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SCD Marker Classes, and Local / Global

Segmentation / Parsing Algorithms

Neculai Curteanu

Abstract

This paper surveys latest developments of SCD (Segmentation-
Cohesion-Dependency) linguistic strategy, with its basic compo-
nents: FX-bar theory with local and (two extensions to) global
structures, the hierarchy graph of SCD marker classes, and im-
proved versions of SCD algorithms for segmentation and parsing
of local and global text structures. Briefly, Part I brings the-
oretical support (predicational feature and semantic diathesis)
for handing down the predication from syntactic to lexical level,
introduces the new local / global FX-bar schemes (graphs) for
clause-level and discourse-level, the (global extension of) depen-
dency graph for SCD marker classes, the problem of (direct and
inverse) local FX-bar projection of the verbal group (verbal com-
plex), and the FX-bar global projections, with the special case
of sub-clausal discourse segments. Part II discusses the implica-
tions of the functional generativity concept for local and global
markers, with a novel understanding on the taxonomy of text
parsing algorithms, specifies the SCD marker classes, both at
clause and discourse level, and presents (variants of) SCD local
and global segmentation / parsing algorithms, along with their
latest running results.
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Notice. This is a paper in two parts, preserving a unitary number-
ing of the sections, and the unitary set and system of references along
both parts.

6 Functional Generativity of Local and Global
Markers

The aim of Part II of the paper is to use the results of Part I for de-
signing improved theoretical mechanisms and text segmentation / pars-
ing techniques based on proper linguistic marker classes incorporated
into (D)FX-bar theory and SCD linguistic strategy. We discuss the
development of segmentation and (dependency establishing) parsing
algorithms, especially for global, clause-level and discourse-level text
structures, using the newly defined notions of strong (for lexical-level
phrase markers) and weak (for class-level phrase markers) functional
generative capacity [16)].

A whole class of segmentation | parsing algorithms is described
within the SCD strategy, by refining the SCD marker classes (and
hierarchy) towards the lexical level of the contained markers as (weak
vs. strong) functional generativity (using a generalization of lexical
marker database in [10], both at the M3 and M4 levels of the SCD
marker hierarchy [17]).

A comparison between (versions of) SCD segmentation algorithms
[9], [13] and Marcu’s segmentation algorithm [25], [26] was realized in
[14], [17], and two directions to approach the segmentation and parsing
processes at the global text structures are explored: (G1) clause-level
(syntactic) parsing, and (G2) discourse (rhetoric relation) parsing.

6.1 Functional Generativity for Classifying Parsing Al-
gorithms

In [16], we defined the functional generative capacity for phrase mark-
ers, such as those in SCD or in Marcu’s segmentation and / or parsing
algorithmns, as follows: when applied at lexical level, the phrase markers
provide strong functional generativity; when applied at (marker) class
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level, they provide weak functional generativity. An observation is nec-
essary: while a structure built from lexical preterminals N, V, and/or
A is strongly generated and a sequence of lexical categories (words) is
weakly generated in the classical sense of categorial generativity [22],
[27], we cousider lexical markers of strong functional generativy since
the sharper functional meaning of a lexical marker entails (is stronger
than) the functional meaning of a whole class of markers.

For example, the categorial strongly generated structure Det A N
“implies” (its less informative meaning subsumes the one of) the weakly
generated sequence the beautiful flower, and also the functional strongly
generated and(XGp, XGo) implies (in the partial, reverse ordering of
semantic meanings) the functional weakly generated conjunction(XGy,
XGy), since the more informative meaning of the lexical conjunction
“and” subsumes the inherently less informative meaning of the class-
depending conjunction marker. To further support the proposed def-
inition of functional generativity, we observe that the ‘strong’ lexical
marker “daca” (if) entails the ‘weaker’-level phrase-marker congjunc-
tion (a marker class comprising several lexical conjunctions), since the
information it holds is richer (e.g., in the sense of subordinate type
determination) than the information held by the less informative con-
Junction class (which can only determine the subordinate, but not its
type).

Thus, these definitions preserve the general entailment “strong im-
plies weak generativity”, but with the essential difference that while
“strong categorial implies weak lexical generativity”, we need a “strong
lexical marker” to be functionally applied to an utterance to entail a
“weak marker class” that is applied to the same utterance similarly.

Related to the manner in which markers or marker classes are ap-
plied to local or global text structures, the concept of functional gener-
ativity has immediate consequences on the FX-bar projections of local
and global text structures, hence within the segmentation / parsing al-
gorithms whose task is to handle the recognition / generation of these
entities efficiently.

For instance, using clause markers at lexical level in a segmentation
task entails a weaker categorial generativity and a higher complexity
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of the algorithms. The same task, worked with classes of clause mark-
ers, increases the expressional generativity and decreases the algorithm
complexity.

At discourse level, and especially for the parsing (dependency-
establishing) task, it is more profitably to use the lezical markers in
order to obtain a stronger functional generativity. The usage of marker
classes at this level, either for segmentation or parsing task, involves
a certain degree of generality-ambiguity in determining the discourse
units and rhetorical relations, resolved by the use of markers at lexical
level (see [25] and the more general parsing tables proposed in Section
8.2).

In [17] we analyzed and classified several classes of local and global
segmentation / parsing algorithms, based on such criteria as: (a) cat-
egorial generative capacity (or categorial generativity); the strong
and weak generativity of major (N, V, A) preterminal and lexical cat-
egories [22], [27]; (b) functional generative capacity (or func-
tional generativity); the new concept, introduced in [16], of strong
and weak functional generativity of lexical and, respectively, classes
of clause / discourse markers, as the functional counterpart to the cor-
responding notions of categorial generative capacity defined for major
lexical categories [22], [27]; (c¢) processing task: segmentation or
(dependency-establishing) parsing; (d) the output structure tar-
geted: clause level or discourse segment (clause-like) level, i.e. local
and/or global structures as outcome.

Finally, to notice that our concept of functional generativity differs
essentially from what in [27; p.140-141] is called derivational genera-
tive capacity, a notion that is related to the derivation trees of functor-
argument clause-type in TAGs (e.g. [21] and A. Joshi’s previous papers
on this well-known grammatical formalism). We see derivational gener-
ativity as a generalized form of strong categorial generativity applied to
(derivation) trees instead of simpler categories (or lexical preterminals)
N, V, A. The essential distinction between categorial (with the more
general derivational) generativity and our concept of functional gener-
ativity is that they represent different components of the mathematical
function object f(X): the first concept corresponds to the argument X,
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while the second concept corresponds to the function name and role f.

6.2 SCD Variants for Local / Global Segmentation / Par-
sing

SCD algorithms are discussed at segmentation and parsing level. The
segmentation is realized using inter-clausal marker classes (M3 class,
see §7), to obtain finite clauses. Clause parsing is realized using lexical
markers (of M3 class, described in a database which contains the in-
formation from each marker of the class, and a set of correction rules
for the partial trees obtained in the first step of dependency determi-
nation).

Discourse segmentation and establishing the rhetorical relations be-
tween the discourse segments, as well as discourse tree building, is
achieved using lexical markers from the M4 (discourse-level) class.

(1) In (SCD) clause-level segmentation / parsing, the following
steps can be distinguished: SCD automated annotation (see §7.1.d
and §7.2), clause segmentation, resolving the dependencies between
clauses based on marker classes (superordinate — subordinate clause
type) or on lexical markers (specifying the type of the subordination).
(2) Discourse-level parsing can be done using marker classes of clause-
like markers and structures [25], establishing of the discourse segments
based on the lexical markers from the M4 level, determination of the
rhetorical relations between the obtained discourse segments, based on
the lexical discourse markers [25], [26], (extending lexical markers from
M3 to M4-level lexical markers, Tables 8.1-8.2, §8).

Revealing the discourse segments is realized using clause segmen-
tation and the lexical markers from the M3 level, while estimating the
rhetorical relations between discourse segments is based on the discur-
sive interpretation of the lexical discourse markers.

7 SCD Marker Classes and Algorithms

The SCD parsing strategy extends from three to four the representation
level of marker classes, providing functions for setting the boundaries of
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the main syntactic structures, XG (X = N, V, A), clause, inter-clause,
and discourse elementary unit (segment) (see Fig. 2.1-2.2, Part I).

The first marker class, denoted MO (or M00), is applied to the
word dictionary form, is represented by the functional role of morpho-
grammatical inflection, and corresponds to the lexical level of each
word.

a) M1 Class = {markers delimiting (introducing) XG structures}.

The M1 class of markers consists of X1-level markers, (X = N, V,
A), i.e. markers to be applied to the X1-level syntactic constructions
(also denoted XG, and called X groups). These syntactic constructions
consist basically of a semantic head (N, V, A category) surrounded by
modifiers (adjectives or adverbs), and/or by (generalized) quantifiers
(this includes determiners, negation, etc), modal modifiers of level 1-bar
(e.g. the A1 adverb “poate” (maybe)) or 2-bar (e.g. the V2 modal verb
“a putea” (can-may)), and/or functionally marked by pre-positions (in
English, French, Romanian) or post-positions (in German or English)
that express the case (for N), aspect or meaning (for V), etc. The
main elements of an XG structure provide also the marker subclasses
of M1. It is important to mention a certain linguistic (but not linear)
order of these components of the XG, coming from the distance of
these elements to the left or to the right of their semantic head, e.g.
for the noun: the closest to the head are the modifiers, followed by
quantifiers, the farthest to the head being the pre- or post-position
functional particles. For VG (or verbal complex), the predicational
marking and FX-bar projections are by far more elaborated operators
and operations.

M1 can be split into subclasses of markers that are useful in de-
limiting the XG (X1) substructures, X = N, A, accordingly to crite-
ria such as the above-mentioned distance to the X0 semantic head of
the surrounding elements, a head which ultimately is always an (overt
or covert) objectual common noun, proper noun, or personalized (no-
named) noun.

M1l = {MI1IN, M11P}

MI11IN = {the occurrence of an objectual, non-predicational com-
mon noun, or of a proper noun}
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M11P = {the occurrence of an accentuated or non-accentuated
pronominal form}

M12 = {MI2N, M12V}

M12N = {the occurrence of a noun modifier (adjective, pronominal
adjective) }
M12V = {the occurrence of a verb modifier (adverb)}
M13 = {the occurrence of a (generalized) quantifier}

M14 = {pre-positions or post-positions expressing the case (for N),
aspect or meaning (for V), etc.}

b) M2 Class = {markers that introduce a (finite or non-finite)
clause, or a syntactic category group phrase with the semantic head N,
V, A}. XG syntactic compound, (X = N, V, A), may be assimilated
with a (degenerated) non-finite clause for X = N, A. M2 is split into the
following subclasses (in decreasing order of priority when introducing
dependency relations):

M25 = {markers that introduce the relative clause}.

The explanation for M25 tag (and its place in the dependency graph
of Fig. 2.3, Part I) is that the relative clause represents the most com-
plex syntactic compound playing the role of a modifier, to be applied
to its NG head argument. The relative clause is an A2-level modifier
in the FX-bar scheme, i.e. a modifier of 2-bar (clause) level of FX-bar
projection.

M24 = {the occurrence of a finite verbal group (FVGQG) or, simply, the
occurrence of the FINIte feature value assigned to a verb, introducing
a finite VG, thus clause}.

The whole VG may inherit the FINIte feature value if its (predica-
tional V) semantic head, or its (auxiliary V) syntactic head for complex
tenses, bears this feature value.

M23 = {the occurrence of PREDF = PROCess non-lexical feature
value assigned to any of the major categories N, V, A (since the lexicon
encoding), thus introducing a clause}.

M22 = {the occurrence of the TENSe=NonFINite feature value
assigned to the category V}. See [2], [28], [30], [23], [18] for various
analyses of the verbal complex, i.e. VG in FX-bar terms.
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M25, M24, M23 and M22 marker classes introduce X2-level struc-
tures, viz. finite or non-finite clauses, made up of an X1 phrase (or
XG group, X = N, V, A) that represents the semantic (either finite,
non-finite or predicational) head of the X2-level structure, followed
by the corresponding NG-type (including prepositional-headed) argu-
ments and /or adjuncts within the same clause. Some of the arguments,
such as the classical case of the grammatical subject (or all the argu-
ments, as it is possible in German), may precede the X1-type semantic
head of the clause to which they belong [12; p.73]. Note that there
exists a systemic (canonical) order [37] of the clause compounds, or
‘actants’ (Arguments and Adjuncts) in a (finite or non-finite) clause:
ACT(or), PAT(ient), ADDR(essee), ORIG(ine), LOC(ation), etc. The
systemic order of the arguments within a clause is (a theta-order) spe-
cific to each NL, being obtained as a result of a very careful linguistic
and statistic research.

M21 = {markers that introduce JOIN-type relations, i.e. conjunc-
tions of the type “and”, “or”, “as_well_ as”, “together_with”}.

M20 = {COMMA}.

Classes M21 and M20 comprise markers with an important degree
of ambiguity since they may introduce any structure of type X1 (XG
groups, X = N, V, A) or X2 (finite or nonfinite clauses).

c¢) M3 Class = {inter-clausal (discourse) markers}.

The M3 class markers are functions, or relations (when correlated),
having as arguments two or several finite (some of them may be non-
finite) clauses. These markers are what [25], [16], [17] and other ap-
proaches are calling inter-clause, ‘clause-like’, or discourse markers, and
apply to the X2 = CL1 syntactic projections of clause-type in the FX-
bar scheme(s).

M3 may be partitioned into the following subclasses (in decreasing
order of priority when introducing dependency relations):

M34 = {punctuation (pragmatic) markers that separate clauses,
e.g. “VTT 0}

M33 = {inter-clausal / discourse markers that introduce (unam-
biguous) strict super-ordination clausal dependency }. Strict super-
ordination means the effective raising of (at least) one level of clausal
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dependency, and is represented by such markers as “then”, “else”, etc.

M32 = {inter-clausal / discourse markers that introduce super-
ordination clausal dependency, including punctuation marks such as
colon, semi-colon, closed parenthesis, second-paired dash, etc.}. Super-
ordination means raising one (or several) level(s) of clausal dependency,
or remaining on the same dependency level within a coordination-type
dependency. Typical examples of markers from M32 class are: 7 but”,
“therefore (thus)”, “even”, “equally_(to)”, “in_comparison_with (com-
pared_to)”, etc.

M31 = {inter-clausal (discourse) markers introducing one (or sev-
eral) sub-ordination clausal dependency level(s), including punctuation
marks such as open parenthesis, first-paired dash, etc.}. This is a large
class of discourse markers bearing various types of relations between
clauses: logical, syntactic (of several types), semantic, pragmatic, etc.

As mentioned above, each of the M33, M32, and M31 classes may,
at their turn, be partitioned into sub-subclasses that contain relational-
type markers (expressed by correlation) as relations on clauses, or as
functions (with at least two arguments) on clauses.

d) M4 Class = {discourse markers, which determine the rhetor-
ical relations that can be established between discourse segments}.

The elementary discourse units (EDUs, or segments) are identical
to clauses in most of the cases, but exceptions can be found, that is,
some segments can be constituted of several clauses and, remarkably,
sub-clausal segments (non-finite clauses or groups different from the
verbal one, but which still contain a covert predication) can also exist
(see §4.2, Part I). Some of the discourse markers are also M3 level
markers, i.e. they also have an inter-clausal relation determination
role.

The same rhetorical marker can introduce several types of rhetorical
relations, the disambiguisation being resolved by additional methods
(statistical results, anaphora resolution, and lexical chains).

The M4 level markers can be classified accordingly to several crite-
ria:

i) According to the type of rhetorical relation introduced;

The M4 level markers determine certain types of rhetorical rela-
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tions, similar to those described in [24]. The number of these relations
is approximately 25 in [24], the list being extended in [25]. The M4-
level markers can be classified by the type of the established relations,
as follows:
Antithesis: dar, insa, cu toate acestea, ci, dacd nu, numai nu;
Coucession: degi, cu toate ca, cel pufin;
Detail: in acelagi mod, la fel cum, cat despre;
Duration: niciodata, inca o data, dupd ce, in tot acest timp;
Elaboration: pe deasupra, si incd, in acea perioadd, la care;
Justify: dar si, insd, de asemenea;

Purpose: pentru ca, ca sa, fiindca, cu scopul;

ii). According to the type of the units introduced

The discourse markers can be classified after the type of the dis-
course segments they introduce, in: markers that introduce nucleus-
type discourse units (dar, insa, atunci, altfel, in primul rand) and
discourse markers that introduce satellite units (chiar daca, cu toate
ca, din cauza, daca).

iii). According to the complexity of the introduced relations;

Applying these criteria, the M4-level markers can introduce: (a) bi-
nary relations — most of the relations between the discourse segments
are binary; for example, the Elaboration relation, introduced by mark-
ers like “in plus”, “pe langa acestea”, “de asemenea”, “in afard de
acestea”; (b) n-ary relations, (n >= 3).

There are some rhetorical relations which can have as arguments
more than two discourse segments. Among these are the Joint relation
(introduced by markers like “si”, “sau”), the Contrast relation (intro-
duced by markers like “dimpotriva”, “degi”, “ca gi cum”), the List or
Sequence relations.

An important aspect that has to be considered in establishing the
rhetorical relations between discourse units is marker correlation. This
is also used to establish dependencies between clauses, but at the dis-
course level it is essential if we want to build the discourse trees cor-
rectly.

An obvious example of correlation at the M4 level is the 3-uple
(daca S1) — (atunci S2) — (altfel S3) (if-then-else relation). In this
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case, the tree corresponding to the sentence must be built taking into
consideration not only the relations between the S1, S2 and S3 seg-
ments, established on the markers, but also the relations between the
markers, relations that determine the structure of the tree built from
the discourse units.

Fig. 2.3 (Section 2.3, Part I) presents the hyper-graph hierarchy
of the SCD marker classes. This hierarchy is considered to be valid
for Romanian. Certain modifications could be necessary from a NL
to another. When we situate within restrained field of Indo-European
languages (such as French, English, German, possibly Russian), one can
appreciate that the proposed marker classes and structures (in Fig. 2.3)
remain very similar, possibly submitted to slight modifications from a
particular NL to another.

7.1 SCD Segmentation / Parsing Algorithms

The SCD segmentation algorithm presented here has a breadth-first (or
sequential-linear) processing form, using as input a morphologically
tagged text, and obtaining the finite (and non-finite) clauses, and the
XG-structures (e.g. [9], [13] for a depth-first, recursive version of the
SCD segmentation-parsing algorithm). The XML standard is used for
data representation, and the implementation of the algorithm is made
in Java.

Steps of the SCD algorithm:

a) Marker recognition for local text structures (M1, M2,
M3 classes)

This step is realized automatically, except for the predicationality
feature PREDF := PROCess, which cannot be assigned in the same
manner, and has to be done manually. A sample set of rules used to
realize the automated SCD annotation is presented in [14; p.75].

M11N markers are associated to nouns; M11P markers to pronouns,
M12N is being associated to adjectives and pronominal adjectives;
M12V markers to adverbs; M13 subclass contains the quantifiers and
negation, and M14 subclass contains prepositions and post-positions.
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Wan??

M20 marker is represented by comma, M21 is “si” (and) coordinat-
ing conjunction; subclass M22 represents an occurrence of the NonFI-
Nite feature associated to verbs, M23 marker is associated to a V, N,
or A that bears the predicationality feature PREDF := PROC, M24
marker is associated to the lexical elements tagged as verbs at a fi-
nite mode (TENSe = FINIte), and M25 subclass is assigned to relative
pronouns.

M3 class markers are associated at this stage to lexical elements
that have coordination, sub-ordination or super-ordination role, as well
as sentence boundaries. The ‘real’ M3 markers, which can contain
multiple lexical elements, as “asa cum” (such as), “chiar daca” (even
whether) etc. are recognized in a subsequent stage.

b) Recognition and Structure of the Verbal Group Kernel
[FVGIN tag]

The verbal group (VG), as XG structure in the BAR = 1 projec-
tion level of the FX-bar scheme, contains a semantic head verb, around
which one can find pronouns (only in unaccentuated forms, i.e. clitics),
special adverbs, auxiliaries, modal verbs (or adverbs), negation. VG
is also better known under the label of verbal complex (see [28], [29],
[2]), and constitutes what is traditionally called verbal predicate for the
classical clause (proposition). The VG Kernel (VGK) was initially in-
troduced in [17, p.175] (under the name of default verbal kernel), and
represents a basic substructure in the VG parsing. The typical differ-
ence between VG and VGK is that VGK is missing the proper adverb
of VG (that may syntactically commute with VGK to accomplish the
VG).

c) Recognition of the inter-clause markers

M3 (M3n, n = 1,...,4) and M25 class markers are recognized using
the database described below (Table 8.1).

d) Text segmentation into finite clauses

Using the outcome of the precedent steps, the algorithm determines
the clauses of every sentence in the text, based on the marker classes.
A pseudo-code description of the algorithm is given below:

SCD Tagging
Input: morphological tagged text
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Output: SCD tagged text
1.1 Recognition of the M1 class and M22 markers
Recognition of the FVGIN structure (M24 marker)
Recognition of the MRK structure (M3 class, M20, M21 and
M25 markers)
Manual annotation of the M23 marker (predicational
feature)
SCD meta-algorithms
2.1 Segmentation Algorithm
Input: SCD tagged text
Output: The syntactic structures like: finite-clauses,
nonfinite-clauses, noun groups and verbal groups.
2.1.1 Finite-clause recognition
Input: sentence S with the SCD markers
Output: finite-clauses of the S sentence +
index_fvgl := -1, index_fvg2 := -1,
index_.mrk := -1;
nr_fvg = 1,
index_fvgl := findFVG(S, nr_fvg);
while(index_fvgl != -1)
{
index_fvg2 := findFVG(S, nr_fvg+1);
if(index_fvg2 = -1)
{
index_-mrk = findMRK(index_fvgl, index_fgv2,
“M3” OR “M25");
if(index_mrk 1= -1)
{
insert_boundary(index_mrk);
continue;

}

else

{
index_mrk = findMRK (index_fvgl,
index_fvg2, “M20” OR “M21");
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if(index_mrk !=-1)

{
insert_boundary(index_mrk);
continue;

}

else

{
index_mrk = index_fvg2;
insert_boundary(index_mrk);

}
¥
}
index_fvgl = index_fvg2;
nr_vb ++;
}//end_while

7.2 Running Marcu’s and SCD Algorithms

When working with SCD marker tags, i.e. Mpq identifiers (p = 1+4,
g = 1+5) or X-p marker labels in Fig. 2.1-2.2 (Part I), it is necessary to
transform a morphologic (or POS) automatic tagging into SCD tagging.
SCD annotation can be performed with a small computational price,
the only problem arising is the assignment of the predicational feature
values PROC or EXIST to those major lexical categories N, V, or A
that bear it (if it was not already assigned at the lexicon level). The
TezTag C++ environment was developed for both the (manual) control
of morphologic (POS) and SCD tagging, as well as for the automatic
transformation of POS tagging into SCD annotation.

