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BBEJEHUE

JuctumuimHa «MeToasl IpOrpaMMHUpPOBaHUs» HWMEET LeNblo oOydeHue
CTY/ICHTOB IIPUHIMIIAM IIOCTPOCHUSI W aHallM3a ajirOpUTMOB, CIIOCOOCTBYET
Pa3BUTHIO JIOTHYECKOTO MBINUICHHS, ()OPMUPOBAHUIO HAYYHOTO MHUPOBO33pe-
HUS U TIPUBUTHIO CKIIOHHOCTH K TBOpYecTBY. IIpu M3ydeHUHU 3TOro Kypca Uc-
MOJIB3YIOTCS 3HAHUS, MOJIy4YEeHHbIE CTYACHTaMH B MpoIecce U3ydeHUs AUCLU-
IHH «MartemaTuueckuii aHanu3y», «Teopus BeposaTHOCTEN» U «SI3bIkHM Tpo-
IPaMMHUPOBAHUS BBICOKOTO YPOBHS». 3HAHHUS, YMEHUS U NPAKTUYECKHUE HABbI-
KH, IOJTy4YEHHBIE B Kypce «MeToas! MPpOorpaMMHUPOBAHUS, HCIIOIB3YIOTCS CTY-
JIHTaMH B MTPO(EeCCHOHANBHBIX W HAYYHBIX JUCHUIUIMHAX, & TaKKe MPH BbI-
TIOJTHEHHH JTAO0PaTOPHBIX, KYPCOBBIX U JAUTUIOMHBIX padoT.

3amavyell AUCIUILINHBI « MeTOoAbI MPOrpaMMUpPOBaHUA» SIBIISIETCS MPETo-
JTaBaHUE OCHOB: CTPYKTYpP JAHHBIX; OLEHKH CIOKHOCTH aJITOPUTMOB; aJro-
PUTMOB COPTHUPOBKH; QJITOPUTMOB ITOWCKA; aJTOPUTMOB Ha rpadax; ajaropuT-
MOB I€Hepalyu CIyJaiHbIX IOCIEA0BaTENbHOCTEN U OACTaHOBOK.

B pesynbprare M3yueHHs: AUCLMIUIAHBI CTYICHTBI O0JIJHCHbI UMEMb Npeo-
cmasnenue: 0 crocodax OIEHKH CIOKHOCTH PadOThI aITOPUTMOB; O BO3MOXK-
HOCTH MOJIU(HKALMH aJTOPUTMOB C Y4ETOM KOHKPETHBIX MPAKTUYECKUX 3a-
Jla4; 3Hamb: TPUHLUIEL, JEXKaIllie B OCHOBE alTrOPUTMOB COPTUPOBKH U MOUCKA
nH(popManny; MPUHIMITEL XpaHEHH U 00paboTKN HHPOpMAIUH B aJlTOPUTMax
COPTHPOBKH, IOWCKA M aJlTOpUTMax Ha rpadax; MeToIbl reHepalyy Cirydai-
HBIX TIOCJIE/IOBATEIBHOCTEH M TIOACTAHOBOK; yMenyb: CHOPMYITUPOBATH 3aady
U HUCIOJIb30BATh JUIS €€ PEIIeHUs U3BECTHbIE METOJbl; MPUMEHSThH MOJIy4EeH-
HBIE 3HAHUS K PAa3JIMYHBIM MPEAMETHBIM 00JIaCTsIM; PEaH30BBIBATh AITOPUT-
MBI Ha SI3bIKaX MMPOTrPaMMHPOBAHUSI BBICOKOTO YPOBHS, BHIOMpas CTPYKTYpPHI
JIAaHHBIX JUISl XpaHeHUs! MHPOPMALIUH; UMemb HABbIKY: HATIMCAHUS U OTIIAJKU
MIPOrpaMM, PeaTU3yIOIIUX aJIrOPUTMBI COPTUPOBKH, MOUCKA U aJITOPUTMBI Ha
rpadax; MmoxydeHns: SMIMPUUECKUX OLEHOK TPYAOEMKOCTH aJTrOPUTMA.

B yueOHOM mocoOun paccMOTpPEHBI JIMHEHHBIE CTPYKTYPBI JAHHBIX; Ie-
PEBBS; MOHATHE CIOKHOCTH aJITOPUTMOB; alITOPUTMBI BHYTPEHHENH COPTUPOB-
K{: COPTUPOBKY BCTaBKaMu, OOMEHHYIO COPTHPOBKY, COPTUPOBKY MOACUYETOM,
COPTHUPOBKY MOCPEACTBOM BHIOOpa, pacHpeNeNsionyl0 COpPTHPOBKY M COpPTH-
POBKY CIMSIHAEM; aJrOpUTMBI BHEIIHEH COPTUPOBKM; AJTOPUTMBI IOHUCKA:
TIOCIIE/IOBATENbHBIA MTOUCK, TIONCK B YIIOPSIOYEHHON TaOJuIe, ITOUCK 1o Ou-
HapHOMY JIepeBy, COalaHCUPOBAaHHBIE IEPEBbS U XEIIUPOBAaHHE. DTOT MaTEepH-
aJ OCBEIIaeT NepBble TPU TEMbI NporpaMMsl [1] uzydeHus qucuuminHel «Me-
TOJIbI IPOrPAMMHUPOBAHUS.

[Tpu u3M0XKEHUM OCHOBHOTO MaTepHasa MocoOusi aBTOPHI PYKOBOJCTBO-
Bajuch paboramu [2, 3]. Vcrounuku [4 — 6] npuBeneHBl B Ka4ecTBE BCIIOMO-
raTenbHON JTUTEPaTypHl.



1. JMHEMHBIE ”THOOPMAIIMOHHBIE CTPYKTYPBI

[porpammsl st OBM 00BIYHO OnepupyIoT ¢ TabiuuaMu nHdopmanu,
B KOTOPBIX NPUCYTCTBYIOT Ba)XKHBIE CTPYKTYPHBIE OTHOIICHUSI MEXY dJIeMEH-
TaMH JIaHHBIX. B mpocreiinem cirydae Tabnuiia NpeacTaBisieT coOoi JTuHEH-
HBIH CIHCOK DJIEMEHTOB. B Oonee CIOXHBIX CUTyalMsAX TaOJuIa MOXET ObITh
JIByMEPHBIM MAacCHBOM, MMEIOIIUM CTPOKU M CTOJIOIBI; 7-MEPHBIM MaCCHBOM
IIpY BecbMa OOJBIIMX 3HAYEHUSX 71; MOXKET MMETh CTPYKTYpY JepeBa, Mpea-
CTaBJISIONIETO OTHOIIEHHS MEPapXHM WIIM BETBIICHUS; HAKOHEL, MOXKET OBITh
CJIOXKHOW MHOTOCBSI3HOM CTPYKTYPOH, TOJTOOHON UYeIOBEUYECKOMY MO3Ty. XO-
poliee MOHUMAaHUE CTPYKTYPHBIX OTHOIIEHWH MO3BOJSIET MPAaBUIBHO HCIIONb-
30BaTh BBIYHUCIUTENBHYIO MAIIMHY TIPH PELICHUN KOHKPETHBIX 3a/1a4.

Bonbiryto wacte MaTepuana, KOTOPBIH IPEIINONaraeTcsi pacCMOTPETh,
OyneM Ha3bIBaTh «OOpPaOOTKOH CIMCKOBY», ITOCKOJIBKY OB pa3paboTaH psij
cucreM nporpammupoBanust (Hanpumep, UIJI-V, JIUCII u CJIUII), koTopsie
yrpocTunu paboTy ¢ HEKOTOPHIMH OOIIMMH BHJIAMH CTPYKTYpP, Ha3bIBAEMBIX
cnuckamu. VIHGOpManus B CIIHCKE IPEACTAaBISETCS MHOXKECTBOM 3aIrvcei
(0OBeKTOB), HA3BIBAEMEBIX yanamu (daemenmamu) cnucka. Kaxapril y3en crmc-
Ka COCTOUT W3 OJHOI'0 WJIM HECKOJBbKHUX IOCIEIOBATENbHBIX CIIOB B MaMSTH
MaIlIMHbI, pa3/eNIEHHBIX HAa MMEHyeMble YacTu, Ha3biBaeMble noasmu. Comep-
KMMBIM JIIOOOT'O TIOJNIST B y3Jie MOTYT OBITh 4yHcia, OYyKBBI, CBSI3M — BCE, YTO
TOJIBKO TMOXEJTAaeT MpOorpaMMHCT. B kadecTBe mpumepa pacCMOTpPHUM CiTydai,
KOT/Ia SJIEMEHTHI CIIMCKA IMPEACTABIISIOT UTPAbHBIE KapThl: MBI MOJKEM HUMETh
y31bl, pa3outeie Ha uerblpe nonst — TAG (npusHak), SUIT (macte), RANK
(panr) u NEXT (cnenyrommii):

| TAG | SUIT | RANK | NEXT |

IIyctb: TAG = 1 o3HavaeT, YTO KapTa MOBEPHYTa JHUIEBOH CTOPOHOM
BHM3, TAG = 0 — nuueBoii croponoit BBepx; SUIT = 1, 2, 3 u 4 — cooTBeT-
CTBEHHO /I Tpe(OBbIX, OyOHOBBIX, YEPBOBBIX U MHUKOBBIX KapT; RANK = 1,
2, ..., 13 — nns Ty3a, ABOMWKH, ..., Koponus; NEXT — cBsI3b ¢ KapTOi B CTOINKE
HIWKE JIAHHOW. Adpec y37a sSBISCTCS aJpecoM IEPBOrO CIoBa B y3ie. Anpec
y3J1a Ha3bIBAIOT yKazamenem Ha 3TOT y3ell. Torma HekoTopas Kojioaa u3 TpEX
KapT MOXET BBITJISAETH TaK:
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Daxmuueckue Kapmol Mawunnoe npeocmasnenue

B mamunHOM mipesnctaBieHun ykazaHbl ajgpeca namstu 100, 386 u 242,
HO Ha UX MECTE MOIJIM OBITh JIFOObIe NPYyTHe Yucia, IIOCKOJIbKY KaXKaas KapTa
CCBUTAEeTCSl Ha CIEAYIOUIYI0 KapTy B Koiozxe. CneuumanbHbId ykazatenb A
(mam6ma) B y3ne 100 ob03HaUaeT nycmyio c6:a3b, T.€. CBA3b C Y3JIOM, KOTOPOTO
HE CyIIECTBYET (JiecsTKa Tped — HIKHSS KapTa B CTOIKE).

BBezieHue cBsi3eil ¢ IpyruMHy 3JIEMEHTaMU JIAHHBIX SIBJISIETCSl YpE3BbIYAli-
HO B)XHOH HJIeel B ITPOrpaMMHUPOBAHHUH — 3TO KITIOY K MPEACTABICHUIO CIIOXK-
HBIX MH(OPMALMOHHBIX CTPYKTYp. B MalIMHHOM TpencTaBiIeHHH CITUCKA CBSI-
3M MEXAY y3JIaMH yI00HO M300paxxaTh cTpenkaMu. Tak, Ui Hallero npuMepa
CIHCOK MPUOOPETAET CIESAYIONMN BT

T0P—>|0|2|2|o—|—>|0|4|3|o—|—>|1|1|1o|.—}1

dakruueckue aapeca 242, 386 n 100 (3HaueHHE KOTOPBIX HE CYTh BaX-
HO) OTCYTCTBYIOT B JJAHHOM IIPE/ICTABJICHUH, a IycTasl CBsI3b M300pakeHa Kak
«3azemiieHue» i anekTpuueckux cxeM. CumBon TOP mpencrtaBisieT nepe-
MEHHYIO C6A3U WIH, KaK 4acTO FOBOPAT, yKa3aTenb, T.. EPEMEHHYI0, 3Haue-
HUEM KOTOpOH sIBIIeTCS ajpec naMsATH. [ oCyIecTBIeHUs CChIJIOK Ha MO
Y3J10B OyZIeM HCIONB30BaTh UMsI OIS, 32 KOTOPBIM B CKOOKaX CIEAYET CBSI3b C
KEJIAeMbIM Y3JI0M:

TAG (TOP)=0; SUIT (TOP)=2; RANK (100)= 10;
RANK (NEXT (TOP)) = 3.

B kauecTBe mpuMepa paccMOTPUM IMPOCTON aJTOPUTM, KOTOPBIN MOMe-
IIaeT HOBYIO KapTy B KOJIOLY CBepxy, npeamnonaras, uro NEWCARD — nepe-
MEHHasl CBA3M U €€ 3HaUE€HUEM SIBJISIETCS CBSI3b C HOBOM KapTOH:



Al. Ycranosure NEXT (NEWCARD) <« TOP. (YcranaBimBaeTcs COOTBET-
CTBYIOIIAsl CBSI3b B y3JI€ HOBOM KapThl.)

A2. Ycranosute TOP «— NEWCARD. (Tem campiM obecriednBaeTcsi, 4To
TOP no-npexHEMY yKa3bIBaeT Ha BEPXHIOK KapTy B KOJOJE. )

A3. Ycranosurb TAG (TOP) < 0. (OTMeuaercs, 4TO KapTa ITOBEPHYTA JIUIIE-
BOI CTOPOHOH BBEpX.) W

I[pyFI/IM MIPpUMEPOM SABJIACTCA aJITOPUTM, HOI[C‘II/ITBIBaIOHII/Iﬁ KOJIMYCCTBO
KapT B KOJIOAC B I[aHHBIﬁ MOMCHT:

B1. Ycranours N «— 0, X «— TOP. (N — uenast nepeMeHHas, X — nepeMeHHast
CBSI3N.)

B2. Ecmu X= A, T0 octaHOBUTKCS. (N paBHO YHCITY KapT B KOJIOJE.)

B3. YcranoButs N «— N+ 1, X « NEXT (X) u BepHyThCs K Iary B2. m

Jlunetinwiti cnucox — 3TO MHOXECTBO, cocrodmiee U3 n=>0 y3/0B
x[1], x[2], ..., x[n], CTpYKTYpHBIE CBOWCTBa KOTOPOTO OTPaHUYHUBAIOTCS
TOJIKO JIMHEHHBIM OTHOCUTENBHBIM MOJIOXKEHUEM Y3JI0B: X [1] — mepBbIit y3ed;
mpu 1 <k <n y3ny x [k] npeamectByer y3en x [k — 1], a cineayer 3a HUM y3en
x [k + 1]; x [n] — nocnenuuii y3ern.

Bo3MoxxHBIE Onepanyy ¢ JMHEHHBIMHU CIIUCKAMH:

1) momydenue moctymna K k-My y3Jy CIHCKa, YTOOBI POaHATU3UPOBATH
U/WTA U3MEHHTH COICPIKUMOE €T0 TOJIEH;

2) BKJIIOUEHHE HOBOTO Y3II1a B CIIUCOK HETIOCPENICTBEHHO TIepeNt k-M Y3JI0M;

3) wuckiroueHue k-ro ysia CITUCKa;

4) obOwenuHeHME ABYX (WK OOJiee) CTUCKOB B OJTUH;

5) pa3buenue cnvicka Ha jBa (Wwiu 0oJee) CIIUCKOB;

6) KOIMpOBaHHE CIHCKA;

7) ompexeneHHe KOJIUIECTBA Y3JIOB B CITUCKE;

8) copTHpOBKa Y3JI0B CIHCKa IO HEKOTOPHIM ITOJISIM;

9) TOMCK B CIIMCKE y3I1a C 33JaHHBIM 3HAU€HHEM B HEKOTOPOM IIOJIE.

Cnyuau nipu k = 1 u k = n B onepanusx 1), 2), 3) ocoOble, MOCKOJBKY B
JIMHEHHOM CIIMCKE JIOCTYII K IEPBOMY M MOCIIEHEMY Y3I1y OIYYHUTh TPOIIIE.

OueHp YacTo Ha IMPAaKTHUKE BCTPEYAIOTCS JIMHEHHBIE CIUCKH, B KOTOPBIX
BKIJTIIOUEHHUE, UCKITIOYEHHE U JIOCTYN K 3HAUEHHUSIM IIPOU3BOJISTCS B IIEPBOM HIIH
nocieiHeM y3nax. Cpeny TakuxX CIIHCKOB pa3jinyaloT:

® CmeK — CIIUCOK, B KOTOPOM BCE BKJIIOYEHUSI, BCE MCKIIOUSHHS U BCS-
KU JOCTYII BHIITOJHSIOTCS B OJJHOM KOHIIE 3TOTO CIHCKA;

® 0ouepedb — CIHCOK, B KOTOPOM BCE€ BKIIIOUEHHS MPOU3BOTCS Ha Of-
HOM KOHIIE 3TOT'0 CIIMCKA, a BCE UCKIIOUEHMSI M BCIKUM JOCTYII — Ha JIPYroM
€ro KOHIIE;

® ek — CITUCOK, B KOTOPOM BKJTIOUEHHMSI, HCKITFOUEHHUS U BCIKUH JOCTYI
JIeTIaroTCsl Ha 000X KOHIIAX ATOTrO CITUCKA.
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BriBoa M3 cTEKa Beroxm B cTex
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Puc. 1. Ctek, npeacTaBjeHHBIIl B BU/IE KeJI€3HOT0POKHOT0 pa3be3na

B mexe OrpaHHYEHHRIM BBOOOM 3TOT NYTE 38KDHIT

]

AT T T “?ié;;ﬂ:n

A
W3 geka iy

B neke ¢ OTPAHH4YEHHBIM BBRIBOXOM 3TOT NYTh 3aKPRIT

Puc. 2. Jlek, mpeacTaBJIeHHbII B BUJIE KeJIE3HOT0POKHOT0 pa3be3na

Cpeny 1eKOB UMEIOTCSI TaK HA3BIBAEMBIE OeKU C 02PAHUYEHHBIM BbIXO00M
U 0eKU ¢ 0ZPAHUYEHHbIM 86XOOOM, B KOTOPBIX COOTBETCTBEHHO HCKIIIOYEHHE U
BKJTIOUEHHUE JJOMYCKAIOTCSl TOJILKO HAa OJJHOM KOHIIE CITHCKA.

[lpn onmcaHuu ajaropuTMOB, WCIIONB3YIOIMIMX TAKHE CIUCKH, HPHUHATA
crielManbHas TepMUHONOrUs. Tak, MBI TIOMEIIaeM 3JIEMEHT Ha gepX CTeKa WU
CHMMaeM BepXHHWH ameMeHT (puc. 3, a). Buu3y cTeka HaxOAWTCsS HanMeHee
JIOCTYIIHBIN AJIEMEHT, KOTOPBIN HE ynansiercsi 1o TeX Mop, IoKa He OyayT Hc-
KJIFOUEHBI BCE APYTHE DIIEMEHTHI. [I[pUMEHNTENBHO K 0YepesiM MBI TOBOPHM O
Hauane W KOHye O4epenn: OOBEKTHI BCTAIOT B KOHEIl OYEpeH M yIalsIoTCs
TOr/a, KOrja JocTurator eé Havana (puc. 3, 6). ['oBopst 0 nekax, Mbl yKa3bIBa-
€M Jiesblll U npasblii KOHIIEI (puc. 3, 8).

[TpuBenéM HECKOIBKO JIOMOIHUTENBHBIX CITIOCOOOB ONMHMCAHMS Olepanui,
BBINOJHAEMBIX HaJl CTEKaMu M odepelsMu. bynem mucath A < X, ykasblBas
(ecim A — cTek), 4yTO 3HAYCHUE X TOMENIAaeTCs Ha Bepx creka win (ecim 4 —
odepesib) UTO X BKIJIIOYAeTCsl B KoHel odepenu. [10100HbIM ke 00pa3oM 3armich
X < A Oyner 0003Ha4yaTh, YTO NEPEMEHHAs X NPUHUMAET 3HAYEHUE BEPXHETO
JJIEMEHTAa CTeKa A WM HA4aJbHOTO DIIEMEHTa Ouepean 4, U 3TO 3HaYEHHUE HC-
KJIrogaercs u3 4.



Bepx Brawwume wtu
UCKTHYUME
| Hervouume Bruouums
Bmopoti
ceepRy
| Hauazo Bmopoii Tpemuii FKoney
Tpemuii
cagpxy (6) Ougpsde
|
Hemsepmuili
ceepxy Jegwiii Bmopoii Bmopoii Ipaswiii
| KOHEY caesd cnpasa ROHEY
Huz
Bramouiome w1 Broagume w1
(a) Comer UCKTIONUMD (8) Jex UCKTIOHUME

Puc. 3. Tpu BasKHBIX Kjacca JNHEHHBIX CIIUCKOB

ITpu HermycToM cTeke A ero BEpXHH 3JIEMEHT MOKHO 0003HAYHTh Yepes3
top (A4).

YupaxHeHus

1. Jlek ¢ OrpaHUYEHHBIM BXOJOM SIBJISETCS JIMHEHHBIM CITUCKOM, B KOTO-
POM 3JIEMEHTBI MOTYT BKITFOUATHCS TOJIBKO C OJJHOIO KOHI[A, & UCKIF0YAThCS C
Jr000ro KoHIa. OYEeBUIHO, UTO JIEK C OrPAaHMYEHHBIM BXOJOM MOXET paboTaTh
b0 Kak CTeK, MO0 KaK o4Yepesib, €ClI Bceraa OyaeM YAausiTh dJIEMEHTHI ¢
OJIHOTO U3 IByX KOHIIOB.

MOsKeT JTd JIeK C OrpaHUYE€HHBIM BBIXOJIOM PaboTaTh MO0 KaK CTEK, JIU-
00 Kak odepenn?

2. IlpexacraBpTe cebe, YTO YETHIPE JKENIE3HOAOPOXKHBIX BarOHa HAXOJT-
Csl Ha BXO/IHOM ITYTH JKeJIE3HOOPOKHOTO Pa3be3/ia, WITIOCTPUPYIOIIETO CTEK,
1 TIPOHYMEPOBAHBI COOTBETCTBEHHO 1, 2, 3 u 4 (1234). IIpeanonaoxnm, 4To MbI
BBINOJHSAEM HEKOTOPYIO IOCIIEAO0BATENBFHOCTh ONEpaliid, KOTOphIE corjiacy-
I0TCS C HAIPaBJICHUEM CTPEJIOK Ha PUCYHKE IPU YCIIOBHH, YTO BaroHbI HE MO-
TYT «HEpenpbhIruBaTey» Apyr depe3 apyra. Otnpasbre: (a) BaroH | B CTek;
(b) Baron 2 B crek; (c) Baron 2 Ha BbIxox; (d) Baron 3 B crek; (€) BaroH 4 B
crex; (f) Baron 4 Ha BbIxox; (g) BaroH 3 Ha Beixoz; (h) Baron 1 Ha BbIXO.

B pesynbrare sTHX omnepaiuii nepBoHaYaIbHBIA MOPSJOK BaroHoB 1234
n3MeHucs Ha 2431.

3amerum, uto (a) — (h) MOXXKHO ommcaTh KOpOdYe W BBHIpa3UTEIbHEE, WC-
nonb3yst koj SSXSSXXX, rme S obo3Hauwaer ¢pazy «OTHpaBUTH BaroH U3
BXO/Ia B CTEK», a X — ()pa3y «OTHPaBUTh BaroH U3 CTeKa Ha BHIXOIY.
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ITycTh MeeTcs MIECTh JKENE3HONOPOKHBIX BarOHOB, IPOHYMEPOBAHHBIX
1,2,3,4,5 1 6. YCTaHOBUTH, MOXHO JIM UX TIEPECTABUTH B TIOPSIJIKE:

a) 325641,

0) 154623.

Ecnu Takue nepecTaHOBKM BO3MOXKHBI, TO TIOKAYKUTE, KAK 3TO CAEIaTh.

3. Hexotopble mociaenoBaTeIbHOCTH U3 S U X, OMHCHIBAIOT OECCMBIC-
JICHHBIC OTIepallii, TaK KaK MOXXET HE OKa3aThCs BarOHOB HA YKa3aHHBIX ITy-
TaX.  HeBo3sMOXXHO,  Hampumep,  pealu30BaTh  IIOCIEAOBATEIHLHOCTH
SXXSSXXS.

Bynem Ha3pIBaThH MOCIENOBATEIBHOCTh U3 S M X, MPEICTABIIAIONIYIO TIe-
PECTaHOBKY U3 11 DJIIEMEHTOB, OONYCMUMOU, €CIIH B HEW COJEPIKUTCS 11 CUMBO-
JIOB S M 1 CUMBOJIOB X, M €CITM OHA 3aJaéT orepanuy, KOTOpble MOXXHO BBI-
TTOJTHUTb.

CdopmynupyiiTe IpaBHUiIo, KOTOPOE MO3BOJIUT Pa3INyaTh JOIYCTUMBIE U
HEJIOMyCTUMBIE TTOCIIEIOBATEIHHOCTH.

[TokaxuTe, 4TO HUKAKUE JBE Pa3IM4YHBIC JOITYCTUMBIC MOCIEIOBATEIh-
HOCTH HE TIPUBOJIAT K OJIMHAKOBOM BBIXOJHOMH IEpPEeCTaHOBKE.

4. Tlpocras popmyna Jusl a, — KOMTHYECTBA MEPECTAHOBOK U3 71 JICMEH-
TOB, KOTOPbIE MOKHO MOJIYYHUTh, UCIONB3YsI CTEK TaK, KaK B yIIp. 2, UIMEeT BHUI:

2n 2n 2n .
a, = - , TOe — oflIee YUCIIO MOCIe0BaTEeNbHOCTEH, B KO-
n n—1 n
2n
Tophle S ¥ X BXOAAT OJUHAKOBOE YHCIO A Pas; . YHUCJIO HEJIOILYCTU-
n—

MBIX IOCJICIOBATEIBHOCTEH, B KOTOpPhIe S U X BXOIAT OJUHAKOBOEC YHCIIO
n pas.

Brruuciure 3HaYCHWE @, U ONPENEIUTE BCCBO3MOXKHBIC, HEJIOMYCTUMBIC
U JIOTTYCTUMBIC MOCIICIOBATEIBHOCTH U3 S 1 X, a TaKXKe IMEPECTaHOBKH, KOTO-
peie OyIyT TONYYECHBI B PE3YNIbTaTe PeaH3alliy JOIMYCTHUMBIX MOCIIEIOBA-
TENbHOCTEH JIJIS:

a) n=2;

0) n=3.

5. C ucronp30BaHUEM CTEKa MOXHO MONYYUTh NEPECTAHOBKY Py Ps ... Py
u3 1, 2, ..., n TOT/Ia ¥ TOJBKO TOT[a, KOTJla HET TaKUX WHJIEKCOB i, j U k, 4TO
i <j<kmnup; < p< p;. IlpumeHnuB 3T0 yclioBHE, MOSCHHUTE, MOYEMY U3
123456 nepecranoBky 154623 mony4yuTh HENb3sl, a MEPECTaHOBKY 325641 —
MOJKHO.

6. Paccmorpure 3amady, NMOCTaBJIEHHYIO B yIp. 2, 3aMEHUB CTEK Ha
ouepenp. Kakue mepectanoBku u3 1, 2, ..., 7 MOXHO TOJYYUTh, UCIIONB3YS
ouepenp?



7. Paccmorpure 3ajauy U3 ymp. 2, 3aMeHHUB CTeK Ha Jiek. Haiinure nepe-
cTaHOBKM umncen 1, 2, 3 u 4, koTopsble:

a) MOXKHO ITOJTYYUTH B CITydae JIeka C OrpaHMYCHHBIM BXOJIOM, HO HEJIb3s
MOJTYYHTh JJIS IEKA C OTPAHUICHHBIM BBIXOJIOM;

0) MOXHO MOJy4UTH B CIydae JieKa C OrPAaHHMYCHHBIM BBIXOJOM, HO
HEJTB3sI TOJTYIHUTh IS JIeKa C OrPAaHHYCHHBIM BXOJIOM;

B) HEJbB3s MOIYYUTh HU JIUIS JIEKa C OTPAHWMICHHBIM BXOJIOM, HU JIJIS JIeKa
C OTPAaHUYCHHBIM BBIXOJIOM.

8. CyIecTBYIOT JTU KaKHe-THOO TIEPECTaHOBKY Yucen 1, 2, ..., n, KOTO-
pBIC HEJIB3s MONYYUTHh C IMOMOMIBIO JIeKa, HE WMEIOIIEr0 HU OrPAaHMYCHHOTO
BXO/Ia, HA OIPaHHMYCHHOTO BhIX0/a?

2. HOCJIEAOBATEJIBHOE PACIIPEJEJIEHUE ITAMSATH
IIPU XPAHEHUM JIMHEMHBIX CITMICKOB

[pocreiimmii 1 Haubosee eCTECTBEHHBIH CHOCOO XpaHEHHs JIMHEHHOro
CIMCKa B MaMATH MalIMHBl CBOAUTCS K Pa3MEIIECHHIO 3JIEMEHTOB CIIHCKA B
MOCJIEZI0BATEIbHBIX SUeHKaX MaMsITH, OJUH y3€el 3a ApyruM. B aTom ciyyae

LOC(X[j+1D=LOCKX[jD+e,

rne LOC (X [j+ 1)), LOC (X[ ]) —anpeca y3noB X [j+ 1] u X [j ] cooTBeT-
CTBEHHO; ¢ — KOJIMYECTBO CJIOB B OIHOM Y3JI€.
B obmrem cityuae anpec y3na X [ j | onpenensiercs BRIpaKeHHEM

LOC(X[j]=Lo+c), (D

rne Lo — KOHCTaHTa, Ha3blBaeMasl Oa306blM a0pecom W SIBISIOMASCS aJpecoM
runoreruaeckoro ysia X [0].

X[0] X[ X[2] X[ .. XA

L() L0+C L0+ZC‘ L0+3C‘ L0+I’lC‘

[MocnemoBarenbHOE paclpeesiceHiHe OYeHb YIO0OHO TpU paboTe Co CTe-
koM. JlJig 3TOro AocTaTouyHO UMETh ykazamenv cmexa T. Korma crek mycr,
T = 0. Jnst Toro 94roObl TOMECTHTh HOBBIA 3JEMEHT B CTEK, HEOOXOIMMO
(B mpearnonoxeHuy, 4To ¢ = 1):

T—T+1; X[T|<Y. 2)
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XO] X X2 X[3] _X[4] Y T
| | | | [ [ [ [#4]
0 1 2 3 4 5 6 ..

UtoOBI IEpEeMEHHOM Y 1aTh 3HAUCHHUE BEPXHETO y3JIa HEMyCTOrO CTEKa U
WCKITIOUUTD ATOT y3€N U3 CIUCKa, TpedyeTcs

Y X[T]; T T—1. 3)
XO| X1 X121 X3] X4 v
| | | | & ] | | | |4 3]
0 1 2 3 4 5 6

IpencraBnenue odepeau uiny, Ooiee TOro, Aeka oOLIEro BUga TpedyeT
HEKOTOPBIX yXHIIpeHuil. BeibepeM JiBe mepeMeHHble: yKa3aTenb F s Havaja
odepend M ykaszaTedb R Ui KOHIA odepend. Torga BKIIOYEHHE JIEMEHTA B
KOHEIl OuepeIy OCYIIECTBIIAETCS CIELYIOIUM 00pa3oM:

R—R+1; X[R]<7Y, 4)
X[0] X[l X[2] X[3] AX[4] Y F R
| | | | & [ [ [ [0 [#4]
0 1 2 3 4 5 6 ..

a MCKIIFOUYCHHUEC HAYaJIBHOT'O Yy3Jia (F YKa3bIBA€T Ha MECTO, HEIMOCPCACTBECHHO
nepea Ha4dajaomM oqepezu/l) TaK:

F—F+1;, Y—X[F]; ecouF =R,ToF «— R 0. (5)
X[0] X[1]~ X[2] X[3] AX[4] Y F R
| [ ] | | [ [ [ ] 4]

0 1 2 3 4 5 6

3aMeTHnM, UTO B TAKOHW CUTyaluu (KOTAa B OUepe/n ecTh Mo KpalHel Me-
pe omuH y3en) R u F' pacryr, mpuuém R > F. B pe3ynbrare mocieoBaTeibHO
3aHUMArOTCs staeriku X [1], X [2], ... 10 OECKOHEYHOCTH, YTO CBUICTEIBCTBYET
0 UpEe3MEPHO PACTOUUTEIHHOM UCIOJIB30BaHUM NaMaTu. ClenoBaTenbHo, Mpo-
croii meron (4), (5) MOMKEH WCHONB30BAaThCSI B TAKOW CHTYalldd, KOTJa W3-
BECTHO, YTO yKa3aTelb F JIOBOJBHO PETYISIPHO JOTOHSET yKaszaTedb R (ode-
pelb OIyCTOLIAETCS).
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O06oiiTi TPoOIIEMY BBIXOJIa OUEPEIH 32 TPEICITBI MAMSATH MOXHO 3a(UK-
cupoBaB M y3noB X [1], ..., X [M] u HESIBHO «3aMKHYB» HUX B KOJBIIO TaK, YTO
3a X [M] cnenyer X [1]. Toraa mporeccel (4), (5) mpeoOpa3yroTes K BUAY:

ecii R=M, TOR«—1; wunaueR<— R+ 1; X[R] Y. (6)
ecii F =M, 10F «—1; unaue ¥ «— F +1; Y—X[F]. @)

OueBUIHO, YTO B OYEPE]M IIPU TAKOH CUTyalluu HE MOXET OBITh Oosee
M y3710B.

[IpencraBum AeHCTBHS ¢ BKIIOUEHHEM M MCKIIIOUEHHEM Y3JIOB JUIS CTeKa
(2), (3) u ouepenu (6), (7) ¢ y4€ToM TOrO, UYTO B PE3yJHTATE BKIFOUCHUS y3JIa
MOXET BO3HHMKHYThH BBHIXOZ 3a orBenéHHoe mecto B mamstu ([IEPEITOJIHE-
HUWE) nnu npu nomnsITKe UCKIIOYEHUsI OTCYTCTBYIomero y3na B cnucke (HE-
XBATKA):

X <Y {T «T+1, ecmuT > M, to IIEPEIIOJIHEHUE;
(BKJIIOUUTH B X[T]<« Y.

CTEK);

Y <X {ecm/I T =0, To HEXBATKA;
(MCKITIOUNTH U3 Y« X[T], T« T-1.

CTeKa);

XY ecmi R=M, 1o R < 1, unaue R < R+1;
(BKIIFOUHTEH B Ove- ecau R = F, to IIEPEIIOJIHEHUE;
pen); X[R]« Y.

XY ecnu R = F, 10 HEXBATKA;
(MCKJTIOYHTH U3 ecn F =M, 10 F <1, unaue F < F +1;
odepenn); Y « X[F].

3amernm, yto [IEPETTIOJIHEHUE siBnsieTcst KpuTHYECKOW OMIMOKOM.

PaccmoTpum ciydan, xorma mporpaMma padoTaeT He ¢ SIUHCTBEHHBIM
cnuckoM. Ecim nmeercst Bcero /iBa creka NMepeMeHHOro pasMepa, TO OHH Mo-
T'YT XOpOIIO COCYIIECTBOBAaTh BMECTE, KOrJa OYAyT pacTd HaBCTpeuy ApyT
pyry:
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Hauano Hus Bepx Bepx Hus Komney
namsamu namsamu

Curyarus [IEPEITOJIHEHUE He BO3HUKHET 70 TeX MOp, MOKa cyMMap-
HBI 00BEM 00OMX CHHMCKOB HE HMcUeprnaeT BCE CBOOOTHOE MPOCTPAHCTBO B
namsTy. Takoe pacnperneneHne mamsITH UCIONIb3YeTCsS O4eHb YacTo.

MOXHO JIerko yOemuTbesi B TOM, YTO HE CYIIECTBYET crioco0a, KOTOPbIH
TI03BOJISIET XPAHUTD TPH U O0JIee CTeKa MepEeMEHHOr0 pa3Mepa Tak, YTOObI:

1) NEPEIIOJIHEHUE Bo3HMKano numib B ciydae, KOTAa CyMMapHBIH
pa3Mep BceX CIMCKOB MPEBBICUT OTBEAEHHYIO [UISl HUX 00JIaCTh MTaMsITH;

2) «HIKHUID» 3JIEMEHT KaXKJIOr0 CIIUCKa UMel (PMKCHPOBAHHBIH ajpec.

Ecnu ynoBneTBOpsATh MEpBOMY YCIOBHIO, TO NPHAETCS HAPYIIUTH BTO-
poe. DTo o3HauaeT, 4To 0a30BEIA aapec Ly B ¢opmyie (1) He sBisercs Oomee
KOHCTaHTOM M HUKaKOW yKa3aTellb HE MOXET OBITb aOCONIOTHBIM aJpecoM.
Kpome Toro, Bce CCHUTKH TOIKHBI OBITH OTHOCHTENBHBI L.

[pennonoxum, uro umeercs n crekoB, BASE [i] — 0a30BeIi ajapec, a
TOP[i] — yka3zaTelnb i-ro cTeka. Torja aaropuTMbl BKJIIOUYEHUS! U UCKITIOUEHUS
Y3JI0B CTAHOBSITCS TAKHMHU:

(Bxmouenne)  TOP [i] «— TOP [i] + 1; ecmu TOP [i] > BASE [i + 1],
10 TIEPEIIOJTHEHME;
B IPOTUBHOM CJ1ydae
CONTENTS (TOP [i]) « Y.

®)

(Uckmouenune) ecmu TOP [i] = BASE [i], o HEXBATKA;
B IIPOTHBHOM CJIydae
Y <« CONTENTS (TOP [i]), TOP [i] < TOP [i] - 1.

B nanno#t curyanuun kputuunocts [TEPEITOJIHEHUSA moxHO ycTpa-
HUTh «IIepeynakoBaB MaMATb». PaccMoTpuM mpocTedmuii Meron mnepeymna-
KOBKU.

[TycTh 1 cTexoB pacnonararorcst B 0OIIel 00JIaCTH IMaMsITH, COCTOSIIEH
U3 siueek ¢ aapecamu L takumu, uto Ly < L < L., tne Lo, L., — TpaHuIsr oda-
CTH MaMSATH, NPEAOCTABICHHOW A MCHOIb30BAHUSA. MOXKHO CUUTATh, YTO
BHauase Bce cTeku myctsl (BASE [i] = TOP [i] = Ly ns Beex i). J{ns npaBuiib-
HOT'O BBITIOJTHEHUsS omeparmu BkimtoueHus (8) mpu i = n 0a30BBIA aapec
BASE [n + 1] runoreruyeckoro (n + 1)-ro creka ciienyer CYUTaTh PaBHBIM L.
Teneps I[TEPETIOJIHEHUE Oynet Bo3HUKATh BCSKUI pa3, KOr/ia B HEKOTOPBIH
CTEK, 32 UCKJIIOYEHHEM 71-TO, ITOTPeOyeTCsl 3ammcarh 3JIeMEHTOB OOJIbIle, YeM
KOrJa-1u00 Mpexie.
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Ilpu mepenosHeHN  i-r0 CTeKa PEaTH3yeTcsl OfHA U3 TPEX BO3MOXKHO-
CTel:

1) Ompenensiercss HauMeHblIee k (ecaM Takoe 3HAYEHUE CYIIECTBYET),
qutst kotoporo i < k< nu TOP [k] < BASE [k + 1] (k-ii cnucok 3akaHYMBaeTCs
panblre, yeM HaumHaercs (k + 1)-if). 3aTeM OCyIIECTBISIETCS COBUI HA OIHY
HO3ULIUIO 68epX:

CONTENTS (L + 1) < CONTENTS (L),
s L= TOP [k], TOP [k] -1, ..., BASE [i + 1]+ 1.

U seimonusitores oneparopsl BASE [j] «— BASE [j] +1, TOP [j] < TOP [j] +1
msj=i+1,i+2, ..,k

2) Henb3s HaliTH 3HaYeHHE k, YIOBIICTBOPSIOINICE YCIOBHUIO 1), HO MMe-
etcst HaubonbIee k, it kotoporo 1 <k <i wu TOP [k] < BASE [k + 1]. Te-
TIepb OCYIIECTBIISIETCS CABUT HA OJIHY MO3UIHIO BHU3:

CONTENTS (L — 1) < CONTENTS (L),
s L= BASE [k + 1]+ 1, BASE [k + 1] +2, ..., TOP [i].

W Bemonusiercs BASE [j] < BASE [j]1 -1, TOP [j] < TOP [j]— 1 nna
Jj=k+1Lk+2, ..

3) Hns Bcex k # i umeer mecto TOP [k] = BASE [k + 1]. Torna HeBo3-
MOXXHO HaWTH MECTO JJIsl HOBOTO 3JEMEHTA i-T0 CTeKa M paboTy cOo CTeKaMHu
CJIE/IYET MPEKPaTUTh.

IToHATHO, YTO MHOTHX MEPBBIX MEPEMOIHEHUIH CTEKOB MOXHO H30eXaTh,
€CJIM pa3yMHO BHIOpaTh HavyajJbHBIE YCIIOBHS, a HE OTBOAWTH C CAaMOro Hadaja
BCIO MaMSTh 107 #-# cTek. Hanpumep, ecim oxugaeTcs, 4To CTEKH OyayT Onu-
HAKOBOT'O pa3Mepa, TO MOXKHO HayaTh C PABHOMEPHOT'O pacIpe/ieNICHHUsI TaMsITH:

BASE[j]1=TOP[j]=c KJ—_lj (L, —LO)J + Lo.
n

OpHako KakuM ObI XOpOIIMM HHU OBLIO HayaJbHOE paclipesielieHHe, OHO
TIO3BOJISIET COKOHOMUTB JIMIIH (PUKCHPOBAHHOE KOJIIMYECTBO NEPENOTHEHUH Ha
paHHel craauyu paboTHI IPOrPaMMBI.

OnucaHHBI NPOCTEUIINI METOA MOXHO YIYYIIUTh, €CIM HMPU KaKIoH
HepeynakoBKe NaMsITH T'OTOBUTb MECTO Ul Oojiee YyeM OJHOr0 HOBOTO 3e-
MeHTa. [Ipy 3TOM BBIMIPHINI BO BpEMEHU JOCTUrAeTCs 3a CYET TOr0, YTO CABUT
TaOJMIBI HA HECKOJIBKO TTO3UIMI Cpa3y BBIONHSETCS ObICTpee, YeM HECKOJIb-
KO CIBUTOB Ha OJIHY MO3HUIIHIO.

[Ipennaraercss mpu BO3HUKILIEH CUTyallUd INEPENONHEHUs MPOU3BOAUTH
MOJHYIO MEPEeyNaKoBKY MaMsITH, OCHOBBIBAsICh HA U3MEHEHUH pa3Mepa Kaxao-
ro CTeKa C MOMEHTA IMOCceAHeN epeynakoBKu. [IpeacTaBieHHbI HUXKeE aro-
PUTM HCHONB3YeT JONOJHUTENbHBIN MaccuB ¢ uMeHeM OLDTOP, B koTOpoM
XpaHATCS 3HaueHusi, ObIBIIME B MaccuBe 7OP HENOCPeICTBEHHO IIOCIe
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TIPE/IBIAYIIEro pacrpeseseHnsl naMaTi. [lepBoHavyaibHO TaOIUIBI 3aTONHS-
10TCs, Kak U npexje, npuaéM OLDTOP [i]=TOP [i], 1 <i<n.

Auaroput™ G. (Ilepepacnpedenenue nociedogamenbHulx maoauy.)

[peamnonaraercs, 4TO NMepENONHEHNE CIYIMIOCh B CTEKE i, B COOTBET-
cTBHM c omeparnueil BkimodeHus (8). Ilocie BBHIMONHEHHS alroOpUTMa OKaXKeT-
csl, YTO TaMsTh MO0 U3pacxoqoBaHa Bcs, MO0 OyJeT nepepaciipesiesieHa Tax,
410 MOXHO BBINIONHUTE NODE (TOP [i]) < Y. 3amerum, uro TOP [i] Obin
yBennyeH eni€ B (§), mpex/ie ueM Hayas paboTy 3TOT aJrOpUTM.

G1. [HauansHas ycranoBka.] SUM «— L, — Ly, INC < 0.

G2. [Coop cratuctuku.] Mg j=1,2, ..., n Bemonuute SUM «— SUM —
(TOP[j]1-BASE[j]). Ecm TOP[j]> OLDTOP[j], ToD[j]« TOP[j]-
OLDTOP [j] m INC « INC+ D [j ]; B npotuBHOM ciaydae D [ j ] < 0.
(B pesynbrate 3nauennem SUM Oyzner cymMMapHOE KOJIMYECTBO CBOOOIHOTO
MPOCTPAHCTBA B MaMATH, a 3HaueHueM INC — cyMMapHBIA pOCT pa3MepoB CTe-
KOB C MOMEHTA MOCJIETHETO pacpeesIeHusL. )

G3. [TTamsats monra?] Ecmu SUM < 0, To manbiie paboTaTh HEIb3s.

G4. [Beraucnienne ko3ddunuentor pacnpenencuus.] o «— 0.1 x SUM / n,
B «— 0.9 x SUM/ INC. (3nech o u [ He TIeTIbIe YUCIIa, a TPOOU U BRIYHUCIIATEH UX
CJIe/lyeT C JOCTaTOYHOM TOYHOCTHIO. Ha ciemyromeM miare npuOIM3UTENTEHO
10% cB0OOOTHOTO IPOCTPAHCTBA OYAYT IMOAEICHBI IIOPOBHY MEXTY BCEMU CTE-
kamu, a octasnbHble 90% CBOOOTHON MaMSATH — MPOMOPIIMOHAIBEHO POCTY pas-
Mepa CTEKOB C MOMEHTA MPEIBIIYIIEro pacipeaeineHus. )

G5. [Boruucienue HOBBIX 0a30BbIX anpecoB.] NEWBASE [1] <« BASE[1],
c—0Mmj=2,3,...n t«—oc+a+DJ[j—1]B, NEWBASE [j] <
NEWBASE [j—1] + TOP [j—11-BASE[j— 1]+ |t|-|c] n o1

G6. [IlepeynaxoBka.] TOP [i] «<— TOP [i] — 1. (OTUM yCTaHABIUBAETCS
(bakTHYECKHil pa3Mep i-ro CTeKa IS TOro, YTOOBI HE JIeNaNoch MOMBITOK I1e-
peMemaTh MHPOPMAIMIO, BBIXOMSIIYIO 3a €ro rpaHuily.) BEIMomHHTH anro-
put™m R, npuBenéuuslii Hiwke, u TOP [i] <— TOP [i] + 1. (BocctanoBHUTH 3Ha-
yenune TOP[i].) 3arem OLDTOP [j ]« TOP[ j] mia 1<j<n. m

Bo3moxHO, camMoii HHTEPECHOM YaCThIO BCETO ATOTO AJITOPUTMA SIBJISIETCA
o0IIMil TIpolecc MepeynakoBKH, KOTOpBIH celdac ommmieM. [lepeynmakoBka
OKa3bIBACTCS HETPUBUAIHLHOMW, MIOCKOIBKY OJJHM YaCTH MAMSTH JOJDKHBI CIIBU-
raThbCs BBEPX, a JIPYTUE BHU3. 3aMETUM, YTO MPH ITHX MEPEMEIICHUIX BaKHO
HE 3aTepeTh KaKyI-THOO0 MOJIC3HYI0 WH(POPMAIIHIO.

Aaroput™m R. (Ilepemewenue nocredosamenvrvix mabauy.) st j = 1,
2, ..., n MHpOpMaLysl, crienuduIpoBaHHas ¢ nomoupio BASE [j 1 u TOP [ ],
MepeMEIAETCsl Ha HOBbIE MecTa, 3aianHble ¢ nomoulsio NEWBASE [ j |, a 3Ha-
yenust BASE [j 1 u TOP [ j ] cOOTBETCTBYIOIM 00pa3oM KOPPEKTHUPYIOTCSI.

R1. [HauanpHas ycraHoBka.] j < 1. (3ameTnm, 4TO HUKOTIa HE BO3HUKAET
HeoOxoauMocTH repemeniath crek 1. [Tostomy paaum adexTuBHOCTH NpOrpam-
MHUCT JIOJI)KEH NIOCTaBUTh HANOOJBIINI CTEK TTEPBBIM, €CIT OH 3HAET €r0.)
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R2. [Tlouck nauana capura.] (Bce creku or 1 10 mepemeneHsl HyX-
HBIM 00pa3zoM.) j «— j + 1. Eciu NEWBASE [j ] < BASE [j ], To nepeiitu x
mary R3; unaue ecnu NEWBASE [ j 1 > BASE [ j ], To nepeiitu k mary R4;
MHaue €Cli j > n, TO OKOHYUTH aJITOPUTM; MHAU€ BHIMOIHUTS 1Iar R2 cHavasa.

R3. [Cngur BHM3.] & «— BASE [j |- NEWBASE [j]. Ana L=BASE[j ]+ 1,
BASE [j]+2,...,TOP[j] CONTENTS (L —d) < CONTENTS (L). (3ame-
M, uT0 BASE [j ] MOXeT oka3zatecs paBHbIM TOP [j ], U B 3TOM cilydae He
Tpebyercsi HUKaKuX nercTBuid.) BASE [j] «— NEWBASE [j], TOP [j] «
TOP [ j]—-o. llepeiitn x R2.

R4. [Tlouck BepxHel rpanuusl casura.] Haiitm HamMeHsmiee k > j, s
kotoporo NEWBASE [k + 1] < BASE [k + 1]. (3amerum, uto NEWBASE [n + 1]
JIOJDKEH ObITh paBeH BASE [n + 1] u moaToMy Takoe 3HAUYECHUE k BCET/Ia CcyIle-
CTByeT.) 3aTeM BBIMOMHUTE mar RS s T'=k, k—1, ..., j; j <« k u mepeitu
K R2.

RS. [Casur BBepx.] & «— NEWBASE [T] — BASE [T). BoimonHuth
CONTENTS (L + 8) «— CONTENTS (L) nna L = TOP [T], TOP [T] - 1, ...,
BASE [T] + 1. (3amerum, 4T0, KaK ¥ Ha mare R3, MOXeT He MOTpeOOBaThCS
HuKakux aercteuil.) BASE [T «— NEWBASE [T], TOP [T] < TOP [T]+6. m

OnucaHHbIE aITOPUTMBI MOXHO aJalNTHPOBATh U UL JIPYTHX OTHOCH-
TEJIFHO aJpecyeMbIX TaOJIHIl, B KOTOPBIX TeKyIias HHpOpMaIys pacroiaraer-
cs Mexay ykazarenamu BASE [j 1u TOP [ ].

[Tpu 3aHATOM MaMsATH TOJIBKO HA MOJOBHHY alroputM G paboraer Xopo-
110 U MO KpaifHell Mepe Na€T NMpaBUIIbHBIE PE3YyNbTaThl IIPU MOUTH 3aIOJIHEH-
HOU maMsATH. B mocnenHeM ciydae anroput™ R, OCYLIECTBISIOMIMN Iepeme-
IIIEHHE MOCIIeI0BATENBHBIX Ta0NIuII, paboTaeT 1oBONIBHO a0iaro. [Tpn Gonbmom
KOJIMYECTBE MOCIIEAOBATENBHBIX TAOJHIl MEPEMEHHOTO pa3Mepa He CIlenyeT
JlyMaThb, YTO YAACTCsSl UCIOJIb30BAaTh NMPOCTpaHCTBO mamaAtd Ha 100% u Bce-
Takd M30exaTh mHepernoiaHeHus. (s MCKIIIouYeHHsT OECCMBICIEHHBIX I0TEph
BPEMEHU MOXKHO OCTAHOBMTH alroput™ G Ha mare G3, eciu 3HaueHHe mepe-
MeHHOI SUM cTaHeT MEHbIIIE BETUYUHBI Spyin, KOTOPYIO 3a4a€T IPOrPaMMHUCT,
n30erast TeM CaMbIM M3JIUIIHE TPYIOEMKHE MEPEYTaKOBKH.

YupaxxHeHus

1. HYCTB COCTOAHHUEC ITaMATHU 110 OKOHYAaHUU HOCHGI[Heﬁ NEPCyNnaKOBKH
OBLIO CJICAYIOUIUM:

Lefvf [ [ [ [3[3[3[ [a4faf [ [ [ [ [ | [ |
0 1 2 3 45 6 7 8 910111213 14151617 18 19

3aMeTHM, 4TO YKMCIIO | B HEKOTOPOH siuelike MaMsATH 0003HAYAET IIEMEHT
MEPBOTrO CTEKAa, YUCIO 2 — 3JEMEHT BTOporo creka u T.1. ClienoBaTelbHO,
0a3oBble ajapeca CTEKOB HMeIOT 3HaueHws: BASE [1]=-1, BASE [2]=2,
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BASE [3] =5, BASE [4] = 9 u anpeca BEpXHUX 3JIEMEHTOB CTEKOB — 3HAUCHUS:
TOP[11=1,TOP [2] =2, TOP [3]=8, TOP [4] =11.

[peamnonoxum, 9To Tpedyercsl BKIIOYUTH HOBBIM 3JIEMEHT BO BTOPOU
CTEK, 3aT€M HOBBIN 3JIEMEHT B TPETHH CTEK U ell€ pa3 BKIIOYUTH HOBBIN 3Jie-
MEHT B TpeTuil cTek (0003HaYMM 3Ty HOCIIEN0BATENBHOCTh B Buae 12, 13, I3).
Torna nepBele 1Be U3 3TUX TPEX ONepaluil NPOHIYT yCHEIIHO, a MOCAeHAA —
HeT, nockonbKy Bo3HuKHET cutyauus [IEPETIOJIHEHUS tpetsero creka:

Lol T2 [ [3[3[3[3[afaf [ [ [ [ [ [ [ |
0 1 2 3 4 5 6 7 8 910111213 141516 17 18 19

NIpY 3HAYEHUSX 0a30BBIX ajpecoB cTekoB: BASE [1] = —1, BASE [2] = 2,
BASE [3] = 5, BASE [4] = 9 u anpecoB BepxHuX 1eMeHToB: TOP [1] = 1,
TOP [2]1=3, TOP [3] =10, TOP [4] =11.

JI71s1 MCKITFOUEHUS 3TOW KPUTHUYCCKOW CUTYAIlMd HAYMHAET CBOIO PaboTy
aJrOPUTM IMEPEyNaKkoBKU NMaMATH G.

TpeOyercs onpenenurb COCTOSHHE MaMATH W 3HAYCHWS yKazarenen
BASE [j1uTOP[j] mnaj=1, 2,3 u4 no okoHUaHUU NEPEYNaKOBKU.

3. CBA3AHHOE PACHIPEJEJIEHUE ITAMATH
IIPU XPAHEHUM JIMHEMHBIX CITMICKOB

BMecTo xpaHeHus criucKka B IOCIEI0BAaTEIbHBIX SYeHKax MaMATH, MOXHO
UCIIONIB30BaTh OoJiee THOKYIO CXeMY, B KOTOPOH KayKABIA y3€Jl COIEPIKUT CBSI3b
CO CIEIYIONIMM Yy3JI0M chucka. Huke mpencTaBiaeHbl cXeMbI NOCIEA0BATENb-
HOT'O U CBSI3aHHOT'O PAcIpeIeIeHHs aMsATH IIPU XpaHEHUH JIMHEHHOTO CIHCKa,
COCTOSILIETO U3 IIATH 3JIEMEHTOB.

[NocnenoBarensHOE pacnpeneneHne CBsi3aHHOE pacrpeeseHne
Anpec Cognepxumoe Anpec Copnepxumoe
Ly+c: OnemeHT 1 A: OnemeHT 1 B
Lo+ 2c: DnemeHT 2 B: DnemeHT 2 C
Lo+ 3c: DnemeHT 3 C: DnemeHT 3 D
Lo+ 4c: OnemeHT 4 D: OnemeHT 4 E
Lo+ 5c: DeMeHT 5 E: DeMeHT 5 A

3necs A, B, C, D u E — anpeca NpoU3BOIbHBIX SlUEEK B MaMsTH, A — IIy-
CTas CBA3b.

B ciryuae cBsi3aHHOTO pacripesieieHus aMsITH B IporpaMMe UMEeTcs Tie-
peMeHHas CBS3M WIIM KOHCTaHTa, MMeroIas 3Hadenue 4. OTnpaBisisich OT y3ia
1o azpecy A, MO>KHO HalTH BCE IPYTUE HIIEMEHTHI CIIHCKa.
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CBsI31 4acTo I/I306pa)KaIOTCH IPOCTO CTPCIKAMMU:

FIRST—2{01—m 1| o}»{01-m 2] o3>0 m 3] o}o]21-m 4] e} 01-m 59| (9)
=

3necs FIRST — yka3atenb Ha IEPBBIN y3€II B CIIHCKE.

CormocraBUM NIOCIIE0BATENBHOE U CBSI3aHHOE paclpe/eieHue:

1. Css3aHHOe pacrnpezeieHue TpedyeT JONOMHUTEIbHOTO IPOCTPAaHCTBA
B IaMSATH ISl XpaHeHus1 cBsizell. OHAKO MpH MCIOIb30BaHUN CBS3aHHOM Ma-
MSTH YacCTO BO3HHMKAET HESIBHBIM BBIMTPHII B MaMSTH 3a CUET COBMEIICHUS
obmux vacreil Tabmui. Kpome Toro, cBa3aHHOe pacmpesneneHue Oyzner Gonee
3¢ PEKTUBHBIM NPH IUIOTHO 3aTPY’KEHHOW MaMSITH.

2. Jlerko MCKIIIOUUTD AJIEMEHT, HaXOJSIIUICS BHYTPH CBSI3aHHOTO CITHC-
Ka. J{i1st 3TOro He0OXOMMO TOJILKO U3MEHUTH CBSI3b B MIPEAILIECTBYIOIIEM dJIe-
MeHTe. [Ipu mocimenoBaTeNbHOM K€ pacHpeleNeHUH Takoe HCKII0YeHHe
00BIYHO TpeOyeT MepeMeleHns] 3HAaUUTEIFHON YacTH CITMCKa BBEPX Ha ApYyrue
MecTa IaMsITH.

3. Ilpu cBsI3aHHOM pacIpe/eNeHnuH JIETKO BKIIOYUTH 3JIE€MEHT B CIIMCOK.
Hamnpumep, i Brirrouenust snementa 21/2 B (9) HeoOX0IMMO U3MEHUTS JIUITL
JIBE CBSI3U:

FIRST—92-m 1| o} 22-m 2] 9] [22-m 3] o> 02-m 4] e}>22-m 5] 9] (10)
\ ) =
h/rm 212 ®

Taxast onepanys 3aHsia Obl 3HAYUTETLHOE BPEMs IPU paboTe C JUIMHHOM
TIOCIIE/I0BATENFHOM TaOmuIeH.

4. Tlpu cBA3aHHOM pacHpelesieHnd NMaMsTH 3HAYNTEIbHO MEJUICHHEE,
YeM TpH I0CIEJ0BATEIFHOM, BBITIONHIIOTCS OOpameHus] K IPOU3BOJIBHBIM
yacTsiM crmcka. OpHako B OONBIIMHCTBE IPWJIOKEHHWH IPOJBMXKEHHE TI0
CIHCKY OCYLIECTBIISIETCS ITOCJIENOBATENbHO, a HE MPOM3BOJIBHBIM O00OpPa30M.
Kpome TOro, MO>XHO cO3/1aTh JOMOJHUTENBHEIE TIEPEMEHHBIE CBS3H, YKa3bIBa-
IOIIME Ha COOTBETCTBYIOIINE MECTA B CITHCKE.

5. Ilpu HCIONB30BaHUM CXEMBI CO CBSI3SIMM YIIPOIIAeTcs 3ajada 00b-
€MHEHMS JIBYX CITMCKOB WJIM pa3OMeHHs CIIMCKa Ha YacTH.

6. Cxema co CBSI3IMH TOAUTCS U CTPYKTYp Ooiee CIO0XKHBIX, YeM JIU-
HEWHbIE CITUCKHU.

PaccMoTpuM opraHM3aniio BKIIOUSHHUS W WCKITIOYESHUS Y3JIOB ISl CBSI-
3aHHOTO CITHCKA.

