Weo are fumilinr with the decimal number system which is used in our day-to-day work.
[n the decimal number system there are ten digits which are used to form decimal numbers.
Ton weparate symbols 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9 are used to represent ten decimal digits.
A digital computer stores, understands and manipulates information composed of only zeros and
onen, A programmaer (or user) who works on a computer is allowed to use decimal digits; letters
AB,C,... % a b, c... z, usual special symbols, +, -, ete. for his convenience. The decimal
digits, lottors, symbols, etc. are converted to binary codes in the form of 0s and 1s within the
computer. To understand the operation of a computer the knowledge of binary, octal and
hexadecimal number system is essential. This chapter deals with these number systems.
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As the ten fingers of our hands are the most convenient tools nature has given, human
beings have always used them in counting. So the decimal number system followed naturally
from their use. The base or radix of a number system is defined as the number of digits it
uses to ropresent numbers in the system. Since the decimal number system uses ten digits,
from 0 to 9, its base or radix is 10. The decimal number system is also called base-10 number
system. The weight of each digit of a decimal number depends on its relative position within
the number. This is explained by the following example,

Example. Take the decimal number 6498 as an example to explain the weight of each
digit of the number.

6498 = 6000 + 400 + 90 + 8
= 6x10% +4 x10%2 + 9 x 10! + 8 x 10°

The weight of each digit of a decimal number depends on its relative position within the
number as explained below:

The weight of the 1st digit of the number from the right hand side = 1st digit x 100,
The weight of the 2nd digit of the number from the right hand side = 2nd digit x 10%.
The weight of the 3rd digit of the number from the right hand side = 3rd digit x 102
The weight of the 4th digit of the number from the right hand side = 4th digit x 103'
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Chacking of the snswer.
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1 (MSB)

2:2=1
1:2=0
153 (Decimal Number) =
Checking of the answer.

10011001 1x27+0x28
_um+o+c+5+m+c+o+H.

153 (Decimal Number).

10011001 (Binary Number).

1]

+cxwm+uxm“+meu+oxmu+ox€1
LY

o

In the binary number system 1 + 0 = 1. When 1 is added to 1, the sum is 0 with acm

1. 1f the sum is written upto 2 bits, it is equal to 10 (2 decimal). The Table 2.2 shows §

rules for binary addition.
Table 2.2 Binary Addition

the adjacent bits
Example 1
1001 (9 dog
+ 0101 (5 .rnﬁ_ﬂsgv
%
E 2 5—5&0—0
0l (7 e
+ 0011 (3 do Mumber)
1010 (10 tm..s.is_!
Example 3 Mimbey,
1010 (10 decigy
+ 1101 (13 ._B..S.i.,
na docm ]
1 B

Carry

. The following examples will illustrate binary subtraction.

Example 1
Borrow
l
1110 (14 decimal number)
- 0101 (- b6 decimal number)
1001 (9 decimal number)
Example 2
1010 (10 decimal number)
- 0101 (- 6 decimal number)
0101 (5 decimal number)
Example 3
1010 (10 decimal number)
~ 0011 (- 3 decimal number)
0111 (7 decimal number)
Example 4
1101 (13 decimal number)
-0111 (- 7 decimal number)
0110 (6 decimal number)

In the above examples smaller number has been subtracted from a larger number. Let

us see what happens if a larger number

Example 1
Borrow

i
0101
- 0111

is subtracted from a smaller ~umber.

(5 decimal number)
(- 7 decimal number)

1110

‘_.va_daﬁ_..mnuiu&Bv—aguguc—.l“r@.ass.?gfﬁﬂn

(- 2 decimal number)

851«.!5«&.».?%751&5&5%3&»-&.

Example 2
Borrow

{

o011
- 1000

(7 decimal number)
(- 8 decimal sumber)

111
?gtﬂn%lr

(-1 decimal number;
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p.8.3 . Addition in 10's Complement

Most of the computers now perform subtraction using complemented numbe;

economical because subtraction can also be performed using the same electroni

which is used for addition, In the binary number system there are two types of com

) s D - 21).
I's complement and 2's complement. To represent a negative binary number 2's ss__ﬂﬂgv_o 1. Add 86 and { 91 = 78
is most widely used at present. To understand 1's and 2s complement in the binary;y  The 9's complement of %
system one should first understand 9's and 10's complements in the decimal number sy

281 9's Complement

System
If 10’s complement of a number is added to any n

.F.oB that number. 10’s complement subtraction is use
i, ges for the representation of decimal numbers.

umber it is equivale .
d in computers whic

The 10’s complement of 21 =78 +1= 79

86
+ 79 (10’s complement of 21)
To form the 9's complement of decimal number each digit of a decimal nuk -
subtracted ?2_... 9. The result so cbtained is known as 9's complement of the -
”u“ﬁﬁe. the 9's comploment of 87 is (99 — 87) = 62. The 9's complement of 235 is (89-!

