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Topics

• MATLAB on Alliance Clusters

• Standard MATLAB jobs in Slurm

• Parallel Computing in MATLAB

• MATLAB Compile Runtime (MCR)

• Interactive MATLAB jobs



Alliance’s Clusters

General Purpose Clusters:

• beluga.computecanada.ca

• cedar.computecanada.ca 

• graham.computecanada.ca 

• narval.computecanada.ca 

Large scale parallel jobs:

• niagara.computecanada.ca 



MATLAB licenses

• Beluga, Cedar, Narval: license available for all Alliance 
account users 

• Graham: using your institution license

inst_mcgill inst_queens inst_sheridan

inst_ubc inst_unb inst_uvic

inst_uwo inst_dal inst_mcmaster inst_sfu

inst_ualberta inst_umanitoba inst_uryerson

inst_uwaterloo inst_yorku

- you are registered with your local MATLAB license

- your CC username matches your institution ID



MATLAB versions 

• module spider matlab (on beluga, cedar, graham)
Versions:

matlab/2014a

matlab/2016b

matlab/2017a

matlab/2018a

matlab/2018b

matlab/2019a

matlab/2019b

matlab/2020a

matlab/2020b

matlab/2020b.4

matlab/2020b.6

matlab/2021a.1

matlab/2021a.5

matlab/2021b.3

matlab/2022a

matlab/2022b.2

On Narval

• module spider matlab
Versions:

matlab/2020a

matlab/2020b

matlab/2020b.4

matlab/2020b.6

matlab/2021a.1

matlab/2021a.5

matlab/2021b.3

matlab/2022a

matlab/2022b.2



Load MATLAB

module spider matlab/version

• matlab/2020a and later

module load matlab/2020a

• matlab/2019b and earlier

module load nixpkgs/16.09

module load matlab/2019b



Preparing your .matlab folder 

By default, it creates .matlab under your $HOME 

[jemmyhu@cedar5 .matlab]$ pwd

/home/jemmyhu/.matlab

[jemmyhu@cedar5 .matlab]$ ls

local_cluster_jobs  R2017a  R2018a  R2018b  R2019b  R2020a  R2020b

[jemmyhu@cedar5 .matlab]$

[…@cluster ~]$ cd $HOME

[…@cluster ~]$ if [ -d ".matlab" ]; then

mv .matlab scratch/

else

mkdir -p scratch/.matlab

fi && ln -sn scratch/.matlab .matlab

lrwxrwxrwx     1 jemmyhu jemmyhu      15 Feb 28 08:15 .matlab -> scratch/.matlab

[jemmyhu@cedar5 .matlab]$ pwd

/home/jemmyhu/scratch/.matlab

[jemmyhu@cedar5 .matlab]$ ls

local_cluster_jobs  R2017a  R2018a  R2018b  R2019b  R2020a  R2020b



MATLAB serial jobs in Slurm

for_pi.m:



Example batch script (for_pi.sh) to run for_pi.m

or use the following in the .sh file

#SBATCH --input=for_pi.m

matlab -nodisplay -singleCompThread

• Submit the job

sbatch for_pi.sh

#!/bin/bash

#SBATCH --account=def-jemmyhu   # accounting group

#SBATCH --cpus-per-task=1             # number of cores

#SBATCH --mem-per-cpu=5G          # memory; default unit is megabytes

#SBATCH --time=0-01:00                  # time (DD-HH:MM)

#SBATCH --output=for_pi.log            # output logfile

module load matlab/2022a

matlab -nodisplay -singleCompThread -r “for_pi"



Output:  for_pi.log

Picked up JAVA_TOOL_OPTIONS: -Xmx2g

Opening log file:  /tmp/java.log.28148

< M A T L A B (R) >

Copyright 1984-2022 The MathWorks, Inc.

R2022a (9.12.0.1884302) 64-bit (glnxa64)

February 16, 2022

To get started, type doc.

For product information, visit www.mathworks.com.

