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Abstract. Technological and pedagogical aspects of integration of special-
ized and system software for compuiter modeliing, structure and architeclire
of the software complex for forest fire modelitng realized in Mathematica,
the resulls of modeiling knowledze base accunnilation and geovisualization are
discussed.

1 Introduction

Mathematical modelling of processes and effects in different areas of natural sc-
ences and economy gets more and more wide application. Increasing possibilities of
computer hardware and mformation technologies, a demand of computer models
many different fields of activity brings a special importance to the process of educa-
tion of experts in creation, adaptation, support of mathematical models. Designing,
developing of computer models mn a format of dialogue interactive systems demand
knowledge in a very wide range of subjects, such as applied mathematics, program-
ming, economy. Efforts of different experts which should be prepared are necessary.
Reformation of a modern education system is required, in particular, in the direc-
tion of information and telecommunication technologies integration into educational
process and into it's management. The special role is provided to essentially new
methods of the educational material orgamization, creation of modern educational
environments knowledge bases and the corresponding software providing effective
tools for information receiving, self-traimng and self~testing.



One of the key components of computer models is software. Reasonable and
effective combination, integration into single systemn of services and specialized mod-
ules, programs, packages 1s important. An effective program platform for computer
models creation, preparation of interactive informational-pedagogical environments
of new generation are systems of computer mathematics ([1]). The sigmficant part
of creation of interactive electronic educational resources is spend to the creation
of computer graphics, necessary illustrations at different scenarios of work, and the
problems of visualization of scientific data have absolutely independent role. Com-
puter algebra system leaders are Mathematica, Maple, MATLAB, MathCAD,
Simulink, etc. In these software complexes mathematical calculations, transforma-
tions and simplifications of expressions are carried out after inputting the equations,
conditions and functions in the traditional mathematical notation. Practice of last
years confirns efficiency of application of systems of intellectual calculations at the
decision of problems of mathematical physics, mechanics of continuous environ-
ments, economy, etc.

In the work presented features of designing and realization of computer models
of the forest fires, corresponding sofiware services are described. Questions of use
of functions of the kemel of system Mathematica, programming of specialized
modules for knowledge base filling in and support are discussed; methodical features
of the organization of the calculus experiments and processing of their results are
stated.

2  Chlient-Server Architecture of a the Software

Complex and its Realization by Functions of
the Kernel of System Mathematica

Mathematical modelling of forest and peat fires is the major part of decision-making
support systems and expert systems, used at the analysis of ecological conditions.
Corresponding computer models are necessary for forecasting of development of ex-
treme situations at concrete objects, large forests and different areas. Mathematical
forest fire models developed nowadays (for example, [2, 3]) are very difficult, cal-
culation of any vanant requires much time even on enough powerful computers.
Corresponding computer models can only be used by authors-developers and are
not focused on inclusion in geographical information systems (GIS) and in systems
of on-line information service.

We consider that modem IT level gives possibilities for designing and filling in
knowledge bases of typical numerical solutions of problems of geoecology, for de-
signing simplified engmeering models and mclusion them in GIS, for creation of
computer express models of the various natural phenomena. Computer models can
effectively be created on a platform of different systems of intellectual calculations
where they can be designed as interactive with possibilities of "connection” of esti-
mations from the knowledge base. A possible principle of functioning of system is
working with models at different levels. Applied mathematicians create and main-



tain computer models. Experts in some field of knowledge, registered in the server,
work with models on one of the offered scenarios. At such level users work with sys-
tem and computer models as "a black box", not distracting with "a mathematical
stuffing”, get results varying the input information and work in "easy to understand”
environment. Users get output information in form of regulation documents, tables
of data, maps and schemes. Administrators of system grant access for other users
working with knowledge bases fiom client computers. At such level, calculations on
mathematical models are not taken place; results are withdrawn fiom the knowledge
base, processed and sent to users. For this purpose a wide enough set of specialized

algorithms and of typical functions for data processing and visualization should be
provided.

With such requirements to algorithms and software the separate role is taken
away to sofiware complex services designing and programming. Developers of such
computer sofiware face complicated requirements it's necessary to develop systems
on program platforms where mathematical calculations are carried out by the sys-
tem's Kernel, the interface can be adjusted by the user, client-server architecture
realization is possible.