If the carry of the last stage is dropped, the result is correct.
NPN ‘0.0 0035_030_.5

xample 2. Add 59 and (- 84)
; \ =15
The 10's complement of a decimal number is equal to the 9's complement ofte The 9 complement of 84
_E:?z,zswr

i 59
© 108 complement of a decimal number = Its 9's complement + 1.

The 10% complement of 87 = 62 + 1 =63

+ 16 (10’s complement of 84)
The 10's complement of 235 = 4 4 1 = ..zwm ,

4\\ Ignore carry

The 10's complement of 84 =15+ 1=16

Now let us

get the correct result take 9’s comp

¥ (decimal number) The 9's complement of 75 = 24
4pwu (its 10's complement) | The 10's complement of 75 = 24 + 1 = 25
Result = — 25, which is the correct result
W Me sy ru?oaﬂd ple 3. Add (— 26) and (- 43)
Batiber e example the giv s By R
\n 3712& WS 0% coimplement ﬁa! a.%»?& number is of two digits. If the = The wm. complement of 26 = 73
.A?fégﬁuﬁz ,MJ:E?"ZZ;E 5 ”Mggégﬁ:ﬁgwmalﬂtm The 10s complement of 26 = 73 + 1 = 74
od complement i "
Sange y Doglec t is equal to zer® ,.—Jﬁ.@w%ﬂeﬂ*&uwﬂ
The 10’s complement of 43 = 56 + 1 = 57
D e
TR 19% cvmplement) +_51
131
The decima) rfa a
.ila‘{l‘wﬂ.ﬁan;fﬂna - L Ignore carry
seon that the Yo, only Wpts three H'?‘IE and ¥ complement of 31 = 62 The corvect result is — 89
?—oﬁh‘l i?qf"i'éirtgiw

75 (10’s complement of 25)

i is i It is the 10's
axami . There is no carry and the result is in 10’s complement.
B . e the sum of & decimal number and its 10's plement

nt to its subtraction
h employ BCD

complement of 25.

_mgupﬂﬁo%»guuaauilgg




: mpl
required. The result i positive and correct. There is no carry at the lagt .
Conclusion

1f the result is positive it is correct as usual. If the result is negative, it is in 1
Computer can represent signed numbers, and hence recognize whether th i
| . ) e re
 or negative. If the 3_.% negative, computer understands that it is in pi
form. So it converts it o get the result in the usual form. This has be
discussing Z's complement which is similar to 10’

284 1's Complement

decimal system. To obtain |’
is subtracted from 1. For
1's complement of 1110
simply changing each

LT

As the both numbers are positive, they are simply added. The 10's ¢
8tage,

Whether the result s positive or negative the carry of the last stage is to pe

Qa 85”

8 complement in the decimal systen

The 1's complement in the

g number . id , .
8 complement of system is similar to 9's complementy

binary number each bit f i
example, the |’ fach bit o the binary m
15 0001. Thus H—.a complement of the binary number 010 is 10l

s ;
oy ﬂsp %80 and Snro%d%—mﬁwma of a binary number may be form

Example 1. \ ;
E ﬁ,a N_. elerment of the binary pumber 161100
Example 2. Fing 1 ™ 9 101100 - 010017 .

8 complement, of th
) eb
-l :5. :. complemen 0000 L”Q number 0000
Example 3. Find 1's “mplemen, of the L

System iy qions
; mn 18 g J
to the 1's complement of the EE.m 2% tom imilar to 10

DPlem,
: be ent of g b
The 2's complement of a binary ::%.c”.ﬁ One, ® binary

The 2's complement of 0101 = 1010 4 % comp),
Example 1. Find 2's complement of 9” oy Plement, + 1,

bnary

The 2's complement of 101

Example 2. Find 2's complement of EHaM = Saﬁ VM_. 101109,
The 2's complement of Gu0g udrh-‘. s 4~ =010100

Example 8. Find 2's complement of the rE”.” *1. ~ocaa.
The 2's complement of 117 - 000 p;io.”oo

Let us examine the mﬁBo_.-_vEs:Bg 44:03 .

Example 1. Add the binary number 1100 ang s...w 24 o

The binary number = 1100 * g

Its 1's complement = 0011
Its 2's complement = 0011 + 1 = 0100

The number + its 2's complement

= 1100
+ 0100
1 0000

r Ignore carry

If the carry of the last stage is neglected the sum of a vg.ug_x-” and its Nu 3
the compleycomplement is equal to zero. In the above example the binary number is of 4 bits. If a 4-bit

en explaine processor is used and the last carry is neglected, the sum will be considered only upto 4 bits. |

For an 8-bit processor the binary number and its 2's complement is written upto 8 bits
as shown below in the examples 2 and 3.

Example 2. Add the binary number 1011 and its 2's complement.

