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> 2 =1

=1 j=1

e Calll g9 angs Ba5aall VL) Sl ASa eV LY il )
lia el conditional probability 1oy ydall Jlaia¥) gas ¥ Lasy!
Sl X il Way 5 Y Aslas) Ayl (5 lad 3ys i JlaiaY!
M igs Ll gl Y mtll il 3 fmueX Ayl @il cililas)
Y, Jie gal dai Gigan Aajeas KU e ellyy x, Gl Jlaaly
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ol JKaILy, Gaall dpee cas 13X, gkl QL) G

r(x,y;)
p(x;1y;)= ’ ;q(y;)>0
acy;)
paida <5
i
Py =— ,q; >0 (12-1)
a;
s Aal J<all
r(x,y;)
q(yj/Xi):—J ;p(x)>0
p(X;)
g >AA.\M". 4&».1;. ji
I
a; :FJ :p, >0 (13-1)

J<s Ao 4nSiy @lpial JaaV) s of oSa Al cilanel) o
tha g pdiall Jlaal¥ly ajall Jlaal¥) oo elas

r(xi. y;) =aly;)p(x 7y;) = p(x)acy; /x) (14-1)

3L ¢ a1 dadid st oS dag piall Jlaial) o sgia 0
2%, Y; &z, JBal) s e sl

p(xivijzk)z r(yj7zk)p(xi /yjizk): p(zk)p(yj /Zk)p(xi /yjlzk)

:gtln,i}

P 1Y;,z) =P, Y 2 r(y;,Z,)
Al
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D p(x1y;) =1 (15-1)
i=1
o cime X lisal) g (e laaly gl uan 23y Gaall o Layg
conia e GeSall o BaV. sl (gl o o g seaall Gla i ¢ Gaaay
DA sl o )
> p(xly;) =1 (16 -1)
j=1

oLl Ll Bayes®  theorem by doyka aladn) (<a) Alggull
Jlaia¥) axas of auyis Uigyaaq(y, /%) dag il Jlaa¥l 05 Le Lille
ragll) Alaleall (e @l Qi aadaiidgp(x; /y;) dag )

r(xilyj): p(xi)q(yj/Xi)=q(yj)p(xi/yj)

t ol a5 q(y;) >0 olS 13

_ pOx)ady; /%)
ay;)

P(x /y;)

L

-

PO, y,) = n|0(><i)q(y,- /%) a7-1)

Z p(x)aly; /x;)

LAy /%) Paialip(x 1)) Ajee Y1 ki
1Y) = plx) i b el (X el Al sl Tl
59 paly dny @l (KU Lx Al 35 ol y) Gusas o e
r(x.y;) = pOx;)aly;)

L

-
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q(y; /%) =a(y;)

GsSally s e lany Aliiie Glanl) o3 o s Allall o3a b
O—e ISz 3 r(x,y;) = px)a(y;) =—Dhall (b ¢ s
- (X /y) = p(x) s aly;/x)=aly;)

b s O Ul e 08 1) Tlas) plinse XY pmas oo Jii

rix; 7y;) = p(x;)acy;) 18-1)

2 S dal e OIS13 Y e (Al Lola dabeie X d0patll e Jsiis
g iy Kol T 1500 50y 1ed Sllin

p(x. /y;)=1 (19-1)
ji
r(x.,y;)=py;) (20-1)

sl dug i) Clagleall 4SS hugia 4 - 1
Average Information per Message: Entropy of a source
g Gana Bl (e Ao gana 250 5)SI3 050 (1 piie 35y Lk
Al A of 55813 G50 e gaially agatdl) PV laal g5 X ciline
o bl il il (g ¢ (ARl Al e Lol Aliise poiall 138 aalsy
Tty VA PR 5 IV SR DY FOA (- 99K Y

I, :|ogi (21-1)

FABDR (35 030 ABST o sheall A0S Jassie 381 paiall Cana il
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HO =2 Pl =-X p(x)bg p(x) =— Y plogp,  (22-1

Ll ey of 0Sas clagleall sl (uloia daas La l2ay
H(Py....Pa) SH(P)

o2 &S AT Cilagleall (uladl 3aals€ 2 aaall luas Ll Ldlag
o) 138 e Bit call a Loga sl

O 33 Py=1—P 5 P=P c¥laal Ll opfias 25a5 Alla b

H(P)=-PlogP-(1-P)log(1-P) (23-1)

b it 4iag P Jeaiall ;i H(P) s (1—1) J<all cpy
o (R V1) Glogleall (ubias aalgll sa allaald 150 Gl € Jla
et Aaitl) e Jeaninng ¢ Al Clbganll ae il 3y aall Tl
caalsll Lsbus maans HAY) Jlaa¥) oY P=0 dal o

H(P)
bits

0 0.5 1 p

G qsiall JLaa¥) g sy Y] s (1—1) JSa)
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LDl Cun aalgll (golss Ally P=0.5 sxie alaall lgiad H(P) Js
legie Caan (Y At (o aag Y Sl callaal) (gl
Cilaglaall 4aS (ulia o s of ki dalall ) ) gl
Hiagay Cililiie dayf (3iag
P Jsaiall Lusilly yains pH(P) —1
S5 P Py Lasy) cusg of ¢ lalie jls H(P) -2
H(P) a8
e X Gy clie 213 Y 5 X culS Bl ean lake H(P) =3
(XiY;) iadall Gaaally adyal) cilaglaal) f 223 Y e
H(P.Gy,-s Pyl Pl Pallmy =
H(py,..., P) + H(G,-0n) (24-1)
Gl Cua ¢ VLAY aen (gl die abiall LgiegH(P) 3254
05 Ladie Lol Lgiad 3alig ¢ elally (msaill (o Al ol e 128
sl aied Ealgall aad Jlaial
) Clisal) pliad Lagd X,Y cptinpaill Laal o (omjiil: 1—1 Jle
X={ 12 had Cigu oz s o)
P={0.8, 0.2} HUITEN
Y={30 (0 jiual 32 e 3008 Lo a2 eck:liads
Q={0.2, 0.8} :cu~n
P X g Al e sladll 408

H(X)=-0.8log 0.8—0.2log 0.2 = 0.72 bits
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paadY dal (e
H(Y)=-0.2log 0.2-0.8log 0.8 =0.72 bits

H(X)=H(Y) -, Lﬁi

e Walsina Tl g Y il sbeall il (sl o JUal) 138 (e Jaadls
- Aaslaall 028 dalay Gy Lhgas Jlaialy Ladd g

JEadl PIA e geiagii lly Lunenl) Gaaldll Giny (ubial) 138 o LS
2513 Gy () dan Db (Uaiee Lagdl Ly cpays Wand o iy LS
O 3L Aalaial)l lagladlls ¢ AV aa Laaaal oy of i CB S Legaa)
Cilaslaall BaaS AH(X) ilS 13de ailly 4ay of AV po 4ay @313 e
DAY 2 s Al lasbeal) S 8 H(Y) 5 ¢ aals 255 ey Aleial
Gilastad) 2 a H(X,Y) ol (Al o JSH(X)=H(Y) of iaadle xv)
A0 Aamill o Jhaning et gl & ol ey Aaleial)

H(X,Y)=H(X)+H() (25-1)

» domead) Aaalall slinad Lo bl sa 134

P=(p1,...,pn) G X A paall cliel) oliad X=(x1,...,xn) <y
b ol fiegal) (aldll muti o aalaios A3l YWY a8

IS dal grap, = 17 05S: Lesie Lo slglusall sy H(P)<logn g

i=1,...,n ad
Loty Pl 4 K yomie 153 vie Ladi ol slosdll gaas, HP)20
P=0 Jlaal) itk jualial) il
:2—1 s
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aie720 e il Leie JS Ui 576 e il 200345 5550m
Aligh 50 il 0 (el Taley Cilayat 5ygmm ae daleis LS 1314
Jsall JSI S 13 dalall Ao yela o Koy ddhida 3y50a 10414720
sl 8y aally Aalaiall e ghaal) AuaS Gl ¢ gedalls Ay glucia <Y Ll
H(P) = log n = log(10**'*°) ~ 1.4X10° bits
(¥ Lan¥) iy s 13 5 ol clasledl S o Ll Ly aal
sl Ja) e e laadl cpeda baal 13
P ={0.5, 0.25, 0.25}
Lads
Q ={0.48, 0.32, 0.20}
ran Cpillad) DS il slaall 4aS Gloa e
H(P) = H(Q) = 1.5bits
i 1380 Lt B Lol VLA Gailide ey off L Jaadlss
Lt Cilasaal) 2a€ awins Y L ddbide Gileyss G ey 6 4
Gilaslaall FaeS aas Al Lily eV lasy) alehs (2—1) ISl el .
(N=3) c¥laal 2D Jal (1o lgusis
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Y gatie AL Al clajgil) (2—1) <)

e e S e LaaY) cleis ) Al clyiaid) e
el e Adais JS e A gall VLY il alag) e L Cilasheall
-P1.P2; P3 slaall o bl eyl

tgsluiins N=3 Jal (o (adaal) cilagleall 20 o KU Jeudl g0

H(P) =log 3=1.58bits

1) —adaal) dqidll 3y eV Laad lauas Leje ol of Lag
Akt IS e 2—1 J<all b gaamodasP ={5,3,3} a5 cilasladl
claall Jisiadl e Yoy Bas

:3—1 Jba
J<all) Allae lalaa) Aikic 16 G il Lily Sias Wl o (=il
(3—1
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10111112
13114 1151 16

(3-1) Jhall bt Jaad) (3—1) s
cadlaiall s34 adse 203" ) et Lguigal Al 5k Guka e s
Vs 16 zpdal jlamys apasl Al asc Gl L)) 2asli ) » L
J<all e QB #yhay Al J<8 deall el e S LS 2aad
P (Ll 4—1 J<al) ) I
'S sl $ledl ALY Gl (jaus a5 Akl o3a Ja —1
16 x99 (e Bhaliall iiuin lasie
€k Laa bl o Zadlgl) o)) shalidll (s ai dilaiall o3a Ja =2
65 (125 o Cnval drinall Ailaially and O sSan sl
OsSeas lsall €20 Laa pilond) (yalaiall (e o dalaidll o3 o —3
6 5 5 & Aysladl dakid 13 'aad
6 oo Al Aalaial) 13 "Y' Clsall S ll) dakial) b Ja —4
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1 to 8?7 9to 167
ves no

////\\“\\\

1, 2.8, 67 3,4, 7,87
ves no

1,27 5, 67
no ves

5?7 6?7
no yes

(3-1) JUall Jad J guasll 30l (4—1) J<ad)

Ahial 6 Joal (e Allae Aaaie paail Jaid ALl Aas)l eY) allas 1)
i L ahliall o (e Allial) o3g Aabaidll il slaad) e oY) 2T 131
taaind Jlaay)

H(P) = —iilog 5 = log(16) = 4 bits
S 16 16

a1 Ay glaall ALY (e 3V aad) ae Lpals e slaal) 40 (3l
Gsladi pde die | tia Adea A agill sdag Ay dall Al 2L ga La
) JEall 8 LS e Laa)

4—1 Jba

A ad) gall YL aa g X={X|,Xp,X3} JSEIL X clisall cliad tax,
S e Ay ALY duad M) sasalls P={1/2, 174, 1/4}  J<all
Ll 2l 8 Xg e Jlgadls T o s el (e 4l gum gy 2Dl "Y'
13l ¢ Aaiill liags 28 0 S "and’ 5 Glsal) GIS 13 /Y Jlaal gl
g (A lins Lagal danily ¢ X3 51 X L) (4 Gaiile "Y' o sl S
b A Dl (gl gl saail bl Gallie ) 7 lisie g seaalls A
c e 1.5 dllia (gl sl cpdlaialy cplli ol asly Jlgas
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HER PG 3..\);:\]\ o'JgJ uyu [ERTWEN QLA}M\ ;\.ms TN \J}A
H(P) _——Iogl—llog———log—_l 5 bits
&Wb Z\SJM\ ¢ Z.Jal,a.d\ Gl glaal) Lys wgé 5—1
:(&Jﬁdb Z\SJL.‘AA\‘ Mal,a.d\ 3\543JL\J\)
Conditional, Joint and Mutual Information Measure
TN (xi,yj) o) Lgadlug (X,Y) llaa¥l il ) el
ozl <o (XY) clill sl aas W istmal (x,y;) € (X,Y)
il slaall AaS Canpes La)l G Lelidie 7)a g sama NM L (X,Y) 2l
poh Lo aadl Wild (X,Y) P VIPSON|
4 rij LL@B;\ Ji I‘(Xi,yj) QYL&;Y\ L@J (Xian) Z\SJm k"_i.lba nm dl_\.%
Z,, 2, Znm JG (Ao A0 Bala nm A0S My Ll N1 Lyl
ghd dlia Azl & i Qgh P(Z1), P(Z2)s----P(Znm) ¥ Laaadl 258 gl
PSS 4] il glaall (ubie alagly a2y Gl

H(Z)=-)_ p(z,)log p(z,) (26-1)
F(XiY;) <YLaa¥) e lasly gyl P(Zi) Jlais) @l G o S0
P oAl Gl T e and gaaaall Jaran k o g seadl ol
H@Z) == 3 r(%,y,)logl F(,,y,)]

i=1 j=1
coob L Lady 2S5 ) il gladd) 20 ulse Cinped ) Liashy 13a
S Gms s (63 alie eliai (X,Y) dlaa¥) dpanl lad gy
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Glaglaall A (bt Cayas Laild iamy aa Yy g X <Y Laial o 1(X,,Y))
s Al J<El a<yiial)

HOOY) == r(%,, ;) loglr (%, )] (27-1)

i=1 j=1

Lads H(rppe o fom) s H(R) AT J_faalan ) o <
AaeS ule iyl oS el Aplallyy o Ll Aall) e pailH(XY)
da g pdiall VLAY Ledasyg Ada g piall il sleal)

il slaal) 10 aigs Wil iy Yoo X Adlaa) ylail) Ll 32l
J<al e VL) Wl ) gl Gaas a8 X saaiall G Jayds Y Al
gsanall oA q(y)); J=1,...om Y LaY) e Yayj=1,...,m Gua qa(y;/x);
OSan Xi Cagaa by i Y o dleaal cileslaall deS L aalsll Lgliw o
PN 13 Galaadl Canpal) ae aglially Lgalivin

HOY /%) =200y, /%) logla(y, /%) (28-1)

Ao i YO Cilaglaal) 40 Janigia 54 X ad JS e augiall 320,
: X ..33\.4\\.3 ;\é):ug

> POIH(Y %)= p(x»{—iq(yj xlogla(y, /x )]}

A _ii p()(i)q(yj /xi)log[Q(y,- %))

i-1 j=1

=33 10,y oala(y, /)]

i=1 j=1

40



S 35 13 ¢ H(Y/X) g pial) cilasbaall duaS o Capay laiall 14
: N Ca el
ssbon X patll caale 13 Y 2 jatll Al e sleal) 2aS ulia

HOY 7 X) = =33 (%, ;) loglaly, /x,)] (29-1)

i=1 j=1
O Lale Jhans A Gilagleall 30aS Ciyat o) ki il J<a,

H(X/Y)==2> r(x.y;)logl p(x / ;)] (30-1)
i=1l j=1
tH(Y/X) g ptial) e sheal) 2aS ailas
H(Y/X)=0 (B1-1) _j
H(Y /X)<H(Y) (32-1)

Lala Lolan) il Y o XS ladie Jeantio 5l ghudllg
eS8 sale Al i) e sbeall 30eS (o Analal) 038 (e TS
2 Aalall Glosteall (8 (AT Aanylars L leslod sl Aiuasdl Auialel) clagledll
Al Bagal) SIS xa Gilg 1305 mgasl] Gali) ) 8y palls Lasiin X
ded) A el Jsa
Aga ) ¢ Aadialed) lasbaal) Glae i ADke clllia 0pS o ang

2] Aabedl 38 Y 5 X il Jal (e 35004
H(X,Y)=HX)+HY /X)=H(Y)+H(X/Y) (33=1)

;L el ey

HOGY) == 3 r(x, y,) log[p(x)a(y, /%]

i=1 j=1
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= _iir(xi Y;)log D(Xi)—zn:ir(xi Ly loala(y; /%)l

g g
=H(X)+H(Y/X)

s @#QH(X,Y)zH(Y)+H(X/Y) Al el alias

ro i of (Sa 5,81 pailaddl ) slawYl

H(X,)Y)=HX)+H/X)<H(X)+H() (34-1)

el lieaY 3 X 068 Ladie 3l 5laall Jaany

1) adaell el 3al A5 Sl Gilagleal) 0 () Jobi ) gabiis
Al )y LS alediy L Taiy cpiliiane Giallaia¥) o el LilS cuslS
e Lol saame sSi Y Al il ol Legin oLl Tayal) die s ¢ Lagiy
Adlallora i H(Y/X)=0 s S g X Al il i A 8yaa
CH(X,Y) =H(X)

b Gon ¢ Abalaall Glaglaall 2oaS a5 Sled iyt (V) s i
caen Lo i lly JLaiy) 5U8 G a3 3 Laga 19 Gyl 12a

A0 ALY o X el G Aalinall il gleall 408 oy

L(X;Y)=H(Y)=H(Y/X)

—ZZr(x,,y )Iog[ "G Y;) } (35-1)

7T p(x)acy;)
Y Ll s ) AL legles (ol o TOGY) i o b
A 1 00Y) 50 o cany glaliine glasall 05 Laries X Al
1OGY) =0, 4yl
aas Laad HOY /XY =0 a0 X (Ll I8 Al Y S 1)
tssbd s alaal) Leiad el TOGY) 2
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1(X;Y)=H(Y)
A Z i Y X el Jal e calllall el
L(X;Y)=H(X)=H(X/Y)

—H(X)+H(Y)=H(X,Y) (36-1)
t Y 5 X S Lage Bylaline 2pa a TOXY) o - g
L(X:Y) = 1(Y; X) (37-1)

