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ABSTRACT

This paper contains more examples to formerly introduced concept of formal lan-
guage equivalency. That is, for two models, there is a substitution by which we change
each string of every yield sequence in one model so that sequence ofs string resulting from
this change represents a yield sequence in the other equvalent model, these two models
closely simulates each other; otherwise they do not. In this paper are shown two cases of
such simulations.

1 INTRODUCTION

In the [1] was introduced quite new method of compraing two grammatical systems.
Before this paper there was almost vague comparations of grammars limited by similarity
of generated languages. This new approach comes with comparing not only generated
languages but also similarity of generating process.

Because we have many different transformations from one type of grammar to an-
other in the theory of formal languages, we sometimes want to describe similarity of such
converted grammars. On the second hand, we need to examine this similarity in the prac-
tice. For example we try to find some usable representation of some grammar for use in
a compiling system. We can do some transformations but we still want to achieve same
result in new grammar with almost same number of derivation steps and so on.

So, the concepts ah-close simulatiomnd some others were introduced in [1].

In the section 2 are recalled some well-known notions of the formal language theory.
Section 3 introduces new conversion from scattered context grammars to symbiotic EOL
grammars. Next section deals with description of derivation simulation of previous section.
Here are repeated some needed definitions of concepts of derivation similarity and showed
theorem about previous conversion. Section 5 includes proved results as a whole.



2 PRELIMINARIES

We assume that the reader is familiar with the language theory (see [2], [4], [6]).

LetV be an alphabe¥* denotes the free monoid generated/oynder the operation
of concatenation. Let be the unit ofV* andV*™ =V* — {e}. Given a wordw € V*,
|w| represents the length @f andal ph(w) denotes the set of all symbols occuringwn
Moreover,subw) denotes the set of all subwordswf Let R be a binary relation on a set
W. Instead olu € R(v), whereu,v € W, we writevRuin this paper.

A scattered context grammas an ordered quadrupté = (V,T,P,S), whereV, T,
and S are the total alphabet @&, the set of terminal§ C V, and the axionSe€V —
T, respectively. P is a finite set of productions of the forf,...,An) — (X1,...,%n),
for somen > 1, whereA €V —T andx e V* form 1 <i < n. If p € P is of the form
(A1,A2,...,An) — (X1,X2,...,%n), U= U1A1UAY...UpAnUnt1, V = UiX1U2X2. .. UnXnUnt1
andy; e V¥, fori =1,2,...,n, thenu directly derivesv in G according top, denoted by
u =g Vv[p|] or, simplyu=-v. In a standard manner, we exteag; to =g, wheren > 0,
and based or=>g, we define=-§, which is transitive and reflexive closure ef. Let
S=¢ xis called a successful derivation. The languag&pE(G), is defined ad.(G) =
{x:S=§Ex,xeT*}. Foranyp € P of the form (A1, Ap, ..., An) — (X1, X2, ..., Xn),left(p)
means string\1 Ay . .. A, andright(p) stringxixz. . . Xn.

A symbiotic EOL grammagsee [3]) is a quadrupl& = (W, T,P,S), whereW, T,
andS are the set of generatové C (V UV?), the set of terminal§ C V, and the axiom
SeV —T, respectivelyP is a finite set of productions of the forfa— x, A€V, x e V*.
The direct derivation relation is defined in the following way: xey € W* such thatx =
a1a...an, & €V,y=V¥1Y2...¥n, ¥i € V¥, and productiong; — y; € Pforalli=1,...,n.
Then,x directly derivesy, x =g y. The language 0B isL(G) = {we T*: S=§ w}.

