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On extended simple eco-grammar systems *

Judit CSIMA'

Abstract

In this contribution extended simple eco-grammar systems are studied. A
simple eco-grammar system is formed from an environment given by a set
of OL rules and from some agents represented by sets of CF rules. In an
extended simple eco-grammar system we distinguish a subset of the alphabet
of the system and only strings over this subalphabet are in the generated
language. The relations between language classes generated with different
parameters and derivation modes are investigated.

1 Introduction

The concept of the eco-grammar system (the EG system, for short) has been intro-
duced in [2] as a model of communities of agents which interact with their common
shared environment. Several aspects of these systems were discussed in [3] and [6],
properties of a restricted variant, called simple eco-grammar system, were studied
in [4], [1], [10], [5], and [9]. Briefly, a simple eco-grammar system consists of several
agents (represented by sets of context-free rules) and an environment (given by a set
of 0L rules). At any moment of time, the behaviour of the system is described by
the state of the environment which is a string over the alphabet of the system. The
environmental state changes by derivation steps. In a derivation step the agents
act on the string by applying one of their context-free rules - each agent rewrites
only one letter - and the environment replaces, according to its OL rule set, in a
parallel manner the symbols where the agents do not perform any action.
Starting from an initial string representing the environment, a lot of strings
following each other arise, which describe the evolving system. The language gen-
erated by the eco-grammar system is the set of strings which can be obtained from
the initial environmental state by a sequence of derivation steps. In the case of
extended simple eco-grammar systems only those strings belong to the determined
language which are over a distinguished subset of the alphabet of the system, the
terminal alphabet. This notion was introduced in [5] under the name of 0-terminal
EG system and some basic properties of these systems were examined as well. It
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was shown there that M-free extended simple eco-grammar systems with one agent
are as powerful as A-free extended simple EG systems with at most n agents, if the
original mode of the derivation is used.

Following this line, in this contribution we deal with a more sophisticated version
of the derivation, the team behaviour of the extended simple eco-grammar systems:
in each derivation step from the n agents exactly k or at most k are allowed to work.
We describe the behaviour and the generative power of these systems according to
some size parameters: the total number of the agents, the number of the agents
being active in a derivation step. We examine the hierarchy of the language classes
generated by extended simple eco-grammar systems with and without A-rules.

The results demonstrate that while in the non-extended case the size parameters
of the teams and the agent population have influence on the power of the system,
in the extended case these parameters are not important: we obtain a collapsing
hierarchy.

2 Preliminaries and the definition of the extended
simple eco-grammar system

In this section we present the basic notions and notations used in the paper, for
further information the reader is referred to [8] and [7].

An alphabet is a non-empty set of symbols. The set of all non-empty words
over a finite alphabet V is denoted by V+, the empty word is denoted by A. The
set V* is VT U {A}.

By a context free production or by a context free rule (a CF rule, for short)
over an alphabet V we mean a production of the form a—wu, where a € V and
u e V*. A CF rule is a A-rule (or an erasing rule) if u = A.

A 0L system is a construct H = (V, P,w), where V is a finite alphabet, P is a
finite set of context free rules over V and w € V* is the axiom. Moreover, P has
to be complete, that is for each symbol a from V there must be at least one rule
in P with this letter on the left-hand side.
0L systems use parallel derivations: we say that z directly derives y in a 0L system
H = (V,P,w), written as z=> gy, fz = 2122 .. . Tn, Yy = 11¥2 - - - Yn, Ti €V, y; EV*
and the rules z;—y; arein P for 1 < < n.

The generated language of a OL system H (denoted by L(H)) is the set of the
words over V which can be derived (in some steps) from the axiom.

Throughout the paper, we use the customary notations: C denotes inclusion
and C denotes strict inclusion.

If L is a language, we call alphL the set of all letters which occur in the words
of L.

If V is an alphabet, we will use the following notations:

o V) = { 48 | A € V }, where k is a positive integer,

e VI={A|AEV ),
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OVI{ZlAEV}.

Ifuisa word of the formu = z1 ... zn, z; € V,1 < i < n, thenu® = £, ® 5, &)
and v =z ...z, .

After these basic notions we present the definition of the extended simple eco-
grammar system.

