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The Cube

Definition

A scramble is an arrangement of the pieces of the cube that is
solvable by turning the faces of the cube
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The Cube

Definition

A scramble is an arrangement of the pieces of the cube that is
solvable by turning the faces of the cube

@ The Rubik’'s Cube has 43,252,003, 274, 489, 856, 000
scrambles
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@ The cube has 6 faces:
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@ The cube has 6 faces:

e Right - R
o Left - L
e Front - F
e Back - B
° _

° -D

@ 90 degree clockwise rotation
e R, L, F, B, ', D are permutations
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R 2 ]D)2 -1 D2 -1 R_l
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@ The Identity Permutation:

R 2 ]D)2 -1 ]D)2 -1 R_l
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Examples

@ The Identity Permutation:

R 2 ]D)2 -1 ]D)2 -1 R_l

@ Consider an “A-Perm”:

RTYFRTB*RFT R B R?
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Examples

@ The Identity Permutation:

R 2 ]D)2 -1 ]D)2 -1 R_l

@ Consider an “A-Perm”:

R1FR1IB2R FI Rl B2 R?

@ The inverse of this permutation is:
REB2RFR'B?RFIR
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The Conditic

@ The face turns can be considered the generators of the
Rubik's Cube group
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Defining the Generators

The Conditions

@ The face turns can be considered the generators of the
Rubik's Cube group

Proposition

The generators R, L, F, B and  will be necessary and sufficient
to solve any scramble of a Rubik’s Cube.
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Necessity of

Consider cases:
@ Restrict two adjacent faces

@ Restrict two opposite faces
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o Without loss of generality, we will consider the ' and F face
turns to be restricted
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The Big Per

(R2 12 1 g2 82) -l p=1, 2p2 /2 2p2 2p2,2 2
(R—l 2 p2 2 p2 2) (L2 212 22 2)

(,_—2 2 2022 2) (32 2 B2 2 BZ 2)
(RURTUTRITFREUTIRTTUTTRURTFTY
(RTLFRB2RF R B2R?
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Video of the

Youtube Link to Video


https://youtu.be/JlGbRAA5080
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Sufficiency of 5 Generators

The Big Per

(R2 L2 -1 F2 B2) -1 R_l L 2 R2 L2 2 R2 2 R2 L2 2 L
(Rfl 2 R2 2 R2 2) ([_2 2 L2 2 L2 2)

(F2 2 F2 2 F2 2) (B2 2 B2 2 B2 2)
(RURTUTIRITFREUTIRTT UL R URTFTY
(RFR1B2RF R B2R?



vvvvvvvvvvvvvvvvvvvvvvvv

Sufficiency of 5 Generators

The Big Per

(R2 L2 -1 F2 B2) -1 R_l L 2 R2 L2 2 R2 2 R2 L2 2 L
(Rfl 2 R2 2 R2 2) ([_2 2 L2 2 L2 2)

(F2 2 F2 2 F2 2) (B2 2 B2 2 B2 2)
(RURTUTIRITFREUTIRTT UL R URTFTY
(RFR1B2RF R B2R?



	Background
	Defining the Generators
	Necessity of 5 Generators
	Sufficiency of 5 Generators