(Venn)  (é clalada aladi) aadall (pe D andll 28 Caayad 2
Pl s 51 JSA 5 LS agis Lot il e gl
1(X;Y) =H(X)nH(Y)
H(X,Y)=H(X)UH()

Hn
A d
(a) \}/ ] HIYIX .‘

\ {

X /
\@M
(b) f\

Gy V) sl pan g ) iy Taasa5—1 JS&l)

i Aalal) Al dal ey @5—1 IS G
o H(X/Y)<H(X)and H(Y/X)<H(Y)
o [(X;Y)<H(Y) and I(X;Y)<H(X)
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e I(X;Y)=H(X)-H(X/Y)=H({)-H(Y/X);
e H(X,Y)=H(X/Y)+1(X;Y)+H(Y/X)
=HY)+H(X/Y)=H(X)+H(Y/X);
e H(X,Y)<H(X)+H(Y).
(LMY e X Dl xie b5—1 <& (e
o I(X;Y)=0;
e H(X,Y)=H(X)+H(Y);
e H(X)<H(X/Y)and H(Y)=H(Y / X),

calide G dai A B JS 2l (Sa 430 560 o2 6 Ly
- (Venn) ¢p clalada aladinly Gilaglaal) Gl Caylas

tdagan bl 6 —1
pailad Gae ) ALYl clesbed] 5la (uld ) Bl o
ol gpall lgmdginn Al dpguad) (ailiadd) ae Gilam Al ¢ Dlaglaall (uld
g Slasbeall il (Gl 3ahay aliiiall g5l Alla 8 ¢ Cilaslaall A0S
zliin Sa ¢ Bl Sl saall Sle b (glawy ilagleall bjla (L8
ol Ala e dlae IS5 Glaglaall o adin (63 leglaall (il bl
lagleall B)la by alaiiall
sl kgl gian Clasbedl Gl o (e
H atd sen old cile gena ) A dlaia¥l 0l psen e 13
iad axd o) coay JAleas) Ledie g piae Ailidall cile sanall
Sl H

P Y LU e bl H 3a o6& o ol
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s« p, :%Opfi S5 Lage 40 (gl Zuslacia Py i pen calS 131N
3L e A asadll o i 25 N daidl fliS H dad alasia

Ao gludiall Y laa) Gy paliall aae
L, H=109N 3800 H gaas c¥lasy) Lslue luy 1 Jal o
sl U jdas e LanY) (glad aae ey () Callaidly byl 28]
ot (6—1) UK ory ¢ 2 Zand S a SLaSY) o gl il

cH Glad Lealasind st )all

st o g (CO—1) I8l 8 5L a1 A< & v H 3
(C6—1)5 (B6—1) i< b & Ll &l 5 & of Ly, . HE =106
(b6-1) Jal Jhall 5)a i (385 Lysmenall Aail) (L8 Lanjasa & liillaia
o e (1) bl Y Taliils log 6;H =log 6 Luad (g5l (f o
— Led) Hlaall g5 89 oy HLaall el (s arl) Gl 03 (g5l
bl sl 4] Sl (H ) (b6—1) ISl o =, Zand
Pl ) et e Leie IS Bue il claall
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3 2 1
H*+—-log3+—log2+=logl=log6
5 g 5 g 5 g g
1 11, 1 1 1
H®=-=log=-=log=—-=log =
2 g2 3 g3 6 g6

H(X)=-Yp, log p,

The communication Model: Juai) zigai :7 — 1
Aaaldl) e+ LatY) alas 6 Byl padid Y e (f Cilaslea
Ll laglaall oda aladind 4 25y (M) ) e LIS Cuny Foleal)
& o Sl ay z3sall 1aa By VLA z3sal oanw Le say
los SN 8 lasteal 0385 Ll Agall ) aoiall (e 5alsall lashedl)
Cilallaiadll Pla e leias oSa Sl Jal) Alise & Jan Y sed aual

i)

o sbeall 2y (315 ¢ aoiall G Jai¥) iy clagleall Jis oL
JCa) seda  (aY) dgal) e el 5 dga (e drnsalli sale el
Pl el o A ullY) A sally e LDl ol 235l (7—1)
gl o€ 4yl S ellal) Hsehh b Jiiaally dasall G Sl
Ao ) eladl (50 e lagled) & 5% Of g« 3L 8 S50 g3
K e of s 4l (6l el Ly lalliie e 3 aied 5adsa
aall e 8l elladV) o8l GalSy <00 2 Jail) of ¢ elladl) maanal
A 7 sensal)
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Gilaglaall el Juaiall (e 4l Glaal) e B 6 cpy s
o ulsy Cilashed) i sa Jally Ll Conlial) e aladnu) aial 2aalil
Al se))

gsasal) op 3L 8 Jaans ) oUadY] e lagleall dlas Flee
ars Lo aaiiudins 52805 Clalas Calazai I 3l . Jsjalls Gl sl alyl
e e Uia Al Les Uad (6 Jaas 13 BlaV) cilasleall oLy saley
sl sl 5 i€ palaiad Ciljae g axiius dua (Channel coding) sLidl)
ltie) e LA W ey Las Jsyall (e Aailill e glaall pas L UasY)
Gaatia (<50 L) Cilasleall (ssia Ao slall ¢ puaid) 13 Aadadia 5L 315l
(Al 50 Aaiia Tige) lend o Jail aey aaty Jardl) dea (e

Lssl) e o m  SHLAY) sk e Ll Jall
sl ddads dpaliall CHLIY) () S50l e dasadll dplee o5 L ALl
el il s VLAY Zhsal e LAY s34 b

Jsa (N am Led aligan Callay e ially LAY (e gie eday 13Sas
Sl Jans uanall e sela ol ot @i dlee Aals ()3 5
o Al lasled) pands il 2ie a8 iy AL )
) ead) aman 3lS) e Ganlly Uad¥) (e sl e oSl 5Ll 2 )8

Blall ey CaSS aladiuly s
alais Saasll GBS (e alilly Aaalil) Claghaall uaiy e oliy
sale] Gyb e cuslladl JSally cas il 335 eall ) Al 5 Slestedl
Glsbd N kil (<o . (data reconstruction) Lebia all bl oLy
D eatl) of (e Ul 520 cDlsat Wil e aly (S0 Al daladl)
Lia 5o 138 e oL L (6)aT B L @) aeins 3l Al
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i ey Lad L ayidal) Slaal) sl jelka s Ll salely cilill
gl (re Jlag Jlad &5 3aias Jal (e 138 Jlail) 518 #3501 o anll
sl il glaall
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g_'gl."d\ Jal)
8,813 (193 (e Aadaial) Cilaglaal) povia

The discrete memoryless information
source

o1






g.'sl.‘d\ Juaadl)

8,803 (98 (pa dadafial) Cilaglaall piia
The discrete memoryless information
source

:dakadial) cilaglral) aolia 1—2

Dl e Al 2V 2 23S A e lafiall laslaall aie o gd - Say
Sl Ao gana (A ey IS i G o(igal) Lgaans Libal)symbols
Aonnd Lepens el Hpapl) (e A ganall 038 Ly gmnsall o Lo Aiaal
o3Vl Up,Uy,. . Uy o Cagall 03] Sy .(source alphabet) auidll

U={u,..,u,..,u.}

Ol e ((Aahiic) Aliaiie cillaal aie Cagyall 5 jsall sda Al
Cilaslen aiia 5o aaid) o) s Basaaae aiiall Bpandl o ) ALY L5 13g]
AL A e daaliidl el (e e sana Aakakia

Dbl e U aial duaad o a2 sl 23l pe S 4ulin ellia
O Ll s A el Al g cCipn 26 e Ailie AaaS e
oyl o il i, el @l ecars e saelial i all e Cile gana
s Jawd Ciya N e gyat a1 of Lallhag v el | Jedall cld
3 e ganal) V ={Vp,, VoV } Ao genall IS8 0 ) ASKadl) i)
Asaall Jil )l
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Oyl Cilasbeal) e ) ks diblly (sall)cial) o Gl
e O pails L)) (g5 (o gl el oy ) (g5 e
S sl Jlan) U doaadl) e ey JSI 0 s 13 ¢ Jlaial) cilalell
Y aigh Cuap(u,) = Py, P(U,) = Py ete.. 2 Y LaaY) odgd Jayl LEigan
P={pys Piress Po}- 2U 2 pa&ll ¥ laa¥) g 56

225 ¢ il s ye e aa o LAY o VW JS b i
salsall Sl o) 113 Jsdl) pudai il abaes (8 Laga Adaa A1)

AL 8 A8l ea)ll G AN D sa agall (ST Y
053 O el ¢ Jaaadll 138 (8 (i aial) 5SI3 e aay DI g
Ailan) Aiie salgall Seayll o (6l 381

e U (Ggpall) Dsll gt (Ao laglaal) pie ) il e
P Sslatinn B)SIY (490 (e gt (e B gal) ilaslaall

HU)=->p, log p; bits/symbol (8

i=1

55513 (933 (e il pial) e Wl (Kl aliall il slaal) GuaS

max H(U) = log n bits / symbol. (2-2)
Jlaia¥) sl pand S 13 alial) Aol 3oaw a5l Tl L) aa)
HU) sl 20 B i a8 JS daf 50 pi:% i 13 e

csiall (RN o sehe o Jianin ASadll abial) Aol ae

((1-2) s
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3)SI3 53 (e Andadiall Gilasladll il (redundancy) (il e

1AL
HU HU
red =1- HEX&(U)) =1- Io; n) (3-2)
Al Slasbee gial (lasteall (gginall) e sleal) S A HU) G

HU) =max HU) e 2 liie eV aal Hya)ll aoidl alg Lavie
Ol an ol (sl Jlaialy Tanly ey el algy Lesic s, red=0 (cailall ~uays
150 o s paildl ded of . red=1 (mila), HU) =0

. (binary source) AL avially Jad (i) sy (o2 aoiall can
Ul & oSl log 2 = 1bits / symbol oy 8.1 Bl ol LS iy &m\ 128
A b il e (1—P) 5P o= Y Laa¥l 05S5 Laaie Al
tg) Ji 0S5l sal) e sladll

HU)=-plog p—(@— p)log(1— p) bits/symbol

SO Ll eailall

:1—2 JGa

‘%and% ENLab T 50 Spall 580 098 g (I8 psia 21
U BN (0 SN T

HU)= —%Iog %—%Iog % = 0.81bit / symbol

Leadls

max H (U) = log 2 = 1bit / symbol
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f (Gslomas Laailall 13)
HU) _, 081

red =1- =
max H(U) d,

=0.19

Aadl s canlsl Sl re Yoy Allull e gheall 23S aay Lo 20ais
) el 22l
:2—2 Jla

Joha Sy Jin o3 sl Gimpiily 1—2 Jlall b AL aoial) 320

Vi Vg = W 3y Alane Jilu) 8 @l (1—2) J<al o jedan WS¢ 3

Ve dal e anind Lllaia) 2iae jsals 3,513 (53 (e piall of Lany

tJbal) o e

p(001) = p(0) p(0) p() = %%% 1 6_34

s0aall jyapll cVLasY) elas (g5l Aluyll Jlas) b Al cladSy
1) il psen VL) (1—2) Sl gl bl 8 Jaas )
rani Jilgl) ) Tatiad calasleall 4aS G

N 1 3 3 9 of J27 K27
HV)=-——Ilog—-3X—log—-3X —log —-—log —
V) 64 g64 64 g64 64 g64 64 g64
= 2.45bits / message
H(V)=3H(U)
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Vi p(v))

_ l

0 : 000 E:I

[ 2

0 1 — (01 51

1 0 Y 010 a

I & .

0 1 011 o
3

I 0 100 -
9

0 1 L 101 o

- 9

1 0 110 i

27

1 L 111 o

3 Al Jsh 088 Jla B AiSaal) Jilul Vs 23 (1—2) JSad)

aaa avie e L€ o<a | Jsda Al 0’ @llin daladl AN 8
@l oses Jlaial Gld 5,813 (9 e pie pe Jualet Ll Loy - N danas U
lastaall 20aSy Ayl GliKa (e Bha Jay | Y Laia) elan (gsbuan Al
AL (aaie Sl (S5e e

H(V)=—ji,p(vj)log p(v;) (4-2)

S P(Uy),eny P(U,) SYLESY) Aaidsy p(v;) ¥ laa¥) LGS e
s o) Ol ded) e 4l
HV)=IHU) (5-2)
et | o S Glaslan e gain | Jodall cld Al of
g daliall jsel) of Wdla G LY o dasdlg 1 Jshall cild il
e g Led D S 3 Als ) e L 3gni
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bits/second s cyajll saals & cully piall o sbes G Jiad o Sa
Anaill Byadl) sl apaad LS L ¢ aiiall doal) (e WIS gy Lins
P A H (U) pial daluls 3l t oSl Leuds

Ht(U)z%H(U)bits/second (6-2)

e Duse e G dall s L) Lot el 55l 0l 05 Bl 1)
el o alasid ooy (Aatill (o Jolal by 32T adajilla JEal s

:Source coding axiall jmi2 - 2

Ao ey e dlge Jily Mg 3S13 053 (e Cilaglen aia 22U
bl o VL) i ) aliads LU ={Up,n, Uy, U} gl
e Y Al Glagleall 4l5) Gaagy (data reduction) clibull (alds] 2 4ol
Y dilasy alsy cilaglaal) asie of L (i . lasbeall (e 3asiiasal) dgal
Bl Jiar o Lule Cang 36l 83l Jal e -l e ST Lpaalis] oS
(source  aiall uaiiaAleall oda Cayad (LSGY) Ha8 dagrian IS
. coding)

238 a5 audiind DA (e Sualill e ABY) Gans puase (A o shie
Cagya Jaas daind O S ¢ SIS 050 Cre Slagleall asia o Lay o Jila)l
S =180 S b U<l Sasll Aaayd e Bl e Yo aial
Lo sl aiall oalsy ey US Jal (e Ba3ae 8 and el Slag) Jslais
el AaS e

e s ¢ lgumn o Adhie Lgmas el il WS i SISHALS
DAl Gl Qilas J<G 13 L (non—singular) i e g 4d) jaa il
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Dy IS8 il LB el 138 o) D58l ki capde ué Daasi Liad
Al Al anym o) caag sl s3a 8y . (uniquely  decodable)
o i day UK8 ot ) el Al b Lo+ aags 28 (0
el SN el () el 053 cras Btle LSS o ALl (e ey IS
[(instantaneous code) i1 sl jaas 4il: jaepll e Jois lavie

(3—2) Jka

ul, U2, U3, U4 Cagya dal e Adlge dnaal A3 Claslens aia
L)l alatinl Suedil) clelS O 0, 1 bt (piey el el Loaal.
P A Joaadl Cua Adline Haeji ala

A B C D
w0 00 0 0
Uy 11 01 10 01
e 00 10 110 01l
W) e — I

O e IS8 43S oS Y A Saasll ke e Saalill 038 ges
UsUy (sSs off of UpUgUy s o S JUD) Javs (10011 Jodoal)
peae il 093 ey 2y UK B, G, D eyl (aiS <0 Lab,
) el GlS al ads o) S gadSly ol dyglidia B el cilalS
Galiv Ay 0 2 30 5005 Al JSC gl o (dia (e Dile sene
Seasl) 1aa ol AT 0 5 1a8 ey Al JSD el Lt laldl) 0
Sl Al e ISV Capall Ay i SUEY) Ganny o AT IS8 23S Y
Al 2SS pdai of @ Al
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IS A Jas pae say V) (@l pasill GilS (55 allaia llia
Lg);\ J.}A.ASSM\AJ J.}AJJ

el Hgay o aaly (Al aaly ABle dgag Anladl claasall e daaBl
D g Janweailly ¢ el il U ={Uy,n, Up e, U 300a ) (60
el SIS Jlsdal ) ey cUp, Uy, U, JSGEIL Hae il cilalS )
MSJS.&S‘_;\S\ Opasill Cagya damy Jedall 138 daamy G oy L, 1 JSEIL
() 1 S (il SLlE o ranad

:(Kraft's inequality c8),S daalyie) dyli 1 =2 -2

dor <1l (7-2)

U; J,}A)ﬂ\ :\.ASJ}LJI,I =1k .%n ;Lna:jj ):\A)ﬂ\ :\__.MAJT o ‘;;h r Qﬁ;

t Ol
OsSem 23l 138 W (g5ben T Jshall ey el lalS s (ff ol
o oS ¥ deasind) Jael) el . M ST a1l Y e
Al S Cagea T—Wy G A0 (6 ¢ (AT Saan A Al (5
rans 2 Jshall @l Gl clalS sae Jal e
W, <(r—w)r=r?—wr
lie JS

W, <{(r—w)r-w,3r=r>-wr’—w,r.
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fan Jae sl lalS) el Jolall m o calS 13

m m-1 m-2
W, <r —Wr —W,r —n =W, T
HREN) rm g;‘; ﬁ:""&:‘jb}
-1 -2 -m+1 -m
0 <1-WI ™ —wW,r= —...—=w, I —w.r
m
dwirl<i )
j=L
PR ‘&J
1 1 1 1 1 1 1 1 1
—+—+...+—+—2+—2+...+—2+...+—m+—m+...+—mSl
r r r r r r r r r
Wy Wy Win

2285 el Glal€l K aaall glass (ghw, + W+, =0 oS

Seasi lalS Al dgasall (Y el ) s S daalie of JaaY
L s Aaaliall o3 giny Sae IS O G Y I3 L Jka

O ) iy | Jdall il Laa) Gl 0 550 g
A3V 3t ALl sels Jlaial Adadiye el ClalS gkl (5%
A 5 Jlan¥) s Al ey of duady Gand) o (gl L3lall Jsal)
oY) Ergandl Jlaia) @y Jiloyl) Sk e gl jae

:(4—2) Jua

S SllS ) Aaa ) e yal) Jas Gum ¢ Guyse e 23l
Jie ) 55 el A Capadl A8l Saa il el ccilla g Jalas (g 345
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OISyl a8 cllayill o Ll e Julll e (gt umy coyidl (€ Caga
Uy 326 Ly (il den (o Aliatall oy Ll (e calliy cga oo laac
4 A idayall 2 las Laiw ¢ Aie) sang 2 Adadll g liad Laday Sl (e sl
—2) J<all ek . Ause) lang 3 Capal) o LAl gy ¢ duie) Cilaag
G Guse et (2

