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Goals of the Course

High-Level Goals
Understand the scientific principles and concepts behind embedded systems,
and
Obtain hands-on experience in programming embedded systems.

By the end of the course, you will be able to

Understand the “Big Ideas" in embedded systems

Obtain direct hands-on experience on both hardware and software elements

commonly used in embedded system design.

Understand basic real-time resource management theory

Understand the basics of embedded system application concepts such as

signal processing and feedback control

Understand, and be able to discuss and communicate intelligently about
embedded processor architecture and programming
I/0 and device driver interfaces to embedded processors with networks,
multimedia cards and disk drives
OS primitives for concurrency, timeouts, scheduling, communication and
synchronization
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What are the “Big Ideas”
HW/SW Architecture

Non processor centric view of architecture

Bowels of the “operating system”
Specifically, the lower half of the OS
Concurrency

Real world design
performance vs. cost tradeoffs

Analyzability

how do you “know” that your drive-by-wire system will function correctly?

Application-level techniques
Power Aware Programming
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So, what is an embedded system?

Simple answer -

Anything that uses a “processor” but isn't a general-purpose
computer.

The user “sees” a smart (special-purpose) system as opposed to the
computer inside the system

“how does it do that?”

“it has a computer inside it

1
!

14
!

“it does not or cannot run Windows or MacOS

But it might run Windows CE or Linux...

The end-user typically does not or cannot modify or upgrade the
internals
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Four General Categories of Embedded Systems

General Computing
Applications similar to desktop computing, but in an embedded package
Video games, set top boxes, wearable computers, automatic tellers

Control Systems
Closed loop feedback control of real time system
Vehicle engines, chemical processes, nuclear power, flight control

Signal Processing
Computations involving large data stream
Radar, Sonar, video compression

Communication & Networking
Switching and information transmission
Telephone system, Internet

Courtesy Intel
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Types of Embedded System Functions

Control Laws
PID control
Fuzzy logic, ...

Sequencing logic
Finite state machines
Switching modes between control laws

Signal processing
Multimedia data compression
Digital filtering

Application specific interfacing

Buttons, bells, lights,...
High speed I/0

Fault response
Detection & reconfiguration
Diagnosis

Courtesy Intel
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Distinctive Embedded System Attributes

Reactive: computations OCcur in response to external events
Periodic events (e.g., rotating machinery and control loops)
Aperiodic events (e.g., button closures)

Real-Time: timing correctness is part of system correctness

Hard real-time
Absolute deadline, beyond which answer is useless
May include minimum time as well as maximum time
Soft real-time
Missing a deadline is not catastrophic
Utility of answer degrades with time difference from deadline
Example:
a train is entering an urban area...
the railway gate in the city allows automotive traffic to go over the tracks
when should the railway gate close?

In general,

Real Time does not equal “Real Fast”

Courtesy Intel
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Typical Embedded System Constraints

Small Size, Low Weight
Handheld electronics
Transportation applications weight costs money

Low Power
Battery power for 8+ hours (laptops often last only 2 hours)
Limited cooling may limit power even if AC power available

Harsh environment
Heat, vibration, shock
Power fluctuations, RF interference, lightning
Water, corrosion, physical abuse

Safety critical operation
Must function correctly
Must not function incorrectly

Extreme cost sensitivity
S$.05 adds up over 1,000,000 units

Courtesy Intel
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A Hierarchy of Embedded Computer Design
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Level Name Modules Primitives Descriptive Media
T i Resi e
H 1 Electronics Gates, FF’s ransistors, Resistors, Circuit Diagrams
A etc.
R
v?/ 2 Logic Registers, ALU’s Gates, FF’s Logic Diagrams
A
R o Processors, Busses, ) , Register Transfer
E 3 Organization Memories Registers, ALU’s ... Notation
. . Assembly — . .
FIRMWARE 4 Microprogramming Microinstructions Microprogram
Language
A ly L A ly L
S 5 Assembly Language 0S Routines ssembly z?nguage ssembly Language
0 Programming Instructions Programs
F
T Procedural Applications, OS Routines
. . : HLLP
w 6 Programming Drivers, etc. High Level Languages rograms
A
R Embedded Embedded Problem Oriented
E 7 . Procedural Constructs
Applications Systems Programs

I

Focus of this class
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A Typical Embedded System

Operating System & Boot Loader
Software

Architecture

Accelerator ' Accelerator

Hardware : Interconnect Fabric
Architecture T : :
SOC Peripherals:
MTD, UART, IC, PCMCIA, NIC, USB, ADC, DAC, GPIO, Audio, Video
$ | Sensors & Actuators | Connectors
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Types of System Abstraction

