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TC Grammar vs. PCTC Grammar

TC (PCTC) Grammar is a pair (G,R) ((G,R)pc), Wwhere:
G = {N,T,P,S} is a context-free grammar
R € (NUT)" is a regular

* Language of TC Grammar
L(G,R) = {XEL(G) | there exists a derivation tree of x such

that each word obtained by concatenating all symbols
(except the last one) from left to right is in R}

*= Language of PCTC Grammar

L(G,R)pc = {XEL(G) | there exists a derivation tree of x
such that each word obtained by concatenating all symbols
from top to down is in R}
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I TC vs. PCTC - Illustration
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' TC vs. PCTC - Illustration
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|  What do we get by
controlling paths?

fegulEr

denitincrease




Why do we get what we get?

* |t's possible such PCTC grammar
to , SO that

= What does it mean?
His CFG =

L(H) € ACF) =
L(H) = L(G,R)pc =

= €
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Algorithm from (G,R),.to (H)

In , the =

there exists =(Q,2,R,s,F), such
VPeEP.:A—B,
= |fVi, i=1,2...n: then

<A, q,> — <B, s A>

If it holds that and then
to P,
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Example from (G,R),.to (H)

Consider ,G=(N, T, P, S) where

= N=1{S, A, B, C}

= T=1{a, b, c}

= P= , | 3, |b|BC, C—Cc|al

= R={SA*a, SB*b}

Note thatin R there are no symbols C or ¢

KAM, L(M) =R
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Example from (G,R),.to (H)

Algorithm
VPeP.:A—B,B,...B,
Vi, i=1,2...n: ,B—qg ,ER,, then
<A, q,>—<B,, qulA><Bz, ds,a>--<By g o>t0 Py

If it holds that B,ET then

dsAEFw
<B;, gga>— Bito P,
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Example from (G,R),.to (H)

Algorithm
VPEP,: A—BB,...B,
Vi, i=1,2...n: qABi—>qBiAERMthen
<A, qp>—<B,, qg o ><B,, Qg _a>...<B,, Qg 2>t0 Py

If it holds that B,ET then

dsAEFw
<B;, gga>— Bito P,
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Example from (G,R),.to (H)

Algorithm
VPEP,: A—BB,...B,
Vi, i=1,2...n: qABi—>qBiAERM then
<A, qp>—<B,, qg o ><B,, Qg _a>...<B,, Qg 2>t0 Py

If it holds that B,ET then
€ RM dsAEFw

= RM <Bj qg o> — Bito Py
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Example from (G,R),.to (H)

Algorithm
VPEP.: A—B.B,...B,
Vi, i=1,2...n: qAB—>qBAER then

<A, q,>—<B,, q; A><le dp_a > <B, s 9p_a>tOPy

If it holds that B,ET ‘then
S RIVI qBiAEF

= RM <Bj qg o> — Bito Py
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Example from (G,R),.to (H)

Algorithm
VPeP.:A—B,B,...B,
Vi, i=1,2...n: q\Bi—=qg AERy, then

S_)AB <A1 qA>_><B1I quA><le quA>"'<Bnl anA> to PH
If it holds that B,ET then
—
1A —2 ER, Gon€Fy
1B —4 € RM <B; gga>— Bito Py

= <5,1> — <A,2><B,4> € P,
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Example from (G,R),.to (H)

Algorithm
VPEP.:A—BB,..B,
Vi, i=1,2...n: qABi—>qBiAE R, then

S_)AB <A1 qA>_><B1I quA><le c182A>"'<Bnl anA> to PH
If it holds that B,ET then
—
1A —2 ER, Gon€Fy
1B —4 € RM <B; gga>— Bito Py

= <5,1> — <A,2><B,4> € P,

ER,,
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Example from (G,R),.to (H)

Algorithm
VPEP.:A—BB,..B,
Vi, i=1,2...n: qABi—>qBiAE R, then

S_)AB <A1 qA>_><B1I quA><le c182A>"'<Bnl anA> to PH
If it holds that B.€T.. then
1A —2€E€R e
M dsAEFw
1B —4 € RM <B; gga>— Bito Py