Definition 2.1
An . extended simple eco-grammar system 18 a construct
Y =(Vg,Pg,Ry,...,Rn,w,A), where -

e Vg is a finite alphabet,

e Pr is a finite set of CF rules over Vg, this set is complete i.e. for each letter
of Vi there ezists at least one rule in Pg with this letter on the left-hand side,

e R; is a finite, non-empty set of CF rules over Vg for 1<1i <n,
o we Vg*,
e A is a non-empty subset of Vg.

In this construct Vg is the alphabet and Pg is the set of the evolution rules of
the environment. R; represents the ith agent, this is the set of its action rules.
The current state of the environment, which is also the state of the eco-grammar
system, is the current sentential form. String w is the initial state from which all
the derivations start. A is the terminal set, the language of the EG system consists
of words over A.

The system changes its state by a simultaneous action of some agents and by
a parallel rewriting according to Pg. In this contribution we consider two types of
derivations, first we present the definition of derivation mode = k.

Definition 2.2
Consider an extended simple eco-grammar system ¥ = (Vg, Pg, Ry, ..., Rp,w,A).
We say that z directly derives y in ¥ in mode =k (z € VT, y € Vg* and 1 < k <

. =k .
n), written as t=yxy, if
o T =1171T375 . ..:I:kaZ‘k_H, Z; € Vg, T; € VE*,
Y= y1wiYaWa .. YkWrYk+1, Yi,w; € VET,

o there exist k different agents in X, namely R;,, R;,, ..., R;,, such that
Zi—w; € R;, for 1<i<k, and

e z; = y; = A or z;=pgY;, where E = (Vg, Pg,w) is the OL system of the
environment.

=k . . .
In the above case we say that z=-yy is a derivation step.

Another mode of the derivation is derivation mode < k:
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Definition 2.3
Let L= (Vg,Pg,Ry,...,Rn,w,A) be an exstended simple eco-grammar system.
We say that = directly derives y in ¥ by a derivation < k (1 < k <n), written as

e==fyy, if s== gy for some l, 1 <1< k.

. . = <k =k <k
We denote the transitive and reflexive closure of =§g and =y by =% and =3,
In both cases, the generated language consists of the words which can be generated
from the axiom in some derivation steps and which are over A.

Definition 2.4
Consider an extended simple eco-grammar system L = (Vg, Pg, Ry,...,Rn,w,A).
The generated languages in mode = k and < k are the following:

=k
L(E,=k)={veA|w=F v},

<k
L(E,<F) = {ve A wmgo).

Now we present an example.

Example 2.1 Let T = ( Vg, Pg, R, Ra, R3,w, A ) be the following extended simple
EG system:

e Vg ={A,B,C,abec},
*» Pgp= { A—)a,B—)b, C—c,a—a,b—b, c—c },

® Ry ={ A— A% A—a },
e Ry ={ B-B? B—b},

R; = { C—)CQ,C—)C },
e w=ABC,
e A={a,bc}. .

It is easy to see that in mode = 3 a derivation sequence is of the following form.
(In order to simplify the writing, when a rule can be applied in several places we
use the left-most one; the other derivations give the same word.)

ABC= A2B%C?= A%aB%bC?c=> ... => A2a* 2 B2bF 2% cF 2 o bk cF

The three agents have to finish the derivation at the same step, otherwise the
derivation would be blocked. (All of the three agents have to be active in each
‘step, if there are at most two different upper case letters in the sentential form the
derivation is blocked.)
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Thus the generated language is L(Z,=3) = { a™b"¢" |n > 1}.

Finally, we present some notations which we will use in the paper.
We consider extended simple eco-grammar systems with or without A rules. When
we allow A-rules in Pg and in the sets R;, we use the following notations: the
class of the languages which can be generated by an extended simple eco—grammar
system is denoted by E(EE) (in this notation the first £ means “extended”,
the second one refers to “eco”). The class of the languages generated by a system
containing n agents and operating in mode = k (< k) is denoted by L(EE* (n, = k))
(L(EE*(n, < K)))-
We omit the notation X\ if A-rules are not allowed neither in Pg nor in the sets R;:
L(EE), L(EE(n,= k)) and L{EE(n, < k)). In the statements of the.paper we use
the notation (\) if a statement is true both with and without A-rules.

