Page 1 of 1

C1 Artificial Intelligence (25 Points)
Search

a} (12 Points) This question demonstrates different search methods using the flight
routes of Colgan Airlines, a small East-coast carrier.

Table I contains the straight line distznces berween all of the cities. An asterizk in
the table entry indicates that there is a direct route between the two cities (as
indicated by the route map). Thus, this distance is the edge cost of that edge. The
remaining distances do not correspond to edges in the search graph; the distance
for routes between cities that are not directly connected is, &5 usual, the sum of all
of the individual legs in the route,

In the following problems, vou will execute various search algorithms on this
domain, When doing your search, assume that a node’s successors are added to
the list in alphabetical order. Also assume that we eliminate repeated states only
along a path, i.e., when expanding a node #, we prevent the search algorithm
from inserting into the list any successor node of o which already appears on the
path to n. We do not eliminate other repeated states,

For each of the following searches, draw the search tree generated by vour search
algonithm. in the following format: Your tree should contain all nodes inserted
into the list, along with their prionity (when applicable), Nodes that are expanded
should be numbered consecutively. according to the order of expansion. (Note
that, in the case of iterative deepening, nodes may be numbered more than once.)
(1) A breadih-first search from Hyannis, MA o Charlottesville, VA

(2} A depth-first search for the same route.

{3) An iterative deepening scarch for the same route,

{4) A uniform cost search from Rockland, ME to Keene, NH.

Table 1: Distances between Colgan Alr sities

Aug | Bar | Bec Ela Hos | ChAC | ChVA | Hya | Ree Lag [ Man | Nan | New | Hoe | Hut L
Augzsin ME [1] TH | 46 | Trd | 40T Bae [ 185 I67 | 338 | 552 [ 310 | 398 | 46 166 | 549 |
Bar-Harbar, ME ki) U | Bld | 833 | =0 GI0 | Gl d16 | 227 | 389 | €16 | 296 | 34 | 40® | 941 | =07
Beckluy, o v Tan |84 | 0 L i MB: | 637 | 568 | 404 | 212 | 638 | 477 | To& | BA0 | T |
T Elusfinid, WV 770 | 838 | d5% [ I | 4T | 159 B8 | O13 | 4564 | 238 | 686 | #4B | 7B | GIF | 54T
Lo, MA 149% [ M | 621 | 643 I T20 497 [EH L] 180 | 418 [ 196 | I55% | Ea0 | 384
Charlotoe, KL B58 | w20 | 177 | 143" | re0 i 24 | 7 | vz | B3I [ W06 | Tie | %35 | Bi9 | rid | 94 |
[ Charlcttesville, va 66 | 000 | 148 | IE0 | 407 T3 i] SO0 | 48D | AO00F | va© | 408 | Wi | 640 | 481 | 08
Hyannis Ma THE 1006 | 637 | Gob | 63° TI3 L L 136 | 2 | 42 o | oET | o | 199 | & |
Feene, JH 157 | 227 | 588 | Bi3 | T4 | TN [ 135 [ 17T | 006 | 158 | 180® | 175 | %E% | 7103
Ta-Cluardia, NY, 0T | 308 | 350 | 444 | 454 i) 531 L T 1] 0 | 0T B | 342 | a07 | o4
Mansssas, VA BT 66 | 212 | 338 | 418 ) a4 iH | W | W [ 407 | 223 | 568 | 409 | 26"
Namtucket 3TA | 210 [ 335 | 638 | 695 £ TG [ 9T | 158 | 207" | 40T 0 | 216° | o080 | 21T | 4 |
Newark, n.J B3 | 384 | 437 | o 1 5] e | 212" | IR0* ] 23 | 0T ] AT | 208 | DA |
Hockland ME i) 4 ThE THO 165* BT [TH] e | (74 342 | =68 01 a7 ] 195 | 545
[ Rautland N¥'T 164 M3 | 588 | 616 L30 14 ET:q] 193 TR 207 | 20T 08 195 [i] 188
| Waakington, TH 529 | 380 | 18T | IS9T | 184 [ Gae ] W03 | 373 | W | %° | o7 | W08 | E4% | BA | O
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C1 Artificial Intelligence (Continued)

