Second Prolog Programming Assignment Solution

Task 3: One Move Predicate and a Unit Test

ml12( [TowerlBefore, Tower2Before,Tower3], [TowerlAfter,Tower2After,Tower3])

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

Unit Test Demo

7- test_ml2.

Testing: move_m12
TowersBefore = [[t,s,m,|,h],[],[]]
TowersAfter = [[s,m,l,h],[t],[]]
true.

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

m12( [TowerlBefore, Tower2Before,Tower3], [TowerlAfter, Tower2After,Tower3]) :-
TowerlBefore = [H|TI],
TowerlAfter = T,
Tower2Before = L,
Tower2After = [H|L].
m13( [TowerlBefore,Tower2,Tower3Before], [TowerlAfter,Tower2,Tower3After]) :-
TowerlBefore = [H|TI],
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|TI],
Tower2After = T,
Tower3Before = L,
Tower3After = [H|L].
m31( [TowerlBefore,Tower2,Tower3Before], [TowerlAfter,Tower2,Tower3After]) :-
Tower3Before = [H|TI],
Tower3After = T,
TowerlBefore = L,
TowerlAfter = [H|L].
m32( [Towerl, Tower2Before, Tower3Before], [Towerl, Tower2After, Tower3After]) :-
Tower3Before = [H|TI],
Tower3After = T,
Tower2Before = L,
Tower2After = [H|L].

*

Unit Test Demo




?- test_m12.

Testing: move_m12
TowersBefore = [[t,s,m,l,h],[],[]]
TowersAfter = [[s,m,l,h],[t],[]]
true.

?7- test_m13.

Testing: move_m13
TowersBefore = [[t,s,m,|,h],[],[]]
TowersAfter = [[s,m,|,h],[],[t]]
true.

?- test_m21.

Testing: move_m21
TowersBefore = [[],[t,s,m,l,h],[]]
TowersAfter = [[t],[s,m,,h],[]]
true.

?- test__m23.

Testing: move_m23
TowersBefore = [[],[t,s,m,],h],[]]
TowersAfter = [[],[s,m,l,h],[t]]
true.

7- test_m31.

Testing: move_m31
TowersBefore = [[],[],[t,s,m,],h]]
TowersAfter = [[t],[],[s,m,l,h]]
true.

?- test_m32.

Testing: move_m32
TowersBefore = [[],[],[t,s,m,],h]]
TowersAfter = [[],[t],[s,m,],h]]
true.

Task 5: Valid State Predicate and Unit Test

valid_state([Towerl,Tower2,Tower3]) :-
valid_tower(Towerl),
valid_tower(Tower2),
valid_tower(Tower3).

valid_tower([]).

valid_tower([t]).
valid_tower([s]).
valid_tower([m]).
valid_tower([1]).
valid_tower([h]).

valid_tower([t, s]
valid_tower([t, m]
valid_tower([t, 1]).
valid_tower([t, h]

valid_tower([s, m]).
valid_tower([s, 11).
valid_tower([s, h])

valid_tower([m, h]).
valid_tower([m, 1]).

valid_tower([1l, h]).

valid_tower([t, s, h
valid_tower([t, s, 1
valid_tower([t, s, m
valid_tower([t, m, h
valid_tower([t, m, 1
valid_tower([s, m, 1]).
valid_tower([s, m, h]).
valid_tower([s, 1, hl).

valid_tower([m, 1, h]).

valid_tower([t, s, 1, h]).
valid_tower([t, m, 1, h]).
valid_tower([t, s, m, h])
valid_tower([t, s, m, 1])
valid_tower([s, m, 1, h]).

valid_tower([t, s, m, 1, hl).

Unit Test Program Demo




?- test__valid_state.
Testing: valid_state
[[l,t,s,m,h],[],[1] is invalid.
[[t,s,m,l,h],[],[]] is valid.
[[1,[h,t,s,m],[l]] is invalid.
[[1,[t,s,m,h],[l]] is valid.
[[1,[h],[I,m,s,t]] is invalid.
[[1,[h],[t,s,m,l]] is valid.
true |

Task 6: Defining the write sequence predicate

write_solution(S) :-

nl, write('Solution ...'), nl, nl, reverse(S,R),

write_sequence([]).

write_sequence([H|T]) :-

elaborate(H, E), write(E), nl, write_sequence(T).

elaborate(m12, E) :-

E = "Move the top Disk from tower 1 to
elaborate(m13, E) :-

E = "Move the top Disk from tower 1 to
elaborate(m21, E) :-

E = "Move the top Disk from tower 2 to
elaborate(m23, E) :-

E = "Move the top Disk from tower 2 to
elaborate(m31, E) :-

E = "Move the top Disk from tower 3 to
elaborate(m32, E) :-

E = "Move the top Disk from tower 3 to

tower 2.".

tower

tower

tower

tower

tower

3.".

write_sequence(R),nl.

Unit Test Program Demo

?- test__write_sequence.

First test of write_sequence ...

Move the top Disk from tower 3 to tower 1
Move the top Disk from tower 1 to tower 2
Move the top Disk from tower 1 to tower 3
Move the top Disk from tower 2 to tower 1
Second test of write_sequence ...

Move the top Disk from tower 1 to tower 3
Move the top Disk from tower 1 to tower 2
Move the top Disk from tower 3 to tower 2
Move the top Disk from tower 1 to tower 3
Move the top Disk from tower 2 to tower 1
Move the top Disk from tower 2 to tower 3
Move the top Disk from tower 1 to tower 3
true.

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




?-solve.

PathSoFar = [[[s,m,I],(],{1]

Move = m12

NextState = [[m,I],[s],[]]

PathSoFar = [[[s,m,IL,[L,{1],L[m,I],[s],1]]

Move = m12

NextState = [[I],[m,s],[]]

Move = m13

NextState = [[I],[s],[m]]

PathSoFar = [[[s,m,IL[L,{1],{lm,IL[s], (L [[1],[s],[mI]]
Move = m12

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

Move = m13

NextState = [[],[s],[I,m]]

Move = m21

NextState = [[s,I],[],[m]]

PathSoFar = [[[s,m,IL,[L,(1],Llm,I],[s], (1, [[1),[s],[mI], (s, 11, [1,[m]]]
Move = m12

NextState = [[I],[s],[m]]

Move = m13

NextState = [[I],[],[s,m]]

PathSoFar = [[[s,m,I,[L,[1,Lm,1],[s], 01, (1], [s],[mIL, {Ls, 11, (1, [m]], L1, (1, [s,m]1]
Move = m12

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

PathSoFar = [[[s,m,IL,[L,{1],Llm,I},[s], (1L, [[1),[s], LmI], L[s, 11, (1, [m]L, [01D, [0, [s,mI L, (11, 1], [s,m]]]
Move = m21

NextState = [[I],[],[s,m]]

