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B9 ¥ Edge-First Method
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#9345 Ortega Corners-First Method

By Victor Ortega and Josef Jelinek

This solution method orients cubies before positioning them. The idea is that it is easier to
permute cubies after they've been oriented than before orienting them, because once the
cubies have been oriented, the facelet colors that determine their permutation make easily
identifiable patterns on the cube. Orienting cubies, whether done before or after positioning
them, is always easy because orientation requires focusing on only one face color and on the
patterns that that color makes on the cube. For middle-slice edges on the last layer, permuting
cubies after they've been oriented is a very simple affair, thus reinforcing this principle.

Stage I: Solve the corners
1. Orient U corners

£

)

You should be able to manage this on your own. Don't worry about positions--all corners will be
permuted in step 3. You should be able to orient U corners in 6 moves or less. For the greatest
speed and efficiency, try to do this in one look.

F

2. Orient D corners

Rotate the whole cube so that D becomes U. Orient the corners depending on which of the
seven patterns below you see:

letter T pattern:

RUR U F U F

letter L pattern:
FRFURUR




sune pattern #1:
RU2R U RU R

A
Y

sune pattern #2:
RUR URU2FR
(inverse of #1 in both respects)

A
Y

letter pi pattern:
RUR2F R2UFR

A
Y

letter U pattern:
R FP U FUR

A
9

letter H pattern:
R2 U2 R U2 R2

A
9

3. Permute all corners, by method of number of solved "'edges"’

If two adjacent corners are positioned correctly relative to each other, it's a right pair.Count the
right pair and proceed with one of the following sequences:

<

V.4

0:
F2 R2 F2

1 (DB solved):
RU FU2F UFR
((UB solved): R UR B2RU R

. 2 (DB and UB solved) :

R R2 U F2 U2 R2 U R2

S N
@ 9@ 9@
7



7

. 4 (D solved):

R F20U RU R UF2URUFR

F

4o
S

5 (UF not solved):
RU RF2R URF2R2

Stage I1: Solve the edges

4. Solve three U edges
5. Solve three D edges
6. Solve one more U or D edge, depending on which is easier

PR

F R

<

7. Solve last U edge, orient middle layer

a) U edge in the middle layer

In the diagram below, edges A, B, or C are oriented correctly (C) if that facelet's color matches
the adjacent center or the opposite center. Otherwise it's incorrectly oriented (I).

PN

<

B (facelet D belongs in facelet position B)
D Al 1€l ("adjacent center” between A and ()




Edg

Edg

Edg

Pattern

Sequence
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b) U edge in position but twisted

There will be 1 or 3 twisted edges in the middle layer:

g h FR twisted:

F 4 RU2R == R2 < R U02F

’ h FR not twisted:

F R R & R & R & R

<>

¢) U edge solved

There will be 0, 2, or 4 edges twisted in the middle layer:

i

Q 2 adjacent (FL and FR):

F R R2F & F R2F & F

>

12




ﬂ h 2 opposite (FL and BR):

F R F & F R2F 4 F R2

all four:
RF2R2 = R = RF2R2 = R

F R all four, when all edges are positioned correctly:

@ FUPF(> RA4F UF

8. Position middle layer

4
i
4
<>
4
i

send FR to BL, BL to BR, and BR to FR:
R2 ¢ R2 ()

exchange centers with opposites:

¢F & $F (D)

exchage FR with BR, FL with BL:
R2 == R2 (D)

13



¥ F3 8355 Method
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%53 CFOP Method
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Fridrich Method Tutorial

Shotaro Makisumi (Macky)

Invented by Jessica Fridrich in the early 1980s, the Fridrich Method gained popularity among the second
generation of speedcubers when it was published online in 1997. By far today's most popular speedcubing
method, it is used by most world-class speedcubers with minor modifications.

. Moves Time
Step Description
(Average) | (Average)

The four edges of one layer are placed. (In the applet to
Cross ) 8 2 sec
the right, the cross has been made on the bottom layer.)

First Two Layers |Completes the first two layers by fixing the four

(F2L) corner-edge pairs between the cross edges in four steps,
. ) . 7x4 = 28 7 sec
one slot at a time. 41 standard patterns counting mirrors

(Advanced F2L) for corner-edge pairs.

Orientation of
Last Layer (OLL) |Corrects the orientation (flip) of all last layer pieces in one
step so that every piece has the last layer color on top. 57 9 2 sec
printable page patterns counting mirrors and inverses.

applets page

Permutation of

Last Layer (PLL) |Corrects the permutation (placement) of all last layer

pieces in one step. 21 patterns counting mirrors and 11 2.5sec
printable page inverses.
applets page
Total 41 F2L and 78 last layer algorithms to memorize 56 13.5 sec

Cross

The goal of this step is to form a cross on the bottom layer by correctly placing the four edge
pieces around the bottom center. Unlike the other steps of the Fridrich method, the cross is
solved almost entirely intuitively. You should try to plan your cross solution in the 15 seconds of
inspection given before each solve.

A key fact to understand about the cube is that it consists not of 54 independent stickers, but
rather of 8 corner pieces (3 stickers each) and 12 edges (2 stickers each), together called

the cubies. Because stickers always remain on the same cubie, it is not enough to place the
blue stickers on the blue face. We must make sure that each edge cubieis in its correct spot.

First Two Layers (F2L)

18




After cross comes the F2L (First Two Layers), arguably the most important step of Fridrich
Method. This step completes the first two layers by fixing the four corner-edge pairs (slots)
between the cross edges in four steps, one slot at a time. There are 41 basic "algorithms" to
insert a corner and its corresponding edge into their correct spot in the correct orientation.
However, most of these are short and intuitive compared to the last layer algorithms.

Because the four pairs can be solved in any order, F2L is a relatively flexive step and allows for
many time-saving techniques. First take a look at Getting Fast with an Easy Method for such
techniques in the simpler setting of layer-by-layer. Also, rather than blindly applying the
algorithms, it is important to understand how each one works. Consider learning the F2L
intuitively first fromDoug Reed's guide and then comparing your algorithms with my list or with

those at cubeloop.com.

This page first lists the 41 standard F2L cases with target slot FR. Each is written as I would
perform it, making ample use of double layer and whole cube turns. Where appropriate, I have
provided multiple algorithms. While one per case will suffice, one algorithm is often better than
the other from a certain angle. The rest of the page explains some techniques that require no
extra algorithm. To really master F2L, I recommend that you work on these techniques at the
same time as you learn the algorithms.

More advanced techniques, requiring new algorithms, are covered in Advanced F2L.
Orientation of Last Layer (OLL)

The first of the two-step last layer and the least important of all steps in the Fridrich method,
OLL corrects the orientarion of all last layer pieces in one step so that every sticker on top has
the top layer color. Permutation is usually not preserved.

These are my current OLL algorithms with pattern codes from JSCC. The picture represents the
top face of the cube after F2L, where a gray square or a black bar on the side indicates a sticker
with the last layer color. The algorithm is applied after placing the last face on top. See

the Applet Page if this doesn't make sense. Most of these algorithms have been taken or are
based on other cubers' algorithms. Try the OLL algorithms in these sites to see which one you
like best.

Permutation of Last Layer (PLL)

PLL, the last step of the Fridrich Method, permutes the last layer pieces without disturbing their
orientation. There are 21 patterns including mirrors and inverses, much less than for OLL.
However, on average a PLL is longer than an OLL. Go as fast as you can on PLL. Your initial goal
should be sub-2.5 sec for 1 execution (sub-10 for 4 consecutive executions) for each pattern.

Here you can find the algorithms I use. I will probably continue to update this list as people
discover better algorithms. Do check out other cubers' lists and find your best match. Since PLL
is often where you can personalize the fingering, try different ways to perform the same

19



algorithm by chunking into different substeps or by changing when to regrip. Keep in that you
don't need to worry about whole cube turns and that you need to put down the cube to stop the
timer.

Cross
R' R2 R FR2 RFR R'FR
R'FR'B'R2 R'FR' R'FR'B' RFR' RF B'R'

20



F2L

Bl B2

7, .
Z) -
&

URURUFUF UFUFURU'R' F2U'F2U'F2 U2 F2 RUR FU2F

C1 C2 D1 D2

€
&
€

RU2RUR'URU2R2 R2U2R'U'RU'R'U2R FUFULULF2 RU'RUBU'B'R2

El E2 F1 F2

FUF2R' FR RU'R2FRF UFUFRUR URURFUF

Gl G2 H1 H2

&
&

UFUFU2FUF URURU2RUR' UFUFURUR URURUFUF

J1

@=
@5
&

UFUF URUR UFU2FU' RUR' URU2R'UFUF
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K1 K2 L1 L2

RURU2FUF FUFU2RUR' URURURUR' UFUFUFUF

M1 M2 N1 N2

<
<
<

RURB'R'BU2R FUFLFLU2F FUZFUFUF RU2R'U'RUR'

Q1 Q R1 R2

&
&

UFUFU2FUF URUR U2RU'R' UFUFURUR' URURUFUF

S1 S2 T1 T2

UFU2FU2FUF U RU2R'U2RU'R' RUR FUF

U1 u2 V1 V2

UFU2FUFUF URU2R'URU'R’ U2RURURU'R' U2FUFUFUF

RU’2R’U RU’2R’UF'U’F
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OLL

RwU-R'URU2'RW'

1 2
I RU2-R2'FRF'U2'-R'FRF' F-RUR'U'-F'-Fw-RUR'U'-F'w
3 4
I R'RwU-Rw'U2-RwU-R'UR2RW' R'U2x-R'URU'Y-R'U'R'UR'F
5 6
Lw'U2'LUL'ULw RWU2'R'U'RU'RW'
7 8

Lw'U'-LU'L'U2Lw

FU'F-LFL-U-LFL'

10

FUF'-R'FR-U'-R'FR

11

L'R2BR'BR-B2R'BR'L

12

F-RUR'U'-F-y-F-RUR'U'-F'

13

LFL-U'-LFL'-F'UF

14

R'FR-U-RFR-FUF'

L'B'L-R'U'RU-L'BL

RBR'-LUL'U'-RB'R’

23




17 18

RUR'U-R'FRF'U2-R'FRF' I RU2-R2'FRF'-U2'RWR'URU'RW'
19 20

MU-RUR'U'Rw-R2'FRF' MU-RUR'U'-RwW2R2'URU'RW'
21 22

RU-R'URU'R'UR-U2R' I RU2'-R2'U'R2U'R2'-U2R
23 24

L2wU'R-D2-R'UR-D2R RWUR'U'RW'FRF
25 26

Lw'U'L'U-RU'LUX' L'U'LU'L'U2L
27 28
RUR'URU2R! RWUR'U'R-RW'URU'R’

29 30

B'R'B-L'-B'R2B'-R'B2L I BLB'-R-BL2B-LB2R'
31 32

L'D'w-RDw-LU'L'B'L

RDw-L'D'w-R'URBR'

24




33 34
RUR'U-R'FRF' RUR'U'(x)-D'-R'UR-E'
35 36
RU2-R2'FRF-RU2R' R'U'RU'R'URU-RB'R'B
37 38
B'RBR'-U'R'UR LUL'ULU'L'U"-L'BLB'
39 40
LFL'U'LUFU'L' R'FRUR'U'F'UR
41 42
RU'R'U2RU(y)RUR'U'F' L'ULU2L'U'(y")L'ULUF
43 44
FwL'U'LUFw FWRUR'U'F'w
45 46
FRUR'U'F' RU-RBR'B-UR'
47 48

F'-L'U'LUL'U'LU-F

F-RUR'U'RUR'U'-F

25




49 50
LwU'Lw2'ULw2ULw"2U'Lw I Rw'URW2U'Rw2'U'R2WURW'
51 52
F-URU'R'URU'R'-F' R'U'RU'R'-Dw-R'URB

53 54

Lw'U'- LU'L'ULU'L'U2-Lw I RwU-R'URU'R'URU2-RW'
55 56

RU2'-R2'U'RU'R'U2'-FRF' I F-RUR'U'RF'-RWUR'U'RwW'
57

RUR'U'-Rw-R'URU'RW'

26




PLL

1 2
R'UR'U-R'U'-R'URUR2 R2UR'URURURUR
3 4
< RB'R-F2-R'BR-F2R2 KN LU'BL-F2LB'L-F2L2
L )
/
i
5 6
UR'U'RU'RU R UR'U RU-R2 UR'U M2UM2U2M2UM2
b
7 8
xUR'U'LURU'-R2WU'RULU'R'U RUR'UR'FR2UR'URURF'
9 10
RUR'U-y-RFR2UR'UR'FRF R'URU'R2'F'U'F-URU'XR2UR'U
11 12
R'U2-RU2-RFRUR'U-R'FR2U' s RU2R'U2-LWU'L'WU'-RULWUL'WR'U
e
13 14
RU2R'U'RU2L'UR'U'L R'UZRUR'U2LU'RUL'
15 16
m
FRU'R'URUR'F-RUR'U'R'FRF' RUR'Y'R2U'WRU'R'UR'UWR2
v
T

27




28

17 18
N ]
R2'UW'RU'RUR'-UWR2FWR'Fw' L'U'LyL2UwL'ULU'LU'wL2
M )
| K 3
19 20
» > R2Uw-R'UR'U'RU'W-R2'B'WRBwW R'UR'FRF'RU'-R'F'UF-RUR'U'R
21
(LU'RU2L'UR")*2U'
%




F-t¥ CFCE

CFCE V£ Guus Razoux Schultz’ s method (Guus F& 82 &) F FH: FLJgE e tn W ZE) .
CFCE 5 CFOP Jjik4%in, XHET G L.
OLL HSRTGTH [ €0, B ANE S ERIALE ; 3235 PLL HOROR T [F) € 10 2514 T 3 & B

(A

CLL ANVE R B, JEMR— a0 R, BIAr EANE ] i[RI A S 4 TR0 Faedk, I ELL J5
%, F0Ar B AN 1 [R] I 3

P ER AR AE S5 2 i NP A /IMESS, BRI RARF, SHR A X1k

CFCE J5¥%.

—.Cross in first layer

—. First 2 Layers

=.Corners of Last Layer
— KPR JE DA R T R AL B 3 42 A

HRUE, 7
TRY®IE
Z ILEERI BT

B

c

=4

R'U'RU'R'U2R

RUR'URUZ2R’

YRUR'URU'R'URU'R'URUZ2R"

R'UL'U2RU'R'U2RL

IYRU2R'-L'U2RU'R'U2R-LU2R’

4y

L'U2LU2LF'L'F

(B3)'

FU2F'U'-R'FRU'R'F'R

(ES)’

[U] A2

B'RBR'U2R'U2R

(c2y

FR'F'RU2RU2R’

(B4)

L'URU'L'-UR2U2RUR'UR

(E3)’

29




LU2L'U2L'BLB* Y'FR'F'RURU'R"
[U2] A2
RU2L'-R'U2RUR'U2L-RU2R"
(C3)' (B2)" (F5)"
R'ULU'RUL® RU'LUR'U'R
[U] A2 F'LFL'U'L'UL
(F3)
sy (B5)

e Jhce JRee

(R'UL'U2RU'L)2

RU2R'FR'F'RU'RU'R’

(cey

(B6)'

R'U2RB'RBR'UR'UR

RUL'R'U2RUR'U2L

Edl

R'U'RU'R'U2-R2-UR'URU2

FR'FR2U'R'U'RUR’F

FRUR'U'RUR'U'F'

RUR'URU'RUR'URU2

F-RU'R'URUR'URU'R'-F'

(Fay'

FR'U'R2U'R2U2RU’
E

(E4)’

RU2R'U'RUR'U2R'FRF*

G2y

R’ R'U2R2UR2UR2U2R*
2
p (Fy
(ELy
R'URU2R'L'URU'L [u2] H4
YRU'L'UR'U2yR'URB R'U2RUR'U'RU2RB'R'B
G4y
(F2) (H4) (G3)'
2
[U']F-RU'R'U'RUR'URU'R'-
R'U2RU'LU2R'URU2L’
F'U'FUFR'F'R F' RUR'URUL'UR'U'L
(D5)" (H5) (G5)"
(D3)
(H2)" (H4)'
3
i 4

F-RUR'U'RU'R'URUR'-F*

(H2) (G3)*

30




[u2] H3
y'RUR'U'R'FRF' RU'L'UR'ULUL'UL
R2D'RU2R'DRU2R
D4y (H3) ' (H5)'
(D2) (H3) (G5)
5
LFUF'U'L’ y'FUF'UFU'RU'R'F y'F-RUR'U'RUR'U'RUR'U’-
F'UFURU2R'FR'F'R
=
(F6)’
(Ge)’
[
NIHEKH speedcubing MISFVERME, H—FERTTE,
(http://www.speedcubing.com/finallayer.html)
| I code:cl|F E | | code: c2| E B | code: c3| FF
£ +
BB FB LR
FR'FR2U'R'U'RUR'F2 F2R2FU'L'ULF'R2F2 F'L2F'R2FL2F'R2F2 (9,14)
(11,13) (10,14)
RU2R2F2D'F'DF'R2U2R* B2L2BR'U'RUB'L2B2
(11,16) (10,14)
" 3 code:c4| R L A code: c5| | A code:c6| R F
L L
FF FR LF
R'URU2R'L'URU'L (10,11) FUF'U'F'LFL' (8,8) LFL'BLF'L'B' (8,8)
FRF'LFR2FRF2L' (10,12) R'F'RB'R'FRB (8.,8)
code: c7| L R code: c8| g E code:c9| g B
£ 3
FF LR BF
L2FU'F'UFUF2L'FL' (11,13) LFUF'U'L' (6,6) R2F2R'B2RF2R'B2R’
LU2L2BD'BDB2L2U2L' RUBU'B'R' (6,6) (9,14)
(11,16)
£ 3 code: cl0| g E I code: cll| E R I code: cl2| | E
. .
BB LF FR
B'UFU'BU2RU'R'F' (10,11) R2D'RU2R'DRUZ2R (9,12) L2DL'U2LD'L'U2L" (9,12)
code: cl3| g g code: cl4| E F code: c15| L R
FB B B FF
= o
" O
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RU2R'U'RUR'U'RU'R'

B'UR2D'RU2R'DR2U'B

R'FRF'U2R2B'R'BR’

(11,12) (11,14) (10,12)
L'FURU'F'L2FR'F'L' (11,12)
e code: cl6| | F
RF
"
F'U'LF'L'F2UFR'F'R (11,12)
code: cl7| g E code: cl8 R L code: cl9| g F
RL FF BB
= o
" O
BU2B2U'B2U'B2U2B (9,14) F'U'FU'F'UL'ULF (10,10) B'RB'R'B2U2L'BLB'
LUFU'F'UFU'F'L' (10,10) FUF'UFU'RU'R'F' (10,10) (10,12)
) 3 code: c20| g B 4+ code:c21| R F 4+ code: c22| g
BF FL RF
L L
R'FRF'U'F2LFL'UF (11,12) B'U2BU2BL'B2U'BUL BU2B'U2B'RB2UB'U'R’
(11,14) (11,14)
code: c23| R E code: c24| E R code: c25| R E
£ ¥
L F FL FL
LU2L'U'LU'L" (7,8) F'U'L'ULU'FU'F'U2F B'UFU'BUF' (7,7)
RB2L'B'L B'R" (7,8) (11,12)
BU2B'RB'R'BU'BU'B’
(11,12)
; 3 code: c26| E R I code: c27| g g +- code: c28| g E
l LF = l FB I FB
L'BLB'U2B'U2B (8,10) F'LU2L'FLF'U2FL' (10,12) FU2F'U2F'LFL' (8,10)
| code: c29| F L | code: c30| | F | code: c31| F L
g }
FR RF RF
BUB'UBU2B' (7,8) FURU'R'UF'UFU2F* BU'F'UB'U'F (7,7)
L'B2RBR'BL (7,8) (11,12)
FUF'UF'LFL'FU2F' (11,12)
) 3 code: c32| | E +- code: c33 | E B +- code:c34| g g
L L
FR BF FB
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RB'R'BU2BU2B' (8,10)

code: c35| | .
F.
— .RB
LB'D2BL'U2LB'D2BL'
(11,14)
: 3 code: c38|  FE .
F.
.RB

RU2RDR'U2RD'R2 (9,12)

F'U2FU2FR'F'R (8,10)

code: c36| [ .

. LF

RU2R2FRF'RU2R' (9,12)

code: c39| F .

F.

.BL

F'U2F'D'FU2F'DF2 (9,12)

FR'U2RF'R'FU2F'R

(10,12)
code: c37|  pg.
F.
: 3
— .LF
BLFL'B'LF'L' (8,8)
- code: c40|  F .
B.
.
FR

FR'F'RURU'R' (8,8)
L'B'R'BLB'RB (8,8)

code: c41]|.

F'LF'R2FL'F'R2F2 (9,12)

code: c42

R2DL'BLD'R2U'F'U'F
(11,13)

ig.Edges of Last Layer

— IR SR DU AR 7 T A B 4 29 A
(TR R H http://www.speedcubing.com/finallayer.html)

code: el

M2UM'U2MUMUMU2M'UM
(13,16,24)
RU2R2D'U'F'UFDR2U'R'U" (13,16)
R'E'R2E2R'URE2R2ERU'
(12,16,22)

code: e4

T
b

M2UM2U2M2UM2 (7,12,20)
R'L'U2LRFBU2B'F' (10,12)
M2DS2D2S2DM2 (7,12,20)

code: e2

MUMUMU2M'UM'UM'U2
(12,14,20)

L'RBU'LB'ULR'F'UL'FU’ (14,14)
FEF2E2FU2F'E2F2E'F'U2
(12,18,24)

F2M'UM'U'F2UMUMUZ2 (11,14,18)

code: e5

e
"

MUM'UMUM'UMUM'U* (12,12,18)
L'U2LUFRU2R'U'F' (10,12)

33

code: e3

MU2M'U2MUM'U2MU2M'U’
(12,16,22)
FU2F'UL'U'B'R'U2RU'BUL (14,16)
R2U2R'F2U2R2F'R2U2F2RU2R2U"
(14,24)

F2MF2M2U'M2F2M'F2U
(10,16,22)

£ code: e6

T
b

MUM2U2MUMU2MU'M'U'M’
(13,16,24)

LU'R'UF'L2U'LU'F'R'F2R2 (13,16)
FM'FUM2U2M2UF'MF' (11,14,20)




4 code: e7

T
e

MU2MU2MUM'U2M'U2M' U’
(12,16,22)

RBUB'R'F2BD'L'DB'F2 (12,14)
MUMFR'F'M2FRF'U" (11,12,16)

code: e8

M2U'MU2M2U2MUM2 (9,14,22)

code: e9

MU'M2U2M'U'MU2MU'MU'M*

LR'D2U2LR'D'L2R2UB2F2 (12,18) |(13,16,24)

RB'R'BFR'B'FR'BRF2U (13,14)
M2DS2D'S'M2S (7,10,16)

code: ell

MUM'U'MUM'UMU2M* (11,12,18) M'U'MUM'U'MU'M'U2M (11,12,18)

L2U'LUL'F'L2U'L'UFU'L2 (13,16)
M'UMU'F2M'UMU'F2 (10,12,16)

code: el3

b

FRUR'U'F2L'U'LUF (11,12)

code: ella

R2UR'U'RFR2URU'F'UR2 (13,16)
M'U'MUF2M'U'MUF2 (10,12,16)

code: el4

b

code: el0

MUM'UMU2M'U'MU'M'U2
(12,14,20)
LUF'U2R'F'RFUL'F'UF (13,14)
L2SU'S'UL2USUS'U2 (11,14,18)

code: el2

M'U'MU2M'U'M2UM'U2MUM*
L'R'F'U2L2U2L2U2L2FLR (12,18)
F2MF2U'M2UB2MB2 (9,14,18)
F'B'RESRS'R2E'FB (11,12,16)

code: el5

b

M2U'MU2M'U'M2 (7,10,16)
F2UM'U2MUF2 (7,10,12)

code: el6

b

MUM'U2MUM* (7,8,12)
F'D2B2L'B2D2F2R'F' (9,14)

code: el7

"

U'MUMUM'U'MU'MUM (12,12,18) |MU'M2U'M'U2MU'MU (10,12,18)

F'D'L'DB'FL'ULB (10,10)
LFL'S'LFL'S (8,8,10)

BDL'UL'U'L'UL2U'D'B'U (13,14)

M'UMUM'UMU'M'U'MU’
(12,12,18)
BRUR'FB'DR'D'F' (10,10)
SR'FRS'R'F'R (8,8,10)

code: el8

b

M'U'MUMUMU'MU'M'UM2
(13,14,22)

B'U2B2UL'B'D'B2DLBU'B’ (13,16)
M'U'F2M2U'MUF2UM2 (10,14,20)

code: el19

T

code: e20

"

M2UMU'M'U'M'UM'UM'U'M
(13,14,22)

M'UMUM'U2M'UM'UMUM' UM’
(15,16,24)
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B'U'BRDB2D'B'R'UB2U2B" (13,16) BLB'F2ULULF'L2U'F2L" (13,16)
M2UF2UM'U'M2F2U'M (10,14,20) |SUS2U'LULSL'U'L' (11,12,16)

code: el3a code: elda code: elb5a
L e L
] ] ]
M2UMU2M'UM2 (7,10,16) MU'M'U2MU'M* (7,8,12) M'U'MU'M'U'MUM'UMU
F2U'M'U2MU'F2 (7,10,12) FRF2D2B2LB2D2F (9,14) (12,12,18)

B'L'U'LF'BD'LDF (10,10)
S'LF'L'SLFL' (8,8,10)

code: el6a code: el7a code: el8a

=
Gl
=

UMu'MU'M'UMUMU'M (12,12,18) MUM2UM'U2MUMU' (10,12,18) M'UMU'MU'MUMUM'U'M2
FDRD'BF'RU'R'B' (10,10) U'BDUL2U'LULU'LD'B' (13,14) (13,14,22)

R'FRSR'F'RS' (8,8,10) BU2B2U'RBDB2D'R'B'UB (13,16)
M'UF2M2UMU'F2U'M2 (10,14,20)

code: el9a code: e20a
Pl Pl
] ]
M2U'MUM'UM'U'M'U'M'UM M'U'MU'M'U2M'U'M'U'MU'M'U'M*
(13,14,22) (15,16,24)

BUB'L'D'B2DBLU'B2U2B (13,16) |B'R'BF2U'R'U'R'FR2UF2R (13,16)
M2U'F2U'M'UM2F2UM (10,14,20) |S'U'S2UR'U'R'S'RUR (11,12,16)

TE: KOFRBYIT AR T SR . SMEERS - MEERRIIUEMZ.
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FN\T HRME Gilles Roux Method

MR Roux £ TUARA N SE L 75 5 B

—.Left side 1X2X3 block

XA AR RN, 3 SR U R R SRS S S AL 1x2x2 IR, TR 1X2X3 B
Z.Right side 1X2X3 block

I A E TP AL, B DL AT A e 7 SR JFX AN A SR I an R s )«
—fRP—AN 1X2X2 KR

— Bt JE—A C/E SHER 1X2X3 b
X N T . FTE SRS AT {U,R M}y5e i, & Bl fEa{F B}/ E 8%, (5 1A
{U,R, M} 5 H i i 55 AL 55

iX— L5 block i) 2 FH i E] )= M #RAERIAG P IR RN 58k F2L g
=.Up coner (CMLL)

T Jeid A CMLL 5 COLL (X 5], CMLL /2t sUReA Il BUATHEL U= M =% . COLL & JZ5e%
5 — E MR, AT AT EL U E R I o

CMLL - solves corners but disturbs U and M slice edges

CLL - solves corners but disturbs U slice edges

COLL - solves corners but disturbs U slide edge permutation only (preserves last layer's edges
orientation)

OCLL-Oriente the coners, disturbe the edge permutation only.In zz method, U cross has done,
OCLL+PLL finish it.

Rtk s RkZ—F, [TELILER.

L EAENANARME, AREEIMNINEREH L.

R'UFUFR R'UFUFUFUFR | RURUR’UZR LUL’ULU2L’
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CFU'RURU’LUR’ | R’FRUR’FRU'R’F’ FE= AR LN AR
UR’UCF R

2. B AL E

A PR
BB A Bt A
RB'RF2R'BRF2R2U FRU'R'U'RUR'F'RUR'U'R'FRF’

WRADWE, FNRBETZEIOAE, AXATH R,

VY. 6E4C

XD ERRMEAG 6 MEHR 4 Mk, PP HERARZ 15 5.

1. Edges orientation

TR B 17 72 75 I
FERR I ST R IR R I, JE R iR thln), L IRAL E

X IEBEEEERE (U, D, L, R, F2, B2} A FREE IR, B4 e R G2 IEMT .
BB AW T

1). % UL A1 UR A%, @S & ) L/R AL T-BEJT 89 F/B/L/R T _FBF, B € )2 IR 1Y
2). T HE TOA R Ee, e (AN 5 1 T ) € B 6T € () o B A4, B4
LR EIPSR TR

A DURYE L g SCHE S SN TS AW i At s U BRD T R L BRIG R U/D T, AR
AT N P BB HR A L/F/R/B WG, AR BILAE U B D b, 31X — SRS it R AR

XA FWT A B R T B REA R (7 k. M= BB ERAE M2, W 2 830N, sAmMIE
A, Rl kM, W BEh, BB U ESIRE MR, A eRER R, 8T
TRIIE UD LB 28Ab T U/D T L, AR T & Hk M E25l, fMod, MuM™ #R & &
FUE, UMU ISR A AR L2 AR E0R M S 1 B Re] [ IE R AN, Zid AR, IR
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RSN R, FRIIANIER . BTEL, BRI R A LTS B, (AR IR
fPia Bk M s, IEmRIEZ s EER M 3.

BIAR XA MG, BAEW UM RR BT A b 1 BE SOV IE R . XA AE
AR, F o EPNMEREE R T — M, B T B RPN IERR R R TR
KW, TEPAERRE T — IR W . A /S AR J5 #A2 ys ) 1E
o

AN, BRI RI AR SR R E s, BP0, 2, 4, 63, W HAUA 4 ATLLEEE 4->0, FEAH
XA EEHINE, B FRAA TR, B XX->4->0,

B 7K A ER P AP A O X A Tl IR R R AR E S TR T
REM AL, AR, MR AVEPTA SR, (EMAREAMEEILIE, WHEE2EEm. &
firh, JEEP R R AEI{U, M2, A5 HfI F 7287 O A T Reidad (U, M2} s (R AL
FBETT T SR, A ZRAEIX 2 BRI M SR e AT 00 s T 0 o

i 5 e e 7]
FERIE LR RBL AR N Z 5, & SE IR LRt AN, B o i)
FRR AREHIIAT o A IR B2 SRS BT (AR B (o i) IR R Ik o A T 22 Rk e 2 3CRD

El

AR
r -4

[EL] M'U2M U2y2 --> E8

} =

LZ [E2] MU2M U2y2 --> E8.
i} =

== [E3]M2 U -->ES8.
E4

i

[E4] M'UM' U'y2 --> ES8.
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E5

H [E5.] MUM' U'y2 --> E8.
E6

g [E6] M'UM U2 -->ES.
’ =

ﬂ [E7]MUM' U -->ES.
N =

ﬂ [E8.] M'U'M' --> Job’s done
” =

y---4 [E9.] MU'M' U2y2 --> E4.

