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<\ MATLAB R2012b
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Swiss Re Calculates Potential Loss from
Natural Disasters with MathWorks Tools

Challenge

Create a prototype that accurately estimates loss R
USing historical and simulated data Module for calculating tropical storm risk.

Solution

Use MathWorks tools to import the data, perform
the analysis, and deliver the prototype

“MATLAB is like a treasure chest full of
functions. | can honestly say that
without MATLAB and all of these
functions it would have taken us twice

Results
» Complex analysis tasks addressed
» Development time reduced by 50%

» Function speed increased
as long to complete this project, and at

a much higher price.”

Gerry Lemcke
Swiss Re

| ink tn niear ctmme



Woods Hole Oceanographic Institution
Improves Underwater Imaging with
MathWorks Tools

&\ MathWorks

Challenge
Survey extended areas of the ocean floor

Solution

Use MathWorks tools to process multiple, overlapping
images and combine them into a single photomosaic

Results
= Accurate underwater photomosaics

= High-performance, compact MATLAB scripts
and functions

* Functionality that's easy to share

Photomosaic of an
80-60 B.C. Roman trading ship.

1 ink tn 11car otnry

“MathWorks tools enabled us to
push the limits on the next piece of
the technology that we were
developing.”

Hanumant Singh
Woods Hole Oceanographic Institution
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Institute for Biodiagnostics, Canada
Develops an Imaging Tool for Assessing
Burn Injuries

Chﬂ"ﬂ"ge Images of a first-degree
: i L . burn, generated in three n "
Determine the severity of burn injuries more quickly and wa,,e,gngm from a Infrared point
- spectroscopy
ECCUFﬂtEW spectroscopic camera. probe on the
. tip of a finger.
Solution

Use MathWorks products to develop a tool to monitor
variations in skin hemodynamics at the site of the wound

Results “MathWorks tools allowed us
= Effective, noninvasive tool for accessing burns to thoroughly explore our data,
= Flexible test environment understand it, and put together
= Accelerated algorithm development process an optimal data analysis
approach.”

Dr. Lorenzo Leonardi
Institute for Biognostics, Canada

| ink tn niear ctmme
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Developing a Motion-Stereo Parking
Assistant at BMW

Challenge

Deliver a cost-effective driver-assistance system

for parking in -tight spaces Vehicle equipped with side-view camera. As the
vehicle moves, the side-view camera acquires

Sﬂlutiﬂn images that are used to measure depth.

Develop a motion-stereo system that constructs a I
3-D model of the area around the car from 2-D

images generated by a single side-view camera 2 mage processing

applications typically requires many
Results
= |mage processing algorithms developed 3 -4
times faster than in C or C++
= |nnovative features added without increasing
manufacturing costs
= Algorithm debugging time reduced MATLAB.”

matrix calculations and filtering steps.
We have found that coding these

applications in C or C++ takes three to
four times longer than coding them in

Dr. Eric Wahl

BMW Group;

Dr. Rolf-Dieter Therburg
THECON

| ink tn articlz
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Calibration of Engine Performance at
Mercedes-AMG

Challenge g ey

3 AN PR T e e e A
Optimize engine calibration for high-performing and AMG calibration tool main menu.
environmentally-friendly powertrains
Solution

Use MathWorks tools to develop a calibration tool that

: . : : “We developed a custom engine
enables simultaneous testing of multiple variables

calibration tool using MathWorks tools

Results that enables engineers at all levels of
= Calibration process streamlined

= Euro 6 compliance goals achieved
= Faster and more fuel-efficient cars developed

expertise to extract the highest
possible performance from AMG
powertrains. The tool supports the
entire calibration process, from Design
of Experiments to optimization.”

Hasan Uzun
Mercedes-AMG GmbH

1 ink tA article
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JPL Tests, Tunes, and Implements Onboard
Descent Systems for Spirit and Opportunity
Mars Rovers

Challenge

Design an entry, descent, and landing (EDL) system for

a Mars rover Artist's rendition of Mars rover.
Graphics courtesy of NASA/JPL/Cornell.

