
COLONIES: a Multi-Agent Approach toLanguage GenerationErzs�ebet Csuhaj-Varj�uComputer and Automation Research InstituteHungarian Academy of SciencesH-1111 BudapestKende u. 13-17csuhaj@luna.aszi.sztaki.huAbstract We discuss colonies, a variant of grammar sys-tems, which are a generative framework introduced for mod-eling multi-agent systems motivated by subsumption archi-tectures. We demonstrate that cooperating systems of verysimple grammars are convenient tools for generating compli-cated languages and describing powerful language classes.1. IntroductionOne of the approaches to language processing is to viewlanguage as behavior of a complex multi-agent symbol sys-tem. Grammar systems theory, a recent vivid �eld of formallanguages, provides a versatile tool for the realization of thisidea.A grammar system, roughly speaking, is a �nite set ofgrammars which cooperate (and communicate) in the inter-est of generating a language. In this framework, the grammarscorrespond to the agents and the generated language (or lan-guages) identi�es (identify) the behavior of the multi-agentsystem. At any moment, the current string under derivationrepresents a symbolic environment for the acting agents. Mo-tivated by di�erent areas, there have been several variants ofgrammar systems introduced and studied: CD grammar sys-tems (cooperating/distributed grammar systems) which area generative framework for the blackboard model of problemsolving ([4]), PC grammar systems (parallel communicatinggrammar systems) which are computational models of (vir-tual) networks of parallel communicating processors ([19]),eco-grammar systems which capture the basic formal prop-erties of ecosystems ([7]), etc. The investigations have con-centrated both on the study of the generative and descriptivepower of such systems and the sophisticated modeling; theinterested reader can �nd detailed information in ([5]). Forconnections with natural language processing we refer to [3].A particularly interesting case of grammar systems is thecolony which was proposed as a theoretical framework for thestudy of the subsumption architecture of multi-agent comput-ing devices invented by R. Brooks ([11]). Subsumption archi-tectures, implemented as a special network of message passing0 Research supported by the grant No. T 017105 of the HungarianScienti�c Research Fund \OTKA"

augmented �nite state machines ([1]), model multi-agent sys-tems of simple autonomous agents with emergent collectivebehavior. The proposed generative model was a grammar sys-tem with very simple components where each component isa regular grammar generating a �nite language and the com-ponent grammars change the common symbolic environment(the string) by replacing an occurrence of their startsymbolby a word of the language they de�ne.There are parallels among the above model and the ba-sic requirements of behavior-based systems: colonies explicitsituatedness, embodiment, and emergence. The componentgrammars are situated in their (symbolic) environment; theiractions form a part of the dynamics of the environment andthey have immediate feedback on its rewriting; the genera-tive power (the behavior) of the whole colony emerges as aresult of collective activities of the very simple purely reactivecomponents of the system.Colonies have been studied in detail: starting from the teambehavior of the agents to the behavioral stability of the systemseveral properties have been investigated ([12], [16], [9], [17],[8]).In this paper we discuss di�erent variants, mainly from thepoint of view of their generative power. We demonstrate thatcomplicated and powerful language classes can be describedin terms of cooperating simple grammars.2. Some formal language theoretic prerequisitesBefore turning to colonies, we recall some notions from for-mal language theory. For further details and information thereader is referred to [21], [20], [10].For an alphabet V; we denote by V + the set of all nonemptystrings over V: If the empty string, �; is included, then we usenotation V �: The length of a string x is denoted by jxj.We denote a context-free grammar by G = (V; T; P;S);where V is the total alphabet, T � V is the terminal alphabet,P is the set of productions and S is the startsymbol. Elementsof V � T are called nonterminals. A context-free grammar isregular if its productions are of the form A ! aB;A ! a,where A and B are nonterminal symbols and a is a terminalsymbol.The language generated by a context-free grammar G is de-c 1996 E. Csuhaj-Varj�uProceedings of the ECAI 96 WorkshopExtended Finite State Models of LanguageEdited by A. Kornai.



