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‘MATLAB Compile Runtime (MCR)



MATLAB licenses

Cedar: license available for all CC account users

Graham: using your institution license

inst_dal inst_sfu inst_ubc
inst_uwaterloo inst_mcgqill inst_ualberta
Inst_uryerson  inst_uwo

Inst_queens Inst_uvic

- you are registered with your local MATLAB license
- your CC username matches your institution 1D

- for those not on the above list, contact your local MATLAB license
maintainer and CC staff
for some, add your local MATLAB license passcode file matlab.lic:
/home/yourlD/.licenses/matlab.lic



MATLAB versions

 module spider matlab

Versions:

matlab/2014a
matlab/2016b
matlab/2017a
matlab/2018a

« module load matlab/2018a



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.computecanada.ca/wiki/VNC



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

salloc non-GUI interactive

graham.computecanada.ca - default - 55H Secure Shell — O >

File Edit View Window Help

HSR Ay 288 # S5 % &8
“ &1 Quick Connect [_] Profiles ‘

~

[Jemmyhu@gra-login2 ~]$ salloc --time=1:0:0 --ntasks=1 --account=def-jemmyhu --mem=5g
salloc: Pending job allocation 8976880
salloc: job 8976880 queued and waiting for resources
salloc: job 8976880 has been allocated resources
salloc: Granted job allocation 8976880
[Jemmyhu@gra796 ~]$ module load matlab/2018a
[Jemmyhul@gra79é ~]1$ cd MATLAB/serial/
[jemmyhu@gra796 seriall$ 1s

.m for pi.log for pi.m for pi.sh
[jemmyhu@gra796 serial]l$ matlab -nodisplay
Opening log file: /home/jemmyhu/java.log.13173

<MATLAB (R) >
Copyright 1984-2018 The MathWorks, Inc.
R2018a (9.4.0.813654) 64-bit (glnxa64)
February 23, 2018

To get started, type one of these: helpwin, helpdesk, or demo.
For product information, visit www.mathworks.com.

>> for pi 2
Elapsed time is 0.035018 seconds.

pi : 3.141592653589793116
Approximation: 3.141590653588764770
Error : 2e-06

>> |

"
Connected to graham.computecanada.ca |SSH2 - aes128-che - hmac-shal - no| 86x27 l_@’_ NUM 2




salloc GUI interactive

T:graham.computecanada.ca - default - 55H Secure Shell — O x

File Edit View Window Help

H el rg e Alan % ev

£ Quick Connect ] Profiles

[Jemmyhu@gra-login2 ~]$ salloc --x11 --time=3:0:0 --ntasks=1 --account=d
ef-jemmyhu --mem-per-cpu=10G

salloc: Pending job allocation 8739512

salloc: job 8739512 queued and waiting for resources
salloc: job 8739512 has been allocated resources
salloc: Granted job allocation 8739512

salloc: Waiting for resource configuration

salloc: Nodes gra796 are ready for job
[Jemmyhu@gra79é ~]$ module load matlab/2018a
[Jemmyhu@gra796 ~]$ matlab

MATLAB 1s selecting SOFTWARE OPENGL rendering.
Opening log file: /home/jemmyhu/java.log.31654

Connected to graham.computecanada.ca SSH2 - aes128-chc - hmac-shal - ne| 73x14 ’_@r NUM 4




o\ MATLAB R2018a - academic use - O *
|:E|Jr‘ EL EJI:IEI -L—j Ea i & E |:|__;r}, Mew ‘ariable I:'i'.\é,' | &7 Analyze Code LEJ
Mew Mew MNew Open Ig Cormpare  Import Save Eﬁ_' Opri ¥ariable: = Faworites é} fun and Time Simulink EMWIROHMENT | RESOURCES
Script Live Script  « - Data ‘Warkspace ﬁclear Warkspace - L’,;gclear Commands « : :
R v : 3 . PRT— - - o
FILE | WORIBELE CODE | SIMULIME | . ! : ! i
<= = (5 52 54 v home » jemmyhu b ~lo
Current Folder @ | Command Window = Workspace )
|Name L |_ Mew to MATLAB? See resources for Getting Started. X |Mame £ Walue
a0 Jx ==
adf %
amber
| hin
Desktop
Ciocuments
Downloads
| gaussian
qgit
gnupatch
Hu
1intel
jermmyhu
jobs
Matlah
| modulefiles~
molpro
IPI
MP1_OpeniP
| Music L
I+ [aanri=1n] ¥, I~ e’
Details v
Select a file to view details
4] [ [»
“| Ready