A€y L sl Al Joda Jasgie G A0 200 Al Laan
il Aalall cilaledl)

(ahal) Jpass dgpll) ApB32 - 2 - 2

YLl Uy e A alSN G e i cgena Win 1 () il
G el GlaS paa Callss Gunc il JS dal guP =(py,. p,), Py >0
:ine 12gh S Aaalie cafian 1308 ¢S = (508208) 20n S pw (i
HU)

< (8-2)
logr
L:Zn:pili (9-2)
i=1

C Ui pesill A4S Joha 2l

i £ -l .
NI VIl B CO KA A s
tOlall

: lal

HU)-Llogr=->[p;log p; + p;; logr]

i=1
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ilelolog{ } Zp. In{ 1rl} (10-2)

= In 2
Wledl (esa=1 Ladie slsbudl Jasis Na<a-1 i a>0 Wi,
2 (10-2)

Somioref <o )£t

it Ll it 8 S Aaaliie of Lo
HU)-Llogr<0

I 3lglal) allatia o bl () Sa (8—2) Adalad) avally ‘:_L,; SR

ok L ylas

Symbol Proba bility Morse code Symbd Probability Morse code

A 00542 = I 00574 .
B 001 27 s N O 00632 F
= 00218 — Ty F 0.0152 —"
Cx 0.0317 T o 0. 0005 o
E 0.1031 - R 0.0484 N
F 00208 el = 0.0515 e
i 00152 - T 00756 —

H 0.0467 N i u 0.0228 F

| 00575 - W 0.0083 i
J 0. 0003 — — W 0.0175 _—
K 0. 0045 — " == X 0.0014 —" R
L 0.0321 " _ A 0.0164 [
] 0-0153 B z 0-0005 — =

SPAC 0.185%
E

Gusa S deda (2-2) J<idl
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S e el 05 o asgid) Jodall o (A)(2-2) Al s
GlalSl hassie Jsda raal seda clasleall aid (1 ) saals) Cilasbeall
- (8-2) Ulaall shslusall 3o s Lliay JIskY) b0 Lavie el

tiak i ad IS dal e OIS 13 deasy 30

p=r" or l.=—log, p, (11-2)

3aS sl a1 oY ¢ S0 xall sa—log, p, oS 13 daib lly hay
OS5 w1305 1 ) (glan Jolall 3 Capad ASH 2aal) e A el
aasil laaly gan Jal e e ellin (36K ol ¢ S sl a—log, p,
o s o o b gl e 5yl Galiay (631 raaall saadl LaaY
@ Al Akl

—log, p, <1, <=log p, +1 12-2)

Lada il | =—log, p; (sl Aliad) Spasill Adla 8 Lia o a3

OsSmd (A1 VL) 8 Ll ¢ (S daaliie pe Aliall) Dt =1
[ Zr"i <1

Sl Blglasall day & aaiag (2-2) Aphill ol Al aolii u
Adled ST Sl Jead aalgll dad e HUALIOIT) 2y iyl

:((2-2) “ups

p Al Alaleally 7 el (Adlad) 35US i yas

_HU)
7= Llogr

el Jsda laugia o Lo gl claglas 1S 2 HU) i
64
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:(5-2) Jba

Gl LU, Uy, Uy U, atie e Axal (e Al dpaa) Al Cilagles aaie
A aggle Ll AL Goay eV laial ] 50 Lok ey (e il dpond
osn el JSG Gase L 1/4

symbaol Code (r=2)
uy 00
Uy 01
Us 10
Uy 11

\'A_AB;\_és‘;\_ﬁ\,ach(U):bgA’bitS’r=2 ,L=2 e sill 13 g

HU) 2
T & % —1_100% : jra yil)
T Liogr  2x1 R
:(6-2) Jte
Seatl 2alie 2 LD S cylaayt fuasy i i 32l
: 2'4'8'8 g '
Paa iy Al

H(U)=—%log%—%log%—2xélog%:£bits, &y gF-o

el 3elS ()oK

n:M:Z:87.5%
2x1 8

:(7-2)Jtka

P A Jsanll s Suesil) Jeady dnsdy bl ail) 22
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symbol Code (r=2)

u; ]
T 10
Us 110
Uy 111

N p—A H(U)=%bits, r=2 ol R N

1 1 1 1 /A
L=p, x1+p, x2+ P, x34+p,x3=="x14+—-%x24+=x3+=-x3=—
P, P, Ps P4 2 4 3 8 )
Ry E¢L§U\C&h4ﬂj
= e I
714x1

dad IS G p=r s a3 8 ) el oyl of L Jaadls

:Coding strategies jsaall clasiiu 3 — 2

A0 aalill e Jgamnd) clillie 288l Zalul) il 5 il
La g peall bl i) e S i A dlall 5elaSh 3 Sl el gl
Jal e g el e BB (e i Saei (A Jsall baelaa Al
LYY il s el gy caii i Al 1Y) 2D Sl sl
Fano code ¢il& juayil — 3 -2

asii ¢ Lo laal (el Cra aidll A Bl o yay it da
Ao gane S 220 L KRY1 a8 eV LaaY) Ayl desana T ) Gsel) ansiiy
O S Ao gane S0 sl 138 S0 DA S Suell Caga T e sl
snsiil] A1) Alia Lallda 35

:(8-2) Jbia
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el Vi 5eli€ iy, HU) =L =288 f giagyias _saas

Gile gena ) VL) ardi algall e 1€es Gl adalls ¢ 751 il

¢ ORY) 8 Tam anl) O3S O g Alall o3 (3 ¢ Ay JLaaY) sl
cablbasae o doass S8 daml)

Symbal Probability Binary code( r=2:|

uy 1/4 00
u, 1/4 01
Uy 1/8 100
U 1/8 101
U 1/16 1100
g 1/16 1101
u, 1/32 11100
g 1/32 11101
s 1/32 11110
™ 1/32 11111
:(9-2) Jia

13 . (L=2.22) lewsisi (& Aansgiall e sill lal€ Jlghal Jlal) 128
OSan AV el (63 Saesll HLas) Jad 436 Al oda e Juaas ol
r>2 Al b Ll gl gl

s 530 e ativs el Saeill GlalS Jola Al Al b
((10-2)Jall kail) o1 Sae sl Zuaad
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Symbole  Probabilty — Codel(r=2)  Code2(r=2)
u, 1/3 00 0
u, 1/3 01 10
us 1/5 10 110
ug 1/5 110 1110
us 19 111 1111

i

:(10-2) Jta

Symbol Probability Codel(r=2) Codel(r=3) Code3(r=4)
uy 0.30 00 0 0
Uy 0.25 01 10 1
s 0.12 100 1 20
Uy 0.10 101 20 21
Us 0.10 110 21 30
Ug 0.05 1110 220 31
- 0.04 11110 221 32
Ug 0.04 11111 222 33

H{U=1 .6 4bits fsymbal

L;=2.66 L,=1.83 L=1.45
7, =099 7, =0.91 n, =051

:Shannon code (gilé jeay 1 - 3 -2

k-1

i=1

(U Saeill ) e Lad LY o3 S iy K =120 (4]
Pl Asaliall e st eyt AWIS JSD Gaapll dae L AN Uil
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log <1, <log—+1 (14-2)

K Py
P6=13/16 ¥ 1101 a3l U6 aoiall 3oy Jitas w3 M Jall
e O o) caan Ix 27T 4 1x 22 0% 28 +1x 27 KAl i Gua
Slial ) 2 lias o0 llal |og(%)k):|og16:4 JB) e sl Cigya

ol 1 Lgauams

{(11-2) Ja

Symbaol probability B, Length . Code(r=2)
u, 1/4 p,=0 [ =2 =00
i, 1/4 p=1/4 I=2 =01
u, 1/8 p=1/2 I, =3 =100
u, 1/8 ps=3/8 I,=3 =101
u. 1/16 p=3/4 I =4 =1100
u, 1/16 Ps=13/16 I, =4 =1101
@, 1/32 p=1/8 I, =3 =11100
u, 1732 pz=29/32 I, =3 =11101
n, 1/32 ps=15/16 L=3 =11110
i, 1/32 Pro=31/32 I, =3 =11111

b s 038 3 0la Aah o (11-2) JUl e paliis
Al oha (&1L ((8-2) Jlaall pa ()8) ild Aayha andans (A1) Ay Jaasill
L JEal Al 8 olyias Lo 1305 Al Cangd

:(12-2)Jta
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Symbol  probability o, I Shannon code  Fano code

(=2) (=2)
u, 0.4 0 2 00 0
" 0.3 0.4 2 01 10
u, 0.2 0.7 3 101 110
u 0.1 0.9 4 1110 111

O ALl Huegn Ul 1ia 8 $ile el Aalal) sl e
2 Y 4l Ads ) ALRYL el RS e ) L i 0 ALl dsla)
3 e Sl ek Saasi AalS

Huffman code (ladga juasi2 - 3 - 2

(Cn) ol AT gaws SN ueiill Al 85 ledsa i b
il lgana san il Boasl LS Logumny o Ylaia) (Y1 gtall 8
Gipaic mad oy (AT Ba i (hay wan e il dlay sy jeaie liiay
Ol gha b hate al Ad s daleall o 0 ¢ Lo ARkl
10 Gl calall sagallige SN QU e 150 sasl) (o peaial
legaany aa (ppaiall mad 4 5 GlSe S aie Guegill AllS

(13-2) Jta
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zymbol  probability code(r=_2}
, hd hd  Gd 04 20.6(0) 1
. 0.3 03 . 03 0.3(0)H042) 00
w 0.1 0-1  20.2(0)0.3(1) 011
u, 0.1 0.1(0}4 0-1(1) 0100
u, 0.06(0) _ 10.1(1) 01010
I, 0-04(1) 01011

b dua S8 ARl dad ae Akl ALE Aain JAd e sy
Al Al 5 ladgn Al (535 Laiw ¢ 8elS Ji Taass sl Al

el ST G

Lvie gia JBl Gladss af Gl T 8 sl Guaadd sae IS 13

Jsay e O L a3e K Guae THK(MT) 58 aiie 50y 232 0
Gl Ylaial aglacly oa)ll oda Zilial camy 4is ¢ Gl e Ji poiall
sl Jid Al Al b Ldlaly el

(14-2) Ja

symbol probability code(r=3)
u, 13 e 42(0) 1
i, /e 5 13(1) 0o
i, ljs 1/8(0) 2R12) 01
u, 15 1/6(1) 02
U, 1/5(0) 1/5(2) 20
” 1/8(1) 21
i, 0(2) 22
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Ll 51 L « L=1.67 sl Saell A< Jpda of Lia Jasdls
L=2 s gl Jshll (S ladsa jaas Lediinly Uy el Cauas

() Srall) psa —Coles 5253 - 3 -2

Gilbert-Moore code(alphabetic code)

g Al o2a 6 (s Lo € (K8 50 —Caplan Ayl s
el AalS ok S 138 (B Slagll) asee i b pidll 2 A e
: Al Al Cuin daay sed | sA U,

27 < p(u) <2, i=12,.,n (15-2)

Ml Ol Can (%10 @20) 5l ALl 2 i

1
o, = E p(ul)v

1
a, = p(ul)+5 p(u,), (16 -2)

& = pUy) + p(U,) +...+ p(ui_1>+§ p(U,).

Jasaiy U 2 palall J-_AJS\GALMJ.OSalgaZ...Sl Lia Wl
Ikl e iy SN Uil ) oy )

:(15-2) Jua

& Lysels c¥Laal aed, b, ©aaadll e cipal a0 Jf il
fasiu g 405K Aall)
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symbol  probability fr_ . code(r=2)

U, 0.064 3 0.032 00001
i 0.013 3 0.071 00010010
Uy 0.022 7 0.083 00010111

:The arithmetic code dulual)l il 4 - 3 -2
alall p(uy), PU, )y P(U,) Y LERYY I ks el 13 aladinly
gana) [0,1] saalll Jlaall (e A clibine Ll o aidl) 233 H3an
Jsy AN (Ao danhall sda jasa Gakai G . (2alsl) gl Y LaaY)
daaShyll e laay) sl . p(u,) = 0.5, p(u,) =0.3, p(u;) =0.2 ¢ua N=3
Jictis Aai IS Eun 1 (3-2) JSEN 3 13s selay cP =0, P, =05, P, =08
U il Sy o 1308 U Uy e Uy S0l palsl P ST JLaa|
S S o Gyl ety sy L00 OS] gy ity 1368 (0.5 ULty
) @il 5ya 100051 o waw gLl oo i3] sl (e 215 03
0.0, 05,0810 sl 4 uuSlall e LY 555 oo A <N/ Lne
[0.40, 0.50] | [025, 0.4] | [0.0, 0-25] 45, iy, 29 Lal g
siey 1025 04] gy e e Gy 3 Ll aaiulz 50l A 03,
[0, S Jias e i) ey il o 51 LS daill (S Aulaall )i

4 Aaiiseg 1]
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Ly Us Uz

0 0.5 0.8
Uy L Lz
0.0 023 04 | 03
T L Lz
;.25 | 0.325 | 0.37 | 04

sl el dash (3-2) J<al
Al ) Jlaall e lell ol 8 3daiill Sl Jaal oY) b
Lia Jlaall (aye ol L UnUzsess etc aiall S5y aaliy Aalal) el
el sayl ailsall aulill 4 Jeasy 3 JlasVL
p ) JSEIL Jaat L3se Adee aagill liel Y aolaios
Ui (5l Bya 2ida i ey el Leieg 3plad IS Jal (e
Adaill it Jaall A ) (oayally Sl Jladl C Lol ol 3l
Jadll e (e sha () Al Aapadl ALl b sagaal) lad) il
) Tl ¢ M)
Coow = Cois + Ay P, 17-2)
Ll Jdadl paye sy LUy el S Jlan¥) (AP Coa
tgl P Jlaa¥l asil) Gasall iy 3yl 00
Avew = Aoa P (18-2)
gl b el (3-2) el Jual b
Cyar =0.0
A =1.0

Al i) Ao deans U el sy

74



C,., =0.0+1.0x0.0=0.0
A, =1.0x05=05

ple il duasin Y2 SBI el aag
C.,=0.0+05x0.5=0.25
A, =05x0.3=0.15

Dbl 13g By lgmns e a5l ) | (00 Begana ragi Liad 1306
U JLadl A (ayally C Lol 2 el slal pobii i Luild ¢(ga5al)
dSally LSy C bl adadil) i 4003 Saepill AW ) Jsaaslly
O Lt Gl (e LS Ayl A0LN LAY (e 2o aladiuly AL
gl 3y (e s e oSer Ja) 138 b c(gaY) N laall A lad) Jalil
- 0.01 525 0.25 (gpaall 28301 Sl dial sl Gk e U, U,

shad Bodad caaans ¢ AuSlaall Alaall iy 2810 8 Saepll CaIS ()
Ll Jlaall Ll saay 4ty e o) Jadll G sl 38 5501 4l

rdaaa®) paasi ) Taliiad ) 5 -3 -2

el S5y Mllg 35S03 (10 (e piall o Joadll a8 Liia il
& a5 Ss0ll e Ao gana Jra O Gl (e a2l (K1 ¢ Al All)
Glaay (Alu) S8 o aiall 50y G | papaaiy a5 1agd . Jlad e
(Olaisp Jie) aasll lbailiind cre (s pladin) assy JBlul o3a Jlaial
Aan V) s slarsal) Ayl 53 uﬂm LSl el Ao Jpaanl
S S sae Lsay

:16-2 b

il Ao aVlaab Mol el ana e aly ae Ll

el 138 alady il Ak Caeaial

31
"4 4
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symbol probability code(r=2)
u, 34 0
1, 1/4 1

H(U)=0.811bit, L=1r=2,7=0.81

et
Laal oy Vi Vs saaa il JiSl G jeaie ey oot 138 2ay
:oy)
H(V)=1.622 bit, L=27/16, r=2, 7 =0.961
symbo| probability code(r=2)
V= nl, P(H}=P(ﬂ;=ﬂ.}=% L
v, =u, F(V:}=F[E"-_:u:}=1i; D
Vi P(vi}=ptuz=u_}=% 110
V, Sl plivq::-=pliu_~=u:}=1—1ﬁ 111

| s diad caaiall (pa (ppaic mad die 3o LSIL A4 sl 3al) Jaadl

n' Jascally ¢ Rage Gl dan e load I agatans pe e puaie

sagaall Al Jlaia) ey G o paaien 5 ) gl (e Yay) Al
Ll Al sl eV Las) ehaa e B)le
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Gl Juadl)

3,81l & dadadial) Cilaglaall i
The discrete information source with

memory
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Gl Juadl)

5S04l aea dadadial) Cilaglaall asia
The discrete information source with

memory

Markov process «isS ke e 1-3

i 1285 3)S13 @l ¥ e gleall milie o S Juadll b Lia i 33
SIS 8 oS Lllan) i il (e B gl ANl B Amliiall 5e3)) o
Aol 8 ol sels Jlaals caine e @lld o 2a Lleal) ciliulail) (e
Lo Ao Jsm dlladl oda Ayt Sl jsapll (e dame 23 o adiey Cosu
em Wl Tl el 136 i (g A gall aaliil) amy 3 ,SIAN e paially sy
¢ 3,SIAN aa adaiiall il (L o) Jds. Markov chain casSle dlule
il (e et GsSile Judls pailiad (g Limey 350

Up,Us, e Up g (Aadatiall) Aliadiall Ailany) clVsaiall (e ool 22l
L) e 3LeSa il ol calafie Cilaslae aia (pe gy 028 0585 o 0Sa
5l A S G oS S sall IS ae Glatie Uy J5Y) eaial) LAdlgde
NS5 ¢ S R 8 SB G oS S S0l Gleially (S

