Introduction Generate-and-Test Explicit Search
\ :

Puzzling and Prolog

February 13-14, 2012
CS 60: Frinciples of Computer Science

Assignment 3 due: Prolog Intro
Assignment 4 due Monday February 20: Prolog Puzzles

Also on Monday, February 20: Guest Lecture by Paul Ruvolo (HMC *03)
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MAIN STRATEGY S0 FAR

Give constraints that describe solution(s)

aunt(A,N) :- parent(P,N), sib(A,P), female(A).

length(L,N) :- L
length(L,N) :- L

[1, N=0.
[F|R], length(R,M), N is M+1.

Prolog does all the work to find or check solutions.
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EXAMPLES: pos AND inrange

% N is positive integer if ...

pos(1).
pos(N) :- pos(M), N is M+1.

% K is in the valid range Lo...Hi inclusive if
% K is Lo, or else if K is in (Lo+1)...K inclusive.

inrange(Lo,Hi,K) :- Lo =< Hi, K = Lo.
inrange(Lo,Hi,K) :- Lo =< Hi, Next is Lo+1, inrange(Next,bHi,K).
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NAME: ‘Quiz”

1. insertOne(X, L, M) — truewhenM results from putting X in list L. (Use removeOne.)

insertOne(X, L, M) :-
insertOne(X, L, M) :- removeOne(X, M, L).

2. perm(L,M) —truewhenMis a permutation (shuffiing) of L. (Use insertOne)

perm([]1, [1).
perm([F|R], M) :-
perm([F|R], M) :- perm(R,P), insertOne(F,P,M)

3. sorted(L) —truewhen Lis alist in sorted (=< ) order.

sorted([]).

sorted( ) % Another base case

sorted( [_] ) % Another base case
sorted([X,Y|Rest]) :-

sorted([X,Y|Rest]) :- X =<Y, sorted([Y|Rest]).
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THE ZEBRA PUZZLE
There are five houses:

v’ The nationalities are norwegian, brit, swede, dane, german
V' The pets are dog, bird, zebra, cat, horse

V' The cigars are pallmall, winfield, dunhill, rothmans, marlboro
v’ The beverages are tea, coffee, milk, water, beer

v The house colors are red, green, yellow, blue, white

We know that
1. The Norwegian lives in the first house. ...

Who owns the zebra?

L 4 A A A

nation, nation, nation, nation,
pet, pet, pet, pet,

cigar, cigar, cigar, cigar,
beverage, beverage, beverage, beverage,
house color house color house color house color

nation,
pet,

cigar,
beverage,
house color
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PuzzLE HisTORY
Often attributed to Einstein

But...

Zebra Puzzle

From Wikipedia, the free encyclopedia

The Zebra Puzzle is a well-known logic puzzle.

It is often called "Einstein's Puzzle" or "Einstein's Riddle" because it is said to have been
invented by Albert Einstein as a boy. Some claim that Einstein said "only 2 percent of the
world's population can solve it". It is also sometimes attributed to Lewis Carroll. However,
there is no known evidence for Einstein's or Carroll's authorship.

There are several versions of this puzzle. The version below is quoted from the first known
publication in Life International magazine on December 17, 1962. The March 25, 1963,
issue contained the solution given below and the names of several hundred solvers from
around the world.
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THE BORING CONSTRAINTS

zebra(H)

houses(H),

houses( [H1, H2, H3, H4, H5] ) :-

H1
H2
H3
H4
H5

perm( [N1,N2,N3,N4,N5],
perm( [P1,P2,P3,P4,P5],
perm( [S1,S2,S3,54,S5],
perm( [B1,B2,B3,B4,B5],
perm( [C1,C2,C3,C4,C5],

[ N1,
[ N2,
[ N3,
[ N4,
[ N5,

P1, S1,
P2, S2,
P3, S3,
P4, sS4,
P5, S5,

B1,
B2,
B3,
B4,
B5,

cl o,
c2 1],
a1,
c4 ],
¢,
[norwegian, brit, swede, dane, german] ),
[dog, bird, zebra, cat, horse] ),
[pallmall, winfield, dunhill, rothmans, marlboro] ),
[tea, coffee, milk, water, beer] ),
[red, green, yellow, blue, white] ),
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REPRESENTING CONSTRAINTS

What constraints does this express?

