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Foreword

Engineering activities are based on the development of new Knowledge (Scientia), new
‘made things' (Techné), and/or new ways of working and doing (Praxis). Scientia,
Techné, and Praxis are three important dimensions of a comprehensive conception of
Engineering as a whole. Engineering, as Scientia, is mostly developed in academia; as
Techné, is practiced in industry generating technological innovations; and as Praxis, is
carried out in technical and non-technical organizations, supporting managerial activities
and technical procedures, via methodical and methodological design and implementation.
This is why Engineering provides one of the most solid academic and professional
substrata for bridging among universities, industries and governments.

Publications and conferences related to Engineering are usually oriented to one of its
three dimensions. While this is an adequate thing to do when disciplinary focus is sought,
it does not represent Engineering as a whole and it misses the very important synergic
relationships among the three kinds of engineering activities mentioned above. This is
why a group of scholars, professionals, and consultants, in the field of engineering,
considered the possibility of organizing a conference where presentations would not be
reduced to one specific Engineering dimension, but would foster the participation of
academics, practitioners, and managers in the three dimensions of Engineering, in the
same conference, so they can synergistically interact with each other. A consequence of
this purpose is the organization of IMETI 2010, where submissions were accepted for the
presentation of:
e New knowledge (Engineering as scientia);
e New products and services, i.e. technological innovations (Engineering as
techné);
¢ New technical and managerial methods and methodologies (Engineering as
praxis);
¢ New meta-engineering (Engineering of Engineering activities) knowledge,
innovations, and methodologies.

The 7™ International Conference on Cybernetics and Information Technologies, Systems
and Applications (CITSA 2010) and The 8" International Conference on Computing,
Communications and Control Technologies (CCCT 2010) have been organized in the
context of IMETI 2010, because both are mainly oriented to Engineering and
Technology. Both of them are International Multi-Conferences organized with the
purpose of providing a communicational forum to researchers, engineers, practitioners,
developers, consultants, and end-users of computerized, communications, and/or control
systems and technologies in the private and the public sectors. This multi-disciplinary
forum provides the opportunity to share experience and knowledge by facilitating
discussions on current and future research and innovation. Participants can explore the
implications of relationships between new developments and their applications to
organizations and society at-large.

One of the primary objectives of CITSA 2010, CCCT 2010 and, in general, IMETI 2010
is to promote and encourage interdisciplinary cross-fertilization and knowledge



communication. They encourage systemic thinking and practice, including the analogical
thinking that characterizes the Systems Approach, which is, in most cases, the required
path to logical thinking, scientific hypothesis formulation, and new design and innovation
in engineering.

CITSA 2010 and CCCT 2010 are spin-offs from the International Conference on
Information Systems, Analysis and Synthesis (ISAS), and the World Multi-Conference
on Systemics, Cybernetics and Informatics (WMSCI) which are yearly events that have
been held in the last 15 years as a forum for Information Systems researchers,
practitioners, consultants, and users who have been interchanging ideas, research results,
and innovations in the area of Information Systems. Analytical as well as synthetical
thinking represent the conceptual and methodological infrastructures that support the
papers presented in ISAS conferences. Synthetical thinking supported papers in the
Information Systems area, as well as in its relationships (analogies, "epistemic things",
"technical synthetical objects", hybrid systems, cross-fertilization, etc.) with other areas.
The Organizing Committees of IMETI/CITSA/CCCT 2010 invited authors to submit
original works, analogy-based hypothesis, innovations, experience-based reflections and
concepts, specific problems requiring solutions, case studies, and position papers that
explore the relationships among the disciplines of computers, communications and
control, and the social and industrial applications within these fields.

On behalf of the Organizing Committee, I extend our heartfelt thanks to:

1. the 625 members of the Program Committee from 63 countries;

2. the 673 additional reviewers, from 80 countries, for their double-blind peer
reviews;
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Pentahedral Honeycomb with Skew Hexagonal Faces

EdgarsBERV ALDS
Latvian Academy of Sciences, Akademijaslaukums 1-205,
Riga, L V-1050, L atvia

ModrisDOBELIS
Department of Computer Aided Engineering Graphics, Riga T echnical University,
Azenesiela 16/20-439, Riga, L V-1048, Latvia

ABSTRACT

This paper proposes a generdly new type of macro and
megaspace filling honeycombs having quasiregular pentahedral
cells with skew hexagonal faces. An existence of spatia cells
named pentahedra is demonstraed by topological
transformations of hexagonal prismatic honeycomb and is based
on a recently discovered Phi relationship within a regular
hexagonal tessdlation. A geometric symmetry of this
honeycomb is studied, filling the space with no gaps or
overlaps. Finaly it is pointed out that abstract or skeletal
anaogues of pentahedra honeycomb have effective practical
uses by synthesis of artificill man-made macromedium,
especialy thelike of orbital large scale structurd systems.

Keywords. Topological Transformations, Skew Faces,
Pentahedra Honeycomb

1. INTRODUCTION

Two earlier made discoveries lie in the ground of necessity to
carry out these investigations within spatial macro structural
geometry.

The first lies within a structural mechanics. In 1993 it was
demonstrated that stiffness components of the topological
invariants of a spatial bar system are not identical by identically
used volume of the materia [2]. The numerical value of this
characteristic is the most highest of cell like a latice of
diamond, exceeded for example 5.9 times a topological stiffness
component of atraditionally used triangular lattice.

