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TeopeT1,1qecK1,1e Bonpocbl opram1aan1,11,1 1moroypoBH8BOi-i Vine no,11.po6-

HO H3JIOX8Hbl B pa6oTe/1I. TaM noKa3aHO, qTQ ,JJ.JIH OilTHMH3a.I\HH npo

uecca IlOHCKa Heo6XO,JJ.HMO npOH3B8CTH ynJIOTH8HH6 Y3JIOBblX CilHCKOB 

OCHOBHOrO HHWOPM8UHOHHOro uaccnBa. 8TOT nponecc He npHBO,11.HT K TO

uy, qTo CHCTeMa 6y,11.eT OTBeqaTL Ha aanpOCbl c onpe,11.eneHHOi-i KOM6HHa-

- nnett ,11.ecKpHnTopoB 6onee aqK!JeKTHBHblM oCipaaoM, qey Ha aanpocbl c JIXJ-

6oi: lUJJl'Oil KOM6Haaunett ,11.ecKpI,IUTOpOB, a CKopee npHBO,11.111' K onTHMH-. 
:muvrvr novrcKa B cpe,11.}JeM, H038Bl1CHMO OT B3811MOCBll311 KJID'l0BhlX rep-

MHHOB B 3anpoce • HeoOxo,11.1mo OTM0THTl>, q:ro B0Cl, 3TOT npouecc MOJ:eT 

ClblTL npoBe,11.eH nyreu per11crpau1111 B ret1eH11e HeKo:roporo nepno,11.a npe

MeHvr cpaKTHqecKHX B3811MOCBll3el1, KOTOpue 11M01lT uecro B aanpocax, 11 

nocne,11;yn111ero 113MeHeHJrn ,JJ.Jll1Hhl CilHCKOB npnMeHHTeJJI,HO K 3Tl1M B3811MO

CBll311M Clea 11CilOJII,30B8Hl111 npnannrra paBHOMepHhlX B3811MOCBl!3el1, HO ,II.JIii 

a:roro aeoOXO,11.HMO HaKOilHTl, ,11.OBOJII,HO (lQJJI,myD c:raTHCTHK/
21 • 

3,11.ec1, paCCMOTpHM cnoco6 aBTOM8THqecKolt copTHpOBKH, KOTOphllt 

OCHOBaH Ha np1,1ueHeHHH HeKOTOphlX MeTO~OB qaCTHqHo-ueJIOqI,ICJieHHOro 

JII,IH6~Horo nporpaMMHpOBaHHR • 
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I. Il~CTaH_OBKa 3?Jtatnl H ee oco6eHHOCTH 

IlyCTb aa,1taHO KOHeqHoe MHOllteCTBO T 06b6KTOB- ti(i=l, ••• n) 

MHOllteCTBO D npllaHaKOB d,(j=l, ••• k) ll 0,1{H03Halffloe COOTB6TCTBlle 
J ' 

lf:T-+- 2°. IlyCTb M - npOll3BOJlbHOe Il0,1{MHOllteCTBO T C MOlllHOCTbil 

IMf=m"-n. Onpe,1teJIHM ':f(M)= U<J (ti) (u o6oaHaqaeT onepaUHil 
t,e.H 

06be,1tllH6HllH MHOllt6CTB) • CTaBHTCli a~aqa O HaxOll,ll;8HllH min( I/ (M)) 
I 

npll orpaHll'WHlllIX: McT, (Ml =m • ,llpyrmm CJIOBaMll, ll3 ( ~)= m!(~-m)! 

MHOllteCTB He06X0,1{llMO HaliTH TO MHOllt6CTBO, KOTOpoe llMeeT HallM6Hbwee 

tnlCJIO ane11eHTOB. 0TM8Tl4M cpaay I qTo B Cl,l!lCJie HHT8pE3CYiliJUIX Hae 

npo6neM ( n , m "'H8CKOJU,KHX TblCS!ll) l4CnOJib30BaHHe MeTO,Ita IlOJIHOro 

rrepeC!opa ,1tJIS1 peweHHH :non aa,1tati'n iircKJID11aercH. Ilpe.1tcTaBHM ee KaK 

a~aqy .itHCKpexaoro nporpauuupoBaHHH cne,l(yDmnu 06paao11. IlpoHyMepy-

eu Bee aJieM8HT!l MHOllteCTBa, D qucnauu OT I ,1{0 I( ·' KaE,llblli t. E, T 
]. ' 

npe,l(CTaBllM KaK 6HHapHblli BeKTOp t.=(ai,a. , ••• ,a. ) , r,lle · 
1 1 1 2 . 1 k 

{ 
I, ecmt d . e:'f( t . ) 

a •• = J 1 
1 J 0, eCJIH dj i'f(ti) • 

COIIOCT8.BllM Kallt;ztOMY ti ;ztBOl41fflyil ,1epeM8HHYIO X:( , C 'nouonu,D KOTO

poli 6y,l(eM CTPOl1Tb BC8B03MOllH!l6 Bbl60pKH II c. T ,, T .e. ec:rm xi =1 1 

TO ti ' BXO,llllT B Bb160pKy M • l4Ha11e·· xi =O • IlpH STV.X o6oaHalleHlllIX 

nonyqaeu cne;ztyilmee. 

3Maqa A. 

HaliTU 
I< K 

min-- Z = LY· - L max(O,y.-1) 
t=i ]. (=I ]. 

npl4 orpaHu11eHnlIX: n 

L.8i·X·=Y·, i=l, ••• k; 
j:f J J ]. 

n 
:z:.x.=m; 
j=I J 

XjE. l 0,1} 

4 

( I) 

(2) 

(3) 

(4) 

l 
OrpaH11t1eHne ( 3) (yt!UTblBaH ( 4) ) a~aeT Tpe6ye111,1li paauep Bb16opK11 

(MOll!HOCTb J.IHOJE6CTBa M). B ycnOBl1ll (2) Yi IlOKa3b1BaeT, CKOJlbKO 

paa ,i-Hli aneueHT MH011tecTBa D yqacTByeT B onucaau11. ::ineueHTOB 

ti E T , nonaBWllX B Bbl6opKy M • UeneBaH qiyHKUUH ( I) a~aeT uom

HOC~b (trnCJIO pa31!lllfflllX aneueHTOB) M • ~T06bl OCB060,1{llTbCH OT Henu

HeliHOCTll ueneBOli qiyHK1Ull1 ( I) ' cqiopMyJmpyeM aa,1taqy A CJie,D;yIOmHM 06-

paaoM. 

3M_aqa H. 

HaliTll 
K 

min-v ='.i:. v. 
• t=i ]. 

npH orpaHllt!eHHlIX! 
rt 
L. ai J.x j = l (V Czi) , 
d=i rt 

i=l, ••• k 

L. xj= m ; 
J=1 1 

0 ~ zi £: 1 - e , 
X., V .c.(0,1} ., ]. 

n. 
3;zteCl> l =max L. a. . • 

l£{1,-•·K) i=l l. J 

i =l, ••• K 

i =l,.,.K 
,i =l, •.• n 

(II) 

(2')' 

(3') 

( 4') 

(5' ) 

3aMeTHM c;aay,4TO l43 ycnOBHil (2
1
), (4

1
) 1 (5

1
) CJie,l(yeT, qTQ 

eCJill Vi=O I TO l4 Zi=~ • 

IloKallteM SKBllBaneHTHOCTb aa,D;at!.' A ll B, T .e. ecnll BeKTOp 

X=(Xl ,X2· •• xn) O!ITUManeH ;ztnH .a~at!II A, TO OH OUTr!Manen ll ,nnH aa-

;ztatrn B, l4 Hao6opoT. ,llJIH Kallt,D;OrO B03MOlltHOrO BeKTopa X aHatieHllB ue

neBOli ti>YHKUUII ( I) paBHflBT~H t!IICJIY HeHyneBHX KOMIIOH8HT BBl<Topa 

Y = (y1,Y2•••Yk), a 3HaqeHHe ueneBoli qiyHKUllll (I') paBHH8TCH qncny 

HeHyneBlllC KOMilOHBHT BBKTOpa V ~ (V l' V 2 • .. V nJ •YT:aepllt,Zl;eHHe a1rn11Ba

neHTHOCTl1 CJie,l(yeT 113 cne,D;yIOIIteli CBH31I M8lKAY KOMilOHBHTaJ.!11 BBKTOpOll 

y n v rrpu qlllKCllpOBaHHOM BeKTOpe x , y,noBneTBOpH!OIUBM ycnoBIIIO (3): 

