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Abstract

The OpenGLTM graphics system can be i ntegrated wi th

the i ndustry-standard OSF/Moti f user i nterface. Thi s ar-

ti cle di scusses howto use OpenGLwi thi naMoti f appl i ca-

ti onprogram. There are twoapproaches to usi ng OpenGL

wi thMoti f . One i s to render i nto a standard Moti f draw-

i ng area widget, but thi s requi res eachappl i cati onwindow

to use a si ngl e vi sual for i ts windowhi erarchy. A better

approach i s to use the speci al OpenGLdrawing area wid-

get al l owing windows used for OpenGL renderi ng to pi ck

f reel y an appropri ate vi sual wi thout a�ecti ng the vi sual

choi ce for other widgets. An exampl e programdemon-

strates both approaches. The X Tool ki t's work procedure

mechani smanimates the exampl e' s 3D paper ai rpl anes.

Handl i ng OpenGLerrors i s al so expl ai ned.

1 Introduction

OSF/Moti f i s the XWindowSystem' s i ndustry-standard

programming i nterface for user i nterface constructi on.

Moti f programmers wri ti ng 3Dappl i cati ons wi l l want to

understand howto i ntegrate Moti f wi th the OpenGL TM

graphi cs system. Thi s arti cl e, the l ast i n a three-part se-

ri es about OpenGL, descri bes howto wri te an OpenGL

programwi thi n the user i nterface f ramework provi ded by

Moti f and the XTool ki t.

Most 3Dappl i cati ons end up usi ng 3Dgraphi cs primar-

i l y i n one or more \vi ewing" windows. For the most part,

the graphi cal user i nterface aspects of such programs use

standard 2Duser i nterface objects l i ke pul l down menus,

sl i ders, and di al og boxes. Creati ng and managing such

common user i nterface objects i s what Moti f does wel l .

The \vi ewing" windows used for 3Dare where OpenGL
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renderi ng happens. These windows for OpenGL render-

i ng can be constructed wi th standard Moti f drawing area

widgets or OpenGL-speci �c drawing area widgets. Bi nd

anOpenGLrenderi ng context to the windowof a drawing

area widget and you are ready for 3Drenderi ng.

ProgrammingOpenGLwi thMoti f has numerous advan-

tages over usi ng \Xl i b onl y" as descri bed i n the �rst two

arti cl es i n thi s seri es [2, 3]. Fi rst andmost important, Mo-

ti f provi des a wel l -documented, standard widget set that

gi ves your appl i cati on a consi stent l ook and feel . Second,

Moti f and the XToolki t take care of routi ne but compl i -

cated i ssues such as cut and past e and windowmanager

conventi ons. Thi rd, the XToolki t' s work procedure and

timeout mechani sms make i t easy to animate a 3Dwindow

wi thout bl ocki ng out user i nteracti on wi th your appl i ca-

ti on.

Thi s arti cl e assumes youhave some experi ence program-

ming wi th Moti f and you have a basi c understandi ng of

howOpenGL integrates wi th X.

Secti on 2 descri bes how to use OpenGL renderi ng

wi th ei ther a standard Moti f drawing area widget or an

OpenGL-speci �c drawing area widget. Secti on 3 di scusses

usi ng XTool ki t mechani sms for seaml ess animation. Sec-

ti on4 provi des advi ce onhowto debugOpenGLprograms

bycatchi ng OpenGLerrors. Throughout the di scussi on, a

Moti f -basedOpenGLprogramnamed paperplane i s used

as an exampl e. The compl ete source code for paperplane

i s found in the appendi x. The programanimates the 3D


i ght paths of vi rtual paper ai rpl anes. The user can i n-

teract wi th the programvi a Moti f control s. The program

can be compi l ed to use ei ther a standard Moti f drawing

area widget or an OpenGL-speci �c drawing area widget.

