
Irreducible root systems
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Σ =
{±(εi − εj) ; 1 ≤ i < j ≤ n + 1

}
, #Σ = n(n + 1),

αj = εj − εj+1 (j = 1, . . . , n), α0 = εn+1 − ε1 (n > 1), #W = (n + 1)!.
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Σ =
{±(εi − εj), ±(εi + εj), ±εk ; 1 ≤ i < j ≤ n, 1 ≤ k ≤ n

}
, #Σ = 2n2,

αj = εj − εj+1 (j = 1, . . . , n− 1), αn = εn, α0 = −ε1 − ε2, α′
0 = −ε1,

#W = 2n · n!.
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Σ =
{±(εi − εj), ±(εi + εj), ±2εk ; 1 ≤ i < j ≤ n, 1 ≤ k ≤ n

}
, #Σ = 2n2,

αj = εj − εj+1 (j = 1, . . . , n− 1), αn = 2εn, α0 = −2ε1, α′
0 = −ε1 − ε2,

#W = 2n · n!.
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Σ =
{±(εi − εj), ±(εi + εj) ; 1 ≤ i < j ≤ n

}
, #Σ = 2n(n− 1)

αj = εj − εj+1 (j = 1, . . . , n− 1), αn = εn−1 + εn,

α0 = −ε1 − ε2, #W = 2n−1n!.
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Σ =
{±(εi − εj), ±(εi + εj), ± 1

2 (ε8 − ε7 − ε6 +
∑5

k=1(−1)ν(k)εk) ;

1 ≤ i < j ≤ 5,
∑5

k=1 ν(k) is even
}
, #Σ = 72

α1 = 1
2 (ε1 + ε8)− 1

2 (ε2 + ε3 + ε4 + ε5 + ε6 + ε7),

α2 = ε1 + ε2, αj = εj−1 − εj−2 (3 ≤ j ≤ 6),

α0 = − 1
2 (ε1 + ε2 + ε3 + ε4 + ε5 − ε6 − ε7 + ε8), #W = 27 · 34 · 5.
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Σ =
{±(εi − εj), ±(εi + εj), ±(ε7 − ε8), ± 1

2 (ε7 − ε8 +
∑6

k=1(−1)ν(k)εk) ;

1 ≤ i < j ≤ 6,
∑6

k=1 ν(k) is odd
}
, #Σ = 126

α1 = 1
2 (ε1 + ε8)− 1

2 (ε2 + ε3 + ε4 + ε5 + ε6 + ε7),

α2 = ε1 + ε2, αj = εj−1 − εj−2 (3 ≤ j ≤ 7),

α0 = ε7 − ε8, #W = 210 · 34 · 5 · 7.

E8

α1

2

α3

4

α4

6

α5

5

α6

4

α7

3

α8

2

α0

α2
3

Σ =
{±(εi − εj), ±(εi + εj), ± 1

2

∑8
k=1(−1)ν(k)εk ;

1 ≤ i < j ≤ 8,
∑8

k=1 ν(k) is even
}
, #Σ = 240

α1 = 1
2 (ε1 + ε8)− 1

2 (ε2 + ε3 + ε4 + ε5 + ε6 + ε7),

α2 = ε1 + ε2, αj = εj−1 − εj−2 (3 ≤ j ≤ 8),

α0 = −ε7 − ε8, #W = 214 · 35 · 52 · 7.
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Σ =
{±(εi − εj), ±(εi + εj), ±εk, ± 1

2 (ε1 ± ε2 ± ε3 ± ε4) ;

1 ≤ i < j ≤ 4, 1 ≤ k ≤ 4
}
, #Σ = 48,

α1 = ε2 − ε3, α2 = ε3 − ε4, α3 = ε4, α4 = 1
2 (ε1 − ε2 − ε3 − ε4),

α0 = −ε1 − ε2, α′
0 = −ε1, #W = 27 · 32.
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Σ =
{±(εi − εj), ∓(2ε1 − ε2 − ε3), ∓(2ε2 − ε1 − ε3), ±(2ε3 − ε1 − ε2) ;

1 ≤ i < j ≤ 3
}
, #Σ = 12,

α1 = −2ε1 + ε2 + ε3, α2 = ε1 − ε2, α0 = ε1 + ε2 − 2ε3, α′
0 = ε2 − ε3, #W = 12.
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2



