S HRAA BN SELloadP THEOREW /IF R < C

WHERE R C AREIN By7s [crppvmer viE
S - oo
72 N =

Iy
THEW

WE CRAN TIANSMIT Jn) FORMAT jon
WiTheotT EYipel

CRLLED NOISY CHANNEL COD/ne THEDRES.

DoESH’7 TZLL vS How 7o Do The (COPING

WHRT S CRANVNEL CapA<ITY P

|

NEED Teo FJRST DEFIWE 1ope £wrnropy CenEPFs

For (X y) Todr Evrmofy Js

HI% )= = % plgisceae pliy

/.J(jyj RIZE TOJNTLY DIST. DJ/SCRE TE

RANDOH VARIARLES Ww)TH  PMF p/x y)

T wNerT 4 AMow
UNCERTAIN TY AGBovT (¥ vy, .

A ConbDIT o AL PN CERTAINTY ir

H{x1y=y)= - 2 pIwly) Lot prary,

. EMQ Lv6 -P/*’”?)]



THE Conp;TionfRE ENTRePY DEFER2 AS
Alx1y) = Ey LhH(xgy=y))

= - /)
2;{5 XXy LbG}_P/ﬁ/)va?/?)

S —--..,r.--'-‘
H/.EU)':g)

r™

= - 2% ¢ }’/'«'57) Lp"—m)’/’?ﬁ/}"}
X7

TH/S L/ AVERAGE UNLERTANTY pAocrT X
ONLE Y 15 oRS5ERVED

EXRAgPre L M BRT ERPEST

: _ ‘ you CEX T
umcnt /‘f‘ V) Eceﬂr_/w + UN X1y

INFo. INF. InPo

H/Y)+H/Ix1y)= — ?; 42 L““FKW

- z? PI%G) 682 plr)y;
x

= -~ /Yy L€y pl9) - T 2 p/x LY
> P ¢ xv.?_,‘g,ﬂ—ﬂ PxY)
- Vald &
— —

- - { r v . : _
: Ply)LeCzp [y + i’f PIEs) o6y pyy,

- T2 4" JL o6, =
Sy LNV kel Py = fxy



ré& %

SEE pLSo EXN. 12,6

MVTVAL s FORMNAT jouf

/) = UNCERTAINTY ABOUT X _
Hi{x)y) = VNCERTMINTY ARevr X O NCE
) /S 0BSEAVED

SHEULD HAVE  J} /XY Y WY, Wﬁ}’?
79 FRevE THIS Lev+ I/x:y}‘ﬂ/xi—ﬁ/%}}u

Tlix;y) = =% N LI YR ZZ PR aba i)y

T 22 pregLoss presy
< 9 /

pre
= T % 79/95 v) Loy P/ 2 0
* 7 P/5> pigs
/
T T/xgy) v LE PO e 70
A% )
~ ¥ g _;7.)[?9.95;’2)‘))
y I

= 22 p/RIply - S € pixy) = o0
* 7 xy



T /x'y) IS CALLED THE MUTLAL /i Fo |

o

NOTE ) L[y X)) = T/% -y
>/ JE Xy ARE JNDEPENDENT T/ y) =0
3> Feerm (i
LlRAr) = RHIL)-A/R1Ys
= HIY - HOvx

C HANN &2 C»:?PﬁCJT?’ -

C =~ MRX I/g-vy)
2% 4
= OMAL HR)=H/2 )y
Pl
_ D) FERENET 4y
> CRHANNEL 4
| T INFORMAT /o G Ay ED
T ViHr YsSE aoF CHarvnver
. /C
EARMPLE BJs< Z -
— - <
J .
F el ’
X ) 4
C = fMAX I/x-yy
ff:c) g
= max  HINI-K/YIx> (ALTERNAT S vE FoRH)

>/ %)



Now H/yix) -2 547 PIX T L6G. p/y)r)

= “"J—; [ § P/?/'TL} L O6 . ;o/)}ﬂ?} PIE

O D 1~&) Lo6,l1-e) +€Lo¢n €

X =
A=) D1-€) Los~ (rre) + €506s €
= -‘i/f)-e) LO6 (1€ +& £062€ ) p/x)

T (1) L6 l-€)-€ 2pc. € = MHure)

C = /rmnax Flt) = pyle)

24 71
< /! D Foa/D LX) Se THET
PlY=e) =pyz4s = &
TRY »/x) = =  FeR X= o | Fown p/3.

