Cube Synthesizer 3

Introduction

CubeSynthesizer3 is a computer program written in Excel VBA that can be used to find algorithms for animated
3x3x3 calendar and picture cubes. These are solved for a single face out of six to display pictures or patterns on
a selected front face.

A way of solving a single face is first to move a center to the front by rotating the cube and then to solve the front
face row by row. By twisting and rotating some parts of the cube, it is possible to move selected facelets from
any face to the front face. Note that each letter, number or symbol on a solved face should have the right
orientation, i.e. should generally be oriented North (0°).

Maneuvers used for twisting and rotating parts of a cube are coded as a series of letters called an algorithm. An
algorithm is then a code for a sequence of moves used to change the state of a cube from an initial (unsolved)
state to a final (solved) state.

The initial state of a cube is given by a particular layout of letters, numbers and symbols shown on the cube
texture whereas the final state is given by what we would like to see displayed on a selected front face. This is
where we would need a software tool for automatically generating an algorithm to set the cube to a user-selected
final state. This is what is called synthesis, which is just the reverse of analysis. and the software tool to do this is
called a Synthesizer. The Synthesizer input data is the final state data. Basic algorithms extracted from a
previously generated DataBase are used to change the state of each front face facelet from an initial to a final
state. Synthesized algorithms are then simply basic algorithms that have been concatenated.

Scalability

All CubeSynthesizer3 core subroutines are N-scalable, ie. can be re-used for any higher order cube simply by
updating the 'cubeOrder' variable.

CubeSynthesizer3 — 3x3x3 Cube Examples

Numbered Cube Polish Calendar Cube Romanian Calendar Cube

Download CubeSynthesizer3 — Microsoft Excel 2007
http://www.mementoslangues.fr/CubeDesign/CubeSynthesizer/CubeSynthesizer3.xlsm
Type Ctrl + Shift + S to start the program and Ctrl + Break to stop it if execution time is too long.
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User Input Form