Notation

Ξ, Σ : reduced root systems

Ψ = {α1, . . . , αn} : a fundamental system of Σ
WΣ : the Weyl group of Σ

Hom(Ξ, Σ) := {ι : Ξ→ Σ ; 2 (ι(α)|ι(β))
(ι(α)|ι(α)) = 2 (α|β)

(α|α) (∀α, β ∈ Ξ)}
Aut(Σ) := Hom(Σ, Σ), Out(Σ) := Aut(Σ)/WΣ

Aut′(Ξ) :=
m∏

j=1

Aut(Ξj) ⊂ Aut(Ξ)

for the irreducible decomposition Ξ = Ξ1 + · · ·+ Ξm

Ξ, Ξ′ : subsystems of Σ

G : a subgroup of Aut(Σ)

NG(Ξ) := {g ∈ G ; g(Ξ) = Ξ}, ZG(Ξ) := {g ∈ G ; g|Ξ = id}

Ξ ∼
Σ

Ξ′ def⇐⇒ ∃w ∈ WΣ such that Ξ′ = w(Ξ)

Ξ w∼
Σ

Ξ′ def⇐⇒ ∃g ∈ Aut(Σ) such that Ξ′ = g(Ξ)

Hom(Ξ, Σ)o = {ι ∈ Hom(Ξ, Σ) ; ι(Ξ) w∼
Σ

Ξ}
Ow

Ξ := {F ⊂ Σ ; F
w∼
Σ

Ξ}
� Hom(Ξ, Σ)o/ Aut(Ξ) � Aut(Σ)/NAut(Σ)(Ξ)

OΞ := {F ⊂ Σ ; F ∼
Σ

Ξ} �WΣ/NWΣ(Ξ)

# : #
(
WΣ\Hom(Ξ, Σ)o

)

#Ξ : #
(
WΣ\Hom(Ξ, Σ)o/ Aut(Ξ)

)

#Ξ′ : #
(
WΣ\Hom(Ξ, Σ)o/ Aut′(Ξ)

)

#Σ : #
(
Aut(Σ)\Hom(Ξ, Σ)o

)

Ξ⊥⊥ :

⎧⎪⎨
⎪⎩

◦ (
(Ξ, Ξ⊥) : a special dual pair⇒ Out(Ξ) � Out(Ξ⊥)

)
× (

(Ξ, Ξ⊥) : a nonspecial dual pair
)

(Ξ⊥)⊥
(
(Ξ⊥)⊥ �= Ξ

)

P :

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

#{Θ ⊂ Ψ ; 〈Θ〉 w∼
Σ

Ξ} (
if Ξ is fundamental

)

◦ (
if Ξ is not fundamental but L-closed

)
← (

L-closure of Ξ is given by (Ξ⊥)⊥
)

→ (
L-closure of Ξ is given in the right column

)

Ξ is fundamental : ∃w ∈ WΣ and ∃Θ ⊂ Ψ such that 〈Θ〉 = w(Ξ)

S : S-closure
(
S-closed : α, β ∈ Ξ, α + β ∈ Σ⇒ α + β ∈ Ξ

)

L : L-closure
(
L-closed :

∑
α∈Ξ

Rα ∩ Σ = Ξ
)

〈j1, . . . , jm〉 : 〈αj1 , . . . , αjm〉
〈\j〉 : 〈Ψ \ {αj}〉

#Ow
Ξ/#OΞ = #

(
WΞ\Hom(Ξ, Σ)o/ Aut(Ξ)

)
= (#Ξ)

#OΞ = (#) ·#WΞ

/ (
(#Σ) ·# Out(Ξ) ·#WΞ ·#WΞ⊥

)

3



Classical Type (Ξ: irreducible)

Σ Ξ # #Ξ #Σ Ξ⊥ Ξ⊥⊥ P
An A1 1 1 1 An−2 × n
An (1<m≤n−2) Am 2 1 1 An−m−1 × n−m + 1
An (n≥3) An−1 2 1 1 ∅ Σ 2
An (n≥2) An 2 1 1 ∅ Σ 1
Σ (n ≥ 5) Ξ # #Ξ #Σ Ξ⊥ Ξ⊥⊥ P
Dn A1 1 1 1 Dn−2 + A1 × n
Dn A2 1 1 1 Dn−3 A3 n− 1
Dn A3 1 1 1 Dn−4 D4 n− 2