IS 058 o e salsal) ALl S9ay JSBEI U5 (e il Alls B
iy O S BSI) e ptiall Al 8 S i) BaadY Bl )l
56l e aiall Boaad (e Badae s Ao gane o e AU o))
@Al Uy o palall eV Laal 550 (V) S cnnn. 13 cadd JY) )l
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@ Loy Jlan) Jsaia k ad e adink Zajall (e CagSle duds
r@aad Al daphll K Hlas Cually i, Un-(k-1)s+++»Un-1

8 T L 05 0 U Gt 1 AlenY) cpaiall o3 -

Up 1 JAlaaY) g5l
Mg (Saall Aujaal) daidl) o k-0
el JS Adjaa 2ies Uy Slan) Joaiall v Al Dyl Jlaal)

adll A Sy JSED < p(U U U g e Ung) Gsbosall Uy e, AL
Up 3 8da ) VLY £555 e (aydll edall S = (U Uy ypgren Uy )
«hias 13 .state of Markov chain ,S)le dluds Allay S s A
1S s Al ) aoin CasSHle Aadi lé cu Al

j
S; =(Up gy Unkg)r-Up)
Ayl ALYl LS, Al ) S Al e JEY) e L alSas
A sian ol CasSHle Aludes Coay aobii Uy 1 oyl Jlaa¥) ¢ 550)
CasSke Abadis JEn Jlany ey Vs sae Jal o 2y c lasy)
PUM s Ak ) s, Akl e
a5 Clasten aie (pe Sy | 2l die 4l (1-2) 5,80 3 LidaaY
pmtie ame Jalaii o a8l 8 <)L Banaa Al Guld e Lgaa Jualal
O D3 Aesana e Cillivs 40 S0l OV (6aT daad 4 s cilalas
Vgl (e G K e 23l S Sl ) Lpkas 136 LU dabal) daaY)
Juaal baies caaa Jlaal Jsate S, o 51 LeS Lo Aanlally 3llaaY!
G sSle Aldis pmeds Gl die LS Al e i adiey Cige S, Alal
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O ST i K Al e Judls o )l @laalill alle aadial il LA
(Ja O e Lol k=1 da,all e doddl e peaizin s (&1 caall)
Glapad) e sSHle udls Alaaa¥) Gang 2320 a5 cilagled) Aok b
o GLal) Gan 8 maan DA e Glegleall aie Caay oY Al

Al laaie ¢ ACee dad M Aty Jlaa) Jsatia IS of L Luzajd 13
la U aaam Gumy dibide illa m* o amiu k dall e GasS)le
DL cakins Ala U< axy L A0KaM (e Leie 6l 5l Gy K e paly
Jlay) e laal aae s alas €a Jlaml mT @lligs il ¢ aaldm o
Juin) m-Lellia (Jim) Jlial M (e desana 6l dal o -+ slocia lgia (5Y
gane Y ¥ Lain¥) AL laaey cudiig Aas Lt Lad HLaaV) <0
Goyb e Jlil Jlaial T saam dive L aalgll (gl Syl e laal
Ao L HaY) oKar JUEs) Jlaa) m!-m*

Aozl LIEY) LY lia) Loy Ajead) eV Ciay oY) aalains
Asisall Sea)ll ol of dlad) & (it state  diagram Al Llis
b e s Guaall bie «jral) (sl K Gua ¥ s Janls Wikia)
¢S Ladh sy Ula Ll o€ Aluduad) o3a Jie i . 0 Al (e sSHle
Gslonss Li€aall YY) dae . Leads Alall ) Abubid) 39 Jlal JS ang
J<5 (@, b, €) Jsey A Jal b clein Ladh HLadY) o<adl gl 220
(1-3) JSal Al 2lull)

sl dae (golu VST 2aec 1 Anpall (e CagSyle Abidis Jaf g6
Y 3%=0 s cNWEN) e o, b, c & 33 Ssoll 2ae QIS 1Y

a—aa—>ba—>cb—a,..... etc
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(2_3) JE céA Y &_QJSJLA e JBa
Pla)

Plc) P(b)

0 44l e CigSile Abaddead Ala Jahaiig(1-3) Jsil

Plblc)
A Aaal (e Gissle Aad Alla ahadia (2-3) il
I 05 APC LAl 1aa 8S,S,,S, alall i of audai
taaie ¢S, =12 and3 Al JS Jal o ganks
P(S,/S,)+P(S,/S,)+P(S;/S;) =1 1-3)
sJEny) aYlaa) o EDUEN GV IS Y laal PECRRRER
P(S,)=P(S,)-P(S;/S,) + P(S,)-P(S;/S,) + P(S5) - P(S,/S;)  (2-3)

.i =12,3 d;j O
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pOx 1y;) Aakaydll ¥ laal) Qlua <0 CaS ol Aplat j el
i VI €ay Anplail) o34 &1L q(y; /%) A gyl cVLaaY) ) Tl
Aoylail) o3 of @l b cadly - casSile dudln 8 JEY) ¥ Wial Jalf e
Al Al gaash ] a8 O dal e oIS 13 daaaa

PO,y ) =P(y; X

Coa L asSle b dal e et bl cosd sla Jls OS e
: el

P(S;,S;)# P(S;,S:) (3-3)

CasSle dudbs 8 Laga s caaly a3l ke o 5 s 6
O 203 All) A aSall Al ) Lk B L syl a8 daan 45) (s
s (43 Al Cagyalls asSan Cipa (gl seds O s casSle Cllee
U)oyl g Sl gl o8 (@W) Cag ) 245 Jlatia) o Tl

Lllaay) c¥gatiall sace K o daia ) Gl Jodl daal agan
) b ¢ Uy U Jlaa) Jeana) ) JE) Jlaa) Lead it Sl
AU s bl )l o) @il s

:(1-3) Jlia

V=00 b pd) danl . GaSle Al Al Gilaglas Ase 220
Do Al Yl (m

P(0/00) = P(1/11) = 0.8, .

P(1/00) = P(0/11) = 0.2,
P(0/01) = P(0/10) = P(1/01) = P(1/10) = 0.5.

Aol (e syl Al e Jualans L Ll Aol 3 Jsall podaias
)| JE BN PPN F- SV SIS S PO -V WD W IS TSIPS 0 . SO W1
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128 (e it (3-3) J<all & dia Al il <00,01,10,1 1V
L) eppal Al a0 1 a4 (e 5yl Jsmagl) podaias Y Lt (<)
Sadl S, e JEY] gakig Y S St Al eSe J) JEmY) ki

5,=01 &

(1-3) Jlkall Alal) dabaia (3-3) Jeal

Y ol gal il Y 3ls e dhail pdiins Glaal) G
gl ¥ oS St (5052 U el gl 4 golally sagall galiis
ins St VAl il VL) Glas Ky apdke St 152 e Clad
(2-3) Aslaall pe Uil Sa
P(S,) = P(S,)-P(5,/8,) + P(S,)- P(S,/S,) + P(S;) - P(S,/S,)
+P(84)'P(81/S4)
=P(5,)-08  +P(S,)-0 +P(S;)-0.5 +P(S,)-0
—0.8P(S,) +0.5P(S;)
tte Jeand lgudi Akl
P(S,)=P(S,)-0.2 +P(S,)-0+P(S,)-0.5+P(S,)-0
= 0.2P(S,) +0.5P(S,)
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P(S,)=P(S,)-0 +P(S,)-0.5+P(S,)-0 +P(S,) 0.2
=0.5P(S,) +0.2P(S,)

P(S,)=P(S,)-0 +P(S,)-0.5+P(S,)-0 + P(S,)-0.8
=0.5P(S,) +0.8P(S,)

rand da¥1 Jaalaal) luad a1 e aleall 538 (o

P(S,) = P(S,) =5/14
P(S,) =0.8P(S,) =2/14

Ll dly Allal) bl Jas maasilly Q@Y1 dal s o) Gans 8
Alall babde iy g a8l & Sl Ll o) Wtrellis diagram <)
DB (ool RS Al 5 Ao ) aokins Ldie (Gl Hsae (Ao 35 jka 4]
D sl dudls (g Al (6 Qi Mixie . b 5 a(4-3) J<a o
cSaill Llddl b als
028 (pe L Ciaay o CisS)le dudh aiload (e Loans Lia S
LGS 05 (e Lt LSy clasleall Zylai 8 Ll (ailiad)
CaSHle Al 4y s JS50 G eSHle Al (e e)a @
CasSoke Aluis Ll b (Sl olaiVL s lly CasS5le Al —b
oad Al A b Led Gl dudls e agasll (any (apdi Cagu
Jlil U vie L oo CYLEY) c¥ Laa) dgias 05S of ) z s
5S)le Al g cstationary sy wally cVLESY) cV L) e baic
lesii C35S)ke Abukis 585 ) ) Liadf 2 s .homogeneous duslaiall,
Lialaia) sania Dyl L joam o ALl 8 eV eV Laa) of gl i
S o Alla gl 8w ¥ sl ey ll3s cergodic e Y1 GasSile dudly
(@Al Alla gl ) Jpeasl Lo gl Lilh ¢S5
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So
Si % g% %
L ]
S
0 ‘ 5.2 52 4
{a)

(b)
Setl) ldall-b (Allal) bise-a(4-3)Jsal

5,03 aa adafial) gaiall cilaglaal) 2 — 3
o bl piall Aaliall Heapll (o Aadll (e Barase ApaS 2as
O Azblic) Abigh Glaln o Lin dedl) asglo pansi oSy (SI0])
ae o g Al oda of Wile (s of aabis Jla IS e 550 )l
LB (1-3) syl 853l CagSHla Abdis Joaad S50l (4e 2320
Cagyle Alids Aapy aan (€ 58I pe Cilaslae pial 2 35S Aol
@lai B A Y s oSl allyy alall saaatie ol bl aag WAoaall
V) e i o ppmgd) 1aa Y asa oy kel 13n 8 Lialaal
(o B23m0 Adady die 48] 15k Lbeay 1385 0 Lagf cilaglaall puia o Tacliag
Jaia) (glusens JLaia¥) 138 . aaadll S0l Jliin) Jss La s o8 @llia ¢ a3l
e abiial) aoiad) Aol Gsapll (e Adish Alidis anm 4t Jw)ll sk
Gidie Jlaial gl 6V LS Lyl ¢ JaS 2 5€all Al 7 3508 adinns 3,50
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I<& lae¥) aa5 5ds &l s laSally Aakaiall 3)LEY) sas HAT Jlie g
(BLeSall) lisall (p Tonill el Gung ronia

Plbib)
Plcle)

L) e CisHle Alades (5-3)Jal)
t s Aaual) e CigSile Aded cilagleall da 1 -2 -3
TSR\ (CUPSETTRNN L \{ 1 ST IO 4 HDR- N g HPN N
Casibin Al il ) WSS eVl s (gl Uy, i=12,m
Uy ol I b Al Aaalll b uy laeV) eaiedl e cWUEN) GY)
shs ¢ Lag il JLasdl ey of oS BT EE2e M e B g taly s
Glaslaall d0aS Y axy  P(Uy; /Uy) = Uy () Uy e Sl Jlaia)
:(29-1 Asleall g l) a8l alse ) JUE L dalaial)

HU, /Uy =~ P(u,.u,,)log P(u,, /u,) (4-3)

i=1 j=1
p Ll eyl Al laslaal) Jal e

HULU,) =3 P(U;; Uy,)log P(u; Uy, (5-3)

=L j=1

sl Gl e S
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H(U17U2)= H(U1)+H(U2/U1)' (6-3)
IS g yana (N (sl ey st Al (8 laglaall 30aS 1Y)
Al U eyl duda 3l clasbedd) 2aaSs J¥1 el Aaldll cilaslaall
Pl Ll LS, Y Sl
HU,/U)<HU,) (7-3)
raa (6-3) Aabadl (a5 Laic
HU,Uy) <HU)+HU,) 8-3)
¢ lgmmarn e g dlaiall eyl S Larie i 8)glisll 3aaT
L._g\ t"‘)i} ‘/\3’\ oA C .Q.\A‘\ O{y} .B) S\h Ojj ) Q C" ‘Ai C .\'\A“j

D e Jianal 30 aws HU) =HU,)=HU)

HU,,U,) <2HU) (9-3)

i) Al 8 (e (e Al ALl Aealall e sheal) FueS UL
CBSI3 30 e el (e 3 8,81 pe

rAllal) clanal) cpa cigSile Al cilaglaal) S 2 - 2 -3

Al e sSHle Al 2l alae V) clagleall asie aodaig
- 58S Adlsde 5)SI aie () UV asill 48 sl pall (gl 3gd k> 1
Apa Ja By cFy(U) = Uy ool Ak ytl) Glaglaall Aas] (ayd s
taad Gole ey N-1

FuU)=HU, /Uy ,,....U,U,). (10-3)

t o Ledl Ak il e glaal) Aas] ailiadl) e sasl) Sla

HU, M U, U, <HU, /U, ,,..U,) (11-3)
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N I eyl ddaal g A gl Adpeall o s daldl) s aldgm La
4S50 5) anaiin LSl N sl (63 ol Jsa sl (& 25 o galaies
SRR 9 (e

:(1-3) Ak

FyU)=HU, /U, ,...U,,U,). dda, &l cilaglaall 1 aS (adlin
tgl N1 b€ Gl ey N=1 ddjee Jla 3N Guil) 63 )

HU, /U, uU) <SHU, /Uy ,0U) <
.<HU,/U,)<HU,) (12-3)

Gl
tise (e Al Ak y 5l il glaall L€ Gl ¢ e aoiall of L
JEad Jal e U AL faa N 3
HU /Uy U) =HU /U ,00Uy),
15 yile it (11-3 Aalaall) V) Laladl ) sl g
HU, /U, ..U)<HU,,,/U,,,..U,)
Qe

Fy(U)<F,,(U)<..<F,U )<F({U)

2 sl JA ilasleall AaS uian (N Aad 50050 45) 4kl o3 Jsi

all glad 5 S alsall e cilaslan 3uaS () V5 - w093 G Lk
) ADall sUaxall Gpaall Lgied (e i Fy(U) o s o) gl

H.(U)=lim F,U)=lim F,(U,....U,) (13-3)
P paic M e Gl AU aall Goaad dal e 4l el g
0<H_U)<logm 14-3)
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ps gbiial)l lagleal) asiad cilagbea) S Ll o) Ha(U) (o
b aiad) alg 13y . aaae e Jsdar 58I o8 (555 o gy - B,SIA)
Pt 1ed KAl (e Sl
PQUY /Uy _gseeesUg) = P(Uy TU e Uy ) 15-3)
1305 pial) e slaall AeS ol e Lisal
HU, /Uy, U))=HU /Uy Uy )
=HU,,/U,,..,U,,U,) (16 —-3)

2 5aane Sial LY 558131 Gac (e L5 o N sab) O daadls @lld wie
185 Fy(U) 3 lsbas in Fy(U) Ll N=k+1 xie 4l iy 13y ¢ k
Ho(U) Gl o Goaall Gadll ) Liagay 1aa ool (e ST iy )
tgsld lly K danall (e

Hoo(U):Fk+l(U):H(Uk+l/Uk""’U2’Ul) (17_3)

e - HU) lan HaU) e k=0 5,803 050 (e ) (LS 13
el Ho (W) aslimn K 3,903 Gac 30l

N by il ae Jalail) <oy Alaiiall jpapl) aa Jaladl) cuils )
Al Slaslas 1€ ) Taliad anlll Syl cilaglaal) LS p iy e,
:H(V) Z\:LASM oyt Cua cH(V)

HV)=HU,U,,...,U,) bits/message (18-3)

(UKL eyl Cilaglaall 40aS Cayad ladic g

HN(U):%H(\/):%H(ul,u2 ..... U,) bits/symbole  (19-3)
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rolh Wiliaa] Aliiie U, ualiall culS 13l

HLU) = ST HEU)= < NHU) =H(U)

i=1

POl Lghy Led Aalatie il 1Y) (S
HN(U):%[(H(U1)+H(U2/Ul)+...+H(UN/UN1 ...... U,.U,)]
=%JZN_;FJ.(U) (20-3)

N 82l ae iy S H (U) D) (il ¢ Fy(U) s o LSy
U)o s ) Jead

:(2-3) Ak

Sl slaall 20 58 N Iy Ally] e slaall 28 A HU) i<y
ey IS el LalH, (U) = HV)/N - IS8l 2dadl aalsl) 5ol
tle Llgdll & Juaad]

im H,(U)=H, (V) (21-3)
bl
MOV sl e il 023 (20-3) 5 (12-3) @ alaall alasinly

HV)=NH, (U)=HU,)+HU,/U)+..+HU, /U, ,,..U,U,)
>NHU, /U, ..U, U,),

(10-3) dsleal) (10
H,U)>F,U) (22-3)
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HV)=HU,,...U,)=HU,,..U, ) +HU, /U, ....U,)

o
NH, U)=(N-DH,,U)+F V)
<(N-DH,,U)+H,U).
:‘:“Jt\Sb}
(N-DH U)<(N-DH, V)
5

Hy(U)<H,U) (23-3)

crad H (U) >0 Ldlag calyha il mdlss H o (U) o cayi odag

Jale sels WS Ha(U) (e an ) Cojli o Lee

Hu0)= 2F O
taain ) 20 Ul e HaU) ) s FU) Jlsd) o Lass
ygoHN(U)=gi@w%gFj(U)=%[NHw(u>]:Hw(U),

(21-3) Usleall po Ll (353 12a
FuU) oulaidl U o (2-3) dopkailly (13-3) Uoleall (e gty

O i 135 H (U) 2 Fy (U) Ll WSy Lewis Bled ) gl Fy(U)
Al 5l <1 M U) abail clapleadl 4l i Tl o H (U)
bl G4 ds JS JeH (U)
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:(2-3) Jla

