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CMSE 423
High-end
Embedded Systems
Design

CMSE428 has been entered to the software engineering curriculum recently on the recommendation of ACM-IEEE for an ABET accredited Electrical, Computer and/or Software Engineering Departments. The course contents is especially structured to introduce the Embedded Systems Design in recently developed approach of Cyber Physical System, modelling, design and analysis. The course outline has three main sections: Modelling, Design, and Analysis, all supported on a easy to build design project. The course applies visual programming approach for all sections, and introduces the signal flow, code flow, and event flow diagram techniques to accomplish the design in virtual environments for rapid design and development of the prototypes. 
CMSE428, ABET tarafından akredite edilmiş Elektrik, Bilgisayar ve/veya Yazılım Mühendisliği Bölümleri için ACM-IEEE'nin tavsiyesi üzerine yazılım mühendisliği müfredatına son zamanlarda girmiştir. Ders içerikleri özellikle son zamanlarda geliştirilen Siber Fiziksel Sistem, modelleme, tasarım ve analiz yaklaşımında Gömülü Sistem Tasarımını tanıtacak şekilde yapılandırılmıştır. Kurs taslağının üç ana bölümü vardır: Modelleme, Tasarım ve Analiz, tümü inşa edilmesi kolay bir tasarım projesinde desteklenir. Ders, tüm bölümler için görsel programlama yaklaşımını uygular ve prototiplerin hızlı tasarımı ve geliştirilmesi için tasarımı sanal ortamlarda gerçekleştirmek için sinyal akışı, kod akışı ve olay akış diyagramı tekniklerini tanıtır.
In the course outline, the theory and practice is merged to a team design project, which requires visual signal, code, and event flow techniques. The first two labs cover the analysis of cyber physical systems by coding a simulation of system through a signal flow diagram. The third and fourth labs introduce the code flow diagram technique to simulate a low end embedded systems application. And, at the fifth and sixth labs an event flow diagram approach is introduced to build a high-end application on a PC or Raspberry Pi using the NodeRED environment. The course also contains a chapter for the security issues of embedded systems.
Ders içeriğinde, teori ve uygulama, görsel sinyal, kod ve olay akışı teknikleri gerektiren bir ekip tasarım projesiyle birleştirilmiştir. İlk iki laboratuvar, bir sinyal akış diyagramı aracılığıyla bir sistem simülasyonunu kodlayarak siber fiziksel sistemlerin analizini kapsar. Üçüncü ve dördüncü laboratuvarlar, bir alt düzey gömülü sistem uygulamasını simüle etmek için kod akış diyagramı tekniğini tanıtıyor. Ve beşinci ile altıncı laboratuvarlarda, NodeRED ortamını kullanarak bir PC veya Raspberry-Pi üzerinde üst düzey bir uygulama oluşturmak için olay akış diyagramı yaklaşımı tanıtılıyor. Kurs ayrıca gömülü sistemlerin güvenlik sorunları için bir bölüm içeriyor.

Course Outline


The textbook has been selected to follow the most recent approach in Embedded Systems to integrate modelling, design and analysis.
Ders kitabı, modelleme, tasarım ve analizi entegre etmek üzere Gömülü Sistemlerdeki en son yaklaşımı takip edecek biçimde seçilmiştir.

	1/ High-end Embedded Systems - Preface
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	2/  About the Book - Definitions

Digital computing power of computers are everywhere.

Number of task or device dedicated computers are much higher than general purpose computers.

Cyber physical systems are physical systems with  dedicated computers to improve system behavior.




Example: An engine control system
Engine is the physical system that delivers torque to the wheels of a vehicle depending on the extent of throtle.
Dedicated computer system decides throttle to control the torque and to prevent unexpected engine stall.
Behaviour of the system is improved in many senses: It prevents non-burned fuel discharge from exhoust. It reduces the response time of the engine in delivering higher torques. It checks the ill conditions for running engine, and warns the driver before any damage.
The Embedded System in this example consists of the dedicated computer as well as all the sensors and actuators required.
Örnek: Bir motor kontrol sistemi
Motor, verilen gazın derecesine bağlı olarak bir aracın tekerleklerine tork sağlayan fiziksel sistemdir.
Özel bilgisayar sistemi, torku kontrol etmek ve beklenmeyen motor durmalarını önlemek için gaz miktarına karar verir.
Sistemin davranışı birçok yönden iyileştirilmiştir: Egzozdan yanmamış yakıt boşalmasını engeller. Daha yüksek tork sağlamada motorun tepki süresini azaltır. Motora zarar verecek kötü koşulları kontrol eder ve herhangi bir hasar oluşmadan önce sürücüyü uyarır.
Bu örnekteki Gömülü Sistemi, özel bilgisayar ile yanısıra gereken tüm sensörler ve aktüatörler oluşturur.

	3/ Challenges in Cyber Physical System design

An embedded system is a 
- dedicated computing system and its 
- interfacing units 
that enhances the behavior of a cyber physical system.





	4/ Challenges in Cyber Physical System design

Principal challenges in embedded systems raise from their interaction with physical processes, 
and not from their limited resources.




The interaction between the cyber and the physical parts of the system is mainly a result of the software, or more fundamentally depends on the coded algorithms rather than the resources such as the execution speed, or the memory capacity of the computer, 
Sistemin Siber ve Fiziksel parçaları arasındaki etkileşim, esas olarak yazılımın bir sonucudur veya daha temelde, bilgisayarın yürütme hızı veya bellek kapasitesi gibi kaynaklardan ziyade kodlanan algoritmalara bağlıdır.

	5/ History of Cyber Physical Systems

The term cyber-physical systems (CPS) was coined by Helen Gill at the National Science Foundation in the U.S. to refer to the integration of computation with physical processes.




The term appeared first at 2006, and NSF started to fund the development of Embedded System education by many projects. 
Today, many frontier universities give at their engineering programs the embedded system courses in this contemporary approach.
Terim ilk olarak 2006'da ortaya çıktı ve NSF, Gömülü Sistem eğitiminin gelişimini birçok projeyle finanse etmeye başladı.
Bugün birçok öncü üniversite, mühendislik programlarında gömülü sistem derslerini bu çağdaş yaklaşımla vermektedir.

	6/  Cyber - Physical Interaction

In CPS, embedded computers and networks monitor and control the physical processes, usually with feedback loops where physical processes affect computations and vice versa.

Due to this interaction, information processing and physical system cannot be handled independently.





This means that the conditions detected in the physical system affect the actions of the embedded computer, while at the same time the actions of the computer affect the operation of the physical part, creating a feedback loop. This feedback changes the behavior of the cyber-physical system. Therefore, the behavior of the CPS cannot be understood by examining the physical and cyber parts alone.
Bu, fiziksel sistemde algılanan koşulların gömülü bilgisayarın eylemlerini etkilediği, aynı zamanda bilgisayarın eylemlerinin fiziksel parçanın çalışmasını etkileyerek bir geri besleme döngüsü oluşturduğu anlamına gelir. Bu geri bildirim, siber-fiziksel sistemin davranışını değiştirir. Bu nedenle, CPS'nin davranışı yalnızca fiziksel ve siber kısımlar incelenerek anlaşılamaz.

	7/  Challenges of CPS design

The design of such systems, therefore, requires understanding the joint dynamics of computers, software, networks, and physical processes. 

It is this study of joint dynamics that sets this discipline apart.




Generally, CPS is a complex system to develop a detailed mathematical model. What we do is just to eliminate all unnecessary details, and to keep only the major effects of physical and cyber parts in our model. 
The overall behavior of the system is mostly too complicated to be solved analitically even with the simplified dynamics of cyber and physical parts.

If we can not solve the overall behaviour analitically, we simulate the simplified model on computers to evaluate its behaviour on the possible operation conditions.

Genellikle, CPS, ayrıntılı bir matematiksel model geliştirmek için karmaşık bir sistemdir. Yaptığımız şey sadece gereksiz tüm detayları ortadan kaldırmak ve sadece fiziksel ve siber parçaların ana etkilerini modelimizde tutmaktır.
Sistemin genel davranışı, siber ve fiziksel parçaların basitleştirilmiş dinamikleriyle bile analitik olarak çözülemeyecek kadar karmaşıktır.

Genel davranışı analitik olarak çözemezsek, olası çalışma koşullarında davranışını değerlendirmek için basitleştirilmiş modeli bilgisayarlarda simüle ederiz.

	8/ Contents  of the Course
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As seen in the diagram we start with Introduction. Next we plan to introduce the continuous, discrete, and hybrid systems focusing on how to simulate them by a computer in a practical manner. Along with the simulation phase, we start to study sensors and actuators, input and output, processors, and memory subsystems of the embedded system design. Finally we need to see the security and privacy issues of a typical embedded system.
Şemada görüldüğü gibi Giriş ile başlıyoruz. Daha sonra, sürekli, ayrık ve hibrit sistemleri, bir bilgisayar tarafından pratik bir şekilde nasıl simüle edileceğine odaklanarak tanıtmayı planlıyoruz. Simülasyon aşamasının yanı sıra gömülü sistem tasarımının sensörleri ve aktüatörleri, giriş ve çıkışları, işlemcileri ve bellek alt sistemlerini incelemeye başlıyoruz. Son olarak, tipik bir gömülü sistemin güvenlik ve gizlilik sorunlarını görmemiz gerekiyor.

	9/ Contents  of the Course
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We need to support all these topics on a design  application. Our design application will contain a Low-end Controller (practiced on Arduino-Uno) and a High-end Controller (practiced on Raspberry Pi).
Tüm bu konuları bir tasarım uygulaması üzerinde desteklememiz gerekiyor. Tasarım uygulamamız (Arduino-Uno üzerinde uygulanmış) bir alt-düzey denetçi ve (Raspberry Pi üzerinde uygulanmış) bir üst-düzey denetçi içerecektir.
	10/ Audience  of the Course

This course targets 
	undergraduate or 
	introductory graduate 
	engineering and computer science students  
to introduce 
	engineering principles of embedded systems




Author expects that the audience shall not only be interested to computer hardware and coding, but also shall be interested sufficiently on the physical and cyber interaction of the two sides in a CPS.
Yazar, izleyicinin yalnızca bilgisayar donanımı ve kodlama ile ilgilenmesini değil, aynı zamanda bir CPS'de iki tarafın fiziksel ve siber etkileşimine de yeterince ilgi göstermesini bekler.
	11/ Prerequisites  of the Course

Knowing the following items may be helpful to understand the contents easily:
- machine structures (i.e., ALU, CPU, register, datapath), 
- computer programming (C, JS), 
- basic discrete mathematics and algorithms, and 
- signals and systems (mainly for sampling a continuous time signal).




Among the prerequisite topics, ALU, CPU, register and similar architectural structures are necessary for chapters 7-8-9-10. Programming concepts are necessary for design application practice. Discrete math and algorithms are necessary for discrete and hybrid modeling. Signals and Systems may be necessary to understand the Shannon-Nyquist law at Chapter 7.
Ön koşul konuları arasında ALU, CPU, register ve benzeri mimari yapılar 7-8-9-10. bölümler için gereklidir. Tasarım uygulama pratiği için programlama kavramları gereklidir. Ayrık ve hibrit modelleme için ayrık matematik ve algoritmalar gereklidir. Bölüm 7'deki Shannon-Nyquist yasasını anlamak için Sinyaller ve Sistemler gerekli olabilir.

	12/ Access  of the Course Textbook


main web page: http://leeseshia.org

e- mail: authors@leeseshia.org



You can access the PDF copy of the textbook from this link.
Ders kitabının PDF kopyasına bu bağlantıdan erişebilirsiniz.


Facts of Embedded Systems Industry
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We are going to see some important properties of the developing Embedded Systems Industry through a series of market study surveys. These surveys are carried by ASPENCORE, which owns the printed and web media EETimes Embedded Incorporation.