It had been discovered in 2007 that vertices of regular
hexagonal tessdlation are Phi centres with very low variance
that corresponds to the 11-th series of the Fibonacci
convergence sequence on Phi [3, 4]. It means that an existence
of such a rational geometric ratio could secure the highest
specific mechanical stiffness exactly of the hexagona structure.
Thereby here is a geometrical problem to construct a
honeycomb like a spatial analogue of planar regular hexagonal
tiling.

2. TOPOLOGICAL TRANSFORMATIONSOF A
HEXAGONAL PRISMATIC HONEYCOMB

We start with building up an infinite horizonta layer of regular
hexagonal prisms (Fig. 1). Let a be the length of edges of their
base hexagons, and let y be the height of each prism, i.e, the

disance between the horizonta base planes (it will be
determined below).

(0) even plane

4 (-1) odd plane

Figure 1: A layer of hexagonal prisms:
(0) and (-1) — even and odd horizontal planes of vertices,
respectively; a —length of edges of hexagons;
y —thickness of alayer.

We further make up a hexagonal prismaic honeycomb by
arranging layers one above the other so that bases of prismsin
neighbouring layers coincide. The horizontal planes between
layers are labelled by consecutive integers: ..., -4, -3, -2, -1, 0,
1, 2, 3, 4... We aso colour vertices of the grid in black and
white so as ends of every horizonta edge are coloured
differently, while ends of every vertical edge have the same
colour. Thiscolouring is used to describe a certain deformation
within the layer: (a) we move al black pointslying in the planes
labelled by even integers (including 0) vertically up by an
amount x, and all the white points down by the same amount x
(x will be determined later on); (b) we act the other way (black
vertices down, white ones up) in the odd planes (Fig. 2).

Figure 2: Topologic transformations of hexagonal prism:
x —amount of the vertical displacement of vertices.
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During the topologica transformation vertica edges of former
hexagonal prismatic honeycomb are divided in two groups such
that one group consists of those of increased length (y+2x) and
the other group — of reduced length (y-2x). It means that instead
of 6 vertical rectangles of each former hexagonal prism we have
obtained 3 regular once convex hexagonal faces, but instead of
2 horizontal hexagons 2 regular twice convex faces. In this
way, we obtain a peculiar polyhedron of new kind with five
skew hexagonal faceswhich will be called pentahedron.

W e are now going to determine the corresponding values of the
parameters x and y. Let us observe one vertex O within obtained
pentahedral honeycomb (Fig. 3) connected with verticesJ, N, C
and H. Inthisfigure, the point | was moved up, and the points J,
N, and H were moved down from their common plane, while
the point C was moved down from the nearest upper plane. The
point | has now only four adjacent vertices (in contrast to five in
the former hexagonal prismatic honeycomb). As we want the
four edgesincident to | to be of equd length, and the six angles
between those edges of the same size, the pyramid JNHC hasto
be regular and the point | hasto beits focus.

Figure 3: The pentahedra honeycomb:
regular tetrapod circumscribed by
______ triangular pyramid.

Let us draw a regular triangular pyramid JNHC with focus I,
denote the centre of its base triangle by M, and the midpoint of
the edge JN by R (Fig. 3). Recall that a wasthe initial length of
edges of hexagons, x was the amount of the vertical shift of
vertices, and y was the thickness of a layer (i.e, the length of
verticd edges). ThereforeIM =NM =HM =a, IM =2x, and
MC =y.

Since the pyramid is regular, the edges of pentahedron incident
to | are of equa length, which we denote by z
JI=NI =HI =CI =z.

The angles between these lines dso are equd; let o stand for
their size. Then
BPJIN =BNIH =BHIJ =P JIC =PNIC =PHIC =a .

Next we will determine the values of the above-defined
parameters x and y so that the pyramid INHC could be regular,
indeed. Using Eg. (1) - (8) and performing the calculations, we
finally will also obtain the vaue of z with respect to y and x as
well asthe size of the angle o

JN=NH =JH =JC=NC=HC=+3a (1
y=MC=vNC2- MN? =+/3a2- a* =J2a (2

IM _ZMC_—J_a ©)

The focus of a regular pyramid divides its height in the ratio

1:3. Then
1
x==IM ==4/2a
2 8‘/_
2
R TR = & BUING _ o a_:\fa ©
8 €2 g 8 4
NR:EJN:éa (6)
2 2
0
a = 2DRIN = 2arctan NR = 2ar tanf;%x@ =
IR V35 )

= 2arctan+/2 » 109,47°

=31 ={IM? +IM? = [a? + %=—a—— 2a (9

Summing up: pentahedral honeycomb is a structure determined
by a single parameter z In order to construct this structure, a
hexagonal prismatic honeycomb has to be constructed first. In
this latter one the length of an edge of each hexagon

. 4
isa=—=1z

32

of itslatera edges) isy=\/£ =\/§§\/§z.

:E\/Ez, the height of each prism (i.e, the length

Then vertices of the prisms have to be shifted

V2 \/_ ZJ—Z_

by x = 5 a=
prismatic hexagonal honeycomb are transformed into skew
hexagonal faces of the pentahedrad honeycomb. All the angles
between the adjacent edges in the pentahedral honeycomb wiill

bea = 2arctan\/§ »109.47° .

