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ABSTRACT

This paper presents new models for all recursive enumerable languages. These models
are based on multigenerative grammar systems that simultaneously generate several strings in
a parallel way. The components of these models are context—free grammars, working in a
leftmost way. The rewritten nonterminals are determined by a finite set of nonterminal
sequences.

1 N-MULTIGENERATIVE NONTERMINAL-SYNCHRONIZED GRAMMAR SYSTEM

1.1 BASIC DEFINITION
An n-multigenerative nonterminal-synchronized grammar system (MGN) is n+1 tuple
I'=(Gy, Gy, ..., Gy, O), where:
e G;=(N, T, P; S)) is a context-free grammar for eachi =1, ..., n,
e (O is a finite set of n-tuples of the form (4, 4, ..., A,), where 4; € N;

foralli=1, ..., n.

1.2 SENTENTIAL N-FORM

LetI' = (G, Gy, ..., Gu, Q) be a MGN. Then a sentential n-form of MGN 1is an n-tuple of
the form y = (x1, x2, ..., x,,), where x; € (N; U Tl-)* foralli=1, ..., n.

1.3 DIRECT DERIVATION STEP

LetI = (Gl, Gz, . Gn, Q) be a MGN. Let X = (M1A1V1, u2A2V2, . LlnAnVn) and X, =
(u1x1v1, Uupxova, ..., uyX,v,) are two sentential n-form, where 4; € N, u; € Tl-*, and vi, x; € (V; U
T,~)* foralli=1,...,n. Let4; > x; € P;forallalli=1, ..., nand (4;, 42, ..., 4,) € Q. Then y,
directly derives %’ in I', denoted by y = y’.
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1.5

1.6

SEQUENCE OF DERIVATION STEPS, PART 1
LetI' = (G, Gy, ..., Gy, Q) be a MGN.

Let x by any sentential n-form of I'. I' makes a zero-step derivation from y to , which
is written as y = .

Let there exists a sequence of sentential n-forms Y, %1, ..., ¥« for some k£ > 1 such that
i1 = y; forall i =1, ..., k. Then, I' makes n-step derivation from yg to yx which is
written as Yo =" ¥ &

SEQUENCE OF DERIVATION STEPS, PART 2
LetI'= (G, Gy, ..., Gy, Q) be a MGN, let  and i’ be two sentential n-forms of I
If there exists k> 1 so y =" 3 in T, then y =" ¢,

If there exists k> 0 so y ="y’ in T, then y = X

N-LANGUAGE
Let ' = (G, Gy, ..., Gy, Q) be a MGN. The n-language of I, n-L(I'), is defined as:

n-L(D) = {(w1, W2, ..., Wa): (S1, Say s Sp) = (Wi, Wa, ooy wa), wi € T; foralli=1, ..., n}

1.7

1.8

THREE TYPES OF GENERATED LANGUAGES

The language generated by I in the union mode, Ly,ion(I), 1s defined as:
Lunion(D) = {w: (Wi, wa, ..., wy) € n-L(I),w € {w:i=1,...,n}}

The language generated by I in the concatenation mode, Lcon(I), is defined as:
Leond(D) = {wiwo...wy: (Wi, wa, ..., wy) € n-L(I)}

The language generated by I in the leftmost mode, L;,(T'), is defined as:

Liy(T) = {wy: (w1, wa, ..., w,) € n-L(I')}

EXAMPLE

I' = (G, Ga, O), where:

G1=({S), 41}, {a, b, ¢}, {S1 — aS1, S1 — aA1, A] —> bAc, A] — bc}, S),
Gy = ({52, A2}, {d}, {82 > S22, S» > A, A2 —> d}, Sh),

Q= {(S1, 41), (S2, 42)}

is a 2-multigenerative nonterminal-synchronized grammar system.

Notice that this system generates following languages in the different modes:
LinionD) = {a"b"": n>21y U {d" " n>1},

Leono(T) = {d"b""d": n> 1},

Lin(T)={a"b"c": n>1}.



2 N-MULTIGENERATIVE RULE-SYNCHRONIZED GRAMMAR SYSTEM

2.1 BASIC DEFINITION
An n-multigenerative rule-synchronized grammar system (MGR) is n+1 tuple
I'=(Gy, G, ..., Gy, O), where:
e G;,=(N,T,P,S) is a context-free grammar for eachi=1, ..., n,
e (is a finite set of n-tuples of the form (py, pa, ..., pn), Where p; € P;

foralli=1, ..., n.

2.2 SENTENTIAL N-FORM

A sentential n-form for MGR 1is defined analogically as the sentential n-form for a
MGN.

