19. Let the states be the following five cities: Fitchburg, Madison, Middleton, Verona, Waunakee. The
locations on the map are given in the following table. In the search digraph, the edge costs are the

Euclidean distance between the cities corresponding to the state. The initial state is Madison, and
—

the goal state is Verona. What is a vertex expansion sequence if Uniform Cost Search (UCS) is used?

l n1 jw
- \ - . . - -
Reminder: when there are ties, the state with a smaller index has priority.
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36. Continue from the previous question, how many positions (actions) are optimal for player O given both

players are using the optimal strategy in all subgames?

e A: 0
e B: 1
e C:2
e D:3
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1,9_/ Let the states be the following five cities: Fitchburg, Madison, Middleton, Verona, Waunakee. The
20 locations on the map are given in the following table. In the search digraph, the edge costs are the
Euclidean distance between the cities corresponding to the state. The initial state is Madison, and

the goal state is Verona. What is a vertex expansion sequence if Uniform Cost Search (UCS) is used?

Reminder: when there are ties, the state with a smaller index has priority.

Index City X-coordinate | Y-coordinate Successors /ﬁ
1 Fitchburg -1 -1 Middleton, Verona Com hyw 3& ' 7)
2 Madison 0 0 Fitchburg, Middleton, Waunakee ’ }
3 Middleton -2 0 Verona ‘ } vane
4 Verona -2 -2 —
5 Waunakee 0 2 Middleton d’P et




= 19 is the herd immunity coefficient, 3 = 5 measures the ineffectiveness of the vaccine, and ¢ =5
getting the vaccine. In a Nash equilibrium, what is the largest number of individuals who choose to take the

vaccine. T
* Answer: .| Calculate |
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28. Consider a sequential game with Chance. Player 1, MAS, ¢hpoges an action H or T first. Then a fair
coin is flipped, the outcome is either H (heads) or T' (tails). Player 2, MIN, observes the outcome of
I?A the coin and chooses an action H or T. Suppose the number of outcomes or actions that are H is

. . . T ——
x and the number of outcomes or actions that are T is 3 — x, then the value of the terminal state is

1 other words, the value for any path with z number of H's and (3 — ) number of

x1{z,3 —zf,z =0,1,2,3. What is the value of the whole game? 2 _
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Question 6 [2 points] -
« (Fall 2017 Final Q24) Consider n + 1 = 21 + 1 states. The initial state is 1, the goal state is n. State 0 is a dead-
end state with no successors. For each non-0 state i, it has two successorsi’i:L anq_g. There is no cycle check
nor CLOSED list (this means we may expand (or goal-check) the same nodes many times, because we do not
keemhich nodes are checked previously). How many goal-checks will be performed by Breadth First
Search? Break ties by expanding the node with the smaller index first.

( * Answer: | .| Calculate |

—

?-_) 3t

m@fzm@) nodes h= n~2)

20 - |




( 9&‘ cL\eCL —
K

npmh  — o/leclweue
N (POF)

5‘@\& WL% W‘N/@ﬂfwﬂ the Soal STkte

SPMQ CPm \Q\Q><) \

L het 04 Queug
h o “feJr(»)
jﬁ s 4/\7CF ",\ T\A"w'{ ,



37. Given the following simultaneous move game payoff table, what is the complete set of pure strategy
Nash equilibria? Both players are MAX players. In each entry of the table, the first number is the
reward to the ROW player and the second number is the reward to the COLUMN player.
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Question 3 [2 points]

+ (Fall 2018 Midterm Q3) Consider a 3-puzzle where, like in the usual 8-puzzle game, a tile can only move to an
adjacent empty space. Tiles cannot move diagonally. Which of the following initial states can reach the goal state

[3 5} (0 means "no tile")?

* Choices:
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Question 2 [0 points] m N

» There are 8 lights in a row. The initial state is ' 0 1 0 1 0], 0 is "off", 1 is "on". A valid move

finds two adjacent lights where one is one the the Xther & '-wﬁ"‘e?*’ﬁ em while keeping all other lights the
N

state(0 0 0 0 1 1 1

. Answe,;d; / . Calculate |
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Question 1 [0 points]

» Suppose K-Means with K = 2 is used to cluster the dataset [ 10 —8 0 3 4] and initial cluster centers
are ¢; = 6 and ¢3 = . What is the smallest value of x if q sz points. Break ties by assigning the point to
e

cluster 2. Re—— 2 '\ G

« Answer: . Calculate |
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Question 1 [0 points]

