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Homework 4 — Prolog— due Wednesday6 Mar ch

Total numberof points available on this homevork is 400. Full creditis equvalentto 100
points.

4.1 Numerals (10 pts)

Definenumeralsasfollows:

%o num X) nmeans: X is a nuneral.
num( 0) .
num(s(X)) :- num X).

Wosum X, Y, Z) nmeans: X, Y, Z are nunerals
9 such that Z is the sumof X and Y.
sum(X, 0, X) :- num X).

sum( X, s(Y), s(2)) :- sum( X Y, 2).

Why cant we write simplysun( X, 0, X). for thefirstrule?
Whatarethe answergo the following queries:

1. ?- sunm(s(s(0)), s(s(s(0))), 2.
2.?2- sum( X, Y, s(s(s(0)))).

4.2 Multiplication (10 pts)

Continuingtheprecedingexercise write therulesfor multiplicationrmul t (X, Y, Z),mean-
ing thatZ is the productof X andY. Multiplication is definedby thefollowing axioms:

e X-0=0

e X-S(y) = (X-y)+X

4.3 Lists (50 pts)

Thefollowing aretherulesfor i sl i st (L) , whichmeanghatL is alist.

islist([]).
islist([_|T]) :- islist(T).
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1. (10 pts) Write therulesfor I i st 1 engt h(L, X), which meansthatX, a numeralas
definedn the precedingexercises is thelengthof thelist L.

2. (15 pts)Write therulesfor | i st append(L1, L2, L3),whichmeanghatthecon-
catenatiorof listsL1 andL?2 is thesameaslist L3.

3. (15 pts) Write therulesfor | i st reverse( L1, L2),whichmeanghatlist L2 isthe
reverseof list L1.

4. (10 pts) Write therulesfor | i st pal i ndr one( L) , whichmeanghatlist L is a palin-
drome.

4.4 Arithmetic evaluator (30pts)
The relationev is betweenan expressionin a very restrictedarithmeticlanguagedescribed

belav, anda numberwhich thatexpressiorevaluatedo, in thislittle languageYou canassume
thatthefirst agumentis fully grounded.

?- ev(3,N).
N=3

?- ev([+, 3,4, N).
N=7

2- ev([+ 3,[*,8,0.25]], N).
N=5

Expression#n the“little language’aredefinedas

E ::= nunber
| [+’ E1 E]
| [*’ E1 E]
| [exp, E
| [sin, E
| [cos, E]

Thesehave the obviousnumericmeaningavhenevaluated Write therulesfor ev.

4.5 Tic-tac-toe (40pts)

Write aPrologprogramthatallows ahumanuserto playtic-tac-toeagainsthecomputer Either
the computeror the humancan move first. The computermay chooseits moves using ary
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policy whatso&er, includingrandom.Thefirst playerto moveis the X playet theseconds the
O playet

Suggestedepresentationsf atic-tac-toeboardincludethesepossibilities:[ x, o, o, b, x, b, b, b, X]
or[[x,0,0],[Db,x,Db],[b, b, x]].Bothof theseexamplesarelists intendedo represent
awinningboardfor X, in which X hasconqueredhe bend(thediagonalfrom top left to bottom
right).

Hints: Considemwriting a predicatexwi ns( L) , meaningthatthe boardL is a winning board
for X, anda similar predicateowi ns( L) . Considerwriting a predicateoknove(L1, L2),
meaningthatfrom theboardL1 it is legalto getto theboardL2 in thevery next move.

You do not have to worry aboutinteractve input-output. It suficesto write a predicatecom
put er smove( L1, L2) ,which,whengivenaninstantiatedoardL1, producesuniqueboard
L2 asthe outcomeof the computers move. Assumethatthe userwill repeatedlyquerythis
predicate.

4.6 Smarter tic-tac-toe (10pts)

Sameasabove, but the computershouldusea policy thatguaranteeg will notlose. Usethe
policy you developedin Exercise3.2.

4.7 Analysis of tic-tac-toe (30 pts)

Considerthe gameof tic-tac-toe. A move mapsa currentboardto the next board. A strategy
mapsa currentboardto amove. Continuethisformalization.How canthemovesandstrateies
berepresenteth afinite-statemachineformalism?

4.8 Extra credit: Diplomacy (220pts)

Thisis an especiallychallengingexercise and will take mud more time than the restof the
problemsonthis homevork set. If youdecideto work onthis problem,youhaveuntil 27 March
to finishit.

Therulesof thegameDiplomacyareavailableat thefollowing URL:
http://ww. hasbro. com instruct/D pl omacy. PDF.

A wealthof otherinformationaboutthe gamecanbefoundat:
http://ww. di pl omacy- ar chi ve. coni .

Obtaintherulesandfamiliarizeyourselfwith the game.

In eachmove of thegame gachof thesevenplayerswritesalist of ordersfor theunitscontrolled
by theplayer All theordersarerevealedat once,andatthatpointany conflictsbetweerorders
areresoledaccordingo therulesof the game.Somemovessucceedwhile othersfail.
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Devisearepresentatiofor a configurationof thegamein Prolog: representhe map(provinces
andadjacenyg; supplycenters)the units (armiesandfleets),andtheorders.

Write a Prologpredicatenhich, givenacompletdist of ordersfor onemove, determinesvhich
of theorderssucceedandwhich fail.

How to turn in

Turnin your codeby running
“dmylola/handinyour-file
onaregularUNM CSmachine.

Youshouldusewhateverfilenameis appropriaten placeof yourfile. Youcanputmultiplefiles
onthecommandine, or evendirectories.Directorieswill have their entirecontentshandedn,
sopleasebesureto cleanoutary cruft.

Remembeto submitextensve testsof your programs!