= <5,1> — <A,2><B,4> € P,

ERy,
ER,,
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Example from (G,R),.to (H)

Algorithm
VPEP.: A—B.B,...B,
Vi, i=1,2...n: qAB—>qBAER then

>—AB <A, qx>—<B, Qg o><B,, g p>...<B, Qg s> to Py,
If it holds that B,ET ‘then
1A _)2 E RM qBiAEF
1B —4 € RM <B; gga>— Bito Py

= <5,1> — <A,2><B,4> € P,

ERy,
ER,,
=
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Example from (G,R),.to (H)

Algorithm
VPEP.: A—B.B....B,
Vi, i=1,2...n: q,Bi—0g sERy, then

S—AB <A, qa>—<B,, Qg p><B, Gg_n>...<B,, Qg o> 10O Py
If it holds that B;ET then
1A —2 E RM qBiAEFM

<B,, Qga> — B, to P,

1B —4 €ERy,

= <5,1> — <A,2><B,4> € P,

2A —2 ERy,
€ Ry,

= <A, 2> —<A,2><3,3> EP ..

3EF, = EP, bs>
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Example from (G,R),.to (H)

S—AB
1A —2 ERy,
1B —4 ERy,
= <5,1> — <A, 2><B,4> € P,
A—Aa
2A —2 ER,,
2a >3 ERy,
= <A,2>—<A,2><3,3> € P
3EFy,=><3,3>—a€EP,

ER,,

= € P,
3€EF, = e P,

/@

Jiti Koutny, DIFS FIT VUT Brno  2008-11-19 49




Example from (G,R)p to (H)

B—Bb
4B —4 ERy,
4b—3 ERy,
= <B,4>—<B,4><b,3> € P

3€EFy = <b,3>—>bePy




Example from (G,R),.to (H)

B—Bb
4B —4 ER,y,
4b —3 ERy,
= <B,4> —<B,4><b,3> € P,
3EF,=><b,3>—>beEP,

SHNY
= € P,
3EF, = € Py,
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Example from (G,R),.to (H)

Algorithm
VPEP.:A—BB,..B,
Vi, i=1,2...n: qABi—>qBiAE R, then

B—Bb
4B —4 ER,y,

<A, qp>—<B,, qg o ><B,, Qg _a>...<B,, Qg 2>t0 Py
If it holds that B,ET then

dsAEFw
<B;, gga>— Bito P,

4b —3 E Ry,
= <B,4> —<B,4><b,3> € P,
3EF,=><b,3>—>beEP,
B—b
4b >3 ERy,
= <B, 4> —<b,3> € P,
3E€F,, = <b,3>—bEP, bs>

I/ /

no rulesin FAM = no new rules to P,
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Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where

m N:
m T =
- P

o
o
o
o
= R=

{S,A B, QG
{a, b, c}

S — AB,
A—Aala
B—Bb|b|BC
C—Cc|c

{SA*a, SB*b}

H=(N,T, P S), where

N = {<S,1>, <A, 2>, <B,4>, <a,3>, <b,3>}
T={a, b}
P

<S,1> — <A, 2><B, 4>
<A,2>— <A,2><3,3> | <3,3> <a,3>—a
<B,4>— <B,4><b,3> | <b,3> <b,3>—b

S=<5,1>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N,T,PS), where

= N={S,A B, C = N={<S5,1>, <A 2> <B,4> <a,3>, <b,3>}
= T={a, b, c} = T={a, b}
] P ] P

= S—AB, o <S5,1> — <A, 2><B, 4>

= A—Aa]la 5 <A2>— <A, 2><3,3> | <3,3> <a,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
© C—Cclc = S5=<S,1>

= R={SA*a, SB*b}
Possilbe derivation in (G,R).-

= S=>AB = AaB = aaB
= aaBb = aaBbb
= aabbb




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N,T,PS), where

= N={S,A B, C = N={<S5,1>, <A 2> <B,4> <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
] P ] P

