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fraction part <7
0.9375 x 8 = 7.5000 The integral part of the Pf‘;g“‘; lis A
0.5000 x 8 = 4.0000 The integral part of the produ

S (11.9375),, = (13.74), Ans.

1.9 DOUBLE PRECISION NUMBERS

oressed in e
In a 16-bit computer, numbers from +32767 to '32?(’.8 Cal?as? ;100;2 rl;ilsg So?bcll;
register. To store numbers longer than these, a pm‘ws'?n ; two storage locationg
precision provides, the answer to this problem. In llu‘s S\ flcn . e 15

arc used 1o represent cach number. The format used is expressed as.

First word (ST High order Bits |
Second word [O | Low order Bits |

Sis the sign bit and O represents zero, This permits a 31-bit number length using 16
bit registers.

Signed Binary Number System: In this form a positive or negative number is

represented by a sign bit followed by its magnitude in binary form. Thus a decimal
number +17 is represented by

lof1TofofofT]

Sign bit Do iTiTo
and —14 is represented by iy

Sign bt

Normally 0 is used in the sign bit for
negative numbers. Numbers written
signed magnitude numbers.

positive numbers and | is used in the sign bit for

EXAMPLE 20: Represent the followin

g decimal numbers in the signed binary number
system. = ;
(a)+29 (b) -29 (c)-19
Solution:
@ +29 = 011101
() -29 = 111101
(c) =19 = 110011

1.10 FLOATING POINT REPF{ESENTATION

Consider th decimal number 128456, whicl, m
(1) 128.456

(11) .128456 x 10°

If a register is availabe capap)e of storing ¢ digits
it VO parts — one %ok
Sp}I," 111:1?1 l:ogl!:inin i fralc):;n conlan.ung the integral Portion of 1} \ber and
ot Cf'P -f 'l : . iiichi l_‘;“?lponm_nand the decimg) point | -[mdllyujtl centhe
bwo parisolibeice & 1.1 shows this fCpresentatioy, The ﬁr(:::j . b::;x of this
: rawback

ay be writep as:

0d a sign bit and this register is

s el e b St i
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scheme is the need of the user 1o remember and keep track of the decimal poimt

location. The second drawback i (s the range of numbers which can represented
using thus scheme 1s limited 10 +999 999

In the second method, called floating point
as a fractional muluplied by a power of 10T
and the power of 10, whych multiphics the fra

representation, the number 1 wnitten
he fraction part 18 known as mantissa
ction 1s known as exponcnt

4 Sign Mantissa Exponent
112] 8] 4[5T6) IBEON
‘ t
Assumed decimal point Assumed decimal point

Fig. 1.1 Fig. 1.2

The register is divided into two
mantissa and the second
and nep

parts — the first part of 4 digats 1o contain the
pantofl 2 dipits 1o hold the cxponent. To store both positive
pative exponents, 1t 1s desired 1o sphit the range of 00 10 99 nto two parts
ﬁ.ssmmmp, O orongin at 50, all exponents greater than 50 arc considered 10 be posi-
uve and all exponents less than $0 negative, The scheme is thus known as Floating
point representation with exponent in excess 50 form. The range of exponent will be

from — 50 10 +49. In this scheme the number 1284+ 10° can be stored in a regaster as
inFig. 1.3,

'J‘antlﬁ.'a Er"_,r‘qcf!

ITHEBOBE

f

Assumed decimal poim
Fig.13

To store the number — 0001284 10, the number &5 first writicn as - 0 1284, 104

thus keeping all the significant digns in the mantssa, the process bein g called normals-
zaton. This number can then be stored in the register asin Fip 1 4

p—— =,

. Sign
208 f4f401)

Assumed  Mantissa Exponent
decimal

point

Fig. 1.4

A floating point number is said to be in the normalized form if the most significam
position of the mantissa contains a non-zero digit.

