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CS 4451: COURSE SYLLABUS

SPRING SEMESTER 2000

TIME: Mon & Wed 4:30 - 6:00PM
PLACE: CCB 101
INSTRUCTORS: Prof. Norberic Ezqguerra
73 GVU Center, CoC 204
\ VY norberto@cc.gatech.edu Phone: 4-4993

OFFICE HOURS: By appointment

TA: Brooks Van Horn
vanhorn@cc.gatech.edu
OFFICE HOURS: TBD

TEXT: COMPUTER GRAPHICS: Principles and Practice,
by Foley, VanDam, Feiner, and Hughes;

C-Language Edition

REFERENCES: FUNDAMENTALS OF 3D COMPUTER
; GRAPHICS, Alan Watt

COMPUTER GRAPHICS, Hearn and Baker.

GRADING: Program assignments: 60%
Quizzes (app. four): 40%



PROGRAMS ASSIGNMENTS:
The following are guidelines and rules regarding programming
assignments:
* All programming assignments must execute on the SGI workstations.
» Compiling and executing without errors will be considered minirnal.
» Late assignments will not be accepted, except for one "late date."”

* You will have one Jate submission reprieve to use at any time during the

quarter. ¢ oo

The "late date" option gives a one-day (24 hours) grace period only
for one assignment. (Use this option wisely.)

* No incompletes will be given due to late assignment completion.

* You may discuss only high-level questions about assignments with other
students. All the assignment work must be your own.

e All algorithm design and coding must be made individually by each

student.
DATES TO REMEMBER
»  Friday February 2nd.: Assignment #1 Due
. Friday March 2rd.: Assignment #2 Due
e  Friday March 30th.: Assignment #3 Due
e  Friday April 27th.: Assignment #4 Due

NOTE: These due dates may change.

e  QUIZZES: There will be approximately 4 quizzes spaced equally
throughout the semester; dates TBD.
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CS 4451: OVERVIEW OF TOPICS

The topics to be covered in class and in the programming assignments include, but
are not limited to, the following: (The number in parenthesis refers to the

corresponding chapter(s) in F&VD): - el

-~ > pan P

Prs g ¥i g -
° Course intro; tests & assignments; 3D Viewing n Feley Boo k

. 3D Viewing (6)

o Visible Surface Determination (VSD) (15)

. VSD; Illumination and Shading (15; 16)  Viu.\ Suchece  Dodevin bl
. Nlumination and Shading (16)

. Mlumination And Shading

e Animation Coee s g ) Feceu s

. Antialiasing (14,17,19)

. Ray Tracing

o Radiosity (16)

. Surface Details: Texture and Bump Mapping (16)

e Volume Visualization (Surface and Volume Rendering)

. Volume Visualization

(The order and length of time associated with topics may vary; some additional
topics may be added if there is sufficient interest and/or time. )

Case Studies (tentative)

U VR

° Scientific Visualization
° Animation and Control
. Particle Systems

[ ]

Graphics in Medicine
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1 1UjTLL Loltius1on Page 1 of 1
Project Conclusion

The project that we have created covers the topic of texture mapping.

After our study of shading models, we felt that texture mapping is the next logical step in the study of
polygon detail. Texture mapping is a significant topic in computer graphics, and we thought that it
should be covered in our class in the form of our project.

In our project, we have created a basic tutorial so that novices to the subject will be able to read and

understand many of the concepts presented in texture mapping. We have created slides that can be
viewed over the Internet and a simple texture mapping demo. Our research focused on the areas of

our presentation.

The research and work by our team has broadened our knowledge on the topic of texture mapping.
Hopefully, others will be inspired by our presentation to further investigate this topic.

http://www.prism.gatech.edu/~ gte854j/graphics/conclusion. html 4/23/01
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= What is Texture Mapping?

= History of Texture Mapping

Texture Mapping Algorithms
= Hardware Implementation
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What is Texture Mapping?

= Texture mapping is a technique that allows a texture (image) to be
painted onto the surface of a polygon.

= This results in a more detailed polygon surface.
= This technique can help reduce the number of polygons used in
objects.

Texture Mapping History

= 1974: Texture mapping was first described in £d Catmull's Ph.D
dissertation. Catmull texture mapped a mickey mouse image onto a
curved surface patch.

= 1976: Jim Blinn created the first environment mapped object, the
Utah Teapot

= 1982 - 83: The team of Gene Miller and Ken Periin and the team of
Michael Chon and Lance Williams independentiy created the first
reflection mapped objects

= 1983: The MIP Mapping technique, which is 2 method for avoiding
aliasing in texture mapping algorithms, is introduced in Lance
William's SIGGRAPH paper entitled "Pyramidal Parametrics”

= 1984: Miller and Hoffman made great advancements in computer
graphics animation
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\
X

W\arr((: bnte “,-(‘ bL'\((



- Texture Mapping History (continued)

= 1985: At the New York Institute of Technology,
reflection mapping is used in a moving scene with
animated CG

= 1986: The first movie to use reflection mapping,
Flight of the Navigator, is released

= 1986: Ned Greene formalizes reflection mapping
techniques

= 1991: Reflection mapping is used in the hit movie,
Terminator 2

= 1993: Haeberli and Segal publish a document
illustrating the uses of texture mapping

Basic Algorithm Overview

= Convert pixel from screen coordinates (x,y) to polygon’s coordinates (s,t)
Convert polygon’s coordinates (s,t) to texture’s coordinates (u,v)

S

> <

polygon %—

screen




iA Texture Mapping Algorithm

Given: a 256x256 texture map with horizontal and vertical axes u and v, respectively

First, we define some vectors for the texture map:
Let vector P be the texture origin (usually the top left)
Let M and N be be vectors for the u and v axes, respectively

Now, we have the equations:

We compute 9 numbers which remain constant while texture mapping the polygon.
O stands for Origin, H for Horizontal, and V for vertical.

Oa = Nx*Pz - N2*Px
Ha = Nz*Py - Ny*Pz
Va = Ny*Px - Nx*Py

Ob = Mx*Pz - Mz*Px
Hb = Mz*Py - My*Pz
Vb = My*Px - Mx*Py

Oc = Mz*Nx - Mx*Nz
He = My*Nz - Mz*Ny
Ve = Mx*Ny - My*Nx

P

"TL‘\"S q\ﬂbvl,p\«w\ S e He (‘&*'94' L“L + 3 b wes
velralle

cOHuv slgocthus are  avarlable

i Algorithm Pseudocode

for every j which is a row in the polygon
for i = each x value in the current row

a=0a+ (Ha * i) + (Va * j)
b=0b+ (Hb * i) + (Vb * )
c=0c + (Hc * i) + (Vc * j)
u=256*a/c
v =256 *b /c

//copy the texture coords to the current screen
// coords

screen[i] = texture map[v] [u]
endfor
endfor




Hardware

Q: Why?
A: Hardware provides cost-effective real-time computer graphics capacities

Hardware implementation:

Design a memory system for texture mapping

Support real-time texture mapping
R‘\.,‘Av;)u*h‘\, ¢ awvh wse
Using multiple fragment generators for texture mapping fragments

Data in the graphics pipeline is processed in stages, the process begins in the
CPU, where the application sends data to the graphics subsystem across the
bus to the graphics pipeline

Graphics pipeline: geometry processing, fragment generation, hidden surface
removal,and frame-buffer display

ﬁ Hardware (continued)
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OpenGl Implementation

* How do you texture map a polygon in OpenGL?
— First you need an image to use as a texture.
- Must be a square power of 2, eg; 64x64, 128x128, 256x256.
- Us; glGenTexture() to get texture maps into program, shown in demo
code.

*+ Once you have textures in OpenGL, the rest is easy

~ To texture map a quad all that you need is to match the corners of the
texture to the corners of the quad.

— Atthe beginning of each quad that will use a different texture, call
gIBindTexture() to tell OpenGl to use that texture.

— Each glVertex3f() call is preceded by a gITexCoord2f() call which specifices
which corner of the texture to map to this vertex.

Example:
gITexCoord2f( float x, float y );
glVertex3f( xcoord, ycoord, zcoord );

sources

Foley, van Dam, Feiner, Hughes. Computer Graphics: Principles and Practice
Reading, Mass. Addison-Wesley Publishing Company: 1997. Pg.741-744.

Barrett, Sean. Texture Mapoing. N. pag. Online. Internet. April 20 2001.
Available h specs himi

Hakura, Ziyad S. and Gupta, Ancop. The Design and Analysis o
Stanford, California.

Mapleson, lan. Reality Engine in Visual Simulation Technical Qverview,
N. pag. Online. Intemet. April 20 2001. Available htw://www. futuretech, vuurwerk.nl/re htmi

Molofee, Jeff. OpenGL Windows Tutorials,
N. pag. Online. Intemet April 20 2001. Available htw://nehe.gamedev.net/opengl.asp

Debevec, Paul. The Story of Refelection Mapping.
N. pag. Online. Intemet April 20 2001. Available htt ics3isi.ed fapping,
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QUIZ

Relax..

This is a closed-book quizz consisting of 3 (three) problems or questions with the point
distribution given below:

#1: 15 Points #4. 50 Points
#2: 35 Points Total: 100 Points

PRINT your last name and first-name initial in the space provided on the this page.
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1. (15 Points)

(a) What are the two basic types of planar geometric projections, and what is the major difference
between them?
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(b) Under these two types of projections, there are several possible projection subclasses. Draw
and label a hierarchical tree diagram that summarizes the subclasses of planar geometric

projections.
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2. (3é’gints)

(a) Write down an expression for N, the normalizing transformation for perspective projections.
The expression should show the correct order of steps (i.e., the transformations that compose
Nper). (Note: You don’t need to write actual matrix expressions for the individual transformations.)

S = scale
SH = shea-
20 SN TR Tl ® riiein

= +
(uS“'V‘_j reverse ovdev h"’{'m'\"'.ov*) T ey (a .

(b) Briefly explain what €ach step is, and the reason for introducing each step.
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(c) What is the overall objective of performing this transformation?
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3. (50 Points)

(a) What is the sequence of steps necessary to implement the overall 3D viewing transformation,

beginning with a set of primitives defined in 3D space and ending with a 2D image displayed on
part of the CRT screen?
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CS 4451 SPRING SEMESTER 2001:
QUIZ

Relax..

This is a closed-book quiz consisting of 3 (three) problems or questions with the point
distribution given below:

#1: 15 Points #4: 10 Points
#2: 40 Points Total: 100 Points



1. (50 Points)
Describe the Z-Buffer algofithm. Provide high-level pseudocode.
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2. (40 Points) Consider the geometry shown in the diagram below, representing the interaction of
a light ray with a glossy, reflective surface. The vectors L, N, R, and V are unit vectors.

(Surface normal)

(Light source)
7 R (Reflection)
-l
=N V (Viewing direction)
NN NN N

(a) Assuming the light source is a point source with intensity Ipr, write and expression for the

illumination IR associated with the red component R of light based on the Phong Illumination

Model. %\: SSMmets ‘(\Ac%o -

Q‘j j:‘R Ic‘)k = I?h jC -\»*}-D:‘\ ? % L — &J(’“—) T. = owb: 49«‘;’\3(,*
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(b) Give an explicit expression for the attenuation of light as a function of the distance R from the
light source.
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3. (10 Points) What is Mach banding (or what are Mach Bands)?
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http://www.cc.gatech.edu/classes/AY2001/cs4451 spring/projects/assignment_1.html

CS 4451 Computer Graphics
Assignment #1

Due: Monday, Eebruary 5, 2000, 3:30 PM

Febrvan, (2. , 2o 0|
Purpose: To demonstrate understanding of 3D viewing. '

Discussion: This assignment is Foley. van Dam, Feiner, Hughes (FVFH) Exercises 6.1 and 6.2 for
perspective projections (Nper), with clipping in 3D (not in homogeneous coordinates),
implementing FVFH Figure 6.46. You are to write a program that displays a (clipped) wireframe
model of the house in FVFH Figure 6.24 from any number of different views. Your program will
essentially be transforming, clipping and drawing 3D lines.

