Ota Jirak and Dusan Kolar
FIT Brno Unversity of Technology

Scattered Context Grammar
via Lazy Function Evaluation




Scattered Context Grammar

SCGG,=(V,T,P,S)

V —total alphabet

T —terminal, TcV

P, — productions

(A,..., A) —=(w,...w.), A .. .A eWT,
W_,..., W, €V”

S —starting nonterminal, S eV\T



Motivation

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.



State Of The Art

Deep pushdown (DPDA) with certain
imitation and modification.
Regulated pushdown automata.




Basic Idea

Process only necessary part of production
and the rest mark to be processed later.



SCG

SCGG,=(V,T,P,S)

V —total alphabet

T —terminal, TcV

P, — productions

(A, A) — (W,..., W),

A... A, eV\T,

W,,..., W, €V

S —starting nonterminal, S e V\T



CFGG1=(V,T,P)S)
V ={a,b,c,AB,C,S}

T=1{a,b,c}

P=

{
p1: S — AB
p2:A—a
p3: B — bC

p4:C—cC




CFGG1=(V,T,P)S)
V ={a,b,c,AB,C,S}

T=1{a,b,c}

P=

{
p1: S — AB
p2:A—a
p3: B — bC

p4:C—cC




CFGG1=(V,T,P)S)
V ={a,b,c,AB,C,S}

T=1{a,b,c}

P=

{
p1: S — AB
p2:A—a
p3: B — bC

p4:C—cC




CFGG1=(V,T,P)S)
V ={a,b,c,AB,C,S}

T=1{a,b,c}

P=

{
p1: S — AB
p2:A—a
p3: B — bC

p4:C—cC




CFGG1=(V,T,P)S)
V ={a,b,c,AB,C,S}

T=1{a,b,c}

P=

{
p1: S — AB
p2:A—a
p3: B — bC

p4:C—cC




CFGG1=(V,T,P)S)
V ={a,b,c,AB,C,S}

T=1{a,b,c}

P=

{
p1: S — AB
p2:A—a
p3: B — bC

p4:C—cC




CFGG1=(V,T,P)S)
V ={a,b,c,AB,C,S}

T=1{a,b,c}

P=

{
p1: S — AB
p2:A—a
p3: B — bC

p4:C—cC




HEEE

CFGG1=(VTPS)

V ={a,b,c,A,B,CS}

T=1{a,b,c}

P=

{
p1: S — AB
p2:A—a
p3: B — bC
p4:C—cC



afofcld

(S) — (ABCD)

SCGG2=(V,T,P,S)
V ={a,b,c,A,B,CS}

p1: (S) — (ABCD)
p2: (A,C) — (a,0)
p3: (B,D) — (b,d)



afofcld

(A,C)— (3,0

SCGG2=(V,T,P,S)
V ={a,b,c,A,B,CS}

p1: (S) — (ABCD)
p2: (A,C) — (a,0)
p3: (B,D) — (b,d)



afofcld

SCGG2=(V,T,P,S)
V ={a,b,c,A,B,CS}

p1: (S) — (ABCD)
p2: (A,C) — (a,0)
p3: (B,D) — (b,d)



SCGG2=(V,T,P,S)
V ={a,b,c,A,B,CS}

p1: (S) — (ABCD)
p2: (A,C) — (a,0)
p3: (B,D) — (b,d)



SCGG2=(V,T,P,S)
V ={a,b,c,A,B,CS}

p1: (S) — (ABCD)
p2: (A,C) — (a,0)
p3: (B,D) — (b,d)



SCGG2=(V,T,P,S)
V ={a,b,c,A,B,CS}

p1: (S) — (ABCD)
p2: (A,C) — (a,0)
p3: (B,D) — (b,d)



SCGG2=(V,T,P,S)
V ={a,b,c,A,B,CS}

p1: (S) — (ABCD)
p2: (A,C) — (a,0)
p3: (B,D) — (b,d)



HEEE

SCGG2=(V,T,P,S)

V ={a,b,c,AB,C,S}

T=1{a,b,c}

P =

{
p1: (S) — (ABCD)
p2: (A,C) — (a,0)
p3: (B,D) — (b,d)

}



Example

Productions:

p1: (S) — (ABCD)
p2: (A,C) — (3,0)
p3: (B,D) — (b,d)

afofcld

(S) — (ABCD) Delayed productions:



Example

p1
Productions:

p1: (S) — (ABCD)
p2:(A,C) —(a,0)
p3: (B,D) — (b,d)

afofcld

(A,CQ)— (3,0

Delayed productions:



Example

p1
Productions :

p1: (S) — (ABCD)
p2:(A,C) —(a,0)
p3: (B,D) — (b,d)

afofcld

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



Example

p1p2

Productions :

p1: (S) — (ABCD)
p2:(A,C) —(a,0)
p3: (B,D) — (b,d)

(B,D) — (b,d) Delayed productions:
- - (C) — (c) part of p2



Example

p1p2

Productions :

p1: (S) — (ABCD)
p2:(A,C) —(a,0)
p3: (B,D) — (b,d)

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




Example

P1p2p3

Productions:

p1: (S) — (ABCD)
p2: (A,C) — (3,0)
p3: (B,D) — (b,d)

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




Example

P1p2p3

Productions:

p1: (S) — (ABCD)
p2: (A,C) — (3,0)
p3: (B,D) — (b,d)

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




Example

P1p2p3

Productions:

p1: (S) — (ABCD)
p2: (A,C) — (3,0)
p3: (B,D) — (b,d)

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




Example

P1p2p3

Productions:

p1: (S) — (ABCD)
p2: (A,C) — (3,0)
p3: (B,D) — (b,d)

Delayed productions:




Example

P1p2p3

Productions :
p1: (S) — (ABCD)

p3: (B,D) — (b,d)

Delayed productions:

HEEE



Regular Derivation

Let X =x A XA, ... X A X,,, be asentential form, A, EV\T,
x; € (V\{AD*, x,,, EV*, forsomen =1, jisanumberof
derivationstep and p;: (A, A, ... /A = (W,wW,, ... W) EP

is an SCG production used in the j-th derivation step.

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

hi(X) = hi(AXA, - X AX) = X W XOW,5 o XWX

33



Regular Derivation - Example

34
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Delayed Derivation Step 1/2

Let X =X, A XA, ... X A X, beasentential
form, A, eV\T, x. € (V\{A})* x,,,, EV*, for
some n 21, j is a number of derivation step
and p;: (AL A, ... ,A) = (W,w,, ..., W)EP
is an SCG production used in the j-th

derivation step, m€ {1, ..., n+1}.

36



Delayed Derivation Step 2/2

gJ(le) =
Wg;(m +1,X[2 :])
X[2]g(m, X[2 :]
£
X[1] g(m,X[2:])
X[1]

form s n,X[1]=A_,

form s n X[1]!'=A,,

form >n,
form > n,
form > n,

X
X
X

:OI
>1,

= 1.

37



Delayed Derivation - Example
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Delayed Derivation - Example




Delayed Derivation - Example




Delayed Derivation - Example




Delayed Derivation - Example




Delayed Derivation - Example
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Delayed Derivation - Example

44



45



46
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g(l, UA1a1 tet akAk+1ak+1) =
h(uAo, ... A ,,0.,.) 1Ef, ..., K
for some

k €N,

ueTr,

X; € (VAL

A, ..., A )P, .., B.)EP
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Lemma 2

o EV*forsomek €N
gu(1,...9,(2, 9,02, ) =h(..h,(h(a)),



Lemma 2

a €V*forsomek €N
9 (1, ... 95(1,9,(3, ) =h( ..h,(h(x)))
g (1, .. .9,(3, o)) =h.(...h,(a))



Lemma 2

o € V*forsome k €N
gi(1, - - - 95(1, g,(1, 00)))
9i(1, . . . 95(9,(1, ,)))
g (1, . .. 95(1, @,)))

(. .. h,(h(a)))
.. 13(h2(a1)))
(- - 13(a2))

| I | B
J
A~
—~



Lemma 2

o € V*forsome k €N
gi(1, - - - 95(1, g,(1, 00)))
9i(1, . . . 95(9,(1, ,)))
9i(1, . .. 95(1, @)
9k, ;)

(. .. h,(h(a)))
N (- - hy(hy(ay)))
N (.. hy(ay))

N (0 ,)




Lemma 2

oa €EV*forsomek €N

9i(1, - - - 95(3, 9,(3, @)))
9i(1, . . - 95(9,(1, ay)))

(. .. h,(h(a)))
N (- - hy(hy(ay)))

[ I | O | I | B |
J
A~
—~

9i(1, . .. 95(1, @) .. hy(a,))
9 (1, oy ,) N (o)
X X



Lemma 3 il

Lazy evaluation of g,.(2, ... 9.(2, W, ... Ww.))