A floating point binary number is also represented in a similar way except that
here the base or radiz is 2. For instance the number +1010.01 can be represented as a
floating point binary number as.
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0 Sign
ol o L1010 ]
an UIILI 1]
Assumed Mantissa Exponent
decimal
point

Most computers and all clectronic calculators have the built in capability of perform-

ing the floating point arithmetic operations.

?Ll;:y,', 1'S COMPLEMENT OF A BINARY NUMBER

pumber is obtained by changing cach "0 to *I’

The 1’s complement of a binary ¢
£010111 is 101000 and 1’s complement

and each ‘1’ to ‘0. Thus 1’s complement 0
of 1001.1110 is 0110.0001

2’s complement of a binary number
bit of the 1's complement of that
0+ 1=111. 2’s complement of
£110.11=001.00 + 1=001.01.

8/2'5 complement of a Binary Number: The
is obtained by adding 1 to the lcast significant
binary number. Thus 2’s complement of 001=11
010.111=101.000 + 1=101.001 2’s complement 0

complement arithmetic

exampLE 21: Perform the following subtraction using 1's
(c) 11011 — 11001}

(a) 11001 — 10110 (b) 1011 — 0101
(d)10111.1 —10011.1 (¢) 11011.00 — 10011.11

Solution:
In the subtraction using 1’s complement method. the 1's complement of the number

to be subtracted (subtra hend) is formed by changing cach 1 t0 0 and cach 0 to 1 and
then performing the binary addition. Any end-around carry is then added to the least

significant bit.

(a) 11001 11001 (b) 1011 1011
- 10110 = +01001 - 0101 s t 1010
100010 10101

00011 Ans. 0110 Ans.
(c) 11011 11011 (d)10111.1 10111.1
- 11001 x 00110 - 10011.1 — 4 01100.0
100001 ]
100011.1
| r——> |

i Y sA A, ~__100.0 Ans.

(e) 11011.00 11011.00

~ 0L L= 01100.00

100111.00
l-:———’ 1

————

111.01
)L
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EXAMPLE 22: Perform the following subtraction using 2’s comple

metic
(a) 11011 — 11001

Solution:

In the subtraction using 2's complement method, first the 2’s €
ngmber to be subtracted (subtrahend) is formed by adding 1 to th
bit of 1’s complement of subtrahend. Then binary addition of this

(b) 11011.00 —01100.00
(d) 111.01 —010.111 () 111.01 —110.11

des \\\
%

mentary arith-

(c)0.01111 —0.01001
(f) 10111.1— 10011.1

omplement of the
e least significant
2’s complement is

performed with the given first number (minuend) and dropping or neglecting any

end arround carry thus obtained i.c. dropping the final carry.
(a) 2’s comlement of subtrahend = 11001 = 1’s complement of 1100

= 00110+1=00111

L TLOL] 11011

- 11001 =+ 00111
100010

Carry is dropped
Thus the answer is 00010 = 10.

(b) 2’s complement of subtrahend 01100.00
= 1’s complement of 01100.00 + 1 = 1001111 + 1=10100.00

- 11011.00 11011.00
—01100.00 =+ 10100.00

|—;1,0] 111.00
Carry is dropped

Thus the answer is 1111.00.

(c) 2’s complement of subtrahend 0.01001 = 0110+ 1=.10111
L0l 1] 01111
—-.01001 =+.10111

———

I:,] 00110
Carry is dropped

Thus the answer is 0.00110.

(d) 2’s complement of subtrahend 010.111

= 1’s complement of 010.111 + 1 = 101.000 + 1 = 101.001

. 11101 111.010
—010.111 = + 101.001

———

1100.011
I-;—) Carry is dropped

Thus the answer is 100.011.

(e) 2’s complement of subtrahend 110.11

= 1’s complement of | 10.11 +1=001.00+1=001.01

111.01 111.01
110.11 = +001.01

—————

LOOO.]O
Carry is dropped

1 + 1

™

b %

9

iy
.
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Thus the answer is 000.1 0.

