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tr.A. Colyxara

C paremrer ter[orcrrr 0Bepr6on.E3lx rrr€rpar,b[Ir oxorincrao-
rmEry co3.q0!D 6on5[I0 saP8.Iler6Huo crcrorurcrEEoBrlcf €RtyErsHoI
saAqrla pacn€pannerrl€Hrr llocroAoDarorExflx Srropu$Ioa. Laa rconrx
aa.qpc nf,sel8ol am06FrcoprEpoBxr o6pa60lBt cr{rEanoE pe3pa6oraEu

traP8rroJrDErre alfopntrH, BotoHo Poa.[rcyDtcf Ea urqrcnflonilcx
ctplrBrypar, olD€qaDqE rpedoBaE!flr t8rerpan5Boro f,crroJr[oHrs: npo-
q€ccopr cooIIEoHs porylf,pEoli.[oBarbHo[ r Eo EosrorEoctl rrrsEaP -
EOtr cetBD cE83f,r llr{poEo llctroJlESyorca roEBoleprta8qtfr t tr0p0lr0-
Irf,ar trpr odpadorBe IaEEHx [I.2].

Cyqecrrynr Qopralrlrrto npoqelyp ctrBreaa mqncrf,lo.uDErx ctpyft-
ryp Ir]r EenocpeAcrEoEEo pearxayDqrtl aaAaBEHf, orropllrr oAEaBo r
60rDErcc!80 cryqaes EtflBJloEf,o coorEercrBJrnqof, Eu'r,lcnmoaruofl crpy-
Etypg no.ryqaotcf, uoQlopraJllElru ABarISor aJlropttl€.

B paooro pacorarp(Bselc8 rraparren5Ha8 nHroptrporar{rfl saAaqr
AtrEArf,qeCBolO sporp€IllPomflf, E8 Colf P€fynf,pEo cBf,aaHEux Erqxc-
rrloJretr. Iloraauaaorcf, , lrro aala{€ Af,rarxqocBoro trporpErrrpoD{tnxfi
- aaAS'{8 pacnpeA€noElf, PeCypCAr xApArteprsyDqaf,cs n rroporeEllilr
x r roqBart{ .4l{cEpolraaux pocypcSr p6!a6tcf Ha cxcr€ro x3 a Ju60
D rruonHo cEraau[ux ErrrrcrmoJretr aa apera o(n2) ar6o o(!n) co-
otEotcrlof,f,o, a Ea crctoro ra (urn) oprotoaearro cEfiaatrrt r{-
rlrcnf,lonotr - Ba Eporf, o(n+n).llocao.4oaateJrDuoo polenre EaAaru
rpodyor DporeEr o(nne)

Paccrorpar Ba1aqv rcarrolroro lrporprrtuporanra L4]:

B"(rrra,...,r.) = * 
,1., 

E.( r. ).I

IOI
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rAo sr(o) = o, 6r(rr):o tro Del ooraqlr so(r) = {(rr, ...
...rr^)/.!., rr=r, rr > o ). 3ry aaaaqv roruo nonf,rafr EaE BaAa-

'{y pacllpelonoErf,r I Eotopol r - orp€Exrloa&r[ rctoqcxB cHpDfl, rr -
EonrqecrDo crpD8, pactrp€A€.[f,oroe i:r]r cflocooy o6pa6olBxr 6.(r.) -
AOXOA Or i-ro Cn0C06A O6p86OrBr rr eAl[HIq CEpE8. Tp€6y0,!Cf On-
peA€nxrD ollrrranEE]rD crp€rorrD pEcnpo.qoJreHrf,t rrptt Eoropon odqr!
aoxoa (I) 6yAor raBcrraJrrurr.

Ta6atrquas torunxa .qlrarrqoctsolo ttporpsrurpolaErr coctor! I
troularoBor fiocrpoouf,r rrocreAosareJulocrr Qyructlrl cocrof,Htrf, f ,(r ) ,f.(r) ,..., f.(r) c roroq.6D poBypp€rlrHr cootEoooErl fr(r) =

= B;1"l 
[nr(r. ,... ,ro) ] u nocaeAo8aronlaoctx 0yxrryl yrFlsnoEri

ir(r),...,io(r). 3rc npmol toA. tla ooparuor xolo os{cBxxtDlca otr-
rxranraf€ suaqonrf, r' = in(r) , rl-r = i -r(r-rf), xi-. = in-.( r -
- rt - rt -) u r..a.! n-l