	14/  Market Study, Respondents and Confidence

Data over 1100 respondents,
Repeated every year to discover trends.
Confidence 
+-2.8 for 2017      
+-2.3 for 2015
+-3 for 2014
2016 is missing (company changed hand)




The surveys are carried almost yearly, with almost 70% common questions to determine the dynamic change in the Embedded Systems Industry. The number of respondents are especially chosen large to get meaningful confidence margins for such a study of dynamics.

	15/  Market Study, Respondents

In which region of the world do you reside?

56%  US & Canada 
24% Europe 
10% Asia (except China)
4% South America 
2% Africa & Near East 
2%  Australia

Almost proportional to GNI PC (Gross National Income per Capita)




	16/ Market Study, Company Size

How many employees does your company have at 
all locations?

47 %       Under 100 
14 %       100-499 
  7 %       500-999 
10 %    1,000-4,999 
  6 %    5,000-9,999 
  3 %  10,000-19,999 
11 %  20,000 or more 
  3 %      Don't know

Most employees are in small size design companies. They carry design for giant companies.





	16/ Market Study, Job Requirements

Job Functions?

2017 2014
62%  54% Debugging firmware/software
60%  55% Writing firmware/software for ES
59%  50% Hardware/software integration
59%  55% Architecture selection/specification
51%  44% Firmware/software design or analysis
50%  42% Debugging hardware
48%  43% Project management
44%  33% Prototype testing
42%  36% Device programming
41%  35% Firmware/software testing
40%  30% System design
38%  34% Designing hardware for E.S.
30%  25% Hardware/software co-design
27%  21% Board layout/design
18%  16% Hardware/software co-verification
12%  11% Connected device design
  8%    8% SoC (system-on-chip) design
      4%    3% Other (please specify)





	17/ Market Study, Projects

Application Areas?

   36% Industrial control/automation 
25% Consumer electronics 
24% Internet of Things (IoT) 
20% Communication/netwrkg/wireless 
17% Electronic instruments 
16% Automotive 
15% Medical 
14% Military/Aerospace 
10% Computers and peripherals 
  9% Audio 
  9% Video/ imaging 
  8% Security 
  8% Transportation 
  6% Power generation and utilities 
  6% Government/municipal




Some possible comments: 
>Industrial control/automation is the largest employing field among all.
>Consumer electronics, Internet of Things, and Communication networks follow industrial control by huge volumes.
>Instrumentation, Automotive, Medical, Military etc. are the other important fields for employment.

	18/ Market Study, Projects - IoT

How important will IoT development be to you and your organization in the next 12 months?

  7 % Critically important
18 % Very important
25 % İmportant
-------50%
19 % Not very important
20 % Not at all important
11 % Not sure. Don't know





By looking these percentages we may say that IoT is in raising trend.

	19/ Market Study, Projects - IoT

If you are developing Internet of Things (IoT) applications, please indicate the type of application.

   42 %  Industrial 
39 % Sensor-driven 
29 % IP connected cloud/router 
26 % Smartphone/mobile connected 
19 % Smart buildings 
17 % Medical 
13 % Wearable 
13 % Connected vehicles 
  7 %   Non-IP connected hub/gateway 
  7 %   Other




Again, IoT is raising trend in Industrial applications.

	20/ Market Study, Projects - IoT

Will have one or more projects devoted to IoT.

Yes 64%
No  36%

18% of all projects will be primarily devoted to IoT.





	21/ Market Study, Projects - IoT

Considering all applications of which you are aware, what do you regard as the most interesting use of the IoT? (Selected write-in responses).

	• Automatic traffic control. 
• Connected automated houses/buildings. 
• Connected/autonomous vehicles. 
• Detecting location: by screen, audio, phone. 
• Distributed sensing for diagnostics and control. 
• Environment monitoring energy cons. reduction. 
• Intelligent industrial machines, 
• Medical information/diagnostic
• Real-time sensing
• Earthquake/seismic monitoring. 
• Drones; remote control and monitoring. 
• Security within IOT -
• Smart cities, smart factories, agriculture
• Brain waves to control wheelchair movement
• Wireless monitor for underground water. 





	22/ Market Study, Emerging Technologies 2014

Gartner Hype Cycle for Emerging Technologies 2014

[image: ]



Gartner Hype Cycle is typical behaviour of an emerging technology. Innovation stage starts with many unbelievable expectations. 
By the accomplished innovations some of them turn credible, and many other expectations are considered credible without full evidence. 
Many early development investments fail during the distillation period.
Once the technology is refined, technology is applied at proper purpose and generates safer expectations in time.
	23/  Market Study, Emerging Technologies 2017

Gartner Hype Cycle for Emerging Technologies 2017
[image: ]




In these charts we notice digital security is at innovation point. There was an expectation to solve the security problems in widespread communication device protocols such as IoTs. 
	24/  Market Study, Emerging Technologies 2020

Gartner Hype Cycle for Emerging Technologies 2020
[image: ]




Gartner Hype 2020 shows that security issue is solved by Secure Access Service Edge (SASE) development, which naturally boosted the expectations on using SASE technology in ES.

	25/  Market Study, Emerging Technologies

Overall Background
• Focus – IoT and Advanced Technologies were given some focus. 
• World Regions – In this data, US/Canada (56%) are the predominantly represented region, Europe /ENEA (25%) is next, and Asia (11%) is less than in 2015. 
• Company Size – Average of 3,452 employees is slightly down from 2015. 
• Job functions – Debugging (62%), writing firmware/software (60%),hardware/software integration (62%), and architecture selection (59%) are the top four job functions. 
• Number of Years Out of School: Average years out of school for the 2017 is 24. 
• Applications – Industrial controls (36%) has led applications for many years. Consumer electronics (25%) is holding steady at second. Internet of Things (24%) upticks by leaps and bounds from fourth in 2015 to third place in 2017 
• IoT Usage/Advanced Technologies – Sensor-driven (42%) and industrial (39%) applications led the IoT field. Half of all users felt IoT designs will be important in the next 12 months. Among advanced technologies used embedded vision technology was used most. Machine learning has greatest potential. 
• 54% are creating IoT edge of the internet devices. 
• 64% will have one or more projects devoted to IoT. 




	26/  Market Study, projects

My current embedded project is…

57% An upgrade or improvement to an earlier or existing project 

43% New to the world; a new project from scratch

What does the upgrade or improvement include?

  50% New or different software features 
38% New or different processor 
24% New or different connectivity capabilities 
17% Mandatory changes/discontinued hdwr/sftwr 
14% New or different peripherals 
11% New or different analog components 




	27/  Market Study, Wireless technology

If wireless, what wireless interfaces does your current embedded project include?

  65%  Wi-Fi 
59%  Bluetooth 
25%  Cellular (LTE, 3G, 2G) 
14%  IEEE802.15.4 
10%  NFC 
7%    LoRA 
5%    IEEE802.15.4g 
5%    Z-Wave




	28/  Market Study, Project Team

How many people are on your embedded project team?

14   Total team size

    3      Firmware engineers
  3      Nonfirmware engineers
  3      Hardware engineers
  2.4   Quality Assurance Engr.
  1.5   System Integrator
  1      Others

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

61%   Average total resources devoted to software 
39%  Average total resources devoted to hardware





	29/  Market Study, Controller Boards

Do you primarily design or subcontract the design of custom circuit boards, or do you purchase off-the shelf boards?

81%   Primarily build/subcontract our own boards 
19%   Primarily purchase off-the-shelf boards




	29/b
Did you start your current embedded design with a development board?
50-50   Yes-No
ST Microelectronics 11.% 
TI (LaunchPad=5)  11.% 
Xilinx  8.1% 
NXP  7.3% 
Microchip  5.9% 
Arduino   5.6% 
Rasberry Pi  4.2% 
BeagleBoard Bone Black   3.4% 
Atmel   2.8% 
Freescale (NXP)   2.8%




	30/ Market Study, Controller Boards

Which form factor boards are you currently using, and considering using ?

Custom design   26%
Proprietary    23%
Arduino   17%
Raspberry Pi   16%
Beagle Board/Bone   10% 
3.5"   8%
PCI Express   7%
5.25" PCI  7%




	31/  Market Study, Project completion time

Thinking now about the last embedded project you completed (no longer in development), how many months did that project take to finish?...

6 months or less 37%
7 – 12 months   36%
13 – 18 months  11%
19 – 24 months   9%
25 months or more   6%
75% completed within one Year





	32/  Market Study, Project coding 

My current embedded project is programmed mostly in: 
C    56% 
C++    22%
Assembly language   4% 
Python   3% 
Java   2% 
LabVIEW   2% 
C#   2% 
MATLAB   2% 
JavaScript   1%
78% is written in C and C++





	33/  Market Study, Project code reuse

Does your current project reuse code from a previous embedded project?
No, all new s/w  15%
Yes, reused in house code  81%
Yes, reused opensource  25%
Yes, reused purchased code  11%

Most reused code is in-house code.




	34/ Market Study, Improvement possibility

If you could improve one thing about your embedded design activities, what would it be?
Debugging tools 19%
Schedule  17%
Engineering team skill level 15%
Firmware itself  8%
Microprocessor  6%
Programming tools  7%
Interfaces  6%
Other hardware 6 %
IDE 5%
Operating system 4%
The Compiler 2%
Other (Mgt, budget, legacy, etc) 5%



	35/  Market Study, Operating System

Does your current embedded project use an operating system, RTOS, kernel, software executive, or scheduler of any kind? 
Yes 67%   No 33%
My current embedded project uses:
Open-source OS/RTOS, without	
commercial support  40% 
Commercial OS/RTOS 30%
Internally developed or in-house OS/RTOS Commercial 17%
Distribution of an open-source OS/RTOS 12%




	36/  Market Study, Operating Systems

Please select ALL of the operating systems you are considering using in the next 12 months.
FreeRTOS  28%
Embedded Linux 27%
In-house/custom 19%
Android 17%
Debian (Linux)  11%
Ubuntu  11%
Micrium (uC/OS-III) 9%
Texas Instruments RTOS 8%
Micrium (uC/OS-II)  6%
MS Windows Embedded 7/Standard  6%
All followings are less than 5%
Express Logic (ThreadX)  . 
Keil (RTX)  . 
Texas Instruments (DSP/BIOS)  . 
Freescale MQX  . 
Wind River (Linux)  . 
Microsoft (Windows 7 Compact or earlier)  . 
Wind River (VxWorks)  . 
Red Hat (IX Lunix)  .
.....




	36/  Market Study, About processors
How many processors?
My current embedded project contains: 
A single microprocessor/ microcontroller	
(can be multicore)  56%
2 processors/ microcontrollers  22%
3 – 5 processors/ microcontrollers  15%
6 – 10 processors/ microcontrollers  4%
>10 processors/ microcontrollers  3%
Processor bus size
My current emb. project's main processor is: 
8-bit    16-bit    32-bit  64-bit   don't know
12%     15%      65%     10%        3%        .
Choosing a microprocessor
Most important factor is? 
Echosystem (tools and support)  70%
Features of the Chip  24%
Vendor and supplier    6%
Which vendor 
has the best ecosystem for your needs?
Microchip                      NXP-                                           .
Atmel       TI    STM   Freescale  Xilinx  Intel   ARM   ... 
   14          14     11         11            5          5          4    % ... 

Software development tools are most important to select a microcontroller.



Exercise Questions

Q1 
Write the most requested job function for an Embedded System Engineer:

Q2- 
Among the hardware and software development, which one needs more effort and resources?
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Profile for Max The Magnificent .sveone

Clive "Max" Maxfield is the Editor in Chief at Embedded.com. and EEWeb.com.

Max received his BSc in Control Engineering in 1980 from Sheffield Hallam University, Sheffield,
UK. He began his career as a designer of central processing units (CPUs) for mainframe
computers. Over the years, Max has designed everything from silicon chips to circuit boards, and
from brainwave amplifiers to steampunk "Display-O-Meters." He has also been at the forefront
of Electronic Design Automation (EDA) for more than 30 years.