The binary number = 00001011
Its 1's complement = 11110100
Its 2's complement =11110100 +1
= 11110101
The given binary number = 00001011
+ Its 2's complement + 11110101
1 00000000

- Ignore carry
The sum only upto 8 bits is equal to zero.
Example 3. Add 5 and (- 5).
5 (decimal) = 00000101 (binary)
-5 = Its 2's complement = 11111010 + 1 = 11111011

5 = 00000101
+ (- 5)

+111110113 {+ 2's complement of 5)

100000000
I Ignore carry

".a.m Binary Subtraction Using 2's Complement

clear from the following example.
Example 1. Subtract 2 from 6.
Simple binary subtaction
0110
~ 0010
0100
Subtraction using 2's complement
I's complement of 0010 (2 decimal)
2's complement of 0010 (2 decimal)

(6 decimal)
(- 2 decimal)
(4 decimal)

= 1101
= 1101 + 1 =1110

If the sum is considered only upto 8 bits, it is equal to zero.

T The addition of 2's comp'winent of a number is equivalent to its subtraction. This will



W we nre uming 7n complenagy ey distinguinh 8 pomidive tmber from 8 negative e

285 Addition in Signed 7 s Comglement

The Zn cntghetnerit o the Vinaey sombee sysiem w siiller o, "' soanghemenst i G
ducitnnl wysstn. We have siready ducnssed e roles fur sddition o We sangement. Thase
yiilos alae beid geurd for Zn compghennmcd. A sign it sdiscerd ) the st sgprudicacd, bt w weed

Al m the ngn bt s seed
yepresent 8 negative numbey and a O m the sign bt a positive somber The we of ngn bt
Learly indicates whether the result w positive or negative. The llowing examghos will sbww
the dflerent situstions in Zs comephement additom.

ssanphemandt of U docxmal, = 100
i‘s decamal) = 1100 4 1 Ni—.)&uﬁﬂsa Ve, crmtiie [fratmtery
= 101 Add & and 3
p; L 5 decimal) Normal Netatun Computer Notatum
s 1o (s Zs complement oA 3) + 0101 (s 5 docamal 0101  (+ 5 decomal with mgn bt
19 2 domimnal ) » 0011 (s 2 decimnal o911 (s 3 decamal with wign bat
rgs + 1006 (s B decimnal) 105 (+ B decyrnal)
?sl'r‘ii In computer representation sign bit has alss been ncluded The first bet from the lefl
227 Regresertation of or fifth bit from the nght) is the sign bit. The addition is ales periormed oo the mgn bit. In
o G il&;{g- V-giilxl!l!ali!slllih”l
Gocomal wymom we gog o o . % 0 in the bnt ndicates that the result s positive. There is no carry at Hage
sy g before & number o represent _
i“—.f—i’.f%lg.uggh Example 2. Addstion of a pomtive and a negative pumber, the posstive nuwmber being
olilogf‘-ltr’.igi or than the megative oumber
wti&lxi_llﬂﬂll._rig.r Add 9 and (—4)
wenber. Bet heve are Ghree devent wayy 1,  only one way o represent Y e I's complement of 0100 (4 decimal) = 1011
St Magnitnde Reprons gy, | 4 Begative number Thes The Zs complement of 0100 = 1100
2 Swpned-Ta f—i Normal Notation Computer Notation
D SenedTs Complement Reprenmpegy, +1001  (+ 9 decimal) 01001 (s 9 decumal with mgn bet)
P anpation it 9 1 Sy S 0100 (- & decimal) 11100 Z's decimal of 4 with sign bit)
Signed magnitude repreentation. "\ “*ttiong are shown below: +0101 (5 decimal 100101 (s 5 decimad
Signed-1's complement representation 1015 r!‘!g
Signed-7s complement representation 1oy The sum 0101 s correct in the binarv form and equai %o § decumal The mign bit 0
9 tes the sum s positive. There » vy at the last stage The carry s o be dropped.

the MSB is used to represent the sign of the

. EPE.&-!!*‘!"*%I

than the positive number

-
.



Whet the result

adopted 10 et 1L bn Wy
ke 1% complement of the reault, add 1 and put a < wign befe |y, I b

e rosult i 3% comploment ta 1010, The corveet reanlt will by

The 1 complement of 1010 = 0101
v |
0o (

Bxample 4 Add ¢ 19 and (- 0
The s complement of 1100 (19 dectmal) = (011

o correel faray,

-7_"

t deotmal)

The 8% complement of 1100 = 0011 4 1
= (1)
The 1's complement of 0010 (2 decimal) = 1101
The 2's complement of 0010 _ = 1101 41
= 1110
Computer Notation
- -ﬂ \J
: “SS (¥'s comploment of 19 with ulgn bit)
M0 @ comploment of @ with uign bit)

R B N O T
mplement of |
\ AR 4 with slgn bit)

* The sum is nogativ ,
It is W be dropped. "0 1 iain g

The above result iy |, Va comyp
A complement of 0010 (remult)

