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Number Systems
028 BES

A set of symbols which can be used to represent

any finite value is known as a number system.
Bz® BT ODDIDOE £rd® 5EH) DD DR
WD €506 BB DDROD oS EABGBE

Rational numbers
( 7/8 3/4 \
/—integers—\
-5 -2

Whole Numbers

2/3 {0,1,2,3,...}
+9 Natural Numbers

1,2,3,.}

Q454.. +100
J

Different number systems are used in different
places. Numbers help count things, know how

many, and show order.

D00 SHdp DDD o) NS NS 68.
EEDE® 6208 oMY [BOOOD, w1
5@EEe  GBD B0, 6 Bgedo
655900 el OB,

SETART

9

YUY YuYY

History of Number Systems
03 808 B 98mesc

Number systems have a long history, helping

people count, trade, and solve problems.
£50R25) SENB BRD En oSmesct s gmd Ton
BBs BHHBO @S SBBD, 6dDeeH® BBOO 5t
@300 B8O o5t OB,

1. Tally Marks

One of the earliest methods of counting was
using tally marks.

®E08 Bde® YO wdwxs Hed tally marks #18m
S508.

A simple method of counting objects or events
using small vertical lines is known as Tally marks.
D) 8BS R DDeEE Ddns 6w’ BcdS
®HDE BBHe® ©de POc® e@e Tally marks
WERDOH.

Tally marks are useful because they are simple
to understand and use, making them accessible
to all.

Tally marks @eclissdsS O For 5508
@B 5w O OO ©oE DS, T
BrEem0® 5edm Bk ®el dS.

Complex calculations or special characters
aren’t needed, allowing for quick and efficient

counting.

9O 5 WIVGEDBE ®ES SHOD 98 R
BoSDE @G SOB 6] DeBd B0 FO®S
668,

Tally marks are still used today, especially in
Some situation like,ge0s Bem®ecx® &®®HO
g DeE tally semen ©H8) 8.
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2. Egyptian Numerals
8888 63023

Egyptians developed a system using

hieroglyphs to represent numbers.

BE3DOTE o) Bozesgmn OO e
®BENERD ®HD WOD BENEHE SH@IBNEG O
epee.

They had separate symbols for units, tens,

hundreds, thousands, and so on.
D0 TFoow, e85, 8BG, c®e3, GENE B®EKS 6DHO

5065 BRJYL.
ne 1) o ¥

10, 100, 1000, 10000, 100000, 1 million

Example:
The number 2,432 would be written as,
2,432 eromnes 6®etl B &u.

2432=§£ @@ Nnn 11

2x1000  4x100 3x10 2x 1

3. Babylonian Base 60
ReDeEiBcm 60 enes

The Babylonians used a base-60 system
(around 1900-1600 BC), which influenced our
modern timekeeping (60 seconds in a minute,
60 minutes in an hour and 360 degrees in a
circle).

VReRIBIHDS g  HD®  @DIEEO®HDO
(BoBmd ssesd 60, estemd BBssy 60 &®
9@ gomm 360) Pz 60 enced &Sk
(8.23. 1900-1600 e5@gn) 8D O &e.

It's believed that the Babylonians chose base-
60 because it is highly divisible by many
numbers, including 2, 3, 4, 5, 6, 10, 12, 15, 20,
30, and 60 itself. This made calculations and
fractions easier to work with.

2,3,4,5 6,10, 12, 15, 20, 30 &® 60 ee®d
6@e®] oDDZE 6ReNDH GRED M &)
AVe@IBDGTE 60 em 63 o D DO

eeh. 6B ®HHME OO &® H® SO i)
BBOO esewey Bes.

g o [ o6
T <7 kQ%

1 10 60 600 3600 36000 216000

Example:

The number 123 in the decimal system would
be written as 2 sixties and 3 ones in the
Babylonian system.

@O0 @6 o 123 B ersies ®ted 2 65
ReDe@IBGIT) PB6E DS 6EEE.

This would be represented as,

600 HOzesHE DY) Hres,

w - YT 77T

2x60 3x1

The Babylonian base 60 system had a profound
influence on our modern-day timekeeping
system.

ReDe@IBmIH 60 )26l PYO® ELeE XD IR
8058 08GO 5RE PELEON &8 WedH.
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We still divide hours into 60 minutes and
minutes into 60 seconds, and the division of the
circle into 360 degrees can be traced back to
Babylonian astronomy.

200D 3573 Bed) 60 0 BEBD »esd 60 O

& Dase® etom 360 O 6REO DrDe@IBEIH)
O DEBEDS GENEIBDD BTEDCE.

4. Roman Numerals
603Ny e®

Roman numerals are a system of numerical

notation used by the ancient Romans.
6030 9EDd &y 5% 603G B ®HDe)
DOD @ 50DHBOD o SEABGEE.

Instead of using digits like 1, 2, 3, they used
specific letters to represent numbers.
1, 2, 3 928 9En® NI BB 6DNDO, DS

9@e® Bewrismn SHOD Dem8m gmds HD)
0 &gro.

Counting 1 to 100 from Roman Number System

6630 g9eod® OB’ 1 80 100 e5en

~

Although they are not commonly used today
for calculations, they still appear in certain
contexts, such as clocks, book chapters, and

movie sequels.

ge I otmmnc SO e DHED ®HDom
e, J0) o0 o6y, s sdBede
o DPsd guwdn Ot gro® ©BcHHDE
en®0 Qred.

How Roman Numerals Work
6030 9En® 8w DO PGB

Roman numerals are written by combining
these letters. Add the values together, but if a
smaller numeral is placed before a larger one,
subtract the smaller value.

6010 9ED® B®) & P8 gwbs DD
B%e®8. guns DO Dy OB, S D®IE
5050 @EBeE WE) 0RO  DRDEXI,
DQED FOG i) DG @M.

r N N N —
1 =1 1M = Xl 21 = XXl 31 = XXXI 41 = XL 51 = LI 61 = LXI
2 =1l 12 = Xl 22 = XXl 32 = XXX 42 = XLII 52 = Ll 62 = LXII
3 =1 13 = Xl 23 = XXl 33 = XXXII 43 = XLl 53 = Ll 63 = LXIlI
4 = IV 14 = XIV 24 = XXIV 24 = XXXIV 44 = XLIV 54 = LIV 64 = LXIV
5=V 15 = XV 25 = XXV 35 = XXXV 45 = XLV 55 = LV 65 = LXV
6 = VI 16 = XVI 26 = XXVI 36 = XXXVI 46 = XLVI 56 = LVI 66 = LXVI
7 =Vl 17 = XV 27 = XXVI 37 = XXXV 47 = XLVl 57 = LI 67 = LXVII
8 = VI 18 = XVl 28 = XXV 38 = XXXVII 48 = XLVII 58 = LVII 68 = LXVII
9 = IX 19 = XIX 29 = XXIX 39 = XXXIX 49 = XLIX 59 = LIX 69 = LXIX
10 = X 20 = XX 30 = XXX 40 = XL 50 = L 60 = LX 70 = LXX
- VAN VAN J AN VAN AN J
e N ) EEE—
71 = LXXI 81 = LXXXI 91 = XClI
72 = LXXII 82 = LXXXI 92 = XClI
73 = LXXII 83 = LXXXIl 93 = XClI
74 = LXXIV 84 = LXXXIV 94 = XCIV
75 = LXXV 85 = LXXXV 95 = XCV
76 = LXXVI 86 = LXXXVI 96 = XCVI
77 = LXXVII 87 = LXXXVII 97 = XCVII
78 = LXXVII 88 = LXXXVII 98 = XCVII
79 = LXXIX 89 = LXXXIX 99 = XCIX
80 = LXXX 90 = XC 100 = C
. AN J /

Each symbol in Roman numerals represents a specific value:
6030 9EWWBDE 52® t30eIHEDE HHWID FMHEE Heiesn WO:

1
I

10
X

50
L

100
C

g 500
Vv D M

1000
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Number |Roman Numeral | Number Roman Numeral
5,000 v 5,000,000 v
10,000 X 10,000,000 X
50,000 L 50,000,000 L
100,000 C 100,000,000 C
500,000 D 500,000,000 D
1,000,000 M 1,000,000,000 M

Uses of Roman numerals
6650 9ed®dr tmBH®

Roman numerals are used on clock faces (e.g.,

[l for 3, VI for 6).
Do’ uende 6030 9Emw® ®BDm 68 (6e):
3 eemn I, 6 esem V).

In books or movies, they are used to denote
chapters, volumes, or sequels (e.g., Chapter IX
or Super Bowl L).

69)550@ 683 Dgesdde, sdBede, volumes 63
8RS8 (o). IX D» =sBBedcco e®3 Super
Bowl L) ez3d®@0 908 dE.

Roman numerals are also used in monarch
names (e.g., King Parakramabhahu Il, Queen
Elizabeth II).

6030 9@ IeHSE) HBDE & DM 6d (¢e):
Il @ O, || DB Gl&).

5. Greek Alphabet
B emi8x

Greeks used their alphabet to represent
numbers, assigning different letters to different

values.
B> eHBDES o) Hewismns SO DEBes
6IRG HD DG g0, DB g®ns BEew) BB

Ot QOB &T.

It consists of 24 letters, each with an uppercase
and lowercase form.

Do gmdc 24 88 050D d» god F @
DO® uppercase % lowercase g0 .

Units Tens Hundreds

1 « 1 p

alpha inta tho

) B K o]
beta kappa sigma

3 T A T

Samma lambda Tau

4 o 38 v
delta mu upsilon

5 € \ 0

epsilon nu phi

6 .f E) X

digamima % chi

7 g 0 v

2ot | COritron Pl

8 n T ®
eta pi omega

LY 8 ? A
theta koppa Sampt

ictfromabc.com



The concept of zero and the decimal system
(base-10) originated in ancient India with the
Indian decimal system.

BB omRBSn 6w c®® PBG (10-e6) 6
0B 9e5tOLN 9BEBIGE PREDN c®® BB
SO® epdBw Bes.

The system we use today, often referred to as
Hindu Arabic numerals, was developed from
the Indian numeral system.

e6e®] B0 B gD DD 6@t BIEBEDD

ge g oD 0 DOG, 9BEMEH  5oRB)
DG OB®G BG.

Brahmi —==|FMe|T|9]|/
Hindu o | |RIZ|¥|u|g|w|[L]
Arabic Y Y Y Eje |V [A]A
Medieval [0 |1 (2|3 |Q/¢|6|1|8]9
Modern 01|23 |4|5|6|7[8]9

The quipu system of knotted strings used by the
Inca or the base-20 system of the Mayans were

also indigenous systems.

BT B3 9T OB @E ®0 BB B
8086 6] @MOOSeE 20 IE6E 505
808G ¢ 688G o) SEAS Ba.

0 1 2 3 4

@ ] 00 000 0000

5 6 7 8 9

10 11 12 13 14

15 16 17 18 19

‘658‘ 89 |258|273] 38 '
E D C B A
E=D+C+B+A

DID YOU KNOW?

The Greek alphabet is primarily used to
represent the Greek language, one of the

oldest languages in Europe.

@e0Is6dE BTONDO WO O» G
9000 Hermisonn SHOO & 6mitn B
D®EGS ©HD) 68.

Many mathematical and scientific
symbols are derived from Greek letters.
For example, pi (), delta (4), and theta
(©) are commonly used in mathematics
and physics.

6EH] NG 51 BB E50eID
B> gied B8 Oxdesm B guo.

COHOBED 6@, pi (M), B3O (A) &®
B (0) o&Moed ©® S Desed
RED N0 68.

Greek letters are used in various fields for
naming and classifying things. For
instance, in astronomy, stars are often
designated by Greek letters followed by
the constellation name.

B e DD WedndE 68038 »B® OO
& OV BVO em) 6:Ie) OF. Hepmm
D®EES, DO BemedE, IO 6RI6H]

B0 G FRBODBS 5630 O BERREE
0% B DOH) @red.

Throughout history, the development
and adoption of various number systems
have been influenced by cultural,
economic, and technological factors.

98wt DD DD 0 BEEOE

£50DBADCE &8 FRHD BB O tot3mIswm,
B 50 DNSBEND ENEW REES) T,

The need for trade, astronomy, record-
keeping, and later, computing, drove the
evolution and spread of these systems.
eOEE)®, MO Bemd, Ot DRI WSO
6% o550 SOOMDDOLG  SE®E)  §
FOBIDE  60B  ®od®  SE8DE
sDENBG 8) OBBBEO 6w .
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Number systems can generally be

categorized into two main types
605 668 H@HBens g OV® ecWO
OV® DS WD

1. Positional Number Systems
SN OO B oD BELS

The value of each symbol depends on its

position within the number.
D O E306IDEE FDE o BE DB B8KOO O
o) sO8.

The number of distinct symbols or digits in the

system is determined by its base.
s5E0B6E g DML 50615 61 YRIBDE ®HI®
OB eneok 4xd SOk 8.

Decimal (base-10) - Digits 0-9
Binary (base-2) - Digits 0-1

The base of a positional number system
determines the number of unique digits it uses.
BN OTIDOE 55D oS SEDSHED eNEB
B NI DOD GRS QBB ®E® SOHMG
WOEB.

0 1 2 3 4
5 6 7 8 9
Example:
100 10 1 100 10 1
10° 10 10° 102 | 10’ 10°
7 5 2 2 7 5
7x100| 5x10 | 2x1 2x100| 7x10 | 5x1
700 50 2 200 70 5
700+50+2 200+70+5
75210 > 27510

The value of each position is the power of the
base. = 9 Mwed DTDIWO N6l DRGES.

Here comes the zero concept when the value of
any place is null.

6® BMHonm BEg geen SO c@esnm 0
303 O

Positional systems are more compact. Bigger

values can be easily represented.
BNBB B5EOB DEND o 68. DR SFHRS
363608 BOzeSENG DE BTBCE.

position

1000| 100 10 1
10°| 102 100 100/ "O%X€s
5 7 3 2

p 10

| I RN

Base/radix

Digits

They have become the standard, especially with
the advent of electronic computing, due to their
computational efficiency.

Dex8enS® 9eEISeOISD SO®HNEE 5cBEHOS
SOMB 608 Ve oS o8 O
DDEOIDG Hex Ten OBOBD DG VOO
50 .

Arithmetic operations like addition, subtraction,
multiplication, and division are more
straightforward in positional systems due to

their structured nature.

Do BHY, 8 8V, @ B 5 eE® &
o ®FD 606mEE 60 DV®EE e5od%) &S
D D5ENOD 3OEOG Hex) DENS 0@ .
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2. Non-positional number system
SN OO OB oD BEDS

Non-positional number systems are systems
where the value of a digit does not depend on

its position within the number.

BNBe O0DO OB oD 6B 6y
E0DBIWED FBB Fo®d G BBOO O o)
63DE® BEAS 68.

Do not have a base. It has a set of different

symbols with exact values.
BEBE DS, BEOD OGS 65D DR
23063 BWEE B3O8

The value of a number is the sum of the values
of its symbols, without regard to their order or

position.
BoRHDD FHG BN OB oeHOQ DwROE.
#0B8ed@ 6m) BBI® emeE™E.

Example:

Roman numerals, Egyptian numerals, Mayan
numerals

6O 9Emd, B8SH 9B, AIEI9ED®

Key feature of Non-Positional Number

Systems
SNBB DD gom sEASOE Hy EBBED

There’s no concept of zero.
BB E30DDBBEI 6ISOE.

Has simplicity in representation for basic

counting.
OBD® @S BOHO e B0 BOzSHGE 5O,

Not compact. Bigger values cannot be easily

represented.
€500t 668, DEIQ FMBS SHEIOSS HOESEI
DG GDIDTD.

Arithmetic
subtraction,

In  non-positional  systems,
operations like addition,
multiplication, and division is more complex.
BNBoe eadn sEBDE, Dom IO, &) OO,

®R® OO 659 6AE® & ot WENDHOB 6BDEHHD
BENS e50SHH 68.

Symbols represented fixed values for counting

days, months, and years.
3063 Em, @t ©&® B0 BN OB EH)
B8NS g@ES Sewdesmn wOB.

Roman numerals are often used in documents

to number sections, chapters, and clause.
60IOn 9ewd® ede®] DD 6FR™OE LS,
sBBedc 656 DORS o BOOOD D) WOEB.

Roman numerals are often used in titles of films

and works of art, especially for sequels.
DD 6 »E) B0E, JeBBEES
#RNSHDOR 60301 RS B 68.

IIIE LAST OF US
PART

Used in ancient civilizations like the Egyptians
and Romans, used non-positional systems to
record quantities and dates.

BB3DOS  ©® 0@ Or®  e508m
BIOHDOOE D) DOD @, @ 5 EDe
O BO® esem) SNBG 60D &S D)
20 8.
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Comparison of Positional Number Systems and Non-Positional Number Systems
SNB OO 38D em SNBB OO OB oD BEDS totseHe SHO

Feature Positional Number System Non-Positional Number System
B@o® BSNB OO0 BD o@D D8 | SNBo DM OB 5B SEAS
Value of digits Depends on position (place value) Constant, regardless of position
OBOBOQ F®GB BN®G (BN gmn) @ o) SO BNOOG, BN®EG B O2) 6D
Base (radix) Requires a base, such as 10 (decimal) | No base is used
B3EG or 2 (binary) e300 D) 66D
10 c®®) 6 2 (ED®®) 8 eNers
OGS 68
Symbols used Limited symbols based on the base Infinite number of symbols
D WO 306D | eNEB O SeH® §) BB 506w £306ID FHBD DHIBWD
Ease of calculation Easier for arithmetic operations More complex calculations
DG SV 5560 |Fod ®ENDBOG 606HED eX) DN | DENS BoSHEN ®ENDG BHB
s®ey 68
Zero representation | Includes zero Usually does not include zero
BOB B3 Docd eres 68 £@DBEHEE Dogd FTRET 6868
Large numbers Easy to represent Difficult to represent
BENE €302 Bewnismn BOBO 363 Bewnismn BOBO e
Usage Common in  modern  systems|Mostly historical (e.g, Roman
DB (computers, technology) numerals)
20D B VWED RO @©ed |6@EHI OO0 65590 60 (¢e): 6030
(5D®ED, DIDBHICS) 9EWOB)

Common number system
eDEHDB 30D BEDS

Number system | Base | Number sequence Use by

£30%) BEOB® BEG | B0 RO 5)58800 eazien Les
Man Computer
B8en S8

Decimal 10 0123, ... 9 Yes No

Binary 2 0,1 No Yes

Octal 8 012, ....7 No No

Hexa-decimal 16 0,12 ...9 No Yes

AB, ...F
Base 64 64 [0-9] + [A-Z] + [a-zZ]+[ ][] No Yes
Base n n 01,2, ...... , (n-1) No Yes

9 ictfromabc.com



YouTube video IDs are encoded using a Base-64 system.
YouTube 886w’ 64 ene6d 6505 SE0SEE IBD6ES wmME WO &ow.

<«——\/ideo ID —>

https://www.youtube.com/watch?v=dQw4w9WgXcQ

This base includes 64 characters, which are:
600 erd gsd 64 5 gepes 68, Jo) »8:

o Uppercase letters: A-Z (26 characters)
e Lowercase letters: a-z (26 characters)
¢ Digits: 0-9 (10 characters)

and

Special characters: (2 characters)

With these 64 characters, unique 1-character video IDs can be generated, representing an
enormous number of combinations to support a vast video library.

c®® gisd 64 OGS, #BDmE DR6E] BEMEDO e BB Bew) FSD®IR 30635 oD
Benismnn OB, anms grEesnns D86 ID Dol &soon D ®Tw.

By using this Base-64 system, a more efficient use of space is provided compared to decimal
(Base-10) or hexadecimal (Base-16), ensuring that each video on the platform is uniquely
identified.

6®® 64 36 3o BEABG D) BBE®SS, c®® (10 enen) 6m) &8 cmw®n (16 eNer) @) e
80 68088 z® BDVeEIDNO FD®S 6@ WED) OB VD S OB DE) O 9
VBB DDE 8383038 QTERD

10 ictfromabc.com



1. Decimal Number System
e£®OG 3028 BEABE

The decimal system is a base 10 numeral
system, meaning it uses ten digits 0, 1, 2, 3, 4, 5,
6,78 09.

e®O®0 208G kA 10 ¢ 6505 BEABGEES, DO
Do 9pn® ewn 0, 1,2,3,4,5,6,7,8,9 H3om
DOB.

The number after 9 is represented by increasing
the next higher place value and resetting the
current position to 0 (e.g., 9 + 1 = 10).

9 &5 &56g ot BOzSHNG DO QRS BE® 9OES
BN® gmen D8 BBO 5w OFBS SMwn 0 (ee):
9+ 1=10) O 2O 5twBed8.

Each digit in a decimal number has a specific
place value based on its position. These place

values are powers of 10.
E®m® 50RO 950 9EBDDONO® 8 B8O®
850 56D S0 oo . 608 SN

g®ns 10 de 8.

The decimal system is the most common
numeral system used in everyday life for
counting, arithmetic, and commerce because it
aligns with our ten fingers, making it intuitive

and practical.
cm® OB BN ®HME BOO, go GEHDE W
gResncs eem) DEeme) EDmecd Do) O DENS
@D €505 SEBRHB, Bxe Do g’ Gt
ewn Hm 6@ D gmd Do R/EIOG ©®
eEIED 68.

Why are decimal numbers used?
E®OB 3025 D) oSS eid?

The decimal system fits well with humans, as we
have ten fingers. This makes counting and
simple math, like adding and subtracting, easier
and more intuitive.

geBB cwnD g VD cm® Pdn B0
GBS ®rE6S. 6BB @IS OO &5 Dy SOH®

©® gf) SO0 & 0 ®LVDE, SMey 58 DENSS
#DeRINTOD OB.

11

Decimal numbers are simple to learn and use.
This system is common in education and daily

tasks, like finance and measurement.

E®® 30225 MO0 €5 NHBDD) BBBO e30@ 8.
6®® PO HBD6EE 5 BEs Y BR® &
6eES WNVBEHESS 68 6.

Basic operations, such as addition, subtraction,
multiplication, and division, are easier in base-
10. These are already familiar to most people,

making calculations faster.
Do) BB, gf) 8BO, @ OO v 6RVE® D&

B> 6@exwr® 10 oeed omwey 8. 68
co20® 66w BBRRO ©bdtydres, DABS
®$HE HHO 65®OS 685.

Decimal numbers work well with scientific
notation, helping to represent very large or
small numbers. This makes calculations easier

for science and engineering.

E®® e50R5) DEXDOD FoIEB BO® 6eNES &)
OB, 9 DeE 685 B oD Heieswe
BOOO comd 68. 6®n Demd ©® QoBesidt
Bersd eem) ®ENG BOB 3wy wOGB.

1.23 x 10° is used to represent 1,230,000.

1,230,000 BecSesncs S5O 1.23 x 10° 208
8.

Let’s consider the decimal number 563810,
563810 5% c®®G 30050 3@WE).

103 102 107 100
1000 100 10 1

ictfromabc.com



Addition of two base 10 numbers 2. Binary Number System

10 63 0% e Dory SO 080 B0 LB
Example 01: The binary number system is a base-2 numeral
= 198710 + 58819 system that uses only two symbols 0 and 1.
E0®G o1 3EA8® oy 0 &% 1 D e50eD
1000 100 10 1 e @IS DD @O® eNE 2 0B
10° 102 10" 10° 5COBEE.
1 €— 1 *— 1 < Each digit in a binary number is called a bit
1 9 8 710 (binary digit).
EDOG ©oR50D 6520 9EBmdRe DO (£8®r
+ > 8 810 9RB) 6@t ®BDEd.
2 15 17 15
@ @ _® Each position in a binary number has a place
2 5 7 510 value that is a power of 2.
2006 o5 528 SNDEDO BN F®EED
&8 oo D6 2 REGS.
The binary number system is crucial for
Substraction of two base 10 numbers computers, which use binary to process data
10 s0e6d 805 ecmis gf) B6® and execute instructions.
e trB®0 ©® csect Sosem SO0
Example 01: E8®i B OD SO®END SEH) EOOG t350DS)
BEBE 9 Die®ms 685.
= 1588190— 97910
Digital circuits rely on binary states (on/off) to
1000 100 10 1 perform operations.
10° 10 10' 10° o b0 6®emwr® g SHB® em EOOG
06s (on/off) @ o6& 5O8.
— 10 — 10
0+ — 5 7 8 —I 810 It is the fundamental language of computers
- 9 7 910 and digital systems because it corresponds
directly to the two-state nature of electronic
6 0 910 circuits, which can represent off (0) or on (1)
states.

D5 D@D 65 FoSD S0 QB ®Id
D D 96EENBD 580D B (0) 63 @

(1) DBOEE  Hekis®ws wE oS OO
2309700 33908 e dzEes O DedE.

Binary numbers can be converted to other
numeral systems, such as decimal (base-10) or
hexadecimal (base-16), for ease of
understanding and representation.

ED®rn o c®® (nen 10) e®) 8e®®c

(e 16) &8 e ©od® sESO@O
sHOVI®DE DE HB gd, Do O WO
®@cB6ed 5w Hozessmedd mesd Bem) 68.

12 ictfromabc.com



Binary numbers can be long and cumbersome,
so they are often grouped into sets of four bits
(nibbles) and expressed in hexadecimal for
simplicity.

2800 0@ E® @) epesewey B wow, DD TFon
ee®’ B0 A ®oD (BRQ) »O0eDED @I#He)
DO B god 6o D em DeHAG
EIMOBEHS ¢I® 68,

Why are binary numbers used?
E8006 63025 O WOBeS el ?

