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Abstract chine leaming. Therefore, in this paper. we aim to explone
the different representations and algorithms 1w solve RC and
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Solving the Rubik's Cube with a PDDL Planner

)7

Rubik’s Cobe (RC) 15 a welkknown and compuls-
tomally challenging puzzle that has motvated Al re-
searchers o explore efficient allemaive representalsns
and problem-solving methods. The deal sauation Tor
planmng bere 15 thal a problem be sodved optimally
amid effcsently represented in a standard notstson ws-
mg a general-purpose solver and heunstses. The [astest
solver Woday Tor KO 18 DeepUube A with a cuslom repre-
senlaton, and another approach 12 with Seormon plan-
ner with State-Action-Space+ (SAS+) representalson.
In thas paper, we present the Grst BT representation in
the popular PDDL language so thal the domenn becomes
more accessible o PDDL planners, competibions, and
Enowledee engineenng tools, and i3 more buman-
readable. We then bridge across eamling approaches
and compare perlformance. We Ond thal i one com-
parable experiment, DeepCubed' solves all problems
with varying complexities, albeit only 18% are optimal
plans. For the same problem sel, Scorpon with SAS+
representabbon and pallemn database heunsics solves
61.50Fs problems, while FasiDownwand with FDDL
representaion adl FF heunsise solves 56 530K prob-
lems, oul of whach all the plans generaled were opl-
mal. Char study provides valuable insg s inboe the rade-
olls berween representational chowee and plan optimal-
iy that can help researnchers design fulure sirategies for
challenging domams combining peneral-purpose soly-
mg methods (planmng, remlorcement kEarmng ). heuns-
bcs, and representations (sLandand or custom).

Introduction

The Rubik's Cube is a 30 puzzle game that has been widely
popular since its invention in 1974, It has been a subject of

evaluate their performance and effectiveness in solving this
challenging puzzle.

Various solution approaches have been proposed RC in-
cluding Reinforcement Leaming (RL) and search. For in-
stance, DeepCubed (Agostinelli et al. 201%) wses RL to
learn policies for solving RC, where the cube state 1s rep-
resented by an array of numerical features. Although Deep-
CubeA iz a domain-independent puzzle solver, it employs a
custom representation for RC. On the other hand, Bilichner
et al (2022) wiilized SAS+ representation to model the RC
problem in a finite domain representation, which enables
standard gencral-purpose solvers like Scorpion to be used on
the RC problem. Despite the success of these approaches., no
prior work has explored the use of Planning Domain Defi-
mition Language (FDDL) to encode a 3x3x3 RC problem.
While a previous study” has encoded a 2x2x2 RC problem
using PDDL and solved it with a Fast-Forward planner, there
exists no PDDL encoding for a 3x3x3 RC problem.

In this paper, we introduce a novel approach for repre-
senting RC in PDDL. We encode the initial state and goal
state using a set of predicates, each of which specifies the
color of a sticker on a particular cube piece or edge piece.
Wi then define the actions that can be taken 10 manipulate
the cube pieces and cdges. Our PDDL representation en-
ahles us o model RC as a classical planning problem, which
can be solved using off-the-shelf planning wols. To the best
of our knowledge. this is the first attempt to represent RC
formally using PDDL. We also evaluate the effectiveness of
our approach by comparing it with other state-of-the-art rep-
resentations in terms of the efficiency and effectivencss of
problem-solving. Our major contributions are:
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Predicados

1 33 12-action variant

2 (define

3 (domain rubiks-cube)
4 (:requirements :adl)
5 (:predicates

6 (cubel ?x ?y ?2)
7 (cube2 ?x ?y ?z)
8 (cube3 ?x ?y ?2)
9 (cubeda ?x ?y ?2)
10 (cube5 ?x ?y ?7)
11 (cube6 ?x ?y ?7)
12 (cube7 ?x ?y ?7)
13 (cube8 ?x ?y ?z)
14 (edgel2 ?y ?z)
15 (edgel3 ?x ?z)
16 (edgels ?x ?y)
17 (edge26 ?x ?y)
18 (edge24 ?x ?z)
19 (edged8 ?x ?y)
20 (edge34 ?y ?z)
21 (edge37 ?x ?y)
22 (edgesS6 ?y ?z)
23 (edgeS57 ?x ?z)
24 (edge68 ?x ?7)
25 (edge78 ?y ?z)

26 )



Acao Front




175
176
177
178
179
180
131
182
183
184
185
186
187
188
189
1906

(:action F

:parameters ()