H=1[ [norwegian, _, _, _, _1,

’

[_I pa— ) p— ) milkl _] r

—_

-]

7) How can we say “The owner of the green house drinks coffee”

(Hint: use member and H)

member([_, _, _, coffee, green], H).
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MORE CONSTRAINTS

% left-to-right adjacency:
1r(L, R, [L, R | _1).
1r(L, R, [_ | Rest]) :- 1r(L, R, Rest).

% unordered adjacency
nextTo(X, Y, List) :- 1r(X, Y, List).
nextTo(X, Y, List) :- 1r(Y, X, List).

6) “The Green house is next to, and left of, the White house.”

nextTo([_,_,_,_,green], [_,_,_,_,white], H)

15a) “The Norwegian doesn't live by the red house.” (Where should this constraint go?)

\+ nextTo([norwegian,_,_,_,_1, [_,_,_,_,red], H)
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ProbucING Nice QuTPUT

solve :-
zebra( [ H1, H2, H3, H4, H5 ] ),
write( ' first house: '), write(H1), nl,
write( 'second house: '), write(H2), nl,
write( ' third house: '), write(H3), nl,
write( 'fourth house: '), write(H4), nl,
write( ' fifth house: '), write(H5), nl.



Introduction Generate-and-Test Explicit Search

HOMEWORK: THE MYSTERY OF THE SPAMWARTS EXPRESS

Five people are traveling home in adjacent train seats for summer break
Each is from a different Claremont College (pomona, pitzer, hmc, cmc, scripps).
Each has a different name (algird, bruno, collette, dino, edwina).
Each has brought a different snack (jots, chocolate, donuts, pez, spam).
1. Dino and Bruno sat in the end seats.
2. Algird sat next to the student from HMC.
Collette sat next to friends with chocolate and donuts.
The HMC student brought spam as a snack and sat in the middle seat.
Chocolate was immediately to the left of pez.
Bruno, Dino, and Algird do not go to Scripps.
The Fomona student sat between the one with jots and the one with spam.

Dino did not sit next to the person with donuts.

© & N o o > w»

The CMC student did hot sit next to Edwina.
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PROLOG SHORTCOMINGS
% True when K evenly divides N

divides(N, K) :- 0 =:= N mod K.

Which query or queries will work properly?

1. divides(42, 3).v
divides(42, 4). v
divides(42, k). X
divides(N, 42). X

Ho»Dd



Introduction Generate-and-Test Explicit Search
\

STRATEGY: GENERATE-AND-TEST

Problem: Our constraints involve arithmetic, negations, and (in)equalities
that only work with “known” values.
Solution:

1. Have Prolog generate all potential values.

2. Check each to see if it works.

% Better
divides(N, K) :- inrange(1, N, K), 0 =:= N mod K.

% Best
divides(N, K) :- pos(N), inrange(1, N, K), 0 =:= N mod K.
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RECALL: BROKEN DEFINITION OF oldest

notoldest(X) :- age(X,AX), age(Y,AY), AX < AY.

oldest(X) :- \+ notoldest(X).

?- notoldest(X).

X X X X X X X X X X X X

= helga ;

= helga ;

= olf ;

= uggette ;
= uggette ;
= uggette ;
= ug ;

= ug ;

= ug ;

= ug

= matilda ;
= matilda ;

?- oldest(helga).
false.

?- oldest(maggie).
false.

?- oldest(skugerina).
true.

?- oldest(X).
false.
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GENERATE-AND-TEST TO THE RESCUE!

notoldest(X) :- age(X,AX), age(Y,AY), AX < AY.
oldest(X) :- person(X), \+ notoldest(X).