THvS C = f=fy (&)

GCAVISIinn CHANNEL CREACTTY

SRANNON'S TIMIRDR THEORETT

] | - vz
/‘X \C“}%vyn[._’ % y >

/J(’af F) TMbIIE - ~ A (ﬁ,. Fr)




SANE PEFIN/TI/eN FOL ConTivwiyows
RANDIeor1 VARIABrec £ cspr

I/X-y) = H X ~H Xy TVM"" Lot
- L RE )ENT)
00 [Hoc,pﬂyﬂq
Wiere HPIX)= - j’”")dh’ Flrrd Lo6s” bx%
~ 5
N =y JCAaLE
= . / Y7 RLTEF
#AXIY) _/gﬁ"%?’-ﬂ"/ﬂw’w "oy

No7E : FX) DPOESH’'7T EXIST i/ CENERAL 54
rMARY BE NELAR7IVE Av7r T /.x/*/)
Wiz, EX j27 AVD /X y) % o

ARSPE = JF Xewlo g7 | Hixo~ T N [2Teq )

PRooF « H/x) =-£ [ 1w Fle) i
- - Y e'lﬁ"x")]
£ [ o

AL

\f

= Lnfzmre §%)

CAV ArSe Shew THAT FoR PprLr F1x) w,TrHy
£l Xx*) <« 0, Nfv 03 HARXIMILES H/X)

L
-

C 2 MAX I (X y) = ppax RV I-HLyix)
o Flx, |

Ce NS7DER V]X=% _F_[R.ST'



Y - X+ 2
Y)X=x = x+2Z ~nloc Pu) = +(9)x

Alyjny = Exy L =sw$/y)x)
- fe-x)*
) g =7, l§~%) 1
“TExy [LM/V;L?FE« ) /

S X dm W, >
= LN 25 v + 37 Xy )/y—-:x) J
o Vg . )
.2‘5'.-
N
Ex 12 Fv

7

Y A T A
N T DEPENIENT S POF OF App on £¢%)

C = Aa 4 Hiy) - ';Lﬁa-ﬁ'aﬂ,;
(o
BUT FIR A PoWeEr Cons TRRIN 7 o X SARY
ElL*) ¢ P D g lY¥Y*) = g()+EY2Y
< P+ i

PIY) I HAXmpH  WAEN Y jr cRvssiap]

AYD Y NN [ PrPu). THIS 15 RrA LI 2ED
WHew X ~npfo P) D

MAXN KBTI = Hev)  For Yauw(o PrP)
+ /2 -

= MBIy ) = i;.,;/ exe L PR,



&

Fivairy FoR The pPOoWER Lyms7e> /f/x“)-f_-/’f
GARVII AN CHANMELY ]

SN VIR V.9,

t

1
: Lot 2gre [prPy) - & LV 35 Py

B (H- ;;) WYATS ) CHANNEL USE

Bv7r B)7s = .
7 .{3)7‘! _,NRTI

NAT

H
— c NRTS
LN

C = 4 anli+PpR)

4 Lﬂﬂi//fg)
LA 2 ~

iy

RITS/ cpipnpsr vs€E

Ei ArPAL ;77 F orMVLA

New ASrumne A CoNvTiNyovS )x&E CcHRANAVER
WyTr £ (.x Ry) < }'9__, BANDWIDTH = W Hé

-
PND AWEN WiTH PSD  po)s

WE SARppre AT NYQUIST RPATE OF 21w
SAHPLES/sE< ALSo THE NojSE Fower
Becorfes

»
f/\/:-/ /y":d"F:NaW/
- W



' P
-;-,S e = é 5.0611, (} + No v ) erf/fﬁﬁﬁfﬁg
‘ C = W (i » L
. - L o Ca j-}"/v,aw) BJTJ*/J“’GQ

FROBABLY THE M7 FAMHo VS £ orMUA
N €O MM THEopy !

EXrrpLye TELEPHONE CHANNEL
W= 32ec M3
Swr -~ Lo = 34 ds
Now

L™= 360 L o8 /}4- 7543) = .3-5’:__?6'?

