
t 1~o.tv,rnettV1 t 1LhrumJ ] {Re_UNUl)
A'~ :CBMk COm~cotem ~e.m rn.od.t.J,

lk 'Puryo«- ~ corn ~ ~ ¥~ fs to ~ fn{trrn crt1en.­

bw;Jn~ bov,.eband !l~~ from enz. flRC_L lD G.%)o~ 'Place.- eJ\feJt Ol.

co rntv'\,UJ\(ca.tfcrn~ chahx0.
r~nncdt~!t e~~ ~ ~ ~ :

~rrnatt~ deo». wtth mat~ tncddlA<fl9 Clnd. art~
~ Or rnMrvw.ni~ r ra:thu- than !td'th t¥ca1 .N)UJlCu ~

\p~coJ d)~.

GUNiT-I

TN FORMA,/t?N & c-ttA-N N c L C-AfAC{ ry

Jn~ due tiM) :
lfu, yufonnCtnCt- ~ ttL ce)mmunRratUm ~ & ~

tn:W-rN, ~ ~~ Lfrof JtOba1rU~. -An e.rm-rl<M ~en u ,}>owibk

whuv 'frobltbr~ , e.tror at --rhL ru:efvVl ~rt'Jachu"LerD. Tk
~exform.D.f'{_~ ~ thL- ~UYJ d~U1!iA Ufoo O\lailabk- A'€Zrn~ PeJWU!"
chann,d ~ and bo.hdwidth· £cw.d 00 thw-:p~ ft ~
yet-Yfble-- to wt'o-b\..M), th.L amcLttto-n ~r, ex-mr-f.LM, ~tm.

'rn¥ rmcMf 9n 1hw~ dwlb with 1hL ~tCltkltcaJ.~ ef
ComI'M.IJ'\lccd1en ffijtnun~n9 ·
-Hu-e- ht'atf~tk,a.{, 'PrCfertfu O.U- l'Ylillar /WWLU J ciw.nru..i& lU)~ ,

tntu-fe_xe_OCL a:
lh£, boNfc l'YIA9d.eJ ~ o, C'DmlYtMJl.(c.at\on !S.~ & Ok( 1ouOUl .'



~rDf~ (3) ~ frrformQ~ ['Proof):­

~ ev C,nTonncill.en Tk z: lo~J*J
~ f'flde\lrd~ OffiO\Wt tb' roformauen carrfe.d b~ rn.wa.~ fY),

and fOJJ ore. 1,::tO~?PI) cmd :r~'"lOjF"p,,__)

~>- XII b f'n9 rpCM ff IO} OctUk' wfth. yrob. ~ and I \' OCCLU w~

'PrnbaHtH~ -tr } thm calc.u.HU omol-Ult Glf foformo:ii~ UJn\[~

~ eac,h bfi·
~:- \PLC)~J_)'~L')Z_~'~ ~ 4

~rmQiien .1:k z; [ozLC. 7"Pk)

'II Co to<J J ~(O)) z: Iv~i =- a bm
:r~~ t~:t( P~I») :: 103C:) ::-c O."tl-s' brlh .

:[1' f.h,oM that, l~ thL ?mbab~lX~ cv ocw.ra.ra f~ \wI fn{or~

erutftel ,~ more. OX1d vtc« veJra ,.

fe( 1M' Y'fLlMCtcr' thL e~rmcM).M) \.Oill be_ M;x_ N brn, @

~ Cctt~ tk OJYUJunt ~ fo-formcUWn·ff PI< 2 ~ •

,&rt:- II,:- IO~l)..U"Pk) <=- tv(j ~ eo a bit·

+> ColcuLxh 1M 0Jn0W),t Gb' frrfDr\l)a.iiM ff brncwa de~rt& oaus:
wfth e_qud l1kttfhood fn brn~ RM.

~:- rgf'()~ fY1LC'ltV. 'I' er '0'

rp(O)::: __L , rrtr):; h ·
~

:rI :0. \0(1 LYp) "'- \O~:tl Yy}-) "- 10J ~ "'-I

T:u '" 1(1 ex» !=- \o3~ =\ "'. :r. I~I<v c I bft·



-H ~o·

I-J. ""hm Pk.,:c --& -for Clll tw, 'M I mLM(l~ ,-th,m ifiu l'1'\l!(~ ou:

9~ U'kt1j,1hLn 1hL entrop~ fl --t1 ",·[oB1.
~~ hi, k.,- 'M' '}'\{).~ 'L{al~ ~I:\~ YY\lM~ I prob, ~ p:=-1M

'Thrs rp rob, fl /)CJ.XY\1_ ¥f all lMJ I1\(.MQcr ;-e. J

P ,....p - - PM .-. \I - ~.- ~- ~ - ... -M
.', +1;0 ~ P,JOq ()Pic) .