ol MATLAB R2018a - academic use - =] *®
HOME EDITOR. PUBLISH WIEW HL B9800 'I‘ P
= Find Files j Insert =i fx 5] ~ = E:— =
E_JTE' Lj E E; 5 : l:'dl e 8.5 |:> @Run Section K_l‘f
=| Compare ¥ Go To - ormment 94 e 5 :
New Open Save Lj:l g E‘El] "’:‘g 453 "J:‘; Breakpoints Run Run and lf_d:}Advance Run and
- - - Eprint - gFind - Indent |z wE| Eﬁ' - Advance ' Tirne
FILE NEVIGATE EDIT BREAKPOINTS RUM a
<g = 5 = 53/ » home » jemmyhu » Matlab » Demo -0
Current Folder Workspace ®
|Name ok e | for_pi.m |+ | Mame £ Walue
j for_pi,log |~ il % Approximate pi by the numerical integral of v = 4/(1 + x*2) from O to 1. |
a i 2
—j for_p!.m 2t e 10E000aEEED;
) for_pi.sh 4 - sum=Eg;
£ interactiveToBatch.m 2 7 step=1.0/n;
) loopparallel.m =l o
) mc_pilog 8- Gfor i=ling
& ] g - w=[1+0. 51 *step;
—j mc_p!.m 18 - sumE sum + (4 B/01. B2
J me_pi.sh 11- Llend
1 me_pi_par.log :g = toc
& : =
.j' mc_p!_par.m 14 - plipp = sum*step;
) mc_pi_par.sh 15
[ ; 16 - fprintfl'pi © % 18fvn', pil;
;I] mc_p!_parB.Iog 17 = fprintf( 'tpproximation: % 18fwn', pidpp);
jmc_pl_parS.m 1§ - fprintf('Errar Cowgyn', abs(pl - pibppl);
1 mc_pi_par3.sh 13
) raybateh.m
) mybateh_parm
) parfor_pi.log
) parfor_pi.m
[ parfor_pi.sh
[ parfor_pid.lag -
Y narfrr mid me B’ B =
for_pi.m (Script} + | Command Window ()
) ] ; Mew to MATLAR? See resources for Getting Started. x
Approximate pi by the numerical 5 .
integral of v = 4f(1 + »x~2] from 0 e
to 1.
4] [ [»
+| Ready ILn 1 col 1




o4 MATLAB R2018a - academic use - O *®
EQITOR : B 5 B9 D ® vI SEdreh DoclrsRtatio P
E::Ilj Tj @ EFind F”es <;:I : nsert Ed’ ﬁ‘: - lg% |:> E% L%|Run Section K,E-_I“j)
- _ [Elcompare * 5 GoTow Comment 9 g %l - : :
Mew Open Sawve o i i Breakpoints Run Run and @Advance Run and
- - * [=Print ¥ \y Find = Indent |=| o5 B - - Advance ' Time
FILE NEIGATE EDIT BREAKPOINTS RLN =
<g = H 2 =/ » home » jemmyhu » Matlab » Demo - P
Current Folder Workspace =
|Name £ |_ | for_pi.m |+ | Mame - Walue
j for_pi,log = It % Approximate pi by the numerical integral of v = 4/(1 + x°2) from 0 to 1. Ol HH i 1.0000e+4+10
@ : 2 55
._j for_p!.m | S — tlj n 1.0000e+10
) for_pish 4. suml; O pifpp 3.1416
£ interactiveToBatch.m §- stepldin - step 1.0000e-10
) loopparallel g s HH sum 3.1416e+10
1 i
1 mc_pilog 8- far islin; HH = 1.0000
£ f g - w=[1+0. 5) *step,;
“j mc_p!.m 18 - sum= sum + (4. 071 @+x2));
] rc_pi.sh i Land
) rc_pi_parlog - toe
& : 13
—.] mc_p!_par.m 14 - plépp = sum*step;
) mic_pi_par.sh | =
[ i 15 - fprimtf('pi D % 13fwA', pil);
:J.:l mc_p!_parB.Iog 17 - fprintf('épproximation: % 18f%wn', pilapp);
_jmc_pl_parS.m 18 - fprintf( 'Error © %aghn', abslipi - pidppll;
1 mc_pi_par3.sh 18
) rrybatch.m
) rrybatch_par.m
] parfor_pilog
) parfor_pim
[ parfor_pi.sh
[ parfor_pid.log
) parfor_pi4.m |
1 parfor pid.sh Y  Ccommand Window &
for_pi.m ({Script hd
-P fSeriptl Mew to MATLABY See resources for Getting Started. *
Approximate pi by the numerical == for_pi |-
integral of y = 44(1 + =~ 2) fram 0 Elapsed time is 112, 100260 seconds.
to 1 pi . 3.141592653589793116
' Approximation: 2. 141532F53389450707
Error ;2. 003432e-10
==
==
== [l
==
==
=
ﬁf, == 1 | [ | 3
- script _Ln 5 Col 1