Well-known throughout the embedded, electronics, semiconductor, and EDA industries, Max
has presented papers at numerous technical conferences around the world, including North and
South America, Europe, India, China, Korea, and Taiwan.

Max has given keynote presentations at the PCB West conference in the USA, the FPGA Forum in
Norway, and the Embedded Everywhere conference in Denmark. He's also been invited to give
guest lectures at several universities in the USA, Oslo University in Norway, and Sheffield Hallam
University in the UK.

In 2001, Max "shared the stage" at a conference in Hawaii with former Speaker of the House,
"Newt" Gingrich. Max is the author and/or co-author of a number of books, including Designus
Maximus Unleashed (banned in Alabama), Bebop to the Boolean Boogie (An Unconventional
Guide to Electronics), EDA: Where Electronics Begins, FPGAs: Instant Access, and How
Computers Do Math.





O
Preliminary Comments ASPENCORE

* The venerable EETimes/Embedded.com Embedded Markets Study has been
conducted annually for over 20 years, with the sole exception of 2016, when
organizational transitions and other events prevented the study from being fielded.
Trending the data in this study bridges back to 2015 and the previous three to five
years where relevant.

« Remarkable consistency over the years has monitored both fast and slow moving
market changes. A few surprises are shown this year as well, but overall trends are
largely confirmed.

« Emerging markets and technologies are also tracked in this study. New data
regarding loT and advanced technologies are included.

» The data set this year is smaller than in previous years, but still exceeds a very high
standard of confidence (see next slide). Data over 1100 respondents is considered
the high end of market research projectability. Data as low as 200 respondents is still
quite reliable and useful for marketing projections.
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Purpose and Methodology @

ASPENCORE

» Purpose: To profile the findings of the 2017 results of EETimes/Embedded.com comprehensive
survey of the embedded systems markets worldwide. Findings include types of technology
used, all aspects of the embedded development process, 0T and innovative technologies
emergence, tools used, work environment, applications, methods/ processes, operating systems
used, reasons for using chips and technology, and brands and chips being considered by
embedded developers. Many questions in this survey are trended over three to five years, but in
2016 the survey was not conducted, so there is no data from that year.

+ Methodology: A web-based online survey instrument based on the 2015 annual survey was
developed and implemented by independent research company Wilson Research Group on
February 20, 2017 through to April 15, 2017 by email invitation.

« Sample: E-mail invitations were sent to subscribers to EETimes and Embedded.com and related
brands with reminder invitations sent later. Each invitation included a link to the survey and an
incentive to participate.

* Returns: Data is based on 1,234 valid respondents for an overall confidence of 95% +/-2.8%.
Confidence levels vary by question. As a guide, confidence for questions with:

- 1,234 respondents for 2017 = 95% +/- 2.8%

- 1,807 respondents for 2015 = 95% +/- 2.3%

- 1050 respondents = 95% +/- 3.0% (advanced research industry norm = very high confidence)
- 600 respondents = 95% +/- 4.0% (intermediate research industry norm = strong confidence)

- 400 respondents = 95% +/- 5.0% (basic research industry norm = good confidence)

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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In which region of the world do you reside? @

ASPENCORE

US & Canada 56.3%

Europe 25.2%

Asia 10.6%

South America 4.3%

1.7%

Africa & Near East

Australia 1.9%

EE‘Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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How many employees does your company have at ASPQENCDHE
all locations?

Under 100 I %
100-499 N 14%
500.999 M 7%
1000-4,999 NN 10%

129% W 2017 (N = 616)
5000-9.999 WM Gei 2015 (N = 809)
10,000-19,999 . 3%; Average Number of Employees:
4% 2017 = 3,452
0 2015 = 3,644
20,000 or more _ 1111; 2014 = 3,842
0 2013 = 3,965

0,
Don't know . 3%

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. Al rights reserved.





Job Functions

Debugging firmware/software

Writing firmware/software for embedded systems
Hardware/software integration
Architecture selection/specification
Firmware/software design or analysis
Debugging hardware

Project management

Prototype testing

Device programming

Firmware/software testing

System design

Designing hardware for embedded systems
Hardware/software co-design

Board layout/design

Hardware/software co-verification
Connected device design

SoC (system-on-chip) design

Other (please specify)

EE‘Times embedded
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ASPENCORE

L Ny

54%

T 60

55%

59

50%

Iy 5%
51

55%

44%

50

42%

I 48%

43%

4%

33%

a2

36%

8%

35%

T 40%

A 38%
34%

30%
= 2017 (N = 606)

I 30%

25% 2015 (N = 814)

I 27%

21%

I 18%

I 12%
I 3%

B 4%
3%

8%

11%

16%

Average number of years out of school:
2017 = 24.9 years
2015 =20.0 Years
2014 = 21.8 years
2013 =19.7 years

2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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For what types of applications are your embedded

projects developed? ASPENCORE
Industrial control/automation 34°36%
33% /
. 25%
Consumer electronics 21%
24%
24%
Internet of Thin 19%
8% (loT) I 12% % /
20%
mmunications/netwrkg/wirel 21%
Communications/netwrkg/wireless 22;\
.. e 17%
Electronic instruments ir%
I 17%
. 16%
Automotive 17% s‘y\
15%
Medical 16%
18%\
Military/Aerospace 1%'7 \
¥ P | 17%
. . 9%
Computers and peripherals 10361;\

. 9%
AL — el
Video/ imaging 8%
E— 8% W 2017 (N=853)
Security 8%
2015 (N=1152)
Transportation 8%
P— 7%
7% W 2014 (N=1529)

Power generation and utilities 9%

Government /municipal 7%

EE‘Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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NEW IN 2017 @
How important will IoT development be to you and il
your organization in the next 12 months?

Critically important,
7%

Not sure/Don't know,
11%

\

_ Very important, 18%
Not at all important,

20%

“Critically important”
To “Important”
50%

Important, 25%

Not very important,
19%
2017 (N=826)

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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If you are developing Internet of Things (IoT) AngnE
applications, please indicate the type of application.

Industrial 42%
Sensor-driven 39%

IP connected cloud/router

Smartphone/mobile connected

Smart buildings

Medical

Wearable

Connected vehicles

Non-IP connected hub/gateway 7%
2017 (N=484)

Other 7%

EE|Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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NEW IN 2017 @
If you are creating Internet of Things (loT) devices,
please indicate the types of devices you are currently ~ ASFENCORE
designing, and considering for your next design.

M Devices currently designing for (N=342)

m Devices planning to design for (N=337)

loT edge device/system (on the edge 54%

of the Internet)

loT infrastructure device/system

Wearable/mobile device/system

loT bridge device/system

loT cloud-based application/service

Full edge-to-cloud system

Other

EE’Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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NEW IN 2017 @

Will have one or more projects devoted to loT. ASPENCORE

18% of all projects

will be primarily
devoted to loT.

®m Will have one or more

projects devoted to loT
No projects devoted to loT

2017 (N = 824)

EE‘Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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NEW IN 2017 @
Considering all applications of which you are aware, .. Sveore
what do you regard as the most interesting use of
the 10T? (Selected write-in responses).

e Automatic traffic control.

* Connected automated houses/buildings.

e Connected/autonomous vehicles.

* Detecting location: providing original content by screen, audio, phone.

» Distributed sensing for diagnostics and control. Think of sensors that detect bearing.
failures in rotating machinery, bridges, roadways, factory lines etc.

* Environment monitoring/ global electrical energy consumption reduction.

* Intelligent industrial machines, predictive maintenance of industrial components.

* Medical information/diagnostic integration, medical devices.

* Real-time sensing (road conditions, power grid data, total-plant monitoring).

» Earthquake/seismic monitoring signaling building evacuations in time to save lives.

* Drones; remote control and monitoring.

e Security within IOT - the technology is totally insecure.

* Smart cities, smart factories, precision agriculture, pest management in farming.

* Brain waves to control wheelchair movement. Opportunities endless and scary.

e Wireless monitor for underground water.

EE’Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Gartner Hype Cycle for Emerging Technologies

ASPENCORE
expectations Internet of Things
y Natural-Language Question Answering
Speech-to-Speech Translation wea'gg:fsgf:;ggg?ﬁi 5
|Autonomous Vehicles 3
Cryptocurrencies
SmartAdvsors Complex-EventProcessing
Data Sclence O 8]9 Data
Prescriptive Analtics O In-Memory Database Management Systems
Neurobusiness —2 O Content Analytics

Biochips

QHybrid Cloud Computing

A!lecuve Somputing Gamification

ition
JiL §man Robots Augmented Reality Speech Recognitio
3D Bioprinting Systems Machine-to-Machine Consumer Telematics
Volumetric andHolographic Displays Communication aD Scanners
Software-Defined Anything Senvices
Quantum Computing ; . X
Human Augmentation —7&% o e a seif Wobiie Healih Enterprise 3D Printing

Brain-Computerinterface Monitoring

Connected Home

Activity Streams

In-Memory Analytics
Gesture Control

Virtual Reality

Cloud Computing
NFC

Virtual Personal Assistants SmantWorkspace

Digital Se_cun'ty
Bioacoustic Sensing A
As of July 2014
. Peak of
Innovation Trough of . Plateau of
Trigger Iflated piciilusionment Slope of Enlightenment Productivity
pectations
time v
Plateau will be reached in: obsolete

Olessthan 2years ©2to5years @5to10years A morethan 10years @ before plateau

2014:. Machine Learning Not Even on the Radar

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.





Gartner Hype Cycle for Emerging Technologies
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ASPENCORE
poctati Advanced Analytics With Self-Service Delvery
X ons Autonomous Vehides
A Internet of Things
I Smant Advisors s peech-to-Speech Transialio
'Micro Data Centers | S~ Machine Leaming
| Digital Dexterity Wearadles
Software-Defined Security Cryploaurendies. |
] Neurobusiness Consumchﬂnbng
Cagen Data Science Natural-Language Question Answerng
Biochips
loT Platform
Connected Home
Aftectrve Computing
| SmanRobols
30 Bloprinting Systems for Organ Transplant Q Hybrid Cloud Computing
Volumetnc Displays
Human Augmentation
Brain-Computer interface o
Quantum Computing Augmented Reality 2 Enterprise 3D Printing
{ o Gesture Control
ioacous nsi Vinual Reality
i | N Cryptocurrency Exchange - Autonomous Field Vehicles
People-Literate Technology
Digttal Securi
o | aid Virtual Personal Assistants
SmanDust
] As of July 2015
' Peak of
Innovation Trough of Plateau of
‘ Trigger Exmﬂm‘t’idom Disillusionment Slope of Enlightenment Productivit
time >

Plateau will be reached in:

obsolete

Olessthan 2years ©2toSyears @5to10years A morethan 10years @ before plateau

2015: Machine Learning at Peak Hype!

EE’Times embedded

2017 Embedded Markets Study

© 2017 Copyright by AspenCore. All rights reserved.
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NEW IN 2017

Are you using any of these advanced technologies
In your embedded systems?

ASPENCORE

B Currently using 2017 (N = 202)
m Considering using in next design 2017 (N = 298)

o
Embedded vision >0%
Cognitive (machine learning)
capabilities 47%

Mentions of other technologies:
32% Advanced sensors
Android development for ARM Cortex-M4
Early failure detection
Home control
Individual photon detection
Model-based development
Nanoscale sensing
ULP
Video recognition, voice recognition

Embedded speech
Virtual Reality (VR) capabilities
Augmented Reality (AR) capabilities

Other (please specify)

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.





What security measures are you taking with

your current design?