Elapsed time is 1533.552513 seconds.

pi                    : 3.141592653589793116

Approximation: 3.141592651310205486

Error               : 2.27959e-09



MATLAB Parallel Solutions

• Parallel Computing Toolbox (PCT) 

Shared memory solution (intranode: cpus on one node)

- parfor, //parallel loop

- spmd, “labs” are used to solve tasks  //parallel region

- parfeval, Run function on parallel pool worker

• MATLAB Distributed Computing Server (MDCS)

- available on beluga and narval clusters

https://docs.alliancecan.ca/wiki/MATLAB

https://docs.alliancecan.ca/wiki/MATLAB


Choose Between spmd, parfor, and parfeval

To run computations in parallel, you can use parfor, parfeval, parfevalOnAll, or 

spmd. Each construct relies on different parallel programming concepts. 

Use parfeval or parfevalOnAll if your code can be split into a set of tasks, 

where each task can depend on the output of other tasks.

Use spmd if you require communication between workers during a 

computation.

If you are unsure, ask yourself the following: within my communicating parallel 

code, can each computation be completed without any communication 

between workers? If yes, use parfeval. Otherwise, use spmd.



PCT: how many workers to use? 

When MATLAB reaches the first parfor (spmd), it will try to start a 

parallel pool (workers/lab) and then run the parfor (spmd) in parallel.

Hardware dependency, No. of workers on a machine/node:

• the available cores on a machine with < 12 cores

• Default is 12 workers on a machine/node with > 12 cores 

• parpool to overwrite the workers



parfor example: parfor_pi.m



Barch script: parfor_pi.sh

#!/bin/bash

#SBATCH --account=def-jemmyhu    # accounting group

#SBATCH --cpus-per-task=16

#SBATCH --mem=30G                # memory; default unit is megabytes

#SBATCH --time=0-01:00           # time (DD-HH:MM)

#SBATCH --output=parfor_pi.log

module load matlab/2022a

matlab -nodesktop -r "parfor_pi"

Do not use the -singleCompThread option if you request more than one core 

with --cpus-per-task. 

The size of your MATLAB parpool matches the number of cores you are 

requesting.



Picked up JAVA_TOOL_OPTIONS: -Xmx2g

Opening log file:  /tmp/java.log.13530

< M A T L A B (R) >

Copyright 1984-2022 The MathWorks, Inc.

R2022a (9.12.0.1884302) 64-bit (glnxa64)

February 16, 2022

To get started, type doc.

For product information, visit www.mathworks.com.

Starting parallel pool (parpool) using the 'local' profile ...

Connected to the parallel pool (number of workers: 12).

Elapsed time is 192.196321 seconds.

pi           : 3.141592653589793116

Approximation: 3.141592653389954748

Error        : 1.99838e-10

Output: parfor_pi.log



Batch script: parfor_pi4.sh

#!/bin/bash

#SBATCH --account=def-jemmyhu    # accounting group

#SBATCH --cpus-per-task=4

#SBATCH --mem=10G                # memory

#SBATCH --time=0-01:00           # time (DD-HH:MM)

#SBATCH --output=parfor_pi4.log

module load matlab/2022a

matlab -nodisplay -r "parfor_pi"



Output: parfor_pi4.log

Picked up JAVA_TOOL_OPTIONS: -Xmx2g

Opening log file:  /tmp/java.log.14604

< M A T L A B (R) >

Copyright 1984-2022 The MathWorks, Inc.

R2022a (9.12.0.1884302) 64-bit (glnxa64)

February 16, 2022

To get started, type doc.

For product information, visit www.mathworks.com.

Starting parallel pool (parpool) using the 'local' profile ...

Connected to the parallel pool (number of workers: 4).