Implementation Requirements:
(Some of these requirements are for ease of grading)

1. Your program must accept from stdin the parameters defining a perspective projection view
volume, where a set of viewing parameters consists of six lines of text. The following input
format and order must be used, and constitutes one set of view parameters (remember, the
program must be able to read any number of these sets of parameters and produce the
corresponding view each time):

Define the View Reference Coordinate (VRC) System (and thus the view plane):

~ View Reference Point (VRP) - three reals: VRP,, VRP’,, VRP,

~ View Place Normal (VPN) - three reals: VPNX, VPN’,, VPNz

““View Up Vector (VUP) - three reals: VUP,, VUP,, VUP,
Define a window on the view plane:

bt ! ; = g
Viewplane Window Bounds - 4 reals: U in® YUmax? Vmin® Vmax

Define the semi-infinite perspective projection view volume:

1/20/01 6:29 PM



CS 4451 Computer Graphics hitp://www.cc.gatech.edu/classes/AY2001 cs4451 spring/projects/assigt,

2 of9

(5]

[

~ Projection Reference Point (PRP) - 3 reals: PRP , PRP , PRP

Define a finite view volume:

~ Front, Back Clipping Planes (F, B) - 2 reals: F, B,

An example set of parameters:
0054

001

010

-117-117

8630

1-23

Your program will be graded by redirecting to stdin from a file, e.g: %progl<grade.data
where grade.data is the name of a file containing sets of view parameters. Code accordingly!

. The VRC system is right-handed: your 3D transformation matrices should reflect this (e.g.,

a translation matrix should have t, t , t_ in the rightmost column, not the bottom row.)

. Your program will be tested with view parameters corresponding to FVFH Figures 6.29, 30,

34, and 41, and possibly others. Your program must pause between each view, waifing for a
left mouse button press. Use either the OpenGL aux library libaux.a or GLUT library
libglut.a to provide this mouse functionality.

Test data can be assumed to be in the correct format and order, but your program should
provide an error message (but not terminate) for input that results in an invalid or an
unreasonable view, such as the following:

o VPN is degenerate (zero)

o VUP is parallel to VPN
o PRP is on the view plane
View plane window is reasonable (eg, u . '=u ..

o Bis in front of F

[}

Please make the window on the display screen (viewport) 500 x 500!

The program must be written in C and compile and run using OpenGL on an SGI Indy
workstation in the CoC SGI lab. YOU must write the code that implements 3D perspective
viewing and clipping, and any matrix math functions. You MAY use gluOrtho2D(), but
YOU MAY NOT use the following OpenGL calls: glFrustum(), gluPerspective(),
gluLookAt(), gluProject(), glTranslate(), glRotate(), glScale(). gIClipPlane().

1/20/01 6:29 PN
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3. ALL source code you submit must be well documented (documentation is an indicator of
understanding!)

4. You MUST include a REAMDE file that details both how well your program works, any
quirks it might have, and a statement that you are trying for the extra credit {if you are
doing so.)

Submission:
1. Ensure your name and login name appear in each file you submit.
2. Put the files you are submitting (including the Makefile you used) in a directory on a College of Computing UNIX

machine, then execute the following command: (The "_1" corresponds to the assignment number and the <Name> is
vour LAST NAME.

% tar -cvf <Name>_1.tar <Name of file(s)/directory to be tarred>
For example:
% tar -cvf VanHorn_1.tar .

This would tar everything in the current directory and put it into the file named VanHorn_1 tar.

Then mail the tar file to vanhorn@cc.gatech.edu.

3. You can submit as many times as you want, but only the submission closest to the due date/time will be examined and
graded.

Hints and help:

1. FVFH Chapters 6.5.2 (implementing perspective projection) and 6.5.6 (steps in the overall viewing transformation).
Figures 6.55 (clipping to the 3D canonical perspective projection view volume) and 6.59 (matrices involved in the
viewing transformation).

2. IRIS InSight on-line documentation for OpenGL and the auxiliary and utility libraries; UNIX man pages for OpenGL:
OpenGL programming texts; http:/reality sgi.com/mjk_asd/spec3/spec3.html for the GLUT library.

3. The diagrams at the end of this assignment may prove useful when debugging your view transformation code.

Grading criteria:
FVFH Figure 6.24 wireframe house

Perspective view pipeline of FVFH Figure 6.46

1/20/01 6:34 PM
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Clipping in 3D (NOT homogeneous coordinates, i.e., Nper not N?pﬂ_)

1. Submission and Compilation (and following directions)

-5 name and login name not on each submitted file

-5 does not accept view parameters in the order specified
-5 no README file (and the required information within)
-50 does not acceipt view parameters input from stdin
-100 prohibited calls used

-100 does not compile on SGI Indy

2. Documentation

-5 to -25 insufficiently documented (code not commented. functions not explained. etc.)

3. Code

40f9 1/20/01 6:34 PM
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+0 T,
+10R

+10 Tpl_p

+10 SH,,,,
+108,

+10 clipping in 3D

+HIOM,,
+10 Myy3py
+10 divide by W
+10 matrices constructed and multiplied correctly. and used in the correct order
4. Run-time
- 40 aborts without display
-10 invalid views not checked and handled with an error message
-5 viewport not 500 x 500
-5 does not use left mouse button press for each new view
Extra Credit (+25 points, maximum):
Add the following capability:
1. (+10 pts) Parallel and perspective projections. Use FVFH Chapter 6.5.1 for implementing parallel projection viewing.
Use a GLUT pop-up menu of the keyboard (?p? = perspective, 20? = parallel) to select between types of projections.
(+10 pts) Clipping to the canonical parallel projection view volume using the 3D Cohen-Sutherland outcode

clipping algorithm (FVFH Chapter 6.5.3).
3. (+5 pts) GLUT pop-up menu is used to select between types of projections.

o

NOTE: The following equation is wrong: the correct placement of VRP is [ 0 0 -54], not [ 0 0 +54]!

5of9 1/20/01 6:34 PM
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CS 4451 Computer Graphics

Assignment #2
Due: 2 March, 2001 5:00 p.m.

Problem Statement

The purpose of this assignment is to write a scan-line polygon renderer that uses thez-buffer algorithm for
hidden surface computations. The z-buffer algorithm is described inFVFH, Chapter 15.4 (pp. 668-672).
You can find a description of the scan-line rendering algorithm inFVFH, Chapter 15.6 (pp. 680-685).

Since this is a shortened amount of time,and to help you if you did not finish assignment #1 , there will be
code made available to you after the first assignment is turned in. You will be required to fill in the
appropiate areas marked as "/* CODE: .... */".

Startup Code and Sample Output

The startup code does not implement the z-buffer or shading. Sample views will be made available next
week.

Grading Criteria

+40 points: the program compiles and runs without a coredump.
+60 points: for test cases viewl, view2, and view3 (+20 points per test case).

Extra Credit

+20 points: implement Gouraud Shading. See FVFH, Chapter 16.2.4 (pp. 736 - 737) for details.
+30 points: implement Phong Shading. See FVFH, Chapter 16.2.5 (pp. 738 - 739) for details.

Notes

* For shading you are to use normals of the faces -- you do not have to calculate normals at the
vertices.

* You have to add light sources in order to showcase the shading capabilities of your renderer.

* In order to receive any of the extra credit, you need to fill in the code marked as "/* Extra Credit
€ode: ... X",

Submission Rules

* The program must be written in C or C++ and compile and run using OpenGL on an SGI Indy
workstation in the CoC SGI lab. YOU must write the code that implements the z-buffer (and the
shading, if you want extra credit.)

» All source code (that you write) must be well documented (documentation is an indicator of
understanding!)

1of2 2/19/01 2:02 PM
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e You MUST include a README file that details both how well your program works, and quirks it
might have, and a statement that you are trying for the extra credit (if you are doing so.)

* Ensure your name and login name appear ineach file you submit.

» Put the files you are submitting (including the Makefile you used) in a directory on a CoC UNIX
machine, then execute the following command (The <Name> is your LAST NAME):
% tar -cvf <NAME>_2.tar <Name of file(s)/directory to be tarred>
For example:
atlanta> tar -cvf VanHorn_2.tar .
This would tar everything in the current directory and put it into a file named VanHorn_2.tar
Then mail the tar file to vanhorn @cc.gatech.edu

* You can submit as many times as you want, but only the submission closest to the due date/time will
be examined and graded.

* No late submissions at all!!

2 0f?2 2/19/01 2:02 PN\
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CS 4451 Computer Graphics

Assignment #3
Due: 30 March, 2001 5:00 p.m.

Problem Statement

The purpose of this assignment is to write a shader that implements Gouraud, Phong, and Flat shading
as found in FVFH, Chapter 16.2 (pp. 734-741). This uses the z-buffer algorithm as described in
FVFH, Chapter 15.4 (pp.668-672) and Chapter 15.6 (pp.680-685). Notice that this z-buffer algorithm
is the second version of the algorithm that I taught you in class.

This again is a shortened amount of time, so code has been provided for you. You are not required to
use it, but I highly suggest using it...it is sufficiently written well enough for our needs (You will note
that aliasing occurs, but I am not bothered by that for now.) You should be able to implement
everything just by filling in the areas marked /* CODE */.

Startup Code and Sample Output

The startup code does not implement any kind of shading. Sample views will be made available soon
(along with the test data I will be using to grade you.) The extra credit code will be made available no
later than Friday night.

Grading Criteria

-05 points: no acceptable README file
-05 points: no Makefile

-05 points: viewport not 500x500

-0S points: insufficient documentation
-10 points: does not display correctly

-10 points: incorrect Flat shading
-30 points: incorrect Gouraud shading
-30 points: incorrect Phong shading

DealBreakers: \)Q/J\
-100 points: uses OpenGL to display the shadings.

-75 points: does not accept input

-60 points: the program does not compile and/or does not run without coredumping.

Extra Credit

+25 points: implement all types of shading using OpenGL (You must use the extra credit code
provided!)

http://www.cc.gatech.edu/classes/AY2001/cs4451 _spring/projects/assignment_3.html 4/1/01
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+2, points: For each #ue bug in the code provided: the first person to find and post on the newsgroup
thai bug, I will award two points of extra credit. There is a maximum of ten bonus points from this
method allowed. The post in the newsgroup must be labeled "Bug Found?" and contain a clear and
concise description of the bug. The decision that the bug is 77ue will be made solely by the T.A. He will
reply to the post either "Affirmative" or "Negative" in the heading along with reasons why. I hope that
no bugs exist, but c'est la vie of a coder.

Notes

e The hardest type of shading to do correctly is Phong. Therefore, try Gouraud and Flat first. Get
them working and then go to Phong.

 Even though you have less than 200 lines of code to write, you must account for both coding
AND getting used to my code. It is still C++, so start right now (And remember, those that find
bugs first, get credit for it!)

o Make use of the newsgroup to help each other out!

