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Transition probability p
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Juiss ) Bypaiasall liall 5L drs Cihe opa 1948 ale Uil 13 e Claude SHANON sl
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Jame oyl LS L Lplas anll 13 25m o cpy 4Ty oUail 13 e ol 448 oy ol (il .C 5Ll
adiad alai oa aall 13 e g Al Al () Uad Gle a) il o131 (IS Bl G e
VRGO JUR

td sl (pad
Jlaall s il S/N ANy 3300 Hz aiaia e o3l Caile) Iad s caniny <Dile graliyg i)
.0-60dB
:Jad
% File: Examplel 4.m for Example 1-4
clear;

o\

B is the system bandwidth in Hz. Note: 3300 Hz is typical

for the bandwidth of a twisted-pair telephone line channel.
Note: For the definition of dB, refer to Eg (2-19), where S=Pout
and N=Pin

o oP

o

B = 3300;
SNRAB = 0:6:60;

SNR = zeros (length (SNRdB),1);
for (1 = 1:1:1length (SNRdB))

SNR (i) = 10" (SNRAB(i)/10);
end;

C = B/log(2)*log(l + SNR);

plot (SNRAB,C) ;

xlabel ("SNR in dB'");

ylabel ('Capacity in bits/sec');
title('Shannon Channel Capacity');
grid;
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3-30kHz
) 30-300kHz
) 300-3000kHz
High Frequency (HF) 3-30MHz
Very High Frequency (VHF) 30-300MHz
)
)
)

Lajal)
Very Low Frequency (VLF)

Low Frequency (LF

Medium Frequency (MF

Ultrahigh Frequency (UHF 0.3-3GHz
Super-high freq. (SHF 3-30 GHz
Extremely HF (EHF 30-300 GHz

Amnii) (335 el 6 gally 6 lpenl) cans 10°-10'GHz

lellsas 235l Eajadl Se) o Jum

L 1.0-2.0 GHz
S 2.0-4.0 GHz
C 4.0-8.0 GHz
X 8.0-12 GHz
Ku 12-18 GHz
K 18-27 GHz
Ka 27-40 GHz
R 26.5-40GHz
Q 33-50 GHz
Y 40-75 GHz
W 75-110 GHz

1. Digital and Analog Communication Systems’, 8th edition, by Leon W. COUSH

[I, Pearson Education International, 2013
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13l Jae o LgilSlang lpasasis VLVl adas Jilat 3 Ll 150 4sdall 038 daded Canll
@ WS el gle Jl) CBlay o ¢3S0 pula ) 4ad) Clibare Juji Adyla N Ll S
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Transmitted Transmitted Received Recovered
sequence waveform waveform data sequence

Eﬂlﬂiﬂﬂ 81(k)  [Transmitter] *1(Y) _[Transoussion] Y1i(*) _ [Receiver] 21(k)
#__| 1001011..L__#1__ | link #1
Terminal | @(k)  [Transmitter] *2(t) [Transmission] ¥ 2(?)  [Receiver] b2(k)
:’2 ..1100101..L__#2 "I link #2 #

[ 5] Host
—>-computer]

.
-

Im 8 (k) _ [Transmitter] % (*) _[Transmission] (%) _[Receiver| 21 (k)
#i 0101010 #i link #i | #i

Terminal| (%) [Transminer] (%) _[Transmission] ¥ (") _[Receiver] on (%)
#__| o110101..L__#N " link #N ™ &N

(a)

Recovered data

s b= —_— () sequence

1 2l Leee ¢ -1001011...
0o_of o

x4 (1) _1] l—' yafr)

—
—

¢ ~111%0101...

-
—

(0
w0 .ﬂjml.ilml_' ? W, ...121;:’:."

(b) )

L
5]
I
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1 G ail) saa) lend s o oSa Bl sas ey (o Adlsdiall i) S (st 33 Jaa
S X Al s G Jlaals L 1/6 s ) adll o3 saa) & X Aed 05S8 of Jlaal (505 .6
2/6=1/3 &2 g5l
38 Ami N osla) amy A Goall g sl ol Sl ANV Lo 4t (Sa P(A) (A Caa Jlaal
foh Lo LS WSl Ny o sl 13gd L)

WM=ﬁm(%)

19
P(A):4—o:.475 05 33 19 (Head) aylall e Joasis 330 n =40 43jl5ie 2585 Aadad o ys 258

Al ) (ol e a2e) N gl Cps lgale Juanis 0.5 o Aphail) Aadl of ales g B
L) Giany ¥ Slaties Eoall 56 a0 S P(A) S1Giay cinse 23e JLia¥) of (553 iyl
p(A) =1 S5 (N, =n) ol Ledls caaay ash Gaaal) oIS 1315 . p(A) =0 e (N, =0)

1B g A udlsde (yfiaald
£ n
Ol Sy comilite Glaall o\ 136 <P(A,B) = p(AB)zf tlegd @idiall Jlaal¥) Cayes @
Logane Legd il Jlaa¥) olS clas Gasy
tlagd & Laial) Jlaial Cans o

el p(A) + p(B) - P(AB)

P(AUB) = p(A+B) =
B e oty 2By 55 B 0T Lide A g5y Jloxmt 5o P(A/B) b2l Juaal) e

.P(A/B) = lim M.

Ng—0 nB

.Bayes s 4phu s P(A B)=p(A).p(A/B)=p(B).p(B/A) of carms e
.P(B)=p(B/A) 5 P(A)=p(A/B) (a3 13 (Miis il B 5 A (fias (e Jsiis @
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tskae Jis

bl 13l el 1 e e Joha B ddilll cilablil) asl v Culs gy A (mg
Nya=25n; =300,n,5 =20 :} 238 dadx 10080 Pha dads JS golil) Laadliy dipa 358 DA
.A/B,AB,A+B,A/B cNlia) sl

:Jal)

|

P(A) = 22 — 0.0025

0.03

p(B) =

:s|m3 >

p(AB) = ”f - 0.002
D(A+B) = p(A) + p(B) — p(AB) = 0.0025 + 0.03— 0.002 ~ 0.03

P(A/B) = T}ﬂ =0.002/0.3 = 0.066
B
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Alaia¥) a5l aglip Aflaiay) A3UQ 4yl .2

Juial X dad JS e ary @Al V) asil) aibiys cadaly ll adlly Sledel) Jsaiall Saa oSy
DLy any sl X (sl ol Q8 Alsdiall Al 2 (S5 O

.F,(@)=P(X <a)= m[%)

ail byia yaly Jlsdall Joaiall 50 Tyal pasios Ll JaaY
Jsti thagiie e ol Aggiie CailSh e Xy, X s i) (o 2l AL 0 Ao gene X lsidal)l Jsaiall (S 1)
B cmy P(X=x),1=12,... Jial & il i) 138 Canass (Sayg cahiia X Jsaiall o
tl LS Al Jlaa) ag il