For segmentation / parsing tasks, we developed two main programs:
the ClauSEGM environment, written in Visual C++ 6.0 [14], [17] and
used to implement the Marcu’s segmentation algorithm, and the SCD-
Segmentation environment, written in Java and used to implement
the SCD segmentation and parsing algorithms for Romanian sentence.
Here it is the result of running an example with both programs.

Ex.7.2.1.Marcu_SEG. Marcu’s (unstructured) segmentation-at-
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discourse algorithm within ClauSEGM environment (see Fig. 7.2.1)

[In toamna aceea n-a nins decat foarte tirziu.]l [Locuiam intr-un
chalet din lemn, aflat intr-o padure de pini de pe coasta unui munte
gl noaptea totul ingheta, incat dimineata cele doua cani cu apa de pe
bufet aveau o pojghita de gheata pe deasupra.|2 [Dimineata, devreme,
Mrs. Guttingen intra in camerd]3 [ca sd inchida ferestrele si facea
focul in soba cea mare de folosinta.]4 [Surcelele de brad paraiau si
scoteau scantei si focul Incepeal5 [sa duduie in sobd.]6 [A doua oara,
Mrs. Guttingen venea cu niste butuci grogi de lemn pentru foc si o
cand cu apa fierbinte.|7

Ex.7.2.2.SCD_SEG. SCD-2004 (unstructured) segmentation-at-
clause algorithm within SCDSegmentation environment

[In toamna aceea n-a nins decat foarte tarziu.]l [Locuiam intr-un
chalet din lemn, aflat intr-o padure de pini de pe coasta unui munte|2
[si noaptea totul ingheta,|3 [incat dimineata cele doua cani cu apa de pe
bufet aveau o pojghita de gheatd pe deasupra.]4 [Dimineata, devreme,
Mrs. Guttingen intra in camera]b [ca sa inchida ferestrele|6 [si facea
focul in soba cea mare de folosinta.]7 [Surcelele de brad paraiau]8 [si
scoteau scantei]9 [si focul incepeall0 [sa duduie in soba.]11 [A doua
oara, Mrs. Guttingen venea cu nigte butuci grosi de lemn pentru foc si
o0 cand cu apa fierbinte.]12

Example 7.2.3. The SCD analyses, as tagged code, are as follows:

POS Tagged Input:

<TOKID="TOK111” root="Nu” pv="Particle” Type="nega-
tion” >Nu</TOK> <TOK ID="TOK112” root="avea” pv="Verb”
Type="main” Mood="indic.” Tense="imperfect” Person="third”
Number="singular” >avea</TOK> <COMP ID="COMP4” pv=
"Determiner” Person="third” Gender="masculine” Number="sin-
gular” Quantification="existential” >nici un</COMP> <TOK ID=
"TOK113” root="rost” pv="Noun” Type="common” Gender=
"masculine” Number="singular” Definiteness="no” >rost</TOK>
<TOK ID="TOK114” root="sa” pv="Particle” Type="subjunc-
tive”>sa</TOK> <TOK ID="TOK115" root="incerca” pv=
”Verb” Type="main” Mood="subj.” Tense="present” Person=
"third” >incerce</TOK> <TOK ID="TOK116” root="la” pv=
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7 Adposition” Type="preposition” Formation="simple”’> la
</TOK> <TOK ID="TOK117” root="1ift" pv="Noun” Type=
”common” Gender="masculine” Number="singular” Definiteness=
"no” >lift</TOK> <PTERM_P ID="PTERM_P4” type="PERI-
OD”>.</PTERM_P>

SCD Tagging output:

<TOKID="TOK111” root="Nu" Type="negation” pv="Par-
ticle” mark="M13">Nu</TOK> <FVGIN ID="FVGIN_9” mark=
"M24” > <TOK Type="main” Mood="indic.” mark="M24" Num-
ber="singular” ID="TOK112” Person="third” root="avea” Tense
="imperfect” pv="Verb”>avea</TOK> </FVGIN> <TOK ID=
"COMP4” Gender="masculine” Person="third” Number="singu-
lar” pv="Determiner” Quantification="existential” mark="M14">
nici un</TOK> <TOK ID="TOK113” root="rost” Gender="mas-
culine” Type="common” Number="singular” pv="Noun” Defi-
niteness="no” mark="M11N">rost</TOK> <FVGIN ID=
"FVGIN_10" mark="M24"> <TOK ID="TOK114” root="sa”
Type="subjunctive” pv="Particle” mark="M24">sa</TOK>
<TOK ID="TOK115” root="incerca” Person="third” Type=
"main” pv="Verb” Mood="subj.” Tense="present” mark=
"M24” >incerce</TOK> </FVGIN> <TOK ID="TOK116” root=
7la” Type="preposition” Formation="simple” pv="Adposition”
mark="M14">la</TOK> <TOK ID="TOK117” root="lift” Gen-
der="masculine” Type="common” Number="singular” pv=
"Noun” Definiteness="no” mark="M11N">lift</TOK> <MRK
ID="MRK24” mark="M34"> <TOK ID="PTERM_P4” type=
"PERIOD” mark="M34">.</TOK> </MRK>

SCD Segmentation output:

<clauza id="9"> <TOK ID="TOK111” root="Nu” Type="ne-
gation” pv="Particle” mark="M13">Nu</TOK> <FVGIN ID=
"FVGIN_9” mark="M24"> <TOK Type="main” Mood="indic.”
mark="M24" Number="singular” ID="TOK112” Person="third”
root="avea” Tense="imperfect” pv="Verb”’>avea</TOK>
</FVGIN> <TOK ID="COMP4” Gender="masculine” Person=
7third” Number="singular” pv="Determiner” Quantification="ex-
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istential” mark="M14" >nici un</TOK> <TOK ID="TOK113”
root="rost” Gender="masculine” Type="common” Number="sin-
gular” pv="Noun” Definiteness="no” mark="M11N”>rost
</TOK> < /clauza> <clauza id="10"> <FVGIN ID="FVGIN_10"
mark="M24"> <TOK ID="TOK114” root="sa” Type="subjunc-
tive” pv="Particle” mark="M24">sa</TOK> <TOK ID=
"TOK115” root="incerca”’” Person="third” Type="main” pv=
”"Verb” Mood="subj.” Tense="present” mark="M24" >incerce
</TOK> </FVGIN> <TOK ID="TOK116” root="1a” Type="pre-
position” Formation="simple” pv="Adposition” mark="M14">la
</TOK> TOK ID="TOK117” root="1ift” Gender="masculine”
Type="common” Number="singular” pv="Noun” Definiteness=
"no” mark="M11N">lift</TOK> <MRK ID="MRK24” mark=
"M34”> <TOK ID="PTERM_P4” type="PERIOD” mark=
"M34”>.</TOK>

</MRK> </clauza>

SCD Parsing output:

<clauza id="9"> <FVG id="9"> <TOK ID="TOK111" root=
"Nu” Type="negation” pv="Particle” mark="M13” >Nu</TOK>
<FVGIN ID="FVGIN_9” mark="M24"> <TOK Type="main”
Mood="indic.” mark="M24" Number="singular” ID="TOK112”
Person="third” root="avea” Tense="imperfect” pv="Verb” >avea
</TOK> </FVGIN> </FVG> <NG id="39"> <TOK ID=
"COMP4” Gender="masculine” Person="third” Number="singu-
lar” pv="Determiner” Quantification="existential” mark="M14">
nici un</TOK> <TOK ID="TOK113” root="rost” Gender="mas-
culine” Type="common” Number="singular” pv="Noun” Defi-
niteness="no” mark="M11N">rost</TOK> </NG> </clauza>
<clauza id="10"> <FVG id="10"> <FVGIN ID="FVGIN_10"
mark="M24"> <TOK ID="TOK114” root="sa” Type="subjunc-
tive” pv="Particle” mark="M24">sa</TOK> <TOK ID=
"TOK115” root="incerca”’” Person="third” Type="main” pv=
”Verb” Mood="subj.” Tense="present” mark="M24">incerce
</TOK> </FVGIN> </FVG> <NG id="40"> <TOK ID=
"TOK116” root="la” Type="preposition” Formation="simple”
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pv="Adposition” mark="M14">la</TOK> <TOK ID=
"TOK117” root="1ift” Gender="masculine” Type="common”
Number="singular” pv="Noun” Definiteness="no” mark=
"M11N” >lift</TOK> </NG> <MRK ID="MRK24” mark=
"M34”> <TOK ID="PTERM P4” type="PERIOD” mark=
"M34”>.</TOK> </MRK> </clauza>

Example 7.2.4. Here there are two snapshots of running the en-
vironments: ClauSEGM and SCDSegmentation.
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Figure 7.2.2. SCDSegmentation run with SCD-2004 algorithm
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8 SCD Global Parsing Algorithms

8.1 SCD Clause-Level Global Parsing

The following step after the SCD segmentation is to use the resulted
clauses for establishing the dependencies between them. In order to do
this, there are two working possibilities: (a) dependency determina-
tion using the same marker classes as in the segmentation algorithm;
(b) dependency resolving using lexical markers.

Both cases are using the information from a database containing, for
each marker, the class to which it belongs, the type of the introduced
relation (subordination, coordination, super-ordination), the name of
the relation (Relative, Conditional etc.), the succession of the clauses in
that relation, the place and distance to the clause of the related current
marker, as well as information about the markers that correlate to the
current marker (position and correlation distance).

For each sentence in the text, divided into clause, the marker se-
quence is being processed in several steps.

In the first step we establish a partial tree of the dependency rela-
tions using the information in the database described above.

In the next step, we use a set of rules in order to correct and com-
plete the tree obtained in the previous step, by processing the whole
marker sequence, corresponding to the current sentence.

In order to determine the dependencies between clauses, we must
take under consideration some general cases of resolving, using the M3
level lexical markers.

The same operations will be used for determination of the rhetorical
relations, in a subsequent step, the difference being determined only
by the nature of the discourse units and the structure of the marker
database.

The general case considers a clausal unit (Mi, Ci) (Marker, Clause)
which contains a marker that can be found, with the information nec-
essary to establish its super-ordinate, in the database.

i) Marker Correlation Processing

In the case of marker correlation, in order to ascertain the depen-
dencies, the problem can be solved by structuring the information from
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Table 8.1. SCD M3 Lexical/Class Marker Database for Clause-level

Mar-| Clasg Type| Relaq Sucea Wh2- | Distf Corre{ Dist-| Wh-| Disc

ker tion Lnk late 2Cory 2C role

Care | M25 | Sub | Atr | R b(efore) 1 - no
S

Daca| M31 | Sub | Cond| R b 1 atunci | 2 b yes

Sub S altfel | 1 a
Altfell M33 | Sub | Cond| R b 2 daca 1 b yes
Coord R atunci | 2 a

Si M21 | Coord R b 1 si 1 b no
R

a M25 | Sub | Atr | R b 1 - no

caror S

aga | M31 | Sub | Cons | R b 1 yes

incat | M12V| S

Aga | M31 | Sub | Mod | S a 1 tot 2 b yes

cum | M12V| R asa

Acolol M31 | Sub | Loc | R b 1 yes

unde S

Cat | M31 | Sub | Nspeq a 1 yes

M12V|

Fie M33 | Coord| Coord R fie 1 a yes
R

Nici | M33 | Coord| Coord R nici 1 a yes
R

correlated markers as in the database described above.

Thus, besides the information necessary to establish the dependen-
cies in the general case, (Mi, Ci) (Mj Cj), the database contains several
fields referring to the markers that correlate to the current one, namely
the lexical marker(s), the correlation distance (number of marker units
to correlate over), the correlation direction (before or after the current
unit).

For instance, the necessary facts referring to correlation in case of
“daca” (if) marker are: the markers that daca” is correlated with
(atunci, altfel) (then, else), the correlation distance (2, 1), and the cor-
relation direction (Before, After) respectively, for each of the markers
that correlate with “daca” (if).
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daca Sub atunci 2 b yes
Sub altfel 1 a

In case at some parsing point one encounters the “daca” (if)
marker, the unit that contains it (Unit ¢) will be correlated in the
Sub(ordination) relation to the (i—2) Unit, which contains the “atunci”
(then) marker, and to (¢ + 1) Unit, which contains the “altfel” (else)
marker, as well in the Sub relation. In the same manner is solved the
coordination, which represents a particular case of correlation.

Examples of correlation: daca. .. atunci. .. altfel; desi. .. totusi;

Examples of coordination: Fie... fie; Nici ... nici; Sau. .. sau;
Ori ...ori; Nici ...ct; Ci...§t...Cl... ; OTi...INSd...ori; §i...dar

.. St

ii) Marker Sequence Processing

In order to establish the dependencies at the inter-clausal level,
the marker sequences are treated as follows: any sequence of two or
more markers is divided in other two subsequences, until one obtains
sequences of two markers, treated analogously to the general case.

Therefore, for sequences like (Mi Ci) (Mj Cy), if the super-ordinate
(regent) clause of Ci is established based on the information from
database about the M: marker, then the regent of Cj is established
based on the information about the Mj marker.

For sequences like (Mi (Mj Cj) Ci), the regent clause of Ci is
established according to the data about Mi, and Cj will have as regent
the unit that includes it, that is C¢, rule specified in the database, at
the M7 information.

If marker classes are utilized, the type of the relation (subordi-
nation, coordination, super-ordination) can be determined as well, but
with a smaller precision, without being able to specify exactly the name
of the relation, like using lexical markers. In this case, some impor-
tant advantages would provide the increased processing speed and the
reduced dimension of the database and dependency establishing rules.

After building the tree from the local relations (that can be found
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in the database), turn back to the obtained tree to correct the existing
relations and to add some new ones, resulted as supplementary infor-
mation from processing the whole sequence of markers ascribed to the
entire sentence (e.g. verification of the last XG in the previous clause
could give additional information about the type of the currently pro-
cessed clause). Also, a set of rules is applied to the firstly resulted
dependency tree.

Examples of rules:

Rule 1: “daca” marker can correlate to a comma in the absence
of “atunci”.

Rule 2: If after a “daca” follows a “sa”, “care”, “ca” marker, the
clause that contains “daca” correlates to one (usually the first) after
those clauses that contain the respective markers.

Rule 3: If there is an “atunci”, but not preceded by “daca”, then
one can correlate the “atunci” marker with “cand”, if any.

Rule 4: Repetition of the same marker (preceded or not by comma
or “gi”) represents a correlation.

8.2 SCD Discourse-Level Global Parsing

A type of parsing that presents a great deal of interest is discourse
parsing. As noticed in Part I of this paper, discourse parsing can be
done in various ways. The method proposed by the SCD strategy in-
cludes building the discourse tree using M4-level lexical markers, while
discourse segments being obtained by clause parsing.

Using the results of the SCD clausal parsing and a database which
contains information about the discourse markers, one can obtain the
discourse structure of a text. The result is represented as a discourse
tree whose terminal nodes are (almost always) clauses, having specified
on the arcs the name of the involved rhetorical relations.

Discourse parsing can be done at sentence level [38], as well as
between larger spans of text, like between sentences, paragraphs or
sections of a text. For each type of text unit, separate sets of markers
and rules are determined and applied.
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Table 8.2. SCD M4 Lexical Marker Database for Discourse

Marker | Rhet-| Succ | Wh2L | Dist| Correlation DisTo-| Wh2C
Rel Corr

daca Cond | N S B 1 atunci 2 B
altfel 1 A

altfel Cond | NN B 1 dac 2 b
atunci 1 b

in Enum | NN A 1 in al doilea rand | 1 a

primul

rand

in al | Enum | NN a 1 in al treilea rand | 1 a

doilea Enum | NN b 1 in primul rand 1 b

rand

in al | Enum | NN a 1 in al patru-lea | 1 a

treilea Enum | NN b 1 rand 1 b

rand in al doilea rand

9 Evaluations and Conclusions

Part IT of the paper outlines SCD variants of the segmentation/parsing
algorithms, counsidering criteria of lexical and class levels of phrase
markers, in the context of a general hierarchy of marker classes pro-
posed for SCD (Fig. 2.3, Part I). The newly defined notions of strong
and weak functional generative capacity are introduced for the lexical-
level and class-level phrase markers, respectively.

In [14] and [17], SCD segmentation and parsing at the clause level
are compared to several clause or clause-like segmentation and pars-
ing algorithms such as those exposed in [25], [36], [31], [6] dealing
with Romanian or English text segmentation / parsing. E.g., Marcu’s
clause-like (actually, discourse) segmentation is proved to be “embed-
ded” into SCD (finite) clause segmentation, except the special situation
of subclausal discourse segments [14]. Applied on several hundreds of
(both Romanian and English) sentences, the implementation of [25]
clause-like segmentation algorithm has a precision of 73% and a recall
of 69% for Romanian, and a precision and recall of approx. 95% for
English (Hemingway’s “Farewell to Arms”). [36] and [31] provide sim-
ilar segmentation methods for Romanian, respectively English, using
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lexical word-patterns around the clause boundary, obtaining 89.03%
precision and 88.51% recall for Romanian, similar results for English,
and increasing the precision / recall rate to approx. 95% when applied
machine learning to the segmentation process.

For the current Java implementation of the SCD segmentation /
parsing algorithm [17], tests have been effectuated from the whole
71984 (George Orwell) corpus, representing approximately 6.500 sen-
tences and 15.000 clauses. The number of correctly recognized clauses
rises up to 14.500, which means a precision of 96,6% and a recall of
95%. Comparing to the previous version of the parser, [17] obtained
an improvement of approx. 10%, the previous test being done on 1500
sentences from the whole corpus.

In taking the tests on the SCD segmentation algorithm, several
problems were identified, which led to an incorrect parsing of a number
of approx. 500 sentences from the 15.000. The 3.4% error rate is due
to some problems of lexical nature, to the lack of proper punctuation
marks. Also, parsing errors can be found in the case of imbricate
clauses, where there are no key words to indicate the continuation of a
clause previously opened.

As a continuation of current topics, a class of parsing algorithms (at
clausal and discourse level) is proposed, which can be described within
the SCD strategy by refining the SCD marker classes (and hierarchy)
towards the lezical level of the contained markers. A generalization of
Marcu’s lexical marker database was defined, both at the M3 and M4
classes of SCD marker hierarchy (Tables 8.1 and 8.2), which can be
used in (inter-clausal and discourse rhetorical) parsing algorithms.
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Abstract

Text classification is one of the most actual among the natural
language processing problems. In this paper the application of
word-based PPM (Prediction by Partial Matching) model for au-
tomatic content-based text classification is described. Our main
idea is that words and especially word combinations are more rel-
evant features for many text classification tasks. Key-words for
a document in most cases are not just single words but combina-
tion of two or three words. The main result of the implemented
experiments proved applicability of word-based PPM models for
content-based text classification. Although in some cases the
entropy difference which influenced the choice was rather small
(several hundredths), most of the documents (up to 97%) were
classified correctly.

1 Introduction

Text or document classification is the assignment of documents to pre-
defined categories on the base of their content. It is one of the most ac-
tual natural language processing problems. Message classification is an
every day problem for every person, using electronic mail; an adequate
system for spam detecting has not been developed yet. Automatic text
classification at the news tapes, automatic subject classifier in on-line
libraries would be of much help for people supporting these services.
The number of files, stored at a typical computer is also increasing
rapidly; those collections will also need an automatic classification.

(©2006 by V. Bobicev
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There are different types of text classification. Authorship attribu-
tion, spam filtering, dialect identification are just several of the pur-
poses of text categorization. It is natural that for different types of
categorization different methods are pertinent. The most common type
is the content-based categorization which classifies texts by their topic,
objects and events they describe.

In this paper the application of word-based PPM (Prediction by
Partial Matching) model for automatic content-based text classification
is described. Although the application of PPM model to the document
classification is not new, the novelty in our approach is word-based
model we support.

Our main idea is that words and especially word combinations are
more relevant features for many text classification tasks. It is known
that key-words for a document in most cases are not just single words
but combinations of two or three words. Thus, sequences of words are
quite representative for text classification task.

The following sections of this paper describe machine-learning and
compression-based approaches to text classification. Several word-
based models are considered and a particular word-based PPM model
for content-based text categorization is presented. Finally, some ex-
perimental results for PPM models based on trigrams, bigrams and
unigrams are reported.

2 Related works

Typical approaches to text classification extract “features” from docu-
ments and form feature vectors which are used as an input to a machine
learning technique. The features are generally words. Because are so
many of them, a selection process is applied to determine the most
important ones and the remainder are discarded.

Lately the most wide spread machine learning techniques used for
classification are based on the SVM (support vector machine). Almost
any classification method can be reduced to separation hyper plain
construction in terms of SVM method [3]. Although separation of
vectors using plains appears rather simple, SVM classification methods

184



Text Classification Using Word-Based PPM Models

are more effective than the others: decision tree approach [12], cluster
classification [14], naive Bayes classification [11], and neural nets [13].

SVM classification methods achieve high level of precision due to
the separation of and adjustment to text “features”, which are words
of the text. The problem of SVM is the requirement of quadratic
convex programming that demands time expenses and inevitable use
of floating-point arithmetic. Text classification by SVM methods de-
mands such large number of characteristics that the task becomes com-
putationally not feasible. Of course, new methods of optimization are
developed, but still SVM is capable of operating with not more than
ten thousands characteristics.

A number of approaches that apply text compression models to
text classification have been presented recently. The underlying idea
of using compression methods for text classification was their ability to
create the language model adapted to particular texts. It was supposed
that this model captures individual features of the text being modeled.

3 Statistical Models for compression.

A number of powerful modelling techniques have been developed in
recent years to compress natural language text. The best of these are
adaptive models operating on character and word level, which are able
to perform almost as well as humans at predicting text.

