X LLO*WQ- &, S"F* 23,2003

Ovavrview of DistaboXid Spurcs Coding .
e v

Assuans ot seyaral AWiCen (S$2nSos) wmoadonrs
Hr emni Corimzt sl gouwd Hiic obSacvathon B
a Gl processor. The quection o ! hew much
iformathion 7y Shauld Send 8o th ot #a Cantead

forosseX (e Adiv) Con coconstenct /o
eech

v
ewitonmant . TL T2 Senso~s (fi 2w G dors) knewo

what Informihon 7he ottrs HWanamd, friy Coull
Grmporess iy Fnfotmatt i by ayrdivg adll posnblx
,{M.imaa, Hootwae , Thas iavedseq ok
elabreals watisot ko Gty 1 Sand 7S -

Toks o 2Xomple. of- Fdo - Cocksss ““‘iﬁoww
A ey . Decodor recaivas :‘Né.e-fmdl’rv\’{x ound

Y Qe fa Hdp Sembpes . Whin Gmandbeaing o

7o entodsr X |, Y Can br Consilored o0 side
Fnfotmatbirn . Thiee av HAdo $iFwadiond

)

A
] i X

X EnGadse [pI-T7
%.__T__-J

A wq




Lo #hir Cant , bott 2ncodst cond Antodsr Scrz
actean L ke Fefetmattion Y. IAoo fewr
Moot o~ Ther Cast X Com bhoe 2ncodlad wirt

H (x\y).

2) In thee C“V)&/O"\%a{z@e&'—f Yoy, Ruo o Cleoo T
6 voke l\n-—f'e'fw\ai‘«‘av »

Y
A

Heer, & wonally naeoled that RRH(XIY) . However, o
Somit Cuseo, R= HIXVY) v geoss:b(n.

NAL: Tn th satovd Casr, whilt Encodic oloes not
bnoo e ehact vealizadrn of Y, ot hpows Y's
Ais v oot .

Follroi~g o an erample of o coss whers, £
both. Capen , X Coun ba 2ucalod

Erample X oo 3-bot saguente amdk f v notkes
3- bt sopania fnd %‘/5 o X ok most o 1 plac
Cagr |2 T4 swcodsd oo wceers T Y, it ondy
needo Ao bl Ar eatode X i/ e.) b 2mtods wlottr

50



ot vt X o Ao and Lo ol of S e
Whad pogidion

kna-—»ww?—bo'& (l-r 3 S’:"rumj;mf\s :(,_) . TM

requives Zso bids Ay e odls . B
Coaor 2 Encodsc doea not fngw Y . Buk, i This

Cas, K Cam be 2nCodad witt Zwobes .

Tb.r-e-mc)) Hoat 000 anwd | | ] Caw be

-ﬁ.&- S anll
encedrd with o= Syombol . The Aoy los Seeo Y

amd doeideo ococeo e~ || o{ﬂ—p)—mou~awww'.dx

ot vo hpoet B Y Ho Sawe v A wirt
0o | omd “0.$a/~&:~ Xa‘fw@,wz.ae\w.zﬁw

boeto {000 111§, s__oal/llaf, {alm[o)}

wh (400011 ] i ol recdit SPacity

o CGroed. Thao M_7w-:rw 2 b .

Slepram - Wolf Thapram: For M Maser buuod Spenecr
Coliny problim o The Sowven (X, Y)  olvawn Zocel. @““ii‘m

R.2 #X\Y),

.3 HWIX),

Ry+Re > HOY)
5)




Ths- obove examples (taking \ s ftn g Az

® infornakon ), Gecafpondds Ay poont A ow e Cunva .
Theatt o2, Y 00 Feamamitied win HUY) cunod B X oo 84
Wit HXWY) . R, = Hiy) , Ry= HIX\Y) 5.

Ri+R, = HLy)+HxX\Y = H(X ¥) .

N ™ ——

C hannel Coxpot.c_:*vé

5(;50’{)5-
A cChonnel o a System CanSt'S*"ua 0’5 an ingaut

® alphabet DC ,0m rbpud alphabot Y ol
frokabibty tanaition moteix pdtig) Pry) )

P(ﬁl%) :P{obab”l‘% M Saw\.bo! 3 ;A Y’-CCM‘J{J
PVen Hot 4 Sprbol % Wao Sent.