—z. In this way, the faces of

Let us check one more geometrical relation within a pentahedral
cell having skew hexagonal faces. In Fig. 2 depicted is one
deformed latera face ABHG of an initid hexagonal prism. It is
an equilatera trapezoid; the sdes AG, GH, and AB are edges of
a cel in the newly constructed pentahedra honeycomb,

DAGH =DGAB=a = 2arctany/2 »109.47°and AP is the
height of the trapezoid. W e should to check that BP = 2x = % z.
Indeed,

BP = AB>sinDPAB= AB>sin(DGAB - %) =

= z>ain(2arctan 2 - %) » 0,333333 %2 » % z

3. SYMMETRY OF THE
PENTAHEDRAL HONEYCOMB

Symmetry, being the most inherent property of pentahedrons
and spatia pentahedral tessellations, has been studied both on
the level of a separate cell and of a honeycomb as a whole by
means of symmetry groups (Fig. 4).

The pentahedron has 12 vertices, 15 edges, and 5 faces — the
skew hexagons ABCDEF, GHIJKL, ABCIHG, EDCIJK, and
AFEKLG. In a pentahedra honeycomb, every vertex isincident
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to 4 equal edges, and the angle between any two of them is
a= 2>erctan(\/§ )» 109,47°.

Figure 4: On asymmetry of pentahedral cell:
.................. bend lines of skew hexagonal faces
with midpoints Xand Y; _ _ _ _ _. triangular prism,
—> vectors of the symmetry.

3.1 Polyhedral Symmetry Group
The symmetry group of a pentahedron, i.e. the group of
orthogonal transformations of a space, that map the figure onto
itsdf, is isomorphic to the symmetry group Ds; of a regular
triangular prism. This follows from the fact that every
orthogonal transformation which maps a pentahedron onto itself
is completely determined by an orthogonal transformation
which maps onto itself the regular prism ACEGIK. The
following transformations are the generators of the symmetry
group of a pentahedron:

a) Rotation through 120° on the centra vertical axis of

the pentahedron,
b) Symmetry about the centra horizontal plane,
c) Symmetry about the line XY.

3.2 Symmetry of theHoneycomb
There are three independent vectors the trandlation along which
maps a honeycomb onto itself. These trandations are the base
elements of the trandation group of the honeycomb which is
isomorphic to the free Abelian groupz®=7zA z A zZ. More
specifically, the base consists of

a The vertica trandation along the

vectorA—G'+ﬁ=E+§A—G'=§E,

b) The trandation in the horizonta plane dong the

vectorﬁf,
c) The trandation in the horizonta plane dong the

vector Né .

The (full) symmetry group of the honeycomb is generated by
a) Generatorsof D,

b) Generatorsof Z3 and
c) The rotation of the honeycomb through 60° on the
vertica axis of apentahedra cell.

An infinite pentahedra tessdlation includes space tunnds
structures with skew hexagonal faces. They have six-fold spiral
symmetry, for polyhedrons packed aong vertical axis repeat
both after arotation through 60° and a trandation by a distance
equa to the length of each edge. The main characteritics of
symmetry properties of a pentahedral honeycomb are given in
Tablel.

Table 1. The main characteristics of symmetry properties
of a pentahedra honeycomb.

No | Characterization Explanation
1. |Type Convex uniform honeycomb
2. |Family skew hexagon faces polyhedra
3. | Cdl type {6.4}
4. | Facetype {6}
5. | Schl&fly symbol {6.6}
6. | Coxeter group
(D3,23,2)
7. |Coxeter — Dunkin| @——C—= O—e
diagram 6 *
—00—0 O——e
8. |Cdls/edge {4.3}4
9. |Faces/edge 63
10. | Cells/ vertex {4.3}
11. | Faces/ vertex 66
12. | Edges vertex 6
13. |Dua triangular bi-pyramid

14. |Vertex figure tetrahedron

15. |Internal angle 109.47°

16. | Symmetry group D3

17. | Other properties isogonal and isotoxal polyhedra,
n=6 fold helical symmetry of Z
tunnel

4. ON A SKELETAL APPROACH
TO THE PENTAHEDRAL HONEYCOMB

The long standing chalenge of designing and constructing new
crystalline solid state materials from molecular building blocks
had been successfully started [6]. This success concerning a
reticular synthesis (or chemistry) of robust materials with highly
porous frameworks and with predetermined chemical properties
had been achieved by investigation of abstract (skeletal) micro
and nanostructura polyhedra.

This same conceptuad approach could be employed for the
creation of non-default macro and megastructurd skeletal
systems by predetermining such mechanical properties like
minimum mass or maximum stiffness. Branko Griinbaum made
aspecid study of abstract polyhedra, in which he developed an
early idea. He defined a face as a cyclically ordered set of
vertices, and alowed faces to be skew as well as planar [5].
Moreover in modern computer graphics any polyhedron gives
rise to a graph or skeleton with corresponding vertices and
edges.
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It has been proved in a Chapter 2 that macrospatia pentahedral
honeycomb has the same skeletal graph or skeleton as a
nanospatial lonsdaleite or hexagonal diamond, which vertices
arelike junctions of tetrapod shape. It alows creating structural
building constructions like hybrid bar systems. Thereby
tetrapod shape junctions of bars or finite superelements of this
system must be shells without moments of deflection like the
most effective macro and megaconstruction from the point of
view of used volume of materia [1].

