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Abstract

In thiswork thedescriptionof anattemptof unifying thespecialized
systemof scientificvisualizationis given.
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1 Introduction

In mathematicsin conjunctionwith thedevelopmentof meansof vi-
sualizationgetsso-called”cognitive” computergraphicsthespecial
valuerecently. The conceptof cognitive i.e. stimulatingthoughts
computergraphicsin contrastwith the illustrative graphicsis in-
troducedin [1]. Thepurposeof cognitive graphicsis visualization
of scientificabstractionspromotingreceptionof new knowledgeof
thegivensubjectdomain.Singularityof thegivenkind of graphics
is thatona developmentcycleof modelbothalgorithmsandmeth-
odsof their realizationandfrequentlymathematicalmodelsarenot
even completelyclear. Thereforerepresentationof featuresof in-
vestigatedmodelswill requirenew anduntraditionalin thiscontext
methodsfor displaying,which arenotsupportedby all-purposevi-
sualizationsystem.

Thetasksof cognitive visualizationrequiredevelopmentof spe-
cializedsystems,whichwill implementnew methodsof datarepre-
sentation,modesof interactions.Thesesystemsmay rely on ded-
icated,developedfor every model(probablyheuristic)algorithms
of reconstructionof graphicalinformationrequiredfor imagebuild-
ing. Suchalgorithmscanbebasedon knowledgeof specificsingu-
larities of mathematicalmodelsandcorrespondingcomputingal-
gorithms.

Thusthealgorithmof recovery of 3D solid from the initial data
becomestheimportantpartof thevisualizationsystem.Thesealgo-
rithmscanandshouldbevariedfor differenttypesof mathematical
objects,providing afulfillment of themissingdatafor renditionand
emphasizingof importantpropertiesof theseobjects.

2 Experience

As aresultof work of computergraphicsgroupin Instituteof Math-
ematicsandMechanics(Ural Branchof the RussianAcademyof
Sciences)a wide experienceof creationof specializedvisualiza-
tion systemswasaccumulated.It is possibleto considerthat the
mostsuccessfulelaborationwasa systemof visualizationof maxi-
mumstablebridgesin lineardifferentialgames.For problemswith
thefixedmomentof theterminationandterminalfunctionof price
eachsetof a level of a functionof theprice is themaximumstable
bridge.Bridgesareconstructedin 3D spacedefinedby a bidimen-
sionalphasevariableandtime. Thereceivedtube(thatis maximum
stablebridge)correspondsto adefinedvalueof apriceof thegame.
Thetubeissetby asetof parallelbidimensionalpolygonalsections,
perpendiculartime axis. Thesectionis determinedby theordered
list of coordinatesof its vertex. Tools of visualizationof separate
bridgesor thesystemsof bridgesshouldgivetheinformationonthe
structureof a functionof thepriceandits features.
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Figure1: Threestablebridgescutby a plane.

Figure2: Two stablebridgeswith transparency.
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Thesystemallowing in aninteractivemodeto examinethesetof
3D objects� from differentpointsof view wasdesigned.Thebridges
arerenderedin two views. Maidenis a parallelprojectionof con-
toursof sectionsto anarbitraryplane.Thisview of mappingserves
for finding suchaspectangle,which mostfits the user. Whenthe
successfulaspectangleis retrieved, the secondview of rendering
will be used- restoredwith the triangulationon contoursof sec-
tionssurface,whichis filled with Guromethod.Thedesignedalgo-
rithm of triangulationallows emphasizingunevennessof a surface,
which onein turn correspondsto featuresof a function of a price
of a game.Thesurfacecanbeilluminatedby severallight sources,
the positionwhich is setby the user. Suchattributesascolor and
transparency are assignedto the objects. The simultaneousren-
dition of several objectsis possible.The switchingof modesof a
transparency/opacityandvisibility/invisibility is enabled.Thus,the
systemallows mathematiciansto investigateinterestingfeaturesof
bridges,operatingin aninteractive modewith their3D model.

3 Plans

Summarizingtheexperienceof creationof anabove describedsys-
tem anda numberof others;we cometo a following conclusion.
Oneway or another, all problemsof scientificrenditioncomprise
two phasesof their implementation:

� Creationmethodsfor displayingobjectsandalgorithmsof re-
covery of thegraphicinformation.

� Creationof the ”Viewer” programfor reconstructedgeomet-
rical objects.

Further, as it hasappeared,the main time at systemdevelopment
is spenton very laboriousandlabour-consumingwork on creation
friendly andenoughfunctionaluserinterface.Also problemsarise
when it becomenecessaryto combinetwo or several specialized
systemsof scientificvisualization.As a matterof factsuchattempt
leadsto a remakingof a large part of oneof the systems.An at-
temptto considerandto conceive theobtainedexperiencebecame
thecreationof universaldevelopmenttoolsof specializedsystems
of scientificoff-line visualization.

Themain ideaat constructionof this systemwastheseparation
of a systeminto two parts- Commonandvariant. To thecommon
part are relateda user’s interfacefor controlling 3D objectsand
procedureof readingof setsof 3D objectsfrom the descriptions,
describedin specialmeta-language.This part providesinteractive
control of imageoutputandchangesmethodsdisplayingof infor-
mation.Theuserhasa capabilityto changequickly a positionand
orientationof objectin 3D space,scaleof imageoutput,theposi-
tion of a light sourceandintersectingplanes,to changean aspect
angle,to show objectsin differentmodesof transparency, andalso
to fulfill otherauxiliarymanipulationswith theobjects.

To variantpart arerelatedall proceduresnecessaryfor creation
of 3D object: directly calculationof source-informationon object,
triangulation,decimation,constructionof normals,etc. The com-
monpart remainsinvariablefor all users.It canbeelaboratedand
beimproved independentof thevariantpart. This is providedwith
an invarianceof the formatof thedescriptionof 3D objects,since
thepartsof a systemareconnectedonly by this format.

At thedisposalof theuserthereis thefollowing setof baseob-
jects,which canbeusedto createcomplex 3D scenes:

� Thesurface- a setof trianglesandnormals;

� Thepolyline - orderedsetof points;

� Points- setof pointsin space;

� The compoundobject - it can consistof an arbitrary set of
objectsof thefirst threetypes.

For eachtypeof theobjectsthereis a structurein the languageof
thedescriptionof objects.

Thevariantpartshouldbebuilt for eachtypeof mathematicalen-
tity, which will bevisualized.Separatelya setof changeableprop-
ertiesof 3D modelfor thegivenmathematicalentityalsoshouldbe
indicated.A possiblesetof propertiesof objectis asfollows:

� typeof rendering(solid/wireframe/mesh);

� a degreeof a transparency;

� color;

� availability of clipping planes;

In thegivenmomentthesystemis in adevelopmentstage.Thebasis
of a moduleof displaingthe 3D graphicsis high-level API of the
SunCorporation- Java3D.All dataarestoredandaretransmitted
in thesubsetof XML format,however thearchitectureof a system
allows to createandto useotherformats,includingbinary.

4 Conclusion

The successof our activity is connectedwith closeco-operation
with mathematicians,future usersof a specializedsystem,at all
stagesof systemdesignanddevelopment.However closecontacts
with the specialistsdo not save the developerof the necessityof
deepanalysisof all aspectsof a studiedmathematicalproblem,in-
cluding calculationalgorithms. It is completelynecessaryto ana-
lyze,how themathematics”see”theobjectsandto look upfor ways
of showing mentalpictureof an investigatedphenomenonin a set
of visual images(accordingto theclassicdefinitionof theconcept
of visualizationpresentedin explanatorydictionariesof theEnglish
language).
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