Move = m23

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

Move = m31

NextState = [[s],[I],[m]]

PathSoFar = [[[s,m, L[], {11, [[m, 11, [s], (1L (01, [sL, (] D, L[S, 11, [0, (D, L [, Os, md ), UL 01D, £, ol L), (1, [m] 1]

Move = m12



NextState = [[],[s,I],[m]]

PathSoFar = [[[s,m,I,[L,{1],Llm,I],[s], (11, [[1),[s], LmI, L[s, 11, (1, [m]L, [T, [0, [s, 1D, (11, 113, [s,m1], [[sD, (1D, [m] L (11, s, 11, [m]]]
Move = m21

NextState = [[s],[I],[m]]

Move = m23

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

Move = m31

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

PathSoFar =
([Ls,m, 11, (0,001, [T, 10, 01, 100, L0100, (1, [ 1, L 10, 00, [ L LT, £, £s, m] 1L U, [, [s,m 0, LS L 01, D L LD, (10, [0, [Em], [s, 10, (0]

Move = m12
NextState = [[],[m,s,I],[]]
Move = m13
NextState = [[],[s,I],[m]]
Move = m21
NextState = [[s,m],[I],[1]

PathSoFar =

([Ls,m, 1L L 1L [, 1, (UL L0, [s1 [ L L, 1, 0, [ DL L, 1, 0s, mod L UL D0, [s, ol LD 00, Em] L LD s, 1, Im] L [ L [, 1, 1L s,
m],[11,011]

Move = m12
NextState = [[m],[s,1],[1]
Move = m13
NextState = [[m],[I],[s]]

PathSoFar =

([Ls,m, 1L (L 0L [, 11, (1, UL L0, {1 [ L {08, 10, 0, [ L L0, [, s, ] LUL [ [s, md L L 0, [m] L L s, 10, [m] L [im L [, 1, 1L s,
m], [, 0LImD, {1, [s]1]

Move = m12
NextState = [[],[m,I],[s]]

PathSoFar =

([Ls,m, 1L (L 1L [, 1, [, OL L0, [s1 [ L [, 1, 0, [ DL L, 0, Cs, mod L UL D, Es, ol L 00, Em] L LD s, 11, Im] L [ L [, 10, 1L s,
m], [ UL DL 0, (1L, [m, 11, [s]1]

Move = m21
NextState = [[m],[I],[s]]
Move = m23
NextState = [[],[l],[m,s]]

Move = m31



NextState = [[s],[m,],[]]

PathSoFar =

([Ls,m, 1L (L 1OL [, 1, [, OL L0, [s1 [ L {8, 1, 0, [ L L, 1, 05, mod L UL D, [s, ol L 00, Em] L LD s, 1, Im] L [ L [, 1, 1L s,
m], (1L UL DL 0L {s1L (L], [m, 1L (1L [[s ), [, 1, [11]

Move = m12
NextState = [[],[s,m,1],[]]

PathSoFar =

([Ls,m, 1L (L 1L [, 11, [, OL L0, [s1 [ L [, 1, 0, [ DL L, 0, 0s, mod L UL D, [s, ol L L 00, Em] L LD s, 11, Im] L [ L [, 1, 1L s,
m], [ UL L 0L 1L [, [ 1L [s1L [, [, 11, QL [s,m 1, 0]

Move = m21

NextState = [[s],[m,I],[]]
Move = m23

NextState = [[],[m,I],[s]]
Move = m13

NextState = [[],[m,I],[s]]
Move = m21

NextState = [[m,s],[I],[1]
Move = m23

NextState = [[s],[I],[m]]

Move = m32

NextState = [[],[s,m,I],[]]

PathSoFar =

([Ls,m, 1L L 0L [, 1, (L UL I, [s1 [ L {8, 1, 0, [ L L, [, 0s, md LUL D, £s, o, L L 0, [Em] L LD s, 1, Im] L [ L (s, 10, L s,
m], [, 0L DL 0L 1L, [my 1L [s1L (L, [s,m 13, 11

Move = m21
NextState = [[s],[m,I],[]]

PathSoFar =

([Ls,m, 1L (L 1L [, 11, (L UL L0, {1 [ L [0, 1, 0, [ L L0, 0, s, ] UL [ [s, md L L L 0, [m] L LD s, 10, [m] L [im L [, 1, L L s,
m], [, UL L 0L IsIL U, D 1L ISIL L [, 1, (L [, [, 1, 1]

Move = m12
NextState = [[],[s,m,I],[]]
Move = m13
NextState = [[],[m,I],[s]]
Move = m21
NextState = [[m,s],[I],[1]

Move = m23



NextState = [[s],[I],[m]]
Move = m23

NextState = [[],[m,I],[s]]
Move = m13

NextState = [[],[l],[m,s]]
Move = m21

NextState = [[I,m],[],[s]]
Move = m23

NextState = [[m],[1,[l,s]]
Move = m31

NextState = [[s,m],[I],[1]
Move = m32

NextState = [[m],[s,1],[1]
Move = m21

NextState = [[l,s,m],[],[1]
Move = m23

NextState = [[s,m],[],[I]]

PathSoFar =

([Ls,m, 1L (L 1L [, 1, [, OL L0, [s1 [ L L, 1, 0, [ L L0, 0, Cs, md LUL [ Es, o), L 0, [m] L L s, 1, [m] L [im L (s, 10, (L s,
m], {11, (L [s,m, 11, 0111]

Move = m12
NextState = [[m],[s],[!1]

PathSoFar =

([Ls,m, 1L (L 1L [, 1, [, OL L0, [s1 [ L LS, 1, 0, [ DL L, 0, 0s, mod UL D, [s, ol L L 0, [m] L L s, 10, [m] L [im L [, 10, L L s,
m], {11, (L ILs,mD, 11, (111 [[m, [s], [11]

Move = m12
NextState = [[],[m,s],[I]]
Move = m13
NextState = [[],[s],[m,]]

PathSoFar =

([Ls,m, 1L (L 1L [, 1, [, UL L0, [s1 [ L L, 1, 0, [ DL L0, 1, 0s, mod L UL D, [s, ol LD 00, Em] L LD s, 11, Im] L [ L [, 1, 1L s,
m], [, ULILs,mD {1, 1L [mD, [s], 0011, (s, Im, 1]

Move = m21

NextState = [[s],[],[m,]]



PathSoFar =

([Ls,m, 1L (L 1L [, 1, [, OL L0, [s1 [ L LS, 1, 0, [ DL L, 0, 05, mod L UL D0, [s, ol LD 00, Em] L LD s, 11, Im] L [ L [, 1, 1L s,
m], [, 0L ILs,mD 11, 1L [mD, {1 [N, [s],Im, 1S DL [0, Im, 1]

Move = m12
NextState = [[],[s],[m,l]]
Move = m13
NextState = [[],[1,[s,m,!]]