5. CONCLUSIONS

1. The pentahedra honeycomb has been obtaned by
topological transformations (stretching) of a regular
prismatic hexagonal tessdlation and is quasi-regular (vertex
and edge transitive) with céls having three regular once
convex and two regular twice convex faces.

2. Pentahedra honeycomb isathird type of discrete symmetry
groups equipped with a topology or an infinite space group
which combines elements of both point groups and lattice
groups and aso include such an extra transformation like
Screw axis.

3. Pentahedra are homeomorphic to hexagonal prisms uniform
polyhedra consisting of regular skew hexagona faces and
congruent vertices. So they have exactly the same size and
shape and are second space tiling polyhedra after cubic one,
tilling space without holes and overlaps.

4. It could foresee a widely use of pentahedrd latices for a
synthesis of minimum mass and maximum siffest large
scale structura especialy orbital systems or builds on Earth
natural satellites.
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A wide variety of biological and medical
applications require separation of biomolecules of a
particular size from a mixture. Usually separation is
achieved by electrophoretic transport of charged
biomolecules through a sieving media with a uniform
electric field. Separation of biomolecules using a uniform
electric field has serious drawbacks, the most significant
one being that in order to separate biomoelcules of a
particular size, complete separation of the sample by size
is required. Furthermore, since biomolecules are subject
to diffusion, separation is accompanied by band
broadening.

We present an alternative design for biomolecule
separation that permits selective separation of
biomolecules from a mixture (complete separation of the
sample by size is not required)’. In addition, our design
permits independent translocation of biomolecules of
different sizes along two dimensional pathways while
keeping the biomolecules concentrated. Separation is
achieved by optically directed transport of biomolecules
through a sieving media.

In our design, a laser beam is projected onto a
photoanode that is in contact with an electrolyte, thus
creating a highly localized electrical field trap. Charged
biomolecules within the electrolyte medium migrate
toward the center of the photoelectrophoretic trap.
Moving the focus of the laser beam along the
photoelectrode, translocates the trap and consequently
results in migration of the trapped biomolecules within
the medium. When the photoelectrode is in contact with a
sieving media such as gel, the ability of biomolecules to
follow the trap is size dependent. For a sample consisting
of biomolecules of different sizes the speed of the
photoelectrophoretic trap can be selected such that the
sample splits in two molecular packets. One molecular
packet contains biomolecules with mobilities higher than
the minimal mobility required for following the trap,
while biomolecules in the other molecular packet have
lower mobilities and therefore cannot keep up with the
trap. After the trap has moved a significant distance from
its initial position, the biomolecules outside of the trap do
not experience any substantial electric field and
consequentially remain close to their initial position.
Thus, in order to separate biomolecules of a particular
size from the mixture, the velocity of the trap should be
selected in such a way that only the biomolecules of
interest follow the trap while the next largest in size
biomolecules would be incapable of keeping up with the
trap. The speed of the photoelectrophoretic trap should be

subsequently increased so that only the biomolecules of
interest drop out of the trap while the other biomolecules
would keep translocating with the trap.

We demonstrated experimentally concentration and
separation of a sample into two concentrated molecular
packets consisting of DNA fragments of different sizes.
Photoconcentration and separation was performed in
1.5% agarose gel. The diameter of the photoconcentrated
sample was 470 um, corresponding to only ~5% of the
original sample area. In addition, we performed Monte-
Carlo simulations of the DNA separation. We solved the
Langevin equation for a DNA particle subject to diffusion
and the electric field and obtained qualitative agreement
between our computational and experimental results. We
believe that well-established electrophoretic techniques
can be integrated with photoelectrophoretic transport to
gain more control on the separation process and achieve
higher resolution.

[1] A. Braiman, F. Rudakov, and T. Thundat, “Highly
selective separation of DNA fragments using optically
directed transport” Applied Physics Letters, Vol. 96, No.
5, 2010, pp. 53701/1-4.
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ABSTRACT

Summarization is the art of generating the main points of a
lengthy text document by removing redundant and less
important information without losing the meaning of the original
text. Summaries are significantly shorter than the original text
and take a broad overview of the source material. With the
increasing volume of digital information today, people find the
manual process of summarization as hectic and time consuming.
Having an automated text summarization system for electronic
documents would very much help to encourage people to read,
giving quick access to information thus helping them to a faster
decision making process.  Although many research and
commercial text summarization tools are available but no
research is officially reported for Malay language. Malay text
summarizers are coming into demand when a lot of information
in Malay language can now be accessed freely via the Internet.
This paper presents a hybrid approach to an automated text
summarization system for Malay language. The base system is
built on SUMMARIST system and is expanded by combining
with EstSum system. Experimental results show that expanding
training data size significantly contributes to the performance.
In general, our system produced acceptable results at the best
case of 76% and the worst case of 31%.

Keywords: Malay Text Summarization, Statistical Approach,
Text Mining, Natural Language Processing.

1. INTRODUCTION

Based on the survey of Malaysian reading profile in 1996 done
by the Malaysia National Library, the average of reading activity
for Malaysian is approximately two books in a year. Further
survey made in 2005 on 60,441 Malaysian reported that the
‘problem’ has not shown significant improvement. Malaysia is
far behind among most of well-develop countries in reading
activities. One of the major causes to this problem is the reading
habits develop very slowly in low income family as compared to
higher income family. The mushrooming of the digital Malay
texts in the Internet motivates us to develop an automated
summarization system to encourage the reading habits of
Malaysian by consuming less time to read lengthy documents.

