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1 Introduction

A Crash Coursefor the cisVecs Library:

This document isintended to be a short reference for the cisVecs library. It isnot by any means a comprehensive
guide to every nuance of the library’s functionality.

The cisVecs library was designed to allow easy and efficient representations of fixed-length vectors and
homogeneous frame matrices, as well as performing basic operations on the objects, such as cross product, dot
product, scaling, addition, subtraction, comparisons, and linear transformations. Thelibrary isfor use with C++
programs, and is used by smply including thefile cisVecs.h.

The Data types used in the cisVecs library are as follows: cisVec2, cisVec3, cisVecs, cisVec3H, cisintVec2,
cisintVec3, cisintVec4, cisRotation, cisFrame, cisMat4x4, cisQuat, and cisUnitQuat.

cisVecz, cisvVec3, and cisVecs represent 2-, 3-, and 4- dimensional vectors, respectively, and store their Data as
cisScalar values (floating point, double by default). cisVec3H represents a 3-dimensional vector with afourth
cisScalar value that represents the scaling of the vector. cisintVec2, cisintVec3, and cisintVec4 are the same as
cisVecz, cisvVec3, and cisVecs, except that they store their Data as integer values (cisint). These are used mostly in
image processing applications.

The cisRotation classis used to store and perform operations on rotation matrices. The cisRotation class storesthree
cisVec3 abjects.

The cisFrame class, consisting of a cisRotation object and a cisVec3 trandation vector, is used to represent
coordinate frames and to alow linear transformations to those frames.

The cisMat4x4 classis a storage class for general 4x4 matrices. Note however that while both Frames and
Rotations may be constructed from the cisMat4x4 class, the class does no self —checking to insure that it's Datais
properly formatted and represents a homogeneous Matrix.

A cisQuat isa4x1 Matrix representing a quaternion. A cisUnitQuat is ssmply a cisQuat with a unit value.

The classes support a wide variety of functions, including allocation, overlay on top of other structures, subvectors
and submatrices, etc. The matrices are stored in column order, consistent with Fortran conventions.
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2 Class/Function Lookup Table

Global Functions

ci sl nner (const Typel& a, const
Type2& b);

ci sl nvlinner (const Typel& a,
Type2& b);

ci sl nnerlnPl ace (const Typelé& a,
Type2& b);

ci sl nvlnnerlnPl ace (const Typel& a,
Type2& b);

const

Takestheinner product between Typel and Type2.
Takestheinverseinner product between Typel and
Type2 where cislnvinner (a, b) = Inverse (a)*b.
Takesthe inner product between Typel and Type2
and assignstheresult to b.

Takestheinverseinner product between Typel and
Type2 where cislnvinner (a, b) = Inverse (a)*b and
assigns the result to b.

Vector Classes

Description

Constructors-cisvVec?2

ci sVec2 (cisScal ar a, cisScalar b);
ci sVec2 (const cisVec2& V2);

ci sVec2 (const cislntVec2& V2);

ci sVec2 (const cisVec3& V2);

ci sVec2 (cisScal ar* a);

ci sVec2 (cisScalar a = 0);

Constructs a cisVec2 from two cisScalar
components.

Constructs a cisVec2 from another cisvVec2.
Constructs a cisVec? from a cislntVec2.
Constructs a cisVec2 from a cisvVec3.

Constructs a cisVec? from a Pointer of 2 Scalars.
Constructs a cisVec? with x and y set to a.

Constructors-cisvVec3

ci sVec3 (cisScal ar a,
ci sScal ar c);

ci sVec3 (const cisVec3& V2);
ci sVec3 (const cisVec2& V2,
ci sScal ar newZ = 0);

ci sVec3 (const cisVec3H& V2);
ci sVec3 (const cisVec4& V2);
ci sVec3 (cisScal ar* a);

ci sVec3 (cisScalar a = 0);

ci sScal ar b,

Constructs a cisVec3 from three cisScalar
components.

Constructs a cisVec3 from another cisvVec3.
ConstructsacisvVec3 from acisvVec2 and a
cisScalar.

Constructs a cisVec3 from a cisVec3H.
Constructs a cisVec3 from a cisvVec4.

Constructs a cisVec3 from a Pointer of 3 Scalars.
Constructs a cisVec3 with x, yand z set to a.

Constructors-cisvVec4

ci sVec4 (cisScal ar a, cisScalar b,
ci sScal ar ¢, cisScalar d);

ci sVec4 (const cisVec4d& V2);

ci sVec4 (const cislntVecd4& V2);

ci sVec4 (const cisVec3& v,
neww = 0);

ci sVec4 (const cisVec3H& v);
ci sVec4 (cisScal ar* a);

ci sVec4 (cisScalar a = 0);

ci sScal ar

Constructs a cisVec4 from four cisScalar
components.