PPM (prediction by partial matching) is an adaptive finite-context
method for compression. It is based on probabilities of the upcom-
ing symbol in dependence of several previous symbols. Firstly this
algorithm was described in [1], [2]. Lately the algorithm was modified
and in [7] was described an optimized PPMC (Prediction by Partial
Matching, escape method C) algorithm. PPM has set the performance
standard for lossless compression of text throughout the past decade.
In [10] it was shown that the PPM scheme can predict English text
almost as well as humans. The PPM technique blends character con-
text models of varying length to arrive at a final overall probability
distribution for predicting upcoming characters in the text.

For example, the probability of character 'm’ in context of the word
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"algorithm’ is calculated as a sum of conditional probabilities in depen-
dence of different length context up to the limited maximal length:

P(m’) = As- P(’'m’ | ’orith’) + Ay- P('m’ | 'rith’) + A3- P('m’ |
'ith’) + Ao+ P(’m’ | ’th’) + A1+ P('m’ | k),
where A; (i = 1...5) is normalization factor; 5 - maximal length of the
context.

The models are adaptive: the counts for each context are updated
progressively throughout the text. In this way, the models adapt to
the specific statistical properties of the text being compressed. This
particular feature of the model is used to sort documents.

4 Classification using PPM models.

Most of compression models are character-based. They treat the text as
a string of characters. This method has several potential advantages.
For example, it avoids the problem of defining word boundaries; it
deals with different types of documents in a uniform way. It can work
with text in any language and it can be applied to diverse types of
classification.

In [6] the simplest way of compression-based categorization called
off-the-shelf algorithm is used for authorship attribution. The main
idea of this method is as follows. Anonymous text is attached to texts
which characterize classes, and then it is compressed. A model, pro-
viding the best compression of document, is considered as having the
same class with it. Among 16 compared compression algorithms, the
best performance was obtained by rarw which uses PPMD (Predic-
tion by Partial Matching, escape method D) compression program (71
correctly attributed texts for 82 test texts).

The other approach is direct measuring of text entropy using a cer-
tain text model. PPM is appropriate in this case, because text model-
ing and its statistic encoding are two different stages in this method.
In [5] it was shown that results of this method were very similar to
the results of the off-the-shelf algorithm. In their paper authors ap-
plied compression-based method to multi-class categorization problem
in order to find duplicated documents in large collections. Comparing
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several compression algorithms, the authors found that the best per-
formance was obtained by RAR and PPMD5 (84%-89% for different
conditions).

In [9] similar approach was used for language identification, to iden-
tify the period of historical English texts, for dialect identification and
for authorship attribution. All these problems may be viewed as text
categorization problems and solved using minimum-entropy approach
based on PPM model.

In [19] several compression schemes were used for source based text
categorization. The result was not as satisfactory as the author de-
sired. Furthermore, the word-based PPM model tested on the paper
performed worse than the letter-based one. The author considered it
happened due to the small training set. Performing a great number of
different experiments of compression-based categorization author con-
cluded that more work needs to be done to evaluate the technique.

In [20] extensive experiments on the use of compression models
for categorization were performed. They reported some encouraging
results; however they found that compression-based methods did not
compete with the published state of the art in use of machine learning
for text categorization. Authors considered that the results in this area
should be evaluated more thoroughly.

In [15] the letter-based PPM models were used for spam detecting.
In this task there existed two classes only: spam and legitimate email
(ham). The created models were applied to TREC spam filtering task
and exhibited strong performance in the official evaluation, indicat-
ing that data-compression models are well suited to the spam filtering
problem.

5 Word-based models.

Word-based statistical model uses a number of previous words to pre-
dict the following one. For the first time, statistical models based on
Markov’s chains of words were successfully used in speech recognition
[4].

187



V. Bobicev

It is necessary to mention that word-based models present a prob-
lem when implemented practically. Number of different words in a
text is much greater than number of letters in alphabet. While there
is no problem to create a letter-based model with the context of 6,
7, 8 letters, the creation of word-based model with the context of 3
words is time and memory consuming. Word-based Markov chains are
practically implemented with context of one (bigrams) or two words
(trigrams) because the longer context demands large training corpora,
much time (sometimes more than 24 hours of training) and memory.

Nonetheless, a number of word-based text compression schemes
have already been proposed [16][17]. In [18], four word-based com-
pression algorithms were implemented in order to take advantage of
longer-range correlations between words and thus achieve better com-
pression. The performance of these algorithms was consistently better
than UNIX compress program.

In [9] the adaptive word-based PPM bigram model was used to
improve text compression. This model created the shorter code in
comparison with letter-based model, because the code was created for
the whole word at once, so less number of bits was used to code each
letter. Besides, it provided faster compression than character-based
models because fewer symbols were being processed.

Results with these models have shown that the word-based ap-
proach generally performs better when applied to compression.

6 Classification using word-based PPM model.

As usual, PPM based classification methods use symbol-based mod-
els. As mentioned above, experiments showed that given classification
methods achieved results, competitive to those obtained by classical
techniques. PPM classification methods are based on text fragments
consisting of a number of symbols. This number should not be higher
than a certain value which is called maximal context. As usual, max-
imal context is five symbols long, because it was proved, that this
maximal context value provides best performance for PPM [9]. Taking
into consideration, that PPM models based on 5 or less symbol text
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fragments have best achievements in document classification, one can
assume that those fragments characterize texts good enough for text
classification.

However, if texts are classified by the contents, they are better
characterized by words and word combinations than by fragments con-
sisting of five letters. We believe that words are more indicative text
features for content-based text classification. That’s why we decided
to use a model based on words for PPM text classification.

It is obvious that 5-word contexts are impossible to use. As it was
mentioned above, in case of words, one or two word context usually is
used. Therefore we applied PPM model based on two, one and zero
word contexts. In case of zero context, words without context were
used. In this case, the same information about the text was available
as in common classification methods. As it is known, classical meth-
ods of documents categorization are based in most cases on frequency
dictionary.

We used minimum cross-entropy as a text classifier [22], using mod-
els, created on the base of certain classes of documents. As it was
mentioned above, PPM is the most convenient for these purposes, be-
cause it has text modelling and its statistical encoding separated in two
different stages.

In informational theory [21], the fundamental coding theorem states
that the lower bound to the average number of bits per symbol needed
to encode a message (text) is given by its entropy:

n

H ==Y p(x;)logp(x;) (1)

=1

where

p(z;) - probability of symbol z; in the message, for all symbols in
the message, i =1...n;

PPM compression algorithm can be used to estimate the entropy of
text as its modelling part estimates the probabilities of text symbols.
Thus, one can estimate the probabilities of symbols in the text and
then calculate their entropy using equation (1). The entropy provides a
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measure of how well the probabilities were estimated; the lower entropy
is, the better probabilities are estimated.

Cross-entropy is the entropy calculated for a text if the probabilities
of its symbols have been estimated on another text:

n

Hi = = p™(x) log p™ (w;) (2)
i=1
were

H]' — text d entropy obtained using model m;

p™(x;) - probability of symbol z; using model m for all symbols in
the text d (i =1...n);

m — a statistic model created on the base of another text.

Usually, the cross-entropy is greater than the entropy, because prob-
abilities of symbols in diverse texts are different. The cross-entropy can
be used as a measure for document similarity; the lower cross-entropy
for two texts is, the more similar they are. It is considered that texts
with lowest cross-entropy belong to the same class. Hence, if several
statistic models had been created using documents that belong to dif-
ferent classes and cross-entropies are calculated for an unknown text on
the base of each model, the lowest value of cross-entropy will indicate
the class of the unknown text. In this way cross-entropy is used for
text classification.

Thus, two steps were realized: (1) creation of PPM models for every
class of documents; (2) entropy estimation for unknown document using
models for each class of documents.

The unknown document considered to be of the same class with the
model providing the lowest value of entropy.

In the experiments the entropy per word was calculated in order to
avoid influence of document’s size on the entropy value:

n

Hifn= (= p™(xi)logp™(x:))/n (3)

=1

where n is number of words in document d.
The aim of the experiments was twofold:
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- to see how distinct the values of entropies on different models for
the same document are;

- to evaluate quality of document classification by this method.

7 Experiments

To check the word based classification method using PPM, a set of
experiments was made. The corpus of newspaper articles from the Ro-
manian electronic newspaper “Evenimentul zilei” (Event of The Day)
was used in the experiments. All the articles in this newspaper be-
longed to one of the 7 categories:

- editorial;

- money, business;
- politics;

- investigations;

- quotidian;

- in the world;

- sport.

Thus there were documents of seven categories. Each category was
considered a class of documents in the classification task. To verify
the documents classification quality, word-based trigram PPM models,
based on groups of documents from each category separately, were
created firstly.

As the result, seven models were created, each of them reflecting
features of a certain category.

Then the entropies of a number of test documents were calculated
using the created models (we took 10 test documents from each cat-
egory, total - 70 documents). It was supposed that texts from one
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category had similar lexicon and differed from other texts. The en-
tropy of texts from the same category as well as of those used to create
the model must be less than in texts from other categories. So, having
the entropy calculated on the base of seven models, we attributed the
text to the category for which its entropy was minimal. In the table 1,
the average entropy value per word for seven types of test documents is
shown. Columns show seven models based on each text category, rows
refer to test files of the given category. Figures in the table cells show
average entropy per word for test documents of the row calculated on
base of the model in the column.

Table 1. Average entropy value for test documents for seven categories
(trigram model).

v | B
2| 8 | 5 | 8| %
categories g & s 2 o = k& -
SZ| % 2 = g = 5
=2 & E £ | & g 2
Money, business | 9,60 | 10,30 | 10,39 | 10,33 | 10,23 | 10,12 | 10,34
quotidian 10,25 | 10,02 | 10,32 | 10,23 | 10,07 | 10,14 | 10,20
editorial 10,35 | 10,19 | 9,59 | 10,29 | 10,13 | 9,86 | 10,14
in the world 10,28 | 10,19 | 10,40 | 9,38 | 10,20 | 10,11 | 10,23
investigations 10,21 | 10,00 | 10,30 | 10,18 | 9,62 | 10,02 | 10,17
politics 10,09 | 10,18 | 10,07 | 10,11 | 10,03 | 9,32 | 10,16
sport 10,41 | 10,29 | 10,39 | 10,32 | 10,19 | 10,17 | 9,06

Minimal entropy obtained on each model is shown with bold. As
it can be seen, articles from the same category which was used for the
model creation have minimal entropy. It means that entropy, calculated
by this way, can be used for the document classification. But it must
be mentioned that there is a very small difference in values. Such a
small difference in values increases the risk of errors.

The only mismatch is for the test articles from ‘investigations’ and
the model for ‘quotidian’. The figure is underlined.
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In the table 2 the files are given separately. The entropy for each
test file has been calculated. Each test document was classified to a
category for which the entropy of given document was minimal.

Again columns show seven models accordingly to the categories,
rows refer to test files of the given category. Figures in the table cells
show number of test files classified to the category of the column.

Table 2. Test documents classification (trigram model).

T g Z
~ = = 9}
22|73 = |3
E5| 2|z S| B
. a Q -~ 9 TS = 20 0
categories S| 57| g o | B | ©
< & | B Q| = 2 | E | &8
S8l S 12| %8| 2]12]%] 8
B = = T = T = B P
Money, business | 10 | 10
quotidian 10 315 2
editorial 10 10
in the world 10 10
investigations 10 10
politics 10 10
sport 10 10

Almost all the documents were classified correctly. But in some
cases the difference in entropy values, that influenced the decision, was
equal to one hundredth. The same can be said about documents that
were classified incorrectly. Documents of only one category were clas-
sified wrongly: quotidian. It is obvious that the errors in classification
were influenced by the category.

The category ‘quotidian’ is not a well-defined class of documents;
it contains topical articles. Accordingly to the errors in classification,
in most cases those were articles about finances and investments. Thus
in this case errors are not due to the system imperfection, the category
itself doesn’t differ considerably from the other categories. This can
explain the wrong minimal value in the previous table for ‘quotidian’
test files and ‘investigations’ model.
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The next experiment was made using PPM based on word bigram
models. The conditions were the same as in the previous one. In table
3 the results of the experiment are presented.

Table 3. Average entropy value for test documents (bigram model).

wn

i g

2 2 | = | §| %

categories 5 8 3 = ° - 8
EE| & | 2| 5| B | .| &

Money, business | 9,60 | 10,34 | 10,50 | 10,42 | 10,27 | 10,19 | 10,50
quotidian 10,26 | 10,05 | 10,42 | 10,30 | 10,09 | 10,18 | 10,30
cditorial 10,31 | 10,22 | 9,58 | 10,36 | 10,18 | 9.89 | 10,19
in the world 10,27 | 10,26 | 10,51 | 9,40 | 10,23 | 10,16 | 10,31
fnvestigations | 10,21 | 10,03 | 10,38 | 10,23 | 9,59 | 10,03 | 10,25
politics 10,10 | 10,23 | 10,06 | 10,16 | 10,05 | 9,31 | 10,23
sport 10,41 | 10,37 | 10,49 | 10,40 | 10,23 | 10,23 | 9,02

Again bold font shows the minimal entropy values. Similar to the
two words context model all the categories were classified correctly
except ‘quotidian’. Bigram model can be as well used for documents
classifications.

It must be said that bigram model took less computer memory and
worked faster than trigram model. Thus more training texts could
be used for this model. About 400-500 Kb of training files for each
category were used in the experiment for the trigram model. Almost 1
Mb of training files for each category were used for the bigram model.
Indeed, comparing the tables, one can see that the difference in entropy
values in table 3 is a bit bigger than in 1. The increase of difference
may occur for two reasons. Either bigram model better fitted the task
of classification, or volume of the training texts influenced the results.

We can see that the results obtained with the bigram and the tri-
gram models are similar. The category ‘quotidian’ remains the biggest
problem here as well. It is interesting that the given model didn’t relate
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Table 4. Test documents classification (bigram model).

= 1)
o E %
— o = 0
S22 2|8
. 2SS 2|82 8|5 .
categories 2l 53| g o | T |8
B o % B - > i) 8
2| E || | B8 | A a
Money, business | 10 | 10
quotidian 10 1 5 4
editorial 10 10
in the world 10 10
investigations 10 10
politics 10 10
sport 10 10

the questionable articles to “money, business” but selected “investiga-
tions”. These two categories are very close, so the misunderstanding is
easy to explain.

The next experiment was made using word-based unigram PPM
model i.e. without any context. In fact, the classification was per-
formed using frequency dictionaries. The other conditions remained
the same. Test results of the model without context are presented in
the table 5.

It is seen, that the results obtained using this model are worse in
comparison with two previous experiments. Problem category ‘quo-
tidian’ was mixed with categories ‘money, business’, ‘investigations’,
‘politics’ and ‘editorial’ (figures in italic).

It must be mentioned that if the size of training texts was enlarged
when changing from trigram to bigram model, no changes of the texts
size were produced when changing from bigram to unigram model.
Probably, enlarging of the training texts size for the last model would
improve its result. Thus the next step was to increase the training
texts volume, to train and then classify using unigram model. In table
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6 the results of this experiment are presented.

Table 5. Average entropy value for test documents (unigram model).

w0
ke g
g 8 b=
. .2 | = 3 = 5 .
categories ?f o) .= = © = 9
iN= z BS) < 7 E g
il g2 2] 1% ¢
g2 & 3 = = a &
Money, business | 10,47 | 10,92 10,91 10,87 10,79 10,75 10,91
quotidian 10,73 | 10,78 | 10,80 10,79 | 10,70 | 10,72 10,79
editorial 10,70 10,78 | 10,37 | 10,79 10,67 10,53 10,69
in the world 10,77 10,94 10,94 | 10,73 | 10,82 10,75 10,88
investigations 10,73 10,81 10,82 10,79 | 10,54 | 10,68 10,81
politics 10,72 10,91 10,69 10,78 10,74 | 10,35 | 10,80
sport 10,85 10,95 10,93 10,91 10,81 10,78 | 10,53

Table 6. Average entropy value for test documents (unigram model).

0
i g
= _ 8 g
categories = % %} -§ i Eﬁ 3
=2 | 3 2| = g | E E
EL | & E E E &, &
Money, business | 10,60 | 11,00 | 11,13 | 11,10 | 10,95 | 10,95 | 11,07
quotidian 10,93 | 10,85 | 11,01 | 11,00 | 10,86 | 10,91 | 10,94
editorial 10,89 | 10,84 | 10,57 | 10,97 | 10,80 | 10,68 | 10,82
in the world 10,99 | 11,02 | 11,15 | 10,98 | 10,99 | 10,96 | 11,05
investigations 10,94 | 10,87 | 11,02 | 10,97 | 10,63 | 10,84 | 10,94
politics 10,90 | 10,97 | 10,84 | 10,97 | 10,86 | 10,45 | 10,93
sport 11,05 | 11,04 | 11,15 | 11,12 | 10,98 | 10,97 | 10,62

The results didn’t improve. On the contrary, the categories were
mixed even more. Of course it could be explained by the fact that in
category ‘in the world’ there can be articles about ‘politics’ and ‘inves-
tigations’, thus their lexicons intersect. However we were interested in
accurate classification in accordance with predefined categories. Table
7 presents classification results using unigram model.
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Table 7. Test documents classification (unigram model).

= 7}
22| & = | 3
22| 2 5= | 8| %
categories =5 = s £ o s 8
@ b = o < 3 = +
- ¥ e} = = =
5 2 o = 5 > 3 a
=3 g ) 5 = i= a, @
money, business 10 10 10
quotidian 10 22 04 74 1
editorial 10 9 8 12
in the world 10 1 63 2 44
investigations 10 9 10 1
politics 10 10 10
sport 10 10 10

We used italic to show the classification results of the first experi-
ment with unigram and bold for the results of the second experiment
with unigram and enlarged size of training texts. As it is seen from the
table, the increase of the text size gave rather arguable result. In some
cases the classification quality improved, while in the others it became
worse. It can be argued that the articles from the category ‘in the
world’ speak about ‘politics’ and so on. On the other hand we didn’t
do the category division and our task was just to classify documents
according to the initial classification.

Thus we can conclude that to classify the documents properly we
would rather use bigram and trigram models, while the model with
zero contexts does not fit here.

Also several experiments were made to check the influence of the
training texts size over the classification quality. The volume of training
texts for the bigram model was doubled. Test results are shown in
table 8.

Comparing values in this table and table 3 for the bigram models, it
can be seen that the difference in the entropy values of the given cate-
gory texts and the texts from other categories increased. Although the
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Table 8. Average entropy value for test documents (bigram model,
doubled training set).

wn
= g
categories 5 8 3 = ° - 8
EE| 2 | | 8| & |2 &

Money, business | 9,56 | 10,36 | 10,65 | 10,51 | 10,33 | 10,27 | 10,61
quotidian 10,37 | 10,05 | 10,54 | 10,37 | 10,16 | 10,29 | 10,38
editorial 10,41 | 10,22 | 6,32 | 10,41 | 10,21 | 9.95 | 10,26
in the world 10,39 | 10,20 | 10,64 | 6,14 | 10,31 | 10,27 | 10,40
avestigations | 10,32 | 10,03 | 10,47 | 10,27 | 9,53 | 10,06 | 10,31
politics 10,18 | 10,23 | 10,07 | 10,22 | 10,05 | 9,25 | 10,28
sport 10,54 | 10,39 | 10,61 | 10,50 | 10,33 | 10,34 | 8,98

value changes are small, the training texts volume increase influenced
the classification quality positively. In the previous experiment with
the bigram model, five test documents from ‘cotidian’ category were
not classified correctly. In the last experiment, eight of ten documents
from this category were placed correctly and two were attributed to
‘investigations’.

Thus, in the first experiment 93% of documents were classified cor-
rectly (65 of 70), in the last experiment 97% of documents were classi-
fied correctly (68 of 70).

8 Conclusion

In this paper, the application of compression word-based PPM lan-
guage models to text classification has been described. The results of
the implemented experiments proved that word-based PPM models are
relevant for content-based text classification.

The PPM models based on trigrams, bigrams and unigrams have
been compared. The results are quite promising for bigram and trigram
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models. Though trigram model performed slightly better, it required
much more memory than bigram model.

Unigram model was not good enough. This showed that single
words were not so characteristic features as word combinations for
context-based text classification.

Although in some cases the entropy difference that influenced the
choice was rather small (several hundredths), most of the documents
(up to 97%) were classified correctly. Unfortunately we can not di-
rectly compare our results with other approaches because we tested
our method on another corpus.

It should be mentioned that initially document categories in our
experiments were not defined exactly, which produced difficulties while
classifying.

We consider that the proposed method is appropriate for context-
based text classification and it should be evaluated on standard test-bed
for the evaluation of text categorization methods.
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Traveling Salesman Problem
with Transportation®

Valeriu Ungureanu

Abstract

Traveling Salesman Problem (TSP) is a generic name that
includes diverse practical models. Motivated by applications, a
new model of TSP is examined — a synthesis of classical TSP
and classical Transportation Problem. Algorithms based on Inte-
ger Programming cutting-plane methods and Branch and Bound
Techniques are obvious.
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Keywords and phrases: Traveling Salesman Problem with
Transportation and Fixed Additional Payments (TSPT), TSP,
algorithm, computational complexity.

1 Introduction

The TSP gained notoriety over the past century as the prototype of
problem that is easy to state and hard to solve practically. It is sim-
ply formulated: a traveling salesman has to visit exactly once each
of m cities and to return to the start city, but in such order that the
respective tour (Hamiltonian cycle) has the minimal total cost (it is
supposed that the cost c;; of traveling from every city i to every city j
is known). There are other related formulations of this problem and a
lot of methods for their solving [1-5].

The research is partially supported by the Award CERIM-1006-06 of the
Moldovan Research and Development Association (MRDA) and US Civilian Re-
search Development Foundation for the Independent States of the Former Soviet
Union (CRDF).

(©2006 by V.Ungureanu
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TSP is representative for a large class of problems known as
NP-complete combinatorial optimization problems. This class (of
NP-complete problems) has an important property that all of them
simultaneously have or don’t have polynomial-time algorithms [6]. To
date, no one has found efficient (polynomial-time) algorithm for the
TSP solving. But, over the past few years many practical problems of
really large size are solved. Thus, at present, a record exactly solved
problem (with branch-and-cut algorithm) has 24 978 cities (Applegate,
Bixby, Chvatal, and Cook - 2004).

The Transportation Problem is the well known classical problem
[7]. There are several efficient methods for its solving [8, 9, 10].

TSP with Transportation and Fixed Additional Payments [11] ge-
neralizes these two problems.