=h,,,(...h(w,...w.)),
wEeEV,i€fs ... miforsomem=1andkz=1.
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Lemma 3 — Regular Derivation Ml

wEeEV,i€fs ... miforsomem=1andk=1.
he..(...h(h(w,...w.))
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Lemma 3 — Regular Derivation Ml

wEeEV,i€fs ... miforsomem=1andk=1.

h,.(...h(h(w,...w.,))=
Niea (- hy(hy (W)L w' )
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Lemma 3 — Regular Derivation Ml

wEeEV,i€fs ... miforsomem=1andk=1.

Voo (- - ho(h(w, ... w,)) =
o (- - hy(h (W' W' ) =
Naa (o Ny(W7 W™ )
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Lemma 3 — Regular Derivation Ml

wEeEV,i€fs ... miforsomem=1andk=1.

Voo (- - ho(h(w, ... w,)) =
o (- - hy(h (W' W' ) =
a7 W) =

hk+1(w”’1 o wlllm)
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Lemma 3 — Regular Derivation Ml

wEeEV,i€fs ... miforsomem=1andk=1.

Voo (- - ho(h(w, ... w,)) =
o (- - hy(h (W' W' ) =
a7 W) =

1117

he, (W™ ... w™ )=

i i1
W . W

1°° m
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Lemma 3 — Delayed Derivation Ul

wEeEV,i€fs ... miforsomem=1andk=1.
O, (1, .. 9,(2, 9,(1, W, ... Ww,)))



Lemma 3 — Delayed Derivation Ul

wEeEV,i€fs ... miforsomem=1andk=1.

Ok, (1, ... 9,(2,9,(1, W, ... W,))) =
Ok, (1, ... 9,(1, W, g, (2, W,...w,)))



Lemma 3 — Delayed Derivation Ul

wEeEV,i€fs ... miforsomem=1andk=1.
Ok, (1, ... 9,(2,9,(1, W, ... W,))) =

O, (1, ... 9,(1, W, g, (2, W,...w,))) =

O, (1, ... W' g,(1, g,(1', W, ... W)



Lemma 3 — Delayed Derivation Ul

wEeEV,i€fs ... miforsomem=1andk=1.

Ok, (1, ... 9,(2,9,(1, W, ... W,))) =
O, (1, ... 9,(1, W, g, (2, W,...w,))) =
O, (1, ... W' g2, g,(2, w,...w,))) =

Ji..(1, W, g (2,...9,(2", g,(2", w, ...w))))
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Lemma 3 — Delayed Derivation Ul

wEeEV,i€fs ... miforsomem=1andk=1.
Ok, (1, ... 9,(2,9,(1, W, ... W,))) =

O, (1, ... 9,(1, W, g, (2, W,...w,))) =

O, (1, ... W' g2, g,(2, w,...w,))) =

Ji.. (1, W, g (2,...9,(2", g,(2", w, ...w,))))=
w" g,.,(1, g.(2,...9,(2", g,(2", w, ...w0))))
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Lemma 3 — Delayed Derivation Ul

wEeEV,i€fs ... miforsomem=1andk=1.

Ok, (1, ... 9,(2,9,(1, W, ... W,))) =
O, (1, ... 9,(1, W, g, (2, W,...w,))) =
O, (1, ... W' g2, g,(2, w,...w,))) =

Ji.. (1, W, g (2,...9,(2", g,(2", w, ...w,))))=
w" g,.,(1, g.(2,...9,(2", g,(2", w, ...w0))))

11 11

w"” W

m
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Theorem

Lazy evaluation of
Im(L Om-a(2) - - - 94(2, W, ... W)))) =
h.(h._.(...h(w,... W))) =w

W,...w;=>"w

w,w EV,i€fa, ..., j}forsomejmeN.
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Conclusion

Usage of function instead of derivation steps.
_azy evaluation of delayed execution of SCG
nas been presented.

Equivalency of lazy evaluated delayed
executed function and the function
representing leftmost derivation over

a sentential form.
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Open Questions

Compilers using delayed execution of
productions.
To compare with existing implementations.
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