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Abstract

THREE DIMENSIONAL COMPUTER GRAPHICS:

TIME EFFICIENT DISPLAY OF SURFACES OF REVOLUTION

by Jurgen Schulze-Débold

An algorithm for efficient shading of surfaces of revolution is developed. The
surfaces can either be smoothly approximated by polygons, or they can be approximated
by a number of cylinders. The algorithm is designed for computer systems which allow the
direct access of pixels. All the stages in the displaying process have been optimized for

speed.

An implementation of the algoritm is presented. It is written in the C programming
language, and it is designed for Microsoft Windows computers. The core parts of the
program are portable to other operating systems. In order to examine the efficiency of the

new algorithm, programs for OpenGL and SPHIGS have been developed.
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1 Introduction

At present, there are several general methods for rendering three dimensional
objects on the two dimensional computer screen. These well known algorithms certainly
work for surfaces of revolution as well. This thesis investigates the simplifications in
rendering that emerge out of the specia characteristics of surfaces of revolution. A
speciadized algorithm is developed, which is then compared to the general rendering
algorithms of present 3D graphics environments. In developing the algorithm, an
important goal was to create a Windows (short for "Microsoft Windows") version in the
language of C++, which could be easily ported to the Macintosh OS. This is because the
idea for the development of this algorithm came from the need for an efficient algorithm to
rotate and modify an arbitrary surface of revolution in rea time, that could be
incorporated in the mathematics teaching software package "TEMATH" (available for
Macintosh computers). This software is used in the Calculus and Physics class, for

example, where surfaces of revolution are taught.

The algorithm is restricted to surfaces of revolution for a number of reasons. First
of all, there is not much room anymore for an improvement of the general 3D rendering
algorithms. A large amount of research was done on these, and there are countless

implementations available on the market. But several simplifications apply to the



generation process of surfaces of revolution, which allow a significant improvement in
rendering speed, compared to using a general agorithm. For example, its specific
geometry allows the surface to be approximated by quadrilaterals, instead of triangles,
which most 3D renderers would use. The developed agorithm, along with the
characteristics of surfaces of revolution, makes sure that no intersections of quadrilaterals
occur. This is a time consuming process which general rendering software has to dedl
with. Furthermore, the quadrilaterals normal vectors can easily be calculated. They are
needed for shading and backface culling. Findly, it is sufficient to use the painter's

algorithm to do hidden surface removal, which is the fastest way to accomplish this.

For this thesis three different and independent programs were developed, running
on three different computer systems. The main version, containing the optimized
algorithm, is designed for Windows systems, and it accesses the graphics output as
directly as possible. In order to be able to compare the results of this agorithm, one
program was written for SUN workstations using the 3D package SPHIGS, and another

one was written in OpenGL, and it compiles on both Windows and Macintosh systems.



1.1 Shading Algorithms

In order to understand the features of the specialized agorithm, the genera
algorithms which are used when rendering 3D graphics have to be discussed. The three
most common ones are described below. The flat shading algorithm is the fastest and
easiest to describe. Gouraud shading needs much more computing power, but results in a
great improvement in image quality. Phong shading is the most sophisticated algorithm of
the three, and it produces the most realistic images. All of these algorithms require the
subdivision of the surface to be displayed into triangles. All the algorithms process one

triangle after another in arendering loop.

1.1.1 Shading in General

According to (Foley et al. 1996, p. 722 ff.) the three most important components

of illumination are ambient light, diffuse reflection, and specular reflection.

The ambient light component contributes to the base color value of the entire
scene in which the surface of revolution is found. It is not dependent on the view angle or
the location of light sources, and it is aso present with surfaces which are facing away

from the light source. Thus, this light component can be handled as a constant value which



is added to the other illumination components. The illumination equation for ambient light

only is:

| is the resulting intensity, |, is the intensity of the ambient light, and k, is the

amount of ambient light reflected from an object’s surface (it depends on the surface).

Diffuse reflection depends on the angle between the surface normal and the
direction of the light source. But it is independent of the viewpoint, since it describes the
fraction of light which is reflected into all directions equally. The diffuse illumination

equationis:

| =1, [k, [cos(a)

|, is the intensity of the light source, k, is the material dependent reflection
coefficient for diffuse light, and a is the angle between the direction of the light source
and the surface normal at a specific point on the surface. See Figure 1-1. This equation is

known as Lambert’s Law.
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Figure 1-1: Diffuse Reflection

Finally, specular reflection depends on the viewpoint and the surface normal, it
takes care of the part of light which is reflected by the surface as if it was a mirror. There
are different illumination models for specular reflection, but for efficiency we will neglect

thisterm in our illumination model.

1.1.2 Flat Shading

The triangle which is being rendered is colored with a single intensity. This
intensity depends on the positions of the light source and the surface, which determine the

angle a in the diffuse illumination equation (I =1, [k, [cos(a)). For this method of

shading to be mathematically correct, both the light source and the viewer must be in a



fixed direction at infinity, so that their direction angles are constant. In this situation, a

polygon’s color only depends on the normal vector constructed for the polygon.

1.1.3 Gouraud Shading

This kind of shading considers not only the polygon face which has to be shaded,
but also the neighboring faces. The key idea is to find the "real" angles from the polygon
vertex normalsto the light source. Usually the objects’ polygons (which have to be planar)
are just an approximation of a smooth surface, so the rea’ normals for the vertices can be
found by averaging the face normals of the adjacent polygon faces. However, in case of a
surface of revolution this is not necessary, since each vertex's angle can be computed

directly. (see chapter 2.2.3.1).

After the calculation of all vertex normals, they are used to calculate the intensities
at each vertex. Then the Gouraud shading algorithm interpolates the inner polygon colors
linearly, usualy using an algorithm which processes the polygon scan line by scan line.

Figure 1-2 helps visuaizing this process.



Figure 1-2: Gouraud Shading

1.1.4 Phong Shading

Phong shading is similar to Gouraud shading, except that it interpolates the normal
vector instead of the light intensity at each pixel. This means that three values (one for
each dimension) have to be interpolated, instead of just a single value. In order to obtain a
correct intengity value, the interpolated normals must be normalized. This again means
more computations. So Phong shading turns out to use significantly more computing

power than Gouraud shading.



1.2 Graphics Environments

In order to be able to compare the specialized algorithm to the standard algorithms
of rendering 3D graphics in both speed and programming effort, three different programs
have been developed. The new specialized algorithm only runs on Windows systems.
There are non-specialized versions in OpenGL for both PCs and Macintoshs, and finaly,
to examine one more 3D environment, there is a program for SUN workstations which

uses the SPHIGS package.

These implementations illustrate the usefulness of graphics toolkits such as
OpenGL and SPHIGS, in comparison to the Windows version, which does all of the 3D
calculations on its own. This version directly accesses the pixel image which is copied to

the output window.

1.2.1 Microsoft Windows

The Windows program uses direct pixel addressing. This means that it creates a
duplicate image of the output window in memory. Thus pixel access is very fagt, the
performance difference to using the appropriate API functions is striking. The sample
program uses 8 hit per pixel, the color values are chosen out of a color paette of 256

entries.



Mouse events are processed by the Windows system, which in turn sends messages

to the application. These are then processed by the application’s event loop.

The Windows implementation is the only one which alows the usage of dialog
windows. Both OpenGL and SPHIGS do not use dialog window extensions. This gives
the user easy access to al adjustable program parameters. Internally, dialog windows have
their own window messages. There is a different message for each of the window elements
that can be accessed by the user. And there are different callback routines for each diaog

window, so it isfairly easy to distinguish the user events.

1.2.2 OpenGL

OpenGL (short for "Open Graphics Library") is a graphics toolkit which was
developed by Silicon Graphics. It was derived from the existing graphics interface called
IRIS GL. OpenGL was designed to be used on most of today’s computer platforms, and
there are implementations for SGI, SUN, Microsoft, Apple and DEC. There is also a
freeware library available called Mesa. It is even built into the newer releases of Windows
NT. OpenGL supports hardware graphics accelerators, but they are not necessary for its
use. This platform independent 3D library turns out to be very powerful, and many
commercial 3D applications use OpenGL. It is very successful in engineering and science

applications, where it is mainly used on UNIX Systems. On the other hand, it has not been
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widely accepted by computer game developers. In the Windows world, its biggest rival is

Direct 3D by Microsoft.

OpenGL offers al kinds of help for the graphics programmer. To get an
impression of the power of this graphics package (which is not so different from other 3D

packages though), here are some of the most important features:

» geometric and raster primitives
 viewing and modeling transformations
* lighting and shading

 hidden surface removal (z-buffering)

* double buffering

 aphablending (transparency)

* texture mapping

» atmospheric effects (fog, smoke, haze)

» selection of objects by screen position

The major disadvantage of toolkits like OpenGL is that the complicated graphics
functions have to work for any kind of object, and thus the graphics output becomes very
dow when a large number of polygons are used to approximate a smooth surface. Special

acceleration graphics hardware keeps this negative side effect down, but at present there
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are still applications which require more graphics power than most systems can provide,

especially when cost is an issue.

Figure 1-3 shows the numerous steps involved in rendering an object.

e Display
List
l Por—Veriax
o Oparations Rastoriz— Per—
- e Evaluaioer e Primitive Ll ation ™ Fragment [~ Famabuffor
Assembly Operations
Taxture
Momonry
¥ Pixol
Lung -
Operations o

Figure 1-3: Block Diagram of OpenGL

In particularly this figure shows that even the smple display of a 2D pixmap
involves processing by all the stages. This means that it takes much more time to display
pixels in OpenGL than in pixel based graphics toolkits, where pixels can be copied to the
output screen buffer directly. However, if you want to do something like this you would
not use a 3D graphics package, since a 2D equivalent would be sufficient. But on the
other hand, this means that even if you try to speedup your OpenGL based application by
writing specialized 3D code yourself and displaying the result on the output screen, you

will by far not match the speed of direct graphics buffer addressing.
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OpenGL is designed to be platform independent. But the original specification
does not contain any functionality for the handling of the user interface. There are different
toolkits available, the most widely known are AUX, GLUT, and TK. Their biggest
difference is that they are all not implemented for as many systems as OpenGL itself. This
thesis uses the GLUT toolkit for getting the new algorithm’s comparison data, because it
runs on both Macintosh and Windows systems. GLUT, designed by Mark Kilgard, is more
powerful than AUX. In particular it provides fonts and a smple pop-up menu facility. The
calback functions, caled by the respective windows system, bear names like
glutlnitDisplayMode (initialize display window), or glutReshapeFunc (update window

contents).

Typicaly an OpenGL program starts with creating a window, and a corresponding
framebuffer, in which the screen picture will be drawn. Then the programmer can display
basic geometric objects like points, lines, or polygons, and he or she can assign colors and
meaterials to these. More complex objects can be put into a display list, which can be used
as a single object later on. OpenGL does al the display processing by itself, it uses the
objects attributes and the 3D worlds attributes (like light sources or orientation) to
produce a 2D image in the framebuffer. Interestingly OpenGL does not provide any
commands for direct manipulation of the framebuffer. This is to keep the entire image
generation process under the control of OpenGL, so that the resulting programs are

portable. Another goa in the development of OpenGL was to enable hardware
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manufacturers to design graphics cards which support many of OpenGL’s features on the

circuit level.

1.2.3 SPHIGS

The SPHIGS toolkit, developed at Brown University, is a subset of the rather complex
PHIGS package, which was developed at the MIT. SPHIGS (for "Simple Programmer’s
Hierarchical Interactive Graphics System") was designed for learning purposes in the
development of [Foley et a. 1996]. Unfortunately, SPHIGS has not been updated in a
while, and so it prevents the user from using features today’s fast computers are capable of
(e. g. dpha blending or texture mapping). But nevertheless it is still easy to learn 3D
graphics using this environment, and one of its greatest advantages is that it was written

using SRGP, which isa 2D package, introduced in the same text as SPHIGS.

In comparison to OpenGL, SPHIGS is not available for as many different computer
systems. There are versons for Unix, Apple Macintosh Computers, and MS-DOS
machines. This thesis uses the Unix implementation, compiled with the 'gcc’ compiler. The
biggest difference between SPHIGS and OpenGL is the representation of objects.
SPHIGS maintains a database of graphic structures, in which each structure contains all
the necessary rendering information for each object. The advantages are that you only

need to modify a structure, in order to change its screen representation, and that this parts
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database is memory efficient. If an application does not allow the usage of the interna
structure, you can still design your own. But this would mean extra memory space cost.
To the programmers, OpenGL provides a large amount of freedom for arranging the
object data. But on the other hand this means that before writing an OpenGL application it
is necessary to develop a data structure for the graphics data, and there is no memory

Space advantage.
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2 The Optimized Shading Algorithms

This chapter is going to present the ideas of the new specialized algorithm. Only the
mathematical background is given here, which will enable the reader to implement the

algorithm on an arbitrary computer system.

Implementation specific issues are to be discussed in the next chapter. Pseudocode will

only be used there.

2.1 Definitions

The used 3D model assumes a cartesian coordinate system. The output image isto
be displayed on a pixel based device with individually addressable pixels. All variables
represent real numbers, unless otherwise noted. To increase readability, the rest of this

document may use the abbreviation "SOR" for "surface of revolution".

2.1.1 Surface

In the mathematical sense, we will asume that the surface which is to be displayed
is perfectly smooth. But unless a raytracing algorithm is used, there is no way of avoiding

its partition into a finite number of patches, just fine enough to create the impression of a
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smooth surface. Most commercial graphics utilities use triangles, while this agorithm is
based on planar quadrilaterals. This is because their symmetry best suits to the symmetry

conditions of a SOR.

Y Axis

Ideal Disk Shape

Sector 4

Z Axis Sector 3

Figure 2-1: Sample cylinder with 5 sectors

There are two directions in which subdivisions of the surface occur. One is aong
the x-axis, the resulting objects are "cylinders’. The cylinders are made up of a number of
equally sized "sectors'. Figure 2-1 shows a sample cylinder, and Figure 2-2 shows a

sample SOR.
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Figure 2-2: Sample Surface f(x)=x, 6 cylinders, 5 sectors

The surface of a SOR does not only consist of the quadrilaterals which were
described above. The left and right ends of the SOR are covered by end disks (see Figure
2-3). Figure 2-2 shows that these end disks do not consist of quadrilaterals, rather they
consist of triangles lying in a plane. In each triangle, one of the vertices is on the x-axis,

while the other two vertices are identical with vertices of surface quadrilaterals.
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left end disk right end disk

\ /

Figure 2-3: End Disks of a SOR

2.1.2 Light Source and Viewpoint

Kept in mind that the only goa of this algorithm is to provide a very fast SOR
display algorithm for learning purposes, it does not matter how many light sources there
are, which characteristics they have, and where they are located. Thus, both the simplest
and the most efficient solution is to use just one light source, which is located at the

position of the viewer, who is located at infinity in postive z-axis direction. So both
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—

viewer and light source have the normalized direction vector d =

oo

0
0

[

. This constant

[0
o

vector is going to be implicitly used throughout this document. The light source emits
white light in all directions equally. The light source position provides parallel light when
hitting the SOR, the viewer's postion results in parallel projection for the screen
conversion, which is faster than perspective projection. The advantage of limiting the light
color to white is that whatever surface color it hits, the reflected light’s color remains the

same. Only itsintensity has to be adjusted for the impression of realistic shading.

It would require significant adjustments of the algorithm if different attributes for

the above e ements were desired.

2.2 The Techniques and their Optimizations

The following computations and display strategies are necessary to display a three

dimensional SOR. Most of them could be optimized for this specific purpose.

2.2.1 Shading

The new shading algorithm is based on the idea of Gouraud shading. The elements

which are derived from this classical algorithm are the following:
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» The agorithm works on single polygons.
» Correct pixel colors are found for the vertices only.
* First the polygon edges are drawn using interpolated colors,

» Then the polygon interior is drawn scanline by scanline using interpolated

colors.
Y
MIN X | COLOR MAX X |COLOR
35 3 35 3
21 7 33 3
7 11 31 4
5 15 29 4
11 12 27 5
17 9 25 5
23 . ; ; i e 23 6
5 711 17 21232527293133 . X

Figure2-4: The MIN and MAX arrays

The new agorithm differs in the following decisive characteristic. The vertex
colors do not have to be found using the neighboring polygons, instead they are computed
by taking maximum advantage of the characteristics of the SOR. Since this part of the
algorithm has to be executed for every frame and for each polygon separately, maximum

performance is reached by using fixed-point variables for both of the interpolation parts.
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This results in a little loss of accuracy, and it might not work correctly when displaying a
very long but flat polygon, for example. However, it never draws beyond the borderlines.

The limited accuracy only results in a dightly incorrect shading.

The new shading algorithm uses a MAX[y] and a MIN[y] array, both having as
many elements as the screen has pixels in the y-direction (see Figure 2-4). Each element
consists of an x value and a color. Initialy all x values of the MAX]y] array get at most the
vaue -1, al x vaues of the MIN[y] array get at least the value of one more than the
largest possible x position. Then al edges of the polygon are processed from one end to
the other, line by line. At every edge point the MAX[y] array gets the current x value if its
current entry is smaller than that. The MIN[y] array works vice versa. In both cases the
color value is adjusted as well. Moving aong the line the color is interpolated linearly

between the two end colors.

At the end of this process the MIN[y] array contains the left boundary, and the
MAX]y] array contains the right boundary of the polygon. (This works for any number of

edges!) The color values represent nicely shaded polygon edges.

The second part of the algorithm fills the polygon scan line by scan line, using the x
values of the MIN[y] and MAX]y] arrays, linearly interpolating the colors for the pixelsin

agiven scanline, from the colors at MIN[y] and MAX]y].
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To make this agorithm fast, fixed-point arithmetic has to be used. The

performance improvement over using floating-point arithmetic is substantial.

2.2.2 Rotation Calculations

The general rotation matrix for the rotation about the x-axis, rotating ) degrees,

[cos(y) -sn(y) 0 0O
af 0
770 ¢ o 1 o0
i i
0o 0 0 10

There are similar matrices for the rotations about the y and z axes:

gecos(B) 0 sn(B) 0O

0 1 0 o
R(B)= S—sin(ﬂ) 0 cos(B) OB
o o0 0 0 100

i 0 0 0O

_ %) cos(a) -sin(a) OE
Rda)= g) sin(a) cos(a) Og
(0 0 0 10
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If not only a single rotation has to be applied, but all the three rotations have to be
applied at the same time, we can multiply their respective rotation matrices, so that we get

the composite rotation matrix

Roomposie (V:6,0) = R () * R (6) * R (a) =
[rosfcosy sinasnfcosy—cosasiny cosasinfcosy+sinasiny 00
[cospsny sinasinfsiny +cosacosy cosasngsiny-sinacosy Op
E -sng sina cosf cosa cosf3 OS
o o 0 0 10

Applying R ;s 10 @point P, we obtain:

PO P'.0
00 0.0

PO
Rcorrpos'te(y’ ﬁ’ 0') E%Pyljz DP" D:
010 010

%PX cospcosy + Py(sinasinﬁcosy—cosasiny)+ Pz(cosasin,Bcosy+sinasiny)
OP, cosfBsiny + Py(sinasin,Bsiny+ cosacosy)+ Pz(cosasin,Bsiny—sinacosy)
é — B, sinB+ P, sina cosfB+ P, cosa cosf3

1

I o

This case involves 16 multiplications, 4 additions, and 9 assignments to compute
the composite rotation matrix. After that, as long as the rotation angles remain the same, 9
multiplications, 6 additions, and 3 assignments are needed to calculate the rotation of a

point.
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Another way to calculate the rotation about all the three axes would be to apply

the rotations incrementally:

P’, =P, [cosa - P,[sina

1. Rotation about the x-axis: :
P, =P, sina + P, [€osa

P, =P, [cosf + PLISin S

2. Rotation about the y-axis; .
y P",= P",[Gosfi - P, (§in 8

P, = P [cosy - P’ lsin)
P", = P,Eny + P’ [¢osA

3. Rotation about the z-axis:
For each rotation this involves 4 multiplications, 2 additions, and 2 assignments.
So for al three rotations, 12 multiplications, 6 additions, and 6 assignments are needed.

The complexities for the rotation computation of n points are summarized in Table

2-1:
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# Multiplications # Additions # Assignments
Pre-Computation of
Composite M atrix 16 4 9
Rotation using
Composite M atrix In+16 6n+4 3n+9
Rotation about one
axisonly 4an 2n 2n
Sequential
computation 12n 6n 6n

Table 2-1: Complexities of Rotations of n Points

The decision about which technique to use depends on the specific application for

which the rotation is needed. If there is only a rotation around one axis at a time, it is

fastest to use the respective rotation matrix for a single angle. If the rotation is around all

axes, it depends on how many rotations occur for the same combination of angles. Here

only the multiplications need to be taken into consideration, since additions and

assignments are much less complex. Table 2-2 lists the number of multiplications which

are needed to rotate n points about all three axes. It shows that if there are less than six

rotations, the sequential computation is fastest, because the pre-computation of the

composite rotation matrix takes longer. But as soon as six or more computations are

needed, it is faster to calculate the composite matrix.
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# Multiplicationsusing # Multiplicationsusing
Number of Points (n) Pre-Computation Method | Sequential Computation
1 25 12
2 34 24
3 43 36
4 52 48
5 61 60
6 70 72
7 79 84
8 88 96

Table 2-2: Comparison of Computation M ethods

The algorithm which is developed in this thesis will need one rotation for each
point of the SOR at any rotation angle. Since many more than six rotations for each
combination of angles are needed here, the fastest way to do this is to pre-compute the

composite rotation matrix and to use it for each subsequent rotation.

2.2.3 Normal Calculations

Normal calculations have to be done for both the points on the surface itself, and

for the two disks which cover the ends of the SOR (see Figure 2-3).
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2.2.3.1 Points on the Surface

Figure 2-5: The Tangent Component

The only reason for computing the normals of all vertices is to find the color for
the shading. In case of a SOR finding the vertex normals is fairly easy. Figure 2-5 and
Figure 2-6 show the elements which have to be considered in order to find a surface

normal. First the normal at the very top of the object is to be found for a specific x

g)D
0
coordinate X, . It is the cross product of vector & = 0] pointing from the vertex into z
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01 0O
.o u 0
direction, and the vector b = If '(x,)[J pointing from the vertex and tangent to the curve,
H o

thus its y-coordinate is the dope of the derivative of the function f at the coordinate x.

This cross product equals
O f' 0
~_ _H (%)H
n’[Op = a x b = |:| 1 |:|
H o H

To find the normal vector at an arbitrary position around the disk, only the y and z
values have to be adjusted. The x value remains the same, since the rotation occurs in the

y,z-plane. The resulting formula for the normal vector at the angular position of ¢ is:

& (0)8
i(@, %) =0 cos(@) 0.
Hsing) H

The shading formula assumes a normalized vector. So

- ()
: o)
V=T () + cos' (@) +in°(#) § g o

ﬁnorm(¢’ XO) =

This simplifies to:
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o £ (%)E
Porm (@, %) = cos(@) [
& \/(_f'(xo))2+1§gn(¢) %
Y
_sna |
l : one disk
/
Cos a a

Figure 2-6: The Disk Components

2.2.3.2 Points on Disks

Finding the normal vectors for the points on the faces of the disks is easy. They

have the form
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5

e (Xo) = (00,

where the value d can either be 1 for sides pointing into the positive x-axis

direction, or -1 for disks pointing into the negative x-axis direction.

2.2.4 Projection to 2D Screen

The fastest way of performing projection, which produces redlistic images, is
parallel projection. Since in our 3D model, the viewer looks directly at the coordinate
system’s origin, and this vector is perpendicular to the screen plane, it suffices to take a 3D
point, drop its z coordinate, and scale the other two coordinates so that they fit on the
screen. Therefore the system has to know which coordinates the window boundaries
represent. Let WIDTH be the window width in pixels, LEFT be the world coordinate's
leftmost x value which is to be displayed, and RIGHT is the rightmost one. Then a point P
in 3D space has to be displayed at pixel coordinate Q in the window (assuming the
window coordinates origin is left). For maximum speed we use the following
abbreviation:

WDTH
RIGHT - LEFT

WDTH_DIV_DX =



31

So for the resulting pixel coordinate we obtain:

Q, = (P, - LEFT) WDTH_DIV_ DX

They coordinate can be found analogousdly.

