[image: image1.png]PROBLEM 1: SEARCH
Part1

Answer the following questions about the search problem shown above. Break any ties alphabetically.

What path would breadth-first graph search return for this search problem?

L R

€ SeA-CoG

¢ S+A-CD-G
¢ S+A-+B-+D-G
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What path would uniform cost graph search return for this search problem?

cosea
& S5 ACHG Y
c S3A-CD-G
¢ S+A-+B-+D-G




[image: image2.png]What path would depth-first graph search return for this search problem?
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What path would A* graph search, using a consistent heuristic, return for this search problem?

e Sea
& S A=C=G
¢ S+A-CD-G
¢ S+A-+B-+D-G
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Consider the heuristics for this problem, shown in the table below. The search graph is repeated for your

convenience.

state hy  hy

S 54
A 32
B 6 6
(e} 2
D 33
G o 0

Is b1 admissible?

Yes

e No ¥
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[image: image4.png]Is h1 consistent?

Yes

e No ¥
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Is ha admissible?

ves ¥

o No

@
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Is ha consistent?

Yes

e No ¥
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[image: image6.png]Which of the following is a minimal state representation for the above search problem

@ Alist of boolean variables, one for each position in the maze, indicating whether the position
could contain abug. ¢

o Two lists (one for each bug) of boolean variables,

one for each position in the maze. The first
list indicates whether each position could contain the first bug and the second list indicates whether
each position could contain the second bug.

© Thep

ion of each bug in the maze.

€ Alist of boolean variables, one for each position in the maze, indicating whether each position

ver contained a bug at any timestep.

o Twi
listindicates w

lists (one for each bug) of boolean variables, one for each position in the maze. The first

hether each position has ever contained the first bug at any timestep and the second

acond bug at any timestep.

indicates whether each position has ever contained the

Show Answer You have used 1 of 1 submissions

Which ofthe following gives the size of the state space for th

arch problem?

c  MN
©  2MN
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e

-

-
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[image: image7.png]Suppose we Use the heuristic

i =the maximurm Manhattan distance of all possible pairs of points the bugs can be in.

Is this an admissible heuristic for the above search problem?

Hide Answer You have used 1 of 1 submissions




[image: image8.png]PROBLEM 3: CSPS: TIME MANAGEMENT

Two of our TAs, Arjun and Peter, are making their schedules for a b
carried out:

morning. There are five tasks to be

(F) Pick up food for the group's research seminar, which, sadly, takes one precious hour.

consecutive hours.

(H) Prepare homework questions, which take:

(P) Prepare the PR2 (robot that Pieter uses for research) for a group of preschoolers' visit, which takes

one hour.

(S) Lead the research seminar, which takes one hour.

cutive hours

o (T) Teach the preschoolers about the PR2 robot, which take:

The schedule consists of one-hour slots: 8am-9am, 9am-10am, 10am-11am, 11am-12pm. The requirements

for the schedule are as follow

a. In any given time slot each TA can do at most onetask (F, H, P, S, T).

b. The PR2 preparation (P) should happen before teaching the preschoolers (T).
c. The food should be picked up (F) before the seminar (S).

d. The seminar (S) should be finished by 10am.

2. Arjun is going to deal with food pick up (F) since he has a car.

f. The TAnot leading the seminar (S) should still attend, and hence cannot perform another task (F, T, P, H)
during the seminar.

g. The seminar (S) leader does not teach the preschoolers (T).
h. The TAwho teaches the preschoolers (T) must also prepare the PR2 robot (P).
i. Preparing homework questions (H) takes 2 consectitive hours, and hence should start at or before 10am.

J. Teaching the preschoolers (T) takes 2 consecutive hours, and hence should start at or before 10am.

Keep Constraints Always Visible




[image: image9.png]To formalize this problem as a CSP, use the variables F, H, P, S and T. The values they take on indicate the TA
responsible for it, and the starting time slot during which the task is carried out (for a task that spans 2
upied for the next

hours, the variable represents the starting time, but keep in mind that the TAwill be o
ible valu

hour also - make sure you enforce constraint (a)}). Hence there are eight po or each variable,

A3, A4, P1, P2, P3, P4, where the letter corresponds to the TA and the number
onds to the time slot. For example, ning the value of A1 to a variables means that this task is

which we will denote by A1

corr

carried about by Arjun from 8am to 9am.