Using two states reduces errors common in
more complex systems, making binary systems
more reliable in digital electronics.

O30 e Do) SO O8NS  oSEn
sEOBDE 68 68 gd® OB, £OBG sZS
goSD  9eEBeIB® @ comoOemdag O8NS
B&OIEsLIE OEB.

Binary represents large numbers and complex
data using fewer bits than systems like decimal.

Binary @83 ce® 88 208 DD &) &f) &9
DD DO® B@E oS BH oDEN e
Bewismn OB,

It also standardizes data storage and
processing in computers, simplifying the
management of various information types
(numbers, text, images, etc.).

Do sV®ED DG CBD GRE) BBO 5% e,

BB eMdde BB® (gow, 63g, Oz, EE®D)
DEOIDOBNEG B30 DOB.

Digital circuits use logic gates with binary inputs
to perform basic operations (AND, OR, NOT),
forming the foundation of digital computing.
©BoRdBIom  dDEHDEE ©eH® e  Qodw
e®exE® (AND, OR, NOT) 8g B%® e
o0 3050 0BG 66ehd 68D MHBD
6 B WA,

Binary numbers align with Boolean algebra,

supporting digital circuit design and analysis.
2D0n o) RYBHE s @G HO® e
O gmob, oo &dsd EH@EnnO 5w
BBeRBHE0 e5mK 68.

Binary arithmetic is simpler than decimal in
some ways; addition only requires carrying

13

when adding two s,

implementation easier.

making hardware

E8®n @EDE BOHO S5tHOBS cH® ®EIDGEO
BB 0@ 6. CeWOSNEE 6@, Do) B GBS
D565 1 6emd eMo®m oD 8O @& Sle®m®
©BB, DOBE cadionwed HITOm SBO® o

D68,

Binary efficiently represents integers

and

fractions using fixed-point and floating-point

formats.

E8®rn IBHEDB®D BMODO OmBS ©H 9B6EM®
QBB WS D) OB LEN 30D €38 WI®

Becisnn DOB.

Many data communication protocols and file

formats rely on binary encoding, ensuring

that

different devices and systems can communicate

effectively.

ee®] D ©xBeDem Hu@DZ &® 6MIK
& OB BDQ) ceno® 5% 5ES ORD DB
6ERE HRBETEHB DG ®D DD D DOBS

EDBG eBG B de) BO8.

Let’s consider a binary number 10110,
10110, 8080 o 5DE.

[24 23 22 o1 20
6 8 4 2 1

Addition of two base 2 numbers
2 23660 0B eer Dy SO

Example 01:
=101112+ 1111,

32 16 8 4 2 1
2° 2* 23 22 2! 2°

1 1 1 1 1

0 1 0 1 1 12
+ 1 1 1 12

1 2 2 3 3 2
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Example 02:
= 1010112+ 11111,

64 32 16 8 4 2 1
26 2> 2¢ 22 22 2 2°

1 1 1 1 1 1
1 0 1 0 1 12
+ 1 1 1 1 12
1 2 2 3 2 3 2

110101102 + 01101101, = ?

Subtraction of two base 2 numbers
2 0e6d 8od%) 6en af) SO

Example 01:
=1010112- 11112

32 16 8 4 2 1
2° 2* 23 22 2! 2°

R—p 2 2
0 0 04 0 1 12
- 0 1 1 12

Example 02:
=101112- 1111,

24 22 22 2 2°

14

3. Octal Number System

The octal number system is a base-8 system,
which means it uses eight digits 0, 1, 2, 3, 4, 5,
6,and 7.

BB oS BEABG 6y e 8 BEABGE,
DB egemed Oes Dn 9em® aom 0, 1, 2, 3,4,
5,6 &30 7 28 @O DOB.

In the octal system, the place value of each digit
depends on its position, starting from the right.
The place values are powers of 8.

800G POEE, O D 9EEWIDE BSN® GF®E
cmes) 80 od® D 8 88500 @ de) 5O8.

BN® gues 8 e 8.

8‘4 8 82 8! 8°
4096 512 64 8 1

Octal numbers consist only of the digits 0 to 7.
No digit in an octal number can be greater than
7.

SSQBG €30S R dxexs 0 80 7 et §
DB OB ©OH. gBAOG toROD Sde
9OI®ES 7 O D) 8 6BB ®.

Why are octal numbers used?
B0 5o N DOSeS God?

Octal numbers use only eight digits (0-7),
making it easier to handle than larger bases.
BB 505 9Em® & (0-7) @8 Do)

DOB® g0, DB BEIE EDED BE) Wwrtdde ey
6d.

Each octal digit represents three binary digits,
reducing the overall length of binary sequences.
2@ GBEAOG 5oRODO £OBB YRBDD DI
BB® Hewlsmn wod, EOBG NN®en® w®em
E® ¢dD® »OGB.

Certain  mathematical operations can be
performed more easily in octal, especially when
dealing with powers of two.

Be®m®6is 6c68 DERES O® DOED O B8O

BOH0 ®HHOG 6BemEd® BBl & NS
WEEOS e WG WTE.
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Binary-to-octal conversion is easy, as each

three-bit group maps directly to one octal digit.
&z® DY D MHDEOSO 535D O GBSO
9RO 60D BBGE ®m B RidsS, EOOG-
FBDBG SHAVDW®EG 5oLy 68.

Let’s consider the octal number 2574s.
25745 3 $BABOG o SRMDE).

g3 g2 gl g0
512 64 8 1

Addition of two base 8 numbers
8 2need B0 een Dwny BBHO

Example 01:
= 17658 + 7323

512 64 8 1
83 82 8’ 8°
1 <€ 1 <€
1 7 6 5
+ 7 3 28
2 15 9 7
2 7 1 7s

Substraction of two base 8 numbers
8 =need BB ect &) 0O

Example 01:
= 13245 - 762s
512 64 8 1
8° 82 8! 8°
8 8
0 “L—|_Z\3 j 2 4g
- 7 6 28
3 4 28

15

4. Hexadecimal Number System
BDe®O® 0B BEDB®

The positional numeral system that uses 16
symbols to represent numbers is called
hexadecimal number system (also called base
16).

£30Q%5) BOz5HNG BVHO 3EH) 506w 163 5D
DO® BNBE o) SEABGE 6 BREH®OG

©2o@s) dBe (16 oen oete ®HESED)
BEBOB
Decimal Hexa -Decimal Tally Marks

0 0
9 9 W
10 A W
1 B It M|
12 c Wt W |
13 D Wt |
14 E W LI
15 F W W

Hexadecimal is often used in computing as a
more concise representation of binary numbers,
as each hexadecimal digit represents 4 bits.

2@ 38cm® 9O DY 4 Bewismnn DD
B, EDBG 30 DENS t30wBe3d BOEesEES
6RE SOOMDDOMEEE BBem® o@e®’ 5O
0O 68.

Each position in a hexadecimal number has a

place value that is a power of 16.
BDe®® 350RDBOD €520 BNDHED® SNHEG FB®EE
&8 oo 6 1660 DEEGS.

For example, a 16-bit binary number like
1101101010110101 is more easily represented
as DABS5 in hexadecimal.

ce®dsnem e@es, 1101101010110101 &8 (16-

bit) 8®c gowns ©lecm®ensd DAB5S et
DENS 36360 BOzes#ns 68.
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Why are Hexa-decimal numbers used?
3De®OB o3 B woSes ol

Hexa-decimal is shorter than binary. Each hexa-
decimal digit shows 4 binary bits, so long binary
numbers look shorter in hexa-decimal.

88cm® EO0r DED D) 60 0. t5z® &b cH®
20500 DG DY 4 6508, DD EVes
2806 o5 88 c®OG §HMO6E®S 6wI6HS
Edzes8n e HT.

Hexa-decimal is used for memory addresses in
computers. It makes addresses simpler to read
than binary, while still fitting the way computers

work.

SO®IMDOE B BB 5EH) BE®O DD 68.
D6 sd®END ) OB PH®IORD Bded FDO®
BB»® 2806 8D D) 0@ DOB.

Hexa-decimal numbers make large binary
values easier to understand. Programmers can
use shorter hexadecimal numbers instead of

long binary sequences.

oDe®® oR®) DE OB OGS 650®
@O0 o5ty OB, PPBCRDBSBO EVe £OBOG
FDOEE 6ORDD 60 8 cH® 50D IV
DG BT,

Hexa-decimal also helps represent machine

instructions and data in assembly code.
eDe®® FrenddBd ommed oY cosectd ©®
e Bdzesgns SBOO ¢ comnd 68.

Hexa-decimal is used in web design to show
colours. For example, #FF5733 represents a mix
of red, green, and blue, making it a standard
way to display colours online.

60D SV@HEnedE Db 6555080 BBCH® 8D

68. cemdsnns 6@, #FF5733 6n), emg ©®
5 D@snns Bewismen OB, DG gX3obeHEE
®O®) OBE e3ocm BOHOO BB OGS VOO
5% DOE.

#FF0000 #0000FF
RED GREEN BLUE

16

Let’s consider the Hexa-decimal number 9153+,
915315 3 BDCHOG 30D 3RWE).

163 162 167 169)
4096 256 16 1

Addition of two base 16 numbers
16 &0e6d 83025 e Dor) SHO

Example 01:
= ABCD15 + 9FE16

4096 256 16 1
163 162 16! 16°
1 < 1 < 1
A B C D
+ 9 F E
11 21 28 27
_® &
11 5 12 11
B 5 C Bis

Substraction of two base 16 numbers
16 e6d 3023 ecd af) S50®

Example 01:
= ABCD16- 9FE16
4096 256 16 1
16° 162 16 16°
16 16
A 108 11¢€ D16
- 9 F E1s
10 1 12 15
A 1 C Fis
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Why do we convert numbers from one
number system to another?

DS 503 SEABGEES OB 0@ SEABGO
5025 SHOVBBG WOBES i

1. Compatibility with Systems or Devices
o8R8 6 coNo® O® ®gS®

Different systems or devices use different
number systems. For example, computers use
the binary number system, while humans
typically use the decimal system. Converting
numbers allows us to interact with computers
effectively.

BBDD) &0 6593 ¢e300® BDD) €50R%) BERE D)
OB, £HOHGEE 6@, 5O®HD EDOG 508
sE0BG D) DO® g BHES HIIDBEES
e®m®B SEOBG NBD) DOB. oD SHOVDSEG

BBe® gesd sO®H 65O® DB 6@ Y
S BOHBO @b e5@ed.

2. Ease of Calculation
®HDE 5568 suwed

Some number systems, like binary or
hexadecimal, are more suited to specific tasks
or calculations.

00 6] 2DcHw® 8 6OHO oD &S

Be®x8® DIHHEEE 603 @D BOHB esem) DENS
@63,

3. Efficiency in Storage and Transmission
@A) BYe® ©m wBeduimed wVrLBe®mD

Some number systems, like binary, are more
efficient for storing and transmitting data in
digital systems. Data is often converted to
binary for better performance in digital devices.
EB® OB 65@H0 e50R5) BSEQS o sEBDR
e oRE) OO ©® ©Bedwenc OO teH)
DENS VDB 68. oS EeN0®DR DEN 6MWIE,
DB ENDHE EEH £ 6RI6M] BO £886 DD
sHOVDDE 68.
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4. Data Encryption and Security
EBD 06D 658 PODHND
Number conversions are often part of
encryption processes to protect sensitive data
by converting it into forms that are difficult to
understand without the correct key.

BOTOE O 6NOHD 60t® @BOO creswey
IS VOO sHOVIB BHEOS 30698 D

PO OO e o) SOVD®E 6RIEH3
B0 3506w FEOBHer 6.

5. Scientific and Engineering Calculations
Besnsi@m 63m 908650t @#Hne SH8

Some fields, like engineering or physics, use
number systems that simplify complex
calculations, such as using scientific notation or
hexadecimal for very large or very small
numbers.

908650t 6] 698D Bed S BOWo Wy,
9 BENE 66 9N W) 50DB) BEE) DeBO
FoHB 653 B8 cH® D) OO O oSV

@EHDE BI® B0 DO® oS BES B
DOE.

6. Human Readability
&0 BBe® ®rScnd

Humans are more familiar with the decimal
system, so converting numbers from other
systems (like binary or hexadecimal) makes it
easier for people to read and interpret.

BB cEd®o @WB®BO O §OTIdes, DRTDS
6O S OB ods ©HOVD®E BHO

(EDB 6] 88 cmw® Oi8) BBS0 BHdDO 5
b ozesgne SBOBO Mgy wOE.
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Converting Between Number Bases
3028 ¢ g0 SHOVO®B

Converting between number bases is the
process of transforming a number from one
numeral system (or base) to another, while

maintaining its original value.

205) e o BHAVIHNDG GE DD B
F®G SOBE) ®HBS Do O 50 BSEABEHS
(63 e5026@) DOS o@D sdHVB®G HBe®
HOB:E.

This is essential when working with different
systems, such as converting between binary
(base-2), decimal (base-10), octal (base-8), or

hexa-decimal (base-16).

2B0n, cwdn, gENBG 65 Bhemds oo
sHOBDDE BOO® O BB SEE 6w Od)
BHeB8 600 F5O®S 6.

It allows for easier interpretation of numbers
depending on the context binary for computers,
decimal for everyday use, and hexa-decimal for
programming or digital electronics.

sD®END BeH) EOO0G, DEeHE) MNODEG EM)
e®OG &5 PHOEDME 6 FoHD 9EREINISBD
Bew) BDEH® G BBRCHHG B DB 30DB)
65983608 O Hdzesgnc BHOO i @) 5.

A. Converting from Decimal to Binary
E®OB 308 E5OM ROD ®OB®

Method 01

Divide the given base 10 number from 2 one
step at a time continuously until it finally

becomes zero.

8 o8 c6d 26 305D denned gms O
6 BrOedS 8BrdO EHS EmDD 6O 2
S eReR®

Write the remainder in front of each step.
€5z0 BrdowmO® 98dens 980 gmn Jrr®

Each remainder can be either 0 or 1.
z® 980 amnw® 0 63 1 e ®Tw.

Arrange the remainders from bottom to top. It

will give the equal base 2 number.
g® 80 frD B8O» ©BHE DO oD omns
65Q®E3DE®. DOBS IR 503D QTeR.

Example 01
=27102( )
2| 27 A
2113 -1
216 -1 2710=11011>
213 -0
21 -1
0 -1
Example 02
=1MT0>( )2
2| 111 4
2|55 -1
2| 27 -1
2113 -1
>l 6 -1 11110= 1101111,
213 -0
21 -1
0 -1
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Method 02

Find the largest power of 2 that is less than or
equal to the decimal number.

C®OG o0 DN &f) 6®] @ O 2 B
DEIED® DR GG OBED.

Subtract the power of 2 from the decimal
number.
E2®OG e5060S 2 B DG &) woOS®.

Note the 1 in binary position for that 2 power.
DO 2 DG BeH) O 88068 1 506 oeSD.

Continue reducing the largest power of 2 until
the remainder is zero, and repeat the process
with the remainder.

9B s D» 6N 2 & Deem® e &f) BOO
BmwO® wmOem®, 9806 6R® udBn O
2D Be, woOS®.

For any power of 2 that is irreducible (that is, it
was larger), record a 0 in that binary position.
&f) DG 6HD 2 8 D0zd REoH cem) (Dnd,

Do dmme Bx), d® £88c SMhmed 0 &dwms
DODD.

Example 01
=270 ( )
16 |8 4 2 1 27
24 23 22 2" 20 - 16
1 1 0 1 1 11
11011, - 8
3
2710 =110112 - 2
1
- 1
0

19

Example 02

= 55102 (

)2

32

16

25

24

23

22

20

1

1

5510= 110111,

Example 03

= 78102 (

)2

64

32

16

26

25

24

23

22

20

1

0

0

6810 = 1001110,

Example 04

= 4510 (

)2

32

16

25

24

23

22

21

20

1

0

4510 =101101>

55

1
Y
(o)}

1
Ol—= =N Wik

78

—_
N

1
o NI V|0

45

—_
w

=M U
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B. Converting from Decimal to Octal
£®OG 3028 FBOBD ROO OO

Divide the given base 10 number from 8 one
step at a time continuously until it finally

becomes zero.

& oe8 cwed )60 505D SDENNEE Q™S OB
6D Brdeds Brdo B EmD® 6mxdx) 8
& 6RES®

Write the remainder in front of each step.
&52® BrdOmO® 9Edenss 980 &mn BHr®®

Each remainder can be 0,1,2,3,4,5,6,7
&z® 9Bd gmwrm® 0,1,2,3,4,5,6,7 B ®owm.

Arrange the remainders from bottom to top. It

will give the equal base 8 number.
g®m 80 Ged B80n oBE DO o98d g®wr®
65emEDB®. DABS IR 50D QTER.

Example 01
=27102>( s
8 |27
8 |3 -3 I
0 -3
27102338
Example 02
=11102>( s
8 | 111
8 |13 -7
8 |1 -5
0 -1
11140= 1578

Example 03
= 5610 > ( )8
8 |56
8 |7 -0
0 -7
5610 = 708
Example 04
= 28610 > ( )8
8 |286
8 |35 -6
8 |4 -3
0 -4
28610 = 4368
Example 05
=1902>( s
8 |19
8 |2 -3
0 -2
1910= 238
Example 06
=79210> ( s
8 792
8 199 -0
8 |12 -3
8 |1 -4
0 -1
79210 = 1430s
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C. Converting from Decimal to Hexa-decimal
E£®BGB 805 BBec®O OO ®rddO

Divide the given base 10 number by 16 one step
at a time continuously until it finally becomes

Zero.

& oe8 cwed )60 505D SDENNEE Q™S OB
6D Brdeds Brd0 8BS EnD® 6D 16
& 6RES®

Write the remainder in front of each step.
&52® BrdOmO® 9Edenss 980 &mn BHr®®

Each remainder can be as follows.
z® 980 FEHrE® 9@®D B8 Bk ®wiw.

0,123,456,7,89ABCD,EF

Arrange the remainders from bottom to top. It

will give an equal base 16 number.
g® 80 GO BBOn ©oHE DO 98D g®ES
65R®EDBD. DABS #eHE 50D QITER.

Example 01
=27102( )
16 | 27
16 |1 - 11 (B)
0 -1
2710 = 1B16
Example 02
=110 ( )6
16 | 111
16 |6 -15(F)
0 -6
11110 = 6F16

Example 03
=65102>( )is

16 | 65
16 | 4 -1

6510=4116

Example 04
= 28310 > ( )16

16 | 283
16 | 17 - 11 (B)
16 |1 -1

0 -1

28310= 11B1s

NOTE:
Converting from Decimal to Base N
e®®6 6305 N &g D00 ®zdde

Divide the given base 10 number from n one
step at a time continuously until it finally
becomes zero.

8 e eed e toR%D Gdemed GHs O
6 Brdeds Brdo EBS EmD® 6O n
6®S BRER®

Write the remainder in front of each step.
€z® Brdowd® 98dens 98d gmn Bru®

Each remainder can be 0 upto n-1.
&z® 950 g®mr® 0 80 n-1 o) Bk ®ow.

Arrange the remainders from bottom to top. It

will give the equal base n number.
gm 80 Q0 8B80» ©BE DO oD g®ES
6E®EORD. DOBS &)@ oD Q6.

21
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D. Converting Decimal floating-point

numbers to Binary floating-point.
G 9Br® eu®s ©odx HRr 98P EL®S
5025 DO zHO®

Multiply the given decimal floating-point

number by 2 one time.
8 o8 9Bgd GBS oS MK D DOW 2 &
®@% DOS®

Neglect the integer part from the above

calculation.
QD BHNG BHOS @IeR® LHEN 30D 6N
G ®HDDD.

Take the floating-point number part only and
continue multiplying from 2 as above again and

again until it becomes zero.

9BE® EB®mS 5o IO SO 6HD B
5B B 0 B O® D HDOD 2 & @&
DOBD

Arrange the integer values in front of the
floating-point parts from top to bottom.

It will give the relevant number.

omng 80 s55Ed 8850 ot 9BEd® e 60
QEVBO e gBEN 305 E®HES LWEIBD. DOBS
NG 30D @RI 6y L.

Example 01
= 0.3125109 ( )2

3125 X2
0 | .6250 X2
1 | .2500 X2
0 | .5000 X2
1 |.0000

0.312510= 0.01012

Example 02
=0.12502> ( )2
125 X2
0 |.250 X2
0 |.500 X2
1 ].000

0.12510 = 0.001;

NOTE:
Some numbers dont produce zero in
multiplying. If the same calculation is recurring,

stop the multiplication.

eoT® 50R5) WHBDEOS BB @RIGEHES HTD.
DO ®OHND DHO HDOD MDD B OB6s 2T,
@9 BOE® HOBOR®.

Example 01
=02102>( )
2 X 2
0 | 4 X2
0 .8 X2
1 .6 X2
1. | .2 X2
v |0 |4 X2
0 |.8 X2
1 .6
0.210=0.0011>
Example 02
=0450> ( )2
45 X2
0 |.90 X2
1 .80 X2
1 .60 X2
1. |.20 X2
0 | .40 X2
v |0 .80 X 2
1 .60 X2
1 .20 X2
0 | .40

0.4510= 0.011102
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E. Converting Decimal floating-point
numbers to Octal floating-point. NOTE:

o0 988 EEies 5oz 8R0n 988 euiens Some numbers don’t produce zero in

Bz DO 5esde multiplying. If the same calculation is

. . . . . recurring, stop the multiplication.
Multiply th d | floating- t
ultiply the given decimal floating-poin oi® | ol @EnBtedd  men

number by 8 one time. QRIEHEES 2. DD BN OO BOD
& o8 9BQd EE®S oD F®B D DOD 8 & D B OSes o8, o SOO

QE0 DOSD OO,

Neglect the integer part from the above

calculation.
QD BHNG BHOS @IeR® LHEN 30D 6N
@MEIRW) BV Example 01
=02102>( s
Take the floating-point number part only and
continue multiplying from 8 as above again and 2 X 8
again until it becomes zero. 1 |6 X 8
9BE® EB®mS 5o IO SO 6HD B 4 8 ¥ 8
=P8 B 0 O O® %D DD 8 5 @ -
3 2 x 8
Arrange the integer values in front of the
. . 1 .6 X8
floating-point parts from top to bottom.
It will give the relevant number. vi4 |8
omng 80 s55Ed 8850 ot 9BEd® e 60
QEVBO e gBEN 305 E®HES LWEIBD. DOBS 0.210= 0.1463s
NG 30D @RI 6y L.
Example 02
=04510> ( )8
Example 01
= 0.312510 9 ( )8 .45 X 8
3125 5 3 |.60 X 8
<oon X ; 4 | .80 X8
' X 6 | .40 X8
4 | 0000 3 |20 x 8
1 .60 X 8
0.312510 = 0.244
v 4 | .80 X 8
Example 02 6 | .40
= 062502 ( s
0.4510= 0.34631s
l 625 X 8
5 |.000
0.62510 = 0.5
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F. Converting Decimal floating-point
numbers to Hexa floating-point.

cHOn 9Be® EE®s oD ®HCHOC BE®
OB®3 505 ROD WzOH®

Multiply the given decimal

number by 16 one time.
& a5 9Be® eE®S 305 F®G D DO 16 &
®@% DOS®

floating-point

Neglect the integer part from the above

calculation.
QD BHNG BHOS @IeR® LHEN 30D 6N
GDIEBRIDOSD

Take the floating-point number part only and
continue multiplying from 16 as above again &

again until it becomes zero.

9BE® EB®mS 5o IO SO 6HD YWD
5B B 0 O NG® %O DD 16 & @&
DOBD

Arrange the integer values in front of the
floating-point parts from top to bottom.

It will give the relevant number.

omg 80 s5Ed 8850» ot 9BEd® e 6O
QEBBO e ¢BEN €305 EF®HES LWEIBD. DOBS
G 303D @RI 6y L.

Example 01
=0.312510> ( )e

l 3125
5 | .0000

0.312510 = 0.5+6

x 16

Example 02
=0.625102> ()6

l 625
10 | .000

0.62510 = 0.A15

x 16

24

Example 03
= 0.125109 ( )16

l

125
2 | .000

x 16

0.12510 = 0.216

NOTE: Some numbers don’t produce

zero in  multiplying. If the same
calculation is recurring, stop the
multiplication.

grt®  ©odm  @oBdeds  ®dB

@DeES6S . DO ®EHD VO HOD
2D B O »HB, @ BOHO
DODBOS®.

Example 01
= 0.210 > ( )15
2 x 16
3 |.2 x 16
i 3 1.2 x 16
0.210=0.316
Example 02
=045102>( )
45 x 16
.20 x 16
3 |.20 x 16
v 3 |.20
0.4510 = 0-7316
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NOTE:
Converting Decimal floating-point
numbers to Base N floating-point.

cHOn Be® Eu®zs ®o@dm N oged
80 EB®ms 305 VOO Wrdde

Multiply the given decimal floating-point

number by n one time.
& g5 9BED EE®S oS E®G DI DOW
n 6®3 @ WOSD

Neglect the integer part from the above

calculation.
QW ®ENDE BV @IeRD LHEN 305
60 6 BHS3D

Take the floating-point number part only
and continue multiplying from n as
above again and again until it becomes
zero.

