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Computing History 5 & 52

*0: BC 500: abacus, 1625: slide rule, by William Oughtred
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1.1 Bits and Their Storage
1.2 Main Memory
1.3 Mass Storage

1.5 The Binary System
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1.6 Storing Integers
1.7 Storing Fractions

1.8 Data Compression

1.9 Communications Errors
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1.4 Representing Information as Bit Patterns
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Bits and Bit Patterns

* Bit (BIT): Binary diglT (0 or 1)
 Bit Patterns are used to represent information.
— Numbers
— Text characters
— Images
— Sound
— Video
— Etc...
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Boolean Operations

* Boolean Operation: An operation that
manipulates one or more true/false values

* Specific operations

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

PRV A d S
— AND {ERFHG B Tflfquiﬁ %
— OR Bitwise operations AND & |
_NOT NAND F NOT f#H
— XOR (eXclusive OR) NOR? NAND?

1 gogle.com #E7& NAND %I FlashBINOREI[F 5]
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perators GEELTH%) in C/C++/Java Languages

Q
9)
Q
&Z’ o () [1 - . BIEN p->id = xstwid ; Kk = (2+3)*5;
o & ! T+ — o+ - * & (cast _type) sizeof
2 e /% GRERIBED
Q *+ - 3 = >
§ ® << > (1A shift, 1E4 shift) %%K&Rﬁ%ZKZIZE
v ® < <= > >=
= @ = != (equal, notequal) Operator precedence
~ ¢ & (bitwise and, mathematical and)
a e ( xor) ..
_<_<g ® | (bitwise or, mathematical or) Leit association
o @ && (logical and, i AND) Right association
> ¢ | (logical or, ¥#5 OR )
¢ 2 (trinary operator )
® = += = F= [= Y= &= o my S
Lk K &RE2ELS
4

comma (GZ5%) operator, #f] a=b+c, x=m+n, yy=a+x;

\»
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(@)
2Figure 1.1: The Boolean operations AND, OR, and
® .
- XOR (exclusive or)
<
>
g. The AND operation
g- 0 0 1 1
o) AND 0 AND 1 AND o0 AND 1
9) 0 0 0 1
C
=,
3
;,_ The OR operation
§ 0 0 1 1
5 OR o0 OR 1 OR © OR 1
= 0 1 1 1
2
-
The XOR operation
0 0 1 1
XOR o0 XOR 1 XOR 0 XOR 1
0 1 1 0
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Gates #Eug[H(Logic Gates)

* Gate: A device that computes a Boolean
operation

are constructed
— VLSI (Very Large Scale Integration) /ULSI
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Bill Gates fLEEZ %% (William Henry Gates)
Bill 1s a common nickname for William.
Bob 1s a common nickname for Robert.

Dick 1s a common nickname for Richard.

Copyright © 2009 Pearson Education, Inc. LA @GHERNEFE T A

— Often implemented as (small) electronic circuits
— Provide the building blocks from which computers
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Figure 1.2a: A pictorial representation of AND, OR,
XOR, and NOT gates as well as their
input and output values (1/2)
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AND OR
Inputs } Output Inputs 3 Output
Inputs Qutput Inputs QOutput
00 0 0 0 0
il 0 ot il
10 0 1 0 1
11 1 1 1 1
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Figure 1.2b:A pictorial representation of AND, OR,

XOR, and NOT gates as well as their
input and output values (2/2)
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XOR NOT

Inputs |D Output Inputs —[>o— Output
Inputs Qutput Inputs Output
00 0 0 1
0 1 1 1 0
10 i
ikl 0
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XOR Gate (B JFBH s AHE )
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QA ZRR (& bit ?

N Aq pajpaid

D ® —

2 Flip-flops 1B 8%

Q . . .

8¢ Flip-flop: A circuit Figure 1.3:

5 built from gates that A simple flip-flop circuit

® can store one bit. nout >

@ — One input line is used to - = Output
S set its stored value to 1

%- — One 1mput line 1s used to

-

— While both mput lines
are 0, the most recently
stored value 1s preserved

Input >

>
set its stored value to 0 {
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Figure 1.4:
Setting the output of a flip-flop to 1

b.This causes the output of the OR gate to be 1 and,
in turn, the output of the AND gate to be 1.

a. 1 is placed on the upper input.

1 > N
1 > N )_/ L
) > | 1
e —(_
1
o > {>o 0o > Do—

c.The 1 from the AND gate keeps the OR gate from
changing after the upper input returns to O.
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Flip-Flop: — >
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AMAECE 1 ?
arI ARy, O 2
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0

2 Figure 1.5: Another way of

()] . .

g, constructing a flip-flop
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Hexadecimal Notation

« Hexadecimal notation: A shorthand notation
for long bit patterns

— Di1vides a pattern into groups of four bits each
— Represents each group by a single symbol

 Example: 10100011 becomes A3
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* Octal J\JE{ZH]]
 Octet fHIF5 8-bit By Byte ([K— Byte f~— 72 2&4[ bits)

ik
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Figure 1.6: The hexadecimal coding system

Hexadecimal
Bit pattern  representation

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
[IRORINS
1100
1101
1110
11 Ll
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HMEHOQOOQDDP OO0 U & W EFEO
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Main Memory Cells

* Cell: A unit of main memory (typically 8 bits
which 1s one byte)

— Most Significant bit (MSb): the bit at the left (highorder)
end of the conceptual row of bits in a memory cell

— Least Significant bit (LSb): the bit at the right (loworder)
end of the conceptual row of bits 1n a memory cell

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Figure 1.7: The organization of a byte-size
memory cell

BYTE = BinarY TErm

High-order end o 1 0 1 1 0 1 O Low-order end
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Most Least
significant significant
bit bit
/ey bit-7 43801 bit-0
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Measuring Memory Capacity

. — A
« Kilobyte: 210 bytes = 1024 bytes Km [R=2H

— Example: 3 KB = 3 times1024 bytes
— Sometimes “kib1” rather than “kilo”

« Megabyte: 220 bytes = 1,048,576 bytes
— Example: 3 MB =3 x 1,048,576 bytes

— Sometimes “megi” rather than “mega”

« Gigabyte: 239 bytes = 1,073,741,824 bytes
— Example: 3 GB =3 x 1,073,741,824 bytes
— Sometimes “gig1” rather than “giga”

* Tera= 1024 Giga
e Peta = 1024 Tera
e Exa = 1024 Peta

e /Zeta= 1024 Exa
e Yotta = 1024 Zeta

Copyright © 2009 Pearson Education, Inc.
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us = micro second
760 mm Hg (Atmospheric pressure)

= deci = 10!

= centi = 107
milli = 103 */ = femto = 107
¢ g = atto = 10°'®

¢ z = zepto = 107!

Y
|

= micro = 10°
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_ — 109
nano = 10 .y = yooto = 102

« p = pico = 1012

o cm = SNp=JEH K o mm = =K

http://en.wikipedia.org/wiki/Exa-
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Figure 1.8: Memory cells arranged by address

Byte
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* Byte order when using multi bytes
to represent a number

— Little Endian /NEHIZ522 247 (Intel CPU)
— Big Endian KFIEEZ
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Memory Terminology

 Read Only Memory (ROM): nonvolatile
— Mask ROM, PROM, EPROM, EEPROM....