F () =P(X<x)=>P(X =x)

: Jbie
o iy Taill =T gy Head ="H" gl =i Gae) S (i pe 3580 Aaal Line) Wil it
tpall e Bk g ey Al bl dae 8 X gl
&b 0S8 At eV Wil HH HT, TH, TT e Jiasiud 45jl5i0 a5l dadad cilS 13) adf Jaadls
tAlaa) a5l

p(X =0)=P(X =2)=1/4

p(X =1)=1/2
Fy(0)=P(X <0)=> P(X =x)=p(X =0)=1/4

Fy (1) = P(X Sl)zZI:P(X =x)=p(X =0)+p(X =1)=3/4

Fy (2) = P(X gz)zlzp(x = %)= p(X =0)+ p(X =1)+ p(X =2) =1

o lakaiie ST 6 lg ¢ lsall il da IS Cajmy g pe 35S0 cn o a1 aysil) i old elliyg
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QG Jsandl 8 e Jlaia) Ll dad IS5 ()il o (saa] Sl e

Value of
Event Random Variable Probability of Event
[] -] P(x)
A 0.0 0.10
B -3.0 0.05
C -1.5 0.20
D -2.0 0.15
E +0.5 0.10
F +1.0 0.10
G +2.0 0.00
H +3.0 0.30
Total = 1.00
p I JCEL e o LS i) aysill ol JS5 S
F(a) l
1.0
8L
6L
4._|
20
| | | | | | | | |
=5 —4 =3 -2 -1 0 1 2 3 4 5
sl i palsa
[0,] Jaall b and 2alys (ailiia ye o
—0 G dsaiall iy (om0 4ied @
200 ) Joatall gy | died @
IirTg Fl@a+e)=F(a) :pall (0 i @
>0
F () = lim [ £ dx ilasy) GBSl s JalS5 2 0
>0 —o
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: Sall
Weight of f(x)
0.4
0.3
 }
021
0.1}
A T T
| | ‘ | | | |
=5 —4 -3 -2 -1 0 1 2 3 4 5

AL G o0 a LS oy F(0)20 A L b AlaaY) WA o6 ol Badl
jf(x)dx: F(+o0) =1
Jsaie X Jsadall o)) Jsi ¢ al) ainall o ST ol degenn o 22l AL 28 X Jsaiall (€ &1 1)

:&—LXA-!:'.. . fX (X) L“JLQ:IA\ PEIS c_iLu 4_&.;4} OSA.JJ‘ ).q”;“.q ‘53‘}“5,

(0= —ngx(X) ,

Fy(x) = j. f. (a) da

—00< X<00
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Adlaay) 4861 lis (F(a) JlasY) sl i e JS8 0sSas Wl LBV (60 () elliyg s
p ) <l il spdiae als T(X)

1.0~

0.8 -

0.6

0.4+

0.2

| |
2.0
a (volls) ——
i) g3 gl

2.0

1.5

Area=10.19
1.0
Total area = 1.0
ol &
] | ] ]
s 2.0
X (VOls) ——

Adlaiay) ABUSY) 4yl
DLl ey JliaY) s gl 0.1V dghalal) Uad slany T Jlas) Glas Lyl 136

. pL4<x<16)= T f (x)dx = F(1.6) — F(1.4) =0.19
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lkiie M(X) oS 136 h(X) 3 ddleay) B 6 s f(X) Cush(x)= E(h(X)) = Th(X)f(X)dX

G = E(R() = 2RK)-PUK) 4 =l e sl 5 M
el aash(X)=x" il el Zue.ﬂ\lﬁ Sleie dsid rodgdl e a3l
Sl Al r A ge @S el cids RGO= E(MG)) = [ X (x)dx

3 e Bl sy 5 ()= ()

O Gams Lol = J.(x—;()zf(x)dx Al Ayl e g3Sall aiall aily variance  lall Cajey

Lo? = () - (x)*

.o, =402 :\/j(x_;()zf(x)dx @l el i ggd (o)laall CalatVI L

Sl apsll ol Capd (Kad X, i=12,0,m Alsdall C¥) e deseae Wl IS 1)
AL [X) X, Xp]T gl e (sSall lpdal) Jsatiall

Y gatial) A ganal Aol (Galud) @t‘“ (;“)Aj\ bl asly il aallaay) 486sl) &b ey LS
fxl,,xz.,..,xm (K Xgpeey Xy ) 1 JSAIL 4S5 400 55l
ey eYatall A8y e bl Jlasy) @)'jﬂ\ @13 lallay 4diala Adlais) 480 &l Capal Sy
relly e LY
le(Xl) = Ijoj.iji 1:xl,,xz.,..,xm (X1 Xg yeey X JUX.0X
(m-21integrals)

fxlxz (Xl’ Xz) = J.j:o Jjoj.: fXMXz.,..,Xm (Xl,.Xz,..., Xm)dX3...de

(m—2 integrals)
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f(x) =i PK)S(X—K) = sa al ddlaialy) 48U<)

k=0

F(a) =D p(k) s llaayl msil s o5
k=1

n

n . 2 - - £
(p+0)" =Z@pkq”k =" p(k) AL ey ax SN 3 Gl (e el iy
k=0

k=0

N=3, p=06Js b idlay) BESH b G JSE

n=3
0.5 p=0.6
7 tT 1 L
0 1 2 3 4 5
X A———

- 0% =np(l—p) ey g =np Jassl) el

OsSes ozl Jlaaly dlfis 4ot 0 el 6 G sas el aadl Al a8 e a)s A
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Lot =rA=p)p* i, HETIP

29



Osails @i 2.4
) L il (Key NP=2 5 lansprea p oyl suS n 05 cpn canll SN wjsll Gyl
Glaadll e Geil) saaly & s Al SlalYl se i X dsde Jsatd 4l e ajsll 1
Al

Alie il & Glaal) Gaas e

laa¥ e L)@_m lase (el 44 Jlaa Lﬂ;i °

Y e atie e Tate el dfie g Jlae sl @

alaal) Gigan Cagy sl (SaY @

LAy O Avar e AS)e e CVlae A SlaYl e e

/Ik

Ayl sl s L F () =D p(k).o(kx), p(sz):Fe“ Adlaay) L ol
k=0 -
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k=1
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Aiagdg o’ =A/12 s Jeanal A plan Qi L3 [m—AlZ

