Abstract: In this project we learned about state space problems and how to solve them. This mainly
being done through the move predicates and the valid predicate. I learned that changing where a
predicate is in prolog can change the order of execution, I learned this when attempting to get my code
to work on 5 disk and seeing that it caused a infinite loop, I then moved the order of my predicates and
was able t solve the 5 disk problem but the smaller disk problems take longer.

Task 1: Problem Contemplation - Towers of Hanoi

The three peg/ three tower problem:

I={(SML)()() )}

G={()() (SML))}

O = {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

The three peg/ three tower problem:
I={(SMLH)()() )}

G={(()(O) (SMLH))}
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

The three peg/ three tower problem:
I={((TSMLH)(O)())}

G={()() (TSMLH))}

O = {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




Task 2: Code Contemplation

4 redacted statements to complete (I wasn’t sure what I would write for this section).
State operators: changing one state to another state

Valid_state: Checking if state is within constraints

Write_solution: expands moves into a sentence describing move

unit test

Task 3: One Move Predicate and a Unit Test

State Space Code:

o
o S S S S S ) S 1

- state space operators :: moves a disk to another disk

ml2([TowerlBefore, Tower2Before, Tower3], [TowerlAfter, Tower2After, Tower3])
TowerlBefore = [H|T],
TowerlAfter = T,
Tower2Before = L,
Tower2After = [H|L].

Unit Test:

5 --- Unit test programs

est ml2 :-
Write{ I R — L .:I .
N1, 01,011,
, TowersBefore),
rsAfter),
', TowersAfter).

Demo:

?7- test ml2.
esting: move ml2
owersBefore' = '[[t,s,m,1,h],[],[]]

owersAfter’ = '[[s,m,1,h],[t],[1]
rue.




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

State Space Operator Code:

- state space operators :: moves a disk to another disk

ml2( [TowerlBefore, Tower2Before, Tower3], [TowerlAfter, Tower2After,Tower3]) :-

TowerlBefore = [H|T],
TowerlAfter = T,
Tower2Before = L,
Tower2After = [H|L].

ml3([TowerlBefore, Tower2, Tower3Before], [TowerlAfter, Tower2, Tower3After]) :-

TowerlBefore = [H|T],
TowerlAfter =T,
Tower3Before = L,
Tower3After = [H]|L].

m21([TowerlBefore, Tower2Before, Tower3], [TowerlAfter, Tower2After, Tower3]) :-

Tower2Before = [H|T],
Tower2After = T,
TowerlBefore = L,
TowerlAfter = [H|L].

m23([Towerl, Tower2Before, Tower3Before], [Towerl, Tower2After, Tower3After]) :-

Tower2Before = [H|T],
Tower2After = T,
Tower3Before = L,
Tower3After = [H|L].

m31([TowerlBefore,Tower2, Tower3Before], [TowerlAfter, Tower2, Tower3After]) :-

Tower3Before = [H|T],
Tower3After = T,
Tower1Before = L}
TowerlAfter = [H]|L].

m32([Towerl, Tower2Before, Tower3Before], [Towerl, Tower2After, Tower3After]) :-

Tower3Before = [H|T],
Tower3After = T,
TowerZBefore = L,
Tower2After = [H|L].




Unit Test Code:

e L L L T L e e e e
- Unit test programs

test ml2 :
write('T esting: move ml2\n'),
TowersBefore = [[t s,m,1,h],[1,[11,
trace('', 'TowersBefore',TowersBefore),
ml2(TowersBefore, TowersAfter),
trace('', 'TowersAfter', TowersAfter).

test ml3 :
write('Te move ml3\n'),
TowersBefore = [[t s,m,1,h],[1,[11,
trace('', 'TowersBefore',TowersBefore),
ml3(TowersBefore,Towersﬁfter)J
trace('', 'TowersAfter',TowersAfter).

test m21 :
write(' T ing: move m21\n'),
TowersBefore = [[],[t 5 mll,h] [11,
trace('', 'TowersBefore',TowersBefore),
m21(TowersBefore TowersAfter)
trace('', 'TowersAfter',TowersAfter).

TowersBefore = [[],[t s m1, h] [11,
trace('', 'TowersBefore',TowersBefore),
m23(TowersBefore,TowersAfter)J
trace('', 'TowersAfter',TowersAfter).

test__m31 :
write('Testing: move m31\n'),
TowersBefore = [[] [] [t s,m1,h11,
trace('', 'TowersE ' TowersBefore),
m31(TowersBefore, TowersAfter)
trace('', 'TowersAfter',TowersAfter).

test m32
write('T ing: move m32\n'),
TowersBefore = [[1.[].[1.,s,m,1,h]],
trace('', 'TowersBefore',TowersBefore),
m32(TowersBefore,TowersAfter)}
trace('', 'TowersAfter',TowersAfter).




chi-Predator-69-793:~/Pro cts$ swipl
lcome to SWI-Prolog (threaded, 64 ts, version 8.5.0-75-g684cl117c6)
SWI-Prolog comes with ABSOLUTELY NO WARRANTY. This is free software.
Please run ?- license. for legal details.

CMake built from "/home/jchi/swipl-devel/build”

For online help and background, visit https://www.swi-prolog.org
For built-in help, use 7- help(Topic). or ?- apropos(Word).

?7- consult('toh2.pro').
true.

7- test_ ml2.

Testing: move ml2

TowersBefore' = '"[[t,s,m,L,h],[].[]1]
TowersAfter' = "[[s,m,1,h],[t],[]]
true.

?7- test ml3.

Testing: move ml3

TowersBefore' = '[[t,s,m,1,h],[].[]1]
TowersAfter' = "[[s,m,1,h],[],[t]]
true.

?7- test m2l.

Testing: move m2l

TowersBefore’ = '[[],[t,s,m,1,h
TowersAfter’ = "[[t],[s,m,1,h],
true.

7- test m23.
Testing: move m23
TowersBefore' = '
TowersAfter' = "[
true.

[[1
[1.

[t,s,m,1,h],[1]
[s,m,1,h],[t]]
?- test m3l.

Testing: move m31

TowersBefore' =

TowersAfter’ =

true.

7- test_ m32.

Testing: move m32

TowersBefore’ = ' 1.[t,s,m,1,h]]
TowersAfter’ = '[ 1.[s,m,1,h]]

true.

- 1




Task 5: Valid State Predicate and Unit Test

Valid State Code:
% --- valid state(S) :: S is a valid state h = huge , 1 = large , m = medium s = small, t = tiny

notbiggerSize(A):-
A=11
A i length(A,X), X =1.
% t is the smallest disk is not bigger
notblggerSlze{A ):-
A =
notblggerSlze{A B):
A= =

- valid states where all but one tower are empty
valid state([Towerl,Tower2,Tower3]):-
Towerl = [H|T], Temp = T, Temp =
valid state([Towerl,Tower2,Tower3]):-
Tower3 = [H|T], Temp = T, Temp = [A|_], notbiggerSize(H,A), notbiggerSize(Towerl), notbiggerSize(Tower2).
valid state([Towerl,Tower2,Tower3]):-
Tower2 = [H|T], Temp = T, Temp = [A| ], notbiggerSize(H,A), notbiggerSize(Towerl), notbiggerSize(Tower3).
o 1 1 o e e
- valid states where one tower is empty Check these
R check these
valid state([Towerl,Tower2,Tower3]):-
Towerl =[X|Y], Tower2 = [H|T],Temp = T, Temp = [A]| ],Temp2=Y, Temp2=[Q| ],notbiggerSize(H,A), notbiggerSize(X,Q),
notbiggerSize(Tower3).