3 Relations between the language classesAgener—
ated by extended simple EG systems

3.1 The hierarchy of language classes L(EEX (n, = k))

In this section we are going to present results about the hierarchy of the language
classes generated by n agents in derivation mode = k. This question was examined
for the non-extended simple eco-grammar systems in [4]. It was proved there that
the generated language classes are incomparable in most of the cases. We get
very different results for the extended systems: here the language classes form a
collapsing hierarchy.

Most of the statements and proofs of the section are true with or without A-
rules, this fact is denoted by the superscript (A); sometimes a statement is true in
both cases, but the proofs are different, in this case we will present the two different
proofs together; and sometimes a statement is true only when A-rules are allowed,
in this case we will emhasize this fact. )

First we examine the role of the first parameter, the number of the agents.
Lemma 3.1.1 For 1<k <n<m, L(EEW™(n,=k))CLEE™(m,=k)).

Proof

We show that for any 1 < £ < n < m and for any extended simple EG system
Y= (Vg,Pp,R1,..., Ry, w,A) there exists another extended simple EG system
¥ = (Vg P, R]’, .., Ry’ w', A" ) such that L(Z, = k) = L(X', = k). Moreover,
if ¥ does not contain A-rules then ¥' is also A-free.

Let ¥’ be the following:

L] VE’ =VgU {D}, where D ¢ Vg,
. PE’ = Pg U {D—)D},

e R'=R;, for1<i<m,
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e R/'={D-D} forn+1<i<m,
o W =w,
e A= A.
It is clear that L(Z,= k) = L(X',= k) and X' is A-free if and only if ¥ does not

contain A-rules. m

The following result shows that the above inclusion is not proper. The statement
is true with or without A-rules.

Lemma 3.1.2 For 1< k<n, L(EEMN(n+1,=k)) C LEEN(n,=k)).

Proof

The A-free case o

We will show that we can simulate any A-free extended simple EG system

Y =(Vg,Pg,R1,...,Rui1,w, A ) working in mode = k by another A-free extended
simple EG system &/ = (Vg',Pg',Ry/,..., R,’,w',A") working also in mode = k.
Let £’ be the following system: ’

o Vg' = Ve UVE® UVE U{D}, where D ¢ Vg,

o Pg' = P>y {AD 540 A e Vg YU{A>D|AeVs U
U { D-D }, where PeV=® = { AL, | Asv e Pg },

R/ =R W@ yURUIPu{aA»a0 | A€ Ve U

U{AD AW |4 eVp ]}, _

o B/ = ROPOURNTD G {AOSAD |AeVp) for2<i<n,
- where

"R = { AW 5@ | Asw e R;} for1<j<n

an
R’S}r?(z) ={ v 5w @ | ysw € Ryyy }, where

w'? = m§2’ .. .xﬁ)_lzm’ ifw=21...2m_1Tm, z; € Vg,and 1 <1 < m,
o w =wl,
e A =AM,

The main idea of this construction is the following. We simulate one derivation
step of ¥ by two derivation steps of ¥’. In the first simulation step we use the rules
corresponding to the derivation of ¥, the second step checks if the simulation is
correct.

In ¥’ the set R,y is included in the set of rules of all agents in form of R’ Sl;’(z).
When an agent uses a rule corresponding to R,,+1, a primed letter is introduced
as well. The only agent which is able to make these primed letters disappear is
R;'; this construction guarantees (considering the rules of Pg') that the derivation
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cannot terminate with a terminal word if the agents use more than one rule from

R’,(11+T(2) at the same derivation step.

Ifin a derivation step of ¥ the agents R; , ..., R;, workandi; <nforl <j <k,
the simulation goes as follows.
In the first simulation step in ¥', the agents R;’,..., R;,’ work using rules from

Rij(l)_’(z), corresponding to the step of ¥. Then the environment uses the same

rules as in & (of the form Pg(V ),

In the second simulation step the agents R;,’, ..., R;,' rewrite k letters and the en-
vironment rewrites the remaining letters by using the rules of the form A2 — A(1),
If R,4+1 was among the agents R;,,..., Rx—1, R = Rnt1 in a derivation step in X,
the two simulation steps of L' are the following.