2.2.5 Back Face Culling

The technique of back face culling is used to determine which polygons are facing
the viewer and are thus visible, and which are not. Ideally this requires the calculation of
each polygon’s normal, and rendering the polygon only if the normal’s z coordinate is
positive. However, this is inefficient. All four polygon vertex normals are already known,
and we can sum their z coordinates instead. We compare this value to 0, and again only a

value greater than 0 means the polygon is visible, otherwise it does not need to be drawn.

2.2.6 Painter’s Algorithm

The painter’'s algorithm states that a 3D image can be drawn correctly if al its
polygons are displayed starting with the one farthest from the view point, and drawing
each polygon up to the one closest to the view point. This method assumes that polygons

are convex, no two polygons intersect, no two polygons overlap in the z-axis direction,
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and a decent depth sort agorithm has to exist. All of those conditions apply without

modifications in the case of a SOR. The depth sort algorithm works like this:

First of al it has to be determined which end of the SOR is visible to the viewer.

m

This can be done by applying the current rotation transformation to a vector vV = [0

2

pointing in the positive x direction. The left edge of the SOR is farther away than the right

one if the z value of the resulting vector is greater than 0. Otherwise it is vice versa.

Suppose the left edge is farther away. If the SOR is to be displayed without
cylinders, all the surface polygons have to be drawn, starting with the leftmost ones, and a
fina end cover disk has to be displayed. If the SOR consists of cylinders, every other
cylinder cover has to be drawn between the surface polygons. The polygons on a specific
cylinder, as well as the triangles on a cylinder cover can be drawn in an arbitrary order,

since they do not overlap.
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2.2.7 Creation of Quadrilaterals

Y single polygon

Figure 2-7: The Verticesin a SOR

Unlike many complex 3D objects, al the vertices which are necessary to draw a
SOR could be computed while the application is running. However, it does make sense to
calculate these points only once, which is after the user entered the surface formula, so
that these calculations do not have to be done over and over again. These calculations
should be fast, because one of the goals of the program will be to be able to change the
number of SOR cylinders in realtime to create the impression of an animation. However,

this requires the complete recalculation of all surface vertices. (see Figure 2-7)
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There is a similar issue about the assignment of the vertices to polygons. Although
this could aso be done "on the fly", it is a little bit faster to make a list of the SOR’s
polygons and save it in memory. This list only needs to be changed when the number of

vertices changes.

2.2.8 Color Computation

Usually a SOR consists of two basic colors. One for the surface, and another one
for the cylinder covers. The system has to supply a number of shades in both basic colors.
There is no requirement for a "true color" system, but in case of a palette based system,
the shades of a color should have consecutive indices. This way there can be a direct
conversion of surface normals into the visible shade. Each color can be characterized by its

hue (base palette index) and its intensity (offset palette index).

In our lighting model, the visible shade consists of the ambient and the diffuse
components. The ambient part insures that no color on the screen has a shade with an
intensity below a minimum intensity, called the ambient intensity. According to Lambert’s
law, the diffuse component depends on the angle between the surface normal and the

angle in which the light source hits the surface. The intengity is proportiona to the cosine
of thisangle. Let fi, be the normalized surface normal, and I, be the normalized vector to

the light source. Then the cosine of the angle ©® between these vectorsis:
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since both vectors are normalized, and the light source is in the direction [0 at infinity.

ala

Thus, cog(©) = n,,. Since the diffuse reflection’s intensity is proportional to cos(©), it is
also proportional to n,,. So as soon as a vertex normal’s z coordinate is known, it can be

mapped linearly to a shade, remembering to add the ambient light value, as well as cutting

off at maximum intensity:

color _index = min(l ;e ! | o) -

diffuse? ' max

2.2.9 Fixed-Point Arithmetic

The fact that floating-point arithmetic is low, even when using specia chips to
speed them up, led to the idea of expressing floating-point numbers using integers. The
integer is divided into an integer part and a fractional part. The numbers of bits used for
the parts has to be determined according to the representation of the integer data type

used. Using 32 bit integers, a sample division could be 24 bits for the integer part, 8 bits
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for the fraction part. Having two fixed-point variables of the same type, they can be added
using the normal addition operation. Multiplying however requires more attention,
because the result has 16 fractional bits and thus only 16 integer bits. To convert it back to

the original representation, the variable has to be shifted right by 8 bit in this case.

Fixed-point numbers make most sense in the core shading routines, which have to
be called many times for each frame. Using them instead of all floating-point numbers
throughout the program would speedup the result even more, but the price is a much
harder to read source code and difficult debugging, since debuggers do not recognize

fixed-point variables.

2.2.10 Look-up Tables

Look-up tables are usually used for the fast computation of trigonometric
functions, mostly for sine and cosine. The creation of a look-up table is easy: al that is
needed is a global array with as many entries as values that are needed. Typically 360
entries are used in graphics applications, since this means enough precision when
displaying objects. Creating only the values for a fourth of a circle (for example), and
getting the other results by negating the values in the correct way would save memory, but

it needs a few more computations each time a value is looked up. The time for setting up
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the look-up table may be four times as much for an entire circle, but since this is done only

once at the beginning of an application, it is usually worth it.

Not only is the creation of alook-up table easy, but aso its use. Instead of calling
the mathematical function with the angle as a parameter, the array is addressed with the

angle as a parameter.

In the SOR shading process there is one other point when a look-up table helps.
This is when finding the correct color palette entry from the normal vector’s z coordinate.
This is a linear mapping process, and it can be implemented as a look-up table by
converting the z coordinate to fixed-point, and creating just as many array entries as

necessary to contain all the possible color shades for different values of the z coordinate.

2.2.11 Gradual Display of Rotation Process

To show how a SOR is generated by rotating the graph of a function around the
the x-axis, thus gradually displaying the SOR, there has to be a variable "gRevolution” in
the system, which is globally accessble. This variable initidly equals the number of
cylinder sectors. The display routine contains a loop which draws one cylinder sector after
another, up to "gRevolution". Finaly the idle routine of the application checks if the
variable "gRevolution" is smaller than its possible maximum "gSectors'. If it is smaller, it

isincreased by one.
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This way the user interface routine only has to set the variable "gRevolution” to

the value of 1, whenever the user requests this kind of animation.
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3 The Implementations

The last chapter introduced multiple 3D graphics techniques, which were explained
and optimized for the special case of a SOR. This chapter will introduce an actual
application, which uses all of those techniques for an optimized frame generation. To see
both the performance differences, and the differences in programming effort compared to
general 3D graphics toolkits, implementations in OpenGL and SPHIGS are going to be

presented as well. In each case only the algorithmically relevant parts will be discussed.

3.1 The Optimized Algorithm

The optimized agorithm is platform independent. It will be described in
pseudocode, in order to smplify both understanding and porting to other computer
systems. This chapter will explain al the necessary steps for the SOR to be drawn on
screen, as done in the sample program. All the agorithms are named according to the
corresponding routines in the code. System dependent issues will not be discussed here.
The actual algorithm is written in C, please refer to the appendix for the complete source

code of the module "fast-sor.cpp”.
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3.1.1 Create a New Vertex List

Chapter 2.2.7 mentioned that the creation of a list of vertices is not absolutely
necessary in case of a SOR. But it also says that it makes sense to get maximum speed. So
this implementation does create such a list. Each list entry contains 3 vertex coordinates
and 3 normal coordinates, both in world coordinates and for the current orientation. This

is a pseudocode representation of the process:

Inputs: - number of cylinders
- number of sectors
Outputs: - number of vertices
- pointer to vertex list
Algorithm:
1. compute the number of vertices needed
2. allocate memory for the vertex structures
3. create midpointsfor left and right end disks
4. for all cylindersdo
for all cylinder sectorsdo
compute vertex coordinates
compute vertex normals
end for

end for

5. update polygon list

Algorithm 1: NewVertexList
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3.1.2 Create a New Polygon List

Although the program does not necessarily need a list of polygons (it could be
generated at runtime), thisis done to get both maximum speed and easier debugging. The
polygon data structure mainly contains the array indices of the polygon vertices, and the

polygon normals. The creation process looks like this:

Inputs: - number of cylinders
- number of sectors
- number of vertices
- pointer to vertex list
Outputs: - number of polygons
- pointer to polygon list
Algorithm:
1. compute the number of polygons needed
2. allocate memory for the polygon structures
3. create left and right end disks
4. for all cylindersdo
for all cylinder sectorsdo
compute the array indices of the polygon vertices
compute the polygon normals
end for

end for

Algorithm 2: NewPolygonL st
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3.1.3 Draw the Surface

This is the main drawing routine. It computes the current coordinates of both
vertices and vertex normals. It draws the coordinate axes, it shades the polygons, and it
draws the function outline if necessary. Surface polygons are shaded using the algorithm
from chapter 2.2.1, cover disks use flat shading with a previousy computed color, since

thelr orientation to the lightsource is the same for the entire object.
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Inputs: - number of vertices
- pointer to vertex list
- number of polygons
- pointer to polygon list
Output: - calls shading routines
Algorithm:
1. for all verticesin the current surface orientation do
compute vertex coordinates (rotation, see chapter 2.2.2)
compute normals
project verticesto current screen coordinates (see chapter 2.2.4)
compute vertex colors (see chapter 2.2.8)
end for
2. determine the polygons drawing order (for painter’salgorithm)
3. draw coordinate axes
4. for all polygonsdo
if the current polygon faces the viewer (see chapter 2.2.5) then
if the polygon ison the surface or a cover disk then
draw the polygon (see chapter 2.2.1)
end for
5.if in O degrees position then

draw function outline

Algorithm 3: DrawSurface




3.1.4 Rotate a Point

Inputs: - pointer to point to rotate
- current rotation angles
- sine look-up table
- cosine look-up table
Output: - pointer to rotated point
Algorithm:
1. for all thethree possible rotation angles do
if angle has changed then {
memorize current angle

precompute sine and cosine for thisangle

end for
2. if alpha or beta have changed then

calculate alpha and beta dependent rotation matrix elements
3. if beta or gamma have changed then

calculate beta and gamma dependent rotation matrix elements
4. if any rotation angle has changed then

calculate rotation matrix elements which depend on all angles

5. multiply rotation matrix and input point

Algorithm 4: Rotate
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Chapter 2.2.2 develops the fastest way to rotate a 3D point. That is exactly how
this routine is designed. It rotates a single 3D point about al the three coordinate axes
using the rotation matrix. The elements of this matrix are only recalculated if the

appropriate rotation angle has changed.

3.1.5 Project and Transform a Point to Screen Coordinates

The 3D to 2D projection is very simple. Since it is a parale projection, it just
maps the world x and y coordinate values to their respective screen coordinates, according

to chapter 2.2.4:

Inputs: - pointer to point to transform to the screen
- screen width and screen height
- world width and world height
- left and bottom world edges

Output: - pointer to point in screen coordinates

Algorithm:
1. screen.x = (world.x - world.left_edge) * screen.width / world.width

2. screen.y = (world.y - world.bottom_edge) * screen.height / world.height

Algorithm 5: Project



46

3.1.6 Get a Vertex Color

This routine is passed a vertex and a base color. It then computes the color in the
current lighting conditions. This is simply done by looking up the vertex normal’s z
coordinate in the lighting look-up table. The value found is added to the ambient light

constant, and the result is checked for being within the valid range. Finally the base color

value is added.
Inputs: - pointer to normal vector
- baseindex of color
- color look-up table
- ambience color value
Output: - normal vector’s color index
Algorithm:

1. look vertex normal’s z coordinate up in lighting look-up table
2. add ambience color value
3. if result isnot in range then

set color value to maximum value

4. add base color valueto set hue

Algorithm 6: GetVertexColor
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3.1.7 Shade a Quadrilateral

This is the main shading routine which processes a given quadrilateral. First the

four boundary lines are found, then the interior isfilled.

Inputs: - pointer to polygon

- height of output window
Output: - callsbasic shading routines
Algorithm:

1. initialize boundary arrays
2. for all four boundary linesdo

Process Boundary Line (see Chapter 3.1.8)
end for

3. draw the polygon (see Chapter 3.1.9)

Algorithm 7: ShadeQuadrilateral

3.1.8 Calculate the Boundary Line Shades

This routine calculates the coordinates and colors for a pixel line between two
projected points. The x-coordinate for each point on the line is checked to see if its value
is between the current boundary array values. If it is not, the respective array values in
both the x coordinate arrays, and in the color arrays are adjusted. However, no pixels on

screen are affected by this algorithm. The pseudocode for this procedure is:
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Inputs: - two line end points
- colors of the two line end points
- minimum and maximum x coordinate arrays
- two pixel color arrays

Outputs: - updated minimum and maximum x coordinate arrays
- two updated pixel color arrays

Algorithm:

1. if point aisbelow point b then

swap points
2. set x and y position countersto coordinates of point a

3. color counter = color value of point a

4. color increment = (

b—a)

y y
x_ax

o b
5. x position increment = (m
y y

)
6. whiley position counter isabove point b do
if new minimum x position found then
adjust minimum array
if new maximum x position found then
adjust maximum array
X position = X position + x increment
color = color + color increment
y=y+1
end while

Algorithm 8: ProcessBoundaryLine
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3.1.9 Draw a Polygon

This routine uses the data of the polygon boundary arrays to render a polygon on
screen. It draws the polygon scanline by scanline, interpolating the color inbetween
according to the colors in the previoudy calculated bounding arrays. This routine is the

only one in the entire program which directly accesses the pixmap!
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Inputs: - minimum and maximum x coordinate arrays
- two pixel color arrays
- pointer to output window pixmap
Outputs: - updated output window pixmap
Algorithm:
1. for all y positionsin polygon do
2. if noboundary is set then

continue with next y position

3. initialize x counter with minimum boundary value at thisy position

4. initialize color counter with itsrespective color value
5. if boundary = 0 then
color increment =0
else

color increment = 1/ (width of thisscanline)

7. pixel pointer = screen coordinate of beginning of current scan line

8. while x <right edge of thisscanlinedo
draw pixel in current color
pixel pointer = pixel pointer + 1
color value = color value + color increment
X=x+1
end while

end for

Algorithm 9: ProcessScanLines
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3.2 The Microsoft Windows Version

This version ("Fast SOR") is the only one which is based on the agorithm which
was described in chapter 2. It runs on Microsoft Windows 95 and NT systems provided
the WinG driver isinstalled properly (it is distributed by Microsoft). The source code was

compiled with Microsoft Visual C++ 5.0.

The implementation uses direct addressing of the output graphics pixmap for
maximum performance. Although pseudocode is used, all procedure names used below are

also used in the source code. The chapter titles correspond to them as well.

3.2.1 The Color Palette

The size of the pixmap depends on the number of bytes each pixel uses. The
smaller this number, the faster the algorithm, and the smallest acceptable number is one,
which allows 256 different colors. Most computer systems do not have fixed color modes
for 8 bit per pixel graphics modes, instead this byte is used as an index into a color palette.
The graphics hardware uses the palette as alook-up table to find the actual colorsit has to
display. It is up to the programmer to setup this color palette, the Windows interface only
requires the programmer not to use the first ten and the last ten entries, these are fixed.

(So that the window elements do not change when an application changes the palette.)
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If shading is involved there have to be a number of shades for every basic color
which occurs on the object. So a good strategy isto restrict the number of different object
colors, so that the number of shades of each color is at least 16. Otherwise the result looks

rather ugly.

3.2.2 The Graphics Engine

It is was not possible for Windows programmers to directly access single pixels in
a window until the release of the WinG extension. WinG provides the programmer with

several of APl extensions, of which the two most important are:

» amethod for accessing the pointer to the pixmap which represents the contents

of a graphics window

» amethod quickly copying a pixmap to an on screen window (bit block transfer)

The sample program does not use the WinG functions directly, they are addressed
through alibrary file ("engine") providing the Windows related routines. This way porting
the algorithm to other systems should be rather easy, because only the library file has to be

rewritten.
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3.2.3 The Dialog Elements

Since the sample program is a true Windows program, it has a menu bar and a
dialog window. These and the regular event handling use callback routines, which are all
located in a separate module ("fast-win.cpp"), so that they could be adapted to a different
operating system. Additionally there is aresource file ("fast-sor.rc") which contains all the

information about the dialog elements, and which is also MS Windows specific.

Figure 3-1 shows the dialog box which is used in the Windows implementation.

— Function Selection Ambience
 y=|xl Brightnezs Close |
Coy=y2
5 -
" y=5QRT1+"2] I ZI ITI

© y=50RT(1x1]

— Cylinders
Approximation Diraw bode

—Rotation———————

Abaut & axis II:l ﬂ © Frustums = Solid

Ahout Y axis |g4 ﬂ " Centered o+ wireframe

£ Minimum " Graph
About £ axis |-|2|:| ﬂ

g # Cylinders IE EI Animation |

Beset | H Sectors |5 ﬂ Hegu:ulutiu:unl

— Dizplay Speed
I 20.0 Mext Frame I A
frames/zec E=t. Trigoered Fastest

Figure 3-1: The Windows Dialog Box



3.2.3.1 The Function Selection

In the upper left corner of the dialog box the user can choose one of four available
surface functions. They cannot be changed in the program, but it is easy to implement

different functions in the source code.

3.2.3.2 The Ambience Color Selection

In the upper middle of the dialog box the user can adjust the ambience brightness.
Usually the default value does not need to be changed, but this value shows that the

ambience color can be chosen arbitrarily.

3.2.3.3 The Rotation Parameters

The left area of the dialog window enables the user to choose the angle from which
he or she would like to look at the SOR. The vaues show the SOR'’s rotation around the
coordinate axes in degrees. First the x-axis rotation is applied, then the object is rotated

about the resulting y-axis, and finaly it is rotated about the resulting z-axis.

When "Automatic" is checked, the SOR rotates automatically, so that the user gets

agood impression of the three dimensional object.
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3.2.3.4 The Approximation Modes

The dialog box in Figure 3-1 offers three different approximation modes:

"Frustums', "Centered", and "Minimum".

e In "Frustums' mode, the SOR appears as smooth as possible, because the
cylinders of which it consists, are not directly visible. They are represented as
frustums, and as the number of cylinders increases, the frustums become
smaller, and thus the SOR looks smooth. This is the three dimensional
equivalent of atwo dimensional function, which is approximated by a number

of lines.

* In"Centered" mode the height of the cylinders is determined by the function
value in the middle of the cylinders. Thus, only the middle of each cylinder has

exactly the correct height for the respective x value of the SOR.

* In"Minimum" mode, the height of a cylinder depends on the minimum function
value at their position. Thus, the cylinders are dways smaller than the exact

function graph.

3.2.3.5 The Draw Modes

Figure 3-1 offers three different draw modes for the SOR:
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e "Solid" means that the SOR is rendered as a solid object in the three

dimensional space.

» "Wireframe" draws only the polygon edges of the SOR. This can be used to

show the polygons of which the SOR consists.

» "Graph" draws a planar polygon, of which the top edge is the function graph,
the bottom edge is the x-axis, and the left and right edges are vertical lines at
the clipping positions of the SOR. This draw mode is to show the function

which isrotated to obtain the SOR.

3.2.3.6 Animation

In the lower right of the dialog window, the user can choose the number of
cylinders and sectors of which the SOR consists. When values are chosen that give a SOR
representation which is similar to the ideal one (e.g. 30 cylinders, 20 sectors), the buttons
"Animation" and "Revolution” trigger animations starting with 1 cylinder or 3 sectors, and

counting up to the selected values.

3.2.3.7 Display Speed Adjustments

If in the animation modes the display speed is too fast, the user can dide the speed

control bar to the left, until he or she gets the desired animation speed. In the leftmost
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position, the animation is stopped. In this case the user can switch to the next frame by
clicking on the "Next Frame" button. If the scroll bar is in its rightmost postion, the

animation is executed without delay.

3.3 The OpenGL Version

The OpenGL implementation (" ShadeSOR") of the surfaces of revolution program
compiles with the MS Visua C++ 5.0 compiler on the PC, and with the Code Warrior
compiler on the Apple Macintosh. System specific lines of code are put between compiler
directives, so that one source code file is sufficient for both systems. If the macro
"WIN32" is defined, the file compiles on a Windows machine, otherwise it compiles on the
Macintosh. The compiler directive disables the display of the rendered number of frames

per second on the Macintosh. Figure 3-2 shows the MS Windows output.
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|Reset |

|Anglex++| |Anzlex--| 0
|Anglev++| |Anglev--| 19
|Anglez++| |Anglez--|19

|Disks++ | |Disks—- |10
|SEct’s++||SEct’s——|10

|RDtatiDn |DFF

|Reunlutiun |DFF
|Diskanim |DFF

Shading unicolor

Function | =1

Di=zkmode |centered

| Quit |

1.18fps=

Figure 3-2: The OpenGL implementation

Since the OpenGL version is only designed to compare it to the new algorithm, it
will not be discussed in the same depth as the MS Windows version was. The following

paragraphs will give short descriptions of the most important routines, in processing order.

The main() function creates the output window, and it instals the calback

routines. It initializes the surface parameters, and it sets up the lighting parameters.
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The function NewVertexList() determines which display mode is active, and it
branches to the generation routines of objecs with or without cylinders. Since the basic
rendering elements in OpenGL are triangles, both surface polygons, and end disk polygons
are triangles. The new algorithm uses quadrilaterals for the surface polygons, and triangles

for the end disks.

Since SmoothSOR() is a subset of CylindersSOR(), only the latter one will be
described here. CylindersSOR() first allocates memory for the vertex list. Then it
computes the vertices on the x-axis, which are used as midpoints for the cover disks. After
that all the surface vertices are computed. Then the number of triangles needed is
determined, and memory is alocated for them. The memory is filled with the lists of
surface and cylinder covering triangles. Finaly the normals for al the triangles are

computed in the GenerateNormals() routine.

The NewPolygonList() function creates an OpenGL display list for the previoudy
computed triangles, and for the function outline, which is generated here. From this point
on the program can display the SOR only by addressing the display list. This is to save

execution time.

If only the view angle changes, it is not necessary to recompute the display list.

Instead, it is sufficient to call the RedrawScreen() function.
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Another important routine is the MouseCallback() function. It processes all the
mouse messages, which are triggered whenever the mouse button is pressed. This routine
switches the various interaction possibilities, which can be seen on the screen (see Figure

3-2).
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3.4 The SPHIGS Version

[ Meazure Time ] [ + ] [ - ]
[ Mext Parameter ] [xr-.ﬂin] [x Max] [Disks] [Seu:t's]
Surface Params | -100] [ to0 | [1000 | [ 1000 |

Figure 3-3: The SPHIGS implementation
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Similar to the OpenGL version, the SPHIGS version ("Unix SOR") was made for
performance comparison reasons only. It was compiled with the GNU C compiler "gcc”

onaLinux PC.

There is only one surface function available, which represents a circle (see Figure
3-3). The output window contains four equally sized windows, each of them is individually
accessible by the user. By default the top left window shows a wireframe representation,
the top right window shows a flat shaded object, and the two bottom windows use light

source dependent shading with different locations of the light source.

Interndly the data is kept in a structure, of which the format is predefined by the
SPHIGS graphics library. After the vertex coordinates have been caculated by the
CreateSurfaceOfRevolution() function, the CreateSurfaceStructure() routine initializes the
polygon structure it at the beginning of the program. Whenever the vertex positions

change, this structure has to be updated by the UpdateSurfaceStructure() function.

The function Displaylnitial Views() shows the output windows for the first time. If
the user choses a different current output window, SelectView() is called. If the time for
the generation of the output image is important, RedrawViewport() can be called, and it
displays the required time on the screen. This is done whenever the "Measure Time"

button is pressed.
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Most of the other routines are either called only once, for initialization reasons, or

they are used for the button handling, and therefore they will not be discussed here.

3.5 Porting to other Systems

The MS Windows version, which is the only one implementing the new agorithm,
is designed to be easily portable to other computer systems. As long as a C compiler is
available for the target system, only the Graphics Toolkit library ("GrafTool") has to be
adapted, and the Windows message handling ("Fast-Win") has to be converted. The SOR
manipulation routines are system independent and can thus be imported directly into the

new source code file.

If it happens that the conversion of the Windows GUI (Graphic User Interface)
message handling routines cannot be done, a new set of routines has to be written on the
target system. But the interface to the main program’s parametersis smple, because all the

interaction parameters can be accessed as global variables.

This independence of the interaction mechanism also enables the program to be
included in the TEMATH project. In this case it would receive all its input from the

TEMATH interface.



