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% FILE: hps.pro

% TYPE: Prol og source

% LI NE: Heuristic problemsolver for Crypto probl ens
% DATE: Fall 2011

% HEURI STI C CRYPTO PROBLEM SCLVER

7
% | oad sone files

:- consult('gv.pro’).

:- consult(’ conbosets.pro’).

% RANDOM CRYPTO PROBLEM GENERATI ON

est abl i shCrypt oPr obl enPar aneters : -
decl are(l o, 0),
decl are(hi, 9).

gener at eRandonCr ypt oNunber (R) : -
val ue (1 o, LO),
val ued (hi, H ),
Hpis H + 1,
randon{ Lo, H p,R).

gener at eRandonCr ypt oPr obl em : -

gener at eRandonCr ypt oNurmber (N1) ,

gener at eRandonCr ypt oNumber ( N2) ,

gener at eRandonCr ypt oNurmber ( N3) ,

gener at eRandonCr ypt oNunber (N4) ,

gener at eRandonCr ypt oNunber ( N5) ,

gener at eRandonCr ypt oNunber (G,

addCr ypt oPr obl eniffoknow edgeBase( N1, N2, N3, N4, N5, G .

addCr ypt oPr obl enifToknow edgeBase( N1, N2, N3, N4, N5, G : -
retract(problem _, )),
assert (probl em( nunbers(N1, N2, N3, N4, N5), goal (G )).
addCr ypt oPr obl eniffoknow edgeBase( N1, N2, N3, N4, N5, G : -
assert (probl em( nunbers(N1, N2, N3, N4, N5), goal (G)).

O/ = = = m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e oo
% di splay the problem-- assuming that it has been internalized

di spl ayProbl em : -
di spl ayProbl em nnl, nl.

di spl ayProbl em nnl : -
probl em( nunber s( N1, N2, N3, N4, N5) , goal (G ),
wite('Problem nunbers = {"),
wite(N1),wite(’,"),
wite(N2), wite(’,"),
wite(N3),wite(’,’),
wite(Nd), wite(’,’),
wite(Ns), wite(’} and goal = "),
wite(Q,wite(’ ).

% internalize the problem

internalizeProblem:-
probl em( nunber s( N1, N2, N3, N4, N5) , goal (G ),
er asePr obl enBi ndi ngs,
eraseProbl em
eraseSol ution,
assert (probl em( nunber s( N1, N2, N3, N4, N5), goal (G)),
assert (bi nding(ni, N1)),
assert (bi ndi ng(n2, N2)),
assert (bi ndi ng(n3, N3)),
assert (bi nding(n4, N4)),
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assert (bi ndi ng(n5, N5)),
assert(binding(g, Q).

eraseProbl em : -
retract(problem_, )),
fail.

er asePr obl em

eraseSol ution : -
retract(solution(_)),
fail.

eraseSol ution.

er asePr obl enBi ndi ngs :
retract (bi nding(nl, _
retract (bi ndi ng(n2,
retract (bi ndi ng(n3,
retract (bi ndi ng(n4, _
retract (bi ndi ng(n5, _
retract (binding(g, )
fail.

er asePr obl enBi ndi ngs.

))
))
))
))
))
)

O/ = = = m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e oo
% sol ve the problemheuristically -- assumng internalization

rul e(l, situationl, actionl).
rul e(2, situation2, action2).
rul e(3, situation3, action3).
rul e(4, situation4, action4).
rul e(5, situationb, actionb).
rul e(6, situation6, acti on6).
rul e(7,situation7,action7).
rul e(8, situation8, action8).

sol veProbl enHeuristically :-
rul e( Nunber, Situation, Action),
wite('considering rule "),wite(Nunber),wite(’ ..."),nl,
Si tuati on,
wite('application of rule '), wite(Nunber),wite(’ produces '),
Acti on.
sol veProbl enHeuri stically.

0B = = = = o o o o 4 4 4 4 4 4 e e = = aa e e m e e a e m e e e a e e e e e e .

% heuristic 1

situationl :-
pr obl em( Nunber s, Goal ),
Goal = goal (0),
Nunbers = nunber s( N1, N2, N3, N4, N5) ,
menber (0, [ N1, N2, N3, N4, N5] ) .

actionl : -
pr obl em( Nunbers, ),
Nunbers = nunber s( N1, N2, N3, N4, N5) ,
assert(solution(ex(NL, *, ex(N2,*, ex(N3,*,ex(N4,*,N5)))))).

