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| Simple Matrix Grammar | EGEH

A simple matrix grammar of degree n, n > 1, is (n + 3)-tuple:

G=(Ni,No,..., Ny, T,M,S)

Ny, Ny, ... Ny are the alphabets of nonterminals,

e Tis the alphabet of terminals, TN N; = 0, alT<i<n,
* M is the set of rewriting matrices in the form:
O (S—x). XeTr,
@(S—)A1A2.‘.An), AeN,1<i<n,
6(A]—>X1,A2—>X2,...,An—>Xn), X/G(N,‘UT),

Sis the start symbol, S & TU {Ny, No, ..., Nn}.
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| Generated Language |

¢ Based on the type of the type of grammar rules used, G is:
® Regular (without e-rules)
® Linear
° Context-Free (without e-rules)

Derivation Step

Letu= a1A1ﬁ,'a2A262 500 OznAn,Bn and v = a1X1BocinXo By . . . apXnfPn.
where a; € T*, Aie N, e (NNUT)*forall 1 <i<n.

If there exists (A1 = X1,...,An = Xn) € M, u derives v,

u=Vv.

Reflexive and transitive closure, =, is defined in the usual manner.

Generated Language
L(G)={xeT*|S="x}
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| Example | BEH

G= ({A}v {B}v {CJ, b}’ M, S)

® (S— AB)
® (A — aAb, B — aBb)
® (A— ab,B— ab)
S =1 AB=, aAb aBb =} aa"Ab"b aa"Bb"b
=, aa™'abb™'b aa™'abb™'b

Generated Language

L(G) = {a"b"a"b" | n > 1}
L(G) ¢ Z(CF)
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| Generative Power of SMG | KL

Determined by two properties — .Z(SM, X, n):
® Type of grammar rules used — X € {LIN, REG, CF}
o Z(X)=2(SM, X —¢,1),
* Z(SM,REG) C Z(SM,LIN) C .£(SM, CF) C Z(RE)
® Degree of the grammar - n
° Grammar of degree n cannot simulate one of degree (n+ 1)

4 (A] —>X1,A2—>X2,...,An—)Xn) € Mhn,
° (A= x,A = X, ..., An = Xn, T = Xni1) € Mp
Z(SM, X,n) c Z(SM,X,n+ 1) forn>1

* Infinite hierarchy for all grammar types and degrees
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| #-Rewriting System | G

A context-free #-rewriting system is the quadruple:

H=(Q,X%,sR)
* Qs the finite set of states,
* ¥ is the alphabet, #c¥r,Qnx =0,
* sis the starting state, se
* Ris the set of rewriting rules, RCAOxNx{#} xQxX*
Arule, (b,n,#,9,x) € R, where p,ge Q,ne N, x € X*, is written
as: P # — gx.

On the Relation Between Right-Linear #-Rewriting Systems and Simple Matrix Grammars | 7/17



| Generated Language |

Derivation Step

letx=pu#vandy =quwv,where p,ge Q, u,v,w € **,
such that occur(#, u) = n— 1.
If there exists p ,#+ — g w € R, then x derives y,

X =Y.

Reflexive and transitive closure, =*, is defined in the usual manner.

Generated Language
LHy={w|s#=*qw,qe Qw e (T —#)*}
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| Example | BEH

H=({sp,q.f},{a,b,c,#}.5,R)
O s# - p##
0 p# — qa#b
O qx# — p#cC
O p,#—~fab
@ \#—~fc

SH# =1 PHH# =0 Q O#DbF# =3 p A#b#C =4 Ff ab#C =5 f abc

Generated Language

L(H) = {a"b"c" | n > 1}
L(H) ¢ .Z(CF)
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| n-Right-Linear #-Rewriting System |

n-Right-Linear #Rewriting System
Let H = (&, %, s, R) be a context-free #-rewriting system and, in
addition, R satisfies

RC QxNx{#} x @x ((x —{#}){#} U (X —{#})")
then H is an n-right-linear #-rewriting system, n-RLIN#RS.