2.3 DIRECT DERIVATION STEP

Let I' = (G, Ga, ..., Gu, Q) be a MGR. Let y = (u141v1, uadava, ..., uyAyvy) and y° =
(u1x1v1, Uupxova, ..., UyX,v,) are two sentential n-form, where 4; € N, u; € Tl-*, and vi, x; € (V; U
T,~)* foralli=1,...,n. Letp;: A;—> x; € P;forallalli=1, ..., nand (p1, p2, ..., px) € Q. Then
y directly derives y’ in I', denoted by y = y’.

2.4 SEQUENCE OF DERIVATION STEPS

A sequence of derivation steps for MGR is defined analogically as the sequence of
derivation steps for a MGN.

2.5 N-LANGUAGE
An n-language for MGR is defined analogically as the n-language for a MGN.

2.6 THREE TYPES OF GENERATED LANGUAGES

A language generated by MGN in the X mode, for each X € {union, conc, Im}, is
defined analogically as the language generated by MGR in the X mode.

2.7 EXAMPLE
I' = (G, Ga, O), where:
o G ={S1,41},{a,b,c}, {1: S1 > aSi, 2: Sy > ady, 3: 41 > bAic, 4: A1 — bc}, Sh),
o =S} {d}, {1: 5> 855,2: 5> 85,3: 5> d}, $),
e 0={(1,1),(2,2),3,3),4,3)}.

is 2-multigenerative rule-synchronized grammar system.



Notice that this system generates following languages in the different modes:
o L) ={d"b"c":n>1} U {d:n=>1},
o Leon(D)={a"b"c"d"- n>1},
e L,(D)={d"b"c":n>1}.

3 CONVERSIONS BETWEEN MGN AND MGR

3.1 ALGORITHM 1: CONVERSION FROM MGN TO MGR
INPUT: MGNT = (G, G, ..., G,, O)

OUTPUT: MGR T’ = (G, G, ..., Gy, 0°); Ly(T) = Ly(),
for each X € {union, conc, Im}

METHOD:
Let Gi=(N,;, T;, P;, S;) foralli=1, ..., n, then:

e O ={A1>x,4A2>x2, ..., 4y > xy): Ai—> x; € Piforalli=1, ..., n, and
(Al,Az, ...,An) S Q}

3.2 ALGORITHM 2: CONVERSION FROM MGR TO MGN
INPUT: MGR T = (G, Gs, ..., Gy, O)
OUTPUT: MGN T’ =(G’1, G, ..., G, O); L(T) = L),

where X € {union, conc, Im}
METHOD:
Let Gi=(N,;, T;, P, S;) foralli=1, ..., n, then:
e G;=(N;, T;, P’;, S)) forall i = 1, ..., n, where:
o N;={<4,x>:4—>x¢eP}uUiS},
o Pi={<4,x>>y:A—>xeP,yet{x)} U{Si—>y:ye t(S)},
where 7; is a substitution from N; U T; to N°; U T; defined as:
ta)={a} foralla € T;; 1(4) = {<A4,x>: A —>x € P;} forall4 € N,.

° Q’ = {(<A1, X1~ <A2, X2, ..., <An, X~ (Al —>x1, A2, > xp, ..., Ay > xn) S Q}
U {(S1, S2, ..., Sn)}

3.3 COROLLARY

The class of languages generated by MGNSs in the X mode, where X € {union, conc, Im}
is equivalent with the class of language generated by MGRs in the X mode.

Proof:
This corollary follows from Algorithm 1 and Algorithm 2.



4 GENERATIVE POWER OF MGN AND MGR

4.1 CLAIM
For every recursive enumerable language L over an alphabet 7 there exist a MGR,
I'=((N1, T, P1,8), (N2 T, P, S5), 0), such that:
1) L= {w:(S1,8) =" (w,w)},

2) {W]Wzl (S], Sz) :>* (W], Wz), w1, Wy € T*, W) # Wz} =,

4.2 THEOREM 1:
For every recursive enumerable language L over an alphabet 7 there exist a MGR,

I' = (G, Gz, Q), such that: L,,;0,(I") = L.

43 THEOREM 2:
For every recursive enumerable language L over an alphabet 7 there exist a MGR,

I' =(Gy, Ga, Q), such that: L;,(I") = L.

44 THEOREM 3:
For every recursive enumerable language L over an alphabet 7 there exist a MGR,

I' = (G, Gy, Q), such that: L.,,(I') = L.

5 CONCLUSION

Let L(MGNy) and L(MGRy) denote the language families defined by MGN in the X
mode and MGR in the X mode, respectively, where X € {union, conc, Im}. From the previous
results, we obtain L(RE) = L(IMGNy) = L(MGRy).
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