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Inner Product & Dot Product

Inner product maps vectors to scalars and tells us how much vectors “line
up”

Standard Euclidean dot product is called the dot product

Mathematically:
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Dot Product

Visually: 1
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Dot Product

Example:

Which unit-length vector is closer in alignment to the vector V = (1, 0)?

A = (3/5, 4/5) or B = (12/13, 5/13)
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Norms

Norm also maps vectors to scalars and tells us the “size” of the vector

For a vector u, denoted as ||ul|

Standard Euclidean norm is ||ul| = \/ u-u

“Normalize” a vector (make it unit length) with u / ||ul|
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Cross Product

G = qi + Q,j + a;k b=b,i +b,j +bk
_ ¢=axb - | ~
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Cross Product

Visually:

e The magnitude of the vector
is equal to the area of the
parallelogram formed by u and v

e The vector itself points
perpendicular to the other two
vectors (right hand rule!)
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2D Cross Product

e Technically, a 2D cross product does not exist, but we can abuse
notation and get:

U XVIi=U102 — UV

o We can also say that the area of a triangle formed by 2 vectors is half of
the cross product (since it would be half of the parallelogram)
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Cross Product
Example: What is the area of this triangle?

c=(4,4)

b=(6,3)

a=(1,0)
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Matrices

Always ask “What does this matrix
represent?”

Matrices can be a lot of things

Linear maps

Linear systems of equations
Graph adjacency matrix
Kernels for image convolution
etc!
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Matrices as Linear Maps

A linear map

1. maps lines to lines and R
preserves the origin NN f
2. preserves vector space T T T T~
operations (add/scale) ST o
. .}...'. tooe
B .

So a linear map f: R"—R™ can be
expressed as a m x n matrix
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Matrices as Linear Maps

Example: Compute the matrix A € R3*? representing the linear map

FR2SRS, (x5 x,) = (4x,, x,-x,, -2x,)
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Composing Linear Maps

Example: Compute the matrix A € R?*? representing the linear map
FIRZSRE (x,, x,) = (3x,, 2v,)

Example: Compute the matrix B € R?*? representing the linear map

g: @2_)®2; (X1, xz) — (x1’ _xz)

Example: Compute the matrix C € R?*? representing the linear map g of
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Derivatives & Integration

Derivatives represent rate of change of a function
-Animation (Tangents on splines and IK gradient descent)

-Particle simulation (Understanding velocity and acceleration)

Integrals represent a continuous summation over some function
- Rendering Equation (Summation of light over hemisphere)
- Variance Reduction (Summation of error between render and average)

- CDFs for Importance Sampling (Summing probabilities based on luminance)
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Jacobian Matrices

Collects all first-order partial derivatives of a multivariate function

J

B df(x) B

dx

of(x)  of(x)

o0x 1

0x,

9f1(x)
oxy

0fy(X)

0x1

af1(x)

0x,

0fy(X)

0x,

15-362/662 | Computer Graphics




Jacobian Matrices

Example: Let x, = f (u, v) = u®— v and x, = f,(u, v) = 2uv

Find the jacobian J(u, v).
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Polar/Spherical Coordinates

Z
Spherical coordinates are an extension of polar 4 <
coordinates /1 4p
|
|
|
|
|
|
|

We can convert between the spherical point P (r, ¢, 0) T N T
and the cartesian point P (x, y, z)

X =1 Cos ¢ sin r=Nx*+y? + 7
y = rsin ¢ sin 6 0 = arccos(z/r)
z=rcos o ¢ = arctan(y/x)
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Debugging Demo

G maincpp X

[
#include <iostream>
#include "Renderer.h"

ain() {

Rectanglex rectl = new Rectangle(s,
Rectangles rect2 = new Rectangle{10, 2
rectl = nullptr;
std::vector<Rectangles> r

main.cpp Renderer renderer{rects, 20, 50};
jerer.populateScreen();
er.render();



https://docs.google.com/file/d/1HMuC5M4s7CMyPN7nEKDK2uGQ2UcGtlXp/preview
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Git Overview

e clone
« add b SRy AT ® ROMASTER]
H irector rea
e commit y
e push
° pU” Git Add Git Commit Git Push
o merge ~ i N
o rebase 7 d d
o eftc. Git Merge Git Fetch
- el
~N N
Git Pull
—”
g
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Git Final Notes

o ALWAYS pull from source repo before starting a new assignment

e Push to your git repo before submitting to Gradescope
o Wait at least a minute or two in between pushing and submitting

o Check if your submission compiles in Gradescope

o If you get a negative score, your submission did not compile = “G!I P“SHLFU!LE

o

PROBLEM SOLVED

eeeeeee .org
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