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Cornell Bioacoustics Scientists Develop a High-

&
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Research Engineers Advance Control System

Performance Computing Platform for Analyzing

Design of the International Linear Collider

Big Data

“High-performance computing with MATLAB
enables us to process previously unanalyzed big
data. We translate what we learn into an
understanding of how human activities affect the
health of ecosystems to inform responsible
decisions about what humans do in the ocean and
on land.”

"Using Parallel Computing Toolbox, we deployed
our Simulink model on a large group cluster for
distributed execution. We could simultaneously run
simulations providing coverage for hundreds of
scenarios. As a result, we achieved a linear
speedup in the turnaround time for this task.
MathWorks tools have enabled us to accomplish
work that was once impossible."


https://www.mathworks.com/company/user_stories/cornell-bioacoustics-scientists-develop-a-high-performance-computing-platform-for-analyzing-big-data.html
https://www.mathworks.com/company/user_stories/research-engineers-advance-control-system-design-of-the-international-linear-collider.html
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Before going parallel, optimize your code

« Use the Profiler to find the code that runs slowest and determine possible
performance improvements

1 rng(1) v
2 X = rand(1l,1e6);
3[c]  for k = 1:numel(x)
4 if x(k)<.5
k) = ©: . . . .
Z ond x(k) = @; Use vectorization (matrix and vector operations)
instead of for-loops
7 = end Time Calls Line
B
0.035 1 1 rna(l)
0.012 1 2 x = rand(l.1le6): Time Calls Line
< 0.001 1 3 for k = l:inumel(x) 0.007 1 1 rno(l)
0.061 1000000 4 if x(k)1<.5 0.011 | 2 % = pand(l.le6):
0.026 459837 5 x(k) = 0: 0.007 ] 3 w(x<.5) = 0:
0.048 1000000 6 end
0.049 1000000 7 end
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Before going parallel, optimize your code

« Use the Code Analyzer to automatically check your code for coding (and
performance) problems

1 tic
2 X = 0;
3 for k = 2:1e6
4 x(k) = x(k-1) + 1; :
: d (k) ( ) ? Line 4: Variable appears to change size on every loop iteration (within a script). Details ¥ .
. in Consider preallocating for speed.
ocC

Elapsed time is 0.075824 seconds.

1 tic v
2 X = zeros(1l,1e6); Preallocate the maximum amount of space required for the array
3T for k = 2:1e6 instead of letting MATLAB repeatedly reallocate memory for the

x(k) = x(k-1) + 1; growing array
end

6 toc
Ela}lpsed time is 0.013109 seconds.
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Optimize your code with efficient programming practices

Pre-allocate memory instead of letting arrays be resized dynamically

—> Vectorize — Use matrix and vector operations instead of for-loops
Try using functions instead of scripts. Functions are generally faster

/' Create a new variable rather than assigning data of a different type to an existing variable

5x] Place independent operations outside loops to avoid redundant computations

Avoid printing too much data on the screen, reuse existing graphics handles

Techniques to improve performance



https://www.mathworks.com/help/matlab/matlab_prog/techniques-for-improving-performance.html
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MATLAB has built-in multithreading

4\ MathWorks- —

MATLAB Multicore Q

— Run MATLAB on multicore and multiprocessor machines
MATLAB® provides two main ways to take advantage of multicore and
‘ (I— multiprocessor computers. By using the full computational power of your
o machine, you can run your MATLAB applications faster and more efficiently.
! ! E] é N
Built-in Multithreading

¢ \ Multi-core CPU Linear algebrfa and numerlcal functions s.uch as fft, \ (mldl-\flde}, eig, svd, and

sort are multithreaded in MATLAB. Multithreaded computations have been on

by default in MATLAB since Release 2008a. These functions automatically
execute on multiple computational threads in a single session,

MATLAB t ltipl tational threads in a single MATLAB sessi

allowing them to execute faster on multicore-enabled machines. Additionally,

many functions in Image Processing Toolbox™ are multithreaded.
\ S

Parallelism Using MATLAB Workers

You can run multiple MATLAB workers (MATLAB computational engines) on a
single machine to execute applications in parallel, with Parallel Computing
Toolbox™, This approach allows you more control over the parallelism than with
built-in multithreading, and is often used for coarser grained problems such as
running parameter sweeps in parallel.