.0,aa aa.qp'{r (I) raraaruuo ycnoara orrpoAoJrf,Drcf, rE:

fo(r) = o, f .,(r) =o=Srar(r), fr(r) =fq=r[a.tr.)+f.-.(r--.)].

unlepaan [=0,=] poaoruolcf, ta r yqaclroa c [aror a , I
stor cJtJqao Qy[rruD cocrof,Ef,E Ea 0Et0 ts rorEo npoAcra8lltr E 38-
Bxcrroctr or uorop€ yqacrEa i:

f.(xo+ia) = #Er[.r(ro+1A) 
* f.-r(-o + (l-r) a)].

060auasrfl Arr yAo6cr8a tlpatoHre s EBaIpSlEax cEoorax
!r(i,i) = g.(ro+ta) + f.-r(:o + (J-r)d, f.(-o + Ja) = fr(i),

rorAa 0yErqrf, cocroflHrfl Ea Eario k otrpoAellllct auaqoEmrx
fr(J) = o=n2:rtr(t,r), 

Q)

rAo J €(o,n-1).
0qealtt otr€paqrlouryr] cJroraocrt anroprrra. B raqocrEe Bpxlopf,fi

oqoEBl SIroPItIoE PaccISIpIDllIt! troPf,.qoB poclS E€oOxoAf,IEf, AIf, P6-
E€8Ii aaASU 8P0I0E! I eIl(oCtI IlSrf,tI EpI Ir8O.[IqoEIf, EOATE{X AAU-
Hlr [5]. IopoI EorrqocrEl BxotrEEr ASHr!{x Ea,4aru pscnpoAenoHrsi
HE3EsseroI paar€por sSAaqrr r8.[f,Dlcf, Eaparorpu EaAarlx: n - q[ctro

n0p6r6Eafr I l - uc.!o lrqactroa.
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Ecar roc oflepaqxf, EaxolqoElf, EmtlollE !r(i,J) flpx onPoAonoH-

EHf, anaqertf,r i,J ltptufitD paBErr oAl{Hf,qor ro onPeAeaoare fr(i)
trpl[ oluor sHaqeExu J trotpooJor (i+r) eAulltt{uux oEoP8qf,a. Ha no-

ctpooElle oyurqrr cocEofiErf, 4[,f,. scox ytracrroD norpe6yerca

l!. ,r.r, =# ouopaqrl. Tarrr ooPasor' onap€tlr{oanaf, cJror -

Eoc,rl trpf,roro xola trpx ottpelenoEnt n Qyucqrl cocronElf, onpeAerxl-

ca EoJrr,rr1f,Hou 
an(nd) = g1rn2).

2

06parurtr xo,q lpodyot trpx otrpaAenoErr r!, 1 e (1 ,a), o(a)
onepaqrl ur6opB[ ra lroranrr I Eotopol xpaaarCa laoJlrlu i.(r).

Ouelrluo, qlo ocnoEryr loJtr aatPa! coctaError nparol roA.
Paccrorpnr 0ro napalnorEuJD f,nloPnPolaqrD.

iil{xc.[oElr€ aHaqorul oyHlcqxl rr(r,J), k e (1 ,n], ia lcox
yqacrK€x J e (o,n-t) .qla aHaqeEr[ 1r y.[o8rotmpflDqrr ]croul I =

= t1j-l=s6a6t , rorEo npo.qcratrrD rPEoor rsoopmqxoB8ol aaBrcr-
rocrr cr - (!r(i,ilv). Fpuuarr rpe{e aaamtcf, orropatoDurE{ttrc-
rf,Dqro iua,{eaf,a Qyarqrl lr(l,J ) , a .qyrr v norcosuBaD! cBf,sD QyH-
Bqtrf, no oopaoorte ooqrr .q,anuur f,trr .xcnorEsoErf,e nbcaogynqrxr one-
paroparf, p€synLraroE npotHlJrqrx oneparopo8. Tar rar o s i s D-1 r

o s 1 s j, ro 1 S lSn r Brqrcnoxn€ rcer auaqounn lr(1,i), Heo6-

xorru{r l^rr otrpo.qeJleura t.(J) no Oopryno (2) aa npf,ror xoAerror-
ro trpo.qcrasf,rE ruorocrBor rpaQor 6 = (Gr: 1 s I s n), noraaarafi
Ea pIc.I .q^trs cryqa8 D = 4r D - 5.