Submission Rules (NEW!!)

e The program must be written in C or C++ and compile and run using OpenGL on an SGI Indy
workstation in the CoC SGI lab. YOU must write the code that implements the shading.

 All source code (that you write) must be well documented (documentation is an indicator of
understanding!)

¢ You MUST include a README file that details both how well your program works, and quirks it
might have, and a statement that you are trying for the extra credit (if you are doing so.) Also,
you must tell me how to run your program. Finally, let me know if you are using a late token.

» Ensure your name and login name appear in each file you submit.

o Put the files you are submitting (including the Makefile you used, but NO executables or object
Jiles!) in a directory on a CoC Solaris machine, where the name of the directory is your last name
followed by an "_" and your first name. Thus, the directory would be for me: Vanhorn_Brooks.
Then execute the following command (The <dirname> is the name of the directory):

% tar -cvf <dirname>_3.tar <dirname>

For example:
atlanta% tar -cvf VanHorn_Brooks_3.tar Vanhorn_Brooks

This would tar everything in the Vanhorn Brooks directory.

Then mail it to the T'A. at: vanhorn@cc.gatech.edu with the subject heading "Project # 3,
Submission # [X]" where [X] is the number of the current submission.

¢ You can submit as many times as you want, but only the last submission will count. So, if you
turn in you last submission an hour after the deadline, then you've just used your late token (if you
have one. If you don't have one, then you missed the assignment completely and will receive a
zero for the third assignment.)

http://www.cc.gatech.edu/classes/AY2001/cs4451 _spring/projects/assignment _3 html 4/1/01



Name: Le&vi Smitn

Submission and Compilation:
-5 name and login not on each submitted file
-5 does not accept view parameters in order specified
-5 no README file
-50 does not accept view parameters input from stdin
-100 prohibited calls used
-100 does not compile on SGI Indy

SN
Documentation: ///fff |
-5 to -25 insufficiently documented A
[ =5
i /( 3 )

N

Code: _
. \o &&® incorrect Tvrp
- -10 incorrect R
-10 incorrect Tprp
éi% incorrect SHpar

0 incorrect Sper
t%%/incorrect clipping in 3D
=10 incorrect Mper
:;I/(incorrect Mvv3dv
(=10/incorrect divide by W
-10 incorrect matrix operations/construction

. / . b._A-v‘( V-
S‘ s . —17 Jc‘/.* st ‘w;/) o 166 s ‘._ ./_ ¢ / /
f‘h"_

Run-time:
-40 aborts without display
-10 invalid views not checked
-5 wviewport not 500x500
-5 does not use left mouse for each new view

Extra Credit:
+10 Parallel projection
+10 Clipping to canonical parallel projection
+5 GLUT pop-up menu to select types of projections

NOTES:



Name: _Zev. S th

Assignment # 2
Submission and Compilation:

-5 No acceptable README file

-5 No acceptable Makefile

-5 Insufficient Documentation

-60  Does not compile and/or run without core-dumping.

Code:
/<-§‘5. Incorrect Intersection Code
C__-35 Incorrect Z-Buffer Code l
2 0 B afs A‘, y
Other:
-5 Viewport is not 500x500 = P &
=10 Does not display correctly =
-70  Does not accept input z=
Extra Credit:

+20 Gouraud Shading
+30 Phong Shading

Other:



i
Name:_¢ £ V'

Assignment # 3
Submission and Compilation:

-05 points: No acceptable README file v
-05 points: no makefile Wi

-05 points: viewport not 500x500 &“ ( Jo&
-05 points: insufficient documentation -
10’ points: does not display correctly.

Code:

ilg‘points: incorrect Flat Shading
points: incorrect Gouraud Shading
= points: incorrect Phong Shading

36 25 e ey cobo ‘
/o Jacomect yerdX """‘?"‘"}7 ""‘kf/ﬂ;séﬁ.'—"r\

Other:
-100 points: uses OpenGL to display the shadings

-75 points: does not accept input
-60 points: the program does not compile and/or run w/o core dumping.

Extra Credit:

+35 points: Uses OpenGL to display the shadings
+2 -> +10 points: Found a bug in program and posted it on newsgroup



Hi, everyone.

Just a reminder that this coming Monday (the 24th.) we will hear

the presentations on your projects.

To make the most out of your team's presentations, please observe

the following suggestions:

1. Each team will have a max of eight minutes. (There *might* be time

for questions but I'll start applauding at the eight minute mark to

drown out over-runs - an old and efficient practice).

2. Have one speaker only (two or more speakers make adhering to the

time limit difficult).

3. For the presentation itself, make sure the spokesperson presents

clearly:

{a) The topic of the project (a title would be useful)
~=(b) The relevance of this topic to the class = "L7¥' <+C€ N f‘\”’ﬁfh é,xa;\
~(c) What was done by the team: what was either written, and/gg
; IKFVQA € e=de
programmed, and/or implemented from another source, etc.

-~(d) Point out WHAT WAS THE TEAM'S CONTRIBUTION (i.e., what is

IRV W, va\ O("V‘ GL dg "
b‘*“." wretl oy ou J",(,..‘- i 4&_)

~~(e) Challenges or problems encountered, or technical limitations . For

new and/or what the main effort/work was).

(eSenreln

hal Lo
inherent in the technique discussed. souvees ave eted oo {fetorie

.~&f) Summary: What was done, what was learned, what additional
research may be possible, etc.
** In general, your presentation should motivate others to
take a look at the actual work done. **
NOTE THAT IF YOU FOLLOW THIS OUTLINE (AND YOU SHOULD), each point
(b) through (f) would be assigned about 1.5 minutes - you don't
have to give equal time to each point, but you should address
them all.
4. Rehearse the presentation.
5. As you listen to the presentations, you should formulate a grade based

on the criteria discussed: relevance or originality; level of effort,



overall quality.

6. For those requiring OpenGL, Brooks has asked me to forward the following:
>

> Please send out an announcement that we will have opengl, but only on an
> 02 machine - tell them to make sure that their programs work on the 02

> machines.

Finally, on Wednesday we'll have a final quiz.

* GRADUATING SENIORS: For graduating seniors, I will look at your
grades for the semester and indicate whether you have the option of
not taking the final quiz (if you have a stellar record or if your

grades will not change as a result of the quiz's grade) .

.

Cheers,

Prof. Ezquerra
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"B (x,y) = gin(( (x~50)+2 + (y+50)22)20.5)").; {

return this.x = x ; this.y = y ; this.z = z ;
Math.sin(Math.pow( (x-50)* (x-50) + (y+50)*(y+50),0.5)) ; }
/* ADD YOUR OWN BUMP MAPS HERE! public Point times(double d)
* JUST ADD A case STATEMENT, SET THE LABEL IF YOU WANT {
* AND return THE FUNCTION OF THE BUMP MAP YOU WANT TO TRY. return new Point(d*x, d*y, d*z) ;
* KEEP ITS RETURN VALUE SMALL, AND REMEMBER THAT THE CENTER }
*

OF THE WINDOW IS AT (50,-50) ON THE XY-AXIS. */
public Point cross(Point p)

default: {
bumpMap = 0 ; return new Point( y*p.z - z*p.y ,
return Math.sin(Math.pow(x*x + y*y,0.5)) ; Z*p.x - RX*p.z
} X*p.y - y*p.x )
} }
public float phongIntensity(Point P, Point N) public Point plus(double a, double b, double c)
{ {
double diffuse = 0.0 , specular = 0.0 ; return new Point (x+a, y+b, z+c)
N.normalize() ; }
Point L = (lightSource.minus(P)).normalize() ; public Point plus(Point p)
diffuse = N.dot(L) ; {
if (diffuse < 0.0) return new Point(x+p.x, y+p.y, z+p.z) ;:
diffuse = 0.0 ; }
Point V = (viewPoint.minus(P)).normalize() ; public Point minus (Point p)
Point R = (N.times(2*diffuse)).minus(L) ; {
specular = R.dot (V) ; return new Point(x-p.xX, y-p.y, z-p.z) ;
if (specular < 0.0) }

specular = 0.0 ;
public double dot (Point p)
return (float) (diffuse+(1-diffuse)*specular) ; {
} return x*p.x + y*p.y + z*p.z ;

class Point
{ class EventHandler implements MouseListener // GUI Garbage
public double x {
public double y
public double z

J3DPanel model ;
public EventHandler (J3DPanel model) { this.model = model ; }
public void mouseEntered(MouseEvent e) {}

public Point () { this(0.0,0.0,0.0) ; } public void mouseExited(MouseEvent e) {}
public void mousePressed (MouseEvent e) {}
public double magnitude () public void mouseReleased(MouseEvent e) {}
{ public void mouseClicked(MouseEvent e)
return Math.pow(x*x + y*y + z*z,0.5) ; {
} if (e.getModifiers() == e.BUTTON1_ MASK)
model.switchType () ;
public Point normalize () else
{ model.switchMap() :
double mag = magnitude() ; }
X /=mag ; y /= mag ; z /= mag ; }

return this ;

public Point (double x, double y, double z)
J3DPanel.java - 3 J3DPanel.java - 4



/**
= —* Levi D. Smith
* command@cc.gatech.edu
* February 25, 2001
x
I/ Assignment # 2: Ver. 1.0

#include <glut.h>
#include <GL/gl.h>
#include <GL/glu.h>

#include <math.h>
#include <stdlib.h>
#include <vector>
#include <fstream>
#include <iostream>
using namespace std;

[*%* "CONS'TANTS **/
const double MAXIMUM D_VALUE = 9el9;
const double EPSILON = le-6;

/** FUNCTION PROTOTYPES **/

void mouse( int, int, int, int );
void display( void );
void reshape( int, int );
void init( char * );

bool readTRI( char * );
void MidPoint( void );
void zBuffer( int index )
void draw_buffer( void );
void reset_buffer( void )

7

7

class POINT

{
public:
POINT( double a = 0.0, double b = 0.0, double ¢ = 0.0 )
{
%[ 0°] = a;
x[ 10 J'= by
x[ 20142 ey
¥
~POINT() {}
inline double & operator [] ( int index )

{
return x[ index ];
}
void normalize( void )

double den = 1 / magnitude();

for ( int m = 0; m < 3; m++ )
X[ m ] *= den;

}
double magnitude( void )
{
return sgrt( x[ 0 ] * x[ 0 1 + x[ 1 ] *x[ 1] +x[ 2] *x[21]):;
}
inline bool operator == ( const POINT &p )
{

return ( x[ 0 ] == p.x[ 0] & x[ 1 ] == p.x[ 1 ] && x[ 2 ] ==p.x[ 2 ] );



inline bool zero( void )

{

Yeturh ( X[ 0 ] == x[ 1 J && x[ 0 ] == x[ 2 ] && %[ 0 ]

3

// I provided this function to help you debug
void print( void )
{

cout << "\n===============\n" << x[ 0 ] << " " << x[ 1 ]

<< " " << x[ 2 ] << "\n============" << endl;

}

private:
double x[ 3 ];
¥z
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LITTTILTI0T 100707070000 707777070777717707771711777177111177
LITTTTTTTET07777777770777777777177777117171111111711117
LITDTTTL007777070707777707777777777777777777711717771717771177
VRLLY

