Embedded Systems
Ch 1. Introduction to

Embedded Systems

Part A

Byung Kook Kim
Dept of EECS

Korea Advanced Institute of Science and
Technology



Overview

1.1 YHIOE AJAY HO|
= What is the embedded system?

= 1.2 AHIOIE AIAH EF
- Characteristics of embedded system

= 1.3 YHIOE AAY SEHIE
- Embedded system products

= 1.4 AHOE AAY LSS
- Development trends of embedded system

= 1.9 Processor Architecture and Organization
= 1.6 Abstraction in Hardware Design
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= Electronic systems including hardware and software to
control systems designed for specific purposes

= Remarks
= Microprocessor or microcontrolier based system
- Hardware % software2l |72 g2 St 7|ls #+¢
= PC is a general-purpose system.
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Z|: 4/8/16 bit microprocessor
- Assembly language, C language
« =XHoR SESIE 88 AT E Q0]
= Calculator
32/64 bit microprocessor
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» HES ACHolM 2HY HFEE flet 7I827(=
= Hardware ==& platform softwareol A S& softwarez 7l=
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= Hardware2| &
= SoC (System on a chip)7|=<| &~
= 87|71 2 memory S0l microprocessoroil LiZE
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1.3 Embedded System & A&

» S ZH

« 71 HEX Q2! embedded system
= Mini-computer& o|&Z ¢t digital control £oF2| &

» RFES|= WE

= KSR
= BMW-7 series: 65 microprocessors. CAN (Controller Area
Network)
= Benz S class: 63 microprocessors
« SYXSE
= PLC (Programmable Logic Controller) 1974
7|.7CC>I- |:|I-o| A|-95|'_ AI-O-IQ K'||O-|7é>|'i|
Network 7Is 2ol &7}
« 3T ASH0 AlAH]
Mot SO0 QlAdH| 24, 2F A, FEo| F st daty|zt BHE
« ASE 8 22l
23X, conveyor belt
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Embedded System S A= (Il

= MHIA 2R
= Humanoid robot
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= Microprocessor o[E
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= Intelligent Transportation System
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Embedded System S &A1 (Il

F 7171
HFCHE
PDA

« FCOIE 7HQIHE EHEF7|

= LCD display, touch screen

« YHEE, TAE, HZE, £M network
= Home PDA
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= Handheld PC
« IC card
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Embedded System & X[ (IV)
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= 754 7S network
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Embedded System & A& (V)

» HES3 FH|

= Set-top box
« 7H4& HE network gateway
- Embedded Linux &

= Local Area Network (LAN) & H]
= Switch
= Hub
- NIC: network Interface Controller

« CDMA & BFM3 7|0 &f ™
« MZ& network A&l &=
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1.4 HHICIE A|AE WS

« Computing 7|=2| &

= 70'ACH: host comruting

= Unix host programming 2! <=2, Host2} terminals
= 90'ACH: client server

= Server =4l Clientel MHlA 2. World Wide Web
= 00%ACH: Network computing

= Mobile, Ubiquitous computing. Post-PC

= Embedded AlAE! 7|=2o| EH3E;

= Hardware ST
= S0C 7|=0| & 7|&

. AEE MBAD U4 MEM R

= 0d: S3C4530 network processor
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SHICIE AAR THE S (II)

« Software &

= Cross development environment (. x 7Hg &3]

= Host: PC. Windows or Linux
Cross compiler

= Target: Embedded microprocessor
Downloading and execution

= Embedded operating system (MHIC|= 23 &)
= Application program (S& T =1 3)

= |DE (Integrated Development Environment)
« EX: Tornado — Development environment for VxXWorks kernel

= Linux — open source
« MES 7| EA
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1.5 Processor Architecture and
____________Organization

= All modern general-purpose computers

= Principles of stored—program digital computer

Originated from Princeton Institute of Advanced studies
(1940s)

Implemented in the ‘Baby’ machine at U Manchester (1948)

