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What is GLM? 2

GLM is a set of C++ classes and functions to fill in the programming gaps in writing the basic
vector and matrix mathematics for OpenGL applications. However, even though it was written
for OpenGL, it works fine with Vulkan.

Even though GLM looks like a library, it actually isn’t — it is all specified in
*.hpp header files so that it gets compiled in with your source code.

You can find it at:
http://glm.g-truc.net/0.9.8.5/

OpenGL treats all angles as given in

You invoke GLM like this: degrees. This line forces GLM to

@GLM_FORCE_RADIANS treat all angles as given in radians.
[recommend this so that all angles
#include <glm/gim.hpp> you create in all programming will

#include <gim/gtc/matrix_transform.hpp>| be in radians.

#include <glm/gtc/matrix_inverse.hpp>

If GLM is not installed in a system place, put it somewhere you can get
(7 :- . .
access to. Later on, these notes will show you how to use it from there.
G 7S ;
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Why are we even talking about this? 3

All of the things that we have talked about being depwcated in OpenGL are really

deprecated in Vulkan -- built-in pipeline transformations, begin-end, fixed-function, etc. So,
where you might have said in OpenGL:

glMatrixMode( GL_MODELVIEW );
glLoadldentity( );
gluLookAt(0.,0.,3., 0.,0.,0
glRotatef( (GLfloat)Yrot, 0., 1.,
glRotatef( (GLfloat)Xrot, 1., 0
glScalef( (GLfloat)Scale, (GL

0.,1.,0.)
5 0.
5 0.
float)Scale, (GLfloat)Scale );

0.
0.

you would now say:

glm::mat4 modelview = gim::mat4( 1. ); /I identity

glm::vec3 eye(0.,0.,3.);

glm::vec3 look(0.,0.,0.);

glm::vec3 up(0.,1.,0.);

modelview = glm::lookAt( eye, look, up ); 11{x',y",z’} = [V]*{x,y,z}
modelview = glm::rotate( modelview, D2R*Yrot, gim::vec3(0.,1.,0.) ); //{X.,y’,Z’} = [V]*[yrT*{x,y,z}
modelview = glm::rotate( modelview, D2R*Xrot, gim::vec3(1.,0.,0.) ); //{xX,y’,Z’} = [V]*[yr]*[xr1*{x,y,Z}
modelview = glm::scale( modelview, gim::vec3(Scale,Scale,Scale) ); //{xX,y’,z’} = [VI*[yr]*[xr]*[s]*{x,y.z}

This is exactly the same concept as OpenGL, but a different expression of it. Read on for details ...
<
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The Most Useful GLM Variables, Operations, and Functions 4

Il constructor:

glm:mat4(1.); /I identity matrix
glm::vecd( );
glm::vec3();

GLM recommends that you use the “glm::” syntax and avoid “using namespace”
syntax because they have not made any effort to create unique function names

I/l multiplications:
glm:mat4 * glm:mat4

glm:mat4 * glm::vec4
glm:mat4 * glm::vec4( glm:vec3, 1. ) /I promote a vec3 to a vec4 via a constructor

/I emulating OpenGL transformations with concatenation:
glm::mat4 glm::rotate( glm::mat4 const & m, float angle, glm::vec3 const & axis );
glm::mat4 glm::scale( glm::mat4 const & m, glm::vec3 const & factors );

Conl gIM::mat4 glm::translate( glm::mat4 const & m, glm::vec3 const & translation );
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The Most Useful GLM Variables, Operations, and Functions 5

Il viewing volume (assign, not concatenate):

glm:mat4 glm::ortho( float left, float right, float bottom, float top, float near, float far );

glm::mat4 glm::ortho( float left, float right, float bottom, float top );

glm:mat4 glm::frustum( float left, float right, float bottom, float top, float near, float far );
glm:mat4 glm::perspective( float fovy, float aspect, float near, float far);

Il viewing (assign, not concatenate):

glm::mat4 glm::lookAt( gim::vec3 const & eye, glm::vec3 const & look, glm::vec3 const & up );
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Installing GLM into your own space

| like to just put the whole thing under my Visual Studio project folder so |

can zip up a complete project and give it to someone else.