Generated Language
LH)={w|s#"="qw,qge Q we (X —#)"}
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| Relation Between Right-Linear SMG and #RS | il

L(N-RLIN#RS) = £(SM, RLIN, )

© Z(n-RLIN#RS) C £(SM, RLIN, n)

¢ Construct an equivalent RLIN-SMG for every RL#RS
@ Z(SM, RLIN, n) C Z(n-RLIN#RS)

¢ Construct an equivalent RL#RS for every RLIN-SMG
O Z(n-RLIN#RS) = £(SM, RLIN, n)
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| Proof of Z(n-RLIN#RS) C £ (SM, RLIN, n) | G

L(N-RLIN#RS) C .£(SM, RLIN, n)

Proof

Let H = (&, %, s, R) be an n-right-linear #-rewriting system.
Construct an SMG, G = (Ny, ..., Ny, X, M, (s)), N; C (& x Np) for
all 1 < i< n. Mis constructed in the following way:

O ((8) = (5, 1)(5,2)...(s,n).
@ (u, (p,i) - w(q,i), V) for every rule p,# — g w# € R where

= (P, /) = (A hr)s - (Podim1) = (TQdim1))s O0<ju<i
(P,j1) = (q, 1) APy = (i), i<j <nVj,=0

such that |u| + |v|=n—-1,
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| Proof of Z(n-RLIN#RS) C £ (SM, RLIN, n) | G

Proof Contd.

® (u,(p,i) = (q,0), v) for every rule p,# — g w € R where

u= (<p7h> — <Q7j1>7 ceey <paji—]> — <Qaji—1>)7 0 Sjk < i

V= (<pajq> — <Q7J{>’ RN} <p’jr/7> — <q)jl/‘7—1>)a

such that |u| + |v|=n—-1,
O ((9,0) — ¢)" forevery g € Q.

L(H) = L(G)
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| Proof of Z(SM, RLIN, n) C Z(n-RLIN#RS) | G

2(SM, RLIN, n) C 2(n-RLIN#£RS)

Proof
Let G= (N1, Ny, ..., Np, T, M, S) be aright-linear SMG.
Construct an n-right-linear #-RS, H = (Q, T, (A, S), R).

Q C (label(P)U{A}) x ((NyUN1) x (NUNp) x - - x (NaUNR))U{A})

for 1 < i< nand Ris constructed in the following way:
© (A, S)1# — (A A Ay, ..., Ap) # forevery p e M, Ihs(p) = S,

9 <Aaﬁ’i2a"')An> ]# — <paA_]’A2L-L4n>X'I#E_
<paA1aA2v"'aAi""aAn>i# — (,O,A],AQ,...,A,’,...,An>Xi#
L forall 1 <i<n
<p7A]7"‘7Aﬂ—]7Aﬂ>n#_> <AyB]7B27"'7Bn>Xn#
for every rule p: (A1 — x1B1,A2 — XoBs, ..., An — XnBn) € M.
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| Proof of Z(SM, RLIN, n) C Z(n-RLIN#RS) | G

Proof Contd.

9 <A,ﬁ,i2,..-,An>]#—><p,A_’|,A2,._..,An>X'| .
(p,A1,A2,...,A,-,...,An>1#—>(p,A1,A2,...,A,-,...,An>x,-
. forall T<i<n
<p7A]7"'7An—]7Aﬂ>]#_><A7A>Xn
for every rule p: (A1 — X1,A2 = Xo,...,An — Xn) € M.

L(G) = L(H)

Conclusion

Z(N-RLIN#RS) = .2(SM, RLIN, n)
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| Conclusion |

Overview
¢ Simple Matrix Grammars
Infinite hierarchy of SMG based on degree
#-Rewriting Systems, n-Right-Linear #-Rewriting Systems
e Equivalence of presented families
e Existence of infinite hierarchy for RL#RS
Future Research
e Equivalence of additional SMG and #RS families
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