PathSoFar =

([Ls,m, 1L (L 1OL [, 11, [, OL L0, {1 [ L L8, 1, 0, [ L L, 0, 0s, mod L UL D, [s, ol L L 00, Em] L LD s, 1, Im] L [ L [, 1, 1L s,
m], 011, 0L [Ls,m], 11, 111 [, [s] 0D (), L L LS LD [, DL L [0, [s,m 1]

SolutionSoFar = [m12,m13,m21,m13,m12,m31,m12,m31,m21,m23,m12,m13,m21,m13]
Solution ...

Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 2 to tower 3.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 1 to tower 3.

true

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

?-solve.

PathSoFar = [[[s,m,L,h],[],[1]]
Move = m12

NextState = [[m,],h],[s],[]]

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



Move = m12

NextState = [[I,h],[m,s],[1]

Move = m13

NextState = [[I,h],[s],[m]]

PathSoFar = [[[s,m,L,h],{],{IL[[m,,hL,[s], (L[, h], [s],[m]]]

Move = m12

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

Move = m13

NextState = [[h],[s],[I,m]]

Move = m21

NextState = [[s,,h],[],[m]]

PathSoFar = [[[s,m,L,h],[], (11, [[m,1,h][s], (1L, ([Lh], [s],ImI], [[s,1,h L[], [m]]]
Move = m12

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

Move = m13

NextState = [[I,h],[],[s,m]]

PathSoFar = [[[s,m,L,h],{],{IL[[m,1,hL[s], (1L [[LA] [sL [mID [[s,1,hL [L [mID L1 AL, [, [s,mI]]
Move = m12

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

PathSoFar = [[[s,m,],h],[],[1,{[m,1,h],[s},001,[[1,h], [s],Im]L[[s,L,h L (1, [m]L[[LAD (1, [s,mI], [Th L[, [s,m]]]
Move = m12

NextState = [[],[h,I],[s,m]]

Move = m13

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

Move = m21

NextState = [[I,h],[],[s,m]]

Move = m23

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

Move = m31

NextState = [[s,h],[I],[m]]

PathSoFar = [[[s,m,],h],[L[1],{[m,1,h],[s},01,[[1,h], [s],Im]L[[s,L,h], (1, Im]D[[LhD (1, [s,mI], [[h D, [T, [s,m]L, [[s, h], 1], [m]]]
Move = m12

NextState = [[h],[s,!],[m]]



PathSoFar =
([[s,m,L,hL 1,110, ([m, 1, h], [sL L, h], [sL,Im]D (s, 1, b0, [mILL 1L, b1, 00, [s,mI1, [Th], [, [s,mI1, [s, h], 1], [m]], [Tk, [s1], [m]]]

Move = m12
NextState = [[],[h,s,I],[m]]
Move = m13
NextState = [[],[s,l],[h,m]]
Move = m21
NextState = [[s,h],[I],[m]]
Move = m23
NextState = [[h],[l],[s,m]]
Move = m31
NextState = [[m,h],[s,1],[1]

PathSoFar =

[[ls,m,L,h], {1, (1L, [[m,Lh], [s] (L [IL A [s],Im]L s, 1, h L [L [mIL[ILh L [, [s,mDL[Th ], 11, [s,m]1, [Ts,h], 11, ImIL [Th ] [s, 11, Im] 1L [T
m,h],[s,11,{11]

Move = m12
NextState = [[h],[m,s,1],[]]
Move = m13
NextState = [[h],[s,!],[m]]
Move = m21
NextState = [[s,m,h],[I],[1]

PathSoFar =

([ls,m,L,h], {1, (1L, [[m,Lh], [s] 0L [[L A [s],Im]L s, h L [L [mIL[ILh L [, [s,mDL[Th ], 1, [s,m]1, [Ts,h], 111, ImIL [Th D [s, 11, Im] 1L [T
m,h],[s,11,(11,[(s,m,h], {11, {1]]

Move = m12
NextState = [[m,h],[s,1],[1]
Move = m13
NextState = [[m,h],[l],[s]]

PathSoFar =

[[ls,m,L,h], {1, (1L [[m,Lh], [s] (L [IL A [s],Im]L s, h L L [mIL[ILh L [, [s,mL[Th ], 1], [s,m]1, [Is,h], [, ImIL [Th ] [s, 11, Im] 1L [T
m,h],[s,11,[11,[[s,m,h],[1L,(1],[[m,h], 11, [s]]]

Move = m12
NextState = [[h],[m,I],[s]]

PathSoFar =

[[ls,m,L,h], {1, (1L [[m,Lh], [s] (L [IL A [s],Im]L s, h L [L [mIL[ILh L [, [s,mDL[Th ] 11, [s,m]1, [Ts,h], 111, ImIL [Th D [s, 11, Im] 1L [T
m,hL,[s,IL,(1],1[s,m,h], 111,111, [[m, h], 1], [s]1,[[h], [m, 11, [s]]]

Move = m12



NextState = [[],[h,m,I],[s]]
Move = m13
NextState = [[],[m,l],[h,s]]
Move = m21
NextState = [[m,h],[l],[s]]
Move = m23
NextState = [[h],[],[m,s]]
Move = m31
NextState = [[s,h],[m,I],[1]

PathSoFar =

[[ls,m,L,h], {1, (1L [[m,Lh], [s] (L [IL A [s],Im]L s, h L [L [mIL [ h L [, [s,mL (TR, 11, [s,m]1, [Is,h], 11, ImIL [Th D, [s, 11, Im] 1L [T
m,h],[s,IL,(1],1[s,m,h], 111,001, [[m,h], [1], [s1L,[Th], [m, 11, [s]], [[s,h ], [m, 1], [11]

Move = m12
NextState = [[h],[s,m,[],[]]

PathSoFar =

[[[s,m,L,h], {1, (1L [[m,Lh], [s] (L [[L A [s],Im]L s, h L [L [mIL[ILh L [, [s,mDL[Th ] 1, [s,m]1, s, h], [, ImIL [Th D [s, 11, Im] 1L [T
m,hL,[s,IL(11,1(s,m,h], 011,01, [Im,h]L 1L [s1L [Th], [m, 11, [s1), [[s,h L, [m, 11,111, [Th L [s,m, 1, (1]

Move = m12
NextState = [[],[h,s,m,I],[]]
Move = m13
NextState = [[],[s,m,I],[h]]

PathSoFar =

[[ls,m,L,h], {1, (1L, [[m,Lh], [s] (L [[L A [s],Im]L s, h L [L [mIL[ILh L [, [s,mDL[Th ], 11, [s,m]1, [Is,h], 111, ImIL [Th ] [s, 11, Im]LL [T
m,hL,[s,IL,(11,1[s,m,h], 11,101, [[m, ], [1], [s11,[Th], [m, 1L, [s11, [[s,h], Im, 11, [T, [Th], [s,m, 1L, (11, L(1, [s,m, 11, [h]]]