Solution

Use MATLAB and Simulink for numerous phases of the
mission, including navigation, data analysis, and EDL
hardware and software design
Results

= Onboard descent systems tested under authentic Using MATLAB, engineers tested,

atmospheric conditions tuned, and implemented the
= Viable Mars landing sites easily identified onboard descent systems that told

= Spacecraft landing flawlessly executed the rover which rocket systems to

fire and when. The landing of the
rover happened precisely as the

EDL team had predicted.




Research Engineers Advance Design of the

International Linear Collider with MathWorks Tools

P
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Challenge

Design a control system for ensuring the precise
alignment of particle beams in the International Linear
Collider

Solution

Use MATLAB, Simulink, Parallel Computing Toolbox,

and Instrument Control Toolbox software to design,
model, and simulate the accelerator and alignment control
system

Results
A Simulation time reduced by an order of magnitude
A Development integrated
A Existing work leveraged

Queen Mary high-throughput cluster.

nUsi ng Parall el Comp
simply deployed our simulation on a
large group cluster. We saw a linear
iImprovement in speed, and we could
run 100 simulations at once. MathWorks
tools have enabled us to accomplish
wor k that was once

Dr. Glen White
Queen Mary, University of London

ju
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Fregen? rozs8hl ® soust av)
A\b

Solving very large systems of linear equations ( Ax=b ) using parallel "\" MATLAB operator

on Amazon EC2 Compute Cluster Instances
1400 T T T 1 1

/- A Velikost A a 90 GB

1200

A Vikon jednoho
o A ~12 GB of RAM

et A ~55 Gigaflops

800

600 //
//// ——8 workers (1 instance)
400 —+—16 workers (2 Instances) |—

=32 workers (4 Instances)
—#— 64 workers (8 Instances)

/ —4—128 workers (16 Instances)
200 =¥ 160 workers (20 Instances) —

—#— 256 workers (32 Instances)

Gigaflops

A 1.3 Teraflops ~ 20X

1 1 1 1 1 1
] 20 40 60 80 100 120 140 160 180 200
Matrix size in thousands
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MA

Platformy

A Desktop (Multicore, GPU)

A Clustery

A Cloud Computing

A Hadoop

® & & N o N &
f s

h & b N 5 o = N

L I R R )

Pr 8ce

daty a

A 64-bito v @ocesory
AMemory-Mappedpr o mfDnn®
ADiskov® promDnn®

ADatab8 z e
A Datastore

P

£ THUMUSOFT'

pambit 2

Programo v 8 n 2

A Streaming

AZpracovs8§n?2 po
A Paraleln For cykly

A GPU pole

A Single Program, Multiple Data

ADi st r i
A MapReduce

buovans§

b |

p o
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Big Datai PS2 st
datastore

ASnadng specifika

i Textovl (@ebbosad
A Mognost n8hl edu

t k 1 mpo
oupcT

unp

i

£ HUMUSOFT’

ce pracovnez

a textovl

struktur v.>a

rtu na

z §

> preview(ds)

ans

Alnkrement 8l n2 | ten?

airdata =

datastore (*.csv");

airdata.SelectedVariables

data = read(

airdata );

Year

Organize v Include in library v Share with » New folder
B Desktop & Name Date modified
. C h& 1987.c5\d ai’ZtN 3:37 PM
gle Drive g s
% 1988.csv 8/13/2014 3:45 PM
| Mathworks £
I . 1989.csv 8/13/2014 3:44 PM
S5 ent Place:
Cc= h S |0 o) O Fazadhazasom
. % 1991.csv 8/13/2014 3:43 PM
- Libraries _
= % 1992.csv 8/13/2014 3:46 PM

‘. Documents _
§ . % 1993.csv 8/13/2014 3:43 PM

4 Music .
% 1994.csv 8/13/2044 3:54 PM
v 1P FA)- 4;0’{ PM
= % 1996.csv 8/13/2014 4:.07 PM
% 1997.csv 8/13/2014 4:09 PM

& Homegroup

% 1998.csv 8/13/2014 4:06 PM

Type

WinZip F

WinZip Fi

WinZip F
WinZip F

WinZip F

WinZip Fi
WinZip Fil

WinZip F

U\/nZ;):