Elapsed time is 34.001370 seconds.

pi           : 3.141592653589793116

Approximation: 3.141592653390249179

Error        : 1.99544e-10



parpool(numWorkers): parfor_pi20.m



Output: parfor_pi20.log



Narval Cluster’s Node Type 

How many cpus/workers to use for a job? 

nodes cores
available 

memory
CPU storage GPU

1145

64

249G or 

255000M
2 x AMD Rome 

7532 @ 2.40 

GHz 256M 

cache L3
1 x 960G 

SSD
-

33
2009G or 

2057500M

3
4000G or 

4096000M

2 x AMD Rome 

7502 @ 2.50 

GHz 128M 

cache L3

159 48
498G or 

510000M

2 x AMD Milan 

7413 @ 2.65 

GHz 128M 

cache L3

1 x SSD of 

3.84 TB

4 x NVidia 

A100 (40 GB 

memory)



Timing for parfor_pi.m on Graham (2018)

worker

s/cpus

tic/toc 

timing (s)

Ratio

(speedup)

1 1952.39 1

4 888.81 2.1

8 563.41 3.2

12 464.32 3.9

16 216.69 7.9

20 187.96 9.2

32 128.42 12.7
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Worker

s/cpus

Timing 

(s) 

n=10**

12

Speed

up

Timing 

(s) 

n=10**

14

Speed

up

1 1786.2 1 171940

.3

1

4 488.6 3.66 44174.

1

3.89

8 282.3 6.33 21861 7.87

16 162.3 11.01 11339.4 15.16

32 129.6 13.78 5900.6 29.14

64 134.9 13.24 2820.8 60.95

Timing for parfor_pi.m on Narval (2023)
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spmd

MATLAB® executes the spmd body denoted by statements on several 

MATLAB workers simultaneously. Each worker can operate on a different 

data set or different portion of distributed data, and can communicate with 

other participating workers while performing the parallel computations.

Syntax

spmd

statements

end

Execute code in parallel on workers of parallel pool

Inside the body of the spmd statement, each MATLAB worker has a 

unique value of spmdIndex, while spmdSize denotes the total number of 

workers executing the block in parallel. Within the body of the spmd

statement, communication functions for communicating jobs (such as 

spmdSend and spmdReceive) can transfer data between the workers.



SPMD: calculate pi using MATLAB

use the fact that

to approximate pi by approximating the integral on the left.

divide the work between the labs by having each lab calculate  the integral 

the function over a subinterval of [0, 1] as shown in the picture 

http://www.mathworks.com/help/distcomp/examples/numerical-estimation-of-pi-using-message-passing.html

http://www.mathworks.com/products/demos/fullsize.html?src=/products/demos/shipping/distcomp/paralleldemo_quadpi_mpi_01.png
http://www.mathworks.com/products/demos/fullsize.html?src=/products/demos/shipping/distcomp/paralleldemo_quadpi_mpi_01.png
http://www.mathworks.com/help/distcomp/examples/numerical-estimation-of-pi-using-message-passing.html


Steps

• All labs/workers will compute the same function: F=4/(1+x^2)

• Each worker/lab will calculate over a subinterval [a,b] of [0, 1],

for 2 labs, the subinterval will be:

[0,     0.50]

[0.50, 1.0]

a = (labindex-1)/numlabs

b = labindex/numlabs

• Use a MATLAB quadrature method to compute the integral

myIntegral = quadl(F, a, b)

• Add together to form the entire integral over [0,1]

piApprox = gplus(myIntegral)



quad_pi.m



script (quad_pi.sh) to run quad_pi.m (serial)

#!/bin/bash

#SBATCH --account=def-jemmyhu    # accounting group

#SBATCH --cpus-per-task=1

#SBATCH --mem=10G                # memory; default unit is megabytes

#SBATCH --time=0-01:00           # time (DD-HH:MM)

#SBATCH --output=quad_pi.log

module load matlab/2022a

matlab -nodesktop -singleCompThread -r "quad_pi"



Output: quad_pi.log

< M A T L A B (R) >

Copyright 1984-2022 The MathWorks, Inc.