CubeSynthesizer3 — User Input Form — Polish Calendar Cube
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Code Controles XML Modifier
‘ Al hd 15(‘ CubeSynthesizer3 - 3x3x3 Cubes - Developer's Version 1.0 E
A B 5 D E F G H 1 J K L M N (o] i
1 [CubeSynthesizer3 - 3x3x3 Cubes - Developer's Version 1.0 | |
2 Polish Calendar Cube - (C) 2009 www.mementoslangues.fr
3 2562 Algorithms Synthesized. Index Moves Weekdays Days  Months
4 MFUMFU2BURBR ] 9 Sunday 1 January
5 1 0 Monday 1 January
6 RB'R'U'B'MF2 U2 MFU" 2 9 Tuesday 1 January
7 MFU MFBURBR' 3 8 Wednesday 1 January
8 RB'R'U'B'UB MRB2 MR 4 10 Thursday 1 January
9 |RB'RU'B'UMRBMR Cube Synthesizer Input Form 1 January
10 U'MFBURBR' 1 January
11 CU'R'B'RD'MFB'DRMF2L'BSR'U'B2UFU ' MF2UF' Calendar Cubes ] 2 January
12 CU'SRBSR'U' MF U MR' MU MR SR’ B' SR B2 MR’ B2 MR 2 January
13 |CU'R'MFLB SRD'MFDBMUB2 MU' BU'B' UMRB2 MR' L' D'B2D L Lenguages 2 January
14 |CU'R' B'R D' MF B'DRMF2 L' BSR' U' MF* B2 U L' MF2 L @® Polish 2 January
15 |CU'R'B'RD'MFB'DRMF2 L' BSR'UMF2 U2 LU'L' U2 ' MF' L  Romanian 2 January
16 CU'MR'MUMRU'B'UMF'UMFU'L'DL'D'L25R'B'SRDMF L' DL D2 2 January
17 CU'R'B'RD'MFB'DRMF2L'BSR' U' MF B2 U MU B MU* Algorithm 2 January
18 |CUSR' B SRD' MF D MR MU' MR L' B'LUMF U'RBR' I evasarnl 3 January
19 CUL' MF RB'SR'U' MF U SR' B SR MF D' MF' DR’ MF' R 3 January
20 |CUSR'BSRD'MFDMR' MU' MRL"B'L MF U MF' L'B2 LU g January
21 CUSR'BSRD'MFDMR MU' MRL'B'LRBR' oK 3 January
22 CUSR'BSRD'MFDMR MU MRL'B'LU"MF2 U2 MFU2L'B2LU 3 January
23 [CUSR'BSRD'MFDMR MU' MRL B'LMF' UMFU2L'B2LU 3 January
24 CUSR'BSRD'MFDMR' MU' MRL'B'LFR'MF2RF'RBR' 3 January
25 |CR'FD'MF2DF D'B'MF D2BD'L"MF2LU 'B2 LU2 MF2 U' "B L ¥ 4 January
26 | CR"MF'L MF L"SU'B SU MU' MR MU SU B' SU'R' MFR 22 16 Monday 4 January
27 CR'FD'MF2DF'D'B"MF D2BD'L"MF2LU'B'UMRB MR'UB U’ 23 23 Tuesday 4 January
28 |CR'DBD2 MFB'DMU BMUUB' U"MRB2 MR RB R MF L' MF' L 24 22 Wednesday 4 January
29 CR'DBD2 MFB'DMU'BMUUB' U2 MFLU'L' U2 MF L' MF' L 25 21 Thursday 4 January
30 |CR"MF'LMFL'D B U"B' D' MF2 U2 MF D' B* SU’ D B D2 MF D MU’ B' MU 26 23 Friday 4 January
31 |CR'D B D2 MF B' D MU' BMU U B' U2 B2 U MF L' MF' L 27 13 Saturday 4 January
32 CRDBD2MFB' DBMU'B2MUBL B'L2U'MF2U L' U'B2 UB' MUB' MU' 28 25 Sunday s January
33 |CR"MF' L MF L' SU'B SU MU' MR MU SU B' SU' MU" B2 MU 29 16 Monday 5 January
34 |CR"SUB' U2 MF2 UD2 B U'B' SU L' MF SR' MF R MF' D MF B D' 30 20 Tuesday B January
35 |CR"MF' RMFR'D'B'MFD2BD'B2 MUB2 MU' U'L"B2LMF2UL'B'L 31 23 Wednesday 5 January
36 |CR"SUB'DRMF R SU"BU'B'SU L' MF SR' MFR D' MF D2 B D' 32 21 Thursday 5 January
37 CR'SUB'SU'U'MF2 U2 MFSU'B U'B'SU L' MF SR' MFRD'MF D2 B D' 33 22 Friday 5 January
38 CR'DBD2MFB' DBMU B2 MUBL B'LU B2 UB MUB' MU' 34 21 Saturday 5 January
39 CU2B2MUB2MU'RB'R'B'MRB MR'L'BLMU B2MUBD'B'MFD2LB2L'D 35] 26 Sunday 3 January
40 CU2L'D'B'DB'LB2MRB2 MR'RB2R'L'MF' LDL'D LD MF RD'R D2 MU' B' MU 36 29 Monday 6 January
A1 C112 B2 MIFRY AL DL DR L' D MENR'R? SR ME' L LI R MED 111'R1 27 2% Tuecda I3 lanuan: ¥
M <« » M| Algorithms < DataBase_Algorithms DataBase_CubeStates 72 [ m B

[ Microsoft Excel - Cub.

The Polish calendar cube has been selected on the Input Form and 2562 algorithms have been synthesized.

