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Key Takeaways

1. Reduce costs by minimizing
hardware resources

2. Create innovative products by
maximizing algorithm content

3. EXxpand code generation use to
more applications (e.g., 8-16 bit)

“‘Embedded Coder generates optimized code that
Is as good as we can write, and we’ve never had
any problems with defects in the generated code.”
Dr. Robert Turner, ABB

ABB Accelerates the Delivery of Large-Scale, Grid-Connected Inverter Products with Model-Based Design
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Challenges

= Difficult to fit modern algorithms into
low-cost production hardware
— Limited ROM, RAM, stack, and speed

= Not known a priori during design,
what embedded device is required
— Need optimal implementation

= Hand coding is process bottleneck
— Adds bugs, delays, iterations

“The advantages of Model-Based Design over hand-coding in C
can't be overestimated.” Kazuhiro Ichikawa, Ono Sokki

Ono Sokki Reduces Development Time for Precision Automotive Speed Measurement Device
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Solutions

Optimization Techniques:
Use optimal settings
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1. Use Optimal Settings

Embedded Coder Quick Start: mexpo — ] X{

r

Welcome > System > Output > Deployment > WordSize > Optimization

What to consider

Select your most important code generation Based on your selection, the Quick Starf
Obj ective. too! cgnflgures your model wlth the best
optimizations for your specified code
@ Execution efficiency generation objective.
. RAM efficiency

¢ After Quick Start code generation is
complete, you can fine-tune your
optimization settings using the Code
Generation Advisor.

ey Feature: Embedded Coder Quick Start
MATLAB EXPO 2017
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2. Optimize Data Types

4\ Single Precision Converter

CONVERTER

System Under Design D

MEXpo v Convet
to Single
SYSTEM CONVERT |
mexpo

O 0 U

Check compatibility Convert Verify

Key Feature: Single Precision Converter
MATLAB EXPO 2017



3. Target vector engines

Software environment

Code replacement library: ARM Cortex-A

.1 . o o 1 sadha AL

Original Signal
| A L) o @M l__
— ‘ ]| =

o] L2

oo Fitered Signal Cmti’:‘m Spectrum
{rsx) Analyzer

In1 Outt

[76x1]
FIR

non-finite numbers

|| continuous time

198 /* DiscreteFir: '<S1»/Discrete FIR Filter' */

199 nel@ fir_float_neon(&ex_fir nel® tut DW.S, &r

MATLAB EXPO 2017  Key Feature: Code Replacements
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PIL Benchmark Results for ARM Cortex-A

4107 «—— Embedded Coder ANSI-C

Embedded Coder ANSI-C

) (& GCC optimized)
3
—
.qu) 185. 5 Embedded Coder NEON
S
§ Embedded Coder NEON
5 (& GCC Optimized)
14.1 /
[ ]
ANSI, No Opt ANSI, Opt NE10, No Opt NE10, Opt

Run Format: [ANSI or Ne10], [gcc no opt or gcc -02], ARM 1Ghz Cortex A8

MATLAB EXPO 2017 Example: FIR Filter
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4. Select best processor(s) for your application

= Portable code: any device
for algorithm code
generation

= Support packages for
target-specific system
executable generation
— ARM ... Zynqg

= Hardware vendors offer
their own target packages
— ADI, Infineon,
Microchip, NXP,
Renesas, Tl,
STMicroelectronics

MATLAB EXPO 2017
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Filter by Type
7 HMardwace Support Packages 253 ’ ]
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5. Reuse data

Inl

(2

In2

0:0 0:2
Inl
iIn1  Outl Outl
@ -£ Reuse g L e Reusel - -£ Reuse
P In2
Subsystem Subsystem1
N
2
Gain

{

}

}

void Subsystem(void)

(1 = 0; 1 < 100; i++)

Reuse[1] = 2.0F * Reuse[i] * 20.0F;

fcn3 (&Reuse[0]) ;

Key Feature: Reusable Storage Classes

MATLAB EXPO 2017
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6. Optimize Using Min & Max Values

=  These minimum and maximum values usually represent environmental limits, such as temperature, or
mechanical and electrical limits, such as output ranges of sensors.