2.Finish L/R-sides

I JFETH)Z UL AR PR UR ke A —ANBRMISS, ARRRIA S IR 4da HiE R IF I tam . A TA
WEYR, U A M2 EE 2 B R, (E W SRR E MO ), AR ATE S Ja i A R - —A uaMU2M’)
DUME R St . BPE2fE M2 BV & JiBER MBE, BTsAm a4 R Fe 1EM), U2
MIERFFEATEM JZ . EOURD, T2 /LM (R-H, L-3#):

U'MU2M M2UMU2M’ u2M’U2M’UM2

JERE, UL/UR PIMRANTTRESE 5 % B Hi N RL T, 20248 UL/UR Zh 3 M 2 1, TR
FERIRBRIRI A0 b, A REFIIS IERAE A o LA AR B A NIAI AL E W, 18—
NN, X RAASITIH A,

3.Permute M-edges

39




SEA TN E . X—PRE R, RHA=12: U2MU2, U2M202 and E2ME2, HJWf
B A BN

INGEEEVUIL, VUL RIESE AN /AT block 1L T 58 MUK, T TE A 5 ) FAT 145 PR o)
{U, M}AEREIE. 4% UL/UR BRI B0 KX 6 MRwlf A, Bl T — DR 2 (U, M2,
MHUZM} o f e B MOE RGN, HE— D ELRRR UL/UR B AEh, HA (U2, M2, U2M+U2M} AT .
MZEL IR RS R T AR, 5 — PNl fE R EAER ST — D E R,
AU G — 20 I EE RAN AL AT — 2B ISR, BP A/ MR R R s B S B 458 7

CMLL — D3k JR T A sH ] A AL B

Orientation:

Permutation

One step CMLL:

A2 (A27)
(R'U)L'U2(RU'R")U2R2
RB'RF2R'BRF2R2
[UIFLF'R2FL'F'R2F2
[UTRU'L'UR'U2LU’L'U2L

A6 (A67)
(R2U'RF'R'U) (r2U) (FUF")
R2DL'BLD'R2U'F'U'F
R'UR’'U'B'DB’D’B2R'B’RBR

g1 LIl 1y
(R'U'RU")(R'U2R)
[UI(RU)U'R'U'(RU)R"
[UlLU2LU'LUL
[U']RB2L'B'L B'R'

B2 L1lcay
(I'URU")(rDL'B'LD")(r'U)
[U2](R'FU2)(F'RFR")(U2RF")
[UJRUR'URU2B'R'BL'B'L
R'FRFLUL'F'LU'L'F

L'BU2B'LBL'U2LB’
[U]F'LU2L'FLF'U2FL"

B3 LM (ca2n
(B'RBR")U2(R'U2R)
LR'U'RUL'U2(R'U)UR
[U] L'BLB'U2B'U2B
[UJR'FRF'U2F'U2F

B4 = (can
(LU2L")U2(R'U)(LU")
[U2](RU")U'(R'UYU(R'F)(RF")
[UJFU2FU2F'LFL’

Bs L1 sy
(R'U)(LU")(RUR")
[U']B'UFU'BUF’
[U2](R'F)(RF)r(UR")

Be L[l cen
(RU2R")(FR'F'R)(U'RU'R")
(RU2)(I'UR'U)(IU'RU")R’
[U]FU'L'ULUFU'F'U2F
[U']BU2B'RB'R'BU'BU'B'

I
c1 ! (B1)
(RUR'URU2R")
(z')(ULU'LUL2U")
[U] BUB'UBU2B'
[U]L'B2RBR'BL
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c2 L (83"
(zU")(R2UR'I")y(RU'R'U)
(L'U2)(LU2)(LF'L'F)
[U2](R'U)URUF(R'U)(RU")F’
[UTF'U2FU2FR'F'R

c3 = (B4)
(FR'F'R)U2(RU2R?)
[U]B'U'R(UR")BU(RU")U'R'
[U'JRB'R'BU2BU2B"

ca >l (B2)
(IU'R'U)x2(r'U'rD)(r'Ur)D*
[UJR'U'RU'R'U2FRF'LFL’
RB'R'BL'U'LBL'ULB"

LF'U2FL'F'LU2L'F
[UT(FRHU2(RF)(R'FU2(F'R)

|
c5 Ll (B5")
(RU")(L'UR'U'R)
[U']BU'F'UB'U'F
(RUD(IRR'(F'T)
[U']BU'F'UB'U'F

I
cé 5l (B6)
(R'U2)(IU")(RUI'YU(R'UR)
[U2]R(UR'U)(R'F)(RF")RU2R’
[U'JFURU'R'UF'UFU2F"
[UJFUF'UF'LFL'FU2F'

[
D1 Ll (D1)
(z'U")(RU'R)U'(LU) (R'U)(R'U)
(R'D)(R'D)(R'U)(RD")(RD'R)
[UIR(UR'U)(RU")(R'U)(RU")(R'U)
(RUDHUR'
[U]LB'D2BL'U2LB'D2BL"

D2 | (e5")
z(U'R2z)(R'U'R)D2(R'UI2)
(R'F2)(R'U'R)F2(R'UR2)
L'U2L'D'LU2L'DL2

BUL'BLB2U'L'B'L
[U2](R'U)(UR")D'(RU")U'(R'D)R2
[U]F'U2F'D'FU2F'DF2

D3 =l (E3)
(L'U2L)U(fU'F UFUF?)
(yzU)R2z(RUR")D2(RU'R2)
FU2FDF'U2FD'F2
[U']B'U'RB'R'B2URBR’
[U1(RU)U'RD(R'U)U(RD")R2

[
D4 2 (F5%)
(LF'L'F)(UFU'FY)
[U1(ru)(RU)(LU)(RU)
[UIR'Ur'UBU'B'
[UTFR'F'RURU'R'
[UIL'B'R'BLB'RB
[UIRFL'FRF'LF

RU'r'U'F'UF
| | T
D5 ! (F3) D6 4l (D6") E1l (F1)
(F'LFLY)(U'L'UL) (RUR")(L'U2)(RUR")(U2L) (R'U'RU")(R'U2)(R2UR'U)(RU2R’
(IULU)(R'U)(L'UY) RUL'R'U2RUR'U2R )

[UJR'UrUBU'B'
Fr(UR)U'(r'F)R
[U]BLFL'B'LF'L’

FU2F2LFL'FU2F'
[UT(L'U)U(RU")(R'U)UL(RU")R'
[UJRU2R2FRF'RU2R'
RUR2F2rFR'F2R

(R2F")(UFU'F) (U'F2)(RF'R)
RB'R'BU'FU'BUF'UB'
L2FU'F'UFUF2L'FL’
LU2L2BD'BDB2L2U2L"

E2 (E2)
(U'y")(FRUR")(U2y")(L'UR'U'L)
[UI(RU'L'UR")U2(B'UBL)
BU'F'UB'U2L'ULF
[UIR'U'RF(R2D")R(UR'D)(R2U")
e

B'UFU'BU2RU'R'F'

E3 (D3")
(RU)(r'U'rU'r'U)y' (R'U2R)
L2DL'U2LD'L'U2L"
[U]RB'R'U'B2RBR'UB
[U2]R2D(R'U)U(RD")(R'U)(UR")

E4 (F4")
(IU)F(R'U'RF'R'U)
(R'U)U(RF)(R'F)U2(F'R)F
RB'UR'B'RU'R'B

E5 (D2)
(R'FRUR'FRU)Y'(RU2R")
(R2D'R)U2(R'DR)(U2R)
('UIUI'UI'UYy* (RU2RY)

E6 (E6")
[UT(FRUR'U'F")
LFUFU'L"
R'U2RFU'R'U'RUF"

F1 (E1)
(RU2R'U'RU")R2U2(RU)(R'UR)
(FR)(FR2)(U'R'U")(RUR'F2)
BU'FU'B'UF'UB'RBR'
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[UIL'BLUB2L'B'LU'B' RUBU'B'R’ RU2R2F2D'F'DF'R2U2R’
[UJF2D’FU2F' DFU2F [UJLUL'ULU2L'R'U'RU'R'U2R
[UJF'U2FLU'F'U'FUL"

I I I I I I
F2 (F2%) F3 (D5%) F4 (E4)

(R'U)r(U2R'x)(R'URU'r)
R'UrU2R2FRF'R
(R'U)(RU)HU'T'(R'F)(RF)R
R'URU2R'L'URU'L
FRF'LFR2FRF2L'

(F'U'FU)(FR'F'R)
[U'](R'U'RU)(IU'R'U)
[U']BUB'U'T'U'R
[U]'(FRF)r(UR)U'R"
LFL'BLF'L'B'
[U](L'B'RB)(LB")(R'B)
[UIR'FLFRF'L'F

F(R'U'RFR'U)(F'R)
FU'(r'F)R2F' rUR2F"
F'L2F'R2FL2F'R2F2

F5 (D4%)
[U'](RUR'U") (I'URU")
(FUF'U")(F'LFL")
[U'1(F'U'FU)(rUr)
[U'IR(UR)U'(R'F)(RF’)

I I
F6 (F6")
('URU")(IU2R'U'Y") (R'U'R)
(R'FRF")(RU2R")(U'F'U'F)
(F'UFU)(RU2R")(FR'F'R)
F2R2FU'L'ULF'R2F2

I
c1 ILLL c17)
(FRUR'U'RUR'U'F’)

(BULU' L'ULU'L'B")
R'U2R2UR2UR2UZR’
(RU")U'(R2U7) (R2U")(R2U")U'R

R'F'RB'R'FRB (R'U)R2Dr'U2rD'(R2U'R) [U']BU2B2U'B2U'B2U2B
B2L2BR'U'RUB'L2B2 [UJLUFU'FUFUFL’
[==E] (NN T
G2 ILLL] (Gay 63 LI (H2 G4 =] (G2

(R'U2)(RUR'U'RU2)(IU'R'U)
R'F2RF'U2RU'r'U'F
[UI(RU")U'R'U'(RU")R2U(LU")R(
uL")

[U’]B'U2BU2BL'B2U'BUL

[UT(R'FRU)(FU'RUR'U'F")
RB2U'B2UB2UB2R'

[UIF(R2U")R2UR2UF'y(RU)U'R'

[UIR'FRF'U'F2LFL'UF

(RU2R'U'RU)(R'U2I") (URU")
RB2R'BU2R'UrUB'
[UT(R'U)UR(UR'U)(R2U")(I'F)R'(
F'R)

[U']BU2B'U2B'RB2UB'U'R’

I
6s L1 (H3
(RU")(L'U)(R'U)(LUL'UL)
R'FR'F'R2U2B'RBR’
(RU)(FF)(RFRU(IFR
[U']B'RB'R'B2U2L'BLB"

[
e L1 (e
(U'y)(R'URU")(R'U)Y'(R'UIU)
L'U'LU'L'UB'UBL
(RF)U'(R2F)U'F'UR2U(FR")
[U] F'U'FUF'UL'ULF

[U] FUF'UFU'RU'R'F'
[U2]R'U'RU'R'UF'UFR

I I
H1 | I(H1)
(LUL'ULU'L'ULU2LY)
[UI(R'FRUR'FRU'R'F'R)
BU2B'U2B'U2B'U2B
[UI(RU)U'R'U'R(UR)U'(RUR'
[UIL'FURU'F'L2FR'FL’
[UJR'FRUR'FRU'R'FR
RUR'URU'R'URUZR'

I I
H2 | I G3)
F(URU'R'U)(F'U")(R'F'R)
[UIR(B2U")(B2U") (B2U)B2R'
[UI(RB)(R'B)U2R2F' (RU")r'F2R2
[U] FULFL'F2UFRFR

| |
H3 | I (G57)
(RU)(R'U)(RUL'UR'U'I)
(FRF'R)U2F2(LFL'F)
[U2]R(UR'U)RU(I'F)R'(F'R)
[UJR'FRF'U2R2B'R'BR"
[U2]LUL'ULUR'UL'U'R

I I
He | I (He")
[U'](FRUR'U'RUR'U'RUR'U'F’)
(IU)(FU'F'UFU'F'UFUF'TY)
RBUB'U'BUB'U'BUB'U'R’
R'UF2D'FU2F'DF2U'R
RUR2F'RF'U'FL'U'LF
[UIR(UR'U)y' (R'U)(RU)(R2F) (R
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FR)

[U] B'UR2D'RU2R'DR2U'B
R2B'D'R2E'F2R2URF2

A2 = A3 = A4 = A5, H2 = H4, H3 = Hb5.

Roux &= AIARIN T (FEKH M,E,S 5ATLE MES AR, H4—F):

Analyze the
orientation
pattern
and
find the right 4
column
R'UL'U2RU'R'U
2R2 R2U'RF'R'Ur2U
1 (A2)" (A3)' | (A2)' (A3)' | (A2)' (A3)"
FUF'
(A4)" (A5)" (A4)" (A5)" (A4)" (A5)"
(A2)' (A3)"
(A1) Sym(A2, A3, | Sym(A2, A3, | Sym(A2, A3,
(A4)' (A5)' (AB)"
A | Sym(Al) A4, A5) A4, A5) A4, A5)
Sym(A2, A3, Sym(A6)
A4, A5)
R'FU2F'RFR'U2 RU2R'U'RU'BU
R'U'RU'R'U2R R'FRF'U2F'U2F R'ULU'RUR’
RF B'UR'
(c3y
(C1)" (c2): Sym(C2) (C5)"
(C4y (cey
B | Sym(Cl) Sym(C3) Sym(C5)
Sym(C4) Sym(C6)
(B1)" (B3)' (B4)' (B2)" (B5)" (B6)*
Sym(B1) Sym(B4) Sym(B3) Sym(B2) Sym(B5) Sym(B6)
c
(R'DR'DR)HU(R' | R'F2R'U'RF2R’ RUR2F2rFR'F2
RU'r'U'F'UF
DR'DR")’ UR2 R
(E3)" (F3)'
Sym(D2) (F5)" Sym(D4)
(D1)" (E5)" (D6)"
D Sym(D5)
Sym(D1) Sym(D3) Sym(D6)
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R2F'UFU'F'U'F2 | RU'L'UR'U2B'U RB'UR'B'RU'R’
FRUR'U'F'
RF'R BL B
(D3’ b2y
W Sym(E5) Sym(E3) (E6)'
(F1)" (E2) (F4)'
E Sym(E6)
Sym(E1) Sym(E2) Sym(E4)
R'UrU2R2FRF’
R'URUBU2B'RB
R
(E1) (D5)* (E4)' (D4)' ‘R'B
Sym(F1) Sym(F5) Sym(F4) Sym(F3) (F6)"
F2)'
F 2 Sym(F6)
Sym(F2)
R'F2RF'U2RU'L | R'FRUFU'RUR' RU'L'UR'ULUL’ R'U'RU'R'UF'UF
E6)2
0 '‘B'U U'F UL R
(G2)
(G1)' Sym(G2)
(G4)' (H2)' (H4)" (H3) ' (H5)" (Ge)
G | Sym(Gl)
Sym(G4) Sym(G3) Sym(G5) Sym(G6)
(E6)3
(R'FRUR)F(R'F
R2B'D'R2E'F2R
RURY)"
(G3)' (G5)" (G3) (G5) 2URF2
w HD) Sym(H2, H4) Sym(H3, H5) Sym(H2, H4) Sym(H3, H5)
H1)"
H (He)y'
Sym(H1)
Sym(H6)
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HhY Petrus Method

WRHE Lars Petrus WMTUBA NSRBI R . W TR D EIiE. bbb

2x2x2 B

R 2x2x3 Bt

B IEFH A4S R (Edge Control)

F2L-3rd & 4th GEJEFRITHFEX F2L, S, c BELRMTIZ Cross 58D
TEAPNE

TR AP I7 ]

WG 4 MESRIIME

Ne O

s, JATRL BN A, WAL, BILLERE . B P IIEX A 2X2X3 block,
EHUMMRMEALLE B, &AM U, RENEFEF TR, XERXANTTERZOR
Mo MERR B, XM RS PRIEBUD K HBOE SR BETT -

Petrus JriE AR KRG, WA SEI0E, EELHL, AXAD, HRFD. U5
Kok, DB PR, SBIUPN F2L B EIAL, BN B E G I
XASAR T AT DM il B B0 M i N D .

Step 1. Build a 2x2x2 block

fli—~ 2x2x2 Wk, BEEMUL, R — N APCL R EAHAR B =AM

Step 2 - Expand to 2x2x3

K 2x2x2 el 2x2x3 [k XL A ER S E P @I 2x2x2 Je AR ik, W)
PAZE R HIT il 2x2x2 By 5/ 0 H A 5.

Step 3 - Twist the edges --- 2, 4 or 6 bad edges

A B3R 2 X JF ZZ, Thistlethwaite, Roux Z5J7vE B IHEIHAIN . HIT Petrus J7ik
HHE R RIE R

REX: BEWC<U,R>BZENIEJRIOBT, ER#mREE. k2, =R,

Here are the four rules to remember:

1. An edge in the A layer that has an A color sticker next to the center is good.

2. An edge in the A layer that has an A color sticker away from the center is bad.
3. An edge in the B layer that has an A color sticker next to the center is bad.

4. An edge in the B layer that has an A color sticker away from the center is good.
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b N MR S/ SRt s v N - A
1. Two bad edges
2. Four bad edges
3.Six bad edges

MPIEERG—ANRK, UL, —KIFEI 8RR Em CER A B ErR):

HE X PRI ITA R . T 58, BXF 21 FEHRIREA 21 el ZREA—
AT

R ORIE T 85000 5E B TR B a5, b T TUZIRESE, BN -Eob b
T JZ Lt CFOP it i A xNE D

Step 4 - Finish 2 layers

—p i U, R B/ NETH, E?ﬁzmmsmmkmﬂﬁ,%RE%%¢FA%%,§
ESZ 2X3X3 block. = DEAE AR, VAU A UR #35), 1X /& Petrus 77745 Fridrich
X 5l 2 BT 7E o

XN,
1. R HAHT N AN EHA KPS E ISR, S8 R ARG AR S SRR
FIPE N R ER [F IS R o BISSIR i — AN 1X2X2 [ 58,

2.8 5T A F2L.
Step 5 - Position the corners

B TR, BT RN e — REE i — R R O i B, B RIRES
/T CFOP & Ja Wi FTHIG ). F1 ZZ, ZB, VH JiEMTIZ 5G4 —HE, A7 vEw T oA
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—Ff. "LL OCLL+PLL, #{# COLL+EPLL, ¥ ZBLL —*5¢m, H45R, R HIHFIH
UD BAAMIHE ShET0Z K5 B Phase tHiAB 4T, i ] LA ZZLL — 5 5E it e — )2 - iX IE /2 Petrus
AL R b o A B A R D2 T0Z 43 =25 5¢ i PCLL+OCLL+EPLL. R #FHZH =4 AR
Niklas, Sune, Allan.

00 BRI R TR DU R E, HEE SR B P . A 1/6 fJLR DDA AL
BEWIES, HREANT L, MTITHMELTELRNN M, AFE-HLK
Niklas=BU’F’'UB’U’FU2:

4/6 1)L, HHALL A
—‘ — —X Niklas=BU'F'UB'U’FU2

B 1/6 KL, H3 A fbh
‘ [\— WX Niklas 3, 55— XX AARH LM, 5 kK E L.

Step 6 - Twist the corners

X—SHE v ZAPER S IER. RA—1230 Sune. Sune=(RUR')U (RU2R"). Sune
W OLL27.

(W | Case 1, A IEH, HAMEHALT AR, K Sune, Fif ik
5] R

Case 2, TLAYEHMIEM, ¥AEREANTMELTARAL, R HEm U dT
I | M F . f#HH—IK Sune, “%% Case 1.

| | Case 3, WMIEHMIEM, AR TUA AT AR, HFHEM U
AT BT R . fEH— Sune, 4% Case 1.

2R, XA LLE#EH OLL21-27,
Step 7 - Position the edges

SRR DU/ NS H A B mR B, i LEE R H — AR Allan=L2U'BF’L2B’FU’L2. ‘&l
J& PLL ) U Permutation-a #4zh5k 90 (K15 %
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Al B PLL )48 EPLL S8 IX —2,

¥ K

i b
] T

U Permutation : b U Permutation : a

(RUR) U R U (R'U)RUR2 (RUYR'U'RURU (RU'R)

F'
-

oS .,

Z Permutation H Permutation

RU (RU)RURUY) (R U)RU (R2 U R’ r2 (R2 U) r2 (R2 U) U r2 (R2 U) R2 12
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#+4 Heise method

Hi Ryan Heise fi&, AFEHIL, 22— MA —EXMEERTE. TR Heise MITTHAN
R I ARr . ST

—. BEPIAS 1X2X2 e

. BIHTIA 1x2x2 Bt H R AR T [

mm%yF%A%ﬁ IR T TZA—A F2L RIE TR, e 2 #E 4y
=. BFEFITH S MERMER 2 Mk

E.KE%FsAﬁﬂ

&H

l

Step 1. build the structure like this:

oew

Heise 77iERI B EIRET Petrus Eig, HEE Pty S L A

LzanIESlE :A@,%étﬁ,ﬂétw,EétEOEme%A%%3%ﬁ&,ﬁ4im
W& Petrus BIPD SE NSS4 Petrus J7EH G 56K F2L, Heise /75 2 X A2 A 7ET
St sE R F2L (1) 2/3, RGN T AMIAS Bt 5B, MR —Xt C/E $e X5 HITE i
Wi JE SE R E B C B,

Step 2 SERFEBEFEHRMTETF, TEHFRERT AL, HREBE=DRE

R UAHSEE QB . N T iRRE D8, TR ).

Step 3. i&JRJEA RN A HE RN E

X—iBA 17 ANEE,
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Here is Ryan's page including helpful tips for seeing the permutation of the edges in step 3.

1). Corner in Place

a7

x(R' U R)x'D2x'(L U' LYxD2x(R2

) (RUR'UR))(U2RY) ((R"UYR U R U2R)
U’

x(U L2 U")x'(U R2 U")x(U L2 X'(R' U2 R)xy'(U' R2 U)yx'(R' U2
U)X’ (U R2) R)x(d' L2)

#

(R2 U2)((R'UNR U RY)(WU2RY)  (R2 U2)((R U)(R' UR))(U2R)

o

(RUYR'U'R)(URDU2(RU'RY)  ((R'U)(R UR' U (R U2)(R'UR)

2). Corner on Top

H

(L' UR2 U)(L UR2) (R2 U2 R2 U' R2 U' R2)
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w7 0

((R2 U)(R2 U))(R2 U2 R2) ((R2 U)(R2 UY))(R2 U2 R2)

€

(U'L)y'(R2UR2U2R2UR2d
RY)

(RUY(R' U))(RUR' U)(RU'R")

3). Corner on Top, Twisted

You will notice that the last F2L corner to be placed will start out directly above its final position
in the LL. Once you see the case you have, you do U, U', or U2 and then do the sequence. After
some practice, you won't need to place the corner over its final position and do a U move.

w7 w7 &7 o7

(UYY'(RD)(R'UR)(D'R") (U)(R'DYR U R)(DR) (U)RU R U2)RUR) (UR URU2)(R UR)

0 0 w7 w7

(UN((RU'R' U' R)(U2
R")

(U)((R'UR UR)(U2R)) (d)((R'U2)(RU)(R' U'R)) (U)(RU2)(R URUR?)

w7 we we ®e

(U2)(1U)xyU2(R'U'R  (d2)x'(U' INU2(R U R' U) x(R' U R)x'U2x(L U x(L U' L)x'U2x(R' U
un(I' Uy (v LYx'y'(U2 R") R)X'y'(U2 R)
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Step 4. & REUANTA

XD IR AT A BN . A 42 D

0 corners twisted

A S > A

/
\\Y %=

x(R' UR")D2(R U' R")(D2 R2) x'(R U' R)D2(R' U R)(D2 R2)

AlL_|A A

x'(RU'R'D)(R UR'u2)(R'URD)(RUR") (r2 R2 U)(r2 R2 U2)(r2 R2 U)(r2 R2)

1 corners twisted

2 corners twisted

3 corners twisted

RIR ARG

iX—546 41 A~ 30, Bernard Helmstetter 25 it :
http://www.ai.univ-paris8.fr/~bh/cube/solutions c2.html
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#H+—77 ZZ method

ZB method H Ron van Bruchem #il Zbigniew Zborowski % [44137.7F 2003 fE K k. A
BENAR Ak R AT,

JRE T

=Xt F2L;

SE R SR — R F2L [RIN 4R 47 T =+ (ZBF2L);

TZEE R (ZBLL) (ff¥ud J5 55T Bk ) .

VH method i Lars Vandenbergh il Dan Harris i, i} Fridrich J732:[7) ZB 77215 i .
ARIBZ.

JRE 7

=X F2L;

SRR X F2L R 34F TZE -+ (VHF2L)

SERRITUE FH) OLL [AJ I8 J& i Hefir &

TR YL PLL.

N EE R/ ZZ method. This method was created in 2006 by Zbigniew Zborowski, the
co-creator of the ZB method. It has three basic steps: EOLine, F2L, and LL.

The Steps

= EOLine: This is the most distinctive part of the ZZ method. In this step, the solver orients
all the edges while placing the DF and DB edges. The two edges and the bottom centre are
the "line" in EOLine. This step puts the cube into an <L, U, R> group, meaning F, B, or D
moves are not required for the remainder of the solve. Although this step may seem like a
hinderance, it speeds up the F2L and LL.

= F2L: The solver creates a 2x3x1 block on each side of the line via blockbuilding. Because
one only needs to do L, U, and R moves, solving is very quick.

= LL: The solver uses algorithms to solve the remaining pieces. Since the edges in the LL
were oriented during EOLine, it can be completed in fewer moves and/or with fewer

algorithms to learn.
—. EOLine

XA AR B IEH T o “FYY 6. 127 5. @4 NN G ek, FHEm
—= (% & DF, DB WHL). BJ EO+Line.
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EN: MR —AMEHAT LR R, L, U, D (B{ RLUDF2B2) #AEIRJH, SRR e wH M IEM.

EERE AT, A ETA A A G IR R . A A B SR ) R AR

MR L E AT AT, F el B #4E0E45 F BB I L& B BB A R, sl R A RS
Pl NIE . F2, B2 AR IER. FLL, F/B BRAFRAH o B 035 .

EO AFEILAN. FAHBER 0, 2, 4, 8, 10, 12 MKFIMEH, & FHEFIA D BRI 4
ik RTR

=4 ANMREFTEL, RULD #4, #ahD0N2] FB i, sh1F F/B RV PUAS 4 ) 88 IR A o

2 MR, R — 52 F/B I, F/B RIARRGHT — L.
2 JERI AT EO R Line & 9F, —B{%F| EOLine.

—. F2L - Completing the First Two Layers

This stage completes the first two layers by building two 1x2x3 blocks on either side of the Line
made in the previous stage.

T TR, P S AX2X2 Kbk, FRAESIA AXAX2 Bein b2, RS 1x2x3
e,

1x1x2 Blocks
HAgH ULR JLANEE. T2 =AM EAORE:

RURRUR'URUR'RU'R'URU | RU2R'U2RU'R’ RU2R'URU'RRRU R'U2RUR’
R'
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N T HEE 1X2X2 Bty f e EE R —E 15 5 AN ERE— E REE AT DR A1 A8 X Ab 2

FEAT B

=. LL - The Last Layer

B OPERTZE M U T A s L, (EARXH B F R 55 =D B R TR PO AL,
TR Mo AR =R, =R I AR, X R R T %

1. OCLL+PLL, BpJe#sfbixtts (OCLL), #RJEFEENEINE stz (PLL). 5 CFOP [

OLL+PLL fRARML, LILET OCLL IHEIEE D,

OCLL Algorithm:

OCLL He/Nis 2 6 NEYE, PLL S/ s 14,

R U2' R2' U' R2 U' R2'
U2 R

RUR URU2'R'
(Y)R'U2RUR'UR
(y2)LUL UL U2'L

() RU2R'U'RUR' U’
RU'R'
RUR'URU R UR U2

R' y)Lu2rLuLuL
(Y)FRUR' U RUR'U'
RUR' U’

RU2R' U'RU'R'
(Y)R U'RU R U2R
(y2)Lu2'L'uLu L
y)LuLuLu2L

R2'DR'U2RD'R' U2R'
(y2) R"U'R U'R' U2 R2
UR'URU2'R'

'UVLURUIF
() RU2R' U R U R2
U2RUR'UR

FU'LURU LU (X)
(Y2)R'FRB'R'FRB

PLL

Permutations of Edges Only:

L

M2 U' M2 U2' M2 U' M2
R2'r2U'L212' U2 R2'r2 U L2 |2

U' M2 U2 M2 U M2 U2 M2
F2M2F2U' F2 M2 F2 U
xU2M2U2B'U2M2U2B
R2U2R2U2R2UR2U2R2U2R2U’
LRUZ2L'R'F'B'U2FB
RU2R'U'R'U'R2U'R2U2R2U2R'U
R2U2RU2R2U2R2U2RU2R2
M2 UM2UM2UM2U M2 U M2U'
M2 U M2 U2 M2 U M2
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R'"D'RD'BDB'DR'D'RUR'DRD'BD'B'DR'DRU

(Y2)FP2U' LR'F2L'RU'F2
M2 U M' U2 M U M2

(y2) M2 U M U2 M' U M2
R2U'R'URURURUR
(y2)L2U'L'U'LULULU' L
B2 U'M' U2 M U' B2

(Y22 RU'RURURU'R' U R2
M2 U M' U2 M U2 M' U2 M U M2

(Y)R2U'yrU2r RU2R'y' U'R2
RURUL'ULU2RUR UL UL

(Y2)F2UR'LF2RL'UF2

M2 U' M' U2 M U' M2

(y2) M2 U' M U2 M' U' M2
RIUR U'R' U R URUR2
(Y2)R2ZZURUR'U'R'U'R'UR'
B2 UM U2 M U B2

L2uLuLvuLruLuL
RURURUR URUR U2R
M2 U'M'U2M U2 M'U2 MU' M2
L'ULURURU2L'ULURU R’

YyX'RURUDRDU R URD2'Fx

y M2 U M2UM"'U2 M2 U2 M' U2

y M2'U'M' U2' M2' U2' M'U M2'

UR'URURURURURUR2UR' U
R2UR2 U'R2 F2 R2 U' F2 U R2 F2

y' M2 U2 M' U' M2 U M2 U’ M' U

RIUL'U2D2RU LR UL U2D2RU'L

RIUL'E2LU'RL'UR E2RU'L'

yR2U'R2UR2 x' U2 R2 F U2 F' R2 U2

M’ U M2 U M2 U M’ U2 M2 U*

U'I'URU'D'RUD'RU'R' D2

dRUR2UR'FRURURU'R' URUR'F

M2 U'M E2 M E2 U M2

F2 M2 F2 M2 U M2 U M2 U2
U2’RURU'RU2RU'R'U'RUR'UR'URU'RU'RURU'R'U'R'URUR
YyRUR'UR'UR'URU' R U R2URU2

YRURB'R'BU'R'fRUR'U'f

(X2y)M2U S2U'S' M2 S

M2 U (F2 M2 F2 M2) U' M2

Permutations of Corners Only
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R'FR'B2RF R'B2R2

<] (X)R'DR'U2 RD'R' U2 R2

= (X) R UR'D2R U'R' D2 R2
(yX)L2D2L'U'LD2L U L'

(y2) (L'BLY) (F2LB'LY) (F2L2)
(Y22z) F2RU2R' U2 F2 L' U2 L U2
(Yz)U2RU2R'F2U2 L' U2 LF2
R'U2R2U'L'UR'U'LUR'U2R
(yY) R2F2 (R'B'R) F2 (R' BR")

RB'RF2R'BRF2R2

[ (X)RD'RU2R'DRU2R2

rr X)YRU' RD2R'URD2R2

(yX)RZD2RUR'D2RU'R
(y2X)LU'LD2L'ULD2L2

(yz) U2L' U2 LF2 U2 RU2R' F2

() F2L'U2L U2 F2RU2R' U2
(y)R'U2RU'L'URU'LUR2U2R

@ (UR'Dr2U" (RUr2'U) (DY)

(z'y2) (U'rx) (12' UL UY) (R'U) (L' U' L) (R'U)

XUR'ULURULURULUR UL

yX'RURDRUR'D2L'ULDL'U'L

XUR'ULURUFr22URULUR"U

yXxRURDRUR' U2R'URDR'U'R
FULURUIURULURUI'U
(rR'U)(LD'L'UL) (RU'R'DR)U
r2Ur2Dx (RU'R'U)3xD'r2U' r2

X URULURURURUTIFRF
y'Z’R'FR2ZUR'B'RU'R2F'RzZRBR’
RIUL'D2LU'RL'UR' D2RU'L
(RBLB'R)Y(RL Y(LB'R'BL)Y (R'L")
U@ FRF)(RUR U)L(URUR)F
(FRUR'U)L'URU ('UR'U' N FR

Permutation of Edges and Corners:

(y2)RUR UR2yRUR'U' xU' R'UR U2

E
P

yZRUR'U'RU2Z'YRUR'U'yxL'U'LUL2X'

RRURU'R2ZFFU'FUXRUR'U R2B'

RRURU'R2'FFU'FURU X'R2U'R'U

RRURU' R2ZYy'R"URUYXRUR"'U' R2X'
YRUR'URU2R2U'RU'R"U2RUrUR'U'L'"URU’
RIUZR'dA'R'FFR2ZU'R'UR'FRU'F
WURURUR2FUFURXUR' U R2

(y2)MU2r UI'U2r U R2 r U2 R2
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(Y)R2ZUR'UR'U'RU'R2Yy' R'UR
(Y)Y R2DB'UB'U'BD'R2F UF
(Y2)F2’DR'UR'U'RD'F2L'UL
RLU2R'L'Y'R'UL'U2RU'L

Aa

+

R'U'RyR2uR URU RuU'R2
R'URB2DL'ULU'LD B2
(y2)L'U'LY'R2ZuUR URU RU'R2
(Y)RUL'U2RU' LYyRLU2L'R'

(Y)R2ZURU RUR UR2YRU'R’
(yY)R2Z’U'RU'RUR'UR2B U'B'
(Y)R2Z’D'FU'FUF DR2BU'B'
(Y2)F2’D'LU'LUL' DF2RU'R’
LRU2LR(Y)LURU2L' UR'
@)I'UULUIFULUFRFR

S

(Y22 RUR'Y'R2u'RU'R'UR'uR2
(Y22 RUR'F2D'LU' L'UL'DF2
(y2)I2U L2U' F2L'U'RU2L' U I x
(YLURU2L'UR' YR L'U2RL
(Y)LURU2L'UR Y L'R'U2LR
(Y)RFRFULUFRFLF2R

(Y2)R'U2RUR'z’R2’UR' DR U’
(Y2)L'R'U2RUR'U2LU'RU
(y2)F2L'U'rU2 ' UR' U'R2
(Y2)R'U2RUR'U2'LU'RUL'
(y2)xU2r U' rU2 ' UR' U' R2
B2' R2 U' R2' uR2 D' R2' U R2
RULURU2LU L'U2'L
RLA2R U'Rd2R' UL’
(LUR'U2LU'R)U (L' UR'U2LU'R)
LUR U2LU'RUL'UR U2LU'R
L'U2LUL'U2RU' LUR'
L'ULFLULULFL2ULU

RU2R'U'RU2L'UR' U'L
RU2R'U'Rd2'R' UL U'R
y2RLU2L'U'LU2R UL U
(RUR'F) (RUR'U'R) F(R2U'R' UY)
yLU'URU2L'ULU2L'RU
y2F2'RUR'Yyr2y' RU'RUR2'
L'URU LU2R URU2'R'
y2r2U'L'Ur U2RB' R U2
(RULU2R'UL)U' (RU'LU2R' UL)
L'UR U2LU L'U2RL
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R'UR2B2UR'B2'RU'B2R2'U'R
zDR'UR2D'R(U'D)R'UR2D'RU'R
VLURU2L'UR'LU'RU2L'UR’
RURUIUFURFRURUI'UR
LULULFUFLULFLFLUL'
RIUL'U2RU LR'UL'U2RU'L
RU'LA2L'ULR'U'RU2r FI'U y2
LURU2L'UR'LURU2L'UR' U
yzZR'UR'DR2'U'RUD'R'DR2'U'R D'
RULA2L'ULR'U'RU2L'URU’
FRURURFR2ZFU R URUF R

RU'R2’F2U'RF2'R"UF2R2UR'
zURD'R2Z2UR'(UUD)RD'R2UR'D R
LUR'U2'LUL'RUR'U2'LU'RU’
RRURU'RFUFRURFR'FRU' R
zURD'RZUR'U'Z7RUR'ZR2UR'Z'R U’
L'UR'zZR2ZUR'UZ’RUR'ZR2UR'Z'R U’
LULUrUFULFL' UL UTrU'L
LURU2L'UR'LURUZ2L'UR'"U’

y2zUR2U'R2ZUF U RRURUFU2R
YVR2B'R'UR"URBR'U2RU2R’
RU2R'U2RB'R"U'RURBR2'U
RU2R'U2RB'R'U'RUIUR2F
U2R'"URU2RU2L'R2ZURU' RLU2R’
YVRUR'FRU2R'U2R'FRURU2R'U'
RU2ZR'UR'FRU2RU2R'FRU'R'"U
RU2ZRDR'URD'R'UR'URUR'U
y2LUZ2L'U2LF LU LULFL2U

R'U2RU2R' FRUR'U'R'F' R2' U’
yR2B2U'R'URURUB2RU'RU
RIU2ZRU'Y'RFRB'R'FRzx R UR'
y2R'U2IRU'R'UI'U2’RFRU'R'U'RUR'F'
RIU2ZR'D'RUR DRURU R U RU
(yX)RZUIURU' I'U' | U2 R' U2 R

RUR'UR'FR2ZU'R'U'RUR'F'
y2L'U'LULFL2ULUL' U LF
FRURURUR2ZFRURUR
L2U'L2DF2R2UR2D'F2
R2U'R2DB2L2UL2D'B2
R2'u'R2UR2'y R2u R2'U'R2
R2UR2'U'R2U'DR2'U'R2 U R2' D’
(zx2)U2r U2ru2xuU2ru2r U2
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RRUR'UYXR'UR2X'U'RUR'FRF

R'UR'U'B'DB'D'B2R'B'RBR

RRUR'U'X2Yy'R'UR'U'IRU'R"URU

YyLURULULUR U LU2RU2R'
YV2RU'L'UR'UURU'LUR'"U2L'U2L
VR ULURURUL U RU2LU2L'
LURUL'ULURULU2R U2R
RRUR'd'R'FR2ZU'R'UR'FRF
RFUR'U'YyZU RU'R"U2y'R"U'RUR
RRUR'UYR'FR2ZU' R'UR'FRF
RRUR'UYR'DR'D'R2FR'FRF
R'U2ZRU2LU'R'UL'ULURUL'
R'UZRU2LU'R'UrrrU' RUT
RULURURULUR U2L"U2L

FRURURURFRURURFRF

R2uUR2'UR2D'R'U'RF2'R'UR

FRRFR2U R URURFRUR' U F

R'URF2R'"URdR2U'R2'U'R2

RZURURU Z'Y'L'URU'R'ULUyZz
yFLULULULFLULULFLF
FRURFDRYXR'URzR2yL'd2
zZ7U2L'U'LUL'Y'L'URU'R'U LU
FRRFRURU R2U'RUIU R'U
zU2RUR'URYRUL'ULUR"U'
FRURURIRUR'B'RU'R2
R'FRFY URUR2UR'UR'FRF U’

y2zU2R'U2R'U2RBRB"'U2BR'B’

2. COLL+EPLL (ZZ-VH)

This orients and permutes the last layer corners (without affecting edge orientation) in one step,
then permutes the last layer edges in the final step.