The earliest research in text summarization was done in 1960s
and the growth of the interest in this research continues in recent
years. Most of the work found is for English text summarization
but with the increasing demand of this tool for other languages,
a number of research and development found for Estonian [1]
Scandinavian [2], Thailand [3], Persian [4], Swedish [5] and the

five in one system known as SUMMARIST [6] for summarizing
English, Japanese, Arabic, Spanish, Indonesian and Korean text.

A summary is categorized into two types: 1) indicative and 2)
informative summary [7]. Indicative summary is a summary that
highlights only the topic of the text while informative summary
describes the central information in the text. As this research is
concerned with the synopsis of the text, the results shall produce
informative summary. However, a development of text
summarization tool for Malay language which has a totally
different grammatical structure to English is not only the
challenge but also the accuracy of the results will be the
important issue to be discussed. How good a summary is
depending on the percentage of essence preserved in the
summary and cohesion between one sentences to another. As it
is difficult to measure the quality of the Malay summaries with
no baseline research in existence, therefore, the outcome of this
research will be compared with the analysis of human-made
summaries. Thus, the objective of this research is to develop a
Malay text summarizer giving the accuracy of at least 60%
resemblances with the manual summaries. The development and
evaluation considers summarization of various types of
documents such as news articles, magazines, reports and story
books.

2. RELATED WORKS

In this section we briefly present some of the research literature
related to our work.

Text Mining

Text mining refers to computational methods to discover
previously unknown meaningful information from unstructured
text. Text mining is closely related to data mining — finding
interesting patterns and trends in large dataset. The only
difference is text mining deals with natural language text while
data mining requires structured databases or facts. The purpose
of text mining is to link together the extracted information to
form new facts or new hypotheses to be explored further [§]. In
recent years, research in text mining covers diverse areas which
include term association discovery, document clustering, text
summarization and text categorization.

Text mining consists of three basic steps: 1) Text Preparation —
the preprocessing of text to extract meaningful terms or features
2) Text Processing — the use of computational methods to
identify interesting patterns in preprocessed text 3) Text Analysis
— the evaluation of extracted output [9].
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Text Summarization

Text summarization is “the process of distilling the most
important information from a text and to produce an abridged
version for a particular task and user” [23]. Automatic text
summarization refers to the use of computational methods to
automatically derive the summary of a given text. Over the past
half a century, text summarization research has been explored by
the Natural Language Processing (NLP) community. The
increasing availability of online information has necessitated
intensive research in this area.

There are two main methods to automatic text summarization,
abstraction and extraction [10]. Abstraction is a difficult
technique yet promising where it generates new sentences from
the original sentences through a process called paraphrasing.
This technique involves syntactic and semantic study for the
particular language and is useful for meaningful applications.
On the other hand, the extraction method has been the current
state of the art and commonly used by most of the existing tools.
This method weighted each sentence in the original text with
some specified characteristics and selects the original sentence
and juxtapose in the summary. The basic of extraction-based
summarization where each sentence is measured through special
predefined properties, selecting the most relevant sentences
based from the value of the properties and put them together in a
summary. This research learnt the basic extraction based
technique from [11].

A research in [12] categorized the approaches of the automatic
text summarization into three: 1) Shallow Approach - the
simplest approach of all approaches where a summary is
produced by extracting sentences from information source.
However, the challenge in this approach is to preserve the
original context when breaking the sentences 2) Deeper
Approach — this approach produces summary called ‘abstract’
where some of the text in summary may not be found in the
original text. It finds the most specific generalization of
concepts from texts and uses this for the summary and 3) Hybrid
Approach — a combination of extraction techniques with Natural
Language Processing techniques. This research proposed a
hybrid approach using the morphological and part of speech
tagging methods from SUMMARIST [6] and the statistical
scoring methods from EstSum [1].

Among the aims of text summarization are the single document
and multiple documents summarization [23]. In the single
document summarization, a summary that characterized the
content of a single document is produced. Whilst, the multiple
document summarization takes a group of documents as input
and a condensation of the content of the entire group is produced
as the summary. Multiple-document summarization has turned
out to be much more complex than summarizing a single
document. This research is focusing on the single document
summarization.

Malay Text Summarizer

Malay is not only a native language for Malaysia but also one of
the languages used in Indonesia, Brunei, Singapore, and
southern Thailand. The Malay language is rich in colloquial,
idiomatic expressions and literary allusions and like other

languages, it possess its own unique structure and grammar. As
the Malay language is used within the South East Asia region, it
has become one of the less resourced languages in the world.
Due to this, limited number of computational linguistic research
was found related to Malay language. Although there are many
studies related to Malay language, however, to the best of our
knowledge, none has been officially reported on Malay text
summarization. However, other computational linguistic studies
for Malay language exist such as the Information Retrieval [13],
Essay Marking [14], Novelty Detection [15] and Machine
Translation [16]. Recently, an open source tool for Malay
language corpus analysis was found in an ongoing research [17].
The tool provides access to Malay tokenisers, lemmatisers and
part-of-speech taggers that are vital for the Malay linguistic
research.

