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Abstract

Eco-colonies are new grammar systems with very simple grammars called
agents placed in a common dynamic environment. Every agent generates its
own finite language, all agents cooperate on the shared environment. The envi-
ronment is developing not only by the action of agents, but also using its own
developmental rules.

The generative power of eco-colonies was discussed in several papers, eco-
colonies were compared especially with various types of colonies, but not all
relations were proved. In this paper we summarize previous results and present
some new results about the generative power of eco-colonies.

1 Introduction

Colonies were introduced in [5] as collections of simple grammars (called compo-
nents) working on a common environment. A component is specified by its start
symbol and by its finite language. This language determines actions to do with the
start symbol, it is usually a list of words, the component substitutes its start symbol
by some of these words. The environment is static itself, only the components can
modify it.

There exist several variants of colonies with various types of derivation. The
original model was sequential (only one component works in one derivation step),
the other basic types of derivation are sequential with parallely working components
or parallel. Parallel colonies were introduced in [4], the parallel behavior of a colony
means the working of all the components that can work (the components whose start
symbols are in the environment and no other component is occupying this symbol
for the actual derivation step), one component processes one occurrence of its start
symbol.

Eco-colonies were first studied in [10], their EOL form in [11] and [12]. Eco-
colonies are colonies with developing environment. The concept of developing of the
environment is inspired by another type of grammar systems, eco-grammar systems
([3]). The environment of eco-colonies is specified not only by its alphabets but
as OL or EOL scheme. Every symbol of the environment not processed by agents
(components) is overwritten by some of the developing rules of this scheme.
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In [1] there is defined a related system, e-colonies (extended colonies). Similarly
as eco-colonies are based on parallel colonies and their environment is OL- or EOL-
scheme, e-colonies in [1] are based on sequential colonies and their environment is
TOL-scheme.

The presented paper consists of four parts. In Section 2 preliminaries are men-
tioned, than in Section 3 we introduce eco-colonies with two different derivation
modes and illustrate these systems on the examples.

In Section 4 we deal with the derivation power of eco-colonies. We compare them
mutually, and we compare the generative power of various types of colonies with the
generative power of the both types of eco-colonies. We will discuss the systems with
single alphabet and also the systems with terminal alphabets.

Section 5 is devoted to the conclusions.

2 Preliminaries

In this section we define colonies and the types of derivation in colonies, and we
preface lemmas used in the next sections. For other prerequisites from the theory
of formal languages and grammars we refer to [9], related information about theory
of grammar systems can be found in [2]. L-systems, OL-, EOL-, ETOL- and TOL-
systems are defined in [8]. For definitions of some properties of languages (e.g.
logarithmically clustered, pump-generated) see the paper [7].

In this paper we denote by |w|g the number of occurrences of S in w for a word
w and a symbol S.

Definition 1 A colony is a (n+3)-tuple C = (V,T, Ay, ... Ay, wp), where

e Vs a total (finite and non-empty) alphabet of the colony,
o T is a non-empty terminal alphabet of the colony, T C V,
o A, = (S, F;), 1 <i<mn,isacomponent, where

— 5; € V is the start symbol of the component,
— F, C(V —{S;})*, F; is the finite language of this component,

e wy is the axiom.

The derivations for colonies were introduced in several ways. Basic of them are
following modes:

b-mode is sequential type of derivation, one component is active in one derivation
step, the active component replaces one occurrence of its start symbol by some
word of its finite language F,

t-mode is sequentially-parallel — one component is active in one derivation step
and this component rewrites all occurrences of its start symbol by words of its
language,
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wp-mode is parallel mode, where every component which can work must work in
the following sense: each component rewrites at most one occurrence of its
start symbol, a component is active if its start symbol is in the environment
and no other component with the same start symbol occupies this occurrence
of the symbol,

sp-mode is parallel mode similar to wp, but if there is an occurrence of a symbol
in the environment, every component with this start symbol has to be active
— if all occurrences of this symbol are occupied by another components with
the same start symbol, the derivation is blocked.