Mm+A/2] @l Jae e

‘éjumz\ c—vﬂ‘ @u Yalaag F(X) @td\ Jaa Y alaa & aallaaly) aaisy) @\3 Gy %gm\ Ja
.F(a)
0, a<2m—A 0 X<2m—A
2 2
1 2m—A 1
F(a)=<—[a- , a-ml<A/2 f(x)={=, X—ml<A/2
(@) A[ > 1 | (%) A | I
1 aZ2m—A 1 x22m+A
2 2
_I'I|I
| I" A "|
-I-
A i
TN Y R
by : b

eyl Ablall sl 8 Al Uad dadad) oyl 138 Janiinny
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e laa!
F(a) Jlas¥) sl ol dlsles ) 28] ailibess F(X) Ailan¥) 86 b 6 OSSN o
07 ol oy M a4 el Aaill o e o
m-a 1 = e
F(@)=Q —— | Q(X)=—=| e “dx
(a) Q[ = ]Q() ok
1 —(x-m)?
f(x)=——exp| ——2-
e =i

@

[ m—da
| F(a) = Q( )
o

[2ra
N where

Jx) =

exp [—(x — m)zﬁcrz]

1
\V2mo

| ! o) 2 —— [Terrg
X — na Vﬁ; A € X
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. L/
/ = U(Ig:} = {E?(IE,E;'),HH E}
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p A JSall 3 LS L Aadaie Agilsdie cpate (e ()5S

33



x(r Ey)
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o8 Yy Jlade Jeaie N e 0sS8 gn N Al (e stationary sjiie el 5ys e oo Jsis
1) ) ool g Adlan) Lealsa
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b st Y Ay of o Caplell o3 e gasll sl il el (6S0 oF S Y Al o2

+Jla

aalls sl daidl)l Caats [0 27] Jlaadl e Al lejse Wilsde Yoaia 6, 5 (BlSA @ pafis
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- o 2

. 1
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0
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_ | Complementary Error Function Table [ _

x| efe(x) x| erfe(x) x| ede(x) x| efe(x)  x  erfe(x) x| erfe(x)  x  edex)

0 1000000 05| 0479500| 1| 0157298 15 00335 2 0004678 25 Q.000407| 3 0.00002209
001 0988717 051| 0470756 1.01) 0153190 151 0032723 201 0004475 251 (Q.000386 301 000002074
002 0577435 052 0483101 1.02] 0149162 152 0031587 202 0004281 250 (000365 302 0.00001947
0.03| 0986153 053 04515I6| 1.00) 0145216| 153 0030484| 203 0004094 251 0000346 303 000001827
004| 0954983 054 0445061| 1.04) 0141350 154) 0020414 204 0003914 256 0000328 304 000001714
005 094328 055 0436677 1.05 0137564| 155 0027 205 0003742 255 0000311 305 000001608
00| 0932378 056 0428384| 1.08) 0130856| 156 002772| 208 0003577 256 0.000294) 306 000001508
0.07| 0m114| 057 0420184 1.07| 0130227| 157 002637 207 0003418 257 0000278 307 000001414
003 090922 058 0412077| 1.08] 0126674| 158 0025453 208 0003266 258 0000264 308 000001328
0.09| 0mETIa] 059 0404084 1.09) 0121197) 159 0024518 209 0003120 250 0000243 309 000001243
01| 0887537 06 0395144| 11| 0119795 18 0020852| 21 0002973 26| 0000236 31 000001185
0.11| 0878377 061) 0388319] 111 0116467| 181 0020793| 211 0002845 261 0.000223) 311 000001092
012 08854 062 0380889| 112] 0113212] 162 0021962| 212 00MTIE 262 0000211 312 000001023
013 0854131 063 0372954 1.13] 0110029] 163 0021157 213 0002593 263 0.000200) 313 000000958
0.14| 0843051 064 0365414 114] 0106918| 184) 0020I78| 214 0002475 264 0.000183) 314 000000897
0.15| 08I2004] 065 0ISTE1| 115 0103876| 185 0019624 215 0002361 265 0000178 315 000000840
0.16| 0820083 066 0350623| 116 0.100904| 186 0018895 216 0002253 266 0000163 3.16 000000795
0.17| 0810008] 067 034%72| 1.17| 0098000 167 0.018190] 217 0002149 267 0.000159) 317 000000738
0.18) 0799064 068 033218 118 0095163 188 0017507 218 0002049 283 0Q.000151| 318 0.00000689
0.19) 0788160 069 0320160 1.19) 0082393 189 0016847 219 0001954 289 0000142 3.19 000000644
02| 0777297 07| 032199 12| 0089886 17 0016210 22 0001883 27| 0000134 22 000000603
021 0766478 071| 0315335 1.21| 0087045 171 0015503 221 0001776 271 Q.000127| 331 000000564
022 0755704 072| 0308567 1.22) 0084466 172 0014997 222 0001692 272 Q000120 332 000000527
023 0784977| 073 0301896| 1.23) 0081950| 1.73) 0.014422) 223 0001612 273 0.000113) 323 0.00000483
024 0734300 074 0295322| 1.24| Q079495| 174 0.013865 224 0001536 274 0000107 324 0.00000460
025 0723674 075 0288845 1.25 Q077100| 175 0.013328 235 0001483 275 0.000101) 325 0.00000430
026 0713100 076 0282463| 1.2 0074764| 176 0.012810) 228 000133 276 (.000095 326 0.00000402
027 0.702582| 077 0276179| 1.27| 0072488| 177 0.012303) 227 000126 277 0.000090) 327 0.00000376
028 0602120 078 0269990| 1.28| Q070266| 1.78) 0011826 228 0001262 278 Q.000084) 328 0.00000351
029) 0681717 073 0263897| 1.23| 0068101| 1.79) 0.011359) 229 000121 279 (.000080) 329 0.00000328
03 0671373 08 0257899 13| 0065992 18| 0010903 23 0001143 28| 0Q.000075| 33 0.00000308
03| 0661032 081 0251997| 1.31| 0063337| 181 0010475 231 0001088 281 0000071 331 0.00000285
032 0650874 082 0246189| 1.32| 0061935 182 0.010057) 232 0001034 28| (000067 332 0.00000266
0331 0640721| 083| 0240476 1.33| 0050985| 183] 0000653| 233 0000084l 23| 0000083 333 0.0000R4R
034 06I0635| 0848| 0234857 1.34| 00s8088| 184 0009284| 234 o000@as 24| 0000088 334 omOODERE
035 0620618 085 0229m2) 1.35| 00s6238| 185 0oossss| 2as oooosss 28| 0000056 335 0.00000216
036 0610670 086 o223000) 1.38| 005sg39| 188 0oo8szs| 238 ooo0s4s| 2me| oo0o0s2| 338 ooooomRaz
037 0800738 087| o218s60| 1.37| oos2ess| 187 0008178| 237 ooo0m03 2a7| 0000048 337 000000188
033 0530991| 0sa| o213313) 1.38) 00s0984] 188 0ooveds| 238 oooome3 2ms| 0000088 338 000000175
03 0581261 083 0208157 13| ao04e3e7| 189 ooovszi| 233 ooo072s 2| 0000084 333 000000183
04| os71608) 04| ozmez| 14] oaogr7is| 18| onorzio| 24 ooooessl 28| ooooost| 34 ooooo0oiER
041 0562031| 031] 0198117) 1.41| 0046148] 191] ooossia| 2.41) ooooes4l 2a1| ooooom| 341 omooooiaz
042 0552532 092 o1mazz| 1.42| oosse24| 192| oooeezz| 242 ooooezi| za2| 0000038 342 omooooia:
043 0543113 093] o18847| 1.43] o043143| 193] 0008344) 243 ooo0s8s 2w o.o00034) 343 omooooiz
0.4 0533775 094| o1sives| 1.44] ao41703| 19¢] 0oosar7| 244 0000559 284] oo000z2| 344 000000115
0.45 0524518 085 0179108) 1.45| 0040305| 195 ooosazi| 245 oo00s31) 285 0000030 345 000000107
0.4 0515145| 096 0174576 1.48| 0038946| 196 0.005574) 246 0000503 298] o.o00028) 346 000000099
047 0508255 097 017130) 1.47| odve7| 197| 0005336) 247 ooo0&77| 2e7| 00000z 347 oo00000ER
043 0437250 098] 0165769 1.48] 0038346| 198 0oos108| 248 ooo0ssa 28| 0.o00025) 348 000000086
043 0&m32| 093] o161492) 1.48] a03s1w0z| 199 ooossss) 243 ooooszal 2me| oo00024) 343 000000080
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g @) Agjall ) el o5 Lads] ¢ 8lSa Lgads
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I g i i
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ol Gpinall §20 5 ST Gy aladiul x2=0, Xx1=1 gl Juy sl Ll 1

