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1 What is BJUGL and what doesBUI?

BJUGL is a graphicslibrary designedfor drawing two or threedimensionalgraphicsof a scalarfunction of two
variablesandatwo dimensionalvectorfield onavariablegrid. It candraw graphicsonthescreenusingOpenGL,save
thesegraphicsin a tif f (TaggedImageFile Format)file formator produceprintableoutputin color PostScript.It also
offersyou asimplegraphicaluserinterfacemadewith GLUT andmui calledBUI.

BJUGL hasbeendesignedfor real time visualization,i.e. graphicsoutput takesplace,while the simulationis run-
ning. In technicalterms,a secondprocessis spawnedfrom themainsimulationprocess,that takescarefor theuser
interactionantherendering.BJUGLtakesadvantageof acceleratedgraphicshardware,asit buildsontopof OpenGL.

BUI providesonly onefunction,thatopensasimpleconfigurableuserinterfacefor insertingparametersto asimulation
programinteractively.

2 The Name

BJUGL standsfor Bertram’s and Jörn’s UltrasimpleGraphicsL ibrary. BUI is the acronym for Bertram’s User
Interface.
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3 Conceptof BJUGL

To introducethefunctionalityof BJUGL,let usdescribesomeabstractconceptsbehindits design.Weassumeto have
givensomefunctions:

x : I � ��� (1)

y : I � ��� (2)

u : I � ��� (3)

v : I � ��� (4)

f : I � ��� (5)

n : J � IL � (6)

wherethepair � x � i � � y � i ��� denotesthe(2-dimensional)coordinatesof a grid node, � u � i � � v � i ��� a vector-valuedfunction
valueat eachnode(eg. a wind field), and f � i � is a scalarfunction on the grid nodes. I is a setof indicesI �	� i �
1 � 2 � 3 ��
�
�
�� N � denotingthegrid nodes,J is anothersetof indicesdenotingthecellsof thegrid (triangles,rectangles),
J �
� j � 1 � 2 � 3 ��
�
�
�� M � . Thefunctionn mapsthecell’s localnodeindices � 1 � 2 ��
�
�
�� L � (L thenumberof cell vertices,
L � 3 for triangles,L � 4 for rectangles,etc.) to theglobalnodeindices,thusn � j ����� i1 � i2 � i3 � (whereL � 3) means
that cell no. j is formedby the threenodeswith indicesi1, i2, andi3. Given thesefunctions,we canvisualizevery
easilythefollowing:

� Thegrid, formedby thelist of cellsJ in 2D and3D (z-axiscorrespondsto f -valueat eachnode).

� Thescalarfunction f in 2D ( f -valuerepresentedby color) and3D ( f -valuerepresentedby color andz-value),
with or without thegrid outlines.

� Thevectorfield(usingflagsat eachgridpoint)in 2D, with or without thegrid outlines.

4 Display modesof BJUGL

Several displaymodescanbe chosen.In orderto useBJUGL asa real time visualizationtool, onecanchoosethe
OpenGLbaseddisplay to the screen.This modeis alsorequiredin order to save taggedimagefile format (TIFF)
graphicsfiles to disk. TIFF files are just bitmappedhardcopiesof the OpenGLoutput. Finally one can choose
PostScriptoutputformat. This canbeusedevenwithout theOpenGLlibrary, but PostScriptoutputonly supports2D
graphics.

5 How to useBJUGL

Thelibrary waswrittenusingC. Youcandirectly implentit into yourown C or fortranprograms.Thereis aninclude
file calledBJUGL.h that containsthe function definitionsneededfor C programs.Whenlinking your programyou
have to link this library to it andthefollowing others:

� libGLU.a andlibGL.a from OpenGL

� libglut.aandlibmui.a from GLUT

� libtif f.a - thelibrary for thetif f output

� libXmu.a,libXi.a, libXext.aandlibX11.afrom theX-Windowssystem
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First you have to call BJG GraphicsInit . This startsa child processandopensa graphicswindow. The graphics
is drawn by calling BJG GraphicsDraw . This function doesnot do the drawing itself, but putsyour graphicsdata
into somesharedmemoryandtells the graphicsprocesslaunchedby BJG GraphicsInit to performthe drawing.
BJG GraphicsQuit at leasttells thegraphicsprocessto closethewindow andterminate.

For usingBUI SetParams youdon’t needto call BJG GraphicsInit before.

UsingBJUGLfrom yourFortran90Programsis equallysimple.TheFile BJUGL.f90implementsaFortran90Module,
providing accessto someconstantsa datastructure,andexternal function declarations.The function’s namesare
similarto theC-interface’snames,only theunderscoreattheendis omitted:BJG GraphicsInit, BJG GraphicsDraw,
BJG GraphicsQuit, andBUI SetParams.

6 Function referenceof BJUGL

I have written this in C functionstyle. All parametersarepassedvia pointers,becauseFortran90doesit this way and
so the library canbeusedfrom C andFortran90programs.Wethera pointerpointsto a singlevalueor to anarrays
shouldbeextractedfrom thetypeof dataexpectedin theparameterlist.