exit: terminate interactive Slurm session

1:graham.computecanada.ca - default - 55H Secure Shell — O *

|| Fle Edt View Window Help

B EeR A2 2er A S0 % eN

“ £ Quick Connect [ Profiles

*k*x ~

[Jemmyhu@gra-login2 ~]$ salloc --x11 --time=3:0:0 --ntasks=1 --account=d
ef-jemmyhu --mem-per-cpu=10G

salloc: Pending job allocation 8739512

salloc: job 8739512 queued and waiting for resources
salloc: Job 8739512 has been allocated resources
salloc: Granted job allocation 8739512

salloc: Waiting for resource configuration

salloc: Nodes gra796 are ready for job
[Jemmyhu@gra796 ~]1% module load matlab/2018a
[Jemmyhu@gra796 ~]$ matlab

MATLAB is selecting SOFTWARE OPENGL rendering.
Opening log file: /home/jemmyhu/java.log.31654
[Jemmyhu@gra796 ~]$ exit

exit

salloc: Relinguishing job allocation 8739512
[jemmyhu@gra-login2 ~15 |

Connected to graham.computecanada.ca |S5H2 - aes128-cbe - hmac-shal - ni| 7418 l_lal_ NUM 4




MATLAB serial jobs in Slurm
for_pi.m:

T:graham.computecanada.ca - default - 55H Secure Shell

File Edit WView Window Help
H SR 82 =& @4
“ F1 Quick Connect (] Profiles |

S| % &

B 2pproximate pi by the numerical integral of y = 4/(1 + x~2) °
from 0 to 1.

tic
n=1000000000000;
sum=0;
step=1.0/n;

for i1i=1:n;
x=(1+0.5) *step;

sum= sum + (4.0/(1.0+x"~2));
end

piApp = sum*step;
toc

fprintf ("pi
fprintf ("Approximation
fprintf ("Error

ol

18f\n', pi);

18f\n', piApp):;

g\n', abs(pi - pilRApp)):;

1,1 All

W
|SSH2 - aes128-cbe - hmac-shal - ne[ 6121 [ [ MUM 2

ol

al?

Connected to graham.computecanada.ca




Example batch script (for pi.sh) to run for pi.m

#!/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/2018a
srun matlab -nodisplay -singleCompThread -r “for_pi"

or use the following in the .sh file
#SBATCH --input=for_pi.m
srun matlab -nodesktop -singleCompThread

« Submit the job
sbatch for_pi.sh



Output: for_pi.log

1:graham.cemputecanada.ca - default - 55H Secure Shell - g X

File Edit Wiew Window Help

HER 1 200 #Alas % &

“ &1 Quick Connect ] Profiles
<MATILAB (R) >
Copyright 1984-2018 The MathWorks, Inc.

R2018a (9.4.0.813654) 64-bit (glnxa6d)
February 23, 2018

For online documentation, see http://www.mathworks.com/support
For product information, visit www.mathworks.com.

Elapsed time 1s 1952.390467 seconds.

pi : 3.141592653569793116
Approximation: 3.141592651310205486
Error : 2.27959e-09

>>

1,0-1 All

¥
Connected to graham.computecanada.ca SSH2 - aes128-che - hmac-shal - ni| 66x16 ’_gl_ NUM 2




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
(PCT uses OpenMP for intranode threads)

« MATLAB Distributed Computing Server (MDCS)
- not available (no license for it)



PCT: how many workers to use?