= S—AB, o <S5,1> — <A, 2><B, 4>

= A—Aa]la 5 <A2>— <A, 2><3,3> | <3,3> <a,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
© C—=Cclc = S$=<5,1>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=>AaB=> aaB . <S,1> > <A,2><B, 4> = <A, 2><3,3><B, 4>
= aaBb = aaBbb = <A, 2>a<B,4> = <a,3>a<B, 4>
= aabbb = aa<B.4> = aa<B,4><b,2>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N,T,PS), where

= N={S,A B, C = N={<S5,1>, <A 2> <B,4> <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
] P ] P

= S—AB, o <5,1> — <A,2><B, 4>

= A—Aa]la ° o <A2> — <A, 2><3,3> | <a,3> <3,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
o C—)CClC n S=<S,1>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=>AB=AaB> aaB . <S,1> > <A,2><B, 4> = <A, 2><3,3><B, 4>
= aaBb = aaBbb = <A, 2>a<B,4> = <a,3>a<B,4>
= aabbb = aa<B.4> = aa<B,4><b,2>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N,T,PS), where

= N={S,A B, C = N={<S5,1>, <A 2> <B,4> <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
] P ™ P

= S—AB, o <S5,1> — <A, 2><B, 4>

= A—Aa]la o <A2>— <A,2><3,3> | <3,3> <3,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
© C—=Cclc = S$=<5,1>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S =AB=AaB=aaB = <5 1> <A, 2><B, 4> > <A, 2><3,3><B, 4>
= aaBb = aaBbb = <A, 2>a<B, 4> = <a,3>a<B, 4>
= aabbb = aa<B.4> = aa<B,s><b,3>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N,T,PS), where

= N={S, A, B,C * N={<5,1> <A,2>, <B,4>, <a,3> <b,3>}
= T={a, bl c} = T={q, b}
] P ] P

= S—AB, ° <5,1> —<A,2><B, 4>

= A—Aa]la ° <A,2>— <A, 2><3,3> | <3,3> <3,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
o C—)CClC n S=<S,1>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB= AaB= aaB m <5 0> <A, 2><B, 4> = <A,2><3a,3><B, 4>
= aaBb = aaBbb = <A, 2>a<B,4> = <a,3>a<B,4>
= aabbb = aa<B, 4> = aa<B,4><b,3>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N, T, PS), where

= N={S, A, B,C * N={<5,1> <A,2>, <B,4>, <a,3> <b,3>}
= T={a, bl c} = T={q, b}
] P ] P

= S—AB, @ <5,1> — <A,2><B, 4>

= A—Aa]la 0 <A2> — <A,2><3,3> | <3,3> <a,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
o C—)CClC n S=<S,1>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=AaB=aaB = 5 1> <A, 2><B, 4> = <A, 2><a,3><B, 4>
= aaBb = aaBbb = <A,2>a<B, 4> = <a,3>a<B, 4>
= aabbb = aa<B, 4> = aa<B,4><b,3>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N, T, PS), where

= N={S,A B, G = N=i{<5,1>, <A, 2>, <B,4>, <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
[ ] P ™ P

= S—AB, @ <5,1> — <A,2><B, 4>

= A—Aa]la ° <A,2>— <A, 2><3,3> | <3,3> <3,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
o C—)CClC n S=<S,1>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=AaB= aaB = 5 1> <A, 2><B, 4> = <A, 2><a,3><B, 4>
= aaBb = aaBbb = <A,2>a<B, 4> = <a,3>a<B, 4>
= aabbb =aa<B,g>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N, T, PS), where

= N={S,A B, G = N=i{<5,1>, <A, 2>, <B,4>, <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
[ ] P ™ P

= S—AB, @ <5,1> — <A,2><B, 4>

= A—Aa]la ° o <A2> — <A, 2><3,3> | <a,3> <3,3>—a
= B—Bb|b|BC o <B,4>— <B,4><b,3> | <b,3> <b,3>—b
o C—)CClC n S=<S,1>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=AaB= aaB = 5 1> <A, 2><B, 4> = <A, 2><a,3><B, 4>
= aaBb = aaBbb = <A,2>a<B, 4> = <a,3>a<B, 4>
= aabbb = aa<B, 4> = aa<B,4><b,3>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N, T, PS), where