One of the systems, satisfying the formulated requirements, is the system of
computer algebra Mathematica. In it mathematical calculations, transformations
and simplifications of expressions are carried out by the system itself after writing
down equations, conditions and functions in the traditional mathematical notation,
and a wide range of typical algonthms of preprocessing and visualization are realized
by kemnel functions ([4]). Practice of last years confirms efficiency of application of
systemns of intellectual calculations for solving problems of modelling, in particular,
one of the forest fire models realized in Mathematica is described in [3].

Let's describe suggested regulations of functioning of the software complex for
forest fires modelling, 1ts architecture and the basic components. Fig. 1 shows the
scheme of the software complex architecture.

On a client computer requests to the server are prepared and executed (of course
if a user has sufficient privileges). Request consists of three groups of parameters:
forest fliel material characteristics for a concrete forest area, geometry of ignition
source, parameters of climatic conditions. At the server result, satisfying to criteria
of request, is taken from the knowledge base; if the suitable result 18 not found
then it 1s calculated according to the computer model ([3]). The information is
sent to the User n the umified format. The service installed on a client computer,
allows to process information from the knowledge base in the several forms including
tabular data, schemes, graphics, density and isolines plots, maps of vector fields and
animation ([6]).

The architecture of the software complex consists of the three main parts:

- the calculation module in Mathematica kernel of distribution of forest fires
on the simplified mathematical models;

- toolkit for filling in and working with a relational database realized in Math-
ematica 6;

- a subsystem of visualization of the results of the calculations, realized on the
basis of the specialized module connected to the Mathematica system.
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Figure 1: The general scheme of the software complex

3 The Description of the Module for Filling in
and Working with Relational Databases

For storing the results of mathematical modelling of forest fire distribution in differ-
ent moments of time the specialized organization of a relational database including
three tables (Modelling, Param and Daig) is offered as it is shown in Fig 2.

Table Modelling stores the unique identifier (id) and the verbal description of
the concrete calculated result of modelling. Table Param stores in a database a list
of controllable parameters of modelling, which ¢an be both constants and variables
changing in time, can be as a single number so as a vector or even a two or three
dimensional table. According to the architecture of system, table Param is logically
connected with table Modelling with cardinality one to many (and this connection
is supervised by DBMS), since in the different calculated results of modelling dif-
ferent parameters can be controlled (for example, at large-scale forest fires some
microprocesses can not be controlled because of their insignificant influence on a fire
as a whole). At last, table Daie stores concrete numerical values of parameters (id
parem from table Parem) in different moments of time.

For work with a database satisfying the scheme described above a special Math-
ematica module is developed, containing the following functions:

connect fdatabase NameJ establishes a connection to a database databaseName;

resetModelling fconnection, modelling Code, modellingDescription] createsor es-
tablishes connection to the calculated result of modelling with a verbal code mod-

ellingCode;
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Figure 2. Simplified Entity - Relationship Diagram of the Database for Mathemat-
ical Modelling Results.

set Value fconnection, idParam, time, value], setValue fconnection, idModelling,
paramName, isConst, time, valuel save in a database the value of parameter of
modelling at the moment of #ime (or with layer number fime). Parameter is iden-
tified by a name paramName or the numerical identifier id param. Let's mention
that the value is not limited to just a number, it can be a vector or a two or three
dimensional table.

Request fiom database of values at the certain moment of time is carried out by
function get Valite fconnection, idModelling, paramName, time].

It is necessary to note universality of the offered scheme of knowledge base or-
ganization, the possibility of its application for storage of results of mathematical
modelling of various problems. Advantages of the given library are independency
of a database type (Oracle, Microsofi SQL Server, Access, MySQL or any other
relational database), and also simplicity in use.

4  Library of Specialized Modules for Visualiza-
tion of Results of Numerical Modelling in Sys-
tem Mathematica

The analysis and generalization of typical mathematical models of hydrodynamics,
aeromechanics, heat and mass transfer, geoecology allows us mention requirements
and functionality of program service of graphic visualization:

- the two-dimensional and three-dimensional graphics with support of visualiza-
tion of fronts and borders (for example, external and internal contours, borders of
zones of influence, boundaries of phases and layers, fronts of temperature, combus-
tion fronts);

- fimctions of generating and a drawing of isolines of digital fields of calculated
distributions, for example, density, temperatures, pressure of a liquid or gas, con-
centration of components of impurity, a gas phase, etc.;
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- modules of formation and a visualization of vector fields of velocities (each
arrow at a corresponding point appears co-directed with a vector of velocity of a
stream, and its length 1s proportional to the strength of velocity),

The listed types of graphic data presentation (described by functions or as tab-
ular data) in Mathematica system can be realised, but only in rectangular areas
(for 3D - in parallelepipeds). The technique, algorithms, the concrete program re-
alizations are described below, allowing to generate images in the areas limited to
curvilinear borders (surfaces). The technique is given further for 2D graphics (on a
plane). Generalization on a 3D case (Cartesian coordinates) becomes similar since
in Mathematica almost all options for 2D and 3D graphics are identical ([4]).

