w

- |
50&(‘(& COJii\i VS. C“inn!' Codinj

TA( ﬁa&{ a@’ four(e CoJ;nJ (Jafa comfreSSion)

1S fo represeat the Source with a
Minvmuem of S\/mbols_

Tke ﬁaa;( G‘F c‘\anne( coJinj (error (orrecfion)
1S o re)orewm‘ the Source with a

Mintmum o! Lfrror /)rotmhl{l—y Ia JQCOJiaj.

'nqese 30a,5 me 0’mﬁ'au$‘7 (A Cem.ff;c{;./

USua”y (AN4 fc’?htre a.JJrf'wna:/ J}/ML&/S f» be

fraasmiFted &Jﬁwn Fer‘farmM.j error corcection.



LOA@(J& &&J J}f&l\"@“&ki‘ (b({ 2003), suﬁcsfa

a war fo performjo{«f dete Comfl‘CSSfon and
zfrbr Cotcrection uq'f‘lvuf chud;v e
COM,prCSSFoa /)erﬁrma.nce and it out aannj

(x{-ra S'l"‘l”l‘ Fv/ error Ca(/CCﬁOfn.

ﬂ\e\, SujjeSfCMLLJJI.AJ a QCC)'SG,OMon ercor-
Lor(ech:j Coé( iatfo ﬂe LChPe/—Z/\/ )'77-_ Aa‘fa

C‘*\fl(ssio,,, a{joﬁ'nm‘

ﬂme«i use the fact thut Lz/rm (s waable fo

C emove a“ /*Q.JamJanévz gf‘am ﬂze fmtrce.

‘Hﬂ\d MJ\M’ (‘CJ%«JM\‘)“ LH’{ 4are ada;/aé/c ?
T‘\evl asked me to FHJ 6 precse Jcsq\)ﬁﬁen

0# ‘\ow Manl I‘cduadauf' Lc‘f’)’ {"Cif SCl\-CmC
has availeble 4o use.



Recd( how The L‘z:"'l"I Ja’f’d CJMfrCSSQn Sckemc Wor

When o bits of e Source have 4IruJ7 Leen
Com‘oressd

QOMIrCH‘CJ u"co“)'I‘CSSCJ

Wy Xao s, XKy Ky Kava
c?}i . '}L/' D

Ll "1"'! ngS" f"é IMjcsf' Fre‘*‘:f)( 0{ ffe uuca'mlﬂr‘('ﬂ&
aadu f'(@,f' a‘aphﬂ’f n ‘fﬂé’ JM"«L@SC (f‘le COAP,-QHCJ

éﬁf&) &mJ (f pffﬁbf‘fwf 'H\C Cﬂf“"“Pl‘CfflaA Qy Sh”"’)aﬁ
6- palnter jnfo the Jatabase.

OFH". this IMjCSf’ f’fCFf)( Lppesrs mere than once
ja fle A&faLaSe.
ﬁm’ of these datcbase enfries will Jo)

o we tun choose any of Hhese pointers.
For cxamf/e we can embed an ecror correction b

(Sm,, a parn‘—‘/ check LH‘) here L‘/ cLaasmj fAe fir
eomﬂf fr 0" and FHhe SeCOAJfoMf‘fr Lor 1"



We let /V\n Jeaste e Number; Hf Pointers af

${a3€- Nate Hat /Vln IS Vhat we Qre jatereste
ﬂrohjkouf this talk.

H we c.f\ Jefcrmiae the Ji.s_f'r,'buf'iu\ I)‘F M,,," e
We U;N ‘\dve & gaoJ idec df Lau Mmucl €rrocr
Correcflou can be flfforme) Ly ﬂi& 56464’%&

Néft ﬂai’ Ll"jgmn_! Liﬂ Lre &vd?lﬂé/e fo Le

MSCJ an c‘eff'QC'l';&] €rror),

In fact, Jf e modified L2710 /°7 not iaSr'ﬂ‘inj
oA uJ:‘aj e /gzg__esr‘frcfc’x of He “ACOmpress
()M'-a, flenv lots more peinters iato He Jetabase .,
be aVaEIALle, So lots more €rror Ccorrectren can
be fer‘)(ormca',...

Lt Het will have s vaif wntif M7
pﬁff&od‘ora( \/f“"'f-/




,’V\Y AM.L’SiS' on(\, conSiders Sources XX Xg:----
w'\Cre Hee xi's are i.i.J;, ‘56.7 with l’,(y;zo):,o
ond - (x;‘:l):z. [+ Waowll be more rrud'ica./ o
S""‘JY Markev Sowrces, <l"’“f o His is more

Cbm‘p(ica‘ffd anJ We ” ‘lmll jo wait u«ﬁ( My
Posfo(ocfvra( Years.)

