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What are Embedded Systems?
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What are Embedded 3C Systems?

Connecting : Consumer

Screen Phone

gl MMobile Phone
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What are Embedded Systems?
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Bluetooth module
(band joint) IrDA port

/ 320x240 B/W LCD

Piezo speaker

bottom
_ Touch panel
Accelerometer _ | T~ Battery terminal
on board . (right side)
Microphone
Stem switch 3 Buttons
Vibrator Fingerprint sensor

around here
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The Custom Approach
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“Traditional” Hardware Embedded Systenis
= ASIC

ASIC Features
Area: 4.6 mm x 5.1 mm
Speed: 20 MHz @ 10 Mcps
Technology: HP 0.5 um

Power: 16 mW - 120 mW (mode
dependent) @ 20 MHz, 3.3V

| Avg. Acquisition Time: 10 ps to 300
us

ek sy i s

A direct sequence spread spectrum (DSSS) receiver ASIC (UCLA)
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A New Paradigm of Computing

Number Crunching

- Data Storage

Productivity

Workstation g > Interactive

» Streaming
Information
o/from physical

log (people per computer)

year
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History
Embedded systems

EMBEDDED
SYSTEM

MEMORY

ACTUATORS

HARDWIRED UNIT
Digital Signhal processor

Application-specific logic

A/D and D/A conversion
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« Microcontroller

A Tl i G ) SRR Sy A
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« DSP (Digital Signal Processor)
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 ASIC (Appllcatlon Specific Integrated Circuit)
EJJ MRS o LR SR S i

« FPGA (Field programmable Gate Array )
SIS A R
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An Example Embedded System

Digital Camera Block Diagram

l FLASH Adapter / RS-Z33C
? DRAM —
Mamory
Card €

Ethernet
FPHY

JPEG Etheinet
Co-Processor Interface

Lons Camera
osp
LD
Interface

o —F Video Oul

LD
Panel

Hluetooth
Magula

Encoder

ISU 3116 33 Copyright © 2007 Prabhat Mishra



Components of Embedded Systems

Memory Controllers Interface

e R&S-233C
1o Control
Interface

FLASH Adapter |

Flazh

Memaory Control

Software

(Application Programs)

gluetooth

Processor i

JPEG Ethenet Ethernet
Co-Procossor interface PHY

ASIC
ILCJ LD
Converters L

=P Video Oul

Encaoder

— ﬁ

lo Digital Analo
ISU 3ﬁ § Copyright © 2007 Prabhat Mishra J J
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Networked Embedded Systems

« Embedded systems are becoming

increasingly networked MICROCHIP LOCATIONS T
— Controller-area-networks | | / ]
(CAN) bus in automobiles | X / /

— Services in large buildings are

NOW run across networks
* e.g. heating, lighting, security

ISU 3116 36 From RUNES project



Internet worked Embedded Systems

 Networks are becoming increasingly networked and
heterogeneous (inter-networked)

I '

35!

Connect Blue Sensor Routing Node
ARM7 — 32K RAM, 512K flash

Lippert MoteMaster: PC/104 128M RAM, 256M flash

ISU 3116 37 From RUNES project
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Example: BMW 745

« 2,000,000LQOC

« Windows CE OS
e 538-bit P

e 11 32-bit ¢ P

e 7 16-bit ¢P
 Multiple Networks
* Buggy!

| 11
SU 3116 39 Source: Nik Dutta, UCI



Embedded systems: Intelligence and
electronics In car industry |2z

EpSS—— -

Embedded systems:
« 90% future innovations
« 40% price

Level of dependency

1970 1980 1990 2000
ISU 3116 40



Automotive embedded systems

« Today's high-end automobile may have 100
MICroprocessors:

— 4-bit microcontroller checks seat belt
— microcontrollers run dashboard devices
— 16/32-bit microprocessor controls engine

« Powertrain control

— Fuel injection and ignition, automatic transmission
« Cabin control

— Air quality, dashboard, belts, mirrors
« Safety devices

— Airbag control, anti-lock braking systems (ABS),
suspension control

ISU 3116 41  From © Giovanni De Micheli



BMW 8501 brake and stability control system

« Anti-lock brake system (ABS): pumps brakes to reduce
skidding.

« Automatic stability control (ASC+T): controls engine to
Improve stability.