1'= I J.t

"" PI !D~ C)PI) t-P,:)_ lo~ (t) + - - - + PH !OJ-l_(lrM)

~ '" ~ Io~ lVf -t- ~ lo~ M t· --+ -R t~ ~

liuxL rue- tMJ 1VO' ~ -resT'M f n hWYlmdM.15n · (Add 1M' M· et I

, I' -4v- tJ1,1)
~ =~ lexaM

+1~lo~i b~ 1 'Y'tIJMar- '

ff r\<;;: 0 (or) j_,

'P~ef:- ~'k·T ttntror~ +i ;=_. ~) Pkloj/YPK)
If p,( ;r/~

tf = U) r03~ ~ 0 ·

\.d\lh PK z-O I fn4w.d ~ rptittfng H<~ dfrt~ I.a- LU co~dU1

lim1~n~ cew·
--Ii ~ ~ k:l 'PI<. loq C)i\J

K:= I P'('7-D Jt



'5) lfftr bcurd en mbrort f~ 1Jfvm ru

--finn?\ < I~:' [or) lo(]~ 7- -timou( ~J+I (x\

\f>_!Q_~:-- Co0«dVt ,
-+iLK) ~ l~;



-,.,_f{ I~J~P,) + ps;lOd ~:t) ( -.' P, ""'p} P:t-" 1- p)

+I ~ p IO~?p) +ll-P) IDJ~T:p).-+6)

, +i=: - [prog~p of (l-p)lo~ L)-P)] -7-@.

10 -trnd +trt1a~ , lli:L !:-o. J. .

clf

=01 %p [-pID~I -(_I-p)rOJ~I-f)J <=0.

r (- px-t) -11XJpJ - r-~~:5~1°0 Ll-pn co.

~> -y 1~/l ~ ~P+/+I(!)~CI-p)=o.
~> leO (I- p) ~ Io~ P ."0 0 .

I08(l:pf ) ~ 0 ·

1- f 0p "'!:l "'-I ~?- r"'-~,-tofrl e_q,Q
•• -ttyy)o_,,: :0 t loq ~ +~ 103~ '" 1 bf+ ,~~ .

hl' K·' futrof4. -H z: 1L'Pk lOQ ()PJ
o K~ I J~

Po" -two mLMQ1f'

t\~ ~ PIJOj})PJ

19f~ boWld at) -HOtj f> I~:)
IOj~ .- +{Cx) ~ o

\o~;,2' -tUY)
---? -A ).<\Uhct ~"i1 -two f'ond~cAut" T'f\(}b~ \,0t1n rprol:x1brlA4iu ~

\7 and [I-p) r~ec~4 · 'frO\I{l, ihoX "th.tL eJ)trop~ f! maxtN\UA() ~
both tnL I'(1.{MQcr oJ€, '9uoJNo ~t1j. 'Plot 1:fu., ~m.ea.iioo ~ e1)1iof'j

(+1) OJ, o, fm&en, ~ lrobobf\j~ 'pi ~ thL lUMaff'
ge{:-



Fftl: 'flot' ~ tntrof~ ~' UJffu rprolubflXbQ ''"P' for -two mm,ar'
lht rn a')(~~ -Ii occars at p =- ~ r· t 'J Whm I'Y\.l.MT ClKL

~u~ LfK~.
E)(.' -7 For 0(; df~UttL YY\lN\,{)~ lw M)WCL --thu~ OJL ihrte. ~YYlbolt. t.ut!t

1robabiU'liti ~~ 0\ E1 PJJ z: Pl, . 'De_1iunll\L tho- enlroN er w. ~WlO

rutd £l')Lt(l_~ rtl~ vrolcdfoo 10r de-ff~nnt VQu..w ay (){.
~:- 1k th~e. rprobctbrlAtiu O-KL

PI c. fA and rp:u!: p~
Wtt")·T p,-+p.l._+P3==r.

