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1. Introduction

Considering that construction and analysis of mathematics conception of graph in the field of
modern information technology is often performed by human, it is clearly seen that he/she
needs effective comprehensive model for manipulation with elements of a graph. That is why
a visual representation aspect in usage of graph is of particular importance. Due to increase of
amount of the information being analyzed, the number of graph nodes and connecting edges
increases inevitably. The total result is graph nodes and edges “overlap”, which complicates a
perception of the displayed information by the human. In this case, a possible solution for this
non-trivial problem is a usage of algorithms for positioning of graph model [1].

There are many algorithms of such kind, which form different categories, but usage of
these is narrowed as it depends on context of information being visualized. That is why the
question about integrating of existing categories of algorithms into single partial hybrid
algorithm, becomes significant. Such algorithm could inherit multiple visualization
advantages and allows performing efficient visualization of the graph regardless its structure.

Another important concept is mechanism of a graph description, which resides in
visualization software and converts information of graphs into easy traceable descriptions,
which allow storing and exchanging of this information between multiple visualization tools.
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Both of these concepts are parts of visualization environment that must be integrated. It is
also important to evaluate performance of such environment considering both quantitative and
qualitative properties. The last case also requires the development of objective criteria system,
considering that perception properties of single individual are subjective.

Taking into consideration the aforesaid, it is possible to identify the following goal: o
develop partial hybrid algorithm for integrating it into single visualization system. In order to
reach this goal, four tasks being defined: 1) to improve existing algorithms by integrating
their positive peculiarities; 2) to propose 3D visualization-based graph description language;
3) to integrate all mentioned concepts into single software system; 4) to evaluate quantitative
and qualitative characteristics of this system using the criteria system has drown out.

2. Development of partial hybrid algorithm

Algorithms for spatial models could be classified conditionally on various categories (for
example — force-based layout algorithms; orthogonal layout algorithms; tree layout algorithms
etc.). We propose to combine force-based layout algorithms and orthogonal layout algorithms
in this work. The first of them possesses a useful property to visualize a graph regardless its
maximum allowed degree of a node, it is also capable to automatically distinguish symmetric
structures, although a final performance in this case is hardly predictable due to iterative
nature. On the contrary, a performance of the orthogonal layout algorithm is predictable (due
to strictly defined steps), although a maximum allowed degree of a node in this case is equal
to 6.

Force-based layout algorithms act as follows: geometric properties of elements of a graph
are being calculated using simulation of forces [2]. The graph is presented as a physical
system, in which nodes are being replaced with metallic rings, but edges — with springs. At
initial step rings are scattered randomly in space with deformation of springs.

Taking into consideration, that springs will tend to compensate the deformation, all
systems will also tend to find a state with minimal potential energy. This equilibrium state is
iteratively calculated using an algorithm of a higher abstraction degree, which is shown in
Figure 1.

/*1*/ until average kinetic energy (\/dkz +-dy2 ) < &
/*2%/ for each node i

/*3%/ velocity (i) = velocity(i) * f;

/*4*/ for each other node j

/*5%/ velocity (i) += velocity to repulse from j;
/*6%/ end

/*T7*x/ for each node j connected to i

/*8%/ velocity (i) += velocity to attract to j;
/*9%/ end

/*10*/ position (i) += velocity (1i);

/*11*/ end

/*12*/ end

Figure 1. Force-based layout algorithm pseudo code
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Orthogonal layout algorithms, on the contrary, implement a concept of three-dimensional
orthogonal grid, which is formed by many points in Cartesian coordinate system, each having
(X, Y,Z) coordinated defined by whole numbers. A visualization of graph in this case requires
associating set of graph’s elements to set of points of orthogonal grid, applying a general rule,
which possesses, that edges of a graph could have 90° bends [3]. As it was aforementioned,
this category of algorithms allows visualizing graphs with a maximum allowed degree of a
node of 6. This restriction has been defined considering peculiarities of three-dimensional
orthogonal grid — each grid point, which refers to a node of a graph, is located at intersection
of three perpendicular lines, each of these in turn can hold not more than two nodes connected
with given node by straight line as it is shown in Figure 2.

grid point > P level
. ® !
nodle —» - .
/ ¢ edge bend point
edge S Z

Figure 2. Orthogonal model of a graph

An empiric evaluation of implementation of orthogonal layout algorithms shows, that a
possession of elements of a graph requires searching of the compromise between an overall
three-dimensional model’s volume and a number of edge bends.