 Random Access Memory (RAM): Memory 1n
which individual cells can be easily accessed in
any order; usually volatile

 Dynamic RAM (DRAM): RAM that need
refresh (%7, #815) — R B2 A

« Static Memory (SRAM): RAM that does
NOT need to refresh — A & 11 [ z8

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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when running

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Memory Layout for Multiprogrammed System

* Programs must be loaded into main memory

0
operating system
* Address space
Physical address space job 1
VS.
Virtual address space job 2
* Paging/Swapping ? iobis
http://en.wikipedia.org/wiki/Paging
job 4
512M
Copyright © 2009 Pearson Education, Inc. ZXAHE @AGENEE TR
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alpald

Q
o
= —xa N ey 2 o
z «Auto BEFHLEIXE static Y Local B8
%’_ address 0 :Iﬁ%ﬁ
o System 247 1
g Instruction Y
e| | CPU__ Pojnter
5; - Program+static data
(_'E.. - $§£ﬁ+§’$§§data
< HEAPHEFE
%_ malloc( ), new( )
5
Stack ' STACK
Pointer ]
(2 EL Autos# )
Heap Hi_EAE T
Stack H ¥ L& System ZRAfi
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Memory operations with protection

* Dual-mode operation allows OS to protect itself and
other system components

— User mode and kernel mode
— Mode bit provided by hardware

* Provides ability to distinguish when system 1s running user code or
kernel code

« Some instructions designated as privileged, only executable in
kernel mode

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

» System call changes mode to kernel, return from call resets it to user

 Intel CPU: Real mode, Protected mode,
Virtual-86 mode, System Management Mode (SMM)

Copyright © 2009 Pearson Education, Inc. L e @CHRNEA TR Slide 1-27
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* Ty

Mass Storage K EEF

Typicall

| aund

R N R ALE 2 Block

e Characteristics —Block = B{-1-F|8T-bytes

— On-line versus off-line
Typicall
Typicall

y larger than main memory

y less volatile than main memory

'y slower than main memory

pes of Mass Storage Systems

— Magnetic Systems: Disk (Floppy, HD), Tape
— Optical Systems: CD, DVD
— Flash Drives: Thumb Drive, Removable Drive,...
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Figure 1.9: A magnetic disk storage system

Sector &G ~ W&
Track divided Track RZH
into sectors Cylinder gt

Read/write head

Access arm

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

—>d

Arm motion

Interleaving ? —p

Disk motion

#= CD / DVD A ElA QBT
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Figure 1.10: A magnetic tape storage mechanism

Tape reel Take-up reel

Read/write
head
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Tape motion

9 tracks vs. 7 tracks
6250 bpi? 1600 bpi (63 bpmm)?

Bit per inch / bit per milli meter
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s Figure 1.11: CD storage format

Data recorded on a single track,
consisting of individual sectors,
that spirals toward the outer edge

O

Disk motion

/v

_‘

-& CD / DVD HA&—1l# track

Copyright © 2009 Pearson Education, Inc. LKA HE @ZCHRFHET A
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Ideal storage device

 stable — contents do not corrupt
 fast — to match the speed of CPU

* large in capacity — 1000 GB (1TB)+
* cheap 1n per unit capacity

* small 1n size — portable ?

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

e low-power

Unfortunately, there is no single technology that

fulfills all the requirements.

Copyright © 2009 Pearson Education, Inc. LKA HE @ZCHRFHET A
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Storage Structure

 Main memory ( volatile and/or nonvolatile )

— only large storage media that the CPU can access
directly. (Magnetic Drum, Core {5, DRAM)

* Secondary storage

— extension of main memory that provides large
nonvolatile storage capacity.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

— Magnetic disks

* rigid metal or glass platters covered with magnetic
recording material

« Disk surface is logically divided into tracks(#5%]),
which are subdivided into sectors(4#/Z 5% ).

Copyright © 2009 ];[‘arsong 1§c]§tlgn0{/lct VOI@HQ@%%:QIC lOglcal lnteraCtlé?% 1-33
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Core — by Dr. An Wang (1/2)

« 1949/9 An Wang (+.%)filed his patent
application for a "

* His Pulse Transfer Controlling Devices
were minuscule toroidal coils with a donut-
shaped ferrite core magnetized in one of
two possible directions: 0 or 1, the basic
units of every bit of information that a
computer or electronic calculator can
handle. Its permanent but controllable

corisygtre-madethém the idéal substratuniito-
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Core — by Dr. An Wang (2/2)

* Six years later, in May 17, 1955, the Patent
Office issued patent 2,708,722 to Dr.
Wang. It took little time for IBM, a company
with big stakes on the field, to catch
interest on this invention, and after a bitter
negotiation IBM bought the patent.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

& FEATCKEIZER IS
LRGN E])

/Fllb

(f—rnﬁm 1001— ;
R B —HRF Y =

lll

mlm
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— Speed
— Cost

— Volatility (FHZ4) : 3]

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Storage Hierarchy

» Storage systems organized in hierarchy.

RENFHE A7

* Caching — copying information into faster
storage system; main memory can be viewed as

a last cache for secondary storage.

Cache (174%) :ZAE cash (FHED)
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Storage-Device Hierarchy

i . _

- il N i
alectronic disk D

[ !

- i W

magnetic disk U
p e 7
| Fltical aiisk I!/‘I

P [ R—

magnehlic tapes
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o
e

RAID g %1 (Redundant Array of Independent Disks)
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Copyright © 2009 Pearson Education, Inc.

Performance of Various Levels of Storage

4

Level | 1 2 3

Name llEgiElEH‘E cache main memory | disk storage
lTy'pir:al size | <1KB > 16 MB “:~ 16 GB > 100 GB
llm|:3|EiT|Er't’[aﬁl:ln custom memaory with | on-chip or off-chip .lﬁMDE DRAM lrrlagnel'rc disk
technology multiple ports, CMOS | CMOS SRAM

l-ﬂr:f,:ass fime (ns) | 0.25-05 0.5-25 80 - 250 5,000.000
'Bammmh (MB/sec) | 20,000 -100,000 | 500010000 | 1000 - 5000 20-150
Managed by compiler hardware aperaling system | operaling system
.Eacked by | cache main memory 'ﬂisl-'. “CD or lape

£ HE

@FCERBE TR

 Movement between levels of storage hierarchy
can be explicit or implicit
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Storage Management (1/2)

unit — file

drive, tape drive

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

* Uniform, logical view of information storage
— Abstracts physical properties to logical storage

— Each medium 1s controlled by device (1.¢., disk

e Varying properties include access speed, capacity data
transfer rate access method (sequential or random)

On Unix, the size of a file may larger than a single Disk

Copyright © 2009 Pearson Education, Inc. LA @GHERNEFE T A
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Storage Management (2/2)

* File-System management

— Files usually organized into directories

— Management activities include

 Creating and deleting files and directories

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

e Primitives to manipulate files and directories
* Mapping files onto secondary storage

— Access control on most systems to determine who
can access what (UID; ACL: Access Control List)

« Backup files onto stable (non-volatile) storage media

UID: User ID; GID: Group ID

Copyright © 2009 Pearson Education, Inc. LA @GHERNEFE T A
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Files

* File: A unit of data stored in mass storage system
— Fields and keyfields

* Physical record versus Logical record
— On Unix, the size of a file may larger than a single Disk

* Buffer: A memory area used for the temporary

storage of data (usually as a step 1n transferring the
data)

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Buffer vs. Cache
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Figure 1.12: Logical records versus physical
records on a disk

Logical records correspond
to natural divisions within the data

UOISISA |Dl} J8julidno0op DIA8SN AQ pajpald

Physical records correspond
to the size of a sector
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Mass-Storage Management

e Usually disks used to store data that does not fit in main
memory or data that must be kept for a “long” period of time.

Proper management 1s of central importance

» Entire speed of computer operation hinges on disk subsystem
and 1ts algorithms

e OS activities
— Free-space management

— Storage allocation
— Disk scheduling

e Some storage need not be fast
— Tertiary storage includes Optical storage, Magnetic tape

— Still must be managed

— Varies between WORM (Write-Once, Read-Many-times) and RW
(Read-Write)

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Copyright © 2009 Pearson Education, Inc. L e @CHRNEA TR Slide 1-43




UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Protection and Security (1/2)

* Protection — any mechanism for controlling
access of processes or users to resources

» Security — defense of the system against

internal and external attacks

— Huge range, including Denial-of-Service (DoS),
worms, viruses, 1dentity theft, theft of service

Copyright © 2009 Pearson Education, Inc. L e @CHRNEA TR Slide 1-44
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Protection and Security (2/2)

* Systems generally first distinguish among users, to
determine who can do what

— User 1dentities (user IDs, UID; security IDs) include name
and associated number, one per user

— User ID then associated with all files, processes of that user
to determine access control

— QGroup 1dentifier (group ID , GID) allows set of users to be
defined and controls managed, then also associated with
each process, file

— Privilege escalation allows user to change to Effective ID
(EUID) with more rights

— SetUID/SetGID: UID vs. EUID; GID vs. EGID

Copyright © 2009 Pearson Education, Inc. L e @CHRNEA TR Slide 1-45




The Binary System

e The traditional decimal system 1s based on powers of
ten.