Other Text Summarizers

SUMMONS [19] is the first example of multi-documents
summarization system. It summarizes news articles about
terrorism from different news agencies and produces a briefing
merging relevant information about each identified event.
SUMMONS architecture consists of two major components: 1)
Content Planner — selects the important information from the
combination of input templates with instantiated slots of
predefined semantics and 2) Linguistic Generator — selects the
right words to express the information in grammatical and
coherent text.

An automated text summarization system called EstSum [1] is
able to summarize newspaper articles in Estonian language. It
constructs short summaries of text by selecting the key
sentences that describes the document. The sentences are
classified using a weighted combination of statistical, linguistic
and typographic aspects such as the position, format and type of
sentence, and the frequency of each word appeared in the
system. It achieves up to 60% accuracy on the evaluation done
against the human-made summaries or newspaper articles.

SUMMARIST [6] aims at generating both abstracts and extracts
for arbitrary English and other languages texts. In this research
extract is defined as “portions extracted verbatim of the original
(they may be single words or whole passages)” and abstract as
“novel phrasings describing content of the original (which might
be paraphrases or fully synthesized text)”. SUMMARIST
combines statistical techniques and symbolic word knowledge
derived from WordNet [18] — a large lexical database of
English. It’s technique lies on the following ‘equation’:

summary = topic identification + interpretation + generation (1)

The purpose of fopic identification is to filter the input which
retains only the most important central topics using various
techniques such as stereotypical text structure, cue words, high
frequency indicator phrases and discourse structure.
Interpretation processes the topics, rephrases and compresses
them. This process is vital to achieve further compaction and to
remove redundancies, rephrase sentences and to merge related
topics into more general one. Generation process aims to
reformulate the interpreted data into new text. The
SUMMARIST architecture is illustrated in Figure 1.



Proceedings of The 3rd International Multi-Conference on Engineering and Technological Innovation (IMETI 2010)

‘ Preprocessing "
Topic Identification ‘

‘ Topic Interpretation

l

‘ Summary Generation

: Keyword
‘ Fxtract ‘ ‘ Summary ‘ Abstract

Figure 1. SUMMARIST architecture

SweSum [2] is a Swedish text summarizer. The sentences are
extracted based on a combination of linguistic, statistical and
heuristic methods. SweSum works in three different passes: 1)
Tokenization, Scoring and Keyword Extraction — the input text
is split into sentences. Word boundaries are identified searching
for periods, exclamation and question marks. The sentences are
then scored by using statistical, linguistic and heuristic methods.
2) Sentence Ranking - The score of each word in the sentence is
calculated by a set of parameters, which can be adjusted by the
user, and total score is accumulated. Sentences containing
common content words get higher scores and 3) Summary
Extraction — the final summary file is created in HTML format.
These processes are schematically represented in Figure 2. The
lexicon is a database consists of key / value pairs where the key
is the inflected word and the value is the stem / root of the word
in Swedish.

Pass1

Tokenizing —
COriginaltext —— ¥ Secoring s )
| Keyw ord Extraction ——
Pass2 1 Lexicon|
Sentence ranking o
X Pass 3 #
Summarized
text Summary ectraction

Figure 2. SweSum architecture

FarsiSum [20] is a text summarizer for Persian built based on
SweSum modules. The system is implemented as a HTTP
client/server application. The FarsiSum’s tokenization module
uses Persian’s stop-list in Unicode format and a small set of
heuristic rules. The stop-list is a file including the most common
verbs, pronouns, adverbs, conjunctions, prepositions and articles
in Persian. Figure 3 depicts the FarsiSum architecture with the
each of the summarization steps numbered accordingly. The
system is located on the server side and the client is a browser.
The summarization steps are described as follows:

Step 1: The browser sends a summarization request to the
Web server where FarsiSum is located. The URL of
the document to be summarized is attached to the
request where the original text is in Unicode format.

Step 2-5: The document is summarized in three phases similar to
SweSum. The words in the document are compared
with the words in the Persian stop-list.

Step 6: The summary is returned to the HTTP server. The
browser then renders the summarized text to the

screen.
Alphabet Roman/Persian AFrgl'Il-i?;fqulem
Encoding ASCIlUnicode
Data Lexicon/Stop List
User Interface - Pass 1
AN
Original taxt Zooring

Umicade

Pass 2 3

Eantesnce ranking

Fummarized Pass 3 5

tet |
Agon

Unicads 8 y extracdlon
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Figure 3. FarsiSum architecture

3. PROPOSED APPROACH

In this research, we choose to work with extraction method. We
believe that with further refinement to the formula that will be
discussed in this section, we can maximize the retention of the
important information in the Malay text. We have considered
adopting some techniques from existing successful research.
Basically we divide the whole summarization process into three
phases:

1) Preprocessing 2) Text Extraction and 3) Sentence Selection.

In the Preprocessing phase, we used the technique introduced in
SUMMARIST [6]. The preprocessing algorithm considers only
two modules in SUMMARIST: 1) Tokenizer and 2) Token
Frequency Counter. There are two forms of Tokenizer which are
word tokenizer and sentence tokenizer. Word tokenizer chunks
each and every word in the input text to produce a set of
tokenized text. The boundary of each word is determined based
on the white space found between words. While sentence
tokenizer chunks the text into sentences by taking the full stop
(.) as the boundary between sentences. The tokenizer algorithm
for Malay text is developed to recognize Malay words.