6 MATLAB multicore
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Scale further with parallel computing

4\ MathWorks- —

MATLAB Multicore Q

Run MATLAB on multicore and multiprocessor machines

o000
( ) MATLAB® provides two main ways to take advantage of multicore and

‘ multiprocessor computers. By using the full computational power of your
machine, you can run your MATLAB applications faster and more efficiently.

M Built-in Multithreading

Z N\ Multi-core CPU Linear algebra and numerical functions such as fft, \ (mldivide), eig, svd, and
sort are multithreaded in MATLAB. Multithreaded computations have been on
by default in MATLAB since Release 2008a. These functions automatically

MATLAB execute on multiple computational threads in a single MATLAB session,
Parallel Computing Toolbox allowing them to execute faster on multicore-enabled machines. Additionally,
many functions in Image Processing Toolbox™ are multithreaded.

{e [

Parallelism Using MATLAB Workers

You can run multiple MATLAB workers (MATLAB computational engines) on a
single machine to execute applications in parallel, with Parallel Computing
Toolbox™, This approach allows you more control over the parallelism than with
built-in multithreading, and is often used for coarser grained problems such as

running parameter sweeps in parallel.
\ S

7 MATLAB multicore
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Automatic parallel support (MATLAB)

Image Processing

Original Image of Peppers Recolored Image of Peppers

Signal Processing and Communications

(dBMz)

Frequency (kHz)
8
Pawerfrequency (

4
Time (s)

Statistics and Machine Learning

- T .

Computer Vision

extract keypoints feature descriptors clustering vocabulary visual words

feature detection
feature vector

i — T AT,
. 6 § ) ./

Hr

Additional automatic parallel support

A
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i o
"UseParallel”,true ...
\ J

Y
Options

Deep Learning



http://www.mathworks.com/products/parallel-computing/parallel-support.html

4\ Classification Learner

- O X
CLASSIFICATION LEARMER 9
[r— BEE|
& . === [ B &
New Feature PCA  Misclassification _ L=y Quadrfat\c 7 Advanced Train | Scatter Confusion ROC Farallel Min Classification Test <t EXPORT
Session v Selection Costs Discriminant | Discriminant - Matrix ¥ Curve v Coordinates Error Data v All =
hd
FILE FEATURES OPTIONS MODEL TYPE v Ji9 PLOTS TESTING ry
¥ Models < Scatter Plot Validation Confusion Matrix Validation ROC Curve Parallel Coordinates Plot Q
Sort by: | Model Number v |\T|\T| |ﬁ| Plot
|7| 1.1 Tree Accuracy (Validation): 94.7% G Predictions: model 1.4 Data
Last change: Fine Tree 4/4 features ' ® (#) Model predictions
[ 1.2 Tree Accuracy (Validation): 94.7% ® Correct
Last change: Medium Tree 4)4 faatures . X Incorrect
— .
|_| 1.3 Tree Accuracy (Validation): 94 7% al - Predictors
Last change: Coarse Tree 4/4 fzatures —
. g * X: | SepalLength v |
- - . . ° e ———
|_| 1.4 Linear Disc... Accuracy (Validation): 98.0% S e Y- [SepalWidth =)
Last change: Linear Discriminant 4/4 features -
— [ ] L X ]
|| 1.5 Quadratic ...  Accuracy (Validatien): 97.3% 150 see . Classes Move to Front
Last change: Quadratic Discriminant 4/4 fzatures
e 5 R Sl * show |Order
|| 1.6 Maive Bayes  Accuracy (Validation): 96.0% 2 .o *
= z o oo o . . N -
¥ Current Model Summary o § . oe . versicolor
Model 1.4: Trained - D 3 ee e e o0 w00 se virginica
Training Results . L sesne o
Accuracy (Validation) 98.0% [ ] eexee [ ]
Total cost (Validation) 3 . ®
Prediction speed ~4800 obslsec o o8&
Training time 1.2891 sec
25+ L .0 ®
Model Type ] [ ]
Preset: Linear Discriminant . . .
Covariance structure: Full
e o
Optimizer Options
Hyperparameter options disabled s ®
Feature Selection I I I I I I I I
All features used in the model, before PCA 45 5 55 [ 6.5 7 75 8
PCA SepallLength
PCA disabled - How to investigate features
4 Data set: fishertable ~ Observations: 150 Size: 24 kB Prediciors: 4  Response: Species  Response Classes: 3