* The Binary system 1s based on powers of two.

e The Octal system 1s based on powers of eight.
e The Ternary system 1s based on powers of three.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Hexadecimal, Decimal, Octal, Ternary, Binary

F7S T, FER, J\ES], =ER], ]
BIT = Binary digIT {17 ¢
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Data Representation

 Bit Patterns are used to represent information.
— Numbers: Integer, Real (Float; see IEEE754/IEEE854)
— Text characters: ASCII, EBCDIC, BIGS, ...
— Images: GIF, JPEG, ...
— Sound: WAV, MP3, ...
— Video: AVI, MPEQ, ...
— Etc...

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

e Usually denoted as hexadecimal format for convenient
to read by human
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“YEMT A DR A ©

S 0 2] 63 el —(#E, AEEHRES. .

oN Aq pajpald
“%

©

DI

(BB SR IR AELL MEAS R Freh? Ber] DURRGH

UOISIaA [P} Iajulidnoop
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<A R = 6 bits

o/ MR — 026 3R BB E HFRIR(BES), REBRIRIKEBE /IR
BAGR ~ BHR .. FIREAAM, SR LEE AR,
RTENMFRREARN S, RiGLAiREET —F, e EILH
£E2K, Rt B REF R ERER -

B MRS EEEERZE 0 -
EERAMMCIIERREE —ER, REMREMINEEEF, FI]
Btk —iRAa i, St ERE%k, EEHHKRT -

JR B

HESRETEAE—E=#ALE (binary number) -
i 1, 8688z 0 -

B F—FE—i, eI EREHRIRT !
/'\%%EEJ:%—ﬁﬁﬁfﬁﬁ%@*{ﬁﬂ'ﬂtbﬁ(wewhta JKE) -

I=2 ,_.
B EK A
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Representing Text

 Each character (letter, punctuation, etc.) is
assigned a unique bit pattern.

— ASCII: Uses patterns of 7-bits to represent most symbols
used in written English text

— Unicode: Uses patterns of 16-bits to represent the major
symbols used 1n languages world wide

— ISO standard: Uses patterns of 32-bits to represent most
symbols used 1n languages world wide

 ASCII: American Standard Code for Information Interchange
BYTE: BinarY Term : —FF 3N A7 J0AH

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

1 BYTE = 6 bits, 7 bits, & bits
1 Octet = & bits
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Figure 1.13: The message “Hello.” in ASCII

~ 01001000 01100101 01101100 01101100 01101111 00101110
H e | | o

1 CDC Display code: use 6 bits; lowercase letter? Uppercase?

1 BCD: Binary Coded Decimal: use 6 bits

EBCDIC: Extended Binary Coded Decimal Interchange Code
http://en.wikipedia.org/wiki/EBCDIC

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

ANSI : American National Standard Institute

IEEE: Institute of Electrical and Electronics Engineers

ISO : International Organization for Standardardization
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#include<stdio.h>

main( ) {
printf(" %c ) ASCII codeZ%d\n", '0°, "0%);
printf(" %c ) ASCII codeZ%d\n", 'A’, 'A’);
printf("” %c Y ASCIl codeZ%d\n", 'a’, 'a");

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

0 ) ASCII code & 48

A 1 ASCII code & 63 -
a 1Y) ASCII code & 97 ﬁﬂ%%ﬁﬁi .. EBCDICE%H}E
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#include<stdio.h>
main( ) {
int i, k=0;
for(i=65; i<=122; ++i) {
printf(" %c 5 ASCII code", i);
printf(” Z%d", i);

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

} printf("™\n" );
}

-|--|-k; printf(k%3== ? "\n" . “\t");

Copyright © 2009 Pearson Education, Inc. 4530 He @ﬁﬁjﬁ%iéi;ﬁ
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pajpal)

ASCII S EIEEEZFHR AN

g
>
D . — — i = =)
5+ ASCHHSA BN T A FenEaE27=128%#
Q . — N\ . —
g+ mu/r — TR ERIAIIC - AU E R AT
S 7BH?"“‘“~=\\\ EE STER
JL
‘ ‘ ‘ 000 (RRR AR P
‘ et \ 001 (RRR AR P
& Zone Digi_éll 010 ERR T
> 011 | BaTRHEST BRI
100 REHSLFIFA ~O

American Standard Code
for

101

RESIALTREP ~Z KRR
i

110

/INES A Rfa ~0

Information Interchange

111

REFIAL TR p~2
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iﬁ
@
>?

Ak

N /\/\

o {jzlza:Et*}}'ﬁﬁ

£ (Binary Coded Decimal; ~ fi5842 11%)

o B _EFRIBTIIRENS; B 6 [ bits R AT 9T
Y km 84-2-1115, N Fe:

B eI IRE S —1”

FEEAES AR B -2

THEHIBT

84-2-115

0

0000

0111

0110

0101

UOISIaA DL} Jajulidno0p DIASSN Ag palb

0100

1011

1010

O | R (X | DN |W (N -
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EBCDIC:#ZEBCDZHHE (by IBM)

« IBMEEHK FH 81 BITHES T#AE, MUK BCDAZ HAME
e R A 0 H] 25 /R [ 28=2 56 fH

l

T%
o B EETUER T ERAT © AR ST
JG
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W IV TC

EBCDIC : Extended BCD Interchange Code
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O

Z EBCDICE& 353/ JTTHY 7B

2

z @i SR

2 | 00xx (e

g | 01XX R

3 1000 JNET AT g~

o 1001 INE TR RE ]~ 1

2 1010 INET AT § ~ 7

2 1011 (LB

> 1100 KETHAT R A~ 1
1101 BT ST} T ~ R
1110 FETH AT R S~ Z
1111 SAT 7 HE8F-0-9

Copyright © 2009 Pearson Education, Inc.
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#include<stdio.h>
unsigned char x[9] = {0 };
main( ) {
int m = Oxad4, n=0x6a;
X[0] = m; x[1]=n;
x[2] = Oxae, x[3]=97;
x[4] = O0xa6, x[5]=0x6e;
printf("==%s==\n", x);

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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FlRHEL =S (FHAH5?) (2/2)

SEHEEIERBE IR TEA teste.c

ccbsd2: tsaiwn> ./a.out

ccbsd2: tsaiwn> gcc testc.c.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

e
I . )_'_’ I .
==RFur== -
cchsd2: tsaiwn>
'A' == 65 ")) == 48§
'l == 07 Ng' == 7
Copyright © 2009 Pearson Education, Inc. ZXAHE @AGENEE TR
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Representing Numeric Values

* Binary notation: Uses bits to represent a
number 1n base two

« Limitations of computer representations of
numeric values

— Overflow — occurs when a value 1s too big to be
represented

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

— Truncation occurs when a value cannot be
represented accurately (precision problem)

Floating point underflow 7?7
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Number Systems

Numbers can be represented 1n any base (humans use base 10)

*Symbols for a number system of base Bare 0, 1,2, ..., B-1
edecimal (base 10)0, 1, 2, .., 9 binary (base 2) 0, 1

notation “numbery” (375 in decimal is written 375,,, 1011 in binary is written 1011,)

*Value of i digit d is “d * B where i starts from 0 and increases from right to left

