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Typical simulation use cases
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Accelerator Mode

Why would Simulink speed up? Normal -
. . Marmal
JIT compiles (or generates C-code for) portions of the model
= R.api CCelerator i
Running compiled code has less overhead _gf.ffﬁ:é?ﬁfﬂifffpE?pIILE';. i
External
What’s the tradeoff?

There is overhead to generate code
Some run time diagnostics are disabled, e.g., inf/nan checking
= May not speedup all models

Introduced before R2006a

Help Search: how acceleration modes work
1
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Performance Advisor

Why would Simulink speed up? = @F & -

Model Advisor

Checks your model for speedup options @
Validates its own advice, only applies changes that: (& Model Adviser Dashbeard
- give the same answer o
. w1, | Performance Advisor
- and Improve Speed (7 %nde Generation Advisor
What'’s the tradeoff?

Takes time run the analysis

Not comprehensive
Trading off fidelity for speed is not part of performance advisor

2012

Help Search: performance advisor
12



4\ MathWorks

Rough Comparison of Simulation Modes ,
Accelerator is faster

- Unless your simulations are short

- With JIT, accelerator is faster than
normal mode in many more cases
—
()
7] Rapid-accelerator has the least per-step
51 overhead but the most init overhead
D
rapid accelerator
7 accelerator (jit)
5 - Just-In-Time Accelerator Mode
- Introduced in R2016b

More Steps —
13



Questions
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Fast Restart and parsim
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Fast Restart

Why would Simulink speed up?
Avoids recompile between simulation runs
Works with Accelerator mode

What'’s the tradeoff?
Cannot edit the model when in fast restart mode

Help Search: fast restart

@ G ® b

&\ MathWorks
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parsim

Why would Simulink speed up?

= Runs simulations in parallel using MATLAB
Parallel Computing

Parallelization details are automatically handled
if your model works with sim ...
... it works with parsim

What’s the tradeoff?

= Overhead of setting up parallel pool
= Overhead of starting simulations on the workers
Needs scripting in MATLAB

Help Search: parsim

4\ MathWorks
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for 1 = 10000:-1:1
in(i) = Simulink.Simulationlnput(“my_model ") ;
in(i) = in(i).setvariable("my_var®, 1);

end

out = parsim(in);

s 53 [

Desktop Multicore Cluster

i
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parsim : Benefits

for 1 = 10000:-1:1
iIn(1) = Simulink.Simulationlnput("my_model *);
in(1) = in(1).setvariable("my _var®, 1);

end

out = parsim(in);

A5

p- N

Desktop

l»%»

Multicore

Cluster

parsim manages the
details of running parallel
simulations

... S0 you can focus on
the design tasks

4\ MathWorks
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parsim: automates book-keeping details (1)

Handles cross platform details

— Use parsim from a Windows desktop to run
simulations on Linux Cluster

Handles model dependencies
— MATLAB Code, Libraries, S-Functions, ...

Integrated with Simulink Cache

Leverages model reference parallel build

Current Folder ™
Name Size Date ... ¥ [Type
VDD 04/2720.. Folder
H El 04/2720.. . Folder
® = sl 04/27/20...Folder
Common 04/27/20...Folder
=] Conveh 04/27/20...Folder
ConWeh.prj 1KB 04/2720.,.5imulink...
System 04/27/20...Folder
= Work 04/27420...Folder
i SIEngine.shxe 181 MB 04/27/20..Simulink...
+] SiEngine_msf.mexaé4 414 KB 04/27f20...MEX-file
| SIEngineCore.slxc 375 MB  04/27/20...Simulink...
+] SiEngineCore_msf.mexa64 356 KB 04)27j20...MEX-file
% SiDrivetrain.slxc 2.45 MB  04/27/20...Simulink...
AP EE RGBT 170 04/27/20.,,MEX-file
% PowertrainMaxPowerController,slxc 943 K 04f27420...5imulink...
¥ SiEngineController.slxe 128 B 04/27/20...simulink...
] L OWETLTaIN T aRE OWET G OTLTONET TS e, 5 R 04/2720...MEX-file