/111177
LI 000000070 70777777777777777107711777777
LITTTLTTTITITTT 70770077 7770777707771710771771171771171171717
LEALTLLT LS EEAd LTLLEAL EATLAATOELL ELLELLEALL L LT LT
/11117

static int xdim, ydim; // window

static double RATIO_M_ X, RATIO_B_X, RATIO_M_Y, RATIO_B_Y;

static bool beginning = true;
static bool gouraud = false;
static bool phong = false;

static POINT disp_right;
static POINT disp_down;
static POINT viewpoint;
static POINT topleft;

static POINT midpoint;
static POINT v_min, v_max;
static unsigned long num_Ts;
static unsigned long num_Vs;

static double *Z_BUFFER;
static unsigned long *TRIANGLE_BUFFER;

static POINT *v_table;
static POINT *T_normals;
static unsigned int *T_table;

N
LILLLILLIILTI L0000 770070707100 7777717171711711717
LILTTILLLT7 0000000000707 777070771107071771107717111177
LITTIILI007 0000777700007 7777777070707777077711177711711177
111177

Pk LT
LITILLTILTL0T 0007007770 77770777077777777717711711117117
LITILTTIT0070077007777077707777717777777777177711117177
LITELTLLLTTL0 00007000070 07000707770077077777717777177117177
Lty

0

)i



/////////////////////////////////////////////////////
//////////////////////////////////////////////////////
///////////////////////////////////////////////////////
117177

void mouse( int button, int state, int x, int y )
{
switch( button )
{
case GLUT_LEFT_BUTTON:
if ( state == GLUT_DOWN )
{
phong = true;
gouraud = false;
}
break;

case GLUT_MIDDLE_BUTTON:
if ( state == GLUT_DOWN )
{
phong = false;
gouraud = true;

break;

case GLUT_RIGHT_ BUTTON:
if ( state == GLUT_DOWN )
{

phong = gouraud = false;
break ;

default:
break ;
}
ks

1l
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////
111177

11117
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////
111117

void Axis( void )

{
glPushMatrix() ;
glLoadIdentity();
glColor3f( 0.0, 0.0, 1.0 );
glBegin( GL_LINES );

// X axis

glVertex3f( -100.0, 0.0, 0.0 ) ;
glVertex3f( 100.0, 0.0, 0.0 );

// Y axis

glvertex3f( 0.0, -100.0, 0.0 )i
glvertex3£f( 0.0, 100.0, 0.0 );

// Z axis



Vertex3f (
lvertex3f (
" glEnd () ;
glPopMatrix() ;
}

/11111
TELLVLT T LT ELL T LT TR T PLTT L L L LT TELLP L PEL L L L
LLd DIAL VAL TELLTLL LT AL ALLALAT DL LT TALTALLLLT L] AL
LLCLLTEEL EELT TS LB TR T ECELLEL LT LT VAL LA T T
11117

void display( void )
{
if ( beginning )
{
beginning = false;
return ;

}

glClear( GL_COLOR_BUFFER_BIT );
glMatrixMode ( GL_MODELVIEW ) ;

// Draw the three axis ( x-, y-, and z- )

Axis();
cout << "Starting to Z-Buffer..." << endl;
glLoadIdentity () ;

// We'll go through and do the Z-Buffer algorithm
// to each polygon
for ( int 1 = 0; i < num_Ts; i++ )df'

zBuffer( 1 );

;i now that we’ve done the Z-buffer, we’ll display
draw_buffer();

glFlush();
}

111177
L1100 717777777777777771171117777777
LILTTTTTLTTTT 00011 170707010717071717171711171171171171177117177
LILLT10T00770000700070707000177777777777771711711117117717
111177

void reshape( int new_width, int new_height )
{

xdim = new_width;

ydim = new_height;

if ( Z_BUFFER != NULL )
delete [] Z_BUFFER;

if ( TRIANGLE_BUFFER != NULL )
delete [] TRIANGLE_BUFFER;

Z_BUFFER = new double[ xdim * ydim ];
TRIANGLE_BUFFER = new unsigned long[ xdim * ydim ];

reset_buffer();

glMatrixMode ( GL_PROJECTION ) ;
glLoadIdentity();

glviewport( 0, 0, (GLsizei) new_width, (GLsizei) new_height

) ;



uOrtho2D( v_min[ 0 ], v.max[ 0 ], v_max[ 1 ], v_min[ 1 ] );
1MatrixMode ( GL_MODELVIEW ) ;
glLoadIdentity () ;

y glutPostRedisplay () ;
}

11117
I111770007 777007777777 7077777770777777777777777177717777777
L0 7000770700707777070707777007777777777777777711771771171717177
L EPLL T L L LA D PLE L L PLET ELE P T b L LRl D E A L LS
1111171

POINT cross_product ( POINT &pl, POINT &p2 )
{

return POINT( pll: 1:]4 2L 2 1 —=B2[ 1 1 *# p1l 2 1,
pll 2 ] *p2[ 0] - p2[ 2 ] * pl[ O ],
pll{ 0] *p2[ 1] -p2[ 0 ] *pl[ 1] );

}

/111177
L1000 077000777 7777777700707771770700707071717117777
[10771000000 7100070 70710700707077777707777177777771777771711777
[0 rrrrrrrrrrrrrrrrrrrrrrrrrrrinrry
11117

double dot_product( POINT &pl, POINT &p2 )
{

return ( pl[ 0 ] * p2[ 0 ] +p1l[ 1] *p2[ 1 ] +pl[ 2 ] * p2[ 2] );
}

11117
[ITPT00 TP 7 7777070 r i 7770007077770 7070707077007070770777
LUELL FLRECELTEL L TLL AL DAL L TEL LA TA LTV ALLELL AL EEL 0L T,
J11111077777777777177777777777777777717717711111177117717
/11117

POINT sub_vectors( POINT &pl, POINT &p2 )
{

return POINT( pl[ 0 ] - p2[ 0 ],
pl( 1] -p2( 1],
pll. 2 ] ~p2[ 2 1 )i

}
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// viewing plane is z = 1
double intersect( double x, double y, POINT &v0, POINT &vl, POINT &v2 )
{

/* CODE */

// (Insert Your Code HERE) //

}
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double Read_Z( int index )



eturn Z_BUFFER[ index ];
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void Write_Z( int buffer_index, double z_value, int index )
{
Z_BUFFER[ buffer_index ] = z_value;

// Used for shading
TRIANGLE_BUFFER[ buffer_index ] = index;
}
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void triangle_color( int buffer_index )
{
int index = TRIANGLE_BUFFER[ buffer_index ];

// Shading
if ( phong )
{

// Extra Credit Code //

}
else
if ( gouraud )
{
// Extra Credit Code //

}
else
// No Extra Credit here //
glColor3f( (double) index / (double) num_Ts, 0.5,
(double) num _Ts / (double) index ):;

// good ole "y = mx + b" stuff here
glvertex2f( RATIO_M X * ( buffer_index % xdim ) + RATIO_B_X,
RATIO_M Y * ( buffer_index / xdim ) + RATIO_B_Y );
}

L4l
LITTITTTL07 1000077777707 77777007770077777777777777771177
LILLLLTTTTT000707000707777777777777777177711111711177117
PLLLTETLILLTAL LA L FRL L LT PRL A LR LA L LA Ll TLE T
/111177

void reset_buffer( void )
double max = ydim * xdim;

foxr: (. int i

= 0; 1 < max; i++ )
Z_BUFFER[ i ]

= MAXIMUM_D_VALUE;
}
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void zBuffer( int index )
{
// These are three vertices of the triangle you’re working with
POINT vO( v_table[ T _table[ index 0 1] 1y
v_table[ T_table[ index
v_table[ T_table[ index
POINT v1( v_table[ T_table[ index
v_table[ T_table[ index
v_table[ T_table[ index
POINT v2( v_table[ T_table[ index
v_table[ T_table[ index
v_table[ T_table[ index

R E R R
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/* CODE */
// Insert Your Code HERE //
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void draw_buffer( void )

{
cout << "Drawing buffer...";
cout.flush();

int max = ydim * xdim;

RATIO M X = ( v_max[ 0 ] - v_min[ 0 ] ) / xdim;
RATIO M Y = (vmax[ 1 ] - v_min[ 1 ] ) / ydim;
RATIO_B_X = v_min[ 0 ];
RATIO_B_Y = v_min[ 1 ];

glBegin( GL_POINTS );
for ( int 1 = 0; i < max; i++ )
if ( fabs( Read_Z( i ) ) < MAXIMUM_D_VALUE )
triangle_color( i );
glEnd();

cout << "finished. " << endl;
}
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void init( char *name )
{
readTRI( name );

glClearColor( 0.0, 0.0, 0.0, 0.0 );
glShadeModel ( GL_FLAT );

glMatrixMode ( GL_PROJECTION ) ;



/{ioadldentity();

y

/gluLookAt( viewpoint[ 0 ], viewpoint[ 1 ], viewpoint[ 2 1.,
midpoint [ 0 ], midpoint [ 1 ], midpoint [ 2 ],
disp_down[ 0 ], disp_down[ 1 ], disp_down[ 2 ] );

gluOrtho2D( v_min[ 0 ], v_max[ 0 ], v_max[ 1 ], v_min[ 1 ] );

glMatrixMode ( GL_MODELVIEW ) ;
}
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bool readTRI( char *name )

ifstream fin( name );

v_table = NULL;

T_table = NULL;

T_normals = NULL;

if ( !fin.is_open() )

{

cerr << "Error opening output file" << endl;
disp_right = POINT( 1.0, 0.0, 0.0 );
disp_down = POINT( 0.0, -1.0, 0.0 );
topleft = POINT( 100, 100, 0 ):
v_min = POINT( -le9, -1le9, -1le9 );
v_max = POINT( le9, 1le9, 1e9 );
viewpoint = POINT( 0, 0, -5 );:
midpoint = POINT( 0.0, 0.0, 0.0 );

return false;

}

// read in the viewpoint (camera placement)
fin >> viewpoint[ 0 ] >> viewpoint[ 1 ] >> viewpoint([ 2 ];

// read in the screen plane
fin >> topleft[ 0 ] >> topleft[ 1 ] >> topleft[ 2 ];

// read distance between pixels
fin >> disp_right[ 0 ] >> disp_right[ 1 ] >> disp_right[ 2 ];
fin >> disp_down[ 0 ] >> disp_down[ 1 ] >> disp_down[ 2 ];

// # of triangles
fin >> num_Ts;

// set up the vertex table and the triangle table
v_table = new POINT [ 3 * num_Ts ];

T_normals = new POINT[ 3 * num_Ts ];

T table = new unsigned int[ 3 * num_Ts ];

double temp[ 3 ][ 3 1;
short flagl[ 3 1:

num_Vs = 0;

for ( int 1 = 0; i < num_Ts; i++ )



J

J flagl 0.1.= flag[ 1 ] = flag[ 2 ] = -1;

// Read in 3 sets of vertices that make up one triangle
for ( int n = 0; n < 3; n++ )
for ( int m = 0; m < 3; m++ )
fin >> temp[ n ][ m ];

// Have we added this vertex before?
for ( int m = 0; m < 3; m++ )

for ( int j = num Vs - 1; j >= 0; j-- )
if ( temp[ m ][ 0 ] == v_table[ j ][ 0 ] &&
temp[ m ][ 1 ] == v_table[ j ]1[ 1 ] &&
temp[ m ][ 2 ] == v_table[ j ][ 2 ] )
{
flagl m ] = j; p
break ;
}
for ( int m = 0; m < 3; m++ )
if ( flag[ m ] == -1 )
// we haven’t added this vertex yet
{ p
v_table[ num Vs ] = POINT( temp[ m ][ 0 ], temp[ m ][ 1 ],
temp[ m ][ 2 ] );
flag( m ] = num_Vs++;
}
// Insert which indices into the v_table refer to this triangle
int § = i * 3;
for ( int m = 0; m < 3; m++ ) "
{