Validation: 5-fold Cross-Validation

@
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Run multiple classifiers at once with automatic parallel support
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Run independent iterations in parallel using parfor

a = zeros(b, 1) a = zeros (5, 1)

b = pi b = pi;

‘il’u_==l 5 1‘:!!'!’1 = 1:5
a(i) =1 + b a(i) =1 + b

end end

disp (a) disp (a)

10
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Parallelize for loops with independent iterations

Workers

= zeros (10, 1),

11
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Example: Parameter Sweep with parfor

Solution of van der Pol Equation (g = 1) with ODE45

>— Y1

+ Task x=vy . .. 4t
— parameter sweep on a system j % fg A
— Van der Pol oscillator y=u(l—x")y—x % / -
— find out the mean period

e Solution 500 -
— run the parameter sweep in serial > 0
o 3004
— start a pool of workers 5

200
— run the parameter sweep in an £ ol
Interactive parallel pool 0
05

— compare results 1 —

15 130
140
v Values 2 150 1 Values

12
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Execute functions in parallel asynchronously using parfeval

13

fetchNext

MATLAB

= Asynchronous execution on parallel workers
« Useful for “needle in a haystack” problems

— Outputs

&

g%_
£ THUMUSOFT

for idx = 1:10
f(idx) = parfeval (@monteCarloSim,1,idx) ;

end

for idx = 1:10
[completedIdx, wvalue] = fetchNext (f);
if value>0.95
f.cancel
break
else
mcs (completedIdx) = value;
end

end
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Big Data Workflows

ACCESS DATA

More data and collections
of files than fit in memory

DEVELOP & PROTOTYPE ON THE DESKTOP SCALE PROBLEM SIZE

To traditional clusters and Big

Adapt traditional processing tools or learn . _
F Data systems like Hadoop

new tools to work with Big Data

14
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tall arrays

- Data type designed for data that doesn't fit into memory
= Lots of observations (hence “tall”)

- Looks like a normal MATLAB array
— Supports numeric types, tables, datetimes, strings, etc.
— Supports several hundred functions for basic math, stats, indexing, etc.
— Statistics and Machine Learning Toolbox support
(clustering, classification, etc.)

FEEEH T SHEET SO THOEE Y O HHEE )

15 Working with tall arrays



https://www.mathworks.com/help/matlab/tall-arrays.html
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ta” arrayS X Single | tall array 1ot é@ é-
i Machine i Machine i
i Memory i Zﬂ? Memory i
- Automatically breaks data up into
small “chunks” that fit in memory —
« Tall arrays scan through the
dataset one “chunk” at a time
TN
= Processing code for tall arrays is
the same as ordinary arrays
TN

16
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tall alrrays E'E'-ZEE'::;'Q_]EEE tall array
ii Machine ii N\
h M 1
ii emory ii @
- With Parallel Computing Toolbox, | |
process several “chunks” at once — : Miﬁﬁii
! Memory !
= Can scale up to clusters with A o |
MATLAB Parallel Server i Bl e o
i _B Cluster of i Mach%e i
i Ml\e;chines i Memory i
! emory 1 '
= Support for Spark and Hadoop B |==Z] E— I :
i (BE T ———
_B T Machine i
Memory !