A development of partial hybrid algorithm by itself is based on concepts of primary and
secondary algorithms. After evaluation of both algorithms being integrated, it is possible to
conclude, that orthogonal layout algorithms produce bends of edges, which can decrease a
comprehension degree. That is why the force-based layout algorithm has chosen as primary,
while adding certain concepts of the orthogonal layout algorithm.

An initial version of algorithm pseudo code was modified as it is shown in Figure 3.

/*1*/ for each node k

/*2%/ position (k) = point of orthogonal grid(k);

/*3*/ end

/*4*/ until average kinetic energy (\/dx24—dy2 ) < &

/*5%/ for each node i

/*6%*/ if average kinetic energy > previous average kinetic energy
/*T*/ for each node k

/*8%*/ position (k) = random offset from position (k) ;
/*9%/ end

/*10%/ end

/*11*/ previous average kinetic energy = average kinetic energy;
/*12%/ velocity (i) = velocity(i) * f;

/*13%/ for each node j

/*14%*/ velocity (i) += velocity to repulse from j;

/*15%/ end

/*16*%/ for each node j connected to 1

/*17%/ velocity (i) += velocity to attract to j;

/*18%/ end

/*19*%/ position (i) += velocity(i);

/*20%/ end

/*21*/ end

/*22*/ for each node k

/*23%/ position (k) = approximation to orthogonal grid(k);
/*24%*/ position (k) = position(k) - (min poz + max poz)/2;
/*25*/ end B B

Figure 3. Partial hybrid algorithm pseudo code
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Potential improvements in this case are following:

An initial random scattering of nodes is shown in unpredictable number of iterations
for equilibrium state’s search. Solution: to place nodes of a graph on predefined points
of the orthogonal grid before the first iteration will start.

In case if a value of average kinetic energy achieves local minimum, it takes an
additional time to retrieve from this. Solution: to make a step with random offset from
current position, bypassing “slow” iterative retrieving upon detection of local
minimum.

After achieving the equilibrium state, coordinates of nodes holds fractional parts
increasing randomness of orientation of model of a graph. Solution: forcibly
approximate nodes of a graph to points of orthogonal grid after achieving the
equilibrium state.

The equilibrium state is being formed with unpredictable offset from the origin of
coordinate system. Solution: to place the model of graph near the origin of a
coordinate system (similar to orthogonal model), using formula (1) for each dimension
of nodes of a graph:

min_ koord + max_ koord

2

koord’ = koord — (1)

Summary of evaluation of the developed algorithm is presented in chapter 5.

3. Three-dimensional visualization oriented graph description notation

Visualization of graphs using aforementioned algorithms is directly connected with definition
of a graph information. Before it is converted to final image, it is necessary to precisely define
procedures for storing and interpreting of this information.

Nowadays XML (Extensible Markup Language) is considered as universal solution for
information determination. This specification becomes a base for many graph descriptive
languages: GraphML [4], GraphXML [5], XGMML [6] etc. It is possible to lead the following
brief comparison of these languages (Table 1):

Table 1. Comparison of graph descriptive languages

Criteria GraphML GraphXML GML XGMML GXL
Software

Field of application General General General General designing and
reengineering

Valldatlpn Schemes DTD Rules of DTD, rules of DTD, schemes

mechanisms language language

Additional checkmg No No Yes Yes No

for data consistency

S}lpport .for Yes Yes Yes Yes Yes

hierarchical graphs

Support for hyper Yes No No No Yes

graphs

Support for custom Yes Yes Yes Yes Yes

types of data

Support for specific .

3D related data No Partial No No No
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With analyzing of this information, is possible to conclude, that all these languages were
primarily meant for visualization of common two-dimensional graphs. Visualization
procedures of three-dimensional graphs require an introduction of specific descriptive
structures. First of all, it has applied to spatial positions of nodes of a graph. A description of
each node must be enhanced with tag pos, which must contain z property along with
traditional x, y properties. It is also important to introduce tag shape, which defines an
appearance of nodes and edges, which is of great importance in visualization activities. Three
aspects — model, color and size of a surface mainly define the appearance of the node. A
description of the edge has the same properties except of size, which is replaced by
withdrawal property width.