// taking this out for this project
// incident[ flag[ m ] ].push_back( i );
T_table[ j +m ] = flag[ m ];

} - N
}

MidPoint () ;

cout << "Viewpoint: ( " << viewpoint[ 0 ] << ", "
<< viewpoint[ 1 ] << ", " << viewpoint[ 2 ] << " )\n"
<< "Midpoint: ( " << midpoint[ 0 ] << ", "
<< midpoint[ 1 ] << ", " << midpoint[ 2 ] << " )\n"
<< "Minimum: ( " << v_min[ 0 ] << ", "
<< v_min[ 1 ] << ","" << v_min[ 2 ] << " )\n"
<< "Maximum: ( " << v_max[ 0 ] << ", "
<< vmax[ 1 ] << ", " << v_max[ 2 ] << " )\n"
<< "Number of Vertices: " << num_Vs
<< "\nNumber of Triangles: " << num Ts << endl;

return true;

}
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void MidPoint (void)
{
for (int m = 0; m < 3; m++ )
{
v_min[ m ] = MAXIMUM_D_VALUE;



v_max[ m ] = -MAXIMUM_D_VALUE;

}
for ( int j = 0; j < num_Vs; j++ )
for (int m = 0; m < 3; m++ )
{
v_min[ m ] = ( v_table[ 7 ][ m ] < v_omin[ m ] ) ? v_table[ j 1[ m ]
vmax[ m ] = ( v_table[ j ][ m ] > v max[ m ] ) ? v_table[ j ][ m ]
}
for (int m = 0; m < 3; m++ )
{
midpoint[ m ] = ( v_min[ m ] + v_max[ m ] ) * 0.5;
double diff = ( v_max[ m ] - v_min[ m ] ) * 0.2;
v_min[ m ] -= diff; /.
v_max[ m ] += diff; }//'

3 i/t/’
11177
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/**

* called first when the program is executed

x/
int main( int argc, char *argv([] ) {
if ( arge < 2 )
{
cerr << "Usage error: " << argv[ 0 ] << " <name of input file>" << endl;
exit( 1 );
}
xdim = ( argec > 2 ) ? atoi( argv[ 2 ] ) : 500;
ydim = ( argc > 3 ) ? atoi( argv[ 3 ] ) : 500;

init( argvl[ 1 ] );

glutInit( &argc, argv );

glutInitDisplayMode( GLUT_SINGLE | GLUT_RGB );
glutInitWindowSize( xdim, ydim );
glutCreateWindow ( "Zz-Buffering, Z-Buffering...");
glClearColor( 0.0, 0.0, 0.0, 0.0 ) ;

glShadeModel ( GL_FLAT );

glutDisplayFunc ( display );
glutReshapeFunc ( reshape ) ;
glutMouseFunc ( mouse ) ;

glutMainLoop () ;
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/* You need to fill in the information about yourself */
1/
1/
1/

// KEEP THE FOLLOWING LINE:
//  BAssignment # 3: Ver. 1.1

#include <glut.h>
#include <GL/gl.h>
#include <GL/glu.h>

#include <math.h>
#include <stdlib.h>
#include <vector>
#include <fstream>
#include <iostream>
using namespace std;

// this lets us know some sStats as they occur

// DO NOT ERASE ANY OF THESE!!! I WILL USE THIS TO
/7 HELP ME GRADE YOUR PROJECTS!!

#define _TA_STATS_

// Use this one if you want to add your own debugs
#define _YOUR_STATS_
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// Largest Value

const double MAXIMUM_D_VALUE = 9e200;
// Smallest Value

const double EPSILON = le-10;
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class POINT
{

public:
POINT( double a = 0.0, double b = 0.0, double ¢ = 0.0
{
x[ 0] = a;
X[ 1) = b;
x[ 2] =¢c;
1
~BOINT() {1}

inline double & operator [] ( int index )
{

return x[ index ];

void normalize( void )
double den = 1 / magnitude();
for (int m = 0; m < 3; m++ )
x[ m ] *= den;

}

double magnitude( void ) const
{

return sqre( x{ 0 ] * x{ 0 ] + x[ 1] * x{ 1] +x[2]*

x( 2] )

}

cureen L ¢ e‘.\&“

inline bool operator == ( const POINT &p ) const
{

return ( x[ 0 ) == p.x[ 0 ] &6 x[ 1 ] ==p.x( 1] & x[ 2

] =pxl2]):
}

inline bool operator != ( const POINT &p ) const
{

return ( x[ 0 ) !=p.x{ 0] Il x{ 1] !=p.x[ 1] |l x[ 2
pox{ 2] )2

inline bool zero( void ) const

return ( x[ 0 ] == x[ 1] 66 x[ 0] == x[ 2] & x[ 0]

i
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// 1 provided this function to help you debug
void print( void ) const
{

COUt << "\Nmmmmmmmmmmmm===\n" << x[ 0 ] << " " << x[ 1]
<< MM << x| 2] €< M\pm====== " << endl;

THILEEIIEIIIRIILILIITIIE LI ILI I I 200000000 IILETELIIEIT01T11

void reverse( void )

1

)= =u{ 0]
}==al 1]
1==x{2]

bide 8
oo

[
[
[

POINT & operator += ( const POINT &p )
{

] +=p.x[ 0]
] +=p.x[ 1]
] +=p.x[ 2 )

o % B
SR

L
[
[ :

return *this;

POINT & operator *= ( const double t )
{

o

*=t;

]
] *=t;
]

oo

=t

[
(
t

return *this;

POINT operator * ( const double t ) const
{

return POINT( x[ 0] * £, x[ 1] *t, x[ 2] *¢t);

double dot_product( const POINT &¢p ) const
{

return ( X[ 0] * p.x{ 0] +#x{ 1] *p.x[ 1] +x[2]*

p.xl 21 );

)i
}

i

POINT cross_product ( const POINT &p ) const

return POINT( x[ 1 ] * p.x[ 2] - p.x[ 1) * x( 2],
x{ 2] *p.xl 0] -p.x[2]*x[0],
x[ 0] *p.x[1]-p.x[0]*x[(1]

POINT operator / ( double p ) const
{

return ((*this) * ( 1/ p));

POINT operator - ( const POINT &p ) const

{
return POINT( %[ 0 ] - p.x{ 0 ],

)

x( 1] -p.xl 1],
x[ 2) -px(2] )

POINT operator + ( const POINT &p ) const
{

return POINT( %[ 0 ] + p.x[ 0 ],
x0 1) 4 pex| X Ty
x[ 2] +px(2]);



}
private:

double x[ 3 ];
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struct PIXEL
{

PIXEL( double dist = MAXIMUM D_VALUE )

distance = dist;
}

PIXEL( double dist, POINT &g, POINT &p, POINT &f )
{
distance = dist;

this->gouraud = g;

AVERAGE_INCIDENT *next;
b
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static int xdim, ydim; // window

static bool beginning = true; // A little hack for speed
static bool gouraud = false; // Display Gouraud Shading?
static bool phong = false; // Display Phong Shading?

static POINT light_source: // this is the light source
you will be using

this->phong = p; static POINT disp_right; // pixel distance sidewards
flat = f; (World Coord.)
} static POINT disp_down; // pizel distance downwards
(World Coord.)
inline POINT operator [] ( short index ) static POINT viewpoint; // camera
{ static POINT topleft; // topleft of the view screen
return ( index == 0 ) ? this->gouraud : ( index == 1) ? static POINT midpoint; // middle of the image
this->phong : flat: static POINT v_min, v_max; // Min/Max values of x-, y-,
} and z-

double distance;

POINT gouraud;

POINT phong:

POINT flat;
14
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struct AVERAGE_INCIDENT
{

AVERAGE_INCIDENT()

for (int i = 0; i < 67 i++ )
element( i ] = -1;

total = -1;

next = NULL;
}

~AVERAGE_INCIDENT ()
if ( mext != NULL )
delete next;

int & operator [] ( int index )

return ( index > 5 ) ? (*next)[ index - 6 ] : element[

index 1;
J

void addElement( int e )

if ( total++ == 5 )
next = new AVERAGE_INCIDENT:

if ( total >5)
{
next->addElement ( e )

return ;

}

element( total ] = e;

b

inline int size( void )

return total + 1;
1

private:
int element[ 6 ];

int total;

static unsigned long num_Ts: // # of Triangles

static unsigned long num_Vs; // # of Vertices

static POINT Pn; // Viewing Plane Normal
static double Pn_D: // D of the Viewing Plane
Equation (Ax+By+Cz+D=0)

// displacement pixel placement
double step_x, step_y;

// Triangle and Vertex tables
static unsigned int *T_table; / f"b"alt F‘Lk
static POINT *v_table; / Vey ,fe ,3‘

% h
<

// Z-Buffer
static PIXEL *z_buffer;

LITII1070070017101070777171111111111711
// Gouraud Shading Variables

// Vertex Intensities
static POINT *vertex_intensities;

HIHLITIEIIERILIIEI 100800 I001210101011
// Phong Shading Variables

// None Needed

LIIIIIILLITTELIT))ET0TE00711111110017
// All Shading Methods Variables

// normal tables
static POINT *T_normals;
static POINT *V_normals:

// Triangles incident upon each vertex
static AVERAGE_INCIDENT *incident;
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// forwarding functions

POINT screen_coordinates( POINT &p );

void Write Z( int index, double z, POINT &Gouraud_color,
POINT &Phong_color, POINT &Flat_color );

double Read_Z( int index );



double intensity_at_normal( POINT &normal, const POINT spoint

)i
bool scan_line_intersect( POINT *, int, int *, POINT &, POINT
&)
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void draw_region( POINT &p0, POINT &pl, POINT &p2,
int *v_index, int triangle_index )

// how far away are we, and what's our next step?
double z, delta z;

// what we pass into (and get back out) of the clipping
algorithm
POINT vertices[ 3 1i

// set up for calling the clipping algorithm
vertices[ 0 ] = screen_coordinates( p0 ):
vertices[ 1 ] = sc:een_cooxdinate:( pl )
vertices[ 2 ) = scxeen_coordinates( p2 ):

// lighting

POINT temp_lighting = light_source;

POINT lighting = temp_lighting;

light_source = screen_coordinates( light_source Vi
lighting.normalize();

// These are the variables you want to put the final color
for each pixel in
POINT Phong_color, Gouraud_color, Flat_color:

// For Gouraud Shading
POINT 11, I_2, I3, 1.4;

// For Phong Shading
POINT P_1, P_2, P 3, P_4;

// Flat Shading
/* CODE */

// Hint: Use v_tablel v_index(] ] to average the vertices
for the center of the triangle //

// one scan line at a time
for ( int y = 0; y < ydim; y++ )

// which lines do we intersect in this scan line
int pairings[ 4 17

// where do we intersect in this scan line?
POINT A, B:

// do any lines intersect this scan line?
if ( !:can_line_intersect( vertices, y, pairings, A, B

// we won't worry about this case
continue ;

// All right, so now the variable pairings tells us
which two pairs

//  of vertices are the endpoints for the line we nesd
to use.

