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Program to Solve Rubik’s Cube

TOSHIO SHINTANI'

Abstract: World famous Rubik’s cube had been brought by a student from Hungary before it was released officially in Japan.
While looking back on its history, I introduce the algorithms to complete cubes which I figured out on my own. Then I outline the
data structures and algorithms and show examples of calculation. I make a simple consideration about what is necessary for Robot
to complete cubes.
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UP, DOWN, EAST, WEST, SOUTH, NORTH

DO, ENmpOOLSONMEERFFT . BARIZIE C
SHEOY—RAa—FL LT,
enum face {

UP =1, DOWN =4, NORTH = 2, SOUTH = 3,

EAST =0, WEST =5, OTHER =7
IS
Ll &bl
#define SIZE 3
#define BITS 3
#define NUMOFFACES 6

struct cell {

// 3x3x3

unsigned char position : BITS;
// enum face D & DAL 5 0% RFFTH3 Y RO
By k74— K
15
struct cube {

struct cell face] NUMOFFACES][SIZE][SIZE];
15
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Fig.8 Coordinate System and 2D Array expressing a face
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struct state * rotate(struct state * t, enum face f,

enum angle theta);
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Hello, Rubik’s Cube world.
enum cell is 1 byte.

enum cube is 54 byte.
struct state is 80 byte.

Initial State is

mmm
mmmm
mmc
=cc
cccc
ccw
===
====
oO==m
UUU
(= — i — =)
oo o
===
====
===

S
Uss
§SS
$SS
Dummy state z=a7516620, 80byte
1 states are in PQ.

8192 states are generated and 43 deleted,

131072 states are generated and 224 deleted,
262144 states are generated and 352 deleted,
524288 states are generated and 467 deleted,
1048576 states are generated and 717 deleted,
2097152 states are generated and 1652 deleted,
4194304 states are generated and 2747 deleted,
8388608 states are generated and 3744 deleted,
16777216 states are generated and 5198 deleted,
33554432 states are generated and 10507 deleted,
67108864 states are generated and 21058 deleted,
134217728 states are generated and 28387 deleted,
268435456 states are generated and 42931 deleted,
536870912 states are generated and 77822 deleted,
Success!

===
== ===
===
womown
(7 N7 NN 7]
(7 N7 N 7]
o oo
L= = — N =
o oo
===
====
===

0.92 MB used.

14.68 MB used.
29.36 MB used.
58.72 MB used.
117. 44 MB used.
234.88 MB used.
469.76 MB used.
939.52 MB used.
1879. 05 MB used.
3758. 10 MB used.
7516.19 MB used.
15032. 39 MB used.
30064. 77 MB used.
60129. 54 MB used.

3 E KR E R S LT R TR

him:s=-9: 0: 0 Mon Sep 3 05:36:28 2018

16384 states are generated and 61 deleted, 1.84 MB used. h:m:s=-9: 0: O Mon Sep 3 05:36:28 2018
32768 states are generated and 73 deleted, 3.67 MB used. h:m:s=-9: 0: O Mon Sep 3 05:36:28 2018
65536 states are generated and 101 deleted, 7.34 MB used. h:m:s=-9: 0: 0 Mon Sep 3 05:36:28 2018

him:s=-9: 0: 0 Mon Sep 3 05:36:28 2018
h:m:s=—9: 0: 1 Mon Sep 3 05:36:29 2018
him:s=-9: 0: 1 Mon Sep 3 05:36:29 2018
him:s=-9: 0: 2 Mon Sep 3 05:36:30 2018
him:s=-9: 0: 4 Mon Sep 3 05:36:32 2018
him:s=-9: 0: 7 Mon Sep 3 05:36:35 2018
him:s=-9: 0:13 Mon Sep 3 05:36:41 2018
him:s=-9: 0:27 Mon Sep 3 05:36:55 2018
him:s=—9: 0:53 Mon Sep 3 05:37:21 2018
him:s=-9: 1:46 Mon Sep 3 05:38:14 2018
him:s=-9: 3:31 Mon Sep 3 05:39:59 2018
him:s=-9: 6:59 Mon Sep 3 05:43:27 2018
him:s=-9:14: 5 Mon Sep 3 05:50:33 2018

6 THiiil > 72 SE Rk R

Moves to Success are
N1<-E1<-N3<-W1<-N1<-E3<-N3<-W1<-W3<-W3<-

903553330 states have been generated and searched. Hour:min:sec=-9:22:38

B9 S ESEERR DB
Fig.9 Example of Depth-first Search
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DN EEDDLON I VDOTIE?

A FO@EY IZEBNET.

