Second Prolog Programming Assignment Specification

Learning Abstract

Tasks

1. Working within a nice text editor and with a good Prolog interpreter, do the nine enumerated tasks.

2. Craft a nicely structured document that contains representations of each of the seven tasks that you were just
asked to do which produce tangible output. Moreover, be sure to title the document, and place a “learning abstract”
just after the title, before presenting your work on each of the seven tasks.

3. Postyour document to you web work site.

Task 1: Problem Contemplation - Towers of Hanoi

This programming challenge affords you an opportunity to implement a state space problem solver for the Towers of
Hanoi problem. Please review the problem statement, and then contemplate the representation that was presented in
class.

Problem Statement - Towers of Hanoi

The three peg / three tower problem: Three pegs/towers. Three disks large (L), medium (M), small (S). The disks
are place on the pegs subject to the constraint that a larger disk “cannot appear” on top of a smaller disk. A move
consists of transferring a disk, the top one, from one peg to another, placing it on top of whatever disks may be
present. The task is to transfer all of the pegs from the first peg to the third peg.

The four peg / three tower problem: Three pegs/towers. Four disks huge (H), large (L), medium (M), small (S). The
disks are place on the pegs subject to the constraint that a larger disk “cannot appear” on top of a smaller disk. A move
consists of transferring a disk, the top one, from one peg to another, placing it on top of whatever disks may be present.
The task is to transfer all of the pegs from the first peg to the third peg.

The five peg / three tower problem: Three pegs/towers. Five disks huge (H), large (L), medium (M), small (S), tiny
(T). The disks are place on the pegs subject to the constraint that a larger disk “cannot appear” on top of a smaller disk.
A move consists of transferring a disk, the top one, from one peg to another, placing it on top of whatever disks may be
present. The task is to transfer all of the pegs from the first peg to the third peg.



State Space Representation - Towers of Hanoi

For the three disk problem, represent the three disks by symbols L (large) and M (medium) and S (small). Represent
the three pegs as lists, imagining the disks arranged from left to right in increasing order of size.
Then ...

o I={(5ML) 0 0)}
* G={(00(ML))}

e 0={M12, M13, M21, M23, M31, M32}, where
- M12 - move a disk from peg 1 to peg 2
- M13 - move a disk from peg 1 to peg 3
- M21 - move a disk from peg 2 to peg 1
- M23 - move a disk from peg 2 to peg 3
- M31 - move a disk from peg 3 to peg 1
- M32 - move a disk from peg 3 to peg 2

One possible state space solution:

M13 = M12 = M32 = M13 = M21 > M23 = M13

For the four disk problem, represent the four disks by symbols H (huge) and L (large) and M (medium) and S (small).
Represent the three pegs as lists, imagining the disks arranged from left to right in increasing order of size. Adjust the
initial state and the goal state appropriately.

Then ...

e I={((HSML (OO )
* G={(00(SMLH))}

e 0={M12, M13, M21, M23, M31, M32}, where

- M12 - move a disk from peg 1 to peg 2
- M13 - move a disk from peg 1 to peg 3
- M21 - move a disk from peg 2 to peg 1
- M23 - move a disk from peg 2 to peg 3
- M31 - move a disk from peg 3 to peg 1
- M32 - move a disk from peg 3 to peg 2

One possible state space solution:

M13 = M12 = M32 = M13 = M21 = M23 = M13

For the five disk problem, represent the five disks by symbols H (huge) and L (large) and M (medium) and S (small) and
T (tiny). Represent the three pegs as lists, imagining the disks arranged from left to right in increasing order of size.
Adjust the initial state and the goal state appropriately.

Then ...



o I={((SML)00)}
* G={(00(ML))}

e 0={M12, M13, M21, M23, M31, M32}, where
- M12 - move a disk from peg 1 to peg 2
- M13 - move a disk from peg 1 to peg 3
- M21 - move a disk from peg 2 to peg 1
- M23 - move a disk from peg 2 to peg 3
- M31 - move a disk from peg 3 to peg 1
- M32 - move a disk from peg 3 to peg 2

One possible state space solution:

M13 = M12 = M32 = M13 = M21 = M23 = M13

Task 2: Code Contemplation

Please review the Missionaries and Cannibals state space problem solving program that was presented in Lesson 7.
Then, contemplate the following unrefined state space problem solving program for the Towers of Hanoi problem. In
subsequent tasks, you will be asked to refine and demo this code.

When you are ready, place this text into a file called toh.pro. (Be sure not to place the “redacted code” tags in your file.)
Also, place the inspector.pro file, provided as an appendix to this programming assignment, in your computational world
as a sibling to the toh.pro file. Then, load this code into a Prolog process, just to be sure that everything is in order before
you commence with the subsequent tasks.

%

% % --- File: towers_of_hanoi.pro

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

% :- consult(’inspector.pro’).

% % --- make_move(S,T,SSO) :: Make a

move from state S to state T by SSO

make_move(TowersBeforeMove, TowersAfterMove,m12) :m12(TowersBeforeMove, TowersAft
erMove).
make_move(TowersBeforeMove, TowersAfterMove,m13) :m13(TowersBeforeMove, Towers
AfterMove).

make_move(TowersBeforeMove, TowersAfterMove,m21) :m21(TowersBeforeMove, TowersAft
erMove).

make_move(TowersBeforeMove, TowersAfterMove,m23) :m23(TowersBeforeMove, TowersAft
erMove).

make_move(TowersBeforeMove, TowersAfterMove,m31) :m31(TowersBeforeMove, TowersAft
erMove).

make_move(TowersBeforeMove, TowersAfterMove,m32) :-
m32(TowersBeforeMove, TowersAfterMove).