Software security

Encryption

Hardware security (hard coding or FPGA)
Considering options

Other

None

I 455

EE‘Tlmes embedded 2017 Embedded Markets Study
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v

ASPENCORE

40%
Have taken one or more
D 39% security measures:
32% 66% in 2017
2!
I s N
21%
I 20%
14%
N 2%
2%
I 7% W 2017 (N = 843)
14% 2015 (N = 922)

© 2017 Copyright by AspenCore. All rights reserved.
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Overall Background

* Focus — |oT and Advanced Technologies W&e given some focus.

v

ASPENCORE

* World Regions — In this data, US/Canada (56%) are the predominantly represented
region, Europe /ENEA (25%) is next, and Asia (11%) is less than in 2015.

* Company Size — Average of 3,452 employees is slightly down from 2015.

* Job functions — Debugging (62%), writing firmware/software (60%),hardware/software
integration (62%), and architecture selection (59%) are the top four job functions.

* Number of Years Out of School: Average years out of school for the 2017 is 24.

* Applications — Industrial controls (36%) has led applications for many years. Consumer
electronics (25%) is holding steady at second. Internet of Things (24%) upticks by leaps
and bounds from fourth in 2015 to third place in 2017

* loT Usage/Advanced Technologies — Sensor-driven (42%) and industrial (39%)
applications led the IoT field. Half of all users felt loT designs will be important in the next
12 months. Among advanced technologies used embedded vision technology was used
most. Machine learning has greatest potential.

* 54% are creating loT edge of the internet devices.

* 64% will have one or more projects devoted to IoT.

Security — 45% of respondents are taking software security measures, 39% encryption,
26% hardware security measures. 66% are taking one or more of these.

EE‘Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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v

My current embedded project is... ASPENCORE

New to the world; a new project

from scratch m 2017 (N = 1,223)

2015 (N = 1,807)
m 2014 (N = 2,257)
m 2013 (N = 2,091)

57 m 2012 (N = 1,704)
(o)

56%
57%
56%
56%

An upgrade or improvement to
an earlier or existing project

EE’Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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What does the upgrade or improvement include?
ASPENCORE

, P 50%
New or different software features 519

: P 38%
New or different processor 399%

New or different connectivity capabilities _17% 24% ﬁ

Mandatory changes/discontinued hdwr/sftwr ] %;://:

: - D 14%
New or different peripherals 16%

New or different analog components _13}2)%

New or different system logic B 11% m 2017 (N =596)

15%
2015 (N = 851)

New or different operating system I 10;/5%

Base = Those whose current project is an upgrade/improvement

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Which of the following capabilities are included Asg?m
In your current embedded project?

Real-time capability 59%
Digital signal processing 56%

52%
Networking capability 5132%
Analog signal processing 43% >0%
Wireless capability 3385/0

P 36%

GUI 37%
. m 2017 (N = 1,107)

. _ 0

Project rugged 30% 2015 (N = 1,606)

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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NEW IN 2017 @
If wireless, what wireless interfaces does your current il
embedded project include?

Wi-Fi 65%
Bluetooth

Cellular (LTE, 3G, 2G)
IEEEB02.15.4

NFC

LoRA

IEEE802.15.4¢g

Z-Wave 2017 (N = 379)
SigFox

RPMA

Other 13%

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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NEW IN 2017 @
If wireless, what wireless protocols/stacks does your il
current embedded project include?

Zighee 35%
2017 (N = 294)
Thread ?
Proprietary 17
Wireless HART Bluetooth / BLE 15
Custom 10
ISA 100 802.11 5
Other 45%

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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How many people are on your embedded project team?

ASPENCORE
14.8 engineers per team is slightly higher than
2015 and 2014.
14.8
143 120 m 2017 (N=939) 2015 (N =1,198) m 2014 (N=1,572)
3.2 3.5
3-0 25 27 30 55 54 2.5
l .l Il TR B
Toty Fir, No Ha Q4 Sy Oth
T . Mwgy NFjy ardyg /Test ) Stem €r Fn,:
nginee,.

Note: Outside vendors worked with is 2.7 on average.

EE‘Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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What is your development team’s ratio of total @
resources (including time/dollars/manpower) spent on  ASPENGORE
software vs. hardware for your embedded projects?

D 61%
61%
Average total resources 1%
devoted to software ?
61%
62%
39%
39% m 2017 (N = 927)

Average total resources
devoted to hardware

2015 (N = 1,227)
m 2014 (N = 1,595)
w2013 (N = 2,075)
W 2012 (N = 1,675)

39%
39%
38%

Note:

In 2017, respondents averaged working on 2.1 projects at the same time.
In 2015, respondents averaged working on 2.1 projects at the same time.
In 2014, respondents averaged working on 2.0 projects at the same time.

EE’Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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NEW IN 2017 @
Do you primarily design or subcontract the design of il
custom circuit boards, or do you purchase off-the shelf

boards?

Primarily

build/
subcontract
our own
boards
81%

2017 (N=923)

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Did you start your current embedded design with a
development board? ASPENCORE

Development Board Started With

m 2017 (N =924) 2015 (N =1,222) (Write-in Answers Only) N=356 Percent

60 56% ST Microelectronics 38 10.7%

° Tl (LaunchPad=5) 38 10.7%

50% 50% Xilinx 29 8.1%

50 — NXP 26 7.3%
44% Microchip 21 5.9%

Arduino 20 5.6%

40 - — Rasberry Pi 15 4.2%
- BeagleBoard Bone Black 12 3.4%
S Atmel 10 2.8%
g 30 - - Freescale (NXP) 10 2.8%
Q. Cypress kits 6 1.7%
20 - | Renasas 6 1.7%
Altera Stratix V DSP Kit 5 1.4%

Avnet 5 1.4%

10 - I Intel Edison 5 1.4%
Silicon Labs 4 1.1%

Digi 3 0.8%

0 - T | ESP32 3 0.8%

Y N MSP430 - Tl 3 0.8%

€s 0 Nordic/nRF52-DK 3 0.8%

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Which form factor boards are you currently using, and

considering using ? ASPENCORE

: P 269
Custom design 26%
; P 239
Proprietary 23%
; P 179
Arduino 17%

. N 16%
Raspberry Pi 3% -
Beagle Board/Bone I 10%

35 T s
: 6%
PCl Express _thz%
n N 5%
5.25 39%
pci W 5%
3% ® 2017 Currently Using (N = 861)
ATX W 4% 2017 Considering Using (N = 698)

Mbed *(new in 2017) [ 3%

PC/104 N 3% Note: Answers under 3% are excluded.

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Thinking now about the last embedded project you @
completed (no longer in development), how many ASPENCORE
months did that project take to finish?

A" 37
37%

6 months or less 34%
35%
33%

7 — 12 months

13 — 18 months

19 — 24 months M 2017 (N =322) Avg: 12.1 mos

2015 (N =1,178) Avg: 12.4 mos
m 2014 (N =1,539) Avg: 12.6 mos
2013 (N =1,985) Avg: 12.4 mos

25 months or more
m 2012 (N=1,634) Avg: 12.5 mos

EE’Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Was that project completed . ..

ASPENCORE

Ahead of schedule In 2017, 41% of all projects finished
“ahead of” or “on” schedule, and 59%
finished “late or cancelled”.

On schedule _ o
In 2015, 38% of all projects finished

“ahead of” or “on” schedule, and 62%

Late by 1 — 2 months finished “late or cancelled”.

2017 performance has returned to

the performance levels of the
Late by 3 - 6 months 2012-2014 that averaged 41%-

44% “on/ahead of” schedule.

Late by 6 — 12 months

2%
1%

Late by 13 — 18 months I 2%

3% M 2017 (N = 875)
2%
Late by more than 18 months I 2 2015 (N = 1,210)
2% ® 2014 (N = 1,574)
_y = 2013 (N = 2,055)
2% =4,
Canceled 3%
S m 2012 (N = 1,658)

EE’Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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My current embedded project is programmed @
mostly in: ASPENCORE
¢ I se%

66%
crr I 22%
19%
W 4%

Assembly language

1)
Python . 3%

Java

LabVIEW

c# 2% m 2017 (N = 880)

o 2015 (N = 1,217)
MATLAB I 2%

JavaScript

EE‘Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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My next embedded project will likely be @
programmed mostly in: ASPENGORE

2%

Assembly language I
y languag 2%

Labview B 22// = 2017 (N = 879)
° 2015 (N = 1,220)
N 2%

MATLAB
2%

[v)
JavaScript I 2%

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Current languages used compared to next @

project’s likely language.

C++

Assembly language
Python

Java

LabVIEW

C#

MATLAB

JavaScript

EE)Times embedded

ASPENCORE

56%
52%

2%
2%

2%
2%
2%
3%

2%
2; M 2017 Currently Use (N = 880)
(1]

™ 2017 Likely to Use in Next Project (N =879)
1%

2%

2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.





Does your current project reuse code from
a previous embedded project?

90%
80%
70%
60%
50%
40%
30%
20%
10%

%

77 78 79 78

13 14 14 14 15

Yes, reused code Yes, reused open-
developed in-house source, shareware code

No, all new software,
no code reuse

m 2017 (N = 883) 2015(N=1,217) m™m2014 (N=1,596)

= 2013 (N = 2,065)

39

ASPENCORE

In 2017, 87% reused code.
In 2015, 86% reused code.

In 2014, 86% reused code.
In 2013, 86% reused code.
In 2012, 85% reused code.

Yes, reused purchased
code

m 2012 (N = 1,659)

Note 1. Multiple choice for “Yes” answers (a respondents can select more than one type of reused code).

Note 2. 76% of respondents also reused hardware or hardware IP.

EE’T|mes embedded 2017 Embedded Markets Study

© 2017 Copyright by AspenCore. All rights reserved.





Embedded Design Environment
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Upgrades vs. New — 56% upgrades, 44% new projects®™ five years going. ASPENCORE
» Upgrades include new software features, processors, connectivity.

Capabilities — Real time (59%), DSP (56%), networking capabilities (54%).

Team Size — 14.8 is up from 14.0 three years ago.

Outside vendors — Work with an average of 2.7 outside vendors.

Resources Used On — Software (61%), hardware (39%).

Projects Worked On at Same Time — Average of 2.1 projects.

Build or Purchase Boards — 81% build their own boards, 19% purchase OTS.

Project Starts with Board — 44% is down from 50% in 2015.

Form Factor Boards Used — Custom design (26%), proprietary (23%) top two.

Months to Complete Project — 12.1 months on average, down from 12.4.

On or ahead of schedule —41% in 2017 is two ticks better from 2015.

Languages — C usage at 52%, down some but still dominant. No challengers.

Recode Use — 87% was close to 2015 (86%), and is expected to continue

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Which of the following challenges are your own or
your embedded design team's greatest concerns
regarding your current embedded systems

development?

The debugging process

Meeting schedules

Meeting application performance requirements
Increased lines of code & software complexity
Ensuring data security

Sticking to our cost budget

Maintaining legacy code

Testing/Systems Integration

Power management/Energy efficiency

Ensuring code/IP Security (new in 2017)

Keeping pace with embedded systems technology
Meeting safety & development process standards
Providing network connectivity

Selecting the right processors for the job

Software compatibility when porting to new devices

* Added in 2015

EE‘Times embedded

2017 Embedded Markets Study

A 23%
A 23%

23%
A 16%
14%
A——— 13%
12%
—— 12%
10%
——— 11%
10%
—— 11%

10%
P 11%
1
. 9%
. 9%
] 9%
8<y% m 2017 (N = 887)
P 8%
oo, 9% 2015 (N = 1216)
_ 0
| 5‘%0
s 5%

%

13%

%

(o]

42

ASPENCORE

25%

© 2017 Copyright by AspenCore. All rights reserved.
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What percentage of your design time is spent on
each of the following stages? ASPENCORE

Developing system specs

Conceptual design stage

Detailed design stage

Simulation stage

Testing and debugging

Prototyping

Sending to production

Other (documentation, admin)

- 14
14%
I 14%

P 12%
11%
D 11%

AT 32%
29%
I 29%

PN 6%

8%
S 8%
A—— 20%

21%
I 21%

P 7%
6%
P 6%
m 2017 (N = 570)
B 1%
1% 2015 (N = 772)
1% = 2014 (N = 1,082)

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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How do you typically find and evaluate partners @
to work with? ASPENCORE

- websi e
Go to their websites & contact them 55%

55%
. 42%
Referrals from colleagues 44%
I
Recommended from other hw/sw vendors 26% 349
- DN 24%
Meet them at industry events 27%
e in I 23%
Read articles in industry pubs 20%
Read white papers/ industry communctns I 14%
Read relevant blogs ] 80{’0%
o - M 5% m 2017 (N = 674)
See ads in industry magazines 9% 2015 (N = 918)

Other sources ] 560%

Number of outside partners
worked with on average:

« 2.7 vendorsin 2017

« 3.2 vendorsin 2015

« 3.0 vendorsin 2014

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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If you could improve one thing about your Asg?HE
embedded design activities, what would it be?