CubeSynthesizer3 — User Input Form — Romanian Calendar Cube

CubeSynthesizer3 - Microsoft Excel
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‘ Al hd 15(‘ CubeSynthesizer3 - 3x3x3 Cubes - Developer's Version 1.0 E
A B 5 D E F G H 1 J K L M N (o] i
1 [CubeSynthesizer3 - 3x3x3 Cubes - Developer's Version 1.0 | |
2 Romanian Calendar Cube - (C) 2009 www.mementoslangues.fr
3 2562 Algorithms Synthesized. Index Moves Weekdays Days Months
4 "MRB2ZMR'ULUL'BU™, ] 9 Sunday 1 January
5 N 1 0 Monday 1 January
6 "UB'U'L'BL", 2 6 Tuesday 1 January
7 "L'BLUBU2MF2U2MFU™, 3 10 Wednesday 1 January
8 "SRBSR™, 4 3 Thursday 1 January
9 "RBR'UMF2U2MFU'L'D'B2DL", o 1 January
MFUBL'B'L", 1 January
11 "DB'D'R'B'RBMRB2ZMR'L'B'L", Calendarcuhes] 2 January
12 "DB'D'R'B'R", 2 January
13 |"UB'U'UB'LDBD'R'B'R", Lenguages 2 January
14 "DB'D'R'B'SRBLUBU2MF2U2MFU™,  Polish 2 January
15 "SRBSR'DB'D'R'B'R", @ Romanian 2 January
16 "DB'D'R'B'RU'B'U2B2U2MF2U2MFU'RBR", 2 January
17 "DB'D'R'B'RMRBMR'L'B2L", Algorithm 2 January
18 "R'BRDBSUMF2U'L'D'B2DL", 7 Javascript 3 January
19 "R'BRDBD™, 3 January
20 |"UB'U'L'B'SR'BRDBD™, g January
21 "R'BRDBD'L'BLUBU2ZMF2U2MFU"™, 3 January
22 "SRBSR'R'BRDBD™, 3 January
23 |"RBR'U'MF2U2MFU'L'D'B2DSR'BRDBD™, 3 January
MFUBL'B"SR'BRDBD'"", 3 January
B'SRD'B'DB'LU'MF'U", ¥ 4 January
B'R", 22 3 Monday a January
B'RUB'U'L'B'L", 23 9 Tuesday 4 January
B'SRBLUBU2MF2U2MFU™, 24 12 Wednesday 4 January
29 "R'B'RSRBSR™, 25 6 Thursday 4 January
30 "RBR'U'MF2U2MFU'L'D'B2DSR'B'R", 26 15 Friday 4 January
31 |"U'MFUBL'B'SR'B'R", 27 9 Saturday 4 January
32 "DLB2L'SUMF2B'U™, 28 8 Sunday 5 January
33 "DLB2L'D", 29 5 Monday 5 January
34 "DLB2L'SUB'U'L'B'L", 30 10 Tuesday 5 January
35 "DLB2L'D'L'BLUBU2MF2U2MFU™, 31 15 Wednesday 5 January
36 "RBR'UBSU'B2D™, 32 8 Thursday 5 January
37 "DLB2L'D'U'B'U2B2U2MF2U2MFU'RBR™, 33 17 Friday 5 January
38 "DLB2L'D'B'UBU2MF'U", 34 11 Saturday 5 January
D'R'DB'RU'MF'U2B'U™, 35 11 Sunday [ January
40 "R'D'R'DBR", 36 6 Monday 6 January
A1 "LRULPURT DRI 27 a Tuacda I3 lanuan: ¥
M <« » M| Algorithms < DataBase_Algorithms DataBase_CubeStates ¥ | m B

=
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crosoft Excel

The Romanian calendar cube and the JavaScript output format have been selected on the Input Form.
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Algorithm Length Optimization

A center facelet is moved to the front face simply by rotating the cube. All other facelets are individually moved to
the front face, using algorithms that will not modify other facelets of the front face. This means that facelets can
just be moved to the front face in any order. By dividing the front face in 3 parts A, B and C, half algorithms for
parts A and B can be concatenated in just 8 different ways to give the fewest move compound algorithm.

The cube front face is divided into 3 parts:

- Part (5! facelets numbered fromm + 1 to M

- Part/i\: facelets numbered from 0 to m
- Part [

: center facelet with number m

Cube Partitioning — 7x7x7 Cube

3
+
-_—

Front Face Center Number — m

3 5 7 N (odd) 4 6 N (even)
4 12 24 (N*—1)/2 5 14 27 (N>=N-2)/2
M=N*-1
Half Algorithm Combinations
Half Algorithms Start Stop Step Combinations Index

0 m - 1 +1 0
m + 1 M +1 (B—) (A—) 1
0 m - 1 +1 (A—) (—B) 2
M m + 1 -1 (—B) (A—) 3
m - 1 0 -1 4
m + 1 M +1 5
m - 1 0 -1 (—A) (—B) 6
M m + 1 -1 (—B) (—A) 7
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DataBase Algorithms — 3x3x3 Cubes

A DataBase of 240 basic algorithms has been generated for 3x3x3 cubes using AlgorithmFinder3. The algorithm
indexing is based on a new cube numbering scheme, where facelets are numbered according to the group they

are in.

