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Abstract

The OpenGL™ graphics system can be integrated with
the industry-standard (3F /Motif user interface. This ar-
ticle discusses howto use (pen. wthina Mtif applica-
tionprogram There are two approaches to using (pend.

wth Mtif. (e is torender into a standard Mtif draw
ing area wdget, but this requires each application w ndow
to use a single visual for its wndowhierarchy. A better
approachis to use the special (pen. drawing area wd

get allow ng windows used for (hen( rendering to pick
freely an appropriate visual wthout affecting the visual
choice for other widgets. An exanple programdenan-
strates both approaches. The X Toolkit’s vork procedure
mechani smani nates the example’s 3D paper airpl anes.
Handl1ng Gpen. errors is also expl ained.

1 Introduction

GF/Mtif is the XWindowSystems industry-standard
progranmng interface for user interface construction.
Mtif programmars witing 3Dapplications wll want to
understand howto integrate Mtif wth the Gend.
graphi cs system This article, the last in a three-part se-
ries about (pend, describes howto wite an (hend.
programw thin the user interface framavork provi ded by
Mtif and the Xbool kit.

Mst 3Dapplications end up using 3Dgraphi cs prinar-
ilyinone or nore “vieving” wndovs. For the nost part,
the graphi cal user interface aspects of such program use
standard 2Duser interface objects like pulldovn nenus,
sliders, and dialog boxes. Creating and nanaging such
conmon user interface objects is what Mtif does well.

The “viewng” wndovs used for 3Dare vhere (pend.
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rendering happens. ‘These windows for (pen(. render-
ing can be constructed wth standard Mtif drawing area
wdgets or (pendrspecific drawng area wdgets. Bind
an (pen.rendering context to the wndowof a drawing
area wdget and you are ready for 3Drendering.

Programmnng Gpen.wi th Mtif has nunarous advan-
tages over using “Nibonly” as described in the first tvo
articles inthis series [23. Frst and nest inportant, M-
tif provides a well-documented, standard wdget set that
gives your application a consistent 1ook and feel. Second,
Mtif and the XToolkit take care of routine but conpli-
cated i1ssues such as cut and paste and wndownanager
conventions. Third, the XIolkit’s vork procedure and
t1neout nechani ste nake it easy to am mate a 3Dw ndow
wthout blocking out user interaction with your applica-
tion.

This article assurnes you have sone experi ence prograra
mng wth Mtif and you have a basic understanding of
how(pen. i ntegrates wth X

Section 2 describes how to use (Pend. rendering
wth either a standard Mtif drawing area wdget or an
en-speci fic drawing area wdget. Section 3 discusses
using X'Iool kit nechanisma for seanhess animation. Sec-
tion4 provides advi ce on howto debug Gpen. progr ars
by catchi ng pen. errors. Throughout the discussion, a
Mtif-based (en(. programmaned paperplane is used
as an exanpl e. The conpl ete source code for paperplane
is found in the appendix. The programani mates the 3D
flight paths of virtual paper airplanes. The user can in-
teract with the programvia Mtif controls. The program
can be compiled to use either a standard Mtif drawng
area wdget or an (pendrspecific drawing area wi dget.

K gure 1 shovws paperplane runm ng.
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KHgure 1: Screen snapshot of paperplane wth another
Qpen@. Mt1f programfor nel ecul ar nodel i ng.

2 OpenGL with Widgets

Your application’s 3Dviewng area can be encapsul ated
by an X Toolkit wdget. 'There are two approaches to
rendering Qren.intoawdget. Youcanrender (hend.
intoastandard Mtif drawng area widget, or you can use
a special (pen. drawi ng area w dget.

The Mtif drawng area widget would seema natw
ral wdget for (pen rendering. Unfortunately, the X
Tolkit’s design (upon vhi ch Mtif relies) allows program
mars to specify a wdget’s visual onlyif its class is derived
fromthe shell wdget class. Shell wdgets are often called
“top level” widgets because they are designed to conmm-
ni cate wth the w ndownanager and act as containers for
other wdgets. Non-shell wdgets inherit the depth and vi-
sual of their parent wdget. The Mtif drawng area wd-
get class (like nost widget classes) is not derived fronthe
shell widget class. Tt is inpossible (without resorting to
progranmng w dget internals) toset the visual of astan
dard norrshell Mtif wdget differently than its ancestor
shell w dget.