When MATLAB reaches the first parfor (spmd), it will try to start a
parallel pool (lab) and then run the parfor (spmd) in parallel.

The number 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

T:graham.computecanada.ca - default - 55H Secure Shell

|| Ele Edit View wWindow Help
=R - ey
” &1 Quick Connect [ Profiles

S| % @ne

B 2Approximate pi by the numerical integral of F = 4/(1 + x*2) °
from 0 to 1.

tic
n=1000000000000;
sum=0;
step=1.0/n;

parfor i=1l:n;
x=(1+0.5) *step;

sum= sum + (4.0/(1.0+x"~2));
end

piApp = sum*step;
toc

fprintf ("pi
fprintf ("Approximation
fprintf ("Error

o

ol

.18f\n", pi);
.18f\n", piApp):
g\n', abs(pi - piApp)):

ol

ol

1,1 All

Connected to graham.computecanada.ca

L
[SSH2 - aes128-cbe - hmac-shal - ne[ 6221 | [ NUM




Batch script: parfor_pi4.sh

1:graham.computecanada.ca - default - 55H Secure Shell — O >

File Edit View Window Help
H SR A2 2ad Al s g e
“ &) Quick Connect (] Profiles

1! /bin/bash g
#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/2018a
srun matlab -nosplash -nodesktop -r "parfor pi4"

L

oy

1,1 All

W
Connected to graham.computecanada.ca |55H2 - aes128-che - hmac-shal - ne| 57x12 I_E:I_I_ MUM 2




Output: parfor_pi4.log

Tigraham.computecanada.ca - default - 55H Secure Shell — O >

| Ele Edt View Window Help

HERrgnes # a0 % en
“EI Quick Connect [ Profiles

NATLAB is selecting SOFTWARE OPENGL rendering.
Opening log file: /home/Jjemmyhu/java.log.12967

<MATLAB (R) >
Copyright 1984-2018 The MathWorks, Inc.
R2018a (9.4.0.813654) 64-bit (glnxa6d)
February 23, 2018

To get started, type one of these: helpwin, helpdesk, or demo.
For product information, visit www.mathworks.com.

Starting parallel pool (parpool) using the 'local' profile
connected to 4 workers.
Elapsed time is 888.819762 seconds.

pi : 3.141592653589793116
Approximation: 3.141592656043428633
Error : 2.45364e-09

1,1 All

w
Connected to graham.computecanada.ca |S5H2 - aes128-chc - hmac-shal - ne| 67x19 |_|2”_ MNUM 2




Batch script: parfor pi12.sh

graham.computecanada.ca - default - 55H Secure Shell - O H

|| Ble Edt view Widow Help

B aR s e Alsn % ex

“ £ Quick Connect (] Profiles

$SBATCH --account=def-jemmyhu ¥ accounting group )
#SBATCH --cpus-per-task=12

#SBATCH --mem=30G # memory; default unit is megabytes
$SBATCH --time=0-01:00 # time (DD-HH:MM)

#SBATCH --output=parfor pil2.log

]

module load matlab/2018a
srun matlab -nosplash -nodesktop -r "parfor pil2"

P

At

At

Connected to graham.computecanada.ca

7,0-1

Bot

L
SSH2 - aes128-cbe - hmac-shal-ne[ 7212 | A [ [NuM 4




Output: parfor_pi12.log

T:graham.computecanada.ca - default - 55H Secure Shell — O x

|| Fle Edt View Window Help

B aR A2 2Rl & a8 e
“EI Quick Connect (] Profiles

WATLAB is selecting SOFTWARE OPENGL rendering. "
Opening log file: /home/jemmyhu/java.log.15339

<MATLAB (R) >
Copyright 1984-2018 The MathWorks, Inc.
R2018a (9.4.0.813654) 64-bit (glnxa6d)
February 23, 2018

To get started, type one of these: helpwin, helpdesk, or demo.
For product information, visit www.mathworks.com.