In the first simulation step we choose one agent R,' in £’ such that s # i; for any
1< j<k-—1. Itis possible because & < n. This agent will simulate the work of

R,.;1 by using the corresponding rule of R’ 515:(2).
~ The agents R;,’, ..., R';,_, simulate the remaining rules of the agents and the en-

vironment rewrites the remaining letters in the same way as in .
In the second simulation step R;' rewrites the primed letter, other k — 1 agents
rewrite k — 1 other letters and the environment rewrites the remaining letters into
symbols of VgV,
Since we can simulate every derivation step of 3 by a derivation sequence of &', we
obtain that L(X,= k) C L(Z',= k).

On the other hand, we can simulate by ¥ the derivation sequences of ¥’ resulting
terminal words, which gives the other inclusion L(X',= k) C L(Z,= k).
We will simulate two derivation steps of these sequences of ¥/ by one step of .
For each v € L(X¥', = k) (which implies v € AMY because A-rules are not allowed)
there exists a derivation sequence in ¥’ of the form

W gy . Do = Ul

Since v € VE(I)+, there are neither primed letters nor D in v.
Considering the possible rules in Pg’, it is easy to see that there can be at most
one primed letter in the previous word vy—; .-

The fact that there is no primed letter in v,—; means that in the (¢ — 1)th step
k agents: R;,',... R;.' used rules from the sets Rij(l)_’(z) with 1 <4; < n. In this
case we can simulate the last two derivation steps of £’ by one derivation step of
Y., using the corresponding rules of the agents R;,,... R; and the environment.

The other possibility gives that k — 1 agents, R;,’,...,R;,_," use rules from the
sets Ry, with 1 < i; <n and one agent uses a rule of R'() 7).

Then we can simulate the last two steps by one step in £ when the agents
Ri,,...,Ri_,, Rny1 and the environment use the corresponding rules.

In both cases v,_» € Vg{! ) , thus we can continue the simulation by giving the
role of v to v;_». Since the axiom is over VE(l) and t is an even number, we can
simulate the whole derivation sequence.
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With A-rules

The main idea is the same as in the A-free case, we will show that we can simu-
late any extended simple EG system ¥ = ( Vg, Pg,R1,...,Rop1,w,A) working
in mode = k by another extended simple EG system

Y =(Vg',Pg',Ry,...,Ry,w',A") working also in mode = k.

Let ¥’ be the following system:

e V' = VM uVvy® u{D,Ty,Ty}, where D, T3, T & Vg,
o P! = PPy { AP 540 | A eV YU {D=D, Ti=»D, Th— },
e B/ =R WO URNTOT, U {TisA YU { Tao) },
e R' = Ri(l)—)(z)Tg U R,(ll_*)_?(z)Tl U { To—A } fOI’ 2<1<n,
where

RO, = { AV 5Ty | Aswe R;} for 1 <5 <n and
R(l)_)w)Tl = { A(l)—)'U)(Q)Tl l A-w € Rn—!—l }a

n+1
o W = w(l),
o A'=AW),

The proof that L(Z,= k) = L(Z', = k) is very similar to that of the A-free case, T}
plays the role of the primed letters, it controls the usage of the rules of R’slll?(Q),
T letters guarantee that k agents can be active in the second simulation step even

if in the first simulation step A-rules were applied. m

We obtain from the two previous lemmas the following corollary, which means
that the first parameter has no influence on the class of the generated languages.

Corollary 3.1.1 For1<k<n, L(EEXM(n,=k))=LEEMk,=k)).

We have seen that there is not any hierarchy according to the number of agents.
Now we turn our attention to the second parameter: the number of the agents
working in a step. Considering the above corollary, it is enough to examine the
relation of the language classes L(EEW (k, = k)).

For the A-free case, it was proved in [5] that L(EE(n + 1,=n + 1)) is included
in L(EE(n,=n)). In the following lemma we present the same result for extended
simple EG systems with A-rules as well. We give a simulation which is based on
the construction used in [5], thus in the first part of our proof we briefly summarize
the construction and the explanation used there for the A-free case. Then in the
second part of the proof we give the modifications which are necessary to obtain
the same result when A-rules are allowed.

