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LINEAR BLock CODES

Drrhvoduction

_____ T T

| When a diaﬁal Slgnai & fansmited between two Systems <uch
ias comPUJreY*g “The 5‘8"0' Gets distorted becavse of the addition of
f'noise o -the trancmited signal- The moise Can introduce an evoY in
’ﬂw bmavr tain of bit “rravelnng ~fom one System To the othey.
'Thls means “hat a 0 may chanae 4o 1" or a4 may chanae’fo 0.
ﬁh%e evors can become a <erlovs prblem o he accovacy and
;Peh(mmance of -the dig‘:—f'al syd'em, “Thevefome , it is  essential Fo detect

‘and Cowect The ewoxs.

The Yectiab;IH7 of data Tansmission 3e+s seuevel7 affected
;becawe of these evwors. To ImpIOVE The Yeliabﬂhli of data -ansmission,

i | powey OV Yeduce the roise
The dessangv has fo incease “the  Signal po

| oo ol Sofits) -
?SPech(al density No g0 as o maumize dhe vato ($0/no)

But, in Pvachce, “here is a limidation On 4he matimom \alve of
the Yoo ( Sojp) - Ke cannot Incvease 4he Yato beynd This mit . Hence

by o fined vawe of (Sofno) ¥ have <o vse <ome kind of Codmg

. | Hed Signal-
in ordey 1o implove The 9uah’f7 of -the “Trangmitted <4

Angthey advanJraag of u.smg codma i« that we can Yeduce
ed B fate (BER) . Thus
The Yeguired  \alve of  ($o)ug) for @ fred BT EYOY )
artenna -

n-orn Yedvces he —fansmitted powey and e of ~the




Detection and correction _Qf Ervogs

———————
—

For the detection and correction of —trancmission @vors, tne oY

imow ahai e el b: are added o e databiks at e -tme of

ﬂhe“h{ansmﬁ’hng —the $lgna|. “These ertva bit are known as “Pav'riy Biks”

“he data bits alon(c} with The  parity bits ~oym a “Code Word”

classificotion ._gf Codes

—————

The codes are bas:call, clocsified as ondev .

| b Evvoy defechng Codes : TThey are Capable of Onl7 dcrl’ec'hng “he exvoxs.

“They cannot Ccowect “the en0¥e:
Q EvBay COW?C“hng codes ! “They are capable of de’rechng as well as

Cowechng the evvors .
?C'O&Si'ﬁcaﬁor) iﬁ Evvovs
“the ewors inkvoduced in e “+ans

~Hansmission ma| be Cahgovijed (#X Undev:

mitted data dun’ng “theiv

b Content Ewors
(W) Flow 'm+eav”:+7 Evvors -

Corrterrt Byvovs:  Evvovs Pfengr in “the Comterit of a me.ssagg le av
evvovs ave irtvodoced dve 1o

Moy be yecoived 0s 1 or Vicevexa. Such

mnoice added into -the data .s:(?nal duvmg e —hansmission.

1

|

} ‘

| How '”*‘?831’*1 Brvove MLcsmg blocks of data. B is possible that a
|

dota block may be lost in the metwork as 1t has been deliveved

|
|
!

-h; a (ofong destination.
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Y .
Genevation and Detection of coded &{? )-‘Z!“Q

Eyior  Cohio | oy data 7n{zgg;#7o can be achieved b7 u&mg a
1 Shows “he

o e

“i’echmaue called  Fovward Ewov Covvection [ FEC). Ffﬁ
model of a d:gv“al Communication System sing FEC appwach.

The discvete Souvce 89')”0_}%' nformation n he Hfom of
bmav7 Symbols. The channel encodey accepks These messade bt and

‘add Yedundmc7' accovdmg + a prescvzbed yule .

Redondant bk
| ) L are_added
A discrete A channe)
Souvce - Encoded | A chamel
| T o dota “7 decodey
| Message
ks
%

FiQ: Tllvshortion of 89”9\‘07"‘00 and detection of wde&agjnah

“The Chamel| decoden —tnkes —the help of -the additional bk

(i-¢ vedundoncy) o decide whethey the “hansmitted Signal is a 1 ova (o}

Thus, the Combined objective of channel encodey and decodex is fo

;mmlmi%e The effect of channel Moise-

= Classiication o Etvor- Corvecting Coce:

“hese codes Con be classified into two ca*egovies as under

7 l- Block codes

& Convolutional  codes.

g

.~ “he major dffevence between These Codes 1s hat —he block codes

do met meed memoYy wheyeas the convolutional codes meeds memoyy.

i

|
f
i
l
l
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~ Classification of Codes T D

————— — P——

Evwov corlol code —falls undev one of “the -two basic Types as

()ﬂdei;
Evvov Cow&*hna codes

J
i l

Block codes Convolotional codes

B\och o des

10 8eneva+e an (n,k) Hock COde “the channel encoder afcepﬁ

“the infoyrmation In  &uccessive k- bt blocks - At “The end of each block

(n-x) pavity bits ave added. TThese pav'n‘7 bits do not consist of any

information ~Thevefore , ey are known as
| lem— C0de |€n81‘h 'an:_(_ﬁ\,

v Redundant bits”

-

Channel k-Message brks | (1) an’r
—| encodex bits (O‘) C%

L

Code &
br‘ksae————-————— Jaor ds

Figf); GenevaHon of m.bi block code

Convelutional g‘gi?

Codes he code words are 3eneya+ed by

7n Convob’ﬁOnal
‘umL Sequence with ~the )mpulse

discvete -Time convolution of The

Yesponce of -he encodey. Convoluhonal  codes meeds memovy —fom

Theiy Qeﬂemﬁm' Fncodey (ith
Messaa — ‘umf)ulse : Encoded ofp
S Yesponse h(t) | mit) ® htt) -

13)8 . Convelutional Codes .




;Qdezligld: “The Code Wovd s e n-bit encoded block of b‘rh.‘}

Containg m&ssaﬁe biks and party (on) vedundart bits.

Code Rate: T+ is defined as the voto of the no.of message biks (1)
—+v he —vtal mo.of biks (m) n G Cedeword.

il
n

Code Vectovs - We can Visualize an n-brt Cede word v be Presen+

in an mn-dimensional space, We can Censider 3-bi Cede vectoxs- It
hos g . pessible  Combinations- we can assme bis %5 0 be en

X-oxis bits 1, on-the Y-axs and bits % cnihe z-axis.

P Codeldord
010 o SNo | X572 X:Y XX
// // | O ] C D O
([t | O () !
.\ | 2 1Ye | 0
"
B’
| ‘ ! I /

Fig: Code vectors ~or 3-br+ Code Words.

EHO“’"‘"@ Q‘:ic.‘;“é__@. © Distance between -the two Code wovds s defined
CLS'fne yo- of locatons In which Theiy fespec’nve clemenks diffey. For

. 9 i low -
example, let vs  Considey ~the ~Two code @ovds given below

Code Wovd 1 IMo)yoloo

Code liovd o1 o Vi1 10

«Hammmg distance s 3

-
-




)Aegh‘r o# o Codq_uovd [w(xJ

Homms 08

W is defined 0 “Ahe mo-OF

coel(?h‘}' of a Code vector
all - zer0

non- 2610 elements e codewovd.

( code word) 16 7Ihe distance between

Hammmg
code vector. (A code havmg all

that code word and AN

elements eguol -to 5eyo).

Code EHi‘Cfenc7 ;

s defined os “the Yatio of massage brks o the 7"0-0#’”0“5’”’““"

b’as per block -
code vate = code efficienty Jé_

Minimom distance  dmin'
distance between any pan

Hols defined s the Smaliest Hammmg

of code Vectors in dhe code.

Fywor detection and  Covvection :

“he evor defection and  covection CaPab"“'h‘% o @ COdmg iy &
depend on “the  minimom distance dmin @M table 1. .
S.Nb Descmtp‘ﬁon Expression
). |pefect vpto s’ evors pex wovd gy > (541
9. |Covwect upfo 1 enwoxs pey coovd droin > (9t+1) ;
3. CouechE;) r?c ;Jeyez‘;g:j and def’ec‘f:bt - 7({%“)

—Table 1= Ewov detection and covvection  Capabilrfies.




e
e (4)

» S e e — et

D

— by a Hammmg distance of 5 how many  ewors  can be detected 5 How

‘mang evoxs  can be covected
_S}Q\. Given  Minimum distance dmm: 5

() No.of enovs that can be detected (s) can be obtained -om

(s41) ¢ dmm
St ¢ &
£ ¢y

1106, at e most 4 evwvovs can be clgf’e(ﬁ’d

(i) No.of ewoxs “that can be comected, (1) can be obstaimed —From

(Rt+1) £ dimyiy
o+ ¢ 5
T3
Thus | ot the most & enoxs @an be Corvected.

— Linear Block Codes:

[ We can Consider (m,k) linear Block code in which X' no. of

- , H, .
massaﬁg bits and (n-k) paﬁ-}1 bis ave added —to ~The message biks

My

2 In dewovd X messaﬁe b?r’r.s are dencted b7 Mo, m,. ..

and (n-k) parity bike are denoted by G, ¢ - Oy

isﬂhc Seguence of m&ssaﬁe bits s aPPl)ed <+o a hneav block encodey

1o P‘Oduce an n-bit code word. The elements of this cede wovd

{
|
?
§
!

we o A - -- Ane)




4. “The et p-biks of e codeword ave identical -to mes&aje birks

and (n-k) pavH, bits ( Co,c,...) Qre hneay suwm of the k-«measage bits .