Bit 1in rend, the Xnotionof a visual has expanded
importance for determning the (hend. frane buffer ca-
pabilities of an Xwindow Innany cases, anapplication’s
3Dviewng area is likely to demand a deeper, more ca-
pabl e visual than the default visual which Mtif nornally
uses.

There are tvo options:

1. Use the standard Mtif draw ng area w dget for your
(pen(d. rendering area and nake sure that the top

level shell wdget is created viththe desired visual for
en’ s use.

2. Use an (pen(. drawi ng area w dget that is specially
progranmd to overcone the 11 mtationonsetting the
visual and depth of a nor-shell w dget.

Either approach vorks.

The paperplane example in the appendix is witten to
support either scheme dependi ng on howthe code 1s com
piled. By default, the code conpiles to use the (pend-
specific widget. If the noGLwidget Cpreprocessor synhol
18 defined, the standard Mtif drawng area wdget wll
be used, forcing the use of asingle visual throughout the
exarpl e’ s wdget hierarchy. The code differences betveen
the tw scheres in the paperplane example constitute
seven changed lines of code.

The preferable approachis to use the (pen-specific
wdget, since you can run most of the application’s user
interface in the defaul t visual and use a deeper, mnore ca-
pable visual only for 3Dviewng areas. limting the use
of deeper visuals can save mamory and increase render-
ing speed for the user interface wndows. If you use a
24-bit visual for your 3Dviewing area and use the sane
visual for your entire application, that neans that the im
age nerory for pi xnaps used by non- (pen. wi ndovs 18
four times vhat it would be for an 8-bit visual. ! Some X
rendering operations mght also be slover for 24-bit wn-
dows compared wth 8- bit wndovs.

There can be advantages to runm ng your entire appli-
cationin asingle visual . Sore vorkstations with limted
col ormap resources mght not be capabl e of show ng nul -
tiple visuals wthout colormap flashing. Such machi nes
vhi ch support (pen. shoul d be rare. Fren if runn ng
inasingle visual is appropriate, nothing precludes doing
so using an pend-speci fic w dget.

2.1 The OpenGL-specific Widget

There are tvwo (pendrspecific drawng area wdget
classes. Qe is derived fromthe Mtif primtive w dget
class (not the Mtif draw ng area widget class). The other
is derived fromthe X Tolkit core wdget class. Both
have the same basic functionality; the nain difference is
that the Mtif-based wdget class gains capabilities of the
Mtif primtive wdget class. If youuse Mtif, youshoul d
use the Mtif pen. widget. If you use a nom Mtif
wdget set, you can use the second wdget for identical
functionality.

The Mtif end wdget class is naned
gluMDrawingAreaWidgetClass; the non Mtif (pen(L
wdget class is naned glwDrawingAreaWidgetClass (the
difference is the lack of anM inthe non- Mtif case). Since

1Even though a 24-Ht i xel requires only three bytes of storage,
effici ent nani pd ation of the pixels demands each pixel is storedin
an even4 hytes.



the Mtif (pen(. widget is subclassed fromthe Mtif
primtive wdget class, the Mtif (Gpend. widget inher-

1ts the capabilities of the primtive class like a help call-
back and keyboard traversal support (keyboard traver-

sal is disabled by default for the Mtif (pen(d widget).

The paperplane example uses the Mtif wdget by de-

fault but the non- Mtif wdget can be used by defini ng

the noMotifGLwidget Cpreprocessor synhol vhen com
piling paperplane.c. The difference 1s two changed lines

of code with no functional difference in the program

Wien you create either type of wdget, you need
to specify the visual to use by supplying the wdget’s
GLwNvisualInfo resource. The attribute is of type
XVisualInfo#* makingit easy to find an appropriate visual
using glXChooseVisual vhichreturns aXVisualInfox* for
a visual wth the capabilities yourequest.

Athough this practice is not reconmended, the wd
gets also all owyouto specify the (pen. capahilities you
desite for the wdget directly using wdget resources. Be-
cause the XTool kit w dget creation process is not expected
tofail, there is nowayfor awdget creationroutine toindi-
cate failure. If a visual that natches the desired (pend.
capabilities cammot be found, the wdget code prints an
error and exits without giving the programa chance to
handl e the failure. If yourequest a specific X<VisualInfo*
that has already been determned to be acceptable using
glXChooseVisual or calls to glXGetConfig, youwll not
have this problem & a rule, always specify the visual
using the GLwNvisualInfo resource.