2 Formulations of the TSPT.

Given an orgraf G = (V,E),|V| = n,|E| = m. Each node j € V has
its own capacity d; (demand, if §; < 0, supply, if §; > 0), such that
Z?zl 0; = 0. Salesman starts his traveling from node £ € V with
0t > 0. A unit transportation cost through arc (i,j) € E is ¢;;. If
the arc (i,7) is active, then additional payment d;; is demanded. If
(i,7) € E, then ¢;; = d;; = oo. Find the Hamiltonian cycle and the
starting node k € V with the property that the respective salesman
traveling satisfies all demands with minimal cost.

A TSPT may be formulated as integer programming problem. Let
xi; denotes the quantity of product which is transported via (i, j). Let
yij € {0;1} be equal 1 if x;; > 0, and z;; = 0 if y;; = 0. In such
notations the TSPT, as stated above, is equivalent to the following
problem:

> (eijwis + dijyis) — min, (1)

i=1 j=1

n
wi=1 j=1In, (2)
=1
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n n
Doz v =0, j=Ln, (4)
k=1 i=1

w—uj+ny; <n—1, 4,j=2,n, i #j, (5)

iy < My, 1,5 =1,n, (6)

xi; >0, yij € {0;1}, u; >0, 4,j=1,n, (7)

where M = >7%_, |5].
If ¢;; =0, Vi,4, then (1)-(7) is the classical TSP. If d;; = 0, V4,7,
then (1)-(7) is the classical Transportation Problem.

Theorem. TSPT and problem (1)-(7) are equivalent.

Proof. (1)-(3), (5) and (7) define Hamiltonian cycle [8]. (1), (4),
(7) state the transportation problem [7]. (6) realizes the connection
between both “facets” of the TSPT. The starting node k € V is deter-
mined by elementary searching. [J

If each arc (i,j) € E has upper bound capacity u;; > 0, we obtain
another capacitated model of the problem. In this case inequalities

zij < wijyij, (i,5) € E,

are substitute for (6).
If each arc (i, j) € E has also a lower bound capacity l;; > 0, then
inequalities
lijyij < mij < wigyij, (i,7) € E,
are substitute for (6).
Kuhn [8] restrictions (5) may be substituted by equivalent restric-

tions:
S i =1K|-1, VK CV,
i€eK jeK

where K is any proper subset of V.
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3 Algorithms

It is obvious that the solution of the classical TSP does not solve TSPT.

The branch-and-bound algorithm may be constructed on back-
tracking technique for branch generation and the value of 1-tree plus
To for lower bound estimation, where Ty is calculated at first step and
represents the value of minimal cost flow problem obtained in relaxed
problem without Hamiltonian cycle requirement. For efficient bound-
ing, Ty may be substituted at every step with exact cost of transporta-
tion through respective fragment of the cycle.

Direct solving (1)-(7) with Gomory type cutting-plane algorithms
is rational for problem with modest size. In recent vogue opinion,
the branch-and-cut super-algorithm [9, 10] may be much more recom-
mended for TSPT.

Finally, note that dynamic programming approach comports diffi-
culty as the TSPT optimal value depends really (practically) on first
node from which the travel is starting. This fact may be simply taken
in consideration in previous methods, but not in dynamic programming
method.
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On quasi-stability of the vector Boolean
problem of minimizing absolute deviations of
linear functions from zero*

Vladimir A. Emelichev, Evgeny E. Gurevsky

Abstract

We consider a multi-criterion Boolean programming problem
with partial criteria of the kind MIN MODUL of linear functions.
We investigate such type of stability which can be understood as
a discrete analogue of the Hausdorff lower semi-continuity. A
formula of the quasi-stability radius is obtained.

Mathematics Subject Classification 2000: 90C09, 90C29,
90C31.

Keywords and phrases: vector Boolean programming
problem, Pareto set, quasi-stability, quasi-stability radius.

1 Introduction

Let us consider a vector (m-criterion) Boolean programming problem
with a finite solution set X

Z™(A,b) : min{f(x,A,b): z € X},
where
f(.’E,A,b) = (|A1$ + b1|, |A21‘ + b2|, ey ’Aml‘ + bm|),

X C E" = {0,1}", |X| > 2, n > 2, A; denotes the i—th row of
matrix A = [aijlmxn € R™", i € Ny = {1,2,...,m}, m > 1, b=
(bl,bg, .. .,bm)T eR™ z= (xl,xz, . ,xn)T.

Support by State program of fundamental research ”Mathematical structures”
(Grant 913/28) and program of the Ministry of Education ”Fundamental and ap-
plication studies” (Grant 492/28) of the Republic of Belarus.
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By problem Z™(A,b) we understand the problem of finding the set
of efficient solutions (Pareto set)

P"(Ab) ={z e X : X, (A,b) =0},
where
X (Ab) = {2’ € X : f(z, A, b) > f(a',A,b) & f(x, Ab) # f(2', A, b)}.

By virtue of inequalities 1 < | X| < oo, the set P (A, b) is nonempty
for any A € R™*™ and b € R™.

Note, that the vector function f(z, A,b) shows a measure of incon-
sistency of the following system of linear boolean equalities

Ar+b=0M zeX. (1)

where 00 = (0,0,...,0) € R™.

Thus, minimization of function |A;x + b;| on the finite set X is
equivalent to the minimization of absolute deviations of linear functions
Ajx + b; from zero. Therefore, problem Z™(A,b) is reduced to finding
the set of all solutions to system (1) under the condition that this
system is consistent. Otherwise, Pareto set P™(A,b) can be considered
as the set of quasi solutions to system (1). It is easy to see that the
system of equalities is consistent if and only if the set of efficient vector
estimates

f(P™(Ab) ={yeR"™: y= f(z,A,b), x € P"(A,b)}

contains only zero vector 0™,
For each number k € N, we endow the space R* with two metrics

I and I, i.e. we define the norms of a vector z = (21, 22, ..., 2;) € RF
as follows:
12l = lzl, [lzllee = max|[z].
JEN} JENK

Under a norm of matrix we understand the norm of vector, composed
from all its elements.
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For any positive number € > 0, we define the set of perturbing pairs
Q(e) = {(A"6) € R™ U max{]| Al oo, [[F||oc} < €}
As usual [1 - 6], problem Z™(A,b) is called quasi-stable, if the set
E={e>0:V (A,V)e Q) (P"(A,b) CP™"(A+ A b+b))} #0.

Therefore, problem Z™(A,b) is quasi-stable, if there exists a neigh-
borhood of pair (A,b) in the space of perturbing parameters Rmx(n+1)
with metric [, in which Pareto optimality of all solutions is preserved.
Note, that the quasi-stability of the problem is a discrete analogue of
the Hausdorff lower semi-continuity [7] of the optimal mapping at point
(4,0)

pm - Rmx(nJrl) _ 2X’

i.e. of the point-to-set (many-valued) mapping, that puts in correspon-
dence the Pareto set P™(A,b) to the collection of parameters (pair
(A, b)) of the problem.

As a result of the said above, under the quasi-stability radius of
Z™(A,b) we will understand the number

sup Z, if Z # (),

m(AD) =
pr(AD) {o, =)

For any z,2’ € X and i € N,,, put
ai(z,2') = min{B;(z,2',s) : s e {-1;1}},

ﬂi(x,:c',s) = |A1(S‘T T :C/) * bl(s * 1)|7
||sz + 2'|]1 + |s + 1]

K(z,2') ={i € Ny : |Asjx + b;| < |Aiz’ + b}
It is evident, that K (z, ") # 0, if z € P"™(A,b). For any number z € R,

denote
1, ifz>0,
Sg z =
-1, if 2 < 0.
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We will also use the following implication:
ds e {-1;1} Vs' e {-1;1} (sz > s'2) = |z] > |¢], (2)

which holds for any numbers z, 2’ € R.

2 The Results

Theorem. The quasi-stability radius of problem Z™(A,b) is expressed
by the formula

(A, b) = ' i i(z, 7). 3
AN = | B0 o By skl 60 ®)

Proof. Denote by ¢ the right side of (3). It is easy to see, that ¢ > 0.

At first we will prove the inequality p™(A,b) > ¢. Suppose ¢ > 0
(this inequality is evident where ¢ = 0). Let (A’,b') € Q(p). Then by
definition of ¢, for any solutions z € P™(A,b) and 2’ € X \{x}, there
exists k € K(x,2') such that

max{||A||os, [I|loc} < ¢ < ax(z,2). (4)
Taking into account ay(z,z") > 0, we have
]Akx + bk‘ < ]Akac' + bk’

From this, assuming o = sg (Agz’ + by), we obtain that the following
equalities hold:

Ap(sz + o2') + bp(o + 5) = |Ap(osz + 2') + (1 + os)bg|, s € {—1;1}.
Therefore, applying (4), we derive
S(( Ak + Az + (b +By)) + 0 ((Ax + A’ + (b + Hy) =
= |Ag(osz +2') + (1 + 08)bg| + o (A (osx + 2') + bl.(1 + 05)) >

> |Ap(osz +2') + (1 + 08)bg| — (|4 ||so||osz + 2 ||1+
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[V |so|1 + as]) > |Ap(osz + 2') + (1 + o8)by|—
= max (|4 llos [ lloe)(llos + /|1y + |1+ rs]) >
> |Ag(osz + ') + (1 + os)by|—
—ag(z, 2" )(|losz + &'||1 + |1+ os]) >
> |Ap(osz +2') + (1 4+ 08)b|—
—Bk(z, 2’ 08)(||osz + 2|1 + |1 + os]) = 0.

Thus we have
o((A + A’ + (br+ ) > s((Ap + A + (b + ), 5 € {~1; 1},
Therefore, taking into account (2), we obtain

|(Ak + Ap)x" + (b + )| > |(Ak + Ap)z + (b + b))l

which implies x € P™(A+ A, b+ V).

Summarizing the said above, we conclude that for any = € P (A, b)
and for any perturbing pair (A’,b") € Q(¢) the solution z € P™(A +
A’ )b+ 1b'). Hence, p™(A,b) > o.

It remains to prove inequality p"™(A4,b) < ¢. Using the defini-
tion of number ¢ we conclude that there exist such solutions z° €
P™(Ab), z* € X\{z"}, that for any index i € K(2°, 2*) the following
inequality holds:

i (2%, 2%) < . (5)

Let € > . Let us show, that there exists perturbing pair (A4’, V') € Q(e)
satisfying the condition 2° ¢ P™(A + A’ b+ b').
Suppose
N2 z*) = |{j € Ny, : x? =1& z; =0},
0¥ = sign(A4;2° + b;),
o* = sign(A;x* + b;).
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It is easy to see that at least one of the numbers N (z°, z*) or N(z*, 2°)
is positive and

max{N(z*,2%), N(2’,2%)} < [|lo + 2|1 (6)
To build all the rows

of the needed perturbing pair (A’, '), consider four possible cases.
Case 1: i € K(2°,2%), B;(z°, 2%, —1) < B;(2, 2*,1). Then
\Aixo + bl’ + ’Al.%'* -+ bz’
|20 + 2*[|1 + 2

0 < Bi(20,2%,1) < (7)

and under inequality (5) there exists a number §; < & such that
0< B@'(:L'ny*? _1) < 51 < ﬁi($07x*7 1) (8)
From this, assuming

A_(’Ll7 ;27"‘7 7,n) b/_o

where
a06;, if x =1, x =0,
agj =4 —0*d;, 1fx =0, 2j =1, 9)
0 in the other cases,

we have max{||A}||oo, |b;|} = §; and

o ((Ai + A + (bi + b)) — o* ((Ai + A’)x* + (b +b;)) =
= |Ax® + b;| — |Az™ + b;| + 6;(N (20, 2*) + N(z*,2%)) >
> —|Ai(a" — 2°)| + &|«* —rcolh >
> —|Ai(z* — 2°)| + Bi(2°, 2%, —1)|]z* — 2°||; = 0, (10)
o ((Ai+ A’ + (bi+0)) + 0™ ((Ai+ A" + (bi +7)) =
= |A4;2° +bi| + [Aix™ + bi| + 6 (N (2%, 2%) — N(z*,z°)). "
11
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The right side of the last equality is denoted by v. If N(z*,2%) = 0,
then in view of (7) we have ¢ > 0. If N(z*,2") > 0, then taking into
account (6), (7) and (8), we have

5Z'N(.%'*, .%'0) < ]Aiazo + bz‘ + \Azx* + bz‘

Therefore we obtain
Y > 8N (2, 2*) > 0.

Thus 1 > 0 and we have
oV ((A; + AD® 4 (b; + 1)) > so* (A + ADa* + (b; + b)), s € {—1;1}.
From this, applying (2) we find, that
[(A; + ADZ® + (b + b)) > |(A; + ADa* + (b + b)) (12)

Case 2: i € K(z2% 2%), Bi(2,2*, —1) > B;(2°,2*,1). Then under
(5) there exists a number §; < ¢ with conditions

0< ﬁi(wo,m*, 1)< < 5i(a:0,x*, —1).
From this, denoting
Al = (=0%5,—0*5,...,—0"6) € R", b = —0™,
we have max{||A}||, |b;|} = d; and
—0* (A + A% + (b + b)) — o™ ((As + ADx* + (b + b)) =
= —a*(AZ-(Q:O + ")+ 2b;) + 6i(||x0]|1 +||z*||1 +2) >
> —|A; (2% + %) + 25| + Bi(x®, 2%, 1)(||z° + z*||; + 2) = 0,
—0*((A; + Az + (b; + ) + o*((A; + A)z* + (b; + 1)) =
= 0" Ag(z* — 2°) = §;(||=*|l1 — ||2°[]1) =
= [Ai(z* — 2°)| = &i(|lz* |11 — ||2°l1h) >

> ’Az(x* - ZEO)| - ﬂi(xovx*a —1)H.T* - .TO||1 =0.
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Thus the following equalities hold
—0*((A; + A2 + (b + 1)) > so*((A; + A)z* + (b; + b)), s € {—1;1}

Then, applying (2), we obtain (12).
Case 3: i € K(202%), B = Bi(2° 2% —1) = Bi(z%,2%,1) =
a;(x°, z*). Then

‘ \Aixo + bz’ + ‘AZ.%'* + bl’

< 13
S FE T "
Consider two variants.
At first let 6; = 0. Then it is easy to see, that
Aimo +b; = Ax" +b; =0. (14)

If N(z% 2*) > 0, then, specifying components of the vector

A; = (aglj a;2a cee 7a;n)
by the rule
o - 0, ifa:?zl, z; =0,
" 0 in the other cases,
W =0,
where

0<p < <e,

we have max{||A}||oc, |b;|} = §; and from (14), inequality (12) holds.
If N(2°,2*) = 0, then N(z*,2°) > 0, i.e. we may choose index

k € N, such that

T, =1, :172 =0.

Then, assuming

!/ / / !/ /
A':(ail,ai2,...,a ), bzz(sl

i in

where
, {—51-/2, if j = k,

a. .=
0 in the other cases ,
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0<p<d; <e,
we have, that from (14) the inequality (12) holds, and also max{||A}||oc,
i} = i
Now let 3; > 0. Assuming,

Bi < b; <e, (15)

we build the row A} by formula (9), and assume b to equal zero. Then
max{||A}||oc, |b;|} = ; and the relations (10) and (11) hold. As in the
case 1, we can show, that ¢ > 0. If N(z*,2°) = 0, then from (13) we
have ¢ > 0. If N(z*,2°) > 0, then taking into account (6) and (13) we
may additionally to condition (15) impose the following condition on
the number §;:

SiN(x*,2%) < | Az + by| + |Asz® + byl

Therefore (see case 1) ¥ > §;N (2", 2*) > 0. Hence, we have (12).

Case 4: i € Ny \K (2%, 2*). Then, assuming A} = 0™, b, = 0, we
have (12).

As a result of the above reasoning, we obtain a pair (A',¥') € Q(¢)
such that 2* € X, 0(A+ A’,b+¥'). Thus for solution z° € P™(A,b) and
for any € > ¢ there exists a perturbing pair (A’,0) € Q(e) such that
20 ¢ P(A+ A b+1). Consequently p™(A,b) < ¢.

That completes the proof.

Let S™(A,b) (otherwise — the set of strictly efficient solutions) be
Smale set [8] defined by the rule

reS"(ADL) & {2 e X\{z}: f(z,Ab) > f(2',A,b)} = 0.

It is evident that the inclusion S™(A,b) C P™(A,b) holds for any A,
b.

Corollary. The problem Z™(A,b) is quasi-stable if and only if
P™(A,b) = S™(A,b). (16)
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Proof. Sufficiency. Let equality (16) holds. Then, for any solu-
tions x € P™(A,b) and 2/ € X\{z} there exists an index k € N,,, such
that

]Akx + bk‘ < ]Akac/ + bk’,
which implies k € K(z,z’).

Therefore, taking into account evident relations

A "+b 1
ﬁk($,1‘/,8):’ k(52 + ) + bils 1 1)) >
sz +2/||1 +[s + 1]

|Akl’, + bk| — |Ak£L' + bk‘
sz +2'|[1 + |s + 1

we conclude that

>0, se{-1;1},

max{a;(z,2') : i € K(z,2')} > 0.

On the basis of the theorem we have p™(A,b) > 0, i.e. problem
Z™(A,b) is quasi-stable.

We prove the necessity by contradiction. Let there exists a solu-
tion 20 € P™(A,b)\S™(A,b) under the assumption, that Z™(A,b) is
quasi-stable. Then there exists a solution z* # x¥, such that

’AiCEO + bz‘ = ]A,x* + bz“, i € Np,.
Therefore

. |A;(s2® + %) + bi(s +1)|
Vie N, dse {-1;1 (20, 2%, 8) = =0.
" { b ) [|sx9 4+ 2*||1 + |s + 1

From this we conclude
max{a;(z°,2%) : i € K(2°,2%)} = 0.

Consequently, on the basis of the theorem we obtain p™(A,b) = 0,
i.e. problem is not quasi-stable.

Corollary 1 implies
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Corollary 2. The scalar problem Z'(A,b), where A € R",b € R,
1s quasi-stable if and only if

|PY(A,b)| = |Argmin{|Az + b : z € X}| = 1.
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Query by Constraint Propagation in the
Concept-Oriented Data Model

Alexandr Savinov

Abstract

The paper describes an approach to query processing in the
concept-oriented data model. This approach is based on impos-
ing constraints and specifying the result type. The constraints
are then automatically propagated over the model and the result
contains all related data items. The simplest constraint propaga-
tion strategy consists of two steps: propagating down to the most
specific level using de- projection and propagating up to the tar-
get concept using projection. A more complex strategy described
in the paper may consist of many de-projection/projection steps
passing through some intermediate concepts. An advantage of
the described query mechanism is that it does not need any join
conditions because it uses the structure of the model for prop-
agation. Moreover, this mechanism does not require specifying
an access path using dimension names. Thus even rather com-
plex queries can be expressed in simple and natural form because
they are expressed by specifying what information is available
and what related data we want to get.

1 Introduction

Let us consider the following problem domain and design of its data
model. Customers order goods using orders. One order counsists of
several parts where each part is one product item. This can be repre-
sented by three tables Orders, OrderParts and Products as shown in
Fig. 1. Each record from OrderParts references one order it belongs
to and one product that has been ordered in this item (denoted by

(©2006 by A. Savinov
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arrows). For example, order part <#23, # 16> references order <# 23>
and product <#16> (descriptive fields such as product name or order
date are not shown).

One general problem that arises in the context of data modelling
cousists in getting related records given some other records and ad-
ditional constraints. For example, we might want to get all orders
related to one or more products or, vice versa, all products related to
a selected set of orders. Notice that related records are not directly
connected because there is an intermediate table OrderParts between
tables Orders and Products. In the real world data models the struc-
ture of relationships is much more complex and normally there exist
more than one intermediate table. In this case it is difficult to auto-
matically retrieve related records because the constraints need to be
unambiguously propagated over the model according to the assumed
semantics of its relationships.

Orders OrderParts Products
<#23> <#23, 416> <#16>

Figure 1. An example of orders and products

A wide spread approach to this problem is based on using the rela-
tional data model (RM) [4]. It consists in manually specifying all the
involved tables and all their join conditions. Essentially in this case
we precisely specify what kind of data we want to retrieve and how
this data is related to other data in the model. Notice that all this
information is provided within one query. For large data models such
a method is not only tedious but also error-prone because writing long
queries with complex join conditions requires high expertise. In our
almost primitive example it is necessary to join two pairs of tables by
choosing among many possible query options. The database cannot
help us too much because it is unaware of the model semantics and
what actually we want to get and hence all the peculiarities and details
of the query have to be specified in an explicit form.
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Another problem of such an approach is that many queries will con-
tain the same information. For example, joining the two pairs of tables
will be normally done using identical fragments of the query. These
fragments will be then repeated in the same or similar form in many
other queries. If in future we change a relationship between some tables
then all these fragments need to be updated (the problem of code main-
tenance). Because of this necessity to provide a very detailed manual
description for each query intended to retrieve related records, RM is
not very successful for solving the problem of logical navigation. (Its
main achievement is that it successfully solved the problem of physical
navigation eliminating the need to know and specify physical location
of records what was necessary in the preceding data models).

An alternative solution of the problem of logical navigation is pro-
vided within the concept-oriented model (CoM) [13, 15]. This model is
based on ordering its elements, i.e., elements are positioned one under
another without cycles rather than compose an arbitrary graph like in
entity-relationship model (ERM) [3]. In other words, it is of primary
importance if an element is above or below another element while other
properties are derived from this ordered structure. In particular, if a
table references some other table then it is positioned below it. For
example, since table OrderParts references Orders and Products, we
put it below the both of these tables as shown in Fig. 2. In addition, we
provide names for the arrows connecting tables, which are called dimen-
sions (all dimensions have upward direction). Thus CoM is not only
aware of the structure but its direct responsibility consists in managing
and using it for querying data, logical navigation and other operations
with data.

Using ordered graphs it is possible to get related data by specifying
an exact access path from constraints to target elements as dimension
names. A direct advantage is that we avoid any join conditions which
can be thought of as encoded in the model dimension structure. Such
queries are much simpler than SQL queries because they do not involve
repeated fragments. For example, a set of orders related to products P
is obtained as follows:

P — {OrderParts — product } — order
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Orders Products
<H#23> <#16>
order product
OrderParts
<H23, #16>

Figure 2. In CoM all elements are ordered

If there is a set of orders 0 then related products are obtained as follows:

0 — {OrderParts — order} — product
In both queries we de-project the initial set to OrderParts (denoted
by dimension path in curly brackets). And then the result is projected
to the target table. For more complex structures such an access path is
longer and may consist of many upward (projection) and downward (de-
projection) segments in the ordered table structure (zigzags). But in
any case the use of dimensions effectively removes the need for explicit
joins. It is the responsibility of the database to translate the access
path into appropriate operations with records.