Ma’fhemahcai)f W can be EIPX&S&ecJ Qs
mj oo 1:0,0, ... L-I
=

; Cy  for iz k, ko), .. 0=l
|

|

;5' e Code Vecton matematically Yepresertted  as

X : [M! ¢ wheve M- k- mes.sage bits
‘ €z (n-k) pavﬁy biks .

[

' 6-"The Ccode vector X' can also be 1epwsen+ed A
X : MG

wheve X - codevector of 1xm Size

M Me&sage Vectoy of I1X ¥ Size
G - Geneyatoy Matviv of kxm Sze .

| [XJ’X” 3 [M]ixt' [Gjtxn

¥ The genem#vf matiz s dependert on the +ype o

cede

[G] e [jkl fin»t)
theste T, = pxk Tderdrty matiz

' O' POO Po, R PIHIO
0 p. | P Py .. o

S
0 0 . e B o B iina)

S

)

[ finear block tsed .

P . kx(n-k) co-efficient matvix (or) Parity Matviy .
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8. The pav'rfy vectoy can be Obfoined & undev -

| C: MP
| 8 e | e obtain i
| obshfuhng matvit -Fovm, w Pro Po .. . . pn.r/o
Por Py .. Poa
(e ... CM]lX(n—n) ; [mo,m» Lt mt]rxr f
PO,H P - - - Fha, HJH(!)«!)-

By Sol\ling the above mahit equation, we gef’r he parity Vectoxs

o ondey :

Co= MRy @ ™P, © MgPoa & - - - - @ mp Fo e
CozmoPy @ mpPy ® MaPo & - -+ & MR -
Ga = Mo Ry ® MiPy © MePoe @ - - @ Mg Py -

- Hammmg Codes
Hammmg codes ave linear block codes. “The %mﬂj of (n,L)

g3 is defined by e ~ollowing  expressions :

QHammmg codes for
; & (odewoad L —

}l- Block dmgmm . 9t ’ k- 2% 9-1 4 (n-X) ;
: «— Message — | & Pyt

é‘z No. of message bits ; k- & Q-1 bﬁkﬁ .¢1__)

3 No.of pan’r«/ bits 1 (n-t) - 4 : E(O]~ code wosd  ehyoctosie oF

wheve ¢ 73 e minimom 0. oFPar:+7 bits k¢ -’r}ammmg code.

4. Minimom dls’rance O B

5. Code yate oy code e%ﬁ‘ciency _7’%_
. atg 9
oy 9%



‘?V’he 80"‘3““"0" matiy ~fov a (6,3) bloc code I ,l\l('n Lelow

&

?
Mothe s (na-l of (’xf:w«.«,nn‘(l “Ihe yc’lahnn,.:hlr; behooeny “Ihe 'H(".‘.u(l/(' bl

and “the Pm”‘/ chect bits, of a lneay block code 4c fartly eheck Makyix
(31’ con be Y@rﬂce.wrh’d h'/

H - [ p"‘ ,:»"Hvt_l

( Hn() all “‘Ihe
¢

‘code vectors of Ihis cotle.

oo o011

| ( . 010 D)

| Onl,.ll()A
Gven Genevatoy Matvix s e ool
c1 o0 10|
00 k.1 D

G [3ciP]-
‘l Bock code of Sze (6,3) e m:6
% k-3
{ Ci: -k 64335 ¥

Comf)m‘mg with he gluen GenevatoY mohin. we obtan

. Y
|0 0 o !

T n 01 0 } P § 10 |

ll=«’3x.z; X3 11 0
00 1|

“he Sze OF messoge block 1s k-3, There are e:amL possible

(1o1)
message block: (0,6,0), (0,0,1), (610) (O 1y (100), ,

(no) Cnn)
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Now, let vs obtain -the Yelation between parity vectoxs (c], Me“af]e

|

Nectovs M and the  co-efficient (o0 Paity Mabix P as under.

O 11
1.8}

[COCJ Col : [mom, m&:) e

S
3

@
3
v

.
@
3
I

C&_ = m0®m'
e have

b Fom me&saﬁe woad (mp m, my) : (00 0), M

: . o =0
Co: 080 =0 ; C:080:0 b- 08
2Py (001D 1 Gzt Ca=0
S For (0 'O) = Gl =0 ; @= !
)Ll oy (O F4) Vs Co:(); Cariz- 1.5 09 ° ’
5 Y (1 00) = Cp:0; C=1; Ca= |
$-No | Message vectoy | Pavit B Complete Code Vectosx LA (X)
Mo m mMg_ o G . Mg m mg Co G Gy
i e 0 o©° © 0 0 6 -0 .0 .0 © o O
2 ©c ©0 | J I 0 0 ) | i i 0 3
3 _le 1 o0 {0 b @ 19 @on spymedsi 3
4 c_t t o 1 1 o i [ o I l q |
s [0 o [0 t | 0 © o 1 1 | s
6 I o0 I R N I I o0 | 4
< L N ) 10 10 |y
IR L N I - I S o 0o o0 | 3
| | |
;




- Quen by,

dicolay (Hy) hneay block code s

The pavHr check matvit of a pay

f110't00
I -

HJ:
{J g F a9y

£i) Tind the genevcﬂm matvit (G)

(i) Lk all e code vector

(i) What e -the minimum  distance  bettoeen —Ahe code Mectovs ?

(W) How many eors can be detected 1 How many emoxs be cowected:

ik, let us obtam e P! matnii.
pT i the "I’YGY).SPOSQ of the Co-efficiertt matvix P. The ﬁ

cheel matin i n he ~form of (m-t)xn (o0 2Xn Size -

wwen pasity

H s given “that the code s (4.4) Hamming code . Thevefome € have

fn:q . k:L’
“The Paeni')f chect Matnr is in The s OF H: [ Pl{jﬂl'qxn.

L1 D0.'100
[HJ.314= 1161 .010
f011 .00
T L—
&PT> 7

“The “transpose martyi 1 pPT s giuen by

- b1 10
P's 101

1011
3xy




@

“The P matvix Can be obtained b7 ’:m‘zzrcMngmg “hhe Yows and columns

of the “anspose makit P,

(.

TThe Genevatoy matyix G is in the Horm

. ) a PR D
G‘[P""]txn il e hie
'1 11000 |
11 0hp fo'0
101 pe10
o1 | OOO'JL,H

(i) The paity bits can be obtained by using “the —:%llowmg expression

C5 e I

[Co Cy C(QJ z [mO m, mg m3] ["é 0
|

01 |

Co:mo@m,@mg’

Cl;mo@ml@ mga

Co= Mo my @ my
mee.ssoge 0001 = (p:=0, C =1, Cy:|

“The Comple+e codeword —fov the 8!\19 messag@ ks

0001011

S \0311!7 The Codevectoas oo “the “rernamma 'nessagu as shown

n “the —toble .




_ '. 'Message Vector | Pavity Bik ! code Wovds u

| L“O"fh M Myl lo O G [N M X Az Ay 1y g i
© 100 aplo 06 0le 060 0 6 o o j )
S T . Y - S SV IR S S B

—2 1o 0o 1t 01 p ( |la o 0 1 o i fu

—2—0 0t 11l v 6 e o0t 4 gy 4 P

4 1o 1o 0ly |\ 0 la i o o 4 0

’_5_01 0 111l o 1 Jo 1 o0 1 | o 1

f_mé_Q__.A-.;wﬁ 11 016 ) 1 0 0t 0 o 1 |

-+ o 1 1+ 1lp s g 'o L L _I- 6 o O

L8 1166 0y | | N W S N -

i—i' 0.0 111 0 0|1 6 a0 ( | p o {

L0 1n 4 0la | g S B - S | } |

S ool | gy [Sp 8y 0y A G0 § f'

L2 11 e 0le o 4 |4 8 o 6 0 | f
13 11 0 1]lo | o / L1 0.1 0 | 0- |

e M T N B I Y . T Y N R R . S Y O f

e LE L i b ST [ S N .