ITycTh Kax bl y3€n crucka UMEeT JBa MOoJIs:

| INFO | LINK (11)

rne INFO — none3nast uagopmanust, LINK — cBSI3b CO CIIEAYIOIIIM y3JIOM.
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Hcnonb30BaHue CBS3aHHOTO paclpeleleHus] MPeAnonaraeT MOUCK Iy-
CTOr0 MPOCTPAHCTBA JJIsi HOBOr'O y3ja. J[Jish 3TOro CyIIECTBYET CelUalbHbIN
CIIICOK, Ha30BEéM ero AVAIL, KoTopelii CONEPKUT BCE Y3JIbl, KOTOPHIE B JIaH-
HBIA MOMEHT HE HCIOJNB3YIOTCS, U HUUEM HE OTIIMYACTCSA OT JIFOOBIX JPYTHX
criuckoB. Ilepemennast cBsizsu AVAIL ccpinaeTcsi Ha BEPXHUM 3JIEMEHT 3TOr0
CITUCKA.

Jns Boigenenust y3na u3 cnucka AVAIL ¢ 1enplo ero MCroJIb30BaHUS
HEO0XOIUMO TIOCTYIUTH CIICTYIONTUM 00pa3oM:

X — AVAIL, AVAIL — LINK(AVAIL). (12)

B pesynbrare us crexa AVAIL ucknouaercs BEpXHUM y3en U IepeMeH-
Hasl CBsI3M X CTAHOBHTCS yKa3aTelleM Ha TOJIBKO YTO BbIIENIEHHBIN y3en. Omne-
paumto (12) anst kpatkocT Oynem obo3Hauath X <= AVAIL.

Ecnu y3en no anpecy X nanee He HY>K€H, TO €r0 MOXKHO BEPHYTh B CIIH-
COK CBOOO/IHOT'O TIPOCTPAHCTBA:

LINK(X) — AVAIL, AVAIL «— X. (13)

Oty oneparmto Oynem obo3Hayath 4 VAIL < X.

Jlns moctpoenus criucka A VAIL B nauane paboTsl HeoOXxonumo (A) cBs-
3aTh BMECTE BCE Y3JIbI, KOTOpPhIC OYIyT HCIOIB30BaThCH, (B) 3aHectu B AVAIL
azipec repBoro u3 3tux y3yoB u (C) crenatb CBS3b MOCIEIHETO y3ia MYCTOM.
MHOECTBO BCEX Y3JIOB, KOTOPhIE MOTYT OBITH HCITOJIb30BAHbI, HA3BIBAIOT 1)-
JIOM NAMSIMU.

C yu€roM mpoBepKU Ha mnepemnoyiHeHue onepauuio X << AVAIL cnenyer
BBINOJHATH TaK:

Eciau AVAIL = A, To IIEPETIOJIHEHUE;
B IPOTUBHOM ciaydae X «— AVAIL, AVAIL < LINK(AVAIL). (14)

Bosnuxkmree [IEPETIOJTHEHUE o3navaer, 4T0 HEOOXOAMMO MPEKPATHTH
BBITIOJIHEHHUE IPOTrPaMMBI.

PaccmoTpuM Heckonbko Hanbosee pacpOCTpaHEHHBIX ONMEPALUH CO CBSI-
3aHHBIMH CITUCKaMH, eCJTi paboTa BeAETCs CO CTEKaMH M OYepe sIMH.

IlycTe uMeeTcsa CTeK, Ha BEpXHHUN 3JIEMEHT KOTOPOIrO YKa3bIBaeT mepe-
MenHas 7. [Jlyis BitoueHHst HHopMayu U3 Y B CTEK MCHOJIb3YETCsl BCIIOMO-
raTtenbHbIA yKka3aTenb P:

P« AVAIL, INFOPP)« Y, LINKP)—T, T—P.  (15)

st cunteiBanus B Y MHGOpPMAaIMK U3 CTEKa CIIEIYeT:

Ecmu T= A, To HEXBATKA;
uHaue P «— T, T« LINK(P), Y« INFO(P), AVAIL < P. (16)
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CBsi3aHHOE pacrmpe/iefieHie 0COOSHHO yI00HO B MPHMEHEHHH K odepe-
JsM. TIpu 3TOM CBSI3U JTOJDKHBI OBITh HAMPABJIEHBI OT HAYAIBHOIO y3J1a K I10-
CIIeTHEMY:

F—] Bl Bl B |l|<—R (17)

3neck F, R — yka3zaTenau Ha HAYaJIO U KOHEI[ OUYEPEU COOTBETCTBEHHO.
Brirouenue uHdopMaiuu u3 Y B KOHEIl OY€PEIH BBITOIHICTCS CIIEYIO-
M 00pa3om:

P < AVAIL, INFO(P) <« Y, LINK(P)<— A.
Ecmn F= A, to F < P, unaue LINK(R) — P. R« P. (18)

Ecmu (17) — cutyanust mepen BKIIOYEHHUEM, TO MOCIE BKIIOYCHUS B KO-
Hell OYepey cxema OyJeT UMEeTh CIEAYIONHIA BUI:

F—] Bl Eie [+ 4] /R (19)

AVAIL = Y i

Hckmouenre uHOOPMALUKM U3 Hayaja OYepeqd BBIMOIHIETCS CIEAyIO-
M 00pa3om:

Ecmu F = A, to HEXBATKA, unaue P < F, F < LINK(P),
Y — INFO(P), AVAIL < P. (20)

Ecmu cxema (17) WUTIOCTpUPYET CHUTYAIUIO MEpel] UCKIIOUCHHEM, TO B
pe3ynbTare 3TOH Ornepayy oHa MpeodpaszyeTcs B CIENYIOMIYIO CXEMY:

"«
| ]| B |1~ |l|<—R 1)

U
AVAIL

[epeiiném nanee K U3yYCHHUIO MPAKTUUECCKOTO IPUMEPA MONOA0SUECKOL
CcoOpmupogKu, KOTOpasi OKa3bIBACTCS MOJE3HON BCAKUI pa3, KOTrJa MbI CTAJIKH-
BaeMCsl C YIOPSAOUYCHUEM.

[TycTs MMeeTcs cleayollee YaCTHYHO YIOPSIOYEHHOE MHOXKECTBO, 3a-
JaHHOE rpadom:
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Puc. 4. McxoaHoe 4acTUYHO yNOPsII04eHHOE MHOKECTBO

3ech, HanpuMep, padota 1 JomKHA OBITH BEITOJIHEHA paHbIe paOOTHI 3,
pabota 3 — panbiie paboThl 7, pabora 7 — paHsIie padot 4, 5 u T.1. (puc. 4).

TpebyeTcs pacroaoXuTh 3JIEMEHTHl MHOXKECTBA B JINHEHHYIO TIOCIIEN0-
BaTeJIbLHOCTh TaK, YTOOBI BCE IYrW OBUTM OPHUEHTHUPOBAHBI ClIeBa HAIIPABO

(puc. 5):

0] DE]

Puc. 5. YacTU4HO ynopsii04eHHOE MHOKECTBO
10CJIEe TONOIOrHYECKOH COPTHPOBKH

CymiecTByeT MpoCcTOi CHOCO0 TOMOJOTHYECKOH COPTUPOBKH BPYYHYIO.
Bhauane Oep€rcsi a7eMeHT, KOTOPOMY HE MPEANIECTBYET HHKAKOH pyroi
anemenT. OH IOMeIaeTcst MepPBbIM B BBIXOJHYIO TIOCIIEI0BATENLHOCTE U yJa-
JISIETCST U3 UCXOAHOI0 YaCTHYHO YITOPSIIOYEHHOI0 MHOXKECTBA BMECTE C MHITH-
JIHTHBIMU €My Ayramu. 3ateM B rpade BHIOMpaeTcst emé OIuH dJIEeMEHT Oe3
TIPE/IIIECTBEHHUKOB, MOMENIAETCS BTOPBIM B BBIXOAHYIO TOCIIENOBATENLHOCT
U UCKIouaercd u3 Hero. ONMHUCaHHBIM HpOLECC MPOJODKAETCS OO TeX MOop,
TIOKa MCXOIHBIA Tpad HE cokpaTtuTcs 10 myctoro rpada. 3aMeTum, uTo JIH-
HelfHOe pa3MEIIEHHUEe BCEX 3JIEMEHTOB HEBO3MOXHO, €CIIM B rpade uMmeercs
XOTs ObI OJTH KOHTYP.

PaccmorpuM fanee peanu3aldio TOIOIOIMYECKOH COPTUPOBKU Ha Ma-
muHe. [Ipu aToM Oyzem mosarate, YTO COPTUPYEMBIE SJIEMEHTHI IIPOHYMEPO-
BaHBI YUCIaMu oT 1 110 n B 1r000M mopske. MH(popMaust BBOOUTCS Mapamu
yucen Bunma (j, k) wim j < k. DTO O3HA4aer, 4To j-i 3JIEMEHT MHOXKECTBa
HPEIIECTBYET k-My DIEMEHTY.

Bxonnoli mHpoOpManmeil NpUMEHHUTENPHO K HalleMy HpPUMEPY MOTyT
OBITH TaKUe Maphbl:

9<2, 3<7, 7<5, 5<8§,

8<6, 4<6, 1<3, (22)
7<4, 9<5, 2<8.
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B anroputme Oynmer mcmonp3oBaHa IociezoBaTenbHas Tadmuma X[1],
X[2], ..., X[n], nro0oii k-1 y3en koTopoil UMeeT popMar:

| COUNTTK] | TOP[K] ]

rne COUNT[k] — konuuecmeo HenocpeoCmeenHbIX npeduleCmeeHHUK08 00heK-
Ta k (KOJIMYECTBO BCTPETHBIIUXCS CPEaM BXOMHON wMHpOpMammu map j < k),
TOP[k] — cBs3b C HAYAIIOM CHUCKA HENOCPEOCMBEHHBIX NPEeMHUKO8 O0BEK-
Ta k. CIMCOK HETIOCPEACTBEHHBIX PEEMHHKOB COIEPKHT 3JIEMEHTHI (hopMaTa:

rne SUC — HenocpencTBeHHBIN TpeeMHUK o0bekTa k, NEXT — cBsi3b co cie-
JIYIOLIUM 3JIEMEHTOM 3TOTO CIIHCKA.

st BxoaHO# nHpopMarmu (22) OyaeM UMETh CICTYIONTYI0 MOJENb Ta-
MSITH:

ko1 2 3 4 5 6 1. 8 9
COUNTTK] [0 ] 1] | 0 |
rori) L] el [l Lol [ol [ :T': [ | i
suc [8] o] [3] - [ [ [E]
NEXT o] [o] [el Lol Lo :T': KX i
svce ~ T T T 7 5]~ [2]
e H

Puc. 6. MammnHoe npeacTaBJjieHHe AJIsi OTHOLIEHH (22)

Anroput™m Oyner 3akiodaTbcss B BBIBOJIE Y3JIOB, Y KOTOPBIX IIOJIE
COUNT paBHO HYIIO, ¥ MIOCIENYIOIIEM YMeHbIIeHUU Ha oauH noist COUNT y
BCEX MPEEMHUKOB 3THX Y3JI0B. J[11s1 n30exaHust moncka y3jioB ¢ HyJEBBIM 3Ha-
yeHueM noist COUNT opranusyercs odepeqp U3 3Tux y3iaoB. CBs3H A oue-
penu pasmematorcsa B noae COUNT, KOTOpoe K JTaHHOMY MOMEHTY YK€ BbI-
TIOJTHIJIO CBOKO MPEIBIIYNIYI0 (BYHKIUIO. J[71s1 GoNbIiell HATJISAHOCTH B ajro-
purMe ucnonn3yercs obosHauenne QLINK[k] Bmecto COUNTIk], koraa 3To
TI0JIE y)K€ He MCIIONB3YeTCsl KaK CYETUHK.

Auaroput™ T. (Tononoeuueckas copmuposxka.) 37ech BBOAATCS Taphl OT-
vomenutt j < k (1 <j <n, 1 <k < n,j#k), roBOpsIIUE, YTO OOBEKT j MPE/IIIIe-
CTBYeT O0OBEKTY k B HEKOTOPOM OTHOLIEHUH ymopsjgoueHus. PezyiabraTom siB-
JISIETCSI MHOXKECTBO BCEX OOBEKTOB, PACIHONIOKEHHBIX B JIMHEHHOM TMODSIKE.
Ucnonw3ytorest BHyTpeHHue tadbmmusl QLINK[0], COUNT[1] = QLINK][1],
COUNTI2] = QLINK][2], ..., COUNTn] = QLINK[n]; TOP[1], TOP[2], ...,
TOP[n]; nyn namsta ¢ ogauM y3ioM (¢ momsimu SUC u NEXT) juis kaxoi
BBOJIMMOM Napsl; P — nepeMeHHas CBSI3U JUIsl CCHUTKU Ha Y3JIbI B ITyJI€ MTaMsITH;
F u R — nenounciieHHbIe IEpeMEHHBIE, HCIIONb3YeMbIE ISl CChIJIOK B HAYaJIO U
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KOHEI| ouepeny, CBsI3M KoTopol HaxomsiTcs B Tabiuue QLINK; N — nepeMen-
Hasl, yKa3bIBAOIIasl YUCIIO HEBBIBEIEHHBIX OOBEKTOB.

T1. [HavanpHast ycranoBka.] Beectu 3nauenue n. Jns k = 1, 2, ..., n
COUNTk] < 0, TOP[k] < A. N —n.

T2. [Cnenyromiee otHomieHue.] BBectu cremyromiee otHomeHue j < k;
€CJIM )K€ BXOJHasl MH(pOpMaIys ucueprana, To nepeitu k mary 74.

T3. [Perucrpamus orsomenus.| 3nadenne COUNT[k] yBennuuth Ha
emuanny. P < AVAIL, SUC(P) < k, NEXT(P) < TOP[j], TOP[j] « P.
Iepeiitu k mary 72.

T4. [TTouck nyneii.] (K atomy MoMeHTy 3aBepiieHa (a3a BBoJIa M BXOIHAsS
nHpopmarys npeobpazoBaHa B MalIMHHOE IIPE/ICTaBIICHWE, IMOKa3aHHOE Ha
puc. 6. IIpousBoaum Teneps HAYaNbHYIO YCTAHOBKY OY€pEH BBIBOJA, KOTOpas
cBsizbiBaeTcs o om0 QLINK.) R «— 0, QLINK[0] «— 0. Ins k= 1,2, ..., n
npocmorpers COUNTIk] u, eciu o nyneBoit, QLINK[R] < k, R < k. Tlocne
BBITIOJTHEHUSI ATHX JIEHCTBUHN IS BeeX k peanm3oBath F «— QLINK[0] (B HéM
OKa)KeTCsl TepBOe BCTpeueHHoe 3HaueHue k, mist koroporo COUNTIk] Obin
HYJIEBBIM).

T5. [BeiBoa u3 Havana ouepenu.| BeiBectn 3nauenue F. Ecnu F paBHo 0,
TO mepeity K mary 78; B nporuBHoM ciaydae N «— N — 1, P «— TOP[F). (Ilo-
ckonbKy Tabmunsl QLINK u COUNT nepexpsiBatotcsi, Mbl uMeeM QLINK[R] = 0;
CIIeZI0BATENBLHO, yCIoBUe F' = () BBIMOMHACTCS, KOT/Ia 0O4epeb MycTa. )

T6. [Ctupanue otHomenus.| Eciu P = A, To nepeiitu x mary 77; B po-
TUBHOM cirydae yMeHbuTs COUNT[SUC(P)] Ha eIUHUIY U, €CIIHA TPU STOM
oH cran HyneBsiM, QLINK(R) <« SUC(P) u R «— SUC(P). P «— NEXT(P) n
TIOBTOPUTH JaHHBIN miar. (MBI HCKIIFOYaeM M3 CHCTEMbI BCE OTHOLIECHHS BHUIA
F < k nns HekoTroporo k u momMeniaeM HOBBIE Y3JbI B OUepe/ib, KOTrJa BCe HX
MIPE/IIECTBEHHUKH ObUTH BBIBEJICHBI. )

T7. [Uckmtouenue u3 ouepenu.| F «— QLINK[F] u BepHyTbCS K 1m1ary 75.

T8. [Oxonuanue npouecca.] Konen anroputma. Ecnu N = 0, To BbIBee-
HBI BCE HOMEpPA JJIEMEHTOB B TPEOYEMOM TOIOJIOTHYECKOM TOPSIIKE U BCIIEN 32
HUMU HYlb. B mpoTnBHOM ciiydqae N HEBBIBEJIEHHBIX HOMEpPOB CONEpIKaT
UK. W

B 3TOM airopurMme yaadHO COUETAIOTCSl METOJbI IOCHIENOBATEIBHOM U
cBsi3aHHOW mamsiTy. J{i1st rmaBHO# Tabmuuer X[ 1], X[2], ..., X[n] ucnons3yercs
HOCIIeI0BaTeNbHAs IaMsTh, IIOCKOJIBKY Ha Iare 73 aJropuUTM CChLIAeTCs Ha
«IIPOM3BOJIEHBIE» YAaCTH 3TOM Tadnuubl. CBS3aHHAS MTAMSITh UCIIOIB3YETCS IS
TaOJIHIL «HEMOCPEICTBEHHBIX MPEEMHUKOBY», TIOCKOJIBKY 3JIEMEHTHI 3THX Tal0-
JIMII BBOJAITCSL B TIPOM3BOJILHOM Topsizike. OUepesib y3JI0B, 0KUAAIOMINX BBIBO-
Jla, XpaHUTCS BHYTPHU OCIIEI0BATENBHON TaOIHIIBI, TPUUYEM Y3IIBI CBSI3BIBAIOT-
Csl B COOTBETCTBHH C IOPSIKOM HX BbIBOJA. JIJIs CBSI3M BMECTO ajjpeca HCIOJb-
3yeTcsl MHIEKC TaOJIHIbI, T.€. KOI/la HaYaJbHBIM y3JIOM OYepeNH SIBILSIETCS y3el
X[k], To Mb1 uMeeM F paBHO k, a He F paBHOo LOC(X[k]). Onepanyu Hag odve-
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penabio, KOTOpbIE UCTIONIb30BaHbI Ha marax 74, 76 u T7, He UIEHTUYHBI Olepa-
M (18) u (20), MOCKOBKY B 3TOM CHCTEME MBI MOJIh3YEeMCs CIICIIHATBHBIMU
CBOWMCTBAMU OYEPEIU U HET HEOOXOAUMOCTH CO3/IaBaTh Y3JIbl WIIM BO3BPAIATh
UX B CBOOOHOE IMPOCTPAHCTRBO.

Bpemsi BhINoONHEHUsT alrOpUTMa OLIEHHWBAETCS 3HAUEHUEM BBIPAXKEHUS
cim + ¢cyn, TAE m — KOJIMYECTBO BBOJAUMBIX OTHOIICHUM, 71 — KOJIUIECTBO 00B-
€KTOB; €| U C; — KOHCTAHTHI.

Huxnuueckuii cnucox — CBSA3aHHBIM CITUCOK TaKOHM, YTO CBSI3b €ro IIO-
CJIEJTHETO y3JIa HE IyCcTasl, a UAET K MEePBOMY Y3IIy STOTO KE CIHCKA:

[N C 2 N C B X BT S e
C— —

3nece PTR — yka3aTenb Ha caMblid npaBeiii y3en cnucka; LINK(PTR) —
aJpec caMoro JEBOoro y3ia.
Hawnbornee BayKHBIMH ONepalfisiMu SIBIISTFOTCS:

a) Bxmrouenne Y cnea: P < AVAIL, INFO(P) «— Y, LINK(P) «
LINK(PTR), LINK(PTR) < P.

b) Brurouenue Y cripaBa: Brirouenue Y cneBa, 3ateM PTR «— P.

¢) 3anuch B Y 3HAYCHHs U3 JICBOTO y37a U MCKIIOUCHHE 3TOrO y371a U3
criucka: P < LINK(PTR), Y « INFO(P), LINK(PTR) < LINK(P), AVAIL < P.

Omnucanue oneparmii (a), (b) u (c) He YIUTHIBACT TOTO, YTO ITUKINICCKUAN
CIHCOK MOXKET OBITh MYCTHIM. Y CIIOBHBLINCH, uTO PTR paBeH A B ciaydae my-
CTOTO CIUCKA, yTOYHUM YIMOMSIHYTBIE ONEpaltu:

a) Bxmrouenne Y cneBa: P < AVAIL, INFO(P) < Y. Ecmu PTIR = A,
10 PTR < LINK(P) « P; unaue LINK(P) < LINK(PTR), LINK(PTR) < P.

b) Brurouenwue Y cripaBa: Brirouenue Y cneBa, 3ateM PTR «— P.

¢) 3anuch B Y 3Ha4YeHMs] W3 JIEBOrO y3J7a M MCKIIOUYEHHE 3TOrO y3Ja M3
crmcka: Eciu PTR = A, to HEXBATKA; unaue P « LINK(PTR), Y «
INFO(P), LINK(PTR) < LINK(P), AVAIL <= P n eciu PTR = P, To PTR
A.

3amernm, yto omepaimu (a), (b) U (¢) ABISIOTCS ONEpalUsIMU JieKa,
OIpaHMYEHHOT'O IO BBIXOAY. DTO 3HAYMT, YTO IHMKIMYECKHH CITUCOK MOXXHO
HCIIOJIb30BATh WM KakK cTek (omnepauunu (@) u (¢)), WM Kak odepesis (ornepayuu
(b) 1 (c)).

[TpuMeHUTENFHO K LIUKINYECKHUM CHUCKaM 3(QQEKTHBHBI M HEKOTOpHIC
JIpyrHe BaXHBIE OTIEPaLuu:

d) Ounctka crucka: Ecmu PTR # A, to P «— AVAIL, AVAIL
LINK(PTR), LINK(PTR) <« P.
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e) BriroueHue MUKIMYECKOro CIUCKA L, B MMUKIMIecKuid criucok L: Ec-
mu PTR, # A u PTR, # A, T0 P «— LINK(PTR,), LINK(PTR,) < LINK(PTR,),
LINK(PTR,) < P, PTR| < PTR,, PTR, «— A.

Pacuienyienre 0fHOrO IUKIMYECKOrO CIHCKA Ha JIBa MPEICTABISET eIé
OJIHY TIPOCTYIO OTIEPALIHIO.

Takum 00pa3oM, UKIHYECKUE CITUCKA MOKHO MCIOB30BAaTh HE TOJIBKO
JUTSL UKJTHYECKUX, HO M JUTSL JIMHEHHBIX CTPYKTYp. Torjaa BO3HUKAET BOMPOC O
KOHIIE I[UKJIMYECKOro crucka. OTBETOM HA HEr0 MOXKET OBITh BKJIIOYEHHE B
KaX/IbIi [UKJIHYECKUI CITUCOK CIIENUANBLHOTO, OTIHYHUMOro OT BCEX, y3Ja,
Ha3bIBAEMOTO 2010601 CRUCKA.

LT o T T [
C— i

OfHUM U3 NPEUMYIIECTB [UKJINYECKOr0 CIUCKA C TOJIOBHBIM Y3JIOM SIB-
JISIETCSI TO, YTO OH HHUKOrJa He Oyner mycTbIM. [Ipy cchuiKe Ha CIIMCKH TAKOTo
THUITa BMECTO yKa3aTess Ha MpaBblii KOHEIl CIMCKa UCIIONb3yeTcs OOBIYHO TO-
JIOBA CITUCKa, KOTOpasi 4acTO HAXOAUTCS B (PUKCHPOBAHHOM SYEHKE MaMsITH.

B kauecTBe mpuMepa HCMONB30BAaHUS LMKINYECKUX CIUCKOB PacCMOT-
pUM apr(METHUECKYIO ONEPalHIo CIOKEHUsI MHOTro4iIeHoB. [Ipearnonoxum,
YTO MHOTOYJIEH NPEJCTABJIEH B BUJE CIUCKA, B KOTOPOM KaXAbIA y3en, KpoMe
CIIeIMaJIbHOr 0, 0003HaYaeT HEHYJIEBOH UIeH U UMeeT CIEAYIONUI BU!

| COEF | 4 | B | ¢ | LINK |

3necs COEF siBnsiercst koabdurmentom npu wiere x'y?zC. ¥V crermans-
Horo y3na COEF=0wu A =— 1. [lns noneii A, B u C y3na criicka jganee Oyner
HCTONB30BaThCsl  0000ménHOe o00Oo3HaueHne ABC. VY3mbl comcka Bcerjaa
pacronararTcs B nopsoke yovieanus nons ABC, 3a UCKIIFOUCHUEM CIICIHAITh-
HOT'0 y3J1a, TIOCJIe KOTOPOTO HAXOJUTCS y3ell ¢ HanOonbmiM 3HaueHueM ABC.
Hampumep, Mmuorouner x°—6xy° +5)° GymeT mNpencTaBieH ClIeIyFOIIHM
obpazom:

(e [o [0 [ S o[ To[e [o[ol-[o [0 [o [« #7%
C )

Aaroput™m A. (Cnooicenue MHo2ouneH08.) DTOT ANTOPUTM TPUOABIIIET
MHOTOYJIEH, Ha KOTOPBIA yKa3biBaeT P, K MHOTOWIEHY, HAa KOTOPBIA YKa3bl-
Baer Q. [Ipu 3TOM CIHCOK MO yKa3aTento P He U3MEHSETCs, a B CIIUCKE TI0 yKa-
3atenro Q Oymer moiydeHa cyMMa JBYX MHOTOUIICHOB. B KOHIle anroputMa
nepeMeHHbie P u Q) NPUHUMAIOT CBOM MCXOJHbBIE 3HaueHus. B anropurme uc-
MOJIB3YIOTCA TAKXKe BCIIOMorarenbHble ykazarenu O u 0.
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A1l. [HauaneHas ycranoBka.| P «— LINK(P), O < O, O <« LINK(Q).
(Temeps P u O yKa3pIBAIOT Ha CTapIve WICHBI MHOrOWICHOB. [lepeMennas O,
B QJITOpPUTME TIOYTH Be3zie OyJeT «Ha OJMH IIar oTcraBaTb» oT (J, T.e. Oyxer
BBINIONTHATHCSI paBeHCTBO O = LINK(Q)).)

A2. [CpaBHenue ABC(P) u ABC(Q).] Eciu ABC(P) < ABC(Q), 10 Q) +— O,
O <« LINK(Q) u BBIIONHUTH 3TOT miar cHavana. Eciu ABC(P) = ABC(Q), To
niepeiit k mary 43. Eciiu ABC(P) > ABC(Q), To nepeiiTu k mary AS5.

A3. [Cnoxenne kodddurrenton.] (HaiineHs! 1Ba 4ieHa ¢ paBHBIMH CTe-
nensimu.) Ecmu ABC(P) < 0, TO KOHEI alropuTMa; B NPOTHBHOM CiIydae
COEF(Q) «— COEF(Q) + COEF(P). Teneps ectu COEF(Q) = 0, To nepeitu
k mary A4; B nporuBHoM ciydae O «— Q, P < LINK(P), Q «— LINK(Q) n
BEPHYTbCA K 1ary A2.

A4. [Mckmouenune HyneBoro wieHa.| O «— O, LINK(Qy) < Q «— LINK(Q)
n AVAIL < Q,. (HyneBoii unen, oOpazoBaBIIHiics Ha mare A3, UCKITIOUEH U3
MHorowieHa Q.) P «— LINK(P) n BepHyTbcs K mmary A2.

AS. [Bxirouenue HoBoro wiceHa.] (MHOrowieH P CONEpKUT 4WIEH, KOTO-
PBIi He TIpecTaBiIeH B MHOrowiIeHe ) U II03TOMY MBI BKJIFOYaEeM €ro B MHOT'O-
unen Q.) O» < AVAIL, COEF(Q,) < COEF(P), ABC(Q,) < ABC(P),
LINK(Q,) <« O, LINK(Q,) <« Oy, Q1 « O», P« LINK(P) n BepHYTbCS K
mary A2. m

B paccMOTpeHHOM anropuT™Me 3HAYEHHEM OTHOIICHUS:

e ABC(P) < ABC(Q) cnenyer cuuTaTh 3HAUYCHHUE JIOTHYCCKOTO BBIpaXKe-
aust A(P) + B(P) + C(P) < A(Q) + B(Q) + C(Q) mam A(P) + B(P) + C(P) =
=A(Q) + B(Q) + ((Q) 1 (A(P) < A(Q) mmm A(P) = A(Q) u B(P) < B(Q));

e ABC(P)= ABC(Q) — 3naueHue moruueckoro Beipaxxenust A(P) = A(Q)
u B(P)=B(Q) u C(P) = ((Q);

e ABC(P) > ABC(Q) — 3HaueHre HCTHHA, €CIIH JIOKHBI [1IEPBOE M BTO-
poe JIOTUYECKUEe BRIPAKCHHUSI, a 3HAUCHHE JI0Kb B IIPOTHBHOM CITyJae.

BpeMst BBIMOTHEHHS peau3yIONIeH NaHHBIA aJTOPUTM IIPOTPAMMBI IS
THITOTETHYCCKON BBIYHCIUTENBHOW MamHbl MIX coctamiser (29m’ + 18m” +
+29° + 8q " + 13) u, Toe m’ — KOMIMUYECTBO MOJOOHBIX M B3aUMHO YHUUTOXA-
FOIIMXCS WICHOB; M~ — KOJMYECTBO MOJOOHBIX, HO B3aMMHO HE YHHUYTOXAFO-
IIUXCSI WICHOB; p  — KOJMYECTBO WICHOB B MHOTOWICHE P, KOTOPhIM HET IO-
JIOOHBIX B MHOTOWIEHE (J; ¢’ — KOIIMYECTBO WICHOB B MHOTOWICHE (J, KOTOPHIM
HET MOJO00HBIX B MHOTOWICHE P; u — BpeMsl BBINOJHCHUS MAIIMHON OIHOTO
TakTa. Bo BpeMsl BBITOJHECHHUS allTOPUTMA B ITyJie MAMSATH HEOOXOIUMO UMETh
He MeHee 4eM (2 + p + ¢g) u camoe Oonbiioe (2 + p + g+ p’) y3710B.

Crnucku ¢ 08ymsl ¢6435Mu TTIO3BOJISIFOT IOCTUYB €I OOJNbIIeH THOKOCTH B
pabore ¢ JIMHEHHBIMHU crICKaMu. [Ipy 3TOM KaXkIbIii AJIEMEHT CITHCKa MMEET
nBe cBsi3u LLINK u RLINK, KOTOpbIe YKa3bIBAIOT Ha 3JIEMEHTHI, HAXOSIUECS
10 00€ CTOPOHBI OT JJAHHOT'O Y3JIa!
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LEFT W . ~— RIGHT (24)

C TakuM NpeACTaBICHUEM JIMHEHHOIO CIUCKA JIETKO BBIMONHSAIOTCS OIe-
panuu 1y aeka obuero Buaa. Eme nerue onepupoBaTth ¢ ABYCBSI3HBIM CIIUC-
KOM, E€CJIH €TO YaCThIO SABIIETCS 20/I06HOU Y3€:

&EE‘MMM@ 25)

Eciu Takoit ciucok mycT, To 00a MoJist CBA3U B €ro TOJI0BE YKa3bIBAIOT Ha
camy rojoBy. [Ipeacrapnenue (25) MOTHOCTHIO YIOBIETBOPSIET YCIOBHIO

RLINK(LLINK(X)) = LLINK(RLINK(X)) = X,

rae X — azgpec 11000ro y3ia B CIHUCKE, BKIOYas rojoBy. B aToM u 3axitouaer-
cs1 IIIaBHasi IPUYMHA TpeanouTeHus (25) no cpaBHeHuIo ¢ (24).

YupaxHeHus

1. BbImoiaHUTH MO adroputMy 7 TOMOJIOTMYECKYI0 COPTUPOBKY AJIEMEH-
ToB 1, 2, 3, ..., 9 /Ui 3aJTaHHBIX OTHOLLEHHUM MeXIy HUMU: 9 <2, 3 <7, 7<5,
5<8, 8<6, 4<6, 1<3, 7<4, 9<5, 2<8.

2. Hcmomp3yst TpaUUEeCcKyr0 WUTFOCTPALUIO MOJEIN MAaMSTH BBIYUCITHU-
TEJIbHOW MaIllMHBI, MPOCIEANUTh 32 XOAO0M BBITIOJHEHHS alropuT™Ma A, peaiu-
3YIOIIETro MpUOaBIICHHE MHOTOWICHA X) + Xz — X K MHOTOWICHY — Xz + 2x — 2).
OrmnpenenuTbh NOCIEN0BATEIbHOCTh BBIMOJHEHUSI 1IAarOB ajrOpUTMa U UTOTO-
BB MHOTOYJIEH.

4. MACCHUBBI 1 OPTOI'OHAJIBHBIE CITMCKHA
MaccuBsbl (IByMepHBIE U 00JIe€ BEICOKOH Pa3MEPHOCTH) SIBJISIFOTCS OJTHAM
U3 TPOCTEHIUX O0OOIIECHUH JIMHEHHBIX CIHUCKOB. PaccMOTpUM B KadecTBe
IpUMepa MaTPHUILY:
A[0,0] A4[0,1] ... A0,n]
A[L0]  A[L1] ... ALn]

Am0] Am]] ... Alm,n]

B TakoMm JIByMEpHOM MaccHUBE HEKOTOpPHIA y3el A [j, k| mpuHaIUIeXuT
JIBYM JIMHEMHBIM CIIMCKaM: CIIUCKY j-# ctpoku A [j, 0], 4 [j, 1], ..., A [j, n]l n
cicky k-ro cronoua A [0, k], A [1, k], ..., A [m, k]. DTu ciuCKH OpPTOTOHATH-
HBIX CTPOK U CTOJOIOB, IO CYIIECTBY, U ONPENEINSIOT ABYMEPHYIO CTPYKTYPY
MaTpHIIBL.
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PaccmoTpum nocnenoBaTensHOE pacnpesieneHue NaMsaTH IpU XpaHEeHU!
MAacCHUBOB.

Ecnn maccuB XpaHUTCSI B MOCIIEOBATENBHBIX AYeMKax MaMATH, TO Ma-
MSITh OOBIYHO PaCTIpEessIeTCsl TakK, YTo:

LOC(A[), k])=Ao+A\j+ A2k, (26)

rne Ay, A 1 Ay — KOHCTAHTHL. DTO 03HAYAET, YTO IPHU JIFOOOM M3MECHEHHH j WA
k nerxo BEIUUCTUTE ajpec y3na A [ J, kJ.

CaMbIM E€CTECTBCHHBIM M HAMOOJEE YacTO HCIOIB3YEMBIM CIOCOOOM
pacrpeneNieHus] TaMsTH SBIISETCS CIoc00, TP KOTOPOM MAacCCHUB paciiojiaract-
Cs B TAMSITU B JIGKCUKOrpaduueckoM nopsinke uuaekcos: 4 [0, 0], 4 [0, 1], ...,
A[0,n],4[1,0),4[1,1],...,4[1,n], ..., A[m,0],4 [m, 1], ..., A [m, n].

B obmiem ciryuae, ecnu 3amaH k-MepHBIH MaccuB ¢ 3neMeHTamMu A [14,
L, ., Llmmaet cu0<1[,<d,0<L<d,, ..., 0<I,<d, TO MOXKHO XPaHUTh
€ro B MaMSTH TaK, YTo:

LOC(A[L, b, ..., I])) = LOC (4]0, 0, ..., 0]) +
+C‘(d2+ 1) (dk+ 1)[1 + ... +C‘(dk+ 1)[;{,14‘6‘[;{:

=LOC (40,0, ...,0D)+ Y a,l,, (27)
1<r<k
e a,=c H(ds +1).
r<s<k
Hanpumep, nymepHnsiii Mmaccus st dy = 3, d, = 3 u ¢ = 2 Oaiita Oyner
pa3MeIéH B MaMsTH CIEMYIONIM 00pa3oM:

ol 1|2 (3|4 |5|6|7 8|9 |10]1l|12]13]14]15

A[0,0] | A[0,1] | A[0,2] A[0,3] | A[L,0] | A[L1] | A[L1,2] | A[1,3]

16 | 17 | 18 | 19 [ 20 | 21 | 22 |23 | 24 | 25|26 |27 |28 |29 | 30 | 31

A[2,0] | A[2,1] | A[2,2] A[2,3] | A[3,0] | A[3,1] | A[3,2] | A[3,3]

B cootBerctBHM ¢ dopmynoi (27) agpec ero HEKOTOPOTO 3JIeMEHTa
A [1), 1] MOXXKHO OnpeeNTuTh MO BBIPAXKEHUIO:

LOC (A[L, L]) = LOC (A[0, 0]) + ¢ (ds + 1) I, + ¢ I, =
=LOC (A[0,0)) +2 3+ 1) [, +2 [, =
= LOC (4]0, 0]) + 8 I, + 2 L.

Ilycts [y =3 u L, =1, Toraa:
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LOC (A[3,1])=LOC (4[0,0]) + 8 -3+2- 1=
= LOC (4]0, 0]) + 26 = 0 + 26 = 26.
HpHBeZ[éHHBIﬁ BBIIIIEC METOJ XOpOoll I XpaHCHHUA MAaCCUBOB, UMCIOIIUX

ROJIHYIO TIPSIMOYTONTBHYIO CTPYKTYPY. OTHAKO BO MHOTHX CIy4Yasix MPUXOAUTCS
HUMETH JIETI0 C mpey201bHol mampuyetl S1eMeHTOB A [ j, k]l mia 0 <k <j <n:

A[0, 0]
AL 0] A[L 1]

An, 0] An, 1] ... An,n]

Takyro MaTpHIly MOXHO HUCIOJB30BaTh, KOTa U3BECTHO, YTO BCE JIPYTHE
AJIEMEHTHI MaTPUIIBI paBHEI HyIto Wik 4 [ j, k] = A [k, j]. TloaTromy HeoOXx0mu-
MO H JOCTaTOYHO XPAHWThH B MAMSITH HEMHOTO OOJBIIC IMOJIOBUHBI 3HAUCHHIA:

1 .
E(n +1)(n+2). Eciu XpaHHUTh 3TH 3JIEMEHTHI B IMOCIICAOBATEIBHBIX SYCHKAX

MamsITH, TO BMECTO JIMHEHHOro pacnpeneneHust (26) MOXXKHO HCIONB30BaTh
pacnpezeneHue B opme:

LOC (AL, k) = Ao+ c /1()) + ¢ /o),

i(j+1
rae f1(J) :%, (k) = k. CnietoBatenbHO, OTy9YaeM JOBOJIBHO MPOCTYIO

(opmymny:
LOC (A[j, k]) = LOC (4 [0, 0]) + C@ fek

Hanpumep, ni1st TpeyroabHON MaTpUIlb! B
A[0, 0]
A[L, 0] A[L 1]
A[2,0] A[2,1] A[2,2]
AB3,0] AB3,1] A3,2] A[3,3]

npu ¢ = 2 NoJTyd4aeM TaKoC pacupeACICHUE NaMATU:

olt]2]3]4]s]e]7]s8]o]to]u]2]13]1a]15]16]17]18]19

A[0, 0] | A1, 0]| A[1, 11| A[2, 01| A[2, 11| A[2, 2]| A[3, 0] | A[3, 11| A[3, 2]| A[3, 3]

u ajpec snemenTa A[3, 2]:

LOC (A4[3, 2]) = LOC (4]0, O])+z@+2.2:0+ Dia—1s

29




B HEKOTOpBIX CIydasx, KOra HMEIOTCS JABE TPEYroNbHbIC MATPUIIBI O/IH-
HAaKOBOTO pa3Mepa, UX MOXXHO OObEAWHUTH B OHY. [IyCTh TpeyronbHbIC MaT-
punsl 4 [ j, k] u B [ j, k] onpenenenst ast 0 < k <j < n. Torga ux MO>XHO 00b-
enuaNTh B Matpuity C Tak, uro smemeHT ([ j, k] Oynet onpenenés it 0 <j < n,
0<k<n+1lm

ALj, k)= CLj, k], BLj, k1= Clk, j+ 1].

Takum 00pazoM, J1BE€ TpEYrojbHbIE MAaTpPHUIBI IUIOTHO YMAaKOBBIBAIOTCS
BMecrTe, 3aHuMas (n + 1) (n + 2) sdeex:

C[0,0] C[0]] C[0,2] .. C[0,n+1]) (A[0,0] B[0,0] B[L0] .. B[n0]
C[1,0] CL1] C[L2] ... CLe+1]| | A[1,0O] ALl  B[L]] .. B[»l]
C[n0] Clnl] Cn2] .. Clnn+1]) (An0] A[nl] An2] .. Blnn]

¥ MOXeET OBITh UCIOJIB30BaHA JIMHEHHAs aapecars Buaa (26).

PaccMoTpuM cBsi3aHHOE paclipesieieHHe IaMsITH MPU XPaHEeHUH MaccH-
BOB.

CBsi3aHHOE pacIipe/ielieHUe MaMsITH BIOJIHE €CTECTBEHHO JUIsl MHOTOMEp-
HBIX MaccuBOB HMHQopMarmu. IIpu sToM B o0meM ciydae Jt000il 31eMeHT
MaccuBa JOJDKEH COAepKaTth k Mojiel CBs3M, IO OHOMY Ha Ka)KIbId W3 CIHC-
KOB, B KOTOpBIE BXOMUT JaHHBIA 37eMeHT. CBsi3aHHAs MaMATh OOBIYHO HC-
TIOJB3YETCsl B TeX CIydasX, KOrJla MacCHBBHI IO cBoeil (opme He SBISIOTCS
CTPOr'O MPSIMOYTOJIbHBIMHU.

Hcnonb3oBaHue CB3aHHOTO pacIpeieieHuss pacCCMOTPUM MOAPOOHO Ha
TIPUMEPE PA3PEINCEHHBIX MAMPUY — MATPULL, B KOTOPHIX OOJIBIITHHCTBO 3JIEMEH-
TOB paBHO Hym0. Mzes 3axitodaercs B TOM, YTO UISi SKOHOMUHM NaMsATH He
OTBOJIUTH B HEW MECTO MO/l HYJICBbIE AIEMEHTHI.

OO0cyauM TpesicTaBiIeHHe, KOTOPOE COCTOUT M3 IMKIMYECKH CBSI3aHHBIX

OpPMO20HANLHBIX CIIUCKOB JUI KaXJO0H CTPOKH M Ka)KAOro CTONOIA MaTpPULIBL
[TycTpb y31bI criMcka UMeroT opmar:

LEFT | UP
ROW | COL | VAL

rne ROW u COL — MHIEKCH COOTBETCTBEHHO CTPOKH M cTonoua; VAL — 3Ha-
yeHue 3eMeHTa Matpuubl; LEFT u UP — cBSI3U €O CIEAYIOUUMY HEHYJIEBBIMU
3JIEMEHTaMU COOTBETCTBEHHO CJI€Ba B CTPOKE U CBEpXY B cronoue. s xax-
JIOM i-# CTPOKH H j-TO CTOJIONA MUMEIOTCS CIIeMaIbHbIE TOJIOBHBIE Y3JIbI CITHC-
k0B BASEROW[i]l u BASECOL] j] takue, urto:

COL(LOC(BASEROWIi])) <0 u ROW(LOC(BASECOL[ j])) < 0.
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Ceszp LEFT B BASEROWIi] yka3bslBaeT Ha caMbli NpaBbIil y3el B
i-ii crpoke u cBsi3b UP B BASECOL| j] — Ha caMblif HDKHHH y3€II B j-M CTOJIOIIE.
Hanpumep, matpuna

50 0 0 O
10 0 20 O
(28)
o 0 0 O
-30 0 -60 5
6yz[eT NpeACTaBJICHA TAK, KaK IMOKa3aHO Ha puC. 7.
| & [ ¢ [ ¢ [ ¢
-1 [ -1 [ -1 I -1 [
[ A A
—
» | - D b
[-11 111 |‘0
o ] -< Py b |- ° 13
[-1] 2717110 213720
A A
e ] »
[-1]
—
o ] «Ff—-o | ¢ |e e | ¢ |= e [ ¢
[-1] 4|1|-3£j 4|3|-g9j 414715

Puc. 7. MammHHoOe NpeacTaBJICHUE PA3PeKEHHOH MATPULIBI

[Tpu nmocnenoBaTeIbHOM pacHpe/esIeHUH MaMsITH 3Ta MaTPHULA 3aHsIa ObI
OonbIlle CJIOB, a NPU YBEJIMYEHHH €€ Pa3MEepOB SKOHOMHSI CTAHOBUTCS emlé
Oonee cymecTBeHHOW. [Ipu aTOM Bpems, pacxoqyemMoe Ha JOCTYII K IpOu3-
BOJILHOMY 3JIEMEHTY MaTpHIIbl, OCTa&TCs B pa3yMHBIX Ipefiesiax, IIOCKOJIbKY B
Ka)JIOH CTPOKE M Ka)KJJOM CTOJIOIE BCTpEJaeTcsi HEMHOTO 3JieMeHToB. Kpome
TOro, B OOJNBIIMHCTBE MAaTPUUYHBIX aJTOPUTMOB OCYIIECTBIISETCS MOCIIEI0BA-
TEJIHOE TPOXOXK/IEHHE MATPHIBI M ITOITOMY CBSI3aHHOE TIPEICTABICHHUE TIPH-
BOJIUT K HE3HAUUTENBHOH IOTEPE CKOPOCTH PaboTHI.

B xauecTBe XapaKTepHOro MpUMepa pacCMOTPUM OIIEPALIUIO 0Ce8020 Wd-
2a JUIsl Pa3peKeHHBIX MAaTpUIl, KOTOpas WI'PaeT BAXXHYIO POJIb B aJTOPUTMax
pCLICHUST CUCTeM JIMHEHWHBIX YpaBHEHUH, OOpalleHHs MaTpHIl U JIHHEWHOro
MIPOrpaMMHPOBaHUS (CHMIUIEKC-METO):
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JTro6oit JTro6oit

OceBoit OceBoit

6 Zpyroi 6 TIpyroit
CTOMOCH ronGen cromoen cmnﬁeg
OceBoif b
Ocenas e @ ... b war | ... — -
cTpoka a a
- (29)
Jhobas npyras c be
cTpoka € d e, —— . d——
a a

Tax, oceBoif mar MpuMeHNTENbHO K MaTpHle (28) ¢ 0CEBBIM AJIEMEHTOM
10 npuBOIUT K CIEAYIOLIEN MaTpHULIE:

-5 0 —100 0
01 0 2 0
00 0 o0
30 0 5

OTMeTnM /Ba CIydasl B peaM3alii OCEBOro Iara:

1) ectu B (29) b#0,c#0 ud=0, To B npeACTaBICHNN pa3peKeHHON
MaTpHIB HET y37a ISl 00pas3yIoIerocss HEHYJIEBOrO 3JIEMEHTA W IOITOMY
HE00XO0/IMMO BKITFOUHMTh HOBBIH y3€IT;

2) ecmu b#0,¢c#0,d#0u d —E = (, TO HEOOXOUMO HCKIIOUYHUTH
a

HMEIOIIUICS y3el.

Auaroput™m S. (Ocegotl wae 6 paspedceHHOU mampuye. )

J1s 5 PEeKTUBHOTO BBHITOIHEHHS ONEPALUi BKIIOYEHHUS] W HCKIIIOYESHUS
y3710B BBOAMTCS Tabnuia ykaszareneil PTR[j], Mo ogHOMY yKa3aTelro Ha Kax-
JIBIA cTonOen MaTpuubl. biaromaps 3TUM mepeMeHHBIM 00ecneYrBaeTcs BO3-
MOXXHOCTh M3MEHEHHS CBSI3€l y3JIOB KaK B TOPH3OHTAIEHOM, TaK U B BEPTH-
KaJbHOM H3MEpEeHUsIX. ANTOpUTM 00padaThIBaeT CTPOKU MaTPHIIbI MOCIEN0-
BaTEJIbHO CHU3Y BBEpX, a nepeMeHHas P/VOT yka3bpIBaeT Ha OCEBOM IEMEHT.

S1. [Havanbnas ycraHoBka.] [0 «— ROW(PIVOT), JO «— COL(PIVOT),
ALPHA «— 1.0/VAL(PIVOT), VAL(PIVOT) « 1.0, PO «— LOC(BASEROWIIO0)),
00 «— LOC(BASECOLIJO0)).

§2. [O6pabotka oceBoit ctpoku.] PO «— LEFT(P0), J <« COL(PO0). Ecnn
J <0, To mepeiiti x miary S3 (oceBas CTpoka MpoieHa A0 KOHIa); B IIPOTHB-
HoM ciiyyae PTR[J] <— LOC(BASECOLLJ)), VAL(PO) < ALPHA - VAL(P0O) n
MOBTOPUTH 1Iar S2.

S83. [TTouck HOBO#1 crpoku.] Q0 «— UP(QO0), I «— ROW(Q0). Eciu I <0,
10 KoHell anroput™a. Eciu / = 10, To moBTOpUTH mar S3; B IPOTUBHOM Cllydae
P «— LOC(BASEROWTI]), P1 < LEFT(P).
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S84, [[Touck HoBoOro cronodmna.] PO «— LEFT(PO), J «— COL(PO). Eciu J <0,
10 VAL(QO0) < — ALPHA - VAL(QO) n Bepuythes k S3. Eciu J = JO, To BBI-
TIOJIHUTB ATOT IIar CHaYasa.

S5. [TTouck anemenra /, J.] Ecniu COL(P1) > J, To P« P1, P1 « LEFT(P)
Y TOBTOPUTH ATOT Trar cHavana. Eciu COL(P1) = J, To niepeiitu k S7; B mpo-
TUBHOM CITy4dae IepelTH K CIeIyIoneMy Iary.

S§6. [Brxirouenue anementa I, J.| Ecmu ROW(UP(PTR[J])) > I, 10
PTR[J] «<— UP(PTR[J]) n NOBTOPUTH 3TOT LIar CHa4aja; B IPOTUBHOM CiIydyae
X < AVAIL, VAL(X) <« 0, ROW(X) « I, COL(X) <« J, LEFT(X) <« P1,
UP(X) — UP(PTR|J]), LEFT(P) < X, UP(PTR|J]) «<—X, P1 < X, PTR[J] < X.

87. [Ocesas oneparust.] VAL(P1) < VAL(P1) — VAL(QO) - VAL(PO). Ec-
mn VAL(P1) = 0, To mepeiTi K cienyloneMy Iiary; B IPOTHBHOM Ciydae
PTR[J] « P1, P« P1, P1 < LEFT(P) v BepHyTbCS K S4.

S§8. [Uckmouenue snemenra 7, J.| Ecmu UP(PTR[J]) # P1, To PTR[J] «—
UP(PTR[J]) W TOBTOPUTH STOT INAr CcHadaua; B MPOTUBHOM cClly4ae
UP(PTR[J]) < UP(P1), LEFT(P) < LEFT(P1), AVAIL <= P1, P1 < LEFT(P).
BepuyTtbed k mary S4. m

3amerum, uto B y3nax BASEROWII] u BASECOL[J] ucnonb3yroorcs
TOJBKO Ba mois. [103TOMY /7151 OCTANBHBIX MOJIEH MOXHO HE OTBOJUTH MECTO
B MAMSITH.

Bpewmst pabots! anroputma S MpuOIM3UTENIHHO MPOMOPIHOHAIBHO KOJIH-
YECTBY 3JIEMEHTOB MaTPHIIbI, KOTOPBIE N3MEHSIOTCS TPH BBHITIOIHEHUN OCEBON
oreparyu.

YupaxHeHus

1. BBINOIHUTE MO AIrOpUTMY S OCEBOM IIar B pa3pexeHHONH MaTpulle ¢
HeHyneBbIMU 5ieMenTamu m[ 1][1] = 50, m[2][3] =20, m[2][1] = 10, m[4][4] =5,
m[4][3] = —60, m[4][1] = —30, ecau oceBbIM An1eMeHTOM sBisieTcst m[2][1] = 10.
[MpuBectn mocien0BaTENbHOCTh BBHIOJHEHHBIX IIAroB ajiropuTMa U KOHeY-
HYIO MaTpHIy B BUJIE, aHAJOTUYHOM BUY MCXOIHON MaTpHIBI (IO CTPOKAM ¢
yOBIBaHHEM BTOPOT'O MHJEKCA B CTPOKE).

5. IEPEBbS U IIPEJCTABJIEHUE JTEPEBBEB

JlepeBbst sABJISIOTCS Hauboliee BAXKHBIMU HEJIMHEWHBIMH CTPYKTYpPaMH.
Iox depesom MOHUMAIOT KOHEUHOE MHOXECTBO T, COCTOSIIEE U3 OHOTO HITH
OoJree y3JI0B TaKUX, 4TO:

a) HUMEETCs OMH CIIENHANTbHO 0003HAYECHHBIN y3€Jl, Ha3bIBAEMBbIN KOp-
HeM JTaHHOTO JIEpeBa;

b) ocranbHBIe y37BI (MCKITFOUAst KOPEHB) comepxkaTcs B m > () momapHO
HE rnepeceKaromuxcs noaMuoxxecrsax 1y, 1», ..., T,, Kaxaoe U3 KOTOPHIX B
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CBOIO odepensp sBisieTcs nepeBoM. Jepesbs 11, T, ..., T,, Ha3BIBAIOT noddepe-
8bsAMU TAHHOTO KOPHSL.

Kaxxnp1it y3en fepeBa sIBISIETCSl KOPHEM HEKOTOPOT'O MOJIEpEBa, KOTOPOE
COJIEP)KUTCSL B 3TOM JiepeBe. UnCio MOAJepeBbeB JaHHOTO Y3Ja Ha3bIBAaeTCs
cmenenvio 3TOTO y371a. Y3€l C HylIeBOM CTENEHbIO HA3bIBACTCS KOHYEBbIM )3-
aom (aucmom). HeKOHILIEBBIE Y371l YacTO HA3bIBAIOT V3IAMU DA3GEMEICHU.
Kaxxnpril y3en gepeBa 7 HaXOAUTCS Ha HEKOTOPOM VpoeHe, PU 3TOM KOPEHb
HUMeeT YpOBEHb |, KOPHHU €ro MoJIepeBLEB UIMEIOT YPOBEHB 2 U T.JI.

Hanpumep, Ha puc. 8 y3en 4 — kopenb nepesa { 4, B, C, D, E, F, G};
noamuoxectBa {B} u {C, D, E, F, G} — nojuepeBbs jepeBa C KOpHEM A;
y3en C — kopens omaepesa {C, D, E, F, G}; y3en C uMeeT YpOBEHb 2 OTHO-
cuTenbHO Beero aepera; aepeso {C, D, E, F, G} umeer Tpu nomaepesa {D},
{E} n {F, G}; crenens y3na C paBHa 3; B, D, E u G — KOHIEBbIE Y31bl; F —
€IMHCTBEHHBIN y3en crenenu 1; G — eNMHCTBEHHBIA KOHIIEBOW y3el YpOBHs 4.

Vposens 4 @ @
wons @ ® O Q@ @
YpoBeHs 2 @ Q G @
Vposen | (4) (4)

Puc. 8. JlepeBbst

Ecmu B myHKTE b) B ONpeeneHNH AepeBa UMECT 3HAYCHUE OTHOCHUTEIh-
HBIA mopsiok mojyiepeBbeB 1y, T», ..., T, TO OyIeM TOBOPUTH, YTO JECPEBO
SIBIIICTCS YNOPAOOUEHHbIM, UHAYC — OPUCSHMUPOBAHHLIM JIEPEBOM. 3aMETuM,
YTO B OPUEHTUPOBAHHOM JIEPEBE UMEET 3HAUEHUE TOJILKO OTHOCUTENbHAS OpU-
SHTAIUs Y3JIOB, a HE WX MOPSAOK. Bce paccmampusaemvie Oepesvs Oyoem
cuumams ynopsi004eHHbIMU, eClUL He 02080PEHO NPOTMUBHOE.

Tak, epeBbst Ha pUC. 8 ABISIOTCS PA3TUUYHBIMU, €CITU UX CUUTATh YIOps-
JIOUEHHBIMH JIEPEBBSIMU, U OJJMHAKOBBIMU, €CJIM OTH JIEPEBbSI CUUTATH OPUEH-
TUPOBAHHBIMHU.

Jlecom Ha3bIBaeTCsd MHOXECTBO, COCTOSIIEE U3 HEKOTOPOro YKcia Here-
peceKarouXcs IEPEBbEB.

JepeBbst manee OymeM u300pa)kaThb ¢ KOPHEM BBEPXY M IOJIB30BATHCS
TEPMHHOJIOTHEH, YIOTPeOIIEMON TIPU OMUCAHUU TEHEAJIOTHYECKUX JCPEBBEB.
[ToaTomy Kax /bl KOpPEHb JiepeBa SIBISETCS 0myom KOpHENH CBOMX MOJIePEBb-
€B, a TIOCICIHUE SBISIOTCA Opamvsimu MEXIY COOOH W CblHOGbAMU CBOETO
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oTia. 3aMeTHM, 4TO KOPEHb BCETO JiepeBa oTlia He nmeeT. Kpome Toro, Oynem
YIOTPEOIISATh CII0Ba MpedoK U HOMOMOK IJisl 0003HAa4eHHs POACTBA, KOTOPOE
MOXET IPOCTUPATHCS Ha HECKOJIBKO YPOBHEH JiepeBa.

Hampumep, B nepeBe Ha puc. 9 yzen C umeer Tpéx coiHoBel D, E u F;
y3en E — oreny y3na G; y3nel B u C — Opatbst; y3nbl D, E, F u G — TOTOMKH
y3na C; y3nbl A, C u E — nipenku y3na G.

Puc. 9. /lepeBo ¢ kopHeM BBepXy

Hawnbornee BayKHBIM THIIOM JI€PEBBEB SIBIISIOTCS OMHAPHBIE I€PEBbSI.

Bunapnoe 0epeso 3T0 KOHEUHOE MHOXKECTBO Y3JI0B, KOTOPOE WU IYCTO,
WIN COCTOMT W3 KOpHS W camoe Oojblliee JBYX HelepeceKaromuxcs Ou-
HapHBIX JIEPEBbEB, HA3BIBAEMBIX JIEBBIM M TPaBBIM IOJIEPEBBIMH JIAHHOTO
JiepeBa.

Tak, ecim nBa aepeBa Ha puc. 10 cunTaTth OMHAPHBIMH JIEPEBBIMH, TO
OHH pa3INYHBI.

Puc. 10. Pazsmunbie GHHAPHBIE JepeBbs

3aMeTuM, YTO JEPEBbS MOXKHO TPEACTABISITh W JPYTHMMH CIIOCOOAMU:
BJIOXKCHHBIMA MHOXKECTBAMHU (JUISI OPHEHTHPOBAHHBIX JICPEBHEB), BIOKCHHEI-
MU CKOOKaMH, YCTYIMIAThIM CITUCKOM U JIECATUYHON CUCTEMOH [[pron.

Hanpumep, nepeBo, 3aganHoe Ha puc. 9 rpadoM, n3o0paxkeHo Ha puc. 11
C TIOMOIIBIO BIIOKCHHBIX MHOKECTB.
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Puc. 11. /IepeBo, npeacTaB/ieHHOE BJI0KEHHBIMU MHOKECTBAMHU

HpeI[CTaBJ'IeHI/Ie OTOr'0 K€ ACpEBa € NOMOIIBIO BJIOKCHHBIX CKODOOK GYI[GT

umets BUI (4 (B (H) (J)) (C (D) (E (G)) (F))), a ycTyIm4aTbIM CIHACKOM CIIENTy-
FOIMM 00pa3oM:

A XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
B XXXXXXXXXXXXXXXXXXXXXXXXXXXXX

H XXXXXXXXXXXXXXXXXXXXXXX

J XXXXXXXXXXXXXXXXXXXXXXX

C XXXXXXXXXXXXXXXXXXXXXXXXXXXXX

D XXXXXXXXXXXXXXXXXXXXXXX

E XXXXXXXXXXXXXXXXXXXXXXX

G XXXXXXXXXXXXXXXXXX

F XXXXXXXXXXXXXXXXXXXXXXX

W, HakoHery, B IeCITUYHOMN cucTeMe J[bFoH 3TO IepEBO MOXKET OBITh 3a]JTaHO
Tak: 14; 1.1 B; 1.L1.1 H;1.1.2J; 1.2 C;1.2.1 D; 1.2.2 E; 1.2.2.1 G; 1.2.3 F.

Cy1ecTByeT TecHas CBA3b MEXAY AECATHUHON cucteMmoil Jlprou u cro-
coboM 0003HaueHHUs MEepEeMEHHbBIX, CHaAOKEHHBIX MHIeKcaMu. [loaToMy, Bcs-
KHI TIPSIMOYTOJIBHBIM MacCHB MOXHO pacCMaTpHUBaTh KaK YacTHBIN Ciydai
JIpeBOBUIHOM CTpyKTypbl. Hanpumep, Ha puc. 12 npencrasieHa B BUjE JepeBa

Matpuua 4 pazmMepom 2x3.

