Second Prolog Programming Assignment

Abstract

Task 3: One Move Predicate and a Unit Test

mle([TowerlBefore, Tower2Before, Tower3], [TowerlAfter, Tower2After, Tower3] )

TowerlBefore=[H|T],
Towerlifter=T,
TowerZBefore=L,
TowerZafter=[H|L] .

test ml2 :-

write ('Testing: mcve_m;ziz'],
TowersBefore=[[t,s,m, 1, 0], [1,0[11]-
trace('"', '"TowersBefore', TowersBefore),
ml2 (TowersBefore, TowershAfter),
trace("', 'TowersAfter', Towershfter).

Y= conzult('C: Uzerz-Tzer-Document=-"towers_of hanoi . pro').
tru=.

T— test__ml2.

Te=zting: mowve_ml2

TowersBefore = [[t.=.m.1.h].[1.[1]
Towersdfter = [[=.m.1.h].[t].[1]
true.



Task 4: Valid State Predicate and Unit Test

mlz2 ( [TowerlBefore, TowerZ2Before, Tower3], [TowerlAfter, TowerZhfter, Tower3]) -
TowerlBefore=[H|T],

TowerlAfter=T,

TowerZBefore=L,

Tower2hfter=[H|L].

ml3 | [TowerlBefore,TowerZ, Tower3Before], [TowerlAfter, Tower2, Tower3After]) :-
TowerlBefore=[H|T],

TowerlAfter=T,

Tower3Before=L,

Tower3After=[H|L].

m2l { [TowerlBefore, Tower2Before, Tower3], [TowerlAfter, Tower2After, Tower3]) :-
TowerZBefore=[H|T],

TowerZAfter=T,

TowerlBefore=L,

TowerlAfter=[H|L].

m23 ([ [Towerl, Tower2Before, Tower3Before], [Towerl, Tower2After, Tower3After]) :-
Tower2Before=[H|T],

Tower2After=T,

Tower3Before=L,

Tower3After=[H|L].

m3l ( [TowerlBefore, Tower2, Tower3Before], [TowerlAfter, Tower2, Tower3After]) :-
Tower3Before=[H|T],

Tower3After=T,

TowerlBefore=L,

Towerlafter=[H|L].

m32 ( [Towerl, Tower2Before, Tower3Before], [Towerl, Tower2After, Tower3After]) -
Tower3Before=[H|T],

Tower3after=T,

TowerZBefore=L,

TowerZhfter=[H|L] .



% ——— Tnit test programs

test ml2 -

write('Testing: mnve_mlzkn'},
TowersBefore=[[t,s,m, 1, 0], [1,.[11-
trace('', 'TowersBefore' , TowersBefore),
mlz2 (TowersBefore, TowersaAfter),

trace ("', 'TowershAfter' , Towersifter).

test ml3 :-

write('Testing: mnve_mlSkn'},
TowersBefore=[[t,s,m,1,0],[1,.[11.
trace("', '"TowersBefore' , TowersBefore),
ml3 ({TowersBefore, Towersaifter),
trace('"', 'TowershAfter', Towersifter).

test  mZl :-

write('Testing: mDvE_EEan'},
TowersBefore=[[t,s,m, 1, 0], [1,.[11-
trace('', 'TowersBefore', TowersBefore),
m2l (TowersBefore, Towersafter),
trace("', 'Towerzshifter', Towersafter).

test m23 :-

write('Testing: mDvE_EESRn'},
TowersBefore=[[t,s,m, 1, 00]1,[1,.0[11~
trace("', '"TowersBefore' , TowersBefore),
m23 (TowersBefore, Towersifter),
trace('"', 'Towershifter', Towersifter).

test  m3l :-

write('Testing: muve_m&lhn'},
TowersBefore=[[t,s,m, 1, 0], [1,.[11-
trace('', 'TowersBefore', TowersBefore),
m3l (TowersBefore, Towersafter),
trace("', 'Towerzshifter', Towersafter).

test m3Z :-

write('Testing: mnve_mSEhn'},
TowersBefore=[[t,3,m, 1, 0], [1,0[11~
trace('"', '"TowersBefore', TowersBefore),
m32 ([TowersBefore, TowersaAfter),
trace('', 'TowersAfter', Towersifter).



?— con=sult( 'C. s UT=zerssUser-Documnents<towver=_of hanoi . pro').
true.

T— test__ml?Z.

Tezting: move_ml?Z

TowersBefore = [[t.=.m.1.h].[].[]]
Towersifter = [[=.mn.1.h].[t].[]]
true.