Definition 2 We define a basic derivation step (b mode) in a colony C,
C = V,T,Ay,..., Ay, wg) as the relation L directly derives 8 in b mode of

derivation (written as o & B) if

o o =v1Svy, B =1 fuve, where vi,vo € V¥, SeV, fe(V-{S}",
e there exists a component (S, F) in C such as f € F.

Definition 3 We define a terminal derivation step (t mode) in a colony C,
C = V,T,Ay,...,Ap,wy) as the relation L o directly derives (8 in t mode of

derivation (written as o L B) if

o (¥ = ’U()SUlSUQ N vn_lSvk,
o (3 =vofiv1fove ... vn—1f kv,
o where v; € (V —{S}H)*, 0<i<k, SeV, fie(V-{S}HT,

e there exists a component (S, F) in C such as for all strings f;, 1 < i <k, is

fieF.

Definition 4 We define a strongly parallel derivation step (sp mode) in a colony
C=(V,T,Aq,...,An,wo) as the relation =L directly derives (3 in sp mode of
. . . sp .
derivation (written as o = 3) if
o ¥ — 1)05@’015@’02 e vk_lSikvk,
* B =wofiv1fiv2. .. Vg—1fi, vk,
o wherev; € V*, 0<j<k, S, €V, 1<j<k, fi, e (V-{S,})", 1<j<k,
e there exist components (S;;, Fi;) in C such as f;; € Fi,, 1 <j <k,
o iy #is for allt # s, 1 <t,s <k (one component can rewrite at most one
occurrence of its start symbol),

e if |als > 0 for some symbol S € V, then for every component (S, F), where
S =8, ist =1i; for some j, 1 < j <k (if some symbol occurs in environment,
then all components with this symbol as the start symbol must work).

Definition 5 We define a weakly parallel derivation step (wp mode) in a colony

C=(V,T,Ay,...,Ap,wp) as the relation £ directly derives 3 in wp mode of
. . . wp .

derivation (written as o = 3) if
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o (x — 'U(]Sl'llUlsl'Q'UQ ‘e vk_lSikvk,

B = vofiyv1fi02 - - Vk—1[i, Vk;
o wherev; EV*, 0<j<k, S, €V, 1<j<k fi,e(V-{S,})", 1<j<k,
there exist components (S;;, Fy;) in C such as fi, € Fy;, 1<j <k,

it #£is for allt # s, 1 < t,s <k (one component can rewrite at most one
occurrence of its start symbol),

o for every S € V, if the number of agents with the start symbol S is denoted
by t, then
Z |O“Si]- = min(‘ab?t)
=1
5; =S
J

(all components which can work — their start symbol is in the environment and
some of the occurrences of this symbol is not occupied by any other agent —
they must work; the left side of the equation means the number of components
with the start symbol S which work in the given derivation step).

The formal definitions of an eco-grammar system and its type of derivation are in
3] )

For all the relations =, x € {b,t,wp, sp}, we define the reflexive and transitive
closure =%

Definition 6 Let C be a colony and C = (V,T, Ay, ... Ap,wp). The language gener-
ated by the derivation step x, x € {b,t,wp, sp} in C is

LC,x) ={weT" : wy= w}.

For more information about languages of colonies see [6].
We use the notations for colonies with various types of derivation:

COL, for class of languages generated by colonies with x type of derivation,
x € {b,t,wp, sp},

COLT  for class of languages generated by colonies with 7' =V and z type of
derivation, x € {b,t,wp, sp}.

Lemma 1

coLl c coL,
where x € {b,t,wp, sp}.

Proof. Colonies generating the class COLL are colonies with only one alphabet
(T'=1V), it is a special type of colonies generating COL,. (|

Let C be a colony, C = (V,T, Ay,... Ay, wp), with n components. Denote by m the
length of the longest word in the languages of components, over the all components
Al, PPN Anl

m=maz{|lu| : weF, A;=(S;,F), 1<i<n}.
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Lemma 2 (Pumping lemma for parallel colonies) Let L be an infinite lan-
guage generated by a colony C with x € {wp, sp} derivation mode. Then the length
set of L contains infinite linearly dependent subsets, i.e.

{a-i+b:i>0} C{|lw| : we L}
for some natural numbers a,b > 0.