\
|

— =
» Computer » mjbﬁ“ (K) » €550 » SampleGLM » -4 ][ = f Pl
File Edit View Tools Help
Organize 0 Open v  Bun New folder = 0 @
& i Name Date modified Type Size =
18 Downloads Debug 11/4/2015352BM  File folder
%% Dropbox File folder
L Engr Classes File folder
B Engr Desktop (1] freegluth C/C++ Header 1KE Il
1| Engr Documents 3 freeglutlib Object File Library 9 KB
L EngrHomeDirector. (1] freeglut_exth ++ Header 11 KB I
] Recent Places (1) freeglut_std.h €/C++ Header 27KE
(0] glew.h Header 977 kB L
A Libraries 48 glew32lib ject File Library 583 KB 1
[3 Documents 1] gluth C/Ce+ Header 1KB
& Music 3 libcdlib Object File Library 2953 KB
& Pictures 3 UBCIDLIB Object File Library 389 kB
B8 videos & sample.cpp C+ Source 22KB
A sample.dsp 5KB
1% Computer O Sample.dsw 1KE
&L Local Disk () ) Samplench 14,003 KB
S# mjb (\guille\bailey* | | Sample.opt OPT File 48 KB Wi
S5 apps (\istak) (V) || Sample.plg PLG File 28 W
8 classes (Wfarm) (W) [ Samplesin Microsoft Visual 5,.. 1KE|
&8 mjb (\stakengrore (3] Sample.suo 5447 PM dio Solu.. 178
*+ Samplexcpro] 20091242PM  VC++ Project 6KB
€ Network =5 Samplevcproj EECS.mjb.user 011:47 AM dio Proj.. 2KB
%] Samplevawroi 11/4/2015 3:52 PM 8KB 5
Ore, ‘—*li’} sample.sin Dete modified: 1/5/20118:49 AM Dote created: 11/4/2015 3:40 PM Offline status: Online
U L) Microsoft Visual Stuio Solution Size: 878 bytes Offline availability: Not available
Compufll_

— %ber 21, 2022
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Here’s what that GLM folder looks like

» Computer » mjb W\guille\bailey users) () » €550 + SampldTM » gim + —)

File Edit View Tools

Organize ~  Bum

W Favorites
18 Downloads
43 Dropbox
1 Engr Classes
B Engr Desktop

Engr Documents.
L Engr Home Director

] Recent Places

9 Libraries

Documents
& Music
=) Pictures

BB Videos

& Computer
& Local Disk (C)
5 mib (\guille\bailey
* apps (\\stak) (V)
8 classes (\\farm) (W}
53 mjb (stak.engr.ore

€ Network

<
Oregon Sta ] 27 items
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Help
New folder
Name

detail
qte

g

|| CMakelists bt

(1] common.hpp

(1] exponential.hpp

(8] exthpp

1] fwet.hpp

(1] geometric.hpp.

(8] gim.hpp

1] integerhpp

(] mat2.hpp.

(1] mat23 hpp

(1] mat2d hpp

(1] mat32.hpp

(1) mat3a hpp

(K] mat3d.hpp

(1] matd2.hpp.

(1] matdi3.hpp.

(h] matdid hpp

(6] matrichpp

1] packing.hpp

(1] trigonometrichpp

(1] vec2.hpp

(1] vec3.hpp

(1] vecd.hpp

(] vector_relational.hpp

Offfine status: Online

Offline availability: Not available

Date modified

11/4/20153:42 PM
11/4/2015 2:42 PM
11/4/2015 3:42 PM
11/4/2015 3:41 PM
11/4/2015 2:41 PM

11/4/2015 3:41 PM
11/4/2015 3:41 PM
11/4/2015 241 PM

11/4/2015 3:41 PM

1 5341 PM
& C/C++ Header
Size: 3.04 KB

11/4/2015 3:41 PM
11/4/2015 341 PM
11/4/2015 2:41 PM

11/4/2015 3:41 PM
11/4/2015 341 PM

11/4/2015 341 PM
11/4/2015 341 PM

Date modified: 11/4/2015 341 PM

Type Size

File folder

File folder

File folder

Text Document 2k8
e + Header 2kB
C/C++ Header 2KB
C/Co+ Header 6K8

++ Header 83KB

G + Header 2k8
C/Ce+ Header 58
C/Ce+ Header 28
(C/C++ Header S5KB
C/Ce+ Header 1K8
C/C++ Header 18
eader 1x8