4 Performance Analysis

This chapter will discuss the performance of the new agorithm in comparison to
the current 3D graphics environments OpenGL and SPHIGS. A runtime comparison will
be done, and profiler outputs showing the exact locations of speed traps will be presented.
The complexity of the new agorithm will be determined. Finaly possibilities for future

extensions to the agorithm will be discussed.

4.1 Comparison of the Implementations

Table 4-1 shows the number of frames per second which can be displayed by the
three different implementations of 3D surfaces of revolution. The following characteristics

were the same for al measurements;

* the programs were executed on a Pentium 120 PC

* the new agorithm and the OpenGL version used MS Windows 95
* theoutput area was 300 x 300 pixels

» the surface function was: f (x) = ﬁ (sphere)

* incase of light source shading, only one light source was used
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The table shows frames per second for different combinations of cylinders, sectors,
and rendering modes. The rendering modes are:

* WW = MS Windows version, wireframe, frustums

* WL = MSWindows version, lit shading, frustums

» WD = MS Windows version, lit shading, centered cylinders

* OF = OpenGL version, flat shading, frustums

* OL = OpenGL version, lit flat shading, frustums

* OD = OpenGL version, lit flat shading, centered cylinders

e LW =Linux version, wireframe, frustums

* LF=Linux version, flat shading, frustums

e LL =Linux version, lit flat shading, frustums

In Table 4-1, ">10.0" means that more than 10 frames can be displayed per
second, but the exact number cannot be computed, because the timer resolution is too
low. "n/a" means that no measuring could be done due to the enormous time consumption

of the respective tests.
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Cyl's | Sect’'s | WW | WL WD OF oL OD LW LF LL

>100 | >100 | 91 50 5.0 5.0 1250 | 435 | 270

>100| 91 8.3 3.7 3.6 3.3 83.3 7.9 9.8

3

5 5 >10.0 | >10.0 | 91 50 5.0 3.6 100.0 | 15.9 15.2
7
9

9.1 9.1 8.3 3.6 3.5 3.0 58.8 3.8 6.7

11 11 9.1 8.3 8.3 3.7 3.6 2.7 45.5 24 51

13 13 8.3 8.3 1.7 3.3 31 25 35.7 16 3.9

15 15 8.3 1.7 7.1 3.2 3.0 2.3 294 11 3.0

17 17 8.3 7.7 6.7 31 29 20 233 0.8 25

19 19 7.7 7.1 6.3 3.0 2.8 19 19.2 0.6 21

21 21 7.1 7.1 59 29 2.6 1.8 159 0.5 1.8

50 50 3.6 3.8 2.5 16 12 0.6 na na na

99 99 1.3 15 0.8 n/a n‘a n‘a n‘a n‘a n‘a

3 60 8.3 1.7 7.1 3.7 3.5 29 38.5 154 4.2
9 20 8.3 8.3 7.7 35 3.2 2.6 35.7 7.8 4.0
20 9 8.3 8.3 7.1 3.2 3.0 2.3 34.5 4.8 34
60 3 8.3 1.7 6.7 29 2.8 20 31.3 2.8 24

Table 4-1: Algorithm Speed Comparison

The most interesting results the table shows are:

» The new agorithmisup to 3.5 times as fast as the OpenGL implementation.

» The new agorithmis up to 4 times as fast as the SPHIGS implementation.

* In the modes with centered cylinders, compared to frustums, the new algorithm

loses less speed with more polygons than the OpenGL implementation.
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The new agorithm is the only one that can display 99 cylinders and 99 sectors

in a reasonable time.

Comparing the 3x3 (cylinders times sectors) and the 21x21 tests, the new
algorithm retains 65 % of its performance, the OpenGL version retains 50 %,

and the SPHIGS version retains only 10 % of its 3x3 performance.

The SPHIGS version is the fastest of all when displaying objects with very few

polygons.

The SPHIGS version is the dowest of all when displaying objects with many

polygons.
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4.2 Profiler Results

Both the MS Windows version, introducing the new algorithm, and the OpenGL
version were processed by the Visual C++ profiler. The following profiler outputs are
shortened to show only the most interesting values. For a reference of the original profiler
outputs, please refer to chapter 6.1. Both programs ran for approximately 45 seconds.
During this time the Windows version displayed 374 frames (8.4 fps), while the OpenGL

version generated only 233 frames (5.0 fps).

4.2.1 MS Windows Version

Table 4-2 shows the most important information of the profiler output of the MS
Windows version ("Fast SOR"), containing the new algorithm. Please see the appendix for

the complete profiler output.
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Function Function + Hit
Time % Child Time % Count Function Name
36309.699 | 81.3 | 36309.699 81.3 377 _WinGBitBlt@32
3561.250 | 8.0 3601.149 8.1 15682 ProcessScanL ines()
1462.713 3.3 1462.713 3.3 374 GT.Clear()
710.198 16 710.198 16 62728 ProcessBoundaryLing()
497.585 11 5844.597 13.1 374 DrawSurface()
398.233 0.9 398.233 0.9 94996 Rotate()
382.284 0.9 36691.982 82.2 377 GT.Paste()
294.661 0.7 3190.973 7.1 13085 ShadeQuadrilateral ()
190.438 0.4 43995.080 98.5 374 RedrawSOR()
101.335 0.2 101.335 0.2 | 34034 Project()
80.306 0.2 80.306 0.2 4114 GT.Ling)
77.839 0.2 77.839 0.2 29920 GetVertexColor()
57.774 0.1 1472.809 33 2597 ShadeQuadConst()
27.759 0.1 27.759 0.1 15360 GT.SetPixd()
25.517 0.1 105.823 0.2 1870 DrawArrow()
3.221 0.0 43881.998 98.3 373 IdleCallback()
0.230 0.0 0.230 0.0 70 ComputeNormal()
0.043 0.0 0.043 0.0 165 Func()

Table 4-2: Fast SOR Profiler Output

The table shows that 81.3 % of the time are used by the WinG function which
copies the image buffer from memory to screen. Only 18.7 % of the entire runtime are
needed by the image generation routines. Among these ProcessScanLines() is the most

time consuming one, it uses 8 % of the time. Thus it was worth optimizing this routine. It
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uses fixed point arithmetic, and shift operations instead of multiplications. The next one in
the list is GT.Clear(). It uses 3.3 % of the running time only for clearing up the image
buffer before a new image is drawn. This is an external routine, and therefore it cannot be

optimized any more.

All the rest of the program needs only 7.4 % of the running time. Some frequently
used routines, which might look complex at first, prove to be efficient (Rotate() or

Project()). The profiler proves that the optimization was successful.

4.2.2 OpenGL Version

Table 4-3 shows the most important information of the profiler output of the
OpenGL version ("ShadeSOR"), running on a Windows machine. Please refer to the

appendix for the complete output.
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Function Function + Hit
Time % Child Time % Count Function Name
26472.044 | 56.4 26472.044 56.4 233 DrawFunction()
17250.669 | 36.7 17250.669 36.7 233 _olutSwapBuffers
2826.549 6.0 2826.549 6.0 2330 _glutBitmapCharacter
197.383 0.4 46773.589 99.6 233 RedrawScreen()
26.944 01 2853.493 6.1 233 WriteT ext()
4.185 0.0 46219.506 98.5 230 |dleCallback()
0.936 0.0 0.936 0.0 355 Func()
0.332 0.0 0.332 0.0 140 VectorProduct()
0.151 0.0 0.151 0.0 2 SetViewParams()
0.067 0.0 0.067 0.0 140 SetColor()

The OpenGL implementation uses 56.4 % of the time on the image drawing
process, which mainly consists of calling the SOR display list. An additional 36.7 % of the
time are used to swap the memory buffer to the screen. Surprisingly the bitmap font

displaying routine is not very time efficient, it uses 6.0 % of the runtime. All the rest of the

Table 4-3: Profiler Output of OpenGL version

functions use only 0.9 % of the time.

The profiler output shows that there is no unnecessary bottleneck in the image
generation process. Most of the time is used for OpenGL’s internal routines, which cannot

be omitted or replaced. At least all the rest of the functions are fast enough, so that they

do not use a significant amount of time in the displaying process.
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4.3 Complexity

This chapter will discuss the complexity of the program’s core functions, which are
the functions that are necessary to display the 3D object on the screen. The functions are
going to be listed in the order of processing. First a list of vertices has to be created by
NewVertexList(), which uses Func() to get the function values. These vertices are then
combined to polygons by NewPolygonList(). In order to draw the object, the function
DrawSurface() is called. For rotations it calls Rotate(), for 3D to 2D projections it uses
Project(), it calls GetVertexColor() to find out about the colors, and depending on the
type of polygon it calls ShadeQuadrilateral() or ShadeQuadConst() for the shading. The
latter routines then call ProcessBoundaryLine() once for each polygon edge, and they call

ProcessScanLines() to draw the polygons.

Table 4-4 lists the complexity values for all of the above functions, and it shows
the sums of operations which are necessary to generate a single frame with c cylinders and
s sectors. The disk mode is set to frustums, the function is f (x) = x*. All the rotational
angles are set to 0, so that exactly one half of the polygonsis visible. For c=10 and s=7, an
experimental value for the average y extension of polygon edgesis y =16.87, and polygon
scanlines have an average x extension of X =12.49. You can get these numbers, when
shading a typical SOR, by adding up all x and y extensions (i.e. the nhumber of pixels

between the minimum and maximum coordinates in either the x or the y direction) of all
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polygon edges on the screen, divided by the number of polygon edges. "H" is the output

screen height in pixels (here: 300). "Mults' is the number of not only multiplications, but

also divisions. "Adds' are not only additions, but also subtractions. "Others' are modulo

values, square roots, absolute values, and trigonometric functions.

Function Name #Calls |#Mults| #Adds | #Assgnmnts | #Comp's | #Others
NewVertexList() 1 7cst7s | 7cst7st4c | 9cst9st+2c+2 Cstst 5cst+5s+
+5 +14 3 4c+22 ctl
Func() 2cst2s 1 0 1 1 0
+c+l
NewPolygonL ist() 1 2 7cst5c+10 | 6est3c+18st | cstbe+ cst2s
s+9 12 6s+13
ComputeNormal() cs 6 9 13 1 0
DrawsSurface() 1 0 cst2s 3cstbstb | 3.5cst7s+ 0
1
Rotate() 3cst4s 9 6 3 4 0
+4
Project() Cstst2 2 3 2 0 0
GetVertexColor() CSt+s+3 1 2 4 2 0
ShadeQuadrilateral() | 0.5cs+s 2 0 16 0 0
ProcessBoundaryLing() | 2sc+4s | 1.5y + 3y+5 4y + 3y+2 0
6 10
ProcessScanL ines() 0.5scts| (3+X) | (B+3X)H/ | (B+X)H/9+ | (1+X)H/9 0
H/9 9+2H+2 H+4 +2H+2

Table 4-4: Complexities of the Fast SOR Routines
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In order to obtain the total number of operations, we have to multiply each
function’s number of calls with the respective number of operations for a specific operation
type. To keep this calculation simple, we assume that the drawing of quadrilaterals is an
atomic operation. (This means that ProcessBoundaryLine() and ProcessScanLines() are
not part of the calculation.) Table 4-5 shows the tota numbers of operations for each

operation type, as well as an evaluation for c=10 and s=7.

Typeof Operation | # Operationsfor any cand s | # Operationsfor c=10, s=7
Multiplications 46cs + ¢ +50s + 51 3631
Additions 47cs+9c+48s+59 3775
Assignments 56¢cs + 6¢ + 68s + 69 4525
Comparisons 225cs +10c + 34s+59 1972
Others 6cs+c+7s+1 480

Table 4-5: Complexities by Type of Operation

The numbers of operations show that the connection between the number of
cylinders and sectors in the SOR, and the number of operations necessary to render the

SOR, islinear in each variable.
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4.4 Further Optimization

What effort will be needed for a significant improvement of the agorithm? At
present, the Fast SOR program spends 81.3 % (see section 6.2: Complete Profiler Output)
of its run time in the operating system’s routine which copies the image from memory to
the screen. Suppose the computer system can draw a maximum of 20 frames per second.
This means that it needs 50 ms (milliseconds) for the generation of one frame. The
operating system uses 81.3 % of that time, which is 40.7 ms. This leaves 18.7 % = 9.3 ms
for optimizations. In order to obtain one additional frame per second, the program would
have to produce aframe in 1/21 seconds = 47.6 ms. The operating system again uses 40.7
ms, so the algorithm would have to do the same things as before in only 47.6 ms - 40.7 ms

= 6.9 ms, which is about 3/4 of the original time.

This means in general: suppose the operating system uses s percent of the run time,
and the current frame rate is f. If an optimization leaves a fraction of x percent of the
original run time of the actual algorithm, the new framerate f' is:

f

fl=FF—.
(1-9)x+s

The maximum frame rate that can be achieved from optimizing the routines can be
calculated from the time the operating system needs to display a frame on screen. In the

above example this is 40.7 ms. That means there can be a maximum number of
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1000 ms
40.7 ms

=246 frames per second. In general, if a given operating system needs t

milliseconds to display a frame on screen, the maximum number of frames per second it

1000 ms
can display with a perfectly optimized algorithm is frames per second.

The above example shows that the developed agorithm cannot be improved
substantially. This would only be obtained if the algorithm could manipulate the video
memory directly, so that the operating system cannot interfere with the algorithm. But the
resulting implementation would be highly machine specific, it would even depend on a
specific version of the operating system. Currently, in most of the operating systems it is
not even alowed to access video memory directly. This is to protect the other screen

windows from being overwritten.

4.5 Possible Future Enhancements

Chapter 6.2.1 showed that the new algorithm uses much less time to generate the
output image on an offscreen buffer, than Windows specific functions need to display this
buffer on screen. Isit still possible to increase the speed of the image generation process,
except by using a faster processor? One way would be to speed up the internal Windows
functions. This could be done by a better display driver, which is the approach the Direct

X extension uses. Or it can be done by hardware acceleration, which is provided by the 3D
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acceleration cards on the graphics equipment market. Using a 3D card might well give
OpenGL a good chance to outperform the new algorithm, since OpenGL is designed to
take maximum advantage of this equipment. The new algorithm will not be able to use

special 3D hardware, since it does al the 3D processing by itself.

Another area of algorithm enhancement would be the use of fixed-point arithmetic
instead of the remaining floating-point computations. Although all the frequently called
routines use fixed-point arithmetic aready, there are still some less important routines
which do not take advantage of it yet. Many of the high level vertex and normal

calculations are still done with floating-point numbers.

The current version uses a core shading algorithm which is based on the Gouraud
shading algorithm. Although it generates nicely shaded surfaces, it might be interesting to

see if aPhong shading based algorithm would improve it.

Furthermore it might be interesting to figure out how a random position of the
lightsource, instead of the fixed one in the new algorithm, would affect the speed of the

image generation. It would certainly increase the image realism.
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6 Appendix

6.1 List of Algorithms

AIGOrithm L1: NeWVErtEXLIS ...ooeuieiieiie i 40
Algorithm 2: NeWPOIYGONLISE ......coiiiiiie et 41
AlgOorithm 3: DraWSUITACE ......cvvie i 43
AIGOrtRM 4: ROLALE......cueiiiiie ittt ettt e e snteeenreas 44
AlGOrtNM 5: PrOJECE ..o e et 45
AlgOrithm 6: GEtVErtEXCOION .......ceiuiieiiee ettt 46
Algorithm 7: ShadeQuadrilateral ..........cocovviiieiiieeiie e 47
Algorithm 8: ProcessBouNdaryLiNe.........cccuviiieiiieeiiee e ssiee e 48

Algorithm 9: ProCeSSSCANLINES........coiiiiiiiii ettt 50
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6.2 Complete Profiler Output

MS Visual C++ produces a more detailed output than the one given in chapter 4.2.
The complete output to both the WinG version, and the OpenGL version is presented in

the following two chapters.

6.2.1 Microsoft Windows Version

Program Statistics
Total tinme: 44812.865 mllisecond
Tine outside of functions: 169.063 mllisecond
Call depth: 7
Total functions: 53
Total hits: 308711
Functi on coverage: 88. 7%
Overhead Cal cul ated 14
Over head Average 14

Modul e Statistics for fastsor. exe
Time in nodul e: 44643.802 nillisecond
Percent of tinme in nodul e: 100.0%
Functions in nodul e: 53
Hts in nodul e: 308711
Modul e function coverage: 88. 7%
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Func Func+Chi I d Hit
Ti me % Ti me % Count  Function

36309.699 81.3 36309.699 81.3 377 _WnGBitBlt @2 (wi ng32.def)

3561. 250 8.0 3601. 149 8.1 15682 ProcessScanLi nes() (fast-sor.obj)

1462. 713 3.3 1462. 713 .3 374 TGT::Cear() (graftool.obj)
710. 198 1.6 710. 198 1.6 62728 ProcessBoundaryLine() (fast-sor.obj)
497. 585 1.1 5844.597 13.1 374 DrawSurface() (fast-sor.obj)
398.233 0.9 398.233 0.9 94996 Rotate() (fast-sor.obj)
382. 284 0.9 36691.982 82.2 377 TGT: : Paste() (graftool.obj)
294. 661 0.7 3190. 973 7.1 13085 ShadeQuadrilateral () (fast-sor.obj)
190. 438 0.4 43995.080 98.5 374 RedrawSOR() (fast-sor.obj)
150.936 0.3 44642.545 100.0 1 _WnMin@6 (fast-wi n.obj)
146. 020 0.3 157. 128 0.4 1 TGT:: CreateUserPal ette() (graftool.obj)
101. 335 0.2 101. 335 0.2 34034 Project() (fast-sor.obj)

80. 306 0.2 80. 306 0.2 4114 TGT: :Line() (graftool.obj)

77.839 0.2 77.839 0.2 29920 Get VertexColor() (fast-sor.obj)

65. 669 0.1 65. 669 0.1 4 W nGSet DI BCol or Tabl e@6 (w ng32. def)

57.774 0.1 1472. 809 3.3 2597 ShadeQuadConst () (fast-sor.obj)

33.779 0.1 300. 528 0.7 61 WnProcParent() (fast-wi n.obj)

27.759 0.1 27.759 0.1 15360 TGT: : Set Pi xel () (graftool.obj)

25.517 0.1 105. 823 0.2 1870 DrawArrow() (fast-sor.obj)

22.432 0.1 22.432 0.1 15682 TGT:: Get Wdth() (graftool.obj)

17. 467 0.0 17. 467 0.0 15682 TGT: : Get Address() (graftool.obj)

10. 519 0.0 10. 519 0.0 1 TGT::C earSystenPal ette() (graftool.obj)
7.024 0.0 7.024 0.0 2 _WnGCreateBitmap@2 (w ng32. def)
3.221 0.0 43881.998 98.3 373 1dl eCall back() (fast-sor.obj)

1.680 0.0 2.883 0.0 1 NewMertexList() (fast-sor.obj)

1.594 0.0 1.594 0.0 1 InitLookupTabl es() (fast-sor.obj)
1.426 0.0 1. 426 0.0 2 TGT::Delete() (graftool.obj)

0. 969 0.0 0. 969 0.0 377 TGT::Set() (graftool.obj)

0. 930 0.0 1.160 0.0 1 NewPol ygonLi st () (fast-sor.obj)

0.528 0.0 0.528 0.0 2 _W nGCreat eDC@ (wi ng32. def)

0.515 0.0 73.185 0.2 2 TGT:: New() (graftool.obj)

0. 450 0.0 0. 450 0.0 1 TGT: : Real i zeUserPal ette() (graftool.obj)
0. 230 0.0 . 230 0.0 70 ConputeNormal () (fast-sor.obj)

0.212 0.0 2.936 0.0 7 WnProcChild() (fast-w n.obj)

0. 085 0.0 157. 663 0.4 1 GeneratePalette() (fast-win.obj)

0. 043 0.0 0. 043 0.0 165 Func() (fast-sor.obj)

0. 030 0.0 0. 030 0.0 2 _W nGRecommendDI BFor mat @ (wi ng32. def)
0.000 0.0 0.000 0.0 1 TGT:: TGI() (graftool.obj)

0. 000 0.0 0. 000 0.0 1 TGT:: ~TGT() (graftool.obj)
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6.2.2 OpenGL Version

Program Statistics
Total tinme: 47119.805 mllisecond
Tine outside of functions: 175.075 mllisecond
Call depth: 9
Total functions: 76
Total hits: 4476
Functi on coverage: 64.5%
Overhead Cal cul ated 14
Over head Average 14

Modul e Statistics for shadesor. exe
Tine in nodule: 46944.730 mllisecond
Percent of tinme in nodul e: 100. 0%
Functions in nodule: 76
Hts in nodul e;: 4476
Modul e function coverage: 64.5%

Func Func+Chi I d Hit
Ti me % Ti me % Count  Function

26472.044 56.4 26472.044 56.4 233 Drawrunction() (shadesor.obj)
17250. 669 36.7 17250.669 36.7 233 _gl ut SwapBuffers (glut_w n.obj)
2826. 549 6.0 2826. 549 6.0 2330 _gl ut Bi t mapCharacter (gl ut_bitmap.obj)
197. 383 0.4 46773.589 99.6 233 RedrawScreen() (shadesor.obj)
63. 462 0.1 70. 628 0.2 59 _ glutWndowProc@6 (glut_w n32.0bj)
35. 859 0.1 50. 267 0.1 1 ___glutCreateWndow (glut_win.obj)
26. 944 0.1 2853. 493 6.1 233 WiteText() (shadesor.obj)
12. 253 0.0 12. 253 0.0 1 __ _glutGetVisual Info (glut_w n.obj)
12. 038 0.0 12. 038 0.0 5 __ glutSet Wndow (gl ut_win.obj)
11. 034 0.0 11. 565 0.0 1 NewPol ygonLi st () (shadesor. obj)
10. 045 0.0 415. 929 0.9 2 _processW ndowwor kLi st (gl ut_event. obj)
8.709 0.0 46294.355 98.6 231 _idlevait (glut_event.obj)
4,185 0.0 46219.506 98.5 230 Idl eCal | back() (shadesor. obj)
2.992 0.0 4,145 0.0 1 Snmoot hSOR() (shadesor. obj)
2.772 0.0 65. 601 0.1 6 _processEvent sAndTi meouts (gl ut_event. obj)
2.533 0.0 46712.817 99.5 1 _gl ut Mai nLoop (gl ut_event. obj)
1.607 0.0 1. 607 0.0 1 __ gl utOpenW n32Connection (glut_init.obj)
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Func() (shadesor. obj)

1 _glutlnit (glut_init.obj)

2 _glutSetCursor (glut_cursor.obj)

=

140

R R R RN R

140

=
o

P R R R R R R R R R R R R BR PR

Gener at eNor mal s() (shadesor. obj)

Vect or Product () (shadesor. obj)

_glut Creat eW ndow (gl ut_wi n.obj)

Set Vi ewPar ans() (shadesor. obj)

_main (shadesor. obj)

__glutlnitTine (glut_init.obj)
NewVer t exLi st () (shadesor. obj)

___gl ut Det er mi neMesaSwapHackSupport
Set Col or () (shadesor. obj)

gl ut Get Wndow (gl ut_w n.obj)

_get UnusedW ndowSl ot (gl ut_wi n. obj)
__glutDetermnm neVisual (glut_w n.obj)
ReshapeCal | back() (shadesor. obj)
___glutSetupCol ormap (gl ut_win.obj)

Di spl ayCal | back() (shadesor. obj)
gl ut Post Redi spl ay (glut_event.obj)
_gl ut MouseFunc (gl ut_wi n. obj)

_glut Di spl ayFunc (gl ut_wi n. obj)

_gl ut ReshapeFunc (gl ut_wi n. obj)

gl ut Put OnWor kLi st (gl ut_event. obj)
_glutldl eFunc (glut_event.obj)
_glutlnitD splayMde (glut_init.obj)
_glutlnitWndowPosition (glut_init.obj)
_glutlnitWndowSize (glut_init.obj)
_gl ut Keyboar dFunc (gl ut_wi n. obj)



6.3 Contents of Computer Disk

The computer disk which comes with this thesis, contains the sourcecode to al the
three programs in the MS-DOS file format. The MS Windows program (Fast SOR) can be
compiled with MS Visua C++, the OpenGL program (ShadeSOR) can be compiled with
either MS Visua C++ or CodeWarrior, and the Unix program (Unix-SOR) can be
compiled with Gnu C. An OpenGL library is needed for ShadeSOR, SPHIGS must be

installed when compiling the Unix version.

