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OpHa nocnegoBaTenbHOCTb
COOTBETCTBYET O4HOW gone
rpagoa. NNosTomy gofieEN CTONMLKO,

e B s B — .
CKOSTbKO MocreaoBaTenbHOCTEN.
“/ BeplivH B A0f€ CTOMLKO, CKOSbKO
D /\
|
)

CJ10B B rnocriegoBartesibHOCTW.

/{ b Pebpa npoBogsaTcsa mexay
/ MNOXOXMMMW CIIOBaMU U3 pasHbIX
nocriegoBaTenbHOCTEN (Oonen).

3agada - HauTu BO3MOYXKHO
OONbLUYIO KITUKY B TAKOM
6orbLLIOM MHOrogonMLHOM rpade.

1 4-knuka

1 3-knuka
[ 4-nnotHbii noarpad (6e3 4- n 3-knuk)

MeHee TpyaHasa 3agadva: HauTu
bonblime NNOTHLIE noarpadobl B
6osbLLOM MHOro4orbHOM rpade.




[lpumep MHOroaosnibHOro rpada, B KOTOPOM ULLIEM

KNMUKY WU NNOTHbIN no.qrpa%:
AATAGGAGGA. . .CCATCTGTTGCT

GGAGGA
TTAATAG

GGGCATCACAGACCT. . .AGGGATCACCAGGTA

GGGCATC

CAGGTA

¢ .TTGCTGCGGATG

ATCACCA




Kakoro pasmepa rpadbl peafibHO BO3HUKAIOT B

NpUKNagHbIX 3aga4vax?

Kak gomkHa ObITb OpraHn3oBaHa namMmsaTb U
oOMeH mexay npoLeccamu

y CynepkomMmnbloTepa, peLllarLliero Takme 3agadm?



PocT uncna nocnenoBaTtenbHOCTEN B 6a3e JaHHbIX

1 140,000

120,000

1 100,000

Sequences
(circlas, thousands)
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[nuHbI NnocnegoBaTeNbHOCTEN

Mycoplasma E, coli

BACTERIA | I
yeast
FUNGI |
PROTISTS
bean Ii‘y
PLANTS |
Drosophila
INSECTS
MOLLUSKS
shark
CARTILAGINOUS FISH |
BONY FISH
frog newt

AMPHIBIANS | I
REPTILES
BIRDS

human
MAMMALS I
. T R A e R AR OO T
10?- lolf ‘Of ]0'1 10.‘: 101.1 ]01'

number of nucleotide pairs per haploid genome

Amoeba

fern

LTI
107



MTak, o pa3mepe rpada. MoxeT notpeboBaTbCA: YMCNO
nonen 108, nnuHa nocnegosaTtensHocTu 10°2-1012,
bepyTcsa kKopoTKkue croea, T.e. BepwuH 10° n cpegHas

cTeneHb BEPLUMHbI UMEET NOpPAAOK YMcna gonemn.

Kpome Toro, 3agavya nomcka Knuku «HepaspeLwummar:.
NOUCK M-KIMUKN B M-O0NbHOM rpade, ecnu Kaxagaa aons
COOEPXUT TOJNbKO MO Tpu BepLlnHbl, — NP-TpyaHas
3agava. 9T0 nokasaHo Ansi rpaga ¢ 0MeEHb BbICOKOW
NOTHOCTbIO pe€bep. Ecnn nnoTHOCTL pe€bep HU3Kas, TO
CINOXXHOCTb 3TOU 3agayvun He ussecTtHa. Mbl npepnaraem

3 hbeKTUBHBLIN arNroOpUTM peLUeHUs «TaKon» 3apauu.



[MoaToMy: BMECTO KUK/ ULLLEEM MIOTHbIE noarpadbl.

[loarpad MHorogonbHOro rpadpa Ha3blBaeTc4

M-MJIOTHbIM, €CJIN OH CBA3HbIN U KaXX[

asl ero BeplinHa

coeanHeHa pebpomM ¢ BEPLIMHOU B HE MEHEE YEM

(m-1)on pone.