Cann) (1)
@p @ @Pp @y @) @)

Puc. 12. Marpuna, npeacraBjieHHasI JepeBOM
36



3aMeTHM, YTO CBSI3b B CTPOKAX MATPHIIbI MPE/ICTABIICHA B IePEBE SBHO, a
B CTOJNIOIaX — HET.

B Buze nepeBbeB TaKKe MOXKHO MPEICTABIATh U apU(DMETHYESCKHE BbI-
paxenus. Hanpumep, GuHapHOe nepeBo Ha puc. 13 cooTBeTcTByeT apudmeru-
YEeCKOMY BhIpaKeHuto a — b X (¢ / d + e/ f).

(=)
ONO
OO,
(7 (/)
© @ © @

Puc. 13. Apupmernueckoe BoIpakeHHe B BUAe OHHAPHOTO JepeBa

Jlns npencraBieHuss OMHApHBIX AepeBbeB B mamsith IOBM mocrarouno
UMeTh yKasatenb I (yKkazaTenb Ha JIEPEBO) U B KaXJIOM y3ie nBe cBsizu LLINK
u RLINK. Ecnu nepeBo nycto, To 7= A; B IpoTUBHOM ciydae T — aapec Kop-
Hs1 aToro nepesa, a LLINK(T) u RLINK(T) — yka3arenu COOTBETCTBEHHO Ha
JIEBOE U IIPABOE MOAJEPEBO ITOr0 KOPHS.

Tak, Hanpumep, OuHapHOoe nepeBo Ha puc. 14 B mamsartu DBM Oyner
TIPE/ICTAaBIIEHO B BUJIE, N300pakEHHOM Ha puc. 15.

Puc. 14. BunapHoe 1epeBo
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Puc. 15. IIpeacrasienne Gunapuoro aepesa B namsitu 9BM
YupaxHeHus

1. HapucyiiTe BCeBO3MOXKHBIE Pa3IUUHBIE EPEBBSI C TpEMsl y3Jamu A,
B, C n xopHeM B y31€ A. CKOJBKO CYIIECTBYET BCErO pa3IM4HBIX JAEPEBHEB C
Tpems y3namu 4, B u C?
2. HapwucyiiTe BceBO3MOXHBIE pa3IniHble OPHEHTHPOBAHHBIE JIEPEBHS C
Tpems y3namu A, B, C u xopHeM B y3je A. CKOJIBKO CYIIIECTBYET BCETO pas-
JINYHBIX OPUEHTUPOBAHHBIX JEPEBBEB C TpeMs y3namu 4, B u C?
3. V¥3zen 4 umeet Tpéx OpaTheB, a y3en B — ero oren. Hapucyiite coor-
BETCTBYIONINI (PparMeHT JiepeBa ¥ yCTAaHOBUTE, YEMY paBHa CTEIeHb y3ia B.
4. TlpennonoxxuM, 4yTo y3en X HEKOTOPOro JepeBa B JECITUUHON CUCTe-
Me J{pton uMeer 0003HaYEHHE d).4y. ... dy. KaKOBBI 0003HAYEHHMS Y3JI0B 3TOTO
5. Pa3paboraiitTe cUCTEMY YCIOBHBIX 0003HAUCHHH JJIS Y3J10B OMHAPHBIX
JIepeBbEB, KOTOpasi COOTBETCTBOBaJIA ObI cucTeMe 00o3HaueHui Jlpron, 1 IpH-

JiepeBa Ha MyTd OT y37a X K KOpHIO?
BeAUTE NMpUMep OMHApHOTO JiepeBa ¢ 0003HAUCHUSIMH Y3JI0B B pa3paboTaHHON
6. Hapucyiite buHapHOe JiepeBO, COOTBETCTBYIOIIEE apu(hMETHIECKOMY

CUCTEME.

BBIPAKEHUIO:
a) 2 (a—blc);
0) a+b+5c.
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6. MPOXOXJIEHUE NEPEBLEB

Bce anroputmbl 00pabOTKH JPEBOBUIHBIX CTPYKTYP HEU3MEHHO CBSI3aHBI
C MPOXOXKJEHUEM JiepeBbeB. [lon npoxosrcdenuem depesa MOHUMAETCS CIIOCOO
METOJMYHOT0 MCCIIEAOBAHUS €ro y3JIOB, IPU KOTOPOM KaXKABIH Y3€J IMpOXo-
JIITCSI TOYHO OWH pa3. IlomHoe mpoxoykaeHue nepeBa Ja€T JMHEHHYI0 pac-
CTaHOBKY €r'0 Y3JIOB.

Paccmorpum Tpu criocoba IpoxoxIeHHusi OMHApHOro JepeBa: NPsIMOM
TIOPSZIOK, OOpATHBIA MOPSOK ¥ KOHIEBOW MOpsioK. Kakplif M3 HUX BBITION-
HSIETCS B TPY JTara.

Ipsimotl nopsdox: Tonacts B KOpEHb, MPOITH JIEBOE TTOAEPEBO, IPOHTH
IIpaBoe NMOJAEPEBO.

Obpamuvliii nops0ok: TPOUTH JIEBOE IOIJICPEBO, IONACTh B KOPCHB,
IIPOMTH NpaBoe MOAEPEBO.

Konyesoii nopsidoox: IpoiTH J1eBOE MOJIEPEBO, MPOUTH NPAaBOE MOAEpe-
BO, TIOMACTh B KOPEHb.

[Tpu npsiMoM TOpsiIKe MPOXOXKAEHUS nepeBa (CM. puc. 14 u3 mpenpiny-
miero maparpada) ysiasl pacnonararores B nopsake 4, B, D, C, E, G, F, H, J,
pu obpatHoM — B mopsinke D, B, 4, E, G, C, H, F, J u nipu koHniesom — D, B,
G EHJF,CA.

PaccMoTpuM anropuTtM MpoXokaeHHWss OMHAapHOTO JiepeBa B 0OpaTHOM
TIOpPSIZIKE.

Aaroput™ T. (O6x00 6unaproeo depesa 6 0dpamuom nopsioxe.)

ITycte T — yka3zarenb Ha OMHAapHOE JIEpEBO, UMEIOIIEE MPEICTABICHUE,
aHAJIOTM4HOE pUC. 15; 4 — BCIOMOraTeNbHBIN CTEK.

T1. [HauanbHas yctaHOBKa.| Ouuctuts crek A; P« T.

T2.[P= A?] Ecnu P = A, nepeiitu k mary 74.

T3. [Crek <= P] (Teneps P yka3pIBaeT Ha HEMyCTOE OMHAPHOE JEPEBO,
KOTOpOE HY>KHO Npoiith.) A < P, P «— LLINK(P) u BepHyTbCs K mary 72.

T4. [P < crek] Eciu ctek 4 myct, To paboTa alroputMa 3aKaHIHBaeTCS;
B IIPOTUBHOM ciydae P < 4 .

T5. [Tlonacts B P] «Ilonacte» B NODE(P), P «— RLINK(P) 1 BepHYThCS
Kmary 72. m

Jnst ymoOcTBa JambHEUIIMX PACCYXICHUM BBEIEM CIEIYIONIHEe 0003HA-
yenus. Eciiu P yka3biBaeT Ha y3ell OMHApHOTO JIepeBa, TO:

P* — anpec npeemuunka yzna NODE(P) B ipsiMOM TOPSIIIKE;

PS$ — anpec npeemuunka y3na NODE(P) B 06paTHOM TIOPSJIKE;

P# — anpec npeemuunka y3na NODE(P) B KOHIICBOM TMOPSIIIKE;

*P — aapec npeuecTBeHHNKa y3ina NODE(P) B IpsSIMOM MOPSIIKE;

$P — anpec npenmiectsennuka y3ina NODE(P) B 00paTHOM MOPSJIKE;

#P — anpec npeamectBeHHuKa y3na NODE(P) B KOHIIEBOM TOPSIIKE.

Torma *(P*) = (*P)* =P, $(P$) = ($P)$ = Pu T.11.
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[Tycte INFO(P) — OyxBa, usobpaxénnas B none INFO y3na NODE(P)
JiepeBa, npejcTaBieHHoro Ha puc. 15. Toraa, ecnu P yka3biBaeT Ha KOPEHb 3TO-
ro aepesa, umeeM: INFO(P) = A, INFO(P*) = B, INFO(P$) = E, INFO($P) = B,
INFO#P) = C.

3aMeTuM, 4TO B paccCMaTpUBAEMOM JIEpeBE, KaK, BIPOYEM, W B JIFOOOM
OWHApHOM JIepeBe, MMESTCsl OONBINEe HYICBBIX CBs3€H, 4eM JPYrux yKa3aTe-
neit. [loatomy mist 6onee 3¢ hekTUBHOrO UCTONB30BaHus mamsatd DBM mpu-
MEHSIOT MPECTABIICHUS OWHAPHBIX JIEPEBHEB B BHUJIC TaK HA3BIBACMEBIX NpO-
wiumelx JiepeBbeB. [Ipy 3TOM HyJNEBBIE CBSI3U 3aMEHSIIOT CEA3AMU-HUMAMU,
UAYIIAMU B JIPYTHE YaCTH JIEPEBa M OOJICrYaroIuMH ero nmpoxoxacaue. [1po-
IINTOE JIEPEBO, SKBUBAJICHTHOE JIEPEBY Ha puc. 15, m3o0paxeHo Ha puc. 16.
Ha HéM miTpuxoBbIC JIMHUN 0003HAYAIOT CBA3HU-HHUTH, KOTOPHIC BCEra UAYT K
Y31y, HAXOISAIIEMYCs BbIIE. Teneph KaKAbld y3elI MMECET JIBE CBS3H: WM JIBC
OOBIYHBIC CBSI3H, UITYIIHE K JICBOMY U MPABOMY MOJIEPEeBbsM (Harpumep, y3ei C);
WM JIBE CBSA3HU-HUTH (HAampuMep, y3en H); Win Mo oJJHON CBS3H KaXXJOr0 THITa
(mammpumep, y3en B). Hutu, ucxopsmue u3 D u J, 0coOble, OHU BOSHHUKAIOT B
«CaMOM JICBOM» M «CaMOM IIPaBOM» y3JlaX, a UX 3HAYCHHE OyaeT 0OBSICHEHO
TIO3KeE.

\
\
~
~
i NG

peT T

Puc. 16. [IpommToe 6mHapHOE AepeBO

Paznmuure mTPUXOBBIX M CIUTONTHBIX CBSA3EH OOCCIIEUMBACTCS C MOMO-
IIbIO IBYX JOMOJTHUTENBHBIX OAHOOUTOBBIX Tojiel LTAG u RTAG B kaxmoM
y3Ji€ CIHCKa TaKuX, 4YTo:

ec LTAG(P) = “~”, 10 LLINK(P) = $P;
ec LTAG(P) = “+”, 10 LLINK(P)=Q # A;
(30)

ect RTAG(P) = “—, to RLINK(P) = PS$;

ect RTAG(P) = “+”, 10 RLINK(P)= Q #A;

Ha pucynkax 17 u 18 npencraBieHsl cxeMbl IPOBEACHUS JIEBBIX U Ipa-
BBIX CBsi3ei-HHUTEH B mpocteiimiem (kK = 0) u obdmem (k > 0) ciyuasx. 3aech
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JIOMaHble JIMHAM 0003HA4YaroT OOBIYHBIE CBSI3U WJIM CBSI3U-HUTH, BEAYIIUE K
JIPYTUM y371aM JiepeBa.

D
t

\ e

N~

Puc. 17. Cxembl npoBeeHUs JIeBbIX CBA3eH-HUTEH

Puc. 18. Cxembl npoBeeHUsI MPABLIX CBsI3el-HUTEI

Takum 00pa3oM, KaxkJas CBS3b-HUTh YKa3bIBACT HEMOCPEJCTBEHHO Ha
MpeIIIeCTBeHHNKA UM Ha MPEeeMHUKA JJAHHOTO y37ia B IepeBe MpH 0OpaTHOM
(CHMMETPUYHOM) MOPSAKE MPOX OXKICHHS.

Bosplioe MpeuMymiecTBO MPOIIUTHIX JCPEBHEB COCTOMT B TOM, YTO
YIPOLIAIOTCS ANTOPUTMBI UX TPOXOKACHHS. PacCMOTPUM airopuT™, KOTOPbIH
onpenensier P$ npu 3amanHoM P.

Aaroput™m S. (Obpamuviti (cummempuyHblil) NPeeMHUK 6 NPOWUMOM
bunaprom depege.)

Ecnu P yka3piBaeT Ha y3ell OHHApHOrO JiepeBa, TO ATOT aJIrOPUTM Mepe-
MeHHO# () mpucBanBaer 3HaueHue P$.

S1. [RLINK(P) — uutb?] Q < RLINK(P). Ecniu RTAG(P) = ", T0 3a-
KOHYHUTB aJITOPUTM.

41



82. [ITouck BneBo.] Eciu LTAG(Q) = 7+, To Q < LLINK(Q) n noBTo-
PHTB 3TOT IIar; B IPOTUBHOM Cllydae 3aKOHYUTH aITOPUTM. M

3aMeTnM, YTO B AaHHOM Ciydae CTeK He TpeOyeTcs, Kak MpH pelieHun
9TOM K€ 331a4H C ITOMOIIBIO anropurma 7.

Ecnu B anropurme S nomeHsaTs L Ha R u R Ha L, nepeBepHYB TEM CaMbIM
JIEpeBO TaK, YTO JIEBBIE U TPaBBIE MOJIEPEBHS TOMEHSIOTCSI MECTaMH, TO T10-
JYYUM CIEYIOUIHil anroputM onpenencuus $P no 3ananHomy P.

Aaroput™ S’. (Obpamuviti (cummempuynblil) nPeoulecmeeHHUK 8 npo-
wumom OuHapHom depese.)

Ecnun P ykaspiBaeT Ha y3en OMHApHOTO JepeBa, TO 3TOT allTOPHUTM Iiepe-
MeHHOU Q npucBauBaer 3HayeHue $P.

S°1. [LLINK(P) — autb?] Q «— LLINK(P). Eciu LTAG(P) = 7=, 10 3a-
KOHYHTH aJITOPHUTM.

S§’2. [Tlonck Bnpaso.] Eciu RTAG(Q) = "+7, o Q <« RLINK(Q) u 1o-
BTOPHTbH STOT 1Iar; B POTHBHOM CITy4ae 3aKOHUYUTH AJITOPUTM. M

IpencraBnenne B mamstu DBM Ounapnoro aepeBa (cM. puc. 14) kak
MIPOLINTOrO JIEPEBA MOXKET UMETh BUJI CBA3aHHOTO CIHCKA C TOJIOBHBIM Y3JIOM,
n300paxxkéHHoro Ha puc. 19. 3amernM, 4TO OCOOBIC HHUTH, BO3HHKIIUC Ha
puc. 16 B «caMOM JIEBOM» M «CaMOM IIPaBOM» y3Jlax 3TOTO JIepeBa, 3J1ECh
HAaIpaBJICHBI K TOJIOBHOMY Y3IIy.

KIEBIE

[ +[F]+]q]

Pl-fl-[s][$]-]ul -] [¢][-]/[-]4]

Puc. 19. [IpeacTaB/ienne NpomIMTOro OHHAPHOro AepeBa B namsitu OBM

Crnenyer OTMETHUTbH, YTO AJS BBIMOIHEHUS alropurMa I IpPOXOXKAECHUs
JiepeBa C IyCTBIMH CBsI3siMH TpeOyercst (157 + a + 3) enuHun BpeMeHH, a s
aIropUTMa MPOXOKICHUS TpommuToro nepesa — (11n — a + 8) equnun, rae n —
YHCIIO y3JI0B B JIEPEBE, d — UUCIIO KOHIIEBBIX MPABBIX CBS3EH.

AHanu3upys /1Ba paCCMOTPEHHBIX MOAXO0AA K MPOXOXKAECHUIO OMHAPHBIX
JIEpEBBEB, MOXKHO CAETATh CIEAYIOIINE BEIBOABL:
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— TIPOXOXJIEHWE IMPOIIUTHIX JIEPEBHEB OCYIIECTBISIETCS HECKOIBKO
ObIcTpee, YeM HENpOIIUTHIX;

— s anropurMa T TpeOyercs Oonpummii 00bEM mamsitu DBM wuz-3a
HEOOXOAMMOCTH IPUMEHEHUS CTEKa;

— WCIONIb30BaHUE aqroput™a S naéT BO3MOXHOCTH Tepeiiti ot P k P§,
He MpoxoAs Bc€ OMHapHOE epeBo.

Takum 06pa3om, IpouIMToe GMHAPHOE JIEPEBO C TOYKH 3PEHHUS €ro Mpo-
XOXKIEHUS] UMEET MPEUMYILECTBA Mepe HEMPOIIUTEIM. 3aMETHM, YTO YITOMS-
HYTBIE TIPEMMYIIECTBa MPOIINTHIX JEPEBbEB CBEIHUCH OBl Ha HET, ecid Obl B
caMOM Havaje ObUIO 3aTpyJHUTEIbHO IIPOBEJIEHHE CBsi3ei-HuTeH. OpHako
uziesl TMPOIIUTHIX JIEPEBbEB BIOJIHE PabOTOCIIOCOOHA B CHIIy TOTO, YTO MpO-
LIUTh JEPEBBS JOBOJIBHO JIETKO. DTO MOXHO CIENaTh C MOMOIIBIO CIEAYyIOIe-
T'O aJITOPUTMA.

Auaroput™ 1. (Brouenue y3na 6 npoutumoe OUHapHoe 0epeeo.)

JlaHHBIN aNTOPUTM MPHUCOSAUHACT OMUHOUHBIN y3en NODE(Q) B kauecTBe
mpaBoro mojyiepeBa y3na NODE(P), eciii nipaBoe MOUIEPEeBO MycTo (T.e. ecliu
RTAG(P) ="-"), n Bximrouaer NODE(Q) mexxny NODE(P) u NODE(RLINK(P))
B NpOTHBHOM citydae. Ilpennonaraercs, 4ro OMHapHOE J€pEBO, B KOTOPOM
MIPOM3BOJIUTCS BKITIOUECHHE, SIBJISIETCSI ITPOIIMTHIM Kak Ha puc. 19.

I1. [YcraHOBKa NPU3HAKOB U CBA3EH. |

RLINK(Q) <« RLINK(P), RTAG(Q) <« RTAG(P), RLINK(P) «— O,
RTAG(P) <« "+”, LLINK(Q) < P, LTAG(Q) « "—".

I2. [RLINK(P) — nuts?]

Eciu RTAG(Q) ="+, To LLINK(QS$) < Q. (3aecp aapec O$ onpenens-
€TCsl aITOPUTMOM S, KOTOpHBIH OyaeT paboTaTh JOMHKHBIM 00pa3oM, Jaxe eciu
LLINK(QS) Teneps ykasbiBaeT Ha y3en NODE(P), a ve Ha y3en NODE(Q).
Heo0xonnmMocTh B 3TOM IIare BOZHUKAET TOJIBKO B TOM Cllydyae, KOTa IpoHc-
XOAUT BKJIIOYEHUE B CEPEAUHY MPOIIUTOrO JEpeBa, a HE MPOCTO BKIIOUECHUE
«HOBOTO JICTa».) W

3amMeTuM, 4TO MOMEHSB POJISIMH JIEBOE U NPaBOE MOAJAEPEBbS, a TaKKe
3amenuB 0% Ha $Q Ha ware /2, moxyuum anroput™ [ ’, IPOU3BOAAIIUIL ITO-
JIOOHBIM ke 00pa3oM BKIIIOUYEHHE BIIEBO.

KpoMe paccMOTpeHHBIX NMpEICTaBIE€HUH HUT/AE HE MPOLIUTHIX U BCIOAY
NPOIIUTHIX JEPEBbEB HMMEETCSl IMPEACTABJICHHE, Ha3blBAEMOE /pA6O-
npowlumuvimy OMHAPHBIMH JEPEBBSIMH. B HHUX ITycThle NpaBble IOJ/IEPEBbS
MIPEJCTABISAIOTCS CBA3AMU-HUTAMU RLINK, a s MyCTHIX JIEBBIX MOJAEPEBHEB
LLINK = A. AHaJlOTHYHBIM CIIOCOOOM CTPOSITCS Jlegonpouiumvsle OWHAPHBIC
nepesbs. Ecau B anroputMe S Ha mare S2 nposepky LTAG = 7+ 3aMeHUTh Ha
”LLINK # A”, TO NOJIy4UM aJTOPHUTM JUIS ITPOXOXKJIEHNSI B 00paTHOM IOpsIIKe
MIPaBOIPOLIUTHIX OMHAPHBIX AepeBbeB. OTMETUM, YTO Ha MPAKTHKE Yalle Bce-
T'O BCTpeyaeTcs ciy4aid, Korja TpedyeTcsi NpoBeeHHe HUTEH TOIBKO C OIHON
CTOPOHBI.

43



Jlanee paccMOTpHM aJIOpUTM TONY4YEHUs] KOIMM OWHApHOTO JepeBa Ha
HOBOM MECTE IaMsITH.

Auaroput™ C. (Konuposanue bunaprozo depesa.)

[Tycte HEAD — anpec rojioBsl cnvcka ounapHoro aepesa 7 (t.e. T siBis-
eTCsl JIEBBIM TToJiepeBoM y3ia 1o aapecy HEAD; LLINK(HEAD) — ykazartenb
Ha jaepeBo). [Tycte NODE(U) — y3en (ue nepesa T) ¢ MyCTHIM JICBBIM HOICPE-
BoM. PaccmarpuBaeMblii alrOpUTM KOITUPYET JepeBO 7, W KOMUSI CTAHOBHUTCS
neBbIM rnojiepeBoM y3na NODE(U). B wactHocty, ecnmu NODE(U) siBasiercs
TOJIOBOM CIIMCKa MYCTOro OWHAPHOrO JepeBa, TO AJTOPUTM IIpeBpaiaer my-
CTOE JIEpEeBO B KOMUIO JiepeBa 7.

C1. [HavanbHas ycTaHOBKA. |

P «— HEAD, Q < U. Ilepeiitu k mary C4.

C2. [[TomectuTs cripaBa ?]

Ecmu y3en NODE(P) uMmeet HermycToe mpaBoe MOIepeBo, T0 R <= AVAIL
n npucoenuHuTh y3en NODE(R) crpasa ot y3na NODE(Q). (B Hauane ma-
ra C2 npasoe noanepeso y3ina NODE(Q) nycro.)

C3. [Cxonupoats INFO.]

INFO(Q) <« INFO(P). (3necy INFO o603HauaeT nHGOPMALIMIO U3 BCEX
nonel y3na, kpome uHpopmarmu u3 noneit LLINK, RLINK, LTAG, RTAG.)

C4. [[TomectuTtsh creBa?]

Ecmu y3en NODE(P) uMeet HEmycToe JIeBOe MOIIepeBo, To R <= AVAIL
u npucoequuuth y3en NODE(R) cieBa ot y3na NODE(Q). (B nHavane ma-
ra C4 neBoe nonuepeso y3na NODE(Q) mycro.)

C5. [Brepén. |

P — P* 0« Q%

C6. [Konen?]

Ecmu P = HEAD (wnu, urto To xe camoe, ecnu Q = RLINK(U), B ipeario-
noxenuu, 4to y3en NODE(U) umeer HemycToe MpaBoe MOJAEPEBO), pabora
aIropuTMa 3aKaHYMBAETCS; B IIPOTUBHOM CiTydae BepHYThCs K mary C2. m

3aMeTHM, 4TO STOT aJTOPUTM CIYXKHUT THIIMYHBIM IIPUMEPOM HpUMEHe-
HUSI TIPOLIEAYPHI POXOXKJICHNS IepeBbeB. B MaHHOM ciydae OH MPUMEHHM K
MIPOLIUTHIM, HEMPOLIUTHIM M YaCTUYHO MPOIIUTHIM JIepeBbsIM. 151 POIIUTHIX
JIepeBbEB BKJIIOUEHHE y3710B Ha marax C2 u C4 ocyIecTBIISIETCS ¢ MOMOIIBIO
anroput™oB [ u [ °. Onpenesnenue NpsiMbIX npeeMHUKOB P* n O* Ha mare C5
B IIPOIIUTOM JIEPEBE MOXKET BBHIITOJHUTH OIMCAHHBIA HIKE ajlTOPUTM, KOTO-
PBIF 7S 33TaHHOTO 3HaUCHHS P mprcBanBaeT nepeMeHHol O 3HaueHue P*.

Ecmn LTAG(P) ="+, To Q «<— LLINK(P) u KOHell aJropuTMa; B IIPOTHB-
HoM ciydae Q «— P u Bemonusate Q <— RLINK(Q) 1o Tex mop, 1moka He moiy-
yuM RTAG(Q) ="+ (MoxeT ObITb U HU pa3y), O «— RLINK(Q). =
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YupaxxeHus

1. C nmomomrpo anroputMa 7 IPOXOXKACHUST OMHAPHOTO JiepeBa B 00paT-
HOM TIOpSI/IKE ONPEAENINTD JIMHEHHOE PACIIONIOKEHUE y3710B OMHAPHOTO JIepeBa,
3aJaHHOrO B cucreMe oOo3HaueHui [Ipton (0 cooTBeTcTBYET JIeBOoMYy, a 1 —
npaBoMy momuepeBy): 1 4; 10 B; 11 C; 101 D; 111 E; 1010 F; 1011 G; 1111 H;
10100 J.

2. Ipoumts OuHapHOE AEpeBO U3 YIp. | ¥ NPOWUTH MOTYIEHHOE MPOIIH-
TOE JIEPEBO C MMOMOUIBIO AJITOpUTMA S.

3. Hcrmonp3yst rpaduyuecKyro WILTIOCTPALMIO, BBINOIHUTE C MOMOIIBIO
anropuT™a / BKIFOYEHHE HOBOTO y3ia K B OMHApHOE /1epeBO, NMPEACTaBICHHOE
Ha puc. 19, ecnu nepemenHas P yka3bIBaeT Ha:

a) yzenD;

0) yzen C.

4. BBINOIHHUTE C IOMOIIBIO anroput™Ma I’ (UCTIONb3ysl TPaPUUISCKYIO HII-
JIIOCTPAIMIO) BKIIIOYEHHE HOBOTO y3i1a K B OMHApHOE JIepeBo, MPeCTaBICHHOE
Ha puc. 19, ecnu nepemenHas P yka3bIBaeT Ha:

a) yzenk;

0) yzen C.

5. Hcrmonp3yst rpaduyuecKyro WILTIOCTPALMIO, BBINOIHUTE C MOMOIIBIO
anroputMa C KonmupoBaHHe OMHAPHOTO JiepeBa, MpeCTaBIeHHOr0 Ha puc. 19,
eciu yzen NODE(U) siBisiercsi ToNoBOM CIIMCKa IMyCTOro OMHapHOTo JAepeBa.

7. HPEJCTABJIEHUE JJECOB BUHAPHBIMU JEPEBbAMMN

Jlecom Ha3bpIBaeTCs YHNOPAAOYEHHOE MHOXKECTBO, COCTOSAIEE U3 HEKOTO-
poro, OBITh MOXKET M PAaBHOIO HYIIO, YWCIIa JIepeBbeB. Beskuii jec Moxer
OBbITH €CTECTBEHHBIM 00pa30M IIPE/ICTaBJICH B BHIe OWHapHOro nepesa. Pac-
CMOTPHM, HaIlpuMep, Jec U3 ABYX JIepeBbeB, H300pakEHHBIN Ha puc. 20.

Puc. 20. Jlec u3 1ByX nepeBbeB

COOTBETCTBYIOIIEE 3TOMY JIeCy OMHAPHOE J€PEeBO MOXHO IOIYYUTh, €C-
JI1 COEUHUTL BMECTE KOPHU JEPEBBLEB, a TAKXKE CHIHOBEH B Ka)KJIOM CEMbE U
yOpaTh 3aTeM HErOpH30HTAJILHBIE CBSI3H, OCTAaBUB TOJILKO CBS3H, WAYIIHE OT
OTIIOB K X IIEPBBIM CHIHOBBSM (pHcC. 21).
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Puc. 21. IIpeoGpa3oBanubIii jJec U3 ABYX AepeBbeB

IMoBepHYB 3aTeM HEKOTOPHIE YacTH rpada mpumepHo Ha 45° o 9acoBoit
CTpeJIKE BOKPYT' COOTBETCTBYIOIINX Y3JIOB, TONYYHM MCKOMOE ITPEICTaBIICHNE
OuHapHOro AepeBa, 300paxEHHOE Ha puc. 22.

Puc. 22. BunapHoe 1epeBo, npeAcTaBJIsIONIee JIeC U3 IBYX /IePeBbeB

BeInonusst oOpaTHbIe AefcTBUSA B 0OpPATHOM TOPSIKE, MOXXHO U3 OUHAp-
HOTO JIepeBa MOIYYUTh COOTBETCTBYIOLIHI eMYy Jiec.

OnwucanHble NPeoOpa30BaHUsI HA3BIBAIOTCS €CHIECMBEHHbIM COOMBem-
cmeuem MeXIy IeCaMu U OMHAPHBIMHU JICPEBBSIMH.

Wuorpma mis ynodcrsa rpad OuHapHOTO JepeBa U300pakaroT Tak, Kak Ha
puc. 21, T.e. He BBINONHSSA MOBOPOTOB IO 4acoBoi crpeinke. [IpommToe O6u-
HapHOE JIepeBO, COOTBETCTBYIOIIEE PACCMAaTPUBAEMOMY JIECY, NPECTaBICHO
Ha puc. 23. 31ech ITPUXOBBIE JJMHUM 0003HAYAIOT MPAaBbIe, a MyHKTUPHBIE —
JICBBIC CBA3U-HUTH. 3aMETHM, YTO MPABbIE CBA3U-HUTH HUIYT OT CAMOrO MPaBo-
O CbIHA K OTI[Y CEMBH.
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Puc. 23. [IpommnToe OMHAPHOE AepeBO, MPeICTABJISIIONIEE JIeC U3 IBYX 1ePeBbeB

Hcxoast U3 OTMEUEHHOTO BBIIIE €CTECTBEHHOTO COOTBETCTBUS MEXKTY Jie-
caMM ¥ OWHApHBIMH JIEPEBBSIMHU, WJEU MPOXOXKICHHS, M3JIOKEHHbIEe sl Ou-
HapHBIX JIEPEBHEB, MOXKHO ITPUMEHHUTH K JiecaM (U, ClIeIOBAaTEIbHO, K JIEPEBb-
siM). VI3BecTHBIE HAM TPH MOPSIZIKA TIPOXOXKAECHHS IPHHUMAIOT TaKOH BHUI.

Tpsimoti nopsdok: MONacTh B KOPEHb MIEPBOTO JIepeBa, MPONTH TOAIepe-
Bbsl IIEPBOrO JepeBa (B NPSMOM THOPSIKE), NPOWTH OCTABIIHECS JEPEBbS
(B IpsIMOM TIOpSIZIKE).

Obpamubiii nopsA0oK: IPOUTH TIONAEPEBbS IIEPBOTO JAepeBa (B 00paTHOM
TIOpSAJIKE), MONACTh B KOPEHb IEPBOTO AEpeBa, MPOUTH OCTABIIHECS JIEPEBbS
(B oOpaTHOM MOpSZKE).

Konyesoii nopsidok: npolTH TOAAEPEBbs IIEPBOTO JepeBa (B KOHIIEBOM
TIOPSAJIKE), TIPONTH OCTAaBIIHMECS JIepeBbsl (B KOHIEBOM IIOPSIKE), MONAcTh B
KOpEHb IIEPBOTO JIepeBa.

Jls Toro 4TOOBI MOHATH 3HAYEHHWE STHX TPEX METONOB IMPOXOXKICHUS,
PaccMOTPHUM CIIEIYIOUIYIO 3aMKCh Jieca ¢ TIOMOIIBIO BIIOYKEHHBIX CKOOOK:

(4 (B, C(K)), D (E (H), F (), G)) 31

Orta 3aI1Cch COOTBETCTBYET HallleMy Jiecy U3 ABYX JepeBbeB. B Heil nepe-
BO IIPEACTABIEHO TaK, YTO CHayaja 3allucaH KOpeHb [epeBa, a 3aTeM Ipel-
CTaBJIEHbl €r0 IMOJJEPEBbS aHAJIOTMYHBIM oOpa3oM. CienoBaTenbHO, NpEa-
CTaBJICHUEM HEIYCTOrO Jieca CIY)KUT 3aKIIOYEHHBIA B CKOOKU CIHCOK IIpe-
CTaBJICHUH €ro JepPEeBbEB, pa3AesIeMbIX 3alsIThIMU. Ecy Ham jec mpoxoaurest
B IpPSIMOM MOps/IKE, TO Moiydaerca nocnenosarensHocts ABCKDEHFJG, a
9TO HE YTO WHOE, Kak BhIpaxkeHHe (31) 06e3 CKOOOK M 3amsiThIX. 3aMETUM, 4TO
TIPSIMOH TTOPSIIOK SIBJISIETCS AMHACTHYECKUM TopsiikoM. [Tociie cmepTr Kopouts,
€ro TUTYJI IIEPEXONT K €ro IepBOMY CBIHY, a 3aT€M K IIOTOMKaM IIepPBOTrO ChI-
Ha, ¥ €CJIM XK€ BCE TAaKOBbIE YMHUPAIOT, TO TUTYJ TaKUM >K€ CaMbIM 00pa3oM
TIEPEXONT K IPYTUM CHIHOBBSIM 3TOW CEMBH.
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OOpaTHBIM MOPSIKOM MPOXOXKIAEHHS Y3JIOB 3TOTO Ke JIeca SIBISIETCS 110-
crnenoBarensHocTe BKCAHEJFGD. Ona monmy4aercs TakuM JK€ CHOCOOOM,
KaK | JUIsl MPSIMOT0 MOpsAKa, HO TOJIBKO B COOTBETCTBYIOIIEM IPECTaBICHUN
Jieca ¢ IOMOLIBIO BIIOXKEHHBIX CKOOOK KaX/IbIi y3€ 3alliChIBaeTCs OCie CBO-
UX TIOTOMKOB, a HE Tiepe]l HUMH:

(B, (K) O) 4, (H) E, ()) F, G) D) (32)

V37161 HalIeTo Jieca B KOHI[EBOM IOPSJIKE 00pa3yIoT MOCIEA0BATENBHOCT
KCBHJGFEDA. 210 Ha niepBbli B3IJIs]] HECKOJIBKO CTPAHHOE PACTIONIOXKEHUE
Y3JI0B JIOBOJILHO TIPOCTO OOBscHsercs. B crpoke cumBonoB (31) mmm (32)
HEoOXOMMO JIBUT'aThCS CJIE€Ba HAIPABO /IO TEX I1Op, MOKa He OYyIeT JOCTUTHY-
Ta mepBast rpasasi CKoOKa. 3aTeM HaydaTb MPOXOJAWTH Y3IIbl, BUTrasich CIIpaBa
HAaJIEBO JI0 TEX I10p, MI0Ka He OyAeT AOCTUrHyTa JieBast ckoOka. [lotom u3 Beeit
CTPOKU BBIYEPKHYTh IOJHOCTHIO TPYNITy CHMBOJIOB, BKJIOYAasi 3TH CKOOKH.
B momyuyeHHOH CTpOKe OISITH ABHIaThCs CIIEBa HANpPaBO JO MEPBOH NpaBOi
CKOOKH M MPOXOANTH Y3JIbI CIIpaBa HaJeBO JI0 TEX IOp, [T0Ka He OyJeT JOCTHUr-
HyTa JieBasi CKoOKa ¥ TaK Jlajiee, IIoKa CTPOKa He CTaHET ITyCTOH.

IToMrMO paccMOTPEHHOrO BBIIIE MPEACTaBIECHUS JECOB, KOTOPOE YCIOB-
HO MOKHO Ha3BaTh «Ie@blll CblH — NpAGblil Opamy, CYIECTBYET €Il€ MHOTO
CHoco0O0B TIPECTaBIEHHs JPEBOBUIHBIX CTPYKTYp B KoMIbioTepe. M3 HuX,
TIPEXJIE BCETO, NCTIONIB3YIOT METOABI 710C1e008aMeNbHO20 PACTIPEICIICHHs Ta-
MSTH.

OpuH 13 cocoOO0B MPEACTABIICHUS JIECOB METOIOM MOCIIEI0BATENLHOTO
pacnpeniesieHusl MaMATH 3aKII4YaeTcs, Mo CYIIECTBY, B TOM, YTO OIYCKalOTCS
cBsizu LLINK.

B ciydae npeacraBieHus HaIero Jieca B MPSIMOM HOpPSIIKE MTPU MOCTIEN0-
BATEJILHOM PACHpEAETICHUN Y3Jbl paclonararTca B IpsSMOM HOPSIKE C MOs-
mu INFO, RLINK, LTAG B xaxaoM y3Je:

RLINK ¥ } | N/ }
INFO 4 B C K D E H F J G (33)
LTAG + - + - + + - 4+ - =

3nech HemycThle cBsi3u RLINK oTMmeueHsl cTpenkaMy, a cBsisu LLINK He
HY)KHBI, IOCKOJIbKY TaKasl CBSI3b Oblila OBl HyJIEBOI MJIM yKa3bIBasa Obl Ha Clie-
JTYIOIIUH 3JIEMEHT MOCIEA0BATEIbHOCTH.

Pesepcusnbiii k konyesomy NOPAAOK MPEACTABICHUS Jieca IIPU MOCIEN0-
BaTEJILHOM PAcCIpeeIeHUH MaMATH OTIIMYAaeTcsl OT IPSMOro Mopsiika TeM, 4To
onyckatorcs cBsi3u RLINK, a cBsa3u LLINK coxpaHstoTes:
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LLINK ‘

—/ | Vo l v
INFO 4 D E F G J H B C K (34)
RTAG + — + + - - - + - -

IMopsinok, peBepCHBHBIN K KOHIIEBOMY, HA3bIBAIOT €MIE (amuibHbiM TIO-
PSAAKOM, TTOCKONBKY BCE CBIHOBBSI OHOM CEMBH CTOAT pAa0oM, HanpuMmep EFG.

Tperse mocnenoBaTeNbHOE MPEACTABIEHUE Jieca B OOpaTHOM IOPSIIIKE
HECKOJIBKO OTJIMYaeTcs OT IEPBBIX ABYX. 3/€Ch Y3JIbl pa3MellatoTcsa B o0pat-
HOM MOPSIJIKE U PETUCTPUPYIOTCA HE CBA3H, A CTENEHb KaX/I0T0 y3/a:

Crenenr 0 0 1 2 0 1 0 1 0 3
INFO B K C 4 H FE J F G D (35)

Orol HHpOPMaIHHU 10CTATOYHO JUIS TOTO, YTOOBI 331aTh IPEBOBUIHYIO CTPYK-
TYypYy.

YupaxHeHus

1. TlpencraButh B BUjE OMHAPHOTO JEpeBa Jiec:

(4) (1)
®) Q) (K) ()
@ & B O w 0 6 ®
© ©

2. TlomyduTs Jiec, COOTBETCTBYIOIINIT OUHAPHOMY JepEBY:
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3. Ompenenuth MOCIENOBATEILHOCTh IPOXOXKACHUS Y3JIOB Jeca U3
yIp. 1, ecau NopsaaoK MPpOXOXKAEHUS Y3JI0B:

a) mpsMoH; 0) oOpaTHBII; B) KOHIIEBOW.

4. IlpencraBbTe jec U3 ymp. | ¢ HOMOIIBIO [TOCIEIOBATENBLHOIO pacIpe-
JIeTIeHNS! TIAMSITH, €CJIU TIOPSIIOK MIPOXOXKJICHUS €T0 Y3JI0B!

a) mpsMoH; 0) paMUIIBHBIA; B) 0OpaTHBIMN.

8. UCIIOJIb30BAHUE ITOHATHUSA JEPEBA
JJIA PEHHEHUSA TPUKJIATHBIX 3AJTAY

Jlns monHOM crienuduKany BCIKOTO OPHEHTHPOBAHHOTO JiepeBa WIIU
neca noctatoyHo cBsizu FATHER (otel), TOCKONIBKY 3Has BCE BOCXOJISIINE
CBSI3U MOJKHO HApHCOBATh JEPEBO WIIH JIeC.

PaccMoTpuM Ba)KHOE NpPAKTHYECKOE IMPUIOKEHHE, B KOTOPOM MOXKHO
00OHTHCH OJJHMUMHU BOCXOJSIIMMH CBS3SIMH, — aJTOPUTM, PEUIAIONINN 3a7aqy
SKBUBAJICHTHOCTH.

Omuowenuem 3K6UBAIEHMHOCHI, 0003HAYAEMBIM CUMBOJIOM «=», Ha3bl-
BaeTcsl OMHApHOE OTHOIIEHHE MEXIY dJIEMEHTaMU MHOXKECTBa M, yJOBIETBO-
psrolee ciuexyronmM TpéM CBOMCTBAM JUIs JIIOOBIX (HE 00s3aTeNIbHO pas3siny-
HBIX MEXIY CO00i1) 3JIEMEHTOB X, V, z u3 M:

a) eciM X =y Huy =z, TO X =z (TPaH3UTUBHOCTH);

0) ecnu x =y, TO y = x (CHMMETPHYHOCTB);

B) X =x (peIeKCUBHOCTB).

[TpumepamMu OTHOIIEHHWH SKBHBAJEHTHOCTH MOTYT CIIY>KHUTH OTHOIIEHHE
«=», OTHOIIEHHE CPABHUMOCTH TI0 MOJIYJIIO m JUIsl IEJbIX YMCEN, OTHOIICHNE
OO0 MEXTy IEPEBBSIMH U .

3aoaua sxeusarenmHocmy COCTOUT B TOM, YTO YKa3bIBAIOTCS Mapbl SKBH-
BaJICHTHBIX 3JEMEHTOB MHOXeCTBa M WM HEOOXOJMMO YCTaHOBUTH BO3MOX-
HOCTH JJOKA3aTeJIbCTBA AKBHBAJEHTHOCTH JIBYX OMNPENEIEHHBIX DJIEMEHTOB U3
3TOTr0 MHOXKECTBA.

IMycts MHOXECTBO M = {1, 2,3,4,5,6,7, 8, 9} 1 AaHHI CIenyrONIUE mMa-
PBI 9KBUBAJIEHTHBIX DJIEMEHTOB:

1=56=8,7=2,9=8,3=7,4=2,9=3. (36)

Ortcrofia 1oKa3bIBaeTCs, 4YTo 2 = 6, MOCKONbKY 2 =7 =3 =9 =8 =6, HO
HEIb3sl JI0Ka3aTh, 9To 1 = 6. B camMoM jiene, mapsl SKBUBAJICHTHBIX 3JICMEHTOB
u3 (36) pa30UBaIOT MHOXKECTBO M Ha J[Ba KJlacca DKBUBAJICHTHOCTH:

Ki={1,5} uk;=1{2,3,4,6,7,8, 9}, 37)

TaKHEC, YTO 3JICMCHTHI lué NpUHAJICKAT pa3JIMIHbBIM KjlaccaM, a, CJICA0Ba-
TCJIIbHO, HC DKBHBAJICHTHBEI.
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Jnst pemenuss cOpMYyITHPOBAHHON BBINIC 3aJa4d SKBUBAJICHTHOCTU
HEO0XOIMMO CHavajia ONpeeNIUTh pa3OueHne MHOXeCTBa M Ha KJIACChI IKBU-
BaJieHTHOCTH TUMa (37), a 3aTeM C/IeNNaTh COOTBETCTBYIOIIUE BBIBOJIBL.

Pa3Ouenue MuokecTBa M Ha KIACChl SKBHBAJIEHTHOCTH MOXXHO HAYaTh C
TOTrO KpalHero cirydas, KOrjia KaXKIbIi €ro 3JICMEHT OJIMH COCTAaBJISICT BECh
CBOH KJ1acc:

K= {1}, K= {2}, Ks= (3}, Ks= {4}, Ks= {5},

Ko= {6}, K7= {7}, Ks= {8}, Ko= {9]. (38)

Teneps, ¢ y4éToM NIepBOro 3alaHHOTO COOTHOIEHHs | = 5, cnenyer 00b-
enuHNTH Kinaccel Ky = {1} u Ks= {5} B omuH knacc K; = {1, 5}. I[locne obpa-
00TKU cooTHOomeHu | =5, 6 =8 u 7 = 2 pacnpeielIcHIE JIEMEHTOB TI0 KJac-
cam (38) mpumeT Takoi BUI:

Kl = {la 5},K2: {25 7}5K3: {3}51(4: {4}51(5: {65 8}51(6: {9} (39)

Jlanee Ha OCHOBaHMU COOTHOIICHHS 9 = 8 clieyeT 00BEIUHUTE KITACCHI
Ks= {6, 8} u Ks= {9} c obpazoBanuem kiacca Ks= {6, 8, 9} u T.11.

B npuBeI€HHHOM HUKE aJITOPUTME JUTS TIPEJICTABICHUS CUTYaluil TUIa
(37) — (39) B xoMmBIOTEpE U 3DHEKTUBHOTO O0BETUHEHUS KJIACCOB UCIOIB3Y-
FOTCSI IPEBOBUJIHBIE CTPYKTYPhL. DJIEMEHThI MHOKECTBA M CTAHOBATCS y3JIaMH
Jieca M 06a y31a 9K6UBAJICHMHbI TOTJA U TOJIBKO TOT/A, KOTJa OHU HpUHAOle-
arcam oOHOMY u momy dice depesy (Kaaccy). 3aMETHM, 4TO JIBa y3Jia TPUHAI-
JISKAT OJHOMY M TOMY K€ JIEPEBY, KOTJIa OHU PACIIONOKEHBI HIDKE OJHOIO M
TOro ke KopHs. IIpu oObeTMHEHHH KITACCOB JBa JEpPeBa JIETKO COEIUHUTD,
MPOCTO MOJIarast OJIHO U3 HUX HOBBIM TOJIEPEBOM KOPHS JAPYTOro Jepena.

Auaroput™ E. (Obpabomka coommnoweHutl IK8UBANEHMHOCHILL. )

Ilycts M — MHOXecTBO HenbIX yucen 1, 2, ..., n u nycts FATHER[1],
FATHER|2], ..., FATHER[n] — nenouncieHHsle nepemenssie. Ilycts Bxon-
HBIMU JAHHBIMM JUIS 3TOTO alIrOPUTMa CIYKUT HEKOTOPOE MHOXKECTBO COOT-
HoueHui Buaa (36).

E1. [Havyanbnas ycranoBka.| FATHER[k] — O s k=1, 2, ..., n. (OT0
03HAUaeT, YTO BCE JIEPEBbs MEPBOHAYANBHO COCTOST TOJIBKO U3 KOpHS, Kak B
(38).)

E2. [BBog HOBOM mapsl.] B3sTe n3 BXOAHOTO MOTOKA Mapy SKBUBAJICHT-
HBIX DJIEMEHTOB BHJA j = k. Ecim BXOMHOM MOTOK McuepmnaH, TO KOHEI]| ajro-
pHuTM™Ma.

E3. [Haiitu xopuu.] Ecnmu FATHER(j] # 0, 10 j «— FATHER[j] u noBToO-
puts stot mar. Eciu FATHER[k] # 0, 10 k < FATHER[k] v TOBTOPHUTH 3TOT
miar. (ITocne 3Tolt onepauyy j u k mepenu B KOPHH JIBYX JIEPEBHEB, KOTOPHIE
Ha/0 COEAMHHUTH. 3aMETHUM, YTO BBOJMMOE COOTHOIICHWE j = k M30BITOYHO
TOT/Ia U TOJIEKO TOTJIa, Korja j = k.)

E4. [Coenunenne nepebeB.| Ecnu j # k, to FATHER|j| < k. BepayTtbcst
Hamar £2. m
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st BXOmHBIX MaHHBIX (36), BBOAUMBIX O MOPSIKY ClieBa HAIPaBO, IO
OKOHYaHWU anroputMa tabmuna FATHER MOTyquT Clieyroniee 3arnoTHeHUE:

FATHER
s lof2]2]of[s8[]2]2T[]38],
2 3 4 5 6 7 8 09

YTO MPENCTABIIACT JieC, U300paKEHHBIN Ha puc. 24.

i

Puc. 24. Jlec, onpenensiroumii pazonenue (37)

PaccMoTpuM emé ofHO Ba)XHOE MPAKTHYECKOE NPUIIOKEHHUE, UCIIONb3Y-
Iolllee TOHATHE JIepeBa MPU aHAIN3€ BBIYMCIUTEIBHBIX AITOPUTMOB. B HEM
peliaercs 3aja4ya ONpe/eneHns, CKOJIBKO pa3 BBIMONHICTCS KaXIbIi IIar He-
KOTOPOTO aJrOpUTMa MPU OJHOKPATHOM ero ucronHeHuu. [IpuMenenune nepe-
BBEB MO3BOJISICT B 3TOH 3aj1a4e ONpe/IeIUTh HE3aBUCUMbIC HEU3BECTHBIC U aéT
CHCTEMAaTHUYECKUI METO/ MX OOHAPYKEHHSI.

[TycTp anroput™ npencraBieH OJ0K-CXeMOoi, n300pakEHHOM Ha pHc. 25.
B Heii 6110ku 0003HAYAIOT IIary anropuTMa, OykBa WM 1udpa BHyTpH Ojloka —
CKOJIBKO pa3 JOMKEH ObITh BBIMOJHEH ATOT IIATr 332 OJWH MPOXOJ aJrOpUTMa.
CTpenky yKa3plBArOT BO3MOXKHBIE MEPEXO/IbI MEXKIY OJIOKAMU.

Puc. 25. Biok-cxema anropurma
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B 3amaue TpeOyercs HaliTh 3HaYeHUs Beex BenuunH 4, B, C, D, E, F, G,
HJ KL P,Q,RusS.

Jlns e€ pemeHnst BHavyane 0003Ha4MM 4epe3 F; YMCII0, MOKa3bIBaoIIEe,
CKOJIBKO Pa3 B IIPOLECCE BEHINOIHEHNUS aJITOPUTMA IIPOXOAUTCA CTpenka e;. To-
r71a, coriacHo 3akony Kupxroda:

(cymma BennunH E, BXOAAMINX B OJI0K) =
= (BeNMYMHA, HAXOAAIIAsICS B OJIOKE) = (40)
= (cymMa Benn4rH E, BRIXOISAIIMX U3 OJIOKA).

Hampumep, uist 610ka K nmeem:
Ewt+Ex=K=E;g+Ey. (41)

Hanee xpome BenuuuH A4, B, ..., S OyIeM CYUTATh HCU3BECTHBIMH U BETMYHHBI
E], E2; ceey E27

3ateM aOcTparupyeM OJOK-CXEMY TakK, 9YTO OHA MPUMET BUJI OPHUECHTUPO-
BaHHOTO rpada, n300paxEHHOro Ha puc. 26. [Ipu sTOM nyra e); paszueiieHa Ha
JYTH ej3; W ey JUIs TOrO, YTOOBI KOHTYP COCTOSUI HE MEHEE YeM M3 TPEX IyT.

Taxum >xe 00pazoM paszeneHa Jyra ejg. AHaJOTHYHO HY)KHO OBUTO OBI 1OCTY-
IMUTh U C METJIIMU, €CTH Obl OHU MMEJTH MECTO B Tpade. J{Jis Toro 4ro0bl 3aKoH
Kupxroga ObUT 0TMHAKOBO MPUMEHUM KO BCEM YacTsAM JaHHOTO rpada, BBe-
JIeHa JIyra ey, HarpaBieHHas u3 0ioka «Konemy» B 0ok «Hauaioy.

€] €3

€20

Puc. 26. AG6cTpakTHas 6;10K-CXeMa aJITOPUTMA

Ha stom pucyHke 0ojiee )UPHBIMU JIMHUSAMH BhIZETEH 0cTOB rpada. Jo-
0aBHB K OCTOBY JIt00YI0 Xopay (ayry rpada, He BOMIEANIYIO B OCTOB), MOTY-
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YMM TOYHO OAMH nuKiI. Hampumep, n00aBUB Oyry e, K 3aJaHHOMY OCTOBY,
oJTy4YaeM IHKI (e;, €4, €3), KOTOPBIA alreOpanyecku MOXKHO 3aIllUCaTh B BUJIC
«ey — e3 — eg», TOE 3HAKU TUTIOC M MUHYC MOKA3bIBAIOT, WIAET JIM UK 110
HAIMpPaBJICHUIO COOTBETCTBYIOIIEH IyT'M UK IPOTUB HETO.

BBIMOIHUB TaKyl0 MPOLEAYPY VIS KaXKI0H XOP/Ibl OTHOCUTEIBHO 3a/1aH-
HOT'O OCTOBA, TOJIYYHM BCE Oa3MCHBIC IUKIIBI:

Co: ete teytestestertetepgtententey
C2 L ey —e3—¢éy,

C5 . e5—e7—¢€q,

Cg: egteyt+est+eqtey

Ciy: ey tentes;

Ci7: e7tenteyteyten testep (42)
Clo: efy Tes™ ep;

Coo: ey tegtenten;

Coi: ey —eg—eis—ey — ey —eu—en—eig;

Cos: eps +exs— ey,

Bemuuunsl Ey, E, , Es, Ey, Ef5, Ev7, EJy, Es, E2 1 Eps, COOTBETICTBYIO-

IIMEe TPECTAaBICHHBIM IHKIAM, CIEAYeT CUMTATh HEe3a6UCUMbIML HEU3BECT-
HBIMH BEJIMYMHAMH, TOCKOJIBKY IS JF000ro Habopa 3HAaYeHHH 3THX BEINYNH
nmeertcs pemeHre ypasHenuit Kupxroga suna (40), mpnuém eanHCTBEHHOE:

E\ = Ey, En=Ey+ Ey7—Ey, Ejg= Ejy,

E3s=FEo— E) + Ej, En=E+ B, Eyn=Ei7+ Ey—Ey,
E,=Ey—Ey+ Eg, Ejy= Efy, Er=Ey,

Es=Eq— Es + Ej, Eu= Ey, Eyy=E7— Eyy, (43)
E;=Ey—Es + Eg, Es=E7 - Eyy, Ers= Eps,

Ey= Ey, E6= Ei7— Eay, Eyy=Ei7— Ey — Eps.
Eo=E,, E\s=Ejy + Ey,

OTMeTnM, YTO NMPH NMOTYYEHHH COOTHOIIEHHUH (43) 11 KaKaAol OyTH e;
33JIaHHOTO OCTOBA 3aMKCHIBAEM BCE B3SIThIE C COOTBETCTBYIOUIMM 3HAKOM Be-
JIMYUHBI Ey, 17151 KOTOPBIX Ayra e; BXoauT B UK Cy. Takum o6pazoM, MaTpHIa
k03 urmeHTOB cuctemsl (43) ABJISETCS MPOCTO TPAHCIIOHUPOBAHHOW TTO OT-
HOIIEHHIO K MaTpulle Ko3((UINEHTOB cUCTEMEI (42).

3a/aB 3HAYCHHMS HE3aBUCHUMBIX HEW3BECTHBIX BeNMWuuMH Ey, E,, Es, Eg,
Els, Evy, Ely, Ey, Ey; 1 Eps, MOXXKHO BBIYUCIMTH IO COOTHOLICHMSIM (43)

r r
Bemuuunbl Iy, B3, Ey, Eg, E;, By, Eyg, Ey1, E, E13 , B, Eis, Eig, Eng, E19 5
Ey, Ep, En, Exg u E5;. OTMernM, uto O0moku «Havano» u «Konemy anropur-
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Ma BBIMOJHIIOTCS TOYHO OJHMH pa3, MOATOMY 3Ha4YeHUe Fj CIeIyeT CYUTATh
paBHbIM 1.

3akaHuMBas pEIICHUE 3aJauH, [0 U3BECTHHIM TeIeph BenumduHaMm F, E1,
Es, ..., Ey7, MOXKHO ONIPEICTUTH C MCITONB30BAaHUEM OJIOK-CXEMBI (CM. puc. 25)
u cootHomeHu TUma (40) CKONBKO pa3 BBIMOIHACTCS KaXKIBIA OJIOK HAIIETo
aJropuT™Ma;

A=E+ Ey, F=En+Ep, L=Ey+Eg,

B =E;, G =En, P=Exy,

C=E,+E,=E;, H=Eys, 0= Ex,

D = F, J=Egt Ey, R = Ey,

E=FEt Ex+ Ey, K= Eg+ Ey, S=Eps.
YupaxHeHus

1. Jns muaOkectBa M = {1, 2, 3,4, 5, 6,7, 8, 9} 1 map 3KBUBAJICHTHBIX
ajeMeHToB 1 =6,5=2,7=3,4=7,8=5, 6 =8, 9 = § BLINOIHUTE AITOPUTM £
00pabOTKHA COOTHOIICHHUI SKBUBAJICHTHOCTH, MOCTPOWTE COOTBETCTBYIOIIHIA
MOJYYCHHBIM pE3yJIbTaTaM JIeC M ONpeCTuTe pa30oueHue MHOXecTBa M Ha
KJIACChI SKBUBAJICHTHOCTH.

2. IlpumeHUTENBHO K OJOK-CXEME aJIrOpUTMAa:

a) cpemu BenwuuH E|, E,, ..., E14, 0003HAYAIONIMX YHUCIIO MPOXOXKICHUN
o JIyTaM ey, €, ..., €4 ITOH CXEMBI, BEIOPATh (C UCIONBE30BAHUEM MOHSTHUS
JIepeBa) HE3aBHCHUMBIC BEIIMYMHBI, 4 3aBHCHUMBIC BEIMYHMHBI BBIPA3HUThH YEpe3
HE3aBHCHMBIE;

0) BBIYKCIIUTH 3HAYECHHS 3aBUCHUMBIX BEJIMYUH, 33JIaBIIHCh 3HAYCHUSIMH
BBIOPaHHBIX HE3aBUCHMBIX BEJIMYHH TSI OJJHOKPATHOTO TIPOXO/IA IO aJITOPUTMY;

B) ONpPEICTHUTh, CKOJIEKO Pa3 OYIeT BBIMOIHEH Ka)IbIi [ar 3TOro ajiro-
pHUTMa JUTS TAaHHBIX, TOJTYYEHHBIX B TPEIBIAYIIEM MTYHKTE.
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9. CJIOKHOCTbDH AJI'OPUTMOB

PaccMoTtpuM 3amauy HaxoXKIEHHST MakKCHUMaJbHOTO 3JIEMEHTa MacchBa
cpenu n snemeHTtoB x[1], x[2], ..., x[n].

[Tycts mepemMenHas m 0003HaYaeT MaKCUMAIBHBINA JIEMEHT MACCHBA, Tie-
peMeHHas k — OPSIKOBBIN HOMEp 3JICMEHTA MacCHUBa U MIEPEMEHHAS j — HOMEP
MaKCHMAaJIBHOT'O AJIeMeHTa MaccuBa. Tora:

m = maxx[k]=x[/j].
1<k<n
IpearnoaoKuM, 4TO 3HAYEHHE j MPH 3TOM JODKHO OBITh MaKCUMAalbHO BO3-
MOKHBIM.

[MocraBieHHas 3a7ada OTBHICKAHHUS MaKCUMAJBHOTO DJIEMCHTA B MACCHBE
MOJKET OBITh PEIlicHa ¢ TIOMOIIBIO aaropuT™Ma M, OJIOK-cXeMa KOTOPOro H300-

paxxeHa Ha puc. 27.
M1

|j<—n,k<—n—1,m<—x[n]|
[

M4| J < k, m <« x[k] |

<

M5 y
L o]

Puc. 27. Biok-cxema aiaropurma

HpOCJ’IeZ[I/IM 3a pa60TOI>i OTOro aJJroputMa € HUCIOJb30BAHUEM MOACIN
mamsitd OBM Ha CJICAYIOIIEM MPUMEPE UCXOAHBIX JaHHBIX!

n i k m X
5 5 4 7 l6J10][7]8]7]
4 3 8 I 2 3 4 5
2 2 10
1
0

3neck 010k M4 anroputMa ObUT BHITIOJIHEH /IBA pasa.

B ofmem ciydae aHamu3 CIOKHOCTU aarOpUTMa BKIIIOUYAeT B ce0s aHa-
JIU3 3aTpauyuBaEMOH MaMsITH U aHaIN3 BPEMEHN pa0OThl. 3aMETHM, YTO aHaJIH3
CJIOXKHOCTH HECKOJIBKUX aJITOPUTMOB, IIpETHA3HAYEHHBIX ISl PEIICHUsT OJTHON
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W TOHW e 3aJayd, MO3BOJSIET BBHIOPATh CpPely HUX HAWIYYIIMH allrOpUTM
(HauMeHbIIel CIOKHOCTH).