In the Token Frequency Counter module, the number of
occurrence of each word appears in the original text is counted.
The highest frequency will be considered as the keyword of the
text. However, for some of the commonly used words like
articles — “the (English) = itu (Malay)” and “is (English) = ialah
(Malay)” will be ignored. From this rank of word frequency, we
select the first 10 words with the highest number of occurrence.
Referring to these selected words, all sentences containing any
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of these words will be merged together as a preprocessed text.
The original text is now simplified based on the frequency score
of words. In the Text Extraction phase, we applied the
Edmundson’s statistical formula [21, 22] shown below and our
main reference is the recent EstSum research [1]:

W(s) = aP(s) + BF(s) + YK(s)
P(s) + F(s) + K(s) 2)

Where,

W(s) — weight function of sentence s;
P(s) — position-based score function;
F(s) — format-based score function;
K(s) —keyword-based score function;
a, B, and y are constants.

The a, B, and y that have been previously adjusted by hand using
a manually created training corpus, act as the tuning parameters.
A combination module evaluates (2) to give each sentence a
unique weight. The scores are computed based on three
properties identified by experts: 1) Position — the score given to
the location of the sentence. The regularities in text structures of
many genres are helpful to rank the sentences based on their
location in the text. For example, the first sentence appears in
the text tend to contain important information and thus, will be
given a higher score 2) Format — the score given to the font style
and format. For example, the word written in bold or italic will
be given higher score as it addressed the importance of the word
and 3) Keyword — the score given to the frequency of word
appeared in the text. The expression P(s) + F(s) + K(s) in (2) is
a normalization factor. The constant a, § and y act as the tuning
parameters which have been previously adjusted by hand using a
manually created training corpus are used to evaluate P(s), F(s)
and K(s) respectively. The total score gives a sentence a unique
weight. Finally, in the Sentence Selection phase, by considering
some threshold values, sentences with the higher score will be
merged and taken as summary. The overall architecture of our
proposed work is shown in Figure 4.

Input text Text Extraction Algorithin

‘ Poszition-bazed Scoring |

Preprocessing Algorithn ‘
- Fortnat-based Scoring
| Token Fregquency Counter ‘ —/ ‘ Key-word based Scaring ‘

SUMMARIST [6] EstSum [1]

JL

Summary Kj Sentence Selection Algorithm ‘

Figure 4. Malay Text Summarizer architecture

4. EXPERIMENTS

This section briefly describes the methodology used in our
system evaluation.

Methods

Our experiment requires a training corpus. Due to the non
existence of Malay corpus for text summarization, we create our
own corpus consists of summaries compiled by four Malay
language experts. A total of 10 original Malay news articles
covering general, business and sports news were given to each
of the four Malay language experts for manual summarization.
Each expert submitted 10 summaries limited to 30% of the
length of the source text giving 40 hand-created summaries.
The length of the source text is varying upon the type of the text.
On average, it consists between 800 — 1200 words. The process
is illustrated in Figure 5.

Expert #1

Summarized
Original Article Articles

Perbuatan merosakkan harta benda awam atau
vandalisme kian hari menular di negara kita . Harta

;! @ N
N 7
MG
R TP 9
komplikasi .
TN
Y

Expert #2  L-X|

Banyak perkara yang dapat dilakukan oleh
masyarakat untuk membanteras vandalisme
daripadaterus menerus berleluasa . Pendidikan
merupakan tunjang atau paksi utama yang day
mengubat penyakit sosial il . Di peringkat sekolah
pendidikan diharap mampu mencambahiar

kesedaran cinta erhadap harta benda awam . Di
samping itu, masyarakat setempat pula perlu

prinatin dan berasa terpangoi untuk mengambl

sty e e Expert #3

berkuasa membuat tzngkapan . Dalam hal i,

Jawatankuasa Perumahan yang berkensan perlu —

bergabung tenaga untuk membuat kawal sela i | —

Kawasan masing - masing . N —

PN —

Ko N 1<( |

cadangan darpada pihak masyaralal yang mahu AN

supaya para psalah didenda melakuian kerja

pembersihan di kawasan - kawasan awam , harta
benda awam

Expert #4

Figure 5. Process of creating the training corpus
Scoring Mechanisms

The baseline of the scoring criteria is obtained from [1] with
minor modifications made to suit the different structure of
Malay text. As our training corpus of extracts is relatively small
(only 40 summaries), we manually examined and compared
each of the original text and its summaries. For the Position-
based Scoring, we assigned the appropriate weight to a sentence
by investigating the location of the sentence appeared in the
summary using the following rules: 1) The first 3 sentences of
the original text 2) The first 3 sentences of each paragraph in the
original text and 3) The first 3 sentences after each subtitle in the
original text .An example of a Position-based Score for one of
the summaries is shown in Table 1.