[A| 1, notbiggerSize(H,A), notbiggerSize(Tower2), notbiggerSize(Tower3).

valid state([Towerl,Tower2,Tower3]):-
Towerl =[X|Y],Tower3 = [H|T],Temp = T, Temp = [A]|_],Temp2=Y, Temp2=[Q| 1, notbiggerSize(H,A), notbiggerSize(X,Q),
notbiggerSize(Tower2).

valid state{[Towerl Tower2, Tower3])

Tower2 = [H|T],Tower3 = [X|Y], Temp = T, Temp = [JA| [, Temp2=Y, Temp2=[Q| 1, notbiggerSize(H,A), notbiggerSize(X,Q
, notblggerSlze{Towerl)
%

- valid state where none are empty

valid state([Towerl,Tower2,Tower3]):-

length(Towerl,Z),length(Tower2,I),length(Tower3,0), Z>I 1>0,0>0, Towerl= M|N], Tower?2 [H|T],Tower3 = [X]Y],Temp
T, Temp = [A]_1,Temp2=Y, Temp2=[Q|_],Temp3 =N, Temp3 =[E|_],notbiggerSize(H,A),

notbiggerSize(X,Q),notbiggerSize(M,E)

valid state([Towerl,Tower2,Tower3]):-
notbiggerSize(Towerl),notbiggerSize(Tower2),notbiggerSize(Tower3).

Ul‘llt Test Code:

test valid state :-
write('Testing: valid state\n
test  vs(
test  vs(
test  vs(
test  vs(
test  vs(
test  vs(
test  vs(S)
valid state(S),
write(S), write('
test  vs(S)
write(S), write('




Demo:

?- test valid state.
Testing: valid state
[l,t,s,m,h],[],[]]
[[t,s,m,1, h] [1.111
[[1,[h,t,s,m],[L
[1.[t,s, rn h] [l
[1.[h],[1, m,s t
[1.[h],[t,s
rue .

is invalid.

is valid.

s invalid.
valid.
invalid.

i
is
is
is valid.

[
[
]
]
]
1]

Task 6: Defining the write sequence predicate

Write Sequence Code:

‘). nl, nl,
write qeqnehLeiP) nl.

write the write sequence predicate
te sequence([]).
write sequence(X):-
X = [H|T], H = ml2,
write('Tr
i quenc

write sequence(X):-
X = [H|T], H = ml3,
write('Trans
write sequen

write qequen[etx
[H|T]
write('Tr
write sequen

X = [H|TI]
write('Tr -
write sequen

write('
write sequen

write sequence(X):-
X = [H|T], H
write('Tr
write s




Unit Test Code:

test write
write('Fi 3 s
write sequence([m31

write
write s

Demo:

of w | 1T

([ml3,ml2,m32,ml3,

?7- test write sequence.
First test of write sequence

ransfer a disk
ransfer a disk
ransfer a disk
ransfer disk

a
Second test of write sequence
2 di

ransfer
ransfer
ransfer
ransfer
ransfer
ransfer
ransfer disk

disk

from tower 3 to
from tower 1 to
from tower 1 to
from tower 2 to

to
to
to
to
to
to
to

from tower
from tower
from tower
from tower
from tower
from tower
from tower

[ S Y e

tower
tower
tower
tower

tower
tower
tower
tower
tower
tower
tower

S Wil

'), nl,

21,m23,ml13]).

[l ]

L Ll = L) B RS L




Task 7: Run the program to solve the 3 disk problem

- consult('toh2.pro').

"[[[s,m,1],[1,[1]]

[[m,1],[s],[]]
"[[[s,m 1], [1, (1], [[m, 1], [s],[1]]

"[[s,m, 11,11, (1]

11, [[m, 1], (s1, (11, [Im, 1], [1, [s]]]
"[[s,m, 11,11, (1]
"[m,1],[s], 1]

"[[1],[m],[s]]
"[Cls,m, 1,01, (1), [Im, ], [s], [0, CIm, A0, 00, S]], (01D, [m], [s]]]

"[[s,1],[m], []]
'[[[s,m 1], (1, (1], [[m, 1], (s], [0), [Om, 10, [0, [s10, COND, [m], [s10, (s, U0, [m], []]]

"[[m,s,1],11,[1]
"[[s,1],[],[m]]
"[Cls,m 1,001,011, [Im, 1], [s1, 000, CIm, X0, 00, (S]], COUD, [m], [s]), [0s, ), [m], [0, CLs, X0, [0, [m
"[[m,s,1],11,[1]
"[[s,1],[m], []]
"[[1],[s],[m]]
'[[(s,m1],[1, (1], [[m, ], (sD, 000, COm, A0, 00, [sT0, COUD, [m], [s10, LS, U0, [mD, L1110, [0S, 1], [], [m
I, [, [s], [m]]]
"[m,1],[s], 1]
[, [m,s], (1]
"[[s, 1], [1,[m]]
"= "[[,[],[s.,m]]
"= "[lls,m],[1,[]], [1m, 1], [s), [0, CIm, 10, (1, 511, [OU), [m], [s]D, [[s, 1], [m], [0, [0S, 0, (1, [m

1,00, [s], [m]], ([, 0], [s,m]]]
Move' = 'm31
"= "[Is,1],[],[m]]
"= 'm32
"= "[I1],[s],[m]]




Move' = 'ml2

NextState’ = '[[],[1],[s,m]]

PathSoFar’ = "[[[s,m,1],[1,[1],[[m, 1], (s], (00, [m, U0, (0, (s)), COUY, [m], (S]], COs, U0, [mD, [0, O0s, 0, (1, [m
1[0, [s], [m]], (U], 1, [s,m]], [LD, (1], [s,m]]]

Move' = 'm3l

NextState' = '[[s],[1],[m]]

PathSoFar’ = '[[[s,m,1],[1,[1],[[m,1],[s], (1], COm, 10, 00, (S]], (OX), [m], [s]D, (s, 1], [m], 0], C0s,1),[],[m
100U, [s]. [m] ], C0U), 0, [s,m]), OO, (U, [s,m] ], [0, [, [m]]]

Move' = 'm31

NextState’' = '[[m,s],[1],[]]

Move' = 'm32

NextState’' = '[[s],[m,1],[]]

PathSoFar’ = '[[[s,m,1],[1,[1],[[m,1],[s], (1], CIm, 10, 00, (], [ OX), [m], (S]], (s, 1], [m], 1), 0s,1),[],[m
1[0, Is]. [m] ], (00, 00, [s,m]], OO, (0D, [s,m] ], LOsT, LU, [m]], [(s], [m, 1], []]]
Move' = 'm2l

NextState’' = '[[m,s],[1],[]]

Move' = "m23

NextState’ = '[[s],[1],[m]]

Move' = 'ml2

NextState' = '[[],[s,m,1],[]]

PathSoFar’ = '[[[s,m,1],[1,[1], [[m, 1], [s], (0], CIm, U], [0, (S]], (L], [m], [s]], [[s,1
1. [0, [s], [m]], COU), 0, [s,m]], CLD, (U0, [s,m] ], [0, U0, [m] ], [Os], [m, U0, 00, 000, 0
Move' = "m2l

NextState’' = '[[s],[m,1],[]]

Move' = "m23

NextState' = '[[],[m,1],[s]]