The pend. widgets also do extra work that mght
go unnoticed. Because the (pen(, wdget uses a dif-
ferent visual, the wdget’s creation code creates a col-
ormap matching the visual. It also posts an TCM
WM_COLORMAP WINDOWS top level window property to let
the w ndownanager knowthat the progranuses ml tiple
col ormaps.

Mre information about the (pend. widgets can be
found in the Silicon Gaphics OpenGL Poriing Guide [4]
and the widgets’ man pages. 2

2.2 The Motif Drawing Area Widget

Using the standard Mtif drawng area wdget wth
(pen(. has sone extra caveats. The main caveat 1s that
yoummst create the top level wdget wth the correct vi-
sual for the progranis (pen. rendering.

Wien you start a wdget program there is generally
a call to XtAppInitialize to establish the connection
to the Xserver and create the top level wdget. BRth
steps are done in the same routine. So howcan we call
glXChooseVisual to knowwhat visual the top level wd

2Te official standard location for the Open@. vidget head
ers is <X11/GLw/GLwDrawA.h> and <X11/GLw/GLwMDrawA .h>. InIHX
5.2, these headers are mistakenly located at <GL/GLwDrawA .h> and
<GL/GLwMDrawA.h>.
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K gure 2: Dagramof the wdget hierarchyfor paperplane.
The glxarea XmDrawinghrea wdget is the only wdget
rendered using (pen.

get shoul d use until ve have established a connection to
the Xserver?

It would appear that it is inpossible to create the
top level wdget with an appropriate visual for Gpen(L
XtAppInitialize commects to the Xserver and creates
the top level widget, but 1t does not real ze the top level
wdget. The Xwindowfor the top level wdget is not
created until XtRealizeWidget is called This allovs
XtSetValues to be used after the top level widget’s cre-
ation (and before its realization) to specify the wdget’s
visual . The paperplane sanple code in the non- Gpen.

w dget case deronstrates this.

Asecond caveat is due to the XIoolkit’s inconsistent
inheritance of the visual, depth, and col ormap w dget re-
sources. 'The default visual of awdget’s wndowis copied
fromits parent window’s visual. Bit the default col ornap
and depth of a wdget are copied fromthe wdget’s parent
widget?

This means that if you create a widget derived from
the shell wdget and the wdget’s parent uses a nom
default depth or colormap for a non-default visual, you
wll need to specify the sane visual as the newwidget’s
parent widget. If you do not, a BadMatch Xprotocol er-
ror will result. For this reason the paperplane example’s
XmCreatePulldownMenu calls specify the visual of the cre-
ated wdget’s parent wdget inthe Mtif drawngarea ver-
sion of paperplane.

Realize that 1t is not possible to hind an (pen. ren
dering context to a wdget’s wndow until the widget
has been realized. Until the wdget is realized, the wd
get’s windowdoes not yet exist. Notice paperplane does
not call glXMakeCurrent until after XtRealizeWidget has

SIf the widget has 1o parent, the depth and col ormap are deter-
mined by the defaul t depth and col ormap of the screen.



been called.

© see howthe 3D viewing area wdget fits into the
paperplane wdget hierarchyexanple, K gure 2 shows the
conpl ete hi erarchy 1ncl udi ng w dget cl ass nares.

These caveats are not uni que to (pend. The problem
comas fromusing non-defaul t visuals wth the Xloolkit.
PXib 5.1 program have a simlar need for nondefaul t
visuals and require the same junping through hoops[1 ].
Fortunately, 1f you use the (pend. drawing area wd-
gets, youcan avol dthe caveats of using the standard Mtif
draw ng area.

2.3 Drawing Area Callbacks

Applications using the Mtif drawng area wdget or the
pen . drawi ng area w dgets for their 3Drendering will

vant to register routines to handle expose, resize, and 11+
put callbacks using XtAddCallback. In paperplane.c,
the draw, resize, and input routines handle these call-
backs.

paperplane’s drawing area adj usts (hen(s viewport
by calling glViewport. Note howthe made_  current vari-
able is used to protect against calling glViewport be-
fore ve have done the glXMakeCurrent to bind to the
draving area wndow In the XToolkit, the resize call-
back can be called before the XtRealizeWidget routine
returns. Since the programdoes not call glXMakeCurrent
until after the programreturns fromXtRealizeWidget,
the Qpen.rendering context woul dnot be bound. Call-
ing an ren. routine before a context 1s bound has no
effect but generates an ugly warning mssage. ¢ A ex
anple of when the resize callback can be called before
XtRealizeWidget returns is when a ~geometry cormand
line optionis specified.