“Table . Codevectovs o the (4 4) Hammmg Code .

|

(%) Minimom  distance  dayy, 1 €goal To The minmon wes9h+0f~

any mon- zevo code Vectoy.
dmm T 3

} { \5 \
(iv) No. Of* ewors Can be detected s 8‘uen b~/ Amin 2 St
3>841 = $£21

No. of ewors can be cowected I guen by iy 2 O+l
37t B tEl

“Thus, —for the (#4) Lineay block code , af the most —two evors

an be detected and atmast only one evor (an be cowected.

| s s ..




are Given by

| Cy = m, @ my @ mg

Cs o m@mg_

Ce : m @ Mg

) Conehvuct 8eneva’rov matyit

(i) Constwct code 8eneva+ed by his mahit

(1) Defermine ervoy cwvechng Capability.

o ’:OV (s} S7$+€rﬁaﬁc hneaf b‘OCt COC‘G) “The 'f”)'fee POY;+7 (jhect dlyﬂ—f) [{,) & ;

5}\'(")%5?, let vs obtain The pari+7 matyiz P § Genevatoy matvin G
o 34 Vector T’
- We know the velation between he pavity mata p' and paritf
C - MP —
@ Pn PIQ PB
[Cyts &), = (m my msdy [@,, P Pag -®
Eg; Pg,, P33 3x3
_"')eYeﬁ)fﬂe ) Cq z m’P” +m§%l +m3 Pgl - @
C(; £ m'P‘3+m@%D+m3P3Q, . @
. 7 ") Ps + MgRs + M3Paz -®

Comparing €9 ®6,5 wh the g

P - Fa=1 s = |
Py = ! foo = | Pos = 0
%,:' %330 %3:'

I
Hence, Pavity chect mabvix P - :
l

juen  equations. s e 9€+

g




——*

“the Genevatoy matix °G' 1 i the formn

Q 1
6: [ D! Prdyyn

" [13"3 E""Lxé

oo 111
"lo

01 0
00 |

(1) Given
Cs: m, @ mg
(g - M @G mg

foa mesaaae (my 0y ms) -

G- o@0M = |

|

Cy = @ Mg @ M3

.10 |

(00 1), He have

. 000 -0
.o - |
“the codewond -fox The message 00! is ¢ 80119
;Jo ’f;eséoc{je \ledw _cﬁecb B Code Vectors code’ Qjﬁ)’gh—f
( m me M3 ([ Cy C5 Ce | M meg myg Cy C5 G 0
f 6 |06 0 0|00 OO0 O 0 0 € O 0
1 o 0 |MEJ o | (0.8 Va0 i 2
_ii~i9wim‘l ot tje ot 1 o 4
o vo o i it o o0 o0 1 | 4
I L N N R R s
6 L1t o oo i v o 0 o "
ERIE Y RS e
“Table : Code Movds S
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i) Evor detecting and coviecting capobilit

For deteci on duin > 841

Fom the codevectos table dmm = 3
3784 = S5 2

S0 Mtmost Fwo evors can be detected -
fov covvechon  dan > 9t+l

32 9t+|

te |
So, Mmast one enpy can be conected .

e haie & Chih Tl B

“the encedest Of (#,4) Hammmg code is Guen be(oa;. “This encodey 1s

M
0 oo 0

‘mp!emerﬂed —for 8eneva+0v matil .
0100 . 10O
oot0 ' )pi
eoo | o1}

Pt

The parity bit can be obtained by

(Cicy cg]: [me mg ™ mad | ?
| | o Iv Message Yegiste!

Ci=m, @Ome ®mMs oo LMy M; Mj,. My b

G m@ms & My si;iuenfe \ i

G:m@®ms © my Xs
“The loweY Yegis‘fev wrtoins check bits GG GG 7 (Cg{
These bits are obtamed -rom The message L l t"‘”?"r
‘biks by mod-2 additions. 6 | o | o

The swrich ¢’ is Connected T message check brts YQQLG‘W
Fig - Encoder for (#,u) hamminﬂ

ly biks ar
Wgeret hrek . jonel, ol message, P S8 code (09 (4,4) Lineay block Code




’ﬁansm.ﬁed The ‘swlfch i “then Commd to 1he Check bt Yegf\g‘f’ey ol
xc}wck bits ave tansmitted . “This forms a block of ' bits.

—> %ﬂdvome D@codmg

0

I Let X’ Yepveserﬁ “he ransmited

code twovd and Y Ye’pvasen+ The

{
. Yeceived codeword.

|

iﬁ, G x:y, M0 ewovs n “the veceiued Signa’ and

OF X4y “then Some €NWOYS (e Prasem‘

S NHT (o0, ... 0) hen V=X i.e “tere ls mo evyoy.

£

YHT# (0,0, . ... 0) Then VX ie enoxs eusks n TThe veceived Coadce‘
w .

“The Syndvcme IS dewf.ned as the Non-zevo output of he product

YHT. =Thus | -the non- zevo Syndvome Yepf@sen‘hs the presence of enovs
e 18 Yepvesen—fed b, &' and is

n —he vecewved Ccodewovd. TThe &/ndvom
mm‘hemahca)lj gr‘\/en ac
S = yHT

[‘S]lxln-k) : [\/Jhm [HUnX(n-L)

S'Ihe elements in-he codeword vectov ¥ con be obtdined 57 ugng
The modulb -2 additions  as  undey
V- Xx@E
(ov
X:YA@E
whesie E' i¢ Ewoy code vectos .




S
Relotion between Spadvome and  Ewor Vect:

f s e

“ihe andvome is gwen by
S yHT
Subsﬁﬂ*hng - (X@E)”’f: xuT @ eiT

o & = (xQEIHT . Xl @EHT

—————

[s- el [xi70)

—7To clear above concept ol evvor Covection wsing
lot ns Use “The ~fouowmg

é’fﬂdvome vectoy, Let

US Considey One Pamhwlav evample. fov -this,

POf"r‘q check. motnil -
11010 0

ol 610
hj : D1 | 00!
i) o i) it

Hed code vector .

- ).
—that The
"

A&somma x:[(o10010) T be -the ~tvansm
i Let he vecewed cod

o vector be obtained b7 asEom!

-thivd bt s In €NoY:
Thes Y= (01O 1 0), fere enciycled

e koow -that  S= YHT gy
110
10 |

o1 !
100
ol 0
00 |

S: v 1010 1@ )]

b Ye)')mferrl’ evvoy -

.fo110110]

$: [+0 1] d
“The Smdvome  vector Covresponds —+tp -the 3 vow of the ’fvansFose
mahix HT




IO )

~“The ewor Vector cowespondmg v The syndvome (1,0, :) is giuen by

E-(0010000)

| e cowed vector X Can be phtained 0 undes

b \/@E

[o 1011 0] §[oo1 o000l

X '-[OIOOHoJ

C s js Same as “the “Wansmiﬂecl Co

—-—> CVCL iYs coDES

A Bmcm/ wode 1s Said o be a c7chc

1-1‘0\\0(0«03 onpeenheé.
i I L-mear‘n‘7 pvoPeH\I
2 (yelic properly

devector.

Cod‘g if it elhfb}‘ks The

L‘) b-neav:+7 onpefﬂ A code is said o be lneay if som of any

—two code words ako 4 codeword- “This

| Gyclic codes ave Lineay block codes -
(1) Cyclic ngej,: A code is Said o
be cyclic i an eyclic <hift of a
codeword  Yesults in TThe —formation

of arethey  Codewovd-
| Congidey an n-bit codevecton as
I Sown below
g X5{1n_, W .5 s 2 log
One cyelic shift of X Giues

x;{lo 1n-1 %Ans . - . ],3‘

property ctates -that The

I R i | lmﬁml

Shsﬂﬁa %

N | b

ew

ggod{ Eln-l Y - - - 7-&2—-
Shift vight

K l lbrﬁ b’

ccgg«% g, Ty Wl s - Xn‘ai

19: tllushation of ¢chic
property of e cyclic

codes .



Agebiaic - ghuctores of ol codks
—he codewords can be vepwsented by d polynomial-

For ewmple, Considey e m-bit codewor d,

ks (Ing, g, - - 1 %p)
—he codewovd can be Yepvesem‘ed by @ polynomial of de

than o equal o (n-1) e

3109 lesc

X(P) = Y P X P" R P4 Npp°
whexe  X(P) X the polynom)al of deﬁ'ee (n-1)

| p s The avb?+ay7 vayiable of he polynom;al .
Genevahon o Code Vectove in Non- SpcEmete o

‘ m, mp} be k¥ bits of me&sage vector.

bet Mo § my, amflgg) o .-G

{“lhen " can be Yepfeserﬂ'ed by The Polynomial as

MIp) - m, P+ g P, L mplemo
Let X(p) i The codeword POl«jnomial, s gi\len Qs
X(p) = M(p)-G(P)

eheste  GP) is the 501)9\(017'03 pol
9= -k v’epresen+ the no- of parity bits

7nom)0| of dearee 9"

Por an (n,£) cyclic code
9 i
Wp) = P4 f}%P S A gl

whese 9, 99 . dg are “the Pamﬁy bits.