PathSoFar’ = '[[[S,N,II,[],[]],[[N,II,[S],[]],[[m,l];[],[5]];[[1];[m],[5]];[[5,1
}i%[ll,[S];[m]l,[[1];[],[s,m]];[[];[11,[S,m]],[[51,[1],[m]l;[[SI,[m,ll,[]];[[l [
Move' = 'm31

NextState’' = '[[s],[m,1],[]]

Move' = 'm32

NextState' = '[[],[s,m,1],[]]

Move' = "m2l
NextState’' = '[[m],[1],[s]]

[[m
PathSoFar’ = %[{s,m,u,[l,[n,[[m,u,[sl,[ll,um,u,n,[sll,[[u,[ml,[sn,{ﬁ,}
1]

I, [
5,

I

[m], (11, L0, 1], (1, [m

I [
s,m, 1, [11, L1, [m 1], (9

I

I, [m], 11, [0s, 10, (1, [m
1[0, s]. [m]], COU), 00, [s,m]], CLD, (0D, [s,m] ], LU, (U, [m]], [(s], [m, 1], (1], s,m,1], [11,[[],[m1], [
11, [[m], [1],[s

Move' = 'm31

NextState' = '[[s,m],[L],[]]

PathSoFar’ = "[[[s,m,1],[],[1],[[m, 1], [s], 0], [m, 10,00, (S]], (O, [m], (S]], [[s,1
1. [0, [s], [m]], COU), 0, [s,m]], CLD, (0D, [s,m] ], L0, WD, [m] ], [(s], [m, U0, (D0, 000, 0
11, [[m], (11, [s]], [[s,m], [, [1]]

Move' = 'm2l

NextState' = '[[1,s,m],[],[]]

Move' = "m23

NextState' = '[[s,m],[],[1]]

PathSoFar’ = "[[[s,m,1],[],[1],[[m, 1], [s], (0], (m, 10,00, (S]], (O, [m], (S]], (s,
1,00, [s], Im] ], COU, OO, Os,m] ], OO0, (U, [s,m] ], COs), (U, [m] ), COsT, [m, U0, 000, LT, 0
11, [[m], (1], [s]], ((s,m], (U0, [0, [[s,m], (], [L1]]

Move' = "m31

I

I, [m], (11, [0s, ], (], [m
s,m, 1, [11, L1, [m 1], [9

I

I, Iml, (11, [1s, 10,01, [m
s,m, L1, [11, [11, [m, 1], [

u




"[[s,m],[1],[]]
Move' = 'ml2
NextState' = '[[m],[s],[1]]
PathSoFar' = '[[[s,m,1],[],[1],[[m, 1], [s], (1), [[m, 10,00, (s]), (L], [m], (5], ((s,1],[m], (00, 0s,1],[],[m
1,00, [s], [m]], COUD, 0, [s,m] ], OO0, [0, (s, m] ], [ OS], (U], [m]], [Cs], [m, U0, (00, L0, [s,m, 10, (D0, L0, [m, 1], [
11, 0Im], 1], [s11, [(s.m], (U], (1), [[s,m],[1,(L0],[m],[s],[1]]]
Move' = "m31
NextState' = '[[Ll,m],[s],[]]
Move' = 'm32
NextState' = '[[m],[1,s],[]]
Move' = "m2l
NextState’' = '[[s,m],[],[1]]
Move' = 'm23
NextState' = '

[[m],[],[s,1]]
PathSoFar’ = '[[]

1 [

11,

L (L 01,0, O], 01,0, U, 0, [s11, LU, [0, [5))
[{]:[1]:[Srm]]:[[S]:[l]:[m]]:[[slr[mﬁllﬁli}

[s,m], [1, U], [[m], [s], (U110, [[m], [1,[s,

s,,[m],[1],[[s,1],[],[m
I, [s,m, 1, [11, L1, [m, 1], [§

]

5 1]
1,00, [s], [m]1, COUT, [0, [s,m]] :
11, [Im], [1],[s1],( []

[s,m],[1],
Move' = "m31
NextState' = '[[s,m],[],[1]]
Move' = 'm32
NextState' = '[[m],[s],[1]]
Move' = "'ml2
NextState’ = '[[],[m],[s,1]]
PathSoFar' = '[[[s,m,1],[1,[1]
]r[[ll:[S]:[m]]:[[llr[]r[sxm]}

11, C[m], (1], [s11, [[s,m], [1],(
Move' = "m31
], [m], [1]]

NextState' = '[[s
PathSoFar’ = '[[[s,m,1],[1,[1].[[m, 1], [s], (D0, [Om, 0,01, [s]], [[L],[m],[s]]
{i[[1],[],[S,m]];[[];[1];[S,m]],[[S];lll;[m]];[[S],[m,ll,[{}

1, [[],[s],[m]
11,[[m], (11, [s]], [s,m], (U0, (10, [(s,m], (1, (D0, [Im], [s], (10, [Im], [, [s,

[
[
]

i i

([m1],[s], (1], [[m1], (], [s]], (L], [m],[s]]
[{];[1];[s,m]],[[s],[ll,[m]];[[s],[m,ll,[{}

' [Is, 1, [m], [11, [[s, 11, [],[m

' 01, [s,m, 0, [11, 11, [m, 1], 4

1,[[s,m],[1,[\10,[(m], [s], (10, [(m], (D, (s, W00, (0], [m], (s, ]]]

[Is, 1, [m], [11, [[s, 11, [],[m

L0, s m ], [11, 001, [m, 1], [4

1,001, [m], (s, 111, [[s],[m],[1

NextState' = '[[1,s],[m],[]]

Move' = "m32

NextState' = '[[s],[l,m],[]]

Move' = "m2l

NextState' = '[[m,s],[],[1]]

Move' = "m23

NextState' = '[[s],[]1,[m,1]1]

PathSoFar’ = '[[[s,m,1],[1,[1].[[m, 1], [s], (00, [Om, ], (1, [s]], [[L],[m],[s]]
]i[ [{];[1];[s,m]],[[51,[1];[m]];[[SI,[m,ll,[]}
1]

]
1, [, s],[m]], [T], (1, [s,m]]
11, [[s,m], [1, (1], [Im], [s], (10, [Im], [1,[s,1

11, [[m], (11, [s]]1,[[s,m], 1,1
1,[[s].[1,[m,1]

Move' = 'm3l

NextState’' = '[[m,s],[],[1]]
Move' = "m32

NextState' = '[[s],[m],[1]]
Move' = "ml2

([s,1],[m], (11, [[s,1], (], [m
[{{ [

i L tsom L 01,0 I U 18
] LI, I, [s, UL Ls], ], L




NextState’' = '
PathSoFar' = '
1.[[1],[s],[m]
11,[[m],[1],[s
1.[[s1.[1,[m,1

»[s],[m,1]1]

s,m,1],[1,[]
[11,[1,[s,m]
[[s,m],[l],[
[[1,0s1,[m,1

"[[m],[s],[1]]
"[[1,[m,s],[1]]
"[[s],[1,[m,1]]

1.[1,[s,m,1]]
ES m, 11, [1,[1] T,ll;[S],[]],[[m,ll,[];[S]lrllll,[m],[S]