Move = m21
NextState = [[s],[m,!],[h]]

PathSoFar =

([[s,m,L,h], {1, (1L, [[m,Lh], [s] (L [[L A [s],Im]L s, h L L [mIL[ILh L [, [s,mDL[Th ], 11, [s,m]1, [Ts,h], 11, ImI L [Th ], [s, 11, Im]L, [T
m,h],[s,IL,(11,L[s,m,h] 01,01, [Im,h]L 1L [s1L[Th], [m, 11, [s1), Us, h ], [, 11,001, [Eh L Os, m, 13, (DL LD £s,m, 1, [h] L [, [m, 1D, [h ]

Move = m12
NextState = [[],[s,m,lI],[h]]
Move = m13
NextState = [[],[m,I],[s,h]]

PathSoFar =

([[s,m,,hL,[1,[11,([m,1,h], [sL L0, 1, [sL,Im], (s, 1, h], 01, [m]L [, b1, [, [s,mI1, [Th ], [1, [s,mI1, [[s, 1, [1], [m]1, [Th], [s, 11, [m] L [
m,h],[s,1],[11,[[s,m,h],[1],{1],[[m,h],[1],[s]], [[h],[m,1],[s]], [[s,h],[m, 11, (10, [[h], [s,m, 11, (10, [0, [s,m, 10, [h]D, (s ], [, 13, [ ], LD 0
m,1],[s,h]]]



Move = m21
NextState = [[m],[l],[s,h]]

PathSoFar =

([ls,m,L,h], {1, (1L, [[m,Lh], [s] (L [[L A [s],Im]L s, h L [L [mIL [T h L [, [s,mDL[Th ], 1, [s,m11, [Ts,h], 111, ImIL [Th D [s, 11, Im] 1L [T
m,h],[s,1L,(11,1[s,m,h], 011,001, [[m,h], 111, [s1L,[Th], [m, 1, [s]], [[s,h], [m, 11, (11, [Th], [s,m, 11, (11, (L1, [s,m, 11, [h1), L{sD, [, 11, [R]L LD
m,I],[s,h]],[[m], {11, [s,h]]]

Move = m12
NextState = [[],[m,I],[s,h]]
Move = m13
NextState = [[],[1],[m,s,h]]
Move = m21
NextState = [[I,m],[],[s,h]]
Move = m23
NextState = [[m],[1,[l,s,h]]
Move = m31
NextState = [[s,m],[l],[h]]

PathSoFar =

([ls,m,L,h], {1, (1L [[m,Lh], [s] (L [IL A [s],Im]L s, h L [L [mIL[ILh L [, [s,mL (TR, 1], [s,m]1, [Ts,h], 111, ImIL [Th ] [s, 11, Im] 1L [T
m,h],[s,1L,(11,1[s,m,h], 01,01, [[m,h], 111, [s1L,[Th], [m, 11, [s]], [[s,h], [m, 11, (11, [Th], [s,m, 11, (11, (L1, [s,m, 11, [h1), L{s D, [, 11, LRI L LD
m,I1,[s,h]],[[m, {11, [s,h]L, [[s,m],[1],[h]]]

Move = m12
NextState = [[m],[s,!],[h]]

PathSoFar =

([ls,m,L,h], {1, (1L, [[m,Lh], [sL L [IL A [s],Im]L s, h L [L [mIL[ILh L [, [s,mDL[Th L 1, [s,m]1, [Ts,h], [, ImIL [Th ] [s, 11, Im] 1L [T
m,h],[s,1L,[11,L[s,m,h], 01,01, [Im,h], 111, [s1L[Th], [m, 1, [s1), Ls, h ], [, 13, L, [Th DL [s, m, 1, L L Os, s 1, Th, Ls D [, 1, LR L LD
m,I1,[s,h]],{[m, {11, [s,h]L, [[s,m],[1],[h]],[[m],[s,1],[h]]]

Move = m12
NextState = [[],[m,s,!],[h]]
Move = m13
NextState = [[],[s,],[m,h]]

PathSoFar =

[[ls,m,L,h], {1, (1L, [[m,Lh], [s] (L [IL A [s],Im]L s, h L [LImIL[ILh L [, [s,m]L,[Th], [11, [s,m]], [[s,h ], 011, Im] L, [Th], [s, 11, [m]L, [T
m,h],[s,1L,(11,1[s,m,h], 01,01, [Im,h], 111, [s1L[Th], [m, 1, [s1), Ls, h ], [, 13, 0, [ DL [s, m, 1, (L LD Os,m, 1, [h] L [T, [, 1, [ L LT
m,I1,[s,h]],[[mD, {11, [s,h]L, [[s,m],[1], [h]],[[mD, [s,11,IIL (L, [s,11,lm, h]1]

Move = m21
NextState = [[s],[1],[m,h]]

PathSoFar =
([[s,m,,h],[1,[11,([m,1,h], [sL L LM, b1, [sL,ImIL [[s,1,h (1, [m]L [T, h ], [0, [s,m] 1, [T, [, [s,mIL, [s,h 1L 01, [m]D, [Th, [s 11, Im] L [



m,h],[s,1L,(11,1[s,m,h], 011,01, [[m,h], 111, [s1L,[Th], [m, 11, [s]1, [[s,h], [m, 11, (11, [Th], [s,m, 11, (11, (L1, [s,m, 11, [h]], [LsD, [, 11, LRI L LD
m,I1,[s,h]],[[mD, {11, [s,h]L, [[s,m],[1], [h]],[m], {s,11,[hIL[1L, [s,11, [m, h] L [[s], [1], [m, h]]]

Move = m12
NextState = [[],[s,I],[m,h]]
Move = m13
NextState = [[],[I],[s,m,h]]

PathSoFar =

[[ls,m,L,h], {1, (1L [[m,Lh], [s] (L [IL A [s],Im]L s, h L [L [mIL[ILh L [, [s,mDL[Th ] 11, [s,m]1, [Ts,h], 111, ImIL [Th D [s, 11, Im] 1L [T
m,h],[s,1L,(11,1[s,m,h], 01,01, [Im,h], 111, [s1L[Th], [m, 1, [s1), Ls, h ], [, 13, 1, [Th DL [s, m, 1, (L L [s,m, 1, Th, Ls D [, 1, [ L LD
m,11,[s,h]],[[mD, {11, [s, b1l [[s,m],[1],[h]],[Im, [s,11,Lh]L (1L, [s,11, [m, h]L [s], (11, [m, h]D, LT 01, [s,m, h]]]

Move = m21
NextState = [[I],[],[s,m,h]]