Constructs a cisVec4 from another cisvVec4.
Constructs a cisVecd from a cislntVec4.
Constructsa cisVecd from acisvVec3 and a
cisScalar.

Constructs a cisVec4 from a cisVec3H
Constructs a cisVecd from a Pointer of 4 Scalars.
Constructsa cisVecd with x,y, zand w set to a.

Constructors-cisVec3H

ci sVec3H (cisScal ar a, cisScal ar b,
ci sScal ar ¢, cisScalar d);

ci sVec3H (const ci sVecd4& V2);

ci sVec3H (const ci sVec3H& V2);

ci sVec3H (const cisVec3& v);

ci sVec3H (const cisVec3& v,

ci sScal ar ww);

ci sVec3H (cisScal ar* a);
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Constructs a cisVec3H from four cisScalar
components.

Constructs a cisVec3H from a cisVeca.

Constructs a cisVec3H from ancther cisVec3H
Constructs a cisVec3H from a cisVec3.

Constructs acisVec3H from acisVec3 and a
cisScalar.

Constructs a cisVec3H from a Pointer of 4 Scalars.



ci sVec3H (cisScalar a = 0); Constructs a cisVec3H with x, y, z and w set to a.
Constructors-cislntVec2
cislntVec2 (int a, int b); Constructs a cisIntVec2 from two int components.
cislntVec2 (const cislntVec2& V2); Constructs a cislntVec2 from another cislntVec2.
cislntVec2 (const cislntVec3& V2); Constructs a cisintVec2 from a cisIntVec3.
cislntVec2 (const cisVec2& V2); Constructs a cisintVec2 from a cisvVec2.
cislntVec2 (int* a); Constructs a cisintVec2 from a Pointer of 2 ints.
cislntVec2 (int a = 0); Constructs a cisintVec2 with x and y set to a.
Constructors-cislntVec3
cislntVec3 (int a, int b, int c); Constructs a cisIntVec3 from three int components.
ci sl ntVec3 (const cislntVec3& V2); Constructs a cisintVec3 from another cislntVec3.
ci sl ntVec3 (const cislntVec2& V2, Constructs a cisIntVec3 from a cisIntVec2 and an
int newzZ = 0); int.
ci sl ntVec3 (const cislntVecd4& V2); Constructs a cisintVec3 from a cisIntVec4.
ci sl ntVec3 (const cisVec3& V2); Constructs a cisintVec3 from a cisvVec3.
cislntVec3 (int* a); Constructs a cisintVec3 from a Pointer of 3 ints.
cislntVec3 (int a = 0); Constructs a cisintVec3 with x, y, and z set to a.
Constructors-cislntVec4
cislntVecd4 (int a, int b, int c, int
d); Constructs a cisintVec4 from four int components.
ci sl ntVec4 (const cislntVecd4& V2); Constructs a cislntVec4 from another cisintVec4.
ci sl ntVec4 (const cisVec3H& v); Constructs a cislntVec4 from a cisVec3H.
cislntVec4 (const cislntVec3& v, int CongructsacisintVecs from acisintVec3 and an
ww = 0); int.
cislntVecd (int* a); Constructs a cisintVec4 from a Pointer of 4 ints.
cislntVecd (int a = 0); Constructs a cisintVec4 with x, y, z, and w set to a.
Overloaded Operators

Unary minus, element-wise subtraction, or scalar
- subtraction.
+ Element-wise addition or scalar addition.
/ scalar division.
* cisinner product or scalar multiplication.
% [ ci sVec2, cisVec3, cisVec3H,

ci sl nt Vec2, cislntVec3]

+=
/= [cisVec2, cisVec3, cisVec4,
ci sVec3H, cislntVec3, cislntVec4]
*= [cisVec2, cisVec3, cisVec4,

ci sVec3H, ci sl ntVec3,

0

ci sl nt Vec4]

Cross product.

Element-wise subtraction with update or scalar
subtraction with update.

Element-wise addition with update or scalar
addition with update.

scalar division with update.

scalar multiplication with update.

Indexing operator to retrieve the ™ element.
Element-wise assignment, assignment from a
Pointer, or assignment from Scalarg/ints.
Element-wise comparison or scalar comparison.
Element-wise comparison or scalar comparison.