" complomont, There in a carry through the g

lomeon
" :M_ce_:. vorreol result can be obtained as il

Conclusion = = 14 (dooima))

.~._52:...w=:_5_!:-_bao_- E
bo 4
binary form. When the sum s negatiye 11 . P4 Wh
o it by o 00 th

”__”.... ..4._.“...6._“" “““u_p h“”... .“_q_...“.“._“z_:_ ai_...: %ﬂ ””_m_._.s_ﬂe_.sgp Tho algn bit indicates ¥

t May by the v #

overflow. The cane of overflow hag H__“_._". :h_-«o vory n-__“ a%.ﬂw_":ze:? it will be con¥
Uned |agqp " true anly when ther

In the above examples we have Lk tor ¢
bit may be reserved for sign bit; and zﬂws_“_.wnh%ee sy r_.“.___._: this chapter in Hoo. o
magnitude of a number. Consider an 8-hiy Ompute the by, of 4 % computar the mont #lg?
by 7 bitw. Tho MSB reprosents the sign of the numy, ™ Magy. 5, 544 word will rep
If the sign bit is 1, the number is negative, ?c«....-nzs._?cﬂﬂ o the number (s rop
L]

complomentoed. The following oxample wil] j)j, Rotly Lis0,
usteate gy, _.m Mmig,’ 0 number, i#

Example 6. Add + 14 and + 9 titigy o -_.:.e reprasonted
+ 14 00001110 €nod binary nu
+ 0 00001001
+ 23 00010111

b Sian bit s 0, w0 the wyp
_.o.E:.
P

ogative 1t menns that it is in @' |

e T —— |
"y
\

Kaample B Add 4 Howad C W

v M CLLTRR{

1] 0L (' comploment of B with sign i)
v O OO0 T0L Cr B dostinab)

4 Mign bt i O, an the result e positive
a Oneey = 1, 10 e peglocted
txample 7o Add ¢ 10 and 4 B

14 0010 (% complement of 14 with sign Wb
v B 00001001 .

h *:_5__ (@ comploment of & with sign hit)

Mign bit 1n 1, so the reanll e negative

00000100 I'n comploment of the reault

L T R —
00000101 B docimal),
in to ahow the result 1n usual standard binary furm

rofix
Bxample #, Add (-~ 14) and (- D),
14 1110010 (2% complement of 14 with sign bit)
1 101 (' complement of O with sign bit).
TR0 1101001 (@' complement of 4 with sign bit)
t Mign bit s 1, a0 the result is negative
t Carry i 1, it Is noglected,
00010110 1's complement of the result,
v 1 Add )

00010111 (- 28 decimal),
I’rofix = I8 Lo show the correct result in usual standard binary form.

The nwhove examples show that the addition and subtaction in 2 complement (s ves

0 sum | [}
» poaitive, it ln In Le® imple, The sign bit clearly indicates whother the result is poaitive or negative, If it
L Then the computer converts it to a standas

volmal form to show It on the screen, The case of overflow is discussed the Hec 2 10

In the decimal number system the welghts of the digits which come after the decima

oint, are represented as:
0636 = 0.6 + 0.03 + 0,006

1 1 7
- Ql~@¢ﬂl§ +Bx uag

s Bx 10" 4 8% 10?7 4B x




aystom the weights

v

Siilarly i the hinary numbes of the lunary s til; .
*fai.ﬁst o K )
MU EELLAEEER MU LR MR EY L

e —'—.—l-o.-l—.—l-

F 4 L] 10
o U8 ¢ O28 &« 0 ¢ DANIA

« ORI (decimal)

Kxample 1. Convert the binary fraction 0 10111 to dectmal fraction | -
0N & 1w 2 a0 2% 0l w2001yt In this example it s seen that the fraction has nol bevome sere, and the process will
v thale continue further For sueh & case an sapprosimstion s made For this sxample, we may lake
1 | | | | 1 the result up to Bth binary bt afler the binary peant

SR LERY LR PR e I
] ] N {1] M 0835 (devimnall = 0 1010001 (Mnary)
Example 8. Convert the decimal real number 12 625 to an squivalent binary real number

= OB+ 000125 ¢ 00028 « 003128
i o « 071878 (decimal) For the above decimal real number the binary squivalent is abtained for both integer as
ample 1. Convert the binary real number 11011010 10 & decimal real manly wo!! as fraction separataly

’ "
bunary real number consists of twe Parts an integer and o fraction e s 18 (daskmal) o Arnt somvarteg € 55 Sinany Syivaiont

oL

equivalent is determined for both |
squivalent decimal real number Integer as well as fraction and these are !&&U‘ Questiand Ha s smate
011010 w (1 w90 4y i12+2+=8 0 (LEN
.e-»é_-u.oo-.-.o_..ujo._.u..:._u..—. 6e2el o
c...ooooo-.o— 3+8e1 1
T Y
I—“.E—[- QGOQ—BQO‘ 1«20 1 (MSH,

