Preface

It is customary in speaking of a scientific conference to designated by an
acronym of its full name. It is a measure of the standing of such an event how
well the general public understands the meaning of the acronym. Acronyms like
SOFSEM, MFCS, ICALP are very well known in the IT community. ITAT is
not so lucky - it is an acronym of a new workshop and it is because of this that
we start by providing some basic information. In addition to expanding the
acronym to the full name Information Technologies - Applications and Theory
it seems appropriate to provide more details. This is best done - especialy when
strating a new tradition - by answering the five classic questions: WHY, WHO,
HOW, WHERE and WHAT?

WHY did we organize ITAT 20017

More precisely - what did we expect the new workshop to look like? To
be quite brief, we wanted to create an opportunity for researchers from the
Slovakia, Czech Republic and Poland to meet in a nice place where they would
be free from ordinary distractions and could discuss their work on - hopefully -
the leading edge of computer science. This should promote closer contacts and
cooperation in future.

WHO was invited to participate in the workshop?

Instead of precise formal selection criteria the organizers invited people with
whom and whose work they were already acquainted. One might say that
participants of this initial workshop were selected with a view to forming the
program committee for future years.

HOW was the whole event organized?

Since it was people rather then papers who were invited to the conference
there was no formal refereeing mechanism. The program itself consisted of
lectures and short contributions where the length was suited to the subject.
The presentations took up mornings and evenings while the middle part of
each day was devoted to getting acquainted with the beautiful surrounding
mountains. The selection of papers for the present proceedings volume was made
by mutual agreement during the conference. One drawback of this mechanism
was that it left no room for language editing; the language is therefore fully the
responsibility of the authors.



WHERE did the workshop take place?

The venue of the workshop was the village Zuberec in the foothills of the
Rohace mountain range. The place was selected with a view to opportunities
for rest and recreation and also because the weather there is usually nice in
September. We hope that the participants will agree that it was a suitable
choice for this as well as the coming workshops.

WHAT were the subjects dealt with at the workshop?

It is not suprising - considering the extreme variety of subjects addressed
by theoretical computer science - that the subjects of presented papers fall into
quite a lot of subject categories.

In formal languages and automata there were two papers: M. Platek et al.
discussed the relaxations and restrictions of word order in dependency grammars
and D. Prusa devoted his paper to a generalization of context-free grammars
suitable for defining picture languages.

Two papers were devoted to what is now generally known as data mining;:
I. Mrazova and F. Mréz surveyed data mining techniques based on neural net-
works while R. Lencses described (in the only paper written in Slovak) various
techniques used in information retrieval.

One paper only by J. Hric was devoted to logic programming, namely to in-
troducing monads into logic programming and Prolog. In contrast, three papers
dealt with subjects from the more general surroundings of information technol-
ogy: T. Pitner discussed the impact of information technologies on sustainable
development, J. Kohoutkové described the use of directed graphs for presenting
objects and their relationships while Z. Fabian devoted his paper to relation-
ships between probability measure and metric in the sample space. It should be
mentioned that in addition to the published papers several lectures were deliv-
ered: P. Vojtas presented some results concerning vague and ambiguous data,
G. Andrejkova enlarged on her favourite subject of approximation of functions
by neural networks and S. Krajéi delivered a lecture on the XML language.

On the whole we feel that this "number zero” workshop was a success and
hope that it will lead to a whole series of annual ITAT workshops in the coming
years. We also hope that the workshop will then be well known to such an
extent that long forewords like the present one will become superfluous.

Kosice 2001 G. Andrejkové, J. Vinaf
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Abstract

This paper studies (formally) certain combinations of relaxations and
restrictions of word-order, using a straightforward and intuitive formal-
ization of dependency grammars (DG’s). In particular, we first relax the
relation between dependency and word order, and then study different
possibilites of relaxing and restricting this relation. We introduce a new
concept of proper DG’s based on the notion of projectivity. By defining
various types of word order (projectivity) relaxations, and by introduc-
ing restrictions on the relaxation within each such type, we obtain (two)
infinite scales of classes of languages. Finally, we discuss the parsing-
complexity of the individual classes (of languages) of the presented scales.

Valui poenam fortis in ipse meam
I-was disadvantage brave to I my
”1 was brave, to my disadvantage”
Ovidius, Ars amandi 1.7.26
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1 Introduction

We have chosen the above motto for this paper not so much because of its con-
tent, but rather in order to remind the reader that in languages typologically
different from English, high degree of word order freedom, giving rise to heavy
nonprojectivity (discontinuous constituency, non-configurationality), can still
result in an acceptable sentence. The idea that word order freedom is not at all
marginal in many languages, and hence that, in spite of the current anglocen-
trism, it should be taken seriously also in computational linguistics, constitutes
the starting point of the research described in this paper.

Thus, even though this paper may seem to be mainly technically oriented,
it is definitely motivated by linguistic considerations. It focuses on the phe-
nomenon of word order freedom and on the implications it has on parsing. The
main topic of the paper is the endeavor to provide an adequate formal de-
scription of a special class of dependency grammars called proper dependency
grammars. This class exhibits properties which may be used to a considerable
advantage in the process of parsing natural languages allowing a high number
of nonprojective constructions inside one sentence.

For this purpose, we define a formal tool allowing for separating the de-
scription of syntactic dependency from the description of word order. Based on
this, we introduce and study such notions as degrees of relazation and degrees
of restriction of word order, and correlate them with the notions and results in
the mainstream of theory of formal languages and parsing.

Our investigation of the role of nonconfigurationality of natural languages
does not start with this paper. In [9] we have introduced the Free-Order Depen-
dency Grammars (FODG’s) as a formal system suitable for dependency-based
parsing of natural languages, in particular of those displaying a high degree of
free word order. The design of this formal system was based on the experience
acquired during our work on the development of a grammar-checker for Czech,
cf. [8].

Hence, the current paper constitutes a possible next step towards a formal
basis of a complete dependency-based syntactic analysis of Czech which was pi-
oneered by the framework of Functional Generative Description (FGD, cf. [19]).
In comparison with FGD and other common types of formal systems describing
the syntax of natural languages, e.g. Tree-Adjoining Grammars (cf. [12]), the
crucial novelty brought in by FODG'’s is that they take the phenomenon of word
order freedom more seriously. In particular, in [9] we have introduced two types
of measures of word-order freedom based on FODG'’s. The study of one of them
is further developed in [18]. In [18] and in the current article, particular stress



is given on the phenomenon of word order relaxations and restrictions. Word
order relaxation in a related (but much more limited) sense was studied also in
[17]. The other (above mentioned) type of measure was used to compare the
complexity of word order of Czech and English in [10]. In [18] we have delib-
erately pointed out the fact that the (general, ordinary) formalizations of DG’s
cover also certain very nonliguistic’ classes of DG’s. In fact, we used some quite
‘nonliguistic’ examples to show the technical results there. Here we introduce
the class of proper DG’s, which (in our opinion) creates a better approxima-
tion of ’linguistically motivated’ DG’s. With this class of grammars we achieve
similar results as in [18]. It means that also in this paper the concept of the
(degrees of) relax-ability of word order remains the same as in [18], and keeps
its original meaning.

In particular, the notion of word order relaxation within a DG means that
besides the usual (projective) interpretations of one type of (ordinary) depen-
dency grammars, cf. [2], other (relaxed) types of interpretations are also con-
sidered. The scattered context grammars ([16]) are related to the ordinary
context-sensitive grammars in a similar way as relaxed DG’s are related to ordi-
nary (projective) dependency grammars. However, scattered context grammars
do not directly retain the notion of a derivation (or syntactic) tree.

Two types of syntactic structures, namely DR-trees (delete-rewrite trees),
and D-trees (dependency trees, deleting trees), are used in this paper. We con-
sider DR-trees rather for a (special) drawing (visualization) of trees than for
trees from the (pure) graph theory. Advantages of this approach were signifi-
cantly used in [11] and [13]. A notion similar to DR-trees has been used already
in [4] and [3] in order to show basic equivalencies between context-free and de-
pendency grammars. Any DR-tree can be transformed into a D-tree in an easy
and uniform way. DR-trees are used in this paper as a rather technical notion.
On the other hand the (sets of) D-trees serve usually as a formal representation
of dependency (syntactic) analysis (see e.g. [14], [17], [9]). The formulation
of the results of this paper is based on the notion of a gap in DR-trees. The
notion of proper grammar is based on the notion of a gap in DR-trees and on
the notion of a gap in D-trees as well.

2 Basic notions

The basic notion we work with is dependency grammar (DG’). In the sequel the
DG’s are analytic (recognition) grammars, and we will use different interpreta-
tions of the rules of DG’s, as usual. Even the next definition is more general



then the corresponding one from the previous section. It allows to use the
rules with terminals on their left-hand side. This property has some advantages
for grammar-checking (cf. [8]) and it is close to the original linguistic idea of
dependencies.

Definition 2.1 A dependency grammar (DG) is a tuple G = (T, N,S;, P),
where the union of N and T is denoted as V', T is the set of terminals, N is the
set of nonterminals, Sy C V is the set of root-symbols (starting symbols), and
P is the set of rewriting rules of the following forms:

a) A—x BC,where AcV,B,CeV,X e{L,R}.
b) A— B, where Aec V,BeV.

The letter L (R) in the subscripts of the rules of the type a) means that the
first (second) symbol on the right-hand side of the rule is considered dominant,
and the other dependent.

If a rule has only one symbol on its right-hand side, we consider this symbol
to be dominant.

Informally, a rule is applied (for a reduction) in the following way: The
dependent symbol is deleted (if there is one on the right-hand side of the rule),
and the dominant one is rewritten (replaced) by the symbol standing on the
left-hand side of the rule. The rules A —; BC, A - BC can be applied for a
reduction of a string z for any of the occurrences of symbols B, C in z, where
B precedes C in z, in the general case not necessarily immediately.

The basic technical notion of this paper is the notion of a DR-tree (delete-
rewrite-tree) according to G. This notion allows to introduce several different
interpretations of a dependency grammar, i.e. different types of languages and
different types of dependency analyses. A DR-tree maps the essential part of his-
tory of deleting dependent symbols and rewriting dominant symbols, performed
by the rules applied.

Put informally, we consider a DR-tree (according to a DG G) to be a rooted
tree on the one hand and to be at the same time a drawing in the plain of the
tree on the other hand, cf. Fig.la. A DR-tree here is in fact a drawing of a
finite, binary tree with a root and with the following types of edges:

a) wvertical (V-edges): these edges represent the rewriting of the dominant
symbol by the symbol which is on the left-hand side of the rule (of G) used.
The vertical edge leads (is oriented) bottom-up from the node containing
the original dominant symbol to the node containing the symbol from the
left-hand side of the rule used.



b)

oblique: these edges represent the deletion of a dependent symbol. Any
such edge is oriented from the node with the dependent deleted symbol to
the node containing the symbol from the left-hand side of the rule used.
There are two types of oblique edges:

i) directed bottom up and from the left to the right (R-edges),

ii) directed bottom up and from the right to the left (L-edges).

Let us now proceed more formally. The following technical definition of DR-
tree allows to describe a DR-tree using its set of nodes only, allows to define
a corresponding dependency tree from a DR-tree, allows to formulate several
(practical) restrictions of a topological (or even geometrical) nature. Some of
them are studied in this paper, some others are proposed and used in [11], [13].

Definition 2.2 A tree Tr = (Nod, Ed, Rt) is called DR-tree induced by a DG
G = (T, N, S, P) (where Nod means the set of nodes, Ed the set of edges, and
Rt means the root node), if the following points hold for any U € Nod:

a)

b)

To any node of T'r lead at most two edges ( if at least one edge leads to a
node then exactly one of them is a vertical edge).

U is a 4-tuple of the form [A, 1, j, e], where A € V (terminal or nonterminal
of G), i,j € Nat, e is either equal to 0 or it has the shape (k,p), where
k,p € Nat. The A is called the symbol of U, the number i is called
the horizontal index of U, j is called the wvertical indez, e is called the
domination index. The horizontal index expresses the correspondence of
U with the i-th input symbol. The vertical index corresponds to the length
of the longest path leading (bottom-up) from a leaf to U increased by 1.
The domination index either represents the fact that no edge starts in U
(e = 0) or it represents the final node of the edge starting in U (e = (k, p),
cf. also the point f) below). If two nodes of the shape [4,1,j, €], [B, k,, f]
occur in Tr, then 7 # k or j # | (any node has its own position in the
plain).

Let U = [A,i,j,¢e] and j > 1. Then there exists exactly one node U; of
the form [B,i,k, (4,7)] in T'r, such that 1 < k < j, the pair (Uy,U) creates
a V-edge of T'r, and there is a rule in G with A on its left-hand side, and
with B in the role of the dominant symbol of its right-hand side.

Let U = [A,i,j,e]. Then U is a leaf if and only if A € T' (terminal symbol
of G), and j = 1.



e) Let U = [A,i,j,e]. U = Rt iff it is the single node with the domination
index (e) equal to 0.

f) Let U = [A,4,4,e]. If e = (k,p) and k < i (or k > i), then an L-edge
(R-edge) leads from U (dependent node) to its mother node U, with the
horizontal index k and vertical index p. Further a vertical edge leads from
some node U to Uy,. Let C' be the symbol from U,,, B the symbol from
Us, then P contains a rule C —, BA (or C — g AB).

g) Let U = [A,i,v,e]. If e = (k,p), and k = i, then a vertical edge leads
(bottom up) from U to its mother node Uy, = [B,i,p, en] (for some B
and e,;,), and P contains a rule with symbol B on its left-hand side and
with symbol A in the role of the dominant symbol of the right-hand side,
i.e., if Uy, has only a single daughter, then there exists a rule in P of the
shape B — A, if U, has two daughters etc.

Let us denote the set of DR-trees induced by G as CrT(G).

We will say that a DR-tree Tr is complete if for any of its leaves U =
[A4,i,1,e], where i > 1, it holds that there exists (exactly) one leaf with the
horizontal index ¢ — 1 in T'r.

Remark. The notion of DR-tree corresponds to the fact that we consider
dependency grammars for (bottom-up) analytic grammars, cf. the points c)
and d) in the previous definition. It is not hard to transform at this point
the dependency grammars (DR-trees) more close to the generative principles,
but we are afraid that in that case our following consideration would become
less transparent. Also the linguistic notion of dependency is derived from the
principle of reduction of sentences.

Definition 2.3 Let G = (T, N, S;, P) be a DG. FT(G) denotes the set of all
complete DR-trees rooted in a symbol from S;, generated by G. If Tr € FT(G),
we say that T'r is (freely) parsed by G.

We can see that FT(G) C CrT(G) for any DG G.

Let w = ajas...an, w € T*, Tr € FT(G), Tr has exactly n leaves, and let
the i-th leaf of Tr have the form [a;,4,1,€;] for i = 1,...,n. In such a case we
say that the string w is parsed into Tr by G.

We shall write F'T(w,G) = {Tr;w is parsed into Tr by G}.

Definition 2.4 Let Tr € FT(w,G) (w is parsed into Tr by G), where
w = a1as...an. The contraction of Tr into a dependency tree dT(Tr) =
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(dNode,dE,dR) is defined as follows: The set of nodes dNode is the set of
3-tuples [a;, i, k;] (note that a; is the i-th symbol of w). We call a; the symbol of
the node, i the horizontal indez of the node, and k; the domination indez of the
node. k; = 0 if and only if the root of T'r has the horizontal index i. k; € Nat
if and only if an oblique edge of T'r leads from some node with the horizontal
index i to some node with the horizontal index k;. The edges of dE correspond
(one to one) to the oblique edges of T'r and they are fully represented by the
second and the third slots of nodes of dT'(T'r).

Let us denote dFT(w,G) = {dT(T)|T € FT(w,G)},dFT(G) = {dT(T)|T €
FT(G)}.

If dT' € dFT(G) we say that dT is parsed by G.

We say that dF'T(w, @) is the dependency analysis of w by G, and dFT(G)
is the dependency analysis by G.

Example 2.5 This example illustrates the notion of DG. We define the follow-
ing grammar G5 (we denote this grammar by G2 because we use a sequence of
grammars G; in the next section and Gy will be the second member of this se-
quence). Gy = (Ts, N2, {A1}, P»), To = {a1,a2,b1,b2}, No = {41, Ay, B1, By},
P, = {Al —R alBl,Bl —L blAQ, AQ —R CLQBQ,BQ —L b2A1|b2}.

The left part of Fig.1. displays a DR-tree Ty € FT (aja1a2a2b1b2b1bs, G5),
i.e. a DR-tree parsed by G- for the input sentence aja;asasbib2b1bs.

The leaves of Try are Ly = [a1,1,1,(5,9)], Ly = [a1,2,1,(7,5)], Ly =
[a2,3,1,(6,7)], Ls = [a2,4,1,(8,3)], Ls = [b1,5,1,(5,8)], Lg = [b2,6,1,(6,6)],
L7 =[01,7,1,(7,4)], Ls = [b2,8,1.(8,2)].

The remaining nodes of T'ry are Ny = [41,5,9,0], Ny = [B1,5,8,(5,9)],
N3 = [A42,6,7,(5,8)], Ny = [B2,6,6,(6,7)], N5 = [41,7,5,(6,6)], No¢ =
[B1,7,4,(7,5)], N7 = [42,8,3,(7,4)], Ns = [B2,8,2,(8,3)].

The right part of Fig. 1. displays the D-tree dT'ry = dT'(Try), where the
nodes of dT'rq are:

Vi = [a1,1,5],V2 = [a1,2,7],V3 = [a2,3,6],V4 = [a2,4,8],V8 = [b1,5,0],V7 =
[b2,6,5], Vs = [b1,7,6], V5 = [ba,8,7].

We will introduce the notion of DR-equivalence between two DR-trees. In-
formally speaking, two DR-equivalent DR-trees express the same structure of
dependency relations. Thus, two DR-equivalent DR-trees potentially differ in
the information about horizontal positions of nodes only.

Definition 2.6 Let us suppose that 77,75 are two DR-trees with n leaves each,
and with the same number of nodes. We shall say that T} and T, are DR-
equivalent if there exists a permutation 7 of the sequence (1,...,n) with the
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Figure 1: DR—, D-tree on alala2a2b1b2b1b2

following properties: To any node N; of Ty of the form Ny = [A,4,j,e;] there
exists exactly one node Ny of T of the form Ny = [A, 7 (i), j, e2], where:

if e = 0 then eo = 0; in the case that e; has the form e; = (k,p) then
es = (w(k),p), at the same time if £ < i then w(k) < = (i), or if k& > 4 then
(k) > (7).

Let us remind some notions introduced informally already in the previous
section.

Definition 2.7 Let Tr be a DR-tree (D-tree). Let u be a node of Tr. As
Cov(u,Tr) we denote the set of horizontal indices of nodes from which a path
(bottom up) leads to u. Couv(u,Tr) obligatorily contains the horizontal index
of u. We say that Cov(u,Tr) is the coverage of u (according to T'r).

Let there be a node u of a DR-tree (D-tree) Tr such that Cov(u,Tr) =
{it,do, o yint, 81 < d2..iip_q < ip, 1 < j < nandij —i; > 1. We say
that the pair (4;,4;41) forms a gap in the Cov(u,T'r) (or that the DR-tree Tr
contains the gap (i;,4j4+1)).

Let T be a DR-tree (D-tree). We will say that T is a covering (induced)
subtree of T if the following holds: if 4 is the root of Ts then T contains all the
nodes from 7" which have their horizontal indices from the set Cov(rs,T). In
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other words, T contains all the nodes from T which are on some path leading
(bottom up) to rs. We say that T is DR-projective (D-projective) if T' does not
contain any gap.

Definition 2.8 Let us define several technical notions useful in the following
text. As a matter of fact, these definitions are inspired by [12].

Let G be a DG, and T € FT(G). We shall say that Ty is an A-adjoined
subtree of T if T is a covering subtree of T' and if the following holds:

Let R, be the root node of Ty, let A be the symbol of R;. Then there exist
exactly one node Ng of T such that Ny is not equal to Rs; and the symbol of
N, is A.

The covering subtree B, of T with the root N, will be called the bottom
part of T.

The subtree A, of T which results by removing B, from T will be called
adjoining part of Ts.

We can see that B, € CrT(G), while A, is not necessarily from CrT(G).

We shall say that T is a simply-adjoined subtree of T if Ty is an A-adjoined
subtree of T' for some symbol A, and if the following does not hold:

There is a node Ny of T, different from the root of Ty, such that Ny is a
root of a B-adjoined subtree of T for some B.

Let us say that a D-grammar G is acyclic if for any T' € FT(G) it holds that
the adjoining part of any its simply-adjoined subtree contains at least one leaf
which is also a leaf of T'.

It is not hard to see that those D-grammars which are not acyclic can de-
rive infinite many DR-trees with the same D-tree. This makes such grammars
inadequate for linguistic modelling.

3 Restrictions and proper DG’s

Let us suppose from now on that all D-grammars we work with are acyclic. We
will reintroduce also in this section the (complexity) measure of non-projectivity
which was outlined in the section 2. We introduce it for DR-trees and for D-trees
as well.

Definition 3.1 Let Tr € CrT(G) for some G, i.e., Tr is a DR-tree, u be a
node of Tr, and Cov(u,Tr) its coverage. The symbol DR-Ng(u, Tr) represents
the number of gaps in Cov(u,Tr). DR-Ng(Tr) (D-Ng(Tr)) denotes the max-
imum of {DR-Ng(u,Tr); uw € Tr}. We say that DR-Ng(Tr) is the node-gaps
complexity of Tr.

13



In the same way we introduce the measure for D-trees. Let T'r € dFT(G),
i.e., Tris a D-tree, let u be a node of T'r, and let Cov(u, T'r) be its coverage. The
symbol D-Ng(u,Tr) represents the number of gaps in Cov(u,Tr). D-Ng(Tr)
denotes the maximum of {D-Ng(u,Tr); u € Tr}. We say that D-Ng(Tr) is the
node-gaps complezity of Tr.

Example 3.2 We stick to the DR-tree T'ry from the Fig. 1. The following
coverages contain gaps:

Cov(N3,Tr) ={2,3,4,6,7,8} has one gap (4,6),
Cov(Ny,Tr) = {2,4,6,7,8} has two gaps (2,4), (4,6),
COU(N5,TT1) ={2,4,7,8} has two gaps (2,4) and (4,7),
Cov(Ng,Tr) = {4,7,8} has one gap (4,7),
Cov(N,Try) = {4,8} has one gap (4,8).

We can see that DR-Ng(T'r1) =

Definition 3.3 Let G = (Vp,Vn,P,S) be a DG. We shall say that G is a
proper D@ if the following holds:

If dT' €dFT(G) and D-Ng(dT') = 0 (dT' is D-projective), then there exists
T € FT(G) such that dT' = dT(T) and DR-Ng(T) =0 (T is DR-projective).

Example 3.4 Let us choose a DG G, in the following way: Gr; = (T, N, {C},
P), where T = {a,b,c,d}, N = {A,B,C}, P = {A - Bb,B — Cc,C —,
Aa,C — d}.

We can see from Fig.2 that Gr; is not a proper grammar. Namely it generates
only projective (very simple) D-trees of depth 1, and on the other hand it
generates not only a nonempty, but even an infinite set of strings (D-trees)
corresponding to nonprojective DR-trees.

Definition 3.5 Let G = (V, Vn, P, S) be a DG, and Cs be a set of gap restric-
tors , i.e. pairs of the shape [A,i], where A € Vo UVy and i € Nat™. We say
that the pair Gos = (G, Cs) is a restricted DG (RsD-grammar, RsDG ), and
if G is a proper grammar we say that Gos = (G, Cs) is a restricted proper DG
(prop-RsDQG).

Let us define the set of DR-trees C'sT(G¢s) for a RsDG G¢s = (G, C's).

CsT(Ges) = {T € FT(G)| if Ta is a covering subtree of T with the root
symbol A, and [A, j] € Cs, then DR-Ng(T4) < j}.

Let i € (Nat™ U {x}) and let us consider that % is greater than any natural
number, and let Gos = (G,Cs) is a RSDG. Then we define the following:
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Figure 2: DR~, D-tree on the string dabc by G,

DR-T(w,G¢s,1t) is the set of DR-trees such that for any of its member T
the following three conditions are met:

a) T € FT(w,G)

b) DR-N¢(T') < i,

c¢) T € CsT(Ges).

For i = x only the two following conditions are taken in account:
a) T € FT(w,QG),

¢) T € CsT(Ges).