noted by L(G); we denote by L(REG); L(CF ) and L(CS) theclass of regular, context-free and context-sensitive languages,respectively.Language classes of colonies are compared to language classesgenerated by parallel derivations.By an 0L system we mean a triple H = (V; P;w); whereV is an alphabet, P is a set of context-free productions overV and w 2 V � is the axiom. Moreover, P is complete, thatis, P has a production a ! u for any symbol a 2 V: 0Lsystems use parallel derivations: for x; y 2 V � we say thatx directly derives y in 0L system H; written as x =)H y;if x = x1 : : : xm; y = y1 : : : ym; m � 1; and xi ! yi 2 P;1 � i � m: The language of an 0L system H is the set ofwords that can be derived (in some steps) from its axiom.An ET0L system is an n+3-tuple H = (V; T;H1; : : : ; Hn; S);where V is the total alphabet, T is the terminal alphabet and(V;Hi; S) is an 0L system for every i; 1 � i � n: A derivationstep in ET0L system H is a derivation step performed bysome of the production sets Hi; 1 � i � n; in the above (0L)manner. The generated language consists of terminal wordsthat can be derived from the axiom S: The class of languagesgenerated by ET0L systems is denoted by L(ET0L):Grammars with regulated rewriting are compared to colo-nies, too. A context-free programmed grammar is a 4-tupleG = (V; T;P; S); where V; T; S are as above, the total al-phabet, the terminal alphabet and the startsymbol, and Pis a �nite set of productions of the form (b : A ! z;E;F );where b is a label, A ! z is a context-free production overV and E;F are two sets of labels of productions of G: (E issaid to be the success �eld, and F is the failure �eld of theproduction.) A production of G is applied as follows: if thecontext-free part can be successfully executed, then it is ap-plied and the next production to be executed is chosen fromthose with the label in E; otherwise, we choose a produc-tion labeled by some element of F; and try to apply it. Thistype of programmed grammars is said to be with appearancechecking; if no failure �eld is given for any of the productions,then a programmed grammar without appearance checking ispresented. If both the success and the failure �elds coincide,then we speak of a programmed grammar with unconditionaltransfer. The corresponding classes of languages are denotedby L(PRac); L(PR); and L(UP ): Regulated applications ofproductions can be de�ned on the base of check of contextconditions.A 4-tuple G = (V; T;P; S) is said to be a context-free grammarwith local context conditions if V; T; S are as above, and Pis a �nite set of productions of the form p = (E;F ) : A! w;where E; F � V + with E; F being �nite sets and A! w is thecontext-free core production; p can be applied to a sententialform x 2 V � if each element of E and no element of F is asubword of x and A ! w can be executed. If E or F is theempty set, then no check of E; respectively, F is made. E issaid to be the set of permitting and F is said to be the set offorbidding context conditions of p:If both card(E) � 1 and card(F ) � 1 hold, then we speak ofa context-free semi-conditional grammar. If E; F � V; thenwe speak of a context-free random context grammar; if theset of permitting context conditions is empty for every pro-duction, then we have a forbidding random context grammar.The corresponding language classes are denoted by L(RC)

and L(fRC); respectively.Some important relations concerning the above languageclasses are as follows:(i) L(REG) � L(CF ) � L(ET0L) � L(fRC) � L(RC) =L(PRac) � L(CS):(ii) L(UP ) � L(PRac):3. The basic model of colonyThe �rst language theoretic model of the colony was intro-duced in [11]. The simple autonomous agents are representedby regular grammars, generating a �nite language each (bothproperties express simplicity), and the emergent behavior ofthe system is described by the language jointly generatedby the cooperating component grammars. There is no globalstrategy of cooperation of the grammars in the colony expli-cated, the generative capacity of the system emerges from theinteraction of the symbolic environment (the sentential formunder generation) and the collection of the grammars.De�nition 