(s T ) Jul
54(r) 53(1)
A Al
2 2
3T
+ ry
i | r I
0 T T 0 T
2 2
_A
2

h2 5 hl Legd dpmal) Llaia) (S0 cuiiladl GE)LEY) o JS) (B3lsal) ASAD ipall o)
Ll e

Lagans)ly cplaall (e JS a0 ddle (i) LT mdpall e S2 5 ST oilay) e JS Jax
(ke Jlaminels mus 1l Lol iS))

(I3 ) £l 63 Al pell bl salai iyl 138 z)a aladind (Kay (aS

:dall
N)*S,(0) s L Jally B(0)*S,(0) s I Jaal 240 1] Badl
Al Gl aling
close all;
s =0.5*ones(1,10);
y =[-s s s —s zeros(1,40)]; s2(t) followed by zeros
plot(y);
z =[0.5*ones(1,40) zeros(1,40)]; s1(t) followed by zeros
z1-filter(z,1,2); h (t)*s,(t) =s,(t) *s,(t)
plot(zl); grid on;
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title('S1 through S1');

figure;

z 3-filter(y,1,2); h(t)*s,(t) = s,(t) *s,(t)
plot(z3); grid on;

title('S2 through S1');

51 through 51
T

& @ials 1 Jl) die aliel mpall o o &l jed) e 40 3 Ao T daall)
Gbd) Jlall 5 Ay T ddaalll die 2 &) )iy (oSl (e WiSay Laa g &Y Allal)
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HRN|
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Ol Rala e sysall o3 Gaje (Sa da LSy 1080%1920 (g 8y5m IS il
O oS Lo culall (g Jeb sl 3y0em 25 (e A8 il 13l €00 e 2
& Alapall COLSN dae Lo L (asaill ek Gl 0y (B) Bamall Cpalls oy
) e Ll o bl ol O e Cuny Aisle geal) il 13l Sa)
el Jally ey ba e jseall Jloy) Lol 13 Lelida) 5 $AGHN 3 Al
Cildanall o3a Ji5 LgiSay daja Jpaad Juail sl S 05l oD Zajall aje Lt NRZ
hla il e

44.736  Jill Jare gaay Cuan Jara Gl aladiuly A5l 5ysall Ji () a5 .2
pranad aaliing ol (AU biall dus o L) Gldeed) biua ) 2t Ja .Mb/s
LS 130y $dagladl o3l dardind (53 gaclill Joaetll galay S(lyilll aaele) s 52
Lall e d il odgd Aluyall 5)LEY) JSE b 0X 8181 (yily Ay 5y lidanal) T
.NRZ, RZ, Diphase, CMI, B3ZS : julall

) ISl sUana daady 55l Ll 3

S(t)

)=

M~

238 malih gyd B an)l & (Al o2 ae aSiall mldjall dpanil) LBV a)) slladl
oT 2daalll die 7 Al dad ale .oedipall 13y dual

leiad ales zoall )La) & L edpal) 13gd A/2 \llans T lgwmpe Aldains Ay Lilif 1)
o3gr "aaly’ Cull Lgd Jiad by CadS el J3n aladi) o€ay o€ €2aad 3L 0T ddaalll 2ie
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35134
tanly Lo cole !l Sy jlaialy caal

M Gladie S el ass iper Jlat¥) 3lE LA dpeldl doall oVl b

Jraly gl sy Gy cennennn G sl 3 JA1S doany o Sy cevnnnnnnnn, o
.......... lia Jlasind Sy Lyraal Jalal

Sl Lm ul€ 131 L Jla ) lian pe Liblgia Iaipe Coyas cdaiall o VLl b
h(t) = g(T =) «eevvvnneen b G5l minall GE T ol ey Sla 90
.............. Jaxiny (52 Caill ga elulaia) Caisl)

............... Jexiy clulaidl e Caigll

Jil Y L CadSl) Jads Lolulaidl yue CadSH elal e vannennnnns Slaleiall Caisl ¢l
o)Al 38yS BHled (50 Jagies

o aul&ail (g ceneennnnen. Sl Uad Jlaia) mepay il i) aaxie Jhass Jlexion) 2ic

ol e aae JAL 3slaiall jeasl) Cabias Cumy cdgling Spa)ll Hlias cpa J8 el Uad Jlaial

1. ‘Digital and Analog Communication Systems’, 8" edition, by Leon W.
COUSH I, Pearson Education International, 2013 ch3-4
2. ‘Digital Communications: Fundamentals and Applications', 2nd edition,

by, Bernard SKLAR, Pretice Hall P T R, 2001 ch3-4
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g <l = e gt
Pbl\j g e S PAM-PPM-PDM ;e-*f —
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3 2alaiall 330,y S Jba
b WS opinalatia (lieS Cumy ¢ Spasi Sl Jlasinls 150 o) Says o oSy
data _set orthogonal codeword _ set