COLL (Lars Vandenbergh)

Orientation | Permutation . Orientation | Permutation .
Algorithm Algorithm
corners corners corners corners
“ I RUYURUR| =T | rrr y'R'U RF (R2
U) (R2U) U'R D') R (UR' D)
(UR'U)R (R2U) F'
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(R'U)R2D r' U2
rb' (R2U'R)

(R'U)U (RF)
(R'F) U2 (F' R)
F

FU("F)R2F'r
UR2F

R"U2RFU R’
URUF

R'URUHUT
R'F)RF)r

R'U RU) R
U) UR2 (UR'U)
(RUYU'R’

y'r (UR) U (1
F) (RF)

(R2D") (RU") U’
(R'D) (RU") U’
R

y'(FRF)r (U
RYU I

y2R2D (R'U) U
(RD) (R'U) (U
R"

y(R"U) (UR) D
(R U") U' (R' D)
R2

y (RUY) (r'F)
RPDrUEPr

y2 (RU) U'RD
(R'U) U (RD")
R2

y2 F (R2 U') R2

R (UR'U) (R U")
(R'U) (RU") (R’
U) (RU) U'R

UR2UF'y (R
u) U'R'
y (RU") U' (R2

U (R2 UY) (R2
U) U R

y'Fr{UR)u
rrMR

y (RF) U (R2
F)U'FUR2U
(FRY)

RF(LFRF)
ru

(R'UYUR (UR'
U) (R2U") (' F)
R (F'r)

(L' U) U (R U
(R'U)UL (RUY)
R

y2 (RU) U'R'
U'(RU)R2U (L
U) R (ULY

yR(UR'U) (I'F)
(RF)ru2r

y RUIU (" F)
RP(FFnU (R
U) R

B'U'R(UR)BU
(RU) U'R’

yLR'U'RUL'
U2 (R"U) UR
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y2 (FR) U2 (R y (R"F) U2 (F
F) (R'F) uz2 (F R) (FR) U2 (R
R) F)

‘ | y' (RU) (rF) R ‘ | y(rF)RF)r
Fn (URY

g K

\ y'R(UR'U) (R ‘ (RU) U R U

E| UYU'R' E| RUYR

‘ y(R'U)URUF ‘ y(RU')U'(R'
(R'U) (RU)F WU F RF)

B Bl

R(UR' U) Y (R

] E U) (RUY (R2F)
(RF'R)

- B||/(RUYU'R'U'R
(URY U (RUY)
B
R’
YyR(UUR'U)RU
(rF) R (F'r)

(RB") (R' B) U2
R2F (ruU)r F2
R2

EPLL (Lar Vandenbergh), permute edges only:

¥ |

i
Fi B "
X L

-

(R'UR)U'R'U' (R'U)R|| (RRUHYR'U'RURU (R ||R"U' (RU)RU (RU") (R'|| r2 (R2 U) r2 (R2 U) U r2
UR2 U'R) U)RU (R2U) R’ (R2U)R2r2

3. ZBLL (ZZz-a): this method completes the last layer by orienting the corners and permuting
the corners and edges, all in one step. It involves 494 distinct cases, and requires learning a
minimum of 177 algorithms assuming mirrors and inverses are applied.

F2LL
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During the final stages of F2L its possible to manipulate the last layer cubies to reduce the
number of LL cases. This partial solving of LL during F2L is called F2LL.

4.7ZZ-b or ZZLL

F1%| phase KM

Phaseing Strategy: %5 5 F2L 58/ —4> 1X2X2 B (C/E Hv) i, i&F—1HH
R AR, i feiix et C/E BN N ZEE, IR TER PR A B, A A X 1)
PEERALF AN (8 b SEREE 2P R, TUZE A5 B A B sl R R sl 75 T % i
Hrp—X. Bl ZBLL 1) 494 FTZIRAS 2] 167 Ay, — L 5ealnz A 7% 80 4
Hik, ZBLL /b FEEE 177 A

wmE, TE—MEEE F2L ) C/E Xt 1X1X2 1%, BB =AM 123 B & o)LL
B VRSN -RAEAS B A A T AR X A B DAL E 1. X — DA P FEE 5 45
E o

ZZLL FEK) 80 NMEER ZBLL177 MNEEN T4,

ZZLL Algorithms:
http://stubers.org/jamesstuff/cube/zzll.php

5.Winter Variation(\WV)

This orients the LL corners during insertion of the final 1x1x2 F2L block, reducing the last layer
to just PLL.

6.MGLS

On the last F2L slot only the edge is placed. The CLS part of the MGLS method then orients the
LL corners, while simultaneously placing the final D-face corner. This leaves only PLL to
complete the cube.

7. Blah's Method

This de-orients the LL corners during insertion of the final 1x1x2 F2L block, allowing completion
of LL in one-step using a reduced subset of ZBLL.
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Minimal memorization ZZ method

4 77 method f—Lerp AP IRYR AL, L/MAlZE.
EOLine—->EO+Line

F2L->3F2L+F2L and Cross Phase

ZZLL->ELL+Orientation of Corners+Permutation of Corners

23k F2L Y BUR Phase TRHE, B —SHAEHAHX AL B 1B, N T A X — R A &L AL
B, RATAEEEIAN, ARG B AN E J7A, JEMASE COLL, Last layer Al CFEC
AE, RAEREHE LD,

EO-Line 2 JEHENEEFLFRHI N <L, R,U,F2,B2>, A R4 Fi /1 F/B.

BJE—H, B PILETU/MARX AL B SE A B, EF — e T B PN, RN
EPEMRT

e — DR BT R R NS, B A, BOA DR A
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%1+ =7 ZB Method

7B Method #& Zbigniew Zborowski F1 Ron van Bruchem2002 & BEMM i KEHEK. &
Fridrich J7VER—MNEgAefl . ST ERRE SURFEIR R B J5 — X F2L i, X T E R 07
], Bl JE— 20, KORHIE T TZREE, & 176 A ax, Bk LL—Bib i)z .
Al PAfA B %F b — N Bernard Helmstetter J772%, Helmstetter HifA 2 1L % B F2L, 3B =E¥%
OLL, P11 &3 —%, H 1211 HA

BI{E4nt, 7B method [AAREAKIRIR K. ZBF2L iX—34 306 HRAS, ZBLL iX—4F 494
MORES . XPIB R EB/DNFE 124 f1 176 NAZ, SILE 300 MAR. RS A, R
UM, FHKREARBD THIBH, 128 7 .

The table below shows the number of formulas required for solving separate steps of ZB
system:

number of formulas | number of formulas | number of formulas
with reverse ones with reverse ones
and
symmetrical ones

First step none none none
Second step 125 (minus 1 158 (minus 1 306 (minus 1
solved) solved) solved)
Third step 177 (minus 1 270 (minus 1 493 (minus 1
solved) solved) solved)
Total 300

—. F2L without one edge and one corner
fig ik F2L, %~ —~ Corner/Edge *7.

. F2L last edge and corner and last four edges orientation
fig o F2L e Ja —xt C/E WA, B IUR 4 MER#EE. X—254 125 M A

=. last four edges permutation and last four corners orientation/permutation

TZE R RALE i, MERTT AL B R, HAE— D5 H 177 DR

ZBLL Algorithms:
(Fp52)
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#=+=7% VH Method

1 Lars Vandenbergh £l Dan Harris % J&, Fridrich J7i% 128 b
—. Cross

—. F2L (3pairs)
—. 4th F2L pair+Orientation of LL Edge

In the VH System, when solving the 4th F2L pair you also Orient the edge pieces of the Last
Layer. You do this in two stages, called "pair-up", and "insert". The pair-up and insert method
for F2L is nothing new, but in the VH system you use a special set of algorithms to flip the
necessary edges during the "insert" stage. There are 32 special algorithms, and by using these
you can then go straight into the next stage.

HEEIX—25 ZBF2L AR F2L "] LI AL ECxS C/E BRATR HAm A\ — R X A& SEE)
fE. VHF2L i fEf)a—X F2L MmN T R I Y TR BB . Bext 2 Ja KR 1R
BHG DR 32 AL T ZBF2L 27E C/E L Z W AT ER N 1, /T2 124
Moo BFONESERCRT, VHF2L X0 A b 2 U N 2 S0P BOMI K, Fr AASE

B

VHF2L’s Algorithms:

Algorithms for Connected Pairs - solving into the FR slot (Red is the F colour, Green
is the R colour)

Pair is locked against a correctly oriented edge

Case Case Case Case
PC-UR_UFR-000 PC-UR_UFR-001 |PC-UR_UFR-010 PC-UR_UFR-011
U2 (RU'RY)(FU
URU'R' UFURNRURY)Y UFU2FHDRURY)
(R U RY)

Pair is seperate from correctly oriented edges

Case Case Case Case
PC-UR_UFR-100 PC-UR_UFR-101 PC-UR_UFR-110 PC-UR_UFR-111
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| s— | S— | S— | S—

¥ FREF U2 RUVUR)U R FURUR)U2Z® FRd® V2R d LU L
RF) F) U)(L BLB)
Pair is locked against a correctly oriented edge

Case PC-UF_UFR-000 | Case PC-UF_UFR-001 | Case PC-UF_UFR-010 | Case PC-UF_UFR-011

| ee— | = | — | —

d U CULEU
d @ UL) U RUR)F URPU RU2Z R)F UF
F)L UL
Pair is seperate from correctly oriented edges

Case PC-UF_UFR-100 | Case PC-UF_UFR-101 | Case PC-UF_UFR-110 | Case PC-UF_UFR-111

= = | — | —

dU@® URUURB Rd (U LU2Z)LF URUR)F UF) d®

FR F R
B) L F) B R B)

Algorithms for Seperated Pairs — solving into the FR slot (Red is the F colour, Green

is the R colour)

Case PS-UB_UFR-000 | Case PS-UB_UFR-001 |Case PS-UB_UFR-010 Case PS-UB_UFR-011

[ ] B R I I R

—— — | Se— | Se—

RU RUV)RUR RU R)U2® FRQRU2 R)F 12F R
02)(R* FRF) F) U R)
Case PS-UB_UFR-100 | Case PS-UB_UFR-101 | Case PS-UB_UFR-110 | Case PS-UB_UFR-111
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RU2Z R U)R FRRUZ2Z R)F UHDRRURU)FUFHDRIRU R)F UFU2) R
F) U R) U R) UR U2)(R FRF)
Case PS-UL_UFR-000 | Case PS-UL UFR-001 ' Case PS-UL UFR-010 @ Case PS-UL UFR-011

] ] ] }
[ ] [ ] [ ] [ ]

— — — —

FUFRIDRU R
FF U F ) (FUFU2)(FRFRU2FE V)L ULUF

Case PS-UL_UFR-100 | Case PS-UL_UFR-101 | Case PS-UL UFR-110 | Case PS-UL_UFR-111

| s— | | s— | s— | s—

] ] ] }
[] [ ] [ ] []

9 ’ t ] b (F, U2 F)(R U2, ’ b b $
(FU2FUO)(FR FFR) (F U2)L" ULF) R)E UF) FDB R BD F2U F
Iq. COLL

provided you have managed to successfully Orient the LL edges correctly, you will arrive
at one of the 40 COLL cases. During COLL you both Orient and Permute the LL corners
simultaneously, whilst keeping the LL edge orientation intact. This results in a complete
top face, and in 1/12 instances on average, a completed Last Layer! These are dramtically
reduced odds from the chances of finishing the Last Layer in 1 step in the standard CFOP
method. In the other 11/12 times, you only have a simple and fast edge permutation to
solve, since the corners are already permuted.

B SR A B E AT

Corners and Orientation Last Layer
This is a list of all 40 algorithms | use to solve the corners of the last layer without affecting
the orientation of the edges. | tried to note down the moves in such a way so that you can
see how | perform them. Moves that are between brackets are move sequences that are
performed in one single movement.
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Orientation Permutation . Orientation Permutation .
Algorithm Algorithm
corners corners corners corners
[— [—

(RU) U'R U (R
U) (R2U)U'R (U
R'U) R

(R'UYR2Dr U2r
D' (R2 U' R)

FU (r"F)R2F ruU
R2 F'

(R'U) (RUY U I
RF RF)r

y'r(UR) U (' F)
(RF)

Y'(FRF)r(URY)
ur

y'R'U'RF (R2
D) R (UR' D) (R2
Uy F

(R'U)URF) (R
F)U2 (F'R)F

R'"U2RFU R'U'
RUF

R'U (RUY) (R'U)
UR2 (UR'U) (R
Uy U R

(R2D") (RU) U’
(R'D) (RU) U'R

y2R2D (R'U) U
(RD) (R'U) (U
R")

o ieel Sl oes

y (R"U) (UR") D'
(RU) U (R'D) R2

y2 (RU)U'RD (R
U) U (RD') R2

R (UR'U) (RU"
R'U) (RU) (R'U)
(RU)U'R

y'FrUR)U (r
PR

RFLF)RF)r
U

(L'U) U (RUY) (R’
U)UL (RU)R'

=
|

y(RU) (rF) (R
Nrurir

y2F (R2U) R2 U
R2UFy (RU)U
e

y (RU) U (R2U)
(R2 U") (R2 U") U*
R

y(RF) U (R2F)
U'FUR2U (FRY)

(R'U)UR (UR'
U) (R2U" (r' F) R'
F'n

y2(RU)U'R' U’
(RUYR2 U (L UY
R (ULY)
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Y RUIU (P
R'(F r)U (RU)
-

yR (UR'U) (r' F) |]
(RF)rU2R

B'U'R(UR)BU
(RUYU'R'

y'LR'U'RUL' U2
(R'U) UR

y2 (FR') U2 (RF")
(R'F) U2 (F'R)

y (R'F) U2 (F'R)
(FR)YU2 (RF)

Yy (RU) (' F) R
(F'n

y(r'F)(RF)r
R")

y'R (UR'U) (RU")
U'R'

(RU)U'R' U (R
U) R

y(R'U)URUF (R

E U) RU)F

y (RU) U (R"V)
UTF RF)RT

R (UR'U)y' (R'U)
(RU) (R2F) (RF'
R)

= = g|[RUHYU'R U'R(U
R) U (RU)R
B

yR(UR U)RU ('
F)R' (F'r)

F' (rU") r' F2 R2

l (R B') (R' B) U2 R2

Ti.EPLL

WAL E . HA TS

Permute edges
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1 e

i b
¥ T
-

F'y
-

(RUR)UR' U (R'U)R|| (RZU)R'U'RURU (R |[R"U' (RU)RU (RU") (R r2 (R2U) r2 (R2 Uy U r2
UR2 U'R) U)RU (R2U) R’ (R2U) R2 r2

XM Vandenbergh f53%.
EPLL /& PLL [{)—AF4E. 1075 H AL,
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#4095 Makisumi—Garron Last Slot (MGLS)

Shotaro Makisumi, Lucas Garron, 2007 FE4&J&.

step1. F2L, minus last slot
JETWE, B—X C/E

Step2. ELS, Edge step of the Last Slot

The edge of the last slot is placed while the last layer edges are oriented.
R ER L, RN R 507 1)

Step3. CLS,Corner step of the Last Slot
The corner of the last slot is placed while the last layer corners are oriented

104 cases/56 algs+mirrors, 9.5 twists (average)
FEL N2 0 e [R]85 T2 R T 1

Step4. PLL, Permutation of the Last Layer
21 cases/14 algs+mirrors, =12 twists (average)
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B+ FHT Thistlethwaite method

Section 1. Heise’s Human Thislethwaite Method

G0=<U,D,L,R,FB>, Phase 1 >
G1=<U,D,L,R,F2,B2>, Phase 2 >
G2=<U,D,L2,R2,F2,B2>, Phase 3 >
G3=<U2,D2,L2,R2,F2,B2>, Phase 4 >
G4=<I>

e IE vk el iR R (piece or block or layer) I8 JE R/ T — D RIS RFPIREE, &ETHE
PUL 5. Thislethwaite 773 (TM) W5 G A BT AR o BETT AT AT —FoRAS 5 BT #E I —
MHETCE L — R TM I AR & 2 0 B A JBE 77 P Ak B 2 S /N )13, e 31 A
FHE, WRIEEARES o B AFEIE S5 1) — 20 SR BE 75 B R RaE A2 BLIY, (HSEhR BB TT BRAS
B0 I ot A PR )i/ T K ) PR/ £

XA RS BT AEAR R TR (AR HL

Group positions Factor

G0=<U,D,L,R,F.B> 4.33*10719

Phase 1 2,048(2711)
G1=<U,D,L,R,F2,B2> 2.11*10716

Phase 2 1,082,565(121/(8!41) *317)

G2=<U,D,L2,R2,F2,B2>  1.95*10710

Phase 3 29,400(8!/(4141)]**%2%3)

G3=<U2,D2,L2,R2,F2,B2> 6.63*1015

Phase 4 663,552(4115/12)

G4=<I>
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Phase 1 XHfFiA R A

M GO F| G1 AANi/NHEF 2,048(2711), ERNER —HBEITIRESEIID T 2048 £5. FHT
B 2n11 A, X — D AR R B — R i SRR, AR — MR,
DR R FRU ZANEAS, (HRZ Phasel HHEJG, RNEEH F#IE (REEH F2),
WD T ARSI AN REFERI S o BT UAA A RIS E X

& M s iR reid i ¥ 8 <U,D, LR, F2,B2> 45 3L AMF BB S5, A8 X AR B A R AT . SR
Z A

Phasel il 2R A il e (R AR . J5dEAR T, 5B R BT A SR OB B, SRR
AN AP B <U,D,L R, F2,B2> e # I F f (2k#F B i) bk, f—A F#z), X4
WA AU AR KA AN, JEHE P — R F i, 4> F#sh, XA, F
T 53 =ANX AR R . IR L T AN

2 ZZ Brik EOLine YA ACAIZ — 20 Bz AR 2.

NS T RGRTTE, AT E N TRE G, RZEAWT, AmiEt, A, iimats
MR, RILWOAOREN YW t, HEOSKOEHKBG t, LOBOAaHiRO . BIERMHZ
YW (i f X AT b AT DA 36 R o 10 3 AN BRNG Fro YW E i a2 3 X AN
LGR B O DGR A . AR

Phase 2 K RIEHEHRKEIFIEZ, FHIRBEFARTR

HEERXR—BETCALT 6L T 7, EX—PHE#IER G H 61 #¥<U,D,LR,F2,B2>/E
i, FERE T PR E] G2 BE<U,D,L2,R2,F2,B2> . X — A BE K /N /N o BV JE T f R A5 Hi /s
37 *121/(814Nf%. 37 WHRITF AT, 121/(814)E R hiF E RS HUBEh a2 . & AR R
&, ARTRANEAR ) f P it <U,D,L2,R2,F2,B2> [t B 55, 44 e A 1 F i A AR, e
P =AW A 7 AR . Bt G2 BEME T A BEE - R, [,
<U,D,L2,R2,F2,B2> 4 i s A nT fedtt BN R R F (0] 2 Xt ZsRkx — P 240 g i) 2 e
Yeglalpa] 2. iR A2 5, UREEE D A A3 Am S,

MBS AR

RSP E SR SN EUGERUE EE YW BB SR TE TR . G L, RS, (Ef50
A =AU YW &, JREEA =AP5EE YW G . A AT Tsk AP 2 L/R M, 760H 7
AN YW G Heb e R, MR, > L/R $3l, i) 2 Hseas i e 2] ez .

B, BRAELE, [EARTEN] LR B4, RARETREZEG. WREMN L, REZEEE, LR
AR B CR. s RR 2 R{ U,D,L2,R2,F2,B2}R X F ) #: 5)) .

REAYEAR: U2 AT YW BAb T U 83 D i o 8P5S8 1 i 0 10 A B —ANE LUF,

—/NiAE FDR, R'D-L2-D'R #:4F B A A& AT YW i %) U/D T k.
] USAE RUF, LFD AN E, F#:{E LD-R2-DL & CATIGA .
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Phase 3 % F/B THiA RO &, L/RTHAN BG &, HIAEATAMAMTIIE
X—BprE e Raedid 62 B ¥sh<U,D,L2,R2,F2,B2> 4 k.

i U/D WEN YW B, XL, BRI AT O . BiE AN R, B
O EZ (2 BYgREIFET, X—PmaeE M ZE (M slice) ERHEHIAEIM E,
SE (S slice) RMtFbuiz S B, BARiX & G3 #<U2,D2,L2,R2,F2,B2> YLiE [fPIRA . (HIXik
A, G3 BHEYE T AR E . ) \A s w2, SH—4H09 3 {ULB, URF, RDB,
LFD}7E{ULB, URF, RDB, LFD}X VUi ffr & B #e, 54100 #HE{ULF, URB, LDB, RDF}
#E{ULF, URB, LDB, RDF}XPU/TGifgfhi s & e, thin, i URB fdtktT URF Tif b, ©K)
fir B LA 1, B b RDF THAR IR (1 o 3% — SR (R A O /b 1 29,400 (=[81/(4141))> *2*3)
&%, 8l/(81aNPXIRTF M 2 S ERHE M 2 S 2, 6 Xt T P4 A Hedg— 21 1 DU A FE £z
BIEH.

LA

TR AEAMEIX— R

F P B K, SR B . v DA ELREAE BT PR 2 R, B AR 1%
HAPSETF %A, RPN AP LRI B R E e, e aiiiisl u
2, FAGAREES D ZE. XK, & U/D ES BRI A E A IER .t
wu R, A =RE,

S MG AIUR: 55 FRILRE, 4 B — MR s =M 50 2RI, i
i 0 1

WS U A D R SE A UL R # A SE 2 AULHE (— =), (¥fE R2F2R2 v LAf# i — = H.
A, AP AP BRI B AR IR . 75 0 75 B

R'FR' - B2 - RFR , XMMfEE#: U 2 ULB, URB ANfHk, [FINA2#: D /2 DLB, DRF %/
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Be. #5<U,D,L2,R2,F2,B2> M Mk Ab T-Ai& b B, AR A LA A RV AT S 7 4 A Dok o) A L 1
BIEH. mEZPRAIATELE. tan, 2% MBS ILRE LN PR S —XILRCH, R —Xf It
Fef bt U R0, 891802 U RIS AEUAE N se e ALES, D JZ AR ULEC KT &L BLET
I —XTUCHEC R . X, e U JZ2—xbx e, e D AR AILELHT CHABRD, W BN AEH
A2 5e 4 LT .

PR MBS B U RN BT )\ M R D) IERA AL B CEDAL T G3 BEE:3h fe i AL B,
ZIEMEAREH U, D #zh, i RAEIX 4 U{ U2,D2,L2,R2,F2,B2}U". AbFEESH:, & Jeitpys
RO (583 D 2, #2094 BG tuffHifi £] U 2. D'-M2-D &% 2417 S-slice 7£ D JE P EL
A ZS M-slice 1 U JZ, #2471 M-slice 75 U JZ 0P MEELUR B A 4 S-slice 11 D 2.

H—MIE 0 & M-slice i A A —A S-slice 85k, X}, f D-M2-D, il M-lice - /> S-slice
MIASER . 2 Ja A BT ik

FERL BRI S T G3.

Phase 4 & JR A fHuisi

B HREH G3 BERIF£8h<U2,D2,L2,R2,F2,B2> . [AH, LB 2IHA 90 FE s R,
WAERE TR, R{ U2,D2,L2,R2,F2,B2}R . X — i M IR i, AR 154E, )
DAAEIA iR 4 1 8 5 FH % 5{U2,D2,L2,R2,F2,B2}4T L, FikJE, #HEIX—L i HTy. A%
Ja &R E AR

B E AR IR ERWE, Bl E AN A A, X3RN 7SN AR B B e
F AT U2M2U2 5 M 2 E R, B A 3 U2R2U2R2U2R2 ¥ M 2 — X BeHefl E 2 — X
S . HAh A AT DL X B R .

T E A U B

Casel MD2M’

Case2 M2U2M2

UF<-->UB, DF<-->DB
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Case3 U2R2U2R2U2R2

1<-->2,3<-->4

Case4 M2U2M2 -U (M2U2Mm2) U’
1<-->2,3<-->4

Case5 E-U2R2U2R2U2R2-F’
1<-->2,3<-->4

Case 1. iR JF— s
MD2M’

Case2. X M JZ ERIP/M%, UF<->UB, DF<-->DB
M2U2M2

Case3. X M E WA, 1, 2; [FRXEEE W3, 4.
U2R2U2R2U2R2

R R E BRI A4 )y Case2, Case3. LLAN

Case4. X1 M JZ 1, 2 #58k, X1 S |2 3, 4 Brbk. AT LLSE M2u2M2, XA A case2,
BEEF U (M2U2M2) U, M2U2M2-U (M2U2M2) U’
WEEE M2 1, 2 ARE, B case2 1],

Case5. MM JZE 1, 28, EJZ 3, 48, S5 U3, Wil case3. J2 18 case3 AbHE,
G V. 8BS E AN Case3, )5 E.

EXHEREAET M, S, E IR AALE, AFTVERLL, WA 2, 3 WANEAREL).

M EA, R CEE E G w AN, Hln case2, L U, DI, %R EJZ R E
TR, XINHERE T BAR RS, uD AT, BRI MR, 2 u2{m2, mpu2 B
LR EEABETT o
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ARV —T, EREEP SN cased, HFIT U, UES), RNTRNT BAHETTH
TR G3 2 JE L B R SR Fax s 5E A nl DLR A G3 BE AR t{ u2,D2,12,R2,F2,B2}
SEH, Cased:

M2U2M2U2--y'--U2R2U2R2U2R2---x2y--U2R2U2R2U2R2— 48§ E 2 = AME I HE #

F2U2R2U2 F2U2R2U2 #Huix =/AMHs.

HE s =R A B E R, BATVH T RFR - B2 - RFR , X/ MEERH U Z ULB,
URB B, RIS A2 4 D 2 DLB, DRF PR A HL. X — D AT LATE G2 B N SLH . 1X 4 2 4E
UF2U’ R2UF2U° F2-1.2D° L2

B2 6 ¥ (ULF, UBL) +%:#: (UF, UL, DB, DR), J5HXAMHsHAL#mT LA D' M2D &%
fE PR E R RN, AR S REXHE AR AT M AL.
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PR IR

BB HERREA
LRI, b4, BT 8 AN, I .

e B[] P BRGE A W 7 v

— MBS BUE SR, T TR RO E T PN TR A BRI, BT DA T2 TT LA
FEAMB —MEREPIRA . T () 1E{U2,D2,L2,R2,F2,B2}i% ) R 25 i, HF&HZEX =4
Fokmiogit,, b FHEt=0, AiFt=1, AfHt=2, Fﬁﬁm%ﬁLAmﬁ

EWTA, AiaEs, EEAS. AE=0, 2K=1, 4i5=2. BALABRKHER D
10, EIEWTM L, WALE%ILN 20. f ﬁ%meg&mBnLE%Eﬁm,ﬂﬁo,&
ZAtH 1.

FRENM O N E ERIXTHR.

| fL |01 02 12 10 20 21
01 0 0 0 1 1 1
02 0 0 0 1 1 1
12 0 0 0 1 1 1
10 1 1 1 0 0 0
20 1 1 1 0 0 0
21 1 1 1 0 0 0

HWHEE, {01, 12, 02}, {10, 20, 21}, SFERMBEAL EERR AN gtal LUER, 4
SAE AN TR ZHL U AN B s 5t o B3 TR R o9 1 s 00 € 118 SRS/ I3 AR 19 1 s Ao B 1) R/ i
F AR TRV e s e ek e, AR S U R Y

SE X BTNy, AR ORI, A T DR -
WBETT R ATHE, BT A, Eiihs, ATZ)EE, B, PR s [ e Oy
R, R E SO, sk E SONIRGE.

Flr: R —MRREF R R AAE LA RN L, BRESRREERK. WREKN
FoARHIBEAELZ R R EE L, ERE AR,

B-H: ETHHERER

ERH Cross SE R 5, VRHE M HEA ) o — O IE T A PesA ], P OO I T A s )
HEAA:
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OLL 21 OLL 22

| | | RU2-R2U'-R2U'-R2U2 R
(RUR")U(RU'R")U(RU2R") RU"2(R2U")(R2U")(R2U"2)R

OLL 23 OLL 24

r-uR'U-r'-FRF
R2-D'-RU2R'-D-RU2R rUR)U (M F) (RF)

OLL 25

F'rU- R'- U'r'F- R
Fr(UR)U ()R

OLL 27 OLL 26

—! | (RUR")U (RU2R") | (RU2R") U'(RU'R")

B=F APRME, BRAE

b E

fEVCEC I — X P sh ) B [, — R B )\ P A E
Uo DO R2F2R2

Ul DO (R'UR') B2 (RU'R)

Ul D1 (R2 U )(F2 U2 R2 )(U R2)

Ul D4 (RU'R) F2 (R' UR) (F2 R2)

Uo D4 (R U'R2)(F2 U'R) F2( R' U F2) (R2 U R')

Note: Ul D1 K/~ b FHEHE —XICHHIA .

BHRALE : D'M2D X1 S-slice LRI MR M-slice. U1 M-slice - L —> S-slice LH]
Bk, ATLLF mp2m?, BIEEPUZE Casel M2 sAEX MBS A S-slice

FIUL: 180 BHEINEREES

Casel MD2M’
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Case2

M2U2M2

UF<-->UB, DF<-->DB

Case3 U2R2U2R2U2R2
1<-->2,3<-->4

Case4 M2U2M2 -U (M2U2Mm2) U’
1<-->2,3<-->4

Case5 E-U2R2U2R2U2R2-F’

1<-->2,3<-->4
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Section 2 Jaap’s Description

Jaap’s Puzzle Page

Thistlethwaite's method differs from layer algorithms and corners first algorithms in that it does
not place pieces in their correct positions one by one. Instead it works on all the pieces at the
same time, restricting them to fewer and fewer possibilities until there is only one possible
position left for each piece and the cube is solved.

The way it does this is by first doing a few moves until a position arises that can be solved
without using quarter turns of the U and D faces (though half turns of U and D are still needed).
It then proceeds to solve the cube without using U or D quarter turns by first moving to a
position that does not need quarter turns of the F, B faces either. With these further restrictions
a position is arrived at that does not need any quarter turns at all, and can hence be solved by
half turns only. The cube then indeed gets solved using half turns only.

These four stages are quite complicated, since they use large look-up tables for all the positions
at each stage. The table below shows the numbers involved:

Group # positions Factor
Go=<L, R, F, B, U, D> 4.33*10719
2,048(211)
G,;=<L, R, F, B, U2,D2> 2.11*10716
1,082,565(12C4 *377)
G,=<L, R, F2,B2,U2,D2> 1.95%10710
29,400(8C4N2 *2*3)

G;=<L2,R2,F2,B2,U2,D2> 6.63*10"5
663,552(4115/12)
G4=| 1

Mathematically speaking, this is a sequence of nested groups, and each stage of the algorithm is
simply a look-up table showing a solution for each element in the quotient coset space. The last
column shows the order of these coset spaces, i.e. the size of the look-up tables used.

The first stage has a factor of 2,048=2". This corresponds to the fact that this stage fixes the
orientation of the edges; it is impossible to flip edges if only half turns are allowed on the U, D

faces, but otherwise the pieces can be put in any normal position with this restriction.

EE, BB FUR =B B4 RESCBL. M GO B 61 FHFIEL S SOt
AFRR B
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The second stage has a factor of 3’ *121/(8!4!). This corresponds to the fact that this stage fixes
the orientation of the corners, and places the middle layer edges into their slice. It is fairly easy to
see that if you are only allowed half turns on the F,B,U,D faces together with any turns on the L, R
faces, then the left and right faces will never have more than two colours, and the middle edge
pieces will never leave their slice or be flipped. In fact, those restricted moves can solve any
position under those conditions.

X e e (37D, U L R LREAE L RTEE. RIRE 2 s
JEIREZ (121/(8141). G2 FEAFTREIE LR J= LAty 2] =

The third stage has a factor of [8!/(4141)]* *2*3. This corresponds to the fact that the edges in the
L and R faces are placed in their correct slices, the corners are put into their correct tetrads, the
parity of the edge permutation (and hence the corners too) is made even, and the total twist of
each tetrad is fixed.

X A0 R I B AR R I, A (A AEAEEIRE, R I AR
H twist i 2 T K.

The final stage finally solves the cube.

The following table shows the number of moves each stage needs.
1 2 3 4 Total

Original algorithm: 13 15 17 52

7
Improved algorithm: 7 13 15 15 50
7

Best possible: 10 13 15 45

Through extensive calculations, Mike Reid has shown that going from Gy directly to G, can be
done in 12 moves, and from G; to G, in 18 moves. When combining these, the 30-move cases
can be avoided, so it has been proved that 29 moves is always sufficient to solve the cube.
Silviu Radu has recently shown that the cases apparently needing 29 moves can be solved in
fewer, so that in fact 28 moves suffice.