PART 1

What is the size of the state space for this CSP?
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[image: image10.png]Which ofthe statements above include unary constraints?
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[image: image11.png]PART 3: 3.0 POINTS

In the table bel check all remaining values after enforcing all unary constraints.

A1|A2| A3 | A4|P1|P2|P3 | P4
FIF|F|F|F|C|C|0|C
H|F|F|F | TC|F|F|F|T
PIF|F|F|F|F|F|F|F
S|IF|F|C|C|F|F|D|C
T|F|F|F|TC|F|F|F|T

v
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Start from the table above,

ct the variable S and assign the value

2o it. Check all remaining values in
the table below after performing for

checking.

A1|A2| A3 | A4|P1|P2|P3 | P4
FIF|C|D oo |r
H|C|C|F | D F|C
PIF|ITC|F|F|F|C|F|F
s|C|F|D|C|ojr|r|r
LU L I i i I i O I

v

Copy from Part 3
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Based on the result of Part 4, what variable will we choose to assign next based on the MRV heuristic
(breaking ties alphabetically)?
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"0 0
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[image: image14.png]PART 6 : 3.0 POINTS

ign the first possible value to th
remaing values left in the table below

A1[A2|A3|A4|P1|P2|P3|Pa
Fle|r|o|r|ir|r|r|r
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plr|r|r|F|F|C|F|F
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T|r|r|o|r|n|r|e|r

v
Copy from Part 4
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PART 7
e ariv end (i.e, have any of the domains become empty?
© Yes
& No ¥
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variable chosen in Part 5, then perform forward

cking. Check all




[image: image15.png]PART 8 : 4.0 POINTS

A1|A2| A3 | A4|P1|P2|P3 | P4
FIF|C|D oo |r
H|C|C|F Do |mr|r
[ N i i I O L i
s|C|F|D|C|ojr|r|r
LU L I i i I i O I

v

Copy from Part 3
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[image: image16.png]PART 9

Compare your an from Part 6 and Part 8. Which of the following statements explains the difference

between the tw of domains?

€ Forward checking removes more valuies than arc consistency because forward checking

checks consistency between any pair of variables, while arc consistency only checks relationships

en pairs of a

igned and unassigned variables.

©  Arc consistency removes more values than forward checking because arc con

stency checks

consistency between any pair of variables, while forward checking only checks relationships

between pairs of assigned and unassigned variables.
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[image: image17.png]PART 10 : 2.0 POINTS

Examine your answ

rto Part 8. Without backtracking, does an; lution e:
tree? If so, mark the solution in the table below. If there is no solution, leave all che

A1|A2| A3 | A4|P1|P2|P3 | P4
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Copy from Part &
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[image: image18.png]PROBLEM 4: SURREALIST PACMAN

Inthe game of Surrealist Pacrnan, Pacman plays against a moving wall. On Pacman's turn, Pacman must
ccupied square. On the wall's turn,

move in one of the four cardinal directions, and must move into an unc
the wall must move in one of the four cardinal directions, and must move into an unoccupied square. The

wall cannot move into a dot-containing square. Staying still is not allow
equal to the number of dots he has eaten.

al

-

The first game begins in the configuration shown below. Pacman moy

G

H





[image: image19.png]PART 1

Which ofthe following is the game tree with one mo

for each player? Nodes in the tree represent game
states (location of all agents and walls). Edges in the tree connect succes:

or states to their parent states.

@
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PART 2

According to the depth-limited game tree you selected above, what is the value of the game? Use Pacman's
score as your evaluation function.

0 v
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PART 3: 2.0 POINTS

If we were to consider a game tree with ten moves for each player (rather than just one), what would be the
value of the game as computed by minimax?