It can be noticed that a similar approach is used in other naviga-
tional data models such as the network model (NM), object-oriented
model (OOM) or functional data model (FDM) [17, 7, 8]. However,
the big difference is that CoM uses an ordered structure rather than
an arbitrary graph and this fact has significant consequences. One of
them is that the access path is not simply a sequence of dimensions
but rather a sequence of projection and de-projection operations. If
we go up in the ordered set then it is projection while if we go down
then it is de-projection. These operations can also be effectively used
for grouping and aggregation [16] what makes it similar to multidimen-
sional models [1, 9, 11], OLAP [2] and formal concept analysis (FCA)
[6].

Above we shortly described how related records can be retrieved
in CoM by specifying an access path. However, an amazing property
of this model is that in many cases the access path can be built auto-
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matically using for that purpose the model structure. In this case we
need to only provide a set of initial items and some target from where
related records have to be retrieved. In our example this means that it
is enough to specify initial products (say, by imposing some constraints
on table Products) and then say that we want to get related orders.
Or, we can specify some initial orders and then say that it is necessary
to get related products. In both cases the system will be able to un-
ambiguously build the correct access path and retrieve related records
with no additional information. Such ability is again based on using
order of elements. Particularly, the system knows that OrderParts is a
common subtable for both Orders and Products. Hence it builds the
access path as consisting of one de-projection and one projection. This
principle can be generalized and applied to more complex data models
where it is frequently possible to automatically propagate constraints
and get related records expected by the user.

This problem was considered within the universal relation model
(URM) where all relations are assumed to be projections of a single re-
lation [10, 5, 12]. However, this direction did not result in an acceptable
solution because some things become simpler while others become more
complex. One reason is that an assumption of universal relation was
shown to be incompatible with many aspects of the relational model.
In contrast, CoM possesses a number of unique properties which make
the solution not only possible but very natural. One of them is that
CoM has canonical semantics (an analogue of universal relation) as its
intrinsic feature, which allows us to define natural constraint propaga-
tion rules.

The main goal of this paper consists in describing how the mech-
anism of automatic constraint propagation works in CoM and how it
can be used for getting related records. In Section 2 CoM is shortly de-
scribed. Section 3 describes operations of projection and de-projection
and how they are used for constraint propagation. Section 4 describes
some more complex cases where it is not possible to find an access path
for constraint propagation. Section 5 provides concluding remarks.
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2 Model Structure

One of the main principles of the concept-oriented paradigm is that
of duality, which means that any element has two sides or flavours.
For example, in the concept-oriented programming (CoP), concept is a
programining construct consisting of one object class and one reference
class [14]. An object in CoP is then a combination of its fields and a
collection of internal objects. In CoM the principle of duality can be
formulated as follows: any element participates in two separate struc-
tures called physical and logical (Fig. 3). The physical structure has a
hierarchical form where any element has a single parent element (dot-
ted lines in Fig. 3). It is called physical because elements are assumed
to be included by value in their parents and the element position in
the parent element is thought of as its (local) identifier or reference.
Thus the physical structure is responsible for object representation and
access (ORA) by providing permanent references and some access pro-
cedure. For example, all product records are created within a table
where they have some unique and permanent references. The table
itself is included in its database.

In CoM any element, such as product, may have its internal (phys-
ical) elements however in this paper we consider only a two-level model
which consists of one root, a set of concepts included in the root and
a set of data items included in the concepts. (Further in the paper we
will use these terms instead of their analogues like tables and records.)
In Fig. 3 the physical structure is drawn along the horizontal axis and
consists of one root, which includes three concepts OrderParts, Orders
and Products, which in turn consist of some data items.

The logical structure has a form of directed acyclic graph where an
element may have many parents by storing their references in its fields.
In other words a reference stored in a field is interpreted as a pointer to
one of the parent elements. This allows us to bring order into the logical
structure by placing an attribute value above the element it character-
izes. For example, order part item <#23, # 16> references order item
<# 23> and product item <# 16>. Hence it is positioned below both of
them. Here we do not need even to know that these items represent an
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Figure 3. Physical and logical structures

order part, order and product — we simply interpret references (arrows
in Fig. 3) as the logical membership relation leading from a member
to its group. Such an interpretation of references (and attribute-value
relation) as a membership is a very important characteristic property
of CoM which allows us to consider a value as a logical set or collection
for the objects it characterizes (an item is a logical collection for its
subitems).

Councept S referenced by concept C is referred to as supercon-
cept (and C'is then referred to as subconcept). For example, concept
OrderParts has two superconcepts Orders and Products positioned
above their common subconcept. A named link from a subconcept
to a superconcept is referred to as dimension. For example, concept
OrderParts in Fig. 2 has two dimensions order and product. If a
concept does not have a subconcept explicitly defined then formally
introduced bottom concept is used for that. Analogously, if a concept
does not have a superconcept then formally introduced top concept
is used for that. Top concept is the most abstract (general) concept
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and bottom concept is the most specific one. All other concepts in
the model are positioned between top and bottom concepts. Direct
subconcepts of top concept are referred to as primitive concepts.

In the logical structure any element references a number of parent
elements. Theoretically an element can reference any other element
provided that this structure does not have cycles. (Cycles do not allow
us to define order because it is not possible to determine if an element
is above or below another element from this cycle.) In particular, con-
cepts can reference items, items can reference concepts and any item
can reference any other item from the model. However, such a freedom
is not desirable and CoM introduces so called syntactic constraints,
which mean that an item can reference only items from concepts refer-
enced by its parent concept. For example, an order part item cannot
reference any other item in the model under syntactic constraints. Its
domains are restricted by items from Orders and Products because
they are referenced by concept OrderParts.

There exist two operations that can be used to get related items
given some other items: projection and de-projection [16]. Projection
is applied to items from a subconcept and returns items from some
its superconcept along a dimension path. For example, OrderParts
is a subconcept of Products and hence each order part item can be
projected on some product. Given a subset of order parts OP it is
possible to get all related products by projecting this subset into its
superconcept Products:

0P — product
De-projection is an opposite operation. It is applied to items from
a superconcept and returns related items from some its subconcept.
A path in the case is specified using dimension names which however
are interpreted in the opposite direction. For example, given a set of
products P we can get all related order parts by de-projecting them
into concept OrderParts:

P — {OrderParts — product}

Notice that here we use inversion operator {} in order to change the
direction of dimension path. Thus projection can be viewed as moving
up in the concept graph along a dimension path while de-projection is
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viewed as moving down along some inverse dimension. A sequence of
projection and de-projection operators is referred to as an access path.

3 Constraint Propagation

In the previous section we described a procedure for retrieving related
items using the mechanism of access path. This method assumes that
some initial set of items is selected and then operations of projection
and de-projection are applied. This method is simpler and more natural
than the existing approaches but it still requires a complete specifica-
tion of the access path.

Let us now look at this process differently. The set of initial items
has to be somehow specified and for this purpose some constraints
are normally used. These initial constraints are imposed on items of
some concept and are somehow propagated over the model changing
its semantics. Finally we want to get some part of this modified (con-
strained) model by specifying the target concept. Due to constraint
propagation this target concept will include only items which are re-
lated to the source items. An advantage of this approach is that we do
not need to specify an access path because related items are retrieved
as a result of constraint propagation procedure carried out automati-
cally. For example, to get products related to some orders it is enough
to specify constraints for the source orders and then the target concept
— the constraint propagation path can be computed automatically.

The main question in this method is how initial constraints have to
be propagated over the model in order to get natural and meaningful
results. The simplest strategy counsists of two operations:

1. Initial constraints imposed on concepts Xi,...,X,, are propa-
gated down to and imposed on the most specific concept Z using
de-projection.

2. The constrained semantics of concept Z is propagated up to the
target concept Y using projection.

Coustraints are specified using some predicate that has to be true for
each selected data item:
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Xi,: {.’EZ € Xz|fz($1) = true} CX;,,1=1,...,n
Here X; is a subset of items from X; satisfying condition f; (bar stands
for constrained).

Let us now consider how these constraints are propagated down to
the subconcept Z. The idea is that if some item from X; does not
satisfy the imposed condition f; then all its subitems from the target
subconcept Z also do not satisfy this condition. In the case of many
constraints the result is intersection of individual de-projections:

Z=71N0...027Z,

ZZ'ZXZ'—>{dZ'}, 1=1,...,n
Here d; is a dimension from concept Z to its superconcept X;. (In the
case of many dimensions all of them are used independently.) Equiv-
alently, subset Z can be defined as a multidimensional de-projection

[16] of items (z1,...,2,) € X1 X ... x X,, to Z along n dimensions
dl, ey dn:

Z = (a:l,...,a:n) — {dl,...,dn}
Thus an item from Z satisfies all the constraints f1_ ,.., fn imposed on

concepts Xi,..., X, if it is projected in Xi,..., X, along the chosen
dimension paths di, ..., dy:
Z={z2€Z|z—deX;i=1,...,n}CZ
Subset Z contains the semantics satisfying all the imposed con-
strains. However, we do not need it in such a detailed form. Instead,
we want to get related items from concept Y. In order to decrease
the level of details the data from Z has to be projected to the target

concept Y:

Y=Z—->m
Here m is a dimension from Z to Y. Selected items Y C Y are related
to items X1,..., X, chosen in X,..., X, and are returned as a result

of the constraint propagation procedure.

An example of this procedure is shown in Fig. 4. Constraints are
imposed on concept Products by selecting a number of product items.
In order to get related orders from Orders these products have to
be propagated down to ProductParts using de-projection. All the
selected order parts (shown in dashed line in Fig. 4) reference only the
specified products. On the second step these order parts are projected
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on concept Orders.

This procedure is analogous to inference in multi-dimensional space
(Fig. 4 right). Constraints are imposed by selecting a subset of values
along axis X. The available dependencies are represented as a subset
of points from space Z (in circle). Intersection Z = X N Z is then
projected onto target axis Y and gives result Y. Dependence Z can be
represented using different techniques such as linear equations, differ-
ential equations, neural networks and so on. In the world of databases
it is represented as a set of data items which select points from the
space. In other words, a subconcept with its data items encodes a
dependence between its superconcepts.

Orders Products

P = .
o0 @ . . 0 [
v ,.,eff\ ‘.“

______

OrderParts

Figure 4. Coustraint propagation procedure

Notice that related orders can be always obtained by manually spec-
ifying an appropriate access path. However, a property of the described
procedure is that it does not require any access path and propagates
constraints automatically. We need only to impose constraints and
then indicate a target concept. The query for getting related orders
can be written as follows:

SELECT * FROM Orders

WHERE Products.size > 10
This query will return records from table Orders. However its WHERE
clause imposes additional restrictions on table Products by selecting
only those with big size. Notice that there is no indication in this
query how these two tables are connected and therefore the imposed
restriction will be propagated automatically.
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Fig. 5 provides an example of the described procedure. Assume that
the question is what orders are related to beer and chips. This means
that it is necessary to find all orders where either beer or chips are
product items. The selected two products are shown in bold in Fig. 5.
These two products are de-projected to concept OrderParts which
will contain only three items. Then these three items are projected
to concept Orders. They reference only two orders <# 23> and <# 24>
which are the result of this query.

Order# | date Product#| name
#22 22.09.06 #15 tee
#23 23.09.06 #16 beer
#24 24.09.06 #17 chips
#25 25.09.06 #18 coffee

Order# Product#

#22 #15

#23 #16

#24 #16

#23 #17

#25 #15

Figure 5. An example of constraints

In the case of many constraints in different parts of the concept
graph they are propagated down to the most specific concept along
their individual dimension paths. On the second step their intersection
is propagated up to the target concept. A model in Fig. 6 consists of
three already described concepts Orders, Products and OrderParts.
However, concepts Orders and Products have their own superconcepts.
In particular, each order is characterized by a customer (who made
this order) and a date (when this order was made). Each customer
belongs to some country from concept Countries and each product
has a category from concept Categories. Let us now assume that
we want to get all countries related to some product category (say,
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’cars’) and during some period of time (say, in ’June’). In other
words, we want to learn in what countries cars were sold in June. Here
again it is possible to write this query using concrete access paths for
projection and de-projection. However, the method described in this
paper does not need it and it is enough to simply impose our constraints
and indicate what kind of result we want to get — all the rest will be
done automatically.

The first constraint consists in selecting only cars. As a conse-
quence all non-car items are effectively removed from the model. This
means that all non-car products are removed and all order parts with
non-car products are also removed. Thus we get some subset of all
available order parts. The second counstraint consists in selecting only
items characterized by June as their date (concept Months). When this
counstraint is propagated down, all non-June items from its subconcepts
are effectively removed. In particular, all non-June dates, all non-June
orders and all non-June order parts do not satisfy this constraint. After
that concept OrderParts will contain only items characterized by cars
as its product category and by June as its date.

Top
Countriesl | Months | |Categories|w
£, 4 1)
calintry Mot h categary
g T N iy SO o |
Customersl | Dates §,;| | Products |;m:
i | | |
1 date "‘a ,‘@
) ”rw
prodgct
| &

OrderParts|

Figure 6. Many source concepts with constraints

The last step in this procedure consists in propagating the selected
order parts up to the target concept Countries. The whole query can
be written as follows:
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SELECT * FROM Countries

WHERE Categories.name==’cars’

AND Months.name==’June’

This query selects records from one table while imposing restrictions
on other tables which are not explicitly connected to the first one. In
SQL such a query would need to join 8 pairs of tables.

The described procedure for automatic counstraint propagation
works only if an access path can be unambiguously restored. How-
ever there are models where many possible constraint propagation
paths exist between source and target concepts. For example, products
can be characterized by a country of origin (Fig. 7) and then concept
Countries is a domain for two subconcepts Customers and Products.
Let us assume that we want to get all related product categories for
a selected country. Obviously, in this case there exist two options for
constraint propagation from Countries to Categories. The first path
goes through concept OrderParts and this propagation strategy will
result in all product categories ordered by customers from the specified
country (path (0). The second path goes through concept Products
and it will return all categories for products made in the specified coun-

try (path 2).

Countries|,

country L\

__gW Acategary
Yy v‘-‘ ‘«L

Products

customer B |
§

~ / = rgﬁu at
order — L
OrderParts

Figure 7. Multiple constraint propagation paths

In order to resolve this ambiguity and avoid the necessity to spec-
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ify the complete path it is possible to use hints which help to choose
one of many alternatives. One approach consists in using *VIA’ key-
word followed by concept name. This keyword means that constraint
propagation path has to include the specified concept(s), i.e., the recon-
structed access path has to pass through this concept(s). For example,
the following query will return all categories for products made in Ger-
many:

SELECT * FROM Categories

WHERE Country.name==’Germany’

VIA Products
However, we can change this query and get all categories for orders
from Germany:

SELECT * FROM Categories

WHERE Country.name==’Germany’

VIA OrderParts
By default in the case of no additional information the imposed con-
straints will be propagated along all possible paths. In the above ex-
ample this would produce a set of categories for products ordered and
made in Germany.

4 Implicit Constraints

In the previous section we considered an automatic constraint prop-
agation procedure consisting of two steps: propagating down via de-
projection and propagating up via projection. In this section we con-
sider a more complex case where this procedure does not work because
the source constraints do not directly influence the target concept.
Let us consider an example shown in Fig. 8. Here coaches (concept
Coaches) train teams (concept Teams) while one team consists of a
number of players (concept Players). Concepts Trains and Plays
store pairs of coach-team and player-team, respectively. (It is assumed
that a player may play for many teams and a coach may train many
teams.) Now let us ask the following question: find players related to
a selected coach. For this model this question means that we want to
get all players who have ever played for a team trained by this coach.
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If we select the coach and propagate this constraint down according
to the 2-step procedure then we get a subset of items from concept
Trains. However, here this procedure stops because there is no path
leading to the target concept Players. Indeed, we can project Trains
to its superconcept Teams but not to Players because players are not
directly connected with coaches.

Coaches | | Teams |(D| Players I

coach A»@ iv‘team‘%% ;:‘ clayer
| Trains | | Play

Figure 8. Multi-step inference

Onune simple solution to this problem consists in performing multiple
de-projection/projection zigzags in concept graph. In this example, an
obvious strategy is (1) to find a set of teams trained by the coach and
then (2) all players from these teams. Here again we can use keyword
’VIA’ in order to specify more precisely a point in the concept graph
used for constraint propagation:

SELECT * FROM Players

WHERE Coaches.name==’Smith’

VIA Teams

Another solution consists in applying the same 2-step procedure
as described in the previous section but adding additional constraints
which are implicitly assumed in the initial query. For example, when
we want to get all players trained by some coach then it is implicitly
assumed that the coach trains a team of this player. In other words,
the team trained by the coach must be the same team where the player
plays:

Trains.team == Plays.team
If this assumption can be explicitly formulated in the query then we
can correctly propagate the initial constraints directly from coaches to
players.

The concept-oriented model always has bottom concept which is a
subconcept for any other concept. If it does not exist then it is added
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formally. In particular, the model in Fig. 8 does not have bottom
concept so we formally add it and get the model shown in Fig. 9.
The semantics of bottom concept is the canonical semantics of the
whole model. It is equal to the Cartesian product of all its direct
superconcepts: B = 57 X ... X S,. In our example it contains all
combinations of items from concepts Trains and Plays. Effectively
this means that there are no dependencies between these concepts and
hence we will not be able to derive any consequence in one concept
given constraints in another concept.

l Coaches | | Teams | | Players |

“Ren A Aerh A piavet
a‘ | Trains |“ | Plays |

Trains.team == Plays.team

Figure 9. Inference under additional constraints

Bottom concept has a number of dimensions with domains in
all its superconcepts. In our example it has 2 dimensions with do-
mains in direct superconcepts Trains and Plays and 4 dimensions of
rank 2 with domains in concepts Coaches, Teams and Players (so
it is a 4-dimensional model). Notice however that two dimensions
Bottom.trains.team and Bottom.plays.team have the same domain
in concept Teams. We know that a coach is related to a player only
if he trains the same team where this player plays. Thus we need to
consider only data items from Bottom which satisfy this condition

Bottom — trains — team==Bottom — plays — team
It is precisely the additional constraint that has to be taken into ac-
count when carrying out inference procedure. (The first constraint is
as usual a coach for which we want to get related players.) Both types
of constraints (explicit and implicit) are propagated down to bottom
concept and then the result is propagated up to the target concept.
The whole query can be written as follows:
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SELECT * FROM Players

WHERE Coaches.name == ’Smith’

AND Trains — team == Plays — team

The first line selects records from the target table. The second
line imposes explicit restrictions by choosing one coach. And the third
line specifies an additional implicit condition according to our under-
standing of the word related (records). In other situations this addi-
tional constraint could express some other semantics of the term related
items. For example, a player might be treated as related to a coach
if he has played for the team for more than some time or more than
some number of games. These constraints encode dependencies in the
model which are implicitly assumed when making a query.

5 Conclusions

In the paper we presented an approach to getting related data using
automatic constraint propagation. This mechanism is based on spe-
cific properties of the concept-oriented data model. In particular, it
assumes that elements of the model are ordered and this order is used
to implement operations of projection and de-projection. This method
is easy to use because in many situations it is enough to impose con-
straints and indicate the type of result we want to obtain. However,
it makes it possible to express rather complex queries using additional
hints in the case of ambiguity or additional constraints in the case of
the absence of direct dependencies.
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The Development Methodology of the UML
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N.A. Magariu, L.L. Nigretcaia-Croitor, M.V. Croitor

Abstract

A technological model for realization of the electronic guide to
UML language is considered. This model includes description of
peculiarities of using the special graphic editor for constructing
the UML diagrams, XML vocabularies (XMI, DocBook, SVG,
XSLT) for representing the text and diagrams and JavaScript
code for constructing the tests.

1 About the problem

The high capacities of modern computers and networks of comput-
ers on the one hand and the needs of the big number of users on the
other hand push developers of information technologies to create new
approaches and means for the Complex Programming Systems (CPS)
development. One of such means is the UML (Unified Modeling Lan-
guage). The UML represents a graphic language for specifying various
aspects of Object Oriented (OO) Programming Systems (PS) design
[1]. It is already the input language for some CASE (Computer Aided
Software Engineering) systems [2]. The methodology of applying the
UML and methods of its realization are the subjects of modern sci-
entific research. Our research of the tendencies in CPS elaboration
methodology using OO CASE systems demonstrated that on the one
hand one needs a lot of time to master these systems, and on the other
hand, these systems themselves should be more effective [3]. In Soft-
ware Design Research Laboratory, Faculty of Mathematics and Com-
puter Science, State University of Moldova, an improved architecture
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of a CASE system named “MD Case” is being elaborated. General
functional requirements to “MD Case” system are: - support for the
forward and reverse engineering; - support for round-trip engineering
which facilitates the obtaining complete program’s code in a concrete
0O language; - exporting and importing the UML models, represented
in XMI language; - support for wide possibilities of using design pat-
terns; - providing the possibility of automated project evaluation; -
providing the possibility to master this system very quickly [3]. One
of the “MD Case” system components is the “Electronic Guide” sub-
system, which must help the user to become familiar with UML lan-
guage constructions and methodology of their applying. The problem
of learning and mastering the UML language is very important, that’s
why it had been decided to develop the independent electronic guide
to UML language in Romanian, Russian and English.