Once “j““‘) MA is the numlber of C"f/'CJ of He
Jongest prefix of X, Xypo - Found ia He Jatabase

XXy Xa. Here (M, =]

X, % Xy oeen

Xy XiKms Xy - .

o <




How do we f:‘n* /Vl,\ in & Suffix tree ?

If ve build a Subfix free from te first nef
Juffixes oﬁ h(c Jource, Men MA 15 e Stze a-F
He sultree that Starts af He inSertion porat

DFHC (IH'I)"St‘ Sfr‘;l:j (I:e. the numler of J‘/"'I‘.QJ;

jn thys Su“‘ree).
S¢
d

bor example, if the source is oJlomgow.-.

Yhea the associated Suffix tree is |

So M =2 becanse tuo Sf’finjs (S, and S«() are

4
7%(_ in.aiCd'CJ subtree.
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U(’; d/tct/rle() Mﬂ ‘For injgpenhnf' 'le’ff ?(CQ” 7%"{

P#famcﬁ-cr' ME) Ly e)“{—«é[{_s*/\mj A r'ccur/‘em‘é
relation: WHT froba‘bi/i{-y (Z)Pki‘\-kf

(for 3ASf‘1mCQ’) He ¢ntr)gt steiag begins with "0"
and alseo emd'/y k of the

with 'of In this Sil-u.ﬁ‘m, we gre Lag;@gally

S*Q(f;nj ‘ﬁrCSA “'i*‘ k+' oﬁ"'iajf./ 77.[} e‘s,'/y

firn‘ n .S"fm'adf écain

yie//s a fecurrence relotien.

I# each of He 8/#/‘:‘47: Lcjr‘q with

¢, ¢4
) Say, | Lus
:i; st ﬂ?hj 563 ‘ns with “0”: He., 7ue kaow Her

o IS exactl, mber , NP
&e y ¢ Au éér ;C .ff'rmdj In fxl /‘t“ﬂse .
l\ere M :] /%
° 5:\+I \.—-w*./

N Strings S)ynSa

5@ FM e recwrrence, &JdJ%ff' CoaSider a

5“‘“"“) cad Hen & Subtree of if, efe, watd/ 7%;5
Situation fiaclly occurs.



“”M.S FNLIQM waS mede easie, 'I;o Salve

whea Ficst considering a o be itself o Poissan
random variable (MJ thea later uSing

Jacc(uf- J S%pmkwskiIS‘ begaissmmaﬁu L emme

ln the ¢nd, we obtained |
qlﬂ(('fu"f'pln("f“) .

E[uM"]"' T + S(/,J},.,u)+0(f

Where § is « Fluctuation function with small amplitude.

$o M, Follous fhe logerithnic secies distribution
a.S\’m‘pfo‘l'Fca", Plu«s Some 'Flu(fu(f“iaAS_

F(’Sa) the J(A facf’bﬂ'a_’ Mmoment of M

. If
: A1) plere)
E[ Mntj_] = r'(J) L.Lff

+ JMG” {/‘(Cﬁlﬁmf
acticul ~

"\ f cticular E[Mn] T t Seall f/utﬁuﬁon;

so This verifies Uraer:\' assection thet E[M,]= 0(1)

([ﬁcéhnhll\’, A: "Flnr-'?la? I Juxf ftc g,,{-,,fy o-(
the Sdurce.) ‘



SO e howve ver\, frCCfSe ,-,\Qrmafio,. aéou{'
{V\n AC#MCJ Fnr }QJQPCA«J!M’ fries; (llou we'”
be ‘)redu ajaih and call this M,{) |

l;\”w“' &Lod’ ‘H\Q 06','wd’ Mn ) n"M"( "'H\C faramd'e
of su-“{x frees, Het we are inﬂrcs-l-d ‘n ﬁ.r

L(nrcl'};\l ’71 ?
EVCA ()‘Cf’CfMiAia.‘j the &3(0%6{&‘{‘5:7 ﬁ‘nc'fian 74r N

was ();ggitu“ (ﬁﬁd I\as, \C,aagumea much a-p/«Y
'Hmi- (iace the MSKI A of A Ww’kf‘ﬂf f‘fs Sumpmer

T'\C ‘frou“c, O‘F cowrse, S all f‘.e m/cr/af{.
\,Jc uSuauy ’Ct 7Y Jenah f"e /onjes'l- pre-f;g of