» Suppose K-Means with K = 2 isf: to cluﬁ the dataset [-10 —8 0 3 4] and initial cluster centers
are ¢; = 6 and ¢y = . What is the smallest value of & if cluster 1 has(3 pointgg¢Break ties by assigning the point to
cluster 2. '
* Answer: . Calculate |
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Question 3 [0 points]

« Imagine a population of N = 200 individuals. Each of them simultaneously chooses between taking the vaccine

and not. All individuals have the same payoffs. Suppose there are § 0 {gke the-raTrme
n e — Y/
then the payoff from not taking the vaccine is —a - —, and the payof [ ine i
ot ot e o rive RS

= 17 is the herd immunity coefficient, ,8 8 measures the ineffectiveness of the vaccine, and ¢ = 2 is the cost of

gettlng the vaccine. In a Nash equilibrium, what is the largest number of individuals who choose to take the
e
vaccine. ?wl\

* Answer: .| Calculate
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37. Given the following simultaneous move game pavoff table, what is the complete set of pure strategy
Nash equilibria? Both players are MAX plavers. In each entry of the table, the first number is the

reward to the ROW player and the second number is the reward to the COLUMN player.
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34. Counsider a zero-sum sequential move game with Chance. Player MAX first chooses between actions

. o 1 Iy

—1 with probability — + —
xy € {—1,+1}, then Chance chooses x3 € {—1,+1}, % -‘li'ln i ok theiand,
+1  with probability Y

4
player MIN chooses between actions x3 € {—1,+1}. The value of the terminal states corresponding to
the actions (xy,x2,23) is {1 + 2 + x3) - x3) Not a typo: (rl +|2(( not x3) + IJ) x2. What is the

value of the whole game?
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Question 8 [4 points]

* (Spring 2017 Midterm Q4) You are given the distance table. Consider the next iteration of hierarchical
agglomerative clustering (another name for the hierarchical clustering method we covered in the lectures) using
complete linkage. What will the new values be in the resulting distance table corresponding to the four new
clusters? If you merge two columns (rows), put the new distances in the column (row) with the smaller index. For
example, if you merge columns 2 and 4, the new column 2 should contain the new distances and column 4 should
b'e removed_i.e. the columns and rows should be in the order (1), (2 and 4), (3), (5).
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Hint: tmﬁ have 4 columns and 4 rows.
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Rationabzatehty Nash Equilibrium Fued Powt Ratsonalizatulity Nash Eguilibrum Fixed Pomt

Non-credible Example 1 Non-credible Threat Example 1 Derivation
Quiz QUIZ
et wig! G
e Country A can choose to Attack or Not attack country B. If — -
country A chooses to Attack, country B can choose to Fight 1" b
back or Escape. The costs are the largest for both countries if 5
they fight, but otherwise, A prefersattacking (and B escaping) A P w
d B prefers A not attacking. What are the Nash equilibria?
and B prefers A not attacking. What are the Nash equilibria ~ @@ ol
v A: (A. F) A Yt‘w‘f'\q —
o B: (A E) N <pe o
e C:(N, F) P (N'(;)l (/\/'G>
e D: (N, E) .
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Adversarial Search Alpha Beta Pruming Hewristic

Minimax Example 2
Quiz

e For a zero-sum game, the value to the MAX player if MAX
O?/ plays x; € {1,2,4} and MIN plays x> € {1,2,4} is x; - x3.
What is the value of the game?

e A: 1l













2 2 1
7. What is the projected sample variance of { 'Vl‘| A [ 1 onto [‘2 7 Note: projected sample variance

/\ < LG_I = () —
is thi sample variance of the magnitude of the projection pf the

which




Question 4 [4 points]

—10
* (Fall 2017 Final Q22, Fall 2014 Final Q20, Fall 2013 Final Q14) Consider the four points: 2 = , Ly =

—8 —6 4 —4| -3
, L3 = ,Xg = . Let there be two initial cluster centers ¢; = ,Co = . Use Euclidean

distance. Break ties in distances by putting the point in the cluster with the smaller index (i.e. favor cluster 1). Write
down the cluster centers after one iteration of k-means, the first cluster center (comma separated vector) on the
first line and the second cluster center (comma separated vector) on the second line.