/7 The variables A and B tell us where on those lines
this scan line

17 intersects.

//

// For example, vertices| pairings[ 0 1 ] gives you the
vertex on top

// in the first line intersected

v_table — vertex +uble

// Meanwhile, vertices[ pairings( 3 1] gives you the
vertex on bottom
1 in the second line intersected

1/

// A is the point of intersection between the first
line and the scan line

// B is the point of intersection between the second
line and the scan line

// Gouraud Shading
/* CODE */

// Hint: Remember that when you access v_table, make
sure that you
transform that point to the screen
coordinates

// Hint: You should be able to calculate I a and I_b
here.

// Phong Shading
/* CODE */
// Hint: Use V_normals here!!

// Hint: You should be able to calculate P_a and P b
here.

// determine the interpolated z for the first line

// efficiency hack
double percentage = ( screen_coordinates( v_table(
v_index[ pairings( 0 1330 8Y =% Y
( screen_coordinates( v_tablel v_index[ pairings{ 0
Y311l =
screen_coordinates( v_tablel v_index[ pairings[ 1
Y ¥LACAA g

double z1 = v_tablel
double z2 = v_table[ v_inde:

double z_1 = fabs(zl + ( z2 - z1 ) * percentage -
viewpoint[ 2 ]):

// now for the other line

// efficiency hack
percentage = ( screen_coordinates( v_table( v_index(
pairings{ 211 1) 1) =-y)/
( screen_coordinates( v_table[ v_index( pairings( 2
3310 =
screen_coordinates( v_tablel v_index[ pairings( 3
11101108

z1 = v_tablel v_index[ pairings( 2 ] ] ]I 233
z2 = v_tablel v_index[ pairings{ 2 1 1 ][ 21y

double Z_2 = fabs(zl + ( 22 - z1) + percentage -
viewpoint[ 2 1)7

// left to right, man
POINT max, min = ( A{ 0 ) <B[0]1) 2 A: B}
if (min !=A)

{
/* CODE */
// Hint: Switch I_a and I b here
// Hint: Switch P_a and P_b here
max = A;
delta z =22 - Z_1;
z=21;
else
max = B;
delta z = 2_1 - 2_2;
z=22
)
int index = y * xdim;
// Does this look familiar?
for ( int i = min[ 0 ]; i <=max[ 0 }: i+, z +=

delta_z )
i (i >=0 &6 i < xdim 5& z < Read_2( i + index )

)

{
// Gouraud Shading




/* CODE */ double intensity at_normal( POINT snormal, const POINT &point

)
// Phong Shading {

if ( normal.dot_product( viewpoint ) < 0 )
/* CODE */ return 0.0;
-

POINT light_direction( light source - point )7
light_direction.normalize();

// Hint: Remember to use normalized vectors !!

// Note: Please help your poor TA and make each return fabs( normal.dot_product( light direction ) )i
of the
/7 shadings a different color!!
11117
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// Z-buffering, 2Z-buffering; how many ways do THITIEEIITIIELIEII I I IIILITE0000000000001001017110111
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Write_Z( i + index, z, Gouraud_color, 11111
Phong_color, Flat_color );
} // Here we build the table of all triangles that are
1 /7 incident upon each vertex
void create_incidence( void )

// return the light source to the world coordinates {
light_source = temp_lighting; #ifdef _TA STATS_
} // this is for your benefit and mine
cout << "Creating incident table." << endl;
11111 $endif // _TA_STATS_

JIIIIIITILIIIIT 210001020 00000000000000000000101000011171
JIPIIEILIIILILLLIEIIEEIL101TI100001107017000171771 for ( int i = 0; i < num_Vs; i++ )
HIITEIIEIIIIIIELTLEIIILIILET00E11E00100L010101101001 for (int j =num Ts * 3 - 1; j >= 0; j-- )
11117 if ( T_table[ j ] == i)
incident[ i ].addElement( (int) (3 / 3) );
}

11117
JIEEIIIEIIIIII AT TI000000000000010100100011111117111171 11111

JILIIILEIII I AT EIERETIII00007700100110111111111111111
JITIITILEILL LD IR EL LI I LRI LA ERIIIELIILIII00000001700107
11117

JIIIITEIIIIELLII 1070000000 070000000000000010101011011010017
JITIIETIIIIIIIIII I IIEE0E101000070000000000000071001111
R

11117
11117
JEIHIEIEIIIIE2E120000000000000000001010001110101111717) // Here we build the normals for all triangles, and then
JIIIIIIIIIELIIETIITII010701070070000000000001000101007011 17 the average normal for each vertex
Ny RNy void create_normals( void )
1117

{

$ifdef TA STATS_

11177 // this is for your benefit and mine
JIIILIIIIIEILIIL LTI LI 00010000000000000000101101011111 cout << "Creating normals.™ << endl;
HIILILILIIIIIIIL AT E1110101001100000101001111111111 #endif // _TA_STATS_
JEIIITIIIEILE2ELIIE0EI01010E00107001001010711111111117

11411 int t_index = 0;

// The following functions you do not need to change, // This is used for pointing triangles in the right
// but you will need to understand most of them. direction

POINT center;
11117
JIHILIIIIETIIIII IR I I I EIIEELILIILI01011101101110077
JITIIILEEILILETET LI IIEIIEEEIFEFIETIIILETIIIE1T111]
JILILIILIIIIIILELLLIL LI ILE LTI LI EEi111111717
11117 1:

for ( int i = 0; i < num Ts; i++ )
center += v_table[ T table[ i ] ] +
v_table[ T_table[ I + 1 ] ) + v_table[ T_table[ i + 2]

1117 center = center / ( num_ Ts * 3 ):
TILIIIIILIIIILAI L IT LT LI 120 12012000010010000001001117
IILIIITEEITIIIIEE020100000000000100010100101010110110111 // Building Triangle Normals
IITEIIIIIIIII 0L EL I L0010 0010000100010011111111011 for ( int i = 0; i < num Ts; i++, t_index +=3 )
11111 {

POINT v0( v_table[ T table[ t_index + 0
1111/ POINT v1( v_table( T table[ t_index + 1
JIIILIIILIIII LI T 0T EII1000000001001100110011000107117 POINT v2( v_table[ T_table[ t_index + 2
JILEIIIIIT200000000000071000000101010000710100107111111
s

112
1))
112

T_normals( i ] = ( vl - v0 ).cross_product( ( v2 - v0 )

111171 )
s T_normals( i ].normalize():
JIELILLIILEIILEEILEIIE1 00 EILELIEIIITT1T101710771117
JHIIIEIILLIIT 110 7710100000077171771117117001111171171 // this only works with convex polygons - kids, don't
N R ads try this at home!
11117 // what this is doing is making sure all normals point
outwards

11117 if ( T_normals[ i ).dot_product( v0 - center ) < 0 )
JITIEIIEEIIIIIIIIIL00L00000000101070111071111111111111 T_normals[ i ).reverse():
JIIIIIIPITIELEIETIII LT ELTIEIEEED11000000100111111 }
JITLTITEIELITEI LI EI 10T I0T 10000 000000001000000111
11177 // Building Vertex Normals

for ( int i = 0; i < num_Vs; i++ )
11117 {

JEITEEIIIIIIIEEL I EEI I EEIITE0I170000100010111111111171
JITIEIIILIIIITELELEEI 2 LT LI IILII00T100010107101717171
JIEILLIIIETIIIII L0 I ELITIEIET I 10T 1110011101117 for ( int j = 0; j < size; j++ )

1117 V_normals[ i ] += (T_normals( incident[ i ][ J )

int size = incident[ i ].size():

11111

LIELILIILILLTEI LI TP IIII LI LTLE17001101001001F]
HILLLIILLITIIEEL 1800100001000 10E0E0IEITI010ST01011110Y

JILEIIIEII I LL 120000000001 000000000000000010100107 }
11111

V_normals( i ].normalize();



IIIILLLELLITIEFII AT ILI LI LI LT IET77117111717111
JITHIIIEIIIEI I L LI I L LTI TP 7LTLE 1l
LIEEETIIEITII I IR T I EI A I L LTI 00110011171177
11111

void create_vertex_intensities( void )
{

// the direction of the light to the surface
POINT direction;

for ( int i = 0; i < num_Vs; i++ )
{
double x = intensity at _normal( V_normals[ i ],
v_table[ i ] );

vertex_intensities( i ] = POINT( %, %, % )7
}

11117
LILEITIIEELLEI LI LI LLLIIEIILEE L 20 T0TTT10000100010171
JIIIITTIIIITIIITI200 0000000000 000000000000000000001070111
JIITLELLIIILIEIIIEI L2 2000 EETEIIETII I EElEITELET ]
11117

void Write_Z( int buffer_index, double z_value, POINT &g,
POINT sp, POINT &f )

{
z_buffer( buffer_index ] = PIXEL( z_value, g, p, £ )i
}

11117
JIIIIELIETIIETI I I 00T 001 0000001000010071001111111111
JILIIILEELEEL LI L2000 200 000000000 0007710001111111111111
IILIITEIIIIIIII I EI LI ITE0IT00001200000110111111117
11117

double Read Z( int index )
(

return z_buffer[ index ].distance;

11117
JIITIIITIIIIIIL LI 10010011 T110011111111111111111
TILIIIIEIIILELLTEEL I AT LI EEI 7100 1101400011111117
JIEIIIIIIEEII LRI PRI EIEIEIIELE1EIETE1110110111111111
11111

double interpolate( POINT &first, POINT &second, double x,
double y )

{
double change = first[ 0 ] - second[( 0 ];
if ( change == 0 )
{
change = first{ 1 ] - second( 1 );

if ( change == 0 )
return first{ 2 J;

change = ( y - first( 1 ] ) / change;

return change + first[ 1 ];
}

change = ( x - first[ 0 ] ) / change:

return change + first[ 0 ];

)

11111
LIIIIILILELIIITII LT 00 00007008 000000000701010017111110117
IILEIILLILIIIIIL LTI I ITEE LIS 000000 0010101117
LILIIIIIILIETTTELILELETIIL LTI EIIII P LI L E PRI T T
11111

// returns a status variable

1/

// status -> true = okay

/7 false = line is vertical

bool line_equation( POINT &first, POINT &second, double &m,
double &b )

{

// determine y =m * x + b
m = first[ 0 ] - second[ 0 ]:

// check for division by zero
if ( fabs( m ) < EPSILON )
return false;

// determine the rest of m
m = (first[ 1 ] - second[ 1 ]) / m;

// determine b
b = second[ 1 ] - m * second[ 0 };

return true;
}

11117
JHIIIILAITIIIIET LI ELIT7EEI17101011001101101101117
TITEIILLLLIIII AT ILITITIILEETIIE71000700000001001107117
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bool scan_line_intersect_line( POINT &v0, POINT &vl, int y,
POINT &intersection )
{
// take care of the case where it doesn't intersect
PE((VO[1]>ysevi[1]>y) Il
(v0[ 1] <ys&evi[1]1<y))
return false;

// it DOES intersect, so let's figure it out
double m, b;

// Yy =mx +b
if ( !line_equation( v0, vl, m, b ) )
// the line is vertical

intersection = POINT( vO[ 0 ], y,
interpolate( v0, vl1, vO[ 0
1oy )i
return true;

}

// this means the line is horizontal - we can cheat and
17 forget it.
if ( fabs( m ) < EPSILON )

return false;

// temporarily use m for the x value
m=(y-b)/m

intersection = POINT( m, y, interpolate( v0, vl, m, y ) );

return true;