TR

01 G, 1 cadly 00 A5G 0 <l Say G
e Lo e Jomnil LLs Tl Adshadl s (s g

data _set orthogonal codeword _ set

00 0 00 0O

01 H, H
:>H2: u u = -1

10 0 0 11 H, H,

11 0 11 1 0

hadamard 3lsla ddsias et 24 x 2% oaay H,  nest LS e gana ol liSay Lagac s
b WS H ) Adsaadl e matrix
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Sl o LAl . il 6 e 058 layll LS edilliag Al 2° al £(6,3) Saasill sl
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AL plas eyl Al
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Message  Codewords

00 00000000
01 11110001
10 00111110
11 11001111
332 gall A8 gdinall (450
00111110
"{11110001}

cul 1Yl Aalal @i fhall 5] e el dls & Bleall 5
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A(nK)=(7.3) Llss Sley adsil g,(X) Jlesind b «(n,K) = (7,4) hss Sley 205l gy(X)
(N K) Tans s By any 568 « X" +1 sy n—k Ayl (po 350n KIS QS 1Y jlaisly
AL A 38l apaal) SIS ands G(X) OIS o) RS (S Uadl) caig
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8 el 2

G et AN N/K Gpesl) dal . o0,k and K dagsaa olac] @D aahll Sleyl) sasy
clid bt cad g8 i) W ke Al e Gladll giall ke gl Ll
oo B k3 Al Al K -1 3 Ll Ly ¢ QI sl el Alla 3 LS odadé ALl
803 Qallaty &bl Saesil) (f (g5 1305 .cONstraint length 2l Jsh K ans . lgie JS
tk /N Jaes K2 Jslay Ll Thaye U IS (o

m = 7mq, M2, ... , My, ... 1.2 3 oi-8K

Jaah AL,

As e kKH Lda)) Qo

g ek 4al)

n modulo-2
adders

= [f‘|, []2, L, U(, e eyl LS Al

= U‘]f, wer g ll.“, e llni
=0 g O el A
= Ui s s j ca

XOr aalsall 22 (& B N Glas dalely cpad) I B K Aa] a3 huse) saay JS

)8y Adaalll sda & ALujall Sloyll Al (55 (Modulo 2 adders)
) G sanls Spasil dlee i oSy
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connection representation <dag Jiial) 1.2

K=3 s 4 (2]) b e b JEd) aaly

T 7R { Sl J 51 el
daall el

—_— “Eg_> =zl
m ,

7

12 { Jpe Al A2 50

aficiy Alll @l Jig 3 AaBY) Jaw oo AN Gl pes e @ I5Y) sl e
glatlly abiciy «dilly IV il pen (e it JE el ey W oog =111 g el
.g, =101

Dha K-1=383-1=2 &lay jhoai o 1Y) e cilball & om=101 bl of =gl
AaDY) Ja wdlse en o e ) call o sl

13 ot AN Gty e K=1=2 L Caal camg 1y e 58 All) @l 1)
Ll Llaiay) CSlp Wl m=101 ALl el 2)al Glualy Al LlaiN) Al
ay WS Aplhall iy Jo Janid (QIBI coll d88)eall) 3)a5all dpaall Llaiay)
: al J<a

cOpal N ASBY) (oa iy WSy el ppdear Jad) S bl e cu sl Jas

.J&A).m ‘;\.\ u.m;.!é)a JS ‘;j""&j
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m = 101 U

Time

tq

t2

i3

ta

ts

Do FalY) o b bt saly Gy (e Adlge duanl] tipcanl] Blaial) Cilea N0 JS8N oy
Al JS (0 e Ailgal e il LK) oAl Gy el )l



e e ) (5
100 | 1
010 1 0
001 1 |
Ams Jaall dds. I 0O 0

dpmsddanid psallddwme 11 10 11

ome sa LS AN Al ey hblann) Sy

Input m Output
1 11 [0 [ 1
0 00 00 00
1 L1 I O 11
joksg=n BT R R 1 (e 1T

cOpr Oy cnelntlly ALl 3 ganll LS Jlasinly J2 Al e zpal Gl o) Lad (<
:bluall o8 gia g cpa SO kil

g, (X)=1+X + X?
g,(X) =1+ X?
m=101 = m(X)=1+X?
m(X).g,(X) =@+ X?).A+ X + X?) =1+ X + X*+ X*
m(X).g,(X) =1+ X?).(A+ X?) =1+ X"*
m(X).g,(X) =@+ X?).(L+ X +X?)=1+X +0.X*+ X>+X*
m(X).g,(X) =1+ X?).A+X?)  =1+0.X +0.X*+0.X*+X"*
U(X)=(L1)+@LO)X +(0,00X% + (1L0)X 3+ (L1 X*
U=1110 00 10 11

state diagram Al clabis 2.2

G AalY) Jad Ao Ala Jaf e Gy W dagiie A1 Wl o Saeiill Addee ) ks
G K-1 Lol K =3 of Ly el Jaal b (Lol claddll) pall sty s Jao S
Al QL) el aaid (0 ) 1) saaal)l Jaall ey b & (ASen a4 Legd L ()
p ) S LS Uy U, (il
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el ld 0 culS gld Jaall cy St a Al A oS 00 gl Jaad) 8 Ll oIS 13
IS el aSl el 1 Jaall ey cals 1y Wl a Al 8 L5y 0 h agie IS el
Al ) Ll 8 0S5 AalY) Jaw Can ool 310 i) (5S A0 Adaalll 8 ] Legie

\ﬁh}sb
00
O dge il z Al il
_4a=00 ;""’
o 11
1.
-~
gl 00
Vi ’,,,—‘-"“~\\‘ el Adla
h=10 C=01 ————
b \_»_-_//
\\ 10
01 ‘\\ﬂdzn 01 .
Input bit O
T
[ A -—— Input bit 1
\
\\,/
10

tree diagram 4, a.i cilhhis .3.2

aaf 33b ZalY) das 10l Jsi ie ¢l andl Ll Calimy o<1y callall cullaladig 40
AN Gl g gl e jeday Log o AT oladWh g all 3l 1 ) Jsin die s a8
A clalaadd W s ) piicabod cagpal) Liae @l