Proof. Let C = (V,T,A1,... Ay, wy) be a colony with = € {wp, sp} derivation mode
and L(C,z) = L for some infinite language L. Let m be length of the longest word
in the languages of components Ay, ..., A,

m=maz{|lu| : uweF, A;=(S;,F), 1<i<n}.

Let us choose some w in L, |w| > |wg| - m -n - 2", the derivation of word w from
the axiom consists of at least 2" steps. Since in one derivation step w; — Wit1 We
have |w;y1| — |w;| < m-n. Therefore there are indices 7, j, ¢ < j, such that the same
set of agents is active in the derivation steps w; = wi41 and w; = Wjg1-

We split this derivation to the parts

T * T * T *
Wy — W — W; — W
Denote by
. . . . *
e ny number of terminal symbols generated in the subderivation wy == w;,

which are not rewritten in any next derivation step,

e n,; the same for the subderivation w; Ny wj,

e n; the same for the subderivation w; =7 0.

Now we transform the derivation as follows:

e in the derivation step w; == ... we use the same components and words of

languages of these components as in the derivation step w; == ...,

e in this way we link ap a copy of processing the sets of symbols from the
subderivation w; == w to the subderivation w; == ... (we link up only the
way of rewriting symbols, the other symbols stay in the word),

e we apply the previous operation z-times, z > 0,
e the word derived using the described method of “pumping” the derivation is

denoted by w?,.

The described derivations for the numbers z generate the words with the follow-
ing length:

lw| = |wj| = no + n; + nj, (1)

lwl.| = no+z-n;+n,. (2)

We can construct the derivation of w/, for any z > 0, so w’, € L. Linear depen-
dence is obvious. O
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The following theorems are used in the proof of Theorem 7.

Theorem 1 ([7]) If K is an infinite ETO0L language' then either K contains an
infinite logarithmically clustered language or K contains a pump-generated language.

Theorem 2 ([4])
COL; = ETOLy;.

3 Eco-Colonies

In this section we define two types of eco-colonies and then two types of derivation
in eco-colonies.

Definition 7 An EOL eco-colony of degree n, n > 1, is an (n + 2)-tuple
Y= (F,A1,Ag, ..., Ay, wp), where

o £ =(V,T,P) is EOL scheme, where

— V is an alphabet,
— T is a terminal alphabet, T CV,
— P is a finite set of EOL rewriting rules over V,

o A; = (S, F;), 1 <i<mn, is the i-th agent, where

— S; € V is the start symbol of the agent,
— F;, C(V—A{S;})* is a finite set of action rules of the agent (the language
of the agent),

e wq is the axiom.

An 0L eco-colony is defined similarly, the environment is OL scheme E = (V, P), P
is a finite set of OL rewriting rules over V.

As we can see, agents are defined in the same way as components in colonies, an
environment is determined by the alphabets in colonies, and by EOL or 0L scheme
in eco-colonies.

We define two derivation modes for eco-colonies — the first one, wp, is inspired
by the wp mode for colonies, we only add the possibility of developing for the
environment. In every derivation step each agent (S, F') looks for its start symbol
S. If it finds some occurrence of this symbol not occupied by any other agent, the
agent becomes active, occupies this symbol and rewrites it by some of words of its
language F.

Definition 8 We define a weakly competitive parallel derivation step in an eco-
colony ¥ = (E, A1, Aa, ..., Ap,wp) as the relation =2 _ « directly derives 8 in wp
mode of derivation (written as o SR B) if

1ETOL[1] languages are languages generated by 1-restricted ETO0L systems: 1-restricted ET0L
system is ET0L system G = (X, P, S, A) such that for every table P € P there exists a letter b € X
such that if ¢ € 3 — {b} and (¢ — a) € P then a = ¢ (in every table only one rule is not static).
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o a=1v05;,V15,V2 ... Vp_15;,Vp, T >0,

B = v fi, V' figth .. vl fionh,  for Ai, = (Si.. Fi.), fi, € Fi,, 1<k<r,

ik # i for every k # m, 1 < k,m < r (the agent A;, is active in this
derivation step),

o {i1,i2,...,i,} C{1,2,...,n},

o for every S € V, if the number of agents with the start symbol S is denoted by
t, then