Lemma 3.1.3 For 1<n, L(EEM(n+1,=n+1))C LEEM(n,=n)).
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Proof
- The A-free case (from 5]):

For any extended simple EG system £ = ( Vg, Pg,R1, ..., Rny1,w,A) we give an-
other extended simple EG system X' = (Vg',Pg',Ry',..., R,',w', A" ), such that
L(Z,=n+1)=L(¥,=mn).

Let ¥’ be the following:

o Vi' = VpUVg' U{A | A—a € Ruy1} U{D}, where D & Vg,

o Pg'={A-d |Ama € P }JU{ A5A| A5a € Ry } U
U{A'5A|AcVg}U{A-D|Asa € Ry }U{D-D},

Ry ={A—=d |Ama € R, }U {/—1—+a | A»a € Rpqr },

R/ ={A—d' |Ana € R JU{ADA|A€Vg} for2<i<nm,

e W =w,

e A'=A.
Let the step

T =21212223 .. . Tni1Zn1Tn42=>Y = Y1WIY2W2 - - - Ynt 1 Wit 1Ynt2

be a derivation step in X, where the rules used by the agents are Z;,—w; for 1 <
i < n+ 1 and the derivations z;=y; for 1 < 7 < n + 2 are performed by the
environment. We can simulate this step by two steps of &' in the following way.
(We suppose that R4 used the rule Z, 11 —=wnq1.)

! ! 1] ’ ! ! 2 1
T =2121%222 .. . T 1 Znf1Tn2=>T = Y1 W1 Y2 W2 - Ypy1 Lnt1¥nga™

=Y = NnwW1Y2wW2 . - Ynt1Wni1Yn4-2

It follows from the construction that the environment cannot introduce two barred
letters, otherwise the derivation would never result a terminal word.

Thus, only the sequences consisting of pairs of steps of this type can derive terminal
words because otherwise the derivation would never result a terminal word because
of the symbol D. (It follows from the construction of ¥').

In the case when A-rules are allowed we have to modify the above construction
in the following way.
o Vi/ =Vp UV U{A| Ana € R,1} U{D, Z}, where D, Z ¢ Vg,

o Pp'={A>a’ | Asa € Pr YU{ A>A| Asa € Ruy1 JU
U{A—2A|AeVg }U{A-D | A5a € Ry JU
U{ D=D YU {Z=)},
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R ={A-»d'Z| A»a€ Ry }U{A—a| A—»a € Ryy1 },

R'={A—=d'Z|Asa € R, }U{Zo)X} for2<i<n,
o W =w,
o« A=A,

Here the letters Z guarantee that the agents can act in ¥’ in the second simulation
step, even if in the first step A-rules were used. Thus, we have L(Z,=n + 1) =
L(¥', = n) because of the same reason as in the \-free case. m

From the above lemma V\"Q obtain the following corollary.
Corollary 3.1.2 For 1 <n, L(EEM(n,=n))C LEEN(,=1)).

There remains only one relation to examine: whether the language classes
L(EEW(n,=n)) are included in L(EEM (n+1,=n+1)) or the inclusion in
Lemma 3.1.3 is strict.

The answer depends on the A-rules. When A-rules are allowed the two language
classes are equal.

Lemma 3.1.4 For 1 <n, L(EE*(n,=n))CL(EEMn+1,=n+1)).

Proof

For any extended simple EG system ¥ = ( Vg, Pg, R1,..., Ry,w,A) we give an-
other extended simple EG system &' = (Vg', Pg',Ri', ..., Rpyy',w', A’ ) contain-
ing A-rules, such that L(%,=n) = L(¥,=n+1).

Let ¥’ be the following:

e Vi' = Vg U{D}, where D ¢ Vg,
e P;' = Ppu{D-D},
e R/'=R, for1<i<mn,

R, = {D—D,D—)},

e w =wD,
e A=A
For any v € L(%, = n) there is a derivation in ¥ of the form
W= ... =0 =V

where in the ith step (1 < ¢ < t) the agents R; use the rules r;,. Let us consider
the following derivation in ¥’

wD=>unD= .. . 2vu_1D=v,=v



On extended simple eco-grammar systems 369

where in the ith step (1 < i < ¢ —1) the agents R;' (1 < j < n) apply the rules s,
corresponding to the above derivation and the agent R, ., uses the rule D—D; in
the last step R;" use the corresponding rules r;, (for 1 < j < n) and R;,; uses the
rule D—X. Thus, we can simulate ¥ by ¥'.