Fi gure 1 shows paperplane running.
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Figure 1: Screen snapshot of paperplane wi th another

OpenGLMoti f programfor mol ecul ar model i ng.

n it id ts

our appl i cati on' s 3Dvi ewing area can be encapsul ated

by an XTool ki t widget. There are two approaches to

renderi ngOpenGLintoawidget. oucanrender OpenGL

intoa standardMoti f drawing area widget, or you can use

a speci al OpenGLdrawing area widget.

The Moti f drawing area widget would seema natu-

ral widget for OpenGL renderi ng. nfortunatel y, the X

Tool ki t' s desi gn (uponwhi chMoti f rel i es) al l ows program-

mers to speci fy a widget' s vi sual onl y i f i ts cl ass i s deri ved

f romthe shel l wi dget cl ass. Shel l wi dgets are of ten cal l ed

\top l evel " widgets because they are desi gned to commu-

ni cate wi th the windowmanager and act as contai ners for

other widgets. on-shel l wi dgets i nheri t the depth and vi -

sual of thei r parent widget. The Moti f drawing area wid-

get cl ass (l i ke most widget cl asses) i s not deri ved f romthe

shel l wi dget cl ass. It i s impossi bl e (wi thout resorti ng to

programmingwidget i nternal s) to set the vi sual of a stan-

dard non-shel l Moti f widget di�erentl y than i ts ancestor

shel l wi dget.

But i n OpenGL, the Xnoti on of a vi sual has expanded

importance for determini ng the OpenGL frame bu�er ca-

pabi l i ti es of anXwindow. Inmanycases, an appl i cati on' s

3Dvi ewing area i s l i kel y to demand a deeper, more ca-

pabl e vi sual than the defaul t vi sual whi chMoti f normal ly

uses.

There are two opti ons:

1. se the standard Moti f drawing area widget for your

OpenGL renderi ng area and make sure that the top

l evel shel l wi dget i s createdwi th the desi red vi sual for

OpenGL' s use.

2. se anOpenGLdrawing area widget that i s speci al l y

programmedto overcome the l imi tati ononsetti ng the

vi sual and depth of a non-shel l wi dget.

Ei ther approach works.

The paperplane exampl e i n the appendi x i s wri tten to

support ei ther scheme depending on howthe code i s com-

pi l ed. By defaul t, the code compi l es to use the OpenGL-

speci �c widget. If the noGLwidget Cpreprocessor symbol

i s de�ned, the standard Moti f drawing area widget wi l l

be used, forci ng the use of a si ngl e vi sual throughout the

exampl e' s widget hi erarchy. The code di�erences between

the two schemes i n the paperplane exampl e consti tute

seven changed l i nes of code.

The preferabl e approach i s to use the OpenGL-speci �c

widget, si nce you can run most of the appl i cati on' s user

i nterface i n the defaul t vi sual and use a deeper, more ca-

pabl e vi sual onl y for 3Dvi ewing areas. Limiti ng the use

of deeper vi sual s can save memory and increase render-

i ng speed for the user i nterface windows. If you use a

24-bi t vi sual for your 3Dvi ewing area and use the same

vi sual for your enti re appl i cati on, that means that the im-

age memory for pi xmaps used by non-OpenGLwindows i s

four times what i t would be for an 8-bi t vi sual . 1 Some X

renderi ng operati ons might al so be sl ower for 24-bi t win-

dows compared wi th 8-bi t windows.

There can be advantages to running your enti re appl i -

cati on i n a si ngl e vi sual . Some workstati ons wi th l imited

col ormap resources might not be capabl e of showing mul -

ti pl e vi sual s wi thout col ormap 
ashi ng. Such machines

whi ch support OpenGL should be rare. Even i f running

i n a si ngl e vi sual i s appropri ate, nothi ng precl udes doi ng

so usi ng an OpenGL-speci �c widget.

. -

There are two OpenGL-speci �c drawing area widget

cl asses. One i s deri ved f romthe Moti f primi ti ve widget

cl ass (not the Moti f drawing area widget cl ass). The other

i s deri ved f romthe XTool ki t core widget cl ass. Both

have the same basi c functi onal i ty; the main di�erence i s

that the Moti f -based widget cl ass gai ns capabi l i ti es of the

Moti f primi ti ve widget cl ass. If you use Moti f , you shoul d

use the Moti f OpenGL widget. If you use a non-Moti f

widget set, you can use the second widget for i denti cal

functi onal i ty.