Ryan Heise has developed a way of solving the cube based on Thistlethwaite's algorithm. He

splits stages 2, 3 and 4 into two steps each (corners and edges separately) in order to make it
possible for a human being to memorise.
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Section 3. Heise: Human Thistlethwaite Algorithms
Phase 1 -> <U,D,L,R,F2,B2> group

- simple, no algorithms
Phase 2 -> <U,D,L2,R2,F2,B2> group

- Direct up/down edges to up/down face (simple, no algs)
- Direct corners to up/down face (between 8 and 60 algs)

Phase 3 -> <U2,D2,L2,R2,F2,B2> group

- Corners (between 1 and 2 algs)
- Edges (between 1 and 4 algs)

Phase 4 -> place pieces

- Corners (intuitive)
- Edges (intuitive)

Step 1 (Oriente the Edges)
BB T A B

Put cube into <L2,R2,F,B,U,D> group, which I will call G1. That is to say, put the cube into a
position where the cube can be solved by only using L2,R2,F,B,U,D moves. It helps in this
method to think of opposite colours as the same colour up until you get to step 4. Let's call the
left/right colours "green" (these are unimportant in step 1), the up/down colours red, and the
front/back colours white.

Once you get into G1, it is impossible to flip edges, and the only thing we need to do to get the
cube into G1 is to make sure all the edges are flipped right. First you need to find bad edges
that are flipped the wrong way. A bad edge is one that, if moved to its home position using
only moves from G1, will be flipped the wrong way. (Of course, you don't need to move it there
to see that)

There are always an even number of bad edges, between 0 and 12, or 6 on average. The only
way to flip edges to turn the left or right sides 90 degrees, and that will flip the 4 edges on that
side. To flip 4 bad edges, you simply move them all into positions on the left side (for example),
and turn that side 90 degrees. If you have only 2 bad edges, you can make that into 4 by
moving just one of them onto the left side and turning it. That will change one of the bad edges
into 3 (plus the other one it makes 4).
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At end of step 1, you should see no red edges facing to the front or back, and you should see no
white edges facing to the top or bottom. To the untrained eye, it will look like you have
accomplished nothing so far! Yet, these 12 edges are in a much better position now.

step 2

P4 UD [ BT R EER/E UD 1 b, B, TR ERREESE E.
(7 I 8 4 A DR o A A By U/D S 5 T i e i B T

Put cube into <L2,R2,F2,B2,U,D> group, which I will call G2. In this group, pieces in the middle
layer will stay in the middle layer without flipping, and pieces in the top and bottom layers can
only exchange between those layers without twisting or flipping. At the end of step 2, you
should only see red on the top and bottom. In the middle layer, you should only see green on
the left/right sides, and white on the front/back sides.

Remember we are currently in G1, so to get to G2, we can only use moves from G1. To start
with the edges, we want to get a red cross on the top and bottom. There are 8 red edges and
because of limited space, at least 4 of those must already be forming part of the crosses. The
general strategy is to first get 3 red edges on the top and 3 edges on the bottom, and align
them so that the missing parts of both crosses are facing to the front. The other 2 red edges
must be somewhere in the middle layer (if not, you must have 4 edges instead of 3 edges on
the top or bottom). Using double turns around the L2,R2,F2,B2 sides, move those two
remaining red edges over to the two front positions on the middle layer, and turn the front 90
degrees. With the edges done, we have created some symmetry so it is possible rotate the
cube about the U-D axis and change your perception of what is the front and back. Very
convenient.

Now for the corners, we can twist two corners at a time. Start with one corner at LUF (corner A)
and the other corner at FDR (corner B). Then do:

R'D - twists the B corner
L2 - swaps the B and A corners
D'R - twists the A corner on the way back

Do this repeatedly until all corners are twisted the right way. You should have all red on the top
and bottom.

step 3

B0, ST AR G/ . B RAE F/B, L/R R RN . (HIXEAR,

Put cube into <L2,R2,F2,B2,U2,D2> group, named G3. In the previous step, you put only
opposite colours on the top and bottom (red). In this step, you do the same for the front/back
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(white) and left/right (green). In G3, each corner can only move between one of 4 positions,
which I call a circuit. There are only two circuits and each corner belongs to one of those
circuits. Within G3, the only moves you can do (double turns) will swap two corners in one
circuit, and two corners in the other circuit that overlap. This limits the permutations that are
possible, and it means that simply getting opposite colours on all sides is not enough to satisfy
G3.

Since the corners are the tricky bit here, we will put the corners into G3 first, then the edges.
You must now distinguish between opposite colours to know if G3 is satisfied. I will use red
opposite to orange, white to yellow, and green to blue. An easy way to see if G3 is satisfied is
to move all red corners to the top side, and all orange corners to the bottom side. Pairs of
corners around the top and bottom will either match or mismatch. If they either all match, or
they all mismatch, the corners are in a G3 position. There is only one way for all corners to
match, and one way for all corners to mismatch (you swap a pair of opposite corners), and so
when the exact pattern occurs on the top and bottom, the bottom corners should align exactly
with the top corners. You can switch between all matched, and none matched, by doing
R2U2R2 (that swaps a pair of opposite corners on the bottom, and a pair of opposite corners on
the top). If you're not in either of those positions, here is a sequence that will swap a pair of
opposite corners on the bottom, and an adjacent pair of corners on the top:

R'FR' - move the 4 target corners to the back side
B2 - swap!
RFR - move everything back

This is one case where it is more efficient to temporarily break G2. At the end of the move,
everything is restored. This move sequence will do swapping on the bottom side, and at the
rear/back. The front/top pair of corners will be left alone. When you are looking for corners that
match or mismatch, you will usually find a pair that are not like the rest of the pairs (eg. if all
the other pairs match, this pair will mismatch). If you find this odd pair and hold it at the
top/front, doing the above sequence will harmonise all the corners.

Now for the edges, there is nothing special here. The edges also lie on circuits, but there are 12
edges and 3 circuits. The edges in the middle layer were already done in step 2 and haven't left
their circuit. There are only 8 edges left do deal with, and we must move the white edges to
the white sides (front/back), ie. into their circuit, and the green edges to the green sides
(left/right). There must be an even number of edges that are facing in the wrong direction. The
easiest move to do here is to swap two edges on the green sides for two edges on the white
sides. The edges on the greens side must be positioned on the bottom, and the edges on the
white sides must be positioned on the top. Then do:

Dl

M2 (M is the slice between L and R) - swap!
D
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This is self explanatory. Like in step 1, if you only have 2 bad edges,you can make it into 4 in a
similar way.

At the end of this step, you should only have two (opposite) colours on each side of the cube.

Step 4.

The cube can now be solved by only using double turns. However, we will break this rule when
we see an obvious short cut.

First, using only double turns, solve the corners. First, pick a side, then join two corners on that
side and the other two corners for that side will automatically join (if you did step 3 properly). It
is then easy to join the two pairs together, and the other 4 corners will be automatically joined

(if you did step 3 properly).

To solve the edges, there are two simple moves that are easy to
understand:

F2R2 F2R2 F2R2 - Swap two pairs of edges on different circuits. The
other pieces return to normal.

F2 M2 F2 M2 - Swap two pairs of edges on the same circuit. The second
F2 returns the other pieces back to normal.

Using variations of these, it is possible to solve all the edges.
Variations of the first include:

R (F2R2 F2R2 F2R2) R
L2B2R (F2R2 F2R2 F2R2) R'B2L.2

Variations of the second include:

F2 M F2 M' (the pairs overlap so as to rotate 3 edges)
F (F2 M2 F2 M2) F'

CUBE SOLVED

Ryan
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Section 4. Morwen B. Thistlethwaite Original description

THE 45-52 MOVE STRATEGY

Let
G=<L,R,FB,UD>, G;=<L,R,F,B,U2,D2>,G,=<L,R,F2,B2,U2,D2>,G3=<L2,R2,F2,B2,U2,D2>.

The plan is tomanoeuvre down through the chain  G=Gy> G;> G,> G3> 1. One gets fromG; to
Gi;+1 by using moves in G; only. In its shortest form this strategy would be executed with the
help of a computer, in which case I conjecture only 45 moves would be needed, but here I have
sacrificed 7 moves in order that there should be no need for a computer. With a few more
pages of tables, the figure 52 could be reduced to anintermediate figure of, say, 49. Iintend to
do this shortly!The indexes of the chain of subgroups are 2048, 1082565, 29400, 663552,but
these figures are considerably reduced by considering symmetries.The reader may check that
these indexes multiply together to give the order of G. The accompanying tables are broadly
classified according to corner positions, and in detail according to edge positions. The words
listed actually produce the positions under consideration, so the restoring moves are the
inverses of these. In order to be able to use the tables it is necessary to understand the basic
characteristics of the groups G;, G,, Gs, so the necessary facts are presented below.

Getting into G;.

This involves edge pieces only, and is easy, for whichreason no tables are given. An edge
piece is BAD if in taking it home an oddnumber of quarter-turns of U and D faces is needed;
otherwise it is GOOD(note that badness is well-defined). The reader may quickly work out a
rule ofthumb for deciding whether a piece is GOOD or BAD. Now quarter-turns ofeither U or D
faces convert BAD pieces to GOOD and vice versa; other moveshave no effect. Therefore to
make all edge pieces GOOD, move groups of themto U or D face avoiding quarter-turns of U or
D, and then cure them byperforming a quarter-turn of U or D. For example, if all twelve are
BAD,DBFUR'L'D will cure them all!

Getting from G; into G,

What has been achieved so far (althoughit doesn't look like it) is the correct orientation of edge
pieces! Inthe present stage, the same is accomplished for corners, and also theedge pieces FU,
FD, BU, BD are brought into their slice. As is wellknown, corners do not in general have a
natural orientation, but here,roughly speaking, we shall line them all up the same way. More
precisely,note that each corner piece has either a L-facet or a R-facet: oncompletion of this
stage each of these facets will lie on either the Lor the R face. In fact, the same will be true of
the eight edge pieceswith L or R facets, in view of the statement above regarding FU, FD, BU,
BD.There are 1082565 cases to consider here, this number being the product of3/7(total
number of corner orientations) , and 12C4 (total number ofarrangements of the set {FU, FD, BU,
BD} amongst the twelve edge positions).Surprisingly, with a certain amount of practice it is
possible to getthrough this stage in at most 17 moves without tables; the same is mostcertainly
not true of the next stage although there are only 29400 cases.However, with a few pages of
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tables this figure of 17 may be reduced to 13;with a great deal more computation, it should be
possible to reduce itfurther to 10. To "prove" that 10 moves were sufficient, one would
runthrough all 10-move sequences on the computer, and check that 1082565
differentcases resulted. This would take no more than a few hours of computertime, in
view of certain short cuts available by considering symmetries.  Now to business. The twist
of a corner is measured by looking at itsL or R facet and observing how this has been rotated in
relation to theadjacent L or R face. Note that quarter-turns of F and B faces alter thetwist of
corners, whereas all other moves in the group G; have no effect.Now in at most 4 moves in G;
try to obtain a position where either the cornerson the F face or the corners on the B face have
zero twist. Note the twistof the corners on the opposite face and also the positiosn of the edge
piecesthe edge pieces FU, FD, BU, BD are all in the UD-slice. If this is notpossible, get them all
in the U-face in at most 4 moves.

FU, FB, BU, BD, and t7hen refer to the appropriate detailed table. Thewords listed in these
tables need to be inverted, as mentioned earlier.

Getting from G, into G;

This is the trickiest stage theoretically,and may be broken down for purposes of clarification
into two sub-stages:first get corners into their natural orbits, and second permute thecorners
within their orbits so as to obtain one of the 96 corner permutationsin the squares group (Gs),
while at the same time sorting out the edgepieces into their correct slices. The table of initial
moves on the firstpage of Stage 3 tables does part of the first of these substages, and
thedetailed tables do the rest. After performing the initial moves, the setof corners out of orbit
will be one of three possibilities (modulo symmetries):(i) the empty set; (ii) the set {1, 8, 2, 7} ;
(iii) the set {1, 5} .The reader then has to calculate which coset of form Gs;af3 the permutationof
corners lies in, where a is one of 1, (14)(68), (24)(58), (12), (14), (24),and B is one of 1,
(18)(27), (15). Since some of these cosets are reflectionsof others, it was not necessary to
produce tables for all six possible valuesof a. The task of reflecting positions if necessary is left
to the reader.I apologise for the slightly anomalous numbering of edge positions for thisstage;
this was due originally to a typing error in a programs and hasstuck ever since!

Getting from Gz to home

In this final stage one uses only 180 turns.The order of G; is 96x6912 = 663552. The tables for
this stage give wordsfor producing each of the 6912 edge positions with corners fixed.
Thereforeone must first restore the corners (in at most 4 moves), and then use thetables to
restore the edges. Considerable practice is needed to use thesetables efficiently, but I have
found (after considerable practice) that Ican find the desired move in about 2 minutes. One
hint is that when facedwith three 3-cycles, consider the configuration of the fixed
pieces. Alsoit pays to get to know the different sorts of 4-cycle.

STAGE 2 TABLESFIRST BATCH OF NUMBERS: THE MOVES.11=L 12=L? 13=L"21=F 22=F?
23=F'31=R 32=R? 33=R'41=B 42=B? 43=B'51=U? 52=D?’SECOND BATCH OF NUMBERS:
TWISTS OF CORNERS.1=CLOCKWISE 2=ANTICLOCKWISE 0=NO EFFECTFINAL NUMBER:
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NUMBER OF SYMMETRICALLY EQUIVALENT POSITIONS.N.B. FOR INITIAL 1X READ 21 1X.

A DETAILED EXAMPLE OF THE 52-MOVE STRATEGY
(UFL); (URF). (UBR), (ULB). (LF)« (FR)« (RB)« (BL)x  First decide on a coordinate system for
the Cube(i.e. decide which colours are L,R,F,B,U,D); then getit into the above position.Stage

1. There are 4 bad edge-pieces, namely in positionsLF,FR,RB,BL. Manoeuvre these to the
U-face by FLR'D’B’.Then the move U corrects them. Summary of Stage
1:- FLR'D*BU (6 moves).Stage

2. The LR-slice edge pieces are now in positionsLD,FD,RD,BD. Manoeuvre these to the
UD-slice by F’D’LR'F.Now taking the corner positions in order (as in thediagram in Stage 3
instructions), the respective twists ofthe pieces in these positions are
0,2,0,2,0,0,1,1. Thiscombination of twists is not given in Stage 2 tables, buta 180° rotation
about the LR-axis followed by reflectionin the LR-slice transforms thisto 22000 1 0 1, whichis
in the tables. The move given is F LFL2F'LF?BL?, andtransforming this by the above (involutory)
symmetry givesB'R'B'R?BR'B’F'R?. Therefore we perform the inverse ofthis move, after which L
and R faces have L and R colourson them only. Summary of Stage 2:-
F’D’LR'FR?’FB’RB'R’BRB (14 moves)Stage

3. The positions where corners are out of orbit arenumbers 1,2,5,8. The preliminary
instructions for thisstage instruct us to perform L'U%. For the remainder ofthis stage alter the
coordinate system so that the originalD-face faces you and the original F-face faces upwards.In
this new coordinate system the positions where cornersare out of orbit are 1,5. The
permutation of corners is(1357)(24). Multiplying this on the right by (15)(24) gives(13)(57)
which is a permutation of corners in G;. Thereforewe must refer to page 7 of the Stage 3
tables. The edge-pieces of the FB-slice are in positions 3,4,5,8. The tablesgive us
LF?L'ULF’R?F’B’R, or LD?L'F’LD*R?’D?U’R in theoriginal coordinate system. Perform the
inverse of this move.  Summary of Stage 3:- L'U’R'U*D’R*D?L'F’LD?L' (12 moves).Stage

4, The corners are restored by L?R*(original coordinates).Looking at edge-pieces, as no slice is
fixed and there isa 2-cycle and a 4-cycle, we refer to page 7 of the Stage 4tables. The only
entries where the correct arrangement ofpieces is permuted and the 4-cycle is of the correct
type are(143) (1342) (34) and (143) (1243) (34). If we hold theCube with the original R-face
facing the operator, and theoriginal B-face uppermost, we find we have the second of
thesepermutations. Therefore perform the inverse of the movegiven, i.e. perform
B°R’F’R’D?UB°U°R*U%R?U%n  original  coords. Summary  of  Stage @ 4:-
L’R?BR?F’R’D?U’B*U*R?U?R?U?(14 moves).Total number of moves required: 6+14+12+14 =
46. (45 with cancellation)

M.B.T.
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Casel MD2M’
HJR UF X — /Mg

Case2 M2U2M2
UF<-->UB, DF<-->DB

Case3 U2R2U2R2U2R2
1<-->2,3<-->4

Cased M2U2M2 -U (M2U2M2) U’
1<-->2,3<-->4

Case5 E-U2R2U2R2U2R2-F’
1<-->2,3<-->4

U — T, R AXF LIS K] Cased, HRIT U, UL, &N TN T HENEE

ClRV I RAE AR BE T IRAS ) o SEPR X B4k 58 42 AT DU AN 7 ik AR B ZER 1R X
{U2,D2,L2,R2,F2,B2}58 . LLUn Case4:
M2U2M2U2--y'--U2R2U2R2U2R2---x2y--U2R2U2R2U2R2—Z if, E E =50, TH
F2U2R2U2 F2U2R2U2 #E#iX =AM
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F+-t3 My Corner-first Method
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SRR A o SR Bt e B M TE R AT . L2 FRD fABefE 2, T FRU £
Hgete 1, JHASR Algl %498 12 1,

Algl: RU2R'U'RU2L'UR'U'L

‘B & PLL 1) J-b permutation.
J Permutation : b

Ed

XN T B, FTCASETRE U A A, B RCR A e T MR B, ORERTA oAt
FRAZ .

AL EX AL GBI A, H5EEE FRD AERIT XA, AXTHIEE, . IR saH
FRIRANE I Im S, EHFR R PIsR. HIJeH e 12 (&P, B 23 i Bk,
R, BT B S RCT E A XS E . X A PIAR R TR InR 0 4F 4, XAk
R =T 123 X=AMEIEALE, T DU R B S R — Xt kb T — A b, pi
LA E A — AN i A
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KRB = AKX A2, ERHX 5T AR . kI FE i 2 X
Alg2: (FFU2FRU2R" -D- (RU2R'F'U2F) -D’

XR—AXNGT, E%ET PQP'Q, HiP=RURURUR' and Q =D , ER=f4#, (XHMK
BUAG (e 4, RO PRAS F B ) IR A WL A1

Em A S N A, I T A

AR PSS BB, (RU2R FU2F) -D- (FU2FRU2R") -D'=Alg2’
W 7 1 HR %, BRGNS B T A, N B 22 T Mo 07 A2 RATTRR b BB A 1)
WE A Algl. 2 Fria ST 2 =X Alg2.

WA Twist Parity, X =/MARI7ERMMIEE, ZAWAD N5, 55— I51A
1L, XA, XMW B =R AT, RNER I B, XS A A S
Alg2 HFLHFIRER 1 FIE IR 21X —XF, X 2 AR 41, 23 —Mi— 8 A — BRI

Step 3 BWREZEMITEHHIR

IR 8 ML), BT AT RN FRI, VUL e lk A T AR AT o 3T =20 — EAE AL T
AR, B — DA I PN T S AGE, ke Tl AR TR o R AL TS — X i L ea s
PR BERLELE T, AT LA EA TP L .

PR R S 1, AR 1 . FifJ5 B G A A BRI A B s, R
TP TT B SRR JE T BT BB, St T, BT, A0t B, SRR .

BUE, 2t BRI LU, RU A ZE RO — 24 A GX ANk 1 o 3 RO I A 3 M
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JEAU JZE. B RIS AR XS A S LB T MR, ARATHIZ G 9]
[ [E— A5 1a, BB AL REMF A B0E B A — 8 A% AR #43E

Step 4 &R FTH IR

LU/RU B8t 2, REITE MR ERIPIAE S, [FRE, @EidHsh U, MEeiTic)E.

B LIS DL 5 n AT A, LB IR, ®IR AT XWDRA R TR M
WA, ARG M Z R A2 R

R M R a AL 480z, F 3K Alg3 BT BIRT R ER AL AR AT, TR CRfi i e e b As
3. FE2F2E'F' - U2 — FEF2E2F — U2. XAAXH T K2 EF, Iue kAT, LA 5 —
Mo

Alg3: (M'UM") U (M'U2M) U (MUM) U2

AT AR AR EE, Lot UF, DB Pibt, #kzh B2, {fF DB B UB (18, FLAIAR Alg2,
B2 )5, B2 B S EW
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#+/\F Blindfold Cubing

BITIRE: 2 DIE I, G0 SR 0 T LR R R Hofth 5 Beir BANEN X Aoty 1 Sk
PG R R T 6 4 ORAF WA IR (BREOE IR AR B LA, DU ez & .

FBEE: AT > AL ESHIRA B> FEERE L NP BRIEER.
Grant and Betty's, Richard Carr 5§ [ .

VUPEFE NS T A AR . AT EMERE:, B E i —X i — XA, =1 A&
H, H PLL.

Tk A B AT 1A M B AT [ > A E VR CE N AT 4. i1 stefan pochmann
K. BT 7752 Pochmann M2R2 J57%.

30P (3-cycle Orientation Permutation): Stiff hands % J&, Macky % 72 f# F () =0 e 7
%o WBRETE IV

FreeStyle Blindfold, BRI A T-i%, 1& F = 7R3 JEL B — IR [RS8 P B (4 tha ) S Ao B R
R R R R AP0

X IEAR AT LA A A, W Kai Jiptner f3eik:
Orient Corners

M2 for Edges

3-Cycles for Corners
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Section 1. Stefan Pochmann Blindfold Cubing
Invented in 2003, the Pochmann Method was the first method to combine orientation and
permutation. Although a cycle method like 30P, it relies on 2-cycles and can handle everything

including the permutation parity using the idea of "a buffer cubie."

FARER B RSP, AL A Al g, sehr B AR . BT RSB
R E .

ERRTTIER, SRR, [R]I SS 4 PN RE B R o R TR — 2D A 5 P A L
TR FRA LR 25 o XIS AR 2 e

Stefan 75 v [A] B 647 %) €2

1.Basic Algorithms:

(RUR'U")(R'FR2U'R'U'RU) (R'F")

PLL Alg.

(L' U)(R UY(L U2)(R' U)(R U2'RY)

PLL Alg.

(LU)(R’U)(L'U’2)(RU’)(R'U2R)

PLL Alg.

ﬁ (RU'R'U'RUR’F)(RUR’U'R'FR)

Not PLL Alg. Swap corners,ULB>RDF, same time it swap
edges UL->UB.

WA DL A S s ek, B2 Pochmann AR5

2. Set-Up Moves

PATTF B AB A, 1ENMT A 2CH: 7 CD BN, BCD B85, AN A fL
BMEEWAL, B A E NGO, BCD A B G FRIEGMIX . R, BACH XS SEAR BT
M&, WHRZMSEREME. 240 B i B sh 3 HAsfr A E.

ANt A _EIRFP SIS, il AR, B e dBR N A B bk, #3h 31 H
WAL E, EAZEBHRGERX, R =AM E . XA ARy Set-Up Moves.

101




(d2L) (RUR'U")(R'FR2U'R'U'RU)(R'F") (L'd2)

AT UR->FR, 56 d2L 48 FR #: 3 UL, F%H EEf T-PLL Alg, 2 )5
P U'd2 e 4%\ FR fi7. Set-up shfE d2L 48830 53 AR A8 e () = e

(d’L’) (RUR'U")(R'FR2U'R'U'RU)(R'F") (Ld)

[ b, 52 # UR->FR, set-up ZFrAERA B ZE S wA M
Set-up Moves: d'l'

LdL-RUR'URFR2ZU'R"URUR'F -L"'dL’

A UL->RU, RS HX AN B, SERR E @SSP T [8)—Hess e

Bor e — T

ACHRPAN R, SERR PR A B AN BRI e BB — AN T-PLL, AC#: UR->UL,
PR AR UR B U B UL A9 U A, UR RS RISA S UL B LIS A .
AT eSOy E{90}, B{34}, F THITHMIPI ML C{56}, D{78}. ¥k
ANEMPEAMER . ESLE B FRAL. B andE R H Az e A 202 Algs=(AB)(CD), Il 4 it /% % —
A~ Set-up=(AE)P B H o7 E #2) A, BARIHAN. BAESI A .

Algs=[ (13) (24) ] (57) (68)
Set-up=S=(19)(20)
S*Algs*S’=[ (93) (04> ] (57> (68) [(11)(22)]

MR H T EMB, CHM D, AAXRS). A& Set-up F1 Algs MeE—JLA b, M 1 5E 75 M
B 7 AL AR et IR F o
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Section 2. Joel Van Noort’s Explainations

1. Shooting a piece to UL
[]_I-Tf Stenfan Porchmann.

Shooting UR to UL, at the same time swap URF and URB.
[shootto UL]RUR'UR'FR2ZU'R"U RUR'F

2.Set-up,shooting UR to RF

[shootto RF]d'L'-RUR'U'R"FR2U'R'URUR'F' -Ld
3. 3-Cycles

TRA TSR (S T A YO, BIIRA AR B = A% B 4 (e ?
R BE & AT Algs, BCD ZEmIX, BiHfims: (BEF).

1) %/ set-upl, #1E Hes®l A fiE, A Algs 24 BE B¢, T anti-set-upl, 4552 B
PRSI E fr 8, E B BAE, AYi/E ARE, CD B T —kK.

2) BUAE B0 F B set-up2 #3) A A7, FIH Algs 254 E Bt F B, H anti-Set-up2,
GERLRE, FHLE HUSHe, ABURAE, CD B UBASH T — R BIRIHEIRAS .

B BRI S T (BEF) =ANH, HAhFig HeRzh!

R A =R, RnIRA VIR e (BEFG), N CD X e #ie—ik, &5 %7 (BEFG)
(CDY.

4.Cycles Product ¥

AR PR NGRS . HERSS e (BED, =7EM (BEF). fRINIRAE — A XA G
FeRitban (BE) (FGH) #ZEA7p? EXAMEMAZ R, (BE) (EFGH) (EF) EIF[,

5.Flip Two Edges

BRHRPRZAS T LA 9 e 4 2 Ao IX AR e sizhr i e B A i e . AT BT A D 1202
ARG, G MO, RIS, A6 B IR, (ER ] 7 2R,
H—ASEEBR AT PIANUG Fr 75 B . SERR b UM R R DU R e, SRATT A B A
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B CRIE Ao H0E 4 IR ED & 285 .

i, A5y HIENEE UL, UR AN, i Se R LM &G, wT Aol Jexe
BxpAMES, RUR U R FRRU R U RUR F

RS X A, AR EiGaEAE: Ld L-RUR U R FRRU R U RUR
FF-L dLl.

FHEHBAE S kU (12) (34) = (13) (24) * (32) (14) .

AR BRI B EXAS, i W UM UM UM U2 UM UM UM .
2% i8m] PLA Commutator (3.

6. Corners

EH AT TR GO BRI, ROV E R KT set-up Mgt XA &2 &, LAHAT,
J permutation. X FTAZHSMPRGEE Ty, R 20 RISy A 1 A8

-

The position I shoot from is the LBU position. I shoot it to DFR, with one algorithm. It has one
side-effect, it swaps UL and UB edges.

1 LBU Hemdit 2] DFR, [AJi 22 7 UL £ UB BN . TR BT A M EEmT AAS B 42 i X (1 4% 3
DFR A, A E—AEIERI,

[shootingto DFRJRU'R'U'RUR'FFRUR'U'R'FR

PLL /9 Y-Permutation & F)Hix A .

fRanfRAEIEMALE, FFEHE T, EEF L, RIAmRAR, gikbn, R
P fr 2R I 448, ] DU HAth 732, .

e RURURU2RzURU'RUR2U'?Z

e RUR'URU2(RU2'R'U'RU'R")U2R"U2

e Or, you can use a commutator twat twists corners.

7. Joel Van Noort’s Algorithms:

1).For Edges
Joel Van Noot #if PLL i T-Permutation £ J-Permutation.ZZ[X /& UFR, UR, UBR.
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Shoot UR to some other position.

The Basic Algorithms

‘Name ”Shoots to HAIgorithm |
‘Tl ”[Shoot to UL] HR UR'UR'FR2ZU'R"URUR'F |
‘TZ ”[Shoot to LU] Hx RZU R UXR'FUFRUR' U |
‘Jl ”[Shoot to UF] HR UR'FRUR'UR FR2U R'U’ |
‘JZ ”[shoot to UB] HR U2RUR'U2LU RUL’ |

The following table shows you how to shoot UR to every positions:

‘Shoot to

HSetup moves HAIgorithm HUndo setup moves

‘[shoot to UF]

=

|

‘[shoot to UL]

Irs

|

‘[shoot to UB]

b2

‘[shoot to FU]

b2

‘[shoot to LU]

Ir2

‘[shoot to BU]

[

|
|
|
|
|
|
|
‘[shoot to FR] Hdz L ”Tl HL d2 |
‘[shoot to FL] HL ”Tl HL |
‘[shoot to LF] HL ”TZ HL |
‘[shoot to LB] HL ”TZ HL |
‘[shoot to BL] HL ”rl HL |
‘[shoot to BR] Hdz L ”Tl HL d2 |
‘[shoot to RB] Hd L ”Tl HL d' |
‘[shoot to RF] Hd L ”Tl HL d |
‘[shoot to FD] HI HJl HI |
‘[shoot to LD] HLZ |h2 HLZ |
‘[shoot to BD] HI HJZ HI |
‘[shoot to RD] HD | ”]1 HI D |
‘[shoot to DF] HIZ HJZ HIZ |
‘[shoot to DL] HLZ ”Tl HLZ |
‘[shoot to DB] HIZ H\]l HIZ |
‘[shoot to DR] HS ”Tl HS |

2). For Corners

The position I shoot from is the LBU position. I shoot it to DFR, with one algorithm. It has one

side-effect, it swaps UL and UB edges.

Algorithm [shooting to DFR]RU'R'"U'RUR'FFRUR'U'R'FR
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‘Shoot to

HSetup moves

HUndo setup moves

|
‘[shoot to URF] HRZ D' HD R2 |
‘[shoot to RFU] HF HF |
‘[shoot to FUR] HR HR |
‘[shoot to UFL] HFZ HFZ |
‘[shoot to FLU] HF R* HR F' |
‘[shoot to LUF] HF D HD F |
‘[shoot to UBR] HRZ HRZ |
‘[shoot to BRU] HR D' HD R* |
‘[shoot to RUB] HR F HF R |
‘[shoot to DFR] H H |
‘[shoot to FRD] HF R* HR F |
‘[shoot to RDF] HR F HF R’ |
‘[shoot to DLF] HD HD |
‘[shoot to LFD] HF HF |
‘[shoot to FDL] HFZ R HR F2 |
‘[shoot to DBL] HDZ HDZ |
‘[shoot to BLD] HD F HF D' |
‘[shoot to LDB] HD R HR D |
‘[shoot to DRB] HD HD |
‘[shoot to RBD] HRZ F HF R2 |
‘[shoot to BDR] HR HR |

8.REHR

REIBBI =5, DReH, 55, AR . EIRT5 SRR TR TR il Rt

ZHHTPRREZ . prol, M= inpud .

”(setup) first target at ||(setup) second target at ||Algorithm

|
”UL ||UF ||R URURURU R U R2 |
”UL ||BU ||M uMuzM UM |
”FD ||LD ||M' UMD M'U"'M D’ |
”DR ||DF ”y M'U2MDM U2MD'y' |
”FL ||BR ||L' U2LE2L'U2LE2 |
”FR ||UB ||R URURURURU |

QEY, =R EidZ UR)
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Section 3. M2/R2 blindcubing methods

Invented by Stefan Pochmann in 2006, this uses a very elegant idea and is a vast improvement
over his original method. M2 can be used together with with 30P corners.

1.Edges

DF {2zt hr, UB M HARGL. M EMZEMIX . A3 M2, UB #i2 AfRfL. MidiReE MERE
et giizah 1. SR, IR M Z AR AL

2.Corners

[FIRSE, XIH R = DFR 2z, UBR fi HArfz.

Target | Algorithm Target | Algorithm

uB 2 UBR |R2
BU 2 BRU |R2
FR URU M2 UR'U RUB | R2

DR UR2U' ' M2UR2U BLD ULUR2U L'U

BR JUR'U'M2URU ULB L'U'LUR2UL'UL

UR |RIURUMZUR'U'R DLF |U'L2UR2U'L2U
FL luULCuM2U LU FLU | R'ULU R2UL'U'R
DL |U'L2UM2U L2U 0 oL ureu Ly

BL vtumzutru LUF L'U'L'URZU'LUL

uL rurumzutLut LFD |[L2’U'L'UR2U'LULZ

RU  |xU'RUM?2 U R Ux DB |LU'L'UR2ULUL
RF|XU'RZUM2U'R2UX BUL U'FL2FUR2UFL2FU

RD [ X'U'RTUMZU'RU X DBL |LUFL2FUR2UFL2FUL

RB [IURUM2URUT FOL |d'LU'L'U2F2U2LUL'd

U Ul U M2UL U x UFL |y (R'U2R U2 (1U2) (I'U2) (R' U2 R) y

LF x'UL2'U" M2UL2U"x RBD (RUR2U'R'FRUR2 U R'F)

BDR |(RUR'Dr2U") (RUr2'U) (D'R)
DRB | (R2U'R'F) (rUR2'U) (r'F) (R'U)

LD xX'ULU M2UL"U" x
LB ruLu M2uUlL'Ur

DB M U2 M U2
BD M U2 M U2
UF uz2 MUz M
FU uz2 MUz M

RFU | (FRUR2U'R'FRUR2 U'R)
URF |U'(RF'rUR2UY) (r' FRUR2Y)
FUR | (R2'U'rx) (I22ULUY) (R'U) (L'U'L) (R'U)

MR LR ZHNE : 2 DF Zpie b IEF B, 7T LI 'E shoot SRR — MR HAL,
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FHEBDER . WERAZET, @0 BRI M, B —Mrdegest, DUETTHIA EHIET
i, REIN M EAI B R E R, 454 U2MU2, ] DLSIYEE] B # A i
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Section 4 Macky’s 30P

Also called the 4-step 3-cycle method, this was the method of choice for top blindfold cubers
until 2006. Although M2 has begun to replace 30P edges, 30P corners is still widly used by top
cubers.

Oview

Whatever the method, blindfolded solving is very different from normal cubing. While sighted
methods aim for fewer moves and affect many pieces at each step, blindfolded methods use a
limited number of basic algorithms that move very few pieces. This makes it possible to keep
track of the state of the puzzle while blindfolded. In cycle methods, the solver memorizes the
necessary operations left rather than the puzzle's state. As a result, the amount needed to be
memorized decreases until there is nothing to remember at all, at which point the puzzle is
solved.

Rubik's Cube has four nearly independent parts: corner orientation (CO), edge orientation (EO),
corner permutation (CP), and edge permutation (EP). Since a Rubik's Cube has 20 cubies, all
the necessary information can be memorized as 40 numbers. The actual memory burden can
be signifacantly eased by memorizing visually and is comparable to two 10-digit phone
numbers.