DR-L(Ges,i) = {w| DR-T(w,Ges,i) # 0}

DR-T(Gcs,i) denotes the union of all DR-T'(w,Gcs,1) over all w € DR-
L(Ges, ).

DR-L(i) denotes the class of languages DR-L(Gs,1i), for all RsDG’s Gs.
For X € {DR,DR—prop} andY € {T(w,G¢s,i),T(Gecs,i), L(Ges, i), L
(i), RsDG} we shall use the combination of denotations of the form X-Y,

with the straightforward meaning (the ordinary DG’s can be substituted
by proper DG’s in the previously introduced notions) E.g., DR-prop-L(i)
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denotes the class of languages DR-prop-L(Gs,i), for all proper RsDG'’s
Gs.

Let us recall an obvious proposition from [18].

Proposition 3.6 Let GS = (G,Cs) be a RsDG, n € Nat. Then
DR-T(GS,0) C DR-T(GS,1) C ... C DR-T(GS,n)... C DR-T(GS, ),
DR-L(GS,0) C DR-L(GS,1) C ... C DR-L(GS,n)... C DR-L(GS, ).
If the set of restrictions C's is empty, then also DR-T(GS,*) = FT(G).

Moreover, for any DR-tree T € DR-T(GS,i) i € {0,1,2, ..., %}, there exists
a DR-equivalent DR-tree T, € DR-T(GS,0), and therefore for any string
w € DR-L(GS,i) there exists a permutation 7w(w) of w such that m(w) €
DR-L(GS,0).

Remark 3.7 The previous proposition presents in a formal way the stepwise
relaxation of the word order described by a RsD-grammar. A complete scale
of formal languages according to a RsD-grammar is obtained in this way. On
the other hand, for any relaxed DR-tree the grammar determines its projective
DR-equivalent variant (representation).

The following paragraphs focus on results concerning classes of languages
which arise through a certain degree of relaxation. The next proposition resem-
bles a claim from [18].

Proposition 3.8 DR-£(0) € DR-£(1) C ... € DR-L(n)... € DR-L(x),
DR-prop-L£(0) C DR-prop-L(1) C ... € DR-prop-L(n)... C DR-prop-L(x*).

Proof: We can see that for any Ly € DR-L(i), where i € Nat™, there exists an
RsD-grammar Gy = (G, Csy) such that Ly € DR-L(G,1).

We construct a new RsD-grammar G5 = (G, Cs2) from G by keeping the unre-
stricted dependency grammar G and changing the constrains C's; into C'sy. Let
Cs1 = {[A1,j1], -, [Ak, jk] }, and let the symbols By, ..., B, be the unrestricted
symbols of G. Let us define Cs2 = {[B1,i],...,[Bp, ], [41,m1], ..., [Ar, ms]},
where for any n € {1,...,k} such that j, < i holds m, = j,, and for any
n € {1,...,k} such that j, > i holds m,, = i.

It is not difficult to see that for any j € {i,i + 1, ..., %} the equality L(G1,i)=
L(G4,j) holds. That proves directly the first sequence of (improper) inclusions.
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Following the fact that only the restrictions C's; are changed in the above con-
struction, we can see that the proper grammars are transformed into the proper
grammars. q.e.d.

Remark 3.9 The improper inclusions in the previous proposition can be re-
placed by proper inclusions. The following considerations are made in order to
show the property of the proper inclusion using the word-order relaxation abil-
ity (relax-ability) of proper dependency grammars only. We shall sometimes
use the fact that any DG Gs for which it holds that to any node of any dT' €
dFT(Gs) leads at most one L-edge and at most one R-edge, is a proper DG.

Let us remind an obvious propositition from [18].
Proposition 3.10 DR-L(0) = CF*

Definition 3.11 [Degrees of relax-ability (due to RsDG’s)] Let k € Nat. We
shall say that a grammar GS has the degree of DR-relax-ability equal to k
(DRS(GS) = k) if the following two conditions are fulfilled:

a) DR-L(GS,i) ¢ DR-L(i — 1), for i € {1,2, ...k}, and
b) DR-L(GS,k) = DR-L(GS,k + j) for any j € Nat.

Denotation 3.12 Let us denote as G; the following DG for any i € Nat:

Gi = (T, N, {Al},P), where T' = {al,ag,. ‘e ,ai,bl,bQ,. . .,bl‘}, N = {Al,AQ,
A ,Ai,Bl,. .. 7Bi}7 P = {Al —R alBl,Bl —L blAQ,AQ —R GQBQ,. .. 7Ai —R
a;Bi, B; =1, biAl,Bi e bl}

Let us denote w(;jn) = afay..aj(biba...bjaj11bj41...a;b;)" for any natural
n,i > 0,4 > j > 0. Let us take W(i,j) = {w( n)ln € Nat} for i > 0
i > 2 0.

For any even i > 1, we shall denote the RsD-grammar (G, [A1,4/2]) as GS;.
For any even ¢ > 0, j > 0 we shall denote DR-L(GS;, j) as DR-L(i, j)-

Proposition 3.13 Let dT € D-T(GS;,0) for some even i and dT = dT'(T) for
some T  €DR-T(GS;,*). Then T €DR-T(GS;,0). It means that that for any
even i GS; is a proper RsDG's.

Proof: We can see that at most one L-edge and at most one R-edge lead to
any node of dT' €dFT(G;). Now we can easily see that G; is a proper DG.
Therefore the GS; is a proper RsDG. q.e.d.

17



Proposition 3.14 Let us suppose thati > j > 0, i > 0 is an even number, j
is an even number. Then W (i,j) CDR-L(i,j/2).

Proof: Let 0 < j <1, j is an even number, ¢ > 0 is an even number. Let us
show that w; j») = afay...aj(biba...bjajt1bj11...a;b;)" € L(GS;, j/2) for any
natural n > 0.

First let us outline the rough idea: We shall choose a sequence of reductions
by the grammar G; of a word of the form w; ;) in which certain cycles are
repeated. We shall see in the more detailed part that in the first cycle an
incomplete DR-tree with j/2 gaps will be constructed. We shall show that by
proceeding in similar cycles, it is possible to obtain a DR-tree T,, from DR-
T(w(i’j’n) 5 GS“ J/Q)

Now we describe the procedure of reduction. We can see that w; ;) has the
length equal to 2-n-i. Let us denote the s-th position (1 <5 < 2-n-i) in w(; j
as ps. We can see (for example) that the leftmost b, occurs on the p,.j41 of any
W(i,jn)-

The sequence of reductions starts by the application of the rule B; — b; to the
symbol b; in the rightmost position ps.,.;. The symbol b; will be rewritten by
the symbol B;. The second step will be the application of the rule 4; =g a;B;.
If 4 > j then the rule is applied to the rightmost occurrence of a;, i.e. to the
position ps.,,.;—1 and to the single occurrence of B;. The symbol a; will be
deleted and the symbol B; will be rewritten to A;. This application of the rule
does not create any gap.

If ¢ = j then the rule is applied to the leftmost occurrence of a;, i.e. to the
position p,.j_1)4+1 and to the single occurrence of B;. This application of the
rule creates the first gap.

The third step will be the application of the rule B;  —, b;_1A; to the left-
most occurrence of the symbol b;_; and to the single occurrence of the symbol
A;. Next we shall use the rule A;_1 —gr a;_1B;_1. The rule is applied to
the rightmost occurrence of a;—1, and to the single occurrence of B;_1. This
application of the rule does not create a new gap.

The sequence of reductions continues by the application of the rule B; o —
b;—2A;_1 to the rightmost symbol b;_» and to the single occurrence of A;_;. The
next step will be the application of the rule 4;_s —g a;_2B;_2. If i —2 > j the
rule is applied to the rightmost occurrence of a;_o, and to the single occurrence
of B; 5. This application of the rule does not create any gap.

If i — 2 < j then the rule is applied to the current leftmost occurrence of a; s,
and to the single occurrence of B;_». This application of the rule creates a new
gap (if n > 1).
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The next step will be the application of the rule B; 3 — b;_3A4; 5, to the
leftmost occurrence of the symbol b; 3 and to the single occurrence of the symbol
A,;_5. This application of the rule does not create a new gap.

We can continue in this way until we obtain for the first time the nonterminal
Aj; in the reduced string. The reduced string has the form

w(i7j’n_1)A1 = a?_lag_l...a?_l(b1b2...bjaj+1bj+1...aibi)”*lAl.

It is not hard to see that in the course of obtaining w; j,—1)A1 as described,
we create an incomplete DR-tree Ty,; with DR-Ng(T,1) < j/2 which contains
exactly j/2 gaps for n > 1.

We have reduced wy; jn) into w; j,—1)4: during the construction of Tg;. If
n > 1 we can use almost the same sequence of rules (by substituting the start-
ing one) in order to obtain a DR-tree T,2 from T,; in such a way that DR-
Ng(T.2) = j/2. At the same time the string w(; j,,—1)A1 is reduced into the
string wy; j.n—2)A1. In this way we can stepwise obtain the complete DR-tree
Tan such that Tan EDR—T(U)(Z"]"”), GSZ,J/Q) q.e.d.

Proposition 3.15 For any eveni and even j, i > j > 1, DR-L; ;) ¢ DR-L(0).

Proof: Let us suppose that DR-L; jy € DR-£(0). Because DR-L(0)= CF*,
the language DR-L(; ;) must be a context-free language. Any word from DR-
L(; ;) must contain an equal number of the symbols a, (and by) forall 1 < k < i.
We can see by the pumping lemma for context-free languages that W (i, k) =
{w(ikmyln € Nat}, where w(; ;) = atay..a}(biba...bja;11bj41...a;b;)", can-
not be a subset of any context-free language with the above mentioned equal-
number-property for DR-L(i, 7). This constitutes a contradiction with the pre-
supposition. q.e.d.

The separation results for the other classes of the considered hierarchies are
based on similar observation as the previous separation result. The formulation
of this observations is slightly more complex than in the previous case.

Proposition 3.16 Let us suppose that GS is a RsDG such that DR-L; ;) =
DR-L(GS,j), for some i,j,k, i > 2k >0,i>j > 0. Let T € DR-T(GS,}j),
and Ts is a simply-adjoined subtree of T. Then there is ny > 0 such that the
adjoining part As of Ts contains ny leaves with the symbol a,, and the same
number ny of leaves with the symbol by, for any m € {1, ...,1}.

Proof: Let us suppose that T € DR-T(GS,j), and T is a simply-adjoined
subtree of T and let GS = (G, Cs). Let us recall that we suppose that G is a
lexicalized DG. Via proposition 3.6 we can see that there is a DR-tree Ty € DR-
T(GS,0) which is DR-equivalent with T'. Further, it is easy to see that Tg
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contains a simply-adjoined subtree Tsy which differs from T in the order of
nodes only (in the horizontal and domination indices of the nodes only). We
can see that the adjoining part of T can be adjoined (due to lexicalization of G
really ”pumped”, possibly several times) in order to obtain again a DR-tree from
DR-T(GS,0), and therefore also from DR-T(GS, j). Using this observation we
can easily find a contradiction. q.e.d.

Proposition 3.17 Let us suppose that GS = (G,Cs) is a RsDG such that r
is the number of rules of G, DR-L(; xy = DR-L(GS, j), for some i, j,k, where
i>0,7i>2k>0,7>3j>0. Letw = w(i,2k,n), n > 4" and let T, €
DR-T(w,GS,j). Then DR-Ng(T,,) > k, and therefore also j > k.

Proof: Let us note at first that the n > 4"t! of the proposition is chosen in
such a way that it can be shown that any simply-adjoined subtree T of T,
contains at least k gaps. In this way we shall show that DR-Ng(Ts) > k. We
can see that the whole T contains at most 2" leaves, because of the fact that
only the symbol of the root of T is repeated exactly once somewhere inside T5.
This means that any path within T is shorter than r + 2. We can see from the
proposition 3.16 that each symbol from the set {ay, ..., a;,b1,...,b;} must occur
at least once among the leaves of the adjoining part of 7.

Let rs be the root of Ts. We shall show that the coverage Cov(rs,T,,) contains
at least k gaps.

Let us consider that i > 2, w = w(; 2,n) = a1"...a%} (b1...a2.k 410214 1.-.a;b;)",
where n > 47!, We can see that r > i and T contains at most (2"*1)/i
symbols a; (at least one) and also at most (2"*!)/i occurrences of each of
symbols as,...a2k+1, ..., @;,...b; and at least one of each of them. We can see
that w has such a shape that Cov(rs,T) contains at least k gaps, because any
gap-free string of leaves of Ts contains occurrences of at most two symbols from
the set {a1,as,...,as;} and these two symbols must be of the form ay,as41 for
any s € {1,...,2k — 1}. This proves this proposition. q.e.d.

Proposition 3.18 For any even i > 0,1 > 2k, k > j > 0 there does not ezist
any RsD-grammar GS such that DR-L; ) = DR-L(GS, j).

Proof: Let us suppose that there is such a grammar G.S. We can see a contra-
diction using Proposition 3.17. q.e.d.

Proposition 3.19 For any even i > 0 it holds that DRS(GS;) = i/2, i.e.
the degree of relaz-ability of the grammar GS; is equal to i/2.
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Proof: This proposition is a direct consequence of the previous proposition.
q.e.d.

The following theorem is also a direct consequence of the previous propositions.

Theorem 3.20 For any j € Nat there is a prop-RsDG Gp; such that j =
DRS(Gpj).

Theorem 3.21
DR-£(0) € DR-L(1) C ... C DR-L(5)... C DR-L(x)

DR-prop-£(0) C DR-prop-L£(1) C ... C DR-prop-L(n)... C DR-prop-
L(x).

Proof: It follows from the previous theorem that for any ¢ € Nat there exists
a language Lr; € DR-prop-L(i) such that Lr; ¢ DR-L(i — 1). The rest is a
consequence of Proposition 3.6. q.e.d.

Remark 3.22 In fact it holds that DR-prop-L£(0) = CF+. We will not prove
this equality in this paper.

4 Remarks on parsing

The previous notions and results are implicitly connected with parsing consid-
erations through the concept of coverage. The next propositions illustrate this
fact.

Proposition 4.1 To any RsDG GS there exists a (sequential) algorithm Am
computing for any string w an i € Nat™, such that i is the smallest element of
Nat* for which w € DR-L(GS, i), or, if such an i does not exist, returning a
message about the fact that w & L(GS,*). Moreover, for a given i € Nat™ Am
recognizes the membership w € L(GS,1) in a polynomial time (compared with
the length of w and the size of GS), where the degree of the polynomial increases
with .

Proof: We outline the main idea only. Am is a bottom-up (CYK-like) parsing
algorithm based on a stepwise computation of pairs (items) of the shape (U, Cv),
where U means a node of a DR-tree by GS and Cv means its coverage related to
the given input-word. At first the items (coverages) without gaps are computed,
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second items with one gap, third items with two gaps, etc., until such an item
(R, C1i) is obtained, where R contains a root-symbol and Ci covers completely
the input string w.

With the DR-Ng limited by a constant k¥ (DR-Ng can be interpreted as the
maximum of the number of gaps in the coverages during a computation of the
parser), the number of items depends polynomially on the size of the input,
and on the number of symbols (terminals, nonterminals) of the grammar GS.
The degree of the polynomial depends on k. The assertion of the claim can be
derived from this observation. q.e.d.

Corollary 4.2 There exists a sequential algorithm such that for any i € Nat™t
and any L € DR-L(i), the algorithm recognizes L in a polynomial time, where
the degree of the polynomial increases with i.

Remark 4.3 We believe that there exists an i € Natt for which there does
not exist an (sequential) algorithm recognizing every language from D-L(i) in a
polynomial time. We have even the suspicion, due to the results from [18], that
this i can be equal to 0. This remark introduces the next corollary.

Corollary 4.4 There exists a sequential algorithm recognizing any L € D-prop-
L(0) in a polynomial time.

Conjecture. We believe that any L € D-prop-L(i) for any i € Nat™ is recog-
nizable in a polynomial time.

5 Conclusions

The main aim of this paper is to lay theoretical foundations for a formal frame-
work able to serve as a linguistically adequate tool for expressing word order
regularities in natural languages with various word order properties, with a par-
ticular stress on the description of relaxations and restrictions of word-order
within languages with a high degree of word order freedom. This framework
supports also a formal presentations of properties of an implemented parser (en-
vironment for parsers-development) and of an implemented grammar for Czech
presented in [11] and [13].

An important novel contribution is to be seen particularly in the fact that the
approach to word-order studied here is in its spirit substantially different from
the tools used for strengthening the power of (CF-)grammars, namely from the
often studied principle of (pure) regulation, cf. [12]. In particular, the approach
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of (pure) relaxation proposed here adds massively new word-order interpreta-
tions of the ("context-free’) rules used. To the contrary, the principle of (pure)
regulation (e.g., of tree-adjoining or vector grammars) directly decreases the
number of such interpretations. We believe strongly that in this point, the ap-
proach advocated in this paper is more adequate linguistically, and hence also it
is a new adequate tool for linguistic description. A strong evidence for this claim
seems to be fact that, unlike many other approaches, the notions studied here are
intrinsically connected to formal tools for measuring (and hence comparing) de-
grees of word order freedom in different natural languages. Thus, the approach
allows for expressing formally (even: quantitatively) the well-established empir-
ical observation that some natural languages display more word-order freedom
than others - in fact, the tools proposed indeed generate a whole scale of de-
grees of word-order freedom. The fact that this is relevant not only for linguistic
aims, but that these differences in word order freedom have also important con-
sequences for parsing complexity, which is studied in the final sections of the
article, shows another aspect of the relevance of the approach proposed.

As for research direction in the next future, we shall try to perform a more
thorough comparison between the degrees of nonprojectivity based on DR-trees
on the one hand and the degrees of nonprojectivity based on D-trees on the other
hand. In the paper [18] we have used deliberately such a sequence of 'witness’
grammars that it has an increasing degree of DR-nonprojectivity (relax-ability)
but by which all the parsed D-trees remain D-projective. We consider this
property very 'nonliguistic’, compare, e.g., [14]. In this paper we worked in a
similar way with some more appropriate classes of DG’s. We have also outlined
that in this way we can obtain more satisfactory parsing-complexity estimations
for dependency-based parsing.

Acknowledgement

This work has been supported by grant of GACR No. 201/99/0236 to Mar-
tin Platek, Tomas Holan and Vladislav Kubori. The work of Karel Oliva has
been sponsored by the Fonds zur Foerderung der wissenschaftlichen Forschung
(FWF), Grant No. P1322/. The Austrian Research Institute for Artificial In-
telligence is supported by the Austrian Federal Ministry of Education, Science
and Culture.

23



References

[1] J.Dassow, G.Paun: Regulated Rewriting in Formal Language Theory,
Akademie-Verlag Berlin, 1989 Handbook of Formal Languages, G. Rosen-
berg and A. Salomaa (eds.), Berlin and Heidelberg: Springer, 1997.

[2] A.Dikovskij, L.Modina : Dependencies on the Other Side of the Curtain,
Traitement Automatique des Langues (T.A.L, guest editor S.Kahane), Vol.
41, No. 1, Hermes, pp.79-111.

[3] S. J. Fitialov: On the equivalence of ps-grammars and dependency gram-
mars. In: Problems of Structural Linguistics. ”Nauka”, 1968, pp. 100 -114

[4] H.Gaifman: Dependency system and Phrase -Structure System, Informa-
tion and Control, Vol 8, 1965, pp. 304-337

[5] A.V. Gladkij: Formal'nye grammatiki i jazyki, Iz.: NAUKA, Moskva, 1973

[6] S.A. Greibach, J.E. Hopcroft: Scattered context grammars, JCSS 3 (1969)
233-247.

[7] T.Holan, V.Kubon, M.Platek: An Implementation of Syntactic Analysis of
Czech, in: Proceedings of IWPT’ 95, Charles University Prague, 1995, pp.
126-135

[8] T.Holan, V.Kubon, M.Platek : A Prototype of a Grammar Checker for
Czech, Proceedings of the Fifth Conference on Applied Natural Language
Processing, Association for Computational Linguistics, Washington, March
1997, pp.147-154

[9] T. Holan, V.Kubori, K.Oliva, M.Platek: ”Two Useful Measures of Word
Order Complexity”, in Proceedings of the Coling *98 Workshop ”Process-
ing of Dependency-Based Grammars”, A. Polguere and S. Kahane (eds.),
University of Montreal, Montreal, 1998

[10] T.Holan, V.Kubon, K.Oliva, M.Platek. On Complezity of word-order. In:
Traitement automatique des langues (T.A.L., guest editor S.Kahane), Vol.
41, No 1, 2000, pp. 243-267.

[11] T.Holan: Néstroj pro vyvoj zdvislostnich analyzatoru pfirozenych jazyku s
volnym slovosledem, (A Software Environment for the Development Of De-
pendency Parsers for Natural Languages with Free Word Order), in Czech,
PhD thesis, Charles University, Prague, 2001

24



[12] A.K. Joshi, and Y.Shabes: Tree-Adjoining Grammars, in Handbook of For-
mal Languages, Vol 3, G. Rosenberg and A. Salomaa (eds.), Berlin and
Heidelberg: Springer, 1997, pp. 69-123

[13] V.Kubor: Problems of Robust Parsing of Czech, PhD thesis, Charles Uni-
versity, Prague, 2001

[14] J.Kunze : Abhdangigskeitsgrammatik, Berlin: Akademie-Verlag, 1975

[15] S.Marcus: “Sur lanotion de projectivité”, in Zeitschrift fuer mathematische
Logik und Grundlagen der Mathematik XI, 1965, pp. 181-192.

[16] A. Meduna: Syntactic Complexity of Scattered Context Grammars, Acta
Informatica 32 (1995) 285-298.

[17] A. Nasr: A Formalism and a Parser for Lexicalized Dependency Grammars,
in: Proceedings of IWPT’ 95, Charles University Prague, 1995, pp. 186-195

[18] M.Platek, T.Holan, V.Kubon. On Relaz-ability of Word-Order by D-
grammars. In: Combinatorics, Computability and Logic. C.S. Calude and
M.J. Deneen (eds.), Springer Verlag, Berlin, 2001, pp. 159-174.

[19] P.Sgall, E.Hajicovd, J.Panevovd: The Meaning of the Sentence in Its Se-
mantic and Pragmatic Aspects, Dordrecht: Reidel and Prague: Academia,
1986

[20] K. Sikkel, A. Nijholt : “Parsing of Context-Free Languages”, in Handbook
of Formal Languages, Vol 2, G. Rosenberg and A. Salomaa (eds.), Berlin
and Heidelberg: Springer, 1997, pp. 61-100

25



26



Two-dimensional C%ntext—free
Grammars

Daniel Prusa

Department of Theoretical Computer Science
Charles University, Faculty of Mathematics and Physics
118 00 Praha 1, Malostranské nam. 25
Czech Republic

prusa@barbora.ms.mff.cuni.cz

Abstract.

We present a generalization of context-free grammars to two dimensions and
define picture languages generated by these grammars. We examine some
properties of the formed class and we describe how these languages can be

recognized by two-dimensional forgetting automata.

1. Introduction

The goal of this paper is to present one of the possible generalizations of concepts
of context-free grammars and languages to two dimensions. Informally, a two-
dimensional string (called a picture) is defined as a rectangular array of symbols
from a finite alphabet. A picture language is a set of pictures.

Some proposals of two-dimensional context-free languages already exist ([4],
[2]), however a complete theory has not been formed yet. It is a difficult task.
The situation is rather complicated even in case of regular languages. We em-
phasize that our ambitions are not to claim what two-dimensional context-free
languages should be. We generalize concepts of context-free grammars in a nat-
ural way only and study the formed class of picture languages. However, in the
text, we use terms like two-dimensional context-free grammar, resp. language
to refer to them.

Our generalized grammars have productions whose left sides are non-ter-
minals and the right sides are matrixes of terminals and non-terminals. This

2Supported by the Grant Agency of the Czech Republic, Grant-No. GA CR 201/02/1456
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idea is not original. It can be found for example in [7], where productions with
the right side restricted to one row or column are considered only. The other
example is in [8]. Some basic facts, that we extend, are mentioned there.

Our results on the class of context-free languages include the facts that
not all languages recognized by (two-dimensional) finite state automata are
context-free and that the restricted grammars from [7] are weaker than the
presented grammars. In addition, we describe how context-free languages can
be recognized by two-dimensional forgetting automata. This construction is
based on results in [8] and [1].

2. Picture Languages

We assume that the reader is familiar with the theory of one-dimensional lan-
guages as can be found for example in [3]. We extend some basic definitions
from the one-dimensional theory now. More details can be found in [4].