EcJillyi>O 1 TOVi=lj 

Ecnu Yi= 0, TO Vi=O 

n ecnnVi=l , TO yi;, o; 
ll ecn11 Vi=O , TO Yi = 0 
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IIOCKOJILKY 38,l{a'la B._np.llHa,l{JiellWT KJiaccy 88,l{atI qaCT.lltIHO-UeJIOtlr!ClleH

HOrO mmetiHoro nporpaLILl.llPOBaH.llH, TO ,ItJIH ee pememrn LIOlltHO JdCilOllL-

30BaTL HeKOTOpble .118 MeTO,llOB, paccuoTpeHHblX B / 51. 
0,ItHaKO HCilOJIL30BaHJde anropHTJIOB c o6JllHII npe,ItaaaHatieHHeJI ,llllfl 

pemeHHH 88,l{atI, HJlelllllHX CTpyKTYPY 88,l{atlrl B .ll paauepHOCTL K ~ 2000, 

n ),:, 2000 , IlOKa HBllfleTCH HJIJ1J08:op.HNM, 9TO B.ll,llHO H3 peayJILTaTOB, 

ony6JIJdKOBaHHblX B / 6/ ,ItJIH 8KCnepr111eHTOB C 60JILmHLIJd JmHettao-ueJIO

q1,1cJieHHHYH aa,ItatiauH, II08TOYY ,ItJIH pemeHHH cneuuam,Hux KnaccoB aa

,ItatI ,:pe6yeTCH C03,ItaHHe cneuuaJI.ll3HPOBaHHblX anrop.llTMOB, ytIHTblBaJOJ!lHX 

oco6eHHOCTH pemaeuoll aa.itatIH. Huse paccuaTpHBaeTCH anropHTII ,ItJIH 

pemeHHH IlOCTaBJieHHOtt 88,l{atlrl. Ilpex,Ite Boero 3allL1eMCH TeopeTHtieCKHM 

060CHOBaHHeM anropHTMa, 

2. ~ccJieAOBaH.lle aenpepHBHoll aa,natIH 

PaCCJIOTPHII 38,l{atiy BR . J KOTopaH nonyqae.T~ll Ha 38,l{atIR B aaue

HOll orpaHl1'l6HHll (rfJ HepaBeHCTBal.tH! 0 ~ x•. ~ l. ,llllll j=l, •, .n i 
,1 

0 ~Vi!,_ 1 ,ItJIH i=l,, •• K • BBe.1teJ1 CJI6JtYIO!llHe o6oaHatieHHH! 
K 

C.= L eij ,1!JIH j=l,, •• n. 
J . L=l 

Pacc,:annu CTOOUH uaTpmuu A = /I aij I/ TaK, 'lT06H c1 ~ c2:;,;. •• 1c1" 

IlyCTL B6KTOPH c,x,Y,x",Y",Yo paBHbl,nO onpe.1teJieHHD! 

c = cc1 ,c2 ,." •• cn) 

X = (X1 ,x2 , ••• Xn) 

y = (Y1,Y2••••yn+2K); 

{ 

Vi ,ItJill i = 1, ••• K 

r,Ite Yi'': xi ,ItJIH ~ = K+l, ••• ,K+n 
zi ,ItJIH 1 = K+n+l, ••• ,n+2K 

ecJm Bee zi =0 , o608Ha11u11 Y qepea Y
0

• 

6 

-~ 

-~ 
! 
1 

I 
·:I 

J 

I 

I 

r,Ite 

" ( " X = Xl' 

" ( ]f y = yl' 

.• ,x~) 

Y;, ylf 
n+2K) 

eL. a .. y! = ;,,,_.,_.lJ t 

1 " Xi-k , 

r,Ite x1 = {o, 
1, 

i=l, ... n-m ; 
i=n-m+l, ••• n. 

i = l? ••• K ; 
i = K+l,., .K+n; 

{

l n. 

0, · i = K+n+l, ••• n+2K • 
I 

Onpe,IteJIHY aa.itaqy Fit • 
rt 

HattTH min Z =LC .x. 
j•1 J J 

npm orpaHH'l6HHHX: 

"" L x. = m 
j=1 J 

o~xj~l; j=l, ••• n. 

Teopeua I• OnTHJ,laJUiHHti IlJiaH 88,l{atI.ll \ 3a.z1aeTCH BeKTOPOM Y" 1 .ll 

OilTHMaJILHOe 8HatieH.lle ueJieBoti ~YHKU1111 paBHHeTCH 

ylf • l-<c,r) O 

IloKaaaTeJILCTBO! ~OKaaaTellLCTBO TeopeYH Ha'lHeM C ycTaHOBJieH.llH SK
I 

B.llBaJieHTHOCT.ll 38,l{atI BR .ll BR· 1 T,e. eCJI.ll Y , 
OilTHMaJieH ,ItJI~BR 1 TO X OilT.llUaJieH ,ItJIH BR , .ll o6paTHO: eCJI.ll X 

onTHMaJieH JtJIH HI( ~ TO Y0onTHManeH .ItJIH BR. 

~etiCTBHT6JILHO, nyCTL X OilTHMaJieH ,1lJifl ¾ co 3Ha'leHHell ueJie~ 

BO» WYHKU.ll.11 Z(X)• Tor.1ta Yo HBJIHeTCH B08MOEHHM nJiaHOM ,1!JIH 88,l{atlrl 

~ .11 8Ha11eHr1e ueJieBoll WYHKU.ll.ll V(Y >= Z(X) • EcJI11, ,ItonycT.llM, 11,:0 
0 -£. . 

Cy!lleCTByeT 

Z(X0 ) 

-e-< 

y~ " Yo' ,1!JIH KOTOporo V (Y~) L.. V (Yo) • TO ecn 

Z(X) 
7: 

, TO XO 6y,lleT nnaHOM 88,l{atIH ~ Jiy'lm.llM, 11eu 

X ' 'lTO npOT.llBOpellHT OilTHIJ3JILHOCT.ll X • 9KBHBaJieHTHOCTL B o6paT

HOM HanpaBJI6HHH ,ltOKa8HBaeTCH aHaJIOr.ll'lHO, 

~8 OCHOBHOll TeopeMH JI~HellHoro nporpa11u.11poBaHHH / 7/cJieAyeT, 
. • I __ , 

tITO OilTHMaJILHHe llJiaHH ,ItJlfl 3a.z1aq.11 BR CJie.1tye,:·11c1taTL cpe,1!H onopHblX 

nJiaHOB LIHOEeCTBa orpaH.ll'leH.llti, ~OTOpble ,llJill 88,l{a'lH ~ HBJIHIOTCH 6H-
HapHHMH n-uepHblMH BeKTopaMH Cm -HeHyJieBblMH KOYllOHeHTaMH. 
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noKasaTeJILCTBO Teopeuu 1 yxe Henocpe'ACTB8HHO CJ18'AY8T HS 

neuuu I (cu.Hume). 
I 

neilCTBHT8JlLHO, ueneBaH ~yHKUHH sa,n;allll Bn sa,n;aeTCH CKanap-

HllM llpOHSBe'AeHHeM B8KTOpa C I KOMllOH8HTll KOTOporo paccTaBneHli ll 

y6llll8JOl!l8M nop~Ke, H B8KTOpa X I KOTOpuil llPHHa,n;nemwr MHOllteCT

llY n -uepHwc 6HHapHblX BeKTOPOB C m <. n HeHyneBmm KO!JllOH8HTaMH. 

