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1 What is BJUGL and what doesBUI?

BJUGL is a graphicslibrary designedfor drawving two or three dimensionalgraphicsof a scalarfunction of two
variablesandatwo dimensionalectorfield on avariablegrid. It candrav graphicsonthescreerusingOpenGL save
thesegraphicsin atiff (TaggedmageFile Format)file formator produceprintableoutputin color PostScript.t also
offersyou asimplegraphicaluserinterfacemadewith GLUT andmui calledBUI.

BJUGL hasbeendesignedor real time visualization,i.e. graphicsoutputtakes place,while the simulationis run-
ning. In technicalterms,a secondprocesss spavnedfrom the main simulationprocessthattakescarefor the user
interactionantherendering BJUGL takesadwantageof acceleratedraphicshardware,asit builds ontop of OpenGL.

BUI providesonly onefunction,thatopensasimpleconfigurableuserinterfacefor insertingparameterto asimulation
programinteractiely.

2 The Name

BJUGL standsfor Bertram’s and Jorn’s Ultrasimple GraphicsLibrary. BUI is the acrorym for Bertrams User
Interface.



3 Conceptof BJUGL

To introducethefunctionality of BJUGL, let usdescribesomeabstractonceptdehindits design.We assumédo have
givensomefunctions:
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wherethepair (x(i), y(i)) denoteghe (2-dimensionalpoordinate®f a grid node,(u(i), v(i)) avectorvaluedfunction

value at eachnode(eg. a wind field), and f (i) is a scalarfunction on the grid nodes.| is a setof indices| = {i =

1,2,3,...,N} denotingthegrid nodes,J is anothersetof indicesdenotingthe cells of the grid (triangles rectangles),
J={j=1,2,3,...,M}. Thefunctionn mapsthecell'slocalnodeindices{1,2,...,L} (L thenumberof cell vertices,
L = 3 for triangles,L = 4 for rectanglesetc.) to the global nodeindices,thusn(j) = (i1,i2,i3) (whereL = 3) means
thatcell no. j is formedby the threenodeswith indicesis, iz, andiz. Giventhesefunctions,we canvisualizevery

easilythefollowing:

e Thegrid, formedby thelist of cellsJ in 2D and3D (z-axiscorrespondso f-valueateachnode).

e Thescalarfunction f in 2D (f-valuerepresentethy color) and3D (f-valuerepresentedy color andz-value),
with or without the grid outlines.

¢ Thevectorfield(usingflagsat eachgridpoint)in 2D, with or withoutthe grid outlines.

4 Display modesof BJUGL

Several displaymodescanbe chosen.In orderto useBJUGL asa real time visualizationtool, one canchoosethe

OpenGLbaseddisplayto the screen. This modeis alsorequiredin orderto save taggedimagefile format (TIFF)

graphicsfiles to disk. TIFF files are just bitmappedhardcopiesof the OpenGL output. Finally one can choose
PostScripbutputformat. This canbe usedevenwithout the OpenGLlibrary, but PostScripoutputonly supports2D

graphics.

5 How to useBJUGL

Thelibrary waswritten usingC. You candirectly implentit into your own C or fortranprograms.Thereis aninclude
file calledBJUGL. h that containsthe function definitionsneededor C programs.Whenlinking your programyou
haveto link thislibrary to it andthefollowing others:

¢ libGLU.aandlibGL.afrom OpenGL

¢ libglut.aandlibmui.afrom GLUT

o libtiff.a - thelibrary for thetiff output

e libXmu.a,libXi.a, libXext.aandlibX11.afrom the X-Windows system



First you have to call BIG_.G aphi csl ni t _. This startsa child processandopensa graphicswindow. The graphics
is drawn by calling BJG.Gr aphi csDraw.. This function doesnot do the drawing itself, but putsyour graphicsdata
into somesharedmemoryandtells the graphicsprocesdaunchedby BJG.G aphi csl ni t _ to performthe drawing.

BJG.Gr aphi csQui t _ atleasttells the graphicsprocesgo closethewindow andterminate.

For usingBU _Set Par ans_ you don't needto call BJG.G aphi csl ni t _ before.

UsingBJUGL from your Fortran90Programss equallysimple. The File BJUGL.f90implementsa Fortran90Module,
providing accesso someconstantsa datastructure,and external function declarations. The function’s namesare
similarto theC-interfacesnamespnly theunderscorattheendis omitted:BJG_.Gr aphi csl ni t, BJG.G aphi csDr aw,

BJG.Gr aphi csQui t, andBUI _Set Par ans.

6 Function referenceof BJUGL

| have written thisin C functionstyle. All parameterarepassedsia pointers becausd-ortran90doesit this way and
sothelibrary canbe usedfrom C andFortran90programs.Wethera pointer pointsto a singlevalueor to anarrays
shouldbe extractedfrom thetype of dataexpectedn the parameteltist.

int BJG_Graphicsinit _(int *nn, float *xx, float *yy, int *wtl, char *wtext, int *mtl, char
*mskfile, int *drwtyp, *initial _.drawmode, *initial _dimension)

Function : Initialise graphicsoutputandopenoutputwindow (only if DRAWMODE_GL is set)
Parameters :

*nn numberof boundarynodes

*xX Xx-coordinate®f boundary

*yy y-coordinate®f boundary

*wtl numberof charactersn window title string
*wtext window descriptiontext (title string)
*mtl numberof charactersn landdatafile name
*mskfile nameof land datafile

*drwtyp setinitial drawing type. This is a combinationof flagsdefinedin BJUGL. h. They canbe com-
binedusinglogical OR. The scalarandvectorfield cannotbe drawn atthe sametime, you shouldnot
combinetheseflags. Valid flagsare:

FLAGGRID draw grid

FLAGVECTOR draw vectorfield
FLAGSCALAR draw scalarfield
FLAGCONTINENT draw continentlines

*initial .drawmode a combinationof flagsthat definewhich type of graphicsoutputis generated.The
flagsmay be combinedwith logical OR. They aredefinedin BJUGL. h

DRAWMODE _GL draw OpenGL(screen)
DRAWMODE _TIFF write tiff imagegto files (only possiblejf alsoOpenGLis activated)
DRAWMODE _PS write PostScripimagesto files

*initial _dimension 2 or 3 for 2 or 3D graphics.