Definition 1 A picture over a finite alphabet Y. is a two-dimensional rectan-
gular array (matriz) of elements of ¥. X** denotes the set of all pictures over
3. A picture language over X is a subset of 3**.

Let O € ¥** be a picture. rows(O), resp. cols(O) denotes the number of
rows, resp. columns of O. The pair rows(O) x cols(O) is called the size of O.
We say that O is a square picture of the size n if rows(0) = cols(O) = n. The
empty picture A is the only picture of the size 0 x 0. For integers 4, j such that
1 <i <rows(0), 1 < j < cols(0), O(i,j) denotes the symbol in O at the
coordinate (i,7). A sub-picture of O is a sub-matrix of it.

We use [aij]m,n to denote the matrix

a1 e Ain

am1 oo Qmn

We define two binary operations — the row and the column concatenation.
Let A = [a4j]r,; and B = [bjj]m,n be non-empty pictures over £. The column
concatenation A0OB is defined iff k¥ = m and the row concatenation AeB iff
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Figure 3: The system of coordinates used in our picture descriptions.

l = n. The results of the operations are given by the following schemes:

a1 . alk
aip oo Qayy b11 e b]n -
a a
AoB= @ . A AeB =kt kit
: : : : bu bln
ag1 ... Qg bml . bmn . . .
bm1i .. bmn

Moreover, the column and the row concatenation of A and A is always defined
and A is the neutral element for both operations.
The unary operation € is defined on a set of matrixes whose elements are

pictures over a fixed alphabet. Let FP;;, ¢ =1,...,m, j = 1,...,n be pictures
over ¥ such that Vi € {1,...,m}rows(P;1) = rows(Px) = ... = rows(P;;,) and
Vi€ {1,...,n}cols(Pi;) = cols(Psj) = ... = cols(Ppj). D[Pijlm,n is defined

as PieP,e...6P,,, where P, = Py 10P;20...0F;,.

In our descriptions we use the system of coordinates in a picture depicted
in Fig. 3. Speaking about a position of a specific field, we use words like up,
down, right, left, first row, last row etc. with respect to this scheme.

3. Two-dimensional Automata

The two-dimensional Turing machine works on a two-dimensional tape. It can
move its head left, right, up and down. We give its formal definition only.
Terms like configuration, computation, accepting, recognized language, etc. are
defined in a natural way. Details can be found in [4].
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Definition 2 Two-dimensional Turing machine is a tuple (Q, %, ¥, qo,0,QF),
where Q) is a finite set of states, ¥ is a tape alphabet, g C X is an input
alphabet, qo € @ is the initial state, Qr C @ is a set of final states and ¢ :
Y x Q — 2XX@XM s g transition relation. M = {L,R,U,D,NY} is the set of
automaton movements (left, rigth, up, down, no movement). We always assume
that there is a distinguished symbol # € ¥\ Xq called the background symbol.

A two-dimesional Turing machine is bounded iff the head does not leave an
input during the computation (when it encounteres # it returns in the next step
and does not rewrite this symbol). We consider bounded machines in the fol-
lowing text only. A two-dimensional finite state automaton is a two-dimensional
Turing machine that does not rewrite any symbol during its computation. We
abbreviate it as F'SA, deterministic F’'SA as DFSA.

4. Two-dimensional Context-free Grammars

Definition 3 A two-dimensional context-free grammar G is a tuple (Vn,Vr,
So,P), where Vi is a finite set of non-terminals, Vi is a finite set of terminals,
So € VN is the initial non-terminal and P is a finite set of productions of the
form N — W, where N € Vy and W € (Vy UVp)™ \ {A}. In addition, P can
contain So — A. In such a case, Sy is not a part of any right side of productions.

Definition 4 Let G = (Vn, Vr, S0, P) be a two-dimensional context-free gram-
mar. We define a picture language L(G,N) over Vi for every N € V. The
definition is given by the following recursive description:

A) If N - W is a production in P and W € V™™, then W is in L(G,N).

B) Let N = [Aij]lm,n be a production in P (notSo — A) and P;; (i=1,....,m
j =1,...,n) pictures such that: For every pair of indexes i,j, if A;j is a
terminal then P;j is the picture of the size 1 X 1 whose only field contains
the symbol A;j. If A;j is non-terminal then P;; € L(G, A;;). In addition,
DBIPijlm,n is defined. Then @[P;jlm.n is an element of L(G,N).

The set L(G,N) contains just all pictures that can be obtained by applying

a finite sequence of rules A) and B). The language L(G) generated by the
grammar G is defined as the language L(G, Sp).
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We abbreviate a two-dimensional context-free grammar as CFG. L(CFG) is
the class of all two-dimensional context-free languages. C'F' stands for context-
free. An equivalent definition of a language generated by a context-free grammar
is based on a generalization of derivation trees.

Definition 5 Let G = (Vn,Vr,So, P) be a CFG. A derivation tree for G is
every tree T satisfying:

e T has at least two vertices.

e FEach vertex v of T is labeled by a pair (a,k x1). Ifv is a leaf then a € Vr,
k=1=1¢else a € Vy, k,l > 1 are integers.

e Edges are labeled by pairs (i,7). Let us denote the set of labels of all edges
connecting v with its descendant as I(v). It holds that I(v) = {1,...,m} x
{1,...,n} and m.n is the number of descendants of v.

o Let v be a vertex of T labeled (N,k x ), where I(v) = {1,...,m} x
{1,...,n}. Let the edge labeled (i,j) connect v and its descendant v;;
labeled (Al],k‘, X lj) Then E:ll kl = k, E?:l l]‘ =1 and N - [Aij]m,n
is a production in P.

If Sy = A € P then the tree Ta with two vertices — the root labeled (Sp,0 x 0)
and the leaf labeled (A, 0 x 0) is a derivation tree for G too.

Let T be a derivation tree for a CF grammar G = (Vn, Vr, S, P), V set of its
vertices. We assign a picture to each vertex of T by defining a function p: V —
Vr™*: if v € V is a leaf labeled (a,1 x 1) then p(v) = a else p(v) = B[Pijlm,n,
where I(v) = {1,...,m} x {1,...,n}, P;j = p(vi;), vij is a descendant of v
connected by the edge labeled (i, j). p(T') is defined as p(r), where r is the root
of T. p(Tx) = A. Observation: if v € V islabeled (N, kx1) then rows(p(v)) = k,
cols(p(v)) =1.

Lemma 6 Let G = (VN,Vy,S,P) be a CF grammar and N € Vy.

1. Let T be a derivation tree for G having its root labeled (N,k x ). Then
p(T) € L(G,N).

2. Let O be a picture in L(G,N). There ezists a derivation tree for G with
root labeled (N, k X 1) such that rows(O) =k, cols(O) =1 and p(T) = O.

Proof: The lemma follows directly from the previous definitions. O
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Example 7 Let us define the picture language L over ¥ = {a,b}.
L={0]0€{a,b}**" ANFi,je N: 1<i<rows(O) A 1<j<cols(O) A
Ve e {1,...,rows(O)},y € {1,...,c0ls(0)}: O(z,y) =asz#i N y#j}

L is context-free. It is generated by the CF grammar G = (Vn, %, S, P, S),
where Viy = {S, A, V, H, M'} and the set P consists of the following productions:

AV A
S— H b H A—- M A A M M —a M—)Aa/f
AV A
V—=b V—>‘I; H—b H— b H

The non-terminal A generates the language {a}**\{A}, M generates one-column
pictures of a’s, V generates one-column pictures of b’s and finally H generates
one-row pictures of b’s.

Let us consider CF grammars with productions of the form N — a, N —
[A1;]12 and N — [Ai1]2,1, where a is a terminal and A;; are non-terminals.
These grammars are presented in [7]. Let us denote them as CFG2. We proof
that their generative power is less than the generative power of CFG’s.

Theorem 8 L(CFG2) is a proper subset of L(CFQG).

Proof: By a contradiction. Let G = (Vn,Vr, S, P) be a CFG2 generating the
language L in Example 7. Let us consider an integer n > 3. We denote the set
of all square pictures of the size n in L as L. n can be chosen sufficiently large
so that no picture in L; equals the right side of any production in P. L; consists
of (n — 2)? pictures. At least [(”l;Ql)Q] pictures are derived from S using the
same production. Without loss of generality, let this production be S — A B.
If n is sufficiently large there exist two pictures with different indices of the row
of b’s (maximally n— 2 pictures in Ly can have the same index of the row of b’s).
Let us denote these pictures as O and O. It holds O = 01005, O = 0100,
where 01,0, € L(G, A) and Os,0, € L(G, B). It implies O = 0,00, € L(G).
It is a contradiction, O contains b in the first and in the last column, but these
b’s are not in the same row. O

Example 9 Let us define the language L over the alphabet ¥ = {0,1,z} con-
sisting just of all pictures O € ¥** satisfying: 1) O is a square picture of an odd
size, 2) O(i,j) = x < 1i,j are odd indezes, 3) if O(i,j) = 1 then the i-th row or
the j-th column (at least one of them) consists of 1’s
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Lemma 10 L can be recognized by a DFSA.

Proof: DFSA automaton T recognizing L can be constructed as follows. T
checks if an input picture is a square picture of an odd size. It can be done
moving the head diagonally. The computation continues by scanning row by
row and checking if symbols z are just in all fields with both indexes odd, in
case of other fields containing 1 if the field and its four neighbours form one of
the possible configurations as follows:

1 T 1 0 1 T
zr 1 =z 1 1 1 0 1 0 1 1 1 1 1 1 # 1 1
1 T 1 0 1 T
# x 1
z 1 =z 1 1 # z 1 =z
T #

Theorem 11 L(DFSA) is not a subset of L(CFG).

Proof: By contradiction, let G = (Vn, Vi, S, P) be a CFG such that L(G) = L,
where L is the language in Example 9. Without loss of generality, P does not
contain any production of the form A — B, where A, B are non-terminals. We
take an odd integer n = 2 -k + 1. Let L; be the set of all pictures in L of the
size n. n is chosen sufficiently large so that no picture in L; equals the right
side of any production. We have |L;| = 2% .2F = 27~1 (there are k columns and
k rows, for each we can choose if the row, resp. column consists of 1’s or not).

There are at least zlnT_l pictures in L; that are derived from S using the same

production. Let it be the production S — [A;j]pq. Let the set of the given
pictures be Ly. Without loss of generality, we assume that p > ¢. In addition,
p > 2 (otherwise the production is of the form A — B).

The goal is to show that there are two pictures U,V € L, such that U =
@[Uij]p’q, V= @[V}j]pﬂ, Ui;, Vij € E(G,A”) (property (1)) and next that the
first row of U does not equal the first row of V' (property (2) — in other words,
it means U and V differ in one of the columns with respect to the symbols 1).
The number of all possible sequences

cols(Ur1),cols(Us 2), ..., cols(Urg),rows(Us 1), rows(Us 1), . ..,rows(Up)

is bounded by nPT4. There exists a set Ly C Lo, |L3| > % and each pair of

pictures in L3 has the property (1). Lo contains a subset of 2% = 2" pictures,
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where each pair satisfies the property (2). It implies that the pair U,V exists
in Lz for some sufficiently large n. If we replace the sub-pictures Uy 1,...,Usq
in U by the sub-pictures Vi 1,..., V14 (U1; replaced by Vi;) we get the picture
O that is in L again. But it is a contradiction, because O does not have all
properties of pictures in L. O

Note that DFSA cannot recognize, for example, the C'F language L =
{a"b™| n € N} containing one-row pictures only. It means L(DFSA) and
L(CFQG) are incomparable.

5. Two-dimensional Forgetting Automata

Forgetting automata are bounded Turing machines that can rewrite the content
of a field by the special symbol @ only (we say, they erase it). It is possible
to characterize (one-dimensional) context-free languages using forgetting au-
tomata as it is shown in [5]. We extend some of these ideas — we show that
two-dimensional context-free languages can be recognized by two-dimensional
forgetting automata. The proof is strongly based on a technique of storing
information in blocks that has been presented in [1], where relations between
two-dimensional N F'SA and two-dimensional forgetting automata are studied.

Definition 12 Two-dimensional forgetting automaton (NFA) is a two-dimen-
sional bounded Turing machine (Q,%,%0,q0,0,Qr), where ¥ = X U {#, @Q}.
@ ¢ Xg is a special symbol called the erase symbol. In addition, if (a,q) —
(@,q,d) is an element of transition relation given by 0, then a =@ or a = Q.

First of all, we sketch an idea of how a deterministic forgetting automaton
(DFA) can store and retrieve information by erasing some symbols on the tape
so that the entry picture can be still reconstructed (we follow the description
presented in [1]).

Let A= (Q,%,X0,q0,0,Qr) be a DFA. Let £y = X\ {@, #}. A performs a
computation on a picture O. Let M be the set of tape fields that O contains.
Let O(f) denote a symbol contained in the field f € M. Then for each G C M

there is s € ¥ such that |{f € G,O(f) = s}| > % Let the automaton A

erase fields of G containing the symbol s only. Each such field can therefore
store 1 bit of information: the field is either erased or not erased. It is thus
ensured that G can hold at least % bits of information. Furthermore, the
original symbol of all erased fields in G is known — it is s.

Let us consider M to be splitted into rectangular blocks of the size k x [,

where n < k < 2n, n <1 < 2n for some n. The minimum value for n will be
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determined in the following paragraphs. (In the case of just one dimension of
the picture being lower than n, the blocks will be only as high — or wide — as the
picture. In the case of both dimensions of the picture being lower than n, an
automaton processing such a picture can decide whether to accept it or reject
it on the basis of enumeration of finitely many cases.)

If both width and height of M are at least n, all blocks contain n x n fields,
except for the blocks neighbouring with the lower boundary of M, which can be
higher, and the blocks neighbouring with the right boundary of M, which can
be wider. Nevertheless, both dimensions of each block are at most 2n — 1.

Each block B; C M is divided into two parts — F; and G;. F; consists of
the first |Xg]| fields of B;. We can choose the size of the blocks arbitrarily, so a
block will always contain at least |¥g| fields. G; contains the remaining fields of

B;. Let s, € ¥y be a symbol for which [{f € G;,O0(f) = s,}| > EgOI The role
of F; is to store s,: if s, is the r-th symbol of ¥ then A stores it by erasing the
r-th field of F;. Now A is able to determine s,., but it needs to store somewhere
the information about the symbol originally stored in the erased fields in F;. A
uses the first |Xg| bits of information that can be stored in G;. If the erased
symbol in F; was the ¢-th symbol of ¥y then the ¢-th occurrence of s, in G; is
erased, allowing A to determine the erased symbol in F;. This way a maximum

of |Zo| bits of available information storable in G; will be lost. For any block

B; containing m fields this method allows A to store at least mlgl(ﬁ”‘ —|Zo] bits

of information in B;.

In the following text, a region is every rectangular sub-array of tape fields.
We can consider such a region to be the picture as well. @[R;j]m,n (if defined)
is used to denote the region that is the union of R;;’s, where indexes of rows,
resp. columns in R;; are less than indexes of rows in R;; j, resp. columns in
R;ji1.

Theorem 13 L(CFG) C L(NFA)

Proof: Let us consider a context-free grammar G = (Vy, Vi, So, P), L(G) = L.
We describe how to construct a forgetting automaton A that recognizes L. We
define ¥ as Vo U{#, @}. Let O be an input picture. The idea of the computation
of A is to try to construct a derivation tree T for G such that its root is labeled
(So, rows(0) x cols(O)) and p(T) = O. During the computation, O (more
precisely, the region containing the input) will be split into disjunct regions,
each labeled by an element of Vpr U V. We distinguish two kinds of regions:
Regions consisting of one field (¢-regions) — each labeled by a terminal given
by the original content of the field, and regions consisting of more than one
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field (N-regions) — labeled by a non-terminal. Some of the possible regions are
derived. A derived region is represented if there is information determining its
position, size and label stored on the tape. We explain later how A derives and
represents regions. We consider a bijection between derived regions and vertices
of T. Let m(R) denote the vertex corresponding to a region R and m~!(v) the
region corresponding to a vertex v.

At the beginning stage, we consider O to be split into rows(O) - cols(O)
t-regions. Each region is derived, represented and corresponds to a leaf of 7.
These regions are the only derived regions at the beginning. A works in cycles.
A cycle includes steps. In a step, A derives a new region. Roughly said, it
non-deterministically chooses a (not derived yet) region R = €[R;;]s+, where
R;; are represented regions or regions derived in the current cycle, R;; labeled
A;;, and a production N — [A;;]s,+ € P (if such a production does not exists,
the computational branch does no accept). R is derived and labeled N. As for
the tree T, m(R) is labeled (IV, cols(R) x rows(R)) and p(v(R)) = R, m(R;;) is
a descendant of m(R), the edge connecting the vertices is labeled (i, j). A uses
the technique of storing information in blocks. We consider O to be divided
into rectangular blocks B; such that n < rows(B;), cols(B;) < 2n, where n is
a constant that we derive later. We assume rows(0O), cols(O) > n. The other
inputs will be discussed as a special case. Let us describe how to represent
regions during the computation. A does not represent any N-region that is a
subset of a block — we denote this requirement as (1). We distinguish two types
of the remaining N-regions. Let us consider a block B of the size k x [ and a
N-region R. Let us denote the four fields neighbouring with the corners of B as
the C-fields of B (see Fig. 4). We say that B is a border block of R iff RN B #
and R does not contain all 4 C-fields of B. A represents a region in its border
blocks.

We consider the bits available to store information in B to be organized
into groups. Each group has a usage flag consisting of two bits determining if
the group is not used (information has not been stored in the group yet), used
(stored information is current) or deleted (stored information is not relevant
anymore). The first state is indicated by two non-erased symbols, the second one
by one symbol erased and finally the third one by two erased symbols. One group
of bits represents the intersection between a region and a block. Information in
a group includes coordinates in the block (one coordinate requires |log(2 - n)|
bits), labels (a non-terminal is represented unary using |Vy| bits) and various
"flags” that we describe in the following paragraphs.

Let B be a border block of R. We say that the intersection between R and B
is of the first type if R contains one or two C-fields of B and of the second type

36



[ DR

[P D
[P D
[

Figure 4: A block and its C-cells; eight types of intersection between the block
and a Nj-region; the horizontal and vertical types of Ny-regions.

if R does not contain any C-field. It is obvious that if R has the intersection of
the first, resp. second type with a border block then it has the intersection of
the same type with all its border blocks. It means we can denote every N-region
having the intersection of the first, resp. second type with its border blocks as
Ni-region, resp. Ny-region.

There can be 8 (Fig. 4) different types of the intersection between a Ni-
region R and a block B with respect to which C-fields of B are included in
R. It means the intersection can be represented using 3 bits determining the
type and one or two coordinates. Let us solve the question how many different
intersections with Vi-regions A need to represent during the computation in B.
B can be a border block of 4 different represented N;j-regions after performing
a sequence of cycles. The border (coordinates in B) of one Nj-region can be
changed maximally k41— 2 times (before it completely leaves B), because every
change increases, resp. decreases at least one of the coordinates. It means it
is sufficient if B can represent 8 - n intersections. Note that more than 8 - n
N;-regions having the non-empty intersection with the border block B can be
represented, however, some of them have the same intersection with B. In
addition, if A knows coordinates of R in B it can determine which group of
bits represents R in neighbour blocks. The label of R is represented in one of
its border blocks — the correspondent usage flag is of the value "used”. If two
labels are reserved in each group of bits then there is always at least one not
used label in a border block of a new represented region.

We consider Ny-regions to be vertical or horizontal (Fig. 4). Let R be a hor-
izontal, reps. vertical No-region. There are three types of intersection between
R and B, thus A represents the intersection using tree bits determining if the
region is vertical or horizontal and the type of the intersection, two coordinates
of the first and the last row of R and, in addition, twice two coordinates with
the usage flag that are reserved to represent positions of the leftmost and the
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rightmost column, resp. the first and the last row of R in correspondent border
blocks eventually (the same idea of the representation as in the case of labels).
It holds that there is just one border block of R, where one pair of coordinates
is marked as used. Let the width of R be min(cols(R),rows(R)). We add
one more requirement, denoted (2), on the representation of regions: If R is a
represented Ny-region then there is not any different represented Ns-region R’
of the same width having the same border blocks. Under this assumption, A
needs to represent maximally 2-4-2.n = 16 - n intersections of the second type
in a block during the computation (the number of No-regions of the width 1 is
bounded by 4 - maxz(k,l) < 4-2-n, a Na-region of a greater width is created
as the concatenation of several Ns-regions of less widths, every concatenation
decreases the number of represented No-region at least by 1).

We complete and summarize what information should be stored in a block
during the computation. One bit determines if B is a subset of some derived
N-region or not — this information is changed during the computation one time
exactly. According to this bit, A determines if a field of a block that is not
a border block of any N-region is t-region or not. 8 - n groups of bits are
reserved to represent intersections of the first type. Each group consists of the
usage flag, 3 bits determining the type of intersection, two coordinates and two
labels, each with the usage flag. Similarly, 16 - n groups of bits are reserved to
represent intersections of the second type. These groups contain one additional
information — twice two coordinates and the usage flag. It means we need
O(n -log(n)) bits per block, while a block can store Q(n?) bits. It implies that
there exists a suitable constant n.

We can describe cycles and steps in more details now. Let d be the maximal
number of elements of the right side of productions in P. In a cycle, A non-
deterministically chooses a non-represented region R consisting of the set of
regions R = {Ry, ..., R} that are all represented, and a sequence of productions
Py, ..., P, where s, t < d-4n*>+2-4n>. A chooses R as follows. It starts with its
head placed in the upper left corner of O. It scans row by row from left to right,
proceeding from top to bottom and non-deterministically chooses the upper left
corner of R (it has to be the upper left corner of an already represented region).
Once the corner is chosen, T' moves its head to the right and chooses the upper
right corner. While moving, when 7" detects a region R; first time, it scans its
borders and remembers in states the neighbour regions of R; including their
order and the label of R; as well. When the upper right corner is ”claimed”, A
continues by scanning next rows of R until it chooses the last one. Every time
T enters a new represented region (not visited yet), it detects its neighbours.
Thanks to mapping of neighbouring relation among R;’s, A is able to move its
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head from one region to any other desired ”mapped” region.

A continues by deriving regions. The first region is derived according to P;.
A chooses S1 = @[Sij]sy.t1, where each S;; is one one of R;;’s and checks if Sy
can be derived. Let us consider all S;;’s to be deleted from R and S; to be added.
A performs the second step on the modified set R using P», etc. In the last
step A derives R. All these derivations are performed in states of A only. After
that, A records changes on the tape. If the region corresponding to O labeled
So is derived then T has been constructed and O € L. On the other hand, let T
be a derivation tree for G having its root labeled (S, rows(0) X cols(0)) and
p(T) = O. A can construct T despite the requirements (1) and (2). If R is
a region derived using some regions that are subsets of blocks, A derives such
regions in one cycle. It requires to choose d.4n? regions maximally. If R and
R' are Ny-regions to be derived having the same border blocks and R C R', A
derives both in one cycle and represents R'. Note that |R'\ R| < 2.4n?, thus 4
can choose all needed regions to derive R’ as well.

Let us discuss the remaining special case when one of the sizes (e.g. cols(O)
=m) of O is less than n (if both sizes are less than n then A scans all symbols and
accepts or rejects O immediately). In this case, A needs to represent horizontal
Ns-regions in a block only. In addition, maximally 4.m different intersections
have to be represented in a block (estimated similarly as in the previous case).
O(m-log(n)) bits are required, while Q(m - n) bits can be stored, thus a suitable
constant n exists again. O

6. Conclusions

We proved that L(CFG) does not include all languages in L(DFSA). Tt indi-
cates that the presented class is not probably a suitable candidate for the class
of "real” two-dimensional context-free languages. However, this is the problem
with all other proposals as well. In our opinion, the class L(CFG) deserves
an attention, because it is based on a natural generalization of CF' grammars.
We showed how forgetting automata can recognize languages in L(C'FG). Thus
the question arises whether forgetting automata restricted in some way can
characterize it exactly.
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Abstract: Especially the emerging technologies of artificial neural networks,
fuzzy logic and evolutionary programming provide essential tools for designing
intelligent data mining systems. In this article, we present a brief summary
of various data mining techniques with the emphasis on techniques based on
artificial neural networks. In general, it is relatively complicated to explain and
to visualize what and why the neural networks are doing. From this perspective,
we will compare several recent models of neural networks which could help us
to extract and to interpret a set of clear and simple rules providing insight into
how is a particular model working.