11, [s],[11,[[m, 11,01, [s]11,[[1],[m],[s

[[]
[[I 1,[[m, 11,[[s,1],[m],[1],[[s,1],[],[m
1. [ ],[0), 01, [s,m]], [[s],[1],[m]], C[s], [m, 0], 000, OO0, [s,m, 1], 000, COD, [m, 1], [
}}, }}i[[s m], [1, (U], [[m], [s],[11), [[m], [0, (s, 100, C00,[m],[s,1]],[[s],[m], 1

oL o= s2

PathSoFar' =
1.0[1],[s]. [m]
11, [[m],[1],[s
1. [[S] [1. [m 1

1, [m],[11,[[s,1],[], [m
[s,m,1],[11, 001, [m,1], [4

] '
[11,0],[s,m]] [11,[s,m]],[(s],[1],[m]],[[s],[m,1],[]] '
] 1,[m], [s, 111, [[s],[m], 1

WL

LI
[[s,m],[11,[1],[(s,m],[],[U]1],[[m],[s], 110, [[m],[],[s,1
[[1,[s],[m,11],[[1.[].[s,m, L]1]] )

"[ml12,m23,ml12,m31,m23,ml2,m23,ml2,m31,m32,ml2,m23,m21,m31,m23,ml12,m23,m12,m31,m23,ml2

y[[s
L]
1[I

[[
[l
1,
1]
1]

tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower

tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
tower
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1. What was the length of your program’s solution to the three disk problem?
21

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

3. How do you account for the discrepancy?

The order of my make move predicate causes it to move extra moves.




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

:~/PrologProjects$ swipl
Welcome to SWI-Prolog (threaded, 64 bits, version 8.5.0-75-
0684c117c6b)
SWI-Prolog comes with ABSOLUTELY NO WARRANTY. This is free software.

Please run ?- license. for legal details.
CMake built from "/home/jchi/swipl-devel/build"

For online help and background, visit https://www.swi-prolog.org
For built-in help, use ?7- help(Topic). or ?- apropos(Word).

?- consult('toh2.pro').
true.

?7- solve.

PathSoFar’ = "[[[s,m,1,h],[1,[1]]

Move' = 'ml2

NextState’ = "[[m,1,h],[s],[]]

PathSoFar’ = "[[[s,m,1,h],[1,[11,[[m,1,h],[s],[1]]
Move' = 'm2l

NextState’ = "[[s,m,1,h],[],[]]

Move' = 'm23

NextState’ = '[[m,1,h],[],[s]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,L,h],[s],[1],0[[m,1,h],[],[s]]]
Move' = 'm31

NextState’ = "[[s,m,1,h],[],[]]

Move' = 'm32
NextState’ = '[[m,1,h],[s],[]]
Move' = 'ml2

NextState’ = "[[1,h],[m],[s]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,h],[s],[1]1,[[m,L,h],[],[s]],
[[L,h],[m],[s]]]

Move' = 'm31

NextState’ = '[[s,1,h],[m],[]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,h],[s],[1],[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[]]]

Move' = 'm21

NextState’ = '[[m,s,1,h],[],[]]




Move' = 'm23

NextState’ = "[[s,1,h],[],[m]]

PathSoFar’ "[[[s,m,1,h],[1,0[1]1,[[m,L,n],[s],[1]1,0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]]]

Move' = 'm31

NextState’ = "[[m,s,1,h],[],[]1]

Move' = 'm32

NextState’ = "[[s,1,h],[m],[]]

Move' = 'ml2

NextState’ = "[[l,h],[s],[m]]

PathSoFar’ = "[[[s,m,1,h],[],[]],[[m,1,h],[s],[1],[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h],[s],[m]]]

Move' = 'm31

NextState’
Move’' = 'm32

NextState’ = '[[Ll,h],[m,s],[]]

Move' = 'm2l

NextState’ = "[[s,1,h],[]1,[m]]

Move' = 'm23

NextState’ = '[[1,h],[],[s,m]]

PathSoFar’ = "[[[s,m,1,h],[],[]],[[m,1,h],[s],[1],[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m] ], [IL, ], [s], [m] ], [IL,h],[],[s,m]]]

Move' = 'm31

NextState’ = "[[s,1,h],[],[m]]

Move' = 'm32

NextState’ = "[[Ll,h],[s], [m]]

Move' = 'ml2

NextState’ = "[[h],[l],[s,m]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,L,h],[s],[1]1,[[m,L,h],[],[s]],
[[L,h],[m],[s1],[[s,L,h],[m],[1],[[s

»L,h], [, Im] ], [0, ], OsT, Im] T, OO, 0], [T, [s,m] ], [[h], 1], [s,m]]]
Move' = 'm31

NextState’ = "[[s,h],[l],[m]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,n],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[1],[m]]]

Move’' = 'm31

NextState’ = '[[m,s,h],[1l],[]]

"[Im,1,h],[s],[]]




Move' = 'm32

NextState’ = '[[s,h],[m,1],[]]

PathSoFar’ "[[[s,m,1,h],[1,0[1]1,[[m,L,n],[s],[1]1,0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[]]]

Move' = 'm2l

NextState’ = '[[m,s,h],[1],[]]

Move' = 'm23

NextState’ = '[[s,h],[l],[m]]

Move' = 'ml2

NextState’ "[[h],[s,m,1],[1]

PathSoFar’ "[[[s,m,1,h],[1,0[1],[[m,L,n],[s],[1],0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

;m, L], [1]1]

Move' = 'm2l

NextState’ = "[[s,h],[m,1],[]]

Move' = 'm23

NextState’ = '[[h],[m,1],[s]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,nh],[s],[1]1,[[m,1,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 1], [11,[[h],[m,1],[s]]]

Move' = 'm31

NextState’ = "[[s,h],[m,1],[]]

Move’' = 'm32

NextState’ = '[[h],[s,m,1],[]]

Move' = 'm2l

NextState’ = "[[m,h],[l],[s]]

PathSoFar’ "[[[s,m,1,h],[]1,011,[[m,L,h],[s],[1],[[m,1,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[1],[[s

L, h], [, [m] ], [IL,h], [s], [m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[1],[[h],[s

;m, 11, [11,[[h],[m, 1], [s]],[[m,n],[1],[s]]]

Move' = 'm31

NextState’ "[[s,m,h],[1],[]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,h],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],




[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,h],[1],[s]],[[s,m,h],[1],[]]]

Move' = 'm21l

NextState’ = '"[[l,s,m,h],[],[1]]

Move’' = 'm23

NextState’ = '[[s,m,h],[],[l]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,L,n],[s],[11,[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[]1,[[s

,L,h],[1,[m]],[IL,h], [s],[m]],[[L,h],[],[s,m]],[[h],[1],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[1],[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
[1,[111]

Move' = 'm31

NextState’
Move' = 'm32

NextState’ = "[[s,m,h],[1],[]]

Move’' = 'ml2

NextState’ = '[[m,h],[s],[1]]

PathSoFar’ "[[[s,m,1,h],[]1,01],[[m,1,n],[s],[1],0[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[]1,[[s
,L,h],[1,[m]],[IL,h],[s],[m]],[[L,h],[],[s,m]],[[h],[1],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[1],[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
[1,[t11,0[m,h],[s],[l]]]

Move' = 'm31

NextState’
Move' = 'm32

NextState’ = '"[[m,h],[1,s],[]]

Move’' = 'm21

NextState’ = "[[s,m,h],[]1,[1]]

Move' = 'm23

NextState’ = '[[m,h],[],[s,l]]

PathSoFar’ "[[[s,m,1,h],[]1,011,[[m,L,h],[s],[1],[[m,1,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[1],[[s