PathSoFar =

[[ls,m,L,h], {1, (1L, [[m,Lh], [s] (L [IL A [s],Im]L s, 1, h L [L [mIL [ h L [, [s,m1L,[Th], 11, [s,m]1, [[s,h ][I, ImIL [Th ], [s, 1], [m]L, [T
m,h],[s,1L,(11,1[s,m,h ][I0, [Im,h], 111, [s1L[Th], [m, 11, [s1), Ls, h ], [, 13, L1, [Th L [s, m, 1, L LD [s,m, 1, [h] L [T, [ 1, [ ]LTTDL
m,11,[s,h]],[[mD, {11, [s,h]L, [[s,m],[1], [h]],[[m], [s,1], AL I1D, [s,11,Im, h] L, (LS, [1], [m, b [0, 010, [s,m, K] DL [, [0, [s,m, b1

Move = m12
NextState = [[],[I],[s,m,h]]
Move = m13
NextState = [[],[],[l,s,m,h]]
Move = m31
NextState = [[s,I],[],[m,h]]

PathSoFar =

[[ls,m,L,h], {1,001 [m, LA, [sL 0L IIL AL [s],Im]L s, L h L L [m]LIILh DL [, [s,mIDL IR 1, [s,m]L [, b, (], ImI, [Th L [s, 10, [m] LI
m,h],[s,1L,(11,1[s,m,h], 01,01, [Im,h], 111, [s1L[Th], [m, 1, [s1), Ls, h ], [, 13, L, [Th DL [s, m, 1, L L [s,m, 1, [h] L [, [, 1 [ L T
m,11,[s,h]],{[mD, 11, [s,h]L, [[s,m],[1], [h]],[[m], 5,11, 0L I1L, [, 11, [, h]L (s, 1, [, b1 L0 010, [s,m, L L, [0, [s,m, WD s 10,0,
[m,h]]]

Move = m12
NextState = [[l],[s],[m,h]]

PathSoFar =

([[s,m,L,hL{LULIm, L0 [sL UL [s] Im]L (s, hL L [m]DL LL AL [L[s,mIL [Th L [T, [s,m]], (s, h], (1], Im] DL [Th], s, 1L, [mI DL [T
m,h],[s,11, [11,{[s,m,h], (11, (11, [{m, ], [1], [s]], [Eh D, [, L[] [, b, [, 11, (L TR, [s,m 13, (L LT [s,m L L] [, [ 1, Th] L [
m,IL,[s,h]L[[mD,[11,[s,h]L,{[s,m], (11, [h]], (Im], 5,11, (h]L [[L, [s,11, [m, b (s, 01, [, h11, UL [, £s,m, b0 L [0, [s,m, ] s 1L 0,
[m,h]L 1], (s, [m,h]]]

Move = m12
NextState = [[],[l,s],[m,h]]
Move = m13
NextState = [[],[s],[l,m,h]]

Move = m21



NextState = [[s,I],[],[m,h]]
Move = m23
NextState = [[1],[],[s,m,h]]
Move = m31
NextState = [[m,I],[s],[h]]

PathSoFar =

([[s,m,L,hL{LULIm, LA [sL UL [s] Im]L (s, hL L [m]DLLL BT [ [s,mi] [Th L (1, [s,m]LL (s, b, [, [m] DL [Th L [s, 1L, [m] L LT
m,h],[s,11, [1L,([s,m,h], (11, (11, [[m, h], 111, [s1), [Th D, [, L, [T, [s, b, [ 13, (L [TR], [, 1, (L 0L, [, mu 13, [ L (s, [, 1, EhL L
m,IL,[s,h]L[[mD, {11, [s,h]L,{[s,m], (11, [h]], (Im], [s,1L, (h]L [[L, 5,11, [m, bL L[ T, (10, [, WL LD, 1, [s,m, L L0, [, s, W11, [ 1L L,
[m,hIL [0, [s],[m, h]L,[[m, 11,1, [h]]]

Move = m12
NextState = [[I],[m,s],[h]]
Move = m13
NextState = [[l],[s],[m,h]]
Move = m21
NextState = [[s,m,I],[],[h]]

PathSoFar =

([[s,m,L,hL{LULIm, LA [sL UL [sL Im]L (s, hL L [m] DL LL BT [L[s,mi] [Th L (1, [s,m]1L (s, b, (1], Im] DL [Th], s, 1L, [mI DL LT
m,h],[s,11, [11,{[s,m,h], (11, (11, [{m,h], [1], [s]], [[h D, [, L[] [, b, [, 13, (L TR, [s,m 13, (L[ [s,m L L] [, [ 1, Th] L [
m,IL,[s,h]L[[mD,[11,[s,h]L,{[s,m], (11, [h]], (Im], [s,1L, (h]L 01D, [s,1], [m, hIL L[], (10, [, ML LLL [, £s,m, b0 L [0, [s,m, ] s 1L L,
[m,h]L [0, ), [m, h]1,[[m, 11, s, [h]], [Ts,m, 1L, [, [h]]]

Move = m12
NextState = [[m,I],[s],[h]]
Move = m13
NextState = [[m,I],[1,[s,h]]

PathSoFar =

[[[s,m,L,h], (L1 [Im, L0, [s] (01,1101, [s],Im]],Ls,1, h]L [, ImI 1L (LD [, [s,m]L [T DL [, [s,mI1, s, h D, (11, [m] L [ThD, [s, 1, [m]L [

m,h],[s,1,[11,[[s,m,h], {1, 11, [[m,h],[1], [s1],[[h], [m, 11, [s11, [[s,h], [m, 1L, 111, [[h], [s,m, 11, [0, [0, [s,m, 1, [h 1D, [[s], [, L TR L O L

m, ], [s,h]],[[m],{11,[s,h1],[[s,m],[1],[h]], [[m1, [s,1],[hIL (1L, [s,11, [m, h]1, [[s], (11, [m, h11, L1, 1D, [s,m, b1 [0, [0, [s,m, h1 D [, 1L 0D,
[m,h]L,{[1,[s],[m,h]],[[m,11,[s], (1L, [[s,m,1],[1,[h]], [[m, 11,1, [s,h1]]

Move = m12
NextState = [[I],[m],[s,h]]

PathSoFar =

[[[s,m,L,h], (L1, [Im, 10D, [s) 01, [1Lh], [sL,Im],(Is,1, hL [, Im] 1, [ kD [, [s,m]L [T DL [, [s,mI1, (s, h ], (11, [m]L [Th], [s, 11, [Im]LL [
m,h],[s,11,{11,[[s,m,h], {1, 11, [[m,h],[1], [s]],[[h], [m, 11, [s1), [[s,h], [m, 1L, 111, [[h], [s,m, 11, 00,010, [s,m, 11, [h]D, [s], [, 1L TR L L
m,],[s,h]],[[m],{11,[s,h1],[[s,m],[1],[h]L,[[m],[s,1],[0]L 11, [s,11, [m, h1L, [[s], (1], [m, 1L, LD, (11, [s,m, b]L [0, [0, [s,m, h]L, s, 1L 00,
[m,h]L, {11, [s],[m,h]],[[m,11,[s], (1L, [[s,m, 11, {1, [h]1, [[m, 11,10, [s,h]1, (1], [m], [s,h]1]