1. Introduction

Recently, data base technologies are the well-established means for storing and
exploring large volumes of data. Statistics and many techniques from artificial
intelligence represent time proven tools for modeling the data and analyzing
their mutual dependencies. For many years, these techniques were developed
independently one on the other. But due to a number of reasons that occurred
in 1990s they were put together in data mining. The main factors were the pro-
duction and warehousing of large amounts of data, available computing power
and a high competitive pressure requiring optimization of decision-making based
on automated methods for learning from the past.

3This research was supported by the grant No. 157/1999/A INF/MFF of the GA UK and
by the grant No. 201/99/0236 of the GA CR.
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Data mining means in principle exploring and analyzing large quantities of
data with the aim to discover their mutual relationships. Many data mining
techniques started few years or decades ago, mostly in the field of artificial
intelligence. But their widespread availability and acceptance is only just be-
ginning. Data mining algorithms typically require multiple passes over large
volumes of data and many of them are computationally intensive. Anyway,
several trends are increasing the necessity of powerful data mining tools - an
increasingly service-based economy, the advent of mass customization and the
competitive importance of information.

Data mining is an interactive and iterative process consisting of several steps:
selection of data, its pre-processing, transformation, adequate "mining” and in-
terpretation of obtained results. The area of data mining brings together ideas
and techniques from a variety of fields - economics, artificial intelligence (AI),
databases and statistics. To the tasks well suited for data mining belong clas-
sification, estimation, prediction, affinity grouping, clustering and description.
The goal of a data mining task might be e.g. to allow a corporation to improve
its marketing, sales, and customer support operations through better under-
standing of its customers. Further, data mining techniques can help e.g. to
spot the most valuable customer but also to pick out those that should be e.g.
turned down for a loan.

Data mining proceeds following one - or both - basic styles:

a) Hypothesis testing, is a top-down approach that attempts to verify or disprove
preconceived ideas concerning relationships present in the data.

b) Knowledge extraction, is a bottom-up approach that starts in the data and
tries to ”discover” something new that we did not know before. There are
known two basic approaches to knowledge extraction - directed and undirected.
The directed one is characterized by the presence of a target field whose value
is to be predicted. The undirected one attempts to find patterns or similarities
among groups of data records without the knowledge of particular target fields.

In the following text, we will concentrate on knowledge extraction. The
most common data mining techniques applicable for this purpose are: cluster
detection, memory-based reasoning, market basket analysis, decision trees, link
analysis, artificial neural networks (ANN), fuzzy logic, support vector machines,
and genetic algorithms. First, we will briefly state the tasks which can be solved
by means of data mining. Next, we will characterize the above-mentioned data
mining techniques. In Section 4, we will focus on the so-called BP-networks
already used in data mining. Further, we will discus various directions for using
some recent models of ANN which, at least from our point of view, could have
better knowledge extraction abilities than standard models of ANNs.
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2. Data mining tasks

In practice, the most important data mining tasks include: classification, esti-
mation, prediction, affinity grouping, clustering and description. Classification
consists of examining the features of a newly presented object and assigning it
to one of a predefined set of classes. The classification is characterized by a
well-defined definition of a limited number of the classes, and a training set con-
sisting of pre-classified examples. The objective is to build a model that can be
applied to unclassified data in order to classify it, i.e. to assign the data to the
one or other class. Decision trees and memory-based reasoning are techniques
well suited to classification. Link analysis is also useful for classification under
certain circumstances.

While classification deals with discrete outputs, estimation deals with con-
tinuously valued outputs. In practice, estimation is often used to perform a
classification task. E.g. instead of classifying objects into two classes, we can
estimate the probability that the given object belongs to the first class. Now, the
classification task now comes down to establishing a threshold score. Objects
with a score greater than or equal to the threshold are classified as belonging
to the first class and objects with a lower score are considered to be from the
second class. Neural networks are well suited to estimation tasks.

The nature of prediction is the same as in the case of classification or esti-
mation except that the records are classified according to some predicted future
behavior or estimated future value. In a prediction task, the only way to check
the accuracy of the classification is to wait and see. Anyone of the techniques
used for classification and estimation can be adapted for use in prediction by
using historical data for training examples such that the value of the variable
to be predicted will be already known. When this model is applied to current
inputs, the result is a prediction of future behavior.

Affinity grouping helps to determine which things go together. A proto-
typical example is to determine what things go together in a shopping cart in
a supermarket. For this reason, the techniques used for affinity grouping are
often called market basket analysis. Clustering is the task of segmenting a het-
erogeneous population of data into a number of more homogeneous subgroups
or clusters. Compared with classification, clustering does not rely on predefined
classes - there are no predefined classes and no examples with predicted or es-
timated future values. The data records are grouped together on the basis of
self-similarity. It is up to the user to determine what meaning, if any, to attach
to the resulting clusters. Clustering is often performed as a kind of prelude to
some other form of data mining or modeling.
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The purpose of description is to describe what is going on in a complicated
database. Its main goal is to increase the understanding of the people, products,
or processes that produced the data in the processed database. An adequate
description of a behavior often suggests also its explanation. Some of the data
mining tools, e.g. the market basket analysis, are purely descriptive. Others, like
neural networks in general, provide very little with regard to nothing description.

3. Data mining techniques

There can be found many approaches in the literature to solve the above-
sketched data mining tasks. In this section, we provide a brief overview of
the main data mining techniques. Most of them are treated in [5], for the rest
of them we give explicit references. Cluster Detection is inherently an undi-
rected data mining technique. The goal of cluster detection consists in finding
previously unknown similarities in the data with techniques including geometric
methods, statistical methods, and neural networks. Cluster detection provides
a very good starting point for any further analysis of the data. Market Basket
Analysis is a form of clustering used for finding groups of items that tend to oc-
cur together in a transaction (or market basket). The resulting information can
be used e.g. for planning store layouts, limiting specials to one of the products
in a set that tend to occur together.

Memory-Based Reasoning (MBR) is a directed data mining technique that
uses known instances as model to make predictions about unknown instances.
MBR looks for the nearest neighbors in the given data set and combines their
values to assign the classification or prediction values to unknown patterns. The
distance to the neighbors gives a measure of correctness of the results. A major
advantage of MBR represents its ability to learn new classifications merely by
introducing their new instances into the database. For instance, if we want to
determine whether a new customer warrants to pay off installments, we would
find similar customers - neighbors - in the data set and make the “give-a-credit”,
“investigate-further” or “refuse-immediately” decision based on the status of the
neighbors.

A powerful model used for classification represent also the so-called Deci-
sion Trees. They divide the patterns in the training set into pairwise disjoint
subsets, each of which is described by a simple rule on one or more pattern fea-
tures. This allows evaluating the results, identifying their key characteristics.
Link Analysis is an application of graph theory constructs to data mining. It fol-
lows relationships between the particular data patterns. Relationships between
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customers are becoming increasingly important, especially as marketing groups
focus more on customers, households, and economic marketing units instead of
specific accounts. The few tools available focus on visualizing the links, rather
than analyzing the patterns.

Artificial Neural Networks ([3], [7]) represent probably the most common
data mining technique, perhaps a synonym with data mining to some people
from the area of economics. These challenging models being originally inspired
by their biological counterparts are still exploited for mathematical description
of brain functioning, and, at a higher level, for modeling of mental processes
in cognitive computing. On the other hand of this research effort there are
engineers who adopt these neural models for solving important practical tasks
in Al-applications where standard analytical solutions are not always adequate
and/or encounter difficulties.

Neural networks learn in general from a training set, generalizing the knowl-
edge incorporated somehow inside it in order to classify or predict future data.
Neural networks can also be applied to undirected data mining (in the form of
self-organizing feature maps and related structures) and time-series prediction.
To the most often used neural network paradigms belong the so-called feed-
forward neural networks of the back-propagation type (BP-networks; [13]) based
on supervised training and the so-called self-organizing feature maps (SOFMs;
[8] ) using self-organization for their adjustment.

Neural networks have two major drawbacks. The first refers to poor under-
standing of models they produce. But in many applications an interpretation of
the network function is necessary or at least desirable. In such a case, methods
of Fuzzy Logic can be used. Fuzzy logic ([4]) can be conceptualized as a gener-
alization of classical logic. Modern fuzzy logic was developed by Lofti Zadeh in
the mid-1960s to model those problems in which imprecise data must be used
or in which the rules of inference are formulated in a very general way making
use of diffuse categories. The second drawback of neural networks consists in
their sometimes high sensitivity to the form of incoming data. Different data
transformations can lead to different results; therefore, setting up the data is a
significant part of their successful application.

Support Vector Machines (SVM) introduced by Vapnik and co-workers are
learning systems that use linear discriminant functions in a transformed high
dimensional feature space. This paradigm employs the so-called supporting
vectors, which are patterns situated most closely to the separating hyperplane.
In the few years since its introduction, this method has already outperformed
many other systems in a wide variety of applications ([6]). SVM can be applied
to similar tasks like neural networks.
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Genetic Algorithms ([6]) employ genetics and natural selection to a search
for optimal sets of parameters that correspond to a predictive function. By
means of selection, crossover, and mutation operators they evolve successive
generations of solutions. As the generations evolve, only the most predictive
individuals should survive, until the fitness function converges to an optimal
solution. Genetic algorithms have also been used to enhance other data mining
models, like e.g. MBR and neural networks ([14], [15]).

4. Neural networks in data mining

This section is focused on BP-networks and some of their numerous modifica-
tions designed with the aim to improve their characteristics inevitable for data
mining. An artificial neural network consists of basic units called neurons. Each
neuron has several inputs (with associated weights) that it combines into a single
output value. The neurons can be mutually inter-connected such that the out-
puts of some neurons can be used as inputs of other neurons. In a feed-forward
neural network, the neurons are grouped together in a sequence of layers. Each
neuron in the first layer (called the input layer) is connected to exactly one
input. In the following layers, each neuron receives as inputs the outputs of all
the neurons in the preceding layer. The last layer (called the output layer) is
connected to the output of the network. All the layers between the input layer
and the output layer are called hidden layers.

In the standard BP-network, each neuron calculates its output by multiply-
ing the value on each input by its corresponding weight, summing these up,
and applying the sigmoidal transfer function to the computed sum. A neural
network can have any number of hidden layers, but for most practical tasks, one
or two hidden layers are sufficient. The wider the layer the greater the capacity
of the network to recognize patterns. Anyway, for too large layers, the neural
network can recognize patterns-of-one by memorizing each of the training ex-
amples (from the training set). Therefore, this problem is sometimes denoted
as ”overtraining”. Obviously, we want the networks to generalize the training
set, not to memorize it.

The aim of the standard Back-Propagation training algorithm was to find a
set of weights that ensures that for each input vector contained in the training
set the actual output vector produced by the network equals the desired output
vector. This requirement has the form of the so-called objective function. Actual
or desired states of hidden neurons are not specified by the task and the learning
procedure has to decide under what circumstances the hidden neurons should be
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active in order to help achieve the desired input-output behaviour. The Back-
Propagation training algorithm involves a forward pass through the network to
estimate the error at the output layer, and then a backward pass to determine
also the error at the hidden neurons. Then, the synaptic weights are modified
with the aim to decrease the error at the output layer and to achieve the desired
input-output behaviour.

More details can be found e.g. in [3]. Solving practical tasks, there are
often trained many networks with different parameters like learning step, initial
weight values, architecture etc. Afterwards, the network with the best wanted
properties is selected and actually applied in the solution. The standard BP-
training algorithm has a lot of advantages. However, we have also to deal with
several limitations:

a) Relatively slow convergence of the standard BP-training algorithm - more-
over, sometimes the learning process does not end with a network working sat-
isfactorily even on the training set, or the training results in an ”overtrained”
network.

b) An almost "unclear” inner network structure with poor generalization - the
training algorithm neither specifies explicitly, what hidden neuron outputs are
appropriate for processing an input pattern in a proper way, nor specifies the
number of hidden neurons. Moreover, it is extremely difficult to “guess” the
real meaning of every particular hidden neuron for a proper network output.
c¢) Poor robustness of trained networks - intuitively, for an input patterns with
only a small deviation from a certain training patterns the network should give
approximately the same output. However, this can be a difficult problem espe-
cially for those input patterns lying in the border area between pattern clusters.
d) Poor reusability of already trained networks in the solution of other tasks
- even “slight” modifications of the given task (represented e.g. by another
dimension of the particular input/output vector) or by a modification of the
training set (e.g. by adding and/or removing some training patterns) may often
lead to a renewed training process.

The standard BP-training algorithm has relatively good approximating and
classification properties and using it we can often form an internal structure
that seems to be appropriate for a particular task domain. The outputs of all
neurons in a hidden layer computed for a given input pattern is called internal
representation of the input pattern. In [10], we proposed a training algorithm
for forcing the so-called condensed internal representation. The aim of this
algorithm is to group the outputs of the hidden neurons around three possible
values - 1, 0 and 0.5. In the Al-terminology, this corresponds to creating rules
of an expert system, where active neuron states indicate ”yes”, passive states
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“no” and the so-called silent states stand for those cases where "no decision is
possible”.

In order to prevent the network from forming very similar internal repre-
sentations for different output patterns already during the training process, the
new objective function will consist of the standard BP-error function enlarged
by the representation error function and an ambiguity criterion ([11]). The in-
ternal knowledge representation is forced to form rather in the hidden neurons
than exclusively by means of large weight values typical for ”overtrained” net-
works. In this way, forcing the unambiguous condensed internal representation
can help to overcome the danger of ”overlearning”. Such a ”transparent” in-
ternal representation seems to be very important for the design of the optimal
network architecture.

With regard to the reusability of already trained networks, the elimination
of unnecessary hidden and input neurons seems to be an important aspect.
In many cases, a reduced number of hidden neurons improves generalization
capabilities of the trained network at the expense of its accuracy. On the other
hand, an insufficient number of hidden neurons may result in an inadequate
capability to separate the concerned pattern clusters. There are known many
attempts to determine the right number of hidden neurons - almost all based on
the empirical experience. However, a satisfactory general rule for the selection
of the right number of hidden neurons has not been developed yet.

Some approaches initialize the training process with more hidden neurons
than needed. Later on, some neurons may be discovered to be unnecessary and
can be removed from the network. Those hidden neurons yielding a redundant
information are often characterized by constant output values for all input pat-
terns from a given set or by the same or ”opposite” output values than those of
another neuron from the same layer - and this for all considered input patterns.
A BP-network having no such redundant neurons is said to be reduced. Further,
it can be shown that for every BP-network and a set of input patterns there
exists a reduced BP-network yielding the same output vector as the original
BP-network. Alternative approaches based on incremental approximation start
the training process with a small number of hidden neurons (maybe 1). During
training, new hidden neurons are added and their weights are updated ([1], [2]).

Solving practical tasks, there are usually trained many networks with differ-
ent parameters like learning step, initial weights, architecture etc. But train-
ing large BP-networks with a complicated structure can be difficult and time-
consuming. Moreover, even “slight” modifications of the given task represented
for example by another dimension of the particular input/output vector or by
a modification of the training set (given e.g. by adding and/or removing some
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training patterns) may often lead to a renewed training process.

In such a case, although having fast training algorithms, it would be more
efficient to extract or to get a kind of a ”module library” and to ”incorporate”
these modules into the solutions of other and possibly even more complex tasks
([11]). Such smaller parts of the entire neural network can be treated easier
(e.g. with respect to the desired internal representation or robustness). In this
context, especially the recognition of superfluous pattern features and pruning
of unnecessary hidden and/or input neurons seems to play an important role in
solving practical problems in data mining.

For the standard BP-training algorithm, there are usually no restrictions
concerning the number of hidden or even inevitable input neurons needed for
a "correct solution” of a given task. Therefore, it is very difficult to ”guess”
the really meaning of every particular hidden neuron for a proper network out-
put. Good training accuracy can be achieved by forming very complex decision
boundaries, which in turn requires a large network size. However, a good train-
ing accuracy does not necessarily guarantee a satisfactory robustness and/or
generalization capabilities of the trained network. Actually, for a trained net-
work we can find an ”e-equivalent” network with better robustness ([11]). Out-
puts of the e-equivalent network can differ at most by a fixed (arbitrarily small)
€ from the outputs of the original network.

5. Conclusions and further research

Another very important issue in data mining is represented by the ability to
detect significant (novel) input patterns and to identify their characteristic fea-
tures. This property could be used both for training and optimizing the struc-
ture of the data mining model at hand and for improving its characteristics
- generalization abilities, robustness, storage capacity, etc. A suitable means
for the detection of significant input patterns and features seems to be the in-
ternal knowledge representation. Most probably, the internal representation of
significant input patterns will differ “somehow” from the known and “not too
exceptional” ones. This could help to gain insight into the structure of the
processed data, or to detect irregularities and errors in it.

Therefore, our further research will be focused on the mechanisms of creat-
ing and visualizing an appropriate internal knowledge representation in modu-
lar and hybrid data mining systems. The extracted knowledge will be applied
for finding significant input patterns and their characteristics with a stressed
attention to selected economical problems. In this framework, we plan to in-
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tegrate various techniques for designing intelligent data mining systems. The
models under consideration include the so-called generalized relief error net-
works (GREN-networks; [12], [13]) acting like an advisor for other models based
on error-correction learning (usually BP-networks). The major advantages of
GREN-networks consist in that they do not require “well-balanced” training
sets for training other networks. Further, they are able (to a certain extent)
to “simulate” the evolution of presented input patterns and evaluate to corre-
sponding error.

The detection of significant input patterns and pattern features already be-
fore or during the training process can save computational time and means. The
reason for this expectation consists in the same observation like e.g. in SVMs
- that the most important training patterns lie close to separating hypersur-
faces (on the border of the respective pattern clusters). Anyway, other patterns
should be considered for training too - however rather according to the extent
of their current significance, instead of simply omitting them. We expect that
such a strategy could speed up the training process significantly. Further, we
hope that the identification of the most significant pattern features could reduce
drastically the number of necessary input neurons and hence lead to a simpler
architecture of the chosen model as well.

On the other hand, GREN-networks still lack an illustrative kind of internal
representation of “correct” and “suspicious” input patterns and their mutual
topological relationship in the underlying feature space present e.g. in SOFMs or
in Fuzzy ART-Maps. A transparent and visualized representation of significant
pattern features, patterns and their mutual relationships among the data set
could namely indicate e.g. “suspicious” positive outliers. Such input patterns
lying far from separating hypersurfaces might satisfy the prescribed criteria but
at the same time they can be situated far from the respective pattern cluster.
This could indicate a “suspicious” input pattern but also an extremely good
customer.

If we would be able to visualize the topological relationship among the data,
we could e.g. tailor our loan products for each respective customer. Such a
kind of financial engineering would allow to suggest and to adjust the proposed
financial products such that they would better suit to the intended group of
customers. Moreover, we expect that the application of GREN-networks would
allow (at least to a certain extent) to predict the “evolution” of considered
customers and to “identify” their most significant features that should or could
be improved together with the amount of the suggested change.
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Abstrakt.

V tomto prispevku poddvame prehlad algoritmov tykajicich sa information
retrieval spolu s dosiahnutymi vlastnymi vysledkami. Je tu popisany
vektorovy model, rozsirené booleovské vyhladdvanie a fuzzy vyhladévanie,
taktiez spatna vizba, tezaurus, sémantické siete, zhlukovanie, parsovanie a
rozdelovanie dokumentov.

1. Uvod

Tento prispevok sa zaoberd prehladom zékladnych metéd pouzivanych pri ziska-
van{ inform4cii (information retrieval). Typick4 situdcia - uzivatel zada otézku,
kde st §pecifikované jeho poziadavky, systém otdzku spracuje a vrati uzivatelovi
zoznam dokumentov zodpovedajicich otazke.

Zaklad préce systému pre ziskavanie informécii (IRS - information retrieval
system) spociva vo vytvoreni indexu zo mnoziny statickych dokumentov (este
pred prvou uZivatelskou otdzkou), spracovani uzivatelskej otdzky a ndjdeni (a
utrieden{) dokumentov relevantnych ku otdzke. Pre IRS je typické, 7e faZisko
prace spoé¢iva vo vyhladavani informécif, priddvanie a toboz tprava alebo ma-
zanie dokumentov je v omnoho mensej miere, ¢im sa tieto systémy lisia od
tradiénych databazovych informaénych systémov. Dalsi podstatny rozdiel je vo
vyuzivani nestruktirovanej formy dét, i ked tu sa odlignosti stale viac stieraju.
Po polozeni otazky IRS vrati mnozinu dokumentov. Tieto oznacime ako ziskané
(retrieved). V mnoZine vSetkych dokumentov, v ktorych sa vyhladdva, existuje
podmnozina dokumentov relevantnych (relevant) ku otézke. Cielom je, aby
sa mnozina relevantnych dokumentov rovnala mnozine ziskanych dokumentov,
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v praxi vdak je dobrym vysledkom, ak maji velky neprazdny prienik. Tento
prienik oznaéime ako relevantné ziskané dokumenty. Potom mézeme definovaf
dve &fsla, presnost (precision) a tiplnost (recall) , ktoré vyjadruji kvalitu IRS:

Cim

pocet relevantnych ziskanych dokumentov

resnost =
p pocet ziskanych dokumentov

pocet relevantnych ziskanych dokumentov

uplnost =
p pocet relevantnych dokumentov

vicsiu tplnost pozadujeme, tym sa presnost znizuje.

2. Pouzivané modely a algoritmy

IRS ur¢uje relevantnost dokumentov ku uzivatelskej otazke podla jedného (alebo
kombindcie viacerych) modelov. Doteraz zndme modely st :

1.

Vektorovy model (Vector Space Model) - otdzka i dokumenty su povazova-
né za vektory vo vektorovom priestore termov. Relevantnost dokumentu
a otazky sa vypocita na zdklade podobnosti dvoch vektorov (zvycajne ich
uhol alebo vzdialenost).

. (Rozsirené) booleovské vyhladavanie - otézka je reprezentovana v boole-

ovskej forme s logickymi spojkami a treba nijst mnozinu dokumentov,
ktoré splitaji otdzku. Pri rozsirenom vyhladdvani sa rita aj s vahami
termov.

Fuzzy vyhladdvanie - dokumentu je priradend fuzzy mnozina. Termom
dokumentu sa priradia ¢isla vyjadrujice vahu ich délezitosti. Potom sa
pouzije prienik, zjednotenie a doplnok fuzzy mnozin otdzky a dokumentov,
¢im sa ziska vysledok.

Pravdepodobnostné vyhladévanie - pre kazdy term v mnozine dokumentov
sa vypocita pravdepodobnost toho, Ze sa term vyskytne v relevantnom
dokumente. Miera podobnosti otdzky a dokumentu je potom vypocitand
ako kombindcia pravdepodobnosti kazdého zo zodpovedajicich si termov
z otazky a dokumentu.

Genetické algoritmy - optimélna otdzka (na néjdenie relevantnych doku-
mentov) vznikne genetickym vyvojom. Prvotnd otdzka obsahuje ndhodné
alebo heuristické vahy. Nové otdzky vznikni modifikdciou tychto vah;
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prezivaju len tie, ktoré najlepsie zodpovedaji zndmej mnozine relevant-
nych dokumentov.

6. Neuronové siete - neurény reprezentuji termy a dokumenty, vazby medzi
neurénami popisuji prislugnost termov ku dokumentu a koeficient podob-
nosti medzi termami otdzky a dokumentami. Sief mdze byf pomocou
spatnej vizby trénovand zmenou vah vizieb.

7. Latent semantic indexing - vyskyt termov v dokumentoch je reprezento-
vany maticou obsahujicou pocet termov v dokumentoch. Tato matica je
potom redukovand pomocou Singular Value Decomposition (SVD), ¢im
sa dosiahne to, ze dokumenty s podobnym vyznamom sa budi vo viacdi-
menzidlnom priestore nachddzat blizko seba.

V d’alsom si blizgie popiseme prvé tri typy algoritmov.

3. Vektorovy model

Model je zalozeny na myslienke, ze vyznam dokumentu zavisi od slov, ktoré sa
v iom nachadzaji. V tomto modeli je otdzka i mnozina dokumentov reprezen-
tovand vektormi. Relevantnost otdzky ku dokumentom je potom spo¢itand na
zéklade podobnosti vektora otazky a vektorov dokumentov.