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

210 i positional notation
3795 data
5*¥100 = S

Three hundred and

1 =
7710 70 seventy five

3 * 102

I
o)
S
S
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0O
® . . .
s Conversion from binary to decimal
2
Z
©  Convert 1011,to decimal == 8+0+2+1 ==11
g
8 3210 bit-i
3 1011 data
3 = (1% 20) + (1 *21) + (0 * 22) + (1 *23)
] =1+2+0+8
S
=11,

system to decimal (TRY convert 123, to decimal)

Copyright © 2009 Pearson Education, Inc. LA @GHERNEFE T A

This process can be used for conversion from any number
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Conversion from decimal to binary

Step 1: divide value by 2 and record remainder (55X [ DA2HNER )

Step 2: as long as quotient not zero, continue to divide the newest
quotient by 2 and record the remainder

Step 3: when obtain a zero as quotient, binary representation consists of
remainders listed from right to left in order

Example: Convert 13,,to binary

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Operation Quotient remainder
13 by 2 6 1 I
6 by 2 3 0
3by?2 1 1
1 by 2 0 1
13,,= 1101,
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Figure 1.15: The base ten and binary systems

a. Base ten system

—

3 7 5 [~ Representation
> & o |
S & S
§ SO L Position’s quantity
.l;.:’ |

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

b. Base two system

1 0 1 1 [ Representation

“~ X 0 o A
5523 o .
G« — Position’s quantity
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pattern
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Copyright © 2009 Pearson Education, Inc.

Figure 1.16: Decoding the binary representation
100101 = 37

Binary _" I foll k¥l K8 Iofl &

one =
two =
four =
eight =
sixteen =
thirty-two =
o ey ' 37 Total

Value Position’s
of bit quantity

= R R Bl B
X X X X X X
L

‘mc::-hcr—'
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Figure 1.17: An algorithm for finding the binary
representation of a positive integer

Step 1. Divide the value by two and record the remainder.

Step 2. As long as the quotient obtained is not zero, continue to divide
the newest quotient by two and record the remainder.

Step 3. Now that a quotient of zero has been obtained, the binary
representation of the original value consists of the remainders
listed from right to left in the order they were recorded.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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igure 1.18: Applying the algorithm in Figure 1.17
to obtain the binary representation of
thirteen (13)

0
J1
1
s

Remainder 1 —
2

Remainder 1
2

W

UOISIOA DU} 19JULIdNOOP DIASSN AQ PRI

3 Remainder 0
e

6 Remainder 1

2 )13 l
yvyvyy
1 1 01
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Other Number Systems

*Octal (base 8)

Symbols (0, 1, 2, 3,4,5,6,7)
*Working with too long binary numbers 1s a problem
*Hexadecimal (base 16)

Symbols (0, 1, 2,3,4,5,6,7,8,9, A,B,C, D, E, F)
*Byte = 8 bits = 2 hex digits ( 1 hex digit 1s 4 bits)

B, is 1011,
_9 — T Bs, = 10110101
B5,=7, 16 2
T 5050101, —

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Hexadecimal (—75YHA)

e Hexadecimal (HEX or () 1s a notation normally used as a shorthand
version of binary (,).

Each digit in a HEX number contains the information of 4 bits of a
binary number, eg.

01100111, =67, and 01011010, = 5A, and
[111111111111111, = FFFF,,.

e |t is easy enough to convert between the two bases:

— To convert from binary to hex, simply group the bits 4 at a time from the
right and then convert each group into a hex digit, using A for the digit
value of 10, through to F for 15.

— To convert from hex to binary, convert each digit to a 4 bit binary value
and then concatenate the groups of 4 bits (in order).

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
o

e (Often we are not interested in the base 10 value of a quantity (eg. for a
memory address or input signal), and HEX can be a convenient way of
writing the quantity.
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Conversion from binary to hex

Convert 1101001110, to hex

Divide binary number into 4 bits groups from right to left

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

416 E16 34El6
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O

D

Q Decimal  Binary

—f

D)

(o}

o 0 0000

<

= 1 0001

D)

D 2 0010

<.

Q 3 0011

o

(o) 4 0100

&2

S 5 0101

=1 6 0110

o

= 7 0111

=+

o 8 1000

<

d 9 1001

&8, 10 1010

(o)

> 11 1011
12 1100
13 1101
14 1110
15 1111

Hexadecimal

0

M H O O m o 0 ® 9 A W N =

The hexadecimal
coding system

Figure 1.6 (new):

20=1 27 =128
21=2 28 =256
22=4 29 =512
23=8 210 = 1024
24=16 211 =2048
25=32 212 = 4096
26 = 64 213 = 8190

Copyright © 2009 Pearson Education, Inc.
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Truth Table (E{EZ)

Figure 1.19: The binary addition facts

A | B |carry|sum

0 0 0 0

0 1 0 1

1 0 0 1

1 1 1 0
HHE QB RBE TR
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Storing Integers

 Two’s complement notation: The most
popular means of representing integer values

* Excess notation: Another means of
representing integer values

— Usually used in Exponent part when representing
floating point numbers (real numbers)

e Both can suffer from overtlow errors.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

e one’s complement notation?
- sign magnitudes ? (FF4% + A EHE)
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* HF /AR bit Ko IEE
—0=1F
I J——— %

&

— Sign magnitude FFofEEEHHZ
— One’s complement — P
— Two’s complement —F#E
— Excess method JFAE1E

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Negative numbersi;s

Sign and magnitude
Left hand bit 1s used to determine the sign of the number

Left hand bit 0 = positive number 0010 = +2

Left hand bit 1 = negative number 1010 = -2

Using 4 bits with sign and magnitude, largest positive numbe
represented 1s 7

(-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7)

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

15 values overall can be represented
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Negative numbers.s

One’s Complement

«+2 added to —2 1n sign magnitude using regular binary addition does
not equal 0 (make sure of that!)

First bit indicates a negative value but also bears a position value
*For a positive number, the two’s complement representation is itself

*For a negative number, complement positive value

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

3 in one’s complement 1s 011
-3 1in one’s complement 1s

Invert bits 011 becomes 100
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Negative numbersss

Two’s Complement

«+2 added to —2 1n sign magnitude using regular binary addition does
not equal 0 (make sure of that!)

First bit indicates a negative value but also bears a position value
*For a positive number, the two’s complement representation is itself

*For a negative number, complement positive value, then add 1

3 in two’s complement 1s 011
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-3 in two’s complement 1s
Invert bits 011 becomes 100
Add 1 100+1=101
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Negative numbersas

What 1s 1010 in two’s complement?

It 1s a negative number since left hand bitis a 1
Invert bits 1010 becomes 0101
Add 1 0101 +1=0110 (+6)
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Then the original number 1s -6

Copyright © 2009 Pearson Education, Inc. LA @GHERNEFE T A
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Negative Numberss:s

Two’s complement addition

Problem in Problem in Answer in
base ten two's complement base ten

- 0011

/ar-/- + 0010
Subtraction performed

0101
the same as addition
7-5 1s the same as 7+ (-5)

1IJNO0P DIASSN Aq pajpald

1011 =
(0100+1) =
_(0101) =-5

u

1101
+ 1110
1011 —> -5

UOISIaA DI} |

0111

7
+ -5 =P  +1011

- 0010 e 2

Copyright 2003 Pearson Education, Inc.
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Bit Value

pattern represented
011 3
010 2
001 1
000 0
111 -1
110 -2
101 -3
100 -4

Figure 1.21: Two’s complement notation systems

a. Using patterns of length three

b. Using patterns of length four

Bit
pattern

0111
0110
0101
0100
0011
0010
0001
0000
1111
1110
1101
1100
1011
1010
1001
1000

Value
represented

Slide 1-80




IN9SN AQ papal)

Q F =
o Two's complement notation - 0

8for 6 using four bits

UOISIaA [P} Iajulign

Two’'s complement notation

for -6 using four bits ——1

Copyright © 2009 Pearson Education, Inc.

