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Preliminary Definitions

Phrase structure grammar

Phrase structure grammar is a quadruple G = (N, T, P, S), where:
e Nand T are alphabets,
e S e Nis the start symbol and
« Pis a finite set of productions of the form o — /3, where:

e v e NT
o fe(NUT)*

Derivation

Ifa — € P,u=xay,v=xpyandx,y € (TUN)* then
u= viae — (] or simply u=v.

M.Cermak (FIT BUT C2) TID presentation 2/2 December 2008 3/17



Preliminary Definitions

Niet(P)

Ner(P)={a|ae N, (NUT)*, a— 3 € P}

Let P = {S — BA, BA — AAc, AA — aAC, AC — ac, AC — acBA}
then Nex(P) = {S, BA, AA, AC}

If V is total alphabet, W C V and w € V*, then occur(w, W) denotes
the number of occurrences of symbols of W in w

Example
Let W = {a, B, C, S} and w = aacaaBAcc, then occur(w, W) =5
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Two Derivation Restrictions

Derivation Restriction

Let:
e G= (N, T ,P,S)be aphrase structure grammar,
e V= NUT be the total alphabet of G,
o /[ >1.

Ifthereisa — € P, u = xpaxy, and v = xg(xq, where:
e xg € T*N*,
e xq € V¥,

e occur(xpa, N) < |,
then u ;&= v[a — 3] in G or simply u ;o= v

=" and =" denote transitive-reflexive and transitive closure of
o=, respective.
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Two Derivation Restrictions

Let m > 1. W(m) denotes the set of all strings x € V*, where
o x € (T*N*)™T*

e aaBadCcb € W(3),
e BBCD € W(3),
e BBaBAASaaCaC ¢ W(3)

Letu,ve V*andu=v. I[fu,v e W(m),then u o= v.
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Two Derivation Restrictions

W(m, h)

Let m, h > 1. W(m, h) denotes the set of all strings x € V*, where
e x e (T*N*)"T*
o (y € sub(x) A |y| > h) implies alph(y)N' T # ()

e aaBadCcb € W(3,1),

e BBCD ¢ W(3,1),

e BBaBAASaaCaC ¢ W(3,1)
e BaAaaCaC ¢ W(3,1)

Letu,ve V:and u= v. If u,v € W(m,h), then u o= v.
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Two Derivation Restrictions

CD Grammar System

CD grammar system is (n + 3)-tuple

r=(N,T,S, Pq,...,Pn),

where:
e N, T are alphabets, where T N N # (),
e V=NUT,

e S e N is start nonterminal, and
o forevery1 <i<n,wheren>1,Gi=(N,T,S,Pj)isa
phrase-structure grammar.
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Two Derivation Restrictions

Derivation modes

Letlr =(N,T,S,Ps,...,Pn)is CD grammar system and =€ R,
where R = {;=, no=, No=1.
e Foralli=1,2,...,n, terminating derivation by the i-th
component, denoted :>fgi, defined by

x:>f,iy iff x=p y there is no z € ™ with y=p 2.

e Foralli=1,2,...,n, k-step derivation by the i-th component,
denoted =5/, defined by

x=py iff there are xi,..., X1 € (NU T)* such that
X=X,y = X1, and Vj =1,... K, Xj=pXjj1.
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Two Derivation Restrictions

Derivation modes

e Foralli=1,2,..., n, the at most k-step derivation by the i-th
component, denoted :>,§ik, defined by

x=p/y iff x=5K'y for some k' < k.

Derivation modes D

Let D = {*,t} U{< k,= k, > k|k € N*}

CD grammar system language

L(M) = {w € T*|s;»§,i1w1;»§,i2 o=p o wm=w,m>1,1<j<m,
1<i<n}
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Two Derivation Restrictions

CD grammar system with control language

For a CD grammar system ' = (N, T, S, Py, ..., P,) and a control
language L, we set

L t t t
1_]eft£t(r) = {W < T*’S /0#,3’,1 Wy /@Piz Ce /@Pip Wp =Ww,

L h t h t h t
nonter Lt (F,myh) = {we T*|Smo:>,pi1 Wi mo=p, .- m°:>P,»p Wp =W,

L t t t
nonterﬁt(rvm) = {W € T*’Smo:>P,-1 Wy mo:>P,-2 mo:>P,-p Wp =W,
left—mostEL rmh = T*1S h t w. h t h t Wo— W
nonter t( g Uity ) - {WG ’ mo:>P,v1 1mOZ>P,2 "'mo:>P,-p p— "

p2171 Sljgn71 S./Spv ’1’2’pEL7

and all o=, are left-most wrt. P;
m P,1 k
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Language Families

Language Families

Let GSs denote the family of all CD grammar systems. Let
I,m, h > 1. Define the following language families:

11t GSFEC = {1 LH(M) : T € GSs, L € REG}

nonter GSPEG(m, h) = {noner L5(T, m, h) : T € GSs, L € REG}
nonter GSFEC(M) = {noner L5(T, m) : T € GSs, L € REG}

1. CF = 1t GSFEC,
2. RE = nonterGSﬁEG(1 )’
3. 8Gm 2 nonter GSIEG(m, 1).
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Language Families

CF = I-left GSﬁEG

For every CD grammar system T, every finite automaton M and every
| > 1, there is a pushdown automaton M, such that

LM) = e £5M(T).

« M simulates t-mode derivations of I regulated by M,
« States of M are composed of 4 elements:

1.