98B EE®S 305 60 SO 6B

9D 308 DB 0 D Ot® HdD HOD® N
S @E WOD

Arrange the integer values in front of the
floating-point parts from top to bottom.
It will give the relevant number.

emg 80 sued B80n 6t 9BQd E®s
605 @BEDBO ot ¢PF DB F®ES
ey, DOBS eIE oD @R 6cH)
.

G. Converting from Binary to Decimal
E50x 8303 EmO® ROD ®OB®

Method 01

Write place values of each position below the

given number in powers of base 2
8 528 e300 5B Dy D 3N B@ SN
SRR 2 E6AE DR 6@ BEI®SD

Convert those place values into Decimal and

write them down below each position.
DB SN8n gans cmdc OB DO
BOBDDEG @O BNWEO 5B BHdD

Multiply digits of the binary number from the

relevant decimal place values
2800 60568 9ewm® g SN D c®d®
BN OTDB OBS @EN DO

Add all products to get the equivalent decimal

number.
#R CEOGB oD QANWIEO EE) REIDHS
BrEE dom DOS®.

Example 01
=1101122> (o

110112
2! 28 22 2! 20
16 8 4 2 1

1 K K K
16, 8, 2, 1, 27

2710

11011, 2710

Example 02
=11011122> ()

1101112

2° 2 28 22 2! 20
32 16 8 4 2 1

1 [t Jo 1 1 1
32,16, 4,2, 1,55

5510

110111, 5510
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Example 03
=11011112> (o

11011112

26 |25 [2f |28 |22 |2 20
64 |32 (16 |8 4 2 1

1 [1 o 1 1 1 4
64, 32, 8, 4, 2, 1, 1110

e “e 'e Te ‘v

11011112 = 1110

Method 02

Start with the first binary digit.
5e@ 2000 e BA® OB WOSD.

Then multiply it by 2 to get the value.
ox3esty DB 2 & @EN O OB QRI BBD.

Then add with the next binary digit.
B35ty Be® EDOG 9RO BB®m D DOBD.

Continue multiplying by 2 and adding binary
digits in this way until all the digits are gone
through.

DeEe BHE QBB ®O® B 6 2 & @
B8 w OO0 9ewad® dowm BHO® ErOO
DOBHSD BBFD.

Then finally get the correct decimal value.
B0 gOeN®6E BOTOE c®®B G®E QI6R.

Example 01
=110112> (. Do

1 1 0 1 1
X2 L
3
X2 L 6
6
x2 L—12
13
X2 I_’26
27

110112 = 2710

Example 02
= 1101113 (o
1 1 0 1 1 1
wl—»>
3
wl—»6
6
l—»12
1
2 —>26
2
XZL’54
55

1101112= 5510

Example 03
=1001002> ()0

2
wol—» 4
4
x2|—> 8
9
X2 L'18
1
X2 36
36

1101112= 3610

26
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H. Converting Binary
numbers to Decimal floating-point.

B0 9Bl E®s 0% cHOG 98P EE®S
5025 DO zHO®

floating-point

This is an extension of the above method.
686 9 HBEE ERDS.

We should convert them into floating point
numbers of decimal before multiplying with the
relevant binary digit.

FoE OB 9Emd® ©30® K BB esd T

O 98P E®S o3 VDD HVOVD®EG
DOOD @)

Place values will be negative powers of base 2. Example 01
BN® F®ES 2 6 AN DE R QT6R. 0.0012=> ( )i
They will produce fractions as the equivalent 20 -1 -2 >-3
decimal number when converted into decimal. 1 05 0.25 0.125
F g5e00#6 e 80 &®® B® oS 6QE
BB E30DB) Hesedy) e,
0 . |o E 1
0 . 0+0+0.125
0.12519
0.0012 = 0.12510
Example 02
110111.1012 = (Do
2° 24 23 2° 2] 20 27 272 23
32 16 8 4 2 1 0.5 0.25 0.125
1 1 0 1 1 1 . 1 0 1
32+16+0+4+2+1 0.5+0+0.125
55.6251
110111.101, = 55.6251¢
Example 03
11011.01012 = ( )1o
24 23 22 2" 2° 27 27 273 24
16 8 4 2 1 0.5 0.25 0.125 0.0625
1 ] 1 | o [ 1 ] 1 0 1 0 1
16+8+0+2+1 0+0.25+0+0.0625
27.312510
11011.0101, =27.31251¢

27
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I. Converting Octal to Decimal
FED0M 830D E®OB VOO WOD®

Method 01

Write place values of each position below the

given number in powers of base 8
& o8 3025700 5B D D B3ND DE SNBG
#®ES 8 e6d A 6@ BEI®S®D

Convert those place values into Decimal and

write them down below each position.
D® SBNBe gors cmdc O0Dm® QOO
&HBD®DE O BBNDEBEO 5B BeiD

Multiply digits of the octal number from the

relevant decimal place values.
BB 50560 eI &eE 5O O c®AG
BN OTDB DS @EN DO

Add all products to get the equivalent decimal

number.
R CHOB oD ERIGTEE BEH) REVDHS
BrEE dom DOS®.

Example 01
3352 ()

8! 8°

3x1

2710
338 = 2710

Example 02
1578> (o

82 8 8°
64 8 1

1 5 7
1x64 5x8 7x1
64 +40+7=1111

1575 = 11110

28

Method 02

Start with the first Octal digit.
568 BB 9QEDE BO® POB® WOB®D.

Then multiply it by 8 to get the value.
@xiesty D5 8 &5 @EN WO BB QR BBD.

Then add with the next Octal digit.
e5%esty BE® FBOBG 9RO BO® D WOB®D.

Continue multiplying by 8 and adding Octal
digits in this way until all the digits are gone

through.

Dot BHR QDB OB B 6 8 & B
B0 o g0 9nnd® dwym SO ErdDe
DOBEB® BRD.

Then finally get the correct decimal value.
DO gden®ed HOTOE cHmO®B F®E @I6R.

Example 01
3352 (Do

3 3
8 L—»24
27

33s= 2710

Example 02
15762 (1 o

1 5 7
x8 .—»8

13

L5104

111
157 = 11140
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J. Converting Octal floating-point numbers
to Decimal floating-point.

e 980 EE®3 3025 CHOB 9BE® ED®S
302%3) OO HOBO®

This is an extension of the above method.
686 9 HBEE ERDS.

Place values will be negative powers of base 8.
B8N® F®ES 8 e 5% DR 6@ @QIGR.

They will produce fractions as the equivalent

decimal number when converted into decimal.
F 5e00#96 e 50 ©@® mOG oS 6QE
BB 30D Hesedy) e,

We should convert them into floating point
numbers of decimal before multiplying with the
relevant octal digit.

HEE FHIOG YRS O® KEN BOOO 656 TFon
cHOn 9Bed EEBS odE VDD HHOVDNG
DO®D [HRE.

Example 01
675> ( D)o
8’ 80 81
8 1 0.125
6 7 . |5
6x8 7x1 . | 5x0.125
48 7 0.625
55 . | 0.625
55.62510
67.55 = 55.62519

Example 02
33243> ( )
8 80 81 82
8 1 0.125 0.015625
3 3 .2 4
3x8 3x1 . | 2x0.125 | 4x0.015625
27 0.3125
27.312510
33.24g = 27.31251¢

29

Example 03
583> ( )
8 8° 81
8 1 0.125
5 8 3
5x8 8x1 3x0.125
40 8 0.375
48 0.375
48.375
58.3s = 48.37510
Example 04
51.86s> ()
8’ 8° 8" 82
8 1 0.125 0.015625
5 1 8 6
5x8 1x1 8x0.125 | 6x0.015625
41 1.0937
42.093710
51.86g = 42.09371¢
Example 05
916> ( )
8 80 81
8 1 0.125
9 1 6
9x8 1x1 6 x 0.125
72 1 0.75
73 0.75
73.7510
91.6s = 73.7510
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K. Converting Hexa-decimal to Decimal
®e®OG 8903 c®OE DOO WO

Method 01

Write the place values of each position below

the given number in powers of base 16
& o8 3025700 5B D D B3ND DE SNBG
E®ES 16 263 D 6@ BEI®SD

Convert those place values into Decimal and

write them down below each position.
DO SM8n gans cmdc O0mm® OO
&HOBD®DE O BBNDEBEO 5B BeiD

Multiply digits of the hexadecimal number from

the relevant decimal place values
BRE®OG o568 9em® go)e B O
£®®6 SNBH OTDDB OBJS @I DOSD

Add all products to get the equivalent decimal

number.
R CHOB oD ERIHTE® BEH) REIDHS
BrEE dom DOS®.

Example 01

1Bis=> ( )wo
16 16°
16 1
1 B
1x16 Bx1
16 11
16 + 11 =27
1B16: 27‘]0

Example 02

376> ( )o
16" 16°
16 1
3 7
3x16 7x1
48 7
48 +7 =55
3716 = 5510

Method 02

Start with the first Hexadecimal digit.
568 GRe®OG 9EEmd® &B® POB® WOB®.

Then multiply it by 16 to get the value.
@xiesty D5 16 & @EN O F®E @RI M.

Then add with the next Hexadecimal digit.
oxety Se®m GRe®dG 9ED® ©6dr dDom
DOD.

Continue multiplying by 16 and adding
Hexadecimal digits in this way until all the digits

are gone through.

Dot B 90m® ®HO®) B 65 16 &5 @M
B350 5 GRc®OG 9Em® Dy BH® EmD®
OO BED.

Then finally get the correct decimal value.
DO gDl HOTOE cHmO®B F®E @IGR.

Example 01
1Bis=> ( )wo

1 B
16— 516
27

1B16 = 2710

Example 02
6Fi6> ( )wo

6 F
x16L—»06
11110

6F16= 11110
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L. Converting Hexa-decimal floating-point

numbers to Decimal floating-point.
®cHOn 98P EEB®s % cHOc BE®
OB®3 505 ROD WzOH®

This is an extension of the above method.
686 9 HBEE ERDS.

Place values will be negative powers of base 16.
BN F@DES 16 eNEGE tagn DR 6@ QTeR.

They will produce fractions as the equivalent

decimal number when converted into decimal.
F g5e00#6 e 80 &®® cB® oS 6QE
BB 30D Hesedy) e,

We should convert them into floating point
numbers of decimal before multiplying with the

relevant hexa digit.

¢ GRHe®OG 9EDD® HO® @ BHBO 650
T ewdc 9Be® @des o) RDD SHOBD™EG
DO®D [HRE.

Example 01
02162 ( o

16° 167
1 0.0625

0 .2

0x1 2 x.0625
0 0.125
0.216 = 0.12510

Example 02
1B.5162> (1 )wo

167
0.0625

16! 16°
16 1

1 B .15

1x16 11 x1 5x0.0625
27 .| 03125
27.3125

1B.516 = 27.31251¢

31

NOTE:
Converting from Base N to Decimal
N e6d 65023 @86 ROD wrdHd®

Write place values of each position below

the given number in powers of base n
& S 50D 9B D D Sy O
BSNBG F®ES N NE6E DR 6@ BHEIMSD

Convert those place values into Decimal

and write them down below each position.
DB BNV gns cm®OG OB OO
0OVDBE O BNBBEO 5HP[S DS

Multiply digits of the Base N number from
the relevant decimal place values

N 7260 6022568 9emm® ge)E 3 O
e®®B SN OB OBS @& DOSD

Add all products to get the equivalent

decimal number.
PR CHOG oD @IOTD® e
QFDGS BERE Do DOSD.

Converting Base N floating-point numbers
to Decimal floating-point.

N oxed 9Brd® ou®s ©od® c»0c 9Bx®
QB®B 0% OO HTOD®

This is an extension of the above method.
605 9nD P®E® EWDS.

Place values will be negative powers of base N.
S0 gmess N eced g D 6@ QIel.

They will produce fractions as the equivalent

decimal number when converted into decimal.
Fon 5500800 D 50 6581 OB oS 6@
BB €350DB) BEdDH) &ey.

We should convert them into floating point
numbers of decimal before multiplying with the
relevant Base N digit.

gee N 2eed 9emmd® 6d®m ®En BHOD 650
T ew®0 9Br® @®s o5 RDD SOOVD®EG
DO®D .
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M. Converting Octal to Binary
BB 83025 £OBB DOO ®ddd

Represent Each digit of the octal number
system in Binary using 3-bit sets.

2@ GHOOG 9O DY 3 £HBG 60D
6RE BOEBHG OB,

Octal Binary
- 000
- 001
- 010
- oM
100
- 101
- 110
- 1N

~No o W - O
1

Replace each digit of the given octal number

from the relevant 3-bit set.
8 S gEAOG 50568 DN D 9ewwmd® FO

g 9 3 eandes BB pec®m DOBD

Combine all the 3 bit sets together. It will give

the relevant Binary number.
Fon 8o D0 Boswm. DB goxe &5
3050 Q6.

Zeros in the front, if any, can be neglected.

QBDHSES S DEE, 6 BedB BT

Example 01
374> ()2

3 7 4

22| 21|20 22| 21|20 22| 2" | 20

402 01 ({4 (21| 1412 |1

o1 (1 | (1 (1 (1T | |1 ]0]0

011111 100,

3743 =011111100;

Example 02

253s> ()2

2 5 3

22 | 21| 2° 22| 21| 20 22 |21 |20
4 12 |1 4 12 |1 4 12 |1
0|1 10 110 |1 0|1 |1
010 101 011,

2535 = 010101011,

Example 03

620> ()2

6 2 0

22 | 21| 2° 22| 21| 2° 22 |21 | 2°
4 12 |1 4 12 |1 4 12 |1
11110 0|1 10 0|00
110 010 000>

620g = 110010000,

Example 04

274> ()2

2 8 4

22 |21 | 2° 22 | 21| 2° 22 |21 | 2°
4 12 |1 4 12 |1 4 12 |1
0|1 10 111 |1 110 1|0
010 111 100,

274g= 010111100,

Example 05

753> ()

7 5 3

22| 21| 2° 22| 21| 2° 22| 27| 2°
4 12 |1 4 12 |1 4 12 |1
111 |1 110 |1 0|1 |1

111101 011;

7538 = 111101011,
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N. Converting Octal floating-point numbers
to Binary floating-point.

e 980 EB®S o) 50 9BEd E®S
023 OO ®THO®

We can use the same method as above.
68 BEeH) 9D DOGO® DD BE BTDE.

Zeros in the back, if any, can be neglected.
2563058385 o8eS DBV, 6 WTDEB BT

Example 01
67.56s> ()

6 7 . 5 6
22121 2° 22127 2° 221 2"] 2° 221 2"] 2°
412 |1 412 |1 412 |1 4 | 2|1
11110 11111 ].[1T]0]1 11110

110 111.101 110,
67.56g= 110111.101110;

Example 02
0321s> ()

0 . 3 2 1
222" 2° 221 21| 2° 221 21| 2° 221 21| 2°
4 2|1 4 | 2|1 4 | 2|1 4 12 |1
O[O0 |0 (|.]0]1T]|1 0|10 0|01

000.011 010 001>
0.3215=0.011010001,

Example 03
33.734s> ()2

3 3 . 7 3 4
22121 2° 22121 2° 221 2"] 2° 22121 2° 22| 21| 2°
4121 412 |1 4 2|1 412 |1 412 |1
0|11 O 1| 1T (.| 1T]71T]H1 0|11 110]0

011 011.111 011 1002

33.7343 = 11011.111011100,

33
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0. Converting from Hexa-decimal to Binary
®DE®OG 0B OB VOO ®dd®

Represent Each digit of the hexa-decimal
number system in Binary using 4-bit sets.
2@ GHe®OG 9RO D] 4 £DBG 6D

6RE BOEBHG OB,

Hexa Binary Hexa Binary
0 - 0000 8 - 1000
1 - 0001 9 - 1001
2 - 0010 A - 1010
3 - 0011 B - 1011
4 - 0100 C - 1100
5 - 0101 D - 1101
6 - 0110 E - 1110
7 - 011 F - 111

Example 02

:E93169 ( )2

E(14) 9 3

23122121120 |23 |22 |21 |20 |23|2%|2"|=2°

8 |4 |2 |1 8 (4 ]2 |1 814 (2 |1
111 (0 110 (0 |1 010|111

1110 1001 0011

E9316 = 111010010011,

Example 03

=857162> ()

8 5 7

23122121120 |23 |22 |21 |20 |23|2%|2"|2°

8 14 12 (1| |8 14 |2 (1] |8]4]2]|1

Replace each digit of the given hexa-decimal

number from the relevant 4-bit set.
8 S BRe®OG 50568 D D 9ewm® Fnd
&R 9 4 e BBS ped®m WO

1000 0101 0111
85716 = 1000010101112

Combine all the 4 bit sets together. It will give

) Example 04
the relevant Binary number. - B81
Fon Bode D0 Bus». dO&BS gepe &O®G - 162> ()
3050 Q6.
B(11) 8 1
Zeros in the front, if any, can be neglected. 23 (2221 |20) |23 |2 |2" |20 |23|2%|2"|2°

QBDHSES S DEE, MR WdG BT, 8 |4 12 |1 8 |4 |2 |1 8 4 (2 |1
0|1 |1 110 |0 |0 010 |0 |1

Example 01 1011 1000 0001

=2FA6> ( )
B81:5 = 101110000001,

2 F (15) A (10)

23 (2221 |20 |23 )22 21 |20 [23]22]21]20

8 (421 ] [8]al2]1][8]a]2] E":G“;p':os

oflof1lol 1|11 |1 ]]|1]o]1]0 = 168> ()2
1 6 8

0010 1111 1010 22 20| (2522 (21 [20] [23]22] 2120
00 111o[1]1 o 0 0

0001 0110 1000
16816 = 000101101000:
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P. Converting Hexa-decimal floating-point
numbers to Binary floating-point.

0cm®r 9Bed® EEes W@z O 9Bg®
OB®3 505 ROD WzOH®

We can use the same method as above.
68 BEeH) 9D DOGO® DD BE BTDE.

Zeros in the back, if any, can be neglected.
2563058385 o8eS DBV, 6 WTDEB BT

Example 01

=0D16=> ( )2

0 D (13) 1

23 122 |21 |2° 23 122 |21 |20 23 122 |21 |20

8 (4 |2 1 8 4 |2 1 8 4 |2 1

0 (0 |0 |O 1 1 1 0 |0 |0 1

0.1101 0001,

0.D146 = 0.11010001;

Example 02

:37.(:6159( )2

3 7 .1 C(12) 6

23 (22|21 |20 | |23 22|21 |2° 23 (22|21 |20 | |23 22|21 |2°

8 (4 |2 |1 8 (4 |2 |1 8 |4 |2 |1 8 (4 |2 |1

0 (0 |1 |1 O (1 |1 |1 {.|1T |1 ({0 |0 0 (1|1 ]0

z

0011 0111.1100 0110,

37.C616= 110111.11000110,

Example 03

=1B.AF216> ()2

1 B(11) .|A(10) F (15) 2

23 (22|21 |20 | |23 |22 |21 |2° 23 |22 |2V |20 | |23 |22 |27 |20 | |23 |22 | 2" |2°
8 (4 |2 |1 8 (4 |2 |1 8 |4 |2 |1 8 (4 |2 |1 8 (4 |2 |1
0 [0 |0 |1 110 |1 (1 .1 |0 |1 |0 T 11 |1 |1 0 (0 |1 ]0

0001 1011.1010 1111 00102

1B.AF216=11011.101011110010>

35
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Q. Converting from Binary to Octal
2000 63021 BB DOO wedde

Split the given binary integer number part from
right to left, from the floating point into sets of
3 bits.

& oo EOBG ¢HEn oD 60 cHOENDENE

80 cmesl 8O DO ¥ 3 ewmded OO
GOBDOBD.

If necessary, add zeros to the front to complete

the 3 bit sets as needed.
9 3 e 3B BVRO edms B Ed®s
B8 GO DSg emIcH®

Replace each set of 3 bits with the relevant octal

digit from the above table.
&z® ®Q 3 60O DBO FOR EGOBRG RO
OB epei® WODD.

Example 01
= 11110110022 ( )8

111101100, |

&
<

1T 11 |1 1 0 |1 1 10 |0
22 |21 20 | 22 |27 |20 | |22 |2t |20
4 |2 |1 4 |2 |1 4 |2 |1
4+2+1=7 4+1=5 4

7544

1111011002 = 7545

Example 02
=11011101012> ( )s

11011101012

A

[\
[\
N
N
A
| =
A
AS]
AS]
AS]
AS]
N

15658

11011101012 = 15655

Example 03
=101101110112> (

)8

10110111011,

1o [1]1]o][1]1 0]1]1
2|22 ]2]2]2]2]2 2 {212
2 1 0 2 1 0 2 1 2 0
slaf1]{ala]1]]4a]2 4121
2 6 7 3
26735
101101110112 = 2673
Example 04
= 1000100101, ( )s
10001001012
0lo|1]]ojolo][1]o 10 |1
2|22 ]2]22]]2]2 2 {22
2 1 0 2 1 0 2 1 2 0
4121 [4]2]1]]4]2 421
1 0 4 5
1045¢
1000100101, = 10455
Example 05
=1110110.> (s
11110110,

0 |0 |1 1 (1 Jo | [1 ]1 ]o
22 [21 [20 | [22 |21 20 | {22 |21 |20
4 2 1 [ {4 |2 |1 ] 4 |2 |1
1 6 6

1665

11101102 = 1668

36
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R. Converting Binary floating-point numbers
to Octal floating-point.

Eo00 9Be® eE®es o) g0 98e8 EE®s
5025 DO zHO®

Split the given binary floating-point number
from left to right, from the floating point into
sets of 3 bits.

8 gt 20 9Be® EE®S oRB 60
em@BEMwed 80 De® B0 cupemd B 3 6O
DRDO 6OBDOS®

Example 01

Zeros can be added to the end to complete the

sets of 3 bits as necessary.
P9 3 6Ol ©Bdben BOBO dms H® gO®B
s0O8 gmd Dg 6mIcs®

Replace each set of 3 bits with the relevant octal

digit from the above table.
£z® P9 3 60O DBO FOR FGABG RO
BBS PBE® WOBD.

0.101101011102

v

0 0 0 < 0 1 1 0 1 0 1 1 1 0 0

22 |27 |20 22 |21 |20 22 |21 |20 22 |21 |20 22 |2t |20

4 2 1 4 2 1 2 1 2 1 4 2 1

0 5 5 3 4

0.5534¢

0.101101011102 = 0.55345

Example 02

101001.1011101,

1 0 1 0 0 1 <1 0 1 1 1 0 1 0 0

22 |2t |20 22 |2t |20 22 |2t |20 22 |2t |2° 22 |2t |20
2 1 4 2 1 2 1 4 2 1 4 2 1

5 1 5 6 4

51.564s

101001.1011101, = 51.564¢

Example 03

11011.1101011011,

o [1 |1 o (1 |1 |.|1 |1 |0 1T 10 |1 1T 10 |1 1 |0 |0

22 |21 |20 22 |21 |20 22 |21 |20 22 |21 |20 22 |21 |20 22 |21 |20
2 |1 4 (2 |1 4 12 |1 2 |1 4 |2 |1 4 12 |1

3 3 6 5 5 4

33.6554g

11011.1101011011, = 33.6554¢

37

ictfromabc.com




S. Converting from Binary to Hexa-decimal
£50x 8303 BBec®OB OO ®edd®

Split the given binary integer number part from
right to left, from the floating point into sets of
4 bits.

& oo EOBG ¢HEn oD 60 cHOENDENE

80 cmesl 8O DO ¥ 4 el OO
GOBDOBD.

If necessary, add zeros to the front to complete

the 4 bit sets as needed.
9 4 603 3B BVRO edms B O
B8 GO DSg emIcH®

Replace each set of 4 bits with the relevant

hexadecimal digit from the above table.
©0z® ¥ 4 OB DGO g GRCGAG
QOO BB ei® DOSD.

Example 01
=11011101012> ()

1101110101, |
ofol1[1]fol1]1]1][o]1]o
22| [2 (2 |2 ]2 ] |2 ]2 |2 |2
2 3 2 1 0 3 2 1 0
84|21 [s|ala]1][e]a]2]n
3 7 5

3751

1101110101, = 3754

Example 02
=101101110112> ()6

10110111011, |
ol1 o1 [1lof1]1][1]0
J2zfetfef 2 ]2 ]2 2] [2]2]2 ]2
2 3 2 1 0 3 2 1 0
slalal1llslalal1|]8]a]2]n
5 11 (B) 11 (B)
5BB1s

101101110112 = 5BB1¢

Example 03
=1111011002> ()

111101100,
010 (0|1 111 0 1 0
22121 12% |2 |2 2 212 2
23
3 2 0 3 2 0
8 |4 ]2 |1 8 |4 1 8 |4 1
14 (E) 12 (B)
1EB1s6
1111011002 = 1EB+6
Example 04
= 1001011102> (  )1e
1100101110,
01010 |1 010 0 1 0
2212 12% |2 |2 2 2 12 2
23
3 2 0 3 2 0
8 14 |2 |1 8 |4 1 8 |4 1
2 14 (E)
12E+s
1001011102 = 12E+6
Example 05
=110102> ()6
111010,
0 0 0 1 1 0 1 0
23 |22 2" |20 23 |22 |27 |20
8 4 2 1 8 4 2 1
10 (A)

1A16

110102 = 1A+

38
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T. Converting Binary floating-point numbers

to Hexa-decimal floating-point.
oo 9Be® s ®dm ®IcHdc 9Bed
OB®3 505 ROD WzOH®

Split the given binary floating-point number
from left to right, from the floating point into
sets of 4 bits.