1'18 neuim I cne'AyeT, 'llTO IJHHiHIYM STOro CKanHpHoro llPOH8B8;!{8HHH 'AO

CT.traeTCH ;llJlfl BeKTOpa X I KOIJllOH8HTli KOToporo paCCTalln8Hli B BOS

pacTaJOmeu llOPH'AKe, T.e. STO B8KTOP x• • 

neuua I. IlyCTL llllCJia X, X ••• Xn .t Y1,Y2,•••Yn Y'AOllJ18TBOPHJOT 
1 2 

YCJIOll.tHM: 

X1 { X2 ~ • • • ~ xn ; 

Y1~ Y2 ~ •• • ~ yn• 
Tor'Aa 'AJlfl KalE,1{0tt nepecTaHOBKH K1, K2 •••• Kn lllillOJ1Hfl8TCH Hepa-

B8HCTllO 
,,. n. 

~ Xi Yi~ L. XiYk 
t=/ t=~ i 

IloKasaTeJILCTBo: B /S/ sTa.neuua 'AOKasaHa ;zina. HeoTpnuaTeJILHWC qu

een; 3,D;8CL 'Aa,11;.tM 6onee npOCTOe ;llOKasaTeJILCTBO, KO

TOpoe lllillOJIHHeTCH ~Jlfl npOHSllOJILHblX llllCen. 

~TM8Tl1M 1 'llTO 

a) X8 -X8_1~0 'AJlfl S = 2,3, •••• n 

6) [ Ya+Ya,n+ • • • .+Yn -(Yka +Yk2+• • .+Ykn )]~o' 
Tor;zia nonyqaew: 

LXiYi-LXiYki= 

=X1 [ Y1+Y2+ Y3+ ••• +Yn- <Yq+Yk2+• • .Ykn)]+ 

+(X2-X1) [ Y2+Y3+ •••• +Yn - (Yk
2
+ •••• +Yk )] + . n 

+(X3-X2)[Y3+ •••• +Yn - ( yk3+ •••• Ykn )] + 
( -X .:•)••,._t••.:.•t••t,•4•0••••••••• Xn n 1 L .n kn J - • 

8 

8=2,3 ••• n. 

I 
l 
~ 
{ 

lis TeopeMli I BH'AHO, 'llTO OllTHMaJILHOe peweHne aenpepliBHOtt sa

;zia'llll ~ cy111e_CTB8HHO SaBHCHT OT f. ( 'll!lCTOTa Hal160Jiee BCTpeqaeuoro 

npH3HaKa 113 MHOllteCTBa D ,KOTOpun 11CllOJlL30BaH ,D;JIH U'A8HTl1¢11Kaun11 

061,eKTOB t
1

) .IlocKOJILKY l npaMo nponopunoHaJILHO n, ( qucno 01heKTOB 

MHOlKeCTBa D I U3 KOToporo ,n;enaeTca OllTIDAaJILHaa BlillOpKa), MOlKeT OKa

sanca, 'ITO v!lf HaMHoro M8HLme OllTllMaJII,HOro 3HatJeHHH ueneBon ¢YHKUHH 

ueJIO'llHCJ18HHOtt sa,n;aqu B. Il03TOMY 11CllOJIL30BaH11e pemeHHH HenpepuBHOtt 

sa,n;a,rn Ka.It KPHTepna "yceqeana" MHOlKeCTBa B03MOlKHhlX peCTeHHlt B He

KOTOpblX sa,n;aqax 6y,n;eT Hes¢¢eKTHBHO. 

qTo6u YJIYtJ1lll1TL HlllltHJOJO oueHKY_'AJIH onTHMaJILHoro peweHHH ;zincK

peTHott sa'Aa'llH 1 MO;llH~HUHPY8M MO'A8JlL B, BBO;llfl B orpaHl1'18HH8 (2
1

) 

BM8CTO e KOHCTaHTY l;_ 1 r;zie [_=ta. . 'AJlfl i=l, • • .K • TaKHM 
I. j,.{ 1J 

o6pasou, nonyqaeu: 

3g,g,aqaF., 
K 

HaitTH min - w = r,v i 
t=i 

npu orpaauqeauruc: 

f..( V.-z.) =fa . . x. ' i=l, ••• K; 
1 ;- 1 j=f 1J J 

'2:xj 4' m; 
t--.f . 1 K o ~ zi ~ ~ , 1= , ••• 

xj,v i E. lo,1} j=l, ••. n ; 
i=l, .• • K. 

(I") 

(2") 

(3") 

( 4") 

(5") 

0TM8THM, llTO YTBeplK;zieHHH Teopeuu I OCTaJOTCH B CHJie H 'AJlfl pe

Jl!iKCHpOBaHHOil Sa'Aa'lil FR (KOTOpyn nonyqaeM 113 F I orrycKaa Tpe6oBa

HHH ,D;JlH U_8JIO'IHCJ18HHOCTH Vi H Xj ) • ecntt ll0JlOlK11M, 'ITO 

~SL_. . . 
CJ. = L... e· ' J=l, ••• ,n. 

b-t L 

CJI8'AYJOI!laH Teopeua no1tas1,IBaeT CBllSL Mellt_'AY OllTUMaJILHUMH pewe-

HHHIJH sa,n;aq BR R FR. 
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Teopeua 2. ECJlH y'ff It! 'r - OnT1t1llaJIJ,HU8 aHaqemrn ll8JI8BWC cJ/YHKUltltt 

aa.itaq BR It! FR 1 TO Vw ~ r . 
IloKaaaTeJIJ,CTBO:ROCKOJILKY £ =:max f.i (no onpe;!\eJieHHD) 1 TO 

L€{4,,.·KJ 

f >✓ f, ;!IIDI Bcex i=l, ••• ,K; OTCD,Ita ,ItJIH j•l,,,.,n, 

.i ± a, ~ t_ ~ , tJTO BMecre c yTBepx,iteHHeM reope~u I 
e, (=i j •• , /:i. 

,ItaeT y'I! ~ W~. 

0Tll8Tlt!M, qro ;!IOCTHllteHHe pa.BeHCTBa B03MOlltHO B oqeH» pe;!IKHX 

CJiyqa11x, KOTOpue XapaKT8pH3YllTCII paBeHCTBOII noqTH BC8X el • 
IloJiyqeHHUe peayJI»TaTH ~OKaauBallT: 

a) B a.lII'OpHTMax, 1,1cnoJI»8YlllllHX pemeHHII HenpepUBHWC 38.,ltaq B KalleCT-

Be 11exaHna1.1a ycetJeHHll ,JIYllm6 npHM8HHTb MO;!l8JI» B (KOTOpall 60-

Jiee npocTa ;!\JIii nporpau11Hott peaJI1t1aaU1t1H) ;!\JIii pemeHHH aa;!laq, B 

KOTopwc pacnpe;!16JieHH8 npHaHaKOB no o6~eKTall O;!llt!HaKOBO; 

6) BO Bcex OCTaJI»HWC CJiyqallX lt!CnOJI»30BaHHe l.10;!18JIH F HaYHoro npe;!l

nollTHT8JI»Hee. 

Oco6eHHO CHJI»HO npo11BJIH8TCH npe1t111y~eCTBO 110;!18Jm F npH peme

HHltl HHcJ/OpMaUHOHHWC 88;!\aq C pacnpe;!16JI8HH811 np1t1aHaKOB no ;!IOKYll6HTall 

no 8aKOHY U1t1ncJia. HanOIIHltlll, q-ro no STOiiy aaKOHY B8pOIITHOCT» pi no

llBJI8Hltlll ;!18CKpltlnTopa ol, B CJiyqattHO BH6paHHOM ;!IOKYY6HTe paBHll8TCII 

i 
A.=i.(&,n-1-,rJ 1 r;!\e i - paHrOBhtiiHOMep ;!18CKpltlnTopa (T.e. ;!18C-

KpltlnTopu npoHyuepoBaHH no y6uBaHltlll qaCTOTU BCTpeqaeMOCTH), n -

MO~OCU Teaaypyca, ,1 - KOHCTaHTa 9ttJiepa. 

3. A.III'OpHTM pemeHHII 38]tallH' 

AJII'OpHTM Y;!I06HO npe;!ICTaBHTb COCTOH~HM H3 ,ItByx qacren. 