[TpeacTtaBum cebe, 4TO M paBHO YMCNy Aonen B rpade.




[Ipumep 3-ponbHOro rpada,
OH e — 3-NMJIOTHbIU rpad
(B HEM HeT 3-KIUK):




Pebpam npunuceiBaeTcsl pegakuuoHHOE pacCToOAHUue
CITIOB Ha €ro KoHuax; unn nHast mepa nx 6nmsocTu,
CXOACTBa, HanpumMmep, MUHMMYM/CyMMa AFIUH 3TUX

crnoB. Takoe 4yncno Ha3bliBaeTcs BecoM pebpa. [Mpea-

cTaBndeT UHTepecC U cnyyaun, Korga Bce Beca paBHbI 1.

KITACTEP — m-na0THbIX U MacCuBHLIN (T.€. cymMa

BECOB €ro pebep Benuka) nogrpad B ucxogHom rpade;

yacTto 0obaBnsoT ewe TpedboBaHus: noarpad

He coOepPXUT MHOro BEPLLUMH U3 O4HOW O0NU U

camMu CrioBa BbICOKOW CITOXXHOCTU (=cnado cxnumaemble)




Tak, Haw meToa COCTOUT U3:
1) anropuTMa NOCTPOEHUA ncxogHoro rpada
(TYT ecTb npobnema, Kak ero ctpouts!)
V
2) anropuTMa noucka nnoTHbIX noarpados
(knactepoB) B ucxogHom rpade
(HaMOEeH XOpPOLUNIN, HO HYXXEH ero

TeopeTnyeckun aHanums!)



OnuncaHue metoaa. 1) Boigenuts napbl CNOB BbICOKOM

CITOXXHOCTWU (Hanpumep, cnabo cxkmmaemble anropuTMom

Ilemnensa-3uBa), KOTOPble COOTBETCTBYIOT APYr APYrY B

CMbICNe NpuUknagHown 3agaym (TUNNYHO: NOXOXUE U

OJIUHHbIE).

2) [ocTponTb camMm UCXoAHbLIN rpady, ero 4onsm

npunucaHbl nocrnenoBaTeribHOCTM, BEPLUMHAM A0NN —

criosa (Mnn Habopbl BIM3KUX CINOB) N3 OQHOWN NOCNEeno-

BaTENbHOCTU, COOTBETCTBYIOLLEN O0NN; pebpam — Beca.

3) B ncxogHom rpadpe HauT NNoOTHbIE noarpadbl.




AnroputMm noucku noagrpada. B kaxxgon BepLUnHe rpa-
dba anropuTM HeE3aBMCUMO U NapanfiefnibHo BbIMNOJSIHAET:

1) Ecnn BeplunHa coeanHeHa pebpamMmm MEHEE HYEM C

(m—1) goneun, To oHa N MHUMOEHTHbLIE en pebpa yaansi-

loTca. Ecnun BeplunHa coegmHeHa ¢ Kakon-To Oos1en

NULb OOHUM pebpoMm, TO pebpo NnoMevaeTcs

(OHO ygansaeTcs TONbKO BMECTe C O4HUM U3 ero KOHLO0B)

Ecnu rpad nameHuncs, To CHOBa BbIMOMHAETCS BbiLLie-

CKa3aHHOeE.



2) Ecnun pebpo MHUMOEHTHO BEPLUMHE, HE MOMEYEHO U

ero BEC CTPOro MeHbllie BECOB BCEX APYIMX TaKNX eé

pebep, To pedbpo yaangercs. (= 1.e. crnabble pebpa

yOanarTca)

Ecnu nocrne BbINOMHEHUA Wwara 2 B rpade Nnpon3oLnu

N3MEHEHNS, TO Bo3Bpallaemcs K wwary 1.
B npoTMBHOM cny4ae anroputMm 3akaH4dmMBaeT paborty. ///

Kaxxgaa KoOMnoHeHTa CBA3HOCTU rpada — MCKOMbIN M-

NAOTHbIM noarpad (knactep). ///




O nporpammupoBaHum (KkpaTtko): 1) lNocne kaxgoro
Lara BbIMOJTHAETCHA CUHXPOHM3aLNA NPOLECCOB BO BCEX
BepLUMHaxX rpadpa: cnegywowmm war HadmHaeTca nocne
OKOHYaHMA NpeabiayLlero wara Bo Bcex BepLUnHax.

