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MJJJ Program wyktadu

AGH

* Program zajec¢ z przedmiotu
,Metodyki projektowania i modelowania systemow”
— semestr zimowy i letni
» Organizacja zajec¢
= Wyktad, projekt i laboratorium
= Wyklady eksperckie

= Wizyty w firmach

» Warunki zaliczenia przedmiotu:
= premia za przygotowanie prezentacji ciekawych tematéw
» kolokwia podczas laboratoridw i zaje¢ projektowych



Witryna przedmiotu
http://www.embedded.agh.edu.pl/
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m ]JJ Program przedmiotu na tle cyklu projektowego

Omowimy
wybrane
zagadnienia

N

ASIC/SoC design

Planning & Architect

(modeling &
simulation)

Hardware Design
with CAD tools

5

~._System prototype Hardware debugging &

board Software development /Filﬂ product
Rysunek z wyktadu



Program wyktiadu na tle raportu
UBM 2014/2015 Market Study

AGH

UBM Tech Electronics’ Brands

Asia - 105 Unparalleled Reach & Experience
UBM Tech Electronics is the media and marketing services solution for the design
Latin America 3.8% engineering and electronics industry.

embedded i
Africa & Near East 2.2% _ EE|T|m&s
Australia 2.0%
m Live! DataSheets.com

Our audience of over 2,300,000 are the executives and engineers worldwide who
design, develop, and commercialize technology. We provide them with the

essentials they need to succeed: news and analysis, design and technology,

product data, education, and fun.

Methodology: A web-based online survey instrument based on the previous year’s survey was developed and implemented
by independent research company Wilson Research Group from January 18, 2015 to February 21, 2015 by email invitation
eSample: E-mail invitations were sent to subscribers to UBM/EE Times Group Embedded Brands with one reminder invitation.
Each invitation included a link to the survey.

eReturns: 2,098 valid respondents for an overall confidence of 95% +/- 2%.



MMJJ Syllabus wyktadow

AGH - semestr zimowy

Wprowadzenie do systemow wbudowanych

e Analiza wymogow

e Zatozenia projektowe

e Przeglad architektur systemowych

e Podziat projektu na czesc¢ sprzetowq i programowaqg

e Implementacja / Integracja

e Zagadnienia bezpieczenstwa funkcjonalnego/ Klasyfikacje SIL

Dokumentacja projektowa i produkcyjna systemow

e Analiza specyfikacji projektowej

e Dokumentacja przedprojektowa

e Dokumentacja sciezki sprzetowej (edytor schematéw, vault,
zarzadzanie listg komponentow)

e Dokumentacja sciezki programowej (Doxygen, SVN)

e Dokumentacja produkcyjna i serwisowa



m ]JJ Podziat czasu pracy nad projektem...

AGH

Developing system specs

Conceptual design stage

Detailed design stage lfgr:%m
Simulation stage
Testing and debugging
Prototyping
Sending to production &% W 2015 (N =772)
i 2014 (N = 1,082)

Other (documentation, admin) W 2013 (N = 1,928)

The amount of time spent at each stage of the design process has been
fairly consistent over the years and worldwide. Next to the detailed
design stage, debugging takes most of the developer's time.



“IJJ Co jest wazne...

M

AGH
2014 Embedded Market Study

Which of the following design techniques will become more
important to your designs in the future?

63%
63%

Simulation
63%

m 2014 (N = 1007)
2013 (N = 1743)

Modeling in a high level language
m 2012 (N = 1401)

Virtual prototyping

Graphical system design




System level...

2014 Embedded Market Study

What system level design tools do you or your
organization currently use?