8 g8 000 oBg® @B®S odm 6O

emdBEMwed 80 De® B0 cupgnd B 4 O
DRDO 6OBDOS®

Example 01

Zeros can be added to the end to complete the

sets of 4 bits as necessary.
R 4 6Ol ©Bdben BOAO dms H® O®B
s0O8 gmd Dg 6mIcs®

Replace each set of 4 bits with the relevant

hexadecimal digit from the above table.
0z® B9 4 emOHR® DO e GHCEAG
9QD® BB HEE® DOX®

0.101101011102

— >

0 0 0 0 .1 0 1 1 0 1 0 1 1 1 0 0
23 |22 |2 |20 23 |22 |2t |20 23 |22 |2t |2 23 122 |2t |20
8 4 2 1 8 4 2 1 4 2 1 8 4 2 1
0 . |11(B) 5 12 (C)

0.B5Ci6

0.101101011102 = 0.B5C+s
Example 02

101001.1011101,

0 0 1 0 1 0 0 1 1 0 1 1 1 0 1 0
23 |22 |21 |2° 23 |22 |2 |2° 23 |22 2" |2° 23 |22 |21 |20
8 4 2 1 8 4 2 1 8 4 2 1 8 4 2 1
2 9 11 (B) 10 (A)

29.BA16

101001.10111012 = 29.BA16

Example 03

11011.1101011011>

v

23 |22 |21 |2° 23 |22 |21 |2° 23 |22

21 |20 23 |22 |21 |2° 2% |22 |21 |2°

1 11 (B) .13 (D)

6 12 (0

1B.D6C16

11011.1101011011, = 1B.D6C16
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Converting Between octal and hexa-decimal
gD ©® s88c®OB gmd sHOVDHD

There is no direct method to convert.
SDOVHD®EG EH) taes HODED 6O

We can use either binary or decimal as an
intermediate number system to transform a
number among octal and hexa-decimal number

systems in 2 steps.

gB0OG 6w SReH®OG oS oESs  agmd
2050 BrDO 285 0Obm®E BHO esem
g0  E0®G e cmd®n  ©odm  ds
FDOBEGHE 6@ DD WG HIW.

The following methods can be used to
convert an octal number into a hexa-decimal

number.
gE00n R0 SBHc®OE ®RHOT VDO
VOB E BLHO escw) s PO O DE DTD.

1. An octal number can first be converted to a
binary number and then the binary number can
be converted to a hexa-decimal number.

FBQOB oD SEGD £OBG oD DO

sBOVO®E WO 9Xsey DO EHOG 50RO
3De®OG 3500 DO BOVOWCE WE WTW.

2. An octal number can first be converted to a
decimal number and then the decimal number
can be converted to a hexa-decimal number.

FBABB oD BEED c®OG oD VDO

sPOVODG WO 9By DO cHGAG 0RO
3De®OG 50O DO BOVOWCE WE WwD.

40

The following methods can be used to
convert a hexa-decimal number into an octal

number.
B0e®OG o0 gEOG 50RO VOO
sBOBODE HHO e 5D PO D) DE BiwD.

1. A hexa-decimal number can first be
converted to a binary number and then the
binary number can be converted to an octal

number.

3De®OG o@D 5D SDBG oD VOO
SOOBODEB WO @Bty DB CDOG 50250 BB
£30R50% OO SHOVOWEG WE BWEWD.

2. The hexa-decimal number can first be
converted to a decimal number and then the
decimal number can be converted to an octal

number.

3De®OG 5oD3D S5ED c®OG 50RO VOO
SOOBOMDEB WO 93esey DB @B 50RO FBABCG
50250 VDD SHAVOBDG DE BTW.
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U. Converting from octal to Hexa-decimal
8000 803 BDE®® VOO ®eOHD®

1. Convert each octal digit into a 3-digit binary
number

D D BB EEDO®, 9pwwd® 3 & ZD@x
ot RDD BBOVHDG WOS®.

2. Combine binary digits into a single sequence.

From the right, group them in sets of four.

006 9on® o8 axnB8edemd FTmRLR
WOBD. emes 80, T et mO0EDRD IFE)
DOS®.

3. Convert each 4-digit binary group to its
hexadecimal equivalent

D O 9D 4 &8 £5B6 EI) D8 8Bec®O®G
DB SHAVDI®EG DOSDD.

Example 01

37462 ()6

3 7 4

22| 2V | 2° 22 |2V | 2° 22121 2°

4 12 01 (42 (1T | 1412 |1

o1 (1 | (1 |1 |1 | |1 ]0]0

[ 011111 100,

[ 11111100, |
ERERE 1 1 Jo Jo
2 |22 2 [0 | [22 |22 |21 |2
8 |4 |2 |1 8 |4 [2 |1
15 (F) 12 (O)
[ FCrs \
3745 = FCig

41

Example 02
253> (

)16

22| 21| 2°

20

20

4 12 |1

0|1 10

| 010 101 011,

| 10101011,

P

<

1 0 1

23 |22 |2

20

23

22

21

20

8 4 2

10 (A)

11 (B)

| ABis

2538 = ABys

Example 03

356> ( )ie

3

22 | 21| 2°

22

20

22

20

4 12 |1

0|1 |1

| 011 101 110,

| 011101110,

&

<

1 1 1

23 |22 | 2]

20

23

22

21

20

8 4 2

14 (E)

14 (E)

‘ EEqe

356g = EE1s
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W. Converting from Octal floating-point to Example 02

Hexa-decimal floating-point 125> ( s
g0 9B8ed EEes ©odn s8Hcmdn 98g®
OB®3 505 ROD WzOH® 1 >
2 1 0 2 1 0

1. For both the integer and fractional parts, 212 12 12 |2
convert each octal digit to a 3-digit binar 412 ! 412 |

g g y olol1].[o]1]0
number.
5D oo OHBD 6O ecw® ©e®), DI O | 1.010;
gd0®G 9E®®, D) 3 & £OOG oD
SOOBDWE WORD. I 1.010, ‘
2. Combine all binary digits, keeping the ololol1 ol 11010
decimal point in place. Then, starting from the 23 | 22| 21 | 20 2 | 22| 21 | 20
decimal point, group binary digits into sets of s a2 A ERE
four. 1 4
cm® S5 o) 6B Boed® IHOG BB .
FoRED OB®. 9x55e5e3D), cm® Hems SO 1416
6m», EDBG 9EBDE 0D DO0EDED D
OIS,

1.25= 1.4

3. For both integer and fractional parts, convert
each 4-digit binary group to its hexadecimal
equivalent.

5D 5o NBD 6O 6cw® &e®), D D

9B 4 & E5B% EBR) BB @ BBCHOG
3000 sHOVDDE WOSD.

Example 01
0275 ()
0 ) 2 7
22 [ 21 [ 20 22 [ 21 [ 20 22 [ 21 | 20
4 2 |1 4 | 2 |1 4 | 2 |1
olofo].[o]1]o0 1] 1 |1
| 0.010111, |
[ 0.010111, |
ofofo|jO]|.|]O0O|1T]O|1 11110 0
23|22 2"|2° 23 (222" 20 23 (22| 2] 20
814|211 814121 8142 1
0 5 12 ()
0.5C¢ |
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X. Converting from Hexa-decimal to octal Example 02
B0c®® 0% gdD0B OO ®dO =E9%> ( )s

1. Change each hexadecimal digit into a 4-digit E 9

binary number 03 02 21 20 23 02 21 20
D DS BBDe®® 9Em®, 9ee® 4 & E80c 8 4 > 1 8 4 > 1
ot ROD BBOVHDG WOS®. 1 ] ] 0 ] 0 0 1
2. Combine binary digits into a single sequence.

. . [ 1110 1001, |

From the right, group them in sets of four.
006 9owe® o8 axnB8edemd FTmRILR
DOE®. emesl 8O, T e»® »OOEOED
DEIR) OB, l 111010012 ‘
3. Change each 3-digit binary group to its octal 0 1 1 10 |1 0 [0 |1
equivalent. 22 (21 120 | |22 |2t 20 | |22 |2 |2°
D D 9pmo® 3 8 SO ) O &8 4 1 4 12 |1 4 12 |1
88080 g®rd BHOHDBEGE WOSH. 3 5 1

Example 01 351s

= 2FA1s >

162 (s E9: = 3514

2 F (15) A (10)

23|22 021 |20 |23 |22 |21 |20 |23 |22]2"|2°

8 |4 |2 |1 8 1412|1118 |42 |1

0|0 |1]0 T (1 (1 |1 1 (0]110
10010 1111 1010
| 1011111010,

001 0|11 11111 ol1]o0

22 [ 21 ] 2° 22 | 2t | 2 22 [ 20 ]| 2° 22 | 2n | 2°

41211 4121 4 1211 412 |1

1 3 7 2
1372s

2FA16=13728

43
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Y. Converting from Hexa-decimal floating-
point to Octal floating-point

o8O 98g® ES®s odm gEder 98g®
OB®3 505 ROD WzOH®

1. For both the integer and fractional parts,
convert each Hexa-decimal digit to a 4-digit
binary number.

5D ©® NED 6O ecw® ©e®), D DS

DO 9D ® 9 4 &8 £BOG HomnmO
SBOHDWE OB,

2. Combine all binary digits, keeping the
decimal point in place. Then, starting from the
decimal point, group binary digits into sets of
three.

cm® S5 o) 6B Boed® IHOG BB
FoRED OB®. 9x55e5e3D, cm® Hems SO

6m», EDBG 9EDDE ReH® DOVEDED D
OIS,

3. For both integer and fractional parts, convert
each 3-digit binary group to its octal equivalent.
5D 5o NBD 6O 6cw® &e®), D D
9Ee® 3 &8 £O0¢ o) OB @ gdd®G
2302500 3DOVDBE DOSD.

Example 01
= 0.D1169 ( )8

Example 02
=F.216> (

)8

23 | 22

20

23

22

20

| 1111.0010;

11111.0010;

&

<

v

0 |0

2% |21

20

22

21

20

22

20

4 12

1

17.1g

F.216=17.1g

0 . D (13)

2812221 2° 23122 2" | 2° 23

2% | 2]

20

8l4 21| [8]4]2]1]]8

0jojo0ojofj.[1T]1]0]1]1]60

\ 0.11010001>

l 0.11010001,

oj(o0jO0Of.{1T]1T]0} [1T]0]0O

o|V

22 21|20 22 (2T [2° 22 2" [ 2°

2% | 2]

N
o

412 |1 412 |1 41211

| 0.6425

0.D116 = 0.642s

44
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Most Significant digit (MSD)
80 eDetd godnd

The digit with the highest value in a number is

known as Most Significant digit.
SR OB gOED Gt8 9Om® BB
D63 Lot 6ERE WEXOEB.

Example:
In 3,472, the 3 on the far left is the MSD, as it
has the greatest impact on the number's value.

3,472 8 ©8eses a8 3 8 50250 MSD 68, @3¢
D6 eowed gmrd BenED® DEHEdN s DO,

Least Significant digit (LSD)
&8)® D6t god®

The digit with the lowest value in a number is

known as Least Significant digit.
050 Sh)® ®G S 9RO h)® 6DeesE3
otDB BERE HEKOB.

Example:

In 3,472 the 2 on the far right is the LSD, as it
contributes the smallest impact to the overall
value.

3,472 8, coadn eweded 2 oy LSD 68, dc 585
B0 WEN® OGS e)Bw 68.

3,472 8 e o5t oS 2 5y LSD 68, dx @3
®E0 WENO DESEON &S wOG.

———MSD
1605.087
Lsp—

Understanding MSD and LSD helps in assessing
the magnitude of a number and its approximate
value.

MSD & LSD #0e@i® 6 ®iS® aomnm
DEIRBOG 5 DS ees® G®E BIe3ds BHOO
cesmd ed.

45

Most Significant bit (MSB)
0z8)® 6detsdd DOO

The bit with the highest value in a binary

number is known as Most Significant bit.
2006 ©o50w OB® gmeE i DD D@
606t VDD 6@ HESDEB.

It represents the largest power of 2 in the
number.
D 305168 2 & Bmeo® DK Beies™ns wO.

Example:

In 1011001, the 1 on the far left is the MSB (2°
position), as it has the greatest impact on the
number's value.

1011001 8 ©8eses e® 1TMSB 68, ®xfe dc
o6l gwed Bmeo® DEesEdn 4t O,

Least Significant bit (LSB)
&8)® 606t DO

The bit with the lowest value in a binary number
is known as LSB.

ZO®G oD ogf)® gon 0D LSB sees
OEBOEB.

Example:

In 1011001 the 1 on the far right is the LSB, as
it contributes the smallest impact to the overall
value.

1011001 8, cmgn emeded 1 oy LSB 68,
B 50D368 g®Ed OB REeEdE s OB,

——MsB
1011001
Lsg—1
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Coding Systems
e P®

A coding system is a method used to represent
data, information, or instructions using specific

symbols, numbers, letters, or combinations.
GO ENEBD 6 BHID 6306w, 305,
o 68 oerisw wdm OB e,
6MOROT 693 Eesect Berisnn SHRO ®Son
20D POGH.

Coding systems make it easier to store, process,
and communicate information in computers or

other devices.

WO BB O®EMD 6] DM
E0®DR 6mMOROT GREN BBO, ecmt® %
5560cme SOO e5mey DOB.

Audio

Videos X

—
Photos ———»

Text ——

Shapes ———~7

Colors ——//4
Coding systems allow us to convert data into
binary (1s and 0s) so computers can process it.
This includes text, numbers, symbols, and

multimedia data like images and sounds.

BWOH 5L e &Bdc (1 & 0) O
sPOVD®E OB  gd  sDeemmdRD &
e56EO0 9b) 3@, 6BBO A, t30RB), 306D,
& Ozes 659 BRE 8 DS eBD RS 68.

46

Main two concepts in coding system
6O OB D 5o 6Lw

¢ Encoding

The process of converting information or
data into a code is known as Encoding.
eMORNOT 68 B 6DMED OO
sDOVDHE BHE® FHIDBEH CBHME GRS
®eES68.

Encodmg

Decodlng

Encoding is typically used to ensure data
can be properly consumed by different
types of systems.

580 OV®med sES BN e 58 6@t
sdemisne e oS DD ©Hdn SO
BED) GIBODNE BOO ENOINBGEES WIS
8

e Decoding

The process of converting the encoded
data back to its original format is known
as decoding.

eTONG WO® @ oo DD OB 8F

PO sBHOVDHBG BYEO FHOB®
Bemn 6@ ®ESED.

For example, converting text into ASCII

or Unicode format ensures that

computers understand and display text
consistently across different devices and
platforms.

comdsnnm 6@, )X  ASCH el
G5eit) HwaBn0 sHOVIBEG BO® A&
sdosmm OO DB celo®m &) 6D
®O®) GRHIND ©)1D 60® OISO &
BocP®m® BOO 58D WOE.
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Eemmal

BCD (Binary-Coded Decimal) is a coding system
where each decimal digit (0-9) is represented
by its own binary sequence.

BCD (EDoc-eu38m c®®) 6a D O cowd®

9ex®® (0-9) D& DG gRWBERS &dzes8c
D® eBBWDOSN SENSGE.

It takes only 4 bits to store the biggest decimal
digit 9 in binary. So, 4 bits should be enough for
every other digit.

200n oo 65 cHOG eeld dNED®
R D 9 ®KRE) BBBO dms DSy DY 4

0. DRDS B B 9B tem) DY
455 580D B (G

Therefore, each decimal digit is represented
usually by a fixed 4-bit code.

DO B 5z0 cHwOB 9RO Hxom D] 4 »
6ED OB HOze#nc DOB.

0 0000 Empty | 1010
1 0001 Empty | 1011
2 0010 Empty | 1100
3 0011 Empty | 1101
4 0100 Empty | 1110
5 0101 Empty | 1111
6 0110

7 0111

8 1000

9 1001

NOTE

Maximum number of
characters  that can be _
represented by using n bits on
9 n BB ®HD OB
Bozesgns e O cod®
306250 BEID

Number of maximum characters that can be
represented using 4-bit combinations.

R 4 w t506EIsw T WO BOESHG DR B
00 506w @IS

= D4

=16

Number of characters to be represented.
BoOzessn BOOO e 506D @I

=10

Number of remaining places in the code

without assigned digits.
DO OB QOO MOED e
CRISIHES )]

=16-10
=6

NOTE 01:

Only decimal numbers can be converted into
BCD. Numbers of other bases should be first
converted into base 10 if they are needed to be
represented in BCD

BCD @20 estobomxne ¢ ®wwes 10 seed
£50Q5) BOH. D™D e DE 305 BCD DO &5
B0 @560 F 10 &erd sHOVL®E WO®D
@D,

NOTE 02:
Binary number and the BCD number of the
same decimal number are not the same

D® cmwed eeed o568 BCD gms &w 2
eNEGE FDE 358D 6IED.

NOTE 03:

Every decimal number is represented by a 4-bit
BCD code. But not every 4-bit set is BCD, nor
related to a decimal digit.

&z® cmPn 9Ee® 4-bit BCD emesss
Bozessnn owmed. »HPD ©z® 4-bit ©00@EEE

BCD efmes 6ond® g5d cm®n 9pm®mO
OB 668.
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Converting a given decimal number into a
BCD code

E gt c®O6 ©od50n BCD efons @00
65O

Replace each digit of the given decimal number
with the relevant 4-bit BCD code.
8 gt cmOn o568 6@ 9Ew®m® BCD

e®EO gxnd 80 g Y w6 e B
PGED WO

Combine all the 4 bit sets together.
D® D) wEYH 6O D @S Bos®

2097610
2 0 9 7 6
0010 0000 1001 0111 0110

001000001001011101108cp

Every digit should always be represented by a
fixed number of 4 bits, without neglecting any,

because it is an encoding-decoding system.
600 eOB-Dewmn® EASGD DD DS & s
e®OG o560 6520 9Emd® 3EdDO® HEdg

PP 6xED OB eNdd ¥ 4
6m0BHS BOzsENG DE GG

NOTE:
Here, zeros in the front or back of the number

cannot be neglected
BB, oS 98leses e®] Bt Grs G®B
BB GDIIRD) BTOG GDIDTLD.

Example 01:
Convert decimal number 57319 to the BCD
57310 £®® €028 BCD @80 88bmeme mOsse®

57310

5 7 3
0101 | 0111 0011
0101 0111 001 1scp

57310=01010111001Tecp

48

Example 02:
Convert octal number 275g to the BCD

2755 88006 o0 BCD 00 &sdHObm®G
DOD

First, let’s convert 2755 to decimal number
5680, 2753 £®® 30500 5HOVDHDG DO

275s

2x8° 7x 8’ 5 x 8°
128 56 5
128 + 56 + 5

189

18910

Now, let’s convert 1891oto BCD code.
ez, 18910 BCD 6w3med ddbmme mOg).

18910
1 8 9
0001 0100 0101
000101000101scp

NOTE 01:

Related Concepts to BCD

Packed Decimal Representation is a form of
BCD where two decimal digits are packed into
a single byte.

Packed Decimal Representation ©x® c&®

DB ecww 5 RBOGDO aegd a® BCD
PO .

NOTE 02:
BCD as a concept doesn't have a single
inventor. It was a natural evolution.

0P 6@t BCD %0 o8 Bescn®@odcedwn
6®®. D 3D SDENOCGE.
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Advantages of BCD
BCD &g o8

Since each decimal digit is represented
independently here, BCD representations are
easier for humans to read and understand

compared to binary numbers.
cOB O D cHOG 9B 3NDHE Hdzes8ncs

O» R85, BCD 8dzesgncs BBegssd SBedd0 5w
6B0® ®BBO s®ey 68.

Arithmetic operations on BCD numbers can be
performed using techniques similar to decimal
arithmetic.

2®OG ®HDEO 6581 BB ©® HDecns’ BCD
£30R5) B o ®ED 6BHERD &g WE BTw.

The format of a number can be easily
interchanged from Decimal to BCD rather than
from Decimal to binary.
oD Pwasn cwd®ed 8O EBOG N
5D®Gr BHBD OE) esewegeds emded 80 BCD
e 5)DINGT DG BTD.

BCD can represent decimal values without
rounding errors, which occur when converting
between binary and decimal in floating-point
arithmetic. Therefore, it is used in financial
computing and databases where decimal

accuracy is crucial.

9BE® EPBS o GHMDeE CDOG 6w cH®OG
g0 s0OVDHG BHeBE 6@ OB® ecis
OB em0® BCD 8BS 98e® oE®s G®Es
Bozsgns oG o, DB Do e®mOG
BOOesmD BOENSOD D» e 580 DRE 59
Qs sd®EHEE & Do) 68.

Addition and subtraction can be easier with

BCD than with binary representations.
D SO 59 f) BOB EDO® eIEEHS HOESHIEH
580 88» BCD 630® e598363.

BCD can be
hardware using specialized circuits.

Bexd8® o©desd oNdmens cathowdg BCD
IBGEDBOD FEISOD DG BD.

implemented efficiently in
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Disadvantages of BCD
BCD ®@ 68

BCD is less efficient in terms of storage
compared to pure binary, as each decimal digit
is stored separately using 4 bits, even though
only 10 values (0-9) are possible.

©0z® c®OG 9O B 4 D) OB
6D» 6O®® ®RE) WO &S DB, gmwns 10w
(0-9) @8 g ®s §8c, ¢ £DBG o)
e T30 GRE) BBe®8 BCD of) mbns® 8.

BCD requires more bits to represent a decimal

number compared to binary.
E8®n o) e B0 e®mBG oD HozesHn
8580 BCD 00 88 9 dms 6.

For example, representing the decimal number
15 requires 8 bits in BCD, while it only requires
4 bits in binary.

EO®OHGED 6@, c®® o 15 Heclsmns SO

eem BCD 8 ® 8 4dms O gm0, DO adw»s
OBes BB Dmens DY 4% 5.

1510 = 4 bits (11115)
1510 = 8 bits (00001101gcp)

In modern general-purpose computing, binary
representations are more standard, making
BCD less common and outdated.
D 63 Do  osdogiwed & D86
BoOzessmms Ot ©8®m d» gmd, BCD oy
DD Gh) 5% BR & BB .

Multiplying and dividing BCD code is more
complex than with pure binary numbers.

BCD o ®#n BOO 05 6EE ©@dn &DdG
€502 ORE O D) e3505VEN 68.
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Applications of BCD
BCD & exc®

BCD is commonly used in calculators to
represent numbers and perform arithmetic
operations.

BCD &7@®56ms €505 H0zesgns SO0 5w
oo BN 6Pe»n® &g BHOD G BBOE
O 68.

BCD is used to display time and date in digital
devices.

oS CeNo®mDE 65@D &5 Eme 638080 BCD
D WOB.

Some computer peripherals, such as keyboards

and displays, may use BCD to represent data.
0TG5 toch®mm & 6®HO sD®ED

EeNo®, e Hozesgns S5O BCD #0dm ©¢
DT,

Floating-point

numbers are not
directly compatible
with BCD because
BCD focuses only on
integer digits. If you
M- : need to work with
= floating-point
numbers, using
systems IEEE
754 is more
appropriate.
BCD gt#n 0@
RO @ BOMD FOMIDEG 6(NF OB Hen
©2e0® Emes ©o@s BCD ©s@m e
BTG, BRDO 760D QWBS o BO® D)
B8O gdws »®, |IEEE 754 88 808 )8
BB® NS L38830.

CASIO

035690 2

.

S .
like
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2. AsCll

BRmerican
Btandard
[ code for
Information
Einterchange

ASCIlI emerged in the 1960s to standardize text
representation using binary code

ASCIl, 1960 2 2B0rn omn ®HDDEns DD
BOzesn HBBDONG BHBO O Ie.

Like Morse code, Telegraphic codes were
among the earliest examples of character
encoding, but they were designed for specific

communication systems.

c®eS oo 685, 6ORMDD oD B0
6IDWOLN EAEG STOFDO oM d B,
203 T Bem8n ©5Bedewm oL em
BB@rgncs O &T.

In 1963, the ASA (later renamed the American
National Standards Institute, ANSI) established
a committee to standardize the 7-bit code.

1963 &, ASA (eses® American National Standards

Institute, ANSI eges ®8 @O &) 7-bit e
5BS®OME BOHAO »BYOD B8BOD» .

ASCIl was officially developed in 1963 under the
direction of Bob Bemer, who led the creation of
the code to standardize text encoding for use in
computers and communication equipment.

ASCll 8@ ©&wewns 1963 Bob Bemer &
O®esBD® 06 &odLAME DO® @ o,
SOOI 65 HBRBDEH CHWONDQ IBDEG

BEMD) )0 GIDNG HBB®D SO BEH) DGR
BHENEB BHOD MEDDOIG §56ESC.