WinZip Fi

WinZip Fi

WinZip Fi

® ™ ® ® ® ®m ® ™ ® ® ®

12,356 KB
48,339 KB
48,050 KB
50,822 KB
48,709 KB
48,869 KB
48,938 KB
49,926 KB

7&? Kt

74,110 KB
74,908 KB

74,887 KB

1

HMonth DayofMonth

10 21 3
10 26 1
10 23 5
10 23 5

={'Distance’, '

ArrDelay 0} ;

DayOfleck

111
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BigData-Anal | z a

mapreduce
~ MAPREDUCE PROGRESS
A MapReduce-vi konng& programovac?
i i Map 0% Reduce 0%
pro anal |l zu rozss8hl 1l ch dat Map 20% Reduce 0%
Map 40% Reduce 0%
T * i ap 60% educe 0%
I mapreduce v y u g 2~ V8 o0bdataktorey ke pazpr a magggé Recuice 0%
dat po mallch | 8stech, kter ®  Maploon Reduce 25% P
! Map 100% Reduce 50%
ifugiteln® pro %% ohy se sl ogi t T wonoon s g P
kdy by se mezivlisledky nevegl

A mapreduce na pracovn?2 stanici
i Zvi ged?pol et n2 h @ParalleliComputing Toolbox)
i Anall za rozs8&8hlTch dat Datdmsevdotbbx) t abul ek
i PS2stup k HOEStzEBm Y &l em vIvoj édadadpgor i t mT pr o

A mapreduce na sy s Ha@aop

i SpougtiNn2z al gor i Hadopp 1 ap cy it tBIMMMANLAB Distrabuted
Computing Server

34 i Nasazen? aplikacHadeopknpboyeh? pMADLAB Campijere



MATLAB a Big Data
1. MATLAB na Desktopu
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MATLAB a Big Data
2.Anal 1l za dat MATLAB zmans&st@mu Hadoop
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PS2kAndl T za registru vo
S pougit 2?2 Datastere h MapReduce

A Data mini_id weh zip insp_vyear model_year make
I Re g | sStrace v 0 MasdaeHusettse St az5 1089 2011 2008 "Hyundai’
335 1089 2009 2008 "Hyundai”
v letech 2008-2011 228 1776 2011 2008 "Acura”
288 1776 2008 2008 'Leura’
. 145 2364 2011 2005 'Chevrolet!
I 16M z § Z N a45-b ol 2 325 nag 2010 2008 'Hyundai'
325 1088 2011 2008 'Hyundai'
288 2009 200 "Acura”

A Anall z a
i Expl oratorn2 anallza adog
i VI pol%wategi str oyhidll ch h

Hybrid Useage in Massachusetts Municipalities: q42011 d

N

[ N T T Y e
Apo |tvrtlet? gf-.-_m}"‘ﬂ‘z'g%?‘% e
[ 'qd'ib'l--qqur'O N s
A po regionech g }ﬁl‘{?ﬁiﬁsﬁ __
R T A RO

i Tvorba map s visledky

% Hybrid Cars Registered

37
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Cluster / Cloud

Scheduler ‘

MATLAB Distributed Computing Server

(MDCS)
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Programo v 8 natalelm 2 ¢ hlik a gCPU)

AVest aviDn8 Todbdxeahr a v

AdJednoduch® :konstrukec
parfor , batch, distributed

APokrol il ®:konstr ukc-yg
createJob , labSend , spmd

L1U0) ¥Yadnis
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VestaviDng podpora PC Y

A Matematika, statistika, optimalizace
i Optimization Toolbox, Global Optimization Toolbox

4 4

Worker

Worker p
EEm
0 Worker ‘

T Neural Network Toolbox Worker
Worker ‘

AZpracovgn?2 sign8l T a obrazu Waekor
i Signal Processing Toolbox

T Statistics Toolbox

I Image Processing Toolbox
I Communications System Toolbox, Phased Array System Toolbox