1 1 0
I I
I I
I |
I I
I I
I I
I I
I |
I I |
| |
I I
I I
I |
i i
I ]
v vV v v
0 1 0
e @EANFE TR

Figure 1.22: Coding the value -6 1n two’s
complement notation using four bits

Copy the bits from
right to left until a
1 has been copied

Complement the
remaining bits
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complement notation

Problem in Problem in Answer in
base ten two's complement base ten
0011

+§ ==  +0010

- 0101 —p S

- 1101

2 -3 +1110

1011 —» =5

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Figure 1.23: Addition problems converted to two’s
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Overtlow Problem

Try adding 5 + 4 in 4-bit two’s complement notation

5 0101
+4 0100

9 1001 —— Overflow. Result 1s Negative value

Actually —<(0110+1) = -(0111) = -7

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

There 1s a limit to the size of the values that can be
represented according to how many bits are used.

Normally integers are represented in 32-bit patterns.
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Excess 8 = i& 8

= 28

54

L RAEEIHE
L 8 Ry EE
HIFAH
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fan 1111 5& 15 /X
#7==15-8

Bit
pattern

1Lk
1110
1101
1100
1011
1010
1001
1000
0111
0110
0101
0100
0011
0010
0001
0000

Copyright © 2009 Pearson Education, Inc. LKA HE @ZCHRFHET A

Value
represented

Figure 1.24: An excess eight conversion table
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Bit Value _

pattern represented 3 bits & 8 Mt
111 3
110 2 TR H excess 4 HI[H]
101 1 DIFET -4 5] 3 4L
100 0 81[il i
011 -1
010 ~2 TR excess 3 IE?
001 -3
000 ~4 > u][L -3 #] 5

Copyright © 2009 Pearson Education, Inc.

Figure 1.25: An excess notation system using bit
patterns of length three
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Fractional Values (/)N#{[H)

What does a number like 908.543 actually mean:
9x10%+0x10'+8x10%+5x10-+4x10-2+3x10-3.
Addition 1s easy, just line up the decimal points and go.

However this is difficult to implement in a computer so the system
known as floating point 1s used. This represents 908.543, or as

0.908543x10°, or as 9.08543x107?, ic
(9x10%4+-0x10-1+8x102+5x10-3+4x10-4+3x10~)x10?

This 1s called floating point, and splits the number 1nto a fractional part

(9.08543 - the mantissa) and a 'power of the current base “part (2 -

the exponent).

The same system works for binary numbers, but in base 2, ie. 0.1,

means 2! = 0.5, 0.01, means 22 = (.25, etc, so

11.0101, = (1x2%4+1x2-14+0x2-2+1x23+0x24+1x2)x2".
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Representing float in Binary

101.101, = (1x2°+0x2-14+1x2-2+1x2-3+0x24+1x2%)x2* gives a means
of storing fractional quantities in a binary format, in base 2 we write

the number as

1.01101, times 2 to the power of 2 222X /7)
and then store the number in two parts:
101101 as the mantissa and 2 as the exponent.

The number of bits allocated to the mantissa give the required accuracy,
the number of bits allocated to the exponent (and the range of exponent
values) give the required range of numbers (largest and smallest) that

can be represented.

If a number gets too large then there 1s overflow. It is also possible for
a number to be too small (underflow).

mantissa = ¥

Copyright © 2009 Pearson Education, Inc. LOHE @GR

exponent = 58§
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fraction or significand) field.

Storing Fractions

* Floating-point Notation: Consists of 3 fields:
a sign bit, an Exponent field, and a mantissa (or

» Related topics include:

mantissa = ¥

— Normalized form

— Truncation errors (Precision prob.

em)

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

float x, y=1234567.2; x=y+0.0001;

float x=1234567.7, y=1234567.8; if(x==y) ...

IEEE 754/ IEEE854:

http://en.wikipedia.org/wiki/IEEE 754-1985

Copyright © 2009 Pearson Education, Inc. LA @GHERNEFE T A
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Figure 1.20: Decoding the binary representation

Q

®

Q

®

8 101.101

<

2

®

2

Q  Binar

o patte;';—[lﬂl_lol |

0 1 X one-eigth = 14

5 0 x one-fourth = ¢

% 1 X one-half = 14

) 0 X one =

§ 0 X two =0

S 1 x four S e
o el | | 5% Total

Value Position’s
of bit quantity
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Figure 1.26: Floating-point notation components

}Bit positions

Exponent
Sign bit

Mantissa

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

By NIz SRR EE e
BT, A RSN ERERIIE?

HEMERT 2307 4

i = A7 4*0.30101

Mantissa(ffz84) HLLf s
({HCDC K E

ignificand =& fraction

5 & B integer mantissa)
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Figure 1.27: Encoding the value 2 5/8

2°/q Original representation

v

10.101 Base two reresentation

1 01 01 Raw bit pattern
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| —— |Lost bit
Mantissa

Exponent

Sign bit

IEEE 754/854 71{rj5= -~ float? double?

Copyright © 2009 Pearson Education, Inc. LKA HE @ZCHRFHET A
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IEEE 754/854 Floating Point

e There have been many schemes for representing floating point
numbers. Every manufacturer used to have one.

e The big push for standardisation came when Intel, who were
developing their 8087 co-processor became involved in the IEEE

process. There ensued a typical " fight” between their proposal and
Digital (DEC), with the current standard IEEE 754 being adopted in
1985, being effectively the proposal from the “Intel people”.

e The biggest debate between the schemes was on how to handle
underflow. IEEE 854 now supplements 754.

e |EEE 754 has both 32 bit (single precision) and 64-bit (double
precision) formats, and an 80-bit double-extended format.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

] gogle.com g A IEEE 754 854 & RIEE
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IEEE 754 Floating Point Formats

Significand precision: 24 (23 explicitly stored) bit

>  Single precision 32-bit format (float)
»  Exponent: excess 127

S\ J _/
Y YT

Exponent Mantissa 23 bits

8 bits v’ & hidden bit ZEEREH/NERE S

Double precision
64-bit format

S A /
N Exponent: excess 1023
Exponent Mantissa 52 bits
11 bits

The mantissa gives an extra

* There is also an 80-bit effective bit (24 & 53 bits for the
double-extended format respective formats) as the
with 64 bits of mantissa & implicit leading “1” bit is not

(llili)l;tlzg)f exponent. (long stored. (hidden bit)
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IEEE 754 Floating Point Formats specification

long double

e Scheme Single: Double: Double-Ext:
e No of bits 32 64 80

Sign 1 1 1
e Mantissa 23(24) 52(53) 64
e Exponent 8 11 15
e Exponent Bias 127 1023 16383
e Significant Figures 6(~7) 15(~16) 19

e Largest Number 3.4x10°% 1.79x103%  1.2x10%%32

e Smallest Number 1.17x10-3% 2.23x103%8  ~10432

e Epsilon 1.19x107 2.22x10°'% (ie. 1.0+ # 1.0)

e Underflow gradual, uses leading mantissa O bits.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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v' Turbo C++ FI{RZ%PC_EC/C++
# long double 7& Double-Ext
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Examples of IEEE 754 float

We'll stick to 32-bits, the 64 and 80 bit formats work in a similar way.
E.g. 1)
-3.625=-11.101, = -1.1101x2!, sign = -ve, exponent = 1
so: sign-bit = 1, exponent = 1+127 = 128 = 10000000,
mantissa = 110 100 000 000 000 000 000 00 so representation is:
1 10000000{11010000000000000000000
E.g. 2)
0.5625 =0.1001, = 1.001x2-1, sign = +ve, exponent = -1
so: sign-bit = 0, exponent = -1+127 =126 = 01111110,
mantissa = 001 000 000 000 000 000 000 00 so representation is:
001111110{00100000000000000000000

Note that all we are doing is taking these bit patterns and defining them to be -
3.625 and 0.5625. In integer representation they would be —=1066926078 and

+2114977792 (you check these).
R L A IEE AR Loxxx. . {H 1. A7 (Ff hidden bit)

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

http://www.binaryconvert.com/convert float.html

B
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Gradual floating Underflow

e Very small floating point values can cause problems in arithmetic, as
eventually the number system wants to record them as zero, which
means that calculations lose accuracy.

e A problem arises because the smallest number 1s larger than the smallest

difference between two numbers. I |
T |

Nx1.17x10-38 3.4x10-37 22?2

e (Gradual underflow uses sub-normal values to make the approaching of
zero more ' gradual”, leaving a smaller “hole” for calculations to fall intd.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

e Use leading zeros on the mantissa of float number

to allow the effective exponent to go below -127.

