Your Name (very very c lear , capitals):____________________________

Your Andrew userid (c lear , with letters in upper case):______________

15-381 F inal Exam F all 1997

The following exam contains 14 questions . The first nine are easier . The total number of points a vailable is 115 (any points you get above 100 are considered extra credit).

Good luc k!

Remember that if you get stuc k on an early question, you ma y find some of the other questions easy , so keep working and come bac k to the difficulty-causing problem later .

The exam is OPEN BOOK. Y ou may use Russell and Norvig and/or your notes. If you don't ha ve a copy of the text book or are missing a c lassroom handout, and feel that you need it to answer a question, you can borrow one for a short period of time from the examiner

1. Search (12 points)

For eac h of the problems listed below , circle a searc h method that is likely to be the most appropriate . Assume that memory limitations are not a problem.

a. Solving a one-pla yer puzzle , given a good evaluation function with no local minimum.

b. Solving a one-pla yer puzzle , given a good evaluation function but with local minima.

c. Backpropagation can be viewed as a searc h through the weight space of a neural network, trying to find the lowest error . In this light, the searc h method it uses is

d. Finding a good move at eac h turn in a game of c heckers (the game that is also known as ‘draughts’).

e. Finding the shortest path through a maze . (Assume that you ha ve no information other than the moves a vailable from your current location.)

f. Finding the shortest path through a maze , if you ha ve a gadget that tells you the distance from where you are to the exit. (It won’t tell you the direction to the exit, and it only tells you the distance you would ha ve to tra vel if there were no w alls in the w ay).

Hill Climbing Best First A* Minimax

Hill Climbing Best First A* Minimax

Hill Climbing Best First A* Minimax

Hill Climbing Best First A* Minimax

Hill Climbing Best First A* Minimax

Hill Climbing Best First A* Minimax

2. Bayesian Networks (10 points)

People sometimes lea ve Wean Hall. Sometimes people tamper with fire alarms . Sometimes there’s a fire in W ean Hall. Sometimes there’ s smoke . Sometimes the alarm sounds .

a. If the alarm goes off , 88% of the time people will lea ve the building . However, if the alarm doesn’t go off there is still a small (0.1%) c hance that people will lea ve. Express these facts by dra wing a network and filling in probability tables at eac h node . Use just the nodes "Lea ving" (L) and "Alarm" (A). Y ou do not need to fill in the probability table for P(A) because we ha ven’t told you what it is .

b. If there’ s no fire , there is only a 1 in 100 c hance of there being smoke . And, if there is a fire , there’s a 90% c hance of smoke . Overall, there’ s a 1 in 100 chance of fire . Express these facts by dra wing a network and filling in probability tables at eac h node . Use just the nodes Smoke (S) and F ire (F).

c. The manufacturer c laims that, provided no-one tampers , the alarm will work every time that there is a fire . However , if someone tampers with the alarm, there is a 50-50 c hance that the alarm will sound whether or not there’s a fire . According to the manufacturer , there is zero c hance of the alarm ringing for no reason at all. There’ s a 1-in-10 c hance that someone would tamper with the alarm, and a 1/100 c hance of fire . Express these facts by dra wing a network and filling in probability tables at eac h node . Use just the nodes Alarm (A), F ire (F) and T ampering (T).

d. Dra w the composite network created by joining all the above facts . You ma y assume all the commonsense conditional independence relations and so you do not need to add any more “links” to any of the existing networks , just overla y the nodes .

e. What is the probability of smoke and fire?

f. What is the probability of smoke and no fire?

g. What is the probability of smoke?

h. You observe smoke . What’s the probability that there’ s a fire?

i. What is the probability that there’ s smoke , there’ s an alarm, and there’ s tampering , and there’ s a fire?

3. Decision T rees (10 points)

You are an allergist. One of your patients complains of a food allergy , but cannot determine its cause . You ask the patient to keep a journal of all the foods they eat for a week, and whether or not they had an allergic reaction on eac h da y. Here is the journal:

a. Which of the three food attributes has the highest information gain? b. Construct the decision tree for this data using the standard decision tree learning algorithm for building decision trees greedily with Information Gain (assume no pruning).

c. What would you predict for these next two da ys:

d. Suppose that your patient misunderstood your directions and only kept a record of what she ate on da ys when she had an allergic reaction. Could a useful decision tree be constructed? Explain in not more than three sentences why or why not.

Apple Beef Cake Reaction?

No Yes No Yes No Yes Yes Yes No Yes No Yes Yes Yes Yes Yes Yes Yes No No No No Yes No Yes No No No No No Yes No

Apple Beef Cake Reaction?