= N={S,A B, G = N=i{<5,1>, <A, 2>, <B,4>, <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
[ ] P ™ P

= S—AB, @ <5,1> — <A,2><B, 4>

= A—Aa]la ° o <A2> — <A, 2><3,3> | <a,3> <3,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
m] C—)CClC [ ] S=<Sll>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=AaB= aaB = 5 1> <A, 2><B, 4> = <A, 2><a,3><B, 4>
= aaBb = aaBbb = <A,2>a<B, 4> = <a,3>a<B, 4>
= aabbb = aa<B,4> = aa<B,4><b,3>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N, T, PS), where

= N={S,A B, G = N=i{<5,1>, <A, 2>, <B,4>, <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
[ ] P ™ P

= S—AB, @ <5,1> — <A,2><B, 4>

= A—Aa]la ° o <A2> — <A, 2><3,3> | <a,3> <3,3>—a
= B—Bb|b|BC o <B,4>— <B,4><b,3> | <b,3> <b,3>—b
m] C—)CClC [ ] S=<Sll>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=AaB= aaB = 5 1> <A, 2><B, 4> = <A, 2><a,3><B, 4>
= aaBb = aaBbb = <A,2>a<B, 4> = <a,3>a<B, 4>
= aabbb = aa<B,4> = aa<B,4><b,3>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N, T, PS), where

= N={S,A B, G = N=i{<5,1>, <A, 2>, <B,4>, <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
[ ] P ™ P

= S—AB, @ <5,1> — <A,2><B, 4>

= A—Aa]la ° o <A2> — <A, 2><3,3> | <a,3> <3,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
m] C—)CClC [ ] S=<Sll>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=AaB= aaB = 5 1> <A, 2><B, 4> = <A, 2><a,3><B, 4>
= aaBb = aaBbb = <A,2>a<B, 4> = <a,3>a<B, 4>
= aabbb = aa<B,4> = aa<B,4><b,3>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N, T, PS), where

= N={S,A B, G = N=i{<5,1>, <A, 2>, <B,4>, <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
[ ] P ™ P

= S—AB, @ <5,1> — <A,2><B, 4>

= A—Aa]la ° o <A2> — <A, 2><3,3> | <a,3> <3,3>—a
= B—Bb|b|BC o <B,4>— <B,4><b,3> | <b,3> <b,3>—b
m] C—)CClC [ ] S=<Sll>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=AaB= aaB = 5 1> <A, 2><B, 4> = <A, 2><a,3><B, 4>
= aaBb = aaBbb = <A,2>a<B, 4> = <a,3>a<B, 4>
= aabbb = aa<B,4> = aa<B,4><b,3>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N, T, PS), where

= N={S,A B, G = N=i{<5,1>, <A, 2>, <B,4>, <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
[ ] P ™ P

= S—AB, @ <5,1> — <A,2><B, 4>

= A—Aa]la ° o <A2> — <A, 2><3,3> | <a,3> <3,3>—a
= B—Bb|b|BC @ <B,4>— <B,4><b,3> | <b,3> <b,3>—b
m] C—)CClC [ ] S=<Sll>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=AaB= aaB = 5 1> <A, 2><B, 4> = <A, 2><a,3><B, 4>
= aaBb = aaBbb = <A,2>a<B, 4> = <a,3>a<B, 4>
= aabbb = aa<B,4> = aa<B,4><b,3>




Summary from (G,R),. to (H)

(G,R)p, G=(N, T, P,S) where H=(N, T, PS), where

= N={S,A B, G = N=i{<5,1>, <A, 2>, <B,4>, <a,3>, <b,3>}
= T={a, bl c} = T={q, b}
[ ] P ™ P

= S—AB, @ <5,1> — <A,2><B, 4>

= A—Aa]la ° o <A2> — <A, 2><3,3> | <a,3> <3,3>—a
= B—Bb|b|BC ° <B,4>— <B,4><b,3>| <b,3> <b,3>—b
m] C—)CClC [ ] S=<Sll>

