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 SCG G1 = (V,T,P1,S)
 V – total alphabet
 T – terminal, T⊂V
 P1 – productions

(A1,...,An) →(w1,...,wn), A1...An є V\T,  
w1,...,wn є V*

 S – starting nonterminal, S єV\T
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 We are interested in deterministic SCG 
compilers. Thus we have to use LL/LR SCG 
grammars. 

 We want to work only with the pushdown 
top.
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 Deep pushdown (DPDA) with certain 
limitation and modification.

 Regulated pushdown automata.
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 Process only necessary part of production 
and the rest mark to be processed later.
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 SCG G1 = (V,T,P1,S)
 V – total alphabet
 T – terminal, T⊂V
 P1 – productions
(A1,...,An) → (w1,...,wn),
A1...An є V\T,  
w1,...,wn є V

 S – starting nonterminal, S є V\T
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7

S

a b c P = 
{

p1: S → AB 
p2: A → a
p3: B → bC
p4: C → c

}

S → AB

CFG G1 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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B

A

a b c P = 
{

p1: S → AB 
p2: A → a
p3: B → bC
p4: C → c

}

A → a

CFG G1 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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B

a

a b c P = 
{

p1: S → AB 
p2: A → a
p3: B → bC
p4: C → c

}

CFG G1 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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B

a b c P = 
{

p1: S → AB 
p2: A → a
p3: B → bC
p4: C → c

}

CFG G1 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}

B → bC
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C

b

a b c P = 
{

p1: S → AB 
p2: A → a
p3: B → bC
p4: C → c

}

CFG G1 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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C

a b c P = 
{

p1: S → AB 
p2: A → a
p3: B → bC
p4: C → c

}

CFG G1 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}

C → c
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c

a b c P = 
{

p1: S → AB 
p2: A → a
p3: B → bC
p4: C → c

}

CFG G1 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}



14

a b c P = 
{

p1: S → AB 
p2: A → a
p3: B → bC
p4: C → c

}

CFG G1 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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S

a b c d P = 
{

p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

}(S) → (ABCD)

SCG G2 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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D

A

B

C

a b c d P = 
{

p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

}

(A,C) → (a,c)

SCG G2 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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D

a

B

c

a b c d P = 
{

p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

}

SCG G2 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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D

B

c

a b c d P = 
{

p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

}
(B,D) → (b,d)

SCG G2 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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d

b

c

a b c d P = 
{

p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

}

SCG G2 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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d

c

a b c d P = 
{

p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

}

SCG G2 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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d

a b c d P = 
{

p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

}

SCG G2 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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a b c d P = 
{

p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

}

SCG G2 = (V,T,P,S)
V = {a,b,c,A,B,C,S}
T = {a,b,c}
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S

a b c d

Productions :
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:
(S) → (ABCD)
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D

A

B

C

a b c d

Productions:
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:

p1

(A,C) → (a,c)
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D

a

B

C

a b c d

Productions :
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:
(C) → (c) part of p2

p1
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D

B

C

a b c

Productions :
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:
(C) → (c) part of p2

p1 p2

d

(B,D) → (b,d)
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D

b

C

a b c

Productions :
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:
(C) → (c) part of p2
(D) → (d) part of p3

p1 p2

d
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D

C

c d

Productions :
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:
(C) → (c) part of p2
(D) → (d) part of p3

p1 p2 p3

ba

(A,C) → (a,c)
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D

c

c d

Productions :
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:
(D) → (d) part of p3

p1 p2 p3

ba
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D

a

Productions :
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:
(D) → (d) part of p3

p1 p2 p3

b c d

(B,D) → (b,d)
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d

a

Productions :
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:

p1 p2 p3

b c d
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a

Productions :
p1: (S) → (ABCD) 
p2: (A,C) → (a,c)
p3: (B,D) → (b,d)

Delayed productions:

p1 p2 p3

b c d



 Let X = x1A1x2A2 . . . xnAnxn+1 be a sentential form, Ai ∈V \T, 
xi ∈ (V \{Ai})

∗, xn+1 ∈V∗, for some n ≥ 1, j is a number of 
derivation step and pj : (A1,A2, . . . ,An) → (w1,w2, . . . ,wn) ∈ P 
is an SCG production used in the j-th derivation step. 