As a result, the possible description of elements for trivial 3D graph in Figure 4.
/*1*/ <node id="1" label="V1">
/*2%/ <pos x="-32.79" y="20.22" z="6.69"/>
/*3*%/ <shape model="1" color="FF0000" size="3"/>
/*4*/ </node>
/*5*/ <node id="2" label="V2">
/*6%/ <pos x="-4.07" y="24.94" z="-24.17"/>
/*T7*/ <shape model="1" color="FF0000" size="3"/>
/*8*/ </node>
/*9*/ <edge source="1" target="2" directed="1" label="E1">

/*10%*/ <shape color="0000FF" width="5"/>
/*11*/ </edge>

Figure 4. Specification of trivial graph for 3D visualization

A position property can hold real numbers, and these can be both positive and negative
(taking into consideration, that elements of model can be localized in different regions of the
coordinate system in relation to its origin). There is one exception in a description of attribute
of position — in case, if precise values are unknown or were not calculated previously, it will
hold character “?”. In this case a positioning of nodes of a graph is in concern of visualization
system itself (for example, the original force-based layout algorithm could place nodes
randomly, the partial hybrid algorithm could place these on predefined points of the
orthogonal grid etc.).

A proposed specification has one disadvantage in relation to a size of an information being
stored. In most cases, sizes, colors and withdrawals of elements of graph are the same. This
enforced duplication of certain information fragments (for example, in case if there are /00
black edges with same withdraw equal to 5, this will produce equal /00 tags <shape
color="000000" width="5"/>), which negatively affects the size and the interpretation of the
information being stored. Solution: to introduce two additional tags, one of which holds
default information for nodes, and the other (with the same purpose) for edges. In this case,
precise values will be included only in case, if these differ from default. A fragment of the
description of default attributes is performed in Figure 5.

/*1*/ <nodedefault label="New node">

/*2*/ <pOS x="7" y:n?" Z:"?"/>

/*3%/ <shape model="1" color="FF0000" size="3"/>
/*4*/ </nodedefault>

/*5*/ <edgedefault directed="1" label="New edge">
/*6%/ <shape color="0000FF" width="5"/>

/*7*/ </edgedefault>

Figure S. Specification of default attributes
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It is also proposed to include a description of initial setup of interactive visualization
software for visualization of graph in refined specification (for example, if it is known that the
graph being described is localized near the origin of a coordinative system, it would be useful
to shift a virtual camera along Z axis, before visualization will be initiated in order to see a
whole body of the graph, when it will be shown for the first time). To implement this feature,
a block of an additional information will be added to the description as separate environment
tag. It holds an information about screen background color attribute bgcolor, a virtual camera
tag cam with position tag pos, which holds attributes x, y, z for specification of the initial
position of the virtual camera and rotation tag rot, which holds same attributes for
specification of rotation of the virtual camera. The turned out description fragment, which can
be included in final description, is performed in Figure 6.

/*1*/ <environment bgcolor="000000">

/*2%/ <cam>

/*3*%/ <pos x="0.00" y="0.00" z="200.00"/>
/*4*/ <rot x="0.00" y="0.00" z="0.00"/>
/*5%/ </cam>

/*6*/ </environment>

Figure 6. Description of initial setup of visualization software

According to performed experiments with visualization of graphs, such refined description
is useful for solving of all main tasks of visualization procedures.
4. Implementation of visualization software system

A software system “3DIIVE” (Three—Dimensional Interactive Information Visualization
Environment), which includes numerous sub modules, was built as a part of this research
visualization. It is necessary to point out that every graph regardless its complexity can be
considered as a whole object. That is why an architecture of the aforementioned software was
developed utilizing main principles of the object-oriented approach.

In this case the object, which represents a graph, contains:

e A set of attributes (which defines an information on basic graph elements):

o For nodes (coordinates, color, size, labels etc.).
o For edges (linked nodes, color, width, labels etc.).

e A set of methods (which allows to obtain an information on the graph, making

transformations of a spatial model etc.):
o For obtaining information about graph elements.
o For adding and removing graph elements.
o For dynamical change of the visual graph structure.
o For other major processing purposes.

It is necessary to point out, that processing of a graph also matches with other basic
concepts of the object-oriented approach, for example — inheritance and aggregation of a
model of the graph [7].

A framework of drawing up of the developed software system is performed in Figure 7.
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Figure 7. Architecture of visualization software system for graphs

The main parts of drawing up of this system are as follows: XML parser, module of
interactive visualization, repository of layout algorithms, repository of visualization
techniques, and XML assembler.