T
> lals,, = min (las.t)
j=1

83, =5

(all agents which can work — their start symbol is in the environment and some
of the occurrences of this symbol is not occupied by any other agent — they must
work; the left side of the equation means the number of agents with the start
symbol S which work in the given derivation step),

® U RO vy, v € V¥, 0 <k <, is the derivation step of the scheme E.
The second type of derivation step, ap, means that all agents must work in every
derivation step and if some agent is not able to work (there is not any free occurrence

of its start symbol), the derivation is blocked. This type of derivation is inspired by
the basic type of derivation in eco-grammar systems.

Definition 9 We define a derivation step ap (all are working parallely) in an eco-
colony ¥ = (E, Ay, Ag, ..., Ap,wp) as the relation =L « directly derives 3 in ap
mode of derivation (written as o == [3) if

o (¥ = voSilvlSi2v2 PN vn_lSinvn,
o /6 = v(/)filvllfigvé .. 'vgflfinv;w fOT Alk - (Szkank)a fzk c Eka 1 S k S n,
o {i1,i2,...,in} ={1,2,...,n} (every agent works in every derivation step),

® U N vy, vp € V¥, 0 <k < n, is the derivation step of the scheme E.

For the relations ==, x € {wp, ap}, we define the reflexive and transitive closure
T *

Definition 10 Let ¥ be an 0L eco-colony, ¥ = (E, Ay, As, ..., Ap,wg). The lan-
guage generated by the derivation step x, x € {wp, ap}, in ¥ is

L(Z,2) ={weV* : wy == w}.

Let X be an EOL eco-colony, ¥ = (E, A1, Ag, ..., Ap,wy). The language gener-
ated by the derivation step x, x € {wp,ap}, in X is

L(Z,2) ={weT* : wy = w}.
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Example 1 Let ¥ = (E, Aj, A2, AbB) be an EOL eco-colony, where
E = ({A,B,a,b},{a,b},{a — a,b — bb,A — A, B — B}),
Ay = (A, {aB,¢c}), Az = (B,{aA,c}).
Let us construct derivations with ap and wp types of derivations:
AbB =2 aBb’aA =2 ®Ab'a’B =2 .. 2L " AV "B =& anbz(n+1)a”,
AbB =5 aBb*aA =2 a*Ab'a®B =% o’ A =2 o*'%a'B = ...

The wp derivation allows “resting” of non-active agents. If we use the ap type of
derivation, a terminal word is generated only if the both agents use the e-rule in the
same derivation step, otherwise the derivation is blocked without creating the final
word.

The generated languages are:

L(X,ap) = {a”b2(n+l)a” : nEO},
L(Z,wp) = {a¥®"a’ : 0<4d,j<n}.

4 Generative Power of Eco-Colonies

We compare the generative power of eco-colonies and colonies, for systems with
terminal alphabets as well as for special systems with the terminal alphabet equal
to the alphabet of the system. For eco-colonies we use the notations:

0FEC, for the class of languages generated by OL eco-colonies with x type of
derivation, x € {wp, ap},

FEEC, for the class of languages generated by EOL eco-colonies with = type of
derivation, x € {wp, ap}.

Theorem 3
COL,, C EEC,,). (3)

Proof. The relation COL,,, € EFEC,,, is trivial, colonies with wp derivation are a
special version of EOL eco-colonies with a static environment (with rules a — a for
every letter from V). To prove the proper inclusion we use the language

Ly = {a® : n>0}.
The language L; is generated by the eco-colony ¥ = (FE, A,b), where
E = ({a,b}, {a}, {a — aa, b —b}), A= (b, {a}).