Starting parallel pool (parpool) using the 'local' profile
connected to 12 workers.
Elapsed time is 464.317204 seconds.

pi : 3.141592653589793116
Approximation: 3.141592653659169176
Error 1 6.9376le-11

1,1 All

v
Connected to graham.computecanada.ca |55H2 - aes128-che - hmac-shal - ne| 66x13 |_|E”_ MUM 2




Batch script: parfor pi20.sh

Connected to cedar.computecanada.ca

l:cedar.computecanada.ca - default - 55H Secure Shell — O X
| Fle Edt Vew Window Help
BEaRsgnes A0 % &N
I &1 Quick Connect (] Profiles
#!/bin/bas g
#SBATCH --account=def-jemmyhu # accounting group
#SBATCH --nodes=1 # number of nodes
#SBATCH —-cpus-per-task=20 # number of cpus to use
#$SBATCH --mem=30G # memory; default unit is megabytes
#SBATCH --time=0-01:00 # time (DD-HH:MM)
#SBATCH --output=parfor pi20.log
module load matlab/2018a
srun matlab -nosplash -nodesktop -r "parfor pi20"
1,11 All

L
SSH2 - aes128-cbc - hmac-shal -nd 7212 | GA[ | num 4

The same code will open 12 workers by default.




parpool(numWorkers): parfor_pi20.m

T:cedar.computecanada.ca - default - 55H Secure Shell

- ] X
|| Fle Edit wiew Window Help

IEIEE L N TR W I

” F1 Quick Connect [ Profiles |

% use parfool for more than 12 workers (default is 12) ”

tic
parpool (20) ;

o

=

* Approximate pli by the numerical integral of F = 4/(1 + x"2)
from O to 1.

n=1000000000000;
sum=0;

Stepzl.deﬂ

parfor i=1l:n;
x=(1+0.5) *step;

sum= sum + (4.0/(1.0+x"2)) ;
end

piRApp = sum*step;
toc

fprintf ('pi :

fprintf ('Approximation:
fprintf ('Error :

al@

.18f\n', pi):
.18f\n', plRApp):;
g\n', abs(pi - piApp)):
10,11 All

b
[SSH2 - aes128-cbc - hmac-shal - ne| 6124 [ [21[ MUM 2

oo o

Connected to cedar.computecanada.ca




Output: parfor pi20.log

l:cedar.computecanada.ca - default - 35H Secure Shell

|| Ble Edit view window Help
B aR/sg mee uad % &
” &1 Quick Connect [ Profiles

MATLAB is selecting SOFTWARE OPENGL rendering. g
Opening log file: /home/jemmyhu/java.log.7414

<MATLAB (R) >
Copyright 1984-2018 The MathWorks, Inc.
R2018a (9.4.0.813654) 6€4-bit (glnxa6d)
February 23, 2018

To get started, type one of these: helpwin, helpdesk, or demo.
For product information, visit www.mathworks.com.

Starting parallel pool (parpool) using the "local' profile
connected to 20 workers.

Elapsed time is 2906.575860 seconds.

pi : 3.141592653589793116
Approximation: 3.141592653574830862
Error : 1.49623e-11

L

1,1 All

v
Connected to cedar.computecanada.ca |SSH2 - aes128-cbc - hmac-shal - n:| Tda20 l_@l_ NUM 4




Cluster's Node Type

Graham 884 32 125G or
128000M
Cedar 576 32 125G or
128000M
640 48 187G

How many cpus/workers to use for a job?



Timing for parfor_pi.m on Graham

Timing (s) vs Cpus

2500

1 1952.39 2017 1 2000
4 88881 952 21 ——Datenreihen1
1500
8 963.41 638 3.2
1000
12 464.32 522 3.9 o
16 216.69 256 7.9 .
0 5 10 15 20
20 187.96 221 9.2

32 128.42 159 12.7



sacct: job history / resource usage stats

) ligraham.computecanada.ca - default - S5H Secure Shell

Fle Edit View Window Help

HER LE RERA S0 BON

&) Quick Connect (] Profies |

Account

def-jemmy+

def-jemmy+
0
def-jemmy+
0
def-jemmy+
0
def-jemmy+

def-jemmy+
0
def-jemmy+
0
def-jemmy+
0
def-jemmy+

def-jemmy+
0
def-jemmy+
0
def-jemmy+
0

*RSSTask MaxRSSNode

User

jemmyhu 8791841

8791841
gral30

8791841.

gral30

§791841.

gral30
jemmyhu 8792031
8792031
gra22

8792031.

gra22

§792031.