19%

Debugging tools 18%

Schedule » Top three by far

Engineering team skill level 17%
Firmware itself
Microprocessor

Programming tools

Interfaces
5% W 2017 (N = 866)

6%

Other hardware 2015 (N = 1,155)

IDE >%

6%

Operating system 6%

The Compiler

Other (Mgt, budget, legacy, etc) %

o
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In general, what sources of information do you consult

. .. ASPENCORE
to research your embedded design decisions?

Top 15 Sources

Websites of vendors/mfrs 78%85%
Search engine
Technical whitepapers
Colleagues
Technical standards
Technical communities (Sourceforge,...
Vendor tech support forums
Distributor websites
Print publications

Industry newsletters

Webinars/webcasts
m 2017 (N = 870)

20% 2015 (N = 1,155)
18%
17%

18%
14%
15%
16%

Conferences/ trade shows
Blogs
Catalogs/ brochures

Video (YouTube, etc.)
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What are your favorite websites related to your

professional work? (Write-in responses only)

Favorite Website Percent ASPENCORE
EE Times 102 13.7%
Embedded.com 65 8.8%
Google 61 8.2%
Stack Exchange/Stack Overflow 47 6.3%
EDN 35 4.7%
Digikey.com 30 4.0%
T 28 3.8%
IEEE 26 3.5%
Linked In 22 3.0%
Wikipedia.com 16 2.2%
Microchip.com 15 2.0%
Altera/Intel/Intel.com 8 1.1%
Nxp.com 7 0.9%
Analog Design/Linear Tech 6 0.8%
Arduin.com 6 0.8%
Electronic Design 6 0.8%
Mouser.com 6 0.8%
Sourceforge 6 0.8%
xilinx.com 6 0.8%
Avrfreaks.com 5 0.7%
National Instruments 5 0.7%
Slashdot.org 5 0.7%
YouTube 5 0.7%
Atmel.com 4 0.5%
Embedded 4 0.5%
Farnell 4 0.5%
Hacker News 4 0.5%
Microsoft.com 4 0.5%
STMicro 4 0.5%

EE‘Tlmes embedded 2017 Embedded Markets Study
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Thinking about the next year, what areas will be your

ASPENCORE
greatest technology challenges?
Managing increases in code size and complexity 19%
Integrating new technology or tools 18%

Security concerns

Software tools

Dealing with low power

Dealing with wireless

Processors

Improving the debugging process
OS/RTOS

Programmable logic

Functional safety

Hardware tools
SoCs/ASICs/ASSPs

Integrating external IP into your designs

IDE
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Which of the following are your favorite/most important

software/hardware tools?

Oscilloscope

Debugger
Compiler/assembler

IDE

Logic analyzer

JTAG/BDM

Software libraries

Linux tools

ICE

Configuration management tools
Static analysis tools
Software drivers

Graphical Design tools
Starter, evaluation kits/boards
Software testing tools
Simulation modeling tools
FPGA-based prototypes
Source code analysis/ tools
Trace

Hardware emulators
Automatic code generation

EE‘Times embedded

(Top 21 shown)

ASPENCORE

0,
hao o 20%

P
T 429
A%

T 31%

| 2223%

2017 Embedded Markets Study

49%

41%

m 2017 (N = 580)
2015 (N = 790)
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Which of the following conferences have you attended in
the last two years, and which do you plan to attend in the

neXt year? ASPENCORE
Conferences Have Attended Plan to Attend Diff
Training/seminars of distributors 38.0% 33.2% -4.8
Embedded Systems Conference (USA) 21.8 31.4 9.6
Embedded World (Nuremberg) 15.1 19.1 4.0
Electronica 11.9 14.9 3.0
CES (Las Vegas) 10.4 12.5 2.1
DesignCon 9.7 8.8 -9
Vendor technical forums/dev conf 9.2 8.8 -4
Sensors Expo 8.2 13.6 5.4
CeBIT 6.2 6.9 .5
Embedded Linux Conference (ELC) 5.2 8.0 2.8
IEEE Intl Conf on ERTCSA 5.0 9.3 4.3
Embedded Systems Conference (India) 3.2 6.4 3.2
DAC 3.0 2.9 -1
Mobile World Congress 3.0 51 2.1
Android Builders Summit 2.7 4.5 1.8
IIC (China) 1.7 2.4 7
SAE Convergence 15 4.0 2.5
Embedded Systems Expo (Japan) 1.0 3.7 2.7
Embedded Systems Conference (Brazil) 0.7 45 3.8
Other 9.4 8.8 -.6
2017 N=403 N=376

EE‘Times embedded

2017 Embedded Markets Study
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What are the most effective ways that you

systematically or formally maintain, educate, and

advance your professional skills?

Online training/webinars provided by vendors
Technical white papers from vendors
Professional/technical journals

Online training/webinars by media orgs (EE Times)
Professional devipmnt courses by private cos
Online training/webinars provided by distributors
Conferences-seminars provided by vendors

Books

Online training/webinars by profnl assoc (like IEEE)
Professional devlpmnt courses by university online
On-site seminars given by vendors
Conferences-seminars by media orgs (like ESC) 10%

Professional devipmnt courses by univ ext progs 9%

m 2017 (N = 799)

Conf/seminars provided by professional assocns 9%

Certification training 8%

EE‘Tlmes embedded 2017 Embedded Markets Study

43%

37%

51

ASPENCORE

OtherReIat(‘ad 2017 m 2014 | 2013
Demographics

Average days per
year spent on
career training

Average number
of years out of
school

Hours per week
spent reading
technical
publications

Technical books
read in full orin
substantial part
per year

9.7

24.9

4.8

3.2

9.5

20.0

4.6

3.7

9.2

21.6

5.2

3.9

9.0

19.7

4.8

3.9
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Embedded Design Process Challenges
* Challenges — Debugging (23%) and meeting schedules(Z3%).

ASPENCORE

« Stages — Detailed design (32%) & testing/debugging (20%) take most time
* Vendors — Work with 2.7 outside vendors on average in 2017 (down from 3.3)

 Most Need to Improve — Debugging tools (19%), schedule (17%),
engineering team skills (15%)

» Sources of Info — Vendor websites (85%) leads all others by far

« Technical Challenges — Dealing with code complexity (19%), integrating new
technology (18%) and security (17%) are top priorities.

» Favorite Tools — Oscilloscope (50%), debugger (46%), compiler (42%) and
IDE (31%)

» Maintaining professional skills — Online training courses (43%); technical
white papers (38%), reading professional technical journals (37%); webinars
by media orgs (31%) are at the top of the list.

« Other Skill Enhancers: 9.7 days/year career training; 24.9 years of career
experience; 4.8 hours per week reading technical publications; read 3.2 books
per year.

EE‘Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Does your current embedded project use an @
operating system, RTOS, kernel, software ASPENCORE
executive, or scheduler of any kind?

Fairly consistent usage of RTOS, kernels, execs,
schedulers over past 5 years

80 86% of those not using RTOSes,
72% . .
-0 67% 69% 8o 68% said the main reason RTOSes
are NOT used is simply that
60 they are not needed.
50
40
33% 319 32% 32%

30 28%
20
10

0

No

= 2017 (N = 818) 2015 (N =1,125) m®2014 (N=1,493) ®2013 (N=2,082) m2012 (N =1,712)
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My current embedded My next embedded

] . . . ASPENCORE
project uses: project will likely use:
41% 43%
39% 41%
Open-source OS/RTOS, 36% Open-source OS/RTOS 37% °
without commercial support 34% without commercial support 37%
37%
35%
Commercial OS/RTOS 33% Commercial OS/RTOS
35%
40%
Internally developed or in- Internally developed or in-
house OS/RTOS house OS/RTOS
12% 0
11; m 2017 (N = 539) 1?;3/ m2017 (N = 647)
Commercial distribution of an 1z:~y 2015 (N = 804) Commercial distribution of 17; 2015 (N = 954)
open-source OS/RTOS 13; 2014 (N =1003) open-source OS/RTOS Yy ° m 2014 (N = 1394)
0 w2013 (N = 1402) 125, 0 = 2013 (N = 1992)
0

M 2012 (N =1152) m2012 (N =1620)
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Which factors most influenced your decision to use

a commercial operating system?

Real-time capability

Processor or hardware compatibility
Code size / memory usage
Technical support

Ease of future maintenance

Good software tools
Documentation

Support for my processor & drivers (BSP)
Networking capability

Overall cost

Royalty-free

Supplier's reputation

Security

Multicore support

Scheduling efficiency

Context switch time

Safety Certification

Customer's desire

Modularity

EETimes embedded

BTe = Those who currently use a “Commercial” OS/RTOS

2017 Embedded Markets Study

Top 19 reasons

56

ASPENCORE

A 45%
A 36%
A 36%
A 35%
A—— 33%
A 33%

A—— 29%
A 29%
A 28%

T 24%
I 23%
. 21%
. 20%
I 17%
. 16%
I 15%
I 14%
I 14%
I 12%

m 2017 (N = 211)
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What are your reasons for not using a commercial

) ASPENCORE
operating system?

: |
Current solution works fine 68%

59%
Commercial alternatives too expensive _33%%
Avoid reliance on commercial supplier _23% 28%
No need for mulithreading multitasking I 228;/:
Incompatible with existing SW apps or drivers I 1111‘{2
Commercial alternatives use too much memory _9%1%
Too much trouble to learn commercial alternative _9%1%
No need for real time I 9% m 2017 (N =573)
Security concersn with commercial BN 8% 2015 (N =811)

[))
Safety concerns with commercial alternatives I 7%

Commercial alternatives lack features | need [ 5(?,/0?

N 8%
Other 6%

Base = Those who do not currently use a “Commercial” OS/RTOS
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Did you use the same operating system, RTOS, AS@HE
or kernel as in your previous project?

60% 61% 61% 62%

43%
40% 39% 39% 389

Yes, used same OS, RTOS or kernel No, didn't use same OS, RTOS or kernel

m2017 (N=792)  2015(N=1,088) ®2014 (N=1,423) =2013(N=2,015) m2012 (N = 1,644)

Base: Those who use operating systems
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: - 2
Why did you use the same operating system~ ASPENGORE

Happy with current one, no reason to switch I 70%

64%

Wanted to maintain software compatibility 332/;

Wanted to make use of expertise/familiarity 35%/?%

Wanted to maintain the same tools or software 31;;54

: ]
Wanted to keep same Operating System 225;/;’

Switching OS too expensive / time-consuming 2020/3%

Happy with supplier _13%%

No other suitable alternatives available -SZ/;%

Not my choice/operating system chosen for me - 5;/?%

M 2017 (N = 462)
4%
Other r 4% 2015 (N = 641)

BTE = Those who are using the same operating system as in previous project
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Why did you switch operating systems? ASPENGORE

__________________________________________________
Hardware or processor changed 32% 30%

: I
Not my choice/OS chosen for me 19% 23%

e 199
New OS had better features 19% 25%

New OS had better SW/dev tools ~—— 887 o

New OS had better growth path TN 12% 15%

i I 109
New OS is cheaper 9%[06

New OS had OTS modules (apps, tools) MRS 9% 10%

Previous OS no longer available _4% 7%
Previous OS too slow [ 6%

Unhappy with previous OS supplier _4%%

5o m 2017 (N = 269)
I 15%
Other 16% 2015 (N = 406)
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What are the most important factors in choosing

an operating system?

