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Lecture #1:
Embedded Systems

Jennifer Wong
CSE 594

TR 5:20-6:40pm CS 2129A

jwong@cs.sunysb.edu
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Welcome to CSE690!
� Course logistics

� Course overview
� what are embedded computing systems?

� why are they important?

� what are their characteristics & requirements?

� what are the interesting trends?

� what will the course cover?

� Course objectives
� Focus on embedded systems

� Sensor network

� Ubiquitous computing

� Aimed primarily as a research + project oriented course

� Student research participation in the form of presentations

3

Course Logistics: Instructor Info

� Email: jwong@cs.sunysb.edu

� Phone: 631-632-1728

� Office: CS 1432

� Office hours: Tues & Weds 3:30-4:30 PM, or by appt
� Responsive with email

� Please put “CSE594” in the subject header

� Course Webpage:
� http://www.cs.sunysb.edu/~jwong/CSE594-F08/
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Course Logistics: Grading
� Homeworks: 20% total

� Paper Presentations: 15% total

� Individual presentations

� Each student will be responsible for at least 1 paper presentations during the semester (topic 
& resources specified on a continual basis, or by suggestion)

� Prepare slides and do a 35-40 minute presentation and lead discussion in the class

� slides must include a bibliography

� One project: 10% Literature survey, 15% quality of accomplishments, 10% final 
report, 10% weekly reports and progress, 15% presentation & demo = 60% total

� Software/hardware design, tools, analysis, simulation

� Implementation projects strongly encouraged

� Groups of 1-2 students

� Up to 30 minute presentation during the finals week, like a conference talk with a demo

� Up to 12 page report in the style of a technical conference paper

� use ACM’s template at http://www.acm.org/sigs/pubs/proceed/template.html

� Class Participation: 5%

� Incentive points to encourage you ask questions, give feedback to me and your peers

5

Course Logistics: Grading
� Come to class and participate 

� No question is a stupid one!

� Do you assignments on time

� Prepare your presentations, and learn from the 
experience

� Put effort into your project. The goal is to learn to do 
research, which includes: THINKING, READING, 
PROGRAMMING, and WRITING.

� Make a project schedule and stick to it

� Projects should show some interesting result, whether it 
be good or bad. But you must have a result. 
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Course Logistics: Project
� Dig deep into a focus area on your own

� lectures would provide a “broad” coverage

� Groups of 1-2 students depending on enrollment
� Should have some new idea/result, even if minor

� one or more of simulation, analysis, implementation

� Project topics

� some suggested project topics on class web page by next week

� or, you may come up with your own topic - come and discuss project 
ideas with me

� but you may not “reuse” work already done or being done for some other 
purpose/course

� it may be an extension to your MS or PhD, with advisors approval

� What should be your goal?

� useful

� similar style/quality as a conference paper and talk

� key is to keep the project do-able and focused

� aim for high quality!
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Course Logistics: On the Web

� Course web site URL 

http://www.cs.sunysb.edu/~jwong/CSE594-F08/
� I will post announcements, homeworks, etc on the webpage. 

You are expected to check the webpage. 

� On-line submissions
� Please submit you homeworks by e-mail to me at 

jwong@cs.sunysb.edu on the due date and prior to class

� Email should include a link to location where I can download 
your homework

� PLEASE do not fill my inbox with attachments!!!! 

� On-line material
� Lecture slides (.ppt and/or .pdf)

� Copies of handouts, homeworks, exams etc.

� List of prescribed papers

� Class mailing list 8

Course Logistics: Reader & 
Textbooks
� No books required

� unfortunately no single adequate book exists

� A set of papers will be required reading
� will relate to the core topic of that class

� you are expected to read the papers before the class

� listed on web site

� locating papers is your responsibility: Google, CiteSeer, ACM 
Digital Library, IEEE Xplore, UCLA Library etc.