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

:precondition (and)

reffect

(?x
(?x
(?x

(?x

(?x
(?y
(?x

(?y

Acao Front

?y ?z) (when
?y ?z) (when
?y ?z) (when

?y ?z) (when

?y) (when (edgel5
?z) (when (edge56
?y) (when (edge26
?z) (when (edgel2

(cubel
(cube5
(cubeb
(cube2

? X
2y
?X

2y

X ?y ?Z)
’X ?y ?Z)
X ?y ?Z)

’X Py ?Z)

?y) (and
?z) (and
?y) (and

?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not
(not
(not
(not

(edgel5 ?x ?vy)) (edgeS56 ?y
(edgeS56 ?y ?z)) (edge26 ?z
(edge26 ?x ?y)) (edgel2 ?y
(edgel2 ?y ?z)) (edgel5 ?z

(cubel
(cube5
(cubeé
(cube2

?X 1
?X ot
?X I

?X r

?z)) (cube5 ?z :
?z)) (cubeb ?z :
?z)) (cube2 ?z :

?z)) (cubel ?z :

?x))))
’y))))
?x))))
?y))))

’x) )))
?x) )))
?x) )))
?x) )))
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193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

(:action

Frev

:parameters ()

:precondition (and)

effect
(and

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

(?X
(?x
(?X

(?x

(?x
(?y
(?x

(?y

Acao Front Reverse

?y ?z) (when (cubel

?y ?z) (when (cube2

?y ?z) (when (cubeb

?y ?z) (when (cube5

?y) (when (edgels
?z) (when (edge56
?y) (when (edge26
?z) (when (edgel2

?X
?y
?X

?y

?X r
’X I
X I

?’X 1

?Z)
?Z)
?Z)

?Z)

?y) (and
?z) (and
?y) (and

?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not (cubel
(not (cube2
(not (cubeéb
(not (cube5

(edgels :
(edge56 :
(edge26 :
(edgel2 :

?X ?y ?z)) (cube2 ?z :
?X ?y ?z)) (cubeb ?z :
?X ?y ?z)) (cube5 ?z

X ?y ?z)) (cubel ?z :

?y)) (edgel2
?z)) (edgels
?y)) (edgeSé
?z)) (edge26

2y
?Z
Py

?Z

?x))))
?y))))
?x))))
?y))))

’X) 1)),
’X) )))
’X) ),
’x) )))
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209
210
211
212
213
214
215
216
217
218
219
220
221
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223
224

(:action B
:parameters ()
:precondition (and)
ceffect

(and
(forall
(forall
(forall
(forall

(?x
(?x
(?x

(?x

(forall
(forall
(forall
(forall

(?x
(?y
(?x

(?y

Acao Bottom

?y ?z) (when
?y ?z) (when
?y ?z) (when

?y ?z) (when

?y) (when
?z) (when
?y) (when

?z) (when

(edge37 :
(edge78 :
(edgeds8 :
(edge34 :

(cube3
(cube?
(cubes8
(cubed

?Z)
?Z)
?2)

?Z)

?X Py
’X Py
?X ?y

?X ?y

?y) (and
?z) (and
?y) (and

?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not
(not
(not
(not

(edge37
(edge78
(edgeds8
(edge34

(cube3
(cube?
(cubes8
(cubed

?X
2y
?X

2y

’X Py
X Py
X Py

’X Py

?y)) (edge34
?z)) (edge3?7
?y)) (edge78
?z)) (edge4s8

2y
?Z
2y

?Z

?z)) (cubed ?z :
?z)) (cube3d ?z :
?z)) (cube7 ?z :

?z)) (cube8 ?z :

?X))))
?y))))
?X))))
’y))))

?x) )))
’x) )))
’x) )))
?’x) )))




226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241

(:action

Brev

:parameters ()

:precondition (and)

reffect
(and

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

Acao Bottom Reverse

(?x
(?x
(?x

(?x

(?x
(?y
(?x

(?y

?y ?z) (when
?y ?z) (when
?y ?z) (when

?y ?z) (when

?y) (when
?z) (when
?y) (when

?z) (when

(edge37 :
(edge78 :
(edged8 :
(edge34d :

(cube3
(cube?
(cubes8
(cubed

22)
2Z)
22)

22)

’X ?y
?X ?y
’X ?y

?X ?y

?y) (and
?z) (and

?y) (and
?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not
(not
(not
(not

(edge37 :
(edge78 :
(edgeds8 :
(edge34 :

(cube3 :
(cube7 :
(cube8 :
(cubed :

v v v
X K X

v
<

?y)) (edge78
?z)) (edge4s8
?y)) (edge34
?z)) (edge37

2y
°Z
2y

?Z

?z)) (cube7 ?z :
?z)) (cube8 ?z :
?z)) (cubed ?z :

?z)) (cube3 ?z :

?x))))
’y))))
?x))))
’y))))