Availability of full source code

No royalties

Compatibility w/ other software, systems
Availability of tech support

Freedom to customize or modify
Open-source availability

My familiarity with the operating system
Real-time performance

Popularity

Simplicity / ease of use

Purchase price

The processors it supports

Small memory footprint

Software development tools available
Other software, middleware, drivers, code
Successful prior use for similar apps

Security functionality

Base: Currently using an operating system

EETimes embedded

6%
79

15%

15%
12%

14%
15%

13%
15%

12%
12%

11%
14%
9%
10%

8%
7%

8%

%

2017 Embedded Markets Study

61

ASPENCORE

39%
45%

30%
25%

27%
24%

27%
33 o
25%
23%
25%

25%

24%
’ 32% ﬁ

21%
19%

m 2017 (N = 767)
2015 (N = 1062)
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Please select ALL of the operating systems

you are currently using. ASPENCORE
Embedded Linux 22%
FreeRTOS 20%
In-house/custom 19%
Android
Debian (Linux)
Ubuntu
Microsoft (Windows Embedded 7/Standard)
Texas Instruments RTOS 5%
Texas Instruments (DSP/BIOS) 5%
Micrium (uC/OS-Il) 5%
Microsoft (Windows 7 Compact or earlier) 5%
Keil (RTX) 4%
Micrium (uC/0S-Il) 4%
Wind River (VxWorks) 4% W 2017 (N=619)
AnalogDevices (VDK) 3%

Express Logic (ThreadX) 3%

Freescale MQX 3% Only Operating Systems with
) 2% or more are shown.
Angstrom (Linux) 3%

Green Hills (INTEGRITY) 2%

Base: Currently using an operating system
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Please select ALL of the operating systems you are
considering using in the next 12 months. ASPENCORE

FreeRTOS 28%
Embedded Linux 27%
In-house/custom 19%
Android 17%
Debian (Linux) 12%
Ubuntu 11%
Micrium (uC/0S-Il1) 9%
Texas Instruments RTOS 8%
Micrium (uC/OS-I1) 6%
Microsoft Windows Embedded 7/Standard 6%
Express Logic (ThreadX) 5%
Keil (RTX) 5%
Texas Instruments (DSP/BIOS) 5%
Freescale MQX 5%
Wind River (Linux) 5%
Microsoft (Windows 7 Compact or earlier) 4%
Wind River (VxWorks) 4%
Red Hat (IX Lunix) 4%
AnalogDevices (VDK) 4%
Green Hills (INTEGRITY) 3%
QNX (QNX) 3%
Segger (embQS) 3%
Mentor Graphics Linux 3%
Wittenstein HIS(OpenRTOS/SAFERTOS 3%
Angstrom (Linux) 3%

2017 (N =568)
Only Operating Systems with

3% more are shown

Brse: Those who are considering an operating system in any project in the next 12 months
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Are you currently using embedded
virtualization/hypervisors or will you likely use

] ) ASPENCORE
this in the next 12 months?
m2017 (N=768) = 2015(N=1059) © 2014 (N=1394) m2013 (N =2049)
85%  84%
80% °82%
10% 994 10%
5% 6% 4% 5% 4% 5% 4% 4% % g
Yes Yes . Yeg . Yes . No
(Nep ) 2 US/ng i > Wiy like, > Wiy likey » Nog Usipy,
Mext 6m ne)(tl tp/ann .
Ont/)s 0’71“/75 Ing to
Top reasons for using virtualization/hypervisors
Separation of multiple applications 49%
Need to support hard real-time applications and guest OS 37%

Need to support multiple guest OSes (e.g., Android, VxWorks, Linux) 31%

EE‘TimeS embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.





Operating Systems

EE[Times

65

' ASPENCORE
OS/RTOS usage — 67% overall usage, down from 2015 (72%).

Open Source OS usage — Now 41%, up from 31% in 2012 and continuing up.
Commercial OS usage — Now 30%, down from 40% in 2012.

Used same OS — 60% used the same OS, down one tick from 2015 of 61%.
Happy with it, compatibility, familiarity, same tools are main reasons for using.

Reason for Switching — Hardware/processor changed, chosen for me, new
one had better features.

Reason for choosing OS — Full source code (39%), no royalties (30%),
compatibility (27%) and tech support (27%).

OS/RTOS used — Embedded Linux (22%), FreeRTOS (20%), Inhouse (19%),

OS/RTOS considering — FreeRTOS (28%), Embedded Linux (27%) and
Inhouse (29%) were top three RTOSes being considered.

Embedded virtualization/hypervisor usage — Down from 20% in 2015 to
15%.

embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Who were the greatest influences on the choice of the
processor for your current project?

ASPENCORE

Hardware engineering staff 28%
Group decision in engineering 26%
Software engineering staff 22%
Hardware engineering mngr 21%
Software engineering mngr 15%
Same processor as in previou project 11%
Systems engineering staff 11%
Corporate mgmt. 11%
Systems engineering mngr 7%
Outside influence/ customer/stndrds 6%
Purchasing mgr. or dept. 4%
Marketing mngr or dept. 3%

oth W 2017 (N =758)
ther 5%
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My current embedded project contains:

A single microprocessor/ microcontroller
(can be multicore)

2 processors/ microcontrollers
3 — 5 processors/ microcontrollers
6 — 10 processors/ microcontrollers

>10 processors/ microcontrollers

EE’Times embedded

A 5%

50%
52%
53%

I 22%
22%

27%
24%
25%
PN 15%
13%
16%
16%
16%
B 4%
3%
3%
4%
3% m 2017 (N = 760)
o 3% 2015 (N =1,033)
3:’?)/ m 2014 (N =1,379)
l 2% w2013 (N = 2,047)
4%

m 2012 (N = 1,659)

58%

68

ASPENCORE

The average number
microprocessor/micro
controllers
per project was:

2.3in 2017
2.1in 2015
2.4in 2014
2.4in 2013
2.3in 2012

2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Does your embedded project contain...
ASPENCORE

P 27%
Multiple different processor chips (diff. vendors) 24%
4%

I 18%

Single chip with multiple identical processor cores 18%
L 14%
o I 6%
Multiple identical processor chips 19%
L 20%
o , I 3%
Multiple different processor chips (same vendor) 15%
L 17%
| o o I 2%
Single chip with multiple different processor cores 9%
L 10%
o 7%
FPGA with a single hard/soft processor core 11%
L 1%
_ 6% m 2017 (N =603)
FPGA with a multiple hard/soft processor cores 4% 2015 (N = 805)
L 5% = 2014 (N = 1051)
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My current embedded project's main processor is a:
ASPENCORE

68%
63%  64%63% 63%

139 15% 149 16%

119% 129% 13%

12%
% 9% 8% 7% 8% 794

3% 3% 3% 3% 209

8-bit processor 16-bit processor 32-bit processor 64-bit processor Don’t know

m2017 (N=760) = 2015(N=1,030) ®=2014 (N=1,383) =2013(N=2,056) m2012 (N =1,666)

Note. 52% of respondents said additional processors (if any) were 32-bit processors, 18% said they added 8-bit
processors, 14% added 16-bit processors, and 11% added 64-bit processors to their current embedded project.
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My current embedded project's main processor
clock rate is: ASPENCORE

Under 10 MHz

10 — 99 MHz (Net)

10 - 24 MHz
25 - 49 MHz
The average processor
50 - 99 MHz 18% clock rate was:
445 MHz in 2017
100 — 249 MHz 397 MHz in 2015
428 MHz in 2014
485 MHz in 2013
250 — 499 MHz
500 — 749 MHz
750 — 999 MHz
1 GHz 11% ® 2017 (N = 751)
P 12%
e 2% 2015 (N = 1026)
2GHz+ 2%
B 3% m 2014 (N = 1372)
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Did you use the same processor as in AS@HE
your previous embedded project?

539% 55% 55% 559%

_50%
47% 45% 45% 45%

Yes, used the same processor asin  No, did not use the same processor as
previous embedded project in previous project

m 2017 (N=759) = 2015 (N=1,029) m2014 (N =1,380) m2013 (N =2,047) m2012 (N =1,654)
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Why did you use the same processor?
ASPENCORE

Happy with current processor/supplier 66%
To maintain software compatibility

To maintain the same tools or software
To make use of expertise/familiarity

To use same operating system

Switching too expensive/time consuming

Not my choice/processor chosen for me

No other suitable processors available

Other 2% M 2017 (N =334)

BTe = Those who used the same processor as in previous project
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What were your reasons for switching processors?
ASPENCORE

S 39%

New processor had better features 10%

S 23%

New processor had better future growth path 4%

. - - S 19%
Too slow: needed increased performance/bit width 23% <::
S 18%
26% {1

Too slow: needed higher clock speed

L 17%
18%

S 13%
14%

S 13%
13%

L 12%
14%

S 10%
11%

New processor had better SW/dev tools
Previous processor no longer available
Needed a lower power processor

Not my choice/processor chosen for me

Previous processor too expensive

To change operating system g% 11%

4%
4%

S 10%
Other o
9% 2015 (N = 489)

Unhappy with previous processor's supplier
w2017 (N =382)

BTe = Those who did not use the same processor as in previous project
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Did you...

ASPENCORE

s 0% 56%  56% 58%

43% 44%  44% 45y

Choose a processor from a different Choose a different processor from the
family, architecture, or instruction set  same family, architecture, or instruction
set

m 2017 (N = 370) 2015 (N=473) m2014(N=687) w2013 (N=1088) m2012 (N =862)

Base = Those who did not use the same processor as in previous project
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What’s most important when choosing a @
microprocessor? ASPENCORE

e,

65%

68%  67%

259%  26%  27%

The chip itself The ecosystem surrounding the chip The chip's supplier/vendor
(software, tools, support, etc.)

m 2017 (N=719) 2015 (N =960) 2014 (N =1304)

EE’Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.





Which vendor has the best ecosystem for your

needs?

EE’Times embedded

Microchip or Atmel (Microchip)
Texas Instruments (TI)

ST Microelectronics
NXP/Freescale/Qualcomm
Xilinx

Intel, Intel Altera

ARM

Digi-Key

Cypress Semiconductor
Renesas

Arrow

Silicon Labs

(Unaided Open End)

2%

2017 Embedded Markets Study

14%

14%

™ 2017 (N = 328) Unaided

9,

ASPENCORE

77
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What are the most important factors in choosing a
processor? ASPENGORE

Software development tools available 71%
The chip's performance 45%
The chip's cost 36%
Available middleware, drivers, existing code 34%
HW development tools available 31%
The operating systems it supports 29%
The on-chip I/O or peripherals 24%

The chip's power consumption 18%

The supplier's reputation 12%
L 1e%
I . . . . 1%
Familiarity w/ architecture/chip family 13%
L 13%
. 10%
Chip family's future growth path 11% m 2017 (N =707)
L 12%
s 7% 2015 (N =940)
The processor’s debug support 7%
S 6% 2014 (N =1,282)
-~ . B 6%
The chip's security features 5%
4%
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Please select the processor vendors you are

familiar with.