?- notoldest(X). ?- oldest(helga).
X = helga ; false.

X = helga ;

X = olf ; ?- oldest(maggie).
X = uggette ; false.

X = uggette ;

X = uggette ; ?- oldest(skugerina).
X = ug ; true.

X = ug ;

X = ug ; ?- oldest(X).

X = ug ; X = skugerina ;

X = matilda ; false.

X = matilda ;
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OTHER GENERATE-AND-TEST APPLICATIONS

%% sort(L,LSort) --- True when LSort is a sorting of L
sort(L,LSort) :- perm(L, LSort), sorted(LSort).

%% subset(X,Y) --- True when Y contains the elements of
%% X, plus possibly others, in any order

subset(X,Y) :- perm(Y, NiceY), append(X, NiceY).

—
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A CLAssIc Locic PuzzLE

Assign different digits to each letter, making the sum correct. (Mis not o.)

S E N D
+ M O R E
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SOLUTION

uniquedigits(L) :- subset(L, [0,1,2,3,4,5,6,7,8,9]).

add(A, B, C, Sum, Carry) :-
Sum is (A + B + C) mod 10,
Carry is (A + B + C) // 10.

money (Answer) :-

% Generate:

Answer = [S,E,N,D,M,0,R,Y], S E N D
uniquedigits(Answer), + M (o) R E
% Test:  TTmTmTmmTmTmEETTTT
M \== 0, M O N E Y
add(0, D, E, Y, C1),

add(C1, N, R, E, C2),

add(C2, E, 0, N, C3),

add(C3, S, M, 0, C4),

add(C4, 0, 0, M, 0).
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ARITHMETIC EXPRESSIONS AS TREES

Any arithmetic expression can be represented as a binary tree:
v’ Leaves are numbers

v Interior nodes are operators (+, -, *,or /)

+ *
* 2 3 +
3 4 4 2
[+, [*, 3, 4], 2] [*, 3, [+, 4, 2]]

Note: Here leaves are just numbers, rather than lists with empty subtrees.
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HOMEWORK: THE (GENERALIZED) 24 PROBLEM

Given:
1. Alist of possible operators (usually [+, -, *, /1)
2. Alist ofintegers (e.g., [3, 4, 21)
3. Agoalvalue

is there some arithmetic tree such that
v’ Theleaves are the given integers (exactly once each)
V" The interior nodes are from our possible operators
V' The “value” of the treeis our goal value

?- solve([+,*,/1, [2,3,4,6], 24, T).
T=1[+2,[+,4,[*3,6]1]] ;
T=1[+2,[+,4,[*6,3]1]1]1 :

[+.[/,2,3],[*.,4,6]] ;

— .
]

= [+,[*,3,[+,4,2]],6] ;

- .
I
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TWENTY-FOUR AS GENERATE-AND-TEST

v Partition the integers into two groups
V" Recursively make each group into a tree

v Combine the two subtrees into a single tree

v Check whether it has the right goal value.

% eval(T,N) --- True when tree T evaluates to number N.

eval(R, R) :- number(R).

eval(['+', A, B], R) :- eval(A, AR), eval(B, BR), R is AR
eval(['*', A, B], R) :- eval(A, AR), eval(B, BR), R is AR
eval(['-', A, B], R) :- eval(A, AR), eval(B, BR), R is AR
eval(['/', A, B], R) :- eval(A, AR), eval(B, BR), BR\==0,

R

BR.
BR.
BR.
is AR // BR.
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RELATED PuzzLE: FOUR 4’5
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MORE LOCALLY...
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MORE LOCALLY...
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A CS 60-INSPIRED FPAPER (MaTHEMATICS MAGAZINE, OCT. 2001)

Math Bite: Four Constants in Four 4s

The well-known problem of representing numbers with four 4 appeared in 1881
in a letter to the editor of Knowledge: An lilustrated Magazine of Science, Plainly
Worded—Exactly Described, an informal London science journal. The letter mentions
that all of the first 20 integers except 19 can be represented using four 4s and the op-
erations +, ~, x, and +. The problem was extended by Martin Garcner [1]: Allowing
the use of square roots, decimals, factorials, concatenations of 4s (4, 4441, etc.), and
.4 = 4444..., all positive integers less than 113 can be represented, Gardner also
claimed that 113 could not be represented.

