CONCISENESS OF ASSOCIATIVE LANGUAGE DESCRIPTIONS1STEFANO CRESPI REGHIZZI�, MATTEO PRADELLA, PIERLUIGI SAN PIETROPolitecnico di MilanoDipartimento di Elettronica e InformazioneP.za L. da Vinci 32, I-20133 Milanoe-mail: {crespi|pradella|sanpietro}@elet.polimi.it�Universit� della Svizzera Italiana,Ist. di Tecnologie della ComunicazioneABSTRACTAssociative Language Descriptions are a recent grammar model, theoretically less powerful thanContext Free grammars, but adequate for describing the syntax of programming languages. ALD d o not use nonterminal symbols, but rely on permissible contexts for specifying valid syntax trees. Inorder to assess ALD adequacy, we analyze the descriptional complexity of structurally equivalentCF and ALD grammars, finding comparable measures. The compression obtained using CF copyrules is matched by context inheritance in ALD. The family of hierarchical parentheses languages,an abstract paradigm of HTML, and of expressions with operator precedences are studied in detail.A complete ALD grammar of Pascal is presented to testify of the practicality of the ALD approach.Keywords: Context Free Grammars, Associative Grammars, Grammar Size, Context Inheritance,Descriptional Complexity.1. IntroductionIn spite of their widespread use in computer science, context-free (CF) grammars haveshortcomings that prompted the search of alternative models for defining languages. Therecently proposed [2] Associative Language Description (ALD) model combines two historicallyprominent approaches of formal linguistics: the structural Chomskian method and the associative(or distributional) method. From the former ALD takes the tree structure of CF rules. From thelatter ALD imports the notion of local testability and context association. An ALD consists of aset of purely terminal patterns accompanied by contextual constraints; it therefore qualifies as a"pure" grammar formalism in the sense of [5], since it does not use nonterminal (n.t.) symbols.Also Marcus’ contextual grammars [7], the best known pure grammar formalism (i.e., n.t.-free),have been motivated by a similar interest for associative linguistic approaches.The ALD language family is strictly smaller than the CF family, since it is included in the NonCounting (NC) CF family of [4]. Yet this reduction of generative capacity does not defeat ALDdescriptional adequacy, because the CF ability to perform modulo counting is never used inartificial or human languages: in other words NC is a linguistic universal. A confirmation comesfrom the finding that Greibach’s hardest context-free language belongs to the ALD family [2].Incidentally, the ALD investigation was initially motivated by the search of a language model thatwould be consistent with modern brain theory [3], but the present work does not go in thatdirection, and considers computer languages. A new proposal should be defended by showing itsadvantages over consolidated models, a challenge we are taking here and in related investigations.In this paper, we provide some evidence of ALD usability for practical language definition, bycomparing the descriptional complexity of CF and ALD grammars. The exposition starts in

1Work supported by MURST- Cofinanziamento 9801204372/2 1999 and by CNR-CESTIA.

Section 2 with the basic definitions and properties of ALD, in particular that an ALD admits astructurally equivalent CF grammar. Simple bounds on the descriptional complexity of the twomodels are then derived in Section 3. Section 4 considers some important varieties of multi-levelstructures that occur in numerous technical languages (Mark-up languages such as HTML,expressions with operator precedence, etc.), and analyses and compares their descriptionalcomplexity using ALD and CF rules. It also observes that there is a duality between thecombinatorial growth of ALD permissible contexts and the growth of CF productions in copy-freegrammars and that a notation called context inheritance may reduce the complexity by the sameamount as the introduction of the CF copy rules. Finally, Section 5 exhibits a large piece ofempirical evidence, by comparing the ALD and CF grammars of the programming languagePascal. In the conclusions, other relevant aspects of ALD theory are mentioned.2. Basic definitionsWe use a special character ^, not present in the terminal alphabet S, called the left/rightterminator, which encloses the sentences of the language. Next, we define the tree structures thatare relevant for ALD. Let D, the place holder, be a new character.A tree whose internal nodes are labelled by D and whose leaves are in S is called a stencil tree. Sucha tree is composed by juxtaposed subtrees having height one and leaves in S ¨ {D}, calledconstituents. The frontier of a stencil tree T is denoted by t(T), while t(Ki) denotes the frontier ofthe constituent Ki.