(f) 2’s complement of subtrahend 10011.1
01100.0+ 1 =01100.1

= 1's complement of 10011.1 +=

s 1011101 10111.1
—10011.1 = +01100.1

'::00100.0
Carry is dropped
Thus the answer is 100.0

@%INAHY CODED DECIMAL NUMBERS (BCD)
s used to represent qumbers, letters, etc. In

A code is certain special group of symbol ot ¢ :
the BCD code each decimal digit of the number is represented by 1ts binary equiva-
lent as a nibble i.e., as a string of 4 bits each. Decimal numbers 5429 and 9637 are

expressed in BCD numbers as follows:

5 4 2 9 Decimal
0101 0100 0010 1001 BCD
9 6 3 7 Decimal

1001 0110 0011 - OT11
decimal system with each digit

The BCD code is not a number system, but it is
he whole of the

encoded. in its binary equivalent. In the binary number system, t
decimal number is represented in binary, but in BCD code, each decimal digit is

individually converted to its binary equivalent as a nibble. The advantage of the
BCD code is an easy mode of conversion from decimal to binary and binary to deci-

The main here decimal data is trans-

ferred into or out of digital processes. BCD numbers are processed by circuits of
calculators, since decimal numbers are entered through the keyboard and decimal
are seen on the LED or Liquid Crystal Display (LCD). Other devices, whose

ocess BCD data or numbers are digital clocks, digital voltmeters, etc.
cimal numbers is also easy and is ex-

mal.
area of applications of BCD numbers is W

answers
circuits can pr
Reverse conversion from BCD numbers to de
plained in the following example.

exampLE 23: Convert the following BCD numbers to their decimal equivalent.
(a) 0100 0011 1001 (b) 0100 0010 0111 1000

Solution:
(a) Divide the given BCD number into groups of 4 bit each and then convert each

nibble to decimal equivalent
0100 0011 1001
— N e
4 3 9 Ans.

(b) 0100 0010 0
111 1000
4 3 7 8 Ans.
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% EXCESS-3 CODE

In the excess —3 code, 3 is addeq _
igit i i t [ igi h of the resulting
digit is converted to an equiya] 0 each decimal digit and then each o

ent binary number written as a nibble, as is done n

BCD code. For example decimal numbers 9 and 14 are written in excess —3 code as

9 14
il +33
12 =1100 47=0100011]

Excess —3 code in short is abbreviated as XS3.

©
\jﬁ GRAY CODE

In Gray Code also called cyclic or reflected code. only one bit in the code changes,
when going from one step to the next, which means that only one bit will change
each time the decimal number is incremented unlike in the binary system which
requires one or more bits to change, each time the decimal is incremented. For in-
stance when going from 7 to 8, the binary code changes from 0111 to 1000, which
requires that all four bits change simultaneously.

To convert a binary number to its equivalent Gray Code, write the MSB as it is.
Add this MSB to next binary position, write the sum and ignore any carry. Continue
and write successive sums until process is completed.

EXAMPLE 24: Convert the following binary numbers to Gray Code.

(a) 110100 (b) 101101 (c) 1110010

Solution: -

@ MSB) /N NN NN (LSB) l
0 | 0 Binary number |

1
'
]

O a——

0
ll{i

] 1, 0 Gray number Ans.

Write MSB = 1 as it is. Add this | to next significant bit of binary to get 10, write 0
below and ignore carry of 1. Add | and next O to get 1. Againadd O to 1 to get, 1 and
0 to get and 0 and 0 to get 0 in Gray Code

(b)  (MSB) /N /NN AN (LSB)
1 1

0 ] 0 I Binary number
P oL b
] | 1 0 | |

Gray number Ans.

S TR TR T TRTE TS B
1 0

I 0  Binary number
} é { Ol' |lY 1 Gray number Ans.