17
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Scale preprocessing with tall arrays

One file One hundred files

Access Data

Access Data

measured readtable('PumpData.csv');
measured = table2timetable(measured);

Preprocess Data Preprocess Data
Select data of interest Select data of interest

measured = measured(timerange(seconds(1l),seconds(2)), 'Speed’) measured = measured(timerange(seconds(1),seconds(2)), 'Speed')
Work with missing data Work with missing data

measured = fillmissing(measured, 'linear'); measured = fillmissing(measured, 'linear');
Calculate statistics Calculate statistics

m = mean(measured.Speed); m = mean(measured.Speed);

= std(measured.Speed) ; s = std(measured.Speed);
[m,s] = gather(m,s);

18



Example: Predict Cost of Taxi Ride in New York City

 Task

— analyze data from .csv files
— calculate average trip duration
— predict taxi fare

 Solution
— Create datastore
— create a tall array
— plot fare amount vs trip distance
— fit predictive model

— predict and validate

19

R
= J:/’/_ &
2 HUMUSOFT
Compact linear regression model:

fare_amount ~ 1 + hr_of_day + trip_distance*trip_minutes
Estimated Coefficients:

Estimate SE tstat pvalue

(Intercept) 2.2373 2.822889 181.38 e

trip_distance 2.4731 a.8841584 5%@.46 e

hr_of_day 2.0843524 2.881178 4.153% 3.2711e-a5

trip_minutes @. 26187 a.ealaryil 243,11 e

trip distance:trip minutes -8.B@75663 9.1186e-085 -§2.977 e

Mumber of cobservations: 118322, Error degrees of freedom: 118317
Root Mean Squared Error: 2.62

R-sgquared: @.938, Adjusted R-Squared: @.938

F-statistic vs. constant model: 4.46e485, p-value = @

0.7

06}

05F

04F

03}

02F

01}

U P 1
-8 -6 -4 -2 0 2 4 6 8
Error in Taxi Fare (dollars)
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Leverage NVIDIA GPUs without learning CUDA

MATLAB client l
or worker

EEEEEEEEEEEEEEEN
EEEEEEEEEEEEEEEN
EEEEEEEEEEEEEEEN
EEEEE EEEN
EEEEE COIES pmumm
EEEEEEEEEEEEEEEN
EEEEEEEEEEEEEEEN
EEEEEEEEEEEEEEEN

20
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Accelerating with NVIDIA GPUs

u oA A qam ';:.l. L T o T U [ 1) Yo s . . : E\ -ﬁ A y
10x speedup 14x speedup 12x speedup
K-means clustering algorithm template matching routine using Black-Scholes model

B LT 5 [ Neural Networks Speech
[ MEG data acquisiion || Scalogram }"‘| ANN/CNNLSTM-HMMGAN || Decoding

?:‘\'L\\ ‘ = R
44x speedup 10x speedup 77x speedup
simulating the movement of celestial deep learning training wave equation solving
objects

21 NVIDIA Titan V GPU, Intel® Core™ i7-8700T Processor (12MB Cache, 2.40GHZz)
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Leverage your GPU to accelerate your MATLAB code

22

= |deal Problems

— massively parallel and/or
vectorized operations

— computationally intensive

= 1000+ GPU-supported
functions

= Use gpuArray and
gather to transfer data
between CPU and GPU

&

£ THUMUSOFT

—

—

Al = rand(3000,3000);

Transfer data to GPU from

computer memory
A2 = gpuArray(Al);
Perform calculation on GPU
B2 = fft(A2);
Gather data or plot

