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INSTALL MATRIX STUDIO

Matrix Studio is an Integrated Development
Software for OpenCL devices. You directly write
programs in OpenCL - no host code required!
Matrix Studio is free and works for Windows, Mac
OS and Linux. It can be easily installed on any
computer that have an OpenCL device (Intel or AMD
Processor, NVidia, ATI or Intel graphical card, etc).

Step 1: go to http://virtulab.univ-brest.fr
Step 2: click the download link.
Step 3: select the Matrix Studio for your system.
Step 4: double-click the downloaded file and follow
instructions.
Step 5: launch Matrix Studio
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GETTING STARTED

Step 1: verify you have an OpenCL device found by
launching Matrix Studio.
Step 2: if it is not the case, get the latest driver of
your device (graphical card, etc) from the
constructor website.
Step 3: finally, select the Matrices tab
then click the compile button.
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IMAGE PROCESSING

One of the simplest and most relevant example that
can be made with Matrix Studio and OpenCL is the
processing of images.
Our first example consists in writing a simple
OpenCL algorithm that extract the three color
components (red, green and blue) of an image and
write them in three independant matrices.
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Basic steps
1. Select the Matrices tab
2. Select in the list the
Matrix1
3. Change its name to
MatImage
4. Get an image
by clicking
the import
button (prefer
the png file format)
5. Add a new
matrix and
call it MatRed
6. Add two new matrices
called MatGreen and
MatBlue
7. If needed, you can
change the order of the
matrices in
the list by
using the
arrow buttons

In Matrix Studio, data are stored in matrices. For
our first example, we only need four matrices:
1) the matrix of the original image, called
MatImage,
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2) the matrix of the first result image, called
MatRed, which will contain the red layer of
MatImage.
3) MatGreen and MatBlue will contain the green
and blue layers of MatImage.
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Basic steps
1. Select the Schedule
tab
2. Select the default
kernel (Kernel1)
3. Select the OpenCL
hardware you want
to use.
Note 1: for our
example, a graphical
card (GPU =
Graphical Processor
Unit) is more
adapted than a
classic processor
(CPU = Computing
Processor Unit).
Note 2: you don’t
have to change the
default values of the
global and local
work sizes. This will
be explained later.

Scheduling
The scheduling determines the sequential or
parallel execution of tasks. A task execute a
kernel and a kernel is simply a C function that
can be executed by your OpenCL device(s).
For our first example, we only need one kernel,
so we do not have to add, remove or re-organize
tasks.
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The dark disc is the entry point of the schedule
and the white disc the final point.
During an execution, Matrix Studio re-execute
this schedule until the user click the Pause or
Stop button.
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Basic steps
1. Select the Kernels
tab
2. In the list, select the
Kernel1
3. Add the 5 lines of
code that are
missing, just after
the comment
«Develop your
program here»
4. Go to the Matrices
tab then click the
Compile button and
verify that the
compilation is
successful.

Kernels
The kernels are the OpenCL functions that treat
the data of the matrices. Note that OpenCL is
very close the the C language.

In our example, get_global_id is a specific
OpenCL function giving us which pixel is
currently treated.

During the execution of one kernel, several cores
are used in parallel.

To get the position in memory of the pixel (i,j),
we calculate its location pos = i+j*SX where SX is
the width of the matrix.
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Basic steps
1. Go to the Matrices
tab
2. Compile
your project
3. If you have
errors, correct your
kernel code.
4. Select MatRed
5. Click the
Execute
button
6. Click the Pause
button
7. You can display the
value of each pixel of
your images by
moving the mouse
8. You can change the
refresh rate by
clicking on + or 9. Click on Stop

Save & Execution
Before you execute your project, always save it.
Never forget that an OpenCL program can
crash your computer without any
warning!

A video of the currently displayed matrix can be
made by clicking the Video button. The format is
mp4 inside an avi file. The data of the matrices
cannot be precisely retrieved.