I qacn. 

9TOT aJirOpltlTM BHIIHCJill8T HaqaJI»HYll OU8HKy ;!\JIii ueJieBott cJiyHKUHH 

a~aqn F, Haxo;I11t1T nepBoe BoauolltHOe pemeane 1,1 aa;I1aer uopll;!IOK cJi1t1Kca
UHH µepeMeHHWC vL. 
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mar I. Pemaeu HeupepuBHYll aa;!latiy FR (cu. aJiropHTM SELECT ). 

Illar 2. BHIIHCJIH6M R =f fvi 1 I S:O. 
i.=1 

Illar 3. IlepeHyuepyeu nepeueHHUe Vi cJie;!lyll~HM 06paao1.1: 

Bee HYJlllBUe' nepeMeHHHe Vi B onTHMaJIDHOL! pemeHlt!H FR noJiy-

tJallT HOM6 pa OT l.: ;!10 K-R 

Bee HOHyJieBHe nepe1.1eHHU6 vi noJiytJallT HoMepa OT K-R+l 

;!\O K • 

Illar 4. ]lJIH i=l, ••• ,K-R-1 

IlOJIOlltHM L=K-R j 

qJlt!KClllpyeu vi = O.; 

ecJIH L = 0, TO 

IlOJIOlltHM L=l cJ/lt!KCHpyeM VL =l, S=S+l j 

KO Il tJaCTJ/1 (mar I). 

nepexo;!IIW 

Illar 5. ECJIH B03MOlltHa qJlt!KCalllt!H VL :: 1 , TO gJJ/JKCHpyeM VL =l 

S=S+l; nepeXO;l\lW KO n tJaCTJ/1 (mar I). 
mar 6. L=L-1; aHHyJinpyeTCII qJHKC8UHII VL+l = O; nepeXO;l\lW 

K mary 5. 

fi tJaCT_I! 

s-;oT anr'bpRTM_, pemaeT aa;!latJy F. 

Illar I. Pemaeu HenpepUBHYD aa;!latiy FcR • EcJIH 
'ff 

VCR ~ R _ H V L =0, 
TO nepeXO;l\lW K mary 5, HHatJe ( Vi> 0 ) - K_ mary 7 • 

Illar 2. ECJIH Re .t.. R. , BUtJHCJIHOM, R=Rc , aanoMHHaeu (netiaT») 

lf 
R,XCR 

Illar 3. L=L+l , OCJIH L;,K , TO nepeXO;l\lW K mary 6. 

Illar 4. EcJm V = O, nepexo;!IIW K mary 3, HHatJe, ecJIH BoauolltHa 
L . ' . 

qJHKCaUIIIH VL = o, TO qJHKCHpyeu VL = 0 H nepexo;l\lllM K wary I. 

Illar 5. Ecnn S + l< R ·, qJHKcipyeu \TL= 1, S=s:+-1 , nepexo-

;!\HM K mary I. 

II!ar 6. L=L-1 , 6CJIH L = 0 - KOHOU, 

11 · 



War 7. Ecirn V L =l , BHqHCJIHeM S=S-1, nepexo.ztlll! K 

mary 6, HHaqe - nepexo,llIDI K mary 5. 

~aHHliil anropHTM npHHaMeaUT K KJiaccy KOM6HHaTOPHHX aJirOpHT-. 
MOB THna DeTBeil l1 rpattuu. B HeM CYillflCTBeHHO yqHTHBaeTCH Cilfll.\Hqll'I-

Ka 3a'Aaql1. AJiropHTM Il03BOJIHeT peaJiuaaumo II 'ABYX BapuaHTaX: 

a) KOMilaKTHllil - uea coxpaHeHHf! Clil!IlJieECHLiX T,iCiJH:r1; 

ti) C cox pa He HHeM Cti:ll!JI eJ,CiiUX TaO,'ll'i'i. 

3aueqaHHH K I qacTH anrofil!.'™a 

l!lar I. Pemettue ttenpew,i1111oi1 aa'AatJH FR , corJiactto TeopeMe I, 

CBO'AJ,tTCf! K OTllCKaHHJO m HaHMe111,mux quceJI H3 n • AJIH pemflllliH 

3TOW 3U'Aaqu Hlllll:e npHIIO'AHTCH Cilfll.\HaJII,llliH aJiropllTM SELECT • 

OnTuMaJI»11oe pememrn ttenpepHBHoil aa'Aaqu xapaKTep1rnyeTcH TeM Ballt-

HHM CDOi1CTDOM, qTo Bc_e xi - ueJioqHCJI6HHLl6 (TeopeMa I), T.e. 

Mil cpaay noJiyqaeu B03MOlltHoe pemettue aa'Aaqu F. nettcTBHT6JII,Ho, 

eCJIH Y=(V1,V2•·•vk,X1,X2•••Xn,O, ••• o)- OilTHMaJII,H06 pemeHli6 FR , 

TO ylf-=UV11 , rvL l ' .. {V" 1,X1X2, ..• Xn,fV.l-¼,.-{i{1-VK}- ll03MOlltH08 pemeHHe 38'Aa-

qJ,t F CO 3HalJeHH8M U8Jie11ott (j'JyHKUllll . f_ f Vi 1 • (9'AfJCI, X 08H8-
i•-1 

qaeT HaUM8HLmee U8JI08 lJHCJIO, KOTopoe 6oJILme HJIH paBHO X ). 

ltiar 2. 8ttaqeHHe uene-noil qiyHKUHH aa'Aaq1,1 F aanmrnttaeTCH 11 R • 

B S 6y;o,yr Il0]4CQHTaHH Bee vi ,KOTOplie qntKCllpYJ)~CH paBHIDlll 8]4llHllUe. 

illar 3. Onpe'A6JIH8TCH IlOPH'AOK qJHKCllPOBaHllH nepeM6HHHX Ha OCHOBe 

OllTHMUJILHoro pemeHllf! aa;ziatJll FR • 3aMeTHM, qTo qlllKCllPOBaHlllO 

(BeTBJieHlllO) IlOMelll:aT TOJII,KO nepeMeHHlifl Vi ' TaK Kalt II OllTll-

M8JII,llOM pemeHllH COOTBflTCTBYIDIJlllX llO'A3a'AalJ FcR Bee Xj - ueno

q1wnemrue ( FCR - 3TO llO'A3a'Aaqa, KOTOpaH noJiyqaeTCf! ll8 FR._ np.11 

qlllKCllpODaHlili HflltOTOporo Vi ) • Ile PBHMll 6y-,zyT glllKCliPOBaHH Bee 

Vi I KOTOp!le B OilTHMaJILHOM pe111eHllll FR l!MfllOT anaqenue o. 't!uc-

JIO 8T11X nepeMeHHHX pallHO K-R • BHyTpli <ITOil rpynnH nepeMeHHliX 
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_ nopH;itOK qJHKcauu11 onpe'AeJIHeTCH no Mepe yC5HBaHllH ei • 3aMeTllLI, 

lJTO TaKIDI 06paao11 YM6HLmaJOTCH maHCli npaBOCTOPOHHero B6TBJI6Hl1H 

nepeMeHHHX aToii rpynIW. BTopaH rpynna nepeMennux, noMelltaIIUDC 11eT

BJieH11ro,~aTo Tfl vi, KOTOplie B OilTHMaJILHOL! pemeHHll FR IDleJOT 116-

HyJieBHfl 8HaqeHHH. 8aueTl1L!, qTO C IlOJIYlJ6Hl16M nepBoro B03MOlltHoro 

pemeHIUI sa;ziaq.11 F MHOllteCTBO HCCJie;ziyeMHX Y3JIOB yMenr,maeTcH·Ha 

2R 8JillM6HTOB (ecu R < K ) • 

Illar 4. Bee vi (Kpoue IlOCJill;llHllii i=L-R ) nepBoii rpynn& ~HK-

Cl'lpyeM Hao. 

illar 4 11 illar 5. HatJHHaH c i=L-R. , c marou -1 l'IIJleM nepByJO 

B08MOlll:HYD qll'IKC8Ul11D V1=l 

Illar 6.A1mym1pyeM Bee qJl'IKCaUlll'I nepell6BHHX nep11oi1 rpynm,i, MR KOTO

pHX H6B08MOEBO npaBOCTOpOHHee B6TBJI6Hl'l6 ( V1=0 ). 