* Answer (matrix with multiple lines, each line is a comma separated vector): ’ <4 L \ Calculate \
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19. Let the states be the following five cities: Fitchburg, Madison, Middleton, Verona, Waunakee. The
locations on the map are given in the following table. In the search digraph, the edge costs are the
Euclidean distance between the cities corresponding to the state. The initial state is Madison, and the
goal state is Verona. What is a state expansion sequence @ is used with heuristics equal to
the Euclidean distance between the state and the goal state, for all states? Reminder: when there are

ties, the state with a smaller index has priority.

h(s=(z,y)) = \/(r +2)7 + (y+2)” <h* (s) 2

Index City X-coordinate | Y-coordinate Successors

1 Fitchburg -1 -1 Middleton, Verona

Madison 0 0 Fitchburg, Middleton, Waunakee
Middleton -2 0 Verona

L R AL

Verona -2 -2 —
Waunakee 0 2 Middleton

e A: Madison, Fitchburg, V@ ﬂ\’

e B: Madison, Fitchburg, Middleton, Verona \3
!
C: Madison, Fitchburg, Middleton, Waunakee, Verona )

e D: Madison, Fitchburg, Middleton, Waunakee, Middleton, Verona 2- f' ] 7 SL +'fi

E: Madison, Fitchburg, Middleton, Waunakee, Middleton, Fitchburg, Verona
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Uninformed Search BFS DFS

IDS Example 1 \

Quiz e g

o Fall 2018 Midterm Q2, Fall 2017 Midterm Q13, Fall 2010 \ \
Final Q2

e Suppose the states are positive integers between 1 and 10, 4

initial state is 1, goal stajg is-5; (s 2/ and 5 ‘é —)
2i + 1 (if exist). What f IDS expansion sequence? —_—
- /%
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Question 2 [0 points]
» There are 12 lights in a row. The initial stateis[1 1 1 0 1 0 0 0 0 1 1 0], 0is"off",1is"on".

A valid move finds two adjacent lights where one is one the the other is off, and switches them while keeping all

other lights the same. That is, locally, you may d¢ 01 to 10 or 10 to 01. What is the smallest number of moves to

reachthe goalstate [0 0 0 0 0 0 1 1 1]. ]

* Answer: | .| Calculate S Y ot / QLQT
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27. Consider a zero-sum sequential move game in which playver MAX moves first, and MIN moves second.
Each player has three actions labeled 1,2,4. The value to the MAX player if MAX plays x; € {1, 2,4}
and MIN plays x5 € {1,2,4} is £, - 2o \Alpha-Beta pruning is used. What is the number of branches
(states) that can be pruned? During the search process, the actions with smaller labels are searched

first. Note that a branch is pruned if a = j3.




13. Suppose the states are integers between 0 and 9. The initial state is 1, and th The
<E. Juccessors of a state i are the first digit and the last digit of i - 7. For example, the Tirst digit of 14 is

1, the last digit is 4, and the first digit of 7 is 0, the last digit is 7. What is a state expansion sequence

if Breadth-First Search (BFS) is used? Use the convention that a smaller integer is always enQueued

before a larger integer, anc( a list of visit e stored so that the same state is never enQueued
twice. For example, e

{1,7,9,3,5}

eing into the Queue with {1,7,9} (from front to back) results in

1 front £o back). Use this convention for all search questions.

Ct/OSGDS\-7=35,G-7=42,L_7__=49.8-7=56.9-7=G3
ho l’ﬁ‘)w

.4 %X %] VLN
1,00, 4 2,7, 5

0.-7=00,1-7=07,2-7=14,3.7=21,4.7=28 ;[-‘ é
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Question 1 [0 points]
« Suppose K-Means with K = 2 i

terthe dataset [-10_ 0 2 3 6] and initial cluster centers are

2] 10)
ClL= nd cs = x. What is thg smallest value of x if cluster 1 hf 3 points. areak ties by assigning the point to
cluster 2. s J]'\ |
= . P,
nswer: J/ .| Calculate }_i—/‘ = B










UCS and Greedy A L}
UCS Example 2 3

Qg‘ ( !"1 st) ke
e Given that cost from state ito jis 2 ' ! forj > i. The %
initial state is 1 and goal statg is5~What is a vertex
expansion sequence if Uniform Cost Search (UCS) is used? l/L 4
e A: 1,5 -
e B:1,2.3.45
e C:1,2,3,445
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e D:1,2,3.3.4,45 //)_ I?_A oy B \ GXPMM ) :S-
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Informed Search UCS and Greedy A

A Search Example 1 Diagram