3.1By a colony we mean an n+3-tuple C = (V; T; R1; : : : ; Rn; S);where(i) Ri = (Vi; Ti; Pi; Si); 1 � i � n; is a regular grammar gen-erating a �nite language; Ri is called a component of C;(ii) S = Si for some i; 1 � i � n; S is called the startsymbolof C;(iii) T � [ni=1Ti; T is called the set of terminals of C;(iv) V = [ni=1Vi; V is called the total alphabet of C:Notice that there is no global distinction introduced forthe terminal alphabets and the nonterminal alphabets of thecomponents: a terminal symbol of some component Ri canbe a nonterminal symbol of an other one. Thus, completeinformation at some grammatical level can be incomplete atanother one and reversely.The functioning of the colony is realized by a generationprocess: at every derivation step a component grammar re-places an occurrence of its axiom in the current sententialform by a word from its corresponding language. The com-ponent is chosen nondeterministically from those grammarswhich are enabled on the sentential form, that is, able to ex-ecute an action.We distinguish two derivation modes, both correspond toa particular cooperation strategy of the regular grammars.De�nition 3.2Let C = (V; T; R1; : : : ; Rn; S) be a colony and let x;y 2 V +:We say that(i) x directly derives y in C in the basic mode (b-mode) ofderivation, denoted by x b=)C y; if x = x1Six2 for some i;1 � i � n; y = x1wx2; x1x2 2 V � and w 2 L(Ri):(ii) x directly derives y in C in the terminal mode (t-mode) ofderivation, denoted by x t=)C y; if x = x1Si : : : xmSixm+1for some i; 1 � i � n; y = x1w1x2w2 : : : xmwmxm+1;x1x2 : : : xm+1 2 (V � fSig)� and wj 2 L(Ri) for j; 1 �j � m:Extended Finite State Models of Language 13 E. Csuhaj-Varj�u



Both derivation modes are based on the competence of theactive linguistic agent (the grammar): the b-mode presumes aminimal competence (the derivation proceeds one step), whilein the t-mode the component activates its total competenceby contributing to any incomplete information that it is ableto complete (changes each occurrence of its startsymbol inthe sentential form).The language generated by C in the q-mode of derivationfor q 2 fb; tg is Lq(C) = fw j S q=)�C w;w 2 T �g; whereq=)�C denotes the reexive and transitive closure of q=)C :If no confusion arises, then subscript C can be omitted fromq=)C :Before turning to language classes of colonies, we note thataccording to the di�erent selections of the terminal set fromthe total alphabet of the colony we distinguish colonies withdi�erent styles of acceptance. Acceptance styles express theagreement of the linguistic agents (grammars) on the set ofgrammatically acceptable sentences.De�nition 3.3We say that a colony C = (V; T; R1; : : : ; Rn; S) is of accep-tance style(i) "arb" if T � [ni=1Ti; (any word that is acceptable for thewhole colony is acceptable for some component grammar);(ii) "one" if T = Ti; for some i; 1 � i � n; (the acceptablewords are those ones that are acceptable for a distinguishedcomponent);(iii) "ex" if T = [ni=1Ti; (any word that is acceptable for somegrammar is acceptable for the whole colony);(iv) "all" if T � \ni=1Ti; (the acceptable words of the colonyare those one that are acceptable for all components).Language classes of colonies were studied in detail in [12],[16], [17].Results on the generative power of colonies demonstratethat the behavior of the system is more complex than thatof the components, thus, systems of cooperating syntacticallysimple grammars provide tools for the description of powerfullanguage classes. Both the choice of the cooperation strategyand that of the acceptance style have signi�cant impact onthe power of the generated language class.Let us denote by L(Col; q; f) the class of languages gen-erated by colonies with acceptance style f in the q-mode ofderivation, for f 2 farb; one; ex; allg and q 2 fb; tg:In [12] and [16] it was shown that the context-free languageclass can be represented as the class of behavior of colonieswith acceptance style one; arb and all under derivation modeb: But, acceptance style ex leads to a less powerful languageclass, namely a proper subclass of pure context-free languages.Theorem 3.1 ([16])For f 2 farb; one; allgL(Col; b; ex) � L(Col; b; f) = L(CF ):Total competence as cooperation strategy is more powerfulthan the minimal one, that is,Theorem 3.2 ([16])

