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Abstract

In thiswork thedescriptiorof anattempif unifying thespecialized
systemof scientificvisualizationis given.
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1 Introduction

In mathematic#n conjunctionwith thedevelopmenf meanf vi-
sualizatiorgetsso-called’cognitive” computeigraphicshespecial
valuerecently The conceptof cognitive i.e. stimulatingthoughts
computergraphicsin contrastwith the illustrative graphicsis in-
troducedin [1]. The purposeof cognitive graphicsis visualization
of scientificabstractionpromotingreceptionof new knowledgeof
thegivensubjectdomain.Singularityof the givenkind of graphics
is thaton a developmentcycle of modelbothalgorithmsandmeth-
odsof theirrealizationandfrequentlymathematicaimodelsarenot
even completelyclear Thereforerepresentatiomnf featuresof in- Figurel: Threestablebridgescut by aplane.
vestigatednodelswill requirenew anduntraditionalin this context
methodsdor displaying,which arenot supportedy all-purposevi-
sualizationsystem.

Thetasksof cognitive visualizationrequiredevelopmentof spe-
cializedsystemswhichwill implemenmne~ methodf datarepre-
sentationmodesof interactions.Thesesystemamay rely on ded-
icated,developedfor every model (probablyheuristic)algorithms
of reconstructiorf graphicainformationrequiredfor imagebuild-
ing. Suchalgorithmscanbebasedn knowledgeof specificsingu-
larities of mathematicamodelsand correspondingcomputingal-
gorithms.

Thusthe algorithmof recovery of 3D solid from theinitial data
becomesheimportantpartof thevisualizationsystem.Thesealgo-
rithms canandshouldbevariedfor differenttypesof mathematical
objects providing afulfillment of themissingdatafor renditionand
emphasizingf importantpropertiesof theseobjects.

2 Experience

As aresultof work of computeigraphicggroupin Instituteof Math-
ematicsand Mechanics(Ural Branchof the RussianAcademyof
Sciences) wide experienceof creationof specializedvisualiza-
tion systemswas accumulated.lt is possibleto considerthat the
mostsuccessfuklaborationwvasa systemof visualizationof maxi-
mumstablebridgesin lineardifferentialgames For problemswith
the fixed momentof the terminationandterminalfunctionof price
eachsetof alevel of afunctionof the priceis the maximumstable
bridge. Bridgesareconstructedn 3D spacedefinedby a bidimen-
sionalphasevariableandtime. Therecevedtube(thatis maximum
stablebridge)correspondso adefinedvalueof apriceof thegame.
Thetubeis setby asetof parallelbidimensionapolygonalsections,
perpendiculatime axis. The sectionis determinedy the ordered
list of coordinatef its vertex. Tools of visualizationof separate
bridgesor thesystemf bridgesshouldgive theinformationonthe
structureof afunctionof the price andits features.
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Figure2: Two stablebridgeswith transparenc
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Thesystemallowing in aninteractive modeto examinethe setof
3D objectsfrom differentpointsof view wasdesignedThebridges
arerenderedn two views. Maidenis a parallelprojectionof con-
toursof sectiondo anarbitraryplane.This view of mappingsenes
for finding suchaspectangle,which mostfits the user Whenthe
successfuhspectangleis retrieved, the secondview of rendering
will be used- restoredwith the triangulationon contoursof sec-
tionssurface whichis filled with Guromethod.Thedesignedalgo-
rithm of triangulationallows emphasizinginevennes®f a surface,
which onein turn correspondso featuresof a function of a price
of agame.Thesurfacecanbeilluminatedby severallight sources,
the positionwhich is setby the user Suchattributesascolor and
transpareng are assignedo the objects. The simultaneougsen-
dition of several objectsis possible. The switchingof modesof a
transparengopacityandvisibility/invisibility is enabled Thus,the
systemallows mathematiciano investigateinterestingfeatureof
bridges,operatingn aninteractive modewith their 3D model.

3 Plans

Summarizinghe experienceof creationof anabove describedsys-
tem and a numberof others;we cometo a following conclusion.
Oneway or another all problemsof scientificrenditioncomprise
two phase®f theirimplementation:

e Creationmethoddfor displayingobjectsandalgorithmsof re-
covery of thegraphicinformation.

e Creationof the "Viewer” programfor reconstructedjeomet-
rical objects.

Further asit hasappearedthe main time at systemdevelopment
is spenton very laboriousandlabourconsumingwork on creation
friendly andenoughfunctionaluserinterface. Also problemsarise
whenit becomenecessaryo combinetwo or several specialized
systemf scientificvisualization.As a matterof factsuchattempt
leadsto a remakingof a large part of one of the systems.An at-
temptto considerandto conceve the obtainedexperiencebecame
the creationof universaldevelopmenttools of specializedsystems
of scientificoff-line visualization.

The mainideaat constructionof this systemwasthe separation
of a systeminto two parts- Commonandvariant. To the common
part are relateda users interfacefor controlling 3D objectsand
procedureof readingof setsof 3D objectsfrom the descriptions,
describedn specialmeta-languageThis part providesinteractie
control of imageoutputand changesnethodsdisplayingof infor-
mation. The userhasa capabilityto changequickly a positionand
orientationof objectin 3D space scaleof imageoutput, the posi-
tion of a light sourceandintersectingplanes,to changean aspect
angle,to shawv objectsin differentmodesof transpareng andalso
to fulfill otherauxiliary manipulationswith the objects.

To variantpartarerelatedall proceduresiecessaryor creation
of 3D object: directly calculationof source-informatioron object,
triangulation,decimation,constructionof normals,etc. The com-
mon partremainsinvariablefor all users.It canbe elaboratecand
beimprovedindependentf the variantpart. Thisis provided with
aninvarianceof the format of the descriptionof 3D objects,since
the partsof a systemareconnectednly by this format.

At the disposalof the userthereis the following setof baseob-
jects,which canbeusedto createcomplex 3D scenes:

e Thesurface- asetof trianglesandnormals;
e Thepolyline - orderedsetof points;

e Points- setof pointsin space;

e The compoundobject- it canconsistof an arbitrary set of
objectsof thefirst threetypes.

For eachtype of the objectsthereis a structurein the languageof
thedescriptionof objects.

Thevariantpartshouldbebuilt for eachtypeof mathematica¢n-
tity, whichwill bevisualized.Separately setof changeabl@rop-
ertiesof 3D modelfor the given mathematicaéntity alsoshouldbe
indicated.A possiblesetof propertiesof objectis asfollows:

o typeof rendering(solid/wireframe/mesh);
e adegreeof atranspareng

e color;

e availability of clipping planes;

Inthegivenmomenthesystenisin adevelopmenstage Thebasis
of a moduleof displaingthe 3D graphicsis high-level API of the
SunCorporation- Java3D. All dataarestoredandaretransmitted
in the subsebf XML format, howvever the architectureof a system
allowsto createandto useotherformats,includingbinary.

4 Conclusion

The succesf our actiity is connectedwith close co-operation
with mathematiciansfuture usersof a specializedsystem,at all
stageof systemdesignanddevelopment.However closecontacts
with the specialistsdo not sase the developerof the necessityof
deepanalysisof all aspect®f a studiedmathematicaproblem,in-
cluding calculationalgorithms. It is completelynecessaryo ana-
lyze,how themathematicssee”theobjectsandto look upfor ways
of shawing mentalpicture of aninvestigatedohenomenotin a set
of visualimages(accordingto the classicdefinition of the concept
of visualizationpresentedh explanatorydictionariesof the English
language).
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