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Number Systems 

ixLHd moaO;s 
 

A set of symbols which can be used to represent 

any finite value is known as a number system.  

´kEu mßñ; jákdlula oelaùu i|yd Ndú;d l, 
yels ixfla; lsysmhl tl;=jla ixLHd moaO;shls 
 
 

 
 

 

Different number systems are used in different 

places. Numbers help count things, know how 

many, and show order. 

úúO ia:dkj, úúO ixLHd moaO;s Ndú;d fõ' 
b,lalï foaj,a .Kka lsÍug" fldmuK 
m%udKhlao hkak oek.eksug" iy ms<sfj, 
fmkaùug Wojq lrhs' 
 
 

 
 

 

 

History of Number Systems  

ixLHd moaO;s j, b;sydih 
 

Number systems have a long history, helping 

people count, trade, and solve problems. 

ixLHd moaO;s j,g È.= b;sydihla we;s w;r tAjd 
u.ska ñksiqkag .Kka lsÍug" fj<|dï lsÍug iy 
.eg¿ úi£ug Wmldr lrhs' 
 

1. Tally Marks 

 

One of the earliest methods of counting was 

using tally marks. 

.Kka lsÍfï uq,au l%uhla jQfha tally marks Ndú;d 
lsÍuhs' 

 

A simple method of counting objects or events 

using small vertical lines is known as Tally marks. 

l=vd isria f¾Ld Ndú;fhka jia;+ka fyda isÿùï 

.Kkh lsÍfï ir, l%uhla f,i Tally marks 

yÿkajhs'  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tally marks are useful because they are simple 

to understand and use, making them accessible 

to all. 

Tally marks m%fhdackj;a jkafka tAjd f;areï 
.ekSug iy Ndú;d lsÍug ir, neúka" tAjd 
ish,a,kagu m%fõY úh yels neúks' 

 

Complex calculations or special characters 

aren’t needed, allowing for quick and efficient 

counting. 

blauka iy ld¾hlaIu .Kka lsÍug bv i,ik 
ixlS¾K .Kkh lsÍï fyda úfYaI wlaIr wjYH 
fkdfõ' 
 

Tally marks are still used today, especially in 

Some situation like,wog;a úfYaIfhkau iuyr 

wjia:d j,§ tally i,l=Kq Ndú;d fõ.
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2. Egyptian Numerals 

Bðma;shdkq ixLHd 

 

Egyptians developed a system using 

hieroglyphs to represent numbers.  

Bðma;=jreka ixLHd ksrEmKh lsÍu i|yd 
yhsfrd.a,s*a Ndú;d lrk moaO;shla ks¾udKh lr 
we;' 

 

They had separate symbols for units, tens, 

hundreds, thousands, and so on. 

Tjqkag tAll" oi" ish" oyia" hkd§ jYfhka fjku 
ixfla; ;snq‚' 
 

 
 

 

Example:  

The number 2,432 would be written as, 

2,432 wxlh fufia ,shd we;. 

 
 

2432 = 
 

 
 

 
 
 

 

         

  2x1000  4x100  3x10  2x 1 

 

 

 

 

 

 

 

 

 

 

3. Babylonian Base 60 

neìf,dakshdkq 60 mdoh  

 

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). 

neìf,dakshdkqjka wmf.a kùk ld,igykg 

^úkdählg ;;amr 60" mehlg ñks;a;= 60  iy 

rjqul wxYl 360& n,mE 60 mdofha moaO;shla 

^l%s'mQ' 1900-1600 muK& Ndú;d lr we;' 

 
 
 
 

 

 

 

 

 

 

 

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 iy 60 we;=¿j 
fndfyda ixLHdj,ska fnfyúka fnÈh yels ksid 

nìf,daksjreka 60 mdoh f;dard .;a nj úYajdi 
flf¾' fuh .Kkh lsÍï iy Nd. iuÕ jev 
lsÍug myiq úh' 
 
 
 
 
 
 
 

 

 

 

Example: 

The number 123 in the decimal system would 

be written as 2 sixties and 3 ones in the 

Babylonian system.  

oYuh l%ufha wxl 123 ,shd we;af;a yefÜ 2la iy 
neìf,dakshdkq l%ufha tlla f,ih' 

This would be represented as, 

fuh ksrEmkh jkq we;Af;a, 

 

123 = 

 
 

    

  2x60 3x1 

 

The Babylonian base 60 system had a profound 

influence on our modern-day timekeeping 

system. 

neìf,dakshdkq 60 mdofha  l%uh wmf.a kQ;k ld, 
igyka moaO;shg m%n, n,mEula we;s lf<ah' 
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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. 

;ju;a meh úkdä 60 lg ñks;a;=j ;;amr 60 lg 

iy jD;a;hla wxYl 360 lg fn§u neìf,dakshdkq 
;drld úoHdfjka fidhd.; yelsh' 

 

 

4. Roman Numerals 

frdaudkq b,lalï 

 

Roman numerals are a system of numerical 

notation used by the ancient Romans.  

frdau b,lalï hkq mqrdK frdaujreka úiska Ndú;d 
lrk ,o ixLHd;aul wxlk moaO;shls' 

 

Instead of using digits like 1, 2, 3, they used 

specific letters to represent numbers.  

1, 2, 3 jeks b,lalï Ndú;d lsÍu fjkqjg" Tjqka 
b,lalï ksfhdackh lsÍug úfYaIs; wl=re Ndú;d 
lr we;' 

 

Although they are not commonly used today 

for calculations, they still appear in certain 

contexts, such as clocks, book chapters, and 

movie sequels. 

wo tAjd .Kkh lsÍï i|yd nyq,j Ndú;d 
fkdjqk;a" tAjd ;ju;a Trf,daiq" fmd;a mßÉfþo 
iy Ñ;%mg wkql%ñl jeks we;eï ikao¾Nj, 
olakg ,efí' 
 

 

How Roman Numerals Work 

frdau b,lalï l%shd lrk wdldrh 

 

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. 

frdau b,lalï ,shd we;af;a fuu wl=re tl;= 

lsÍfuks' w.hka tlg tl;= lrhs,  kuq;a úYd, 

ixLHdjla bÈßfha l=vd ixLHdjla ;enqjfyd;a, 
l=vd w.h wvq l< hq;=h' 

 

 

Counting 1 to 100 from Roman Number System 

frdau b,lalï j,ska 1 isg 100 olajd 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each symbol in Roman numerals represents a specific value:  

frdau b,lalïj, iEu ixfla;hlau ksYaÑ; w.hla ksfhdackh lrhs( 
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Number Roman Numeral Number Roman Numeral 

5,000 V̅ 5,000,000 V̿ 

10,000 X̅ 10,000,000 X̿ 

50,000 L̅ 50,000,000 L̿ 

100,000 C̅ 100,000,000 C̿ 

500,000 D̅ 500,000,000 D̿ 

1,000,000 M̅ 1,000,000,000 M̿ 

 

 

Uses of Roman numerals 

frdau b,lalïj, Ndú;h 

 

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

III for 3, VI for 6). 

Trf,daiq uqyqKqj, frdau b,lalï Ndú;d fõ ^Wod( 

3 i|yd III" 6 i|yd VI&' 

 

In books or movies, they are used to denote 

chapters, volumes, or sequels (e.g., Chapter IX 

or Super Bowl L). 

fmd;aj, fyda Ñ;%mgj," mßÉfþo" volumes fyda 

wkqm%dma;sl ^Wod' IX jk mßÉfþoh fyda Super 

Bowl L& oelaùug Ndú;d lrhs' 

 

Roman numerals are also used in monarch 

names (e.g., King Parakramabhahu II, Queen 

Elizabeth II). 

frdau b,lalï rdcdKavq kduj, o Ndú;d fõ ̂ Wod( 

II mrdl%undyq rcq, II t,sifn;a /ðk&' 

 

 

 

 

 

 

 

 

 

 

 

 

5. Greek Alphabet 

.%Sl fydaäh 
 

Greeks used their alphabet to represent 

numbers, assigning different letters to different 

values.  

.%Sl cd;slhka ixLHd ksfhdackh lsÍug Tjqkaf.a 
fydaäh Ndú;d l< w;r" úúO w.hka i|yd úúO 
wl=re ,nd§ we;' 

 

It consists of 24 letters, each with an uppercase 

and lowercase form. 

th wl=re 24 lska iukaú; jk w;r tA iEu 

tllgu uppercase iy lowercase wdldr we;' 
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The concept of zero and the decimal system 

(base-10) originated in ancient India with the 

Indian decimal system. 

Y=kH ixl,amh iy oYu l%uh ^10-mdoh& hk 
ixl,amh bmer‚ bkaÈhdfõ bkaÈhdkq oYu l%uh 
iuÕ wdrïN úh' 

 

The system we use today, often referred to as 

Hindu Arabic numerals, was developed from 

the Indian numeral system. 

fndfyda úg yskaÿ wrdì b,lalï f,i ye¢kafjk 
wo wm Ndú;d lrk l%uh" bkaÈhdkq ixLHd 
l%ufhka j¾Okh úh' 
 
 
 
 
 
 

 

 

 

 

 

The quipu system of knotted strings used by the 

Inca or the base-20 system of the Mayans were 

also indigenous systems. 

bkaldjreka úiska Ndú;d lrk ,o .eg iys; kQ,a 
moaO;sh fyda udhdjrekaf.a 20 mdofha ixLHd 
moaO;sh o foaYSh ixLHd  moaO;s úh' 

 

 

 

 

 

 

 

 

 

 

 

DID YOU KNOW? 

 

The Greek alphabet is primarily used to 

represent the Greek language, one of the 

oldest languages in Europe. 

hqfrdamfha mer‚;u NdIdjla jk .%Sl 
NdIdj ksfhdackh lsÍug .%Sl fydaäh uQ,sl 
jYfhka Ndú;d fõ' 

 

Many mathematical and scientific 

symbols are derived from Greek letters. 

For example, pi (π), delta (Δ), and theta 

(Θ) are commonly used in mathematics 

and physics. 

fndfyda .‚;uh iy úoHd;aul ixfla; 
.%Sl wlaIr j,ska jHq;amkak ù we;' 

WodyrKhla f,i" pi (π)" fv,agd (Δ) iy 

;Sgd (Θ) .‚;fha iy fN!;sl úoHdfõ 
nyq,j Ndú;d fõ' 

 

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. 

.%Sl wl=re úúO lafIa;%j, foaj,a kï lsÍu 
iy j¾. lsÍu i|yd fhdod .kS' ksoiqkla 
jYfhka" ;drld úoHdfõ§" ;drld fndfyda 
úg .%Sl wlaIrj,ska miqj ;drld uKav,fha 
kfuka kï lrkq ,efí' 

 

Throughout history, the development 

and adoption of various number systems 

have been influenced by cultural, 

economic, and technological factors. 

b;sydih mqrdjg úúO ixLHd moaO;sj, 
ixj¾Okh iy wkq.; ùu u; ixialD;sl" 
wd¾Ól iy ;dlaI‚l idol n,md we;' 
 

The need for trade, astronomy, record-

keeping, and later, computing, drove the 

evolution and spread of these systems. 

fj<|du" ;drld úoHdj" jd¾;d ;nd .ekSu 
iy miqj mß.KllrKh i|yd jQ 
wjYH;djh fuu ixLHd moaO;sj, 
mßKduh yd jHdma;shg fya;= úh' 
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Number systems can generally be 

categorized into two main types 

ixLHd moaO;s idudkHfhka m%Odk j¾. follg 
j¾. l< yel 

 

1. Positional Number Systems 

ia:dkSh jákdlula iys; ixLHd moaO;s 

 

The value of each symbol depends on its 

position within the number. 

tla tla ixfla;fha w.h wxlh ;=< tys msysàu u; 
r|d mj;S' 

 

The number of distinct symbols or digits in the 

system is determined by its base. 

moaO;sfha we;s fjkia ixfla; fyda b,lalï .Kk 
tys mdoh wkqj ;SrKh fõ' 
 

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. 

ia:dkSh jákdlula iys; ixLHd moaO;shl mdoh 
th Ndú;d lrk wkkH b,lalï .Kk ;SrKh 
lrhs' 
 

     

0 1 2 3 4 

     

     

5 6 7 8 9 

 

 

Example:  

 

 

 
 
 
 
 
 

 

 

 

 

The value of each position is the power of the 

base. tla tla ia:dkfha jákdlu mdofha n,hls' 

 

Here comes the zero concept when the value of 

any place is null. 

hï ia:dkhl lsisÿ w.hla ke;súg meñfKk 0 
ixl,amhla mj;S 

 

Positional systems are more compact. Bigger 

values can be easily represented. 

ia:dkSh moaO;s jvd;a ixhqla; fõ' úYd, w.hka 
myiqfjka ksrEmKh l, yelsh' 

 

 

 

 

 

 

 

 

 

 

 

They have become the standard, especially with 

the advent of electronic computing, due to their 

computational efficiency. 

úfYaIfhkau bf,lafg%dksl mß.Kkfha meñŒu;a 
iuÕu fuu j¾.fha ixLHd moaO;s j, 
ld¾hËu;djh ksid tAjd j¾:udk Ndú;h njg 
m;aj we;' 

 

Arithmetic operations like addition, subtraction, 

multiplication, and division are more 

straightforward in positional systems due to 

their structured nature. 

tl;= lsÍu" wvq lsÍu" .=K lsÍu iy fn§u jeks 
wxl .‚; fufyhqï fuu j¾.fha ixLHd moaO;s 
j, jHqyd;aul iajNdjh ksid jvd;a ir, h' 

 

 

 

 

 

 

  

100 10 1 

 

100 10 1 

102 101 100 102 101 100 

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 
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2. Non-positional number system  

ia:dkSh jákdlula rys; ixLHd moaO;s 
 

Non-positional number systems are systems 

where the value of a digit does not depend on 

its position within the number. 

ia:dkSh jákdlula rys; ixLHd moaO;s hkq 
ixLHdxlhl w.h wxlh ;=< msysàu u; r|d 
fkdmj;sk moaO;s fõ' 
 

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

symbols with exact values. 

mdohla fkdmj;S' ksYaÑ; w.hka iys; úúO 
ixfla; iuQyhla mj;S' 
 

The value of a number is the sum of the values 

of its symbols, without regard to their order or 

position. 

ixLHdjl w.h hkq tys ixfla;j, tl;=jhs' 
wkqms<sfj, fyda msysàu fkdi,lhs' 
 
 

Example: 

Roman numerals, Egyptian numerals, Mayan 

numerals 

frdau b,lalï,  Bðma;= b,lalï, udhdb,lalï 
 

Key feature of Non-Positional Number 

Systems 

ia:dkSh fkdjk wxl moaO;sj, m%Odk ,laIKh 

 

There’s no concept of zero. 

Y=kH ixl,amhla fkdmj;S' 

 

Has simplicity in representation for basic 

counting. 

uQ,sl .Kka lsÍu i|yd ir, ksrEmKhla mj;S' 

 

Not compact. Bigger values cannot be easily 

represented. 

ixhqla; fkdfõ' úYd, w.hka myiqfjka ksrEmKh 
l< fkdyel' 
 

In non-positional systems, Arithmetic 

operations like addition, subtraction, 

multiplication, and division is more complex. 

ia:dkSh fkdjk moaO;sj," tl;= lsÍu" wvq lsÍu" 
.=K lsÍu iy fn§u jeks wxl .‚;uh fufyhqï 
jvd;a ixlS¾K fõ' 

Symbols represented fixed values for counting 

days, months, and years. 

ixfla; Èk" udi iy jir .Kka lsÍu i|yd 
ia:djr w.hka ksfhdackh lrhs' 

 

Roman numerals are often used in documents 

to number sections, chapters, and clause. 

frdaudkq b,lalï fndfyda úg f,aLkj, fldgia" 
mßÉfþo iy j.ka;s wxl lsÍug Ndú;d lrhs' 

 

Roman numerals are often used in titles of films 

and works of art, especially for sequels. 

Ñ;%mgj, fyda l,d lD;sj," úfYaIfhka 
wkqm%dma;slj, frdaudkq b,lalï Ndú;d fõ' 

 

  

 

 
 

Used in ancient civilizations like the Egyptians 

and Romans, used non-positional systems to 

record quantities and dates. 

Bðma;=jreka iy frdaujreka jeks mqrdK 
YsIagdpdrj, Ndú;d lrk ,o" m%udK iy Èkhka 
jd¾;d lsÍu i|yd ia:dkSh fkdjk moaO;s Ndú;d 
lrk ,§' 
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Comparison of Positional Number Systems and Non-Positional Number Systems 

ia:dkSh jákdlula iys; iy ia:dkSh jákdlula rys; ixLHd moaO;s ixikaokh lsÍu 
 

Feature 

uq,dx.  

 

Positional Number System 

ia:dkSh jákdlula iys; ixLHd moaO;s 
Non-Positional Number System 

ia:dkSh jákdlula rys; ixLHd moaO;s 

Value of digits 

b,lalïj, w.h 
Depends on position (place value) 

ia:dkh ^ia:dk w.h& u; r|d mj;S 
Constant, regardless of position 

ia:djrh" ia:dkh u; rod fkdmj;s 

Base (radix) 

mdoh 
Requires a base, such as 10 (decimal) 

or 2 (binary) 

10 (oYu& fyda 2 ^oaúuh& jeks mdohla 
wjYH fõ 

No base is used 

mdohla Ndú;d fkdfõ 

Symbols used 

Ndú;d lrk ixfla; 
Limited symbols based on the base 

mdoh u; mokï jQ iSñ; ixfla; 
Infinite number of symbols  

ixfla; wkka; .Kkla 

Ease of calculation 

.Kkh lsÍfï myiqj 
Easier for arithmetic operations 

wxl .‚;uh fufyhqï i|yd jvd;a 
myiq fõ 

More complex calculations 

jvd;a ixlS¾K .Kkh lsÍï 

Zero representation 

Y=kH ksfhdackh 
Includes zero 

ìxÿj we;=<;a fõ 
Usually does not include zero 

idudkHfhka ìxÿj we;=<;a fkdfõ 

Large numbers 

úYd, ixLHd 
Easy to represent 

ksfhdackh lsÍug myiqh 
Difficult to represent 

ksfhdackh lsÍug wmyiqh 

Usage 

Ndú;h 
Common in modern systems 

(computers, technology) 

kùk moaO;sj, nyq,j olakg ,efí 
^mß.Kl" ;dlaIKh& 

Mostly historical (e.g., Roman 

numerals) 

fndfyda ÿrg fm!rdKsl fõ ^Wod( frdau 
b,lalï& 

 

 

Common number system 

idudkH ixLHd moaO;s 
 
 

Number system 

ixLHd moaO;sh 
Base 

mdoh 
Number sequence 

ixLHd wkql%uh 
Use by 

mdúÉÑhg .kakd ,oafoa 

Man 

ñksid 
Computer 

mrs.Klh 

Decimal 10 0, 1, 2, 3, …….,9 Yes No 

Binary 2 0,1 No  Yes  

Octal  8 0, 1, 2, ….., 7 No  No  

Hexa-decimal 16 0, 1, 2, …..,9, 

A, B, ….., F 

No Yes  

: : : : : 

Base 64  64 [0-9] + [A-Z] + [a-z]+[ ] [ ] No Yes 

Base n  n  0,1,2, ……, (n-1) No Yes 
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YouTube video IDs are encoded using a Base-64 system.  

YouTube ùäfhda 64 mdofha ixLHd moaO;shla Ndú;fhka fla;kh lr we;' 
 

 

 

 

This base includes 64 characters, which are:  

fuu mdohg wlaIr 64 la we;=<;a fõ" tAjd kï( 

 

•  Uppercase letters:   A-Z (26 characters) 

•  Lowercase letters:   a-z (26 characters) 

•  Digits:    0-9 (10 characters) 

•  Special characters:   "-" and "_" (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.  

fuu wlaIr 64 iuÕska" w;súYd, ùäfhda iuqyhlg iyh ùu i|yd w;súYd, ixfhdack ixLHdjla 

ksfhdackh lrñka" wkkH wkq,laIKhla ùäfhda ID tlla ckkh l< yel'  
 

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. 

fuu 64 mdofha ixLHd moaO;sh Ndú;d lsÍfuka" oYu (10 mdoh) fyda Iâ oYuh (16 mdoh) yd ii|k 
úg fõÈldfõ iEu ùäfhdajlau wkkH f,i yÿkd .kakd nj iy;sl lrñka jvd jeä bv 
ld¾hlaIu;djla imhkq ,efí 
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1. Decimal Number System 

oYuh ixLHd moaO;sh 
 

The decimal system is a base 10 numeral 

system, meaning it uses ten digits 0, 1, 2, 3, 4, 5, 

6, 7, 8, 9. 

oYuh moaO;sh hkq 10 mdo ixLHd moaO;shls" tkï 

th b,lalï oyhla 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 Ndú;d 
lrhs' 

 

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 ka miq wxlh ksrEmKh lrkq ,nkafka B<Õ by< 

ia:dk w.h jeä lsÍu iy j;auka ia:dkh 0 ^Wod( 

9 + 1 = 10& fj; kej; ieliSfuks' 
 

Each digit in a decimal number has a specific 

place value based on its position. These place 

values are powers of 10. 

oYu ixLHdjl iEu b,lalulgu tys msysàu 
wkqj ksYaÑ; ia:dk w.hla we;' fuu ia:dk 

w.hka 10 n, fõ' 
 

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. 

oYu l%uh hkq .Kka lsÍu" wxl .‚;h iy 
jd‚cHh i|yd tÈfkod Ôú;fha Ndú;d jk jvd;a 
iq,N ixLHd moaO;shhs" ukao th wmf.a weÕs,s 
oyh iuÕ iumd; jk w;r th nqoaêuh iy 
m%dfhda.sl fõ' 

 

Why are decimal numbers used? 

oYuh ixLHd Ndú;d lrkafka wehs? 
 

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. 
weÕs,s oyhla we;s neúka oYu l%uh ñksiqkag 
fyd¢ka .e,fma' fuh .Kka lsÍu iy tl;= lsÍu 
iy wvq lsÍu jeks ir, .‚;h" myiq iy jvd;a 
wjfndaOd;aul lrhs' 
 

Decimal numbers are simple to learn and use. 

This system is common in education and daily 

tasks, like finance and measurement. 
oYu ixLHd bf.kSug iy Ndú;d lsÍug ir, fõ' 
fuu l%uh wOHdmkfha iy uQ,H iy ñkqï jeks 
ffoksl ld¾hhkays fmdÿ fõ' 
 

Basic operations, such as addition, subtraction, 

multiplication, and division, are easier in base-

10. These are already familiar to most people, 

making calculations faster. 
tl;= lsÍu" wvq lsÍu" .=K lsÍu iy fn§u jeks 

uQ,sl fufyhqï 10 mdofha myiq fõ' fïjd 
oekgu;a fndfyda ñksiqkag yqremqreÿh" tu.ska 
.Kkh lsÍï fõ.j;a fõ' 

 

Decimal numbers work well with scientific 

notation, helping to represent very large or 

small numbers. This makes calculations easier 

for science and engineering. 
oYu ixLHd úoHd;aul wxlkh iuÕ fyd¢ka l%shd 
lrhs" b;d úYd, fyda l=vd ixLHd ksfhdackh 
lsÍug WmldÍ fõ' fuh úoHdj iy bxðfkare 
úoHdj i|yd .Kkh lsÍï myiq lrhs' 

 

1.23 × 106 is used to represent 1,230,000. 

1,230,000 ksfhdackh lsÍug 1.23 × 106 Ndú;d 
fõ' 
 
 

Let’s consider the decimal number 563810. 

563810  hk oYuh ixLHdj i,luq' 
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Addition of two base 10 numbers  

10 mdofha ixLHd folla tl;= lsÍu 
 

Example 01: 

= 198710 + 58810  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Substraction of two base 10 numbers  

10 mdofha ixLHd folla wvq lsÍu 

 

Example 01: 

= 158810 – 97910  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Binary Number System 

oaúuh ixLHd moaO;sh 

 

The binary number system is a base-2 numeral 

system that uses only two symbols 0 and 1. 

oaúuh ixLHd moaO;sh hkq 0 iy 1 hk ixfla; 

folla muKla Ndú;d lrk mdo 2 ixLHd 
moaO;shls' 

 

Each digit in a binary number is called a bit 

(binary digit). 

oaúuh ixLHdjl iEu b,lalulau ìgqjla ^oaúuh 
b,lalï& f,i ye¢kafõ' 
 

Each position in a binary number has a place 

value that is a power of 2. 

oaúuh ixLHdjl iEu ia:dkhlu ia:dk w.hla 

we;s w;r th 2 n,hls' 
 

The binary number system is crucial for 

computers, which use binary to process data 

and execute instructions. 

o;a; ieliSug iy Wmfoia l%shd;aul lsÍug 
oaúuh Ndú;d lrk mß.Kl i|yd oaúuh ixLHd 
moaO;sh b;d jeo.;a fõ' 

 

Digital circuits rely on binary states (on/off) to 

perform operations. 

wxls; mßm: fufyhqï isÿ lsÍu i|yd oaúuh 

;;ajhka (on/off) u; r|d mj;S' 

 

It is the fundamental language of computers 

and digital systems because it corresponds 

directly to the two-state nature of electronic 

circuits, which can represent off (0) or on (1) 

states. 

th mß.Kl iy wxls; moaO;sj, uQ,sl NdIdj 

jkafka th bf,lafg%dksl mßm:j, ́ *a (0) fyda Tka 

(1)  ;;ajhka ksfhdackh l< yels oaú;aj 
iajNdjhg iDcqju wkqrEm jk neúks' 

 

 

Binary numbers can be converted to other 

numeral systems, such as decimal (base-10) or 

hexadecimal (base-16), for ease of 

understanding and representation. 

oaúuh ixLHd oYu ^mdoh 10& fyda IâoYuh 

^mdoh 16& jeks wfkl=;a ixLHd moaO;sj,g 
mßj¾;kh l< yels w;r" th wjfndaO lr 
.ekSfï iy ksrEmKfha myiqj i|yd fõ' 

 

1000 100 10 1 

103 102 101 100 

    

1 1 1  

1 9 8 710 

+ 5 8 810 

2 15 17 15 

 -10 -10 -10 

2 5 7 510 

 

1000 100 10 1 

103 102 101 100 

    

 10  10 

 0   1 5  7   8 810 

- 9 7 910 

    

 6 0 910 
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Binary numbers can be long and cumbersome, 

so they are often grouped into sets of four bits 

(nibbles) and expressed in hexadecimal for 

simplicity. 

oaúuh ixLHd È.= yd wmyiq úh yel" tneúka tAjd 
fndfyda úg ìgq y;rl ^ksn,a& lÜg,j,g ldKav 
lr we;s w;r ir, nj i|yd IâoYuh 
wdldrfhka m%ldY fõ' 
 

 

Why are binary numbers used? 

oaúuh ixLHd Ndú;d lrkafka wehs ? 

