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Part IT BSoftware Svatems
C. &1

1. BSearch: (25 points)

Having passed your prelims and finished your PhD, you find yourself
teaching an introductery Al coursa. For your first homework
assignment, you need to create a graph to search te test your
student ‘s knowledge of Depth Firar Search, Breadth First Search, and
A* Search.

= 5o that it will be easy to grade, you need a graph that will
be searched DIFFERENTLY under each of the three methods.

- To make sure your students upderscand where Depth= and
Breadth-First seéarches fail, you want these arswers to be non-optimal.

- One problem is, to make sure that all students will expand
new nodes in the same order. You will label each node with & lettar,
and tell them that the nodes will be GENERATED in alphabetbical
order. This means that if a node P has children X and ¥, then when P
iz expanded, it will find X and then ¥. If you were to push them onto
a stack, you would push X, then push ¥ {(i.e. ¥ would POP first), etc.

A} Create such a search graph that will be searched differently by
EACH of the three search algorithme, and will be sesrched
nen-optimally by depth- and breadth-first search. Label each node with
& letter and an admissible h value, Indicate which nodes correspond ta
goal states (you can have more than onel.

Bl Create an answer for your problem. Clearly show in what order the
nodes are expanded and what the open list looks like for each of the
three algorithms, Briefly explain to the students why the depth- and
breadth-first algorithms fail to be optimal in this case.
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2. Loglic, Representation, Flanning: (25 points}

#*gituarion Calculus* is the name for & particular way of describing
change in firat order logic. It conceives of the warld as a saeries of
*giruariens®, each of which iz & snapshot of the current state. A new
situation is generated from the previous aituation by an

*action®. Ewvery logical relation or property that can change cver
Eime, ms the result of an actiscn, is called a *fluent®. and is given

an extra siteakbien argument.

Far example, we could represent that Rebbie the Robot is inm room 102
i situation 50 by writing the sentence:
AL |ROSBIE, 102, 50)

The situation that results from taking an acticn & in previcous
situation & is writren (note that this iz a function with an objeet
value, pot a logical sentence with a trueffalse wvaluas):

Rasult(a,s]

Thus if Robbie goes from room 102 to room 203 by the action GolZ03),
then we can write the pew location of Rabbie as the sentence:
At [RCBBIE, 203, Result(Go(203), S0}

To use the situation caleulus to represent a changing world, we need

ts write axioms that
- describe the affect of actions on £luents

- Aeal with the frame problem with respect to actions and
Elusnts.

For each fluent, then, we can write a *successor-gtate axiom® that

sBYS: : : .
the fluent ig Erue in the resulting situatiem if and only Lf

— the last acticon made it true :
- OR it was true already and the last action didn't make it

false.

For mxample, for the At fluent in Robbie’'s Rohot World {all lowercase
wariables are universally gquantified):

Atir,l,Resulcla,s]) ===

[a=Go{l] “ At(Robbie,m.=} * Pathfrom{m,l)] OR

[At{Robbia,i,s) * a/=Goix) ~ =/=1]

Question: ("The Yale Shooting Problem") Consider a world with a gun
permanently pointed at a live,immobile wumpus. There are two actions

that Your agent can take: loading a gun and shooting. There are two
interesting predicates, whether the wumpus 15 alive and whether the gun is
loaded. Write a successor state axiom for each of the two fluents.
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3. Resolution Theorem Proving: (25 points)
&. Write a predicare calculus statement for the following:
{3 pts) 4ll hotels in New York City that offer a Penthouse suite have a

janitor who is older than any walter at the hotel.

B, Suppose that you are given the following premises:
ot i (29 [P(A.x.‘:‘) v ooty V L{H-?,z,wﬂ
W w30 0be) [Ponx.z) A vR(2,8])

@ (F @Y 0¥ [ L,y H{y,zﬂ

(9 pts} 1. Convert the above premises to clause form

(13 pts) 2. Use resclution theorem proving to answer the following guestion:
UPar what values of Ehe variables = and t Is Q{s,t) trus?”
Fe sure to show all detalls of your work, including tha

substitutions made at each steép and how you eventually
determine the values of s,t.
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4. Prundpg: (25 pts.)

(8 pte.) A. Give an example of a portion of a game tree that illustrates an
alpha cutoff and another that illustrates a beta cutoff. (Be sure
to show where your alpha and beta cuteoffs are on your tree.) Explain
why it is pointless te search the portion of the tree that is to be
cut off.

(17 pts.)} B. In standard minimsx search there is an assuption that the rules
of each game define a utilliey functilon that i3 used by both plavers,
and that & utility of x for playerl means a uwtility of -x for
player?. Games with this property are called zero-sum games.
Describe how the minimax and alpha-keta algorithms change when we
have non-zero—sum games——this is, when each player has his/fher
own utilicy funmction. You may assume that each plaver knows the
other's uwtiliey function.

(Hint: Consider that the utiliry function at each node might be represented
as a wector of values—-the first representing the value for playerl and the
second representing the value for plaver?. Because tha game iz non-zero-=sum
both values in the vector zssociated with a node may be positiva.)

As part of your answer to this question, consider the following game tree
and describe how the values should be hacked up. The vectors representing
the utility function at the leaves are shown.

playerl

* -
plaver? \\ [

L)
(8,-2})
¥ L] L]
(6;2) (9,15)
playerl
(1.2} (-3,9)

{—5,3) =1,0)
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