Nx1.17x10-38 0
v' Underflow: E#7FEEHMEER/, /NI 0 g # B IS E7E 0

R V3 Underflow ! Why?
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floatE %4 underflow(fE52%) E ]

/* s eeeeeee efffffff ggggggge hhhhhhhh */
/* +/- 1.ttt gggggggghhhhhhhh * 2 **(eceeeeee - 127) */
/* eeeeeeee: Exponent base 2 excess 127 */
#include<stdio.h>
#define DLOOP 146
int main( ) { intk;

float ans = 1.0;

for(k=1; k<= DLOOP; ++k) ans = ans/2.0;

=1.1210388¢-44
=5.6051939¢-45
= 2.8025969¢-45
=1.4012985e-45

/* ans = pow(2, -146);*/
for(k=1; k<= 7; ++k){
printf("= %12.8g\n", ans );
ans /= 2.0; _ 0
} return 0; = 0

j - 0
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#7945 Underflow ! Why?
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When a calculation is done, it
may no longer be exact.

Even simple numbers like
0.1,, cannot be stored exactly
in the binary floating point
format.

0.1,,=0.000110011001..., which
means that the very act of storing
0.1,, in floating point format loses
some (small) amount of accuracy.
Every time a calculation is done,
more accuracy may be lost from
the result.

It is possible for a calculation to
become so inaccurate that the
floating point bit pattern of the
result is nonsense.

(ayay
®

Implications of Floating Point

e A software developer MUST take this “loss of
precision” into account when storing and using data
values and outputting results in floating point format.

. YOU ARE RESPONSIBLE FOR YOUR SOFTWARE'S OUTPUT ...
. But more than this ...

. YOU ARE ALSO RESPONSBILE FOR THE WAY IN WHICH THIS
OUTPUT IS (REASONABLY) USED BY OTHERS ...
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Implications: An Example

K TR EEIFH:

e Limit yourself to 3 significant (decimal) figures and use
decimal arithmetic to add the following numbers.

e (0.007 0.103 0.205 0.008 3.12 0.006 0.876 0.005 0.015

e You may only add 2 numbers at a time, so you must keep a
running total (initialized to 0.000) and add 1n the numbers
one at a time.
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e Now sort the numbers into ascending order and repeat the
calculation again.

e Is there a difference? If so, why?
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#include<stdio.h>
float x, xdelta; int i; /*precision.c */
main( ) { double y;
x = 1234567.2, xdelta = 0.0001;
printf("Before loop, x=%f\n", x);
for(i=1; i<= 8000; i++){
y = X + xdelta; [******|
if(i == 1) printf("first y = %f\n", y);
X=Y;
}
printf("After loop, x=%f\n", x);

}

Copyright © 2009 Pearson Education, Inc. LA @GHERNEFE T A
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@)
@

bsd2:precision/> gece precision.c

bsd2:precision/> ./a.out
efore loop, x=1234567.250000
first y = 1234567.250100

After loop, x=1234567.250000
ccbsd2:precision/>

float Hi{(5 32 bits

—

@)
@

CU
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v H11234567.2 iRy 1234567.3 Ff Run BF

Copyright © 2009 Pearson Education, Inc. e @GEREE TR
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if(x==vy)...2
e float 1234567.2

010010011 00101101011010000111010
— 0x4996B43A

e float 1234567.3
010010011 00101101011010000111010
— 0x4996B43A

float x = 1234567.2 ;float y = 1234567.3;

e float 1234567.7
010010011 00101101011010000111110

— 0x 4996B43E
e float 1234567.8

010010011 00101101011010000111110
— 0x4996B43E

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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#include<stdio.h>
double x, xdelta; int i; /*precdbl.c */
main( ) { double y;
x = 1234567.2, xdelta = 0.0001;
printf("Before loop, x=%f\n", x);
for(i=1; i<= 8000; i++){
y = X + xdelta; [******|
if(i == 1) printf("first y = %f\n", y);
X=Y;
}
printf("After loop, x=%f\n", x);
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]
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double EH{HERE 1T/ %%

:precision/> gee precdbl.c

ccbsd2:precision/> ./a.out
Before loop, x=1234567.200000
first y = 1234567.200100

“After loop, x=1234568.000001
ccbsd2:precision/>

|DU} J9juULdNO0P DIASSN AQ palbald
@)
@)
@)
0 p]
=)
)

UOISISA

double E¥{5 H 64 bits

~
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5

27 overflow (¥mfi7)

#include<stdio.h>
int main( ) {

int k;

UOISIOA |DL} JaJULIdNO0P DIASSN AQ pajpald

-~
(R

short ans = 32765:;

for(k=1; k<= 6; ++k) {
printf ("= %d\n", ans++);

= 32765
= 32766
= 32767
=-32768
=-32767
=-32766

%@.’,\Z‘J ?

short k=-32768;

k = -Kk; // whatis the value of k ?

Copyright © 2009 Pearson Education, Inc.

EHE @SGERNFE TR

Slide 1-105




e

27 overflow (¥mfi7)

float

- T~

/* s eeeeeee efffffff gggggooe hhhhhhhh */

/* +/- 1 ftffttfggggggoghhhhhhhh * 2**(eeeeeeee - 127) */
/* eeeeeeee: Exponent base 2 excess 127 */
#include<stdio.h>

#include<math.h>

int main( ) {

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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float ans = pow(2,125); /* 2 14 125 ZXJ5; pow{FFE T JE */
int k; = 42535295865117307932921825928971026432.000000
for(k=1; k<= 6; ++k) { = 85070591730234615865843651857942052864.000000
printf("= %f\n", ans ); = 170141183460469231731687303715884105728.000000
ans *=2.0; = Inf
} = Inf
} = Inf
. Vo =
Inf = M55 K
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Figure 1.28:
Decompressing xyxxyzy (35, 4, X)

XYXXY2ZY

a. Count backward 5 symbols.

XYVXXVY 2V

b. Identify the four-bit segment to be appended
to the end of the string.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

XYXXYVZYVXXY Z

c. Copy the four-bit segment onto the end of the message.

XYVXXVZVXXYzZX

d. Add the symbol identified in the triple to the
end of the message.

Copyright © 2009 Pearson Education, Inc. LKA HE @ZCHRFHET A
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Representing Images

* Bit map techniques
— Pixel: short for “picture element”
— RGB
— Luminance and chrominance
* Vector techniques
— Scalable
— TrueType and PostScript

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Representing Sound

* Sampling techniques
— Used for high quality recordings
— Records actual audio
— MP3 : MPEG Layer3

« MIDI

— Used 1n music synthesizers

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

— Records “musical score”

Copyright © 2009 Pearson Education, Inc. LA @GHERNEFE T A
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Figure 1.14: The sound wave represented by the
sequence 0, 1.5, 2.0, 1.5, 2.0, 3.0,
4.0,3.0,0

Encoded sound wave

\ ;
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0 1.5 2.0 1.5 2.0 3.0 4.0 3.0 0
Amplitudes
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Data Compression

* Lossy versus lossless
* Run-length encoding

- Frequency-dependent encoding
(Huffman codes)

* Relative encoding

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

* Dictionary encoding (Includes adaptive
dictionary encoding such as LZW encoding.)