« ABS and ASC+T communicate.

— ABS was introduced first---needed to interface to existing
ABS module.

Automatic Stability Control plus Traction (ASC + T)

ISU 3116 42 From © Giovanni De Micheli
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BMW 850iI, cont’d.

ABS

./

hydraulic
pump

o)

From © Giovanni De Micheli



Application-area example
Car fuel injection

Data acquisition
Air calculation
uel calculation &
delive
Start of injection

ISU 3116 44 From © Giovanni De Micheli

Timing signals

Spark calculation
Spark delivery
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Avionics

. UNITED AIRUINES .

LA L
= ®

« Fly by wire controls

« Automatic flight control
« Data acquisition and monitoring systems

« Warning and maintenance system

ISU 3116 46 From © Giovanni De Micheli



Moore’s law
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Moore’'s |law In avionics

transistors
MOORE'S LAW Intelf (tankam® 2 Procossor [ 1,000,000,000
Intel® tanium@ F f

Intel® Pontiumf 4 Procossor
Intel” Pentiuma Il Procossor
intel® Pentium® il Processor_hbl s
Inteln Pontiumn Processor a5 1H
Intal486 ~ Frocensor ~_40M

Intal 386™ Procoessor

W

¥
= # F
o % 4Mb

1970 1975 1980 1985

SW code (Mbytes)  CPU freq. (MHz)

LT E RN Y.

i,
':'.-"-"
FOLTS Trends and chaliznges In Avionics Blectranics - EYYLTM - Ref. PRISDE204 - Issue 1 Sept 2005 Fage 7 AIRBUS
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Complexity and Heterogeneity

ol | controller
comerell prelie processes

Real-time Ol
ASIC ucontroller OS

DS Programmable Programmable DSP
Assembly DSP DSP Assembly
Code Code
\_/ \/

Dual-ported
RAM CODEC

* Heterogeneity within H'W & S/W parts as well
— S/W: control oriented, DSP oriented

— H/W: ASICs, COTS ICs
ISU 3116 49
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Transition to Automation and Regular Structures

[z |

Intel 8080

T

{ L DTS

i

Intel 8486
ISU 3116 51 Courtesy Intel



ISU 3116 52

Standard Cell - Example

From © Giovanni De Micheli

Path 1.2V - 125°C 1.6V - 40°C

Inl—t,, | 0.073+7.98C+03177 | 0.020+2.73C+0.2537
Inl—ty; | 0.069+8.43C+03647 | 0.018+2.14C+0.2927
2t | 0.101+7.97C+03187 | 0.026+2.38C+0.255T
2ty | 0.097+8.42C+03257 | 0.023+2.14C+0.2697T
In3—tyy | 0.120+8.00C+0.3187 | 0.031+2.37C+0.2587
In3—tyy, | 0.110+8.41C+0.2807 | 0.027+2.15C+0.2237

3-input NAND cell
(from ST Microelectronics):

C = Load capacitance
T = input rise/fall time




Cell-based Design (or standard cells)

Rows of cells
N

Feedthrough cell Logic cell
\\ //
[ \ [’
Functional
module
(RAM,
multiplier, ...)

ISU 3116 53  From © Giovanni De Micheli

Routing
channel

Routing channel
requirements are
reduced by presence
of more interconnect
layers



Standard Cell - The New Generation

Cell-structure
hidden under
41 Interconnect layers

ISU 3116 54  From © Giovanni De Micheli



“Soft” MacroModules

string mat = “booth”;
directive (multtype = mat);
output signed [16] Z = A * B;

ISU 3116 55 Synopsys DesignCompiler



Gate Array — Sea-of-gates

rows of
uncommitted

~ cells

routing
channel

ISU 3116 56  From © Giovanni De Micheli

FH E :_ ?E?1:%etd

g b
F

0ssib
onfac

F

Uncommited
Cell

Committed
Cell
(4-input NOR)