Q. (RJEMN) (% 2R3 5D LD T &I RERIE N EK
5 FHEMEIX 2

A YRz oARENEE S Y £

8. HhHYIC

ARG THRA_FZZ 2L, FO@Y Tho.
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1000000000 states are generated and 149103 are deleted, 112000.00 MB used. h:m:s=-9:27: 6 h:m:s= 6: 3:34
1073741824 states are generated and 156814 deleted, 120259.08 MB used. h:m:s=-9:29:14 Mon Sep 3 06:05:42 2018
2000000000 states are generated and 228167 are deleted,  224000.00 MB used. h:m:s=-9:57:12 h:m:s= 6:33:40

3000000000 states are generated and 281544 are deleted, 336000.00 MB used. h:m:s=-8:29: 6 h:m:s= 7: 5:34
4000000000 states are generated and 322637 are deleted,  448000. 00 MB used. h:m:s=-7: 3:55 h:m:s= 7:40:23
5000000000 states are generated and 381346 are deleted, 560000.00 MB used. h:m:s=-7:37:16 h:m:s= 8:13:44
6000000000 states are generated and 423859 are deleted, 672000.00 MB used. h:m:s=-6:10: 4 h:m:s= 8:46:32
7000000000 states are generated and 480551 are deleted, 784000.00 MB used. h:m:s=—-6:38:19 h:m:s= 9:14:47
8000000000 states are generated and 524154 are deleted, 896000.00 MB used. h:m:s=-5: 8: 4 him:s= 9:44:32
9000000000 states are generated and 592810 are deleted, 1008000.00 MB used. h:m:s=-5:42:37 h:m:s=10:19: 5

10000000000 states are generated and 704219 are deleted, 1120000.00 MB used. h:m:s=-4:17: 1 h:im:s=10:53:29
11000000000 states are generated and 848857 are deleted, 1232000.00 MB used. h:m:s=—4:48: 5 h:m:s=11:24:33
Success!

E U N S D W
EEE UUU NNN SSS DDD WWW IRz o 1
EEE UUU NNN SSS DDD WWW
EEE UUU NNN SSS DDD WWW

Moves to Success are

N1<-E1<-N3<-W1<-N1<-E3<-N3<-W2<-W2<-W3<-

12000000000 states are generated and 986436 are deleted, 1344000.00 MB used. h:m:s=-3:24:53 h:m:s=12: 1:21
13000000000 states are generated and 1063428 are deleted, 1456000.00 MB used. h:m:s=-3:58:14 h:m:s=12:34:42
Success!
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Moves to Success are
W2<-D3<-E2<-D1<-W1<-D3<-E2<-D1<-W2<-W3<~

14000000000 states are generated and 1106233 are deleted, 1568000.00 MB used. h:m:s=-2:37:32 h:m:s=13:14: 0
15000000000 states are generated and 1162068 are deleted, 1680000.00 MB used. h:m:s=-1:11:23 h:m:s=13:47:51
16000000000 states are generated and 1205856 are deleted, 1792000.00 MB used. h:m:s=-1:47:31 h:m:s=14:23:59
17000000000 states are generated and 1261641 are deleted, 1904000.00 MB used. h:m:s= 0:23:12 h:m:s=14:59:40
18000000000 states are generated and 1304418 are deleted, 2016000.00 MB used. h:m:s= 0:58:18 h:m:s=15:34:46
19000000000 states are generated and 1350518 are deleted, 2128000.00 MB used. h:m:s= 1:34:11 h:m:s=16:10:39
20000000000 states are generated and 1432616 are deleted, 2240000.00 MB used. h:m:s= 2: 9:49 h:m:s=16:46:17
21000000000 states are generated and 1531720 are deleted, 2352000.00 MB used. h:m:s= 2:46:17 h:m:s=17:22:45
22000000000 states are generated and 1647333 are deleted, 2464000.00 MB used. h:m:s= 3:21:55 h:m:s=17:58:23
23000000000 states are generated and 1656265 are deleted, 2576000.00 MB used. h:m:s= 3:56:59 h:m:s=18:33:27
24000000000 states are generated and 1686537 are deleted, 2688000.00 MB used. h:m:s= 4:32:11 h:m:s=19: 8:39
25000000000 states are generated and 1733584 are deleted, 2800000.00 MB used. h:m:s=5: 8: 5 h:m:s=19:44:33
Success!
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Moves to Success are
N1<-E1<-N3<-W1<-N1<-E3<-N3<-D1<-D3<-W3<-
26000000000 states are generated and 1829834 are deleted, 2912000.00 MB used. h:m:s= 5:43:27 h:m:s=20:19:55
27000000000 states are generated and 1838728 are deleted, 3024000. 00 MB used. h:m:s= 6:18:50 h:m:8=20:55:18
Out of memory in copyState.
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Fig.10 Example of Depth-first Search (following Fig.9)
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Hello, Rubik's Cube world
enum cell is 1 byte.

enum cube is 54 byte.
struct state is 80 byte.
Type filename of datafile.