K1K2K3K4acbDcbDccbbDbbbbbbacbc

DFigure 1: A stencil tree with four constituents schematized by trianglesDefinition 1 For an internal node i of a stencil tree T, labelled by D, let Ki and Ti be resp. theconstituent and the maximal subtree of T having root i. Introduce a new symbol ki ˇ S ¨ {^, D},and consider the tree TKi obtained replacing in T the subtree Ti with ki. Consider the frontier of TKi,t(TKi) = skit with s, t ˛ S*. The strings ^s and t^ are called, resp., the left and right contexts of Kiin T and of Ti in T: left(Ki,T)=left(Ti,T)=^s and right(Ki,T)=right(Ti,T)=t^.For instance, in Fig. 1 the left context of K3 is ^acbbbacbcbbcb and the right context of K1 is ^:the terminators are automatically prefixed/appended. Next comes the main definition.Definition 2 An Associative Language Description (ALD) A consists of a finite collection oftriples <x,z,y> or rules, (also written x[z]y), where x ˛ (^S*) ¨ S+, y ˛ (S*^) ¨ S+, and z ˛ (S ¨{D})*. For a rule, the string z is called the pattern and the strings x and y are called thepermissible left/right contexts.In order to make ALD specifications more concise we also adopt the following short notations:Two (or more rules) x1[z]y1, x2[z]y2 can be merged into the complex rule: x1,x2[z]y1,y2, whichcan be merged with x1,x2[w]y1,y2 into the rule x1,x2[z][w]y1,y2. Moreover, if a left/right permissible context is irrelevant, it can be replaced by the "don’t care"symbol ’-’ or e. Finally, we introduce the new symbol L instead of (D ¨ e).An ALD provides a set of test conditions for checking the validity of a stencil tree, namely thatthe actual contexts of each constituent is consistent with the permissible contexts of some rule.

Definition 3 A tree T is valid for an ALD A iff for each constituent Ki of T, there exists in A a ruleu[t(Ki)]v where u is a suffix of the left context of Ki in T and v is a prefix of the right context of Kiin T. In that case we say that such a rule matches the context of Ki in T.Therefore, an ALD is a device for defining a set of stencil trees and a string language,corresponding to their frontiers.Definition 4 The (stencil) tree language TL(A) defined by an ALD A is the set of all stencil treesvalid for A. The (string) language defined by the ALD A, denoted by L(A) is the set of the stringsx˛S* such that x = t(T) for some tree T ˛TL(A). Two ALDs are structurally equivalent if theydefine the same tree language; they are equivalent if they define the same (string) language.Example 1 The language {ancbn | n‡1} is defined by the ALD rules: ^[aDb]^, a[aDb]b, a[c]b.Both contexts can be dropped from the first two rules, and the right (or left but not both) contextcan be omitted from the last rule, obtaining the equivalent description: -[aDb]-, a[c]-The Dyck language is defined by the ALD rules: -[bDeD]- , -[bDe]- , -[beD]- , -[be]- , -[e]-where all contexts are "don’t care", which can be written more concisely as -[bLeL]-, -[e]-.The phenomenon of ambiguity can occur in ALDs much as in CF grammars. For example, thefollowing rules ambiguously define the Dyck language: -[DD]- , -[bDe]- , -[e]-, because a sentencelike ’bebe’ admits distinct tree structures.Definition 5 An ALD is reduced if each rule is used, i.e. matches some constituent, in some validstencil tree.Given an ALD A and a rule <x,z,y> ˛ A introduce some integer attributes:•the left (resp. right) degree of a rule is |x| (resp. |y|), for ’-’ the length is considered to be zero;•the degree of a rule is max{|x|, |y|};•the degree of an ALD is the maximum of the degrees of its rules;•the width of an ALD is the maximum of the length of its patterns.A tree language T is of degree (resp. width) k, if there exists an ALD A of degree (resp. width) ksuch that T=TL(A); similarly for a string language. Width and degree induce two infinitehierarchies of ALD language families [2]Definition 6 An ALD A of degree k is homogeneous iff:A ˝ ({Sk ¨ ^Sj | 0 £ j < k}) · (S ¨ D)* · ({Sk ¨ Sj^ | 0 £ j < k})Theorem 1 For every ALD A there exists a structurally equivalent homogeneous reduced ALD A’.Sketch of the Proof. Let k be the degree of A. A homogeneous structurally equivalent ALD is A"= {<ux,z,yv> | <x,y,z> ˛ A � x, y ˛ S* � u ˛ Sk-|x| � v ˛ Sk-|y|}; this is not necessarily reducedbecause it may contain unusable contexts. Let Ck ˝ ¨0£i,j<k (^Si · Sj^) ¨ (Sk · Sk) be the set ofall the contexts of all the constituents of all the valid trees of A. By definition, A’ is {<u,p,v> |<u,v> ˛ Ck � <u,p,v> ˛ A"}.oTheorem 2 If A’ and A" are two structurally equivalent reduced homogeneous ALDs, then A’ =A".This immediate property is needed later and is in contrast with CF grammars where twostructurally equivalent grammars may be different.