Field Programmable Gate Arrays
Xilinx 4000 Interconnect Architecture

> Double

4
3 > Long
S

Direct
CLB “ Connect

sl JaL Js
DV VR V4

4
N

{ l‘* 7> Long

Quad Long Global Long Double Single Global Carry Direct

Clock

ISU 3116 57 From © Giovanni De Micheffourtesy Xilinx

Clock Chain Connect



Heterogeneous Programmable Platforms

FPGA Fabric

Embedded memories

mbedded PowerPc! | |

\ 3313 1451 (B T
1 - 2
s -y

Hardwired multipliers

Xilinx Vertex-11 Pro
High-speed 1/O

ISU3116 58 From © Giovanni De Mich€Bourtesy Xilinx



Systems on Chip

« Large-scale

— Billion transistor chips

— Multi-cores, multi-threaded sw
« Power-consumption limited

« Very expensive to design

— Non recurring engineering costs IBM Cell Processor
— Migration toward software

ISU 3116 59  From © Giovanni De Micheli



Mudge et al: Mobile supercomputing

« Future mobile platform:

Speech recognition.
Cryptography.

Augmented reality.

Typical applications (emaill, etc.).

* Requires 16x 2 GHz Pentium 4.
« Peak power must not exceed 75 mW.

ISU 3116 60

Assumes 5% battery improvement per year.

From © Giovanni De Micheli



2001

2007

ISU 3116 61

Tied to Trends in Microelectronics

0.13 micron

1.7GHz on chip clock
7 wiring levels
480-1700 pins
Vdd=1.1-1.2V

2.4W [ 61W / 130W

DRAM:
0.54 Gb/chip, 127 mm”2, 0.42
Gb/cm”2

MPU
97 Mtrans/chip, 140 mm”2, 69
Mtrans/cm”2

0.065 micron

6.7 GHz on chip clock
9 wiring levels
600-3000 pins
Vdd=0.7-1.1V

3.5W /104W / 190W

DRAM:
4.29 Gb/chip, 183 mm”2, 2.35
Gb/cm”~2

MPU

386 Mtrans/chip, 140 mm”2, 276.1

Mtrans/cm”2

« 2016
— 0.022 micron
— 28.8 GHz on chip clock
— 10 wiring levels
— 1320-7100 pins
— Vdd=0.4-0.9V
— 3.0W / 158W / 288W

— DRAM:
68.72 Gb/chip, 238 mm~"2,
28.85 Gh/cm”2

— MPU
3092 Mtrans/chip, 140
mm”2, 2209 Mtrans/cm”2

Sematech’s International Technology Roadmap for Semiconductors (ITRS)
(http://public.itrs.net/)



Many Implementation Choices

 Microprocessors
 Domain-specific processors

Speed Power Cost
— DSP
— Network processors
— Microcontrollers
e ASIPs
 Reconfigurable SoC
« FPGA
 Gatearray
« ASIC
High Low
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“Clock Synthesizer | [ _;o_r;(_

Reconfigurable SoC

To external memory

2 Interface Unit

:

“Power Control

SDRAM and/or Static
| Power-On Reset o
. L S
e e
ARM7TDMI  |[¢—=>¢—> Scratchpad
2 SRAM
= or
) G Trace Buffer
e s T, E _____
8K Bytes Cache |,
* 4-way Set Associative
* Protection Unit =

Arbiter _ DMA Controllers |«

__ Breakpoint Unit g

=

<

p

Data Bus

Selector

[ PO

Selector

Selector

Selector

- B k__’f

Selector

Selector

i
i
|

Other Examples

| PIO
' Configurable PIO
System Logic PIO
(Csv) PIO
Matrix PIO
up to PIO

40K Gates :
PIO

)

Configurable System
Interconnect Socket

* 2 Timers
* 2 UARTS
* Interrupt Control
* Watchdog Timer

Configurable System
Interconnect (CSI) Bus

Triscend’s A7 CSoC
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Atmel’'s FPSLIC
(AVR + FPGA)

Altera’s Nios
(configurable
RISC on a PLD)



Productivity Gap in Hardware Design

10,000,000

1,000,000

100,000

10,000

1,000

100

a
S
3
14
£
:
[
§

10

1

Potential Design Complexity and Designer Productivity

100,000,000

Logic Tr./Chip

10,000,000

—Tr./S .M.