= Software uses the minimum and maximum values to derive range information for downstream signals in
the model.

= This derived range information is used to determine if it is possible to streamline the generated code by,
for example:

—~ Reducing expressions to constants
- Removing dead branches of conditional statements
- Eliminating unnecessary mathematical operations
= This optimization results in:
— Reduced ROM and RAM consumption

— Improved execution speed

MATLAB EXPO 2017
13



Configure Model

MATLAB EXPO

Optimize_Using_Min_Max_Values

Min=50

Max=100

5 Out15
Min=0 Qut15
Gy

Max=2

B
E Source Block Parameters: U1

Inport

Provide an input port for a subsystem or model.

For Triggered Subsystems, 'Latch input by delaying outside signal'
produces the value of the subsystem input at the previous time step.

For Function-Call Subsystems, turning 'On’ the 'Latch input for feedback
signals of function-call subsystem outputs' prevents the input value to this
subsystem from changing during its execution.

The other parameters can be used to explicitly specify the input signal
attributes.

Signal Attributes

[] Output function call

Minimum: Maximum:

50 100

Data type: int8 -
[7] Lock output data type setting against changes by the fixed-point tools
Port dimensions (-1 for inherited):

-1

m

9 o

H Cancel ” Help

+
Min=50 +
Max=100
sum
2
Min=0
3
Max=2 .
Gain
Param Min=10

Param Max=20

== =N
— P —

Relational Switch1
Operator

o+

P +

P+

Sum2

g

P X

g

Product

Out1s
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6. Optimize Using Min & Max Values

Code generation

[ Optimize using the specified minimum and maximum values

GFain: '<w£58>/G31in' lncorporates:
Inport: '<Root>/U3"

rtb Sum? = Code Optimization P.Gain Gain * U3;

A* RelationalOperator: "<S5B8>/Relational Operator'
rtbk_RelationalOperator = (rtk_ Sum <= rtb Suml);

A* Switch: "<SRx/Svitchl " */
if (rrk RelationalOperator) {
A* Bum: "<SF2/Sumf' incorporates:
* Tnport: "<Rootx/T1"
* TInport: "<Root>»/T2"
Inport: "«<Hootx»/TU3"

*/
rtb Sum2 = (Ul + U2) + U3;
} sl=e {
A* Product: '<S58>/Product' incorporastes:

* Inport: "<Root>/TU1"

* TInport: "<Root> UZ2'
* Inport: "<Root>/TU3"
*/

rtb Sum? = Ul * U2 * U3:;

=/

Code generation

Optimize using the specified minimum and maximum values

4* Product:
3 .

rtk Sum2 =

A* Outport:
Code Cprtimization ¥.Outld = rtk 5

'¢SR>/Product' incorporatss:
'“Root>/TU1"
'«Root>/UZ2"
'<Hoot>/TU3"
'¢S8»/Switchl

UL * U2 * U3

'¢vRoot>»/Outlh

Min=50
Max=100
Relational
2 Operator
Min=0
3
Max=2
Ga
Param Min=10
Param Max=20

Sumz2

g

X

>
Product
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/. Reuse components

caller
u incalc() y 4>©—>

Function Caller

caller

D

P u incalc() vy

Function Caller1

caller

In1 Out1

core_calc

Out1

!

y = incalc(u)

C

In4

Piu incalc() y

Function Caller2

Simulink Function

Mgl_f_f}sgeEaﬁgrgsz'gﬁbsystem Reuse and Simulink Functions

4\ MathWorks
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8. Detecting Clones in model

Edit

Find:

Help

& ldentify Modeling Clones - mexpo

<

v

v I Identify Modeling Clones
v ) Identify Exact Clones
ZI ___] Identify library clones and replace them with links to library blocks

__| Identify graphical clones and replace them with links to library blocks

Z .| ~Identify functional clones and replace them with links to library blocks
v | Identify Similar Clones

|__| Identify similar library clones

=) Identify similar graphical clones

__] ~Identify similar functional clones

Key Feature: Simulink Clone Detection
MATLAB EXPO 2017
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8. Thrift Logic (Prove)