+a£ UI\CO‘M,fffICJ Aﬁ-"'& f‘-‘«f &,’ur; In 'I'LQ dﬂ*“a,‘
X?-‘ - Xamr X ;,YMR

S

Soue rcally need, for instance, Wet here

and fAen no cogies of UE’ 1A H.e )ahluse

0I\J TH«(A we have mn COFMS ’IWG( hY 'f'tc dlfl




It 'S 0o ‘frouuc to /ooé 7[01’ f‘t l\«mLer oﬁ'wfiﬁ dP
wore/ 1A f'ﬁe )afaLaSC 'fJe Can numerate f‘c.S

Somevih «1 easi/y. [But we «re alse l'e?'lc'l“f"\;j Haf
Ne have ao ca'oies 0# amof“er worJ ., no‘s s frc'cky,

x.% x@ -
- w/a

O!’w p(a'aasfea Sf){w'{'i@'ﬂ was ‘f’Lc )Ca//aw;&j:

€ w s the prefix of He wacempressed portioa of
He J&hﬁ, tHea |EM, S k if there are k Copjes
D( WY '(’lte Ja‘faLaSC.

TLQ rrouble is %is, fr e)(amp/e ;

XeXooooo Xacy Xn@l Xasa 3 )

y‘fouo

W a’:,eqrr 10 +imes
wO eppeers 10 times

WOl &ppears 9 times
. WOl appears 2 tfimeS
woltlo Ja(? act appcer So ACrt M,‘: Z

‘,JQ have no idec what fenj'l"/. W 3 Consider



[V\nf-k e)(acfly Jhen'
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1[01‘50»1( Oéi"\

(fe. Wy Wasy ™ Vnrr Appears in the detebase
‘Sf'a("'illj a‘l'faﬁ"'“n ;‘l“l) |
Heen there are exa.cHx/ k sucl values of {
(L Uy, By Upp, Sppescs exactly b times
in the Jahh.sa)

fgo m,"k if and 04(7 if *

(1) %’fﬁ\@r@ Gare é"XMf"y k {f@%%ﬂ overls {n)
Copies of weal in He Jﬁ.h{é&fe Fr3

('L) ’%@re are No Copies of wﬁj in He J&f&é&fe

(3) XM‘E °°‘°X@a%€w% - WF _

Te W 1§ H\C ’or\jem‘ ‘oreﬁy of XAHXnn RS i’l.,e_
| Jahzloase_, and it applars CKMHY k +imes
i’\ f/l\ﬂ, éa’l'alodfe )




w@, éﬁ%ﬂ@ L"?f &§§Www°ﬁﬁ ﬁ?m@ ﬁ& Su lézfi'}{ﬁg
@g XB}{«% “re é)“@zg@;@@ﬁ@;éwﬁfﬂ

TI‘“S; i we A“VC n+l ir-depenJem‘- g\

| *r:‘r\js,
'H\en Mn:k '{ 4ad 0/\,\/ if o

<§\) éxmi%&f gi @g fﬁéf {H‘aﬁ*f 7 gﬁ;lﬁﬁg gfﬁ;ﬂ*@ %ﬁé’ﬂfﬂéﬁ (£

(2) None g;,g f’»{ﬂ ’g{ﬁ“ﬁ‘f‘fﬁ 55%5‘“5“@?%? égjﬁ‘ﬂ &Je:f’é Mjﬁ%
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(E) Pr(uwe) (1~ P{(w))ﬂ—kPr(w,B)

(1 (2 (3)
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'ar(w )(A
: s ()Pr(m = Pl0)) Frlug
W=

we A¥
oLeA
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I s G frp) — 4=
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- located at He rfjln" end |
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Tw = Sef o)c wosz SuCL 'ﬂ\mL’ 447 w”J " Wa(z/w
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RSy
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with ¢ éR—,w

| (=)
Uy, Uy yen, Up )V € Tw
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50{[06
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-
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¥ ¢ Tuvf
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/; Lol L VA 4 b
Wy i / L Tg ;
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nou Zc\- E[“ . [ttty ¢t deteoe Lt

Tﬂ do ﬂis/ we Find™ tuo C7Q;V¢/f4/' D¢/J Yo JCJCPI.ée‘i;K—d
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HDM’ do €nd with o &
R»w Ul\iclx I\GI Jlneraﬁ'tj fknc‘hh\ K (Z)
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Co e proved VS A = K4+ V- ().
Thes =13V = He) — P
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anJ | (4)
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wl
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- ()
50’ fince we kl\ou 4( g'(ll,c:'&f}.‘j fu,\c-/“a,\ ﬁf Hu :
We caa SuLsh'f'wf(- it ia Aere anJ f’Ler\
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