-
it M, Mg M3 .. . efc are The othey message vectoxs .
clors  Can be calcoloted as

“Then “The

COWB«SPOY)d)ng Code e
| X;(P)c M;(P)-G(P) J X@(P):M&)[P)A(P); )B(P): NB(P),(;[}))
Glpy s Same for all  codevectors.




a (% L,) :f”c C{"CJ? g U&IP) '{\S‘fF“‘J

- “he @('\.Q\afbv mHﬂom\'Ol of

)l e codevectors Loy -the code in Non- Systemathc ~+orm
-\ Given (F,4) cyehic code i-e n:=F
b k=4 g - Nn-L

> 3

Gp) = POr P4 ]
l K:4 i.e oY 16 possible mwsaﬁe L20adls are ocoored
’ a
For Message (6 000) TThe codevecton can be calcwcﬁt’d

Xo(p) - M(p)-a(P) : 0

v M- (000l) = X(p) = 1 Gp)
- 1 (P34P) = P2 P4l

fr M- (001) = X(p) = (P+) (PP+P+1)

| - PisppPorPePrs |
‘ P P3P PO V)]
: PP PRy
(06011 101)

M. (0 100) = Xylp) = P*(P3P+l)
pSyp3,p> - (0101100

i M- (0101) 2 xs(p) = (P%1) (P3:P+41)
: P";—+P3+Pﬁ’+P3wL P+ |
. Py pripa - (010011 0)

—————— (-' -

CEind

(o010 1D

v M= (00100 = Xalp) : PP3P4) = Plapsp= (0010 1] o)



' For M:(onn0) = xip) s (PP (PP
Sy P P4 I P P
|  pEy pUa PP P b 1 e & )
lFov M= (O111) = X3p)= (P%P+) (P3+P+1)
Sy P33Py Py p*- P+P?+P+I
? ,p+P‘l+1 - (o0rioool)
gp‘” M= (1000) = Xgip) . P3(p3pyi)
| . pbypiypd (1011000)
FO‘ M= (1000) 35 Xq(p): (P3) (P3+P+)
§ : PEpULpRipRips) -
. PéLpYLpy : (1o10D Y1)
fFor M= (to10) = Xol(P) = (P2 p) (P3+P+1)

- Po4PY4 P2y plt g pRP

P PPHP . (1001 0)

Fov M= (1011) = Xn[P) = (P+P+1) (P34 P+ 1)

Fo

F‘)‘M (1100) = x5 (p) -

M=(ho1) = X13 (p)

: PoLpTipY L p>,
: (P°3+P
c PerPUy PP PE L P3P R Py Py

. PEiplty p3 + P4 P>eP 4 P24 Pl

P+P+I (tooot0n)

( P2+ P2) (P3+P+))
. Pey ply p3 4Pty P3G Pt
(vi10100)

) (PP+P+1)

ey

: PhpEL Py PRy PPy -




| for M=(11 0) = Xiy(p) = (P3P P) (P Po)

phypia P4 P54 PB4 PPu pl4 Pry P

pby PPy P Fn tygo0 Qe

FOY M: () = Xig(p) [ P24 P>4P+1) (PP PH)

- PeypUsp?y PP PR pt PY4 PPAP p p21Pt)
pbps, Pl - (1101001
K . L1 ] 45 1B ) i
SNo ‘.,-M?i(;‘ffﬁ_e,ﬁffj,‘i‘f M) m,_,_,,A_ND”"‘SFH’“OW code vectors (X)
o dmeme m oo | % o1p oy as 22 2, %
6 |66 0 o0 |ieidlle" 0O O
| g & By lrf T s T ST IR+ S B
g bo quig ol .0 dae ) I 0
< o 0 1 1,06 0 1 1 1 O ‘
4 o 1 o o o 1 &' 1 I 0
el Bt g id e @08 F )
6 6. b doao. | Batay by oy & 1 0
2 1.0 © O] 1. 8 4 0. 8 &350
g |1l er et ol o 1o
16 (e de B ‘ | O B4t SR 0
I o T I o 0 O | 0 |
19 I 1+ o O A B
|13 T | l I | P
14 [ I 0 1y o 00 | 0O
’ T2 T B B | £ SR L
| —Table : codevectons oF (99 eqche code i NOn-él:ftegahc



— ,
=7 Genexation

jﬂ &{5+ema416 ~form of block cede

oF  code vectors in Systematic —foro
cortain K message b followed

by (n-t) parity | check bits §: n-k
X = (k me&sage bits : (n-k) dvechbh‘é)
Cl Ca)

-’(mk‘f m[—g....m‘ My 5 C?"’l CQ_& £y

The checksum —form @ polynomial ac
PQ—;3 TR . CiP“’CO

.f

C[F) 3 CQ_’, PQ—l & CQ—@

“The Chectbrt poHnomial can be obtained b

CCP) = Yem [ PQM()J
aep)
—>| The 8enevo+0v polynomial of a (#4) Cyclic code 15 GlP)= p3;p+1. Find

:ZOH “he ode vectors oy the code M 575+emaﬂc ~fovm -

9, Given (yclic code Sige ks (H4) e m:3; E:-u; 9:=m-k
| :3-¢-3
Message vector = (Mg my ™, mo)
M(P) 2 m3P3+m2Pa/+m,P+ mMp
{ % bis each.

Theve are 9b: 9Y4: 16 possible message vectpsis 0

Considey any message vector as

M. (mg mg m, Mp) * (010 1)

Mip) = P74

Given ﬁenem‘}vi pokmomial & alp) -
can be obtained by

P34 P41

“hen check bit po)ynomla’

9
C(P): Yem [f_a_'j_[_P_..) = Yem[m :Yem[PaPSJ
(P) P P+ PP+



| “The (Genevatoy PO}yﬂom'ua\ con

))
Plpir) POy opt+ap? (P>
PPy 0 4+ P P
W,

'Y v
C(P) - Yem [..[J' + P3 ‘} z Pa/
Po4 P+

From 4=3 the chectbrt polynomial as

CpY 2GPY+ ¢, p + CoP?
1 P¥ 4 op + 0P

B SRR The chect bit vectoa fon guen me&sage vectost

[cy ¢, co] = [ 0 0]

- “The codevecton ~fos message (o10) 15 [o10] 10 0]

Genevator and Partty check Matvices of i;@@éy@aﬁC cyclie code

mm——

be Ye P¥&Sen+£6' as

Gpy > PH g%rﬁ")r o gp#)

Mothip{ botnh <ides of Ihis Polx,nom}al by pi i.e

‘ 1 149- o
PGP - Y g p il St 1 gpt 4P

ohee Yz (b0,iE-2) - . - O
whese k - meggaﬁe biks -
obtoin The <C]enevo+ov motviL cowe,é)?oodmg

(,a) cychc code -
Given Cyclic code Size 1S CEAQ) 38 |t Bs G2 T8

4o G(p) - P34 P Hoa Q

y= (E-1). . .. 0
v 3,2,1,0



()

for w1 @ 1:3 = PBGCP) : P2OPHPEY) - PELPUPE L (8101 000)
oKy © 1.9 = placp): P2( P34 PX1) - P5+P”+P2-.(ouomo)
Bed : il = PGp) = PLpRpra) - PaspPtp - (00 11010)
B4 izo = poup) - 1-(PHPHN = PP - (000110 1)

Thesedoze the Genevator Matvix Hon the Gien Genevartor  polynomial 1

It o1 000
i ; o1 1 0100
poti Bt
ooo0 1 | O1I
: . Find out
—|Bnd out ~he possible  Genevaton pokomials () Cyeic e i
| ' ‘ |
he C(ode vectors cowespondmg +0 ~these 3enefa10Y polynomials
% Gwen (F4) Cyclic code te M=% ; r:4; 9:3

e factoy oF P +1

e know the genem'hw polynomia! i ‘?
| ic 4he —factor of P'+!

fov this emeIe,“fhe 3ene¥a+0¥ polymomia

' he actore of PRI
Fa1 - (POD (POPONIFOPED

The valid Qenemﬁng polymomial i< given by

GLp) - P74 9q., P Y oot 4P

Tre degree of generaitng polyromial shoold be "G

fov —This mample 4.3
—heedme -the valid polynomials
The genetatol polynomials For (#,4)  eelic co
Gi(p) - PePr* e
Gap) - P PO

£ (ph) will be [ POPE) 7 (PO D)
de ave




-

@\

ﬁ‘-fiie..@c f?’f“ Cj_L Genevatoy ;Li‘.ﬁ’:’i},

|

|
|
|

|
!
t’“’e Yesult of hic division

-

L “,\C\ O 8(")QVOTOY ’[\( l\\f\“\{vl1‘,01 L}L’ 1\’ ‘::"\\\ v“ '\.:ﬂ *«’) \\\, ( |} { 00 o "'

~ ~ ‘
-

Code vectors -for e data
Given cychc code  Size is (3, 4)
“The —factors of Pt is (P@) ( PPOPPON (PO PE)
“Thevefome The genevm‘ov polynomial  i¢ PipPa )
“The codeword polynom'.al can be oblaned &
X(p) = M(p)- G(p)
I. (P3+P+1)
> PP+

' The codevectoy is (000 1011)

The Systematic form of 8a)em+cy matvix

i N the 1O o4

“The A9 Yow of This matvix il

7 ’ \‘ .;n‘g’. & |
7 \ - - W ) | ¢
be »epvese:ﬂrd n The palynemic

+®vow of G: Pn’t+ Re(p)

these t - 1,93.. . &

TThen € GaN AP

Let's divide p"t by a 8eneya+m mahii G- {

in Tevax of QUdJ‘evH and Yemainda
‘ de
——-————‘Pn : - &'rucrﬁe»r}’ + FemainceY
a(p) ap)
n-t
P ey 2P
P a(p)

-

Pn"t o QHP) G(P)@ E{(P) g ﬁ_ﬂi@“nﬂp) - SH‘F\\}{'F\#




.
=>» | hindov} “The f‘{«
Alco -fmd e parity theck mahit -

nevalor mahig fov @ Sycternatic (#,4) Cyclic code i

Glp) Phpy
Gaven G(p)' plypy e
Cyclic code Srxe s (Hy) te n:3,

|
e know that £ yow OF ﬁmevcﬁm pol qomial can be vepreserted by

|
|

Bely, %» S

on-t | Re(p) = Qetp)- Glp) - where t:1,93,4

(ov)
n.t {\)( )
P g v P
a(p) a(p)
Foor =)
P
Pt P4
P+ Pi1) pé (P3+ Pyl
P€+ Ph 4 PB Re (P - P*r )
il Q(p) = PP+
P4+ P74 P
'/_/______’.—-—4'
PPt P
Pro + P+l

pukhng Oe(p) & Re(p) eg 0, We 39*’
P(’—%Pg’*l z [P3+P+i) (p3+ P+ ')

ﬂ‘(* Yow polynomml IS P€+Pi+ | = [ 100010 ﬂ




aypo polmrpm\

1o
P a2
| dep) Glp)
Prper) PE (P73
Po+P34 P>
p3yp>
P34 04 Pt)
P1+P+u4
RIE) = PHpy)
Q%) = PR\
P4 Rip) - &P AP

PR PP < (PHOPD4P )
(610011 1]

2" row pokmomial

423
&
fp - Qi)+ ﬁ—)—
G(p) alp)
pa
P3Py
Pepr1) PYsot0 (P
PY4p%p
It i LG

P>+ P
P4 Retp) = elp) x GCp)
Pl PP - pL P34 Pt)
The de vector i$
([oo010110]

EO_[i_;q i vow polynomial

|

P
PPy )

P%Pyi) P3040 (!