Texas Instruments
Freescale (NXP / Qualcomm)
Microchip Technology
Atmel (Microchip Technology)
STMicro

Intel

NXP (Qualcomm)

Altera (Intel FPGA)

Xilinx

Cypress Semiconductor
Analog Devices

Renesas

AMD

Silicon Labs

Broadcom

Maxim

Infineon

Zilog

Qualcomm

NVIDIA

Lattice Semiconductor
Marvell

Digi/Rabbit Semiconductor
Microsemi

Cirrus Logic

Samsung

IBM

Energy Micro (Silicon Labs)
Toshiba

Spansion (formerly Fujitsu)
Applied Micro

VIA

PMC-Sierra (Microsemi)
Cavium

EE|Times embedded

36%
34%
30%
29%
27%
25%
23%
22%
20%
20%
20%
19%
17%
17%
15%
14%
14%
13%
13%
12%
12%
12%
8%
8%
6%
6%
4%

2017 Embedded Markets Study

ASPENCORE

53%
51%
49%
47%
43%

41%
37%

2017 (N = 651)
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Please select the processor vendors you are

currently using.

Texas Instruments
Freescale (NXP / Qualcomm)
Atmel (Microchip Technology)
Microchip Technology
STMicro
NXP (Qualcomm)
Intel
Xilinx
Altera (Intel FPGA)
Analog Devices
Renesas
Broadcom
Cypress Semiconductor
Maxim
Infineon
Silicon Labs
AMD
Marvell
Qualcomm
NVIDIA
Microsemi
Digi/Rabbit Semiconductor
Samsung
Lattice Semiconductor
Spansion (Fujitsu)
IBM
Toshiba
Zilog
PMC-Sierra (Microsemi)
Energy Micro (Silicon Labs)
VIA
Cirrus Logic
Cavium
Applied Micro
Stretch

EE‘Times embedded

31%

17%
16%
15%
14%
11%
9%
8%
7%
5%
5%
4%
4%
4%
3%
3%
3%
3%
2%
2%
2%
2%
2%
1%
1%
1%
1%
1%
1%
%
%

2017 Embedded Markets Study

ASPENCORE

2017 (N = 609)
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Please select the processor vendors you are
considering using on your next project. ASPENCORE

Texas Instruments NG 36%
Freescale (NXP/Qualcomm) I 32%
STMicro I 30%
Microchip Technology I 27%
Atmel (Microchip Technology) I 24%
NXP (Qualcomm) s 22%
Xilinx S 21%
Intel ST 18%
Altera (Intel FPGA) s 17%
Analog Devices T 13%
Cypress Semiconductor i 11%
Renesas i 10%
Silicon Labs i 10%
Broadcom i 7%
Qualcomm T 7%
Infineon T 6%
Maxim T 6%
Energy Micro (Silicon Labs) = 6%
Microsemi = 5%
AMD T 5%
Marvell =0 5%
NVIDIA = 5%
Lattice Semiconductor T 4%
Samsung T 4%
Zilog " 3%
Applied Micro 71 2%
Digi/Rabbit Semiconductor = 2% 2017 (N = 554)
Toshiba 71 2%
Cirrus Logic ™1 2%
Cavium 0 1%
IBM 1 1%
Spansion (Fujitsu) ™ 1%
PMC-Sierra (Microsemi) = 1%
VIA 7 1%
Stretch 1 1%
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Which of the following 32-bit chip families would

you consider for your next embedded project? ASPENCORE

SiLABS Precision32 (ARM) 1] 5%

STicro sTz2 (ko) [ s0% oo () [ 5%
4%

Energy Micro EFM32 11

Microchip PIC 32-bit (MIPS) T 509

i i tFusion2 SoC FPGA (Cortex-M3 9
Xilinx Zynq (with dual ARM Cortex-A9) _ 17% Microsemi SmartFusion . © (Cortex-M3) L 4%
Infineon XMC4000 (ARM) 1] 4%
Freescale i.MX (ARM) _ 17% AMD Fusion, Athlon, Sempron, Turion, Opteron, Geode 1 4%
NXP LPC (ARM) _ 16% Atmel AT91xx - 4%
leKinetis (ARM,/Cortex-M4/M0 _ 16% FreescalePowerQUICC 1 4%
FreescaleKinetis ( ortex- ) 6 Renesas RH850 10 4%
Atmel SAMxx (ARM) | 14% Freescale PowerPC 55xx Il 4%
T Sitara (ARM) _ 14% Microsemi FPGA (Cortex-M1, softcore) 0 3%
Freescale PowerPC 5xx, 6xx 1 3%

. H 0,

Intel Atom, Pentium, Celeron, Core 2, Core iX - 13% Intel ltanium 1 3%
Altera (Intel FPGA) SoC-FPGA (with dual ARM Cortex-A9) | 12% Freescale Vybrid (ARM) 1 3%
arduino I 12% Freescale 68K, ColdFire ] 2%

Microsemi SmartFusion SoC FPGA (Cortex-M3) [ 2%

Altera (Intel FPGA) Nios Il (soft core) - 11% IBM PowerPC 4xx, 7xx 1 2%

TI SimpleLink (ARM)* T 119 Infineon XMC1000 (ARM Cortex-M0) 1 2%

Marvell 0 2%

TI TMA4Cx (ARM 11%

( ) - ’ Infineon Tricore I 2%

Atmel (AVR32) 1 11% Xilinx Virtex-5 (with PowerPC 405) 1 2%

Atmel AT91xx/ATSAMXx (ARM) - 10% Infineon AURIX (TriCore-based) 1 1%
MO/PSoC 5 ARM C M3 - . Cirrus Logic EP73xx, EP93xx (ARM) 1 1%

Cypress PSOC 4 ARM Cortex-MO0/PSoC 5 ortex- 9% AMD Alchemy (MIPS) 1 1%
RenesasRX | 8% SPARC (any) 1 1%

Broadcom (any) - 8% Xilinx Virtex-4 (with PowerPC 405) 1 1%

Spansion (formerly Fujitsu) FM3 (ARM) 1 1%

0,

TI C2000 MCUs - 7% Infineon TriCore 1| 1%

Xilinx MicroBlaze (soft-core) - 7% w2017 (N - 617) Infineon TriCore-based 32-bit families AUDO MAX [ 1%

()

NVIDIA Tegra - 6% AMCC PowerPC Z.lxx | 1%

Other (please specify) 0 4%

Tl Hercules (ARM) - 6%
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Which of the following 16-bit chip families would
you consider for your next embedded project? ASPENCORE

i i R 45
Microchip PIC24 / dsPIC 28% 45%

A 42%
TI MSP430 2%
STMicroelectronics ST9, ST10  TE——— 22%
Freescale HC16 TN 15%

Intel 8086, '186, '286 —_—x=11%

Renesas RL78 NN 1%;/:%

Freescale HC12 I 10%

12%
Renesas R8C _7%9%

AMD 186, '183 %
Zilog 7180, 7380 W 5%

; B 4%
Maxim Ty

Infineon XE166, XC2000, XC166, C166 WM 4%

- 2017 (N = 412)
Other 5% 2015 (N = 621)

19%

EE‘Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.





Which of the following 8-bit chip families would you
consider for your next embedded project?

Microchip PIC

Atmel AVR

STMicroelectronics ST6, ST7, ST8
Freescale HC

TI TMS370, 7000

Intel 80xx, '251

NXP/Philips P80x, P87x, P89x
Atmel 80xx

Renesas H8

CypressPSoC 1 (M8C) / PSoC 3 (8051)
Xilinx PicoBlaze (soft core)
SiLabs 80xx

Zilog 78, 780, 7180, eZ80

Digi / Rabbit 2000, 3000

Parallax

Toshiba

Infineon XC800, C500

Maxim 80xx

EE‘Times embedded

2017 Embedded Markets Study

------------!55-A%%
(o]
A 43%

34%
P—— 18%

19%
I 13%
17%
I—— 13%
10%
I 11%
10%
I 10%
13%
I 10%
8%
I 9%

12%
9%
11%
9%
10%
I 8%
9%
7%
4%
. 3%
2%
- 2%
2%
- 2%
1%
™ 2%
3% m 2017 (N = 462)
™ 2%
2% 2015 (N = 695)

84

ASPENCORE
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Have you upgraded from an 8-bit or 16-bit chip to a AS@HE
32-bit design in the last 12 months?

76%
71%

67%

16% 17% 15%
12% 14% 12% .
Yes, upgraded from 8-bit chip Yes, upgraded from 16-bit chip No
m 2017 (N = 665) 2015 (N =900) M 2014 (N = 1225)

EE’Times embedded 2017 Embedded Markets Study © 2017 Copyright by AspenCore. All rights reserved.
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Which of the following DSP chip families would you

consider for your next embedded project? ASFENEORE

' i A—— 33%
Microchip dsPIC 57

Tl 'C6000 _21%2%

: in T 19%

Analog Devices Blackfin 199%
inci R 19%

Tl DaVinci ° 3%

i . 18%
Analog Devices SHARC 115 18%

NXP Cortex M4 LPC4000 ~G_—_—i—17%

' I 15%
T1'C5000 1o

Analog Devices TigerSHARC _8% 12%

Tl KeyStone DSPs W 12%

Analog Devices ADSP-21xx _101%%

Freescale 563xx, 566xx, 568xx, 96xxx NN 11%

13%
Freescale StarCore 71xx, 81xx s 6% 8%
° W 2017 (N = 371)

— 7%
Other 8% 2015 (N = 559)

EE‘Times EmbEddEd 2017 Embedded Markets StUdy © 2017 Copyright by AspenCore. All rights reserved.
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Microprocessors
ASPENCORE

* Deciders for chips — Hardware engineers (28%) and engineering grou (26%)
* Single chip usage — 56% down a little from 2015. 2.3 chips per design on average.

* Chip Type —In 2017: 32-bit (63%), 64bit (13%) 16-bit (9%), 8-bit (12%).

* Clock speeds — Now 445 MHz, up from 397 MHz in 2015, more in line with 2014, 2013.

* Same processor used — Now 47%, down from 50% in 2015. Happy with it, compatibility, same tools.
*  Family — 55% chose main chip from different family, 46% different processor from the same family.
* Ecosystem — 68% say “ecosystem” outweighs “the chip” (25%). Best ecosystem is Microchip and TI.
* Important in chip decision — Software development tools (70%), chip performance (38%)

* Top 5 Vendors Familiar With — Tl, Freescale, Microchip, Atmel, STMicro

* Top 5 Vendors Currently Using — T, Freescale, Atmel, Microchip, STMicro (same as 2015)

* Top 5 Vendors Considering Using — Tl, Freescale, STMicro, Microchip, Atmel (same as 2015)

* Top two 32-bit chips considering — STMicro STM32 (ARM), Microchip PIC 32-bit (same as 2015)

* Top two 16-bit chips considering — Microchip PIC 24 (dsPIC) and TI MSP430 (reversed from 2015)

* Top two 8-bit chips considering — Microchip PIC and Atmel AVR same as 2015 and 2014

* Upgraded from 8 or 16-bit to 32-bit — 12% from 8-bit, 12% from 32-bit. No = 76%.

* Top two DSP chips considering — Microchip dsPIC and Tl ‘C6000 (replaced Tl DaVinci).
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Does your current embedded project incorporate
an FPGA chip? ASPENCORE

704 69% 68% 9%

a—

30% 31% 32% 31%

O

Yes

M 2017 (N=696) 2015 (N =959) m 2014 (N =1,295) m 2013 (N =2,073) m 2012 (N =1,669)

Note 1: Among those not using FPGAs, only 12% said the trend towards FPGAs with built
in multicore processors would change their mind, and 51% said “maybe” it would.
And 37% said it would not change their mind.

Note 2: Only 25% of all respondents said they would use an FPGA in their next project further
supporting the downward trend in using FPGAs. Those not using FPGAs in the future say they
don’t need the functionality, the cost of FPGAs is too high, or they consume too much power.
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Which of the following vendors does your
current embedded projects use for FPGAs? ASPENCORE

55

64%
2 R
Altera (Intel FPGA) %°
Lattice
Microsemi

Mentor Graphics

Atmel (Microchip Technology)

Cypress Semiconductor
B 2017 Currently use (N = 199)

Synopsys 2015 Currently use (N = 290)
B 2014 Currently use (N = 404)
2013 Currently use (N = 626
Cadence y use )

M 2012 Currently use (N = 567)
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Which of the following FPGA vendors will you

consider in your next embedded project?