T— test__ml3.
Testing: move_ml3

TowersBefore = [[t.=.m.1.h].[].[1]
Towershfter = [[s.m.1.h].[1.[t]1]
true.

T— test__mil.

Testing: move_ml

TowersBefore = [[t.=.m.1.h].[].[]]
false.

T— te=t__mi3.

Testing: move_md3

TowersBefore = [[t.=.m.1.h].[].[]]
false.

T— te=st_ m3l.

Testing: move_m3il

TowersBefore = [[t.=.m.1.h].[].[]]
falze.

T— te=st__miZ.

Testing: move_m3Z

TowersBefore = [[t.=.m.1.h].[].[]]
false.



Task 5: Valid State Predicate and Unit Test

% --- walid state(3) :: 5 i= a wvalid state
valid state([Peg_l,Peg 2,Peg 3]) :-
valid peg(Peg 1) ,valid peg(Peg 2),valid peg(Peg 3).

valid peg([t]).

valid peg([t,=]).
valid peg([t,m]}.
valid peg([t,1]]).
valid peg([t,R]).
valid peg([t,s,m,1,R]).
valid peg([t,s,m,1]).
valid peg([t,=2,m,0]).
valid peg([t,s,m]).

valid pegi([s]]).
valid peg([=s,m]) .
valid peg([=s,1]).
valid peg([=s,n]).
valid peg([s,m,1,0]).
valid peg([s,m,1]).
valid peg([s,m, ]} .

valid peg([m]} .
valid peg([m,1]).
valid peg([m,n]}.
valid peg([m,1,h]).

valid peg([1l]).
valid peg([l,R]).

valid peg([h]).
valid peg([]).

?— consulti 'C:-Teers<User<Docunent=sstowers_of_hanoi .pro').
true.

P— test_ walid state.
Te=sting: walid_s=state

[[l.t.=.m.h].[].[]] i= inwalid.
[[t.=.m.1.h].[].[]] i= walid.
[[].[k.t.=.m].[1]] i= inwalid.
[([].[t.=.m.h].[1]] 1= walid.
[[].[h].[1.m.=.t]] 1= inwvalid.
[([].[h].[t.=.m.1]] i= walid.
true



Task 6: Defining the write_sequence predicate

125 write scolution(5) :-

126 nl, write('Solution ..."'}), nl, nl,
127 rewverse(5,R),

128 write sequence (R} ,nl.

130 write sequence ([]) .

132 write_ sequence ([H|T]) :-
133 elaborate(H,E),

134 writel(E),nl,

135 write_ sequence (T).

13 elaborate (ml2,Elaboration) :-
138 Elaboration='Transfer & Disk From Tower 1 to Tower

]

140 elaborate(ml3,Elaboration) :-
141 Elaboration='Transfer f Disk From Tower 1 to Tower 3.'.

143 elaborate(mZ2l,Elaboration) :-

144 Elabnratian='rra:3fe: 4 Disk From Tower to Tower 1.°'.

%]

14g elaborate (m23,Elaboration) :-

147 Elaboration='Transfer A Disk From Tower to Tower 3.°'.

%]

149 elaborate(m3l,Elaboration) :-

150 Elaboration='Transfer A Disk From Tower 3 to Tower 1.'.

152 elaborate (m3Z2,Elaboration) :-
153 Elaboration='Transfer & Disk From Tower 3 to Tower

]

?— consult{'C: s Users=-T=ser-Docunent=-towvers_of_hanol.pro').
true.

- test___write_sequence.

First test of write_sequence ...
Tran=sfer & Dislk From Tower 3 to Tower
Tran=zfer A Disk From Tower 1 to Tower
Transfer & Dislk From Tower 1 to Tower
Tran=sfer & Dislk From Tower 2 to Tower
Second test of write seguence
Tran=fer Di=lk From Tower
Tran=fer Di=k From Tower
Transfer Di=lk From Tower
Tran=fer Di=k From Tower
Tran=fer Di=slk From Tower
Transier Di=lk From Tower
Tran=ifer Di=k From Tower
true.
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Task 7: Run the Program to Solve the 3 Disk Problem

true.

