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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
degrees. This line forces GLM to

. treat all angles as given in radians.
#def GLM_FORCE_RADIANS ;__ .
<e ine — — [ recommend this so that all angles

#include <glm/gim.hpp> you create in all programming will
#include <glm/gtc/matrix_transform.hpp> | be in radians.

You invoke GLM like this:

#include <glm/gtc/matrix_inverse.hpp>

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

All of the things that we have talked about being dapwcated 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., 0,1,0.);

glRotatef( (GLfloat)Yrot, 0., 1., 0. );

glRotatef( (GLfloat)Xrot, 1., 0., 0. );

glScalef( (GLfloat)Scale, (GLfloat)Scale, (GLfloat)Scale );

you would now say:

glm::mat4 modelview = glm::mat4( 1. ); // 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 ); I1{xy’,z’} = [V]*{x,y,z}
modelview = glm::rotate( modelview, D2R*Yrot, gim::vec3(0.,1.,0.) ); // {X,y,Z’} = [V]*[yr]*{x,y,z}
modelview = glm::rotate( modelview, D2R*Xrot, gim::vec3(1.,0.,0.) ); //{x.y’,z’} = [V]*[yr]*[xr]*{x,y,z}
modelview = glm::scale( modelview, glm::vec3(Scale,Scale,Scale) ); //{X,y,z’} = [V]*[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

/| constructor:

glm::mat4( 1. ); // identity matrix
glm::vec4( );
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 * gim::vec4
glm::mat4 * glm:vec4( gim:vec3, 1. ) I/l promote a vec3 to a vec4 via a constructor

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

glm::mat4 glm::scale( gim::mat4 const & m, glm::vec3 const & factors );

Con 9lM::mat4 glm::translate( gim::mat4 const & m, gim::vec3 const & translation );

LLL Lo DCCTTITOCT Z T, zoz2



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, gim::vec3 const & up );

(v
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Installing GLM into your own space 6

| 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.
\

\ — = |5
b Computer » mjb (\\guille\hailey\users) () » CS550 » SampleGLM » - | 44 || Search SamplecLMm Pl
Eile Edit View Tools Help
COrganize « o Open = Bur MNew folder ez @
X Eavorites Mame > Date modified Type Size
& Downloads Debug 11/4/20153:52 PM  File folder
%7 Dropbox 11/4/2015 3:42 PM File folder
4 EngrClasses TS 11/4/2015 3:40 PM  File folder
Bl Engr Desktop [n] freeglut.h 3/14/2015 324 PM C/C++ Header 1KB
~| Engr Documents "&; freeglut.lib 3/14/2015 3:19 PM Qbyject File Library 39 KB
L EngrHome Director  [n] freeglut_exth 31472015334 PM C/C++ Header 11 KB
2] Recent Places 1] freeglut_std.h 7/22/20158:45 AM  C/C++ Header 7T KB
[n] glew.h 9/14/2015 3:27 PM C/C++ Header 977 KB o
. Libraries “d glew32.lib 9/14/2015 327 PM Object File Library 583 KB 1
| Documents ] glut.h 3/14/2015 334 PM  C/C++ Header 168
.J¥ Music ‘Sf’,a libed.lib 10/9/2007 8:41 AM Object File Library 2953 KB
|| Pictures ‘;ﬂ LIBCID.LIB 6/17/1998 1:00 AM Object File Library 389 KB
B videos & sample.cpp 11/4/20153:51 PM C++ Source 22 KB
iz Sample.dsp 1/7/200211:31 AM VC++ 6 Project 5 KB
‘B Cornputer (7] Sample.dsw 1,/7/2002 11:24 AM VC++ 6 Workspace 1 KB
& Local Disk (C:) 1Z] Sample.nch 3/12/2010 1117 AM - VC++ Intellisense .., 14,043 KB
8 mjb (\guille\bailey! | | Sample.opt 12/30/200210:14 .. OPT File 43 KB
L apps (Vistak) (V) || Sample.plg 12/30/200210:12... PLGFile 2EB
&8 classes (\Warm) (W) [ Samplesin 1/5/20118:49 AM  Microsoft Visual 5... 1 KB
&8 mib (\\stakengrore i1 Samplesuo 9/22/2015 447 PM Visual Studic Solu. 17 KB
*++ Samplevcpro) 8/31/200012:42 PM VC++ Project 6 KB
€l Metwork =5 Samplexveproj EECS.mjb.user 3/12/201011:17 AM  Visual Studio Proj... 2 KB
| Samplevompro 11/4/2015 3:52 PM VC++ Project g KB
Ore 10} sample.sin Date modified: 1/5/2011 8:49 AM Date created: 11/4/2015 3:40 PM Offline status: Online

| Lﬂ Microsoft Visual Studic Sclution

=—— =

Size: B78 bytes

Offline availability: Not available
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Here’s what that GLM folder looks like 7