 

Using two states reduces errors common in 

more complex systems, making binary systems 

more reliable in digital electronics. 
wjia:d folla Ndú;d lsÍu jvd;a ixlS¾K 
moaO;sj, fmdÿ fodaI wju lrhs" oaúuh moaO;s 
wxls; bf,lafg%dksl WmlrKj, jvd;a 
úYajdiodhl lrhs' 

 

Binary represents large numbers and complex 

data using fewer bits than systems like decimal. 

Binary u.ska oYu jeks moaO;s j,g jvd wvq ìgq 
Ndú;d lrk úYd, ixLHd iy ixlS¾K o;a; 
ksfhdackh lrhs' 

 

It also standardizes data storage and 

processing in computers, simplifying the 

management of various information types 

(numbers, text, images, etc.). 

th mß.Kl ;=< o;a; .nvd lsÍu iy ieliSu" 
úúO f;dr;=re j¾. ^wxl" fm<" rEm" wdÈh& 
l<ukdlrKh ir, lrhs' 
 

Digital circuits use logic gates with binary inputs 

to perform basic operations (AND, OR, NOT), 

forming the foundation of digital computing. 
ixLHdxl mß.klfha moku idoñka uQ,sl 

fufyhqï (AND, OR, NOT) isÿ lsÍu i|yd 
ixLHdxl mßm: oaúuh fhojqï iys; ;d¾lsl 
oajdr Ndú;d lrhs' 

 

Binary numbers align with Boolean algebra, 

supporting digital circuit design and analysis. 

oaúuh ixLHd nQ,shka ùc .‚;h iuÕ iumd; 
jk w;r" ixLHdxl mßm: ks¾udKhg iy 
úYaf,aIKhg iydh fõ' 
 

Binary arithmetic is simpler than decimal in 

some ways; addition only requires carrying 

when adding two 1s, making hardware 

implementation easier. 
oaúuh .‚;h iuyr me;sj,ska oYu .‚;hg 
jvd ir, h' WodyrKhla f,i" tl;= lsÍu wjYH 

jkafka 1 folla idrdxY lrk úg muKla /f.k 
hduhs" tuÕska oDVdx.fha l%shd;aul lsÍu ir, 
lrhs' 

Binary efficiently represents integers and 

fractions using fixed-point and floating-point 

formats. 

oaúuh ld¾hlaIuj ia:djr ,laIH iy bmsf,k 
,laIH wdlD;s Ndú;d lrñka mQ¾K ixLHd iy Nd. 
ksfhdackh lrhs' 
 

Many data communication protocols and file 

formats rely on binary encoding, ensuring that 

different devices and systems can communicate 

effectively. 
fndfyda o;a; ikaksfõok kshudj,s iy f.dkq 
wdlD;s u.ska úúO Wmdx. iy moaO;s j,g M,odhS 
f,i ikaksfõokh l< yels nj iy;sl lrñka 
oaúuh fla;kh u; r|d mj;S' 
 

Let’s consider a binary number 101102. 

101102 oaúuh wxlh i,luq' 
 
 

 

 

 

 

 

 

 

Addition of two base 2 numbers  

2 mdofha ixLHd folla tl;= lsÍu 

 

 

Example 01: 

= 101112 + 11112  

 

 

 

 

 

 

 

 

 

 

 

32 16 8 4 2 1 

25 24 23 22 21 20 

      

1 1 1 1 1  

0 1 0 1 1 12 

 + 1 1 1 12 

1 2 2 3 3 2 

 -2 -2 -2 -2 -2 
      

1 0 0 1 1 02 
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Example 02: 

= 1010112 + 111112  

 

 

 

 

 

 

 

 

 

 

 

Exercise: 

110101102 + 011011012 = ?  

 

 

 

Subtraction of two base 2 numbers  

2 mdofha ixLHd folla wvq lsÍu 

 

Example 01: 

= 1010112 - 11112  

 

 

Example 02: 

= 101112 - 11112  

 

 

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. 

wIaGuh ixLHd moaO;sh hkq mdo 8 moaO;shls" 

thska woyia jkafka th b,lalï wgla 0, 1, 2, 3, 4, 

5, 6 iy 7 Ndú;d lrk njhs' 

 

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. 
wIaGuh l%ufha§" tla tla b,lalïj, ia:dk w.h 
ol=fKa isg wdrïN jk tys msysàu u; r|d mj;S' 

ia:dk w.hka 8 n, fõ' 
 
 

 

 

 

 

Octal numbers consist only of the digits 0 to 7. 

No digit in an octal number can be greater than 

7. 

wIaGuh ixLHd iukaú; jkafka 0 isg 7 olajd jQ 
b,lalï j,ska mu‚' wIaGuh ixLHdjl lsisÿ 

b,lalula 7 g jvd jeä fkdúh yel' 

 

Why are octal numbers used? 

wIaGuh ixLHd Ndú;d lrkafka wehs? 
 

Octal numbers use only eight digits (0-7), 

making it easier to handle than larger bases. 

wIaGuh ixLHd b,lalï wgla (0-7) muKla Ndú;d 
lrk w;r" th úYd, mdoj,g jvd yeisrùu myiq 
fõ' 

 

Each octal digit represents three binary digits, 

reducing the overall length of binary sequences. 

iEu wIaGuh ixLHdjlau oaúuh b,lalï ;=kla 
u.ska ksfhdackh lrhs" oaúuh wkql%ufhys iuia; 
È. wju lrhs' 

 

Certain mathematical operations can be 

performed more easily in octal, especially when 

dealing with powers of two. 

úfYaIfhka foflys n,hka iuÕ lghq;= lrk úg 
iuyr .‚;uh fufyhqï wIaGufha § jvd;a 
myiqfjka isÿ l< yelsh' 

 

32 16 8 4 2 1 

25 24 23 22 21 20 

      

      

0 1 0 0 1 0 1 12 

      

- 0 1 1 1 12 
      

0 1 1 1 0 02 

 

 

2 2 1   2 

16 8 4 2 1 

24 23 22 21 20 

     

     

0 1 0 1 1 12 

- 1 1 1 12 
     

 1 0 0 02 

 

2 

 

84 83 82 81 80 

4096 512 64 8 1 

 

64 32 16 8 4 2 1 

26 25 24 23 22 21 20 
       

1 1 1 1 1 1  

 1 0 1 0 1 12 

 + 1 1 1 1 12 

1 2 2 3 2 3 2 

 -2 -2 -2 -2 -2 -2 
       

1 0 0 1 0 1 02 
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Binary-to-octal conversion is easy, as each 

three-bit group maps directly to one octal digit. 

iEu ìgq ;=kl ldKavhulau iDcqju tla wIaGuh 
b,lalula fj; is;shï .; jk neúka" oaúuh-
wIaGuh mßj¾;kh myiq fõ' 

 

Let’s consider the octal number 25748. 

25748  hk wIaGuh wxlh i,luq' 

 

 

 

 

 

 

 

 

 

 

 

Addition of two base 8 numbers  

8 mdofha ixLHd folla tl;= lsÍu 

 

Example 01: 

= 17658 + 7328  

 

 

 

 

 

 

 

 

 

 

 

 

Substraction of two base 8 numbers  

8 mdofha ixLHd folla wvq lsÍu 

 

Example 01: 

= 13248 - 7628  

 

 

 

 

 

 

 

4. Hexadecimal Number System 

IâoYuh ixLHd moaO;sh 

 

The positional numeral system that uses 16 

symbols to represent numbers is called 

hexadecimal number system (also called base 

16).  

ixLHd ksrEmKh lsÍu i|yd ixfla; 16la Ndú;d 
lrk ia:dkSh ixLHd moaO;shla f,i IâoYuh 

ixLHd moaO;sh ^16 mdoh f,io ye¢kafõ& 
yÿkajhs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hexadecimal is often used in computing as a 

more concise representation of binary numbers, 

as each hexadecimal digit represents 4 bits. 

iEu IâoYu b,lalulau ìgq 4la ksfhdackh lrk 
neúka" oaúuh ixLHd jvd;a ixlaIsma; ksrEmKhla 
f,i mß.KllrKfha§ IâoYu fndfyda úg 
Ndú;d fõ' 
 

Each position in a hexadecimal number has a 

place value that is a power of 16. 
IâoYu ixLHdjl iEu ia:dkhlu ia:dkSh w.hla 
we;s w;r th 16fha n,hls' 
 

For example, a 16-bit binary number like 

1101101010110101 is more easily represented 

as DAB5 in hexadecimal. 

WodyrKhla f,i" 1101101010110101 jeks ^16-

bit& oaúuh wxlhla IâoYufhka DAB5 f,i 
jvd;a myiqfjka ksrEmKh fõ' 

 

512 64 8 1 

83 82 81 80 

    

1 1   

1 7 6 58 

+ 7 3 28 

2 15 9 7 

 -8 -8  

2 7 1 78 

    

 

512 64 8 1 

83 82 81 80 

    

 8 8  

0  1 3 2 48 

- 7 6 28 

 3 4 28 

    

 

2 
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Why are Hexa-decimal numbers used? 

IâoYuh ixLHd Ndú;d lrkafka wehs@ 

 

Hexa-decimal is shorter than binary. Each hexa-

decimal digit shows 4 binary bits, so long binary 

numbers look shorter in hexa-decimal. 

IâoYu oaúuh j,g jvd flá fõ' iEu Iâ oYu 

ixLHdjlau oaúuh ìgq 4la fmkajhs" tneúka È¾> 
oaúuh ixLHd Iâ oYuh wdldrfhka fláfhka 
ksrEmKh l< yel' 

 

Hexa-decimal is used for memory addresses in 

computers.  It makes addresses simpler to read 

than binary, while still fitting the way computers 

work. 
mß.Klj, u;l ,smsk i|yd IâoYu Ndú;d fõ' 
th mß.Kl l%shd lrk wdldrhg iß,k w;ru 
,smsk oaúuh lshùug jvd ir, lrhs' 

 

Hexa-decimal numbers make large binary 

values easier to understand. Programmers can 

use shorter hexadecimal numbers instead of 

long binary sequences. 

IâoYu ixLHd úYd, oaúuh w.hka f;areï 
.ekSug myiq lrhs' l%uf,aLlhskag È¾> oaúuh 
wkql%uhka fjkqjg flá Iâ oYu ixLHd Ndú;d 
l< yel' 

 

Hexa-decimal also helps represent machine 

instructions and data in assembly code. 
IâoYu wefiïí,s fla;fha hka;% Wmfoia iy 
o;a; ksrEmKh lsÍug o WmldÍ fõ'  

 

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. 

fjí ks¾udKfha§ j¾K fmkaùug IâoYu Ndú;d 

fõ' WodyrKhla f,i" #FF5733 r;=" fld< iy 
ks,a ñY%Khla ksfhdackh lrhs" th wka;¾cd,h 
yryd j¾K ixo¾Yk lsÍug iïu; l%uhla njg 
m;a lrhs' 

 

 

 

 

 

Let’s consider the Hexa-decimal number 915316.  

915316  hk IâoYuh ixLHdj i,luq' 
 
 

 

 

 

 

 

 

 

 

 

 

Addition of two base 16 numbers  

16 mdofha ixLHd folla tl;= lsÍu 
 

Example 01: 

= ABCD16 + 9FE16  

 

 

 

 

 

 

 

 

 

 

 

 

 

Substraction of two base 16 numbers  

16 mdofha ixLHd folla wvq lsÍu 
 

Example 01: 

= ABCD16 - 9FE16  

 

 

 

 

 

 

 

 

 

 
RED GREEN BLUE 

4096 256 16 1 

163 162 161 160 

    

1 1 1  

A B C D 

+ 9 F E 

11 21 28 27 

 -16 -16 -16 

11 5 12 11 

B 5 C B16 

    

 

4096 256 16 1 

163 162 161 160 

    

  16 16 

A  10 B  11 C D16 

- 9 F E16 

10 1 12 15 

A 1 C F16 
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Why do we convert numbers from one 

number system to another? 

tla ixLHd moaO;shlska ;j;a ixLHd moaO;shlg 
ixLHd mßj¾;kh lrkafka wehs@ 
 

1. Compatibility with Systems or Devices 

moaO;s fyda Wmdx. iuÕ .e<mSu 

 

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.  

úúO moaO;s fyda Wmdx. úúO ixLHd moaO;s Ndú;d 
lrhs' WodyrKhla f,i" mß.Kl oaúuh ixLHd 
moaO;sh Ndú;d lrk w;r ñksiqka idudkHfhka 
oYuh moaO;sh Ndú;d lrhs' ixLHd mßj¾;kh 
lsÍfuka wmg mß.Kl iuÕ M,odhS f,i wka;¾ 
l%shd lsÍug bv i,ihs' 

 

2. Ease of Calculation 

.Kkh lsÍfï myiqj 

 

Some number systems, like binary or 

hexadecimal, are more suited to specific tasks 

or calculations.  

oaúuh fyda IâoYu jeks iuyr ixLHd moaO;s 
úfYaIs; ld¾hhka fyda .Kkh lsÍï i|yd jvd;a 
.e,fma'  

 

3. Efficiency in Storage and Transmission 

.nvd lsÍfï iy iïfm%aIKfha ld¾hlaIu;dj 
 

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. 

oaúuh jeks iuyr ixLHd moaO;s wxls; moaO;sj, 
o;a; .nvd lsÍu iy iïfm%aIKh lsÍu i|yd 
jvd;a ld¾hlaIu fõ' wxls; Wmdx.j, jvd fyd| 
ld¾h idOkh i|yd o;a; fndfyda úg oaúuh njg 
mßj¾;kh fõ' 

 

4. Data Encryption and Security 

o;a; ixfla;kh iy wdrlaIdj 

 

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. 

ksjerÈ h;=r fkdue;sj f;areï .ekSug wmyiq 
wdlD;s njg mßj¾;kh lsÍfuka ixfõ§ o;a; 
wdrlaId lsÍu i|yd ixLHd mßj¾;kh fndfyda 
úg ixfla;k l%shdj,Skaf.a fldgils' 

 

5. Scientific and Engineering Calculations 

úoHd;aul iy bxðfkare .Kkh lsÍï 

 

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. 

bxðfkare fyda fN!;sl úoHdj jeks iuyr lafIa;%" 
b;d úYd, fyda b;d l=vd ixLHd i|yd úoHd;aul 
wxlkh fyda Iâ oYu Ndú;d lsÍu jeks ixlS¾K 
.Kkh lsÍï ir, lrk ixLHd moaO;s Ndú;d 
lrhs' 

 

6. Human Readability 

udkj lshùfï yelshdj 

 

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. 

ñksiqka oYuh l%uhg jvd yqremqreÿh" tneúka 
fjk;a moaO;s j,ska ixLHd mßj¾;kh lsÍu 
^oaúuh fyda Iâ oYu jeks& ñksiqkag lshùug iy 
w¾: ksrEmKh lsÍug myiq lrhs' 
 
 
 
 
 
 
 
 
 
 
 
 

  

17 ictfromabc.com



Converting Between Number Bases 

ixLHd mdo w;r mßj¾;kh 

 

Converting between number bases is the 

process of transforming a number from one 

numeral system (or base) to another, while 

maintaining its original value.  

ixLHd mdo w;r mßj¾;kh hkq ixLHdjl uq,a 
w.h mj;ajd .ksñka th tla ixLHd moaO;shlska 
^fyda mdofha& ;j;a ixLHdjlg mßj¾;kh lsÍfï 
l%shdj,shhs'  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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).  

oaúuh" oYuh" wIaGuh fyda IâoYuh w;r 
mßj¾;kh lsÍu jeks úúO moaO;s iuÕ jev 
lsÍfï§ fuh w;HjYH fõ' 

 

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. 

mß.Kl i|yd oaúuh" tÈfkod Ndú;h i|yd 
oYuh iy l%uf,aLkh fyda wxls; bf,lafg%dksl 
i|yd IâoYu hk ikao¾Nh u; mokïj ixLHd 
myiqfjka w¾: ksrEmKh lsÍug th bv i,ihs' 

 

 

 

 

 

A. Converting from Decimal to Binary 

oYu h ixLHd oaùuh njg yerùu 
 

Method 01  

 

Divide the given base 10 number from 2 one 

step at a time continuously until it finally 

becomes zero. 

§ we;s oyfha mdofha ixLHdj wjidkfha Y+kH jk 
f;la mshjfrka mshjr È.ska È.gu fkdkj;ajd 2 
ka fnokak 
 

Write the remainder in front of each step. 

iEu mshjrlgu bÈßfhka b;sß w.h ,shkak 
 

Each remainder can be either 0 or 1. 

iEu b;sß w.hlau 0  fyda 1 úh yel' 
 

Arrange the remainders from bottom to top. It 

will give the equal base 2 number. 

w. isg uq,g msysgk mßÈ tu b;sß w.hka 
fm,.iajkak' tu.ska wod, ixLHdj ,efí' 

 

Example 01  

= 2710 → (   )2 

 

2 27   

2 13 - 1 

2 6 - 1 

2 3 - 0 

2 1 - 1 

 0 - 1 

 

 

Example 02  

= 11110 → (   )2 

 

2 111   

2 55 - 1 

2 27 - 1 

2 13 - 1 

2 6 - 1 

2 3 - 0 

2 1 - 1 

 0 - 1 

 

 

 

 

2710 =110112 

 

11110 = 11011112 
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Method 02 

 

Find the largest power of 2 that is less than or 

equal to the decimal number. 

oYuh ixLHdjg jvd wvq fyda iudk jk 2 ys 
úYd,;u n,h fidhd .kak' 

 

Subtract the power of 2 from the decimal 

number. 

oYuh ixLHdfjka 2 ys n,h wvq lrkak' 

 

Note the 1 in binary position for that 2 power. 

tu 2 n,h i|yd oaúuh msysgqfï 1 igyka lrkak' 

 

Continue reducing the largest power of 2 until 

the remainder is zero, and repeat the process 

with the remainder. 

b;sßh Y=kH jk f;la 2 ys úYd,;u n, wvq lsÍu 
È.gu lrf.k" b;sßh iuÕ l%shdj,sh kej; 
kej; isÿ lrkak' 

 

For any power of 2 that is irreducible (that is, it 

was larger), record a 0 in that binary position. 

wvq l< fkdyels 2 ys ´kEu n,hla i|yd ^tkï" 

th úYd, úh&" tu oaúuh ia:dkfha 0 igyka 
lrkak' 
 
 

Example 01  

= 2710 → (     )2 

 

16 8 4 2 1 

24 23 22 21 20 

1 1 0 1 1 

110112 

 

2710 =110112 

 

 

 

 

 

 

 

 

Example 02  

= 5510 → (     )2 

 

32 16 8 4 2 1 

25 24 23 22 21 20 

1 1 0 1 1 1 

 

5510 = 1101112 

 

 

 

 

 

 

 

Example 03  

= 7810 → (     )2 

 

64 32 16 8 4 2 1 

26 25 24 23 22 21 20 

1 0 0 1 1 1 0 

 

6810 = 10011102 

 

 

 

 

 

Example 04 

= 4510 → (     )2 

 

32 16 8 4 2 1 

25 24 23 22 21 20 

1 0 1 1 0 1 

 

4510 = 1011012 

 

 

 

 

 

 

 

 

 

 

 

 27 

- 16 

 11 

- 8 

 3 

- 2 

 1 

- 1 

 0 
  

 

 55 

- 32 

 23 

- 16 

 7 

- 4 

 3 

- 2 

 1 

- 1 

 0 
  

  

 

 45 

- 32 

 13 

-  8 

 5 

- 4 

 1 
  

  

 

 78 

- 64 

 14 

- 8 

 6 

- 4 

 2 

- 2 

 0 
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B. Converting from Decimal to Octal 

oYuh ixLHd wYaGuh njg yerùu 
 

Divide the given base 10 number from 8 one 

step at a time continuously until it finally 

becomes zero. 

§ we;s oyfha mdofha ixLHdj wjidkfha Y+kH jk 
f;la mshjfrka mshjr È.ska È.gu fkdkj;ajd 8 
ka fnokak 
 

Write the remainder in front of each step. 

iEu mshjrlgu bÈßfhka b;sß w.h ,shkak 
 

Each remainder can be 0,1,2,3,4,5,6,7 

iEu b;sß w.hlau 0,1,2,3,4,5,6,7 úh yel' 
 

Arrange the remainders from bottom to top. It 

will give the equal base 8 number. 

w. isg uq,g msysgk mßÈ tu b;sß w.hka 
fm,.iajkak' tu.ska wod, ixLHdj ,efí' 
 
 

Example 01  

= 2710 → (     )8 

 

8 27  

 

8 3 - 3 

 0 - 3 

 

2710 = 338 

 

 

Example 02  

= 11110 → (     )8 

 

 

8 111   

8 13 - 7 

8 1 - 5 

 0 - 1 

 

11110 = 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  

= 1910 → (     )8 

 

8 19  

 

8 2 - 3 

 0 - 2 

 

1910 = 238 

 

 

Example 06 

= 79210 → (     )8 

 

8 792   

8 99 - 0 

8 12 - 3 

8 1 - 4 

 0 - 1  

 

79210 = 14308 
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C. Converting from Decimal to Hexa-decimal  

oYuh ixLHd IâoYuh njg yerùu 
 

Divide the given base 10 number by 16 one step 

at a time continuously until it finally becomes 

zero. 

§ we;s oyfha mdofha ixLHdj wjidkfha Y+kH jk 
f;la mshjfrka mshjr È.ska È.gu fkdkj;ajd 16 
ka fnokak 
 

Write the remainder in front of each step. 

iEu mshjrlgu bÈßfhka b;sß w.h ,shkak 

 

Each remainder can be as follows.  

iEu b;sß w.hlau by; mßÈ úh yel' 

 

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F 

 

Arrange the remainders from bottom to top. It 

will give an equal base 16 number. 

w. isg uq,g msysgk mßÈ tu b;sß w.hka 
fm,.iajkak' tu.ska wod< ixLHdj ,efí' 

 

Example 01  

= 2710 → (     )16 

 

16 27  

 

16 1 - 11 (B) 

 0 - 1 

 

2710 = 1B16 

 

 

Example 02 

= 11110 → (     )16 

 

16 111  

 

16 6 - 15 (F) 

 0 - 6 

 

11110 = 6F16 

 

 

 

 

 

 

 

Example 03 

= 6510 → (     )16 

 

16 65  

 

16 4 - 1 

 0 - 4 

 

6510 = 4116 

 

 

Example 04 

= 28310 → (     )16 

 

16 283  

 

16 17 - 11 (B) 

16 1 - 1 

 0 - 1  

 

28310 = 11B16 

 

 

NOTE: 

Converting from Decimal to Base N 

oYuh ixLHd N mdoh njg yerùu 
 

Divide the given base 10 number from n one 

step at a time continuously until it finally 

becomes zero. 

§ we;s oyfha mdofha ixLHdj wjidkfha Y+kH jk 

f;la mshjfrka mshjr È.ska È.gu fkdkj;ajd n 
f.ka fnokak 
 

Write the remainder in front of each step. 

iEu mshjrlgu bÈßfhka b;sß w.h ,shkak 
 

Each remainder can be 0 upto n-1. 

iEu b;sß w.hlau 0 isg n-1 olajd úh yel' 
 

Arrange the remainders from bottom to top. It 

will give the equal base n number. 

w. isg uq,g msysgk mßÈ tu b;sß w.hka 
fm,.iajkak' tu.ska wod, ixLHdj ,efí' 
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D. Converting Decimal floating-point 

numbers to Binary floating-point. 

oYuh bms¨ï ,laYH ixLHd oaùuh bms̈ ï ,laYH 
ixLHd njg yerùu 
 

Multiply the given decimal floating-point 

number by 2 one time. 