Table 1.An Example of a Position-based Score

Feature % in extract Given score (W(s))
1" sentence in article 100 10
2" sentence in article 77 8
3" sentence in article 45 5
1* sentence in paragraph 70 7
2" sentence in paragraph 38 4
3" sentence in paragraph 58 6
1* sentence after subtitle 40 3
2" sentence after subtitle 35 3
3" sentence after subtitle 26 2
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In addition to the Position-based Scoring, we defined a
hypothesis that a paraphrased sentence found in an expert’s
summary will be treated as a multi-sentence during the manual
investigation. Paraphrasing allows putting together multiple
sentences in author’s own word which is critical in natural
language. This has been a challenge for text summarization
research over a decade ago [24]. However, a research in [25] is
found to be a promising start for automatically generating
sentence paraphrases. At this development stage, we do not
consider any paraphrasing in our system’s generated summary.

For the Format-based Scoring, we considered the sentence
based on the style of font (default, bold, italic) and punctuation
marks (exclamation marks, question marks, double quotes).
Unlike in [1], we excluded the score of the figure captions and
text author as they were not present in our training data. Whilst
for the Keyword-based Scoring, we used a general Malay word
frequency table that is generated from all the 10 original texts by
our Token Frequency Counter module. This helps to estimate
whether the word appears more frequently in original text than it
normally does in the summarized text. This scoring takes the
following rules: 1) The words belonging to the title (article
headline) and subtitles are given higher scores and 2) All the
other words are given similar lower weight.

Evaluation Metrics

The comparison of our proposed system’s generated summaries is
done against the human experts’ summaries due to the non existence
of commercially available Malay text summarizer. A survey in [26]
describes and compares various human and automatic metrics to
evaluate summaries. We employ the performance measures
commonly used in the traditional Natural Language Processing
task — Recall, Precision and F1 Score. These scores quantify
how close the system’s extract to human’s. Precision shows the
accuracy of the extracted sentence, Recall reflects how many
good sentences the system has missed and FI Score is a
weighted average of the Precision and Recall [27]. Given an
input text (original text), human-made summary and system
generated summary, the following metrics are applied:

Precision = correct / (correct + wrong) 3)
Recall = correct / (correct + missed) 4)
F1 Score =2 x (Precision x Recall) / (Precision + Recall) (5)

Where,

correct — the number of sentences extracted by the system and
the human;

wrong - the number of sentences extracted by the system but
NOT by the human;

missed - the number of sentences extracted by the human but
NOT by the system.

The generated summary is judged correct if it contains
sentences that were tagged in the human’s summary or
partially correct if the summary provides sufficient context
for the passage. The generated summary is judged wrong if
needed context was totally misleading or if the summary did
not contain the expected passage at all. Finally, the generated
summary is judged wrong if there is insufficient context for
the passage. One standard marks a sentence as in the summary
only when all four human experts agree.

10

5. RESULTS

Table 2 shows the performance of our system. The second, third
and fourth row of the table show the statistics of the three test
collections. All the summaries agreed at a fixed-length
compression rate of 30%.

Table 2. System performance evaluation

Type of Test General Business Sports
Collection News News News
No. of

Document 4 3 3
Average no. of

sentences per 110 85 94
document

Average no. of

sentences per 33 23 26
summary

Average

Precision (%) 85.2 77.6 66.3
Average

Recall (%) 38.0 223 31.0
Average

F1 Score (%) 76.0 31.0 422

The average number of sentence per summary in General News
is relatively high in comparison with the other test collections
because the number of sentences in the body of documents is higher.
Consequently the performance of Domestic News is better on
average than the other test collections. The reasons, based from the
feedbacks provided by the human experts, why Domestic News
outperforms others are as following: 1) They are different from each
other in genre 2) The Business News provides an extremely
thorough analysis such as the stock market, foreign exchange
market and mutual funds. The technical expressions that are
regularly iterated reduced the average score and 3) most
summaries generated by the system are hard to understand. 4)
The number of the training data is relatively small for drawing
any final statistical conclusions. However, further investigation
need to be done in future in order to reveal clearer reasons.

Accuracy is any natural language application such as text
summarization, machine translation, speech processing is always
a big issue. As for text summarization, evaluation is an
important aspect to ensure whether the system has reached the
goal to resemble the human made summaries. Indeed, naturally
that it is hard to find two similar human made summaries for the
same language in the world. A study in [28] found that at best
there was about 70% average agreement between two human
made summaries. On average, our system produces summaries
that are about 50% similar to the manually created summaries.
Although the agreement between the compute generated
summary and the human summaries is quite low but it can be a
promising start for a Malay text summarization research.

6. CONCLUSIONS AND FUTURE WORKS

This paper presents a Malay text summarization system using a
hybrid approach — the preprocessing module introduced by the
SUMMARIST [6] and the statistical scoring methods described
in the EstSum’s text extraction module [1]. Experiment shows
that using the combination of both techniques, the system is able
to extract the most important sentence from Malay news articles.
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This is a cost-effective solution to reduce users’ consuming time
in document reading without losing the general issues for users’
comprehension. Summary helps users to easily decide its
relevancy to their interests and acquire desired documents with
less mental loads.

Since the research in this area is still at its immature stage there
are many things to be investigated in the future. One of the
problems that should be given a highlight is the widespread use
of disparate metrics. It is found that there is no standard human
or automatic evaluation metric in text summarization to compare
different systems and establish a baseline. Hence, in future, to
increase the decision accuracy, we plan to conduct the following
evaluation as proposed in [29]: 1) Quantitative Measures —
involve the categorization of decision relevancy, summary time
and summary length and 2) Qualitative Measures- involve user
preferences and detailed feedback as to why the summary was or
was not acceptable for a given task.
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