<<redacted: the six state space operators>>



% % --- valid_state(S) :: S is a valid state

<<redacted: valid_state>>

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

solve :extend_path([[[s,m,],[],[11],[],Solution),
write_solution(Solution).

extend_path(PathSoFar,SolutionSoFar,Solution) :PathSoFar =
[[0,0,s,m,011_1, showr(’PathSoFar’,PathSoFar),
showr(’SolutionSoFar’,SolutionSoFar), Solution =
SolutionSoFar.
extend_path(PathSoFar,SolutionSoFar,Solution) :-
PathSoFar = [CurrentState|_],
showr(’PathSoFar’,PathSoFar),
make_move(CurrentState,NextState,Move),
show(’Move’,Move), show(’'NextState’,NextState),
not(member(NextState,PathSoFar)),
valid_state(NextState), Path =
[NextState | PathSoFar], Soln =
[Move|SolutionSoFar],
extend_path(Path,Soln,Solution).

% % --- write_sequence_reversed(S) ::
Write the sequence, given by S, % --- expanding the tokens into meaningful strings.

write_solution(S) :-
nl, write(’Solution ...”), nl, nl,
reverse(S,R), write_sequence(R),nl.

<<redacted: write_sequence>>
% % --- Unit test programs

<<redacted: the unit test programs>>

Task 3: One Move Predicate and a Unit Test

For this task you are given some code, and simply asked to enter it and run it. The code consists of the implementation
of a state space operator, and a unit test program for the operator. You are also provided with a unit test demo.

Please note that this state space operator, as well as the other five, simply moves a disk from one peg to another,
whether or not the move is “legal”.

State Space Operator Implementation




Please add the following code, which implements the state space operator to move a disk from peg 1 to peg 2, m12, to
your toh.pro file.

m12([TowerlBefore, Tower2Before, Tower3],[TowerlAfter,Tower2After,Tower3]) :Towerl1Before = [H|T],
TowerlAfter =T, Tower2Before =L,
Tower2After = [H]|L].

Unit Test Code

Please add the following code, which performs a unit test for the m12 predicate, to your toh.pro file.

test_ ml12:-
write('Testing: move_m12\n’), TowersBefore =
[[t,s,m,Lh][1,0],
trace(”,’TowersBefore’,TowersBefore),
m12(TowersBefore, TowersAfter),
trace(”,’TowersAfter’, TowersAfter).

Unit Test Demo

Please run the unit test. If it works, great! Otherwise, fix what needs to be fixed.
bash-3.2S swipl <<redacted>>

?- consult('toh.pro’).
% inspector.pro compiled 0.00 sec, 7 clauses % toh.pro
compiled 0.00 sec, 56 clauses true.

?-test__ml2.

Testing: move_m12

TowersBefore = [[t,s,m,l,h],[],[]] TowersAfter =
[[s,m,l,h],[t],[]] true.

?-

Post




Please post the code that implements the state space operator, the unit test code, and the unit test demo, being sure to
do so in a clear and obvious manner.

test__ml2 :-
~ite('Testing: move_ml2in'

"‘e I:[t,_.,m 1 h] [] [11.

ace( "' Tu:wer"'BeTu ,TowersBefore),
(Towe rsBefor / )
, ' Towe r"S.'u‘ﬂ:ter"' ,T-:_rwe rsafter).

trace(

ml2({[TowerlBefore,Tower2Before,_], [TowerlAfter, Tower2after,_1) :-
verlBefore = [H|T],
verlAfter = T,
JerLBe’F-lre =L,

Tower2After = [H|L].

L ]

7- test__ml2.

Testing: move_ mlL

TowersBefore’ [[t,;,m 1,h]1.0[]1,[1]
TowersAfter’ = [[s,m hl, [t] 4]
true.

Task 4: The Remaining Five Move Predicates and a Unit Tests

Please add code to implement the remaining 5 state space operators (m13 and m21 and m23 and m31 and m32). Please
add a unit test program, analogous to that provided in the previous task, to test each of the five state space operators
that you are asked to write for this task.

After all of the unit tests confirm that your code is good for the state space operators, perform a demo that runs all six
unit test programs, thus assuring that all six state space operators are performing as they should.

Post

For this task, please post (1) the code for all six state space operators, (2) the code for all six unit test programs, and (3)
the demo in which all six unit test programs are run.



wer2After,_1)

wer3Before], [TowerlAfter,

- L,
Tower3After [H[L].

TowerlBefor.
TowerlAft

Before = L,65;
TowerlAfter [HIL].
re,Tower3Before], [_,Tower2After, Tower
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[HIL].
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,1,h1, 11,071,
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t,s,m,1,h],[1,[1]
,m. 1,01, [t],27944]
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,m, 1,h],[1,[]]
1,h],[t] 1

[[t,s,m,1,h],[1.[1]
"[[s,m,T,h],[t],_ 6]

[r1.01,[t,s,m,1,h11
4,[t],[s,m,1,h1]

Task 5: Valid State Predicate and Unit Test

In this task you are asked to write a predicate to check whether or not a state in the Towers of Hanoi problem is valid.
You are also provided with a unit test program to use in assuring that your code is sound.

Please review the given demo. Then please review the given test program, which are you required to use to assure that
your predicate to check the validity of a state is sound.

Then write the predicate of one parameter called validstate to do what needs to be done, that is, to check to see that each
of the three towers is properly formed. Once you have written the predicate, test it with the given unit tester. If it works,
great! If not, fix your code for the validstate predicate.

Unit Test Program Demo

?- test__valid_state. Testing:

valid_state

[[I,t,s,m,h],[],[]] is invalid.

[[t,s,m,l,h],[],[1] is valid.

[[1,[h,t,s,m],[I]] is invalid. [[],[t,s,m,h],[I1] is valid.
[[1,[h1,[I,m,s,t]] is invalid.

[[1,[h],[t,s,m,I]] is valid. true



Unit Test Program

test__valid_state :-
write('Testing: valid_state\n’), test__vs([[l,t,s,m,h],[1,[11),
test__vs([[t,s,m,I,h],{1,[1]), test__vs([[],[h,t,s,m],[11]),
test__vs([[],[t,s,m,h],[I1]), test__vs([[],[h],[I,m,s,t]]),
test__vs([[],[h],[t,s,m,I1]).

test__vs(S) :valid_state(S), write(S), write(’ is
valid.’), nl.
test__vs(S) :write(S), write(’ is invalid.”), nl.