O — —

To convert Gray number to equivalent binary, write the MSB as it is, add this binary
MSB to next significant bit of Gray Code, write the result ignoring any carry.
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Continue the process till the LSB is reached.

p EXA‘@'PLE 25: (a) Subtract using 1’s complements
‘\j’(‘lm 1101), —(1101100), [AMIE St.xmmer 1_993]
(b) A number written in Gray Code is 101101011 1001. Write the equivalent binary
[AMIE Summer 1993]

code number
[AMIE winter 1993]

(c) Convert (63547) , to BCD
d) Subtract 32 i : bi arithmetic
(d) ract 32 from 85 using 1's complement binary IAMIE Winter 1993]
Solution: :
(2) 1011101 — 1101100 R
I’s complement of number to be subtracted (subtrahend) 1101100 is obtained as
0010011 and then adding.
1011101 1011101
= 1101100 ; =+ 0010011
1110000
1
110001 Ans.
(b) (MSB) lOllOIOIIIOOlGray
. [ olai Db erily 1l G RIEY

1101 1
Write MSB = 1 as it is. Add this 1 to nextsi ay Code number to get
|. Again add this 1 to next significant bit (1) of Gray Code to get 10, write 0 and
ignore carry. Now add this 0 to next significant bit ( 1) of Gray Code to get 1. Add this
| to next significant bit (1) of Gray Code to get 1 and so on to get equivalent binary

code number 1101100101110 Ans.

gnificant (0) of Gi

(c)6 354 7
Now representing cach of the decimal digit of above number by its binary equivalent
written as a nibble each. ;

5 4 7 Decimal

6 3
0110 0011 0101 0100 Ol BCD Ans.

1010101
0100000

I

d) (85,
(32);;

Il

I’s complement of (32),, = (RRRN

1010101 1010101

- 0100000 =+ 1011111

10110100
|

.

0110101 Ans.

P
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exAMPLE 26: Write the equivalent in decimal for the fOllowingcxcess-—-:’a ol Alimber:
[AMIE Summer 1994]

1000 0011 0100 0101 0111

Solution:

Erees |3 “;jlc ) (;)cmmal number + 3) written in binary. Therefore the equivalent
chl_m«'li nu ;cr of above excess 3 code numbers can be obtained by first writing the
decimal number and then subtracting decimal 3 from each. we get

B—3) B3 ©@W=3) G-3 (1—3)%ns
i 5 0 | 2 4 .

? EXAM 7: Convert the following Gray Code numbers into equivalent binary
ers

(a) 101110
(b) 111011
(c) 1101110

Solution:

(a) Write MSB = 1 as itis. Add this 1 to next significant bit (0) of gray to get 1. Again
add this 1 to next significant bit (1) of gray to get 10, write 0 and ignore carry (1).
Add this 0 to next significant bit (1) of gray to get |. Add this 1 to next significant bit
(1) of gray to get 10, write 0 and ignore carry ( 1). Add this 0 to next significant bit (0)
of gray to get LSB = 0.

(a) (MSB) [.SB
0o 1 | 0 Gray

AAAAA

1 1 0 | 0 0 Binary Ans.

L.SB
o 1 1 1 0 Gray

i/i/ /Il/l/l/l

0 0 | | Binary Ans.

(c) (MSB)

While converting gray (£) t0 binary (b). remember that if number of I's preceding ¢
o gray (g £g
! 5 i - rite b = ¢ ieb =complement of ¢ b is binary intege
A if odd write b, = g, . p ¢ b is binary integer

and gi is gray integer.

1.15 ALPHANUMERIC CODES

Apart from the numeral data. a computer should also be able to handle and recognize
the codes which express letters of alphabet, certain special characters and punctua-
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tion marks. Such codes are called alphanumeric codes.
ASCII Code: ASCII code pronounced as Askee i the most popular and widely
used alphanumeric code. Its full form is American Standard Code for Information
Interchange. It is a 7-bit code whose arrangement is X X X, X, X, X X,, where each

Xis either 0 or 1. Letter A is coded as 1000001, and B as 1000010 and so on. It has
27 = 128 possible code groups and as such can represent al.l the standard keyboard
characters. This code permits the manufacturers t0 standardize 1/0 hardware such as

keyboards, video display, printers, etc.
uite often used in modern, large digital COmpute::s
bsidik. It stands for Extended Binary C(_)ded Deci-
8-bit code and uses binary coded decimal as the
siness oriented machines.