. R={SA*a, SB*b}
Possilbe derivation in (G,R).c  possible derivation in H

= S=AB=AaB= aaB = 5 1> <A, 2><B, 4> = <A, 2><a,3><B, 4>
= aaBb = aaBbb = <A,2>a<B, 4> = <a,3>a<B, 4>
= aabbb = aa<B,4> = aa<B,4><b,3>




Proof that L(G,R),. = L(H)
L(G,R)pc S L(H) L(H) € L(G,R)p

...by prof. Meduna



Less restrictive conditions

= What happens if we require that
At least one path €R
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Less restrictive conditions

= What happens if we require that
At least one path €R

At least two paths €R
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Less restrictive conditions

= What happens if we require that
At least one path €R

At least two paths €R
At least three paths €R

*
st
IIIIIIIIIII
e
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Less restrictive conditions

= What happens if we require that
At least one path €R

At least two paths €R
At least three paths €R

At least n paths €R

*
st
IIIIIIIIIII
e

Jifi Koutny, DIFS FIT VUT Brno  2008-11-19

72



Less restrictive conditions

It can be shown, that
then in it's derivation tree

Proof

LetG=(N, T, P S)beaCFG.

We can construct grammar

G'=({STU{[A]|A€EN}, NUT, S, P

P'={S"— S[S}U
{[A] — B[B]|A— uBvEP uveE(NUT)", ABEN}U
{[A] > a|A—uvaveP uveE(NUT),a€ET}

L(G') contains every possible path in G

Hence
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Controlling Paths by Linear

What happens if we
allow Control Language
to be Linear?

l“-
L] L} ]
0 G @
£ R RS 5
% S o ¢ o
*e ’.O Tea, l“‘ ** o
.. ... Smmnm “‘ "



|  What do we get?

fegulEr

denitinciease

lilneal;

significanElyAinerease



Example I: {a"b"c

G=({5,B,D},{a,b,c,d},P,S)

P={ S—aSd|aBd,
B— bBc|D

D — bc}

R={ StauS*du
S*B*b U S*B*c U
S"B"Db U S"B"Dc | n=1}

L= {a"b"c"d"|n=1}

dn|n>1} @
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Example I: {a"b"c"d"|n21}

o9

G=({5,B,D},{a,b,c,d},P,S)

P={ S—aSd|aBd,
B— bBc|D

D — bc}

R={ StauS*du
S*B*b U S*B*c U
S"B"Db U S"B"Dc | n=1}

L= {a"b"c"d"|n=1}
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Example I: {a"b"c"d"|n21}

P={ S—aSd|aBd,
B— bBc|D :

D — bc}

R={ StauS*du
S*B*b U S*B*c U
S"B"Db U S"B"Dc | n=1}

s

|
G=({SI BID}I{aI blcld}l PIS) : ?
s

L= {a"b"c"d"|n=1}
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Example I: {a"b"c"d"|n21}

G=({S,B,D},{a,b,c,d},P,S) :
P={ S—aSd|aBd,
B— bBc|D ;
D — bc}

R={ StauS*du
S*B*b U S*B*c U
S"B"Db U S"B"Dc | n21}

L= {a"b"c"d"|n=1}
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Example I: {a"b"c

G=({5,B,D},{a,b,c,d},P,S)

P={ S—aSd|aBd,
B— bBc|D

D — bc}

R={ StauS*du
S*B*b U S*B*c U
S"B"Db U S"B"Dc | n=1}

L= {a"b"c"d"|n=1}

"dn|n>1}
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Example I: {a"b"c

G=({5,B,D},{a,b,c,d},P,S)

P={ S—aSd|aBd,
B— bBc|D

D — bc}

R={ StauS*du
S*B*b U S*B*c U
S"B"Db U S"B"Dc | n=1}

L= {a"b"c"d"|n=1}

"dn|n>1}
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Example I: {a"b"c"d"|n21}

G=({5,B,D},{a,b,c,d},P,S)

