
A FIRST és FOLLOW relációk meghatározása mátrixokkal
(Csörnyei Zoltán: Fordítóprogramok, Typotex Kiadó Bp., 2006)
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Példa. Legyen a következ® nyelvtan: G = ({S,A}, {a, b}, P, S), ahol
a P szabályok:

S → aAb | ε
A→ aAb | ε

Egészítsük ki a nyelv-
tant:

(0) S ′ → S#
(1) S → aAb
(2) S → ε

(3) A→ aAb

(4) A→ ε

Látható: Nε = {S,A}

F reláció:

S ′ → S#, innen következik S ′FS

és mivel S ∈ Nε innen köv. S ′F#

S → aAb, ahonnan SFa

A→ aAb, ahonnan AFa

F S ′ S A a b #

S ′ 0 1 0 0 0 1
S 0 0 0 1 0 0
A 0 0 0 1 0 0
a 0 0 0 0 0 0
b 0 0 0 0 0 0
# 0 0 0 0 0 0

F S′ S A a b #
S′ 0 1 0 0 0 1
S 0 0 0 1 0 0
A 0 0 0 1 0 0
a 0 0 0 0 0 0
b 0 0 0 0 0 0
# 0 0 0 0 0 0

F+ S′ S A a b #
S′ 0 1 0 1 0 1
S 0 0 0 1 0 0
A 0 0 0 1 0 0
a 0 0 0 0 0 0
b 0 0 0 0 0 0
# 0 0 0 0 0 0

F∗ S′ S A a b #
S′ 1 1 0 1 0 1
S 0 1 0 1 0 0
A 0 0 1 1 0 0
a 0 0 0 1 0 0
b 0 0 0 0 1 0
# 0 0 0 0 0 1

Az F+ mátrixból és a Nε={S,A} halmazból:
FIRST1(S) = {a, ε}, FIRST1(A) = {a, ε}.
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Warshall-algoritmus reláció tranzitív lezártjának a kiszámítására

Warshall(A)

1. R := A
2. for k = 1 to n
3. do for i = 1 to n
4. do for j = 1 to n
5. do if rik = 1 és rkj = 1
6. then rij := 1
7. return R

4



B reláció:

S ′ → S#, innen következik SB#

S → aAb, ahonnan
aBA
aBb (mert A ∈ Nε)
ABb

A→ aAb

B S ′ S A a b #

S ′ 0 0 0 0 0 0
S 0 0 0 0 0 1
A 0 0 0 0 1 0
a 0 0 1 0 1 0
b 0 0 0 0 0 0
# 0 0 0 0 0 0

L reláció:

S ′ → S#, innen következik #LS ′

S → aAb, ahonnan bLS

A→ aAb, ahonnan bLA

L S ′ S A a b #

S ′ 0 0 0 0 0 0
S 0 0 0 0 0 0
A 0 0 0 0 0 0
a 0 0 0 0 0 0
b 0 1 1 0 0 0
# 1 0 0 0 0 0

L S′ S A a b #
S′ 0 0 0 0 0 0
S 0 0 0 0 0 0
A 0 0 0 0 0 0
a 0 0 0 0 0 0
b 0 1 1 0 0 0
# 1 0 0 0 0 0

L+ S′ S A a b #
S′ 0 0 0 0 0 0
S 0 0 0 0 0 0
A 0 0 0 0 0 0
a 0 0 0 0 0 0
b 0 1 1 0 0 0
# 1 0 0 0 0 0

L∗ S′ S A a b #
S′ 1 0 0 0 0 0
S 0 1 0 0 0 0
A 0 0 1 0 0 0
a 0 0 0 1 0 0
b 0 1 1 0 1 0
# 1 0 0 0 0 1

L∗BF∗ =

S ′ S A a b #

S ′ 0 0 0 0 0 0
S 0 0 0 0 0 1
A 0 0 0 0 1 0
a 0 0 0 0 1 0
b 0 0 0 0 1 1
# 0 0 0 0 0 1

FOLLOW1(S) = {#}
FOLLOW1(A) = {b}
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LL(1)-elemz® táblázat készítése

(1) S → aAb
(2) S → ε
(3) A→ aAb
(4) A→ ε

FIRST1(S) = {a, ε}
FIRST1(A) = {a, ε}.

FOLLOW1(S) = {#}
FOLLOW1(A) = {b}

S A a b #

S (aAb, 1) (ε, 2)

A (aAb, 3) (ε, 4)

a pop

b pop

# elfogad
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aabb elemzése

(aabb#, S#, ε)
(aAb,1)−−−−→ (aabb#, aAb#, 1)
pop−−→ (abb#, Ab#, 1)
(aAb,3)−−−−→ (abb#, aAbb#, 13)
pop−−→ (bb#, Abb#, 13)
(ε,4)−−→ (bb#, bb#, 134)
pop−−→ (b#, b#, 134)
pop−−→ (#, #, 134)
elfogad−−−−→ OK

Levetés: S ⇒ aAb⇒ aaAbb⇒ aabb

aba elemzése

(aba#, S#, ε)
(aAb,1)−−−−→ (aba#, aAb#, 1)
pop−−→ (ba#, Ab#, 1)
(ε,4)−−→ (ba#, b#, 14)
pop−−→ (a#, #, 14)
−→ HIBA

ε elemzése

(#, S#, ε)
(ε,2)−−→ (#, #, 2)
elfogad−−−−→ OK
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Példa.
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Példa LL(1) elemzésre

(0) S ′ → S#
(1) S → Bb
(2) S → Cd
(3) B → aB
(4) B → ε
(5) C → cC
(6) C → ε
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F S ′ S B C a b c d #