1 v
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[image: image21.png]Asecond game s played on a more complicated board. A partial game treeis drawn, and leafnodes have
been scored using an (unknown) evaluation function €.

Fill in each of the following values for the internal nodes of the game tree above using the minimax
algorithrm.
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PART 6
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PART 7
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a5 =

10 v

Show Answer  You have used 1 of 2 submissions




[image: image23.png]PART 9

26 =

v

Show Answer

PART 10

fo—

You have used 1 of 2 submissions

6

v

Show Answer

You have used 1 of 2 submissions




[image: image24.png]PART 11: 3.0 POINTS

Mark any branches that are not evaluated when using alpha-beta pruning (assurming the standard left-to-
right traversal ofthe tree). Ifthe pruning happens high up in the tree, only mark the branch at which the

pruning actually happens, for example if branch Ais pruned, don't mark &, C, D, or E.
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[image: image25.png]Suppose that this evaluation function has a special property: it is known to give the correct minimax value of

any internal node to within 2, and the correct minimax values ofthe leaf nodes exactly. That is, if vis the

true minimax value of a particular node, and e is the value of the evaluation function applied to that node,

e—2<wv<e+2 andv = eifthenodeis a dashed box n the tree below.

Using this special property, you can modify the alpha-beta pruning algorithm to prune more nodes.

PART 12: 2.0 POINTS

Standard alpha-beta pseudoc ursion). Select the

de is given below (only the max-value r

replace the corresponding boxes in the pseudocod o that the pseudacode prun

as possible, taking into account this special property of the evaluation function.

function MAX-VALUE(node, o, 8)
e + EVALUATIONFUNCTION(node)
if node is leaf then
return e
end if

®
v —00
for child < CHILDREN(node) do
v + MAX (v, MIN-VALUE(child, o, B)) | (2)
if v> j then
return v
end if
a + Max(a,v)
end for
return v
end function
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if € — 2 > o then
return € — 2

end if

8}

-

ife+2

return € — 2

then

end if

(6]

v + MAX(v, MIN — VALUE(child,
MAX(a,e —2), MIN(3, e +2)))

(2)

v ¢+ MAX (v, MIN — VALUE(child,
MAX(a, e +2), MIN(, ¢ — 2)))
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if € —2 > 3 then

return € — 2

end if
8}
-
if € +2 < o then
return € +2
end if

8}
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v + MAX(v, MIN — VALUE(child,
MAX(a,e —2), MIN(3, e +2)))

(2
v ¢+ MAX (v, MIN — VALUE(child,
MAX(a, e +2), MIN(, ¢ — 2)))

(2)




[image: image28.png]PART 13: 3.0 POINTS
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[image: image30.png]PROBLEM 5: MDPS: GRID-WORLD WATER PARK

Consider the MDP drawn belo
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[image: image32.png]PART 2:6.0 POINTS

Fill in the blank fthis table with values that are correct for the corresponding function, discount, and

state. Ifone o alues Il. For —o0, enter "-inf"

o0, enter "inf" (without the quotes) in th

0 v |4 v

2 v |4 v

0 v v

- 0 v

- 3 v

inf v | inf v

01 o V| 22 v
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[image: image33.png]PART 3: 8.0 POINTS

Fill in the blank cells of this table with the Q-values that result from applying the Q-update for the transition
fled v. Leave Q-values that are unaffected by the current update blank. Us
1.0 and learning rate o = 0.5. Assume all Q-values are initialized to 0. (Note: the

specified on each rc

d not arise from a single epis
Q(D,west) | Q(D,cast) | Q(E,west) | Q(E, cast)
Initial 0 0 0 0
Transition 1 -0.5
— D,a— cast,r — — v v v v
Transition 2: 1.0
E,a— cast,r — +1 v v v v
Transition 3:
—FBa-w v v v v
Transition 4: -0.25
—D,a— cast,r — — v v v v
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Which are greedy policies with respect to the Qvalue approximation function obtained by running the single
F,a=east,r = +2,s = G) while using the feature function f'? You
eights are zero before the update. Use discount y = 1.0 and learning rate

Q-update for the transition (s

may assume that all feature
&= 1.0. Check all that appl
v Fom
Foom
® o
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[image: image37.png]PROBLEM 6: SHORT ANSWER: SEARCH

Consider a graph search problem where for every action, the cost is at least €, with € > 0. Assurne the used
heuristic is consistent. Select whether each of the following statements is true or false.