T— =olve.
PathScoFar =
Howve = ml2
HextState
FathSoFar
Howve = mlZ
HextState =
Howve = ml3
HextState =
FathSoFar =
Howe = mlZ
HextState =
Howe = ml3
HextState =
Hove = m2l
HextState
FathSoFar
Howve = mlZ
HextState
Howve = ml3
HextState =
FathSoFar =
[=.m]11]
Howe = mlZ
HextState
PathSoFar

Hove = m2l
HextState =
Howe = m23
HextState =
Howve =
HextState =
FathSoFar =
f=.w]l 000
HDvE = ml2
HextState =
PathScoFar =
f=.n]l 001
HDvE = m2l
HextState =
Howe = m23
HextState =
Howve = mil
HextState
FPathSoFar
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Hove = mnlZ
HextState =
Hove = nl3
HextState =
Howve = mZl
HextState

FathSoFar

Hove =
HextState =
FPathSoFar =
=]l 000
1.[0[m].[1].L
Howve = nlZ2
HextState
FathSoFar

=]l 00
1.0Ind 1101
Hove = mni2l
HextState =
Hove = n23
HextState =
Howve = m3l
HextState =
FathScoFar =

=]l 001,
1. 0Ind. 1101
Hove = nlZ
HextState =
FathSoFar =

=]l 000,
1. 0Ind 11,1
Howve = mZl
HextState =
Howve = mn23
HextState =
Hove = nl3
HextState =
Hove = mnZl
HextState =
Hove = n23
HextState =
Howve = m32
HextState =
PathScoFar =

=]l 001,
1. 0Ind 1101

Hove = mn2l
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Howe = m2l
HextState
PathSoFar
l=.m]l L0
1. 0Im]. 1301
Howe = ml2
HeztState =
Howe = ml3
HeztState =
Howe = m21
HeztState =
Howe = m23
HeztState =
Howe = m23
HeztState =
Howe = ml3
HextState =
Howe = m2l
HextState =
Howe = m23
HextState =
Howe = m3l
HextState =
Howe = m3z2
HextState =
Howe = m2l
HextState =
Howe = m23
HextState =
PathSoFar =
=.m]1 000,
] [[=.m].[].
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Solution

Tranzsfer 4 Di=sl From Tower 1 to Tower ?.
Tranzsfer 4 Di=sl From Tower 1 to Tower 3.
Tranzsfer A4 Di=sl From Tower 2 to Tower 1.
Tranzsfer 4 Dislk From Tower 1 to Tower 3.
Transfer 4 Disl From Tower 1 to Tower .
Transfer 4 Di=sl From Tower 3 to Tower 1.
Tran=ster A Dislk From Tower 1 to Tower 2.
Tran=ster A Dislk From Tower 3 to Tower 1.
Transfer A Di=l From Tower 2 to Tower 1.
Tran=sfer A Di=l From Tower 2 to Tower 3.
Tran=sfer A Disl From Tower 1 to Tower .
Tranzsfer 4 Di=sl From Tower 1 to Tower 3.
Tranzsfer A4 Di=sl From Tower 2 to Tower 1.
Tranzsfer 4 Di=sl From Tower 1 to Tower 3.
true=

1. 14 moves

2. 7 moves

3. The program was constructed to test all possible paths, checking the
validity of all moves and then making the corresponding move that the
program traced thru.



Task 8: Run the Program to Solve the 4 Disk Problem

Solution

to Tower
to Tower
to Tower
to Tower

Di=l From Tower
Di=lk From Tower
Di=l From Tower
Di=l From Tower

Tran=sfer
Transfer
Tran=fer
Tran=fer

Transfer Di=lk From Tower to Tower
Transfer Di=lk From Tower to Tower
Tran=fer Di=l From Tower to Tower
Tran=sfer Di=l From Tower to Tower
Transfer Di=lk From Tower to Tower

to Tower
to Tower

Di=l From Tower
Di=l From Tower

Tran=fer
Tran=fer

Tran=sfer Di=l From Tower to Tower
Transfer Di=lk From Tower to Tower
Tran=fer Di=l From Tower to Tower
Tran=sfer Di=l From Tower to Tower

to Tower
to Tower
Tower
to Tower
to Tower
to Tower
to Tower

Di=lk From Tower
Di=l From Tower
Di=l From Tower
Di=l From Tower
Di=lk From Tower
Di=l From Tower
Di=l From Tower

Transfer
Tran=fer
Tran=fer
Tran=sfer
Transfer
Tran=fer
Tran=fer

Transfer Di=lk From Tower to Tower
Transfer Di=lk From Tower to Tower
Tran=fer Di=l From Tower to Tower
Tran=sfer Di=l From Tower to Tower
Transfer Di=lk From Tower to Tower

to Tower
to Tower

Di=l From Tower
Di=l From Tower

Tran=fer
Tran=fer
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Tran=sfer Di=l From Tower to Tower
Transfer Di=lk From Tower to Tower
Tran=fer Di=l From Tower to Tower
Tran=sfer Di=l From Tower to Tower
Transfer Di=lk From Tower to Tower
Transfer Di=lk From Tower to Tower

1. 35 moves
2. 15 moves



Task 9: Review Your Code and Archive It

% _______________________________________________________________________
e
¥ ——— File: towers of hanoi.pro

% ——— Line: Program to solve the Towers of Hanoi problem

fF -——-——————————e e e e ——————————————
e cnnsulti'E:ste:s;Use:;Dnc:me:ts;.SmfdtCtmEPQ:D'].