Later became the
default  standard
for text files in UNIX
and DOS systems.

o630 UNIX esev DOS
52050 FDHO
(IO OB

oe®) §d8c DO
&5 8.
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The first version of ASCII included 7-bit codes, character | Decimal | ASCII
allowing for 128 different characters, including 0 0000000
control characters (for commands like carriage
return, newline, and tab) and printable
characters (letters, numbers, symbols). 0 48 0110000
ASCll & g8 gxdind 7-89 5o e 8
g0, NED FREDBL (redd DOV, SOl 9 57 0111001
& O D& BtH® e®)) 65 e e HTS
gnEne (gmds, gGowm, o) agrdd DD
g0 128 se®) 9f) @) 68.
A 65 1000001
Numeric 30250t 0-9
Alphabetic FBVHROBOCG a-zA-Z B 66 1000010
Special Be® #@!. + -
ASCIl does not represent world languages. a 97 1100001
ASCll 6@3 ®1@8 Beciesmnn 6O
Extended ASCIl uses 8 bits, allowing for 256 b 98 11000170
characters (0-255). The extra 128 characters
(128-255) include symbols, foreign language
characters, and graphical characters. But it is 128 LARRNAY
not standardized.
Extended ASCIl gxeaiesn 256 (0-255) ees ASCII Control Characters
@f) 6B DY 8 Do WOB. F®DO erdd 128
(128-255) og soetio, DecBn me) guiss & DECI | BINARY | CHAR | DESCRIPTION
Do guied gt 60. DS D6 680D YOG 0 00000000 | NUL | Null char
626D, , 1 00000001 | SOH | Start of Heading
Number of maximum characters that can be > 00000010 | STX Start of Text
represented by 7 bit combinations 3 00000011 | ETX End of Text
29 7 @ ©o6ciEH 9B B6 HOOHG DEDE 4 | 00000100 | EOT | End of Transmission
Ced® 30685 EIENE :
5 00000101 | ENQ Enquiry
— 7= 128 6 00000110 | ACK Acknowledgment
7 00000111 | BEL Bell
Number of maximum characters that can be 8 00001000 | BS BacI.< Space
. . 9 00001001 | HT Horizontal Tab
represented by 8 bit combinations 10 00001010 | LF Line Feed
@9 8 ® 306D $HDD) WO BOz3LNB DRV 1 00001011 | VT Vertical Tab
?’622@_ 625‘5’@5@ S 12 | 00001100 | FF Form Feed
13 00001101 | CR Carriage Return
14 00001110 | SO Shift Out / X-On
ASCIl uses a linear representation of letters in 15 00001111 | sI Shift In / X-Off
the order of the alphabet. 16 | 00010000 | DLE | Data Line Escape
ASCll e @G 6wiBed ¢nBEeDRD Fw®d D@ 17 | 00010001 | DC1 | Device Control 1 (oft.
WD BOzSHNEE B DOB. XON)
18 00010010 | DC2 Device Control 2
It matches newer coding systems and has even 19 00010011 | DC3 Device Control 3 (oft.
become a subset of them. XOFF)
90 2B exionden oL0B8 Bl aiges® god 20 [ 00010100 | DC4 [ Device Control 4
Toed co nepes 800 &8 8 ao. 21 | 00010101 | NAK | Negative
Acknowledgement
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22 00010110 | SYN Synchronous Idle 69 01000101 E Uppercase E
23 00010111 | ETB End of Transmit Block 70 01000110 | F Uppercase F
24 00011000 | CAN Cancel 71 01000111 G Uppercase G
25 00011001 | EM End of Medium 72 01001000 | H Uppercase H
26 00011010 | SUB Substitute 73 01001001 I Uppercase |
27 00011011 | ESC Escape 74 01001010 | J Uppercase J
28 00011100 | FS File Separator 75 01001011 K Uppercase K
29 00011101 | GS Group Separator 76 01001100 | L Uppercase L
30 00011110 | RS Record Separator 77 01001101 | M Uppercase M
31 00011111 | US Unit Separator 78 01001110 | N Uppercase N
79 01001111 (0] Uppercase O
ASCII printable characters 80 01010000 | P Uppercase P
81 01010001 | Q Uppercase Q
DECIMAL | BINARY | CHAR | DESCRIPTION 82 01010010 | R Uppercase R
32 00100000 Space 83 01010011 S Uppercase S
33 00100001 | ! Exclamation 84 01010100 | T Uppercase T
34 00100010 | " Double quotes 8> 01010101 | U Uppercase U
35 00100011 # Number 86 01010110 Vv Uppercase V
36 00100100 $ Dollar 87 01010111 W Uppercase W
37 00100101 | % Per cent sign 88 01011000 | X Uppercase X
38 00100110 | & Ampersand 89 01011001 | ¥ Uppercase Y
39 00100111 [ ° Single quote 90 01011010 | Z Uppercase Z
40 00101000 | ( open bracket 91 01011011 | [ Open bracket
41 00101001 | ) close bracket 92 01011100 |\ Backslash
42 00101010 * Asterisk 93 01011101 ] Close bracket
43 00101011 | + Plus 4 01011110 | 7 Caret
44 00101100 , Comma 95 01011111 _ Underscore
45 00101101 _ Hyphen 96 01100000 Grave accent
46 00101110 | . Dot or full stop 97 01100001 | a Lowercase a
47 00101111 |/ Slash or divide 98 01100010 | b Lowercase b
48 00110000 0 Zero 99 01100011 C Lowercase c
49 00110001 1 One 100 01100100 d Lowercase d
50 00110010 2 Two 101 01100101 e Lowercase e
51 00110011 3 Three 102 01100110 f Lowercase f
52 00110100 4 Four 103 01100111 g Lowercase g
53 00110101 5 Five 104 01101000 h Lowercase h
55 00110111 7 Seven 106 01101010 _j LOWEI’CHSGJ
56 00111000 | 8 Eight 107 01101011 | k Lowercase k
57 00111001 | 9 Nine 108 01101100 | | Lowercase |
58 00111010 | - Colon 109 01101101 m Lowercase m
59 00111011 : Semicolon 110 01101110 n Lowercase n
60 00111100 | < Less than 111 01101111 | o Lowercase o
61 00111101 — Equals 112 01110000 p Lowercase ]
62 00111110 | > Greater than 113 01110001 | g Lowercase g
63 00111111 | ? Question mark 114 01110010 | r Lowercase r
64 01000000 @ At symbol 115 01110011 S Lowercase s
65 01000001 A Uppercase A 116 01110100 t Lowercase t
66 01000010 B Uppercase B 117 01110101 u Lowercase u
67 01000011 C Uppercase C 118 01110110 | v Lowercase v
68 01000100 | D Uppercase D 119 01110111 w Lowercase w
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120 01111000 | x Lowercase x 166 | 10100110 | | Pipe, Broken vertical bar
121 01111001 |y Lowercase y 167 | 10100111 § Section sign
122 01111010 | z Lowercase z 168 | 10101000 |~ Spacing diaeresis - umlaut
123 01111011 { Open brace 169 | 10101001 © | Copyright sign
124 01111100 | | Vertical bar 170 | 10101010 | @ Feminine ordinal indicator
125 01111101 |} Close brace 171 | 10101011 | « Left double angle quotes
126 01111110 | ~ tilde 172 |1 10101100 | = | Notsign
127 01111111 Delete 173 | 10101101 Soft hyphen
174 | 10101110 | ® | Registered trademark
Extended 8-bit ASCII 175 | 10101111 | ~ Spacing macron - overline
176 | 10110000 | ° Degree sign
128 10000000 € Euro sign 177 10110001 + Plus-or-minus Sigl’\
129 10000001 178 10110010 2 Superscript two
130 [ 10000010 [, | Single low-9 quotation 179 | 10110011 | ® | Superscript three
131 | 10000011 | f £ with hook 180 | 10110100 Acute accent - spacing
132 | 10000100 Double low-9 quotation acute
133 [ 10000101 | .- | Horizontal ellipsis 181 | 10110101 | w_ | Micro sign
134 | 10000110 | t Dagger 182 | 10110110 | T Pilcrow sign - paragraph
135 [ 10000111 | ¥ | Double dagger sign
136 | 10001000 | © | Modifier circumflex 183 | 10110111 Middle dot - Georgian
137 | 10001001 | %o | Per mille sign comma
138 | 10001010 | & S with caron 184 | 10111000 |, Spacing cedilla
139 | 10001011 | ¢ Single left-pointing angle 185 | 10111001 | ° Superscript one
quotation 186 | 10111010 | ° Masculine ordinal indicator
140 | 10001100 | & | ligature OF 187 | 10111011 | » Right double angle quotes
141 | 10001101 188 | 10111100 | 'a | Fraction one quarter
142 | 10001110 | Z 7 with caron 189 | 10111101 | 2 | Fraction one half
143 | 10001111 190 | 10111110 | 34 | Fraction three quarters
144 | 10010000 191 | 10111111 | ¢ Inverted question mark
145 | 10010001 | | Left single quotation 192 | 11000000 | A | A with grave
146 | 10010010 || Right single quotation 193 | 11000001 | A | A with acute
147 | 10010011 | © | Left double quotation 194 | 11000010 | A | A with circumflex
148 | 10010100 |~ | Right double quotation 195 | 11000011 | A | A with tilde
149 | 10010101 . Bullet 196 | 11000100 | A | A with diaeresis
150 | 10010110 | = | En dash 197 | 11000101 | A | A with ring above
151 | 10010111 | — | Em dash 198 | 11000110 | £ | AE
152 | 10011000 | - tilde 199 | 11000111 C C with cedilla
153 | 10011001 | ™ | Trade mark sign 200 | 11001000 | E | Ewith grave
154 | 10011010 | § | S with caron 201 | 11001001 | B | Ewith acute
155 | 10011011 | > right-pointing angle 202 | 11001010 E E with circumflex
quotation mark 203 | 11001011 E E with diaeresis
156 | 10011100 | @ | ligature oe 204 | 11001100 |1 | I with grave
157 | 10011101 205 | 11001101 I | with acute
158 | 10011110 | 2 7 with caron 206 | 11001110 | | I with circumflex
159 | 10011111 | Y | Y with diaeresis 207 | 11001111 | | | with diaeresis
160 | 10100000 Non-breaking space 208 | 11010000 ? ETH
161 | 10100001 i Inverted exclamation 209 | 11010001 N N with tilde
162 | 10100010 | ¢ | Cent sign 210 | 11010010 | O | O with grave
163 | 10100011 | £ | Pound sign 211 | 11010011 | O | O with acute
164 | 10100100 | u Currency sign 212 | 11010100 C~) O with circumflex
165 | 10100101 ¥ Yen sign 213 | 11010101 O O with tilde
214 | 11010110 | O | O with diaeresis
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215 | 11010111 x Multiplication sign
216 | 11011000 | @ | O with slash

217 | 11011001 | U | U with grave

218 | 11011010 | U | U with acute

219 | 11011011 0 U with circumflex
220 | 11011100 | U | U with diaeresis
221 | 11011101 | Y | Y with acute

222 | 11011110 | b THORN

223 | 11011111 | B sharp s - ess-zed
224 | 11100000 | a a with grave

225 | 11100001 | & a with acute

226 | 11100010 | a a with circumflex
227 | 11100011 | & a with tilde

228 | 11100100 | & a with diaeresis
229 | 11100101 | a a with ring above
230 | 11100110 | & | ae

231 | 11100111 | ¢ ¢ with cedilla
232 | 11101000 | & e with grave

233 | 11101001 é e with acute

234 | 11101010 | é e with circumflex
235 | 11101011 é e with diaeresis
236 | 11101100 |1 i with grave

237 | 11101101 | i i with acute

238 | 11101110 |1 i with circumflex
239 | 11101111 i i with diaeresis
240 | 11110000 | & eth

241 | 11110001 fi n with tilde

242 | 11110010 | o o with grave

243 | 11110011 o o with acute

244 | 11110100 | 6 o with circumflex
245 | 11110101 0 o with tilde

246 | 11110110 | 6 o with diaeresis
247 | 11110111 + Division sign
248 | 11111000 | @ o with slash

249 | 11111001 | U u with grave

250 | 11111010 | u with acute

251 | 11111011 a u with circumflex
252 | 11111100 | G u with diaeresis
253 | 11111101 |y y with acute

254 | 11111110 b thorn

255 | 11111111 |V y with diaeresis
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FUN FACT: ASCII Arts

A (V)

ASCII arts is a graphic design technique that
uses printable characters from the ASCII
standard to generate artistic images.

ASCll 2@ 68 DEIDOD Ozes SHBEG OO e
ASCIll 5®88ens Gecenn DG O gsd D)

6D HeOS SVEEN DITBLIEE.

The "@" symbol had little use before email.
ASClI led it to become the designator in email
addresses.

86808 ®DDED 630 "@" 06RO DDHOB

go@#D BRI . ASCl 6D 96 D6 BB
BB @ HBDEO B® &528C.

+*C+CTF&OCI+;:..
. COMMI INMMMMMWMWBEHEGC, .
. JBWMMJ I HWMNMWMMNMNWWBEBKC; .
. CHWWWGHY LEWMMMMMMNMMWMNWMBWHRL .
. JMMWYC/ . . . VTSQRHBWMMMMMMMMWMWERZ \

JAMXJIIL; ; - - - ; +3 / JCOHMWWWMMMMWMWNKO ;

+ABF*=:........,,,:; YFEMMWORBMWNMHBPE&
; . VTHBWMYOSHBWMBEBP,

; +JVFHEBWMWSFZWMBEH :
: ; +JLTPZMMMWRTPMWBED .
ceee IJYITHMWMMBFZDWER .
InHMW; 2,y eseeevennnarsssstii=0THWMMMWBCBWNH ;
L4KMMI;\;,:~,...,:/«=4»/;::; ITLTBWMMMWBELWEI
I/RMWSYPFTTFYL. .-TFTY**YZREH&CTOWMWMMMWBILWI

YKWMIIF.IMBLI..JG/:.WMYLKYLIIJTBMNMWMMWB&L7

/ZNWMWI . TFYHKLI. , JSY*IJVTY/=*IIJYBWMMMWMMWML\

JOZHNWM; , .., »7 +/IIJISEWMMMMNEMWEA\
COZBWNM«, ...: »I, .JVLI= »=**JSEBWMNWMNBWHKI .
.VTDKWBMA:,.,;/*..ICLI=; +*JCSEBWMNMNWBENKOL

CTFRWWMBI. -/IJI.,JVCLI....:+*JOHEMMWNMNWMNGZFII.
.VFAKBWMBZ*\ ; : . TLAKWNEL; . =+ *JZGKEWWNMMMNWMBHEOIL.
+«ZXEWBNMLII*., . ; ITTCCO&+ : +* IYGENWMMNNMWBHHKAFLJ .

; OXHBWWMB& * * JZALAAXSQEKT; : * IJDGWBWMMWBNHAEGF&6L,

: IJCZHBMMS&** -, - /=+CLL+. . +* IJSENEMWNMWEHGRK&FVJIL .

: IVTYEBNMWS&** ; *OPFLII**/»IJYENMMNMWNMWBAERA&CLII

/IDZPRENMMWAP&*«. . : +IJL* IOZDBWNWMWNMBEBSRDKHYHIJI
; JTOFSEWNMMWBKZL=+*JF «KRHEBEWNMMWNHWHKRAKSHKXKI»I
: / TPZGHNNMMMMMWEADS ZHKRHBWEWNMNWNBEBRHKXPATHABI / .

: JLV&HBWBNWMWIMMNWMNWMNNBEBHRXSTSDRKPHBABFSGR/ .
; JVPREBWWNMMNMNWI ; \ YDRHBEBDSDAGIVBHWEWHRHEDAHI
. \FVKBWMNWNMMWMNSL ; ; YCTFPF&FPOTY «YBBHNEKHZHTYH.
IJOZDHBMWWNMNMWHI , \IJIILIJJIL/IISHNBEBXEPBWKBL.
: ICHBMMNMWMNVI«/: ; ¥*I#*I#4 %4+ I+ IJYRARHIJRIWHAWNL
/CGHBHWMNWBHTYX«; ;1 ; **+* 4 # %4 * ]34 ** IRXTEJHIHBXEWBL.
; JKEBEWBEAFI=JI«=««=«**=«*+=«*+*I*JITZPIKIJKEABBWERA, .
:;*IS; YFGISIVYHDEHEHRWKO\ .
:; 7 IVIY.S*Z+LTVTFOTFZHEHZF .

.TDKRLJTI::,:,, ++3IVIJIJ.P/CZJOZPDSKTCGHRO.

eoAY T/ cs00seosccionssasrcssssont Yeeooo FZFJTLIF;,, :; IJTFO.

Y7 4 ee  ceccscccccss sssscpssey VI...I¥.... IF
1.3/4. .
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Arabic

8x

9x

NB

Ax

SP

Bx

Cx

Dx

Ex

Fx

Greek

8x

9x

SH

NB

«

SP

AXx

+l

Bx

Cx

Dx

Ex

Fx

Western Europe

8x

9x

SH

«

NB

Ax

SP

Y

12

Va

+

Bx

Cx

Dx

<«

<@ -

Ex

Fx

Thailand

8x

9x

NB

Ax

SP

Bx

Cx

(i A

Dx

)

Ex

“l

Fx
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https://en.wikipedia.org/wiki/Non-breaking_space
https://en.wikipedia.org/wiki/Non-breaking_space
https://en.wikipedia.org/wiki/Quotation_mark
https://en.wikipedia.org/wiki/Apostrophe
https://en.wikipedia.org/wiki/Pound_sign
https://en.wikipedia.org/wiki/Euro_sign
https://en.wikipedia.org/wiki/Modern_drachma
https://en.wikipedia.org/wiki/Vertical_bar
https://en.wikipedia.org/wiki/Section_sign
https://en.wikipedia.org/wiki/%C2%A8
https://en.wikipedia.org/wiki/Copyright_symbol
https://en.wikipedia.org/wiki/Iota_subscript
https://en.wikipedia.org/wiki/Guillemets
https://en.wikipedia.org/wiki/Negation
https://en.wikipedia.org/wiki/Soft_hyphen
https://en.wikipedia.org/wiki/Soft_hyphen
https://en.wikipedia.org/wiki/Dash
https://en.wikipedia.org/wiki/Degree_symbol
https://en.wikipedia.org/wiki/Plus-minus_sign
https://en.wikipedia.org/wiki/Square_(algebra)
https://en.wikipedia.org/wiki/Cube_(algebra)
https://en.wikipedia.org/wiki/%CE%84
https://en.wikipedia.org/wiki/%CE%85
https://en.wikipedia.org/wiki/Interpunct
https://en.wikipedia.org/wiki/Guillemets
https://en.wikipedia.org/wiki/One_half
https://en.wikipedia.org/wiki/Alpha_(letter)
https://en.wikipedia.org/wiki/Beta_(letter)
https://en.wikipedia.org/wiki/Gamma
https://en.wikipedia.org/wiki/Delta_(letter)
https://en.wikipedia.org/wiki/Epsilon
https://en.wikipedia.org/wiki/Zeta
https://en.wikipedia.org/wiki/Eta
https://en.wikipedia.org/wiki/Theta
https://en.wikipedia.org/wiki/Iota
https://en.wikipedia.org/wiki/Kappa
https://en.wikipedia.org/wiki/Lambda
https://en.wikipedia.org/wiki/Mu_(letter)
https://en.wikipedia.org/wiki/Nu_(letter)
https://en.wikipedia.org/wiki/Xi_(letter)
https://en.wikipedia.org/wiki/Omicron
https://en.wikipedia.org/wiki/Pi_(letter)
https://en.wikipedia.org/wiki/Rho_(letter)
https://en.wikipedia.org/wiki/Sigma
https://en.wikipedia.org/wiki/Tau
https://en.wikipedia.org/wiki/Upsilon
https://en.wikipedia.org/wiki/Phi_(letter)
https://en.wikipedia.org/wiki/Chi_(letter)
https://en.wikipedia.org/wiki/Psi_(letter)
https://en.wikipedia.org/wiki/Omega
https://en.wikipedia.org/wiki/%CE%AA
https://en.wikipedia.org/wiki/%CE%AB
https://en.wikipedia.org/wiki/%CE%86
https://en.wikipedia.org/wiki/%CE%88
https://en.wikipedia.org/wiki/%CE%89
https://en.wikipedia.org/wiki/%CE%8A
https://en.wikipedia.org/wiki/Alpha_(letter)
https://en.wikipedia.org/wiki/Beta_(letter)
https://en.wikipedia.org/wiki/Gamma
https://en.wikipedia.org/wiki/Delta_(letter)
https://en.wikipedia.org/wiki/Epsilon
https://en.wikipedia.org/wiki/Zeta
https://en.wikipedia.org/wiki/Eta
https://en.wikipedia.org/wiki/Theta
https://en.wikipedia.org/wiki/Iota
https://en.wikipedia.org/wiki/Kappa
https://en.wikipedia.org/wiki/Lambda
https://en.wikipedia.org/wiki/Mu_(letter)
https://en.wikipedia.org/wiki/Nu_(letter)
https://en.wikipedia.org/wiki/Xi_(letter)
https://en.wikipedia.org/wiki/Omicron
https://en.wikipedia.org/wiki/Pi_(letter)
https://en.wikipedia.org/wiki/Rho_(letter)
https://en.wikipedia.org/wiki/Sigma
https://en.wikipedia.org/wiki/Sigma
https://en.wikipedia.org/wiki/Tau
https://en.wikipedia.org/wiki/Upsilon
https://en.wikipedia.org/wiki/Phi_(letter)
https://en.wikipedia.org/wiki/Chi_(letter)
https://en.wikipedia.org/wiki/Psi_(letter)
https://en.wikipedia.org/wiki/Omega
https://en.wikipedia.org/wiki/%CE%AA
https://en.wikipedia.org/wiki/%CE%AB
https://en.wikipedia.org/wiki/%CE%8C
https://en.wikipedia.org/wiki/%CE%8E
https://en.wikipedia.org/wiki/%CE%8F
https://en.wikipedia.org/wiki/NBSP
https://en.wikipedia.org/wiki/NBSP
https://en.wikipedia.org/wiki/%C2%A1
https://en.wikipedia.org/wiki/%C2%A2
https://en.wikipedia.org/wiki/%C2%A3
https://en.wikipedia.org/wiki/%C2%A4
https://en.wikipedia.org/wiki/%C2%A5
https://en.wikipedia.org/wiki/%C2%A6
https://en.wikipedia.org/wiki/%C2%A7
https://en.wikipedia.org/wiki/%C2%A8
https://en.wikipedia.org/wiki/%C2%A9
https://en.wikipedia.org/wiki/%C2%AA
https://en.wikipedia.org/wiki/%C2%AB
https://en.wikipedia.org/wiki/%C2%AC
https://en.wikipedia.org/wiki/Soft_hyphen
https://en.wikipedia.org/wiki/Soft_hyphen
https://en.wikipedia.org/wiki/%C2%AE
https://en.wikipedia.org/wiki/%C2%AF
https://en.wikipedia.org/wiki/%C2%B0
https://en.wikipedia.org/wiki/%C2%B1
https://en.wikipedia.org/wiki/Superscript
https://en.wikipedia.org/wiki/Superscript
https://en.wikipedia.org/wiki/%C2%B4
https://en.wikipedia.org/wiki/%CE%9C
https://en.wikipedia.org/wiki/%C2%B6
https://en.wikipedia.org/wiki/%C2%B7
https://en.wikipedia.org/wiki/%C2%B8
https://en.wikipedia.org/wiki/Superscript
https://en.wikipedia.org/wiki/%C2%BA
https://en.wikipedia.org/wiki/%C2%BB
https://en.wikipedia.org/wiki/Fraction#Typographical_variations
https://en.wikipedia.org/wiki/%C2%BD
https://en.wikipedia.org/wiki/Fraction#Typographical_variations
https://en.wikipedia.org/wiki/%C2%BF
https://en.wikipedia.org/wiki/%C3%80
https://en.wikipedia.org/wiki/%C3%81
https://en.wikipedia.org/wiki/%C3%82
https://en.wikipedia.org/wiki/%C3%83
https://en.wikipedia.org/wiki/%C3%84
https://en.wikipedia.org/wiki/%C3%85
https://en.wikipedia.org/wiki/%C3%86
https://en.wikipedia.org/wiki/%C3%87
https://en.wikipedia.org/wiki/%C3%88
https://en.wikipedia.org/wiki/%C3%89
https://en.wikipedia.org/wiki/%C3%8A
https://en.wikipedia.org/wiki/%C3%8B
https://en.wikipedia.org/wiki/%C3%8C
https://en.wikipedia.org/wiki/%C3%8D
https://en.wikipedia.org/wiki/%C3%8E
https://en.wikipedia.org/wiki/%C3%8F
https://en.wikipedia.org/wiki/%C3%90
https://en.wikipedia.org/wiki/%C3%91
https://en.wikipedia.org/wiki/%C3%92
https://en.wikipedia.org/wiki/%C3%93
https://en.wikipedia.org/wiki/%C3%94
https://en.wikipedia.org/wiki/%C3%95
https://en.wikipedia.org/wiki/%C3%96
https://en.wikipedia.org/wiki/%C3%97
https://en.wikipedia.org/wiki/%C3%98
https://en.wikipedia.org/wiki/%C3%99
https://en.wikipedia.org/wiki/%C3%9A
https://en.wikipedia.org/wiki/%C3%9B
https://en.wikipedia.org/wiki/%C3%9C
https://en.wikipedia.org/wiki/%C3%9D
https://en.wikipedia.org/wiki/%C3%9E
https://en.wikipedia.org/wiki/%C3%9F
https://en.wikipedia.org/wiki/%C3%80
https://en.wikipedia.org/wiki/%C3%81
https://en.wikipedia.org/wiki/%C3%82
https://en.wikipedia.org/wiki/%C3%83
https://en.wikipedia.org/wiki/%C3%84
https://en.wikipedia.org/wiki/%C3%85
https://en.wikipedia.org/wiki/%C3%86
https://en.wikipedia.org/wiki/%C3%87
https://en.wikipedia.org/wiki/%C3%88
https://en.wikipedia.org/wiki/%C3%89
https://en.wikipedia.org/wiki/%C3%8A
https://en.wikipedia.org/wiki/%C3%8B
https://en.wikipedia.org/wiki/%C3%8C
https://en.wikipedia.org/wiki/%C3%8D
https://en.wikipedia.org/wiki/%C3%8E
https://en.wikipedia.org/wiki/%C3%8F
https://en.wikipedia.org/wiki/%C3%90
https://en.wikipedia.org/wiki/%C3%91
https://en.wikipedia.org/wiki/%C3%92
https://en.wikipedia.org/wiki/%C3%93
https://en.wikipedia.org/wiki/%C3%94
https://en.wikipedia.org/wiki/%C3%95
https://en.wikipedia.org/wiki/%C3%96
https://en.wikipedia.org/wiki/%C3%B7
https://en.wikipedia.org/wiki/%C3%98
https://en.wikipedia.org/wiki/%C3%99
https://en.wikipedia.org/wiki/%C3%9A
https://en.wikipedia.org/wiki/%C3%9B
https://en.wikipedia.org/wiki/%C3%9C
https://en.wikipedia.org/wiki/%C3%9D
https://en.wikipedia.org/wiki/%C3%9E
https://en.wikipedia.org/wiki/%C5%B8
https://en.wikipedia.org/wiki/Non-breaking_space
https://en.wikipedia.org/wiki/Non-breaking_space
https://en.wikipedia.org/wiki/Thai_baht
https://en.wikipedia.org/wiki/Currency_(typography)
https://en.wikipedia.org/wiki/Comma
https://en.wikipedia.org/wiki/Soft_hyphen
https://en.wikipedia.org/wiki/Soft_hyphen
https://en.wikipedia.org/wiki/Semicolon
https://en.wikipedia.org/wiki/Question_mark
https://en.wikipedia.org/wiki/%D8%A1
https://en.wikipedia.org/wiki/%D8%A2
https://en.wikipedia.org/wiki/%D8%A3
https://en.wikipedia.org/wiki/%D8%A4
https://en.wikipedia.org/wiki/%D8%A5
https://en.wikipedia.org/wiki/%D8%A6
https://en.wikipedia.org/wiki/%D8%A7
https://en.wikipedia.org/wiki/%D8%A8
https://en.wikipedia.org/wiki/%D8%A9
https://en.wikipedia.org/wiki/%D8%AA
https://en.wikipedia.org/wiki/%D8%AB
https://en.wikipedia.org/wiki/%D8%AC
https://en.wikipedia.org/wiki/%D8%AD
https://en.wikipedia.org/wiki/%D8%AE
https://en.wikipedia.org/wiki/%D8%AF
https://en.wikipedia.org/wiki/%D8%B0
https://en.wikipedia.org/wiki/%D8%B1
https://en.wikipedia.org/wiki/%D8%B2
https://en.wikipedia.org/wiki/%D8%B3
https://en.wikipedia.org/wiki/%D8%B4
https://en.wikipedia.org/wiki/%D8%B5
https://en.wikipedia.org/wiki/%D8%B6
https://en.wikipedia.org/wiki/%D8%B7
https://en.wikipedia.org/wiki/%D8%B8
https://en.wikipedia.org/wiki/%D8%B9
https://en.wikipedia.org/wiki/%D8%BA
https://en.wikipedia.org/wiki/%D9%80
https://en.wikipedia.org/wiki/%D9%81
https://en.wikipedia.org/wiki/%D9%82
https://en.wikipedia.org/wiki/%D9%83
https://en.wikipedia.org/wiki/%D9%84
https://en.wikipedia.org/wiki/%D9%85
https://en.wikipedia.org/wiki/%D9%86
https://en.wikipedia.org/wiki/%D9%87
https://en.wikipedia.org/wiki/%D9%88
https://en.wikipedia.org/wiki/%D9%89

Advantages of ASCII
ASCIl &g 8

Easy to understand and implement.
6550t® ®TBHBO 329 DO BVOO e5e9e3.