Iopnsonraarnro .Qrrr B sPa0o Gr [orasuD{lnti tlto onoparopu
lr(0,1-1), t e (1,a)rrcnoarayDt posyrllar coco1roto onoparopa cno-
aa fr-r(l - .1). &plrrarDnre rlrr e rpaQo Gr cBf,auElD! E qo[ouJr
onopC,ropu tr(J,J+1-1), J € {D,n-1},13a Qucrporaunoro k rcsolr-
aorauf,or o6qir osopau.qoa s;(r-l) r fr-r(1-1 ) . tar rer fo(l-1)=
. 0 uo JrcroE@ salsrtr, to otr€parop !r(0,1-1) D tpoQo G.,Ie(1 n),
EErAercE raqarllI{I! fesaErqr[fl 0r .(DyrE 0ll0p€!0po8.

&1uo. rrto otroDelopu tr(l,J) I rpaOo Gr, Eo.rEElB E rror -
rEoroclD ro = (t.(t,J): (kfJ-l)=d=coaatJ s r s n, o s iS E-1),

r.e. otc8of,r,re Ea o.IfmBoDr paccrof,trt d - Ir2r..., df,g, ot tE-
qSrLEOtO O[eparopo !r(o, 1-1) | frtrflDlcf, t3arrro reearrcmrr r
rorJr! tlnollf,llcf, o.If,orperoElo. Ha prc.I tro.I|atorocrts ld trA€ro-
lE [ylBtIDE{Ir IIETf,IIT EAI.I0E IIIIE noroqolA pACClOf,Hror d. Ila
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rQrC [ro r r] r rrf, nporpErrllt
rrr s.(r.) .4rfr e6ol toqal I

tro Bo[opol rorEo onpeAorftl 884q0 -
rErepBalto. llaaaaur EopsrHf rDaoo8

c.(r.(i i): r-t sJ Sn-1,
1 = J - 1+1) (soD?rBarDEro
tlotrorrBr otropa$poD) IrE Er-
TIOIEOB!f, E{IITCJITIOD PI
(rar noraaaao Ea p.c.I). B
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rpa(a cr raBcrrarDEoe paccrofiElle oEpeAerf,orclt Eorrtruf,ol ui", =
- qas-!-].

Iloryrreuuoo rro[€ctlo rrqrc]trtoJlDurx lpaOos G rotgo olodPa-

arlD Ia colt f,a D JIxHSf,HO CBfiAAEBIIX BtlqtrC[[I0t0[r noEaSaEuyD le
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aror cnv{ao rcpf,8oEraJtrE{e .uJRr B [PaQo Gt 6yry1 cooIBotcrEolllll
[epe.qaq€ AaHrtfx rer.Ilr E{qtlcllf,loJlflrr a BoprtlKanDEue .Nrr[ - 3P0r€E-

EOI UOCnoAOBa,leJrrEoCrr Poarrsaql! otreparopoD I oAEor fll'rfclllero.
Ecau npuuarD Eporr8 ErtroJlHeHxf, o6o6qeHEof, otrop8ql(lls gDror one-

pa[.[ar onpoAonoEf,o aEaqolrfi ll(l, i), nopela,m onepaBls coc6AHo-

lry E{qf,cnf,ronD, paaEHr oAI{ErIlor fo BPor€f,Eaf, cJloruoclr t Elqlc -
roEtfi G, 6yAOt rareEaSScE I [ErOpBSrO tr S t S t, + dl-- r rIO
tr - aporf, anqncronrf, E8qalruolo onopaloPa E rPoQe Gr.o.qE8 0606-

E3[f€f, orropaq[f, coolDorcrDyer troPoxoEr or oIEoI 8oP[rEfl I tp800
E lPyro!.