Note that glXMakeCurrent is defined to set a context’s
viewport to the size of the first wndowit is bound to.
(This happens only on the context’s first bind.) This is
vhy paperplane.c nakes no initial call to glViewport;
glXMakeCurrent sets the viewport inplicitly.

The paperplane example uses a single wndow for
en. rendering.  For this reason, glXMakeCurrent
is called only once to bind the (pend. context to the
window In a programwith multiple pend. windovs,
each expose and resize callback should nake sure that
glXMakeCurrent is calledso that (pen(rendering goes
to the correct window

The draw callback routine issues the (pend. comm
nands to drawthe scene. If the windowis doubl e buffered,
glXSwapBuffers svaps the wndows buffers. If the con
text 1s not direct, glFinishis called to avoidthe latency
fromqueui ng nore than one frame at a time; interactiv-
1ty woul d suffer 1f we alloved nore than one frame to be
queved. Drect rendering invol ves direct nanipul ation of

4The exact behavior is undefined by the Opend. speci ficati on

the hardware so it generally has less latency than a poten-
tially networked indirect (pen. context.

Note that you can render Qpen(.into any wdget (as
long as it is created wth an Qpend. capable visual).
There is nothing special about the Mtif or (pend-
specific drawng area widgets, though drawing area wd
gets tend to be the most appropriate wdget type for a 3D
Vi ewing area.

2.4 Handling Input

The input routine handl es Xevents for the drawng area.
Input events require no special handling for Gpend. Bt
renanher that the coordinate systems for Xand (Ghend.

are distinct, so pointer locations need to be napped into
(pen’ s coordinate space. (pen. generally assunes

that the originis in the lover left-hand corner, vhile X
al ways assunes an origin at the upper left-hand corner.

3 Aimation Via Work
Procedwures

The XIolkit’s vork procedure facility makes 1t easy to
integrate continuous (pen. anination wth Mtif user
interface operation. Wik procedures are application sup-
plied routines that execute while the applicationis idle
vai ting for events. Wik procedures shoul d be used to do
small anounts of vork; if toomuchtineis spent ina work
procedure;, Xevents wll not be processed and programi n-
teractivity wll suffer.

Rendering a single frane of (bend. animation is a
good use for work procedures. XtAppAddWorkProc and
XtRemoveWorkProc are used to add and renove vork pro-
cedures. XtAppAddWorkProc is passed a function pointer
for the routine to be called as a work procedure. 'The
function to be called returns a Boolean. If the function
returns True, the vork procedure shoul d be renoved aun-
tonatically;, returning False indicates the work proce-
dure should remain active. XtAppAddWorkProc returns
an IDof type WorkProcId wvhich can later be given to
XtRemoveWorkProc to renove the vork procedure.

The paperplane exanple uses a work procedure to
manage the update of its 3D scene. In responmse to
changing the state of the “Mtion” toggle button on the
“H anes” pull down nenu, the toggle callback routine wll
add and renove the animate work procedure.

The animate routine calls tick which advances the po-
sition of each active plane; animate then calls draw to
redrawthe scene wth the newplane locations. Fnally,
animate returns False to leave the work procedure in
stalled so that the animation wll continue.

B:cause paperplane uses a vork procedure, ani mation
of the scene does not interfere with wndowresizing and



user input. The XIool kit nanages both the ami mation
and events fromthe Xserver.

3.1 Handling Iconification

Wen the paperplane wndow is open, ve want the
animate work procedure to update the 3D scene cor-
tinmuously. If the user icomifies the wndow 1t would
be vasteful to contime aninating a no longer visible
© avold vasting resources rendering to an un-
mpped wndow paperplane installs an event handler
called map state changed for the top-level wdget to no-
tice UnmapNotify and MapNotify events. 'The handler
nmakes sure the vork procedure is removed or added to
reflect the map state of the wndow

scene.