The language L does not include infinite subsets of words with linearly depen-
dent length so according to Lemma 2 there is no colony C' with wp derivation which
generates the language L. O
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Corollary 1

COLy, C EEC,,, (4)
COL! ¢ EEC,,, (5)
COLL, C EECy,. (6)

Proof. Equation (4) follows from COL, C COLyy, ([4]) and from Equation (3).
Equations (5) and (6) follow from Lemma 1 and from Equations (3) and (4). O

Theorem 4
0ECyp C EEC . (7)

Proof. The relation 0OEC,,, € EEC,,), is trivial, OL eco-colonies are the special type
of EOL eco-colonies with the terminal alphabet T'= V.
We can find a language Ly € EEC,,, — 0ECy,),:

Ly={a® s izofu{s" =0}
This language is generated by the EOL eco-colony ¥ = (F, A, S), where

E = ({S,a,b}, {a,b}, {a — aa, b — bbb, S — S}),
A = (S,{a,b}) (this agent is active only in the first derivation step),

S =R g 2R g2 2B gt 2R g8,

S = b= b3 =L =L b7

Assume that some OL eco-colony ¢ = (F, A, As,..., Ap,wp), E = (V,P),
generates the language Lo. Every state in the environment including the axiom is
one of the elements of the language of ¥g.

Let the rule @ — ¢ is in P (the case for b is analogous). If we have only the e-
rule for a there, the exponential growing would be carried by agents, but the agents
work similarly to the components in colonies. Components are not able to ensure
exponential growing (see Lemma 2), nor agents in this eco-colony.

If there are some non-e-rules in the environment, the e-rule is not allowed, be-
cause the random application of this rule would mean random disappearing of sym-
bols in the environment, so some words not contained in Lo could be generated.
That is why the axiom is one of the two shortest words — a or b.

Suppose the axiom a. We need to generate every word of the language Lo
including the words %', so the rule a — b is in the language of some agent or it is a
rule of the OL scheme in the environment.

If this rule is used by some agent, the eco-colony can generate only the words
a U b, because the agent must work whenever it can work. If some another agent
rewrites symbols b to a, it is able to do it in the next derivation step, but every state
of the environment belongs to the language generated by X, including the states
before and after application of this derivation step. In this case only one derivation
is possible, a =2 b =2 ¢ =2 p =£ . it generates the language {a,b}.
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The superior indexes 2 and 3 in the definition of Ly have not any common divisor,
so the alternate rewriting of all the symbols a to b and then b to a with the growing
length of the words by the environment is not possible.

So if the rule a — b (or some rule rewriting a to more than one b) is in the OL
scheme of the environment and the OL scheme is deterministic, the eco-colony is not
able to generate any word of the form a?' longer than the power of the number of
agents in this system, because the deterministic 0L scheme does not contain any
rule rewriting a to a sequence of a. The rules rewriting b to a sequence of a are not
usable as suggested in the previous paragraph.

If the OL scheme is not deterministic, this situation allows to have more than
one rule for rewriting the symbol a — one rule a — b and some rule rewriting a to a
sequence of a. But in this case the eco-colony can generate some words containing
both the symbols a and b, and these words are not elements of the language Lo.

The case of the axiom b can be solved similarly, so any OL eco-colony cannot
generate the language Lo. O

Theorem 5
0EC,, C EEC,,. (8)

Proof. 0L eco-colonies are special types of EOL eco-colonies where T' = V, so the
relation 0EC,, C EEC,), is trivial.
To prove the proper subset we use language

L3:L1—{a}:{a2n tn>1}.

This language is generated by the EOL eco-colony ¥ = (E, Ay, A3,UVa), where
E={a,U,V},{a},{a — aa, U - UV = V}), A =(U,{V,e}), Az = (V,{U,e}).

n—1 n
UVa =2 VUd? 22 UVa* 22 ... 2 Uve?" =2 47,

Each agent generates the empty word only and using the ap derivation agents
Aj and As are active in every derivation step and they alternate symbols U, V' until
the terminal word is generated.

Suppose that the language Ls can be generated by some 0L eco-colony 3 with
ap derivation. » contains at least one agent, which is active in every derivation
step. V = {a}, so the start symbol of each agent is a. The agent generates a finite
language over V — {a}, so we have A = (a, {c}) for each agent in X.

P is deterministic, it contains exactly one rule for a. (Otherwise the system
generates an infinite set of pairs of words with the constant difference of their length
and there is no such an infinite subset in Ls.)