3. The complexity of ALD and CF descriptionsFor a meaningful comparison of the ALD and CF models, we focus our attention on structurallyequivalent grammars, because it is generally accepted both in linguistics and in compilertechnology that a grammar should be structurally adequate.In the following, let G = (V, S, P, S) be a CF grammar, where V are the n.t.s, P the productionsand S the axiom. We assume the parentheses ’(’ and ’)’ not to be in S.Definition 1 The CF parenthesis grammar associated with the CF grammar G is G’ = (V, S¨{(,)},P’, S) where P’ = {B fi (a) | B fi a ˛ P � a ˇ V} ¨ {B fi C | B fi C ˛ P � C ˛ V}. Likewise, theparenthesis ALD grammar A’ associated with an ALD grammar A is the set: {<x,z,y> | z = (p) �<x,p,y> ˛ A}.The parenthesis language of the CF grammar G or of the ALD grammar A is the languagegenerated by G’ or A’, respectively. Two grammars are structurally equivalent iff they generate thesame parenthesis language. The rules BfiC, C˛V are called copy rules. A CF grammar is copy-free if no production in P is a copy rule.It is well-known that any CF grammar admits a structurally equivalent copy-free grammar.Structural equivalence, as defined here, disregards the language structure created by copy rules,since the latter are viewed as a mere expedient for reducing grammar size. We recall from [2] thenext fundamental property.Theorem 1 For any ALD there exists a structurally equivalent CF grammar.The proof is based on the idea to categorize the ALD constituents subtrees by syntax categoriescharacterized by four parameters: <le, fi, la, ri>, where le and ri are resp. the left and the rightcontext of the subtree; fi and la are the first and the last k terminal characters of t(T) (seeDefinition 1), where k is the degree of the ALD.Observing that the n.t.s of the equivalent CF grammar are 4-tuples <le, fi, la, ri>, the nextstatement follows immediately.Corollary 2 For any ALD of degree k, there exists a structurally equivalent CF grammar havingat most S4k n.t.s.This bound is too pessimistic; however, instead of refining it we reverse the comparison, byrelating the size of a given CF to the size of the structurally equivalent ALD, when the latterexists. We denote G’ the parenthesis grammar associated with a CF grammar G (see[8]).Definition 2 Let Vs = S ¨ V ¨ {(,)}. A string b ˛ Vs*DVs* , where D is the place holder, is calleda McN-pattern2. Moreover, for B ˛ V denote with b[B] the result of the replacement of theplaceholder in b with B.Two n.t.s B, C ˛ V are equivalent iff "b (S fi+ b[B] � S fi+ b[C]). A n.t. B is useless iff thereexists no b such that S fi+ b[B] or there exists no t ˛ S* such that B fi+ t.A CF grammar is reduced iff it does not contain equivalent or useless n.t.s.It is well-known that for any CF language there exists an equivalent reduced grammar.Next, we consider the unbounded and bounded contexts of a n.t. and a mapping from the right-hand sides of CF productions to the patterns of the ALD rules.

2It corresponds to the definition of pattern in [8], which has nothing to do with the "pattern" of ALD.