Vektory sa konstruuji nasledovne [1]. Pre celi mnozinu dokumentov sa uréi
postupnost vyznamnych termov, podla ktorych sa potom bude méct vyhladavat
(napr. spojky a Castice su zvycajne vylicené). Potom sa pre kazdy dokument
vytvori vektor, ktory obsahuje na i — tom mieste 1 alebo 0, podla toho, & sa
v fiom vyskytuje i —ty vyznamny term. T4to bindrna reprezentécia sa da zlepsit
pouzitim informadcie nielen o tom, ¢i sa vyznamny term v dokumente nachadza,
ale aj kolkokrat sa v dokumente nachidza. Potom sa na i — tom mieste bude
vyskytovat pocet vyskytov i — teho vyznamného termu v dokumente. Dalsie
vylepsenie mozno dosiahnut uplatnenim nasledovnej myslienky: termy, ktoré sa
vyskytuji v menSom mnozstve dokumentov, by mali ziskat vacsiu dolezitost,
nez tie, ktoré sa vyskytujui castejsie. Konstrukcia takého vektora je formdlne
popisand nizsie. Analogicky, otdzka je tiez povazovana za dokument a vytvara
sa rovnako. V pripade, ze uzivatel chce preferovat niektoré termy, vo vektore
otazky sa zvysi vaha prislusného termu.

Formaélne definujme:

n = pocet vyznamnych termov v mnozine dokumentov
tfi; = potet vyskytov termu t; v dokumente D; (term ferquency)
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df; = pocet dokumentov, ktoré obsahujui term ¢;
idf; = log(%) , kde M je velkost mnoziny dokumentov (idf sa ¢asto oznacuje
ako inverse document frequency)

Pre kazdy dokument D; bude vytvoreny vektor d dazky n, ktory bude ob-
sahovat na j — tom mieste vahu j — teho termu v postupnosti vyznamnych
termov:

d,’j = tfij . deJ
Tento vzfah je zdkladny. Neskor boli ndjdené (a experimentdlne overené) zlo-
zitejsie vztahy, napriklad [2]:

(log tfij + 1.0) . idf;
2 j=1((log tfi; + 1.0) - idf;)>

dij =

NajdoleZitejsou zmenou je tu prekonanie prili§ velkého vplyvu termu s vysokou
term frequency (tomu zabrani sa pomocou pouzitia log tf).

Miera podobnosti medzi dokumentom D; a otdzkou () je zalozend na skalar-
nom stcine oboch vektorov:

Sim(Q, D;) qu]. ij

kde wy; je vektor otdzky. Takto definovand miera podobnosti je opif len
zékladnd. Medzi prepracovanejsie patri kosinus uhla dvoch vektorov a miery
zalozené na nom:

Z? 1 Wej - dij
\/Z] 1 (dig)? - Z?:l(ij)Q

Zaujimavy model zalozeny na vektorovom modeli je distributional semantics [3].
V tomto modeli sa predpokladd, ze dva termy su si podobné, ak ich kontexty
st podobné. Analogicky, dva dokumenty si si podobné, ak ich kontexty si
podobné. Kontext je definovany ako postupnost termov v nejakom okoli daného
termu (veta, odstavec alebo nejaké delta-okolie). Pre term ¢ sa vytvori vektor:

Sim(Q, D;)

¢ = (cz-,... i),

kde cﬁ- je pocet vyskytov j — teho termu z indexovacej mnoziny I v kontexte

termu ¢!. Mnozina I s kardinalitou M obsahuje vybrané termy, o ktorych sa
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predpokladé, ze budi dobrymi diskrimindtormi. Cely dokument potom bude
reprezentovany pomocou

dij = tfij . de] . Cj

Tento model sme v [4] obohatili myslienkou, Ze kontext nachddzajici sa blizsie
ku termu je dolezitejsi. Ko-frekvenciu dvoch termov potom definujeme ako us-
poriadant dvojicu (n, s), kde n je pocet ich vyskytov v nejakej textovej jednotke
a s je ich vzdialenost v tejto jednotke:

C(tl,tQ) = (n(t1 5 tQ) 5 S(tl 5 tQ))

Tiito dvojicu mézeme agregovat do jedného éisla, aby sme mohli spoéitat podob-
nost:
C(tl,tg) = 711(151,152)
S(tl, tz) +1
Dalsi postup je uz rovnaky, ako vo vektorovom modeli.

Pri implementdcii vektorového modelu sa namiesto sekvenéného prehlada-
vania mnoziny dokumentov pouzivaji invertované indexy dokumentov [5]. In-
dexy sa v8ak pouzivaju aj v inych modeloch. Tento index je vybudovany pred
polozenim prvej otdzky. Index sa skladd z usporiadanej postupnosti vyznam-
nych termov. Pre kazdy term je v indexe urceny zoznam dokumentov, v ktorych
sa vyskytuje. VylepSend verzia obsahuje aj pocty vyskytov v.danom dokumente.
Najlepsia (ale aj najviac zafazujica miesto) verzia eviduje aj miesto vyskytu
daného termu v dokumente. V indexe je aj informécia o idf daného termu a
jeho véha v prislusnom dokumente. Na znizenie velkosti indexu sa vyuzivajd
rozne komprimaéné metédy vyvinuté na komprimdciu textu. Zaujimava je tech-
nika zniZzovania pamifového miesta pre identifikdtory dokumentov [6]. Tieto
si zvycajne ¢isla, ktorym mézeme pridelovat miesto podla skutoénej potreby
(malé ¢isla vyzaduji mensi pocet bytov nez vicsie). V pripade velkej mnoziny
dokumentov a kongtantnej velkosti miesta pre identifikdtor by sme zbytoéne
pouZili pre malé &isla vela pamétfového miesta. RieSenim je vyuzif pomocny
identifikitor, v ktorom sa §pecifikuje, kolko bytov treba pouzif pre samotny
identifikdtor dokumentu. Dalsia metéda spociva v pouziti signatiir dokumentov
[7]. Tu sa dokument reprezentuje nie cez index, ale pomocou signatiry - doku-
ment je zakédovany ¢asto len pomocou niekolkych bitov (bytov). Je to podobné
hasovacej funkcii. Termy obsiahnuté v otdzke sa transformuju podobne a po-
tom sa pomocou pattern matching testuje ich pritomnost v signatire. Samo-
zrejme, signatiry mozu zodpovedat viacerym dokumentom, preto po najdeni
vyhovujicich signatiir je nutné sekvenéne prehladat origindlne dokumenty.
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4. Rozsirené booleovské vyhladdvanie

Standardné booleovské vyhladdvanie neumoziiuje utriedenie ziskanych doku-
mentov podla relevantnosti. Otézka je v tvare booleovskej formuly (pouzitie
logickych spojok) a najdené dokumenty musia zodpovedat otdzke rovnako.

V roz§irenom booleovskom vyhladévani [8] priddme ku termom dokumentu
aj védhu (napriklad pocet vyskytov termu v dokumente). Dokument s vys$sim
pottom termov s vdésou vdhou (zodpovedajice termom z otdzky) bude viac
releventny ku otazke. V pripade jednoduchej otazky (t1 OR t2) budeme pre
vektory obsahujice vahy najdenych dokumentov (w;;, w;s) pocitat vzdialenost

od bodu (0,0):
Vw? 4+ w?
Sim(Q,d;) = Y41 2
(Q,di) 7
V pripade otazky (t; AND t5) budeme pre vektory obsahujice viahy najdenych
dokumentov (w1, w;2) poéitat vzdialenost od bodu (1,1):

1—wh) + (1 - wj)
V2
Ak budeme uvazovaf aj vahy termov otazky (qi,-..,q,) obsahujicej Tubovolné

mnoZstvo termov a vyuZijeme zovseobecnent euklidovski vzdialenost, dostane-
me:

Sim(Q.d;) = 1 — VA

S (g
Z?:1 Q§)

S (51— wig)P]
S (@)

kde p je parameter sltiziaci na spresiiovanie modelu

Szm(QV", 4’ d,) = [

Szm(Q/\ni 4 d,) =1- [

5. Fuzzy booleovské vyhladdvanie

Podstata tohto modelu je moznost definovat, "o ¢om vsetkom” dokument je
a s akou mierou. Dokument reprezentovany pomocou fuzzy mnoziny [8]. Jej
prvky maju definovany stupen ¢lenstva (confidence factor) v mnozine pomocou
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clenskej funkcie (zobrazenie z mnoziny termov dokumentu do intervalu [0, 1]).
Dokument je teda vyjadreny:

D = {(Cl, fD(cl))a Tt (cnafD(cn))}

kde C = ¢1, ... , ¢, je mnozina konceptov a fp : C — [0,1] je ¢lenskd
funkcia. Pre term ¢ existuje mnozina D; velkosti m, ktord obsahuje dokumenty
(v ktorych sa nachddza term t) a stupne ¢lenstva pre tieto dokumenty:

Dt = {(Dla Cft; ]-)7 (-Dma Cft, m)}

Otézka je pozostava z termov pospdjanych fuzzy spojkami. Pre tieto termy sa
skon§truuji D; mnoziny a vykonaju sa prislusné operacie (napr. pre prienik
fuzzy mnozin sa pouzije minimum ich ¢lenskych funkcii a pre zjednotenie maxi-
mum). Vysledkom teda bude fuzzy mnozina dokumentov a ich stupen ¢lenstva
pre polozenu otdzku.

6. Pomocné algoritmy

Pri zédkladnych algoritmoch v oblasti IR sa ¢asto vyuzivaji pomocné algoritmy,
ktoré mozno zvytajne pouzit pri réznych vyhladavacich stratégidch a kombino-
vat ich [9]:

spatna vazba (relevance feedback): pri ziskani dokumentov zod-
povedajucich prvotnej otazke sa prvych n najrelevantnejsich dokumentov
skontroluje (manudlne alebo algoritmom) a niektoré termy z nich sa pri-
daju do otazky. Tento proces iteruje.

rozdelovanie dokumentov: dokument je rozdeleny na ¢asti, ktoré si
povazované za samostatné dokumenty, ked'ze ¢asto iba ¢ast dokumentu je
relevantna voci otazke.

zhlukovanie (clustering): dokumenty alebo termy su zhlukované do
skupin. Otéazka je potom kladend iba na tie skupiny, ktoré si relevantné
ku otazke.

parsovanie: spracovanie fraz, pouzitie stemmingu, odrezavanie pripon a
predpon

tezaurus: slovnik obsahujici podobné slovd a synonyma pouzivany na
expandovanie otdzky alebo dokumentu
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n - gramy: termy su rozdelené do n-gramov (sekvencie n znakov), ktoré
sa potom vyuzivaju na zistenie relevantnosti otdzky a dokumentu. Ich
pouzitim sa obmedzia problémy s chybne zapisanymi termami

sémantické siete: hierarchie konceptov (koncepty su spdjané vizbami so
stanovenou mierou asocidcie). Tieto siete sa pouZzivaji na expandovanie
otazky alebo dokumentov

7. Spatna vazba (relevance feedback)

Tento algoritmus je zaloZeny na iterativnej reakcii uzivatela, ktory z postupnosti
ndjdenych dokumentov oznaé&i tie, ktoré st podla neho najrelevantnejsie a podla
nich sa upravi otdzka, ktord je znova polozena IRS. Zékladny algoritmus (pre
vektorovy model) zmeny vektora otazky je podla nasledovnej rovnice [10]:

, ni Ri na Si
Q —aQ+ﬂ;n—l—7;n—2

kde R a S je postupnost dokumentov oznacenych ako relevantnych a irele-
vantnych, ni a mo je ich pocet, a, 8, v si Rocchiove vdhy. Ich hodnota sa
uréuje experimentdlne (y je zvycajne 0). Relevantnost dokumentov sa urc
manuélne, alebo sa pouzije prvych n dokumentov usporiadanych podla rele-
vantnosti. V novej otdzke sa nemusia pouzit vietky termy z ndjdenych rele-
vantnych dokumentov. Staéi vybrat len najdolezitejsie a tie pridaf do novej
otdzky. Dolezitost termov je mozné stanovif viacerymi mierami, napriklad [11]:

ni = ; N %logz(fktfi k)

kde tf; 1 je pocet vyskytov termu k v dokumente i, f, je pocet vyskytov termu k
v celej mnozine dokumentov a N je pocet termov v celej mnozine dokumentov.

8. Zhlukovanie (clustering)
Dokumenty sa zaraduji do skupin (zhlukov, kategérif), aviak tieto nie st defi-
nované vopred (tym sa zaoberd document routing alebo filtering) , ale vznikaji

v procese zhlukovania. Zhlukovanie sa pouziva na znizenie priestoru prehla-
dévania (pri hladani relevantnych dokumentov) a na sprehladnenie zobrazenia
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vyslednych relevantnych dokumentov (nezobrazia sa vsetky, ale iba zastupcovia
zhlukov). Dokumenty v zhluku st charakterizované maximalnou podobnostou
navzdjom a minimélnou podobnostou vo¢i dokumentom z inych zhlukov. Zhlu-
ky tvori automaticky systém na zdklade definovanej miery podobnosti medzi
dokumentmi, alebo podla vlastnosti vzniknutych skupin. Existuji dve zédkladné
skupiny algoritmov vytvarajicich zhluky [12]. Division (prerozdelujiice) algo-
ritmy vytvoria z mnoziny dokumentov nejakym spésobom zhluky (ndhodne,
alebo podla trénujicej vzorky) a potom ich prerozdeluji podla definovaného
pravidla. Dokumenty sa teda v priebehu iterdcii moze zaradit postupne do
roznych zhlukov. Kond sa to az do ndjdenia globalneho, pripadne lokdlneho
optima. Najzndmejsi je k — means, algoritmus hladajici k stredov. Vytvéra
dany pocet zhlukov a data zhromazduje okolo ich stredov (zhluky teda maji
sféricky tvar vo vzfahu ku podobnostnej metrike). Jeho zlozitost je O(nkT),
kde k je pocet stredov a T pocet iterdcii.

Hierarchical (hierarchické) algoritmy rozdelia mnozinu dokumentov na nie-
kolko zhlukov. Kazdy zhluk sa potom rozdeluje d'alej, az kym sa nenajde op-
timum. Tymto spdésobom rozdeluji algoritmy typu ”zhora nadol”, analogicky
spajaji algoritmy typu ”zdola nahor”. Hierarchické algoritmy sa lisia podla
definicie podobnosti zhlukov:

1. single-link a complete-link (jednoduché a tiplné spojenie) - algoritmy, kto-
ré definujii podobnost zhlukov na zdklade maximalnej a minimalnej po-
dobnosti kazdej dvojice dokumentov z dvoch zhlukov.

2. group average (priemer skupiny) - tento algoritmus definuje podobnost
zhlukov na zdklade priemeru (alebo inej agregécie) zhluku.

Zastavovacich kritérif bolo vytvorenych pomerne vela, v praxi sa véak vyuzi-
vaji iba najjednoduchsie (napriklad zastav, ked je pocet zhlukov 7).

9. Rozdelovanie dokumentov (passage based re-
trieval)

Zakladna idea je zalozend na tom, ze najma dlhsie dokumenty maji voci otdzke
relevantné len niektoré svoje casti. Ostatné casti takého dokumentu potom
prispievaju ku znizeniu jeho relevantnosti. Preto sa dokument rozdeli na casti
(manudlne alebo automaticky) a pre tieto casti sa vypocita koeficient podobnosti
voCi otazke [13]. Dokumenty si zvicsa uz prirodzene rozdelené na odstavce a
vety, pripadne mézu byt rozdelené do ¢asti autorom. Koeficienty relevantnosti
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casti dokumentu sa pomocou nejakej agregactnej funkcie zlicia a vypocita sa ko-
eficient relevantnosti celého dokumentu. Automatické generovanie casti doku-
mentu je zavislé na otdzke. Pre term z otdzky sa oznaéf cast dokumentu (okolie
termu stanovenej velkosti). Dalsie casti mézu nasledovat po (a pred) oznacenej
¢asti tak, Ze budd na seba suvislo nadvizovat, alebo sa budud prekryvat.

10. Parsovanie

Kazdy IRS musi mat schopnost identifikovat a upravovat termy, ktoré tvoria
dokumenty. Jednotlivym termom sa v IRS transformuju velké pismens na malé
(napr. zaciatok vety). Termy sa zbavuju castych pripon a predpon (stemming),
takze index dokumentu bude mensi a tplnost (recall) vyhladavania sa zvysi.
Stop list je zoznam velmi ¢asto pouzivanych slov bez informaéného vyznamu
(spojky a pod.), ktoré sa do indexu nezapisu a v otdzke sa neuvazuji. Frézy su
spojenia termov (bez stop words), ktoré sa ¢asto v texte pouzivaji. Indexovanim
fraz (a ich pouzivanim v otézkach) sa zvysi presnost aj iplnost vyhladdvania.
Extrakcia informécif sa zaobera vyhladdvanim §trukturovanych dat v textoch.
Typické je identifikovanie mien, datumov, miest, hodnét a pod. Pouzivané
algoritmy su zalozené na statistike alebo pravidlach.

11. Tezaurus

Tezaurus podporuje zvysenie presnosti a tiplnosti vyhladdvania v IRS pomocou
vyuzitia slovnika synonym [14]. Dokument moze byt relevantny voci otdzke a
nemusi obsahovat termy z otdzky. Vtedy tezaurus moze byt pouzity na do-
plnenie synonym do otazky alebo na priradenie v§eobecného pojmu pre vsetky
synonymd termu. Tezaurus moze byt vybudovany ruéne (velmi pracné) alebo
automaticky. Metdédy automatickej vystavby tezaura su zalozené zvicSa na
porovnavan{ vektorov termov (pre term t sa vytvor{ vektor vt , ktory obsahuje
napr. pocty vyskytov termu v dokumentoch kolekcie). V [15] sme sa zaoberali
vyuzitim fuzzy tezaura. Tento moze obsahovaf ekvivalencie, synonymé, hi-
erarchické hypernymé a hyponymé (kategérie) a pripadne asociativne vzfahy.
Vsetky relacie st ohodnotené vahou. Expandovanie otdzky obsahujicej termy a
ich vahy spociva v pridani termov z tezaura, ktoré su v reldcii s termami otazky.
Nové vahy pre tieto termy sa zvicsa urcujd heuristicky, my sme navrhli vyuzit
existujucu teériu fuzzy logiky na urcenie novych vah. Pomocu viachodnotového
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modus ponens dostaneme:

w = Clw, 1(b)),
kde w je vaha termu z otazky, ktory expandujeme, w je nova vaha pre term,
ktory je doplneny do otdzky, C je nejakd konjunkcia (moznd t-norma) a I(b) je
véha relacie, v ktorej je originalny a dopliiany term.

12. Sémantické siete

Sémantické siete si zalozené na myslienke, 7e znalost moze byt reprezento-
vané konceptami, ktoré si pospdjané linkami vyjadrujice rozne typy vztfahov
medzi konceptami [16]. Sémantické siet je potom mnozina uzlov a hran. Hrany
medzi uzlami si pomenované nazvom vztahu (napr. ”je”, ”je synonymum?”,
"tyka sa”). Uzly obsahuju informécie o koncepte spiatom s uzlom, jeho blizsie
charakteristiky, ktoré méze nadobidaf (farba, velkost a pod.) Sémantické
siete sa pouZivaji na vyrieSenie problému, ked dokument neobsahuje termy
nachéddzajuce sa v otdzke a napriek tomu je relevantny. Vtedy by v sémantickej
sieti mala existovat cesta, ktorou si spojené termy z otdzky a dokumentu. Tato
cesta ma nejaki cenu (sémantickd vzdialenost), ktord vyjadruje podobnost ter-
mov. Sémantické siete funguji podobne ako tezaurus, pomocou nej véak mozno
modelovat bohatsiu siet vzfahov. Zndmy priklad vybudovanej sémantickej siete
je WordNet.
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Abstract

This paper describes implementation of monads in logic programming, partic-
ularly in Prolog. The idea of monads is taken from functional programming.
During an implementation of monadic library we had to solve problems con-
cerning higher-order code, free variables, and non-directionality of data flow.
These problems are identified and solutions are suggested. A special syntax,
the so-called do-notation, is introduced to allow more user-friendly code.

1. Introduction

Monads are a technique used in functional programming [4],[2], which allow bet-
ter modularity and adaptability of a code to changes. We suggest to use them
also in logic programming. In this paper we develop techniques and implementa-
tions of monads in logic programming, particularly in Prolog. Previous attempt
to include monads into logic programming [1] used the language AProlog.

The structure of the paper is as follows. In section 2 we introduce monads
in general and a special syntax, the so-called do-notation. In section 3 we intro-
duce particular monads for errors, output, nondeterminism, state and context.
Section 4 contain conclusions and possibility of futher work.
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2. Monads

We describe an implementation of a few particular monads. An application of
monads is shown on a simple interpreter of arithmetic expresions. This inter-
preter captures the general idea of recursive traversal through a data structure.

interp(con(N),val(N)).

interp(inc(E1) ,val(N)) :-
interp(El,val(N1)), N is Ni+1.

interp(E1+E2,val(N)):-
interp(El,val(N1)),
interp(E2,val(N2)), N is N1+N2.

The interpreter takes the expression in the first argument and returns the
value in the second argument. The arithmetic expression can have functors
con/1, inc/1, and plus/2 with a number, an expression, and two expressions as
their arguments, respectively. The result is a number wrapped in functor val/1.

The interpreter has only basic functionality. As we introduce particular
monads, we introduce also supplementary kind of terms, which enable to call
special operations of monads.

2.1. Characterization of monads

A monad consists of data structure (type construct0r4) and two operations unit
and bind. Monads convert the computation between a and b into computation
between a and M b, where M is type constructor. The operation unit projects
the value into the monad. The operation bind composes computations in the
following way. Given a data structure in the form of a monad, bind for each plain
data in the structure computes the result and integrates them in the resulting
structure.

Each monad enables to represent some additional information about com-
putation. To include such information into a result each monad has specific
predicates. So the monadic interpreter must be extended to enable a computa-
tion with extended terms and calls to these predicates.

Depending on the monad chosen, the same program in a monadic form can
be used for different extensions. Monads, particularly their operations unit and
bind serve as procedures with late binding. To show the basic idea of a trans-
formation to the monadic style, we describe a simple version of the interpreter.

4As we work in Prolog, we use a concept of types informally.
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The simple version covers only first-order monads that are represented using a
data structure, as maybe, output and list monad. The full version will be in-
troduced with do-notation in the following section, and will cover also monads
represended using calls, as reader and state.

interp(T,con(N) ,MN) :-unit (T, val(N),MN).
interp(T,inc(E1) ,MNO) :-
interp(T,E1,MN1),
bind (T, MN1, 12([val(N1),MN1V],[],
(N is N1+1, unit(T,N2,MN2))),MNO).
interp(T,E1+E2,MNO) : -
interp(T,E1,MN1)),
bind (T,MN1,12( [N1,MN1V], [],
(interp(T,E2,MN2),
bind (T, MN2, 12([N2,MN2V], [],
(N is N1+N2, unit(T,val(N),MN2V))),
MN1V))), MNO).

An implementation of monads in functional programming can take an ad-
vantage of the type system with overloading (type and constructor classes). As
this is not available in Prolog, we added one parameter to the predicates unit
and bind which implement monads. The parameter represents the type, and
according to this parameter, the right operation for the particular monad is
called.

The result in each clause is delivered using unit. It projects its second
parameter, a plain value, to the monad according to the type parameter.

The bind predicate gets a monad in the second parameter. To each plain
value in the monad, it starts the computation given by the third parameter, and
all results are collected in the last parameter.

The third parameter represents a higher-order predicate. We choose such
representation of higher-order predicates: functor [2/3, which has formal param-
eters in the first argument, a list of ”global” variables in the second parameter
and a goal in the last one. Each higher-order predicate must be standardized
apart before calling. The list of the formal parameters allows to bind actual
parameters given for particular call. The list of global variables enables to bind
variables in a newly renamed term to the corresponding variables in the pattern
term.

The suggested syntax is not too user-friendly. We suggest an improved so
called do-notation in the following chapter.
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2.2. Introduction of do-notation

The improved so called do-notation known in funcional programming can be
adapted to our approach. It hides some technical details of implementation and
enables to write more compact code. The type parameter is again present as
the first argument. The second argument is the goal for computing a result
which should be included into the resulting structure. The third parameter is a
list of goals which correspond to a body. The fourth parameter is the result in
monadic form.