R2022a (9.12.0.1884302) 64-bit (glnxa64)

February 16, 2022

To get started, type doc.

For product information, visit www.mathworks.com.

Subinterval: [0   , 1   ]

Subinterval: [0   , 1   ] Integral: 3.14159

piApprox: 3.14159

pi           : 3.141592653589793116

Approximation: 3.141592707032191623

Error        : 5.34424e-08



spmd_pi.m



batch script, spmd_pi.sh (4 cpus/workers/labs)

#!/bin/bash

#SBATCH --account=def-jemmyhu    # accounting group

#SBATCH --cpus-per-task=4

#SBATCH --mem=10G                # memory; default unit is megabytes

#SBATCH --time=0-01:00           # time (DD-HH:MM)

#SBATCH --output=spmd_pi_4.log

module load matlab/2022a

matlab -nodesktop -r "spmd_pi"



Output: spmd_pi.log (4 cpus/workers/labs)

Starting parallel pool (parpool) using the 'local' profile ...

Connected to the parallel pool (number of workers: 4).

Worker 1:

Subinterval: [0   , 0.25]

Subinterval: [0   , 0.25] Integral: 0.979915

piApprox: 3.14159

Worker 2:

Subinterval: [0.25, 0.5 ]

Subinterval: [0.25, 0.5 ] Integral: 0.874676

piApprox: 3.14159

Worker 3:

Subinterval: [0.5 , 0.75]

Subinterval: [0.5 , 0.75] Integral: 0.719414

piApprox: 3.14159

Worker 4:

Subinterval: [0.75, 1   ]

Subinterval: [0.75, 1   ] Integral: 0.567588

piApprox: 3.14159

pi           : 3.141592653589793116

Approximation: 3.141592653589790451

Error        : 2.66454e-15



Setup parpool() for spmd

……

parpool(16);

spmd

% Each lab calculates the integral of F over a subinterval [a, b] of [0, 1].

a = (labindex - 1)/numlabs;

b = labindex/numlabs;

fprintf('Subinterval: [%-4g, %-4g]\n', a, b);

% Use a built-in MATLAB quadrature method to approximate the integral.

myIntegral = quadl(F,a,b);

fprintf('Subinterval: [%-4g, %-4g] Integral: %4g\n', a, b, myIntegral);

End

……

Again, default max is 12 workers for automatic start of a pool

To use more than 12 workers, use parpool() to setup the workers before 

spmd command in the .m code, e.g., to use 16 workers/cpus here,



MATLAB Compiler and Runtime libraries (MCR )

• module spider mcr (Cedar, Graham, Beluga)

Versions:

mcr/R2020b

mcr/R2021b

Versions:

mcr/R2013a

mcr/R2013b

mcr/R2014a

mcr/R2014b

mcr/R2015a

mcr/R2015b

mcr/R2016a

mcr/R2016b

mcr/R2017a

mcr/R2017b

mcr/R2018a

mcr/R2018b

mcr/R2019a

mcr/R2019b

mcr/R2020a

mcr/R2020b

mcr/R2021b

• On Narval

MATLAB Runtime (MCR) is a standalone set of shared libraries, MATLAB code, 

and other files that enables the execution of compiled MATLAB code on systems 

without an installed version of MATLAB. Applications that include compiled 

MATLAB functions require access to MATLAB Runtime libraries.



Steps in MCR 

• compile serial code using mcc:
module load matlab/2021b

mcc -m -R ' -nodisplay -singleCompThread' for_pi

https://www.mathworks.com/help/compiler/mcc.html

-m   Generate a standalone application   

-R Provide MATLAB Runtime options that are passed to the application at initialization time.

Option Description

'-logfile,filename' Specify a log file name. The file is created in the application folder at runtime and 

contains information about MATLAB Runtime initialization and all text piped to the 

command window. Option must be in single quotes. Use double quotes when 

executing the command from a Windows Command Prompt.

-nodisplay Suppress the MATLAB nodisplay run-time warning. On Linux, open MATLAB 

Runtime without display functionality.