% _______________________________________________________________________
% ——— make move (5,T,530) :: Make a move from state 5 to state T by 5350

make move (TowersBeforeMove, TowersAfterMove,  ml2) :-
ml2 (TowersBeforeMove, TowersAfterMove) .

make move (TowersBeforeMove, TowersAfterMove, ml3)
ml3 (TowersBeforeMove, TowersAfterMove) .

make move (TowersBeforeMove, TowersAfterMove m2l) -
m2l (TowersBeforeMove, TowersAfterMowve) .

make move (TowersBeforeMove, TowersAfterMove, m23) -
m23 (TowersBeforeMove, TowersAfterMove) .

make move (TowersBeforeMove, TowersAfterMove, m31l) :-
m3l (TowersBeforeMove, TowersAfterMove) .

make move (TowersBeforeMove, TowersAfterMove, m3Z) -
m32 (TowersBeforeMove, TowersafterHove) .

ml2 ([TowerlBefore, Tower2Before, Tower3], [TowerlAfter, Tower2After, Tower3]) :-
TowerlBefore=[H|T],

TowerlAfter=T,

TowerZBefore=L,

TowerZhfrter=[H|L] .

ml3 [ [TowerlBefore, Tower2, Tower3Before], [TowerlAfter, Tower2, Tower3after]) :@-
TowerlBefore=[H|T],

Towerlafter=T,

Tower3Before=L,

Tower3After=[H|L] .



m2l [ [TowerlBefore, TowerZBefore, Tower3], [TowerlAfter, TowerZAfter, Tower3]) -
Tower2Before=[H|T],

Tower2hfter=T,

TowerlBefore=L,

Towerlafter=[H|L].

m23 | [Towerl, Tower2Before, Tower3Before], [Towerl, Tower2hifter, Tower3hAfter]) :-
Tower2Before=[H|T].,

Tower2Zhfter=T,

Tower3Before=L,

Tower3after=[H|L].

m3l { [TowerlBefore, Tower2, Tower3Before], [TowerlAfter, Tower2, Tower3After]) :-
Tower3Before=[H|T].,

Tower3after=T,

TowerlBefore=L,

Towerlhafter=[H|L].

m32 [ [Towerl, TowerZBefore, Tower3Before], [Towerl, Tower2After, Tower3after]) :-
Tower3Before=[H|T].,

Tower3after=T,

TowerZBefore=L,

Tower2hfrer=[H|L].

¥ ——— walid state(5) :: 5 is a wvalid state
valid state([Peg_l,Peg 2Z,Peg 3]) :-
valid peg(Peg l),valid peg(Peg_2),valid peg(Peg 3).

valid peg([t]]).

valid peg([t,=])-
valid peg([t,m]).
valid peg([t,1]).



% —-—- walid state(3) :: 5 15 a wvalid state
valid state([Peg 1l,Peg 2,Peg 3]) :-
valid peg(Peg 1) ,valid peg(Peg 2),valid peg(Peg 3).

valid peg([t]).

valid peg([t,=s]).
falid peg(lt,m]).
valid peg([t,1l]).
valid peg([t,h]).
valid peg([t,s,m,1,h]) .
valid peg([t,s,m,1]).
valid peg([t,=s,m,n]).
valid peg([t,=s,m]).

valid peg([=]).
valid peg([=s,m]) .
valid peg([=s,1]) .
valid pegl([s,h]).
valid peg([s,m,1,0]).
valid peg([=s,m,1]).
valid peg([s,m,h]).

valid peg([m]).
valid peg([m,1]).
valid peg([m,h]) .
valid peg([m,1,h]).

valid peg([1l]).
valid peg([1l,h]).

valid peg([h]).
valid pegi([]) .