PART 1

Depth-first graph search is guaranteed to return an optimal solution.

o True

€ False ¥
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PART 2

Breadth-first graph search is guaranteed to return an optimal solution.

& True X

o False
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Uniform-cost graph search is guaranteed to return an optimal solution.

¢ Tue ¥

o False
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PART 4

Greedy graph search is guaranteed to return an optimal solution.

o True

€ False ¥
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PART 5

A* graph search (with a consistent heuristic) is guaranteed to return an optimal solution.

¢ Tue ¥

o False
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A* graph search (with a consistent heuristic) is guaranteed to expand no more nodes than depth-first
graph search.

o True

€ False ¥
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PART 7

A" graph search (with a consistent heuristic) is guaranteed to expand no more nodes than uniform-cost
graph search.

¢ Tue ¥

o False
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[image: image40.png]PROBLEM 7: SHORT ANSWER: ITERATIVE DEEPENING

Iterative deepening is sometimes used as an alternative to breadth first search. Which of the following are
advantages of iterative deepening

ver BFS? Check all of the following statements that are true.

& T rerative deepeningis optimal, whereas BFS is not.

M lterative deepening requires less memory than BFS.

T BFSrepeats computations and therefore can require additional runtime over iterative
deepening.
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[image: image41.png]PROBLEM 8: SHORT ANSWER: DOMINANCE

Consider two different A* heuristics, b1 (s) and ha (s), that are each admissible. Now, combine the two
heuristics into a single heuristic, using some (not yet specified) function g. Give the choice for g that will
result in A* expanding a minimal number of nodes while still guaranteeing admissibility.

& max(h (s),ha(s)) ¥

© min(hy (s), ha(s))

O MR ha(?

ha(s) + ha(s)

o ha(s)+ha(s)
e
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[image: image42.png]PROBLEM 9: SHORT ANSWER: HEURISTICS

Let by () be an admissible A* heuristic. Let ha (s) = 2hy (s). Mark whather sach of the following
statements is true or false.

PART 1

The solution found by A” tree search with ha is guaranteed to be an optimal solution.

o True

€ False ¥
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PART 2

The solution found by A* tree search with hy is guaranteed to have a cost at most twice as much as the
optimal path.

0 True
& rase X
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The solution found by A* graph search with ha is guaranteed to be an optimal solution.

o True

€ False ¥
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[image: image44.png]PROBLEM 10: SHORT ANSWER: CSP

Consider a CSP with three variables: A, B, and C'. Each of the three variables can take on one of two values:
sither 1 or 2. There are three constraints: A # B, B # C' and A # C'. Check all the choices below that

are eliminated by enforcing arc-consistency.

v r

aa9a9ana

<

None ofthe above
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[image: image45.png]PROBLEM 11: SHORT ANSWER: GAMES

Consider an adversarial game tree where the root node is a maximizer, and the minimax value ofthe game
is var. Now, also consider an otherwise identical tree where every minimizer node s replaced with a chance
node (with an arbitrary but known probability distribution). The expectimax value of the modified game tree
is vE. Mark each whether the following statements are true or false.

PART 1

v Is guaranteed to be less than or equal to V.
¢ Tue ¥
€ False
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PART 2

Using the optimal minimax policy in the game corresponding to the modified (chance) game tree is
guaranteed to result in  payoff of at least vy

o True

& rase X
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Using the optimal minimax policy in the game corresponding to the modified (chance) game tree is
guaranteed to result in a payoff of at least vg.

o True

€ False ¥
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