11111
LIHIILITIIILLLI TR 1IP0I 00000007 700000007010017711187
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s
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bool scan_line_intersect( POINT *vertices, int y, int
*pairings,
POINT &A, POINT &B )
{
int first, second;

if ( scan_line_intersect_line( vertices[ 0 ], vertices[ 1
1oy, A))

first = ( vertices[ 0 ][ 1 ] < vertices[ 1 ][ 11]) 21
: 0;
second = ( first + 1) & 2;

pairings[ 0 ] = first;
pairings[ 1 ] = second;

if ( scan_line_intersect_line( vertices( 0 ], vertices|
21,y,B))
{
first = ( vertices[ 0 ][ 1 ) < vertices[ 2 ][ 1]

) 223 0;
second = ( first + 2 ) % 4;
pairings| 2 ] = first;
pairings[ 3 ] = second;

return true;

}
if ( !scan_line_intersect_line( vertices[ 1 ],
vertices{ 2], y, B ) )
return false;
first = ( vertices[ 1 J[ 1 ] < vertices[ 2 ][ 1] ) 22

second = ( first 3 2 ) + 1;

pairings[ 2 ] = first;
pairings( 3 ] = second;

return true;



3£-4 !scan_line_intersect_line( vertices[ 0 1, vertices[ 2
1, ¥, A) )
return false;

3% !scan_line_intersect_line( vertices[ 1 1, vertices[ 2

1, Y. B) )
return false;

first = ( vertices{ 0 1[1 ] < vertices( 2 1( 1 1)y22:
0;
second = ( first +2) ¢ 45

first:

pairings( 0 ] =
] = second;

pairings( 1

first = ( vertices[ 1 111 < vertices{ 2 1(11) 22
1;
second = ( first $2) +1;

pairings| 2 ] = first;
pairings( 3 1 = second;

return true;

}

11111
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////
11111

POINT Intersect( POINT &first, POINT gsecond, int edge )
{

// this is the intersection value for either x- or y-
int clip_point = ( edge < 2) 20 ¢
( (edge==2)?xdim-1:yd‘m—1);

// y=mx+b
double m, b:

// determine the line equation
if ( !line_equation( first, second, m, b))

// the line is yvertical and that means there's only
1/ two clip boundaries it could possibly care
1/ about (top and bottem)

return POINT( first( 0 }, clip_point,
(first( 2 ) - secondl 2"
fabs(first( 1 ] - clip_point) /
fabs(first{ 1 1 - secondl 1 1N )i
}

// similar to the last time, if this is zero -> then

//  the line is horizontal and it matters only to

1" two clip boundaries ( left and right )

if ( fabs( m ) < EPSILON )

return POINT( clip_point, first( 1 1,

T(girst[ 2 ) - second( 2 1) %
fabs(first( 0] - clip_point) /
fabs (first[ 0 ] - secondl 0 1)

// this is either x or y
intaxis-(edqetz==0)?0:1:

// determine the intersection for y=mx+b for the clip edge
double x = ( axis == 0 ) 2 clip_point : ( clip_point - b)

/ m
double y = ( axis == 0 ) 2 m * clip_point + b : clip_point;

return POINT( X, ¥. interpolate( first, second, %, ¥ ) )i
}

11111
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////
11111

// Edge => 0 : Jeft side of viewing screen
1 1 : top side of viewing screen
17 2 : right side of viewing screen
A 3 : bottom side of viewing screen
bool Inside( POINT &p, int edge )

{
if ( edge < 2)
return ( pi edge ] >= 0 )7
else
return (( edge ==2) 2 (pl 0 1 < xdim) = (pl 11 <
ydim))#
}

11117
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////

///////////////////////////////////////////////////////
11117

// this is taken almost directly from p.128 in Foley,
/17 van Dam, Feiner, and Hughes
int Sutherlandﬁodgnanl’olygonclip( POINT *vertexArray )
{

vector< POINT > clipped:

POINT s, P, i7

// initial size of vertexArray
int size = 3;

// This is the clipping boundary (thers are 4 sides to
1 the viewing plane
for ( int k = 0; k < 4; k++ )

(

// initialize
s = vertexarrayl 2 17

// There are always three vertices passed into our
version

/1 of this algorithm

for ( int 3 = 0; 3 < size; j++ )

p = vertexArrayl J 12
if ( Inside( p, k) )
{

if ( Inside( s, k) )
clipped.push_back( p):
else

i = Intersect( s, P, ) < 2

clipped.push_back( i)
clipped.push_back( P ):
}
i

else

if ( Inside( s, k) )
{
i = Intersect( s, P/ k):
clipped.push_back( i)
}

s = pi
i

// Since we know what we just got, let's reset it and
go to the next
1/ phase (next boundary)
size = clipped.size();
for (int i =10; i< size; i++ )
vertexArray( i ] = clipped( i 17

// clear out the vector
clipped.clear ()
}

return size;
}

1117
//////////////////////////////////////I////////////////
///////////////////////////////////////////////////////
///////////////////////////////////////////////////////
11111

POINT world_coordinates( POINT &p )
{

double x =
topleft( 0 )

double y = ( step_y == 0) 2 step_y ¢ (plT2:4 step y ) *
topleft( 1 1:

return POINT( X, ¥, pl 21):
}

1
////////////////'///////////////////////////////////////
/////////////////////////////////////I/////////////////
///////////////////////////////////////////////////////
11117

POINT scraen_cooxdinates( POINT &p )

{
double x = ( step X == MAXIMUM_D_VALUE ) ? step_x : (pl 0
] - topleft[ 0 1) * step_x;

double y = ( step_y == MAXIMUM D_VALUE ) 2 step_y ® (pl1
] - topleftl 1 1) * step.y:

( step x ==0) 2 step % ¢ ( pl 0 ] / step_® )+



return POINT( %, y, pl 2 ] )2

11117
RN aas
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void screen_intersection( POINT &v0, POINT &vl, POINT &v2,
POINT &s0, POINT &s1, POINT
&s2 )
{
// these are used for calculating the point of intersection
double t, denominator;

// directions of the rays (from each vertex)
POINT Rd_0( v0 - viewpoint );
POINT Rd_1( v1 - viewpoint );
POINT Rd_2( v2 - viewpoint );

// normalize the direction vectors

/7 (this makes sure all values are <= MAX D VAL)
Rd_0.normalize();

Rd_l.normalize();

Rd_2.normalize();

H11117111111117
// Determine s0

// Figure out whether or not (v0 - viewpoint) is parallel
i to the viewing plane.
denominator = Pn.dot_product( Rd_0 );

if ( fabs( denominator ) < EPSILON )
{

// this is at infinity, but since we need these points,
/7 we "simulate" infinity
50 = viewpoint + Rd_0 * MAXIMUM_D_VALUE:

// temporarily re-using this variable for speed reasons
Rd_0 = ( v0 - viewpoint );
1

else

// Figure out t
t = - ( Pn.dot_product( viewpoint ) + Pn_D ) /
denominator;

// final determination of (x,y) of s0
s0 = viewpoint + Rd_0
}

// distance between eye and v0
s0[ 2] =vOo[ 2 ];

111111
// Determine sl

denominator = Pn.dot_product( Rd_1 );
if ( fabs( denominator ) < EPSILON )
{

sl = viewpoint + Rd_1 * MAXIMUM D VALUE;
Rd_1 = ( vl - viewpoint );

else
{
t = - ( Pn.dot_product( viewpoint ) + Pn_ D) /
denominator;
sl = viewpoint + Rd_1 * t;
}

sif{ 2] =vl[ 2 ]);

1111111177111177
// Determine s2

denominator = Pn.dot_product( Rd_2 );
if ( fabs( denominator ) < EPSILON )
{

s2 = viewpoint + Rd_2 * MAXIMUM_D_VALUE;
Rd_2 = ( v2 - viewpoint );

else
{
t = - ( Pn.dot_product( viewpoint ) + Pn_ D) /
denominator;
s2 = viewpoint + Rd_2 * t;
}

s2( 21 =v2( 21:
}

11171
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void draw_triangles( void )

#ifdef _TA_STATS_
// This is to let you know it's working
cout << "Beginning program.® << endl;
#endif // _TA_STATS_

for ( int i = 0; i < num Ts; i++ )

{
#ifdef TA STATS_
// This is to let you know it's working
cout << "Processing Triangle # " << i << endl;
#endif // _TA_STATS_

// We're going to cull this triangle
if ( viewpoint.dot_product( T_normals[ i ] ) <0 )

{
$ifdef _TA STATS_
cout << "Triangle " << i << " facing the wrong
way. Moving on." << endl;
#endif // _TA_STATS_

continue;

————

int t_index = i * 3;

int v_index[] = ( T_table[ t_index + 0 ],
T_table[ t_index + 1 ],
T table[ t_index + 2 ] };

// The three vertices of the triangle
POINT vO( v_table[ v_index[ 0 ] ] );
POINT v1( v_table( v_index([ 1] ] )z
POINT v2( v_table[ v_index[ 2] ] );

V_owwdex =

// These are the three vertices that the triangle
projects onto
/

/ the screen with. So ... s0 is made up of (x, y,
z), where

1/ (x,y) is pixel(x,y) and z is the distance between
the eye

/7 and that vertex. Also, they are rearranged so
that the

// vertex (s0) at the highest pixel (and if there's
a tie, the

o one on the right), the second vertexz (sl) is to
the left of

Ve the third vertex (s2).

POINT s0, sl, s2;

// Find out the points of intersection with the screen
screen_intersection( v0, v1, v2, s0, sl, s2 );

// Z-buffer this region
ﬁ draw_region( s0, sl, s2, v_index, i );
)

#ifdef TA STATS_
// This is to let you know it's finished working
cout << "Finished displaying.” << endl;

#endif // _TA_STATS_

}

11117
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void draw_buffer( void )

{

#ifdef _TA_STATS_
int count = 0;

#endif // _TA_STATS_

int index = 0;

short shading = 1 gouraud ) 2 0 : ( phong ) 2 1 : 2;
glBegin( GL_POINTS );
for ( int y = 0; y < ydim; y++ )
for ( int x = 0; x < xdim; x++, index++ )
if ( Read Z( index ) < MAXIMUM D_VALUE )

{
glColor3f( z_buffer[ index ][ shading 1( 0 ],
z_buffer[ index ][ shading 1[ 1
2

z_buffer( index ][ shading ]

’

]
103

tee



glvertex3f( (double) x / (double) xdim, (double)
y / (double) ydim, 0 );

#ifdef _TA_STATS_
count++;
#endif // _TA STATS_

glEnd():

#ifdef _TA_STATS
/7 L:.ght Source ( blue cross-hairs)
POINT temp( screen_coordinates( light_source ) );

glColor3f( 0.0, 0.0, 1.0 );

glBegin( GL_LINES

glvertex3f( (temp[ 0 ] / (double) xdim) - 0.05, temp{ 1 ] /
(double) ydim, 0 ):

glVertex3f( (temp[ 0 ] / (double) xdim) + 0.05, temp[ 1 ] /
(double) ydim, 0 );

glVertex3f( temp[ 0 ] / (double) xdim, (temp[ 1] /
(double) ydim) - 0.05,

glVertex3f( temp( 0 ] / (double) xdim, (temp( 1 ] /
(double) ydim) + 0.05, 0 );