The language generated with the OL eco-colony where P = {a — a°} with n
agents A = (a, {}) using the ap mode from the axiom a™ is equal to {a*" : n > 1}
for no parameters m,n,s and L3 ¢ EECy,. Il

Theorem 6 The classes of languages 0EC,,, and 0EC,, are incomparable.
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Proof. 1) 0EC,,, — 0ECy, # 0:

In Theorem 5 we proved that the language L3 = {a2n 1 n> 1} is not generated
by any OL eco-colony with ap derivation. This language is generated by the following
OL eco-colony with wp derivation: ¥ = (E, A, a), where £ = ({a,b},{a},{a —
aa,b— b}), A= (b,{a}).

We need at least one agent, but using wp derivation this agent does not work if
its start symbol is not in the environment.

2) 0EC,p — 0EC,,, # 0:

To prove this we use language

Ly = {al‘r’*%bncb"d :0<n<7,nis even}
U {al‘r’*%bndb"c :0<n<Tnis odd} )

This language is generated by the OL eco-colony ¥ = (E, Ay, As, A3, Ay, a*®cd) with
ap derivation, where

E = ({a,b,c,d},{a — a,b — b,c — ¢,d — d}),

A= (a’v {5})7 Ag = (a’ {5})7 Az = (C, {bd})’ Ay = (da {bc})
This language consists only of eight words derived as follows:
a®ed =5 a'3bdbe =5 a2 b d =5 a'b3dbPc =5 a"bleb'd =5 aPVOdb’c =5
=L @30cbSd =B ab”db’c.

Assume that there exists an 0L eco-colony Yy with wp derivation generating L.
Suppose that the axiom is a'®~2'b'cb'd for some i, 0 < i < 7, i is even (the proof for
the axiom with odd number 7 is analogous). ¥ generates all words of the language
for n > i and/or n < i.

] L +
a) Words for n <i: a'® 2bichid == a'Sdc. ..

The number of a-s increases, the number of b-s decreases. But with using the
wp type of derivation the system is not able to stop growing of a-s, so it is
possible to generate words not included in L4 such as a'”cd.

b) Words for n > i: a'®2ibichid ~R " q13-2ipitlgpitic,

The number of a-s decreases, the number of b-s increases. As in the previous
part of this proof, the system is not able to stop growing of b-s, the words
b8cb®d, ete. not included in Ly are generated.

The outcome is identical for growing by agents as well as by the environment. [J

Theorem 7
zEC, — COL, # 0 (9)

where x € {0, E}, y € {wp,ap}, z € {b,t,wp, sp}.
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Proof. In this proof we use language

Ls = {cdaQanQ% tn > 0} U {clca22n+1b22n+1

nZO}.

This language can be generated by the eco-colony ¥ = (F, A, Ag, cdab), where
E = ({a,b,c,d},{a — aa,b — bb,c — ¢,d — d}), A1 = (¢,{d}), A = (d,{c}).

cdab = dea’b? = cda*b* = dca®b® = cda'%p'® = ...

Considering T' = V this is OL as well as EOL eco-colony. Both agents are active
for all words, i.e. in every derivation step so wp and ap coincide in it.

The language L5 is not context-free, so Ls ¢ COL; and it grows exponentially
so Ls ¢ COL,,), and Ls ¢ COL,, according to Lemma 2.

Ls ¢ COL; according to the results of Kleijn and Rozenberg, see Theorems 1
and 2 in Preliminaries. O

Corollary 2
zEC, — COLL #0) (10)

where x € {0, E}, y € {wp,ap}, z € {b,t,wp,sp}.
Proof. Follows from Theorem 7 and Lemma 1. O

Corollary 3

COLL, C 0ECyy, (11)

COL{ C O0ECy,. (12)
Proof. Colonies C’OLEP are a special type of eco-colonies 0EC,,, with the static
environment (only rules of type a — a), so COLL ) C 0EC.,. Equation (11) follows
from this fact and from Corollary 2.