L, h], [, [m] ], [IL,h], [s], [m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[1],[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s], (U], [[m,h],[],I

s,1]1]

Move' = 'm31

NextState’ = "[[s,m,h],[]1,[1]]

Move' = 'm32

"I, s,m,h], [1,[1]

“[[L,m,hl, [s],[1]




NextState’ = "[[m,h],[s],[1]]

Move' = 'ml2

NextState’ "[[h],[m],[s,1]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,h],[s],[1]1,[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[LL,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,h], L], [s]],[[s,m,h],[L],[1],[[s,m,h],
(1,[W1,[Im,h],[s],[L1],[[Im,h],[],I

s,l1,[[h],[m],[s,l]]]

Move' = 'm31

NextState’ "[[s,h],[m],[1]]

PathSoFar’ "[[[s,m,1,h],[1,0[1],[[m,L,n],[s],[1],0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,01, 0Im,h],[s],[L1],[[m,h],[],I
s,l11,[[h],[m],[s,l]],[[s,h],[m],[L]]]

Move' = 'm31

NextState’ = '[[l,s,h],[m],[]]

Move' = 'm32

NextState’ = "[[s,h],[l,m],[]]

Move' = 'm21l

NextState’
Move' = 'm23

NextState’ = '[[s,h],[],[m,1]]

PathSoFar’ "[[[s,m,1,h],[]1,0[1]1,[[m,1,n],[s],[1]1,0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[]1],[[s,m,h],
(1,[W1,[Im,h],[s],[L]],[[m,h],[],I
s,l1,[[h],[m],[s,U],[[s,h],[m],[L]],[[s,h],[],[m,1]]]

Move' = 'm31

NextState’ = ’"[[m,s,h],[],[1]]

Move' = 'm32

NextState’ = '[[s,h],[m],[l]]

Move' = 'ml2

NextState’ = '[[h],[s],[m,1]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,h],[s],[1]1,[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

"[Im,s,h],[1,[1]]




L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s],[U1],[[m,h],[],I
s,l1,[[h],[m],[s,U1],[[s,h],[m],[t]],[[s,h],[],[m,L1],[[Nh],[s],
[m,1]]]

Move' = 'm31

NextState’ = '[[m,h],[s],[1]]

Move' = 'm32

NextState’ = '[[h],[m,s],[l]]

Move' = 'm21

NextState’ = '[[s,h],[],[m,1]]
Move’' = 'm23
NextState’ = ’'[[h],[],[s,m,1]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,nh],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [1,[m]], [[L,h],[s],[m]],[IL,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (W11, [[m,h],[],I
s,u1,[0[h],[m],[s,l]1,[[s,h],[m],[L]],[[s,h],[],[m,L]],[[h],[s],

[m, 11, [[h],[1,[s,m,1]]1]

Move' = 'm31

NextState’
Move' = 'm32
NextState’
Move' = 'ml2

NextState’ = '[[],[h],[s,m,1]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,h],[s],[1]1,[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[LL,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[]1,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (U], [[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[t]],[[s,h],[1,[m,L]1],[[Nh],[s],

[m, 111, [Ch],01,[s,m, 11],[[],[h],[s,m,1]

"[[s,h],[],[m,1]]

"[[h],[s],[m,1]]

11
Move’ = 'm31
NextState’ = '[[s],[h],[m,1]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[Im,1,h],[s],[11,[[m,L,h],[1,[s]],
[, h], [m], [s]],[[s,1,h],[m],[]],[[s
L,h], (1, [m]], I, 0], [s],[m]], [[L,h],[],[s,ml], [[h],[1],[s,m]],




[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s], (U], [[m,h],[],I
s,l1,[[h],[m],[s,U1],[[s,h],[m],[l]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],L1,[s,m,L1],[[],[h],[s,m,1]

1,0[s],[h],[m,1]]1]

Move' = 'm31

NextState’ = '[[m,s],[h],[1]]

Move' = 'm32

NextState’ = '[[s],[m,h],[l]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,L,h],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s],[U1],[[m,h],[],I
s,l1,[[h],[m],[s,U1],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],L1,[s,m,L1],[[],[h],[s,m,1]
1,0[s],[h],[m,11]1,[[s],[m,h],[1]]]

Move' = 'm31

NextState’ = "[[l,s],[m,h],[]]

Move' = 'm32

NextState’ = "[[s],[l,m,h],[]]

Move' = 'm21l

NextState’ = '"[[m,s],[h],[l]]
Move’' = 'm23
NextState’ = '[[s],[h],[m,1]]

Move’' = 'ml2

NextState’ = "[[],[s,m,h],[1]]

PathSoFar’ "[[[s,m,1,h],[],011,[[m,,h],[s],[11],[[m,1,h],[],[s]I,
[[l,h],[m],[s]],[[s,\,h],[m],[]],[[s

,L,h],[1,[m]], [IL,h],[s],[m]],[[L,h],[],[s,m]],[[h],[1],[s,m]],
[[s,h],[l],[m]],[[s,h],[m, L], []],[[h],[s
,m,11,[11,[[h],[m, 1], [s]],[[m,h],[1],[s]],[[s,m,h],[L],[]1],[[s,m,h],
(1,[W1,[[m,h],[s],[L]],[[m,h],[],I
s,l1,0[h],[m],[s,1]1,[[s,h],[m],[L]],[[s,h],[],[m,L]],[[h],[s],
[m, 111, [[h],[],[s,m,L1],[[],[h],[s,m,1]
I,00s],[h],[m,1]],[[s],[m,h],[U]],[[],[s,m,h],[L]]]

Move’' = 'm31

NextState’ = "[[1l],[s,m,h],[]1]

PathSoFar’ = "[[[s,m,1,h],[],[]],[[m,1,h],[s],[]],[[m,1,h],[],[s]],
[[Ll,h],[m],[s]],[[s,\,h],[m],[]],[[s




»L,h], 01, [Im] T, [, ], [s], [m] 1, OO, b, 0T, Ts,ml ], DORT, [, [s,m] ],
[[s,h],[l],[m]], [[s,h],[m,1],[]],[[h],[s

,m, 1], [11,[[h], [m, 1], [s]], [[m,h], 1], [s]],[[s,m,h],[1],[1],[[s,m,h],
(1,011, [Im,h], [s], [11], [Im,h], 1,1
s,l1,[lh],[m],[s,l]1],[[s,h], [m], (1], [[s,h],[],[m,1]],[[h],[s],

[m, 111, [[h], [T, [s,m, 111, [[],[h],[s,m,1]

1,[ls],[h], [m, 1], [[s], [m,h], (L1, 01, [s,m,h], [L1],[0L],[s,m,h],[]1]]

Move' = 'm21l

NextState’ = '[[s,l],[m,h],[]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,L,h],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s],[U1],[[m,h],[],I
s,l1,[[h],[m],[s,U1],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],L1,[s,m,L1],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]],[[],[s,m,h],[L]],[[L],[s,m,h],[]],
[[s,1],[m,h],[]1]]

Move' = 'm21l

NextState’ = '[[m,s,1],[h],[]]

Move' = 'm23

NextState’ "[[s,11,[h], [m]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,n],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,01, 0Im,h],[s],[L1],[[m,h],[],I
s,l1,[[h],[m],[s,U1],[[s,h],[m],[]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[[h],[1,[s,m,111,[[1,[h],[s,m,1]
I,[[s],[h],[m,L]],[[s],[m,n],[L]],[[],[s,m,h],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]]]