gra22

jemmyhu 8792057
8792057
gra63l

8792057.

gra63l

8792057.

gra63l

Connected te graham.computecanada.ca

[jemmyhufgra-login3 parfor]$ sacct

JobID

NodeList ExitCode

gral30 0:0

.bat+ 2018-11-01T10:

gral3o0 0:0

gral3o0 0:0

gral30 0:0

2018-11-01T10:

gra22 0:0

Jbat+ 2018-11-01T10:

gra22 0:0

gra22 0:0

gra22 0:0

2018-11-01T10:

gra631 0:0

.bat+ 2018-11-01T10:

gra631 0:0

gra63l 0:0

gra63l 0:0

ext+ 2018-11-01T10:

0 2018-11-01T10:

ext+ 2018-11-01T10:

0 2018-11-01T10:

ext+ 2018-11-01T10:

0 2018-11-01T10:

03:

04:

09:

09:

09:

09:

10:

10:

10:

11:

58

02

29

29

29

32

58

58

58

03

2018-11-01T10: 2018-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

2016-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

2018-11-01T10:

COMPLETED

37:

37:

37:

37:

25:

25:

25:

25:

21:

21:

21:

21:

End AllocCPUS

35 1
35 1
35 1
35 1
21 4
21 4
21 4
20 4
36 8
36 8
36 8
36 8

Elapsed

00:

00:

00:

00:

00:

00:

00:

00:

00:

00:

00:

00:

33:

33:

33:

33:

15:

15:

15:

15:

10:

10:

10:

10:

37

37

37

33

52

52

52

48

38

38

38

33

AllocTRES

cpu=1,mem=10G, node=1,billing=2
cpu=1,mem=10G, node=1
cpu=1,mem=10G, node=1,bi1ling=2
cpu=1, mem=10G, node=1
cpu=4,mem=10G, node=1,billing=4
cpu=4,mem=10G, node=1
cpu=4,mem=10G, node=1,bi1ling=4
cpu=4, men=10G, node=1
cpu=8, mem=30G, node=1,billing=8
cpu=8, mem=30G, node=1
cpu=8,mem=30G, node=1,bi11ing=8

cpu=8, mem=30G, node=1

CPUTime

00:

00:

00:

00:

01:

01:

01:

01:

01:

01:

01:

01:

33:

33:

33:

33:

03:

03:

03:

03:

25:

25:

25:

24:

37

37

37

33

28

28

28

12

04

04

04

24

AveRSS

5854K
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Effective usage?

« Performance / Scale

- understand your code

- use MATLAB Code Analyzer
- how does your code scale?

Effective use of the compute resource (cpus, memory) !

 Site license limits on Graham ?

- UWaterloo license users may have seen limited workers on Graham?
#SBATCH --cpus-per-task=20
parpool(19);

- Do not know much about other site licenses



SPMD: calculate pi using MATLAB

use the fact that

1
1
—dr = 4{altan(l) — atan()) ==
ful+1r-!j (atan(l) — atan(0))

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

4

.——ﬂh---ﬁﬁ_a_hf(ﬂﬁ) = T3 22

o

-.__\__\_H-L
E'\u._,_\_\_‘_
-._\__\_\_H_--
—

lab1 |lab 2 |lab 3 | lab 4

o 1/4 1/2 3/4 1

g

http://www.mathworks.com/help/distcomp/examples/numerical-estimation-of-pi-using-message-passing.html
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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
mylntegral = quadlI(F, a, b)

« Add together to form the entire integral over [0,1]
piApprox = gplus(mylintegral)



quad_pi.m

1:graham.computecanada.ca - default - 55H Secure Shell - O x
|| Fle Edt view window Help
sk sz eee alan e e
“ F1 Quick Connect (] Profiles ‘
function quad pi "
% QUADPI Approximate pi via parallel numerical quadrature.
% Copyright 2005 The MathWorks, Inc.
% Approximate pi by the numerical integral of F = 4/(1 + x~2) from 0 to 1.
F=08(x)4./(1 + x.72);
%% define the interwval
a = (labindex - 1)/numlabs;
b = labindex/numlabs;
fprintf ('Subinterval: [%-4g, %-4g]\n', a, b);
%% labs use a quadrature method to approximate each integral
myIntegral = quadl(F, a, b);
fprintf ('Subinterval: [%-4g, %-4g] Integral: %4g\n', a, b, myIntegral):;
%% add the results together
piApprox = gplus (myIntegral);
fprintf ("piApprox: %-4g\n', piApprox);
%% results in client
fprintf ("pi : %.18f\n', pi);
fprintf ("Approximation: %.18f\n', piApprox);
fprintf ("Error : %g\n', abs(pli - plApprox));
"quad pi.m" [dos] 25L, 805C 6,0-1 All
Connected to graham.computecanada.ca