XML parser is represented by a software module, which parses XML document with a
description of the graph provided by the user, and allows extracting necessary information
about general topology of the graph and its’ separate elements (for example — names of nodes
and edges, color of these etc.) [8].

Module of interactive visualization is considered to be the main part of the system, which
performs visualization of received information (by activating necessary layout algorithms
from repository of layout algorithms and visual techniques for improved comprehension from
repository of visualization techniques), offers the analysis and processing abilities (by using
navigation, selection and modification mechanisms) [9] and passes processing results to XML
assembler in case, if the user requires to save processed and modified data. Implementation of
this module has been based on the object-oriented model: the graph is presented as a separate
object with multiple attributes and methods. An information about topology of the graph
derived from the parser module, is converted into the adjacency matrix, while a rest of the
information about elements of the graph is loaded into multiple arrays with references to
associated elements. Separate methods are used for positioning spatial model of a graph by
calling certain layout algorithm and for triggering multiple visualization techniques.
Navigation mechanism is implemented as sub module, which allows transforming visual
appearance of 3D model by altering position of a virtual camera. Selection mechanism allows

198



to distinct and to mark certain set of visible parts of a graph for further modification of these.
Modification mechanism allows altering data or a structure of previously selected elements of
a graph.

Repository of visualization techniques holds a set of multiple techniques for improvement
of comprehension (for example — “magnifying glass”, “fish-eye view”, “Benediktine space”
etc.), separate elements of which can be triggered within the module of interactive
visualization.

Repository of layout algorithms holds a set of available layout algorithms for visualization
of graphs. Implementation of this module relates to separate methods of the object of the
graph. It can hold both representatives of existing categories of the algorithms and hybrid
algorithms that unite them.

XML assembler is a software module, which acts similar to XML parser with only
distinction that relates to a direction of information processing flow. It is necessary to point
out, that usage of this module is optional (information flows are represented with dashed
arrows) and is required only if user decides to save changes in original information, after data
processing procedures were carried out.

Visual examples of output of this system are performed in Figure 8.

Figure 8. Screenshots of visualization outputs
5. Evaluation of partial hybrid algorithm and visualization system

A set of visualization experiments was carried out to demonstrate a performance of partial
hybrid algorithm. One of these experiments is as follows: an input — graph with maximum
degree of a node equal to § that is shown in Figure 9 (part A). Considering that orthogonal
layout algorithms cannot visualize such types of graphs, we will evaluate application of the
force-based layout algorithm (part B) and the partial hybrid algorithm (part C).

(4) (B) (©)

Figure 9. Results of visualization experiments
We point out a centered model of a graph as well as ability to visualize straight edges as
the result of usage of the partial hybrid algorithm. We also evaluated performance of

algorithms (performing 50 measurements starting with first iteration and ending with the
moment, when an equilibrium state was reached) — Table 2.
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Table 2. Quantitative evaluating of performance of algorithms

Force-based layout algorithm

Time (s) 13.8 14 14.7 15.3 15.8 16.5 16.9 17.1 17.2 17.7 18.2

Count 2 3 6 7 9 7 6 4 3 2 1

Frequency | 0.04 0.06 0.12 0.14 0.18 0.14 0.12 0.08 0.06 0.04 0.02

Partial hybrid algorithm

Time (s) 13.4 13.5 13.6 13.7
Count 11 12 15 12
Frequency 0.22 0.24 0.30 0.24

The graph of frequency distribution is shown in Figure 10.
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Figure 10. Frequency distribution graph

During statistical processing of visualization results, following metrics were acquired:
mathematical expectation for force-based layout algorithm M=15.95, statistical dispersion
D=1.24 and standard deviation o=1/./1. For the partial hybrid algorithm, these values are
following: M=13.56, D=0.012, 6=0.11.

While performing of a qualitative evaluation of a developed software system, it is
necessary to use an objective mechanism, which implies a set of multiple criteria. That is why
visualization evaluation activities were supplied by querying of experts from different Latvian
educational institutions (Riga Technical University, University of Latvia, Transport and
Telecommunication Institute, Rezekne Higher Education Institution). Development of
questionnaire and processing of received results was carried out according to Delphi method
[10], with main task to define the set of objective criteria for evaluation of visualization. Both
the set of criteria and the set of importance indexes for them were defined after summarizing
of results. A fragment of querying results is presented in Table 3.