Move' = 'm31

NextState’ = '[[m,s,1],[h],[]]

Move' = 'm32

NextState’ = "[[s,l],[m,h],[]]

Move' = 'm21l

NextState’ = '[[h,s,1],[],[m]]

Move’' = 'm23

NextState’ = "[[s,1]1,[],[h,m]]




Move' = 'ml2

NextState’ = '"[[l],[s,h],[m]]

PathSoFar’ "[[[s,m,1,h],[1,0[1]1,[[m,L,n],[s],[1]1,0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (W11, [[m,h],[],I
s,u11,[0[h],[m],[s,l]1,[[s,h],[m],[L]],[[s,h],[],[m,L]1],[[h],[s],
[m,l11,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,l],[h],[m]],[I

l],[s,h],[m]]]

Move' = 'm31

NextState’ = "[[m,1],[s,h],[]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,nh],[s],[1]1,[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,[W1,[Im,h],[s],[L]],[[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[L]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

1], [s,h],[m]],[[m,1],[s,h],[]]]

Move' = 'm21l

NextState’ "[[s,m,1],[h],[1]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,h],[s],[1]1,[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[LL,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[]1,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (U], [[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[t]],[[s,h],[1,[m,L]1],[[Nh],[s],

[m, 111, [Ch],01,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,h],[1],[[s,m,1],[h],[]]]

Move' = 'm21l

NextState’ = '[[h,s,m,1],[],[]]

Move' = 'm23




NextState’ = '"[[s,m,1],[]1,[h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,nh],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [1,[m]], [[L,h],[s],[m]],[IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h],[s], (U], [[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[l]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[[h],[],[s,m,L11,[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,l],[h],[m]],[I

1], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[],[h]]]
Move' = 'm31

NextState’
Move' = 'm32

NextState’ = "[[s,m,1],[h],[]]

Move’' = 'ml2

NextState’ = '[[m,1]1,[s],[h]]

PathSoFar’ "[[[s,m,1,h],[]1,01],[[m,1,n],[s],[1],0[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[]1,[[s
,L,h],[1,[m]],[IL,h],[s],[m]],[[L,h],[],[s,m]],[[h],[1],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[1],[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,n], [s], (W11, [[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[l]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],[1,[s,m, U1],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,h],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[11,[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]]]

Move' = 'm31

NextState’ = "[[h,m,1],[s],[]1]

Move' = 'm32

NextState’ = ’"[[m,1],[h,s],[]]

Move' = 'm21

NextState’
Move' = 'm23

NextState’ = '"[[m,1],[],[s,h]]

PathSoFar’ "[[[s,m,1,h],[1,0[1]1,[[m,L,n],[s],[1]1,0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

"[[h,s,m,1],[],[]]

"[[s,m,11,[1,[h]]




,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s],[U1],[[m,h],[],I
s,l1,[[h],[m],[s,U1],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],[1,[s,m,11],[[],[h],[s,m,1]
1,0[s],[h],[m,11],[[s],[m,h],[L]1],[[],[s,m,h],[L]],[[L],[s,m,h],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[11,[[s,m,1],[h],[1],[[s,m,1],[],[h]],
[[m,1],[s],[h]],[[m,1],[],[s,h]]]

Move' = 'm31

NextState’ = '[[s,m,1],[]1,[h]]

Move' = 'm32

NextState’ = '[[m,1],[s],[h]]
Move’' = 'ml2
NextState’ = '[[1],[m],[s,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,nh],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [1,[m]], [[L,h],[s],[m]],[IL,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (W11, [[m,h],[],I
s,u1,[0[h],[m],[s,l]1,[[s,h],[m],[L]],[[s,h],[],[m,L]],[[h],[s],
[m,l11,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,l],[h],[m]],[I

1], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[],[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],

[m],[s,h]]]

Move' = 'm31

NextState’ = '[[s,1],[m],[h]]

PathSoFar’ "[[[s,m,1,h],[]1,0[1]1,[[m,1,n],[s],[1],0[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,0[N],I[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,n],[s],[U1],[[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,1],[m,h],[1],[[s,1],[h],[m]],[I

1], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],

[m],[s,h]],[[s,l],[m],[h]]]




Move' = 'm31
NextState’
Move' = 'm32

NextState’ = "[[s,l],[h,m],[]]

Move’' = 'm21

NextState’ = '[[m,s,1],[],[h]]

Move' = 'm23

NextState’ = '[[s,1],[],[m,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,h],[s],[1],[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[1],[[s

L, h], [, [m] ], [IL,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s],[U1],[[m,h],[],I
s,l11,[[h],[m],[s,U]],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],[1,[s,m,L1],[[],[h],[s,m,1]
1,0[s],[h],[m,11],[[s],[m,h],[L]1],[[],[s,m,h],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[11,[[s,m,1],[h],[1],[[s,m,1],[],[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]],[[s,l],[m],[h]],[[s,l],[],[m,h]]]

Move' = 'm31

NextState’ = ’"[[m,s,1],[],[h]]

Move' = 'm32

NextState’
Move' = 'ml2

NextState’ = "[[l],[s],[m,h]]

PathSoFar’ "[[[s,m,1,h],[]1,0[1]1,[[m,1,n],[s],[1]1,0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[]1],[[s,m,h],
(1,[W1,[Im,h],[s],[L]],[[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,1],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]],[[s,l],[m],[h]],[[s,l],[1,[m,n]],[0L],[s],[m,h]]]

Move’' = 'm31

NextState’ = '[[m,1]1,[s],[h]]

"[[h,s,1],[m], []]

"[[s,1],[m], [h]]




Move' = 'm32

NextState’ = ’"[[l],[m,s],[h]]

Move' = 'm21l

NextState’ = "[[s,l],[],[m,h]]

Move’' = 'm23

NextState’ = "[[l],[],[s,m,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,L,n],[s],[11,[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[]1,[[s

,L,h],[1,[m]],[IL,h], [s],[m]],[[L,h],[],[s,m]],[[h],[1],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[1],[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,n],[s],[L1],[[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[l]],[[s,h],[],[m,L]],[[Nh],[s],

[m, 111, [Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,h],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[11,[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,1],[m],[h]],[(s,1],[],[m,h]],[0[L],[s],[m,n]],[0L],[],
[s,m,h]]]

Move' = 'm31

NextState’ = '"[[s,1],[],[m,h]]

Move' = 'm32

NextState’ = ’"[[l],[s],[m,h]]

Move' = 'ml2

NextState’ = "[[],[l],[s,m,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,nh],[s],[1]1,[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (W11, [[m,h],[],I
s,u11,[0[h],[m],[s,l]1,[[s,h],[m],[L]],[[s,h],[],[m,L]],[[h],[s],
[m,l11,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,l],[h],[m]],[I

1], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,l],[m],[h]],[(s,l],[],[m,h]],[[L],[s],[m,n]],[[L],[],
[s,m,h]],[[],[l],[s,m,h]]]

Move’' = 'm31

NextState’ = "[[s],[l],[m,h]]




PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,n],[s],[1]1,[[m,1,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,01, 0Im,h],[s], (U], [[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[L]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[[h],[],[s,m,L1],[],[h],[s,m,1]
I,[[s],[h],[m,L]],[[s],[m,n],[L]],[[],[s,m,h],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,l],[h],[m]],[I

1], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[]1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,l],[m],[n]],[(s,],[],[m,h]],[[L],[s],[m,n]],[[L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],

[m,h]]]