P={ S—aSd|aBd,
B— bBc|D

D — bc}

R={ StauS*du
S*B*b U S*B*c U
S"B"Db U S"B"Dc | n=1}

L= {a"b"c"d"|n=1}
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2008-11-1
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Example I: {a"b"c"d"|n21}

G=({S,B,D},{a, blcld}l P,S)
P={ S—aSd|aBd,
B— bBc|D
D — bc}
R={ SfauS‘du
S*B*b U S*B*c U
S"B"Db U S"B"Dc¢ | n=1}

L= {a"b"c"d"|n=1}




Example II: {a"b"c"d"|n21}

G=({S,B,D},{a,b,c,d},P.S) : :
P={ S—aSd]|aBd, . p
B — bBc|D
D — bc} . q
R, = {S"B"Db | n>1}
b C
L= {a"b"c"d"|n=1}
b C

Note: In this case it’s sufficient to control
only one path.
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Example III: {a? |n>1}

G=(15,A},1a},P,5)

P={ S—>S|A,
A— AA | a}

R ={S"A"a | n>1}

L=fa2" | n=1}
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Example III: {a? |n>1}

G=(15,A},1a},P,5)

P={ S—>S|A,
A— AA | a}

R ={S"A"a | n>1}

L=fa2" | n=1}

?
B
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Example III: {a2'|n21}

G=(15,A},1a},P,5)

P={ S—S|A
A— AA | a}

R ={S"A"a | n>1}

L=fa2" | n=1}

00
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Example III

G=(15,A},1a},P,5)

P={ S—S|A
A— AA | a}

R ={S"A"a | n>1}

L=fa2" | n=1}

. {a2"|n>1}

o000
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2008-11

_19
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Example ITII:

G=({5,A},{a},P,5)

P={ S—>S|A,
A —> AA | al

R ={S"A"a | n>1}

L={a2"| n=1}

{a2"|n>1}

2000

N\
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Example III: {a? |n>1}

G=({5,A},{a},P,5)

P={ S—S|A,
A — AA|a}

R ={S"A"a | n=1}

L={a2" | n=1}




Example III: {a? |n>1}

G=({5,A},{a},P,5)

P={ S—S|A,
A — AA|a}

R ={S"A"a | n=1}

L={a2" | n=1}




Example III: {a? |n>1}

G=({5,A},{a},P,5)

P={ S—S|A,
A — AA|a}

R ={S"A"a | n=1}

L={a2" | n=1}




Example III: {a? |n>1}

G=({5,A},{a},P,5)

P={ S—S|A,
A — AA|a}

R ={S"A"a | n=1}

L={a2" | n=1}




Example III: {a? |n>1}

G=({5,A},{a},P,5)

P={ S—S|A,
A — AA|a}

R ={S"A"a | n=1}

L={a2" | n=1}




Example III: {a? |n>1}

G=({5,A},{a},P,5)

P={ S—S|A,
A — AA|a}

R ={S"A"a | n=1}

L={a2" | n=1}




\n|

Example III: {a‘>+21}

G=({5,A},{a},P,5)

P={ S—>S|A,
A —> AA | al

R ={S"A"a | n>1}
L #{a2" | n=1}

Note: In this case it's NOT
sufficient to control only one

path. ‘

a
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Example IV: {a"b"c"d"e"f"|n>1}

G=({S,X,U,Y,V},{a,b,c,d},P,S)

P={ S — aSf|aXYf,
X — bXc|U

U — bc
Y > dYe |V
V — de}
R = {S"X"Ub U S"Y"Vd | n=1}

L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient
to control only two paths.
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Example IV: {a"b"c"d"e"f"|n>1}

G=({S,X,U,Y,V},{a,b,c,d},P,S)

P={ S — aSf|aXYf,
X — bXc|U

U — bc
Y > dYe |V
V — de}
R = {S"X"Ub U S"Y"Vd | n=1}

L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient
to control only two paths.
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Example IV: {a"b"c"d"e"f"|n>1}

G=(IS,X,U,Y,V},{a,b,c,d},P.S) ©
P={  S—»aSf|axYf, |
X — bXc|U a ‘ f

U — bc / \

Y > dYe |V
V — de}
R, = {S"X"Ub U S"Y"Vd | n>1}

L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient
to control only two paths.
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Example IV: {a"b"c"d"e"f"|n>1}