[IpuBenéHHEIN BhIIE aNTOpUTM M TpHUBMAJEH, HO, TEM HE MEHEe, Ha €ro
npuMepe yao0HO NPOWLIIOCTPUPOBATh AETAJbHBIA aHAIU3 alropuTMa Ha
CJIOKHOCTB.

OTMeTHM, YTO TIepei] HadajioM paboThl 3TOr0 ajropuTMa HEOOXOIUMO
BBIIEIUTh MECTO B ONEPATUBHOM MaMATH AJIS XPAaHEHUs 3HAUCHUH MepeMeH-
HBIX j, k, m, n 1 MaccuBa X, a B X0JIE €r0 BBIIOJIHEHHUS JOTIOJIHUTELHOE MECTO
B IamsTU He TpeOyercs. 1109ToMy, C TOUKU 3pEHUS aHAIU3d 3ampPavusaemoll
namsamu, U1 anroput™Ma M JOCTaTOYHO 3allOMUHAIOLIETO YCTPOMCTBA HEKO-
TOPOro (PUKCUPOBAHHOTO 00bEMA.

CocpeioTouuM OCHOBHOE BHUMAHUE HA aHaluse epemeru pabomsl ajro-
putMa M v OLleHMM BHa4aje, CKOJIbKO pa3 Oy/IeT BHIIOIHEH Ka)IbIi €ro Iiar:

Iar Yucmo BBIOIHEHUH
M1 1

M2 n

M3 n—1

M4 A

M5 n—1

3ameruM, 4To 3/1eCh CUMBOJIOM A 0003HAYEHO YHMCIIO 3aMEeH 3HAYECHHUH Te-
KYILIETO MaKCUMyMa, KOTOPOE€ SIBISIETCS HEM3BECTHOM CIydallHOW BEIMYUHOM,
3aBUCAIIEH OT KOHKPETHBIX 3HaYEHMI AieMeHToB MaccuBa x[1], x[2], ..., x[n].
[Mockonbky BpeMst paObOTHI anroputMa M 3aBUCUT OT CITyYallHOW BEJTMYUHEI A,
aHaIu3 3aKIIOYAeTCs B HAXOXKJIEHUU: MHHUMAJIBLHOIO, MAaKCHUMAJIbHOTO U
CpellHEero 3HaueHUsl BEIMUMHBI 4, a TaKKe KBaJPATUYHOTO OTKIOHEHUS BEJU-
YUHBI A.

MuHuManbHOE 3HaUeHUE BEIUUUHBI A paBHO HYJI0. JTO clydyai, Korja

x[n]= max x[k] .
1<k<n

MaxkcuMansHOMY 3HaYCHHIO n — | BenMuuHa A paBHA B cllydae, Korna
x[1] > x[2] > ... > x[n]. Cpennee 3HaueHHE BEIUYUHBI A HAXOAUTCS MEXKIY
MUHUMAJEHBIM ¥ MAKCUMAJTBHBIM 3HAYCHUSMU.

PaccMoTpuM BCEBO3MOXKHBIC CITyY4ad COOTHONICHUA MEXKIYy 3HAUCHHUSIMU
9JICMEHTOB MAaCCHBa U COOTBETCTBYIOIIWE 3HAUYCHUS BEIIUYUHBI A TIPU YCIIO-
BHUH, 4TO 1 = 3.

Cryyqait 3HaueHue 4 Cryyqait 3HaueHue 4
x[1] <x[2] <x[3] 0 x[2] <x[3] <x[1] 1
x[1] <x[3] <x[2] 1 x[3] <x[1] <x[2] 1
x[2] <x[1] <x[3] 0 x[3] <x[2] <x[1] 2
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BeposiTHOCTE TOTO, YTO CilydaiiHasi Benn4nHa 4 MMeeT 3HayeHue k 000-
3HAYMM 4epe3 p, ;. JHAUEHHE 3TON BEPOSTHOCTH MOXKET OBITH BBIYHCIEHO MO

dopmyore:

_ (4mcio mepecTaHOBOK HOpsZKa 1, JUI KOTOPBIX A = k)

pnk
n!

W3 npuBen&HHOM BEIIIE TAOIHIIBI CIETYET, uTo p3o=2/3!=2/6=1/3,
p31:3/6:1/2,p32:1/6.

CpenHee 3HaU€HHE WM MaTeMaTHYECKOEe OXKHUJIaHNe A, ciydaifHOl Benu-
YUHBI A MOKHO ONPEEIHUTH 110 (hopMyIie

A, :kank .
k

3aMeTHM, YTO MaTeMaTHYeckoe OxuaaHue 4, 0003HadaroT u uepe3 ave A (ot
aHIII. average — CpeHee YHCIIO0, CPEIHUH).
B HaieM npuMepe MaTeMaTHUeCKOE OXKHUIAHNE BETHMYHHBI A:

2

1 1 1
A=Y kpy =0 paot 1 py+2-pyp=0-— +1-= +2-—
= 3 2 6

1,15
2 3 6

Hucnepcus V, cnydailHON BeTUUHHBI A SIBJISIETCS MaTEMaTUYECKUM OXKH-
Lo 2
JIAaHWEM CITy4aiHOW BeTH4YHHBI (4 — A4,)":

V=D (k= A4,)" pu= D k> pu—240 D kpuct A7 D py =
k k k k
=Sk pu—2A4, A+ AT =D K pu—A; .

k k

Hucniepcuto V, cmydaitHoii BenuuuHbel 4 0003HadaroT u Kak var A (OT
aHTJL. variation — U3MEHEHUE).
B oTHOmEHUN K HaleMy nNpuMepy

2 2
5
Vi = Ek kzp,,k—Af = kgokzpy( - A32 =0 pso+ 17 ps + 22 pia— [—j ==

e lip et _(SY 1,2 25 17
3 2 6 6 2 3 36 36

KBanparnuHoe oTKIOHEHHE G, CiaydailHOW BennmuuHbl A (0T e€ MaTeMa-
THUYECKOTO O’KUJIAHMS1) OTIPE/EIISIOT KaK KBAJAPAaTHBIN KOPEHb U3 IUCIIEPCUH:

6= 7

1 0003HAYAIOT TaKxke yepe3 dev A (0T aHTJI. deviate — OTKIIOHECHHE).

1
Jlns1 Hamero npumepa o3 = \/V_3 = % =~ 0,69.
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OHYCKaH BbBIBO/] 3aBUCHMOCTEH JJIA MaTEMaTUYICCKOro OXKHUJIaHUs ave An
KBaApaTUIHOI'O OTKJIOHCHUSA dev A pyu MPOMU3BOJIBHOM 3HAYCHUU 71, 3alIMIICM
CTaTUCTUYCCKUC XapPAKTCPUCTUKHU CJ'Iy‘-IafIHOfI BEIUYUHEL A B BUJC:

A= (min 0, ave (H, — 1), max (n — 1), dev yH, —H®),

n n
rae H, :Zl — rapMOHUYECKUHN YUCIOBOH psin, H ,(,2) = Ziz — rapMOHUYE-
k=1 k=1
CKHUI YUCTIOBOU Psii BTOPOTO MOPSIKA.
ITonTBepkaast mosydeHHbIE paHee 3HAYCHHUSI MATEMATHUECKOTO OXKHUIAHUS
Y KBaJIPaTUYHOT'O OTKJIOHEHUSI CITy4aiiHOW BEIMYUHBI A TP 71 = 3, IOTYYHM:
3
A SN IS UL UL P

>

ok 2 3 2 3 6
3
H3(2): L:1+L+i:1+l+l:1£;
9 36
l—730,69.
36

Bpewmst pabotsl anroputma M aisi pelieHUs paccMaTpUBaeMOW 3ajaduu
OTBICKaHHSI MAaKCUMaJIBHOTO JIEMEHTA B MAaCCHUBE MOXKHO OLIEHHUTH IO 3Haue-
HUro BeipakeHust (7 + 5 n + 4 A) u, Tae u — BpeMsl BHIIIOTHEHHUS OJTHOT'O TaKTa
TUIOTETUYECKOM BBIUUCIUTENBbHON MamnHON MIX.

YupaxHeHus

1. OueHute MHUHHMATBHOE, MAKCHMAaJbHOE U CpEIHEEe BpeMs PaOOTHI
anroput™Ma M mpu n = 5, €ClU 3TOT aJTOPUTM BBIMIOJIHIET TUMOTETUYECKAs
mamuHa MIX.

10. COPTUPOBKA. BHYTPEHHSASA COPTUPOBKA.
COPTHUPOBKA MOJICYETOM

[on copmuposxoti OyaeM MOHUMATH Tepepa3sMeIeHHe HEKOTOPhIX 00b-
€KTOB B BO3pacTaromieM Win yObiBaroieM mopsiake. COpTHPOBKA MOXKET ObITh
HCTIONB30BaHa B PA3NIMYHBIX CIydasx, HAPUMEp, JUIsL:

a) peLICHHs 3a/aul «TPYMIHPOBKMY, KOT/Ia HY)KHO cOOpaTh BMeCTe BCe
9JIEMEHTHl C OJMHAKOBHIM 3HAYEHHEM HEKOTOPOro IpH3HaKa. JTy 3ajady
MOYKHO PEUINTh, PACHIONIOKUB IEMEHTHI B HEYOBIBAIOIIIEM MOPS/IKE;

0) OTBICKaHHUS OOLIMX AJIIEMEHTOB B JIBYX WM Ooinee ¢aiinax. OTcopTu-
poBaB Bce (aiiibl B OMHOM M TOM K€ TMOPSJIKE, MOXKHO OTBICKATh B HHUX BCE
00IIIMe AIIEMEHTHI 3a OJIMH TOCJIeI0BATEIbHBIN IIPOCMOTpP O3 BO3BPATOB;
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B) IIOMCKa HY)XHOW MH(OpPMAaIMK B JUCTHHTE (Hale4aTaHHOM MalIWHOH
nokymenre). ITouck Oyner ropas3no yaoOHee, ecIu JIUCTUHT OYAeT OTCOPTUPO-
BaH B aJI()aBUTHOM IOPSIIIKE.

Mertoabl COPTUPOBKM MOTYT CIYXHTh XOpOLIEH WIIIOCTpanuen uaen
ananusa aneopummos, MO3BOJAIONIMX OLIEHMBATh padoude XapaKTepPUCTHKU
aJITOPUTMOB M Pa3yMHO BBIOMpATh OMH CPEIH, Ka3aloch Obl, paBHOIIEHHBIX

aJITOPUTMOB.
BBeném HeKOTOpEIE MTOHATHS U OTIPEACITHM 3a0aiy COPMUPOBKIL.
[Tycts HEOOXOAUMO YIOPSATOUHTE N 3JIEMEHTOB Ry, Ry, ..., Ry. HazoéMm

9TH DJIEMEHTHI 3anuUcsimu, a COBOKYIHOCTh N 3amuceii — ¢aiiom. Kaxmas 3a-
NHCh R; UMeeT, KpOME BCEro Mpouero, oy K;, KOTOPhIA U ympaBiseT npo-
LIECCOM COPTHPOBKH.

3amaua COPTUPOBKH 3aKIIIOYAETCS B TOM, YTOOBI HAWTH TaKylo Iepecra-
HOBKY p(1) p(2) ... p(N) 3amuceil, B KOTOpOH KIIOYM PACIOIOKHIUCH OBl B
HeyOBIBAIOIIEM ITOpSIIKE:

K

=Ky < oo S Ky (44)

CopTHpOBKa Ha3bIBACTCS YCHOUUUBOL, €CIA OHA YAOBJIETBOPSET JOMOJ-
HUTENLHOMY YCJIOBHIO, YTO 3alMCH C OJMHAKOBBIMU KJTFOYAMH OCTAIOTCS B
MPEKHEM MOPSIIKE:

p(i) <p(j), eciut K,y =K 11 <j. (45)

B psize ciaydaeB npu cOpTHPOBKE MOXKET ITOTPEOOBATHCS (PU3MUIECKH Tie-
peMeraTh 3anKucH B MaMsTH; B APYTUX CIydYasx JOCTATOYHO CO3/1aTh BCIIOMO-
raTeyIbHyI0 TaOJIUILy, KOTOpasi HEKOTOPHIM 00pa3oM OIMUCHIBAET MEPECTAHOBKY
1 00ecrieunBaeT JOCTYII K 3alHCSIM B COOTBETCTBUU C TIOPSIKOM HX KITFOUEH.

HexoTopble MeTO/BI COPTUPOBKU TPEIIONATalOT CYIIECTBOBAHUE BEJIH-
YHH «00» U «—oo». BemuumHa «oo» cumraercs OOJbLIeH, a BETMYMHA «—00)
MeHbIIeH JTF000ro KITtova:

—w<K<w, j=1,2,...,N. (46)

OOBIYHO COPTUPOBKY MOAPA3AETAIOT Ha JIBA KJIACCA: 6HYMPEHHION, KOT1a
BCE 3aIMCH XPAHATCS B ONIEPATUBHOM MTaMSITH, U GHEULHIOI0, KOT/Ia BCE OHU TaM
He noMemarorces. [Ipu BHyTpeHHE#H copTUpoBKe MMeEroTCsi Oojee THOKHE BO3-
MOXHOCTH ISl TIOCTPOEHHS CTPYKTYp AAHHBIX M JOCTyNa K HUM. BHelIHss
COPTHUPOBKA MOKAa3bIBAET, KaK MOCTYINAaTh B YCIOBUSX CHJIBHO OrPaHHMYEHHOTO
JIOCTYTIa K JIaHHBIM.

JlocraTouHO XOpOIINi OOIIMI alrOpUTM 3aTpayrBaeT Ha COPTHPOBKY
N 3armuceit Bpemst nopsiika N logN, npu 3ToMm Tpedyercst okoio logN «npoxo-
JIOB TIO JIaHHBIM.

Bo3MOXXHBI ciieayronie OCHOBHBIE PELIeHUs! 3a1a4 BHYTPEHHEH COpTH-
POBKH:
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a) copmupoexa 6cmaskamu. DIEMEHTHI TPOCMATPUBAIOTCS TI0 OHOMY,
W KaXXIbId HOBBIM 3JIEMEHT BCTaBIISETCS B IOAXOASAIIEE MECTO CPEAU paHee
YIOPSJIOUSHHBIX 3JIEMECHTOB;

0) obmennas copmupoexa. Eciau 1Ba deMeHTa PacioioKeHbl HE 10 T0-
PAIKY, TO OHU MEHSIOTCS MECTaMH. DTOT IPOIECC ITOBTOPSIETCS IO TEX MOp,
TIOKa BCE 3JIEMEHTHI He OyyT yHOpPSI04EHbI;

B) copmuposxka nocpeocmeom svioopa. CHayana BBIOHMpACTCS HANMEHbB-
mui (MM HauOOMNBIIMKA) 3JIEMEHT M KaKUM-ITHOO 00pa3oM OTAenseTcs OT
OCTAJIbHbIX, 3aTEM BBHIOMpAETCS HAMMEHBIIHH (HAMOOMbBIINIT) U3 OCTABLIUXCS U
Tax Jiajuee JI0 TeX Mop, MoKa He OY/IyT BBIOpaHbI BCE SIIEMEHTHI;

r) copmupogka noocuémom. Kaxxaplii 2IeMEHT CpaBHHBAETCS CO BCEMHU
octasbHBIMA. OKOHYATEeNIFHOE IOJIOKEHHE JJIEMEHTa OIpEeAeNseTcs Mocie
MOICYETa YKCIIa MEHBIINX KITIOYEH.

Ha camom gerne pa3paboTaHO MHOKECTBO Pa3MYHBIX aJTOPUTMOB COp-
THUPOBKH U KAX[IbI N3 HUX UMEET CBOM MPEUMYIIECTBA M HEOCTATKU. TONBKO
H3YYUB XAPAKTEPUCTHKU KAXKIOrO aaropuTMa COPTUPOBKU, MOXKHO MPOU3BO-
JIATh Pa3yMHBIIA BHIOODP aTOPUTMOB JJIS KOHKPETHBIX MPUIIOKEHHUIL.

Paccmorpum copmupoegky noocuémonm.

Hwxe npuBenén anroput™ COpTUPOBKH 3amuced R, R,, ..., Ry Mo Kito-
yam K, K, ..., Ky, KOTOpBIA HCHONB3YeT JUIsl MOJCYETa 4YuCiIa KIHOUEH,
MEHBIIIUX JaHHOTO, BcroMoratenbHyto tadbmuiyy COUNT[1], COUNT(2], ...,
COUNTIN]. ocne 3aBepuienus anropurma BenuunHa COUNT]j] + 1 onpene-
JIsleT OKOHYATEeNIbHOE MOJI0KEHUE 3aIMHCH R;.

Auaroput™ C. (Cpasnenue u noocuém.)
C1. [COpoc cuérumkoB.] YcraHOBUTh 3HaueHus smemeHtoB COUNT[1],
COUNTI2], ..., COUNTIN] paBHBIMU HYIIIO.

C2. [Hukin no i.] Bemmonauts mar C3 g i = N, N— 1, ..., 2 u 3aBep-
IUTH paboTy ajIropuT™Ma.
C3. [Hukn no j.] Bemonuuts mar C4 mnsj=i—1,i-2, ..., 1.

C4. [Cpasuenune xkmoueil K;, K;.] Eciu K; < K, To 3nauenne COUNT]/]
YBEJIMYUTH HA OJIUH; B IPOTUBHOM ciydae 3HaueHue COUNT(i] yBenuuuTs Ha
OJIUH. W

3amMeTuM, YTO 3TOT AITOPUTM AAET BEPHBIM PE3yNbTaT HE3aBHCHUMO OT
yycia paBHBIX KIIOYEH.

ITycte N = 16, a 3anmcH B MaMsTH pa3MelIeHbl TaK, YTO 00pa3yloT clie-
JIYIOIYIO MOCIIEA0BATEIBHOCTD KITIOYEH:

K
503] 87 [512] 61 [908] 170]897]275] 653 426] 154| 509]612] 677] 765] 703 |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Torna mo okoH4YaHUM PaboOTHl anropuTma C BCIIOMOTaTeNIbHAS TaOIUIA
COUNT OGynet uMeTh CIETYIONTUIA BHT;
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COUNT
|6|1|8|O|15|3|14|4|10|5|2|7|9|11|13|12|
2 3 56 7 8 9 10 11 12 13 14 15 16

u, HanpuMep, BenuunHa COUNT[3] + 1 = 9 ompenenser oKOHYAaTEIbHOE TO-
JIOXKEHHE 3aIuch R; ¢ kirodoM 512,

Bpewmst paGotsi anroputMa C u3mensercs B npeaenax o (3N 2 + 10N — 4)u
10 (5.5N ? + 7.5N — 4)u B 3aBHCHMOCTH OT MCXOIHOH MOCICIOBATEIBHOCTH
kirouei. CpezHee BpeMst pabOThl HAXOUTCS TE-TO IocepeIuHe. MHOXHTENb
N7 B BBIP@KEHHSX CBUIETENLCTBYET O TOM, UTO AITOPUTM HE JaET S (PeKTHB-
HOT'O crioco0a COPTUPOBKH IPH OOJIBIINX 3HAUYEHUSIX N.

Paccmotpum emé onHy pasHOBHIHOCTh COPTUPOBKH MOCPEICTBOM MO-
cuéra. OHa 3¢ peKTUBHA B TOM Cllydae, KOI/la UMEETCss MHOTO PaBHBIX KIFO-
4el, ¥ Bce OHU MOMAJAI0T B IOCTATOUHO Y3KHUIl TUana3oH.

Aaroput™ D. (Pacnpedensiiowuii noocuém.)

DTOT ajNropuT™M COpPTUPYET 3amucH Ry, R, ..., Ry, B KOTOPBIX BCE KIIOUH
LIENTBIC U JISKAT B quana3oHe [u, v]. OH HCIoab3yeT BCIIOMOTATEIEHYIO TaOITHu-
wy COUNTu], ..., COUNT[v] u B KOHIIe CBOCH pabOTHI BCE 3aIKCH B TpeOye-
MOM TOPSIJIKE IEPEHOCUT B 00J1aCTh BBIBOMA S, ), ..., Sy.

D1. [Copoc cuérunkoB.] YcraHoButs  3HaueHuss COUNTu], ...,
COUNTv] paBHBIMH HYIIIO.

D2. [ITyxn no j.] Bemonaute mar D3 mpu 1 <j < N, a 3ateM nepeltu k
mary D4.

D3. [Veennuenne COUNTIK]].] VBennuuts 3nauenue COUNTIK] na 1.

D4. [CymmupoBanue.] (K aromy Momenrty 3nauenne COUNTi] ecthb
yucnno kirouer, paBHbX i.) COUNT(i] « COUNT[i] + COUNTIi — 1] mnsa
i=u+tlu+2,...,v

D5. [uxn no j.] (K atomy momenty 3nauenne COUNT[i] ectb ymcio
KJIFOUeH, MEHBIINX WIN paBHBIX i, B yactHocTd COUNT[v] = N.) BeimonHuth
mar D6 nnst j= N, N—1, ..., 1 n3aBepmuts paboTy ajqropurMa.

D6. [BoiBoa R,.] i < COUNTIK]], S; <— R;, COUNTIK;] < i—1. m

[Tpu copMyIHpOBaHHBIX BBIIIE YCIOBHUSAX 3TO OYEHBb OBICTpast MPOLEIY-
pa COpTUPOBKHU.

YupaxHeHus

1. Hcnonw3ys anroputm C, OTCOPTHPOBATH 3aIUCH, KOTOPBIE 00pa3yroT
MociieIoBaTeILHOCTE Kirouet 5, 0, 5,0, 9,1, 8,2, 6,4, 1,5, 6, 6, 7, 7. Ycra-
HOBUTb, SIBJISIETCS JIU COPTUPOBKA 1O alroputMy C yCTOWUUBOM.

2. C nomorsto anroput™ma D orcoptupoBath 3anucu 5 7, 0 C, 5 U, 0 O,
9.,1IN8S,2R,64,44,1G,5L,6T,61,70u7 N, B KOTOPbIX IIUDPHI
0003HAYAIOT KITIOYH, a2 CHMBOJIBI TIOCTIE IU(PP — COMYTCTBYIONIYIO WH(pOpPMa-
LIUIO B 3aIHCSX.
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11. COPTUPOBKA BCTABKAMUA

CopTHpOBKa BCTaBKaMH 3aKJIOYAETCSl B CIEAYIOIIEM: IpeIrnoaraercs,
4TO IEPE]l PACCMOTPEHUEM 3alUCU R; NpeAplAymue 3anucu Ry, R,, ..., R
yXKe YNopsaA04YeHbl, U 3aMich R; BCTaBseTcs B moaxosiiee Mecto. Ha ocHoBe
9TOH CXEMBI BO3MOKHBI HECKOJIBKO JIFOOOTIBITHBIX BapHalUi.

CopTHPOBKA 1pOCbIMU BCIMABKAMU OTHOCUTCSI K HanOOJIee OUYeBHIHBIM
COPTHPOBOYHEIM npoueaypam. Ilycrte 1 <j < N, a 3anucu Ry, Ry, ..., Ry yxe
pasmMelensl Tak, uto K| < K, < ... <K; . bynem cpaBauBaTh K104 K; 1o oue-
peau ¢ kmouamu Kj 1, K », ... 10 TeX 1oOp, MOKa He OOHApy»KUM, 4YTO 3aIHCh
R; cnenyer BcTaBuTh MEXAy 3anuMcaAMU R; u R;y. Torna nepeiBuHEM 3ammucu
Rivi, ..., Rj.| Ha OTHO MECTO BBEPX M MMOMECTUM HOBYIO 3aIUCh B MO3MIMIO I + 1.

B npesicraBieHHOM HMKE anropuTMme 3amucu Ry, R,, ..., Ry nepepa3me-
IIAI0TCS Ha TOM ke MecTe mamsTy. [locie 3aBepiieHns COpTUPOBKH UX KIFOYH
OynyT ynopsaoueHsl: K; < ... < Ky.

Auaroput™m S. (Copmuposka npocmuimu 6CMAGKAMU. )

S1. [Hukn no j.] Bemonaurs mwaru S2...85 qs j = 2, 3, ..., N u 3aBep-
[IUTH AJTOPHUTM.

82. [Vcranoska i, K, R.] Bemonauts npucsauBanus: i «—j — 1, K «— K,
R «— R;. (B nocnemyronux marax Jenaercsl MOMbITKA BCTAaBUTh 3aluch R B
HY)XKHOE MECTO, cpaBHMBas K04 K ¢ kirouyamu K; mpy yOBIBalOIIMX 3HAYEHH-
X 1.)

S83. [CpaBuenue K c K;.] Eciu K > K;, To nepeiitu k mary S5. (Haiineno
HCKOMOE MECTO JIJISl 3aIicH R.)

S4. [[Tepemeienue R;, ymenbliieHue i.] Beimonaute: Ry «— R, i —i— 1.
Ecnm i > 0, To BepHyThes K mary S3. (Ecimm i = 0, To K — HauMeHbIINH KITI0Y
W3 PACCMOTPEHHBIX J0 CHX IOp KIIOYEH, a, 3HA4uT, 3a1ich R JOJDKHA 3aHSTh
TIEPBYIO TO3UIIHIO. )

S5. [3anuck R Ha MecTO R;+1.] BbInoIHUTE pucBauBanue R «— R. m

3ameTnmM, 4TO BpeMs paboTsl anropurMma paBHo (9B + 10N — 34 — 9) u,
rae N — 4uciio cCopTUpyeMbIX 3amucei; 4 — 4ucio ciiydaeB, Koraa Ha mare S$4
3Ha4YCHHUE [ YOBIBACT J0 HYJIS;, B — uucio nepemernienuii. Cpenee Bpems pado-
THI alropuT™Ma S B IPEIIOIOKEHNH, YTO BCE KIIFOUM Pa3IMYHBI U PACITONIOXKe-
HbI B CITy4aifHOM TIopsiKe, paBHO (2.25N % + 7.75N — 3Hy — 6) u.

OOcyauM Tak Ha3bIBaeMble OuHapHbie écmasku. Korna npu copTUpoBKe
MIPOCTHIMHM BCTaBKaMH 00pabaTBHIBACTCS j-s1 3alKCh, €€ KIII0OY CPAaBHHBAETCS B
cpenHeM ¢ j/2 paHee OTCOPTHPOBaHHBIMH Kitodyamu. [ToaTomy obiee ymcio
CpaBHEHHi1 paBHO TPUOIM3KTETBHO N /4, a 5TO OYeHb MHOTO, Jaxe ecin N
YMEpEHHO BEJIHKO.

Meroj; OMHApHOTO MOMCKA IMO3BOJISET ONPEIEIUTh MECTO, Kyla BCTaB-
JIATH j-A DJIEMEHT TOCNe MPUOIU3UTEIHHO 10g, j COOTBETCTBYIOIIUM 00pa3oM
BBIOpaHHBIX cpaBHeHWH. Hanpumep, ecnm BcraBisiercss 64-s1 3ammch, MOXKHO
CHayaJyla CpaBHHUTH K04 Kgs ¢ K3p; 3aT€M, €CII OH MEHBIIE, CPABHUTD €T0 C
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KII09oM K¢, eclii Ooible — ¢ KiouoM Kyg U T.1. B pesynbrate MecTo s
3amucH Rgq OyJeT HAIEHO MOCTIE BCETO JIMIIh MECTH cpaBHeHM. O0Iee yuc-
JIO CpaBHEHWH i N BCTaBISEMBIX 3JIEMCHTOB PAaBHO IPHOIM3UTEIEHO
N log, N, uto cymecTBeHHO nyure, dem N */4.

K coxarneHuro, OMHApHBIC BCTABKH PEIIAIOT 337]a9y TOJEKO HATIOJOBUHY:
rocjie TOro, Kak HaiJIeHO MECTO ISl 3amucH R;, BCE PaBHO HYXKHO MHepeMe-
CTHUTh TIPUMEPHO j/2 paHEee OTCOPTHUPOBAHHBIX 3amucell, YTOOBI OCBOOOWTH
MecTo nof 3anuck R;. ITosromy obliee BpeMs paboThl aIrOpUTMa OCTAETCs, 10
CYIIECTBY, MIPOMIOPIUOHATHEHBIM N 2,

PaccmoTpum MexaHHM3M, ¢ TIOMOIIBEO KOTOPOTO 3aIMCH TPU COPTUPOBKE
MEPEMEIAIOTCS OOJBIMUMH CKauyKaMU, a He MAJICHPKUMHU maramu. Ero Ha3bI-
BaIOT Memoodom [llenna Wi copmuposKoil ¢ yoblearouum wazom.

[TycTs MMeeTCs MeCTHAANATE 3aIHCeH ¢ KITF0YaMU:

503 | 87 |512] 61 |908|170|897|275|653|426|154|509|612|677|765|703
1 |23 14|56 7 18[9 ]10)j11]12]13[14]|15]16

CHayvana pa3jie;TiM STH 3allUCH Ha BOCEMb TPYII IO JBE 3alUCH B KaX-
nout rpymme: (Ry, Ro), (Ry, Ryg), ..., (Rs, Ris). B pe3yaprate cOpTUPOBKHU KaxkK-
JIOW U3 BOCBMH TPYIII 3aMUCel B OTACIBHOCTH (8-copmuposkit) IOIYIUM TI0-
CJIEJIOBATENIEHOCTH 3AIHCEH CO CICIYIOIIUM PACTIPEICIICHUEM KITFOUCH:

503 | 87 |154| 61 |612]170|765|275|653|426|512|509|908|677|897|703
1 |23 1456|7189 ]10]11]12]13[|14]|15]16

3aTeM pa3enuM BCE 3alMCH Ha YETHIPE TPYIIILI IO YETHIPE 3alUCH B
Kaxnoit: (R, Rs, Ry, R13), ..., (R4, Rg, Ri2, Ri¢), OIATH OTCOPTHPYEM KAXKIYIO
TPYIITY B OTACTBHOCTH (4-copmuposka) M IOTYINM:

503 | 87 |154| 61 |612]170|512|275|653|426|765|509|908|677|897|703
1 |2 ]34 |56 7 18[9 ]10)j11]12]13|14]|15]16

Jlanee BwIMONHSCTCS 2-cOpmupoera, B KOTOPOU COPTHPYIOTCS JIBE TPYII-
el (Ry, R;, ..., Ri5), (Ry, Ry, ..., Rig) IO BoceMb 3amucell B Ka)JIOW TpYIIIE.
OHa J1acT CIEIYIONIYIO TOCIEIOBATEILHOCTh KITFOUCH:

154 61 |503| 87 |512|170]612|275|653|426|765|509|897|677 (908|703
1 |2 ]34 |56 7 18[9 ]10)j11]12]13|14]|15]16

IIponecc 3aBepmiaerca 1-copmupoexoii, B KOTOpPOH COPTUPYIOTCA BCE
IIECTHA/ILATh 3aIIUCeH U B pe3yabTaTe MOIy4aeTcs IOCIeA0BaTeIbHOCTS!

61 | 87 |154|170]275|426(503|509|512|612{653|677|703|765|897|908
1 2314516789 ]10]11]12]13[14]15]16

3aMeTuM, 4YTO B KaXKJOM M3 OMNMCAHHBIX MPOMEXKYTOUYHBIX MPOIECCOB
COPTHPOBKH YYaCTBYIOT JHOO CpPaBHUTEIHHO KOPOTKUE (haiiipl, THOO CpaBHU-

64



TEJBHO XOPOIIO YHOpPsIoueHHbBIE (aiibl. [103TOMY 3716Ch MOXKHO ITOJTE30BATh-
Csl IPOCTHIMU BCTABKAMH U 3aIUCH OYJIYT JTOBOJIBHO OBICTPO JOCTHTATh CBOCTO
KOHEYHOT'O TIOJIOKEHUS.

IMocnemoBarenbHOCTE MIaroB 8, 4, 2, 1 He cIeIyeT CUUTATh HE3BIOIMMOI,
a MOXKHO TTOJIb30BaThCs 70001 TOCIe0BATeNbHOCTRIO A, h, 1, ..., hj, B KOTO-
poit mocnenuuid mar A; pasen 1. Hampumep, Te ke mIecTHaIaTh 3amucer
MOXXHO OTCOPTUpPOBATh ¢ maramu 7, 5, 3, 1. OTMETHM, YTO K3 BCEX BO3MOXK-
HBIX TIOCJIEOBATEILHOCTEH MIarOB OJIHU MOCIICIOBATEIBHOCTH MOTYT OKa3aTh-
Csl TOpa3/I0 JIy4llle APYTUX.

Auaroput™ D. (Copmuposka ¢ yowvisarouum uiazom.)

3anucu Ry, Ry, ..., Ry nepepa3mMeniatoTcst Ha TOM *e Mecte namsrtu. [lo-
CJie 3aBEpICHUS COPTHPOBKH MX KIIOYM OyIayT ymopsimoueHsl: K < ... < K.
Jnst ynpaBieHHs TPOIECCOM COPTUPOBKU HCIOIB3YETCS BCIOMOTATEIbHAS
MOCJICIOBATENBHOCTD IAToB /1, /1, 4, ..., hy, T h; = 1. BeiOpaB npaBWIbHYIO
MOCJICIOBATEIBHOCTh IIIar0B, MOXKHO 3HAYHMTEIIEHO COKPAaTHUTh BPEMs COpPTH-
poBku. Ilpu ¢ = 1 3TOT aNropuUTM CBOJIUTCS K aJITOPUTMY S.

D1. [Hukn no s.] Bemmonuaute mwar D2 npu s = ¢, ¢ — 1, ..., | 1 3aKOHUUTH
aJITOPUTM.

D2. [Iuxn no j.] PeanuzoBats npucBauBanue /i < h; u marn D3...D6
npuj=h+1,h+2, ..., N. (JIng copTUpOBKH 3JIEMEHTOB, OTCTOAMINX APYT OT
JIpyra Ha /i TMO3UIMI, BOCIIONB3YEMCS MPOCTHIMU BCTABKAMU M B PE3yJIbTATE
monyunM K; < Ky, ipu 1 <i < N — k. llaru D3...D6, 10 CyIIeCTBY, TaKUE XKe,
KaK COOTBETCTBEHHO mard S2...55 B anropurme S.)

D3. [Ycranosxa i, K, R.] IlpucBouts i < j— h, K < K;, R < R,.

D4. [Cpasnenue K ¢ K;.] Ecnu K > K;, To nepeiitu k mary D6.

DS. [Tlepemernienue R;.] BemonHuTh pucBavBanus R, «— Ry, i «— i — h.
Ecnu mocne aToro Oyzner i > 0, To BepHyThCs K mary D4.

D6. [3anuck R Ha mecTo R;1;.] [IpucBouth Ry <— R. m

DKCHeprMEHTHI IO OI[eHKE BpeMeHH paboThl anropurMa D moka3aiu, 4To
quis quanasona 100 < N < 250 000 «naubonee mOAXOAAIIUMI» (HOpMYyTIaMH
orenku spistores 1.21 N'2° u 0.39N (In N)* — 2.33N In N. TocnenoBaTens-
HOCTb e IaroB A, h, 1, ..., I} pa3yMHO BEIOUPATH MO PaBHITY:

hy <« 1, hg 4 < 3hs+ 1 u octaHOBUTHCS Ha A, KOTHA /1, n> N, (47)

D710 npasuio, Harpumep At N = 100, naér nocneaoBaTelbHOCTh 1IaroB
13,4, 1.

Ocrasum Merop lllemna u paccMOTpUM JIpyrue ImyTH YCOBEPILEHCTBOBA-
HUS METOJa MPOCTHIX BCTaBOK. OJHUM W3 CaMBIX BaXKHBIX CPEIU OOIIUX CITO-
co0OOB YIYUIICHUS aJITOPUTMa COPTUPOBKHU SBJISIETCS CIIOCO0, KOTOPBIF OCHO-
BBIBACTCS HA TIIATSIFHOM aHAIN3E CTPYKTYP NAHHBIX W HA3BIBACTCS 6CIMABKA-
MU 8 CHUCOK.
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3ameTuM, 4TO MOCIEN0BATEIbHOCTh 3aMUCEH SABJISETCS JIMHEHHBIM CITHC-
KOM M alropuT™ S o0pabaThIBaeT ero, HCHONb3Ys IIOCIeI0BATENILHOE pacIpe-
JeneHue namsaTH. VIMEHHO HOo3TOMy A BBINOJIHEHHUS KaXJIOW omepanuu
BCTaBKM HEOOXOIMMO TEPEMECTUTh NMPHUMEPHO NOJIOBHHY 3ammced. Ho, kak
H3BECTHO, I BCTABOK UJEAJIbHO MOJXOAUT CBA3aHHOE paclpesielieHue namsi-
TH, TaK KaK MpPU 3TOM TpeOyeTcs M3MEHUTh BCEro JIMIIb HECKOIBKO CBSI3EH.
ITockonbky mocnenoBaTeIbHOCTH 3aMUCEd NMPU COPTUPOBKE MPOCTHIMU BCTa-
BaMHM IIPOCMATPHUBAIOTCS BCET/a B OJHOM U TOM K€ HAIpaBJIEHUU, TO UX J10-
CTaTOYHO MPEJCTABIATh OJHOCBSI3HBIMU CITUCKAMMU.

[IpuBeaém anroputM, npeanoiararoumi, yto 3anucu Ry, Ry, ..., Ry co-
nepxkat kimoun Ky, Ky, ..., Ky v nonst cBsizu Ly, Ly, ..., Ly, B KOTOPBIX MOTYT
xpanutbes yucaa ot 0 1o N. Kpome Toro, umeercs emé oaHo mose cBsizu Ly B
HEKOTOpPOM MCKYCCTBEHHOM 3amucu Ry B Hayaje CIHUCKa. ANTOpUTM yCTaHaB-
JIUBAET TOJIS CBSI3U TakK, YTO 3alMCU OKAa3bIBAIOTCS CBA3aHHBIMH B BO3pacTaro-
mem nopsike. Tak, ecimu p(1) ... p(N) sIBIsSeTCS YCTOHYUBOU TIEpECTaHOBKOU
Tako#, uto K,y < ... < K v, TO B pe3y/bTaTe IIPUMEHEHUS AJITOPUTMA TI0JTY-
yuM Lo =p(1); L,y =p(i+ 1) mpui=1,2, ..., N-1; Loy, =0.

Auaroput™ L. (Bcmasxku 6 cnucox.)

L1. [Hukn no j.] Hpucsonuts Ly «— N, Ly« 0. (ITockonbky L, siBisiercs
«roJIoBOI» cnucka, 0 — MycTOM CBA3BIO, TO CIUCOK, MO CYLIECTBY, LUKIHYE-
ckuit.) Bemmomnurtes marn L2...L5 s j=N—-1, N—-2, ..., | n 3aBepmuTh pa-
00Ty anropuTMa.

L2. [VYcraHoBKa p, ¢, K.] BbmonHuts p < Ly, ¢ < 0, K < K. (B mo-
CIIEIYIOIMX HIArax 3allkcCh R; BCTAHET B HY)KHOE MECTO B CBSI3AHHOM CITMCKE
IyTEéM CpaBHEHUS Kitoya K ¢ MpeaplIylMMH KII0YaMU B BO3PACTAIOIIEM I10-
psaaxe. IlepeMeHHBIE p U ¢ CITyXaT yKa3aTeIsIMH Ha TEKYIE€€ MECTO B CIIUCKE,
npu4éM p = L, T.€. ¢ BCEr/a Ha OJJUH ILIar OTCTAET OT p.)

L3. [CpaBHenue K u K,]. Ecnu K < K, To nepeiitu k mary LS. (Haiineno
HCKOMOE TIOJI0KEHHE 3aTUCH R B CIIMCKE MEXy 3anucsiMu R, U R),.)

L4. [Tlponsuxenue p u g]. Ilpucsouts g < p, p < L,. Ecnu p > 0, 10
BepHyThcs K mary L3. (Ecnu p = 0, To K — Haubonpmmii Kiito4, oOHapyXeH-
HBIH A0 cux nop. CeaoBaTenpHO, 3aUCh R JOMKHA MONACTh B KOHEIl CIHCKa,
MeXIy 3anucaMu R, u Ry.)

LS. [BecraBka B ciucok]. Bemonuuts L, < j, Li<—p. =

3aMeTuM, 4TO ITOT AITOPUTM Ba)KEH HE TOJIBKO KaK MPOCTON METOH COop-
TUPOBKH, HO U MOTOMY, YTO OH 4YacTO MCIOIb3YETCS B JIPYTHX aJrOpUTMax
00pabotku crimckoB. Bpemst ero BeimonHenust paBHo (78 + 14N — 34 — 6) u,
rae N — uncio 3anuceil, 4 — 4nuciio NpaBOCTOPOHHUX MAaKCUMYMOB, B — 4ucio
HMHBEpPCUI B UCXOQHOH nepecTaHoBKe. [1o cpaBHEHMIO ¢ alnropuT™MoM S, 37ech
yraéresi COKOHOMHTH IPUMEpHO 22% BpeMeHH paboThl, HO OHO HO-TIPEKHEMY
0CTAGTCA B CPEIHEM TIPOMOPLIHOHATBHBIM N,
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YupaxxeHus

1. Hcnonp3ys anroput™ S COPTUPOBKH MTPOCTHIMU BCTaBKAMH, OTCOPTH-
pOBaTh CIEMYIONIYIO MOCICIOBATEIBHOCT U3 JBEHAAUATH 3amuceid (5 «U1»),
(7 «»), (9 «ynorpednénnoe»), (12 «ue»), (5 «cano»), (15 «mepy»), (18 «,»),
(21 «moxer»), (12 «B»), (28 «.»), (27 «Bpen») u (22 «IIPUYNHHUTH»), B KOTO-
PBIX UQPHI 0003HAYAIOT KIFOYH, a CTPOKH CHMBOIIBI TIOCTE IMdp — COmyT-
CTBYIOIIYIO HH(OPMALIUIO B 3aITUCSX.

2. C nomolipto anroputMa D cOPTUPOBKH € yOBIBAIOIIUM IIIATOM OTCOp-
TUpOBaTh OMUHHAMIATE 3amuceil: (101 «cam»), (85 «uemomekay), (25 «po-
Oeit»), (113 «.»), (48 «Bparom»), (32 «mepen»), (59 «,»), (99 «on»), (11 «He»),
(60 «mroreiimmiin) u (72 «Bpar»), UCHOIB3Ys TPH STOM I1OCIIEJOBATEIHHOCTD
maros 5, 3, 1.

3. OmpenenuTs Mo mpaBmiy (48) pa3yMHYIO MOCIEI0BATEIEHOCTD IIIATOB
JuIst anroputMa D COpTHPOBKH ¢ yobIBarommM mmarom npu N = 20 000.

4. Hcnons3ys rpaduyecKyr0 WUIIOCTpAlUi0 (OpMHUPYEMOro LUKINYE-
CKOI'O CIIMCKA, BBIMOJHWUTH aJrOPUTM L COPTUPOBKH BCTaBKaMH B CIIMCOK
TIPUMEHUTENBHO K ITOCIEeI0BaTebHOCTH 3ammiceil: (4 «By), (47 «u3BeCTHBIXY),
(85 «.»), (35 «xunbLOBY), (76 «obOpsamemby), (21 «0e3»), (55 «HaACEKOMBIX»),
(69 «Hew), (12 «aome»).

12. OBMEHHASA COPTUPOBKA

CeMeliCTBO anropuTMOB OOMEHHOH COPTUPOBKH TPEIyCMAaTPHUBAET CH-
CTEMAaTHUYECKUI OOMEH MECTaMH 3JICMEHTOB Iap, B KOTOPHIX HAPYIICHA YIIO-
PAIOYEHHOCTH JI0 TeX MOp, MOKa TaKUX Map HE OCTAHETCSI.

Haubornee oueBUAHBIM CIIOCOOOM OOMEHHOW COPTHUPOBKH SIBIIICTCS Me-
moo ny3vipvxa. OH peANoiaracT BHaYaiIe CpaBHEHHE Kiitoda K ¢ KiIrodoM K,
1 00MEH MecTaMU 3amucei R u R,, €Cl 3TH KJII0YU HE YIIOPSAI0YCHEI. 3aTeM
oJJOOHOE MPOACTBIBACTCS C 3aMUCIMU Ry U R3, Ry u Ry, u T.1. OT™METUM, 9TO
MIPY BBITIOJIHEHUH 3TOW TIOCIEOBATEIIEHOCTH OINEPAIlUil 3aIMCH C OOJIBIIHMMU
KII0YaMHu OYAyT MpPOJBHUTATHCA BIPABO M 3alUCh C HAHOOIBIINM KITFOUOM
3aiiMET nonoxkeHue Ry. IIpu MOBTOPHOM BBIMOJHEHUU 3TOrO MPOLECCa COOT-
BETCTBYIOIIME 3aMMCH NONAAYT B NO3UIMU Ry 1, Ry » U T.JI., TaK 4TO BCE 3aIU-
cu OynyT ynopsimoueHbl. MeTon moiny4ri cBOE Ha3BaHUE, TOTOMY YTO OOJb-
[IMe 3JIEMEHTHI, TOJ00HO MY3hIPhKaM, «BCIUTBIBAIOT» HAa COOTBETCTBYIONIYIO
MO3UIUIO B MPOTUBOMOIOKHOCTh METOAY MPOCTHIX BCTaBOK, B KOTOPOM 3Jie-
MEHTEHI «IIOTPYXKAIOTCS» Ha COOTBETCTBYIOLIUI YPOBCHB.

[epBEIit MPOCMOTpP MIECTHAIIATHA TPATUIIMOHHBIX KIFOUYCH, 3aIllMCaHHBIX
B ITOPS/IKE CHU3Y BBEPX, MOBJICYET TPUHAIIATE OOMEHOB!
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Ki6 (703 (703|703 |703|703(703|703|703|703|703|703|703|703|908
Kis[765|765|765|765|765|765|765|765|765|765|765|765|908|703
Ky |677|677|677|677|677|677|677|677|677|677|677|908|765|765
K3 |612(612|612(612]612]612|612|612|612|612|908 (677 677|677
K1, 1509|509|509 509|509 (509|509 |509|509|908|612|612|612|612
Ky [ 154 |154|154 154|154 (154|154 |154|908 | 509 | 509|509 | 509|509
Kio 426|426 (426|426 426 (426|426 908|154 | 154 | 154|154 | 154|154
Ky | 653 653|653 |653|653|653|908|426|426|426 (426|426 (426|426
Ky |275(275]275(275|275]908| 653|653 653|653 |653|653|653|653
K7 |897 (897|897 (897|908 | 275|275|275(275|275|275|275|275|275
K¢ |170(170]170 (908|897 897|897 897|897 |897|897|897 897|897
K5 1908908908 |170(170|{170(170|170{170|170|170(170{170|170
K, |61 |61 |512|512|512|512|512|512 512|512 (512|512 512|512
K; |512(512| 61 [ 61 | 61 | 61 |61 |61 |61 |61 |61 |61]|61|61
K, | 87 [503|503|503|503|503|503|503|503|503 (503|503 503|503
K, |503|87 |87 |87 |87 |87 |87 87|87 |87 |87 |87 |87 |87

B pesynbrare mepBoro mpocMoTpa 3aluCH C BBIJICICHHBIMU TOTYXKUP-
HbIM mprdTom Kiarouamu 503 u 512 BCIIIBIBYT Ha OAHY IO3MUIIMIO, & 3aITUCh C
TaKKe BBIJICJICHHEIM K1touoM 908 — Ha OguHHAAIATE ITO3UIAH.

PaccMoTpum mporiecc COpTUPOBKU METOIOM My3bIpbKa YKPYITHEHHO:

1-if mpocMoTp
2-i IpOCMOTp
3-if mpocMOTp
4-# mpocMOTp
5-# mpocMOTp
6-1f mpocMOTp
7-1 IpOCMOTp
8-t mpocMoTp
9-it mpocMOTp

703 908 908 908 908 908 908 908 908 908

765 897 897 897 897 897 897 897 897
677 703 /ﬁ 765 765 765 765 765 765
612 765 703 703 703 703 703 703 703
509 677 677 677 677 677 677 677 677
154 612 653 653 653 653 653 653 653
426 509 /612 612 612 612 612 612 612

653 154 / 509 (512 512 512 512 512 512
275 426 154 /509 509 509 509 509 509
897 653 426/ 154 4503 503 503 503 503

275 4512 426 /154,426 426 426 426
908 170 _, 5127 275_,503" 4267 T5k _,215 275 275
61 5127 170 _,5037 275 275 2757 T54 4170 170
61 45037 170 170 170 170 1707 T54 154
87 ,5037 61 ,8 87 8 87 8 87 87
87 877 61 61 61 61 61 61 61



ITocne kaxmoro mpocMoTpa Bce 3alKCH, HauMHasl C MOCIeHeH, KoTopas
ydJacTBOBaja B OOMEHE W BHIIE, 3aHUMAIOT CBOM OKOHYATENbHBIE ITO3HIIHH,
TaK YTO UX HE HY)KHO IPOBEPSATH NpHU MOCIEAYOMNX mpocMoTpax. Ilox takoit
TpYyNIoH 3amucedl Ha PUCYHKe IMocTaBieHa udepra. llocmenHuMm mpocMoTpoMm
CJIE/lyeT CYMTATh MPOCMOTP, IPH KOTOPOM He OBUIO MPOM3BENCHO HU OJHOTO
obMeHa.

Auaroput™ B. (Memoo nyseipvra.)

3anucu R, ..., Ry nepepa3Melnarorcst Ha ToM ke mecte. [locne 3aBepiie-
HUSI COPTUPOBKH UX KIIOYH OyayT yropsigoueHsl: K < ... < Ky.

B1. [HauanbnHas ycranoBka BOUND.] Ilpucsouts BOUND < N.
(BOUND — vHAEKC caMOro BEPXHET0 3JIEMEHTa, O KOTOPOM €llle HE U3BECTHO,
3aHSUI JIM OH Y)K€ CBOIO OKOHYATENIFHYIO ITO3UIHUI0. TakuM 00pa3oM, K 3TOMY
MOMEHTY eIlle HUYETo He U3BECTHO.)

B2. [Muxn no j.] IIpucsouts ¢ «— 0. Bemonuuts mar B3 nnaj =1, 2, ...,
BOUND — 1 u nepeiitu k mary 54.

B3. [CpaBnenue/o0meH R; u Rjv1 ] Ecu K> Ky, TO TIOMEHATH MECTaMH
R;u Rjy1, a Taxoke t < j.

B4. [beuin oomens1?] Eciu ¢ = 0, To 3aBepIIUTh pabOTy ajiropurMa; B
npoTuBHOM ciydae BOUND « t 1 BepHyTbcA K Iary B2. m

MuHUMaJbHOE, CpelHee W MaKCHMalIbHOE BpeMsi paboThl 3TOTO ajro-
PHUTMa OIEHHBACTCS TOCIEN0BaTENbHOCTRIO (min (8N + 1)u, ave (5.75N * +
O(N InN))u, max (7.5N 2+ 0.5N + 1)u).

Hapannenvnot copmuposkoii Bymuepa Ha3bIBaeTCs OOMEHHAsT COPTUPOB-
Ka, B KOTOpOW CpaBHMBAIOTCS NoaOMpaeMble Mapbl HecoceqHUX Kiouei. [lo-
CJIE/IOBATENIFHOCTh CPAaBHEHUH, NMpeAHa3HAUSHHYIO Ul OTHICKAHHMS BO3MOX-
HbIX 00MeHoB, oTKpblT K.E. Batuep B 1964 1. B ero manexko He oueBHIHOM
MeTojIe, TpeOYIoIEeM BecbMa CIOKHOTO JI0KAa3aTeNIbCTBA, BHIIOJIHAETCS OTHO-
CHUTENIHO MaJI0 CPaBHEHHH.

Cxema copTHpoBKHM baTuepa HeCKOJIbKO HarmOMUHAeT copTHpoBKy Illen-
J1a, HO CPaBHEHUSI BBIMOJHSAIOTCS MO-JIPYTOMY TaK, YTO, IO CYIIECTBY, IPOUC-
XOJIUT CIIMSIHWE TIap OTCOPTHUPOBAHHBIX IOcieroBaTenbHocTer. [ToaTomy an-
roput™ baTdyepa Ha3BIBAIOT €IE 0OMEHHOU COPMUPOBKOIL CO CAUAHUEM.

Aaroput™m M. (Obmennas copmupoeka co CAusiHuem.)

3anucu Ry, ..., Ry nepepasmematorca Ha ToM ke Mmecre. Ilocne 3aBep-
LIEHHs] COPTUPOBKH UX KITtouu OynyT ynopsinodensl: K < ... < Ky. [Ipeamnona-
raercs, yto N > 2.

M. [Hauanbhas ycranoska p.] [lpucsouts p < 2", rie ¢ = |_1og2 N -| -
HaMMEHbIIee LEeNoe Yucio, Takoe, uro 2' > N. (Illaru M2, ..., M5 6yayT BbI-
TIOJHSTHCS JJIS p = 202 1.)

M?2. [HauanbHas YCTaHOBKA ¢, 7, d.] BbInonnuTs npycamBanms ¢ «— 2,
r—0,d«p.
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M3. [Huxn mo i.] st Beex 4, Takux, 910 0 < i< N—d u i A p = r, BBIIOI-
HUTh mar M4. 3arem mepeiitn xk mary MS. (3mech depe3 i A p 0003HauUeHA
orepanys «JIOTMYECKOe W» HaJl IBOMYHBIMHU IPEJICTABICHUSIMH YHCEN i U p.
Tak, Hanpumep, 13 A 21 = (1101), A (10101),=(00101), = 5. K aromy MoMeH-
Ty d — He4€THOE KpaTHOe p (T.e. YaCTHOE OT JIeNIeHHs d Ha p HEYETHO); a p —
CTENEeHb JIBOWKH, Tak uTo i A p # (i + d) A p; OTCIOZA CleayeT, YTo JAEHCTBUS
niara M4 MOXXHO BBIMONHATE TPU BCEX HYXKHBIX 3HAYCHHUSX i B JTFOOOM MOPSI-
K€ WJIH Jiajiee OIHOBPEMEHHO. )

Ma4. [CpaBHeHue/o0OMeH R U Riiyv1.] Ecmu Ky > Kiig41y, TO TOMEHATH
MECTaMU 3aMuCh Ry U Riigi1.

MS. [uxn o q.] Ecnu g # p, TO BBINOJIHNATH NPUCBauBaHus d «<— g — p,
q < q/2, ¥ < p v BepHYTbCs K miary M3.

M6. [Lukn mo p.] (K atomy momenrty mepectanoBka K, K, ..., Ky
Oyner p-ynopsinouena.) [IpucBouts p «— Lp/ ZJ. Ecmu p > 0, To BepHYTBCS K
mary M2. m

3amerum, 4To B MeToAe baTuepa mocnenoBaTeNbHOCTh CPAaBHEHUH Npe-
OlpenieNieHa, T.€. KaXKIbl pa3 CpPaBHUBAIOTCS OJHHU U TE K€ Mapbl KIIOueH,
He3aBHCUMO OT MH(popManuu o daiisie, KOTOPYIO MOXKHO ITOJYYUTh U3 HPEJIbI-
JYIUX CPaBHEHUH.

OOpatumcs K Jpyroi cTpaTeriuy, B KOTOPOH pe3yabTaT KaKIoro CpaBHe-
HUS OIIpefeNseT TO, KaKue KJIIOUM CpaBHUBATh cleayromuMu. Takasd crpare-
THsl He TOAMUTCS AT MapaljIeNbHBIX BBIYUCIECHHUH, HO MOJKET OKa3aThecs II0N0-
TBOPHOM JIS1 BRIYUCIUTEIBHBIX MAIIHH, Pa00TAIOMINX MOCIIEI0BATEIBHO.

PaccMmoTpum cxemy cpaBHEHHI/00OMeHOB 3Tol cTpaTeruu. [1ycTh UMEroT-
csl ykasaTenu [ u j, npuuém BHavane i = 1, a j = N. Cpasaum kmoun K, K; u
ecan oOMeH He TpeOyercsi, TO YMEHBIIUM j Ha | M MOBTOPHM 3TOT Hpoliecc.
Iocne nmepBoro oomeHa yBenuunM i Ha 1 U OyJeM NPOJOIDKATh CPaBHEHHS,
YBEIUYUBAS i, TIOKA HE MPOM30UAET emé ouH oOMeH. Torma onsaTh YMEHBIITHM
j u 1.1 Takum oOpazoM, OyneM «CKUTaTh CBEUYKY C OOOMX KOHIIOB» N0 TEX
1op, Moka i He CTaHeT paBHO j. [locMOTpuM, Hampumep, YTO NPOU30UAET C
HalMM (haijIoM M3 IIECTHAIATH YHUCE:

12345678902l 3]14]15]16
503 | 87 [512] 61 [908|170(897|275]653 [426|154]509|612]677 765|703
yMeHbIIeHHe j 1 1-if oOMeH
154\ 87 \512\ 61 ‘908‘170‘897‘275‘653‘426‘503‘509‘612‘677‘765‘703
yBenn4eHue i u 2-if ooMeH
154‘ 87 \503\ 61 ‘908‘ 170‘897‘275‘653‘426‘512‘509‘612‘677‘765‘703
YMeHbIIIeHHe j U 3-if 0OMeH

154\ 87 ‘426‘ 61 ‘908‘ 170‘897‘275‘653‘503‘512‘509‘612‘677‘765‘703
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yBennueHwue i u 4-it oomMeH

154‘ 87 ‘426‘ 61 ‘503‘170‘897‘275‘653‘908‘512‘509‘612‘677‘765‘703
YMEHBIIIEHHE j U 5-if 0OMeH

154‘ 87 ‘426‘ 61 ‘275‘170‘897‘503‘653‘908‘512‘509‘612‘677‘765‘703
yBennueHwue i u 6-if ooMeH

154\ 87 ‘426‘ 61 ‘275‘170‘503‘897‘653‘908‘512‘509‘612‘677‘765‘703

3mech s TOro, YTOOBI BBIIBUTH 3HAYCHUS yKazaTenel i W j Hemocpe-
CTBEHHO I10csie 0OMEHOB, KItoun K; U K; BBIIENEHbI TOTYKHPHBIM IPHGTOM.
3aMeTuM, 4TO B KaKJOM CpaBHEHHH 3TOr0 MpuUMepa ydacTBoBajd kiou 503.
B o0mrem cinydae B KaXJIOM CpaBHEHUM OYIIyT Y9aCTBOBATh UCXOIHBINA KITFOY K],
IIOTOMY YTO OH OyJeT MpPOJOKATh OOMEHHUBATHCS MECTAMH C JAPYTHMU KITFO-
YaM¥ KaXJIbIi pa3, KOrjJa MBI IepeKiIrovyaeM HanpasiieHue. K MoMeHTy, koraa i
CpaBHSIETCS C j, HCXOMHAS 3alKCh R| 3aiMET CBOIO OKOHYATEIHHYIO IMO3HUIIHIO,
MIOTOMY YTO CJieBa OT He€ He OyaeT OOJbINMUX KIIFOUYEH, a CIpaBa — MCHBIIIHX.
B pesynpTarte UCXOMHBIN (aill OKaKeTCs pa3feEHHBIM TaKUM 00pa3oM, YToO
MepBOHAYANTbHAS 3a7]aua CBENETCSA K IBYM Oojiee MPOCTHIM: COPTUPOBKE (haiina
Ry, ..., Ry u (He3aBUCUMO) copTUpOBKe (aiima R, ..., Ry. K xaxmomy u3
9THX TOA(DANHIOB MOYXHO IIPUMEHHUTH TOT K€ CaMBIi METO/I.