2) NogpasymeBaeTcs HEKOTOPbIN MEXMNPOLIECCHbIN
OOMeH: ecnun Ha Apyrom KoHue pebpa, MHUMAEHTHOrO
OAaHHOW BEpPLUUHE, 3TO pedpOo «yaaneHo», TO OHO «yaa-
naeTcs» U B HEN; eCn NOMEYEHO0, TO «MOMEYaeTCcsa» U B
HEW.

[MpenctaBbTe cebe paboTy KNETOYHOro aBToOMaTa:

«KneTKa»=BepLUnHa, «COCeaHNE KNETKN» = CMEXHbIE
BEPLUVHBI.



Hall onbIT Nnoka3san, YTo napannenbHbIX anropuTMm,

paboTarLwmnmn Takum obpasom, 3aBepluaeT paboTy

rnocne HeO6ONbLLIOro Yucna utepauun gaxe onsd
rpracoB OrpoMHbIX pa3mMepoB.

[Toyemy? Yncno ntepauun He NpeBbILLIAET AnamMeTpa
HanbonbLwen cBA3HOU KOMIMOHEHTHI,
No Xo4y anroputmMa KOMMNOHEHTbI MOrYT TOSbKO
pacnagaTbCcA.

34ecb ObINo 6bl MHTEPECHO NPOBECTU CTAaTUCTUYECKU
3Ha4YMMoe TecTupoBaHue. Kak ero opraHmusoBaTb?
KOHe4HO, Ba)KHO 1 TEOpPEeTUYECKOE NCCneagoBaHue,

XOTS Obl acuMmnToTn4eckoe!



BepHemcs K npobnemMe nocTtpoeHns NCXOOHOro
rpadcha. B 3aBuCMMOCTM OT 3agayn pasnuyaroT sa
clnydasq:.

cnoBa He(UKCUPOBAHHOU 1NN OUKCUPOBAHHON ANMUHDI.

[lepBbIN criydan crnoXHee, N Mbl pacCKkaXXeM UMeHHO O

HEM.

[1na BToporo crnyyas HamMun HaugeH gpyroun, 4em ang

nepBoro criyvyasd, adoekTUBHbIN arropuUTM.



MTak, ona nocTpoeHnsa ncxogHoro rpada:

1. [Ina Ka)xaou napbl nocrneagoBaTeNbHOCTEN HAXOAUM
B HUX Napbl MaKCUMaribHO AJNIMHHbLIX CJIOB CO
CXOACTBOM BbiLWe nopora (M coeanHaem nx pedpom),
BEeCOM pebpa CryXmt cymma AfiuH HanAeHHbIX CJ10B.
[Tony4aeTcsa OrpoMHOE MHOXECTBO PEDEp, hakTnyeckn

He obpa3sytoLlee rpad.

2. B kaxxgon nocnenoBaTefibHOCTU CKrieMBaem
coceaHMe BepLUMHbI B HOBble BepLUnHbI (00pa3ys
MHO>eCTBa CTapblX BEPLUMH B KQ4YeCTBE HOBOW
BepLWMUHbI). Pesynbtat — UICKOMbIU rpad.



[Mpumep: 14 gonewn (cnoposukn), 64*(2GHz CPU) cepsep.