AVipoletn2 biologie
I Bioinformatics Toolbox

AAnallTza a n8vrh S2dic2ch syst®mT

I Robust Control Toolbox, Simulink Control Design, Simulink Design Optimization

A é

*Vyugit2z bez nutnost. ps8t paraleln?z k-d


http://www.mathworks.com/builtin-parallel-support
http://www.mathworks.com/builtin-parallel-support
http://www.mathworks.com/builtin-parallel-support
http://www.mathworks.com/builtin-parallel-support
http://www.mathworks.com/builtin-parallel-support

ﬁé%fﬁUMUSOFT@
Par alfar | cygkdus

parfori=1:n
% proveN nhDco s I
end

ARozegheprfoveN nlicmas sikupi nu MATLAB wc

(parpool)
AMonte Carlo simulace, Parametrick® s
AVyugiteln® i pro simulace v Simulink:!

I parfor + sim ()
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Speed-up (x)

Simulation for 10 Combinations

180 Linear Reference
—e— Computation (parfor-only)

160 -

140

120

Qo
o
T

D
o
T

20

0 50 100 150
Workers

Peak Response
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3
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Damping (b) Stiffness (k)
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Distribuo v a w ® p
P

Z8vi sllaossul polhtu

ol ty
|

oltu vipoletn2ch uzl T

ANS8§soben2 n8§hodnlch matic o velikost,]
AV2ce uzl T umogRuje rychlejg2 vipolet a

. Timing for Matrix Multiply
Time (s) ; ; . . 800
—es— 1 computer, multi-thread

1 el Distributed —e— 2 computers, 32W distributed
It " —e— 4 computers, 64W distributed 1700
multi- 2 nodes, 4 nodes,
threaded 32W 64W
1600
4000 2 3 3

1500
8000 16 14 12 =
- {400 @
16000 126 102 67 g

20000 244 187 118 1300

32000 - 664 394 1200

40000 - - 710 L 1100

4000 10000 18000 26000 34000
N
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4\ MATLAB R2013b

<< =

~
L e N R, i
RE LRSS (3) =l Search Documentation
Hew Variable Analyze Code [oT-) Preferences o 1% Community
o2 3 (5l Find Files. & H = ol & @O @ (2 &
= £t Open Variable + {7 Run and Time ) (5] set Path .= Request Support
New New Open /L= Compare Import Save Simulink  Layout elp
Script - Data Workspace | Clear Workspace ~ [ Clear Commands ~  Library = [l Paraliel = ~  §AddOns v
FILE VARIABLE CODE SIMULINK 2 current Cluster » RESOURCES
f:l; >> Discover Clusters...
Parallel Preferences
Manage Cluster Profiles...
Monitor Jobs
P
EDJ (= & f By Dupiicate ¢ Rename i Q? @
Add Discover Import  Edit m Delete @ Setas Defsut Export Validate  Help
- Clusters. -
CREATE MANAGE VALIDATE HELP
Cluster Profile R2013b_256W_MJs Type: MISComputeCloud
local (default) Properties | Validation Results
R2013b_16W ServerR... -
R2013b_256W_MJS Description of Remote cluster with 16-core 60GB n... i
| Ready R2013b_256W_Torque this cluster

Dearrintinn

4|

Peak Response
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Podpora SchedulerT]

A MATLAB Job Scheduler

APS2 m§8 podporsahedul®@kt er

(Platform LSF, Microsoft HPCS, PBS)
2 -
Wind‘ng Platrurm ;;/—(;
Q’,’ : HPC Server 2008 | -\,.
gﬁiﬂgduster Server 2003 TO RQ U E

AOt ev SAP@ o0 dchddgety

L1U0) ¥Yadnis

O

UNIVA UD


http://www.mathworks.com/products/distriben/supported
http://www.univa.com/
http://www.microsoft.com/hpc/en/us/default.aspx
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Programo v 8 natalelm 2 ¢ hlik a gGPU)