IAooao cql,trarlr qro Errutcr€Erf,r npoAcrasno8Eae rpaQfl Gr,
cEESaur c psctrpoclpaEeHrer B c€,rr sorEosoro QpoEla E{'ucroHrl I r

Eoroporry coo!8€rclBlrot Ea BarAor Eper€EEor oSre il E{troxHoEro [oA-
lsosecEEl ollop8ropo8 ra E rpa00 Gl . f,p8lErl .[€E{tr EHruc.lf,I€.ul

(prc.2) 8 roronru rpereut t. = 1,n+1r--., u(1-1) - l$+21 , ...'2
. .. r^$1I rn[4rrpyo! Bonry Errrrcr€Hxl r, Eocu.[aa pealrmat

laqtcroEr8 cocellr (r reu carur atslrErsrpy8 oro)i roropEtr, t cBoD

Oqopo.qlr AEIrDu3xPJreI cE0ero coco.qA' u BolIEa PAcllpOclpEBsolCa A8-
r00 Ao EoEqa q,ello{tsr erquc.[r{r0r0tr. c sarEr QpoEror I a urqucal-
t0I0 PL ocJqecfElrotcS anqttc.lloEle 3HaqotsIf, QyEEtlltt cocrof,Hl8 I
loruo J = l-1 f, EaxorAoux€ aaaq€f,[l !r(i,j) A^ua toqeB lsJsE-1t
t = J-l+1. fcao (cr.prc.I)r qro ltpr ta8or pacnE€trereE[r onoparo-
por tro Ilrltclllorfl sollrtorect&l f,d E38uf,o Eoa8ExcrirHr otropalo-
Pot 6yEr,! Erlollr8llca EA p€B&rr lrqf,cnme.Ifi colt oAHOEp€lloElo.

IDoroustta crorrootl trparoro roAa €rropu!:ra rE celr rE a tr-
qxclllenol dy.qe! otrpe.4errtro8 speroHer rExqxa4f,I trocloAEol n-l
Eorrr EEqrcroEli t ISBorr€IlalI pacctof,Eror ee p€ctrpoclpEBoElfl Eo

c6tll to0o coQtatl! }ltrIrtruI

lo(n,o) = t * ai., =+. (n-1) = ^2/2,o(n+a)

Ilorerer, qm !aB8t rrEdlEas Eqf,c.[rrerlfaf, corl EIIOrla€t 0r-
roDM FpoErrlEo. Ira amro .Ioclalortuo rroBasallr qto rcc lopolct-
Eor Eeooro.qrEro III lrucrottt r8loratxqocElx Erp€reErl t rl!o-
Irtolo Prr D qrtul rorert rporoEl nolaDla8 !E sro.q coo!t6!o! -
IrD$lo rlluorrlort.
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0ueru, qto araqonro o[lrqlr cocrof,rrf, r.(j) onpe4oJleorcf,
B Pr ra Qposto i + 1, rotopul npoicolrl ropea Pr E rerout Dpo -
reEr tJ+r + k.

llarecrro, qlo IIi onpeleaeura f.(J) Eooorolxro tr6!D sHaro-
f,ri fr_i(o),fr-r(l) ,...,fr-i(i) L e.(o),g.(1), ... ,6.( J ).
3u8qourf, s.(o),g.(1),...,t.(j) E8roralcs E Earf,lr trqrorxrora k.

Tar rar Eorrotre QpoEan Er,ucrerxf, E0 BepeceroDrcf,, a rIJn
oAtt8 aa IpJ![r ro rtoDoa Pr Eocre.IoBalorDro Eporo,lf,! QpoErE c Eo-
roparx Ir2r...r J + 1. Kar4r[ Qporr l 1;tir Pr cEf,aat c otrpe1cro-
Hror EBSqOETE fr(1-1) , uprOror ot Pr-r s8aqoEr8 r.(r-1) r uo-
p6Asrrel pr+r otr€qeErf, fr(i-1) t rorert DporoEr t.+ k. taru
o6paaor, IIpr trpororl,crll 0poEloE I = Ir2r...1 J+1 rropoa PL

Epol4rt rarro alarroara fr_l(o),fr-r(1),... , fr-1(J) a roreElr
SperoEI t1+kr t.+kr ...rtJ+1+k, !.0. D6 E0o6l0.qrno 8EaqoEIE

IIf, Etrlxcn€lli t"(J) r EporoErory mlJ t:*, * k.
Ilpr p60rrlaqrr !€Iatlr pacupaloreEra Ba o{cterc c p < n Er-

'ttcrtlcrsrr D Bar.Oil rrrucrrrorD Eaa!8rraolcf, n/p 0yu[rt .qoxol0
r E6c o1rrrqf,ono DDcrornoro mro yrarqrrEorca D n/p paa. hcrc!-
f,tt crorroclD llpf,roFo xola a aror oryq8c oqorrtofr DoIIqGol

rr(a"a) = (p-1) .ry.1= o(#).
EoI rcrolE .4aB[rr (QyEEuf loro.Iai saAaEEEr t laorrtrEol

Qoprc) rcrro ocilcctrrtlrrar rrorasaro ra prc.3, corolcf, oro :o

t=a

e.( r) s.( a) Etqrcroaxl.