9t1an 1 (1200 cpu-h): noctpoeHo 43.2 MnH pebep,
coegnHaoLWwmx 86.4 MIH BEPLUUH, CTENEHN BEPLUUH 1

9T1an 2 (85 cpu-h): noctpoeH ncxogHoin rpady: 32.5 MIH
pedep, coeanHAaALWmMX 3 MITH BEPLUMH, CPEeOHSSA CTENEHb
BepPLUUHbI 21.7

It1an 3 (300 cpu-h): nomck 3-NNOTHbLIX M BblLLE KacTepos;
nekomnosnuusa rpada: 20.5 mnH pedbep n 1 MnH

BEPLUMH, CpedHAst cTeNeHb BepLUnHbI 39.

[Tocne 22 ntepaunn anroputma HangeHo 2918 knactepos.
N3 Hux gna m=14 nony4eH 1 knactep, ana 13 — 3, 12 —
1,11-3,10-6,9-11,8-13,7-29,6 - 35, 5 - 80,
npoune (M=4 n 3) — 2734 knactepoB. OcTaToK — KrnacTtepsbl
c m=13...7 B cymme coaepxaT Bcero 619 BepLuuH.



Kak HanTn HyXXHble napbl CNoB — pebpa
(3TO Mbl YyMeeM aenaTb)
"
KaK CKNleuTb CTapble BepLUMHbl B HOBbIE
(3TO B 3HAYUTENBLHON MEpPE

oCcTaeTcs npobriemon)



[1pn goctaTo4yHO DOMBLLLUOM € UMEETCS Takoe Yncro K,
16...24 < k < |, yTO B nwbOU nNpmurogHon Ans Hac nape
CJ10B MMEEeTCHA 0HO U TO e NoacnoBo ¢ AfinHoun 2 K.
JTO NO3BOJISieT UCKaTb Napbl CNOB B NOObLIX ABYX
nocnenoBaTeNbHOCTAX, PaCLUMPAA HangeHHoe
CrioBO AJNinHbI K («Knw4v»). UTak,

1) INo nepBon nocrnegoBaTeribHOCTU COCTaBUTb X3LLU-
Tabnnuy 13 BCeX KMNo4ven ¢ nx no3numnsammn. Xau-
Tabnuua 3aHnmaeT nopsigka 4-16 rurabanTt ans
nocnegosaTternbHocTen annHon oo 120 mnH.

2) Bo BTOpOUn nocnegoBaTenibHOCTM NepebpaTtb Bce
KIMHOYM 1N ONSA KaXXOoro n3 HUX NnpoBepuTb, coBnapaeT
JFIN OH C KaKUM-TO KITFOMOM K3 X3LW-Tabnuubl. N 1.4.



A. [1na kaxxgon nocrnenoBaTefnibHOCTU CKIenBaem
BepPLWMHbI C OAHUM U TE€M Xe LeHTpPOM croBa (Unu c
ONMM3KNMKN LEHTPaMUN): HOBbIN BeC BEPLUNHbI PpaBeH

HaMMEHbLUEMY N3 BECOB CKITENBaAEMbIX BEPLUNH.

B. [pnceanBaem Bcem nonypebpam Bec BepPLUNHLI, U3
KOTOPOW OHW BbIXOOAT.

C. lna kaxpgoro pebpa: ecnu ABa ero nonypedpa nmeroT
pa3HbIv BEC, TO BOMNbLLUUIN BEC 3aMEHAEM HA MEHbLLWUN,
D. Ecnn Bec nonypedbpa MeHbLLE BeECA €ro BEPLUUHBLI, TO
BEC BEPLUMHbI 3aMEHSAEM Ha BeC nonypeobpa.

[ToBTOpsiem warn B...D, noka 4To-HUOYyObL MEHSAETCS.



PaboTa BbINofIHeHa COBMECTHO C
A. CennBepCcTOBbIM.

[Tloonepxana PHO
(npoekT 14-50-00150)

CITACUBO 3a BHuMmaHue



Bo3HuKatoLme rnpu CKNenke BEPLUMH KpaTHbIe pebpa
3amMeHsAeM ogHUM pebpPoM C HaUMEHBLLINM BECOM

cpean Bcex pebep mexay ABYMS HOBbIMW BEPLUMHAMM.