AVest aviDng Toabdxeahr a v

AlJednoduch® :konstrukec

gpuArray , gather
APokrolil ®: konstrukce
arrayfun , spmd

ARozhran2 pro exper:t
CUDAKernel , MEX support

L1U0) ¥Yadnis


http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
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http://www.mathworks.com/help/distcomp/run-cuda-or-ptx-code-on-gpu
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
http://www.mathworks.com/help/distcomp/run-mex-functions-containing-cuda-code.html
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PS2kfagen2 vIinov@&Drovni
CPU vs. GPU

- Regeni vinové rovnice 2.
radu:
J0u 0%u 0%u

dat? 0x* 0y?

Solution of 2nd Order Wave Equation

« Vypocet na CPU i GPU

* S vyuzitim funkce
gpulArray a
overloadovanych funkci
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http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html
http://www.mathworks.com/help/distcomp/run-built-in-functions-on-a-gpu.html

PS2 kfagen?

CPU vs. GPU

Computation time (s)

Simulation for 50 time steps

[ —e— CPU
| —— GPU

0 500 1000 1500 2000
Grid size(N)

}g/i
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VI nov®@DTr ovnl

Grid Size Speedu
--

64 x 64

128 x 128

256 X 256

512 x 512

1024 x 1024

2048 x 2048

0.14

0.83

4.40

18.79

75.03

0.11

0.12

0.24

0.82

3.67

1.3

7.2

18

23

20
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Humusoft HeavyHorse

A Procesory AMD FX/Opteron
ijeden, dva nebo |tySi proce:
i 8 ag 64 vipoletn2ch jader
i frekvence CPU ag 4.7 GHz

ARAM ag 256 GB DDRS3

A Grafickg§g kar RaeoARMebs RY y

A Na pSg&n2 gr aVidicxTESLAkart a
i pro GPU vipolty

AOperaln?2 syst®m podl e
I Microsoft Windows 64-bit
I Linux 64-bit

A Mognost pSedinstal ace

I MATLAB
A Parallel Computing Toolbox
I MATLAB Distributed Computing Server

I COMSOL Multiphysics
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COMSOL Multiphysics

Afegen2 parci 8l n2ch diferenciS'.~?22h rovni
«ws 2D a 3D

i metodou konelnlTch prvkT, Seger
ARozs8&8h!T modul §rn2 syst®m

i AC/DC Module

I Acoustics Module

I Batteries & Fuel Cells Module

I CFD Module

I Electrodeposition Module

I Geomechanics Module

I Heat Transfer Module

I Chemical Reaction Engineering Module

I MEMS Module

I Microfluidics Module

I Plasma Module

I RF Module

I Structural Mechanics Module

- I Subsurface Flow Module
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COMSOL Multiphysics
Paraleln2vl po| t vy Di stri buovancstery po |

:ff Chip 1 ) ( )

! K Channell Y | RAM Bank 1 |

: Core 1 Core 2 :

: Core3 | Core4 [ K Channel2 Y | RAM Bank 2 E

| Core 1 core2 | K ChanneIE.\, RAM Bank 3 i

| Core 3 Core 4 ~ i

: m RAM Bank 4 '

E'x Chip2 o \ i JE

E Processing Unit Bus Memory ,:

Schematic of the key parts of a computer. -

Di stribuovan® viIpolty:

Paral el nD prob2haj?: ngsk-tmeélojnfez?enlli mprod etti uzl T
Agenerovsgnz sz2tDn kombinace paraleln?2ch a
Aproces assembly ) (Hybrid Computing)

ASegen? (vgechny Segile jsou paraleln?)
Aparaleln2 vipolty pr oThy?ptyajvi paod stefimantai cck y

N Parameter Sweep ( kagdl uzel Seg?

Polet vyugitich jaderAdaedRE@ Mrehmastktaviozdnl 2
ParalelnhD pracuj?2 vgechny typy |licenc?

o ATento regim umogRuj e jen