% ——— solwve(Start,Solution) :: succeeds if Solution represents a path
% ——— from the start state to the goal state.
solve -

extend path([[[5,m, 1], []1,0111,[],5clution),
write sclution(Sclution).
Extend_path(PathSDFar,SDlutiDnSDFar,SnlutiDn] HES
PathSoFar = [[[),[],[5,m20010_1,

showr ('PathSoFar',PathSoFar),

showr ('SolutionSoFar ', SolutionSoFar) ,

Solution = SolutionSoFar.

extend path (PathSoFar, SolutionScFar, Solution) :-
PathSoFar = [CurrentState|_],

showr ('PathSoFar',PathSoFar),

make move (CurrentState,NextState,Move),

show ( "Move ', Move) ,

show ( "HextState'",HextState),

not (memker (HextState, PathSoFar) ),

valid state (NextState),

Path = [HextState|PathSoFar],

Soln = [Mowve|SolutionS5oFar],

extend path (Path, Soln, Solution) .

B
%t —-- write_ sequence reversed(S5) :: Write the sequence, given by 5,
% ——— expanding the tokens into meaningful strings.

write solution(5) :-

nl, write("Solution ..."}, nl, nl,
reverse (5, R),

write sequence (R),nl.

write segquence([]).
write sequence ([H|T]) :-

elaborate (H,E),
write(E),nl,



write segquence ([H|T]) :-
elaborate (H, E),
write(E) , nl,

write seguence (T).

elaborate (ml2,Elaboration) :-
Elaboration="Transfer & Disk From Tower 1 to Tower

3

elaborate (ml3,Elakoration) -
Elaboration="Transfer A Disk From Tower 1 to Tower 3.°'.

elaborate (m2l1,Elaboration) :-

Elaboration="Transfer A Disk From Tower to Tower 1.°'.

I3

elaborate (m23,Elaboration) :-
Elaboration="Transfer & Disk From Tower

elaborate (m3l,Elaboration) :-
Elaboration="Transfer A Disk From Tower 2 to Tower 1.°'.

8]

to Tower 3.°'.

elaborate (m32,Elaboration) :-
Elaboration="Transfer A Disk From Tower 3 to Tower

L3

% —-—-Unit test program

test_ wvalid state -

write ('Testing: valid_state\n'},
test_ wvsi([[l,t,s,m 0], [1,[1]1),
test_ wvsi[lt,=s,m 1, 0], [1,011}),
test_ wvsi([[],[h,t,5,m], [1]]),
test_ wvs([[l,[t,=,m 0], [1]]),
test_ vs([[],[R],[1,m=,C]]),
test_ wvs([[],[R],[t,5,m1]]).

test_ vs(3) :-



test_ w=(3) :-

valid_state(ﬂ],

write (5), write(' i= walid.'), nl.
test_ w2 (3] :-

write (5), write(' iz invalid.'), nl.

§ ——— Unit test programs

test ml2 -

write ("Testing: mnve_mlﬁkn'J,
TowersBefore=[[t,3,m, 1, h], [1,[11«

trace('', '"TowersBefore', TowersBefore),
ml2 (TowersBefore, Towersifter),
trace('', "TowersAfter', Towershfter).

test ml3 :-

write("Testing: mDVE_mlSKn'J,
TowersBefore=[[t,3,m, 1, h], [1,-[11]«
trace('', '"TowersBefore', TowersBefore),
ml3 (TowersBefore, Towersifter),

trace ("', '"TowersAfter', Towershfter).

test  m2l :-

write("Testing: mnve_mjl\n'j,
TowersBefore=[[t,s,m, 1, 0], [1,-[11~
trace('", '"TowersBefore', TowersBefore),
m2l (TowersBefore, Towersifter),
trace('', '"TowersAfter', Towersifter) .

test  m33 -

write ("Testing: mDVE_EES\n'j,
TowersBefore=[[t,3,m, 1, h],[1,-[11]-
trace('', '"TowersBefore', TowersBefore),
m23 (TowersBefore, Towersaifter),
trace('", "TowersAfter',  Towersifter) .



test  m3l :-

write('Testing: muve_mSan'],
TowersBefore=[[t,s,m,1, k], [1,[1]-
trace('', 'TowersBefore',TowersBefore),
m3l (TowersBefore, Towersafter) ,
trace('', '"Towershfter', TowersAfter) .

test_ m3d :-
write('Testing: muve_mSEHn'j,
TowersBefore=[[t,s,m,1,h],[1,[]1],

trace('', '"TowersEBefore', TowersBefore) ,

m32 (TowersBefore, Towersafter) ,

trace('', '"Towershfter', TowersaAfter).

% _______________________________________________________________________
% ——— Tmit Test Program

test Wwrite segquence -

write('First test of write seguence ...'}, nl,
write seqguence([m3l,ml2, ml3, m21]),
write('Second test of write seguence ...'), nl,

write sequence|[ml3, mlZ m32, ml3 mIl, m23, ml3]).