B pe3ynbTarte onncaHHbIX LWaroB Beca BCEX BEPLUMH U
pébep B npegenax cBA3HOM KOMMOHEHTbI O4MHAKOBbI U
NPUOINMKEHHO paBHbI YABOEHHOW AJIMHE UCKOMOTO

CJ10Ba B BEPLUNHAX 3TON KOMMNOHEHTbI CBA3HOCTM.

PaccmatpuBanucek cnydam k=32, =150 n k=16, |=60 u

T.[l. C NOPOroM peaakLUOoHHOro pacctosHus ot 4 oo 17.



3710 noka HE genaeTtca, noTOMy YTO HapywaeT pe3ynbTaT Ha
npeabiaywem cnavge! Tyt Hago AymaTtb U NpodooBaThb.

[1ns ka)xgom nocnegoBaTenbHOCTU cocegHue no LUeHTpam
BepPLUUHbI CKITEMBAIOTCS, ECINN PacCTOAHME Ha Mexay
LleHTpaMM CINOB MEHbLLE B3BELLIEHHOIO cpeJHEro BecoB nx pebep.

HoBbIN LEeHTP — LEHTP 00bEANHEHUSA COOTBETCTBYIOLLMX CIOB

HoBbIN Bec BEPLUMHbI — yaBOEHHAasi cymma BecoB 6e3

paccTosiHua Mexay LeHTpamu. HoBbin Bec pebpa —

CyMMa BECOB Ha KOHLax.
[lenaem 310 B nopsiake BO3pacTaHMs LIEHTPOB CIOB C
NOBTOPEHNEM TeKyLen no3munn. 13 HoBou BePLUNHbI BbIXOOAT

KpaTHble pébpa ¢ HOBbIMU BECaAMW.



AP PEKTUBHOE BbIYUCTIEHNE
peaakUMOHHOIro PacCTOAHUS

[J151 CNOB C 3apaHee He (PUKCUPOBAHHBIMU ASTMHAMM:

Onsa 3Toro HanaeH NIMHENHOWN CIIOXXHOCTU anropuTm
(nonynokanbHoe BbipaBHUBaHUE

C OOHUM 3aKPENSIEHHbIM KOHLIOM).
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Anroputm NonynoKanbHOro
BblpaBHMBaAHUA B O4HY
CTOPOHY OT Kriro4a:

3aKpenneH oauH KoHel,
Ka)Qoro cnosa, Apyrov KoHew
3apaHee HEN3BECTEH,;

mMaTpuua npeobpasyetcs (D -
MaKCUMyM Oerneunmn noopso; 2)

BblYMCIEHNSI NPOBOAATCS MO
ctonbuam npeobpasoBaHHOM
4yacTun MaTpuubl B nopsiake
HyMepaLunun Ha PUCYHKE,
NOSTOMY NX MOXXHO OCTaHOBWUTb,
Korga MMHMMarnbHoe
paccTosiHue B ctonbue
OOCTUraeT 3afaHHoro npegena.

nmeeT crioxxHocTb O(DM)
(MMHeUHbIN, ecnn D << M);



3agava no3BonseT OorpaHN4YnNTbLCA MaJiIieHbKUMHU
OO0JIAMU

Torga Kpome ykasaHHOro anropntMma Hamm npeanoXXex
anbTepHaTUBHbLIN anNropuTM:. pazbneHme oCTOBHOIO
AepeBa Ha noaaepeBbA. Knactep — MHOXeCTBO CIoB,

MPUNMCaHHbIX INCTbAM B prHaNbHOM Habope AepeBbEB

UcxoaHbin rpad cTpouTcs npoLle: rnokanbHbIM BblipaB-
HMBaAHMEM BCEX «CreuunanbHbIX crioB» (0erikos 13
OaHHOW nocnegoBaTenbHOCTU, METOAOM blast).

[Nocne 4ero, octaBnsiem pebpa ¢ BecaMmu BbilLe nopora.



