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M S S F

Give constraints that describe solution(s)

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

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

Prolog does all the work to ènd or check solutions.
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E: pos  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,Hi,K).



Introduction Generate-and-Test Explicit Search

N: “Q”

ǖ. insertOne(X, L, M)—true when M results from puing X in list L. (Use removeOne.)

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

Ǘ. perm(L,M)—true when M is a permutation (shuffling) of L. (Use insertOne)

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

ǘ. sorted(L)—true when L is a list 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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T Z P
There are ève houses:

✓ The nationalities are norwegian, brit, swede, dane, german

✓ The pets are dog, bird, zebra, cat, horse

✓ The cigars are pallmall, winèeld, dunhill, rothmans, marlboro

✓ The beverages are tea, coffee, milk, water, beer

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

We know that

ǖ. The Norwegian lives in the èrst house. …

Who owns the zebra?

nation,        
pet,          

cigar, 
beverage, 
house color 

nation,        
pet,          

cigar, 
beverage, 
house color 

nation,        
pet,          

cigar, 
beverage, 
house color 

nation,        
pet,          

cigar, 
beverage, 
house color 

nation,        
pet,          

cigar, 
beverage, 
house color 



Introduction Generate-and-Test Explicit Search

P H
Often aributed to Einstein

But…
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T B C

zebra(H) :-
...
houses(H),
... .

houses( [H1, H2, H3, H4, H5] ) :-
H1 = [ N1, P1, S1, B1, C1 ],
H2 = [ N2, P2, S2, B2, C2 ],
H3 = [ N3, P3, S3, B3, C3 ],
H4 = [ N4, P4, S4, B4, C4 ],
H5 = [ N5, P5, S5, B5, C5 ],
perm( [N1,N2,N3,N4,N5], [norwegian, brit, swede, dane, german] ),
perm( [P1,P2,P3,P4,P5], [dog, bird, zebra, cat, horse] ),
perm( [S1,S2,S3,S4,S5], [pallmall, winfield, dunhill, rothmans, marlboro] ),
perm( [B1,B2,B3,B4,B5], [tea, coffee, milk, water, beer] ),
perm( [C1,C2,C3,C4,C5], [red, green, yellow, blue, white] ),
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R C

What constraints does this express?

H = [ [norwegian, _, _, _, _],
_,
[_, _, _, milk, _],
_,
_]

ǜ) 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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M C

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

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

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

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

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

\+ nextTo([norwegian,_,_,_,_], [_,_,_,_,red], H)
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P N O

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.
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H: T M   S E

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, collee, dino, edwina).
Each has brought a different snack ( jots, chocolate, donuts, pez, spam).

ǖ. Dino and Bruno sat in the end seats.

Ǘ. Algird sat next to the student from HMC.

ǘ. Collee sat next to friends with chocolate and donuts.

Ǚ. The HMC student brought spam as a snack and sat in the middle seat.

ǚ. Chocolate was immediately to the left of pez.

Ǜ. Bruno, Dino, and Algird do not go to Scripps.

ǜ. The Pomona student sat between the one with jots and the one with spam.

ǝ. Dino did not sit next to the person with donuts.

Ǟ. The CMC student did not sit next to Edwina.
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P S

% True when K evenly divides N

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

Which query or queries will work properly?

ǖ. divides(42, 3)."

Ǘ. divides(42, 4)."

ǘ. divides(42, K).%

Ǚ. divides(N, 42).%
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S: G--T

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

Solution:

ǖ. Have Prolog generate all potential values.

Ǘ. 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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R: B D  oldest
notoldest(X) :- age(X,AX), age(Y,AY), AX < AY.
oldest(X) :- \+ notoldest(X).

?- notoldest(X).
X = helga ;
X = helga ;
X = olf ;
X = uggette ;
X = uggette ;
X = uggette ;
X = ug ;
X = ug ;
X = ug ;
X = ug ;
X = matilda ;
X = matilda ;
...

?- oldest(helga).
false.

?- oldest(maggie).
false.

?- oldest(skugerina).
true.

?- oldest(X).
false.
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G--T   R
notoldest(X) :- age(X,AX), age(Y,AY), AX < AY.
oldest(X) :- person(X), \+ notoldest(X).

?- notoldest(X).
X = helga ;
X = helga ;
X = olf ;
X = uggette ;
X = uggette ;
X = uggette ;
X = ug ;
X = ug ;
X = ug ;
X = ug ;
X = matilda ;
X = matilda ;
...

?- oldest(helga).
false.

?- oldest(maggie).
false.

?- oldest(skugerina).
true.

?- oldest(X).
X = skugerina ;
false.
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O G--T A

%% 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 C L P

Assign different digits to each leer, making the sum correct. (M is not Ǖ.)

   S  E  N  D 
+  M  O  R  E 
------------- 
M  O  N  E  Y 
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S
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,O,R,Y],
uniquedigits(Answer),

% Test:

   S  E  N  D 
+  M  O  R  E 
------------- 
M  O  N  E  Y 

C1C2C3C4

M \== 0,
add(0, D, E, Y, C1),
add(C1, N, R, E, C2),
add(C2, E, O, N, C3),
add(C3, S, M, O, C4),
add(C4, 0, 0, M, 0).
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A E  T

Any arithmetic expression can be represented as a binary tree:

✓ Leaves are numbers

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

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

Note: Here leaves are just numbers, rather than lists with empty subtrees.
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H: T (G) ǗǙ P
Given:
ǖ. A list of possible operators (usually [+, -, *, /])
Ǘ. A list of integers (e.g., [3, 4, 2])
ǘ. A goal value

is there some arithmetic tree such that
✓ The leaves are the given integers (exactly once each)
✓ The interior nodes are from our possible operators
✓ The “value” of the tree is our goal value

?- solve([+,*,/], [2,3,4,6], 24, T).
T = [+,2,[+,4,[*,3,6]]] ;
T = [+,2,[+,4,[*,6,3]]] ;
...
T = [+,[/,2,3],[*,4,6]] ;
...
T = [+,[*,3,[+,4,2]],6] ;
...
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T-F  G--T

✓ Partition the integers into two groups

✓ Recursively make each group into a tree

✓ Combine the two subtrees into a single tree

✓ 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 + BR.
eval(['*', A, B], R) :- eval(A, AR), eval(B, BR), R is AR * BR.
eval(['-', A, B], R) :- eval(A, AR), eval(B, BR), R is AR - BR.
eval(['/', A, B], R) :- eval(A, AR), eval(B, BR), BR\==0, R is AR // BR.
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R P: F Ǚ’
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M L…
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M L…
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A CS ǛǕ- P (M M, O. ǗǕǕǖ)
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O Ǚ
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Z P  G--T

Why the difference?

Fast:

zebra(H) :-

H = [[norwegian, _, _, _, _], _,
[_, _, _, milk, _], _, _],

member([brit, _, _, _, red], H),

% ...lots of constraints...

houses(H),
\+ nextTo([norwegian,_,_,_,_], ...),
\+ nextTo([norwegian,_,_,_,_], ...),
\+ nextTo([norwegian,_,_,_,_], ...).

Slow:

zebra(H) :-
houses(H),
H = [[norwegian, _, _, _, _], _,

[_, _, _, milk, _], _, _],
member([brit, _, _, _, red], H),
% ...lots of constraints...

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