Fésdsr 5KB

TTCT Header 4K8
C/C# + Header 4xB
e + Header LKB
C/Cr+ Header 5K8
C/Cr+ Header 2k8
++ Header 2KB

++ Header 2k8

2k

2KB

C/C++ Header 2K8
C/Ce+ Header 2KB
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Telling Visual Studio about where the GLM folder is

1.

o 1 K =
Fie dt Project | Buil) Debug Tesm Data Tools Test Window Help
; v adagps. | winz2 {]29 [ vaia JRE @ % Bl -
Wizard. Culsshift-x
Add Newem.. Cuteshit-A
] Add isting lem.. Shft-AlteA
e Exclude From Project = £
e D St A 5
@ GlobslFuny  Rescan Solution 2
= Macozand oy
< ButonVals
i Refresh roject Toolbox tems
4 projedfors| ] Sample roperis 2
| .
| PO Tanple OpenclL / GLUT program
. 7
| B 3 71 The abective iz to draw a 3 object and change the color of the axes
o Animated = 7 with a glut menu
Il % nimate T 4
i 71 The left mouse button does rotation
i elont length) 71 The middle mouse button does scaling
" fres(ioat) L 7
4 Displey0 k 7 off
 Display) /. lor of the axes to be changed
 DoAxesMenu(int ) 7/ 3. Debugging to be turned on and of
0 Dofseshenu(int) 7/ 4. Depth cusing to be turned on and off
9 DoColoMenulintid) a8
& DoColorMenint) ol e 2
% DoDebugMenulint ) o =l '
| I T T
% DoDepthMenuint i ————————————————
P Show outputfrom: [Build N E
2 DoDepthMenifint) 1> oucning - .\URBUE\SaMpLE URSUCEESEFUTOUITa""
Il o bomsinvenuint ey I>cicomeiie
9 DoMsintenu(int) Zample.co
9 DoProjectMenu(int ic) T>sample.obj : warning LNKAO7S: ignoring */EDITANDCONTINUE® due o '/INCREMENTALINO' specification [
0 D MEEs 1> Sample.vexproj -> K:\CS550\SampleGLH\. \Debug\Sample. exe |
i Dotacrmonts fou | 1Firatizesuitastatus ¢
& DoRasterSting(foat float | 3, "peseting fite -.\Debug\sample.unsuccessfulbuila® ‘
"% Doastessing(iioat, flost, | 15 Toucning *.\Debug\Sample. lastbuildstate".
 Dostrokestring(foatx. foz | 1>
4 Dostrokesting(foat floa, | 1384119 succeeded.
Il 9 Eapsedseconasg s
8 kil DoTine E1apsed 00:00:03.64
P Build: 1 succeeded, 0 failed, © up-to-date, O skipped
@ HisvRgbi(float hs(3) floatr =
Bl r—Tr— \
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Telling Visual Studio about where the GLM folder is

A period, indicating that the project folder should also be searched when a

ttinclude <xxx>

is encountered. If you put it somewhere else)enter that full or relative path instead.