Compatible for almost all systems and devices
can process ASCII.

BrE® 6208 6w ceno® eem) ASCl escmE®0
e BTHED.

Disadvantages of ASCII
ASCIl &g g8

ASCIl can only represent 128 (or 256 in
extended ASCIl) characters, which is not
sufficient for languages with large alphabets or
symbols (e.g., Chinese, Arabic).

ASCll %0 8dzes#ns DG ®D6D DHIQ 6HBEH
683 306D () B, goIR) 8D BB BEH)
5®EDT  ed® guEDeE 1288 (e0]
extended ASCIl 8 256%) &®23.

Uses of ASCII
ASCIl &8»x

ASCll is used to encode text in simple text files
(.txt), allowing computers to display readable
characters.

ASCIl &6@ &0 emzy (Ixt) DG &0 6BHDG
5500 B OB, BEOG ® GHODBHN
6555800 s5D®EORD 98) 5.

Used in many programming languages to

represent characters and control characters.
6R6®3 PHOERRD ®HNOE FRNODBL eI
SBBOD &® GHEDBL HEDG BOOD ®HDom
OB,

ASClIl is used in email protocols, URLs, and other
forms of digital communication where text
needs to be encoded.

ASCll Bexsd ooese@ Bw@dDBes, URL & &)d
BOBIBODGE DG G 6ODD HIDO6E oS
BeDeHHERS D) 685.
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3. EBCDIC

Elnterchange

[ ode

EBCDIC is a character encoding
developed by IBM in the 1960s.

EBCDIC e 1960 2 IBM 88«5 e0dbd®me d®
Q@ FDB0O DO SEQBEE.

system

.||Ii

It was primarily used in IBM mainframes and
other IBM systems, serving as an alternative to
ASCII.

s @B dwens IBM mainframe &® gemms

IBM 8208800 8o o® @ gm0, ASCIl esem
Bodsns 6@t 683090 DAOB.

Number of maximum characters that can be

represented by 8-bit combinations.
P 8 ® 506D T O BOESHEG DEHTS
E0® 506w @I

=28 =256

EBCDIC is not compatible with modern coding
systems like ASCIl and Unicode

ASCIl e® Unicode &8 xno® oo ©® OO
EDGEHIWEB EEDDB

Does not represent a linear order of characters.
So, characters cannot be predicted according to
next or past.

FRHODE VDB HozsENns 63DE. DOSEN

650 €3 5ty 06D OB D™D 506D
23603mOBB OO BLwE 6BIWTD
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Key Points about EBCDIC
EBCDIC 88¢ 83w @bo#n

EBCDIC supports a wide range of characters,
including letters, numbers, punctuation marks,
and special symbols.

EBCDIC e&mde, o, BN® g ©® Dewd
€506 GFr® 5OC SONHED GFBBO BEM) MG
ewmda.

e T —
3 = > — —
z 2 L B B E Z
[a
o O O O el = w0
a a a a o z )
[a
2 " 9 % .
8 8 v = &z =5 &
3 = pd ]
o
> x & Bz
4 o
wv
5 &
6 - /
7
8 a b C d e f
9 j k I m n o
A ~ S t u Y w
B A
C { A B C D E F

While it's not directly compatible with ASCII,
there are conversion methods to translate

between the two.

B ASClH 60®m taed MBS DS, 6D

g0 sHOBDHDEG BHBO VOV PO Hed.

2 8 £
@) zZ
O < >
a (W] ]
3 < o
[N W] wm (V]
= %)
e 8 £
!
I
I
g h i
p q r
y z
G H |
P Q R
X Y Z
8 9

57

RPT

SM/SW  UBS

RFF

CuU1 VT

CSpP

Cu3

MFA IFS FF

DC4

IGS CR

ENQ

NAK

IRS SO

ACK

SI

IUS/ITB

BEL

SUB

I+

EO
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https://en.wikipedia.org/wiki/Null_character
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#SOH
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#STX
https://en.wikipedia.org/wiki/End-of-text_character
https://en.wikipedia.org/wiki/EBCDIC#SEL
https://en.wikipedia.org/wiki/Horizontal_Tab
https://en.wikipedia.org/wiki/EBCDIC#RNL
https://en.wikipedia.org/wiki/Delete_character
https://en.wikipedia.org/wiki/EBCDIC#GE
https://en.wikipedia.org/wiki/EBCDIC#SPS
https://en.wikipedia.org/wiki/EBCDIC#RPT
https://en.wikipedia.org/wiki/Vertical_Tab
https://en.wikipedia.org/wiki/Form_feed
https://en.wikipedia.org/wiki/Carriage_return
https://en.wikipedia.org/wiki/Shift_Out
https://en.wikipedia.org/wiki/Shift_In
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#DLE
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#DC1
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#DC2
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#DC3
https://en.wikipedia.org/wiki/EBCDIC#RES/ENP
https://en.wikipedia.org/wiki/EBCDIC#NL
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#BS
https://en.wikipedia.org/wiki/EBCDIC#POC
https://en.wikipedia.org/wiki/Cancel_character
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#EM
https://en.wikipedia.org/wiki/EBCDIC#UBS
https://en.wikipedia.org/wiki/EBCDIC#CU1
https://en.wikipedia.org/wiki/File_Separator
https://en.wikipedia.org/wiki/Group_Separator
https://en.wikipedia.org/wiki/Record_Separator
https://en.wikipedia.org/wiki/Unit_Separator
https://en.wikipedia.org/wiki/EBCDIC#IUS/ITB
https://en.wikipedia.org/wiki/EBCDIC#DS
https://en.wikipedia.org/wiki/EBCDIC#SOS
https://en.wikipedia.org/wiki/EBCDIC#FS
https://en.wikipedia.org/wiki/EBCDIC#WUS
https://en.wikipedia.org/wiki/EBCDIC#BYP/INP
https://en.wikipedia.org/wiki/Line_feed
https://en.wikipedia.org/wiki/End_Transmission_Block_character
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#ESC
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#SSA
https://en.wikipedia.org/wiki/EBCDIC#SFE
https://en.wikipedia.org/wiki/EBCDIC#SM/SW
https://en.wikipedia.org/wiki/EBCDIC#CSP
https://en.wikipedia.org/wiki/EBCDIC#MFA
https://en.wikipedia.org/wiki/Enquiry_character
https://en.wikipedia.org/wiki/Acknowledge_character
https://en.wikipedia.org/wiki/Bell_character
https://en.wikipedia.org/wiki/Synchronous_idle
https://en.wikipedia.org/wiki/EBCDIC#IR
https://en.wikipedia.org/wiki/EBCDIC#PP
https://en.wikipedia.org/wiki/EBCDIC#TRN
https://en.wikipedia.org/wiki/EBCDIC#NBS
https://en.wikipedia.org/wiki/End-of-transmission_character
https://en.wikipedia.org/wiki/EBCDIC#SBS
https://en.wikipedia.org/wiki/EBCDIC#IT
https://en.wikipedia.org/wiki/EBCDIC#RFF
https://en.wikipedia.org/wiki/EBCDIC#CU3
https://en.wikipedia.org/wiki/C0_and_C1_control_codes#DC4
https://en.wikipedia.org/wiki/Negative-acknowledge_character
https://en.wikipedia.org/wiki/Substitute_character
https://en.wikipedia.org/wiki/Space_character
https://en.wikipedia.org/wiki/%C2%A2
https://en.wikipedia.org/wiki/Full_stop
https://en.wikipedia.org/wiki/Less-than_sign
https://en.wikipedia.org/wiki/Parenthesis
https://en.wikipedia.org/wiki/%2B
https://en.wikipedia.org/wiki/Vertical_bar
https://en.wikipedia.org/wiki/Ampersand
https://en.wikipedia.org/wiki/!
https://en.wikipedia.org/wiki/$
https://en.wikipedia.org/wiki/Asterisk
https://en.wikipedia.org/wiki/Parenthesis
https://en.wikipedia.org/wiki/;
https://en.wikipedia.org/wiki/%C2%AC
https://en.wikipedia.org/wiki/Hyphen-minus
https://en.wikipedia.org/wiki/
https://en.wikipedia.org/wiki/%C2%A6
https://en.wikipedia.org/wiki/,
https://en.wikipedia.org/wiki/%25
https://en.wikipedia.org/wiki/Underscore
https://en.wikipedia.org/wiki/Greater-than_sign
https://en.wikipedia.org/wiki/%3F
https://en.wikipedia.org/wiki/%60
https://en.wikipedia.org/wiki/Colon_(punctuation)
https://en.wikipedia.org/wiki/Number_sign
https://en.wikipedia.org/wiki/@
https://en.wikipedia.org/wiki/Apostrophe
https://en.wikipedia.org/wiki/Equals_sign
https://en.wikipedia.org/wiki/%22
https://en.wikipedia.org/wiki/A
https://en.wikipedia.org/wiki/B
https://en.wikipedia.org/wiki/C
https://en.wikipedia.org/wiki/D
https://en.wikipedia.org/wiki/E
https://en.wikipedia.org/wiki/F
https://en.wikipedia.org/wiki/G
https://en.wikipedia.org/wiki/H
https://en.wikipedia.org/wiki/I
https://en.wikipedia.org/wiki/%C2%B1
https://en.wikipedia.org/wiki/J
https://en.wikipedia.org/wiki/K
https://en.wikipedia.org/wiki/L
https://en.wikipedia.org/wiki/M
https://en.wikipedia.org/wiki/N
https://en.wikipedia.org/wiki/O
https://en.wikipedia.org/wiki/P
https://en.wikipedia.org/wiki/Q
https://en.wikipedia.org/wiki/R
https://en.wikipedia.org/wiki/~
https://en.wikipedia.org/wiki/S
https://en.wikipedia.org/wiki/T
https://en.wikipedia.org/wiki/U
https://en.wikipedia.org/wiki/V
https://en.wikipedia.org/wiki/W
https://en.wikipedia.org/wiki/X
https://en.wikipedia.org/wiki/Y
https://en.wikipedia.org/wiki/Z
https://en.wikipedia.org/wiki/%5E
https://en.wikipedia.org/wiki/Square_brackets
https://en.wikipedia.org/wiki/Square_brackets
https://en.wikipedia.org/wiki/Brace_(punctuation)
https://en.wikipedia.org/wiki/A
https://en.wikipedia.org/wiki/B
https://en.wikipedia.org/wiki/C
https://en.wikipedia.org/wiki/D
https://en.wikipedia.org/wiki/E
https://en.wikipedia.org/wiki/F
https://en.wikipedia.org/wiki/G
https://en.wikipedia.org/wiki/H
https://en.wikipedia.org/wiki/I
https://en.wikipedia.org/wiki/Brace_(punctuation)
https://en.wikipedia.org/wiki/J
https://en.wikipedia.org/wiki/K
https://en.wikipedia.org/wiki/L
https://en.wikipedia.org/wiki/M
https://en.wikipedia.org/wiki/N
https://en.wikipedia.org/wiki/O
https://en.wikipedia.org/wiki/P
https://en.wikipedia.org/wiki/Q
https://en.wikipedia.org/wiki/R
https://en.wikipedia.org/wiki/%5C
https://en.wikipedia.org/wiki/S
https://en.wikipedia.org/wiki/T
https://en.wikipedia.org/wiki/U
https://en.wikipedia.org/wiki/V
https://en.wikipedia.org/wiki/W
https://en.wikipedia.org/wiki/X
https://en.wikipedia.org/wiki/Y
https://en.wikipedia.org/wiki/Z
https://en.wikipedia.org/wiki/0
https://en.wikipedia.org/wiki/1
https://en.wikipedia.org/wiki/2
https://en.wikipedia.org/wiki/3
https://en.wikipedia.org/wiki/4
https://en.wikipedia.org/wiki/5
https://en.wikipedia.org/wiki/6
https://en.wikipedia.org/wiki/7
https://en.wikipedia.org/wiki/8
https://en.wikipedia.org/wiki/9
https://en.wikipedia.org/wiki/Eight_Ones

EBCDIC vs ASCIl Encoding Systems Difference
EBCDIC ®80® ASCIl eo® 8dBed edwmes

Character EBCDIC Binary EBCDIC Hexa ASCII Binary ASCIl Hexa

A 1100 0001 C1 0100 0001 41

B 1100 0010 c2 0100 0010 42

a 1000 0001 81 0110 0001 61

b 1000 0010 82 0110 0010 62

1 1111 0001 F1 0011 0001 31

2 1111 0010 F2 0011 0010 32

CAPITAL LETTERS SIMPLE LETTERS

Character|Hex Code|Binary Character | Hex Code | Binary Character |Hex Code |Binary

A C1 1100 0001 a 81 1000 0001| |0 FO 1111 0000

B c2 1100 0010 b 82 1000 0010| |1 F1 1111 0001

C C3 1100 0011 C 83 1000 0011} |2 F2 1111 0010

D Cc4 1100 0100 d 84 1000 0100| |3 F3 1111 0011

E C5 1100 0101 e 85 1000 0101| |4 F4 1111 0100

F C6 1100 0110 f 86 1000 0110| |5 F5 1111 0101

G Cc7 1100 0111 g 87 10000111} |6 F6 11110110

H C8 1100 1000 h 88 1000 1000| |7 F7 11110111

| c9 1100 1001 i 89 1000 1001| |8 F8 1111 1000

J D1 1101 0001 j 91 1001 0001| |9 F9 1111 1001

K D2 1101 0010 k 92 1001 0010

L D3 1101 0011 | 93 1001 0011] |+ 4E 0100 1110

M D4 1101 0100 m 94 1001 0100| |- 60 0110 0000

N D5 1101 0101 n 95 1001 0101 4B 0100 1011

O D6 11010110 o 96 1001 0110| |/ 61 0110 0001

P D7 1101 0111 p 97 1001 0111] |, 6B 0110 1011

Q D8 1101 1000 q 98 1001 1000| |( 4D 0100 1101

R D9 1101 1001 r 99 1001 1001| |) 5D 0101 1101

S E2 1110 0010 s A2 1010 0010 (& 50 0101 0000

T E3 1110 0011 t A3 1010 0011] |! 5A 0101 1010

U E4 1110 0100 u A4 1010 0100| |$ 5B 0101 1011

\Y; E5 1110 0101 v A5 1010 0101| |# 7B 01111011

W E6 11100110 w A6 1010 0110| |@ 7C 0111 1100

X E7 1110 0111 X A7 1010 0111]  |% 6C 0110 1100

Y E8 1110 1000 y A8 1010 1000 7D 0111 1101

z E9 1110 1001 z A9 1010 1001 7A 01111010
? 6F 0110 1111
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Advantages of EBCDIC
EBCDIC & 08

With fewer bits needed to represent a character,

the code is more efficient.
FRBBHGD Bdzesgnn BB DS DY) ®HID
&8)D® gm0, G DEND DIVEWB® 6D.

Unlike ASCII, it includes built-in error-checking
capabilities.
ASCll 6®%5 620, 8 ecis BYEBEe® BHrSHEIDSE,
HTES 6D.

Disadvantages of EBCDIC
EBCDIC & een8

There is fewer software available that can work
with it because it is not as commonly used as
ASCII.

B ASCl 208 RKEd Do) 6Dn &t OB
B0® OB wE HD Dagio® &),

Data alteration between EBCDIC and ASCII is
more challenging than it is with ASCII.

EBCDIC e ASCIl g6 e edmed S5® ASCII
BO® O8N FHGEIMDOD .

Other computer makers are incapable to use
EBCDIC without a license from IBM since it is a
proprietary code that the company created.

6D sd®HD BBenewBS0 IBM 8 Deesmes

@50 EBCDIC 4)85) S0 em®ed Dsdees
Do ©Hnd® B SH@IENn ®O® EC BBWIO
GDHED OB DedE.

Though EBCDIC is not common in new systems,
its continued presence in mainframes, financial
systems, and legacy applications makes it
essential in certain enterprise and government
infrastructures.

20 520850@ EBCDIC t3p® 6280, D6 5ih®
08, Gas &EOS Bm cO® 6reBDR GRS
&stO8®  gre® Osden ©® OKed OoE
D50 G D6 Fosd®s 68.
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4. Unicode

Unicode is a universal character encoding
standard that provides a unique number for
every character across languages and scripts,
making almost all characters accessible across
platforms, programs, and devices.

OBl 6y ®® o S5S30 ®o® ©z®
SFBBOBDOR FXDDB ot 5853 BB o

WO HIBGES, 65w, BOBeOHs ®
Ee0® $O®) BEE® g 6560 5edm Do ®wom.

Unicode was first created by Joe Becker from
Xerox in 1987. The first version was released in
October 1991 with 7,161 characters.

O5eIR) GBSO SH@Ec e Xerox Hnm®ecs
ees) e B8 1987 &x. o axdires 1991
DBV @6 awed 7161 83 Bs O6®
@&.

The Unicode Consortium,
organization  that
development which includes full time member
companies like Adobe, Airbnb, Amazon, Apple,
Meta, Google, Huawei, IBM, Microsoft, Netflix,
and Ministry of Electronics
Technology India,
University of California.

OB BeBE™MEG (BX) YN DB EHS HEDD
@0 208 oow 808® Unicode &00bHR®G
BRDBDDOBIEB DOD @M GO t50DNDEE

the non-profit

coordinates  Unicode's

and
the

Oracle,

Information and

MINISTRY OF
%, ELECTRONICS AND
# INFORMATION TECHNOLOGY
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NETFLIX Google

ORACLE

. M

It has expanded the character set to over
143,000 characters covering 154 modern and
historic scripts, as well as symbols, emojis, and
other graphical characters and even musical
notation.

Do 68 O» B0 2B 656 6OS®ED GO OB®
154:5 6®® 506w, 96O 6w 60D W
B0 59 50BD Lo S OB B 5OE
ged 006 gwed 143,0000 98 503 @0
.

amazon

Unicode can theoretically handle over a million
code points, futureproofing it for generations to

come.

GBI ®0 DMEHDTODE GgEB0 BBHE®EO
O8) ®eBODn ®e gmd, Do 98D OBSGIDS
BEX) EFDDDEEE NBDB D®HAOT OB,

Unicode includes ASCII as a subset.
5e® o emn 6@ ASCI gnes 68.

' ™
UNICODE
EBCDIC
% J
NOTE:

EBCDIC is not a subset of Unicode.
8ei® EBCDIC ¢ memes 6a0ed.
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Unicode supports several encoding forms.
OBeIR) 6w IO BBBEDO BHE WO,

1. UTF-8

UTF-8 is a variable-length encoding scheme
that can represent every Unicode character
using one to four bytes.

UTF-8 cn 800 63 ®oded o8 088
2@ B aedrs® Seismn e BT
BOEB-E® 650 9OGES.

Commonly used on the web, in databases, and
for file storage due to its efficiency and
compatibility.

8 WEDBODD  ©5®  OreHd 65medS

gBVHEEE, e BEEE B 6™ G
S50 e3e®) XD Do) 6.

2. UTF-16

Another variable-length encoding scheme that
uses either two or four bytes for each character
is known as UTF-16.

D O gsd em RBO e 6m] ®HHOW
D OB DO DDES-E® 65O OGS

6@t UTF-16 cx508.

Widely used in environments like Windows and
Java, and suitable for applications where
memory efficiency is than
processing speed.

DeSetieS e eHE) DS sdeddr RHED ®HXDem
D® gm0, owe® 6Decd 8 oD

VBB h) BOINEOD 6D 3EM) €366
5.

less critical

3. UTF-32
UTF-32 uses a fixed-length encoding of four
bytes for every character.

UTF-32 2@ aguiedns semm® B0 ®odm
MG E® 65D EE I8 OB

Simplifies character processing since every
character has the same byte size, making it
easier to calculate offsets.

2320 B0nmO® Dw® DBO NG &t DedeS

g8 erB® 6o OB, dn Beesd ®&®E
B8 eseweg DOE.
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According to the syllabus, each character is Each character uses 1 byte, so the word "Hello"

represented by 16 bits. would take 5 bytes.

Do BHedmnd gNd 650 e0emEs® DO 16 020 FNEEBHMNEEE dBOES ®don OB,
B Bozssene OB DD "Hello" o &Omc B0 5& @8.
Number of maximum characters that can be UTF-32

represented by 16 bits combinations. Each character uses 4 bytes, so "Hello" would
Q) 16 2 3060355 DD DO BOzSLNEG DE®TED take 20 bytes.

5D® 5065 5@
c © S 020 SHEDBIGEHE VBO 4 O OB,

=216 = 65536 DS "Hello" @80 205 ®8.

Thus, Unicode encodings that use more bits per
character require more storage and
transmission time than ASCII for the same text.
6® gx9d, D FHEDBHE0 O DY DD DOD
5EIR 6O DO D esem) ASCI &)
8 ®REN 9B 5% ©BeLBEN HRG FO®S 68.

Consider the word "Hello".
"Hello" o dD®6¢ 5o Des®.

ASCII

Comparison between several Unicode forms
E8enid) pwad BBers o B30eBeHE

Encoding |Byte Maximum Characters | Characteristics Common uses

form length cob® gREesn ®HMHD DS exg Do

cO® B0 Em

PwaBo

UTF-8 1to 4 bytes | 1,112,064 Can change size, works with | Web pages,
ASCII, popular online databases, email

5@ D% BE DG, |60 8], o
ASCIl &®0® 8 08, 0806s, 56838
FBBHEEES SHGEG 68

UTF-16 2 or 4 bytes | 1,112,064 Most characters use 2 bytes; | Windows, Java
some use 4 bytes applications
e} amed 80 2| DDetdd, ) 8
O wOB; BHG DGO |eBED

45 25,088 OB

UTF-32 4 bytes 1,112,064 Same size for all characters, | Text  processing,

easy to calculate internal use

Bog® ged oem On® &) €3E30),
&5®#nes, ®HE OO | gsnd HOzessnn
eIEYC
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Advantages and Disadvantages of Unicode coding system
a5enid) edomdsn ocdBed OB wm s

Aspect Advantages Disadvantages

0,8 fe/ )
Language Support Works with most languages Some rare languages and symbols
«N®) EIWDID 6@6®]I ©H) BO® HC) WOLB.

are missing
gec® chom  ®Ie
SFDO®D WO L.