3 SIMULATION OF SCATTERED CONTEXT GRAMMARS

Construction 1.
Input A scattered context grammas,= (V,T,P,S)
Output A symbiotic EOL grammar<s’

Algorithmt At first, we introduce a new alphabet/ =V U{@,#S} UV UT, V" =
{(i,j):0<i<Card(P),0< j <k}, T ={a:aecT}. Lett be a homomorphism fror

to T such that(a) = aforallae T. Define a languagé/, overV’' asw =V U{@,#,S} U
TU{(i,j)(i,j):0<i<cCard(P),0< j <k}. Then, construct a symbiotic EOL grammar
G = (W, T,P,S), where the set of productions is defined in the following way:

1. addS — @S#, @ — € and #— s to P’;

2. for every productiom: (A1, Ay, ..., Ax) — (X1,X2,...,%) € P add these rules t&”
(wherenis a label, 0<< Card(P):

A — (n0)T(xt)(n,1

Ao — (n1)T0x)(n.2

~ > ~—

Ac — (nk—1)T(x) (nK)



3. add @— @(i,0),0<i <Card(P) toP;
4. add #— (i,k)#, toP’ for each productiom (A1, Az, ..., Ax) — (X1,X2,...,%) € P;

5. for eachA € VUT add productions of this form t8": A — (i, j)A(i,j),0<i <
Card(P),0< j <k;

6. add these productions®: (i, j) — €,0<i <Card(P),0< j <k;

7. add productio@ — afor eachac T to P'.

Theorem 1. Let G= (V,T,P,S) be a scattered context grammar. Letli® a symbiotic
EOL grammar constructed by Construction 1 with G as its input. Thé8) & L(G').

4 DERIVATION SIMULATIONS

4.1 DEFINITIONS

Now we have to repeat some needed definitions. Definitions as a whole were intro-
duced in [1] and there can be found reasons of their existence and so on. Here we only
repeat their readings because they will be used in the following subsections.

Definition 1. A string-relation systens a quadruplél = (W, =W, W), whereW is a
language=- is a binary relation oV, Wop C W is a set ofstart strings andWg CW is a
set offinal strings

Every string,w € W, represents a 0-step string-relation sequencé.irFor every
n>1, a sequencei,w1,...Wn, Wi € W, 0 <i < n, is ann-step string-relation sequence
symbolically written asvg = w1 = ... = Wy, if foreach 0<i <n—1,w; = Wi, 1.

If there is a string-relation sequeneg = w; = ... = Wy, wheren > 0, we write
wo =" wp. Furthermorewgy =* w, means thatvg =" w;, for somen > 0, andwg =" wp,
means thatvg =" w, for somen > 1. Obviously, from the mathematical point of view,
=1 and=-* are the transitive closure ef and the transitive and reflexive closure-ef
respectively.

LetW = (W,=,Wp, Wk ) be a string-relation system. A string-relation sequenég,in
u=-"*v, whereu,veW, is called ayield sequenceaf u e Wp. If u=-"*vis ayield sequence
andv € W, u =" vis successful

Let D(W) andSD(W) denote the set of all yield sequences and all successful yield
sequences i, respectively.

Definition 2. Let ¥ = (W, =y, Wo,Wr) andQ = (W', =4, Wy, W) be two s-r systems,
and leto be a substitution froriv’ to W. Furthermore, led be a yield sequence ¥ of
the formwp =y W1 =y ... =g Wh-1 =y Wh, Wherew; ¢ W, 0 <i <n, for somen > 0.
Ayield sequenceh, in Q simulates d with respect , symbolically written a$ > d, if
his of the formyp =gt Y1 =02 .- =o' ' Yn-1 =4 Yn, Wherey; €W/, 0< j <n,mc > 1,
1<k<n,andw; € a(y;) for all 0 <i <n. If, in addition, there existen > 1 such that
my < mfor each 1< k < n, thenh m-closely simulates d with respectdpsymbolically
written ash >7'd.



Definition 3. Let W = (W, =, Wo, W) andQ = (W', =4, Wy, WE ) be two s-r systems,
and leto be a substitution fromiV' to W. Let X C D(¥) andY C D(Q). Y simulates X
with respect tas, written asY > X, if the following two conditions hold: for everg € X,
there ish € Y such thah >, d and for evenh € Y, there isd € X such thah > d.

Let m be a positive integerY m-closely simulates X with respectdpY 7' X,
provided that: for everyl € X, there ish € Y such thah 7' d and for evernyh € Y, there
isd € X such thah >7'd.