3.2 Timeouts

XTolkit timouts are simlar to work procedures, but
instead of being activated vhenever event dispatching is
idle, they are called vhen a gi ven period of tine has ex
pired. The XtAppAddTimeout and XtRemoveTimeOut row
tines can be used to add and renove X'Iool kit t1meouts.
pen. progranmrs mnay find tineouts useful to
mintain ammation at rates slover than “as fast as
Qen@. will render.” Tineouts can be used to give ani-
mation a sustained frame rate. " meouts can al so be used
to redrawa scene wth higher detail wvhen the user has
stopped interacting wth the program For exanple, a 3D
medel ing programmght redrawits nodel wth lighting
enabl ed and finer tessellation after the programhas been
idle for tvoseconds. hmeouts can al so be used to trigger
sitpl e real -tine state changes useful for visual simml ation.

4 Debwgging Tips
& vell as denonstrating the use of wdgets wth Gend,

paperplane al so denonstrates detectionof (pen.errors
for debugging purposes. Some debugging code has been
added to the bottomof paperplane’s draw function to
test for any Gpen. errors. Acorrect (pend. program
shoul d not generate any (pen.errors, but vhile debug-
gingit is hel pful tocheckexplicitlyfor errors. Agoodtine
to check for errors is at the end of each fram. Frors in
(pen. are not reported unless you explicitly check for
them wnlike Xprotocol errors which are al ways reported

to the client.

(pen. errors are recorded by setting “sticky” flags.
(Once an error flag is set, it wll not be cleared until
glGetError is used to query the error. A pen.im
pl emant ation nay have several error flags internally that
can be set (since Qpen. errors mght occur in different
stages of the (pen.rendering pipeline). VHen youl ook
for errors, youshould call glGetError repeatedly until it

returns GL_NO ERROR indicating that all of the error flags
have been cl eared.

The pen.error model is suited for hi gh performance
rendering, since error reporting does not slow down the
error-free case. Because QpenLerrors shoul d not be gen-
erated by bug-free code, you probably want to renove er-
ror queryl ng fromyour final programsince queryingerrors
wll slowdown your rendering speed.

Wien an (pen. error is generated, the conmand
vhi ch generated the error is not recorded, so you nay
need to add mere error queries into your code to isol ate
the source of the error.

The gluErrorString routine inthe (hen Utilityli-
brary (AU) converts an en. error nunher into a
hunan readabl e string and hel ps you output a reasonabl e
error nessage.

5 Conclusion

(pen. and Mtif are a poverful combination. Using
both AHs allow X applications programmars to get the
mst out of both Mtif and Grend.

Still another way to integrate (pen( rendering wth
wdgets 1s the Gpen Inventor object-oriented 3Dgraphi cs
toolkit which renders using (pend. and integrates wth
Xolkit widgets. (pen Inventor allows you to specify
3Dscenes in an object-oriented fashion instead of low
level (pen. rendering primtives. If you are interested
in object-oriented 3} check out the recently published
Invent or Mentor |5

The source code presented in this series i1s avail-
able by anonynous ftp to sgigate.sgi.com in the
pub/opengl/xjournal directory.
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paperplane can be compiled to use a "single visual" for the entire window
hierarchy and render OpenGL into a standard Motif drawing area widget:

cc -o sv_paperplane paperplane.c -DnoGLwidget -1GL -1Xm -1Xt -1X11 -1lm

Or paperplane can be compiled to use the default visual for most of
the window hierarchy but render OpenGL into a special "OpenGL widget":

cc -o glw_paperplane paperplane.c -1GLw -1GL -1Xm -1Xt -1X11 -Im
*/
#include <stdlib.h>
#include <stdio.h>
#include <unistd.h>
#include <math.h>
#include <Xm/MainW.h>
#include <Xm/RowColumn.h>
#include <Xm/PushB.h>
#include <Xm/ToggleB.h>
#include <Xm/CascadeB.h>
#include <Xm/Frame.h>
#ifdef noGLwidget
#include <Xm/Drawingh.h> /* Motif drawing area widget */
#else
/** NOTE: in IRIX 5.2, the OpenGL widget headers are mistakenly in  **/
/** <GL/GLwDrawA.h> and <GL/GlwMDraw.h> respectively. Below are the *x*/
/*% _official_ standard locations. *%/
#ifdef noMotifGLwidget
#include <X11/GLw/GLwDrawA.h> /#* pure Xt OpenGL drawing area widget */
#else
#include <X11/GLw/GLwMDrawA.h> /# Motif OpenGL drawing area widget */
#endif
#endif
#include <X11/keysym.h>
#include <GL/gl.h>
#include <GL/glu.h>
#include <GL/glx.h>

static int dblBuf[] = {
GLX_DOUBLEBUFFER, GLX_RGBA, GLX_DEPTH_SIZE, 16,
GLX_RED_SIZE, 1, GLX_GREEN_SIZE, 1, GLX_BLUE_SIZE, 1,
None

s

static int *snglBuf = &dblBuf[1];

static String fallbackResources[] = {

#ifdef IRIX_5_2_or_higher

"*¥sgiMode: true", /* try to enable IRIX 5.2+ look & feel */
"s*useSchemes: all", /* and SGI schemes */
#endif