12 idecimal « 1100 (banary)
Then the decimal fraction 0 828 w converted o its bes ary equivalent

ati xq_fvm_qchp_gﬂ”-__gs.‘!g- .

i n -
and the g%iﬁiﬁﬁ!?hgki
following example will illustrate the e ‘l’”...lx-:ﬂ. by 2 ot el

z‘t‘.’!i&ﬂl;"
_u!.i.o.-gs_,"‘,

OR126 (decimal) « 01101 (Binary)
Example 3. Convert the decimal fraction e‘l

ligtg
For sunmpie, 56 s repressnted by 0101 0110



fxaenple 1, Add # and b,
Hn

1000

010l s
T 1101 Inearrect WO

p 010 Addh
.|x;x: I Clorrect WO 14
Example 9, Add # and D,
[£/81))
H 1000
+ 0 1001
17 TO0010001 Incorrect BCD

+ 0110 Add 6
00010111 Correct BCD 17

2.12 HEXADECIMAL NUMBER S8YSTEM

The hexadecimal number nystam s now extensively used i congptsr indoastey [ta radivz
bawno) in 10, Itn digits from O Lo 0 wre snme ns Lhoses used by Qecimal ronnbmre wystam (o ne
hoxudeclmal number system 10 Is represented by A, 11 by 85, V2 by €, 1% by 15, 14 by £ and

M L v (] ¢ ’
digit “.-..”.o “.bm_n”...—>woc codo the Woights of fi; bi 16 by I, The decimal number 16 in represented by 10, 17 by 11 wnd s on
There is difficulty in M.ﬂrﬂ”w .Ma&...: COmputgry v““.“w bits which roprosent an indl A hoxadecimal digit in represented by four binary Wita. For sxamphe, 5 in roprosssiad by
BCD. For examplo, the 's Sau_.sv_.sgr when ¢ 'm subtraction using Sav_%::_ A by 1010 nnd D by 1101, If & hexadecimal rarmber conmista of tweo or wens G Voo
an accoptable BCD code in this H.. “nt of 001 (2 ne&:ﬂso; aro roprosontod by stasligit, onch digit in roprosented individuslly bry ferar Vinary Wita Feor sxarnghe, 56 in regre
m-. Excess-3 code; 2,4,2,1 code esv_. _55. To Ss.naaoz.ﬁh_v in 1101 (13 decimal) whichpented by 1000 0110, 61 by 0101 1110, 317 by 0011 1011 G111 Tabhe 2 4 sturws hexndacimn)
_Sﬁ. h“.._e%o...bawre J.:ew&.-_ digit of Ve beon Used | 8 difficulty other BCD ::ﬁcﬁ:&—ﬂﬁn binory reprosentations. The binary representation oA & hozndocitonl nam

. ample, 6 (d v
MM._S-.,.M nowe will be 0101 huaom: m_nvuo Th ._S neaip: _oraa their binary equiva present a w—% §§ i§ g\—r -s.‘b-m“ .--.'g..-l g -\-i&n-.\“ “‘:35
o that is the sum of woighty of b ts for ite
digit. of binary oy ropresentation,
Lot us examine the binary ;

equivalent of n decimal number and its hexadecirnl repre
ntation. The binary equivalent of the decimal —.:ngafz:_:e_? _‘nu&o“.“b.
=~<§=o&e:§5n_.._-aa.? E:u\
o_ea&anus.o:_: Qoﬁ..ig&nutse_:.e.-sioi!
.a-ge_axcuaiss..g!ﬁiiﬁéas.&!s%

Another BCD code s 2,4,2,1 code, |
Tuble 24. Hoxadecimal Numbers and their Binary Representations

example, 5 is 0101; 9« 1111, 7 o 1101 Hoa Woighteg
— .Wocﬂ pn.“.aa ““.ns-& where the decimal iy,
v A digital system. Eloctronje caley)

onic counters, digital clocks ete, work o lAtory, dj dirugy
used in early computers, Modern computers o Bet . iy,
names and other nonnumeric data, o noy e _.u.rc..c - By e ....3:@:3.

s...&:..:seauaq_:sn_s ...Eiags._...r-sa:
M.Ba:_mﬂ in performing addition in ..n:n-“ﬂ %or_w.-_nur o % they have to
Af there in carry from the 4th bit of any BCD digiy, » " 1® resss®

@ correct result. This will be clear from the n.w?gﬂ“-.fu ﬁg there ¥

of i
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2.12.1 Hexadecimal Versus BCD

information stored in the mem are i uired
. y ory. The erTor it may be tow
T e o o, e % 1 o i iy b
g - . . -
memory dumps in hexadacima] mum”.w:“:aﬁo. Com rodl u-.sg out in
in hexadecimal. s that 54@“—5—.- which work in binary

efficient if large input-output requirements g ¢ ;
are required. The computers using wm.w o“a#ﬁqﬂq&ﬂ...“.ﬁ ———
decimal data (BCD codes) and eliminate the pag, "o gl E.Bvo..ﬂ f
to decimal s o
for e, bl
Many decimal fractions do not have exact s lilﬁ.ﬂc..s. .
ers dealing with accounting applications precise ss«!air.r binary

, p—::ao_n ,_.r:n the price paid for precise decimal fractions is less efficient use of memory
k7 an " 5

. lower processing.