PACtrPOmPaEeET€r
trePEolO 0p0E!O

3to re rro-
teclD rpaooB c
rosto orodDaartD
Eo cetl 18 D [x-
retrao cEf,aarEnx
Eruc.lltorof, !aE,
cro rar.ul rlqro-
rrlGlr 6yl,c! ll-
lOllall [ODI8O!-
!8ITBC qEEOTBI

otroP8ropor l!
rpa{oa G., 1 €

e(1, n). B amr

s.( r)

i=?

t=a g.( r) s^( a) s.( r)

t=,

l=l er( r) er( e) 6.( r)
t (r) 6 ( a) (r) r

s.(o)

(o)

t=, er( a) sr( r) s.(o)
l=t sr( r) e,(o)
r='r 6n(o)

Pnc.3
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cryrr8e 8814€s EOEAE pnEa Ertrf,CnoErf, tfrqmPyolcE E rorerlH Epore-

Er t. = 1,D+1 ,...r(t-l)a,...,(n-1)u+1 r{qro.[Itoxall c Eoreparf,
P.l ,P2 ,... ,Pt r... 'P. coo!E0!c!8eEEo. BDerecEafi crotloclr onpoAe!f,-
ercB SEalorxquo tPeloEer xlrluaqxx llocrollol r-l EotEu f, r€ECf,-
ratrluun paccrosExor ec pactrpoclpaEoBxa r.(nF) =t + dia-=(n-l)a+1+
+ (n-1) = O(nn).

Ecu npelno.[orrllr trlo Bar.(oo ara'rolro r.(l,J) npaEe G,.

ro8€t otrpo.qol88Dcf, ou,olDtfr r{qrcrrlelor, !o rforoclE tD8ooD G

r0r0! 6a!5 lltoPllPetlpoEaEo c€ID] r8 Er n optoforSrDEo cEf,SaEfE
Elqf,Clrlerol (Ea ErC.4 IryEBtrPErrMSIArI [OBA3AEr .4orroltrroll -
EH6 BAEATU, lro BOropUr rO[tO OCJIoC!Ef,!D EEO.q ICTOAEU IAEETX OI-
BoEpercuro o arrucreErarr uo troprtry {poaEr). foprsoarar5uo r
8ePlra8rDElo .ErrI r rpa00 Gr 6I.(y! coolmlclDElr tlopo.{aqo .qpE-
EUr rosEr Erqf,c.lrlotrf,Il r co!r. &auoEre opoErf ooDasyDlcs I [op-

(o)

( r)
( a) (o)

(r) ( r)
(r) (o)

(r) (r)
(r) ( a) (o)\

a
(r) (r) \

\
,{o)\y\.r r)

Prc.4
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80lt ct0.[6qe celx tIr{IcIxleI€R I IOLoHtr{ EpeIoHI tr = Ir3, ...
...1 21:1 ,...r2n-L .

B etor cryrlEo BperoHsaB cnorsocrE otrp6Ao.[.f,ercfi BeJIrqxBo[
rr.(n,a) = t * di", = 2n-1+n-1 = o(n +a). Qtlelx1, rl1g 11ocneAg16f,

Qponr E{qxcaouufi 6y.qot oclqocrEJtf,rbcr Ea itocJr€AHof, crporrrc€ B co-
1I ErqxcflreJrof,, taB B8E rpaQE Gr po.QlrlrpyDrcf, (cr.Drc.I).

TaBlr oopasorr amoptrrr poqeurs saAaru p€cnpoAoJrouxa pecypca

Aosycrao8 PE3If,'{E[o trap8.lnortEHo r[Esepnporaql8x Earc Ea cofr 13 n
rf,6o n JIftreIHo c8raa{BHx Etlltcrf,ronei, taE r Ba celr f,B Era op -
roroEanEHo cBESSxnHr Errli{cJrrroJlotr. Jcropeuro trpoqocc8 EitlxcroHfa
I CPSSHoEIX C trOCIeAOE€IoJIEUHMITOJIE€HI6r 8.IIOpUIIA fl8JI80lIC8 trpo-
uopqIoHaJr5Eur qIc.uI Er{ucJrr!0r0[ E qorr.
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