Now we show that L(X',=n+1) C L(¥,=n). Forany v € L(X',=n+ 1)
there is a derivation in X' of the form

W= wDS U . DU U, = v

where in each derivation step all the n + 1 agents work. Since v is over A’ = A,
there are no D letters in it. But in the last step n + 1 agents must work and the
last agent can use only the rules D—D or D—=A. Moreover, considering that o'
contains one D and that there is no rule producing new D letters, we get that all
words in the above derivation, except v, contain exactly one D letter. We also get
that in the first ¢t — 1 step the (n + 1)th agent has to use the rule D—D and it has
to use the rule D— X in the last step.

But in this case we can simulate this derivation of ¥’ by the following derivation
in 3:

w=fW)=fv)= . S flu-)=flo) =v =2

where f is a homomorphism over Vg U {D} defined as follows:

_ z ifzeVg
f(z)“{ A ifz=D

In the above derivation the agents R;, R,..., R, use the rules corresponding to
the derivation of /. m

We have the following corollary.
Corollary 3.1.3 For 1<n, L(EE*(1,=1))C L(EE*(n,=n)).

In the A-free case the inclusion is proper between the language classes
L(EE(n,=n)) and L(EE(n +1,=n+1)).

Lemma 3.1.5 For any 1 < n there ezists a language L, such that
Le L(EE(n,=n))\L(EE(n+1,=n+1)).

Proof Let L be the finite language { a™,b" }. It is clear that it can be generated
by an extended simple EG system working in mode = n. Moreover, it cannot be
generated by using mode = [ if | > n because either the letters in the axiom are
not enough to perform an action of [ agents or we should use A-rules which is not
allowed. m

Concluding the investigation of the derivation mode = k, from Corollary 3.1.1,
Corollary 3.1.2 and Corollary 3.1.3 we obtain the following theorem. It shows that
if A-rules are allowed, neither the number of the agents being in the system nor
the number of the agents working in a step have any influence on the generated
language class.
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Theorem 3.1 For 1 < k<n, L(EE*n,=k))=L(EE*1,=1)).

In the A-free case we use the notation L{EE(= k)) for the class of the languages
which can be generated by extended simple EG systems working in mode = k,
without A-rules. From Corollary 3.1.1 we have L(EE(n,= k)) = L(EE(= k)) for
1<k <n.

Using Corollary 3.1.1, Lemma 3.1.3 and Lemma 3.1.5, we can summarize the results
of the A-free case in the following theorem.

Theorem 3.2

L(EE(= 1)) = L(EE(m,=1)) D L(EE(= 2)) = L(EE(n2,=2)) D ... D
L(EE(=k)) = L(EE(ng,=k))D....

where n; > 1 for 1 < 1.

3.2 The hierarchy of language classes L(EEW(n, < k))

In this section we examine the hierarchy of the'language classes generated by using
derivation mode < k. In most of the cases the statements and proofs of the case
= k are valid for the derivation mode < k as well, in such cases we refer to the
previous section.

The first lemma can be proved by the same construction as in Lemma 3.1.1.
Lemma 3.2.1 For1<k<n<m, L(EEW(n,<k))CLEEN(m,<k)).

The proof of the second lemma uses the same construction and follows the same
idea as the proof of Lemma 3.1.2, thus we do not give the detailed proof here.

Lemma 3.2.2 For 1< k<n, L(EEMN(n+1,<k))CLEEMN(n,<Ek)).
From these two above lemmas we obtain the following corollary:

Corollary 3.2.1 ‘
For1<k<n, L(EEM(n,<k))=LEEMEK,<E)).

Thus, it is enough, similarly to the case = k, to examine the relation of the language
classes L(EEM (k, < k))

We have the same result as in the case of the derivation mode = k. For
proving this statement, we can use the same construction and explanation as in
Lemma 3.1.3.