1,000,000

58%J/Yr. compound
Complexity growth rate }_‘

100,000

- 10,000

1 1,000

Z— 21%/Yr.compound

Productivity growth rate
e 100

10

Source: sematech97

A growing gap between design complexity and design productivity
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Trend of Embedded Systems

* Introduction
 The history of Embedded Systems
 Design of Embedded Systems

 Topics of Embedded Systems
— Digital Home
— RUNES project

— Car Electronics
- Fly by wire controls

 Advanced Developments
 Developments in ISU
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Situation Worse in S/W

DoD Embedded System Costs

45 -
40 - Software /
35 - __—

. -~
20 - /
15 - _

10 - - Hardware

SR

1980 1982 1984 1986 1988 1990 1992 1994
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Billion $/Year




Why Is DoD Concerned with Embedded
Software?

$3.0

B Software Source: “HPEC Market Study’ March 2001

O Hardware

Estimated DoD expenditures
for embedded signal and
Image processing hardware
and software ($B)

$2.0

<=

$1.0

$0.0 -

> O Q N Q% $o} ™ %)
O %) Q Q Q Q Q Q
AR AR AR ARAR

o COTS acquisition practices have shifted the burden from “point
design” hardware to “point design” software (i.e. COTS HW requires
COTS SW)

a N AT a a alaniart2ialal2ala alan a [] ) 2la alama AlIAT2AEA a




Embedded Stream Processing

).
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;U

QD
.Q

QD

-
Peak Bisection Bandwidth (GB/s

10000.0 g >

1 | Desired region
1000.0§ | of performance

—
N
AN
N
AN
\

100.04

1004 Networksg

1.0

1 10 100 1000 10000 100000

Faster -

Peak Processor Power (Gflop/s)

| Requires high performance computing and networking ‘I




Military Embedded Processing Advanced

e et aeesaaes e aees s aees e aaas e m Airborne Radar
REQUIREMENTS
INCREASING .
10 4 - -B¥-ANORDER-OF ++ sveveusess mnatlin. .. o Shlpb_oard
MAGNITUDE Surveillance

1 4SRRI L e e A UAV

0.1 ----------------------‘-‘-—------------------- .MISSIle SeE|(er
- ||

® SBR
0.01 e

¢ Small Unit
0.001 Operations

1990 1995 2000 2005 2010 SIGINT
YEAR

EMBEDDED PROCESSING REQUIREM ENTS WILL
EXCEED 10 TFLOPS IN THE 2005-2010 TIME FRAME

« Signal processing drives computing requirements

a DaniAd ta~rhnAalaryys 1neceartiAanNn 10 ~Aritinaal fAry canecAaryr AAarminanmncoa




N _ Advanced
Military Query Processing

Sensors High Speed Parallel Missions
Networks Computing

__ - ‘\ Targeting
b-1-1- 7 b=t=§ "I - €=
,“'\“ : | | 1 | | | - t_“%
Imaging

[

FE
Imaging

Parallel Multi
: Distributed Sensor
i Software Algorithms

* Highly distributed computing
 Fewer very large data movements




Parallel Pipeline

Signal Processing Algorithm

Filter

Xout = FIRX\) \

Beamform

Parallel
Computer

« Data Parallel within stages
susiie 71 | ® Task/Pipeline Parallel across stages



Types of Parallelism

Schedule

FIR Task Parallel
' Flliters '
Pipeline

Beam - Beam -

former 1 former 2 Round Robin

Detector Detector | . :
1 2 Data Parallel
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Trend of Embedded Systems

* Introduction
 The history of Embedded Systems
 Design of Embedded Systems

 Topics of Embedded Systems
— Digital Home
— RUNES project

— Car Electronics
- Fly by wire controls

 Advanced Developments
 Developments in ISU
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Data memory

NiosIl NiosIT 2
e Priak Instruction memory
CMOS Controller 01 - 02
On-chip
dram Debugging Sdram Controller
Cotroller y
e b |Avalon Bus
HLHE T -
T = 1] | ] - Sram Controller
Controller
Gray s Flash Controller
Threshold for Image
M4K RAM

- GFIO

FIO

FCPUfzw I ¥ B (738 3
100%8c A ¥ & F 3k 3 2
AR NE Y
aNiosIIHiw #hig &2 7

% i&}ﬁﬁf)%mﬁ:ﬁﬁ - % ()
> FERETHA R ZRTEIR

s
v

i

-—\

\7\7\7\7\7
\Hﬂﬁﬁ’:‘t#
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Thank you for your attention

SPEE 2

—

S Va3
f@ﬂ 4\—% E}ngib —%—r

mhjing @isu.edu.tw 07 6577711-6511/6501
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