Mathematica system consists of a set of standard visualization tools of a two-
dimensional graphics in following approaches: planimetric plots (isolines), density
(zomes) plots, vector fields, evolution demonstration {animation). Disadvantage of a
drawing in Mathematica 1is that displaying occurs in rectangular area. Thus there
is no possibility of visualization of subregions and inclusions. Lets explain these
terms.

Subregion - a region (a part of plane), limited with a contour (having no self-
crossings) with specially given attributes. The basic sense of introduction of concept
of a subregion 1s caused by features of digital field function approximation, processing
in it {(namely, rules of integration, differentiation, arithmetic and logic operations
with several functions in points of a grid inside a subregion). If input map contains
subregions than during calculation and visualization of a digital field, values of
functions calculated only in internal points of a grid (except the points which belong
to inclusions), and in each subregion calculation is carried out on all set of points
of a database having values of the processed parameter. It gives the chance, while
approximating of any digital field, to divide all set of initial data into parts / regions,
in particular, if there is aprioristic information on independent behavior of restored
functions on separate regions.

Inclusion - a region (a part of plane), limited with a contour not having self-
crossings, entirely laying inside of a subregion. Any inclusion can have enclosed
subregions, which have no crossings with inclusion itself). Inside inclusions calcu-
lation of a digital field, formation of isolines, maps of density, vector fields is not
made.

Visualization of maps in subregions with curvilinear border. The fol-
lowing technique for visualization of contour and density maps in the one-coherent
areas, which are not rectangular, is offered. The user inputs the border region of
visunalization in the form of the list of coordinates of vertexes of the enclosed poly-
gon (restrictions on convexity of a polygon are not imposed). The roundabout way
direction should be such that the visualization area remained on the right. Lets call
these coordinates through (xQ, v, (x1, y1), ..., (xn, yn), where xO = xn, yO = yn.
Width and height (xmax and ymax accordingly) of the rectangular map generated
by standard functions of Mathematica, such as ContourGraphics or DensityGraph-
ics are also inputted. Graphics generation in a subregion is made by the algorithm
contourCut which returns coordinates of vertexes of two enclosed polygons "fram-
ing" area of visualization. After imposing of these polygons by background color
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above the usual 1mage of isolines or a density map, formed by standard fimctions of
Mathematica, the effect of visualization of the map in a demanded area 1s reached.
Advantage of such technique is that it can be applied to the images (maps) created
be standard graphics objects of systern Mathematica. Thus, it is possible to use
ary options (properties, settings) of these graphics: scaling, coloring, drawing of
coordinate axes, grid lines, their calibration, headings, legends, etc.

The 1dea of contourCut algorithm 1s in finding of such two points (xstart, ystart)
and (xend, yend) on a set of vertexes (xi, yi), i =0, n, that two segments [(0,0),
(xstart, ystart)] and [(xmax, ymax), (xend, vend)] are not crossed with the border
of area of visualization {(obviously, except of the mutual points). Coordinates of
vertexes of the first required polygon are the following: (xstart, ystart), (xstart+1,
ystartt+1), ..., (xend-1, yend-1), (xend, yend), (xmax, ymax), (0, ymax), (0,0),
(xstart, ystart). Coordinates of vertexes of the second: (xend, yend), (xend+l,
vend+1), .., (xstart-1, ystart-1), (xstart, ystart), (0,0), (xmax, 0), (xmax, ymax),
(xend, yend).

Drawing polygons with background colors above the rectangular map 15 made
directly by fimetion Show or through its option Epilog. Function Line can be used
for drawing the area border with a specified color and style. Also using function
Show (or its option Epilog) contours, borders, marking lines can be drawn on the
generated map in different colors and styles. If in such a way user draws a subregion
using background color, he receives a subregion of type "hole” (visualization in multi
coherernit areas).

In Fig. 3 the example of visualization of 1solines and zones in a subregion (sub-
region border is a contour of Brest region of the Republic of Belarus, the legend 1s
not deduced since the digital field is not concretized) 1s resulted, and except isolines
administrative area borders are shown.

