WESE 201%/orkshop

Teaching-embedded software
designwwithrradSUITE

Franco Fummi (Universiof Verona, EDALab, Italy)
CristinaMarconcini(STMProducts, Italy)
Graziano Pravadel(luniversity of Verona, EDALab, Italy)

October3<, 2013- Montreal, Canada

C,\»"ST(/
Q$ = O/'
¢ L : DA
o\ J
-.‘“\- /§ N\ MB
‘t.." ]

Networked Embedded Systems PRODUCTS o1




Outline

A Motivations

A Training program and HW kit

A Application to Embedded SW lifgcle
A Case study

A Concluding remarks

&@"H?’o -
o 2

& (QEDALAB STM
iSO Networked Embedded Syste T

m PRODUCTS

®?2



Motivations

A There is the feeling that university courses are
uselessness with respect to knowledge required in
iIndustry

Company
| _ actual
University activity
— laboratory
University exercise
theoretical
part
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Motivations

y —
U University coursefocus on a single aspeat§ Embedded — aborsy
Systems (ES) design flow tﬁ:""’ers.'tv exercise
. .o . eoretical
(modeling, verification and deployment flow) part
U Case studies used in laboratory &me simpleto allow .
. . ompan
students to experiment reatase issues A
. . University activity
U EDA tools used for laboratory exercises are academic laboratory
prototype, very useful for didactic purposes but far exerase

enough from commercial tools
Students cannot capture in practice the real complexity of managing the ES design flow

V' Studentswork on the same&ase studyhroughout all steps, it should beomplexenoughto allow
experiment the most ES design relaiedues

V' Methodologieswith theoretical basis that must havecéear correspondencwith the
functionality of tools used during laboratoagtivities

V' Use ofinteroperable tool¢o automatize the entire design flow for ES
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Motivations- industry training

U Technology changes are persistent in EDA nath theories,
methodologiesand tools
Senioremployees are unwilling @accept changes their modusoperandi with new tools
Adoptionof newformalisms and new methodologies is difficult

VA new framework for ESW
7 A

modeling, verification B——— B ——
CAS r
an d d e p I Oym ent (Model-driven design) (Model-driven verification)

Efficacyof a commerciatool Model definition

Property definition

E_asm_essf use typical of é@ﬁg cation code S——
didacticprototypes v ¥
Simulation Test cases
H generatlon *

Target integration Verification
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University Program (UP)

A What is

Software tools for MDD and Functional Verificati&udlcational fredicense)
HW starter kit : Vulcano G20 ARM9 with eCos

Training material with PPT presentations
A MDD and Functional verification main concepts
A How to perform MDD and Functional Verification with radSUITE
A radSUITE training
A Case study

A The UP has been recently adopted by courses taugh
Fd GKS ' YAOSNBAGE 2F Dbl L
Trieste

Q@()L\'Sz-(,o -

5 9

& (@DALAB STM o7
Lioiyis N d Ei

etworked Embedded Systems PRODUCTS



University Courses Program

1. Introduction to embedded SW 4. Embedded SW verification
2. Introduction to realtime operating a) Simulation and test pattern
Systems generat|on

b) Assertionbased verification
c) The Property Specification Language

5. Embedded SW deployment
a) Platformbased design
b) Embedded platform architecture
c) HW abstraction layer
d) Crosscompilation tool chain

3. Embedded SW modeling
a) Modeling alternatives
b) Modeldriven design
c) Automatic synthesis of the application

Course®f the graduatedegreein ComputerScienceand Engineering dtiniversity of Verona
Embedded System Design
Design Automation of Embedded System
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Industry Courses:Pregram

1. Model-based design Time resolution

OOP approach / Hierarchy HAL approach

Modularity and reuse 5. Functional Verification, preliminary
2. Model Based Design and UML concepts of ABV