Technology advances
- Vacuum tubes, transistors, IC, VLS

New insights
= Computer architecture
« Computer organization

Embedded Systems, KAIST 16



Processor Architecture and
Organization (i}

= Computer architecture
= Describes user’s view of the computer

= Instruction set, visible registers, memory management table
structures, and exception handling model

= Computer organization
= Describes the user-invisible implementation of the architecture

= Pipeline structure, transparent cache, table-walking hardware, and
translation look-aside buffer

= Advances
= Virtual memory (1960s]
= Transparent cache memory
= Pipelining
= RISC

Embedded Systems, KAIST 17



Processor Architecture and
Organization (lil)

= Processor

= Finite-state automaton that executes instructions held in
d memory

= The state of the system is defined
- by the values held in the memory locations
- The values held in certain registers within the processor

= Fig 1.1 The state in
a stored-program digital computer

FF..FF 1

instructions

\/

registers address

processor <l‘:>

instructions
and data
00..00 44
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Processor Architecture and
Organization (IV)

= Stored-program computer
= Keeps instructions and data in the same memory system

= Allowing the instructions to be treated as data when
Necessary

= Enables the processor itself to generate instructions which
it can subsequently execute (self-modifying code)

= Very difficult to debug
= Not for programs in ROM

= Loads a new program from disk (overwriting an old
program)

= Computer applications
= Programmability: universal

= Embedded, desk top, mainframe
Embedded Systems, KAIST 19



1.6 Abstraction in Hardware
Desian

= Modern microprocessor

= Several million transistors each of which can switch a
hundred million times a second.

= EX]) Scrolling a screen

= A single error amongst these transitions is likely to cause
the machine to collapse into a useless state

= Transistor

= Electron movement described by guantum mechanics with
probabilities

= \oltage and current on its terminals perform amplification
or switching

Embedded Systems, KAIST 20



Abstraction in Hardware Design (ll}

= Logic gates
= A set of transistors is wired into a particular structure

= CMOS (Complementary Metal Oxide Semiconductor) NAND
gate
- 2 inputs A, B and 1 output
- If A and B are both near to Vdd (true), the output will be near

to Vss.
o %%ither A or B is near to Vss (false), the output will be near to
= NAND Boolean function: Vdd '
r—l A
Output = —|(A/\ B) N

— 11— -

Embedded Systems, KAIST Vss 21



Abstraction in Hardware Design (lil}

= Logic symbol
= Symbol representing Boolean function in a circuit schematic

= Truth table
= Describes the logic function of the gate
= Encompasses everything that the logic designer need to know
about the gate for most purposes
= True="1’; False="0

= Logic symbol and truth table of NAND gate:

) P
outpu
B — P

Logic symbol Truth table

m o~ O |w
[N

A
0
0
1
1
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Abstraction in Hardware Design (IV)

= The gate abstraction

= (@Greatly simplifies the process of designing circuits with
great number of transistors

= Removes the need to know that the gate is built from
transistors

= Implementation technology will affect the performance of
the circuit, but it has no effect on its function

= Supported by the transistor-level designer
= As perfectly as possible

= Isolate the logic circuit designer from the need to understand
the transistor equations.
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Abstraction in Hardware Design (V)

= Levels of abstraction

Essential behaviors and hide unnecessary details

= Typical hierarchy of abstraction at the hardware

Transistors

Logic gates, memory cells, Special circuits

Single-bit adders, multiplexers, decoders, flip—flops
Word-wide adders, multiplexers, decoders, registers, buses

ALUs (Arithmetic-Logic Units), barrel shifters, register banks,
memory blocks

Processor, cache and memory management organizations

Processors, peripheral cells, cache memories, memory
management units

Integrated system chips
Printed circuit boards
Mobile telephones, PCS, engine controllers
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Abstraction in Hardware Design (Vi)

= (ate-level design

= Libraries of useful functions
- Adders, multiplexers, decoders: combinational circuits
- Flip-flops and latches: sequential circuits
- Registers

= Theoretic background
= Boolean algebra
= Combinational circuit design
= Sequential circuit design

Embedded Systems, KAIST - - 25
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