Post

Post (1) your code for the validstate predicate, (2) my unit test program code, and (3) your unit test program demo.

valid_state([P,P1,P2]) :-
isvalid(pP)
Tid(
isvalid(p2).

isvalid([]).
i 1id([t]).

1id([1]1).
1id([h]1).
1id([t,s]).
Tid([t,m]).
Tid([t,1]).
1id([t,h]).
Tid([s,m]).
1id([s
14id( .
Tid([m,1]1).
Tid([m,h]).
1id([1,h]1).
Tid([t,s,m]).
1id([t,s,1]1).
Tid([t,s,h]).
1id([s,m,1]).
Tid([s,m,h]).
isvalid([t,s,m,1,h]).




test__ 5 s L=
write("Tes g: valid_state\n')
test__ [r,t,s,m,hl,[1,011),
test__ [[t,s,m,1,h],[1,[11),
test [[1,[h,t,s,m]1,[111),
test [, re,s,m,h1, 01110,
test__ [1,0h1,[1,m,s,t]11),
test__vs([[],[h],[t,s,m,11]).

test__ v
valid_state(
write( write(" 1is wvalid.'), nl.
test ( :
i is invalid. '), nl.

[I:'I t,s,m, h] [] []] is invalid.
[[t,s,m,1,h],[], []] is

L[], [h, t,_.,m] ['I]] 5
[[1.[t,s.m,h],[1]]
[I:],[h],['l,m,'_:,t]]
[0].Ch],[t,s,m,11] is valid.

Task 6: Defining the write sequence predicate

Write the one parameter writesequence that takes a sequence of symbols corresponding to a sequence of state space
operators and writes the corresponding sequence of operator descriptions, in a manner consistent with the code and
demo provided.

Unit Test Program Code

test__ write_sequence :-
write(’First test of write_sequence ...”), nl,
write_sequence([m31,m12,m13,m21]), write(’Second test of
write_sequence ...’), nl,
write_sequence([m13,m12,m32,m13,m21,m23,m13]).

Unit Test Program Demo

?-test__ write_sequence.

First test of write_sequence ...

Transfer a disk from tower 3 to tower 1.
Transfer a disk from tower 1 to tower 2.
Transfer a disk from tower 1 to tower 3.



Transfer a disk from tower 2 to tower 1. Second test of
write_sequence ...

Transfer a disk from tower 1 to tower 3.

Transfer a disk from tower 1 to tower 2.

Transfer a disk from tower 3 to tower 2.

Transfer a disk from tower 1 to tower 3.

Transfer a disk from tower 2 to tower 1.

Transfer a disk from tower 2 to tower 3.

Transfer a disk from tower 1 to tower 3. true.

?-

Post

Post (1) your code for the writesequence predicate, (2) my unit tester code, and (3) your unit test program demo.

write_sequence([]).

write_sequence([H|T]) :-
printMove(H),
write_sequence(T).

test__write_sequence :-

write('First test of write_sequence ..."), nl,
write_sequence([m31,ml12,m13,m21]),
write('Second test of write_sequence ..."'), nl,
write_sequence([ml3,m12,m32,m13,m21,m23,m13]).

st__write_sequence.
First test of write_sequence
disk from tower 3 to tower
d from tower 1 to tower
. from tower 1 to tower
. from tower 2 to tower
t of write_sequence
disk from tower
. from tower
from tower
. from tower
from tower
. from tower
from tower

=L P

to tower
to tower
to tower
to tower
to tower
to tower
to tower

da
d
da
d
s
d
da
d
da
d
da
d
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Task 7: Run the program to solve the 3 disk problem

Run the program to solve the three disk Towers of Hanoi problem:

1. With the intetermediate output displayed.
2. With just the English-like solution displayed.

Do your best to answer the following questions:



1. What was the length of your program’s solution to the three disk problem?
2. What is the length of the shortest solution to the three disk problem?

3. How do you account for the discrepency?

What to Post?




'[[Ls,m, 17,1, [1]]

'[[m,17,[s1,
‘[Ls,m, 11, [

[t,t],[1]

s1,[11,

. [11,

i,

i,

, [m]1]

. [m11, L1,

. [1111]

0111, 001,

.[111. [0,

0111, 001,

.[111. [0,

0111, 001,

[1.0111

[t1. [1]]

[t1,017,CCx,11,01, 0111

[t1.011.CCc.71. 01, 011, L0710, 01, (111

(1,011, CCx,11,01. 011, 0070, [x1, [€11]

11,11, 007, Cm, 11, {51, (11, C011, 01, [m]1, L3, 013, 017, 001, 00, 0131, €013, [€, 011, CCt, 13, 01, (31, CO11, [s], (11

'[[1,01,s],_10012]
'[[1,_10006,[1,t]]




'[[s,7],[],-10012]
“[ELs,m110 0. []] [[m,1], (s, 011,003,037, [m]], 003,073,033, 001.01,0713, CO], [e1, 013, [0, 10, 03,03, 0073, (s].[x]].[[s.11, 01,0111

'[011,[s],-10186]

[[11,_10180,[s
[ls,m, 13,0, []] [m,71,[s1, 001, 0071, 00, (013, 003, 073,33, 003, 03,0003, LD, O], 030, [¢, 10, 00, 013, [0, [s1, [€11, [0s,11, 01, 011, C07T, [, [s11]

*001,013,10372]
*[[],.10366,[1,51]
'[[s,11,-10366,[11

*[10360, [s],[1]
*[is,m,11,03,011,Cm, 1], (1,011, 07D, 00, W11, L03, (71,033, 003, [, 0010, LO7D, [eD, 010, [0, 10,00, (13, 0071, [s1, [€13, [(s,11, 03, (11, LO7], (21, [s11]