QqMetJaHH~ Kon qacTH anrog~~Ma 

IIIar r. PemaeTcH Henpepu11nan sa;ziaqa _ Fen , KoTopan noJiyqaeTCH us. 

sa;ztatJH FR IlOCJI6 qJHKCaUHH ne peMeHHOil V L • 

ECJIH J.IHBH¥8JII,H06 anaqeHne U6JI6Boi1 giyHKUl'11'1 v'ff. 6oJILme HJIH 
4 . ~ . 

paBHO R (11epXHHf! rpaBHl.\a MH OilTIWamHoro 8HaqeHHH ueJieBott 

qJ;9BKUl111 V aa;ziaq11 F ), TO qJHKCUUHH CJifl'AJDillHX nepeMeHHHX V1(i > L) 

C5ecnepcneKTHBHa (cM, HanpHMep, 151). l-b.leeM ;ziBa BOBMOlitBHX cJiytJaH: 

a) flCJI.11 Vt = o, qy'AeU ~HKCllpOB8TI, ee Ha I; 

6) 6CJil1 V L =1 , B08BpamaeMCH Ha3a'A (yMeHr,maeM L ), noKa 

He Hal1:;zieTcH L • MR KOToporo VL = o. 

Illar _2. 0IlTl1M8JILHOMY llJiaBy rcR sa;ziaq11 F CR COOTBeTCTBYeT B03MOl!t-

H06 pemeHH6 aa;ziatJn F (011. mar I,qacTI, I) co 3HalJeHH6M UflJillBOl1: 

giyHKUl1l1 Re • EcJIH RC MeHr,me 11epxneii rpaHHUH R I TO R 

YJIYtJmaeTCH ( R=Rc ) , a napaueTpH 11oa11oaHoro pememm x~R (Ha

nou11naeu, qTo KOllllOH6BTH aToro BeKTopa aa;ziaJOT BHC5opey ll3 MHOlltfJCT-

13 · 
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Ba T ) H Re sarroMHHaIOTCH ( tJal!le llC6rO BH;n;aIOTCH Ha netJaTI>) • 

lliar 3. Ilepexo;n;HM·K <pHKcaunn cne;n;y101Ilell rro nopH;n;KY nepeMeHHoli v1 
Ecnn Bee rrepeMeHHHe vi yme qinKcnpoBanu, rrepexo;n;HM K mary 6 

(BOSBpaT). 

War 4. ~cnH rrepeM6HHaH VL , rro;n;nelKal!laH qJHKcaunn, paBHa Hyn10 B 

pesymTaTe · <ImKcaunn napeMeHHux vi MH i.:: L ; TO cpasy nepexo

~HM K qJHKcauna cne;n;yIOl!l6H rrepeM6HHon. B rrpoTHBHOM cnytiae ;n;enaeTCH 

IlOITUTKa Jl6B0CTOpOHHero BeTBn6HHH, T.e. ~HKCaUHH Hao. EcnH 8TO 

nosMolKHO, <pHKCHpyeM VL = 0 u nepexo;n;HM K nonytieHHJO HOBoli HHlK

Hett ouemrn (pememi:e HerrpepHBHott sa;n;at11-1). 

war ':,. B STOM mare nepeMeHHaH VL qJHKCHpyeTCH Ha r. lJTa qmKca

UHH HM6eT CMHCn TOXI,KO, B TOM CJiytJae, ecJIH tJHCJIO S rrepeMeHHUX VL 1 

~HKCHpOBaHHUX Ha I, OCTaeTCH MeH:r,me R • 

war 6 1-1 7. 06pa~eHne K STHM maraM anropHTMa nponcxo;n;HT TOJII,KO B 

T6X cnytianx, 1rnr.na MIIOlK6CTBO BOSMOlKHHX. 3HatJ6HHLi T6KYlll6il nepeMeH

HOii VL HCtJe prraHO HJIH L > IC , T.e •. Bee nepeM.eHHWl qJHKCHPOBaHI,I. 

B TnKHX cnytJaHX H606XO.l!HMO B6PHYTI,CH Hasa;n; (yMCHI,lliHTI, L ) ;n;o 

rrepBoti VL=O , MH KOTOpoli <JJHKCaUHH VL = I BOSM.OlKHa. 

L = 0 COOTB6TCTByeT ycTaHOBJI6HHIO OITTHMaJII>HOCTH nocne;n;Hero 

OTITetJaTaHHoro BOSMOlKHOro pemeHHH. OcTaHOBHMCH Ha H6KOTOPHX cy

lll6CTB6HHHX oco6eHHOCTHX .llBHHoro anropHTMa. 3.nec:r,, KaK H B. 6on:r,

mHHCTB6 anropHTMOB THrra 11 B6TBeli H rpaHHU", OCHOBHHM pemaIO!llHM 

MexaHHSMOM MH yrny6JI6HHH B6TBJI6HHH (CM. TepMHHOJIOrHJO B /S/) 

HBJIH6TCH peme,me Herrpepmmon sa.natJH. ITplI 3TOM....._ tJeM· 6JimKe OITTH

M8JII,HOe pemeHHB 11errpepHBHOll sa,natJM K OllTMMaJil>HOMY pemem110 ,l\lIC

Kp6THOH rrpo6JieMH, T6M 6on:r,me maHCOB ;n;JIH YM6Hl>ID6HHH tJHCJia MCCJI6-

;n;yeM!!X YSJIOB. 0.llliaKO OilTHMaJII,HOe pememte HenpepUBHOll sa;n;atJH pas 

H HaBcer.na orrpe,l\6JIH6TCH 1rn6opoM rrapaMeTpOB MO,l\6JIH, li08TOMY B. 

14 

i 
I 

i 
\ 

sa;n;atJaX_l,IHHHMHSaUHH KaK 3BpHCTHtJeCKoro KPHTCPHH MH BH6opa ne

peMeHHOti, rro,n;nelKalll6H ~HKCHpoBaHHIO, tJ81ll6 Boero HCnOJil>SyeTCH MaK

CHMHSaUHH OlKH.llaeMoro Hapa!llHBaHHH OilTHMamHoro pemeHHH HenpepHB

HOli sa;n;atJH. B 8TOM CMHCJie Mo;n;en:r, F OKaSHBaeTCH OtJeHI> ru6Kofl, 

IlOCKOJll>KY Oll:H.lla6MblM HapamnBaHH6M OilTHMBJil,HOro pemeHHH HenpepHB

HOll sa;n;atJH MOlKHO ynpaBJIHTI, He TOJ!l>KO BH6opoM ueJiotJHCJieHHUX ne

peMeHHHX, a T8KlK6 H HSM6HeHH6M B6JIHIJHHH .e,i , J,letlcTBHT6Jll,HO, 

nycTI> BOSMOlKHa qJHKCaUHH VP= o. 

Tor;n;a MU nonytJHM cne;n;y10my10 no;n;sa;n;atJy Fe 

HaliTH min-Vc=LVi 
tt:I\p 

npH orpaHHtJCHHHX: 

r]J.e 

Vi =t!aijXj+Zi, iE:I\p 
j~p 

LX' =m 
jt.;\~ . 

Xj ,V-;_E l 0,1} 1 jEJ\Ip; 
. ! 

0 ~ Zi ~ 1- f. , iE I \ p • 

I ={1,2, .••• ,k} 

J = {1,?., •••• ,nJ 
I;= { ,i /ap,i =l } 

n 
e =?.a .. 

I, J=4 1,1 iE I . 

. KaK y~e l\OK838Jil'I, onTHM8JlhH06 perneHl'l6 uenpeph!BHOi1 38,l\atJH 

noJiytJaeTCH MH X = (XI ,x2,, •• xn) , npHtJeM 

{
r, ecmt ,iE3 . 