"*title: OpenGL paper plane demo",
"sglxarea*width: 300", "*glxareaxheight: 300", NULL
};
Display *dpy;
GLboolean doubleBuffer = GL_TRUE, moving = GL_FALSE, made_current = GL_FALSE;
XtAppContext app;
XtWorkProcId workId = 0;
Widget toplevel, mainw, menubar, menupane, btn, cascade, frame, glxarea;
GLXContext CcX;



58 XVisgualInfo *vi;
59 #ifdef noGLwidget

60 Colormap cmap;
61 #endif
62 Arg menuPaneArgs[1], args[1];

63 #define MAX_PLANES 15

64 struct {

65 float speed; /* zero speed means not flying */
66 GLfloat red, green, blue;

67 float theta;

68 float X, ¥, z, angle;

69 } planes[MAX_PLANES];
70 #define v3f glVertex3f /* v3f was the short IRIS GL name for glVertex3f */

71 void draw(Widget w)

72 {

73 GLfloat red, green, blue;

74 int i;

75 glClear (GL_DEPTH_BUFFER_BIT) ;

76 /* paint black to blue smooth shaded polygon for background */
77 glDisable (GL_DEPTH_TEST);

78 glShadeModel (GL_SMOOTH) ;

79 glBegin (GL_POLYGON) ;

80 glColor3f(0.0, 0.0, 0.0);

81 v3£(-20, 20, -19); v3£(20, 20, -19);

82 glColor3f(0.0, 0.0, 1.0);

83 v3£(20, -20, -19); v3f£(-20, -20, -19);

84 glEnd () ;

85 /* paint planes */

86 glEnable (GL_DEPTH_TEST) ;

87 glShadeModel (GL_FLAT) ;

88 for (i = 0; i < MAX_PLANES; i++)

89 if (planes[i].speed !'= 0.0) {

90 glPushMatrix () ;

91 glTranslatef(planes[i].x, planes[i].y, planes[i].z);
92 glRotatef(290.0, 1.0, 0.0, 0.0);

93 glRotatef(planes[i].angle, 0.0, 0.0, 1.0);

94 glScalef(1.0 / 3.0, 1.0 / 4.0, 1.0 / 4.0);
95 glTranslatef(0.0, -4.0, -1.5);

96 glBegin(GL_TRIANGLE_STRIP);

97 /* left wing */

98 v3f(-7.0, 0.0, 2.0); v3£(-1.0, 0.0, 3.0);
99 glColor3f(red = planes[i].red, green = planes[i].green,
100 blue = planes[i].blue);

101 v3f(-1.0, 7.0, 3.0);

102 /* left side */

103 glColor3£f(0.6 * red, 0.6 * green, 0.6 * blue);
104 v3£(0.0, 0.0, 0.0); v3£(0.0, 8.0, 0.0);
105 /* right side */

106 v3f(1.0, 0.0, 3.0); v3£f(1.0, 7.0, 3.0);
107 /* final tip of right wing */

108 glColor3f(red, green, blue);

109 v3£(7.0, 0.0, 2.0);

110 glEnd();

111 glPopMatrix();

112 }
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if (doubleBuffer) glXSwapBuffers(dpy, XtWindow(w));
if ('glXIsDirect(dpy, cx))
glFinish(); /* avoid indirect rendering latency from queuing */

#ifdef DEBUG

{ /* for help debugging, report any OpenGL errors that occur per frame */
GLenum error;
while((error = glGetError()) != GL_NO_ERROR)
fprintf (stderr, "GL error: %s\n", gluErrorString(error));

}
#endif
}
void tick_per_plane(int i)
{
float theta = planes[i].theta += planes[i].speed;
planes[i].z = -9 + 4 # cos(theta);
planes[i].x = 4 * sin(2 # theta);
planes[i].y = sin(theta / 3.4) * 3;
planes[i].angle = ((atan(2.0) + M_PI_2) * sin(theta) - M_PI_2) * 180 / M_PI;
if (planes[i].speed < 0.0) planes[i].angle += 180;
}

void add_plane(void)