Each component greater than supplied argument.
< Each component |ess than supplied argument.
Each component greater than or equal to supplied
>= argument.
Each component less than or equal to supplied
<= argument.
Functions
Set Setsthe Data in the vector object to the supplied
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Poi nt er

Length [cisVec2, cisVec3,

ci sl ntVec2, cislntVec3]

Perp [cisVec2, cisVec3, cislntVec2,

ci sl nt Vec3]

Nor mal i ze [cisVec2, cisVec3,
ci sl nt Vec3]

Scal eMul t [cisVec2, cisVecs3,
ci sl nt Vec3]

Scal eDi v [cisVec2, cisVec3,

ci sl nt Vec3]

Scal eMul t ToSel f [cisVec2, cisVec3,
ci sl nt Vec3]
Scal eDi vToSel f [cisVec2, cisVec3]

XYZ [cisVec3H, cisVec4]
Nor MW [ ci sVec3H|

arguments.
C/C++-Pointer access to the components of the
vector.

Returns the length of the vector.

Returns a vector perpendicular to the vector.
Returns the normalized vector.
Element-wise multiplication.

Element-wise division.

Element-wise multiplication with update.
Element-wise division with update.

Returnsthe x, y, and z componentsin a cisvVec3
object.

Divides all components by the w component.

cisRotation Class

Description

Constructors

ci sRotation();

ci sRotation(const cisVec3& rx, const
ci sVec3& ry, const cisVec3& rz);

ci sRot ati on(const cisVec3*

new_col s);

ci sRotation(const cisRotation& R2);
ci sRot ation(const cisScal ar angl e,
const cisVec3 axis);

ci sRot ation(ci sScal ar angl e,

ci sAxi sl ndex axi s);

ci sRotation(cisScal ar al, cisScal ar
a2, cisScalar a3, cisRotationO der
order);

ci sRot ation(const cisVec3& angl es,
ci sRotati onOrder order);

ci sRotation(const cisScal ar* a);

ci sRotation(const cisScal ar** a);

ci sRotation(cisScal ar Rxx, cisScal ar
Ryx, cisScal ar Rzx, cisScal ar Rxy,
ci sScal ar Ryy, cisScal ar Rzy,

ci sScal ar Rxz, cisScal ar Ryz,

ci sScal ar Rzz);

Constructs a unit rotation.

Constructs a cisRotation from three cisVec3 objects.
Assembles a cisRotation from 3 mutually
orthogonal column vectors.

Constructs a cisRotation from another cisRotation.
Constructs a cisRotation from a cisScalar angle and
acisvec3 axis.

Constructs a cisRotation from a cisScalar angle
about a canonical axis.

Returns cisRotation (al, AX1S1)*cisRotation (a2,
AXI1S2)*cisRotation (a3, AXIS3) where order
determines which canonical axes are AXI1S1,
AXIS2, AXIS3.

Same as Above, except anglesis a cisVec3 object of
[al, a2, a3].

Constructs a cisRotation from the 9 individual
cisScalar components.

Overloaded Operators

*

Indexing operator. Returnsthei™ or i™ and |™
element in the Matrix.

Assignment operator.

Transpose operator (also inverse).

Compares one cisRotation to another.

Compares one cisRotation to another.

Returns one of the following: The inner product of a
cisRotation and one of the following: acisvVec3,
cisVec3H, another cisRotation, each column of a
cisMat4x4, or a cisFrame.

Functions
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Set
| nver se

Set Fr omAngl eAndAxi s
Extract Angl eAndAxi s

Set Fr omAngl es
Extract Angl es
Angl es

Spin

Poi nt er

Assembles arotation Matrix from cisScalar
elements.

Transpose function (also inverse).

Sets the cisRotation Matrix from a specified angle
and axis.

Inverse of Above.

Sets the cisRotation from angles and the order in
which those rotations should be applied.

Returns the angles and the order that represent the
cisRotation object.

Accepts an order and returns a cisvVec3 of the angles
that represent the rotation object.

Rotates the rotation abject by a specified angle
about a canonical axis.

C/C++-Pointer access to the components of the
cisRotation.

cisFrame Class

Constructors

ci sFrame();

ci sFrame(const ci sRotation& RR
const cisVec3& PP);

ci sFrame(const ci sRotation& RR);
ci sFrame(const ci sVec3& PP);

ci sFrame(const ci sFrame& hin;

ci sFrame(const ci sMat4x4& M ;

Default constructor --makes a Unit cisFrame.
Constructs a cisFrame from a cisRotation object and
a cisVec3 displacement.

Constructs a cisFrame from a cisRotation object and
a unit cisVec3 displacement.

Constructs a cisFrame from a unit cisRotation and a
Displacement.

Copy constructor. Makes a copy of existing
cisFrame"him”.

Constructs a cisFrame from a homogeneous
cisMatdx4. Does only limited renormalizing.