(D3) 1 1 1 Dn−3 (n�=7) ◦ 1
D4 (n=7) ×

Dn (4≤k≤n−3) Ak 1 1 1 Dn−k−1 Dk+1 n− k + 1
Dn An−2 1 1 1 ∅ Σ 3
Dn (n:odd) An−1 2 1 1 ∅ Σ 2
Dn (n:even) 2 2 1
Dn D4 3 1 3 Dn−4 (n≥6) 2 1

∅ (n=5) Σ
Dn (4<k≤n−2) Dk 1 1 1 Dn−k ◦ (k �=n−4) 1

× (k=n−4)

Dn (n≥6) Dn−1 1 1 1 ∅ Σ 1
Dn Dn 2 1 1 ∅ Σ 1
Σ (n ≥ 2) Ξ # #Ξ #Σ Ξ⊥ Ξ⊥⊥ P
Bn AL

1 1 1 1 Bn−2 + AL
1 ◦ n− 1

AS
1 1 1 1 Bn−1 ◦ 1

Bn (n≥3) A2 1 1 1 Bn−3 B3 n− 2
Bn (n≥4) A3 1 1 1 Bn−4 B4 n− 3
Bn (n≥3) (D3) 1 1 1 Bn−3 B3 ←
Bn (4≤m<n) Am 1 1 1 Bn−m−1 Bm+1 n−m
Bn (n≥4) D4 3 1 3 Bn−4 B4 ←
Bn (4<m≤n) Dm 1 1 1 Bn−m Bm ←
Bn (2≤m≤n) Bm 1 1 1 Bn−m ◦ 1
Σ (n ≥ 2) Ξ # #Ξ #Ξ′ Ξ⊥ Ξ⊥⊥ P
Cn AS

1 1 1 1 Cn−2 + AS
1 ◦ n− 1

AL
1 1 1 1 Cn−1 ◦ 1

Cn (n≥3) A2 1 1 1 Cn−3 C3 n− 2
Cn (n≥4) A3 1 1 1 Cn−4 C4 n− 3
Cn (n≥3) (D3) 1 1 1 Cn−3 C3 ← S : C3

Cn (4≤m<n) Am 1 1 1 Cn−m−1 Cm+1 n−m
Cn (n≥4) D4 3 1 3 Cn−4 C4 ← S : C4

Cn (4<m≤n) Dm 1 1 1 Cn−m Cm ← S : Cm

Cn (2≤m≤n) Cm 1 1 1 Cn−m ◦ 1
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Exceptional Type and D4

Σ Ξ # #Ξ #Ξ′ Ξ⊥ Ξ⊥⊥ P #Σ

D4 A1 1 1 1 3A1 × 4 1
D4 A2 1 1 1 ∅ Σ 3 1
D4 A3 3 3 3 ∅ Σ 3 1
D4 D4 6 1 1 ∅ Σ 1 1
D4 2A1 3 3 3 2A1 ◦ 3 1
D4 3A1 6 1 6 A1 × 1 1
D4 4A1 6 1 6 ∅ Σ ← 1
Σ Ξ # #Ξ′ #Σ Ξ⊥ Ξ⊥⊥ P
E6 A1 1 1 1 A5 × 6
E6 A2 1 1 1 2A2 × 5
E6 A3 1 1 1 2A1 ◦ 5
E6 A4 2 1 1 A1 A5 4
E6 A5 2 1 1 A1 × 1 〈\2〉
E6 D4 1 1 1 ∅ Σ 1
E6 D5 2 1 1 ∅ Σ 2 〈\1〉, 〈\6〉
E6 E6 2 1 1 ∅ Σ 1
E6 2A1 1 1 1 A3 ◦ 10
E6 3A1 1 1 1 A1 A5 5
E6 4A1 1 1 1 ∅ Σ → L : D4