Table 6-1 lists all the files on the disk, along with short descriptions.
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Directory File Description
FAST- SOR | FAST- SOR. EXE MS Windows executeable
FAST- SOR. H main header file
FAST- SOR. CPP main module, Windows independent
FAST- W N. CPP Windows specific routines
GRAFTOOL. H graphics library header file
GRAFTOOL. CPP graphics library
FAST- SOR. RC resource script
ABQUTPI C. BMP image file for resource script
W NG H Microsoft WinG header file
W NG32. LI B Microsoft WinG library file
W NG32. DLL Microsoft WinG dynamic link library
SHADESOR | SHADESOR. EXE MS Windows executeable
SHADESCOR. CPP source code
UNI X- SOR UNI X- SOR. C source code
MAKEFI LE makefile

SPHI GS_BUTTONS. C

buttons library

SPHI GS_BUTTONS. H

header file for buttons library

SRGP_BUTTONS. H

header file for buttons library

Table 6-1: Fileson Computer Disk
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6.4 Source Code

Below is the source code of the main module of the Windows program (fast-
sor.cpp), including all the routines that belong to the new algorithm. It comes along with
the header file of the project (fast-sor.h). The GT class (Graphics Toolkit), which provides
the graphics routines, is located in a separate module (graftool.cpp and graftool.h). Since
it does not contain any algorithm specific routines, it is not going to be printed out. Also
the module containing the MS Windows specific callback routines (fast-win.cpp) is not

listed below.

The OpenGL and SPHIGS versions are aso listed below. Each of them consist of

one source codefile.

6.4.1 Fast SOR Header File

//********************************************************
/1 Filenane: FAST- SOR. H

/'l Project: Fast Shadi ng of Surfaces of Revol ution
/1 Master’s Thesis Summer Term 1997

/1 NModul e: Mai n Header File

/1 Progranmmer: Juer gen Schul ze- Doebol d

/1 Emei | : j oe@t udbox. uni-stuttgart. de

/1 Advi sor: Prof. A. Hausknecht

/1 Institution: Uni versity of Massachusetts Dartnouth
/1 Conpiler: M5 Visual C++ 5.0

/1 Environnment: MS W ndows 95/ NT

/1 Requirements: WNG32.DLL nust be installed

/'l Project Files: FAST-SOR CPP, FAST-SOR H, FAST-W N. CPP,
/1 FAST- SOR. RC, GRAFTOOL. CPP, GRAFTOQOL. H,
/1 RESOURCE. H, WNG H, WNG32.LIB
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/'l Last Changes:

12/ 03/ 97

//********************************************************

#i fndef _FAST_SOR H_
#define _FAST SOR H_

i nclude "graftool.h"
i ncl ude "resource. h"

H*

WDTH 400
HGHT 300

WDTH_C 256
HGHT_C 60

#define Pl 3.141592654
i KD 0.5

IP 1.0

EPSI LON 0. 01
ROTSTEP 2
DRAGSPEED 2
DEFAULTFPS 10.0
DELAYFACT 3

/1 V! ew W ndow:

/'l prevent

doubl e i ncl usi on

wi dt h of parent wi ndow
hei ght of parent w ndow
wi dth of child w ndow
hi ght of child w ndow

pi

mat eri al constant of SOR
intensity of |ightsource

used to determ ne derivative
autorotation step (degrees)

pi xel per degree

default value for fps (double)

del ay factor for ani mati on sl owdown (short)

macros for frequent conputations

#define FROM X (-2.0) /1 smallest x value on screen
#define TO X 2.0 /1 largest x value on screen
#define FROMLY (-1.5) /1 smallest y value on screen
#define TOY 1.5 /1 largest y value on screen
#define FROM Z (-2.0) /1 smallest z value on screen
#define TO Z 2.0 I/ largest =z value on screen
#define DX (TO X-FROM X) // predefined

#define DY (TO_Y- FROWY)

#define DZ (TO_Z- FROM 2)

#define XM N (-1.0) /1 left clipping plane of SOR
#define XMAX 1.0 /1 right clipping plane of SOR
#define XDIF (XMAX-XM N) // length of SOR

/1 Col ors:

#defi ne BASECOLOR 16 /1 first color to be used
#defi ne COLPERSHADE 64 /1 colors per shade

#def i ne REDBASE ( BASECOLOR) 11l
#defi ne GREENBASE (BASECOLOR + COLPERSHADE) /1
#def i ne BLUEBASE (BASECOLOR + 2 * COLPERSHADE) //
#define BLACK 0O

#defi ne WH TE ( BASECOLOR- 1)

#define RED (REDBASE + 63)

#defi ne GREEN ( GREENBASE + 63)

#define BLUE (BLUEBASE + 63)
//::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
/'l Typedef Commands

t ypedef struct

/1l palette entry

by the program

64 shades of red
64 shades of green
64 shades of bl ue
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UCHAR r, g, b;
} RGBCOLOR;

t ypedef struct /1 3D point

doubl e x,vy, z;
} VECTOR3D;

t ypedef struct /1 2D point

short Xx,y;
} VECTOR2D;

t ypedef struct

VECTOR3D vertex;
VECTOR3D vertexrot;
VECTOR2D pi xel ;

/1 point in world coordi nates

/

/
UCHAR col or; /

/

/

/
/ point’s coordinates after rotation

| screen coordinates of projected pixel
/ pixel color = palette entry

/ 3D normal vector in world coordi nates
/ 3D normal vector after rotation

VECTOR3D nor mal ;
VECTOR3D normal rot ;

} VERTEX;
typedef struct /1 description for all polygons used in SOR

UCHAR location; // O=surface polygon, 1l=cover disk

short sector; /'l sector nunber for animation, starting with O

short a, b, c,d; /'l clockwi se indices into gVertices, representing
vertices of quadril ateral

VECTOR3D nor mal ; /1 normal vector in world coordinates, showi ng away from
SOR

VECTOR3D normalrot; // normal vector after rotation
} POLYGON;

/
/1 Variable Declarations for Mdul e FAST- SOR CPP

extern short gFuncti on;
extern short gAngl e[ 3] ;
ext ern BOOL gRot ati on;
ext ern BOOL gShowPal et t e;
extern short gCyl node;
extern short gCyl s;

extern short gSectors;
extern short gAnbi ence;

ext ern UCHAR gSur f BaseCol or;
ext ern UCHAR gDhi skBaseCol or;

extern short gDi spl aySpeed;
extern short gDr awnode;
extern RGBCOLOR gPal ett e[ 256];
extern short gCyl sSave;
extern short gRevol uti on;
extern VERTEX* gVertices;
extern short gNunVerti ces;
extern POLYGON* gPol ygons;
extern short gNunPol ygons;

extern short gFi I I M nX[ HGHT] ;
extern short gFi | | MaxX[ HGHT] ;
ext ern UCHAR gFi | | Col L[ HGHT] ;
ext ern UCHAR gFi | | Col R[ HGHT] ;
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extern UCHAR gCol | ndex[ 101] ;
extern doubl e gSi ne[ 361] ;
extern doubl e gCosi ne[ 361] ;
extern short gSi ngl eSt ep;
extern doubl e gFps;

extern VERTEX  gArrows[12];

/
/1 Forward Decl arations for Mdul e FAST- SOR CPP

extern voi d ProcessBoundarylLine(short, short, short, short, short, short);
extern void ProcessScanLi nes(void);

extern voi d ShadeQuadril ateral (const POLYGON*);
extern void ShadeQuadConst (const POLYGON*, short);
extern doubl e Func(doubl e);

extern void Conput eNornal (short, short, short, short, VECTOR3D*);
extern void Rotate(const VECTOR3D*, VECTOR3D*);
extern void Project(const VECTOR3D*, VECTOR2D*);
extern short GetVertexCol or(const VECTOR3D*, UCHAR);
extern voi d NewPol ygonLi st (voi d);

extern short Worl d2ScreenX( doubl e);

extern short Worl d2ScreenY(doubl e);

extern doubl e Screen2Wor | dX(short);

extern void DrawFunctionQutline(void);

extern void NewVertexList(void);

extern void DrawArrow short);

extern void DrawSurface(void);

extern voi d RedrawSOR(voi d);

extern void ldleCallback(void);

extern void |nitlLookupTabl es(void);

extern void GeneratePal ette(void);

extern void InitLookupTabl es(void);

/ Variable Declarations for Mdul e FAST-W N. CPP
extern HWND gHwndPar ent, gHiwndChi | d, gHwndPar ans;

extern int gHvbParent, gHvbChil d;
extern BOOL gPar amW ndowActi ve;

//:::::::::::::::::::::::::::::::::::::::::::::::::::::::: _—————— ——
/1l Forward Decl arations for Mdul e FAST-W N. CPP

extern int W NAPI W nMai n( HE NSTANCE, HI NSTANCE, LPSTR, int);
extern [ ong W NAPI W nPr ocPar ent ( HWAD, Ul NT, Ul NT, LONG) ;

extern [ ong W NAPI W nPr ocChi | d( HAND, Ul NT, Ul NT, LONG) ;

extern BOOL API ENTRY About Dl gProc( HAND, Ul NT, WPARAM LPARAM ;
extern BOOL API ENTRY ParansDl gProc (HWAD, Ul NT, WPARAM LPARAM ;
extern void GeneratePal ette(void);



CoO~NOUAWNE

90

6.4.2 Fast SOR Main Module

//********************************************************
/1 Fil enane: FAST- SOR. CPP

/1 Project: Fast Shadi ng of Surfaces of Revol ution
Il Master’s Thesis Sumer Term 1997

/1 NModul e: Core Routines

/1 Progranmer: Juer gen Schul ze- Doebol d

/1 Emai | : j oe@t udbox. uni-stuttgart. de

/1 Advi sor: Prof. A. Hausknecht

/1 Institution: Uni versity of Massachusetts Dartnouth
/1 Conpiler: M5 Visual C++ 5.0

/1 Environnment: MS W ndows 95/ NT

/1 Requirements: WNG32.DLL nust be installed

/1 Project Files: FAST-SOR CPP, FAST-SOR H, FAST-W N. CPP,
11 FAST- SOR. RC, GRAFTOCOL. CPP, GRAFTOOL. H,
/1 RESOURCE. H, WNG H, WNG32.LIB

/1l Last Changes: 12/04/97
//********************************************************

/
/1 1nclude Conmands

#i ncl ude "fast-sor.h"
#i ncl ude <stdi o. h>

#i ncl ude <mat h. h>

#i ncl ude <tine. h>

/ Variable Definitions

/] presettable variabl es:
short gFunction = 0; /1 nunmber of the function used for SOR
short gAngle[3] = {0, 0, 0}; // angle in degrees
BOCL gRot ati on = FALSE; /1 toggle automatic rotation
t /

BOCL gShowPal ette = FALSE; / palette display

short gCyl nbde = O; /1 cylinders display: O=frustunms, 1l=centered,
2=mi ni mum

short gCyls = 10; /'l nunber of cylinders in x direction

short gSectors = 7, /'l nunber of vertices for each disc

short gAnbi ence = 5; [/ mnimum col or index

UCHAR gSurf BaseCol or = GREENBASE; /'l surface col or

UCHAR gDi skBaseCol or = BLUEBASE; /1 base color for disks

short gDi spl aySpeed = 100; /1 range: 0..100 (100=fastest)

short gDrawnpnde = O; /1 drawrode: O=solid, 1=wireframe, 2=graph

/1 dependent vari abl es:

RGBCOLOR gPal et t e[ 256] ; /1 palette entries (RGB)

short gCyl sSave = gCyls; /1 cylinder animation; if gCyls<gCyl sSave
then ani mation is active

short gRevol ution = gSectors; /1 revolution aninmation; if <gSectors

animation is active
VERTEX* gVertices = NULL;
short gNumVerti ces; /1 nunber of vertices
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POLYGON* gPol ygons

NULL;

short gNunPol ygons; /'l nunber of polygons
short gFi I M nX[ HGHT] ; /1 mnimmx values of to-be-filled quadril ateral
short gFi || MaxX[ HGHT] ; /1 maxi mum x val ues -"-
UCHAR gFi I | Col L[ HGHT] ; /1 fill color for left edge
UCHAR gFi | | Col R[ HGHT] ; /1 fill color for right edge
UCHAR gCol I ndex[ 101] ; /1 | ookup table for color indices
doubl e gSi ne[ 361] ; /1 sine table for 0-360 degrees
doubl e gCosi ne[ 361] ; /1 cosine table for 0-360 degrees
short gSi ngl eStep = O; /| execute single animtion step(s): 0O=off, 1=on,
n=execute n-1 steps
doubl e gFps; /1 frames per second
VERTEX  gArrows[12] = /1 3 coordinate axis arrows, 4 vertices each
{ {-1.4, 0.0, 0.0}, {1.4,0.0,0.0}, { 1.3,0.1,0.0}, {1.3,-0.1,0.0}, Il x axis
arr ow

{ o00-1.4, 0.0}, {0.0,1.4,0.0}, {-0.1,1.3,0.0}, {0O0.1, 1.3,0.0}, Il y axis
arrow

{ 0.0, 0.0,-1.4}, {0.0,0.0,1.4}, { 0.0,0.2,1.3}, {0.0,-0.1,1.3} }; // z axis
arrow
//::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
/1 Function Definitions
N e
voi d ProcessBoundarylLi ne(short ax, short ay, short ac, short bx, short by,

short bc)
/1 conputes the x and y val ues of one single |line between the

/1 points ax/ay and bx/ by,

short y1, y2;
short x1, x2,
unit:

as wel |

as the colors along the line

/1 y counters starting on top and on bottom

dx;

/1 x counters starting on top and bottom and stepsize,
1/ 64 (fixpoint arithnetic)

short xs; /1 speedup for x
short c; /1 current color value, wunit: 1/128 (fixed-point
arithmetic)
short dc; /1 color step per pixel, unit: 1/128 (fixed-point
arithmetic)
short h; /1 dunmy for swapping
if (ay > by) /1 make sure that vertex 1 is on top of vertex 2
{
h = ax; ax = bx; bx = h;
h = ay; ay = by; by = h;
h = ac; ac = bc; bc = h;
}
yl = ay;
y2 = by;
X1l = ax;
X2 = bx;
c = ac;
X1l <<= 6;
X2 <<= 6;
if (y2 - yl1!1=0) /1 division by zero?
dc = ((bc - ¢) << 7) /I (y2 - yl);
dx = (x2 - x1) / (y2 - yl);
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el se

c <<= 7,
do

Xs = x1 >> 6;
if (xs < gFillMnXyl]) gFi |
if (xs > gFillMaxXy1]) gFi |
X1 += dx;
c += dc;
++y1;

} while(yl <= y2);

voi d ProcessScanLi nes(voi d)

I M nX[ y1]
| MaxX[ y1]

/1 uses the arrays of ’'ProcessBoundaryLine’

/1 interpolated colors

{
short Xx,y;
short ©c;
short dc; col or step per

/1

/1

/1
int vbw; /1 VB-w dth

UCHAR* ptr; /1

/1

pi xel , uni

current pixel pointer

UCHAR* base;
vbw = GT. Get Wdt h(gHvbParent);
base = GI. Get Addr ess(gHvbParent);

for (y=0; y<HGHT; ++y, base += vbw)
{

gFil I MnXy];

gFi || Col L[y];

f (gFillMaxX[y] - x = 0)
dc = ((short)gFill Col Rly] -
el se dc = 0O;

i
X
c
i

f (gFillMaxXy]==-1) continue;

c) * 128 /

= xs, gFillColL[yl] = ¢ >> 7,
= xs, gFillColRyl] = ¢ >> 7,
to fill a quadrilateral wth

pi xel coordinates on screen
current col or value, unit

:1/128 (fixpoint arithnetic)

t: 1/128 (fixpoint arithmetic)

pointer to beginning of current line

((short)gFill MaxX[y] - x);

c <<=7; [l ¢ *= 128
ptr = base + Xx; /1 conpute current pixel pointer
do
{ .
*ptr = ¢ >> 7; /1 draw pi xel
++ptr; /1 move pointer to next pixel
c += dc; /1 add fraction of color
++X; /1 increase pixel counter
} while (x<=gFill MaxX[y]);
}
}
e e

voi d ShadeQuadril ateral (const POLYGON* poly)
/1l Only use with surface quadrilaterals!

/1 display a filled quadrilateral,

par anet er

/1 quadrilateral edges are: ab, bc, cd, da

{

struct PIXEL // pixel databuffer

{

is pointer to POLYGON

short Xx,y; /1 screen coordinates in pixels
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short c; /'l pixel color
} a,b,c,d; // one struct for each vertex
short va, vb, vc, vd; /'l vertex vectors
va = poly->a;
vb = poly->b
vc = poly->c;
vd = pol y->d;

/] initialize arrays:
menset (gFi | | M nX; Ox7F, sizeof(short) * HGHT);
menset (gFi | | MaxX, OxFF, sizeof(short) * HGHT);

gVertices[va]l. pixel.x;
gVertices[va]l.pixel.y;
(short)gVertices[va].color
gVertices[vb]. pi xel . x;
gVertices[vb]. pixel.y;
(short)gVertices[vb].color
gVertices[vc]. pixel . x;
gVertices[vc]. pixel.y;
(short)gVertices[vc].col or
gVertices[vd]. pixel.x;
gVertices[vd]. pixel.y;
(short)gVertices[vd].col or

e S UL S i i ol o
O X 0K X 0K X 0< X

i f (gDrawnpde==1)

GT. Line(a.x, a.y, b.x, b.y, BLACK);
GT. Line(b.x, b.y, c.x, c.y, BLACK);
GT. Line(c.x, c.y, d.x, d.y, BLACK);
GT. Line(d.x, d.y, a.x, a.y, BLACK);

}

el se

{ .
ProcessBoundarylLine(a.x, a.y, a.c, b.x, b.y, b.c);
ProcessBoundarylLi ne(b.x, b.y, b.c, c.x, c.y, c.c);
ProcessBoundarylLine(c.x, c.y, c.c, d.x, d.y, d.c);
ProcessBoundarylLi ne(d.x, d.y, d.c, a.x, a.y, a.c);
ProcessScanLi nes();

}

voi d ShadeQuadConst (const POLYGON* poly, short color)

11
I
I

{

To be used with disk faces, uses a single color for shading
display a filled quadrilateral, paraneter is pointer to POLYGON
quadril ateral edges are: ab, bc, cd, da

struct Pl XEL /1 pixel databuffer

{
short x,y; /1l screen coordinates in pixels
} a,b,c,d; /1 one struct for each vertex
short va, vb, vc, vd; /] vertex vectors
va = poly->a;
vb = poly->b
vc = poly->c;
vd = pol y->d;
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/] initialize arrays:
menset (gFi | | M nX, Ox7F, sizeof(short) * HGHT);
menset (gFi | | MaxX, OxFF, sizeof(short) * HGHT);

gVertices[va]. pixel.
gVertices[va]. pixel.
gVertices[vb]. pixel.
gVertices[vb]. pixel.
gVertices[vc]. pixel.
gVertices[vc]. pixel.
gVertices[vd]. pixel.
gVertices[vd]. pixel.

eaooocoop
X< X X< X
X< X X< X

if (gDrawnpde==1)
{

GT. Li ne(a.
GT. Li ne(b.
GT. Li ne(c.
GT. Li ne(d.

.y, BLACK);
.y, BLACK);
.y, BLACK);
.y, BLACK);

a.y,
b.y,
c.y,
dy,

X X X X
p»ooo
X X X X
»yooo

}

el se

{ .
Pr ocessBoundar yLi ne( a.
Pr ocessBoundar yLi ne(b.
Pr ocessBoundar yLi ne(c.
Pr ocessBoundar yLi ne(d.
ProcessScanLi nes();

y, color,
y, color,
y, color,
y, color,

color);
color);
color);
color);

X X X X
Qoo
poooT
X X X X
paoooT
<<<<

[ e
doubl e Func(doubl e x)
/1l returns the function val ues

{
switch (gFunction)
{
case 0: return(fabs(x));
case 1: return(x * Xx);
case 2: return((x>=-1.0 && x<=1.0) ? sqrt(fabs(1l.0-x*x)) : -2.0*x*x+2.0);
case 3: return(sqrt(fabs(x)));
default: return(x);
}
}
N e

voi d Conput eNor mal (short a, short b, short ¢, short d, VECTOR3D* n)

/1 inmportant: points a,b,c,d nust be in clockw se order, and they are indices
in gVertices[]

/1 conmputes the normal vector to a triple of unequal vertices out of a,b,c,c
by using the cross product.

// the result is returned in n.

/1 the returned normal is not necessarily nornalized!

VECTOR3D *p1l, *p2, *p3, * p4;
VECTOR3D v1, v2;

pl = &gVertices[a].vertex;
p2 = &gVertices[b].vertex;
p3 = &gVertices[c].vertex;

&gVertices[d]. vertex;
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293

294 if (pl->x==p2->x && pl->y==p2->y && pl->z==p2->z) // a and b equal ?
295 pl = p4;

296

297 vli. x = pl->x - p2->X;

298 vli .y = pl->y - p2->y;

299 vl.z = pl->z - p2->z;

300

301 v2.x = p3->X - p2->X;

302 v2.y = p3->y - p2->y;

303 v2.z = p3->z - p2->z;

304

305 n->x = vl.y * v2.z - vl.z * v2.y;

306 n->y =vl.z * v2.x - vl.x * v2.z;

307 n->z = vl.x * v2.y - vl.y * v2.x;

308 }

309

310 N e

311 voi d Rot ate(const VECTOR3D* in, VECTOR3D* out)
312 /1 rotates a point from’'in to 'out’

313 /1 uses the current values of the 'gAngle[]’ array

314 /1 this routine first checks for which parameters have to be

315 /1 reconputed, and only reconputes these

316 /1l the actual rotation is done by the rotation matrix "rn{][]’

317 {

318 static short angle[3] ={-1,-1,-1}; // saves current values of gAngle
319 static double rn{3][3]; /1 rotation matrix

320 static double s[3]; /1 preconputed sine value for all angles
321 static double c[3]; /| preconputed cosine values for all angles
322 UCHAR reconput e=0; /1 info about reconputation of rotation matrix
323 el enents

324 short i; /1 1 oop counter

325

326 /1 if angles have changed reconpute dependent sines and cosines:
327

328 for (i=0; i<3; ++i)

329

330 if (angle[i] !'= gAngle[i])

331 {

332 angle[i] = gAngle[i];

333 s[i] = gSine[angle[i]];

334 c[i] = gCosine[angle[i]];

335 reconpute |= 1 << i;

336 }

337 }

338

339 /1 now the three least significant bits of 'reconpute’ give

340 /1 information about the angles that have changed

341

342 if (reconmpute !'= 0) /'l check for any angle

343 {

344 rofO][1] = s[O] * s[1] * c[2] - c[O] * s[2];

345 rn{0][2] = c[O] * s[1] * c[2] + s[O] * s[2];

346 rn{1][1] = s[0] * s[1] * s[2] + c[0] * c[2];

347 rn{1][2] = c[0] * s[1] * s[2] - s[O] * c[2];

348

349 if ((reconmpute & 3) !'=0) // check for al pha and beta

350

351 rn{ 2] [ 0]

-s[1];
352 rof 2] [1] s[0] * c[1];
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rn{2][2] = c[0] * c[1];

if ((recompute & 6) !'=0) // check for beta and ganmma

rn{0][0] = c[1] * c[2];
ro{1][0] = c[1] * s[2];
}
/1 multiply rotation matrix (RM with vector 'in’
/[l 1 00 01 02\ I x\ / 00x + 01y + 02z \
/1] 101112 | X| vy | =] 10x + 11y + 12z
/1 \ 20 21 22/ \ z/ \ 20x + 21y + 22z /
out->x = in->x * rn{0][0] + in->y * rn{O][1] + in->z * rn0][2];
out->y = in->x * rnf1][0] + in->y * rn{1][1] + in->z * rn{1][2];
out->z = in->x * rnf2][0] + in->y * rn{2][1] + in->z * rn{2][2];
}
L

voi d Project(const VECTOR3D* in, VECTOR2D* out)
/1 project the input point to the 2d screen

static double wdth_div_dx = (doubl e) WTH / (doubl e) DX
static double hght_div_dy = (doubl e)HGHT / (doubl e)DY;

out->x = (short)((in->x - FROM X) * wdth_div_dx);
out->y = HGHT - (short)((in->y - FROMLY) * hght _div_dy);
}
e R
/1 conputes the color to a certain normal vector.
/1l the resulting vertex color value is returned
short Get VertexCol or (const VECTOR3D* normal, UCHAR col orbase)
{

short index;
UCHAR col or;

index = (short)(normal->z * 100.0); // only z coordi nate decides col or
if (index<0) index = 0; /1 index nmust be at |east zero

col or = gCol | ndex[i ndex];

col or += (UCHAR) gAnbi ence; // add ambi ent col or
if (color > 63) /1 limt color values
color = 63

return(col or + col orbase);

[ e
voi d NewPol ygonLi st (voi d)
{
short i ndex; /1 index for polygons
short sect, cyl; /1 1oop counters
short base; // base index for enuneration of vertices
short side; /1 O=left/surface, 1=right/cylinder cover

/1 find nunber of polygons and allocate nenory:
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if (gPolygons !'= NULL) free(gPol ygons);
if (gCyl mde==0) // npde = frustuns

gNunPol ygons = (gCyls + 2) * gSectors;

el se

gNunPol ygons = (2 * gCyls + 1) * gSectors;
gPol ygons = (POLYGON*) mal | oc( gNunPol ygons * si zeof (POLYGON) ) ;

if (gPolygons==NULL) exit(-1);

/] create left and right cylinder covers:
++si de)

for (side=0; side<2

base
i ndex

(si de==0)
(si de==0)

/1 O=left, 1=right

? 1 : gNunWertices - 1 - gSectors;
? 0 : gNunPol ygons - gSectors;

for (sect=0; sect<gSectors; ++sect, ++index)

gPol ygons[ i ndex]

gPol ygons[i ndex] .
gPol ygons[i ndex] .
gPol ygons[i ndex] .
gPol ygons[ i ndex] .

gPol ygons[ i ndex] .
gPol ygons[ i ndex] .