For f 2 farb; one;allgL(Col; b; f) � L(Col; t; f) � L(ETOL):Acceptance style ex is less powerful than the other ones inthe case of t-derivation, too, since, by [16] we haveTheorem 3.3For f 2 farb; one;allgL(Col; t; ex) � L(Col; t; f):In some cases acceptance styles and cooperation strategiesdetermine incomparable language classes.Theorem 3.4 ([16])(i) L(Col; b; f) and L(Col; t; ex) are incomparable.(ii) L(Col; b; ex) and L(Col; t; ex) are incomparable.By virtue of De�nition 3.2., a component grammar is al-lowed to derive a string which contains some symbol beingnot in its total vocabulary. The motivation of this de�nitionis that the grammars model simple agents which are able torecognize/interact with only a very restricted part of theirenvironment. If the regular grammars can be active only onsentential forms that are de�ned over their own alphabet, thenwe obtain signi�cantly di�erent and more powerful languageclasses. Let us �rst introduce a de�nition.Let C = (V; T; R1; : : : ; Rn; S) be a colony and let x;y 2 V +:We speak of a direct derivation step in the basic mode ofderivation in the strict sense and denote it by x d=)C y; ifx = x1Six2; x1x2 2 V �i ; for some i; 1 � i � n; and y = x1wx2;where w 2 L(Ri): (Both x and y are over Vi:)The language generated by C in the d-mode of deriva-tion is de�ned in the usual way and it is denoted by Ld(C);L(Col; d; f) denotes the class of languages generated by colo-nies with acceptance style f in the d-mode of derivation,where f 2 farb; one; all; exg:Let us denote by fRC the class of forbidding random con-text grammars. Then,Theorem 3.5For f 2 farb; allg L(Col; d; f) = fRC:Sketch of the proof: Let C = (V; T;R1; : : : ; Rn; S) bea colony. Then, forbidding random context grammar G =(V; T; P;S); where P = f(;; (V�Vi)) : Si ! � j � 2 L(Ri); 1 �i � ng generates the same language as C: (Every productioncorresponds to an action of component Ri : �rst, the grammarchecks whether the sentential form contains a symbol not inits vocabulary or not, then, if the answer is negative, replacesSi by a word from L(Ri):) Reversely, let G = (V; T;P; S)be a forbidding random context grammar. By some standardtechniques it can be shown that there is a forbidding randomcontext grammar G0 = (V 0; T; P 0S0) which is equivalent to Gsuch that for any production p0 = (;;Q) : A ! � in P 0 itholds that Q \ T = ; and A does not occur in �: Then, byordering to any production p0 the corresponding componentExtended Finite State Models of Language 14 E. Csuhaj-Varj�u



Ri = (V � Q; T [ alph(�); A ! �;A) we can construct acolony C with Ld(C) = L(G0).4. Extended coloniesAccording to the basic model, the sentential form that cor-responds to the symbolic environment of the agents changesonly by the actions of the component grammars. This restric-tion is very strict in some sense: a sophisticated way of gen-eration presumes some additional operations on the obtainedsentential form (transformation, ordering, etc). A natural ideato solve this conict is to furnish the colony with some mech-anism which provides own development for the environment.One possibility is if this extension is de�ned by a genera-tive system and an other one is when the change is done bythe help of some translating mechanism (a �nite state trans-ducer).The notion we introduce here corresponds to a variantof eco-grammar systems, a model introduced for describingecosystems ([7]).De�nition 4.1By an e-colony (an extended colony) we mean an s+n+3-tupleE = (V; T;H1; : : : ;Hs; R1; : : : ; Rn; S); where(i) V and T are alphabets, T � V ; called the total alphabetand the terminal alphabet of E; respectively;(ii) Hi; 1 � i � s is a �nite set of context-free rules over Vcalled a set (a table) of developmental rules of the symbolicenvironment; Hi is complete (for any symbol a 2 V thereis at least one production a! � 2 Hi);(iii) Rj = (Vj ; Tj ; Pj; Sj); 1 � j � n; is a regular grammar gen-erating a �nite language, Vj � V ; Rj is called a componentof E;(iv) S 2 V is