Move' = 'm31

NextState’
Move' = 'm32

NextState’ = "[[s],[m,1],[h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,L,nh],[s],[1]1,[[m,L,h],[],[s]],
[[L,h],[m],[s1],[[s,L,h],[m],[1],[[s

L, h], [, Im] ], [0, h], [sT, Im] ], [IL,n], [T, [s,m]], [[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[1],[[h],[s

,m, 1], [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s],[U1],[[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[l]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],01,[s,m,11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,h],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[11,[[s,m,1],[h],[1],[[s,m,11,[1,[h]],
[[m,1],[s],[h]],[[m,],[1,[s,h]],[[1],
[m],[s,h]l,[[s,1],[m],[h]],[[s,1],[],[m,h]],[0[L],[s],[m,n]],[0L],[],
[s,m,h]],[[],[1],[s,m,h]1],[[s],[1],

[m,h]],[[s],[m,1],[h]]]

Move' = 'm31

NextState’ = ’'[[h,s],[m,1],[]]

Move' = 'm32

NextState’ = '[[s],[h,m,1],[]]

Move' = 'm21l

NextState’ = "[[m,s],[1],[h]]

Move’' = 'm23

NextState’ = "[[s],[l],[m,h]]

"[[m,s],[1],[h]]




Move' = 'ml2

NextState’ = '[[],[s,m,1],[h]]

PathSoFar’ "[[[s,m,1,h],[1,0[1]1,[[m,L,n],[s],[1]1,0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (W11, [[m,h],[],I
s,u11,[0[h],[m],[s,l]1,[[s,h],[m],[L]],[[s,h],[],[m,L]1],[[h],[s],
[m,l11,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,l],[h],[m]],[I

1], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,l],[m],[h]],[(s,l],[],[m,h]],[[L],[s],[m,n]],[[L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[h]],[[],[s,m,1],[h]]]

Move' = 'm31

NextState’ = '[[h],[s,m,1],[]]

Move' = 'm32

NextState’ = '[[],[h,s,m,1],[]]

Move' = 'm2l

NextState’ = "[[s],[m,1],[h]]

Move' = 'm23

NextState’ = '[[],[m,1],[s,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,nh],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [1,[m]], [[L,h],[s],[m]],[IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,01, 0Im,h], [s],[U1],[[m,h],[],I
s,l11,[[h],[m],[s,U]],[[s,h],[m],[L]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[[h],[],[s,m,111,[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,l],[h],[m]],[I

1], [s,nh],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[],[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,l],[m],[n]],[(s,1],[],[m,h]],[0[L],[s],[m,n]],[0L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[n]],[[],[s,m,1],[h]],[[],[m,1],[s,h]]]

Move’' = 'm31

NextState’ = '[[s],[m,1],[h]]




Move' = 'm32

NextState’ = '[[],[s,m,1],[h]]

Move' = 'm21l

NextState’ "[[m],[1],[s,h]]

PathSoFar’ "[[[s,m,1,h],[]1,0[1],[[m,L,n],[s],[1],0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[]1,[[h],[s

,m, 11, [11,0[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (U], [[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[t]],[[s,h],[1,[m,L]],[[Nh],[s],
[m,l11,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[],[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,l],[m],[h]],[(s,1],[],[m,h]],00[L],[s],[m,n]],[0L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[n]],[[],[s,m,1],[h]],[[],[m,1],[s,h]],[[m],[1],
[s,h]]]

Move' = 'm31

NextState’ = '[[s,m],[l],[h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,h],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s],[U1],[[m,h],[],I
s,l1,[[h],[m],[s,U1],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],L1,[s,m,L1],[[],[h],[s,m,1]
1,0[s],[h],[m,11],[[s],[m,h],[L]],[[],[s,m,h],[L]],[[L],[s,m,h],[]],
[[s,l],[m,h],[1],[[s,l],[h],[m]],[I
11,[s,h],[m]],[[m,1],[s,h],[1],[[s,m,1],[h],[1],[[s,m,1],[]1,[h]],
[[m,1],[s],[h]],[[m,1],01,[s,h]],[[1],
[m],[s,h]],[[s,l],[m],[h]],[(s,],[],[m,h]],[[L],[s],[m,n]],[0L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[n]],[[],[s,m,1],[h]],[[],[m,1],[s,h]],[[m],[1],
[s,h]l,[[s,m],[l],[h]]]

Move' = 'm31

NextState’ = "[[h,s,m],[1],[]]

Move’' = 'm32

NextState’ = '[[s,m],[h,1],[]]




Move' = 'm21

NextState’ = "[[1l,s,m],[]1,[h]]

Move' = 'm23

NextState’ = '[[s,m],[],[1,h]]

PathSoFar’ "[[[s,m,1,h],[]1,0[1],[[m,L,n],[s],[1],0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[]1,[[h],[s

,m, 11, [11,0[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (U], [[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[t]],[[s,h],[1,[m,L]],[[Nh],[s],
[m,l11,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[],[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,l],[m],[h]],[(s,1],[],[m,h]],00[L],[s],[m,n]],[0L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[n]],[[],[s,m,1],[h]],[[],[m,1],[s,h]],[[m],[1],
[s,h]],[[s,m],[l],[h]],[[s,m],[],[,h

111

Move' = 'm31

NextState’ = "[[l,s,m],[],[h]]

Move' = 'm32

NextState’
Move' = 'ml2

NextState’ = '[[m],[s],[l,h]]

PathSoFar’ "[[[s,m,1,h],[]1,0[1]1,[[m,1,n],[s],[1]1,0[[m,L,h],[],[s]I,
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,h], [1,[m]], [[L,h],[s],[m]],[L,h],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[L],[s]],[[s,m,h],[L],[]1],[[s,m,h],
(1,[W1,[Im,h],[s],[L]],[[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,1],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,l],[m],[h]],[(s,],[],[m,h]],[0[L],[s],[m,n]],[0L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[n]],[[],[s,m,1],[h]],[[],[m,1],[s,h]],[[m], 1],

"[[s,m], [1],[h]]




[s,h]l,[[s,m],[1l],[h]],[[s,m],[],[1,h

11,[Im], [s],[1,h]]]

Move' = 'm31

NextState’ = "[[l,m],[s],[h]]

Move’' = 'm32

NextState’ = '[[m],[1,s],[h]]

Move' = 'm2l

NextState’ = '[[s,m],[],[1,h]]

Move' = 'm23

NextState’ = '"[[m],[],[s,1,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,L,h],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s],[U1],[[m,h],[],I
s,l1,[[h],[m],[s,U1],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],L1,[s,m,L1],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]],[[],[s,m,h],[L]],[[L],[s,m,h],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I
11,[s,h],[m]],[[m,1],[s,h],[1],[[s,m,1],[h],[1],[[s,m,1],[]1,[h]],
[[m,1],[s],[h]],[[m,1],01,[s,h]],[[1],
[m],[s,h]],[[s,l],[m],[h]],[(s,1],[],[m,h]],[[L],[s],[m,n]],[[L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[n]],[[],[s,m,1],[h]],[[],[m,1],[s,h]],[[m],[1],
[s,h]l,[[s,m],[1l],[h]],[[s,m],[],[1,h

11,[Im], [s],[L,h]],[[m],[],[s,1,h]]]

Move' = 'm31

NextState’ = '[[s,m],[],[1,h]]

Move' = 'm32

NextState’ = "[[m],[s],[l,h]]