§ we;s bms¨ï ,laYH ixLHd w.h tla jrla 2 ka 
.=K lrkak 
 

Neglect the integer part from the above 

calculation. 

by; .Kkh lsÍfuka ,efnk mQ¾K ixLHd fldgi 
fkdi,ld yßkak' 

 

Take the floating-point number part only and 

continue multiplying from 2 as above again and 

again until it becomes zero. 

bms¨ï ,laYH ixLHd fldgi muKla f.k by; 
mßÈ th 0 jk ;=reu kej; kej; 2 ka .=K 
lrkak 
 

Arrange the integer values in front of the 

floating-point parts from top to bottom. 

It will give the relevant number. 

by< isg my<g msysgk fia bms¨ï ,laIH fldgia 
bÈßmsg we;s mQ¾K ixLHd w.hka ilikak' tu.ska 
wod< ixLHdj ,nd fokq we;' 

 

Example 01  

= 0.312510 → (     )2 

 

 

 .3125  x 2 

0 .6250   x 2 

1 .2500  x 2 

0 .5000  x 2 

1 .0000  

 

0.312510 = 0.01012
 

 

Example 02 

= 0.12510 → (     )2 

 

 

 .125  x 2 

0 .250   x 2 

0 .500  x 2 

1 .000   
 

0.12510 = 0.0012 

NOTE:  

Some numbers don’t produce zero in 

multiplying. If the same calculation is recurring, 

stop the multiplication.  

we;eï ixLHd .=KlsÍfuka Y=kH ,ndfokafka ke;' 
tlu .‚; l¾u kej; kej; isÿ jkafka kï" 
.=K lsÍu kj;ajkak' 

 

 

Example 01 

= 0.210 → (     )2 

 

 

 .2  x 2 

0 .4  x 2 

0 .8 x 2 

1 .6 x 2 

1. .2 x 2 

0 .4 x 2 

0 .8 x 2 

1 .6  

 

0.210 = 0.00112 

 

Example 02 

= 0.4510 → (     )2 

 

  .45  x 2 

0 .90 x 2 

1 .80 x 2 

1 .60 x 2 

1. .20 x 2 

0 .40 x 2 

0 .80 x 2 

1 .60 x 2 

1 .20 x 2 

0 .40  

 

0.4510 = 0.011102 
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E. Converting Decimal floating-point 

numbers to Octal floating-point. 

oYuh bms̈ ï ,laYH ixLHd wIaGuh bms̈ ï ,laYH 
ixLHd njg yerùu 
 

Multiply the given decimal floating-point 

number by 8 one time. 

§ we;s bms¨ï ,laYH ixLHd w.h tla jrla 8 ka 
.=K lrkak 
 

Neglect the integer part from the above 

calculation. 

by; .Kkh lsÍfuka ,efnk mQ¾K ixLHd fldgi 
fkdi,ld yßkak 

 

Take the floating-point number part only and 

continue multiplying from 8 as above again and 

again until it becomes zero. 

bms¨ï ,laYH ixLHd fldgi muKla f.k by; 
mßÈ th 0 jk ;=reu kej; kej; 8 ka .=K 
lrkak 
 

Arrange the integer values in front of the 

floating-point parts from top to bottom. 

It will give the relevant number. 

by< isg my<g msysgk fia bms¨ï ,laIH fldgia 
bÈßmsg we;s mQ¾K ixLHd w.hka ilikak' tu.ska 
wod< ixLHdj ,nd fokq we;' 
 
 

Example 01 

= 0.312510 → (     )8 

 

 

 .3125 x 8 

2 .5000 x 8 

4 .0000  

 

0.312510 = 0.248 

 

Example 02 

= 0.62510 → (     )8 

 

 

 .625 x 8 

5 .000  

 

0.62510 = 0.58 
 
 
 
 

 

NOTE:  

Some numbers don’t produce zero in 

multiplying. If the same calculation is 

recurring, stop the multiplication.  

we;eï ixLHd .=KlsÍfuka Y=kH 
,ndfokafka ke;' tlu .‚; l¾u kej; 
kej; isÿ jkafka kï" .=K lsÍu 
kj;ajkak' 
 

 
 

Example 01 

= 0.210 → (     )8 

 

  .2  x 8 

1 .6 x 8 

4 .8 x 8 

6 .4 x 8 

3 .2 x 8 

1 .6 x 8 

4 .8  

 

0.210 = 0.14638 

 

Example 02 

= 0.4510 → (     )8 

 

  .45 x 8 

3 .60 x 8 

4 .80 x 8 

6 .40 x 8 

3 .20 x 8 

1 .60 x 8 

4 .80 x 8 

 6 .40  

 

0.4510 = 0.346318 
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F. Converting Decimal floating-point 

numbers to Hexa floating-point. 

oYuh bms¨ï ,laYH ixLHd YâoYuh bms¨ï 
,laYH ixLHd njg yerùu 
 

Multiply the given decimal floating-point 

number by 16 one time. 

§ we;s bms¨ï ,laYH ixLHd w.h tla jrla 16 ka 
.=K lrkak 
 

Neglect the integer part from the above 

calculation. 

by; .Kkh lsÍfuka ,efnk mQ¾K ixLHd fldgi 
fkdi,ldyßkak 
 

Take the floating-point number part only and 

continue multiplying from 16 as above again & 

again until it becomes zero. 

bms¨ï ,laYH ixLHd fldgi muKla f.k by; 
mßÈ th 0 jk ;=reu kej; kej; 16 ka .=K 
lrkak 
 

Arrange the integer values in front of the 

floating-point parts from top to bottom. 

It will give the relevant number. 

by< isg my<g msysgk fia bms¨ï ,laIH fldgia 
bÈßmsg we;s mQ¾K ixLHd w.hka ilikak' tu.ska 
wod< ixLHdj ,nd fokq we;' 

 

 

Example 01 

= 0.312510 → (     )16 

 

 

 .3125 x 16 

5 .0000  

 

0.312510 = 0.516 

 

Example 02 

= 0.62510 → (     )16 

 

 

 .625 x 16 

10 .000  

 

0.62510 = 0.A16 

 
 
 
 
 

Example 03 

= 0.12510 → (     )16 

 

 

 .125 x 16 

2 .000  

 

0.12510 = 0.216 

 

 

NOTE: Some numbers don’t produce 

zero in multiplying. If the same 

calculation is recurring, stop the 

multiplication.  

we;eï ixLHd .=KlsÍfuka Y=kH 
,ndfokafka ke;' tlu .‚; l¾u kej; 
kej; isÿ jkafka kï" .=K lsÍu 
kj;ajkak' 
 

 
 

Example 01 

= 0.210 → (     )16 

 

 

 .2 x 16 

3 .2 x 16 

3 .2 x 16 

 

0.210 = 0.316 
 
 

Example 02 

= 0.4510 → (     )16 

 

 

 .45  x 16 

7 .20   x 16 

3 .20  x 16 

3 .20  

 

0.4510 = 0.7316 
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NOTE:  

Converting Decimal floating-point 

numbers to Base N floating-point. 

oYuh bms¨ï ,laYH ixLHd N mdofha 
bms¨ï ,laYH ixLHd njg yerùu 
 

Multiply the given decimal floating-point 

number by n one time. 

§ we;s bms¨ï ,laYH ixLHd w.h tla jrla 

n f.ka .=K lrkak 
 

Neglect the integer part from the above 

calculation. 

by; .Kkh lsÍfuka ,efnk mQ¾K ixLHd 
fldgi fkdi,ld yßkak 

 

Take the floating-point number part only 

and continue multiplying from n as 

above again and again until it becomes 

zero. 

bms¨ï ,laYH ixLHd fldgi muKla f.k 

by; mßÈ th 0 jk ;=reu kej; kej; n 

f.ka .=K lrkak 
 

Arrange the integer values in front of the 

floating-point parts from top to bottom. 

It will give the relevant number. 

by< isg my<g msysgk fia bms¨ï ,laIH 
fldgia bÈßmsg we;s mQ¾K ixLHd w.hka 
ilikak' tu.ska wod< ixLHdj ,nd fokq 
we;' 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

G. Converting from Binary to Decimal 

oaùuh ixLHd oYuh njg yerùu 
 

Method 01  

 

Write place values of each position below the 

given number in powers of base 2 

§ we;s ixLHdjg my,ska tla tla ia:dk j, ia:dkSh 
w.hka 2 mdofha n, f,i ,shd.kak 
 

Convert those place values into Decimal and 

write them down below each position. 

tu ia:dkSh w.hka oYuh jákdlï njg 
mßj¾;kh lr ia:dkhg my,ska ,shkak 
 

Multiply digits of the binary number from the 

relevant decimal place values  

oaùuh ixLHdfõ b,lalï wod, ia:dk j, oYuh 
ia:dkSh jákdlï j,ska .=K lrkak 
 

Add all products to get the equivalent decimal 

number. 

wod, oYuh ixLHdj ,nd.ekSu i|yd .=Ks;hka 
ish,a, tl;= lrkak' 

 

Example 01 

= 110112 → (     )10 

 

110112 

 

24 23 22 21 20 
16 8 4 2 1 

 

1 1 0 1 1 
16 + 8 + 2 + 1 = 27 
2710 
110112 = 2710 

 

Example 02 

= 1101112 → (     )10 

 

1101112 
 
25 24 23 22 21 20 
32 16 8 4 2 1 

 

1 1 0 1 1 1 
32 + 16 + 4 + 2 + 1 = 55 
5510 

1101112 = 5510 
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Example 03 

= 11011112 → (     )10 

 

11011112 
 
26 25 24 23 22 21 20 
64 32 16 8 4 2 1 

 

1 1 0 1 1 1 1 
64 + 32 + 8 + 4 + 2 + 1 = 11110 

11011112 = 11110 

 

 

 

 

Method 02 

 

Start with the first binary digit. 

m<uq oaúuh b,lalï iuÕ wdrïN lrkak' 

 

Then multiply it by 2 to get the value. 

bkamiq th 2 ka .=K lr w.h ,nd .kak' 

 

Then add with the next binary digit. 

bkamiq B<Õ oaúuh b,lalu iu. tl;= lrkak' 

 

Continue multiplying by 2 and adding binary 

digits in this way until all the digits are gone 

through. 

tf,i ish¨ b,lalï yryd hk f;la 2 ka .=K 
lsÍu iy oaùuh b,lalï tl;= lsÍu È.gu 
lrf.k hkak' 

 

Then finally get the correct decimal value. 

túg wjidkfha ksjerÈ oYuh w.h ,efí' 
 

 

Example 01 

= 110112 → (     )10 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example 02 

= 1101112 → (     )10 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example 03 

= 1001002 → (     )10 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 1 0 1 1 

x2 2    

 3    

 x2 6   

  6   

  x2 12  

   13  

   x2 26 

    27 

110112 = 2710 

 

1 1 0 1 1 1 

x2 2     

 3     

 x2 6    

  6    

  x2 12   

   13   

   x2 26  

    27  

    x2 54 

     55 

1101112= 5510 

 

1 0 0 1 0 0 

x2 2     

 2     

 x2 4    

  4    

  x2 8   

   9   

   x2 18  

    18  

    x2 36 

     36 

1101112= 3610 
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H. Converting Binary floating-point 

numbers to Decimal floating-point. 

oaùuh bms̈ ï ,laYH ixLHd oYuh bms¨ï ,laYH 
ixLHd njg yerùu 

 

This is an extension of the above method. 

fuh by; l%ufhau È.=jls' 

 

Place values will be negative powers of base 2.  

ia:dk w.hka 2 mdofha iDK n, f,i ,efí' 
 

They will produce fractions as the equivalent 

decimal number when converted into decimal. 

tAjd m%idrKh l, úg iudk oYu ixLHd f,i 
Nd. ixLHd ksmojkq we;' 

 

We should convert them into floating point 

numbers of decimal before multiplying with the 

relevant binary digit. 

wod< oaúuh b,lalï iuÕ .=K lsÍug fmr tAjd 
oYuh bms¨ï ,laIH ixLHd njg mßj¾;kh 
lr.; hq;= 
 

 

Example 01 

0.0012  →  (     )10 

 

20  2-1 2-2 2-3 

1  0.5 0.25 0.125 

 

0 . 0 0 1 

0 . 0+0+0.125 

0.12510 

0.0012 = 0.12510 

 

 

Example 02 

110111.1012  →  (     )10 

 

 

 

 

 

 

 

 

 

Example 03 

11011.01012  →  (     )10 

 
 
 
 
 
 
 
 
 
 

 

 

 

25 24 23 22 21 20  2-1 2-2 2-3 

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 
 

55.62510 

110111.1012  = 55.62510 

 

 

24 23 22 21 20  2-1 2-2 2-3 2-4 

16 8 4 2 1  0.5 0.25 0.125 0.0625 
 

1 1 0 1 1 . 0 1 0 1 

16+8+0+2+1 . 0+0.25+0+0.0625 
 

27.312510 

11011.01012 = 27.312510  
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I. Converting Octal to Decimal 

wIaGuh ixLHd oYuh njg yerùu 
 

Method 01 

 

Write place values of each position below the 

given number in powers of base 8 

§ we;s ixLHdjg my,ska tla tla ia:dk j, ia:dkSh 

w.hka 8 mdofha n, f,i ,shd.kak 
 

Convert those place values into Decimal and 

write them down below each position. 

tu ia:dkSh w.hka oYuh jákdlï njg 
mßj¾;kh lr ia:dkhg my,ska ,shkak 
 

Multiply digits of the octal number from the 

relevant decimal place values. 

wIaGuh ixLHdfõ b,lalï wod, ia:dk j, oYuh 
ia:dkSh jákdlï j,ska .=K lrkak 
 

Add all products to get the equivalent decimal 

number. 

wod, oYuh ixLHdj ,nd.ekSu i|yd .=Ks;hka 
ish,a, tl;= lrkak' 
 
 

Example 01 

338 →  (     )10 

 

81 80 

8 1 

 

3 3 

3x8 3x1 

24 3 

 

2710 

338 = 2710 

 
 

Example 02 

1578 →  (     )10 

 

82 81 80 

64 8 1 

 

1 5 7 

1x64 5x8 7x1 

64 + 40 + 7 = 11110  

1578 = 11110 

Method 02 

 

Start with the first Octal digit. 

m<uq wYaGuh b,lalï iuÕ wdrïN lrkak' 

 

Then multiply it by 8 to get the value. 

bkamiq th 8 ka .=K lr w.h ,nd .kak' 

 

Then add with the next Octal digit. 

bkamiq B<Õ wYaGuh b,lalu iu. tl;= lrkak' 

 

Continue multiplying by 8 and adding Octal 

digits in this way until all the digits are gone 

through.  

tf,i ish¨ b,lalï yryd hk f;la 8 ka .=K 
lsÍu iy wYaGuh b,lalï tl;= lsÍu È.gu 
lrf.k hkak' 

 

Then finally get the correct decimal value. 

túg wjidkfha ksjerÈ oYuh w.h ,efí' 
 
 

Example 01 

338 →  (     )10 

 
 
 
 
 
 

338 = 2710 

 
 

Example 02 

1578 →  (     )10 

 
 
 
 
 
 
 

1578  = 11110 

 
 
 

 

 

 
 
 
 

3 3 

x8    24 

 27 

 

1 5 7 

x8 8  

 13  

  104 

  111 
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J. Converting Octal floating-point numbers 

to Decimal floating-point. 

wYaGuh bms¨ï ,laYH ixLHd oYuh bms¨ï ,laYH 
ixLHd njg yerùu 

 

This is an extension of the above method. 

fuh by; l%ufhau È.=jls' 

 

Place values will be negative powers of base 8.  

ia:dk w.hka 8 mdofha iDK n, f,i ,efí' 

 

They will produce fractions as the equivalent 

decimal number when converted into decimal. 

tAjd m%idrKh l, úg iudk oYuh ixLHd f,i 
Nd. ixLHd ksmojkq we;' 

 

We should convert them into floating point 

numbers of decimal before multiplying with the 

relevant octal digit. 

wod< wYaGuh b,lalï iuÕ .=K lsÍug fmr tAjd 
oYuh bms̈ ï ,laIH ixLHd njg mßj¾;kh 
lr.; hq;=h' 
 

Example 01 

67.58 →  (     )10 

 

81 80  8-1 

8 1  0.125 

 

6 7 . 5 

6 x 8 7 x 1 . 5 x 0.125 

48 7  0.625 

55 . 0.625 

 

55.62510 

67.58 = 55.62510 

 

Example 02 

33.248 →  (     )10 

 

81 80  8-1 8-2 

8 1  0.125 0.015625 

 

3 3 . 2 4 

3x8 3x1 . 2x0.125 4x0.015625 

27  0.3125 

27.312510 

33.248 = 27.312510 

 

Example 03 

58.38 →  (     )10 

 

81 80  8-1 

8 1  0.125 

 

5 8 . 3 

5 x 8 8 x 1 . 3 x 0.125 

40 8  0.375 

48 . 0.375 

 

48.375 

58.38 = 48.37510 

 

Example 04 

51.868 →  (     )10 

 

81 80  8-1 8-2 

8 1  0.125 0.015625 

 

5 1 . 8 6 

5x8 1x1 . 8x0.125 6x0.015625 

41  1.0937 

42.093710 

51.868 = 42.093710 

 

Example 05 

91.6 →  (     )10 

 

81 80  8-1 

8 1  0.125 

 

9 1 . 6 

9 x 8 1 x 1 . 6 x 0.125 

72 1  0.75 

73 . 0.75 

 

73.7510 

91.68 = 73.7510 
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K. Converting Hexa-decimal to Decimal 

YâoYuh ixLHd oYuh njg yerùu 
 

Method 01 

 

Write the place values of each position below 

the given number in powers of base 16 

§ we;s ixLHdjg my,ska tla tla ia:dk j, ia:dkSh 
w.hka 16 mdofha n, f,i ,shd.kak 
 

Convert those place values into Decimal and 

write them down below each position. 

tu ia:dkSh w.hka oYuh jákdlï njg 
mßj¾;kh lr ia:dkhg my,ska ,shkak 
 

Multiply digits of the hexadecimal number from 

the relevant decimal place values  

YâoYuh ixLHdfõ b,lalï wod, ia:dk j, 
oYuh ia:dkSh jákdlï j,ska .=K lrkak 
 

Add all products to get the equivalent decimal 

number. 

wod, oYuh ixLHdj ,nd.ekSu i|yd .=Ks;hka 
ish,a, tl;= lrkak' 
 

 

Example 01 

1B16 →  (     )10 

 

161 160 

16 1 

 

1  B 

1 x 16 B x 1 

16 11 

16 + 11 = 27 

1B16 = 2710 

 

 

Example 02 

3716 →  (     )10 

 

161 160 

16 1 

 

3 7 

3 x 16 7 x 1 

48 7 

48 + 7 = 55 

3716  = 5510 

Method 02 

 

Start with the first Hexadecimal digit. 

m<uq YâoYuh b,lalï iuÕ wdrïN lrkak' 

 

Then multiply it by 16 to get the value. 

bkamiq th 16 ka .=K lr w.h ,nd .kak' 

 

Then add with the next Hexadecimal digit. 

bkamiq B<Õ YâoYuh b,lalu iu. tl;= 
lrkak' 

 

Continue multiplying by 16 and adding 

Hexadecimal digits in this way until all the digits 

are gone through.   

tf,i ish¨ b,lalï yryd hk f;la 16 ka .=K 
lsÍu iy YâoYuh b,lalï tl;= lsÍu È.gu 
lrf.k hkak'  

 

Then finally get the correct decimal value. 

túg wjidkfha ksjerÈ oYuh w.h ,efí' 
 
 

Example 01 

1B16 →  (     )10 

 
 
 
 
 

1B16 = 2710 
 

 

Example 02 

6F16 →  (     )10 

 
 
 
 
 
 

6F16 = 11110 

 
 
 
 
 
 
 

 

1 B 

x16    16 

 27 

 

6 F 

x16    96 

 11110 

 

30 ictfromabc.com



L. Converting Hexa-decimal floating-point 

numbers to Decimal floating-point. 

YâoYuh bms¨ï ,laYH ixLHd oYuh bms̈ ï 
,laYH ixLHd njg yerùu 

 

This is an extension of the above method. 

fuh by; l%ufhau È.=jls' 

 

Place values will be negative powers of base 16.  

ia:dksSh w.hka 16 mdofha iDK n, f,i ,efí' 

 

They will produce fractions as the equivalent 

decimal number when converted into decimal. 

tAjd m%idrKh l, úg iudk oYu ixLHd f,i 
Nd. ixLHd ksmojkq we;' 

 

We should convert them into floating point 

numbers of decimal before multiplying with the 

relevant hexa digit. 

wod< YâoYuh b,lalï iuÕ .=K lsÍug fmr 
tAjd oYuh bms¨ï ,laIH ixLHd njg mßj¾;kh 
lr.; hq;=h' 
 

Example 01 

0.216 →  (     )10 

 

160  16-1 

1  0.0625 

 

0 .  2 

0 x 1  2 x .0625 

0  0.125 

0.216 = 0.12510 

 

Example 02 

1B.516 →  (     )10 

 

161 160  16-1 

16 1  0.0625 

 

1 B . 5 

1 x 16 11 x 1   5x0.0625 

27 . 0.3125 

27.3125 

1B.516 = 27.312510 

 

 

 

 

NOTE: 

Converting from Base N to Decimal 

N mdofha ixLHd oYuh njg yerùu 
 

Write place values of each position below 

the given number in powers of base n 

§ we;s ixLHdjg my,ska tla tla ia:dk j, 

ia:dkSh w.hka n mdofha n, f,i ,shd.kak 
 

Convert those place values into Decimal 

and write them down below each position. 

tu ia:dkSh w.hka oYuh jákdlï njg 
mßj¾;kh lr ia:dkhg my,ska ,shkak 
 

Multiply digits of the Base N number from 

the relevant decimal place values  

N mdofha ixLHdfõ b,lalï wod, ia:dk j, 
oYuh ia:dkSh jákdlï j,ska .=K lrkak 
 

Add all products to get the equivalent 

decimal number. 

wod, oYuh ixLHdj ,nd.ekSu i|yd 
.=Ks;hka ish,a, tl;= lrkak' 

 

 

Converting Base N floating-point numbers 

to Decimal floating-point. 

N mdofha bms¨ï ,laYH ixLHd oYuh bms¨ï 
,laYH ixLHd njg yerùu 

 

This is an extension of the above method. 

fuh by; l%ufhau È.=jls' 

 

Place values will be negative powers of base N.  

ia:dk w.hka N mdofha iDK n, f,i ,efí' 

 

They will produce fractions as the equivalent 

decimal number when converted into decimal. 

tAjd m%idrKh l, úg iudk oYuh ixLHd f,i 
Nd. ixLHd ksmojkq we;' 

 

We should convert them into floating point 

numbers of decimal before multiplying with the 

relevant Base N digit. 

wod< N mdofha b,lalï iuÕ .=K lsÍug fmr 
tAjd oYuh bms¨ï ,laIH ixLHd njg mßj¾;kh 
lr.; hq;=h' 
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M. Converting Octal to Binary 

wYaGuh ixLHd oaùuh njg yerùu 
 

Represent Each digit of the octal number 

system in Binary using 3-bit sets. 

iEu wYaGuh b,lalulau ìgq 3 oaùuh fldgila 
f,i ksrEmKh lrkak' 
 

Octal  Binary 

0 - 000 

1 - 001 

2 - 010 

3 - 011 

4 - 100 

5 - 101 

6 - 110 

7 - 111 

 
 

Replace each digit of the given octal number 

from the relevant 3-bit set. 

§ we;s wYaGuh ixLHdfõ tla tla b,lalï tAjdg 

wod, ìgq 3 fldgi u.ska wdfoaY lrkak 
 

Combine all the 3 bit sets together. It will give 

the relevant Binary number. 

tAjd ish,a, tlg ,shkak' tu.ska wod, oaùuh 
ixLHdj ,efí' 
 

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

bÈßmiska we;s ìkaÿ fkdi,ld yeßh yel 
 

 

Example 01 

3748 →  (     )2 

 

3  7  4 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

0 1 1  1 1 1  1 0 0 

 

011 111 1002 

3748 = 0111111002 

 
 
 

 

 

 

 

Example 02 

2538 →  (     )2 

 

2  5  3 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

0 1 0  1 0 1  0 1 1 

 

010 101 0112 

2538 = 0101010112 

 
 

Example 03 

6208 →  (     )2 

 

6  2  0 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

1 1 0  0 1 0  0 0 0 

 

110 010 0002 

6208 = 1100100002 

 
 

Example 04 

2748 →  (     )2 

 

2  8  4 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

0 1 0  1 1 1  1 0 0 

 

010 111 1002 

2748 = 0101111002 

 
 

Example 05 

7538 →  (     )2 

 

7  5  3 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

1 1 1  1 0 1  0 1 1 

 

111 101 0112 

7538 = 1111010112 
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N. Converting Octal floating-point numbers 

to Binary floating-point. 

wYaGuh bms̈ ï ,laYH ixLHd oaùuh bms̈ ï ,laYH 
ixLHd njg yerùu 
 

We can use the same method as above. 

fï i|yd by; l%uhu Ndú;d l, yelsh' 
 

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

miqmiska we;s ìkaÿ fkdi,ld yeßh yel 
 
 

Example 01 

67.568 →  (     )2 

 
 
 
 
 
 
 
 
 
 
 
 

Example 02 

0.3218 →  (     )2 

 
 
 
 
 
 
 
 
 
 
 

 

Example 03 

33.7348 →  (     )2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

6  7 . 5  6 

22 21 20  22 21 20  22 21 20  22 21 20 

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

1 1 0  1 1 1 . 1 0 1  1 1 0 
 

110 111.101 1102 

67.568 = 110111.1011102 

 

 

 

 

0 . 3  2  1 

22 21 20  22 21 20  22 21 20  22 21 20 

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

0 0 0 . 0 1 1  0 1 0  0 0 1 
 

000.011 010 0012 

0.3218 = 0.0110100012 

 

 

 

 

 
3  3 . 7  3  4 

22 21 20  22 21 20  22 21 20  22 21 20  22 21 20 

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

0 1 1  0 1 1 . 1 1 1  0 1 1  1 0 0 
 

011 011.111 011 1002 

33.7348 = 11011.1110111002 
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O. Converting from Hexa-decimal to Binary 

YâoYuh ixLHd oaùuh njg yerùu 
 

Represent Each digit of the hexa-decimal 

number system in Binary using 4-bit sets. 

iEu YâoYuh b,lalulau ìgq 4 oaùuh fldgila 
f,i ksrEmKh lrkak' 
 
 

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 - 0111  F - 1111 

 
 

Replace each digit of the given hexa-decimal 

number from the relevant 4-bit set. 