the startsymbol of E:(v) T � [ni=1Ti:The functioning of the system consists of an action of acomponent and a developmental step of the remaining part ofthe symbolic environment (the sentential form), both substepsexecuted simultaneously. If no action is possible, then only thedevelopmental rules are applied. Moreover, tables Hi; 1 � i �s; are applied in parallel (0L) manner.We de�ne only the basic mode of functioning, the terminalmode can be de�ned analogously to De�nition 3.2.De�nition 4.2Let E = (V; T;H1; : : : ;Hs; R1; : : : ; Rn; S) be an e-colonyand let x; y 2 V +: We say that x directly derives y in E inthe basic mode of derivation (in the b-mode of derivation),written as x b=)E y; if one of the following two cases hold:(i) there is startsymbol Si of some component Ri, 1 � i � n;such that x = x1Six2; x1; x2 2 V �: Then y = y1wy2; w 2L(Ri); and x1 =)Hj y1; x2 =)Hj y2 for some j; 1 � j � s;Hj is applied in the 0L manner.(ii) x 6= x1Six2 for any i; 1 � i � n; x1; x2 2 V �: Then x =)Hjy for some j; 1 � j � s; Hj is applied in the 0L manner.The reexive and transitive closure of b=)E is denoted byb=)�E :

The language generated by an extended colony E in theb-mode of derivation is Lb(E) = fw 2 T � j S b=)�E wg:Let us denote by E(Col; b; f) the class of languages gener-ated by e-colonies with acceptance style f in derivation modeb; where f 2 farb; one; all; exg.As it is expected, by some simple technical considerationswe obtainTheorem 4.1L(ET0L) � E(Col; b; arb):The case when the sentential form is changed by a �nitestate transducer after an action of a component grammar isclose to linguistic motivations. Such model was introducedand examined in [17]. The idea beyond the notion is that thecomponents "speak" di�erent languages and the �nite statetransducer intermediates between them.De�nition 4.3A t-colony (a colony with a �nite state transducer) is ann + 4-tupleK = (V; T;R1; : : : ; Rn; �; S); where elements V; T; R1; : : : ;Rn; S are elements of a colony, de�ned in the same way asin De�nition 3.1., and � = (V; V; Q; s0; F; P ) is a �nite statetransducer (Q is the set of states, s0 is the initial state, F isthe set of �nal states, P is the set of translation rules of theform sa! xs0; s; s0 2 Q; a 2 V; x 2 V +).For q 2 fb; tg we de�ne the language generated by K in theq-mode of derivation by Lq(K) = fw 2 T � j S q=)Ri1 w1 �>g(w1) q=)Ri2 w2 �> g(w2) : : : q=)Ris ws = w; s � 1; 1 �ij � n; 1 � j � sg.( q=)Rij denotes that component Rij executes an action inthe q-mode.)Let K(Col; q; f) denote the class of languages generated byt-colonies with acceptance style f in the derivation mode q;where f 2 farb; one; all; exg and q 2 fb; tg:Since generalized sequential mappings induced by �nitestate transducers are able to verify whether the sententialform belongs to a regular language or not, by [17] the follow-ing statement holds.Theorem 4.2K(Col; b; arb) = L(CS):The proof is based on the result that any context-sensitivelanguage can be generated by a conditional context-free gram-mar, where every production p is associated by the same reg-ular language R; and p can be applied to the sentential formx i� x 2 R: (For the result see [10].)5. Components with context conditionsComponents of the basic generative model of colony arefunctioning on the base of a poor ability of recognition, namely,they are able to start with the derivation if they identify an oc-currence of their startsymbol in the sentential form. EnhancedExtended Finite State Models of Language 15 E. Csuhaj-Varj�u



recognition (veri�cation of more complex parts or propertiesof the string) usually results in a more sophisticated intrinsicbehavior of the system, thus, colonies with such members areexpected to be convenient tools for describing powerful lan-guage classes with complicated structure. Colonies with com-ponents associated with context conditions are such models.In this case the grammar can execute an action if and only ifthe symbolic environment (the sentential form) satis�es somerequirements.Context conditions can be de�ned on the base of some qual-itative property of the string (subword occurrence) or on somequantitative property (the