E6 A2 + A1 2 1 1 A2 2A2 10
E6 A2 + 2A1 2 1 1 ∅ Σ 5 ⊂ 3A2

E6 2A2 4 1 2 A2 × 1
E6 2A2 + A1 4 1 2 ∅ Σ 1 〈\4〉 ⊂ 3A2

E6 3A2 8 1 4 ∅ Σ ← §8.2.5
E6 A3 + A1 2 1 1 A1 A5 4
E6 A3 + 2A1 2 1 1 ∅ Σ → §8.2.1, L : D5

E6 A4 + A1 2 1 1 ∅ Σ 2 〈\3〉, 〈\5〉
E6 A5 + A1 2 1 1 ∅ Σ ←
Σ Ξ # #Ξ #Ξ′ Ξ⊥ Ξ⊥⊥ P
E7 A1 1 1 1 D6 × 7
E7 A2 1 1 1 A5 ◦ 6
E7 A3 1 1 1 A3 + A1 ◦ 6
E7 A4 1 1 1 A2 A5 5
E7 A5 ]′′ 1 1 1 A2 ◦ 1 〈2, 4, 5, 6, 7〉

]′ 1 1 1 A1 D6 2 〈3, 4, 5, 6, 7〉
E7 A6 1 1 1 ∅ Σ 1 〈\2〉
E7 A7 1 1 1 ∅ Σ ←
E7 D4 1 1 1 3A1 ◦ 1
E7 D5 1 1 1 A1 D6 2
E7 D6 2 1 1 A1 × 1 〈\1〉
E7 E6 1 1 1 ∅ Σ 1 〈\7〉
E7 E7 1 1 1 ∅ Σ 1
E7 2A1 1 1 1 D4 + A1 × 15
E7 3A1 ]′′ 1 1 1 D4 ◦ 1 〈2, 5, 7〉

]′ 1 1 1 4A1 × 10 〈3, 5, 7〉
E7 4A1 ]′′ 4 1 4 3A1 × 2 〈2, 3, 5, 7〉

]′ 1 1 1 3A1 D4 ←
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E7 5A1 15 1 15 2A1 D4 + A1 ← §8.2.3
E7 6A1 30 1 30 A1 D6 ← §8.2.3
E7 7A1 30 1 30 ∅ Σ ← §8.2.3
E7 A2 + A1 1 1 1 A3 A3 + A1 18
E7 A2 + 2A1 1 1 1 A1 D6 12
E7 A2 + 3A1 1 1 1 ∅ Σ 1
E7 2A2 2 1 1 A2 A5 4
E7 2A2 + A1 2 1 1 ∅ Σ 3 ⊂ 3A2

E7 3A2 4 1 1 ∅ Σ → §8.2.5, L : E6

E7 A3 + A1 ]′′ 1 1 1 A3 ◦ 2 〈2, 5, 6, 7〉
]′ 1 1 1 2A1 D4 + A1 9 〈3, 5, 6, 7〉

E7 A3 + 2A1 ]′′ 2 1 2 A1 D6 3 ∃(A3 + A1)⊥ = A3

]′ 1 1 1 ∀(A3 + A1)⊥ = 2A1

→ ⊂ D3 + D2 L : D5

E7 A3 + 3A1 3 1 3 ∅ Σ ⊂ 2A3 + A1

→ L : D5 + A1

E7 A3 + A2 2 1 1 A1 D6 3 ⊂ 2A3 + A1

E7 A3 + A2 + A1 2 1 1 ∅ Σ 1 〈\4〉 ⊂ 2A3 + A1

E7 2A3 2 1 1 A1 D6 ← ⊂ 2A3 + A1

E7 2A3 + A1 2 1 1 ∅ Σ ← §8.2.1
E7 A4 + A1 1 1 1 ∅ Σ 5
E7 A4 + A2 1 1 1 ∅ Σ 1 〈\5〉
E7 A5 + A1 ]′′ 1 1 1 ∅ Σ 1 A⊥

5 = A2, 〈\3〉
]′ 1 1 1 ∅ Σ → A⊥

5 = A1, L : E6

E7 A5 + A2 2 1 1 ∅ Σ ← §8.2.1
E7 D4 + A1 3 1 1 2A1 × 1
E7 D4 + 2A1 6 1 1 A1 D6 ←
E7 D4 + 3A1 6 1 1 ∅ Σ ← §8.2.4
E7 D5 + A1 1 1 1 ∅ Σ 1 〈\6〉
E7 D6 + A1 2 1 1 ∅ Σ ←
Σ Ξ # #Ξ #Ξ′ Ξ⊥ Ξ⊥⊥ P
E8 A1 1 1 1 E7 ◦ 8
E8 A2 1 1 1 E6 ◦ 7
E8 A3 1 1 1 D5 ◦ 7
E8 A4 1 1 1 A4 ◦ 6
E8 A5 1 1 1 A2 + A1 ◦ 4
E8 A6 1 1 1 A1 E7 3
E8 A7 ]′′ 1 1 1 A1 E7 ←