Cagya) cabise Cipa 26 Jal guF (U) d adsac Loas Ll (el

(R.‘d&\
F,=4.15 H =F =415
1
F, =2.99 H, :E(F1+F2) =3.75
F, =256 H, :%(F1+F2+F3) =3.23
1
F, =220 H, :Z(F1+....) =2.98
F, =1.95 H,=——- =277
F, =172 [T o —— =2.60
I:7 =1.63 H7 i —— =2.46
Py="1260 R = =235

o b HyU) 5 Fy(U) s of g (6-3)d<all o
ke aal) Ly H..(U) =1.50 bits/symbol

=

max H (U) = log 26 = 4.70 bits/symbol
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Fyll) HylU) 5 | e ()
B!
3L HylU)
FylU)
zZr Ho (W)
1 r ________________________
0 ! | ! ] ! I 1

L)) t—b}%[\ e xa H,U) ,F,U) & (6-3) Jsa

:Coding aspects jmll alaa 3 - 3
?SJ\ALAA;AQTL@T@LM‘bS\hojaw&A\gédM\gmuS
s i ¢ 5800 adl) baaly aly 5l Ylaa) Y1 Bl sae sa
5)SI3 O3 (e peiall Adla (e el O3 22wl 13 G 8,SIAY G
OB N e Yy G ge lmey Ty | L3aT 3 sl iy o Lin i

H_U) el ) axp—log p(v)/I Dl Jaati | 3aL;
:(3-3) Ak
b ol o s 1) Aadl s 5> 0Ly £>0 dad gl dal e
Foiina (i o 121, Jsh
£ oo Ji CNLEAY) £ sane g S e sandl
Aaalidl Gass 3 VLY lyalial 1l S 4 aid) e gend I
» Al

M—wa) <5 (24-3)
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Ylaa) SV Bl b e sana) 024

Aasiyally (3-2 dpkaill) (Pl —oilh Alat pe gl oykaill o34
(24-3) Aolaal) o Allal 038 Jia 5 bl e 3813 (50 (e olially
HU)=HU) G (24-2) aalaall Ll 2alas

PO)>1-¢ Jlaal ,edn S Ylaal Y Bluyll @i de el
s OlaY) lgie Ay JS Gunsg

p(v) = 27O (25-3)

ranills il 038 220

\ :izlew(U) (26—3)
p(v)
paadiMe Ylaa) s gt e gls Ho W =HU) i,
piiall Ylaa) Y Bl ae sl SSY) el sl oS 3800
- 3803 (4sa (e
: Aaladlls (redundancy) =ildll (g Lad Léje il

HU) _, HU)

red=1-—————-=
max H(U) log n

(27-3)

18 85 55813 (150 e aiall Baga e Leludai) Guliial) 13 ey

) g5 L el Al cildala V1 of Liad Lilaa Joad

Al (il s Lo e el €00 138y ¢ laglead) 3aSs las
:dependence redundancy

red, =1-1=Y) (28-3)
HU)
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e o HU) Sagny ol cilaghedll a8 o0 Ho(U) e
¢ Opaaiall A 8 L Hyall e LaiaY ¢ 35813 50 (e aiall cilasladl)
:total redundancy Sl (il Capan (S d3lgdl) i

H.U) _, H.U)

1- e\’ 4
max H(U) log n

red (29-3)

tot —

:(3-3) Jla
y max H (U) = 4.70bits / symbol laall 3asally (2_3) JLal f
= H_ (U) =1.50bits/symbol { b H (U) = 4.15bits/ symbol
rAaiaal) (23lal) s leal AW bl
red :1—ﬁ =0.12,
4.70

red,, :1—@ =0.64,
4.15

L =1-190 68
4.70

JS eda ¢ (amilall Tahiae (puulie 26 @lia 5,513 guliall (ady Las
Al e AsSHle e (rage sl G Aendall Tl sadas Anals Lei
cred. =0 Lofred =red,, of sain iua

:(4-3) Ak

a3 Jill) ca HaU) 5003, alainall cilesbeall giial o glaal) duS
Ulall Gaaliain I oanas Lol 3inb L Jsba Saep Gl e | Jshall
(P <€) B Led Saasi AalS ala) aakins ¥ Al 35l Jlaa¥l

(A0 L s

red

Llogr>IH_(U), (30-3)
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LIS A0 ByuS Aad |

=il G5S o) oSa (AY) A G e (3-3) JEal) e Wy S
adl G Wl 8y - i) Ay 43) (ay Lt cranmd AIS Ayl TS
el o Jsanll juagi Gyl pekai S 35S0 U5 e il (e
e ULy el L] gl Gy it e ol calid
b 559 il Al (ails UG Gyl (saa) i cadgl b il
R EIET VNI A Ry, ey T 1
ALk 33 e | Jplll HLa1 Sa A1 g ) Ayl o 0
LGSl

:(4-3) Jla

il aal A1 Aa )l e Cagyle Al alyy cilaglee aoie 3l
Al AUy e laaY) Wale Y ={AB.C}

p(A/A)=% p(B/A)=% p(C/A) =0
1 3
P(A/B) == p(B/B)=0 p(c/B)="2
4 4
1 1 1
p(AIC) = p(B/C) =3 p(C/C) =3

Al Y aleal) (e 3ay0all Y LAY an g
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1 1 1
P(A) z 5 P(A) +Z p(B) +§ F13(C),
FJ(B)ZEFJ(A)Jr gp(C),

p(C) = > p(@) +2p(0)
P(A)+ p(B) + p(C) =1

10 8 gy,

A)="—,p(B)=—,p(C) = — :daunill ;

P(A) =22 P(B) = . p(C) = - i3l (o Juanil

) Y] eV LaaY) ) ol Saes (e dadh Linad Ll o yiil
GlalS e A A Y LaaY) pha . ASAA el Laal) (e Laalayd e
Lys r=2 Al 4 Saepll gl ddph Gald (e lle deass Al Sl

: I Jpaal) b
Probabilit code
y word
BC 6 00
27
AA 3 01
27
AB S 100
27
CA 3 101
27
CB 3 110
27
cC 3 1110
27
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BA — 1111
27

AC 0 -

BB 0 -

L= ; ~2.78 0r1.39 per symbol, el 4al) augll Jshll

asifals HULUR) =272 5 a< ) il slad) 3 il
7=HULU,)/L=272/278~098 . ;.. ) il

Gl gl Jsdall o aai dliagiall el sile Leadid 13 <!

il oyl Salgll 5000 1 pmmwmat |, ngzl.% o el

=097 Y oy Sl dlad 5 Liag

15,803 O 9a (e datadiall LAY daw 4 -3

09 (oo Aalitia 58 e lelauysy Moo X 500l Al Taa 2400
W) Dsal desene G Y Sy, Y, Y, Ssol) il Jufios 3503
Gkt o Saall b+ Jaisal) Fala Ao adiag 13gd{X, | G50l Ao ganal
2aliv 2ay Led oS o (22all) Ayl Syl ae Al g0l A sana
Lo sanall (3l b 2 ol dalad) Al

Al amg JS sy Sll Ol s G50 (e sl culS
Jusyall el Ailaia SLEN (e 5a3n 3o Ui genall Curnns S0 ALyl
X, 0585 of Jag pial) Jlaa¥l Jisi P(x;/y;) <l 3l .y, i Loxie
i sl lasted) 1paS) Gasat @l 13 y; ol Qi Lexie Ayl
sagd lawgial) 3l Laxies Ly, Jiis Ladie x; Jss log[1/P(x;/y;) o)lae
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Slall lvgie e syle oday HOXIY) e Lanin y, 5 x, Jalsl 2al
1) ¢ ey @) Uit Ladie Alupall Goasll Joa (g V1)

1
H(X/Y)= v)log
(X 1Y) §i EJ_ p(x,Y;)log o 7y)

stall Lglise (asaill s o ¢ g (50 (e 5L IS 130

23 Qi Jaa g ¢ sl i anes VYD ) 1aa glall

HOXIY) jazal s ¢ Qi) vie Alusall oapll Jasgially cilashel
il X Je oY)

sdag . X, duoy Ladie y, dais of Jlasl Jia p(y; /%) of Jaadl

MM(M&MH)EM\M&J.MBEM\M@M

:channel matrix 3Ll 48 j0ina

bits/symbol (30-3)

Outputs

N »2 Ys
X1 (P(ylixl) P(ylx) - P(yslxl)\

Tnputs x| POnlx) P(nlxa) - P(ysln)

5 \POils) P(ulw) - POl

P ol 330 At el e LY e Jpanll (Ko
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pCy; /%) p(x)

p(xi/yj) = o(y) (31a-3)
_pCy; /%) p(x) ~
2P0y L7
~ pCy; /%) p(%) ~
" R00R(Y, /) o

A ghians p(x) Lual LS 13 AeuSell Ao g piiall VLAY Gilun (S
Jaial sa p(x;/y;) uSall Jagpiall Jlaia¥le (31-3) ¥ alaall (e 3Ll
LY, e Laxie il 88 x5S 0

Aisall Aansgial) laslaall 1iaS 6 anim (50 (e 3L il 130
O L3 s gl Qitiasdl) el cally Al (giall Zs sl ag) HOX) s
el 35as Cars LA e Aluall ilosled) 2pe L gie o HX)
I Slasbeal € Al aalgdl Sea)ll ey HOOY) B adly i
peaa TOGY) o by i) \gale sy

I(X;Y)=H(X)-H(X/Y) bits/symbol (32-3)

PV Y X o () L) Aotadl cileskedy ' OGY) e

1 r
H(X):Zp(xi)log — bits
: L\f.ﬂj
N 1 3 1
I(X,Y)—Zi:p(xi)log 50 ZEJ) P(x;,y;)log o7y
;oY Lads

2. P(xi.y;) = p(x)
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:L'LIJS}

1
— Y
ZZp( Yi)leg p(X7y;)

1(X;Y) = ZZp(x y)log

—ZZ p(%.y;)log (X( 3)’) (33a—3)
3 pP(%, Y;)
=22 Pt yles Sy 2R

OGY) a5 (338-3) aalaal & ol 3ol aladauly AT Sy

;gL
1(X:Y) = ZZ p(,y,)log p(y(Jy )) (33c—3)
1(33a-3) aladl 3 (310-3) Adlaal) aged of (S
106GV = S5 p0)R(y, X Dleg sop W (339

s el Laial Gyl e HOGY) 13241 (33d-3) ddabeall Cosia
3Ual) 48 ginay Jaal)

S a1 OGY) e TOGY) asaaly ) i of o
BSURCI g mw Sy el aalsll 5oyl Ao giall Clasledll
ALl ASal) sa L e lla il e ALl LAl Leasid 1305 L aal)
A8 s O ) a1 O5Y) gaal o

Y 5 X il splalie o (33b-3) sl ! C5Y) (L,
O it
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L(X:Y)=1(Y; X) (34a-3)
=H(Y)-H(Y/X) (34b - 3)

s X JAadly Yo s GulalVl page HOX) jaag (o
sale) (S - upall opl) Aijes die Jifisall oyl Jon Ll late Ja sially
: ISl (34b-3) aslaall S

H(X)—H(X/Y)=H(Y)=H( /X) (34c —3)

eVl gl a1 5Y) 1 (33d-3) 2dalad) oo moscal sl (s
1ah o e saraa sUE Jal ey . sl dagiaddy PO 2Ll 50 )
POG) yLainl (e 532an arh Aegana aie aliall 2aidl OX5Y)laaa)
:(channel capacity)CS L) daws Lpnawins alanll Aol s2ag

G rr(a>)< 1(X;Y) bits/symbol (35-3)

P

Sl e aaly ey e of 0Sar ) adial) ilosbeal) 18G5 i
.(BSC) 5,kaline agl sl ol JEal) DA Ga psgiall 138 = Lim) (Kar .

:(5-3) Jée

: S(7-3) ISl Al 5ylalina) 2L LAl sLal A aa

Lagij p(Xz) =a= (1—6!) E p(xl) = Ui ué‘)‘“-‘j

p(y1/X2) = p(yz /X1) = Pe
p(y1/X1) = p(yz /Xz) =P =1- Pe
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5 falinal) LU SUAN (7-3) Jea

rasin (33d-3) daledl & eatl) 08 (aygag

1(X;Y)= ap_9|09[_p—e_j+ ap, Iog(#}

ap, +ap,
+ap, log (_p—e_J +ap, log (#)
ap, +ap, ap, +ap,

~ (ap, +ap,)log [%J

ap, +ap,

ap. +ap.

+(ap, +ap,)log [%}

ap, +ap,

i = 1
—( p, log p_ + p, log :J

e e

i 5. 1
- Q(z)=zlog—+zlog= .
taaie e Z2=1-7 Gy z Z O al

1(X;Y) =Q(ap, +ap,) - Q(p,) (36-3)

el 22 Ll Jaadl Gua 7 5 Q) A (8-3) JSal s
HOGY) jazdl sl (36-3) Al (e Il Z =05 Jaf (e alaal)
: Letie Gams 1ay akic 2ad QAP & Live _add) e
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ap, +ap, =0.5

0(z)

(JaaYl) z Jpaially ) Zive (8-3)dsa
tlatic 3iat Alaleall p2ay @Pe +1-a)1-p,) =05
a=05 (37-3)
Ly AP +aP) =1 o 3 il ot af e
C,=max 1(X;Y)=1-Q(p,)

p(xi)

=1-|p, Iogi+(1— pe)log(iﬂ (38-3)
Y ity ¢

agal) (f Jaad aiag Pe JlaiaW L G 2Dl (9-3) JSall jeka

Tasty By Y1 o duys of gobtions Ll ms 13ag aalgll a5 1 el
PP =0 Lavie alaall Al 336G o Liadl Jaadlis sl 25Ul aslall
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J;il..ucs ui éﬂuj@;@djdwsmupe =0 UJSB Ladie TENg Pe =1

—
<

sie o
B» o 00

@
[}

0 1 i
0 02 04 06 08 1.0

Error probability P,—>

Channel capacity in bits/binary digit C,

A LR daw (9-3) S

Levie  adaall dadll 2abin LaadiCs o slalad) <0 ¢ —adaal) dasill
aua 1y Uady ray ool Aasag Jgaake JSh 5L o i Nag p, =1
b e sa JLELY) die 4abing b IS Gim a5 (e sl o ) LS
el eladl 053 (g Jliind o Jpeaall 2254 )5l

ol Pe=05 Laie (V) iall 4 as 3266 5Ll da
o 0 ol i 13 Ayl Seafll o Lilan] Aliine Aisdl 5
oyl sa 4ty JLaaVh LaadS5 1 5l 0 sl zeap¥1 o asls Jladl Jusss
il (g5l & oS Aial) e shaall 1ueS lavic g

: 40l BUAY daw 5-3

bl e sleall 2aS (35-3) Aolaally 28yl Cs 5L Ans s
laaie A lll Sy kK Llal 1318 ((Ala)anls ey Jla) aie Lelan (<)
5Ll Aaas ey 125 KCs g 40l laslaall JlussY el Jaal
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oty C eyl dagd Ld sy ¢ saalsll Anlilh chla glaall 4aS 52 g0
:(bit/s) Autl) & cull,
C =kC, bit/s
:5UAY daw o clBadlal) ey 1 -5 -3
O Slaslaall Ja oo Baaa0 40058 5L Avald & 3Ll A )
ol Cana g Ll Qo dy Sl o iy Y Ui 3R llama s . LeDIS
O i 13 US ¢ aatiall il g5 ¢ lgnailiad s daaiial) clylay)!
Uiy8 13 . sLiall Lales A sicaall oda Cioal Gy LR Asiinn 8 Jao
bl sLiall AW Al e Yo ey lila aladan) Jhd) Jow e
‘):\z:i:\_a.nLAA:jj(J_AA.\Q 4X4:\A)MAG\_‘4L») Bl_\ﬂ\:\A}LmA‘)gﬂ_‘.uc \.g_w'u
gl S 5Lay) de e §f Qi) s 4ilie ISy LA o2 A
Blall dass (& puas b sLall A gdan b 065 ) a5
5 palisal) BLAL 3UAY daw 6-3
X Xo e Xn 3__aaiiall Ay dal) c¥y aiall A e gane X L2 13
(AL H (X) g i) lala L agy POG), POG) POX) ey Laaly
H(X)==> p(x)log p(x) (39-3)
i=1
8yaisa Aflsdic ¥sate ae duabets Abilall @bl daf e (<0
Byaianall A5 dial) ¥paiall Jadil A i) Gyt st o aag JUalls
oo Loase JalSall alasinly 5 yaisal) 4)sdal) cNsatallH (X) aag o Jylas
1(39-3) Asladll & adatiiall aaall
H(X):j‘” 0(x)log —— dx (40-3)
- p(x)
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Jlaalb(AX, (N +DAX) Jlaall b ardl) 3aLX s diad) Jyasal
Slly (AX =0 Laie ol Uad it v «AX—0 Loy s P(NAX)AX
PJSAIL axs X el  Asdall Joazall H(X) 2 5aY)
H(X)= Allmoz p(nAx)Ax log m
1
p(nAX)

= fw p(x)log ﬁdx ~ lim log Ax fw p(x)dx

AX—0)

= lim {Z p(nAx)Ax log - > p(nAx)Ax log Ax}

= [’; p(x)log ﬁdx - lim log Ax (41-3)

Jsaiall Lng il o gl (I0gAX = 00 o 3 SIAX 50 4 s Lrie

Jonialls Gleiall (msaal) oY Aiia o2y Al o el )y bal
Stall Joanal o Cum 5y8la Heda 13ag 353a 4l Gl aiaal) Jsuial)
() A 2saa ¥ mgaslld A 2dll (e Sl s Tane 34 o 080
Gl Crad il Fpdall Joaiall Gy V) Canpad Aolaa of i 128 Ja
05S o e (41-3) Aalaall & IV sl of ans (il dga e Aad
X el Sgiall Jpatiall (Aass gial) cilaslaall) A g DU ina 13 Lulia
s sy Rl Byl o [ POOROR PO s of
Gdll o Llae 3Ll yie Alusall Claslaall ) 24l aayal) Sf olul)—log Ax
DS 4 aangall Ll IS 13 malgl) e HAH(X/Y) 5 H(X) (yaed o
il (o Al s g Osen HOX) —HXTY) 3,8 ola ol
adl e (41-3) sl (e Jg¥) aally 85 QAL Al 3y )
o o ol S Jhaiuls L sy X Jgaiall 3l alinl) 3 )
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O 2ol Aads Ahads (subad 8 JoGal) algn. Adllae oy A Al
(5-3) Judl 3 ek alas) dopalall cllallad)
Jaiall lalatl) A V) Ll HX) Gapa s L ) Tolid
r ) J<aIL X aiosall Sl gal)
H(X)=[" p(x)log L ix bits (42a-3)
J p(x)
=—[" p(x)log p(x)dx bits (42b-3)
X (L)) b alinl) iy m) A HX) G e aey W ey
X Alsdiad) Joatiall A il Lpansin
:(5-3) Jbw
(- Jladl (e pllanib gism s Se Jsalie ga X 3)LaY) Jldae
Jsaie Liad sa Y zyall L 2 opai ey 4l adme ye 5LEY) 238 il 1)
SHOXO) D abialinl) G i) aagl (-2,2) dlaall e 2l g5 Slpde