30P solves the cube one part at a time, starting with the two orientation steps. Each piece is
first oriented (flipped or rotated) in place, meaning without changing the permutation. Then,
each piece is permuted (moved) to its correct spot, now without disturbing the
already-corrected orientation. Each of the four parts is solved independently, except possibly to
correct the permutation parity involving two corners and two edges. Each step is in turn divided
into smaller tasks--in CP and EP, into cycles--each of which is handled by judiciously applying an
algorithm. Because everything can be broken into a small number of tasks, 30P requires only a
handful of algorithms.

Orientation
1.Edge orientation

We define "correct" orientation of an edge to be the one that it can reach from the solved state
within the (UDF2B2RL) group*, i.e. without quarter turns on F and B faces. The other
orientations are "incorrect."

In U/D layer
1. If the piece has a U/D color, correct if this is on U/D, incorrect if on F/B/R/L.
2. Otherwise, correct if R/L color is on F/B/R/L, incorrect if on U/D.

In the middle layer
3. If the piece has a U/D color, correct if this is on F/B, incorrect if on R/L.
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4. Otherwise, look at either one of the two stickers and the adjacent center. If these two
colors are same or on opposite sides of the cube, correct. If not, incorrect.

Once we know how to determine the orientation, this is the easiest step in the 3-cycle method..
Any solvable configuration of the cube has an even number of incorrectly oriented edges(For
the reason that the permutation of edge’s stickers is even permutaiton). We can therefore
proceed by flipping two of these edges at a time, which automatically corrects the orientation,
with the following:

ENITREITE

Algorithms : M'UM'UM'U2MUMUMU2

Ihd1 [kl

Ko —MRA A A 0. X BT LA FE2F2E'F — U2 — FEF2E2F — U2 B2 X A~
PRk

2.0rient Corners

Corner orientation is slightly trickier because there are three possible orientations for each
corner: correct, clockwise (hereafter "cw"), and counter-clockwise (hereafter "ccw"). A corner
is correctly oriented when its U/D-colored sticker is on U or D.

We first explain how to solve a cw/ccw pair when both corners are on the U layer. We introduce
the monoflip:

Monoflip A=R'D'RDR'D'R

Monoflip A'=R'DRD'R'DR

A'is the inverse of A. Note that A rotates corner 2 ccw and leaves all other U layer pieces intact.
A' has a similar effect but twists 2 cw.

Commutator: U'AUA' = U'-R'D'RDR'D'R-U-R'DRD'R'DR.
Twist two corners:

Additional algorithms
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Although corner orientation can be handled quite efficiently using commutators, there are
slightly faster algorithms for special cases. You may wish to learn the following algorithms once
you successfully solve the corner orientation blindfolded with commutators.

Algorithms

(43)(21): RUR'URU'R'URU2'R'-R2U'R'U'RURURU’'R (OLL - PLL)
(43)(12): FRUR'U'RUR'U'F'-RUR'U'RWR'URU'R'w (2 OLL's)
(234 cw): RU-R2U'R2'U-RUR'U'-RURU-RU'R'U

0i22f
U2Z'R'T FRUR'Y

0i20f
FRUF RURZLY

0 er

RUR'LIR UR''F

Permutation

Permutation is where the pieces need to go. Our goal is to move all pieces to their correct spot
while preserving the orientation, which should already be solved. Like orientation, permutation
is also divided into corners and edges; however, each scramble has a 50% chance of having a
permutation parity, in which case we need to transpose a pair of edges and a pair of corners
simultaneously. The same principle of set-up moves apply here, but with added restrictions to
preserve the orientation.

Cycle Method

The permutation method explained here is know as the cycle method and is used for the
corners as well as the edges. This is the defining difference between cycle methods and the
so-called piece-by-piece method. It is essential that you completely understand the material in
this section; solving along cycles is the single most important concept to grasp in any cycle
method, including this one.

Mathematically inclined readers will recall that every permutation can be uniquely decomposed
into a product of disjoint cycles (up to order of the cycles). In a more ordinary language, we can
rewrite every configuration of, say, the corners, into a series of permutations in which pieces
are cycled.Such as (1 5 8)(2 6)(4 12 11 7)(9 10).

3. Corner Permutation
Algorithms
CP(123): RB'RF2R'BRF2R2

CP(214): L'BL'F2LB'L'F2L2
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0af
Rz L'BLF2ZL

0iaf

EE'RFIR L2

4.Edge Permutation

For many people, edge permutation is the hardest part of the 3-cycle method because it
involves twelve pieces, more than the number of corners. However, the exact same approach
used for corners also applies here; we will still use 3-cycles to reduce the cycles one after
another. The only difference is that the set-up moves must now stay within the (UDF2B2RL)
group, meaning no F/B single turns, to preserve the orientation.* The increased freedom from
the set-up moves for corners also means that we need to be more careful to remember the
order of turns correctly. For example, we may be able to use either B2R' or R'B2. Making some
rules for the set-up moves, such as performing, whenever possible, U/D first, R/L next, and
finally F2/B2, can be helpful in avoiding errors.

As with the corners, it is useful to know the 3-cycle in both directions:
Algorithms

EP(421): RU'RURURU'R'U'R2

EP(241): R2URUR'U'R'U'R'UR’

0t
UR2 T RZURUR

1t

RURUR RUR'

Algorithms
EP(193): M'U2MU2

i
WL 2012

5.Permutation Parity
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50% of solves will have a permutation parity, meaning an odd permutation of edges and,
consequently, an odd permutation of the corners. Blindfold cubers have not reached a
consensus on how best to deal with the permutation parity. Perhaps the easiest method is to
solve the corners using T permutation and the four edges using H permutation, which we
already saw. In these two parts, the set-up moves must obey the same restrictions used for
corner and for edge permutation, respectively.

Algorithms
T=CP(23) EP(24): RUR'U'R'FR2U'R'U'RUR'F"
H=EP(13)(24): RLU2R'L'F'B'U2FB

For many people, permutation parity is the hardest part of blindfold cubing. One way to avoid
parities altogether is to determine the parity during inspection from the corners (corners are
usually easier since there are fewer pieces). Parity is even (no parity fix necessary) if and only if
the number of cycles of even length is even. If there is a parity, we can perform U at the
beginning of the solve to change this (a 4-cycle is an odd permutation). However, since we
cannot make any move during inspection, we must rememorize the permutation after an
imaginary U.

Summary

Memorization

Memorization of the four parts can be done in any order. Here, we will discuss them in the
following order: EP, CP, EO, CO. My reason for using this order is explained in the next section,
IV. Memorization.
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#=H+ T Commutators

Blindfold Cubing FIH 7 Wixi<c#t. (AB) (CD). fHARIIAHt, (AE)(AB)(CD)(AE) Sz #t
(EB)(CD).

X—F5E4FFH commutator 4= s =%t (ABC), 3Eifi w] 1| F A1 4Ll 48 4. (AE) (ABC)(AE) 1%
AN E I =R AR AT B B =564 (EBC). I6T] DL =S dt i — 3 5 B

1. Definition of a commutator

If P and Q are algorithms, the commutator of P and Q is: PQP'Q™. So first execute P, then
execute Q, then 'undo' P and 'undo' Q.

HE#KEX 5T .

For example: P = (123456789), Q = (91011 12 13141516 17), In this case:

PQP Q™ = (123456789)(9 10 11 12 13 14 15 16 17)(987654321)(17 16 1514 131211 109)
=(9178)

—RORUEL, R P, Q AA—AAHILER, MAPQIM H it M — > =He k.

P, Q EWNAILITE, MATIIXS Z) T2 P e

P=(12345),Q=(45678)

[P,.Q]=(38)(45)

H—FH4, PQ AWM AILILER, M PEQ RAMNILE, BN ST —FH:
P=(45),Q=(45678), 14 [P,Q]=(458)

PQH =Aw3tns:, A% & F =X .

P=(123456),Q=(456789)

[P.Q]=(39)(56)

XKE, HE—FEIS, PQEZAANIEITTE, MPEQ RE=AIE, WellX g 21—
B P=(456),Q=(456789), 1% [P,Q]=(569)

PQ BVUMNAFEICE, AT 2 FATh 2 P AN X 4 2 #5L

P=(1234567),Q=(4567890)

[P.Q]=(30)(67)

FFE, WA —FMEsh, PQBEIUANAILILER, MPEQ HANAN TR, ENNNSFERAN=5
. P=(4567),Q=(4567890), 114 [P,Q]=(670)

MAERETT L, B P BRI A R e — e B R B e, Q BRER o — L EHIIRIA, PQ R
A—NRIALE, AP, QI —="ABeift#. i PQ AL EAIAE, ]
(X 5 5 R PSS B 3ReAR o X T DARIRAE BRPTRT R B CBOPXT f ) AR e, Ebdn PLL
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LB I . AT T S EER N 5 1T = He .
BRI A =5, M= B =S o] LRI 5 7 A

a3 =##(DFR,UFR,UFL): P=RDR,Q=U’, [P, Q]= (DFR,UFR,UFL).
o, P, Q B E R —A Ak H UFR, RD'R 46 (.., DFR,UFR,...), UB:{E (..., UFL,UFR,...),
FTLA[P, Q]= (DFR,UFR,UFL).

B =%¥ (UB, UF, FD): P=U'SU,Q=F2,[P,Q]=(UB,UFFD).
Hop, U'SU #fERE# (.., UB,UF...) F2 #ff2 8 (. ,DRUF..D EMTRA ALK
HLUF, ATLA[PQ]=(UB,UF,FD).

KH, BRI A A A ST R R RIS RSB

P=M,Q=U2,[P,Q]= UB, UF, FD)

Hrp, MHRAEREH#H(....,FD,URUB,...), U2 #{E2(UFUB)(....), e fi 47 P 1~ A 35855 UFUB,
il H U2 #5452 URUB BX e GRRALABISZ AT E D, it A[P,Q]=(UB,UF,FD).

2.Basic Corner 3-Cycles (8 move)

2-a F @ _Li¥E4=#% RFU->LFU->RFD

P=RD'RandQ=U"

R'D'RU' R'DR U

Xf 5% T4 F Slice Failf £ =#84:, RFU->LFU->RFD, ix =/NHuff=#p4r, S2br b=/ b1
W A 2 TE] ) 3 AN =54,

L

2-b =##H
P = ULU"and Q = R2, ULU' R2 UL'U' R2  FTH=AN A% #:

W

2-c FH_LR4=%## RFU -> DFR - > DLF
P=RUR',Q=DFP'=RUR,Q'=D

PQP!Q! = RUR' D RU'R' D'

RFU -> DFR - > DLF, =M, X =AM b ag =20/ i Ae e .
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HE, 7+ P AR EARRZ RUR', RU2R' or RURSEFEM#AE . AR A f =404 ] DIZE 12 B DL
W5ER, — M 10 AT Bl B LA # )\, sEBl = 4. tnRAE EBMKE, AR
ZANHERET LA L A A A = R SE B NS5 e A B E A B R IR Y, A=A
AREEI FIHE AR HA R, T set-up, AT LN FEEA =R

3.Twist Two Corners

X 51T LA 5K [ i 5 S B s

P = RU'R'URU'R' and Q = D. P #l¥:i#ii 41 D )2 L[ RFD f1, A D )2 AT HAR 778, [P,Q]4L
¥ FDL, FDR WM, — MBS EF— AN B 5l B a2 B £ 415 RFD, @i LDF H P REFAT[P’,Q].

MR Q =D or Q = D2, MR DLFRATHLEL T _EHARB A

WH[DMER P = F© U2 F R U2 R #1%% RFD 1, FHEL Q=D. JERIX /& 8355 J7yk B F4 Mk
R T

4.Flip Two Edges

P = RE2R2ER and Q = U2. "] LLH EEIEE P AMEEEL . (AN AU 55t v DABIAL AL — XA e,
RE2R2ER - U2 - R'E'R2E2R’ - U2

5. Edge 3-Cycles

P =MD'M"and Q = U.
MD'M' - U - MDM"' - U’
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6. [FIRHEWND AKX

P = F'FRD2R'F and Q = U2. P will swap the ULF and URB pieces, but it will also twist them.
F'RD2R'F - U2 - F'FRD2R'F - U2 M EATHEIX.

7 B F— AN _ LR

P=FRE2RFand Q= U2. Hr P Z#H@H M UF, UR (F =ANED.
FRE2RFU2 FRE2 RFU2, =¢# U 1 ERPY4#. UF<->UR,UL<->UB.

8. R 2 e — i L BT A

P=RULD2LUR and Q = U2. Youcanalso try Q = Uor Q = U'. X P %4 LUB #1 RUB i1
.
RU'L D2 L'UR' U2 RU'L D2 L'UR' U2, #z#p%tf LUB<->RUB, LUF<->RUF.
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HAnBETT, tin SQ. 2T SQ. Skewb ZE5E, #EHTULHINS 5 5 #ayid D HU LB A 4 B 4t
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# —+37 Mathematics of Cube

JEILIZ I H%, Tomas Rokicki F 2008 B AR ER T ATA7 B /7 0] LATE 25 B AN @ 1M Bl
Ja, X—gRuutn 22 .

1. Basic laws

ANHTREFE CRAFFAN T RA B 1B 0L T AL BRI AR

Proof: FapfEf—Ai, AP MIAEEHAM PN E RS, XA DR Ay B e,
AR ES. Fahiaz (B BT, RN PR HA DA o iik, X
AR E B B PR R B . AT R,

AR R AR T RASIELL T, Rk

Proof: fEf—MEEAFS), #EMMFHRIGIFEH, ZHEIE AR P seH, prelg
B P OIS E . TR B — PRI AN SR 1) 7 B

ANTT REAEAN O At A SRl T b R — N AR TT Al . (Twist Parity)

X BE T3 BT REIR 2 A A 3K LT = A PR

JBE 5 B PR
(8! 378)(12! 2/12)/(3*2%2)= 43,252,003,274,489,856,000

Horr 8 Mt HEs) 8Y, MREAMA B 3 FhEi, Bl 81%3°%, 12 Mkt a i A
AN 2 P 120022, HEGE 7 AMPUR, BUR—AMAEPOTIEE T, AReHLEE, FTBARRIL 3.

FIEL, HELF 11 MR G e — METT FARERIF. . BRLL 2. SN iR M E S, %
B X FHES h— A B

2 .Permutation of Cube
B 7 WIEE Bl NG A TN U 46 4

TR B AT R AN BIOFA] O AL F e, RIZCIABAELESE):
(12) (23) (34) = (432D

R P T AP 5 T AR E (R0 48
(12) = (12) (23) (34 * (34) (23) = (4321) (234

gl R X e th AT DA AR B AR AR
RAEBARA T, W] A E LA Ao
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3. MLITRSNE
XSRS KPdLéUﬁ%ﬁ%EI‘J%HiﬂE]‘JEE%%J% X “2;2 X V2, FL IR 1/2, TR

UER I TR AR AE TN, AU x 2 x V2 <2, ilbn < 6.8, FTLLLHT LK
Y DA 6 B AN T BB S 7 K 81T <
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—+—7% Cube Patterns

Here are some pretty patterns on Rubik's cube.

Michael Reid's Patterns

Pons asinorum
FZ BZ R2 L2 UZ DZ

Checkerboards of order 3
FBR'D°’BRUD'RL'D'FR’DF’B'

Checkerboards of order 6
RDFDLFU’B'LUD'RDLFL?UF
R°L°UBL’D'FB’RL'FBRDF L' U

Stripes
FUFRL’BD'RD?’LD'BR*LFUF

Cube in a cube
FLFURUFL*ULBD B LU

LA

Cube in a cube in a cube
ULUFR’BRFUB*UB'LUFURF
FUBRUFU’FUFU’DB D' R?B*U
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Christman's cross
UFB LUV L’FBU’L2U

Plummer's cross
R°UDFRD'RLUDRDB?*R' UD?

Anaconda
LUBURLBRFBDRD'F

Python
FPRBURLFLFBD RBL?

Black Mamba
RDLFRLDRUD BU'R'D'

Green Mamba
RDRFR FBDR'U B'UD?

Female Rattlesnake
U’D'L’DBUB' R L?U*FU' FR

QURSLT L
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Male Rattlesnake
RFUFU’RL’BU'B'D'L>U’°D

Female Boa
RUR*UFD°R*U'D'RD'F

Male Boa
FDRUDR?D?’F U*?R?UR

Four spot
FB*UDR*L>UD'

Six spot
UD'RLFB'UD

Orthogonal bars
FRULFLFURULULF

Six T's
FPR2U’FBD?’L’FB

e pee e B L)
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Six-two-one
UB?’D’LB'L'U' L BD?B?

Exchanged peaks
FULFLUBLUBR L'UR'D'F BR?
FPRDRZUDF*D'R'D'FLFDRU'

Two twisted peaks
FBUFUFULBL*B'UFLULB
FD’BRB'LFD'L’FPRFRFLF

Four twisted peaks
UDBRFRB'LFBLFR' B RFU'D

Exchanged chicken feet
FUDBLFUFDFL*BRUL’DF

Twisted chicken feet
FUDFUBUFUFR FLU R D?

A

Exchanged rings
BUBLDBUD?BULD'L'UL’D
FUD' U'B’LUDFUR?*L?U' 2P
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Twisted rings
FDFD*L'BULDRULFULU?

Edge hexagon of order 2
UB*U'FUDLD*LUD FD'L?2B?>D'

Edge hexagon of order 3
DLURBRBU’DBD'B'LUD'
FLBULFB’R F°B?U'B'L'F'

Tom Parks' pattern
LUFPRLU’BUDB’LFB'R'LFR

Ron's cube in a cube
FDOFRDFRDRDLFLDRFD
L>’D?*L' D> B? L> B’ L' D? L2 B? L' B?

Twisted duck feet
FRBRUFLFU*LUD?BD FB' U?

L )

Exchanged duck feet
UFR°FD' RUB’U*FR’*FDB?*RB
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Jorge Jaramillo's pattern:

Sin Centros
D2 R2B212 F2 B2 R2 T2 B2 R2

Letras H
D212 B2 D212B2KR D212B2D21I2B2

—

Cruces
(Haches) y luego R2 B

Letras Y
(Letras H) y luego B2

Diagonales
DITFDITFDITF

Zetas
D2R2B2I2F2B2R2T2B2R2DITFDITFDITFR2B2

2 o o ol
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Eses
(Diagonales) y luego R2 B2

Columnas
(Sin Centros) luego el 2

Enes
DIR2D-I-TFR2T-F-

Cubo dentro de Cubo
TI-B2IBF-B2FB-T-F-DR2D-R-TR2T-RF

Tres colores por cara
T2IFR-I-R-T-FIB-RT-R-F-I-R

Todos los centros
DI-FT-RB-DI-
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Tres Columnas:
FTIF2RB-I2T-R-B-F2D-R-BI-DB

Bombon:
TF-D-BT2B-DF2T2RI-T2IR-TF-

Letras K:
D2B2D2B2D2B2T2B2T2B2T2B2DIR2D-1I-F-T-R2
FT

NUNU:
D2B2R21I2F2B2R2T2RI2D2R212D2R

Cohete:
D2 R2B21I2F2B2R2T2B2R2D212B2KD D212

Cubo en Cubo 2:
IDFB-TIDFB-TIDFB-TD2B2R21I2F2R2B2T2R2
B2
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Letras J:
TFIR-DTFIR-DTFIR-D-R2B2I2F2R2B2T2BR D2
R-BT2IB2R2D2R2B21

NUmeros 4:
D2I2R2D2I2F2T2R2F2T-FIR-DTFIR-DTFIR-D
RB-D2R-BT2B2R2IB2R2D2B2R2IB2R2

Mono:
D2I2R2D2I2F2T2R2F2T-FIR-DTFIR-DTFIR-D
RB-D2R-BT2B2R2IB2R2D2B2R21

Letras P:
TFIR-DTFIR-DTFIR-D-R2B212F2R2B2T2B2R2
D2I2R2D2I2F2T2R2F2T2B2DIB2D-I-T-F-B2FT

NuUmeros 8:
TFIR-DTFIR-DTFIR-D-R2B2I2F2R2B2T-FDB-
ITFDB-ITFDB-IR2B2

] ] =] L] ] ]
I I = = o= =

Cruz en esquina:
D-I- B2 1 D-R2 B2 12 F2 R2 B2 T2 R2 B2 KD2
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Tortuga:
RD2F2B2F2B-F2D2B2D2RF2R2DI-B2DIR2

Corbatines:
RT2ITF-I2D-T-FBR2I- T2 R-

El Ocho (8)
B-I2T2F2R21-R2FD2R-12F2R2DR2 T- R2
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St

% T — Bob Burton’'s Finger Tricks

Stabilizing Grips

Left standard grip: | grip the cube so that my left thumb is covering the lower 2x2 block
on the front. My left ring and left middle fingers cover the corresponding 2x2 block directly
behind the cube.

Right standard grip: This is the same grip as above, except using the right hand to
cover the 2x2 blocks (on the right side of the cube).

Left top grip: This is the same grip as Left standard, except covering the corresponding
2x2 blocks on the top and bottom faces, instead. My left thumb covers the bottom left
back 2x2 block and my left middle and ring fingers cover the top left back 2x2 block.

Right top grip: This is the same grip as above, except using the right hand to cover the
2x2 blocks (on the right side of the cube).

Slice grip: | grip the cube so that my left thumb is on the FL and FDL stickers and my left
index and middle fingers are on the BL and BLD stickers, respectively.

(R U) triggers
Trigger  Stabilization  Grip Execution

My right thumb is

placed on the DR .
To perform the R, I rotate my right

sticker. I place my )
L ) wrist away from me. After the R-move
(RU) Left standard right index, middle, . )
is complete, I pull the U-move with my

and ring fingers on the | ) .
right index finger.

URF, UR, and UBR

stickers, respectively.

. I perform this trigger the same way as I
I grip the cube exactly
perform (R U), but as the U-move
the same way as I . )
(RURY Left standard ) comes close to completion, I begin to
would for performing . ) .
rotate my right wrist towards me again

R U).
RU) to finish the trigger.

I grip the cube exactly [I perform this trigger the same way as I

the same way as I erform (R U R"), but I pull my wrist a
(RUR2) |Left standard yast P (RUR) puitmy

would for performing |little further towards me to complete

(R U). the trigger.

I grip the cube exactly I perform this trigger the same way as I

RU2R' Left standard
( ) the same way as 1 perform (R U R"), but after the U-move,
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would for performing
(R V).

I grip the cube exactly
the same way as I
would for performing
(RU).

(RUR'U) |Left standard

I grip the cube exactly
the same way as I
would for performing
(RU).

I grip the cube exactly
the same way as I
would for performing
(RU).

(RUR'U" |Left standard

(RUR2'U") |Left standard

(R U") triggers

Trigger Stabilization Grip

I immediately follow through with my
middle finger to perform the second
U-move. I finish the trigger in the
same manner.

I perform this trigger the same way as I
perform (R U R'), but as the R'-move
comes close to completion, I perform
another U-turn by pulling with ring
finger.

I perform this trigger the same way as I
perform (R U R"), but after the R'-move
is complete, I pull the U' with my left
index finger.

I perform this trigger the same way as I
perform (R U R2"), but after the
R2'-move is copmlete, I pull the U' with
my left index finger.

Execution
To perform the R, I rotate

My right thumb is placed on the

DFR sticker. I place my right
middle and ring fingers on the

(RUY Left standard

my right wrist away from
me. As the R-move comes
close to completion, I

UR and UBR stickers,
respectively. My right index

finger floats freely in the air.

begin to push with my
right thumb to perform the

I perform this trigger the
same way as I perform (R

I grip the cube exactly the same

(RU2Y Left standard

u).

U"), but I push further with
my right thumb until the
U-face has rotated twice,
instead of just once.

way as I would for performing (R

I perform this trigger the
same way as I perform (R
U", but at the completion

I grip the cube exactly the same

(RU'RY) Left standard

u).
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way as I would for performing (R

of the U'-move, I bring my
wrist back towards

me. You cannot cut the
corner for final move in the
trigger.



(RU'R) Left standard
(RU2'RY) Left standard
(RU'R'U") |Left standard

(R" U) triggers

Trigger Stabilization
(R"U) Left standard
(R"U2) Left standard
(R"UR) Left standard

I perform this trigger the
same way as I perform (R

I grip the cube exactly the same [U"), but as the U'-move
way as I would for performing (R |comes close to completion,

u).

I continue to rotate my
wrist away from me to
finish the trigger.

I perform this trigger the
same way as I perform (R
U'R"), but instead of
pushing my thumb for only

I grip the cube exactly the same
way as I would for performing (R

u.

U', I continue to push until
I have performed U2', and
then I use the side of my
thumb to perform the R' as
I bring my wrist back
towards me.

I perform this trigger the
same way as I perform (R

I grip the cube exactly the same

way as I would for performing (R R

u).

Grip

My right thumb is placed on
the UR sticker. I place my
right index, middle, and ring
fingers on the DRB, DR, and
DFR stickers, respectively.

I grip the cube exactly the
same way as I would for
performing (R' U)

I grip the cube exactly the
same way as I would for
performing (R' U)
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U'R"), but I follow the last
'-move with a pull of my
left index finger to perform
u'.

Execution

To perform the R', I rotate
my right wrist towards

me. As the R'-move comes
close to completion, I begin
to pull with my right index
finger to perform the U.

I perform this trigger the
same way as I perform (R'
U), but after I pull the first U
with my right index finger, I
follow through and pull U
again with my right middle
finger.

I perform this trigger the
same way as I perform (R'
U), but as soon as I finish



(R"U2 R) Left standard
(R"UR") Left standard
(R"U2 RY) Left standard

(R U') triggers

Trigger Stabilization
(R"UY) Left standard
(R"U'R) Left standard
(R"U'RU) |Left standard

I grip the cube exactly the
same way as I would for
performing (R' U).

I grip the cube exactly the
same way as I would for
performing (R' U).

I grip the cube exactly the
same way as I would for
performing (R' U).

Grip

My right thumb is placed on
the UBR sticker. I place my
right index, middle, and ring
fingers on the DRB, DR, and
DFR stickers, respectively.

I grip the cube exactly the
same way as I would for
performing (R' U").

I place my right thumb on

the FR sticker. I place my

right index, middle, and ring

fingers on the BRU, BR, and

BDR stickers, respectively.
134

pulling the U, I rotate my
wrist away from me to finish
the trigger.

I perform this trigger the
same way as I perform (R’
U2), but after the U2 is
complete, I rotate my wrist
away from me to complete
the trigger.

I perform this trigger the
same way as I perform (R'
U), but as the U-move comes
close to completion, I
continue to rotate my wrist
towards me to finish the
trigger.

I perform this trigger the
same way as I perform (R’
U2), but as the U2-move
comes close to completion, I
continue to rotate my wrist
towards me to finish the
trigger.

Execution

To perform the R', I rotate my
right wrist towards me. After
the R'-move is complete, 1
push the U'-move with my
right thumb.

I perform this trigger the
same way as I perform (R’
U"), but as the U'-move comes
close to completion, I begin to
rotate my wrist back away
from me to finish the trigger.

To perform the R', I rotate my
wrist towards me. After the
R'-move, I perform U' by
pulling with my left index
finger. As the U' comes close



(R'U'RU)

Left standard

I place my right thumb on
the FR sticker. I place my
right index finger on the UBR
sticker and I place my right

middle, ring, and pinky

fingers on the BRU, BR, and

BDR stickers.

(R2 U') and (R2' U) Triggers

Trigger

(R2 U")

(R2' U)

(R2' U2)

(R2' UR")

Stabilization

Left standard

Left standard

Left standard

Left standard

Grip

to completion, I rotate my
wrist back away from me to
perform the R. Finally, after
the R, I pull with my right
index finger to perform U.

To perform the R, I rotate my
wrist towards me. After the
R'-move, I perform U' by
pushing with my left index
finger. As the U' comes close
to completion, I rotate my
wrist back away from me to
perform the R. Finally, after
the R, I push with my right
thumb to perform the last U'.

Execution
To perform the R2, I rotate

I place my right thumb on the

BDR sticker. I place my right

my right wrist away from
me. : As the 2nd R-move

index, middle, and ring fingers

on the FRD, FR, and FUR
stickers, respectively.

comes close to completion, I
begin to push with my right
thumb to perform the U'.

To perform the R2', I rotate

I place my right thumb on the my right wrist towards

BR sticker. My right index
finger hooks around the FRD
corner, so it is ready to push
the U face when necessary.

I grip the cube exactly the
same way as I would for
performing (R2' U).

I grip the cube exactly the
same way as I would for
performing (R2' U).
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me. As the 2nd R'-move
comes close to completion, I
begin to pull with my right
index finger to perform the
u.

I perform this trigger the
same way as I perform (R2'
U), but after I pull the first U
with my right index finger, I
follow through and pull U
again with my right middle
finger.

I perform this trigger the
same way as I perform (R2'
U), but as the U-move
comes close to completion, I



R,F Triggers
Trigger Stabilization
(RFRF)

Grip

(M"U), (M U"), and (M U)Triggers

Trigger

(M"U)

(M' U2)

(M2' U)

(M2' U2)

(M'UM)

Stabilization

Slice

Slice

Slice

Slice

Slice

Grip

I place my thumb directly
opposite my left, covering
the FR and FRD stickers. I
place my right index,
middle, and ring fingers on
BRU, BR, and BDR stickers,
respectively.

I grip the cube exactly the
same way as I would for
performing (M' U).

I grip the cube exactly the
same way as I would for
performing (M' U).

I grip the cube exactly the
same way as I would for
performing (M' U).

I grip the cube exactly the
same way as I would for
performing (M' U).
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continue to rotate my wrist
towards me to finish the
trigger.

Execution

Execution

To perform the M', I pull the
BD sticker with my left middle
finger. After the M'-move is
completed, I pull the U with
my right index finger.

I perform this trigger the
same way as I perform (M' U),
but after I pull the first U with
my right index finger, I follow
through and pull U again with
my right middle finger.

I perform this trigger the
same way as I perform (M' U),
but after I pull the first M' with
my left middle finger, I follow
through and pull M' again with
my left ring finger.

I perform this trigger the
same way as I perform (M2'
U), but after I pull the first U
with my right index finger, I
follow through and pull U
again with my right middle
finger.

I perform this trigger the
same way as I perform (M' U),
but after the U-move is
completed, I push the FD



(M"U)

(M' U' M)

(MU)

Slice

Slice

Slice

I grip the cube exactly the
same way as I would for
performing (M' U).

I grip the cube exactly the
same way as I would for
performing (M' U).

I grip the cube exactly the
same was as I would for
performing (M' U).
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sticker with my left thumb to
complete the trigger.

To perform the M', I pull the
BD sticker with my left middle
finger. After the M'-move is
completed, I pull the U' with
my left index finger.

I perform this trigger the
same way as I perform (M'
U"), but after the U'-move is
completed, I push the FD
sticker with my left thumb to
complete the trigger.

To perform the M, I push the
FD sticker with my left
thumb. After the M-move is
completed, I pull the U with
my right index finger to
complete the trigger.



% —+=77 Rubik’'s Revenge

The Rubik's Revenge (also known as the Master Cube) is the 4x4x4 version of Rubik's
Cube. Invented by Péter Sebestény, the Rubik's Revenge was nearly called the Sebestény Cube
until a somewhat last-minute decision changed the puzzle's name to attract fans of the original
Rubik's Cube.

Permutations

There are 8 corner cubelets, 24 edge cubelets and 24 centre cubelets.

8 Corners 8!x3’

24 Centres 241/(4H"6 TN PYAS H OB SE R

24 Edges 24! N

Divided by 24 BAREAEEHN, HE -
FEREHN, A 24 PRSI

M B BURASE: 8IX37 X(241)%/[(4!)*X24]=7.40X10%

RAEAREZFERE o FEpL R By =B BT RE . I HAB RO BT TT 01X BSE S (R o = B 7
HEX — B TR TS

it GR=< L,R,U,D,FB >

GO0= <L,R,U,D,FB, M0O,M1,E0,E1,50,S1 >

G1=GR X <M02,M12,M0M1,E0,E1,50,S1>

G2= GR X <M02,M12,M0M1,E02,E12,EOE1,S02,512,S0S1>
G3= GR X < MOM1, EOE1, SO0S1> = GR

G4= <I>

XEAE AR SR L S 4 MO, S8 R difF g M1, MO, M1 (9¥ahJ5ER =R 2K M
Ti e — 8. HAh .

GO -->G1 -->G2 BRI B ALK — X% € (BG, WY, RO [y O/ FF, 43583 LR, UD,
FB Tt

G2 -->G3 [N =W BT i, XA OB U T, 2 Bl R G L [FJ R
FeAH BB BB

G3 -->G4 2 =Fr it e Tl B DR EA SN, AR R OB -

One: GO -->G1
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FEREMNEE )\ ABRE TSR, ERE T R ORERALE . = —FEEn, REM N
FETA, ElEASE, Bia)EE.
X B WY o, 3 UD T E

HirgR, ¥ Wy b BN AN RS, 7 R UD b B tE U/D b X
WY bk, FA DU WY Bl B M T A e Xt , —NEEsh R A7

Two: G1--=>G2

1 BG LUK 3 LR T F, RO LR FB 1 .

R Ja AR g g, A SAEMARTE b, R IR 80D A REAE G2 HEN 58
o

KA. FIH EO, E1 #3h4r 5§ BG M1 RO th. WARMIE, —ik E0, E1 3% | 4 4>
LR i B0 BE] FB b, FrAJaii % FB i, 15 FB 1 L 8 bk 4 4~ RO &, 44
7 BG t, Hrf, 4/ BGGMW/ANME F I NE B i L. LR I LA FB i —%. i
#4f RO 0B BG WAL &, —A EO 8¢ E1 #zh R AT 70 % FB, LR [t

Three: G2 -->G3

X — AT A2, RIS /S AN A G o (RIS, R A AR RS R IE A EC X o BE A Co RN T 455 Bk
PR RIS SEBLET, EAGEE AR, N TR RN EE, RO RO, Bl
B,

G3 #HLY (MOM1D) &R MO, M1 PRSRELE — RN Feal, 2T =5 =K M. B G,
G2 HHERRE 7> B A AR B AP MR T, T G3 BEORFFAH SBAFHRIRLARLE, BTLL, #FHmin A
REFEIX — 2 B S B

1AL
v B FB ML, SR F O LA PALGE, BMBEE, [T
frifix ffr, B R, TR MO2, 5k M12 Uk shENRRAF FB T Mt

2 BFHRECxE

£ M T ERT B MO, M1 2 Sk, it (MOL) 8 (MIR) #HBhfixi ik, )5
GR B A RC A F XA 2L 2, FAERTTH MO, M1 #2311, 2 5 M0, M1 2. F1xX BL.(MOL)
FoRAE MO JZ 0 L JZ 4R £ — & MO J7 [m ) 3)) .