MATLAB

LabVIEW

System C or other "hardware C" language
Simulink

UML

QEMU*

Cadence Virtual System Platform
Synopsys Virtualizer SRR
2013 (N = 1509)
HAPS FPGA-based prototypes

Mentor Graphics Vista

- Added in 2014



Sprzet
- architektura

AGH

2014 Embedded Market Study

A single microprocessor/ microcontroller

2 processors/ microcontrollers
The average number of

microcontrollers per project
was:
2.4in 2014
24in 2013
2.3 in 2012
2.3in 2011

3 — b processors/ microcontrollers

6 — 10 processors/ microcontrollers
w2014 (N = 1,379)

2013 (N = 2,047)
® 2012 (N = 1,659)
®2011 (N = 1,858)

>10 processors/ microcontrollers



Sprzet...
- wyniki dla projektow z wieloma procesorami

Embedded Market Study

Does your embedded project contain ...

{1}
Multiple different processor chips (Netp* —‘ 62%

Multiple different processor chips from different

vendors™ In 2013, multple different processor
_ / chipswere broken out into “same
Multiple different processor chips from same g vendor” vs “different vendor” groups.

vendor* Freescale and Tl are substantially
e more likely to be induded when

1 '323% different vendors are used.

Multiple identical processor chips 279
55% Microchip is more likely to be the
7 selection when the same vendor is
o, same
Single chip with multiple identical processor cores 19 10% used, followeq by Atmel, Tl and
S%% Freescale in that order.
1 5% M 2013 (N = 979)
Single chip with multiple different processor cores £, 12012 (N = 773)
| 7%
o 2011 (N = 874)
FPGA with hard fsoft processor cores
2010 (N = 759)




Sprzet...
- wyniki dla projektow z wieloma procesorami

2015 FPGA ©
AGH

2014 Embedded Market Study

Does your embedded project contain.. ..

I
17%

14%

Multiple different processor chips (diff. vendors) 24%

Multiple different processor chips (same vendor)
20%

Multiple identical processor chips

Single chip with muitiple identical processor cores

Single chip with multiple different processor cores 10%

FPGA with a multiple hard/soft processor cores
m 2014 (N = 1051)

FPGA with a single hard/soft processor core 1%

39



Sprzet...

- jaki gtébwny procesor?

AGH

Please select the processor vendors you are currently using.

Texas Instruments
Freescale
Microchip

Atmel
STMicroelectronics
Xilinx

Intel

NXP

Altera

Analog Devices
Renesas

Cypress Semiconductor
Maxim

AMD

Silicon Labs
Broadcom

Infineon
Qualcomm

M 2014 (N = 1,160)
2013 (N = 1,850)

11% 12% 13% 13% 14%

8-bit processor

M 2014 (N = 1,383)

35%
Lattice

Spansion/Fujitsu

Digi/Rabbit
Semiconductor
Marvell
NVIDIA
Samsung

Microsemi
IBM

Other

Cirrus Logic
Energy Micro
Toshiba
Zilog

Cavium

VIA

Applied Micro
PMC-Sierra
Stretch

©47% 63% 63% §29% 61%

15% 149 16% 16% 16%

16-bit processor

2013 (N = 2,056)

32-bit processor

W 2012 (N = 1,666)

7% 8% 7% g% 7%

64-bit processor

W 2011 (N = 1,864)

3% 3% 2% 2% 2%

Don’t know

W 2010 (N = 1,527)




Sprzet...
- jaki gtébwny procesor?

2014 Embedded Market Study

Which of the following 32-bit chip families would you
consider for your next embedded project?

(Top 24)
STMicro STM32 (ARM) i Atmel SAMxx (ARM) “ o
Mi . " 22% 10%
icrochip PIC 32-bit (MIPS) 23% Atmel (AVR32) 14%
NXP (ARM) Kilinx MicroBlaze (soft-core) 9{::“"
VI Skara ARM) Atnel AT91xx/ATSAMxx (ARM) 9%
THOMAP SARM) Altera SoC-FPGA (ARM) ;’::
Freescale Kinetis (ARM/Cortex-M4/MO0) 944
2 TI1 C2000 MCUs 9%
Intel Atom, Pentium, Celeron, Core IX 1:6% 8%
Tl Hercules (ARM)
F : 14%
reescale i.MX (ARM) 14% %
Renesas RX*
xilinx Zynq (dual ARM Cortex-A9) = W 2014 (N = 1,185)
o Cypress PSOC 5 (ARM)
2013 (N = 1,887
Ti Tiva (ARM) 2014/Stellaris 2013 11% - i)
11% Freescale 68K, ColdFire
Altera Nios Il (soft core) 10%
Atmel AT91xx 10%
o Freescale PowerPC 7xx, 8xx
] F . Added in 2014




Sprzet...
- gtléwny procesor DSP?