O = = = = = = oo o oo o oo ool Lo ll ool i ol

% heuristic 2

situation2 :-
probl em( nunber s( N1, N2, N3, N4, N5) , goal (G ),
menber (G [ N1, N2, N3, N4, N5] ),
menber (0, [ N1, N2, N3, N4, N5] ),
not ( G=0) .

action2 :-
problem( _, goal (G),
ot her _nunber s(special (G, others(A B,C D)),
assert(solution(ex(G +, ex(A *,ex(B,*,ex(C *,D)))))).
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%__________________________
% heuristic 3

situation3 : -

probl em( _, goal (0)),
doubl et on.

action3 : -
doubl et on(doubl eton(A, B),rest(C D E)),
assert (solution(ex(ex(A -,B),*, ex(C *,ex(D *,E))))).

%__________________________
% heuristic 4

situationd :-
problem( _, goal (1)),
ot her _number s(speci al (0), ot her s( N1, N2, N3, N4) ),
nei ghbor s([ N1, N2, N3, N4], nei ghbors(_, ),others(_, )).

actiond :-

problem( _, goal (1)),

ot her _number s(speci al (0), ot her s( N1, N2, N3, \4) ),

nei ghbor s([ N1, N2, N3, N4] , nei ghbors(A, B),others(C, D)),

Ais B+1,

assert(sol ution(ex(ex(A -,B),+ ex(0,*,ex(C *,D)))).
actiond :-

probl em(_, goal (1)),

ot her _number s(speci al (0), ot hers( N1, N2, N3, \4) ),

nei ghbor s([ N1, N2, N3, N4] , nei ghbors(A, B),others(C, D)),

Bis A+l

assert(solution(ex(ex(B,-,A),+ ex(0,*,ex(C *,D))))).
OB - - = - - - & - - - o 4 . - o a4 - e e e e e e -
% heuristic 5

situation5 :-
probl em( nunber s( N1, N2, N3, N4, N5) , goal (G ),
not (G = 0),
doubl et on(doubl eton(A, ), ),
not (A = G,
not (member (0, [ N1, N2, N3, N4, N5], 1)),
menber (G [ N1, N2, N3, N4, N5], ).

action5 :-

problem( _, goal (G),

doubl et on(doubl eton(A, B),rest (G C, D)),

assert(solution(ex(G +, ex(ex(A -,B),*,ex(C *,D)))).
action5 : -

problem _,goal (G),

doubl et on(doubl eton(A,B),rest(C, G D)),

assert(solution(ex(G +, ex(ex(A -,B),*,ex(C *,D)))).
action5 :-

problem _, goal (G),

doubl et on(doubl eton(A, B),rest(C D, G),

assert(solution(ex(G +, ex(ex(A -,B),*,ex(C *,D)))).

Ofh = = = = = e e e e e e e e e e oo o
% heuristic 6

situation6 : -
probl em( nunber s( N1, N2, N3, N4, N5) , goal (G ),
G =1,
doubl et on(doubl eton(A, ), ),
not (A = 0),
menber (0, [ N1, N2, N3, N4, N5] ) .

action6 :-
doubl et on(doubl eton(A, B),rest(C D, E)),
assert(solution(ex(ex(A /,B),+ ex(C *,ex(D *,E))))).
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Of - = = = o o o oo ..o o oo e e
% heuristic 7

situation7 :-
probl em( nunber s( N1, N2, N3, N4, N5) , goal (Q),
G = 2,
doubl et on(doubl eton( A, ), ),
A =1,
menber (0, [ N1, N2, N3, N4, N5] ) .

action7 :-
doubl et on(doubl eton(A, B),rest(C D, E)),
A=1,
assert(sol ution(ex(ex(A + B),+, ex(C *,ex(D,*, E))))).

Of = = = = o e e e e e e e e e e el e d e i el e a e a el i il

% heuristic 8

situation8 :-
probl em( nunber s( N1, N2, N3, N4, N5) , goal (G ),
G = 4,
doubl et on(doubl eton( A, ), ),
A= 2,
menber (0, [ N1, N2, N3, N4, N5] ) .

action8 :-
doubl et on(doubl eton(A, B),rest(C, D, E)),
A= 2,
assert(solution(ex(ex(A +, B), +,ex(C *,ex(D *,E))))).