X· = min J . 
O, eCJIH ,i4 ,;min 
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J.1HOllt6CTBO 

3JieL!eHTOB c~ 

J ' 
min 
, r,i;e 

co,i;epl!mT m · llH'AOKCOB 

c~ = :L ¥, , j e J \J . 
lEI\p ~ p 

Ha.HM8HI>WIDC 

Ml1HHM8JII,HOO 3HatieHlle ueJie Bon qiyHKUllll Ha MHOllt6CTBe orpaHll-

tieHll» B 3TO~ cJiytiae paBHO: 
JI! 

VCR = 1: C3 
iETmin 

GMNCJI no,i;aa,i;aqu Fe He l13MeHHTCH (CM. I), 6CJil1 BM8CTO ,l~. 
B MOA8JII, IlOACTaBllM B8Jllltll1HY 

( =:L- aij 
JEl\Ip 

it I 

Tor,i;a Ml1HHM8JII>Hoe 3H8tl8Hl16 ueJieBon qiyHKUHH Ha MHOlltOCTB6 orpaHH

qemilil 6y,i;eT: 

• 

VCR 
• 

= L_Cj, 
jfj:,,tn 

• "'aij 
C. = L...fT 

J i EJ/p 

r]J;e 

j E: J\I 

(MHollteCTBO J mi onpe,i;eJieHo aHaJiorutiHO J 

p• 

Ha MHOll:eCTBe 
, n , _ min 

tJHCeJI C. • 0]J;HaKO f.;_ ~ f,~ 1IJIB i E I 
J 

, CJIO]J;OBaTeJII>HO, 

I • ll cj ~cs , OTCIO'Aa CJie11,yeT, t!TO VCR),;. VCR 

GJie11,yeT OTM6Tl1Tb, t!TO IlOCKOJII>KY peaJiuaauuH 3TOl;\ MO]J;llqll1K8UHH 
I 

cBH3aHa c 6oJII>mHM tiHCJIOM onepauun, tieu peaJIH38UHH MO]J;eJIH.c noc-

TOHHH!:lM !,l , TO ee l1CilOJII,30B8HHe 6y~eT aMieKTllBBl:iM, KOr]J;a Be-

• poHTHOCTI, BHilOJIHeHHH paBeHCTBa VCR = v~R uaJia. O]J;HaKO OCHOB-

HOe npeHMyl!leCTBO MO]J;llJIH C ne peMeHHHMH ,f,i COCTOHT B B03MOllt-

HOCTH IlOJIYt18TI> U6JIOtJHCJIOHHl:ie pemeHHH nenpepl:iBHOtt,aa]J;atJH. ,/L1m LIO

,i;eJIH C IlOCTOHHHHMH EL 3TO HBJIHflTCH M8JIOBepOHTHl:iM co6HTH6M 
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(CM. MO]J;eJII, 3a]J;atJH F ) • 3aLl6THM, t!TO Be POHTHOCTI, rroJiy<JeHHH ueJio

tJHCJieHHoro pemeHHH CTpeMUTCH KI, Korona t!HCJIO 3JieMeHTOB MHOllt6CT

Ba J \ (IPUiq ... Ult ) np.i:6mrnaeTCH K m ( p,q, •••• , t 

HHoneKCH nepeMeHHHX V , KOTOpHe qJl1KCHPOB8HH Ha O). Korona 

/ J\(IpUiq ... ~It )/ = m , OilTHM8JII>H06 pemeHue saonatiH FCR 

ueJIOtJHCJieHHoe. 3To npHBO]J;llT K 3HatJHT6JII>HOMY YL!eHI>menmo tJHCJia 

l1CCJI8AY8MHX y3JIOB. 

PaccMOTPHM,KaK BJIHHIOT Ha IJOJ(eJII, npaBOCTOPOHHlle qll1Kcauu11. 

11TaK, nycTI, B03MOlKHa qll1KC8Ul1H V = i.' G ono6aaJieHH6M 3Toro 
p 

orpaHHtl6Hl1H K MHOllt6CTBY orpaHHtJ6H11» aaonatiH F IlOCJie COOTB6TCT-

BY!Ollll1X npeo6paaoaaHHH nonyt1HM cne11310JllYro noonaa,i;aqy F 
,c 

HaHTl1 
min-..vc = l+L.Vi 

iE:: I\ P 

np11 orpan11t1eHHHX: 

Vi =e1: L'..·a. •X .+Z1• "JIH i€ I\ p. • l.J J ,.,, , 

1:x. = m 
jer J 

~-0 .x.+Zp=l 
PJ J ' 

xj, vi E { 0,1} , j E J 

O!S- Zf::1-t , iE I\ p. 

ECJIH onyCTHM orpaHlltJ6Hl1H Ha onucRp6THOCTI>, noJiytiaeM nenpe

PHBHYIO aaonatiy FCR , OITTl1M8JII>Hoe pemenue KOTOPO" MOlltHO IlOJiy

tJHTI>, pemuB cJie11310JllYIO aaonatiy (TeopeMa I): 
nat!Tu 

min-'2:=.c3 x j 

jE J 
np.i: orpanutieHHHX 

L.X. = m 
.i €.JJ 
Lxj ~ 1 1 
j1c1p ; o== xj !: 1 
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8Ty_38'Aaqy MOlltHO peml'ITb, l'ICilOJib3YH YTB6Pllt'A6Hl'l6 TeopeMli I. 

cne~mll\ID,I o6paaoM. 

Paao6bi:iM MHOllt6CTBO J Ha IlO,lJ;!JHOJJCeCTBa Jmin l'I jmax 

(c MOlllHOCTblO m l'I n-m ) Tairne,qTOC!li Jmin/lJmax = ~. 

Jmin UJmax = J , npHqeM, 'l!T06li MH npo1'13llOJibHliX r€ Jmin , 

q€Jmax BliilOJIHHJIOCb HepaB6HCTBO c~ f: c~ • ECJil'I 

Jmin n I f o , TOr'Aa MHollteCTBO J . onpe'AenneT 
P m~ 

onTID.!8JibHOe pemettl'!e aa'Aaql'I. Ecm1 Jmin n IP = 9 , Tor'Aa 

OilTl'IM8JlbHOe pemettl'le 38'A8EiTCH MHOllt!lCTBOM J~in 

nonyqaeMliM 1'13 MHOEeCTBa Jmin , B KOTopoe BMeCTO 3HeMeHTa 

jJI! (C~Jf = maxc'S jEJmin) BBO'Al'ITCH 3JHlM6HT q
2 

(C~J! =mine~ 

q6 ip ). 

4. IlporpaMMHaH peanl'l38Ul'IH l'I 3Kcnepl'!MeHT8JibHlie pe3ynhT8TI! 

AH8Jil'l3 npl'!Be'Ai:iHHOro anropl'ITM8 MH 38'A8ql'I P IlOK83lill8!lT 

oco6ym ponh pemeHl'IH ttenpepliBHOH aa'Aaql'I. TaK KaK 3TO HaH6onee 

qacTo ynoTpe6naeMaH npoue~pa, TPY'ADEiMKOCTb anropl'ITMa onpe'AeJIH

eToH ql'IOJIOY onepaUHn, BliilOJIHHCMliX Ilpl'I pemeHl'll'I HenpepliBHOn 38'A8'1!1'1. 

Il03TOMY HHllte npl'IBOAHTCH ClliCTPOAencTBYJ)llll'lll anropl'ITM MH pemeHl'lfl 

Tal':Oll 38.,ltMl'I. 