Datafile is Permute3Corners. cub
E ] N S D W
EEU UUS WNE USS DDD NWW 3 T A BB & 7 fRE
EEE UUU NNN SSS DDD WWW
EEE NUU NNN SSS DDD WWW
Dummy node z=710873d0, 80byte

1 nodes at level 0, total 1, 0 deleted. time -9: 0: O,Fri Sep 21 08:28:14 2018

18 nodes at level 1, total 19, 0 deleted. time -9: 0: O,Fri Sep 21 08:28:14 2018

306 nodes at level 2, total 325, 18 deleted. time -9: 0: 0,Fri Sep 21 08:28:14 2018
5472 nodes at level 3, total 5797, 54 deleted. time -9: 0: O,Fri Sep 21 08:28:14 2018

8192 states are generated and 64 deleted, 0.92 MB used. h:m:s=-9: 0: O Fri Sep 21 08:28:14 2018
16384 states are generated and 96 deleted, 1.84 MB used. h:m:s=-9: 0: 0 Fri Sep 21 08:28:14 2018
32768 states are generated and 164 deleted, 3.67 MB used. h:m:s=-9: 0: 0 Fri Sep 21 08:28:14 2018
65536 states are generated and 296 deleted, 7.34 MB used. h:m:s=-9: 0: 1 Fri Sep 21 08:28:15 2018
98100 nodes at level 4, total 103897, 450 deleted. time —9: 0: 1,Fri Sep 21 08:28:15 2018
131072 states are generated and 491 deleted, 14.68 MB used. h:m:s=-9: 0: 1 Fri Sep 21 08:28:15 2018
262144 states are generated and 643 deleted, 29.36 MB used. h:m:s=-9: 0: 1 Fri Sep 21 08:28:15 2018
524288 states are generated and 998 deleted, 58.72 MB used. h:m:s=-9: 0: 1 Fri Sep 21 08:28:15 2018
1048576 states are generated and 1706 deleted, 117.44 MB used. h:m:s=-9: 0: 2 Fri Sep 21 08:28:16 2018
1763496 nodes at level 5, total 1867393, 2754 deleted. time —-9: 0: 3,Fri Sep 21 08:28:17 2018
2097152 states are generated and 3034 deleted, 234.88 MB used. h:m:s=-9: 0: 4 Fri Sep 21 08:28:18 2018
4194304 states are generated and 4388 deleted, 469.76 MB used. h:m:s=-9: 0: 6 Fri Sep 21 08:28:20 2018
8388608 states are generated and 7071 deleted, 939.52 MB used. h:m:s=-9: 0:12 Fri Sep 21 08:28:26 2018
16777216 states are generated and 12706 deleted, 1879.05 MB used. h:m:s=-9: 0:24 Fri Sep 21 08:28:38 2018
33554432 states are generated and 23942 deleted, 3758.10 MB used. h:m:s=-9: 0:47 Fri Sep 21 08:29:01 2018
31721688 nodes at level 6, total 33589081, 23994 deleted. time —-9: 0:50,Fri Sep 21 08:29:04 2018
67108864 states are generated and 34068 deleted, 7516.19 MB used. h:m:s=-9: 1:37 Fri Sep 21 08:29:51 2018

134217728 states are generated and 52558 deleted, 15032.39 MB used. h:m:s=-9: 3: 9 Fri Sep 21 08:31:23 2018
268435456 states are generated and 91504 deleted, 30064. 77 MB used. h:m:s=-9: 6:19 Fri Sep 21 08:34:33 2018
536870912 states are generated and 169394 deleted, 60129.54 MB used. h:m:s=-9:12:42 Fri Sep 21 08:40:56 2018
570824352 nodes at level 7, total 604413433, 190026 deleted. time -9:15:18,Fri Sep 21 08:43:32 2018
Success!
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Moves to Success are

N1<-E1<-N3<-W1<-N1<-E3<-N3<-W3<-
903553330 states have been generated and searched. Hour:min:sec=—9:22:38

B 11 LOUIEO BRG]
Fig.11 Example of level-first search
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FEE AXFETE LV AT AARICEEDIA N TV RIS

SBOBBE L LTI, OWTC, EHEARFRE R L TR nev v a -
a) TERERMZZFIEET VI AMMETLHIL ¥ U RVRICGEA CREHOEEERTS.

b) JERE TR B ERE a2 s 92 &

0 WEET ST MBI B RO & L SEXM

d) RN TV < B AL [1] http://news.nicovideo.jp/watch/nw3552013

[2] https://rubikcube.jp/history/

[3]1 http://www.cube20.org/

[4] AHZE XNAILLDL—E Y7 Fa—T VAT LD
SNA—Ey s Xa—TIlBF ¥ 2T OREEOEL -
KA 2GRS, 2012
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