H(Y)
: Ll
1
P(X) e E |X| <1
0 otherwise
i
P(y)=12 <2
0 otherwise

3
11 .
H(X) = Lzlog 2dx = 1bit
21 .
H({Y)= I_zzlog 4dy = 2bits
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S Aaailly X Jsatid) Ciaa sa Y Jlsdal) Jeatiall of Laadls
eSally A8y Y aaaiu X A (Y ol Gl due o Lle Ulias
X At a Y b pagadd) 05 o ama agds L Y =2X (Y maa
HOD T30 1308« clasbead) 28 (g ity 5f iy () dusit i) G
La HY) 5 HOX) o LS 13 el magy o o< $HX) Cana oo
il g ) gl 13 Jadh lgbady o -Sar (Rl abalin il il
A puyly —IAX _a X I Ry dmaall A V1L Legia 1 Aa )
s —I0gAY Y IR Al
= lim —log Ax

Ax—0

Rl
RA= AIlyrEO— log Ay

R, —R, = Iim —Iogﬂ

AX,Ay—0 AX

= Iog(d—yj = log 2 =1bit
dx

omapall A g V) (e ST X 5 Aalall Ry Zuaapal) A 51 o
Ol Y5 X D aahal il V) el 13 il LY o AalaliR,
o 1k Whas o sy (Rasall) dabialall cily s V)

tlaall agana ) aglil) el dng 7 -3
Aok delain) AES 41 N Jlad) spane ceagle guaa Lual Kl
a3 335 SN CRABT) 1 Cipes Ly R (1) = NoBsin c(27B7) ; -y, No /2

Paniu aa e K Gua 7=1K/2B die jhall
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Il
I+
o
I+
o
I+
w

RH(LJ=O k
2B

k k
Rn (E] = n(t)n(t + E}

Ly ém‘_,m@ k=41,+2,43,... x5 n(t+k/2B) 5 n(t) Cua

e e il o3 o ) s Alsbeall s3ay N LYY (e CasSili

IS Mlls ¢ DY) Gayd Badyill are Glé dvasle MO LY Y,
o) Jaadlaly ¢ Aliiee N e o L il

b Aulls

0 k=11+2,43,...

n’> =R (0)=N,B

OesNoB 8 o U e die S (variance) ol Ll
5 N 5L Casy S (e A JSI H() o s (42a-3) datedl)

H(n)= Elog( 27eN,B) bits / symbol (43a-3)

¢ Baalsl Al Ci sSIU e e 2B o Ll iase N oY,
S Y sl e 2B A gl o N 3)LadU Al Ay Y
LAY Aal) e Gilagles Al dany o Bas)y A e ld Al Ll
Ll e 2B 1 il 51 gama o Cans Sl Ae 2B gl il

H'(n) = Blog(27eN,B) bit/s (43b-3)

N LB At 8 2w mY) A H() G

BLE) O (e Faga Baaly dadii paldiw of gakius il o3a (e
B S om0 Baangll o Jlad) agana Giar ) aglal) zaa il
Ayl Sl s o Jassiall pojes 3aialls B Aails Jlaall 550
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Gl @lla 5aane T giall ape Gad Jal e adl @y 6 ) At
22¢) LelS 2B sl goana Lo @b (e A8Vl cioarg il ST dua )
Gl i) g sane (oo Al A i) JUlly ¢ lpuans o Ak 5)L5Y)
Leie sl e 8 slay Clnd HLY) S s 4. 2B i) UK
IS Sl 5 g sana (pa B (0 oS AL Ay i) Mallyg Al jia praas
asle e Ll Lglue gld dagle 3LaY) (0S5 2 13 . 2B il
iad Jal (e BCedll alaall g V) e J8 Ll 2L 2 ) Sl
sasially Jlaall 33530 LAY A gana Jal (e LSl Bara Jasssie iy
Ay ) S dllas elimndl A glal) 3LIY) L A g he Jasisia aiye dahs
gl 0 ol Gl Liadl 1ag ¢ piagall (e 3eS ST 2l

Aol LY e JAIS Can e Sae na ol an) e slal

1OCY) dalial) clegleati8 —3

O ki Ling ¢ aie daiial) Jlake g fane (Y Sledll jlaay)
Loric 5asie gl ) Lagiin (42-3) Aabeally 38 peall da g yiall A 5!
(XY 5yl 40 pdiall c¥sariall Aalial) cila glaadl S TOGY) o (2 5
Gl e X el U8 Ll e X Slsdall Jsasall Sl i dusa
X gLyl e A JS8 o lell) oS Al (b (g sie sainse Jlase
5Ll cuilS 13l L Y Thaiie Lilpdie Ysatia dafiveall (pe 2 i€l Jilu )l (i
OS1 X ad DLA (e Lol aaaiin Y Al i) alld s iall 00 204
Juopall ie Lo dlaal (8 (iph X af Joa (ageall (any a3t 3Ll mania
1ia Jlaal . (AX—>0) ¢m (XX +AX) Jladl famia X dad cil)l
J0g[/ POYAXT Al yall e shaall 4ueS JElls POJAX 58 iaal
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LAESP(XTY) (e deiiwal) aie Y Al Ll ) Ll (oay g
X gsds Jaial o POUY)AX 1348 Y ddje aie X I agayill ey laay)
s ast aae dsas La maald) e Y ddjes aie 0OX+HA) JLadl e
il slaal) 20aS

e 4_113 SUAT 3Ll el ).@.Eg L..gﬁ\jbg[ll p(x/y)AX]
s Ayl lagleall 20 2 10G[L/ POOAX] (o Lasg »ilaglaall 6 2341
A ) Slaglaal) ol 3Ll LA 3ag8sall clagledll log[1/ p(x/ y)Ax]
sl Aaladl Jaas 1 (XY) duilall

1(x;y) = log PX/Y) (44-3)

p(x)

1OGY) Jia b « (AX—>0) Larie Jagd Ao in 38l 524 ()
X(X=X) Juyp Laiey YIY =Y) daias Levie 3Ll e 4l ol lall
ot Laaie 3L e Abuyell il glaall daaS Janigia alagly aigd sale (yai.
Lol Jawssie 341 Lale aay (o LY Lal) aaanlly Ul s X Jlad) s e

AL (XGY)
1O6GY) =77 p(x, y)1(x; y)dxdy (452-3)
=[] p(x.y)log POTY) gy gy (45b—3)

p(x)
= J:j: p(x, y)log ﬁdxdwj’:ﬁ p(x, y)log p(x/y)dxdy

[ [ p)p(y/x)log ﬁdxdw [ p0x y)log p(x/y)dxdy
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={" p(x)log ﬁdx [ ptyiody+[" [ p(x,y)log p(x/ y)dxdy

1
X)log——dx=H(x) . . [© _ .
[ p(x)log 000 (x) . A, j_wp(y/x)dy_lz 7 L e

:‘éjmb}
I(X;Y)=H (x)+fif; p(x, y)log p(x/y)dxdy (46a-3)

00 00 1
=H(x)- 1
0-[| p(xy)log o)

dxdy (46b-3)

S Lt Y X el e s gial) al) Caylall 8 JalSil) Jrag
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------ alleds el fupaic Gipia dleal
3 (el 5 pall) sl dlolee Led Al 1 aliall Ao ganse
Al an panl) e

I e ddnip) 2 |y 1
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o—3a  Wyel, ,Wxel, bl o 2
Y- X=X-Yel
Glalsl) Alg3 2-5
e Sl @lidy e (93 (e g ire L Al @lalSl) e sens Jham
{0,1}e GF(2) plslle Jas 8 allialy N 3yl (o P(x) 252l L5 £ 350
(o A e ideal axy Aalall o3a 85 353a)) SIS paen & Adlal) a3
N Al e P(x) dgaall i Gilee lias
ideal & ) 3l ((gradl Saeill A DA (e AL il (S
0 P(x) xP(x) (W XPOOE. L. . multipl P(x)
1 1+P(x) 1+ xP(x) 14+ @+ X)P(X)errrrrenn 1+ multipl P(x)
X X+P(X)  x+xP(x) X+ (L+ X)P(X).... x + multipli P(x) (5-3)

14X 1+ X+P(X) 1+ X+XP(X) 1+ X+ L+ X)P(X).rnee. multipl P(X)
A +a X+ +a, X" e, 1+ X +...x"" + multiple P(x)

sl e aleal) Jans 8L il e Gaaas Wl Lag

L il 3l LS G a0 Y i X o X Jad S e

DX e Y X o i
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P(x) 352l 1S (e gl pual) IS8 ) el A sane b Lo aes
il (Ao Jpanlly Lilsde P(x) saall 5 lad) <o naspall e
05855 U(X)-V(X) Eua u(X)-V(X) =0 elanl Cums (503l aeill dglie
(Uv) =0 abu elaa <8 o leayd wiy P(x) gasadll oo suall yualic
okaal s S

P(x)=x"+1

s Jls

P(X)=x*+1
u(X)=a,+a,X +a,X*
v(X)=b, +bX +b,X?
u(X)-v(X)=ab, +(agh, +a,, )X +(ajh, +aj, +a,b, )X +(ah, +a )X* +a,b,X*
S Jof o aas agaall I aea
P(X)=X?*+1=0 X¥=1 X4 =X
: o Jaas Jingll
u(x)-v(x) = ab, +a,b, +a,b, +(ayb, +a,b, +a,b, )X +(ayb, +ab, +a,b, )X
oK 10l
u(X)-v(x)=0
OsS

ab,+ ab+ ab,= 0
a,b+ ab+ ab,= 0
0

(5-4)
a,b,+ ab,+ apb =
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O Com (U-v) =0 ald) elaall il o 1Y) A daladl o Jaadls
s JESU ()50 Jis gl ale JCiug ¢ e (K8 35 g ladll @il
+taall Tglse Lalis glaa

rial) 3 clalsl) Ciuagi 3-5
e OpSa P(x)=x"+1 zisall G AL LS degena JC 5
4l yiaic) ine Ll 2l Lgia Lads 2" e sanall 02l (Dlaldl)) jialic
ziri ol Maayal) (e (ideal) g(x) alse 3s3a S e Aatl by ¢S
Al e h(x) dgasll LS e Algall ideal A jaa gl (e palic ;81K
dgaa S aag 4l Gl (e payideal e g 520" paaiall o) Laisek

1o h(x)
g(x)-h(x)=0="P(x) (5-5)
POO e 58 5 agal) H3C o ot 2D o8 (g
_P(x)_x'+1 :
0= 160 00 |

POk Cha s O (e Bapal) el Ol Ba Lae
dgaal) LS e Balga ideal palie (o 5ile Blapall cilalsl) 1- 2-5
tmAdauall Gag(x)

g(x)d cielias g Ble V(X) Al oda b

v(X)=q(X)-g(X) (5-7)
k=1 2 e agaa S g(X) s

Agall agaall HEC ) Lo

9(X) = Go + 910+ Gy X" X7 (5-8)
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38 g =1 Llae) lemasall e 05 of 0o 2 Y ald sald) o

a(x)=i(x) (5-9)
Glogladl Hsa)l agaa S g8 i(X) Cua
i(X)=a, +a,,, X+ +a, X (5-10)

Jsmaally Liallas Taafi Gl 4385 a0l ddee (5-7) A8l Lisdass
00 Alaal) (5 galjss O e
ASaill Hse)) asaa IS ¢(x) oS

c(x)=a, +aX+.... +a,_ X" (5-11)
Sapell RSl il e acsy

v(x)=c(x)+x"i(x)=a(x)-g(x) (5-12)

X"i(x)=q(x)- g(x)+ c(x) (5-13)

S5 ) oSarg(x)=m Ay o(x)<m Aags of Lag

c(x) = rest Xilx) (5-14)

g(x)
3srall S ol (e AR Al G0l 35a a3 (]
b V(X) Ol Aladlsda b og(x) asaall HES e x™ s T pine laglaall
t) L 5 (oala a5 e el AalS
v(x)=q(x)- g(x) (5-15)
q(X) = Gy + QX+ QX2 H e +, X (5-16)
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(X)) LS Sarg
v(x) = ,9(x) + gxg(x) + ........ + 0, X "g(x)
38 ghaal) Chia b O V(X) Ol AT Siea
g(X)

Xg(X)

G = G-17)

Xk—lg(x)
sy hall Gl oKall de sana e (S50 A gtanl) Ciaa o G
(S (Kar (5-8) ADlall oy 48 gocaall Lol

(g, 0 T
g(x) OO 1
Xg(x) gO " . gm %
G= | = : § L. N3 ] (5-18)
X“gx .
( ) | 0 0N il F 0 |

V(x) ) N=1 3sdll e 3paall i€ Jil a Caall jualie of G
Db lebias 23 535a5e e X (gl Jlal (K15 (N—1 3l e o
OSarg dgae N5 Chua K L 5atsal) A8 50 adlly G A8 seuadll aud
(4-101) 3l Tk el Glee el lealaialy
v=i-G
e Lagie aSall gay i) (Sa Cun (5-15) aDlall 8IS a

e Asal) ideal (Al jha g1l A pualial Bhasall clalsl 2 -2 - §
: K dayall ¢ h(x)

h(x) < s 5 (5-15) 3Blall (e o
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h(x)=h, +hX+......h, X* (5-19)

v(x}h(x)=g(xJg(x)(x) (5-20-8)
(5-5) 3Dl as A i e Blae A gl ClES G Lag
v(x)h(x) = a(x)g(x)n(x) = a(x)x" +1) (5-20-b)

ol

v(x)-h(x)=0 (5-21)

Al ideal il ghall 8 53gmse A V(X) O G A 028 s
slasd) LS (Ko (5-4) Al arans DA (a5 V(X)-h(X) W h(x) o

tSe iy 45K h(X) g ledl) LSyal ol
(@ a a0 .. 0 h h, .. h)=0

(@ a a.4)0 .. h hy .. h 0)=0
............... (5-22)

(@ a a)h hy .. hy 0 .. 0)=0
alee n—k=m it Jall dlee (o 2ng, Aage ol YLl L
Alble N e Ak
sy AV bl jee) waaty W(5-22) A 4 cloled) e
: ) JSa e dllyy cilidaal

=0 (5-23)
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H o 0.. 5-20

Hv' =0 (5- 25)

5 pSan ) Aishan o (5-24) A b 5Ll H A i adl 13)
(5-18) aBhally (5-5) Bhall (ya5 (5-21) 2Ball R8I (5-25) aBLall
ot O (e (5-24) adlalls

GHT =HG' =0 (5-26)

D jeanl) REIS3 -5

V/(x) Aliiall Uaidl 20 Qi) slasly Sue il CadlS 2S5 o 5
Ll (e ) AalCll o3 8 Ladd) dae g i ) £(x) Al

V()= v(x)+&(x) (5-27)

O il Llee o M, g(x) lua oSe V(x) Lilgial 13
Sz 3sall (53 aenll Pl

v(x)=V'(x)+&(x) (5-28)
tAlisall Cilosbeall Jae il Aadee (e a3 ANl gey aeC(X) Alsiisall

C"(x) =rest %;8() (5-29)
Z(x)=c'(x)+c"(x) (5-30)
Z(x)=c'(x)+ rest a"t(x) (5-31)

178



LS e 13 M e Ji Aaga Al ¢/(X) agaall i

ZQ)zr%tgﬁgéigigg (5-32)
Z(x)= rest % (5-33)

2(x) = rest ) (5-34)

g(x)

Glasadl oda sae Ml m-1 4y 5SF Z(x) apaall 5 sy
g(x) Jgaal) ):\:.'\SQT@ RERLY m&wwj(u}h acm) 2"
AL 2" say Z(X) claniad) aae Qe aae cllia Lih 31<am 2" 5
Jenona Koy elladl]

1Al 28I (5-34) Bl (<

Z = He' (5-35)
o H Agiadls o=(x) Jud iide (i) Mshias 50 & Can
H=[1,Q Jd<al o
Cuns oylid) 2y Q 3 2aeY) (Gaiif) Aaay
7= rest@ = He' (5-36)
9(x)
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p A8l Uil Jgaa (wlad o Saaidl ailS 1 - 3 -5

S 250al CES e dsale Jol 05Sss Alsall ideal e 35 6a 35 Jf
O el Al Slasadl dsale Jaa oy Jllls kAN L) s
(5-35) 5 (5-34) 1l

G 3 AL A58 e el aead a3l (1 = 5) Jsaall e Laadl
O AalS S g peaie Ul 05 08 (6 o Camy i aadll i Ll 2l

esaad) 23] o3a
Z(X)=restvl(x)=restgj(X)JrVk(X) k=T,s
g9(x) g(x)
!
Z(x):Zj(x)zresth(—()()()) (5-36)

Pl JSal) e wn el (el dlee o @l e gy
LZ=Hv" z(x)zrestm
9(x)
Leble & duls L @l Joaa e Ladll A4S (f Lasdls @
.P..\AA
Vv clr—d...aa.d V'tng @;eﬂé °
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. el Z(X:I Gilaa a4l
hlal A
e A Cl ]i(x) __1_;()3
gl — T ]
o g(x) |A™ 4% Z _ rest 2% =Hg'
Tl V] el x
&
e+ e §+h &(x
&,(x) T =resa,‘—‘( )=H£2T
g(