Brrs/sec

W pOSSTIBLE TS TRANMM T 5 F67 e

- 0o
L ¢ =)o Ve/Cs CHAMNMNEL S DVER

3Rhy curarmver !

BoirnDS onN co MM UNJCATION

For SAUVSSIAN CHANNEL 17 ) PosTIBie o
TRANIM T AT R RATE R BiTv/sec W T ov-

ERLEL RS itone A S L 4 & = W e G ﬂ"f Fr/Ey 2.

NeTE THAT The VSC ofF 78€ Te “Brs”



REFERT 706 ITIL RANDoM yar) ARLES

TAKive ©N VALVES © or J W) TH £PUVAL

PROBRBIL) TIES (€ JNFoRMATIN RITS oR
- - 7 AR

A ScuvRel WITH ENTRePY H/X) WHICH
EmMmiTs A Srympel EverY T SEC 1

EnN 7T )&

R = HM B)7TS/<ec
-r'"

=) Fof fReoRieSS TRANI 15110 J

Hix) <« weroé, [7+ i)  Bi7s)rec
T

EXRHUPLE -  FoR [1~ARY oRTHOGOA/ AL
SICNPLiNE  FoR €XAUpLE PLPPr
f

-

AS M= 0 =D  EFAcpw pfpr PLLSE
PAS WIDTR =0 D w—s co [SLive p 54

C= sz weoc, (74 o)
W - oo |

= Ei06e= 1 e

A

CAN’T sarCREASE RATE AVA}:TFJJ;TETJ 1 F Swie

N FIXED “AS BAVDOWITH JyfeR2ERSEY CAN S,E40AL
A STER /MY@U}IT CRITERION) LUy LEF »
MoLE NOPISE (ﬁ,., TAw



! 1/

CONVENISHNT T 0O DPEFNE SPrecT2Aas B 7T LATE
AS

r= Rlw /3,-75/:&':;) /ﬁ‘g

Se THATr F:E/@A ":Lﬁéﬁ.(}""i)

Ve

[0

ﬁL.fc; CVR LTRVDARP [fJEARSVEE Of R
1N EbJy, sRSWRIPER 8T

BuT  EL = (RVERABE Powet) X BIT JNTERVAL T~ ME
. , e — .
P = SEC/ I

L

= Loca (147 Eufy)

spissied
pATE @ Ky
NI
15, 20 € o
N,
fE - O

Ilﬂ—l L -

b
—-16

Figure 12.17 {Spectral bit rate versus SNR/bit in an optimal system.

AP
Foft fl‘-/,qﬁ < -Aén WE <RaweT TLARNSH) T

RELIABLY AT ANY RATE.




NeTE  JF W JJS LapcE = ;1€ snecs
ANVD 1A Cow &Ry Jor PLPowWEFR , LALLLP
POwWER =1y )7E€D CAase ((VoypgeR SPARSE<RAFT)

JeE OCRTHOCGONAL SIENPLINC

JF W J5 SMALL > r ;5 LARGE
AND  MBRIN CoNCERN ;0 LANDWIDTH . € ALLED
BADWIDTE L)) TEd €A SE ( Wirgrsgss).
VSE CLROWRPRED CLoWSTELLAT onS SiicH AS
Phn, PrAN, ETE . BUT NEFDP Godd SR

M =64 QAM
M = 8 PAM (SSB)

PSK
M=16

&

Bandwidth-limited |

. Ry
M =4 PSK . rcglon‘W}I
M =2 PAM
(SSB)

1 | |
15 20 25

SNR per bit, g = &/Ny (dB)

Power-limited
011 -&’— “]
region: 7

M =64

Orthogonal signals
Coherent detection

— 0.1

Figure 10.44 Comparison of several modulation methods at 1073 symbol rate.




EZHAPTEﬁ /] = SELECTEP Tepjc s

FRDI/INGE RULT)PATH CHANNELS

h_

T — T

EXRMPLES ARE CELL LPRONES [ wiRELESS)
AND  DNDERWATER AR<oVSTIC CHANMVELS.