Table 3. Part of results of querying of experts

Number
- Percentage
Proposed criteria of
of answers
answers
What are main properties of visualization software?
Ability to work with multiple modern graph description languages 3 38%
Ability to implement repository with templates of structures of common graphs 4 50%
Ability to inherit and combine models of graphs 3 38%
Ability to implement animation for reaction to events triggered by user 3 38%
Ability to work with many graphs at a time 5 63%
Ability to work with many instances of same graph 3 38%
Ability to manually define parameters for visualization procedures 5 63%
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An analysis of this data allowed us to design a criteria system for evaluation purposes,
which in turn allows to define Quality of Visualization Environment using formula (2):
_ A*k(A)+ T*k(T) + L*k(L)

ore QVE

*100% )

max

where A, T and L corresponds to evaluation metrics of layout (A)lgorithms, visualization
(T)echniques and description (L)anguages, according to set of criteria defined by experts;
k(A), k(T) and k(L) corresponds to according fractional normalization indexes within interval
[0..1], and QVE,,,x corresponds to biggest possible evaluation value.

The evaluation metric for layout algorithms is calculated using the formula (3):

N(A)

A=} a,*ka) 3)

where N(A4) corresponds to number of criteria for layout algorithms; a; — evaluation of
criteria 7 in interval [0..10] (“0” relates to maximum discrepancy with this certain criteria,
while “10” relates to maximum conformity with this); k(a;) — importance indexes for criteria i
according to results of the querying (these values were derived from a column “percentage of
answers”). Also, to reduce subjectivity the following rule was applied: only those criteria are
included in final set of criteria that were pointed out by at least two experts. The same
principle was applied to visualization techniques and description languages.

After integration of all calculations the following final formula (4) for evaluation of a

quality of visualization environment is proposed:
N(4) N(T) N(L)

04> a,*k(a,)+0.4> 1, *k(t,)+0.2> 1, *k(l,)

VE =— =1 =l il *100% 4
Q 70.34 ° @

Values for normalization metrics are being proposed by authors while estimating relative
importance of visualization aspects based on querying of experts. During evaluation of
“3IDIIVE” software A, T and L metrics were calculated using according a;, t; and /; values. A
fragment of evaluation results is presented in Table 4.
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Table 4. Part of results of evaluating of 3DIIVE” software

Criteria Coefficient | Evaluation Substantiation of evaluation
This software uses custom refined

Ability to work with multiple

.. 0.38 5 language which is derived from majority
modern graph description languages Y
of existing languages

Ability to implement repository with Such kind of repository can be easily
templates of structures of common 0.5 10 implemented introducing “.xml” files
graphs with predefined topology of graphs

- . . . There is ability to inherit models of
Ability to inherit and combine 0.38 5 graphs which can be achieved by adding

models of graphs new element of graphs

Ability to implement animation for

reaction to events triggered by user 0.38 10 This ability is fully supported

ﬁ’i‘rﬂgy to work with many graphsat | ) ¢3 10 This ability is fully supported

Ability to work with many instances 038 0 This ability is not supported in current
of same graph ' version

Ability to manually define

parameters for visualization 0.63 10 This ability is fully supported
procedures

Upon evaluation completion of a quality of visualization environment “3DIIVE”, a final
value was calculated, which is equal to 5/%. Our opinion is that such result seems to be true
(taking into consideration that presented software holds status of demo version, and it was
designed during academic research without claiming for a status of a commercial solution),
which confirms that this criteria system is enough reliable.

6. Conclusion

This research provides an analysis of current problems in visualization of graphs and advises
of some possible solutions by utilizing achievements of modern information technologies.
The following problems were pointed out in this research:

1) The usage of existing layout algorithms is narrowed as these heavily depend on context
of information being visualized and achieve success only in case, if properties of this
information (for example, graph’s topology) satisfies requirements of this certain algorithm.

2) A majority of modern graph descriptive languages are oriented towards as description of
common aspects of graphs. In this case, an information, which is required for full-fledged
visualization activities, can be introduced into description only as custom user’s data. In turn,
it negatively affects a size of the information, being stored, and its interpretation time.

3) Evaluation of visualization of graphs is non-trivial, taking into consideration that
comprehension of the result is mostly subjective.