IX + Pa. .f P;u ~ , "'7 6) ifl~ !:O 1- 0( ->- P;u!:: I,:t .
P:tI ~P3";:i l~V{

e..

+t ~ :k_ Pk [eo YrK
k-=- , U-l

"'- 0( IOJl + (1~rX_) IOjJ.('~c() +(1:) 1t)9~C~F:-~)
-H =- IXloq (+) T (kfl_) (oq_(~)

0 ~
o.~ O,,~

o+tJ.- OI~1
0·5
(J.b e)·fl.7
Od~ (Ll1-
I 0

p

It fu_ f.,OUACe_ f! i:roAv,m£tFtn3 ;2 mLWlr J ~ ~ c~ndt~~ , (£
..

Q±L ~ t) qfw> tp~J_.<ip 0 3

1hw, I 1hL errtrop~ ~ a ).DCAU @. CL tnaxfmwn whm a1J -tW ~
~ I'() 1h.L /.oUA.-C(l_ o.-re_ (!_ttll~ Iik~ ·

For Cl uxiu». -b'~-t\:(n~ -hoo mt.Ma~ ~ '-plot et entrora f£
+f



Informa-tfen rolL R z; rtf,

ftel' e. R fg, fnt~ rmCl:txort~nitL cmd
tI r~ en~t (6'f) a,,~. iV1formaiten.
r f~ roo CIt wh<c.h rnt.Uct<r ort Fwd.

~orrna:1t€lo rciU R k rtprtWlted ff) (lV~· M· Et b~UEf frrform(i~

T~ /,tLOnd·

'.t" 1<:0 (r tn I'YllMOJ¥~~) x (+I fn frrformaiten bi~)
kcood '('(WY:,a~

R = FnforrY)aifon, bMb [£econd t

-1-(1)rv<ldu a -h.lerarorh f"owu:e haven~ two ~mbo16 dot ooct dO-1o.

lk dot dura"\ADI1 f£. O·:L f,e.L (lnd ~ druh dUHxtt<m ~s 2, 11vY\L6*
+hL dot dltrcrtieJl'\_.11vz_ 'frob. ey 1ht- dot~ ocew- to~ f~ tLofGe­