CTtaHgapTHbIN anropmuTMm rnobanbHOro BbipaBHUBAHUS

ab - G C G T T G
| |ol2]4]6]|8]|10]12
A 113 |5]|7]9|1n
C 31135 |7]|09
G 4 13|57
C 4 2|46
T 513 ]13]5
T 71573 |4
G 12 8 3

PenakunoHHOE pacCTosiHUE:

=3

Ob6paTHbIn XoAa:

CnoxHocte O(MN), namste O(MN)

GCGCTTG
ACG-TTG

FIM]IN]

Needleman, Wunsch (1970)

NHnyyanusaums:
F[0][0] = O;

E[i1[0] = id, P[i][0]= UP, i =1,M :

F[O][J] = Jd, P[O][J]= LEFT, J=1,N

3anosnHeHne maTpuu;

[FLi—10[j ~117 g(i, j) (casel)
I:[i][J']:IminJ FLi—11[j]* d ( )
FLi][j — 1]t d (case3)

[0,a[i] = b[j]
roe g(i, ) =3 ; d =2 (npumep)

L1, a[i] * b[j]

(DIAG if (casel)

P[i][j]:J UP if ( )

LEFT if (case3)



HepgocTtaTku cTaHOapTHOrO anroputMma:

* rnobanbHbIN (HY>XHO TOMHO 3HaTb Ha4yarno U KoHew
0Donx y4yacTKoB),

* TPYOOEMKNU (KBaOpaTUYHbIN),

* HEMNb34A OrPaHNYnUTb BbIYUCIEHUA 3a4aHHbIM
npenenomM pacCTosHUA.

BbinonHum npeobpasoBaHme 4actu matpuy F n P:

0

i=vT(u-D)

D

j=vt(Du)

2D

(i, )) (U, v)

T.€. paccMaTpuBaEM [flaBHYO AnaroHanb MaTpuubl U
D cocegHUX C HEU gMaroHanemn ¢ KaXgom CTOPOHbI



BmecTo oTAenbHbIX pebep adhdekTnBHee
paccmaTpuBaTb 3BE3bl CO MHOTMMW OTKIMUKaAMW, U
CKnenBaTb OTKIMUKU U3 OgHOW aonun: ?7

[lons
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Hamu npeanoXeH anropmutm rnoucka Knacrtepos,
gonyckarowmm adhdpeKTuBHOe pacnapannenmBaHue.

OpgHako Anst NpUMEHEHUST anropnuTMa HY>XXeH MCXOOHbIN
rpadp: ero NoCTpoeHne — caMmocTosiTeENbHas TPyaHas
npobnema.

Halu anropmtmM nomncka KnacrtepoB yHMUBepcarnbHbIWU, HO
NOCTPOEeHUe ucxoagHoro rpacdpa 3aBMCUT OT 3a4auu,
KOTOopagqa peLlaeTcs.



NTaK,

cHa4yarna HaliMM MEeTOAOM CTPOUTCA UCXOAHbIN rpad;

3dTeM NMpnMMeHAeTCA Hall yHMBepcaanbIVI dJirOpUTM™M

NMOUCKaA KIlaCTepoB.

HayHeM C nsnoxeHus1 caMmoro anropuTmMa noucka

KnacTepoB.



4-ponbHbIN rpady, cogepxalmm Knactep: 4-nnoTHbIV
noarpadd, OH COCTOUT N3 BCEX BEPLUNH, Kpome a. Pebpa
rnomMeyeHbl BecamMu (Noka3saHa 4yacTb BECOB).




[Tpumep: 4-gonbHbIV rpad, cogepxawmm 4-nNNoTHLIN
nogrpad. OH COCTOUT N3 BCEX BEPLUMH, KpOMe a, |, |, K.
HekoTopble pebpa noMmevyeHbl CBOMMUN BECAMM.




Lar 1.1: YpanawTtca BepLlUnHbI a, |, |, K co cBonmun
pebpamun. Hactb gpyrmx pedbep nomevatoTcs Kak

«3alnLLEeHHbIe» (NoKa3aHbl KpacHbIM).