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 x-coordinatesof boundary

*yy y-coordinatesof boundary

*wtl numberof charactersin window title string

*wtext window descriptiontext (title string)

*mtl numberof charactersin landdatafile name

*mskfile nameof landdatafile

*drwtyp setinitial drawing type. This is a combinationof flagsdefinedin BJUGL.h. They canbecom-
binedusinglogical OR.Thescalarandvectorfield cannotbedrawn at thesametime,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 graphicsoutput is generated.The
flagsmaybecombinedwith logical OR.They aredefinedin BJUGL.h

DRAWMODE GL draw OpenGL(screen)

DRAWMODE TIFF write tif f imagesto files (only possible,if alsoOpenGLis activated)

DRAWMODE PS write PostScriptimagesto 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 *xl, float *yl, float *xx, float *yy,
float *val, float *xval, float *yval, int *ftl, char *framtext, int *tnl, char *tn, struct des-
text *description)
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Function : Draw imagewith new graphicsdata

Parameter :

*nnd numberof nodesper grid polygon,i.E. 3 for a triangulargrid. Valuesotherthan3 have not been
testedyet...

*ntr numberof polygonsof thegrid

*nnv numberof vectorsof vectorfield

*xl x-coordinatesof grid nodes

*yl y-coordinatesof grid nodes

*xx x-coordinatesof vectors

*yy y-coordinatesof vectors

*val valuesof thescalarfunctionat thegrid nodescoordinates

*xval x valuesof vectors

*yval y valuesof vectors

*ftl and *framtext frametext - uh, this is not usedany more- we shouldkick it out!!

*tnl lengthof outputfile name

*tn outputfile name.A suffix .tiff is addedfor tif f imagesand.psfor PostScriptgraphics

*description descriptiontext of graphics,hmm I still have to write aboutthe format of the description
text structure...

Return value : Thefunctionreturns0 onsucces,1 if thegraphicsprocesshasquittedor waskilled and-1 if an
erroroccuredin allocatingmemoryfor thegraphicsdata.

void BJG GraphicsQuit ()

Function : terminategraphicsprocessandclosegraphicswindows

Parameters : none

7 Function referenceof BUI

void BUI SetParams (struct control struct *control)

Function: Opena window wheretheusercanchangevariousparametersof a structure.For how to customise
this functionseesection8. BUI SetParams is not includedin theBJUGL library, we have put it into an
own lib calledBUI.

Parameters :

*contr ol structureto bemodified

8 CustomisingBUI SetParams

ThefunctionBUI SetParams opensa window andofferstheusera graphicaluserinterfaceto changesomeparam-
etersthatcancontrol your program.You candefinethenumberandtypeof widgetsandthedatatypestheusercan
enterthere.This is donein thefollowing way:

You have to make someadjustmentsin the sourcecodeof the library andyou have to recompileit. All parameters
to be editedby the userhave to be containedin a structurethat is calledcontrol struct. It is definedin the file
control.h. Hereyou have to put thedefinitionof your controlstructure.You mustusethenamecontrol struct.
Next you edit the file buttons.h. Hereare the most importantparametersSP NUMBUTTONS the numberof buttons
you wantto haveandSP SAVENAME. This tellsBUI SetParams wherein your controlstructureit canfind a filename
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for writing the parametersif the userspressesthe save button. SP BUTSPERCOL definehow many buttonsshouldbe
put into onecolumnandSP WINSIZEX andSP WINSIZEY thesizeof the window. If thebuttonsdon’t fit all into the
window youwon’t seethelastones,therewill beno errormessage.

Thencomethedefinitionsof thebuttons.They arestoredin thearraysp buttons[]. Theelementsarestructuresof
thetypesp but. Take a look at buttons.h. Importantis the lastvariablevar it tells BUI how many bytesfrom the
beginningof control struct thevariableto bemodifiedby this buttoncanbefound. I calculatethemwith thelittle
programmkcindex.c thatwritescontrol index.h

9 Reporting bugs

If youfindany bugspleasesendthemwith adetaileddescriptionof how yougotto thebugtoJörn(behrens@ma.tum.de)
or Bertram(bertram.lueckehe@gmx.de).TheSoftwarewill beprovidedby MunichUniversityof Technology, Center
for MathematicalSciences,Chairof NumericalAnalysisandScientificComputing.It canbeusedfreeof chargefor
scientificalpuropsesonly. Pleasevisit theBJUGLHomepagefor themostup to daterelease:

http://www-m3.ma.tum.de/m3/software/bjugl/.

A Copyright Notice

This softwareis providedfor non-commercialuseonly. Seethelicenseconditionsin file LICENCE andthewarranty
conditionsin file WARRANTY.

Copyright c
�

2000Jörn Behrens,BertramLückehe

B License

Theuseof BJUGL is herebygrantedfreeof chargefor anunlimited time, providedthe following rulesareaccepted
andapplied:

1. Youmayuseor modify this codefor yourown noncommercialpurposes.

2. Thecodemaynotbere-distributedwithout theconsentof theauthors.

3. Thecopyright noticeandstatementof authorshipmustappearin all copies.

4. Youacceptthewarrantyconditions(seefile WARRANTY).

5. In caseyou intendto usethecodecommercially, weobligeyouto signanaccordinglicenceagreementwith the
authors.

C Warranty

This codehasbeentestedup to a certainlevel. Defectsandweaknesses,which maybe includedin thecode,do not
establishany warrantiesby theauthors.

The authorsdo not make any warranty, expressor implied, or assumeany liability or responsibilityfor the use,
acquisitionor applicationof thissoftware.
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