Altera (Intel FPGA)
o N 22%
Lattice 22%

Xilinx

11%

- - RN 19%
Atmel (Now Microchip Technology) 19%

13%

i PN 17%
Cypress Semiconductor 17%

Mentor Graphics B 7%
Cadence W 5%

Other (specify)

EE‘Times embedded

Synopsys B 5%

Achronix

10%

. . o)
Microsemi RN 13%

13%
10%
5%
4%
B 2%
1%

B 2%
1%

2017 Embedded Markets Study

ASPENCORE

A——— 70%
" 5%

70%

59%

2017 Will Consider (N = 410)

2015 Will consider (N = 365)
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FPGASs, Memories, LCDs

ASPENCORE

Current FPGA usage — 30% used in current project, continuing a downward trending.
* Next Project FPGA usage — 25% will likely use an FPGA in their next project,.

* Why FPGAs NOT used — Don’t need this functionality, too expensive, use too much
power, and too difficult to program.

* Built-in Multicore Trend — 12% say it encourages use of FPGAs
* Vendors currently used — Xilinx (55% ) and Altera (42%) dominate and Lattice is 13%.

* Vendors will consider — Xilinx (70% ) and Altera (58%). Altera/Intel and
Atmel/Microchip mergers portend a possible challenge to Xilinx.
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Does your current embedded project reuse hardware @
or hardware IP from a previous project? ASPENCORE

m 2017 (N = 865)
60% coo 03% 62% 2015 (N =922)
® 2014 (N = 1257)
M 2013 (N = 2041)

29% 28% 30%

24%

O%

6% %6% 4% 5%

3% 3%
[ I E—
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

Over three quarters of embedded developers reuse
hardware or hardware IP and 7 in 10 have been doing so

for the last five years. Six in ten reuse hardware or
hardware IP that was developed in house.
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Which of the following design techniques will become @
more important to your designs in the future? ASPENCORE

63%

] ] 61%
Simulation 63%
63%
63%

33%

Emulation (added 2017)

27%
o . 40%
Modeling in a high level language 37%

39%

Virtual prototyping
m 2017 (N = 548)

2015 (N = 719)
® 2014 (N = 1007)
= 2013 (N = 1743)
m 2012 (N = 1401)

Graphical system design
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What system level design tools do you or your

organization currently use? ASPENCORE

48%

MATLAB 26%
244

LabVIEW
System C or other "hardware C" language
FPGA-based prototypes
Simulink
UML
QEMU
Cadence Virtual System Platform
Synopsys Virtualizer

m 2017 (N = 445)

Mentor Graphics Vista 2015 (N = 638)

m 2014 (N = 887)

Other

= 2013 (N = 1509)
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Who were the three greatest influencers on the @
choice of the system-level tools for your ASPENGORE
current project?

Software engineering staff 36%

Hardware engineering staff 28%

Software engineering manager 21%

Hardware engineering manager 18%

Hardware architects 17%

Systems engineering manager 15%

Systems engineering staff 15%

Corporate management 14%

Outside influence, customer, standards 8%
Purchasing manager l 2%
Marketing manager I 2%

m 2017 (N =536
Other . 4% ( )
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Which of the following project management
software packages do you currently use?

Microsoft Excel
Microsoft Project
Open Source tools
Visio

Simulink

IBM Telelogic DOORS
TeamCenter

Other software package

98

v

ASPENCORE

I 4%

I 23%

24%

A 22%

27%

N 7%

10%

N 6%

7%

M 3%

2%

B 7%

11%

EE(Tlmes embedded 2017 Embedded Markets Study

A, 3%

47%

45%

m 2017 (N = 574)
2015 (N = 709)
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Which of the following Version Control software @
systems do you currently use? ASPENCORE
- E
Git 31%
subversion RN 33
41%
cvs TN 14%
19%
m 2017 (N = 585)
Clearcase - 6610% 2015(N=699)

5%
Perforce -
7%

Other N 14%

17%
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Does your current design use a graphical @
user interface? ASPENCORE

59% 59%

49% 49% >1% >1%
(Y (]

41% 41%

Yes No

m 2017 (N = 870) 2015 (N = 806) W 2014 (N = 1155) 2013 (N =1993)
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- =) ©
Hardware IPs, System Level Design, GUIs KE»Y pWA

ASPENCORE

* Reuse of Hardware/Hardware IPs — 76% up from 71% reuse in 2015.

* Design Techniques Becoming More Important — Simulation (63%), emulation (new
om 2015) (33%) and modeling high level language (27%).

* System Level Design Tools Used — MATLAB (48%) is the big leader followed by
LabVIEW (35%), System C (28%) and FPGA based prototypes (24%).

* Deciders of Systems Level Tools — Software engineers (36%) and hardware staff (28%)
are the top influencers

* Project Management — Excel (44%) & Microsoft Project (38%) are tops.

* Version Control Software — Git (38%) switched places with Subversion (33%), and CVS
(14%) is a distant third.

* GUI usage — Stayed even at 49% in 2017.
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CMSE 423 Embedded Systems Design (Hi-End)



		

Department:   Computer Engineering





		

Instructor Information

Name:  Assoc. Prof. Dr. Mehmet Bodur

E-mail: mehmet.bodur@emu.edu.tr 

Office: CMPE 111

Office Tel: 0392 630 2841 

               



		

Assistant Information   Name: E-mail: Office: Office Tel: 





		

Meeting times and places: 4 hrs Lecture, 2 hrs Lab





		

Program Name:  Software Engineering



		

Program Code: 29



		Course Code  

CMSE 423

		Credits                                        

4 

		Year/Semester

2021-2022   Fall



		[bookmark: Check1][bookmark: Check2]|X|  Required Course         |_|  Elective Course       



		Prerequisite(s): 

CMPE/CMSE 223 





		Catalog Description 

Application areas, common characteristics, and challenges in embedded system design. Requirement specification, models of computation and modeling methods such as automata, and state charts, data flow modeling. High End Embedded Systems (HEES) hardware, ASICs, processors, memories, communication, conversion between analog and digital inputs and outputs, sampling, and actuators, secure hardware. Embedded operating systems, general requirements, RTOS, virtual machines, real time databases. IoT projects and implementation. Evaluation and validation, performance evaluation, energy and power models, simulation, rapid prototyping, emulation. Test, test pattern generation, evaluation of test patterns, design for testability. (CMSE223). 





		Course Web Page  

https://staff.emu.edu.tr/mehmetbodur/en/teaching/cmse423





		Textbook(s)  

E.A. Lee and S.A. Seshia, Introduction to Embedded Systems, A Cyber-Physical Systems Approach, 2Ed, MIT Press, 2017.





		Indicative Basic Reading List 

Course Notes by M. Bodur.





		Topics Covered and Class Schedule

(4 hours of lectures per week)



		Week 1

		Trends in Embedded Systems Industry, application areas. Common challenges in (High End) Embedded Systems design and applications [Survey and Ch0]



		Week 2

		Importance of modeling the real world, and cyber world, for given requirement specifications[Ch1] 



		Week 3

		Modeling the continuous physical world: physical laws and constraints, kinematics, and dynamics. Signal flow diagrams [Ch2].



		Week 4

		Discrete Systems Modeling, Discrete and Hybrid systems, automata, and statecharts [Ch3, Ch4]. 



		Week 5

		Commons of HEES Projects, Simulation, Emulation, and Rapid Prototyping, Sensors and Actuators, sampling [Ch7] (quiz-1)



		Week 6  

		HES hardware, Input-Output Ports, analog, digital, and serial input-outputs and communication, [Ch10].



		Week 7

		Processors and Memory systems, RTOS, virtual machines, real time databases 
[Ch8, Ch9]  



		Week 8

		(Midterm Exam)



		Week 9

		IoT projects and implementation: NodeRED on Raspberry and on PC. Team project discussions [project introduction]. 



		Week 10

		Incremental Design, test, test pattern generation, evaluation of test patterns, design for testability,  [project implementation and verification] 



		Week 11

		Evaluation and validation: performance evaluation, energy and power models 
[project evaluation]



		Week 12

		Security of Embedded Systems, Cryptographics, Symmetric and Public Key encryption, Kerckhoff’s principle, Confidentiality, Integrity, Authenticity. Software Security, Attacker and Threat models, Security in Embedded Industry  [Ch 17]



		Week 13

		Student Prototype Project Discussions, (project reporting)



		Week 14

		(Final Exam, Final revision of project reports)













		Laboratory Schedule:

(2 hours of laboratory per week)



		Week 4

		Modeling and control of continuous systems by Signal Flow Diagrams. 



		Week 5 

		Modeling and control of hybrid systems by Signal Flow Diagrams.



		Week 6

		Low-end ESD application on Arduino, using digital inputs, LCD display, PWM outputs, etc 



		Week 7

		Low-end ESD on Arduino, access to switches, displays, sensors, and actuators. 



		Week 10

		RPB2 or ESD32 IoT introduction to NodeRED graphical programming environment,



		Week 11

		RPB2 or ESD32, IoT applications, and discussions on Team Projects -1,



		Week 12

		Discussions on Team Projects -2, 









		Course Learning Outcomes 



Upon successful completion of the course, students are expected to have the following competencies 

(1) Perform kinematic and dynamics modelling of simple physical systems for HES design (1).

(2) Know typical structure of a HES, and use simple digital i/o ports in C (1).

(3) Know analogue, digital and hybrid approaches, and use a typical AD converter of a HES (1).

(4) Know typical control, and monitoring approaches for High End Embedded Systems (HES) (1).

(5) Know common cyber modelling tools and methods, and apply FSM techniques on HES (1).

(6) Know common principles of IoT systems, and apply them on an IoT platform (1).

(7) Analyse technical requirements and design a HES using indicators, displays, sensors and actors (1).

(8) Analyse and comment on ethical social and environmental responsibilities of an embedded system design (4).

(9) Practice an embedded system preliminary design starting from technical requirements (2).

(10) Practice an embedded system design in teams including its tests (5).

(11) Prepare a team design report to document hardware/software development of a HEES, including its tests (6).





		Assessment

		Method

		

		Percentage



		

		Labs 

		

		10%



		

		Quiz, and Homework

		

		15%



		

		Midterm Exam

		

		20%



		

		Design Project

		

		25%



		

		Final Examination

		

		30%



		

Quiz and HW grading: Unscheduled 10-min Pop Quizzes at the end of the lecture hours. Two home works before midterm and before final. Reading home-works, and small project-home works related to details of the calculations for HLES design.



Lab grading: Lab attendance (3p), reports of labs (6p), and implementation (about 1p). Missing more than 2 labs resets lab grade.





		

Policy on makeups: For eligibility to take a makeup exam, the student should bring a valid excuse (medical report) within 3 working days of the missed exam. No make-up exam for quizzes. Final and midterm make-up exams are conducted after final exam. Students may get NG if they miss both midterm and final exam.





		

Policy on cheating and plagiarism: Any student caught cheating at the exams or assignments will automatically fail the course and may be sent to the disciplinary committee at the discretion of the instructor.





		

Updated by: Assoc. Prof. Dr. Mehmet Bodur    Update Date: 19.04.2019

Contribution of Course to ABET Criterion 5

Credit Hours for:



Mathematics & Basic Science : 0

Engineering Sciences and Design : 4 

General Education : 0 





		Relationship of the course to Program Outcomes



1.  an ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics



2. an ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors



4. an ability to recognize ethical and professional responsibilities in engineering situations and make informed judgments, which must consider the impact of engineering solutions in global, economic, environmental, and societal contexts



5. an ability to function effectively on a team whose members together provide leadership, create a collaborative and inclusive environment, establish goals, plan tasks, and meet objectives



6. an ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw conclusions





		

Prepared by: Assoc. Prof. Dr. Mehmet Bodur



		Date Prepared: 19 April 2019

Last modification: 28 August 2021
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