§ we;s YâoYuh ixLHdfõ tla tla b,lalï tAjdg 
wod, ìgq 4 fldgi u.ska wdfoaY lrkak 
 

Combine all the 4 bit sets together. It will give 

the relevant Binary number. 

tAjd ish,a, tlg ,shkak' tu.ska wod, oaùuh 
ixLHdj ,efí' 
 

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

bÈßmiska we;s ìkaÿ fkdi,ld yeßh yel' 
 
 

Example 01 

= 2FA16 →  (     )2 

 

2  F (15)  A (10) 

23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1 

0 0 1 0  1 1 1 1  1 0 1 0 

 

0010 1111 1010 

2FA16 = 0010111110102 

 
 
 
 
 
 
 

Example 02 

= E9316 →  (     )2 

 

E (14)  9  3 

23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1 

1 1 1 0  1 0 0 1  0 0 1 1 

 

1110 1001 0011 

E9316 = 1110100100112 

 

 

Example 03 

= 85716 →  (     )2 

 

8  5  7 

23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1 

1 0 0 0  0 1 0 1  0 1 1 1 

 

1000 0101 0111 

85716 = 1000010101112 

 
 

Example 04 

= B8116 →  (     )2 

 

B (11)  8  1 

23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1 

1 0 1 1  1 0 0 0  0 0 0 1 

 

1011 1000 0001 

B8116 = 1011100000012 

 

 

Example 05 

= 16816 →  (     )2 

 

1  6  8 

23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1 

0 0 0 1  0 1 1 0  1 0 0 0 

 

0001 0110 1000 

16816 = 0001011010002 
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P. Converting Hexa-decimal floating-point 

numbers to Binary floating-point. 

IâoYuh bms¨ï ,laYH ixLHd oaùuh bms¨ï 
,laYH ixLHd njg yerùu 
 

We can use the same method as above. 

fï i|yd by; l%uhu Ndú;d l, yelsh' 
 

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

miqmiska we;s ìkaÿ fkdi,ld yeßh yel 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Example 01 

= 0.D116 →  (     )2 

 

 

0 . D (13)   1 

23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1 

0 0 0 0 . 1 1 0 1  0 0 0 1 

 

0.1101 00012 

0.D116 = 0.110100012 

 
 

Example 02 

= 37.C616 →  (     )2 

 

3  7 . C (12)  6 

23 22 21 20  23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1  8 4 2 1 

0 0 1 1  0 1 1 1 . 1 1 0 0  0 1 1 0 

z 

0011 0111.1100 01102 

37.C616 = 110111.110001102 

 
 

Example 03 

= 1B.AF216 →  (     )2 

 

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

23 22 21 20  23 22 21 20  23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1  8 4 2 1  8 4 2 1 

0 0 0 1  1 0 1 1 . 1 0 1 0  1 1 1 1  0 0 1 0 

 

0001 1011.1010 1111 00102 

1B.AF216 = 11011.1010111100102 
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Q. Converting from Binary to Octal 

oaùuh ixLHd wYaGuh njg yerùu 
 

Split the given binary integer number part from 

right to left, from the floating point into sets of 

3 bits. 

§ we;s oaùuh mQ¾K ixLHd fldgi oYuia:dkfha 
isg ol=fKa isg jug ìgq 3 fldgia j,g 
fjkalrkak' 
 

If necessary, add zeros to the front to complete 

the 3 bit sets as needed. 

ìgq 3 fldgia iïmQ¾K lsÍug wjYH kï wjYH 
mßÈ uq,g ìkaÿ fhdokak 
 

Replace each set of 3 bits with the relevant octal 

digit from the above table. 

iEu ìgq 3 fldgilau thg wod, wYaGuh b,lalu 
u.ska wdfoaY lrkak' 
 

 

Example 01 

= 1111011002 →  (     )8 

 

1111011002 

 

1 1 1  1 0 1  1 0 0 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

4+2+1=7  4+1=5  4 

 

7548 

1111011002 = 7548 

 

Example 02 

= 11011101012 →  (     )8 

 

11011101012 

 

 

0 0 1  1 0 1  1 1 0  1 0 1 

2
2 

2
1 

2
0 

 
2
2 

2
1 

2
0 

 
2
2 

2
1 

2
0 

 
2
2 

2
1 

2
0 

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

1  4+1=5  4+2=6  4+1=5 

 

15658 

11011101012 = 15658 

 

 

Example 03 

= 101101110112 →  (     )8 

 

101101110112 

 

0 1 0  1 1 0  1 1 1  0 1 1 

2
2 

2
1 

2
0 

 
2
2 

2
1 

2
0 

 
2
2 

2
1 

2
0 

 
2
2 

2
1 

2
0 

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

2  6  7  3 

 

26738 

101101110112 = 26738 

 

 

Example 04 

= 10001001012 →  (     )8 

 

10001001012 

 

0 0 1  0 0 0  1 0 0  1 0 1 

2
2 

2
1 

2
0 

 
2
2 

2
1 

2
0 

 
2
2 

2
1 

2
0 

 
2
2 

2
1 

2
0 

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

1  0  4  5 

 

10458 

10001001012 = 10458 

 

 

Example 05 

= 11101102 →  (     )8 

 

11101102 

 

 

0 0 1  1 1 0  1 1 0 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

1  6  6 

 

 

 

1668 

11101102 = 1668 
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R. Converting Binary floating-point numbers 

to Octal floating-point. 

oaùuh bms̈ ï ,laYH ixLHd wYaGuh bms¨ï ,laYH 
ixLHd njg yerùu 
 

Split the given binary floating-point number 

from left to right, from the floating point into 

sets of 3 bits. 

§ we;s oaùuh bms¨ï ,laYH ixLHd fldgi 
oYuia:dkfha isg jfï isg ol=Kg ìgq 3 fldgia 
j,g fjkalrkak 
 

Zeros can be added to the end to complete the 

sets of 3 bits as necessary. 

ìgq 3 fldgia iïmQ¾K lsÍug wjYH kï wjYH 
mßÈ w.g ìkaÿ fhdokak 
 

Replace each set of 3 bits with the relevant octal 

digit from the above table. 

iEu ìgq 3 fldgilau thg wod, wYaGuh b,lalu 
u.ska wdfoaY lrkak' 
 

Example 01 

 

0.101101011102 

 

0 0 0 . 1 0 1  1 0 1  0 1 1  1 0 0 

22 21 20  22 21 20  22 21 20  22 21 20  22 21 20 

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

0 . 5  5  3  4 

 

0.55348 

0.101101011102 = 0.55348 

 

Example 02 

 

101001.10111012 

   

1 0 1  0 0 1 . 1 0 1  1 1 0  1 0 0 

22 21 20  22 21 20  22 21 20  22 21 20  22 21 20 

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

5  1 . 5  6  4 

 

51.5648 

101001.10111012 = 51.5648 

 

Example 03 

 

11011.11010110112 

   

0 1 1  0 1 1 . 1 1 0  1 0 1  1 0 1  1 0 0 

22 21 20  22 21 20  22 21 20  22 21 20  22 21 20  22 21 20 

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

3  3 . 6  5  5  4 

 

33.65548 

11011.11010110112 = 33.65548 
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S. Converting from Binary to Hexa-decimal 

oaùuh ixLHd IâoYuh njg yerùu 
 

Split the given binary integer number part from 

right to left, from the floating point into sets of 

4 bits. 

§ we;s oaùuh mQ¾K ixLHd fldgi oYuia:dkfha 
isg ol=fKa isg jug ìgq 4 fldgia j,g 
fjkalrkak' 
 

If necessary, add zeros to the front to complete 

the 4 bit sets as needed. 

ìgq 4 fldgia iïmQ¾K lsÍug wjYH kï wjYH 
mßÈ uq,g ìkaÿ fhdokak 
 

Replace each set of 4 bits with the relevant 

hexadecimal digit from the above table. 

iEu ìgq 4 fldgilau thg wod, YâoYuh 
b,lalu u.ska wdfoaY lrkak' 
 

Example 01 

= 11011101012 →  (     )16 

 

11011101012 

 

0 0 1 1  0 1 1 1  0 1 0 1 

23 
22 21 20 

 
2
3 

2
2 

2
1 

2
0 

 
2
3 

2
2 

2
1 

2
0 

8 4 2 1  8 4 2 1  8 4 2 1 

3  7  5 

 

37516 

11011101012 = 37516 

 

Example 02 

= 101101110112 →  (     )16 

 

101101110112 

 

0 1 0 1  1 0 1 1  1 0 1 1 

23 
22 21 20 

 
2
3 

2
2 

2
1 

2
0 

 
2
3 

2
2 

2
1 

2
0 

8 4 2 1  8 4 2 1  8 4 2 1 

5  11 (B)  11 (B) 

 

5BB16 

101101110112 = 5BB16 

 

Example 03 

= 1111011002 →  (     )16 

 

1111011002 

 

0 0 0 1  1 1 1 0  1 1 0 0 

23 
22 21 20 

 
2
3 

2
2 

2
1 

2
0 

 
2
3 

2
2 

2
1 

2
0 

8 4 2 1  8 4 2 1  8 4 2 1 

1  14 (E)  12 (B) 

 

1EB16 

1111011002 = 1EB16 

 

 

Example 04 

= 1001011102 →  (     )16 

 

1001011102 

 

0 0 0 1  0 0 1 0  1 1 1 0 

23 
22 21 20 

 
2
3 

2
2 

2
1 

2
0 

 
2
3 

2
2 

2
1 

2
0 

8 4 2 1  8 4 2 1  8 4 2 1 

1  2  14 (E) 

 

12E16 

1001011102 = 12E16 

 

 

Example 05 

= 110102 →  (     )16 

 

110102 

 

0 0 0 1  1 0 1 0 

23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1 

1  10 (A) 

 

 

1A16 

110102 = 1A16 
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T. Converting Binary floating-point numbers 

to Hexa-decimal floating-point. 

oaùuh bms̈ ï ,laYH ixLHd YâoYuh bms¨ï 
,laYH ixLHd njg yerùu 
 

Split the given binary floating-point number 

from left to right, from the floating point into 

sets of 4 bits. 

§ we;s oaùuh bms¨ï ,laYH ixLHd fldgi 
oYuia:dkfha isg jfï isg ol=Kg ìgq 4 fldgia 
j,g fjkalrkak 

Zeros can be added to the end to complete the 

sets of 4 bits as necessary. 

ìgq 4 fldgia iïmQ¾K lsÍug wjYH kï wjYH 
mßÈ w.g ìkaÿ fhdokak 
 

Replace each set of 4 bits with the relevant 

hexadecimal digit from the above table. 

iEu ìgq 4 fldgilau thg wod, YâoYuh 
b,lalu u.ska wdfoaY lrkak 
 
 
 
 

Example 01 

 

0.101101011102 

   

0 0 0 0 . 1 0 1 1  0 1 0 1  1 1 0 0 

23 22 21 20  23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1  8 4 2 1 

0 . 11 (B)  5  12 (C) 

 

0.B5C16 

0.101101011102 = 0.B5C16 

 

Example 02 

 

101001.10111012 

   

0 0 1 0  1 0 0 1 . 1 0 1 1  1 0 1 0 

23 22 21 20  23 22 21 20  23 22 21 20  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 

 

11011.11010110112 

   

0 0 0 1  1 0 1 1 . 1 1 0 1  0 1 1 0  1 1 0 0 

23 22 21 20  23 22 21 20  23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1  8 4 2 1  8 4 2 1 

1  11 (B) . 13 (D)  6  12 (C) 

 

1B.D6C16 

11011.11010110112 = 1B.D6C16 
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Converting Between octal and hexa-decimal 

wIAGuh iy IâoYuh w;r mßj¾;kh 

 

There is no direct method to convert. 

mßj¾;kh i|yd iDcq l%uhla fkdmj;S 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

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. 

wIaGuh iy IâoYuh ixLHd moaO;s w;r 
ixLHdjla mshjr 2lska mßj¾;kh lsÍu i|yd 
wmg oaúuh fyda oYuh ixLHd moaO;s 
w;rueÈfhla f,i Ndú; l< yel' 
 
 

The following methods can be used to 

convert an octal number into a hexa-decimal 

number. 

wIAGuh ixLHdjla IâoYuh ixLHdjla njg 
mßj¾:kh lsÍu ioyd my; l%u Ndú;d l, yel' 
 

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. 

wIaGuh ixLHdj m,uqj oaùuh ixLHdjla njg 
mßj¾:kh lr bkamiq tu oaùuh ixLHdj 
IâoYuh ixLHdjla njg mßj¾:kh l, yel' 

 

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. 

wIaGuh ixLHdj m,uqj oYuh ixLHdjla njg 
mßj¾:kh lr bkamiq tu oYuh ixLHdj 
IâoYuh ixLHdjla njg mßj¾:kh l, yel' 

The following methods can be used to 

convert a hexa-decimal number into an octal 

number. 

IâoYuh ixLHdjla wIaGuh ixLHdjla njg 
mßj¾:kh lsÍu ioyd my; l%u Ndú;d l, yel' 
 

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. 

IâoYuh ixLHdj m<uqj oaùuh ixLHdjla njg 
mßj¾:kh lr bkamiq tu oaùuh ixLHdj wIaGuh 
ixLHdjla njg mßj¾:kh l, yel' 
 

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. 

IâoYuh ixLHdj m<uqj oYuh ixLHdjla njg 
mßj¾:kh lr bkamiq tu oYuh ixLHdj wIaGuh 
ixLHdjla njg mßj¾:kh l, yel' 
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U. Converting from octal to Hexa-decimal 

wIaGuh ixLHd IâoYu njg yerùu 

 

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

number  

tla tla wIaGuh b,lalu, b,lalï 3 ys oaúuh 
wxlhla njg mrsj¾;kh lrkak' 

 

2. Combine binary digits into a single sequence. 

From the right, group them in sets of four. 

oaúuh b,lalï ;ks wkqms<sfj,lg tAldnoaO 
lrkak' ol=fKa isg" tAjd y;f¾ lÜg,j,g ldKav 
lrkak' 

 

3. Convert each 4-digit binary group to its 

hexadecimal equivalent 

tla tla b,lalu 4 ys oaúuh ldKav tys IâoYuh 
w.hg mßj¾;kh lrkak' 

 

Example 01 

3748 →  (     )16 

 

3  7  4 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

0 1 1  1 1 1  1 0 0 

 

011 111 1002 

 
 

111111002 

 
1 1 1 1  1 1 0 0 

23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1 

15 (F)  12 (C) 

 

FC16 

 

3748  = FC16 

 

 

 

 

 

 

 

 

Example 02 

2538 →  (     )16 

 

2  5  3 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

0 1 0  1 0 1  0 1 1 

 

010 101 0112 

 
 

101010112 

 
1 0 1 0  1 0 1 1 

23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1 

10 (A)  11 (B) 

 

AB16 

 

2538 = AB16 
 
 

Example 03 

3568 →  (     )16 

 

3  5  6 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

0 1 1  1 0 1  1 1 0 

 

011 101 1102 

 
 

0111011102 

 
1 1 1 0  1 1 1 0 

23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1 

14 (E)  14 (E) 

 

EE16 

 

3568 = EE16 
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W. Converting from Octal floating-point to 

Hexa-decimal floating-point  

wIAGuh bms̈ ï ,laYH ixLHd IâoYuh bms̈ ï 
,laYH ixLHd njg yerùu 
 

1. For both the integer and fractional parts, 

convert each octal digit to a 3-digit binary 

number. 

ksÅ, iy Nd.sl fldgia folu i|yd" tla tla 

wIAGuh b,lalu, ìgq 3 ys oaúuh ixLHdjlg 
mßj¾;kh lrkak' 

 

2. Combine all binary digits, keeping the 

decimal point in place. Then, starting from the 

decimal point, group binary digits into sets of 

four. 

oYu ;s; ;nd .ksñka ish¨u oaúuh b,lalï 
tAldnoaO lrkak' bkamiqj" oYu ;sf;ka mgka 
f.k" oaúuh b,lalï y;rl lÜg,j,g iuQy.; 
lrkak' 

 

3. For both integer and fractional parts, convert 

each 4-digit binary group to its hexadecimal 

equivalent. 

ksÅ, iy Nd.sl fldgia folu i|yd" tla tla 

b,lalï 4 ys oaúuh ldKav  tys iudk IâoYuh 
ixLHdjg mßj¾;kh lrkak' 
 

 

Example 01 

0.278 →  (     )16 

 

 
 
 
 

0.278 = 0.5C16 

 

 

Example 02 

1.28 →  (     )16 

 

 

 
 

1.28 = 1.416 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 . 2  7 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

0 0 0 . 0 1 0  1 1 1 
 

0.0101112 

 

1 . 2 

22 21 20  22 21 20 

4 2 1  4 2 1 

0 0 1 . 0 1 0 
 

1.0102 

 

 

 

1.0102 

 

0 0 0 1 . 0 1 0 0 

23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1 

1 . 4 
 

1.416 

 

0.0101112 

 

0 0 0 0 . 0 1 0 1  1 1 0 0 

23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1 

0 . 5  12 (C) 
 

0.5C16 
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X. Converting from Hexa-decimal to octal  

IâoYu ixLHd wIaGuh njg yerùu 
 

1. Change each hexadecimal digit into a 4-digit 

binary number 

tla tla IâoYu b,lalu, b,lalï 4 ys oaúuh 
wxlhla njg mrsj¾;kh lrkak' 

 

2. Combine binary digits into a single sequence. 

From the right, group them in sets of four. 

oaúuh b,lalï ;ks wkqms<sfj,lg tAldnoaO 
lrkak' ol=fKa isg" tAjd ;=fkys lÜg,j,g 
ldKav lrkak' 

 

3. Change each 3-digit binary group to its octal 

equivalent. 

tla tla b,lalï 3 ys oaúuh ldKav tys Iâ 
wIaGuh w.hg mßj¾;kh lrkak' 
 
 

Example 01 

= 2FA16 →  (     )8 

 

2  F (15)  A (10) 

23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1 

0 0 1 0  1 1 1 1  1 0 1 0 

 

0010 1111 1010 

 
 

 
2FA16 =13728 
 
 
 
 
 
 
 
 
 
 

Example 02 

= E916 →  (     )8 

 

E  9 

23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1 

1 1 1 0  1 0 0 1 

 

1110 10012 

 
 

111010012 

 

0 1 1  1 0 1  0 0 1 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

3  5  1 

 

3518 

 

E916 = 3518 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10111110102 

 
0 0 1  0 1 1  1 1 1  0 1 0 

22 21 20  22 21 20  22 21 20  22 21 20 

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

1  3  7  2 

 

13728 
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Y. Converting from Hexa-decimal floating-

point to Octal floating-point  

IâoYuh bms̈ ï ,laYH ixLHd wIAGuh bms¨ï 
,laYH ixLHd njg yerùu 
  

1. For both the integer and fractional parts, 

convert each Hexa-decimal digit to a 4-digit 

binary number. 

ksÅ, iy Nd.sl fldgia folu i|yd" tla tla 

IâoYuh b,lal u b,lalï 4 ys oaúuh wxlhlg 
mßj¾;kh lrkak' 

 

2. Combine all binary digits, keeping the 

decimal point in place. Then, starting from the 

decimal point, group binary digits into sets of 

three. 

oYu ;s; ;nd .ksñka ish¨u oaúuh b,lalï 
tAldnoaO lrkak' bkamiqj" oYu ;sf;kaa mgka 
f.k" oaúuh b,lalï ;=fkys lÜg,j,g iuQy.; 
lrkak' 

 

3. For both integer and fractional parts, convert 

each 3-digit binary group to its octal equivalent. 

ksÅ, iy Nd.sl fldgia folu i|yd" tla tla 

b,lalï 3 ys oaúuh ldKav  tys iudk wIAGuh 
ixLHdjg mßj¾;kh lrkak' 
 

 

Example 01 

= 0.D116 →  (     )8 

 

 

 

 

 

 

 

 

 

 

 

 

0.D116 = 0.6428 

 

 

Example 02 

= F.216 →  (     )8 

 

F . 2 

23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1 

1 1 1 1 . 0 0 1 0 

 

1111.00102 

 

1111.00102 

 

0 0 1  1 1 1 . 0 0 1 

22 21 20  22 21 20  22 21 20 

4 2 1  4 2 1  4 2 1 

1  7 . 1 

 

17.18 

 

F.216 = 17.18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 . D (13)   1 

23 22 21 20  23 22 21 20  23 22 21 20 

8 4 2 1  8 4 2 1  8 4 2 1 

0 0 0 0 . 1 1 0 1  0 0 0 1 
 

0.110100012 

 

0.110100012 

 

0 0 0 . 1 1 0  1 0 0  0 1 0 

22 21 20  22 21 20  22 21 20  22 21 20 

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

0 . 6  4  2 
 

0.6428 
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Most Significant digit (MSD)  

jeäu fjfiis wxlh  
 

The digit with the highest value in a number is 

known as Most Significant digit. 

ixLHdjl jeäu w.hla we;s b,lalu jeäu 
fjfiis wxlh f,i y÷kajhs' 

 

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 ys jïmi we;s 3 ys ixLHdj MSD fõ" ukao 
th wxlfha w.hg úYd,;u n,mEula we;s lrhs' 

 

 

Least Significant digit (LSD) 

wvqu fjfiis wxlh 
 

The digit with the lowest value in a number is 

known as Least Significant digit. 

ixLHdjl wvqu w.h we;s b,lalu wvqu fjfiis 
wxlh f,i y÷kajhs' 

 

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 ys" ol=Kq fl<jf¾ 2 hkq LSD fõ" th iuia; 
w.hg l=vdu Ndrhla odhl fõ' 

 

3,472 ys ol=Kq mi we;s 2 hkq LSD fõ" th iuia; 
w.hg l=vdu n,mEula we;s lrhs' 

 

 

 

 

 

 

 

 

Understanding MSD and LSD helps in assessing 

the magnitude of a number and its approximate 

value. 

MSD iy LSD wjfndaO lr .ekSu wxlhl 
úYd,;ajh iy tys wdikak w.h ;lafiare lsÍug 
WmldÍ fõ' 

 

 

Most Significant bit (MSB)  

jeäu fjfiis ìgqj 
 

The bit with the highest value in a binary 

number is known as Most Significant bit. 

oaúuh ixLHdjl jeäu w.hla we;s ìgqj jeäu 
fjfiis ìgqj f,i y÷kajhs' 
 

It represents the largest power of 2 in the 

number. 

th ixLHdfõ 2 ys úYd,;u n,h ksfhdackh lrhs' 

 

Example: 

In 1011001, the 1 on the far left is the MSB (26 

position), as it has the greatest impact on the 

number's value. 

1011001 ys jïmi we;s 1MSB fõ" ukao th 
wxlfha w.hg úYd,;u n,mEula we;s lrhs' 

 

 

Least Significant bit (LSB) 

wvqu fjfiis ìgqj 
 

The bit with the lowest value in a binary number 

is known as LSB. 

oaúuh ixLHdjl wvqu w.h ìgqj LSB f,i 
y÷kajhs' 

 

Example:  

In 1011001 the 1 on the far right is the LSB, as 

it contributes the smallest impact to the overall 

value. 

1011001 ys" ol=Kq fl<jf¾ 1 hkq LSB fõ"  
th ixLHdfõ w.hg wju n,mEula we;s lrhs' 
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Coding Systems 

fla; l%u 
 

A coding system is a method used to represent 

data, information, or instructions using specific 

symbols, numbers, letters, or combinations. 

fla;lrK moaO;shla hkq ksYaÑ; ixfla;" ixLHd" 
wl=re fyda ixfhdack Ndú;d lrñka o;a;" 
f;dr;=re fyda Wmfoia ksfhdackh lsÍug Ndú;d 
lrk l%uhls' 
 

Coding systems make it easier to store, process, 

and communicate information in computers or 

other devices. 

fla;lrK moaO;shla mß.Kl fyda fjk;a 
Wmdx.j, f;dr;=re .nvd lsÍu" ieliSu iy 
ikaksfõokh lsÍu myiq lrhs' 

 

 

 

 

 

 

 

 

 

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. 

fla;lrK moaO;s o;a; oaúuh (1 yd 0)  njg 
mßj¾;kh lrk w;r mß.Klj,g tajd 
ieliSug bv i,ihs' fuhg mdG" ixLHd" ixfla;" 
iy rEm iy Yío jeks nyqudOH o;a; we;=<;a fõ'

 

Main two concepts in coding system  

fla;lrK moaO;sfha m%Odk ixl,am fol 

 

 

 

 

 

 

•  Encoding  

 

The process of converting information or 

data into a code is known as Encoding.  

f;dr;=re fyda o;a; fla;hla njg 
mßj¾;kh lsÍfï l%shdj,sh fla;kh f,i 
ye¢kafõ' 

 

Encoding is typically used to ensure data 

can be properly consumed by different 

types of systems. 