Visualization of vector fields. To display a vector fields in areas of a difficult
configuration the following method is used. The vector field is formed by one of
the standard functions (for example, ListPlotVectorField), further in created object
Graphics all vectors (objects Arrows) which do not lay inside of the modelling area
(i.e. laying outside of a subregion) are deleted.

For realization of such algorithms of processing of the standard image library
Modelling, m is developed. Below 18 the description of the main and optional fimc-
tions used in the realization of the package, having also independent significance for
some other problems of visualization of various types of vector fields.

showBorder [gRaphics, borderList, toShow, oPts] visualizes a map gRaphics in
area borderList. Here: gRaphics the graphic object similar to the first parameter of
function Show; borderList the list of coordinates of vertexes of the polygon border
of two-dimensional area of visualization which has a format {{x0, y0, $xI, ylt,
.., 3Xn, yn}}, where xO = xn, yO = yn; color of a background, color and style of
border of area are defined by global vanables background Color, mamB order Color
and mainBorderStyle; toShow the optional parameter (can be True (by default)
or False); in case of value False visualization of the received map on the screen
does not occur, and the output occurs to option DisplayFunction—Identity; oPts
optional parameters options of display which are transferred to function Show
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Figure 3. An example of isolines and a density map in a subregion.

during the map generation.

getRegions {{region{Border, ...}, {regionilype, ...}, {regioniBackgroundColor,
.t {regioniBorderStyle, ...}} returns the object of type Graphics representing a
set of subregions of certain type, color of a background, style and color of border.
Here: fregion IB order, regionlB order, ...} the list of subregions; every of which is
set by coordinates of vertexes, is similar to parameter borderList of function show-
Border; {regioniIype, region2fype, ...} the optional list of types of subregions;
if less variables are provided than subregions of the default type regionfypeSolid
15 wed; (regioniBackgroundColor, region2BackgroundColor, ...} the optional list
of colors by which corresponding areas are painted over; if there's less varables
than areas than by default global variable regionBackgroundColor is wsed; depend-
ing on value regionNType the specified color can be ignored;, [regioniBorderStyle,
regionEBorderStyle, ...} the optional list of colors and styles of borders of areas;
if there's less variables than areas default values are set by the global variables
regionBorder Color and regionBorderStyle.

Types of subregions (possible values of the second parameter). region IypeSolid
(by default) the subregion is filled in with the specified color, regionTypeHole the
subregion 1s filled in with color of a background bacikgroundColor even if other color
15 explicitly specified; regionTypeNone the subregion is transparent, 1.e. only the
border 1s shown.

In all parameters of this function instructions of braces necessarily, even in case
the list consists of one variable.

borderListPlot [listPlot, borderlList, toShow, opfs] carries out visualization of
DensityListPlot or ContourListPlot in the region of visualization borderList.
Except for the first parameter, this function is similar to function showBorder.
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Figure 4: An example of a map of a vector field on a subregion with inclusion.

deleteVeciorsOuiside Border  [vectorFieldPlot,  borderlist] deletes from graphic
object vectorFieldPlot} all vectors which do not belong to visualization area bor-
derkList.

The optional functions of library having independent value: getlineNumber fxO,
¥0, xi, y!, x, yJ function shows how the point (x, y) is located relatively to a straight
line set by points (xO, yO) and (xl, yl). Returned values: equals 0 if the point lays
on a straight line; greater than 0 if the point is located on the right; less than 0 if
the point is located at the left. doesSegmentsCross x0O, yO, xi, yi, x2, y2, x3, y§
function returns whether two segments [(xO, vO), (xl, y1)] and [(x2, v2), (x3, ¥3)]
are crossed. Returned values: False if pieces have no mutual points, True, otherwise.

isOuisideOf Polygon fgran, xi, yi, isConvexj function checks, whether the point
lays (xi, yi) strictly inside of the enclosed polygon; returns True or False, gran
coordinates of vertexes of the enclosed polygon {xO, yO}, {xlI, vl}, ... {xn, yn}},
where xO = xn, yO = yn; xi, yi - coordinates of a point to check; #sConvex the
optional parameter accepting values True or False (by default), whether specified
polyeon is convex; if True specified faster algorithm of checking is used.

The following image shows some possibilities of library Modelling.m. In Fig. 4
the example of visualization of a vector field, isolines and zones in a subregion with
inclision is presented. In the example a subregion schematically represented area
of Belarus, inclusion the Minsk region.
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