4\ MathWorks
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parsim: automates book-keeping details (2)

Current Folder

= Brings back log files from the workers Name - |size _|Date Modifed Type
Hi out_1.mat 223 KB 06/06/2017 ... MAT—f!Ie
— Appends run id to make them unique ot Taekm cercarsoty . M

HH out_4.mat 223 KB 06/06/2017 ... MAT-file
B out_5.mat 223 KB 06/06/2017 ... MAT-file
FH out_6.mat 223 KB 06/06/2017 ... MAT-file
B out_7.mat 223 KB 06/06/2017 ... MAT-fila
HH out_s.mat 223 KB 05/06/2017 ... MAT-file
B out_9.mat 223 KB 06/06/2017 ... MAT-file
FH out_10.mat 223 KB 06/06/2017 ... MAT-file

=>> out(198)

Simulink.SimulationOutput :

o e
logsout: [1x1 Simulink.SimulationData.DatasetRef]

A 4

SimulationMetadata: [1x1 Simulink.SimulationMetadatal
ErrorMessage: [1x15267 char]

Automatically get references to logged files

20
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R2017b

parsim: automates book-keeping details (3)

Simulation Manager

SIMULATION MANAGER

- Show progress and error diagnostics 2 =i la

SIMULATIONS | DISPLAY | rRESULTS
— Setups up model to run locally to debug o
Total Simulations 200
Elapsed Time B T —
. Number of Active Workers 6 M ErrorsiAborted (50) [l completed (150) [l Active || Queued (0)
*a L Estimated Time Remaining 00:00:00 (0)
1
t e Run ID +« Status Progress Elapsed Time Machine Q
sTR 1 Completed [ 1o0% | 00:00:08 rahulk-deb8-54 -
® [ajcsTRe -
2 Completed 100% 00:00:06 rahulk-deb8-64
:; 3 Completed [ 100% | 00:00:08 rahulk-gebf-64
= 4 Completed with errars 100% 00:00:06 rahulk-deb8-64
B | o Conions 5 Completed with errors [ i00% | 00:00:08 rahulk-gebs-64
= e!:
e Fle Edit wiew Tools Add Help 6 Completed with errors [ 100% | 00:00:08 rahulk-deb8-64
= e B0 L GE X HEYE-EH- £ M & 38
[ o e = 7 Completed 1005 00:00:01 rahulk-debg-64
me Search: | by Mame - Mam BA Search
Mm.iql Hierarchy » 53 contents of: . NCSTR_datedictsldd (only) |7ver art Data proj 8 Completed 100% 00:00:01 rahulk-debB-64
- wlink Roy
1 Gane sl ColRR V| Dictionary Objec = ShowDetals 11 objectls) '~ 9 Completed 100% 00:00:01 rahulk-deb8-64 -
STR da Value:
SIMULATION DETAILS
Crata Tyg
Run ID: 4 Parameters | Timing Info | Diagnostics
SRR e Doltak 1182 Status: Completed with | rip
F ) errors
FeedhoisePowar 0001 E “ariable A 1.618 -
[HE_dn g 59636 < Brogress 00
- [ FeedTempo 208 | Elapsed Time: 00:00:06 Variable n 2.666
my 08 -
L double
» (B Data So v
Ready [H Fesdcann 10 4 Maoddied
1
f v
¥ 3 Contents Search Results 1 »

21
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Visualizing Results R2017b