'[01,01,%],-10378]
'[01,10372,[1,5]1
*[t,11,01,-10378]

'[10366,[1,[t,s11
'[Cls,m,11,13,131,[m, 11, [s1, 011, L0715 03, [m13, €03, 07, 03, 003, 03, 0010, COVD, €D, 000, [0, 10, [0, 133, 007D, [s1, €13, [s, 11, 03, 111, L0011, T2, 011, 00, 11, Te 45110

*[[t],10570,
[ls,m,11,01, []] [m,17,0s1, 011, C003, 01, M7, €03, 073,033,000, 03,0713, LOVD, Ce3, 011, Ox, 1,00, 017, 0077, [s3, €11, [(s,11, 03, 011, LO7], [23, 051, [03, 07, [x,s13, [, (1. [s111

[[1,[x],_10786]
[Cfs,m,13,13,031,Cm, 11, [s1, 111, L0711, 03, [m13, 003, 073, 033, 00D, 03, 010, COVD, 06, 000, 0,70, [0, 130, 000D, (51, €3, [0s, 11, [0, 111, LO1D, [¢1, [s13, [11, [0, [%,s11, [[€1, [0, [s11, [0, [e1, [11]

*[[t],[],-11008]

*[10996, [1, [t]
*[Ts,m, 17,1, []] [m,11,[s1, 011,071, [1, [0]3, (03,073,033, 003,03, 0723, C073, [e1, 033, 00x, 7, 00, 023, 0071, 05, [€11, [[s,71, 3, 011, [O73, (1, [s11, [03, (3, [x,s13, [1x1, 01,0513, O3, [e1, 011, 011, 01, [x11]

[[t],11236,[]]
[[[s,m,7].0].0]1.C(m, 7], (s, 11,073, 03, [m]], 03,073,033, 000.01.0713, O], [xD, 013, [0, 1], 01,03, 0073, (s, [x1].[[s.7], 03,003, CO7, [e]. [s1, 000,00, [x,s1], (], (1, 0s13, COD. (€], 001, 000,00, (¢]],[[t].(3.011]

00, ], 11488]

'[[],-11482,
'[ls,m, 1], [] []] [Im,1],[s1, 011, L0, 03, m]1, 03, (72,021, 03, [1. 0010, COVD, Ce, 00, C0¢, 00, 00, 000, 000D, 051, (€11, 0s, 10, 00, (10, L0V, [0, 0510, [0, (3, [x,500, [0e1. [0, 0513, €1, 1, 010, COD, 00, [0, [0ed, (21, 1110

'[0,[t,t], 11494]
*[[1,11488,[t]]
'[[t,t],[],11404]

*[_11482,[1,[t]]
'[lls,m,1],01.011,CIm, ], [s], 011, C07], (1, [m]3, [0D, (7,013,003, 03,0731, L7, (2], 03], [(t,11,01,013. 0], (s].[x]].[[s,1], 03,031, L0710, (], [s11. 003,03, (t,s]].[0c].[1.0s13, C0D, [x], 000, 000,03, [t1], 0], (s1.011]

'[01,[x,s],_11494]
'[0ls,m, 11,101,011, 0m, 1], {1, 11, L0010, 00, [m10, C0D, 001, 000, 00D 00, 0010, 000D, Ce, 000, 0,00, 0, (00, 000D [0 [e0, DS, 10, 00, 000, L0, [e0, [0, 00D, 00, Ox, 500, [0ed, [0, [s10, OO, Ce1, 000, 00 00, [e10, [0l s, 10D LLD 4 O, 51, [0

*[0t],[s1,11752]

'[ 11740, [5]
[som, 11,0, []] [m,17,[s1, 011, C00], [0, [0]3, 003, 073, 133,003, 03, 0003, L0V, Ce1, 03, O0e, 10, 00, 133, 000, 052, [€11, 005,70, 00, 000, C00D, 20, 0510, 0004 [0 [, 500, 0], [0, 0513, 0D, [€1, 13, O3, [0, [17, [ %1, [s1, [13, [0, [x,s], [c11]

*[0t],[s1,11758]

'[11740, [s]1, [t]]
*ts,m,11,03,011,Clm, 1], [s1, (31, L0713, O3, O30, L0, 073, 033, L0, 03, 0003, €OVD, [23, 000, 0,70, 03, 001, C0VD, O], [211, [0S, 10, 00, 013, 00D, (€1, 0513, OO0, 03, Cx, 530, C0¢1, 00, 511, C0D, [®0, 001, 003, 03, 20T, [ed, 051, [0, [03 4 [xy 5], [(]]]

’[[],[s],11758]
' [11746, [s], [t,T]]
'[t], 11752, (1]

'[11746, [t,t,s],[1]
*[[Is.m,11.03, 33, TIm,13. 051, (31, [013. 03, [m13. C03, £13, £33, C0D. (3. 0131, [0, (3. 033, [0e, 13, 03, 031, [0, [s1. €21, [Cs, 11, [, (33, C013, €1, [s13. [0 3. [, 513, CCed , [0, [s13. [0, €1, 33, [00, [0, [e11, [e3, [s1, (31, [[3. [t 1. [s11]

’[[t],[s],11758]

[ 11746, [s], [t,s]]
*[[ls.m,11.00, 13, 1Im, 13, 051, (31, [013, 03, [m13. C03, 013, £33, €0, (3. 0133, [0, 22, 003, [0e, 10, 03,033, [0, [s1. [e31, [0s 13, 03, 133, L011, [e1, [s13, 03, (3. [, 533, Ced . 03, [s13. [03, (€1, £33, £03. (3, [e1], [Ced, (51, 033, [ 3. [, 51, [s10, [0, [s