 Embedded Market Study

Which of the following DSP chip families would you
consider for your next embedded project?

Tl 'Ce000

Microchip dsPIC

Tl DaVinci

TI'C5000

Analog Devices Blackfin

NXP Cortex M4 LPC4000
Freescale 563xx, 566 xx, 568xx, 96X¥X
Analog Devices SHARC
Analog Devices ADSP-21xx
Analog Devices TigerSHARC
Freescale StarCore 71xx, 81xx
LatticeECP3

Other

m 2013 (N= 1,333)
2012 {N = 1,054)




Sprzet...
- FPGA?

AGH

2014 Embedded Market Study -

Does your current embedded project contain
FPGAs/programmable logic?

68% 69% o
65% 62%

58%

42%
4

32% 31%

Yes No

H2014 (N = 1,295) 2013 (N=2,073) W 2012 (N=1,669) 52011 (N =1,870) 12010 (N = 1,540)

Why won’t your next project include customizable chips?

Don't need this functionality
They're too expensive
They're too difficult to program (in HDL)

They consume too much power




2014 Embedded Market Study

Does your current embedded project reuse hardware or
hardware IP from a previous project?

63% 62% 61% 62% 62%

2014 (N =1257)

2014 (N = 2041)
m 2012 (N = 1515)
m 2011 (N =1827)

28% 30% 29%
27T% 27% ® 2010 (N = 1498)

7% 7% 7%
. . 3% 3% 3% 3% 3%

No, all new hardware, no Yes, reused some Yes, reused some Yes, reused some public
hardware or IP reuse  hardware or IP that was commercial (purchased) domain hardware IP
developed in-house hardware or IP

Seven in ten embedded developers reuse hardware or hardware
IP and have been doing so for the last five years.



mmﬂ Syllabus wykitadow

AGH - MPIMS I

Projektowanie systemow - oprogramowanie

e Metodyka projektowania oprogramowania: modele projektowe (wodospadowy,
spiralny), budowa bibliotek, narzedzia CAD; Zarzadzanie projektem: SCRUM, test-
driven development, planowanie zadan, zarzadzanie grupg projektowg;
Programowanie przez kontrakt; Zarzadzanie jakoscig oprogramowania; Code
refactoring; Code profiling oraz akceleracja;

e Wstep do projektowania obiektowego: etapy projektowe (requirements,
functionality, analysis, design, implementation, testing, maintenance); Unified
Modeling Language (UML): diagramy przypadkow uzycia, aktywnosci, standw,
sekwencji, klas, rozlokowania, komponentéw;

e Filozofia projektowania obiektowego; Dostepne platformy i jezyki programowania
obiektowego, metody wyboru; Przeglad konstrukcji programowania obiektowego w
C++: klasy, dziedziczenie, szablony, STL; Programowanie komponentowe: co to
jest komponent, metodologia projektowania komponentow; Narzedzia
prowadzenia projektu: platformy (Win - Visual .NET, Linux - Eclipse), planowanie
(Microsoft Project), utrzymania zrodet (SourceSafe, CVS);

e Standardy bezpiecznego kodowania C/C++ na przyktadzie MISRA C/ IEC 61508.

e Przeglad typowych bibliotek oferowanych przez dostawcow segmentu
mikrokontrolerow

e Systemy operacyjne w systemach wbudowanych



M IJJ Hardware/ SOftware

AGH

2014 Embedded Market Study

What is your development team’s ratio of total resources.(including
time/dollars/manpower) spent on software vs. hardware for your

embedded projects?