Lemma 3.2.3 For1<n, L(EEM(n+1,<n+1))CLEEXN(n, <n)).
The above lemmas give the following corollary. _
Corollary 3.2.2 For 1 <n, L(EE™(n,<n))C L(EEM(1,<1)).

In the case of the derivation mode = k the language classes formed a collapsing
hierarchy if and only if A-rules were allowed in the system. If we consider the
derivation mode < k, we have different results.
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Lemma 3.2.4 For1<k<n, L(EEMN(n,<n))CLEEMNm+1,<n+1)).

Proof
For any extended simple EG system £ = (Vg, Pg, Ry, ..., Rp,w, A) we give an-
other extended simple EG system X' = (Vg', Pg',Ri’,..., Rns1’,w',A"), such

that L(X,< n) = L(¥',<n+1). Let &' be the following:
o Vg' =VgU{D}, where D ¢ Vg,
e Pg' = PgU{D-D},
e R/=R; forl1<i<n,
* Royi' = {D=D},
o w =uw,
e A'=A.

The generated language of ¥ in mode < n is the same as that of ¥’ in mode < n+1
because in ¥’ an < n-+1 derivation means an < n derivation, considering the struc-
ture of ¥'. m

From the above lemma we have the following corollary.
Corollary 3.2.3 For 1 <n, L(EEM(1,<1)) C L(EEX (n,< n))

Concluding the investigation of the case < k, from Corollary 3.2.1, Corol-
lary 3.2.2 and Corollary 3.2.3 we obtain that the hierarchy of the generated language
classes is a collapsing one, both with and without A-rules.

Theorem 3.3 For 1<k <mn,
LEEW(n,< k)) = LIEEM(1,< 1))

We have already seen that only the language classes L(EE*(1,= 1)),
L(EE(k,=k)), L(EE*(1,<1)) and L(EE(1,< 1)) are interesting, the other
classes are equal to one of these language families.

Thus, the only remaining thing is to examine the relation of these special language
classes. .

The following lemma holds by the definition of the derivation modes < 1 and = 1.

Lemma 3.2.5 L(EE®)(1,=1)) = L(EEWM(1,< 1))

Moreover, language classes generated without A-rules are included in the language
classes generated with the same parameters but with A-rules.

Lemma 3.2.6 L(EE*(1,=1)) D L(EE(1,=1))

Proof The inclusion holds by definition; it is proper because languages containing
at least one non-empty word and the empty word A cannot be generated without
A-rules. m
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4 Summary and open problems

We can summarize the results of the paper in the form of a diagram. In this
diagram, a straight arrow indicates a proper inclusion; the class the arrow leaves is
included in the class the arrow points at. “

We use the notation n; for 1 < 4, where n; denotes an arbitrary positive integer,
such that 7 < n;.

L(EEMn,<k)) = L(EE*(1,<1)) = L(EE*1,=1)) = L(EEn,=k))

L(EE(1,< 1))

L(EE(1,= 1))

L(EE(n,< k)) L(EE(n;,=1))

L(EE(2,=2)) L(EE(ns, = 2))

L(EE(k,=k)) = L(EE(ng,=k))

The main result of this contribution is that while in the non-extended case the size
parameters (n and k) and the mode of the derivation have influence on the gener-
ated language classes (see [4]), in the extended case the hierarchy is a collapsing
“one.

There have remained some open problems. In this paper we invéstigated only
the relation of the language classes generated by extended simple EG systems with
different parameters and derivation modes. The precise place of these language
classes in a traditional hierarchy, that is their relation to the Lindenmayer or the
Chomsky language classes will be the subject of future investigation. Some results
concerning this question were given in [5], it was shown there that the A-fr ee classes
are between the language families FOL and M AT,..

More new questions arise if we consider another definition (different from Def-
inition 2.3) for the derivation mode < k. By Definition 2.3, in every derivation
steps at least one agent has to work. By omitting this condition and allowing that
only the environment works in a derivation step, we obtain a new definition for thls
derivation mode and we obtain new language classes as well.
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Moreover, similarly to the < k& mode we can give the definition of the > k deriva-
tion. ‘
The relation of the language classes defined by these derivation modes and the
language classes generated by the original ones can be examined in the future.
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