(1 =35) Jsaadl
ka3 J&1 LS 1) adh dainim oda el CadS Alee A
ftﬁ:ﬂ\@gojqw@ﬁ\u& shal <o ) aay xaias
Letigie iy (Al 3SIAN Eua Sl oSl alall laddll c (1-5)J<al
manas OS ge Bl Aihlal) LSl JAnl ast maadll Gk e
e Dals 05S (mn g(X) apaall i< dagpl) pmy Y (s i ol
Ga leadle ains A8 030y Gaaas A el 488 manas

¥
-

talioe, R

'c;;.&wj'

k4
k

ALl gulad Ao jeagill i (1-5) Jeal

181



clLbadl) (o sl el R i€y el Ales jLaij4 -5
rasadill g capall Gy DA e g
POtk et el dddee o Tl L S8
Copall DA (e 1
v(x)=i(x)g(x) (5-37)

shals a5 Saeill i€ Alacy caldid joe Haei Ao duasi i

e_..u.ni:d\ dalac
Z(X) = rest v (5-38)
9(x)
v(X) = restw+ x"i(X) (5-39)
9(x)

Llee ehaly Caisll dnlee 205 5 (aUad jaeg o Jyeasdl 2y Lia
o) pa Al e aUadl Spaill sags (5-38) Ball 3 LS il
LBl e

D asdll o 1- 4 -5
H(2-5)JSE b AaY) Jaase (S
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g(X) Ae asadill 3 (2-5) Jsadl
0, €GF(2) sy iyl Sylas C; L) s 2808 LOA st
Jubuil) e aganll HEC aondill 3)la Jao e galat SUE & i) e aalsag

V(x)=ax"+a, X" +...+a, (5-40)
saall HES dal o

9(X)= g, X"+ 0, X"+t G (5-41)
R(X) 41 Sz aasdll WA (paui ol Aubee 3 0545
A, A M., A & V(X) a5asll i< Jldl

O__Aﬁ\g,l__] ol e (0 a il 3yla Ay e 3k
Jidh @A A o ad) jadig syl oda e Jalail il Jalas aadig
Als U9 A iy

V=a A +a A+ +a,A (5-42)
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Dnl, A" =1 ABal sl 6 (5angl Jalae) iea il Jalee ia
O ) i A" asll L € Adall Jase e ang a) 3ol of ) 12s
Aan N Cpadll Jase ) deas @y )l

CuaT gylall (Jasatll) Jaal) 2ls 5

Jadll e gaad) gl 8 U

A e el Jaans Al pLaY) (Y

T-3 (5-43)

&l 13 3aail Lals Al 2

U=a,A +g, A+ +0,A" plf R =1 (5-44)
Cpalall (8 elaras s M aay g, =1 Sy sl Jandl e G
AN e mn Ji 05 @ AT by 23l e

Y =g,A"=A, (5-45)

A Al Ll EDlay DA (e gyl ) g, =1 el daa
peny Crn U 235l (e pand) 3 ey gy, gy, el 4y
ALYl €, s Jane e dasy 8V U ALl e g, 30y J3T e g,
3 Q) gy g 9, oV & Cp,Cpp,Crp WIAD (55ina I
Adee Aa Ja el LD LES 6 M ] el gl 80" Sl yela
1)) AT Gl Alaadlls LA pues diae e S £ 35all e pand)

Y AL )
VA" (5-46)
-t A (5-47)

U g0 +0, A+t ol
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A (5-48)
U g,A"+9, A" 7 .40l

HSRTEN
Yo U (5-49)

0, A" +0, A"+t

) <Al e (42) Al 8 Al U adlal) oda 8 (iS5

U=A"(a, A" +a, A" 44 ) (5-50)
OIS e V(X) 2sand) S s dales 3)lal) asit oL gz AT = x g
N ax @A sl zHall e (a8) avudil) 25U e Juass g(X)asaal
o) (8 e 05S o ot L) Ll das

Gime (N=mM) N+1iasl vie UX)=g(x) Lalall ) 3
353 LS gl dal e mans of @l 3¢ oS Dia 05 (ALY) Jasdl)
9(X) e pmie v(X)=q(x)g(x)

At e AL G5 (N<M) Al e U(X) agasll 5iS oIS 1303
Gy sl b X Jiel dasal e n+1

Ladl vie 0 dal ge 4l 5 0 dassdll Jadall 2kee b Sy
) b Uyia S o n+1
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sl 503 JMA (34 Jaaill2 - 4 - 5
Gk 2y 5, (5-39) Al Godail Gl lhg @il 5yls ardi
(3—5) J<& < LS A il & u(x)=i(x)

)
L 2
1 OFO—OEOEO!
0 0 0 O [
g l g g-q-l g'! 1

g(X) As XMU(X) dgaadl i€ anuidli 513 (3-5) Jsall

Aleny 3lall o g Midie Gladl ISl b LS plal) Jane e Gl
3saall SIS Gy Al LY g(X) Ao 1) ol 9X) e XTiIX)
Grine 0S5 Alal) oda & Il 3 LS A Al e (3akae, 10 =1
g sle XM A AL ) gy, gy 9., wdjgd.wd\

idaaill A UX) =1 Gebiof 5 daadl e X ™ Gk of Lo 13
(A ARLED 3 (X)) dpand) IS Budasy 3 ) 4w AW e a5 A
Sl e dianigX ™y pall dilee
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x"i(x)
9(x)
:(4-5)dsall B oA Sae sl Adesy agin Al 5

c(x) = rest (5-51)

HOEHO-OEOEAT

6l ol W) n
' b o[
) o gl " m

Bty n Oy s Ol 'I{il‘jtwﬂ -

peal) 8))23 Saa i) (4-5) Js

b ekl S8l A WS oy a,, <« a,; Slageal jga) gakas

deay dla & P Zlgll OsigP, Aol A (e Al o &l

Alany Blal) o sd At Bl by alad Adla b 0pSu P, Ll dcasi K 5o

P2 2ol ot K +1 Aol die o) 8 by (53 LD Gl

damsal) o)y manal das M 53l pdad Ala & P A 5 uay Alls 8

Jsaanll 21l Glaglaall jyay 2an clldg Pyaslsdl DA (e (Al 5a))
Ol S e
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sl 5503 A (30 Jeat) REIS 3 - 4 -5
V'(X)) nad) Gl e aa il (SIS diay

g(x

!
10R
g £ gr: -1 g, =1

o) 58 a8l IS (5-5) Jsa

Y Al el gl 2(x) OIS 1Y) L gaam oladl) CadS s

2(x) 20 & Tgshn QIS 13 25al) e "OR " &ylsy Aaulsy 2y anll 128

Q) o )y e (2(x) ) AL sa WA (gsina of lie) o)

AU Jla 8l sale) e 2y Y @lla] Uadll cuia jat 08 Ll A

Gl 3 () ia lual 05w "OR " el 58 Ao siall (gl
celladl] e

sylall Lk 7(x) = rest

[eg]
F]
i}
]

fadY) e Aay)y i€ e gyl Lyl el CadSy el dalee
1S ) oSa juo&gi.\.ﬁ ¥l dayy o sl L8 I m sk

oI (5-52)

() =x"+&,,



O oSa Al Wl T s oaaSl agaad) i JBl Al Jol of L

B
;S (K8 e elad¥) ey (S of oS Ml 0" '
1) =X L+ £, X+ e+ X" = XID(X) (5-53)
V'(X) =v(X) + £(x) (5-54)
—rest L0 _ gt X'0O) .
z(x) =rest x) = rest % (5-55)

Y g(x) ol Lass g(x) e Lasita gl m=1 3sall e b(x) of e

j
—ng()i))() LS X1 35aal A e 54 ((sda Al o) il Jik

@ b Malsh elad¥l (e ey 23S o 50 Syl 13 jaall ge caliy
O

J<al) & DI aais Jesall Gollae Gaeyn R4S Ll 58 S
(6-5)

by dasall (g5 OIS 3], daall iy (3 0S5 DA By s
b ale s W Lglie adle Jeans (53) L 0K Allall o2 b jaall oo
ALl Al 8 Ladh Aaal Lelodag X ™o g yma J¥1 SN 3 a5
< pal) (RS Aaleny
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12

-C, @(1 @@f _(D_f ‘D‘ J

g0
£ ¢ : I Oﬁ ) bl L
Res
+
(' dab i
b 1" g At "1" g duih dui
0" gsbad dady m

anadill) 304 el C2ALS (6-5) J<ad

<l daly) clamwa sl (aiSy Jmral) dnlee 5 -5
tdanSal) dadatl)

Bl Ledle adai o (50 e (1 Ll e Bdad Bl b))y oo
(7-5) JSaN b LS el L) e Aaalil) 5)LaY) Laia A la

gaall € Jhal)alsall agaall 8 i Jaisall EBliag ¢lyal 1
(a5l

9(X) =g + g X+ + g, X"+ X" (5-56)
t ddaalll wie C 20 Al o S,

t+] ddaalll sie C 480 Ala o S,

2000 Y aleall 8 slane Al Jaasall <V (g AU (5S35
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S\1: 2

S =l S,

S 1= 0050 +9;S; + e + OnaSma

51!.‘ 1 ‘Hm ! LI[{| (}ﬂl
'y l'ﬂr.' 1 (r.' } Ly (H —¥
g, =1

gm | gm 2 gl ls'fil :]
4
—
douSe M (.,5'3 dal)) Jawwa 3y (7-5) J=si
S =TS (5-58)
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S, | BV
S, S
S=| , S=| (5-59)
_Sm—l_ _S\m—l_
- 1 0 -
010
o 0oo0o1... 0
T= (5-60)
og. . . ..0 Q0
% 9% - - - Ona

cilaiall CVA 5688 S 8 Jawall IV Al cwilS 13
T"S=5,T°S,TS

T o Jomal ol DA e clY o3 Lo Jgeanl) 2y

Ll ) Ol g o el (b 2aae eV LA 2ae o La
Iasase 05 Ofy 2 Aol Ala dassdl (3 Alla (S0 05 A A8l
LS Glsall e a0 A 06 o o I (K (g =1l T ddshas
.(8-5) Jsal

S 55 Lyl w27 -1 iaal) (gled ¥ ) YL IS sl
: g
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dam g Al

1 K+j+1=n

e 4333 (63 dal)) Jaal g0 (8-5) Js
Jazd 3asly 3y90 8 VA A8 ey o C1 Jaeall (<0 Als i
(Al aane T Adgaiadl) 4 (Cluas) Jaer 3 agaall LA™ -1 (4

13ég(x) = det|T — XI | (5-61)
(5-60) 3all 8 slaeall & & soiadl) i<
NI E ™ e
B Mool 0% = . B0
Sl - b (5-62
0 0000 0 -x 1
g 9 - v Oy Op X

e dand daaall Cluad) ddae ¢labag

$(X) = Go + GX + e Gy X+ X" (5-63)
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Lo s sy A algall dgaall JES o8 T Aigeiadll daall i< o (4
GoanSal) 3l 3 Jacd)

3pall A jia o T Aigiadlls (Ogilels LIS) )kl ik
$(x) = 9(x)

g(T)=0 (5-64)

L0 Al e gind Jasall WA poaa ol 6l Lilad) Al sy
T e s C, Al e

0
0
u=| (5-65)
1
£ 05K A Jasll eV la i el e ol
U=TU,TU,TU,T"U ,T"U =U (5-66)

T =1 ¢

-

O are U3 Aageadlsyall Joda of T Zdgtamdll ((5)5) 5,38 e

Gy sl

T =T =1 (5-67)
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!

T"U=U (5-68)

sl s N adac) Jolal ¢ ey M dal e daydll saas GlI3 ey
ki lah n=2" -1 S il (glaa ¥ Al cVlall (K1 saal) )
tJst o) S asaall AT Hoda sy

pmnil) o dalaill Js Y agaa ES) M Al e g(X) 2sas ):(35@
9(X) ziradl) e AW il (<& ((GF(2) 3 il a50a 35S (4l e
GF(2™) 4l Jliys GF(2) Jaall Talvie) ey jaie 27 e 5Se i
seaie 0 s ae GF(2) ¢l do Akl g(x) jiaar A Ll 1Y
O GF(2M) & siall (gl ¥ Al 2" —1 jealiall IS cuilS 1Y ]
Jaall e Liall (gl ¥ ) yealiall G 6l @ J sl (el e i o
- 2™ Aaal e ((Ae sana) B0y JSE3 GF(2M)

a=La,d’ o’ =1 (5-69)

(U J ) 5 e) el ey Y @3 g(X) asaall 5 i<
s GF(2M) daall b A yeaic oo 3l o J3a 4l (irreducible)
-&Ji g S

3paall 55 0 de 58 (X) oY) apaall HEC(5) AL Ladks
A3 XML s 8 g(X) sl il g el m P(X) = X" +1

a" =1 (5-70)

Lol e e Liadll " ganall 5503l e puaie 52 0 O La

o g o =1 ol 2m-1
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n=2"-1 (5-71)

b 0 AV paial) e salpdl cysall Ao gana dagydll s3a b
Al aliald)

a’=la,a?,..a"=1 (5-72)

= —brd) Jasdll jiall (gl ¥ ol VLAY s el s
55l Jsdo (o) A€l VLAl asen 34k dasdl o 6 (5-66)3)
Lol

o AV gl 5 Aalas Jasdl @Bl el 13 Jgas saally
fakac] sl aae Allall o3a 8 (sSond M 2l

n=2"-1

M=3 A1) Cilialsal) 41 Lra€all 235 13 AahY) Jase 203 e
3saall i€ Hlad) iy m=3 dapal) e AV asaall 5 ks adla
l+a+a®=0 QTGJ_QA}.\;S\)-;NJ'J%H&Q\S 13l g(x) =1+x+x°
Gl o gy iy L Gl e Jsaall 5 AD 22a e Ly

(sl (3 Ae 52 "0" eaiall LU 5
SIS e salsall B Gl gaen Jpandl cre U dsandl 3 (<
OSars 3 e A Aaall @l dgaall @S asea gl '3 Aa)all (e 250l
o aadl L*gj}a g(x)=1+x+x° o) Llea (558 Ao aaall i< 45
1asase fauaa dsaa OIS A J}A;J_;\S@Mm&lﬁd\ doahal) coliall
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i (5-131)

b(x) = &, + @, , X
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o, =a,,=1 (5-131-a)

63 el Jasdl) by Z(x) S oL Al o2a 2wl
A1) oy W N dem Bl ey Jsf of g 2 Q=201
.Cpy AdAl 8 aagn i bla ey ATV (Q e dida

Caall YA aen Mg ol o Ly g jiall Adlal) o3
Aalaia (gsbuall Slaa) Gasy of Ko i Al e W (27 —1)

llae Gul " jpall' Jlaals C,, 3da AT b aas o, of Lo oS
=1 el e J8 (gm0 Q sl (IS 1Y) (g cilae as P2 il
o 33kl JLaaY €adl il uilasg Cp Anlal) ) Jas o oSand
B Al s s dS ! el laal

SES A3y 201 06S of Gae Q Jadll WA 230 o b g iy
Lg(x) Asaall

Q=2¢-1 (5-132)

s K (g dal) Jawwas 243 8 =5
& raie o sy ALl o g b leass a3 ) aa sl )l
M A3l e g(X) 292a KT Al
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i gl A yeaic b Bhasll Al o sl e ok i
(5-20-b) ahall & dawal) K2spall G AX) 250all pi<E Aol Bl

v(x)-h(x) =a()(x+1 =x"q(x) +a(x) ~ (5-133)

XXX ) e J8 ) KT a Z(x) Ass of L
Aagine (5S35 O Can (sl sda JUT 13 V/X) *A(X) claall gl o ld

D ha, ;=0 4 e m (5-134)

tle dians dalal) Akl

k-1

3= Yo 1<j<m (5-135)

Olaslaa Hsay) A A, S Adlhe Heey A @, s

3)\3 ?.ual_l 2\3})&;\ 'é)\ﬂ\ b..lﬁj (17_5) dﬁd\ ‘._?A 2\_\3.\A ABDal) sla
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K Stag Shift Register Encoding :3a K g3 3a)) s i

Circuit

13 ez 3eme-

h(X) asaadl i< Galad Ao 3aye. (17-5) J<ad

:dde Laa c—lha\@mﬂ*uﬂ\ 9-5

M Al e alge agan 5 € HLadl aap Uadl) s Tl iy
soall Gl ¥ Tpaie 2" —1=n 5 sSe (Galois) dia s g ]
Ol dasd) gy HAT s V(X)) sl 2K ol dae N G
O e STy AalSH Joa)l N saal) iy Lbal (8 N oalie] Ledsha 350
oo i canball oy M 88hal) ga) 23al i Ua sladl dae gaia
M aaby (n=M+K)  an cuny K Glaslaall 50y 22

Qe 3 (2M —1 (e oo maa) Z Glasiad) e day M>m
i Bysall Jsda 080 Ssall ol 00 alags s ALIAY LIS 2ae
Vs g(X) paly apanll pEC AN o328 A miid <2 -1 G of
pole Jeant g Allall o b adl Cun W 058 of 0%
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n=2"-1>n
talgall dgaall S Hoda JMA (pe Jaajdll GlalS i 1-9 -5
9(X) o Nl ideal il paic e 3)be lale 1< culS

V(x) =a(x)g(x) (5-136)
Ax) ssaall AL Agall  Jall (L) gLl (3 jeaic
V(x)h(x) =0 (5-137)

M JK Le Bl LSl el SIS JSA o)

A1 i€ 13 Ladi g 13 Bhaye 3alS 58 /-1 Aapall e V) 35aall IS
apaall iSl aide sa g(X) asaall A b Ul gX) hsds oo sda
g(x) J (ideal) Jidl s A v(x)

