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E\uaniple 1.57: Encode the

: binary yora 1011 into seven bit lhamming code.
+Solution: |

4

of mdundnnt bits by 2’ > mer 44,
W . Here the number of information bit | 19 111=4, ' | ’

Step 1: Find the number

)‘ 24-[-?* +€- 1

Thcrc{‘ow the minimum value of 4 that can satisf
“Therefore the hnnmnng code containg m-l-r’ bits (m-t1=7)

y {he above equatjon is r==3.

I‘lgure 1 8 Hammmg code R
“-Step?: Calculatmg the value of _ witens § “vabrinm L S
' r1—-—XORofblts(357)-—1EB1®1—1 _
r2‘= XOR of bits (3,6,7),= 1_;.@.;(;.__,@-._1- =0 ;
Yy =XOR ofblts (5,67) =1 0B 1=0
Therefore the hammmg code 10 be transmltted is 1010101 = s
e e g n 5 4 3 ; 12 A1

1 ] "

I‘lgurc 1.9 Hammmg oode

Example 1,58; Deduce the odd parity Immrmng code for thie data : 1010.

Introduce anerror in t!:e LSB af t!:e Immmmg code and deduce tke_
Steps to detect the error, o ' R




\ e » A O A '\-II'
Ntep 13 Fin the nuniber of redundant bitg by 2" & 1+ 1
Here the number of infor mm{t}n bit is ek,

.ti o} VAR B 1

e uatlon is rma
Thersfore the minimum value of *t” that con satlsfy the rbove q
Thersfore the hamming code comnms mett bits (ke 1=7)

Step 2: Looating the redundant bits

1

The position of redundant bits is given by 2™ - thw r==1 2 3. The rcdundant
bits are in position 1y, ry and 1ty

o R L B R
m;;' msz | My | Xy .m-‘- X | Xy,
1] 011 0

Fiéure-l.l(l)_.‘Haﬁf.i_n"ilng "coa.tle.: :
Step 3: Calculatmc the value of ) £ L »
Ty = XNOR ofblts G35 7) = 0 o1 ®¢1 —'}[ Y
ry= XNORofblts (367) =000 1= g
-ty = XNOR of bits (567) = 10001 = AL

e 0 ee P LYy

Therefore the hammmg code to be’ transrmtted is 1011001 \1 1 =
T 65{4-3 2 9, ‘1 | (=
- P NG ) b ot ' % :
m, [ins [, [T [y | 6 [1p ] e
1 LT o [0 (4 €
| F:gurc 1 11 I-Iammlng code\ . E
i K ‘,1 . A SRR T S SR LAY U \‘ E‘- _‘_"i«‘.g, » AR e G
4 Introducm an error in t ok
I,:tep 2 € orm hc LSB bit of th§= 1mmmng code, @he recelved code
765432|1’ | Gk
PO, 5 1 X W G 0 I |
.if R AN et

o I‘ngme 1 12 I—Iammlng code ‘~E
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"\‘_\ ;
T\:\ Step 5: Find the number cf check b1ts

[~ e s
]Q__ ‘Here the number of bits i in'the hammmg ccdc 8.4
]..___\‘3 2G>7+1 -
I_, - ‘The muumum value of ¢ ‘e’ that cml satmﬁy thc above equancn is .c=3,

' Therefore there ate 3 ‘cheéck bits C4 6, oy ¢ -
=3
I - Step 6 Find the check bits
[ _ The check bits are glven by the exprcssmn o
50 /Gy = XNOR of bits (1,3,5 7)
j' Gz = XNOR of bits (2,3,6 7

C3 = XNOR of blts (4 5 6 7)

Here G ‘ sas :w e ""'"""."" .,__,.,. T ,'-‘.'"”' e

; -"”C:L—O@G@l@l-—-l
D

; t:2“060(906)1=
g C - e SRR
b . C3—1®1®0®1-.0
e ' Hence the check blts C3 Cz C1 = 001 Hence there 1s errcr 111 recewed code

Cenver&ngthe check mts to dec'ﬁial We, get e A S
- _ R
5 - . C3CZ_C1 001 = 110 .
e ’Eherefore the error 1s m LSB blt and the corrected hammmg code is:
a %) R R N |

: ,,,,_',, ,l”O ,,1 o 1 " 0 4 ;.0.7. -v,fl-v -

3 et TE oot T ‘|‘u j
5} & e, A R s Corrected b1t “t :
> Flgure 1 13 Er['or correct}cn 2
3Exfmple 1 59 A 12-bit Hammmg aade received is 101110000110, Check for
) U Errors. What'is the. t'orrect mformattén tmnsmxtfed S

>Solution: The recelved code is

’ Fin i b ) i
12 11 10 9. 8..7-.6. 5 4.3 2 1

I 3 o
N T e

T[0T ]ij1]oJofo[o[TI[1[0

Figure 1.14 Received code



P X3 Find the Mumber of check bits.
2zl41 ,
Here the number of bits i the hamming code is 12
hattis e ve cquatlon is ¢
The minimum value of o tliat ¢dn satisfy theé abo
Therefore there are 4 check bits G4C3C3Cy
Step 2: Find the check bits
The check bits are given by the cxp1css1on
Vi Cl—-XORol'blts(1357911)
Cp =, XOR ofblts (2, 3 6,7, 10, 11)
”'cg' = XOR ofbits (45,6,7,12)