0s1,00,1
]YE][[S[]V]' 211, [] []] [Cm,71,0s1, 011, 0071, 00, [m13, C01, 073, 003, 003, (3. D000, 00D, L2, 000, (L€, 10, 00, 000, 000D, [s3, L2110, [0S, 10, 00, 000, COVD [, 05105 00D, 35 O, 510, COe ], [0, [s13, OO, (e, 000, LD, 00, Ce D, [Oed, 0s1, 000, [0 [t 451, [s 10, D s
'[01.0s],12310]
'[[1,-12304,[s]]
]'E[[S[ g]]] ,01,011,Cm, 17, [s1, 032, L0V, 03, M]3, L0, 073, 033,003, (3. 0713, 00V], [23, 033, [0c, 11, 03, 001, €0V, [s1, [x11, [Cs, 13, 03, (11, L0073, [x1, (513, 00D, (1. Ct,s33, 0t 00, (513, OO0, [e1, 033, 00, 00, [e33, [Ced, [s3, 007, 001, Ct,s0. 0511, 001, [s
*[01,0s1,12316]
*[[1,-12310,[s,t]]
J[lt.s], 12310, [1]
. E[[S[ 3]1][[[] ][D[][H]U »[s1,031, 0071, 03, [m11, C03, 073, 033, 003, 03, 0000, COVD, [23, 007, CLE, 13, [, 011, 000D, (5], Ce11, [0S, 71, 03, 033, LOVT, [e1, 0503, 00, 03, [, 513, OOt [0, [s11. 00D, [, 011, 003, 03, 021, [0ed, [s1, 01, 134 [, 51, 0513, 1D, [s
t t,s
'[[s],[(],_usm]
*[lfs,m,11,03,011,C0m, 1], [s1, (11, [[1], 03, [mI1, 01, 07, 033,000, (2,033, 00V], €23, 000, [0t 11, 03,00, €00, [s1, (211, [Cs, 10, 00, (17, €00, (1, (513, O0D, (3. Ct,s00, 0t [0, [s13. OO, (21, 031, L0, 00, [e33, [Ce1, [s3, 003, 001, Ct,s1. 511, 001, [s
1,03, 1811, I0c, 51, 10, 001, Tis1, [€1, 11
*[0].0s,t],12916]
[0].12010,[s]]
'[lr,s],01,12916]
'[12904, ], [t]]
*[lfs,m,17,01,011,C0m, 1], [s1, (11, [[1], 03, [mJ1, 01, 07, 033,000, (2., 0703, 00V], €23, 003, [0t 11, 03,00, €00, [s1, (211, [Cs, 10, 00, (17, €00, (1, [s13, L0D, (1. Ct,s00, 0T, [0, [s11. C0, [e1, 030, L0, 03, [e33, [Ce1, [s3, 007, 001, Ct,s0. [s11, 001, [s
1,001,017, [[x,s1, 03,001, [Ls1, [1, 211
'[0].0s,t],12922]
*[[1,-12916,[s,t]]
'[lr,s],01,12922]
'[12010, ], [t,t]]
*[[x,s], 12916, []1]
‘[ 12910, [t,T],
*[Tls,m, 11,1, []] [Cm,11,[s1, (11, [U] 1, [m3, 001,07, (13,000, 03, 0010, 000D, 023, 000, [0e, 10, 03, 000, 000D, [s1, [0, [0, 10, 00, 103, 00D, (6], [s13, O, 0D O, 500, Lt ], [0, [0, OO0, L2, 000, 0D, 00, [e1], [Led, [s1, 000, O, [y sD, [0 L0 [s
1,00, 180, Tie,sT, . 001, Tis1, 21, (5117

1.
1 *[[],[s,t],_12922]




i *[[1,-12918,[s,5]]
= '[[t.s],[],12922]
- '[12010, 1, [x,s]1]
i '[[s.s], 12916, [1]

=L zam [s,t]
m, 17,1, []] [Im,1],0s1, 011, [[W] 03, 013,001,002, 021,000, (3, 0703, C00D, 021, 011, (e, 00, 01, 111, 000, [s1, €01, L5, 10, 01, 130, LOVD, (€D, 0503, OO0 014 Ot 50, CO¢D, 0, 0513, CCT, (€1, 000, L0001, [e10, [eD, 051, [0, [03, [t 51, O], (). [s
1.[t,s11, [[5] o, [t]] [lc,s1,03,001, [Ls], [t], Im]1]
2

'[0].0s,t],12922]

’[[]:42915 [s,m]]
= 11,01.033,CIm,1],0s1, (13, C01], ), [m1]. C0], 073,033,003, 03.0013,000], (21,031, [[x,1], 03,013, C00], [s]. (1], [(s,1],03,013.0000, [x], [s1].C0D, (3. Ct,s13.00t], 00, (s13.C0D, (2], 013,000, 00.0c]0, [x], (s, 003, [(].[t,s].0s10.000. (s
1, [t SJ] [[5] [] [t]] [ft,s1,11, 011, [[s1, [x],[m11, [01, [1,[s,m]0]
10

Nex(S(a[e = '[[s],.13234,[m]]

= '[13228, [s], [m]]
= *[[fs,m, 11,03, [17,[0m, 11, [, [0, £071, (1, (=11, C1, 111, 113,001, [] [111,[01, [<1, 013, [[%,11, 03,011, (01D, [s3, [€11, [0S, 73, 03, (13, [O73, (€1, (13, OO0, (3, [v,s13, C0e1, [0, 0513, O3, (€1, 033, [03, (1, [e1D, [0€1, [s1, 001, (03, [x,s0, [s11, 1D, s
1, [t,s11,[[s1,01, [t]] [fc,s1,03,001, (Ls1, [],[m]]1, [T, 03, [s,m1], [0, (s, [m]
Move’ =
Nexistate = '[[s],01,13570]

= '[_13555,[],[51"]]