2.
38
4.

contains first o symbols from the first continuous block of
nonterminal for o < /,

stage of simulated derivation step,

state of M,

index of an active component of I".
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Language Families

CF = 1. GSJIECG

Algorithm 1/2

In: T=(N,T,S,Py,...,P,), M= (Q,%,5,5,F) and | > 1
OUt: M = (Qa Z,Z, 67 307207 F) Where ( ) — 1eftL£(M)(r)
Algorithm:

Q= {so, f}U{[7,5,51 : yeN" || <Ise
{q,r,e},s€ Q,ie{1...n}}

=T
Z = TUNU{Z()}
F= {f}

0: next slide
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:
1. 80— [S,q,%0, il st. v o= o
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:
1. 80— [S,q,%0, il st. v o= o
2. ify € N*and |y| < Ithen [y, q,s,i] — (v')Pe, r, s, ]
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:
1. 80— [S,q,%0, il st. v o= o
2. ify € N*and |y| < Ithen [y, q,s,i] — (v')Pe, r, s, ]
3. ale,r,s,ila— [e, r,s,l]
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:

1.

so— [S,q,%0, i, sit. v o=

2. ify € N*and |y| < Ithen [y, q,s,i] — (v')Pe, r, s, ]
8.
4. if si— s’ € 6 forsome s’ € F then zle, r,s,i] — f

ale, r,s,lla— [e,r,s,i]
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:

1.

so— [S,q,%0, i, sit. v o=

2. ify € N*and |y| < Ithen [y, q,s,i] — (v')Pe, r, s, ]

3. ale,r,s,ila— [e,r,s,i]

" —

5. ifAc Nand o < /then A[A1... Ao, 1, S,i] — [A1... AA, 1,8, 1]

if si — s’ € 6 forsome s’ € F then zle, r,s,i] — f
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:

1.

RSN

so— [S,q,%0, i, sit. v o=

if vy € N* and |y| < I then [y, q,s,i] — (v)F[e, r, s, ]
ale,r,s,ila— |[e,r,s,i]

if si — s’ € 6 forsome s’ € F then zle, r,s,i] — f

if Ac Nand o < /then A[A;... Ao, I, S,i] — [A1... AA, 1,8, 1]
[Ar .. AL, s, 0] — [Ar... A, 68, 1]
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:

1.

N oA ©N

so— [S,q,%0, i, sit. v o=

if vy € N* and |y| < I then [y, q,s,i] — (v)F[e, r, s, ]
ale,r,s,ila— |[e,r,s,i]

if si — s’ € 6 forsome s’ € F then zle, r,s,i] — f

if Ac Nand o < /then A[A;... Ao, I, S,i] — [A1... AA, 1,8, 1]
[Ar .. AL, s, 0] — [Ar... A, 68, 1]

ifo</andaec T then alAs...A,r,s, il — alAr... A, e, s,
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:

1.

PN OA WD

so— [S,q,%0, i, sit. v o=

if vy € N* and |y| < I then [y, q,s,i] — (v)F[e, r, s, ]
ale,r,s,ila— |[e,r,s,i]

if si — s’ € 6 forsome s’ € F then zle, r,s,i] — f

if Ac Nand o < /then A[A;... Ao, I, S,i] — [A1... AA, 1,8, 1]
[Ar .. AL, s, 0] — [Ar... A, 68, 1]

ifo</andaec T then alAs...A,r,s, il — alAr... A, e, s,
if o < Ithen z[A1... A, 1, 8,i] — Z0[A1... A, €,8,1]
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:

1.

$°9°.\‘.C”Sﬂ.4>9°!\’

so— [S,q,%0, i, sit. v o=

if vy € N* and |y| < I then [y, q,s,i] — (v)F[e, r, s, ]

a[s r,s,ila— [e,r,s,i]

|f$/es eoforsomes ¢ F then z[e, r,s,i] — f

if Ac Nand o < /then A[A;... Ao, I, S,i] — [A1... AA, 1,8, 1]
[Ar .. AL, s, 0] — [Ar... A, 68, 1]

ifo</andaec T then alAs...A,r,s, il — alAr... A, e, s,
if o < /then z[A1... A, r,s,i] — zo[A1 AL e, s, 1]

if sub() N Nierr(P;) = 0 and si — s’ € 6 then

[v.e,8.1] = [v.q.5,7]
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Language Families

CF = 11 GS[TEC

Algorithm 2/2

o contains rules of the following forms:

1.

$°9°.\‘.C”Sﬂ.4>9°!\’

—
=

so— [S,q,%0, i, sit. v o=

if vy € N* and |y| < I then [y, q,s,i] — (v)F[e, r, s, ]

a[s r,s,ila— [e,r,s,i]

|f$/es eoforsomes ¢ F then z[e, r,s,i] — f

if Ac Nand o < /then A[A;... Ao, I, S,i] — [A1... AA, 1,8, 1]
[A1...A,r, s 0] — [Ar... A, e 8,1

ifo</andaec T then alAs...A,r,s, il — alAr... A, e, s,
if o < /then z[A1... A, r,s,i] — zo[A1 AL e, s, 1]

if sub(y) N Nier(P;) = 0 and si — s’ € § then

[v.e,8.1] = [v.q.5,7]

if sub(y) N Nier(P7) # 0 then [, e, s,i] — [v,q, S, i]
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RE
RE = nonterGSt G(1)

¢ Any recursively enumerable language L is generated by a
grammar G in the Geffert normal form:
e G=({S,A B,C}, T,PU{ABC — ¢}), where
e P contains context-free productions of the form:
e S— uSa
e S— uSv
e S— uv
where u € {A,AB}*, v e {BC,C}*,andae T
e any terminal derivation is of the form S =* w;wow by P where
o w € {A AB}*
e w € {BC,C}*
e weT"
e wiwow =" wby ABC — ¢
e Gis a CD grammar system with one component. Set the control
language to be {1}*.
 then, the theorem holds.
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Language Families

|
Thank you.
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