— http://zh.wikipedia.org/wiki/LZW

ik
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Huffman codes

* (G1ven ‘XyX XyzZ XyX Xyw XyX Xxyw* with table

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

code |char
00 space
011001 000110111 0001100100
01 X 011011001 1001000110110
10 y
110 W
111 Z
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7 words
0 space
1

2 |y

3 W

4 XyX
S XYW

Copyright © 2009 Pearson Education, Inc.

LZW (Lempel-Ziv-Welsh) encoding

* (G1ven ‘XyX XyX XyX Xyw xyx xyw* with table

121040401230405
¢« X’21
o ‘xyx’ =2 121

e ‘xyx’ =2 1210
o ‘xyx xyx’ 2> 12104

e @EANFE TR Slide 1-113




Compressing Images

* GIF (Graphic Interchange Format)

— a palette of 256 colors for each file
— 256x256x256 choices of colors
— Good for cartoons

* JPEG (Joint Photographic Experts Group):
— Good for photographs

« TIFF (Tagged Image File Format):

— Good for 1image archiving

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Compressing Audio and Video

« MPEG (Motion Picture Experts Group)
— ISO
— Relative techniques
— High definition television broadcast
— Video conferencing

« MP3 (MPEG Layer 3)

— Temporal masking

— Frequency masking

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

— near CD quality

MP4 ? MPEG-4? MPEG-1, MPEG-2, MPEG-7, MPEG-47
MPEG-21 (ISO/IEC 21000) (DRM: Digital Rights Management)
http://en.wikipedia.org/wiki/MPEG-21
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Figure 1.28: Decompressing xyxxyzy (3, 4, X)

XYXXY2Y

a. Count backward 5 symbols.

XYXXY 2Y

b. Identify the four-bit segment to be appended
to the end of the string.

XYVXXY ZYXXY Z
c. Copy the four-bit segment onto the end of the message.
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XYVXXYVZYVXXY 2ZX

d. Add the symbol identified in the triple to the
end of the message.
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Communication Errors

 Parity bits (even parity versus odd parity)

* Checkbytes / Checksum

Weighted checksum
Taiwan B/ a5t 2 —ih (e achih)

Cyclic Redundancy Checks (CRCs)

MD?35 : Message Digest algorithm 5
http://zh.wikipedia.org/zh-tw/MD5
http://zh.wikipedia.org/zh-tw/SHA-2

* Error Correcting Codes (ECC)
http://www.eccpage.com/

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Parity (|5/fi7) codes

L

* Simple example - (8,7) code 1s a parity bit appended to a 7-bit
code

— Odd parity - extra bit gives odd no. of 1's

— Even parity - extra bit gives even no. of 1’s

— Hamming distance of 2, hence able to detect single-bit errors

— Actually capable of detecting any odd number of bit errors
* (11,7) Hamming code has distance of 3:

— Detects 2-bit errors and corrects 1-bit error

UOISISA |Dl} J8julidno0op DIA8SN AQ pajpald

— Widely used in memory ECC codes

Hamming distance: minimum number of bits by which two valid n-bit codes differ
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Figure 1.29: The ASCII codes for the letters A and
F adjusted for odd parity

example - (9,8) code 1s a parity bit appended to a 8-bit code

Parity bit ASCII A containing an even Parity bit  ASCII F containing an odd
number of 1s number of 1s
‘ | | |
101000001 001000110
| |
Total pattern has an odd Total pattern has an odd
number of 1s number of 1s

UOISIOA |Dl} J9julidno0p DIAGSN AQ pajpald

Odd parity? Even parity?
SHAEEETS 1 HY bit 7T B, i odd parity arE[AIAZ
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Redundancy for Error detection

* Helps to recognise that information is damaged
* (n,k) code has k bits of information coded in # bits (n > k)
« 2" possible codes with 2 meaningful values
» Remaining codes only result from damage, e.g. 0001

— Even if only 1-bit error, it cannot be corrected as it could be 1001 or 0011

» Usually discard and retransmit
. An important concept is Hamming distance (555

UOISISA [OL} J9JUUNOOP DIASSN Aq pepald

Valid codes
(n,k) code it 0011
Example: (4,2) code 1100
HA 2bit H 5% 0110
1001
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Hamming distance (JZ85858%)

* Def”: minimum number of bits by which two valid »n-bit codes differ
« Hamming distance of d can detect errors up to (d-1) bits

* Can also correct errors affecting up to L\ | bits
floor —

* Example (4,2) code has Hamming distance 2
— Can detect errors of up to 1 bit -

— No correction possible

* Hamming distance depends on the difference betweer &k and »

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

:
oy

(n,k) code has k bits of information coded in n bits (n > k)
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ECC : Error Correcting Code

SN #Aq pajpald

ARIECE SR 1 {Ebit B
] DUE B E?

-)Hammmg distance
JHES 3

=

UQISISA |DLI} 12}UlldNO0P DIA

>(3-1)/2 =

Copyright © 2009 Pearson Education, Inc.

Symbol

A

I 24 mME0n

EHE @SGERNFE TR

Code

000000
001111
010011
011100
100110
101001
110101
111010

sFigure 1.30: An Error-Correcting Code
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Figure 1.31: Decoding the pattern 010100 using
the ECC code 1n Figure 1.30

Distance between
Symbol Code the received pattern and
the character being considered

A 000000
001111
010011
< 011100 s
100110
101001
110101
111010

0101007
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distance
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CRC Algorithms

e CRC— CYCHC Main Function
Redundancy Check
— Used for error calls crc( ) with
checking during parameters:
communication init_crc-initial value

*data-pointer to data

|en-length of data re;[u m?bRC

. N PR ) vaiue o

— Mathematlcally, jlnlt-/nltlallzmg options for given data
divides a constant into
the data and saves the

remainder

stronger than parity

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald
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Different Algorithms — CRC in Hardware

char crc_hw(...)
{
unsigned short j , crc_value = init_crc;
unsigned short new_crc_value;
if (jinit >= 0) crc_value=((uchar) jinit) | (((uchar) jinit) << 8);
for (j=1;j<=len;j++) {
new_crc_value = bit(4,datalj]) * bit(0,data[j]) * bit(8,crc_value) * bit(12,crc_value); // bit
new_crc_value = new_crc_value |
(bit(5,data[j])*bit(1,data[j])*bit(9,crc_value)”bit(13,crc_value))<<1;
new_crc_value = new_crc_value |
(bit(6,data[j])*bit(2,data[j])*bit(10,crc_value)*bit(14,crc_value))<< 2;
. ... continue for bits 3 through 7 ...
.}

return (new_crc_value);

}
Hardware Version

Knowing the generator polynomial, one can calculate the XOR's for each
individual bit

Each CRC value is the result of bit-wise XOR'’s with the data and the
previous CRC value

Synthesizes to hw very nicely; but getting bits and shifting are inefficien
in sw
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aln

s Different Algorithms — CRC in Software

Software Version

— Before doing any
calculations, create an
initialization table that

calculates the CRC fo
each individual character

— Use data as index into
initialization table and
execute two XOR's

UOISISA |DU} Jajulidnoop binaafl Ag po

— Requires lookups, but
faster for a sequential

char crc_sw(...) // Source: Numerical Recipes in C
{
unsigned short initialize _table(unsigned short crc,
unsigned char one_char);
static unsigned short icrctb[256];
unsigned short tmp1, j, crc_value = init_crc;
if (linit) {
init=1;
for (j=0;j<=255;j++) {
icrctb[j]=initialize_table(j << 8,(uchar)0);
}
}
if (jinit >= 0) crc_value=((uchar) jinit) | (((uchar) jinit) <<
8);
for (j=1;j<=len;j++) {

calculation ™ tmp1 = datalj] * HIBYTE(crc_value);
crc_value = icrctb[tmp1] » LOBYTE(crc_value) << 8§;
}
}
return (crc_value);
}
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More about Logical gates