}
}

.location = 1;

sector
a
b
c

nor mal . x
normal .y

= sect;

base + sect;
base + ((sect + 1) % gSectors);
gPol ygons[index].d = (side==0) ? 0 : gNunWVertices -

(side==0) ? -1.0 : 1.0;
gPol ygons[i ndex] . normal . z

/] create the other polygons:

i ndex = gSectors; //

i ndi ces before are used for

base = 1; // O is reserved for end cover disk

for (cyl=0; cyl<gCyls;

/1 + 2 for cylinder covers

/1 menory allocation error?

= 0.0;

|l eft cover disk

++cyl) // loop through all cylinders

for (side=0; side<((gCylnmode==0) ? 1 : 2); ++side) /1 for surface and

di sk part of each cyl

if (side==0 || cy

nder

1= gCyls-1) /'l once only for

for (sect=0; sect<gSectors; ++sect, ++index)

{

gPol ygons[i ndex] .l ocation = (UCHAR)si de
gPol ygons[i ndex] . sector = sect;
gPol ygons[index]. a
gPol ygons[index]. b
gPol ygons[i ndex].c
gPol ygons[i ndex] . d
Conput eNor mal (gPol ygons[i ndex] . d,

gPol ygons[i ndex] . b, gPol ygons[i ndex]. a,

&gPol ygons[i ndex] . normal ) ;

base += gSectors;

base + sect;

ast cylinder

base + ((sect + 1) %gSectors);
gPol ygons[i ndex].b + gSectors;
gPol ygons[i ndex].a + gSectors;

R i
short Worl d2ScreenX(doubl e Xx)
/1 convert world x coordinates into screen x coordi nates

return((short)((x -

FROM X)

* (doubl e) WDOTH / (doubl e) DX));

gPol ygons[i ndex] . c,



N e
short Worl d2ScreenY(doubl e y)

/1 convert world x coordinates into screen x coordi nates

return(HGHT - (short) ((y -

FROM_Y) * (doubl e)HGHT / (doubl e)DY));

e T
doubl e Screen2Wr | dX(short x)

/1l convert screen x coordinates into world x coordi nates

return((doubl e)x * (double)DX / (double)WTH + FROM X)

e
voi d Generat eFunctionQutline(void)
/1 draws the function outline

{

short strips;

short index,i,strip;
doubl e hei ght

doubl e xstep, xpos
short side, base;

nunber of strips in x direction

I
/1 1oop indices
I

strip hei ght

strips = (Worl d2ScreenX( XMAX) - Worl d2ScreenX(XMN) + 1) / 2

/1 find nunber of vertices and allocate nenory:
if (gVertices!=NULL) free(gVertices);

gNunVertices = (strips + 1)
gVertices = (VERTEX*) mal | oc(gNunVertices * sizeof (VERTEX));

if (gVertices==NULL) exit(-1);

/'l create the vertices:

* 2 + 1;

/1l initialize

xstep = XDIF / (double)strips
Xpos = XM N,
i ndex = 0;

f or (strib=0; strip<strips+l; ++strip, xpos += xstep)

strips

hei ght = fabs(Func(xpos));

for (i=0; i<2; ++i)

/1 points at

/1 conpute vertex coordi nates:

gVertices[index].vertex.x
gVertices[index].vertex.
gVertices[index].vertex.
gVertices[index].nornal.
gVertices[index].nornal.
gVertices[index].nornmnal.

++i ndex;
}
}

/1 last point is special

gVertices[index].vertex.x
gVertices[index].vertex.y
gVertices[index].nornal.x
gVertices[index].normal.z

= Xpos;

y = (i==0) ? 0.0 : height;
z = 0.0;

x = 0.0;

y = 0.0;

z = 1.0;

Xpos;

gVertices[index].vertex.z
gVertices[index].normel.y
-1.0;

eoe

/1 menory allocation error?

11

| oop through

bottom and top of strip

al
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/1 create the pol ygons:

/1 find nunber of polygons and allocate nenory:

if (gPolygons !'= NULL) free(gPol ygons);

gNunPol ygons = strips * 2;

gPol ygons = (POLYGON*) mal | oc( gNunPol ygons * si zeof (POLYGON) ) ;
if (gPolygons==NULL) exit(-1); // nenory allocation error?

/'l create pol ygons:
for (strip=index=base=0; strip<strips; ++strip, base+=2) /1

all strips

for (side=0; side<2; ++side, ++index) [/ front and back

gPol ygons[i ndex] .l ocation 1;
gPol ygons[i ndex] . sector =
gPol ygons[i ndex].a = base;
gPol ygons[i ndex] . b base
gPol ygons[i ndex] . c base
gPol ygons[i ndex].d = base
gPol ygons[i ndex] . nor mal . x
gPol ygons[i ndex] . normal . z

o

)
’
)

Pol ygons[i ndex] . normal .y = 0.0;
side==0) ? 1.0 : -1.0;

mnn++ +

2
3
1
g
(

voi d DrawFunctionQutline(void)
/1 draws the function outline
/1 this works only correctly if all angles are 0!

{

/

/

short x1, x2; // start and end pixel coordinates
short x,vy; /1l current x and y positions
short prev_y; // previous y val ue

x1
X2

Wor | d2ScreenX( XM N) ;
Wor | d2Scr eenX( XMAX) ;

for (x=x1; x<=x2; ++x) [/ for all pixel x coordinates

y = Worl d2ScreenY(Func(Screen2Wor | dX(x)))

if (x>x1) // no line possible at first x position
GT. Line(x-1, prev_y, X, y, BLUE);

prev_y =Yy;

voi d NewMert exLi st (void)
/]l creates the list of vertices
/1l order of vertices:

/
/
/
{

/
/
/

[ O]
[1] to [gNumVerti ces-2]
[gNunVerti ces- 1]

m dpoi nt of left cover disk
surface vertices fromleft to right
m dpoi nt of right cover disk

~
~~

short cyl, sect;

short side;

doubl e xpos, angl e;
doubl e xstep, angl estep;

| oop counters
[ 0=left, 1=right

| stepsizes

| oop

t hr ough

/ current vertex position in world coordinates
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short index; /1 current vertex array index

doubl e deri v; // first derivative

doubl e di vi der; /'l shortcut for speed

doubl e hei ght; /1 colum hei ght

if (gDrawnpde==2) /1l use different routine for outline

Cener at eFunctionQutline();
return;

}

/1 find nunber of vertices and allocate nenory:
if (gVertices!=NULL) free(gVertices);
if (gCylnode==0) // node = frustuns?
gNumVertices = (gCyls + 1) * gSectors + 2; [/ + 2 for left and right end
covers
el se /'l with colums:
gNumvertices = 2 * gCyls * gSectors + 2; // + 2 for left and right end
covers
gVertices = (VERTEX*) mal | oc(gNunVertices * sizeof (VERTEX));
if (gVertices==NULL) exit(-1); // menory allocation error?

xstep = XDIF / (double)gCyls;
anglestep = 2.0 * PI / (double)gSectors; // step in radians

xpos = XMN, // initialize

/] create mdpoints for left and right end cover:
for (side=0; side<2; ++side) [/ O=left, 1=right

index = (side==0) ? 0 : gNunVertices - 1;

gVertices[index].vertex. (side==0) ? XM N: XMN + gCyls * xstep;
gVertices[index].vertex. 0.0

gVertices[index].vertex. . 0;

gVertices[index].normal. side==0) ? -1.0 : 1.0;
gVertices[index].normal . ;

gVertices[index]. normal

N< X N X
W wmn

ooOo—~O

.0
. 0;

)

}

index = 1;

/1 create all vertices:

for (cyl=0; cyl < gCyls + ((gCylnode==0) ? 1 : 0); ++cyl) [/ loop through
all cylinders

switch (gCylnode) // different height conputations
{

case 0: height = fabs(Func(xpos)); break; /'l frustuns

case 1: height = (fabs(Func(xpos)) + fabs(Func(xpos+xstep))) / 2.0;
break; // centered

case 2: height = mn(fabs(Func(xpos)), fabs(Func(xpos+xstep))); break;
/1 m ni mum

}

for (side=0; side < ((gCylnmobde==0) ? 1 : 2); ++side) /1 for left and
right side of each cylinder

{

for (angl e=sect=0; sect<gSectors; ++sect, ++index, angl e+=angl estep)

/1 conpute vertex coordinates
gVertices[index].vertex.Xx = Xpos;
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653 gVertices[index].vertex.y = height * cos(angle);

654 gVertices[index].vertex.z = height * sin(angle);

655

656 /1 conpute vertex nornals:

657 deriv = (Func(xpos + EPSILON) - Func(xpos)) / EPSILON,
658 divider = sqrt(deriv * deriv + 1.0);

659 gVertices[index].normal.x = - deriv / divider;

660 gVertices[index].normal.y = cos(angle) / divider;

661 gVertices[index].normal.z = sin(angle) / divider;

662

663 if (side==0 || gCylnpde==0) xpos += xstep; /1 move on to next x
664 position

665 }

666 }

667

668 NewPol ygonList(); // _nust_ be done now

669 }

670

671 N

672 voi d DrawArrow(short type)

673 /1 draw axi s arrows. paraneters:

674 /1 O=left x arrow, 1=mddle x arrow, 2=right x arrow, 3=y arrow, 4=z arrow
675 {

676 short x1,y1,x2,y2; [/ line end points

677

678 swi tch(type)

679 {

680 case 0: // left part of arrow pointing into x direction
681 x1 = gArrows[0]. pi xel . x;

682 yl = gArrows[0]. pi xel .y;

683 x2 = gVertices[O0].pixel.x;

684 y2 = gVertices[O0]. pixel.y;

685 GT. Li ne(x1,yl, x2,y2, RED);

686 br eak;

687

688 case 1. // mddle part of arrow pointing into x direction
689 x1 = gVertices[0]. pixel.Xx;

690 yl = gVertices[O0].pixel.y;

691 x2 = gVertices[gNunVertices-1]. pixel . x;

692 y2 = gVertices[gNunVertices-1]. pixel.y;

693 GT. Li ne(x1,yl, x2,y2, RED);

694 br eak;

695

696 case 2: // right part of arrow pointing into x direction
697 x1 = gVertices[gNunVertices-1]. pi xel . x;

698 yl = gVertices[gNunVertices-1]. pi xel .y;

699 x2 = gArrows[1]. pi xel.x;

700 y2 = gArrows[1]. pi xel.y;

701 GT. Li ne(x1,y1,x2,y2,RED); [// shaft

702 x1 = gArrows[1]. pi xel.Xx;

703 yl = gArrows[1]. pixel.y;

704 x2 = gArrows[2]. pi xel.Xx;

705 y2 = gArrows[2]. pi xel.y;

706 GT. Li ne(x1,y1,x2,y2,RED); [// top arrow line
707 x1 = gArrows[1].pixel.Xx;

708 yl = gArrows[1]. pi xel.y;

709 x2 = gArrows[ 3]. pi xel . x;

710 y2 = gArrows[ 3]. pi xel .vy;

711 GT. Line(x1,yl,x2,y2, RED); // bottomarrow |ine
712 br eak;
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713

714 case 3: // arrow pointing into y direction

715 x1 = gArrows[4]. pi xel.x;

716 yl = gArrows[4]. pixel.y;

717 x2 = gArrows[5]. pi xel.Xx;

718 y2 = gArrows[5]. pi xel.y;

719 GT. Li ne(x1,yl,x2,y2, GREEN); // shaft

720 x1 = gArrows[5]. pi xel . x;

721 yl = gArrows[5]. pixel.y;

722 x2 = gArrows[ 6] . pixel.x;

723 y2 = gArrows[ 6] . pi xel .y;

724 GT. Li ne(x1,y1,x2,y2, GREEN); // left arrow line
725 x1 = gArrows[5]. pi xel . x;

726 yl = gArrows[5]. pi xel.y;

727 x2 = gArrows[7]. pi xel.Xx;

728 y2 = gArrows[ 7] . pi xel.y;

729 GT. Li ne(x1,y1,x2,y2, GREEN); // right arrow |ine
730 br eak;

731

732 case 4: // arrow pointing into z direction

733 x1 = gArrows[ 8]. pi xel . x;

734 yl = gArrows[ 8]. pi xel .y;

735 x2 = gArrows[9]. pi xel . Xx;

736 y2 = gArrows[9]. pi xel.y;

737 GT. Li ne(x1,yl1,x2,y2,BLUE); [/ shaft

738 x1 = gArrows[9]. pi xel . x;

739 yl = gArrows[9].pixel.y;

740 x2 = gArrows[ 10]. pi xel . x;

741 y2 = gArrows[10]. pi xel .y;

742 GT. Li ne(x1,y1,x2,y2,BLUE); [/ top arrow |line
743 x1 = gArrows[9]. pi xel . x;

744 yl = gArrows[9]. pi xel.y;

745 x2 = gArrows[ 11]. pi xel . x;

746 y2 = gArrows[11]. pi xel .vy;

747 GT. Li ne(x1,y1,x2,y2,BLUE); [/ bottomarrow |line
748 br eak;

749

750 defaul t: break;

751 }

752 }

753

754 R

755 voi d DrawSurface(void)

756 {

757 short i; /1 1oop counter

758 short i ndex; /1 1oop counter, self adjusted

759 short step; /| stepsize for polygon counter

760 short diskcolor; // color for cover disks

761

762 /1 conpute dynam c vertex values for current orientation:
763 for (i=0; i<gNunVertices; ++i)

764 {

765 Rot ate(&gVertices[i].vertex, &gVertices[i].vertexrot);
766 Rot ate(&gVertices[i].normal, &gVertices[i].normalrot);
767 Project(&gVertices[i].vertexrot, &Vertices[i].pixel);
768 gVertices[i].color = (UCHAR) Get Vert exCol or (&gVertices[i].normalrot,
769 gSur f BaseCol or) ;

770 }

771

772 /1l conpute current coordinates for arrows:
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for (i=0; i<12; ++i)

Rot at e( &gArrows[i].vertex, &jArrows[i].vertexrot);
Project (&Arrows[i].vertexrot, &jArrows[i].pixel);

/1 conpute dynam c pol ygon val ues:
for (i=0; i<gNunPolygons; ++i)
Rot at e( &gPol ygons[i].normal, &gPol ygons[i].nornmalrot);

/1 draw surface pol ygons:
if (gPolygons[0].normalrot.z <= 0.0) // find order for painter’s algorithm
using left cover disk

{ /1l left edge is farthest away from vi ewer
i ndex = 0;
step = 1;
di skcol or = CGet Vert exCol or (&gVertices[ gNumVerti ces-1]. nornal rot,
gbi skBaseCol or);
}
el se
.
i ndex gNunPol ygons- 1;

step = -1;
di skcol or = Get VertexCol or (&gVertices[0].normalrot, gD skBaseCol or);
}

/1 draw back part of x axis:

if (step==1) DrawArrow(0);
el se DrawArrow 2);

/1 draw middle part of x axis:
DrawArrow( 1) ;

whil e (index>=0 && i ndex<gNunPol ygons) /1 draw all polygons

i f (index==(gNunmPol ygons>>1)) /[l draw y and z arrows halfway through
pol ygons

Dr awAr r ow( 3) ;
Dr awAr r ow( 4) ;

i f (gPol ygons[index].sector < gRevolution) // is polygon to be shown in
current ani mation phase?

{
if (gbrawnpde==1 || gRevol uti on<gSectors || gPol ygons[index].nornelrot.z
> 0.0) // is polygon visible?
{
if (gPolygons[index].location == 0) // draw surface pol ygons
ShadeQuadri | at er al (&gPol ygons[i ndex]);
el se

ShadeQuadConst ( &gPol ygons[i ndex], diskcolor);
}

i ndex += step;

}

/1 draw front part of x axis:
if (step==1) DrawArrow 2);
el se DrawArrow(0);
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/] draw function outline if in original position:

if (gRotati on==FALSE && gAngl e[ 0] ==0. 0 && gAngl e[ 1] ==0. 0 && gAngl e[ 2] ==0. 0)

Dr awfFuncti onCQutline();

}
e R
voi d Redr awSOR(voi d)
{
clock_t start,end,diff;
char buf[20];
start = cl ock();
GT. Set (gHvbParent) ;
Gl.Clear(WHI TE); // erase previous inmage
DrawSur f ace() ;
GT. Past e( 0, 0, WDOTH, HGHT, 0, 0, gHvbPar ent , gHwndParent); // display GT
if (gD splaySpeed<100 && gD spl aySpeed>0) /1 del ay
Sl eep((100- ghi spl aySpeed) * DELAYFACT) ;
end = clock();
diff = end - start;
if (diff == 0) diff =1; // division by zero?
gFps = (doubl e) CLOCKS_PER SEC / (double)diff;
i f (gParamW ndowActive) // continue only if parans wi ndow is active
sprintf(buf, "9%.1f", gFps);
Set DI gl t eniText (gHwndPar ans, | DC_FPS, buf);
}
R R

voi d |dl eCal | back(voi d)
/1 function to be called during idle tine

short i;
BOOL redr aw=FALSE;
BOOL reconput e=FALSE;

if (gSingleStep==1) return;
if (gSingleStep>1) --gSingleStep;
if (gRotation) // rotation about axes
{
for (i=1; i<=2; ++i)
gAngl e[i] += ROTSTEP;
if (gAngle[i] >= 360) gAngle[i] -= 360;

redraw = TRUE;
i f (gRevolution < gSectors) /1 sector aninmation

++gRevol ution;
redraw = TRUE;

i}f (gCyl's < gCyl sSave)

++gCyl s;

reconpute = redraw = TRUE;
}
if (reconmpute) NewVertexList();
if (redraw) RedrawSOR();
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I

voi d | nitLookupTabl es(voi d)

short i;

for (i=0; i<101; ++i)

gCol I ndex[i] = (UCHAR) ((doubl e) COLPERSHADE * acos(1.0 - (double)i/100.0) /
(PI/2.0));

for (i=0; i<=360; ++i)

gSi ne[i] = sin(i
gCosine[i] = cos(i
“The End

* Pl
* Pl

/ 180.0);
/ 180.0);
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6.4.3 The OpenGL Version

//**************************************************************
/1 Fil ename: SHADESOR. CPP

/1 Project: Shadi ng of Surfaces of Revolution with OpenGL
I Master’s Thesis Sumer Term 1997

/1 Progranmmer: Juer gen Schul ze- Doebol d

/1 Emai | : j oe@tudbox. uni-stuttgart. de

/1 Advi sor: Prof. A. Hausknecht

/1 lInstitution: Uni versity of Massachusetts Dartnouth

/1 Conpilers: M5 Visual C++ 5.0 (PC) or Code Warrior (Apple)
/1 Environnent: M5 W ndows 95/ NT or Apple Finder

/1 Requirenents: OpenGL nust be installed

/1 Project Files: PC. SHADESOR CPP, GLU32.LIB, G.UT.LIB

I OPENGL32. LI B

/'l Last Changes: 12/01/97
//**************************************************************
#i f def W N32

#i ncl ude <wi ndows. h>
#i ncl ude <coni o. h>
#i ncl ude <tinme. h>
#endi f
#i ncl ude <stdlib. h>
#i ncl ude <stdi o. h>
#i ncl ude <stdarg. h>
#incl ude <string. h>
#i ncl ude <mat h. h>
#i ncl ude <nenory. h>
#i f def W N32
#i nclude <gl\gl.h>
#i ncl ude <gl\glu. h>
#i ncl ude <gl\glut.h>
#el se
#i ncl ude "gl . h"
#i ncl ude "gl u. h"
#i nclude "gl ut.h"
#endi f

/1 for use with the Mcintosh

#undef BENCHVARK /1 switch off buttons for benchnmarking

#defi ne WDTH 600
#defi ne HGHT 400

/1 wi ndow si ze

#defi ne BUTTONS 18 /1 nunber of clickable buttons

#defi ne FUNCNUM 4 /1l nunber of different functions

#defi ne CYLNUM 3 /1 nunber of different cylinder display nodes
#define MN(x,y) ( (y<x) ? (y) : (X))

#i f ndef W N32
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#define TRUE (0==0)
#define FALSE (! TRUE)

#endi f

#def i ne
#def i ne
#def i ne
#defi ne
#def i ne
#def i ne
#def i ne
#def i ne

#def i ne
#def i ne
doesn’ t

/1 View
#def i ne
#def i ne
#def i ne
#def i ne
#def i ne
#def i ne
#def i ne
#defi ne
#def i ne

BLUE 0x00FF0000
GREEN  0xO0O0O0OFF00
RED 0x000000FF
BLACK  0x00000000
WH TE  OxOOFFFFFF
MAGENTA Ox00FFFFOO0
YELLOW 0x0000FFFF
Pl NK 0x00FFOOFF

Pl 3.141592654
SOR LIST 1
wor k)

TO Z 3.0

DX ( TO_X- FROM X)
DY (TO Y- FROM Y)
DZ (TO Z- FROM 2)

/1 SOR paraneters

#def i ne
#def i ne
#def i ne

#def i ne
#defi ne

#i f ndef

XM N (-1.0)
XMAX 1.0
XDl F ( XMAX- XM N)

ROTSTEP 5.0
BENCHFRAMES 200

W N32

typedef char BOOL

#endi f

t ypedef
t ypedef
t ypedef

t ypedef
t ypedef

unsi gned char UCHAR

11

/1 display list

~ e~ e~~~
~— o~ ~— ~—

pi

smal | est x val ue
| argest x val ue
smal | est y val ue
| argest vy value
smal | est z val ue
| argest z val ue

d

predefined macros for frequent occurences

left clipping plane of SOR
right clipping plane of SOR
| ength of SOR

rotation angle per klick (degrees!)

unsi gned short USHORT;

unsigned | ong ULONG

doubl e PO NT4[ 4] ;
float COLOR[3];

struct TRI ANGLE

{

short

COLOR

—

a,b,c; // corners of the triangle
PA NT4 n; /1 normal
col; /1 color, elenents: [0]=red, [1]=green, [2]=blue

vect or

struct BUTTON

doubl e x,vy;

/1l x/y coordinates in range 0..1

entry for surface of revolution (0
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double w, h; // width and height, range 0..1
short id; // button ID
char text[15+1];