The Moti f OpenGL widget cl ass i s named

glw rawing rea idget lass; the non-Moti f OpenGL

widget cl ass i s named glw rawing rea idget lass (the

di�erence i s the l ack of an i n the non-Moti f case). Si nce

1 venthougha -bit pixel re uires only three bytes of storage,

e cient manipulationof the pixels demands eachpixel i s stored in

aneven bytes.
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the Moti f OpenGL widget i s subcl assed f romthe Moti f

primi ti ve widget cl ass, the Moti f OpenGL widget i nher-

i ts the capabi l i ti es of the primi tive cl ass l i ke a hel p cal l -

back and keyboard traversal support (keyboard traver-

sal i s di sabl ed by defaul t for the Moti f OpenGLwidget).

The paperplane exampl e uses the Moti f widget by de-

faul t but the non-Moti f widget can be used by de�ning

the no oti GLwidget Cpreprocessor symbol when com-

pi l i ng paperplane. . The di�erence i s two changed l i nes

of code wi th no functi onal di �erence i n the program.

When you create ei ther type of widget, you need

to speci fy the vi sual to use by suppl yi ng the widget' s

GLw is al n o resource. The attri bute i s of type

is al n o making i t easy to �ndanappropri ate vi sual

usi nggl oose is alwhi chreturns a is al n o for

a vi sual wi th the capabi l i ti es you request.

Al though thi s practi ce i s not recommended, the wid-

gets al so al l owyouto speci fy the OpenGLcapabi l i ti es you

desi re for the widget di rectl y usi ng widget resources. Be-

cause the XTool ki t widget creati onprocess i s not expected

to fai l , there i s nowayfor awidget creati onrouti ne to i ndi -

cate fai l ure. If a vi sual that matches the desi red OpenGL

capabi l i ti es cannot be found, the widget code pri nts an

error and exi ts wi thout gi vi ng the programa chance to

handl e the fai l ure. If you request a speci �c is al n o

that has al ready been determined to be acceptabl e usi ng

gl oose is al or cal l s to gl Get on ig, you wi l l not

have thi s probl em. As a rul e, always speci fy the vi sual

usi ng the GLw is al n o resource.

The OpenGL widgets al so do extra work that might

go unnoti ced. Because the OpenGL widget uses a di f -

f erent vi sual , the widget' s creati on code creates a col -

ormap matchi ng the vi sual . It al so posts an ICCCM

L top l evel windowproperty to l et

the windowmanager knowthat the programuses mul tipl e

col ormaps.

More i nformati on about the OpenGL widgets can be

found in the Si l i con Graphi cs pen ort n u de [ 4]

and the widgets' man pages.

.

si ng the standard Moti f drawing area widget wi th

OpenGLhas some extra caveats. The main caveat i s that

youmust create the top l evel widget wi th the correct vi -

sual for the program' s OpenGLrenderi ng.

When you start a widget program, there i s general l y

a cal l to t pp nitiali e to establ i sh the connecti on

to the X server and create the top l evel widget. Both

steps are done i n the same routi ne. So howcan we cal l

gl oose is al to knowwhat vi sual the top l evel wid-

The o standard location for the penG widget head-

ers i s . and . . n R

. , these headers are mistakenly located at . and

. .

paperplane (Paperplane)

mainw (XmMainWindow)

menubar (XmRowColumn)  frame
(XmFrame)

Separator1
(XmSeparatorGadget)

Separator2
(XmSeparatorGadget)

Separator3
(XmSeparatorGadget)

           File
(XmCascadeButton)

    Planes
(XmCascadeButton)

popup_menupane
                         (XmMenuShell)

menupane
(XmRowColumn)

menupane
(XmRowColumn)

     Quit
(XmPushButton)

            Motion
(XmToggleButton)

   Add plane
(XmPushButton)

Remove plane
   (XmPushButton)

    glxarea
(XmDrawingArea or
 glwMDrawingArea or
 glwDrawingArea)

Figure 2: Di agramof the widget hi erarchyfor paperplane.