Sl (<55 @ Al b s el gl ) sk 0 ey asi e A e Gl e
@ 11 pl) lS (S5 b Al ) gl ) ) Lash 1y agas 00 el
SV iy 0 cull 5 o Al Y Wiy 1 ocdl V) Sk L1010 Akl by a Al iy Ll
LIay d Al
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o O
vig—— | — S%
3
as
>0
> 2 =5
= S~
~ - 2
~
[=] g
= =) = B
% U = o )
W
~
B
~
o

trellis diagram 4.<,Lés cilabia .4.2
Sl ladadall Jlasinl Say A (K 2l Joda dany 1S5 aas @) ladaddll ) Liylas 13
fsh LS By Sall Byl 958 (amy Hlaidly ¢ jue il Jial Trellis diagram

aall £
a =00 a
~
b=10 e
c=01e
d=11w
Input bit 0
----- Input bit 1

(K =3c1/2 3pa Jaa) (abad) Slall (LSS Guas5 Jabada
Jlayl) aead Uysie) 136 ¢ cabiall Lna)¥) Jie dualyy amlice Jasiud o &l Spesll Cai)
ABlge A 7 Jlind die Wl U za gl Jaed of oS m Bl o Lays ey Jlaaa¥)
Z Y Juaa) el daxs Al o (Gaesll @) Alual) Al Glé Lo Al )
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P(Z ‘U (”")jzmaxp(z u)
overallu (™

lase adind Aaj i s . aslil) Saefill CaiSH Viterbi s Ayl Jleain) Lad (S
Shoall slaie by . Llends LN el Ay (e 32l L cilblial) Jaey (Kl alasl) duas )
ST il el (sl (S bl Gn (e dmal iSY)

cgbd b degene 4 o Gl el Yl (Sa caspsais Uadll CalS Al
Jaall Jiley oY) Apha 4l gen Ao Gasis Gl Gl G gl diladl sl
iy 00 2 fas Al b degall bl ((Apia Jao Al e lual) gya 21K
gsiall ge el Ghlie aain lad Gy g e dsba el cliaca sag)s S8 o 050
Gl gt 5 el ) Chluall Aegana b (gyall dilid) L L] led) deiiy Cuay
Lllie & . S a8 (g praall Ziluall 3815 a5 . d, sall ddluall awd LaY) Ll
Lysune diels lilis . M0 Sl Laladdl) 8 cliad) Jadll lail) 5 o4 ddleall o8 (3L
() Sl Lalaad) W g m

¢c=01Te

oo Gty gslall 8] ) L Alal el clidaee cp el Al QY1 jelin Cua
Dbl ol o B a0 ol dilsd Alall o288 00 zyall Lins a="00" Alall

ot
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el G el il e s i) pen 8 G0l a0l o 55 (g cAidall b
VL) 8 Jasiny g5 manall ) 5Ly A (e 8 Lo iy o J1 ey i ¢ IS
" Ay g Ailadl)
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Reed-Solomon R-S .4 .3

M Cun b M e LS Sl Ga Bhsay Janiad A e Blss Spalii (8 R=S el
Cllarall say a3 (35S Gumy R=S(N,K) i) Capns .2 (e Lol LS Cage psaa e
Pl 05K 2 Dhey N ASH Ssa)l 23 Ty K
O<k<n<2"™+2
(n,k)=(2"-1,2" —1-2t)
n—k=2t
el leamaay o (0 U sepll slasl aae st
N=2" or n=2"+1 K (s pusall R =S gt s
Lo lad] mmaad el kit =N—K+1 (& el QLS G (gl 28l

d. -1 n-k . .
e L tssbn ol
{2 leJ‘*”'““

p A JEal 2l oYL BN e 531 e AL Bhe )Y Sud cAigal)
oy 7 3 A 27 =128 Jual (o Spes AalS 22 =8 ey (n,k) = (7,3) S kel
Gy lhe JS Gy M=3 Ll Bsey gedy ¥ (k) =(7,3) LW e Sl
Gl Al Jiy ALK 2™ =221=2007152 Jal e Sl A 2MM =29 =512

S a3 @y m Gsell Gl sae abayl A0S Gl )l

Sl Q) Jaws e 3210 .burst noise @l sl olai Jle sl R-S Lol Sua
3 gk cn—k=8=2t V5.l M=8 (e 3ay JS 0Si uny R—S(n,K) =(255,247)
by 25 giae lidana 83 s (apuin 1615 28 4 gey 4 (e D38 eladl sl )l
O Lale Lol 138 Saasi iy aasi aedls cAssaaai (Sar ULy G304 o i guaal) 1368
Al Jsially dlaiall palaall any aaly

s U< .Galois Fields GF I Jgia Lad i, :Finite Fields dsgiiall Jgaal)
) s heaie PTaad 4 (Says chaic P oacay (GF(P) I8e Jis san p
& GF(2") dausll Jaxisd aia 4 degane GF(P) ualic 555 GF(p™) gl
slly o haaie 0, 1 gppeaial) ) GLaYL Jisll 138 ey cOsaslonay e ol
Ja o @ 120 iy o sy qoall Al Wi Jial) 08 Sy 64l Al
W LGF2™) ={0,°, & ..., a® P} s diall alic o6 dllyyy . q@ D =1=¢g° s,

tagin IS Jinl) e (Ll ) et JS i (gra cpanl) Aulesd Aoty

. m_l .
a(X)=a'=)a X!
=0
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RRICPURTEFI 5
((xor ddee) 2 Lulially sa L aanlly o +ad =) (@, +a,0)X"
k=0

primitive Il 43) irreducible J5adU 8 e m Al ge F(X) asaa L€ e Jsis

1) ) Ju e on=2"-1 s X"+1 audy F(X) Gy n mmia 220 jaal g1

andy  F(X) o sty gl Al WSy F(X)=1+X+X* sall i L]

A+ X"1<n <15 JSE e agas LIS ol iy Y oaly 14 X" =14 X @ =14 X

A (X)) asaadl SIS S dllyg

PV aganll LS ey SN Jaal
f(X)
1+ X +X°
1+ X +X*
1+ X2+ X°
1+ X +X°
1+ X3+ X7

~N o O~ W |3

ol GF(2) Jiall 8 adf Ll (X)) =1+ X + X2 &) &l (e V) a50al) 53 22l
aal o0 of (gl L gda A dpaall LK) Kb GF(2%) Jiall AW F(0) = (1) =1
ro J Al sl Cauadd XOF o peall dlee . f(@) =1+ a+a® of gl ysiall
ad=1+a
a4=a+a2
=’ +at=a’+1+a
=t +a+a’=1+a’
a' =a+a’=1=a"°
HFX)=1+X+X? Ga GF(2)=GF@)Jiall  jale 8 el

tob e A A ‘{O,ao, a, o’ at, o, o’}
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0 00O