Fie Edt View Project Buld Debug Team Data Tools Test Window Help
=5 | b [Debug ~| | win32 -1} (28 valid

3R

\ EEE e

- 4%

samplecpp X
(Global Scope)

a3

9 DoRastersring(loat,floa | 2FIpetiEenilcy

Advanced
@ DoDebugMenu(int id) s b (< d L
29 DoDebugMenu(int) Output Linker
 DoDepthMenu(int i -
9 DeDepthMenu(ntid S Manifest Tool
"% DoDepthMenu(int) 15 Toucnang -1l XML Document Generator
@ DoMainMenu(int id) 1>ClCompile: Browse Information
% DoMainMenu(int) 1> sample.cpp > Build Events
SBdlientrd b e Al [ Inherit from parent or project defauits
*% DoProjectMenu(int) D pupieveren

DFinalizebuilds

S0 [ e e
Fincluge “glenn-
fenait
© GlboFuncions s Varabe
= Macros and Constants. #include <GL
= Burenise sinclude <o StmPle Propery Pages \ =
& Colors #include "g]
& Projetions Configuration: [ActivelD ] Piattom | AY onfiguration Manager.
sinclude <l
CommonPropetis =
’: .
/7 This is General Debug Information Formet PrgTam Database for QL
- s 1 T Debugging Common Language RunTime Support 4
; o - Suppres St Saoner Yes Uncloge)
T Animate) 3| A L P i fitional Incude Dirctoris 1 oy
3 fees y aning Lo v
s sl /I The lef 3 o Treat Warnings As Erors No (WK) X
o hesllonength) ! ; e EXEE)
29 Axesffloat) L 8 i Multi-processor Compilation 2ad
29 Display0 3 7" i Use Unicode For Assembler Listing e
@ Display0 " Iy “
/ angusge o i ,
9 DovesMenu(intid " Precompiled Headers -
s Do) " Ot 5
A Brovaenformation o | iherted vt
% DoColorMenufint) - b

Wacors> |
o (o)

0 DoRastersting(ost, fost, | 15 Tewening + Additional Include Directories
9 Dostiokesting(iostx flos | 1>

P : ‘ I ¢ ath

"% DoStrokeStringfloat, float, 1Build succeede Mpathd)

9 ElapsedSeconds()
% ElapsedSeconds)

y
E i Co (o)

=

@ HsvRgb(loat hsv[3] float r -

I Code Definition Window

SR = Fin

sults1 [ Eror List

GLM in the Vulkan sample.cpp Program

10

if( UseMouse )
{
if( Scale < MINSCALE )
Scale = MINSCALE;

Matrices.uModelMatrix = gim::mat4( 1. ); 1/ identity

Matrices.uModelMatrix = glm::
Matrices.uModelMatrix = glm::
Matrices.uModelMatrix = glm:::

rotate( Matrices.uModelMatrix, Yrot, gim::vec3(0.,1.,0.) );
rotate( Matrices.uModelMatrix, Xrot, gim::vec3( 1.,0.,0.) );
scale( Matrices.uModelMatrix, gim::vec3(Scale,Scale,Scale) );

1/ done this way, the Scale is applied first, then the Xrot, then the Yrot
}

else
if(! Paused )

const gim::vec3 axis = gim::vec3(0., 1., 0. );

::vec3 eye(0.,0.,EYEDIST );

c3 look(0.,0.,0.);

glm::vec3 up(0.,1.,0.);

Matrices.uVewMatrix = gim::lookAt( eye, look, up );

Matrices.uProjectionMatrix = glm::perspective( FOV, (double)Width/(double)Height, 0.1f, 1000.f );
Matrices.uProjectionMatrix[1][1] *= -1.; Il Vulkan’s projected Y is inverted from OpenGL

Fillo5DataBuffer( MyMatrixUniformBuffer, (void *) &Matrices );

Misc.uTime = (float)Time;
Misc.uMode = Mode;
Fillo5DataBuffer( MyMiscUniformBuffer, (void *) &Misc );

Matrices.uNormalMatrix = gim::inverseTranspose( glm::mat3( Matrices.uModelMatrix ); // note: inverseTransform !

