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CSRe_ tardware/SoTtware
Enrvineering ol Emoedded Sustems
“arry “tsieh

Derartment of Comruter Seience and Enaineeing a/

Aniversito of califoraia at Riverside

Instructor

« Harry Hsieh
— www.cs.ucr.edu/~harry

— harry@cs.ucedu
— Office (787%2030)
« SURGE 329;TuTh2PM-3PM
— Check www for cancellation
— Also available
* by appointment
« immediately after class

— Class Web Page
« www.cs.ucr.edu/~harry/classes_files/cs269_Win02.html
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Questions to answer

what are Embedded Systems?

)
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HW/SW Engineering of Embedded Systgms

« Class Meeting

— SURGE 349

— TuTh12:40PM2PM
» Prerequisite:

— CS/EE 120A

— consent of instructor
« Course number:

— 16546
* 4 units, grades only

— No S/NC, PINP,...
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Grades

» Presentations & participatiatb%
— Present 3 technical papers per quarter
« 1.52 hourlong lecture per quarter
— Read 3 technical papers per week on the average
« Attend every class meeting

— Sign up for Eround of presentation byhursday, 1/10!!!
« Individual projec45%

— List of projects provided
— 1-2 person per project team
— Sign up byThursday, 1/17!!!

* Quiz10%
— In-class
— Openeverything
— No human help whatsoever...

* No homework, no exams, riexbook no laboratory exercisg,
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® Presentation & Participation B Project B Quiz

Embedded computer systems

[

« Computing systems embedded within larger deviceg
« Repeatedly carry out a particular function

* May not be recognized by the device's users
* Any computing system other than a desktop compyter

« Billions of units produced yearly

— versus millions of desktop units ¢
« About 50 per household
« About 50 per automobile
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Traditional embedded systems

Anti-fock brakes Modems
Auto-focus cameras  MPEG decoders \/./) % &
‘Automatic teller machinesNetwork cards

Automatic toll systems  Network switches/routers

Automatic transmission  On-board navigation

Avionic systems Pagers ﬁ% =
Battery chargers Photocopiers ® =g

Camcorders. Pointof-sale systems

Cell phones Portable video games
Cell-phone base stations Printers
Cordless phones Satelite phones

Cruise control Scanners
C

N
Digital cameras Speech recognizers 77
Disk drives Stereo systems @7 7
Electronic card readers  Teleconferencing systems s sl NS

Electronic instruments ~ Televisions

Electronic toys/games  Temperature controllers
Factory control Theft tracking systems
Fax machines. TV settop boxes
Fingerprint identifiers  VCR's, DVD players
Home security systems  Video game consoles
Life-support systems  Video phones

wedcaltesting sysiems wasnersanaavers  ANC the list goes on and on

=
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Common embedded system characterisfics

¢ Singlefunctioned

— Executes a single program, repeatedly
* Reactive and regime

— Continually reacts to changes in the system’s environmgnt

— Must compute certain results in reathe without delay
 Tightly-constrained

— Low cost, low power, small, fast, etc.
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Common design metrics
[}
A it
@ time to prototype size
flexibility i i
[/ execution time
g NRE cost throughput ﬁ
unit cost
time to market
) fe
= power
maintainability N
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Smart dust
« Solar Power
¢ Thick Film Battery
« 2-way Communication
— Laser
« Light Sensing
« Acceleration Sensing
11
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More exotic embedded systems

3 DOF limb
actuator

sensors
IR diode
solar cell

lem
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Smart pen

« Biometric authentication

« Handwriting Recognition
— Speed, angle, pressure

* Stores up to 10 Pages

« Radio transmission

« Address book, planner,
calculator

* Receive/send-eail
« Containsink, too...

-

12
(Source: wwwsmartpemet)
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Head 1.518 Chip System

« Self powered
« Intellifiber
— Convert mechanical energy to
electrical energy
— 1ms timing constraints

« Microchip

Integrated in racquet handle
Send out signal to stiffen the
racquet

Reduce 50% of vibration
Reduce twice as fast

« ...Soyou can hit harder!!!

« $300

(Source: www.head.com)
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Furby

« One single reversible stepper
motor

« A main PC board (Source: winphobecomfurby)

— Contain a few SSI chips, caps,
resistors...
— Pet sensors, inversion switch

« Two daughter boards

— Each with a blob
« Contain CPU and stuff...

« Pet switch, inversion switch,
tummy switch, tongue switch,
light sensor, IR send/receive,
speaker, motor

. $20
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21t century electronic applications
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ChampionChip

« NY city marathon official time

keeper S
— No chip, no count... ..'
* RFID technology from Tl ‘{

« Contain a chip and a coil
« Self powered

* 60ms resolution
« 7 digit alphanumeric code
« Multiple split time for everyone

« Don't cross finish line walking on
your hands!!!