2 Guide’s concept

Modern technologies for the development of the electronic guides are
usually being reduced to writing the static web-applications, dynamic
web-applications or the complex interactive system, allowing carrying
out user’s mastering and examination concerning all aspects of the dis-
cipline [4]. On analyzing these technologies it has been found that the
method of electronic guide construction based on representing the infor-
mational and programming components in HI'ML, XML, Java, PHP,
etc. is the most commonly used. Such guides could be realized as web
pages, which are executed by browser. Static web pages usually are
generated automatically from .doc files with the help of MS Word or
another editor. For the most part they support only sequential viewing
and studying information. Dynamic web pages are interactive. They
allow user to enter some information and to receive information depend-
ing on entered data. Such applications usually contain a database, an
interface for maintaining and a user interface. The following tools can
be listed among technological means, necessary for building such type
of application: a HTML or XML editor, a data manager like MySQL, a
programming system like JDK| servers Apache, PHP, etc. Sometimes
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special tools for automatic construction of e-Learning systems are used.
One of these is the “Combinator” — an instrumental system for guide
development [5]. Often the necessary tools for electronic guides’ devel-
opment and maintenance require additional licensing costs. Such tech-
nologies often use texts and multimedia files (pictures, audio, video),
which are represented in different formats. This fact implies hetero-
geneity of data representation forms: text is usually represented in
HTML format, graphics — in JPEG or GIF formats, audio — in MIDI
or MP3 formats, and video — in AVI or MPEG. The heterogeneity of
the data representation forms limits the information search, because it
takes place within text format only.

The proposed technological model solves this problem by using the
XML language to represent both text and other types of data. Since
XML format represents a structured text, which describes the content
of the document, but not its representation, the searching doesn’t de-
pend on the type of information (text, graphics, audio information). In
addition such method of information representation is very useful for
native databases creation.

Having analyzed the contents of the UML guide, it has been found,
that this guide should contain following types of information: texts,
UML diagrams and tests. Texts can be in Romanian, Russian or En-
glish languages. UML diagrams should be imported from CASE sys-
tems with UML as input language. After reading and learning any part
of the guide, the user can test his knowledge immediately. Tests can
be complex enough and can contain UML diagrams.

Taking into account the above-enumerated requirements it had been
decided to realize the guide as a dynamic web-application, which uses
XML to represent all the information. This had required analyses of
above mentioned types of information representation in XML, and an
effective method of their combination in a web-application. As a result
of the analysis of web-applications creation methods, the method of the
electronic guide realization, based on using of various XML vocabular-
ies, had been chosen [6]. These vocabularies are: XMI (XML-based
Metadata Interchange), SVG (Scalable Vector Graphics), DocBook,
and XSLT (XSL for Transformations) [7,8,9,10]. The JavaScript lan-

241



N.A. Magariu, L.L. Nigretcaia-Croitor, M.V. Croitor

guage had been chosen for tests implementation.

3 The proposed technological model

To represent the formatted text in the guide, it had been decided to
use DocBook language, because DocBook documents can be processed
in the same way as XML documents, and because of the possibility
of their simple transformation into PDF or CHM documents [9, 10].
Representation of the text in DocBook format can be obtained using
the AbiWord processor, which reads Word Document (*.doc) files and
generates the DocBook (*.dbk) files [11]. Thus, the guide’s texts can be
prepared by means of the MS Word-like system, and later transformed
into DocBook format.

To represent UML diagrams in the guide, it had been decided to
use XMI, a language for describing and interchanging metadata and,
particularly, UML models. For the UML diagrams’ construction it had
been decided to use the “MD Case” system’s graphic editor, which al-
lowed to build UML models and to receive their descriptions in XMI
language. There is an important property of the “MD Case” system
that distinguishes it from the most of the similar systems. This prop-
erty consists in the possibility to store the coordinates and dimensions
of UML diagram elements in the generated XMI document [6,12].

The modern web-browsers are not adapted to display UML dia-
grams represented in XMI language. However, two-dimensional graph-
ics can be rather easily displayed by browsers if they are represented in
the SVG language. The problem of transforming the XMI document
into SVG-document was solved by using the XSLT technology. For the
purpose of viewing SVG graphics the SVG Viewer must be integrated
in the Web browser as a plug-in.

For tests realization the JavaScript language is being used. The
scripts can be included in XSLT templates or in DocBook document.

The guide content is being developed as an XML document, where
the texts are represented in DocBook format, the UML diagrams — in
XMI format, and the tests are realized in JavaScript. The browser
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visualizes the XML document, using the corresponding XSLT transfor-
mation and SVG Viewer.

The general logical scheme of our technological model is presented
in the Figure 1.

On analyzing this model one can observe that the XMI descriptions
of UML diagrams (*.xmi) must be included in the DocBook document
(*.dbk). The *.dbk file is processed in accordance to XSLT transfor-
mation templates (*.xslt) and using special XSLT processor, integrated
in Web browser. These XSLT templates are used to transform Doc-
Book document into HTML document with SVG images descriptions
included.

Dewelopers
e i
L} ¥ L
Word AbiWord “MD Cise” | | ML editor
processor processor | | | (1ML editor ]
[ 'i — i
— = ‘ ‘ | — —,
*doc | LT
o | v | i | - X
—— I * bk e * it |
. |____ =
N T
XSLT 4 ~
ProCessor I{:_-_—_:p-__:d_:“ru
1 Web browser — sl
A’dﬂh: | | J |
SVG Viewer | L | —

Figure 1. The general scheme of the technological model

4 Instruments application particularities

The common structure of the UML diagram description in XMI for-
mat looks in much the same way as the example, which contains XMI
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description of the UML class diagram:

<XMI version = "1.1" xmlns:UML = "http://omg.org/UML">
<XMI.header>
<XMI.documentation>

<XMI.exporter xmi.extender = "MD Case"/>
</XMI.documentation>
<XMI.model xmi.name = ""/>
<XMI.metamodel xmi.name = "UML"/>

</XMI.header>
<XMI.content>
<UML:Namespace.ownedElement>
<UML:Class name = "NewClassl" xmi.id = "NewClassl"
isAbstract = "false"/>
</UML:Namespace .ownedElement>
</XMI.content>
<XMI.extensions xmi.extender = "MD Case">
<UML:Diagrams>
<UML:Diagram kind = "Class Diagram">
<UML:Diagram.elements>
<UML:DiagramElement type = "clasa" name =
"NewClassl" originx = "74" originy = "73"
width = "110" height = "110"/>
</UML:Diagram.elements>
</UML:Diagram>
</UML:Diagrams>
</XMI.extensions>
</XMI>

Because the standard XMI description of the UML model doesn’t
contain the information about representation of the model as a set of di-
agrams, it had been decided to extend this description by adding special
elements: UML:Diagrams, UML:Diagram, UML:Diagram.elements,
UML:DiagramElement. New elements had been added inside the
XMl.extensions element that was specially destined for describing the
extensions of the XMI format. The attributes of above-mentioned new
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elements contain all the information needed for visual representation of
the UML diagrams. Particularly, they contain coordinates and dimen-
sions of the diagram elements. For example, in above-stated XMI-
document the element UML:DiagramElement contains attributes:
originx="74", originy="73", width="110", height="110". These
attributes are being used while transforming the XMI specifications
into SVG specifications. The values of these attributes specify the
rectangle in the following SVG-document, which represents specifica-
tion for the graphical notation of the UML class described in the above
XMI document:

<svg:svg width="400" height="400">
<svg:g>
<svg:rect x="74" y="73" height="110" width="110"
style="stroke:rgb(0,0,0);fill:rgb(255,255,255);"/>
<svg:line style="stroke:rgb(0,0,0); stroke-width:1;
" ox1="74" y1="93" x2="184" y2="93"/>
<svg:line style="stroke:rgb(0,0,0); stroke-width:1;
"ox1="74" y1="113" x2="184" y2="113"/>
<svg:text x="94" y="93" style="font-size:12;
font-weight:12; font-family: Courier;
font-style:italic">NewClassl</svg:text>
</svg:g>
</svg:svg>

The svg is the root element in this description. The size of the
image is specified with the help of its attributes. The g element serves
as a container of graphic elements. The rect element describes a rect-
angular. Its attributes set the coordinates of the top left corner of a
rectangular, the size of a rectangular, its color and the color of the
borders. The line element describes a segment. Its attributes specify
coordinates of the segment endings, color and thickness of the line. It
is necessary to accentuate, that the SVG-document was obtained as
the result of the XSLT transformation, applied to the XMI document.
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XSLT transformations represent instructions of kind “if node X is
found then the Y action is to be executed”. The root element of the
XSLT transformation may contain such child elements as xsl:template
which sets a rule of transformation, xsl:apply-templates which is
used to apply the rules, xsl:element — to create element nodes, etc.
To demonstrate the common structure of XSLT template let us con-
sider a template, transforming some parts of the mentioned above XMI
document.

The XSLT template that transforms the above-stated XMI class
description to SVG format (using svg namespace) is represented in
APPENDIX 1.

Thus, for all XMI-descriptions of the elements of UML-diagrams we
can define the corresponding templates. On applying these templates,
the XSLT processor, which is the part of web browser, generates doc-
uments with both HTML and SVG elements. Now it is required to
display simultaneously both the text and figures. Usually, browsers
ignore all tags that are not the standard HTML tags. Adobe SVG
Viewer plug-in — a special COM-component used to process SVG el-
ements, could be integrated in web-browser [13]. Adobe SVG Viewer
plug-in processes elements of the SVG namespace, therefore the SVG
namespace should be declared in the root template. The plug-in can
be activated in the following way:

<html xmlns:svg = "http://www.w3.o0rg/2000/svg">
<object id = "AdobeSVG" CLASSID = "clsid:78156a80-c6al-
4bbf-8eb6a-3cd390eebde2"/>

<xsl:processing-instruction name = "import'"> namespace =
"svg" implementation = "#AdobeSVG" </xsl:processing-
instruction>

</html>

This fragment of code means that all tags, belonging to svg names-
pace will be processed by Adobe SVG Viewer plug-in.
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For processing and transforming XML documents the special pro-
grams — XML processors are used. Modern browsers come with XML
processors, implemented as COM components. The XML processor
allows using JavaScript code simultaneously with XSLT. That can es-
sentially increase the capabilities of the guide. For example, it can allow
the inclusion in guide some knowledge evaluation system. Besides this,
taking into consideration that all the data is stored in a single file, per
page representation of the information is required. JavaScript allows
achieving this goal.

The proposed model of guide should have a simple knowledge eval-
uation system, meant for self-control. In such a system the security
for user unauthorized data access is not a primary goal because he is
interested in an adequate evaluation of himself. Therefore the informa-
tion about tests could be stored in an XML-oriented database. One of
the methods for tests representation in XML documents is the method,
corresponding to QTT (Question and Test Interoperability) specifica-
tion from IMS (Instruction Management System) standard [14]. At the
same time the testing process itself can be implemented in JavaScript
language.

The guide which is elaborated in conformance to this technological
model represents an XML-oriented database. The access and represen-
tation of the data from this database, as well as interaction with user
is realized by browser according to XSLT templates and JavaScript
programs. The content of database could be easily modified without
making any modifications in XSLT templates.

Replacing ,,UML editor” by ,,SVG editor” makes this technolog-
ical model suitable for construction of any other electronic technical
literature which contains a lot of graphics.

Implementation of this model doesn’t require large financial costs
for buying expensive tools and allows the creation of the platform in-
dependent applications, which can run both online and offline.
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APPENDIX 1. The XSLT template for XMI class transformation
into SVG format

. <xsl:template match="UML:Diagram">
<xsl:if test="@kind=’Class Diagram’ and ./UML:Diagram.
elements/UML:DiagramElement/@type=’clasa’">
<xsl:variable name="x" select="./UML:Diagram.
elements/UML:DiagramElement/Qoriginx"/>
<xsl:variable name="y" select="./UML:Diagram.
elements/UML:DiagramElement/Qoriginy"/>
<xsl:variable name="h" select="./UML:Diagram.
elements/UML:DiagramElement/@height" />
<xsl:variable name="w" select="./UML:Diagram.
elements/UML:DiagramElement/Qwidth"/>
<xsl:variable name="name" select="./UML:Diagram.
elements/UML:DiagramElement/@name" />
<svg:rect x="{$x}" y="{$y}" height="{$h}"
width="{$w}"
style="stroke:rgb(0,0,0);fill:rgb(255,255,255);"/>
<svg:line style="stroke:rgb(0,0,0); stroke-width:1;">
<xsl:attribute name="x1">
<xsl:value-of select="$x"/>
</xsl:attribute>
<xsl:attribute name="y1">
<xsl:value-of select="$y + 20"/>
</xsl:attribute>
<xsl:attribute name="x2">
<xsl:value-of select="$x + $w"/>
</xsl:attribute>
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<xsl:attribute name="y2">
<xsl:value-of select="$y + 20"/>
</xsl:attribute>
</svg:line>
<svg:line style="stroke:rgb(0,0,0); stroke-width:1;">
<xsl:attribute name="x1">
<xsl:value-of select="$x"/>
</xsl:attribute>
<xsl:attribute name="y1">
<xsl:value-of select="$y + 40"/>
</xsl:attribute>
<xsl:attribute name="x2">
<xsl:value-of select="$x + $w"/>
</xsl:attribute>
<xsl:attribute name="y2">
<xsl:value-of select="$y + 40"/>
</xsl:attribute>
</svg:line>
<svg:text x="{$x + 20}" y="{$y + 161}" style="font-
size:12; font-weight:12; font-family: Courier;
font-style:italic">
<xsl:value-of select="$name"/>
</svg:text>
</xsl:if>
<xsl:apply-templates/>
</xsl:template>
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The effects of Ethernet LANs’ fragmentation

Ion Bolun, Victor Andronatiev

Abstract

Three configurations of Ethernet networks that operate in du-
plex mode at relatively low load of transmission media are investi-
gated. Configurations differ by number of collision domains and
switches used in the network. To investigate the dependences
among basic parameters, analytic models of the functioning of
such networks are elaborated. Calculations made for a relatively
large set of values of initial data confirm the necessity of case
dependent special investigations on the physical configuration of
concrete Ethernet networks. It has been determined, for exam-
ple, that the fragmentation doesn’t necessarily permit to increase
the number of stations in the network; it may be even vice versa.

1 Introduction

Currently the Ethernet, Fast Ethernet and Gigabit Ethernet local net-
works are largely used. Moreover, the efficient capitalization of their
resources is important. In many cases one of the reserves consists in
the fragmentation of networks - their construction from many intercon-
nected segments [3, 4]. Such a fragmentation usually permits:

e grouping in a fragment of stations with higher traffic interchange;
e to increase the total data traffic in the network;
e to decrease the mean time of messages delay in the network;

e to increase the reliability of services offered etc.
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At the same time, fragmentation implies additional costs with
equipment to interconnect the network’s segments. Therefore, for a ra-
tional networks’ fragmentation, it is necessary to make a quantitative
appreciation of the respective effects. Some aspects of such apprecia-
tion are discussed in this paper.

2 Preliminary considerations

Investigations are based on networks or network fragments with only
one collision domain. Some results of the research of networks with only
one collision domain and homogenous stations are published in [1-3].
In these papers the boundaries of networks performance parameters,
such as the mean delay time of packets and the mean utilization of
transmission media are estimated.

At the same time, data packets are considered of fixed length,
which, as mentioned in [3], sometimes causes significant deviations from
the real situation, improving the real network performance. Moreover,
in paper [2] the nature of flow of messages generated by network sta-
tions is not taken into account; in calculations only the mean value of
respective parameters is used, such as: the mean time that a station
doesn’t have packets to transmit and the mean waiting time until the
beginning of packet transmission. In [3] the flows of packets generated
by stations are considered of Poisson type, but at the same time it is
supposed that each station transmits each packet before the next one
arrives; this corresponds to the reality only in the case of messages
which do not exceed the maximum length of one packet; in addition it
is considered that the network contains an infinite number of stations.

Thus, investigations in [1-3] are oriented to marginal appreciations
of the performance parameters of local networks with only one collision
domain. In the present paper an attempt is made to use models that
would allow the evaluation of performance parameters for the cases
of relatively low transmission media load p, aiming to appreciate the
effects of fragmentation of local networks in many collision domains.
It is well known that the Ethernet technology is working efficiently at
a load that doesn’t exceed 30-40 % [3]. At such a load, there may be
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signals’ collisions in the transmission media, but the probability that
there will be more than one collision per packet is very small.

There are investigated Ethernet local networks containing N ho-
mogeneous stations, each of which generates requests to other stations
in the network with the transmission of a Poisson flow of messages of
rate (; the repartition of messages’ size is exponential and its average
is L. To be mentioned that the exponential repartition of messages’
size and data packets’ size are accepted in many investigations [3-5,
etc.]. Stations of the same collision domain are distributed uniformly
between marginal stations. The data transmission speed in the media
is V. It is required to investigate the network’s basic operation features
when the following constraints are observed:

e the load p of the network transmission media doesn’t exceed a
given value pg

P < po; (1)

e the mean delay time 0 of a message in the network doesn’t exceed
a given value 6
0 < 6. (2)

Messages are transmitted through the network by packets, the size
of which is considered of exponential repartition with the average value
v and the heading of length s. Thus, the number of packets per message
is equal to L/(r—s). The processing time for disassembling messages in
packets and for the inverse operation of assembling packets in messages
at stations can be considered proportional with the number of packets
per message, that is equal to aL/(v — s), where a is a proportionality
coefficient.

Let T be the mean delay time of a packet in the network (the mean
waiting time + the mean transmission time), then

L

V—S

0=

(T +a). (3)

Taking into consideration relation (3), the constraint (2) can be
represented, at packets’ level, as

T S TU; (4)
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where Tj is the upper limit of the mean time of a packet delay in the
network; the following relation takes place between constants 6y and

T():
aozi(TOJra). (5)

Switches (bridges) are used to interconnect different network frag-
ments. It is considered that the network operates in the duplex mode
with the memorization of frames by switches and each collision domain
of it forms a separate fragment. Thus, the network’s physical configu-
ration is determined by the content of its fragments and the topology
of their interconnection through switches.

From multiple possible variants, the investigations in this paper will
confine to networks of three configurations:

1) networks with only one collision domain;

2) networks with a switch to which m homogeneous fragments-
collision domains, with n stations each, are connected

n=_—; (6)

3) networks with two switches, to each of which m homogeneous
fragments-collision domains, with n stations each, are connected

N

= —. 7
" om 0
Obviously, the rate u of packets transmission through network me-

dia is calculated as v
p=—. (8)
v

There are of interest such aspects of the problem as:
e determination of parameters 8 and p for a given network;

e finding the maximum number N,,, of stations for a given net-
work;
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e comparison of the performance of networks of different configu-
rations.

These aspects will be investigated in sections 3-6. The analytic
models of networks of each of these three configurations are made up
in sections 3-5, and some results of calculations for a set of real values
of the respective parameters are described in section 6.

3 Networks of configuration 1

Let there be a network with a single collision domain in the frame
of which all stations are interconnected. Two analytic models of such
networks will be investigated: (1) model la, which doesn’t take into ac-
count the time of signal propagation o through the transmission media,
nor the mean delay time w caused by a possible collision and (2) model
1b, which takes into account parameters ¢ and w. The quantitative
comparison of these two models is made in subsection 6.2.

3.1 Model 1a — an elementary analytic model.

When constraint (4) is observed and py has reasonable values, it is ac-
ceptable, in practical calculations, to not take into account the influence
of collisions on packets’ delay time in the network. The time of signal
propagation through the transmission media will be not taken into ac-
count, as well. The opportunity of such suppositions is confirmed for
a large set of real values of initial data in subsection 6.2.

So, the network can be represented as a queue system with one
server — the transmission media. The mean time of a packet delay T3
in the network, taking into account the Poisson nature of packets flow
(see [1]) and the exponential repartition of packets’ size, are determined
as [5]

1
TW=—F, 9
' B— A1 ©)

where the rate \; of packets flow in the transmission media is calculated
like
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Taking into account relations (8) and (10), formula (9) takes the
following form

= (1)
V- Nvy’

At the same time, load p; of the transmission media, taking into
account relations (8) and (10), is

Ty

_ A Nuy

P1 N =TV (12)

The analytic model of the network, from the viewpoint of aspects
suggested in section 2, is determined by relations (11) and (12) for
parameters 17 and p;.

Determination of the mazimum number Nige. of stations in the
network.

The observance of constraints (1) and (3) or (4) imposes the lim-
itation of number N of stations in the network. Proceeding from the
condition not to exceed the mean delay time Ty of packets in the net-
work (see constraint (4)) and taking into account formula (11), one
has

14

-~ <T 1
V—-Nvy ™~ 0 (13)
o VT,
— UV
Ny max (T) = —2— . 14
1max(70) AT (14)

As well, proceeding from the condition that the load mustn’t exceed
po (see constraint (1)), taking into account the formula (12), one has

Nvy
Vv

< po (15)

or

poV
N1 max = —, 1
1 ma; (/)0) vy ( 6)
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Combining constraints (14) and (16) with regard to the maximum
number of stations in the network, one has

p(]V . VTO — Vv
vy’ vyly |-

Nimax = min{ (17)

3.2 Model 1b — a more exact analytic model.

In order to consider the mean time o of signal propagation through the
media between the source station and the destination station and also
the mean delay time w caused by a possible collision, one adds values
o and w to expression (9) for T3

T = +o+w. (18)

= A1

Let’s determine the values of ¢ and w. For a station placed at a

distance [ (in time) from one of the two marginal stations (Fig. 1) and

a uniform distribution of stations between the two marginal stations,

the mean distance r (in time) to one of the other n — 1 stations of the
collision domain is

l T—1

_ _\3
r:i/ﬂduf'l/fﬂﬁ:£+g—ﬁﬁ (19)

T T T
0 0

Here 7 is the network diameter in time units — the signal propaga-
tion time through the media between the marginal stations. Then, in
average on the set of n stations, one has

T T

1 I (1=03]1 3
= [r2di= | |+ —=—2|=dl=:r. 2
o /erl /[2 + 5.2 ]le g7 (20)
0 0
Obviously,
w = p(o +1), (21)

where p is the probability of one collision during the transmission of
the current packet, the mean transmission time before the collision is
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numerically equal to o, and 7 is the mean time before the beginning of
packet retransmission after the collision. The following relation takes

place:
o 3 3
Pp=py = gPTH = §>\17'- (22)
v

Here p = A1/p is the media load (without taking into consideration
the collisions) and, at the same time, the probability that when a new
packet arrives the transmission media is busy. Taking into considera-
tion that the ratio v/V is the mean packet transmission time, the ratio
o/(v/V) is the probability that the source station of the new packet
doesn’t identify the busy state of the media and so it will start the
transmission, which will, in the ultimate respect, lead to a collision.

Marginal stations

Figure 1. A collision domain.