b} (13 points) Assume we are given a hewristic funetion which is only approximately
admissible. A heuristic function 15 approximately admissible if there exists
some £ > 0 such that for every node n in the tree, we have hin) <=h*(n)+ & where
h*®(n) is the true cost of getting from n to the goal. Wote that in this case it is
passible for hin) for a goal node n to be bigger than zero. Let ¢® be the cost of the
optimal path from start to the optimal goal.

Assume that we run standard A* with our £-admissible heuristic h. Let ng be the
goal node that A* returns. Prove that the cost ging) is at most ¢* + £, You may
assume that the function f= g + h is monotonie, (Recall that if { is monotonic
then A* expands nodes in increasing f-value.) HINT: you may use any results
which have been proven about regular A* search. This should be about a four-
line proof.
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C2 Artificial Intelligence (25 Poinis)
Game Trees

a} (8 points) The figure below represents a two-player game tree. The upward-
pointing triangles (such as the root) comespond to the maximizing nodes (and
belong to the player who 1s atempting to maximize the score). The downward-
pointing nodes are min nodes {and represent the opponent’s moves), Using mind -
maix search with alpha-beta pruning, calculate the value for the root node,
evaluating nodes from left to right. Write the backedup values m each of the
nodes in the figure, and be sure to indicate which nodes are pruned,

http://www.cis.udel.edu/~chester/prelims02/c2ai.jpg 23/12/2008



Page 1 of 1

C2 Artificial Intelligence (Continued)

b) {13 points) Repeated States in ¢~} Pruning

Consider o game where the same game state (for example, the board position and
player to move in chess) can be reached via many different paths in the tree. Thus,
different nodes in the game tree can represent the same game state.

suppose that we use o~} pruning to search the game tree, and decide that some
successors of node n can be pruned. When searching another part of the same tree
(while deciding on the same move, not later in the game). we encounter the sam
game-state in node n°, (In other words. both n and n” represent two different ways
of getting to the same state of the game and both of these nodes appear in the
subtree on which we are executing the o—f algorithm.) Can we automatically
prune the same successors o n' from our search tree? If so. prove it. If not,
provide a counterexample (in an abstract game, not in chess),

For the purposes of this question, we assume that the tree is evaluated all the way
te the end, and not to a fixed depth. Hence, your answer should not depend on the
tree being evaluated to a limited depth. Also note that the game state includes
both the game position and the player to move. Hence, two states in which the
game position is the same but the turn belongs to a different plaver do not coun

as the same state,
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C3 Artificial Intelligence (25 points)
Planning

In STRIPS, every operator has fixed sets of preconditions, add effects, and delets effects, This
formulation makes it difficult to represent the notion that different actions take differing amounts of
time. In this problem, we explore this difficulty.

The bike club has just bought a new, snazzy bicycle that goes twice as fast as their old, rusty one.
Carlos, as head bicycle racer, has access to both bikes. If Carlos rides the new bike, then after one
timestep, he will be at his new location and ready to race to another one. Yet, if he rides the old
bike, he is only ready to ride from his new location after two timesteps. We presume that all
locations are equidistant from each other—riding between any two on the same bicvcle takes the
same amount of time. For every pair of locations FromLocation and Tolacation, we have actions
StartRidingNewBike{ Person FromLocation, ToLocation} and

SrantRiding NdBike| Person, FromLocation, ToLocarion).