-\-hal- ~ da4, ahQ -U~ 6/1.0 HifYYlbolb 1'5> O·J_ [,ewndJ.CcJuJo1L
f~()rtnctttoy") m:tL ~ tde_~ roph hDwtLe·

~~~ J'rtorma:t:Gn retII IZ sz: r <+/

W ~ 1rob. ~ druh bL 'cp' ,ih.m 7mb. ~ dot will be.\~i

oF-I'r rp!ot ~ '.fj' \1mUI> '(/.._' •

Joinrmactfen mil: ~ mQJik of hOWvCfj :~
...__-

1k fn-forma-OCon tdL f~ r~rrwntl_d b~ R. Cll)d ft flS r:~

o o.~ o,tt o.s o-s J.O C(.

o>.~
~,o
H;
,,0
0,\

-~-, .... -~ .. -

ft
0

o·J._ \,S-J._
0.2> ,·5g

0·4- \,51

0·5 I'S-
0·8 i, ~1
(0. ~ Q,en



T~ p(dot), Tldot) T P [druh)T(dlUh) + 1~~mbo-r.

~Pven datLt &
1)Dt dllf~en ldot s: o- cQ ~e_c.

'PMh duxail~ TcICMh = ~~D. c1 ~ O,8.~·

1)aro.tfen blw ~tnbou ~.I~rt\bou tz: o·~ ~.

J. l'~~ »: 0, ~ + .L x 0 ~b + 0 1 lJ == 0, 53
D 3

r =-...L ~ \ :: ),~1~
T D,I)~

" ,TrrrnmaUon ra.\i R"r+1 = 1'~1l)x O'~I~~: '·1J.Ig bIt., [w .

..--+fI code- e<1. c0!'Ofl~ er dot Md cbhe.!. -1l1M.UYll- !hat ~ dlUh &

2, if~ OJ lM~ cu, clou llJ\ct rt hctb OhL Lhfrd thL rpmbobjWy et
tlCctU<lnCe- ~ dot. Caia.J..a1L
ct) rn-\brm a-tton if\ at- dot J ct dcu h_,

b) -Av~. tn-forma\ABn fo dot~dQ1,1\ cod~,
c) -AIbUrN- thett a dcl ~~ 10, lOf\M q ihf_i baN\L lirnz_ \otejf\jd 1

r~_l .
T

W, H·T P+&P =-- \

op;o_ I + p;o1 .
i'h p[druh) -"'1 Cll'ld

PCdoi) ~ ~ .
3

rntrop~ l-ti) =0. & Pk IOjI)fk)

::- _L \oq ~ +- ~ 10 qL~ I-l.-)
2> J t_ '3 j~

+t -=. o,ql~?' bl"t I ~ MbolA.
10 -trod avg. MJmbol mil It" f{

k)nU-L 'T' f~ rota\ 4:t'fY1Lduraifern.



ctiLOlA)e_d bJL0 ~~\"()bo\).. Ollculau a_v~. fwll ~ ~f)formatton.

3~1- ~[dMh):= tP(dot)? p (dot),=,- 3 pCdcu h)

<P [dcu h) t: ~CdDt) -= I

pCdw h) + ~ rp( dOl>h ) =::c J

'PCdlV>h) :0.* and p(dot) s: -fr '
a)lnformation Ln dot ~ dClhtv

I Cdot) '" log plCdot) := lOj (--1:/4) '" (). (lfE{ bi~
J:l .:t

l(daJh) ~ lo~:ld£Lln) :c lotC1"tt) '" ~ bfu

b) ~. rnformaton er ~ntrnp~
t\ z: PCdot) Io~L._pIdotJ +- P(dos h ) rOJ : ~do.!h)

~_2 Joq (Y&/lJ-) +l loa (YYu-) ~ ~ :x- 0 ~ II) + J_ s z:
u. J~ 4 Jl.. 4 It

+l==O.~H btu.\ ~mbo{.

t'?-At<J. 9\011 ~ fo-f'olmo.uon: R_ ~ \. +J .
r-=-_'

T .

1~ p(dot)i tdot) + ~tdC1b\)) ·ltdcM.h) + I~TIlbo\.

Gl .T Idot :c \ 0 l'(Y\U. j ld rut, z: :!.Telot i: ?:, ~ 10rfV(J..L z: 2>
0

('(\.(,(,c •

INjrobol6 c \OtrWC= l'ff'M b\w ~mbolb

T z 1-, X fa rMU + -' ~so t'V\M.C.. -+ lO fY'\t.,U .
4 4

T;:c OJ ~ (YV,t_c ~ 0, 0 ~'5'»c. I~mtof.
~~.,~-L ~ .' 1 -- .: 40 Mlmbolts (w..

T o,o~-s- . U

W~ t+\ =: Ii0 K 0 . ~ It ~ ~d .H 4 bit~1 <:li",





,
· ~ +r cX (Y).= +r C X/y) + ff (Y)

e- +I ('</y) - ~ p(~J)I()a pC~j)
Jz_r J.J