// Positive x and y directions ( x -> light blue, ¥ =3
light green )
glColor3f( 0.0, 0.5, 1.0 );
temp = POINT( 0, 0, 0 );
temp = screen cooxdmates( temp ):
glVertex3f( (Temp[ 0 ] / (double) #dim) + 0.00, (temp[ 1 ]
(double) ydim), 0 );:
temp = POINT( 1, 0, 0 );
temp = screen_coordinates( temp );
glVertex3f( (temp[ 0 ] / (double) xdim), (temp[ 1 ] /
(double) ydim), 0 );

~

glColor3f( 0.0, 1.0, 0.5 );

temp = POINT( 0, 0, 0 );

temp = screen_coordinates( temp );

glVertex3f( (Temp[ 0 ] / (double) xdim), (temp[ 1 ] /
(double) ydim) + 0.00, 0 );

temp = POINT( 0, 1, 0 );

temp = screen_coordinates( temp );

glvertex3f( (temp( 0 ] / (double) xdim), (temp( 1 ] /
(double) ydim), 0 );

glEnd()

// Vertices
glPointSize( (GLfloat) 3.0 );
glBegin( GL_POINTS );
for (int 1 = 0; i < num Vs - 1; i++ )
{
temp = screen_coordinates( v_table[ i ] );
double x = (double) (i+l) / (double) num \ Vs;
glColor3f( 1.0, %, 0.0 );
glvertex3f( temp[ 0 | / (double) xdim, temp( 1] /
(double) ydim, 0 );
}

glEnd();
glPointSize( (GLfloat) 1.0 );
#endif // _TA_STATS_

#ifdef TA STATS_

cout << "Total pixels: " << count << endl;
#endif // _TA_STATS_
i
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void Axis( void )
{

glPushMatrix();
glLoadIdentity():
glBegin( GL_LINES );

// X AXIS

glColor3f( 1.0
glVertex3f( -1.0
glvertex3f( 1.0

coco
coco

// ¥ AXIS

glColor3f( 0.0, 1.0
glvertex3f( 0.0, -1.0
glVertex3f( 0.0, 1.0

oo o
coo

// Z AX1s

glcolor3f( 0.0,
glVertex3f( 0.0,
glVertex3f( 0.0,

coo
ooo
|
R
ocoo

glEnd();

glPopMatrix();
}

11717
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void display( void )
{

// This is a hack to display the screen once the first time

1/ through. Sorry I don't know more to answer why it
does
1/ that.

if ( beginning )
{

beginning = false;
return ;
}

glClear( GL_¢ COLOR_BUFFER_BIT );
glMatrixMode( GL HODELVIBH )i

// Draw the three axis ( x-, y-, and z- )
Axis();

glLoadldentity():

// print out our buffer
draw_buffer();

glFlush();

11117
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void reshape( int new_width, int new_height )
{

xdim = new_width;
ydim = new_height;

// initialize all aspects of the
if ( z_buffer != NULL )

delete [] z_buffer;
z_buffer = new PIXEL[ xdim * ydim ];

// do this only once
if ( beginning )
{
// we only need to build this table once
create_incidence();

// we only need to build these tables once
create_normals();

// now we need to do stuff for gouraud
Ccreate_vertex_intensities();

// create Viewing Plane Normal
Pn = disp_down.cross_product ( disp_right );
Pn.normalize();

// determine D (for the ray-plane intersection)
Pn_D = - Pn.dot_product( topleft ):
}

// computer the z _buffer
draw_triangles():

glviewport( 0, 0, (GLsizei) new _width, (GLsizei) new_height
):

glMatrizxMode ( GL_PROJECTION );
glLoadIdentity();

glMatrixMode ( GL_MODELVIEW ) ;
glLoadIdentity ()7

double x = topleft[ 0 ] + ( xdim / 2 ) * disp_right[ 0 )
+ ( xdim / 2 ) * disp_down[ 0 );

double y = topleft[ 1 ] + ( ydim / 2 ) + disp right([ 1 )
+ (ydim / 2 ) * disp down[ 1 ];

gluLookAt ( viwwpoint[ 0 ], viewpoint{ 1 ], viewpoint[ 2 ],
¥,
-disp_¢ dot-m[ 0 ], disp_down[ 1 ], disp_down[ 2
1)

glutPostRedisplay();
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void MidPoint (void)
{
for (int m = 0; m < 3; m++ )
{
v_min{ m ] = MAXIMUM D_VALUE;
v_max[ m ] = -MAXIMUM D_VALUE;
}

for ( int j =0

J < num_Vs; j++ )
for ( int m = 0;
{

m < 37 mi+ )

vmin{m] = (v table[ j ][ m] < vmin{m] ) 2
v_table[ j ][ m ] : vmin(m );
vmax[m ] = (v table[ j][m)] >vmax(m) ) ?
v_table[ j ][ m ] : v_max( m ];
}

for (int m = 0; m < 3; m++ )
{
midpoint( m ] = (v_min[ m ] + v_max[ m ] ) * 0.5;
double diff = (vmax[m ) -vmin[m ] ) * 0.2;

v_min[ m ] -= diff;
v_max[ m ] += diff;

}
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bool readTRI( char *name )
{
ifstream fin( name );

v_table = NULL;
T_table = NULL;
T_normals = NULL;:

if ( !fin.is_open() )
{

cerr << "Error opening output file" << endl;
exit(1):
}

// read in the viewpoint (camera placement)
fin >> viewpoint[ 0 ] >> viewpoint[ 1 ] >> viewpoint( 2 ]:

// read in the screen plane
fin >> topleft[ 0 ] >> topleft[ 1 ] >> topleft[ 2 );

// read distance between pixels
fin >> disp_right[ 0 ] >> disp_right[ 1 ] >> disp right[ 2

1:
fin >> disp_down[ 0 ] >> disp down( 1 ] >> disp_down[ 2 );

// # of triangles
£in >> num_Ts;

/7 light source
light_source = POINT( viewpoint[ 0 ] + ( disp_right{ 0 ] *+
40 ),
viewpoint[ 1 ] + ( disp_down [
1] *40),
viewpoint[ 2 ] ):

// set up displacement steps for later calculation of where
//  point falls within the screen.

step_x = disp_down[ 0 ] + disp_right[ 0 );
step_y = disp_down[ 1 ] + disp right[ 1 ];
step_x = ( step_x

? MAXIMUM D_VALUE : 1 / step x;
step_y = ( step_y

? MAXIMUM_D_VALUE : 1 / step_y:

// set up the vertex table and the triangle table
v_table = new POINT [ 3 * num Ts ];

T_normals = new POINT[ num Ts ];

T_table = new unsigned int[ 3 * num Ts ];

double temp[ 3 )[ 3 ];
short flag[ 3 ];

num_Vs = 0;

for ( int i = 0; i < num_Ts; i++ )

{
flag( 0 ] = flag( 1 ] = flag[ 2 ) = -1;

// Read in 3 sets of vertices that make up one triangle
for ( int n = 0; n < 3; n++ )
for ( int m = 0; m < 3; m++ )
fin >> temp[( n ][ m );

// Have we added this vertex before?
for (int m = 0; m < 3; m++ )
for ( int j = num Vs - 1; j >= 0; j-- )

if ( temp( m J[ 0] v_table{ j ][ 0] &
temp[ m ][ 1] v_table[ j ][ 1] &&
temp[ m J[ 2 ] == v_table[ j ][ 2] )

// flag here spr0l_1.0
flagl m ] = j;
break ;

}

for (int m = 0; m < 3; m++ )
if ( flag( m ] == -1 )
// we haven't added this vertex yet
{

v_table[ num Vs ] = POINT( temp[ m ][ 0 ],
temp( m ][ 1],
temp( m )[ 2] ):

flagl m ] = num Vs++;
}

// Insert which indices into the v_table refer to this
triangle
int j =4 + 3;
for (int m=0; m < 3; m++ )
{

// taking this out for this project
// incident[ flag[ m ] ].push_back( i );
T _table[ j +m ) = flag( m ];

}

// reduce our storage to just the # of vertices we actually
have
POINT *temp_v = v_table;
v_table = new POINT[ num Vs ];
for ( int i = 0; i < num_Vs; i++)
v_tablel i ] = temp_v[ i ];
delete [] temp v;

// storage for vertex normals
V_normals = new POINT[ num_Vs ]:

// storage for vertex intensities
vertex_intensities = new POINT[ num Vs ];

// create storage for incidence
incident = new AVERAGE_INCIDENT|( num_Vs ];

MidPoint () ;

$ifdef _TA_STATS_
cout << "Viewpoint: ( " << viewpoint[ 0 ] << "

<< viewpoint[ 1 ] << ", "™ << viewpoint[ 2 ] << " )\n"
<< "Midpoint: ( " << midpoint[ 0 ] << ", "
<< midpoint[ 1 ] << ", " << midpoint( 2 ] << " )\n"
<< "Minimum: ( " << v_min[ 0 ] << ", ®
<< vmin[ 1] << ", "<< vmin{ 2 ] << " )\n"
<< "Maximum: ( " << v_max[ 0 ) << ", "
<< vmax[ 1] << ", "<< v max[ 2] << " )\n"
<< "Number of Vertices: " << num_Vs
<< "\nNumber of Triangles: " << num_Ts << endl;

#endif // _TA_STATS_

AN

return true;
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void init( char *name )

z_buffer = NULL;

readTRI( name );

glClearColor( 0.0, 0.0, 0.0, 0.0 );
}
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void mouse( int button, int state, int x, int y )
{
if ( state == GLUT_DowN )
{
switch( button )
{

// Phong Shading
case GLUT_LEFT_BUTTON:

phong = true;

gouraud = false;

break;

// Gouraud Shading
case GLUT_HIDDLB_EUTTON:

phong = false;

gouraud = true;

break;

// Flat Shading
case GLUT_RIGHT_BUTTON:
phong = gouraud = false;

break ;

default:
break ;

}
glutPcstRedisplay() ;

}:

s
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int main( int arge, char *argv(] )
{
if ( arge < 2)
{

cerr << “Usage error: " << argv( 0 ] << " <name of
input file>" << endl;
exit( 1 );

: B0O;

xdim = (arge > 2 ) )
3) ) : 800;

atoi( argv[ 2 )
ydim = ( arge > ]

2
? atoi( argv( 3
init( argv[ 1) );

glutlnit( sarge, argv );

glutInitDisplayMode ( GLUT_SINGLE | GLUT_RGB );
glutInitWindowSize ( xdim, ydim );

glutCreateWindow( "A little shading here, a little shading

there.");
glClearColor( 0.0, 0.0, 0.0, 0.0 );
glShadeModel ( GL_FLAT );

glutDisplayFunc( display );
glutReshapeFunc ( reshape );
glutMouseFunc ( mouse )i

glutMainLoop() ;
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History:

1887 - Emile Rayed projects animation using his praxi-
noscope. Opens the first animation theatre.

1906 - J. Stuart Blackton creates Humorous Phases of a
Funny Face, the first 2D drawn film.

1926 - Keyframing developed, inking and painting
assembly lines are set up. (Disney)

1932 - Disney produces Flowers and Trees, the first
color cartoon.

1937 - Disney produces first full-length feature, Snow
White and the Seven Dwarves.

1967 - Micheal Noll at Bell Labs creates first computer
animated stereo movie.

1982 - TRON is produced by Walt Disney

1982 - SGI’s Iris system is introduced.

1985 - Wavefront, Alias, etc. find there way into the
video and film production environment.

1989 - Introduction of Virtual Reality.