0
a

1 00
010
0 01
110
011
111
1 01
100

0
1
2
3
4
5
6
7

I I 3 I 8 3 8% B

:Jaal) 13d Multiplication cuyally Addition aeall cililee GLIGH G¥gaa) cp

GF®) ji) iy

1+ X + X® &us GF(2°) =GF(8) Jiall & pasnl

SIS s s o ~ BT T N TR
mn <t [{e] o o~ o — Q\ mn [Te) [{e] o — o~ o <t
ST N ew L %% 3% %%
BT Y K S I U T S S U ¥
BT 9% B < BT IR
l—l
B IO T M SR BRI
I« ™ < o N © 72} — — — o~ %) < 7o) © o
~ 3O TR I 8% %3
VA —~
e T T T ST S (I S S R TT T T D
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Cuay M>2 5 Nk, t Glhuge A Gpee 4l S8 LR =S jupll ) sagall
S sl ae t g Lparity Ll Gsey 22 Nk =2t <. (0, k) =(2" -1, 2" -1-2t)
(I (e lepll Algall dgaall LIS L leananal (S
g(X) =0y + 9 X + g, X%+ 4 gy X+ X*
R PO . R NN P U L P

sl
Jaahad) gl Y sagallis . ysia 4 aly n—k=2t=4 (i) zaaay g3 (7,3) Sloll 23k
Jot
a’=1l+a
a'=a+a’
d’=a’+a’=a’ +1+a
a®=a’+a+a’=1+a?
a'=a+a’=1=a"
rof ass

9(X)=(X —a)(X —a*)(X —a’)(X —a)
=(X?—(a+a® )X +a>)(X*=(@* +a )X +a’)
=(X?—a’X +a®)(X? -a’X +aP)
=X~ (" +a® )X+ (@ +a® +a’)X? = (a* +a’)X +

=X —a* X3+’ X —a' X +a?

ol s ollaie 1 5 1 Q8 2 Gulially aaad) o)) Lags
g(X)=a’+a' X +a’X? +a®X® +a°X*
SIPX) Ll sey le) Gy Slad) Y n—k lsie leags (M(X) Al el
P(X) =[X"“m(X)] mod g(X) :lual ()5S el
tel L& M(X) Al dsdlpall U(X) e sill dalS i
U(X) = p(X)+ X" m(X)

A0yl ae g ag Ll o giad
m(X) 010 110 111

ot a® a®

a' +atX +a’ X% iaga i< G e st
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XM= X4 4 g &
"X+ X +a’ X g
a+ar X +a’X?+a® X%+ X raaw g(X) e dedll il cani B

lilee e anal s Jind) 3¢ Tle Ll Jolaall Gy Gpally aenll Tlee (525 Cuny
p(X)=a’+a’X +a*X?+a®X® : p(X) mlll oS8 Al Jsaal)

P el Al (5S3g
UX)=a’+a’X +a*X?+a® X +a'X* +a®X° + a° X°
= (100) + (001) X + (011X * + (101) X ® + (010) X * + (110) X ° + (111) X °®
oiall a3l gla LT L ahe ) Gluag anpaiais Uadll CaliSy Saagill ol Al (Ko
3l gl e e NI (Say

131



LSl day il

Interleaving <Lidl) 3.3l .4

Uany o Ssdie sad o dhand o UadVl ofs aSI5 (50 e 3L o L) il a8
S HLY dai dus cmultipath fading e @Y Ghlus 2ad e Sl ol gisl)
Gl b R0 3L Ll Ja gl o Jie Adhie Jishl clae sae e Jiiasd
Juai 25 5 alall 038 (e ytusgrs ills ) Culida 8 L) il WS Al ey
Al @lsi by i) die Aagil) el AuSlie Ciladoay Lie Byaiall Fully chLay)
Loal Syol) o Lilaa) Unli iy 138 JS eciiled) @il Jie o 5l (88 a0
o Al (5510 lsl) Clsl e gl 18 e Ble Wy AU Saell) alaas VLA
szl o Jpanll dpa B 0aS AKED oK1 il odgy Aald Bhe)l avena
e il Al Ll gas) e Ll Jlexind ¢ -0l g spaiall 3L cililasy
Ll 3,813 i)

g o ad) clibs of Sale - Jaiaall b Leaii ooy Sapall (3 Jsa)ll Clilana iny (gyad
BS13 9 e Ll 3L Jray Lo gl

A Sl BS Se e dass ke JS ALBL, G e LS s JEI UKD o
oayily Ll 050 (e DL Jl] o gslall Shaudl LA AAAAAA, sl (e S5
A Gadl Jdo ool of oSey Ut Zay el 136 Laals Je) maaad o 8 Sl
OV Wl el US sl (e oSt o ol laudl) Ll seas W LC —D dal s
At aglal a5 A IS ge Tanly Dha)

A\ Ap| Al Aal Al AgiA7| By| Bof Byl By By| B Byl Cs| Cp| C3{ Caf Cs) Cg| C7 | D Dof DA Dl D\ D\ Do By Eyl Fis| Ea| Ee| Bl Eqt Fy| Fp| F3l Fa Fo| FglF7| Gy Go| G| Ga

Gs|Gs

G

| clad] i3 -

XXXXXXX

A4 By| Ca| Dy E4 | Fy U1A282C2D}E2FzGQAgB:;CngE;;FgG;AAB4C4DaEaFaG,1AsBsC;DsEstGEASBSnrnp Ee|Fe|(Fs| As| Be| Co| D0 E

(7

1 2 3 4 5 6 7
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sl i 1.4

o el i lluys Sas Lol Gaay (O JSE o el e el 22l il
laslas . sl O g0 (M XN) ciligiins Slas cluiiall 8 sale . uSlaall Joaiill (gyay Jiiasal
: Jal <) s LS

1 5 9 13 17 21

2 6 10 14 18 22

3 7 11 15 19 23

4 8 12 16 20 24

&L‘wllcﬁaﬂm:‘iﬂ . 1r5: g: 13: 1?1211 2: Sr'”

(Aalil) L) 2.4

J ey Jams JS N =1 dad) i 0 Jaadl o5, 390l Aal)) o N e (g Lin
) eisay 235 il dandl AT ) das 3 (e ot Aaball Ay caiiles e Liln) D)
13y ey 20 dabl S el (a5 & cpadl (I By §oise 215 ISV dandl & sl
3y ol

p AU O 8 e s LS e uSlaall il Al cililead) (gya5 Jiisall b
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el a

|

)
I H
o

J O

O—(N - 2)J—o0

(N=-1)J—0

L

byl g0 dalald

slal)