úúO j¾.fha moaO;s u.ska o;a; ksis f,i 
mßfNdackh l< yels nj iy;sl lsÍu 
i|yd fla;kh lsÍu idudkHfhka Ndú;d 
fõ 

 

•  Decoding  

 

The process of converting the encoded 

data back to its original format is known 

as decoding.  

fla;kh lrk ,o o;a; kej; tys uq,a 
wdlD;shg mßj¾;kh lsÍfï l%shdj,sh 
úfla;kh f,i ye¢kafõ' 

 

For example, converting text into ASCII 

or Unicode format ensures that 

computers understand and display text 

consistently across different devices and 

platforms. 

WodyrKhla f,i" mdG ASCII fyda 
hqksfldaâ wdlD;shg mßj¾;kh lsÍu u.ska 
mß.Kl j,g úúO Wmdx. iy fõÈld 
yryd wLKavj mdG f;areï .ekSu iy 
ixo¾Yk lsÍu iy;sl lrhs' 
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1. BCD  

 

 

 

 

 

 

BCD (Binary-Coded Decimal) is a coding system 

where each decimal digit (0–9) is represented 

by its own binary sequence. 

BCD (oaúuh-fla;s; oYu& hkq tla tla oYu 

b,lalï (0–9) tysu oaúuh wkql%uhlska ksrEmKh 
jk fla;SlrK moaO;shls' 

 

It takes only 4 bits to store the biggest decimal 

digit 9 in binary. So, 4 bits should be enough for 

every other digit. 

oaúuh fla;hla f,i oYuh mdofha úYd,;u  

b,lalu jk 9 .nvd lsÍug wjYH jkafka ìgq 4la 
mu‚' tneúka wksl=;a ish¨  b,lalï ioyd ìgq 
4la m%udKj;a úh hq;=h 

 

Therefore, each decimal digit is represented 

usually by a fixed 4-bit code. 

tu ksid iEu oYuh b,lalulau ksYaÑ; ìgq 4 l 
fla;hla u.ska ksrEmKh lrhs' 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

NOTE 

Maximum number of 

characters that can be 

represented by using n bits 

ìgq n m%udKhla Ndú;d lrñka 
ksrEmKh l, yels Wmßu 
ixfla; .Kk 

= 

2n 

Number of maximum characters that can be 

represented using 4-bit combinations. 

ìgq 4 l ixfhdack Ndú;d lr ksrEmKh l, yels 
Wmßu ixfla; m%udKh  

= 24 

=16 

 

Number of characters to be represented. 

ksrEmKh lsÍug we;s ixfla; m%udKh 

=10 

 

Number of remaining places in the code 

without assigned digits. 
tuksid iïnkaê; b,lalï fkdue;sj fla;fha 
mj;sk ysia;eka 

=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 njg mßj¾;kh l< yelafla 10 mdofha 

ixLHd mu‚' fjk;a mdo j, ixLHd BCD njg m;a 

lsÍug fmr tAjd 10 mdohg mßj¾;kh lr.; 
hq;=h' 

 

NOTE 02: 

Binary number and the BCD number of the 

same decimal number are not the same 

tlu oyfha mdofha ixLHdfõ BCD w.h iy 2 

mdofha w.h iudk fkdfõ' 

 

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. 

iEu oYuh b,lalulau 4-bit BCD fla;hlska 

ksrEmKh flf¾' kuq;a iEu 4-bit lÜg,hlau 

BCD fla;hla fkdjk w;r oYuh b,lalulg 
iïnkaO fkdfõ' 

0 0000 

1 0001 

2 0010 

3 0011 

4 0100 

5 0101 

6 0110 

7 0111 

8 1000 

9 1001 

 

Empty 1010 

Empty 1011 

Empty 1100 

Empty 1101 

Empty 1110 

Empty 1111 
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Converting a given decimal number into a 

BCD code 

§ we;s oYuh ixLHdjla BCD fla;hla njg 
yerùu 
 

Replace each digit of the given decimal number 

with the relevant 4-bit BCD code. 

§ we;s oYuh ixLHdfõ iEu b,lalulau BCD 

fla;hg wkqj Bg wod, ìgq y;f¾ fldgi u.ska 
wdfoaY lrkak 
 

Combine all the 4 bit sets together. 

tu ìgq y;f¾ fldgia tl ,Õska ,shkak 

 

2097610 

2 0 9 7 6 

0010 0000 1001 0111 0110 

00100000100101110110BCD 

 

Every digit should always be represented by a 

fixed number of 4 bits, without neglecting any, 

because it is an encoding-decoding system. 

fuh fla;k-úfla;k moaO;shla jk neúka § we;s 
oYuh ixLHdfõ iEu b,lalulau iEuúgu lsisÿ 

ìgqjla fkdi,ld yeÍulska f;drj ìgq 4 
fldgilska ksrEmKh l, hq;=h 

 

NOTE:  

Here, zeros in the front or back of the number 

cannot be neglected 

fuys§" ixLHdfõ bÈßmi fyda msgqmi we;s Y=kH 
w.hka fkdi,ld yeßh fkdyel' 

 

Example 01: 

Convert decimal number 57310 to the BCD 

57310 oYu ixLHdj BCD njg mßj¾;kh lrkak 

 

57310 

5 7 3 

0101 0111 0011 

0101 0111 0011BCD 

 

57310 = 010101110011BCD 

Example 02: 

Convert octal number 2758 to the BCD 

2758 wIaGuh ixLHdj BCD njg mßj¾;kh 
lrkak 

 

First, let’s convert 2758 to decimal number  

m<uqj" 2758 oYu ixLHdjlg mßj¾;kh lruq 

 

2758 

2 x 82 7 x 81 5 x 80 

128 56 5 

128 + 56 + 5 

189 

18910 

 

Now, let’s convert 18910 to BCD code. 

oeka, 18910 BCD fla;hg mßj¾;kh lruq' 

 

18910 

1 8 9 

0001 0100 0101 

000101000101BCD 

 

 

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 hkq oYu 

b,lalï folla ;ks nhsghlg wiqrd we;s BCD 
wdldrhls' 

 

NOTE 02: 

BCD as a concept doesn't have a single 

inventor. It was a natural evolution. 

ixl,amhla f,i BCD yg ;ks ksmehqïlrefjl= 
fkdue;' th iajNdúl mßKduhls' 
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Advantages of BCD 

BCD j, jdis 

 

Since each decimal digit is represented 

independently here, BCD representations are 

easier for humans to read and understand 

compared to binary numbers. 

fuys tla tla oYuh b,lalï iajdëkj ksrEmKh 

jk neúka" BCD ksrEmKhka ñksiqkag lshùug iy 
f;areï .ekSug myiq fõ' 

  

Arithmetic operations on BCD numbers can be 

performed using techniques similar to decimal 

arithmetic. 

oYuh .‚;hg iudk Ys,amSh l%u Ndú;fhka BCD 

ixLHd u; wxl .‚; fufyhqï isÿ l< yel' 

 

The format of a number can be easily 

interchanged from Decimal to BCD rather than 

from Decimal to binary. 

ixLHdjl wdlD;sh oYufha isg oaúuh olajd 

yqjudre lsÍug jvd myiqfjka oYufha isg BCD 
olajd yqjudre l< yel' 

 

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. 

bms¨ï ,laIH wxl .‚;fha oaúuh iy oYuh 
w;r mßj¾;kh lsÍfï§ fuka jeghSfï fodaI 

j,ska f;drj BCD u.ska bms¨ï ,laYH w.hka 
ksrEmKh l< yel' tneúka th oYuh 
ksrjoH;dj ;SrKd;aul jk o;a; iuqodh j,§ iy 
uQ,H mß.Kkfha § Ndú;d fõ' 

 

Addition and subtraction can be easier with 

BCD than with binary representations. 

tl;= lsÍï iy wvq lsÍï oaúuh mdofhka ksrEmKh 

lsÍug jvd BCD iuÕ myiqh' 

 

BCD can be implemented efficiently in 

hardware using specialized circuits. 

úfYaIs; mßm: Ndú;fhka oDvdx.j, BCD 

ld¾hlaIuj l%shd;aul l< yel' 

 

Disadvantages of BCD 

BCD j, wjdis 

 

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. 

iEu oYuh b,lalulau ìgq 4la Ndú;d lrñka 

fjk fjku .nvd lr we;s neúka" w.hka 10la 

(0–9) muKla l< yels jqjo" mq¾K oaúuh yd 

ii|k úg .nvd lsÍfï§ BCD wvq ld¾hlaIu fõ' 
 

BCD requires more bits to represent a decimal 

number compared to binary.  

oaúuh yd ii|k úg oYuh ixLHdjla ksrEmKh 

lsÍug BCD yg jeä ìgq wjYH fõ'  
 

For example, representing the decimal number 

15 requires 8 bits in BCD, while it only requires 

4 bits in binary. 

WodyrKhla f,i" oYu wxl 15 ksfhdackh lsÍu 

i|yd BCD ys ìgq 8la wjYH jk w;r" thg wjYH 
jkafka oaúuh jYfhka ìgq 4la mu‚' 

 

1510 = 4 bits (11112) 

1510 = 8 bits (00001101BCD) 

 

In modern general-purpose computing, binary 

representations are more standard, making 

BCD less common and outdated. 

kQ;k fmdÿ ld¾h mß.Kkfha §" oaúuh 

ksrEmKhka jvd;a iïu; jk w;r" BCD hkq 
Ndú;h wvq iy h,a mek .sh tlls' 
 

Multiplying and dividing BCD code is more 

complex than with pure binary numbers. 

BCD fla; .=K lsÍu iy fn§u iïu; oaúuh 
ixLHd j,§ g jvd ixlS¾K fõ' 
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Applications of BCD 

BCD ys fhÿï 

 

BCD is commonly used in calculators to 

represent numbers and perform arithmetic 

operations. 

BCD idudkHfhka ixLHd ksrEmKh lsÍug iy 
wxl .‚; fufyhqï isÿ lsÍug .Kl hka;%j, 
Ndú;d fõ' 
 

BCD is used to display time and date in digital 

devices. 

wxls; Wmdx.j, fõ,dj iy Èkh fmkaùug BCD 

Ndú;d lrhs' 
 

Some computer peripherals, such as keyboards 

and displays, may use BCD to represent data. 

h;=remqjre iy ixo¾Yl jeks iuyr mß.Kl 

Wmdx." o;a; ksrEmKh lsÍug BCD Ndú;d l< 
yel' 
 

Floating-point 

numbers are not 

directly compatible 

with BCD because 

BCD focuses only on 

integer digits. If you 

need to work with 

floating-point 

numbers, using 

systems like IEEE 

754 is more 

appropriate. 

BCD mQ¾K ixLHd 
b,lalï u; muKla wjOdkh fhduq lrk ksid 

mdfjk ,laIH ixLHd BCD iuÕ iDcqj 
fkd.e<fma' Tng mdfjk ,laIH wxl iuÕ jev 

lsÍug wjYH kï" IEEE 754 jeks moaO;s Ndú;d 
lsÍu jvd;a iqÿiqh' 
 
 

 

 

2. ASCII  

 

 

 

 

 

 

 

ASCII emerged in the 1960s to standardize text 

representation using binary code 

ASCII, 1960 os oaúuh fla;h Ndú;fhka mdG 
ksrEmKh m%ñ;slrKh lsÍug u;= úh' 
 

Like Morse code, Telegraphic codes were 

among the earliest examples of character 

encoding, but they were designed for specific 

communication systems. 

fuda¾ia fla;h fuka" fg,s.%d*sla fla; wlaIr 
fla;lrK moaO;sh mer‚;u WodyrK w;r úh" 
kuq;a tAjd úfYaIs; ikaksfõok moaO;s i|yd 
ks¾udKh lr we;' 
 

In 1963, the ASA (later renamed the American 

National Standards Institute, ANSI) established 

a committee to standardize the 7-bit code. 

1963 §" ASA (miqj American National Standards 

Institute, ANSI f,i kï lrk ,§& 7-bit fla;h 
m%ñ;slrKh lsÍug lñgqjla msysgqjk ,§' 
 

ASCII 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. 

ASCII ks, jYfhka 1963 Bob Bemer f.a 
uÕfmkaùu hgf;a ixj¾Okh lrk ,o w;r" 
mß.Kl iy ikaksfõok WmlrKj, Ndú;h 
i|yd mdG fla;kh m%ñ;s.; lsÍu i|yd fla;h 
ks¾udKh lsÍug kdhl;ajh ÿkafkah' 

 

Later became the 

default standard 

for text files in UNIX 

and DOS systems. 

miqj UNIX iy DOS 
moaO;sj, wlaYr 
f.dkq yeisrùu 
i|yd m%ñ;sh njg 
m;a úh' 
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The first version of ASCII included 7-bit codes, 

allowing for 128 different characters, including 

control characters (for commands like carriage 

return, newline, and tab) and printable 

characters (letters, numbers, symbols). 

ASCII ys m<uq wkqjdohg 7-ìgq fla; we;=<;a jQ 
w;r" md,k wkq,laIK ^lef¾Ê ßg¾ka" ksõ,hska 
iy geí jeks úOdk i|yd& iy uqøKh l< yels 
wkq,laIK ^wl=re" wxl" ixfla;& we;=¿j úúO 

wlaIr 128 i|yd bv ,nd foa' 
 

Numeric ixLHdxl 0 - 9 

Alphabetic  wlaYruh a - z  A - Z 

Special  úfYaI  # @ ! . + - 

 

ASCII does not represent world languages. 

ASCII f,dal NdYdjka ksfhdackh fkdlrhs 
 

Extended ASCII uses 8 bits, allowing for 256 

characters (0–255). The extra 128 characters 

(128–255) include symbols, foreign language 

characters, and graphical characters. But it is 

not standardized. 

Extended ASCII wkq,laIK 256 (0–255) i|yd 

bv foñka ìgq 8la Ndú;d lrhs' wu;r wlaIr 128 

(128–255) ;=< ixfla;" úfoaYSh NdId wlaIr iy 
Ñ;%l wlaIr we;=<;a fõ' kuq;a th iïu; l%uhla 
fkdfõ' 

Number of maximum characters that can be 

represented by 7 bit combinations 
ìgq 7 l ixfhdack Ndú;d lr ksrEmKh l,yels 
Wmßu ixfla; m%udKh 

 

= 27 = 128 

 

Number of maximum characters that can be 

represented by 8 bit combinations 

ìgq 8 l ixfhdack Ndú;d lr ksrEmKh l,yels 
Wmßu ixfla; m%udKh 

= 28 = 25 

 

ASCII uses a linear representation of letters in 

the order of the alphabet.  

ASCII fla; l%uh fydaäfha wkqms<sfj,g wlaYr j, 
f¾Çh ksrEmKhla Ndú;d lrhs' 
 

It matches newer coding systems and has even 

become a subset of them. 

th kùk fla;lrK moaO;s iuÕ .e,fmk w;r 
tAjdfha Wm l=,lhla njg m;a ù we;' 
 

character Decimal  ASCII 

 0 0000000 

   

   

0 48 0110000 

   

9 57 0111001 

   

   

A 65 1000001 

   

B 66 1000010 

   

   

a 97 1100001 

   

b 98 1100010 

   

   

 128 1111111 

 
 

ASCII Control Characters 

 

DECI BINARY CHAR DESCRIPTION 

0 00000000 NUL Null char 

1 00000001 SOH Start of Heading 

2 00000010 STX Start of Text 

3 00000011 ETX End of Text 

4 00000100 EOT End of Transmission 

5 00000101 ENQ Enquiry 

6 00000110 ACK Acknowledgment 

7 00000111 BEL Bell 

8 00001000 BS Back Space 

9 00001001 HT Horizontal Tab 

10 00001010 LF Line Feed 

11 00001011 VT Vertical Tab 

12 00001100 FF Form Feed 

13 00001101 CR Carriage Return 

14 00001110 SO Shift Out / X-On 

15 00001111 SI Shift In / X-Off 

16 00010000 DLE Data Line Escape 

17 00010001 DC1 Device Control 1 (oft. 

XON) 

18 00010010 DC2 Device Control 2 

19 00010011 DC3 Device Control 3 (oft. 

XOFF) 

20 00010100 DC4 Device Control 4 

21 00010101 NAK Negative 

Acknowledgement 
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22 00010110 SYN Synchronous Idle 

23 00010111 ETB End of Transmit Block 

24 00011000 CAN Cancel 

25 00011001 EM End of Medium 

26 00011010 SUB Substitute 

27 00011011 ESC Escape 

28 00011100 FS File Separator 

29 00011101 GS Group Separator 

30 00011110 RS Record Separator 

31 00011111 US Unit Separator 

 

ASCII printable characters 

 

DECIMAL BINARY CHAR DESCRIPTION 

32 00100000  Space 

33 00100001 ! Exclamation 

34 00100010 " Double quotes 

35 00100011 # Number 

36 00100100 $ Dollar 

37 00100101 % Per cent sign 

38 00100110 & Ampersand 

39 00100111 ' Single quote 

40 00101000 ( open bracket 

41 00101001 ) close bracket 

42 00101010 * Asterisk 

43 00101011 + Plus 

44 00101100 , Comma 

45 00101101 - Hyphen 

46 00101110 . Dot or full stop 

47 00101111 / Slash or divide 

48 00110000 0 Zero 

49 00110001 1 One 

50 00110010 2 Two 

51 00110011 3 Three 

52 00110100 4 Four 

53 00110101 5 Five 

54 00110110 6 Six 

55 00110111 7 Seven 

56 00111000 8 Eight 

57 00111001 9 Nine 

58 00111010 : Colon 

59 00111011 ; Semicolon 

60 00111100 < Less than 

61 00111101 = Equals 

62 00111110 > Greater than 

63 00111111 ? Question mark 

64 01000000 @ At symbol 

65 01000001 A Uppercase A 

66 01000010 B Uppercase B 

67 01000011 C Uppercase C 

68 01000100 D Uppercase D 

69 01000101 E Uppercase E 

70 01000110 F Uppercase F 

71 01000111 G Uppercase G 

72 01001000 H Uppercase H 

73 01001001 I Uppercase I 

74 01001010 J Uppercase J 

75 01001011 K Uppercase K 

76 01001100 L Uppercase L 

77 01001101 M Uppercase M 

78 01001110 N Uppercase N 

79 01001111 O Uppercase O 

80 01010000 P Uppercase P 

81 01010001 Q Uppercase Q 

82 01010010 R Uppercase R 

83 01010011 S Uppercase S 

84 01010100 T Uppercase T 

85 01010101 U Uppercase U 

86 01010110 V Uppercase V 

87 01010111 W Uppercase W 

88 01011000 X Uppercase X 

89 01011001 Y Uppercase Y 

90 01011010 Z Uppercase Z 

91 01011011 [ Open bracket 

92 01011100 \ Backslash 

93 01011101 ] Close bracket 

94 01011110 ^ Caret 

95 01011111 _ Underscore 

96 01100000 ` Grave accent 

97 01100001 a Lowercase a 

98 01100010 b Lowercase b 

99 01100011 c Lowercase c 

100 01100100 d Lowercase d 

101 01100101 e Lowercase e 

102 01100110 f Lowercase f 

103 01100111 g Lowercase g 

104 01101000 h Lowercase h 

105 01101001 i Lowercase i 

106 01101010 j Lowercase j 

107 01101011 k Lowercase k 

108 01101100 l Lowercase l 

109 01101101 m Lowercase m 

110 01101110 n Lowercase n 

111 01101111 o Lowercase o 

112 01110000 p Lowercase p 

113 01110001 q Lowercase q 

114 01110010 r Lowercase r 

115 01110011 s Lowercase s 

116 01110100 t Lowercase t 

117 01110101 u Lowercase u 

118 01110110 v Lowercase v 

119 01110111 w Lowercase w 
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120 01111000 x Lowercase x 

121 01111001 y Lowercase y 

122 01111010 z Lowercase z 

123 01111011 { Open brace 

124 01111100 | Vertical bar 

125 01111101 } Close brace 

126 01111110 ~ tilde 

127 01111111  Delete 

 

Extended 8-bit ASCII 

 

128 10000000 € Euro sign 

129 10000001     

130 10000010 ‚ Single low-9 quotation 

131 10000011 ƒ f with hook 

132 10000100 „ Double low-9 quotation 

133 10000101 … Horizontal ellipsis 

134 10000110 † Dagger 

135 10000111 ‡ Double dagger 

136 10001000 ˆ Modifier circumflex 

137 10001001 ‰ Per mille sign 

138 10001010 Š S with caron 

139 10001011 ‹ Single left-pointing angle 

quotation 

140 10001100 Œ ligature OE 

141 10001101   
 

142 10001110 Ž Z with caron 

143 10001111     

144 10010000     

145 10010001 ‘ Left single quotation 

146 10010010 ’ Right single quotation 

147 10010011 “ Left double quotation 

148 10010100 ” Right double quotation 

149 10010101 • Bullet 

150 10010110 – En dash 

151 10010111 — Em dash 

152 10011000 ˜ tilde 

153 10011001 ™ Trade mark sign 

154 10011010 š S with caron 

155 10011011 › right-pointing angle 

quotation mark 

156 10011100 œ ligature oe 

157 10011101     

158 10011110 ž z with caron 

159 10011111 Ÿ Y with diaeresis 

160 10100000   Non-breaking space 

161 10100001 ¡ Inverted exclamation 

162 10100010 ¢ Cent sign 

163 10100011 £ Pound sign 

164 10100100 ¤ Currency sign 

165 10100101 ¥ Yen sign 

166 10100110 ¦ Pipe, Broken vertical bar 

167 10100111 § Section sign 

168 10101000 ¨ Spacing diaeresis - umlaut 

169 10101001 © Copyright sign 

170 10101010 ª Feminine ordinal indicator 

171 10101011 « Left double angle quotes 

172 10101100 ¬ Not sign 

173 10101101  Soft hyphen 

174 10101110 ® Registered trademark 

175 10101111 ¯ Spacing macron - overline 

176 10110000 ° Degree sign 

177 10110001 ± Plus-or-minus sign 

178 10110010 ² Superscript two 

179 10110011 ³ Superscript three 

180 10110100 ´ Acute accent - spacing 

acute 

181 10110101 µ Micro sign 

182 10110110 ¶ Pilcrow sign - paragraph 

sign 

183 10110111 · Middle dot - Georgian 

comma 

184 10111000 ¸ Spacing cedilla 

185 10111001 ¹ Superscript one 

186 10111010 º Masculine ordinal indicator 

187 10111011 » Right double angle quotes 

188 10111100 ¼ Fraction one quarter 

189 10111101 ½ Fraction one half 

190 10111110 ¾ Fraction three quarters 

191 10111111 ¿ Inverted question mark 

192 11000000 À A with grave 

193 11000001 Á A with acute 

194 11000010 Â A with circumflex 

195 11000011 Ã A with tilde 

196 11000100 Ä A with diaeresis 

197 11000101 Å A with ring above 

198 11000110 Æ AE 

199 11000111 Ç C with cedilla 

200 11001000 È E with grave 

201 11001001 É E with acute 

202 11001010 Ê E with circumflex 

203 11001011 Ë E with diaeresis 

204 11001100 Ì I with grave 

205 11001101 Í I with acute 

206 11001110 Î I with circumflex 

207 11001111 Ï I with diaeresis 

208 11010000 Ð ETH 

209 11010001 Ñ N with tilde 

210 11010010 Ò O with grave 

211 11010011 Ó O with acute 

212 11010100 Ô O with circumflex 

213 11010101 Õ O with tilde 

214 11010110 Ö O with diaeresis 
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215 11010111 × Multiplication sign 

216 11011000 Ø O with slash 

217 11011001 Ù U with grave 

218 11011010 Ú U with acute 

219 11011011 Û U with circumflex 

220 11011100 Ü U with diaeresis 

221 11011101 Ý Y with acute 

222 11011110 Þ THORN 

223 11011111 ß sharp s - ess-zed 

224 11100000 à a with grave 

225 11100001 á a with acute 

226 11100010 â a with circumflex 

227 11100011 ã a with tilde 

228 11100100 ä a with diaeresis 

229 11100101 å a with ring above 

230 11100110 æ ae 

231 11100111 ç c with cedilla 

232 11101000 è e with grave 

233 11101001 é e with acute 

234 11101010 ê e with circumflex 

235 11101011 ë e with diaeresis 

236 11101100 ì i with grave 

237 11101101 í i with acute 

238 11101110 î i with circumflex 

239 11101111 ï i with diaeresis 

240 11110000 ð eth 

241 11110001 ñ n with tilde 

242 11110010 ò o with grave 

243 11110011 ó o with acute 

244 11110100 ô o with circumflex 

245 11110101 õ o with tilde 

246 11110110 ö o with diaeresis 

247 11110111 ÷ Division sign 

248 11111000 ø o with slash 

249 11111001 ù u with grave 

250 11111010 ú u with acute 

251 11111011 û u with circumflex 

252 11111100 ü u with diaeresis 

    

253 11111101 ý y with acute 

254 11111110 þ thorn 

255 11111111 ÿ y with diaeresis 

FUN FACT: ASCII Arts 

 

 
 

ASCII arts is a graphic design technique that 

uses printable characters from the ASCII 

standard to generate artistic images. 