} gButton[ BUTTONS] =

{ {.68, .94, .17, .05, 0, "Reset"},
{.68, .85, .12, .05, 1, "AngleX++"'},
{.82, .85, .12, .05, 2, "AngleX--"},
{.68, .79, .12, .05, 3, "AngleY++"},
{.82, .79, .12, .05, 4, "AngleY--"},
{.68, .73, .12, .05, 5, "AnglezZ++"},
{.82, .73, .12, .05, 6, "Anglez--"},
{.68, .64, .12, .05, 7, "Cyl’'s++"},
{.82, .64, .12, .05, 8, "Cyl's--"},
{.68, .58, .12, .05, 9, "Sect's++"},
{.82, .58, .12, .05, 10, "Sect’'s--"},
{.68, .49, .17, .05, 11, "Rotation"},
{.68, .43, .17, .05, 12, "Revolution"},
{.68, .37, .17, .05, 13, "Cyl.Anint'},
{.68, .28, .14, .05, 14, "Shading"},
{.68, .22, .14, .05, 15, "Function"},
{.68, .16, .14, .05, 16, "Cyl.Mode"},
{.68, .07, .17, .05, 17, "Qit"} };

float gLightpos[] = {0.0, 0.0, 5.0, 1.0};
float gDiffuse[] ={1.0, 1.0, 1.0, 1.0};
float gAnbient[] = {1.0, 1.0, 1.0, 1.0};
float gSpecular[] = {1.0, 1.0, 1.0, 1.0};
float gBlack[] = {0.0, 0.0, 0.0, 1.0%;
float gShininess[] ={ 50.0 };

float gAxiscolor[] = {0.0, 1.0, 0.0, 1.0};
char gofFfOn[2][3+1] = {"off","on"

char gNoYes[ 2] [3+1] = {"no", "yes"};

char gAni nane[ 2] [ 11+1] = {"off","active"};
char gCyl nane[ CYLNUM [ 10+1] = {"frustuns", "centered", " m ni muni'};
char gShadenane[2][10] = {"unicolor", "flat"};

char gFuncnane[4][14] = {"|x|", "x*x", "sqrt(|1-x*x|)", "sqrt(|x|)"}
PO NT4* gVertices=NULL; [/ all used vertices of the SOR
struct TRI ANGLE* gTri =NULL; /1 list of triangles

doubl e gAngle[3] = {0.0,0.0,0.0}; // angle in degrees

short gTris; /1 nunber of triangles in the SOR

BOOL gRot ati on = FALSE; /1 toggle automatic rotation

short gFunction=0; /1 nunmber of function used for SOR

short gShadi ng=1; /1 shadi ng nodel used for SOR

short gCyl node = O; /1 cylinders node: O=frustums, 1=centered
2=m ni mum

short gCyls = 10; /'l nunber of cylinders

short gCyl sSave = gCyls; /1 menorizes gCyls for cylinder anination
short gSectors = 7, /1 nunber of sectors for each disc

BOCL gAni mation = gSectors; /1 revolution animation; if <gSectors

animation is active

doubl e Func(doubl e x)
/1 returns function val ues which are already abs’'d
{

switch (gFunction)
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case 0 return(fabs(x));
case 1: return(x * Xx);
case 2: return((x>=-1.0 && x<=1.0) ? sqrt(fabs(1l.0-x*x)) : -2.0*x*x+2.0);
case 3: return(sqrt(fabs(x)));
default: return(x);
}
}
e

doubl e Cyli nder Hei ght (doubl e x1, doubl e x2)
/1 returns height of a colum between 2 x val ues

switch (gCyl node)
{
case 1. return((Func(x1)+Func(x2))/2.0); break; // centered
/1

case 2: return(M N(Func(x1), Func(x2))); break; m ni mum rul e
default: return(Func(x1)); break;

voi d KeyboardCal | back( UCHAR key, int x, int y)
if (key==27) exit(1); // exit on ESCAPE

/1 Conputes vector product of a,b and ¢ and returns it inn
/1l Call example: PO NT4 a,b,c,n; VectorProduct(a,b,c,n);
voi d Vector Product (PO NT4 a, PO NT4 b, PO NT4 c, PO NT4 n)

{
n[0] = (c[1]-b[1]) * (a[2]-b[2]) - (c[2]-b[2]) * (a[l]-Db[1]);
n[1] = (c[2]-b[2]) * (a[O0]-b[O]) - (c[O]-b[O]) * (a[2]-b[2]);
} n[2] = (c[0]-b[0]) * (a[1]-b[1]) - (c[1]-b[1]) * (a[0]-b[O]);
[ = m e e e e

voi d Set Col or (COLOR col, float r, float g, float b)
/1 set color type variable to rgb color val ues

{coI[O] =r;
col[1] = g;
col[2] = b;
}
I e

voi d NewPol ygonLi st (voi d)
/1 create output body and assign it to a display |ist

short i,Xx,d,index;

doubl e xst ep;

doubl e xpos;

short samples; // nunber of sanple points on outline function

gl NewLi st (SOR_LI ST, GL_COMPI LE);
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gl LineWdth(3.0); [// thick axes |ines

gl Begi n(GL_LINES); // draw coordinate system
gl Col or 4f v( gAxi scol or);
gl Materi al f v( GL_FRONT_AND BACK, G._AMBI ENT, gAxiscol or);
gl Vertex3d( FROM X, 0.0, 0.0); // x axis
gl Vertex3d(-FROM X, 0.0, 0.0);
gl Vertex3d(0.0, FROM X, 0.0); // y axis
gl Vertex3d(0.0, - FROM X, 0.0);
gl Vertex3d(0.0, 0.0, FROM X); [// z axis
gl Vertex3d(0.0, 0.0, -FROM X);

gl End() ;

gl LineWdth(1.0); // reset to default

gl Begi n( GL_TRI ANGLES) ;
i f (gCyl node==0) /1 no cylinders
{

for (x=0; x<gCyls; ++x)
for (d=0; d<gAni mation; ++d)
{

(i ndex=0; index<2; ++i ndex)

i =index + 2 * (x * gSectors + d);
gl Col or3fv(gTri[i].col);

gl Material f v(GL_FRONT_AND BACK, GL_AMBIENT, gTri[i].

gl Nor mal 3dv(gTri[i].n);

gl Vertex3dv(gVertices[gTri[i].a]);
gl Vertex3dv(gVertices[gTri[i].b]);
gl Vertex3dv(gVertices[gTri[i].c]);

}
}

else // cylinders
{
for (x=0; x<gCyls; ++x)

(d=0; d<gAni mation; ++d)

col);

(i ndex=0; index<2; ++index) [/ draw surface triangles

i =index + 2 * (x * gSectors + d);
gl Col or3fv(gTri[i].col);

gl Material f v(GL_FRONT_AND BACK, GL_AMBI ENT, gTri[i].

gl Nor mal 3dv(gTri[i].n);

gl Vertex3dv(gVertices[gTri[i].a]);
gl Vertex3dv(gVertices[gTri[i].b]);
gl Vertex3dv(gVertices[gTri[i].c]);

/1 draw vertical triangles:

col);

index = 2 * gSectors * gCyls; [/ base index of vertical triangles

i = index + x*gSectors + d;
gl Col or3fv(gTri[i].col);

gl Materi al f v( GL_FRONT_AND BACK, G._AMBI ENT, gTri[i].col);

gl Normal 3dv(gTri[i].n);

gl Vertex3dv(gVertices[gTri[i].a]);
gl Vertex3dv(gVertices[gTri[i].b]);
gl Vertex3dv(gVertices[gTri[i].c]);

I drawrlghtrmst vertical triangle:
i = index + gCyls*gSectors + d;
gl Col or3fv(gTri[i].col);
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294 gl Materi al fv(G._FRONT_AND_BACK, GL_AMBIENT, gTri[i].col);
295 gl Normal 3dv(gTri[i].n);

296 gl Vertex3dv(gVertices[gTri[i].a]);

297 gl Vertex3dv(gVertices[gTri[i].b]);

298 gl Vertex3dv(gVertices[gTri[i].c]);

299 }

300 }

301 }

302

303 gl End();

304

305 /1 draw function outline:

306 gl Begi n(G._LI NE_STRI P) ;

307 gl LineWdth(3.0); // thick axes |ines

308 gl Col or 4f v( gAxi scol or) ;

309 gl Mat eri al fv( GL_FRONT_AND BACK, G._AMBI ENT, gAxiscolor);
310 gl Nor nel 3d(0.0,0.0,1.0);

311 Xpos = XM N;

312 sanples = WDOTH / 3;

313 xstep = XDl F / (doubl e)sanpl es;

314 for (x=0; x<=sanmples; ++x) [/ draw function outline
315 {

316 gl Vert ex3d(xpos, Func(xpos), 0.0);

317 Xpos += xstep;

318 }

319 gl LineWdth(1.0); // reset to default

320 gl End();

321

322 gl EndLi st () ;

323 }

324

325 R

326

327 voi d Gener at eNor mal s(voi d)

328 /1l generates nornmal vectors. inportant: order of cornerpoints nust be
329 count ercl ockw se!

330 {

331 short index;

332

333 for (index=0; index<gTris; ++i ndex)

334 Vect or Product (gVertices[gTri[index].a], gVertices[gTri[index].b],
335 gVertices[gTri[index].c], gTri[index].n);
336 }

337

338 e

339

340 voi d Snoot hSOR(voi d)
341 /'l create vertices and triangles of output shape

342 {

343 short d, x; /1 1oop counters

344 doubl e xpos, dpos; /1 current vertex position in world coordinates
345 doubl e xstep, dstep; [/ stepsizes

346 short i ndex;

347 short base;

348

349 if (gVertices!=NULL) free(gVertices);

350 gVertices = (PO NT4*)mal | oc((gCyl s+1) * gSectors * sizeof (PO NT4));
351 if (gVertices==NULL) exit(-1); // menory allocation error

352

353 xstep = XDIF / (double)gCyls;
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354 dstep = 2.0 * Pl / (double)gSectors; [/ step in radians
355

356 for (index=x=0; x<gCyls+1; ++x)

357 {

358 xpos = XMAX - (double)(gCyls - x) * xstep

359 for (d=0; d<gSectors; ++d)

360 {

361 dpos = (double)d * dstep;

362 gVertices[index][0] = xpos;

363 gVertices[index][1] = Func(xpos) * cos(dpos);
364 gVertices[index][2] = Func(xpos) * sin(dpos);
365 ++i ndex;

366 }

367 }

368

369 gTris = 2 * gSectors * gCyls;

370

371 /] conpose vertices to triangles

372 if (gTri!=NULL) free(gTri)

373 gTri = (struct TRIANGLE*)mall oc(gTris * sizeof(struct TRI ANGLE));
374 if (gTri==NULL) exit(-1); // menory allocation error
375

376 for (x=0; x<gCyls; ++x)

377

378 for (d=0; d<gSectors; ++d)

379 {

380 index = 2 * (x * gSectors + d);

381 base = x * gSectors;

382

383 /1 conpose upper left triangle

384 gTri[index].a = base + d;

385 gTri[index].b = base + ((d + 1) % gSectors);
386 gTri[index].c = base + d + gSectors;

387 Set Col or (gTri[index].col, 1.0, 0.0, 0.0);

388

389 /1 conpose lower right triangle

390 ++i ndex;

391 gTri[index].a = base + d + gSectors;

392 gTri[index].b = base + ((d + 1) % gSectors);
393 gTri[index].c = base + ((d + 1) %gSectors) + gSectors;
394 Set Col or (gTri[index].col, 1.0, 0.0, 0.0);

395 }

396 }

397

398 Gener at eNor mal s() ;

399 }

400

401 R e

402

403 voi d CylindersSOR(voi d)
404 /1 generate SOR with cylinders synbolizing approxim zation (fromthe inside)

405 {

406 short d, x; /1 1oop counters

407 doubl e xpos, dpos; /] current vertex position in world coordinates
408 doubl e xstep, dstep; // stepsizes

409 short index;

410 short base;

411 doubl e radi us; /'l current radius

412 doubl e x1,x2,x3; [// 3 sanple x positions

413 BOOL |leftside; // boolean variable to mark |eft sides of cylinders
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S

short hel p; /'l buffer for swap

if (gVertices!=NULL) free(gVertices);

gVertices = (PONT4*)malloc((2 * 9gCyls * gSectors
zeof (PO NT4));

if (gVertices==NULL) exit(-1); // nermory allocation error

xstep
dstep

XDl F / (doubl e)gCyls;
2.0 * PI /| (double)gSectors; [/ step in radians

/] conpute vertices on x axis:
index = 0;

for (x=0; x<gCyls+1; ++x)

{

gVertices[index][0]
gVertices[index][1]

XM N + (double)x * xstep;
gVertices[index][2] = 0.0;

++i ndex;
}
/1 conpute the rest of the vertices:
Xpos = XM N,
for (x=0; x<gCyls; ++x)
{
radi us = CylinderHei ght (xpos, xpos+xstep);
dpos = 0.0;
for (d=0; d<gSectors; ++d)
gVertices[index][0] = xpos;
gVertices[index][1] = radius * cos(dpos);
gVertices[index][2] = radius * sin(dpos);
dpos += dstep;
++i ndex;
}
Xpos += xstep
dpos = 0.0;
for (d=0; d<gSectors; ++d)
{
gVertices[index][0] = xpos;
gVertices[index][1] = radius * cos(dpos);
gVertices[index][2] = radius * sin(dpos);
dpos += dstep;
++i ndex;
}
}

gTris = 2 * gSectors * gCyls + (gCyls+1) * gSectors;

/'l conpose vertices to triangles:
if (gTri!=NULL) free(gTri);

gTri = (struct TRIANGLE*)mal |l oc(gTris * sizeof(struct TRI ANGLE));

if (gTri==NULL) exit(-1); // nenory allocation error?
/'l generate triangles parallel to x axis:

i ndex = 0;

for (x=0; x<gCyls; ++x)

{

base = gCyls + 1 + 2 * x * gSectors;
for (d=0; d<gSectors; ++d)

/1 conpose upper left triangle:

+

gCQyl s+1)

*
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}

gTri[index].a = base + d;

gTri[index].b base + ((d + 1) % gSectors);
gTri[index].c base + d + gSectors

Set Col or (gTri[index].col, 1.0, 0.0, 0.0);

++i ndex;

/1 conpose |ower right triangle

gTri[index].a base + d + gSectors;

gTri[index].b base + ((d + 1) % gSectors);
gTri[index].c base + ((d + 1) % gSectors) + gSectors
Set Col or (gTri[index].col, 1.0, 0.0, 0.0);

++i ndex;

}

/'l generate triangles parallel to yz plane:
index = 2 * gSectors * gCyls;
for (x=0; x<gCyls; ++x)

}

| ef t si de = FALSE

x1 = XM N+(doubl e) (x-1)*xstep; /1 conpute previous, current and next x
positions

X2 = XM N+(doubl e) x *xstep

x3 = XM N+(doubl e) (x+1) *xst ep

if (x>0 && CylinderHeight(x1,x2) > CylinderHeight(x2,x3))
base = gCyls + 1 + (2 * x - 1) * gSectors;

el se

base = gCyls + 1 + 2 * x * gSectors;
| eftside = TRUE

}
for (d=0; d<gSectors; ++d)
{
gTri[index].a = x;
gTri[index].b = base + d;

gTri[index].c = base + ((d + 1) % gSectors);
if (leftsi de==TRUE)

{ hel p=gTri[index].b; gTri[index].b=gTri[index].c; gTri[index].c=help; }

Set Col or (gTri[index].col, 0.0, 0.0, 1.0);
++i ndex;

}

/'l generate rightnost yz plane cover:

base = gCyls + 1 + 2 * gCyls * gSectors - gSectors;
cyl i nder

for (d=0; d<gSectors; ++d)

{

}

gTri[index].a = x;

gTri[index].b = base + d;

gTri[index].c = base + ((d + 1) % gSectors);
Set Col or (gTri[index].col, 0.0, 0.0, 1.0);
++i ndex;

Gener at eNor mal s() ;

}

Il

junp to

| ast
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534

535 voi d NewVert exLi st (void)

536 {

537 if (gCyl mde>0) CylindersSOR();

538 el se Snpot hSOR() ;

539 }

540

541 A e

542

543 void WiteText (double x, double y, const char* text, ...)
544 /1l x/ly are of range 0..1

545 {

546 short length,i;

547 char output[80+1]; // buffer for output text

548 va_list arglist;

549

550 va_start(arglist,text);

551 length = vsprintf(output, text, arglist);

552 if (length>80) exit(-1); /'l text array too small
553 va_end(arglist);

554 output[length] = "\n";

555 gl Rast er Pos3d( x* DX+FROM_X, y*DY+FROM Y, TO Z-Dz/100.0);
556 for (i=0; i<length; ++i)

557 gl ut Bi t mapChar acter (GLUT_BI TMAP_8 BY_13, output[i]);
558 }

559

560 e

561

562 short TextPi xel Wdt h(const char* text)
563 /1 returns the width of a text in pixels

564 {

565 short i,w dth=0;

566

567 for(i=0; i<(short)strlen(text); ++i)
568 wi dth += gl ut Bi t mapW dt h( GLUT_BI TMAP_8_BY_13, text[i]);
569 return(w dth);

570 }

571

572 e T
573

574 voi d DrawButtons(void)

575 {

576 short i;

577 doubl e x1,x2,y1,y2;

578

579 for (i=0; i<BUTTONS; ++i)

580 {

581 x1 = gButton[i].x;

582 x2 = x1 + gButton[i].w

583 yl = gButton[i].y;

584 y2 =yl + gButton[i]. h;

585

586 x1 = x1 * DX + FROM_X;

587 x2 = x2 * DX + FROVLX;

588 yl =yl * DY + FROMY;

589 y2 = y2 * DY + FROWLY;

590

591 gl Begi n(GL_LI NE_LOCP) ;

592 gl Col or 4f v(gBl ack) ;

593 gl Mat eri al fv( GL_FRONT_AND BACK, G._AMBI ENT, g¢gBl ack);
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gl Nor nel 3d(0.0, 0.0, 1.0);

gl Vertex3d(x1, yl, TO zZ- Dz/ 100. 0);

gl Vertex3d(x1, y2, TO z-Dz/100.0);

gl Vertex3d(x2, y2, TO z-Dz/100.0);

gl Vertex3d(x2, y1, TO Z-Dz/100.0);
gl End() ;

WiteText(gButton[i].x +
gButton[i].y + g tton[i].h/2.0 - .01,
gButton[i].text);
}
}
e

voi d Set Vi ewParans(short w, short h)
/1 w,h = screen wi ndows size

gl Viewport (0, 0, w, h); // x,y,wdth, hght of view w ndow

gl Mat ri xMode( GL_PRQIECTI ON) ;
gl Loadl dentity();
gl Otho(FROM X, TO X, FROM Y, TOY, FROM Z, TO 2);
!/l gluLookAt (0.0, 0.0, 700.0, 0.0, 0.0, 0.0, 0.0, 1.0, 0.0);
gl Mat ri xMode( GL_MODELVI EW ;
}

short GetButtonl D(short x, short vy)
/1 returns button ID. if no button pressed return -1
/1l x/y are the npuse coordinates as pixels
{
short i;
doubl e sx, sy; /1l screen values in fraction of screen size

SX
sy

for (i=0; i<BUTTONS; ++i)
if (sx>=gButton[i].x && sx<gButton[i].x+gButton[i].w &&
sy>=gButton[i].y && sy<gButton[i].y+gButton[i].h)
return(gButton[i].id);
return(-1);

}

(doubl e)x / WDTH,;
(doubl e)y / HGHT;

voi d DrawsSt at us(voi d)
{

short i;
doubl e x,vy;

(i =0; i<BUTTONS; ++i)

X = gButton[i].x + gButton[i].w + .01;
y = gButton[i].y + .015;
switch(i)

case 2: WiteText(x, y, "%3.0f", gAngle[0]); break;
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of ",

gAngl e[ 1]); break;

gAngl e[ 2]); break;
gCyl s); break;
gSectors); break;

gOfOn[gRotation]); break;

gAni nane[ gAni mat i on<gSectors]); break;
gAni nane[ gCyl s<gCyl sSave]); break;
gShadenane[ gShadi ng]); break;
gFuncnane[ gFunction]); break;

gCyl name[ gCyl node] ) br eak;

case 4: WiteText(x, y, "93.0f",
case 6: WiteText(x, y, "93.
case 8: WiteText(x, vy, "%l",
case 10: WiteText(x, y, "%l",
case 11: WiteText(x, vy, "%",
case 12: WiteText(x, vy, "%",
case 13: WiteText(x, vy, "%",
case 14: WiteText(x, vy, "%",
case 15: WiteText(x, y, "%",
case 16: WiteText(x, y, "%",
def aul t: break;
}
}
}
R e

voi d DrawFuncti on(voi d)

gl Rot at ed( gAngl e[ 0],
gl Rot at ed( gAngl e[ 1],
gl Rot at ed( gAngl e[ 2],
gl Cal | Li st (SOR_LI ST);

1.0,0.
0.0, 1.
0.0, 0.

)

/1 rotation in degrees!

}
R e
voi d Redr awScr een(voi d)
{
#i f def W N32
clock t start,end,diff;
char buf [ 20] ;
doubl e fps;
start = clock();
#endi f

gl Loadl dentity();
gl C ear (GL_COLOR BUFFER BIT);
gl C ear (GL_DEPTH_BUFFER _BI T);
#i f ndef BENCHMARK
DrawBut t ons() ;
DrawsSt at us() ;
#endi f
Dr awFunction();
#i f def W N32
gl Loadl dentity();
gl Col or 4f v(gBl ack) ;

gl Materi al f v( GL_FRONT_AND BACK, GL_AMBI ENT, gBl ack);

end = clock();
diff = end - start;
if (diff==0) diff=1;

/'l prevent division by zero error

fps = (doubl e) CLOCKS_PER SEC / (double)diff;

sprintf(buf, "9%.2f fps", fps);

WiteText(0.05, 0.05, buf);
#endi f

gl Fl ush();

gl ut SwapBuf fers();
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714

715 voi d Di spl ayCal | back(voi d)

716 {

717 Redr awScr een() ;

718 }

719

720 I e
721

722 voi d ReshapeCal | back(GLsi zei w, GLsizei h)
723 /1 clears w ndow

{
725 Set Vi ewPar ans(w, h);
726 Redr awScr een() ;
727 }

731 voi d | dl eCal |l back(voi d)
732 /1l is called if no other action takes place

733 {

734 short i;

735 BOOL vertices=FALSE, polygons=FALSE, redraw=FALSE; // marks what has to be
736 redone

737

738 if (gRotation)

739 {

740 for (i=1; i<=2; ++i)

741

742 gAngl e[i] += ROTSTEP/5. 0;

743 if (gAngle[i] >= 360.0) gAngle[i] -= 360.0;
744

745 redraw = TRUE;

746 }

747 if (gAnimation < gSectors)

748 {

749 ++gAni mati on;

750 pol ygons = redraw = TRUE;

751

752 if (gCyls < gCyl sSave)

753

754 ++gCyl s;

755 vertices = polygons = redraw = TRUE;

756 }

757 if (vertices)

758 NewVer t exLi st () ;

759 i f (polygons)

760 NewPol ygonLi st () ;

761 if (redraw)

762 Redr awScr een() ;

763 }

764

765 e e

766

767 voi d MouseCal | back(int button, int state, int x, int y)
768

769 short axis=0; // 0=x, 1=y, 2=z axis

770

771 /1 convert y coordinate to screen coordinates:
772 y = HGHT - v;

773
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i f (button==GLUT_RI GHT_BUTTON & st at e==GLUT_DOVWN)
exit(1);

if (button==GLUT_LEFT_BUTTON & st at e==G_LUT_DOWN)
switch (GetButtonl D(x,Yy))

case -1: // no button pressed
br eak;
case O: /] Reset
gAngl e[0] = gAngle[1l] = gAngle[2] = 0.0;
gRotation = FALSE;
gAni mati on = gSectors;
gCyl s = gCyl sSave;
NewVer t exLi st () ;
NewPol ygonlLi st () ;
Redr awScr een() ;
br eak;
case 5: ++axis; // angle z ++
case 3: ++axis; // angle y ++
case 1: // angle x ++
gAngl e[ axi s] += ROTSTEP;

if (gAngle[axis] >= 360.0) gAngle[axis] -= 360.