S ′ 0 1 0 0 0 0 0 0 0

S 0 0 1 1 0 1 0 1 0

B 0 0 0 0 1 0 0 0 0

C 0 0 0 0 0 0 1 0 0

a 0 0 0 0 0 0 0 0 0

b 0 0 0 0 0 0 0 0 0

c 0 0 0 0 0 0 0 0 0

d 0 0 0 0 0 0 0 0 0

# 0 0 0 0 0 0 0 0 0

F+ S ′ S B C a b c d #

S ′ 0 1 1 1 1 1 1 1 0

S 0 0 1 1 1 1 1 1 0

B 0 0 0 0 1 0 0 0 0

C 0 0 0 0 0 0 1 0 0

a 0 0 0 0 0 0 0 0 0

b 0 0 0 0 0 0 0 0 0

c 0 0 0 0 0 0 0 0 0

d 0 0 0 0 0 0 0 0 0

# 0 0 0 0 0 0 0 0 0

F ∗ S ′ S B C a b c d #

S ′ 1 1 1 1 1 1 1 1 0

S 0 1 1 1 1 1 1 1 0

B 0 0 1 0 1 0 0 0 0

C 0 0 0 1 0 0 1 0 0

a 0 0 0 0 1 0 0 0 0

b 0 0 0 0 0 1 0 0 0

c 0 0 0 0 0 0 1 0 0

d 0 0 0 0 0 0 0 1 0

# 0 0 0 0 0 0 0 0 1

Nε = {B,C}

FIRST (S) = {a, b, c, d}
FIRST (B) = {a, ε}
FIRST (C) = {c, ε}
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B S ′ S B C a b c d #

S ′ 0 0 0 0 0 0 0 0 0

S 0 0 0 0 0 0 0 0 1

B 0 0 0 0 0 1 0 0 0

C 0 0 0 0 0 0 0 1 0

a 0 0 1 0 0 0 0 0 0

b 0 0 0 0 0 0 0 0 0

c 0 0 0 1 0 0 0 0 0

d 0 0 0 0 0 0 0 0 0

# 0 0 0 0 0 0 0 0 0

L S ′ S B C a b c d #

S ′ 0 0 0 0 0 0 0 0 0

S 0 0 0 0 0 0 0 0 0

B 0 0 1 0 0 0 0 0 0

C 0 0 0 1 0 0 0 0 0

a 0 0 1 0 0 0 0 0 0

b 0 1 0 0 0 0 0 0 0

c 0 0 0 1 0 0 0 0 0

d 0 1 0 0 0 0 0 0 0

# 1 0 0 0 0 0 0 0 0
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L+ S ′ S B C a b c d #

S ′ 0 0 0 0 0 0 0 0 0

S 0 0 0 0 0 0 0 0 0

B 0 0 1 0 0 0 0 0 0

C 0 0 0 1 0 0 0 0 0

a 0 0 1 0 0 0 0 0 0

b 0 1 0 0 0 0 0 0 0

c 0 0 0 1 0 0 0 0 0

d 0 1 0 0 0 0 0 0 0

# 1 0 0 0 0 0 0 0 0

L∗ S ′ S B C a b c d #

S ′ 1 0 0 0 0 0 0 0 0

S 0 1 0 0 0 0 0 0 0

B 0 0 1 0 0 0 0 0 0

C 0 0 0 1 0 0 0 0 0

a 0 0 1 0 1 0 0 0 0

b 0 1 0 0 0 1 0 0 0

c 0 0 0 1 0 0 1 0 0

d 0 1 0 0 0 0 0 1 0

# 1 0 0 0 0 0 0 0 1

L∗BF ∗ S ′ S B C a b c d #

S ′ 0 0 0 0 0 0 0 0 0

S 0 0 0 0 0 0 0 0 1

B 0 0 0 0 0 1 0 0 0

C 0 0 0 0 0 0 0 1 0

a 0 0 1 0 1 1 0 0 0

b 0 0 0 0 0 0 0 0 1

c 0 0 0 1 0 0 1 1 0

d 0 0 0 0 0 0 0 0 1

# 0 0 0 0 0 0 0 0 0

FOLLOW (S) = {#}
FOLLOW (B) = {b}
FOLLOW (C) = {d}
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(1) S → Bb
(2) S → Cd
(3) B → aB
(4) B → ε
(5) C → cC
(6) C → ε

FIRST (S) = {a, b, c, d}
FIRST (B) = {a, ε}
FIRST (C) = {d, ε}

FOLLOW (S) = {#}
FOLLOW (B) = {b}
FOLLOW (C) = {d}

a b c d #

S (Bb, 1) (Bb, 1) (Cd, 2) (Cd, 2)

B (aB, 3) (ε, 4)

C (cC, 5) (ε, 6)

a pop

b pop

c pop

d pop

# elfogad
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a b c d #

S (Bb, 1) (Bb, 1) (Cd, 2) (Cd, 2)

B (aB, 3) (ε, 4)

C (cC, 5) (ε, 6)

a pop

b pop

c pop

d pop

# elfogad

aab elemzése

(aab#, S#, ε)
(Bb,1)−−−→ (aab#, Bb#, 1)
(aB,3)−−−→ (aab#, aBb#, 13)
pop−−→ (ab#, Bb#, 13)
(aB,3)−−−→ (ab#, aBb#, 133)
pop−−→ (b#, Bb#, 133)
(ε,4)−−→ (b#, b#, 1334)
pop−−→ (#, #, 1334)
elfogad−−−−→OK

Levezetés: S ⇒ Bb⇒ aBb⇒ aaBb⇒ aab

bab elemzése

(bab#, S#, ε)
(Bb,1)−−−→ (bab#, Bb#, 1)
(ε,4)−−→ (bab#, b#, 14)
pop−−→ (ab#, #, 14)
−→ HIBA
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