61%
61%
Average total resources devoted to
62%
software
62%
61%

Average total resources devoted to
hardware

M 2014 (N =1,595)

2013 (N =2,075)
W 2012 (N=1,675)
M 2011 (N=1,878)
W 2010 (N =1,542)



mmm Projekt - zespotl

AGH
How many people are on your embedded prn'im’"-- team?
Total Team 2014 = 14,0
- NonFirmware Software Engineer = 3.5
- Hardware Engineer = 3.0

- Firmware Engineer = 29

-

Total Team 2013 = 14.6

- Software Engineer = 4.0
- Hardware Engineer = 2.9
- Firmware Engineer = 2.7

- = . L e e G G
= UA/ lest Engineer :




Zarzadzanie projektem

2014 Embedded Market Study

Which of the following project management
software packages do you currently use?

Microsoft Excel 423"%
Microsoft Project 473;%
Visio
Open Source tools
IBM Telelogic DOORS
Simulink = 2014 (N = 995)
2013 (N = 1708)

TeamCenter

1%

Other software package 8%



Zarzadzanie wersjami zrodel

2014 Embedded Market Study

Which of the following Version Control software systems

Subversion

Git

CV5

Clearcase

Perforce

Other*

do you currently use?

_
P
r

39%
41%

W 2014 (N = 961)

2013 (N = 1,660)

"Other Mentions

Mercurial

Visual SourceSafe
MKS

Microsoft TFS

In house

Tortoise SVN

IBEM CM Synergy
PVCS

Serena Dimension

# of Mentions
26
17
12
11
9

8

T
T
T




Jezyk C/C++

2014 Embedded Market Study

C
C++

Assembly language

Java
C#
MATLAB 39?‘ m2014 (N = 1,594) Mote: CH#, Python and Ada
] B were added in 2013. Ada
LabVIEW Al 2013 (N=2,075) and UML were under 1% in
i ® m 2012 (N = 1,675) both 2013 and 2014.
7% - Only 1 language is
m2011 (N=1,876
Python e _ ( ) mentioned 5 times in the
- 2010 (N =1,242) “Other” category — Verilog.
NET gg;
3%,
Other [ &



Dobrze dokumentujmy zrédia bo...

AGH

Does your current project reuse code from a previcmmbedded project?

Imperceptible change in code reuse over 5 years

90% -
78 79 7g 80
80% - 155
In 2014, 86% reused code.
70% In 2013, 86% reused code.
60% - In 2012, 85% reused code.
In 2011, 87% reused code.
% - In 2010, 86% reused code.
40% -
30% 2325 25 25 24
20% | 141415 43 14 43 1544 1517
10%
% -
No, all new Yes, reused code Yes, reused open- Yes, reused
software, nocode  developed in- source, shareware purchased code
reuse house code

m2014 (N = 1,596) =2013 (N = 2,065) w2012 (N = 1,659) =2011 (N = 1,862) = 2010 (N = 1,540)




M UJ System operacyjny aplikacji "embeddedff,,f‘;_!;/

AGH

T—
Does your current embedded project use an operating system, RTOS,

kernel, software executive, or scheduler of any kind?

Hardly any change in usage of RTOS, kernels, execs, schedulers over past 5 years

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0 -

69% ggy 68% /0% 70%

31% 32% 32% 30% 30%

Yes No

m2014 (N=1,493)  =2013(N=2082) W2012(N=1712) ®2011(N=1,882)  ®2010 (N=1552)



u System operacyjny aplikacji ,embedded”

AGH
My current embedded My next embedded
project uses: project will likely use:
36% 37%
Open-source OS/RTOS, L Open-source OS/RTOS ol
without commercial support 349 without commercial support 379/:
31%
33%
35% 29%
Commercial OS/RTOS 40% Commercial OS/RTOS 31%
41% 30%
38% 31%

17% 19%
Intemally developed or in- 138/: Internally developed or in- 129%?/0
a house OS/RTOS :

house OS/RTOS

23% 19%

32% 23%
14% M 2014 (N = 1003) 17% ™ 2014 (N = 1394)
13% 2013 (N = 1402) 14% 2013 (N = 1992)

Commercial distnbution of

9% W 2012 (N = 1152) open-source OS/RTOS
15% W 2011 (N = 1307)

14% ™ 2010 (N = 1358)

Commercial distribution of an

0,  M2012(N= 1620)
open-source OS/RTOS 13%

15% ™ 2011 (N = 1809)
16% = 2010 (N = 1458)




System operacyjny aplikacji ,embedded”

AGH

Please select ALL of the operating systems you are currently using.