Cube Synthesizer 3

DataBase Algorithms — 3x3x3 Cubes

Algorithms

CF

CF2

CF'

CuU

CU CF
CU' CR2
CU CF'
CR'
CUCR'
CU2 CR'
CU' CR'
cu'
CU'CF
CU' CF2
CU' CF'
CR

CU' CR
CU2 CR
CUCR
Ccu2
CuU2 CF
CR2
Cu2 CF'

MU' MR' MF MU MR
MU' MF' MU2 MF' MU'
MU' MR MF' MU MR

URMF'R'U
D'UMF2UD
LUMFU'L

URMFR' U

D'R'MF'RD
L'R"MF2RL
D'UMF2UD
D'R'MFRD

DLMF'L'D
LUMF UL
L'R'"MF2RL
DLMFL'D

DBU'B'SU
D'uU'B2DU
L'B'RB SR
U'B'DBSU

LBR'B'SR
DuB2D'U
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D'u'B2D U
R'B'L B SR

UuBD'B'SU
RBL'B'SR
buB2D'U
D'B'UB SU

MU MR' MU' MR
MR' MF MR

MF' MU MF' MU'
MR MF' MR'

MF U'MF' U
MR B MR'
UuMF2 U'
UR'MF2R U
FD'MF2DF'
R'MF R
FUMF2U'F
R'MF2 R2 MF R'
D'MF2 D
MR'B' MR

MF' D MF D'
D'RMF2R'D
L' MF' L

B' MU B' MU'

L MF L'

MR' MU MR
RBR'

BU' B'U
R'B'R2B2 R
UBURBR
B'DBD'
R'B'R
DB'D'R'B'R
RBR2B2R
D'B2D

LB'L

SR'B' SR
D'RB2R'D
L'BL

uB2U'

UR B2RU'

SR B SR

MR' MU' MR MU
MU' MF MU

MF' MR' MF' MR
MU MF' MU'

U' MF U
FFLMF2L'F

U' MF2 U2 MF U'
FR MF2RF
MU' B' MU

MF' R MF R’
UR'MF2R U
R'MF2 R
B'MR'B' MR

D MF D'

MU' MR' MU

D' MF' D
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MU B MU'

L MF2 L'

LU MF2UL
MF L' MF' L
U'B'U
RB'R'UB'U
uBuUu2B2U
B'RBR'
DB'D'

SU'B' SU
UR'B2R U
R'B2R
LB2L
LuB2UL
SU B SU'
D'BD
BL'B'L
U'B'U2B2U'
L'BLUBU
uBU

MU' MR' MU MR
MR MF MR’
MF' MU' MF' MU
MR' MF' MR
MF' U MF U'
LU MF2UL
U'MF2 U

MR B' MR'

R MFR'

MR' MU' MR
R'MF'R

B' MU' B' MU
D MF2 D'
DL'MF2LD'
MF D' MF' D
MR'B MR
FDMF2D'F
L' MF2 L2 MF L'
FUMF2UF
L' MF L

SR B' SR’
LuB2UL
u'B2U
RB'R'
DL'B2LD
SR'B SR
R'BR
DB2D
L'B'L2B2 L
D'BDLBL
LBL'
BD'B'D
UB'UL'B'L
LBL2B2L
B'UBU'
L'B'L

MR MU' MR' MU
MU MF MU'
MF' MR MF' MR'
MU' MF' MU
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MU' MR MU
U' MF' U
B'MR B' MR’
U MF U
D'RMF2R'D
MF R"MF'R
MU' B MU
RMF2R'

D' MF2 D2 MF D'
FL'MF2LF
D'MF D
FFRMF2R'F
DL'MF2L D'
L'MF2 L

MU B' MU'
MF'L MF L'
SU'B SU
Uu'BU
RB2R'
D'RB2R'D
R'BRDBD
DBD'
BR'B'R
D'B'D2 B2 D'
DBD2B2D
B'LBL
D'B'D
LB'L'D'B'D
DL'B2L D'
L'B2L

uB'U

SuU B' SU'

MR' MF2 MR
MU' MR MF MU MR
MU MF2 MU'
MU' MR' MF' MU MR
MR B2 MR’

B' MR B2 MR’
B2 MR B2 MR'
B MR B2 MR'
B' MU' B2 MU
B2 MU' B2 MU
B MU' B2 MU
MU' B2 MU
B2 MR' B2 MR
B MR'B2 MR
MR' B2 MR

B' MR'B2 MR
B MU B2 MU'
MU B2 MU'

B' MU B2 MU'
B2 MU B2 MU'
RDBD'BR
U'Lu L'u2
UL'BLBU
UuLB2LU
DL'DLD2
R'D'R'DB'R
DLB2L'D
DLBL'BD
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D'L'D'LB'D
D'L'D2LD
LDLD'BL
D'RD'R'D2
L'D'B2DL
uLuL'BU
L'DL'D'L2
L'D'B'DB'L
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