� In addition, there are student presentations
� cover alternate ideas or related topics

� lead discussion but every one is supposed to participate

� I will give pointers to papers and web resources
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Course Logistics: Some 
Conferences and Journals
� Conferences & Workshops

� ACM EmSoft
� ACM SenSys
� ACM/IEEE IPSN/SPOTS
� ACM/IEEE DAC
� IEEE ICCAD
� IEEE RTSS
� ACM ISLPED
� IEEE VLSI SP Workshop
� CASES
� UBICOMP
� SECON
� DCOSS
� WSNA 
� RTOS
� And others……

� Journals & Magazines
� ACM Transactions on Design 

Automation of Electronic Systems
� ACM Transactions on Embedded 

Computing Systems
� ACM Transactions on Sensor 

Networks
� IEEE Transactions on Computer-

Aided Design 
� IEEE Transactions on VLSI 

Design
� IEEE Design and Test of 

Computers 
� IEEE Transactions on Computers 
� Journal of Computer and Software 

Engineering 
� Journal on Embedded Systems 
� Many others…
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Course Logistics: Some Books 
(for your interest only…)
� “Embedded, Everywhere: A Research Agenda for Networked Systems of Embedded Computers,”

National Research Council. http://www.nap.edu/books/0309075688/html/

� R. Barnett, S. Cox, and L O’Cull, “Embedded C Programmign and the Atmel AVR,” Delmar Learning, 
2002.

� Albert M. K. Cheng, “Real-Time Systems : Scheduling, Analysis, and Verification,” Wiley-Interscience, 
2002.

� John A. Stankovic and Kirthi Ramamritham, "Hard Real-Time Systems," IEEE Computer Society Press. 

� G.D. Micheli, W. Wolf, R. Ernst, “Readings in Hardware/Software Co-Design,” Morgan Kaufman.

� S.A. Edwards, “Languages for Digital Embedded Systems,” Kluwer, 2000.

� R. Melhem and R. Graybill, “Power Aware Computing,” Plenum, 2002.

� M. Pedram and J. Rabaey, “Power Aware Design Methodologies,” Kluwer, 2002.

� Bruce Douglass, "Real-Time UML - Developing Efficient Objects for Embedded Systems," Addison-
Wesley, 1998. 

� Hermann Kopetz, "Real-Time Systems : Design Principles for Distributed Embedded Applications," 
Kluwer, 1997. 

� Jean J. Labrosse, "Embedded Systems Building Blocks : Complete And Ready To Use Modules In C ," 
R&D Publishing, 1995. 

� Jean J. Labrosse, "uC / OS : The Real Time Kernel," R&D Publishing, 1992.
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Embedded Systems on the Web
� Berkeley Design technology, Inc.: http://www.bdti.com

� EE Times Magazine: http://www.eet.com/

� Linux Devices: http://www.linuxdevices.com

� Embedded Linux Journal: http://embedded.linuxjournal.com

� Embedded.com: http://www.embedded.com/

� Embedded Systems Programming magazine

� Circuit Cellar: http://www.circuitcellar.com/

� The Ganssle Group: http://www.ganssle.com/

� Electronic Design Magazine: http://www.planetee.com/ed/

� Electronic Engineering Magazine: http://www2.computeroemonline.com/magazine.html

� Integrated System Design Magazine: http://www.isdmag.com/

� Sensors Magazine: http://www.sensorsmag.com

� Embedded Systems Tutorial: http://www.learn-c.com/

� Collections of embedded systems resources

� http://www.ece.utexas.edu/~bevans/courses/ee382c/resources/

� http://www.ece.utexas.edu/~bevans/courses/realtime/resources.html

� Newsgroups

� comp.arch.embedded, comp.cad.cadence, comp.cad.synthesis, comp.dsp, comp.realtime, comp.software-
eng, comp.speech, and sci.electronics.cad
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Questions
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Course Goals
� Explain fundamental concepts underlying the design of 

embedded and real-time systems
� building hardware, software, and mixed h/w-s/w embedded 

systems

� Techniques for optimizing design of embedded systems
� algorithms for systematic design

� Research issues, industry trends, and interesting 
applications

Prepare for the Shift from General-purpose to
Embedded Computing

� How to communicate effectively
� both written and orally

� How to do research
14

What are Embedded Systems?

Generic Definition:

“nearly any computing system other than a 

desktop computer”

15

More Examples...
� Signal processing systems

� radar, sonar, real-time video, set-top boxes, DVD players, 
medical equipment, residential gateways

� Mission critical systems
� avionics, space-craft control, nuclear plant control

� Distributed control
� network routers & switches, mass transit systems, 

elevators in large buildings

� “Small” systems
� cellular phones, pagers, home appliances, toys, smart 

cards, MP3 players, PDAs, digital cameras and 
camcorders, sensors, smart badges

� Large dynamic range of attributes and capabilities
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A Variety of Application Domains