]′ 1 1 1 ∅ Σ 1 〈\2〉
E8 A8 1 1 1 ∅ Σ ←
E8 D4 1 1 1 D4 ◦ 1
E8 D5 1 1 1 A3 ◦ 2
E8 D6 1 1 1 2A1 ◦ 1
E8 D7 1 1 1 ∅ Σ 1 〈\1〉
E8 D8 2 1 1 ∅ Σ ←
E8 E6 1 1 1 A2 ◦ 1
E8 E7 1 1 1 A1 ◦ 1 〈\8〉
E8 E8 1 1 1 ∅ Σ 1
E8 2A1 1 1 1 D6 ◦ 21
E8 3A1 1 1 1 D4 + A1 ◦ 21
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E8 4A1 ]′′ 1 1 1 D4 D4 ←
]′ 1 1 1 4A1 ◦ 7 〈2, 3, 6, 8〉

E8 5A1 5 1 5 3A1 D4 + A1 ← §8.2.3
E8 6A1 15 1 15 2A1 D6 ← §8.2.3
E8 7A1 30 1 30 A1 E7 ← §8.2.3
E8 8A1 30 1 30 ∅ Σ ← §8.2.3
E8 A2 + A1 1 1 1 A5 ◦ 28
E8 A2 + 2A1 1 1 1 A3 D5 28
E8 A2 + 3A1 1 1 1 A1 E7 7
E8 A2 + 4A1 1 1 1 ∅ Σ → L : A2 + D4

E8 2A2 1 1 1 2A2 ◦ 8
E8 2A2 + A1 2 1 1 A2 E6 9
E8 2A2 + 2A1 2 1 1 ∅ Σ 2 ⊂ 4A2

E8 3A2 4 1 1 A2 E6 ←
E8 3A2 + A1 4 1 1 ∅ Σ → ⊂ 4A2 L :E6 + A1

E8 4A2 8 1 1 ∅ Σ ← §8.2.5
E8 A3 + A1 1 1 1 A3 + A1 ◦ 20
E8 A3 + 2A1 ]′′ 1 1 1 A3 D5 ←

]′ 1 1 1 2A1 D6 10 〈2, 3, 4, 6, 8〉
E8 A3 + 3A1 3 1 3 A1 E7 → L : D5 + A1

E8 A3 + 4A1 3 1 3 ∅ Σ → ⊂ A3 + D5 L : D7

E8 A3 + A2 1 1 1 2A1 D6 10
E8 A3 + A2 + A1 2 1 1 A1 E7 4
E8 A3 + A2 + 2A1 2 1 1 ∅ Σ ⊂D6+2A1 L :D5+2A1

E8 2A3 ]′′ 1 1 1 2A1 D6 ←
]′ 1 1 1 ∅ Σ 2 〈2, 3, 4, 6, 7, 8〉

E8 2A3 + A1 2 1 1 A1 E7 ←
E8 2A3 + 2A1 2 1 1 ∅ Σ ← ⊂ D6 + 2A1

E8 A4 + A1 1 1 1 A2 E6 12
E8 A4 + 2A1 1 1 1 ∅ Σ 5
E8 A4 + A2 2 1 1 A1 E7 4
E8 A4 + A2 + A1 2 1 1 ∅ Σ 1 〈\4〉 ⊂ 2A4

E8 A4 + A3 2 1 1 ∅ Σ 1 〈\5〉 ⊂ 2A4

E8 2A4 2 1 1 ∅ Σ ← §8.2.1
E8 A5 + A1 ]′′ 1 1 1 A2 E6 ←

]′ 1 1 1 A1 E7 3 〈1, 4, 5, 6, 7, 8〉
E8 A5 + 2A1 2 1 2 ∅ Σ ⊂ A5 + A2 + A1

→ L : E6 + A1

E8 A5 + A2 2 1 1 A1 E7 ←
E8 A5 + A2 + A1 2 1 1 ∅ Σ ← §8.2.1
E8 A6 + A1 1 1 1 ∅ Σ 1 〈\3〉
E8 A7 + A1 1 1 1 ∅ Σ ←
E8 D4 + A1 1 1 1 3A1 ◦ 2
E8 D4 + 2A1 3 1 1 2A1 D6 ←
E8 D4 + 3A1 6 1 1 A1 E7 ←
E8 D4 + 4A1 6 1 1 ∅ Σ ← §8.2.4
E8 D4 + A2 1 1 1 ∅ Σ 1
E8 D4 + A3 3 1 1 ∅ Σ → ⊂ 2D4 L : D7