%____________________________________
% heuristic support

menber (X, [ XI R, R .
menber (X, [ Y| R, Result) :-
menber ( X, R, Subresult),

Result = [Y| Subresult].

nei ghbor (A, B) :- Ais B-1.
nei ghbor (A, B) :- Ais B+l.

nei ghbor(G [N R ,NR :-
nei ghbor (N, G .

nei ghbor (G [ X| R}, Nei ghbor, Rest) : -
nei ghbor (G R, Nei ghbor, More),
Rest = [ X] More].

nei ghbor s([ N1, N2, N3, N4] , nei ghbor s( N1, N2), ot her s( N3,
nei ghbor s([ N1, N2, N3, N4] , nei ghbor s( N1, N3), ot her s( N2,

N4 .- nei ghbor (N1, N2).
N4
nei ghbor s([ N1, N2, N3, N4] , nei ghbor s( N1, N4), ot her s( N3, N2
N4
N3
N2

))

)) :- neighbor (N1, N3).

)) :- neighbor (N1, N4).
nei ghbor s([ N1, N2, N3, N4], nei ghbor s(N2, N3), ot her s(N1, Nd)) :- nei ghbor (N2, N3).
nei ghbor s([ N1, N2, N3, N4] , nei ghbor s( N2, N4), ot her s( N1, N3))
nei ghbor s([ N1, N2, N3, N4] , nei ghbor s( N3, N4), ot her s( N1, N2))

- nei ghbor (N2, N4) .
:- nei ghbor (N3, N4) .

doubl eton : -
probl em( nunber s( N1, N2, N3, N4, N5), ),
conbos(set (N1, N2, N3, N4, N5) , conbo( A, B), _),
=B.

doubl et on(doubl eton(A, B),rest(C D, E)) :-
probl em( nunber s( N1, N2, N3, N4, N5), ),
conbos(set (N1, N2, N3, N4, N5), conbo(A, B),extras(C, D E)),
A=B.

can_nake_goal _with_two_nunbers(the_two(A B),the_rest(C D E),the_goal (G) :-
probl em( nunber s( N1, N2, N3, N4, N5) , goal (G ),
conbos(set (N1, N2, N3, N4, N5), conbo(A, B),extras(C, D E)),
crypto(A B G ).

ot her _numnber s(speci al (N), ot hers(N2, N3, N4, N5)) : -
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probl em( nunber s(N, N2, N3, Nd, N5), goal (_)).

ot her _nunber s(speci al (N), ot hers(NL, N3, N4, N5)) : -
probl em( nunbers( N1, N, N3, Nd, N5), goal (_)).

ot her _numnber s(speci al (N), ot hers( N1, N2, Nd, N5)) : -
probl em( nunber s( N1, N2, N, N4, N5) , goal (_)) .

ot her _number s(speci al (N), ot hers(N1, N2, N3, N5)) : -
probl em( nunber s( N1, N2, N3, N, N5), goal (_)).

ot her _nunber s(speci al (N), ot hers(NL, N2, N3, \d)) : -
probl em( nunber s( N1, N2, N3, N4, N), goal (_)).

crypto( N1, N2, Goal , ex( N1, +, N2)) :- Coal is (NL+N2).
crypto( N1, N2, Goal , ex( N1, *, N2)) :- CGoal is (NL*N2).
crypto( N1, N2, Goal , ex(N1,-,N2)) :- Goal is (NL1-N2).
crypto( N1, N2, Goal , ex(N2,-,N1)) :- Goal is (N2-N1).
crypto(NL, N2, Goal , ex(N1,/,N2)) :- N2>0, Goal is (N1/N2).
crypto(NL, N2, Goal , ex(N2,/,N1)) :- N1>0, Goal is (N2/N1).

O/ = = = m m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e oo
% key substitution code

substitute(New, A d, ex(dd, O 2), ex(New, O 2)

substitute(New, A d, ex(X, O A d), ex(X O New)

substitute(New, A d,ex(X O 2),ex(QQC 2)) :-
substitute(New, A d, X Q.

substitute(New, A d,ex(X O 2Z),ex(X O Q) :-
substitute(New, A d, Z, Q.