The gl area rawing rea widget i s the onl y widget

rendered usi ng OpenGL.

get shoul d use unti l we have establ i shed a connecti on to

the Xserver

It would appear that i t i s impossi bl e to create the

top l evel widget wi th an appropri ate vi sual for OpenGL.

t pp nitiali e connects to the X server and creates

the top l evel widget, but i t does not real e the top l evel

widget. The Xwindow for the top l evel widget i s not

created unti l t eali e idget i s cal l ed. Thi s al l ows

t et al es to be used af ter the top l evel widget' s cre-

ati on (and before i ts real i ati on) to speci fy the widget' s

vi sual . The paperplane sampl e code i n the non-OpenGL

widget case demonstrates thi s.

Asecond caveat i s due to the XToolki t' s i nconsi stent

i nheri tance of the vi sual , depth, and col ormapwidget re-

sources. The defaul t vi sual of a widget' s windowi s copi ed

f romi ts parent ndo ' s vi sual . But the defaul t col ormap

and depth of a widget are copi ed f romthe widget' s parent

d et .

Thi s means that i f you create a widget deri ved f rom

the shel l wi dget and the widget' s parent uses a non-

defaul t depth or col ormap for a non-defaul t vi sual , you

wi l l need to speci fy the same vi sual as the newwidget' s

parent widget. If you do not, a ad at Xprotocol er-

ror wi l l resul t. For thi s reason the paperplane exampl e' s

reate lldown en cal l s speci fy the vi sual of the cre-

atedwidget' s parent widget i n the Moti f drawingarea ver-

si on of paperplane.

eal i e that i t i s not possi bl e to bi nd an OpenGL ren-

deri ng context to a widget' s window unti l the widget

has been real i ed. nti l the widget i s real i ed, the wid-

get' s windowdoes not yet exi st. oti ce paperplane does

not cal l gl a e rrent unti l af ter t eali e idget has

f the widget has no parent, the depthand colormapare deter-

minedby the default depthandcolormapof the screen.
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been cal l ed.

To see howthe 3Dvi ewing area widget �ts i nto the

paperplane widget hi erarchyexampl e, Fi gure 2 shows the

complete hi erarchy i ncl udi ng widget cl ass names.

These caveats are not uni que to OpenGL. The probl em

comes f romusi ng non-defaul t vi sual s wi th the XTool ki t.

PEXl i b . 1 programs have a simi lar need for non-defaul t

vi sual s and requi re the same jumping through hoops[ 1 ] .

Fortunatel y, i f you use the OpenGL drawing area wid-

gets, youcanavoi dthe caveats of usi ng the standardMoti f

drawing area.

.

Appl i cati ons usi ng the Moti f drawing area widget or the

OpenGLdrawing area widgets for thei r 3Drenderi ng wi l l

want to regi ster routi nes to handl e expose, resi e, and i n-

put cal l backs usi ng t dd all a . In paperplane. ,

the draw, resi e, and inp t routi nes handl e these cal l -

backs.

paperplane' s drawing area adjusts OpenGL' s vi ewport

by cal l i ng gl iewport. ote howthe ade rrent vari -

abl e i s used to protect agai nst cal l i ng gl iewport be-

fore we have done the gl a e rrent to bi nd to the

drawing area window. In the XTool ki t, the resi e cal l -

back can be cal l ed before the t eali e idget routi ne

returns. Si nce the programdoes not cal l gl a e rrent

unti l af ter the programreturns f rom t eali e idget,

the OpenGLrenderi ng context wouldnot be bound. Cal l -

i ng an OpenGL routi ne before a context i s bound has no

e�ect but generates an ugl y warni ng message. An ex-

ampl e of when the resi e cal l back can be cal l ed before

t eali e idget returns i s when a geo etr command

l i ne opti on i s speci �ed.

ote that gl a e rrent i s de�ned to set a context' s

vi ewport to the si e of the �rst window i t i s bound to.