The obove A2finition Cam oxtemoledd b Cordfantus
M ‘wa et fef’ﬂb(,:vga, fto ConddtoraX s
Jumdbirn by o Coniitional tobabilly densily pumotion.
Sevma —&LW&Q :

O BSC (Blnary Symmetrdc Chammel )
[e] J & (7]

£
-

ce gy

)




T}WO Mé‘ﬂv‘.s A SW% eawf:s%;ma ,_,6 o c,..d;‘mm

Q (’Jf\mh.ﬁx wae\cw /49\)6)10 go:#u o b;nMa wmo kel adi' o
Schams Suih an GPSK,;\F Suthh a caor
- Q%)
2) Binwra Erasure Channed ;
o L - 0
€
e
&
Q | —¢ |
3) AwGN Channdl (with cxbitcary input)
'P(a‘“"l/_:‘ex‘o[-w‘('a 7()]
4) AN GA) Wit @:\M&,e.g,)ﬁfnw, lw
2
Q xe{os1} lavdé;ﬂ >y 10(3\0).—_-{1_—.@(@ [_é%;a.( ‘wn.}

Pir1)= L sl L, (9-A)]

53



O Fot oy /0"\1&4}" a{fﬁr;&d"m AP(X], These o an  ouwdpet
Asterbustiom  gnvan 543 »

Ply)= 7 Par)PYx)
X

The murual f-vfo-m»od-'ow betwen X awcd Y ) grven a;

Plaly)

I(X;Y)- ff«fa(x)}o(mx)&a o0

B P(% 8/
_? g_’ P y) 4oy 2K PPy

® = D (Py)llpx)pey))

I(%Y) Cam also be writien e,
I(x:y) = H(X)-HX\Y) = H(y)-HYIX)

The matual infotmakion TUX;Y) o The olffortinte hehurnon
s Untueinty exliting adiud A before amd affer
obseeving Y. So, h v #a tats of Feomofer of tnformat
Farnigh Mo Chanmal. As such | f 1o noducad o wirh
Wt Fr veaxinize of . The? weanimoon to calley/
o Chamnad Cup oty |

O



J’n.éq-(mad'(-ﬂ"’\
;D%:Jd-l‘a:\_': The VCL\MM Cafoacf-% 4 o olis exefe

O mw—alus Checnned n ,teﬁn.v.»{ aAd

C=max I(X;‘)’) ~
P(x)

InZatprefadon + Tha Goul of Chamml CGoing (7ta
Cnlolot onno) o todor w~ Ha Proure) oo G $ind

- i t | W
W X—F Clemnrad ] — et cosine.|
! e L

maSss

O A ASTObudion o Mo fnpad FRat makimizeg o
Jkam/»fbrni l‘,\frrm,\,d-:'m T LX{\/) ‘

Before oleriviny #a rrscad peochurs foo Clgmabing
Fioding Mo Capacity, 12, b pacgorcm Ha cbova
mantion@el makivizad i W e hve St cajully f.&:«dh%
CrGening optimitadioe of Conv2x ( CpacavR ) dumdond
Assums oot 4 (d) o o funchiom of o = (dy, - scy )
Rk w2 wWith A wmearimize Cminim ize ). g £ (el )

O v ConCable ( Conyed ) Wik refpecd t> & ﬁ-/’,/, pessible |

55



To weaximize o Cor Can @W‘*"W ‘_F(i‘) w.r.t, A

Witk &30 all s wWe peed B havs

D‘F(é.)(o S =0
oc;
i)

If A »n a P-rob»l;”:‘% veider Tham we bswvr fp

T TS AF(g_t ) w.rnt. e Castralnt Zd‘.:
¢

0t, we pgedd To wm wiim 22

JCd)= Pl )23
Coneli 41 for o Sof of 'S Lel,iesn B medkimize Thao o
Zf_.‘%‘.),_; A, > o
oM

) . -
2;?0{"¢ { h OLt -0



T/\ﬂo-ﬂem « Fe~x ot i\‘sar-dh. W*a Ke aa C—‘\a.wwve

ILX;Y) v o ConConwr Lonchion &f 7Zs "'\-Pua'-
P(obwb;”% ve dor /P .

-

}:Qzﬁ: we want Ay Pcove Hood o/ Hove core tuyp->
Probobility Al abadivn BOX) amd fiin amd o

vea‘ﬁf«h!\.’—:

P"‘)"—Bgu}*r(l—e)p(x) L)
/

‘ I>el, +G-e)], (2)

7 § T

Whire I = I(XYI-?:mef)calm% PW')’”

- ZZPW Plalx) &y ,m,:;w

o Mo{ I, xR 5‘N'M -Q-KHA.SI,M ‘.Oo&.