CHARNNEL IS LiNERAR BUT TIME VARYINEG
. PMevinG
[ cerl prene N, CAR D

EXAMPLE MULTIPARTH <y
44
r e peceIvE D) . = CARNAEL
i N
—_— —— -
L D=
-+ £ 7 <

"'f}f'"'t;
Mebgr UVIS/nE LTI SysTewm 5 &t > h/&)

S fE-%) = ) fe-t, )
EXppmpie f_ﬁﬁ/ﬁg IV LTI PATH

- 4—& e T
y
. [\r-—--_
-El" fu*‘ﬁ}

&



N

MODEL VI/NE LINERR Tine vARYING (L7 v )
SYysem SfE) > K/t

Ift-z,) —> 7

G/ b
i
-t | he, te
, K [MP L SE APPLIED
j AT € =%,
*t; t - i _&_’ t

CUTIVT Ju A, ). JF LTL by )= Lo [t-%)

-

NoTE THAT /f_éjﬁ:; 1F ovTPeT RT Tire £
Folt JrfViLSe AprL)id £ -, SEC £RpLIER
Fel 4L Sys<rev. Hewat‘f FoR LT X Sys7tit
LET TT, T T ACE yAUIABLE F T uE

S, e JMMPLLSE ﬁﬁfz_;gn

o«
A'&J {"&‘) — A-&-a:(fj
T en ATPLIER

smprse TINE [wH
PENeTE Jyrrere By k[ t)

fﬁ{'é— T/ME
f./‘!f-i"} = oUTFTPUr OF SYSTEH AT Timgp €
Fok fMPrise ARPPLLIED o+ S

EPe L] ER /AT. - )



JF LTI Thew THIS cuTPrr 1S ALpwArs

INLEPENDENT oF T (apy?) BuT PEPENDEN 7
A hie « 23 = } [~

L7 X

ASIDE ~ L TV SYS7TEMS

ol o ]

LTV

hiag |~ e = ¢

o) = R /e EF&-"F:N}TIHM

Sft-) = h[t-a)  TURE L a) yAL) AT
x/ ) Stt-z) o ximsht - JHOm o> 6 EWE) TY \%

Afi= /%/ru Ste-wsde > [ " xin) bt d~  SUPERPSS
N o
;it-/

Ly NERRITY
FOR L3y :

§tt-2,) A/ﬁ-—t-*f)
Xiy S1e-C))— x/&,) 4 jt- t, . el HeHog ow,
Xy ~ _/ xKie, ) dfo-t,)dt, — J xkff_’?/’t"éj ) dt;, SvleR

_""'\.V-.———..,.——I—'*

;ﬁ&/

Bevy LETTi e 7TF ‘ﬁ-'t! = t,* £-n



!/ 7k

NG
_ A Lo Govs
fﬂ') ?ft-/‘; _/ hidn. €) wlft-2) d~ Whke bovs
- J Resvir 1o
CoN VYoLY T Je
WT CAN Aesv PEF,we B TIre VAR Y &<
FREP Respevse pi

- -+
hlr e € IEETE e

H/f_;-t)": /

—ﬁ

//F LT.‘EJ };/1;#) - K /= = ﬂ/f;t)‘ﬁ/fJJ
THE USvRAL pcFinsTiow)

SN & H/-f;-,_e-}= gz;{ "‘a/'t;f:.:s

‘ >77 T
Am;w = / HIF £, e? d £

237 P 1
= ‘?,L,x_./ = // Hf-a‘:;-éj ¢ AF x fteny 4 ﬁ?;)

' .:-;!?':P":
- /H/ff-E) / Xle-v)ed A% a{)c
1 —_— —_—
S 77 -
(’/ . Aol -
Koz '+ t) # d~’ - J{’I/‘:‘#'{:J}
ot &

L5
= X/¥ = I :

& At
B/ b Xre) e d F
N —— |

= A}/,F)f Fepe LTI

;/-E:/ =

-



S UMMARY
jr“ ———————————————————— |
| - |
s(7) : Linear :
w——e  tiMme-variant r{t)
| filter A{r;1) |
]
: [
|
: Channel (1) |[ Figure 1,10 Linear time-variant filter
L o e e ————— e channel with additive noise,
25
rj¥&) = /__ﬁ A/’f;t}f/-i:-'z)ﬂ"'t. = R /1)