Simulation Manager

SIMULATION MANAGER

8 = aBOEE

StopJob  Open Selected Grid

%
. SIMULATIONS. il DISPLAY | RESULTS © 5 —— =
View results of selected simulatiol Simulink Data Inspector
= CSTR -]
Total Simulations 200
Elapsed Time 00:03:00
Number of Active Workers 6 M ErrorsiAborted (50) [l Completed (150) [l Active | Queued (0)
Estimated Time Remaining 00:00:00 (0 " =
ulation Data Inspector - untitled* (=3
DATA INSPECTOR
Run ID ~ Status Progress Elapsed Time Machine [+]
k] Lompieteda with errors uuivuiun ranuik-geps-od
p 100% - 0. New AL import %8 Preferen %
5 Completed with errors 100% 00:00:08 rahulk-deb8-64 Open :E Export — Highlight
6 Completed with errors 00:00:08 rahulk-deb8-64 = =
== FiLE | nuns |measure s TRACE
7 Completed 00:00:01 rahulk-deb8-64 Q ™~ a @ 32k | ao
— 2
8 Completed 00:00:01 rahulk-debs-64 Inspect Compare W Concentration W Concentration
9 Completed 00:00:01 rahulk-debs-64 = = S I
. 36 \
10 Completed 00:00:01 rahulk-debg-64 ~ Run7: CSTR I ﬂ
1 Completed 200% 00:00:01 rahulk-debg-64 ~cancentae

CoolantTemp

33 {
12 Completed 00:00:01 rahulk-debg-64 . N eeTr ' [\
SIMULATION DETAILS AL EE] - & ’ Jj V

| |
: Parameters || Timing Info | Diagnosti LI J l1 q \ [ \
Run ID: a g Info iagnostics e — o | | ” J \ —rq I \ { I K | J
Status: C leted - = - 27 ) 1 i \
F:::rsess:r lgg.'p e Vwa::me :ame :::I:: ~ :::le Concentration ﬂ Tl/ I ‘ L\ 1 \\ ll / I/\ﬂlL Ul J‘vd I P Jﬂl f]
Elapsed Time: 00:00:01 k 23 \ /\ } \ l { { \ [ \ H
Variable h 0.931 T 1\ j \' ‘vf | I/ \[L \l u I
i Data Type double . LJI EJ " J\\.LJ N \Jhld’ ]i] /l
z Sample Time Continuous | A‘[ N\ {JA\ v j‘v’ h! \ P e
Model CSTR VM k\vf‘ \V\V \ f L\ﬁ/’u /\J\ﬂ\x’r /wj
Block Name CSTR & A .|
Block Path CSTRICSTR
0 2 4 3 8 10 12 1 15 1 0
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parsim : customization(1)

= TransferBaseWorkspaceVariables

outs = parsim(inps, ’TransferBaseWorkspaceVariables’,  on

= UseFastRestart

outs = parsim(inps, ‘UseFastRestart’,’on’, ..)

4\ MathWorks

)
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parsim : customization(2)

= SetupFcn

setupFcn = @()addpath(’myProjectDir?”)
outs = parsim(inps, ’SetupFcn’,setupFcn, ..)

= CleanupFcn

cleanupFcn = @Qrmpath(’myProjectDir”)
outs = parsim(inps, “CleanupFcn”,cleanupFcn,

)

4\ MathWorks
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SimulationOutput object

£3 Configuration Parameters: f14/Configuration (Active)

Q

= - Solver ~ Tatd o e
simOut = sim(’model”, Data Import/Export C[¥] single simulation output: SimOD

e Minbimaiaabiae

Trialz>>» simlut

Simalink.3imulationfutput:

Contains all logged simulation data

Soopelatal: [1x1l Simulink.SimulationData.Dataset]

Joopebatad: [1xl struct] .
fout: [1353x1 dowsle] Use dot notation to access the data

wout: [1xl struct]

vout: [1xl struct]

Introduced in R2009a

SimalationMetadata: [1x1l Jimulink.3imulationMetadatal
ErrorMessage: [0x0 char]

25
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Simulationinput object

A Simulationlnput object ‘simInp’ encapsulates all input to one simulation

simOut = sim(siminp)

Array of simInps encapsulate all inputs to multiple simulations

simOuts = sim(simlnps) * Simulations are run sequentially

simOuts = parsim(simlnps) Simulations are run in parallel if MATLAB parallel
computing tools are available, serially otherwise