Definition 3 For a n.t. B of a CF grammar G = (V, S, P, S) the context of B is Con(B) ={<u,v> | u, v ˛ S* � S fi+ uBv}The context of degree k ‡ 1 (or k-context) is Conk(B) = {<u’,v’> | u’ ˛ Sk ¨ ^Sj, v’ ˛ Sk ¨ Sj^,with 0 £ j < k; <u,v> ˛ Con(B), u’ is a suffix of u, v’ is a prefix of v}Definition 4 Let h : (V ¨ S)* fi ({D} ¨ S)* be an alphabetic homomorphism defined as h(B) =D for B ˛ V, h(v) = v for v ˛ S. For a n.t. B ˛ V of G, the pattern set of B is defined as Pat(B) ={h(a) | B fi a ˛ P � a ˇ V}.The condition a ˇ V is to disregard the copy-rules of G, which otherwise would generate theuseless pattern [D].Let G = (V, S, P, S) be a reduced CF grammar, structurally equivalent to an ALD A of degree k.The next statements hold.Theorem 3 (i) The set of patterns of A is ¨B˛V Pat(B); (ii) for any copy rule B fi C, consider Bfi b and C fi g such that b, g ˇ V. Then A includes the rules x[h(b)]y and v[h(g)]w such that<x,y> ˛ Conk(B), <v,w> ˛ Conk(C), and the permissible contexts of h(g) are included in thepermissible contexts of h(b).Proof. (i) Since G is reduced and A is its structurally equivalent ALD, every h(a), with D fi a ˛P, is required as pattern of A. By definiton of ALD (Definition 3, in Section 2), a pattern [D] isuseless. Therefore, the set of patterns of A is {h(a) | D ˛ V � D fi a ˛ P � a ˇ V} which is equalto ¨D ˛ V Pat(D). (ii) First part: Since G is reduced, h(b) and h(g) are required as patterns of A.Second part: the derivations S fi* B fi b and S fi* B fi Cfi g prove the inclusion.oTherefore, the structurally equivalent ALD is A={x[z]y | B˛V � <x,y>˛Conk(B) � z˛Pat(B)}, t o be also abbreviated as A = {<Conk(B), Pat(B)> | B ˛ V}.We can now state a first comparison of the relative size of ALD and CF grammars, which followsimmediately from the definition of the homomorphism h and of the set Pat(B), B ˛ V:Theorem 4 For every n.t. B ˛ V, |Pat(B)|£ |{a | B fi a ˛ P}|.Therefore, the number of distinct patterns of A is less than or equal to the number of productionsof G. It is equally important to examine the number of permissible contexts of the ALD.Theorem 5 The cardinality of the set {Conk(B) | B ˛ V} (distinct permissible context sets) of theALD A is |V|.Sketch of the Proof. Let B, C ˛ V. It is known ([8]) that B is equivalent to C iff Con(B) = Con(C).From the existence of the k-degree ALD A structurally equivalent to G, it descends that Con(B) =Con(C) iff Conk(B) = Conk(C), because the contexts can be truncated to the k characterspreceding and following B and C.Since G is a reduced there are no equivalent n.t.s B and C, therefore we have: "B, C ˛ V (B „ C �Conk(B) „ Conk(C)), which is our statement.o4. Comparisons for some ubiquitous syntax structuresIn what follows we apply the previous results to a typical structure that occurs, disguised underdifferent concrete syntaxes, in many artificial languages. We refine the results by counting thenumber of symbols in both CF and ALD descriptions.Actually, at the symbol level the dimensions of grammars depend very much on the chosenrepresentation, since various compression techniques can be used. For example, every language designer knows that copy rules are a very effective method for reducing the size of CF grammars,especially when they feature