HH, R LS Ma, Mb HEJZ, JES A X IR AOAE L B R R E
BEGF HIASXS o P DASR S RN PR AR AR, LB R BRI IR . il ek Ipidt, 430 T Y
XPEHR MG, E R BT R T IUXE O ab, ba, cd, de XFERITETE, ¥ ab,
ba X i & 6] = HIXS AL, Ma2 #e3l, Fopk aa, bb IE#EA, [ cd, dcfEATE#E,
SRIE R Ma2 IRE L OIREIFEIS, ¥ od, dc §5T, Bk cc, dd BT

XD o — R TT %, BT LARE 10 X fea R B R PI b, XIS =Re e, T
X DY BRBC LR o
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Four: G3 -->G4
BRI TAERIIX AR SE, M UM = kbt ik — A2 s H AT,

Five: Switch Edges Pairs
5, SHIAM=FA—FERETE .

Casel.
FFEA, BRI 12 XF, F1 34 X, AN, SEhR B 14 XfHe, 23 X, AT
] DL =% ¥ 528,  (LUSc,RUSc,DRSa)t B &7~ (123) :U'Ma’U-R2-U’'MaU-R2

1

B i) — R R B X A =R o, O =8, IXDU/ MR EDIERRCN « HIBCE Rt
(421) (132) = (14) (23).

29IR, TR 5 1SS A M E P BRR %, B A L 10 A 302 : Mb2 U2 Mb2 U2- Ea2
Mb2 Ea2

Case?2.

G T R RAZR R B 12 PSS, DURY RS BN O] e i B 4%, sSibs bR BExt e 12,
Xt R R ) H B IER . X RN AT E AT R S s, FERAH AR

Mb2 B2 U2 Ma U2 Mb U2 Mb’ U2 F2 Mb’ F2 Ma’ B2 Mb2

Pretty Patterns
4 parallel strips: Mb2L2-Sa2B2-Mb2L2

Cube in a Cube in a cube:
L'D2RD2R’FRU'DLFB’'U'BD’L2U(Mm)’(Ee)’(FF)(Rr)'(FF)(Uu)(Rr)2(Ff)2(Dd)’(Bb)’(Uu)(Rr)’
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5. Mm $5rhia MaMb 4L& = Ff 48 F S5LAHAEH Sa M4la )=, PAERHE.
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¥ -1 PU9 Proffesor's Cube

The Professor's Cube is @ mechanical puzzle, a 5x5x5 version of the Rubik's Cube.

There are 98 pieces on the exterior of the cube: 8 corner cubelets, 36 edge cubelets (two
types), and 54 center cubelets (48 movable of two types, 6 fixed).

There are 98 pieces on the exterior of the cube: 8 corner cubelets, 36 edge cubelets (two
types), and 54 center cubelets (48 movable of two types, 6 fixed).

Permutation

corner cubelets: 8! 3’

Center cubelets: (24!/(41%))2

Central Edges cubelets: 121/2 x 2!

(an odd permutation of the corner cubelets implies an odd permutation of the central edge
cubelets, and vice versa, thus the division by 2).

Outer Edge Cubelets: 24!

(cannot be flipped)

The totle number of permutation is
81X37X121X2°(241)3/(41)*? =2.83X107

Solution
FIVUBY: 365 HR O — R o — =y

LRGN
A2 bRc a0 T B, HEE S =i M, B, S T FARTE .

middle edges and corners can be treated as equivalent to a 3x3x3 cube.

9 Adut, —ANERFOH, BEERE, BF NN, AR R AR, R
5.

AU (outer edge), AMLTEAME, (HNERGHIIFASER . EHAR Bl B 55
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AR, TANATREJF BN, M2 vl X .

I 3 f5 5 228 B T8 EERHR AN LG (Outer Edge) T, X RN EH#e. (0 5 F#2
HE R, HmAT Y 55528l XBEOABEARR P (Outer Edge) A5, JoiEH
ZAE ) =R

(LUSc,RUSc,FREa):U'Ma’U-R-U'MaU-R’
BN R fe e (1-->2-->3-->1)

W B &7 R 2ok R2, kA8 et #6: (LUSc, RUSC, DRSa):U'Ma'U-R2-U'MaU-R2 .

E A = EERANE, 1R B TR

X 75 20 4 (FREa, FREC) P M B (T AN 2 70 B X AN ), REH B A
(FREa,FREC): EC'R2-Ea’F2-EaF2-Ec2R2-EcR2-Ec’'R2-F2Ec2F2
VUBN BT e 4 — 1, AR AN 2SRRI AT HE B AN FH AT B H 46 o
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T —+FHF V-Cube 7/6

The V-Cube 7 is the 7x7x7 version of Rubik's Cube. It was invented by Panagiotis Verdes and is
produced by his company, Verdes Innovations SA.

Patterns

YAV ASE
B2D'U’LR-(EbEc)’-MeMa-(EdEe)"-McEa’Ee-MdMb-(EaEbECEd)-(MaMbMcMdMe)'-R'L'UDB2
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% —+75T Pocket Cube

The Pocket Cube (also known as the Mini Cube) is the 2x2x2 equivalent of a Rubik's Cube.
The cube consists of 8 corner pieces, and no other types of cubies.

Any permutation of the 8 corner cubies is possible (8! positions), and 7 of the cubies can be
independently rotated (3’positions). There is nothing identifying the orientation of the cube in
space, reducing the positions by a factor of 24. The number of possible positions of the cube is:

81X37/24=3674160
W EES (FL, COLL), AT WA fEYE & Guimond method 1 Ortega methods..

martijn’s Doc for Guimond method and Ortega methods.

Guimond method

Step 1: Find 3 stickers of opposite color on 1 face.

The purple stickers can be various color, white/yellow, orange/red, or
green/blue.

Table 1 Table 2 Example

This is already done 90% of the time. Else you have to set it up with one or 2
moves

When you have found one of the 2 patterns do a‘ x2 * move (turn the cube
around) to get one of the patterns in table 1 or 2.

If you have table 1 pattern look there, and the same for table 2.

Step 2.1: Table 1
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B

(y2) RU'R'

(Y)R'FR

F'L2F

L2'UL'

(x2) RU'BL'

R2F2UF

F'RU'F2U'

RF2U'R2FU'

Step 2.1: Table 2

ms

(Y)R'UR

(y2)RU2R!

(y)L2D'R

RU'BL'

F2R2U'R'

R'FU'F2U

XUR'U'RUZR

Step 2.2:




up x2 Down UP x2 Down up x2 Down

R2 U2 F2 R2 U’ R2 R2 U R2 U R2

Step 3 -PLL (Up + Down)

You may have to turn the cube around to get the right pattern.

You may have to do a U, U’ or U2 turn to get the pattern.

And most of the time you will have to do a U, U’ or U2 turn at the end to solve
the cube.

R2 F2 R2 (RUR) F2 (RUR) R2 U F2 (U2 R2 UR2)

—t—

(RUR'U') F2 (URUR)DR2 | x U2(RUR)U2 x (RUR'U'R2) | (R2 UR2)y’ (U2 R2 UR2)

Ortega method

Step 1: Make the white face complete. The Permutation of the corners

doesn’t matter.
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—t—

These are the 3 possible situations for the D face. (Color and place can be
different)

Solve the Corners the same as on the 3x3. (LBL method)

To get the corners from the U-layer to the D-layer:

White Right — RUR’

White Left - L'U'L

White Up — (RU2R’) U’ (RUR)

Step 2-oLL

(RUR)U'(RU2R) (RU2R)U(R'UR) F'(RUR'U") R'FR (RUR'U" (R' FRF')
F (RURU") F’ F (URUR) F' F (RURU'RURU) F |R2U2R U2 R2

Step 3 -PLL (Up + Down)

You may have to turn the cube around to get the right pattern.
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You may have to do a U, U’ or U2 turn to get the pattern.
And most of the time you will have to do a U, U’ or U2 turn at the end to solve
the cube.

R2 F2 R2 (RUR) F2 (RUR) R2 U F2 (U2 R2 UR2)

(RUR'U') F2 (URUR)DR2 | x U2(RUR)U2 x (RUR'U'R2) | (R2 UR2)y’ (U2 R2 UR2)
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FE-1+-tT ¥F Master Pyramorphix

Mg eakEF
Number of combinations

Corners: 8! 374
Edges: 12! 2711/(3! ) 4
Centers: 46

Even permutation factor:2
MFPIRA . 8! 374 X 12! 2710 X 476/ (6) “4=5. 06X10"

LU ARISNE, WA =R 4.
DA = DR BUE T, AR N KRB N ERIAL, 5NN =M Bk
R ONBBA TR 3 REgs 7 =R, 5 =m0 T =B AR

DOEIR =P —#¢. A AVE O tReaE = riE R R . 25 B L e E .

Jig e Lo e )

1. U ISR £ F b £t s 90 fZ: (UUDL'RFB)U' (FB'LR'UD' ) F
2. U [ & F i 4t ieds 90 fZ: UUDL'RF B)U(FB'LR UD")F
3. U Tl F [ [F)mf e 180 f£: (U'DL'RF' B)U2 (FB'LR UD') F2

4, U Lo’ 180 fE: (LR U2 L' R'U) x2

B = AR, UNHIBTR RS, Jaap 245 —ANT0E, JeEkmb, Bk, dhndm
T3 VAR, Rk T AN R, IR R SR BRI o XA TR AT AR 20 W] AR AR L
BT

BEERT

R ARSI, nT AR, BEMEIEE T, AR 2811 FrEAE .
VO KA (GBS W5 R, IS, WEA A m, rREHE. fRf
8! J(AAaNFhH AT HFOHAT DI 90 B, AWM, 6 NI 216 FlEAM] . [H
W, TP RER B, BRUL 2. BTRL, BERRTIAE T NS IH 4, 587, 520 Fh4
HH R BT A ST A AN RS mb TG 5.06X10"° M A7, iz
/b = ) 4X10019 FRZHA T 3

WY Jaap 77k, R TIE IR AT A ] S =00
LIBRPA KA, X MR G, AT EEM 2

2B W TRET R M TR E . JETEXHR PSS 180 FZFL s 3
A=A U b, A PRSI
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FHAE ARSI A5 H UR-UB: RDB2RD, 5(# FH(RURU)X2. #— AP, J5F—AKUfid 5
f£. PA(RURUDX2 ##il, ©52Fs & UR, UB, RB =/MFHife#t (UR->UB>RB>UR) ,[FAlH}
B 1 51X =ANBF PO AR R DU AN f B, 6 T B ks 1ok, A RICR 2 #l L UR, UB IX PR B
B ARG IS H, UF-UB: RFRURU'FR’

3. EEERLER, R 90 ek —FiEE, RFE-DAN

Jie#E U tiio3: RURUFUF
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Master Pyramorphix Solution

By Jaap Scherphuis

1. Corners in shape

The four big corners can be placed so that they form a pyramid shape in just a few moves.

2. Orient the twelve wedge pieces

The move sequences below will flip two adjacent wedge pieces. If the two wedge pieces you
want to flip are not close to each other, then you can use half-turns to bring them together.

/@ /timzm-

/_/

v

TReed

L9008
Beeas
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T L L]
L

3. Orient the six ridge pieces

With the move sequences below you can twist a single ridge piece. After orienting these the

B =
&E8Q.

Any ridge piece can be given a half-turn without affecting the other ridge pieces. Look at the

puzzle should be in the correct shape.

4. Solve the six ridge pieces

three ridge pieces that share a face. If they have a colour in common, then you can turn
them to show that colour in the shared face. If they do not have a colour in common, do the
sequence below and try again. The remaining ridge pieces can then be easily solved.
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BBLSS
B

If a corner is out of place, then you can use the first sequence below to put it in its correct

&

5. Solve the four corner pieces

place. It swaps two corners without affecting the other two. Once a corner is in the correct
place, you can use the second sequence to orient it properly.

B
Bgem

6. Solve the four triangle pieces

The four triangle pieces can be put in place using the sequence below which swaps around
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three of the triangles. If all four triangles are wrongly placed, you will have to use this
sequence once to solve one triangle, and a second time for the remaining three triangles.

8.4
P i 4

7. Solve the twelve wedge pieces

You can move wedge pieces from one face to another using the first two move sequences
below. The third move sequence moves around the wedge pieces inside a face. To swap two
wedge pieces in adjacent faces, you can use the third sequence if necessary to move the two
pieces towards where the faces meet, and then the first or second sequence once or twice to

swap them around.
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%=1\ 1EJT Megaminx

The Megaminx, or Magic Dodecahedron, was invented by several people simultaneously and
produced by several different manufacturers with slightly different designs.

The Megaminx is made in the shape of a dodecahedron, and has 12 face center pieces, 20
corner pieces, and 30 edge pieces. There are two main versions of the Megaminx: the 6-color
version in which opposite faces have the same color, and the 12-color version in which all faces
have a different color.

There are 20!/2 ways to arrange the corners and 3'° ways to orient them, since the orientation
of the last corner depends on that of the preceding ones. There are 30!/2 ways to arrange the
edges and 2% ways to flip them.

So,the total number of combinations is:
201X3°X30!1X22%/4=1.01X10°%8

7

TLBETT AT DR R SRAEL F2L B HGE L, ) AT AN, 0PI SR B By B AT
Il

B e — I W] 2R AUL 8355 ABRTRZ T3, B R M () — M A HU BT TR —HOR IR . et )i 6
M, BERERIE 6 M. PRI 6 ML E, HEE MY,

N A& Jaap 1 HJE ISR 5.

Notation:

Let U, R, F be three adjacent faces (Up, Right and Front), in other words, U, R, F are faces
arranged clockwise around a vertex. Let D be the other face adjacent to both F and R. Clockwise
1/5 twists of a face are denoted by the appropriate letter, anti-clockwise 1/5 twists by U, R', F' or D'.
In the solution below, the D face is usually still unsolved. We can denote the positions of the edge
pieces by using two letters, for example UF is the edge that lies in both the U and F faces. Similarly,
corners are denoted by three letters as they lie in three faces.

Solution:
If you can solve the top and middle layer of the Rubik's cube, then you can use the same
techniques on the megaminx to solve everything but the final layer.

Phase 1: Solve all but final face
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Solve the edge pieces of one face. This is easy to do and need not be explained in detail.
Let that face be the U face.

Solve the corners of the U face as follows:

1. Find a corner that belongs on the U face.

2. Hold the puzzle so that the corner belongs at URF, and that face D is unsolved.

3. Use any turns that do not disturb already solved pieces to place the corner at RDF.

4. Use one of the following sequences to place the corner:

RDF->URF: R'D'R

FRD->URF: FDF'

DFR->URF: R'DR FD'D'F'

These sequences only disturb the FR edge piece and the D layer, but nothing else except
for the corner. The sequences differ only in the orientation of the corner. If you use the
wrong sequence for your situation, the URF corner can be twisted in place by R'DR FDF'.
5. Repeat 1-4 till done. If necessary you can use to use this method to displace a corner
that you need somewhere else.

Place all yet unsolved edges adjacent to the solved corners. This is similar to placing the
corners, except that you use the following sequences to place them:

DR->FR: DFD'F' D' R'DR

FD->FR: D'R'DR D FD'F'

These sequences only disturb the D layer, but nothing else except for the edge. If an edge
is in position but flipped, then displace it by placing any other edge piece there with one of
the sequences, and then insert the edge piece in the correct orientation.

Repeat steps b-c to solve each adjacent face in turn, until only one unsolved face is left.

In the phases below, we need to have names for all the faces adjacent to the D face in order to

describe all the possible pieces on the D face. Lets call these faces in clockwise order: L, F, R, b, B.

Phase 2: Orient the edges of the final face.

The edges are flipped in pairs. It is impossible to have only one edge upside down.

Hold the puzzle so that the unsolved face is D, one edge to be flipped is at DR, and
another is either at DL or DF.

Do one of the following sequences to flips the edges:

To flip DF, DR, doRD FD'F' R’

ToflipDL,DR,doRFDF D'R'

Repeat the above if necessary.

Phase 3: Position the edges of the final face.

a.

Rotate D to place as many edges as possible in their correct places. If, like Alexander's
Star, your megaminx has only 6 colours, you might find that the edges are in an odd
permutation. In this case you will have to swap any two identical edges elsewhere on the
puzzle and try solving it again.
Hold the puzzle so that you can use one of the following sequences to solve it:
1. DR->DF->DL->DR: RDR'DRD'D' R’
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2. DR->DL->DF->DR:RDDR'D'RD'R'

3. DR->DF->DB->DR: RD R'DD R DD R’

4. DR->DB->DF->DR: RD'D'R'D'D'R D' R’
5.DR-DB,DF-DL:RDR'DRD'R'DD R DD R'

Phase 4: Position the final corners.

a. Hold the puzzle so that you can use one of the following sequences to solve it:
1. DFR->DLF->DBL->DFR: RUR' D RU'R' D RUR' D'D'RU'R’
2. DFR->DBL->DLF->DFR: RUR' DD RU'R' D' RUR' D' RU'R!
3. DFR->DLF->DbB->DFR: RUR' D RU'R' DD RUR' DD RU'R’
4. DFR->DbB->DLF->DFR: RUR' D'D'RU'R' D'D'RUR' D' RU'R’
5. DFR-DbB, DLF-DBL: RUR' D RU'R' D RUR' D' RU'R' DD RUR' DD RU'R!
Note the similarity between these sequences and those of phase 3.

Phase 5: Orient the final corners.

a. Hold the puzzle so that the DFR corner needs to be twisted anti-clockwise. If there is no
such corner, then put a different twisted corner there.
b. To turn DFR anti-clockwise, and another clockwise, do one of these:
1. DFR->RDF, DLF->LFD: RU'R'FU'F D FFUFRUR' D'
2. DFR->RDF, DBL->BLD: RU'R'F'U'F DD FUFRUR' D'D’
3. DFR->RDF, DbB->bBD: RU'R'F'U'F D'D' FFUFRUR' DD
4. DFR->RDF, DFb->FbD: RU'R'FU'F D' FUFRUR' D
c. Repeat the above until all corners are correct.

Gigaminx: L HLE T
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F-+MF SQ1,SS0Q1

The Square One, also known as Back to Square One and Cube 21, is a puzzle similar to
the Rubik's Cube.

Number of positions

If different rotations of a given permutation are counted only once while reflections are counted
individually, there are 170 x 2 x 8! x 8! = 552,738,816,000 positions.

If both rotations and reflections are counted once only, the number of positions reduces to 15!
/3 = 435,891,456,000.

—A LTRSS 7\, SRR E . B8R, WA ENERRFENITEN, 84 EA
X IERIIVIZ, BRA BRI A . DR, LN ZEETT 30 B, R T IRA R
FFIETTTE o

ML UER], EENASATEL AU, SR E S IAE—Xt, A — Dk, BT
JEHeE) R RER: 90 FEff . P2 RN EGR, WS . X Aa—K, SQL B 1=K BETr
WEREDEL g, BRI AR, A TR e R, 5 R AR
POEMBCEEXY, AR5 H B B Bkl vl DUE Ji

B AT LE RIS o WP SRS AZBC B — %, i E)JZ RO T, IR SEGEIR . 38 i B B
A PIRBAELE A ¥ 90 LRI OL FECN « B HAVEE, BAEIEATHINEE, e g Rt R & 250
—RARLE AR, XA O E R A .

Notation(Lars Vandenbergh):

Twisting the right hand side 180°
(a,b) where adenotes the multiple of 30° you have to turn the top layer and b denotes the

multiple of 30° you have to turn the bottom layer.
/ means twisting the right hand side 180°.
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Section 1:Lars Vandenbergh’s Solution to SQ1

This method has been used to set most Square-1 world records.

Step 1: Make both layers square

Step 2: Bring the corners in their correct layer

Step 3: Bring the edges in their correct layer

Step 4: Permute the corners within their layer

Step 5: Permute the edges within their layer

Step 6: Correct middle layer and swap layers if necessary

Section 2:Jason Baum’s Solution to SQ1

I recently came up with my own method to solve the Square-1. I'm sure others have used
something similar to this before, but I haven't seen anything like it online anywhere. Currently
the most popular method to solve Square-1 is Lars Vandenbergh's method. It involves
orienting corners, orienting edges, permuting corners, and permuting edges. It is no doubt a
great method, but the problem with it, in my opinion, is that the final step (permuting edges) is
very difficult. There are 99 cases, and many of them are hard to recognize. When I decided I
wanted to get better at Square-1, I briefly looked at this method and quickly decided I didn't
want to devote the amount of time it takes to learn 99 algs for this puzzle. So I started
thinking and pretty quickly came up with an alternative method that is more layer by layer
style. The great thing about this method is a large portion of it is completely intuitive, and it
also cuts the number of algs in half (only 50 required algs for the entire method) Additionally,
the steps are very easy to recognize, and it has a nearly identical move count to Lars
Vandenbergh's method. I am very optimistic about the potential of this method. So optimistic,
in fact, that I think a sub 20 average is possible with it.

1) Make both layers square(Intuitive)

2) Solve the bottom layer corners(Intuitive)
-2 optional cases
-You should also make sure the middle layer is fixed during this step

3) Solve the bottom layer edges

a) Solve two adjacent edges
-Intuitive

b) Solve the other two edges
-7 cases

c) Special Cases (optional)
-8 cases
161



-This step is a bit outdated, as some of the cases contain an odd number of twists. I need to
re-generate those cases so that they have an even number of twists so that the middle layer
stays in tact.

4) Permutation of the Last Layer
-43 cases (21 without parity, 22 with parity)

Section 3:Shellie’s Solution to SQ1

How to Solve the Square-1
Everyone and their mom knows about the Rubik's cube, and a considerable subset of everyone and their

mom knows how to solve a Rubik's cube. But what about the Rubik's cube's anemic red-headed cousin,

the Square-1?

I would like to start by pointing out that there are other tutorials on the web that are much more
comprehensive and helpful than my own (might | suggest Jaap Scherphuis's puzzle site or Lars
Vandenbergh's CubeZone?). So why does this tutorial exist? In short, | got a Square-1 one day and
discovered that I'm completely useless at learning Square-1 algorithms. After a few attempts with online
guides, | gave up and decided to figure out how to solve it on my own. This is the very elementary
method | worked out, using algorithms | made up as | bumbled my way to a solution. The algorithms
provided will help you solve your Square-1, but not particularly efficiently. It's called the SSS1M, short
for Shellie's Sillie Square-1 Method. Yes, it is so silly it involves a misspelling of my own name as well as

the word silly.

Initially I never meant to publish this method, but Lucas Garron convinced me it would be funny. As such,
| slapped it together at work one day. There are no pictures. Sorry. Use your imagination or find a better

tutorial.

(As a side note, despite the self-proclaimed silliness of this method, Dan Dzoan learned it and was faster
than me within 24 hours. Stephanie Chow has also since become a remarkably successful student of this

tutorial. Take that as you will.)

Part O: Finding your way around the Square-1

The top and bottom layers of the Square-1 consist of corner (big) and edge (small) pieces and can be
rotated freely. The middle layer is divided into two halves, and the puzzle can be rotated vertically if all
the pieces on the top and bottom layers line up along the cut. Notice that the radial angle of a corner

piece is twice the radial angle of an edge piece.

Square-1 algorithms look like pairs of numbers in parentheses separated by forward slashes. Each

number denotes the multiple of 30 degrees to turn the top or bottom layer (first number for top layer,
second number for bottom layer; positive number for clockwise, negative number for counterclockwise).
An easier way to think of this is to remember that each big piece counts as 2 and each small piece counts

as 1. Each / means to turn the right side vertically 180 degrees, swapping the upper and lower layer
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pieces on the right half of the puzzle. When following the algorithms, hold the puzzle so the middle layer

has a smaller section on the left side.

Part 1: Making both layers square

Your first objective is to make the top and bottom layer square. | find it is easier to do this by first
grouping all eight edges together on the top layer. For the most part, this can be done intuitively, but if
you get stuck, you should check out a more comprehensive guide. | recommend you practice doing this

step intuitively before learning to solve the rest of the puzzle; it makes things a lot easier.

Once you have all the edges grouped on the top layer, you should have a "horseshoe" shape on top and
a "star" shape on the bottom. Position the top layer so that the line of symmetry of the "horseshoe" lies

along the center cut and turn.

Now you should have "paw" shapes on the top and bottom layer. Position them so that the line of

symmetry lies along the center cut and both "paws" point in the same direction and turn.
Now you have two "barrel" shapes. Position one vertically and one horizontally and turn.

Now you have two "stingrays". Position them so that the center cut is along the long axis of the stingray
(head to tail) and both "stingrays" are pointing in the same direction and turn to complete the square.

Dont worry about the shape of the middle layer until the end.

In shorthand, start with the ends of the "horseshoe" pointing away from you and do / (-2,-4) / (-1,-2) /
(-3,-3) /

Part 2: Separate pieces into their proper layer

Start by putting the corners in their proper layer. This can be done intuitively. If you do a (1,0) or (0,-1)
before you start and only turn the top and bottom layers in multiples of 90 degrees (multiples of 3 in

Square-1 algorithm notation), you can preserve the square shape and treat the corners as a 2x2 cube.

Once the corners are in their proper layer, do the same for the edges. Position "wrong" edges at UB and

DF and do (0,-1) / (-3,0) / (4,1) / (-4,-1) / (3,0) /

You can also swap two pairs of "wrong" edges at a time by positioning them at UF, UB, DF and DB and

doing (1,0) / (-1,-1) /

Part 3: Solve corners

I use only one algorithm for this. It switches ULB/URB and DLB/DRB:
(1,0)/ (3,0)/(3,3)/(3,0)/

Faster variant of this algorithm which | learned from Nick Young (it deviates briefly from the square

shape, but don't worry):
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/(3,0) 7 (-3,-3) / (0,3) /

You may have to do the algorithm twice. Another one switches diagonal corners on both layers, but this

case is rare:

/(-3,3)/(3,-3)/

Part 4: Solve edges

| use two algorithms to solve edges. To swap UF/UB and DF/DB:
(1,0)/(1,-1)/(6,0)/(1,1)/

The following does the equivalent of a Z-permutation on the Rubik's cube. It swaps UL/UF and UB/UR

edges. Combine it with a / setup move to swap bottom layer edges if necessary.
(1,0)/(-1,-1)/ (-3,0) / (1,1) / (3,0) / (-1,-1) /

Note: Try (0,-1) / (-3,0) / (1,1) / (2,-1) / to swap UL/UF and DF/DR. It's the same as the
pseudo-Z-permutation above but with the additional setup move and with resulting extraneous moves

truncated.

Part 5: Parity

Sometimes you will end up with parity, where you have exactly one pair of edges that need to be
swapped. There are good ways to solve parity. This isn't one of them. Go back to Part 1 and work
backward from the square to the "paw" shapes. Swap 3 corners on the top with 3 corners on the bottom

with a / turn, go back to your square shape, and start the solve over.
| told you this was an inefficient method.

Ideally, you should be able to spot whether or not you have parity before beginning step 4 (or step 3 if

you're good at recognizing PLLs), so you don't have the entire solve wasted.

Part 6: Fixing the middle layer

Once your top and bottom layers are complete, fix the middle one if necessary. This part is intuitive, but
I've included algorithms for those who can't figure it out on their own. To make the middle layer square
if itisn't already, do / (6,0) / (6,0) /. If the middle layer is upside down (which really means your top and
bottom layer need to be swapped, do / (6,6) /.

You're done!
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Section 4: Jaap’s Square-1 Solutions

Getting the cube shape
First you must get the puzzle into cube shape. This takes at most 7 twists (ignoring the centre layer

shape), and the shortest method is simply using a table to look up the moves since there are only
90 different possible puzzle shapes. Such tables can be found at various websites, but they are not
particularly enlightening. Instead | will present three methods here. The first is the most intuitive,
and is the most common way of doing this phase. The second method is very different, but
interesting as it shows an underlying mathematical constraint that | find quite surprising. The third is
a little similar to the first though described in much more detail.

| have made a diagram showing the various shapes. At the top is the solved cube shape, and each
successive row below it is one move further away. The blue shapes have 6 corners in one layer and
two in the other, and these shapes are used in method 1 below. The red shapes have five and three
corners in the layers. The yellow, green and purple ones have 4 corners in each layer, and the three

colours signify the type of shape as used in method 2.
Method 1: Gathering corners

This method simply involves bringing six of the corners into one layer, which leaves the remaining
pieces (2 corners and 8 edges) in the other layer. From such a position it is fairly easy to recover
the cube shape.

I will not go into detail on bringing 6 corners together as it is quite easy. Once you have three
corners together in half of one layer, then move these pieces around to the left half of the bottom
layer. Now keep them there, so only use twists of the right hand side and turns of the top layer, and
try to bring three more corners together in the top layer. Finally bring these two sets of three

together in one layer.

Hold the puzzle with the six corners in the bottom layer. The top layer has two corners and six
edges. There are only 5 possible shapes it can have, because there must be anywhere from 0 to 4
edge pieces between the two corner pieces. The diagrams below show how the cube shape can be
recovered in each case.

0 |/(2,-4)/(-1,-2)/ o
(-3,-3)/
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1 1 /(2,-2)/(=3,-4)/( 1 ~ -
4,-3)/(-5,-4)/ (6,
_3>/ — -] —p —
2 | /(-4,-2)/(-1,4)/( - -
3,00/ N
—Ei —r — —
3 1/(=4,0)/(5,4)/(2, ™ -
-3)/(-5,-4)/(6,-3
)/ — — — - -

4 1/(2,2)/0,-1) /@, ~ —
3)/ 2N
-3 —> —>

The notation used here will be explained later when it will be more extensively used instead of

r<\

diagrams.

Method 2:
This is a method found in the rec.puzzles archive.
There are 10 shapes with 4 edges (e), 4 corners (c) that a layer can have. Looking clockwise

around the layer, they are:

cececece: Square 0 cceeccee: Barrel 2

% ccecceee: Mushroom 0

cccceeee: Scallop 2

&
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ccceecee: Shield 0 .'- cceceece: Kite 2

cceecece: RightFist 1 %ccececee: Left Fist 3

ccceceee: LeftPaw 1 ) ccceeece: Right Paw 3

If you are in a position with two of these shapes, look up the numbers associated with them in the
list above and add them to get a number. Whatever move you do that keeps 4 corners in each layer,
the number arrived at will not change (modulo 4). In particular if the number is not 0 (or 4) you
cannot get it into a cube shape without first moving to a position that does not have 4 corners on
each side. You then have to move back to a position with 4 corners in each layer and that does
have a 0 or 4 sum.

If you do get a 0 (or 4) sum then the following list shows you how far away you are from the cube

shape:

Square-Square 0

Kite-Kite 1
Barrel-Barrel 2 L.Fist-R.Fist
Shield-Shield 3 L.Paw-R.Paw
Scallop-Scallop 3 Barrel-Kite
Mushroom-Mushroom 3 Square-Shield
Barrel-Scallop 4

Kite-Scallop
R.Fist-R.Paw
L.Fist-L.Paw

2
3
3
3
Square-Mushroom 3
3
4
4
Mushroom-Shield 4

In the diagram of all the various shapes, the types of position can be seen. The yellow shapes have
sum 0, the green have sum 2, and the purple have sum 1 or 3. The mirror image of a shape with
sum 1 will have sum 3 and vice versa. Only one of each such pair is shown in the diagram. Note
that shapes with only one non-symmetric layer will always have sum 1 or 3.

Method 3: Pairing the edges

| am indebted to Robert Richter for the following method of restoring the square 1 puzzle to cube

form. | have worked out his method in great detail, because | find it an interesting approach. Once
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you develop a feeling for it, it becomes easy and you will not need to remember any move
sequences.

The main idea is to combine all the edge pieces into adjacent pairs of edges. Once this has been
done, it is easy to bring all four pairs together and from there get the cube shape using the first
move sequence in the first method above. The great advantage of having only pairs of edges is that
they take exactly the same amount of room as corner pieces. Each layer therefore will consist of six
parts of equal size (corners and/or edge pairs) which can be moved around without obstruction.

I'll explain below in more detail how to make edge pairs, but before | do it is important to be able to
distinguish between edge pairs and single edges. This is usually really obvious, but sometimes
when there are an odd number of edges together in a group it is not immediately clear which of
them is the single edge and which ones form the pairs. A simple way to determine this is to
remember that the single edge is always one of those at the outside of the group, never one in the
middle. Often one of those outside edges cannot be moved because the seam that separates if
from the others does not extend all the way through the layer. As it cannot be separated, it must
form a pair with the one next to it, and the edge at the other end of the group is the single one. If
both edges can be moved then either one of them (but not both) can be considered to be single.

Another way to determine the single edges is by seeing how close the layer is to being made of six
equal sized parts. There are several shape types:

The layer is square, and obviously there are 4 single edges in this case.

2. The layer does divide into 6 equal sized parts. Here all edges (if any) already occur in
pairs.

3. The layer has 4 of the 6 equal parts, but the rest consists of two edges with a corner
between them. Those two edges are the single ones.

4. Half the layer consists of 3 equal parts, and the rest consists of two edges with two corners
between them. Again those two edges are single.

Sometimes a layer is ambiguous, because it belongs to both cases 3 and 4
above. In particular, the layer shape CCECEEEEE can be split
as EE-EE-C-C-ECE, or as C-EE-EE-ECCE. We will use this ambiguity later on.

So, the first thing to do to move towards the cube shape is to pair up the edge pieces. Getting three
pairs is fairly easy, in fact, in more than half the configurations there are already three pairs. In
nearly all other cases there will be unpaired edges in both layers. It is then possible to bring an
unpaired edge in the top layer to the front to the left of the seam, and an unpaired edge in the
bottom layer to the back to the right of the seam so that a single twist brings the two edges together
and does not split any already paired edges. This process can be repeated if necessary until you
have at least three edge pairings. There is one special case you should be aware of, where all
unpaired edges are in a single layer which only occurs when it is a square shape. In this case
simply do any twist (that does not split any pairs in the other layer) to spread the unpaired edges to
both layers and then continue the process outlined above to bring them together.
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You will now have at least 3 pairs of edges. There are now three possibilities left:

1. You already have 4 pairs of edges. It is now a simple matter to bring these pairs together to
form a large group of 8 adjacent edges.

2. You have two unpaired edges which are 150 degrees apart, i.e. they are
separated by two corner pieces. Turn the layer with these two edges so that they
both lie on the left hand side of the seam. | prefer to have them at the bottom left
so | turn over the puzzle if they are on top. You next use only turns of the top layer and
twists of the right hand side to move the three edge pairs together in a large group of 6
edges in the top layer. Often this is easy. The trickiest case is when the bottom right half
consists of an edge pair between two corners. This pair cannot be immediately placed next
to another edge pair, so you will have to twist it to the top and bring an edge pair to the
bottom so that it lies next to the seam. Just be patient and make sure not to turn the bottom
layer or to break up the edge pairs. Once you have the large group of 6 edges you can
place them next to the two single edges to make a group of 8 edges together.