» Computer » mjb (\guille\bailey\users) (K] » CS5550 » Sampl@ glmD - |$7| | Search glm o
File  Edit VYiew Tools Help
Organize = Burn Mew folder o | t@
Jr Eavorites MName * Date modified Type
& Downloads detail 11/4/20153:42PM  File folder
£2 Dropbox L gtc 11/4/2015 3:42 PM File folder
4 EngrClasses gtx 11/4/2015 342 PM File folder
Bl Engr Desktop | CMakelists.bat 11,/4/2015 3:41 PM Text Document 2 kB
=| Engr Documents [ commean.hpp 11/4/2015 341 PM  C/C++ Header 2KB
L EngrHomeDirector  |h] exponential.hpp 11/4/2015 3:41 PM C/C++ Header 2 KB
=l Recent Places [ ext.hpp 11/4/2015 3:41 PM C/C++ Header 6 KB
[n] fwed.hpp 11/4/2015 341 PM  C/C++ Header 83 KB
4 Libraries [h] geometric.hpp 11/4/2015 341 PM C/C++ Header 2KB
:‘] Decuments [n] glm.hpp 11/4/2015 3:41 PM C/C++ Header S5KB
.J‘r Music [h] integerhpp f2015 341 FM C/C++ Header 2KB
[E&5] Pictures [h] mat2x2.hpp 11/4/2015 3:41 PM C/C++ Header 5KB
B videos [m mat2:3.hpp 11/4/2015 3:41 PM C/C++ Header 4 KB
[h] mat2ud.hpp 11/4/2015 3:41 PM C/C++ Header 4 KB
B Computer [n] math2.hpp 151'?3%:1(:}:8* Header cader 1KR
& Local Disk (C:) 1] mat3:3.hpp Date modified: 11/4/2015 341 pM feader 5 KB
& mib (Wguille\baileyt  |1] mat3xd.hpp TTA72015 34T P O/ C++ Header 4 KB
5 apps (\istak) (V:) [n] matdx2.hpp 11/4/20153:41 PM  C/C++ Header 4 KB
¥ classes (\\farm) (W:) ﬂ matd:3.hpp 11/4/2015 341 PM C/C++ Header 4 KB
# mjb (\\stak.engr.ore 1] mathed.hpp 11/4/20153:41 PM  C/C++ Header 5kB
,ﬂ matrix.hpp 11/4/2015 3:41 PM CfC++ Header 2KB
Gh Netwark [h] packing.hpp 11/4/2015 3:41 PM CfC++ Header 2KB
ﬂ trigonometric.hpp 11/4/2015 3:41 PM C/C++ Header 2KB
[h] vecZ.hpp 11/4/2015 3:41 PM C/C++ Header 2KB
[h] vect.hpp 11/4/20153:41 PM C/C++ Header 2KB
|h] vect.hpp 11/4/2015 3:41 PM CfC++ Header 2KB
|n] vector_relational.hpp 117472015 3:41 PM C/C++ Header 2KB
27 items Offline status: Online
} Offline availability: Mot available
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Telling Visual Studio about where the GLM folder is

D
File Edit Wew  Project | Bulj Debug Tesm Dats Tools Test Window Help
Flr N s asaghs. | w2 || 8 v |25 @
RN QJ A Wizard.. Crl+Shift+ 3
Add New ftem... Ctrl+Shift+ A
RIS 1 Add Bdsting Item.., ShiftAlt+A
[ | L ‘ E| -
[ <Search> 1 Exclude From Project 96) %
1 2] Show All Files M
Eﬂ Sample & g
% Global Fung Rescan Solution =
i = Macros ang ot
=
| | Refresh Project Toolbox Items
E & Sample Properties... Alt+F7 !
W B PP °
H ’ M= 15 a sample OpenGL / GLUT program
H
'« g 'ﬁ "B // The objective is to draw a 3d object and change the color of the axes
24 Animate() o :i with a glut menu
L W A te() g
A:‘mfal Etl i // The left mouse button does rotation
% AresiHloat fength) // The middle mouse button does scaling
*V A:.fes(float) = // The user interface allows:
" Display() 4 1. The axes to be turned on and off
g @ Display() / 2. The color of the axes to be changed
" & DolxesMenu(int id) /£ 3. Debugging to be turned on and off
*G DofxesMenulint) I 4 4. Depth cueing to be turned on and off
o @ DoColorMenufint id) ,:.-" 5. The projection Fo be changed
H 4 DoColorMenufint) / 6. The transfor mstions to be reset 8
% DoDebugMenu(int id) 00% - ¢ b
L % DoDebugMenu(int) Qutput - 0%
@ DoDepthMenu(int id) 7 T = S
% DoDepthMenu(int) o m:tpu‘tfrcrm?. |BL“|d. - | | @ | “:j —ﬂb | A | =
L loucning . \DEBUE\Sample.UnsUccessrulouila™, .
W % DoMainMenu(int id) 1>C1Compile:
9 DolainMenuiint) 1> =zample.cpp 1l
3 @ DoProjectMenu(int id) 1>sample.obj : warning LNK4875: ignoring '/EDITANDCONTINUE' due to '/INCREMENTAL:NO' specification |
E) DoProjectMenufint) 1= lSam?le.wl:xpr‘oj -» K:\C5558\SampleGLM\ . \Debug\Sample.exe (4
% DoRasterString(float x, floal f2FinalteebuslaStatass [
S 3 9 % 1> Deleting file ".\Debug\Sample.unsuccessfulbuild". ‘
¥ DoRasterString(float, float, 1> Touching ".\Debug\Sample.lastbuildstate". i |
@ DoStrokeString(float x, floa 1>
% DoStrokeStringifloat, float, 1>Build succeeded.
t % ElapsedSeconds() 1
@ FlapsedSeconds() 1>Time Elapsed 80:808:83.64
P == Build: 1 succeeded, @ failed, @ up-to-date, 8 skipped
@ HsvRghb(float hsv[3], floatr — =,
4 |:_ [ ] 3 a v
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Telling Visual Studio about where the GLM folder is 9