W
[SSH2 - aes128-che - hmac-shal - nd[ 7827 [ [ [ NUM /|




script (quad pi.sh) to run quad pi.m (serial)

l:graham.computecanada.ca - default - 55H Secure Shell - O X

|| Fle Edt view Window Help

B ek sgleee #lan e e

” 1 Quick Connect (] Profiles

#!/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/2018a
srun matlab -nosplash -nodesktop -singleCompThread -nojvm -r "quad pi"

7,0-1 All

W
Connected to graham.computecanada.ca |SSHF_' - aes128-cbe - hmac-shal - m| Th13 |_|a|_ NUM 2




Output: quad_pi.log

T:graham.computecanada.ca - default - 55H Secure Shell — O =

|| Fle Edit View Window Help
R SR SE Bee a0 % e
” &1 Quick Connect [ Profiles
. <MATLAB (R) >
Copyright 1984-2018 The MathWorks, Inc.
R2018a (9.4.0.813654) 64-bit (glnxat64)
February 23, 2018

For online documentation, see http://www.mathworks.com/support
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 1 5.34424e-08

>>

P

1,0-1 All

v
Connected to graham.computecanada.ca |58H2 - aes128-che - hmac-shal - ne| 74x19 |_|2”_ NUM 2




spmd_pi.m

l:graham.computecanada.ca - default - 55H Secure Shell

File Edit View Window Help
H ek 22 e #las % e
“ £ Quick Connect [ Profiles ‘

function spmd pi -
QUADPI Approximate pi wvia parallel numerical quadrature.
Copyright 2005 The MathWorks, Inc.

Approximate pi by the numerical integral of F = 4/(1 + x~2) from 0 to 1.
= @(x)4./(1 + x.72);

el = e oo oe

% define the interval

spmd

a = (labindex - 1) /numlabs;

b = labindex/numlabs;

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

%$% labs use a guadrature method to approximate each integral
myIntegral = quadl(F, a, b);

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

%% add the results together

piApprox = gplus (myIntegral);
fprintf ('piApprox: %-4g\n', pliApprox);

end

oo

x% results in client
fprintf ("pi :

fprintf ('Approximation:
fprintf ('Error :

ol

.18f\n", pi):;
.18f\n", piRApprox{l});
g\n', abs(pi - piApprox{1l})):;

oo

o0

6,0-1 Top
L
[SSH2 - aes128-chc - hmac-shal - nd| 7827 [ [A[ NUM |

Connected to graham.computecanada.ca




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

1:graham.computecanada.ca - default - 55H Secure Shell — O x

Ele Edit View Window Help
HaeR/sgaer aadls en
“ &1 Quick Connect (] Profiles
[l! /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 2.log

module load matlab/2018a
srun matlab -nosplash -nodesktop -r "spmd p1i 2"

1,1 All

w
Connected to graham.computecanada.ca |SSH2 - aes128-che - hmac-shal - no| 63x15 I_gl_ MUM 2




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

T:graham.computecanada.ca - default - 55H Secure Shell — O pd

File Edit Yiew Window Help

H oSk sgeee alaa s e

“ £ Quick Connect [ Profiles |

Starting parallel pool (parpool) using the "local' profile ...
connected to 4 workers.
Lab 1:
Subinterval: [0 , 0.25]
Lab 2Z2:
Subinterval: [0.25, 0.5 ]
Lab 3:
Subinterval: [0.5 , 0.75]
Lab 4:
Subinterval: [0.75, 1 1
Lab 2:
Subinterval: [0.25, 0.5 ] Integral: 0.874676
piApprox: 3.14159
Lab 3:
Subinterval: [0.5 , 0.75] Integral: 0.719414
piApprox: 3.14159
Lab 4:
Subinterval: [0.75, 1 ] Integral: 0.567588
piRApprox: 3.14159
M=o 1:
Subinterval: [0 , 0.25] Integral: 0.975915
piApprox: 3.14159
pi : 3.14159265358979311¢6
Approximation: 3.141592653589790451
Error : 2.66454e-15
32,1 Bot

v
Connected to graham.computecanada.ca |SSHP_— aes]28-cbe - hmac-shal - r|:|?6126 @ NUM __#|