Yes No Yes No No No

4. Neural Nets (10 points)

a. At a meeting of the Mac hine Learning Contentious Club , someone stands up and proclaims that people should universally use neural nets and bac kpropagation for all learning tasks . Argue against this c laim by giving two examples of other learning algorithms . For eac h algorithm give one reason why it might perform better than a neural net trained with bac kpropagation.

b. Consider the following neural net where eac h node is a sigmoid threshold function. Could the predictions made by this network c hange if we multiply eac h of the weights and thresholds in the network by the positive constant K? (Y es or No)

c. Every da y at 9am, you must make a prediction of whether the stoc k market will go up or down using a neural net. Y ou train your neural net from daily data from the last three years inc luding data up to last night’ s. Inputs are yesterda y’s closing prices of various stocks, bonds and other financial indicators . Four data mining companies eac h try to sell you their neural network pac kage . When you try them out, you get the following results:

Based on this , whic h neural net would you c hoose for the job? J ustify your answer .

Network Company

Time to make 1 prediction (secs)

Mean Test Set Cross Validation Error (% wrong predictions)

Time to Train (hours)

Training Set Error (% wrong predictions)

NeuroBrain 15 17 6 1.3

Nets’r’Us 17 12 5 3.2

Neural Hut 10 28 1 1.2

Neuronics 8 26 3 25

w1 w2 w3 w4 w5 w6

w7 w8

I1 I2 I3

O1

H1 H2

5. Robot Motion Planning (10 points)

a. Dra w the configuration space of the following scene for the triangular robot using the indicated distinguished point:

b. Dra w a rough sketc h of the V oronoi skeletonization of the following space:

c. In the following maze , let

• d_0 = distance from robot to c losest point on the obstac le in centimeters .

• d_g = distance from the robot to the goal in centimeters .

Suppose the robot uses the potential field method for path planning , with the field value defined as d_g + 1/d_0 Dra w (roughly) the path that the robot would take starting from point A on the following diagram.

d. Dra w (very roughly) the path that it would take starting from point B on the above diagram.

e. Dra w (very roughly) the path that it would take starting from point C on the above diagram.

Goal

B A

1 cm

C

6. Logic (6 points)

For eac h of the following sentences , circle the best translation into first-order predicate calculus:

a. Not all students take both History and Biology:

∀ x. ~ (T akeHistory(x) ^ T akeBiology(x)) ∃ x. ~ (T akeHistory(x) ^ T akeBiology(x)) ~ (∃ x. TakeHistory(x) V T akeBiology(x)) ∃ x. TakeHistory(x) V T akeBiology(x) ∀ x. TakeHistory(x) V T akeBiology(x) b. There is a barber who sha ves all and only those people who do not sha ve themselves:

∃ x. ∀ y. Sha ves(y,y) => (Barber(x) ^ ~ Sha ves (x,y)) ∃ x. Barber(x) ^ ∀ y. (Sha ves (x,y) => ~ Sha ves (y,y)) ∀ y. ∃ x. (Barber(x) ^ Sha ves(x,y) <=> ~ Sha ves(y,y)) ∃ x. ∀ y. Barber(x) ^ (Sha ves(x,y) <=> ~ Sha ves(y,y)) ∀ y. ~ Sha ves(y,y) <=> ( ∃ x. Barber (x) ^ Sha ves (x,y)) c. FOR THIS QUESTION , choose all first order predicate calculus sentences that accurately represent the English sentence . There ma y be more than one. "Only one student failed the exam"

∃ x. FailedExam (x) ∀ x. FailedExam (x) => ( ∀ y. FailedExam (y) => (x=y)) ∀ x.∀ y. FailedExam(x) ^ F ailedExam(y) => (x = y) ∀ x. FailedExam (x) ^ ( ∀ y. FailedExam (y) => (x=y)) ∃ x. (FailedExam (x) ^ ( ∀ y. FailedExam (y) => (x=y)))

7. Markov Systems (12 points)

You are a drunk squirrel w andering randomly left and right on a tree branc h. Whenever you do a transition from your home state (S1) you get a rew ard of X where X is some positive number . No other states give you a rew ard, except for S5 whic h gives a rew ard of 1 unit because of its nice view . You move left or right at random at eac h time step , unless you’re at home (in whic h case you sta y at home permanently) or you’ve fallen off the tree (in whic h case you sta y fallen off permanently). W e are using discount factor γ.

Define J i = Discounted sum of future rew ards starting from state Si.

a. Which one of the following statements is true?

• J 1 = X • J 1 = X + γ J 1 • J 1 = X + γ X • J 1 = X + J 1 • J 1 = γ + X J 1

b. In addition to the equation you selected above , there are five other linear equations that together determine the values J1 through J6. Write down these five other equations . You don’t need to solve them.

c. Define pi = Probability that you’ll eventually end up fallen off the tree starting from state si. Write down six linear equations relating the values p1 , p2 , p3 , p4 , p5 , and p6

Home

Fall!

S_1 S_6S_5

S_4

S_3

S_2

p = 1/2 p = 1/2

p = 1/2 p = 1 p = 1/2 p = 1/2

p = 1/2 p = 1/2 p = 1 p = 1/2

R=X R=0 R=0 R=0 R=1 R=0

Discount F actor = γ d. How many possible policies are there in the above Markov Decision Process?

e. What is the optimal action to apply in state S_1 (assuming you are trying to maximize your expected discounted sum of future rew ards)?

f. What is the optimal action to apply in state S_2 (assuming you are trying to maximize your expected discounted sum of future rew ards)?

g. What is the optimal action to apply in state S_3 (assuming you are trying to maximize your expected discounted sum of future rew ards)?