Inhouse/custom 18% 24%
FreeRTOS D e
Ubuntu o
Debian (Linux) 12%
Microsoft Windows Embedded 7 earlier h o
Micrium (uC/OS-II, il o T
Microsoft Windows 7 Compact earlier B %
Wind River (VxWorks) %
Texas Instruments (DSP/BIOS) o
Angstrom (Linux) .
Keil (RTX) | 2%
Freescale MQX Boe
QNX (QNX) . 5%
Red Hat (IX Linux) -y
Texas Instruments RTOS b 4% W2014 (N = 1,096)
Wind River (Linux) & 2013 (N = 1,696)
Mentor Graphics (Nucleus/Linux) (Net) T . »
Analog Devices (VDK) ) Base: Currently using
Green Hills (INTEGRITY) ™ g e
Express Logic (ThreadX) e
QNX (Neutrino) o

ik
 wMetodyki projektowania i modelowania systeméw" Cyganek & Rajda & Kasperek © 2015 Katedra Elektroniki AGH



m ]JJ Syllabus wyktadow
AGH - MPIMS 11

Projektowanie systemow - sprzet

Moduty funkcjonalne; Architektury systeméw; Analiza dokumentacji producenta;

Systemy zasilania; Zagadnienia obnizania poboru mocy; Moduty wejscia/wyjscia (klawiatury,
moduty wyswietlaczy, inne czujniki i urzadzenia peryferyjne);

Typowe interfejsy - obstuga sprzetowa i programowa (stos TCP/IP, system plikéw, USB,
Ethernet, moduty komunikacji bezprzewodowej);

Okablowanie i ztgcza;

Mechanika i obwody drukowane; Obudowy (stopnie ochrony IP);

Projektowania systemow - przygotowanie prototypow i produkcji seryjnej

Projektowanie uwzgledniajgce systemowe podejscie do weryfikacji i testowania systemow -
przyktady rozwigzan. Typowe btedy prototypowania; Systemowe podejscie do produkcji
seryjnej; Systemy automatycznego testowania produktéw. Obstuga systemow podczas
eksploataciji.



m ]JJ Syllabus wyktadow
AGH - MPIMS 11

Zagadnienia niezawodnosci

e Parametry niezawodnosci komponentow i modutdw; Analityczne metody obliczania parametrow
niezawodnosci systemoéw elektronicznych; Systemy zarzadzania niezawodnoscig (DQM),

Zagadnienia certyfikacji i dopuszczenia produktu do eksploatacji i ochrona

prawno-autorska

e Procedury dopuszczenia do eksploatacji; Badania sSrodowiskowe (badania zakresu
dopuszczalnych temperatur i wilgotnosci, badania odpornosci na wstrzasy i wibracje, badania
odpornosci ESD, badania odpornosci na zaktocenia surge / burst); Badania EMC; Patenty; Znaki
towarowe; Zakres ochrony dokumentacji technicznej;



MJJJ Dzigekujemy...

AGH

I zyczymy Wam pracy nad
aplikacjami typu




iPhone 5

http://www.ifixit.com/Teardown/iPhone+5+Teardown/10525/2

Touchscreen
controller

= A6 application processor, based off
the ARMv7 ISA LTE modem

= 1GB Elpida LP (Low Power) DDR2 ¥
integrated according to Chipworks

LR LR ]
LLLLLLLLS

Wi-Fi module

e ]

3-axis < 5 — | T

gyroscope _ o g _ gy EEZE N -