-nojvm Do not use the Java Virtual Machine (JVM).

'-startmsg,message' Customizable user message displayed at initialization time. For more details, 

see Display MATLAB Runtime Initialization Messages.

'-completemsg,message' Customizable user message displayed when initialization is complete. For more 

details, see Display MATLAB Runtime Initialization Messages.

-singleCompThread Limit MATLAB to a single computational thread.

-softwareopengl Use Mesa Software OpenGL
®

for rendering.

https://www.mathworks.com/help/compiler/mcc.html
https://www.mathworks.com/help/compiler/display-matlab-runtime-initialization-start-up-and-completion-messages-for-users.html
https://www.mathworks.com/help/compiler/display-matlab-runtime-initialization-start-up-and-completion-messages-for-users.html


[jemmyhu@narval2 mcrR2021b]$ pwd

/home/jemmyhu/projects/def-jemmyhu/jemmyhu/MATLAB/MCR/mcrR2021b

[jemmyhu@narval2 mcrR2021b]$ ls

for_pi.m for_pi.sh

[jemmyhu@narval2 mcrR2021b]$ module load matlab/2021b

[jemmyhu@narval2 mcrR2021b]$ mcc -m -R ' -nodisplay -singleCompThread' 

for_pi

Picked up JAVA_TOOL_OPTIONS: -Xmx2g

Opening log file:  /tmp/java.log.54369

[jemmyhu@narval2 mcrR2021b]$ ls

for_pi for_pi.sh                    mccExcludedFiles.log  requiredMCRProducts.txt  

unresolvedSymbols.txt

for_pi.m includedSupportPackages.txt  readme.txt            run_for_pi.sh

- for_pi (standalone binary)

- readme.txt (instruction for how to run)

- run_for_pi.sh (shell script for temporarily setting environment variables and 

executing the application)

-to run the shell script, type

./run_for_pi.sh <mcr_directory> <argument_list>



<mcr_directory>

[jemmyhu@narval2 mcrR2021b]$ module load mcr/R2021b

[jemmyhu@narval2 mcrR2021b]$ echo $EBROOTMCR

/cvmfs/soft.computecanada.ca/easybuild/software/2020/Core/mcr/R2021b

[jemmyhu@narval2 mcrR2021b]$ cd

/cvmfs/soft.computecanada.ca/easybuild/software/2020/Core/mcr/R2021b

[jemmyhu@narval2 R2021b]$ ls

easybuild v911

[jemmyhu@narval2 R2021b]$ cd v911

[jemmyhu@narval2 v911]$ ls

appdata cefclient extern  interprocess mcr patents.txt  polyspace

resources  simulink toolbox         ui

bin      derived    help    java          MCR_license.txt  platform     remote     

runtime    sys       trademarks.txt  VersionInfo.xml

MATLAB Runtime (MCR) that matches the version of MATLAB 

used to compile the application



#!/bin/bash

#SBATCH --account=def-jemmyhu # accounting group

#SBATCH --cpus-per-task=1

#SBATCH --mem=5G                 # memory; default unit is megabytes

#SBATCH --time=0-02:00           # time (DD-HH:MM)

#SBATCH --output=for_pi.log

module load mcr/R2021b

./run_for_pi.sh $EBROOTMCR/v911

for_pi.sh

Submit the job:  sbatch for_pi.sh

[jemmyhu@narval3 mcrR2021b]$ ls

for_pi     for _pi.log  for_pi.sh                    mccExcludedFiles.log  

requiredMCRProducts.txt  unresolvedSymbols.txt   for_pi.m    

includedSupportPackages.txt  readme.txt            run_for_pi.sh



Wrapper script for mcr/R2018a 

------------------------------------------
Setting up environment variables

---

LD_LIBRARY_PATH is 

.:/cvmfs/soft.computecanada.ca/easybuild/software/2020/Core/mcr/R2021b/v911/runtime/glnxa64:/cv

mfs/soft.computecanada.ca/easybuild/software/2020/Core/mcr/R2021b/v911/bin/glnxa64:/cvmfs/soft.