S_1

R = 0

S_3

R = 32

S_2

R = -8 a1

a2 a1

a2

a1

a2 1

0.5 0.5 1

0.5 0.5 0.25

0.75

1

Discount F actor = γ = 0.5

8. Nearest Neighbor Learning (10 points)

You are given the following simple dataset with inputs x1 and x2, and output y ..

These datapoints are depicted in the figure below , whic h positions the datapoints according to their x1 and x2 values .

a. What output value does nearest neighbor (using a conventional Euc lidean Distance metric) predict for query inputs (x1 = 4, x2 = 5). (This is shown by a question mark on the diagram).

b. What output value would 2-nearest-neighbor predict for the same query?

c. Sketc h the region of (x1,x2)-space for whic h nearest neighbor (i.e . 1-nearest neighbor) would give a prediction of 7.

d. What is the a verage absolute lea ve-one-out error of nearest neighbor (i.e .

1-nearest neighbor) on the dataset. "A verage absolute" means you should give the mean unsigned difference between predictions and true values .

x1 x2 y

2 7 7

3 1 1

6 6 2

7 1 6

x_2 = 0

x_1 = 3 x_1 = 4

x_1 = 5 x_1 = 6 x_1 = 7 x_1 = 8 x_2 = 1 x_2 = 2 x_2 = 3 x_2 = 4 x_2 = 5 x_2 = 6 x_2 = 7 x_2 = 8

x_1 = 0 x_1 = 1 x_1 = 2 y=6 y=2

y=1 y=7

?

9. Simulated Annealing (7 points)

You ha ve been given a large propositional knowledge base containing hundreds of propositional symbols and thousands of sentences . You want to find an interpretation that makes the knowledge base evaluate to True . Describe how simulated annealing could be used for this purpose . Make sure you mention:

• What representation would you use for the thing you are optimizing?

• What would be the move-set?

• What would be the objective function?

10. Harder Decision T ree Question (5 points)

Assume you ha ve 100 input attributes , 1 output attribute , and 512 records (i.e . datapoints). Suppose eac h attribute value in eac h record is generated entirely randomly ...set to true with 50-50 probability , else set to false . Suppose the output values are also generated randomly in the same w ay. It is , of course , pretty futile to do learning in this case .

a. But suppose you did decide to try to learn using the standard decision tree algorithm (with no pruning). How many nodes do you expect the resulting decision tree to ha ve? (Leaf values do not count as nodes).

b. Now, repeat your answer to the above , except suppose that there are only 5 input attributes instead of 100. Does that c hange your answer? If so , how?

11. Harder Bayesian Networks (8 points)

a. If this information had been expressed in a joint probability table instead of a ba yesian network, how many entries would ha ve been required?

b. What is P(E)?

c. What is P(A ^ B ^ C ^ D | E)?

d. A, ~B and E ha ve been observed. What is the probability that D is true?

A^{P(A) = 0.8}

E^{P(E | B) = 0.2}

P(E | ~B) = 0.7

D^{P(D|B ,C) = 0.4}

P(D|~B ,C) = 0.6 P(D|B ,~C) = 0.3 P(D|~B ,~C) = 0.0

B P(B|A) = 0.7 P(B|~A) = 0.1 C

P(C|A) = 0.6 P(C|~A) = 0.9

12. Harder Markov Decision Process Question (6 points)

Returning to the same MDP you sa w earlier ...

Write J*(s_i) = The expected discounted sum of future rew ards starting from state s_i assuming you act optimally .

a. What are the values of J*(s_1), J*(s_2), and J*(s_3)?

b. Assume you are doing value iteration. Write J^k(s_i) = the maximum possible expected discounted sum of future rew ards during the next k timesteps . Fill in the remaining entries in the first four rows of the following value iteration computation (some of the entries ha ve already been filled in for you).

k J^k(s_1) J^k(s_2) J^k(s_3) 1 0 -8 32 2 8 48 3 4

S_1

R = 0

S_3

R = 32

S_2

R = -8 a1

a2 a1

a2

a1

a2 1

0.5 0.5 1

0.5 0.5 0.25

0.75

1

Discount F actor = γ = 0.5

13. Harder Simulated Annealing (5 points)

Returning to your answer to the question about using simulated annealing for finding an interpretation that satisfies your knowledge base . Construct a small example showing how it is possible for the searc h to be in a local minimum state in whic h any move c hosen from the moveset would make the objective function worse .

Make sure your answer very c learly describes why it is a local minimum. Unc lear answers will not receive any marks .

14. Harder Neural Nets (4 points)

I am trying to learn a function with one real number (x) as input and one real number (y) as output. I am convinced it is some kind of simusoid and so I use the following predictive function:

y = w_1 + w_2 sin(w_3 x + w_4)

Give the gradient descent rule for training this function.