Bl = gather(B2);

-
EEEEEEEEEEEEEE
EEEEEEEEEEEEEE
EEE==—===aREEE
EEE GPUcores guEEN
EEEEEEEEEEEEEE
EEEEEEEEEEEEEE
EEEEEEEEEEEEEE
EEEEEEEEEEEEEE

Device Memory

_/

MATLAB GPU Computing



https://www.mathworks.com/discovery/matlab-gpu.html

23

Example: Solving Equation on the GPU

« Task
— solve a 2nd order wave equation
— 2nd order central finite difference
— Chebyshev spectral method (FFT)

 Solution
— set up parameters
— run on the CPU
— run on the GPU

— compute speed up of solution

Grid Size

Number of lterations
300

Current Iteration: 300
Initial state [0 v|

OCPU 15.1 sec

®GPU 10.7 sec

Speed Up:  1.4x

R e

[ CPU vs GPU code ]

&

£ THUMUSOFT

[4 Solution of 2nd Order Wave Equation Using Spectral Methods — O *

Solution Difference between lterations

Solution of 2nd Order Wave Equation

Elapsed Time: 10.7 s
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Simulink Design Optimization

Response optimization, sensitivity
analysis, parameter estimation

Response Optimization Options

| General Gptionsl Optimization Gptions| Parallel Options | Linearization Options

[] Use the parallel pool during optimization

|n.| [ [ [ - R

Communication Systems Toolbox

GPU-based System objects for
Simulation Acceleration

[A Communications Transceiver |

— =
ey B ey B s

OSTBC Encedert

2Rx

BER Caleulstor
DSTBC Combiner

Automatic parallel support (Simulink)

7
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Simulink Control Design

Frequency response estimation

Bode Diagram
Frorm: Throttlesngle To: EngineSpeed

-180

Simulink/Embedded Coder

Generating and building code

sdemo_mdiref_counter L sdemo_mdiref_counter sdemo_mdiref_counter
upper upper 91 upper
+H H HH
1 input output|-——p{( 1 i input output 1 input outputp—p{( 3
REREN P L2 Q"AJL\'\L P o ﬁ@d"i\» P L OU,C
tA Outs QutC
Pulse Pulse Pulse
Generator —pflower Generator —pflower Generator —pflower
with Ts=0.1 [ with Ts=0.5 with Ts=1.0|
CounterA CounterB | CounterC

Learn more here


http://www.mathworks.com/products/parallel-computing/parallel-support.html

A HUMUSOFT
Run massive simulations in parallel with just a few clicks

Specify variations on multiple block parameters or variables

= Setup multiple simulations through R

a graphlcal user Interface SIMULATION DEBUG MODELING FORMAT APPS
M, ] Open ~ Ui |b‘;=‘"’h u‘| =/|/oo
7|5} B = |/oo
New @S Library | SIGNAL MONITORING
v = Print ¥ Browser —
. . . . FILE LIBRARY = @ © @ |
= Specify variations on multiple block 15 e e Ee
. = |
parameters or variables ila e
- ) B [
Connect Signal Tune
— Inputs Editor Parameters
i CONFIGURATION & SIMULATION ||’® ultiple Simulations - Configure multiple simulati-ons
= [ntegration with Simulation Manager s 8 T | &
M Model Property Update
Settings Inspector Model

= [ntegration with parallel computing

Learn more here
25 -


https://www.mathworks.com/help/simulink/ug/configure-and-run-simulations-with-multiple-simulations-ui.html
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’ Specification Run Options

Run massive simulations in parallel with just a few clicks

’i DampedOscillatorSM - Simulink

SIMULATION MODELIMNG FORMAT

E:]:I 3 Open ~ 55 E Stop Time = ﬁ

& s - L] - [ - ]
MNew ave Library Signal S Data Logic

= @ Print Broweer Tahle BB Fast Restart Inspectar Analyzer
:IE HERARY PREPARE SIMULATE REVIEW RESULTS