Cs = XOR of bits (8,9,10,1% 12)
Here :

'Q—0®1®0@0@1@0

c2_1e1@0@0@1@o_1 c;‘
Ca-—UGBO@O@O@l—-l o=
"-5C4—1®IEB1€BO:EB:L O _ Em
Hence the check bits: C4C3C2C1<— 0110 *chce there 1s crror in: recen@"
code, Convemng the- check bits to- demmal we get hetsiit e g T
" CyGaGaCy 0110,= 61'0' i S
Therefore the corrected hammlng ccde ey "z 28z, N | (;,.
2.11'10 9 §. TS § gl g 0 <
L1017 1c.L0 ml'ilj”" c
Couectedb1t L e BRI G

Figure 1,15 Error cortection .
Step 3: Extracting the informatiqn 1 blts §
' Discarding the redundant bns th ' | | !
was 10110101 : °°m°t “f"rma“‘m blt that s transmitel

]
|
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3 '\ Examp!e 1.60: Exp!mn in detail the usage of Hamming codes for error detection

s, - and error co
" "‘\‘5 0101 rr e‘-‘!’w" wu’h -an ‘example considering the data bits as

= NN

r\“ Solution:
.

Step 1: chi the number of reduudant bits by Z" 2Mm —I- Pop g

—I\ = Here the. 11mnbe1 of 111f01m'1t10n bit i m=4, - |
T . R N T
| Therefore the minimum v'ﬂue of ! tlnt can s'itlsfy thc above equatlon is 1:—3
"~\‘3 Therefore the hamming code contams ‘b ’ bits (m ir-*7)

‘r-;’ﬁ Step 2: Locating the 1edundant bits -
'\3 : . The position of redundant bits i 1s gwen by 2"“ where =1,2,3. The rédundant

r-.:’} bits are in position ry, ra and 1 r4, PRPRT j
i ‘ i . 7 5 uib 28 43 2 N
_— _ My M3 [My | Iy | My | Ty |5
- | : : -0 '=.;'.~.0j-"' TR I e IR
.,\*3 T SR Flgure 116 Hammmg code
-3 Step 3: Caiculatmg the value of r -'.-,?,'-.- i ol S
. L e B ri-XORofblts(BS'}') 1690@0—1-
S s = XOROfbIS (367) 5 1O 10 =0:
= | 4-—X0Rofb1ts(567)-0@1®0—1 A
S Iherefore the hammmg code 1:0 ‘be tlansmltted is’ 0101 101
2 LB e wa | 7 5 L5 A ‘3 ST DURERE R U SRR Ry
iy ol my | ma Ile :_I.‘:;.'_, -.-I_I’I_'l1 1M |- |
> e Aot T [0 ff.,f;'l':._ 2
, ; . (33
Flgure 1. 17 I-Iammlng code
: Step 4: Introducmg an error in the 3’ of the hammlng code, the 1ecewed code is .

0[1(/0]1([0]0 .1. SRR PR

r ?-’w:- ! ST 7 R R od A (TN TR R T UMD

Figure 1.18 Hamming code
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St_GD 5: Find the number of check bi s,
2021+1
Here the number of bits in the hamming code is ‘7’
2°>7+1

The minimum value of ‘c’ that can saﬂsfy the above equatlon is* ¢=3,

Therefore there are 3 check bits C3C2C1
Step 6: Find the check bits
The check bits are given by the expression
C1 = XORofblts (1 3 57) ;
LG = XOR Ofblts (Z 3,6 7),- W ""f;'-'-

| ‘ Ca—XORofblts(4567J
-Here T .
c_1@0@0@0 1

*0—060@1@0 o

—1@0@1@0 TR S R

Hence the check bits Cg C2C = 011. Hence there is error m recewed code.
Converting the, check b]ts ro decunal we get s

C3C2Cl o= 011 3_10 e .

e g —— T

-
7 ——

Therefore the. corrected hammmg code . e 2 i e

s 6 5 4 3 2 I
.:M-F_illollmon

Corrected bit

S T R, L

o

$ 'Fwnre 1. 19 Error correction

- ——

Fxample 1. 61 Daﬂ gn @ odd pam_‘y /mmmmg code generator, and detector for 4-bit
a’m’a (m(l exp/mu flxen' logzc. _

. by L] R

- ¥ - o : sy

Fimip e f‘-'.' AR T foeadvtatany ol
L tetae fr 8 R 1 AL A

Salutmn.

Let the 4-bit data bxts be myMytz mi lee number of redun'dant bits ‘1" can
be calculated using ﬂlehr;lat’;on, -' : .
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R Here the number of information bit is m=4.
e 224 4r41
‘]*(3: : Therefore the minimum value of ‘r* that can satisfy the above equation is r=3.
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The minimum value of ‘¢’ that can satisfy the above equation, is =3,
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