O— (N - 1)J—0

O— (N - 2)J

O

2J

*
H I - I
&

j =l gl AU G
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Jaall L B S R Py -
aJUasu.hﬁ
1T o o 1 \ ) o— 1 —0 X
2 0—l2}——ox * O —0 X
3 0—3 ——oX o—] o X
4 0— 4 —0 X O o X
(a)
5 © o5 o—5 1 o X
6 0—/6————0 2 U o—2 —0 X
7 0—7 3—0 X o—— —0o X
8 0— 8 4 —o X O 0O X
{b)
9 o 0 9 c— 9 5 1—0 X
10 o—10 O 6 O 6 2 0 X
1M1 o—1 7—0 3 Oo—— 3 —0 X
120—12 8 4—0C X o 0 X
{c)
13 © 0 13 >§ 0—13 9 5 —01
14 o—14}—0 10 Oo—i10 6 —0O 2
15 0—{15 11}———0 7 O———7—™°3
16 0—16 12 8 —0O 4 O O 4
(d)

83 a2 .3.4

(Janall ae aalg 4l A3y Sl Lol elal sl Gl (e Gusise Clipdail) (axy Jasind
Juiial e gty o JH siing) el Sley Jamas s Slays Ll pUndl alies mpmaad 4dn
33a)¥) 038 quass N Sl (pyy L Uasl)
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‘-}ﬂf st - . Jﬂ_}ﬂ . P.JA_I
Jadl ke T | A > I g IR e
Y
EECF PEEN P -
Y
I 1
Cildnne S, e .
u, —lf—— . u — st Ee gk i - IR NPELL]
e il Sl s S e s S8 SN e =
= L I

Sl ) Sle)ll Jeaiy 0] acn Jlerind o 5esY) ga Yle Gl JSE
oo Lot Ve ol 13 3y interleaver eliie Leging aylal) Susll R—S 5 sl
.2dB Afy e By /N geaal) ) el de Ui 4ol 107 43,
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turbo codes s 5.5

58 Al 3 UL L e ) il S5 A s ) i) a1 el e h a5l g
oo By INg usall ) call delind G e 107° Uad cVans o Jsemal) (K Aials
e ol w6 05 of oo Lase ol el o ol Al @ @lis ) Gl L 0.7dB A
il 6 o) Jlaialy e Py a0 sa sl @l il ()6 of Jlaiad of Jsis 1510 a
Maximum a-posteriori s> adaall aa V) ade oly Cajmig P s 1 Jsaal)
Se AY) cully il aal Jiad -1 5 +1 sy Jlae o6& of A likelihood MAP
AL )

>t
p(d =+1| X)< p(d =-1|x)

H,
Hy =1 1 el Gl of (S ) cillanall 3530 8 5 cdslial) Jladl) 40 X Can
LS dma )l o Wsal oyl g Aes dic Lipe 38 .d =—1 4 Hy 5 d=+1 dunj
:Qlﬂ\(i&.ﬂ\&

Likelihood of d =-1 Likelihood of d = +1
plald=-1) plald=4+1)

S o i€y duda il Y LU uls Jlaxialys
>
p(x|d =+1).p(d =+1)< p(x|d =-1).p(d =-1)

Ha

12 AIKE A o
p(x|d=+1) >" p(d=-1)  p(x]d=+Dp(d=+1) >,
p(x|d=-1) <, pd=+)  p(x|d=-Dpd=-1) <,

plxld=+1)H P(d=—-1) p{x[d=+1)P(d= +1) o

p(xld = —1)i Pd=+1) plxld=—1)P(d=—1) i
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P gsane JS5 o Lgraml Aald) A 2pa) 32T A all) dma Y1 s

L(d|x)= IOQ{M} —lo { p(x|d=+1)p(d = +1)}
p(d=—1|X) p(X|d=—1)p(d=—1)

_ ,Og{ p(x|d =+1) } ,Og{ p(d :+1)}
p(x|d=-1)p p(d =-1)

=log(x | d) + L(d)

sl 8,091 ABL Y L L L
L'(d) = L, (x) + L(d)

sal) ¥ laaly Adle 4l B aslly il 2 A e gad luld om0 JY) aall Gua

JGa

Sy K sl K =1 58035 K ad Jsb g «1/2 Jomay Ol il Wl (a i
sy (U, V) OBl sa Al s od, llasall

K-1
u, = Zglidk—i mod 2, 9, =01
i=0

K-1
Vi :Zgzidk—i mod 2, g, =01
i=0

228 caniy FIR Gagiia fpcan Blainly mine z5d Lagie IS o e Uy, v G kil oS
.nonsystematic convolutional codes NSC iulsiia ye 4.8l 330l 1330 Y]

Sl Ja LG ={111L, G, ={101 Sy (K=3 ad@ll Jola oS 1Y) b Ja e
Al oda & Saasil) dilee
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— {U.ig}

iy IR dpgiie e Tpas Blaia) 3 Cladye Jlestinls B Sl pans Ll o2
.recursive systematic convolutional codes RSC d,asc daliiie 4388l 30y Cavans 330))
& NSC 5lejll (e %2 RSC ) zlitid ¢Sy .NSC Glaall g5l (e Jumdl 330,31 028 51

DY o Jeantd ody Tsbua Vi ol U cumall aal gmg deal; dids 8h Jba)

K-1
a, =d +> 9'a, mod?2

i=1

0:'=gyif U =d,, g,'=0yif v, =d,,
SO sa aeyil) Jadada (6Shg

- U]

idr)

l

ap t—=|ak-1f——{ar -2

- {Uk]
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Tahal Jeeadi o Q) Jyaal

Aaall Jaall oy Sl Al i K daalll s 2al eyl cilals
k dy =y ay a,_ ay o Uy vy
1 1 1 0 0 1 1
2 1 0 1 0 1 0
3 1 0 0 1 1 |
4 0 0 0 0 n o
5 0 0

A a leyll 1agd Al Ay of g Trellis 4Suil) dnd) ) 5a5allys

Branch word
i u

State
a = 00

) 03] VAl Jaail e ) Jaall
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Jaall ey Allall el Aty Alal) el i€ Al sy

dy =1y a @ a2 Iy Vi g dy |
0 0 0 0 0 0 0
1 1 0 0 1 1 1
0 1 0 1 0 0 1 0
0 1 1 0 1 0 1
1 0 0 1 1 1 ]
0 1 0 1 0 0 1
1 0 0 1 1 1 0 0
1 1 1 1 0 1 1

Ml Jaead Gailly Juadl o1d)  Jaxts i (e SS1 e g yal el slae) (Say
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dad ) ey Laiy) alai gl .6
0saY) abiaa ol aal Bt ) aeaall Caagy of (Say ey VL) Qs apaal gyan s
Al
Jakiel Rl Jaxe Jaa .1
Lpaal Pl Uad Jane Jaa 22
E, /Ny gzl dellawy dgdll GG 1) cull &l dus f delind) Jes .3
(Gua
Lyal aaill dja (aje Jea
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