some sort of hierarchical structure. We will apply an analogoustechnique for the ALD, based on the concept of context-inheritance.Another useful technique, to be extensively used in the Pascal description of Sect. 5, is to expressthe permissible ALD contexts as the cartesian product of their left and right components.The next definitions [10] are needed to compare CF and ALD sizes.Definition 1 The size |H| of a CF/ALD grammar H is the sum of the lengths of their rules,considering only the symbols in Sym = V ¨ S ¨ {e} for the CF case and in Sym = {D, L, ^, ›, e}¨ S for the ALD case. The norm of a CF/ALD grammar H is defined by ||H|| = |H| log |Sym|.The size expresses the grammar length in symbols, while the norm expresses its length in bits.The bit level measures in our case are no more informative than the symbol level measures,because in our examples |V| is always proportional to |S|, and the CF grammar alphabet uses atmost |V| more symbols than the ALD grammar. This difference appears as an argument of thelogarithm: log |V ¨ S| is always O(log(|V|)). Therefore from now on we will only compare the sizeof CF/ALD grammars.The abstract syntax structures we want to compare occur in different incarnations such as:•arithmetical (or Boolean) expressions with operators ranked into n precedence levels;examples occur in predicate calculus and in the arithmetical part of any programminglanguage.•parenthesis structures featuring n different pairs of parenthesis, ranked into a hierarchy. Thetypical example is HTML, an instance of the generalised mark-up languages SGML.To focus on one concrete case, we consider now the language with n‡1 pairs of parenthesesranked by level, in which a parenthesis pair of level i may only contain parentheses of lowerlevels. The terminal alphabet is S = {<1 , >1 , ..., <n , >n}. An instance of a valid string is:<1 >1 <5 <2 >2 <3 <1 >1 <1 >1 >3 <1 >1 >5 <3 >3The ALD grammar of degree 1 is:ALp: - [ e ] ^- [ <1 >1 D] ^, >2, ..., >n- [<i L >i D] ^, >i+1, ..., >n where 1 < i £ n.The size of ALp is |ALp| = 1/2 n2 + 9/2 n + 1.The contexts are included one in the other, from top to bottom. This hierarchy of contexts canbe concisely represented using context-inheritance, encoded by a new character ›.Definition 2 A rule block is a triple <X,Z,Y>, where Z ˝ (S¨{D})* and (X,Y) is a sequence (x1,y1), (x2, y2), ..., (xj, yj), for some j > 0, such that "h, xh ˛ {›}¨(^S*)¨S+, yh ˛ {›}¨(S*^)¨S+.An ALD with inheritance is a sequence of rule blocks.For every ALD with inheritance H there exists a structurally equivalent ALD A so defined: forevery pair of rule blocks <L, P, R>, <M, Q, S>, which are adjacent in the sequence H, thefollowing set of rules are in A:{<mi, q, si> | mi ˛ M � si ˛ S � q ˛ Q � mi „ › � si „ ›} ¨{<l, q, si> | l ˛ L � si ˛ S � q ˛ Q � mi = › � si „ ›} ¨{<mi, q, r> | mi ˛ M � r ˛ R � q ˛ Q � mi „ › � si = ›} ¨{<li, q, ri> | li ˛ L � ri ˛ R � q ˛ Q � mi = › � si = ›}No other rule is in A.Using inheritance the ALp becomes:AILp: - [ e ][<n L >n D] ^- [<n-i L >n-i D] ›, >n-i+1 where i ˛ 1..n-1.It is straightforward to note that the size of this grammar is linear with respect to n: |AILp| = 6n.In our opinion the ALD with inheritance more neatly expresses the hierarchy of the language.