HEESIEEE | Applications _ |
M Hidden Aspect

Hidden Aspect l oS j . 0S l

v

Basic Complex Standalone
Embedded Embedded System
System System
Example: Example: Example:
PID controller Set top Box iPhone

bmcnair@stevens.edu
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General P L

GPP proper: general
purpose applications

DSP (Digital Signal Processor):
programmable microprocessor
for extensive numerical
real-time computations

Specialization '
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Programmability /Flexibility
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Selection Factors:

- Type and complexity of computational algorithms

- Desired level of flexibility - Performance
- Development cost - System cost
- Power requirements - Real-time constrains

Application-Specific
Processors (ASPs)

Configurable Hardware

Co-Processors & |
Accelerators Application Specific

Integrated Circuits

Specialization , Development cost/time Performance
Performance/Chip Area/Watt >
(Computational Efficiency)

Courtesy Intel
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The Real Problem facing Embedded Systems: POWER
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Because it is the “other” architecture

./ﬁ\
Ri
) f{{r\

b
oo i ARM

:|:| uq trlnslmn “m"w“"‘"‘_m

T RIOSL
J 87 13mm
[ e s

l.:i nﬂhntmnn“

. Ii'ﬂ(l‘ﬂ
3588 Témm
152,000 transistors e
ZNational [ Vesue
oL T
10,000 {zamaistors

[ 55 (M) moToroca

PATL0D Ba1zg
W mm 145 ¢ 14.95 nm
530,000 13 milllen framsiston
ransistors

“ BEbchip 21004
lﬂﬂ

Imlm
Iumum ENTS

SPARC

betal 236 ™ G Istai20™ 0 InbaldBE™ D12

131131 mm AL.7T # 36.1 mny B9« LEmn

#8800 A3 12 misa
tarinton

2009




EE382N-4 Embedded Systems Architecture

Course Syllabus

Hardware Software

ISAs for Embedded Systems Monitors & Bootloaders

GPP Microarchitectures Embedded Linux

Device Driver Development

FPGA Architectures Interrupt Handlers

DSP Microarchitectures Debugging Embedded Systems

Blackfin ISA Real Time Operating Systems

Reconfigurable Logic OS Services and Middleware
1/0 Subsystems SW Library Development
Networks-on-Chips File System Development

SW Optimization

Cognitive Sensors
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Grading

Homework: 10%
Labs: 30%

Exam 1: 15%
Exam 2: 15%
Project: 30%

Penalty for late submission of homework and class project:
25% per working day. (Maximum: 100%).
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Overview of the Lab Assignments

Lab #1
Develop an Interrupt handler to measure the latency of Linux running on the TLL2020
platform using the 1/O ports on the FPGA.

Lab #2
Write an ARM assembly language program (ALP) implementation of a memory test.
Use the ARM ADS system to verify.

Lab #3
Write an ALP and/or C-routine which slows down and speeds up the processor clock
on the ARM processor without disrupting the 1/0O capability. The processor will be
performing a memory tests on the Block RAM that is in the FPGA.
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ENS 114 Lab

Located on first floor of ENS.

Systems can be accessed via Remote Desktop
MAC,PC or Linux Desktop

ABSOLUTLEY NO FOOD OR DRINK ALLOWED IN THE LAB

Zero tolerance. Two students received F’s in the lab for spilling drinks on the
equipment.
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TLL5000/TLL6219 Prototype System Block Diagram

ARM 926 MZ_CPLD_CLKO > SPARTAN-3 FPGA
CPLD
o R MZ_CPLD_CS5
7 > FF —> State |— —_
MZ_CPLD_CS1 N
CS_5 > — — > = —> Machine _3 S
Cs_1 2] MZ_CPLD_BE[3:0] | _ —
BE[3:0] > 2| FF > — —>
N MZ_CPLD_AS —
AS r > FF % E E
RW > MZ_CPLD_RW 1 User —> L5000
— > FF —> >
. JPGA_MZ_DTACK LOGIC —> 10
DTACK = ~
Circuitry
XCVR

DIR(—| <—
<
EN <—
ADDR[23:0]—m> A B > FF > <
<
<
XCVR <
~ ~ e‘
DIR < > > -
EN < / <—

DATA[31:0]€—> A B< D —
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TLL-5000 Block Diagram

12V £ 10%
—_—

Internal Fower
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Y

Clock |———
Divider fr——

Supplies
1.2V, 1.8V,
2.8V, 3.3V, 8V
ARM
L—— = Housekeeping
processor

100 MHz

Oscillator
24 MHz

Oscillator

Platform Flash Configurations (4)
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Spartan3
FPGA