computecanada.ca/easybuild/software/2020/Core/mcr/R2021b/v911/sys/os/glnxa64:/cvmfs/soft.comp

utecanada.ca/easybuild/software/2020/Core/mcr/R2021b/v911/sys/opengl/lib/glnxa64

Elapsed time is 4.902769 seconds.

pi           : 3.141592653589793116

Approximation: 3.141592633590426509

Error        : 1.99994e-08

for_pi.log



for_pi.sh

for_pi.log



[jemmyhu@narval2 mcrR2021b]$ setrpaths.sh --path for_pi

[jemmyhu@narval2 mcrR2021b]$ run_mcr_binary.sh for_pi

------------------------------------------

This binary was not compiled on this plateform. Please run the command 

"setrpaths.sh --path for_pi" to make it compatible with this plateform.

Cet exécutable n'a pas été compilé sur cette plateforme. Veuillez exécuter la 

commande "setrpaths.sh --path for_pi" pour le rendre compatible avec cette 

plateform.

------------------------------------------

https://docs.alliancecan.ca/wiki/MATLAB

Alliance’s wiki docs for MATLAB:

https://docs.alliancecan.ca/wiki/MATLAB


Interactive MATLAB jobs

• salloc: reserve compute resource 

salloc --time=1:0:0 --ntasks=1 --account=def-jemmyhu --mem-per-cpu=5G

PCT (4 workers)

salloc --time=1:0:0 --cpus-per-task=4 --account=def-jemmyhu --mem=10G

• GUI

- Enable X11 on local host

salloc --x11 --time=1:0:0 --ntasks=1 --account=def-jemmyhu --mem-per-cpu=5G

• VNC

https://docs.alliancecan.ca/wiki/VNC

https://docs.alliancecan.ca/wiki/VNC


salloc non-GUI interactive
[jemmyhu@narval1 serial]$ salloc --time=1:0:0 --ntasks=1 --account=def-jemmyhu --mem=5g

salloc: Pending job allocation 14791298

salloc: job 14791298 queued and waiting for resources

salloc: job 14791298 has been allocated resources

salloc: Granted job allocation 14791298

salloc: Waiting for resource configuration

salloc: Nodes nc11022 are ready for job

[jemmyhu@nc11022 serial]$ module load matlab/2022a

[jemmyhu@nc11022 serial]$ matlab -nodisplay -singleCompThread

Picked up JAVA_TOOL_OPTIONS: -Xmx2g

Opening log file:  /tmp/java.log.62628

< M A T L A B (R) >

Copyright 1984-2022 The MathWorks, Inc.

R2022a (9.12.0.1884302) 64-bit (glnxa64)

February 16, 2022

To get started, type doc.

For product information, visit www.mathworks.com.

>> for_pi_2

Elapsed time is 0.041403 seconds.

pi           : 3.141592653589793116

Approximation: 3.141590653588764770

Error        : 2e-06

>>



salloc GUI interactive

[jemmyhu@narval3 serial]$ salloc --x11 --time=1:0:0 --ntasks=1 --

account=def-jemmyhu --mem-per-cpu=10G

salloc: Pending job allocation 14790961

salloc: job 14790961 queued and waiting for resources

salloc: job 14790961 has been allocated resources

salloc: Granted job allocation 14790961

salloc: Waiting for resource configuration

salloc: Nodes nc11025 are ready for job

[jemmyhu@nc11025 serial]$ pwd

/home/jemmyhu/projects/def-jemmyhu/jemmyhu/MATLAB/serial

[jemmyhu@nc11025 serial]$ module load matlab/2022a

[jemmyhu@nc11025 serial]$ matlab

Picked up JAVA_TOOL_OPTIONS: -Xmx2g

Opening log file:  /tmp/java.log.52933