Matrices.uModelMatrix = gim::rotate( glm::mat4( 1. ), (float)gim::radians(360.f*Time/SECONDS_PER_CYCLE), axis );
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How Does this Matrix Stuff Really Work?

x'=Ax+By+Cz+D
V' =Ex+Fy+Gz+H
Z'=Ix+Jy+Kz+L

x’ producing row
y’ producing row

/Tp 2’ producing row
&5

Oregon State
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Or, in matrix form:

X consuming column
y consuming column

z consuming column

This is called a “Linear Transformation” because all
of the coordinates are raised to the 1t power, that
is, there are no x2, x3, etc. terms.

constant column

S ~ I oA

= R =
S X Q) O

\d

D

H
L
1

— R e

~ P
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Transformation Matrices

Translation

x' 1 00 7| (x
YI_|0 10 Ty
Z[loo 1 7|z
1 00 0 1 1
Scaling

x' S0 0 0] [x
Y |0 S 0 0 |y
z' 0 0 S O0f]|z
1 0 0 0 1] |1
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Rotation about X

12

x' 1 0 0 0| (x
Y| |0 cos@ —sind 0] |y
z' 0 sind cosd 0]z
1 0 0 0 1| |1
Rotation about Y
x cosf® 0 sinfd Of [x
V' 0 1 0 0]y
2 |=sin@ 0 cos® 0|z
1 o 0 o 1][1
Rotation about Z
X cosd —sinf 0 O] [x
y' sin@ cos® 0 O |y
(o 0o 10|z
1 0 0 0 1 1
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13
How it Really Works :-)
o -
s 0" sn 0 | | a1,
e
] 5 -
-sin 90" cos 90 o} i R
http://xked.com
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14

The Rotation Matrix for an Angle (8) about an Arbitrary Axis (Ax, Ay, Az)

AA +cosO(1-4,4)  AA —cosO(A,A,)-sin04 A4 —cosO(AA)+sin04,
[M]=| 4,4,—cosO(A4,4,)+sin04, A4 +cosO(1-4,4)  AA —cosO(A,A)-sinOA,
A.A —cosO(A.A)-sin0A, AA ~cosO(AA)+sin04, A A +cosO(1-A4.4.)

| For this to be correct, A must be a unit vector |
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15
v Compound Transformations
9 Q: Our rotation matrices only work around the
origin? What if we want to rotate about an
| > .
arbitrary point (A,B)?
B - y point (A,B)
A: We create more than one matrix.
> X Lo
A Write it
~N (B2
X X
4
0 O % R 0
] +A,+B 0 —-A4,-B
zZ z
o 1 1
Dregnsmle Say it
University <
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Matrix Multiplication is not Commutative

Y
Y
Rotate, then translate
—_—
X

\ ! \

Translate, then rotate

v

(ot
<& X
Oregon State i
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17
Matrix Multiplication is Associative
!
X X
V' y
b | T [YLA&B}. [Re]' []1A;B]
z zZ
1 1
x' X
V' y
' :([71Aﬁ3}'[R6].[7:A—B])'
z k j zZ
aﬁ" 1 Y 1
E'*E One matrix to rule them all —
D{fég:é;‘“e the Current Transformation Matrix, or CTM
Computer Graphics
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From the Data Buffer Noteset 18

Here’s the vertex shader shader code to use the matrices:

layout( std140, set = 0, binding = 0 ) uniform sceneMatBuf

mat4 uProjectionMatrix;
mat4 uViewMatrix;
mat4 uSceneMatrix;

} SceneMatrices;

layout( std140, set = 1, binding = 0 ) uniform objectMatBuf
mat4 uModelMatrix;

mat4 uNormalMatrix;
} ObjectMatrices;

vNormal = uNormalMatrix * aNormal;

gl_Position = uProjectMatrix * uViewMatrix * uSceneMatrix * uModelMatrix * aVertex;

N J
G Y

E*‘E " c T M "
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Why Isn’t The Normal Matrix exactly the same as the Model Matrix? 19

glm::mat4 Model = uViewMatrix*uSceneMatrix*uModelMatrix;
uNormalMatrix = glm::inverseTranspose( glm::mat3(Model) );

Wrong!

It is, if the Model Matrices are all
rotations and uniform scalings, but if it
has non-uniform scalings, then it is not.
These diagrams show you why.

Original object and normal:/
uNormalMatrix = glm::mat3(Model);

\ ; Right!

uNormalMatrix = gim::inverseTranspose( gim::mat3(Model) ); - -
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