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Orient last layer

𝜌 ≔ ⟨RU : [R′, U]⟩ = RUR′ URU′ U′ R′

𝜌1 𝜌2 𝜌3

𝜌4 𝜌5 𝜌6

Crosses

{𝔣𝔉} ≔ ⟨f : [R,U]⟩ ⟨F : [R,U]⟩

= fRUR′ U′ f′ FRUR′ U′ F′

{𝔣𝔉}1 {𝔣𝔉}2 {𝔣𝔉}3

{𝔣𝔉}4 {𝔣𝔉}5 {𝔣𝔉}6

{𝔉𝔣} ≔ ⟨F : [R,U]⟩ ⟨f : [R,U]⟩

= FRUR′ U′ F′ f RUR′ U′ f′

{𝔉𝔣}1 {𝔉𝔣}2 {𝔉𝔣}3

{𝔉𝔣}4 {𝔉𝔣}5 {𝔉𝔣}6

Deformed crosses

{𝔣𝑋𝔉} ≔ ⟨f : [R,U]⟩𝑋 ⟨F : [R,U]⟩

= fRUR′ U′ f′ 𝑋 FRUR′ U′ F′

{𝔣 U 𝔉}1 {𝔣 U 𝔉}2 {𝔣 U 𝔉}3 {𝔣 U 𝔉}4

{𝔉𝑋𝔣} ≔ ⟨F : [R,U]⟩𝑋 ⟨f : [R,U]⟩

= FRUR′ U′ F′ 𝑋 fRUR′ U′ f′

{𝔉 U 𝔣}1 {𝔉 U 𝔣}2 {𝔉 U 𝔣}3 {𝔉 U 𝔣}4

Headlights

 is solved by ℌ ≔ ⟨R : [⟨R : D⟩,U2]⟩.

Alternatively,  is solved by ⟨R2 : [D′, ⟨R : U2⟩]⟩.

ℌ1 ℌ2 ℌ3

Pronouce as (R2 D) (R′ U2) (RD′ R′) (U2 R′).

Compare:

ℌ y2-rot(𝜌3)

Bug eyes

 is solved by 𝔅 ≔ ⟨rU : R′⟩ ⟨F : R⟩ = rUR′ U′ r′ FRF′.

𝔅1 𝔅2 𝔅3

Crossfinder

⊞1 ⊞2 ⊞3

⊞4 ⊞5 ⊞6

Swish-swish

([R,U] [R′, F])1 ([R,U] [R′, F])2 ([R,U] [R′, F])3



Permute last layer

Edges

Z-permutation

(M2 U) (M2 U) (MU2) (M2 U2) (MU2)

H-permutation

M2 UM2 U2 M2 UM2

U-permutation

𝔘 ≔ (R2 U) (RU) (R′ U′)2 (R′ UR′)

𝔘′ = (RU′ R) (UR)2 (U′ R′) (U′ R′2)

x-refl(𝔘) = (L2 U′) (L′ U′) (LU)2 (LU′ L)

𝔘 x-refl(𝔘)

Alternatively:

𝔘 = ⟨R : ⟨(RU)2 : R′⟩U⟩)

x-refl(𝔘) = 𝔘′ = ⟨R : U′ ⟨(RU)2 : R⟩⟩)

The U-permutation can also be derived from this:

U⟨M′ : U2⟩U ⟨F2 : U ⟨M′ : U2⟩U⟩



Corners

A-permutation

Clockwise, positioned bottom-left:

𝔄 ≔ (R′ FR′) ⟨B2 R : F′⟩R2 = R′ FR′ BBRF′ R′ B′ B′ RR

𝔄′ = R′2 ⟨B2 R : F⟩ (RF′ R)

Anticlockwise, positioned bottom-right:

x-refl(𝔄) = (LF′ L) ⟨B2 L′ : F⟩ L2 = LF′ LBBL′ FLB′ B′ LL

𝔄 x-refl(𝔄)

Y-permutation

𝔶 ≔ ⟨F ⟨R : U′⟩ : U′⟩ [R,U] [R′, F]

= 𝔶′ = [F,R′] [U,R] ⟨F ⟨R : U′⟩ : U⟩

x-refl(𝔶) = ⟨F′ ⟨L′ : U⟩ : U⟩ [L′, U′] [L, F′]

𝔶1 𝔶2

J-permutation

L′ U2 LUL′ U2 RU′ LUR′

⟨L′ : U2⟩UL′ U2 RU′ LUR′

RU2 R′ U′ RU2 L′ UR′ U′ L



R-permutation

ℜ ≔ (R′ U2 RU2)R′ F (RUR′ U′)R′ F′ R2 U′

x-refl(ℜ) = (LU2 L′ U2) LF′ (L′ U′ LU)LFL2 U

ℜ x-refl(ℜ)

T-permutation

[R,U] (R′ FR2) ⟨U′ R′ : U′⟩R′ F′

F-permutation

↺ ≔ x′ z′ = ↦

𝔉 ≔ [R,U]RU2 ↺ [R,U]↺ [R′, U′] R2

 is solved by 𝔉

E-permutation

Ξ ≔ (U′ RUL′) (U′ R′ UL) (U′ R′ UL′) (U′ RUL)

x-refl(Ξ) = (UL′ U′ R) (ULU′ R′) (ULU′ R) (UL′ U′ R′)

z-refl(Ξ) = (UR′ U′ L) (URU′ L′) (URU′ L) (UR′ U′ L′)

z-rot(Ξ) = (R′ DRU′) (R′ D′ RU) (R′ D′ RU′) (R′ DRU)

Ξ ⟨x′ : Ξ⟩ z-refl(Ξ)

V-permutation

𝔙 ≔ [R′, U2] ⟨⟨LU′ : R′⟩ : U⟩

= R′ UURU′ U′ LU′ R′ UL′ ULU′ RUL′

𝔙

N-permutation

𝔑 ≔ (RUR′ URUR′ F′) [R,U] (R′ F) (R2 U′ R′ U2 RU′ R′)

= RUR′ URUR′ F′ RUR′ U′ R′ FRRU′ R′ UURU′ R′

𝔑

Alternatively:

𝔑⋆

x-refl(𝔑⋆)

𝔑⋆ ≔ (R′ UL′ U2 RU′ L)2 U

x-refl(𝔑⋆) = (LU′ RU2 L′ UR′)2 U′

z ((DR′ U) (R2 D′ RU′))2 Rz′

G-permutation

𝔊 ≔ ⟨F′ : U′⟩ ⟨R2 uR′ U : R⟩

= F′ U′ FRRuR′ URU′ Ru′ R′ R′

𝔊′ = ⟨R2 uR′ U : R′⟩ ⟨F′ : U⟩

= RRuR′ UR′ U′ Ru′ R′ R′ F′ UF
x-refl(𝔊) = ⟨F : U⟩ ⟨L2 u′ LU′ : L′⟩

= FUF′ LLu′ LU′ L′ UL′ uL′ L′

𝔊

x-refl(𝔊)
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