EBCDIC Code: Another code g
is EBCDIC code pronounced as E
mal Interchange Code, which is an
basis of binary arrangement. It is used for bu
card data. Each card has 12
| columns numbered 1 to 80.

computer.

de is used for punched
9.11,12 and 80 vertica
formation or data to the

Hollerith Code: Hollerith co
horizontal rows, numbered 0 to
The punched cards are used to input in

/ Q v
\& “’WEIGHTED CODES
umber has a specific weight. The decimal

In weighted codes, each position of the n
value of a weighted code number is the algebraic sum of the weights of those posi-

ich a ‘1’ appears. Table 1.2 shows a few weighted binary codes such as
5211 code and a weigh

tions in wh
8421 code, 2421 code, ted code having negative weights like
egative weig

8471. The bar overa number indicates an
indicates —1 weight.

ht. Thus 2 indicates —2andl

Table 1.2
53?}:‘;:: 8421 Code | 2421 Code | 5211 Code 8421 Code
0 0000 0000 0000 0000
I 0001 0001 0001 0111
5 0010 0010 0011 0110
3 0011 0011 0101 0101
4 0100 0100 0111 0100
5 0101 1011 1000 1011
6 0110 1100 1010 1010
7 0r11 1101 1100 1001
8 1000 1110 1110 1000
9 1001 1111 1111 111
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Each decimal digit in the weighted codes is represented by a four bit group- For expi-
ple a decimal number 493 is represented in the above weighted codes as follows:

In 8421 code : 0100 1001 0011
In 2421 code : 0100 1111 0011
In 5211 code : 0111 11110101
In 8421 code : 01001111 0101.

Reflgctive Codes: A code is called reflective or self-complementing if the code
for 9 is the complement for the code for 0, code for 8 is the complement for the code
for 1 and so on. The 2421, 5211, 8421 codes are reflective, whereas 8421 (BCD)
code is not reflective.

Sequential Codes: A code is called sequential if each successive code is one bi-
nary number greater than its preceding code. The 8421 and x S3 codes are sequen-
tial, whereas 2421, 5211, 8421 codes are nct sequential.

PARITY METHOD FOR ERROR DETECTION AND CORRECTION

In digital circuits and systems, a group of bits which is stored, operated and transmitted -
is called a word. When words or information is transmitted into or out of memory, there
is every possibility'that errors are introduced in the word, so that the receiver is not able
to receive the identical or the correct information sent by the transmitter. Due to electri-
cal noise or voltage or current transients, any *1” which occurs in the original word may
be changed to *0°. This error which occurs in the systém may cause a serious problem,
because it will have a significant effect on the results. To avoid this disastrous effect of
error, most digital systems use the most widely prevalent method for error detection
and correction, called parity method.

One method of introducing error detecting ability into the code is to introduce an
additional bit. called parity bit, so that the total number of I's in the resulting code are
either odd or even. If an additional bit is added to make the total number of 1’s an odd
number. then it is called an odd parity. whereas if the total number of 1's in the result-
ing code are even. then it is said to have an even parity. The additional parity is nor-
mally placed on to the left of the most significant bit. The following resulting code has

odd parity.

Parity Bit Datu Even parity
p— . total number of 1’s
| 1010101 5
0 1101011 5
I 0100100 3
0 1010010 R
I 0000000 |

The resulting code has one parity bit and seven data bits. thus forming an eight-bit
word. which is transmitted to the receiver. At the receiving. it is checked that each eight
bit word has an odd number of I's . For example it the first word given above tiei,
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rror because the equipment failure or Noise

; , toe
11010101 is received as 11010111 due to he word it will be found that at receivip

- i ing t
in the transmission channel, on checking t ! i

sk 2 v« which is invalid because the resulting code hag odg
location, it has even number of 1’s, ¥

parity, thus detecting an error. But the error is not dlag.fnoS(t;e'fit ect;r.le.‘sxia:le lclgb[-]:t kn“‘_’\’
where the error has occured. This method is Very good for 5 tecgted gl"h It error, ¢
they occur. But if two errors occur in the word, th.e}’ Femal'z“ :: earit c'c;n ales msthod i
quite widely used as even single bit errors are quite rare; ‘ v thgresafmn ‘' :; € Useq
Here the parity bit is chosen so that the total number of 1's In g code is even

The following resulting code has even parity.

