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This document provides a sample LATEX template for formatting your homework solutions for CSE 490V. Note that
it is not necessary to include the original question prompts in your submitted solutions, although they have been
included here to provide additional formatting examples.

1 Theoretical Part

1.1 Graphics Pipeline Refresher (5pts)

Before we dive into math, let’s review the graphics pipeline as shown in the �gure below: Please �ll in all the blanks.
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Make sure you review the graphics pipeline of transforming from object space to window space before starting to
solve the following questions.

Answer:

Write your answer to this question here.



1.2 Understanding Transformation Matrices (10pts)

(i) Show that a scaling matrix with sx = −1, sy = 1, sz = −1 creates the same 4 × 4 transformation matrix as a
rotation around the y axis by 180 degrees. Write out the matrices. (5pts)

(ii) Derive the 4 × 4 matrices for the two transformations below and show that they are not commutative: (5pts)
• (Translation) translation vector t = (1, 1, 1)T

• (Rotation) rotate around the x axis by 90 degrees

Answer:

(i) Write your answer to this question here.
(ii) Write your answer to this question here.



1.3 Graphics Pipeline Step-by-Step (20pts)

In this question, we will go through the graphics pipeline step by step. Suppose we have a 3D point p = (2, 1, 3)T
and its normal vector n = ( 13 , 2

3 , 2
3 )T .

(i) (Model Transform) First, transform the point, p, and vector, n, into the world coordinate system, pw and nw
respectively. Apply the following transformations in order:

• scale y by 3 and scale x and z by 2
• rotate around x-axis by 180 degrees
• translate along x, y, and z axes by 1

Report the scaling, rotation, and translation matrices, and pw and nw . (5pts)
Hint: Are homogeneous coordinate representation and transformation of points and vectors the same?

(ii) (View Transform) Next, transform the point, pw , from the world coordinate system, into camera (or view)
coordinates, pv . Use the following parameters to de�ne the view transform:

• eye point (camera location) e = (0, 10, 10)
• look-at (i.e., center) point c = (0, 0, 0)
• up vector u = (0,

√2
2 , −

√2
2 )T

• gaze vector g = c − e (g denotes the vector pointing from point e to point c)
Report pv . As a sanity check, apply this view transform to e (point), u (vector), and g (vector), and report
your �ndings. What do you expect to see and why is this a good way to check that your view transform is
implemented correctly? (5pts)

(iii) (Projection Transform) At this stage of the pipeline, the projection comes in. Apply the (symmetric) per-
spective projection transform to the point in camera coordinates, pv , using the following camera parameters:

• aspect: 1
• fovy: 90◦

• zNear(n): 2, zFar(f ): 22
Report the projection matrix, the transformed point in clip coordinates, pclip (4×1 vector), and the transformed
point in normalized device coordinates, pndc (3 × 1 vector), after the perspective divide. (5pts)

(iv) (Viewport Transform) The point after the perspective divide is a 3 × 1 vector (xndc , yndc , zndc)
T

. The x and
y components now have to be mapped onto a 2D screen. For simplicity, let’s map the point to a small square
screen with a resolution of 200×200 pixels (i.e., lw=200 and ℎw=200), where the bottom-left coordinate is (0,
0). Report the corresponding 2D window coordinate on the screen (in �oating point). (5pts)

Answer:

(i) Write your answer to this question here.
(ii) Write your answer to this question here.

(iii) Write your answer to this question here.
(iv) Write your answer to this question here.