E8 2D4 6 1 1 ∅ Σ ← §8.2.4
E8 D5 + A1 1 1 1 A1 E7 3
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E8 D5 + 2A1 1 1 1 ∅ Σ → L : D7

E8 D5 + A2 2 1 1 ∅ Σ 1 〈\6〉 ⊂ D5 + A3

E8 D5 + A3 2 1 1 ∅ Σ ← §8.2.1
E8 D6 + A1 2 1 1 A1 E7 ←
E8 D6 + 2A1 2 1 1 ∅ Σ ← §8.2.1
E8 E6 + A1 1 1 1 ∅ Σ 1 〈\7〉
E8 E6 + A2 2 1 1 ∅ Σ ← §8.2.1
E8 E7 + A1 1 1 1 ∅ Σ ←
F4 AL

1 1 1 1 C3 ◦ 2
AS

1 1 1 1 B3 ◦ 2
F4 AL

2 1 1 1 AS
2 ◦ 1

AS
2 1 1 1 AL

2 ◦ 1
F4 AL

3 1 1 1 ∅ Σ → L : B3

AS
3 1 1 1 ∅ Σ → L, S : C3

F4 DL
4 1 1 1 ∅ Σ ←

DS
4 1 1 1 ∅ Σ ← S : F4

F4 B2 1 1 1 B2 ◦ 1
F4 B3 1 1 1 AS

1 ◦ 1 〈\4〉
F4 C3 1 1 1 AL

1 ◦ 1 〈\1〉
F4 B4 1 1 1 ∅ Σ ←
F4 C4 1 1 1 ∅ Σ ← S : F4

F4 F4 1 1 1 ∅ Σ 1
F4 2AL

1 1 1 1 B2 B2 ←
2AS

1 1 1 1 B2 B2 ← S : B2

AS
1 + AL

1 1 1 1 AL
1 + AS

1 × 3
F4 3AL

1 1 1 1 AL
1 C3 ←

3AS
1 1 1 1 AS

1 B3 ← S : B3

AS
1 + 2AL

1 1 1 1 AS
1 B3 ←

2AS
1 + AL

1 1 1 1 AL
1 C3 ← S : B2 + AL

1

F4 4AL
1 1 1 1 ∅ Σ ←

4AS
1 1 1 1 ∅ Σ ← S : F4

2AS
1 + 2AL

1 1 1 1 ∅ Σ ← S : B2 + 2AL
1

F4 AL
2 + AS

1 1 1 1 ∅ Σ 1 〈\3〉
AS

2 + AL
1 1 1 1 ∅ Σ 1 〈\2〉

F4 AS
2 + AL

2 1 1 1 ∅ Σ ←
F4 B2 + AL

1 1 1 1 AL
1 C3 ←

B2 + AS
1 1 1 1 AS

1 B3 ← S : B3

F4 B2 + 2AL
1 1 1 1 ∅ Σ ←

B2 + 2AS
1 1 1 1 ∅ Σ ← S : B4

F4 2B2 1 1 1 ∅ Σ ← S : B4

F4 AS
3 + AL

1 1 1 1 ∅ Σ ← S : C3 + AL
1

F4 AL
3 + AS

1 1 1 1 ∅ Σ ←
F4 C3 + AL

1 1 1 1 ∅ Σ ←
F4 B3 + AS

1 1 1 1 ∅ Σ ← S : B4

G2 AL
1 1 1 1 AS

1 ◦ 1 〈\2〉
AS

1 1 1 1 AL
1 ◦ 1 〈\1〉

G2 AL
2 1 1 1 ∅ Σ ←

AS
2 1 1 1 ∅ Σ ← S : G2

G2 G2 1 1 1 ∅ Σ 1
G2 AS

1 + AL
1 1 1 1 ∅ Σ ←
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