In order to introduce possible solution for these problems, we designed, integrated and
evaluated a partial hybrid algorithm, which inherits multiple visualization advantages both
from force-based layout algorithms (an ability to visualize the graph regardless its maximum
allowed degree of a node; an automatic distinguishing of symmetric structures) and
orthogonal layout algorithms (an ability to center a body of the graph; an ability to visualize
straight edges). Another improvement related to discrete positioning of nodes of a graph
before performing the first iteration step allowed to decrease average time, which is necessary
for reaching the equilibrium state for (I — 13.56/15.95) * 100 = 15% while reducing its
statistical dispersion.

202



We also propose a refined graph descriptive language, which is oriented towards a support
of visualization activities. It could be used successfully with implemented hybrid algorithm.
The demonstrative software system for visualization purposes was drawn out. It integrates all
discussed concepts and can be used as a tool for the analysis of graphs.

A combination of this software with a developed criteria system can serve as a base for
further research in a field of visualization of graphs. Following up of this research, it is
planned to improve the further partial hybrid algorithm by integrating it with other categories
of layout algorithms in accordance with improvements in the developed visualization system.

References

1. J. Rilling, J. Wang, S. P. Mudur “MetaViz — Issues in Software Visualizing Beyond 3D”, 2003.
Internet — http://www.cs.uvic.ca/~mstorey/vissoft2003/submissions/rilling2.pdf

2. X. Liu, B. Shizuki, J. Tanaka “Dynamic Parameter Spring Modeling Algorithm for Graph
Drawing”, 2001. Internet — http://citeseer.ist.psu.edu/574826.html

3. P. Eades, A. Symvonis, S. Whitesides “Two Algorithms for Three Dimensional Orthogonal Graph
Drawing”, 1997. Internet — http://www.cs.mcgill.ca/~sue/papers/eades-sym-whi.pdf

4. U. Brandes, M. Eiglsperger, I. Herman, M. Himsolt, S. Marshall “GraphML Progress Report”,
2002. Internet — http://www.inf.uni-konstanz.de/algo/publications/behhm-gprsl-01.pdf

5. L Herman, M.S. Marshall “GraphXML — An XML Based Graph Interchange Format”, 2000.
Internet — http://ftp.cwi.nl/CWIlreports/INS/INS-R0009.pdf

6. J. Punin “XGMML 1.0 Draft Specification”, 2000. Internet —
http://www.cs.rpi.edu/~puninj/X GMMIL/draft-xgmml.html

7. V. Zabiniako, P. Rusakov “Analysis of Visualization Problems of Graphs and Models of Graphs”.
Scientific Proceedings of Riga Technical University, Computer Science, Applied Computer
Systems, ser. 5, vol. 30, 2007, pp. 138 — 148.

8. U. Brandes, C. Pich “GraphML Transformation”, 2004. Internet — http://www.inf.uni-
konstanz.de/algo/publications/bp-gt-04.pdf

9. L. Deligiannidis, Amit P. Sheth, B. Aleman-Meza “Semantic Analytics Visualization”, 2006.
Internet — http://Isdis.cs.uga.edu/library/download/DSAQ6-1SL.pdf

10. T. J. Gordon, “The Delphi Method”, 1994. Internet — http://www.futurovenezuela.org/ curso/5-

delphi.pdf

Zabinako V., Rusakovs P. Daleja hibrida algoritma izstrade un realizacija grafu vizualizacijai

Sis raksts satur informaciju par originaliem risindjumiem grafu vizualizacijas problémsféra, izmantojot
trisdimensiju datorgrafiku. Sada tipa vizualizacija Jauj atvieglot grafa informacijas uztveri ar cilvéku, salidzinot
ar “klasisko” plakano attélosanu. ST pétijuma galvenais mérkis ir konstruét dajéjo hibrido algoritmu ar nolitku
uzlabot grafu vizualizaciju trisdimensiju telpa. Divas eksistejoso algoritmu klases tika izmantotas par pamatu st
algoritma konstruésanai: uz spéku iedarbibu un uz ortogonalitdati pamatotu klasu parstavji. Tika intensivi
izmantota ari objektorientétd pieeja. Izveidotais daléjais hibridais algoritms tika veiksmigi realizéts
eksperimentala sistemd. Raksts satur informdciju par Sis sistémas arhitektiuru, citam tas fundamentalam
koncepcijam, ka ari eksperimentu rezultdatiem. Visi ieguti rezultati tika novértéti izmantojot matematiskas
statistikas panémienus. Ir piedavata kritériju sistéma vizualizacijas efektivitates novertésanai. Ir salidzinatas
popularas grafu aprakstisanas valodas un ir piedavatas dazas rekomendacijas to uzlabosanai. So rekomendaciju
realizacija var but veiksmigi pielietota kopa ar izveidoto hibrido algoritmu. Ir izdariti secindjumi par
sasniegtiem rezultatiem. Ir arl sniegta informdcija par St petijuma iespéjamo turpindjumu.
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Zabiniako V., Rusakov P. Development and Implementation of Partial Hybrid Algorithm for Graphs
Visualization