number of symbols, etc.)To demonstrate the increased power of grammars with con-text conditions, we recall a statement from [2], by means ofthat every context-sensitive language can be generated by agrammar which has context-free core productions associatedwith an identical �nite set of strings as global forbidding con-text conditions. (The context-free production can be appliedif the sentential form does not have any of the associatedstrings as a subword.) Moreover, because the context-free coreproductions can be chosen non-recursive ones, we can formu-late the result in the frame of colonies as follows: the class ofcontext-sensitive languages is equal to the class of languagesgenerated by colonies, where the components can perform anaction i� the sentential form satis�es a set of forbidding con-text conditions associated as global context condition to thesystem.Context conditions in the above statement were forbidding(negative) ones. An interesting question is, what can we sayof language classes determined by colonies with permitting(positive) context conditions. (To check forbidding contextconditions the whole sentential form have to be tested, whilein the case of permitting context conditions it is enough to�nd the �rst subword occurrence.)A nice result can be presented for extended colonies withcontext conditions. In this case, we are able to reach the powerof the context-sensitive language class by components associ-ated with only permitting (positive) context conditions (thenegative context check is done by the developmental rule setsof the symbolic environment).De�nition 5.1An s + n + 3-tuple F = (V; T;H1; : : : ;Hs; R1; : : : ; Rn; S)is said to be an extended colony with context conditions (anec-colony) if the following holds:(i) V; T;H1; : : : ;Hs; S are the total alphabet, the terminal al-phabet, the sets of environmental developmental rules andthe axiom of F; respectively, de�ned in the same way as inthe case of extended colonies (De�nition 4.1 );(ii) Ri = (Vi; Ti; (ui; vi) : Pi; Si); 1 � i � n;where (Vi; Ti; Pi; Si)is a regular grammar generating a �nite language (de�nedin the same way as in De�nition 3.1), Vi � V; and (ui; vi)is a global context condition for Pi over Vi.(String ui and vi is either a nonempty word over Vi or itis equal to the empty set, respectively. A production p fromPi can be applied to a sentential form x if x contains ui asa subword (the permitting context condition) and does notcontain vi as a subword (the forbidding context condition). Ifui and/or vi is equal to the empty set, then no context checkis made.)

The way of functioning of the ec-colony can be derived fromthat of the extended colonies. We give here only the notionof the basic mode of derivation, the de�nition of the terminalderivation can be obtained in a similar way.De�nition 5.2.Let F = (V; T;H1; : : : ;Hs; R1; : : : ; Rn; S) be an ec-colonyand let x; y 2 V +: We say that x directly derives y in F inthe basic mode of derivation (in the b-mode of derivation),written as x b=)F y; if one of the two cases hold:(i) x = x1Six2; x1; x2 2 V � and x satis�es the correspondingcontext condition (ui; vi) for some i; 1 � i � n: Theny = y1wy2; w 2 L(Ri); and x1 =)Hj y1; x2 =)Hj y2 forsome j; 1 � j � s; Hj applied in the 0L manner.(ii) x 6= x1Six2 for any i; 1 � i � n; x1; x2 2 V �: Then x =)Hjy for some j; 1 � j � s; Hj applied in the 0L manner.The language generated by F in the b-mode of derivation,is Lb(F ) = fw 2 T � j S b=)�E wg:Theorem 5.1The class of context-sensitive languages is equal to theclass of languages generated by ec-colonies of acceptance style"arb" in the basic mode of derivation, where the componentshave only permitting context conditions of length at most two.Hints of the proof: By [18] it is known that any context-sensitive language L can be generated by a grammar withlocal context conditions (every production is associated withcontext conditions), where the length of every permitting con-text condition is at most two and every forbidding contextcondition is either a symbol or it is empty. Moreover, we canchoose the core productions non-recursive. When constructingthe equivalent