Definition 4. LetW = (W, =y, Wo, Wk ) andQ = (W', = o, Wy, WE ) be two s-r systems. If
there exists a substitutianfromW’ toW such thaD(Q) >, D(W) andSD(Q) >, SD(W),
then Q is said to beW’s derivation simulatorand successful-derivation simulatore-
spectively. Furthermore, if there is an integer,> 1, such thatD(Q) >7' D(¥) and
SD(Q) 5 S(W), Q is called anm-close derivation simulatornd m-close successful-
derivation simulatorof W, respectively. If there exists a homomorphignirom W’ to

W such thaD(Q) >, D(W), SD(Q) >, SD(W), D(Q) >7' D(¥), andSD(Q) >¢' S(W),
thenQ is W’s homomorphic derivation simulatonomomorphic successful-derivation sim-
ulator, m-close homomorphic derivation simulatndm-close homomorphic successful-
derivation simulatoy respectively.

4.2 DERIVATION SIMULATION OF SCATTERED CONTEXT GRAMMARS

Definition 5. Let G = (V,T,P,S) be a scattered context grammar. ke, be the direct
derivation relation inG. For =g and everyl > 0, setA(=¢,|) = (X =gV X =g Y =5
wXx,yeV weT*i+1=I,i>0}.

Next, letGy = (V1,T1,P1,S1) andGy = (V2, T2, P2, S) be scattered context grammars.
Let =G, and =6, be the derivation relations db; and Gy, respectively. Leto be a
substitution fromV, to Vi. G, simulates G with respect tas, D(G,) > (G1) in symbols,
if there exists two natural numbekd > 0 so that the following conditions hold:

1. W1=(V],=g, 1S} Ty) andW = (V5 =, Wo, W) are string-relation systems
corresponding td5; and Gy, respectively, wherd\p = {x e V; : S :>é2 x} and
We = {xeV;: x:'szv,WETz*,o(w) CTh

2. relation=ry, coincides with=-g — A(=g,.1);
3. D(Wz) > D(Wl).

In case thatSD(W;) >, SD(W1), G, simulates successful derivations of @ith
respect tao; in symbols,SD(Gy) >, SD(Gy).

Definition 6. Let G; and G, be scattered context grammars with total alphabgtand
V5, terminal alphabet$; andT,, and axiomsS; andS,, respectively. Let be a substitu-
tion fromV; to V1. Gz m-closely simulates Qwith respect tas if D(Gp) >, D(G1) and
there existan > 1 such that the corresponding string-relation systdinsand W, satisfy
D(¥2) >3'D(W1). In symbolsD(Gy) >g' D(Gy).

Analogously,G, m-closely simulates successful derivations pfa&h respect ta,
denoted bySD(Gy) 7 SD(Gy), if SD(W2) >¢' SD(W1) and there existsn > 1 such that
SD(Gy) & SD(Gy).



Definition 7. Let G; andG; be two scattered context grammars. If there exists a substitu-
tion o such thaD(G;) >, D(G1), thenG; is said to be&zs’s derivation simulator

By analogy with Definition 7, the reader can also defieenomorphicm-close and
successful-derivation simulatoo$ scattered context grammars.

Theorem 2. Let G= (V, T,P,S) be a scattered context grammar and-5(W, T,P’,S) be
a symbiotic EOL grammar constructed by using Construction 1 with G as its input. Then,
there exists a homomorphigimsuch that BG') X D(G) and SOG') >1 SD(G).

5 CONCLUSION

In this paper we have gained following results:
Theorems 1 and 2 show that for every scattered context gra@malV, T,P,S),
there exists a symbiotic EOL gramn@af = (W', T,P’,S) such that

1. L(G) =L(G);

2. G is a 1-close homomorphic derivation simulatorGsf

3. G'is a 1-close homomorphic successful-derivation simulat@;of
4

. To simulateG, G’ uses one initial derivation stef8 = @S#) and one deriva-
tion step which removes auxiliary symbdl§,0) (i, 0) t(t1) (i,0) ... (i,k) T(tn) (i,K)
(i,Lk) =g tit2...th: 0<i < Card(P),tj e T*,1< j <n,n>0).

All theorems are given without proofs because of limited space. These proofs can be
obtained from author. With almost same aparatus we have confirmed similar results with
phrase-structured grammars.
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