The goals in the third parameter can be monadic or nonmonadic. The former
are in the form Value— Result <= Glob” Goal and are processed using the bind
predicate. Value is the input value for the rest of the computation and Result is
the result of the current Goal. Glob is the list of (possibly) free variables, which
are considered global and should not be standardized apart. The nonmonadic
goals wrapped in the /1 functor are processed directly. This notation enables
to call directly goals which are not in monadic form. They cannot raise any
special operations and are usually used to call built-in predicates.

do(T,GX, [1,MX) :- unit(T,GX,MX).
do(T,GX, [X1-MX1 <= Glob~Goal| Gs], MO):-

Goal, bind(T, MX1, 12([X1,MX1V],Glob,do(T,GX,Gs,MX1V)), MO).
do(T,GX, [r(Goal) |Gs],M0) : - Goal, do(T,GX,Gs,MO).

The part of the interpreter using do-notation follows:

interp2(T, con(N),MA):- do(T, 12([NO], [N],NO=val(N)),[], MA).

interp2(T, inc(E1),MNO):- do(T, 12([N2],[N1], inc(N1,N2)),
[N1-MN1 <= [E1]-interp2(T, E1, MN1) ], MNO).

interp2(T, E1+E2,MNO):- do(T, 12([NO], [N1,N2], plus(N1,N2,NO)),
[N1-MN1 <= [E1,E2]"interp2(T, E1, MN1),
N2-MN2 <= [E2,N1]"interp2(T, E2, MN2) ], MNO).

We explain now the key ideas of the interpreter and the do-notation. There
are the form of the goal in the second parameter and global variables in goals
in the third parameter.

The goal, which computes the result, is explicitely expressed in the second
parameter of the do predicate using the [2 functor. If the monadic result is a
goal, then due to a data flow and a possible presence of a free variables, a call
to the goal cannot be performed during computation in the monad. It must be
postponed to a later stage, because the formal parameters of the monadic result
are not known during computation in the monad.
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The do-notation uses representation of higher-order predicates. So it must
perform standardization apart explicitly. The goals are represented using the
12/3 predicate and new copies are created using cpl2 predicate which uses Prolog
built-in copy_term predicate. But goals can have some parameters instantiated
and we do not want to lose binding of variables. Variables, which should not
lose bindings, are called global and are represended in the second parameter of
the [2 structure in a list. After copying the goal structure (2, they are bound
again. This parameter contains usually input data as well as results of previous
monadic computations. In the current version of the library they must be stated
explicitly. As this is annoying for a user, we are looking for a better notation
and methods of description.

3. Particular monads

We describe now particular monads. There are maybe, output, list, state and
reader monads for representing errors, output, nondeterministic computations,
passing state, and passing context.

3.1. Monad maybe

The monad maybe enables to identify errors in computation. The result is
the term fail meaning error during computation or the term just(X) when
computation was successful. The proper data are in the latter case in the
parameter X.

unit (maybe,XP, just(X)):-cpl2(XP,[X]1,[]1,G6), call(G)
bind (maybe, just(X),P,MY):- cpl2(P, [X,MY], [1, G), call(G).
bind (maybe,fail, P,fail).

The first argument in both predicates unit and bind is the atom maybe as an
identification of the monad. The predicate unit wraps the result into the functor
just/1. The predicate bind propagates the value fail as the result. If the partial
result is the value just(X), then bind calls higher-order predicate P on the value
X. The result MY of bind is also the result of the whole computation.

The standardization apart of the structure P is hidden in the predicate cpl2
(copy 12). It uses the predicate copy_term (of BinProlog) to get a term with
fresh variables, then it binds arguments and global variables.

cpl2(P,Args,Glob,G) : -

69



P = 12(_,v2,.),
copy_term(P,P0O),
PO = 12(Args,V2,G).

The monad maybe do not yet has any new functionality. So the interpreter
does not have any means to raise an error. The predicate zero/2 enables to
raise an error.

zero(maybe,fail).

We add the term error to the input terms and extend the interpreter by the
following clause.

interp(T,error,MN) : -zero (T,MN) .

3.2. Monad output

The monad output is used for remembering the output created during a compu-
tation. The monad gives except the value also an output. The output is in our
case a list of terms, which were sent to the output using the predicate write/3.
The representation of the monadic values is the term X — Out, where X is the
result and Out is the output.

unit (output,XP,X-[1):- cpl2(XP,[X],[]1,G), call(G)
bind (output,X1-01,P,X0-0ut0) : -

cpl2(P, [X1,X0-02],[1,®),

append(01,02,0ut0), call(G).
write(output,Out,X, X-Out).

The predicate unit returns an empty output. The predicate bind uses the
value for futher computation and concatenates the outputs of both parts. The
predicate write sends the given value to output. The result is not interesting
as it will not be used.

We extend the input expressions with terms in the form out(Out, Exp),
where Out is the (single) term sent to output before the expressions Exp is
evaluated. We could analogically introduce expressions which send the output
after evaluation of the expression. The called predicate write is the same for
both cases.

interp(T,out (0,E1) ,MVO) : -write(T, [0] ,MN1),
bind(T,MN1,12([_,MN1V], [MN1],
interp(T,E1,MN1V) )).
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Here for the first time we used a list of global variables in our representation
of higher-order predicates with the [2 functor. If we want to maintain a corre-
spondence among free variables in evaluated expression on the output, we must
use some technique to protect variables from standardization apart. In the pre-
sented interpreter the value of the expression write(t(X), write(t(X), con(1)))
will be val(1) — [¢(X),#(X)]. Without the global variables we get the value
val(1) —[t(X1),t(X2)] where the correspondence between two occurences of the
input variable X is lost.

3.3. Monad list

The monad list can deal with nondeterministic expressions which return a list
of answers.

unit(list,XP, [X]):- cpl2(XP,[X]1,[]1,G), call(G).

bind(list, [1,_P,[]).

bind(1list, [X|Xs],P,MY):- cpl2(P, [X,MX],[]1,G),
call(G), bind(list,Xs,P,MXs), append(MX,MXs,MY).

zero(list,[]).

pluss(list,X,Y,Z) :-append(X,Y,Z).

The predicate unit projects the value into the list. The operation bind
evaluates successively the values in the second parameter using the predicate
P. The specific operations are zero and pluss. The former denotes failing
computation and the latter nondeterministic computation (in given order).

We extend the interpreted terms with the nondeterministic choice repre-
sented by the functor amb/2. The term error in the list monad means failing
computation.

interp(T,amb(E1,E2) ,MNO) : -
interp(T,E1,MN1), interp(T,E2,MN2),
pluss(T,MN1,MN2,MNO) .
For example the evaluation of the term

amb(con(1), con(2)) + amb(con(30), con(40))

gives the result [val(31),val(41),val(32), val(42)].
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3.4. Monad state

The monad state is used for passing state through a computation. It enables to
set and to get the value of the state. The result is a representation of a higher-
order predicate, which expects two arguments. The first is the input value of
the state and the second is the structure Value — State with components the
resulting value and the final state. The code computes the result and new state
from the initial value of the state.

unit(state,XP,MN):- cpl2(XP, [NO],[],G),
MN=12([St,N0-St], [1,G).

bind(state,MA,P,MB): -
MA=12([S1,X1-S2],Glob,G1),
MB=12([S1,X2-S3],Glob,G12 ),
cpl2(p, [X1,12([S2,X2-S3],Glob,G2)]1, [1, @),
call(G), G12 = (G1,G2).

set(state,S,12([_,_-S1,[], true)).

get(state, 12([S1,51-S1],[],true) ).

The unit predicate creates a result in the form of the anonymous predicate
with the [2 functor, which passes the state without a change. The bind predicate
composes the representation of the previous computation G1 with the current
one G2. The special predicates are set/3 and get/3. The set predicate besides
the type gets a new value of the state S and sets it in the represented goal. The
body of the goal in set is empty, as the new value is passed as a part of the
parameter. The get predicate binds the result in the goal to the current value of
the state and passes the state without change. We must extend the interpreter
to be able to call the new predicates.

interp(T, set(R,E),MNO):-
do( T, 12([N2]1,[N2],true),
[_N1-MN1 <= [E]"set2(T,R,MN1),
N2-MN2 <= [E,_N1]-interp(T,E,MN2) ], MNO).
interp(T, get,MNO):- get2(T,MNO).

The evaluation of the term
set(val(10), con(2) + get)

returns as the result the goal G:
12([X1,X2-val(10)]1,[], (X3=val(2), X2 is X3+val(10))).
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Calling the goal G using call(G, State, Result) we get Result = val(12)—
—val(10). The initial value of State is not interesting, as the value is first set
and then used.

The state monad passes only one state. But the value can be a structure,
for instance a look-up dictionary indexed by names. So the state monad can
actually pass several pieces of information.

3.5. Monad reader

The monad reader is used for passing context to a computation. It enables
to fetch the passed value and to restore the value. Each monadic value is
a representation of a higher-order predicate. It expects two parameters and
computes the result in the second parameter using the initial value of the context
given in the first parameter.

unit(reader,XP,MN) :- cpl2(XP, [NO],[],Q),
MN=12([_R,NO],[]1,G).
bind2R (reader ,MA,P,MB) : -
MA=12([R,X1],Glob,G1),
MB=12([R,X0],Glob, G12 ),
cpl2(P, [X1,12([R,X0],Glob,G2)]1, [1, @),
call(G), G12=(G1,G2).
fetch(reader,12([R,R],[],true)).
restore(reader,R, 12([_,X1,[]1,G),12([_,X]1,[1, GO) ):-
cpl2(12([_,X1,01,6),[R,X],[1,G0).

The unit predicate creates a result in the form of the anonymous predicate
with the {2 functor, which do not use the context. The bind predicate composes
the representation of the previous computation G'1 with the current one G2.
The special predicates are restore/4 and fetch/2. The fetch predicate gets
a value of the context R and returns it as the result in the represented goal.
The body of the goal in fetch is empty, as the value is passed through the
parameters. The restore predicate returns the new goal in which the goal G is
called in the context R. Restore renames G using cpl2 and creates new goal.
In comparison to the state monad the new value of context is used only in the
goal G and is not used outside.

We extend the interpreter and interpreted terms with expressions restore
and fetch to be able to call the new predicates.

interp(T, restore(R,E),MNO):-
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interp(T, E,MN1), restore(T,R,MN1,MNO).
interp(T, fetch,MNO):- fetch(T,MNO).

The evaluation of the term
restore(val(10), con(2) + fetch)

returns as the result the goal G:
12([X1,X2]1,[0, (X3=val(10), X2 is X3+val(2) )).

Calling the goal G using call(G, Context, Result) we get Result = val(12) —
Context. The initial and final values of Context are not relevant here and can
be free, because the value of context is first set and then used.

As with the state monad, the reader monad passes only one context. But
the value can be structure, so the reader monad can actually pass several pieces
of information.

3.6. Representation of code

There are some variants of the representation of the higher-order predicates,
which are results of monadic computations. The structure of the goal in the
results is the same as the structure of the interpreted term. If we wish to com-
pose the goals using comma only to the right side, we change a representation
to difference goals. They are analogy to difference list and enable quick compos-
ing. The creation of the difference goal from the usual goal is hidden behind the
interface consisting of predicates mk_goal/2, mk_and/3, and calldg/1 for a cre-
ation, a composition, and a call of the difference goal, respectively. During the
composition we can also prune the true goals. Example of using the interface
is the following code for fetch3.

The second possible change concerns the mode of the results in the second
parameter. In some cases the value is known and is passed directly, as in fetchl.
If we wish to generate code which passes the value, then we use the form of
fetch2.

fetchl(reader,12([R,R], [],true)).
fetch2(reader,12([R,X],[]1,X=R)).
fetch3(reader,12([R,X],[],G0)):- mk_goal (X=R,GO) .

4. Conclusions

We have shown the implementation of a few monads and their integration to a
small interpreter. We suggested a representation of higher-order predicates and
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introduced global variables to solve a problem with unwanted renaming. We
have adapted do-notation known in functional programming to out representa-
tion.

Some problems were left. The first one is that the explicit notation for global
variables is error-prone and annoying for a user. Some form of preprocessing is
needed. The second problem which is not successfully solved in the theory is the
composition of monads. The interpreter can be instantiated by a monad, but
only by one. Combinations of monads can be very helpful, for instance using
ideas from [3]. We were not interested in the efficiency of the solution up to
now. How to use a partial evaluation for these specific interpreters is also left
for future work.
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Appendix: Additional monads
Monad Maybe

A generalization of the maybe monad is the error monad, which distinguishes
a kind of raised error, usually as a string.

The predicate pluss is used in the maybe (and error) monad for catching
exceptions.
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Abstract: The aim of this paper is to present the impact of information tech-
nologies on the sustainable development.

1. Globalni environmentalni problémy dneska

Na 1vod predstavme nejzasadnéjsi globalni environmentalni problémy dneska,
uved'me jejich piiciny, perspektivu a potencidlni vychodiska. Pojem ”environ-
mentalni problém* budeme ptitom chdpat v dnes obvyklém, tj. §ir§im slova
smyslu, zahrnujicim kromé problému Zivotniho prostiedi téz otdzky ekonomické,
socialni, zdravotni a dalsi. Pokud jde o zavaznost jednotlivych problému, je
mozné vychazet napt. z vyzkumu mezi 200 prestiznimi védci z 50 zemi, prova-
déném pii sestavovani zpravy [GEO2000]. Vice nez polovina z nich povazuje za
problém ¢. 1 globalni klimatické zmény, nasledované s odstupem nedostatkem
pitné vody, odlesriovdnim, znecisténim vody, chudobou, ztrdtou biodiverzity, pop-
uwlaénim rustem a pohyby, zménou socidlnich hodnot, hospodarenim s vodou a
znecisténim vzduchu.

2. Co je trvale udrzitelny rozvoj?

Se stale intenzivnéjsim globalnim vlivem lidské Ginnosti na zivotniho prostiedi
se ukazalo, ze zivotni prostiedi neni vylu¢nou zalezitosti ani individudlnich osob,
ani vlad jednotlivych zemi, ale dokonce celé mezindrodni komunity jako celku.

5Tento piispévek vznikl za podpory grantu FRVS 0427/2001.
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Izolované aktivity jednotlivych stdtu v ochrané zivotniho prostiedi maji sva
omezeni a bylo tfeba hledat mechanismy, jak identifikovat klicové ekologické
problémy celého lidstva, vytycit strategii vztahu lidstva jako celku k zivotnimu
prostiedi a postupné tuto strategii realizovat.

OSN na sebe vzala ulohu svétového koordindtora v otdzkach zivotniho pro-
stfedi a usporddala roku 1992 v Rio de Janieru schiizku na nejvyssi (tedy min-
isterské) trovni pod nazvem FEarth Summit. Tato konference ideové navazo-
vala na prvni setkdni ve Stockholmu roku 1972 a stala se jejim podstatnym
prohloubenim. Zavére¢né resumé tohoto setkdni bylo zformulovano do nékolika-
setstrankového dokumentu pod nédzvem Agenda2l (viz [Ag21]). Jednd se o stra-
tegicky plan, ktery identifikuje klicové globdlni ekologické problémy lidstva a
nabdda vlady stati, jez pod Agendu pfipojily své podpisy, aby implementovaly
myslenky Agendy®.

Celkové odpovédné chovani ¢lovéka ve vztahu k jeho zivotnimu prostiedi se
oznacuje spojenim trvale udrZitelny rozvoj (sustainable development). Tim je
minéno respektovani prirozeného ekonomického rustu moderni civilizace a za-
roven jeho usmérnovani takovym zpusobem, aby se rust neuskuteciioval na tikor
budoucich generaci.

3. Vliv IT na trvale udrzitelny rozvoj

3.1. Pozitivni dopady IT
3.1.1. Zména modelu vyroby

Diky masivnimu rozsifeni a pouzivani I'T lze dosdhnout postupnych zmén v mo-
delech vyroby. Od moderni sériové prumyslové vyroby maximélné unifikovanych
vyrobki ”"na sklad“ se pfechazi k individualné pfizpusobené vyrobé:

a) kdy je potreba (just-in-time)
b) presné podle individudlnich potreb (just-for-you)
c) presné mnoZstvi (just-enough)

Lepsi informovanosti diky moznostem rychlé, levné a cilené komunikace lze
také napt. docilit Uplnéjsiho vyuziti nejruznéjsich rezerv (piebyteénych zdroju)
at uz jde o piebyvajici suroviny, materidly, energii, lidské zdroje atd.

6Ve 108 stétech, které Agendu podepsaly, vzniklo na jejim zakladeé 1800 lokdlnich Agend21.
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Stejné jako prebytecéné primarni zdroje lze v globalizovaném svété vymeénovat
i znovupouzitelny materidl a suroviny - tj. recyklovatelny odpad, chemikalie atd.
nebo dokonce znovupouzivat celé ¢asti puvodniho vyrobku (rdmy, pldsté), pak
se hovoii o tzv. remanufacturingu, viz [Lovins96].

Podstatnych environmentdlnich zlepgeni se muzeme dockat s obecnym prosa-
zenim automatizovanych systému B2B elektronického obchodu, ktery skutecné
muze zredukovat manudlni zpracovani ”papirové“ administrativy a snizit tak
jeji materidlni ndrocnost, stejné jako posilit vyse uvedené procesy racionalizace
vyroby.

3.1.2. Zmeéna stylu prace

Klasickym piikladem pozitivniho environmentalniho dopadu vyuzivani IT jsou
videokonference, odstranujici nutnost cestovani ”abychom mohli partnerovi po-
hlédnout do tvare“. Zatimco (viz [Lovins96]) environmentdlni zatéz pramer-
né zaoceanské cesty jedné osoby odpovidd 1 tuné, pak jedna Sestihodinova
videokonference ”stoji“ zhruba 10 kg na jednoho tucastnika.

Celkovy environmentalni pfinos zavadéni téchto technologii je oviem sporny
a ne zcela prokazatelny - jednotlivou cestu je mozné zredukovat, otazkou ovsem
zustava, zdali to (diky soucasné dspofe ¢asu a penéz) spise nevyvold dalsi, jiné,
cesty. Pozitivni efekt se ovSem jisté ukdze v okamziku, kdy budou externality
spojené s moderni délkovou (zejména leteckou) dopravou internalizovény ve
formé adekvatniho environmentalniho zdanéni - pak se videokonference stanou
nezbytnosti.

Obecné, fakt, ze teleworking, e-working, working from home atd. prostied-
nictvim IT, je jednou zvyraznych charakteristik nastupujici informaéni spolec-
nosti, je znadmy. Nékteré telekomunikaéni spolecnosti (napt. British Telecom,
viz http://www.wfh.co.uk/wfh) aktivné nabizeji programy na podporu tohoto
zpusobu préce.

Environmentalni dopady e-workingu jsou obecné povazovany za kladné, ze-
jména pokud jde o uspory dopravnich ndkladu a tim nizsi produkci sklenikovych
plyntu a snizeni lokdlniho znecigténi piedevdim individudlni dopravou. Pesimi-
stické vyhrady, ze teleworking nakonec dopravni ndklady nezredukuje (lidé se
budou stejné chtit vidét) a energii neuspofi, se neukazuji jako pravdivé - studie
potvrzuji (viz [INT2001]) asi 20% uspory.

Pokud jde o riizné rozsiteni e-workingu v ruznych zemich a regionech, zajima-
vé zaveéry prindsi aktudlni studie [Huws2001]: mezi nejvyspélejsi zemé v tomto
ohledu pocitd USA, Némecko, Australii, Francii, Velkou Britdnii, naproti tomu
napifklad Ceska republika a Slovensko jsou (na rozdil od Polska, Madarska a
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Slovinska) piekvapivé pocitany mezi ”e-losers” bez velké perspektivy.
zameéstnavateli e Work in Furope, http://wuw.emergence.nu/news/employer.
html, fadici Polsko, Mad'arsko a CR na prvni t¥i mista mezi dodavateli softwaru
a softwarové podpory jak pro vlastni potiebu, tak pro EU.

Obecné plati, ze ”¢isty“ e-working pfimo zdomécnosti se takika nevysky-
tuje (dnes v EU cca 2%), popularni jsou naopak ruzné kombinované formy,
spotivajici napf. v praci v (i s dilenych) vzdédlenych kanceldfich, préci vcall-
centru, praci na vice mistech (multi-locational working) apod.

Casto je e-working spojen s outsourcingem (e-outsourcing), bud'to klasickym,
kdy partnerem je firma (v regionu ¢i vzdalend), anebo individuélni pracovnici
“na kontrakt“ (e-lancers) v téch odvétvich, kde byla prdce ”"na volné noze“
(freelance) popularni jiz diive.

V nékterych zemich (napi. CR) mohou popularité e-lancers napomahat i
pracovnépravni a danové piredpisy, které zvyhodnuji samostatné vydéle¢né ¢inné
osoby proti zaméstnancum - zaméstnavatel da tedy prednost zivnostnikovi na
tzv. ”§varcsystém“ pied zaméstnancem.

V zemich, kde jsou velmi ”tvrdé“ pracovnépravni predpisy (Velkad Britanie)
a i klasickd pracovni sila je tam daleko flexibilnéjsi, viz napt. http://www.
emergence.nu/news/growth.html, je vétsi ndrust zaméstnanci (mezirotné o
22%) pied e-lancers (narust jen o 15%).

3.1.3. Zména modelu spotieby

Vyznaénym pozorovatelnym trendem prechodu k informaéni spole¢nosti (spolec-
nosti znalost{) je ¢dstecnd dematerializace vyroby a spotreby. Stéle vétsi podil
na produkovanych statcich maji statky nehmotné, predevsim zalozené na infor-
macich a znalostech a na jejich sprave.

Tento vyvoj mé v zdsadé dvé podoby - jednak je to primé nahrazeni, kdy je
dukt novym - demateralizovanym. Priikladem je napf. nahrazeni klasického
elektronického telefonniho zdznamniku jeho digitalni podobou (zcela konkrétné
napft. sluzba Memoboz Ceského Telecomu), kterd fyzicky neni ni¢im jinym nez
paméfovym prostorem na disku a piislusnym obsluznym softwarem. Tzv. envi-
ronmentdlni faktor tohoto nahrazeni se pohybuje od 20 (20x niz§i{ hmotnost) do
240 (snizeni emisi sklenikovych plynu na 1/240). Dalsim piikladem nahrazeni je
e-mail: zatimco materidlové vstupy pro vyprodukovani a doruceni 10g papiro-
vého dopisu ¢ini 500 g, u e-mailu je ekvivalent asi 5 g.

Druhym paralelnim trendem dematerializace je jakési ” obraceni pozornosti“
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na novy nehmotny produkt - a tim zvySeni jeho podilu i v piipadé, ze v abso-
lutnich ¢islem zustava produkce puvodniho materidlniho vyrobku nezménén4 -
tedy obvykle se dematerializuje rust, puvodni hmotnd produkce zistdvd. Zatim
ve vétsiné komodit jednoznacéné prevlada tento model, coz bohuzel jesté nezna-
mend dostate¢ny obrat smérem k trvale udrzitelného rozvoji.

Specifickym projevem dematerializace spotieby je tendence kupovat sluzbu,
nikoli konkrétni vyrobek - napt. ”zajisténi dopravy podle potieby“ vs. nakup
vlastniho vozidla. Uvedené trendy maji svij odraz i v sektoru IT - mnohem
Castéji firmy misto ndkupu a spravy prostiedku IT vlastnimi silami voli out-
sourcing u Application Services Providers (ASP), je7 profesiondlné zajistuji
nejruznéjsi sluzby v oblasti IT.

Otédzkou zustava, kde az jsou ekonomické, pravni, socidlni, kulturni i psy-
chologické meze posunu od tradi¢niho posesivniho vztahu ("koupim-vlastnim-
pouzivdm-udrzuji-zahodim“) ve prospéch (”prubézné platim za pouzivani, o
dalsf se nestardm“), a ve kterych oblastech mé tento posun nejvétsi rezervy. Ji-
nak se témto trendim postavi mladd generace vyrustajici v kulturné a socialné
vyspélé stabilni spolecnosti s vysokou vymahatelnosti prava a jinak v postko-
munistickém ”Divokém vychodé*.

V soucasné - prvni - fazi informatizace spolecnosti je evidentnim trendem
nikoli pokles, ale ndriust vijroby materidlnich statku - zejména technickijch pro-
stredki I'T (pocitact, sifové infrastruktury). v budoucnu d4 se ocekavat - podob-
né jako tomu bylo s prumyslovou vyrobou v éfe klasické védeckotechnické rev-
oluci 20. stoleti - postupnd intenzifikace vyuzivani prostfedki IT. Intenzifikace
muze pozitivni environmentdlni efekt IT vyrazné zvednout - environmentdlni
z4téz IT je totiz dand (kromeé spotieby energie za provozu) predevsim z&téz{ pii
vyrobé. Studie (viz [Lovins96]) srovndvaji bézné a intenzivni vyuziti faxového
pristroje a dokazuji az pétindsobny ndrust environmentalni efektivity.