MATLAB Compile Runtime, MCR

 module spider mcr

Versions:
mcr/R2013a
mcr/R2013b
mcr/R2014a
mcr/R2014b
mcr/R2015a
mcr/R2015b
mcr/R2016a
mcr/R2016b
mcr/R2017a
mcr/R2017b
mcr/R2018a

« module load version (mcr/R2018a)



Steps in MCR

compile serial code using mcc:
module load matlab/2018a
mcc -m -R ' -nodisplay -singleCompThread' for_pi

T:graham.computecanada.ca - default - 55H Secure Shell

File Edit WView Window Help

H & 2 BEBE 4 S8 % @R
£ Quick Connect (] Profiles

[jJemmyhu@gra-login3 MCR]S 1s
for pi for pi.sh readme. txt

for pi.m README Jemmy run_ for pi.sh
[jemmyhulgra-login3 MCR]S$ |

Connected to graham.computecanada.ca 55H2 - aes128-cbc - hmac-shal - no| B2x5

for pi.log mccExcludedFiles.log requliredMCRProducts.txt

o

MLUM

setup path:
module load mcr/R2018a
setrpaths.sh --path for_pi

interactive run command:
run_mcr_binary.sh for_pi




for_pi.sh /home/jemmyhu/MATLAB/MCR/

T:graham.computecanada.ca - default - 55H Secure Shell — O X

File Edit WView Window Help

H SR 08 e é 8% &

“ﬂ Quick Connect [ Profiles ‘

! /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/R2018a
srun run mcr binary.sh for pi

1,1 All
v
Connected to graham.computecanada.ca |SSHP_ - aes128-cbe - hmac-shal - n:| 78x10 |_|z”_’_ NUM 7|
T:graham.computecanada.ca - default - 55H Secure Shell — ] >
Fle Edit Wiew Window Help
H Sk 52 e a8 % @
£ Quick Connect [_] Profiles |
Betting up environment wvariables -
LD LIBRARY PATH is .:/cvmfs/soft.computecanada.ca/easybuild/software/2017/Cor

e/mcr/R2018a/v94,/runtime/glnxaéd: /cvmfs/soft.computecanada.ca/easybuild/softw
are/2017/Core/mcr/R2018a/v94/bin/glnxaéd: fcvmfs/soft.computecanada.ca/easvybui
ld/software/2017/Core/mcr/R2018a/v94/sys/os/glnxa6ed: /cvinfs/soft.computecanada
.ca/easybuild/software/2017/Core/mcr/R2018a/v94/sys/opengl/lib/glnxa6d: /cvmfs
/soft.computecanada.ca/nix/var/nix/profiles/16.09/1ib
FElapsed time is 19.658464 seconds.
i : 3.14159265358979311¢6
Approximation: 3.141592653389450707
Error : 2.00342e-10

1,1 All

Connected to graham.computecanada.ca |SSH2 - aes128-cbc - hmac-shal - nd 77x12 i MNUM 2




Materials/Examples

On Graham and Cedar: /home/jemmyhu/MATLAB

graham.computecanada.ca - default - 55H Secure Shell — O *

File Edit View Window Help

HER 22 2ee @ a0 % e
“EI Quick Connect [ Profiles

[Jemmyhu@gra-login3 ~]$ pwd
/home/jemmyhu

[Jemmyhu@gra-login3 ~]$ cd MATLAB/
[Jemmyhul@gra-login3 MATLAB]S$ pwd
/home/jemmyhu/MATLAB
[Jemmyhu@gra-login3 MATLAB]S 1s
MCR parfor serial spmd test
[jemmyhu@gra-login3 MATLAB]S |

W
Connected to graham.computecanada.ca |SSH2 - aes128-cbc - hmac-shal - ne| 60x8 I_ml_l MUM 2

Compute Canada wiki page:
https://docs.computecanada.ca/wiki/MATLAB
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