Overloaded Operators

*

Assignment operator.

Compares one cisFrame to ancther.

Compares one cisFrame to ancther.

Returns thei™ and " element of the cisFrame.
Transpose function (also inverse)

Returns the inner product of a cisFrame and one of
thefollowing: acisVec3, acisVec3H, another
cisFrame, or a cisMat4x4.

Functions
Set Assembles a cisFrame Matrix from scalar e ements.
| nver se Inverse function.

C/C++-Pointer access to the components of the
Poi nt er cisFrame.

A two-dimensional C/C++-Pointer accessto the
Mat ri x components of the cisFrame.
cisM at4x4 Class Description
Constructors

Default constructor, constructs a cisMat4x4 with a
ci sMat 4x4() ; unit rotation and a zero vector.

ci sMat 4x4(ci sScal ar x1, cisScal ar

y1l, cisScal ar z1, cisScalar wi,
ci sScal ar x2, cisScal ar y2,
ci sScal ar z2, cisScalar w2,
ci sScal ar x3, cisScal ar y3,

Distribution

Constructs a cisMat4x4 from 16 individual cisScalar
components.



ci sScal ar z3,
ci sScal ar x4, cisScal ar y4,

ci sScal ar z4, cisScal ar w4);

ci sMat 4x4(const ci sVec3H& col 1,
const ci sVec3H& col 2, const

ci sVec3H& col 3, const cisVec3H&

col 4);

ci sMat 4x4(const ci sVec4& col 1, const
ci sVec4& col 2, const cisVec4& col 3,
const ci sVec4& col 4);

ci sScal ar w3,

ci sMat 4x4( ci sVec3H* new_col s);

ci sMat 4x4( ci sVec4* new _col s);

ci sMat 4x4(const ci sivat 4x4& M) ;

ci sMat 4x4(const ci sFrane& F);

ci sMat 4x4(const ci sRotati on& R);
ci sMat 4x4(const cisRotati on& R

const cisVec3& P);

ci sMat 4x4(const ci sVec3& P);
ci sMat 4x4(const cisScal ar** A);
ci sMat 4x4(const cisScalar* A);

Constructs a cisMat4x4 from 4 cisVec3H
components.

Constructs a cisMat4x4 from 4 cisVecd
components.

Constructs a cisMat4x4 from an Pointer of four
cisVec3H objects.

Constructs a cisMat4x4 from an Pointer of four
cisVecs objects.

Constructs a cisMat4x4 from another cisMat4x4.
Constructs a cisMat4x4 from a cisFrame object.
Constructs a cisMat4x4 from a cisRotation object.
Constructs a cisMat4x4 from a cisRotation object
and a cisVec3 object.

Construction from a unit cisRotation and a cisVec3
object.

Consgtructs a cisMat4x4 from a 4x4 Pointer.
Constructs a cisMat4x4 from a 1x16 Pointer.

Overloaded Operators

0

*

Compares one cisMat4x4 to ancther.

Compares one cisMat4x4 to ancther.

Returns the inner product of a cisMat4x4 and one of
thefollowing: acisVec3, acisVec3H, or a
cisMat4x4.

Functions

Assembles a cisMat4x4 from cisScalar components.
Set Used internally.

C/C++-Pointer access to the components of the
Poi nt er cisMat4x4.

cisQuat Classes

Constructors-cisQuat

ci sQuat (ci sScal ar a = 0,
= 0, cisScalar ¢ = 0, cisScalar d =
0);

ci) sQuat (ci sScal ar a,
b) ;

ci sQuat ( const
ci sQuat ( const
ci sQuat (const cisQuaté& a);

ci sQuat (const cisUnitQuaté& a);
ci sQuat (ci sScal ar *a);

const cisVec3&

ci sVec3& a);
ci sVec4& a);

cisScalar b

Congtructs a cisQuat from four cisScalar
components.

Congtructs a cisQuat from a cisScalar and a cisVec3
object.

Constructs a cisQuat from a cisVec3 object.
Constructs a cisQuat from a cisVec4 object.
Congtructs a cisQuat from ancther cisQuat.
Congtructs a cisQuat from a cisUnitQuat.
Constructs a cisQuat from a Pointer of 16 objects.

Constructors-cisUnitQuat

ci sUnitQuat (cisScalar a = 0,
cisScalar b = 0, cisScalar ¢ = 0,
cisScalar d = 0);

ci sUni t Quat (ci sScal ar a,
ci sVec3& b);

ci sUni t Quat (const cisVec3& a);

ci sUni t Quat (const cisVec4& a);

ci sUnit Quat (const cisUnitQat& a);

const
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Congtructs a cisUnitQuat from four cisScalar
components.