Srovnejme napi¥. bézné vyuziti bézného kancelaiského PC - s jednim poci-
tacem se pracuje osm hodin denné, jen v pracovni dny a to jen v dobé, kdy je
obsluha pritomna na pracovisti.

Piikladem intenzifikace je koncept Net-Centric Computing, kdy misto plno-
hodnotného PC staéi jednodussi (typicky bezdiskovy) termindl pfipojeny do
sité. Beézné realité je jesté blizsi systém Multiuser PC, kdy je jeden vcelku bézny
kancelarsky pocitac¢ virtudlné "rozmnozen“ piipojenim dalsich klavesnic, mysi,
videokaret a monitoru s piislusnym softwarem az na ¢tyii témeér plnohodnotnd
kancelarska pracovisté.

Signifikantnim ukazatelem posunu k intenzifikaci vyuziti IT je momentalni
zaporny vykyv poptavky po “klasickych® PC pfi rostoucim zadjmu o mobilnd
zarizeni. D& se ocekavat, ze silnym impulsem pro intenzifikaci bude existence
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kvalitni a cenové dostupné mobilni datové sité, jez muze vzniknout napf. na bazi
UMTS (mobilnich siti t¥et{ generace). Brzdicim faktorem vysokorychlostnich
mobilnich siti muze byt i vysoka cena za jiz prodané licence v fadé zdpadoevrop-
skych zemi, jez byly u klasickych GSM siti tahounem svétového vyvoje.

3.1.4. Lepsi informovanost

Informovanost v otdzkéch zivotniho prostiedi je podobné jako u jinych problému
zakladnim pfedpokladem fungovani demokratické spolecnosti s plnou odpovéd-
nosti ob¢anu za jeji vyvoj.

V soucasnosti jsou standardni soucasti legislativy vyspélych zemi a nadna-
rodnich spole¢enstvi (EU) zdkony garantujici svobodny pfistup k environmen-
talnim informacim. v evropském prostiedi udavaly tén predevsim zemé s dlou-
hou nepferusenou demokratickou tradici (UK, Svédsko), kde existuji predpisy
zajistujici obecny svobodny pristup k informacim shromazdovanym vefejnou
spravou jiz velmi dlouho. Pokud jde specidlné o environmentalni informace,
byva legislativa jesté vstiicnéj$i smérem k poskytovani informaci. Evropska
Unie vydala v tomto smyslu poprvé v roce 1990 Direktivu ¢. 313/90.

Vyznamnym dalsim krokem bylo pfijeti tzv. Aarhuské imluvy [Aarhus98]
roku 1998, k niz se pfipojily i zemé mimo EU a umluva se stala standardnim
méiftkem legislativy v oblasti prav na informace o ZP.

Ceska republika k dmluvé pfistoupila a cesky zdkon ¢. 123 /1998 Sb., o prdvu
na informace o Zivotnim prostiedi a obecny zdkon ¢. 106/1999 Sb., o svobodném
pristupu k informacim’ jsou potvrzenim zakonnych prav v této oblasti.

3.1.5. Lepsi moznosti (participace na) rozhodovani

S lepsi obecnou informovanosti souvisi také moznost piimo se aktivné podilet
na rozhodovacich procesem ve verejné spravé. Co je casto vytykdno vétsiné
modernich demokracii je zna¢nd odtazitost rozhodovacich procesti od obcanii.

Obcan vyspélé zemé ma obvykle explicitné zidkonem dané pravo participace
na “verejném rozhodovdni“ ve vécech tykajicich se zivotniho prostiedi. Napf.
v CR m4 moznost (a v nékterych pifpadech povinnost) vyjadiovat se k ak-
tivitdm, jez mohou mit vliv na zivotni prostiedi, na zdkladé zdkona 100/2001
Sb. o0 posuzovdni vlivi na Zivotni prostiedi.

Pokud jde o "osobni“ rozhodovdni o trznim chovdng, obcanim napomahaji
kromeé obecné environmentalni informovanosti a vzdéldvani také systémy Fcola-
bellingu (znaceni ekologicky Setrnych vyrobki), jez jsou podporeny napi. direk-

"ktery ale neméni povinnosti dané zék. 123/98
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tivou ECC 92/868. v CR proces znaceni organizuje CEU MZP, http://www.
ceu.cz/esv.

Zatimco na zmény trzniho chovdni maji IT vliv predevsim jako zprostiedko-
vatelé lepsi informovanosti, pak pro zvyseni podilu obc¢anu na rozhodovani je
nezbytnd celkova informatizace verejné sprdvy, zejména zavedeni moznosti tzv.
one-stop-shop elektronického piistupu ke sluzbach verejné spravy.

Kromé toho je nezbytné budovat environmentalni povédomi obcanu cilenou
environmentalni osvétou a vychovou. Vyspélé staty pfijimaji programy envi-
ronmentélni osvéty a vzdéldvani, napi. vlada CR prijala Stdtni program envi-
ronmentdlniho vzdéldvdni, vijchovy a osvéty v Ceské republice, a na léta 2001-
2003 ma piislusny Akéni pldn, jenz se konkrétné projevil napf. v grantovém
financovani podpory pre- a postgradudlniho vzdélavani uciteli k zavadéni en-
vironmentalni vychovy na skoléach.

Velké moznosti mé v této oblasti e-learning, uceni spomoci IT, protoze
umoznuje daleky dosah vyuky ¢asto pomérné specializovanych disciplin v oblasti
ZP, pro které neni mozné lokalné zajistit adekvatni kvalitu vyuky (odborniku
je mélo, jsou vytizZeni).

3.2. Negativni dopady IT

Siroka dostupnost prostiedki IT bohuzel smazdvd pozitivni dopad nizsi ma-
teridlové a energetické narocnosti vyroby a provozu modernich zafizeni IT. Typ-
ickym piikladem je napt. stagnujici nebo rostouci spotieba papiru v zemich
s rozvinutou IT infrastrukturou - dostupnost moznosti kvalitntho a rychlého
tiskového vystupu spotiebu papiru zvysuje® .

Zvyseni materidlni a energetické efektivity vyroby pfinasi pii konstantni
cené vstupu snizeni redlnych produkénich cen a tim potencidlni zvyseni spotreby
vyrabéného statku. Tak se muze stat, Ze celkova spotieba zdroju misto poklesu
spiSe mirné naroste, zejména v rozvijejicich se ekonomikéch.

4. Shrnuti

Vliv informagnich technologii na spole¢nost je a zejména bude obrovsky a dotyka
se i oblasti zivotniho prostiedi:

80pakuje se tak ucebnicovd situace po ropné krizi sedmdesitych let, kdy se vyrobciim
automobili podarilo dosti vyrazné snizit spottebu kazdého jednoho vozu, ale diky jejich leps§i
dostupnosti (a nizsi spotfebé) narostl celkovy pocet aut a tedy i jejich celkovd spotieba.
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IT pravdépodobné posili nerovnomérnost dosavadniho ekonomického a
socidlniho vyvoje.

IT na jednu stranu zefektivni komunikaci, vyrobu, obchodovéani a ad-
ministrativu, to v8ak na druhou stranu zpusobi lepsi dostupnost levnéji
vyrabénych produktu a tim jejich vétsi spotiebu.

Néarust zivotni tirovné v rozvojovych zemich zpusobi zvyseni svétové spo-
tfeby energie a surovin a narust zneci§téni.

IT zméni socidlni a politické vazby ve spole¢nosti, na jednu stranu umozni

vivs

fikovanéjsi piimou participaci na rozhodovani, na druhou stranu povede u
Casti spolecnosti k izolovanosti do zajmovych komunit ("nik“) a nezdjmu
0 obecné problémy, az k psychickym problémum lidi.
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Abstrakt. V piispévku jsou shrnuty hlavni rysy dvou aplika¢nich systémii,
které k interni reprezentaci objektu a jejich vzdjemnych vztahtu pouZzivaji ori-
entované grafy. V obou piipadech jsou grafy nastrojem k integraci modelu -
v piipadeé integrace datovych modelu maji grafy pevné dany tiidy uzlu a hran,
v piipadé integrace obecnych modeli jsou obecné i tiidy uzli a hran. Typy a
funkce pouzitych grafu jsou formdlné popsdny abstraktnimi datovymi typy.
Klicova slova: modelovani, integrace, grafy, abstraktni datové typy.

1. Motivace

U zrodu dvou projektl, o nichz budeme mluvit v tomto ¢lanku, stila shodnd
uvaha, ze pro praci s objekty, které jsou vzajemné provazany komplikovanymi
vztahy, jsou vhodnym ndstrojem (orientované)grafy.

Cilem projektu HyperMeData (CP 94-0943, [1]) bylo vybudovat prostiedi
pro vzajemnou vymeénu dat mezi nezavislymi nemocni¢nimi informac¢nimi sys-
témy a prezentaci téchto dat uzivateli, cilem projektu StraDiWare (Coperni-
cus 977132, [2]) je vybudovat prostiedi pro integraci ruznych nastroju pod-
porujicich analytika pfi tvorbé informacnich strategii. V projektu HyperMe-
Data se jednalo o integraci datovijch modeli, k jejichz interni reprezentaci byly
pouzity orientované grafy s pevné definovangmi tridami uzli a hran. Projekt
StraDiWare vyzaduje zobecnéni tohoto pfistupu smérem k univerzalnimu mod-
elovani (integraci obecngjch, nikoli pouze datovych modeli), a proto jsou k interni
reprezentaci objektu a vztahu pouzity orientované grafy s obecnymi tiidami uzli
a hran.
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V nésledujicim textu piehledové popiseme architektury aplika¢nich systému
HyperMeData a StraDiWare, shrneme hlavni rysy a zptisoby vyuziti grafl, jimiz
jsou reprezentovany objekty a vztahy v téchto systémech, a na zavér typy a
funkce pouzitych grafu formdlné nadefinujeme pomoci abstraktnich datovych
typu.

2. Integrace datovych modeli cestou HyperMe-
Data

2.1. Architektura systému

Zakladni architektura systému HyperMeData je zcela piimocara, jak ukazuje
obrazek 1. Ve zvolené aplikacni oblasti je navrzeno standardni kanonické vy-
ménné schéma a kazdy zdcastnény informaéni systém (IS) poskytne specifikaci
svého exportniho schématu. Specidlné navrzenym formélnim jazykem DDL,
umoziujicim specifikovat jednak datova schémata, jednak mezischématové vz-
tahy, jsou popsdny jak kanonické schéma a exportni schémata vsech IS, tak
pravidla #{dici procesy transformaci datovych instanci mezi schématy IS a kanon-
ickym schématem. Schémata i specifikace transformaé¢nich pravidel jsou interné
reprezentovany orientovanymi grafy: grafy reprezentuji struktury schémat i tok
datovych instanci vyménnym systémem. Cely proces je prezentovan uzivateli
ptes hypermedialni dokumenty.

T —
A N—
Pievodnik
ISAdo ES ESdo ISB
S LE | N\

| isA | | ISR |

Obr. 1. Transformace datovych instanci z IS A do standardniho vyménného
rozhrani (kanonického schématu - KS) a déle do IS B
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2.2. Jazyk DDL

Jazyk DDL (popsany napt. V [9]) pouziva deklarativni popisy pro datova sché-
mata a funkciondlni vyrazy pro omezujici podminky uvniti schémat a pro pra-
vidla definujici transformace datovych instanci mezi dvojicemi schémat.

Definice dat v DDL

DDL kombinuje rysy tii irovni datového modelovani:konceptudind (popis entit,
roli, asociaci, komplexnich datovych typu atd.), logické (kazdému konceptudl-
nimu objektu s atributy odpovidd mnozina instanci, tj. datovych n-tic) a in-
tenziondlni (podminkami je specifikovano, jak odpovidaji konceptuélni objekty
logickym mnozindm n-tic).

Jazyk rozlisuje dva objektové typy - entitu a asociaci. Deklarace entity ob-
sahuje podminky definujici vlastnosti instanci tohoto typu a volitelnou ISA
klauzuli specifikujici hierarchii entit a dédi¢énost atributa. Asociace je objektovy
typ definujici vztah mezi entitami, jejimi instancemi jsou n-tice instanci entit.
Deklarace obsahuje asociaéni predikdt (specifikujici n-tice entit, jez jsou prvky
asociace), omezujici podminky (definujici vlastnosti vyhovujicich instanci), kar-
dinalitni omezeni a v ptipadé komplexni asociace i seznam atributu. Pro ilustraci
uvedme (podrobnéji viz [9]):

ENTITY superworkpl
HAS pk_sup:integer; postcode:char[7]; city:char[25];
KEY pk_sup; UNDER pk_sup<>null; END

ENTITY workplace
HAS pk_wpl:integer; postcode:char[7]; city:char[25];
KEY pk_wpl; UNDER pk_wpl<>null; END

ASSOC wpl_swpl CONN workplace[0,*], superworkpl[O0,1]
WHEN workplace.pk_sup==superworkpl.pk_sup; END

Funkcionalni datové vyrazy v DDL

Datové vyrazy v DDL jsou vyhodnocovany nad instanci datového schématu
a jsou zalozeny na funkciondlnim jazyku (viz napf. [5]), pro jehoz pouziti
jsou idedlni pfedpoklady: nutnd podminka, aby vSechny vyrazy byly referen¢né
transparentnf (tj. jejich hodnoty byly zcela nezavislé napofad{ vyhodnocovani),
je automaticky splnéna tim, ze zdrojova schémata jsou read-only a konverzni
systém je navrzen tak, ze jiz transformované instance cilového schématu se déle
neméni ani nepouzivaji.
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Vyznamnym operatorem pii zpracovani seznamii ve funkciondlnim jazyce je
tzv. ZF-vijraz podporujici sofistikované iterace: v DDL se ZF-vyrazy pouzivaji
pii konstruovéni specidlnich datovych vyrazu zalozenych nastruktute datového
schématu. Vedle béznych funkci a operdtoru pro numerickou aritmetiku a praci
se seznamy bylo zavedeno nékolik specidlnich operdtoru pro piistup k datum
v instancich schémat, napt. operatory '+ >’ resp. '— >’, které k vyskytu entity
figurujici v bindrni asociaci vraceji seznam vyskytll z asociované entity resp.
jeho prvni prvek.

Definice transformaci v DDL

Transformace je proces, jimz se z instance zdrojového schématu vygeneruje in-
stance cilového schématu, tj. ze seznamu instanci entit a asociaci (a jejich
atributa) ve zdrojovém schématu se vygeneruji seznamy instanci cilového sché-
matu. Proces transformace je fizen transformacnimi pravidly, kterd slouzi k de-
kompozici transformace do bloku popisujicich zpusob, jimZ se instance jedné
cilové entity (nebo cilové komplexni asociace) konstruuji z instanci jedné nebo
vice zdrajovych entit (asociaci); seznam instanci cilového objektu muze byt kon-
struovan jako sjednoceni vysledku vice pravidel a kazdy zdrojovy objekt muze
byt pouzit ve vice pravidlech.

Vedle specifikace cilového objektu a zdrojovijch objektu obsahuje transfor-
magni pravidlo vgbérové podminky (urcujici, které instance zdrojového seznamu
maji byt transformovany), sekci pfirazeni (v niz transformaéni vgrazy nad in-
stancemi zdrojovych objektu urc¢uji hodnoty kazdého z atributu cilového objektu
- zapouziti funkciondlnich datovych vyrazu zminénych vyse) a nepovinnou sekci
LET (pritazujici vyrazy nad zdrojovym schématem proménnym, jez mohou byt
referencovény ze sekce prifazeni). Pro ilustraci (podrobnéji opét viz [9]):

BUILD superworkpl <- Workpl
LET a:=->Wpl_Adr; WHEN getSuperWpl(Workpl) = null;
ASSIGN pk_sup:=gen\_id(); city:=a.City;
postcode:=TransfPC(a.PostCode) ; ... END
BUILD workplace <- Workpl
LET sw := getSuperWpl(Workpl); WHEN super<>null;
ASSIGN pk_wpl:=gen\_id(); pk_sup:=gen\_FK(superworkpl,sw);
city:=a.City; postcode:=TransfPC(a.PostCode) ; ... END
FUNCTION getSuperWpl (wpl: TYPEQOF Workpl): TYPEQOF Workpl
{ (super JOIN SuperWorkpl | sub := wpl); }
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2.3. Prezentacni hyperdokument

Prezenta¢ni dokument v systému HyperMeData (popsany napi. V [3]) slouzi
k prochdzeni a zobrazovani instance datového schématu (modelu) - jednak
struktury schématu, jednak instanci jednotlivych objektu, tj. entit a asociaci.
Prezentacni systém je postaven na modelu dat, modelu dokumentu a trans-
formacnich vztazich mezi nimi - analogicky transformaé¢nim vztahtim mezi dvo-
jicemi datovych modelu, popsanym v predchéazejici ¢asti 0. Jazyk popisu doku-
mentu je kombinaci SGML (pro popis formétu dat) a DDL (pro popis obsahu
dat a jejich vnitini struktury). Soucdsti prezentaéniho dokumentu je i zobra-
zovani jeho struktury v podobé grafu ([3]).

V piipadé HyperMeData objekty a vztahy dokumentového modelu piimo
koresponduji s objekty a vztahy datového modelu; transformacni pravidla, popi-
sujici zpusob, jimz se instance cilového objektu (strdnky dokumentu) konstruuji
z instanci zdrojovych objekti (zdrojovyjch entit nebo zdrojovich asociact), tedy
obsahuji pouze trividlni pfifazeni.

2.4. Grafova reprezentace

Vztahy mezi objekty ve schématech a dokumentech (strukturni definice) a trans-
formacni pravidla, oboji popsané v DDL, jsou v systému HyperMeData interné
reprezentovany jako orientované grafy s rozlisenymi typy uzlu a hran: grafy
transformagcnich pravidel jsou ”"rozpjaty “ nad grafy schémat a dokumentu.

Typy uzlu i hran jsou v grafové reprezentaci HyperMeData pevné dédny:
typem uzlu se rozlisuji entity od asociaci, stranek a transformaci, typem hrany
asociatni vztahy od ISA vztahu, hyperlinka (tj. mezistrankovych vztahu v
dokumentech) a transformaénich vztahu (napi. typ hrany vedouci od asociace
k asociovanym entitdm je odlidny od typu hrany vedouci od entity k jejim super-
entitdm v ISA vztahu apod.).

Grafova reprezentace se vyuziva predevsim k hledani cest pii vyhodno-
covani funkcionalnich datovych vyrazu v transformacnich pravidlech - konkrétné
operatory + > a — > pouzivaji grafy k nalezeni asociovanych entit (jsou-li
zndmy zdrojové entity a asociace) a k ovéreni, zda jsou konstrukce jednoznaéné.
Vedlejsi vyuziti maji interni grafy pii zobrazovani struktury prezenta¢niho doku-
mentu: pii konverzi popisu dokumentu do interni grafové reprezentace jsou ob-
jekty dokumentu (strdnky) ¢dstecné usporddany do drovnd, které jsou zakladem
pro vykreslovani snadno ¢itelného grafu.
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3. Integrace obecnych modela cestou
StraDiWare

3.1. Architektura systému

Jak ilustruje schéma naobrazku 2, jsou zdkladem systému StraDiWare opét ori-
entované grafy coby néstroj k zachyceni objektu a jejich vzajemnych (relativné
slozitych a proménlivych) vztaha. Jsou uchovavany v loZisti grafové reprezen-
tace a jsou slozeny z uzli a hran rozdélenych dotypu odpovidajicich typum
objektu a vztahu identifikovanym v urcité aplikac¢ni oblasti - napf. oblasti in-
formacnich strategii (IST).

V terminech specidlné navrieného grafového jazyka Gralan se popfs (bud
rucng, analytikem, nebo exportem & konverzi dat z existujicich softwarovych
nastrojui) konkrétni vyskyty objektu IST a vztahy mezi nimi. Tato specifikace
IST zaznamenand v grafové syntaxi se predlozi procesoru, ktery ji prevede do
grafové reprezentace. S grafovou reprezentaci pracuji analytické programy, které
vyuzivaji zédkladni grafové operace ulozené v knihovné grafovych operaci: vy-
hodnocuji grafy, produkuji ptehledy, zpravy apod. Dulezitou funkci systému
je, ze analytické programy mohou provddét kontroly korektnosti grafi v grafové
reprezentaci a tyto kontroly mohou vychézet (a zpravidla vychézeji) z potieb
konkrétniho analytika a konkrétni IST.
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Obr. 2. Architektura systému StraDiWare

3.2. Jazyk resp. knihovna Gralan
Od jazyka pro praci s grafy tedy StraDiWare vyzaduje:

1. podporu reprezentace orientovanych ohodnocenych grafi, jimiz jsou mod-
elovany objekty a meziobjektové vztahy (resp. typy objektu a objek-
tové-typové nebo mezitypové vztahy) a které jsou vybaveny ndstroji pro
definici sprdvné utvorengjch grafi (jednak ve smyslu typového chovani jed-
notlivych objekti a vztaht, jednak ve smyslu grafového chovani, fizeného
specidlnimi pravidly vzajemnych vztahtu mezi grafovymi objekty - napf.
pravidly konektivity hran, pravidly strukturovanosti grafu aj.);

2. podporu préce s témito grafy (zédkladni operace nad grafovymi objekty,
vCéetné operaci ovérovani korektnosti grafu);

3. vlastnosti bézného programovaciho jazyka (typy, vyrazy, fidici struktury
atd.).
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Ze dvou moznych cest k tomuto cili (tj. bud vyvoje zcela nového pro-
gramovaciho jazyka s vestavénou podporou grafi nebo obohaceni nékterého
vhodného, jiz existujiciho jazyka o typy a operace podporujici grafy), byla pro
StraDiWare zvolena cesta druh4, kterd se soustfeduje na samotnou reprezentaci
a zpracovani grafu a namisto vyvoje ostatnich ¢asti jazyka vyuziva prostiedkua
hostitelského jazyka.

Grafovy jazyk Gralan (podrobné popsany napt. V [8]) je tedy realizovan jako
grafovd knihovna obohacugjici hostitelsky programovact jazyk. Tlustrativni piiklad
definic objektu z aplika¢ni oblasti IST a vytvoreni grafu, ktery reprezentuje
data flow diagram a je zatizen pravidly konektivity hran (podrobné viz[8]), 1ze
v syntaxi blizké syntaxi jazyka C++ (zdavodu ¢itelnosti nikoli plné identické)
zapsat takto:

class ISTObject {ISTObject(string name); ...}
class ExternalEntity : ISTObject {...}

class RelatesTo {...}
class DfdEdge : RelatesTo {...}

class ISTGraph : CorrectGraph<ISTObject, RelatesTo> {...}
ISTGraph ist=ISTGraph();
{ //data flow diagram:
ExternalEntity person=ExternalEntity("Person");
DataFlow request=DataFlow("Request");

ist.putNode(person);
ist.putNode(request);

ist.putEdge (DfdEdge () ,person,request) ;
...}
{ //pravidla konektivity hran:

ist.addEdgeCheck( //podminky pro externi entitu
ConnectRule ("ExternalEntity",{"DataFlow"},"DfdEdge") );

ist.addEdgeCheck( //podminky pro data flow
ConnectRule("DataFlow",{"ExternalEntity",

"BusinessFunct","BusinessEntity"},"DfdEdge") );

.}

Pozndmka: predikidt ConnectRule vyjadiuje implikaci ”je-li zdrojovy uzel
daného typu a hrana daného typu, pak cilovy uzel musi byt instanci typu z uve-
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dené mnoZiny“.

7 ukazky je zjevna potieba vhodného formélniho popisu grafovych objekt
a vztahu. V rdmci StraDiWare byla proto navrzena definice typu dokumentu
(DTD) pro XML popis jak zdkladnich grafovych objektu a vztahu, s nimiz
pracuje knihovna Gralan, tak nadstavbovych objektu univerzalniho modelovani
(podrobnéji viz [2]). Teémito prostfedky (XML tagy a atributy) se popisuje
jednak tzv. doménizace, tj. instanciace zvolené aplikacni oblasti, konkrétné
napt. IST (popis definuje konkrétni typy objektu, jejich atributy, operace,
jakym pravidlum podléhaji atd.), a déle konkrétni model ve zvolené aplikacni
oblasti, tedy nap¥. informaén{ strategie urcitého podniku nebo organizace (zapis
instanci typu objekti, vztahu, pravidel, operaci atd.).