= '[[n]v 13564, [
= '[[ls,m,1],01, []] [[m,1].0s1, 011, C013.03, (m3,C03,073,013,C00, 03,0713, (007, [+].003, [[x,11.03.011, 007, [s].Ce1],0(s.10.00, 011,007, (€], (513, C0D. (3. Cx,s1], [0t], [0, [s1]. 000, [x], (10,000, [0, [€1], [Ce], (51,000, [00.Ct,s], 0510, 000, [s
] [t‘s]] [[S] 00,1873, Tie,s1, 13, 001, Tfs1, 21, [m 1,000 00, T, w11, [0, 153, Tnd 1, ECmd , 1, 031

= '[[1.[m],_13912]
PpathsoFar’ = *[[[s,m,1],[],[]],[[m,1],[s],[]1,C[1],0],[m]],L(],00],01],C00, 3,001, [01], (t],00], (Ct,11, 01,031, 000], [s],[t]1,00s, 11,00, 033,000, (], (511,000, (3, Ct,s]3, OO, [0, (51, OO0, (2], 03, 00D, 03,0213, (], 51,001, [[1.t,s]. 011, (0D, s
1.[t,s11, [[5] 03,111, Tie, 57, 13, 0], Tis], [e3. m)1, £00 [0, T8, m33 [0, Ts3. [d 1, Emd L .33, [T, T, 113
‘m

= '[[n],[],-14266]
3

[14254,[],[m]]
= '[[ls,m,1],0],01],C[m, 11,1, 011, [[13.03, [m]3.CCD, 003,013,000, 03,0713, (007, (1,013, CCx,1].00.001,007],(s].[x1],0(s.10.00, 011,007, [¢], [s13.C0D. (3. 0x,s1],00t], [0, [s1]. 000, (x], (10,000, [0, [€1], [Ce], [s].000, (00, Ce,s],0s10, 000, [s
1,511, (51, (1, 0613, T(t,51, 3. 001, T, (23, Emd1, £01. 07,05, m03, [0, T3, Cmd1, £Cnd L 13, 003, (T3, Tmd , (231

Move’ = ‘m21
Nextstate = '[[m],[],14272]

= '[14260, (1, [m,t]]
3:

- '[[t],44255,[]]
m3

'[ HZGQ [x,n], [1]
'[fs,m,17,03,[11,C0m, 1], [s1, (11, L[], 0], [m3, L[], 001, 033,000, (1,0013, 00V], €x3, 0073, C¢€,11, 03,001, (011, [s1, €11, 0Cs,70, 00, (11, L0070, (€1, (513, O0D, (3. C%,s00, C0t1, 00, (511, OO, (€1, 000, L0, 00, 033, [Ce1, [s3, 000, 00D, Cx,50. 0511, 000, [s
] [t S]] [[5] o, [t]] [t,s],01.01,[(s], [t],[m]],C03, (], 0[s,m]], L[], [s].[m]],[Cm], (1,001, C02, [m], (€11, OO0, Ct,m], [1]]

= [[t].[n], 14638]

'[[ls,m11,01,[1],[m, 11, s, [11, (113,03, [»11, O3, 003,003,000, [3,0000, 0017, [x], 003, [[x,11, (1,003, 011, (s, 13, [Cs, 11, 03, (13, L0, [e1, [s13, 003, [0, [x, 513, 0eD, [0, (513, OO0, [€1, 31, [0, [3, €11, [ e, [s, 030, [ 13, [t, 51, 513, [0, s
1.[t,s1], [[s] o, [t]] [fc,s1,03,001, [Ls1, [],[m]1, [T, 03, [s,m]], LD, [s1, [m11, [Om], (1. 011, O01, [m], [€10, 03, Ct,m], 037, CCc], [m], 1]
move’ =
Nextstate = '[[1,[t,n],_15016]
Move’ =
Nextstate’ = '[[],_15010,[t]]
Move’ = 'm

= '[[n,tL[]_LSQLG]

: '[15004
pathsoFar ,‘ ‘[[[s,m "] [] []] [[m,1],[5],[11,[[1].[], (13, 003,13, (13,001, (3.0133, (010, (<], (1], [0c, 13, (1,011, (013, [s], (€11, 005,13, 03, (11,01, (€1, (513, 03, (1. Cc,s33, C0c], 0], [s13, 001, (€1, (31, 03, (1, [€]], [(c], (51,03, (], [c,s]. (511, [, [s

23
= ’[15808, (1, [m,s]]
m
"[[s.s1, 15814, [1]
2

= '[_15808, [s,m],
- [Tls,m, 11,10, []] [Cm,11,[s1,011, (011,01, [m11, 03,073,001, (01,00, 0111, (071, (<1, 003, OL%, 11, (1, (01, 0D, [s1, [€11, CCs,11, [0, 000, (073, [<1, [s11, 00, [] [t,s13, 001,01, [s11, 000, (€1, (30, LD, [0, [€11, [0e], [s1, 003, O], [x,s1, [s11, [0D, I
1.[t,s11, [[5] o, [t]] [[t,s],101,001,0(s],[c], [m1], C0D, 03, [s,m13,L0D, [s1, [m11, COm], 1, 017, CO3, [m], £33, C0T, [,m], (11, [[x], [m], [s1], [01.[s,m], (13, CCs], [m], [m]
Move’ =
Nex(stace = ’[[1,[s,m],_15820]
Move' —
Nex(sta(e = '[[1._15814, [s,m]]