Congtructs a cisUnitQuat from a cisScalar and a
cisVec3 aobject.

Constructs a cisUnitQuat from a cisVec3 object.
Constructs a cisUnitQuat from a cisVec4 object.
Congtructs a cisUnitQuat from another cisUnitQuat.



ci sUnit Quat (const cisQuat& a);

ci sUnit Quat (ci sScal ar *a);
ci sUnit Quat (const cisRotation& r);

Congtructs a cisUnitQuat from a cisQuat.
Congtructs a cisUnitQuat from a Pointer of 16
objects.

Constructs a cisUnitQuat from a cisRotation object.

Overloaded Operators

* ~ 4

% [ ci sQuat ]

Unary minus, element-wise subtraction, or cisScalar
subtraction.

Element-wise addition or cisScalar addition.
cisScalar division.

cislnner product or cisScalar multiplication.

Cross product.

Element-wise subtraction with update or cisScalar
subtraction with update.

Element-wise addition with update or cisScalar

+= addition with update.

/= cisScalar division with update.

*= cisScalar multiplication with update.

O Indexing operator to retrieve the ™ element.

[ Indexing operator to retrieve the ™ element.
Element-wise assignment, assignment from a

= Pointer, or assignment from Scalarg/ints.

== Element-wise comparison or cisScalar comparison.

I= Element-wise comparison or cisScalar comparison.

> Each component greater than supplied argument.

< Each component |ess than supplied argument.
Each component greater than or equal to supplied

>= argument.
Each component less than or equal to supplied

<= argument.

Functions

Set Assembles a cisQuat from cisScalar components.

Nor mal i ze Returns the normalized cisQuat.

Length Returns the length of the cisQuat.

Conj ugat e Returns the Conjugate of a cisQuat.

Appl yNor m [ ci sUni t Quat ] Enforces the unit norm invariant for a cisUnitQuat.

I nverse The Inverse function.

Ml t Element-wise multiplication.

D v Element-wise division.

Mul t ToSel f Element-wise multiplication with update.

Di vToSel f Element-wise division with update.

Extract Rotation [cisUnitQuat ]

Poi nt er [ uni npl ement ed]

Distribution

Extracts the cisRotation from a cisQuiat.
C/C++-Pointer access to the components of the
cisQuat and cisUnitQuat.



3 Coding Examples

#i ncl ude <ci sVecs. h>

i nt mai n(voi d)

{

cisVec3 vi(1); // [1,1,1]
ci sVec3 origin(ciszZeroVec3d); // [0,0,0]
ci sVec3 v2(1,0,0);

doubl e radi ans45
doubl e degreesPI

= ci sDEG 2_RAD( 45);

= ci SRAD 2 _DEQci sPl);

/1 Construct a rotation fromEuler Angles -- takes radians
ci sRotation

R1(ci sDEG 2_RAD( 30), ci SDEG 2_RAD(30), ci SDEG 2_RAD( 40), ci sX_Y_2);

v2

/1 XY Zis a rotation order
ci sSAXi sl ndex RevXYZ = REVERSE AXIS ORDER(cisX Y Z); [/ == Z Y X
R1. Set (c¢ci sDEG 2_RAD(30), ci sDEG 2_RAD(30), ci sDEG 2_RAD(40), ci sX Y_2);

/] Construct a rotation fromand angle and an axis
ci sRotation R2(ci sDEG 2_RAD(45),v2); // rotation of 45deg around vector

/] Construct a Frane froma Rotation and a Vec3
ci sFrame F1(R1,vl);

cisRotation R; // defaults to |
Rl = cisUnitRot; // does not change the val ue

ci sFrame F2(vl1); // uses | for Rotation
ci sFrame F3(Rl); // uses ZeroVec3 for translation

ci sVec3 angl es;

R1. Extract Angl es(angl es,cisX Y Z); // angles will get the Eul er angles
R1. Extract Angl es(angl es, cisZ_ Y _X);

/1 angles will get the Euler angles

/1 _but_ angles.x will be the first angle (i.e. around the Z axis)

/1 angles.y will get the second angle

/1 angles.z will get the third angle (around the X axis)

ci sVec3 vTenp;
cisFrame fTenp; // defaults to [I,0] == UnitFrane
ci sFrame fTenmp2, f Tenp3;

fTenp = Fl.lnverse(); // fTenp will be the inver se of F1

fTenp2 = F1 * fTenp; // fTenp2 will be the product of F1 and fTenp
/1 ~= UnitFrame

fTenp3 = RL * fTenp;

cout << vi;
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