PPt |
ST

| P+
-t
P Re(p) - G(p)Glp)

§P3+P+l . P2y P4)
Codevectost «s

' [ooo010 1]

“Thenetome -the GenevaioY mahiz i

1600101
010011 1

oo1 0110
LER
C\OO\()!_Q){:P

SRTE P&xsjm}



B ®)
TThe Codevector con be obtajned as

X:-MG
Let -
us cons der any 4 Bit message Vetor [1100] “then code vector

1600 '101
X : (1 100] [ozoo iR

0010 110
0oot 01|

. [hoooi0]

ii A) “The m&ssage vectors ~from [0000 -0 ,,”J ond Calcola’f"e

[4 codevectors like above.
(i) TTo obtain paf‘rl‘, check malvi

we know G : [ T¢] Pexg] pxn

Fom —the  Genevator  motyix, We gm‘ +he Co-efficient (00 Pasity matvi
of Size kX4
| O I
P: (11
110
01 Vdysa L
Pam‘-“’y chect matnx W' is In the ~form of h=[PT: Tgxq] A
t110"'100
W: [(o1t11,010
101001 124




Cyclic Eedundanc7 check ( CRC) P

A Codewond con be 8eneva+ed ~for a guen dataword (me.ssagg)

éPO‘jﬂOmial M(p) with “the help of ‘Ong dniision -

A Seguence of vedondart bHs called CRC oOr CkC Yemaindey

'5 dppended ot “he end of a dota unit Sudh as byte .

CRe Geneva-fog

s a< ondey:
—~p “the data it wheye ' is 4
ed dwisoy (M+1) bt Img.

“rhe procedove —fov CRC 3enemﬂon
l We append a s'hnng of M 0s

les<than —the mo.of bits In “The predecid
@eneva‘f’?d dota onit in stepl

abter he dwision in stepd e
‘n' 0s appended o e data unrt in step 1,

1he divisor.
2. We divide The newly by 7

“he n-bit CBC.

3-The Yemaindey obtained

4. s cec will replace +the

j in below figure.
-0 ge‘l' 4he codeword —to be dvansmitted  Gs Shown in 3

EHbiE—

-

(n+0) b L Divisoy

Remaindey
| CRe _
codewovd

j [LQ> Data CRce

| Hg: cRC Geneyatoy
" CRc Chectes
= ==’%ecelved Codewoi d

Data CRC %J
W Lemamdey ic Zen0 Dala CeC {
“+hen MO ewovs- B
(bl | Divisor | — [Pemanden |
jenenesn |

Fig: cec checter.



) ) (17)
A bit ehveam 10011101 18 “transmitted Uémg ﬁue -sfondayd CBC

method. “The qmeva-fov polyomial is 1341 - Show “the actval bit 3Mng

“vans mitted . Suppose e ~thivd b:’r fom left is  invesrted dunng

Hansmiss) on . Show “that Tihis evioY ¢ detected at -the Yeceiver's end.

40 Gen -that | data word (Bit @‘Ymg) + 1001110I
Genevatoy polynomial = 2341 = 1001 =M= 4

We know -that
3 | Dividend - Datawosd + (N-1) 3eY0<

= - D

) . 10011101 000

Now, let vs carvyoot the division as ondey

001 ) toontmclv o (10001100

aoor] ]

0000101

T
100
5 Py l

| 000
ool ||

00010 O

~ Remandexn is 100

The *Nams:mﬁed wond  may be oHu»ned by wvrhng 4he data word

wFollowed by “the Yemaindey &< ondev

loolHOI 100

“Tonsmitted word - 00
Dota word  Femain dev

4 word.

lot vs erte The ewoneous yecene
ted donng —yanemission

“hwd bt —-Hom “the left s Inver

s 1o@n1ol 100
L eryoy

Now,
Gyven —The

“The Yeceived wovd



)

M he vecelver, -his word ¢ divided by the Same dwisor vsed at

e tyansmittey i-e 1001

1oo1) 1011101100 (10401

1001
0000 | ~—> Remaindey
oe 6 an evroy ip “the

A Non-zevo Yemaindey Shows “that th

| Yecewed codewovd-

e b) - B
: code word
Let s Considey theve 1. mo evoy o1 “the yecewed

“The Yeceived codewoyd 1s 1001110110 0

o) Y1oot1101100 (100D 1)

10014

| 00110 !
100 |
| B0
100 |
000 — Pemamder,

Reman der  genod indicates “Theve 1 M0 eyoy —for YECQ‘CBA

codeword.
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- :
Eﬂcodmg using an (n-t) Bt Shift »dn_nfﬂixh’v
block d)a(?ram ofF a 80’)&0“50& (m, t)

“The below —/igure <Shows The
DJ}’ fll)) 1 lops

Cyclic code. The Symbols ssed —fo dvaw encoders are —

%.) if g:1 Closed path and if §:0 s open path

(mo connecton)

——— Ouipotswiich

] .
m > 76 tyansmittey

Message bits Ma&saﬁe bik
inpuf-
Rg: Encedey Hor syctematic (n,t) eychic code

OFej_c_\:_H_gn:
“he —feedbact Switch
Connected 1o message input: Al th
zero state. The ¥ mes&aae ok are <shifte

ac shifted —to-he veg;gfevs.
=+ of K messaae brk

‘¢ et closed:. TThe om};df <otteh 16
e Shift wregusfevs are in“rh'ali%ed “tp al

4 o The —yansm rttey 08 well

Aftey the Shi “he Yeg;gv‘exs contain 9’ check
‘b)‘fs‘ The —feedbatk S Connedt'tJ
o check bits Posmonf K

Shifted -fo The —Honsmittey

Swoitch 16 Mow oFened and oufpo+ swoitch

ith e evev7 Shift e check bits e “hen



“the (¥4) cychic code ¢ nevated b
/ & /

- !\‘M\i') "”‘.c‘ (‘I)(‘(‘(Jt" /(\')l
’D:N

\

u.}‘\ ]‘F‘QI\H and \/c‘.‘m"fT ks n[\mz'!im “foy dn7 '))e;'mddt‘ e

::'0\\ “the S}nk‘scﬂt)v pc‘lyﬂomiai [S

Wp) - pS0p>t P4 )
Wp) - PO+ §P*s 4P+ !
on - Compavision of “the twe eguation

9;-’" : 9350 : 9:')7'-[:3

T, PR BN S

Feedbact A
gD j

we Ob"Z” N

) [iei: bk E E»JC— E}e—-—@'}_ E" ‘v__“

M ,\: > —jp—hansmittey
Messegebrk Nessaae Lk
Fig: Encodevfor (4,4) cyelic code oo G(p): P34 p+]
~+o hold

Since 9-3 , theve are 3 —Hip-floPs in Shift Yegis"’?Y
check bik €, ¢o and ¢z - $nce 9q:0 . the link ks mot connected . 94>V,
hence R link 1S connected.

Let \/ew#/ the oPerm‘ion of -his encodeY +for me&sage vecto sy

M:(ms mg m, mg) = (110 0) Tihe belpw —Tuble Shows The cortentks

of Shift )egtshy befove and aftey <hifts .



Npmess L Reaicrey bi+ outpute affer shift
age bt Qegtf}e‘f bi+ '}F‘éh?’ﬁﬁ”‘e d 7P G ki et
m Y9 :Yj_' Y ;Y,' Yo:Yo' Yg)):h T,’ :Yp @‘9_@0’) YO‘ : Y9 @m

r (8] O 0 0 0 O

' 0 0 0 0 0O | 0@ - |

= = = %
—= i

I O [ e l‘ o100 @1 = |
- T BE e

0 = —
! g il 1©16§0:0] 1©0:

O b"-—-i — ﬁit_ — — 4—*’// e
0 0 l 0 '® 0®0:1| 000 :0

“Table:  shiff Yeg‘m? bits - positions oy input message M=(1109
“The above fable <hows that af the end of last message bit
The Yegistey bit outputs ave 'z 0, y':1 . and vy =0 The feedback swHch
1$ OFened and  output cwitch s closed —fo check biks position “The

‘ difted o the Transmittey.
‘Check bits are Then X:(neooto)

bk .Mfﬁfge Shiff Yeqistey Oulpute Fzzﬁggt OMPU-’- SOt e o e d
| geck | S Yo' Y Yo ON | OEF position bk
! | 0 [ | ON Message |
9 | | 0 I ON Message }
|
4 0 0 | o ON Mesag e 0
5 | - 0 L 0 | OFF |cectbik | prp)
3 TN o
6 | - 7 0¥ 0 | OFF |chatbic ' ()
RANE Yo'/‘l?':o
| % . . ol ,
S 0% ol 0 | OFF |chectbiks 0 (%)
“Table - OFeYahOﬂ of (7,4) Cyche code encodey |




.‘“7.\0““ d@j'd'ﬂ of '\“/Y)AVOIHP calcvlaton

[

U O EY

|

3

L
A

| &)
ﬁewved o/ .
code Vectoy o e
Syndvome .

i
1

{
i

Swich 1S closed

ey

==

5

| / .