Function hj(X) stands for the leftmost application of the SCG 
production used in the j-th derivation step that is:

 hj(X) = hj(x1A1x2A2 . . . xnAnxn+1) = x1w1x2w2 . . . xnwnxn+1
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34

u A1 α1 A2 α2 ... αk Ak+1 αk+1
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u A1 α1 A2 α2 ... αk Ak+1 αk+1

u β1 α1 β2 α2 ... αk βk+1 αk+1



 Let X = x1A1x2A2 . . . xnAnxn+1 be a sentential 
form, Ai ∈V \T, xi ∈ (V \{Ai})∗, xn+1 ∈V∗, for 
some n ≥ 1, j is a number of derivation step 
and pj : (A1,A2, . . . ,An) → (w1,w2, . . . ,wn) ∈ P 
is an SCG production used in the j-th
derivation step, m ∈ {1, . . . , n + 1}.
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 gj(m,X) = 

 wmgj(m + 1,X[2 :]) for m ≤ n,X[1] = Am,

 X[1]gj(m,X[2 :]) for m ≤ n,X[1] != Am,

 ε for m > n, |X| = 0,

 X[1] gj(m,X[2 :]) for m > n, |X| > 1,

 X[1] for m > n, |X| = 1.
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38

u A1 α1 A2 α2 ... αk Ak+1 αk+1
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u A1 α1 A2 α2 ... αk Ak+1 αk+1

u



40

u A1 α1 A2 α2 ... αk Ak+1 αk+1

u β1
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u A1 α1 A2 α2 ... αk Ak+1 αk+1

u β1 α1
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u A1 α1 A2 α2 ... αk Ak+1 αk+1

u β1 α1 β2
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u A1 α1 A2 α2 ... αk Ak+1 αk+1

u β1 α1 β2 α2
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u A1 α1 A2 α2 ... αk Ak+1 αk+1

u β1 α1 β2 α2 ...
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u A1 α1 A2 α2 ... αk Ak+1 αk+1

u β1 α1 β2 α2 ... αk
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u A1 α1 A2 α2 ... αk Ak+1 αk+1

u β1 α1 β2 α2 ... αk βk+1
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u A1 α1 A2 α2 ... αk Ak+1 αk+1

u β1 α1 β2 α2 ... αk βk+1 αk+1



 g(1, uA1α1 . . . αkAk+1αk+1) = 
h(uA1α1 . . . αkAk+1αk+1), i ∈ {1, . . . , k}

 for some 
k ∈ N, 
u ∈T∗, 
xi ∈ (V \{Ai+1})∗, 
(A1, . . . ,Ak+1) → (β1, . . . , βk+1) ∈ P
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 α ∈V∗ for some k ∈N
 gk(1, . . . g2(1, g1(1, α))) = hk(. . . h2(h1(α))), 
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 α ∈V∗ for some k ∈N
 gk(1, . . . g2(1, g1(1, α))) = hk(. . . h2(h1(α)))
 gk(1, . . . g2(1, α1))) = hk(. . . h2(α1))
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 α ∈V∗ for some k ∈N
 gk(1, . . . g2(1, g1(1, α))) = hk(. . . h2(h1(α)))
 gk(1, . . . g3(g2(1, α1))) = hk(. . . h3(h2(α1)))
 gk(1, . . . g3(1, α2))) = hk(. . . h3(α2))
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 α ∈V∗ for some k ∈N
 gk(1, . . . g2(1, g1(1, α))) = hk(. . . h2(h1(α)))
 gk(1, . . . g3(g2(1, α1))) = hk(. . . h3(h2(α1)))
 gk(1, . . . g3(1, α2)) = hk(. . . h3(α2))
 gk(1, αk-1) = hk(αk-1)
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 α ∈V∗ for some k ∈N
 gk(1, . . . g2(1, g1(1, α))) = hk(. . . h2(h1(α)))
 gk(1, . . . g3(g2(1, α1))) = hk(. . . h3(h2(α1)))
 gk(1, . . . g3(1, α2)) = hk(. . . h3(α2))
 gk(1, αk-1) = hk(αk-1)
 αk = αk
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 Lazy evaluation of gk+1(1, . . . g1(1, ω1 . . . ωm)) 
= hk+1(. . . h1(ω1 . . . ωm)),