This paper contains an information about some original solutions in graphs visualization problems, using three—
dimensional computer graphics. Such visualization allows simplify the graph’s comprehension by human in
comparison with a “classical” planar visualization. The main goal of the research is to create a partial hybrid
algorithm to improve a graph’s visualization in 3-D space. Two categories of existing algorithms were used as
the base for this algorithm: a force-based layout and orthogonal layout algorithms. An object-oriented approach
was applied intensively too. The developed hybrid algorithm was successfully implemented in experimental
system. The article contains an information about creation of this system, other fundamental concepts of the
system and some results of experiments. All achieved results were evaluated, using elements of mathematical
statistic. A conception of the criteria system to evaluate an efficiency of visualization, is advised. Popular graph
descriptive languages are compared, and some recommendations to improve mentioned languages are
proposed. These recommendations can be used successfully with an implemented hybrid algorithm. A conclusion
about already achieved results is made. An information about future researches is presented.

3a0unsako B., Pycakor II. Pa3paGorka m peanm3anusi YaCTHYHOr0 THOPHIHOIO AJITOPUTMA [JIsl
BU3yaJu3auuu rpagos

Jannas cmamos codepoicum uHGOpMayu0 0 HEKOMOPbLIX OPUSUHATBHBIX PEULeHUsIX 8 chepe GU3VATUZAYUU
epaghos ¢ UCnoab308aHUEM MPEXMepHOU Komnviomephou epaguku. Taxoll nooxod nosgoisem Ynpocmume
socnpusimue 2paga 4er08eKom 8 cpasHeHuu ¢ “‘Kiaccuueckou’”’ eusyanuzayuei Ha niockocmu. InasHoil yenvio
O0aHHO20 — UCCIe008AHUL  AGIAEMCS  CO30AHUE YACMUYHO20 2UOPUOHO20 — ANOpUMMA  ONsl  YIAVHULEeHUs.
omobpasicenust 2paghos 6 mpexmeprnom npocmpancmee. bazoii cozoasaemozo arzopumma s6as0mMcst 08a Kiaccd
CYWecmayIouux aneopummos — OPUEHMUPOBAHHbIE HA UMUMAYUIO DUIUYECKUX CUTL U OPUEHMUPOBAHHblE HA
opmozonanbHocms. B npoyecce co30anusi HO8020 aAn2OpUMMA  UHMEHCUBHO UCHONb308AICS O0OBEKMHO-
OpUEHMUPOBANHBIL  NO0X00. Paspabomanuwiti  eubpudonviii  ancopumm  0Ovbl1  YCHewHO pearu308an 8
IKCHEPUMEHMANLHOU cucmeme. Jannas cmamvs cooepicum uH@opmayuto 0o apxumexmype 3mou CUCMeMbl,
opyeux ee QYHOAMEHMANbHLIX KOHYENYUSX, A MAKIHCE HEKOMOPbIX NPOBEOCHHbIX IKCnepumenmax. Jlus
00pabomKyu  NONYYEHHBIX — Pe3YNbIMAMO8  UCHONb306AICS — ARNAPAM  MAMEMAMU4ecKol  CMmamucmuKy.
Pexomenoosana cucmema xpumepues 0ns oyenxu s¢hgexmusnocmu euszyanuzayuu. Ilposedeno cpasuenue
NONYISPHLIX  SI36IKO6  ONUCAHUSA  2pao8 U pazpabomanvl pekomMeHoayuu no ux yayduwienuio. Jlauuvie
PEKOMEHOAYUU MOICHO YCREUIHO Peanu308amsb GMecme ¢ paspadomanbim cubpUOHbIM areopummom. B cmamoe
cOenamvl 8blBOObL 0 OOCMUSHYMBIX De3YIbmAamax, a makKdice Npeocmasiend UHGopmayus 0 OaTbHetuux
NAAHUPYEMBIX UCCLEO0BAHUSIX.
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