* De Morgan theory
» Using NAND gates ONLY
» Using NOR gates ONLY

o Adder
—Half Adder
—Full Adder

|DU} J9juULdNO0P DIASSN AQ palbald

UOISIOA

Karnaugh maps ?

ik
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De Morgan theory (De Morgan Law)

A NAND gate: . EDR

— A NAND 1s equivalent to an OR gate with two

NOT gates A
Y=A-B=A+B :D_

(AN B)Y = A“ UB"

*A NOR gate can be constructed by using one
- AND gate with two Inverters (NOT gate)

Y=A+B =A-B D_q}

(AUB)“ = A“nB°
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Using NAND Gates ONLY (1/2)

It 1s possible to NOT

implement any X{}f
boolean

. , AND
expression using g_j—c} AR

only NAND gates

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

N e
s
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Using NAND Gates ONLY (2/2)

N Aq pajpaid

%_ * Example of NAND Gate representation

¢  — Implement the following circuit using only NAND
% gates

o} aH

: hj

-‘-<'% X2 1 | S

| | =g

1

Hint: using De Morgan theory
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vy
:
|
Y

Answer to previous page problem

* Tips: two NOTs together can be removed.

_ A
o AB
B— )3 : AR _ P— A+B
—
AND feeding O
\ f

—

| [

O—

g
gl
[
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Using NOR Gates ONLY

* Similar pattern to using NAND gates

X—E}i NOT X
D= as ) O
>

X

D AB

AND
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%

s
B—:}_}A A )—@E o A

+B
OR
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Q °

s Half adder (do adding A, B)

g

g * The sum 1s XOR operation

g * The carry 1s their AND value

0

= |A|B|s|C R

S 1000 |0

®

] 0111 (0 B
0|10 B
110 |1
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Full Adder

S

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

- _ma 00000
002200 >

~o0o0~,0-=0|w

Copyright © 2009 Pearson Education, Inc.

Full
adder

* Develop a truth table and Boolean expressions
for the full adder (adding A, B, and Carry in.)

Sum

Cout

EHE @SGERNFE TR
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Full adder can be constructed using 2 half adder

CARRY IN

input A ——1—

SLM

input B

UOISIaA [P} Iajulidno0op bIAeaN AQ Bg,uoej:)

full adder ———

Cin

Full Sum

A adder
B

Cout

Fig.B.2 in Appendix B
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%A Full Adder using only NAND gates

O

<<

2

()]

()

<

Q

Q

o A —

0 ®

> ] ¥

of ™ AX :

% "
o 9 L '.“.‘ Sum
< - - -
& I..

(o)

- )
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Q
8
8
2
z[Cin| A| B | S |Cout
g 0O/ 0] 0 | 0] 0
2l 0| 0| 1 1] 0
20| 1|0 | 1] 0
sl o | 1| 1] 0|1
2l 1ol 0| 1] 0
S
0 | 0 1
| 0 0 1
| 1 1 1
Copyright © 2009 Pearson Education, Inc. £ AE @AGEKER

Truth table for full adder

Hint:
Complete the

Karnaugh maps
for the Sum and

the Carry out
columns
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inputs is 1 = XOR gate

Karnaugh maps for sum and carry

Sum — 1 when odd number of Carry out - simplifies to 3

pairs

AB 00 01 11 10 AB 00 01 11 10

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

Cin Cin
0 1 1 0 I
1 1 1 1 1 |1 |1

Sum = Cin xor A xor B

Cout=A.B + A.Cin + B.Cin

Copyright © 2009 Pearson Education, Inc.
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The Full adder circuit ({VfE12)

Sum

Cout

Cin
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Sum = Cin xor A xor B

Cout=A.B + A.Cin + B.Cin

Copyright © 2009 Pearson Education, Inc. LA HE @ZGHAE
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Exercise

* Write a function (1n any of C/C++/Java) that takes 2
long int as parameters, and return the sum of these 2
long integers. But 1n this function, any +-* / %
operations (including negative -) are NOT allowed!!!

« Using the function above to write a subtraction
function that takes 2 long integers as parameters.

UOISIOA |Dl} J9julidnoop DIA8SN AQ pajpald

* Then write a testing driver (a small main
program) to test your functions.

Hint: Please refer to the Full Adder circuit on previous page
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XOR gate CMOS wiring
http://en.wikipedia.org/wiki/XOR gate
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w
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I
I
Ix|
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QOut

AB+AB=ATB
j : DE1=1
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XOR using NAND only

( (a NAND b) NAND
( (a NAND a) NAND (b NANDb) ) )
NAND
( (a NAND b) NAND
( (aNAND a) NAND (b NANDb) ) )

De Morgan's laws
NOT (P OR Q) =(NOT P) AND (NOT Q)
NOT (P AND Q) =(NOT P) OR (NOT Q)
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a OR b = (a NAND a) NAND (b NAND b)

a AND b = (a NAND b) NAND (a NAND b)

a XOR b = (a NAND b) AND (a OR b)

Copyright © 2009 Pearson Education, Inc. LKA HE @ZCHRFHET A

Slide 1-142




XNOR gate (B RXE0 )

>

o~
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Construct 4-Bit Full Adder using
4 1-bit Full Adder (sequential)

Cout Full Adde Full Adde Full Adde Full Adde
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Cin

How to do carry look ahead ?

Copyright © 2009 Pearson Education, Inc. LA @GHERNEFE T A

Slide 1-144




& [1 4 & ® e - = & B =

UOISIaA [P} 1ajulidno0op biAeaN Aq pal

A1-~Aq Operand A Inputs 1.0UL 05UL.

B1-Ba Operand B Inputs 1.0 UL 05 UL

Co Carry Input 05UL 025UL

T1—E4 Sum Outputs (Note b) 10UL 5(25)UL

Cq Carry Output (Note b) 10 UL 2 (29)UL
NOTES:

a) 1 TTL Unit Load (U.L.) = 40 uA HIGHM .6 mA LOW.
b) The Qutput LOW drive factor is 2.5 UL for Military (54) and & UL. for Commercial (74)
Temperature Ranges.

LOGIC DIAGRAM

Co A1 By Ag By Ay Ba Ay By Voe =PINS
@@ @ ® O @ |® @ GND =PIN 12
(O =PIN NUMBERS

Y _{J —LL

JUY

D SUFFIX
SOIC
CASE 751B-03

ORDERING INFORMATION

SN34LSXX] Ceramic
SNF4LSXXN  Plastic
SNF4LSXXD  S0IC

LOGIC SYMBOL

0118 7 34 116
| L1111
3

By ApBg A3 By Ay By

13— Cq Cy |— 14

>i22 2324Cy

96 210U

T41.S83 A datasheet

FAST AND LS TTL DATA

8,50 % 11.00 =W 4|

-F ARl I



DCTL#ENOR gate A A3
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&

Ve 436V
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O

s

5, H.5 2Rk
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RTL#% NOR Gate A &~

v

ey

Voo +3.6V

E.‘EI
S Q,
50 0)
B O AVAVAY
Rap
so ) o
F’—;\\ —_a A X
TR IBFEE, (HRBUEE S
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RCTLJ% NOR Gate

p

/' ¥

]|

Fizd
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DTLJ% NAND Gate E: A1
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Vee +5V
A
R K ()
R, g sk () g
* O F
D,
A O—d P
D, D, D, |/’,
B O—1¢ B P - Q
C o—4 % O
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T

SR DTLJ% NAND Gate £

Voo +5V
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HTLJ%& NAND Gate [HELACTE 1%

N\
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Voo +15V
A
R KO
R § sk €D
R e
D, é £2 }) O I
A O—g Q
D, P
2
B D_H [
> K 2,
C o—i«¢ 6.9V Ry
D
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TTLJ% NAND Gate
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B NMOS NAND Gate (N
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CMOS NAND Gate
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=AB

MnB
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Chapter 1 Data Storage
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Q&A
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