Redr awScr een() ;

br eak;
case 6: ++axis; // angle z --
case 4: ++axis; // angley --
case 2: // angle x --

gAngl e[ axi s] -= ROTSTEP;
if (gAngle[axis] < 0.0) gAngle[axis] += 360.0;
Redr awScr een() ;
br eak;
case 7: // Cylinders ++
gCyl s++;

if (gCyls>99) gCyls = 99;
gCyl sSave = gCQyls;
NewVer t exLi st () ;
NewPol ygonLi st () ;
Redr awScr een() ;
br eak;

case 8: // Cylinders --
gQyl s- -,
if (gCyls<l) gCyls = 1;
gCyl sSave = gCyl s;
NewVer t exLi st ();
NewPol ygonLi st () ;
Redr awScr een() ;
br eak;

case 9: // Sectors ++
gSect or s++;
if (gSectors>99) gSectors = 99;
gAni mati on = gSectors;
NewVer t exLi st () ;
NewPol ygonLi st () ;
Redr awScr een() ;
br eak;

case 10: // Sections --
gSectors--;
if (gSectors<3) gSectors = 3;
gAni mati on = gSectors;
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NewVer t exLi st () ;
NewPol ygonLi st () ;
Redr awScr een() ;
br eak;
case 11: // auto rotation
gRotation = ! gRotati on;

Redr awScr een() ;
br eak;
case 12: // revolution aninati
gAni nation = O;
NewPol ygonLi st () ;
Redr awScr een() ;
br eak;
case 13: // Cylinder animtion
glyl's = 2;

NewVer t exLi st () ;
NewPol ygonLi st () ;
Redr awScr een() ;
br eak;
case 14: // Shadi ng nodel
++gShadi ng;
i f (gShadi ng>=2) gShadi ng=0;

swi t ch( gShadi ng)
{

on

case 0: gl Di sabl e(G_LIGHTING) ; break;
a

LI GHTI

case 1. gl Enabl e(

}
NewPol ygonLi st () ;
Redr awScr een() ;
br eak;
case 15: // Function
++gFuncti on;

NG ; break;

i f (gFunction>=FUNCNUM gFuncti on=0;

NewVer t exLi st () ;
NewPol ygonLi st () ;
Redr awScr een() ;
br eak;

case 16: // Cylinders
++gCyl node;
if (gCyl node>=CYLNUM gCyl no
NewVer t exLi st () ;
NewPol ygonlLi st () ;
Redr awScr een() ;
br eak;

case 17: // quit

exit(1);
br eak;

int main(int argc, char* argv[])
glutlnit(&argc, argv);

gl utl nitD spl ayMde( GLUT_DOUBLE |
gl ut I nit WndowSi ze( WDTH, HGHT) ;

de=0;

GLUT_RGBA |

GLUT_DEPTH) ;



894
895
896

121

gl ut | ni t WndowPosi ti on(100, 100);
gl ut Cr eat eW ndow( " Shadi ng SOR') ;

NewVer t exLi st () ;
NewPol ygonlLi st () ;

Set Vi ewPar ans (WDTH, HGHT) ;

gl C ear Col or ((G.cl anpf) 1. 0,

white

Redr awScr een() ;

gl ut D spl ayFunc(Di spl ayCal | back) ;
after wi ndow creation
gl ut ReshapeFunc( ReshapeCal | back) ;
gl ut 1 dl eFunc(Idl eCal | back);

gl ut MouseFunc( MouseCal | back) ;

gl ut Keyboar dFunc( Keyboar dCal | back) ;

gl ShadeMbdel ( GL_SMOOTH) ;

/1

(G.cl ampf) 1.0, (G.clanpf)l.o0,

same as WM PAINT

gl Materi al f v( GL_FRONT_AND BACK, GL_SPECULAR, gSpecul ar);

gl Materi al f v( GL_FRONT_AND BACK, GL_SHI NI NESS, gShi ni ness);

gl Lightfv(GL_LI GHTO, G._PGSI TIQN, gLi ghtpos);

gl Enabl e( G__LI GHTO) ;
gl Enabl e( G._DEPTH_TEST) ;
i f (gShadi ng==1)

gl Enabl e(GL_LI GHTI NG ;

gl ut Mai nLoop(); // starts event-processing | oop

free(gTri);
free(gVertices);
return(0);

(G.clanmpf)0.0); //

=>

is also

cal |l ed



122

6.4.4 The SPHIGS Version

/*************************************************************

Fi | enane: UNI X- SOR. CPP

CoOoO~NOUWNE

Proj ect: Shadi ng of Surfaces of Revolution with SPH GS
Master’s Thesis Summer Term 1997

Pr ogramer: Juer gen Schul ze- Doebol d
Emai | : j oe@tudbox. uni-stuttgart. de

Advi sor: Prof. A. Hausknecht

Institution: Uni versity of Massachusetts Dartnouth

Compi l er: G\U C

Envi ronnent : Uni x or

Requirements: SPHI GS nust be installed

Project Files: UN X-SOR C, MAKEFILE, SPH GS_BUTTONS. C,
SPHI GS_BUTTONS. H, SRGP_BUTTONS. H

Last Changes: 12/03/97

'k*************************************************************/

/* _______________________________________ */

/* _______________________________________ */

#i ncl ude "sphigsl ocal . h"

#i ncl ude "sphi gs_buttons. h"

#i ncl ude <stdio. h>

#i ncl ude <stdlib. h>

#i ncl ude <string. h>

#i ncl ude <math. h>

#i ncl ude <sys/tinmeb. h>

2 */
/* Macros */
/* _______________________________________ */

#undef srgp__point

/* Define View Cube *
#defi ne kVi ewlLeft -
#defi ne kVi ewBottom -
#defi ne kVi ewRi ght
#defi ne kVi ewTop
#defi ne kVi ewFront

/
1.
1.
1.
1.
8
#defi ne kVi ewBack 8

#defi ne kNunber O Pl anes 8

#defi ne kBl ackCol or SRGP_BLACK

#defi ne kWi teCol or SRGP_VHI TE
#def i ne kRedCol or 2

#def i ne kGreenCol or 3

#def i ne kBl ueCol or 4

#defi ne kG eyCol or 5

#defi ne kPi nkCol or 6

#defi ne kTanCol or 7

#defi ne kLavender Col or 8



123

#def i
#def i
#def i

#def i
#def i

#def i
#def i
#def i
#def i

ne
ne
ne

ne
ne

ne
ne
ne
ne

kDef aul t Font 0
kSt dFont 1
kBut t onFont 2

kScreenW ndowW dth 600
kScr eenW ndowHei ght 700

vector vector_3D

matrix nmatrix_4x4
srgp__rectangl e rectangle
MaxSt ri ngLengt h 255

char *gFont Nanes[] =

{ "-adobe-tinmes-bold-r-normal -*-12-*-*-*
"-adobe-tines-nedi umr-normal -*-12-*-*-
*

"-adobe- hel vetica-bol d-r-normal -*-12-*-

}s

NDC _rect angl e gScreenVi ewRect ;

/* Buttons */
/*

enum Buttonl Ds {

}s
#defi ne kLast Buttonl D Fourt hCoor di nat eButt onl

QuitButtonl D =

RedrawBut tonl D = 1,
I ncButtonl D =
DecButtonl D = 3,

Par aneterButtonl D =

Fi rst Coordi nateButtonl D =
SecondCoor di nat eButtonl D
Thi rdCoor di nat eButtonl D =
Four t hCoor di nat eBut t onl D

int gActiveButton;
enum buttonbDi ns { stdButtonWdth = 42,

wi deBut t onW dt h
st dBut t onHei ght
stdMargin = 4,
stdButtonGap = 15,

qui t ButtonRi ght Off set = 50

110,
22,

#defi ne DX (gXmax-gXmi n)
#define kSurfacelD 1

2
4
5
6,
7
8
D

doubl e gXmi n=-1.0, gXmax=1.0; /* Surface paraneters */

int gM=10, gN=10;

poi nt* gVerti ces=NULL;
int gNumber O Tri s;
vertex_index* gTri=NULL;



2 */
/* Axes */
| * e o e e e e e e e e e meeeee oo * [

#defi ne kDef aut Axi sLength 2
poi nt gXAxi s[3], gYAxis[3], gZAxis[3];

/* _______________________________________ */
/* 3D Viewi ng */
2 */

typedef struct{double uMn, vMn, uMax, vMax;} vi ewPl aneW ndowBounds;
typedef struct{point xyzMn, xyzMax;} vi ewCubi cRegion;

vector vector Text;
t ypedef struct
poi nt vi ewRef Pt ;
vect or vi ewPl aneNormal, vi ewpVector;
matrix VOWVatri x;
int projectionType;
poi nt proj Ref Pt;
vi ewPl aneW ndowBounds vi ewPl aneW ndow;

doubl e frontd i ppi ngPl anebDi st, backd i ppi ngPl aneDi st ;
Vi ewCubi cRegi on st dVi ewol une, stdViewd i p;

matrix VMVAtrix;
NDC rect angl e screenVi ewBounds;
i nt vi ewBackgroundCol or;

} view nfo;

viewl nfo gTheVi ewl nf o[ 4] ;
int gSel ectedView = O;

| ® e o e e e e e e e e e e memmee oo * [
/* View Paraneters */
/* _______________________________________ */

#define ParaneterDelta 0.8

#define kNumParaneters 8 /* nunber of paranmeters */

enum Par anet er | Ds

{
ViewRef PtI D = 0,
Vi ewRef Normal D = 1,
Vi empVectorI D = 2,
Proj RefPt1D = 3,
Vi ewPl aneW ndowl D = 4,
Vi ewPl aneW dnowSi zeCenterl D = 5,
Vi ewd i ppi ngPl anesI D = 6,
Sur f acePar ansl D = 7

}s
int gSel ectedParaneter = Proj RefPtlD;
char *gParameter Nanes[] =
{
"Vi ew Ref Point",
"Vi ew Ref Nornmml",
"View Up Vector",
"Projection Ref Pt",
"Vi ew Pl ane W ndow',
"VPW Si ze & Center",
"Front & Back Pl anes",
"Surface Parans"

}s

srgp__rectangl e gCoordi nat eQut put Rect s[ 4] ;
srgp__rectangl e gPar anet er Text Rect ;
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srgp__rectangle gButt onRect ;
char Coordi nateNanmes[][4][9] =
{
{"x", "y","z", "unused" },
{"x", "y","z", "unused" },
{"x", "y","z", "unused" },
{"u", "v","n", "unused" },
{"uMn", "vMn","uMax","vMax" },
{"Wdth", "Height","u","v" },
{"Front", "Back","unused", "unused"},
{I! XM n" , " X'\/BX" , " ml , " r]ll }
}s
int gSel ectedCoordi nate = 0;
R i */
/* Function Declarations */
2 */

voi d Set UpVi ewRef er enceCoor di nat eSysten{int);
voi d Updat eSurfaceStructure(doubl e, double,

voi d CreateSurfaceO Revol uti on(doubl e, doubl e,

voi d CreateSurfaceStructure(double, double,
voi d DrawCoor di nat es(void);

R e e */
/* Function Definitions */
R e */

bool ean pt3Di nRect (point pt, NDC rectangle rect)

return ( (rect.bottomleft.x <= pt[0]) &&
(rect.bottomleft.y <= pt[1]) &&

voi d set BackgroundCol or (i nt col or)

{

srgp__attribute_group savedAttri butes;
SRGP_i nquireAttributes(&savedAttri butes);

savedAttri but es. background_col or = col or;
SRGP_set Attri but es(&savedAttri butes);

voi d eraseTheRect (srgp__rectangl e theRect)
srgp__attribute_group savedAttri butes;
set Backgr oundCol or (kWi t eCol or) ;

SRGP_i nqui reAttri butes(&savedAttributes);
SRGP_setFil |l Styl e(SOLI D);

SRGP_set Col or (savedAttri but es. background_col or);

SRGP_fill Rectangl e(theRect);
SRGP_set Attri but es(&savedAttri butes);

(pt[O]< rect.top_right.x) &&
(pt[{l]< rect.top_right.y) );
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void drawStr(srgp__point screenLocation, char *theStr)
{

int delta = 1;

int indent = 2;

int width, height, descent;

srgp__rectangl e textRect;

srgp__attribute_group savedAttri butes;

set Backgr oundCol or ( kWi t eCol or) ;
SRGP_i nquireAttributes(&savedAttri butes);
SRGP_set Col or (kWi t eCol or) ;
if ( strlen(theStr) > 0)
{
SRGP_i nqui reText Extent (theStr, &w dth, &height, &descent);
screenLocati on = SRGP_def Poi nt (screenLocati on. x + indent,
screenLocation.y + indent);
text Rect = SRGP_def Rect angl e( screenLocati on. x,
screenLocation.y,
screenLocation.x + width + delta,
screenLocation.y + height + descent + delta);
screenLocation.y = screenLocation.y + descent;
SRGP_set C i pRectangl e (textRect);
eraseTheRect (t ext Rect) ;
SRGP_set Col or (kBI ackCol or);
SRGP_set Wi t eMbde( WRl TE_REPLACE) ;
SRGP_t ext (screenLocation, theStr);

}
SRGP_set Attri but es(&savedAttri butes);
}

voi d drawReal (srgp__poi nt screenLocation, double theReal)

{
char nunsStr[MaxStringlLengt h];

int width, height, descent;
sprintf(nunttr,"%.2f", theReal );
drawstr (screenLocation, nunstr);

K o e e e e e e e eeiiiaaaas * |

voi d Creat eAxes(doubl e | ength)
{

SPH_def Poi nt (gXAxi s[0],0, 0, 0);

SPH_def Poi nt (gXAxi s[ 1], 1 ength, 0, 0);

SPH_def Poi nt (gXAxi s[2],length, 0.1, 0); /* Label position */
SPH_def Poi nt (gYAxi s[0],0, 0, 0);

SPH_def Poi nt (gYAxi s[1],0, length, 0);

SPH_def Poi nt (gYAxis[2],0.1, length*.9, 0); /* Label position */
SPH_def Poi nt (gZAxi s[0],0, 0, 0);

SPH_def Poi nt (gZAxi s[1],0, 0, |ength);

SPH _def Poi nt (gZAxis[2],0.1, 0, length*.9); /* Label position */
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293

294 R e R */

295

296 voi d Set UpVi ewRef er enceCoor di nat eSysten{int vi ewl ndex)

297 {

298 SPH _eval uateVi ewOri entati onMatri x(gTheVi ew nf o vi ewl ndex] . vi ewRef Pt
299 gTheVi e nf o[ vi ewl ndex] . vi ewPl aneNor el ,
300 gTheVi ew nf o[ vi eW ndex] . vi ewUpVect or,
301 gTheVi ewl nf o[ vi ewl ndex] . VOVat ri x) ;
302 }

303

304 A e */

305

306 voi d Set UpProjection(int view D)

307 {

308 SPH_eval uat eVi ewvappi ngMat ri x(

309 gTheVi ew nf o[ vi ew D] . vi ewPl aneW ndow. uM n,

310 gTheVi ewl nf o[ vi ew D] . vi ewPl aneW ndow. uMax,

311 gTheVi ewl nf o[ vi e D] . vi ewPl aneW ndow. vM n,

312 gTheVi ewl nf o[ vi e D] . vi ewPl aneW ndow. vMax,

313 gTheVi ewl nf o[ vi e D] . proj ecti onType,

314 gTheVi ewl nf o[ vi eM D] . pr oj Ref Pt ,

315 gTheVi ew nfo[view D] . frontd i ppi ngPl aneDi st

316 gTheVi ewl nf o[ vi ewl D] . backd i ppi ngPl aneDi st ,

317 gTheVi ew nf o[ vi ewl D] . st dVi ewWol une. xyzM n[ 0] ,

318 gTheVi ewl nf o[ vi ewl D] . st dVi ewWol une. xyzMax[ 0] ,

319 gTheVi ewi nf o[ vi ewl D] . st dVi ewMol une. xyzM n[ 1],

320 gTheVi ewi nf o[ vi ewl D] . st dVi ewMol unme. xyzMax[ 1],

321 gTheVi ewl nf o[ vi e D] . st dVi ewNol une. xyzM n[ 2],

322 gTheVi ewl nf o[ vi e D] . st dVi ewNol une. xyzMax| 2],

323 gTheVi ewl nf o[ vi eM D] . VMVAt ri X) ;

324 }

325

326 A e */

327

328 voi d SetUpVi ew(int view D)

329 {

330 int viewColor;

331

332 SPH_set Vi ewRepr esent ati on(vi ewl D,

333 gTheVi e nf o[ viewl D] . VOMVat ri x,

334 gTheVi e nfo[ viewl D] . VMMVat ri X,

335 gTheVi e nfo[ viewl D] . stdVi ewd i p. xyzM n[ 0] ,
336 gTheVi ewi nfo[ viewl D] . stdVi ewCl i p. xyzMax[ 0],
337 gTheVi ew nfo[viewl D] . stdVi ewd i p. xyzM n[ 1],
338 gTheVi em nfo[viewl D] . stdVi ewd i p. xyzMax[ 1],
339 gTheVi ewl nfo[ viewl D] . stdVi ewCl i p. xyzM n[ 2],
340 gTheVi ewl nfo[ viewl D] . stdVi ewdl i p. xyzMax[ 2]);
341

342 switch (view D)

343 {

344 case 0: SPH_ set Renderi ngWbde (view D, WREFRAME) ; br eak;

345 case 1: SPH_ set Renderi ngWbde (view D, FLAT); break;

346 case 2: SPH set Renderi ngMbde (view D, LI T_FLAT); break;

347 case 3: SPH set Renderi ngMode (view D, LI T_FLAT);

348 SPH_r enpvePoi nt Li ght Source(view D, 0); /* renove default |ightsource */
349 SPH_set Vi ewPoi nt Li ght Source(vi e D, -20, -20, 100);

350 br eak;

351

}
352 SPH_set Vi ewBackgr oundCol or (vi ewl D, gTheVi ew nf o[ vi ewl D] . vi ewBackgr oundCol or);
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voi d DrawCoor di nat e(bool ean sel ected, srgp__rectangle itsRect,
doubl e t heCoordi nat e)
{

srgp__attribute_group att_group;
srgp__rectangl e clipRect;

srgp__poi nt tenpPt;

SRGP_i nquireAttributes(&att_group);

clipRect = SRGP_def Rectangl e(itsRect.bottomleft.x - 1,
itsRect.bottomleft.y,
itsRect.top_right.x,
itsRect.top_right.y + 1);

SRGP_set C i pRect angl e(cl i pRect);

if (!selected)

eraseTheRect (cl i pRect);

tenpPt.x = itsRect.bottomleft.x;

tenpPt.y = itsRect.bottomleft.y;

dr awReal (t enpPt, t heCoordi nate) ;

if (selected) SRGP_setLineWdth(2);

el se SRGP_setLineWdth(1);

SRGP_rectangl e(i tsRect);

SRGP_set Li neW dt h(1);

SRGP_set Attri butes(&att_group);

voi d Sel ect Coordi nate(int newSel ect edCoor di nat e)

gSel ect edCoor di nat e = newSel ect edCoor di nat e;
Dr awCoor di nat es() ;

}

voi d DrawCoor di nat es(voi d)
{
i nt next Coordi nat e;
srgp__rectangl e rect;

rect = SRGP_def Rect angl e( gCoor di nat eQut put Rect s[ 0] . bottom | eft. x- 2,
gCoor di nat eQut put Rect s[ 0] . bottom | eft.y- 2,
gCoor di nat eQut put Rects[ 3] .top_right. x+2,
gCoor di nat eQut put Rects[ 3] .top_right.y+2);

SRGP_set C i pRect angl e(rect);

SRGP_set Fil | Styl e(SOLI D) ;

SRGP_set Col or (kWi t eCol or) ;

SRGP_fil | Rectangl e(rect);

SRGP_set Col or (kBI ackCol or);

switch (gSel ect edPar anet er)

{
case Vi ewRef Pt D:
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for (nextCoordinate = 0; nextCoordinate < 3; next Coordi nat e++)
Dr awCoor di nat e( next Coor di nat e==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ next Coor di nat e] ,
gTheVi ewl nf o[ gSel ect edVi ew] . vi ewRef Pt [ next Coor di nate]);
br eak;
case Vi ewRef Nor mal D:
for (nextCoordinate = 0; nextCoordinate < 3; next Coordi nat e++)
Dr awCoor di nat e( next Coor di nat e==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ next Coor di nat e] ,

gTheVi ew nf o[ gSel ect edVi ew] . vi ewPl aneNor nal [ next Coor di nate]);
br eak;
case Vi ewmpVector| D:
for (nextCoordinate = 0; nextCoordinate < 3; next Coordi nat e++)
Dr awCoor di nat e( next Coor di nat e==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ next Coor di nat e],
gTheVi ewl nf o[ gSel ect edVi ew] . vi ewpVect or [ next Coor di nate] ) ;
br eak;
case Proj RefPtID:
for (nextCoordinate = 0; nextCoordinate < 3; next Coordi nat e++)
Dr awCoor di nat e( next Coor di nat e==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ next Coor di nat e] ,
gTheVi ew nf o[ gSel ect edVi ew] . proj Ref Pt [ next Coor di nate]);
br eak;
case Vi ewPl aneW ndowl D:
Dr awCoor di nat e( 0==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ 0] ,
gTheVi ewl nf o[ gSel ect edVi ew] . v
Dr awCoor di nat e( 1==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ 1],
gTheVi ew nf o[ gSel ect edVi ew] . v
Dr awCoor di nat e( 2==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ 2],
gTheVi e nf o[ gSel ect edVi ew] . v
Dr awCoor di nat e( 3==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ 3],
gTheVi ewl nf o[ gSel ect edVi ew] . vi

ewPl aneW ndow. uM n) ;

ewPl aneW ndow. vM n) ;

ewPl aneW ndow. uMax) ;

ewPl aneW ndow. vMax) ;
br eak;
case Vi ewPl aneW dnowSi zeCent er | D:
Dr awCoor di nat e( 0==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ 0],
gTheVi e nf o[ gSel ect edVi ew] . vi ewPl aneW ndow. uMax-
gTheVi e nf o[ gSel ect edVi ew] . vi ewPl aneW ndow. uM n) ;
Dr awCoor di nat e( 1==gSel ect edCoor di nat e,
gCoor di nat eCut put Rect s[ 1],
gTheVi ewl nf o[ gSel ect edVi ew] . vi ewPl aneW ndow. vVax-
gTheVi ew nf o[ gSel ect edVi ew] . vi ewPl aneW ndow. vM n) ;
Dr awCoor di nat e( 2==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ 2],
(gTheVi ew nf o[ gSel ect edVi ew] . vi ewPl aneW ndow. uMax+
gTheVi e nf o[ gSel ect edVi ew] . vi ewPl aneW ndow. uM n)/ 2. 0) ;
Dr awCoor di nat e( 3==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ 3],
(gTheVi ew nf o[ gSel ect edVi ew] . vi ewPl aneW ndow. vMax+
gTheVi ewl nf o[ gSel ect edVi ew] . vi ewPl aneW ndow. vM n)/ 2. 0) ;
br eak;
case Viewd i ppi ngPl anesl D:
Dr awCoor di nat e( 0==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ 0],
gTheVi ew nf o] gSel ect edVi ew] . front O i ppi ngPl aneDi st) ;
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Dr awCoor di nat e( 1==gSel ect edCoor di nat e,
gCoor di nat eQut put Rect s[ 1],
gTheVi ewl nf o[ gSel ect edVi ew] . backC i ppi ngPl aneDi st) ;

br eak;
case SurfaceParansl D
Dr awCoor di nat e( 0==gSel ect edCoor di nat e, gCoor di nat eQut put Rect s[ 0],
gXnin);
Dr awCoor di nat e( 1==gSel ect edCoor di nat e, gCoor di nat eQut put Rect s[ 1],
gXnax) ;

Dr awCoor di nat e( 2==gSel ect edCoor di nat e, gCoordi nat eQut put Rects[2], gM;
Dr awCoor di nat e( 3==gSel ect edCoor di nat e, gCoordi nat eQut put Rects[ 3], gN);
br eak;

voi d DrawPar anet er Name(char *itsNane)

{
srgp__attribute_group att_group;

set Backgr oundCol or ( kWi t eCol or) ;

SRGP_i nquireAttributes(&att_group);

SRGP_set O i pRect angl e( gPar anet er Text Rect ) ;
SRGP_set Col or (kWi t eCol or) ;

SRGP_fi | | Rect angl e( gPar anet er Text Rect) ;

SRGP_set Col or (kBI ackCol or) ;

SRGP_set Font (kDef aul t Font ) ;

drawstr (gPar anmet er Text Rect . bottom | eft, it sName);
SRGP_set Attri butes(&att_group);

voi d DrawSel ect edPar anet er (voi d)

Dr awPar anet er Narmre( gPar anmet er Names[ gSel ect edPar aneter]);
Dr awCoor di nat es() ;

