬁ%\/ (¢) Compute the value of P(B|A) (2 pts)
Answer; 0.375
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8 Markov Decision Process (9 points)

In the following Markov Decision Process, there are threc states 5), Sz and 53, The rewards for
each state and all of the state transitions are marked in the given figure. There are two actions.
Action a; canses you to stay in the same state, and action ap causes you to move to other states.
The discount factor is v = 0.9.

Figure 3: Markov Decision Process

3 J (a) How many distinct policies are there in the above MDP? (1 pt)
Answer: 2* =8

\’(b) {/*e(i) is the expected sum of discounted rewards if we start at statc 7 and follow the policy
mo. The initial policy 7g is the one that assigns a; to every state. Write down the numerical values
of the expected discounted rewards of each of the following states in the MDP. (3 pts)

—2>1. U™(8;) = 100
2. U™(85,) = -100
3. Um(8s) = 200

> J (c) Continuing from part (b), suppose we run policy iteration with 7y as the initial policy. Define
71 a5 the updated policy after one iteration of policy iteration, and write down the updated policy
for each of the states (2 pts):

L. m(S)=a
2. m1(52) = ag
3. m1(53) = m
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J (d) Suppose we run value iteration, U*(#) is the expccted sum of discounted rewards if we start at
statc ¢ after (k — 1)-step of value iterations. Starting from the initial value of U 1(4), which is the
reward at state i, please write down the updated U?(i) after one value iteration (3 pts}.

— 1. U(5) =19
2, U%(S;) = 8
3. U?%(S3) = 38



!
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9 Neural Network (12 points)

Consider a problem in which each data point has two coordinates u and v. We wish to learn a
classifier for this problem by using a linear perceptron network with inputs v and v and weights
W, and W, on the two connections. We use a threshold of 0 so that the output of the nctwork is
+1 (class 1) if the output unit is greater than or equal to 0 and -1 (class 2) otherwise.

Figure 4: Ncural Net

(a) Can the network distinguish the two classes in the cases illustrated below? Why/Why not in
each case? (2 pts)

O 4 o 4
O ® O
00
O o & ° ®
L] » — & .
O ® ]
Case [ Case 11

Answer;

Yes for case 1 and no for case 2. Without a constant term, the decision boundary must go through
the origin.

—==x (b) Assume that we augment the network with an additional input unit with constant value 1 (we'll

call the weight on the additional connection W), How does the answer to 1 change and why? (2 pts)

Answer:

With a constant term the decision boundary can go anywhere though it must still be linear. So
both cases I and IT ¢can now be discriminated correctly,

¢ difficult)The sigmoid perceptron defines Prediction = g(we + wixr) + woxs + .. wedy),
givethd input variables 1 through g, and g(z) = m(—_ﬂ' Pat thinks the sigmoid function is too
ionally cxpensive and replaces it with this piecewise linear approximation: Prediction =
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J 10 Reinforcement learning (8 points)

Part 1.

Consider an agent starting in a room A in which it can take two possible actions: to leave the
room {action “L”) or to stay (action “57), If it leaves A, the agent moves to room B, which is a
terminal state (no more actions can be taken). The outcomes of the actions are uncertain, so that
when exccuting action L (or action §), there is some probability that the agent will leave A (or
stay in A). We assume that the reward in entering state B is R(B) = +1 and the reward for being
in state A is R(A) = —0.L

—> J (a) Draw the (very simple) diagram corresponding to this MDF. Answer by inspection of the
diagram: What is the optimal policy? (2 pts)

Answer: With the added conditions on the probabilities, the optimal policy is #(A) = L.

—> (b) Assume that the agent knows neither the world (transition probabilities) nor the utilities of the
states. Assumec that the agent, for some reason, happens to follow the optimal policy. The rewards
received at states A and B are the same as described above.. In the process of executing this policy,
the agent execute four trials and, in each trial, it stops after reaching statc B. The following state
sequences are recorded during the trials: AAAB, AAB, AB, AB. What is the estimatc of Ty )?
What is the estimate of U(A), assuming a discount factor of ¥ = 0.57 (2 pts)

Answer;

T(A,L,A) =3/7 and T(A,L, B) = 4/7

Note that T(A, §, A) cannot be computed from the data given in the text and it is not needed since
we assume that we follow the optimal policy.

U(A) = R(A) + y(T(A, L, A)U(A) + T(A, L, B)U(5B))

U(A)=-014+05x (3/TxU(AY+4/Tx1)

11/14 x U(A) = =0.1 + 4/14

U(A) = 26/110 = 0.2364

J (¢) Assume now that the agent is executing only one trial yielding the sequence of states AAB.
Compute the estimate of the utility U/(A) using TD (temporal differencing}. Use discount v = 0.5,
and learning rate oo = 0.5, (2 pts)

Answer:
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Transition A to A:

Unew(A) = UOM(A) -+ Q(R(A) + "YUOM(A) _ UDM(A))

Urew( 4y = =0.1+ 0.5 x (=0.1+ 0.5 x —0.1 — (~0.1)} = —0.125

Transition A to B:

Unew(A) = Ud(A) 4 o(R(A) +vU(B) — U (A))

Unew(A) = —0.125 + 0.5 x {(—0.1 + 0.5 x 1 = (-0.125)) = 0.1375

Note that the question did not specify the starting values for U. Alternative solutions (e.g., with
U = 0) were also accepted as long as the formulas were correct.

Part 11

We are using Q-learning to learn a policy in an MDP with two states 5; and &; and two actions a
and b. Assume that v = 0.8 and @ = 0.2, and that the current values of @ are:

Qi) [ 20
Q(51,6) [ 20
Q(52,8) | 4.0
Q(52,b) | 2.0

Suppose that, when we were in state 51, we took action b, received reward 1.0 and moved to state
S5. Which item of the @ table will change and what is the new value? (2 pts)

Answer:

({51, ) is the affected entry.

Qe (S1,8) = QS b) + el R(S1) + YMaZariiomQ(Sa, action) — QU4($1,1))

QU (8,b)=2+02x%x (1+08x4=2)=244

Note: A common mistake is to forget the *Max” and to use (.8 X 2 instead of the correct expression.
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