We now compare AILp with different CF grammar versions for the same language. First, weconsider a structurally equivalent CF grammar, reduced, invertible and copy-free.GMLp: N1 fi <1 >1 N1 | eNi fi <i Nj >i Nk where i ˛ 2..n; j ˛ 1..i-1; k ˛ 1..iand the axioms are {Ni | i ˛ 1...n}.Obviously, GMLp is invertible because the right parts of the rules are pairwise distinct.To see that GMLp is reduced, consider the set of derivations {N1 fi <1 >1} ¨ {Ni fi <i N1 >i fi <i>i | 2 £ i £ n}: every n.t. derives some terminal string. Consider, then, a McN-pattern such as b =<2 D >2. It is possible to derive, from some axiom S, Sfi <2 N1 >2. On the other hand, it isimpossible to derive from an axiom any element of the set {<2 Nj >2 | j ˛ 2...n}: N1 isdistinguishable from the other n.t.s. Similarly N2 is distinguishable from any Nj, j ˛ 3...n, using theMcN-pattern b = <3 D >3. Similarly we distinguish each Nj, j˛3...n, from the others.The size of this grammar is: |GMLp| = 4/3 n3 - 1/3 n + 4. McNaughton’s minimality theorem [8]states that the grammar has the minimum number of n.t.s, with respect to the class of invertible,structurally equivalent grammars. However, we can easily design a more compact structurallyequivalent grammar, dropping the invertibility hypothesis.GLp:Ni fi <i Ni-1 >i Ni | <i-1 Ni-2 >i-1 Ni-1 | .. | <1 >1 N1 | e , i ˛ 1...n, Nn is the axiom.The size of this grammar is |GLp| = 2n2 + 3n.This size is comparable with the size of the first ALD grammar, ALp.We can build an even smaller CF grammar for the same language, using copy rules.GCLp:N1 fi <1 >1 N1 | eNi fi <i Ni-1 >i Ni | Ni-1 , where i ˛ 2...n.The size is |GCLp| = 6n - 1, quite comparable to the ALD with inheritance.The above quantitative results hold for other concrete incarnations of the same abstract syntaxparadigm. A ubiquitous case is provided by expressions with operators, ranked by precedence, suchas +, · in the case of arithmetic expressions. We also admit one type of parenthesis.Consider the generalized expression language with n levels of operators (denoted by #1, ... , #n),defined by the ALD with inheritance:AILe: (, ^ [ D #n D ] -›, #n [ D #n-1 D ] - ... ›, #2 [ D #1 a ][ a ][( D )] -Clearly, its abstract structure is essentially the same of ALp. Analogously, a structurally equivalentCF grammar with copy rules is the following:GCLe:N1 fi N1 #1 a | a | (Nn)Ni fi Ni #i Ni-1 | Ni-1; where i ˛ 2..nand its structure is almost the same of GCLp.The size comparisons between the various CF and ALD grammars are collected in the next table.Hierarchical ParenthesesExpressions with operator precedenceContext FreeALDContext FreeALDCF copy-free / ALD2n2+3n1/2n2+9/2n+13/2n2+13/2n1/2n2+9/2n+4CF copy rules / ALD inher.6n-16n5n+35n + 4CF copy-free & invertible4/3n3-1/3n+4-n3+7-In conclusion, the descriptional complexity of languages with hierarchically nested constructs isthe same for CF and ALD representations, and both benefit from the use of sub-categorization, beit either in the form of copy rules or of context inheritance.5. Associative Language Description of PascalIn order to assess in practice the descriptive capacity of the ALD model, and to compare itsconvenience with the established CF model, we have worked on two real languages, HTML andPascal. We report on the latter, since the former has simpler structures already considered in Sect.

4. It was rather surprising to discover that Pascal is an ALD language, meaning by that that thesame approximation provided by a BNF grammar can be obtained using an ALD (semanticconstraints exceed the descriptive capacity of both models). The Appendix lists a complete ALDgrammar of Pascal.The maximum degree 3 is required in one localized construct of Pascal, the specification ofparameters of a function or procedures. The permissible left contexts are the two strings"function id (", "procedure id (" and the right context is "don’t care". The rather long leftcontext is needed to distinguish the construct (formal parameters declaration):"function id (", "procedure id (" [D ;] [var] D : D idfrom the construct (actual parametrs list):~{function, procedure} id "(" ¨ {",", "id ["}D, D")","]"The last context description expression is based on negative examples. In fact ~{function,procedure} id "(" means all the