Our variant of the extended problem is to use four 4s to approximate accu-
rately and clegantly four notable constants. These are the mathematical constants
€=271828 ... and 7 = 3.1415926. .., the acceleration of gravity g = 9.8067 .
(in muzrs/xmnd’y. and Avogadro’s ‘number Na = 6.0221 x 102

—
e @ | wa / YV % 31415932,
,/ VAT ot v ~ 9.8068
Na= @) ~6.0225 x 10°.

‘The expression for e was derived from Stirling's approximasion for !, and is ac-
curate to the 215t decimal place. It can be made arbitrarily accurate by repeatedly
repllcmg 4 with 4. The other expressions were found by trial and error using calcula-

imilar expressions for e, 7, and g could be derived using three 3s or five 5s, but
finding an expression for N4 could be difficult without using 411
REFERENCE
1. Martin Gardnes, Mathematical Games, Scientific American 207 (1964), 120-126,
—A. Bliss, S. Haas, ). Rouse, and G. Thatte

Harvey Mudd College
Claremont, CA 91711
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ONE 42

REPRESENTING NUMBERS USING ONLY ONE 4
DONALD E. KNUTH, California Institute of Technology

In the Mathematical Games section of Scientific American, January, 1964,
Martin Gardner asks his readers to try their hand at the well-known problem of
representing the number 64 using precisely four, three, and two 4's, respectively,
combined with arithmetic operations. The “two-4" problem was first posed by
J. A. Tierney in 1944 (see [1]), and some of the answers given were

64 = /+v/v/(@Y) = o/ (4T®) = 41n ) = g(p(40)) = (41)"T = 47 0D),

It is the purpose of this note to show that the number 64 can be represented with
only one 4, and indeed this may be true of all positive integers.
Using only the three operations 4/, [ ], and [, and the single digit 4, we have

64 = [VVVVVVVVVIVVVN ANV VNN AN NN
VAV VNV AN
[VIVIvvvYv .

(In this representation, the notation /%! stands for 4/(x!), not (v/x) 1)
To prove this we will compute successively the quantities inside each of the
nested brackets. The innermost brackets represent the number 5, since

53 = 232 83064 36538 69628 90625
241 = 6204 48401 73323 94393 60000
6% = 79586 61109 94640 08843 91936

and hence [v/4/+/4/4/24!]=5. The next level of brackets obviously gives 10,
since 10=[+/5!]. Proceeding similarly, we can evaluate the kth brackets to ob-
tain the integer ay, where

o o
@ < @l < (a4 1)
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ZEBRA PUZZLE AS GENERATE-AND-TEST?

Why the difference?
Fast: Slow:

zebra(H) :-

H = [[norwegian, _, _, _, _1, _, zebra(H) :-

[, _, _, milk, 1, _, _1, houses(H),
member ([brit, _, _, _, red], H), H = [[norwegian, _, _, _, _1, _,
[, _, _, milk, _1, _, _1,
% ...lots of constraints... member ([brit, _, _, _, red], H),
% ...lots of constraints...

houses(H),

\+ nextTo([norwegian,_,_,_,_1, ...), \+ nextTo([norwegian,_,_,_,_1, ...),

\+ nextTo([norwegian,_,_,_,_1, ...), \+ nextTo([norwegian,_,_,_,_1, ...),

\+ nextTo([norwegian,_,_,_,_1, ...). \+ nextTo([norwegian,_,_,_,_1, ...).
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