� Hybrid and embedded systems
� Aerospace, automobiles, robotics, process control, sensor networks, 

smart spaces

� Multimedia
� Virtual reality, immersive environment

� Consumer electronics
� Mobile phones, office electronics, digital appliances

� Network components
� Bridges, routers, switches, hubs

� Medical devices and instruments
� Patient monitoring, MRI, infusion pumps, artificial organs

� E-business
� ATM, vending machines

� Distributed and grid computing
� Critical infrastructure defense system, air traffic control, intelligent 

highway systems, emergence response system
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Pending Embedded Systems

� Emerging challenges

� Wireless ad-hoc 

� Deep sub-micron 

� Sensing

� Security and Privacy

www.neptunecanada.ca/Pervasive Computing Group, ICU
cds.icu.ac.kr/druid/druid.htm

www.bioteach.ubc.ca/

� Design Requirements

� Harsh environment 

� Distributed 

� Networked
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Why do we care?
Some Market Tidbits...
� Specialized devices and information appliances are replacing the

generalist PC
� variety of forms: set-top boxes, fixed-screen phones, smart mobile 

phones, iPods, PDAs, NCs, etc.
� Vast majority of inter access devices are appliances and not PCs

� In 1997, 96% of internet access devices sold in the US were PCs
� Now, unit shipments of just internet-enabled cells phones exceed PCs

� Traditional systems becoming 
dependent on computation systems
� Modern cars: up to ~100 processors 

running complex software
� engine & emissions control, stability & 

traction control,  diagnostics, gearless 
automatic transmission

� http://www.howstuffworks.com/car-
computer.htm

� An indicator: where are the CPUs 
being used?
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Why do we care?
Some Market Tidbits...in $$$$
� General Purpose Computing

� PC Chipsets ($6.9B) expected to grow to $10.3B in 2009 

� Embedded Systems
� Wi-Fi ($140M) expected to grow 3x by 2009 (mobile PCs, 

residential networks, cell phones)

� Media Devices (digital TVs, MP3 players, video games 
consoles) 

� ASIC ($209.8M) expected to grow to $2.53B in 2009 
(ASSP)  

� RFID ($1.3B) expected to grow 25x by 2010

Source: www.instat.com

57.0%

10.5%

90.4%

86.3%

31.6%

Compound Annual 
Growth Rate
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Where are the CPUs?
Estimated 98% of 8 Billion CPUs produced in 2000 used for embedded apps

Where Has CS Focused?Where Has CS Focused?Where Has CS Focused?

Interactive
Computers
InteractiveInteractive
ComputersComputers

Servers,
etc.

Servers,Servers,
etc.etc.

200M
per Year

200M200M
per Yearper Year

In VehiclesIn Vehicles
EmbeddedEmbedded

In RobotsIn Robots

Where Are the Processors?Where Are the Processors?Where Are the Processors?

Look for the CPUsLook for the CPUs……the Opportunities Will Follow!the Opportunities Will Follow!

Embedded Computers
80%

Embedded ComputersEmbedded Computers
80%80%

8.5B Parts 
per Year

8.5B Parts 8.5B Parts 
per Yearper Year

RobotsRobots
6%6%

VehiclesVehicles
12%12%

DirectDirect
2%2%

Source:  DARPA/Intel (Source:  DARPA/Intel (TennenhouseTennenhouse))
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Example: Automotive Telematics

� In 2005, 30-90 processors per car
� Engine control, Break system, 

Airbag deployment system
� Windshield wiper, door locks, 

entertainment systems

� Example: BMW 745i
� 2,000,000 LOC
� Window CE OS
� Over 60 microprocessors
� 53 8-bit, 11 32-bit, 7 16-bit
� Multiple networks
� Buggy?

� Problems
� Disparity between the design cycle 

of a car and the design cycle of 
embedded components

� Difficult to upgrade
� Not possible to integrate the user’s 

own devices into a car

Source: Source: InsupInsup Lee, Lee, UPennUPenn 22

Characteristics of Embedded 

Systems: General Perspective

� Tightly coupled to the physical world; i.e., 
interacts with (or reacts to) its environment

� Correct operation is subject to
� Physical constraints imposed by the environment

� Resource constraints of the device

� Heterogeneity, networked at larger scale

� Sociological and ethical requirements
� Users are not system experts

� Security and privacy
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Characteristics of Embedded 

Systems: General Perspective

� Single-functioned
� Executes a single program, repeatedly

� Tightly-constrained
� Low cost, low power, small, fast, etc.