After the collision, each of the two stations will begin the transmission
after a random period of time which is uniformly distributed in the
interval [0;b]. So, the probability that at least one of the two stations
will begin the transmission after the period of time ¢ is

b—t\* t(2b—t
Pz <torzy<t)=1-—— =g, (23)
b b?
from which the repartition f(t) is
dP(zy <toray <t 2
o= Pnstonst_ 2, (29)
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So,
/ / 2t(b —t) b
tb—1
= [tr@ydt = | o —dt = . 2
n= [t = [ 2= (25)
0 0
By substituting (22) and (25) in (21), one can obtain
3 3 b 3 3 b
W= SpTH <ST+ 3) g M7 <ST+ 3) 1, (26)
where 5 /3 )
= =—7| = - . 2
h=o(oc+mn) 87<87+3> (27)
Taking into account relations (20) and (26), formula (18) takes the
form 5 5 )
v
TN=———"—"—4+ 7|14+ Nvy| = -] 2
1 V—NV7+8T[+ 7(874—3)] (28)

The load p; of the transmission media, taking into account relation
(12), is

A A A
@ 7 7 14

The network analytic model 1b, from the point of view of the as-
pects proposed in section 2, is determined by relations (28) and (29)
for parameters 77 and p;.

Determining the mazimum number Nipee of stations in the net-
work.

From the condition that the mean delay time of packets in the
network should not exceed Ty (see constraint (4)), taking into account
formula (28), one has

v 3 3 b
— + 7|1+ Ny < = | <Tp.
V—NV7+8T[ + 7(874—3)] < T (30)

Then from (30) one has

BV + Tow + /(WY + Tpw)? + dho(v — TyV)

Nl max(TO) - 2}“/7 )

(31)
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where

Ty =Ty — gT. (32)

To be mentioned that in formula (31) the solution obtained using
the sign ”-” (minus) before the square root doesn’t have sense (the
value of Njax(Zp) would be negative).

In a similar mode, from the condition that the load of media should
not exceed pg (see constraint (1)), taking into account formula (29), one
has

Ny (Nyh+ ) < po (33)

or

—v+ V% + 4dhpyV?

2vhV ’

As in the case of formula (31), in formula (34) the solution obtained

using the sign ”-” (minus) before the square root doesn’t have sense,
because the value of Ny ax(po) would be negative.

Combining expressions (31) and (34) with regard to the maximum
number of stations in the network, one has

N . it + V2 + 4hpy V2
= min 5
1 max 2’)/hV )

Nimax(po) = (34)

WY + Tyw + /(WY + Tyw)? + dh(v — TyV)
2hvy

. (35)

4 Networks of configuration 2

4.1 An analytic model.

Let’s consider a network with one switch to which mhomogenous
fragments-collision domains of n stations each are connected. The mean
delay time 75 of a packet in such a network is determined as

T, = Aoint Ty + Aoea 215 _1 A2int + 2>\26:m:7 (36)
A2int + A2ext ny
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where:

TQI - the mean delay time of a packet in a fragment-collision do-
main;

Aoint - the rate of packets flow generated by the n stations of the
same collision domain and destined to stations belonging to it;

Aoezt - the rate of packets flow generated by the n stations of the
same collision domain and destined to another N —n stations (stations
that belong to the other collision domains) of the network. Obviously,

A2int + Aoext = MY. (37)

In relation (37), the product ny determines the rate of requests
flow generated by the n stations of the investigated collision domain.
Taking into account that the rate of packets flow generated by one of
the stations and destined to a different concrete station is /(N — 1)
the following relations take place:

n—ll

A2int = T (n—1)= YN T (38)
_ ¥ _ _ N —n
)\2ext—nN_1(N n)_nny_l' (39)

The quantitative comparison of models la and 1b for networks of
configuration 1 described in subsections 3.1 and 3.2 show (see section
6.2) that, at reasonable loads of the transmission media, these do not
differ significantly. Therefore, in models for networks of configurations
2 and 3, the effects caused by signals collisions shall not be taken into
consideration, nor will the duration of signal propagation through the
transmission media. So, like in formula (9), the following relation takes

place
1

Ty=—

2 = )\2 ’

where the rate A9 of packets flow in the transmission media of one
collision domain is calculated according to formula

(40)

2N —n—1

)\gznfy—i-(N—n)N,y_ln:n’y N1

(41)
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In expression (41), product ny determines, as was mentioned above,
the rate of the flow of requests generated by the n stations of this
collision domain, and expression ny(N —n)/(IN — 1) — the rate of the
flow of requests generated by the other N — n stations of the network
and addressed to stations of the investigated collision domain (external
requests). From (41) it is easy to notice that

Ao < 2nry, (42)
and at n << N or, more exactly, at m — oo relation (41) turns to

%gnoo)q = 2nry, (43)
meaning that e depends, practically, not on the total number N of
stations in the network, but on the number n = N/m of stations in a
collisions domain.

From (38), (39) and (41) one can notice that the following relation
takes place
A2 = Aoint + 2A2exts (44)

therefore and, also, taking into consideration relation (40), formula (36)
can be replaced with

1 A2 2N —n—1

Ty = = = .
T u— X ny u(N—-1)—ny(2N —n—1)

(45)

To be mentioned that at m = 1 the equality n = N takes place and
formula (45) for Ty is reduced to formula (9) for 7; thus

1l,—1 =T (46)
and, respectively, see (3),

02| b1 (47)

m=1 "

As far as it concerns load ps of the transmission media, it is deter-

mined as
Xy nvy(2N —n—1)

W V-

P2 (48)
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In a manner similar to (46), at m = 1, the equality n = N takes
place, and formula (48) for ps is reduced to formula (12) for p;, there-
fore

P2l 1 = P1- (49)

So, Ty is calculated according to the expressions (45) and (48) (tak-
ing into account (3), and #y = 0) and, respectively, py which constitutes,
from the viewpoint of the research aspects proposed in section 2, the
analytic model of networks of configuration 2.

4.2 An asymptotic analytic model.

The analytic model determined by relations (45) and (48) can be con-
siderably simplified at n << N or, more exactly, at m — oco. Indeed,
from (45) it is easy to notice that

2

T: R
2<H_2n77

(50)
and at m — oo relation (45) turns to an asymptotic, simpler one

2
m Ty = — =
m—00 W= 277,’)/

(51)

meaning that 75 depends, practically, not on the total number N of
stations in the network, but only on the number n = N/m of stations
in a collision domain.

In a similar way, from (48) it is easy to notice that

2n
p2 < 7” (52)

and at m — oo expression (48) is reduced to a simpler one

2ny  2nwy

mh—r>noop2: 7 | VA

(53)
meaning that po depends, practically, not on the total number N of

stations in the network, but only on the number n = N/m of stations
in the collision domain.
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Thus, since usually n << N, both 75 (see formula (51)) and po
(see formula (53)) depend, practically, not on the total number N of
stations in the network, but only on the number n = N/m of stations
in the collision domain. Therefore it is reasonably to calculate the
maximum number n9,,,, of stations in the collision domain, imposed
by restrictions (1) and (4).

4.3 Calculation of ny,,4,-

Taking into account relation (45), the condition (4) of not exceeding
the mean delay time T of packets in the network takes, for this case,
the following form

2N —n—1
< T 54
u(N—-1)—ny(2N —n—1) — o (54)

whence, in the result of some transformations,
yTon? — [YTy (2N — 1) — 1Jn — [T (N —1) +2N —1] > 0. (55)

From this square inequation it is easy to obtain the solution for the
maximum number 79,,4,(7p) of stations in a collision domain, calcu-
lated taking into account separately just the restriction (4) regarding
the limit mean time Ty = T of a packet in a network of configuration 2

1 1
Nomax(To)12 = N — 2 o
1 1 71% plhy(N—-1)+2N -1
+ N ——-— . (56
\/[ 2 27T0] i 1o (56)

In a similar way, taking into account relation (48), the condition (1)
that the load py of the transmission media of the respective collision
domain mustn’t exceed the limit value py takes, for this case, the form

nvy (2N —n—1)
V(N-1)

< po (57)
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or, after some simple transformations,
vyn? — vy(2N — 1)n+ poV (N — 1) > 0. (58)

From here it is easy to obtain the expression for the maximum
number 79,4z (p2) of stations in a collision domain, calculated taking
into account just the restriction (1) regarding the limit load py = py of
the transmission media in this domain,

1 112 V(N —1
anaX(pO)l,Q = N - 5 + \/[N - §:| - %’y) (59)

Combining solutions (56) and (59), one can obtain the expression
for the maximum number ngy,q,; of stations in the collision domain
calculated taking into account restriction (1) regarding the limit load
p2 = po of the transmission media in this domain, as well as restriction
(4) regarding the limit mean time Ty = Ty of the packet transfer in the
network

1

n2max=N_§+
1 1 1 7% plhy(N—-1)—2N+1
in{ — +4/|N == — :
g o \/[ 2 27T0] + ~To ’
112 aV(N -1
:I:\/[N——] _IN-D L (60)
2 vy

Obviously, upon using formulas (56), (59) and (60) there should be
taken into account the direct relation among parameters n and N (see
relation (6)).

In a similar way, to asymptotic solutions for 175 and po (see rela-
tions (51) and (53), respectively) correspond asymptotic expressions

for n2maz (T0); M2maz(po) and nomaq-
At m — oo, condition (4), considering relation (50), takes the form

2

— < T 61
pw—2my =" (61)
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from which one can obtain the asymptotic, simpler expression for

N2max (TU) T 9
_ kLo —

i 2mae (To) = =5 7 (62)
Likewise, at m — oo, condition (1), considering relation (53), takes
the form 5
ny
L < o, (63)

from which one can obtain the asymptotic, simpler expression for

N2maz (/)0)

. ng
mlgnoon2 max(P0) = % (64)

Combining solutions (62) and (64), one can obtain the asymptotic
expression for the maximum number ng,,,,; of stations in a collision

To—2
K20 ;M}_ (65)
29Ty 2v7y

domain

Lim 79 max = min
m—0o0

4.4 Calculation of Ny,,qz-

In many practical cases, it is necessary to know, in addition to 19,44,
the maximal number Ng,,. of stations that can be in the network.
Examples of such cases include: creating a new network; expanding
the number of stations in a functioning network; determining the cause
of low efficiency of a functioning network, etc.

Taking into consideration relation (6) among N,n and m, restric-
tion (54) for the value of T5 can be turned, after some simple transfor-
mations, to the form:

1
’YTO <2 — E) N2 — [’}/TO +1—m (2 — uTO)]N+m[,uT0 — 1] < 0, (66)

whence

m
Nomax(T0)1,2

= —— VI +1—m(2 - pTy)E

e/ I7Ty + 1= m (2= WT) — 4Ty (2 — 1) (uTy — 1) (67)
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In a similar way, considering relation (6), restriction (57) for po,
can be turned, after some simple transformations, to the form:

1
vy <2 - E) N? — (vy + pomV)N + pomV <0, (68)
whence
N mas (p0) L vyt pomVE
N =——|v
2max\00)1,2 211’}/(2’17’1, — 1) Y+ pom
:I:\/(V'y + pomV)% — dpovyV (2m — 1) | . (69)

Combining solutions (67) and (69), one can obtain

N2max = min{NQmax(TO);N2max(p0)}- (70)

To be mentioned that at m = 1 expressions (67) and (69) can be
reduced to (14) and (16) ones for networks of configuration 1, therefore:

_/LT()—]._VT()—I/.

NZmax(T0)|m:1 = Nlmax(TO)— ’)/Tg V’YTO ) (71)
|4
Nomas(p0)lmzy = Nima(po) = 25 = £ (72)

and
NQmax|m:1 = min {Nlmax(TU);Nlmax(pO)} =

:min{ﬂ;@}, (73)
vy vyly

5 A model for networks of configuration 3

Let’s consider a network with two switches, to each of which m homo-
geneous fragments-collision domains of n stations each are connected.
The mean time T3 of a packet delay in such a network is determined
as

_ AsintTs + As1T51 + AsaTh2  AsineTs + As1Ts1 + As2Tso

- ) (74)

T:
’ A3int + A31 + A32 ny
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where:
T?" - the mean time of a packet delay in a fragment-collision domain;
T3, - the mean delay time of a packet transferred between two
stations connected to different collision domains of the same switch.
Obviously,
Ty, = 2T%; (75)

T30 - the mean delay time of a packet transferred between two
stations connected to collision domains of different switches. Of course

Tyy = 2T5 + T, (76)

where Tz;l is the mean delay time of a packet in the fragment-
collision domain that interconnects the two switches;

Asint - the rate of packets flow generated by the n stations of a
collision domain and destined to stations of the same domain;

A31 - the rate of packets flow generated by the n stations of a col-
lision domain and destined to the other N/2 — n stations (stations
connected to the other collision domains) of the same switch;

A39 - the rate of packets flow generated by the n stations of a colli-
sion domain and destined to the N/2 stations connected to the another
switch. Obviously,

A3int + A31 + Az2 = ny. (77)

Let Az is the rate of packets flow in media ¢ that interconnects
the two switches. Taking into account that the rate of packets flow
generated by one station and destined to certain another station of the
network is v/(IN — 1), the following relations take place:

Asint = nNz 1(n —-1)= n’y;__ll = A2int; (78)
Az1 = nﬁ <g - ”) = n72](\7]\[—7_2711); (79)
A32 nﬁ% = 7172(;\77_1)3 (80)
Ase = 2%% gzyz(NNiil)z%. (81)
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Relation (81) shows that the rate of flow through media ¢ that
interconnects the two switches is approximately equal to half of the
rate of the summary packets flow generated by all NV stations. Thus,
regarding the restriction not to exceed the load pgy of the transmission
media, ¢ is the critical segment. At the same time this segment can
be easily used in full duplex mode and then the py value can be bigger
in comparison with the one for the collision domains; in this case, for
segment c it is sufficient to consider only restriction (4) regarding the
value of T' = T3.

To be mentioned that the rate of packets flow in the transmission
media of a collision domain and, respectively, the load of this media,
are the same as for the network of configuration 2 (see formula (41)).
Therefore

Ty =T, (82)

We will consider that in the transmission through the ¢ media, the
duplex operation mode is used. Then, in a similar way as (9), the
following takes place

" 1 2
T, = = 83
’ 1 % 2“ — A3¢ ( )
and, considering relation (69), one can obtain
" 4(N —1
T = ) (59

4(N — 1)p — yN?%
Thus, considering relations (75), (76), (78)-(82) and (84), the for-
mula (74) can be replaced with
Ty(ny + Az1 + As2) + Ty A3o
wy

T3 =

7 N
=T2+T3 2

o

So, the use of configuration 3 instead of configuration 2, at pre-
serving the total number of collision domains, results in the growth of
mean delay time by value

N 2N 2

T = ~ 86
S9N —1)  4u(N —1) —yN2 " 4 — N (86)
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in the case of full duplex operation mode in the ¢ transmission media
and - by value
N N 1

T, = ~ 87
S9N —1)  2u(N —1)—yN2 "~ 2u—~N (87)

in the case of duplex operation mode in the ¢ transmission media.
Substituting 75 and T} in formula (85) with expressions, (45) and
(84), respectively, one can obtain

2N —n—-1 n 2N
(N —1) —ny(2N —n—1)  4p(N —1) —yN?’

T5 = (88)

Condition (4) not to exceed the mean delay time Tj of packets in
the net for the full duplex operation mode in the ¢ media, taking into
account relation (70), takes the form

2N —n—1 n 2N <
(N —1) —ny(2N —n—1)  4u(N —1) —yN? —

T (89)

At the same time it should be mentioned that the condition not to
exceed load pg of the transmission media of a collision domain is the
same as for configuration 2 (see (57)). Obviously, it is supplementary
required the observance of the restriction

P3c < ]-a (90)

but this is, indirectly, taken into account by condition (88) for the T3
value.

6 Calculations concerning the performance of
some networks
6.1 Initial data.

In the aim of practical research of dependences among the parameters
of networks of different configurations, calculations were made for a
councrete set of initial data, some of which are the following:

V =10 Mbps;
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B = 0,01 mes/s;

L =1 Mbit;

v = 0,006392 Mbits;

s = 0,000208 Mbits;

po=0,3;

a=0.

The average length v of a packet is calculated, in concordance with
the specifications of the standard IEEE802.3 [6], as (12784 + 576)/2
bits = 6392 bits, where 12784 bits is the maximum size and 576 bits -
the minimum size of an Ethernet packet. The control information per
an Ethernet packet constitutes (18 4+ 8) - 8 bits = 208 bits.

6.2 Comparison of models 1a and 1b for networks of
configuration 1.

In calculations, for models described in subsections 3.1 and 3.2 the
following supplementary initial data are used:

7T = b= 285 bt;

90 = 0, 35 s.

As criteria for the comparison of the two models, the following
relative differences are used: of mean time of a packet delay 077, of
load dp; of the transmission media and of maximum number §Ni,,q,
of stations in the net:

Ty — T
5Ty = “’Tibla-loo%; (91)
1
Sp1 = M-lOO%; (92)
P1b
Nigmax — N
0Nimax = 1“”‘;]1 1hmax 100% (93)
a max

The results of calculations of these indicators, using the respective
expressions from subsections 3.1 and 3.2, are systemized in Table 1.

From this table one can notice that by these three indicators models
la and 1b differ only slightly from each another. The biggest difference
refers to the mean time T} of a packet delay, but it doesn’t exceed 1,7%.
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Table 1. Dependence of parameters §17, dp1 and 0 Nipq, on the number
N of stations

N, Message size 1000 bits Message size 1 Mbit

stations 5,0, % (ST, % 6Nma:1:a 597 % 6T7 % 5Nma:v7
Yo %o

50 2.73E-06 | 1.644 | 0.0158 | 0.0027 1.563 | 0.0158

100 5.46E-06 | 1.644 | 0.0158 0.0055 1.482 | 0.0158
150 8.19E-06 | 1.644 | 0.0158 0.0082 1.400 | 0.0158
200 1.09E-05 | 1.644 | 0.0158 0.0109 1.317 | 0.0158
250 1.36E-05 | 1.644 | 0.0158 0.0136 1.235 | 0.0158
300 1.64E-05 | 1.644 | 0.0158 0.0164 1.151 | 0.0158
350 1.91E-05 | 1.644 | 0.0158 0.0191 1.068 | 0.0158
400 2.18E-05 | 1.644 | 0.0158 0.0218 0.984 | 0.0158
450 2.46E-05 | 1.644 | 0.0158 0.0246 0.899 | 0.0158
500 2.73E-05 | 1.644 | 0.0158 0.0273 0.814 | 0.0158

This confirms the opportunity of using, at low loads of transmission
media, a reductive model without taking into consideration the time
of signal propagation through media and the supplementary delay of
packets caused by possible collisions.

6.3 Results of other calculations.

In this section, data regarding the networks of configuration 1 refer
to model la. In Figure 2, for networks of configuration 1, there are
shown some results regarding the dependence of the maximum number
Nimaz (T) of stations in the network, calculated using constraint (12)
regarding the limit mean time 7y of a packet delay. One can notice
that, although the value of Ny, (T") grows with the increase of 6
value, this increase is not linear.
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Aimatd 1. stations
o0 4

G50
600 /ﬁ/
550 /o//f

500

0.2 0.25 0.3 035 &y s

//‘O

Figure 2. Dependence of N4 (1) on 6y

Dependences of Nyua.(T0) and Nyez(p0) on 6y and the number m of
fragments-collision domains in the network, for configurations 1 and 2,
are shown in Figure 3. Calculations were made according to formulas
(67) and (69).

Obviously, Nyaz(po) doesn’t depend on 6. Depending on the case,
there takes place Nmaw(TO) > Nmaz(pl]) or Nmaw(TO) < Nmaz(pO)-
Already at relatively not big values of m, the respective dependences
are almost linear. At the same time if in the case of 8y = 0,35 s
the value of Ny (7)) grows with the increase of m, then in cases
0y = 0,3 s and 6y = 0,25 s the value of N4, (Tp) decreases at first
and ounly afterwards it grows once with the increase of m. Moreover,
in the case of g = 0,2 s, the growth of the number m of fragments
results in the decrease of the maximum number N4, (Ty) of stations
in the network. Thus, the fragmentation doesn’t necessarily permit to
increase the number of stations in the network; it may be even vice
versa.

The two criteria Ny, (To) and Nyqee(po) are combined into a single
one by formula (70) for N,,q,. The dependence of N4, on 6y and m, at
the same initial data as for cases from Figure 3, are shown in Figure 4.

It is important to estimate the dependence of the mean time 6
of a message delay by the number N of stations and the number m
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Moo Stations

2100 i

o 6y =0,35 5 /

1300 =~ £
o 60 =0,25 s W
500 b i W Mﬂfﬂ

i
W #,=0,2-0,35 ¢
o MM
I:I T T T T T T T T 1
1 2 3 4 = = 7 g 9 10

m, fragm.
S Nmax(fn); —— Nmaxlzoo};
Figure 3. Dependence of Ny,4,(To) and Nyyqeq(po) on 6y and m, config-
urations 1 and 2

of network fragments. This dependence, for configuration 2 (at m =
1, configuration 1) for cases encompassed by initial data described in
subsection 6.1, can be traced from Figure 5. The respective calculations
were made according to formula (3), in which 7' was substituted by T
which, in turn, was determined according expression (45).

From Figure 5 there can be noticed that, although at a small num-
ber m of fragments the 6 value differ considerably for networks of differ-
ent number NV of stations, with the increase of m value these differences
gradually decrease. Also, there are cases, for which the increase of m
results in the increase of the mean time 6 of messages delay — see, for
example, the case for N = 200 from Figure 5. Thus, the increase of the
number of network fragments doesn’t necessarily result in the decrease
of the mean delay time of messages transferred among stations.
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M e stations

1300 o

8, =0,3-035 s /
1200 * /
00 % _“_}/_,_/I:I/'/lcI

&00
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8,=025 G =0.25¢

0

1 2 3 4 = =3 7 g 9 10
e, Tragm.,

Figure 4. Dependence of Nyyqy on 6y and m, configurations 1 and 2
& =
0.7 7

- \ N=1000

. \ \/ i

.y \ \/ = 600
X/

A =400
0.3

1 2 3 4 5 f T g g 10
w2, fragm.

Figure 5. Dependence of 8 on N and m at 6y = 0, 25s, configurations
1 and 2
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Data similar to those from Figure 5, but for networks of configu-
ration 3, are shown in Figure 6. The respective calculations are made
according to formula (3), taking into account that, in this case, T' = T3
and T3 is determined according to expression (88).

g 10
w, fragm.