?zﬁ'fﬁd

. Z21
= R s/ e £ 4 npes s

-

SPECIB) <A S I TRE v giea TN
IS P7repeye /F/M/T’E NV BPER o= PRTHS)

L
A/f'z: ¢ 4} = E ﬂ_.nft) S/Q—zﬂ'_{fj;
vy u:.'-;
L .
=) -, .Z @ -
r /7 S, SnfO TR ol p/E) FRop £
L PRTHS w7k FPATH n |FAvwne Time VARYI NG
TIE LR T, W AND T VARY NG

G AIN o, jt"’.:

Chravowe HMopers

THE TimeE PrrLpvy s e, /+ RN GRINS ocq JED
Al UNEKNOWNY AND muS T Ac PESLRIBED
STATIST)CA Liy



! 78

W& Conys )DEY- owly 7#HE CASE oF A
SHANMN F1. FoR WHICH },l/af; T/ jI SO AT ANT
)77 ‘F’ AT BASECAND /—F'-—‘-a)‘ THEW

o

Hit: @ ¢) = RH/o vy = cl¥)

Fet/ < /

-t il

£y
X a o o
H/q";-e) S7/F) e df -5 /&)

S ) SE)

CALLED A FREDP New rcl&€CTIVE cpAwEL

/ Chw Al So BE TRHOvGH T ofF A5 L =1

-

<, ¥/ = <h) ey =6

A SiMILAR CHPANNEL Moder cprw AE
VISED For A RANDAA I - SI6nvAL FolX wWhiekH

H/-F; ) 1S ConNITANT L uTH FRED, oype A
NAREOW BAND ABLoco 5 A LAERIsR Fres F <
oW <IE) pMmoST pEe Co f1LPLENM

EXAHMPLE - TRANSH )T S/E) S Cpf 2)5 fu 4+
e e

r/&) = XA St - xfEr) {t6rnmre pj))
- « [, Cp s (1..7?'4‘:-: ft-‘ttt))j

= Ke [ wres ed T [i"wf}"j

= fle ( ~ /€) t:-;}ﬂﬁi&) e :,;hht)



-J I e S
LET /™= &/is €
= ol J¥) ﬂ-g¢ft)
27 1< &
rre) = Re ( C/&D € J j

SieE Fo e L_Ri'ta&; e /4 - s 7 fe wtE
]S VERY WFEREDICTRRLE |, VSVALLY 7o pelrFp
By Pliv~ vlc 270, pese po is
MedELED AS A RAYILE/CH LAVDen VAL ABLE

Witk FPoj
._ oc - & X s>
'7C /"{) = g™ A « > 0
3 o £ o
AT Avy T +. FewRiry 17 THE
o
CARVMNEZ 1S SiLowlLy FRP)nE
‘-___"—ll—l—-__.-
(‘ N /\ﬂr T = BIT /NTORVAL
ST *©
1/_ M =) AN CoVs) Prgr
-~ X /] A ConcTaw T
-~

/79

W/ITH €. oveR T Ss¢ .

/—?'ENCE; S Lowery FADING FRrel® ONSELECT)VE
RRYLEIGH CHANNEL popel 1S

C o5 2t ‘ | .
2774 CH,QME.:%  Cos [ 2orfct ) ﬁf‘fii?}ﬂi-‘)‘




W HCRE "ffaﬂ}'g_,&*!ﬂﬁ} JN D EPEAN DA +

P ~ UNIF KRuporm VARAR g ¢

- —— -

ConS/IDER  BinARRY LSK . We TRANSE) 7
L‘[D"l/fj - ‘) 2% dlnf/lﬁ'fff + rafF ) VS
ANPp RECEJVE

e<{t <
A ST upe 95 CAN BE g5 7r)mMPB TED
FPENFELTLY AT RECE;/EVR =D ypsE
¥/, = \/7';'77: CoS f2rrrec® + ) o
CLPSTI - LopRELATE,
D (7 = ~2VEa CoSmTF+ n - a-r,,//i Noja )

Ao X ~ RAYjer&h . ML RELE)VER pE<ZPDTS
/- e JF ;:,,_., PND ) d < °.

FOR FIXED = W€ Yayr £ = («fE Covrr)”

g
E o

afifg