ACHT Audio CODEC & Stereo Amp

XSGA Video Output

Video Decoder

Video Encoder

SO/MMC Card slot

User LEDs (8)

User Switches (8)

Usear Push-button Switches (5)

10/100 Ethernet PHY

RS-232 & PS5/2 Ports (2)

16MBE SDRAM

16MB FLASH

16x2 LCD Display

Mezzanine board connectors (2)

Test points
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Housekeeping
processor ARM JTAG Accessory SDIMMC

TLL-5000 T T T

Power

Baseboard connector : Illlllllllllllllll.ll‘lli!!l

LII
Hm .
"

[:.]

Mezzanine
% Connector B

\ DIP
/ Switches

P82 Mouse y T
and X5GA Video Dual

Keyboard and R3232
port ports video port video input

port
and FPGA ACI7 Dual SVHS Component

USB ports audle video port video output
port

composite Component

Ethernet

ports
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A e 1.MX21 SOC . iMemory | iPpower Supplies :
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| . pReypa ‘ ' | SDRAM ! ; !
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1.MX21 Features
i.MX21 Applications Processor Block Diagram _

Connectivity MC9328MX 21 System Control
Internal JTAG/ICE™
3 x CSF Smart Speed™ Switch Bootst
Q™™ mart Spee witc ootstrap
2 x SSI ARM926EJ-S (MAX)
Clock Management
12C
Standard
Audio Mux I-Cache D-Cache MMU System 1/0
3 x Timer
Ext | PWM
L Internal Control Bus Control Memory Control WD Ti
4 x UART iImer
USB-OTG ;II%
- MEMORY INTERFACE ENHANCED MULTIMEDIA
1-Wire ACCELERATOR (eMMA) DMA
IrDA SDRAMC Human Interface
Pre and Post Processing SLCD Controller
Expansion EIM/BMI Keypad
2 x MMC/SD Video . .
NAND Controller Accelerator Multimedia Interface
PCMCIA/CF Camera Interface
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ARM926 Clock Generation

Wake-Up agp_clk off [

SSI2DIV Logic

MCUDPLL_LF Clock Gating & Power Management To ARMS platform &
JTAG circuit during
SYNC ipg_clk_32k} always2 CLK_ALWAYS }Ejebug mode
CLKSQ«L)
Logic CPU ), [Ck CLK ) To ARMO platform
$ ¥ Gating
D! 3-bit +F HELK P To System Bus
PRESC |e FCLK
MPCLK_SEL & Tldiv1e,..8 - — - Cik =
BCLKDIV HCLK *‘ Gating »E o
= | gz
- E Bk Trragy [1VFOoK v NED > >
CLK32 M I Gafing di e =
[Xp| OSC32 o o IPDIV &=
2 = - PEROCLK |P|EHC'|-RK | e 5=
Gating | PERDIVT -—— |~ (ipg_clk) ' lGaing T[T T T T >, 2
. | L 1 = =
> ! v . e
w ! g =)
: | . =2
— 3 =
; — PERCLK3 | | > =
SP_SEL . |PERDIVE | -——p» =
' | = Gating | 2 %
Bl 5 w0z 3
Gati PERDIVa an
" | MODULE_EN T
FIRICLK e _
CLK26M > || OR” of all
[ OSC26 Module Enables
clkdsm | |
OSC26M_EN | Shutdown &

| MOUCLKEN |

Refer to the CCSR for a
listing of possible outputs

CLK48M CLK48DIV CLK48DIV_CLKQ

CLKOSEL[4:0]

MPLLEN

SPLLEN




ARM926
Bus Cycle
Waveforms

and
Timing

(HCLK) Bus Clock

Chip-select

Read (Write)

OE (rising edge)

OE (falling edge)

EB (rising edge)

EB (falling edge)

LBA (negated falling edge)

LBA (negated rising edge)

Burst Clock (rising edge)

Burst Clock (falling edge)

Read Data
Write Data (negated falling)

\Write Data (negated rising)

DTACK

(1a)—=

+
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TLL6219 Memory Map

0x10000000

Ox1003FFFF

A 0xC0000000

& OXDFFFFFFF
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0xC0000000

OXC3FFFFFF

0xC8000000

| OXC8FFFFFF

0xCC000000

OXCFFFFFFF

0xD3000000

OXD3FFFFFF
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a/an

" 0xc0000000

0xc0200000

~ Oxc3FFFFFF

0xc8000000

0xc8040000

0xc8060000

Oxc8FFFFFF
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