Figure 6. Dependence of 63 on N and m at 6y = 0, 25s, configurations 3

Graphics from Figure 6 show that these dependences have the same
character with those for the respective networks of configuration 2 (see
Fig. 5), only the value of the mean time 03 of messages delay is bigger.
So, if the adding of switches results in the decrease of the load of some
separate fragments, then the time of messages delay can be, at the
same time, longer.

Of special interest is the comparison of configurations 1 and 2 in
terms of the mean time 6 of messages delay. For this purpose calcula-
tions were made for the relative increase 6612 of the mean delay time 6
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of messages in networks of configuration 1 comparatively to the mean
delay time 65 of messages in networks of configuration 2:

0, — 0
1

5615 = -100%. (94)

The results obtained are shown in Figure 7. Data from Figure 7
show that the difference between the 61 and 69 values can be consid-
erable. At a small number of stations in the network, the mean time
of message transfer is smaller for networks of configuration 1 compara-
tively to those of configuration 2 (in Figure 7, at N = 200 stations and
N = 400 stations), and at a relatively large number of stations in the
network (in Figure 7, at N = 600 stations and N = 800 stations) vice
versa: 0 > 0y. Also, in some cases (in Figure 7, at N = 200 stations)
the increase of the number of fragments results with the decrease of the
parameter 06,2, and in other cases (in Figure 7, at N = 400 stations,
N = 600 stations and N = 800 stations) on the contrary leads to the
growth of parameter d6;9.

86 Y

[=11]
m 200

40
L

EDW

Figure 7. Dependence of §015 on N and m at 6y = 0, 25s
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In a similar mode, it is of interest the comparison of configurations
2 and 3 by the mean time 6 of message delay. For this purpose calcu-
lations were made for the relative difference 6635 of the mean time 65
of message delay for configuration 3 comparatively to the mean time
02 of messages delay for configuration 2:

03 — 69
3

56039 = -100%. (95)

The results obtained are shown in Figure 8. Data from Figure 8

36, Yo
i A =200 o
22 QW\K
Pt |
o
a0 L £ _(;s%_'_'_,_,_,-o-""""
/%400
18
T >< M= 600
16 Y S
/ }& A= 800
14. %
/ AF=1000
12 /
10
2 3 4 =] G Fi 2 9 10
me fragm .

Figure 8. Dependence of §035 on N and m at 6y = 0, 25s

show that there exists an m value at which the value of parameter
0632 doesn’t depend of the number N of stations in the network (in
Figure 8 this is &~ 7 — 8 fragments). The increase of the number of
fragments results in the decrease of differences between the values of
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02 and 603 at a relatively small number of stations in the network (in
Figure 8, at N = 200 stations) and in the increase of these differences
at a relatively large number of stations in the network (in Figure 8, at
N > 400 stations). At a certain number of stations in the network,
the number m of fragments in the network doesn’t influence or have
little influence on the value of parameter 6635 (in Figure 8, N = 350
stations).

The dependence of load p on N and m presents interest as well.
Some results of the calculations referring to these dependences for the
set of initial data described in subsection 6.1 are shown in Figure 9.

From Figure 9 there can be noticed, as expected, the growth of load
p once with the increase of number N of stations and the decrease of
this load once with the increase of the number m of collision domains in
the network. The increase of m results also in the decrease of differences
between load p for networks with a different number N of stations.

fa

RN
N \ \y =400

NN,

02 \g\m\{\c\c\a

01 MW
——

—
]
i
=
h
m
-
]
w
24,
=

Figure 9. Dependence of p on N and m at 6y = 0, 25s
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It is of interest the estimation of differences between load p; of
the transmission media for networks of configuration 1 and load ps of
the transmission media for networks of configuration 2 (for networks of
configuration 3, excluding the case of the transmission media ¢ between
the two switches, the equality p3 = po takes place). In this purpose,
there were made calculations for parameter dpio, which is determined
as

Spra = plp_ P2 100%. (96)
1

Some results of calculation of dp;9 are systemized in Table 2.

Table 2. The dependence of dp12 on N and m, %

m, fragm. N, stations
’ 200 400 600 800

2 25,12 24,94 25,00 25,03
3 44,44 44,31 44,35 44,38
4 56,04 56,17 56,13 96,23
) 63,77 63,92 64,03 63,97
6 69,57 69,49 69,35 69,41
7 73,43 73,37 73,39 73,40
8 76,33 76,51 76,61 76,54
9 79,23 78,93 79,03 78,96
10 81,16 80,87 80,97 81,02

Data from Table 2 show that the value of dp1o very little depends
on the total number N of stations, but depends significantly on the
number m of network fragments. In a graphic form, this dependence
for the case of N = 800 stations is shown in Figure 10.

Calculations were made for Ethernet networks with data transfer
speed of 10 Mbps, but the elaborated models and procedure can be
applied to FastEthernet and Gigabit Ethernet networks, as well.
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do . Yo
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2 3 4 5 A 7 3 g 10
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Figure 10. Dependence of opi2 on m at N = 800 stations and dy =
0, 25s.

7 Conclusions

The analysis of performance features of different networks with frame
memorization by switches confirms the necessity of case dependent spe-
cial investigations on the configuration of concrete Ethernet networks.
It was determined, for example, that:

1)

2)

the fragmentation doesn’t necessarily permit the increase of the
number of stations in the network, in may be even vice versa;

the increase of the number of network fragments doesn’t necessar-
ily results in the decrease of the mean time of messages transfer
among stations;

if the adding of switches results in the load decrease for some frag-
ments, then the mean time of messages transfer in the network
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can be, at the same time, longer;

there exists a value of number m of fragments for which the rel-
ative difference 0035 of the mean time 03 of messages delay in a
network with two switches comparatively to the mean time 65
of messages delay in a network with one switch doesn’t depend,
practically, on the number N of stations in the network;

at certain number N of stations in the network, the number m of
network fragments doesn’t influence or little influences the value
of parameter 063o;

the relative difference dp12 of load p; of the transmission media of
a network with one collision domain from load ps of the transmis-
sion media of a network with one switch little depends on total
number N of stations, but depends significantly on number m of
network fragments.

References

[1]

2]

3]

[4]

[5]

F.Tobagi, V.Hunt. Performance Analysis of Carrier Sense Multi-
ple Access with Collision Detection. Computer Networks, October-
November 1980.

B.Stuck, E.A. Arthurs. Computer Communications Network Per-
formance Analysis Primer. Englewood Cliffs, NJ: Prentice Hall,
1985.

W. Stallings. Local and Metropolitan Area Networks, 5th Edition,
New York, NY, Macmillan Publishing Co., 1997.

G. Thomas. Improving the Performance of
Ethernet Networks, http://ethernet.industrial-
networking.com/articles/i06articleimproving.asp

T.G. Robertazzi. Computer networks and systems: queuing theory
and performance evaluation. — New York: Springer-Verlag, 1994.

282



The effects of Ethernet LANs’ fragmentation

[6] IEEE Std 802.3-2002. Carrier sense multiple access with collision
detection (CSMA/CD) access method and physical layer specifica-
tions. New York: IEEE, 8 March 2002.

Ton Bolun, Victor Andronatiev Received July 13, 2006

Academy of Economic Studies of Moldova
59, Banulescu Bodoni str., off. 401
Chisginau, MD—2005, Moldova

Phone: (373+2) 22-27-65

E-mail: bolun@Qase.md

283



Computer Science Journal of Moldova, vol.14, no.2(41), 2006

Macroeconomic growth determining

E.Naval

Abstract

In the offered work two approaches to the problem of eco-
nomic growth rate determining is considered. The first approach
assumes, that economic growth rate is set exogenously, so its
value is known while at the second approach economic growth
rate is determined endogenously, i.e. its value is unknown. In
the model there are included such components of the economic
growth, which are determined by the technical progress contain-
ing the human factor during training, and also sector of research
and development (R&D). Research and development are esti-
mated in two ways: one, supposing development of new technolo-
gies and another, using already available developed technologies,
and on their basis developing new manufactures. Estimations of
expenses both on the first, and on the second way are resulted.

Introduction

Work consists of three sections. In the first section the Solow model
[11] with the exogenously set growth rate of technical progress is in-
vestigated. The equation of dynamics is brought and the golden rule
of accumulation is written. Using dynamics equation for Solow model,
the optimization problem is formulated and it is solved by the max-
imum principle. The solution of this problem determines an optimal
trajectory for consumption function and, accordingly, an optimal rate
of accumulation.

In the second section Aghion-Howitt [1-2] model with endogenous
growth caused by uncertainty in which researches provide qualitatively
improved innovations is discussed. The dynamics equation of the model
is brought, and economic growth rate is determined, proceeding from

(©2006 by E.Naval
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the known values of the model parameters offering basic characteristics
of economic development.

In the third section the Romer [13-15] endogenous growth model
is examined. Estimation cost of the original invention which underlies
qualitatively improved innovational processes and the cost of the license
invention providing qualitatively improved innovations are brought.

1. Optimal rate of accumulation in exogenous growth
economic model

Let’s consider Solow exogenous growth economic model with technical
progress.

Y = K*EL)'™®
Y = C+1
C = (1-y9)Y, 0<(l-s)<1
AK = I-/K, 0<d<1
AL/L = n, n>0
AE/E = g, g>0

\)

Y~ N N N /N /N
=
S N N N N N

6

Here Y, C, I, K are endogenous variables, L, E are exogenous vari-
ables. Y is gross domestic product; C is total consumption; [ is total
investments; K is fixed capital; L is total workers quantity occupied
in manufacture; F is some variable named work efficiency. s, §, n, ¢
are parameters determining rate of accumulation, fixed capital amorti-
zation rate, growth rate of the labor occupied in manufacture, growth
rate of the labor caused by technological progress, it takes into account
quantity of workers L and efficiency of everyone working . Production
function (1) determines, that total output Y depends on the available
capital quantity K and on the quantity of effective workers L - E. The
increase of efficiency of work FE is equivalent to increase in a labor L.
Using substitution, % = y; % = k, we shall transform the first
equation to the following one y = k. From the equation (4) we shall
receive

o =i— ok,
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where i = ;. Further, using (2) and (3), we shall transform (4) to

the form . '
k=sy—90k; k=sk®—0k.

After simple transformations we shall receive, that

K I-6K sY—-0K

BL - BL ~  EL ok 9
And, finally, '
% = skt — . (8)
The stationary condition takes the form of:
K L E
R 2y (9)

k
k K L E
in (

And, substituting (8) in (9), we shall receive

k
%:skafl—(6+n+g).

Solving this equation in respect to & we shall obtain

B — ((sz)l/(l—a)‘ (10)

Let’s notice, that in steady state the value k is as greater as the values
s and « (rate of accumulation and the interchangeability constant of
work and capital) are greater and as smaller as the values ¢, n and ¢
are smaller. So the growth rate of the capital per capita is positive and
is equal to g + n.
Ak  AK AL AFE AK

kK~ K L E K 97 (1)
From the equation (3) we shall receive equation for consumption func-
tion in a steady state

cF=y—i; =fk)—k*(n+g+9). (12)
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1 AK . .
As L. K + 0 from (11) it is received

* = k*(n+g+90). (13)

From (12) follows, that the maximal value ¢* is achieved when

0 P~ (g +8) =0 — L) =g+
VK — s f(k): st = LR
PO sty s = a1

Expression (14) determines ”golden rule” of accumulation. Such
premises, as the constant returns to scale production function, com-
petitive markets, exogenous savings and exogenous growth of technol-
ogy, made this model an extremely convenient one to solve the case for
steady state.

Let’s take advantage of a maximum principle for determination of
the maximal rate of accumulation which satisfies to the ”golden rule”.
We shall consider the problem of optimal control in which the util-
ity function on infinite orison is maximized and the restriction is the
dynamics equation for the Solow model. As a control variable the con-
sumption function takes place.

/OOO Cit)_l(:e_ptdt = max (15)
K= [f(k)—k(n+g+d)]—ct) (16)
k) = ko (17)

Profit function is written as V = f(k) —rk —w where V is the maximal
profit rent equal to zero and r is characterized by the following ratio:
—%(kk) =r, f(k)=rk+w.

So, let’s write down the Hamiltonian of the system (15) - (17)

c(t)—?
H(c(t), k(t), (1)) = it)_eept—Hr(t)-[f(k)—c(t)—k(n—l—g—i—é)]. (18)
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Further the conditions of the maximum principle follow:

OH oH . . OH

And the transversality condition is written down as

lim 7(t) - k(t) - e ” =0

t—o00

After simple transformations we receive the following three equations:

e Poct)™ —x(t)=0 (20)
k=s-f(k)—k-(n+g+0) (21)
i=m-(p—f(k)+(n+g+9)). (22)

And, since %(kk) = r, the equation (21) will become 7 = 7-[p—r+ (n+

g + d]. In consequence, we receive system of two differential equations
which are necessary to solve:

k(t) = w—k(t)-(n+g+6) —c(t)
7(t) m(t)p—7r+ (n+ g+ 0)] (23)
k(0) = 0; tliglo 7(t) - k(t) - e P =0. (24)

Introducing some notations, we obtain

E(t) = —Bk(t)—c(t) +w
w(t) = w(t) v (25)
k(0) = 0; lim 7(t) - k(t)-e P = 0. (26)

In order to solve this problem, the equation (22) should be differenti-

ated on t )
é(t) ¥y r—(n+g+0)—p

A A B
Hence, c(t) grows with a constant exponential growth rate. To receive
the solution in k() we act as follows. To resolve equation (22) in
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accordance with k(t) we shall take an integrating multiplier e, and
we shall receive

k(t)-ePt+ 5P k(t) =co-e " 4 w.

Common solution of this equation depends on two constants. Taking
into account the transversallity condition one of the two integration
constants in the common solution for k(t) is determined. The second
constant is determined from the condition £(0) = ko. As a result, the
following is received:

k(t) = ko-e't (27)
c(t) = ko-[B—3] " +w. (28)

2. Endogenous growth economic model

Solow neoclassical model was first modified by Cass [3] and (indepen-
dently) by Koopmans in [7] following a mathematical version of Frank
Ramseys model [12](RCK). The endogenous saving rate in it is deeply
different from the Solow model.

The Aghion-Howitt [1-2] endogenous growth economic model rep-
resents such approach when the endogenous economic growth is exam-
ined under uncertainty conditions. In this model the economic growth
is generated by a sequence of qualitatively improved innovations which
are the investigations connected to economic activities in a random way.
This model has natural property when the last innovation is presented
out-of-date in comparison with the present innovation. In other words
this model is the model of destructive innovation creation. Starting
from Romers [13] the basic idea of endogenous technological progress
is obtained

u(y) = /OOO y(T)e ""dr.

Here y is the production volume of the final consumer goods, r is the
rate of preference in time equal to the interest rate.

y=Az% 0<a<l. (1)

289



E.Naval

A is the parameter of technological progress. Innovations increase A

. A . . . .
by size of a constant factor v = Zl, here t is an innovational index

but not the time.

L=xz+n. (2)

L is the volume of labor, = are the works used by manufacture of the
intermediate goods (one for one). It means that for production of one
unit of the intermediate goods one unit of labor is used. If the price of
intermediate goods is denoted by P, then from the profit maximization
condition the demand function for the produced intermediate goods is
deduced.
« on a—1 a—1

Az® — Pr = m; %:an —P=0; P=aAz""", (3)
hence, it follows that the manufacturer will produce final goods until
the marginal product will be equal to its price. Innovations appear
casually with the Poisson rate of appearance equal to An where X in-
dicates productivity of research technologies. If there is one additional
unit of labor, the probability of new innovations appearance grows by
value A. And because Poisson distribution is additive, the rate ex-
pectation of n researchers appearance is equal to An. Vi1 is a profit
function caused by innovation ¢+ 1; A\Vyy1 is an expected gross revenue
of each researcher for the period before appearance of the following
innovation. The net expected profit from the use of n units of labor in
research area for production of an innovation ¢ is equal to:

Vi1 —wm =0, (4)
here w; is a wages rate resulted at the innovation ¢.
AVip1 = wy, (5)

and this equation settles that expected cost of one unit used in scientific
researches with necessity is equal to its price. Value Vi1 is determined
from the following equations

7’Vi+1 = Tt4+1 — )\nt+1Vi+17 (6)
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T4

Vi (r+ Anggr) @
The denominator from (7) can be interpreted as the interest rate
adapted to disappearance of an innovation, and illustrates it creative-
destructive effect. It is necessary to note, that from (7) it follows that
the innovator can not improve (R& D) since, actually, An;41 determines
the probability that innovator will lose exclusive innovational rent

T = m;%X[P(CE) ‘T —w- x| (8)

Equation (8) defines income flow, which can be received from the follow-
ing innovation. Here P and x are interconnected by means of the equa-

tion (3). As expression aA-z®—w-z is maximized, then a?- Az$ ™ = wy
or )
a® \1/(1-a)
= ) 9
= (o ; n (9)

Defining W = Z—Z as the wages referred to productivity, we can express
x as decreasing function of wy, z; = Z(W;), &’ < 0. Substituting z; in
expression for income function, we receive
1 Wt
== M . o — . = _— . . — T —
Tt = At Q- Ty Wt + Tt (a 1) Wt + Tt Aﬂr(At) (10)
or mp = w(Wy), 7 < 0.
Two basic equations.
The first equation is an arbitrary one. It turns out from (5) that
wg = X\ - Viyq, further from (7) it is received the following:

w
Xi = A1 /(r + A ng1)] /A
A
W, = A Zl A (Wiga) - (r+ X))

And, since Ag—tl = ~, we have

T (W)

%% .
t A S N ]

(11)
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The second equation is the equation for labor market clearing.
L =ny + 2(Wy). (12)

The balanced growth SS (stable state) or growth in condition of sta-
bility is defined as the stationary solution of the system (11) - (12) at
n=mn41 =nand W =W, =W. That gives two equations with two
unknown variables n and W. In other words, S5 means, that both
attraction of an additional labor n in sphere of researches, and (W)
in sphere of manufacture remain constants in time until salary, income
and volume of manufacture remain at the same level v < 1 each time
when innovations are made. In SS the equations (11) and (12) are
reduced to:

wo= 2T (11(a)
L = n+z(W) (12(a))
Market forces.

It is easy to show, that from (12(a)) it follows

1 1
C Wr=-—"—2W(L-n)

(6 o

M\

and, having substituted this equation in (11(a)), dividing by W, we
shall receive

)\-M-(L—n)
1= Q
r+A-n

From this equation the statement for n in S.S is obtained:

Ay (1l—a)-L—a-r
(- A+Av-(1—a))

n =

Growth in the stable state.
In SS we have y = A-(2)* = A-(L—n)®, which implies y41 = v-v.
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3. P. Romer growth endogenous economic model

The other spark in growth theory has been provided by the advent of
”"New Growth Theory” attributed to the efforts of Romer [13] and Lucas
[7]. New growth theory casts doubt on many results and assumptions
of the neoclassical model. Romer’s model included increasing returns,
imperfect competition and endogenous technological growth. P. Romer
in [14] determines technological progress as finding of new varieties and
increasing amount of capital goods.

Yi= ALy (X)),

here X;; is the implication of the specialized intermediate goods of
the type j. At any point of time, the technology exists to create N
specialized intermediate goods. Research sector in the economy uses
the human capital (labor skills and labor capacities) and accumulates
knowledge to produce designs for new intermediate capital goods. The
growth rate in such a model is determined from the following equation:

7:%{3%@.(1—@).&&_4,

(%

where 7 is a cost of new product creation. Ii is supposed that total
human capital accessible to use in economy is constant. If v < 0, firms
have insufficient incentive to expend resources on R&D, N remains
constant, and v ultimately equals 0. The increase in growth rates can
be provided by the following actions:

- desire to raise the rate of accumulation, which lowers p and 6;

- reducing the cost of a new product inventing, which lowers n;

- advanced technology, which is represented by expansions of N
resulted from (R&D).

However, constant increase in N results in the tendency of income
reduction. The size of innovation income — profit value for the j-th
innovator, is equal to 7;/r;, where r; is the rate of return. Let r; be
the rate of return, for example, in the USA, then

r o= (I;ll) . (1 ;05) . (Al)ﬁ . a2/(l—a).
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Here n is the invention cost; L; is the working amount. While imitation
or adaptation of innovational products is equal to v and is less expensive
than expenditure for an innovation 7, the rate of return ry in this
country is approximately constant

ry = (E) (1-a) (Ag) T . q2/(1=0),

v «

The conclusion

Macroeconomic models of economic growth [1-15] are investigated.
Such production factors as capital and labor are examined. The last
is subdivided into a manpower used in industrial sector and in (R&D)
sector. Opportunities of each sector for maintenance of steady eco-
nomic growth are studied.

We shall start from the fact, that the gain of capital is defined, ba-
sically, as a level of accumulation in national economy, particularly in
private sector. By using the Solow model it is possible to determine op-
timal rate of accumulation corresponding to the given economic growth
rate. Thus there are two problems, the first is connected with attrac-
tion of additional investments, and the second concerns a manpower
which grows presumably with constant rates. The last can be restric-
tive for Moldova, taking into account the outflow of labor from the
country and the fact, that the government has not developed a clear
policy in the problem of professional training of high quality specialists.
It can happen, that a bit later the country will face labor shortage in
industry and agriculture. And also, as assumed, the economic growth
in a physical world is constrained by diminishing returns and scarcity
of resources. Such state policies as maintenance of services infrastruc-
ture, property rights protection and taxation of economic activities
influences technological level and, simultaneously with the desire to
accumulate, influence the growth rate in the long-term prospects.

And, as in [13], two basic fundaments of economic growth are the
new ideas and advances in technology; and by creating appropriate
economic incentives, the government can increase the rate of growth
in a way that can make all citizens better off. In this connection in
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our country these ideas may by interpreted as clear definition of key
economy development directions (whether it be the sphere of services,
tourism, information technologies, etc.) and elaboration of professional
training strategy in these brunches. Therefore the state should provide
for specified branches the preferential development, stimulating invest-
ments, giving tax privileges and other.

In endogenous growth models [1-2, 13-15] the economic growth rate,
proceeding from economic development in examined period, is deter-
mined. The problem of alternative use of scientific innovations is con-
sidered:

- whether to create scientific innovations, which for the certain pe-
riod monopolize appropriate sphere of production, involving essential
additional income until the new innovation in this area will appear,
thus depriving a country of existing monopoly and additional profits,

- or to simulate and adapt advanced technologies, the application
of which, at other equal conditions (capital and labor), is cheaper and,
to a certain extent, more trustful.
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