A period, indicating that the project folder should also be searched when a
#include <xxx>
is encountered. If you put it somewhere else)\enter that full or relative path instead.

File Edit View Project Build Debug Team Data Tools Test Window Help

-G | #5389 - - S-5 ] b [pebug | [wina2 -|| [# valid \ e m e Bl -]

RS EE| T2 |0PBHEE . ‘
Class View Ml sample.cpp X 2 /.:
. = —
Cu|# = |H- (Global Scope) EAN -
earch> - #pragma warning(disable:4996) + E—
=5 ? . #include "glew.h" -
|53 Sample #endif =
% Global Functions and Variable
= Macros and Constants #include <GL Bl 5T
= ButtonVals #include <gL/ Sample Property Pages \ —
= Colors #include "gly N\
= Projections Configuration: |Active(Debug) ¥ | Pla b S onfiguration Manager...
#include <gln
» Common Properties Additional Include Directories O(Additionallncls
a4 Configuration Properties Werences
It o 4
f_’lf ThiE A= 3 General Debug Information Format Trogram
‘ :'_—ﬁ'r_—. = ::}, The objed DEbUQ?“Q ] Common Language RunTime Support |
= " 1/ with & Suppress Startup Banner Yes (/nologo) g B
% Animate( B Al i /s ; 8. Additional Include Directaries L2 [
@ Adiicaie /1 ) . I ) Warning Level Level3 (/W3)
& Axes(float length) ,‘.,*’ The l=ft Bl ' @ Treat Warnings As Errors No (/WX-) \
*§ Aues(float) "_"f ThE g Multi-processor Compilation
I Jy R BSen PIeprocessol Use Unicode For Assembler Listin [ ] |
? Display() " 1. 74 Code Generation =
V Display() ;: 2. TH Language Y A =
i ; 1l 1 '
_:‘ DUAXESMEHU(!ntId) L 'r‘_'), i' g: Precompiled Headers
W DobxesMenu(int) ‘rr.r 5 o Output Files 5
4 = 14 :
_‘V DoColarMenulint id) i 6. TH Browse Information ® W inkeited values
"% DeColorMenu(int) ol ’ Advanced 4
. A 100% = 4
_:4 DoDehugMenu(!ntldJ “ Command Ling “ f
W DeDebugMenu(int) Qutput o Linker
% DoDepthMenul(int id) = 5
*% DoD pthM fint Show output from: E » Manifest Tool
9 DabepthMenu(ici) 1> loucning ~.% - XML Document Generator e 1
_‘V DeMainMenu(int id) 13C1Compile: . Browse Information
“w DoMainMenu(int) 1> sample.cpp » T . . E_
9 DoProjectMenu(int id) 13sample.obi : wi Eu: EveBntid S [¥]Inherit from parent or project defaults Macross» |
1+ Custorn Build Step
% DoProjectMenu(int) i)F'SET?lEéVFTE;‘I
W DoRasterString(float x, floal }.: 1;:1;:”;:&1 — - - QK Cancel | i
% DoRasterString(float, float, 1> Touching ™.\ Additionl Inc Dhodorie .
@ DoStrokeString(float x, floz 15 Specifies one or more directories to add te the include path: separate with semi-colons —
. P——rrTT— th
9 DoStrokeString(float, float, 1>Build succeede al il ’ (Afpath) J
+ 1>
¥ ElapsedSeconds() . = =5 ) =
@ Epetiaarad brine Eapecs o (s (] [ ot |
9 HsvRgbifloat hsv{3], floatr ~ -