ec-colony, the productions with the associatedpermitting context conditions correspond to the componentgrammars and the check of the presence of the forbiddingcontext symbol is done by some appropriate developmentalrule set (the property of completeness is used). The reverseinclusion can be proved by using some standard simulationtechniques.6. Structured coloniesExamining colonies, one question which immediately arisesis whether some relations among the component grammarsimprove the generative and descriptive power of the system.In the basic model of colonies there is no structure of thecollection of the regular grammars explicated: some intrinsichierarchies and heterarchies of the components arise dynam-ically from the functioning of the system.Imposing an appropriate organizational structure or utiliz-ing inner relations among the grammars is a reasonable way toimprove e�ciency of cooperation and enhance the descriptivepower of the system.Structures can be static ones (imposed together with thesets of components) or dynamic ones (determined by the func-tioning of the colony). Examples for static structures are graph-controlled colonies (the components are associated by nodesof a digraph and follow each other in the derivation accordingto paths in the graph) and colonies with teams of componentsExtended Finite State Models of Language 16 E. Csuhaj-Varj�u



(sets of components), where grammars belonging to the sameteam have to act simultaneously on the sentential form. Bothcases lead to enhancement of the generative power.An interesting variant of colonies with team organization isthe symbiotic colony, introduced in [8], motivated by multi-agent systems exhibiting life-like behavior. In this case theteam members have to act simultaneously on adjacent lettersof the sentential form. Moreover, there are no teams with acommon member. Thus, components in the same team highlydetermine the activity of each other. The model provides agenerative mechanism as powerful as the context-sensitivegrammar.The above variants correspond to colony models with staticstructures.A dynamic structure among the components is determinedimplicitly by the appearance of the corresponding axiom inthe sentential form. Whenever its startsymbol shows up, thecomponent enters competition with the other enable ones forthe possibility of executing an action. This competitive be-havior of the agents (the grammars) leads to competitiveparallelism in colonies. There are two variants of competi-tion distinguished: the strong competitive parallelism, whereeach grammar which is enable has to execute an action on thesentential form (otherwise the system aborts) and the weakcompetitive parallelism, when a largest number of enabledcomponents acts parallel on the sentential form. Both modelswere introduced and studied in [9].The formal de�nitions are as follows:De�nition 6.1Let C = (V; T; R1; : : : ; Rn; S) be a colony and x; y 2 V �:We say that x directly derives y in C in the(i) strongly competitive mode of derivation, written as x sp=)Cy; i� x = x1Si1x2Si2 : : : xkSikxk+1 and y =x1wi1x2wi2 : : : xkwikxk+1; where wij 2 L(Rij ); 1 � j � k;iu 6= iv for all u 6= v; 1 � u; v � k; jxjSt > 0 implies ij = tfor some j; 1 � j � k:(If a component can be used, then it must be used.)(ii) weakly competitive mode of derivation, written as x wp=)Cy; i� x = x1Si1x2Si2 : : : xkSikxk+1 and y =x1wi1x2wi2 : : : xkwikxk+1; where wij 2 L(Rij ); 1 � j � k;iu 6= iv for all u 6= v; 1 � u; v � k; jxjSt > 0 implies ij = tfor some j; 1 � j � k; and k is the maximal integer withthe previous properties.As usually, we de�ne the corresponding generated languageby Lq(C) = fw 2 T � j S q=)�C wg for q 2 fsp;wpg:( q=)�C denotes the reexive and transitive closure of q=)C :)Let us denote by L(Col; q; f) the class of languages gener-ated by colonies of acceptance style f in derivation mode q;where f 2 farb; all; one; exg and q 2 fsp;wpg:Both the strong and the weak competition of the com-ponents in colonies results in interesting powerful languageclasses.Theorem 6.1. ([9])L(CF ) � L(Col; sp; arb) � L(PRac):Theorem 6.2. ([9],[14])
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