Move = m12

NextState = [[],[I,m],[s,h]]



Move = m13
NextState = [[],[m],[l,s,h]]
Move = m21
NextState = [[m,I],[],[s,h]]
Move = m23
NextState = [[I],[],[m,s,h]]
Move = m31
NextState = [[s,I],[m],[h]]

PathSoFar =

[[[s,m,L,h], (L1 [Im, 0], [s] (01,1001, [s],Im]],[Ls,1, h]L [, ImILL [T, h DL [, [s,m]1, [T DL [, [s,m1], [[s,h D, [11, Im]L, [ThD, [s, 11, Im]L, [
m,h],[s,11,[11,[[s,m,h], {1, 11, [[m,h],[1], [s1],[[h], [m, 11, S]], [[s,h], [m, 1L, 111, [[h], [s,m, 11, (01, [0, [s,m, 11, 1L (s, [m, 11, [R] LI [
m, ], [s,h]],[[m],{11,[s,h]L,[[s,m], (11,011, [[m, [s,1,[h]L, 01, s, 1], [m, b1, [[s], (1], [m, bIL (1D, [11,[s,m, h1L, LTI, [0, [s,m, b1, [[s, 1, 0],
[m,h]L,{[11,[s],[m,h]],[[m,1],[s],[h]L, [[s,m, 11, {1, [h]1, [[m, 1L 01, [s, b1L (111, [m, [s,b1L, [[s,11,Im], [h]]]

Move = m12
NextState = [[I],[s,m],[h]]

PathSoFar =

[[[s,m,L,h], (L1 [Im, LA, [s] 01,1101, [s],Im]],Ls,1, h]L (1, ImILL [T, h DL [, [s,m]1, [T DL [1], [s,m]], [[s,h], [11, Im]1, [ThD, [s, 11, [Im]L, [
m,h,[s,11,{11,[[s,m,h1, {1, 11, [[m,h],[11,[s1],[Th], [m, 11, [s1], [[s,h], [m, 1L, 011, [[h ], [s,m, 11, (D10 [s, m, 1, Th] D, Ls ], [, 1L Th 1L L
m, 1, [s,h]],[[m],{11,[s,h]L[[s,m], (11,01, [[m, [s,11,[h]L, 01, s, 11, [m, b1, [[s], (1], [m, hIL (1D, [11,[s,m, h]L, L1, 01, [s,m, b1, [[s, 1, 0],
[m,h]L, ({11, [s],[m,h]],[[m,1],[s],[h]L [[s,m, 11, [, [h], [[m, 1L, [, s, b1 (111, [m], [s,b1L, [[s, 11, [m], [h]L[[1], [s,m], [h]]]

Move = m12
NextState = [[],[l,5,m],[h]]
Move = m13
NextState = [[],[s,m],[l,h]]

PathSoFar =

[[[s,m,L,h], (L1 [Im, 10D, [s) 01,1101, [s],Im]],Ls,1, b (1, ImILL [T h DL [, [s,m]1 [T DL 111, [s,m]], [[s,h ], [11, [m], [Th], [s, 11, [m]L, [
m,h],[s,11,{11,[[s,m,h], {11, [11,[[m,h],[1], [s1],[[h], [m, 11, [s11, [[s,h], [m, 1L, 111, [[h], [s,m, 11, [0, 01D, [s,m, 11, [h1D, [Ls], [, 1L TR L O L
m, ], [s,h]],[[m],{11,[s,h1],[[s,m],[1], 0], [[m,[s,11,Ih]L 01, [s,11, [m, h11, [[s], (1, [m, h11, L1, 1D, [s,m, b1 [0, [0, [s,m, b0 s, 1L 0D,
[m,h]L, ({1, [s],[m,h]],[[m,11,[s], (1], [[s,m, 1], [1,[h]1, [[m, 11, [0, [s,b11, 11, [ml, [s,b11, [s,11,[m], (1L, (11, [s,m], (1L, (], [s,m], [L,h
111

Move = m21
NextState = [[s],[m],[l,h]]

PathSoFar =

[[[s,m,L,h], (L1 [Im, 10D, [s] 01,1101, [s],Im]],Ls,1, h]L (1, ImI DL [T h DL [, [s,m]1, [T DL [, [s,m]], [[s,h ], [11, Im]1, [ThD, [s, 11, [Im]L [T
m,h],[s,1,{11,[[s,m,h], {11, 11, [[m,h],[1], [s]],[[h], [m, 11, [s1), [[s,h], [m, 1L, 111, [[h], [s,m, 11, D0, LD, [s,m, 1L, [h] D (s, [, 11, TR L LD L
m, 1, [s,h]],[[m],{11,[s,h]L[[s,m], (11,011, [[m,[s,11,[h]L, 01, s, 11, [m, b1, [[s], (1], [m, bIL (1D, (11, [s,m, h]L, L1, 01, [s,m, b1, [[s, 1, 0],
[m,h]L, ({1, [s],[m,h]],[[m,11,[s], (1], [[s,m, 1], [1, [h]1, [[m, 11,0, [s,b11, {11, [ml, [s,b11, [[s,11, [m], [hIL[[1, [s,m], [h]L (1], [s,m], [L,h
1LIIs],Im],[1h]1]

Move = m12

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



Move = m13
NextState = [[],[m],[s,],h]]

PathSoFar =

([[s,m,L,hL{LULIm, LA [sL UL [sL Im]L (s, hL L [m] DL LL BT [L[s,ml] [Th L (1, [s,m]1L (s, h], (1], Im] DL [Th], s, 10, [m] DL [T
m,h],[s,11, (11, {[s,m,h], (11, (11, [{m, ], (1], [s]], [Eh D, [, L[] [, b, [, 11, (L TR, [s,m 13, (L LT [s,m L L] [, [ 1, Th] L [
m,IL,[s,h]L[[mD, {11, [s,h]L,{[s,m], (1], [h]],Lm], [s, 1], (h]L, [[1, [s,1], [m, b1, [[s], (1], [, L [, [s,m, DD L [, Os,m, 1L s 1L,
[m, h]L [0, [sL, [, h]1,LTmy, 1D, [sL D] s, m, L L (hIL [, 1L [, 05, h1L [0, [m], s, h]D s AL, [m D, [h] 1L [T, [s,m]L [h]LL (T, [s,m], [ h
11, ([s),Im], [Lh]LI[],[m],[s,1,h]]]

Move = m21
NextState = [[m],[],[s,],h]]