ASCII l,d hkq l,d;aul rEm ckkh lsÍu i|yd 

ASCII m%ñ;sfhka uqøKh l< yels wlaIr Ndú;d 
lrk .%e*sla ks¾udK ;dËKhls' 
 

The "@" symbol had little use before email. 

ASCII led it to become the designator in email 

addresses. 

Bfï,a Ndú;hg fmr "@" ixfla;hg t;rï 

wruqKla ;snqfKa ke;' ASCII fla; l%uh th Bfï,a 
,smskj, Ndú;hg uÕ mE§h' 
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Arabic 

 

Greek 
 0 1 2 3 4 5 6 7 8 9 A B C D E F 

8x                 

9x                 

Ax 
NB

SP  

‘  ’  £  
€ ₯ ¦ § ¨  © 

ͺ « ¬ 

SH

Y 

 ― 

Bx ° ± ²  ³  

 ́ ΅ Ά · 

Έ Ή Ί » 

Ό ½  

Ύ Ώ 

Cx ΐ Α Β Γ  Δ Ε  Ζ Η Θ Ι Κ Λ  Μ Ν  Ξ Ο 

Dx Π Ρ 

 Σ Τ  Υ  Φ Χ Ψ  Ω Ϊ Ϋ  ά έ ή  ί 

Ex ΰ α β γ δ  ε ζ η  θ ι κ λ  μ  ν ξ ο 

Fx π ρ ς σ τ υ φ χ  ψ ω ϊ ϋ ό ύ ώ 

 

 

Western Europe 
 0 1 2 3 4 5 6 7 8 9 A B C D E F 

8x                 

9x                 

Ax 
NB

SP  

¡  ¢ £  ¤ ¥ ¦ § ¨  © ª  « ¬ 

SH

Y 

® ¯  

Bx ° ± ²  ³  ´  µ ¶ · ¸ ¹ º » ¼  ½  ¾ ¿ 

Cx À  Á  Â  Ã  Ä  Å  Æ  Ç  È É Ê Ë Ì Í Î Ï 

Dx Ð Ñ Ò  Ó  Ô  Õ  Ö  × Ø  Ù Ú Û Ü Ý Þ  ß 

Ex à á â ã ä å æ ç è  é  ê  ë  ì í î ï 

Fx ð  ñ ò  ó  ô  õ  ö  ÷ ø  ù ú û ü ý þ 

ÿ  

 

Thailand  
0 1 2 3 4 5 6 7 8 9 A B C D E F 

8x                 

9x 
                

Ax NB

SP  

ก ข ฃ ค ฅ ฆ ง จ ฉ ช ซ ฌ ญ ฎ ฏ 

Bx ฐ ฑ ฒ ณ ด ต ถ ท ธ น บ ป ผ ฝ พ ฟ 

Cx ภ ม ย ร ฤ ล ฦ ว ศ ษ ส ห ฬ อ ฮ ฯ 

Dx ะ  ั  า  ั า  ั  ั  ั  ั  ั   ั   ั  
    

฿ 

Ex เ แ โ ใ ไ ๅ ๆ  ั   ั   ั  ั   ั   ั  ั   ั  ๏ 

Fx ๐ ๑ ๒ ๓ ๔ ๕ ๖ ๗ ๘ ๙ ๚ ๛ 
    

 0 1 2 3 4 5 6 7 8 9 A B C D E F 

8x                 

9x                 

Ax NB

SP 

   ¤        ، SH

Y 

  

Bx            ؟    ؛ 

Cx  د خ ح ج ث ت ة  ب ا ئ إ ؤ أ آ ء 

Dx غ ع ظ ط ض  ص  ش س ز ر ذ      

Ex ي ى و ه  ن م ل ك ق ف  ـ ◌ً ◌ٌ ◌ٍ ◌َ   ُ  

Fx ◌ِ ◌ّ ◌ْ              
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Advantages of ASCII 

ASCII j, jdis 

 

Easy to understand and implement. 

f;areï .ekSug iy l%shd;aul lsÍug myiqh' 

 

Compatible for almost all systems and devices 

can process ASCII. 

ish¨u moaO;s iy Wmdx. ioyd ASCII ielisug 
we;s yelshdj' 
 

 

Disadvantages of ASCII 

ASCII j, wjdis 

 

ASCII can only represent 128 (or 256 in 

extended ASCII) characters, which is not 

sufficient for languages with large alphabets or 

symbols (e.g., Chinese, Arabic). 

ASCII yg ksrEmKh l< yelafla úYd, fydaähla 
fyda ixfla; ^Wod( Ök" wrdì& iys; NdId i|yd 

m%udKj;a fkdjk wkq,laIK 128la ^fyda 

extended ASCII ys 256la& mu‚' 

 

 

Uses of ASCII 

ASCII Ndú;h 
 

ASCII is used to encode text in simple text files 

(.txt), allowing computers to display readable 

characters. 

ASCII ir, mdG f.dkq (.txt) ;=< mdG fla;kh 
lsÍug Ndú;d lrhs" lshúh yels wkq,laIK 
fmkaùug mß.Klj,g bv i,ihs' 

 

Used in many programming languages to 

represent characters and control characters. 

fndfyda l%uf,aLk NdIdj, wkq,laIK ksfhdackh 
lsÍug iy wkq,laIK md,kh lsÍug Ndú;d 
lrhs' 

 

ASCII is used in email protocols, URLs, and other 

forms of digital communication where text 

needs to be encoded. 

ASCII úoHq;a ;eme,a kshudj,sh" URL iy mdG 
ixfla;kh l< hq;= fjk;a wdldrfha wxls; 
ikaksfõokhkays Ndú;d fõ' 
 

3. EBCDIC  

 

 
 

EBCDIC is a character encoding system 

developed by IBM in the 1960s.  

EBCDIC hkq 1960 os IBM úiska ixj¾Okh lrk 
,o wlaIr fla;lrK moaO;shls' 
 
 
 

 

 

 

 

It was primarily used in IBM mainframes and 

other IBM systems, serving as an alternative to 

ASCII. 

th uQ,sl jYfhka IBM mainframe iy wfkl=;a 

IBM moaO;sj, Ndú;d lrk ,o w;r" ASCII i|yd 
úl,amhla f,i fiajh lrhs' 

 

Number of maximum characters that can be 

represented by 8-bit combinations. 
ìgq 8 l ixfhdack Ndú;d lr ksrEmKh l,yels 
Wmßu ixfla; m%udKh 

 

= 28 = 256 

 

EBCDIC is not compatible with modern coding 

systems like ASCII and Unicode 

ASCII iy Unicode wd§ kQ;k fla; l%u j,g 
iyfhda.h fkdolajhs 

 

Does not represent a linear order of characters. 

So, characters cannot be predicted according to 

next or past. 

wlaYrj, f¾Çh ksrEmKhla fkdmj;S' tuksid 
fmr iy miq ixfla; u.ska fjk;a ixfla; 
mqfrdal:kh lsÍu isÿl, fkdyel 
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Key Points about EBCDIC 

EBCDIC ms<sn| uQ,sl lreKq 

 

EBCDIC supports a wide range of characters, 

including letters, numbers, punctuation marks, 

and special symbols. 

EBCDIC wl=re" wxl" úrdu ,l=Kq iy úfYaI 
ixfla; we;=¿ mq¿,a mrdihl wlaIr i|yd iyh 
olajhs' 

 

While it's not directly compatible with ASCII, 

there are conversion methods to translate 

between the two. 

th ASCII iuÕ iDcqj fkd.e<fmk kuq;a" fol 
w;r mßj¾;kh lsÍug mßj¾;k l%u ;sfí' 
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EBCDIC vs ASCII Encoding Systems Difference 

EBCDIC tÈßj ASCII fla;k moaO;sfha fjki 
 

Character EBCDIC Binary EBCDIC Hexa ASCII Binary ASCII 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 

Character Hex Code Binary 

A C1 1100 0001 

B C2 1100 0010 

C C3 1100 0011 

D C4 1100 0100 

E C5 1100 0101 

F C6 1100 0110 

G C7 1100 0111 

H C8 1100 1000 

I C9 1100 1001 

J D1 1101 0001 

K D2 1101 0010 

L D3 1101 0011 

M D4 1101 0100 

N D5 1101 0101 

O D6 1101 0110 

P D7 1101 0111 

Q D8 1101 1000 

R D9 1101 1001 

S E2 1110 0010 

T E3 1110 0011 

U E4 1110 0100 

V E5 1110 0101 

W E6 1110 0110 

X E7 1110 0111 

Y E8 1110 1000 

Z E9 1110 1001 

 

 

SIMPLE LETTERS 

Character Hex Code Binary 

a 81 1000 0001 

b 82 1000 0010 

c 83 1000 0011 

d 84 1000 0100 

e 85 1000 0101 

f 86 1000 0110 

g 87 1000 0111 

h 88 1000 1000 

i 89 1000 1001 

j 91 1001 0001 

k 92 1001 0010 

l 93 1001 0011 

m 94 1001 0100 

n 95 1001 0101 

o 96 1001 0110 

p 97 1001 0111 

q 98 1001 1000 

r 99 1001 1001 

s A2 1010 0010 

t A3 1010 0011 

u A4 1010 0100 

v A5 1010 0101 

w A6 1010 0110 

x A7 1010 0111 

y A8 1010 1000 

z A9 1010 1001 

 

  
 

Character Hex Code Binary 

0 F0 1111 0000 

1 F1 1111 0001 

2 F2 1111 0010 

3 F3 1111 0011 

4 F4 1111 0100 

5 F5 1111 0101 

6 F6 1111 0110 

7 F7 1111 0111 

8 F8 1111 1000 

9 F9 1111 1001 

   

+ 4E 0100 1110 

- 60 0110 0000 

. 4B 0100 1011 

/ 61 0110 0001 

, 6B 0110 1011 

( 4D 0100 1101 

) 5D 0101 1101 

& 50 0101 0000 

! 5A 0101 1010 

$ 5B 0101 1011 

# 7B 0111 1011 

@ 7C 0111 1100 

% 6C 0110 1100 

" 7D 0111 1101 

: 7A 0111 1010 

? 6F 0110 1111 
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Advantages of EBCDIC 

EBCDIC ys jdis 

 

With fewer bits needed to represent a character, 

the code is more efficient. 

wkq,laIKhla ksrEmKh lsÍug wjYH ìgq .Kk 
wvqjk w;r" fla;h jvd;a ld¾hlaIu fõ' 

 

Unlike ASCII, it includes built-in error-checking 

capabilities. 

ASCII fuka fkdj" tys fodaI msßlaiSfï yelshdjkao 
we;=<;a fõ' 

 

 

 

Disadvantages of EBCDIC 

EBCDIC ys wjdis 

 

There is fewer software available that can work 

with it because it is not as commonly used as 

ASCII. 

th ASCII ;rï nyq,j Ndú;d fkdjk ksid th 
iuÕ jev l< yels uDÿldx. wvqhs' 

  

Data alteration between EBCDIC and ASCII is 

more challenging than it is with ASCII. 

EBCDIC iy ASCII w;r o;a; fjkia lsÍu ASCII 
iuÕ jvd wNsfhda.d;aul h' 

 

Other computer makers are incapable to use 

EBCDIC without a license from IBM since it is a 

proprietary code that the company created. 

fjk;a mß.Kl ksIamdolhskag IBM ys n,m;%hla 

fkdue;sj EBCDIC Ndú;d lsÍug fkdyels jkafka 
th iud.u úiska ks¾udKh lrk ,o ysñldr 
fla;hla jk neúks' 
 

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. 

kj moaO;sj, EBCDIC iq,N fkdjQj;a" th m%Odk 
rduq" uQ,H moaO;s iy Wreu fhÿïj, wLKavj 
mej;Su we;eï jHjidh iy rcfha há;, 
jHqyhka ;=< th w;HjYH fõ' 

 

 

 

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. 

hqksfldaâ hkq NdId iy ial%smaÜ yryd iEu 
wlaIrhlgu wkkH wxlhla imhk úYaùh wlaIr 
fla;lrK m%ñ;shls" fõÈld" jevigyka iy 
Wmdx. yryd ish¨u wlaIr midu m%fõY úh yel' 
 
 

 

 

 

 

 

 

 

 

 

Unicode was first created by Joe Becker from 

Xerox in 1987. The first version was released in 

October 1991 with 7,161 characters. 

hqksfldaâ uq,skau ks¾udKh lf<a Xerox wdh;kfha 

fcda fnl¾ úiska 1987 §h' m<uq wkqjdoh 1991 

Tlaf;daïn¾ udifha§ wlaIr 7161 lska ksl=;a lrk 
,§' 

 

 

 

 

The Unicode Consortium, the non-profit 

organization that coordinates Unicode's 

development which includes full time member 

companies like Adobe, Airbnb, Amazon, Apple, 

Meta, Google, Huawei, IBM, Microsoft, Netflix, 

Oracle, and Ministry of Electronics and 

Information Technology India, and the 

University of California. 

hqksfla; iïfï,kh hkq by; kï i|yka wdh;k 

iy ;j;a wdh;k mj;sk Unicode ixj¾Okh 
iïnkaëlrKh lrk ,dN fkd,nk ixúOdkhls 
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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. 

th fï jk úg kùk iy ft;sydisl wlaYr j¾. 

154la fukau ixfla;" bfudað iy fjk;a Ñ;%l 
wlaIr iy ix.S; wxlkh mjd wdjrKh jk mßÈ 

wlaIr lÜg,h wlaIr 143,000lg jvd mq¿,a lr 
we;' 
 

Unicode can theoretically handle over a million 

code points, futureproofing it for generations to 

come. 

hqksfldaâ yg kHdhd;aulj wlaIr ñ,shkhlg 
jvd yeisrúh yels w;r" th bÈß mrïmrdjka 
i|yd wkd.;fha§ Ndú;h ;yjqre lrhs' 
 

Unicode includes ASCII as a subset. 

hqksfldaâys Wm l=,lhla f,i ASCII we;=<;a fõ' 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

NOTE: 

EBCDIC is not a subset of Unicode.  

hqksfldaâys EBCDIC Wm l=,lhla fkdfõ' 

 

Unicode supports several encoding forms. 

hqksfldaâ fla;k wdldr lsysmhlg iyh olajhs' 

 

1. UTF-8 

UTF-8 is a variable-length encoding scheme 

that can represent every Unicode character 

using one to four bytes. 

UTF-8 hkq nhsghla fyda y;rla Ndú;d lrñka 
iEu hqksfldaâ wlaIrhlau ksfhdackh l< yels 
úp,H-È. fla;k l%uhls' 

 

Commonly used on the web, in databases, and 

for file storage due to its efficiency and 

compatibility. 

tys ld¾hlaIu;dj iy .e<mqu fya;=fjka 
wka;¾cd,fha" o;a; iuqodfha iy f.dkq .nvd 
lsÍu i|yd nyq,j Ndú;d fõ' 

 

 

2. UTF-16 

Another variable-length encoding scheme that 

uses either two or four bytes for each character 

is known as UTF-16. 

tla tla wlaIr i|yd nhsg folla fyda y;rla 
Ndú;d lrk ;j;a úp,H-È. fla;SlrK l%uhla 

f,i UTF-16 yÿkajhs' 

 

Widely used in environments like Windows and 

Java, and suitable for applications where 

memory efficiency is less critical than 

processing speed. 

úkafvdaia iy cdjd jeks mßirj, nyq,j Ndú;d 
jk w;r" ieliqï fõ.hg jvd u;l 
ld¾hlaIu;dj wvq ;SrKd;aul fhÿï i|yd iqÿiq 
fõ' 

 

 

3. UTF-32 

UTF-32 uses a fixed-length encoding of four 

bytes for every character. 

UTF-32 iEu wlaIrhla i|ydu nhsg y;rl 
ia:djr È. fla;khla Ndú;d lrhs' 

 

Simplifies character processing since every 

character has the same byte size, making it 

easier to calculate offsets. 

iEu wlaIrhlgu tlu nhsg m%udKh we;s neúka 
wlaIr ieliSu ir, lrhs" th ´*afiÜ .Kkh 
lsÍu myiq lrhs' 
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According to the syllabus, each character is 

represented by 16 bits. 

úYh ks¾foaYhg wkqj iEu ixfla;hlau ìÜ 16 

lska ksrEmKh lrhs 
 

Number of maximum characters that can be 

represented by 16 bits combinations. 

ìgq 16 l ixfhdack Ndú;d lr ksrEmKh l,yels 
Wmßu ixfla; m%udKh  
 

= 216 = 65536 

 

Consider the word "Hello". 

"Hello" hk jpkh i,ld n,kak' 

 

ASCII 

Each character uses 1 byte, so the word "Hello" 

would take 5 bytes. 

iEu wkq,laIKhlau nhsghla Ndú;d lrhs" 

tneúka "Hello" hk jpkh nhsg 5la .kS' 

 

UTF-32 

Each character uses 4 bytes, so "Hello" would 

take 20 bytes. 

iEu wkq,laIKhlau nhsg 4la Ndú;d lrhs" 

tneúka "Hello" nhsg 20la .kS' 
 

Thus, Unicode encodings that use more bits per 

character require more storage and 

transmission time than ASCII for the same text. 

fï wkqj" tla wkq,laIKhg jeä ìgq Ndú;d lrk 

hqksfldaâ fla;lrKh tlu mdG i|yd ASCII jvd 
jeä .nvd bvla iy iïfm%aIK ld,h wjYH fõ' 

 

 

Comparison between several Unicode forms  

hqksfldaâ wdlD;s lsysmhla w;r ixikaokh 
 

Encoding 

form 

fla;k 
wdlD;sh 

Byte 

length  

nhsg È. 

Maximum Characters  

Wmßu wkq,laIK .Kk 
Characteristics 

,laIK 
Common uses  

fmdÿ Ndú;hka 

UTF-8 1 to 4 bytes 1,112,064  Can change size, works with 

ASCII, popular online 

m%udKh fjkia l< yelsh" 

ASCII iuÕ l%shd lrhs" 
wka;¾cd,fha ckm%sh fõ 

Web pages, 

databases, email 

fjí msgq" o;a; 
iuqodhka" Bfï,a 

UTF-16 2 or 4 bytes 1,112,064  Most characters use 2 bytes; 

some use 4 bytes 

fndfyda wlaIr nhsg 2la 
Ndú;d lrhs¦ iuyrla nhsg 

4la mdúÉÑ lrhs 

Windows, Java 

applications 

úkafvdaia" cdjd jeks 
fhÿï 

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

easy to calculate 

ish¨u wlaIr i|yd tlu 
m%udKh" .Kkh lsÍug 
myiqh 

Text processing, 

internal use 

mdG ieliSu" 
wNHka;r ksrEmKh 

 
 

61 ictfromabc.com



 

 
 

 
 

 

62 ictfromabc.com
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Advantages and Disadvantages of Unicode coding system  

hqksfldaâ fla;lrK moaO;sfha jdis iy wjdis 
 

Aspect  Advantages  

jdis 
Disadvantages  

wjdis 

Language Support 

NdId iydh 
Works with most languages 

fndfyda NdId iuÕ l%shd lrhs' 
Some rare languages and symbols 

are missing 

we;eï ÿ¾,N NdId iy ixfla; 
wka;¾.; lr we;' 

Consistency 

wkql+,;dj 
Same character looks the same 

everywhere 

tlu wkq,laIK ieu;eku tl 
whqrska mj;s' 

Some old systems may not work with 

Unicode 

iuyr mer‚ moaO;s hqksfldaâ iuÕ 
l%shd fkdlrkq we;' 

Special Characters 

úfYaI wkq,laIK 
Has symbols, emojis, and math 

characters 

ixfla;" bfudað iy .‚; wlaIr 
we;' 

Needs the right font type to display 

properly 

ksjerÈj fmkaùug ksjerÈ wl=re 
j¾.h wjYH fõ' 

Encoding Flexibility 

fla;SlrK kuHYS,S nj 
UTF-8, UTF-16, and UTF-32 use 

different sizes for storage 

UTF-8, UTF-16 iy UTF-32 .nvd 
lsÍu i|yd úúO m%udK Ndú;d lrhs' 

Complicated to work with because 

sizes vary 

m%udK fjkia ksid ls%hd;aul úu 
ixlS¾K fõ' 

ASCII Compatibility 

ASCII wkql+,;dj 

Matches older ASCII codes for easy 

use 

myiq Ndú;h i|yd mer‚ ASCII 

fla; .e,fma' 

Uses more space and memory for 

non-ASCII text 

ASCII fkdjk mdG i|yd jeä bvla iy 
u;lhla Ndú; lrhs' 

Web and Software 

Standard 

fjí iy uDÿldx. iïu;h 

Used widely on websites and in 

software 

fjí wvú j, iy uDÿldx. j, 
nyq,j Ndú;d fõ' 

Older programs may not fully 

support it 

mer‚ jevigyka thg iïmQ¾Kfhkau 
iydh fkdolajhs' 
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Feature  

,laIK  
BCD ASCII EBCDIC Unicode 

Purpose  

wruqK 

Represents decimal 

numbers in binary 

form 

oaúuh wdldrfhka 
oYu ixLHd 
ksfhdackh lrhs 

 

Represents basic 

English characters 

and symbols  

uQ,sl bx.%Sis 
wkq,laIK iy 
ixfla; ksfhdackh 
lrhs 

Represents characters 

mainly on IBM 

mainframes  

m%Odk jYfhka IBM 

m%Odk rduq j, 
wkq,laIK ksfhdackh 
lrhs 

Represents 

characters from all 

languages and 

symbols globally  

f.da,Sh jYfhka 
ish¨u NdId iy 
ixfla; j,ska 
wkq,laIK 
ksfhdackh lrhs 

Bit Size  

ìgq m%udKh  
4 bits per decimal 

digit 

 oYu b,lalulg ìgq 

4la 

7 bits (often 

extended to a full 

byte)   

ìgq 7 (fndfyda úg 
mQ¾K nhsghla olajd 
os¾> fõ& 

8 bits (1 byte) 

 ìgq 8 ^nhsg 1la) 

Variable / úp,H   

(UTF-8: 1-4 bytes, 

UTF-16: 2 bytes, 

UTF-32: 4 bytes) 

Character 

Support  

wkq,laIK 
iydh 

Supports only 

numbers 0-9  

ixLHd 0-9 i|yd 
muKla iyh olajhs 

Supports 128 

characters (English 

letters, numbers, 

symbols)  

wkq,laIK 128 i|yd 
iyh olajhs ^bx.%Sis 
wl=re" wxl" ixfla;& 

Supports 256 

characters, mainly 

English and symbols  

wkq,laIK 256 m%Odk 
jYfhka bx.%Sis iy 
ixfla; i|yd iyh 
olajhs 

Supports thousands 

of characters and 

symbols (languages, 

emojis, etc.)  

wkq,laIK iy 
ixfla; oyia 
.Kklg iyh 
olajhs ^NdId" bfudað" 
wdÈh& 

Compatibility 

.e<mqu 

Not compatible with 

ASCII or Unicode  

ASCII fyda Unicode 

iuÕ fkd.e<fma 

Widely compatible 

in older systems 

mer‚ moaO;sj,g 
mq¿,a f,i wkql+, fõ 

Not compatible with 

ASCII or Unicode  

ASCII fyda Unicode 

iuÕ fkd.e<fma 

 

Includes ASCII 

compatibility  

ASCII wkql+,;dj 
we;=<;a fõ 

Usage  

Ndú;h 

Calculations and 

digital displays  

.Kkh lsÍï iy 
wxls; ixo¾Yl 

Basic text files, 

legacy systems  

uQ,sl mdG f.dkq" 
Wreu moaO;s 

IBM mainframes, 

older financial and 

business systems  

IBM m%Odk rduq j," 
mer‚ uQ,H iy jHdmdr 
moaO;s 

Takes more space 

and time to transmit  

iïfm%aIKh lsÍug 
jeä bvla iy 
ld,hla .;fõ 

 

  

65 ictfromabc.com



 

Representing negative numbers in 

computers 

mß.Klj, iDK ixLHd ksrEmKh lsÍu 

 

Unsigned magnitude representation 

,l=Kq rys; ixLHd ksrEmKh 

 

Here, a binary number is always considered to 

be a positive number. Negative numbers cannot 

be represented using this method. 

fuys§ oaùuh ixLHdjla iEuúgu Ok ixLHdjla 
f,i i,lhs' fuu l%uh u.ska iDK ixLHd 
ksrEmKh lsÍu isÿl< fkdyel' 
 

 

1 bit    - 0 and 1 

 

 

 

 

 

 

2 bits  - 00 to 11 (310) 

 

 

 

 

 

 

 

3 bits  - 000 to 111 (710) 

 

 
 
 
 
 
 
 
 
 
 

4 bits  - 0000 to 1111 (1510) 

5 bits  - 00000 to 11111 (3110) 

6 bits  - 000000 to 111111 (6310) 

7 bits  - 0000000 to 1111111 (12710) 

 

 

Maximum range of 

numbers which can be 

represented using n bits 

ìgq n .Kkla fhdod.ksñka 
ksrEmKh l< yels Wmßu 
ixLHd mrdih 

0 to (2N-1) 

 

8 bits  - 00000000 to 11111111 (25510) 

 

 

 

 

Examples: 

29 = 000111012 

90 =010110102 

220 = 110111002 

 

NOTE: 

Any number of bits can be used while using 

negative number representation methods but 

according to the syllabus 8 bits must be used. 