(Thi s happens onl y on the context' s �rst bi nd. ) Thi s i s

why paperplane. makes no i ni ti al cal l to gl iewport;

gl a e rrent sets the vi ewport impl i ci tl y.

The paperplane exampl e uses a si ngl e window for

OpenGL renderi ng. For thi s reason, gl a e rrent

i s cal l ed onl y once to bi nd the OpenGL context to the

window. In a programwi th multi ple OpenGL windows,

each expose and resi e cal l back shoul d make sure that

gl a e rrent i s cal l ed so that OpenGLrenderi ng goes

to the correct window.

The draw cal l back routi ne i ssues the OpenGL com-

mands to drawthe scene. If the windowi s doubl e bu�ered,

gl wap ers swaps the window's bu�ers. If the con-

text i s not di rect, gl inis i s cal l ed to avoi d the l atency

f romqueui ng more than one f rame at a time; i nteracti v-

i ty would su�er i f we al l owed more than one f rame to be

queued. Di rect renderi ng i nvol ves di rect manipul ation of

The exact behavior i s unde nedby the penG speci cation.

the hardware so i t general l y has l ess l atency than a poten-

ti al l y networked i ndi rect OpenGLcontext.

ote that you can render OpenGL into an widget (as

l ong as i t i s created wi th an OpenGL capabl e vi sual ).

There i s nothi ng speci al about the Moti f or OpenGL-

speci �c drawing area widgets, though drawing area wid-

gets tend to be the most appropri ate widget type for a 3D

vi ewing area.

.

The inp t routi ne handl es Xevents for the drawing area.

Input events requi re no speci al handl i ng for OpenGL. But

remember that the coordi nate systems for XandOpenGL

are di sti nct, so poi nter l ocati ons need to be mapped i nto

OpenGL' s coordi nate space. OpenGL general l y assumes

that the ori gi n i s i n the l ower l ef t-hand corner, whi l e X

always assumes an ori gi n at the upper l ef t-hand corner.

Ani ation ia or

roc dur s

The XToolki t' s work procedure faci l i ty makes i t easy to

i ntegrate conti nuous OpenGL animati on wi th Moti f user

i nterface operati on. Work procedures are appl i cati on sup-

pl i ed routi nes that execute whi l e the appl i cati on i s i dl e

wai ti ng for events. Work procedures shoul d be used to do

smal l amounts of work; i f toomuchtime i s spent i na work

procedure, Xevents wi l l not be processed and programin-

teracti vi ty wi l l su�er.

enderi ng a si ngl e f rame of OpenGL animati on i s a

good use for work procedures. t pp dd or ro and

t e o e or ro are used to add and remove work pro-

cedures. t pp dd or ro i s passed a functi on poi nter

for the routi ne to be cal l ed as a work procedure. The

functi on to be cal l ed returns a oolean. If the functi on

returns r e, the work procedure shoul d be removed au-

tomati cal l y; returni ng alse i ndi cates the work proce-

dure shoul d remain acti ve. t pp dd or ro returns

an IDof type or ro d whi ch can l ater be gi ven to

t e o e or ro to remove the work procedure.

The paperplane exampl e uses a work procedure to

manage the update of i ts 3D scene. In response to

changi ng the state of the \Moti on" toggl e button on the

\Pl anes" pul l downmenu, the toggle cal l back routi ne wi l l

add and remove the ani ate work procedure.

The ani ate routi ne cal l s ti whi ch advances the po-

si ti on of each acti ve pl ane; ani ate then cal l s draw to

redrawthe scene wi th the newpl ane l ocati ons. Fi nal l y,

ani ate returns alse to l eave the work procedure i n-

stal l ed so that the animati onwi l l conti nue.

Because paperplane uses a work procedure, animati on

of the scene does not i nterf ere wi th windowresi i ng and
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user i nput. The XTool ki t manages both the animation

and events f romthe Xserver.

.