e '[[m,s1,[1,-15820]
m23
= '[15808,[], [m,m]]
'[[m,s],15814,[]]
= '[_15808, [m,m],
- [TLs,m, 11,10, []] [Cm,11,[s1,011, (011,01, [m11, 03,073,001, (01,00, 0117, (071, €1, 003, OL¢, 11, (1, (01,03, [s1, [€11, CCs,1, 00, 000, (013, [€1, [s11, 00, [] [t,s11,[0¢1, 00, [s11, 000, (€1, 130, [0D, [0, [€11, [0¢], [s1, 003, O], [€,s1, [s11, [0D, 1
1. [t, s]] [s1,00, [t]] [[t,s],01,001, (0], [c], [m11, €03, 00, [s,m13,L0D, [s1, [m11, COm], 1, 017, CO3, [m], £33, C0T, [,m], [11, [x], [m], [s1], [01.s,m], (13, CCs], [m], (1
‘mi2
= '[[1,[s,m],_15820]
3
= '[[],,Lssu [s.111
= '[lls,m,11,01,011,CCm,11,[s1,017,0011,03,Cm1], (03,073,000, 003,00, 0003, CO0], (23, 001, OLt, 1T, 00, 031,001, Os], (€11, O(s,11, 01,001, (013, [1, [s13, O, 00, [t,s11. CCtD, [, [s13, OO0, (€3, (11, C0D, 03, [e11, CLtd, [s1, 033, 001, [x,s], [s11, [0, |
1, [t 5]] [[5] 0, [t]] [[t,s1,11,001,[s1,[e1, [m]1, 003,00, [s,m11, [, [s], [m]T, O], O3, 031, LT, [m], [€DD, [1D, [€,m], (11, [0€1, [m], [s13, 11, Ts,m1, (11, [CsT, [n], (713, L1, 01, [s, 1111
o
= '[[s].16228,[11]
32

= '[16648,[], (5,111
*[011..16654,[1]

[ 15549 [1,s1,011

*[[fs.m,17,[1,[1],CCm,11,[s1, (11, (1, [].[m1], CD,000, 000, C(3,00, 0113, 0070, Cx1, 013, CLt,10, (1, (33.L01], [s], (€1, [(s,1,[1.000, (000, [x], [s10, 003,00, [t,s1].CCe], (1, [s11.L00, [t] (11,003,103, [x11, [e], [s1, 033, 00, [x,s], [s11, 0D, |
1.[t,s11, [[5] o, [t]] [[t,s],01,001,00s],[c], [m11, 003,03, [s,m13,L00, [s], [m11, CCm], 1,031, CO3, [m], L33, OO, [,m], (11, [[x]. [m], 511, [0D.s,m1, (33, CCs1, Om3, (711, €3, (1, 5,100, [(t].[s], 1117

Move' =

Nextstate’ = '[[1.[t,s],_16666]

Move’

m32

= '[[],_16660, [t,1]]
- " [[T5,m, 11, [1, (33, Clm, 13, (3,001, (001, 03, [md3, 03, 003, 031, £03, £, 0133, £003, Ce1, 033, (0, 01, €3, £33, £003, (s, £33, [Os, 03, 00, 033, (013, [ed, [s13, (03, 03, [¢,533, CCe D, (1, (13, L0, [€, (31, [0, [] [t]] [[t],[s1, 011, 001, [e.s], 010, [0
1. [t, 5]] [0s1, 00,181, T, sT. T, 00, U1, £1, End1, £072 00, T8.,m13, T03, 51, (3T, EOnd , 01, 033, €03, Td , £e30, £00, 2], C0, (T80, O, T3, £0 2 Cs'om], 133, €080, Tmd , 077 £00. 01 £s. 00, TECD D81, TH1T, £O0L £, ¢
31
J = '[[x],-17098,[11]
A7 osz [x1,
'[[ls,m, 11,11, []] [[m,11,[s1,011,011,[1,m11, 13,073,023, 12,01, 0111, (073, (c1, 001, O[¢, 11, (1, (1, L073, [s1, [11, C0s,13, 00,003, [(73, [c1, [s11, 003,00, [t,s13,0Cc], 00, [s11, C03, 23, (31, [13, 01, [e11, [[c], [s1, 033, 01, [t,s1, [s11, [0D, 1
] [t 5]] [[5] o, [t]] [[t,s1,01, 011, [s]. [e], [m]], [0, 00, [s,m11, CCD, [s ], [m]T, O], [0, 031, CLT, [m], [€D, [0D, [€,m], OO, CLe], Dm], [s10, (0D, Os,m], (11 COs T, [m], (900, [0, [0, [s, 110, L2, s, 0011, O3, 0D, [e, 111L L0D [, [0
Nextstate = '[[t].[1,-17554]
2
= '[17542,[1,[t,111
= '[[11,_17548,[1]

o [ 17542, (1,t],[1]




11,0013,03,(m11, 003,001,011, C03,03, 07117, C01] 0131,0Ct,13,03, 011, 007

1.[n13. 00, (3. [5.0]3, [03, Ts1, 32, COnd, 3, 033, L0, Tmd, (€3 C0D. CE.md , (33, T 1.0n], [W]] .0

[[e,t], 01,27
[17548,11,[c,7]1

[]] [[7] [] [ﬂ]] [[] U] []] [01,03,0113,001], <], (11, [[x, 7] [] []] [ 2 [€10, L W],[],[]],[[T], ]
. < Ind7, CimT, £7, 003,003, Tmd, T2 13 o1, 003, C001, Tnd , (31, £07, 65m0, 001,

»001,0Ct,17, 01,011, [11] 11,0,01, 001,

.11, [['\] [] [n]] [[] U] []] 00,0, 013,000, 1,
[m11, 1, tn17, Emd, £7, 003, CC3, T, [e33, £00 ) G, T3, €063, Tnd , (537, £ 000 05m], 01, €

1,

.11, 0013, 00, [m1], [[] U] []]][[] 01,013,007, [e1, 033, 00,17, 01, 11, [01]

11,0,01, 0071,
1,[m3.000, 0. [m]3, CCm]. (1,013,003, [m], [t]].C0D, [e.m], (12, OO 1.000.0s.m1, 011,

11,0013,0],[m] [[] U] []] [01,01,0113,001] »001,0Ct,17, 01,001, [11]
1,[m13.000, 03, 1, a1, Ctmd, £7, 003, C03, Tmd , (£33 £00 ) G, 033, CTE1,

*[[m],_18022,[11]

[[] ['\] 01,10,01,0111, [['\] [r] []] [ft,13,01.031,[01]
1, [m13,000, 0. ,[s1, [m17, [Om], [T, 1,m1, (13,000, Ce,m], (1], CC€1, [m], [s13, [0, Cs,m], [11, “Ind, 0111,

11,000,100

11,0013, 01, m11, 003,011, 011, [1, [] [W]] [[]
T 1 i 2 [m], 0011,

= L R N N N N
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1. What was the length of your program’s solution to the three disk problem?
33 moves

2. What is the length of the shortest solution to the three disk problem?
7

3. How do you account for the discrepancy?

| didn’t have my code remove unnecessary intermediate moves.