).
)

% di splay the solution -- assunming that it has been sol ved

di spl aySol ution : -
solution(S),
di spl ayResul t (9),
nl

di spi aySol uti on.

di

spl ayResult (ex(A, O B)) :-
nunber (A), nunber(B),
wite("( '), wite(A), wite(’ "), wite(O, wite(’ '), wite(B), wite(’ )").
spl ayResul t (ex(A, O B)) :-

nunber (A), B = ex(Al, O1, B1),

wite('( '), wite(A, wite(’ '), wite(O, wite(’ "),

di spl ayResul t (ex(Al1,0O1,B1)), wite(’ )’).

spl ayResult (ex(A, O B)) :-

nunber (B), A = ex(Al, 01, B1),

wite('( '), displayResult(ex(Al1, O, Bl)), wite(’ '), wite(O, wite(’ "),
wite(A), wite(’ )’).

spl ayResult (ex(A, O B)) :-

A = ex(Al, 01, Bl), B = ex(A2, A2, B2),

wite('( '), displayResult(ex(Al, O, Bl)), wite(’' '), wite(O, wite(’ "),
di spl ayResul t (ex(A2, ®2,B2)), wite(’ )').

di

di

di

% probabilities of applicability of heuristics

0B = = = = o o o o 4 4 4 4 4 4 e e = = aa e e m e e a e m e e e a e e e e e e .

% atom ¢ vari ant

probabilityl(Situation, NrTrials, Purpose, Probability) :-
decl ar e(successes, 0),
repeat (NrTrials,trial 1(Situation, Purpose)),
val ueF (successes, Successes),
Probability is Successes / N Trials.

trial 1(Situation, Purpose) :-
retract_problem
gener at eRandontCr ypt oPr obl em
i nternalizeProbl em
di spl ayPr obl em nnl (Pur pose),
Si tuati on,
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di spl ayAppl i cability(Purpose,yes),
i nc(successes).

trial 1(_, Purpose) :-
di spl ayAppl i cability(Purpose, no).

OB - - = = = - - o . 4 o m . e e e e e e e e e e e e e e e e e e e e e e e e e

% |ist variant

probability(Situation, NrTrial s, Purpose, Probability) :-
decl ar e(successes, 0),
repeat (NrTrials,trial (Situation, Purpose)),
val ueF (successes, Successes),
Probability is Successes / N Trials.

trial (SL, Purpose) :-
retract_probl em
gener at eRandonCr ypt oPr obl em
i nternalizeProbl em
di spl ayPr obl em nnl ( Pur pose),
trial_proper(SL, Purpose).

trial_proper([], Purpose) :-

di spl ayAppl i cability(Purpose, no).
trial_proper([H _], Purpose) :-

H

di spl ayAppl i cability(Purpose, yes),

i nc(successes).
trial_proper([_|T], Purpose) :-

trial _proper (T, Purpose).

retract_problem: -
retract(problem( _, )),fail
retract_problem

di spl ayProbl em nnl (testing) :-
di spl ayPr obl em nnl .
di spl ayProblemnnl ().

di spl ayApplicability(testing,yes) :-
wite('*"), nl.

di spl ayApplicability(testing, no) :-
wite(’” '), nl.

di splayApplicability(_, ).

7
% deno - generate and solve a random crypto probl em

deno : -
gener at eRandonCr ypt oPr obl em
internalizeProbl em
di spl ayPr obl em
sol veProbl emHeuristically,
di spl aySol uti on.

deno(0).

deno(N) : -
deno,
Kis N1,
deno(K) .

O/ = = = m m e e e e e e e e e e e e e e e e e e e e e e e e e e oo
% establish a particular crypto probl em

est abl i shCrypt oPr obl em( nunber s( N1, N2, N3, N4, N5), goal (G ) : -
addCr ypt oPr obl eniffoknow edgeBase( N1, N2, N3, N4, N5, G .

% ______________________________________________________________________________
% crypto problem sol ver

sol ve(nurmber s( N1, N2, N3, N4, N5) , goal (G ) : -
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est abl i shCrypt oProbl em( nunber s( N1, N2, N3, N4, N5) , goal (G ),
i nternalizeProbl em

di spl ayPr obl em

sol veProbl emHeuri stically,

di spl aySol uti on.

% ______________________________________________________________________________
% iterator

repeat (0, ).
repeat (N, P) : -
P,
Kis N1,
repeat (K, P).

%initilization

. -establi shCrypt oProbl enPar anet ers.