?M.llt'lple simulations* ® x DampedOscillatorsM

FE- &) & DampedOscillatarSh

B |

Reiresh

Run Design Study # Sims
\ DesignStudy 25

®

Damped Spring-Mass System

<|.7

spring const

/ﬁﬂils: DesignStudy

I 5 - R T v )

ﬁ Root Parameter Set

damping coeff Y

"‘;, u_2dat

- E Parameter Set_1
(H R
o

¥
I
¥

L

e |
=
o
2
=
=
=

Variahle Name: | R

Workspace: | global-workspace

=

\%&5: | linspace(0.1, 5, 5) /

- =

Ready View diagnostics 100% oded5



I P
£ THUMUSOFT

# Simulsion Mansger

Automating Simulations with sim

= single or multiple simulations can be run
using the sim command

= control how the simulations are performed
» UseFastRestart — skipping the compilation
= ShowProgress — showing simulation progress

= ShowSimulationManager — interactive
monitoring

in{l:numSims) = SimulinH.SimulatiDnInEut{mndel};

for 1dx = 1:numSims
in{1dx) = in(1dx).setvariable(var,values{1dx));
in{idx) = in{1dx).setModelParameter(Name,Value):

end

out = sim(in)

27
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Run multiple Simulink simulations in parallel with parsim

Workers
Time
. : : for i = 10000:-1:1
: R_un mdppendent Slmu“nk in(i) = Simulink.SimulationInput (my model) ;
simulations in parallel using in(i) = in(i).setVariable (my_var, i);

the parsim function a >
out = parsim(in) ;

28
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Example: Parallel Simulation with parsim

Damped Spring-Mass System

 Task
1

— solve a Spring-Mass System
— set up the SimulationIinput object L ﬁﬁ
— call parsim o [T J1 0

Peak Values for Solutions to mx+ bx+ kx =0

e Solution

254

— set up the simulation

— set the variables that are changing

1.5

Peak Response

— simulate in parallel

— unpack output 05,

2

— visualize parameter sweep

3

4
2

Damping (b) 6 1 Stiffness (k)

29



Access remote cluster resources

11| 111} 111}
— [1]] 1] 1]
@7 — [
° 11| 111} 111}
&, (== i
MATLAB MATLAB Parallel Server

Parallel Computing Toolbox

(=]

GPU

&3

Multi-core CPU

= Prototype and develop on the desktop

= Integrate with your infrastructure
= Access directly through MATLAB

30

&

£ THUMUSOFT
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Run a parallel pool from specified profile
On local machine On cluster
- Start parallel pool of local workers = Start parallel pool using cluster
object
parpool ('Processes') ; —
¢ = parcluster; | «— s o
parpocl(c) |4 444

- Start parallel pool of thread workers

parpool (' Threads') ; [[4\ 4 4 Aﬂ

Reduced memory usage, faster
scheduling, lower data transfer costs

Thread-based environments support
only a subset of the functions available for
process workers

31



Submit MATLAB jobs to the cluster

>> jJjob = batch (myCluster, "myScript", "Pool",1000) ;

J X o G
£ N\
MATLAB

Parallel Computing Toolbox

32

MATLAB Parallel Server
on HPC Cluster

&

£ THUMUSOFT
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Submit Simulink jobs to the cluster

>> job = batchsim(myCluster,in, "Pool",1000);

- L
— parsim =
-

fﬁ«----------------» :

He ]

i
SN
O\

MATLAB NS
Parallel Computing Toolbox

MATLAB Parallel Server
on HPC Cluster

33
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HeavyHorse - High-Performance Computing Workstations

« Hardware
— CPU AMD Ryzen, Threadripper, EPYC
— up to 384 cores, 768 threads
— 32 ~ 768 GB RAM (up to 3072 GB RAM)
— GPU - NVIDIA RTX Ada / RTX PRO Blackwell
— 1000 GB ~ 4000 GB M.2 NVMe SSD hard drive
— PC Case: Mid Tower/5U rack and Mid Tower