11,000, [1,[t,s]]
,[m1, 017,000, 00

01,0t3, 007,001, 01, [
»0111,000, 0. [t, 113, 0

;[t1,001, 01, []
011,00, 1, 0x, 117

]] [[] [t1,011, 001, 1, [t11, [
011,003, 11, [x, 113, L]

11,000, [t3, 001, 001, 01, [€17, [T
,[s1,0113,000, 3. [, 130, OOm],

[] [t1, 011,001, 1, [t1]1, [T
011,003, 11, [x, 113, Ln]
]] [[] ][f] L0117, [[] [] [1]

[
111,000, 03,0, 117, CLm

,[t1,007, 001, 11, [e11, [T
1 t,111,[Im], [t

r
0in

s 1.
['\]] [[] [] [m,1111

.[11.00].[t,s1,[s11. 001, [s
nim

»[11, 003, [t,s1,[s11, 001, [s

(11,000, (s

["]] [[] [f] Jm, 1

Task 8: Run the program to solve the 4 disk problem




Run the program to solve the four disk Towers of Hanoi problem, without displaying any intermediate output. Convince
yourself that your program does, indeed, find a solution. If you can’t do so, fix your program.

Do your best to answer the following questions:

1. What was the length of your program’s solution to the four disk problem?

2. What is the length of the shortest solution to the four disk problem?

Post




There is too many lines of out put to post the intermediate step.
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Task 9: Review your code and archive it

Review your program to make sure that it is properly formatted. Fix it up, if need be, Then be sure to run your program
to make sure that the code is still sound.

What to Post?




towers_of_hanoi. pro
Program to solve the Towers of Hanoi problem

:- consult( inspector.pro’).

o

% —-— make_move(s,T,550) Make a move from state S to state T by S50
make_move(Tower sBeforeMove , TowersafterMove ,ml2) :-
ml2 (Towersgeforemove , Towersaftermove).
make_move(Tower sBeforeMove, TowersAfterMove ,ml3)
ml3(Towersseforemove, Towersaftermove).
make_move(Tower sBeforeMove, TowersafterMove ,m21)
m21(TowersBeforeMove, TowersafterMove).
make_move(TowersBeforeMmove, TowersaftermMove ,m23)
m23(TowersBeforeMove, Tower safterMove).

make_move (Tower sBeforemove, Towersaftermove,m31)
m31(TowersBeforeMove, TowersafterMove).
make_move(Tower sBeforemove, Towersaftermove ,m32)
m32 (TowersBeforeMove, TowersafterMove).

ml2([Tower1Before, Tower2gefore,_], [Towerlafter ,Tower2afrer,_])
TowerlBefore = [H|T],

Towerlafter = T,

Tower2Before = L,

Tower2after = [H|L].

ml3([TowerlBefore,_,Tower3Before], [TowerlAfter,_,Tower3after])
Towerleefore = [H|T],

T riafter = T,

Tower 3Before = L,

Tower3after = [H|L].

m21([Tower1Before, Tower2sefore,_], [Towerlafter ,Tower2afrer,_])
Tower2Before = [H|T],

T r2after = T,

TowerlBefore = L,

Towerlafter = [H|L].

m23([_,Tower2Before, Tower3gefore], [_,Tower 2after , Tower3after])
Tower2gefore = [H|T],
r2after = T,
T r3gefore = L,
Tower3afrer = [H|L].

m31([Tower1Before,_,Tower3sefore], [Towerlafter,_,Tower3after])
Tower3Before = [H|T],

T rigefore = L,
Towerlafter = [H|L].

m32([_, Tower2Before, Tower3Before], [_, Tower 2after ,Tower3After])
Tower3gefore = [H|T],

T r2gefore = L,
Tower2afrer = [H|L].

%
% --- valid_state(s) :: 5 is a valid state

size(t,0).
size(s,1).
size(m,2).
size(1,3).
size(h,4).

nth(0,[H|_1, H).
nthin, [_|T], NT) :- K is N - 1, nth(k, T, NT).

rest([_|r],R).

valid_state([P,P1l,P2]) :-
isvalid(p),
isvalid(pr1),
isvalid(p2).

isvalid([1).
isvalid([t]).
isvalid([s]).
isvalid([m]).
isvalid([1]).
isvalid([h]).
isvalid([t,s]).
isvalid([t,m]).
isvalid([t,11).
isvalid([t,h]).
isvalid([s,m]).
isvalid([s,1]).
isvalid([s,h]).
isvalid([m,1]1).
isvalid([m,h]).
isvalid([1,h]).
isvalid([t,s,m]).
isvalid([t,s,11).
isvalid([t,s,h]).
isvalid([s,m,1]).
iswvalid([s,m,h]).
isvalid([t,s.m,1]).
isvalid([t,s,m,h]).
isvalid([s,m,1,h]).
isvalid([t,s,m,1,h]).

%This made me run out of space on the stack.
%checkvalid([]).
%checkvalid(s) :-
4 %write(s),nl,
nth{o, s, 2),
%write(z),nl,
nth(l, s, ™),
Fwrite(M),nl,
size(z,N),
swrite(N),nl,
size(M,P),
%write(P),nl,
Fwrite(N), write('<'),write(P),nl,
N <P,
rest(s,R),




nl

reve

write
printM

printM

prin

prin

prin

printM