?x) )))
’X) )))
?X) )))
?x) )))
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144
145
146
147
148
149
150
151
152
153
154
155
156

(:action

U

:parameters ()

:precondition (and)

reffect
(and

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

(?x
(?x
(?x

(?x

(?x
(?x
(?x

(?x

Acao Up

?y ?z) (when (cubel
?y ?z) (when (cube5
?y ?z) (when (cube?
?y ?z) (when (cube3

?y) (when (edgel5 :
?z) (when (edge57 :
?y) (when (edge37 :
?z) (when (edgel3 :

?’X
?X 1
?’X

’X I

?Z)
?2)
?Z)

?Z)

?y) (and
?z) (and
?y) (and

?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not (cubel
(not (cube5
(not (cube?
(not (cube3

(edgels
(edge57
(edge37
(edgels

?X
?X
?X

?X

X ?y ?z)) (cube3 ?x :
?X ?y ?z)) (cubel ?x :
’X ?y ?z)) (cube5 ?x :

’X ?y ?z)) (cube7 ?x

?y)) (edgel3 :
?z)) (edgel5S :
?y)) (edge57 :
?z)) (edge37 :

?y))))
2z))))
?y))))
?z))))

?y))))
?y))))
?y))))
?y))))



158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

(:action

Urev

:parameters ()

:precondition (and)

reffect
(and

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

(?x
(?x
(?x

(?x

(?x
(?x
(?x

(?x

Acao Up Reverse

?y ?z) (when (cubel

?y ?z) (when (cube5
?y ?z) (when (cube?

?y ?z) (when (cube3

?y) (when (edgel5s
?z) (when (edge57
?y) (when (edge37
?z) (when (edgels

?X
?X
?X

?X

’X ?y ?Z)
’X ?y ?z)
’X ?y ?Z)

’X ?y ?Z)

?y) (and
?z) (and
?y) (and

?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not (cubel
(not (cube5
(not (cube?
(not (cube3

(edgel5
(edge57
(edge37
(edgel3

?X
?X
?X

?X

?X ?y ?z)) (cube5 ?x :
?x ?y ?z)) (cube7 ?x :
’X ?y ?z)) (cube3 ?x :

?X ?y ?z)) (cubel ?x :

?y)) (edge57
?z)) (edge37
’y)) (edgel3
?z)) (edgels

?X
?X
?X

?X

?y))))
?z))))
?y))))
22))))

’y))))
’y))))
’y))))
’y))))
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107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

(:action

D

:parameters ()

:precondition (and)

reffect
(and

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

(?x
(?X
(?x

(?X

(?x
(?X
(?x

(?x

Acao Down

?y ?z) (when (cube2

?y ?z) (when (cubeé

?y ?z) (when (cube8

?y ?z) (when (cube4d

?y) (when (edge26
?z) (when (edge68
?y) (when (edge48
?z) (when (edge24

?X
?X
?X

?X

?X
?X
?X

?X :

?Z)
2z)
?Z)

?Z)

?y) (and
?z) (and
?y) (and

?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not (cube2
(not (cubeé
(not (cubes8
(not (cube4d

(edge26
(edgeb8
(edgeds
(edge24

? X
?X
?X

?X

?’X ?y ?z)) (cube6 ?x :
?x ?y ?z)) (cube8 ?x :
’X ?y ?z)) (cubed ?x :

’X ?y ?z)) (cube2 ?x :

?y)) (edge68
?z)) (edged8
?y)) (edge24
?z)) (edge26

?X
?X
?X

? X

?y))))
?z))))
?y))))
?z))))

?y))))
?y))))
?y))))
?y))))



124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

(:action

Drev

:parameters ()

:precondition (and)

reffect
(and

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

(?x
(?x
(?x

(?x

(?x
(?x
(?x

(?x

Acao Down Reverse

?y ?z) (when (cube2
?y ?z) (when (cubed
?y ?z) (when (cube8
?y ?z) (when (cubeb

?y) (when (edge26
?z) (when (edge68
?y) (when (edged8
?z) (when (edge24

?X
?X
?X

?X

?X ?y ?Z)
?X ?y ?Z)
?X ?y ?Z)

?X ?y ?2)

?y) (and
?z) (and
?y) (and
?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not (cube2
(not (cubed
(not (cube8
(not (cubeb

(edge26
(edge68
(edgeds8
(edge24

?X
?X
?X

?X

?x ?y ?z)) (cubed ?x :
?X ?y ?z)) (cube8 ?x :
’X ?y ?z)) (cubeb ?x :

?x ?y ?z)) (cube2 ?x :

?y)) (edge24 ?x
?z)) (edge26 ?x
?y)) (edge68 ?x
?z)) (edged8 ?x

’y))))
?z))))
?y))))
°z))))