PathSoFar =

([[s,m,L,hL{LULIm, LA [sL UL [sL Im]L (s, hL L [m] DL LL BT [L[s,mi] [Th L (1, [s,m]1L (s, b, (1], [Im] DL [Th L [s, 1L, [m] L LT
m,h],[s,11,[11,{[s,m,h], (11, (11, [{m, ], [1], [s]], [Th D, [, L[] [, b, [, 11, (L LA, (s, 13, (L LT [s,m 1, [h]D L L I, L Th] L L
m,IL,[s,h]L[[mD, 11, [s,h]L,{{s,m], (11, [h]], (Im], [s,1L, (h]L [[D, [s,1], [m, bIL L[ T, (10, [, ML LD, 1, [s,m, L L0, [, s, W11, s 1L L,
[m, h]L [0, (L, [, h]1,LTm, 1D, [sL ] s, m, L L (hIL [, 1L [, 05, hIL [0, [m], s, h]D s, 1L [m DL [h] L [T, [s,mL [h]LL 1), [s,m], [ h
11, ([s],Im], [LA]ILI[),[m],[s,1,h]L [[m], 11, [s,1,h]1]

Move = m12
NextState = [[],[m],[s,,h]]
Move = m13
NextState = [[],[],[m,s,],h]]
Move = m31
NextState = [[s,m],[],[l,h]]

PathSoFar =

[[[s,m,L,h], (L1, [[m, 0], [s] (01,1101, [s],Im]],[s,1, h]L (1, ImILL [T, h DL [, [s,m]1, L[] [1], [s,m]], [[s,h], (11, Im]1, [Th], [s, 11, [Im]L, [T
m,h],[s,11,[11,[[s,m,h], {1, 11, [[m,h],[1], [s1],[[h], [m, 11, [s11, [[s,h], [m, 1L, 111, [[h], [s,m, 11, D1, 01D, [s,m, 11, 1L (s, [m, 11, [h] L LD [
m, ], [s,h]],[[m],{11,[s,h]L,[[s,m], (11,011, [[m, [s,1,[h]L, 01, s, 1], [m, b1, [[s], (1], [m, bIL (1D, [11,[s,m, h1L, LTI, [0, [s,m, b1, [[s, 1, 0],
[m,h]L, ({1, [s],[m,h]],[[m,11,[s], (1], [[s,m, 1], [1,[h]1, [[m, 11,0, [s,b11, 11, [ml, [s, 11, [s,1], [m], [hIL[[1], [s,m], [h]L (1, [s,m], [L,h
1LIIsL,ImD,[Lh]L I, [m, s, b1, [Im], [ s, 1, h]D [Ts,m1, [1, 11, h]]]

Move = m12
NextState = [[m],[s],[l,h]]

PathSoFar =

([[s,m,L,hL{LULIm, LA [sL UL [s] Im]L (s, hL L [m]DLLL AL [L[s,mi] [Th L [T, [s,m]] s, h], (1], [m] DL [Th], [s, 1L, [m] DL [T
m,h],[s,11, [11,{[s,m,h], [11, (11, [{m, ], [1], [s]], [Th L, [, L[] [, b, [, 11, (L LA, (s, 13, (L LT [s,m LTI (s, [ 1, Th] L [
m,IL,[s,h]L[[mD, {11, [s,h]L,{{s,m], (11, [h]], (Im], [s,1L, (h]L [[1, [s,1], [m, b (s, 01, [, h1D, UL 1, £s,m, 0L L [0, [s,m, ] LTS 1L 0,
[m, h]L [0, [sL, [, h]1,LTmy, 11, [sL ] s, m, L L (hIL [, L [, 05, hIL [0, [m], s, h]D s AL, [m D, [h] L [T, [s,m]L [h]LL ([, [s,m], [ h
1,([s),Im], [LA]ILI[L,[m],[s,1,b]L [[mD, {1, [s,1,h]L([s,m], (1,01, h]L[[m], [sL [, h]]]

Move = m12
NextState = [[],[m,s],[l,h]]
Move = m13

NextState = [[],[s],[m,!,h]]



PathSoFar =

([[s,m,L,hL{LULIm, L0 [sL UL [s] Im]L (s, hL L [m]DLLL BT (L [s,ml] [Th L (1, [s,m]LL (s, b, [, [Im] DL [Th L [s, 1L, [m] L LT
m,h],[s,11, [11,{[s,m,h], (11, (11, [{m, ], [1], [s]], [Th D, [, L[], [, b, [, 11, (L TR, [s,m 13, (L[ [s,m L L] (s, [ 1, Th] L [
m,IL,[s,h]L[[mD, {11, [s,h]L,{[s,m], (1], [h]],Lm], [s,11, (h]L, [[L, [s,1], [m, b, [[s], (1], [, L CLD, 11, [, m, L L, 1, s m, b1, s, 1L,
[m,h]L [0, (L, [, h]1,LTmy, 1D, [sL ] s, m, L L (hL [, 1L [, 05, h1L [0, [m], s, h]D s 1L, [m D, [h] L [T, [s,mIL [h]LL ([, [s,m], [ h
1,([s),Im], [LA]ILI[),[m],[s,1,b]L [[mD {1, [s,1,h]L (s, m], (L[, h]1,[[m], [sL,[Lh]L [, [s], [m, L h]]]

Move = m21
NextState = [[s],[],[m,],h]]

PathSoFar =

([[s,m,L,hL{LULIm, LA [sL UL [s) Im]L (s, hL L [m]DLLL AL [L[s,mi] [Th L (1, [s,m]1L (s, b, (1], [m] DL [Th L [s, 1L, [m] L LT
m,h],[s,11, (11, {[s,m,h], (11, (11, [{m, ], [1], [s]], [Th L, [, L[] [, h L [, 1, (L CTR L s, 1, QL0 [, m 1, Eh DD s L [, 1, T L L
m,IL,[s,h]L[[mD,[11,[s,h]L,{[s,m], (11, [h]], (Im], [s,1L, (h]L [[1, [s,1], [m, hL [T T, (10, [, L LD, 1, [s,m, L L0, . s, W13, s 1L L,
(m, h]L [0, (L, [, h]D,LTmy, 1D, L ] s, m, L L ThL [, 1, [, 05, hIL [0, [ml, s, 1D s, 1L [m DL [h]L [T, [s,mL [h]LL [T, [s,m], [ b
1,([s),Im], [LA]ILIL,[m],[s,1,b]L [ImD, {1, [s,1,h] L ([s,m], (L [L,h]1L,[[m], [sL{L AL [ (s], [, L] L [Ts], (1, [m, L b]1]

Move = m12
NextState = [[],[s],[m,],h]]
Move = m13
NextState = [[],[],[s,m,,h]]