$7ndw‘cme calcolator  Theve ave @ <stage <hift egiste

bit by bit mto The s Yegister

iKeeP on changing Gk
Shitt \'eg}:hev co

| appned

Fi\jr ComPurcrHon of éyrﬂvome for an (n,k) cyclic code

“The above ﬁguve Shows The genemh%ecl block d:'agmm of a

y o geneva+ e

‘g bit syndiome vectoy. TThe oPevcrHon as Jollows -

comfenks ave 3ev0 and The

in position 1- —he vecewed vector AL shifted

he contents of flip-flops
Yy and Valves of 9,9 etc

5n:h‘oll1 ali The Shitt regxs-iers

Ydh’lﬁ -to FnPu'r bits

Adey ail The bite of Y ave chifted, The G -HIP-Hops of

mrains The g brt 5‘1ndyome vectoy -

-he Swich s Then closed 0 po.srﬁon o and clocks are

4o the Shft Yegis’rev. The O(ﬂpcrf 5 Q S«-{‘ﬂdmff)@ \Jegtoa

S: (561‘,','5@@.--- Si ‘SO)

me calculaton —for a (Hn
calcolate The symdvome

Design @ Symdro ) cyelic Hamming code

_3emewrared by The Pm«,ﬂomial Glp) » Prp+)

Hos\ y. (100 N 01)

Gen  (#,u) Cyclic Hamming code e, M kil g.nk:=3.



“be given qeneyator Fnlynomial 15
Glpy : PAyop™ Pt
© P 4P 4P 1)
Sf Cl“mPOnng 9&:0 D4

r - S——

9.;\ l %0

e connecHon )

NG
Sy "3 L O R

Block diagram of a Sndvome calcolator —for (1,4) ¢yclic code

F{Q,
with Gp) - Poip4)
Opuah‘on and hfalanarh‘on

sh + _Ef;;:@d*vecfov e f Contents of +kp{taps in ;w'fggd-r

i bk oy BEE V,Qf& r~5: S0@%| €326,
o - o | o |
‘L ! , | -—-————~——:>I@K I 0 O “
| : — . <
| | " =
| 2 | 0 0 10 - 0
g f . — — - , ;
3 {
y | | o ! 0
— ,,.N,___J*__ N— i et st —— .J
K | ] I 0 l J
| 6 | 0 ! o | o |
RN

~lable © Calcolation Ol &7ndvome 6 V- (1oo1l01)
“The +uble shows that at the end of last shift the Yvegister Comlerr

WE (S5 £)=(110)
_




“The switch s kept I position 1 onhl all the ‘¥ biks of veceived

vectoy V' are Shifted into the Shift vegistexr. “The —H:P--Hops of “the

Shift vegistey contain  Syndrome vectoy
é“lhis gives syndvome  Vector at he output
“the above table fllustvates he operation of is SynAYame caleolatoy

when all bk Y are shifted.

oy veceived Vectoy Y = (1001 o1).

By calcvlating the Syndyome veclor 1« (%5 $p) = (011)

.~ TThe Cowect code Word Is

X: Y+E
2(1601101) & (0001000)

- ('DOOID|)

Bose - chavdhi - HOC,‘Z“Q”Q’M”,” (Bew) codes

amm—
—

x
BCH Codes ove One of dhe most im})orl'am" and P

owerfol |

Lmeav Block codes. “The BcH codes ave cyclic codes wih @ wide

Vov;e+~/ o,f Pavonﬂ'em The most Common BCH Codes ave d)m'cwh?rigecJ

las undey -

for ony Pos'Hﬁve irrl’egev m (wm) m »3) and t 4 (9™-1) thesre
2

I
«9115+s a BCcH Code twith The —followmﬂ pavameters :
I
| . Block !eng’m comz Q-
‘ - Mo-of— message bik : K> m-mt
1 - Minimum  distance - d,,,,,, 7 &t
Foch BcH code Can cowect t' mo. of evvors. TThis means “that i can

detect ond covrect vpho "t Yandom ervors  pey codeword

-




?

@)

“the Block |er')3ﬁ75 ond Code yates OF BcH codes ave vaviable - In “that

Sense they provide a high Flexibility . For block lengins of a ow hudred

the BcH codes ave among “he bect known codes of <the same block

|en3-m and Code vate.

The below table shows —the Code Pammg-f—gx; and genemﬂ‘m’ poi7nom}a)s
Hor the binary  BCH Codes of Iengfn upto 9% )

—t n K T ‘ Genevﬁﬂ‘OV Polymomial

D et L i T 1

b g e T TR e i
4 15 + 2 hi 010 001
S 3 e |01 | 100 101
£ la o | W hbLT v ool

_5 3 16 3 I 000 11t 1o (OI m :

o L) iy | 11 100 010 611 s .60 16T,

% 5 | 2 6 | * moeon ol wo w1 000 o N1y

“Toble : Binawy BCH (pdes oOF ]Qy)g-]’h upfo 951
wheve M = blect Ieng’rh : 9™

k- mo.of message bits = k2 n-mt

t: Mawumum mo. oF detectable enors (3”;:')
Let vs considey that we want 4o constvuct The genevaﬂ‘ov
Sor (15,4 BCH code, Then we vefer o hivd Y0© of e

vatoy  polymomial —om The Thivd Yoo s GUeEn by

deﬂom‘sa\

‘aboue —+tuble. The gene

1y1 010 00)
Hence, The genefcﬂm polynomial 1S
Gp) - p8y pt, PCJr op®4 PYy op3+ op>op+ )

ip) - p8ypty poy Phat Ao

=




ngmvm.u’iicmm CODES .

T i i
e main diffevence between The bock cocdes and the corwoiena)
Codes ave hsted below:
). . o -
Bloct c¢odes: In Block codes, M bits gmerm‘éd by Be encoder in
Q pmﬂculav Hime slot depends only on The boct of &’ message

bts eih in dhat time slot.
2. Convolutional Code: n convelutional Cedes, ' bk Qmesafzd b5
v
dhe encodey n a time Slot depend$ not Onlf on The I’ message bt

within -hat Hme <ot , bot also on e puecega;ng “L blocks of The

message bits (L>1).

ApplicaﬁOns of Convolutional Code
et — ——— = X . P = .
BlOCk COdeé ave move ~SUH’0b|€ ‘fDl’ EN0Y de‘f“echCn angd Thé A \C*‘uu,lu}

Codes ave move Suitable for ewoy Cowecton

3€ncoding and  Decod
| of The Convolu’riona\ codes @n be (.[crmP}L;hgd L.gma‘

Encodin
pzach‘cal methods  have been deve)cyed

Simple  shif+ 1‘98)31‘91_ Seveval

o= decoding.
5 1 e 1} Ma
| Convo lutional  codes per/mm beHer “than ‘e  black Codes m mdny

enoy contvol applications -

|
erw definHions M‘,A -?o Convolottonal ‘,I\,.‘i““
\-’ Code Rate(v): Tt is defined as “the hato of o of message bris o
i “ine N0 of encoded bits  pay message
Yo .'%- L. No.of vm\\.cajc bk )
n: NO of t.‘&\ct\ﬁ‘d S pe MC&GJC .




= Constvaint ligngjh CK)- | 9

T+ 15 defined as-the mo.of Shiks over which a smg}e message bit can
|
nfluence -the encodey cwtput. B s expressed n—teims of message re K:3

=7 | Code Dmension -

| =

a convolutional code depends on M,k and L

Heve "k’ Yepresem&s “he no-of message bits tokeny at a tme by The éncodey

|
' '\ -The code dimension of
’
5 s per message bt

m’ ¢ “The Mo-0F encoded b

L s encoders memoyy -

—hevefose, the dimension of the code K vepreserrted by (M, kK, L)

— | Enceder "Fgfn Convolutional ngmg

The “ordamental hardwave unit Hor  Convoltion al anodmg s Q
with (L+) 6+ages as shown n below -ﬁgvie- Here

't‘oped Shift Yeg;s‘rer

9p,9,.. . etc ave e tap goins which ave binary digits 0's and 1's .

A top gain of 0 TPPie.sen‘k; an open civcoiF whereas Tap gd?n of-

ki i YePresenfs a <Short civeuit

siote i Messagebits
e~ JIP . l jf)‘P)‘t vate Yp
me. l "y Mo

e e—
A Commutgtoy switch
—. €ncoded bits

Fig : Convolutional Encodev eith m-2, k=1 and L=2




TThe message bits enfey ©ne by one into The ”rapped shift registey,

which are “then combined by mod-2 addition 1o —form the encoded bit x-

“hevefore, we have
X: mLQL@.---®mlg‘@m090 .—'-@

L
© Lmig,
-0
comes —om The fact That egmelOn @

“he name Cconvolutional encoding
has @ Hovm of bnary convolgton  which analogos +4p “he convolutional

Hhe cuvrent mPut' wheve as The

?rr*egral~ The message bit my YePY&Senh
bits my Mg Yepresen+ the past 'm};g{— oy State of he shift YEGISTEY .
“the encodey OUtPui‘ depend.s on The va’e:ﬂ’ message bit mp and
“he state of e shift Yegister define d by The previovs ~L' message bi*s.