The number of steps and the duration of the
simulation are displayed on the selected matrix.

You can export the data of all your matrices in
the png file format by selecting Img. The data of
all the matrices can be retrieved without any loss.
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Exercice
Add two lines of code to put the green layer of
MatImg in MatGreen and the blue layer of
MatImg in MatBlue.
Compile your code and correct all your errors.
Save your project before you execute it.
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BACTERIA COLONY

A colony of bacteria can be simulated using:
1) a random walk of an entity called Glucosis
2) an entity bacteria that divides when it consumes a
glucosis
3) a bacteria can died when it becomes too old
4) an entity Lymphocyte can be added to destroy
bacteria. Then the system becomes a predatorprey system.
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Basic steps
1. Create 3 matrices
called Matrix1 (for
the environment),
Age (for the age of
each bacteria) and
Seeds which is a
random matrix (to
generate random
numbers)
2. Add a new kernel
(Kernel1) that will
contain the OpenCL
code
3. Add a new library
call Library to add a
function that can be
used by all the
kernels (if we need
more kernels
afterward).

Radom number generation
In OpenCL 1.0, there is no random number
generator. To avoid this problem, we use a matrix
(called Seeds in our example) that contains
random number generated from the host (the
computer that hosts OpenCL devices).
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We use a known algorithm to generate random
numbers (placed in Library):
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Environment
1. The Matrix1
contains the
environment where
entities will evolve.
2. Each entity is
defined by a
number. For
convenient reasons,
we use number
corresponding to
colors:
0x0000FF = Red for
the Glucosis
0x00FF00 = Green
for Bacteria
0xFFFFFF = White
for Lymphocytes .
This code is placed
in the Library:

time=0
At t=0, we place a
bacteria a the center of
Matrix1 and we put at
random some
lymphocytes (1 over
10000 pixels):

11

12

• Section 3 •

Concurrent
access
1. During a execution
of a kernel, the
number of parallel
cores and sequential
cores usually should
not be known.
2. This characteristic
depends on each
OpenCL device.
3. For example, the
number of cores and
the size of
workgroups can be
very different from
a hardware to
another.

Parallelism problem
In order to avoid two or more cores to write data
at the same position in the matrices, some
locations are not allowed to be treated. The
algorithm is simple but 4 over 5 cores become
useless (note that this can be easily fixed by using
a matrix of cores that is 5 times smaller than the
matrices of data):
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Remarque: rand has a random value. This value
is the same for all the cores for a given time step.
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Behaviours of
Glucosis
Properties
1. «Transformation»
in bacteria (!). More
precisely, when a
Glucosis is in
contact with a
Bacteria, the
Glucosis is removed,
the Bacteria is full
of energy and then
it divides where the
Glucosis was.
2. A simple random
walk is used to
reproduce the
diffusion of the
Glucosis in its
environment
(Matrix1)
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Properties

Behaviours of Bacteria

1. «Transformation»
in lymphocyte (!).
More precisely, when
a Bacteria is in
contact with a
Lymphocyte, the
Bacteria is removed,
the Lymphocyte is
full of energy and
then it divides where
the Bacteria was.
2. All Bacteria are
fixed in their
environment
(Matrix1). They
cannot move. They
propagate by
successive divisions.
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Properties

Behaviours of Lymphocyte

1. A simple random
walk is used to
reproduce the
migration of the
Lymphocyte in its
environment
(Matrix1)

16

• CHAPITRE 5 •

EXTENSIVE FISH FARM
SIMULATION

Veta la Palma is an aquaculture farm located in the
Guadalquivir river (island of Spain). Every year, it
produces 1,500 tons of sea fishes and shrimps. The
farm is based on an auto-regulated ecosystem
implying alga, shrimps, fishes and birds.
The aim of this example is to simulate this farm by
using an individual based model with Matrix Studio.
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Entities
1. Alga. They produces
O2. They consume
CO2 and then they
can multiply.
2. Shrimps. They eat
alga. They can
reproduce if they
have eaten enough.
3. Fishes. They eat
shrimps. They can
reproduce if they
have eaten enough.
4. Birds. They eat
fishes.
5. O2. It moves at
random in the water
(Brownian motion).
6. CO2. It moves at
random in the water.