¥ & Moam computers and all calculators employ BCD codes. Most of the modern computers

a
-y _w_anﬂ..oum with both binary (hex.) as well as BCD.

calc
2.12.2 Conversion of a Hexadecimal Number to a Decimal Number

following well known expression for the weights of digits of the number will be used:

decimal system. Some large computers may have the hardware facility for arithmetic

For the conversion of a hexadecimal number to an equivalent decimal number the

The weight of nth digit of the number from the right hand side = nth digit x (Base)* 1,

The following examples will illustrate the procedure. . .
Example 1. Convert the hexadecimal number 4B8 to its equivalent decimal number.

8 is the lst digit of the number from the right hand side, therefore, its weight is

8 x 16°. . . . .
B is the 2nd digit of the number from the right hand side, therefore, its weight is

B x 16%. , . :
4 is the 3rd digit of the number from the right hand side, therefore, its weight is

4 x 162.

Therefore, 4B8 (hex.) = 4 x 162 + B x 16! + 8 x 16°
=4x256+11 x16+8x1

= 1024 + 176 + 8
= 1208 (decimal).
Example 2. Convert the hexadecimal number 6E to its decimal equivalent.
6E (hex.) =6 x 16! + E x 16°
=6x16+ 14 x 1
=94 + 14
= 110 (decimal).
Example 3. Convert the hexadecimal number 2B6D to its equivalent decimal number.
2B6D (hex.) =2x16°+Bx 162+ 6 x 16! + D x 16°
=2x4096 + 11 x 256 + 6 x 16 + 13 x 1
= 8192 + 2816 + 96 + 13
= 11117 (decimal).

12.3 Conversion of a Hexadecimal Fraction to a Decimal Fraction
In the hexadecimal s the weights of : b .
int are wa fillyms. ystem weigh the hexadecimal digits after the hexadecimal
0.5A6B =5 %1674+ Ax16946x 169+ B x 164

= 0.3125 + 0.0390625 + 0.0014648437 + 0.00016784667
= 0.35319519037 (hexadecimal).

Fgmﬂﬁnﬂbﬂg‘gﬂugs . )
i !.lul-u%b».. Conversion of a Decimal Number to a Hexadecimal Number

#  For the Conversion of
ecimal number is divided

& decimal number to an equivalent hexadecimal number, the

by 16 succeasively.



Example 1. Convert the decimal number 67 to gy, é

. a..:s.
Quotient Remai lent :2535
7+16=4 3Lspy B T R SR 5 0 5|
4+:16=0 : 4 (MSD) In the above expression we see that the group of the most mﬁd.vmomaa binary bits contains
i . ly 2 binary bits. This can be extended to 4 binary bits by adding zeros in MSB positions.
Gl .EM, mwn_sm_ number 67 = 43 Armxnamn_..sm: 3 Hﬂmmm are extended by adding zeros the number remains unaffected. Therefore, the given
ple onvert the decimal numb. : . i follows:
Quoti ROTR it hexadecimg| equj e Mzﬂﬁoo::o:
952 :eh:: 5 Remainder b A ] .mw...“oc Hv: )
+ =59 g 8 (LS = ex.).
59 + 16 =3 4 :A 2 W v Example 3. Convert the binary real number 1011100 . 1000101 to its equivalent hexa-
3:16=0 - gcimal real number.
The decimal ; 3 (MSD) In case of binary fraction, the formation of grouping of binary bits which are after th»
ecimal number 952 = 3Bg (hexadecimal) inary point, is made from left to right. For the integer part group is made from right wo 1 f

2125 Conversion of a Deci

Imal Fraction to a He i 1011100.1000101 (101) (1100).(1000) (101)

(0101) (1100).(1000) (1010)

ultiplicat ! uivalent hexadeci ‘acth

he %mé nwwﬂ.mwwam—w »,5 :.mom..q,:m integer part g :ﬂﬁ_._mﬁ__%w“:p” R

Example, Convert f nwaﬁ multiplication at the eyl
Pre— raction 0.62 to itg o uival

— - : quivalent r;m,.‘%n__z.__ (it

12.7 Conversion of a Hexadecimal Number to a Binary Number

To convert a hexadecimal number to its equivalent binary number each digit of the given
decimal number is converted to its 4-bit binary equivalent.

temainder Integ Example 1. Convert the hexadecimal number 6BY to its equivalent binary number.
g . ©BY),, = (0110)(1011) (1001)
= (011010111001),
= (11010111001),
Example 2. Convert the real hexadecimal number 8D.8A (o ite equivalent binary nutnber
Y % St & i s (6D.3AY, = (O (HoH.0L) (101m
T — . = (O4101101.00111010),