{

int i;

for (i = 0; i < MAX_PLANES; i++)
if (planes[i].speed == 0) {

#define SET_COLOR(r,g,b) \

planes[i].red=r; planes[i].green=g; planes[i].blue=b; break;

switch (random() % 6) {

case 0: SET_COLOR(1.0, 0.0, 0.0); /* red */
case 1: SET_COLOR(1.0, 1.0, 1.0); /* white */
case 2: SET_COLOR(0.0, 1.0, 0.0); /* green */
case 3: SET_COLOR(1.0, 0.0, 1.0); /* magenta */
case 4: SET_COLOR(1.0, 1.0, 0.0); /* yellow */
case 5: SET_COLOR(0.0, 1.0, 1.0); /# cyan */

¥

planes[i].speed = (random() % 20) * 0.001 + 0.02;
if (random() & 0x1) planes[i].speed *= -1;
planes[i].theta = ((float) (random() % 257)) * 0.1111;
tick_per_plane(i);
if (!'moving) draw(glxarea);
return;
}
XBell(dpy, 100); /* can’t add any more planes */

void remove_plane(void)

{

int i;

for (i = MAX_PLANES - 1; i >= 0; i--)
if (planes[i].speed !'= 0) {
planes[i].speed = 0;
if (!'moving) draw(glxarea);
return;
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XBell(dpy, 100); /* no more planes to remove */

¥
void resize(Widget w, XtPointer data, XtPointer callData)
{
Dimensgion width, height;
if (made_current) {
XtVaGetValues (w, XmNwidth, &width, XmNheight, &height, NULL);
glViewport(0, 0, (GLint) width, (GLint) height);
¥
¥
void tick(void)
{
int i;
for (i = 0; i < MAX_PLANES; i++)
if (planes[i].speed !'= 0.0) tick_per_plane(i);
¥
Boolean animate(XtPointer data)
{
tick();
draw(glxarea);
return False; /* leave work proc active */
¥
void toggle(void)
{
moving = !'moving; /* toggle */
if (moving)
workId = XtAppAddWorkProc(app, animate, NULL);
else
XtRemoveWorkProc (workId);
¥
void quit(Widget w, XtPointer data, XtPointer callData)
{
exit (0);
¥
void input(Widget w, XtPointer data, XtPointer callData)
{
XmDrawingAreaCallbackStruct *cd = (XmDrawingAreaCallbackStruct #) callData;
char buf[1];
KeySym keysym;
int rc;

if (cd->event->type == KeyPress)
if (XLookupString ((XKeyEvent *) cd->event, buf, 1, &keysym, NULL) == 1)
switch (keysym) {
case XK_space:
if ('moving) { /* advance one frame if not in motion */
tick();
draw(w) ;
}
break;
case XK_Escape:
exit(0);
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void map_state_changed(Widget w, XtPointer data, XEvent * event, Boolean * cont)
{
switch (event->type) {
case MapNotify:
if (moving && workId !'= 0) workId = XtAppAddWorkProc(app, animate, NULL);
break;
case UnmapNotify:
if (moving) XtRemoveWorkProc(workId);
break;

main(int argc, char *argv[])
{
toplevel = XtAppInitialize(&app, "Paperplane", NULL, 0, &argc, argv,
fallbackResources, NULL, 0);
dpy = XtDisplay(toplevel);
/* find an OpenGL-capable RGB visual with depth buffer */
vi = glXChooseVisual(dpy, DefaultScreen(dpy), dblBuf);
if (vi == NULL) {
vi = glXChooseVisual(dpy, DefaultScreen(dpy), snglBuf);
if (vi == NULL)
XtAppError(app, "no RGB visual with depth buffer");
doubleBuffer = GL_FALSE;