Colonies C’OLbT can be simulated by colonies C’OLgp where every possible pair

of components has different start symbols, so C’OLbT C COLgp. This gives inclusion
(12). O

Theorem 8
COL, —0ECy, #0, =€ {b,t,wp,sp}. (13)

Proof. In Theorem 6 we proved that the language

Ly = {al‘r’*%b”cbnd :0< n<7,nis even}
U {a®7?db" : 0 <n < 7,nis odd}

is not in 0EC,,). It is a finite language, so Ly € COL, for x € {b,t, wp, sp}. O

Theorem 9
COL, —0ECy, #0, x € {b,t,wp,sp}. (14)

140



Properties of eco-colonies

Proof. The finite language
L¢ = {CL, aa}

is produced by a colony with one component (.5, {a,aa}) and axiom S for any deriva-
tion mode x,x € {b,t,wp, sp}, therefore Lg € COL,.

In an OL eco-colony we have only one alphabet. So all active agents have the
start symbol a and the form (a, {¢}). The axiom is one of the words of the language
— a or aaq.

Assume that the axiom is a. There exists at least one agent rewriting a to €, so
the generated language is {a,e}. But the empty word € ¢ Lg.

Suppose that the axiom is aa. There exists some agent rewriting one of the both
a-s to g, so the word a can be generated. But this agent works in the next derivation
step (or steps) too: aa T ¢, and the word not contained in Lg is generated.
So L6 ¢ OECap. O

Theorem 10
COLy C EEC,). (15)

Proof. We have a colony with the b mode of derivation C = (V, T, Ay,... An, wo),
and we create an equivalent EOL eco-colony ¥ = (E, A;, Ay, BCwy) with the ap
derivation and agents A} = (B,{C,¢e}), A, = (C,{B,e}).

We create rules of the environment from the components Ai,...A,. We can
suppose that all these components have different start symbols.

For each component (a,{a;,as,...,ar}) we create developing rules for the en-
vironment:

a—alog|ag]|...|ag
and for every symbol b which is not the start symbol in any component we create
one rule b — b.

So the environment simulates the action of the components in the colony. The
simulation of a sequential derivation is possible using the identical rules rewriting
symbol to itself for all but one letter of the word.

From the construction it follows that wg :b>* w implies BCwy 2; w and
BCwy %* w implies wq é* w.

The proper subset comes from Theorem 5. O

Example 2 We demonstrate the construction of the proof on the colony generating
the language ‘
L7 = {waw®a" : we {0,1}*, i >0}.
We have a colony C = ({S,H,H', A, A’,0,1,a},{0,1,a}, A1, A, A3, Ay, A5, S)
generating the language L; where

Ay = (S, {HAY), A= (H, {0H'0,1H'1,a}), As= (A, {aA’ a}),
Az = (H', {H}), As = (A, {4}).

Now we create an EOL eco-colony with ap derivation ¥ = (E, A1, Ay, BCS), E =
({B7C7 S7H7HI7A7 AI707 1,61,}7 {O? 1,@}, P)7 Al = (B7{C’€})’ A2 = (C’ {B76}>7 the

set of rules P in the environment is
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P={H—-H|0HO0|1H'1|A, H —H'|H, 1-—1, a—a,
A— A|adAa, A—-A A 0-0, S—S|HA}.

One of the derivations in C:

SEHAX 1H1A2 1H1A 2 10H014 2 10H01A 2 100014 2

2 1040104’ 2 10a01a4 2 10a01aa.

Two of possible derivations of the same word in X:

BCS 2 CBHA -2 BCO1H'1A -2 OB1H1A =2 BC10H'01A =2
2L OB10HO014 =2 BC10a01A =2 C'B10a0laA’ =2 BC10a01aA —2

=L 10a0laa, and

BCS =2 CBHA =2 BC1H'1aA' =2 CB1H1aA =2 BC10H 0laa =2
2 OB10HOlaa =2 10a0laa.

Corollary 4
COL! C EEC,,. (16)

Proof. Follows from Theorem 10 and Lemma 1. O

5 Conclusions

In this paper we study the type of grammar systems, eco-colonies based on colonies
and eco-grammar systems. We summarize the results in the table 1. The symbol
T<number> means Theorem with the referred number, the symbol C<number>
means Corollary with the referred number. The symbol () in the table means
incomparable classes of languages.
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