strings a id(, where a ˛ S is a token different from function orprocedure. Sometimes it is more economical to specify the forbidden left/right context, instead ofthe permissible ones. This is analogous to the description of exceptions, instead of regularities.For most rules, the degree one suffices, with a majority of rules having don’t cares in at least onecontext. For example, the context <with, ->, used in the third rule, stands for the set of contexts{<u.with, v> | u ˛ S2, v ˛ S3}.The ALD takes advantage of two combined techniques for improving readability and reducingsize. Context inheritance factorizes repeated context sets of arithmetic or Boolean expressionsas explained in Sect. 4. Cartesian products of left and right context sets are extensively exploited,instead of sets of pairs (left context, right context). This simple but effective technique isdescribed next.Consider a CF grammar as in theorem 2, section 3, and its structurally equivalent ALD of degreek. Let L(Conk(B)) (resp. R(Conk(B))) denote the projection of Conk(B) on the left (resp. right)component.Theorem 1 Consider a n.t. B and the corresponding ALD rule <Conk(B), Pat(B)>. If for everyn.t. C „ B the following condition holdsConk(B) ˙ Conk(C) = (L(Conk(B)) · R(Conk(B))) ˙ Conk(C),then the rule <Conk(B), Pat(B)> can be replaced by <L(Conk(B)), Pat(B), R(Conk(B))>, i.e., thepermissible contexts of Pat(B) are all the pairs in the Cartesian product.Notice that the conditions prevent the unwanted interchange between B and C. To illustrate,consider the definitions of the array, file and set constructs of Pascal in the Appendix.A general remark on the structure of ALD definitions is that the patterns represent the shortestvalid strings that may occur for the various constructs of the language. The patterns in generalinclude one or more place-holders, that permit to increase the construct by insertions of otherpatterns. Insertions are of course controlled by context permissibility.A shortcut device that we have not used in this ALD is the lambda notation introduced earlier foroptional place-holders. Its use would permit to drop the epsilon patterns.We have compared the ALD with the CF grammar of Pascal, that can be found in many Pascaltextbooks and we found the sizes to be about the same. Although the presented ALD versionalready improves on our first attempts, it is not claimed to be the best possible, especially becauseof the great difference in maturity and experiences between ALD and CF modeling.6 ConclusionsOther compression techniques for ALD have been examined but have not been investigated indepth. Multiple inheritance of contexts is another idea that we have found to be effective incertain parts of Pascal. It consists in importing parts of the context from different rules. T o implement multiple inheritance, rules must be numbered and the inheritance indicator (›) must be qualified with the reference to the intended ancestor. In our ALD for Pascal, it is usable to expressthe applicability of expressions either in a actual parameters list or in an instruction.Finally, we consider the variant of CF grammars allowing regular expressions in the right parts ofthe productions. Most traditional grammars of Pascal, starting from the first one in [6], use CFproductions extended with regular expressions (called Extended BNF or EBNF), graphicallypresented as syntax diagrams. It is known from experience that EBNF descriptions are oftensmaller than BNF ones. The same approach could be applied to ALD rules too, as originallyproposed in [1], with the difference that local testability sets [9] are used instead of generalregular expressions. This direction has to be investigated in details.In our opinion, the empirical and quantitative analysis reported here strengthens the qualificationof the ALD model as an alternative technique for specifying languages. Of course other aspects inaddition to descriptional complexity ought to be investigated, such as parsing and grammarinference, which could provide an interesting method for specifying a language by means ofexamples.AcknowledgementsTo V. Braitenberg and to F. Pulvenm�ller for stimulating discussions on the role and potential ofassociative language models in brain theory. To A. Cherubini for important contributions to thestudy of the formal properties of the ALD family. To the referee for costructive criticism.References[1] S. CRESPI REGHIZZI , V. BRAITENBERG, "Towards a brain compatible theory of languagebased on local testability", in V. Braitenberg and F.J. Radermacher (eds), "Interdisciplinaryapproaches to a new understanding of cognition and consciuosness", to appear.