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1. Data Structures

1.1. Point2

struct Point2 {
double x, vy, w;
};

Point2 represents a point in two-dimensional projective space, which itself is an
extension of the two-dimensional euclidean space that allows us to work with vectors
and compose affine transformations in a friendly manner. A point

(X,y,w)

made out of homogenous coordinates x, y, and w, yields a point with cartesian coordi-
nates

(X/w,y/w).

1.2. Point3

struct Point3 {
double x, vy, z, w;

};

Point3 is a point in three-dimensional projective space.

1.3. Matrix
typedef double Matrix[3][3];

Matrix represents a 3x3 matrix, thought to compose affine transformations to
apply to homogeneous 2D points.

1.4. Matrix3
typedef double Matrix3[4][4];

Matrix3 represents a 4x4 matrix, thought to compose affine transformations to
apply to homogeneous 3D points.
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1.5. Quaternion

struct Quaternion {
double r, i, j, k;
};

Quaternions are a numbering system that extends the complex numbers up to
four-dimensional space, and are used to apply rotations and model mechanical interac-
tions in 3D space. Their main advantages with respect to their matrix relatives are
increased computational and storage performance and gimbal lock avoidance.

2. Algorithms
2.1. Point2

Addition
Point2 addpt2(Point2 a, Point2 b)

a+b =%%a+xbsya+ybiwa+wbg

Substraction
Point2 subpt2(Point2 a, Point2 b)

a-b = %a_xb’ Ya~Yob» Wa_ng

Multiplication
Point2 mulpt2(Point2 p, double s)
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Division
Point2 divpt2(Point2 p, double s)
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Vector Dot Product
double dotvec2(Point2 a, Point2 b)
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Vector Magnitude/Length
double vec2len(Point2 v)
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Vector Normalization

Point2 normvec2(Point2 v)
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2.2. Point3
Addition

Point3 addpt3(Point3 a, Point3 b)

a+b = %a"'xb’ YatYbs ZatZy, Wa+WbB

Substraction
Point3 subpt3(Point3 a, Point3 b)

a-b = %a_xba Ya~Ybs Za~2Zp, Wa_WbB

Multiplication
Point3 mulpt3(Point3 p, double s)

p*s = %(5, ys, Zs, wsg

Division
Point3 divpt3(Point3 p, double s)
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Vector Dot Product
double dotvec3(Point3 a, Point3 b)

deb=XXp+YaYp+2ZaZyp

Vector Cross Product

double crossvec3(Point3 a, Point3 b)
axb= %azb_za\’ba Z Xp~XaZp, XaYb_anbE

Vector Magnitude/Length
double vec3len(Point3 v)
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Vector Normalization

Point3 normvec3(Point3 v)

2.3. Matrix

Addition
void addm(Matrix A, Matrix B)

(A+B)i; = Ajj+B;;

Substraction

void subm(Matrix A, Matrix B)

(A_B)i,j = Ai,j_Bi,j

Multiplication
void mulm(Matrix A, Matrix B)
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Transpose

void transposem(Matrix M)
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Identity
void identity(Matrix M)
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Determinant
double detm(Matrix M)
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2.4. Matrix3

Addition
void addm3(Matrix3 A, Matrix3 B)

(A+B)i; = Ajj+B;;
Substraction
void subm3(Matrix3 A, Matrix3 B)
(A-B)i; = Ajj-Bj;

Multiplication
void mulm3(Matrix3 A, Matrix3 B)
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Transpose

void transposem3(Matrix3 M)

(MT);; = A
Identity
void identity3(Matrix3 M)
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Determinant
double detm3(Matrix3 M)
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2.5. Quaternion

Addition
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Quaternion addq(Quaternion q, Quaternion r)

q+r = (rq+rr1 iq"'ir’ .jq+.jr,

Ka+ko)



Substraction

Quaternion subq(Quaternion q, Quaternion r)
q-r = (rq_rn iq_ir’ .jq_.jra kq_kr)

Multiplication

Quaternion mulq(Quaternion q, Quaternion r)

q = [rq, vq]r = [ry, V,—]CII’ = [rqrr_vq'vrs Vrrq"'vqrr"'vqxvr]

Scalar Multiplication

Quaternion smulgq(Quaternion g, double s)

gs = [rgs, iqS, jqS, kqsl

Inverse

Quaternion invg(Quaternion q)
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Magnitude/Length
double glen(Quaternion q)

1] = VIR RR