CornaoHo TeopeMe I,pemeHl'!e 38'A8ql'I FR (CM. 2) OBO'Al'ITOH 

K pemettl'IJO cne~mmen aa'Aaql'I Bli6opa: nepecTaBHTb sneueHTH MHoEecT-

na x(1: N] TaK,'llTO 'AnH 38'A8HHoro lfM~N X[J4] 

6Y'A6T CO'A6Pllt8Tb M- .o1n 141'1Hl'IM8JlbHliH sneMeHT, T.e • Mfl 1£: I-=: JI 

x[I]~ x [M] l'I Mfl M~ I { N X [I)~ X [u] . 0K83liBaeTOH, 

qTo MH pemeHl'lfl 3TOil 38'A8'1ll'I MOlKHO l'ICil0Jlb30B8Tb l'l'AlllO o;zuioro 113 

MeTO'AOll BHy-rpeHHell copTHpOBKH, T~. QUICK SORT (.6HCTP8fl 
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copTHPOBKa) 191_ Ileplllill anropHTM [ FIND] Mfl pememrn 

3TOH npo6JI8MH ony6JIHKOB8H ll /IO/. Il03;zuiee 6liJI ony6nl'IKOB8H /II/ 

anropHTM [SELECT] , xapaKTe pl'ICTHKH KOToporo npl'!6Jil'l31'1T6Jlb-

HO ll 'Al!8 pa3a nyqme, qeM y FIND • IloK838HO, qTo 'lll'ICJIO orre-

P8IU!H cpaBHeHHfl ll anropl'ITMe SELECT 801'1!.!IlTOTHqecKl'I nporrop-

Ul'IOH8JlbHO p,/ + min(N-11,M). 3'AeOb npHBO'Al'ITCfl qiopMaJibl!OO omtca

HH!l anropHTJ.18 Ha H3liKe Algol 60 (ll /II/ anropl'ITM l1CITOJlb3Y6T 

peKypol'IBHoe o6pameaHe K ce6e, KoTopoe 'AenaeT ero aerrpUMeHnMliM 

'AJIH PH'Aa SBM). 

PaonoJIOllt8HHe 1'1HqJOpM8Ul'IOHHliX M8CCl'lll0ll ll onepaTl'IBHOil rraMflTl'I 

SBM noKa3aHo Ha puc. I. 

ol, ~°'2. , . . . . ol,i 

01 a,l a12. ... a,n . f.1 

oi e2 
O.z1 az2.: •. a.zit . . . . . . . . 

o· I( a1<, . .0-K2• • aKn eK 

C1 Cz •• . Cn 

MacoHll (laijl/ i =l, ••• K i j = 1, ••• n opraHH30ll8H KaK 

O,l{HOM8pliliH C l'ICITOJlb30B8HHeM MYJibTl'ICITl'ICKOllli_X OTPYKTYP• Kallt'Al:ltt 

SJieMeHT Bij = f 38ITl'ICliD86TCfl KaK OJI6'AYIOll\8fl norl'l'l!6CK8fl CTPYKTypa: 

i i j i P(i) , r.l{e i - HOMep CTPOKl'I (rrpl'l3H8Ka); j - HO-

Mep CTOJI6ua (o6beKTa, 'AOKYM6HTa); P(i)- OTHOCl'IT6JlbHHn 8'Apeo 

cne~10mero H8HY Jl6llOro 3Jlt:lMOHTa B i -on CTPOK6. P( i) = 0 03Ha

qaeT KOHOU CTPOKH. HeHyJieBlie 3Jl8M8HTli aij 38ITHOlill8IOTOH no 
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CTOJidl\UM. Kmit]loe "L accou1rnpyeTCH C nepeMeHHOli Vi n H8C6T 

cne]lyIOII\.YIO nmpopMau1110: aj yKa3hlBaelT a]lpec nepBoro ttettyJieBoro 

3Jl6MCHT8 i -oil CTpO!tH M8TPl1l\hl /I aijll 11 6) y&a31rnaeT aHa-

'leHne nepeMCHHoii v1 , T.e. ecJIH b_,c. 0 , TO Vi qlllKCl1pO-

V i qll1KCl1pOBUHO Ha!. Batto Ha HyJie; ecJin _ <\ > 0 , TO 

AHaJiorl1'lHYIO qiyHKL\UlO BhlilOJIH!llOT 'lHCJia o/,i ITO OTHOIDeHUIO K 

nepeMeHHhlM xj. oll yKa3hlBaeT OTHoc11TeJII>Hhlli a]lpec nepBoro 

HeHyJieBoro SJieMeHTa j -oro CTOJI6ua. l\POM6 SToro, 6CJIU o,',i < 0 

TO STO 03Ha'laeT, 'lTO xj qJUKCl1POBaHo Ha o, 6CJIH ol,i :;, o, 
TO xj eme He qJl1KC11poBaHo. qUCJia ..e~ 11 cj UMeIOT CMhlCJI, 

yvaaal!HLiii B 3. IlpeAcTaBJiemte MaTpnuu II aij// B Bl1]le 11ym,Tn-

on11cK0Boli c•rpyKTypu ocymecTBJIHeTCH cneunam,ttotl nporpaM1.1on 

CONDENSE, Han11caHHOll Ha 83h1Ke KOEOJI. 

llporpaMMa, peam.rny10maH anropnTM .]lJIH pememrn aa]la'ln orrTn-

MaJII>noro Bhl6opa, HanncaHa Ha aauKe FORTRAN IV 1,1 npe]lHastta-

1.1eHa ]lJIR BimOJJHemrn Ha 3BM C)lC. KOHCTaHT!l :r1,1na INl'EGER 

B a:ron MaW11He aan11C!lBaDTCR 60-6nTH!lMl1 CJ!OBaMU' llTO 

HBJ!HBTCH JIHWtten aaTpaTOll naMHTl1 ]lJlH Tex THilOB onepaunii H ~Halle-

HUll nepeMeHHhlX 11JIU KOHCTaHT, KOTOphl6 np11MeHRDTCH B anropUTMe. 

IIDSTOMY, 'lT06hl onepaTl1BHaH naMHTI, UCilOJII,80BaJiac1,lpaunottaJII>HO, 

npl1XO;z\11TCH nporpaMMHO pacutanJiaTI, MamHHH!le CJIOBa Ha cerMeHThl, KO

TOpue cnyJ1CaT ,1vrn npe,11;ctaBJiemrn nporpaMMH!lX n.epei.teHHllX rnna 

INTEGER TaKafi pe]lyKU11H ;z\JIUH!l CJIOBa Bcer;z\a npHBO]ll1T K yBe-

JIU'l6Hl110 Bp6M6Hl1 pa60Thl nporpaMMhl, O;z\HaKCl II03BOJIHe T CYIIl6CTB6HHO 

YBBJIH'll1TI, paaMepHOCTI, pemaeM!lX 3a,IJ;all. 

Ann pelllelll1H He npe phlBHOH 3a]lalln 11CilOJII,3ye TCH on11caHHh111 Bhlme 

anropl1T!J SELECT C H6KOTOpoli MO;z\Hql11Kauneli. ]!eJio B TOM, 

'lTO 'll1CJia cj , cpe]ll1 KOTOpl:IX HIJl6TCH m HanMeHI,illlDC ,CBH3aHhl 
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C KOHKpeTHOit nepeMOHHOil xj • 9TO 03HallaeT, 'lTO B npouecce 

BllilOJIH6HUH anrop11TMa SELECT HCOOXO]\UMO CJlfl]lUTI, sa nepeMel!le-

lll!eM 11H]l6KCa j , CBHSaHHoro C KOHCTaHTOH C • 
J 

• Ilmnouy Bee 

onepau11n, K0Top1:1e yKaaaHhl B anropHTMe onepaTopoM 

exchange (X[I] , X [j] ),Bl:IIlOJIHHIOTCH He Ha;z\ caMUMlit 'l!UCJiaMH 

Cj(X [ j] ) , a HaA nx HH;z\6KC8Ml1 ( j) 

Ilp11 pemeHl11it aa]la'l 6oJII,IDl1X paauepHOCTefi llaCTO B03HUKaIOT 

npo6mnrn, aaTparnBa10m11e cKopee a@eKTHBHOCTI, nporpaMMll, 

'l!eM 3~KTl1BHOCTI, anropHTMa. OAHOH HS TaKUX npo6JI6M 3;z\6CI, HBJIH

eTCH onpeAeneHHe q11cna HeHyJieB!lX nepeMeHHhlX vi B pesyJII>TaTe 

qJUKC8UllH nepeMeHHhlX Xj (cM. mar 2 BTopon qacTH aJiropHTMa). 