Even parity

s R Data
Parity Bit total number of 1'’s
1 1101011 :
0 1011111 9
: 1001001 4
0 1001000 2

The word may have four data bits. It is only necessary to check the odd or even
parity at the receiving location.

;i.yﬁamming Code : R.W. Hamming developed a system in which he showed that by
"'\X" introducing more parity bits in the code it is not only possible to detect and locate the

» error but also to correct. Assuming four data bits to be transmitted, the word will be
arranged as:

1 2 3 4 5 6 7

where D, DI,_DS, D, are the four data bits and P, P,, P are parity bits. P. is selected
so as to establish an even parity in positions 1,3,5,7. l

e . P, is selected so as to establish an
even parity in positions 2,3.6,7 and P_j Aalaiz s2 oo
phtis P is chosen to establish even parity in positions

EXAMPLE 26: Construct an even parity s i
e : ;
(a) 0100 (& 1110 parity seven bit Hamming code to transmit the data

Solution:

(a) Data bits 0100 can be filled up in the Hamming code format to give the word
g .
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(b) Data bits 1110 can be filled up in the Hamming code format 10 give the word.

1 2 3 4 5 6 7

By Py el Pyt i€ I 0
Now P, must be ‘0’ to establish an even parity at positions 1,3,5,7. P, must be ‘0’ to
establish an even parity at positions 2,3,6,7 and P, must be ‘0’ t0 establish an even
parity at positions 4,5,6,7. Thus the seven bit Hamming code is 0010110. Ans.

EXAMPLE 27: A seven bit Hamming code is received as 1111001. Locate the error
position and find the correct code.

Solution:
1 2 3 4 5 6 7
| ] ] ] 0 0 ]

Check the even parity at positions 4,5.6,7, it passes giving even parity. Thus C, = 0.
Check the even parity at positions 2,3.6,7. it fails due to odd number of 1’s. Thus
C, = 1. Check the even parity and positions 1.3,5,7 it fails again due to odd number of
1’s. Thus C, = 1. Therefore position of error is C, C, C, = 011 which in decimal form
is equal to 3. Thus error is located at third position. Therefore the bit at the third
position should be complemented i.e., *1" at third position should be corrected to a
‘0". Thus correct Hamming code is 1101001, Ans.

EXERCISES

I. Convert the following decimal numbers to their binary equivalent.
(a) 25 (b)21.6 [Ans. (2)10101. (b) 10101.10011]

2. Convert the following binary numbers to their equivalent decimal numbers.
(a) ‘1 111101 (b) 11.011 [Ans. (a) 125, (b) 3.375]

3. Convert decimal 63718 into equivalent (a) binary (b) octal (c) hexadecimal
numbers. |Ans. (a) LTTT1000TT100110(b) 174346. (¢) F8E6]

4. Perform the following binary multiplications.(11.110), x (100.1),
[Ans.10000.1110]

5. Convert (AA1),  todecimal and octal numbers. [Ans. (2721),,, (5241),]

6. Convert the following octal numbers to equivalent decimal numbers.
(a) (567), (b) (665), |Ans. (a) (375),, (b) (437),,]

7. Perform the following subtraction using 1’s complement arithmetic.
(a) 0.1001 —0.0110  (b)0.01111 —0.01001 [Ans.(a) 0.0011. (b) 0.00110]

8. Perform the following subtraction using 2’s complement arithmetic.
(a) 11011 — 10100 (b) 11100 —00100 [Ans. (a) 00111, (b) 11000]