PR ceplatd by o (%) and pex) .
To prpve (2) s we lok af  px) 0n (1) wo

U maxtwre of probabihtie, £ (x) amd P s/,
That v, e fhink of an avsiliany vatiabls Z, whweh
b binaty Witk 4bra\u$§l.‘% B By A Fe b e
P(Z—a):‘_.e
ple=1) =

537



We tofes P,(X) = &(x\z-:-a)

£ix)z p(xiz=))

So:
P(X) = @ Pz=0)P(X\2=0) + P(Z=1) P(x)2=} )

Tty

I,= 10 yl2=20)
ound)

I, =Twylz=1)

amd

0Ll,x (-€)I, =Plz=0) T x;y|29 + Plz=1))pxyle=1)

=T (x;¥lz)
So, te lng.,wx.’b (2) Con b2 weiHen an,

I, y) 3 ITxylz

Yo (x) X " Y

o

I 2x)=I(Y'z)+ 1 (Y, x1z2) = I(V;X)-!-I)AX)
3o
Lixiy)y 16Y12)

58



Now e apply fe Kuhn - Todker Condision %
motimizakion of I(XY) .

Thegeam @ A Sot of neassory amdl suffe caant
Cndidions on Fha probabily AYdebuhion pix) %

a ch e cafm.a:fa e a DNC vy 72k 2ov Sy
nueetazr C

I(X::UY)-‘-C £o~fa,ll X Swch th ot PR 2o

I(x=% Y)<C $ov all x such ot Px)=p

W hire I(x.;—x;y} U e muctacd ;"#e-(m“j“a"" fov
l.ﬂPaJ" ¥ awara ged guor af| ratputs :

T(x=»s Y= Z.Pfalx)-ﬁa Paly)

pr)P(‘alx)

F\"r’b’-‘ 7—0 W\MIWMZ&

‘ PYix)
Iixy)= Z %_pu) PCylx) ‘?-%g.

2pofocylx)
R
0L tado dodvatives yr = ge Lok

Neowvw, we ""Ppla Ha Mn—TW Comnchh o™
oL (x;y)
2P

=22 Pix) >e
A Px) =0

51



Ao Wl
Ix=2:7) = foge 4 5 P> 0

Iofappretdon @ T o et cagu bty o AR g2t vt wat
l.l\‘ég-rmodl'v'ﬂ, 2 We y ae Df mave a'fe’-&n . Ba A.g-:ng.

So , we okmgac #e ovk @k forsbabi)itieo f00y) = 2 pon PUyi
qn.Jﬂ@f%f-ﬁ xﬂ mad wal nfa-(vwdzw Rot all Crngts.
A ftaqs 3avarad oAM?M I VTR EENS P | m{e-mdaw
will b2 toms 2Qirad . It 0, howeyse, posble # o S o

:'mfw.fo ol 30 favovr Hut Can ot CJMW oo~ of
Rest Probabib’ti®r will pa codincesd & zoro.

Tha above frocaie, while Grvivey oun ex callont
insvolt Wl Ao problem of Finking Capacity oo .

net Lasy B rmpeloment. Mg ofilen , we won agcT—s o
of He hamned I SienPhlyy 45 problem off Cupocty
lmpeud adion . Thice o alSp an iteradive meHhos
(calld B)ahut-Avinds Aloy 0iThwe) Bod Coum bt uacd

Je'(wn'ca,Q é’mmpd«.n‘éem oof Hos c_u,am.a'a s wedl as
o



#o vedo - Aisdetdpn Lo tiom

In cﬁo//cw}a.g Poyeo ; wa will Hey e Kad e
c"“'fﬂ—u"% of §oms Siwgolz DM C udiwy 7 Syt ry
‘1/7%4& Chovaned and hve o f"-—f‘ﬂ‘b“a"'"a ), 3 PO
dﬂ‘f &‘A,(q‘,va_ Tl o— Lﬂfot(—;'ta 97/ sw,._pl-n‘c_ ( awed w-E-JJ?
Symmastaic ) Channelo.