 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 hk+1(. . . h2(h1(ω1 . . . ωm))) 
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 hk+1(. . . h2(h1(ω1 . . . ωm))) =
 hk+1(. . . h3(h2(ω’1 . . . ω’m)))
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 hk+1(. . . h2(h1(ω1 . . . ωm))) =
 hk+1(. . . h3(h2(ω’1 . . . ω’m))) =
 hk+1(. . . h3(ω’’1 . . . ω’’m))
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 hk+1(. . . h2(h1(ω1 . . . ωm))) =
 hk+1(. . . h3(h2(ω’1 . . . ω’m))) =
 hk+1(. . . h3(ω’’1 . . . ω’’m)) =
 ...
 hk+1(ω’’’1 . . . ω’’’m)
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 hk+1(. . . h2(h1(ω1 . . . ωm))) =
 hk+1(. . . h3(h2(ω’1 . . . ω’m))) =
 hk+1(. . . h3(ω’’1 . . . ω’’m)) =
 ...
 hk+1(ω’’’1 . . . ω’’’m) =
 ω’’’’1 . . . ω’’’’m
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 gk+1(1, . . . g2(1, g1(1, ω1 . . . ωm)))
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 gk+1(1, . . . g2(1, g1(1, ω1 . . . ωm))) =
 gk+1(1, . . . g2(1, ω’1 g1(1’, ω2 . . . ωm)))
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 gk+1(1, . . . g2(1, g1(1, ω1 . . . ωm))) =
 gk+1(1, . . . g2(1, ω’1 g1(1’, ω2 . . . ωm))) =
 gk+1(1, . . . ω’’1 g2(1’, g1(1’, ω2 . . . ωm)))
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 gk+1(1, . . . g2(1, g1(1, ω1 . . . ωm))) =
 gk+1(1, . . . g2(1, ω’1 g1(1’, ω2 . . . ωm))) =
 gk+1(1, . . . ω’’1 g2(1’, g1(1’, ω2 . . . ωm))) =
 ...
 gk+1(1, ω’’’1 gk(1’,. . . g2(1’, g1(1’, ω2 ...ωm))))
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 gk+1(1, . . . g2(1, g1(1, ω1 . . . ωm))) =
 gk+1(1, . . . g2(1, ω’1 g1(1’, ω2 . . . ωm))) =
 gk+1(1, . . . ω’’1 g2(1’, g1(1’, ω2 . . . ωm))) =
 ...
 gk+1(1, ω’’’1 gk(1’,. . . g2(1’, g1(1’, ω2 ...ωm))))=
 ω’’’’1 gk+1(1’, gk(1’,. . . g2(1’, g1(1’, ω2 ...ωm))))
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 ωi∈V, i ∈ {1, . . . ,m} for some m ≥ 1 and k ≥ 1.
 gk+1(1, . . . g2(1, g1(1, ω1 . . . ωm))) =
 gk+1(1, . . . g2(1, ω’1 g1(1’, ω2 . . . ωm))) =
 gk+1(1, . . . ω’’1 g2(1’, g1(1’, ω2 . . . ωm))) =
 ...
 gk+1(1, ω’’’1 gk(1’,. . . g2(1’, g1(1’, ω2 ...ωm))))=
 ω’’’’1 gk+1(1’, gk(1’,. . . g2(1’, g1(1’, ω2 ...ωm))))
 ...
 ω’’’’1 . . . ω’’’’m
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 Lazy evaluation of 
gm(1, gm−1(1, . . . g1(1, ω1 . . . ωj))) =
hm(hm−1(. . . h1(ω1 . . . ωj))) = w 
≡

ω1 . . . ωj ⇒
m w 

 w, ωi ∈V, i ∈ {1, . . . , j} for some j,m ∈ N.
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 Usage of function instead of derivation steps.
 Lazy evaluation of delayed execution of SCG 

has been presented.
 Equivalency of lazy evaluated delayed 

executed function and the function 
representing leftmost derivation over 
a sentential form.
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 Compilers using delayed execution of 
productions.

 To compare with existing implementations.
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