Hwxe moka3aHo, Kak BRIOPAHHBIN HAMU TS IPUMEPOB (haiiil MOTHOCTHIO
COPTHPYETCS MPH ITOMOIIY 3TOTO METO/Ia 38 OUHHAIIATE CTA U,

1[2]13(4|5]6[7[8]9]|10]11[12]13]14|15]16] (/,7) Crex
503| 87 [512| 61 |908[170|897|275|653|426|154|509|612|677|765|703] (1, 16) -
154 87 1426 61 [275/170]503]897|653|908|512|509|612|677|765[703] (1,6) | (8, 16)

4, 6),
(8, 16)

61 | 87 [154]426/275|170]503]897|653|908|512(509|612|677|765|703] (4,6) | (8, 16)
61 | 87 [154]170275]426|503]1897|653|908|512(509|612|677|765|703] (4,5)| (8, 16)
61 | 87 [154|170[275/426|503]897|653|908|512|509|612|677765/703] (8, 16) -
61 | 87 [154]170{275|426|503]703|653]|765|512(509|612|677|897|908| (8, 14) -
61 | 87 [154]|170{275|426|503]677|653|612|512|509]703|765[897|908| (8, 12) -
61 | 87 [154|170{275/426|503]509|653]|612|512]677|703|765[897|908| (8, 11) -
61 | 87 [154]170{275|426|503]509]653|612|512]677|703|765[897|908| (9, 11) -
61 | 87 |154]170{275|426|503|509|512|612]653]677|703|765[897|908]| (9, 10) -
61 | 87 [154|170[275/426|503|509|512|612|653|677|703|765/897|908] — -

61|87 |154}426|275|170}503|897/653/908|512|509|612(677|765|703| (1, 2)

31eck B CKOOKH 3aKITIOYeHBI OADaIIbI, KOTOPBIE €II€ MPEICTONT OTCOp-
TUPOBaTh. B BRIMMCIUTENBHON MaliHE 3TH MOA(aiIBI MOXKHO MPEICTABIIATh
mapoit (I, r), comepkamiell ykasaTtenu TpaHHI[ pacCMAaTPHUBACMOrO B JaHHBIN
MOMEHT (paiiyia, a TaKXKe CTCKOM JOMOIHUTENBHBIX map (I, 7;), KOTOpPHIC emié
MIPE/ICTOUT paccMoTperb. Kaxaplii pas, xorja ¢aiiin nompaszierisercs, B CTeK
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nomeniaeM OonbInii U3 nozAQaiioB 1 HaYMHaeM 00padaThIBATHCS OCTABILIHI-
Csl, ¥ TaK JIO TEX IOp, IMOKa HEe MPHUIEM K TPUBHAIBLHO KOPOTKUM (hatimam. Ta-
Kasl TpOIleIypa TapaHTUPYET, YTO B CTEKE HUKOTNA HEe OYIeT HAXOIUTHCSA 00-
Jiee 4eM IpuMepHo log, N 371eMEeHTOB.

OnucaHHyI0 MPOIETYyPy COPTHPOBKH MOXKHO HAa3BaTh 0OMEHHOU COpmu-
poekoti ¢ pazoerenuem. 4.3.P. Xoap omyomukosan e€ B 1962 r. mon Ha3BaHU-
eM «quicksorty (bvicmpas copmuposka), ¥ 3T0 COOTBETCTBYET JCHCTBUTENb-
HOCTH, TaK KaK BECh MPOIIECC COPTUPOBKM Hamiero (Qaiiia W3 IIeCTHAANATH
3ammcei TpeOyeT BCEro COPOK BOCEMb CpaBHEHM (MEHBIIE JIFOOOTO JIPYroro
YK€ BCTPEYABIIErOCsS METOJa 3a UCKIIOYCHUEM OWHAPHBIX BCTABOK, TPeOyIO-
IIUX COPOK CEMb CpaBHCHHN).

3aMeTuM, YTO TMPOIeaypa OBICTPOH COPTUPOBKH ITOCPEICTBOM pasfeiie-
HUI TPUTOHA B OCHOBHOM Ui OOnbmmx 3HaueHwui N. [loaTomy KopoTkue
mo(paiiIbl JKENAaTEIEHO COPTHPOBATH OCOOBIM 00pa3oM, KakK 3TO JICNAeTCs B
CJIE/IYIOIIEM QJITOPUTME.

Aaroput™ Q. (Obmennas copmupogka ¢ pazoeieHuem.)

3anucu Ry, ..., Ry nepepa3melnarorcs Ha TOM ke Mecte mamsitu. [locne
3aBEpIICHUS] COPTHPOBKH MX KItouM OyayT ymopsimoueHsl: K < ... < Ky. Hy-
JKCH BCIIOMOTATEIBHBIN CTEK I XpaHEeHUs He Oonee dyeM logr, N 3JIeMEHTOB.
DTOT aJrOPUTM COOTBETCTBYET MPOIEIype «OBICTPONH COPTHPOBKHY», MPUBE-
JNEHHHOW BBINIC, C HEOONBITMMY U3MCHECHUSMU B TICJISIX IMOBBIICHUS 3()CKTHB-
HOCTH:

a) TpenmoJaraeTcs HaJHMYue UCKYCCTBEHHBIX Kirouelh Ko= —oo u Ky =
= 400 TAKHX, YTO

Ko< K; <Ky, mig 1<i<N; (48)

0) mondaiinel, cocrosmue u3 M U MeHee IEMEHTOB, COPTUPYIOTCS TIPO-
CTBIMH BcTaBkaMu. CrnenoBarensHo, M > 1 — BbIOMpaeMblil TapaMeTp COpTH-
POBKH;

B) Ha HEKOTOPBIX CTaJUSAX COPTHUPOBKHU JENAETCs OJHO WM JIBa JIOIOIN-
HUTENBHBIX CpPaBHEHHMs (JOITyCKaeTcCsl MEepPEeKpBITHE yKasaTenei i, j), 4ToObl
OCHOBHBIE IMKJIbI CPAaBHEHHUS BBHITOJIHSIMCH HACTONBKO OBICTPO, HACKOJIBKO
9TO BO3MOXKHO;

I) 3alucy C OJIMHAKOBBIMH KIIFOYaMH MEHSFOTCSI MECTaMH, XOTSI 9TO He
SIBIISIETCSI CTPOT'O HEOOX OJITUMBIM.

Q1. [HauanbHast yctaHOBKA.| OUYUCTUTH CTEK U BBINOJHUTH MPUCBAUBA-
Hua l — 1, r < N.

Q2. [Hauano HoBO# crajuu.] (HaM xoTemock ObI OTCOPTHPOBATH (haiin
Ry, ..., R.) Ecm r — 1 < M, 1o mepeliti x mary (Q8; B IIPOTUBHOM Cily4yae
i—1 j—r K—K, R—R,.

03. [CpaBrenue K u K;.] Ecnu K < K, TO j yMEHBIINTB HA | ¥ IOBTOPUTE
9TOT LIar.
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Q4. [3amucek R Ha MecTo R;.] (K 3TOMYy MOMeHTY K; — KJTF0Y, HE MEHBIITUH
yeM K U Haxofsuuiica He Ha cBOEM MecTe, kpoMe Toro K > K;.) Eciu j < i, To
R; < R n nepeiitn k wary (J7; B NpOTUBHOM citydae R; «— R; u yBenuunTs i Ha 1.

05. [Cpasnenue K; u K.] Ecnu K; < K, T0 i yBenTU4HUTh Ha | U MOBTOPUTH
9TOT HIar.

06. [3anucek R Ha MecTo R;.] (K aToMy MoMeHTY K; — Kitou, HE 60BN
yeMm K ¥ HaxOSIIUICS HE Ha CBOEM Mecte, kKpome Toro K < K;.) Ecimu j < i, To
R; < R n i« j; B IpOTUBHOM clly4ae R; «— R;, 3HaYeHMe j yMEHBIIUTH HA 1 1
BEpHYTbcA Kk mary O3.

Q7. [Brirouenue B crek.| (Teneps noadaiin Ry, ..., R;, ..., R, pa3aenéH
Tak, yT0 Ky < K;mpu [ < k<iu K; < K;npu i <k <r.) Ecmu r—i > i — I, To ma-
py (i + 1, ) BKIIOUUTH B CTEK U ¥ «— i — 1; B poTHBHOM citydae mapy (/, i — 1)
BKITFOUHTH B CTeK U [ «— i + 1. (Kaxaprit amemMeHT creka Buna (a, b) sBusercs

3asIBKOW Ha COPTHUPOBKY mozadaiina R, ..., R, B OJHOH U3 MOCIEAYIONIHUX CTa-
nid.) BepuyTbes k mary O2.
08. [CoprupoBka mpocteiMu BeTaBkamu.| st j =17+ 1,1+ 2, ..., r BEI-

HOJIHATH clefyromue onepanyn: cHayana K «— K, R «— R;, i « j — 1; 3atem
Riyy«— R, u i« i— 1 Hynb wiu Ooree pa3, MOKa BEIONHSACTCS ycioBue K; > K;
HakoHell Ry <— R. (310, 10 CyIecTBY, aJITOpPUTM S, IPUMEHEHHBIH K rmoadaii-
Iy U3 M WM MeHee SJIEMEHTOB. )

9. [Uckntouenue u3 creka.] Eciam crek mycT, TO KOHEI| ajaropurMma; B
MIPOTUBHOM ClTydae B3sTh BEpXHHUH dyeMeHT creka (I’, r”), npucBouts [ «— [’
7 < r’ ¥ BepHyThcA K mary O2. m

OT™MeTnM, 49TO «Hawydniee» 3HaueHue M (A1 TUIIOTETUYECKON MalliHbI
MIX) paBno aeBsitu. Eciu M =9, To nipu Oonbimx 3HaueHusx N cpeHee Bpemst
paboTs! anroputMa npumepHo paBHO (12.67(N+ 1) In N—1.92 N—14.59) u.

CrnenoBatenbHo, anroput™M () paboTaeT B CPEeJHEM JIOBOJIIBHO OBICTpO,
KpoMe TOro, OH TpeOyeT oueHb Maino maMmsatd. Ho cremyer oTMeTrwTh, 4TO
HaUXYAIIAM CITydaeM Juisi anroputMa Q sBISIETCS TOT, KOTJIa UCXOAHBIN (aiin
yxe yropsimoueH. IIpu 3ToM Kakaas omepanusi «pa3feleHHsD) CTaHOBUTCS
MOYTH OECITONIE3HOM, MOCKOJIBKY KaXIIbIH BBIACISAEMBIH moadaiin cocTouT u3
OIHOTO 3JyieMeHTa. M caMblii, Ka3ajaochk Obl, IPOCTOH AJIsI COPTHPOBKH (haiin
Oyner copTUpoBaThCA MO adroputMy () ¢ 3arpaTaMH BPEMEHH, IPONOPIHO-
HANBHEIMU N,

Takum 00pa3om, B OTIIMYHE OT PACCMOTPEHHBIX paHee alrOPUTMOB COp-
THUPOBKH, allrOpUTM () NPENIIOUUTAET HEYIOPS0UEeHHbIE (haiiibl.

YupaxHeHus

1. MeromoM Mmy3bIpbKa MO alrOPUTMYy B OTCOPTUPYHTE MOCIEN0BATENb-
HOCTb U3 TPUHAIIATH 3anmceld: (47 «rpuaepkuBain), (79 «3a»), (94 «ko3bIpEx»),
(41 «BbIcokue»), (30 wmozeit»), (10 «Ha»), (12 «BBICOKUX»), (77 «CBOWY),
(36 «m»), (96 «.»), (7 «B3upas»), (44 «mpeaMeTs»), (69 «kapTy3»).
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2. Ucnonw3ys anroput™M M OOMEHHOH COPTUPOBKH CO CIHMSHHEM, OT-
COPTHPYUTE TOCNIEAOBATEIFHOCTh U3 MiecTHAAUATH 3amuceii: (503 «xommy),
(87 «ckaxkyT»), (512 «cam»), (61 «Uton), (908 «?»), (170 «rede»), (897 «mo-
Kewby), (275 «apyrue»), (653 «ceden), (426 «,»), (154 «o»), (509 «Tb1»),
(612 «ow), (677 «augeron), (765 «ue), (703 «ckazatb»).

3. Bwmonnure ¢ nmapamerpom M = 5 anroput™v () 0OMEHHOIH COPTHUPOB-
KA C pasfeieHHeM Uil IOCIEOBATEIbHOCTH M3 YETBIPHAIUATH 3alvCew:
(39 «»), (16 «y»), (80 «ortmoxHyTb), (59 «;»), (16 «Tedsn»), (40 «3aTKHMY),
(22 «ectby), (13 «Ecmmy»), (86 «donTany»), (63 «mait»), (81 «u»), (93 «.»),
(23 «donTan»), (44 «ero»).

13. COPTUPOBKA ITOCPEJICTBOM BBIBOPA

[Mpocreiimast cOPTHPOBKA IMOCPEACTBOM BBIOOPA CBOAMTCS K CIIETYIOIIEMY:

a) BbIOpaTh B 00IaCTH BBOJA 3aIMCh C HAMMEHBIINM KJIFOYOM; CKOIHPO-
BaTh ATy 3aIUCh B 00J1aCTh BHIBOJA M 3aMEHUTH KIIFOY TOH 3alKCH B 00JIaCTH
BBOJIa 3HAUYEHHEM «00», KOTOPOE IO MPEITOJIOKEHNIO OoIbIe JH000ro peab-
HOT'O KJTIOYa;

6) moBTOopuTh miar (a). Ha atoTr pa3 B obnacte BeIBOJa OylIeT CKOMUPO-
BaHa 3aITUCh C KJIFOUOM, HAMMEHBIINM U3 HEBBHIOPAHHBIX €IlE 3amncei, Tak KakK
paHee HaMMEHBIINH KITI0Y ObUT 3aMEHEH Ha «00»;

B) IOBTOPATH HIar (a) A0 TeX IOp, MOKa B oOJIacTh BBIBOJA HE OyayT
CKOMUPOBaHBI Bee N 3amuceil.

Jlis HammX TpaIUIMOHHBIX MIECTHAIAUATH KIIOYEH IT0Cie IEepPBOro BBI-
MOJTHEHUs ara (a) CofepXKMMOe O0JIaCTel BBOJA W BBIBOJA OYJIET CICIYIO-
LIUAM:

ObnacTs BBOIA

503| 87 [512| oo |908|170(897|275|653|426|154|509|612|677|765|703
1 2 3 4 5 6 7 8 9 10| 11 |12 | 13|14 |15 ]| 16
ObnacTs BEIBOJA

61
1 |23 4|56 7|89 ]10)11]12]13|14]|15]16

[Toce BTOpOTO BHIMONHEHHMS 11ara (a):

ObnacTs BBOIA
503| oo [512| oo |908|170(897|275|653|426|154|509|612|677|765|703
1 2 3 4 5 6 7 8 9 10| 11 |12 | 13|14 | 15| 16
ObnacTs BEIBOJA
61 |87
1 2 3 4 5 6 7 8 9 (10|11 |12 |13 |14 | 15| 16

Haxonern, nocne mecTHaaaToro BbIMOIHEHUS:
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O06nacTh BBOZIA
o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0 o0
1 2 13145 6 | 71 8191011121314 |15]16
O06nacTh BBIBO/IA
61 | 87 [154]|170|275|426|503|509|5121612|653|677|703|765|897|908
1 2 131415 6 | 7 8 | 9110111213 |14 |15] 16

Onwucannslii MeTox TpeOGyeT (N — 1) cpaBHeHHMH KaXkKAblid pa3, KOraa BbI-
Oupaercsi ouepeaHas 3arich, U TpeOyeT OTAENbHON 00JIaCTH BHIBO/IA B MaMsi-
TH. JIMKBUIMPOBATh OTMEYEHHBIE HEJOCTATKH MOXKHO CIIEAYIOIIMM 00pa3oM.
He ncnonb3oBath K04 «oo» W BBHIOpaHHYIO 3alMCh IIepeMelaTh B COOTBET-
CTBYIOIIYIO MO3UIIMIO, & 3aIUCh, KOTOPAasl 3aHMMaJIa 3Ty ITO3UIINIO, IEPEHOCUTh
Ha MecTo BbIOpaHHOW. Tor/a ynoMsHyTyr0 BEIOpaHHYIO 3aIUCh HE HYXKHO pac-
CMaTpHuBaTh BHOBB IIPH MOCJIEAYIOMINX BEIOOpaX.

Aaroput™ S. (Copmuposka nocpedcmeom npocmoeo evibopa.) 3anucu
Ry, ..., Ry nepepa3memiatorcs Ha ToM ke Mecte. [locie 3aBepIeHust CopTUpOB-
K1 uXx Koy Oymyt ymopsgouessl: K; < ... < Ky. CopTupoBKa OCHOBaHa Ha
OITMCAaHHOM BBIIIE METOJIE, HO IS yJ00CTBa CHavasia BEIOMpaeTcsi HanOONbIINiA
9JIEMEHT, 3aTeM — HanOOIbIINI U3 OCTABIINXCS DJIEMEHTOB U T.JI.

S1. [Iukn noj.] Bemonuuts maru S2 u 3 mpuj=N,N-1, ..., 2.

S2. [Tlonck max {K,, ..., K;}.] Haiitu HauOGompmmii n3 xmoueil K
Ky, ..., K. Ilycte 570 OyneT kmtoy K, r/ie i BBIOUpaeTcst Kak MO>KHO OOJTBIINM.

§3. [O6men.] TlomensaTs MecTamu 3amucu R; u R;. (Teneps 3anucu R, ...,
Ry 3aHUMArOT CBOM OKOHYATENIFHBIE [TO3UIUH.) W

JlelicTBHe 3TOro ainroputMa Ha TOCJIEIOBATENbHOCTh M3 IIECTHAALATH
KJIIouel OyzeT cieyronmmM:

503| 87 |512| 61 {908|170|897(275|653|426|154|509|612|677|765|703
503 | 87 |512| 61 |703|170|897(275|653|426|154|509|612|677|765|908
503 | 87 |512| 61 |703|170|765(275|653|426|154|509|612|677|897|908
503 | 87 |512| 61 {703|170|677|275|653|426|154|509|612|765|897|908
503| 87 |512| 61 |612]|170|677(275|653|426|154|509|703|765|897|908

| 61 | 87]154]170]275]426]503]509]512]612]653]677|703]765]897]908]|

311ech NONMYKUPHBIM IIPU(PTOM OTMEUEHBI KIFOYM 0OMEHHMBAIOIINXCS MECTAMHU
3amucei.

OTMeTHM, 4YTO cpelHee BpeMs paGoTsl anroputva S paBHO (2.5N° +
+ 3(N+ 1)Hy + 3.5N — 11) u, T.e. OH JHIITb HEMHOTO MEJICHHEE TPOCTHIX
BCTaBOK.

C nenplo yCOBEPIIEHCTBOBAHMUS aJlTOPUTMa IIPOCTOr0 BEIOOpa IpoaHain-
3UpyeM MOUCK MakcuMyMa Ha mare S2. i ompeneieHuss MakcUMyma W3
N >IeMEeHTOB, OCHOBAaHHOM Ha CPaBHEHHWH Map AJIEMEHTOB, JEHCTBUTEIHHO
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HEeoOX0AMMO BBINOJIHUTE N0 KpaiiHeit mepe (N — 1) cpaBuenuii. Ho, 3amerum,
YTO 3TO CHPABEIUINBO TOIBKO K nepgomy BbIOOpY. [Ipu nociedyrowux Beidopax
MOXXHO HCIIONIb30BaTh M3BJICYEHHYIO paHee HH(OPMAIHIO.

PaccMoTpuM Te camble mecTHAUATh KIIFO4Yel, KOTOpble pa3o0bEM Ha ue-
ThIpE TPYIIIBI 110 YETHIPE YKcIa U HAlIEM MaKCUMAaJIbHBIN JIEMEHT B KaXKA0U
TpymIie, BHINOIHKUB NpH 3ToM 12 cpaBHenuil. Hanbonbmmii anement 908 u3
MaKCUMaJIbHBIX 3JIEMEHTOB B rpynmax 512, 908, 653, 765 naiiném nytéMm BbI-
MOJTHEHUS TPEX CPAaBHEHU:

908
512 908 653 765
503 87 [512] 61 [908]170[897]275]653]426]154|509]612[677]765]703

CrnenoBatenbHO, Ha OnpejesieHne Hanbombiero anementa 908 Bo Beém
(atire 3aTpaunBaeTcs 15 cpaBHEHHI.

Jl1s momydeHust BTOporo 1o BeandyuHe sieMeHTa 897 B daiiie gocrarou-
HO OIIPEAEINTh MaKCUMaJbHBIN 3JIEMEHT U3 OCTaBIIMXCS TPEX aemenToB 170,
897, 275 BO BTOpOM TrpyIIie, BBHIIOIHUB MPU 3TOM JBa CPAaBHEHUS, U HAUTH
HauOONIBIINH U3 drteMenToB 512, 897, 653, 765 3a Tpu cpaBHEHUS:

897
512 897 653 765
503] 87 [512] 61 [170]897]275]653[426]154]509|612]677]765]703

Takum 00pa3oM, Ha OMpEICICHUE BTOPOro MO BEIHYMHE dJeMeHTa 897
3aTPavyUBACTCS BCETO ISITh CPABHECHUIMA.

Jlnst ompenienicHuss TPEThEro MO0 BEIMYMHE 3JIEMEHTA JOCTATOYHO HANTH
MaKCUMaNbHBIH U3 371eMeHToB 170, 275 U HauOONbIIUN U3 3JIEMEHTOB 512,
275, 653, 765. Tperuil o BeIMUUHE JIEMEHT 765 ompenensercs 3a 4eTbIpe
CpaBHEHHUSI U T.]I.

B obmiem cmydae, ecnmu N SBISIETCS TOYHBIM KBaJIpaTOM HEKOTOPOTO

HATYpaJbHOTO YHCIIa, TO (paill MOXKHO pa3nenuTh Ha N Tpymm mo N
3JIEMEHTOB B Kax 10 rpymre. Toraa mo0oil BEIOOP, KpOME IEepPBOro, moTpedy-

er He Oornee yeM (x/ﬁ — 1) cpaBHeHMI BHYTpHW TIpyINIbl paHee BHIOPaHHOTO

anemenTa mioc (N — 1) cpaBHEeHHI Cpelu «JIHIEPOB» TPYIII. DTOT METO.
MOYYWJT Ha3BAHUE K8AOPAMUUHO20 8blOOpa, 00Ilee BpeMs pabOThl KOTOPOTro

2

nuMeeT mopsiok N+/ N , 4To CyIIeCTBEHHO JIy4lle, yeM N .
Merto/ KBaIpaTHYHOr0 BEIOOpa MOKHO OOOOIIHTE M TIOJYYHUTh B PE3YIb-
TaTe METO]] BbIOOpa TpeThel, UeTBEPTOH, ..., n-i creneHn. Hanpumep, B MeTo-

Jie Kybudeckoro BeIGOpa (aiin pa3GuBaercs Ha 3/ N GOIBIIMX TPYIII, Kaxmas
U3 KOTOPBIX COJEPXKUT 1O YN manbix rpymm mo 3/ N 3ammceii. Bpemst pa6o-

ThI KYBHUECKOrO BRIGOPA TIPOIOPIHOHANEHO N3/ N .
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Ecan N sBIsieTcss TOYHBIM 3HaYeHHeM 2" , TO MOXKHO OpPraHH30BaTh BbI-
6op n-it crenenu. [Ipu 5ToM (aiin pa3GHBAIOT HA JBE FPYIINbI M0 2" HeMeH-
TOB, Ka)KIyl0 TPYITY — HA JBE MOATPYIIBI MO 2" > 3IEMEHTOB ¥ T.1. TakuMm
00pazoM, BBIOOp 7-i CTENEHW OCHOBAH Ha CTPYKType OMHApHOro JepeBa, ero
Ha3bIBAIOT TAKKE 686100poM U3 depesa. Bpems ero paboTsl MpoNoOpHHOHAIEHO
3HaueHuto N logN.

Ha pucynkax 28 — 30 Hamm 16 dncen COPTUPYIOTCS TOCPEICTBOM BEIOO-
pa u3 zepesa.

908

908/ \
512/ \908 / \
/" N\ /N / \ / \

503 512 908 897 653 509 677 765

/N /N /N /N /N /N /N /N

503 87 512 61 908 170 897 275 653 426 154 509 612 677 765 703

Puc. 28. Ucxonnas koHpurypamnus aepeBa

897

897/ \
512/ \897 / \
VRN VAN / \ / \

503 512 170 897 653 509 677 765

/N /N /N /N /N /N /N /N

503 87 512 61 -oc 170 897 275 653 426 154 509 612 677 765 703

Puc. 29. /lepeBo nocJie BbIBOaa d1emMenTa 908

512

512/ \509
T N
512 275 509
VRN VAR VAR / \
503 512 170 275 426 509 s .
/\N /N /N /N /N /N /N /\
503 87 512 61 -oc 170 -oc 275 -oc 426 154 509 -o - -oc -o

Puc. 30. [IepeBo nociie BLIBOIA 3JIEMEHTOB
908, 897, 765, 703, 677, 653 u 612
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3aMeTHM, 4TO JUISt TOTO, YTOOBI 3HATh, Ky/la BCTaBIISTH CIEIYIOIIUI diie-
MEHT «—00», HEOOXOIUMO MOMHHTh, OTKYy/Ja MPHIIEN K04, HAXOASAIINICS B
kopHe. [109ToMy y31Ibl pa3BETBIEHHS JODKHBI COJIEPIKaTh yKa3aTelH, OMMChIBA-
IOIME TTO3ULHI0 KIIIoYa, a He caM Kitod. OTcrofa ciefyer, 4yro HeoOXxoauMa ma-
MsTh 111 N ncxonmHbIx 3anmceit, (N — 1) ykasareneit U N BRIBOJUMBIX 3alUCEH.

Teneps paccMOTpyUM OJHY M3 MOAM(UKAIMHA BEIOOpA U3 IepeBa, KoTopast
ycTpaHsAeT HeoOX0oaUMOCTh yka3zaTeneill. Korna HekoTopblil kiIrou nogHUMAET-
Csl BBEPX C HIDKHETO YPOBHS, TO HAa HIDKHEM YPOBHE €r0 cpa3zy MOXHO 3aMe-
HUTb Ha «—oo». EciHM ke KoY mepeMelaeTcs BBEpX ¢ OJHOTO pa3BETBIICHUS
Ha APYroe, TO 3TOT KIOY MOXKHO 3aMEHHTh HaWOOJBIINM U3 JIBYX KITIOYEH,
KOTOPBIM B KOHIIE KOHIIOB BCE PABHO JOJIKEH MOJHATHCSA HA €ro MpEeKHee Me-
CTO. BBINONHHUB 3Ty omepaunuio (KopnopamueHol cucmemvl GbLOGUIHCEHUIL)
CTOJIBKO pa3, CKOJIBKO BO3MOYKHO, OT MCXOAHOW KOH(PHUI'Ypaly JiepeBa, Mpea-
CTaBJICHHOH Ha pHc. 28, MpuiiIEM K IepeBy, n300pakéHHOMY Ha puc. 31.

908

/\
/\ /\
\ 170/\ /\ /

'

503 61 « 426 500 677
/\8 / \ N /N /N /N

- -oC -oC -oc -oc -oc 154 - 612 -«

\
/\

7

Puc. 31. [IepeBo, B KOTOPOM KAKAbIii KIH0Y MOTHAICS
HA CBOI YPOBEHb B HepapXuu

Nmes Takoe nepeBo, MOXKHO IMPOIODKATh COPTHPOBKY HE 80CX00AUUM
(cMm. puc. 28 — 30), a Hucxooswum Memooom: BBIBOTUTCS SJIEMEHT, HAXOJS-
muiics B KOpHE, MepeMenaeTcss BBepX HaUOOJbIIMHA U3 ero MOTOMKOB, Tepe-
Melaercst BBepX HauOONBIINK U3 IOTOMKOB IOCJIETHET0 U TaK Jajiee J10 mep-
BOTO NIEPEMEIEHUST BBEPX «—o0». DTOT METOJ UMEET Ba)KHOE JOCTOMHCTBO —
OH T03BOJISIET M30€KATh JINIITHUX CPABHEHUH «—00) C «—o0y.

OTMeTHM, YTO JI0 CHX TOp TOBOPHJIOCH TOJIBKO O MOJTHBIX OMHAPHBIX Jie-
peBbsix, comepxkamux N = 2" y35108. B 1efcTBUTENBHOCTH MOXKHO paboTaTh ¢
MIPOM3BOJILHBIM 3HAYEHHEM NN, TOCKOJIBKY JUIs J1F000r0 N HETPYIHO IIOCTPOHUTH
MoJTHOE OMHApHOE AepeBO ¢ N KOHIIEBBIMH Y3JIaMH.

[Tonuble OwHapHBIE NepeBbsi YNOOHO XPaHUTb B IIOCIEIOBATENHLHBIX
sigeiikaX MaMsTH Tak, KaK MOKa3aHo Ha puc. 32 1uisl epeBa ¢ MIECTHAALATHIO
y3namu. Yucna B y3/max 3Toro jJiepeBa 00O3HAyaroT He 3HAYEHHs KIIoYeH, a
HOMepa STYEeK MaMsTH, B KOTOPBIX XPAHATCS KITFOUH.
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/ 1 \

2 3
4 ~ S 5 6 ~7 7
RN 7N\ 7N\ VRN
§ 9 10 1 12 3 14 15
/N /N /N /N /N /N /N /N
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Puc. 32. [TocsienoBaresibHOe pacnpeaejieHne NaMsTH
JJ151 TOJTHOTO GMHAPHOTO iepeBa ¢ 16 y3namu

3aMeTuM, 9TO OTIIOM Y3JIa HOMEp k SIBIISETCS y3el C HOMEPOM Lk/ ZJ, a
€ro IOTOMKaMH — Y316l ¢ HoMepamu 2k u 2k + 1.

Haxkoner paccMOTpUM HUCXOJISAIINN METOJ] COPTHPOBKH, KOTOPBIA 00X0-
JIUTCSL COBCEM 0e3 KITFoUel «—oo», T.€. BCs CYIISCTBEHHAs WH(pOpMAIUs, UMe-
romasics Ha puc. 31, pacrnonaraercss B sdeiikax 1 — 16 moaHOro OWHApHOTO
JepeBa 0e3 BCAKHX OCCITONIE3HBIX SYECK, CONEPIKAIIUX «—o0». DTOT METOJ,
HA3BIBAEMBIN nUpamMuoaibHOU COpMUPosKol, COpTUpyeT N 3amuceil Ha TOM e
MECTe B TaMATH 0€3 BCIIOMOTaTEeIBHON 00JIACTH BHIBOAA.

@aiin xiroueit K, K, ..., Ky OyaeM Ha3bIBaTh nupamuooil, eCiiu

K2 =K mpul<|j/2|<j<N. (49)

B stom cnywae K| > K, Ky > K3, K, > Ky u t.a. (em. puc. 31), T.e.
HAMOOJBIINHI KITI0Y OKA3bIBAETCS Ha 6epuluHe TAPAMUJIBL:

K] = max (K], Kz, ceey KN) (50)

PaccmorpuM 3aauy npeoOpa3oBaHUs IPOU3BOJIBHOTO UCXOJHOTO (hailia
B nupaMuy. IlycTs HaMm ynanock pacroioXuTh (aii TakuM 00pa3oM, uTo:

K2 =K mpul<|j/2] <j<N, (51)

rae [ > 1. 3aMeTuM, 4TO B UCXOJHOM (haiiiie 3TO YCIOBUE BBIMONHIETCS «aBTO-
MaTHYeCKu» s [ = LN / ZJ, MOCKOJIbKY HH OJIMH WHJICKC j HE YIOBJIETBOPSET
YCIIOBHUIO LN / 2J< L j/ 2J< j<N. HerpyaHo NHoHATb, KakK, U3MEHssS JHUIIb
MOJIZIEPEBO C KOPHEM B y3i1e [, mpeoOpa3oBaTh (haiii, 9ToOBI pacpoCTPaHUTh
HepaBeHCTBa (51) W Ha ciy4aid, Korja L Jj/ ZJ = [. CriefioBaTeIbHO, MOXHO

YMEHBIIATh [ HA SIUHUITY JIO TE€X IO, OKa B KOHIIC KOHIIOB HE OYIeT JOCTHT-
HyTO ycioBue (49). DTH uIeu NPHUBOAAT K HM3SIITHOMY aJTOPUTMY, KOTOPBIA
3aCITy>KUBAET MPUCTATIBLHOTO U3YUYEHHUS.
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Aaroput™m H. (I[Tupamudanenas copmuposka.) 3amucu Ry, ..., Ry nepe-
pasMelIaoTcs Ha TOM )K€ MECTe; IOCJIe 3aBEPIICHUS] COPTUPOBKU HX KITIOUU
oynyt ymopsimodensl: K; < ... < Ky. CHavana ¢aiin nepectpanBaercs B mupa-
MUJ1y, TIOCJIE Yero BepIINHA MHPaMHIbl MHOTOKPATHO MCKITIOUAETCS M 3aIHCHI-
BaeTcsl Ha CBOE OKOHYarenpHoe Mecto. [Ipeanomnaraercs, uto N > 2.

H1. [HauanbHast ycraHoBKa.] [ < LN / 2J+1 , ¥ < N.

H2. [Ymenbumts [ vin r.] (Ecnu Ha naHHBI MOMeHT [ > 1, TO mpoucxo-
T TipeoOpa3oBaHue UcxoaHoro ¢aiina B mupamuny. Ecnmm ke / = 1, To ato
3HAYUT, 4to Kitoun Ki, Ky, ..., K, yxe oOpasytor nupamuny.) Ecam / > 1, To
| —1[-1,R «— R, K «— Kj; B ipotuBHOM ciiydae R «— R,, K «— K,, R, < R,
r < r— 1. Ecnu B pe3ynbTare oka3auaoch, 4to » = 1, To R| < R u 3aBepuIuTh
paboty anropurma.

H3. [TIpurotoBUTHCA K «IIPOTaCKUBaHUION.] j «— [. (K 3TOMY MOMEHTY

K|jj2)z K mpul< Ljl2)<j<r, (52)

a 3amucu Ry, r < k < N, 3aHIMalOT CBOM OKOHUYaTeNbHbIe MecTa. [llaru H3...H8
Ha3bIBAIOTCSl ITOPUTMOM «IIPOTACKUBAHUS»; WX JIEHCTBUE HSKBUBAJICHTHO
MPUCBaUBaHUIO R; <— R ¢ MOCHEAYIOUUM TepeMelleHueM 3anucedt R, ..., R,
TakuM 00pa3oM, 4ToOBI yciioBre (52) BBINOIHSIOCH U IpH [ = Lk/ ZJ J)

H4. [Ilponsunythcs BHU3.] [ «— j, j <« 2j. (B mocnemyromux miarax
i= Lj/ZJ .) Ecin j <r, To mepeiit k mary HS; eciu j = r, TO IEpelTH K mIary
H6; ecnu e j > r, To epelTH k mary HS.

HS. [Haiitu 6onbero cbiHa.] Ecin K; < Ky 10 «—j + 1.

H6. [bonke, yem K?] Ecnu K > K, To nepeiitu k H8.

H7. [Tlonusate ero BBepx.] IIpucBonts R; < R; 1 BepHYyThCA K miary H4.

HS8. [3anectu R.] [IpucBouts R; < R. (Ha 3TOM anroput™m «porackuBa-
HUS», HAYATHIN Ha mare H3, 3akaHunBaercs.) BepHyTbes k mary H2. m

YupaxHeHus

1. OtcopTupyiiTe METOIOM KyOWYECKOrO BBEIOOpa IMOCIECIOBATEIBHOCTh
13 ABajlIaTU ceMu Kitoueit: 48, 7, 22, 10, 51, 69, 5, 62, 26, 16, 60, 78, 97, 14,
66, 9, 8, 83, 96, 20, 56, 41, 98, 63, 28, 66, 9 U ycTaHOBUTE KOJIUYECTBO CPaB-
HEHHI Tap KIFOYeH, KOTOphIe OY/IyT MPU 3TOM BEIIIOIHCHEI.

2. Jnis TpaJAWIUOHHOM MOCIEN0BAaTeNbHOCTH IECTHAIIATH KITFOUEH:

503 | 87 |512| 61 |908|170|897|275|653 (426|154 |509(612|677|765|703
1 {2 (3|4 |56 7|89 1011|1213 |14|15]16
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a) TOCTpPOWTE MONHOE OWHApHOE NepeBO ¢ 16 sueiikamu (0e3 BCSIKUX
0ECIIOJIC3HBIX STYCCK, CONMEPKAIIUX «—00») U PACIOIIOKUTE KITFOYH B COOTBET-
CTBYIOIIHUX SYCHKAX;

0) BBINIOJIHUTE IO aNrOpUTMy H TUPaMUAATBHYIO COPTHUPOBKY ITHX
KITIOYEH, TIPOCIICKUBAS H3MCHEHUS, IPOUCXOJISIIUE B IIOCTPOCHHOM OMHAPHOM
JiepeBe.

14. COPTUPOBKA CJIMSTHUEM

Cnuanue o3HayaeT 0ObEUHEHUE ABYX WM Oojee yNOpAd04eHHBIX MOJ-
(aiinoB B ofuH ynopsaodeHHsIH (aiin. MoXHO, HarmpuMmep, CIUTH J(Ba MOJ-
daiina — 503 703 765 u 87 512 677, nonyuus 87 503 512 677 703 765. IIpo-
CTOH croco0b cienarh 3TO — CPAaBHUTh HAWMEHBINUE 3JIEMEHTHI MO(aiiios,
BBIBECTH B (paiiil HAMMEHBIINI N3 HUX U IOBTOPUTH ATY IPOLEAYPY.

Hauas ¢
503 703 765
{87 512 677
MOJIy4YHM
503 703 765
{512 677
3arem
{703 765
87 503
512 677

W T.J. 3aMeTHM, 4YTO IPH 3TOM HEOOXOIUMO IMO03a00THTHCS O JEHCTBUSX Ha
cITy4ai, Korja ncuepraercst OJIMH U3 moaQaiios.

Bech nporiecc ciustHAs TOAPOOHO ONKCAH B CIIEAYIONIEM allTOPUTME.

Auaroput™m M. (/[eyxnymesoe ciusnue.)

DTOT aJNrOpUTM OCYIIECTBIISIET CIMSHHUE JABYX YHNOPSIOYEHHBIX moxadaii-
OB X1 <X . X, 0y <o < .. <y, BoauH Qaiin z; <z < ... <z

M1. [HauanbHast ycraHOBKa.] YcraHOBUTB § «— 1,7 «— 1, k« 1.

M2. [Haiitn HauMeHbIMK >1eMeHT.] Ecnu  x; < yj, TO MepelTH K 1mary
M3; B IpOTUBHOM cilyuyae — K mmary MS.

M3. [BeiBectH x;.] YCcTaHOBUTH z) «— X;, k«— k+ 1, i «— i+ 1. Ecmu i < m,
TO BEpHYThCA K 1ary M2.

MaA4. [BeiBecTH yj, ..., ¥,.] YCTAHOBUTD (Zk, ..., Zmtn) <— (V) ..., Yu) ¥ 38~
BEPUINTH pabOTy aJropuT™Ma.

MS. [BeiBecTH y;.] YCTaHOBUTD i <— V), k«— k+1,j < j+ 1. Ecu j < n,
TO BEpHYThCA K 1ary M2.

M6. [BeiBecTH X, ..., X;.] YCTAHOBUTS (2, ...p Zip+n) < (Xiy vy Xp) ¥ 32-
BEpUINTH paboTy anropurMa. m
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Ora mpocrasi Ipoueaypa, Mo CYIECTBY, «HAWIYYIIMH U3 BO3MOXKHBIX)»
Croco0OB CIUSHUS Ha TpaauiuonHo DBM mpu ycnosuu, uro m ~ n. Ho, ec-
JIM m TOpa3J o0 MEHbIIE 71, MOXXHO pa3paboraTh Oosee 3¢ (eKTHUBHBIE alITrOPUT-
MBI COPTUPOBKH, XOTSI B OOILEM CIIydae OHH JOBOJIEHO CIOXHBI. Anroput™m M
0e3 ocoboii morepu 3(H(HEKTUBHOCTH MOKHO HEMHOTO YIPOCTUTH, TOOABUB B
KOHEI[ HCXOJIHBIX (haiiJIOB UCKYCCTBEHHBIX «CTPAKEU» X,+1 = Yp+1 = 00, U OCTA-
HaBJIMBAThHCS MEPeJT BBIBOJIOM o0.

OOmmit 00bEM paboThl, BBHITOIHAEMON anroputMoM M, O CYIIECTBY,
MPOIOPIUOHAJIEH m + n.

[ToHATHO, YTO CITUSHUE SIBISETCS OOJiee MPOCTOH 3a/1a4eii IO CPABHEHUIO
¢ copTHpOBKOW. OTHAKO 33124y COPTUPOBKH MOXKHO CBECTH K CIIUSTHHSM, CIIH-
Basi Bce Ooee ATMHHBIE TOA(aiibl 10 TeX Mop, MoKa He OyJeT OTCOPTUPOBaH
Bech (aiin. Takol moaxon MOXKHO paccMaTpuBaTh KakK pa3BHTHE WIEU COPTH-
POBKHM BCTaBKaMH, TaK KaK BCTaBKa HOBOTO JIEMEHTa B YHOPSIOYEHHBIH (aiin
SIBIISIETCS YACTHBIM CITy4aeM CIIHMSHUS TpH 1 = 1.

C HCTOPHYECKOI TOUKHU 3pEHHST METOJI CIUSTHAN 3TO OUH U3 CaMBIX Iep-
BBIX METOJIOB, IPeTHa3HAYEHHBIX ISl PELIeHHs 3a/1a4l COPTUPOBKU Ha DBM;
oH ObLT npeanoxeH /konom ¢on Heiimanom emé B 1945 r.

CrusHus 6olee MoAPOOHO OYIyT pacCMOTPEHBI B CBSI3U C aJlTOPUTMAMHU
BHEITHEH COPTUPOBKH, a 3/IECh COCPEIOTOUMM CBOE BHUMAaHUE Ha COPTHPOBKE
B OBICTPOIi TAMSITH C ITPOU3BOJIBHBIM JIOCTYIIOM.

Tabnuna 1 WUTIOCTPUPYET COPTHUPOBKY CIUSHUEM, KOT/IA «CBEUKA CHKH-
raercs ¢ 00OMX KOHIIOB», IOJOOHO TEM IPOIEAYypaM MPOCMOTpa 3IIEMEHTOB
(aiina, KOTOpble NPUMEHSUTUCH TIPH OBICTPON COPTUPOBKE, TMOpa3psIHONU 00-
MEHHOH! COPTHpOBKE W T.N. B Hell MCXOMHBIN (aiil aHAIM3HUPYETCs ClieBa U
cripaBa B HaIlpaBJIEHHH K ero cepeanHe. [Iponece cnusHUsS UMEET CMBICT OMHU-
caTh Ha IMpUMepe Iepexoja OT BTOPO CTpOKU K TpeThe. Bo BTOpOIl cTpoke
cjeBa UMeET MecTo Bo3pacraroumii otpe3ok 503 703 765, a crpaBa, ecnu uu-
TaTh CrpaBa HaJeBO, — Bo3pacTaroluil otpe3ok 87 512 677. CnusiHue 3THUX
JIBYX TIOCIIeoBaTebHOCTEH qaéT noadatin 87 503 512 677 703 765, xotopsrit
TIOMEIAeTCsl cle6d B TPETHIO CTPOKY. 3aTeM BO3pAacTaloIiasi MOCIIET0BATENb-
HOCTh Kiouert 61 612 908 BTOpO# CTPOKHU CIMBAETCS C TIOCIEI0BATENBHOCTHIO
kmoueit 170 509 897 atoii ke ctpoku, u pesyastat (61 170 509 612 897 908)
3aIUChIBAETCS CcHpasa B TPETbIO CTPOKy. HakoHel, mocCienoBaTebHOCTh
154 275 426 653 cnuBaetcs ¢ KIr0UoM 653 (TIpH 3TOM MEPEKPHITUE KITIOYCH He
MIPUBOAMUT K BPEIHBIM IIOCIEICTBUSIM), W DPE3YJbTAT 3aIHCBIBACTCS Cle6d.
AHaOrMYHBIM 00pa30M BTOpasi CTPOKa MOJyYHIIach M3 MEpBOM, 4eTBEpTas —
U3 TPEThEH U MsTas U3 4YeTBEPTOM.

BepTukanbHbIMK JTUHUSMH B Ta0d. | OTMEUYEHBI TPAHUIIBI MEXIY OTpE3-
KaMU. DTO TaK Ha3bIBAEMBIE CMYNEHbKU GHU3, TJIe MEHBIIUH JIEMEHT CIIETyeT
3a OonpiuM. B cepenune Qaiina oObIYHO BOSHUKAET ABYCMBICICHHAS CHTYa-
LS, KOT/a IIPU ABWKEHUH ¢ 00OMX KOHIIOB MPOYMTHIBAETCS OJMH M TOT K€
KJIIOY, OJHAKO B MPEACTaBICHHOM HW)KE aJIrOPUTME 3TO HE IMPUBOIUT K
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OCITOXKHEHHUSIM. DTOT METOJ] TI0 TPAJMIMU HA3BIBACTCS eCMeCmEeHHbIM CAus-
HUeM, TaK KaK OH HCIIONB3YeT OTPE3KH, KOTOPBIE €CTECTBEHHO 0Opa3yrTCs B
UCXOMHOM (haiie.

Tab6auna 1

503] 87 s12| 61 908|170 897]|275T653]426 154[509 [612[677 765 703

503 703 765| 61 612 998|154 275 426[6353[897 509 170877 512 87
87 503 512 677 703 765|154 275 426]653[D08 897 612 509 170 61
61 87 170 503 509 512 612 677 703 765 897 [908][653 426 275 154
61 87 154 170 275 426 503 509 512 612 653 677 703 765 897[30§]|

Aaroput™m N. (Copmupoexa ecmecmeeHHbIM OBYXHYMEBbIM CUSHUEM.)
IIpu coprupoBke 3ammceld Rj, ..., Ry UCIONB3YIOTCS JBE OOJACTH ITaMSTH,
KaXKIast U3 KOTOPBIX MOXKET conepxkaTh N 3amwcei. J{nsg ynoocTBa 0003HAUMM
3aIicH, HAaXOJAIIMECs BO BTOPOil obOnacTH, uepe3 Ry+i, ..., Ray, XOTS B Jei-
CTBHUTEIILHOCTH 3aITUCh Ry+; MOXKET M HE MPUMBIKaTh HEMOCPEICTBEHHO K Ry.
HavanbHoe copepxumoe 3anucedt Ry, ..., Ryy He umeer 3HaueHus. Ilocne
3aBEpIICHUS] COPTHUPOBKH KITFOUH OYAyT ymopsimodeHsl: Ky < ... < Kjy.

N1. [HavanpHas ycraHoBka.] YcraHoButs s «<— 0. (ITpu s = 0 3anmcu u3
obmactu (R, ..., Ry) mepecbutarorcst B 0051acTh (Ry+1, ..., Roy); ipu s = 1 o0na-
CTH TI0 OTHOUIEHUIO K MEPEChIIKaM ITOMEHSIOTCS POJISIMHL. )

N2. [TlonroroBka k mpocMotpy.] Ecinu s = 0, To npucBouts i «<— 1, j < N,
k«— N+ 1,/ « 2N. Ecnu s = 1, To npucBouts i «— N + 1, j «— 2N, k «— 1,
| < N. (IlepemenHsI€ i, j, k, | yKa3pIBAIOT TEKYIIUE TTO3UITUA BO BXOMHBIX (aii-
JaX, OTKyZa WIET YTeHWe, U B BBIXOMHBIX (haiinax, Kyna unér 3amuck.) [lpu-
cBouth d «— 1, f«— 1. (IlepemenHas d onpenesnsieT TeKyliee HanpapieHHe BHIBO-
na, f ycraHaBiuBaeTcs paBHOH 0, eciii HE0OXOIMMBI TalTbHEHIIINE IPOCMOTPEL. )

N3. [Cpasrenne K; u K;.] Ecnu K; > K;, To nepeiitu k mary N8. Eciu
i =j, TO IPUCBOUTH R «— R; 1 mepeiitu k mary N13.

N4. [Ilepecbuika R;.] (Iarm N4...N7 anamormunsl maram M3...M4
anroput™a M.) YcTaHoBUTb Ry «— R;, k — k + d.

NS. [Crynenbka BHU3?]| YBenuuuTh i Ha 1. 3atem, ecnu K; | < K, TO Bep-
HyThCS K mary N3.

NG6. [Tlepecbuika R;.] IlpucBouts Ry «— R, k «— k + d.

N7. [Crynenbka BHU3?] YMeHpmmnTh j Ha 1. 3ateM, eciu Ky < K, TO
BEpHYTbCA K 1ary N6; B IPOTUBHOM ciydae nepeiitu k mary N12.

N8. [Ilepecbinka R;.] (laru NS...N11 nBOACTBEHHBI IO OTHOLIEHHIO K
maram N4...N7.) YcraHoBUTh Ry «— R, k— k +d.

N9. [Crynenbka BHU3?] YMenpmmnTh j Ha 1. 3ateM, eciu Ky < K, TO
BEpHYTbcA K mary N3.

N10. [ITepecbunka R;.] [lpucBouts Ry «— R;, k«— k + d.
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N11. [Crynenbka BHM3?] YBenuuuth { Ha 1. 3arem, ecnu K; | < K, T0O
BepHYyTbcA K mary N10.

N12. [[lepexmouenne Hampasienus.] [lpucBouts f«— 0,d «— —d un
B3aMMO3aMEHUTh k <> [. BepHyTbes K mary N3.

N13. [Tlepexmouenue odnacteit.] Ecmu f= 0, To nmpucBouth 5 «— 1 —s u
BEepHYTbcA K mary N2. B mpoTUBHOM ciyyae COPTHpPOBKA 3aBEpIICHA; €CIU
s = 0, To npucBouts (R, ..., Ry) < (Ry+1, ..., Roy). (ECTH pe3ynbpraT MOXXHO
0CTaBHUTH B 001aCTh (Ry+1, ..., Roy), TO BBITIOIHEHUE MTOCIEAHETO KOIMPOBAHUS
HeoOs3aTeNbHO.) W

[Mpoananusupyem naHHbI anroputMm. Ecim daitn cinydaen, To B HEM

1
HAMEETCS OKOJIO EN BO3PACTAIOIINX OTPE3KOB, TaK Kak K; > K;.| C BEPOSATHO-

1
CTbIO 5 . HpI/I KaX0M IMPOCMOTPE YHCIO OTPE3KOB COKpAIIacTCsA BABOC, 3a

WCKITIOYEHHEM HEOOBIYHBIX CiTydaeB. TakuM 00pa3oM, YHCIIO MPOCMOTPOB, KaK
MIpaBmIIo, cocraBisieT okoio log,N. IIpn KakaoM NpocMOTpe JOIDKHBI OBITH
Tniepernucansl Bee N 3ammcei, 1 OoJbIiasi 4acTb BpEMEHH 3aTpayrBaeTcs B Ila-
rax N3, N4, N5, N8 u N9. Ecau cunrartb, 4YTO paBHbIE KIIIOUA BCTPEUYAIOTCS C
MaJIOl BEpPOSITHOCTBIO, TO MPHU KaXIOM MPOCMOTPE Ha KaXKIyIO 3aluch 3aTpa-
yuBaercst 12.5 eauHUI BpeMeHHW, W o0Iee BpeMs padOThl aCUMIITOTHYECKH
npubmmxaercs xk 12.5N log,N kak B cpenHeM, Tak U B HAaWXYJIIEM Cllydae.
OTo0 MemsieHHee OBICTPOI COPTUPOBKU M HE HACTOJIBKO JIydllle BpeMeHH pabo-
THI IMPaMUANBEHON copTUpoBKH (16N logyN), 4T00BI OnpaBaaTh BABOE 0OJb-
IIMH pacxoy MaMsTH.

B anroputme N rpaHHIBI MEXAY OTPE3KaMH ITOJTHOCTBIO ONPENeIISIOTCS
«cTyneHbKaM¥ BHHU3». Takol 1momxon o0jasaer TeM BO3MOXKHBIM MperMyIlie-
CTBOM, YTO MCXOJHBIE (aiibl ¢ mpeobiagaHueM BO3pacTaloUIero Win yobIBa-
IONIEr0 PAacHONIOKEHUs 3JIEMEHTOB MOTYT 00pabaThIBaThCsl O4Y€Hb OBICTPO, HO
TIPY 3TOM 3aMeJIsIeTCs OCHOBHOM LIMKJI BBIYMCIIEHHH. BMecTo mpoBepok cry-
TIEHEK BHU3 MOYKHO NPHHYIUTEIHFHO YCTAHOBUTH UIMHY OTPE3KOB, CUUTAS, YTO
BCE OTPE3KU HMCXOJHOTO (aiila MMEIOT JUIMHY 1, Tmocie MepBoro mpocMoTpa
BCE OTpe3KH (KpoMe, BO3MOXKHO, MOCIIEIHEr0) MMEIOT UIMHY 2, ..., MOCie
k-ro mpocMoTpa Bce OTPe3KH (KpoMe, BO3MOAKHO, MOCIEIHEr0) MMEIOT JUTHHY 2F.
B orimume oT «ecTecTBEHHOTr0» CIUSHUS B adroput™e N Takol crocod Hazbl-
BACTCS HPOCTNBIM O8YXNYMESbIM CIUAHUEM.

AJTOpPUTM TPOCTOTO JIBYXITYTEBOI'O CIMSHUS OYEHb HAIIOMHMHAET ajro-
puT™ N, TeM He MeHee, METObI JOCTATOYHO OTIIMYAIOTCS APYT OT JApyra.

Auaroput™m S. (Copmupoera npocmuim 08yXnymesviM CIUSHUEM. )

Kax u B anropurme N, pu cOpTUPOBKE 3amucen Ry, ..., Ry UCIOIb3YIOT-
cs1 1Be 00JIaCTH TTaMSITH.

S1. [Hauanbnast ycranoka.| IlpucBonuts s «<— 0, p «— 1. (Cmbicn nepe-
MEHHEIX s, I, J, k, [ u d npuBenéH B onmcanuu anroputma N. 31eck p — pa3mep
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BO3pACTAIOIINX OTPE3KOB, KOTOphIE OYIyT CIMBATHCS BO BpPEMs TEKYIIETO
MIPOCMOTPA; ¢ U ¥ — KOJIMYECTBA HECIUTHIX 2JIEMEHTOB B OTPE3Kax.)

S$2. [TToaroroska k npocmotpy.] Eciu s = 0, To mpucBouts i «— 1, j < N,
k<« N, — 2N+ 1; ecmu s = 1, To npucBouth i < N+ 1, j «— 2N, k «— 0,
[ < N+ 1. 3atem npucBoutb d «— 1, g «— p, r < p.

83. [CpaBuenue K; u K;.] Ecnn K;> K, To nepelitu x mary S8.

S4. [Ilepecvuika R;.] [lpucBouts k «— k +d, R, «— R,.

SS. [Konen orpeska?] IlpucBouts i «<— i + 1, ¢ < g — 1. Ecnu ¢ > 0, 10
BEPHYTbCA K HIary S3.

§6. [ITepecouika R;.] IIpucBonTs k < k + d. 3atem, ecnu k = [, To nepeii-
T K wary S13; B IpOTUBHOM Cllydae NPUCBOUTE R; < R;.

S87. [Konen orpeska?] IlpucBouts j «—j — 1, r < r— 1. Ecnu r > 0, 10O
BEPHYTbCA K IIary S6; B IPOTUBHOM cilydae NepeiTH k mary S12.

S8. [Iepecbuika R;.] IlpucBouts k < k +d, R, — R,.

S§9. [Konern orpeska?] YcranoButs j «— j— 1, r < r— 1. Eciu > 0, T0
BEPHYThCA K HIary S3.

S$10. [IIepecbuika R;.] YcranoButh k «— k + d. 3arem, eciu k = [, TO Tie-
peititn kx mary S13; B IpOTUBHOM cilydae NPUCBOUTH R; «— R;.

S$11. [Konern orpeska?] Bemonauts npucBauBanusd i «<— i + 1, g «— g — 1.
Ecnu g > 0, To BepHyThCs K mary S10.

S§12. [Ilepexnrouenue Hanpasienus.| [IpucBouts g «— p, r «— p, d «— —d
1 B3aUMO3aMeHHTh k <> [. Eciu j — i < p, To BepHyThCs K mary S10; B mpoTHB-
HOM CJIy4ae BEpHYThCA K 1Iary S3.

S$13. [Tlepexmtouenue odnacreii.] YcranoButs p «— p + p. Eciiu p < N, To
MIPUCBOUTE § «— | — s ¥ BepHyThCs K mary S2. B mpoTuBHOM ciydae copTu-
poBka 3aBepuieHa. Eciu s = 0, To mpucBouts (R, ..., Ry) «<— (Ry+1, ..., Rap).
(HezaBucumo ot pacnpeseneHuns 3anuceil B ICXOAHOM (aiiie, mocienHee Ko-
MUpoBaHWe OyJeT BBIIOJIHEHO TOrJa M TOJNBKO TOTAA, KOrja 3HAauYeHHe
|_1og2 N -| HeuérHo. Takum 00pa3om, MOXKHO 3apaHee Mpe/ICKa3aTh MOJI0KEHUE

OTCOPTUPOBAHHOrO (haiisia, ¥ TOra KONUPOBAHUE He MOTpedyeTcs.) W

[Mpumep paboTHl adropuT™Ma COPTUPOBKU MPOCTHIM JABYXITYTEBHIM CIIHS-
HHUEM IpezicTaBiieH B Tadi. 2. OTMETHUM, 4TO METOJ CIIPaBeIJIMB U TOr/a, KO-
I7la YUCIO COPTUPYEMBIX 3amuceil N He SBJIsIeTCs CTENEHbI0 IBOWKU. B oTmu-
yle OT ajlropuT™a N, 3/1eCb BMECTO MPOBEPOK CTYNEHEK BHU3 YMEHBIIAIOTCA
3HAYeHUsI NEPEMEHHBIX ¢ U ¥ 10 AOCTWKEHUS paBeHCTBa Hymo. braromaps
39TOMY BpeMsi paboThl airopuTMa S aCHMITOTHYECKH MPUOJIKAeTCS K
11N log, N enqununam, 4To HECKOJIBKO JIyUIlle, YeM B ajdroputme N.

3aMeTHnM, 4TO Ha MPAKTHKE UMEET CMBICI KOMOMHHUPOBATH aIropuT™ S ¢
MIPOCTHIMU BcTaBKaMu. Hampumep, BMECTO MEpBBIX YETBIPEX MPOCMOTPOB ajl-
roputMa S MOXXHO MPOCTHIMH BCTaBKaMH OTCOPTHPOBATH Ipymmsl u3 16 aie-
MEHTOB, UCKJIIOYMB JOBOJIEHO PACTOYUTEIbHBIE BCIIOMOraTENbHbIE ONEpalny,
CBSI3aHHBIE CO CIIMSTHUEM KOPOTKHX (haiiyioB.
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Taoanma 2

503 ] 87 |512] 61 |908| 170|897 |275] 653|426 | 154|509]612]677| 765|703
503 703|512 677|509 908|426 897|653 275|170 154|612 61 | 765 87
87 503 703 765|154 170 509 908|897 653 426 275|677 612 512 61
61 87 503 512 612 677 703 765|908 897 653 509 426 275 170 154
61 87 154 170 275 426 503 509 512 612 653 677 703 765 897 908

PaccmoTpum Teneph anroputMbel N U .S ¢ TOYKU 3pEHHS CTPYKTYp JaH-
HBIX. J[71s1 paboOTHI ATHX AITOPUTMOB HEOOXOMUMa NaMSTh moja 2N 3armcei,
MTOCKOJIBKY B KaXJIOM MPOCMOTpE paboTa BEAETCS C YETHIPHMSI CITUCKAMH Tie-
PEMEHHOTO pa3Mepa: NBYMS «BXOTHBIMHU CIHCKAMI» H IBYMS «BBIXOIHBIMU
cnrckammy». C LEemblo SKOHOMHUH TTaMSITH MOYKHO BOCIIONB30BAThCs €€ C8A3aH-
Hblv pactpeneneHueM. [Tpu 3ToM K Kaxaoi u3 N 3amuceii J00aBUTH MO OJHO-
MYy TOJIFO CBSI3U, M BCE HEOOXOMUMBIC CIHSHUS MPOACTATh, MAHUITYIUPYS CO
CBSI3IMH U HE TepeMelasl caMH 3allich. 3aMeTHM, 4To JobaBieHue N nonei
CBsI3M, KaK MPaBIIO, BHITOJHEE, YeM J00aBICHHE MPOCTPAHCTBA MAMSTH €I
nox N 3armiceid, 1, KpOMe TOTo, 332 CYET OTKa3a OT MepeMeIleH s 3arucel Mo-
JKET OBITh TAKKE COKOHOMIICHO M BPEMSI.