When the paperplane window i s open, we want the

ani ate work procedure to update the 3D scene con-

ti nuousl y. If the user i coni �es the window, i t would

be wasteful to conti nue animating a no l onger vi si bl e

scene. To avoi d wasti ng resources renderi ng to an un-

mapped window, paperplane i nstal l s an event handl er

cal l ed ap state anged for the top-l evel widget to no-

ti ce n ap oti and ap oti events. The handl er

makes sure the work procedure i s removed or added to

re
ect the map state of the window.

.

XTool ki t timeouts are simi l ar to work procedures, but

i nstead of bei ng acti vated whenever event di spatchi ng i s

i dl e, they are cal l ed when a gi ven peri od of time has ex-

pi red. The t pp dd i eo t and t e o e i e t rou-

ti nes can be used to add and remove XTool ki t timeouts.

OpenGL programmers may �nd timeouts useful to

maintain animation at rates sl ower than \as fast as

OpenGLwi l l render. " Timeouts can be used to gi ve ani -

mati ona sustai ned f rame rate. Timeouts can al so be used

to redrawa scene wi th hi gher detai l when the user has

stopped i nteracti ng wi th the program. For exampl e, a 3D

model ing programmight redrawi ts model wi th l i ghting

enabl ed and �ner tessel l ati on af ter the programhas been

i dl e for two seconds. Timeouts can al so be used to tri gger

simpl e real -time state changes useful for vi sual simulati on.

bu in i s

As wel l as demonstrati ng the use of widgets wi thOpenGL,

paperplane al sodemonstrates detecti onof OpenGLerrors

for debuggi ng purposes. Some debuggi ng code has been

added to the bottomof paperplane' s draw functi on to

test for any OpenGL errors. Acorrect OpenGL program

shouldnot generate anyOpenGLerrors, but whi l e debug-

gi ng i t i s hel pful to checkexpl i ci tl y for errors. Agood time

to check for errors i s at the end of each f rame. Errors i n

OpenGL are not reported unl ess you expl i ci tl y check for

them, unl i ke Xprotocol errors whi ch are always reported

to the cl i ent.

OpenGL errors are recorded by setti ng \sti cky" 
ags.

Once an error 
ag i s set, i t wi l l not be cl eared unti l

glGet rror i s used to query the error. An OpenGL im-

pl ementati on may have several error 
ags i nternal l y that

can be set (si nce OpenGL errors might occur i n di�erent

stages of the OpenGLrenderi ng pi pel i ne). When youl ook

for errors, you shoul d cal l glGet rror repeatedl y unti l i t

returns GL i ndi cati ng that al l of the error 
ags

have been cl eared.

The OpenGLerror model i s sui ted for hi ghperformance

renderi ng, si nce error reporti ng does not sl owdown the

error-f ree case. Because OpenGLerrors shoul dnot be gen-

erated by bug-f ree code, you probabl y want to remove er-

ror queryi ng f romyour �nal programsi nce queryi ng errors

wi l l sl owdown your renderi ng speed.

When an OpenGL error i s generated, the command

whi ch generated the error i s not recorded, so you may

need to add more error queri es i nto your code to i sol ate

the source of the error.

The gl rror tring routi ne i n the OpenGL ti l i ty l i -

brary (GL ) converts an OpenGL error number i nto a

human readabl e stri ng and hel ps you output a reasonabl e

error message.

onc usion

OpenGL and Moti f are a powerful combinati on. si ng

both APIs al l owXappl i cati ons programmers to get the

most out of both Moti f andOpenGL.

Sti l l another way to i ntegrate OpenGL renderi ng wi th

widgets i s the Open Inventor object-ori ented 3Dgraphi cs

tool ki t whi ch renders usi ng OpenGL and integrates wi th

XTool ki t widgets. Open Inventor al l ows you to speci fy

3Dscenes i n an object-ori ented fashi on i nstead of l ow-

l evel OpenGL renderi ng primiti ves. If you are i nterested

i n object-ori ented 3D, check out the recentl y publ i shed

n ent or ent or [] .

The source code presented i n thi s seri es i s avai l -

abl e by anonymous f tp to sgigate.sgi. o i n the

p opengl o rnal di rectory.
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