Lar 1.2: JononHutensHo pebpa fb n fh nomevatrotcs Kak
«3awuileHHble» (a bg n gh — Het). Nocne atoro war 1

bonbLie HE MPUMEHUM.
b_. c
| /
d ¢ 1 3 : e
.‘ '\ ‘ .
o :
2 3 J 5
1
, 4
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Lar 2.1: YoanseTtcsa He3awumweHHoe pebpo hg npu
BepwinHe h n pebpo bg npu BepwimHe b (HO ToNbKO gh
npu BepwinHe g). lNocne atoro warn 1 n 2 6onblue He
npumMmeHnMbl. KoHel.




KnacTtep: 4-nnoTHbIN noarpad, NOCTPOEHHLIN
anropmMTMoOM:

N %\ ‘

5

2

J




Jtan 1. [laHbl ABe nocnegoBaTernbHOCTU OASJIMHOM M U N.
HainTu Bce napbl cNoB MakcumarnbHOW AnunHbl (bornee |),
MMEKLLNX CXOACTBO BbllLe 3a4aHHOro € N BbICOKYIO
CITOXXHOCTb (Hanpumep, CxXnMaemble ariropmTMOM
Nemnensa-3nea ¢ KOAPPULMEHTOM MEHEE T).

CNOXXHOCTb HAMUBHOIO anropuTMa
m O(mnl?%) — Henpmnemnema Ansa no-
ncKa Takux nap crios, Tem bornee,
x cpa3sy BO MHOIMx napax nocnegno-
BaTeNbHOCTEN (TOrga HY>XHO eLle
YMHOXUTb Ha N?).
Heobxoanm o4eHb ObICTPbLIN
anropuTtm. Npueegéem ero.




3) Pacwmnputb (BNpaso 1 BMNEBO) KaXayto HAaUOEHHYIO

napy «KIY — KNKY», YTOObl HANTU MaKCUMaribHbIe MO

ANMHe cJrioBa, AJid KOTOPbIX CXOACTBO bonbLue nopora

€, d CJTOXKHOCTb BbllLE COOTBETCTBYHKOLLETro nopora.

9T cnosa (= MakcuMarsibHble paclunpeHns)
coeanHsATCAa pebpom ¢ BECOM paBHbIM CyMME AJSNH

CIIOB U TaKk obpa3yeTcsa UCKoMoe pedpo.



4) lNpooosmkaem Tak C KaXkaou cneayrollen nocnenosa-
TENbHOCTbLIO, NCMOJ1b3YA MOCTPOEHHYIO Tabnuuy ansa 1n
nocrnegoBaTebHOCTU (OOHY U TY Xe).

5) To xe camoe genaem ansa 2m nocrnegoBaTefibHOCTH
NPOTUB CNMUCKa BCEX OCTaBLUMXCS NMOCNeaoB-TEN; U T.A.

[Tonyyaem ucxogHbin Hadbop pebep. KoHey 3Ttana 1.

BbluncnmntenbHasa cnoxxHoctb waros 1-3: O((m+n)-1%) n
aa)ke NMHenHasd, T.K. coBnageHune Knoyen AnmHbel 24 v

bonee B ABYX nocrnenoBaTeNbHOCTAX BCTpeYaeTCs
OOCTAaTO4YHO peako, TMNn4Ho < 10% knro4ven.

[TamaTtb: O(m-k+n). PacwunpeHue Ha apyrue
nocneagoBaTeribHOCTU IMHEUHO.




Jtan 2. NocTpoeHmne ncxogHoro rpada

B kaxxgoun BepLiuHe (B HEW CIOBO) 3aNOMUHAEM:
LLeHTP BEPLUMHbI = NO3ULMNIO CEPENHBbI CIMOBA
A
BeC Kaxaoro pedpa 13 3Ton BEPLUNHbI =
CyMMa AJIUH CNOB Ha KOHLUax pebpa
A
BeC BEPLUMHbI = MMHUMArbHbIN BEC pebpa,

BbIXOOALLENO U3 HEE.