g _,tn_x&\,,-} ?‘wﬁ;&,w&. 2R 2ty 3SC
-

o Y g % O
¢
4
! )

l-€

LGy)=Hy)-BOIX) = Hy)- ZPeHOYIx=x)
=HUy)= ZPWHE) - oy~ Hee)
S1-He) -
Wit 2qualy of Y o waidormly st bhudtiof . S,
C=1-H(p) bi/fuoz
Vo umiform of X o mafo-ondy it putoo!.
Tha problim cnfd Lave wrrn alsp Solved bey netrting
Rt Sr T o Sypnmatey Cap acly Shoeld b2 ackirvey
by setling PLX=6)=P(x=)) = Y -
6/



Thes rmiano 714 «4 Yoo hat'® a modanwi?h own 2rfovy vatn

O

'1( 0.] (‘l"':‘h « [auSa onAt ), You Can achiove ecrov
${-&L A ¢ amomisss n Wi theo roddZem 06 i codd on eerov

Q—((:Zd-ina Coeiﬂ- ( 7za aﬁu‘m«.@ M)&-{ Yade ©.53 =)=Hlo.l)

D e P U

A¥§\6,“Mf;¢ C‘\am.n.we i o« channd wWh a % ¢ anomisssy

Mt Whese Cow elomants wen Ha Soms 2xcopd for
o pUmut dirn an alsy 0@ Clumns ore RS muntathi o

0’6 16&0‘\ O"t-'-(. A S ann EXM-;
0\3 a'z' O'Y
,p(mx).:[ow“ 0.5 o.2
J¢ o 0.3
l>) A f%..u;{(ic Channef
For o S\b-mmvl'n‘c Ckamn_p?, we haye
J(X,Y)= H(y) -H(Y|X)

=HY)-H(L) & by Y| -Hie)
Witk Lqualily of fa puolpud Alska hudhisu o Ui
i . : — Y.
B wit f(x}’l%/ 4 ffdr@'&) o a Um-(zé-(m p(aﬁ'nbwl‘lrﬂ o R

c )

{ 3--_. = ._,... S~ 2 —
k. £ x%)ffalx)f(x/ I%l§¢chlx 201" 1]

Whire e € U #o g of enhres cn oma Coliimin

Vf the beb,‘[l"% }rmj:;hb—n et riX




O

O

e 1808 ak8 v Clxeon
D%““:"H‘C": “ OKW !./’ collod c.o.:.ea./{b"a S v mdbri

-0{ Ha oS 9'6 Y. .d'o Hvamoit' o wadkri X ot 2emedtcdiion
y{.ﬂ.«.p@\ oTtar cnsd e all Ta CGlomn Sums e

c‘""“’ql 4-3-/

L, Y
pugn=| 5 ¢ L
- 74

T Sams wsthod $ovifie Can ba unzd dot fineding
Mo Capaccty of o weakly Symmatde Channed .

Thoovrean Fov « wea.k,l,«a Y\G-ynmd-n’c Channel

C“" 'eea / 16{ / —-7‘/ (coo0 a—{ HeanMFipa wiadrix)
andin whiryed by o tinfoonly Aisteibedod ingudd.

WA\

E t asrl

Th,:/: vr—iph S’vrm.,u:h;c. (net o wna-kla Sygmmatvic) chawna
C = et [T 0¥ )] 2 e H 00 = HHOAY)]

[’(7" pcm

3

p—



J

o Lhu

G;”;.M'}'— VMS\NOW\-—O-—O '54“""’/
fov Lingor Cptlan

0.5
QBCH
0.0| 0.9192 GResosy |\ e i
2 2>
O 833 0.a9 86 042 (fozz,w) =t 29649

BERCBCH)Z 45157 | (023,423) t=1o 0.90 2=



HOXW)= pOf=0/ HOXWY =0 ) + p(Y=e) HOX\W=€) 4 Pry=1)Hiyly=

Sinca PR=6lY=0)z) and P24 Y =) =
7lon HX|Y=0) = H(Y\Y=4)= o
Sv

HW\y)= € HOg

So:

Comax [1- JHX) =@-mexH oy = I- ¢
X P ) px)

Leture 5, Sept. Bo, 2003.
Chamma L Coouwa T heovowm oudf JQ Copnrvarie

Exanp b o Jarlity (nodry) — peb)
. MT~
lig A 7

4 N
e-%: {J&\{ ;P‘Y;Z
@ £ 5 4\7v|95\
E&c
- N
)
|
J
Y \’\\y
4
(o ~ty § chsms To achievs

s Copo iy of by 13
Comeax 1Y) = wmax HUY) - HY\x) = g.28
4 X el &?L -1:6(7213

€4

o