RK ixLHd ksrEmKh lsÍfï l%u Ndú;d lsÍfï§ 
´kEu ìgq m%udKhla Ndú;d l< yels jqjo úIh 
ks¾foaYhg wkqj wksjd¾hfhka ìgq 8la Ndú;d l< 
hq;=h' 
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Signed magnitude representation. 

,l=Kq iys; ixLHd ksrEmKh 

 

This is a straightforward way to represent 

positive and negative binary numbers. 

fuh Ok iy iDK oaúuh ixLHd ksrEmkh lsÍug 
ir, l%uhls' 

 

The leftmost bit of a number (MSB or the Most 

Significant Bit) represents the sign of the 

number. 

ixLHdjl jïmiu we;s ìgqj ^MSB fyda jeäu 
fjfiis ìgqj& tu ixLHdfõ ,l=K ksfhdackh 
lrhs' 

 

'0' indicates a positive number. 

'0' Ok ixLHdjla ksrEmKh lrhs' 
 

'1' indicates a negative number. 

'1' iDK ixLHdjla ksrEmKh lrhs' 

 

The remaining bits represent the absolute value 

(or magnitude) of the number. 

b;sß ìgq ixLHdfõ ksrfmalaI w.h ^fyda 
úYd,;ajh& ksrEmKh lrhs' 

 

 

NOTE:  

Single bit cannot exist in a signed magnitude 

representation. There should be at least 2.  

,l=Kq iys; ixLHd ksrEmKfha§ ;ks ìgqjla 
muKla mej;sh fkdyel' wju jYfhka 2 la j;a 
;sìh hq;=h' 
 

When we take 2-bit numbers, 

ìgq 2 ys ixLHd ie,lSfï§" 

 

 

 

 

 

 

00  is normally 0 but now +0 

01 is normally 1 but now +1 

10 is normally 2 but now -0 

11 is normally 3 but now -1 

When we take 3-bit numbers, 

ìgq 3 ys ixLHd ie,lSfï§" 

 

 

 

 

 

 

 

 

 

000 is normally 0 but now +0 

001 is normally 1 but now +1 

010 is normally 2 but now +2 

011 is normally 3 but now +3 

100 is normally 4 but now -0 

101 is normally 5 but now -1 

110 is normally 6 but now -2 

111 is normally 7 but now -3 

 

Usually, we take 8 bits to represent the number 

as the default. 

idudkHfhka ixLHdj iïu; f,i ksrEmKh lsÍu 
i|yd ìgq 8la Ndú;d lrhs' 
 

 
 

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. 

fuu l%ufhka ìgq 8la Ndú;d lr 0 isg 255 olajd 

jQ Ok ixLHd ksfhdackh lrkjd fjkqjg -127 isg 

+127 olajd jQ iDK iy Ok w.hka folu 
ksrEmKh l< yel' 
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Example:  

in 8-bit sign-magnitude 

 

Positive 5 is  00000101. 

Negative 5 is  10000101. 

 

If we take less than or more than 8 bits the 

range will differ as follows 

ìgq 8lg jvd wvqfjka fyda jeä jYfhka ,nd.;a 
úg mrdih my; mßÈ fjkia fõ' 

 

1 bit  incompatible 

2 bits  -1 to +1 

3 bits  -3 to +3 

4 bits  -7 to +7 

5 bits  -15 to +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 

 

 

Examples:  

 

 

 

 

 

 

 

Advantages of Signed magnitude 

representation. 

,l=Kq iys; ixLHd ksrEmKfhys jdis 
 

This resembles human use of positive and 

negative decimals, separating the sign from the 

magnitude for easier understanding. 

fuh Ok iy iDK oYuj, udkj Ndú;hg iudk 
jk w;r" myiqfjka wjfndaO lr .ekSu i|yd 
,l=K úYd,;ajfhka fjka lrhs' 

 

Hardware design is simpler. Converting 

between positive and negative involves flipping 

the sign bit.  

oDVdx. ks¾udKh ir,hs' OK iy RK w;r 
mßj¾;kh lsÍu ix{d ìgq fmr,Su we;=<;a fõ' 
 
 

Disadvantages of Signed magnitude 

representation. 

,l=Kq iys; ixLHd ksrEmKfhys wjdis 

 

Two zeros are represented, one positive and 

one negative. 
Y=kH folla ksfhdackh fõ" tlla Ok iy wfkal 
iDK' 
 

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. 

fuh oDVdx. iy uDÿldx. j, ixl+,;d we;s lrk 
w;r tlu ìgq ixLHdj Ndú;d lrk wfkl=;a 
ksrEmK i,ld ne,Sfï§ fuu.ska ksrEmKh l< 
yels w.hka ixLHdj tlla wvq fõ' 
 

Arithmetic operations like addition and 

subtraction become complex, as incorrect 

results may occur without separately evaluating 

the sign and magnitude. 

,l=K iy úYd,;ajh fjk fjku we.hSulska 
f;drj jerÈ m%;sM, we;s úh yels neúka" tl;= 
lsÍu iy wvq lsÍu jeks wxl .‚; l%shd ixlS¾K 
fõ' 
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Complementary arithmetic 

wkqmQrl .‚;h 

 

Complementary arithmetic is a method of 

subtraction by addition. 

wkqmQrl .‚;h hkq tl;= lsÍu wkqidrfhka wvq 
lsÍu isÿ lrk l%uhls' 
 

For that, we should understand the concept of 

positive and negative. 

tA i|yd Ok RK ixl,amh ms<sn|j wjfndaOhla 
,ndf.k isáh hq;=h' 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

9’s complement (Not in syllabus) 

 

Here, let's use base ten numbers with 4 

digits for the calculation. 

fuys§ .Kkh lsÍu i|yd b,lalï 4la 
iys; oyfha mdofha ixLHd Ndú;d lruq' 

 

The second number should be smaller 

than the first one used for the 

calculation. 

fuys§ .Kkh lsÍu i|yd fhdod.kakd 
m<uq ixLHdjg jvd fojk ixLHdj l=vd 
úh hq;=h' 

 

Example: 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

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

respective answer. 

fuys wjidk mshjf¾§ wod< ms<s;=r ,nd.ekSu 

i|yd muKla 1la tl;= lrkq ,efí' 
 

But here, a subtraction is used to obtain 

n3. As an alternative to this, the number 

replacement method can be used. 

kuq;a fuys n3 ,nd.kakd úg wvq lsÍula 
Ndú;d lr we;' fuhg úl,amhla f,i 
ixLHd m%;sia:dmk l%uh Ndú;d l< 
yelsh' 
 

 
 

 

 

 

10’s complement (Not in syllabus) 

 

Here let's use base ten numbers with 4 

digits for calculation. 

fuys§ .Kkh lsÍu i|yd b,lalï 4la 
iys; oyfha mdofha ixLHd Ndú;d lruq' 

 

Example: 

 
 
 
z 
 
 
 
 
 
 
 
 
 
 
 

 10 10 10   

4 5 3 4 1 2 310  n1 

-  0 9 8 710  n2 

4 4 3 610   

      

      

 5 4 2 310  n1 

+ 9 0 1 210  n3 

1 4 4 3 5   

   + 1   

 4 4 3 610   

 
 overflow 

9 9 9 910   

- 0 9 8 710  n2 

9 0 1 210  n3 

 [9’s com]  

 10 10 10   

4 5 3 4 1 2 310  n1 

-  0 9 8 710  n2 

4 4 3 610   

      

      9 9 9 910   

- 0 9 8 710  n2 

9 0 1 210  n3 

  + 1   

9 0 1 3  n4 

 

[9’s com]  

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

 

Here let's use base eight numbers with 5 digits 

for calculation. 

fuys§ .Kkh lsÍu i|yd b,lalï 5la iys; wfÜ 
mdofha ixLHd Ndú;d lruq' 
 
 

Example: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

But here a subtraction is used to obtain n3. As 

an alternative to this, the number replacement 

method can be used. 

kuq;a fuys n3 ,nd.kakd úg wvq lsÍula Ndú;d 
lr we;' fuhg úl,amhla f,i ixLHd m%;sia:dmk 
l%uh Ndú;d l< yelsh' 
 
 
 
 
 
 

8’s complement (Not in syllabus) 

 

Here let's use base eight numbers with 

5 digits for calculation. 

fuys§ .Kkh lsÍu i|yd b,lalï 5la 
iys; wfÜ mdofha ixLHd Ndú;d lruq' 

 
 

Example: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 5 4 2 310  n1 

+ 9 0 1 310  n4 

1 4 4 3 610   

 
 overflow 

 7 8 8 8 8   

2 3 0 3 4 1 2 18  n1 

- 0 5 7 6 28  n2 

2 2 4 3 78   

 

7 7 7 7 78   

- 0 5 7 6 28  n2 

7 2 0 1 58  n3 

 [7’s com]  

 3 0 4 2 1  n1 

+ 7 2 0 1 5  n3 

1 2 2 4 3 6   

    + 1   

 2 2 4 3 77   

 
 overflow 

 7 8 8 8 8   

2 3 0 3 4 1 2 18  n1 

- 0 5 7 6 28  n2 

2 2 4 3 78   

 

7 7 7 7 78   

- 0 5 7 6 28  n2 

7 2 0 1  58  n3 

   +   1   

7 2 0 1 68  n4 

 

[7’s com]  

[8’s com]  

 3 0 4 2 18  n1 

+   7 2 0 1 68  n4 

1 2 2 4 3 78   

 
 overflow 
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1’s complement 

1ys wkqmQrlh 

 

One's complement was a method used to 

represent positive and negative integers in early 

computing systems. 

1ys wkqmQrlh hkq w;S;fha mß.Kl moaO;sj, Ok 
iy iDK ksÅ, ksfhdackh lsÍu i|yd Ndú;d l< 
l%uhls' 

 

Here the complement of a number is found by 

inverting all the bits. 

fuys§ ixLHdjl wkqmQrlh fidhd.kq ,nkafka 
ish¨u ìgq fmr<Sfuks' 

(changing 1s to 0s and 0s to 1s). 

(1 tAjd 0 olajd iy 0 tAjd 1 olajd fjkia lsÍu&' 

 

It is used to represent the negative numbers of 

its original number. 

th uq,a ixLHdfõ iDK ixLHdj ksrEmKh lsÍug 
Ndú;d lrhs' 
 
 

Let’s consider 2 bit One’s complement. 

ìgq 2 l, tflys wkqmQrlh i,ld n,uq' 
 

00 is normally 0 but now +0 

01 is normally 1 but now +1 

10 is normally 2 but now -1 

11 is normally 0 but now -0 

 

Let’s consider 3 bit One’s complement. 

ìgq 3, tflys wkqmQrlh i,ld n,uq' 

 

000 is normally 0 but now +0 

001 is normally 1 but now +1 

010 is normally 2 but now +2 

011 is normally 3 but now +3 

100  is normally 4 but now -3 

101 is normally 5 but now -2 

110  is normally 6 but now -1 

111  is normally 7 but now -0 

 

 

 

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. 

úIh ks¾foaYh ;=< tflys wkqmQrl ixLHd 

ksfhdackh lsÍug Ndú;d lrk iïu;h ìgq 8 
ixLHd neúka” Ok fyda RK ´kEu oaúuh 

ixLHdjlaa ìgq 8 lska ,súh hq;=h’ 

 

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. 

Ìgq 8 la Ndú;d lrñka fuu l%uh fh¥ úg” wmg 

0 isg 255 olajd jQ Ok ixLHd ksfhdackh lrkjd 

fjkqjg -127 isg +127 olajd jQ iDK iy Ok 
w.hka folu ksrEmKh l< yel’ 

 

in 8-bit one’s complement 

Positive 5 is  00000101. 

Negative 5 is  11111010. 

 

If we take less than or more than 8 bits the 

range will differ as follows 

ìgq 8lg jvd wvqfjka fyda jeä jYfhka ,nd.;a 
úg mrdih my; mßÈ fjkia fõ’ 

 

1 bit incompatible 

2 bits -1 to +1 

3 bits -3 to +3 

4 bits -7 to +7 

5 bits -15 to +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. 

fuh iuyr mer‚ mß.Kl moaO;sj, tla 
wxlhl wkqmQrlh ;j;a wxlhlg tl;= lsÍfuka 
ixLHd wvq lsÍu i|yd Ndú;d lrk ,§' 

 

This is also used in some error-detection 

systems. 

fuh iuyr fodaI y÷kd.ekSfï moaO;s j,o 
Ndú;d fõ' 
 
 

Example: 

n1-n2 (n1>n2) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOTE: 

Here, the bit inversion can be done while 

getting the one's complement. 

fuys§ tflys wkqmQrlh ,nd.ekSfï§ ìgq m%;sf,dau 
lsÍu isÿ l< yelsh' 
 

Here, “1” should be added at the end only if an 

overflow bit is present. 

fuys§ wjidkfha 1la tl;= l< hq;af;a bj; 
.,dhdfï ìgqjla mej;=kfyd;a mu‚ 

 

Example 02   

n1-n2 (n1=n2) 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example 03  

n1-n2 (n1<n2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1 is not added because there is no discard bit 

here. 

fuys§ bj;.,dhdfï ìgqjla fkdue;s ksid 1la 
tl;= fkdlrhs' 
 
  

 1 0 1 0 0 1 0 12  n1 

- 0 1 1 1 0 1 1 02  n2 

 0 0 1 0 1 1 1 12   

 

 1 0 1 0 0 1 0 12  n1 

+ 1 0 0 0 1 0 0 12  n3 

1 0 0 1 0 1 1 1 02   

       + 1   

 0 0 1 0 1 1 1 1   

 
 overflow 

=5 – 5 → 5 + (- 5) 

+5 → 0 0 0 0 0 1 0 12  n1 

-5 → Invert +5 

  1 1 1 1 1 0 1 02  n2 

     [1’s com] 

 

 0 0 0 0 0 1 0 12  n1 

+ 1 1 1 1 1 0 1 02  n2 

 1 1 1 1 1 1 1 12   

       + 1   

1 0 0 0 0 0 0 0 0   

 
 overflow 

=20 – 35 → ?  

= 20 + (-35) 
 

+20 → 0 0 0 1 0 1 0 02  n1 

+35 → 0 0 1 0 0 0 1 12   

-35 → Invert +35 

  1 1 0 1 1 1 0 02  n2 

  [1’s com] 

 
 0 0 0 1 0 1 0 02  n1 

+ 1 1 0 1 1 1 0 02  n2 

 1 1 1 1 0 0 0 02   

 

 1 1 1 1 1 1 1 12   

- 0 1 1 1 0 1 1 02  n2 

 1 0 0 0 1 0 0 12  n3 

 
NOT gate  

[1’s com]  
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Advantages of 1’s complement 

tflys wkqmQrlfhys jdis 

 

1's complement is relatively easy to implement, 

requiring only bitwise inversion.  
tflys wkqmQrlh l%shd;aul lsÍug idfmalaIj 
myiqh" wjYH jkafka ìgqwkqidrs m%;sf,dau mu‚' 
 
 

Disadvantages of 1’s complement 

tflys wkqmQrlfhys wjdis 

 

Two representations exist for zero, which can 

lead to complications in arithmetic operations 

and comparisons. 
Y=kH i|yd ksrEmKhka folla mj;S" th wxl 
.‚;uh fufyhqï iy iei£ï j,§ ixl+,;d we;s 
l< yel' 

 

1's complement has a limited range of 

representable numbers compared to 2's 

complement 
foflys wkqmQrlhg idfmalaIj tflys wkqmQrlhg 
ksfhdackh l< yels ixLHd iSñ; mrdihla we; 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2’s complement 

2ys wkqmQrlh 

 

Two's complement is an alternative method 

used to represent positive and negative 

integers in modern computing systems. 

Two's complement hkq kùk mß.Kl moaO;sj, 
Ok iy iDK ksÅ, ksfhdackh lsÍu i|yd Ndú;d 
lrk úl,am l%uhls' 

 

Two’s complement value for a negative number 

is found by first finding the One’s complement 

and adding 1 to it. 

iDK ixLHdjla i|yd foflys wkqmQrl w.h 
fidhd.kq ,nkafka m<uqj tflys wkqmQrlh 

fidhdf.k thg 1la tl;= lsÍfuks' 

 

Let’s consider 2-bit two’s complement. 

ìgq 2 l, foflys wkqmQrlh i,ld n,uq' 

 

00 is normally 0 but now +0 

01 is normally 1 but now +1 

10 is normally 2 but now -2 

11 is normally 0 but now -1 

 

 

Let’s consider 3 bit two’s complement. 

ìgq 2 l, ;=fkys wkqmQrlh i,ld n,uq' 

 

000 is normally 0 but now +0 

001 is normally 1 but now +1 

010 is normally 2 but now +2 

011 is normally 3 but now +3 

100 is normally 4 but now -4 

101 is normally 5 but now -3 

110  is normally 6 but now -2 

111 is normally 7 but now -1 

 

 

 

 

 

 

  

73 ictfromabc.com



 

As the standard number of bits used to 

represent one's complement numbers in the 

syllabus is 8-bits, either positive or negative, the 

binary number should be written in 8-bits. 

úIh ks¾foaYh ;=< foflys wkqmQrl ixLHd 

ksfhdackh lsÍug Ndú;d lrk iïu;h ìgq 8 
ixLHd neúka" Ok fyda RK ´kEu oaúuh wxlhla 

ìgq 8 lska ,súh hq;=h' 
 

Using this method, we can represent both 

negative and positive values using 8 bits 

ranging from -128 up to +127 instead of 

representing positive numbers ranging from 0 

up to 255. 

ìgq 8 la Ndú;d lrñka fuu l%uh fh¥ úg" wmg 

0 isg 255 olajd jQ Ok ixLHd ksfhdackh lrkjd 

fjkqjg -128 isg +127 olajd jQ iDK iy Ok 
w.hka folu ksrEmKh l< yel' 
 

in 8-bit two’s complement 

Positive 5 is  00000101. 

Negative 5 is  11111011. 

 

If we take less than or more than 8 bits the 

range will differ as follows 

ìgq 8lg jvd wvqfjka fyda jeä jYfhka ,nd.;a 
úg mrdih my; mßÈ fjkia fõ' 

 

1 bit incompatible 

2 bits -2 to +1 

3 bits -4 to +3 

4 bits -8 to +7 

5 bits -16 to +15 

6 bits -32 to +31 

7 bits -64 to +63 

8 bits -128 to +127 

9 bits -256 to +255 

10 bits -512 to + 511 

 
 
 
 
 
 
 
 

Example 01 

n1-n2 (n1>n2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Example 02  

n1-n2 (n1=n2) 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 1 0 1 0 0 1 0 12  n1 

- 0 1 1 1 0 1 1 02  n2 

 0 0 1 0 1 1 1 12   

 

 1 0 1 0 0 1 0 12  n1 

+ 1 0 0 0 1 0 1 02  n4 

1 0 0 1 0 1 1 1 12   

  overflow 

=5 – 5 → 5 + (- 5) 

+5 → 0 0 0 0 0 1 0 12  n1 

-5 → Invert +5 & add 1 

  1 1 1 1 1 0 1 02   

        + 1   

  1 1 1 1 1 0 1 1  n2 

[2’s com] 

 

 0 0 0 0 0 1 0 12  n1 

+ 1 1 1 1 1 0 1 12  n2 

1 0 0 0 0 0 0 0 02   

 
 overflow 

 1 1 1 1 1 1 1 12   

 0 1 1 1 0 1 1 02  n2 

 1 0 0 0 1 0 0 12  n3 

       + 1   

 1 0 0 0 1 0 1 02  n4 

 NOT gate  
[2’s com]  

[1’s com]  
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Example 03 

n1-n2 (n1<n2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Advantages of 2’s complement 

foflys wkqmQrlfhys jdis 

 

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. 

fofla wkqmQrlfha ^ìgq 8 moaO;shl 00000000) 
Y=kHfha tla ksrEmKhla muKla imhd we;" th 
wxl .‚;h iy iei£ï ir, lrhs" tflys 
wkqmQrlfha we;s oaú;aj Y=kH .eg¨j bj;a lrhs' 

 

Arithmetic in two's complement is 

straightforward, as subtraction can be 

performed by simply adding the two’s 

complement of a number.  
ixLHdjl fofla wkqmQrlh ir,j tl;= lsÍfuka 
wvq lsÍu isÿ l< yels neúka foflys wkqmQrlfha 
wxl .‚;h ir, h'

Disadvantages of 2’s complement 
foflys wkqmQrlfhys wjdis 

 

Calculating the two’s complement of a number 

is complex compared to calculating the one’s 

complement. 
ixLHdjl foflys wkqmQrlh .Kkh lsÍu tflys 
wkqmQrlhg idfmalaIj ixlS¾Kh' 

 

If the result of an arithmetic operation exceeds 

the representable range of the number system, 

overflow can occur, leading to incorrect results.  
wxl .‚;uh fufyhqul m%;sM,h ixLHd 
moaO;sfha ksrEmKh l< yels mrdih blaujd 

.shfyd;a" overflow isÿ úh yels w;r" th jerÈ 
m%;sM,j,g u. mdohs' 

 

The range of integers that can be represented 

is asymmetric. 

ksrEmKh l< yels ksÅ, mrdih wiuñ;sl fõ' 
 

Negative number in 2's complement requires 

inverting all bits and adding 1, which can be 

more complex than in 1's complement. 

foflys wkqmQrlfha § iDK ixLHdjla i|yd 
ish¨u ìgq m%;sf,dau lr 1 la tl;= lsÍug wjYH 
fõ" th tflys wkqmQrlhg jvd ixlS¾K úh yel' 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

= 20 – 35 → ? 