Mol asanl)l SIS aiie g8 g(X) asaal) HES (5 - 6) AL ik
O3 (s (e D QLS o opualic s juall ol agle sl (o3) X" +1
X" +1 3saal) S joda Ay VX) osda b gIX) sds O g (e
L

apaall S8 Guaad ayis 17 Ledgha Ll Saaje Liad (LS 3] (Sl
ST s 7 oS Al aeladl e el Lajias el calalS (gl alall
S 5K (g3 L yoall 4l (63 saa LA (K X" 41 3paal
o9 oy Asall agaall HIES Hoda & HlA 7 saall ), alsall asaall
V(X)) AU

S paaadn=2"-1 & XTHD aal) A Akl Lk
(B) osiald "n=2"-1 2aa 2" Jaall jiall glaa ¥ Al aalial
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AV 35080 SIS e salse OFQY) o g salie 4 X" 41 350l i)
(sl e ba maal g) O Jlae) o) mas,dl oe grx)
Bo=LB =ap,=a%...0 =a"" (5-138)
listias oo Hlie A paliall o Cus
Bhajall Aalll) ] (ia il
V(X)=a, +aX+...+a, X"* (5-139)
CF@™) Gaall By B pealinl Lsia DA o lels
tsle Jaani (5-139) 48l 3 dnally
B, ) =a, B, +afhivimta, B, =0 (5-140)
k=1-r ; B°=1 dal e
1Al ghias K5 Ao (5-140) ABDlall LIS (Ko

lbe 8 . A e a - a.l=0 (5-141)
Pl

B B B
o O3 (5-142)

B, B - B

IS e LS (S (5-141) @l

HvT =0 (5-143)
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Ol e e Juass (4
s ad iy OF (@) i o gl (pnall 2nall e my(x) 250a]) S
By 3 Lpaal sp0n SIS sy B €GF(27) b yaicsn
Som" A )l Ayl e Gyral 3508 IS4 B eGF(2™) waie (4.
il
b oVX) dis B Al CF Q) o i i< 1)
o i s 5 ) e JBal 53 V) agas HESY
O sSa B PRES l'd_\UgLa\Jl - B Jtﬁ)‘.'—"‘&‘ agaall S m; (X) A.%J:'

e o asand) o VK) anits Al M (%) Apreal 3paa GLES 7 Ll
Clyfi€ i Caieliae jhoal Aliadia dgaall i€ b ol 3gaall i€

V(X) 4 ankssda 350all
g(x)=LC.M.m(x) m,(x) ... m,(X) (5-144)

) &0 A Alsall 350l e Bile g

i Ut e e o) Joaill oS Gy i 7 jlas) Al
Lok Lad Lgallas

O el pa Gy i 1 loa) A S dallee b Lad puu

UaieM

Bose — chaud huri. Hocquenghem (B.C.H) jmll 2 =9 =5

B =a.B, =a’... =a” b il cli) (Ko

Al odn b Jiwe Uad @ st o 50l Jaesi o Jhans
g (5-142) D)) b slasdll A i siad)
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a a a a
0 3 6 3(n-1)
a a a a
H= (5-145)
2
ao aZe—l a(Ze—l) a(Ze—l)(n—l)

CMEse (35S A ghiadll 038 (e dsale q<2e 4l i Akl layy
B g s e e o 8 ) el Jag yall o3a g
B.C.H. Jaaljn 32l H ddstndll Wysey JS& Al Sualiill oous

:Jla

gasaaily n=2" -1 gl kil g (15) Leldsh 53ape dalS (i juanl
1058 Agall dgaal) HiS b e=3

m=4cn=2"-1=15. Ly

ol san K salee (3585 GF(21) yualics ¥ 41 Hsda o
q(x) =1+ x+x* a3 LS4 dadl G

i ( (LeSSE) Leblad S Y ) sl 30a) SIS aianly
PATREY

AU sl Al @ peaiall My (X) Ga¥) agaall i<

a,a,at,ab,a’® =a
4 as)al) e dgan S ga 1Y)
m,(x)=(x—a)(x-a®)(x-a*)(x-a®)

Jsall e eling oyl dalee chaly a5
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m,(X) =1+ X+ x*

sl dy my(X) s a® @l agaal) i<

3 6 12 24 9
a o o0, =

:\.E.au\ L@_um:\.ﬁi)jajb FREREN] (:33}4 Z\AJJS\ B2 ) SU
m (x)=1+x+x*+x*+x*

{ my(x)=(x+a®)(x+a® ) (x+a?)(x+a®) }
AUl el Al o) (sraYl agaall S
o, g 4 =a’
$All) dapall e 2gaa IS Y
m, (X) =1+ X + x?
:algall 2gaall iKY
g(x) = m, (X)m; (X)mMg (X) = L+ X+ X)L+ X+ X+ x° + X)L+ x + x?)
K=5, M=10 "3 10 is,d (s
L1 S 0P, ECRRADE TV DT AW [ A
J e i o a (al) agaal) LIS (3= 5) Jgand) 8 el
:‘?Jtd\
m(x) =1.X° + o, X + o, X* + oz X° + o, x*
Jsia e saals ks @ =D 34 g o M) L,
ol oSy @ Jlie (a ,a®,a*,ab)
m,(a) =1’ +aa +a,a’ +a,a” +a’=0

:dsaadl Je lalaiels
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a,=la,=0a,=0 &

13

=1+ x+x*

m, (x)

[a]

w I O O O «1 O O d 1 O d O «+d «d «d
%
O «+1 O O «+d 1 O 1 O A o 1 4 O O O
O O 1 O O d 1 O 14 O «+H 1 +d 4 O O
. O O O 14 O O +d 14 O 1 O +d +d +d +d O
39
<
X
+
a X
;\nT H
ﬂ_ — — 3 —
— o~ +|T -+
18 e TIEET Y e Ty T
s A B S - e G
7 IR SR: B il L e
(3]
3 aa3+a
ia] 3
i3
K
e
)
8]

T3 8 8 383 s 33 B

(3=35) Jyaadl

233



My (X), Mg (X)) Anyiayl dgaad) i< Jlal s Jilea J<ng

m, () =1’ +a,@° + a,a® +a,a® +a,a’=0

a+a,+a,+1=0
a,+1=0
a,+1=0

my(X)=1+x+x*+x°+x*

£y (%), My (%) Ayiay) 3gaal) i< Jlial 2 Jilee (S0

m, () =1’ +a,° + a,a® +a,a’ +a,a’=0
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a+a,+a,+1=0
a,+1=0
a,+1=0

m,(X) =1+ X+ x>+ x° + x*

slhaall H a8 had) dexins o (g pall (e ol sl diles eay
3sale Luad JUal 8 4l Laadls o asial) (e S5 (5-145) Aaleall 8
O Yo Cia 12=4%3 Lad OsSauy oc; o203 paliall ope A1
"Llad PDliise A stiadl o3 (1o ot O Gl (e 30 Adhall Gsey 220 10
(AT Cashiall g gana (e Lol (S (]

S (4-5) a8 Bl peniil) 5yl Lajlad) oS sl dles
g(X) Usall 250all 52 (10-5) J<aN 4 LS donke 4333 (63 Aal)) Jasa
(5-144) 1Dl b o

Ayl Jad (K15 s lsa 2 @llia (B.C.H) up cadls dal o
b Al LLIAY Al maad) oy BN Gulld e s ) oo
A 8yl sl (Ka Byt Aaww 5SI3 Ala31LY 5,SI)
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T\ ‘W \i(x)

‘—.5.‘3'-‘-‘-":" 1 demny i E{;l.-}
n L-Ium m
Luuadl (EFREY Z(x) ROM

B.C.H juaj cadls (18-5) Jsil)

sl oin Ay had i(x) Akl Cilogleall Joay muaas 4y i
&) by J8l Jska e BLIAY @l e Jif laxe Jaxs ROM 58031
&() 4l s K

Gl sae 1023=27 -1 Glasadl 2re Gl JUA
10y elhdl 352,18 A<aall aklal

CL+C2+C,’ =575

S S J3l das ) sUaaY) are (Tall) Sl G asall 13a 13)
laaaddl aae

Golay j»s3-9-5

sl el Lea daly Uadl s iadl) inala Suasi 5 @Vsa Juas
LAl 2Lell Uaa Sl daaiadl) L)

doSe 23, K12, MEIl (Ve Sees cDleles
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Gl e olos Glaniad) se Gf Wlla o6 i )

CL+C%L+C,° =2"-1 (5-146)

sl 3 SIS e il siall (gl Y maaa n=2M -1 Gaa
sall GR(2M) i) o Nl ypaie @ 315a0 13 m=11 43 (e (X)
a" =1 Yxe g(Xx) o

B=a'eGF(2") il Ao by VX) srayall il (paass o1y
Clgl) i b g(X) Apad) 2gaall HEC i g4 (51

3saal) i s L a0 gx) asaall L3S ia 58 g o e

:Qi Lﬁi X" +1
(@) EL=01-1
NE
=— il
n
i, ™
- N T (5-147)
n 23

S ol gx) bl i ABhall S5y (e (@rional 22 Ll Kl
B =a®) sl aga i<

Liaday (LSl W 502) sda 4t Gl groal) 3paall S5 o Las
ysiadl Ll 05 galal) b Ayl

'B ,62 ﬂ4 ﬂS ﬂlG ﬂ32 ﬂ36 :,613 ﬁ26 :,83 IBG ﬂlZ ﬂ24 :ﬂ

sl (e sy Juatic Jia 11 40 gx) raal) asaall 5 i€
M=11
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Al Al m=11 Al e ) B @l Jeaa (s
oLl dly B =a® sl gpeaY) anall i< s gl JUl)
t S o oSar @YY 1 Slsdie

0, (X) =14+ x> +x* + x>+ x% + x0 + x" (5-148)
1

g,(X)=1+Xx +x>+x°+x" + x> +x* (5-149)
X —1=(1+x),(x)g,(x) (5-150)

5 Clasaall Gu GlED Al aadin) (Ker el CaiS ddee el
VX) i 58 B il ol Lag bl JSA1 6 ) 8LIAY @l
D S G e v(B) =0 WAl n-7 dapa e

HVT =0

H=lg . p7] s

O Al Ll Jpaall sac i Jia A ddsiaadll g1 palial)
Dpaie ME11 Gnsele AgiadS g z3sal

thlmﬂaggffhghad oo il gl saee] 6 e o %
s e=3 C__t.\a_gdius.q_gjy)ﬂ\ o Lj

:( REED — SOLOMON) O gasisms —as; 32l 10 = 5

P Ogaglgw — 4y Jmasi e 1-10- 5
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Culg () ol AN Seay (R = S ) Oseslon 1y aay s 8
GF(2") el Jaall 3 yualic 05 V(X)

v(x)=a, +aX+...+a_x"* (5-151)

a, eGF(2")

& ralie a5 a0, 0™ el al g(X) alsd) spasdl HESTY
slad¥l o b aman e Doli dpaall 53S0 (e algal) Saasill (<8 GF(27)
(Y aaball Bada @lld 5 elaa¥) s b L Slay )

st el sda g 0,00 jedall A g(X) of pas o oK
s b zaiad) (R=8) Saasl algal a5aall i€ g(X) Ly

Jaadl) & nial) Cae ladl) asy

g(x) ={ m,(x)m,(x).....m, (x) } (5-152)

Jaall i (8 M (X)) Aaradl agaal) ey 5 @l @lS 1Y o)
L) Al (e OsSi p 38 3gaall i€ Nxie ¢ (X)) Jilaas GF(2™)

oS

g(x) = (X + @) (X + a®)....(x + a®) (5-153)

m, =2t isa o

¢ g €GF(2") sl Al ale lias (31 g(X) ISV apasl) i<
A edin A8l Geey 2ae ¢ Adhall Hoey 2o g4 e M oAl ods 8
My =20 asall apaall H3C 3500 (ol 5 My S0l
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@sless GF(2M) Jaadl b 535msall Ssapll (so AUSial) 530 pal) 2alSl) sk
sa el b ALl el b, alie oo V(X) cean=2"-1 _1)
Pl pudX e Yy o ) s (XD )
anll aspea Nl @' =1 g @"-1=0:f
s N=2"-1 asg e CFCRT) gaa G (am) S Y
k=n-m, <l
Slkee CF) Uil 8535550 sealic gl cily L) £ liss
- (R=8) chasal el i 5 505l
&b Oppmain] Claana = (o loum = Aali] CDlaana (o Aise il oa
GF(2") iy
CF@D € B susliall Ui 5 345 e 505 BabY) o 050
Gl Ao (19 -5) J<AN 4 Dl sy el
LS il gaall il claasa o CF2T) Janll b Cleanall o8
(20— 5) o< b
ol 5yl aaatl Gl PR s o) 5 wal) o )
e (X)) AV aaal SiSsaetss CF(Y) Jaal i< of an
f(X) bl o aalall L) il J<as (gl m aal
¢4 bl oyl Jaony e Ay € CFRT) ) (myi
M—1 2l e 33a 58S Goyh oo CFC@T) ol iy e 1a
Cla) all i 5 8
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Qs M D) sl S Jia B eGF(2T) e Lol oKl

(@) < cupall dlas ) ):‘-5-"} C(a) agaall i€ Jia i) S

o(a) = yB = C(x).b(x) (5-154)

o aic s 5 8 M1 i) g O(a) 5 2s2al) S
D13 5 el s, GFQ)

o =P

s JBa

m=3 f(x)=x>+x+1
GF@") i ymic f 5 7=d? 53,
B=Db,+ba+ha’
yB =bya® +ba’+ba* =ba® +b(a+1)+b,(a’ + )
yB=b, +(b, +b,)a+(b, +b,)a’ =5 =0, +0a +0,a°
(21 =5 ) ISl b diwal 3 5l Adaal) o3
: Gsaslse 1y Chaia Sai 2- 105
) M =20 450 Sl G(X) adsall asaall 5 L6 L) Le crns
(IPENENO IR el aae t Gua

DAL (e Adlial) sepl agaad) HES e dians

C(x) =rest m (5-155)
g(x)
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CFR") i jalie 2 0(X),9(X),C(X) 2l i€ culg of Cum

By wgn t=2 m=3 ¢ yay sl .l
(k=7-4=3)0 ol (m=2t=4) el (n=28-1=7)
PSR

90X = (X + @)(X + a?)(X + &®)(X + a*) (5-156)

JC s s m=3 Al f(X) H}y\ Jaall 5 8 Hlads
5 dsiall in e ol ol e ai ¢ Jpaall L GF(2)
(x+a)(x+a®) 5 (x+a)(x+a®)

g(X) e Jeans

g(X) =[X* + (a +a?)x+®][¥* + (& + a*)x +1] (5-156)
!
g(x) =x* + > + X + ax + ® (5-157)

O L el 500 Ay L (22— 5 ) S8 8 el a5l
Jasse o 58 Jassy (DAL (4 = 5) IS8 8 Ll ol Adee Pl
al ¢ @5l e de s pe A8l Aal) S laase B (0 i Aal3Y)
GF(2%) Uil e cilleal) L 5 (opuall s — Cilaenal ¢ 280
bl ol ekl e cilasledll S0y guiall ans cagesll e
(hdes @15 )V 5 edan K13 bl 00588 2 a K (6 (g3)sal
(22-5) J<all b LS (Al alpdl) Js B) oAl e

242



p

— A
3
— A
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Jiall dal) Jawa (19 = 5) Jead)
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A G} C—F 3 Pty
s GD_) —

GF (2°) Jaall b gala (20— 5 ) J<a
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by |% A |3
R @ 1% @”
13

bg T .\«G'j ’ UZ /

:olldY) jallas 3-10-5

aliej 5 (R=S) Jayal jsapll 4lalis 4605 5L JluyY) 5l )5
e 253l S JUaY Adlae 3 e ) JUall Jas GR(2™) 4
GF(2") (<& Al m — 135,40

Sl Aas BLR e s o) oS AN S0l (he Adlall o3
GF(2") & € sy ) Jsa GF(2") ¢ € Ayl j5a)ll o 4

P J<a e a3

ai' =a,+¢ (5 - 158)
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npy 3paall EG Jiang ¢ GR(2™) Jaall ) i & of G
& (0) 5 3dlall (KLY (1) @ols g ady m=1 <o e o
. Al

50 ) gl G gl S paa JSS o i O H 6 pe
O Culd 65 ag0n LIS e Juanil (g

A V(X) A e Uasl Jsia ol llu oliySh Le e el
un V(X) e 8(X) p0adl S e

e(X) =&y + EX+ e+ £, X (5-159)

GF(2") ¢ N =012,...n-1

Adiaall dalSl 55 H50)ll 03¢0

V'(x) = Vv(X)+&(x) (5-160)

P Osasism ) G idls 4-10-5

sl CalS Al Abilas Gpaslyms 3y Suasi lSial Aalall 33kl
GF(2™)Jaall ) it paliall lia daih Jfine Ua T Jal (B.C.H

Lelsha da)) & dany ausbw o T o il & ol 22 13 -

(Wsall) 2gaal) i€ An mt>%>£

Jlas Ganm Jaas oSl i O3S b (g5l & eUbaY) dac 13)

elad¥) momail Saa gl Cedlsd Jasal Adyhe sada of (1 Kay My e J3

S Ay ayy <G e Ul gl (error trapping ) aw) casi Ad g el
GF(2") ) it gl Alfina cllad
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m:3 3

Oftalad) Gallad) S pai

ldoh UiV e 3y (D3 Cpnacadll (lbadll IS Livic @
Mg
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Al 2SI
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i=012,... ol € GF(2°) : cua
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W=y =01 [0y =0y \05=03+& 0y =0y+6y 05=05 105=0

Lal) Jlaem Jska iy o AESN 3 caady 8 oladl) o (il
LS L) s 5 (GF (2%) dasdl ) iy s @r® el Ui 5
il il £ L) il o B s a1 A oS3, [1 O 0]
L1 0] v e e s a® eGF(2%)

o ALIAY L) Al b3 b

e(x) = a’x® +a’x* = x*(a® + a*x) = x*.b(x)
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g(X) o ardill dulans asiy 3 Jamasall () Ao} 3alSY) (a3
(22-5) J<al i LS
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i 10 1 afo0 a’
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