’y))))
?y))))
?y))))
’y))))
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64
65
66
67
68
69
70
71
72
73
74
75
76
77
/8
79
80
81
82
83
84
85
86
87
88

(:action

Acado Left

L

:parameters ()

:precondition (and)

reffect
(and

(forall (?x ?y ?z) (when (cubel ?x ?y ?z)

(and (not (cubel ?x ?y ?z)) (cube2 ?y :

(forall (?x ?y ?z) (when (cube3 ?x ?y ?z)

(and (not (cube3 ?x ?y ?z)) (cubel ?y :

(forall (?x ?y ?z) (when (cubed ?x ?y ?z)

(and (not (cubed4 ?x ?y ?z)) (cube3 ?y :

(forall (?x ?y ?z) (when (cube2 ?x ?y ?2)

(and (not (cube2 ?x ?y ?z)) (cubed ?y :

(forall (?x ?z) (when (edgel3 ’x ?z)
(and (not (edgel3 ?x ?z)) (edgel2 ?x
(forall (?y ?z) (when (edge34 ?y ?z)
(and (not (edge34 ?y ?z)) (edgel3 :
(forall (?x ?z) (when (edge24 ?x ?z)
(and (not (edge24 ?x ?z)) (edge34 :
(forall (?y ?z) (when (edgel2 ?y ?z)
(and (not (edgel2 ?y ?z)) (edge24 :

“
h

o
>

-u
o

’z))))

’z))))

’z))))

’z))))

?2))))

’2))))

’2))))

’2))))



=12
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

(:action

Lrev

:parameters ()

:precondition (and)

reffect
(and

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

(?x
(?x
(?x

(?x

(?x
(?y
(?x

(?y

Acado Left Reverse

?y ?z) (when (cubel
?y ?z) (when (cube3
?y ?z) (when (cube4d
?y ?z) (when (cube2

?z) (when (edgel3
?z) (when (edge34
?z) (when (edge24
?z) (when (edgel2

?X
2y
?X

Py

’X Py ?Z)
?X ?y ?Z)
’X ?y ?Z)

’X Py ?Z)

?z) (and
?z) (and
?z) (and

?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not (cubel
(not (cube3
(not (cube4d
(not (cube2

(edgel3
(edge34
(edge24
(edgel2

?X
?y
?X

Py

?X ?y ?z)) (cube3 ?y :
?X ?y ?z)) (cubed ?y :
?X ?y ?z)) (cube2 ?y :
?x ?y ?z)) (cubel ?y :

?z)) (edge34
?z)) (edge24
?z)) (edgel2
?z)) (edgel3

?X
?y
?X

?y

’z))))
22))))
?z))))
?z))))

?z))))
?z))))
’z))))
’z))))
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

(:action

R

:parameters ()

:precondition (and)

reffect
(and

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

(?x
(?X
(?X

(?x

(?X
(?y
(?X

(?y

Acao Right

?y ?z) (when (cube5

?y ?z) (when (cube?

?y ?z) (when (cube8

?y ?z) (when (cubeb

?z) (when (edge57
?z) (when (edge78
?z) (when (edgeé68
?z) (when (edge56

?X
2y
?X

2y

?X !
?X !
?X

?X !

?z)
?zZ)
?Z)

?Z)

?z) (and
?z) (and
?z) (and

?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not (cubes
(not (cube?
(not (cube8
(not (cubeé

(edge57
(edge78
(edge68
(edge56

?X
2y
?X

Py

?X ?y ?z)) (cube7 ?y :
?X ?y ?z)) (cube8 ?y :
?x ?y ?z)) (cubeb ?y :
?xX ?y ?z)) (cube5 ?y :

?z)) (edge78
?z)) (edge68
?z)) (edge56
?z)) (edge57

?X
2y
?X

2y

?z))))
?z))))
?z))))
?z))))

?z))))
22))))
22))))
?z))))



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

(:action

Rrev

:parameters ()

:precondition (and)

reffect
(and

(forall
(forall
(forall
(forall

(forall
(forall
(forall
(forall

(?x
(?X
(?X

(?x

(?x
(?y
(?x

(?y

Acado Right Reverse

?y ?z) (when (cube5
?y ?z) (when (cubeé
?y ?z) (when (cube8

?y ?z) (when (cube?

?z) (when (edge57
?z) (when (edge78
?z) (when (edge68
?z) (when (edge56

?X
?y
?X

?y

?X !
X
?X i

?X !

?Z)
?Z)
?Z)

?z)

?z) (and
?z) (and
?z) (and
?z) (and

(and
(and
(and
(and

(not
(not
(not
(not

(not (cube5
(not (cubeb
(not (cubes8
(not (cube?

(edge57 :
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