= 20 + (-35) 

+20 → 0 0 0 1 0 1 0 02  n1 

+35 → 0 0 1 0 0 0 1 12   

 → Invert +35 & add 1 

  1 1 0 1 1 1 0 02   

        + 1   

  1 1 0 1 1 1 0 12  n2 

[2’s com] 

 

 0 0 0 1 0 1 0 02  n1 

+ 1 1 0 1 1 1 0 12  n2 

 1 1 1 1 0 0 0 12   
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Comparison 

ixikaokh 
 

3-bit numbers 

 

 
 
 
 

4-bit numbers 
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Comparison between methods of negative number representation  

iDK ixLHd ksrEmKh lsÍfï l%u w;r ixikaokh 
 

Feature 

,laIK 
Unsigned 

Representation 

Signed Magnitude 

Representation 

1's Complement 2's Complement 

Representation of 

positive numbers 

Ok ixLHd ksrEmkh 
lsÍu 

Represented 

directly in binary 

oaúuh jYfhka 
iDcqju ksrEmkh 
lrhs 

Represented directly 

in binary with a 0 as 

the sign bit 

sign ìgqj 0 f,I f.k 
oaúuh jYfhka 
iDcqju ksrEmkh lrhs 

Represented 

directly in binary 

oaúuh jYfhka 
iDcqju ksrEmkh 
lrhs 

 

Represented 

directly in binary 

oaúuh jYfhka 
iDcqju ksrEmkh 
lrhs 

Representation of 

negative numbers 

iDK ixLHd 
ksrEmkh lsÍu 

Not applicable 

wod< fkdfõ 

 

Represented by 

inverting the sign bit 

to 1 sign ìgqj 1 g 
fmr<Sfuka ksrEmkh 
lrhs 

 

Represented by 

inverting all bits of 

the positive number 

Ok ixLHdfõ ish¨u 
ìgq m%;sf,dau lsÍfuka 
ksrEmkh lrhs 

Represented by 

inverting all bits 

of the positive 

number and 

adding 1 

Ok ixLHdfõ 
ish¨u ìgq 
m%;sf,dau lr 1la 
tl;= lsÍfuka 
ksrEmkh lrhs 

Number of 

representations 

for zero 

ìxÿj i|yd 
ksrEmkh .Kk 

1 2 (+0 and -0) 2 (+0 and -0) 1 

Range of 

representable 

numbers ksrEmKh 
l< yels ixLHd 
mrdih 

Limited to non-

negative 

numbers 

iDK fkdjk 
ixLHd j,g iSud 
fõ 

Limited range due to 

sign bit 

sign ìgqj ksid iSñ; 
mrdihla mj;s 

Limited range due 

to double zero 

representation 

oaú;aj Y=kH 
ksrEmkh fya;=fjka 
iSñ; mrdihla 

Wider range 

compared to 1's 

complement 

tflys wkqmQrlhg 
idfmalaIj mq¿,a 
mrdihla mj;s 

 

Hardware 

implementation 

oDVdx. l%shd;aul 
lsÍu 

 

Simpler 

jvd ir,hs 

 

More complex than 

unsigned but simpler 

than 1's complement 

,l=Kq rys; 
ksrEmkhg jvd 
ixlS¾K kuq;a tflys 
wkqmQrlhg jvd ir, 
fõ 

More complex than 

unsigned but 

simpler than 2's 

complement 

,l=Kq rys; 
ksrEmkhg jvd 
ixlS¾K kuq;a 
foflys wkqmQrlhg 
jvd ir, fõ 

Simplest and 

most efficient 

ir,u yd jvd;au 
ld¾hlaIu fõ 

 

  

77 ictfromabc.com



 

Fixed-point Representation vs Floating-

point Representation 

ia:djr ,laIH ksrEmKhka iy bms¨ï ,laIH 
ksrEmKhka 
 

1. Fixed-point Representation 

ia:djr ,laIH ksrEmKh 

 

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). 

ia:djr ,laIH ksrEmKfha§" bms¨ï ,laIHhg fmr 
iy miq ia:djr b,lalï ixLHdjla iuÕ ixLHd 
ksrEmKh flf¾ ^fuu l%uh oYuh ixLHd 
moaO;sfha oYu ,laIHh fukah' kuq;a ´kEu ixLHd 
mdohl mej;sh yel&' 
 

The precision is constant, meaning the number 

of fractional bits is fixed. 

ksrjoH;dj ksh; fõ" tkï Nd.sl ìgq .Kk 
ia:djr fõ' 

 

The range of numbers that can be represented 

is limited by the number of places reserved for 

the integer and fractional parts. 

ksrEmKh l< yels ixLHd mrdih mQ¾K ixLHd iy 
Nd.sl fldgia i|yd fjka lr we;s ia:dk .Kkska 
iSud fõ' 
 
 
 
 
 
 

Arithmetic operations using fixed-point 

numbers are typically faster than those using 

floating-point numbers. 

ia:djr ,laIH ixLHd Ndú;d lrk wxl .‚; 
fufyhqï idudkHfhka bms¨ï ,laIH ixLHd Ndú;d 
lrk tAjdg jvd fõ.j;a fõ' 

 

Fixed-point is often used in embedded systems, 

digital signal processing, and applications 

where performance is a concern, and the range 

of numbers is known in advance. 

ia:djr ,laIHh ksrEmKhka fndfyda úg ksys; 
moaO;s" äðg,a ix{d ieliSu iy ld¾h idOkh 
.ek ie,ls,su;a jk fhÿïj, Ndú;d jk w;r 
fïjdfha ixLHd mrdih l,a;shd oek.; yelsh' 

 

2. Floating-point Representation 

bms¨ï ,laIH ksrEmKhka 

 

In floating-point representation, numbers are 

represented using scientific notation. 

bms¨ï ,laIH ksrEmKfha§" úoHd;aul wxlkh 
Ndú;fhka ixLHd ksrEmKh flf¾' 
 
 
 
 
 
 
 

sign×mantissa×baseexponent 

,l=K× m%udKh × mdoh n,h 

  

 

 

 

 

 

Floating-point can represent very large and very 

small numbers by adjusting the exponent. 

bms¨ï ,laIHh j,g n,h iSreudre lsÍfuka b;d 
úYd, iy b;d l=vd ixLHd ksfhdackh l< yel' 

 

Precision can vary as numbers get larger or 

smaller, because the difference between 

consecutive representable numbers changes. 
wLKavj ksrEmKh l< yels ixLHd w;r fjki 
ksid ixLHd úYd, fyda l=vd jk úg ksrjoH;djh 
fjkia úh yel' 
 

Floating-point arithmetic is generally slower 

than fixed-point, especially on processors 

without a dedicated floating-point unit. 

bms¨ï ,laIH wxl .‚;h idudkHfhka ia:djr 
,laIHhg jvd ukao.dó fõ ^úfYaIfhka tA 
fjkqfjka fjkajQ mdfjk ,laIH tAllhla fkdue;s 
ilik u;&' 

 

Modern CPUs have dedicated sophisticated 

floating-point units. 

kùk CPU j, úfYaIs; jQ bms¨ï ,laIH tAll we;' 

 

Floating-point operations can introduce 

rounding errors, which can accumulate in 

iterative calculations.  
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bms¨ï ,laIH fufyhqï uÕska jeghSfï fodaI 
y÷kajd Èh yels w;r tAjd mqkrdj¾;k .Kkh 
lsÍï j,§ tl;= úh yelsh' 

 

 

Comparison between Fixed point representation and Floating-point representation 

ia:djr ,laIH ksrEmKh yd bms¨ï ,laIH ksrEmKh w;r ixikaokh 
 

Fixed-point representation 

ia:djr ,laIH ksrEmKh 
Floating-point representation 

bms¨ï ,laIH ksrEmKh 

Has constant precision. 

ksh; ksrjoH;djhla mj;S' 
Has varying precision. 

fjkia jk ksrjoH;djhla mj;S' 

Has limited range. 

iSñ; mrdihla we;' 
Has a wide range. 

mq¿,a mrdihla we;' 

Less complicated. 

ixlS¾K nj wvqh' 
Complexity is high. 

ixlS¾K nj by<h' 

Suitable for applications with known 

numeric ranges and performance 

constraints. 

okakd ixLHd;aul mrdihka iy ld¾h idOk 
iSud iys; fhÿï i|yd iqÿiq fõ' 

Suitable for a wider range of applications but requires 

more care in implementation. 

mq¿,a mrdihl fhÿï i|yd iqÿiq kuq;a l%shd;aul lsÍfï§ jeä 
ie,ls,a,la wjYH fõ' 

Can run on typical hardware. 

idudkH oDVdx.j, l%shd;aul l< yelsh' 
Requires specialized hardware to run. 

l%shd;aul lsÍug úfYaIs; oDVdx. wjYH fõ' 

 

The IEEE 754 standard  

IEEE 754 m%ñ;sh 

 

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. 

fuh kùk mß.Klj, bms¨ï ,laIH ixLHd 
ksfhdackh lsÍu iy tAjdfha wxl .‚;uh 
fufyhqï isÿ lsÍu i|yd úoHq;a yd bf,lafg%dksl 

bxðfkare wdh;kh (IEEE) úiska ia:dms; lrk ,o 
;dlaI‚l m%ñ;shls' 

 

Components of IEEE 754 

IEEE 754 ys ixrpl 

 

Sign Bit 

ixLHdfõ ,l=K 

 

Specify the sign of the number. Typically, 0 is 

positive, and 1 is negative. 

ixLHdfõ ,l=K i|yka lrhs' idudkHfhka" 0 Ok 

jk w;r 1 iDK fõ' 
 

Exponent 
ixLHdfõ n,h ^>d;h& 

 

Represents the power to which the base (in 

binary, the base is 2) is raised. 

mdoh ^oaúuh j,§" mdoh 2 fõ& kxjkq ,nk n,h 
ksfhdackh lrhs' 
 

Mantissa (or Fraction) 
m%udKh 

 

Holds the significant digits of the number. 

ixLHdfõ m%udKd;aul jákdlu ksfhdackh lrk 
b,lalï r|jd ;nd .kS' 
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IEEE 754 provides several formats: 

IEEE 754 wdlD;s lsysmhla imhhs 

 

Single Precision 

;ks ksrjoH;dj 

(32 bits) 

 

 

 

 

 

 

Double Precision 

oaú;aj ksrjoH;d 

(64 bits) 

 

 

 

 

 

 

In IEEE notation, the Sign bit and the  

mantissa is represented directly after 

converting it into a binary value. 

IEEE wxlkfha§" Sign bit iy mantissa oaúuh 
w.hla njg mßj¾;kh lsÍfuka miq iDcqju 
ksrEmKh flf¾' 
 

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. 

kuq;a >d;h ^mdofha n,h& fldgi excess K 
wxlkh Ndú;fhka ksrEmKh flf¾' Ok iy iDK 
n, folu ksfhdackh lrk ixLHd mej;sh yels 
jqjo" n,h ieuúgu Ok ixLHdjla f,i .nvd lr 
we;s nj fuhska iy;sl flf¾' 

 

For single-precision (32-bit) floating-point 

numbers, the bias is 127, while for double-

precision (64-bit) numbers, the bias is 1023. 

;ks ksrjoH;d ^ìgq 32& bms¨ï ,laIH ixLHd 

i|yd" keUqrej 127 jk w;r oaú;aj ksrjoH;d 

^ìgq 64& ixLHd i|yd" keUqrej 1023 fõ' 
 

Excess-K representation 

Biased representation 

 

This is a method used to represent signed 

binary exponents, primarily for floating-point 

number representations. 

fuh uQ,sl jYfhka bms̈ ï ,laIH ixLHd ksrEmKh 
lsÍfï§ ,l=Kq iys; oaúuh n,hla ksfhdackh 
lsÍug Ndú;d lrk l%uhls' 

 

The "K" value represents the bias added to the 

actual exponent to make it non-negative. 

—K— w.h u.ska hï n,hla iDK fkdjk njg m;a 

lsÍu ioyd thg tl;= lrk ,o bias tl fmkakqï 
lrhs' 

 

The actual value of the number is obtained by 

subtracting K from the value.  

ksrEms; w.fhka K wvq lsÍfuka ixLHdfõ ienE 
w.h ,efí' 
 

The main purpose of using Excess-K is to 

simplify the comparison of floating-point 

numbers, big or small. 

Excess-K ksrEmKhla Ndú;d lsÍfï m%Odk wruqK 
jkafka l=vd fyda úYd, bms¨ï ,laIH ixLHd 
ixikaokh lsÍu ir, lsÍuhs' 
 

Using a bias turns all exponent values into 

positive numbers (unsigned). 

keUqrejla Ndú;d lsÍfuka ish¨u >d;Sh w.hka 
Ok ixLHd njg m;a lrhs ^,l=Kq rys;&' 

 

This makes it easier to compare floating-point 

numbers. 

fuu.ska mdfjk ,laIH ixLHd ixikaokh lsÍu 
myiq lrhs' 
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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. 

ixLHdfõ n,h +3 f,i .ksuq' 

 

1. Using excess-127 representation, add the 

bias of 127 to the exponent 

excess-127 ksrEmKh Ndú;d lrñka" n,hg 127 
tl;= lrkak'  

 

= 3+127 = 130 

 

2. Convert 130 to binary. 

130 oaúuh njg mßj¾;kh lrkak'  

 

= 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. 

fuu 10000010 oaúuh w.h hkq ienE n,h +3 

jk ixLHdjla i|yd IEEE 754 ;ks ksrjoH;d 
wdlD;sfhka n,h fldgi ksrEmKh jk wdldrhhs' 
 
 

To decode the exponent 

n,h úfla;kh lsÍug 

 

1. Convert the 8-bit exponent 10000010 from 

binary to decimal. 

10000010 ìgq-8 n,h oaúuh isg oYuhg 
mßj¾;kh lrkak'  
 

= 130  

 

2. Subtract 127 from it. This gives the original 

exponent of +3.  

thska 127 wvq lrkak' fuh uq,a n,h +3 ,nd fohs'  
 

= 130−127 = 3 

Let's say the actual exponent is -3. 

ixLHdfõ n,h -3 f,i .ksuq' 

 

1. Using excess-127 representation, you would 

add the bias of 127 to the exponent. 

excess-127 ksrEmKh Ndú;d lrñka" n,hg 127 
tl;= lrkak'  
 

= (−3) +127 = 124 

 

2. Convert 124 to binary. 

124 oaúuh njg mßj¾;kh lrkak' 

 

= 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. 

fuu oaúuh 01111100 w.h hkq ienE n,h  

-3 jk ixLHdjla i|yd IEEE 754 ;ks ksrjoH;d 
wdlD;sfhka n,h fldgi ksrEmKh jk wdldrhhs' 

 

To decode the exponent 

n,h úfla;kh lsÍug 

 

1. Convert the 8-bit exponent 01111100 from 

binary to decimal, which gives 124. 

01111100 ìgq-8 n,h oaúuh isg oYuhg 
mßj¾;kh lrkak'  

 

= 124 

 

2. Subtract 127 from it. This gives the original 

exponent of −3. 

thska 127 wvq lrkak' fuh uq,a n,h −3 ,nd fohs  

 

= 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. 

ixLHdfõ n,h +3 f,i .ksuq' 

 

1. Using excess-1023 representation, you would 

add the bias of 1023 to the exponent. 

excess-1023 ksrEmKh Ndú;d lrñka" n,hg 

1023 tl;= lrkak'  

 

= 3+1023 = 1026 

 

2. Convert 1026 to binary. 

1026 oaúuh njg mßj¾;kh lrkak'  

 

= 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. 

fuu 10000000010 oaúuh w.h hkq ienE n,h 

+3 jk ixLHdjla i|yd IEEE 754 oaú;aj 
ksrjoH;d wdlD;sfhka n,h fldgi ksrEmKh jk 
wdldrhhs' 

 

 

To decode the exponent 

n,h úfla;kh lsÍug 

 

1. Convert the 11-bit exponent 10000000010 

from binary to decimal, which gives 1026. 

10000000010 ìgq-11 n,h oaúuh isg oYuhg 
mßj¾;kh lrkak'  

 

= 1026 

 

2. Subtract 1023 from it. This gives the original 

exponent of +3. 

thska 1023 wvq lrkak' fuh uq,a n,h +3 ,nd 

fohs' = 1026−1023 = 3 

Now, the actual exponent is -3. 

oeka ixLHdfõ n,h -3 f,i .ksuq' 

 

1. Using excess-1023 representation, you add 

the bias of 1023 to the exponent, resulting in: 

−3+1023=1020. 

excess-1023 ksrEmKh Ndú;d lrñka" n,hg 

1023 tl;= lrkak'  
 

= -3+1023 = 1020 

 

2. Convert 1020 to binary. 

1020 oaúuh njg mßj¾;kh lrkak' 

 

= 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. 

fuu oaúuh 01111111100 w.h hkq ienE n,h 

−3 jk ixLHdjla i|yd IEEE 754 oaú;aj 
ksrjoH;d wdlD;sfhka n,h fldgi ksrEmKh jk 
wdldrhhs' 

 

To decode the exponent 

n,h úfla;kh lsÍug 

 

1. Convert the 11-bit exponent 01111111100 

from binary to decimal, which gives 1020. 

01111111100 ìgq-11 n,h oaúuh isg oYuhg 
mßj¾;kh lrkak'  
 

= 1020 

 

2. Subtract 1023 from it. This gives the original 

exponent of −3. 

thska 1023 wvq lrkak' fuh uq,a n,h -3 ,nd fohs'  

 

= 1020−1023 = −3 
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Example 01 

 

Representation of the value +0.15625 in binary 

form using IEEE 754 single precision format. 

IEEE 754 ;ks ksrjoH;d wdlD;sh Ndú;fhka 

+0.15625 w.h oaúuh wdldrfhka ksrEmKh lsÍu' 
 

1. Convert to binary. 

oaúuh njg mßj¾;kh lrkak' 

 

 

 .15625 x2 

0 .31250 x2 

0 .62500 x2 

1 .25000 x2 

0 .50000 x2 

1 .00000  

 

0.1562510 = 0.001012 

 

2. Write in scientific notation. 

úoHd;aul wxlkfhka ,shkak' 
 

The exponent is applied by the number of 

places the decimal point moves in forming the 

required number. 

wjYH ixLHdj iE§fï§ oYu ;s; p,kh jk 
ia:dk .Kk wkqj >d;h fhdokq ,efí' 
 

 

 
 

0.001012 = 1.01 x 2-3 

 

3. Determine Sign, Exponent, and Mantissa. 

,l=K" >d;h iy m%udKh ;SrKh lrkak' 
 

Since the number is a positive value, the sign bit 

is 0. 

ixLHdj Ok w.hla neúka ,l=Kq ìgqj 0 fõ' 
 

Using excess-127 representation, you would 

add the bias of 127 to the exponent. 

excess-127 ksrEmKh Ndú;d lrñka" n,hg 127 
tl;= lrkak' 

 

Exponent = -3+127 = 124 

Now this needs to be converted to a binary 

number of 8 bits. 

oeka fuh ìgq 8ys oaúuh ixLHdjla njg m;a 
lr.; hq;=h' 
 

 

12410 

 

27 26 25 24 23 22 21 20 

128 64 32 16 8 4 2 1 

 

0 1 1 1 1 1 0 0 

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. 

m%udKh fidhd.kq ,nkafka úoHd;aul wxlkfhys 

oYu ;s;g miqj mj;sk ìgq ish,a, ìgq 23 
iïmQ¾K jk f;la ,sùfuks' 
 

Mantissa = 01000000000000000000000 

 

 

4. Combine All Parts. 

ish¨u fldgia tAldnoaO lrkak' 

 

Sign = 0 

Exponent = 01111100 

Mantissa = 01000000000000000000000 

 

Answer =  

0 01111100 01000000000000000000000 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

       

0 . 0 0 1 0 12 
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Example 02 

 

Representation of the value -8.5 in binary form 

using IEEE 754 single precision format. 

IEEE 754 ;ks ksrjoH;d wdlD;sh Ndú;fhka -8.5 
w.h oaúuh wdldrfhka ksrEmKh lsÍu' 

 

1. Convert to binary. 

oaúuh njg mßj¾;kh lrkak' 
 

810 → 10002 

 

  .5 x2 

1 .0  

 

8.510 = 1000.12 

 

2. Write in scientific notation. 

úoHd;aul wxlkfhka ,shkak' 
 

The exponent is applied by the number of 

places the decimal point moves in forming the 

required number. 
wjYH ixLHdj iE§fï§ oYu ;s; p,kh jk 
ia:dk .Kk wkqj >d;h fhdokq ,efí' 
 
 

 

 

1000.12 = 1.0001 x 23 

 

3. Determine Sign, Exponent, and Mantissa. 

,l=K" >d;h iy m%udKh ;SrKh lrkak' 
 

Since the number is a negative value, the sign 

bit is 1. 

ixLHdj RK w.hla neúka ,l=Kq ìgqj 1 fõ' 
 

Using excess-127 repres mdo entation, you 

would add the bias of 127 to the exponent. 

excess-127 ksrEmKh Ndú;d lrñka" n,hg 127 
tl;= lrkak' 

 

Exponent = 3+127 = 130 

 
 
 

Now this needs to be converted to a binary 

number of 8 bits. 

oeka fuh ìgq 8ys oaúuh ixLHdjla njg m;a 
lr.; hq;=h' 
 

13010 

 

27 26 25 24 23 22 21 20 

128 64 32 16 8 4 2 1 

 

1 0 0 0 0 0 1 0 

13010 = 100000102 

 

Exponent = 10000010 

 
 

The mantissa is found by writing all the bits after 

the decimal point in the scientific notation until 

23 bits are complete. 

m%udKh fidhd.kq ,nkafka úoHd;aul wxlkfhys 

oYu ;s;g miqj mj;sk ìgq ish,a, ìgq 23 
iïmQ¾K jk f;la ,sùfuks' 
 

Mantissa = 00010000000000000000000 

 

 

4. Combine All Parts. 

ish¨u fldgia tAldnoaO lrkak' 

 

Sign = 1 

Exponent = 10000010 

Mantissa = 00010000000000000000000 

 

Answer =  

1 10000010 00010000000000000000000 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      

1 0 0 0 . 1 
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Example 03 

 

Representation of the value +10.25 in binary 

form using IEEE 754 double precision format. 

IEEE 754 oaú;aj ksrjoH;d wdlD;sh Ndú;fhka 

+10.25 w.h oaúuh wdldrfhka ksrEmKh lsÍu' 
 

1. Convert to binary. 

oaúuh njg mßj¾;kh lrkak' 

 

1010 → 10102 

 

 

 .25 x2 

0 .50 x2 

1 .00  

 

10.2510 = 1010.012 

 

2. Write in scientific notation. 

úoHd;aul wxlkfhka ,shkak' 
 

The exponent is applied by the number of 

places the decimal point moves in forming the 

required number. 

wjYH ixLHdj iE§fï§ oYu ;s; p,kh jk 
ia:dk .Kk wkqj >d;h fhdokq ,efí' 
 
 
 
 
 
 

1010.012 = 1.01001 x 23 

 

3. Determine Sign, Exponent, and Mantissa. 

,l=K" >d;h iy m%udKh ;SrKh lrkak' 
 

Since the number is a positive value, the sign bit 

is 0. 

ixLHdj Ok w.hla neúka ,l=Kq ìgqj 0 fõ' 
 

Using excess-1023 representation, you would 

add the bias of 1023 to the exponent. 

Excess-1023 ksrEmKh Ndú;d lrñka" n,hg 

1023 tl;= lrkak' 

 

Exponent = 3+1023 = 1026 

Now this needs to be converted to a binary 

number of 11 bits. 

oeka fuh ìgq 11ys oaúuh ixLHdjla njg m;a 
lr.; hq;=h' 

 

102610 

 

210 29 28 27 26 25 24 23 22 21 20 

1024 512 256 128 64 32 16 8 4 2 1 

 

1 0 0 0 0 0 0 0 0 1 0 

100000000102 

 

Exponent = 10000000010 

 

The mantissa is found by writing all the bits after 

the decimal point in the scientific notation until 

52 bits are complete. 

m%udKh fidhd.kq ,nkafka úoHd;aul wxlkfhys 

oYu ;s;g miqj mj;sk ìgq ish,a, ìgq 52 
iïmQ¾K jk f;la ,sùfuks' 
 

Mantissa= 

01001000000000000000000000000000000000

00000000000000 

 

4. Combine All Parts. 

ish¨u fldgia tAldnoaO lrkak' 

 

Sign = 0 

Exponent = 10000000010 

Mantissa=010010000000000000000000000000

0000000000000000000000 

 

Answer =  

01000000001001001000000000000000000000

00000000000000000000000000 

 

 

 

 

 

  

       

1 0 1 0 . 0 12 
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Bitwise operators  

ìgqwkqidrs fufyhjk 

 

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 

fuu fufyhqu oaúuh ixLHdjl iEu ìgqjlau 

m%;sf,dau lrhs' ìgqj 0 kï" th 1 njg;a" 1 kï" 

th 0 njg;a m;a fõ 

 

Number:  5 

Binary:   0101 

NOT:     1010  

 

(which is -6 in two's complement representation 

for signed integers) 

^th ,l=Kq iys; mQ¾K ixLHd i|yd fofla 

wkqmQrl ksfhdackfha -6 g iudk fõ& 
 

 

Example 01 

= NOT (17810) 

 

N1 = 17810 1 0 1 1 0 0 1 0 

NOT(N1) 0 1 0 0 1 1 0 1 

NOT (17810) = 010011012 

 

(Which is 77 in decimal) 

 

 

Example 02 

= NOT (7410) 

 

N2 = 7410 0 1 0 0 1 0 1 0 

NOT(N2) 1 0 1 1 0 1 0 1 

NOT (7410) = 101101012 

 

(Which is 181 in decimal) 

 

 

 

 

Bitwise AND 

 

Compares each pair of corresponding bits of 

two numbers and returns 1 only if both bits are 

1. 

ixLHd foll iEu wkqrEm ìgq follau ixikaokh 
lr ìgq folu 1 kï muKla 1 ,nd fohs¦ tfia 
fkdue;s kï" 0 ,nd fohs' 
 

Number A:  5     (Binary: 0101) 

Number B:  3    (Binary: 0011) 

AND:            0001 

 

(Which is 1 in decimal) 

 
 

Example 01 

= 17810 AND 4610 

 

N1 = 17810 1 0 1 1 0 0 1 0 

N2 = 4610 0 0 1 0 1 1 1 0 

N1 AND N2 0 0 1 0 0 0 1 0 

17810 AND 4610 = 001000102 

 

(Which is 34 in decimal) 
 
 

Example 02 

= 23410 AND 7410 

 

N3 = 23410 1 1 1 0 1 0 1 0 

N4 = 7410 0 1 0 0 1 0 1 0 

N3 AND N4 0 1 0 0 1 0 1 0 

23410 AND 7410 = 010010102 

 

 

(Which is 74 in decimal) 
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Bitwise OR 

 

Compares each corresponding bit of two 

numbers and returns 1 if at least one of the bits 

is 1. 

ixLHd foll wkqrEm ìgq fol ixikaokh lr 
wju jYfhka ìgq tllaj;a 1 kï 1 wdmiq ,nd fohs'a 

 

Number A:  5     (Binary: 0101) 

Number B:  3     (Binary: 0011) 

OR:             0111 

 

(Which is 7 in decimal) 

 

 

Example 01 

 

= 17810 OR 4610 

 

N1 = 17810 1 0 1 1 0 0 1 0 

N2 = 4610 0 0 1 0 1 1 1 0 

N1 OR N2 1 0 1 1 1 1 1 0 

17810 OR 4610 = 101111102 

 

(Which is 190 in decimal) 

 
 

Example 02 

 

= 23410 OR 7410 

 

N3 = 23410 1 1 1 0 1 0 1 0 

N4 = 7410 0 1 0 0 1 0 1 0 

N3 OR N4 1 1 1 0 1 0 1 0 

23410 OR 7410 = 111010102 

 

(Which is 234 in decimal) 

 

 

 

 

 

Bitwise XOR 

 

Compares each corresponding bit of two 

numbers and returns 1 only if the bits are 

different. 

ixLHd foll wkqrEm ìgq fol ixikaokh lr ìgq 
fjkia kï muKla 1 wdmiq ,nd fohs' 

 

Number A:  5     (Binary: 0101) 

Number B:  3     (Binary: 0011) 

XOR:            0110 

 

(Which is 6 in decimal) 

 

 

Example 01 

 

= 17810 XOR 4610 

 

N1 = 17810 1 0 1 1 0 0 1 0 

N2 = 4610 0 0 1 0 1 1 1 0 

N1 XOR N2 1 0 0 1 1 1 0 0 

17810 XOR 4610 = 100111002 

 

(Which is 156 in decimal) 

 

 

Example 02 

 

= 23410 XOR 7410 

 

N3 = 23410 1 1 1 0 1 0 1 0 

N4 = 7410 0 1 0 0 1 0 1 0 

N3 XOR N4 1 0 1 0 0 0 0 0 

23410 XOR 7410 = 101000002 

 

(Which is 160 in decimal) 
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