G=(IS,X,U,Y,V},{a,b,c,d},P.S) ©
P={  S—»aSf|axYf, |
X — bXc|U a ‘ f

b N

Y > dYe|V

V — de} /
R, = {S"X"Ub U S"YnVd | n=1} ‘

L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient
to control only two paths.
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Example IV: {a"b"c"d"e"f"|n>1}

G=(IS,X,U,Y,V},{a,b,c,d},P.S) ©
P={  S—»aSf|axYf, |
X — bXc|U a ‘ f

U — bc / \
Y —dYe|V f
V — de} a /‘ ‘
R, = {S"X"Ub U S"YnVd | n=1} ‘
}
v

L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient
to control only two paths.
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Example IV: {a"b"c"d"e"f"|n>1}

G=(IS,X,U,Y,V},{a,b,c,d},P.S) ©
P={  S—»aSf|axYf, |
X — bXc|U a ‘ f

U — bc / \
Y —dYe|V f
V — de} a /‘ ‘
R, = {S"X"Ub U S"YnVd | n=1} ‘
}
v

L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient c
to control only two paths.
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Example IV: {a"b"c"d"e"f"|n>1}

G=(IS,X,U,Y,V},{a,b,c,d},P.S) ©
P={  S—»aSf|axYf, |
X — bXc|U a ‘ f

U — bc / \
Y —dYe|V f
V — de} a /‘ ‘\
R, = {S"X"Ub U S"YnVd | n=1} ‘
}
v

L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient c
to control only two paths.
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Example IV: {a"b"c"d"e"f"|n>1}

G=(1S,X,U,Y,V},1a,b,c,d}, P.S) o
P={  S—»aSf|axYf, |
X — bXc|U a ‘ f

U— bc / \
Y —dYe|V f
V—)dE} a /‘ ‘\

Ri={S™X"Ub US™YVd [n=1} (B (@) v
l l
U v

e
L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient c
to control only two paths.
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Example IV: {a"b"c"d"e"f"|n>1}

G=(1S,X,U,Y,V},1a,b,c,d}, P.S) o
P={  S—»aSf|axYf, |
X — bXc|U a ‘ f

U— bc / \
Y —dYe|V f
V—)dE} a /‘ ‘\

Ri={S™X"Ub US™YVd [n=1} (B (@) v
l l
U v

L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient 'y . d
to control only two paths.
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Example IV: {a"b"c"d"e"f"|n>1}

Gz({SIXI UIYIV}I {al bl C, d}l PI S)

P={ S — aSf|aXYf,
X — bXc|U

U — bc
Y —dYe |V
V — de}
R = {S"X"Ub U S"Y"Vd | n>1} (B

L= {a"b"c"d"e"f"|n>1}

Note: In this case it's sufficient
to control only two paths.

Jifi Koutny, DIFS FIT VUT Brno  2008-11-19 106



Controlling 1...n Paths

By controlling
at least
at least
at least

path(s) in derivation tree of x, x€EL(G), we can count
up to (for proof see [2])
up to
up to
which implies
All languages generated by can be generated by

There exists languages, which can be generated by
and can’t be generated by
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|| Concatenating Levels (Paths)

Concatenating Levels Concatenating Paths

POOE

N O



|| Concatenating Levels (Paths)

Concatenating Levels Concatenating Paths

POOE

N O



|| Concatenating Levels (Paths)

Concatenating Levels Concatenating Paths

POOE

I O



Concatenating Levels (Paths)




Concatenating Levels (Paths)




Concatenating Levels (Paths)




Concatenating Levels (Paths)




Concatenating Levels (Paths)
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Sub-Regularly Controlling

= What happens if we limit reqular

expressions -

© (%, .)—SRE
o (%, U)-SRE REG
(., U) - SRE
(., *) — SRE
(.)—SRE
(*) — SRE
(U) - SRE

O

O

O

|

O
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Questions
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FOR YOUR ATTENTION