L +l(~!y) + it- rC:fj) lOj~tfjy

~. +t( ><1'1) + +t ('I)

===? lht ~q,CD bufY('(\l),

T1ex 1'1) '" - ~ ;t p(':tr I ~j) loa [p ('XO!Ij ) f'{Yj ).'/
t ~, JZ:I J~ 0

~ -~ ~ f{~r'~j) [[OQ p("r/lJJ) +100 p(Yj)l
fZ-J J=I j~ J~ J

~ -~ ~ phr J lJj) (00 !'CrJ.f!':Jj) _ ~ ~ P(str )~j) log PLY_[) .
l::-lj=1 J,J_ (=-1 r~1 ~

:::c- ~ i f(~il~J.)loC! P(~f/':J') - Jt [~..pc'ltrJ~j)l log p{JUJ? .=:) s~, J J_ ~ . S ~) I s: I _'J J
~

P{~j)

· Rdat{ch blw condfliono1 q jorni el)tnyftb:­
(Of)

q'roJ~ -thai +tC~/'I)= ttCx:/y) + -Hey) ard
fl [ s ,y) =- -H ('1/)() + ~ ex).

Sol:- CcMfclv.., Jornt w~ ~
M. l'/l )l riiC'i,'l)= ~ ~ PCi,'~j 03 p(~r/~j)
f~J J-J J

t\ (x, 'I) z: -1.~ PL"llj I ~j) /OCI P (~, Yj) ~0
1:: I J z. ] J.t. \!._} ,

ProrY) coodNionc&. 1~abrLf~ J 'P{A!B)~ p[-AnB)
p(_&)

PCAnsJ= PCA/B), P(8)
-Here.. ~ e:x~ 'B z: U l' _u...~

lJ , JJ 1· HUll--

<p C'J._11~ Jh P {'if (:Jj ) p{'::1j)



rr:>r~trt1tMH'M:dlM-s chrulruk: [DMC)

-0-lhe_ dfwd:t ct)mfY\W\fc~ c~ haD tnput 'X' o.()d outpLCt <".
Both "X (ll)d. Y rue fu tatJdom vruthblu· 1M- C\)(1f)t)el is "dtscretr \AJh.u\.­
both X a_nd ~ axt df~crtte_.

+>Ite CMnnd Pi < ca.lltd ffilmo~ lw (zero IIl.LrY\,()rlJ) 1AJtv.n wmnt =r­
d~pwd;, otWj en- w.tt~nt fnput·

-7 li'Il channd f~ dutrfbtd in iuhlb ct rnput olfnabcL ~utput alFha
ruJLi the. J,d Of ~en probabt'Uiit6 .

.~lN- -ttOJyltion ~robab't~ p(Yj l'1i) r~1k condrU~noJ rprobabtLthj rlt
fs rwlved, ~i\/m that 'i.( wru -u-ruv,Y'ffitted.

=> l-f ~c 1 ~ r( \is!'ii) 'eprtMn"U cOhd-i\fonal 'ProbQbruli do" u:me_c1
rett-ptt~\\. rutd <

:rf f:t j -t\v.n. P t Y.i ht() ,tff{Ml)-v., C\, Con~ 'Prvbablu-tt tt at
~ ~o f\- ?Coobil1ttu ~ thL WOJ)ne\ cal") be ~rfJlf)te_d b~ o;

'('<)aUf~ Oh -fo\\OWS ·

. ....\J{~ Wt-. kaoto thai
PC'4,ljj);:' P('1j l'it )Phi)

8~ hUb~tttu1fll~ ttl eq0
-+t (X,V) = -~ l- P(1.r,~.) loo [p(~j Ii,) P('lr)]

\=-'J;::I J J~

e _ ;__ ~ pC')( i,~.)loa pl ';Ij I~i) - ;:_~ P ['i__r I~j) \o~ r ('l;)
f z ] J:'I ~ j.1' 1:.:- , j -,

M M r t1_ t1 _j_
~ 1-:Z_ 2_ p('X_r'~j)\OQ P(~j'?lr) 1- ~ *' r('Xrl ~j) [oo P(')(i)

r~1 J=-1· J:z I "' I ~ J.1

+ttY/x) p(~i)

~ t __l-:. -+l (YI "') + f~ PC'i__i) o~ P(1.i)

.: tCX1Y)z +fey/x:) +-+lcx)l



kH~·T c C::c B\O~~I-r~(N) btU I~
lk cham'lll COfacl~ d~dh en two -tac M~m
n '&mduMfu SU' W C.hMM·
tr) £f~{)a1 to '"NJtse. m'tiCJ lSIN) ·

-7 N()f~tleM. c!la.n ne_] 11M fnffrvtt~ C9fL~ ~
If there.. ~~ 'Y\O Me~ I'n 1M ChMM.L ihm N:e 0 · tlu\ce. 4r '"{)()J

~uch. c\1cmruJ &, eovUe.d MflL tv.;, chClI\nd· ,hm. C~~ ~ ~

chaf\~ \Jdlt l 'of,