= (1101101.0041101),

212, Action 0.6y .

on of a a—_ ) n . .
\ \ Ppio

T The E.:<3.zr:.. of | D_.< ZC.S—qu to a_::_ﬁ.ﬁ_.{. The b r W\ _ — e

he bae of (e T ary Mg A Hoyg deoi; fian b Lhe uebal nammber ayatenm ja 8. Thin ayebemn o oo ussd o e jiter ity
4-bit binary SIRMAL 1y D TR " e eight digite 0, 1, 9, 8, 4, 8, 6 and 7 The deedmal numbir B In reprsssited b
forming (1o UPE (eacl D gy 100l | 10 by 19 and ’ v
orming the gy, Y RIOUD G e G T by O by 18 and 8o on in the setal nambier system. A oetal noglies s ripiteanii bl by

BYOUDR, an), REOup of ”_::a 4 ___.::.z D Wy, 0] | !

Exn
mple 1, Oy

roup of three bitinky bite Bor seample, 4 1 suprsanbsd by 100, # ..w PIO Al 7 by 111
01101110, \*

vt o alig O Binary bite b reprsasit wn oetal sumbst 1s that | Ppgmnt robal digit
T which ey b roprussnted by ynly 4 Bitiey bibn Lo 7w L1 uas ekl nionbiss sontnlie
Wor move thin bwi digits, sach digh s Individually vepramsntad by o grog ol Hires bim

L v N
Example y, Convary gy ) (hen.), ;.3..@ wentiple, A0 1w vapraansnbod by 100 110 and 404 By 001 100 100 Tabln @ & ahises ika
The formagjgy of vesiie hary Maimbuy 4y atmbita il thedy ioavy vuproasibation Thes Bhnnry veprsssnbntion sl g ietal wiinibise 8
hand side 19 gy HYOUDE of 4 11 oanly 1y Dty LT m w enllnd Wiy eoded wetal b
| 101001101 LU R [T by N ...._:..._...._ | (ol Lisk um wnsimbie Lhe Wnary seyilvaliont mid ey seprsasnbabingg sl o dgeisal .,....._a!.
, v - __:::._._::_.: IRRAEEE il and hesndastimn) Phe Winary sitvnlent wf the .—..a....g_ Widibsy 48 fa bR e

::,0 Wi
I ,
I e HOEDHA) Wb 4D 18 U beerlinhimnl wid AB ki vsagmativele 908 hie © i b oo
_ L IAEy 0 O0ROK 0L, wived B kil i 101100 1 etk ambon b MEE st Al His thren
< ey spinaentativine nis apine

— 18 .
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Table. 25 Octal Number and their Bj N

e G
# ! ~

Reproseg, .
—— — ;
Binary Gae o

T —
e e e g 2 S e e
- 5 3 AR e s ,

= 0.625 + 0.09375 + 000585637
= 0.724609375 (decimal)

,13.3 Conversion of a Decimal to an Octal Number
For the convergion of a decimal number to an equivalent octal msmber the techniq

[ repeated division by 8 is used.
Example 1. Convert the decimal number 62 t its equivalent oetal number

Quotient Remainder
62 +8=17 s 6 (LSD)
7+8=0 , 7 (MSD)
62 (decimal) = 76 (octal)
Example 2. Convert the decimal number 958 to its equivalent octal number.
Quotient Remainder
958 + 8 = 119 ; 6 (LSD)
119 + 8 = 14 ’ 7
14 + 8=1 i 6
1+8=0 : 1 (MSD)
958 (decimal) = 1676 (octal)

Checking the answer:
1676 (Octal) = 1 x 8% + 6 x 82 + 7 x 8! + 6 x 8°

512 + 384 + 56 + 6
958 (decimal)
3.4 Conversion of a Decimal Fraction to an Octal Fraction

s equivalent decimal number For the conversion of a decimal fraction to its equivalent octal fraction the technique of
ated multiplication by 8 is used. The integer part is noted down and new remainder

5
L]
H
g
3
5
H
3
¥
£
5 o
§ o
g 3
B &
s 3
& g
Q
3
3
=
§
g
n on

the f conve
56 (octal) < 5 x gl gRal e tion is used for the multiplication at the next stage.
=404 ik | Example 1. Convert the decimal fraction 0.96 to its equivalent octal fraction.
~‘p9=§§§= lanna.gv ‘!;.r ﬁ / actic
Umber 364 ® ite g

+6

nwlgoamaz-.v*xwe

“5050‘ uln ¢

ngg 1 s ik . :
e ﬂo:a-_ . o-u:OaS_Wamoao:.oanﬂ. ?egi:S:gﬁ%S’EBrn?iE-..—So.ml.ﬁu.&eﬂlul!r
e T R e Wit of .Rﬁ..._ic.a.“wfzo: 0.96 (decimal) = 075341 (otal) approsimately

0.563 (octal) = 5 the neyy i .B\u.m Conversion of a Binary Number to an Octal Number . .