Aaroput™ L. (Copmupoexa nocpedcmeom causnus cnuckos.) Ipenamno-
Jlaraercs, 4to 3amucu Ry, ..., Ry coaepxkar kioun K, ..., Ky U «105s CBI3U»
Ly, ..., Ly, B KOTOPBIX MOTYT XpaHHUThCS uucia or Muayc (N + 1) mo (N + 1).
B Havase u koHIIEe (aiiyia IMEIOTCS UCKYCCTBEHHBIC 3aITUCH Ry U Ry € TIOJS-
MU CBSI3U Ly ¥ Ly41. DTOT aNrOPUTM COPTUPOBKU CHUCKOB YCTAHABIUBAET T10-
JISL CBSI3M TAKMM 00pAa30M, YTO 3aMUCU OKA3BIBAIOTCS CBA3aHHBIMU B BO3pacTa-
torteM nopsiake. [loce 3aBepuieHss COPTHPOBKU Ly yKa3bIBaeT Ha 3aIHCh C
HaUMEHbIIMM KFouoM; TIpu 1 < k < N cBs3b L yKa3bIBaeT Ha 3aIHUCh, CIEIY-
FOIYIO 32 Ry, a eClu R SBISCTCS 3aIKCHI0 C HAUOOJBIIAM KITFOUOM, TO CBS3b
Lk =0.

B mporecce BBIMOMHEHHS 3TOTO alTOPUTMA 3alUCH Ry U Ry CIyKaT
«TOJIOBAMI» JIBYX JIMHEHHBIX CIIMCKOB, MOJCIWCKH KOTOPBIX B JIAHHBIA MO-
MeHT ciuBatoTcsl. OTpUnaTeIbHas CBSA3b O3HAYaeT KOHEIl ITOJICIHCKA, O KOTO-
POM H3BECTHO, YTO OH ymopsjoueH. HymeBasi cBS3b O3HayaeT KOHEI[ BCETO
cniucka. [Ipennonaraercs, 4ro uucio 3anuced N > 2.

UYepes oneparop Buna |L,| < p 0003HaAYCHO TIPUCBAUBAHUE TIEPEMEHHON L
3HAYEHHMsI p WU — p C COXpAaHEHHEM NPEKHET0 3HaKa 3HAUeHHUs yKas3artens L.

L1. [IlogroroBka naByx cmouckoB.] IlpucBouts Ly« 1, Lyy <2,
Li——-@{+2)mpu 1 <i<N-2wuLy, < Ly« 0. (Co3nansl 1Ba cIicka, co-
JIeprKalllie COOTBETCTBEHHO 3amucu R, R3, Rs, ... U Ry, Ry, Rg, ... . OTpuia-
TEJBHBIC CBSI3U TOBOPAT O TOM, YTO KaXIBIH YIIOPSIOYCHHBIA «ITOCITHCOKY
COCTOMT BCETO JIMIIb U3 OJJHOTO JJIEMEHTA.)

L2. [Hauano HoBOro npocmorpa.] [Ipucouts s «— 0, f «— N+ 1, p < L,
q < L. Ecnu g = 0, To pabora anroput™a 3aBepuieHa. (IIpu xaxaom mpo-
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CMOTpE p W ¢ TPOOEraroT IO CIUCKaM, KOTOpHIE MOJABEPTaroTCs CIUSHUIO;
S OOBIYHO YKa3bIBa€T Ha IOCIIEAHIOI 00pabOTaHHYIO 3alUCh TEKYIIEro MOA-
CIHCKA, a { — Ha KOHEI TOJIbKO YTO BHIBEIEHHOT'O TIO/ICIIMCKA. )

L3. [Cpasunenue K, u K,.] Ecnu K, > K, To nepeiitu k mary L6.

L4. [TIponsmxenue p.] Ilpucsouts |L,| < p, s < p, p < L, Eciu p > 0,
TO BEpHYTbcA K miary L3.

LS. [3aBepmienue noacnucka.] IIpucBouts L, < g, s < t. 3aTeM Ipu-
CBOMTb ¢ «— g U q < L, onuH unu Gornee pas, oka He cTaHeT ¢ < 0, ocie yero
nepeiTy k mary L8.

Lé6. [[Ipomnemxenue ¢q.] (Ilaru L6 u L7 MBOWCTBEHHBI IO OTHONICHHUIO K
L4 u LS.) Ilpucouts |Ly| < q, s < q, q < L,. Ecnu g > 0, BepHyTbcs K mary L3.

L7. [3aBepmienue noacnucka. | Ilpucsouts Ly «— p, s «— ¢. 3aTeM NpHUCBO-
UTb t < p U p < L, onus unu 6osee pas, noka He craHeT p < 0.

L8. [Konern npocmotpa?] (K atomy momenty p <0 u ¢ < 0, Tak kak oba
yKaszaTens IMpPOABHHYJHMCH JI0 KOHIIA COOTBETCTBYIOIIMX MNojacnuckos.) Ipu-
CBOUTH p «— — p, ¢ < — q. Eciu ¢ = 0, To npucsouts |L,| < p, |L,| < 0 u Bep-
HYThCS K Iary L2; B IPOTUBHOM cllydae BEpHYTbcs K miary L3. m

[Mpumep paboThl 3TOrO anropuTMa HILTIOCTPHPYET Tals. 3, B KOTOpOH
MIPE/ICTABIICHE] 3HAaYEHHs CBA3EH L; K MOMEHTY HEMOCPEICTBEHHO IEpE] BbI-
moiHeHueM Imara L2. Tlo okoHUaHuwM paOoTHI anroputMa L 3amucd MOXKHO
Tepepa3MeCTUTh TaK, YTOOBI UX KITFOUH OBLUTH YIIOPSTOYCHBI.

Taoanma 3
jlOo|1]2|3]4|5]|]6|7[8[9[10]11]12]13[14]|15]16]17
K;| — |503| 87 |512| 61 |908|170(897|275|653|426|154]|509(612|677|765|703| —
Li|1|-3|4|-5]-6|-7]|-8[-9]|-10[-11|-12|-13|-14|-15|-16] 0 | 0 | 2
Li|2]|-6]1]|-8|3|-10] 5 |-11]| 7 |-13] 9 |12|-16]/14] 0|0 |15] 4
L |43 |1 [-11]2 |13 8|57 ]0]12[10]9]14|16]0 |15]6
L4136 7]2|]0]8[5|1]14]12]10|13]9|16]0 |15]11
L; | 4]12)11(13]2 0|8 [5]10]14]1 |63 ]9]16]7[15]0

Bpemst pabots! anroputMa L B cpeHeM paBHO nprOimsuTensHO (10N logoV +

+ 4.92N) enunuI] ¢ HEOOIBIIUM CTAHAAPTHBIM OTKJIOHEHUEM MOPSIKA JN .
Takum 00pa3oM, CBSI3aHHOE PACMPEACICHUE MaMATH UMeeT GeCCIIOpHBIE

MPEUMYIIECTBA 110 CPABHEHUIO C IOCIEIOBATENbHBIM, MOCKOIBKY MPH 3TOM

TpeOyeTcsl MEHBIIIEe TaMsITH, a Iporpamma padotaer Ha 10% ObicTpee.

YupaxHeHus

1. Creiite no anroputMy M 1Ba ynopsijodeHHbIX mondaiina 12, 13, 14,
14, 25,42, 47, 62 u 16, 35, 46, 52, 61, 73, 91, 103 B onuH ¢aiin u ycraHoBHUTE
CKOJIBKO pa3 IpH 3TOM OyIyT BbIIOMHEHBI maru M3 u M5.
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2. OtcopTHpyiiTe eCTECTBEHHBIM JBYXITYTEBbIM CIUSHUEM I10 aJTOPHT-
My N TOCIIeI0BATEILHOCTD U3 JeBATHaAaTh 3amuceit: (11 «cmotpmy»), (9 «Bo-
ny»), (92 «3abaBoit»), (35 «»), (38 «uHaue»), (9 «kamemkm»), (26 «,»),
(23 «xpyrm»), (31 «obpasyembie»), (69 «rakoe»), (4 «B»), (96 «.»),
(29 «umm»), (11 «Hay), (1 «bpocas»), (88 «myctoro»), (82 «Oymer»), (71 «Opo-
canue»), (10 «,») U yCTaHOBHTE, CKOJILKO MPH 3TOM OYJET CAETaHO MPOCMOT-
POB (BBITONTHEHHH 11ara N2).

3. BsImonHuUTE 10 AITOPUTMY S COPTHPOBKY NMPOCTHIM JIBYXITYTEBBIM CIIH-
SIHAEM TI0CTICIIOBATEIBHOCTD U3 MATHAAIATH 3amuceit: (13 «,»), (43 «cBom»), (26
«rpumyps»), (54 «pasrmsimumby), (7 «Ha»), (57 «Haw), (71 «msaTHAY),
(97 «.»), (69 «uem»), (43 «u»), (4 «B3upas»), (49 «tb»), (10 «comHIE»),
(49 «cMmenoy), (29 «miaza») ¥ yCTAHOBUTE pa3MEIICHUE KIIOYEH B JBYX HUC-
TIOJIB3YEMBIX O0JIACTAX MaMsTH O COPTHPOBKH, a TAKXKE MO OKOHYAHUM KaX-
JIOrO ITPOCMOTpA.

4. OtcopTupyiiTe MOCPENCTBOM CIUSHUSL CIIMCKOB MO alroputMmy L mo-
CJIe/IOBaTENIbHOCTh W3 MsTHaAuaTH 3ammceid: (70 «xopomoy), (85 «uHormay),
(66 «uHormay), (43 «bemoitn), (55 «»), (67 «uamumercs»), (0 «I[laMsaTey),
(93 «»), (3 «ectby), (83 «a»), (88 «mxypHOY), (5 «wImCcTY»), (2 «4enoBekay),
(74 «,»), (45 «Oymarm») U yCTaHOBUTE paclpe/ielieHHe CBsI3el Ui IBYX JIH-
HEWHBIX CHHCKOB IIepejl HauyalloM COPTHPOBKH, a TAKKe 110 OKOHYaHUH KaXK[0-
T'O U3 IIPOCMOTPOB.

15. PACIIPEJEJIAIOIIAS COPTUPOBKA

PaccMoTpuM MHTEpECHBIN Kilacc METOAOB COPTUPOBKH, KOTOPBIH, O Cy-
LIECTBY, MPSIMO NPOMUEONON0JCeH CIUSHUIO. [Ipennonokum, 4To HY>)KHO OT-
COPTUPOBAThH KOJNOMY M3 52 WrpaibHbIX KapT. s aToro BBeAéM ynopsmgode-
HHE TI0 CTapIINHCTBY (JOCTOMHCTBY) KapT B MacTH

T<2<3<4<5<6<7<8<9<10<B<<K,
a TaKXKe Mo MacTu
H<E<Y<a,

3aMeTnM, 4TO OflHA Kakas-HHUOYAb KapTra IPE/IIeCTBYET JIPYrod, eciu
oHa JK0O0 MJIA/IIe 10 MAacTH; JUO0 MacTH 00enX KapT OJMHAKOBBI, HO OHA
MJIaJle 10 JOCTOMHCTBY. TakuMm 00pa3oM, OTCOPTHPOBAHHAS KOJOAA KapT
JIOJDKHA OBITH YIOpPSZ0YEHa CIIETYIOUIM 00pa3oM:

Ta<28< . <K&s<Te<. .. <]J[a<Ka.

EctecTBeHHO OBLIO OBI OTCOPTHPOBATH KapThl CHadYaja MO MACTH, PasJio-
KHMB HX B YETHIPE CTOIKH, & 3aTeM MEePEKIaJbIBaTh KapThl BHYTPH KaXKIOH
CTOIIKH JIO TeX MOp, MIOKa OHK He OYIyT YIOPSIOYEHBI [0 TOCTOMHCTBY.
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Ho cymecrByer Gonee ObIcTpblid criocod. OH 3akitovaercs B TOM, YTO
CHauajla KapTbl CIeIyeT pa3ioXkuTh B 13 CTOMOK JHIIEBON CTOPOHOI BBEpX IO
UX JIOCTOMHCTBY. 3aTeM cOOpaTh BCE CTONKU BMECTE: CHHU3Y TY3bl, 3aTE€M JIBOM-
K1, TPOWKH U T.JI. U CBEPXy KOPOJH (JIMLIEBOH CTOpOHOU BBepX). [lepeBepHyTH
KOJIOy pyOalikaMu BBEpX ¥ CHOBA PAa3JIOKHUTh, Ha 3TOT Pa3 B YETHIPE CTOIKH I10
Macti. CII0)KMB BMECTE TONy4YEeHHbIE CTONKU TaK, YTOOBI BHU3Y OBUTH Tpedbl,
3aTeM OyOHBI, YEPBH U MTUKH, ITOIyIUM YIOPSIOUSHHYIO KOJIOAY KapT.

Wnea takoil COPTUPOBKU ABISAETCS MPABWIBHOW, MOTOMY 4YTO, €CIH JIBE
KapThl NpH MOCIEIHEM packiajie MOoNald B pa3Hble CTONKH, TO OHU HUMEIOT
pa3Hele MacTd, TaK 4YTO KapTa C MEHbIIEH MAacThl0 MIAMUIE APYrod KapThl.
Ecnu xe 1Be kapThl UMEIOT OHY U Ty K€ MacTb, TO OHU YK€ HaXOHAATCS B
HY)KHOM IOpsiIke Onarojapsi NpeaBapUTENbHON COPTUPOBKE. 3aMETHM, 4YTO
9TO JI0Ka3aTeJILCTBO MOKHO O0OOIINTH Ha COPTUPOBKY JIFOOOrO MHOXKECTBA B
JIEKCUKOTpahuIeCcKOM MOPSIIKE.

Taxoit MeTos yrmopsiioueHHsl eCTeCTBEHHBIM 00pa3oM IPUBOIUT K HIEe
TOpa3psiTHON COPTHPOBKU. UTOOBI BBHINIONHUTH MOPa3psAIHYI0 COPTUPOBKY C
nomotslo OBM, HEo0OXOIMMO OIpPEAeNnuThCS CO CIOcOOOM IpeCTaBIICHUS
cronok. Ecnn umeercst M cTorok, To MOXKHO BBLIENUTH M obnacteil mamsiTu U
repechlIaTh Ka)Iyl0 HCXOAHYIO 3allMCh B COOTBETCTBYIOIIYIO oOmactb. Ho
TIPY 3TOM B KaKAOW 00aCTH JAODKHO OBITH JOCTATOYHO MECTa JJISl XpaHEHHs
N syeMeHTOB, ¥ TOTJa MoTpedyeTcs npocTpancTBo mox (M+1)N 3amuceit. On-
Hako TOro xe 3¢Qdexra MOKHO JOOUTHCS, UMesl B PACIIOPSDKEHUH TPOCTpPaH-
cTBO Bcero nox 2N 3anuceil u M cuérunkoB. Caenas OJUH NpeIBapUTEIbHBIN
IIPOCMOTP JAHHBIX, MOXKHO YCTAHOBUTh, CKOJIBKO 3JIEMEHTOB MOMAJaeT B Kax-
JIy0 00JIaCTh, YTO JACT BO3MOXKHOCTH TOYHO PACIIPEEIUTh NaMsTh O] CTOM-
ku. Takas uzpes yxe Obula NPUMEHEHA IPU COPTHUPOBKE PaCIPEAEISIONINM
nojcuéroM (anmroput™ D).

CrnenoBatenbHO, HOPa3psAAHYI0 COPTHUPOBKY MOXKHO BBIINOJHHUTH Tak.
CHauana IPOM3BECTH PACIPEAEIAIONIYI0 COPTUPOBKY 1O MAAOWUM Yuppam
Katoyeti (B CHCTEME CUUCIICHUS] C OCHOBaHHEM M), IEpeMEeCTUB 3aIich U3 00-
JIaCTH BBOJ@a BO BCIIOMOTATENBHYIO 00NacTh. 3aTeM BBINONHHUTHL €IIE OXHY
PpacIpe/IeNsIIoIIyI0 COPTUPOBKY, HO YXKe 10 cliienytomed 1udpe, nepeMecTun
3amucu 00paTHO B MCXOHYIO obnacts. [IpomomkaTh mogoOHBIE AEHCTBUS 10
TeX II0p, TMOKa II0CJE 3aBepIIalolieil COPTUPOBKU IO cTapiuei mmdpe Bce
KJIIOYM HE OKaXKyTCS PACIOIOXKEHHBIMY B HYXKHOM ITOPSIKE.

B Ttabmune moka3aHo NpUMEHEHHE MOpa3psIHOW COPTHPOBKH K HAIIMM
16 xmovam npu M = 10. Ilpu Takux Manelx N nopa3psaHas COpTHPOBKA, Kak
nipaBmIT0, Hed((PEKTUBHA, TaK YTO FTOT NPUMEpP NPEJHAZHAUCH TJIABHBIM 00pa3oM
JUTS TOTO, YTOOBI TIPOJIEMOHCTPHPOBATH JIOCTATOYHOCTD IIPUMEHSIEMOI0 METO/IA:

Ofgj;;" 503|087|512]|061|908|170|897(275|653|426|154|509|612|677|765|703
Cu€Tuuky 11 Mammx mgp 1 11213 1 {2113 1 1
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Pacnpenenenue namsatu 11247 |8]|1011]|14|15]16

Benow- 1261 061 [ 512|612 | 503| 653|703 | 154|275 | 765|426 | 087|897 677|908 | 509
00J1acThb
CUET9nKH 711 CpeTHIX P 412111010223 ]1]1
Pacnipenenenue namsitu 46|77 |7|9|11[|14|15]|16
Ofgj;;" 503 (703 (908|509 |512|612|426|653|154|061|765|170|275|677|087|897
CYETUnKY IS CTapImX Tudp 2121|1013 (3]|2]1]1
Pacnipenenenue namsitu 24|55 6|9 (12(14|15]|16
Benom. |51 1087|154 | 170 [275 426 [503|509|512| 612|653 677|703 | 765|897 |908
00J1acThb

3aMeTnM, 4TO nzes CUETYMKOB ISl paclpeieNieHns] MaMsTH TPHUBsI3aHa K
«CTapOMOJIHBIM» TIOHSATHSIM O TTOCJIEOBATEIbHOM MPEICTABICHUH NaHHBIX, a
JUIs pabOTHI C MHOXECTBOM TaOJIUIl IEPEMEHHON JUTMHBI CIIEIHAIBHO NPUIY-
MaHO c@A3aHHoe pacupeneneHue. [losToMy A MOpa3psaHON COPTUPOBKU
€CTECTBEHHO OYJIET BOCIIOIB30BATHCS CBSI3aHHBIMH CTPYKTYpaMH JaHHbIX. Tak
KaK KaX/asi CTOIKa IIPOCMaTpUBAETCS IIOCIEN0BATENbHO, IPU KaXIOM 3e-
MEHTE JIOCTaTOYHO MMETh CCBUIKY Ha clienyrouiuii anement. Kpome toro, npu
CBSI3aHHOM pAacCHpe/eNIeHNH, KaK NW3BECTHO, HET HEOOXOIMMOCTH ITepeMEIIaTh
3aIliCH, a JOCTaTOYHO JIMIIB JOJDKHBIM 00pa3oM CKOPPEKTHPOBATH CBSI3U B
cnuckax. [Ipu Takom moaxone HeoOxoaquMa namath B o0séme (1 + )N + 2eM
3ammcel, IJe € — IPOCTPaHCTBO, 3aHUMAEMOE OIHUM I10JIEM CBSI3H.

PaccMoTpuM anropuT™, KOTOPHIH SBIISETCS SPKUM ITPUMEPOM THUITUYHBIX
MaHMIYJSIUNA CO CTPYKTYpaMHu JIaHHBIX, COEAMHSIONIMX B cede IociienoBa-
TEIIBHOE U CBA3aHHOE PACIPENEIeHHUE TaMATH.

Auaroput™ R. (Ilopaspsaouas copmuposka cnucka.)
[Ipennonaraercs, yTo KaXkaas u3 3anuced Ry, ..., Ry COAEPKUT IOJIE CBS-
3u LINK, a KIII0uM IpeJICTaBIIsIoT cOO0 MOCIe0BaTeIbHOCTh U3 P DJIEMEHTOB!

(@, ..., a, 1), 0<a; < M.
OTHoIIeHue mopsiaKa — JIeKCukorpadudeckoe, T.e.
(Clp, e, o, al) < (bp, N bz, b])
TOT/Ia U TOJIEKO TOTJ[a, KOTJla CYIIECTBYET TaKo UHEKC j, 1 <j < p, 9ro
a;=b;npni>j Hoa;< b

Kittoun MOTyT OBITH MPENCTABIICHBI, B YACTHOCTU, KaK YHCIa B CHCTEME
CUMCIIEHHS C OCHOBaHUEM M:

apM‘H-i- .M+ ay,
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U B 3TOM Cily4yae JIEKCUKOrpa(uyeckoe OTHOLIEHHE MOpPSJKa COOTBETCTBYET
OOBIYHOMY YHOPSJOYEHHIO MHOXKECTBA HEOTPHLATENbHBIX unced. Kioun
TaK)Xe MOT'YT OBITh LIEIIOYKaMH OYKB ayipaBUTa U T.1.

Bo Bpemst coptupoBku popmupyercsi M «CTOMOK», KOTOpble (haKTHIECKH
TIPE/ICTABISIIOT COOO0M OYepey, IIOCKOJIbKY OHM BCErJa MPOCMAaTPUBAIOTCS MO
MIPUHIOUIY «IIEPBBIM BKIIFOYAETCS — IEPBBIM HCKItodaeTcs». s kaxmoi
cronku uMmeercs aBa ykazarenst: TOP[i] u BOTM[i], 0 <i <M.

R1. [Ilukn mo k.] Brawane ycranoButh P «— LOC(Ry) — yka3aTenb Ha
MTOCJICTHIOO 3aMUCh. 3aTeM BBIMOJIHUTE maru ¢ R2 mo R6 mpu k=1, 2, ..., p
(maru ¢ R2 mo R6 COCTaBIIAIOT OJUH «IIPOCMOTPY») U 3aBEPIIUTH pabOTy ajro-
purma. Ilepemennast P Oyner ykasblBaTh Ha 3alUCh C HAMMEHBIINM KITIOUOM,
LINK(P) — Ha 3ammch €O CIICAYONUM 110 BenuauHe KitouoM, LINK(LINK(P)) —
Ha cienyrouryto u T.1. [lone LINK nocnenneii 3amcu Oyaer paBHO A.

R2.[Ouuctka cromnok.] Ilpu 0<i<M ycraHoBute TOP[i] — A n

BOTM [i] < A.
R3. [Boinenenue k-it undpsr xioua.] Iycrs KEY(P) — k109 3anucH, Ha
KOTOPYIO YKa3bIBaeT P, U paBeH (ap, ..., a4, a;). IIpucBouts i «— ay (k-1 Mnan-

mas ugpa 3TOro KIroua).

R4. [Koppekuust cBszeil.] Eciu BOTM[il=A, 10 BOIM[i]«<— P n
TOP[i] < P; unauye LINK (TOPJ[i]) « P u 3atem TOP[i] < P.

R5. [Tlepexon x cnemyromieii 3amucu.| Ecmu k = 1 (mepBbIit mpocMoTp) u
ecmn P = LOC(R)) npu HekotopoM j # 1, To mpucBouts P «— LOC(R; )
u BepHyThes K mary R3. Ecmu & > 1 (He mepBbIii IPOCMOTpP), TO MPUCBOHUTH
P «— LINK(P) n ectu P # A, To BepHyTbCS K mary R3.

R6. [Be3os anroputma H.| (Temeps Bce BIIEMEHTHI YK€ pacHpeICICHBI
M0 CTONKaM.) BBINOMHUTE NPUBEAEHHBIN HIDKE alropuT™M H, KOTOpBIHA cren-
JISIeT OTJIENIbHBIE «CTOMNKM» B OJIUH CIIUCOK, MIOArOTaBIMBas UX K CIECAYIOIIEMY
pocMOTpy. 3areM BbINONHUTE P «— BOTM[0] — yka3aTenb Ha HepBbIN diie-
MEHT 00BETMHEHHOTO CIIMCKA. W

Aaroput™m H. (Cyennenue ouepedeii.) I3 M naHHBIX odepeneii co CBs-
35IMH, YJOBJIETBOPSIONMMY COTJAIICHUSAM ajlropuT™Ma R, JaHHBIA aaropuTM
co31aéT OIHy OYepeib, MEHsIsl IpH 3TOM He Ooiee ueM M cBsizeil. B pesynbra-
Te BOTM[0] yka3bpiBaeT Ha MEPBLIi JIEMEHT, U cTonka (0 mpeaecTByeT CTOM-
ke 1, ..., cronka (M — 2) npexamectByer cromnke (M — 1).

H1. [HauansHas yctaHoBka.| IlpucBouts i «— 0.

H2. [Yxa3aTens Ha BepuMHy cTonku.| Bemonuuts P «<— TOP[i].

H3. [Cnenyromas cronka.| Yenuuuts i Ha 1. Ecnu i = M, To npucBouTh
LINK(P) < A v xoHel aJiropuTMa.

H4. [Cronka nycra?] Ecnu BOTM[i] = A, To BepHyThCs K mary H3.

HS. [Cuenuts cronku.] [IpucBouts LINK(P) <— BOTM][i] v BepHYThCS K
mary H2. m
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Ha pucynkax 33 — 35 nokazaHo COJ€p>KUMOE CTOMOK IMOCIIe KaXKJ0ro U3
TpEX MPOCMOTPOB, BBINOJIHAEMBIX MPU COPTUPOBKE HAIIMX INECTHAJIATH YH-
cen ¢ M = 10. Axroput™ R oueHb IPOCTO 3alpOrpaMMUPOBATh, €CIH TONBKO
HAWTH yIOOHBIH CIIOCOO M3MEHSTH OT MPOCMOTpPA K MPOCMOTPY ACHCTBHS B
marax R3 u RS.

TOP[9] TOP[8] TOP[7] TOP[6] TOP[5] TOP[4] TOP[3] TOP[2] TOP[1] TOP[0]

087 ﬁ
@ 275

|509||908||677||426||765||154||703||612||061||170|
[) [) [} [} [) [ [) [ [} [}

BOTM[9] BOTM[8] BOTM[T] BOTM[6] BOTM[5] BOTM[4] BOTM[3] BOTM[2] BOTM[1] BOTMI0]

Puc. 33. Conep:knmoe CTOMOK MocJIe MEPBOT0 MPOCMOTPa

TOP[9] TOP[8] TOP[7] TOP[6] TOP[5] TOP[4] P[3] TOP[2] TOP[l] TOP[O

P TO.
l 1 1
[275] [765] [154 | -
- 1§

\ \
[897 ] [087 ] [170] [061 ] [ 653 | |426||612||703|
[} [) } [} [) [}

BOTM[9] BOTM[8] BOTM[7] BOTM[6] BOTM[5] BOTM[4] BOTM[3] BOTM[2] BOTM[]] BOTM[O]

Puc. 34. Conep:kumoe CTONMOK MocJIe BTOPOr0 MPOCMOTpa

TOP[9] TOP[8] TOP[7] TOP[6] TOP[5] TOP[4] TOP[3] TOP[2] TOP[l] TOP[0]
v v J__
-
|7$5||653||509|

[908 | [897 ] [703] [612] [ 503 | [ 426 | [275 [ 154 | [ 061 |
[} [) } [} [) [) [} } [}

BOTM[9] BOTM[8] BOTM[T] BOTM[6] BOTM[5] BOTM[4] BOTM[3] BOTM[2] BOTM[1] BOTM[0]

Puc. 35. Conep:knmoe CTONMOK MocjIe TPEThEro MpocMoTpa
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Bpewmst paboter anroputma R paBho 32N + 48M + 38 — 4F, tne N — uucio
HCXOJIHBIX 3amuceii, M — OCHOBAaHHE CUCTEMBI CUUCIICHUS (YUCIIO CTOIOK), F —
YHUCJIO BCTPETUBIIMXCS MYCThIX CTOMOK. CpaBHEHHUE C IPYTUMU aJITOPUTMAMH,
MTOCTPOCHHBIMH HA OCHOBE aHAJIOTMYHBIX MPEIIONIOKEHUH (Hampumep, AJro-
put™ L. CopTHpOBKA MOCPEICTBOM CIIHSHUS CITHCKOB), TOBOPHUT SIBHO B TOJb-
3y ajaroputMma R. 3aMeTUM, 4TO €CIU KJIIOYH YK OYEHb JJIMHHBIE, TOpa3psIHas
copTHpoBKa He Tak 3((EeKTUBHA, MHOTHE MPOCMOTPHI OYAYT BBIMTOTHITHCS
MOYTH BITYCTYIO.

YupaxHeHus

1. BbInonaHuTe MO aNropuTMy R MOpa3psAAHYI0 COPTUPOBKY MOCIEI0BaA-
TENBHOCTU U3 MATHAAUATH 3amuceii: (623 «x»), (390 «:»), (858 «obHaxaroT-
cs»), (874 «morm»), (379 «omesmy»), (555 «xorman), (47 «pacmyTHOro»),
(12 «[ocraTtok»), (701 «HOCY»), (589 «HaTaHemby), (841 «,»), (167 «paBHser-
cs»), (322 «kopotkomy»), (610 «ero»), (905 «.») U ycraHOBUTE CONEP)KUMOE
CTOIOK IOCIIE KaXI0r0 U3 TPEX MPOCMOTPOB, BHIOIHIEMBIX IIPH COPTHPOBKE
aTHX 3anuceit ¢ M = 10.

16. BHEHIHAA COPTUPOBKA

PaccmoTpum 3amaun, BOSHHMKAONIUE MPH BHEUTHEH COPTHUPOBKE, T.C. B
citydae, Korja oommii 00bEM COPTHPYEMBIX 3amuceil MPEBBIIIaeT 00bEM Ore-
PATHBHOTO 3allOMHHAIOINICTO YCTPONCTBA. BHEIIHSAS COPTHpPOBKA MPUHIIHITU-
aJbHO OTJIMYACTCS OT BHYTPCHHEH COPTHPOBKH U 3TO OTIHYHE OOBICHICTCS
TEeM, 4YTO BpeMs JOCTyma K (aijjaM Ha BHEITHHX HOCUTENSIX WH(POPMAIUU
#EcTko muMuTUPYeET Tporiecc. CTPYKTypa JaHHBIX JODKHA OBITH TaKOH, YTO-
OBl CPaBHUTEIFHO MEJUICHHBIC TepuepuiiHbIC 3alIOMHHAONINE YCTPOWCTBA
(yeHTHI, aUcku, OapaOaHBI U T.JI.) MODJIA CIIPABUTHCS C MOTPEOHOCTSMU ajro-
pUTMa COPTUPOBKH. BOJBIMMHCTBO U3YUEHHBIX IO CHX ITOP METOJOB BHYTPCH-
Hell COpTHpPOBKM (BCTaBKa, OOMEH, BBIOOp) (haKTHYeCKH OECIOoNIe3HO JUIs
BHEIITHEH COPTUPOBKHU.

[IpennonoxuMm, HampuMep, YTO TNPETHA3HAYCHHBIA [UIS COPTUPOBKU
Gaiin nocrnedosamenvrozo docmyna cocrout u3 5 000 000 3amuceii Ry R, ...
R5 000 000- PaccMoTpuM citydaii, korma Bo BHyTpeHHel namsitu DBM nomenia-
ercs Toabko 1 000 000 u3 aTHX 3amucei.

Cpasy HampanBaeTcs TaKoe PEICHUE: HA4aTh ¢ COPTUPOBKH KaXKIOTO W3
ATy noadainos Ry ... Ry oo 000 R1000 001 -+ B2 000 000 -+ » Ra 000001 -+ Rs 000 000
IO OTJIEIEHOCTH ¥ 3aT€M CIIUTh MOJydeHHbIe moadainel. OTMETHM, CITUSHHE
OIEePHUPYET TOJIBKO OYCHB MPOCTHIMU CTPYKTYPAMH JAHHBIX, 2 IMECHHO JIMHCH-
HBIMH CITHCKAMHU, MIPOUTH KOTOPHIC MOKHO TIOCIIEIOBATEIEHBIM 00pPa3oM.

3aMeTuM, YTO OMHCAHHBIA TPOIECC BHEITHEH COPTHPOBKH, 3aKITFOYAIO-
IHUACS BO BHYTPCHHEH COPTUPOBKE C MOCIEAYIOIIUM «BHEITHUM CITUSTHHEM,
SIBIIICTCS BEChMa TOIYJISIPHBIM.
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PaccMoTpuM mipoliecc BHEIIHEH COPTUPOBKH, UCTIONB3YIOMINHN cOarancu-
posanHoe 08yXnymesoe CausiHue, B OCHOBE KOTOPOT'O JIOKUT HJesl, IPUMEHEH-
Has paHee B aixroputmax N, S u L (cm. maparpa¢ 14). B mporecce cnustHuS
HaM TOTPEOYIOTCS YeThIpe pabouux ¢aiina.

Ha mpotskenun mepBoill ¢as3sl Bo3pacTarolye OTPEe3KH, IMoJydaeMble
IIpY BHYTPEHHEH COPTHPOBKE, MOMENIAIOTCs oouepeano B dainel 1 u 2 no
TeX I0p, TIOKa HEe MCYEPIIAlOTCs UCXO/HBIE JaHHbIe. 3aTeM yKaszarenu (aiioB
1 n 2 oOHYNSIOTCS M CIMBAIOTCS OTPE3KH, HAXOASAIIMECS B ATUX Qaiinax, u
TIOJTYYalOTCsl HOBBIE OTPE3KH, BJBOE JJIMHHEE MCXOAHBIX. DTH HOBBIE OTPE3KH
3aIUCHIBAIOTCS 10 Mepe MX (OpMHUpOBaHMS IoNepeMeHHO B (aiinsl 3 u 4.
(Ecnu B aiine 1 Ha oquH oTpe3ok Oosbie, 4eM B ¢aiine 2, To npearnoaraer-
cs1, uTo (haiisn 2 CONEepKUT IOTOTHUTEIbHBIN «(DUKTHBHBIN» O0Tpe30K UIUHEI 0.)
3arem (aiinoBble ykazaTenan Bcex (aiioB OOHYISIFOTCS, U COAepKUMoe (aii-
70B 3 U 4 cauBaeTcsl B YABOCHHBIE IO JUTMHE OTPE3KH, 3alHChIBaEMBbIe [T00Ye-
penuo B dainet 1 u 2. [porecc mpomomkaercs (IpH 3TOM JUIHHA OTPE3KOB
KXl pa3 yIBawBaercs) IO TeX MOp, IMOKa HE OCTAHETCS OAMH OTPE30K
(a nMeHHO Bech yropsiiodeHHbIH (daiin). Eciau nocie BHyTpeHHEH COPTUPOBKH
6b1T0 monyueHo S orpeskos, npuuém 2°' < § < 2F 1o npouenypa cbamancupo-
BaHHOTO JIBYXITYTE€BOI'O CIIHSIHUSI NPOU3BENET POBHO K = |_10g2 S-| MIPOXOI0B

IO BCEM JIaHHBIM.
Hanpumep, B paccMOTpEHHO# BBIIIE CUTYalldH, Korma TpeOyercs ymops-
nmounthb 5 000 000 3amuceii, a 00bEM BHyTpeHHel maMsatu cocrasiseT 1 000 000
3ammceii, Mbl uMeeM S = 5 u k = 3. HauanpHas pacrpenenuTensHas ¢gas3a mpo-
1iecca COPTUPOBKH MTOMECTHUT ISITh OTPE3KOB B (haIIIbI CIAEAYIOINM 00pa3oM:

@aiin I Ry ... Ri000000;s R2 000001 - 30000005 Ra 000001 --- Rs000000-

@aiin 2 Rigoo001 --- R2000 0005 R3000 001 -+ 4000 000- (52)
@aiin 3 (mycroil)

daiin 4 (mycroil)

[Mockonbky 3amuceii B (haiine 2 0ka3aock MEHBIIIE, 4eM B (aitie 1, B ko-
Henl ¢aiina 2 HessBHO j00aBisieTcsi PUKTUBHBIA OTPE3OK.

[Mocne neproro npoxoja cnusHus B (hainax 3 u 4 momydyarcs B JBa pasa
OoJtee JUTMHHBIC OTPE3KH, YeM B (haiimax 1 u 2:

@aiin 3 R ... R20000005 Ra 000001 --- Rs000000- (53)
@aiin 4 R;000001 --- Ra000 000-
3ameTum, 4TO 3a CYET (PUKTHBHOTO OTpe3ka B (aiiie 2 oTpe3ok Ry oo o1

... R5000 000 TpOCTO OBLT cKOTHpOBaH U3 (aina 1 B daiin 3. [Tocne oOHyIeHUS

yKa3zarteneil Bcex 4eThIpéXx (haiisioB OyaeT BBHITOJIHEH BTOPOW MPOXOJ 1O JIaH-

HBIM U UX CIIHSIHUE, YTO MPUBENET K TAKOMY PE3YIIbTaTy:

94



®daiin 1 R] . R4 000 000-
®@aiin 2 Rao00001 --- Rs5000 000- (54
Haxonern, nocre emie ogHOro OOHYJICHHS yKa3aTelle U CIUSHUS JaHHBIX

B (patine 3 okaxxeTcs oTpe3oK R ... Rs o000, 1 COPTUPOBKA 3aKOHUHUTCS.
COanaHCHpOBaHHOE CIIMSHHE JIETKO oOoOmaercss Ha ciydail 7' ¢aiinos

Jutst Jiroboro 7 > 3. Beibepem mpousBoibHOE uncio P takoe, uto 1 < P < T, u

pasnenum T aiinoB Ha nBa «baHKa»: P ¢aiinos B neBom Oanke u (7 — P) daii-

JIOB B TpaBoM OaHKe. PacnpeneniM MCXOAHBIE OTPE3KHM KaK MOXKHO PaBHO-

MepHee 1o P ¢aiinaM J1eBoro «0aHkay, 3aTeM BBIIIOJIHAM P-1yTeBoe CIusHHAE

CJIEBO HaIpaBo, nocie 3Toro — (7 — P)-myTeBoe clusHUE CrIpaBa HajleBo U T.1.,

TOKa COPTUPOBKA He 3aBepiuutcs. OOBIYHO 3HAUYeHHWe P jrydine BCEero BBIOH-

paTh paBHBIM |_T / 2-|.

OTMeTHM, 4TO YaCTHBIH citydaii cOanaHCHpoBaHHOTO ciusHus nipu 7 = 4

u P =2 cooTrBeTcTBYeT COAITaHCUPOBAaHHOMY JIBYXITyTEBOMY CIIHSHHIO.

BHOBB paccMOTpUM NpenbIayInii mpuMep, HO C MCIONb30BaHUEM OO0JTb-
miero konmmdectsa (aioB. Ecu 7= 6 u P = 3, To HaYanbHOE pachpeeiicHue

OyZIeT CIeIyIOIUM:

@aiin 1 Ry ... Ry 0000005 R3 000001 --- Ra 000 000-

. (55)
@aiin 2 Rigoo001 --- R2000 0005 Ra000 001 --- Rs000 000-
@aiin 3 Ry 000001 --- R3000 000-
[TepBriii IPOX0J CIUSHUS TPUBEAET K COCTOSHUIO:
®daiin 4 R] . R3 000 000- (56)

@aiin 5 R3000001 --- Rs000 000-
@aiin 6  (mycroil)

[Tpu sToM mpearnonaraercs, 4To B Qaiine 3 moMeméH GUKTHUBHBINA OTpe-
30K. ITo OKOHYaHMU BTOPOrO MpOXOJa CIHMSHUS COPTUPOBKA 3aBEpIIACTCS, U
OTPE30K R ... Rs 00000 TOMEMIacTCs B (aiin 1.

OtMmeTuM, 4TO pacCMOTPEHHBIN ciydail g T = 6 S5KBUBAJIEHTEH CIIy4aro
i T =5, Tak Kak mecToi Qaiin Oyaer 3a1eiicTBOBaH MPH COPTHPOBKE JIMIIb
i S > 7.

COaaHCUpOBAaHHOE CIIMSHUE Ka)KeTCsl OYEHb MPOCTHIM U €CTECTBEHHBIM.
Ho ecnu mpurnsgerscs BHUMaTeNnbHee, TO BUAHO, YTO 3TO HE HAWIYYIINH
Croco0 B paCCMOTPEHHBIX BBIIIE YAaCTHBIX CiIydyasx. BMecto Toro uTo0s! mepe-
xomutb OT (52) k (53) m oOHynaTh yka3zarenu Bcex (ailyioB, cCiemoBajo
Obl OCTaHOBWTH IIEPBOE CIUsIHUE, Korna Qainbl 3 U 4 conxepkaiu COOTBET-
CTBEHHO R ... R5 000 000 ¥ R2 000 001 --- R4 000 000, @ Paiir 1 OBLT TOTOB K CUUTHI-
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BaHUIO R4 000 001 --- K5 000 000- 3aTEM yKazatenu (ainoB 2, 3, 4 Morim ObITh 00-
HYJICHBI, ¥ COPTHPOBKA 3aBEPIIMIACE OBl TPEXITYTEBHIM CIHSIHUEM B (aim 2.
O011ee Yncio 3amiceii, IPOYNTAHHBIX U3 (PAMIOB B XOJ/IE ATOH MPOIEIYpPHI, CO-
crasmwio 6s1 4 000 000 + 5 000 000 = 9 000 000 mpoTus 5 000 000 + 5 000 000 +
+ 5000 000 = 15 000 000 B cOamaHCHPOBAHHOM CXEME.

Wmes maTh OTpe3KoB M 4eThpe (haiiyia, MOXKHO MOCTYIHTH emé JIydie,
pacIpe/ieNluB OTPE3KH CIEAYIOIMM 00pa3oM:

@aiin 1 Ry ... Ry 000005 R3000 001 --- Ra 000 000-

@aiin 2 Rioo001 --- R2000 0005 Ra000 001 --- Rs000 000- (57)
@aiin 3 Ry 000001 --- 3000 000-
daiin 4 (mycroil)

Teneps, BBHIONHUB TPEXITyTEBOE CIUsiHUE B (aiin 4, 3ateM oOHYyIeHHe
ykasareneil (aitos 3 u 4 ¢ mocieayomuM TPEXITYTEBBIM CIUSIHIEM B (aiit 3,
MOXXKHO OBUIO OBl 3aBEpUINTH COPTUPOBKY, mpoumrtaB Bcero 3 000 000 +
+ 5 000 000 = 8 000 000 3anuceil.

Haxkoner, ecmu ObI IMEIOCH MIECTh (hailyIoB, TO MOXKHO OBUIO OBI 3aITu-
caThb MCXONIHBIE OTpe3KH B (ainbl | — 5 M 3aKOHYMTH COPTHUPOBKY 3a OIWMH
MIPOXOJ, BHIMOJIHUB ISITUITYTEBOE ciusiHUE B (haiin 6. PaccmoTpenune sTux ciry-
YaeB IIOKa3bIBAET, YTO IPOCTOE COANaHCHPOBAHHOE CIIMSHUE HE SIBIISIETCS
HAWIY4IIAM, ¥ TIO3TOMY UMEET CMBICI MTOUCK YITYUIIEHHBIX CXEM CIIHSHHUS.

Jlasee BHEIIHIOIO COPTHPOBKY B ciefylolieM naparpade ucciuemyem 6o-
nee Tayooko. PaccmorpuM a3y BHYTpeHHEH COPTHPOBKH, ITOPOXKJIArOIIeH
HayvaJIbHBIE OTPE3KHU. 3]1eCh 0COOBII MHTEpEC MPECTAaBISET TEXHOIOTHS «BBI-
Oopa c 3aMeleHHeM», KOTOpas MOpOXKIAaeT JUTMHHBIE OTPE3KH, 3HAYMTEILHO
MIPEBOCXOIINE EMKOCTh BHYTpeHHeH namsati. OOCyIiM CTPYKTYpHI JaHHBIX,
yIoOHbIE ISl 1IeJIeii MHOTOIYTEBOTO CIIUSIHUS, a TaKKe Ba)KHEHIIHNE CXEMBI
CIUSTHUSL.

YupaxHeHus

1. B nganmHOM maparpade BHENIHEH COPTHPOBKE MpeAmecTByeT (aza
BHYTPEHHEN COPTUPOBKHU. Y CTAaHOBHUTE, MOYKHO JIM HE BBIMOJHSS BHYTPEHHEH
COPTHUPOBKH, MPOU3BOANTE CIIHMSHKE 3alKCel BO Bce Oojiee U Ooliee JUTHHHBIE
OTPE3KH C CAMOr0 Havaa.

2. YcraHoBHTE, KakuM Oyner copepkumoe daiinos (ananoruynoe (52) —
(54)), ecru 3ammcH R ... Rs o0 000 COPTHPYIOTCS ¢ TIOMOIIBIO TPEX(HAHIOBOrO
cOanancupoBanHoro Meroja mpu P = 2. CpaBHHTE 3TOT CiIydail CO CIHUIHUEM
Ha 4eThipéX (aiimax. OleHuTe, CKOIBKO MPOXOIO0B IO BCEM JaHHBIM Oyaer
ClIeNaHo TMOCyIe MEPBOHAYATILHOTO PACTIPECIICHHUS OTPE3KOB.
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17. MHOI'OITYTEBOE CJ/IUSHUE 1
BBIBOP C 3BAMEILIEHUEM

PacumpuM mOHATHE OBYXIYTEBOIO CIHUSHUS JO TOHSTUS P-myTeBoro
CITUSIHYSA, KOT/1a P BXOJHBIX OTPE3KOB O0BEIUHSIOTCS B OIMH BBIXOTHOM.

[Tycts uMeercs P BO3pACTAIOIIUX OTPE3KOB, T.€. MOCIE0BATEIBHOCTEH
3amucel, KITFYH KOTOPBIX PacoioKeHbl B HeyObIBatoleM mnopsake. OueBu-
HBIM CIIOCOOOM HX CITUSIHHS OyJeT CIEeIYIONHiA: IOCMOTPETh Ha TIePBbIC 3aIu-
CH KaXXJIOro OTpe3Ka W BHIOpAaTh M3 HUX Ty, KOTOPOH COOTBETCTBYET MUHH-
MAaJTbHBIN KITFOY; 3Ta 3alKCh MepenaéTcs Ha BBIXOJ M HUCKIIOYAeTCs U3 BXOJ-
HBIX JIAHHBIX, 3aTEM MPOLECC TOBTOPSIETCS.

IMoka P He CIHMIIKOM BEITUKO, 3TOT BHIOOP YIOOHO OCYIIECTBIISATH, IPOCTO
BBINONHSAST P — 1 cpaBHEHWH A8 HAXOXKJCHHS HAMMEHBIIEr0 M3 TEKYIIUX
kirouei. Ho ecnm, ckakem, P > 8, To MOXXHO COKpaTHUTh paboTy, MCIONb3Ys
depeso gvlbopa (cM. maparpad 13). I[Tpu 3ToM KakIbIil pa3 TpeOyeTcst TOIBKO
npubmu3uTenpHo log P cpaBHEeHHi (Mocie HayanbHOro (hopMHUpOBaHHS Jepe-
Ba). PaccMoTpum, Hampumep, 4YeTHIPEXIMYTEBOE CIMSHHE C JABYXYPOBHEBBIM
JIepEeBOM BBIOOpA!

87 503 oo
871 170 908
o0
[Har 1 87 426 653
154
154 612 o
503 o0
1703 170 908
o0
Ilar 2 154
ar 8715 426 653 o
154
154612 o
503 o
1703 170 908
o0
Ilar 3 87 154 170 126 6530
426
612 ©

{oo

o0

o0

Mar9 87 154 170 426 503 612 653 908 oc {
o0
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B »TOM mpHMepe B KOHIIE Ka)IOro OTpe3Ka ITOMEIEH J100aBOYHBIN
KJIIOY 00, YTOOBI CIIMSIHUE 3aKaHYMBAJIOCh ECTECTBEHHO. TaK KaK BHEIIHEE CIIH-
STHUE OOBIYHO UMEET JIEJIO C OYEHb JIMHHBIMH OTPE3KaMH, TO 3Ta JJ00aBOYHAs
3aIUCh C KIFOYOM 00 HE YBEJIMYUT CYLIECTBEHHO JUIMHY JIAaHHBIX U 00BEM pa-
60Tel Tpu cnusHUH. Kpome Toro, Takas «KOHLEBas» 3allUCh YacTO CIYXUT
YIOOHBIM CIIOCOOOM pa3jeieHus 3amnvcei daiina.

B paccmaTpuBaeMoM Imporiecce Kbl mar, KpoMe epBoro, COCTOUT U3
3aMeIeHUs] HaNMEHBIIETO 3JIEMEHTa CIEAYIONMM 3JIEMEHTOM M3 TOrO XKe OT-
pe3Ka 1 U3MEHEHHsI COOTBETCTBYIOIIETO MyTH B JiepeBe BbiOopa. Tak, Ha mare 2
n3MeHsiercs 3 y3na, KOTopele cojepkanu kimod 87 Ha mare 1. Ha mare 3 us-
MeHsieTcs 3 y3na, copepkaBuve kirod 154 na mare 2, u 1.1. IIponecc 3ame-
LIEHWs] B JiepeBe BHIOOpA OJHOTO KIIFOYa JPYTMM Has3bIBACTCS 66100pOM C 3d-
MeujeHuem.

Kaxprit KOHIIEBOW y3eN JepeBa BHIOOpA MPEICTABISCT OIUH M3 OTPE3-
KOB, HCIOJIb3YEMBIX B MPOIECCAaX CIUSHUS, a caMo AEPeBO, 1O CYIIECTBY, HC-
TIOJB3YeTCsl KaK NPHOPHUTETHAs O4epe]b C JWCHUIUIMHOM «HAWMMEHBUINH W3
BKITIOUEHHBIX IIEPBBIM HCKITFOUAETCSD».

Ha pucynke 36 n300pa)xeHO epeBO «IPOUTPABILIHX», MPEICTABIISIONIEE
co0oii monHoe OGrHapHOE /iepeBo ¢ 12 KOHIEBBIMU U 11 BHYTPEHHUMH Y3JIaMH.
B KOHIIEBBIX y371aX 3alMCcaHbl KIIIOYH, & BO BHYTPEHHUX — IIOOEIUTENN», €CIT
JIepeBO paccMaTpUBATh Kak TYpHHP /I BEIOOpa HauMeHbIIero Kirova. Yncna,
CTOSIIIIE PSIIOM C BEpLIMHAMH JIepeBa, 0003HAYArOT MO3UIMHU 3alvceld Npu
TIOCJIE/IOBATENILHOM PaCIpEACIEHUH ITaMsITH JJIsl TTOITHOT0 OMHAPHOTO JIepeBa.

Puc. 36. Typuup, B K0TOpOM BHIOHPAaeTCsi HAMMEHb I K04

Uro0bI OIpeelInTh HOBOE COCTOSIHHE JiepeBa BhIOOpA, KOT/la HAaMMEHb-
mui kmod 61 Oyner 3aMeHEH JPYruM KIIF0YOM, HY)KHO PacCMOTPETh TOJIBKO
ximoun 512, 87 u 154. Ecnu uHTEpIpEeTUpOBaTh JEPEBO KAaK TYpHUP, 3TH TpU
KJII0Ya TNPEACTABISAIOT MPOUTPABIIMX B MaTdyax ¢ UrpokoM 61. Ilostomy BO
BHYTPEHHHUE Y3JIbI JIEpeBa HEOOXOJMMO 3alMChIBATh MPOUTPABIIETO B KaXKIOM
MaTue, a He MoOeANTENs, U Tora HH(pOpMaIs, HeoOXouMast U1l U3MEHEHUS
3TOrO JepeBa, OyIeT Jerko10CTYIHOM.
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Ha pucynke 37 nzo0paxeHo TO *e JIepeBo, 4TO U Ha puc. 36, HO BMECTO
nobeauTeneil B HEM INpeJcTaBlIeHbl NPOUrpaBuine. J{OMOTHUTEIBHBINA y3€l
HoMepoM () noOaBiieH Ha BEepIIUHE JepeBa Ad yKa3aHUs YeMIIMOHA TYpHHpA.
3aMeTHnM, UTO KaXKIbIi KIIF0Y, KpOME YEMITHOHA, SIBJISIETCS MPOMTPABIINM POB-
HO oauH pa3. Takum o0pa3oM, KaxIblii KITFOU TTOSIBISIETCS OJMH pa3 B KOHIe-
BOM Y3JI€ ¥ OJIMH Pa3 BO BHYTPEHHEM.

Puc. 37. Typuup, B KOTOPOM NOKAa3aHbI IPOUTPABIINeE, A HEe MO0eTUTETH

Ha mpaxTuke KOHEYHBIM y31aM JiepeBa Ha puc. 37 OyayT COOTBETCTBO-
BaTh BEChbMa JUTMHHBIE 3aIlMCH, pacloloKeHHbIe B maMsith DBM, a BHyTpeH-
HUM y3JlaM — yKa3aTeJdW Ha 3TH 3alucd. 3aMeTHM, 4TO P-TyTeBoe CIUSHUE
TpebyeT pOBHO P KOHEUHBIX U P BHYTPEHHUX Y3JI0B — [0 OJIHOMY B COCEIHHUX
rpynmax. 9To HaBOJIHUT Ha MBICIb O BO3MOXKHOCTH HCIIOJIb30BAHUS M3BECTHBIX
3¢ PEKTUBHBIX METO/IOB PaCIIPEACIEHHS aMSsTH.

TexHonmorus BeIOOpa ¢ 3aMENIEHUEM MOXKET ObITh MCIONBb30BaHA Ha Iep-
BOi (haze BHEUIHEH COPTHPOBKH IIPH IMOJYYEHHH HAYaIbHBIX OTPE3KOB, €CITU
(baKTHYECKH BBIMOJIHUTH P-IIyTeBOE CIIMSIHUE BXO/HBIX JIAHHBIX C CAMHUMH CO-
0oii. B aToM ciydae P BRIOMpaeTCs JOCTATOYHO OOJNBIINM, YTOOBI 3aIOTHUTD,
0 CYIIECTBY, BCIO BHYTPEHHIOIO MamsITh. Kakaas 3amuch npu BBIBOZAE 3aMe-
LIAETCsl OYEPEAHON 3aMMChI0 U3 UCXOAHBIX JaHHbIX. Eciu y 3Toi HOBOM 3amu-
CH KJIIOY MEHBIIIE KITI0Ya BBIBEICHHON 3aITUCH, TO OHa HE BKJIIOYAETCS B TEKY-
mui 0Tpe3oK. B MpOTHBHOM cilydae OHa OOBIYHBIM 00pa3oM BKJIIOYAETCS B
JIepeBO BBIOOpa M CTAHOBUTCS YacThIO OTPE3Ka, MMOPOXKAAEMOro B JJAHHBIN MO-
MeHT. Takum 00pa3oM, KaXKIplii OTPE30K MOXKET CozepKaTh Oomblue P 3amnu-
ceid, XoTs B 11000 MOMEHT B jiepeBe BEIOOpa HaxoAuTcs He Oonee P 3ammcei.

Tabnuna 4 wutocTpUpyeT onMcaHHbIi mpouecc i P = 4. B Hell uncna,
3aKIIIOYEHHBIE B CKOOKH, 0)KHMIAIOT BKIIIOYEHHS B CIIEAYIONINH OTPE3OK.
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Taoanua 4

ConepKIMoe mamsITi BriBog
503 87 512 61 61
503 87 512 908 87
503 170 512 908 170
503 897 512 908 503
(275) 897 512 908 512
(275) 897 653 908 653
(275) 897 (426) 908 897
(275) (154) (426) 908 908
(275) (154) (426) (509) (xoHerr oTpe3ka)
275 154 426 509 154
275 612 426 509 275
677 612 426 509 426
677 612 765 509 509
677 612 765 703 612
677 oc 765 703 677
oc oc 765 703 703
oc oc 765 oc 765
oc oc oc oc (xoHerT oTpe3ka)

JlokazaHo, 4To JUIsl CITyYaiHBIX BXOJHBIX JIAHHBIX OXHJaeMas JUTMHA OT-
pe3koB paBHa 2P. OpHaKO BO MHOTHX NMPAKTHYECKUX NPHIIOKEHUSIX BXOHbIC
JIaHHBIE HENb3sI CUUTATH ITOJTHOCTHIO CITyYaliHBIMH, €CJIM B HUX YK€ CYILECTBY-
eT onpenenéHuelii mopsiaok. CrenoBaTelIbHO, OTPE3KH, ITOPOXKIaeMble BBIOO-
pOM C 3aMeIlleHHeM, HMEIOT TEHJCHIMIO COJEpKaTh Jake Oolblle, 4YeM
2P 3anmceid. [TockonbKy BpeMsi, Hy)KHOE JIJIsl BHEIITHEH COPTHPOBKH CIIHSHHEM,
B 3HAYMTEIHHON CTENEHH 3aBHCUT OT KOJMYECTBA OTPE3KOB, MOPOXKAAEMBIX
HAYAJBHOM pacnpeaeTuTeIbHON (a30id, TO BEIOOpP C 3aMEIICHHEM CTaHOBHUTCS
0COOEHHO TIpUBJIEKATENBHBIM. J[pyrue cnocoObl BHyTpEeHHEH COPTHPOBKH I10-
pOoXaany Obl IPUMEPHO BJIBOE OOJIBIIE HAYaIBHBIX OTPE3KOB, IIOCKOJIBKY pa3-
MepbI NaMSTH OTpPaHUYEHBI.

Teneps neTanbHO PACCMOTPHM MPOLECC CO3JIAaHMSI HaYaJIbHBIX OTPE3KOB
TIOCPE/ICTBOM BBIOOpa ¢ 3amenieHreM. CIeIyromuii alropuTM BKIIIOYAET B
ce0s MpeKpacHbIi crocod HavabHOrOo JOPMHUPOBaHUS JIepeBa BbIOOpa U pas-
JIeTIeHNs] 3alMCel, MPUHAUIeKAIINX Pa3sHbIM OTPE3KaM, a TaKKe BBIBOZAA IT0-
CJIEIHET0 OTpe3Ka 110 eJUHOOOPa3HOW M CpPaBHHUTEIBLHO MPOCTOMN JIOTHKE. 3a-
METHUM, YTO Hajexamas oOpadoTKa ITOCIEIHEro OTpe3Ka, IOPOXKIEHHOTO
BEIOOPOM C 3aMElIEHHEM, OKa3bIBAETCS IOBOJBHO CIIOKHOH M 4acTO ObIBaeT
KaMHEM NPETKHOBEHHMS ISl [TPOTrPaMMHUCTa.

OcHOBHasi ujes 3aKJIIOYaeTcsi B TOM, YTOOBI paccMaTpUBaTh KaXKIbIi
Kirou kak napy (S, K), rae K — nepBoHavallbHBIA KITI04, a S — HOMep OTpe3Ka,

100



KOTOPOMY TPHHAIJIEKHUT JIaHHAS 3alucbhb. BBIXOIHYIO TOCIIEN0BATENBHOCTS,
MOPOXKAEHHYIO BBIOOPOM C 3aMelIeHHEM, MOXXKHO MOJIYYUTb, €CIH JIEKCHUKO-
rpauyYecKy yIopsI0uUTh 3TH pacliMpeHHble Kioun. [Ipu aTom S cunraercs
crapuie uem K.

B npuBenéHHOM HWKE ajiropuTMe JUisl pecTaBIIeHus JepeBa BpIOopa uc-
TIOJB3YeTCsl CTPYKTYpa JaHHBIX, cocrosinast u3 P y3nos. Ilpeamomnaraercs, 4ro
J-1 y3en X[j] conepxurt ¢ cios, HaunHaroumxcs ¢ LOC(X[j])= Lo+ cjmpu 0 < j<P.
OH mpezcTaBiseT Kak BHYTPEHHUN y3€ll ¢ HOMEPOM j, TaK U KOHIIEBOH y3el ¢
HoMepoM P +j (cM. puc. 37). B kaxxaoM y3iie nmeeTcs HECKOJIBKO TIOJIeH:

KEY — ko4, HaXOASIIIUIACS B JAHHOM KOHIIEBOM Y3JI€;

RECORD — 3anuch, HaXOAIIAsACT B JTAHHOM KOHIIEBOM y3Jie (BKIIOUAs
KEY kak noxnorne);

LOSER — yxa3aTenp Ha «IIpOUTPABIIEro» B JAHHOM BHYTPEHHEM Y3II€;

RN — HoMep oTpe3ka, COIEprKallero 3amuch, Ha KOTOPYHO YKa3bIBAaeT
LOSER,;

PE — ykazartenb Ha BHYTPEHHHUH y3€J1, paclloNOKEHHBIN B JiepeBe BbIOOpa
BBIIIIE JAHHOT'O KOHEYHOT0 Y311a;

PI — yxa3aTesnp Ha BHyTPEHHHUH y3€I, paclloNOKEHHBII B IepeBe BbIOOpa
BBIIIIE JAHHOT'O BHYTPEHHETO y3Ja.