« $30

(Source: wwwehampionchipsom)
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X-by-wire

« Optimal throttle and
injector control

« 4-wheel independent
steering

* 4-wheel independent
breaking

« Sensory systems for
— Active Cruise Control
— Autonomous automobile
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(Source: wwwmechatronicssom)
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Questions to answer

dd e ethere?

9
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what are Embedded Systems?

el
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The World According to Moore

100000000
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100t

“Cramming More Components lm Il
Onto Integrated Circuits”,
Electronics April, 1965

1
1959 1964 1969 1974 1979
« 1959, invention of IC (Kilby/Noyce) "

* Moore'sLaw
— Number of transistors shall double every year
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The World According to Moore
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The World According to Moore
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The World According to Moore
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The World According to Moore
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Onto Integrated Circuits”,
Electronics April, 1965

1959 1964 1969 1974 1979
« 1959, invention of IC (Kilby/Noyce) [

* Moore’sLaw
— Number of transistors shall double every year
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|CS269: HW/SW Engineering of Embedded Systems, Winter02

The Rest Is History
8086 100000000
29,000 trans
1978
1000000¢
g
% 1000000
286 g
120,000 trans s
1082 "‘2 100000
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[ 4
386
275,000 trans 1000 ' ! ! ! ! '
1985 1970 1975 1980 1985 1990 1995 2000
Year
486
1,180,000 trans Pentium Pentium Il
1989 3,100,000 trans 7,500,000 trans Pentium IlI Pentium IV
1993 1997 24,000,000 trans 42,000,000 trang4
|CS269: HW/SW Engineering of Embedded Systems, Winter02 1999 2000




CS269: HW/SW Engr of Embedded System

What Future May Bring

1E+137

1E+L

— Double every 1
L S — months

— Double every 12
£+107 months
1E+09 ~-ITRS Projection
1E+08%

1LE+07 7
Samsnon
3883885
8888888
SERSIIRS

£ 2008
2009
2010
2011
2012
2013
2014

« Take the average, let's say doubling every 18 months

« By the year 2016, each higind IC will have
— 9 billion transistors, 7100 pins, 22 nm feature sizechip local clock of
29GHz, Vjyrange 0.4V to 0.9 V, power dissipation at 288 W.
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The Productivity Gap

an

¢ Whatto do?
— Give up!
* Smaller die, fill chip up with memory...
— Increase Productivity!
« Raise the level of abstraction
« Improvement in design technology
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Next Level of Abstraction?

_ o ~H
S
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The Theory of Evolution

1400
1200
1000
800 °
600 L4
400 L] L)

200
Charles Darwin 04

Cranial Size (cc)

The Original of Species 5 -4 3 2 1
by Means of Natural Selection
1859

e 4 million BC, “Lucy” has cranial size of 380 cc
« Today,Homo Sapienaverage 1400 cc
— Double every2.08 millionyears

¥« Assume no change in brain cell structure
— Human productivity falls behind!!!

year (millions)
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Questions to answer
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Design Technology

« Want to design at higher level of abstraction
— Look at the bigger picture
— Not having to worry about little details

« Enable by:
— Compilation/Synthesis

« E.g. logic synthesis, software compiler, system synthesis
— Library/Intellectual Property
« Incorporates prelesigned implementation from loww higher level.
« E.g. MCore, ARM, Memory & Peripheral controller
— Test/Verification
« Ensures correct functionality at each level,
+ Reducing costly iterations between levels.
« E.g. simulation (RTL, behavior, HWSW), model checking
— Standards, Languages, Frameworks...
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+ Automates exploratio& insertion of implementation details for lower lev|

30
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Toward IP and Software

System Level Design is next...

L
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A @
« Inthe past: Sequental program code (€.9, C, VD) « The entire system must be designed as a whole/|} P
— Hardware and software Compilers B a0y
design technologies werg || (19605:19705)
B Register ransfers - Hardware
very different Sequential program code (e.g., C, VHDL) [
‘Assembly instructions RT synthesis _ Software
— Recent maturation of (1980's, 1990's) Behavioral synthesis
X " Assemblers, linkers = _ Interface Compilers (1990's)
synthesis enables a unifig (1950's, 1960's) Logic equations / FSM? (1960',1970')

i Logic synthesis — Memon Register transfers.
view of hardware and ‘ (1970's, 1980'5) 3 Y Assembly instructions RT synthesis
software Lelone Peripheral (19804, 1990%)

- 's, 's)
‘ Logie gates Assemblers, linkers
» Hardware/software U e (19505, 1960's) EopenaE IS
c Logic synthesis
“ " Microprocessor plus 'MPlementation \, ¢\ i o pLp ‘ 1970's, 1980
COdeSIQ n program bits: "software” implementation: *hardware" Y EEITE e ERS (19705, el
‘ Logic gates
[
The choice of hardware versus software for a particular functida simply a L
tradeoff among various design metrics, like performance, powsize, NRE cost, Microprocessor plus 'MPIEMeNtation \, o, g1 o pLp
and especially flexibility; there is no fundamental differencectween what program bits: “software” implementation: *hardware”
hardware or software can implement.
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