Move' = 'ml2

NextState’ = "[[],[m],[s,1,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,nh],[s],[11,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m] ], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s], (U], [[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[l]],[[s,h],[],[m,L1],[[Nh],[s],
[m,111,[Ch],L1,[s,m,L1],[[],[h],[s,m,1]
1,0[s],[h],[m,11],[[s],[m,h],[L]1],[[],[s,m,h],[L]],[[L],[s,m,h],[]],




[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

1], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,l],[m],[h]],[[s,],[],[m,h]],[[L],[s],[m,n]],[0L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[n]],[[],[s,m,1],[h]],[[],[m,1],[s,h]],[[m], 1],
[s,h1],[[s,m],[1],[h]],[[s,m],[],[1,h
11,0Im],[s],[L,h]],[[m],[],[s,L,h]],[[],[m],[s,1,h]]]

Move' = 'm31

NextState’ = '[[s],[m],[l,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,L,h],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,011, 0Im,h], [s],[U1],[[m,h],[],I
s,l1,[[h],[m],[s,U1],[[s,h],[m],[t]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],L1,[s,m,L1],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]],[[],[s,m,h],[L]],[[L],[s,m,h],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I
11,[s,h],[m]],[[m,1],[s,h],[1],[[s,m,1],[h],[1],[[s,m,1],[]1,[h]],
[[m,1],[s],[h]],[[m,1],01,[s,h]],[[1],
[m],[s,h]],[[s,l],[m],[h]],[(s,1],[],[m,h]],[[L],[s],[m,n]],[[L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[n]],[[],[s,m,1],[h]],[[],[m,1],[s,h]],[[m],[1],
[s,h]l,[[s,m],[1l],[h]],[[s,m],[],[1,h

11,[Im], [s],[L,h]1],[[m],[],[s,L,h]],[[],[m],[s,L,h]],[[s],[m],
[L,h]]]

Move’ = 'm31

NextState’ = "[[1,s],[m],[h]]

Move' = 'm32

NextState’ = "[[s],[l,m],[h]]

Move' = 'm2l

NextState’ = '[[m,s],[],[1,h]]

Move' = 'm23

NextState’ = '[[s],[],[m,1,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,n],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

L, h], [, [m]], [[L,h], [s],[m]], [IL,n],[],[s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,01, 0Im,h],[s], (U], [[m,h],[],I




s,l1,[[h],[m],[s,U]],[[s,h],[m],[l]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,h],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[11,[[s,m,1],[h],[1],[[s,m,11,[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,1],[m],[h]],[(s,1],[],[m,h]],[0[L],[s],[m,n]],[0L],[],
[s,m,h]],[[],[L],[s,m,h]],[[s],[1],
[m,h]1],[[s],[m,1],[Nh]], (L], [s,m,L],[h]],[[],[m,1],[s,h]],[[m],[1],
[s,h]],[[s,m],[1l],[h]],[[s,m],[],[,h

11,[Im], [s],[4,h]1],[[m],[],[s,L,h]],[[],[m],[s,L,h]],[[s],[m],
[L,h]],[[s],[1,[m,1,h]]]

Move' = 'm31

NextState’ = '"[[m,s],[],[1,h]]
Move’' = 'm32
NextState’ = '"[[s],[m],[1l,h]]

Move’' = 'ml2

NextState’ = "[[],[s],[m,1,h]]

PathSoFar’ "[[[s,m,1,h],[]1,01],[[m,1,n],[s],[1],0[[m,L,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[]1,[[s
,L,h],[1,[m]],[IL,h],[s],[m]],[[L,h],[],[s,m]],[[h],[1],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[1],[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,n], [s], (W11, [[m,h],[],I
s,l1,[[h],[m],[s,U]],[[s,h],[m],[l]],[[s,h],[],[m,L]],[[Nh],[s],
[m,111,[Ch],[1,[s,m, U1],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,h],[]],
[[s,l],[m,h],[1],[[s,1],[h],[m]],[I

], [s,h],[m]],[[m,1],[s,n],[11,[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,1],[m],[h]],[(s,1],[],[m,h]],[0[L],[s],[m,n]],[0L],[],
[s,m,h]],[[],[L],[s,m,h]],[[s],[1],
[m,h]1],[[s],[m,1],[Nh]],[L],[s,m,L],[h]],[[],[m,1],[s,h]],[[m],[1],
[s,h]],[[s,m],[1l],[h]],[[s,m],[],[1,h

11,[Im], [s],[4,h]1],[[m],[],[s,L,h]],[[],[m],[s,L,h]],[[s],[m],
[L,h]],[[s],[1,[m,,n]],[[1,[s],[m,1,h]]]

Move' = 'm31

NextState’ = '[[m],[s],[1l,h]]

Move' = 'm32

NextState’ = "[[],[m,s],[1,h]]

Move’' = 'm21

NextState’ = '[[s],[],[m,1,h]]




Move' = 'm23

NextState’ = "[[],[],[s,m,1,h]]

PathSoFar’ = "[[[s,m,1,h],[],[1],[[m,1,nh],[s],[1]1,[[m,1,h],[],[s]],
[[L,h],[m],[s]],[[s,L,h],[m],[11,[[s

»L,hl, 1, [m] ], [0, h], [s], [m]], (L4, h], [T, [s,m]],[[h],[l],[s,m]],
[[s,h],[l],[m]],[[s,h],[m,1],[11,[[h],[s

,m, 11, [11,[[h],[m,1],[s]],[[m,n],[1],[s]],[[s,m,h],[L],[1],[[s,m,h],
(1,001, 0Im,h], [s], (W11, [[m,h],[],I
s,u11,[0[h],[m],[s,l]1,[[s,h],[m],[L]],[[s,h],[],[m,L]1],[[h],[s],
[m,l11,[Ch],[1,[s,m, 11],[[],[h],[s,m,1]
1,0[s],[h],[m,1]],[[s],[m,h],[L]1],[[],[s,m,n],[L]],[[L],[s,m,n],[]],
[[s,l],[m,h],[1],[[s,l],[h],[m]],[I

1], [s,h],[m]],[[m,1],[s,n],[1],[[s,m,1],[h],[1],[[s,m,1],[1,[h]],
[[m,1],[s],[h]],[[m,1],[1,[s,h]],[[1],
[m],[s,h]l,[[s,l],[m],[h]],[(s,l],[],[m,h]],[[L],[s],[m,n]],[[L],[],
[s,m,h]],[[],[l],[s,m,h]],[[s],[1],
[m,h]],[[s],[m,1],[h]],[[],[s,m,],[h]],[[],[m, ], [s,n]],[[m],[1],
[s,h1l,[[s,m],[l],[h]],[[s,m],[],[1,h

11,[Im], [s],[L,h]1],[[m],[],[s,L,h]1],[[],[m],[s,L,h]],[[s],[m],
[(L,h1],[[s],[1,[m,L,h]],0[],[s],[m,1,h]],

[[1,[1,[s,m,1,h]1]

SolutionSoFar’ =
"[ml2,m23,m12,m31,m23,ml12,m23,m12,m31,m32,m12,m23,m21,m31,m23,m12,m2
3,m12,m31,m23,ml2,
m23,ml12,m31,m32,m12,m31,m21,m23,m12,m31,m21,m23,m12,m23,m12,m31,m23,
ml2,m23,ml12,m31,m32,ml12,m23,m21,m31
,m23,m12,m23,ml12,m31,m23,ml12,m23]

Solution ...

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

true .

?-

Do your best to answer the following questions:

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

55

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

16