/* create an OpenGL rendering context */
cx = glXCreateContext(dpy, vi, /# no display list sharing */ None,
/* favor direct */ GL_TRUE);
if (cx == NULL)
XtAppError(app, "could not create rendering context");
/* create an X colormap since probably not using default visual */
#ifdef noGLwidget
cmap = XCreateColormap(dpy, RootWindow(dpy, vi->screen),
vi->visual, AllocNone);
/*
* Establish the visual, depth, and colormap of the toplevel
* widget _before_ the widget is realized.
*/
XtVaSetValues(toplevel, XtlNvisual, vi->visual, XtNdepth, vi->depth,
XtNcolormap, cmap, NULL);
#endif
XtAddEventHandler (toplevel, StructureNotifyMask, False,
map_state_changed, NULL);
mainw = XmCreateMainWindow(toplevel, "mainw", NULL, 0);
XtManageChild(mainw) ;
/* create menu bar */
menubar = XmCreateMenuBar(mainw, "menubar", NULL, 0);
XtManageChild(menubar) ;
#ifdef noGLwidget
/% Hack around Xt’s unfortunate default visual inheritance. */
XtSetArg(menuPaneArgs[0], XmNvisual, vi->visual);
menupane = XmCreatePulldownMenu(menubar, '"menupane'", menuPaneArgs, 1);
felse
menupane = XmCreatePulldownMenu(menubar, '"menupane", NULL, 0);
#endif
btn = XmCreatePushButton(menupane, "Quit", NULL, 0);
XtAddCallback(btn, XmNactivateCallback, quit, NULL);
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276
277
278

XtManageChild(btn) ;

XtSetArg(args[0], XmNsubMenuId, menupane);

cascade = XmCreateCascadeButton(menubar, "File", args, 1);
XtManageChild(cascade) ;

279 #ifdef noGLwidget

280 menupane = XmCreatePulldownMenu(menubar, '"menupane'", menuPaneArgs, 1);

281 #else

282 menupane = XmCreatePulldownMenu(menubar, '"menupane", NULL, 0);

283 t#endif

284 btn = XmCreateToggleButton(menupane, "Motion", NULL, 0);

285 XtAddCallback(btn, XmNvalueChangedCallback, (XtCallbackProc)toggle, NULL);
286 XtManageChild(btn) ;

287 btn = XmCreatePushButton(menupane, "Add plane", NULL, 0);

288 XtAddCallback(btn, XmNactivateCallback, (XtCallbackProc)add_plane, NULL);
289 XtManageChild(btn) ;

290 btn = XmCreatePushButton(menupane, "Remove plane", NULL, 0);

291 XtAddCallback(btn, XmNactivateCallback, (XtCallbackProc)remove_plane, NULL);
292 XtManageChild(btn) ;

293 XtSetArg(args[0], XmNsubMenuId, menupane);

294 cascade = XmCreateCascadeButton(menubar, "Planes", args, 1);

295 XtManageChild(cascade) ;

296 /* create framed drawing area for OpenGL rendering */

297 frame = XmCreateFrame(mainw, "frame'", NULL, 0);

298 XtManageChild(frame) ;

299 #ifdef noGLwidget

300 glxarea = XtVaCreateManagedWidget ("'glxarea", xmDrawingAreaWidgetClass,
301 frame, NULL);
302 #else

303 #ifdef noMotifGLwidget

304 /* notice glwDrawingAreaWidgetClass lacks an M’ */

305 glxarea = XtVaCreateManagedWidget ("'glxarea", glwDrawingAreaWidgetClass,
306 #else

307 glxarea = XtVaCreateManagedWidget ("'glxarea", glwMDrawingAreaWidgetClass,
308 #endif

309 frame, GLwNvisualInfo, vi, NULL);
310 #endif

311 XtAddCallback(glxarea, XmNexposeCallback, (XtCallbackProc)draw, NULL);
312 XtAddCallback(glxarea, XmNresizeCallback, resize, NULL);

313 XtAddCallback(glxarea, XmNinputCallback, input, NULL);

314 /* set up application’s window layout */

315 XmMainWindowSetAreas (mainw, menubar, NULL, NULL, NULL, frame);

316 XtRealizeWidget (toplevel);

317 /*

318 * Once widget is realized (ie, associated with a created X window), we
319 *# can bind the OpenGL rendering context to the window.

320 */

321 glXMakeCurrent (dpy, XtWindow(glxarea), cx);

322 made_current = GL_TRUE;

323 /* setup OpenGL state */

324 glClearDepth(1.0);

325 glClearColor(0.0, 0.0, 0.0, 0.0);

326 glMatrixMode (GL_PROJECTION) ;

327 glFrustum(-1.0, 1.0, -1.0, 1.0, 1.0, 20);

328 glMatrixMode (GL_MODELVIEW) ;

329 /* add three initial random planes */

330 srandom(getpid()) ;

331 add_plane(); add_plane(); add_plane();

332 /* start event processing */

333 XtAppMainLoop(app) ;

334 }
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