~opMaJII,HO 3Ta 3a]lalla BhlrJIH;z\HT TaK: 

]!JIH Sa]laHHhlX MHOlK6CTB: I. ={ jfBij = 1j , i =. 1, ... t 
l. 

J = [j /Xj = l} HaltTlit KOJIUll6CTllO TeX UH;z\BKCOB i , 

]lllH KOTOphlX Ii /I J 'r fi5 • 

J!Jlfl pememm STOit sa]latJH (H ApyrHX IlO]l06HllX ett) Oll8HI, YAallHblt,! OKa-

3aJIOCL npHMeHeHHe T.H. MeTOAa "hash-coding", UJIJ,! paH,D;OMH3aUHOH

HOll TeXH~H: BnepBHe ata :reXHHKa HcnonL30BanacE B 1121 • B npo

rpawe 6hlJI peaJIH30BaH anropHTM, yxa3aHHhllt B /IJ/. 

B :ra6JIH~e I npHBe;z\eHu HeKoTopble pesynI>TaTll uamHHHoro a1tcne

pnMeHTa. J!Jlfl OU6HKH 3qlqJ6KTHBHOCTH anropHTMa Bhl6paHO ll11CJIO ~nKca

·uun nepeMeHHhlX 

V. 
l. 

vi (HanoMUHaeM, llTO ;z\JIH pemeHHH sa]lall C K 

MeTO;z\OM IlOJIHoro nepe6opa llHCJIO TaKHX qJHKCa-nepeM6HHllMl1 

~ntt 6yAeT ·-zc ) • 0T]l6JII,Hhle CTOJI6~hl Ta6JIHUhl npe]lCTaBJIHJlT co6on: 

Z - HOMe p 3a]l8lll1, 

K - llHCJIO orpaHH'l!eHnlt' 

N - llHCJIO CTOJI6UOB HenpephlBHO!i sa]lallH , 

NZ - 'l!HCJIO HeHyJieBblX 3Jl6MflHTOB aij , 
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N4 - 'll1C.J!O ll,OJIO'll1CJ!OHHl:lX nepeMeHHl:lX CllBOJfQHJ:le) 1 

lg - 'lJIICJIO c_pmtcan11lt nepeMeHHl:lX Vi , COOTB6TCTBYIOIIUDC pemeHHIO 
He npe p1rnuoi1 3a;natJM. , 

1 - tJHCJio qrnKcan1111 nepeMeHHNX Vi ;no nonyqemm onTID.!aJir,Horo 
0 

pemeHHH, 

10,i - 'IJIICJIO 11JHKCaUHlt nepeMeHHl:lX vi ;no ycTaHOBJiemrn OilTHMaJIJ,HOC
TJII • 

Ta<lJmna I 

z K N NZ Nq ,Ig Io II¾ 

1 34 II6 350 83 27 30 II7 

2 41 I30 370 90 31 31 148 

3 4I 130 350 90 26 28 120 

4 2641 6780 14223 4141 1780 1901 12731 
j 2906 78IO I6I47 4906 2IOl 2IOl OilTJII-

MaJir,-
HOCTJ, 
He ;no-
Ka3aHa 

3a;naqJII I, 2, 3 JIICKYCCTB6HHO reHepHpoBaJIJIICJ, ;l(JIH npoBe;neHJllff aHa

.JIH3a aqxlieKTJIIBHOCTJII anropHTMa, 3a;naqJII 4, 5 HBJIHIOTCH peaJIJ,Hl:lMJII JII 

nonyqenl:l Ha OCHOBe ,1\0KYMOHTOB, BXOMlllJIIX B 1mc OMH11. 

.i'tJIH HIIC OIDIH BilOJIHe y ,llOBJIOTBOpHTCJII,Hl:lMJII oKa3aJIJIICJ, na

paMeTpl:l nepBoro B03MOXHOro pemeHHH, Ha OCHOBO KOTOporo MOHHeTCff 

nopH,llOK ,1\0KyMeHTOB 1rnc. 
PaccMOTpeHHl:lii MOTO]t HCilOJI!,30BaJICH ,1\JIH coa.naHHH anropHTMa ·. 

aBTOMaTJlltJ6CKOii COPTHPOBKJII 3Jl6M6HTOB Y3JIOBl:lX CilJIIC!toB OCHOBHoro 

JIIH~OpMaUHOHHoro MaCCJIIBa, KOTOpl:llt npHMeHHJICH ;l(JIH YilJIOTHOHJIIH cer

MeHTOB CilJIICKOB B 30HaX JIIH~OpMaUHOHHoro MaCCHBa 11IIC Ol-'IHH (pa3Mep 

30Hl:l yKa3l:lBa8TCff napaMeTpOM m paccMOTp8HHOii Bl:llll6_MO]t6JIM) • 
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Pe3yJIJ,TaThl npOBC;zteHHl:lX MalllHHHIAX · 3KCil6pHM6HTOB Ha 8BM Cl,,C/ 

6400 npHBe;neHN B Ta<l1rn:ne 2, r.ne: 

L 

V 

£ 

t 

- cpe;nHHH ]tJIHHa YBJIOBOro cnHcKa; 

- KOJ!JlltJ6CTDO ]tOKYM6HTOB OCHOBHoro JIIH~OpMaUHOHHOro MaCCJIIBa 
(o6~ee KOJIH'l6CTBO Y3JIOB DO BC8X ypoBHHX CilJIICKOB)j 

- IlOJIYtJ6HHaH IlJIOTHOCT!, CilJIICKOB B 30HaX OCHOBHOrO HH~opMa

UHOHHOro MaCCJIIBa; 

- BpeMH pa60Thl nporpaMMhl anTOMaTJll'l6CKOli copTHpOBKJll(Il ceK.). 

IIoJiytJeHHl:le peayJIJ,TaTl:l ;ztaIOT D03MOXHOCTJ, a~~eKTJIIBHoro npHMe

H6HJIIH ;naHHoro MeTO]ta npJII opraHJ118aUHH a;ztanTHpy·ro~elicH CTPYKTYPN , 
MHoroypOBHeBoli lllIC, r.ne Bp6MH IlOJIICKa cy~eCTB6HHO M6HJ,lll6 BpeMeHJII 

noHcKa B JIIHBepcHoli H accou11arHBHO-a;ztpecHoli crpyKrypax / 4/, 

Ta6JIJIII(a 2 

L V E t * 
9 3500 5,7 20 

I2 6000 8,6 25 

I4 IOOOO I2,l 31 

#) 

i£) B 3TOU BpeMeHJII He Y'lHTNBaeTCH no;ztrOTOBKa .naHHl:lX AJ!ff 
BBO;l(a, 
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Algorithm 

procedure SELECT(X,L,R 1K); 

value L,R,K; integer L,R,K; array X; 

begin integer N1 I 1J,S,SD,LL 1 RR; val Z,T; 

while R > L do begin if R-L., 600 then begin 

N:=R-L+l; I:=K-L+l; Z:=ln(N); S:=,5xexp(2xZ/3); 

SD:=,5xsqrt(ZxSx(N-S)/N)xsign(I-N/2); 

LL:=msx(L,K-IxS/N+SD); RR:=min(R 1K+(N-I)xS/N+SD); 

while RR? LL do .. SELECTl(X,L,R,K); end; SELECTl(X,L,R,K); end; 

end SELECT 

procedure SELECTl(X,L,R,K); 

integer I,J; realT; 

begin T:=X(K]; I:=LL; J:=RR; 

exchange(X(L] ,X[R) ); 

i1' X[R]">T then exchange (X[R], X[L] ); 

while I <J do 

beii:in 

exchange (X(I), X[J]) ; I=I+l; J:=J-1; 

while X[I]<T do I:=I+l; 

while X[J]? T do J:=J-1; 

end; 

if X[LJ=T then exchange (X[LJ , X[J]) else 

begin J:=J+l; exchange (X[JJ •, X(R!) end; 

it' J~ K then L:=J+l; 

if K ~J then R:=J-1; 

end SELECTl 
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