= xw-..vaua,- , Ate s _.Evﬂu%l-{-g.!ﬂgsiﬂ_%‘
Ry oot 2 EE.?T!E?Q;.‘:

¢~xz . s <
gginﬂiﬁ.&n ]
] ug.-.l.lgqﬂﬂ_i.teﬂl% ‘
uf -




Example 1. Convers the binary nomber 1116 1 joa

Thie lormation of grongs of 3 bita cach in
" et

an vg‘§ —,‘§ Fgg i

ety
\5.-:..& = (101 (110
= 58 (oetal)
Example 2. Convert the binary sumber 1101611 ts jta CiTalent ooy
:55.:& = (1)(101, (0611, -
5.!»“. % goup eongiata of only one binary bit, this grouyp ia “Aisnded y,

SS—B—W = (001)(101) (011
= 153 (octal)
real number 1011.1011 to its equivalent oetdl g

aﬂs__!. the group of 3 bits ia formed from fights
3 bits is formed from left to right.

= (1 (011).4101) (1)
= S...:\S:bc::oé
= 1354 (octal).

Fxample 3. Convert, fhe binary

;?asass:a?:g
In the binary fraction the group of

equivalent
Convert,
the oetal numper 76 to i "
@ "8 equivalent binary num
6) = 011y (111) (110)
= 01111119,
E e 2, —— S = ::.ﬂﬂaw ”
g Cony ..N“_g%?s:uoa&qsega\
34), « :s::es::.@
n - :S:E::g
13.7 Conversign of an Octal § . E::g:: ...
a.rnsacia:e:r :5_...0:0» n

i
A R
! Gy g
e et e Lot sk AN 0 5

oy,

e R O o TP
v e SRR R N

NS

L
Sy

Exawple 2. (onvars the rosl sexidesondd swmber 58 34 5 e i R ST ———
The number 3234 s first converied v s nary eamivaiens
B34 = G0 B 0N11. - I
= GITINII. T I010
Now forming the growgs of % binary bite s shtzin e sesl “ivsient we ague
OIGTINTINITIOIG = (01,015, (0F1.(06%, LI0 (Im
= (061, (011, 011,400, 110 04}
= [232 184 (octal)
Ezample 3. Convert the octzl number 338 to ita equivalent sexadesimal aumber
Converting 536 (oetal) first to ita binary enuivaient, we got
(338, = (161)(011,(110)
= (101611110),
Now forming the groups of 4 binary bits to obtain its hexaderimal esuivalent we ges,
(161011110) = (1 (0101, (1110)
= (0001 (0101, (1110)
= 15E (hex).
Example 4. Convert the real octal number 46.57 L ita equivalent hexadecimal number
46.57 = (100)(110)(101)(111)
= (100110.101111),
ngmoigioggsgggggas.
100110.101111 = (10) (0110)(1011) (11)
= (0010) (0110)(1011) (1100)

ASCII is pronounced as “ask-ee”. —»ggggguﬂg
gﬂo.)@ﬁe&o?ﬁ&%&«»ﬂ in small computers, peripherals, instruments and

. 4 i ices. Yoo i iousl
casily be done taroagh, E:wss.“nss»_ Numbey o, ﬂ”oxmnoo::o. Number and <_ol§_=.§3=§ devices. It has rer many of the special codes that were previously used

g s x
Example 1. Conyert the hexag 'rated by the ,:.“._Mu_:é ::B_E..S.iaw\.
The hexadecima) Number 3pg; ;4 first H“voq 3D .oo- Eiven below,
2DE C—Gﬁv - to itg
. “Sn.»::ef—”“mw equivalent.
Now the above _.Sn.u.oa&«-_a.p is divideq 5“5355—5«» )
8::8:5
vaennv (1
= 1736 :Hﬂn: 10)

manufacturers. It is a 7-bit code. Microcomputers using 8-bit word length use 7 bits to
present the basic code. The 8th bit is used for parity or it may be permanently 1 or 0. Table
3 shows ASCII codes. With 7 bits up to 128 characters can be coded. A letter, digit or special
' equivalent octal 99PP7! i8 called a character. It includes upper-and lower-case alphabets, numbers, punctua-
0 marks, special characters and control characters. Table 2.7 shows the definitions of
atrol characters. Some control characters which are used in serial communications are:
1Q, ACK, NAK, etc. ENQ is used for enquiry. ACK is for acknowledgement. It’is used to
of3 iy, licate successful reception after completing error checking. NAK is negative acknowledge-
= 001 (11, €§§ octal nn%;:«. used to indicate errors in reception. : 1
ISCII stands for Indian Standard Code for Information Interchange. It is an 8-bit code
lian languages.

EiA
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