* “ »
E=ddM B Pr.. W% T.. R CodeDefinition Window JEReIE & Find Results1 8 Error List I

C

|
Build succeeded Ln17 Coll Chl INS




GLM in the Vulkan sample.cpp Program

10

if( UseMouse )

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

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

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

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

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

Matrices.uNormalMatrix = glm::inverseTranspose( glm::mat3( Matrices.uModelMatrix ); // note: inverseTransform !
Fillo5DataBuffer( MyMatrixUniformBuffer, (void *) &Matrices );
Misc.uTime = (float)Time;

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

{
if( Scale < MINSCALE )
Scale = MINSCALE;
Matrices.uModelMatrix = glm::mat4( 1. ); /I identity
Matrices.uModelMatrix = glm::rotate( Matrices.uModelMatrix, Yrot, gim::vec3( 0.,1.,0.) );
Matrices.uModelMatrix = gim::rotate( Matrices.uModelMatrix, Xrot, gim::vec3( 1.,0.,0.) );
Matrices.uModelMatrix = gim::scale( Matrices.uModelMatrix, gim::vec3(Scale,Scale,Scale) );
// done this way, the Scale is applied first, then the Xrot, then the Yrot
}
else
{
if(! Paused )
{
const gim::vec3 axis = glm::vec3( 0., 1.,0.);
Matrices.uModelMatrix =~ = glm::rotate( gim::mat4( 1. ), (float)gim::radians( 360.f*Time/SECONDS_PER_CYCLE ), axis);
}
}
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How Does this Matrix Stuff Really Work? 1

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

This is called a “Linear Transformation” because all
of the coordinates are raised to the 15t power, that
is, there are no x2, x3, etc. terms.

Or, in matrix form:

X consuming column

y consuming column

z consuming column

constant column

|

x’ producing row —»

y’ producing row —»

<

~p 2 producing row ——»

Oregon State
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12
Transformation Matrices

Translation Rotation about X
(x') [1 0 0 T ] (x (x'] [1 0 0 0] [x]
y' 01 0 T ||y y' 0 cos@ —-sind 0| |y
37 b= VLT 37 b= . 7 b
z' 0 01 7| |z z' 0 sind cos@ O] |z
1] (0 0 0 1] (1] 1] (0 O 0 1] (1]
Scaling Rotation about Y
(x') [S, 0 0 0] [x] (x') [cos® 0 sind O] [x)
Y 0 S 0 0]y V' 0 1 0 0| |y
{7 L= PN 7 V= LT
z' 0O 0 S 0} |z z' —sinf 0 cosé O |z
‘1) [0 0 0 1] (1] 1) [ 0 0 0 1] |1
Rotation about Z
(x'] [cos® —sin@ 0 O] [x)
y' sind cosd O O |y
< L\ = -
s z' 0 0 1 0] |z
1) 1L O 0 0O 1) (1]
Oregon State
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13
How it Really Works :-)

s sin90 | | a1,
I b 4‘?0# - S P
’-_5;“ ci') [0S j LD'I_ '8 e M it
http://xkcd.com

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

14

A A +cosO(1-A4.A,)
[M]= A, A, —cos H(AyAx)—i— sinfA.

A A, —cosO(A,A,)—sinOA,

A A, —cos H(AxAy ) —sinfA4, AA —cosO(A,.A )+sindA,
A, +cosO(1-A,4)  AA —cosO(A A )-sinb4,
A.A,-cosO(AA)+sin04,  AA +cosO(1-4.A,)

lrsa
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15
Compound Transformations

> <

Q: Our rotation matrices only work around the
origin? What if we want to rotate about an
arbitrary point (A,B)?

A: We create more than one matrix.

A Write it

y, — I:T+A,+B:|° [Re]' [T—A,—B:|

Oregon State Say it
University <
Computer Graphics
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16
Matrix Multiplication is not Commutative

YA
YA
Rotate, then translate
>
_1 X
"X
YA

Translate, then rotate

' ’ >
Oregon State ‘ I
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Matrix Multiplication is Associative

[ ( ( £ )
|:T+A,+B] . [RH] [T—A,—B] JZ/
L . N 1))

[ x)

B ([T+A,+B} R, |- |:T—A,—B }) Y

N b
Y 1)

One matrix to rule them all —
the Current Transformation Matrix, or CTM

17
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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 Y,
Y

IICTMII
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19

Why Isn’t The Normal Matrix exactly the same as the Model Matrix?

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 norma“/
uNormalMatrix = gim::mat3(Model);

\ ; Right!

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