CS 451 Programming Paradigms, Spring 2005 1

Homework 6 — Prolog — assigned Wednesday April 20 — due Friday
May

6.1 Multiplication [A.1; K.2.6] (20pts)
Define numerals as follows:

%% num(X) means: X is a numeral.
num(0) .
num(s (X)) :- num(X).

%% sum(X, Y, Z) means: X, Y, Z are numerals
Doto such that Z is the sum of X and Y.
sum(X, 0, X) :- num(X).

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

Write the rules for multiplicatiomult (X, Y, Z), meaning thaZ is the product ok andY. Multiplica-
tion is defined by the following axioms:

e X-0=0

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

6.2 Arithmetic evaluator [A.2; K.1.2; K.2.6] (25pts)

In this exercise you should use the built-in arithmetic aflBg. The relatiorev is between an expression
in a very restricted arithmetic language described below,aanumber which that expression evaluates
to, in this little language. You can assume that the firstraent is instantiated.

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

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

- eV([+,3, [*,830-25]] > N) .
N=5

Expressions in the “little language” are defined as

E ::=
| [+, E, E]
| [, E, E]
| [exp, E]
| [sin, E]
| [cos, E]
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These have the obvious numeric meanings when evaluatete iheirules foev.

6.3 Tic-tac-toe [K.1.2] (25pts)

Write a Prolog program that allows a human user to play teté& against the computer. Either the
computer or the human can move first. The computer must uskcg gt guarantees it will not lose if
it plays first. The first player to move is the X player, the set® the O player.

Suggested representations of a tic-tac-toe board inchesetpossibilities{x,0,0,b,x,b,b,b,x] or
[[x,0,0],[b,x,b], [b,b,x]]. (b stands for an unoccupied square.) Both of these exampldistare
intended to represent a winning board for X in which X has cemgd the bend (the diagonal from top
left to bottom right).

You do not have to worry about interactive input-output.uiffises to write a predicate
computersmove (L1,L2), which, when given an instantiated board L1, produces augnimpard L2 as
the outcome of the computer's move. Assume that the humamepiatedly query this predicate.

Hints: Consider writing a predicaterins (L), meaning that the board L is a winning board for X, and a
similar predicatewins (L) . Consider writing a predicatskmove (L1,L2), meaning that from the board
L1itis legal to get to the board L2 in the very next move.

6.4 Grammars [A.7; K.1.2; K.2.6] (30pts)

The following language over the alphalet b, c}:
L={a"v"c"|ne N}

can be generated by the following grammar:

G = ({S7X7Y}7 {a‘7 b7 C}7S7 F)?
where the productions are:

F ={S—abcS— aXbcXb— bX,Xc— YbcchY — YhaY — aaX,aY — aa}

This grammar is not context-free, because on the left-hadebs ©f some productions there are strings
longer than single non-terminals. (In fact, there is no estfree grammar for this language.) However,
the productions in this grammar satisfleagth-increasingroperty: the number of symbols on the right

is never less than the number on the left. Such grammars bed cantext-sensitive. (Note that there

are grammars, and their languages, that are not even ceaatesitive.)

Write a Prolog program that determines whether a stringrigsldo the languagke. Strings over the
alphabet{a, b,c} will be represented as Prolog lists of Prolog atoi®, andc. You should split the
program into a set of predicates that are general-purposeauiffy context-sensitive grammar), and a set
of predicates that describe the gramr@ar

The program should result in queries like these:

?7- accepts([]1).
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No
e
No

?7- accepts([a,b]).
No

?7- accepts([a,b,b]).
No

e

accepts([al).

accepts([a,b,c]).

Yes

?7- accepts([a,a,b,b,c,c]).

Yes

?- accepts([a,a,a,a,a,a,b,b,b,b,b,b,c,c,c,c,c,c]l).
Yes

?- accepts([a,a,a,a,a,a,b,b,b,b,b,b,c,c,c,c,c,c,al).
No

You may find useful the predefined predicatawgth/2, which works as follows: given a list, the goal
length(X,N) succeeds and sets N to the integer equal to the length ofti¥e li

You should test your program on the queries above and otloer§iryd useful to cover the various cases
of strings in the language and outside the language. Malkethat your program does not go into an
infinite loop on any inputs. Do not submit your program unli¢éss passed all these tests.

6.5 Diplomacy [C; K.1.2; K.2.6] (60pts extra credit)

The rules of the gamBiplomacyare available at the URL
http://www.diplomacy-archive.com/resources/rulebooks/2000AH4th. pdf.

A wealth of other information about the game can be found at:
http://www.diplomacy-archive.com/.

Obtain the rules and familiarize yourself with the game.

In each move of the game, each of the seven players writetsad isdersfor the units controlled by the
player. All the orders are revealed at once, and at that @mintconflicts between orders are resolved
according to the rules of the game. Some moves succeed, athdes fail.

Devise a representation for a configuration of the game ifoBrarepresent the map (provinces and
adjacency; supply centers), the units (armies and fleatd)thee orders.

Write a Prolog predicate which, given a complete list of esder one move, determines which of the
orders succeed and which fail.

6.6 Regular languages [A.1; A.7] (60pts extra credit)

Consider deterministic finite automata withstates over an alphabet Kf symbols{os,...,0x}. An
automaton is described by giving its start state, its setogpt states, and its transition function. How
many distinct automata are there for some giMeandK?
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Call the number above (N,K). Each of theF(N,K) automata defines a language, but not all these
languages are different. L&(N, K) be the number of distinct languages among the languagesdefin
by deterministic finite automata witk states over an alphabetléfsymbols{od;,...,0k }. Find a closed
form for G(N,K).

6.7 Scheme [K.1.2; K.1.4; K.2.6; K.2.7] (50pts extra cred)t

Design a representation for Scheme values and expresgiBinglog, and write a predicaéealuatesto/2
which relates a Scheme expression to its value, if any. Gliyefhoose the Scheme subset you wish to
handle—make it as small as possible to keep the exercisegeable. Remember thatmbda is suffi-
cient, and that withoutambda you don’t have Scheme.

How to turn in

Turn in your code by running
“jackmp/cs451TA/handin your-file
on a regular UNM CS machine. You should use whatever filenarappropriate in place of your-file.

Include the following statement with your submission, sigand dated:
| pledge my honor that in the preparation of this assignmedrdave complied with the University of New
Mexico Board of Regents’ Policy Manual.