3. You have two single edges that are 90 degrees
apart, i.e. they are separated by exactly one -
corner piece. Turn the layer with these two

edges so that they both lie on the same side of the seam, and turn the puzzle so that they
are in the left half of the bottom layer. Using only turns of the top layer and twists of the
right half of the puzzle bring (at least) two of the edge pairs together in the top layer to
make a group of 4 (or 6) adjacent edges. It is now always possible to bring the single
edges and the group of 4 together in one layer to make the layer shape CCECEEEEE (or
its mirror image CCEEEEECE), and this leaves (or moves) the remaining edge pair to the
other layer. Because of the ambiguity of the edge pairings in this shape, you can consider
the two edges on either side of the two adjacent corners to be the unpaired ones instead.
This can therefore be solved as in case 2 above.

[Note: You could use the ambiguity of the CEEECCEEE layer shape instead but this it is
slower to solve because its edge pairs are separated, and you need to put all three edge
pairs together in case 2.]

At this point all eight edges are together in one layer. A single simple sequence of moves now
recovers the cube shape. Split the group of edges in two, making both layers into the scallop shape
(CCCCEEEE). Now split each set of edges in two again to get both layers into the barrel shape
(CCEECCEE). Split one barrel between a pair of corners and the other between a pair of edges, to
get both layers into the kite shape (CECEECEC). If you split these between their edge pairs you

£ *E

form two squares.

H
)

L{D’I

% 2
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The above should give you enough information to eventually get two squares. If the middle layer is
not square, a single twist can make it so, though it is not yet necessary to do this at this point. The
middle layer could well get disturbed in the later stages, but it can always be solved independently
at the end.

Solving the pieces.

Notation:

From now on we need a notation for the moves. Hold the puzzle with the 'square 1' text on the left,
so that the cut in the middle layer goes from the front left to the back right. | hold my left thumb on
the small front-left face of the middle layer, and my left fingers on the back. | use my right hand to
turn the top or bottom layers, as well as the right hand half of the puzzle.

Turns of the top and bottom layers are denoted by a pair of numbers (n,m). They are the multiple of
30 degrees that the top/bottom layers are to turn respectively. A 3 means clockwise 90 degrees, 1
means 30 degrees (i.e. one edge along) and negative numbers mean anti-clockwise turns. A twist
of the right hand side of the puzzle is denoted by a /. As the puzzle is in the cube shape now, the
move sequences (1,0)/(-1,0) or (0,-1)/(0,-1) for example both leave the puzzle in cube shape if you
ignore the middle layer.

As a shorthand, | will also use letters to denote the possible positions of the pieces in the cube. This
notation is based on that of the Rubik's Cube. Let the faces be denoted by L, R, F, B, U and D (left,
right, front, back, up, down). Positions of edge pieces can be denoted by two letters, for example
the edge position on the left of the top layer is denoted UL. Similarly positions of corners are
denoted by 3 letters, for example DFR is the front-right corner position of the bottom layer.

A short note about odd permutations:

Now that the puzzle is a cube shape, it is tempting to think that it can now be solved without
changing shape. Many of the sequences used below indeed keep the top and bottom layers square.
Each shape preserving move swaps two pairs of corners and two pairs of edges. This is an even
number of swaps, so this is an even permutation. No combinations of even permutations can
possibly be an odd permutation so any position that needs an odd number of swaps to solve it,
cannot be solved without changing shape. In particular, to make a single swap of pieces you must
change the shape of the puzzle. The quickest way to perform an odd permutation is to go to the
scallop-scallop shape (3 twists), swap three corners from one layer with three from the other (1
twist), and return to the cube shape (3 twists) which takes 7 twists in total.

There are several methods for placing the pieces into their correct positions. | will show the most
common ones here.

Solution 1:
This first method was worked out and given to me by Bobfish. The pieces are first put into their own

layers, then the corners are placed, and finally the edges. Some of the sequences used in this
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solution can be made slightly shorter. If you want, you can look them up in the computer generated
tables that are listed in method 2 below. | have left this solution as is, because Bobfish found these
sequences all by hand without computer. The parity fixer in particular is especially impressive - it is
a much better clean odd edge swap than | ever found by hand myself.

Phase 1: Put pieces in their layers.
This phase puts all the white pieces in the top layer, and all the green pieces in the bottom layer.
You can always keep the top an bottom layers square throughout this phase.

a. First put all the green corners in the bottom layer. This is quite easy if you first put two
green ones in the left half of the bottom layer, then pair up the other two green corners and
also twist them into the bottom layer.

b. You can now make the middle layer square if necessary by doing the move sequence
/(6,0)/(6,0)/(6,0). All move sequences later on will have an even number of twists, so will
leave the middle layer square.

c. Now bring the edges to their layer. There are 8 possible cases, which are listed below. In
each case | will list the positions where there are edges in the wrong layer.

1. All edges are in the correct layer: do nothing.

2. UB, DL: do moves (1,0)/(-3,0)/(-1,-1)/(3,0)/(1,-2)/(-3,0)/(-1,-1)/(4,1)/(-1,0)

3. UF, UB, DF, DB: do moves (1,0)/(-1,-1)/(0,1).

4. UB, UL, DR, DB: do moves (1,0)/(-3,0)/(-1,-1)/(4,1)/(-1,0)

5. UB, UL, DF, DB: do moves (1,0)/(3,0)/(-1,-1)/(-3,0)/(4,1)/(-3,0)/(-1,-1)/(4,1)/(-1,0)

6. UF, UB, DB, DL: do moves (0,-1)/(-3,0)/(1,1)/(3,0)/(0,-3)/(-3,0)/(-1,-1)/(4,1)/(-1,0)

7. UF, UR, UB, DF, DB, DL: do moves
(1,0)/(-1,-1)/(-2,1)/(-3,0)/(-1,-1)/(3,0)/(1,-2)/(-3,0)/(-1,-1)/(4,1)/(-1,0), or apply sequence 3
and then sequence 2.

8. All edges wrong: do moves (1,0)/(-1,-1)/(-2,-2)/(-1,-1)/(0,1), or apply sequence 3 twice.

Phase 2: Put the corners correct.
This phase puts all the corners correct, while leaving the all edges in their own layers.

a. This phase can be done using only two move sequences:
1. Swap UFR-UBL, DFR-DBR: /(3,0)/(-3,0)/(3,0)/(3,0)/(6,0)/
2. Swap UFR-UBR, DFL-DBR: /(0,-3)/(0,3)/(0,-3)/(0,-3)/(0,6)/
If you want to keep the layers square, you may do (1,0) before performing these, and (-1,0)
at the end.

b. The second sequence is actually the same as the first performed upside down.

c. You will probably have to apply these sequences more than once before the corners are
solved.

d. If you only need a single corner swap, then give that layer a quarter turn. Its corners now
need a three-cycle, which can be done by twice swapping adjacent corners.

Phase 3: Put the edges correct.
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a. Most of this phase can be done using only two move sequences:
1. Swap UF-UB, DF-DB: (1,0)/(-1,-1)/(6,0)/(1,1)/(-1,0)
2. Swap UL-UF, DR-DF: (1,0)/(-3,0)/(-1,-1)/(3,0)/(1,1)/(-3,0)/(-1,-1)/(4,1)/(-1,0)

b. You will probably have to apply these sequences more than once before the edges are
mostly solved.

c. These sequences all perform two swaps. It is possible that you need an odd number of
swaps to solve the edges. To this end you will have to fix the parity by using the following
move sequence:

3. Swap UF-UB:
1(3,3)/(1,0)/(-2,-2)/(2,0)/(2,2)/(-1,0)/(-3,-3)/(-2,0)/(3,3)/(3,0)/(-1,-1)/(-3,0)/(1,1)/(-4,-3)

Solution 2:
This method solves the corners completely, then the edges in their layers, and finally the edges

completely.

Phase 1: The corner pieces.
In this phase, every twist will keep the layers square.

a. Find the piece that should be at UFL. If it is in the bottom layer, then bring it to the top with
a twist, (keeping the U,D layers square by turning either layer slightly before twisting). Then
turn the top to place it correctly.

b. Find the piece that should be at UBL. If it is incorrectly placed in the top layer, then bring it
to the bottom with a twist. Then turn the bottom to place it at DFR. Now do (4,0)/(-4,0)

c. Find the piece that should be at UBR. If it is incorrectly placed in the top layer, then bring it
to the bottom with a twist. Then turn the bottom to place it at DFR. Now do the twist
(1,0)/(-1,0).

d. Find the piece that should be at UFR. If it is not in place then turn the bottom to place it at
DFR. Now do the sequence (1,0)/(0,-3)/(0,3)/(-1,0).

e. Rotate the bottom layer to place at least 2 corners are correct. If you need to swap two
corners, then you can use the following two sequences:

1. Swap DFR-DBR: (1,0)/(0,-3)/(3,0)/(-3,0)/(-3,3)/(-3,0)/(2,0)
2. Swap DFL-DBR: (1,0)/(3,3)/(0,3)/(3,3)/(0,3)/(3,3)/(-1,-3)
It is possible to perform the second (diagonal) swap by using the first (adjacent) swap

twice.

Phase 2: Place the edge pieces in their correct layer.

Rotate the top/bottom layers to bring it to a position where one of the following sequences will place
the edges in the correct layer. | have tried to include as many useful cases as possible in this table,
but there is no need to memorise all of these. If you know only one of the sequences 8 to 13, you
can use it repeatedly until the edges are in the correct layer, though using sequence 3 and 4 will
speed things up.
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10

11

13

J

i

=%

Swap DF-UF, DR-UR, D
B-UB, DL-UL

Swap DF-UF, DB-UB

Swap DF-UB, DB-UF

Swap DR-UR, DB-UB

Swap DR-UB, DB-UR

Swap DB-UB, DR-UF

Swap DB-UF, DR-UB

Swap DR-UF, UR-UB

Swap DR-UR, UF-UB

Swap DR-UB, UF-UR

Cycle UF->UR->DR

Cycle UF->UB->DR

Swap UF-DF

(3I2)/(1I1)/(_3I3)/(-11_1)/(01-5)

(0,5)/(1,1)/(-1,6)

(01'1)/(111)/('110)

(0,2)/(0,3)/(1,1)/(-1,-4)/(0,-2)

(110)/(01'3)/('112)/(111)/(01'3)/(013)/('110)

(1,0)/(0,-3)/(-1,-4)/(1,1)/(0,3)/(0,3)/(-1,0)

(01'1)/(013)/(01'3)/(111)/('112)/(01'3)/(011)

(_5I_3)/(SIO)/(OI3)/(-510)/(5I0)/(OI_3)/(0I3)

(Ol3)/(-3l_1)/(1I_2)/(-110)
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[6%|14%]

[6%]15%]

[6%]15%]

[6%]15%]

[6%|14%]

[7%|15%)

[11*[27%]



Phase 3: Place the edge pieces in each layer correctly.

Rotate the top/bottom layers to bring it to a position where one of the following sequences will place
the edges correctly. There is no need to memorise all of the sequences, as only a few of the single
layer swaps will be sufficient. Alternatively any odd permutation together with sequences a4 and a5

will do.

a. The following sequences perform swaps in both layers:

Swap UF-UB, UR-UL, DF-DB, D

1 aa.
@?’ R-DL (1,0)/(2,-4)/(1,1)/(2,2)/(-5,1)/(5,0) (5*115%]
2 o
M Swap UF-UL, UR-UB, DF-DL, DR
s J 'DB (012)/(_3I0)/(111)/(31_3)/(-ll-l)/(ol3)/(01_2) [6%]16%]
3 []
leL Swap UF-UB, UR-UL, DF-DL, DR
" DB /(3,3)/(0,3)/(1,-5)/(4,-2)/(4,1)/(3,3)/ U1
N
i Swap UF-UB, DF-DB (1,0)/(5,-1)/(-5,1)/(5,0) (3*19%]
07
%" swap UR-UB, DR-DB (0,2)/(0,-3)/(1,1)/(-1,2)/(0,-2) [41127)
6 A7
Eﬁ" Swap UF-UB, DR-DB 5,0) (7%115%]
7
J N /(3/3)/(0/'3)/(3/3)/(01'2)/('214)/(2/'4)/(0/'1
i Swap UF-UB, UL-UR, DF-DB  )/(3,3)/(0,3) [9%|23*]
b. The following sequences move top layer edges only:
1 Ay
L Swap UF-UB, UR
/L /(3,-3)/(3,-3)/(0,1)/(-3,3)/(-3,3)/(-1,0) (6°116°
2 AT
J Swap UF-UL, UR
LV B /(3,3)/(0,3)/(1,1)/(-1,-4)/(-3,3)/ (6+115°)
3 A2y
| Cycle UF->UB-> (1,0)/(-1,2)/(-5,1)/(0,3)/(-3,0)/(5,2)/(-5,4)/(-4,0) [7*119]
LV R (-3,0)/(3,0)/(1,0)/(0,-3)/(-1,0)/(-3,0)/(1,0)/(0,3)/(2,0) (8117
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(310)/(313)/(_110)/(21'4)/(41_2)/(01_2)/(_412)/(11_5)/(310)/

Swap UF-UB (3,3)/ [10%]26%]
5 (0/3)/(_31'3)/(01_5)/(_212)/(014)/(01_4)/(_112)/(3l0)/(3/4)/
(013)/(‘310)/(013)/(01'3)/(Ol3)/(210)/(012)/('2/0)/(410)/(0 [12*]28]
Swap UF-UR  ,-2)/(0,2)/(-1,4)/(0,-3)/ [13127°)

Cycle UF->UL-> (1,0)/(2,2)/(0,-2)/(3,3)/(1,0)/(4,4)/(0,-2)/(2,2)/(0,-1)/(3
UB->UR ,3)/ [10*|25%]

Cycle UB->UF-> (-3,2)/(1,-2)/(-4,0)/(0,3)/(1,0)/(3,-2)/(-4,0)/(-4,0)/(-2,2)
UR->UL /(-1,0)/(0,-3)/ [11%]26%]

SICRCHS

Phase 4: Fix the central layer.

a. If the middle layer is not a square, then the following sequence will correct it by reversing
its right hand side:
/(6,0)/(6,0)/(6,0)

Solution 3: Edges First.
First solve the edges completely, in the same way as phase 1 of method 2. Then put the corners in
their layers and solve them using the sequences in the tables below:

a. The following move corners from one layer to the other.

1. Swap UFR-DFR, UBR-DBR, UBL-DBL, UFL-DFL:

(4,0)/(2,2)/(-3,3)/(-2,-2)/(-1,-3)  [4*]13%]

2. Swap UFL-DFL, UBR-DBR: (4,0)/(2,2)/(6,-2) [2*74]

3. Swap UFL-DBR, UBR-DFL: (0,2)/(-2,-2)/(2,0) [2*6%]

4. Swap UFL-DFL, UFR-DFR: (1,0)/(3,0)/(2,2)/(-5,-2)/(-1,0) [4*|11%]

5. Swap UFL-DFR, UFR-DFL: (1,0)/(3,0)/(-4,2)/(4,-2)/(3,0)/(-1,0) [5*(13%, or

1(3,0)/(-5,0)/(2,2)/(3,-2)/(-3,0)/ [6]13%]

6. Swap UFL-DFL, UBR-DFR: /(3,0)/(0,-4)/(6,-2)/(0,-3)/(4,0)/(2,6) [6*14*]

7. Swap UFL-DFR, UBR-DFL: (0,6)/(0,3)/(0,-4)/(4,0)/(-3,0)/(6,-2)/(2,0) [6*|14%]

8. Swap UFR-UBR, UFL-DFR: (0,2)/(0,-3)/(-2,1)/(2,2)/(0,-3)/(0,3)/(0,-2) [6*|15*]

9. Swap UFL-UBR, UFR-DFR: (0,2)/(0,-3)/(-2,-5)/(2,2)/(0,3)/(0,3)/(0,-2) [6*|15*]

10. Swap UFL-UFR, UBR-DFR: (-2,0)/(0,3)/(0,-3)/(2,2)/(-2,1)/(0,-3)/(2,0) [6*|15%]

11. Cycle UFL->UFR->DFR: (4,5)/(3,0)/(-4,0)/(0,4)/(0,-3)/(0,-4)/(0,-5) [6*(14*]

12. Cycle UFL->UBR->DFR: (-2,0)/(2,0)/(0,-3)/(4,0)/(-4,0)/(0,3)/(-2,0)/(-4,0) [7*|15%]

13. Swap UFR-DFR: /(3,3)/(-1,0)/(2,-2)/(0,-1)/(0,3)/(-2,-1)/(2,0)/(-1,-2)/(-3,0)/ [10%|234]
b. The following move corners within both layers.

1. Swap UFR-UBL, UFL-UBR, DFR-DBL, DFL-DBR:
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(1,0)/(-1,5)/(3,3)/(1,1)/(-3,3)/(5,0) [5%|151]

2. Swap UFR-UFL, UBL-UBR, DFR-DFL, DBL-DBR:

(1,0)/(0,-3)/(2,2)/(-3,3)/(-2,-2)/(3,0)/(-1,0) [6*16%]

3. Swap UFL-UBR, DFL-DBR: (0,5)/(-2,4)/(2,-4)/(0,1) [3*9%]

4. Swap UFL-UFR, DFL-DFR: (1,0)/(-3,0)/(2,2)/(1,-2)/(-1,0) [4*|11%]

5. Swap UFL-UBR, DFL-DFR: (4,0)/(0,2)/(0,3)/(-4,0)/(4,0)/(0,-3)/(0,-2)/(2,0) [7*|15%]

6. Swap UFL-UBR, UFR-UBL, DFL-DBR: /(3,3)/(1,2)/(2,-4)/(4,-2)/(-2,-1)/(3,3)/  [7*(19*]
c. The following move corners in the top layer only.

1. Swap UFL-UBR, UFR-UBL: /(3,-3)/(3,-3)/(0,-2)/(-3,3)/(-3,3)/(2,0) [6*|16*]

2. Swap UFL-UFR, UBR-UBL: /(3,3)/(-5,-2)/(2,2)/(3,0)/(-3,-3)/ [6*|15%]

3. Cycle UFL->UBR->UFR: (1,0)/(0,3)/(2,0)/(-3,0)/(-2,0)/(0,-3)/(2,0)/(3,0)/(-3,0) [8*17*]

4. Swap UFL-UBR: /(3,3)/(3,0)/(-4,2)/(-2,4)/(6,2)/(-4,2)/(-2,4)/(-5,0)/(-3,-3)/  [10%|26], Of

/(-3,0)/(0,-3)/(2,0)/(0,2)/(-2,0)/(4,0)/(0,-2)/(0,2)/(-4,1)/(3,0)/ [11]22]

5. Swap UFL-UFR: /(3,3)/(1,4)/(0,4)/(-2,4)/(-4,2)/(2,0)/(-2,4)/(4,1)/(3,3)/ [10*|26], Of

1(0,3)/(1,2)/(0,-4)/(2,-2)/(0,-4)/(0,-4)/(0,4)/(0,-4)/(-3,0)/(0,-3)/ [11|23%]

6. Cycle UFL->UBL->UBR->UFR:

1(3,3)/(-1,0)/(-2,-2)/(2,0)/(2,2)/(0,-2)/(2,2)/(-1,0)/(-3,-3)/ [10%|244]

Solution 4: Layer method

Phase 1: Put pieces in their layers.
This phase puts all the white pieces in the top layer, and all the green pieces in the bottom layer.
You can always keep the top an bottom layers square throughout this phase.

a. First put all the green corners in the bottom layer. This is quite easy if you first put two
green ones in the left half of the bottom layer, then pair up the other two green corners and
also twist them into the bottom layer.

b. Now bring the edges to their layer. There are 8 possible cases, which are listed below. In
each case | will list the positions where there are edges in the wrong layer.

1. All edges are in the correct layer: do nothing.

2. UB, DF: do moves (0,-1)/(-3,0)/(4,1)/(-4,-1)/(3,0)/(0,1) [5*13], or
(-2,0)/(5,0)/(0,3)/(-5,0)/(5,0)/(0,-3)/ [6]12%]

3. UF, UB, DF, DB: do moves (-1,0)/(1,1)/(0,-1) [2*44

4. UB, UR, DL, DB: do moves (1,0)/(0,3)/(-1,-1)/(0,-3)/(0,1) [4*10%]

5. UF, UR, DF, DB: do moves (1,0)/(0,-3)/(0,3)/(2,-1)/(-3,0)/(0,1) [5*12%

6. UF, UB, DF, DR: do moves (0,-1)/(3,0)/(-3,0)/(1,-2)/(0,3)/(-1,0) [5*12%]

7. UR, UB, UL, DF, DR, DB: do moves (0,-1)/(1,4)/(-1,-4)/(-3,0)/(4,1)/(-1,0) [5*14%]

8. All edges wrong: do moves (-1,0)/(1,1)/(2,2)/(1,1)/(0,-1) [4*12%], or apply sequence 3
twice.

Phase 2: Solve each layer separately.
The following table shows all sequences that solve the top layer for each possible case, except for
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the ones already listed before, such as those in method 2, part 3b. The bottom layer can be solved
in the same way using the mirror images of these sequences (or by turning over the puzzle first).

a. The following swap the diagonally opposite corners UFL and UBR, as well as the U layer
edges as shown:
1. B-L: (4,0)/(3,0)/(3,3)/(3,0)/(5,0)/(0,3)/(3,3)/(0,3)/ [8*|184]

. B-R: (1,0)/(3,0)/(3,3)/(3,0)/(5,0)/(0,3)/(3,3)/(0,3)/(3,0) [8*194]

3. L-R: (-3,0)/(3,3)/(3,0)/(3,3)/(3,0)/(3,3)/ [6*15%

4. F-B: (1,0)/(3,3)/(3,0)/(3,3)/(3,0)/(3,3)/(2,0) [6*|16*]

5. R->B->F: (-2,-1)/(0,3)/(0,1)/(-4,0)/(4,0)/(4,0)/(0,4)/(-4,0)/(2,1)/(3,-3)/(3,0)/(-1,-2) [11%274]

6

7

8

N

. R->L->F: /(3,-3)/(0,-3)/(-1,4)/(-4,0)/(0,4)/(4,0)/(4,0)/(-4,0)/(0,1)/(0,3)/(0,6) [11*24%]
. B-L, F-R: /(3,3)/(-1,4)/(4,-2)/(2,-4)/(0,2)/(4,-2)/(-5,1)/(3,0)/(3,3)/ [10*|26*]
. L-F, B-R: /(3,3)/(0,3)/(5,-1)/(-4,2)/(-2,0)/(-2,4)/(-4,2)/(2,1)/(3,3)/ [10*|26%]
b. The following swap the adjacent corners UBL and UBR, as well as the U layer edges as
shown:
9. R-F: (1,0)/(3,3)/(-4,-1)/(1,4)/(0,-3)/(0,-3)/(3,0)/(0,-3)/(-4,0)  [8*[20*]
10. B-R: /(-3,3)/(3,0)/(0,-3)/(0,3)/(0,-3)/(3,0) [6*|13%]
11. L-B: (1,0)/(-3,3)/(3,0)/(0,-3)/(0,3)/(0,-3)/(2,0) [6*14%
12. F-L: /(-3,-3)/(4,1)/(-4,-1)/(0,3)/(3,0)/(-3,0)/(3,0)/(3,0) [8*19*]
13. L-R: (0,-1)/(1,1)/(3,0)/(-3,0)/(-1,-4)/(3,0)/(-3,0)/(-2,4)/(3,0)/(2,0) [9*[22*]
14. F-B: (3,0)/(3,0)/(3,3)/(3,0)/(4,0)/(0,3)/(3,3)/(0,3)/(2,0) [8*194]
15. R->L->F:
/(0,-3)/(-2,0)/(-3,-1)/(-1,2)/(0,-4)/(0,4)/(1,-4)/(0,3)/(0,-5)/(0,3)/(3,0)/(5,0) [12]27+] or
/(0,3)/(0,-3)/(-5,0)/(0,3)/(0,5)/(0,-4)/(4,0)/(-2,-2)/(0,2)/(0,1)/(3,0)/(0,-1)/(0,4) [13[27] or
(3,3)/(1,6)/(-2,4)/(0,2)/(0,5)/(0,3)/(-2,-1)/(4,0)/(-4,0)/(3,-2)/(-3,0)/(0,6) [11*]29]
16. B->F->R: /(3,0)/(1,2)/(2,0)/(-1,-2)/(0,3)/(-1,0)/(2,0)/(-2,0)/(-1,0)/(-3,-3)/ [11*|24%]
17. L->R->B:
/(3,0)/(0,2)/(0,-3)/(3,0)/(2,0)/(0,4)/(0,4)/(-4,0)/(-1,0)/(-3,0)/(-3,-4)/(0,4) [12|25%] or
(1,-1)/(0,3)/(2,1)/(0,4)/(4,-4)/(-2,3)/(0,3)/(-2,3)/(0,-4)/(-2,0)/(-3,0)/(5,1) [11*29]
18. F->B->L:
/(3,0)/(1,0)/(-2,0)/(0,5)/(0,-1)/(4,0)/(0,2)/(-4,1)/(0,1)/(0,5)/(-3,0)/(-1,1) [12]26*] OF
(4,-1)/(0,3)/(-3,0)/(1,-1)/(4,0)/(2,-2)/(4,0)/(4,0)/(-4,0)/(1,0)/(0,3)/(5,-2) [11%27]
19. F-L, B-R: /(3,3)/(0,3)/(1,-1)/(-2,0)/(0,2)/(0,-4)/(2,0)/(-2,0)/(1,0)/(-3,-3)/ [11]24*] or
(-3,-3)/(-3,-3)/(-4,5)/(-4,0)/(4,-2)/(-4,2)/(-2,0)/(5,1)/(-3,0)/(3,3)/ [10*27]
20. F-R, B-L: /(3,3)/(-1,2)/(-4,2)/(4,0)/(-2,4)/(-4,2)/(-1,1)/(3,0)/(3,3)/ [10*26%]
21. L-R, F-B: /(3,3)/(-1,0)/(2,0)/(0,4)/(0,-4)/(2,2)/(0,-4)/(2,0)/(0,1)/(3,3)/(6,0) [11]25*] or
1(3,3)/(1,-2)/(0,4)/(-2,4)/(2,-4)/(-1,1)/(5,-1)/(-2,1)/(3,3)/ [10%]27]
22. F->R->L->B: (-3,0)/(-3,0)/(3,3)/(3,0)/(1,-2)/(-1,2)/(-3,-3)/  [7*|184]
23. F->L->R->B: (4,0)/(-3,0)/(3,3)/(3,0)/(2,-1)/(-2,1)/(-3,-3)/(-1,0)  [7*19] or
1(-3,3)/(3,-3)/(1,0)/(0,3)/(0,-3)/(0,3)/(0,-3)/(2,0) [8]18%

Solution 5: Alternative layer method
Phase 1: Put pieces in their layers.

This phase is the same as in Method 4.
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Phase 2: Adjust the permutation parities of the layers.

This phase make sure that each layer is in itself an even permutation. This cuts down the number of
possibilities, leaving fewer (and generally shorter) sequences in the last phases. It is however
slightly tricky to recognize the parities quickly.

a. Depending on the parities of the layer permutations, do one of the following:
1. Both layers even parity: Do nothing.
2. Top layer odd, bottom even: /(-3,-3)/(0,-1)/(2,-4)/(4,-2)/(1,0)/(-3,-3)/
3. Top layer even, bottom odd: /(3,3)/(1,0)/(4,-2)/(2,-4)/(0,-1)/(3,3)/
4. Both layers odd parity: (1,0)/(5,-1)/(-5,1)/(-1,0)

Phase 3: Solve the first layer.
The following table shows the sequences that solve the top layer for each possible case. Note that

these sequences may mix up the (unsolved) bottom layer.

a. The following sequences move only corners:

1. ﬁ

Cycle UFL->UBR->UFR, (-2,0)/(0,-3)/(2,2)/(0,-3)/(-2,4)/(2,0) (5]13%]
1. ﬁ

Cycle UFL->UFR->UBR, (-2,0)/(2,-4)/(0,3)/(-2,-2)/(0,3)/(2,0) [5]13%]
1.

ln-Ll

A

Swap UFL-UBL, UFR-UBR /(3,3)/(1,-2)/(2,2)/(-3,0)/(-3,-3)/ [6115%]

b. The following sequences move only edges:

1. E

Swap UL-UF, UR-UB /(3,3)/(0,3)/(1,1)/(-1,-4)/(-3,-3)/ [6]15*]
2. E

Swap UL-UR, UF-UB (1,0)/(3,-3)/(2,2)/(3,3)/(4,-2)/(-1,0) [5115%]
3. E

Cycle UF->UB->UR (0,-1)/(0,-3)/(1,1)/(0,-3)/(-1,5)/(0,1) [5]13*]

Cycle UF->UR->UB (0,-1)/(1,-5)/(0,3)/(-1,-1)/(0,3)/(0,1) [5113%]

c. The following sequences swaps the UFL,UBL corners and moves edges:
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| E
Swap UFL-UBL, UL-UF (-2,0)/(0,3)/(-3,-3)/(3,0)/(2,0) [4]10%]
2 E
Swap UFL-UBL, UL-UB (3,0)/(3,0)/(3,3)/(3,0)/(3,0) [4]10%]
3
»
“ Swap UFL-UBL, UL-UR (-2,0)/(-3,0)/(2,2)/(0,3)/(1,-5)/(2,0) [5113%]
4 E
Swap UFL-UBL, UB-UR (1,0)/(3,3)/(2,-1)/(-2,1)/(-3,-3)/(-1,0)  [5115%]
5 E
Swap UFL-UBL, UR-UF /(3,3)/(1,-2)/(-4,5)/(3,3)/ [5113%]
6
-
‘ Swap UFL-UBL, UB-UF (1,0)/(2,-1)/(1,-2)/(2,-1)/(-5,4)/(5,0)  I5115%]

Swap UFL-UBL, Cycle UL->UB->U (-2,0)/(0,-3)/(3,3)/(2,-1)/(3,3)/(4,-2)/(-
F->UR 1,0) [6117%]

Swap UFL-UBL, Cycle UB->UR->U
L->UF /(3,3)/(1,4)/(2,-4)/(3,0)/(-3,-3)/ [6]15%]

Swap UFL-UBL, Cycle UR->UF->U (-2,0)/(3,3)/(3,0)/(5,-1)/(1,-2)/(3,3)/(2
B->UL ,0) [6117%]

=
o

Yo

Swap UFL-UBL, Cycle UF->UL->U
R->UB /(3,3)/(0,3)/(1,-5)/(-4,-1)/(3,3)/ [6115%]

d. The following sequences swaps the UFL,UBR corners and moves edges:

Swap UFL-UBR, UR-UF (-2,0)/(2,-1)/(4,-5)/(-1,2)/(4,-5)/(2,0) (5]15*]

L."

Swap UFL-UBR, UB-UF (1,0)/(-3,3)/(3,-3)/(-1,0) (319*]
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3.

4.

“ Swap UFL-UBR, UL-UR /(-3,3)/(3,-3)/ 317%]

A
Swap UFL-UBR, UB-UR (-2,0)/(2,-4)/(0,3)/(1,1)/(-3,0)/(2,0) (5]13*]

Phase 4: Solve the second layer.

Turn the puzzle over, and solve the top layer using the sequences in the table below. This table is

very similar to the one in the previous phase, except that the move sequences are generally a bit

longer, because these have to keep the bottom layer intact.

3

1.
2.
4.
3.

a. The following sequences move only corners:

ﬁ Cycle UFL->UBR->UFR 3,0) (8117%]
’ (110)/(_112)/('51'2)/(_31O)/(3/O)/(_412)/(11_2)/('4/0) [7%119]
ﬁ Cycle UFL->UFR->UBR 1,0) [8117%]
’ ('210)/(2r'1)/('214)/('310)/(310)/('11'4)/('211)/(510) [7%119]
.I-—'—il Swap UFL-UBL, UFR-U
‘ BR /(313)/(11'2)/(212)/('3;0)/('3;'3)/ (6%115%]
b. The following sequences move only edges:
E Swap UL-UF, UR-UB /(3,3)/(0,3)/(1,1)/(-1,-4)/(-3,-3)/ [6*]15%]
E Swap UL-UR, UF-UB /(3,-3)/(3,-3)/(0,1)/(-3,3)/(-3,3)/(-1,0) [6+]16+]
E (_210)/(OI_3)/(_110)/(3r0)/( 110)/(OI3)/(_110)/(_3I0)/(3l0) (81177]
Cycle UF->UR->UB  (-2,0)/(2,-1)/(4,1)/(3,0)/(-3,0)/(5,-1)/(-2,1)/(5,0) [(7+119]
E (_310)/(3I0)/(1I0)/(0I_3)/(-110)/(_310)/(llo)/(olg)/(zlo) (8117%]
Cycle UF->UB->UR (1,0)/(-1,2)/(1,-5)/(3,0)/(-3,0)/(2,5)/(1,-2)/(-4,0) [7*119]

c. The following sequences swaps the UFL,UBL corners and moves edges:
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Swap UFL-UBL, UL-UF

=7

Swap UFL-UBL, UL-UB

=<
"

‘ Swap UFL-UBL, UL-UR

I
a

v

‘ Swap UFL-UBL, UB-UR

i
'
A ]

Swap UFL-UBL, UR-UF

6
I._::%
Swap UFL-UBL, UB-UF
7

Swap UFL-UBL, Cycle UL->U
B->UF->UR

Swap UFL-UBL, Cycle UB->
UR->UL->UF

Swap UFL-UBL, Cycle UR->
UF->UB->UL

=
o

¥ g A

Swap UFL-UBL, Cycle UF->U
L->UR->UB

(llo)/(OI-S)/(Ols)/(OI-S)/(3IO)/(-313)/(zlo) [6%|14%]

(310)/(_313)/(310)/(01_3)/(013)/(01'3)/ (6%113%]

/(0,3)/(3,3)/(0,3)/(4,0)/(3,0)/(3,3)/(3,0)/(5,

0) [8*|18%]

(1,0)/(3,0)/(-3,0)/(3,0)/(0,3)/(2,5)/(1,4)/(3,3
)/(2,0) (8%]20%]

0,-3) (8*119%]

('2,0)/(-1,'1)/('3,0)/(3,0)/( 114)/('3r0)/(310)/(
2I-4)/(_3IO)/(0I1) [9*]22%]
1_3)/

(_210)/(313)/(21'1)/(11_2)/(013)/(_31'3)/(_310)/ (8118%]
(-1,0) [7*119]

/(313)/(114)/(2/'1)/(310)/('31'3)/(01'3)/(01'3) [7*]187]
/(-3,3)/(3,'3)/(-2,0)/(0,3)/(0,-3)/(0,3)/(0,-3)/

(_110)
(110)/(310)/(313)/(01'3)/(_112)/('211)/(_31_3)/( (8118%]
2,0) [7*119]

/('310)/(313)/(310)/(11'2)/('112)/('31'3)/('310) [7*1187]

d. The following sequences swaps the UFL,UBR corners and moves edges:

1
% Swap UFL-UBR, UR (1,0)/(2,2)/(3,0)/(0,-3)/(4,1)/(3,0)/(-3,0)/(5,-1)/(0,3)/
-UF (0,-2) [9%[22%]
2
% Swap UFL-UBR, UB
-UF (1,0)/(3,3)/(3,0)/(3,3)/(3,0)/(3,3)/(2,0) [6%]16]
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Swap UFL-UBR, UL
-UR /(3I3)/(310)/(313)/(310)/(313)/(310) [6*]15%]

|
>
w

4
S'- Swap UFL-UBR, UB
‘ -UR (1,0)/(3,0)/(3,3)/(3,0)/(5,0)/(0,3)/(3,3)/(0,3)/(3,0)  (8*119%

If you find that you have erred, and have a last layer with an odd permutation parity, the following
move sequence will fix it while keeping the bottom layer intact.
/(-3,0)/(0,-3)/(2,0)/(0,2)/(-2,0)/(4,0)/(0,-2)/(0,2)/(-4,1)/(3,0)/  [11]22¥]
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Scetion 5 SSQ1

The Super Square One is a 4-layer version of the Square One. Just like the Square One, it can
adopt non-cubic shapes as it is twisted. As of 2009, it is sold by Uwe Méffert in his puzzle
shop, Meffert's.