« Applications
— High-Performance Computing
— Finite Element Method

— Processing of large data

34
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HPC / Big Data v CR a SR =

- = =

Multi-core CPU

Parallel Computing Toolbox
MATLAB Parallel Server

* HPC Infrastruktura
— CZ: e-INFRA
— SK: NSCC & SAV

MATLAB Campus-Wide licence v CR a SR 7 %
: i i Technical University

% C TUKE
el v | < | -

A £% '7;

#:STU OF LIBEREC. u % ﬁ it ‘ of Liberec

N Prww.tul.c s ext
WL L 3 93
i Czech Technical
UniversityinP.  CESNET
VYSOKA $KOLA - Vysoks & 4 ické Institute of 5
ysokd Skola technickd a ekonomickéd O
® UNIVERSITY .( S CHEMICKO-TECHNOLOGICKA w !E v Ceskych Budéjovicich Botany ASCR dll SC Charles .
Universi > s
IT4lnnovations

 Pouzivatelia — akademicka obec

— CWL Univerzity
— Akadémie Vied

&

V PRAZE S —
niversity o BIOCEV
West Bohemia Ins{/téokf |nstitute of
v @ Mendalova i Jhotesks univer ’ Org. Chem. and Bhyslca ASCR
. ® univerzita \ N\
" ® vBrné A 5 ;

Univerzita obrany ... vCeskich Mq;‘;’m
®

OF PARDUBICE

Inst. of Experiment.
Biochem. ASCR Botany ASCR

CESNET "/ &
o Jihlava Institute of
Uni;ersi’:y of > Vertebrate Biology ’ ‘Palac;'yol'.:‘n‘::irﬂty
South Bohemia
UNIVERZITA J. E. PURKYNE V USTI NAD LABEM p UNIVERZITA E ,:::::cl(:, " ® Univerzita
\\ \\\\\ 3 ;»;\:’Lg [J:&Z::A SAFARIKA [. B — »»”) ell { } Hradec Kralové /J

n MU Loschmidt -
e e b 1 Laboratories Masaryk University
/Uurniverzitys Ceské Budéjovice Faculty of Informatics
cerTec ffj CESNET — I~

v Brné

GEANT
ACONET CERIT-SC

35



Example: Offloading to a cluster

 Task

— perform parameter sweep

— offload computation to HPC cluster

— call batch

e Solution

— create cluster object

— runs a batch job on the cluster

— wait for it to finish
— fetch the outputs

— visualize parameter sweep

36
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A\ Admin Center . O *
File Heosts Scheduler Workers  Help
Add or Find. .. o MIS Service MATLAE Job Scheduler|  Workers
Stert MIS Service. .. Hastname us I Up Since Mame Count
" del 2018-11-0810:50  jobmanager 2
Stop MIS 5 o
R s ode2 20181108 10:59 2
Test Cornectivity...
Strt... Name Up Since Workers
Stop... jobmanager 2018-11-08 11:41 4
Resime
7]
Start... MATLAB Job Scheduler
SHop... Mame Con on I Mame: I Hostname
Rssiems worker] & connected jobmanager nodel
workerd & connected Jjobmanager niedel
worker3 & connected Jjobmanager nodel
workerd & connected Jjobmanager nadel
Last ypdated: 0811718 13:52 Update | every 2 minutes || Update Now |
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Skolenia - Paralelné vypoéty v prostredi MATLAB

« 3.12.2025 - online & prezencne

* Napln skolenia

— architektura a konfiguracia vypoctového
klastra

— distribuované a davkove ulohy

— paralelné cykly

— datovo paralelné ulohy a distribuovane
polia

— GPU vypocty

37
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Dakujem za pozornost



