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. The empires of the future are the empires of the

mind.
— Winston Churchill



Embedded Syste

« Embedded system: Is a system that
principal function is not computational,
but which Is controlled by a computer
embedded within It.
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Examples: Refrigerat
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Compressor control
Alarm

Display
The

embedded AN
computer

Actual temperature

Required temperature

i

—_—
Human
interaction

Networked
“ interaction

(maybe!)




Window control buttons

Window motor

Lock control

Open door sensor

Lock actuator
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« 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
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Digital camera chip

CCD preprocessor Pixel coprocessor D2A

v v T
v v v

JPEG codec Microcontroller Multiplier/Accum

»A2D >

A
DMA controller Display ctrl
Memory controller ISA bus interface UART LCD ctrl

« Single-functioned -- always a digital camera
 Tightly-constrained -- Low cost, low power, small, fast
~¢ Reactive and real-time -- only to a small extent
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« Replacement for discrete Iogic-based
circuits

* Provide functional upgrades

* Provide easy maintenance upgrades
* Improves mechanical performance

« Protection of intellectual property

« Replacement for analogue circuits




ES components == s

e - - e e -
TR e e e
- 2 — B s o

S
Oftwa re
y

/

A'QOritth

Periphera|

A Aug 2016



ES components

SOﬁWare

A'QOFitth










ES components* = -2 8

% > —— - s
TR e e S
: = T < _r;:,»e:,ww 2
t“"~ el ~or

Sor
4

/

Softwa re

Periphera|

A Aug 2016



u -  ,— = ‘* i(
Introduction === =
-‘ﬁ{"b _ =

_7.,3?

ASIC
able Application Spggi]‘ied

gty | ircuit
W ALU CW ntegrated Circui

Hardware Platforms

///Pj— l hips . DSP

Digital Signal PRO"

P | i

INTRODUCTION TO Embedded System



Oscillator
0 =-40MHz
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*Which Core we have to use (DSP/uC/
uP/1C)?2?

—Instruction decoder style

—Memory architecture

—Mathematic Unit

—Extra flavors
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Embedded processors

Challenges and Opportunities




* mid-1970  Mid 1980
* Intel 8080 e Late 1970
 Motorola MC6800 * Intel 80280




8 bit Architectur
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Accumulator A

Accumulator B

Index register X

Program counter

Stack pointer |

Condition code
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Summary of SB

xlogical operations, can operate on direct
memory using the index register to act as
pointer

*Extra memory cycles

*Wider registers

*Unsigned resolution of only 256 bits
*Bank switching and program overlays
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Address Address
ointer ointer
P System Etart
memaory
finish
Valid pointer Invalid pointer

address address
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v'THE LARGER DATA SIZE WAS NEEDED TO SUPPORT
HIGHER PRECISION ARITHMETIC.

v'THE INCREASED ADDRESS SPACE WAS NEEDED TO
SUPPORT BIGGER BLOCKS OF MEMORY FOR
LARGER PROGRAMS

v ' THE MORE COMPLEX THE INSTRUCTION, THE LESS
NEEDED FOR A& PARTICULAR FUNCTION AND
THEREFORE THE LESS MEMORY THAT THE SYSTEM

NEEDED. Yoo
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CISC
Complex Instructlon Set Computers

Opcode operands operands
'rm INCLUDING THE
‘='Fﬂ5'r Emnn NEW Pﬂa:ﬁsﬁan'
HERE'

16 bits 16 bits 16 bits
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@ p Sequences

Multi =!@v@! Decoding




Pipeline

BUS ADDRESS EXECUTION
CONTROLLER CALCULATION UMIT

Prefetch
instruction C

Complete
Instruction A

!

Prefetch
instruction D

Complete
instruction B

Prefetch
. : Complete
instruction £ . .
instruction C

=

Gain higher speeds by
reducing the amount of work
done in each stage

L Consumes real estate
"Jincreases pipeline delays. ¢
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QANTLE Y Nov 2014




RISC

 All instructions will be executed in a single cycle (op-
code must be of a fixed width).

 Memory will only be accessed via load and store
Instructions (No memory manipulation).

* NO micro-coding.
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mov ax,
mov bx,
mov cx,
add ax,
loop Begin

mov ax, 10
mov bx, 5
mul bx, ax

CISC clock cycles = (2 movs x 1 cycle) + (1 mul x 30 cycles)
= 32 cycles
RISC clock cycles = (3 movs x 1 cycle) + (5 adds x 1 cycle) +
(5 loops % 1 cycle)
= 13 cycles
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Complex instructions possible Simple instructions
1 Instruction = n microinstructions No microprogramming

RISC PM = 2X CISC
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CISCvs.RISC -2
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dSimple instructions, few in
Number

UFixed length instructions

dComplexity in compiler

dOnly LOAD/STORE
Instructions access memory

Few addressing modes dMany complex instructions

Variable length instructions

L Complexity in microcode

(dMany instructions can access
memory

Many addressing modes



CISC vs. RISC
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High Level Language

N

Increasing
Abstraction
level

SEMANTIC GAP

Machine Language




Recall

*Which Core we have to use (DSP/uC/
uP/IC)??7?

—Memory architecture
—Mathematic Unit
—Extra flavors







Microprocessofasars

Revision

*Programming

example Vo Neuman Architectre .

How many times
does the system

access the
memory? nsiructon Decoder

ALU

.TtotaI:TALU + (# memaory accessing X TMemory accessing)
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Microprocessofassr=-—uu
~__Revision T
*Programming
example PR
ADD A,B -

How many times

does the system
access the
memory?

Time saving ratio?

Harvard Architecture
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Microprocessokg

Revision
PROG
) MEMORY
* Programming —
example
ADD A,B

*How many times
does the system
access the
memory?

Instruction Decoder

*Time saving ratio?

Super Harvard Architecture
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Recall

*Which Core we have to use (DSP/uC/
uP/IC)??7?

—Mathematic Unit
—Extra flavors

Iy Aug 2016




Mathematical Unit
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Mathematics

Example
Calculate the required time to

execute the previous

Result = A*B,+A,*B,+A,*B,+A,*B,

Instruction Decoder

ALU

=laLu + (# memaory accessing XTMemory accessing)

Ttotal

ALU

INTRODUCTION TO Embedded System




Mathematics

Fourier series shine!ll

Flxl= %.:rﬂ + foﬂ cos (7 X + E'&” sin (72 X,
n=1

n=1
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Mathematics

Flxl= %.:rﬂ + foﬂ cos (7 X + E'&” sin (72 X,
n=1

n=1

Example:

Calculate the required time to ->

execute the previous example °
Result = A*B,+A,*B,+A,*B,+A,*B,

Time saving ratio?

MEM




Recall

*Which Core we have to use (DSP/uC/
uP/IC)??7?

—Extra flavors
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Array handling. -

X MEMORY

ADD GEN

ADD GEN -

ADD GEN

uP DSP
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address generation

lots of registers
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TMS320C6X

PROG address

PROG data 48

32 DATA gddress
a8 DATA data
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Kindly on a piece of paper, evaluate this presentation according to
1. Information adequate.
2. Speed of presentation.

3. Suggestions

Note : DO NOT WRITE YOUR NAME

Thank youll