Hanpumep, npu P= 12 1 BHyTpeHHUI! y3e1 ¢ HOMEPOM 5 U KOHEUHBIH y3en
¢ HomepoM 17 Ha puc. 37 OymyT npencrasieHsl y3ioM X[5] ¢ momsivu KEY =
=170, LOSER = Ly + 9c¢ (aapec koHeuHOT0 y311a ¢ HomMepoMm 21), PE = Ly+ 8¢,
PI=1Ly+ 2c.

3HaueHus B nonax PE u Pl gBAAIOTCS KOHCTAHTaMHU, U MOATOMY HET
HEOOXOANMOCTH XPaHHUTh MX B SIBHOM Buje. OHaKO MHOTAA Ha HaYaJbHOW
(a3e BHENIHEH COPTUPOBKH sl OBICTPO PabOTHI C YCTpOWCTBAaMH BBO-
Jla/BBIBOJIA BBITOJTHEE XPAHHUThH 3TY HM30BITOUHYIO MH(POPMAIUIO, YeM BBIYHC-
JIATh €€ KaXbIi pa3 3aHOBO.

Aaroput™ R. (Buibop ¢ 3amewjenuem.)

DTOT alrOpUTM YHMTAET 3aIKCH MOCIIEN0BATENFHO U3 BXOMHOrO (haiina u
3aIUChIBAET MX IOCIIEN0BATENILHO B BBIXOJHOW (aiin, mpomsBoas RMAX ot-
pe3KOB JUIMHOM P nnu Oosnbliie (32 UCKITIOYEHUEM TTOCIEHEro orpeska). Mme-
ercst P> 2 y3noB X[0], ..., X[P — 1] ¢ monsiMu, ONMUCAHHBIMU BBIIIIE.

R1. [HauanpHas ycrtanoBka.] IIpucBouts RMAX«—0, RC <0,
LASTKEY « o0, Q « LOC(X[0]) u RQ «— 0. (RC — HOMEDp TeKYIIEero oTpesKa,
a LASTKEY — xmrou mocienHell BbIBelleHHOHM 3amucu. HadanpHoe 3HaueHue
LASTKEY nomxHo ObITH O0JIbIIIE JTF000T0 BO3MOXKHOTO Kimtoya.) s 0 < j < P,
ecan o6o3HaunTh J = LOC(X[j]), HauanmbHOE cozaepkumoe X[j] ycTaHOBUTH
CJIEIYIOIM 00pa3oM:

LOSER(J) «—J;  RN(J) « 0;
PE(J) « LOCKI|(P+ )/ 21); PIJ) — LOCKXT|j /2]
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(Ycranoeka LOSER(J) m RN(J) mperacraBisieT cOO0OH HCKYCCTBEHHBIN
crocod 00pa3oBaHMsl HAYAIBHOTO JiepeBa MyTEM pacCMOTpPEeHUs! (PMKTHBHOTO
orpe3ka ¢ HomepoM (0, KOTOpBIH HUKOTAa HE BEIBOJIUTCSL. )

R2. [Koren orpeska?] Ecimu RQ = RC, To mepeiitu k mary R3. (B mpo-
TUBHOM ciydae RQ = RC + 1, u o0paboTka orpe3ka ¢ HomepoM RC 3aBeplieHa.
371ech ceayeT BBIIONHUTD TE CHEIUAIbHBIE JEHCTBUS, KOTOPhIE COOTBETCTBYIOT
CXeMe CITHSIHUS TSl TTOCNIEYIOIINX 3TarnoB copTupoBku.) Ecim RQ > RMAX, to
aJrOPUTM 3aBEpPILEH; B IPOTUBHOM citydae npucBouTh RC «— RQ.

R3. [BeiBog Bepummnen jgepesa.]| (Ceiliuac Q yka3bpIBaeT HA «UEMITHOHA» U
RQ — vomep ero orpeska.) Eciiu RQ # 0, To BeiBectt RECORD(Q) 1 npucBo-
uth LASTKEY «— KEY(Q).

R4. [Brox HoBo# 3ammcu.] Ecnu BxogHoW (aiin ucuepnaH, NpUCBOUTH
RO <« RMAX + 1 u nepeiitu k mary R5. B npoTuBHOM cilyuae IOMECTUTh
HOBYIO 3anuch n3 BxoaHoro ¢aina B RECORD(Q). Ecim KEY(Q) < LASTKEY
(T.. 3Ta 3anMCh HE MPUHAIISKUT TEKYIIEMY OTpe3Ky), To RQ «— RO + 1, n
Teneps, ecnu RO > RMAX, npucsouts RMAX «— RQ.

RS. [TloaroroBka k m3meHenuto.| (Ceiyac () yka3plBaeT Ha HOBYIO 3a-
ek ¢ HomepoM otpeska RQ.) IlpucBouts T «— PE(Q). (T — nepeMeHHBIH
yKaszarenb, KOTOpbIH OyJeT IBUTaThCs 110 JIEpEBY. )

R6. [YcraHoBka HoBoro mpowurpasmrero.| Ecim RN(T) < RQ wnu ecnu
RN(T) = RO n KEY(LOSER(T)) < KEY(Q), To nomensits Mectamut LOSER(T) <~ O,
RN(T) < RQ. (B nepemennsix O u RQ 3aroMUHaeTCsl TEKYIIUA TOOEUTEND 1
HOMEP €ro OTpe3Ka.)

R7. [Cnur BBepx.] Ecimu T = LOC(X[1]), To BepHyThCsl K 1mary R2; B
nporuBHoM citydae T «— PI(T) u BepHyThcs K mary R6. m

B anropurme R rOBOPHUTCS O BBOJE U BBIBOJIE 3alUCEN 11O OIHOM, TOraa
KaK TPaKTUYECKH OKA3BIBAETCS JIY4IEe YHUTATh U 3aMKMCBIBATH OTHOCHTEIHHO
Oonbime 0ok 3amuceit. CrieoBaTeNbHO, HA CAMOM JIelie HEOOXOJUMBI OY-
(eprl BBOzAa U BbiBOja. OTMETUM, YTO UX MPUCYTCTBHE B MAMSTH MPUBOIUT K
YMEHBIIIEHUIO 3HAYCHUS P.

YupaxHeHus

1. C momomkto anroputMa R BeIOOpa ¢ 3amenieHueM (s P = 4) ycra-
HOBUTE 00pa3yeMble B BBIXOAHOM (aiiie OTpe3kH, ecinm BO BXOAHOM (aiine
HaXOJIUTCS TIOCIIEIOBATEILHOCTD U3 IIECTHAAIATH 3aMHCeH C KITIOUaMH:

a) 79,609,4,25,64,87,13, 94, 3, 20, 16, 15, 30, 44, 9, 72;
0) 77,92, 42,94,, 74, 96, 88, 56, 94,, 45, 55, 40, 36, 37, 22, 5;
B) 3,64, 34,61, 32,98, 12, 65, 21, 73, 35, 82, 38, 81, 54, 69.
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18. IOUCK. MOCJIEAOBATEJIbHBIA IOUCK

PaccMoTpum Bonpockl HAKOIUIEHUsI HH(OPMALIMK B TIAMSITH KOMITBIOTEPa
n crocoObl e€ ObicTporo m3BiedeHus. [Ipn 3ToM riaBHBIM oOpazom Oymem
n3y4aTh MPOCTEHIIYIO 3a]ady: MOUCK MH(OpMaInH, COXpaHEHHOH ¢ KOHKpET-
HBIM HIeHTUQHKaTopoM. Hampumep, mouck f(x) mo 3aiaHHOMY X B TaOJuIe
3Ha4eHUH (PyHKIMM f WM MOWCK NEpeBOJia Ha aHIIIMHCKHUHN SI3BIK HEKOTOPOTO
PYCCKOr'O Cl0Ba.

[Tycts umeercs HaOOp m3 N 3amuceid, a 3ajlaya COCTOUT B HAXOXKICHHUU
ofqHOM M3 HUX. Kak u B ciyyae COPTHPOBKHU IPEIIONaraeTcs, 4To Kaxjas 3a-
IIMCh BKJIFOYAET B cedsl crienualibHoe 1ojie, Xpassiiee e€ xuoy. [Ipu atom Tpe-
Oyercst N pa3iMyHbIX 3HAYESHUH KIIIOYA JUIsl TOTO, YTOOBI KaXKABIH M3 HUX OfI-
HO3HAYHO MACHTH(UIMPOBAI CBA3aHHYIO C HUM 3anuch. Habop Bcex 3amuceit
00BIYHO UMEHYETCsl mabauyeil, hariom Wi 6a30t OaHHbBIX.

AJNTOpUTM TIOMCKAa UMEET TaK Ha3blBaeMblil apeymenm K, a 3amaua 3a-
KJIFOYaeTCcsl B HAXOXK/IEHUU 3alliCH, Uil KOTOpor K ciyuT KimodoMm. B pe-
3yJabTaTe MOWCKA MOXKET BO3HHKHYTH OJ[HA M3 JBYX CHTYyallWii: JIMOO MOWCK
3aBepmmics ycnewno (YHUKaIbHAs 3aliCh, cojepikamias Kirod K, HaiineHa),
00 TOUCK OKOHUYWICS Heydauno (3amuch ¢ KirodoM K He HaiineHa). [locie
HEeyJauyHoOro MoMcKa WHOr/Aa TpeOyeTcs BHECTH B TAOJMIly HOBYIO 3alllCh, CO-
Jepxantyro ko4 K. Takol METO/ Ha3bIBAETCS a12opUMMOM NOUCKA U BCTNABKU.

XoTs 1eNblo TIONCKA SIBIISETCS HaXOXKIeHHe HH(POPMaIY, XpaHsIIencs B
3aricy, WASHTUGHUIMPYEMOH 10 Ktouy K, Ui POCTOTHI OyaeM paccMaTpH-
BaTh aJTOPUTMBI, NpenHa3HaueHHble st noucka K. Ilocnme naxoxaenus K
TIOUCK CBSI3aHHOW C HUM HWH(OpPMAalWH CTaHOBUTCS TPHBHAIBHON 3ajade,
3aBHCHIIEN OT criocoba XpaHeHust 3Toi mHpopmauuu. [Tostomy Oynem cum-
TaTh 3a/1a4y MOVCKA BBHITIOJIHEHHOW B TOT MOMEHT, KOr/la HaaéM Kirou K min
yOeauMcs B ero OTCYTCTBHH.

IMouck 00bIYHO SBISIETCS] HANOOJNEE «BPEMAEMKOID COCTABIISIONICH MHO-
TMX TpOrpamMM, M 3aMeHa IIOXOr0 METO/a IOWCKA XOpPOLIMM MOXKET 3HAa4yH-
TEJIFHO YBEITMYUTH CKOPOCTh pabOTHI IPOrPaMMBEL.

MeTo/pI TTIOMCKa MOTYT OBITh KJIACCU(UINPOBAHBI HECKOJIBKUMHU CIIOCO-
6amu. Bo-miepBBIX, MOXKHO pa3fenuTh UX Ha GHYMpPEeHHUUl N GHeWHU TIOUCK
TaK ke, KaK pa3In4aroT aJTOPUTMBI COPTUPOBKH BHYTPEHHEH W BHELTHEH.

Bo-BTOpBIX, BOBMOXHO JIEJICHHE HA crmamudeckue U OuHamuyecKue Me-
TOJBI IoUcKa. [Ipn ATOM cTaTHUECKHid MTONCK MPEANOoNaraeT, YTo COAEePKIMOe
TaOIMIBI OCTAaETCsl HEM3MEHHBIM, a TIaBHAasl 33/1a4a 3aKJIF0YaeTcs B yMEHbIIe-
HUM BPEMEHHU NOUCKa. [IMHaMUYeCcKUii TOMCK IPOBOIMTCS B TaOJIHIE, KOTOpast
YaCTO M3MEHSIETCSI TyTEM BCTAaBKHM, a BO3MOXKHO, U YIAJICHUS DJIEMEHTOB.

Tperbs Bo3MOXKHAs KiaccHU(UKAIMs METOI0B MOMCKA 3aBHCUT OT TOTO,
Ha 4Y€M OHM OCHOBAHBI: Ha CpPaBHEHHHU KIIOYEH MM Ha HEKOTOPBIX YHCIIOBBIX
CBOWCTBAaX KIIOYEH.
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U, HakoHel, MOXXHO Pa3/elUTh METOJbI COPTHPOBKH Ha METOIBI C HC-
TMOJTb30BAHUEM KITIOUEH JIeHCTBUTENBHBIX U PE0Opa30BaHHbIX.

IMouck u copTHpPOBKA 3a4acTyIO TECHO CBS3aHBI MEXTy coOoil. Hampu-
Mep, paccCMOTpUM CJCAYIOUIyo 3amady. JlaHel YHCIOBBIE MHOXeCTBa A =
={ay, a, ..., an}, B={by, by, ..., b,} ¥ HEOOXOIUMO ONPEICITUTH, ABISACTCS JIU
MHOXECTBO A MOJMHOXECTBOM MHOXecTBa B: A < B. OueBUAHBIMU TPE-
CTaBJISAIOTCS CIIEMYIOIIUE BAPHAHTHI €€ PELICHUSL:

a) cpaBHUBaTh Kaxzoe a; € A co BceMH b; € A mocnenoBaTenbHO 10
HAXOXKJICHHUS COBIIAJICHHS;

0) cHayana OTCOPTHPOBATh MHOXECTBA A U B, a 3areM cheiaTh TOJIBKO
OJIVIH TI0CIIEA0BATEBbHBIN POXO0/ 10 000MM (aiinaM, cpaBHHUBAs UX JIEMEHTH;

B) BHECTH BCE JNIEMEHTHI b; ¢ aprMeTHUECKH NPeoOpa3oBaHHBIMU KIIFO-
yamu (xewupoeanue) B TAOIHILY U BBIIIOJIHATH MOUCK KaXKAOTO 3HAYCHHUS d;.

Kaxoe W3 3THUX pEIICHHA MMeeT CBOM OCTOMHCTBA Ul Pa3IMYHBIX
3HaueHU! m u n. Pemenue (a) TpeOyer mopsaka ¢ mn SIUHUAIl BPEMEHU, TJIe
¢] — HEKOTOpas KoHcTaHTa. Pemenue (0) TpeOyeT mopsaka ¢, (m lgm + n lgn)
eIMHUILl BPEMEHH, TJie ¢, — HEKOTOpasi KOHCTaHTa. [Ipu BBIOOpE MOIXO/IAIIErO
METO/Ia XCIIMPOBAHUS pelieHHe (B) 3alMET OKONO ¢3m + ¢411 SAUHHUI] BpEMEHH
JUTSL HEKOTOPHIX (eré OOMBITNX) KOHCTAHT ¢3 U ¢4. OTCIOMA CIIEAYET, 4TO pe-
nieHue (a) MOAXOMUT JUIs OYeHb HEOOJNbIINX 3Ha4YeHuit m u n. [Ipu yBemuye-
HUHM MOITHOCTH MHOKECTB JIYUIIIUM CTAaHOBUTCS pemicHue (0). 3aTeM Hawryd-
IIUM CTaHET pelieHue (B) — J0 TeX MOp, MOKa 7 HE MPEBBICHT pa3Mep BHYT-
penHeit namsatu. [lociae 3TOro HaMIy4IIMM OOBIYHO BHOBH CTAHOBHUTCS pellie-
Hue (0), moka n He BBIpacTeT 0 COBCEM YK I'POMaJHbIX 3HaueHni. Takum 00-
pa3oM, CYyIIECTBYIOT CHTYAIllMH, B KOTOPBIX COPTUPOBKA CITY:KHT XOpoIIeit 3a-
MEHO# MOUCKY, & MOMCK — OTIMYHOMN 3aMEHO# COPTHPOBKE.

Bosee cioxHbIe 3a7a4M MOMCKA 3a4aCTYIO CBOJATCS K MPOCThIM. [Ipes-
MOJIOXKKM, YTO KIIFOUH TPEJICTABISIFOT COOOM CII0Ba, KOTOpPbIE MOTYT OBIThH 3a-
MHCAHBI C HEOONBITMMH ONIMOKaMH U HEOOXOJIMMO HAMTH 3aMKCh, HEB3UPAsl Ha
oUIMOKK B KiIr04ax. [Ipu 3TOM MOXHO cIeaTh Be KOMHH (aiiia, B OJHOM U3
KOTOPBIX KJIFOYH OYIYT PACIOIOKEHBI B OOBIYHOM JISKCHKOrpa(UuecKoM Io-
psiiKe, a B IPYTOM — B JICKCUKOTpahHIeCKOM MOPS/IKE IPU YTCHUH CIIOBA 3a-
nom Harepén. Torna uckaXEHHBINA apryMEeHT MOMCKa OyIeT, BEpOSITHO, COBIA-
JIaTh JIO TIOJIOBUHBI (WU Ooiee) CBOEH JUTHHBI C KITFOYOM HEKOTOPOW 3aIkCH B
OITHOM W3 (HaiiyIoB.

[MomoOHbIe 3a7a4M MPUBICKIM BHAUMAaHHE YYEHBIX B CBSA3H C BBOJOM B
JICHCTBUE CHCTEM PE3CPBUPOBAHUS OUIICTOB HA CAMONIETHI U IPYTUX MOTOOHBIX
UM CHUCTEM, B KOTOPBIX BEJIUKA BEPOSATHOCTH BOSHUKHOBEHHUS OLIMOKH B (haMu-
JIMK U3-32 IUIOXOW CIBIIIMMOCTH WK HeKawturpaduyeckoro mouepka. Llesbto
HCCIIeIOBaHMil ObLT MOMCK METOo/a MPeoOpa3oBaHUs apryMeHTa B HEKHH KO,
KOTOPBIN TTO3BOJIUI OBl TPYIITUPOBATH PA3IUYHbIC BAPHAHTHI OHOMN (haMHIUH.
[anee omrcan Metox Soundex, HameAMUH IIUPOKOE NMPUMEHEHUE ISt KOH-
poBaHUs (haMUITHIA:
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Iar 1. OcraBuTh NepBy0 OYKBY (haMWINU U yIAIUTh U3 He€ Bce OYKBEI
a, e, h, i, o0, u, w,y B Ipyrix MO3HILHSIX;

Iar 2. Ha3znauuth ocraBIIMMCs OyKBaM (KpOME TIEPBOIA) CIICAYIOIIHE
YHCJIOBBIC 3HAYCHUS:

b, f,p,v = 1 [ —> 4
¢ gk g, s,x,z—> 2; m,n — 5;
dt— 3 r — 6.

lar 3. Ecu B HCXOMHOM CIIOBE JTO BBIMOTHEHUS Iiara 1 1Be win Oonee
OYKBBI C OJHUM U TEM K€ KOJOM CTOSUTH PSJOM, YAAIUTh KOJBI BCEX OYKB,
KpoMe MepBOH.

Iar 4. IIpeoOpa3oBaTh MONYYEHHBIH KOA B QopMar «OykBa, mudpa,
mudpa, mudpay (MpUnHcHBas HEOOXOANMOE KOJIMYECTBO HYJEH crpaBa, eciu
B pe3ylbTaTe IMONYYWIOCh MEHBIIEe TPEX mudp, Wi OTOpachiBas JUIIHUC
uudpsl, eciu ux OoIbIe TpEX). W

Hanpumep, bamunuu Euler, Gauss, Hilbert, Knuth, Lloyd u Lukasiewicz
umeroT koael £460, G200, H413, K530, L300 u L222 coorBercTBeHHO. EcTte-
CTBCHHO, Pa3HBIC CIOBA MOTYT UMETh OJIMHAKOBBIC KOMBI. Tak, MpUBEIEHHHBIC
BBIIIIE KOJBI MOTYT OBITH TOTYYCHBI U3 clenyromux hamwmit: Ellery, Ghosh,
Heilbronn, Kant, Liddy u Lissajous. C npyroil CTOpOHBI, TaKH€ CXOXKUE CIIOBa,
Kak Rogers u Rodgers, wiu Tchebysheff n Chebyshev, UMEIOT pa3HbIC KOJBIL.
Tem He MeHee, Kol Soundex CyIIECTBEHHO YBEIMYHBAIOT BEPOSTHOCTH
HAXOX/ICHUSI UIMEHHU TI0 OJIHOMY U3 BAPUAHTOB HATIMCAHUSI.

[Mpexxne uem nepeiT K COOCTBEHHO M3YUEHUIO METOJOB ITOWCKA, IT0JIe3-
HO B3IVISTHYTH Ha MCTOPHIO JJAHHOTO BONpoca. B JoKoMITbIOTEpHYIO 3py HMe-
JIOCh MHOXKECTBO KHUT C TaOJHIAMU JIOTapu(h)MOB, TPUTOHOMETPHUCCKIUMH U
JIpyruMu Tabsmiamu (HanpumMep «rabmuiel bpamucay). Y MHOrne maremartu-
YEeCKHE BBIYUCIICHUS (PaKTHUYCCKH OBLTH CBEIICHBI K MOUCKY. OTHAKO C MOSIBIIC-
HHEM KOMITBIOTEPOB C XPAHUMBIMH MPOrpaMMaMK CTajl0 MHOT/A IMPOIIE BbI-
YHUCIIUTH 3HAUYEHHE l0g X WK COs X 3aHOBO, YeM HaWTH ero B Tabnwuie. B Heko-
TOPBIX JPYTUX CUTyalusAX 0oJiee BBITOMHBIM OKAa3bIBAETCS IMPEABAPUTEIBHOE
BbIUHCIIeHHE Ta0nuI QYHKINH, a B TIpolecce padoThl — OCYIIECTBICHNE TTOHC-
Ka MX 3HaYeHWH. 3aMeTHM, YTO B MPOLECCEe ITONCKa MOXKHO HCIIONb30BaTh 00-
Jiee OBICTPYIO LETOUNCIEHHYIO apu(METHUKY.

Xorts 3a/1a4a COPTUPOBKH MpHBJIEKana OOJbIIoe BHUMAHUE €I Ha 3ape
KOMIIBIOTEPHOH 3pbI, AITOPUTMBI MIOMCKA OCTABAIUCH B 3a0BEHUH JIOCTATOYHO
nmonroe Bpems. M3-3a Majoii BHYTpEHHEH MaMSATH W HAJWYUS JUIT XpaHCHUS
OonbInx (paiiIoB TONBKO YCTPOWCTB MOCIEAOBATENHFHOTO JOCTYyNa (HAroa0-
Owue JICHT) JeIaJiv MTOUCK JIN0O TPUBHAIBHEIM, JINOO HEBO3MOKHBIM. Pa3BuTHe
U YJCIICBJIICHUE ITAMSTH C MPOU3BOJIBHBIM JOCTYIIOM MPUBEIO K TOHUMAHHIO
TOTO, YTO ITpodJieMa MONCKa Ba)KHA U UHTEPECHA.
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PaccmoTpum nmanee Tak Ha3bIBaeMBIH 710CI€008AMENbHbIU HOUCK, 3aKITIO-
yaromuiics B cienyromemM. HauaTs ¢ Hayana ¥ poAoinKarh JI0 TeX Iop, IT0Ka He
OyJeT HaliieH NCKOMBIH KITIOY, M 3aTeM OCTAaHOBHUTHCS. DTa NPOIEAypa Mpea-
CTaBJIsIeT COOOH OUEBHUIHBIN MyTh TIOMCKA U MOXKET CITY)KUTh OTIIPABHOM TOYKOH
JUISl pPACCMOTPEHHUSI MHOXKECTBA JITOPUTMOB TIOMCKA, TIOCKOJIBKY OHM OCHOBAHEI
Ha IOCJIE/IOBATENILHOM TTOHCKE. 3aMETHM, UYTO 32 ITPOCTOTOM TOCIIEI0BATENHEHOTO
TIOMCKa CKPBIBAETCS PSIJ| MHTEPECHBIX, HECMOTPSI HA UX TIPOCTOTY, HIEH.

Auaroput™m 8. (Ilocredosamenvrwiii ROUCK.)

Jlana tabnuua 3anuceii Ry, R,, ..., Ry ¢ kmouamu K, K, ..., Ky cOOTBeT-
CTBEHHO. AJITOPUTM NpeTHa3Ha4YEH JUIsl TIOMCKA 3aIHCH C 33/IaHHBIM KITI04OM K.
IIpennonaraercs, uto N > 1.

S1. [Manmanusanus. | IIpucsouts i« 1.

S2. [CpaBuenue.] Ecnu K = K;, TO ycrneniHoe 3aBeplieHre alropuTma.

S3. [[Iponsuxenue.] YBenuuuts i Ha 1.

S4. [Konen ¢aiina?] Ecnu i < N, To BepHyThCs K mary S2. B nmporuBHOM
cllydae aJlTOpUTM 3aKaHYMBaeTCsl HEyJauyHO. W

OTMEeTHM, YTO 3TOT ANTOPUTM MOXKET 3aBEPIIUTHCS yCHEIIHO (MCKOMBIH
KJIIOY Hal/leH) W HeyJauyHo (MCKOMBIN KIII0Y OTCYTCTBYET), YTO XapaKTEepHO
JUTsi OOJIBITMHCTBA ANTOPUTMOB TTOMCKA.

Ananmu3 anropurMa S HeECJIOXeH. Bpemsi ero BBIONHEHUS] COCTaBIISIET
(5C — 2R + 3) enmuHMUI] BpEMEHU U 3aBHCUT OT KOJUYECTBA CPABHEHUI KITFOUEH
C, a taxke pesynbrara R (R = | 1pu ycnenHoM OKOHYaHWH moucka u R = 0
npu HeyaayHoM). Ecim ipu norcke ycrenino HaiiieH ko K; = K, To momHoe
BpeMs paboThel coctasisieT (5 + 1) u. Ecu mouck okaxercss HEyTayHBIM, TO
BpeMs paboTsl — (SN + 3) u. Eciu Bce KiIF0UYM MOCTYMAOT HA BXOJ aJITOPUTMa
C OJMHAKOBOW BEPOSITHOCTHIO, TO cpenHee 3HaueHHe C B CiIydae YCIEIIHOTO
TIOMCKA PaBHO

1+2+..+N N+1
N 2

JlaHHBIN aIropuT™M, HECOMHEHHO, 3HAKOM BCEM IPOrPAMMUCTaM, 3TO HE
caMasi Jydinasi peanusalysl MocienoBaTeNnbHOro moucka. [Ipu HeGonbiiom
HU3MEHEHHUH aJITOPUTM BBITIONTHSIETCS CYIIECTBEHHO ObIcTpee (eciu 3amnuceil He
CJIMIIIKOM MAJIO).

Aaroput™ Q. (bvicmpblil nociedoeamenbHblil NOUCK.)

B nmanHOM anropuT™Me, 10 CPaBHEHUIO C allTOPUTMOM S, IMEETCS JIOTIOJIHH-
TEJIHOE TPEIOI0KEHNE O HAUTUYUH (PUKTHBHOH 3anncH Ry B KOHIE (aiina.

01. [Manmmanuszanus. | IIpucBonts i «— 1 u Ky, «— K.

02. [Cpasuenue.] Ecnu K = K, To nepeiitu k mary Q4.

03. [IIponsmwxenue.] YBennuuts i Ha 1 ¥ BepHyThCs K mary Q2.

04. [Konen daiina?] Ecnu i < N, TO anroput™ 3aKaHUYUBACTCS YCIICIIHO;
B NPOTHBHOM cilydae — HeyjgauHo (i =N + 1). m
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DTOT aNropuT™ BBITIOIHSET NOUCK 3a (4C — 4R + 10) eanHUIl BpeMeHH.
CrnenoBatenbHO, BBIMIPBINI [0 CPABHEHHUIO C MPEABIAYIIMM aJITOPUTMOM IO-
nyyaercs B ciiydae C > 6 1715l yCHEemHoro noucka u N > 8 — Jyist HeyJJauHoro.

IIpu nepexone or aaropur™a S Kk anropurMy (J UCHOIb30BAH BaXKHBIM
YCKOPSIFOIIMI MPUHIUI — HECKOJIBKO NMPOBEPOK BO BHYTPEHHEM IUKJIE CBECTH
K OJTHOM IIPOBEPKE MO €ro OKOHYAHUU.

JlpyruMm yIydiieHHbIM ajJTOPUTMOM ITOWCKa MOXXHO BOCITIOJb30BaTHCH,
€CJIM KITFOYH B TaOJINIIEe PACIIONIOKEHBI B TTOPSIIKE BO3PACTAHUSL.

Auaroput™ T. (Ilocriedosamenvrblil NOUCK 8 YNOPOOUEeHHOU madauye.)
B 3aganHoli Tabmure 3amuceit Ry, Ry, ..., Ry KIIOYU PACIOIOKCHBI B ITO-
psanke Boszpactanus: K; < K, < ... < Ky. AATOpUTM INpeAHa3HAYEH IS MIOMCKa
3aIliCH ¢ 3aJIlaHHBIM Ki1F04oM K. J{iist ynoOcTBa 1 yckopeHus paboThI alnropurma
TIpEeIIIoiaraeTes Hanaue (PUKTHBHOU 3aUCH Ry ¢ KITFouoM Ky, =00 > K.
T1. [Uanmmanuzanus. | IpucBouts i« 1.
T2. [CpaBuenue.] Eciu K < K;, To nepeiitu k mary 74.
T3. [Ilponsuxenue.] YBenuuuTs i Ha 1 ¥ BepHYTbcs K miary 72.
T4. [PaBenctBo?] Eciu K = K, To alropuT™ 3aKaHUYUBAETCS YCIIEIIHO.
B mpotuBHOM ciiydae — HEyZauHOE 3aBEPIICHUE AITOPUTMA. W

B npeamnonoxxeHunn, 4TO BCE BXOAHBIE apryMEHTBHI-KIIOUYH PaBHOBEPOST-
HBI, AJITOPUTM IO CKOPOCTU PabOTHI B Cllydae YCIIEIIHOTO IIOMCKa aHAJIOTn4eH
anroput™my Q. Ilpn HeyaaYHOM MOMCKE OTCYTCTBHE HYXXHOT'O KJIFOYa OIpere-
JIsieTCs MPUMEPHO BJIBOE OBICTpEe.

Bo Bcex npHuBeNEHHBIX 3/1€Ch aJTOPUTMaX HMCIOJIb30BaJIacCh 3aIUCh C UH-
JIeKcaM¥ ISl 9JIeMEeHTOB Tabuun (oHa Oonee y00HA /ISl ONMCAHUS ANTOPUT-
MoB). OJHaKO BCe ONMUCAHHBIE AITOPUTMBI MIPUMEHUMBI M K JPYTUM THIIAM
JIAaHHBIX, HampuUMep, K TaONuIaM cO CBS3aHHBIM NPE/ICTABICHUEM JaHHBIX,
TIOCKOJIbKY B HUX JaHHBIE TAKKE PacroiioXKeHb! IocieioBaTeNbHo. Hampumep,
anropuT™ S MOCNIeI0BaTEIBHOr0 IOMCKA MPeodpa3yeTcs K CIACAYIOIIEMY BHIY.

Auaroput™m S’. (Ilocredosamenbhbiii NOUCK 8 CEA3AHHOM CHUCKE.)

Jana Tabnuma 3amuceit Ry, Ry, ..., Ry. Ecu P yka3siBaeT Ha HEKOTOPYIO
3amuck, T0 KEY(P) — xmod, INFO(P) — cooTBeTCTBYIOIIast KIouy HH(popMa-
st u LINK(P) — ykazaTenb Ha cienytontyto 3anuch. [lepemennas FIRST yka-
3BIBA€T HA NEPBYIO 3amMCh, a B nosne LINK mocnenHel 3amucu conepxKuTcs
mycTasi cBs3b A. ANTOpPUTM TperHa3HAa4yeH JUIsl ITOWCKa 3aIlUCH C 3a/IaHHBIM
kimouoM K. Ilpeanonaraercs, uto N > 1.

S’1. [Manumanusanus.] [pucsouts P «— FIRST.

S§’2. [CpaBuenue.] Ecmu K = KEY(P), TO yCIEIIHOE 3aBEPIICHUE aJro-
pHuTM™Ma.

S’3. [TIponsuxenue.] [Ipucsonts P «— LINK(P).

S’4. [Konen daiina?] Ecnu P # A, To BepHyThCa K mary S’2. B nporus-
HOM CJIydae ajropyuTM 3aKaHUYMBAaETCs HEY/Ia4HO. W
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YupaxxeHus

1. BemonauTte MetomoMm Soundex momaroBoe npeoOpazoBaHue (amu-
muit Euler, Gauss, Hilbert, Knuth, Lloyd u Lukasiewicz B COOTBETCTBYIOIIHC
UM KOJIBL.

2. Ompenenute KOIUYECTBO cpaBHEHUN K = K; U KOINYECTBO CpaBHE-
Huil i < N, NPOU3BOJUMBIX AITOPUTMOM S U anroputMoM ( MpHU yCHEIIHOM
MoUCKe Kiroda 765 M HeyJauHOM MOHUCKe Kiroua 843 B MOCIEe0BATENbHOCTU
kiroueit 503, 87, 512, 61, 908, 170, 897, 275, 653, 426, 154, 509, 612, 677,
765, 703. IlpoaHanu3upyiTe NOTy4eHHbIE PE3YJIbTATHI.

3. VYcraHoBute o0IIee KOJMYECTBO CPaBHEHHH, NMPOM3BOAUMBIX aJro-
putMoM (), u oOlee KOJMYECTBO CPAaBHEHHH, IIPOM3BOAMMBIX aITrOPUTMOM 7,
IIpU yCIEUIHOM noucke kiarouelt 61, 512, 908 n HeynayHOM moucke Kiroden
172, 769 B ynopsamoueHHO# mocieaoBarenbHocTH Kimroueid 61, 87, 154, 170,
275, 426, 503, 509, 512, 612, 653, 677, 703, 765, 897, 908. IIpoananuzupyiite
TIOJTyYeHHBIE PE3YIbTATHI.

19. IOUCK B YIIOPSJIOYEHHOM TABJIUIIE

Janee oOCyuM MeTOJbI IOUCKA, OCHOBAHHbIE HA JTMHEHHOM yHOpsAaoue-
HUH KITI04Yel (YMCIIOBOM WM all()aBUTHOM):

K, <K)<..<Ky.

IIpu mowcke TaKMMU METOJaMHU TOCIE CpaBHEHMs aprymenTta K ¢ KITiO-
4yoM K; 13 TaOIHUIBI TIOMCK MPOIOIKACTCS OJHUM U3 TPEX MyTEH, B 3aBUCHMO-
CTH OT TOT'0, KAKOE U3 TPEX YCIOBHIA OY/IET BHIMOIHEHO:

— ecmu K < K, To 3anucu R; , R4y, ..., Ry UCKIIIOUAIOTCSA U3 PACCMOT-
peHUS;

— ecmu K = K, TO IOKCK 3aBEPIUIEH;

— ecmu K > K;, To 3amucu Ry, R,, ..., R; HCKIIOYAIOTCS U3 PACCMOT-
peHUs.

Paccmorpum MeTon, 3akimoyaroniuiicss B crnenyronieM. CHavana, CpaBHUB
apryMmeHT K cO CpeIHMM KITIOYOM B TaOIHIle, ONMPENeNsfoT, B KaKOH MOJIOBUHE
TAOJMIBI HAXOMUTCSA MCKOMBIM KITI0Y. 3aTeM MPUMEHSIOT TY e MpPOLeaypy K
MOJIOBHHE TAONHUIBI, YETBEPTU TAOIHIBI U T.J. MaKCUMyM 3a BEJIUYUHY I1O-
psanka Ig N cpaBHEHH HAXOMSIT MCKOMBINA KITFOY (MO0 yCTAHABIIUBAIOT, YTO
ero HeT B Tabuuile). Takoi MeTOJ M3BECTEH KaK J102apu@MuyecKuti NOUCK, WIA
Memo0 OeleHust RONOJIAM, TH OUHAPHBLIL NOUCK.

XoTsi OCHOBHasI Ujesi OMHAPHOIO MOKMCKA CPABHUTEIBHO MPOCTA, JIETaN
€ro peanu3alyy HEeTPUBHAIbHBL. B oxHON W3 Haubonee MOMyJsApHBIX (HOpM
peanu3aluy MEeTo/Ia CTIOIB3YIOTCS IBa yKa3atess / ¥ i, KOTOpble 0003HAYAIOT
HIDKHIOIO U BEPXHIOK0 MPaHUIBI IIOUCKA COOTBETCTBEHHO.
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Auaroput™ B. (bunapmwiii nouck).

Jana tabmura 3amuceit R, R,, ..., Ry, KIIFOYH KOTOPBIX PACHOIOXKEHBI B
nopsiake Bo3pacranus: K; < K, < ... < Ky. AIropuT™ HCIONb3yeTCs s TO-
HCKa B 3TOW TabIuIle 3alaHHOr0 aprymenTa K.

B1. [Manmanuzanyst. ] YcraHoBuTh [ «— 1, u «— N.

B2. [Tlonyuenne cepeaunbl.] (Ha stom miare usBectHo, uto ecnmu K
uMeercs B Tabuuile, To crpaBemmuBo yenoue K; < K < K,.) Ecimu u < [, anro-
PHUTM 3aBeplIaeTcsi HeyJauyHo;, B IPOTHBHOM CiIydae HEOOXOAWMO ITPUCBOUTH
i« |_(l+u)/2j, 9TOOBI [ COOTBETCTBOBAJIO IPUMEPHO CEPEIMHE paccMaTpUBac-
MOH 4acTH TaOJIHIIBI.

B3. [CpaBuenue.| Ecnu K < K, To nepeiitu k mary B4; ecniu K > K;, T0
nepeiity k maryB5; ecnu K = K, TO anropuT™M 3aBepIIaeTcsl yCHENHO.

B4. [V3menenue u.] IlpucBouts u <— i — 1 1 BepHyThCs K mary B2.

BS. [U3menenne [.] [IpucBouts [ «<— i + 1 v BepHyThCs K miary B2. m

B tabnumax 5 u 6 nmokasaHsl [iBa Clydyas IPOBEIECHU OMHAPHOIO MOUCKA.
B nepBoM ciydae oCyIIECTBIIAETCS IIOUCK Yucia 653, UMEIOLIerocs B CIUCKE,
a Bo BTopoM — uncia 400, kotopoe B crricke oTcyTcTBYyeT. CKOOKH IMOKa3bl-
BAlOT MOJIOXKEHHE ykaszaTenell / U u, a NOAUEPKHYTOE YMCIIO — 3HaueHue K.
B o0omux ciydasx MOMCK 3aBepIIaeTcs IOCE BBIMOJHEHUS! YETHIPEX CpaB-
HEHUH.

Taoanma 5

[61 87 154 170 275 426 503 509 512 612 653 677 703 765 897 908]
61 87 154 170 275 426 503 509 [512 612 653 677 703 765 897 908]
61 87 154 170 275 426 503 509 [512 612 653] 677 703 765 897 908
61 87 154 170 275 426 503 509 512 612 [653] 677 703 765 897 908

Taoauna 6

[61 87 154 170 275 426 503 509 512 612 653 677 703 765 897 908]
[61 87 154 170 275 426 503] 509 512 612 653 677 703 765 897 908
61 87 154 170 [275 426 503] 509 512 612 653 677 703 765 897 908
61 87 154 170 [275] 426 503 509 512 612 653 677 703 765 897 908
61 87 154 170 275] [426 503 509 512 612 653 677 703 765 897 908

Jl7st mydmiero moHUMaHUs pabOThI aNrOpUTMa B PeCTaBUM OIHCAHHYIO
MpOIeTypy TOUCKA B BUAEC OMHAPHOTO JepeBa MPHUHATHUS PEIICHUU, n300pa-
>k€HHOro Ha puc. 38 g N = 16.
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Puc. 38. /lepeBo cpaBHeHHUIi (MHAPHOIO MOUCKA

CpaBHenue K u Kg Ha pUCyHKe IIPEJICTaBIE€HO KOPHEBBIM y3JI0M HOMED 8.
Ecnu K < K3, TO anroputM nepexoauT B JIEBOE MOJAEPEBO U CPAaBHUBAIOTCS K
u K4 B npotuBHOM ciydae, ecian K > Kg, TO alropuT™M NEPEXOJUT B MPaBOe
noaAepeBo U cpaBHuBaroTcad K u Kj;. B npoTuBHOM citydae npu paBeHCTBE K
n Kg anropuT™ 3aBepuiaeTcst ycremHo. Boobuie npyu ycnenHoM 3aBeplieHHn
TIOMCKA AJTOPUTM OCTaHABIIMBAETCS B OJHOM M3 BHYTPEHHUX «KPYIJIBIX» Y3-
J0B. Hanpumep, B kpyriiom y3iie HoMep 3 ainroput™ ocranoBurcs mpu K = K.
HeynauHelii ke MOWCK NPHUBEAET B OIUH M3 BHEIIHUX «KBaJIPaTHBIX» Y3JIOB,
nponymepoBaHHbIX oT 0 1o N. Hampumep, xBagpatHblid y3en Homep 6 Oyner
nocturHyt npu K¢ < K < K7, xBagpaTHbIil y3en Homep 7 —npu K; < K < K.

BunapHoe nepeBo, cooTBeTCTBYyIOIIEEe OMHAPHOMY MOUCKY B TaOJIUIIE W3
N 3ammceii, MOXXET OBITh TIOCTPOEHO ciemyrommM oopazom. Ecu N = 0, To me-
PEBO TIPENCTaBIACT COOOM MPOCTO KBajpaTHbIA y3enm Homep (. B mpoTuBHOM
ciTydae KOPHEBBIM Y3JIOM JiepeBa OyJIeT KpYyIJIbli y3el ¢ HOMEpPOM [IN/2] [Ipu
TOM JIeBOE ITOJUIEPEBO Tpe/ICTaBIseT coboii GunapHoe aepeso ¢ (N /2 1 1)
KPYIJIBIMH y3JIaMH, a TIpaBoe MOJIEPeBO — GuHapHoe aepeo ¢ LN / 2| kpyr-
JpIMU y31amMu. OTMETUM, UTO BCE 4HCia B y3JaX IPaBOro MOJAAEPEBA yBEIU-
genbl Ha | N / 2| 110 cpaBHEHHIO ¢ YMCIAMHI B COOTBETCTBYIOIIMX Y371aX JIEBOTO
oA AepeBa.

TouHo Tak B BHae OuHapHOro JepeBa ¢ N y3iaaMu, B KOTOPOM BCE Y3JIbI
MIPOHYMEPOBAHBI YUCIaMu OT 1 10 N, MOXeT ObITh NpeJCTaBIIeH 10001l auro-
PHUTM TIOKMCKa B YIOPSIOYEHHON Tabiune AIMHOW N (€CiaH TONBKO allrOpUTM
HE BBITIOJTHACT U3JIHIITHUE CPaBHEHUs ). BepHo u oOpaTHOe — J1r000e OMHapHOE
JIEpeBO COOTBETCTBYET HEKOTOPOMY METOAY MOMCKA B YHOPSIOYEHHOH Tabu-
ue. [Ipu 3ToM 10CTaTOUHO MPOCTO MOMETUTH Y3JIbI
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DOODOE - ®HF

B CHMMETPHYHOM TIOPSIKE CIeBa HAIIPABO.

Teopema B. /lnsz 2! < N < 2% yenewmnwiii nouck no ancopummy B mpe-
byem MUHUMYM O0OHO U Makcumym k cpasHenuil, a HEYOQuHbL NOUCK NPU
2N < N< 2"~ 1 mpebyem (k— 1) unu k cpasnenuii. m

3aMeTuM, YTO HUKAaKOW JAPYrod METOJ| NMOMCKa, OCHOBAHHBIN Ha cpaBHe-
HUM KJIFOYEH, HE MOXET MPEB30UTH 3TOT pe3yabTar. CpenHee BpeMs paOOThI
aJqropuT™Ma B B TIPEAIIOI0KCHUN PABHOBEPOSITHBIX UCXO/IOB ITOUCKA COCTABIIS-
er npubamsurensHo (18 1gN — 16) u ans ycnemHoro u (18 IgN + 12) u ans
HEYJJAYHOTO TIOMCKA.

YupaxHeHus

1. Tloctpolite OuHapHOe jaepeBo (MOJO0HOE U300paKEHHOMY Ha
puc. 38), KOTOpoe COOTBETCTBYET OMHAPHOMY IOUCKY B YIOPSAOUYEHHON TaO-
JIMIIE U3 JACCITH 3anucen ¢ kimrodamu: 61, 87, 154, 170, 275, 426, 503, 509, 512
u 612. [Ipocnenure 3a mouckoM Mo anropurmy B kmoueit 50, 61, 72, 87, 112,
154, 163, 170 u 275, orcnexxuBas MpU 3TOM COOTBETCTBYIOIINE TIOUCKY ITyTH B
OWHAPHOM JICpERBe.

20. IOUCK ITO BUHAPHOMY JEPEBY

W3 npenpinymiero naparpada BUIHO, YTO HESBHAS CTPYKTypa OMHAPHOTO
JlepeBa o0JierdaeT MOHMMaHue OMHApHOro rnoucka. OJHAKO paccMOTpPEHHBIN
TaM METOJ TOJUTCS B OCHOBHOM JUTS TaOJIUI] (PMKCHPOBAHHOTO pa3mepa, Io-
CKOJIBKY IIOCJIEJOBATENILHOE PACIIOIOKEHHE 3alKCell AenaeT BCTaBKy U yaaje-
HHUE 3allucell BechMa TPyHOEMKUMH. B ciyuae korja TaOiwna JUHAMHYCCKU
MU3MEHSETCS, MOXKHO MOTPATUTh HAa €€ MOCTOSHHOE YIOPSIOYeHHE Kyaa 00ib-
e BPEMEHH, YeM COKOHOMHUTH Ha OMHAPHOM ITOHCKE.

A6Hoe WCTIONB30BaHUE CTPYKTYphl OMHApHOrO JiepeBa ISl XpaHEHHs
TaOJIUIIBI TTO3BOJISICT OBICTPO BCTABJIATH M YHANATH 3alUCH, a Takke d(¢ek-
THUBHO BBITIONHSTH MTOMCK. 3aMETUM, YTO TIPU ITOM TPEOYETCs JIBa JTOMOITHU-
TENBHBIX TIOJISI CCBUTOK B KaKJIOW 3aITUCH TaOJHIIBL.

TexHomorny moucka B pacTyleil TabJIiie YacTo Ha3bIBAIOT A/icopuUmma-
MU mabauy cuM80/106, TaK KaK acceMOJIephl, KOMITWISATOPHI U IPYTHE CHCTEM-
HBIC TIPOTPaMMBI OOBIYHO MPHUMEHSIOT WX JIJIS XPaHEHUs I0JIb30BATCIBCKUX
CUMBOJIOB. Hampumep, KITIOYOM 3aIlUCH B KOMIIHJISTOPE MOXKET OBITh CHUM-
BOJIGHBIA HJICHTU(UKATOP TEPEMEHHON B HEKOTOPOIH MporpamMme Ha SI3BIKE
FORTRAN wmu C, a ocTaimbHasl 4acTh 3aMUCH MOXET COJICPKaTh HHPOPMAIIUIO
0 THIIE IEpEeMEHHOH U e€ aapece. AITOpUTM MOUCKA CO BCTaBKOW MO JIEPEBY,
KOTOPBIH OyJIeT pacCMOTPEH HIXKE, JOCTATOUHO 3()()EKTUBEH B KAUECTBE aJro-
pUTMa TaOJIHII CHMBOJIOB, OCOOCHHO B MPIJIOKCHUSAX, B KOTOPHIX MOXKET OKa-
3aThCSl HEXKENATESILHBIM BBIBOJI CITUCKA CUMBOJIOB B aJI()aBUTHOM TTOPSIJIKE.
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CAPRICORN

AQUARIUS

GEMINI TAURUS

(scorpio) ( virGo )

4 b b

Puc. 39. Bunapnoe 1epeBo noucka

Ha pucynke 39 nokazano 6HHapHoe JIEpEBO MOKCKa, CojeprKallee Ha3Ba-
HUsI OIMHHA/IIATH 3HAKOB 30/IMaKa . ECIIM IPHCTYIHTD K TOUCKY JBEHA/ATO-
ro umenu, SAGITTARIUS, nauuHasi OT KOpHS JIepeBa, TO BBISICHUTCS, UTO OHO
oonbmie (nexcukorpaduuecku), yeM CAPRICORN, W HYXHO WITH BIIPABO.
Omno Oombire, ueM PISCES, u He0OXOIUMO OMSATh UATH BIpaBo. OHO MEHBIIIE,
yeM TAURUS, u nyxxHo uatH BieBo. OHo meHblue, ueM SCORPIO, u Mbl 10-
najaeM BO BHemIHUH y3en Homep 8. Ilomck okaszajics HEyJayHbIM, U TeNepb
MOXHO BcTaBUTb UMst SAGITTARIUS B TO MecTO, T1ie 3aBEPIIUIICS MOUCK, T.€.
HA MECTO BHEITHEro y3i1a HoMep 8. Takum oOpa3oM, TabiuIia MOXKET paciiu-
PAThCS O€3 TepeMeNICHUs YKe CYIICCTBYIOIIUX 3aIHCEH.

3ameTuM, YTO JepeBO Ha pHc. 39 OBUIO MOIYYECHO ITyTEM MOCIEIOBA-
TeNnbHOM BCTaBKkM B mycroe jaepeBo kimrouell CAPRICORN, AQUARIUS,
PISCES, ARIES, TAURUS, GEMINI, CANCER, LEO, VIRGO, LIBRA,
SCORPIO B yka3zaHHOM mopsjake. B 3Tom nepeBe kimrouu J€BOro mojjaepeBa
MeHblIe (B JeKcuKorpadguiyeckoM nopsiake), ueM CAPRICORN, a Bce KIt04H
MPaBoro mojyiepeBa — OoJbine ero. To ke caMoe CIpaBeTUBO JUTSI JIEBOTO U
MPaBOro MojAepeBbeB J1r000ro y3ma. OTCroa CieayeT, 9YTo mpu 00xoje aepe-
Ba B CHMMETPHYHOM MOPSIIKE (JICBOE MOICPEBO, KOPEHB, MPABOE MOAIEPEBO)

" Crncok 3HaKoB 30/IMaKa, yIopsIOYCHHBIN 1Mo Mecsiam TakoB: Koszepor (Capri-
corn), Bononeit (Aquarius), Peiowr (Pisces), OBen (Aries), Teneu (Taurus), bin3nenst
(Gemini), Pax (Cancer), Jles (Leo), JleBa (Virgo), Beco (Libra), CxoprimoH (Scorpio),
Crpenen (Sagittarius).
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Oyner moy4eH CucoK Kirouei B andasutHoM nopsiake: AQUARIUS, ARIES,
CANCER, CAPRICORN, GEMINI, LEO, ..., VIRGO.
Huxe npuBoauTcs noapoOHOE ONUCaHUe MPOoLiecca IOMCKA CO BCTaBKOM.

Auaroput™ T. (Ilouck no depesy co écmaskoil.)

AnTopuT™M TIpeHA3HAYCH JIJIA MOKMCKA 33aJJAHHOTO apryMeHTa K B Ta0iu-
IIe 3amuceit, oopasyromeii omHapHoe nepeBo. Ecnmu xirou K B Tabmiuie oTcyT-
CTBYET, TO HOBBIH y3€J, COACPKANIMNA ATOT KIIFOY, BCTABISACTCS B JICPCBO B
Ha/uIexamiee Mecto. [Ipenmnonaraercsi, 4To y3JIbl JepeBa colepKar Mo Kpaw-
Hel Mepe ClleyolIue oS

KEY(P) — o4, xpansuiicst B y3ne NODE(P);
LLINK(P) — yka3artenb Ha JieBoe noanepeso y3ia NODE(P);
RLINK(P) — yka3zarens Ha nipaBoe noazepeso ysna NODE(P).

[TycTele momiepeBbst (BHEMIHUE Y3716l Ha pUC. 39) MpenCcTaBiIsIOTCS ITy-
cteiMu ykazatensamu A. Tlepemennas ROOT yka3blBaeT Ha KOpEHb JepeBa.
Jnst ynoberBa monaraem, 4To JepeBo He mycto, T.e. ROOT # A, Tak kak npu
ROOT = A HeobxonuMbIe orepaliy TPUBHAIBHBI.

T1. [Uanumanuzanust. | [pucBouts P «<— ROOT. (IlepemenHas-ykaszartenb
P Gyner nepememiatbest BHH3 110 JIEPEBY.)

T2. [CpaBuenue.] Ecim K < KEY(P), To nepeiitn k mary 73; eciu
K> KEY(P), nepeiitn k miary 74; v ecim K = KEY(P), TOMCK yCHEITHO 3aBEPIIEH.

T3. [Ilepememenue BneBo.] Ecmu LLINK(P)#A, TO TpHUCBOUTH
P — LLINK(P) v BepHyTbCs K mIary 72; B IPOTMBHOM CITydae IepeiTH K mmary 75.

T4. [Ilepememenue BmpaBo.] Ecmu RLINK(P)# A, TO TpPHCBOWTH
P «— RLINK(P) n BepHyThCs K mary 72.

T5. [BcraBka B nepeo.] (Ilouck okasaiics HEyJJauHBIM U TPeOyeTcs Imo-
Mectuth Kimod K B 1epeBo.) O < AVAIL (BelaenuTh HOBBIH y3en). [Ipucso-
utb KEY(Q) < K, LLINK(Q) < RLINK(Q) <« A. (Ha npakrtuxe cnexyer uHH-
LMAJIM3UPOBaTh U Apyrue mois Hosoro y3na.) Ecnu K < KEY(P), TO BbIIOIN-
HUTh npucBanBanue LLINK(P) « (J; B IpDOTHBHOM cCiIydae — NpUCBaWBaHHe
RLINK(P) «— Q. (Teneppr MOXHO mpucBOUTH P «— () ¥ CUUTATh IIOHCK
YCIIEITHO 3aBEPIIUBIINMCS.) W

Cpennee BpeMsi pabOTHI aJITOPUTMA COCTABJISIET BETMUUHY, PaBHYIO TIpH-
MepHo (7.5C — 2.58 + 4)u, tne C — KOMUYECTBO BHIIIOJHCHHBIX CPaBHCHHUIA;
S =1 npu ycnieutnoM u 0 mpu HeynauyHoM noucke. Clie0BaTeIbHO, 3TO JyU-
1ee 3HaYeHue, YeM Ipu OMHAPHOM TOHCKE C HESIBHBIMH JIEPEBbSIMHU.

YupaxHeHus

1. Beinmonnute anaroput™ 7 B YCIOBUSIX MOCTENOBATENbHON BCTABKU B
nycroe naepeBo kitouedt JANUARY, FEBRUARY, MARCH, APRIL, MAY,
JUNE, JULY, AUGUST, SEPTEMBER, OCTOBER, NOVEMBER,
DECEMBER wu nioctpoiite OunapHoe aepeBo (MoJ00HOe M300pakEHHOMY Ha
puc. 39), KOTopoe MPH ITOM TTOTYIUTCS.
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21. CLAJIAHCUPOBAHHBIE JEPEBbS

PaccMoTpeHHsBI B peapaymeM naparpade aaropuTM HOMCKa co BCTaB-
KOM B JiepeBO HA€T XOpOIIME pe3yibTaThl MPHU HCIOIB30BAHUM CIydaiHBIX
BXOJIHBIX JaHHBIX, HO CYIIECTBYET HEMPUSITHAs BO3MOXKHOCTh TOTO, YTO MIpHU
3TOM OyJeT MOCTPOCHO BBIPOXKICHHOE JEPEBO (JTMHEWHBIN criucok). J[ist moj-
Jiep)kaHusl OMHApHOTO JiepeBa B TaK HA3bIBAEMOM XOpouieM COCMOSHUU €ro
MOYKHO PEOPraHNU30BBIBATh HA HEKOTOPBIX ATalax MOCTPOSHHUS.

KpacuBoe pemenne 3ajaun peopraHuzanyuy OUHApHOTO JiepeBa ObUIO OT-
KpbITOo B 1962 1. coBerckumu mareMmatukamu .M. Anenscon-Benbckum u
E.M. Jlanaucom. Mx Metoz TpeOyeT ABYX JOMOIHUTEIBHBIX OUTOB HA KaXK/bIi
y3€en iepeBa 1 HUKor/a He ucroib3yer oonee O(log N) onepaumii 1uist morcka

[0 JIepeBY WM BCTaBKM HOBOTO 3jeMeHTa. [Ipe/UIoKEeHHBIN MOIXOA Takxke
AT OOIIYI0 TEXHOJOTHIO MPEICTABIICHUS JTHHEHHBIX CITUCKOB JUTMHOW N Ta-
KHM 00pa3oM, 4TO Jr00as U3 CICTYIONIMX OMEepaIfii MOXKET OBITh BBHIIOTHCHA
3a BpeMms mopsiika log NV :

a) TIOVICK DJIEMEHTA 110 3aJaHHOMY KIII04Y;

0) TOMCK k-TO dIIeMEeHTa T10 3aJlaHHOMY K;

B) BCTaBKa 2JIEMEHTA B ONPEIEIEHHOE MECTO;
) yIaJeHue ONPEneIEHHOr0 JIEMEHTA.

[Tpu nocnenoBaTeTbHOM PACIIONOKEHUN B MAMSTH 3JIEMEHTOB JIMHEWHBIX
crickoB omneparuu (a) u (0) BBIMONHSAIOTCA OYeHb 3(M(GEKTHUBHO, B TO BpeMs
Kak omneparu (B) u (T) TpeOyroT nopsinka N maros. [Ipu ucnonb30BaHuM CBSI-
3aHHBIX JJIEMCHTOB, HANPOTUB, 3PPEKTUBHO OYIYT BBHIMOIHATHCS OMCPAIIH
(B) u (1), a onepanuu (a) u (6) noTpedyroT nopsiaka N maros. [IpencraBnenue
JIMHEHHBIX CITMCKOB B BUJIE JIEPEBA ITO3BOJISIET BBIIIOJIHUTD KANCOVIO U3 Hembl-
péx omneparuii 3a O(log N) maros. I[Ipu 3ToM MOXHO OoJiee WU MeHee (-

(DEeKTUBHO BBITIOJHATH W JIPYTHE OIEPALM, HAIPUMEp CIEIUICHHWE CIIHCKA W3
M snemenToB co cuckoM u3 N aiementoB 32 O(log(M + N)) maros.

Mero/, NpenoCTaBISIONINA BCE 3TH IPEUMYIIECTBA, Oy/leM Ha3bIBATh
cOaaHCHPOBaHHBIMU JIepeBbIMU (A VL-Oepesbamu — 10 niepBbIM OykBaM (ha-
MUJIHA aBTOPOB).

Buvicomoii depesa HazpIBaeTCs €ro MaKCHMalIbHBIH YpOBEHbB, T.€. JUTMHA
€aMoro JUIMHHOTO ITyTH OT KOPHS K BHEITHEMY y3iy (Jucty). bunapnoe nepe-
BO Ha3BIBAIOT COANAHCUPOBAHHBIM, €CIIH BBICOTA JIEBOTO IMOJIepeBa Jr000ro
y3Ila oTIn4aercs He Oosee yeM Ha =1 OT BBICOTHI IpaBoro noxazaepesa. Ha pu-
cyHke 40 n300pakeHO cOaTaHCHPOBAHHOE JIEPEBO BBICOTOU 5 ¢ 17 BHYTpeH-
HUMHU Y3naMu. Dakmop coarancuposannocmu 0003HAYEH BHYTPU Ka)ZIOTO
y3J1a 3HAKaMH «1», «*» U «—» B COOTBETCTBHH C BEITMYMHONW Pa3HOCTH MEXIY
BBICOTAMH IIPaBOT'o U JIeBOro mozaepesbes (+1, 0 wam —1).
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Puc. 40. CoanancupoBaHHOe OUHAPHOE IEPEBO

B kauectBe mpumepa HecbanaHcuposanno2o OWHAPHOTO JEPEBa MOXKET
CIIY)KUTh JIepeBO 3HAKOB 30aMaka (cM. puc.39), IMOCKOJBbKY Ui Y3JIOB
AQUARIUS n GEMINI napymieHo ycioBUE Ul BEIUYMHBI Pa3HOCTU BBICOT
MO/ AEPEBBEB.