26



Simulationlnput Object

Simulationinput with

Mode IName:
InitialState:
Externallnput:
ModelParameters:
BlockParameters:
Variables:
PreSimFcn:
PostSimFcn:
UserString:

properties:

Y L s e pECIAVATEASURCHONS
OIS LT LIS o runbeforeandhatter

L1 each

[1x1 Si cus Add a brief UserString

[gxg g!” pr describing these changes

E]X ! for easy reference

1 as caccinc wvuanys vdriables in base

Mo _. workspace, data

dictionary, or model
workspace

4\ MathWorks
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PreSimFcn

= Use PreSimFcn to offload parameter computations to parallel workers

= 10:-1:1

(1) = Simulink.Simulationlnput(l);

(1) .PreSimFcn = @(inp) myPreSimFcn(inp, 1);
end

function simlnp = myPreSimFcn(rawSiminp, runild)
prmValue = expensiveComputation(runld);
simlnp = rawSimInp.setBlockParameter( ..
[rawSimInp.ModelName,’/my block”], ’prmName”, prmValue);
end

4\ MathWorks

28



4\ MathWorks

PostSimFcn

use PostSimFcn to post-process raw simulation outputs in parallel
reduce data returned back from workers

>> inps = Simulink.SimulationInput(“myModel”);
>>

>> Inps.PostSimFcn = @(out) myPostSimFcn(out);
>> outs = parsim(inps);

>> outs(in).result

function simOut = myPostSimFcn(rawSimOut)

simOut.result = expensivePostProc(rawSimOut. lotsOfLogsOut);
end

29



Questions
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Incremental workflows
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What is an incremental workflow?

Only perform an action when necessary;

reuse and cache as much as possible

4\ MathWorks
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Model reference: incremental workflows

Incremental Loading
Incremental Update Diagram
Incremental Code Generation

Selective acceleration

Event Lopging

asbhi20_FDIRApp 1
Failures Log_bus p{ Event log

F DIR_Application

(e

» IMU_GPS

Demands

Flig htC ontrol Sy stem_Application
Guidznos

asbhl20_GuidanceApp |.':
n

IMUIGP'S oip Airbrake demand

Guid an ce Sy stem_Application
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Model Reference: Performance

Simulation Times
70

Subsystems mModel Reference
60 Y

First time cost A

= ————

40

30

Faster ©

o o e o

20

10

First Simulation Subsequent Simulations
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How to reduce first time cost?

Simulink Cache

V.

SIXC

Parallel Model Reference Build

&\ MathWorks
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Simulink Cache

lift_door.slx lift_door_controller.slx

lift_door.sIxc lift_door_controller.sixc

lift_inertia_pm.six

lift_inertia_pm.sixc

lift_position_controller.slx

lift_position_controller.sIxc

&\ MathWorks

SCADA.slx

SCADA:.slIxc

36



Current Folder ®
Simulink Cache e
= Folder
o e slprj Folder
| Current Folder ® IE| MEX-file
[ Name Type = | lift_door_controller_msf.... MEX-file
= Simulink Data Dictionary > lift_door_msf.mexwe4 MEX-file
B lift_doors.sldd Simulink Data Dictionary 4 lift_inertia_pm_msf.mex... MEX-file
B lift_intertia.sldd Simulink Data Dictionary a 4 lift_position_controller_... MEX-file
B SihHELban S SCADA_msf.mexw64 MEX-file
4 generic_motor.slx Simulink Library 8
[ lift_intertia_utils.skx Simulink Library gx)
= Simulink Model «Q
4l lift_door.slx Simulink Model @
[l lift_door_controller.slx Simulink Model
[ lift_inertia.slx Simulink Model
i lift_inertia_pm.slx Simulink Model
i lift_position_controller.slx Simulink Model
i’ lift_system.slx Simulink Model
4l SCADA.slx Simulink Model 5
= Simulink cache LU
lift_door.slxc Simulink cache ">'<'
lift_door_controller.slxc  Simulink cache ()
lift_inertia_pm.shc Simulink cache
lift_position_controller.slxc Simulink cache <2
SCADA.slxc Simulink cache

4\ MathWorks
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Simulink Cache

[

= Sharing build artifacts avoids rebuild

38



Simulink Cache

Why would Simulink speed up?
= Sharing build artifacts reduces first time cost
= Integrated into Simulink Projects and parsim

What’s the tradeoff?

