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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 |

Derivation Step

Letu= a1A1ﬁ/a2A252 o500 anAnﬁn and v = a X BoioXofBo ... anXnBn.
where a; € T, A;e N, Bie (NNUT)*forall T <i<n.
If there exists (A1 = X1,...,An = Xn) € M, u derives v,

u=Vv.

* Reflexive and fransitive 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 ZL(X)=ZL(SM, X —¢,1),
* Z(SM,REG) C Z(SM, LIN) C Z(SM, CF) C Z(RE)
® Degree of the grammar - n
* Grammar of degree n cannot simulate one of degree (n+ 1)

° (A]—>X1,A2—>X2,...,An—>xn)€Mn,
° (A]—)X],AQ—)XQ,...,An—>Xn,T*)err])EMn_H
ZL(SM, X, n) c L(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,
e ¥ is the alphabet, # ¢ ¥, QNY =0,
* sis the starting state, se
* Ris the set of rewriting rules, RCAOxXxNx{#} xQxX*
Arule, (b,n,#,9,x) € R, where p,ge Q,ne N, x € X*, is written
as: P # — gx.
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| Generated Language |

Derivation Step

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

X=YV.
* Reflexive and fransitive closure, =*, is defined in the usual manner.

Generated Language

LH) ={w|s#=>"qgw,ge Qwe (T-#)}

Index of #-Rewriting System, £, (#RS)

A #-rewriting system, H, is of index n if for every configuration,
S#=*qy,. occur(#,y) < n.

#-Rewriting Systems in Relation to Simple Matrix Grammars | 8/19



| 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-Linear #-Rewriting System I

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

RC @xNx{#}x Qx (X —{#}){#}(X —{#})" V(X -{#})")

then H is an n-linear #-rewriting system, nN-LIN#RS.

n-Right-Linear #Rewriting System

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

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

Generated Language

LH)y={w|s#"="qw,qge Q we (X —#)"}



| Relation Between SMG and #RS | G

L(n-LIN#RS) = 2 (SM, LIN, n) )
Zn(CF#RS) = £(SM, CF, n) @

O Z(X#RS) C Z(SM, X, n) X € {n-LIN, CF}
® Construct an equivalent SMG for every #RS

@ Z(SM, X,n) C L(X#RS)
* Construct an equivalent #RS for every SMG

O ZL(X#RS) = Z2(SM, X, n)
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| Proof of Z(n-LIN#RS) C £ (SM, LIN, n) | G

Lemma

L(N-RLIN#RS) = £(SM, RLIN, )

Proof

Let H = (&, %, s, R) be an n-linear #-rewriting system.
Construct a linear simple matrix grammar,

G=(Np,...,Nn,, M, (s)).

N; C (@ x Ng) forall T <i < n. Mis constructed as follows:
O ((8) = (5, 1)(5,2) ... (s,n).
@ (u, (p,i) = wr(q,i)wy, v) for every rule p ;# — gw #w, € R,
* u, v defined analogously with RLIN grammars
such that |u| + [v|=n—-1,
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| Proof of Z(n-LIN#RS) C #(SM, LIN, n) | GG

Proof Contd.

® (u,(p,i) = (q,0),v)foreveryrule p# —- gw € R
“ u, v defined analogously with RLIN grammars
ordinal numbers of nonterminals in v are decreased

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

L(H) = L(©)

*
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| Proof of Z(SM, LIN, n) C Z(n-LIN#RS) | L

Z(SM, LIN, n) € Z(n-LIN#RS)

Proof
Let G= (N1, Ny, ..., Np, T, M, S) be alinear SMG.
Construct an n-linear #-rewriting system,

H=(Q,T,(A,S).R),

where Q is defined analogously with RLIN gramnmars, and R is
constructed in the following way:
0 <A7S> 1# — <A5A1’A27"'7An> #
9 <A7ﬁ7i23"')An> ]# - <p7A17A2L-L4n>XiH’£Xi2
<p,A],A2,.-.,A,‘,...,An> i# — (p,A],AQ,...,Ai,...,An>Xi1#X/2
L foralll1 <i<n
<p7A]7 900 7An—]7Aﬂ> n# — <A7 B]7 B27 9000 Bn>xn1#xn2
for every p: (A — x11B1X12, ..., An = X1 BaXnp) € M.
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| Proof of Z(SM, LIN, n) C Z(n-LIN#RS) | L

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

L(N-LIN#RS) = Z(SM, LIN, n)
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| Proof of Z,(CF#RS) C £ (SM, CF, left-n) | L

Zn(CF#RS) C .2(SM, CF, left-n)

Proof
Let H = (&, %, s, R) be a #-rewriting system of index n.
Construct a context-free simple matrix grammmar,
G = (N'|7"'7Nn,zaMa <S>),

N; C (@ x Nyp) forall T < i< n. Mis constructed as follows:

© ((5) = (s, 1)(s,0)""")

® - O® Defined analogously with LIN grammars

® (u,(p.i) = (q.i)...(q,i+1"),v) forevery p# — qw#/ *1 € R

* u defined analogously with LIN grammars

* " leftmost {p, Q) nonterminals in v are erased, (p,0) — &

*
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| Proof of Z,(CF#RS) C £ (SM, CF, left-n) | L

0O (u,{p,iy = (q,0),v)forevery p # = geR

* u defined analogously with LIN grammars

V=) = (Q0), - (Pn) 2 (Ph)  T<Jw <nVje =0
@ (u,(p,0) — e,V)

* u, v defined analogously with LIN grammars

O (u(p,i) = (p,N){p,0), V)
* u, v defined analogously with LIN grammars

L(H) = L(e)
* Proof of Z(SM, CF, left-n) C Z,(CF#RS) will be omitted.

Conclusion

Z(SM, CF, left-n) = Z.(CF#RS)
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| Conclusion |

Overview

e Simple Matrix Grammars — infinite hierarchy

e #-Rewriting Systems

¢ Equivalence of presented families

e Existence of infinite hierarchy for LIN#RS, CF#RS
Future Research

¢ Relation between CF#RS and non-leffmost SMG
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