Return value : Returns0 onsucces;1 if therewasanerrorin allocatingmemoryor startingthegraphicschild
process.

int BJG_GraphicsDraw_(int *nnd, int *ntr, int *nnv, float *xI, float *yl, float *xx, float *yy,
float *val, float *xval, float *yval, int *ftl, char *framtext, int *tnl, char *tn, struct des-
text *description)



Function : Draw imagewith new graphicsdata
Parameter :
*nnd numberof nodesper grid polygon,i.E. 3 for atriangulargrid. Valuesotherthan3 have not been
testedyet...
*ntr numberof polygonsof thegrid
*nnv numberof vectorsof vectorfield
*x|I x-coordinate®f grid nodes
*yl y-coordinate®f grid nodes
*xx x-coordinate®f vectors
*yy y-coordinate®f vectors
*val valuesof thescalarfunctionatthegrid nodescoordinates
*xval X valuesof vectors
*yval y valuesof vectors
*ftl and *framtext frametext - uh, thisis not usedany more- we shouldkick it out!!
*tnl lengthof outputfile name
*tn outputfile name.A suffix .tiff is addedfor tiff imagesand.psfor PostScripgraphics
*description descriptiontext of graphics,hmm1 still have to write aboutthe format of the description
text structure...

Return value : ThefunctionreturnsO onsuccesl if thegraphicgprocessasquittedor waskilled and-1if an
erroroccuredn allocatingmemoryfor the graphicsdata.

void BJG_GraphicsQuit_()

Function : terminategraphicsprocessandclosegraphicswindows
Parameters : none

7 Function referenceof BUI

void BUI _SetRParams_(struct control_struct *contr ol)

Function: Openawindow wherethe usercanchangevariousparametersf a structure.For how to customise
this function seesection8. BUI_SetRirams is not includedin the BJUGL library, we have putit into an
own lib calledBUI.

Parameters :
*control structureto be modified

8 CustomisingBUI _SetParams._

ThefunctionBUI _Set Par ans_ opensa window andoffersthe usera graphicaluserinterfaceto changesomeparam-
etersthat cancontrol your program. You candefinethe numberandtype of widgetsandthe datatypesthe usercan
enterthere.This is donein thefollowing way:

You have to make someadjustmentsn the sourcecodeof the library andyou have to recompileit. All parameters
to be editedby the userhave to be containedin a structurethatis calledcont rol _struct. It is definedin the file
control . h. Hereyou have to put the definition of your control structure.You mustusethe namecont r ol _struct.
Next you edit the file but t ons. h. Herearethe mostimportantparameter$SP_NUMBUTTONS the numberof buttons
you wantto have andSP_-SAVENAME. This tells BUI _Set Par ans_ wherein your controlstructureit canfind afilename



for writing the parametersf the userspresseshe save button. SP_.BUTSPERCOL definehow mary buttonsshouldbe
putinto onecolumnand SP_W NSI ZEX and SP_W NSI ZEY the size of thewindow. If the buttonsdon't fit all into the
window youwon't seethelastonestherewill benoerrormessage.

Thencomethe definitionsof the buttons. They arestoredin thearraysp_but t ons[ ] . Theelementsarestructureof
thetypesp_but. Take alook atbut t ons. h. Importantis the lastvariablevar it tells BUI how mary bytesfrom the
beginningof cont rol _struct thevariableto be modifiedby this buttoncanbefound.| calculatethemwith thelittle
programnkci ndex. ¢ thatwritescont r ol _i ndex. h

9 Reporting bugs

If youfind any bugspleasesendthemwith adetaileddescriptiorof haw yougotto thebugto Jorn (behrens@ma.tum.de)
or Bertram(bertram.lueckhe @gmx.de)The Softwarewill beprovidedby Munich Universityof TechnologyCenter
for MathematicalSciencesChair of NumericalAnalysisandScientificComputing.It canbe usedfree of chage for
scientificalpuropse®nly. Pleaserisit the BJUGL Homepagdor the mostup to daterelease:

http:// wwnB. ma. tum de/ n8/ sof t war e/ bj ugl /.

A Copyright Notice
This softwareis providedfor non-commerciatiseonly. Seethelicenseconditionsin file LICENCE andthe warranty

conditionsin file WARRANTY.
Copyright ©2000Jorn BehrensBertramL iickehe

B License

The useof BJUGL is herebygrantedfree of chagefor anunlimited time, providedthe following rulesareaccepted
andapplied:

. You may useor modify this codefor your own noncommercialpurposes.

. Thecodemay notbere-distritutedwithout the consenof theauthors.

. Thecopyright noticeandstatemenbf authorshipmustappeaiin all copies.

. You accepthewarrantyconditions(seefile WARRANTY).

a A WO N B

. In caseyouintendto usethe codecommerciallywe obligeyouto signanaccordingicenceagreementvith the
authors.

C Warranty

This codehasbeentestedup to a certainlevel. Defectsandweaknessesyhich may be includedin the code,do not
establishany warrantiesby theauthors.

The authorsdo not make ary warranty expressor implied, or assumeary liability or responsibilityfor the use,
acquisitionor applicationof this software.