Ecosystem Model
In a 1 km2 area of salt water, we find the
ecosystem described in the above diagram. The
diagram shows the dependencies between
entities. These dependencies induce an emerging
regulated ecosystem.
The maximum age of fishes is artificially set to 3
years in order to simulate the fishing of adult
specimens.
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Human can interact with this system thanks to
the in-virtuo concept, where the model is directly
modified (for example, by mouse click during a
simulation). This can be made to simulate
unexpected situations like disease or overfishing.
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Description
1. Env is a matrix
containing the position
of the salt water and the
ground.
2. The matrix Alga
contains the alga
entities.
3. The matrix Shrimps has
the Shrimps entities.The
matrix ShrimpsE stores
the energy of each
Shrimp entity.
4. Fishes are in the matrix
Fishes and their energies
are stored in the matrix
FishesE. Their ages are
contained by the matrix
FishesAges.
5. The birds entities also
have their own matrix
called Birds.
6. The two molecules O2
and CO2 are stored into
the matrices O2 and
CO2.

Matrices
The matrices contain the entities and their
associated properties. The size of each matrix is
512x256 and they contain integers.
Given that our system is based on stochasticity,
we also need a matrix that has random
numbers which are used by a Random Number
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Generator (a given and simple OpenCL
function).
The Env is pre-loaded with data coming from a
bitmap file representing the shape of the farm.
The matrix Render is used to display the
simulation.
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Description
1. Init places the
entities in the
matrices.
2. Delete allows to
remove entities
(fishing, death).
3. Consume is the
behaviour of
feeding.
4. Produce is made to
add O2 and CO2.
5. Reproduce is for
entity reproduction.
6. Moves is a random
walk for all moving
entities (Fishes,
Shrimps, CO2, O2,
Birds).
7. Display puts in the
matrix Render all
the data we want to
display from other
matrices.

Kernels
The Init kernel is used only at time = 0. All the
others are executed at each simulation step.
Delete can be used to simulate fishing or death at
particular time steps.
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The kernel Moves requires the use of the Rnd
matrix and the function Random which is found
in the Libraries tab.
The Display kernel synthetises the data we want
to observe: water, then alga under shrimps under
fishes under birds.
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Data
1. 4 kg of fish per m3.
2. One fish weights 1kg.
3. Birds eat 20% of the
fishes.
4. One pool is 1km2.

p=

(-dt/half
life)
1-e

5. One simulation step
equals 1 hour in the
real world.
6. The fish production, in
one year is 37 tons.
7. Only the fishes that
have at least 3 years
can be fished. A fish
can live up to 30 years.
8. Each alga and shrimp
die at random
(p=0.005 at each
simulation step)
9. The energies are used to
remove or add entities.

Parameters
At each time step, the age of the fishes are
incremented (+1) and their energy is
decremented (-1).
When a predator eats or consume another entity,
its energy is transferred to the predator (O2 and
CO2 give 5 of energy).
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The maximal energy for a fish is 1000, for a
shrimp it is 500 and for an alga it is 250. When
the energy reaches the 3/4th of the maximum, an
entity can reproduce.
When the energy of an entity is 0, the entity dies.
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Thoughts
1. About the schedule
of kernels. Can there
be tasks executed in
parallel? Can we
change the order of
kernels?

???

2. Study which entity
are in competition
and which are in
cooperation (food,
space)?
3. What are the
dynamic of the
population
regulation?

Open questions
Your own questions here!

Your answers here!
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CONCLUSION

Matrix Studio is an integrated development
environment made to develop OpenCL programs
without coding the host part. The development time
is dramatically reduced which is useful for teaching
or prototyping multicore software. This book focuses
on system biology examples.