To pm\ﬁde an erhra bit meeded —for evor conhrol, @ complete

ks at a rate yrea%er

convolutional  encodey must 3enevafe out'put bi

“his )s achieved by u.smg +go oy noYe

han the message bit vate Yp -

modulo -9 adders Ho the registe
sk Wia  Commutatoy Swith.

ve as shown in The ﬁgu.‘ne and

':rrfevleaumg 4he encoded b
| encoder Of figure 118 for Mm=2,k:1

4 brs as onder:

“The Convoluhona and 1=2.

T thevefore (c]enevcﬂ'eé n=2 encode
Y= mp@®m &My
Y9 = my @ Mo
“he ommutator cwitch  Selecks hese  encoded bit aeynadely o
preduce The sheam of encoded bits as onder

; , "
X - 19 2} 13‘ 1, x;)“




‘?"”_‘.'_“e Domain Approach
“ 1 defined intevms of 'f)—impulse esponses . Let he
Eimpolse vesponse of the adder generahng X, inhg1 i given by,
‘{EW s ?f 9(') (') ﬁL(')]. &m?lam’l7, let fhe Sequence
;;E%(z)’ 9.(2), ‘_,9[’)5 denpte the impukse Yesponseé of the addev aenevaﬁng )
;'These impulse  vesponses  are also calied as‘ Generatoy Sequences of
ﬁhe code -

Le€ (mg,my,...m) dencte the me&fage Sequence en+€n'ngc, ~The

encodey of ‘ﬁgove 1. fne bit at a time (6’rmh‘ng “om mp) . The encodey
laenerm‘es two output Sequences by perfowmg convoiotions on The

message Seguences and impulse Yesponses.
TThe bit seguence %, s Given by
| - (1) g
X’ . x;(') - Z_gl m;"t ) 310,'
L=0
Similavﬂj , the ofhey bit Seguence 1g s Guen by

2) 2
g = 3 :tzog ITRRUZOF

“he OU"PU(’ i<
lf 0) (2) (1) 4 [P 1,“)1,") i g,
Y

tohe v e p IS )_‘)(')x‘(')__-’

g : a0 13 1
‘Note:  Each message bit inflvences @ Span of  m(L+1) - € Successive
OU+FU+ bH:S n-9. 3(3f() .z

L-8




—> "The convolutional encodey of -ﬁgovea has the 4bllowmg twe Generatoy

faeclvences each oF lengm 3.

(4 0 ¢®) - () 5 (47 9P 92) 000

' Determine the encoded Sequence —for the —following INpUt IMESSOE

(mo my mg m3 ) - (100 11)

d-9
| o e f[\

7“‘\.

5 S FFI Fp2’_ _
Me&s e My - My P

inPu
S
Mod -2

Adde ¥ ’

ng&f Convolutonal Encoder

“The given encoder can be dvawn in The standayd foam .

P

|
S)ﬁ' ' fi?):l 0y pY :1?()
| ' o5 Encoded
—7J My ’ m .mL } 9 [ DIP )
Me&saﬁe . % . 1-(’)
bv')f& (’) 11
é:):l gz 21

G




s

obtain dhe Bt Sheam 75(!)

-

ke have e i .
) T 1.,0) : IZ-ZO 91 m;5_y £1 0 -
;:0 L
= -10) = 90m0 > ’X' = )
| RN §omy *ﬁ.mmo : (vx0) +(1x1) = |
fs B (1)
FOY 128 7 ()(')m&+ g'(u)m' 3 9@(,)m0
: (1x0) + (1v0) +(vxy) = 0@ 0E 1 = |
~$0‘ -3 () : m
13' - go(')n)3 + g‘()% 4\' 93 m’
. ix1) 4 (1x0) + (1x0) g0 @ 0B = !
ot 1= (" (" )
A o % My 9,“) mg + ‘9@( My
S 0xD 4 (Ix1) 4 (1x0) 210V B0 = 0
| o |
bor iz gt gq(o)mu ; 92(0 s
7{‘X|)+/l'ﬂ\):'@l;0
Zl:ov 126 16(') § 9;(‘)”%

;‘X‘ Jl

% D - .
; Thus the Code biks ebtamed at the oufpu-r of The top addey s

%f}Nen by

15(’) 1" lum 1, g x[" 10(') . froo i)




5 To obtain 4ne Bit- sheam )

The bit 'S'heam 1’,(&) con be Obm“)é’d ot e bottom a(‘d(_'y@ Vi

Gen by
Xi(.ﬂ: T - 2 92 m. i20,1,83. .
(-0
Subsﬁpﬁna valoes OF 1 in equ x;‘-’) Le f}H
' =2 ’ﬁomo b
Fov i=v 2 '1,(1) 2 g’)m, + ﬁf)mo
. (10w ¥ (0x1) opo -0
cOY ':3 (3) . (&)
(0x0)+(ox0)*('“) '
. 2) . @
Fori-3 = 1'% - om“g,mpt f}m

c(x) +(ox0) & (1X0) -

For iz > %02 90(2)mq . ‘q'(n)m(3 3 Cjzmma,-

(1x1) 4 (0X V)t [1X0) =

. )
By 1: 8 # ]5(3 ) 'qumﬁ 3 9@13\“’

o

' (2)
FOri=6 = 'ggm‘{:'X"—l‘

The code bits obtained at the

6 given b1

) L (2)

) (o)

3 (2

“Thesefome the OWPM' encoded <Sequence 1s

o onyoor or

codeword : N

(0x))+

[Yxi) =

O [ !
G:11013)
m.f1ooi}

@131 Y
i ‘\“fbi
p Ve y o8
, W

boﬁ‘o,) ) a{{(“":)l




~ Miansform domain  Approach:
We Kknow —that -he Convolgtion in time domain s ansformmed
%‘in’ro murhplicaﬂon in -ercluency domain
| The impulse Yesponse of op addey in -ﬁgme& )
{4 g gly g |

“The impulse vesponse of bortom addev 1$

B TP T IR
The  Genevatoy polymomial 1<
n
¢tp = gy gMp 4 9p>
By Sobstituting e valves of zgoo) 40 gz(a)ﬁ we get
d')(P) . 1+ ptp>

The Genevator polynomial for bottom addey is

Gi(p) 2 go‘” +9‘(z)p+ 92’(»,39/

1+P*”
The codeword polynomial o “top addey i Guen by
tp) = 6“(p - mip)
The codeword polymomial for bottom addey 16 given by
1")(P) 5 a"’(P). mt p)

these m(p) Is The message polynomial .

3




5| Detormne e Codeword fon the cyclic encodey of ~f:8m.e;2 foa e
'message Signal Croo1), vsIng “the —tansforn domain approa ch “The
;lmPuLse Yesponse of the inpot top addev ovtput path is (11 1) and that
oFthe Input  bottom adder output path g (1,0,1)-

2. Gven data message Signal (mp my mg M3 M) ¢ (1o011)

M(P) = 14 0.p+ 0.p*41.P3y 1. PY
< 1+ Py pY
Genevatos  polymomial fos top addey fos gven impolse Sequare K

3:{90(1)' 9.(\? 32(')3: {"',’]

M

¢Ctpy - 9+ g P+ 92(');9’

= 14P4P>
codewoad polymomiol ~fooar -fop addex ¢
®p) = mp)-6p)
2 (14 p34 pY) (4 P4P2)
L 14 Py P2y PRy pY e PP pUa PP 4 PE
CPELPT(1©) 4 PU1@) + PO PR P4
. PO4PRLPYiPyl  foa) 14 Pt PR PP+ P
“ e codewoard 18 (111100 1)
Genevatost polyvomial ~fos bottom adder is Gven by
2p) = Py m(p)

(14 92) (14 P34 PY)
14 P3Py pRy Ty P
. 14 P2 PPl pTapb




“The Code Seguence 1< Crotiing)
‘ ained
hence , “the final Code wovd ot the output of The oncodey s obt by

| de Sequences
,nwﬁp\eung(7nfeﬂeavmg) 4he —twod €O g

cdewovd = 110 11110 o1 11

=

&‘f_@'{hge of Zg@fﬁvm Bgf_n_gm Appveflch
“he codewoyd Obtained using “he -time domain approach and The
%@ib@'Yj (i-e ansform) domain appvoa(h' et e Same yesolt. But e
Compotation  tsing Hyaneform doman approach demands less effoxks Than

“Fhe ime - domain appvoach .