’i mexpo_fixpt1 * - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help

» = 3 : i == &y - "T": i ; > o : v - vl .-
i i 9 W e W= & W i 7 1 Normal )

— -
1+ =
T [ IR TS T, RE S
2°pi Conversion 0 pOLYSP ACE

Verificotion Produc

algorithm

Key Feature: Polyspace Code Prover

MATLAB EXPO 2017
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Solution Summary

Optimization Techniques:
Use optimal settings
Minimize data sizes
Target vector engines
Select best processor(s)
Reduce data copies
Reuse components
Thrift logic

N o ok~ W Db RE

“The code generated with Embedded Coder required about
16% less RAM than the handwritten code used on a previous
version of the ECU; the code met all project requirements for
efficiency and structure.” Mario Wiinsche, Daimler

Daimler Designs Cruise Controller for Mercedes-Benz Trucks

MATLAB EXPO 2017
19
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1. Use Optimal Settings

[l Ervbodded Coder Quick Start: mexpo - o

Optimizatior
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2. Optimize Data Types
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6. Optimize Using Min & Max Values

|7 Dptiede wong Twe spechiod raimure and viesrurs wivet ‘

7 Yem e ) 4 } . Pendad i ELIc it
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|
for =01 L00; 1e4)

Key Feature: Reusable Storage Classes
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Key Takeaways

Simulink and Embedded Coder
new optimizations let you:

1. Reduce costs by minimizing
hardware resources

2. Create innovative products by
maximizing algorithm content

3. Expand code generation use to

more applications (e.g., Mitsuba  “When we generated code with Embedded
Uses Embedded Coder for NEC 78K 8-bit  Cqder, the team we handed it off to knew it
microcontroller) was gold” Maria Radecki, BAE Systems

BAE Systems Delivers DO-178B Level A Flight Software on
Schedule with Model-Based Design

MATLAB EXPO 2017
21


https://www.mathworks.com/company/user_stories/mitsuba-accelerates-development-of-reversing-wiper-system.html
https://www.mathworks.com/company/user_stories/bae-systems-delivers-do-178b-level-a-flight-software-on-schedule-with-model-based-design.html

4\ MathWorks:

Additional Customer References and Production Applications

Honeywell Aerospace, USA
Certified Flight Control Processor

GM, USA
Powertrain ECU

MATLAB EXPO 2017

FLIR Systems, USA and Sweden
Thermal Imaging FPGA

friman ), ==t

"\t
27| R ¢ -

Alstom Grid, UK
HDVC Power DSP

www.mathworks.com/company/user stories/

Festo AG, Germany
Robotic PLC

Baker Hughes, Germany
Oil and Gas Drill Processor

22
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Training Services
Exploit the full potential of MathWorks products

Flexible delivery options:
= Public training available in several cities

= Onsite training with standard or on': :lslerf 3
- LLS
customized courses

- Web-based training with live, interactive
instructor-led courses

More than 48 course offerings:

= Introductory and intermediate training on MATLAB, Simulink,
Stateflow, code generation, and Polyspace products

= Specialized courses in control design, signal processing, parallel computing,
code generation, communications, financial analysis,
and other areas

MATLAB EXPO 2017
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Generating Optimized Code for Embedded Microcontroller
Algorithms

= Testing Generated Code in Simulink

— This one-day course provides a working introduction to designing and testing
embedded applications with Simulink Coder™ and Embedded Coder. Themes of
simulation speedup, parameter tuning in the deployed application, structure of
embedded code, code verification, and execution profiling are explored in the context of
Model-Based Design

= Embedded Coder for Production Code Generation

— This three-day course focuses on developing models in the Simulink environment to
deploy on embedded systems. The course is designed for Simulink users who intend to
generate, validate, and deploy embedded code using Embedded Coder

MATLAB EXPO 2017
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Accelerating the pace of engineering and science

Speaker Detalls Contact MathWorks India
Email: Gaurav.Dubey@ mathworks.in Products/Training Enquiry Booth
LinkedIn: https://www.linkedin.com/in/gauravdubey4 Call: 080-6632-6000
Call: 080-6632-6053 Email: info@mathworks.in

Your feedback is valued.

Please complete the feedback form provided to you.
MATLAB EXPO 2017
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