(a} [10 points] Write preconditions, and add/delete effects for these actions that yield the desired
behavior. You will need to use the predicate A object, location) with objects NewBike, OldBike,
and Carlos. You may create new actions and predicates, if necessary (if you create a new action,
define its preconditions and effects as well),

(b) [5 points] It would be much nicer to simply have one action,
StartRiding Bike( Person, Bike, FromLocation, ToLocation ). Is it possible to write 3 standard STRIPS
specification for this action? Provide a one-sentence justification.

ic) [10 points] Let Prefa), Addfa), and Delfa) represent the sets of Preconditions, Add Effects, and
Delete Effects for an arbitrary STRIPS action a. Now imagine that we want to do planning in a
multi-agent domain. Since agents can work at the same time, we can have many actions executing
In parallel. Assume we have an unlimited number of agents, and that we will build our plans in
phases. All actions in phase 7 are started after all actions in phase (i-1 ) are complete, and are
themselves guaranteed to complete before any actions in phase (i+]) are started. Let §, be the set of
all actions in phase 1. All that we know is that all these actions start and end sometime during phase
i. What constraints must hold on the actions in 5, to guarantee that, no matter what order the actions
in S, are executed, the result of applying all the actions to the state resutling from phase (i-{ ) is the
sarme (for the purposes of planning). Hint: a correct answer can be stated in two sentences or less
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C4 Artificial Intelligence (25 points)

Learning

In this question we assume that there is some decision tree generating the data. This question
investigates whether we can accurately reconstruct the original decision tree by using the decision
tree learning algorithm on data generated from the original tree.

Suppose Beatrice uses the following

decision tree to decide whether she will practice her

archery:
Qutiook
Sunny - Cvercast “Rain
| Hurr;::iiy Yes _W;d_
High MNormal Strong  Weak
Mo fes | .N{: .

We wish to reconstruct this Jdecision

Yes

tree by observing when Beatnice does and does not go to

practice her archery. Suppose we gather the following observations over the course of two weeks:

Day | Outlook | Temperature | Humidity | Wind Practice
Archery

[l Sunny Hot High Weak No

2 Sunny Hot | High Strong | No

3 Overcast | Hot igh Weak Yes

[ Rain Mild High Weak Yes

D5 Fan Cool Mormal Weak Yies

36 Rain Cool Normal Streng | No

D7 Overcast | Coaol Normal Strong | Yes

D8 Sunny Mild High Weak No

Do Sunny Cool | Marmal Weak Tes

D10 | Rain Mild Maormal Weak | Yes

D11 | Sunny Mild Mormal Strong | Yes

D12 | Overcast | Mild High Strong | Yes

D13 | Overcast | Hot Normal Weak Yes

D14 | Rain Mild High Strong | No
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C4 Artificial Intelligence {continmed)

Notice that ID3 (the decision tree learning algorithm presented i class that wses information Zain
te split on attributes) actually leams the original tree perfectly when presented with these 14
training instances. In the following questions we will require that all of the training data are
consistent with Beatrice's original tree, meaning the PracticeArchery label on each of the training
data should be what Beatrice herself would do if she were to observe those settings of the attributes.
(Recall that we assumed that Beatrice is using the tree shown above.) Duplicate training examples
are allowed: they count as separate individual examples in the information gain computations.

(a) [5 points] Is it possible for a traming set to get ID3 to leam a tree that is identical to Beatrice's
tree except that the learned tree further elaborates the tree below the rightmost leaf? Justify vour
answer,

(b} [10 points] Is it possible to add more tramning examples to the original 14 examples listed above
that will cause ID3 to initially split on the attribute Temperature at the root node even though the
original iree that Beatrice uses is independent of Temperature? You should explain your answer at
the level of arguing about information gain, either by using formulae or explaining clearly in
words,

{c) [10 points] We will say that a tree is incorrect if there 15 a setting of the attributes of [ Onriook,
Temperature, Huntidity, Wind | that will cause this tree to classify Prucrice Archery differently
from Beatrice's tree. Ts it possible to get 1D3 1o learn an incorreel tree by adding new correct
examples o the original fourteen? Justify your answer. Hint: you may like to see whether your
answer b part (B csn help vou answer this guestion
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