C ~ B 103}I-t- 00 ) '" DO

\hw., nofge__lLM ohMllV hru £~~ Cllf~·
--t '1~m\l bandwfdth chcmne,{ hM I1fV'11ted COf()_c1~:

NoW tT bandwfdth 'B' !J ~n-ffMtt, ih£_ CMnI1e.1 L~i &
Umttw. 1hl~& be.co.w.e I ru bMdw(dth fl1Cff.W,lJ I rw~ }>OWI'J! eN)

~ t\"\cxWvW·
VU' k. ~T N~NoB,

'DUi> -to it.& ~V\C. f'l't- Mt(,L ~WeJ1, !l~oJ -to 'Y\,Df~ t'dOO de.c.rWI,U.
-He.tCe. rum ff ts awroMhu fnr'nl-hj I eo.pod-, dou Mt approOLh­
rV\JJ'~+U· ft e-?-(.(), cQO(lc1~ a.pPfoac_h,u QJ) UPPut l1YYUt ie

B \ "'0\ '2-

N z I ~ d{ L -\ \ ~t
._~ -f:> f>

[ ~ ""Noe,J Q P.

.'.\M.. chaX\n~\ CO-fa_cl'~ e\' Q vJ\\fU.- bond llMA'ttd ~0v(,I.k'y\.tl1)

ch~ CJ
-C -c:.- -B -l(!)-t-[-' -I- ~ l 61Th1u

-rWvd~~off ~-twe_U\ ~ondu)ld-fu on~ $Sf N rafto~-
_..........-~,......,-.---~. ~ ---""~



:0 1.4~ l~o)
-A Cc>ro~&n ~ capaHe er --h'c:truml-l±Cn1 fntorm~ at
a, fCLlL ~ B\vgl't-~/N) fl caHed an fdeoJ ~.

~!- ~ ddta. f~ -to be_ -trcuv,mttttd at -tN__ mt1 ~. (0000 bfu Iw
O\lVl a ch01\n..J hruJin~ bcmdwfdih.- B<30oottz .. <fJtt:Urv!Ant ~
~naJ -to wf~ M"UO "'9u1rtd. !f LM bandu.,.fdih li £nueaud
10 tDOOO-ttt., ~_ detltrn1nt- ~ SNR f

~r{l- 10.IH C>8\og ( IT~rJ )
J.

q~r Co::: (DOOD bfU l sec.
B.::=., 3000

>7 \0000 z. 3000 !o~"(_l"t ~N) ~? I~"'1]
Now P-f ~ B· \tV f~ B:= IOCOo-ttz- -thn.-

100 DO '" tODDO t1~,d/",) ~ lJr ""1 )

~ :::300 e , ~ ~.9
N

B ~ 10000 ~ ~ \
I "-.1

c;;_ ~\o9/ f-t-SIN)

~ {?, log (\ -r-Jos)
~ ~ )~ (~) ( ~tlB) lo~/\T~

.s \rJ.oB~
C :o(~) \o~.l ( \ T ).loGo)

\N' K·T It (\+ ~ )'Y1 ;_ e.
~-)oD

1t ')(_~~ I fu_n ru 0- <XfproOLW rrrfrnA~ IClhd ")(_awroadw to 'Wl

l± ( g jo~4+krc.L , )+ .., B :::. e_.B~o 1'\10



Ld N be, LILt ')'1)1). ~ 1m~ fn ihL ,f1h I'NMctf- ·~ CWefOlr­

tLn~ ~ 1M mw.ar or ~ ClNeJ1q 4tn TU1 cork l{)erc] ts
t~f) ~fVe/) b~

......-( N
i. ':=. trniP ( IYJ t ~ te:itH~I rnw.or-'

L ;.hlJuld bf. m"in.f~ ---1;0 have. '(1) e..1fecl'Ult 'irctrV-.~07) .The­
codi'Ot ~ffrc1U)~ ~ ~ wcmeA k &fft'\Ld eM

[, ~~~oJ
NOIA1, LA '-tH"lt) bt 1hL /2_rrtrop~ elf 1k ;<"oUML 111 bft: !rNJI,ar,

~ La LoU; bl- 1:h.t fYlQxif'rcUl'rl CM.JtCVr frtc1tmatien a.MocfaW

lAlfth each t~1±t91 fn bfU fLt;ttlJl '

-ttercl!.I -the. m'lio -H (xl hoVlrntl () u.-Mt fL ?ffi /lYIU!or
l0(Jt1 d bf IX I!.rita

s: s: lctlMIrntJ.lOtf
JJ; ~ va ttit mODe.· a\l~. no·1 k!k~ ~vt fY\lM1A_Cf' ·

,+1C~_1 ~ --CrM~
\o~~

Codt~ _q£c~!
.lcl; M b~ ttv 1\IUfflbU1 tV1mbouin oAl el)coclrn~ alrh<abd-. 4t ,
ifu.n c::w. 'f'J' ffil)},Q_~ ml, mJ. I - -> fY)N with i~ yrvbobiLt-tie,&
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