Despite its appearance, the Super Square One is not significantly more difficult to solve than
the original Square One. The middle layers are nearly identical to the top and bottom layers of
the Square One, and may be solved independently using the same methods as the Square One.
The corners of the middle layers are distinguishable because the corners with the same two
colors are mirror images of each other, but the middle edges of each face are interchangeable
since they show only one color each.

fEF sQ-1, v a2 AITTHE 4 2 AR FH AN R 2 3R

HEIBEE, A B A LR, E R E PR, SR, RTE: LB 2.
FPGEIE CHf—A 2xax2 BT AREE) 3 A IRIEIR 4 BB E .

%4\ \I:

Swap DF-UB, DB-UF:  (0,-1)/(1,1)/(-1,0)

2

<7 Swap DR-UR, UF-UB:  (1,0)/(0,-3)/(-1,-4)/(1,1)/(0,3)/(0,3)/(-1,0)
BN N E—MRE LB, HHRXA AR DI aE a2,

TRJERZHIWr 78, KH] Lars Vandenbergh (77T E: 1.8 2. HUAE 345504
B ABHAYALE S EHAGIRAE

BHRIFE R FE /N, X DB-UL, DR-UB

(1,0)/(-3,0)/ (-1,-1) / (4,1) / (-1,0)

BEBAYPHEHN AR
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e
s

1(3,-3)/(3,0)/ (-3,0)/ (0,3) / (-3,0) /

mis
s

1(3,3)/(3,0)/(3,3)/(3,0)/ (3,3) /

WA LA R i — A A

mis
ES

1(3,0)/ (-3,0)/ (3,0) / (-3,0) /

BHBEYAE, Rl A

N
s

(UR UF) (DL DF)
(1,0/(0,3)/ (-1,-1) / (1,-2) / (-1,0)

XHEARAREE, e mii—)2, 5 — BRI AR A B . R — BRI A A SRR ET

A R —XHE R E e, ATmANX

(UR UF)

/(-3,0)/(0,3)/(0,-3) / (0,3) / (2,0) / (0,2) / (-2,0) / (4,0) / (0,-2) / (0,2) / (-1,4) / (0,-3)
/(0,3)

[13]27]

(UR UL)
/3,3)/(-1,0)/ (2,-4)/ (4,-2) /] (0,-2) / (-4,2) / (1,-5) / (3,0) / (3,3) / (3,0)
[10]26]
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F=+7 Skewb

The Skewb is invented by Tony Durham and marketed by Uwe Méffert. it differs from Rubik's
construction in that its axes of rotation pass through the corners of the cube rather than the
centres of the faces. There are four such axes, one for each space diagonal of the cube. As a
result, it is a deep-cut puzzle in which each twist affects all six faces.

Skewb Diamond is the dual polyhedron of the Skewb.Higher order Skewbs, named Master
Skewb and Elite Skewb, have also been made.

The number of positions of the standard Skewb:

There are 4 fixed corners with 3 orientations, 4 free corners with 3 orientations and 6 face pieces
giving a maximum of 6!-41-3° positions. This limit is not reached because

e The total twist of the corners is fixed (3)

e The faces must have an even permutation (2)

e The free corners must have an even permutation, and hence form a tetrad (2)

e The orientations of the fixed corners and the position of one of the free corners will
determine the positions of the other three (3)

Another way of describing the last condition is that the relative position of the two tetrads also
defines a kind of twist, which must be equal to the twist of the fixed tetrad. This leaves 61-41.3%/4 =
3,149,280 positions.

Every position can be solved in at most 11 moves.

Blake O’Hare’s solution(http://www.acubist.com/)
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Section 1:Beginner’s solution
Step 1: Placing Three Centers

Step 2: Placing Three Corners

—REE LRD =Mt T E:

(%

HREIREMAN MG, AT T — NP EAE A B, 7 1A 7 N B B i .
BEXF X PR DL A AR JFE I T R

® @@
&

Step 3 : Last Three Centers
¥ skewb FEF K, Y, FEIKEGIR:
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b

APIAE, BBl E= AL, BRI R T =AM k. A Hy B A T i

I BHFE B A/ BB A AR, A R A

2R IR R
2R IK K-
2R JR-IR-

Step 4: Last Three Corners
Having only two misoriented corners is what happens most (67%) of the time. The three corner
situation happens 22% of the time, and the remaining 11% we don't need to do anything at all.

Orient Two Corners

Orient Three Corners

©

€0 &
@e O
0 06
@ O
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9 ® 9 @
© ® ¢ @

Section 2:Advanced Solution

Step 1: Build 2 adjacent centers and the corners in between

step 1 i

Step 2: Build another center and the 2 adjacent corners to finish the first 'half’

step 2 a

Step 3: Orient the last 3 corners and permute the last 3 centers

step 3 ?
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Section 3: ¥ T Skewb f#1E
—AEERAK:

AHE

Step 1: SERITZE

Step 2: FTERJRETEA AR

BRI DU b, O NI ST, S IR B PR S, IR S AR T
SRORMIIRIE R 77 AT (R 8 — TP AR AR RE A 05D, BEI0 IR G807 8 8 3 7 T MR I 1
MR A=k T EETTF] A, MpteiEr.

R QRN DR A, A W A CASIEAE, 3 SN A — NE S B 3 ?
REGEA: Ak T EETR] A, GERE CARLF RO 2, 53 f th A 2 sy, B hk
VU{E ffymteT AR T 1), BBk T EETT] 245

Step 3: FHEFKH LR

Hoe, HERE =, MGFER B, S A OS] B, B FOLEF C. C O
A. TEEISE C Ay (RZER G, BRI, 8 B Ay (AfEd 0D e T
Ji, dEkk A RORIERT. fF—k T EETT] A, A& ERRER L, 2 AE 7 HK-F e
i 180 S, mwIEm, FE—R [ EETFF] AKX, Sa s er sl m.

FuseA AR, WmASE =AM R=AEm? ke A FLES B, B F0ZEE C, C Fub
E A, Al C e, X C 1 B PLRAET T, RREE—T, £ A ORI
%y B EREGES =0 AR, AR O E R R

FAMETE A FUTEAT T O AS R A AT T A AR . RBHEEE =k [ L ETF T ] A
LT
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#F=-1—7 Snake Cube

AR, MIRRETT . WL sE e R S R PR - T IRMDOE, e R AET
B — PR BZ IR B IR IE T, JE, BB s o7 i

MR PRI LI, AT 27 DTk, GRS EARE KT B, et T R B 7 B
9 14, 13 . RERSZORMNAGRICRRHAIHE I &I, #LE MM . FRLT i EH
=2, XWMEER T REX =2 5, 4, 53k 148 4, 5, 43k 13 B, RO FREUE T
4, 5, 4 {1 13 PeX M. W FEEXANPHFRISLITE, SORTTRE LR T =22508 5, 4, 5Pt 14
B, AN 13

W ERXATALE, A thd 13 8, 6 (RERIZEME, KRG I 148, prel, ot
WFJEMNLIT R, AETHRAE LR R =258 4, 5, 44, SEHTRIEFR OB E R A b, RIB®
B CH, BUEMR ZHE ¢ BONIX 13 M At K

B CHUA E AL 6 AN OB, BRATINE B B D B, RN BD R A OB, FTLLCE EEEHE
FREZI e RAWH, i 11, 12, 12 AJRLREHeod, i 123 MR =S5 YeE s E 2, il 2
WEASRI O T IEANAREM, IR KIRA —RAF G IR %4, Wi 6 2ok c, 5,
7 MG B, D

FE) T OB N R EARE R T, W OB IR E AL, RAPIME, Kb —RheE s
AN, AR R E AT, HE, BIRKLZE A& RIETT R — B R M7
EAT N BB T IET .

There are many versions of this puzzle. Some are made of wood, others of plastic, but more
interesting is that different versions have different arrangements of 'straight’ and 'bend' cubes on the
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string. Some of these arrangements are much easier than others. In general, those with more
straights are easier because there are less degrees of freedom. On the other hand, some versions
may have multiple solutions making it easier, too. The most difficult ones are those with unique
solutions and not too many straights.

One of the hardest versions of the snake cube is Kev's Kubes (version 9B), made by Trench
Puzzles. It is made from wood, alternately coloured white and black. A plastic version called Cubra
comes in 5 variations, each with a different colour. In order of difficulty, they are Mean Green,
Bafflin' Blue, Twist yer 'ead Red, 'Orrible Orange, and Puzzlin' Purple

Kev' s Kubes ;
(9B) ’(’iv””””i

Cubra Green

Cubra Blue é&W

Cubra Orange éw

A 4x4x4 A, MYfi% King Snake Cube.
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H=t"7 HeRrit

Section 1: &M E 7 (Mirror Cube)

S S =, AFERPR N RIX 7

i

Section 2: ZF.E 5 (Void Cube)

Void Cube J2& 2008 £ H A< ] Okamoto Katsuhiko #it (. =B Rubik’s Cube, [# & fithtik,
LT UG 12 PR TR ONAS TG AT SR O T i B AR v U 24 Fpif e, (R
PO RIBT RS, WEEABETT fFERE R—A S HILRD, T2 0B K, X+ ka2
L, FTOARS DB T A SR E = 2 —. AR R E, Mk
KE JETT EEARTT 1), A 24 FREEME i, & =i 124, Bg)rhia 2 n] LG 3250 8 7 fuir &
B, @ R AV EER, =125, BTl dEH0R =k 112,

I SRR e AT DHZ I =Bk LS =ik, a5 HIT E A e AR sl X A
WIfE T, KSR BT =Fr s X A LA DB bz UF, UR PIMEsBea] LA
AAXRFUD'L2B2LFBD'B2DB', “¢# UF, UB: R2FUD'L'F2RB2LF BD' FBR',
LA LUF, RUF: URD'L2B2R'UF U'RB2L'DR'D'L', =c#%f# LUF, RUB: RDFUL
B2D'L'FR2B'UR2F2D2B2D'F2.

WA, Thistlethwaite 55075 A2 X M2 48 14 7] 72
Section 3: ## & 7 (Fisher Cube)
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kR E =R e e — 8, AMEUIEIARE. HE=Briiuikiie.

Section 4: &FEE 7 (Pyraminx)

The Pyraminx is a tetrahedral puzzle similar to the Rubik's Cube. It was invented and patented
by Uwe Meffert, and introduced by Tomy Toys of Japan (then the 3rd largest toy company in
the world) in 1981.

The Pyraminx is in the shape of a tetrahedron, divided into 4 axial pieces, 6 edge pieces, and 4
trivial tips.

PUANTH ffy SR DU AN B T DAy — AN BEdR, A7 8*FIDT IR, 6 NABAT 6Y2 FALEHESIM 2° iy, Ik
A& 933,120 AL EIRAS . BUHEATIT R B L GRFERIEES), RFTFRMIRMAS 11, 520 Fifh
o AILAH =AE3RIE

Section 5: Zr®#(Pyramorphix)

The Pyramorphix is a tetrahedral puzzle similar to the Rubik's Cube. It has a total of 8 movable
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pieces to rearrange.Though it looks like a simpler version of the Pyraminx, the mechanism is
identical to that of the Pocket Cube.

BRI N EBEE AR I BT e 4 —FE, RIS R iR E R R ] . ROA R B AN B
g[A), LA Pyramorphix 2 A 81x3%/24 B 136, 080 FhZHEIRAS, HLPhE/l 3045,

Section 6: Pyraminx Crystal

The Pyraminx Crystal is a dodecahedral puzzle similar to the Rubik's cube and the Megaminx.
It is manufactured and sold by Uwe Méffert in his puzzle shop since 2008.

There are 30 edge pieces with 2 orientations each, and 20 corner pieces with 3 orientations
each, giving a maximum of 30!-2%-20!-3'° possible combinations.

g, B A ReRE R, BRUL 4 SRRAEE TN, ATH—AMmEekE i, BREL 60.
Bt LASE BRI 25 508 -

30!X2%°X20!X3%/240=1.68X10°

Section 7: Skewb Ultimate

The Skewb Ultimate, originally marketed as Pyraminx Ball is a twelve-sided puzzle derivation of
the Skewb, produced by famous toy-maker Uwe Meffert.

The Skewb Ultimate has 6 large "edge" pieces and 8 smaller corner pieces.
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Section 8: Skewb Diamond

The Skewb Diamond is an octahedron-shaped puzzle similar to the Rubik's Cube. It has 14
movable pieces which can be rearranged in a total of 138,240 possible combinations. This
puzzle is the dual polyhedron of the Skewb.

The Skewb Diamond has 6 octahedral corner pieces and 8 triangular face centers. All pieces can
move relative to each other.
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fit3% OLL/PLL complete Algorithms

Cited from Wiki

Section 1 OLL

OLL is the Orientation of the Last Layer, and is the first step in solving the last layer
in many speedsolving methods, such as the Fridrich Method.

Gray square represent the oriented pieces on the top.

All edges flipped correctly
This subgroup, OCLL is used in methods which have oriented the LL edges earlier in
the solve, such as ZZ or VH.

OLL 21 RUR URU R URU2R'

| | YyYRU2R'"UURUR'U'RU'R'
YyYF(RUR'U) (RUR'U) (RUR'U) F'

RRURU'RRURU R'U2R

OLL 22 RU2R2'U'R2U'R2'U2 R

| fRUR'U)FF(RUR U)F
y2L'U2L2UL2U L2 U2 L'
RU2R2U'R"URU'RU R'yM'U2M
| R"ULU'RU'L'U LU'L
yV2ZLU'RRUL'URUR'UR
yV2L'URU'LU'R"U RU'R'
RU'L'UR'ULUL UL

oLL23 R2D'RU2R'DRU2R
RRUZRFU'R'U RUF
I2U'RD2R'URD2R
2'U'z27UR2U'LUR22Z'L
VRUR'URURU2)(RURU2)RUR’
V2R'F2ZRU2RU2R'F2R U2 R’
y2R2DR'U2RD'R'U2 R’
(RRURU)R'U2R2U (RRURU2R)

oLL24 rUR'U'L'URU'X'
rUR'UTrFRF

rUR'U'L'URU
y'RUR2'U'R2U'R2'U2'RU'RU' R’
yRU'R' (U2RUR") (U2RUR') (URU'RY)
Y2R'FrURU' r'F

y2I'U'LURU'I'F

OLL 25 V2ZR'FRB'R'F'RB
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yFrUR U rFR
y'XUR' U'LURU'

YR FLFRFLF

yR'U' (RUR'F) (RUR'UY) (R'FR2)
y2RU2'RDR' U2 R D' R2'
y2FR'FFrURU'
y2I'URD'R'U'RD X'
y2x'L'UR'ULURU
XDRUR'D'RU'I
xXUL'URULU'TI

'UL'URU LUX
UrURUL'UR U x'
RU2R'URUR URUR'U'RU'R’
RURURURURURURU2R

OLL 26 y2R'U'RU'R"U2R
yRU2R'U RU'R’
LuzL'uLulL
L'uLuLruzL
— L'URU'LUR'

oLL 27 RUR'URU2R'
VR'UZRUR'UR
yL'U2LUL" UL
y2LUL'ULU2L
— RU'L'UR'U'L

No edges flipped correctly

OLL1 (RU2) (R2'FRF U2") (R'FRF)

| | RUB'RBR2U'R'FRF

OLL2 FRRUR'U)Ff(RUR U)f

OLL3 yf(RUR' U)f U F(RUR U)F
y2r'R2ZUR' UrU2r UR'r
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OLL4

f(RUR'UYFUF(RUR'U)F
R'U2XR'URU YR U'R UR'F
yrRUrU2r U'RU R2'r

RUR'UR'FRF U2R'FRF

YVTUR'URU2r2°’U'RU R'"U2r
Y2FRUR'dR'U2R'FRF'
RU2R2ZFRF U2M'URU'Tr

ru2RUR'Ur2U2'R'U'RU'r
RPTU2FRUR'U'Y'R2U2RB
rrRURUR'UrR2'FRF'
MURUR' U rR2'FRF

rRURUR'U'r2R2'URU' "
MURUR U M2URU'r
M'U2M' U2M' UMU2M U2 M
M'U2 M U2 M'UM U2 M' U2 M
Mdr2UM' U2MUr2s'
MUMUMUMUMUMUMUMU
(rUR'U)M2 (URU'R)U'M'

P-Shapes

OLL 31

= LdRdALULB'L

= S LULULFLf

" yxURUIURURURUR
"= y2R'UFURURFR

"= L'UBULUL'B'L
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OLL 32

RdL'dRRURBR
SRUR' U R'FRT
yx'URUI'URURUR UR
RUB'UR'URBR'

y2FURU FruRrRuUr

OLL 43

fLULUS
B'UR URB
y2F U L'ULF
URUR'FLULF

y2RIUFR' FRUR

OLL 44

fRUR U f
y2FURUR'F
yRUY LU LB

yFUR'FRF UF

W-Shapes

OLL 36

RURURURURBR'B
y2(L'ULU) L' ULU)(LFLF)

(RUR U)y(L'U2LU)Yy (RUR)

LuL'vLu L' uL' BLB
YV2ZRUR URURURFRF

(L'ULUY (RU2R U)y (L'U L)

L-Shapes
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OLL 53 = ULULULULU2I
| | " y2rURURURURU2r
| " yrU2RURURURUT
| |
OLL 54 = rURURURURU2T
| | = yrU2RURURURUT
I
| |
OLL 50 "= y2R FR2B'R2F R2BR'
| =1 = rur2ur2ur2ur
| = RB'RBR2U2FRFR
| = y2lUl2UI2U 12U
= " U2R2UR2UrRU2R'
" y[RU2R'URUR][FRUR U F]
= (yx)Uru2L U2r U2L U (x)
OLL 47 = FLULULULUF
— | " RUXRURURURUXUR
" pPURURURURD
|
OLL 48 " FRURURURUF
| — "= y2fURURURURT
|
OLL 49 "= RB'R2FR2BR2FR
=T | = JUI2UI2UI22U ]
| = y2rVU'r2Ur2Ur2U'r
| " Y2RFRFR2d2y'RFRF
= y2rU2R2'U' R2U r'R'U2R
= (y'X)UI'U2RU2IU2R U (x)
C-shapes
OLL 34

" RURUXDRURE

" y2RURUYX'RUL UM

200




RUR'd'I'ULUrR

y2FRUR'UR' FrURuU'Tr

OLL 46 RURFRFUR
RUIUIFUR
yFUFLwW U Lw U F
RUIURUFI
y2LFU RUR F' L'
RUR2URFRURUF

T-Shapes

OLL 33 RUR URFRF

—1 RURUIUR U(®x)

OLL 45 FRUR U F

| — Fw'U' L' UL Fw
y2 Fw URU' R Fw'

| y2F L' ULUF

I-Shapes

OLL 55 " RUZR2ZU RU' R U2FRF

| " RU2R2ZUR URU2yLw' U Lw

| " yRFRURFRURFRUMUM

| " LFLULFLULFLUMUM
" LFLULFLULFLULRFR)L
" Rd'R2DR U2RD'R2dR'

OLL 56

RwURW URU R URU R Rw U Rw'

Rw'URWU RURU R URRW' URw

LFLURURURURLFL

FRUR' U RF RwUR' U Rw'

RBRULUL'ULULRB'R
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OLL 51

" FURURURURF

| = y2fRURURURUT

OLL 52 " RURURRURB

| " RURURdJRURF

| " RURURU2R (Sune)U(FURU R F)

Square Shapes

OLL5 .

(rU2)(RUR' UT)

= y2l'U2LUL'UI

" y2(rU2)(R'URU)T

= juz2LruLur

Big Lightning bolt Shapes

OLL 39 " LFLULUFUL
= y2fLFL'UL'ULS
" y2RB'R'URUBUR
OLL 40

" RFRURUFUR

" y2fRRFRURUR'S

= y2L'BLUL'UB' UL

Small lightning bolt Shapes

OLL 7

" RwUR URU2RW

202




FFRRFRU2RU2R’

L"U2LU2LFL'F

OLL 8 y2rrURU' R U2
| RU2R U2R' FRF
OLL 11 rRZUR URU2R UrR
YV2FIURUR FRFRU2T
YyFLULUFYFRURUF
OLL 12 FRURUFYFRURUF
| YyFRUR2FRY RZURU2R'
| YITRZURU R U2RURT
Fish Shapes
OLL 9 YRURYXRURFRUR' X
| YRURURFR2UR U F
OLL 10 YRUR YR FRUR FR
| Y RURURB R2U'RUB
OLL 35 RU2R2FRF RU2R'
YR U2(RLwW)U R ULw' U2R
OLL 37

xXURUI'URUR

IUR'UyRUR' U Z
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" yFRURURURF
| " yRFRFUFUF
| " yFRFRURUR
" RB'R'BUBU'B’
Knight move Shapes
OLL 13 . FURUR2ZFRURUR
. FURU2R URUR'F
" y2XRURFRURXYyR UR
" y2fRUR2U'RURU'f
" ruruvrury RRUR
OLL 14 . R'FRUR FRY'RUR'
" YRUYRUR2BR URUR
" y2B'URUR2BR'UR UR
OLL 15 " y2R'FRL'ULURFR
. rdgrRURUIrNUr
OLL 16 " y2rUrRURUTruUr
" y2rUMUR'UTrUr

Awkward Shapes

OLL 29

" y2R'FRFRU2R'd'L'UL

" y2R2URFR UR2URFR

| "= YyRURU)RURF)U(FRUR)

| " YR U2ZR2ZUR UR U2FRF

"= MURURU)RFRF)M
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OLL 30

y2FR'FR2U R'U' RUR'F2 <---BEAST
I[URUI"U2dLUL'

fRUR2U R'UR2U' R'f'
y2FURU X UR'D'RU' R
R22UR'B'RU'R22URBR’

MU L ULU)LFLFM

OLL 41 * RURU2RUYRURYUR
— " YyRU2ZRURUR2()L'ULUF
" Y 2FURURFRU2ZRURUR
* y2RURURU2RFRURUF
" y2R2LZI'URdLULLI
OLL 42

RW'R2yRUR'U'Y'R'UM
RIURUFRUR'UR URUF
LvLu2L'Uy L'ULUF
YyRUZRUR'UR2yRUR'U'F'
YR FRFRFRFRURURUR

y2L2R'zRw UL'Dw'R' UR'Rw

All Corners Oriented

OLL 28

RwWUR U RwW RURU R’
FRURUFU2FRUR U F
y2MUMU2M UM

MUMU2ZMUM

OLL 57

RUR' U RwR UR U Rw'
(x)M U RUMU' R U (x)
MUMUMU2M UM UM U2

yMuUuMuUMUMUMU MUMU MU
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Section2 PLL

PLL is the Permutation of the Last Layer, the last step of many speedsolving
methods. In this step, the pieces on the top layer have already been oriented (OLL)
so that the top face has all the same color, and they can now be moved into their
solved positions. There are 21 PLLs (13 if you count mirrors and inverses as being
the same) and each one is named after a letter. The following page gives a list of all
of the PLLs, along with a picture and a list of common algorithms for each one. PLL
is a subgroup of ZBLL.

Permutations of Edges Only
This subgroup, EPLL is used as the last step for many speedsolving methods, for
example in the VH method (COLL).

H Permutation = M2U M2 U2 M2 U M2

= R2'r2U'L2I12°U2R2'r2U'L212'

£ = = U M2U2M2UM2U2M2

" F2M2F2U F2M2F2U

"= xU2M2U2B'U2M2U2B

" R2U2R2U2R2UR2U2R2U2R2U’

" LRU2L'R'FB U2FB

" RUZR'URUR2UR2U2R2U2R'U

" R2U2RU2R2U2R2U2RU2R2

= M2UM2UM2UM2UM2UM2U

" M2UM2U2M2UM2

" RDRDBDB'DRDRURDRDBD'B'DR' DRU

U Permutation : a » y)F2ULRF2L'RU F2

= M2UM U2MUM2

. = (y2)M2UMU2M UM2

" R2ZURURURURUR

= (y2)L2UL'ULULULUL

= B2U'MU2MU B2
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(y2 RURURURU R U R2
M2 UM U2 M U2 M' U2 M U M2
(yyR2U'yrU2r RU2R'y' U' R2

RUR'UL'ULUZRUR UL UL

U Permutation : b

(y2) F2UR'LF2RL'UF2

M2 U'M' U2 M U' M2

(y2) M2 U' M U2 M' U' M2
RURURURURUR2
(y2)R2ZURUR'U'R' U R UR'
B2UM U2MU B2
L2uLuUL' UL UL UL
RURURUR UR UR U2R'
M2 U'M' U2 M U2 M' U2 M U' M2

LULURUR U2L'ULURUR

Z Permutation

yX'RURUDR DU R URD2 Fx
y M2 U M2 U M' U2 M2 U2 M' U2

y M2' U' M' U2' M2' U2' M' U M2'

URURURURURURUR2UR' U

R2UR2U R2F2R2U' F2 UR2 F2

y' M2 U2 M' U' M2 U' M2 U' M' U

RUL'U2D2RU LR UL U2D2RU'L

RULE2LURLUR E2RU'L'

yR2U' R2UR2x' U2 R2 F U2 F R2 U2

M'UM2UM2U M U2 M2 U

UI'URUDRUD RU R D2
dRUR2U R FRURURURURURF

M2 U'M E2 M E2 U M2

F2 M2 F2 M2 U M2 U M2 U2
U2RURURU2RURURURURURURURURURURURU
R

yRUR UR URURU R U R2URU2
YRURB'RBURfRUR U f

(x2y)M2U S2U' S'M2 S

M2 U (F2 M2 F2 M2) U' M2

Permutations of corners only:
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A Permutation:a |. RERB2RFR B2R2

> = (X)R'DR'U2RD'R'U2R2

. " (X)R'UR'D2RU' R'D2R2

N » (y'x)L2D2L'U'LD2L'UL'

» (y2)(L'BL)(F2LB'L") (F2L2)

» (y22)F2RU2R U2F2L'U2L U2
» (yzZ)U2RU2R F2U2L'U2LF2
* RU2R2UL'UR ULUR U2R
* (Y)R2F2(R'B'R)F2(R'BR))

A Permutation : b " RB'RE2RBRF2R?

Pi " (X)RD'RU2R DRU2R2
// " (X)RURD2R URD2R2
¥
" " (y'x)R2D2RUR'D2RU'R

" (y2x)LULD2L'ULD2L2

" (yz)U2L'U2LF2U2RU2R F2

" (Z)F2L'U2LU2F2RU2R' U2

* y)RU2RUL URULUR2U2R

" (@ URDrR2U)RUR U) D)

E Permutation * R2URUYRURU)2RURY RU R2

5 " XxUR'ULURULURULURUL'

" yxRURDRURD2L'ULDL UL

" XURULURUr2URULURU

- yXRURDRURU2R'URDR' UR

- ''ULURUIURULURUI'U

" ('RU)LDLULRURDR)U

= 2Ur2Dx'(RU R U3xD'r2U'r2

- xXURUL'URURRURUTIrFrFRF

- VZR FR2UR'BPRU R2ZFRzRBR'

- RUL'D2LURL'UR D2RU'L

"= [RBLB'R)Yy(RLY(LBRBL)Y (RL)
= J'U(IFRF)(RURU)LWURUR)F

" (FRURU)L'URU('URUINFR

Permutations of Edges and Corners:

F Permutation

" 2JRURUR2yRUR U xU R URU2
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yzRUR'URU2Zy RUR' UyxL' U LUL2xX
RURUR2F U FUxRUR' U R2B'
RURUR2FUFURUX R2U' R U
RURUR2y RURUYyXRUR U R2x'
YyRUR'URU2R2U RU R U2RUrUR' U L'URU’
R'U2R'd R FR2ZUR UR' FRU'F
YYURURUR2FUFURXUR' U R2

(y2)MU2r U l'U2r U R2 1 U2 R2

G Permutation : a

& o

4™
ISl N

(yyR2ZUR UR'U'RU'R2y' R UR
(yyR2ZDB'UB'U'BD'R2F UF
(y2)F2DRURURD F2L' UL

RLU2R'L'Y'R'UL'U2RU'L

G Permutation : b

N
,;'"‘\
v w

R URYR2uUR URU RU R2
RURB2DL'ULU LD B2
(y2L'U'LYy R2ZuR URU RuU'R2

(y)RUL U2RULYyRLU2L'R

G Permutation : c

(y)R2URURUR UR2yRU'R'
(y)R2 U RURUR uR2B U B'
(Y)R2D'FUFUFDR2BU B'
(y2)F2D'LULUL'DF2RU' R
L'RU2LR@Y)LURU2L' UR'

Y)ITUULUIFULUFRFR

G Permutation : d

L

b

&

S

(y2RUR'Y'R2u'RU R'UR' uR2
(y2RUR'F2D'LU'L'UL' DF2
(y2)l2U' L2U' F2L'U'RU2L' Ul X
(yLURU2L'UR yR'L'U2RL
(y)LURU2L'UR'y'L'R U2LR

Y)RFRFULUFRFLF2R

J Permutation : a

(y2)R'U2RUR'Z R2ZUR DR U'
(y2)L'R U2RUR' U2LU'RU
(y2) F2L'U'rU21' UR' U' R2
(y2)R'U2RUR U2 LU RUL'
(y2)x U2r U rU21' UR U R2

B2'R2 U'R2'u R2 D' R2' U R2
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RULURU2LU L U2 L
RLd2R U Rd2R UL'

(LUR' U2LUR)U(L'UR U2L U R)
LURU2LURUL UR U2LUR
L'U2LUL'U2RU LUR

L'ULFLULULFL2ULU

J Permutation : b

RU2R URU2L'UR UL

RU2R URd2 R UL UR
y2RLU2L'U'LU2R UL U

(RUR F)(RUR U'R)F(R2U'R'U)
yL'URU2L'ULU2L'RU

y2F2 RUR'yr2y' RU'RUR2
L'URULU2R URU2R'
y2r2U'L'Ur' U2RB'R' U2
(RULU2RUL)U' (RULU2R UL)

L'UR'U2LU L'U2RL

N Permutation : a

R'UR2B2UR'B2'RU B2R2'U'R
zDRUR2D'R(U'D)R'UR2D'RU'R
YVLURU2L'UR LU RU2L'UR’
RURUIUFURFRURUI'UR
LULULFUFLULFLFL UL

R UL'U2RULR UL U2RU'L
RULd2L'ULR' U RU2r FI'U y2
LURU2L'UR'LURU2L'UR U
yzZRUR'DR22U RUD'R'DR2'U' RD'
RULJ2L'ULR' URU2L'URU

FRURURFR2ZFUR URUFR

N Permutation : b

RUR2F2URF22R UF2R2UR'
zURDR2UR (UD)RD'R2UR'DR
LURU2LULRURU2LURU
RURURFUFRURFR FRUR
zURD R2ZUR'UZRUR zR2UR'ZRU
LUR'ZR2ZUR'UZ RUR'zR2UR'Z RV
LULUrUvFULFL' UL U TUL

LURU2L'UR'LURUZ2L'UR' U

R Permutation : a

y2zUR2U RZUF U RRURUFU2R
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YV R2ZB'RUR URBR U2RU2R’
RU2R'U2RB'RRURURBR2'U
RU2R'U2RB'RURUIUR2F
U2R'URU2RU2L'R2ZURU RLU2R
YRURFRU2R' U2ZR'FRURU2R' U
RUZR'URFRU2RU2R'FRU R U
RU2ZRDR'URD'RURURUR'U
y2LU2L"U2LF L' ULULFL2U

R Permutation : b

R U2RU2R'FRUR' U R F R2'U
yR2B2U RRURURUB2RU RU

R U2ZRUY R FRB'RFRzxR UR
y2R'U2IRURUI'U2RFRU R URUR'F
R U2R'DDRURDRURURURU

(yX)RZUIURU'I'U' | U2 R' U2 R

T Permutation

RUR'URFR2ZU R URUR'F
y2L'ULULFL2ULUL'ULF
FRURURUR2FRURUR’
L2U'L2DF2R2UR2D' F2
R2U'R2DB2L2UL2D'B2
R2'u'R2UR2'y R2u R2' U' R2
R2UR2'U'R2U' DR2'U'R2U R2' D'

(zx2)U2r U2ru2xuU2ru2r u2

V Permutation

RURUyYXxR UR2X'UR URFRF
R UR'UB'DB'D'B2R'B'RBR
RURUX2y RURUIRURURU
yLURULULURULU2RU2R
y2RUL'UR'URU LUR U2L"U2L
yYRULURURUL URU2LU2L'
LURULULURUL U2R U2R
RURdJAdRFR2URURFRF
RUR UyzZURURU2y RRURUR
RURUYRFR2ZURURFRF
RURUYRDRDR2FRFRF

R U2RU2LUR UL ULURUL'

R U2ZRU2LU R UrrFruU RUT

RULURURULURU2L'U2L
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Y Permutation

FRURURURFRURURFRF
R2uUR2UR2D'R'URF2'R'UR
FRFRZURURURFRURUF
R'URF2R'URdR2U R2'U' R2
R2ZUR'URUZY L'URURULUYyz
yFLULULULFLULULFLEF
FRURFDR'YXR URzR2yL"'d2
ZU2L'ULUL'YL'URURULU
FRFRURU R2U RUIUR'U
zU2ZRUR'URYRUL'ULUR' U
FRURURdJdRUR B'RU R2

R FRFYy URUR2URURFRF U

y2zU2R'U2R'U2RBRB'U2BR'B’
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