= Extra work needed to manage .slxc files
= If Simulink Projects is not used

Help Search: simulink cache

i
| al AL a
| SIX

,-\.\__.‘l'.',\_ L

Simulink Cache

Get simulation results faster by
using shared mode| artifacts

4\ MathWorks

EAR T ek FoC L TR § SN

O Pregect; Sumulank Pregect Aifiime Baample

< Modified Files
#| Shortcut Management
i Batch Jabs
4 Dependency Anakse
[Z Dependencies
O Impact
v [ -

£ (Tl Clessification

L Feops Sliing, Tinghe Valued]
Managing Projects

Develop and share applications as
code, executables, or software
companents.

2017/



Parallel Model Reference Builds

'L@: Configuration Pararmeters: sldermo_rmidlref_basic/Configuration (&ctive)

Q Search

Solver
Data Import/Export

» Optimization

* Diagnostics
Hardware Implementation
Model Referencing
Simulation Target

» Code Generation

» Coverage

Options for all referenced models

Rebuild: |If any changes in known dependencies ¢

Parallel

Enable parallel model reference builds

MATLAB worker initialization for builds: |Copy b

Enable strict scheduling checks for referenced

4\ MathWorks
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Parallel Model Reference Builds top
I a_1 | a2
:::: > In1 Out1 In1 Out1 e
r‘_‘

b_1

b6|

LY



Parallel Model Reference Builds top
'T

b_1

&\ MathWorks

a2

In1 out1 e

~10 s

~10 s ~10 s ~10 s
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Model Reference Parallel Build

—

User example

—

= Approximately 400 referenced models

it

Model Update Time comparison of first-time build

with and without PCT

4000

SulpyNnl
.'-5'-\\-;

4 cores gives ~2.8 speedup

A

Does adding more cores yield more speedup?

S —

4/-

2000 -

- = — = / \ - -
e T

1500 -

Total Simulation time (

1000

500 A

Original model with Paralle| Build and 4 workers




Performance Advisor: Check model reference parallel build

2 Performance Advisar - sldermo_mdlref_hasic

File Edit Run Settings Help

Activity: | Simulate model - interactive * | Find:

v|<a 5

v I3 Performance Advisor
» I3 Baseline
b I Simulation
> I Checks Occurring Before Update
hd I Checks that Require Update Diagram

=] ~Check model reference parallel build
FA =1 ~rherk Nelav ok circnlar boffer settinn

Check model reference parallel build
Analysis ([ Triggers Update Diagram)

Check if model with referenced models can be built in parallel with optimal settings.

Input Parameters

Quick estimation of model build time

Parallel build overhead time estimation factor

&\ MathWorks
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Performance Advisor: Check model reference parallel build

Analysis and Advice:

Estimate build time speedup using number of 4 cores of this CPU: — -- 2.6268x
Estimate build time speedup using 348 workers: —- -- 42.6475x

= Performance Advisor estimates the
speedup with more cores

Estimated build times for various worker counts are as follows:

Parallel Build Tirne Estimate for Mode! | N - otc Diagram”
Sequential Build Time with One Core is @ 4491 sec
T T T T

- The estimated speed up with 4 T
cores is ~2.6 I re—— _________
— Close to the measured value ~2.8 AT
- Given ~120 cores, the estimated A
speed up is ~42 i
=> Build time goes from ~3400s to ~80s 1

0 50 100 150 200 250 300 350
Murmber of cores (workers)
B --r:lel Computing Toolbox or MATLAB Distributed Computing Server
|:| Requires MATLAE Distributed Computing Server

I Tis cPU
45



Model Reference Parallel Build

Why would Simulink speed up?
= Model reference targets are built in parallel

= Use Performance Advisor to check if your large
models can benefit from this option

What’s the tradeoff?