PathSoFar =

([[s,m,L,hL{LULIm, LA [sL UL [s] Im]L (s, hL L [m] DL LL BT [L[s,mi] [Th L (1, [s,m]LL (s, b, (1], [m] DL [Th L [s, 1L, [m] DL LT
m,h],[s,11, (11, ([s,m,h], (11, (11, [{m, ], (1], [s]), [Eh D, [, L[S [, b, [, 11 (DL (TR L [s, o 1, QL0 [, m 1, Eh DD s [, L, ] L L
m,IL,[s,h]L[[mD, 11, [s,h]L,{{s,m], (11, [h]], (Im], [s,11, (h]L [[D, [s,1], [m, bL L[ T, (10, [, L LD, 1, [s,m, L L0, [, s, W13, [ 1L L,
[m, h]L [0, [sL, [, h]D,LTmy, 1D, [sL ] s, m, L L (hIL [, 1, [, [s, hIL [0, [m], s, h]D s, 11, [, [hL [, [s,mDL [h]LL [, [s,m], [ b
1,([s),Im], [LD]IL I, Im],[s,,b]L [[mD, {1, [s,1,h]L [[s,m], (1, [, h]L [[m], [sL (L b1, LL [s], Dm, L], s, 11, [my, L] L [0, [s,my, 1L ]

SolutionSoFar =
[m12,m13,m21,m13,m12,m31,m12,m31,m21,m13,m12,m31,m12,m13,m21,m13,m21,m31,m12,m13,m21,m13,
m21,m31,m12,m31,m21,m13,m12,m31,m12,m13,m21,m13,m21,m31,m12,m13,m21,m13]

Solution ...

Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 2 to tower 1.

Move the top Disk from tower 1 to tower 3.



Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 3 to tower 1.
Move the top Disk from tower 1 to tower 2.
Move the top Disk from tower 1 to tower 3.
Move the top Disk from tower 2 to tower 1.
Move the top Disk from tower 1 to tower 3.

True



Task 9: Review your code and archive it




%
%

% --- 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, TowersAfterMove).

make_move(TowersBeforeMove, TowersAfterMove,m13) :
m13(TowersBeforeMove, TowersAfterMove).

make_move(TowersBeforeMove, TowersAfterMove,m21) :

m21(TowersBeforeMove, TowersAfterMove).

make_move(TowersBeforeMove, TowersAfterMove,m23) :

m23(TowersBeforeMove, TowersAfterMove).

make_move(TowersBeforeMove, TowersAfterMove,m31) :

m31(TowersBeforeMove, TowersAfterMove).

make_move(TowersBeforeMove, TowersAfterMove,m32) :

m32(TowersBeforeMove, TowersAfterMove).

m12([Tower1Before,Tower2Before,Tower3],[TowerlAfter,Tower2After,Tower3]) :-
TowerlBefore = [H]|T],

TowerlAfter =T,

Tower2Before = L,

Tower2After = [H|L].

m13([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,

TowerlBefore =L,

TowerlAfter = [H|L].

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

Tower3After =T,

Tower2Before = L,

Tower2After = [H|L].

%

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

valid_state([Tower1,Tower2,Tower3]) :-
valid_tower(Tower1),
valid_tower(Tower2),

valid_tower(Tower3).

valid_tower([]).

valid_tower([t]).
valid_tower([s]).
valid_tower([m]).
valid_tower([l]).

valid_tower([h]).

valid_tower([t, s]).
valid_tower([t, m]).
valid_tower([t, I]).

valid_tower([t, h]).

valid_tower([s, m]).
valid_tower([s, I]).

valid_tower([s, h]).



valid_tower([m, h]).

valid_tower([m, []).

valid_tower([l, h]).

valid_tower([t, s, h]).
valid_tower([t, s, 1]).
valid_tower([t, s, m]).
valid_tower([t, m, h]).

valid_tower([t, m, I]).
valid_tower([s, m, I]).
valid_tower([s, m, h]).
valid_tower([s, I, h]).
valid_tower([m, I, h]).
valid_tower([t, s, |, h]).
valid_tower([t, m, |, h]).
valid_tower([t, s, m, h]).
valid_tower([t, s, m, ]).
valid_tower([s, m, |, h]).

valid_tower([t, s, m, |, h]).

%

% --- solve(Start,Solution) :: succeeds if Solution represents a path

% --- from the start state to the goal state.

solve :-

extend_path([[[s,m,I],{],{11],[],Solution),
write_solution(Solution).
extend_path(PathSoFar,SolutionSoFar,Solution) :-
PathSoFar = [[[],[],[s,m,11]] _],
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.

write_sequence([]).

write_sequence([H|T]) :-

elaborate(H, E), write(E), nl, write_sequence(T).

elaborate(m12, E) :-
E = "Move the top Disk from tower 1 to tower 2.".
elaborate(m13, E) :-
E = "Move the top Disk from tower 1 to tower 3.".
elaborate(m21, E) :-
E = "Move the top Disk from tower 2 to tower 1.".
elaborate(m23, E) :-
E = "Move the top Disk from tower 2 to tower 3.".
elaborate(m31, E) :-
E = "Move the top Disk from tower 3 to tower 1.".
elaborate(m32, E) :-

E = "Move the top Disk from tower 3 to tower 2.".

%

% --- Unit test programs

test_ _ml12:-



write('Testing: move_m12\n'), TowersBefore = [[t,s,m,|,h],[],[]], trace(",' TowersBefore', TowersBefore),
m12(TowersBefore, TowersAfter), trace(",' TowersAfter', TowersAfter).

test__ ml13:-

write('Testing: move_m13\n'), TowersBefore = [[t,s,m,|,h],[],[]], trace(",' TowersBefore', TowersBefore),
m13(TowersBefore, TowersAfter), trace(",' TowersAfter', TowersAfter).

test__m21:-

write('Testing: move_m21\n'), TowersBefore = [[],[t,s,m,l,h],[]], trace(",' TowersBefore', TowersBefore),
m21(TowersBefore, TowersAfter), trace(",' TowersAfter', TowersAfter).

test_ _ m23:-

write('Testing: move_m23\n'), TowersBefore = [[],[t,s,m,l,h],[]], trace(",' TowersBefore', TowersBefore),
m23(TowersBefore, TowersAfter), trace(",' TowersAfter', TowersAfter).

test__ m31:-

write('Testing: move_m31\n'), TowersBefore = [[],[],[t,s,m,|,h]], trace(",' TowersBefore', TowersBefore),
m31(TowersBefore,TowersAfter), trace(",' TowersAfter', TowersAfter).

test.__ m32:-

write('Testing: move_m32\n'), TowersBefore = [[],[],[t,s,m,l,h]], trace(",' TowersBefore', TowersBefore),
m32(TowersBefore, TowersAfter), trace(",' TowersAfter', TowersAfter).

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],[I]]),
test__vs([[],[t,s,m,h],[11]),
test__vs([[1,[h],[I,m,s,t]]),
test__vs([[],[h],[t,s,m,I]]).

test_ vs(S) :-
valid_state(S),
write(S),

write(' is valid."),

nl.
test_ vs(S) :-
write(S),

write(' is invalid."),

nl.

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]).