State machines 6. The Property Specification
3. Modeling Language

Application structure 7. Requirements formalization

Application behavior with methods and

State machine Learnby-doing approach

: : : ) PSL templates

4. Guidelines for a Quality oriented L .
8. Verification and debugging
development o
_ _ Unit testing

5. Target integration Integration testing

Scheduling of the generated code System testing

Typical scenarios: with / without OS 9. Refinement based approach

Data communication and Data usage
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Starter Kit contents HW

BreakoutG20 OlimexARMUSBTINYH
evaluation board JTAG Interface

Vulcano-G20 CPU module A Lowecost, general purpose singmard computer,
suitable for a wide range @pplications

P A MCU Atmel ARM 9AT91SAM9G20 400hz
@ €A STM ®10
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Starter Kit contents S\W

radCASE Template eCos tool chain

AP e~ radEDIT-UX 2.0 - BreadmakerVG20E - @ = (77 VAGARTO 4.6.2 Setup EI =
Project Insert Run View a @8 o
it [ B 9 Build s ) Build & M Y Cleanup All Generated Objects - < ( Choose Components
= Lt B> Run & sendto Controller = %5 Clear Output and Messages panels . .
Design | Build Buildall _ Build " Run Run - Choose which features of YAGARTO 4.6.2 you want to install.
Compile | Al andRun~ ¥ RunDebugger | All~ & Run Debugger Visualizer | Verification Command
Compile mode Design Simulator Target Visualizer | radCHECK Cleanup Stop
Model Explorer ~rx Project Editor = X |Properties v rx ) .
4 F¥ Project Check the components you want to install and uncheck the components you don't want to
3Dats Types [ﬂ Project ¥ Modules * MVulcanoG20 » Elements b Analogl | search install. Click Next to continue
4 IMedules 4 Ports -
©MRTC P Panel Documentation
© MVulcanoG20 & + General
Q system 4 Module Instances Caption Select components to install:
Data T:
2 Elements Ve Tope Newlib-1.19.0
Analogl lnputl  Cardinality GOC-4.6.2
Cardinality
Tnput2 Inputd 4 Commumication GDB-7.3.1
Visualization ot Add YAGARTO to the PATH variable
Led1 Led2 Led3 Cycle (ot
Event (not)
M| Outputl W] Output? IEM| Output3 i Data (ot
: Analogl Additional Properties:  Edit additional properties... Burst (notE) .
Caption:  All Protocol (ot Space required: 148.8MB
Element Type: TIntls Export ASCIL data notEH,
YAGARTOD 4.6,2 - 20111119
0 Output
Item: Modules\MVulcaneG20\Elements\Analogl Language: UK < Back I Next > I Cancel

Case study
application

STM
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Starter ‘Kitcontentsc
target tool chain

A YagartoGCC and Tools: cressmpiler
A OpenOCDGDB debugger

A Drivers:

OlimexARMUSRBTINYH JTAG
BreakoutG20 USB serial

A eCos operating system

Binary image and headers in the Template project

A EclipselDE (for advanced API debugging)

Preconfigured workspace
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Case study Application

A Thisproject is a simplified concept oftgpical homebread maker machine, with a
recipeprogram thatcontrols a heater and a mixanotor

A Theapplication uses some of théulcaneG20 Input’ Output devices, and exploits
the USERL1 buttofor start and stop, and the three LERSshowthe status

p— Input / Output  Device Description
_—e, Start / Stop USERI1 Push button
‘V Active indicator LED (D1) Main activity status
V Probe ADC 0 (J14 pin 2) Temperature probe
Heating indicator  LED (D7) Heating status
Heating command DO (J714 pin 5) Heating command
k Mixer mdicator LED (D8) Mixer working status (clockwise or counter-
d clockwise)
& Motor CW D1 (M4 pin7) Mixer motor clockwise command
Motor CCW D2 (114 pin 6) Mixer motor counter-clockwise command
Motor Fast D3 (J14 pmn 15) Mixer motor fast command

A Used for typicakxercises performed during universitg practically learn the
embedded SW desigtow
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ESW design

Automatic code generator

ANSI C code
Microsoft VisualC++ Express Target compiler
PC Simulator Debugging Target
Framework
I
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