= Speedup is model dependent

= Requires MATLAB Parallel Computing

Help Search: model reference parallel build

£4 Configuration Parameters: sldemo_mdlref_basic/Configuration {fctive)

Q

Solver Options for all referenced models
Data Import/Export

» Optimization

» Diagnostics Parallel
Hardware Implementation
Model Referencing
Simulation Target

» Code Generation

Rebuild: |If any changes in known dependencies ¢

+'| Enable parallel model reference builds

MATLAB worker initialization for builds: |Copy b

» Coverage +| Enable strict scheduling checks for referenced

2012

4\ MathWorks
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Agenda

= Solver Profiler

4\ MathWorks
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Solver Profiler

Why would Simulink speed up?

= |dentifies parts of the model causing solver to
slow down

= too many resets
= too many zero crossings etc.

What’s the tradeoff?

= Profiling overhead

= Requires domain knowledge to optimally fix the
issues identified by the Solver profiler.

Help Search: solver profiler

4\ MathWorks

Sohver Profiler: ssc_actuator_custom_pneurnatic®10_Oct_2017_16_00_01 - Zero Crossing

SOLYER PROFILER

- m}

a4 0E¢

E From: |0 M Continuous States Lj) u Zoom In ju\vetr: Exce.puun : TDIVZ Rezeldat
Lot Sove Tor 10 M Simscape States fm s . Zoom Out o ero Lrossing acokian Undate S e S
- - Buffer: 50000 M Madel Jacobian . Pan Rule Customization
A A A
FILE LOG PROFILE WABEW FILTER
Statistics Step Size
MODEL INFORMATION ~ 0
Salver 10 E o
Blocks with states
States
Starttime =100}
Stop time &
Abspulute tolerance i ERE
@ = = —Max Step Size
Relative tolerance o ‘Iﬂ'm | i s Solver Exception
Zero Crossing
STEP INFORMATION ®  SolerReset
Mayx step size ®  Jacobian Updale
Win step size 0% ) . X . . - : . X
0 1 2 3 4 5 6 7 8 9 10
Average step size 9
time (sec)

Max step size usage(%) .
Total steps Suggestion Zero Crossing Solver Exception Solver Reset
Run timers) Number Block
Runisim time ratio 35 ssc_actuator_custorn_pneumatic/Pipe APneumatic Resistive Tube

32 sst_actuator_custam_pneumatic/Pipe B/Pneumatic Resistive Tube
EVENT INFORMATION 22 ssc_actuator_custorm_pheumatic/Orifice A
Zero crossing source 21 ssc_actuator_custom_pneumatic/Directional 4-Way Yalve/Orifice TA
Zero crossing source trigger... 21 gsc_actuator_custom_pneumatic/Directional 4-wWay Valve/Orifice TB
Total zero crossing 15 ssc_actuator_custom_pneumatic/Directional 4-Way Valve/Orifice PA
Total jacobian update 15 ssc_actuator_custorn_pneumatic/Spool InputSignal BuildenF ramis
Total solver reset 14 s5c_actuator_custom_pneumatic/Orifice B
Total salver excentian M K] car artuatnr rnstarn ananmaticMiractional -t vahe Oriies PR
< <

2016
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Summary

Use Case

&\ MathWorks

Recommended Features

= Edit-Sim-Repeat

= Normal mode Smart Editing
= Accelerator mode

Model Reference

= Tune-Sim-Repeat

=  Performance Advisor Simulation Data Inspector
= Fast Restart
= Accelerator + Fast Restart

Solver Profiler

Multi-Sim

parsim
= parsim + Accelerator + Fast Restart
= parsim + Rapid Accelerator + Up-To-Date-Check-Off

50



Edt View Ospley Dlagram Simulation Asaysis Code Tools Help

V- CRr2017b

Editing at the Speed of Thought with Simulink
Learn about the latest smart editing features
that have been added to Simulink to increase
your modeling speed.

<\ MathWorks
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Thank you
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