[SIORE e CinTe)

Consistency
FRQOND

Same character looks the same

everywhere
D@ gRNOBBL @O O
GBS SO8.

Some old systems may not work with

Unicode
BB®O 5tOF LS R ©O®
Ho) 6OH) .

Special Characters
Bems gnEesn

Has symbols, emojis, and math

characters
506D, 9638 ©®w BN HBd
.

Needs the right font type to display

properly
BOOED 6553000 BOOE gmbdc
OB®G OGS 68.

Encoding Flexibility
eBmO HOBP VO

UTF-8, UTF-16, and UTF-32 use
different sizes for storage

UTF-8, UTF-16 &® UTF-32 ®&»
OO escm) BBR) 38180 O wOE.

Complicated to work with because

sizes vary
5®gn xS Ben
30080 68.

Soon B®

ASCIl Compatibility
ASCIl gxxeo®

Matches older ASCII codes for easy
use

ooty dme e otogn  ASCI
B BTRGE.

Uses more space and memory for
non-ASCl| text

ASCIll 0 50 esem) D) @ik 59
BWED DD OB.

Web and

Standard
eOR e Bacto® 8B

Software

Used widely on websites and in

software
6D ¢d dE ©®» ®ao® B
DD O 8.

Older programs

support it
235080 DS Dm0 3BHENGHESO
B GINEBOEB.

may not fully
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Feature BCD ASClII EBCDIC Unicode
QB
Purpose Represents decimal |Represents basic Represents characters |Represents
08 numbers in binary  |English characters |mainly on IBM characters from all
form and symbols mainframes languages and
00r podensl  |QB® Q0E8 gt dmensS IBM  [symbols globally
C®® 05 FROWBLY BB 5 98 O@ e®3B® D®EnS
Beniswnn OB 806D HewIBHG  |axnoesn Seclsnn |[Bog® mne) oo
@B DOB 3065 DBS
FRODBE
Bewnismn ot
Bit Size 4 bits per decimal |7 bits (often 8 bits (1 byte) Variable / 8®@s
9 g®s  |digit extended to a full ®9 8 (@80 1) (UTF-8: 1-4 bytes,
€60 9eEim®m0 B9 | byte) UTF-16: 2 bytes,
45 29 7 (e@ew3 8O UTF-32: 4 bytes)
BN DBOGE e
2Wes 68)
Character Supports only Supports 128 Supports 256 Supports thousands
Support numbers 0-9 characters (English  |characters, mainly of characters and
RSB 23021 0-9 e letters, numbers, English and symbols |symbols (languages,
©®IG 0 em6 OB |symbols) anesesn 256 5t  [emojis, etc.)
FREE®e 128 tem) [D®ernsS goB8 t® FNETBL
BHE OB (9oBS |BoeED BEM) BWG 06D ¢we
a8md, o, toesso) |06 ®ENDDO W
e (98, 9638,
E®)
Compatibility [Not compatible with |Widely compatible |Not compatible with |Includes ASCII
®TeH® ASCIl or Unicode in older systems ASCll or Unicode compatibility
ASCIl @3 Unicode |256080 £080@0 ASCll @3 Unicode ASCll aaymeond
SO® EBTEEES 5OG 6@e FANE 68 |sem DTG FES 68
Usage Calculations and Basic text files, IBM mainframes, Takes more space
006 older financial and and time to transmit

digital displays
®HDG HOO 59
oD 30cHHD

legacy systems
BB D 6™,
0@ &S

business systems

IBM gthe 6@ D@,
508D QB 58 OeNO
SlIAle)

&BegBsnc SOOO
Rl¢ARSAINERID)
EED ®DES

65
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Representing  negative  numbers in

computers
sO®MDOE 5N SodB) Bozesns SBO

Unsigned magnitude representation
Q%) OB B3R BozseNn

Here, a binary number is always considered to
be a positive number. Negative numbers cannot

be represented using this method.

cOBE £BOG 30D Ed®DOB OB 50RO
6E HEDB. 600 PO OBS gy 3D
Bozesgne HHO Bee 6.

1bit -0and1

s 1> 1

2 bits - 00to 11 (310)

00— 0
[DC: 01— 1
\> 10—>2
S 11— 3

3 bits - 000 to 111 (710)

000
001
010

011
100
101
110
111

2E22 22T

4 bits - 0000 to 1111 (1510)

5 bits - 00000 to 11111 (3110)

6 bits - 000000 to 111111 (6310)

7 bits - 0000000 to 1111111 (12710)

66

Maximum range of
numbers which can be
represented using n bits

¥ N ®HMHDD 6EIHSBS
Bozesgns e ot csd®
€30R)2) e3GOIECD

0 to (2N-1)

8 bits - 00000000 to 11111111 (25510)

-00000000 | 0
[LTTTTTT] :
M1111111 § 255
A T
I I .
0 255

Examples:

29 = 00011101>
90 =010110102
220 = 11011100,

NOTE:

Any number of bits can be used while using
negative number representation methods but
according to the syllabus 8 bits must be used.
3080 £30R%) Hdzesgns HVe® P® B o HHEBE

Boz® DY K D) e ¥ 9Oe Bvn
BVEEHHO and aSBBens DY 8 D) DS

0.
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Signed magnitude representation.
o) 88D 805 Sozsgne

This is a straightforward way to represent

positive and negative binary numbers.
6®0 O® 5% tagn COBG 30D BOzLMH BHOO
0@ DBGS.

The leftmost bit of a number (MSB or the Most
Significant Bit) represents the sign of the
number.

200D OBses® e QD (MSB ex) 8@
6Dt D0D) DO odmed omEn SBeniswo
WOEB.

'0" indicates a positive number.
'0' O® 630D Edzesgne wOE.

1" indicates a negative number.
" e5agn €300 EOzesHE WOB.

The remaining bits represent the absolute value

(or magnitude) of the number.
980 D ©oded Boedwew g®®G
BEEBOB) HdEesenn DO,

(63

NOTE:
Single bit cannot exist in a signed magnitude

representation. There should be at least 2.
oQRE] 65D B Bogwedt o8 QDD
@8 5cOBG 6D, FOB D®en® 2 > O
BRs .

When we take 2-bit numbers,
9 2 8 3005 3cRSDeDE,

F» 00—+0
01—+1

r—)

\> 10—>-0
L) 11— -1
00 isnormally 0 but now +0
01 isnormally 1 but now +1
10 is normally 2 but now -0
11 isnormally 3 but now -1

67

When we take 3-bit numbers,
Q9 3 B 305 BTESDE,

000 —+0

001 — +1

010 —>+2

011 —+3

100 — -0

101 — -1

110 = -2

111 — -3
000 isnormally 0 but now +0
001 isnormally 1 but now +1
010 isnormally 2 but now +2
011 isnormally 3 but now +3
100 isnormally4  but now -0
101 isnormally 5 but now -1
110 isnormally 6  but now -2
111 isnormally 7 but now -3

Usually, we take 8 bits to represent the number

as the default.
E0@DBEES 30D BB 6@ BOzENG HOHO
sem B 8 oo OB.

/DOOOO 0000 +0
—>» 0111 1111 +127

L , S>> 1000 0000 -0
T Magnitude M 127
Sign
—> 0 - Positive _ 1=27 _=0 } N
—> 1 - Negaitive +0  +127

Using this method, we can represent both
negative and positive values using 8 bits
ranging from -127 up to +127 instead of
representing positive numbers ranging from 0
to 255.

6®0® Pdenx d] 8= WD @O 0 8O 255 e
8) Q2 303 Heriswn oD 6DXDO -127 &0

+127 c8n 8 tagn 0 0B FOnS 6cm®
Bozesgns g ®m.
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Example:
in 8-bit sign-magnitude

00000101.
10000101.

Positive 5 is
Negative 5 is

If we take less than or more than 8 bits the

range will differ as follows
9 80 OE) gfled} 6m3 OB D®ErES RIBS
B0 85G35 55 5BHE 6D®ES 685.

1 bit incompatible

2 bits -1to +1

3 bits -3to +3

4 bits -7 to +7

5 bits -15to +15

6 bits -31to +31

7 bits -63 to +63

8 bits -127 to +127

9 bits -255to +255

10 bits -511 to +511

Examples:
+43 = |0 |0101011
-58 = | 110111010
+99 = |0 |1100011
-123 = |1 [ 1111011

KSign bit

Values represented
increase by 1

Values represented
increase by 1

eadq

|
|

9ZT+

T-

TITe | STT+
Tttt

0000 0000 —— O+
Teea 0600

art

TIT TITG

TIT TITO | LTI+
0000 8001 | @-
060 8001

TO0 060T | ¢
Tetrt

OTTT TITT

TTIIT TITT

T
]
T
T
]

Binary values increase by 1

|

Sign-Magnitude Representation

68

Advantages of

representation.
Qg 88D 308 Bbzesgnens O

Signed magnitude

This resembles human use of positive and
negative decimals, separating the sign from the
magnitude for easier understanding.

600 O® &% tagn cHODE D ©HDDEBO 381D

D® amd, 59§eds ORI @O ®TEO e
Qe BNEBO6HES 68 DOB.

Hardware design is simpler. Converting
between positive and negative involves flipping
the sign bit.

cadlo® SB@gnc aOEB. D% 3w agn Do
DOBD®E BH® o) DY 630B® erREs 68.

Disadvantages of

representation.
ong) 885D B0 Eozesgnen® gl

Signed magnitude

Two zeros are represented, one positive and

one negative.
BRDB GEWD B 68, D DD 651 Fs5 D
€5a0.

This leads to complications in hardware and
software and the number of representable
values is one less considering other

representations of the same number of bits.
60 catNo® €38 Bagtmio® DE E3omE &L WOD
g0 D@ ] oD DD WOD FODWS
BOzesE D DiBeBE cROBS BOzsENs B
oD FBES 505D DS epf) 685.

and
incorrect

Arithmetic operations like addition
subtraction become complex, as
results may occur without separately evaluating
the sign and magnitude.

QRE & IGEBOG 60® 6ON® rOBOBS
60D 08 8O@ ot Bn ul DS, D

OO 39 epf) BOO® D& erod ®EFD ) 305HEN
6d.
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Complementary arithmetic
FREoD VDA

Complementary arithmetic is a method of

subtraction by addition.
#RIOD DENDEB B D BOO gxeNdenS af)
85058 8B ©O® PBGS.

For that, we should understand the concept of

positive and negative.
& eseen O» &agn sow@sn B8Red gdeR30n
e BOG GmE.

+5 + +2=(+7
+5 +-2 =(+3

-5 ++2 =3}

-5 +-2=[7]}

+5 - +2 =[+3}
N i
5 -2 =)
-5 _ -2 =

9’s complement (Not in syllabus)

Here, let's use base ten numbers with 4
digits for the calculation.

cOBE wémmn BO® eH) 9emmd® 48
85 e e 50 DD DOE.

The second number should be smaller
than the first one used for the

calculation.
cOBE ®HIHE BOO® BEH) GISIDBE)
568 50D DE) 6D 30D WEN

B @me.
Example:
—|->1O 10 10
45— 341121 3, —@D
-0 9 8 Tw —@2
4 4 3 610
9 9 9 910
-0 9 8 T —@D
9 0 1T 250 —@

[9's com]

69

5 4 2 30 —@D
+ 9 0 1 20 —@3d
> 4 4 3 5
+ 1
4 4 3 610
—» overflow

Here in the last step, 1 is added only to get the

respective answer.
8 gD BrdebE gog B8O @S
B 508 1 Do ®oO% Qred.

But here, a subtraction is used to obtain
n3. As an alternative to this, the number
replacement method can be used.

2 608 N3 eI O gf) SO
D O . 60G0D DB 6@
o5 BBBMNBD OG NS B
BB,

O <—
o
N <
~ <
o0 <
© «—

10’s complement (Not in syllabus)

Here let's use base ten numbers with 4
digits for calculation.

cOBE @EHHE BOO BEeH) 9B 4
B8 6 6@ 50D DD DOE).

Example:
—|-> 10 10 10
4% 39 12 34y ——@D
-0 9 8  Tw —@D
4 4 3 610
9 9 9 910
-0 9 8 70 —@D
9 0 1 20 —@
+ 1 [9's com]
9 0 1 3

[10’s com]
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8’s complement (Not in syllabus)

5 4 2 3 —@D
_J:\ 9 0 1 310 _® Here let's use base eight numbers with
(1> 4 4 3 6w 5 digits for calculation.
cOBE ®MDG BV eH) RO 53
— overflow 8D g6d e 0B NS DO,

7’s complement (Not in syllabus)
Example:

Here let's use base eight numbers with 5 digits

for calculation. _|’7\8‘_'8 _|" 8 8

2°3- 0 33— 1R Ts

COBE ®EHEB BOO BE®) 9RH™® 5 8D ged

eNEEME 5o ©0D) DOF. -0 5 / 6 28
2 2 4 3 78

b

Example:
7 7 7 7 7
78.—»8 8 8 8
g | 0 5 7 6 2 —@
23 0 12— 1 —@D 7 2 0 1 5 —@
; 8
0 > ! 6 2 —® + 1 [7's com]
2 2 4 3 7s
7 2 0 1 6s —0d

[8's com]

7 7 7 7 73

-0 5 7 6 28 —@D
—@

7 2 0 1 5g
[7's com] =‘L>
overflow

30 4 2 1 ——@D
+ 7 2 0 1 5 —@
> 2 2 4 3 6
+ 1
2 2 4 3 77
—» overflow

But here a subtraction is used to obtain n3. As
an alternative to this, the number replacement
method can be used.

2O 608 N3 e TO gf) BOOD NS
@6 &, 6®B0 D ekt 6@ 6505 BEIDID
DO O DG ®TDEG.

Vo ¥ ¥
0 1 2 3 4 5 06 7

Y2
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1’s complement
18 gagdon

One's complement was a method used to
represent positive and negative integers in early
computing systems.

18 exdme X #8603 sd®ED BEASDE O
&0 5% BDE Bewiesmnn BDHO seH) D) D
DOGE.

Here the complement of a number is found by

inverting all the bits.
cOBE oD FRIOWB GENMEBE QRBGS
8B0e® ¥ 6:30860S.

(changing 1s to Os and Os to 1s).
(18 0 esen s 0 T 1 ee) 6dmed HBO).

It is used to represent the negative numbers of

its original number.
D5 BF oD% 3agn 30D BOzesEN BHOO
D) OE.

Let’s consider 2 bit One’s complement.
9 2 », Ded exdme HBED DRY.

00 isnormally 0 but now +0
01 isnormally 1 but now +1
10 isnormally 2 but now -1

11 isnormally 0 but now -0

Let’s consider 3 bit One’s complement.
9 3, Ve exedme B VRY.

000 isnormally 0 but now +0
001 isnormally 1 but now +1
010 isnormally 2 but now +2
011 isnormally 3 but now +3
100 isnormally 4 but now -3

101 isnormally 5 but now -2
110 isnormally 6  but now -1

111 is normally 7 but now -0

71

As the standard number of bits used to
represent one's complement numbers in the
syllabus is 8-bits, the binary number should be
written in 8-bits whether it’s either positive or
negative.

Do Sbecuws DG D osxd 50D
Benismnn OO0 ®HDo) @O® DG ¥ 8
oy ABDBL D 61 gy Doz® EOOG
058 DY 8 B B8n i

Using this method, we can represent both
negative and positive values using 8 bits
ranging from -127 up to +127 instead of
representing positive numbers ranging from 0
up to 255.

Q0 8 = D) WOTS 608 WBG 6re OO eesd
0 80 255 38 § A 3025 Herisnn DODEN

6RO -127 8O0 +127 o) § tagn 6% O
BOEE 6O BOZSHG DG HD

in 8-bit one’s complement
Positive 5 is 00000101.
Negative 5is  11111010.

If we take less than or more than 8 bits the

range will differ as follows
R0 80 O GRedS 653 il DBEHES ERIGS
80 esteses s B8 6dmel 68

1 bit incompatible
2 bits -1to +1

3 bits -3to +3

4 bits -7 to +7

5 bits -15to +15

6 bits -31 to +31

7 bits -63 to +63

8 bits -127 to +127
9 bits -255 to +255
10 bits -511 to + 511
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This was used in some older computer systems
for subtracting numbers by adding the one's
complement of one number to another

number.

6@ ©®®HO 5o Do EASDe O
OB FHLOWEH DD FomnmO D) HDe®S
205 &f) BOO ese®) D) oD E.

This is also used in some error-detection

systems.
6®n ©@®0 6cls HEMEEHe® oS Oee
O 68.

Example:
n1-n2 (n1>n2)

101 00 10 1. —@D
-0 1 110 1 10 —0D
0010 1 1 1 1,
T 1 1 1 1 1 1 1,
-0 1 1.1 01 10 —0D
E1 000 10 0 1. —0d
[1's com]
NOT gate
10100 10 1, —@D
+ 1000 100 1, —@
(130 001 0 1 1 1 0
+ 1
0010 1 1 11
—» overflow

NOTE:
Here, the bit inversion can be done while

getting the one's complement.
cOBE D FHHODG EI®IDEBE DY BRI
BLO 8g g ®THG.

Here, “1” should be added at the end only if an

overflow bit is present.
cOBE dewed 11X Dy DG GBS 9O
OB PO S5OHDEMS 5O

72

Example 02
n1-n2 (n1=n2)

=5-5>5+(-5)
+52> 00 000 1 0 T.—@D
-5 2 Invert +5
1T 11110 1 0—nD
[1's com]
00000710 1,—@D
+ 111110 10—
T 1 1 1 1 1 1 1,
+ 1
(130 0 00 0 0 0 O
overflow
Example 03
n1-n2 (n1<n2)
=20-35->7?
=20 + (-35)
+20 > 0 0 0 1 0 1 0 0. —Q@D
+35 2 0 0 1 0 0 0 1 1,
-35 2 Invert +35
1T 101 1 10 0, —nD
[1's com]
00010 10 0—@D
+ 1. 1.0 1 110 0,—0D
1711 1 0 0 0 0

1 is not added because there is no discard bit

here.
cOBE 9DH®EIEEd DD S Hen 1D
D) 63IWOE.
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Advantages of 1’'s complement
Dend guudmend 3

1's complement is relatively easy to implement,
requiring only bitwise inversion.

Do aundoms S SVOO 6855530
5®80, OGS D568 DOENNd $Se@I® @4.

Disadvantages of 1’s complement
Do gEdmen®d g3

Two representations exist for zero, which can
lead to complications in arithmetic operations

and comparisons.

BROB BEE) BOZSHNHS 6 O, OB o
@O 60eHED 650 558D DEE t30m@D) &S
DG BTW.

limited
compared

1's complement has a
representable numbers

complement
6Ce™S BFRHODBO 6580 Dew® ENeIODEO
Benismnn ¢ ® e50d5) BB OIS FrD

range of
to 2's

73

2’s complement
28 gxnndon

Two's complement is an alternative method
used to represent positive and negative
integers in modern computing systems.

Two's complement g ©8®» sBoénD A8
D® 5% 58N BDE Herismn SO® tsem) DM
26» Bodes 9OGS.

Two’s complement value for a negative number
is found by first finding the One’s complement

and adding 1 to it.
) RO BEE) 6CeDS MO H®E
GENDMBE EIBESN ©ecD Ded® aHHOWEG

6eEIE®H B0 1 D SHeES.

Let’s consider 2-bit two’s complement.
9 2 », 66 RO BED DRE.

00 isnormally 0 but now +0
01 isnormally 1 but now +1
10 isnormally 2 but now -2
11 isnormally 0 but now -1

Let’s consider 3 bit two’s complement.
9 2 », e EXOmG BED DRY.

000 isnormally 0 but now +0
001 isnormally 1 but now +1
010 isnormally 2 but now +2
011 isnormally 3 but now +3
100 is normally4  but now -4
101 isnormally 5 but now -3
110 isnormally 6  but now -2
111 isnormally 7 but now -1
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As the standard number of bits used to Example 01
represent one's complement numbers in the n1-n2 (n1>n2)
syllabus is 8-bits, either positive or negative, the

binary number should be written in 8-bits.

B Sbecmwn G 6c6E oD 50D -
Bewnison SHBO N0 0» ©8dmHe 9 8
£30R2%) DS, QD 613 agn Dwz® EDBG o
Q9 8 855 B8x ge.

1 1 02
o1 0 1 1T 1 12

—_
o
—_
—_

0100 10 1. —@D
—@

o|lo -

T 1 1 1 11
Using this method, we can represent both ~0 1 1 1 0 1

negative and positive values using 8 bits 1
ranging from -128 up to +127 instead of
representing positive numbers ranging from 0
up to 255.

1 0 00 1 0

o
o
o
-
o
e

[2's com]
9 8 5 B OB 6@B OB enkg BO, &esd —NOT gate
0 80 255 et § Qo 305 Berisonn DODHE
eOdxOO -128 80 +127 e § tagn & O» T 010010 1% _®
F®ES 6O BOZSEHG DG HLD. + 1 0 0 0 1 0 1 0 —@
120 01 0 1 1 1 1,

in 8-bit two’s complement [ overflow
Positive 5 is 00000101.
Negative 5is  11111011.
If we take less than or more than 8 bits the Example 02
range will differ as follows n1-n2 (n1=n2)
Q9 820 O ef)edS 6®] D) D®EES ERIBD
B0 st s SBE 6O 8. =5-5>5+(-5)

+5> 0 000 0 1 0 1.—@D
1 bit incompatible -5 = Invert +5 & add 1
2 bits -2 to +1 17171 1 1 0 1 0,
3 bits -4 to +3 + 1
4 bits -8to +7 1 1 1 1 1 0 1 1 _@
5 bits -16 to +15 [2's com]
6 bits -32 to +31
7 bits -64 to +63
8 bits -128 to +127 0000010 1—@D
9bits  -256 to +255 1 18 I —@
10 bits ~ -512to + 511 420 0 0 0 0 0 0 0

— overflow
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Example 03
n1-n2 (n1<n2)

=20-35>7
=20 + (-35)
+20 2 0 0 0 1 0 1
+35 2 0 0 1 0 0 0 1 1,
2 Invert +35 & add 1
17101 1 1 0 0

o
o
N

[2's com]

00010 10 0,—@D

+ 1101 11 0 1,—nD
1T 11100 0 1,

Advantages of 2’s complement
ecen® gudmentd 3

Only one representation of zero is provided in
two’s complement (0000 0000 in an 8-bit
system), which simplifies arithmetic and
comparisons, eliminating the double zero issue
present in one's complement.

ecoem gadmed (B9 8 »ddBwmm 00000000)
®®B6E D BOzsHGED SOD 5656 &, DG
gor OMDG €39 eeEd® 6o OB, Dew®
#Reomed ars 0D pms ®OED @O WO.

Arithmetic  in  two's  complement s
straightforward, as subtraction can be
performed by simply adding the two’s

complement of a number.

250D 6EeD FHHOWB 0D Dy BDe®S
af) B0 B¢ g S Dids 6cemS FRIODEE
oD ALHOGB 0@ .
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Disadvantages of 2’s complement
6™ FREoDEn® i3

Calculating the two’s complement of a number
is complex compared to calculating the one’s

complement.
305D 668 FHHODME BMDE OB Dew®
ERODE0 631635580 3oSBENES.

If the result of an arithmetic operation exceeds
the representable range of the number system,

overflow can occur, leading to incorrect results.
gow OHDOG 60emEdm oBOEE R
BE0BEE Sozessnn DG ®IS Mn O

Boemss, overflow 8g Be o gmd, Do DO8
5830EdEO ®® 1ed.

The range of integers that can be represented

is asymmetric.
BOzesgne oE e B 0130 edB8m 68.

Negative number in 2's complement requires
inverting all bits and adding 1, which can be

more complex than in 1's complement.

6CeD® MO & N oW  EH)
BrE® ) 3560 @O 1 Doy SBOHOO dws
68, D Dew® FHed™EO OE) 308V EN B ®Wow.