3.3. Grafova reprezentace

Na rozdil od HyperMeData nejsou v grafové reprezentaci StraDiWare typy uzla
a hran pevné dany: typem uzlu se opét rozlisuji typy objekt a typem hrany
typy vztahtu, oboji véak zaviseji nazvolené aplika¢ni oblasti a nelze je predem
definovat.

Dalsim dilezitym pozadavkem, ktery klade StraDiWare na grafovou repre-
zentaci nad rdmec HyperMeData (kde diky pevné danym typum uzla a hran
obdobny pozadavek nevznikd), je umoznit definovat a ovéfovat jiz zminéna
pravidla spravné utvorenych grafi. Napiiklad v ukédzce z predchézejici ¢asti
0 reprezentujeme data flow model tak, ze business funkce, externi entity, entity
i data flow jsou uzly specifickych typu, a pozadujeme, aby hrany v grafu, jez
neni tfeba typoveé rozliSovat, byly zatizeny pravidly konektivity, kterad vyjadiuji,
ze z externi entity, entity nebo business funkce muze vést data flow hrana pouze
dodata flow a naopak z data flow muze vést data flow hrana pouze do externi
entity, entity nebo business funkce. Podminky se mohou tykat i ¢isté grafovych
neobsahoval kruznice a podobné.

Pro potieby integrace modeli v systému StraDiWare byly proto navrzeny
obecngjsi grafy, nez byly grafy pouzité pro HyperMeData - a ty nyni, ve zbyvajici
casti ¢lanku, formalné nadefinujeme.

4. Orientované grafy jako nastroj integrace

Zobecnénim orientovanych grafi, pouzivanych aplika¢nimi systémy popsanymi
vpredchozich dvou kapitoldch, jsou tzv. podminéné orientované pseudografy (viz
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[6], [7]): hrany v grafech jsou orientované, mezi dvéma uzly - i totoznymi - muze
vést vice hran a lze definovat podminky, jez musi byt v grafech splnény.

Podminény orientovany pseudograf je ¢tverice G = (N, E.g, p), kde N je
koneénd neprazdnd mnozina uzla, F je koneénd mnozina hran, ¢ EF — >N
*N je incidenéni funkce, kterd kazdé hrané pritazuje usporddanou dvojici uzlu
(zdrojovy a cilovy uzel hrany v grafu), a p je grafovy predikat, jenz musi v grafu
trvale platit. Vstupni (vgstupni) hranové okoli uzlu n v grafu g je mnozina vech
hran majicich v grafu g cilovy (zdrojovy) uzel n, vstupni (vgstupni) okoli uzlu
n v grafu ¢ je mnozina zdrojovych (cflovych) uzli v8ech hran majicich v grafu
g cilovy (zdrojovy) uzel n. Podgrafem gratu G = (N, E, g, p) je graf H = (N1,
E1, g1, pl), kde N1 je podmnozinou N, E1 je podmnozinou FE, gl je restrikci g
na F1 — > N1 * Nl a pl => p.

Typy a funkce podminénych orientovanych pseudografi nyni piehledové
popiseme (sodkazem napodrobny popis uvedeny v[8]) pomoci abstraktnich da-
tovgch typu (ADT, viz [4]). Pouziti ¢tyf sekci popisu ADT nejprve ukdzeme
napiikladu zékladnich ADT potfebnych pro reprezentaci podminénych oriento-
vanych pseudografu - seznamai, mnoZin a (nepodminénych) grafi.

4.1 Seznamy, mnoziny a grafy
Sekce Typy

vyjmenovava mnoziny, které predstavuji typy a jsou pouzity v deklaracich fun-
kei; typy mohou byt generické, tj. parametrizovany jinymi typy, a plati pro né
X <>Y =>A[X] <>A[Y] (kde A[X] zna¢i typ A parametrizovany typem X).

Seznam resp. mnozina je genericky typ parametrizovany typem prvku (7).
Graf je genericky typ parametrizovany typem uzlu (N) a typem hrany (E),
v némz na typ uzlu ani na typ hrany nejsou kladeny zadné zvlastni pozadavky,
tj. mohou byt jak primitivni (integer, ...), tak slozitéjsi objektové, definované
v ramci aplikacni oblasti:

List[T)
Set[T)
Graph|[N, E]

Pozndmka: Zapis A :B bude v dalsim textu znamenat, ze ADT A je dédicem
ADT B (tj. typ 4 je podmnozinou typu B, jsou na ngj aplikovatelné viechny
funkce zB a plat{ pro néj véechny axiomy a vstupni podminky zB). Zapisem A
:B, C bude vyjadiena ndsobna dédicnost, tj. ze A je dédicem jak B, tak C.
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Sekce Funkce

deklaruje operace, jez lze s prvky typu provadeét.

List| T] je seznam prvku typu 7, v némz se hodnoty mohou opakovat; lze
vytvéret jeho instance (konstruktorem nil), v nich pfiddvat prvky na zacitek
(cons), ziskévat nebo odebirat prvky (head a tail) a zjistovat prazdnost (null)
nebo délku (pocet prvka length). Set[T] je obecnd mnozina prvku typu T} lze
vytvéret jeji instance (konstruktorem empty) a v nich pridavat (put) a mazat
(remove) prvky, testovat piftomnost prvki (contains), zjisfovat prdzdnost (is-
empty) nebo kardinalitu (size). Déle lze ziskdvat seznam prvka mnoziny (mem-
bers), provadét zdkladni mnozinové operace (union, intersect, difference) nebo
ovéfovat inkluzi dvou mnozin (subset).

Graph| N, E] je orientovany pseudograf s uzly typu N a hranami typu E (uzly
i hrany mohou byt sdileny vice grafy, typicky v piipadé grafu a podgrafu).
Lze vytvaret instance grafu (konstruktorem emptyGraph), v nich priddvat a
mazat uzly a hrany (putNode, putEdge, remNode, remEdge) a ziskavat mnoziny
vSech uzli resp. hran (nodes, edges), zdrojové resp. cilové uzly hran (sre,
dst) a vstupni resp. vystupni hranové okoli uzli (incomings, outgoings). Byti
podgrafem je relace mezi dvéma grafy, kterou lze ovérit (subgraph) - neexistuje
tedy zadny specidlni typ, jenz by odliSoval grafy a podgrafy. Piiklady definic
funkef grafu:

putEdge: Graph[N, E| ¥ E* N* N —/ > Graph[N, E|

incomings: Graph|N, E| * N —/ > Set[E]

subgraph: Graph|[N, E] * Graph|[N, E] — > Boolean

Pozndmka: Zapis name: A —/ > B znadi parcidlni funkci name (s parame-

trem typu A a ndvratovou hodnotou typu B), pfifazujici hodnotu jen tém
prvkim mnoziny A, které spliiuji podminky ze sekce vstupnich podminek. Zapis
A *B znaéi kartézsky soucin mnozin A a B. Jména funkef jsou v nékterych
ptipadech pretézovana.
Sekce Axiomy

definuje logické podminky, které pro uvedené typy vzdy plati. Pro seznamy a
mnoziny vyplyvaji z matematickych definic mnozin, u grafi musi byt konzis-
tentn{ uzly spojované hranami, okol{ téchto uzli a rovnéz predikat urcujici pod-
grafy. Priklady:

97



subset(a, b) =for all z from members(a) : contains(b, x)

for all e from incomings(g, n) : dst(g, e) = n

subgraph(g, h) => subset(nodes(g), nodes(h)) and for all e from edges(g) :

contains(edges(h), e)and src(g, €) = src(h, e) and dst(g, e) = dst(h, €)
Sekce Vstupni podminky

definuje logické podminky, jez musi spliiovat parametry parcidlnich funkci, aby
funkce vracely hodnotu. V piipadé seznamu resp. grafu jsou jimi naptiklad:

head(a: List]T])require not null(a) - seznam nesmi byt prazdny

src(g: Graph|N, E|, e: E) require contains(edges(g), €) - hrana musi byt
v grafu

incomings(g: Graph|[N, E], n: N) require contains(nodes(g), n) - podobné
uzel

putEdge(g: Graph|[N, E], e: E, s: N, d: N) require contains(nodes(g), s)
and contains(nodes(g), d) and (contains(edges(g), e) => src(g, e) = s and
dst(g, e) = d) - podobneé uzly, piip. konzistentné s hranou

3.5. Podminéné grafy

Typy

Genericky typ CheckedGraph (podminény graf) je specializaci grafu a nedovoli
takové modifikace, jez by zpusobily nesplnéni urcujici podminky. Podminka
Predicate je abstraktni typ (T — > Boolean), ktery definuje pouze funkci pro
vyhodnoceni, neurcuje v8ak, o jakou konkrétni funkci se jednd. Conjunction
predstavuje celou mnozinu predikati, jez musi byt splnény soucasné. ForAll-
Nodes (ForAllEdges) je predikat pro graf, ktery je splnén tehdy, je-li urcity
predikat pro graf a uzel (hranu) splnén pro vsechny uzly (hrany) v grafu.

CheckedGraph|N, E| : Graph|N, E|

Predicate[ T)

Conjunction|[T] : Predicate[T|, Set| Predicate[ T)]
ForAliNodes|N, E| : Predicate] Graph[N, E]
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ForAllEdges|N, E] : Predicate| Graph[N, E|]

Typ Conjunction umoznuje nadefinovat, ze mé graf spliovat vice podminek,
a typ ForAllNodes (ForAllEdges) umoziuje zkonstruovat podminku pro cely
graf pomoci podminky pro jeho jednotlivy uzel (hranu). Specidlnim piikladem je
pravidlo pro konektivitu hrany: z predikatu, ktery rozhoduje, zda je spojeni jedné
hrany a jejiho pocatec¢niho a koncového uzlu v grafu piipustné, se zkonstruuje
predikat ForAllEdges, kontrolujici, zda jsou v8echny hrany v grafu v poradku,
a ten se zatadi do mnoziny Conjunction, jez je omezujici podminkou grafu.

Pozndmka: Piipustnost spojeni hrany a uzla Ize vyhodnocovat na zakladé
ruznych aplikacné zavislych kritérii, napfiklad na zakladé podtypu dané hrany
a uzli nebo na zdkladé hodnot néjakych funkei pro uzly a hrany (napiiklad
funkce vracejici ”barvu* uzlu ¢ hrany).

Funkce

Podminény graf mé konstruktor (emptyCheckedGraph, parametrem je predikét
typu Graph|[N, E] — > Boolean), funkci vracejici jeho nepodminénou variantu
(unchecked), funkci vracejici jeho podminku (constraint) a funkci prevadéjic
obecny graf na graf podminény danym predikatem (makeChecked). Funkce vlo-
zen{ resp. vyjmut{ uzlu nebo hrany (putNode, putEdge, remNode, remEdge) jsou
u podminéného grafu parcidlni. Typ Predicate definuje pouze funkci pro vyhod-
noceni predikdtu nad danym objektem (check), typy ForAllNodes a ForAllEdges
maji konstruktory. Piiklady:

makeChecked: Graph[N, E| * Predicate]Graph|N, E|| —/ > CheckedGraph
[N, E]

constraint: CheckedGraph[N, E| — > Predicate][ Graph[N, E]|
check: Predicate[T) * T — > Boolean
newForAllNodes: Predicate]Graph[N, E| * N| — > ForAllNodes[N, E|

Axiomy (nékolik vybranych pfikladu)
constraint(emptyCheckedGraph(p)) = p - podminka grafu
constraint(makeCheckedGraph(g, p)) = p - podminka grafu

unchecked(makeCheckedGraph(g, p)) = g - nepodminény graf
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check(constraint(g), g) - trvala platnost podminky grafu

p: Conjunction; check(p, £) <=> for all q from p : check(q, x) - splnéni
konjunkce

check(newForAllNodes(p), g) <=> for all n from nodes(g) : check(p, (g,
n))

check(newForAllEdges(p), g) <=> for all e from edges(g) : check(p, (g,
e)) - konzistentni definice

Vstupni podminky

Funkce wunchecked slouzi k formulovani podminek, jez musi byt splnény, aby
mohl byt podminény graf modifikovin. Na nepodminéné varianté grafu lze
modifikujici operaci ” predem vyzkouget“:

emptyCheckedGraph(p: Predicate] Graph[N, E]]) require check(p, new-
Graph) - podminku mus{ spliovat prazdny graf ...

makeCheckedGraph(g: Graph|N, E|, p: Predicate] Graph[N, E|]) require
check(p, g) - ... 1 graf, z néhoz se vytvaii podminénd varianta

putNode(g: CheckedGraph|N, E], n: N)

require check(constraint(g), putNode(unchecked(g), n)) - podminka musi
byt splnéna i po vlozen{ uzlu (podobné pro putEdge, remNode a remEdge)

5. Souvislosti a dalsi prace

V ¢lanku jsme shrnuli zdkladni charakteristiky dvou systému, predstavujicich
dva piistupy k feSeni problému systémové integrace, a zaméfili se na princip,
ktery je jim spoletny: reprezentaci objektu a meziobjektovych vztaht vhodnymi
tiidami orientovanych grafi. Rada zajimavych otézek, jez jsou predmétem dalsi
préce, zustala mimo rozsah ¢lanku - za viechny uved' me napiiklad otdzku vyuziti
grafové reprezentace pro grafové porovnavéani (analyzu) datovych schémat s ci-
lem automatizované generovat transformaéni pravidla.

Autorka ¢lanku dékuje programu EU-Copernicus za poskytnuti prostiedki,
které umoznily praci na obou zminénych projektech a vytvaieji zdklad pro
navaznou teoretickou praci i praktické aplikace.
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1. The problem

Let us denote by S an open, finite or infinite interval of the real line R, B Borel
sets of S and P probability measure absolutely continuous with respect to the
Lebesgue measure A on R. The probability space P = (S, B, P) serves as a
model of continuous random variables and it is both simple and very useful.
S is the sample space of distribution P of a random variable X, say, which is
completely described by the distribution function F(z) = P(X < z) or by the
density f(z) = dF(z)/dz. We will suppose that

flz)>0 xesS
f(z)=0 reER-S

so that S is the support of distribution P. For simplicity reasons suppose f
regular in the sense of existence of needed derivatives.

On the other hand, various metrics p can be introduced in S to obtain various
metric spaces (.5, p)-

There is the following problem: Which metric p in (S, p) is to be preferred
with respect to a given P ? Or, in other words, which metric can be considered
as generated in S by P?

This is apparently a pure mathematical problem. It has not been, surpris-
ingly, solved or even generally posed in the probability theory. On the other
hand, this problem is daily solved in statistics. Many of the statistical estima-
tion procedures are nothing else than attempts to find unknown distributions
of continuous random variables having observed data (samples from unknown
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distributions) and some vague ideas about the geometry of the sample space.
However, in many practical cases some information about the family of possi-
ble distributions of the studied random variables are available. A relationship
between the distribution and the geometry of the sample space is therefore of
uttermost importance.

In this paper we present a solution. It is based on the recently introduced
concept of the core function of the distribution. Unlike the usual course of mat-
ters, when statistics uses the probability theory for judgements and inspiration,
we use the statistical experience to solve the problem of mathematical nature.

2. The solution for S = R

Glivenko-Cantelli theorem states that the empirical distribution function F;, of
random sample X,, = (1, ..., ) taken from distribution P converges to the true
F when n — oc. Usually, n is not sufficiently large and the parametric approach
is used: the true distribution P is assumed to be a member of a parametric
family {P,6 € O}, © C R™, known apart from the unknown parameter § =
(81, ...,0:m), which is to be estimated.

Let us consider distribution ) with support Sg = R. The density g of @
necessarily goes to zero when y — —oco and y — —o0, and g(y) has maximum
at inner point y*, say. To estimate the location of y* from data, the density is
written in a parametric form g(y — u) = §(y — p, 6, ..., 0,,) where p is a location
parameter.

Statistical experience says that from the set of various estimators, the M-
estimators are the most useful. Let ¢ be a real function with property (0) = 0.
The M —estimate fi, of u based on observed values (y1,...,y») is a solution of
equation

Zwm — jin) = 0. (1)

Equation (1) actually gives the distance of points y; and fi,, in the form d(y;, i)
= |¢(y; — fin)|- The choice of function 1 thus determines the distance between
points y1,y2 € Sq as d(y1,y2) = [¢Y(y2 — fin) — Y (y1 — fin)|. If fin is consistent
(which means fi, — p for n — o), the M-estimator (1) introduces in Sg the
distance

dy(y1,y2) = |[¥(y2 — 1) — (y1 — p)l.

From M —estimators, the mazimum likelihood estimator (MLE) has an exclu-
sive position due to its efficiency. Although the maximum likelihood estimates
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may be non-robust and does not necessarily represents the optimal option when
dealing with real data, it is undoubtedly an estimator relevant to the non-
contaminated random sample from P. Consider a general location and scale
family g(u) = g(u, s, ..., 6,,) where
_Yy—n
u = ’
o

uw € R, 0,0a,....,0, € (0,0c). The y—function of the maximum likelihood
estimator for p (with other 'nuisance’ parameters known) is the likelihood score
for location,

Wi ) = 5 gl @)
It holds that Pl o) = 1 a (u)a_u _ lT . "
ou g g(u) du? o o?
where ,
,(0) = -2 ((;‘)) (4)

is the well known score function of distribution (). Since the name score function
is sometimes understood as the whole likelihood score for location (2), we call
its inner part (4) the core function.

The core distance

dn, (n:2) = 1T,02) = Tyl = [ poty) d. 5)

Y1

where pg(y) = T,(y), is our solution to the problem. If T} is continuous and
strictly increasing (it holds for many model distributions), pg defines in Sg the
Riemannian metric corresponding to @. If not (example: the Cauchy distribu-
tion), further considerations are needed (perhaps the total variation of Ty can
be used ).

3. The solution for S # R

The solution given in the foregoing paragraph is simple and incontestable, but it
is not general. For continuous distributions P with support Sp # R the problem
is more complicated. Distributions defined on the real halfline or interval may
not have a maximum and cannot be provided by the location parameter. Their
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density may be even unbounded and their score functions (4) are odd. Let us
give a simple example. The exponential distribution with support S = (0, c0)
and density f(z) = e~ " has score function —f'(z)/f(z) = 1, which is clearly of
no use for any distance considerations. The conclusion was that the approach of
the foregoing paragraph cannot be used for distributions with support S # R.

However, it is not the mathematical form (4), which is of interest but the
fact, that T, expresses the influence of points y € Sg = R with respect to the
‘centre of gravity’ of distribution Q. The integral [ Ty(y)g(y) dy = 0, so that
the point y = 0 (or, in a parametric case, y = u) is the ’centre of gravity’ in the
geometry given by (5).

The problem is which point z* € Sp can represent a ’centre of gravity’ of a
distribution with support Sp # R? Mean and mode may not exist and median
has no geometrical sense.

The following procedure was suggested in [1]. Consider P as a distribution
p—induced by some source distribution (), which means P = Q¢ where ¢ :
Sp — Sg be a fixed one-to-one mapping. If the density of @) is g, the density
of the p—induced distribution P = Q¢ is clearly

f(@) = g(p(x))o(x) (6)

where ¢(x) = dy(z)/dx is the Jacobian of transformation ¢ : Sg — R. The
idea is fifty years old (c.f. Johnson (1949)), but it was used only for derivation
of the related families from some source families. In [1] Johnson’s approach is
used consistently: all regular continuous distributions are divided into disjunct
sets of related distributions, each set consisting of the source distribution @
with support Sg = R and the induced distributions P = Q¢ with supports
Sp = (a,b) C R, where —oc > a < b < +00, by the use of mapping

(b—z0)(z —a)
(w0 —a)(b—=)’

which reduces, in cases of supports Sp = (0,00) and Sp = (0,1), to Johnson
transformations

Y = @ap(r) =In (7)

T

(8)

Yoo () =Inzx <p01(ac):1n1_x.
It has been shown in [2] that with few exceptions all currently used model
distributions on various Sp # R can be considered as ., —induced by the use
of the generalized Johnson’s mapping (7). Denote the set of these distributions
by J and write ¢ = @gp.
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Now, any distribution P € J with support S # R and density f can be
considered to be p—induced by some source distribution ) with density g. By
(4) we can derive T}, and construct its 'image’ on Sp.

DEFINITION 1 The function
Ty(x) = Ty(p(x))- (9)
is called a core function of distribution P.

It is important that 7 can be expressed independently of the source distribution
by means of density f and of the Jacobian of the transformation.

THEOREM 1 The core function of distribution P with support Sp is

Ty(0) = 15 35— @)/012)) (10)
PROOF. Put y = ¢(z). By (9) and (6)
Ty(0) = Ty(¢(0) = =50/ ) = 53 (- @)/0l) g
and (dy/dz) = (). 0

The equivalent of the ’centre of gravity’ of the source distribution has been
defined in [2] as its 'image’ on Sy, i.e. z* = ¢~ !(y*) or, in a parametric case,

=9 "(n) (11)
which we call a Johnson location.

EXAMPLE. Let Sp = (0,00). Then ¢(z) = Inz, ¢(z) = 1/z, Ty(z) =
(—zf(x))'/f(x) = =1 —xf'(z)/f(z) and 7 = e*. The exponential distribu-
tion f,(z) = 7='e~%/7 has source distribution g, (y) = e¥~* exp(—e¥~*) with
Ty(y) = eV 7 —1. By (9), Ty(x) = z/7 — 1, which reduces when 7 = 1 to the
core Tr(z) =z —1of f(z) =e 7.

Parametric distributions had originated during the historical development.
Some of the distributions on Sp # R have a Johnson location parameter and
some of them not. In the case that parametric distribution fy has parameter 7
(i.e., 8 =(1,0,0s,...,0,,),7 € Sp), the following theorem holds.

THEOREM 2 Core function is the inner part of the likelihood score for T.
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Proor. Let g(u), u = (y — u)/o be the source density of fg(x). By (6), (8)
and (11) f-(z) = g(w)p(z) where

@) —eln)
By (6), likelihood score for 7 is
Wit (@) = 5 i) = 5 ng(u)plo) = L2820, 0). (12

O

We obtained the same result as in paragraph 2: The core function is the
inner part of the likelihood score for the ’centre of gravity’ 7 = ¢~!(u) or
x* = o~ (y*) of distribution P. Thus the core functions are known functions
(more precisely: the inner parts of known functions) for distributions which
have parameter 7 and were unknown for distributions without 7 or without
parameters at all.

DEFINITION 2 The core distance in the sample space Sy of distribution P is
given by
T2
dry (e1,) = [Ty (22) = Ty, o0 = [ g (o) do (13)
X1

where pg, =T},

Using the same reasoning as in the foregoing paragraph, (13) is the general
solution to our problem for all distributions P € J. If T is continuous and
strictly increasing, (13) defines a metric.

4. Examples

To illustrate our result by examples, some currently used distributions were
selected. Their densities, core functions and the corresponding core distances
dp(z1,22) = |T¢(x2) —T¢(z1)| in the sample space Sp are given in Table 1. The
couples of source and the induced distributions in Table 1 are normal and lognor-
mal, Gumbel and Weibull (in both cases f = 1/0) and logistic and log-logistic.
Note that in different Sp there exist different distributions with Euclidean core
distances : the normal distribution on Sp = R, the gamma (and exponen-
tial) distribution on Sp = (0,00) and the beta (and uniform) distribution on
Sp =(0,1).
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TABLE 1. Densities f(z), core functions T (z) and core distances dr(z1, z2) of
points x1,zs € Sp for some currently used probability distributions.

Name Sp f(@) Ty () dp(z1,22)
Normal R 21”0@7%(@)2 == (z2 — 1) /0
Lognormal (0, c0) \/ﬁme*%h‘Q(m/T)ﬁ In (z/7)° In(£2)8
Gumbel R e e*ezf’” et —1 efu/o(eza/a _ ezl/a)
Weibull (0,00) 2 (z)’ e/’ (2)" -1 (22 — 21)% /75
Extr. val. II (0, 00) z 21/ 1-1/x . Z=t)
Logstic B e/0rery tanh(e/2) Ry
Log-logistic (0, o) 1/(z +1)2 (z—1)/(z+1) %
fomas (0.2 afil e e 0/ery G
Gamma (0, 00) oy @) e T —a Y(z2 — 21)
Beta 0.1 gl 1-2) (p+gz-p (p+a)(z2 — 1)
Cauchy R 1/7(1+ 2?) 2z/(1 + z?) ?
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