}

voi d UpdateButtonTitl es(int param
int buttonl D

set Backgr oundCol or ( kWi t eCol or) ;
SRGP_set Li neWdt h(1);
for (buttonl D = FirstCoordi nat eButtonl D
buttonl D <= Fourt hCoordi nat eButtonl D; buttonl D++) {
if (strcnp( Coordi nat eNanes|[ parani [ butt onl D-
Fi r st Coor di nat eButt onl D], "unused")

== 0)
SPH_hi deButt on(buttonl D);
el se {
SPH setButtonTitl e(buttonl D, Coordi nat eNanmes[ parani[buttonlD -
Fi rst Coordi nateButtonl D ]);
SPH_showBut t on( butt onl D) ;
}
}
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voi d Cycl eToNext Par anet er (voi

{

++gSel ect edPar anet er;

d)

gSel ect edPar anet er % kNunPar anet er s;

gSel ect edCoor di nate = 0;

Updat eButtonTi t| es(gSel ect edPar aneter);

Dr awSel ect edPar anet er () ;

void HiliteSel ect edVi ew voi d)
{

srgp__rectangle rect;

srgp__attribute_group att_group;

SRGP_i nquireAttributes(&att_group);

SRGP_set Col or (kBI ackCol or);
SRGP_set Li neW dt h(5) ;
rect = SRGP_def Rect angl e(

gTheVi ewl nf o[ gSel ect edVi ew] .

kScr eenW ndoww dt h,

gTheVi ewl nf o[ gSel ect edVi ew] .

kScr eenW ndowW dt h,

gTheVi ewl nf o[ gSel ect edVi ew] .

kScr eenW ndowWw dt h,

gTheVi ewl nf o[ gSel ect edVi ew] .

kScr eenW ndowWw dt h) ;
SRGP_set Cl i pRectangl e (rect
SRGP_rectangl e(rect);

)

screenVi ewBounds. bottom | eft.x *

screenVi ewBounds. bottom |l eft.y *

screenVi ewBounds. top_right.x *

screenVi ewBounds. top_right.y *

SRGP_set Attri butes(&att_group);

}

voi d Sel ectViewint newvi ewl D)

if (gSel ectedView != newi ew D)
{

SPH_post Root (gSel ect edVi ew, gSel ectedVi ew) ;

gSel ect edVi ew = newi ewl D

HiliteSel ectedView);
Dr awSel ect edPar anet er ()

voi d Redrawvi ewport (voi d)

struct tinmeb tinestruct;
time_t tinel, tine2;

unsigned short mllil, mlli?2;

char buf[30];

)

srgp__point location = {450, 620};

doubl e tinedif;

/* start tine nmeasurenent:

*/

/*

Dins old view */
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593 ftime(&inmestruct);

594 timel = tinmestruct.tine;

595 mllil =tinmestruct.mllitm

596

597 Set UpPr oj ecti on(gSel ect edVi ew) ;

598 Set UpVi ew gSel ect edVi ew) ;

599 HiliteSel ectedView);

600

601 /* end time neasurenent: */

602 ftime(&inmestruct);

603 time2 = tinmestruct.tine;

604 mlli2 =timestruct.mllitm

605

606 timedif = (double)tinme2 + (double)mlIli2 / 1000.0 - ((double)timel +
607 (double)mI1il / 1000.0);

608 sprintf(buf,"%.2f frames per second", 1.0 / tinedif);

609 drawsStr (| ocation, buf);

610 }

611

612 e */

613

614 voi d ChangeVi ewPar ant er (doubl e factor)

615 {

616 swi t ch(gSel ect edPar anet er)

617 {

618 case ViewRefPtlD:

619 gTheVi ewl nf o[ gSel ect edVi ew] . vi ewRef Pt [ gSel ect edCoordi nate] += factor *
620 Par amet er Del t a;

621 Set UpVi ewRef er enceCoor di nat eSyst en( gSel ect edVi ew) ;

622 br eak;

623 case Vi ewRef Nor mal D:

624 gTheVi ewl nf o[ gSel ect edVi ew] . vi ewPl aneNor nal [ gSel ect edCoor di nat €] +=
625 factor * ParaneterDelta;

626 Set UpVi ewRef er enceCoor di nat eSyst em( gSel ect edVi ew) ;

627 br eak;

628 case Vi ewmpVectorl D:

629 gTheVi ewl nf o[ gSel ect edVi ew] . vi ewUpVect or [ gSel ect edCoordi nate] += factor
630 *  ParaneterDelta;

631 Set UpVi ewRef er enceCoor di nat eSyst en( gSel ect edVi ew) ;

632 br eak;

633 case Proj Ref PtID:

634 gTheVi ewl nf o[ gSel ect edVi ew] . proj Ref Pt [ gSel ect edCoor di nat e] += factor *
635 Par anet er Del t a;

636 br eak;

637 case Vi ewPl aneW ndowl D

638 switch (gSel ect edCoor di nat e)

639 {

640 case 0: gTheVi ew nfo[ gSel ect edVi ew] . vi ewPl aneW ndow. uM n += factor *
641 Par anet er Del t a;

642 br eak;

643 case 1: gTheVi ewl nfo[ gSel ect edVi ew] . vi ewPl aneW ndow. vM n += factor *
644 Par anet er Del t a;

645 br eak;

646 case 2: gTheVi ew nfo[ gSel ect edVi ew] . vi ewPl aneW ndow. uax += factor *
647 Par anet er Del t a;

648 br eak;

649 case 3: (gTheVi ew nf o[ gSel ect edVi ew] . vi ewPl aneW ndow. vMax += factor *
650 Par anet er Del t a;

651 br eak;

652 }
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br eak;
case Vi ewPl aneW dnowSi zeCent er | D:
swi t ch(gSel ect edCoor di nat e)

case O:
gTheVi e nf o[ gSel ect edVi ew]
ParaneterDelta / 2.0;
gTheVi ewl nf o[ gSel ect edVi ew]
ParanmeterDelta / 2.0;
br eak;
case 1:
gTheVi ewl nf o[ gSel ect edVi ew]
ParaneterDelta / 2.0;
gTheVi e nf o[ gSel ect edVi ew]
ParaneterDelta / 2.0;
br eak;
case 2:
gTheVi ewl nf o[ gSel ect edVi ew]
Par anet erDel t a;
gTheVi ewl nf o[ gSel ect edVi ew]
Par anet er Del t a;
br eak;
case 3:
gTheVi e nf o[ gSel ect edVi ew]
Par anet erDel t a;
gTheVi ewl nf o[ gSel ect edVi ew]
Par anet erDel t a;
br eak;

br eak;
case Viewd i ppi ngPl anesl D:
switch (gSel ect edCoor di nat e)

case O:

Par aneterDel t a;
br eak;

case 1:

Par anet er Del t a;
br eak;

gTheVi ewl nf o gSel ect edVi

gTheVi ewl nf o[ gSel ect edVi

br eak;
case SurfacePar ansl| D:
switch (gSel ect edCoor di nat e)

.V

.V

.V

.V

.V

.V

.V

.V

i ewPl aneW ndow. uM n -= factor

i ewPl aneW ndow. uMax += factor

i ewPl aneW ndow. vM n -= factor

i ewPl aneW ndow. vMax += factor

i ewPl aneW ndow. uM n += factor

i ewPl aneW ndow. uMax += factor

i ewPl aneW ndow. vM n += factor

i ewPl aneW ndow. vMax += factor
ew] . frontd i ppi ngPl aneDi st += factor
ew] . backd i ppi ngPl anebi st += factor

{

case 0: if (factor>0) gXm n+=0.1; else gXm n-=0.1; break;
case 1. if (factor>0) gXnax+=0.1; else gXmax-=0.1; break;
case 2: if (factor>0) ++gM else if (gM2) --gM break;
case 3: if (factor>0) ++gN;, else if (gN>3) --gN, break;
Creat eSurfaceO Revol ution(gXm n, gXmax, gM gN);

Updat eSurfaceStructure(gXm n, gXmax, gM gN);

br eak;

}

Set UpPr oj ecti on(gSel ect edVi ew) ;
Set UpVi ew( gSel ect edVi ew) ;
HliteSel ectedView);

Dr awCoor di nat es() ;



void IntitializeProjections(void)

int view D

doubl e viewLeft, viewRi ght,

for (viewlD = 0; viewlD <=3; v

{

i ew D++)

vi ewBottom vi ewTop;

SPH_def Poi nt (gTheVi ewl nf o[ vi ewi D] . vi ewRef Pt, 0, 0, 0) ;
SPH_def Poi nt (gTheVi ewl nf o[ vi ew D] . vi ewPl aneNor mal ,
SPH_def Poi nt (gTheVi ew nf o[ vi ew D] . vi ewUpVect or, 0,
Set UpVi ewRef er enceCoor di nat eSyst em(vi ew D) ;

/* View W ndow
gTheVi ewl nf of vi
gTheVi ewl nf of vi
gTheVi ewl nf of vi
gTheVi ewl nf of vi

/* View Projection */

*/

ewl D]
ew D|
ewl D]
ewl D]

. vi ewPl aneW ndow. uM n
. vi ewPl aneW ndow. vM n
. vi ewPl aneW ndow. uMax
. vi ewPl aneW ndow. vMax

gTheVi ewl nf o[ vi ewd D] . proj ecti onType = PERSPECTI VE;

SPH_def Poi nt (gTheVi ew nf o[ vi ewl D]

gTheVi ewl nf of vi
gTheVi ewl nf of vi

ewl D]

.frontd i ppi ngPl anebDi st
ew D] .

0,

1,

0,1);
0);

kVi enLeft;
kVi ewBot t om
kVi ewRi ght ;
kVi ewTop;

.proj RefPt, 12.0, 6.0, 70.0);
= kVi ewFront;

backd i ppi ngPl aneDi st = kVi ewBack;

viewLeft = (viewlD %2) *

0.5;

viewBottom= 0.5 - (viesdD/ 2) * 0.5;
vi ewRi ght = viewLeft + 0.5;
vi ewTop = vi ewBottom + 0.5;
gTheVi ewl nf o[ vi ew D] . st dVi ewol une. xyzM n[ 0] = viewlLeft;
gTheVi ewl nf o[ vi ew D] . st dVi ewVol une. xyzMax[ 0] = vi ewRi ght;
gTheVi ewl nf o[ vi ewl D] . st dVi ewNol une. xyzM n[ 1] = vi ewBottom
gTheVi ewi nfo[ vi ewl D] . st dVi ewMol une. xyzMax[ 1] = vi ewTop;
gTheVi ewl nfo[ vi ewl D] . st dVi ewWol unme. xyzM n[ 2] = O;
gTheVi ewl nf o[ vi ewd D] . st dVi ewVol une. xyzMax[ 2] = 0.5;
gTheVi ewl nfo[ viewl D] . stdViewCl i p. xyzM n[ 0] = vi ewLeft;
gTheVi e nfo[ view D] . stdVi ewd i p. xyzMax[ 0] = vi ewRi ght;
gTheVi ew nfo[viewl D] . stdViewd i p. xyzM n[ 1] = vi ewBottom
gTheVi ewl nf of vi eva D] .stdViewd ip.xyzMax[1] = viewTlop;
gTheVi ewi nfo[view D] . stdViewd i p. xyzM n[ 2] = O;
gTheVi ewl nf of vi ewl D) .stdViewd ip.xyzMax[2] = 1;
gTheVi ewl nf o[ vi ewd D] . vi ewBackgr oundCol or = kG eyCol or + view D,
gTheVi ewl nf o[ vi e D] . scr eenVi ewBounds. bottom | eft.x = viewlLeft;
gTheVi ewl nf o[ vi e D] . screenVi ewBounds. bottom | eft.y = vi ewBottom
gTheVi e nf o[ vi ew D] . screenVi ewBounds.top_right.x = viewRi ght;
gTheVi ewl nf o[ vi ewl D] . screenVi ewBounds.top_right.y = vi ewTop;
}
}
/2 */
void Displaylnitial Views(void)

int view D
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for (viewlD = 0; view D <= 3; view D++)

Set UpPr oj ecti on(viewl D) ;
Set UpVi em vi ew D) ;

for (viewlD = 0; view D <= 3; view D++)
SPH_post Root (kSurfacel D, view D);

gSel ect edVi ew = 0;

HiliteSel ectedView);

voi d CreateControl Buttons(void)

/*

Creates the buttons to control the view ng of the 3D object.*/

int buttonl D
rectangl e buttonRect;

SRGP_| oadFont (kBut t onFont , gFont Nanmes[ kButt onFont]);
SPH initializeButtons();

SRGP_set Li neWdth(1);

/* First row buttons */
buttonRect.bottomleft.x = gScreenVi ewRect.top_right.x -

qui t Butt onRi ght O f set ;
buttonRect.bottomleft.y = gScreenViewRect.top_right.y -

st dButt onHei ght - stdMargin,

buttonRect.top_right.x = buttonRect.bottomleft.x + stdButtonW dth;
buttonRect.top_right.y = buttonRect.bottomleft.y + stdButtonHeight;
SPH createButton(QuitButtonl D, buttonRect, "Quit\0",

kBl ackCol or, kRedCol or, kButtonFont, TRUE);

buttonRect.bottomleft.x = gScreenVi ewRect. bottomleft.x + stdMargin;
buttonRect.top_right.x = buttonRect.bottomleft.x + wi deButtonW dt h;
SPH_cr eat eButt on( Redr awBut t onl D, buttonRect, "Measure Tine\0",

kBl ackCol or, kG eyCol or, kButtonFont, TRUE);

buttonRect.bottomleft.x = buttonRect.top _right.x + stdButtonGap;
buttonRect.top_right.x = buttonRect.bottomleft.x + stdButtonWdth;
SPH createButton(lncButtonl D, buttonRect, "+\0",

kBl ackCol or, kG eenCol or, kButtonFont, TRUE);

buttonRect.bottomleft.x = buttonRect.top_right.x + stdButtonGap;
buttonRect.top_right.x = buttonRect.bottomleft.x + stdButtonW dth;
SPH creat eButton(DecButtonl D, buttonRect, "-\0",

kBl ackCol or, kGreenCol or, kButtonFont, TRUE);

/* Second row buttons */

buttonRect. bottom|eft.x = gScreenVi ewRect. bottoml|eft.x + stdMargin;
buttonRect.bottomleft.y = gScreenViewRect.top_right.y -

2* (st dButt onHei ght + stdMargin);
buttonRect.top_right.x = buttonRect.bottomleft.x + w deButtonW dth;
buttonRect.top_right.y = buttonRect.bottomleft.y + stdButtonHei ght;
SPH creat eButt on( Par anet er Butt onl D, buttonRect, "Next Paramneter\0",

kBl ackCol or, kLavender Col or, kButtonFont, TRUE);

gPar anet er Text Rect = SRGP_def Rect angl e(buttonRect. bottom | eft. x,
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buttonRect.bottomleft.y - stdButtonHeight
buttonRect.top_right.x + 10,
buttonRect.top_right.y - stdButtonHeight
2);
for (buttonlD = FirstCoordinateButtonlD;
butt onl D <= Fourt hCoordi nat eButtonl D; buttonl D++)
{

buttonRect. bottom | eft.x = buttonRect.top_right.x + stdButtonGap;
buttonRect.top_right.x = buttonRect.bottomleft.x + stdButtonWdth;
SPH createButton( buttonl D, buttonRect,
Coor di nat eNanmes[ ProjRefPtID ][ buttonlD -
Fi rst Coordi nateButtonl D ],
kBl ackCol or, kG eenCol or, kButtonFont, buttonl D! =3);
gCoor di nat eQut put Rect s[ buttonl D-First Coordi nateButtonlD ] =
SRGP_def Rect angl e( buttonRect. bottom|eft. x,
buttonRect.bottomleft.y -
st dBut t onHei ght
buttonRect.top_right.x,
buttonRect.top_right.y -
st dBut t onHei ght - stdMargin);

}

UpdateButtonTitl es(ProjRefPtID); /* This ensures the correct display of
buttons */

}

% o . *
void InitializeProgram void)

{ NDC _rect angl e tempRect ;

int next;

SPH_begi n( kScr eenW ndowW dt h, kScreenW ndowHei ght , kNunber O Pl anes, 0);
SPH_set Doubl eBuf f eri ngFl ag( FALSE) ;

SPH_set I nplici t Regener ati onMode( ALLOAED) ;
SRGP_t raci ng( FALSE) ;

SRGP_di sabl eDebugAi ds();

SPH_| oadCommonCol or (kRedCol or, "red");

SPH_| oadComonCol or ( kBl ueCol or, " bl ue");

SPH_| oadConmonCol or (kGreenCol or, "green");

SPH_| oadCommonCol or (kGreyCol or, "gray");

SPH_| oadConmmonCol or (kLavender Col or, "l avender") ;
SPH_| oadCommonCol or (kTanCol or, "tan");

SPH_| oadCommonCol or (kPi nkCol or, " pi nk");

SPH_| oadFont ( kSt dFont , gFont Nanes[ kSt dFont]) ;
SPH_| oadFont ( kDef aul t Font , gFont Nanes[ kDef aul t Font]);

0;
kScr eenW ndowHei ght -
kScr eenW ndoww dt h ;
kScr eenW ndowW dt h;
kScr eenW ndowHei ght ;

gScreenVi ewRect . bottom | eft.
gScreenVi ewRect . bottom | eft.

< X

gScreenVi ewRect . top_right. x
gScreenVi ewRect . top_right.y

CreateControl Buttons();

SPH_set | nput Mode( LOCATOR, EVENT);
SPH_set | nput Mode( KEYBOARD, EVENT) ;
SPH_set Keyboar dPr ocessi nghvbde( RAW ;

t he
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Cr eat eAxes( kDef aut Axi sLengt h) ;

Creat eSurfaceX Revol uti on(gXm n, gXmax, gM gN);
CreateSurfaceStructure(gXm n, gxXmax, gM gN);
IntitializeProjections();

Displaylnitial Views();

Dr awSel ect edPar anmet er () ;

void C oseDown (int thelLastButton)
int nextButton;

free(gTri);

free(gVertices);

for ( nextButton = 0; nextButton <= thelLastButton;
SPH_di sposeBut t on( next Button);

SPH_end() ;

voi d DoButton (int theButtonl D)

SRGP_set Li neWdt h(1);
switch (theButtonlD) {
case QuitButtonl D
br eak;
case RedrawButtonl D:
Redr awvi ewport () ;
br eak;
case ParaneterButtonl D:
Cycl eToNext Par aneter () ;
br eak;
case | ncButtonl D
ChangeVi ewPar ant er (1. 0) ;
br eak;
case DecButtonl D:
ChangeVi ewPar anter (- 1. 0);
br eak;
case FirstCoordinateButtonlD:
Sel ect Coor di nat e(0);
br eak;
case SecondCoor di nat eBut t onl D:
Sel ect Coordi nate(1);
br eak;
case ThirdCoordi nat eButtonl D:
Sel ect Coordi nate(2);
br eak;
case FourthCoordi nat eButtonl D:
Sel ect Coor di nat e(3);
br eak;
def aul t:
br eak;

next But t on++)
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voi d DoVi ewClick (point where)

if (pt3D nRect(where, gTheVi ew nfo[ 0]. screenVi ewBounds))
Sel ect View(0);

else if (pt3D nRect(where, gTheVi ewl nfo[ 1] . screenVi ewBounds))
Sel ectViewl);

else if (pt3Di nRect(where, gTheVi ewl nfo[2].screenVi ewBounds))
Sel ect Vi em 2) ;

el se i f (pt3D nRect(where, gTheVi ewl nfo[ 3].screenVi enBounds))
Sel ect Vi ew( 3) ;

el se
SPH _beep();

voi d Event Loop(voi d)
{
i nput Devi ce t hel nput Devi ce;
char thel nput[ MaxStri ngLengt h+1];
| ocat or _neasure thelLocMeasure;
short theButtonlD;
bool ean quitting;
Srgp__poi nt pos2d; /[* position in 2D */

qui tting = FALSE;

do {
t hel nput Devi ce = SPH wai t Event (0);
switch (thel nputDevice) {

case KEYBOARD:
SPH_get Keyboar d(t hel nput, MaxStri ngLengt h) ;
quitting = (thelnput[0] == "q )|| (thelnput[0] =="Q);
br eak;

case LOCATOR:
SPH get Locat or ( & heLocMeasure) ;
SRGP_set Li neWdt h(1);

pos2d. x = (doubl e) kScreenW ndowW dth * theLocMeasure. position[0];
pos2d.y = (doubl e)kScreenW ndowW dth * thelLocMeasure. position[1];

if ( SPH findButton(pos2d, &t heButtonlD) )
if ( SPH_ trackButton(theButtonlD) )

if ( theButtonlD == QuitButtonlD )
quitting = TRUE;

el se

DoBut t on(t heButtonl D);

}
}
else if ( (theLocMeasure. button_chord[ LEFT_BUTTON] == DOW) )
DoVi ewCl i ck(t heLocMeasur e. posi tion);
br eak;

default: /*Do nothi ng*/
br eak;

} \}Nhile (!quitting);
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}

| * e o e e e e e e e e meme e * [
/* Surface of Revol ution Routines */

/* _______________________________________ */

doubl e f(doubl e x)

if (1-x*x < 0.01) return(0.01);
el se return(sqrt(1-x*x));

}

voi d CreateSurfaceO Revol uti on(double xM n, double xMax, int m int n)
{
i nt d, Xx; /* 1 oop counters */
doubl e xpos, dpos; /* current vertex position in world coordinates */
doubl e xstep, dstep; /* stepsizes */
int i ndex;
int base;

if (gVertices!=NULL) free(gVertices);
if (gTri!=NULL) free(gTri);

gVertices = (point*)malloc(m* n * sizeof(point));
if (gVertices==NULL) exit(-1);

xstep = DX / (double)(m1);
dstep = 2.0 * MPlI / (double)n; /[/* step in radians */
index = 0;

for (x=0; x<m ++x)

xpos = xMax - (double)(mx-1) * xstep;
for (d=0; d<n; ++d)

dpos = (double)d * dstep;
SPH _def Poi nt (gVertices[index++], xpos, f(xpos) * cos(dpos), f(xpos)
n(dpos));
}

}
gNumberOfF Tris =2 * n * (m1l);

S

/* conpose vertices to triangles:*/
gTri = (vertex_index*)nmall oc(gNunmberOf Tris * 4 * sizeof (vertex_index));
if (gTri==NULL) exit(-1);

i ndex = 0;
for (x=0; x<m1; ++x)

{
for (d=0; d<n; ++d)
{
base = x * n;
/* conpose upper left triangle: */

gTri[index++] = base + d;
gTri[index++] base + ((d + 1) %n);

*
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gTri [i ndex++] base + d + n;

gTri [ ndex++]

/* conpose lower right triangle: */
gTri[index++] base + d + n;
gTri[index++] base + ((d + 1) %n
gTri[index++] base + ((d + 1) %n
gTri [ i ndex++] -1,

}
printf("Number of Triangles: %\n", gNu

voi d Updat eSurfaceStructure(doubl e xM n,
{
SPH_openSt ruct ure(kSurfacel D) ;
SPH_set El enent Poi nt er (0);
SPH_noveEl enent Poi nt er ToLabel (0);
SPH_of f set El enent Poi nter(1);
SPH_del et eEl enent () ;

SPH pol yhedron(m* n, 2 * n * (m1), gVertices,

SPH cl oseStructure();

voi d CreateSurfaceStructure(double xM n,
{
SPH_openSt ruct ure( kSurfacel D) ;
/* first add axes */
SPH_set Text Font (kSt dFont) ;
SPH_set Li neCol or (kRedCol or);
SPH_pol yLi ne(2, gXAxi s);
SPH_t ext (gXAxis[2],"x\0");
SPH_set Li neCol or (kG eenCol or);
SPH_pol yLi ne( 2, gYAXi s);
SPH text (gYAxi s[2],"y\0");
SPH_set Li neCol or ( kBl ueCol or) ;
SPH pol yLi ne(2, gZAxi s) ;
SPH text (gZAxis[2],"z\0");

SPH_set I nteri or Col or (kWi t eCol or);
SPH_| abel (0);

SPH pol yhedron(m* n, 2 * n * (m1), gVertices,

SPH cl oseStructure();

void main (void)

InitializeProgran();
Event Loop();
Cl oseDown( kLast Buttonl D);

-1; [/* face end marker */

)

)+

nmber & Tri s) ;

*/

doubl e xMax, int
gTri);

*/

doubl e xMax, int
gTri);

m

m

int n)

int n)
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¥ e e e e e eaeeaeaao-
/* The End */
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