- (vaphical er‘c_s_gvﬁgi()n Hor convo lutional __Ef)___;cgjl_n

foo the Convolutional encadmg , Theve are 3 different Graphtcal
T :
Yepreserrtations  are widely used. They are elated o each Othey. “They aae
| Code Tvee

Q- Code —Tellis
3. Stote dla@ram

Code “Tree

let & dhaw he codevee or “he (91,2) Cydic encoder OF ﬁﬁme 3.
We assume that the Yegster has been cleaved o That W contains all

zevos, @hen Tthe fivst message bit mp arrives. '?herefore, “the Initial

Srate s mym, = 00. Now, H ™y =0 “then,the encoder Ou’rfuf as under
Fmoz0 Xz m@®m @ mg
-0®o® o - 0

R:m@mg: o@o . 00

Lig : 00




G mp:1,hen we have

4 1Q0® 0 = |
7(9;'@0 ;'
R ]

M the gen encodey o %ﬁp»flofm ave vsed

for merosy. 3 giues “The state of the Yegfdvv.

Thesefone U possible States are pecoved .

“They ave mamed s “ollows

My my

,,,,,,,,,,,,,,

e

-—-!og

f 0
f

s I
l 0 W mp:=0 we

B
c
d

,LJ |

L

states of <hift
Yeqistey

Tabie

(©)

Plgu')ned ( :),f ,:2) EﬂCodﬁY

“The code-tree has been dvawn n figure 4
H begins at a branch pont on node ‘@
which Yepvesemﬁs “4ne niial state . Hence,

<hovld take the vppey byanch

+om'a to obtain the oufpuf’ 00 and
1he next state aftey smﬁmg one bt 1

mgm, = 00 i-e State Q@

¥ mp:1 we dovld Take -he

0 /f_o“o"a

lowesr bvanch from ‘a’'-to obtain Oo,ya

| mo=0 2~ F—u——.
“he ovtput 11" ond the mert state ?
faHeY éhhchng one bit 1s mgm,: 0l a|

e state state’b’

NOw at 5+a+e

—
-

mg'f),: O'

evtput
gJF Mp:0 — % 00190 =1 '

| D
19: oo -0

Mgzl 5wy - 191902 O o

( 1{); ‘@O = )

Mp:| N ; (o C
=
' d

wadstale  Precent stole
M M) My My MD

0 (0 « o110
) n Mo

I (d) .4_[7’)77




“The Codetree pogresses i This manney Hor each mew message bit
Fach byanch il fewminate  at anothey node twhich is labelled wth the
nert state. “Theve are 9 possible buanches Hor the j message bit, but the
‘byanch pattern begins fo vepeat at Jz3 since the vegistey length 1s L+1:23
Nustrated in ngs ,

F_AL.a

Q

L1ll_«b

M0 A ’——-m-o(j
b

" b
00 4 e G

n'b',].\/ M&@”‘ b
,———QL—' C

L .d
il 5
B L la

bentlrs

“The procedvfe of d)ammg the Codetvee ¥

00

Mp:-1 Y B C — C

Mo-DA 00 b
Lot .d

1
| ) B

| /
x Mo:i\ 00 b
0l 4

~0l_. C
10 d
mw_. A

'

1

|

|

f ﬁ'gﬁ - code Hvee or (9,1,2) encoder
i

|

|

f




P
Code Trelle

Flauae 6 Shows O more memL graphical Yepresentation which ls
EPOPU‘aﬂy knoen QS code ellis. The nodes on The lef+ denote e four

posible Coyrent States and the nodes on -the Yight ate e Yesuring
next state.

A olid tine vepm;em‘s “he state Tansthion oy mp=0 and e dotted

hne Yepfeéerﬁs 4he branch Hor mpz1- Each bvanch 1 labelled with e
Yeaolting ouipot bk 1%y

% Covventstate 00 Mext stote
00 = a ~= > —
- > —>a = 00
,[ 0) 0\
\0 = ¢~ 10

H

N
| ':.'36" ‘Code tvellis for “the (2,1,2) convolutional encoder.
State é_iaavg;n f |

F;ae chows @ state dlaﬁmm fov
e encoder oF figs i-e (13) enadey -
| We can Obfain s+a+é d:bﬁmm —+rom
S'111& code —teliis , by a)nnec*hng the left

—> _Yepregen’ré o inpot
.—>‘ Yepyesents ‘l“inPU“f’
odsal Ag+: State dlagvom —y “The
Shate ansition  a-a’ and' d-d. | - (a,2) convolutional
Each branch k& labelle d with the VasuHMj oncodey |

outpu’r bike Ny,

and viah’r ddes OF -hellis . The et loop
at the modes @’ and ‘d”vepf‘eserr} the




(e Mg

N D demg ’“Jff'mf" O{' convolutional CQ‘{“
on “the PYMC'"P'B of ‘maximom

The \Hevbi o\aw\'n‘hm opeyates

likelihoo d deco‘dmg and Qchieves optimom performance’.

“The maximum hkehhood decoder has ~tp  @ramine -the entve vecelved

‘Seguence Y and fnd a valtd path which has “The smallest  Hamming
distance —from "Y' But “there aré 9" possible  pain$ ~for a message

Sequence o N-bt.

Metvic
T is defined as the HOmnﬂlng dictance OF each branc
e Cowagpondmg byanch 0f V. Tthe mehi
4 1's have e same —“ansmission eYyoy pvobabilﬁ7,

h of each
Sur\f.vmg path from h ¢ ¥ defined

by a&um)ng Hhat 0's an

Suwivl ng @h :
metvic -

W is defined & The
| Lot he veceived Signal be  YepY
assigns t each branth of each surmng P

th mehices we 3& the pah_ metvic.
leb s <solue he ezamplc

Pcm) of -the decoded Signal wih mimimum

sserted by ‘Y. The Viferbi decodey
ath of a metric.

n 10

9. 87 ass\)mmg the byva
+ \iferbl alaommvrn .

undevstand  move abov

96 3 and for a Yew}uea’ ngnal

al\len belo W -
branches of The valid pafns

— Given The convolutional oncodey OF 'ﬁgo
chow that The vt three

Y-noru:
i the code “helle .

Are Inthal mode Gy

Qmimam 3 —Fom




—J*«' Enoded | !
3 O”"" bits
™ g d
HA8: (3,1, 9) Cconvolotional encode gguq . code-tvellis

gfam of ﬁg §3for he (1,2)
o ‘G, e mert state

e b‘)"' mD:DO" i

Let vs concidey The code ellis dia
encodey . Gt shows thot for the covent Stat

con be erney ‘& or b’ dependma on ‘e messag

| We have Yedvawn -these w0 branches n Fig 10 : Ghene Qo
Yepieserﬁs he nifial state and 4 § b, Yepvesen’r +he next p&%?ble
p and The

dotes. The Sohd line Yeprése

doted Iine Yepvesen—i' “he bvan
Decaued ©88e 1)

nts he bvanch ~for mp=

Cb ’fDY Mp = |
_—7 gnco de d ‘Signa‘
00 (2) &

S
[ = > _al

0p -~ U
A0 (o)

Fig 10 Fret s'\e[) in \ievbi's alaomﬁhm

In Fig(oo): The waron belo@ numbexn ' Ane bvackets | witen

belows The branches wpresent 4pe bvonch mehic which 1s obtamed by

*mwng The diffevence between he encoded Signal ond Covve’spmdmg

Yecewved .Signal Y

Fov emmp\e, Jov the bvanch Gp to Q; encoded .Slgnal is 00




j()ncl ‘Ihe vecened Slgnal ic 1. Hence, The branch _me*hflc )s (9), whereqs
for “he path @ob, e encoded Signal 053 Yecerved Signal both ave .
f”ence,me bvanch metvic s (0).

Tthe encivcled mombers at e Yight hand end of each byanch
iYPPvesen+$ he Yonning - path metvic which 1¢  obtained by svmming
g’Tbe bvanth metvics fom a,-

Fov emmP)e the Yonning Pa‘hv metyic for 1he branch 0pa, =2
and “that -Foy 4ne bvanch Ogb, & 00

| khen the mext part of nput brks e V. ol ave vecelved at e
'nodes a, and by , then foo possible buanches emevge fom these

-fwo nodes as  Shown n ):gu “The next foor possrble Sates ave

Gy, bn, g and do
=4 ? q=0 |
o 0o(2) ! 00() - :_%,
\\\ \\\\\“
1 (0) \(')\ o
\\ ’ \\\\.i
S 10 (9)
. H@%
0'[‘\0)\. "
8.

Fign Seconcl ﬁ—QP in VHEYbJ aigwndhm




(9

The mumbers in The brackets wvitten kelow each bvanch

epresent the branch metvic. For example, Hov the branch aGag, e
bvanch metvic s (1) which i obtained by ’fakrng ihe difference

i
r

between the encoded Signall 00 and Yeceived Signal OF- The

YUnmng path metvic Hor The same branch 1s (3) which k& obtained

by adding “the byanch metvice -Hom ap[(@)+ (1) =3 fom a0 Q

§Ond a,to 0y ].
| chown n beloe

“The Vitevbi & agosni’hm Jor all The mpu+ bits 8

%guene

Y= n )
oy @ -0l
00(2) ‘. 00 (1)

7 -

~
~N

"o

Figi2 . —1n; o
| g .Thfd S*QP m \It“k’,yb‘, Aiao:’lm')n)
e \aaae met=ic parhs are discamded and the pams with Smallea

'}
etvic Pcrrhs ave declaved as Svivivoy at -hat wnede . TThe sonving

|
1PCﬁh$ are  0pQ)Qgbs , Qpb) ey , Aphdacs and Qob,dgdz = Thé

ismahem metmic path s QobydgCs & Qob; dyds-