1s Complement 2s Complement

— (13);——>(1101),

——>(0010),

1s Flip all the Take
Complement bits 1s Complement

(0010} ———

Add 1

(0011),
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Comparison
€30635EDB

3-bit numbers

invert

invert

Unsigned Signed
magnitude . magnitude
005l +0 Moog +0
001 +1 —001  +1
010 +2 ——010  +2
011 +3 —011  +3
100 +4 100 -0
101 +5 101 -1
110 +6 110 -2
111 +7 — 111 -3
4-bit numbers
Unsigned Signed
magnitude magnitude
0000 +0 —e 4000 40
0001 +1 0001 +1
0010  +2 0010 +2
0011 +3 001 +3
0100 +4 0100 +4
0101 +5 — 0101 +5
0110  +6 —— 0110 +6
0111 +7 — 0111 +7
1000 +8 1000 -0
1001 +9 1001 -1
1010  +10 1010 -2
1011 +11 1011 -3
1100 +12 1100 -4
1101 +13 1101 -5
1110 +14 1110 -6
1111 +15 — 1111 -7

76

One's two's
complement complement
000 +0 000 +0
001  +1 001  +1
—010 +2 010 +2
— 011 +3 011 +3
—100 -3 100 -4
—— 101 -2—\100+1—>101 -3
110 -1—\101+1—)110 -2
111 0 110+ 1—>111 -1
One’'s two's
complement complement
0000 +0 0000 +0
0001 +1 0001 +1
— 0010  +2 0010 +2
001 +3 0011 +3
—— 0100 +4 0100 +4
— 0101 +5 0101 +5
0110 +6 0110 +6
EO111 +7 0111 +7
1000 -7 1000 -8
1001 -6_§1‘000+1—>1001 -7
—— 1010 -5 _\14001+1_)1010 -6
— 1011 -4 _¥O10+1—>1011 -5
1100 -3 _\?011+1—>1100 -4
1101 -2 _\?100+1—>110‘1 -3
1110 —1_%101+1—>11‘|0 -2
1111 —0_\1110+1—>1111 -1
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Comparison between methods of negative number representation
€389 B3R B0t BO6® @@ GO 30D

Feature Unsigned Signed Magnitude | 1's Complement |2's Complement
e Representation |Representation

Representation of | Represented Represented directly | Represented Represented
positive numbers |directly in binary |in binary with a 0 as|directly in binary directly in binary
DD odm BGzowo |BOs  O®end | the sign bit &Bdn Dmens |2D0n  D®ens
el csagé)@ Bz sign B9 0 eE® 6w 65&(?;@ Bozes®s tsafé)@ Boeesmes

o0 &Den Owecs |2 ®
£3ae900 BOzesHB OEB
Representation of | Not applicable |Represented by | Represented by |Represented by

negative numbers |3O¢ 6268 inverting the sign bit|inverting all bits of|inverting all bits
€320 €30R)%) to 1 sign ®9® 1 O|the positive number|of the positive
Boronn 808 6508608 BOzsHe | DB o168 BEE® | number and
OB g% g&@@ﬁ@ogti’)@@eﬁ adding 1
OBG © [ak>) 3025685
Boe® 9
586@%® wo 1
[lmYe)] BOed®s
Bozesn OB
Number of | 1 2 (+0 and -0) 2 (+0 and -0) 1
representations
for zero
Doc® BEH)
Boézswe @go®
Range of | Limited to non-|Limited range due to |Limited range due|Wider range
representable negative sign bit to double zero|compared to 1's
numbers &dzs800 | numMbers sign @00 Ben B8 |representation complement
DG WS 30D | t5asn GO | 5O SO &8930 DS | Do gmedmnd
(Slen 6} 0% DD B® BOzesmE 68060 | eeswed 503
) BB 3963 8307830325 3O
Hardware Simpler More complex than|More complex than|Simplest and
implementation |9t ©6@B unsigned but simpler | unsigned but | most efficient
e  Hosew than 1's complement [simpler than 2's|&0@® &) D85O
508 on® 08 | complement oibemed e8
BozesmO O | ey 68
o308 28 DS | Hozswnd RN
QOG0 OED BOR | eoBtsen L]
e 6eemSs  gHROmBO
&) 836@ 68

77
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Fixed-point Representation vs Floating-

point Representation
SD6 ERes Bdosmed v 9Be® EFss
Bozesgncs’

1. Fixed-point Representation
B8N0 ees BoteMme

In fixed-point representation, numbers are
represented with a fixed number of digits
before and after the floating point (like the
decimal point in the decimal system but in any
number base).

BNDO EEBs BOzZsIMeEE, 98Q8 EWBBKO 6850
8 o5ty N0 YR oD BO® 30DL)
Bozsgns emed (600 PO cHOG 30D

s5E0B6E c®® QBB 6K, DHES BE® 50D
ENEED StOBG wTw).

The precision is constant, meaning the number

of fractional bits is fixed.
BOODersmd Bum 68, D8 wonGwm ¥ ®»
NG 68.

The range of numbers that can be represented
is limited by the number of places reserved for
the integer and fractional parts.

BOzesgne € $TE €302 e3GI1E3 BN 302 €329
NBD 6O e 605 DO ats 5D ®ENSSS
B 68.

integer part fractional part

<
< Cali Y >

Arithmetic  operations using fixed-point
numbers are typically faster than those using

floating-point numbers.

BNOO EEBS 0B DD OB oD OFD
6®6%HH® tNEDBEHES 9BRE EWBB 305D $9HDD)
D02 TNO Ot 65D 68.

Fixed-point is often used in embedded systems,
digital signal and applications
where performance is a concern, and the range

processing,

of numbers is known in advance.

B8MDE EPBBE BoOzsHGS 6e®; 5D BSBD
85808, BBOG o) ttE® 5 BB MG
@ 5SRO O 66e®de ®Bm B gmd
6®EN6E 50 B5MIEB WAHEGE) ETDDD BTEE.
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2. Floating-point Representation
98e® edes Sotosnns

In floating-point representation, numbers are
represented using scientific notation.

9BE® EIBS BOzOHMEEE, BeHBOW FoDWED
NODDEHER 503 B8 66D .

Base

+1x 2 4“~Power

Sign § " Mantissa

signxmantissa x base®xponent

QX BBIENG x SHer 2e°

exponent mantissa

P <€ L

OHEEENEEEEEEEEEEN

Lsign

Floating-point can represent very large and very

small numbers by adjusting the exponent.
9BE® EwBsn OO VG BOt@®0r BHE®S @
DR 5% M) WE) 30D BEEISWG WE WTw.

Precision can vary as numbers get larger or
smaller, because the difference
consecutive representable numbers changes.
SFRVHIND BOzes#G DG O 50D PO GOME
Be3) 3005 D®IE 6:3 D) D 8O BOOesDIDG
603 Bx ®Tw.

between

Floating-point arithmetic is generally slower
than fixed-point, especially on processors

without a dedicated floating-point unit.

0Bed QIS5 ot BEDEG ENBDBEES 5DE
QEBsED &) ©Fem® 68 (Bevsens &
60X 607 260D WSS TWnE 6NOS
3D B).

Modern CPUs have dedicated sophisticated
floating-point units.

28® CPU dg Sex8m &) 9B8e® edes Towm aoo.
Floating-point introduce
rounding errors, which can accumulate in

operations  can

iterative calculations.
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9BE® EEBs 606mE® OGS DBe® 6c3®
DEB) En o god T 5oDbm® ®EN®E
B8 O dwx B woSG.

Comparison between Fixed point representation and Floating-point representation
M6 eBes S50tsne ) 9BEd eB®s BoroENn GO SoBCHD

Fixed-point representation
SN0 ees BoteMme

Floating-point representation
28e® ees B0toHHr

Has constant precision.
o BODesmOns 5O8.

Has varying precision.
6D»e3 B BODesOEE 5O8.

Has limited range.
BB O3 L.

Has a wide range.
53OQ SGEEE .

Less complicated.
30500 DD eE)E.

Complexity is high.
308080 VD 9@HEEHE.

Suitable for applications with known
numeric  ranges and performance
constraints.

E55) E30RBIBOW OIS €58 IV 300

80 638 60e® em ©ee 0.

Suitable for a wider range of applications but requires

more care in implementation.
50 50X1EHED 6GED BEM) L388s DS O BHBE Ol
&EBCOD FO®S 68.

Can run on typical hardware.
@5 adIo®DE FHEBOW DG BIBCE.

Requires specialized hardware to run.
Bosien SO0 Demdm cadlo® FOd®S 68.

The IEEE 754 standard
IEEE 754 5880

This is a technical standard established by the
Institute of Electrical and Electronics Engineers
(IEEE) for representing floating-point numbers
in modern computers and for performing
arithmetic operations on them.

600 »T» sDeMHDOQ 9BEd EEBS oS
Bewismn OO v FTned gow ®EHDHOG
6®e®mE® B SO sem Dess ®) 9eEBeIISD
Q0865500 e (IEEE) B8 808 b e
DNDBEND HBBGEE.
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Components of IEEE 754
IEEE 754 8 600D

Sign Bit
830268 @

Specify the sign of the number. Typically, 0 is
positive, and 1 is negative.

30568 @WE BEHS OB, eIEIDBeES, 0 A®
O® o 1 eagn 65.

Exponent
830368 Ve (Hoe)

Represents the power to which the base (in

binary, the base is 2) is raised.
0 (ED®0 DEE, ek 2 68) Hody) ERD PEG
Beisns DOB.

Mantissa (or Fraction)
5@

Holds the significant digits of the number.
02568 5PENSOm DTMD® Heiesmen DO®
9OIDB 6D D) @F.
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IEEE 754 provides several formats:
IEEE 754 a8 88e0s €668

Single Precision
28 80Oczond
(32 bits)

Single Precision

< 32 bits:
| Sign ‘ | Exponent | Mantissa ‘
«—1bit—> <«——8bits —> «— 23 bits >
Double Precision
E8550 BOOesm™m
(64 bits)
Double Precision

< 64 bits >

Sign | | Exponent | Mantissa |
<«—1 bit—> <«——11 bits > 52 bits

In IEEE notation, the Sign bit and the
mantissa is represented  directly
converting it into a binary value.

IEEE eomeoec3®, Sign bit e mantissa 08
gOED QDD ©sHOVH®e BO®S o5ty aPd
5ozesgns 6med.

after

But the exponent part is represented using the
excess K notation. This ensures that the
exponent is always stored as a positive number,
even though it can represent both positive and
negative exponents.

2O 6 (Deed Den) emnde excess K
oG NDDEES HOE3ENG 6weh. QW 59 £35agN
Re 6cw® Bewiswn OB oS 5tOBG W
80c, PE® 5c@B0® D® 50D 6@ ®REN DO
e DD BB B 6WEY.

For (32-bit)
numbers, the bias is 127, while for double-
precision (64-bit) numbers, the bias is 1023.
8 B6Oeson (D 32) 98B @S 503
Bew), DG 127 O god DD Hodesm
(@9 64) 6302 e3€m), 8O 1023 68.

single-precision floating-point

80

Excess-K representation
Biased representation

This is a method used to represent signed
binary exponents, primarily for floating-point
number representations.

600 G D®EnS 9BEd @B 305 Bz

BHe®8 pug 68D OB VEHD Beniswe
SO0 D) oD PYOGE.

The "K" value represents the bias added to the
actual exponent to make it non-negative.
‘K o @88 6B DEKS t3agn 6D VDO 55

500 eem DD Do @O® @¢ bias Do eesx3nd
OB,

The actual value of the number is obtained by
subtracting K from the value.

BB gowens K of) SBDe®s eodsed ewE
F®GE Q6.

The main purpose of using Excess-K is to
simplify the comparison of floating-point
numbers, big or small.

Excess-K 8dzesgnces 0o SBe® pthe ad@en
e W) 6] Tee BR® BBS 3R
e30BEIB BB o BOHOH.

Using a bias turns all exponent values into

positive numbers (unsigned).
2RO D) BHeOS Bre® &ISG FOES
D® 303 DO &5 OB (QWE) OBD).

This makes it easier to compare floating-point

numbers.
cOBRRS 60D EWBB t50DB) E30BEMEB OO
sty OE.
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Example with Excess-127
(Used in IEEE 754 for single-precision
floating-point numbers)

Sign bit: 1 bit

Exponent: 8 bits

(With an excess-127 representation)
Significand (or fraction): 23 bits
Total =32 bits

Let's say the actual exponent is +3.
802568 VEG +3 et ®5E.

1. Using excess-127 representation, add the
bias of 127 to the exponent

excess-127 8dzesénc endo o8, ®nd 127
D) WOS®.

=3+127 =130

2. Convert 130 to binary.
130 8@ B0 sOHOVLBMEG WOBD.

= 10000010

3. This binary value 10000010 is how the
exponent would be represented in the IEEE 754
single precision format for a number with an
actual exponent of +3.

e®® 10000010 E8@x gmn oy Rz DG +3

D® o0 eem |IEEE 754 &% &86®exsom
PaBEES DG 6O BOzSHIG D& eIOGE.

To decode the exponent
Ren dedomnn SH®O

1. Convert the 8-bit exponent 10000010 from
binary to decimal.

10000010 ®9-8 Rex Edcs 8O c®OGO
SHOBDDE DORD.

=130

2. Subtract 127 from it. This gives the original
exponent of +3.
BB 127 erf) OB, 606 BB PG +3 @) 68.

=130-127 =3

81

Let's say the actual exponent is -3.
802568 VX -3 6Et @HE).

1. Using excess-127 representation, you would
add the bias of 127 to the exponent.

excess-127 BOzes#ns HBm) mOBS, DenO 127
D) WOSD.

= (=3) +127 = 124

2. Convert 124 to binary.
124 8@ OO sDOHDHEB WOBD.

= 01111100.

3. This binary value 01111100 is how the
exponent would be represented in the IEEE 754
single precision format for a number with an
actual exponent of —3.

c®® &8®c 01111100 gme ©y) &5tz RRG

-3 B® o0 s |[EEE 754 o8 S0&estm
DIBEHS ARG 6O HOEesENc DX mIORH.

To decode the exponent
Ren Besinmnn SH®O

1. Convert the 8-bit exponent 01111100 from
binary to decimal, which gives 124.

01111100 ®9-8 Rden &ddn 80 cmdnO
SDOBDDE WOS®.

=124
2. Subtract 127 from it. This gives the original
exponent of —3.

DB 127 af) woOS®. 606 3 DG —3 @ 6B

= 124-127 = -3
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Example with Excess-1023
(Used in IEEE 754 for double-precision
floating-point numbers)

Sign bit: 1 bit

Exponent: 11 bits

(With an excess-1023 representation)
Significand (or fraction): 52 bits
Total =64 bits

Let's say the actual exponent is +3.
802568 VEG +3 et ®5E.

1. Using excess-1023 representation, you would
add the bias of 1023 to the exponent.
excess-1023 Bozesgns ondo OB, DGO
1023 Bt OBD.

=3+1023 = 1026

2. Convert 1026 to binary.
1026 8@ OO sHOVBDHEG WOBD.

= 10000000010

3. This binary value 10000000010 is how the
exponent would be represented in the IEEE 754
double precision format for a number with an
actual exponent of +3.

e®® 10000000010 8800 gme 6y 65z DRG

+3 O® o e |EEE 754 &850
BOOesm) emaBens D 6w BOzessnn O®
EIOGE.

To decode the exponent
Ren Beone SHOO

1. Convert the 11-bit exponent 10000000010
from binary to decimal, which gives 1026.

10000000010 ®@9-11 Rden &ddc 8O c®®nO
sHOVD®E DORD.

= 1026

2. Subtract 1023 from it. This gives the original
exponent of +3.

BB 1023 ¢f) os®. 6®0 {3 PG +3 @
ecB. = 1026—1023 =3

82

Now, the actual exponent is -3.
58 830360 DE® -3 6Es WSE).

1. Using excess-1023 representation, you add
the bias of 1023 to the exponent, resulting in:
—3+1023=1020.

excess-1023 Bdzesgns 8o 08, DGO
1023 e OSD.

= -3+1023 = 1020

2. Convert 1020 to binary.
1020 28@c D0 30DBDDEG DOSD.

= 01111111100

This binary value 01111111100 is how the
exponent would be represented in the IEEE 754
double-precision format for a number with an
actual exponent of —3.

e®® &80xn 01111111100 gmn oy &Rz DRG

—3 O» xS e |EEE 754 &850
BODerm) waBenesd DG 60 Bzt O
ep@OGE.

To decode the exponent
Ren Beione SHOO

1. Convert the 11-bit exponent 01111111100
from binary to decimal, which gives 1020.

01111111100 ®9-11 Ren &880 8O c®w®EO
sDOBDE DOSD.

= 1020
2. Subtract 1023 from it. This gives the original
exponent of —3.

BB 1023 af) os®. 6®6 BF e -3 @) 6&3.

= 1020—-1023 = -3
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Example 01

Representation of the value +0.15625 in binary
form using IEEE 754 single precision format.

[EEE 754 o8 80dcsm mmaSn oD
+0.15625 g®mc 806 emIdens dzesgncn SBO.

1. Convert to binary.
280n DD sHOVLB®EG WOSD®.

15625 | x2
0 31250 | x2
0 .62500 | x2
1 25000 | x2
0 .50000 | x2
1 .00000

0.1562510 = 0.00101>

2. Write in scientific notation.
DeBOD FoDBEHRS BHXD.

The exponent is applied by the number of
places the decimal point moves in forming the

required number.
OGBS oD zBe®E cm® S DEHB O®
BB O FNd DG GHIEH) QIGR.

(NN
0.0 0 1 0 1

0.00101, = 1.01 x 273

3. Determine Sign, Exponent, and Mantissa.
@I, BN €52 LIBFNEB BOSG WOS®.

Since the number is a positive value, the sign bit
is 0.
0250 & EmED DB emgn d0D 0 8.

Using excess-127 representation, you would
add the bias of 127 to the exponent.

excess-127 8dzesgnc odm) i@, Dend 127
D) WOS®.

Exponent = -3+127 = 124
Now this needs to be converted to a binary
number of 8 bits.

ey 6®n DY 88 DO oD RO o
OB FNG.

83

12440

27 260 |25 | 2% |23 |22 |27 |20
128 |64 (32 [16 |8 4 2 1

o |1 [1 |1 |1 |1 Jo |o

12410= 011111002

Exponent = 01111100

The mantissa is found by writing all the bits after
the decimal point in the scientific notation until

23 bits are complete.
@G 6ENEHY ERSES DeDOD DGR

cm® S50 o550 08» ¥ Bude ¥ 23
&80tbgn O 6 BOOS.

Mantissa = 01000000000000000000000

4. Combine All Parts.
806e® 60t FMRED DOS®.

Sign =
Exponent = 01111100
Mantissa = 01000000000000000000000

Answer =
01111100 01000000000000000000000
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Example 02

Representation of the value -8.5 in binary form
using IEEE 754 single precision format.

IEEE 754 58 80decrs) enwasn endmens -8.5
FOG 0BG MHIO6EHES BOzEsgnn BBHO.

1. Convert to binary.
280n DD sHOVLB®EG WOSD®.

810> 10002

E

8.510 = 1000.12

2. Write in scientific notation.
eSO FoDBEHRS BHRD.

The exponent is applied by the number of
places the decimal point moves in forming the

required number.
FOBS oD 88 cm® B DEHE O
BN® ®HW® R DB BHIEH) QIeR.

AR
100 0.1

1000.1, = 1.0001 x 23

3. Determine Sign, Exponent, and Mantissa.
QWEN, EIDE 5% IBBE BOBG WO,

Since the number is a negative value, the sign
bit is 1.
230D &agn D VDS men DD 1 8.

Using excess-127 repres eng entation, you
would add the bias of 127 to the exponent.

excess-127 8dzesgnc odm) i@, Dend 127
D) DOS®.

Exponent = 3+127 = 130

84

Now this needs to be converted to a binary
number of 8 bits.

e 6@n D 88 CBDOG 0RO VOO o
DO®D FRE.

13010

27 26 |25 |24 |23 |22 | 2" | 2°
128 |64 (32 [16 |8 4 2 1

1 Jo [o Jo o o [1 |o
13010 = 10000010,

Exponent = 10000010

The mantissa is found by writing all the bits after
the decimal point in the scientific notation until

23 bits are complete.
BB EENEIHE ERSES BeHNBOD HFodHEHRE

c®® S0 o5d 08» ¥ B8xde ¥ 23
©8ben O 6w BDeOS.

Mantissa = 00010000000000000000000

4. Combine All Parts.
8BrE® 608 TFmRER wodS®.

Sign =
Exponent = 10000010
Mantissa = 00010000000000000000000

Answer =
10000010 00010000000000000000000
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Example 03

Representation of the value +10.25 in binary
form using IEEE 754 double precision format.
IEEE 754 2950 BOderm &madn ®NIDenSS
+10.25 o0 8006 emdens 8dzessnn SBO.

1. Convert to binary.
280n DD sHOVLB®EG WOSD®.

1010~> 1010
25 | x2
lO .50 | x2
1 |.00

10.2510 = 1010.012

2. Write in scientific notation.
eSO FoDBEHRS BHXD.

The exponent is applied by the number of
places the decimal point moves in forming the

required number.
FOBS oD 88 cm® B DE®E O
BB O FNd DG BHIEH) QIGR.

AR
1701 0.0 1,

1010.01; = 1.01001 x 23

3. Determine Sign, Exponent, and Mantissa.
@QWEN, 8D €52 IBFNEB BOSG WO,

Since the number is a positive value, the sign bit
is 0.
50250 B F®ED VB emgn d0D 0 8.

Using excess-1023 representation, you would
add the bias of 1023 to the exponent.
Excess-1023 &dzesgos 0o OB, DEEO
1023 ®ep DOS®D.

Exponent = 3+1023 = 1026
Now this needs to be converted to a binary
number of 11 bits.

e 606 DY 118 006 oD DO &
OB GRG.

85

102610

210 29 28 27 26 25 24 23 22 21 20
102415121256|128 (64 (32(16(8 |4 |2 |1

1 Jo Jo Jo [o]o]o]o]o]|1]o
10000000010

Exponent = 10000000010

The mantissa is found by writing all the bits after
the decimal point in the scientific notation until

52 bits are complete.
BB EENEIHE ERSES BeHBOD HFoHEHRE

c®® S0 ogd s08» ¥ Bude ¥ 52
&80bgn O 6 BDOS.

Mantissa=
01001000000000000000000000000000000000
00000000000000

4. Combine All Parts.
806e® 60t FMRED DOS®.

Sign =

Exponent = 10000000010
Mantissa=010010000000000000000000000000
0000000000000000000000

Answer =
1000000001001001000000000000000000000
00000000000000000000000000
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Bitwise operators
DQexnend 6®ennEdm

Bitwise NOT

This operation inverts each bit of a binary
number. If a bit is 0, it becomes 1, and if it's 1, it
becomes 0

c®® 606HE® COOG oRMOD ©E® VOO
556@3® @o8B. ¥0D 0 ®8, dx 1 RDOS, 1 »B,
5 0 POOS 8 68

Number: 5
Binary: 0101
NOT: 1010

(which is -6 in two's complement representation

for signed integers)
Bo owg o8 e BB BEX) GLeH
gmeom Bewlsmed -6 O &8 68)

Example 01
= NOT (17840)

N1 =178 |1 |0 |1
NOT(N1) o |1 0 0 |1 |1 |0
NOT (17840) = 01001101,

—
o
o
—
o

(Which is 77 in decimal)

Example 02
= NOT (7410)

N2 =74, |0 |1 |0 |O |1 |0 |1 |O
NOT(N2) 1T (0 (1 (1 (0 (1T |0
NOT (7410) = 101101012

(Which is 181 in decimal)

86

Bitwise AND

Compares each pair of corresponding bits of
two numbers and returns 1 only if both bits are
1.

2301 6L 6328 FHOES DY DO E30LBCHG

@O D) 6cw® 1 »B &0 1 @) 6cHB; detl
6®S »B, 0 @ 6ef.

Number A: 5
Number B: 3
AND: 0001

(Binary: 0101)
(Binary: 0011)

(Which is 1 in decimal)

Example 01
= 17810 AND 4610

N1=178w |1 (0 |1 |1 (0 |0 |1 |O

N2 =46 |0 [0 |1 |0 (1T |1 |1 |0

N1TANDN2 |0 (0 |1 |0 (0 |O |1 |O

17810 AND 4610 = 00100010,

(Which is 34 in decimal)

Example 02
= 23410 AND 7449

N3 =234 |1 (1T |1 |0 (1 |0 |1 |0

N4 =74, (O |17 |0 |O (1T |0 |1 |0

N3ANDN4 |0 (1 |0 |0 (1T |0 |1 |0

23410 AND 7410 =01001010.

(Which is 74 in decimal)

ictfromabc.com



Bitwise OR

Compares each corresponding bit of two
numbers and returns 1 if at least one of the bits
is 1.

205 e GXdEs DY 6L 3otBe®E O
&0 D®ErS DY DS 1 HO 1 ety @ 688,

Number A: 5 (Binary: 0101)
Number B: 3 (Binary: 0011)
OR: 0111

(Which is 7 in decimal)

Example 01

= 17810 OR 4610

N1 =17810 0 |1 |1
N2 =46 [0 |0 |1 |0 |1 |1 (1 |0
N1 OR N2 o |17 |1 |1 |1 (1 |0
17810 0OR 4610= 10111110,

—
o
o
—
o

—_

(Which is 190 in decimal)

Example 02

= 23449 OR 7419

N3 = 2341 1T (1 |0 |1 |0 |1 |0
N4 =74, (0 (1 |0 |0 (1T |0 |1 |0
N3 OR N4 1 {1 |0 (1 (0 |1 |0
23419 OR 7410= 111010102

—_

—_

(Which is 234 in decimal)

87

Bitwise XOR

Compares each corresponding bit of two
numbers and returns 1 only if the bits are

different.

£30Q%) 6CD GFHOES DY 6LD t3otBEHEH O DY

6Ot ®B @S 1 epesey R 6La.

Number A: 5 (Binary: 0101)
Number B: 3 (Binary: 0011)
XOR: 0110

(Which is 6 in decimal)

Example 01

= 17810 XOR 4610

N1=178w (1 |0 (1 |1

o
o
—_—

N2 =46, (0 |0 (1T |0 |1 |1

N1XORN2{1 0 (0 (1T |1 |1 |0

17810 XOR 4610 = 100111002

(Which is 156 in decimal)

Example 02

= 23419 XOR 7419

N3 =2344 (1 |1 (1 [0 |1T |0 |1

N4 =74, |0 |1 (0 |0 |T |0 [

N3 XORN4{1 0 (1 |0 |0 |0 |0

23419 XOR 7410 = 101000002

(Which is 160 in decimal)

ictfromabc.com