[2] A. CHERUBINI, S. CRESPI-REGHIZZI, P. SAN PIETRO, "Languages based on structural localtestability", in C. S. Calude and M.J. Dinnen (eds.), Combinatorics, Computation and Logic,Proceedings of DMTCS99, Auckland, New Zealand, 18-21 January 1999, Springer-Verlag.[3] S. CRESPI REGHIZZI, V. BRAITENBERG, "Towards a brain compatible theory of languagebased on local testability", in V. Braitenberg and F.J. R�dermacher (eds), Interdisciplinaryapproaches to a new understanding of cognition and consciousness, to appear.[4] S. CRESPI REGHIZZI, G. GUIDA, D. MANDRIOLI, "Non-counting context-free languages",Journ. ACM, 25 (1978), 4, 571-580.[5] A. EHRENFEUCHT, G. PAUN AND G. ROZENBERG, "Contextual grammars and formallanguages", Handbook of formal languages (Eds. G.Rozenberg, A.Saloma), Vol.II, Ch.6,Springer (1997), 237-290.[6] K. JENSEN AND N. WIRTH, PASCAL - User manual and report, LNCS, 18, 1974.[7] S. MARCUS, "Contextual grammars and natural languages", Handbook of formal languages(Eds. G.Rozenberg, A.Saloma), Vol.II, Ch.6, Springer (1997), 215-132.[8] R. MCNAUGHTON, Parenthesis Grammars, Journal of the ACM, Vol. 14, No. 3, 490-500,July 1967.[9] R. MCNAUGHTON AND S. PAPERT, Counter-Free Automata, MIT Press, Cambridge, Mass.,1971.[10] S. SIPPU, E. SOISALON-SOININEN, Parsing Theory, Springer-Verlag (1988).Appendix: the syntax of the programming language PascalNotation Tokens are used for identifiers and constants: id stands for an identifier, while cst is a numericalconstant. In a pattern p, the notation [w] denotes w ¨ e (i.e. w is an optional part of the pattern p). This is notto be confounded with the square brackets used to separate the context from the pattern in an ALD production(e.g. in x[p]y).The rules have the following structure:LPR

Where P is the set of patterns of the rule; L is the set of left contexts and R is the set of right contexts. Thisdenotes the set of rules: {<x,p,y> | <x,y> ˛ L · R � p ˛ P}. L or R = ˘ means "don’t care". We sometimesuse the usual set operations to denote some of the left/right context sets. Quoted strings denotes strings withspecial symbols (e.g. "[" means the character [). ~P stands for the complementary of set P: ~P := {w ˛ Sk | w ˇP}. The context sets are:˚CompOp = {=, >, <, >=, <=, <>}, AddOp = {+, -, or}, MultOp = {*, /, div, mod,and} and GenOp = CompOp ¨ AddOp ¨ MultOp.^program id [( id D)] ; D begin D end .".id", "]", ^e.id D^ D"[" D "]" Dwith [D ,] id [.id D] [D ,] id ^ D [D ,] id "[" D "]" Dof[D ;] D cst : Dend, cstecst , [D]cst :[const D ;][type D ;][var D ;][procedure id D ;][ function id D ;]beginconst, "= cst ;"id = cst [; D]type [D ;] id = [^] D id [D ;] id = [^] D record D endvar, record [D ;] D : [^] D id [D ;] D : [^] D record D end~{:}:, of, =, ^[ packed ] array "[" D "]" of Dfile of Dset of D eid, recordarray "[" [D ,] (id D) [D ,] id [D ,] cst .. cstset of id (id D) cst .. cst( id e[D], idid [, D]:procedure id [(D)] ; D begin D end [; procedure id D] [(D)] ; D begin D end ; function id Dfunction id [(D)] : id ; D begin D end [; function id D] [(D)] : id ; D begin D end ; procedure id D"function id (", "procedure id (" [D ;] [var] D : D id [D ;] [var] D : D record D endbegin, ";", do, then,else, repeat, ":"[cst :] id [. id D] := D [; D][cst :] id ^ D := D [; D][cst :] id "[" D "]" D := D [; D][cst :] id ( D ) [; D][cst :] for id := D to D do D [; D][cst :] if D then D [else D] [; D][cst :] while D do D [; D][cst :] repeat D until D [; D][cst :] goto cst [; D][cst :] case D of D end [; D][cst :] with D do D [; D]";", end, else, until~{function, procedure} id "(" ¨ {",", "id ["}D, D")","]"› ¨ {:=, if, while, until, case} ¨ (GenOp ¨ {:=, ",","("})."("} D CompOp D";", end, else, until, then, do, ")","]", of}› ¨ CompOp ¨ AddOp{+,-} D[{+,-}] D AddOp D› ¨ CompOp› ¨ MultOp D MultOp D› ¨ AddOp›[ not ] cst[ not ] id [. id D][ not ] id ^ D[ not ] id "[" D "]" D[ not ] id ( D )( D )› ¨ MultOp