� Reactive and real-time
� Continually reacts to changes in the system’s 

environment

� Must compute certain results in real-time without 
delay

Source: Vahid/Givargis
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Characteristics of Embedded 

Systems: CSE Perspective

� HW & SW do application-specific function – not G.P.
� application is known a priori

� but definition and development concurrent

� Some degree of re-programmability is essential 
� flexibility in upgrading, bug fixing, product differentiation, product 

customization

� Never terminate (ideally)

� Operation is time constrained: latency, throughput

� Passage of time is important
� Correctness of results depends on time at which it is produced

� Other limits: power, size, weight, heat, reliability etc.

� Inherently concurrent

� Increasingly high-performance (DSP) & networked

� Security, safety, reliability, maintainability…
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Key Recent Trends

� Increasing computation demands

� e.g. multimedia processing in set-top boxes, HDTV

� Increasingly networked

� to eliminate host, and remotely monitor/debug

� embedded Web servers

� e.g. Axis camera http://neteye.nesl.ucla.edu

� e.g. Mercedes car with web server

� embedded Java virtual machines

� e.g. Java ring, smart cards, printers

� cameras, disks etc. that sit directly on networks

� Increasing need for flexibility

� time-to-market under ever changing standards!

� Need careful co-design of h/w & s/w!
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Example: Home and Personal Appliances
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Justifications for Applications

� Rapid advances in component technologies, 
e.g.,

� Smart gadgets, wearable sensors and actuators, 
robotic helpers, mobile devices

� Wireless, wideband interconnects

� Increasing critical needs due to

� Aging baby-boom generation

� Long life expectancy

� New safety, security, and privacy concerns
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Observations

� Number of users: 10 – 1000 million
� Types of sensors and actuators: 100’s
� Number of suppliers: 10 – 100’s
� Required reliability: <10,000 recalls/year
� User tolerance to glitches: minimum
� Product life cycles: 3 – 20 yrs
� Tolerable upgrade effort: minimum

The environment must be open and evolvable, & capable 
of self diagnosis, healing, maintenance
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Desired Trends
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Research & Development Needs

� Predictability and manageability

� Self-configuration and adaptive coordination
� Monitoring and system health

� New abstraction and computation models

� Incorporation of network geometry

� Interoperability for system integration

� Integration of technical, social, ethical, and 
public policy issues

“Embedded, Everywhere: A Research Agenda for
Networked Systems of Embedded Computers,”

National Research Council, U.S.A.
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Challenges

� Three aspects of embedded system development
� Embedding for smart control
� Creating new computing gadgets
� Connecting the physical world to the computing infrastructure

� The goal is to make them invisible cost-effectively!
� Trustworthy: should not fail (or gracefully degrade), and safe to use. The 

existence of embedded software becomes apparent only when an 
embedded system fails.

� Context Aware: should be able to sense people, environment, and 
threats and to plan/notify/actuate responses to provide real-time 
interaction with the dynamically changing physical environment with 
limited resources.

� Seamless Integration: should be invisible at multiple levels of a 
hierarchy: home systems, metropolitan systems, regional systems, and 
national systems.
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Course Plan
� Embedded computing platforms

� Embedded system modeling

� Power-aware design and power management

� Real-time requirements & operating systems

� Security & privacy

� Applications/Case studies
� Sensor networks, RFID

� High-confidence medical devices: Infusion pump

� Topic Suggestions????
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HW #1 – Intro. to Embedded 
Systems & Critique 
� Homework #1 (Due Next Thurs 9/11/08 by class)
� Read these articles:

� M. Satyanarayanan, "Pervasive Computing: Vision and Challenges," IEEE 
Personal Communications, August 2001, pp. 10-17. 

� R. Want, B. Gaetano, "Survey on Information Appliances," IEEE Computer 
Graphics and Applications, 20, 3, 2000, pp. 24-31.

� D. Tennenhouse, "Proactive Computing," Comm. of the ACM, Vol 43 No 5, May 
2000, pp. 43-50.

And (if you haven’t already)
� D. Culler, D. Estrin, M.Srivastava. "Overview of Sensor Networks", IEEE 

Computer, Aug. 2004

� For 1 of the articles (which you haven’t read before), write a 1-page critique 
of each article, NOT A SUMMARY. Include what you think the article got 
correct or wrong compared to current technology/advancements.

� Submit electronically the URL location of your critique by the deadline. 
WORD, html, txt, PDF formats are all acceptable.