[MoguepkHéM, uTO cOanaHCUpOBaHHBIE OMHAPHBIE JIEPEBBSI ITPECTABIISIOT
cO00Il KOMITPOMHCC MEXAY OonmumanbibiMu OWHAPHBIMU JEpEeBbIMH (Bce
BHEIITHNE Y3JIbI KOTOPBIX JIOJDKHBI Pa3MeIIaThesl Ha ABYX COCEIHUX YPOBHSX) U
TIPON3BOJILHBIMUA OMHApPHBIMH JIEPEBBSIMU. A TYTh IOKUCKA IO cOaaHCHPOBaH-
HOMY JIepeBy He IpEBHIMIAET MYTH IOMCKA MO ONTUMAaJILHOMY JiepeBy Oosee
yeM Ha 45%.

Teopema (AneancoH-Benabckoro u Jlanmuca). Bvicoma cobanrancupo-
8anH020 Oepesa ¢ N enympennumu y3namu oepanuyena savenusmu 1g(N +1)

u 1.44051g(N +2)—0.3277..

PaccmoTpum, 4To pon30HAET MpH BCTaBKE HOBOT'O y3Jia B cOANaHCHUPO-
BaHHOE JIEPEBO C MCHONb30BaHneM ainroputMa 1 (MOMCKa Io JepeBy CO BCTaB-
KOM) w3 mpenpiaymero maparpada. epeso, mpencraBieHHoe Ha puc. 40,
ocraHeTcs cOalaHCUPOBAaHHBIM, €CIIM HOBBIM y3el 3aiMET MECTO OIHOro W3
BHEIIHUX y3710B 4, 5, 6, 7, 10 wiu 13, a B Apyrux cioydasx morpedyercs omnpe-
JienéHHas peopraHu3anuy OMHAPHOTO JiepeBa.

BooOmie HeoOX0AMMOCTh peopraHM3allii JAepeBa BO3HUKAET, KOrja B
HEM MMeeTcs y3en ¢ (akTopoM cOalaHCHPOBAHHOCTH +1 M moOCiie BCTAaBKU
HOBOTO y3JIa €ro IpaBoe MOAJEPEBO CTAHOBHUTCS BBIIIE, WIIM B CiIydae, Kornaa
(akTop cOAIAHCUPOBAHHOCTU y3Jla paBeH —l| W BBIIIE CTAHOBUTCS €TO JIEBOE
TIOA/IEPEBO.

Ha pucynke 41 Oonbpiue MpsIMOYTOIBHUKU O, 3, Y ¥ O TPEACTABJISIOT
MOJIZICPEBBSI C COOTBETCTBYIOMMMU BbIcoTaMu. Ciydali @) UMeeT MecTo, Koria
HOBBIN 3JIEMEHT YBEJIMUMBAET BBICOTY IPAaBOro Mmojyiepesa y3na B chpoh + 1,
a ciy4ail 6) — Korjia yBeJIMYHMBAEeTCsl BHICOTA JIEBOTO MoJyiepeBa y3na B. B mo-
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cneareM ciydae oo 4 = 0 (X mpencraBiser coO00 HOBBIH y3em), TH00 y3el
X umeer aBa nomiepesa ¢ Beicotamu  (h — 1, h) wiu (h, h — 1). OT™MeTuMm, 9TO
JIBa JAPYTHX CIydYas MOTepH cOATaHCHPOBAHHOCTH OMHAPHOIO JepeBa MOTYT
OBITh TIOJTYYECHBI U3 YKa3aHHBIX HA pUC. 41 IepeBbeB MPU 3€pPKaIBHOM OTpaxe-
HUH OTHOCHUTEIILHO BEPTUKAIBLHON OCH.

40

a)
Puc. 41. /IBa cayuas nmorepu c6aa1aHCHPOBAHHOCTH
BrimonHuB mpocThie peoOpa3oBaHus, Kak MOKa3aHO Ha pHUC. 42, MOXKHO

BOCCTaHOBUTH OajlaHC B 000MX ciydasix. [IpyM 5TOM CHMMETPUYHBIN MOPSIOK
Y3JI0B JIepeBa COXPaHHUTCS.

a) 0)

Puc. 42. /IBa cxyqasi BOCCTAaHOBJIEHHsI COATAHCHPOBAHHOCTH

B ciydae a) nepeBO MpOCTO «IOBOPAYMBAIOTY HAJEBO, MPHCOCTHHSI
noxzepeBo P k y3ny A4 Bmecto B. Takoe mpeobpa3oBaHue MOJO00HO MPUMEHE-
HHUIO aCCOIMATHBHOIO 3aKOHA K anrebpamdeckoil (opMmyse, 3aMeHSIOIIEMY
a(By) Ha (ap)y. B cnyuae 6) ucrons3yercss NBOWHOM MOBOPOT: cHavyana (X, B)
TIOBOpAYMBAIOT HANpaBo U 3ateM (A, X) — HaneBo. B oboux ciydasx B gepeBe
TpeOyeTcsi K3MEHHUTD JIUIIb HECKOJBKO CCBUIOK. Kpome Toro, HOBbIC JepeBbs
HMEIOT BBICOTY /1 + 2, TOYHO PAaBHYIO BBICOTE, KOTOpas Obuia 10 BeraBku. Ciie-
JIOBAaTEeNbHO, OCTATOK JiepeBa (€CH TAaKOBOH MMEETCs), KOTOPBIA M3HAYABHO
HaXOMUIICS HaJ y3JIOM A, Bcera octaéresi cOanaHCHPOBAHHBIM.
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Ha pucynke 43 u3o0paxkeHo nepeBo, npencraBieHHoe Ha puc. 40, mocie
BCTaBKM HOBOTO KJIfoua R ¥ BBHINONHEHWs! OajaHcupoBku. Hampumep, ecnu
BCTaBUTH HOBBIM R y3en B mo3uiuio 17 aepesa, npeacraBieHHOro Ha puc. 40,
TO TIOCJIE OIHOKPATHOI'O MOBOPOTA IOJYYHUTCS COANaHCHPOBAHHOE JEPEBO,
n300paxx€éHHOe Ha puc. 43. 3aMeTHM, YTO IPH 3TOM M3MEHHWJINCh HEKOTOpHIE
(haxTopHI COATAHCUPOBAHHOCTH.

Puc. 43. CoastancupoBaHHOe epeBo Mocjie BCTABKH HOBOI0 Kiio4ya R

Jletanu mpoueaypbl BCTaBKA MOTYT OBITH pa3pabOTaHbl Pa3THYHBIMU
criocobamu. [Ipu 3TOM KakeTCsl, YTO HEBO3MOXHO H30€KaTh HCIIOIH30BAHUS
BCIIOMOTATEIILHOT'O CTEKa, TTOCKOJIBKY TPeOyeTCsl 3aTIOMUHATD Y3JIbI, 3aTPOHY-
ThIe Tpu BcTaBke. OMHAKO OMHMCAHHBINA HIDKE aJITOPUTM TO3BOJISIET OOOUTHUCH
0e3 creka.

Aaroput™ A. (Ilouck co 6cmaskoil no coOAIAHCUPOBAHHOMY Oepes).)

Jlana tabmuia 3amuceii B hoopMe cOaTaHCUPOBAHHOTO OWHAPHOTO JepeBa,
OMMCAHHOTO BBIIIC. AJTOPUTM MPOU3BOIUT IOUCK JAHHOTO aprymeHTra K.
Ecnm K orcyTtcTByeT B Tabimile, TO B COOTBETCTBYIOIIEE MECTO JAE€PEBa BCTAB-
JIETCS Y3€ll, B KOTOPOM COJICPXKUTCS K, U IEpeBO IPU HEOOXOTUMOCTH OaJiaH-
cUpyercsl.

[Ipennonaraercs, 4To, Kak U B ayroputMe I U3 MPEIbIAYIIEro maparpa-
¢a, y3a61 gepeBa umerot nonst KEY, LLINK u RLINK. Kpome Toro, umeercs
HOBOE TI0JIe

B(P) — daxrop cbanancupoBanHoctr y3na NODE(P),

MIPEJCTABIAIONINN Pa3HOCTh BBICOT €r0 MPaBoOro U JIEBOro MoJAepeBbeB. B HEM
BCET/Ia COJEPKUTCSI TOJIBKO OAHO M3 TpéX 3Hayenuid: +1, 0 umu —1. Ha Bep-
muHe jepeBa mno aapecy HEAD pacnonokeH cHelMaibHbIM y3en, moie
RLINK xoroporo yka3bsIBaeT Ha KopeHb nepeBa, a LLINK(HEAD) ucnonb3yer-
sl UL XpaHEHUs TTOJTHOM BBICOTHI JiepeBa (3HaHUE BHICOTHI HE SIBIISIETCS] HEOO-
XOIUMBIM JUIS 9TOTO AITOPUTMa, OJHAKO IMOJE3HO NMpH KOHKAaTEHAIMH, KOTO-
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past Oyzmer obcyxnmaTtbesi Hipke). Takke Hpenronaraercs, 4To AEpPEeBO Heny-
cmoe, T.e. RLINK(HEAD) # A.

Jns ymoOcTBa ommcaHusi B alIrOPUTME HCIIONB3YyeTcss 00O03HaYeHUe
LINK(a, P) nis LLINK(P) nipu a = —1 u qnist RLINK(P) npu a = +1.

A1. [Manmmanuzanyst. ] Hpucsouts T «— HEAD, S < P «— RLINK(HEAD).
(ITepemennas-ykazarens P Oyaer JBUraThCsl BHU3 10 JEpeBY; S OyIeT yKa3bl-
BaTh Ha MECTO, I/Ie MOXXET NOTpeOoBaThCsl OalaHCUPOBKa, a T — Ha pOAUTENb-
CKUI 110 OTHONICHUIO K S y3€71.)

A2. [CpaBrenne.] Eciu K < KEY(P), To mepeiitn k mary A3; ecnu
K> KEY(P), nepeiitu x mary A4; eciu K = KEY(P), TOUCK yCIIEITHO 3aBEPIIEH.

A3. [Tlepememenue BueBo.| [IpucBouts QO «— LLINK(P). Ecim Q = A, To
BeIMONHUTE Q < AVAIL v LLINK(P) < Q w niepeiitu x mary AS. B nporus-
HOM city4ae, eciu B(Q) # 0, To mpucBouts 7 «— P u S « Q. U, HakoHeIl, pu-
cBOUTh P «— (O ¥ BepHyThCs K mary A2.

A4. [Tlepememienne Bnpaso.] IlpucBouts Q «— RLINK(P). Eciu Q = A,
TO BRINONMHUTE O < AVAIL, RLINK(P) < Q u nepeiitu k mary 45. B npo-
TUBHOM ciy4dae, ecii B(Q) # 0, To npucBouts 7 «— P u S « Q. U, Hakoner,
MpUCBOUTE P «— O 1 BepHYThCS K mary 42.

AS. [Beragka.] (Toxbko uto HOBBIH y3en NODE((Q) BcTaBiieH B JIEpeBO U
TEereph CleAyeT MHHUIMAJIN3UPOBaTh ero mois.) YcranoButh KEY(Q) «— K,
LLINK(Q) < RLINK(Q) < A u B(Q) < 0.

A6. [KoppekTupoBka (akTopoB cOanancupoBaHHOCTH.| (B HacTosmmit
MOMEHT CJIeJlyeT U3MEHUTH (aKTopbl cOaTaHCUPOBAHHOCTH Y3JIOB MEXAY S U
O c 0 na=£l.) Eciu K < KEY(S), To IpUCBOUTH @ «— —1; B IPOTHUBHOM CiIydyae
pUcBOUTH a «— +1. 3aTem npucBouth R «— P «— LINK(a, S) n npu HeoOxoau-
MOCTH TIOBTOPUTH CIIEAYIOIIYIO OIEpalio HECKOIBKO pas, Ioka P He CTaHeT
paBabM Q: ecmu K < KEY(P), To npucBouts B(P) «— —1 nu P «— LLINK(P);
ectn K > KEY(P), To npucBouts B(P) «— +1 u P «— RLINK(P). (Eciu
K =KEY(P), To P= Q u cieayer NepeiTH K CIeayIoNnIeMy Mary. )

A7. [banancupoBka.] Ha 3Tom miare Bo3MOXHBI HECKOJIBKO BAPUAHTOB.

1) ecmu B(S)=0 (mepeBo crayso BHIIE), TO OPUCBOUTH B(S) « a,
LLINK(HEAD) < LLINK(HEAD) + 1 v npekpaTUTh BHIIIOJIHEHHE aJITOPUTMa;

2) ecmu B(S) = —a (mepeBo crano Oornee cOAaHCHPOBAHHBIM), TO TPU-
cBouTh B(S) <— 0 1 mpekpaTuTh BHINOIHEHUE AITOPUTMA;

3) ecnmu B(S) = a (mepeBo pa30dajaHCHPOBAHO), TO MepeiTH K mary A8
npu B(R) = a wim x mary 49 npu B(R) = —a.

(Cnyuait (3) coorBercTByeT curyanuu (cM. puc. 41) npu a = +1. Ilpu
3TOM S ¥ R yKa3bIBaIOT Ha Y31kl 4 K B cootBercTBeHHO, LINK(—a, S) yka3biBa-
€T Ha O U T.J.)

A8. [OpnokpatHblii moBopor.] VYcranoButb P «— R, LINK(a, S) <«
LINK(-a, R), LINK(-a, R) «—S, B(S) « B(R) < 0. Ilepeiitu k tmary 410.
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A9. [[IBykpatHbiii moBopor.] YcranoButb P «— LINK(—a, R), LINK(—a, R) <
LINK(a, P), LINK(a, P) < R, LINK(a, S) « LINK(-a,P), LINK(-a, P) < S;
MIPUCBOMUTH CHavasa

(—a, 0), ecmu B(P)=a;
(B(S), B(R)) <=4 (0,0), ecmu B(P)=0;
(0, @), ecmu B(P) =—a;

a 3atem B(P) «— 0.

A10. [[Tocnemuwii mtpux.| (bamancupyromiee npeodpaszoBanue (puc. 41)
B (puc. 42) 3aBepmieHo. P ykasplBaeT Ha KOpeHb HOBOro moxjepesa, a 1 —
Ha POJUTENILCKHUIA 110 OTHOIIEHUIO K KOPHIO CTaporo noaziepesa ysen S.) Ecin
S = RLINK(T), 1o npucBouts RLINK(T) <— P; B IDOTUBHOM CITy4ae IPHCBO-
uth LLINK(T) < P. m

OTOT aNropuT™M AOCTATOYHO JUIMHHBIN, OMHAKO pa3JieNseTcs Ha TpU Mpo-
cThle yacTu: Ha marax A1...44 ocymecTBisiercs MOUCK, Ha marax A45...47
BBINOJHSIETCSl BCTaBKa HOBOT'O y371a M Ha mmarax A48...410 npu HeoOXoauMocTH
Oanancupyercst nepeBo. OTMETHM, YTO aJITOPUTM MOXKET HCIIOIB30BATHCS M
JUISI IPOILUTBIX JIEPEBBEB.

H3BecTHO, uTO U1 3TOro anropurma tpedyercs okono Clog N equnuig

BpPEMCHHU, I'/IC Cc- HCKOTOpasA KOHCTAaHTa.

YupaxHeHus

1. BrImoiHHUTE aNTOpPUTM A B YCIOBUSAX BCTABKU B KOPEHH ITYCTOTO Jie-
peBa kitoua JANUARY v nanbHelinei mocieqoBaTeIbHOW BCTABKU KITHOUEH
FEBRUARY, MARCH, APRIL, MAY, JUNE, JULY, AUGUST, SEPTEMBER,
OCTOBER, NOVEMBER, DECEMBER w noctpoiite cOaJlaHCHPOBaHHOE OU-
HApHOE JePEBO, KOTOPOE TIPH 3TOM ITOTYUIHUTCS.

22. XEIIMPOBAHUE

Jlo cux mop ObLIM paccMOTPEHBI METOABI OMCKA, OCHOBAHHBIE HAa CpPaB-
HEHHH JIAHHOTO apryMeHTa K ¢ Kiiroyamu B Tabmure. JIpyroil myTh 3aKiroya-
eTcsl B TaK Ha3bIBAEMOM XelUpOoGaHul, KOTJIa OTKA3bIBAIOTCS OT IOHMCKA I10
JIAHHBIM W BBITIONHSIOT apudMeTHdeckue AeicTBrs Hal K, MO3BOJSIFOLINE BbI-
YHUCIIUTD HEKOTOpYIo Xew-pyuxyuio h(K). Tlocnenusis ykaxer aapec B Tabiu-
1e, rie XpaHuTest K ¥ CBsI3aHHAS ¢ HUM HH(pOpMaIIHS.

3aMeTnM, 4TO MOUCK TakuX (QYyHKIMH A(K) sSBISETCS JOBOJIBHO CIOKHOU
3a/auei, MOCKONBKY (DYHKIHH, AAIONIMe HEITOBTOPSIONIMECS 3HAUEHHsI, BCTpe-
YalTCsA Ha yAUBICHHE penko. Hampumep, B COOTBETCTBHH CO 3HAMEHHTHIM
«MapajioKCoM JIHEW POXKICHUS» MONYy4YaeTcs, YTO B KOMIAHUHM U3 JBAIIATH
TpEX YenoBeKk Ooliee BEPOSATHO COBIMAJCHUE JHEH POXKACHHUS Y IBYX W3 HHX,
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4YeM TO, YTO Y BCEX JHHU POXKICHUS OKAKYTCS pa3IMIHbIMU. VIHBIMU CIIOBAMH,
€CITH BBIOpATh CITydaiiHyI0 (QYHKIIMIO, OTOOpakaromlyro 23 KIIfo4a B TaOJIUILy
pasmepom 365, BEpOsSTHOCT TOTO, YTO HUKAKWE JIBa KIIto4a He OyayT oToOpa-
’KE€HEI B OJIHO U TO K€ MecTO Tabmuiel, coctasisger 0.4927, T.e. MeHee I0JI0-
BUHBIL.

CoObITHE, 3aKITI0YalOIIeecs: B TOM, YTO JUIS JIBYX Pa3IMYHBIX Kitouel K ;
u K ; uMeeT MecTo 0JUHaKoBoe 3HaueHue xeu-¢pynkuun: A(K;) = h(K ), Ha3bl-
Baercst kouiu3zuell. 1103TOMY IS HCIIOB30BAHUS XCITUPOBAHUS TIPOTPAMMUCT
JIOJDKEH PEIIUTh JIB€ NMPAKTUUECKH HE3aBUCUMBIC 3aJaud — BBIOpATh Xell-
(YHKIMIO ¥ crIOCO0 pa3pereHus! KOITH3HH.

[lanee mpeamonaraercs, 4To Xemw-QyHKIMs nMmeeT He Oonee M paznny-
HBIX 3HAYEHHH, TPUUEM JUTS JTF0O0T0 Kitodya K ClpaBeiuBO COOTHOIIEHHE

0 < h(K) <M. (58)

MHOro4HCIIEHHbIE TECTHl ITOKa3aJld XOpOIIylo padoTy Xem-QyHKIUH,
TIPE/ICTaBIISIONIEH COO0M OCTaTOK OT jeneHus Ha M:

h(K) = K mod M. (59)

CaMbIM OYCBHIHBIM IyTEM PEIICHHUS MPOOJIEMBI BO3HUKAIONIMX KOJUIH-
3UH SIBIICTCS TMOANEPkKKA M CBA3HBIX CIHCKOB, MO OJHOMY JIJIS KaXJIOTO BO3-
MOKHOTO 3HaYEHUs xem-koja. [Ipu 3ToM cienyer uMers M TOJIOBHBIX Y3JI0B
CIIIICKOB, TIPOHYMEPOBAHHBIX, HATIPUMEp, OT 1 70 M, a Kax bl y3el CBsI3aH-
HOTO CHHCKa JOJKEeH uMeTh nosne LINK Ui pa3MelieHus: CBSI3U CO CIEAyIo-
oM y3ioM. [locite XemmpoBaHUs KITFOYa MPOCTO BBITIONHSIETCS MOCIIECIOBaA-
TEJBHBINA TOUCK B criucke ¢ HomepoM A(K) + 1.

Ha pucynke 44 npezacraBneHa mpocras cxema C nernoukamu npu M =9
I TIocaeaoBarenbHocTy U3 kirodeil K = 830, 585, 516, 432, 571, 161 u 433,
uMmeromux xem-kogpt A(K)+1=3,1,4, 1,5, 9 u 2 coorBercTBeHHO. B mepBoM
CITMICKE COJICPIKUTCS JIBA DIIEMEHTA, TPHU CITUCKA MTYCTHI.

B obmrem cnydae, ecimu umeercst N kiitodeid U M CIHCKOB, CPETHUNA pas-
Mep crucka Oyaer paBeH N/M, ciemoBaTenbHO, XCUIMPOBAHUE TPUBOIUT K
YMCHBIIICHUIO CPEIHETO KOJIMYIECTBA PaOOTHI, HEOOXOMUMOMN JUIS TOCIIE0BA-
TEJNBHOTO MTOUCKa, TPUMEPHO B M pas.

Jl71st moBBIMICHUST OBICTPOMCHCTBHS JKENATENILHBI OONbIMe 3HaUeHus M,
OJTHAKO B ITOM CIIy4ae CIUIIKOM MHOTHE CIHUCKH OYIyT IMyCTHI M OyIyT 3ps
pacxonoBath namsaTh Ha N 3anuceid 1 M + N ccbuiok. THOra MoXkHO coBep-
IaTh MPOXOJ] IO BCEM JAHHBIM IS TIOMCKA 3arojIOBKOB CITHCKOB, KOTOPHIC
OyIyT HCIONIE30BaThCS, a 3aTEM IMPH BTOPOM IMPOXOJE BCTABJIATH IIEPEIIOI-
HSIONIMEY 3aIUCH B MyCThIie MecTa. OJHAKO 3a4acTyI0 3TO HEMPAKTHYHO WU
HEBO3MO)KHO, MO3TOMY XOTENIOCh OBl MMETh METOJ, Pa0OTArOIIUI C KaXKIou
3aIKCHI0 TOJNIBKO pa3 MpH momenieHuu e€ B cuctemy. CIeIyIoNuii aaropuT™
MTO3BOJISIET OBICTPO PEINTH ATY 3a/1a4y.

120



HEAD[1): | o——> 585 | e———>| 432 [ A |
HEAD[2]: | o——> 433 | A |

HEAD[3): | &——>| 830 | A |

HEAD[4]: | &——>| 516 | A |

HEADS): | o——>] 511 [ A |

HEAD[6): | A

HEAD[T): | A

HEAD[S]: | A

HEADP): | e——> 161 | A |

Puc. 44. Pa3aejbHbIe HEMOYKH

Auaroput™ C. (Ilouck u 6cmaeka 6 xew-mabauye ¢ YenouKamu.)

DTOT aJrOpUTM HIIET 3aJaHHbIN Ko K B Tabmune u3 M y3nos. Eciu
kirou K B Tabnuiie OTCYTCTBYET, a TaONuIa He 3aIl0JIHEHA, OH BCTABIIAETCS B
TaOIUILy.

V3561 TabnuIel 0003Havarotes uepe3d TABLE[i], 0 <i < M, u MoryT OBITH
JIBYX Pa3IMYHBIX TUIIOB — NYCMbIMU U 3aHsamblMU. B 3aHATOM y371€ conepkart-
cs none kitoua KEY[i], none ccouiku LINK[i] 1, BO3MOXKHO, IpyrUe moJis.

Anroput™ uctoib3yer xemr-¢pyHkimio A(K). [Ipumensiercst Takxke BCIIO-
MorareyibHasl iepeMeHHast R /Il YIIpOIIEHH s IToncKa MycThix MecT. Eciu Tab-
ymna mycra, To R = M + 1. Ilo Mepe BbINOJIHEHHS BCTABOK Bceraa Oyaer ocra-
BaTbCSl MCTUHHBIM YTBEpXKJEHUE, 4TO y3ibl TABLE[j] 3aHATHl 11 BCeX j B
nuanasone R <j < M. Ilo cornamenuto yzen TABLE[0] Bceraa mycr.

C1. [Xemmposanue. | [Ipucsouts i < h(K) + 1. (Teneps 1 <i <M.)

C2. [Ectb nu ciucok?] Ecnu y3en TABLET{] myct, To nepeiitu k mary C6
(B mporuBHOM ciyuae TABLE[i] 3aHAT 1 HEOOXOJMMO MPUCTYIIUTH K TIOUCKY B
CMHCKE, HAUMHAIOIIEMCS B 3TOM Y3JI€.)

C3. [CpaBuenue.] Ecnu K = KEY[i], To alTOPUTM YCHEUIHO 3aBEPILIACTCS.

C4. [llepexox k cuenywomemy.] Eciu LINK[i]#0, TO mNpUCBOUTH
i «— LINK]i] u BepHyThCH K mary C3.

C5. [Tlouck myctoro y3ma.] (Ilouck OBLT HEyTAYHBIM, W HEOOXOIUMO
HaWTH Imycroe MecTo B Tabiuie.) YMeHbIIaTh R OMH Win Oolee pa3, moka He
Oyner HaiileHO Takoe 3HauyeHHe, Npu KotopoM y3en TABLE[R] Oyner mycr.
Ecnm R = 0, TO anroput™ 3aBepiiaercs B CBSI3H C IEpernoHeHneM (CBOOOIHBIX
Y3JI0B OOJIBIIIE HET); B IPOTHBHOM ciydae npucBoutb LINK[i] <— R, i < R.
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C6. [Bcraska HoBoro xmoua.] Ilomeruts y3en TABLE[i] kak 3aHATHIN U
npucBouts KEY[i] - K, LINK[i] < 0. m

AJTOpUTM NO3BOJISET OOBEIMHNATH HECKOJIBKO CIIMCKOB, TOTOMY 3aIIHCH
HE HY)XHO TepeMenaTh 1ociie BCTaBKM B TaOnuily. Hampumep, Ha puc. 45
kiou 161 momagaer B cUcok, cojepxanmid 585 u 432, MOCKONbKY MOCHEN-
HU y)Xe ObIII BCTaBJICH B IO3UIUIO 9.

TABLE[1]: 585 —
TABLE[2]: 433 A
TABLE[3]: 830 A
TABLE[4): 516 A
TABLE[5]: 571 A
TABLE[6):

TABLE[7):

TABLE]8): 161 A j
TABLE|9): 432 —

Puc. 45. Cpocimecs: ienoyku

Jpyroit myTh pelieHus: mpodIeMbl, CBSI3aHHON C KOJUTU3USIMHU, COCTOUT B
TOM, YTOOBI TOJHOCTBIO OTKA3aThCs OT CCHUIOK, MPOCTO MPOCMATpPHBAas pas-
JIMYHBIE 3aIMCH TAOIHIBI OHY 3a OJHOM 0 TeX MOp, MoKa He OyaeT HaijaeH
kiarou K mim mycras nosuist. Ves 3akimodaercs B pOpMyIMPOBAHUH MPABHU-
Jla, COMJIACHO KOTOPOMY IO JaHHOMY Kiouy K ompenessieTcs: «rpobHast 1mo-
CJIEIOBATENILHOCTY, T.€. MOCIEIOBATEIBHOCTh MO3UIMN TAOJHIIBI, KOTOPBIE
JIOJDKHBI OBITH MPOCMOTPEHBI NPU BeTaBKe wiu norcke K. Ecnu npu moncke K
COIJIACHO ONpPEACIEHHONW 3THUM KJIIOYOM MOCIIEOBATEIBHOCTH BCTpEYaeTCs
MyCTast MO3UIHS, MOXHO CJETaTh BBIBOJ O TOM, uTO K B TaOJIHUIE OTCYTCTBYET
(TIOCKOJTBKY Ta K€ MOCIIEN0BATEILHOCTh MPOBEPOK JOJKHA BBIMOIHATHCS TPH
KoM morcke K). ITOT oOIIuil Kjacc METOIOB Ha3BaH OMKpPbIMOU adpeca-
yueti.

Ipocreiimias cxema OTKPBITOM aapecalluy, U3BECTHASI KaK JUHEUHOe UC-
cnedoganue, UCIOIb3YeT UKIMYESCKYIO MOCIe0BATENFHOCTh MPOBEPOK:

MK, (K)—1,..,00M-1,M-2,.., h(K)+1 (60)
U OMUCHIBACTCS CICTYIOIIMM 00pa3oM.
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Anzopumm L. (Jluneiinoe ucciedosanue u 6cmaska.)

DTOT aJNTOPUTM BBINOJIHSIET MTOUCK AaHHOrO Kimodya K B Tabmuue ¢ M y3-
namu. Ecim K orcytcTByer B Tabnuie M Tabnmuma He moiiHa, kiod K Oyner
BCTaBJICH B TaOJIHITy.

V3761 Tabnumpl odo3Havatorces kak TABLE[Q], 0 < i < M, u MoryT OBITH
JIBYX THIIOB — NYCMbIMU WU 3ausimblmy. B 3aHATHIX y3/1ax copepikaTcsl KIIIOYH
KEY[i] n, Bo3MOXXHO, apyrue nousd. BcnomoratensHast nepeMeHHast N UCTIONb-
3yeTcst sl OTCIISKUBAHUS KOJIMYECTBA 3aHATHIX Y3JIOB M yBEIWUMBaeTcs Ha 1
TIPY Ka)KJ0HW BCTaBKE HOBOT'O KJIIOYa.

Anroput™ ucnionb3yeT xem-(GyHKuM0 A(K) W NHHEWHYIO mocienoBa-
TeNBHOCTH TP00 (60) mist ampecary TaOIHIIbL.

L1. [Xemmuposanue.] [TpucBouts i < A(K). (Temeps 0 <i<M.)

L2. [Cpasnenue.| Ecnu y3en TABLE[i] mycr, nepeiitu k mary L4. B npo-
TUBHOM cityuae, ecnu KEY[i] = K, anroput™ ycHemHo 3aBeplaercs.

L3. [Tlepexon k cnenyrouiemy.] [pucBouts i <— i — 1. Ecnu Teneps i < 0,
IIPUCBOUTS i <— i + M. BepHyTbes K miary L2.

L4. [Beraska. ] (ITouck oxazancs neynaunbiM.) Eciu N = M — 1, anroputm
3aBeplIaeTcs B CBS3U C NepenoiaHeHueM. B mpotuBHoM ciyuae N «— N + 1,
noMeTuts y3en TABLE[i] xak 3aHAThIN U IpucBoUTh KEY[i] <— K. m

0| 585
1| 433
2| 830
3| 516
4| 571
5

6

7 161
8| 432

Puc. 46. JIuneiinasi oTKpbITast apecanust

Ha pucynke 46 mnokazaHo, 4YTO MPOUCXOJIUT MPHU BCTABKE CEMU KIIIOUEH
K = 830, 585, 516, 432, 571, 161 u 433 Haumiero mpuMepa ¢ XelI-KOJAaMH
MK)=2,0,3,0,4, 8 ul coorBerctBenHo. [Ipu 3Tom kiroun 432 u 161 cme-
IICHBI CO CBOMX HAYaJBbHBIX mo3unmit /(K).

YupaxHeHus

1. BeinmonHute ¢ npumeHeHuem anroputMa C, UCHOJIB3YIOIIETO Xelll-
¢ynxmmio A(K) = K mod M, nocnenoBarenbHy0 BCTaBKy Kiroueld 443, 564,
434,704, 157, 541, 240 B mycTyto xem-tadmuiy w3 M = 9 y3110B.

2. Tlpumenute anroput™m L, wucnonb3yromui xeml-pyHkrmio A(K) =
= K mod M, mis nocienoBaTellbHOM BeTaBku Kirouen 601, 372, 268, 365, 622,
609, 133 B mycryto xem-radauity u3 M =9 y3ios.
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OTBETHI K YIIPA’)KHEHUAM
§1

1. )Z[a, €CJIM BCCra BKJIOYAaTh BCC DJICMCHTHI B O/IUH U3 JIBYX KOHIIOB.

2. a) Jla, ecnu BBINOJHUTH  IIOCIENOBATEIbHOCTH  ONEpAIMA
SSSXXSSXSXXX; 6) Her (MoxxeT nmomy4uuthbes TonbKo 154632), mockonbKy 2
MOXET IPEANIECTBOBATh 3 TOr/a U TOJNIBKO TOT/IA, KOT/ia 2 ylaysercs U3 cTeKa
JI0 3aHECEHUs B HEero 3.

3. JlomycTumoil mocienoBaTeIbHOCTBIO U3 S U X SIBISIETCS T4, B KOTO-
Ppoii IIpHu pocMoOTpeE €€ ceBa HalpaBO TEKYIIEE YUCIIO BXOXKJICHUM X HUKOI/Ia
HE MPEBBINIAET TEKYIIETO YUCIIa BXOXKICHUH S.

JIBe pasmudHBIC AOMYCTHMEIC MOCIEIOBATEIBHOCTH JOJDKHBI AaTh pa3-
HBIA Pe3yNbTaT MO CIEIYIONIeH npuuuHe. Ecinu qBe mocienoBaTeIbHOCTH COB-
MaJal0T IO HEKOTOPOrO MOMEHTA, a 3aT€M B OJIHOW W3 HUX BCTpPEYaeTcs S U B
JIpyroii — X, TO BTOpas MOCJICI0BATEIBHOCTh BRIBEICT CUMBOJI, KOTOPBIH HENB3s
OyzleT BBIBECTU PaHBIIEC CHMBOJIA, IMOCITAHHOTO B CTEK OMEpanueii S B IMepBOM
nocnenoBatenbHocTH. Hampumep, SSSSXXXX — 4321, SSSXSXXX — 3421.

2-2 2:2 4 4 4! 4 1.2.3.4
4.3)612: - = — = - = __" - @
2 2-1 2 1 2121 113! 1-2-1-2
_12:3-4 =3.2-4=6—-4=2.
1-1-2-3
BceeBosmoxknbie mocnenoBarenbHocTH: SSXX, XXSS, SXSX, XSXS,
SXXS, XSSX.
Henonycrumsie nocnenoBarenbHocTH: XXSS, XSXS, SXXS, XSSX.
Homycrumslie nocnenoBatenbHocTH: SSXX, SXSX.

B pesynbraTe peanuzanyu 3THX MOCICIOBATEIBHOCTEH OyIyT MONYYEHBI
nepectaHoBku: 21, 12;

%) 2:3 23 6 6 6 6! 1.2.3-4.5.6
= _ — _ _ b6 _
’ 3 3-1 3 2 313 214 1.2.3.1-2.3
_1-2-3-4.5-6

1-2-1-2-3-4
Honyctumble mnocnenoBatenbHocTH SSSXXX, SSXSXX, SSXXSX,
SXSSXX, SXSXSX.

B pesynbraTe peanuzamnyu 3THX MOCIEIOBATEIBHOCTEH OyIyT MONYUEHBI
nepecranoBku: 321, 231, 213, 132, 123.

=20-15=5.

5. TlepectanoBky 154623 monyduTh HENb3sl, TaK KaK CYIIECTBYIOT WH-
JeKkchl i =2, j=5u k=6, 1pu KOTOpIX p;= 2 < p;= 3 < p;= 5. [lepecTaHOBKY
325641 nomy4uTs MOXKHO, IOCKOJIBKY HE CYIIECTBYET TaKUX MH/EKCOB i, j U Kk,
HpH KOTOPBIX | <j < k¥ p;< p;<p;.
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6. Tonbko TpUBHANBHYIO IEPECTAHOBKY 1, 2, ..., .

7. Ecnu B eke ¢ OrpaHUYEHHBIM BXOJIOM MEPBBIM Ha BBIXOJIE MOSBIIAET-
csl BENIMYMHA /1, TO ATO O3HAYAET, YTO B JIeK ObUIM BBENEHHI 1, 2, ..., n B JaH-
HOM mopsiike. Ha BbIXofne, Monb3ysick TOM CBOOOIOH BHIBO/A, KOTOPOM oOa-
JIaeT JeK, MOJIyYuM HEKOTOpYIO NepecTaHOBKY BUAa 7, ... . Hampumep, npu
n = 4 nony4yaem nepecranoBku 4123, 4132, 4321, 4312. Ecnu B aeke ¢ orpa-
HUYEHHBIM BBIXOJIOM MEPBBIM HA BBIXOJE MOSBISETCS BEJIWYMHA #, TO 3TO
O3HaYaeT, 4To B JIEK Obljla BBEAEHA HEKOTOpas MepecTaHoOBKa Py P, ... Py, KO-
TOPYIO MOXKHO MOJNYYHUTb U3 1, 2, ..., n, MONB3ysick CBOOOAOH BX0/a, IPUYEM B
3aBHCHMOCTH OT OTpaHMYEHHWH, HaJO)KEHHBIX Ha BBIXOA, JIMOO p; = n, THO0
pn» = n. Hanpumep, npu n = 4 nonydyaem nepectraHoBku 4321, 4312, 4213,
4123. [oatomy monyuaem: a) 4132; 6) 4213; B) 4231.

8. Ecnu, Hanpumep, n = 4, To TakuxX NepecTaHOBOK He cymiecTByer. Ec-
I ke n =5, To ux uerbipe: 51324, 51342, 52314, 52341.

§2
1. CocTosiHuE aMATH NOCTE NePEeyNaKOBKU:
[afufaf [ [ [3]3[3[3[ [ [ [ [ [ [ [4[4] |
01 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19
bazoBrie anpeca crekoB: BASE [1] = —1, BASE [2] = 1, BASE [3] =5,

BASE [4] = 16 u anpeca BepxHuX 31eMeHTOB cTtekoB: TOP [1] =1, TOP [2] =2,
TOP [3] =10, TOP [4] = 18 nonyueHsl B pe3yJibTaTe BBITONHEHUS anropurma G.

HcxonHbIMM JaHHBIMU 11 3TOrO ainroputMa nociayxunmu: OLDTOP [1] =1,
OLDTOP [2] = 2, OLDTOP [3] =8, OLDTOP [4] = 11, HOMep nepenoIHuB-
merocs creka i = 3, BASE [1] = -1, BASE [2] =2, BASE [3] =5, BASE [4] =9,
BASE [5] = 19, TOP [1] = 1, TOP [2] = 3, TOP [3] = 10, TOP [4] = 11,
NEWBASE [5]1=19, L, =19, Ly=-1.

IIpuBeném mnocnenoBaTENbHOCTh BBINOJIHEHM MIarop anropurMma: Gl,
G2, G3, G4, G5, G6, R1, R2, R3, R4, RS, Konen anropurma R, Konen airo-
putMa G.

§3

1. ¥Y3uel1 Oynyt BeIBeneHs B iopsinke: 1,9, 3,2, 7,4, 5, 8 u 6. [Ilpuseném
MOCJIEZI0BATEIBLHOCTh BBIMONHEHUS 11aroB anroputMma: 71, 72, 73, 12, 73, T2,
13,12, 73, 12, 73, 12, 13, 12, T3, 12, 73, T2, 13, 12, T3, T4, T5, T6, 16, T7,
75, Te, T6, T6, T1, T5, Te, T6, T7, 15, T6, T6, T7, TS, T6, T6, T6, T7, T5, T6,
T6, T7, TS5, T6, T6, T7, TS, T6, T6, T7, TS, T6, T, TS5, T8.

2. IlpubGaBnenue MHOrOWIEHa Xy + Xz —X K MHOTOWIeHY — xz + 2x — 2y
BJICUET TOCTEA0BATENbHOE BhITIONHEHUE maroB A1, A2, A5, A2, A3, A4, A2,
A3, A2, A2, A3 anropuTMa U IAET UTOTOBBIM MHOTOUJIEH X) + X — 2.
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§4

1. B pesymbraTe pemieHus OyAeT IMOJMydeHa CICAYIOIIas IOCIeIoBa-
TEJIBHOCTH 1aroB anroputma: S1, S2, S2, §2, §3, §4, S5, S5, S7, S8, §4, $4, S3,
S3, S4, S5, S6, S6, §7, S4, S4, S3, a xkoHeuHass MaTpuiia OyJIeT COIEpKaTh
HeHyneBble aneMeHTsl: m[1][3] = —100, m[1][1] = =5, m[2][3] = 2, m[2][1] =
0.1, m[4][4] = 5 u m[4][1]=3.

§5

1.
(@)
(®)
® O O &
© (®
CymiecTByeT Bcero 12 pa3muuHBIX (YIIOPSAIOYCHHBIX) JIEPEBBEB C TPEMS
y3namu A, Bu C.

2.

CymecTtByeT Bcero 9 pasnu4HbIX OpPUEHTUPOBAHHBIX JEPEBBEB C TPEMs
y3namu A, B u C.

3.

Creness y3n1a B paBHa 4.

4. TlocmemoBaTeTbHOCTh 0003HAUCHHI Y3JIOB HA IYyTH OT y37a X K Kop-
HIO: a4 .dp. ... . a4y, A1.d. .... A1, A1.Ay. .. . A2,y ..., A].
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5. O0o3HauMM KOpeHb OMHApHOro jaepeBa HUQpoOH 1, KOpeHb JEeBOro
HojiepeBa y3ia ¢ 0003HaYeHneM o — depe3 0.0, a KOpeHb MPaBoro MoAxepeBa
y371a ¢ 0bo3HaYeHHeM o — gepes a.1. Hanmpumep:

@ @ @ ® 6 O
@ O

§6
1. Jluneiinoe pacnonoxenue y3nos: BJFDGACEH.
3. a)

lolel [ [ fal—[4][s] -] -[¢]
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0)

[1-[p]-]

(S [rl-[e]{8]-]s]-]¢]

[1-[p]-]

LBL-[&[-[ef [s[-Jo] -] [s]-[r]-]¢][8]-[/]-]¢]
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PR

3. a) ABCDEFGHKLMNOPSR; 6) BDEGFCALMKOSPRNH; B) GFED
CBMLSRPONKHA.

4. a)
RLINK | v v/ ‘ i | v ¢ v/ i
INFO A B C D E F G H K L M N O P S R
LTAG + - + - — + - + + - - 4+ - + - =
0)
LLINK ‘ I v/ v Y l l v ¥
INFO A H K N O P R S L M B C D E F G
RTAG + - + - + + - e S
B)
Creteekp 0 O O O 1 3 2 O O 2 0 O 1 0 3 2
INFO B D E G F C A L M K O S R N H

§8

1. Jlec u3 BYX JepeBbes
(3) (2)
®» @ © ® ©
O
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orlpe;[enﬂeT pa3OueHue MHOKecTBa M Ha JBa KJIacca SKBHUBAJIICHTHOCTH:
={1,2,5,6,8,9} uk,=1{3,4,7}.
2. a) HeszaBucumsle Benmuuunsl £y, £y, E15, Ef;, Ei4 1 BRIpOXCHHS UL
3aBUCHMBIX BEJIMYUH:

E = E,, Es=Ey—E —Ep+ Ey, Eo=En,
E2:EO + Elﬂ3 +E14, E6:E05 El():Ell:
Ey=Eo+ E, E;=E,, E;3=Ej3;

Ey=Ey—E| —Ent+Ey, Eg=FE, + Ep,

6) eCJ'H/IE():l E11:2 E12:3, E{'3:2HE14:6, TOE1:1,E2:9,E3:7,
E4:2,E5 2E6 1E7 1E8 S,Eg:3,E10:2HE{3:2;

B) A=9,8B=9,C=7,D=2, F=5K=3,L=2,M=TuN=1.

§9
1. MunumanbHoe BpeMst 32 u, MakcuMmaibHoe Bpems 48 u, cpeaHee Bpe-
2
Mmst 37 — u.
15

§ 10

1. N =16, a 3armucu B TaMsITH Pa3MEIICHBI TaK, YTO 00Pa3yIOT MOCIE0-
BaTEJILHOCTD KITFOUEH:
K
[sfofsfJoJoJu[8f2]6]a[1[s5[]6[6][7]7]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
ITo oxonuyanuu padotsl anroputma C BerioMmorarensHas Tadnuna COUNT
Oyner UMeTh CIEAYIOIIHHA BUI:
COUNT
le ol 71 ]15]2]14]4]9[5[3]8]10]11]12]13]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
CoprupoBka ABJISETCS yCTOMYMBOM, MOCKONBKY ecnu K; = K; v j > i, 10
COUNTj] > COUNTTi].
2. N =16, a 3anucu B TaMsITH Pa3MEIICHBI TaK, YTO 00Pa3yIOT MOCIEI0-
BaTEJILHOCTD:
R
|5T|OC|5 U|00| 9.]1N[8S[2R|64]44][1G|5L]6T][61]70]7N]
1 5 6 7 8 9 10 11 12 13 14 15 16
ITo oxoHuanuu pabotsl anroputMa D B 00JIaCTH BBIBOJA 3alHCH OYIyT
Pa3MeIeHb! CIIeYIOIUM 00pa3oM:
S
|0C|00|1N|1 G|2R|4A|5T|5 U|5L|6A|6T| 61]|70]7N[8S]9.]
2 4 7 8 9 11 12 13 14 15 16
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3aMeTuM, YTO B pe3yJabTaTe COPTUPOBKHA C(HOPMHUPOBAIOCH CIIOBO
«CONGRATULATIONS.» — no3apaBieHus..
§11
3. IlocnenosarensHocTh maros: 3280, 1093, 364, 121, 40, 13, 4, 1.
§13
1. Byxer BemonaeHo 117 cpaBHeHMiA: 26 cpaBHEHUH (71 BEIOOpA KITFO-
4a 98), 5 cpaBrHenuii (s BeIOOpa 97), 5 (96), 5 (83), 5 (78), 5 (69), (66,),
5(661), 4 (63), 4 (62), 5 (60), 4 (56), 4 (51), 4 (43), 5 (41), 3 (28), 3 (26), 4 (22),
4(20), 2 (16), 3 (14), 2 (10), 3 (92), 1 (91), 1 (8), 0(7), 0 (5).
2. a) UCXOJHOE TOJHOEe OWHapHOE JepeBo ¢ 16 suciikamu (0e3 BCSIKUX
0ECIIOIE3HBIX TYCCK, COJCPIKAIIUX «—00))

/503\
87 512
61 908 170 897
7N\ N N\ RN
275 653 426 154 509 612 677 765

703
0) BBINOIHEHUE MUPAMUJATIBHON COPTUPOBKHU IO alIrOpUTMY H ¢ BBIBO-
JIOM TOCJIEIOBATEILHOCTH KITFOUEH, a TaK)Ke 3HAYCHUI IEPEMEHHBIX /, » 1 K Ha
mrare /42 HemocpeACTBEHHO Nepes MPOBEPKOI paBEHCTBA 3HAUEHUS ITepPEMEH-
HOM 7 uncny 1 na€r cnenyroniue pe3ynbTarthl:

112 (3[4 [5]6|7[8|9]10f11|12]13]|14|15]16]|!|r |K
503| 87 |512| 61 |908|170(897)|275]653]426|154|509(612(677|765|703| 8 | 16 |275
503| 87 |512| 61 |908|170({897|703]653]426|154|509(612(677]|765|275| 7 | 16 |897
503| 87 |512| 61 |908|170({897|703]653]426|154|509|612(677]|765(275| 6 | 16 |170
503| 87 |512| 61 |908|612(897|703]653]426|154|509[170({677]|765|275| 5 | 16 |908
503| 87 |512| 61 |908|612|897|703]653]426|154|509(170(677]765|275| 4 | 16| 61
503| 87 |512|703]908|612(897|275]653]426|154|509[170({677]|765| 61 | 3 | 16|512
503| 87 |897|703]908|612(765|275]653|426|154|509]170|677|512| 61 | 2 | 16| &7
503]908|897|703]426|612|765|275|653| 87 |154|509(170({677|512| 61 | 1 | 16|503
908]703|897]653]426|612|765|275|503| 87 [154|509|170|677|512]908]| 1 | 15| 61
897(703|765|653]426(612(677|275|503| 87 |154|509[170{ 61 [897|908| 1 | 14|512
765|703|677|653]426(612|512|275|503| 87 |154|509(170{765[897|908| 1 | 13| 61
703]653|677|503]426(612(512|275] 61 | 87 |154|509|703[765|897(908| 1 | 12170
677]6531612|503]426(509(512|275| 61 | 87 |154|677|703|765|897(908| 1 | 11170
653(503|612|275]426|509(512|170] 61 | 87 |653|677|703[765|897(908| 1 | 10 |154
612(503|512|275]426|509(154|170] 61 |612|653|677|703]|765|897(908| 1 | 9 | &7
512(503|509|275]426| 87 |154|170]512]612]|653|677|703|765[897|908| 1 | 8 | 61
509|503 |154|275]426| 87 | 61 |509|512|612]|653|677|703[765|897(908| 1 | 7 |170
503(426|154|275]170] 87 |503|509|512]612]653|677|703|765[897|908| 1 | 6 | 61
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426|275[154| 61 [170]|426|503[509|512(612|653|677|703]|765|897(908| 1 | 5 | 87
275|170[154] 61 [275]426|503|509|512(612|653|677|703]|765|897(908| 1 | 4 | 87
170| 87 [154[170{275[426|503|509|512|612|653|677|703|765|897(908| 1 | 3 | 61
154] 87 [154[170(275[426|503|509|512|612|653|677|703[765|897(908| 1 | 2 | 61
87 | 87 |154[170|275|426|503|509|512|612]653|677|703|765|897|908| 1 | 1 | 61

ITocnenoBaTenbHOCTD KIIIOUEH 110 OKOHYaHUU COPTUPOBKU

61 | 87 [154]170]275[426|503|509|512|612]653|677|703|765|897|908
1 |23 145|678 |9 ]10]11]12]13]14]15]16

3aMeTI/IM, YTO B IMpOIECCC COPTUPOBKU MUCXOJHOC 6I/IHapHO€' JACPEBO CHA-
qajia niepeCTpanuBacTCsa B IUpaMuay

/ 703 \ / 897 \
653 426 612 765
/
275 503 87 154 509 170 677 512

61

a MOCJe MHOTOKPATHOTO MCKIIFOUSHUS BEPIIMHBI MUPAaMUJbI U 3aMiCH €€ Ha
CBOE OKOHYATEIILHOE MECTO OMHAPHOE JIEPEeBO MPHOOPETAET HTOTOBLIN BUJ

87 154
170 275 426 503
7N\ N\ RN N\
s09  s12 62 653 677 703 765 897
908
§ 14

1. B pe3ysnbraTe COUSHUS MO aNroputMy M ABYX YHOPSAOYEHHBIX IOA-
¢aiino x = (12, 13, 14, 14, 25, 42, 47, 62) n y = (16, 35, 46, 52, 61, 73, 91,
103) nonyden ynopsodeHHbIi daiin z = (12, 13, 14, 14, 16, 25, 35, 42, 46, 47,
52,61, 62, 73, 91, 103). [Ipu 3ToM miar M3 ObUT BEIIOJIHEH BOCEMb, a miar M5 —
IISITH Pas.

2. CopTHpOBKa €CTECTBEHHBIM JIBYXITyTEBBIM CIIMSIHUEM II0 aJITOPUTMY
N naér B uTOre ClIeAyIOUIyIO MOCIIEN0BATENFHOCTD U3 JIEBSITHA/ILATH 3aITUCEH:
(1 «bpocas»), (4 «B»), (9, «Bomy»), (9, kamemkn), (10 «,»), (11, «cMoTpm»),
(11, «nay), (23 «kpyrm»), (26 «,»), (29 «umm»), (31 «obpazyembie»), (35 «:»),
(38 «unHayer), (69 «rakoe»), (71 «bpocanue»), (82 «Oymer»), (88 «iycroro»),
(92 «3abaBoit»), (96 «.»). IIpn 3TOM crenaHo YeThIpe MPOCMOTpa (BHITOIHE-
Hus mara N2).
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3. BrinonHeHHWE MO aNTOPUTMY S COPTHUPOBKU MPOCTHIM JIBYXITYTE€BBIM
CIIUSHHEM JAa€T B pe3yabTaTe CIESAYIOIIYIO OCIEeJ0BaTeIbHOCTD U3 IIATHAIIA-
h 3amuceil: (4 «Bsupas»), (7 «Haw), (10 «comHue»), (13 «,»), (26 «mpu-
myps»), (29 «rmaza»), (43, «cBow»), (43, «u»), (49, «1B1»), (49, «cMmenoy),
(54 «pazrsaauuiby), (57 «HaR), (69 «HEMY), (71 «usTHAR), (97 «.»).

HpI/I OTOM pasMEUIICHUEC KJIoue B JABYX HCHOJIB3YEMbIX 0071aCTIX MaMSITH
J10 COPTUPOBKH, a TAKIKE IO OKOHYaHUH KAXKJI0I0 MIpOCMOTpa OBIIO CJICAYIOIIUM:

B K, |13|43]26|54| 7 |57|71|97|69(43| 4 [49|10|49 |29
é% J 1 2 3 4 5 6 7 8 9 |10 11 [ 12|13 |14 |15
c&| K |0]0]O 0 0/0/0[0][0|0]|0]0]O
N J 16 | 17 | 18 | 19|20 | 21 |22 |23 |24 | 25| 26|27 |28 |29 30
e | K |13]43|26|54] 7 |57(71|97|69|43| 4 |49|10|49 |29
= g J 1 2 3 4 5 6 7 8 9 |10 11 12|13 |14 |15
TS| K |13]29]10]26] 4 |7 [69]71|97|57|43[54]49]49]43
= J 16 | 17 | 18 | 19|20 | 21 |22 |23 |24 | 25| 26|27 |28 |29 30
e | K 13129431494 |7 |43|57|97|71|69|54]49|26]10
= g J 1 2 3 4 5 6 7 8 9 |10 11 [ 12|13 |14 |15
NS K |13]29]10]26] 4 |7 [69]71|97|57|43[54]49]49]|43
= J 16 | 17 | 18 | 19|20 | 21 |22 |23 |24 | 25| 26|27 |28 |29 30
e | K |13]29]43149|4 |7 435797 |71|69|54]49|26]10
= g J 1 2 3 4 5 6 7 8 9 |10 11 12|13 |14 |15
“ 8| K |10]13]26]29]43[49]49|54|97|71|69|57[43] 7 | 4
= J 16 | 17 | 18 | 19|20 | 21 |22 |23 |24 | 25| 26|27 |28 |29 30
e | K | 4]7|10]13]26]29 (43|43 49|49 |54|57|69|71|97
= % J 1 2 3 4 5 6 7 8 9 |10 11 [ 12|13 |14 |15
TS K |10[13(26]29[43(49(49(54|97|71|69(57[43| 7 | 4
= J 16 | 17 | 18 | 1920 | 21 |22 |23 |24 | 25| 26|27 |28 |29 30

4. CopTHpOBKa MOCPEICTBOM CIUSHHUS CHHMCKOB IO alnroputMmy L naér B
pe3yabTaTe CIEAYIOIIYI0 IIOCIeN0BAaTENbHOCT U3 IITHAAATH 3allUCei:
(0 «IlamsTeE»), (2 «uemoBekan), (3 «ectby), (5 «imcT»), (43 «Oenoi»),
(45 «Oymarmp»), (55 «»), (66 «uHOTHAY), (67 «HanmIeTcs»), (70 «XOpoIIo»),
(74 «,»), (83 «a»), (85 «mHOTHAY), (88 «IaYPHON»), (93 «.»).

ITpu »TOM pacmperneneHue CBsI3el Ui IBYX JIMHEHHBIX CITMCKOB IEpen
HAyaJIoOM COPTHPOBKH, a TaKKe MO OKOHYaHWH Ka)KAOTO W3 MpocMOTpa ObLIO
CIIEIIYIOIIIM:!

0[1]12]3|4]5]6 1011 12|13 |14 |15]|16
— 1701856643 |55[67|0|93]|3 |83|88|5[2|74|45]| -
1/-3]1-4]|-5/-6|-7|-8]-9|-10-11]-12]-13|-14|-15] 0 ] 0 | 2

~
o]
\O

h\?g <.

<.
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L [1[2]5[=7[3]6[9]8 F12[10[-13[-15[11][14] 0] 0] 4

L |42 913685 -13[12][11]0[10][15] 0 [14]7

L 7286|5314 0[12[11]0]15]9 14|13

L [7]14[1i]e6 15[ 31 [13]0[12]2]8[4]9 0
§15

1. B pesynbraTe nopaspsaHOi COPTHPOBKH 10 ITOPUTMY R TOITydaeTcs
TIOCIIe/IOBATENBHOCTh M3 TsITHaAuaTH 3amucei: (12 «J{ocraTok»), (47 «pacmyr-
Horoy), (167 «paBusercs»), (322 «kopotkomy»), (379 «oxesmy»), (390 «»),
(555 «korma»), (589 «HarsHemb»), (610 «eroy), (623 «x»), (701 «HOCY®),
(841 «,»), (858 «obHaxaroTcs»), (874 «Horm») u (905 «.»), a KIFOYH B CTOMKAX
Tocsie  KaXK/I0ro M3 TPEX IPOCMOTPOB, BBHINOIHIEMBIX MPU COPTHUPOBKE C
M =10, pa3MecTsITCs CISIYIOIUM 00pa30oM:

Conep:knMoe CTONOK MocjIe IeEPBOro MpocMoTpa

TOP[9] TOP[8] TOP[T] TOP[(v TOP[5S] TOP[A] TOP[3] TOP[2] TOP[l] TOP[0]

Do | | o

[ 589 | [ 858 || 167 | | 905 | | 874 | | 623 | [322][841][ 610
4 4 4 ) 4

BOTM[9] BOTMIS] BOTM[7] BOTMI6] BOTM[S] BOTM[4] BOTM[S] BOTM[2] BOTM[1] BOTM[0]

Conep:knMoe CTOIOK Mocjie BTOPOro MPoCMoTpa

TOP[9] TOP[8] TOP[7] TOP[6] TOP[5] TOP[4] TOP[3 TOP[Z] TOP[1]  TOP[0]

;$ |623||012||9os|

[390] [ 589 ] ] 874 | | 167 | | 555 | | 841 | | 322 | [ 610 | | 701
) [ [ ) [

BOTM[9] BOTM[8] BOTM[7] BOTM[(J] BOTM[S] BOTM[4]

3] BOTM[2] BOTM[1] BOTM[0]

T
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Conep:knMoe CTONOK MOCJIe TPEThero MPocMoTpa

TOP[9] TOP[8] TOP[7] TOP[6] TOP[5] TOP[4] TOP[3] TOP[2] TOP[l] TOP[0]

¥ il 1
§ 390 -
*

858

[905] [841] [701] [610] [ 555 ]
[} [) ) } [)

[} (e}
—
N N

167

[o%) w2
0 [ [0 [
&) N=)

BOTM[9] BOTM[8] BOTM[7] BOTM[6] BOTM[S5] BOTM[4] BOTM[3] BOTI

OTM[2
1

1 BOTM[1] BOTM[0]

§ 16

1. be3 mnpensapurensHON (a3l BHYTPEHHEH COPTHPOBKH OOOWTHCH
MOJKHO, HO TIPH 3TOM COPTHPOBKA 3HAUUTEIBHO 3aMEUINTCS, NMOCKOJIBKY BO3-
PACTET YUCIIO CUMTBHIBAHUM KaXK[0M 4acTU JAaHHBIX U3 BHELIHEH NMaMATH U 3a-
IIUCH B HEE.

2. TlepBoHadaJgbHOE paclpeelicHHe OTPE3KOB 10 (aiiiaM OyIeT TaKuM:
@aiin 1 Ry ... Ry 0000005 R2000 001 --- K3 0000005 Ra 000001 --- Rs000 000-

@aiin 2 Rigoo001 --- R2000 0005 R3000 001 -+ 4000 000-

@aiin 3 (mycroil)

3areM OyaeT BBIMOIHEHO JBYXITYTEBOC CIUSHHUE W3 MEPBOTO U BTOPOTO
(aiinoB B TpeTHid aiin:

@aiin 1 Ry ... Ry 0000005 R2000 001 --- K3 0000005 Ra 000001 --- Rs000 000-

@aiin 2 Rigoo001 --- R2000 0005 R3000 001 -+ R4 000 000-

@aiin 3 Ry ... R20000005 R2000 001 --- R4 0000005 Ra 000001 --- Rs000 000-

[ocne obHyneHust ykaszareneil Bcex (paiyioB M «OAHOITYTEBOTO» CIHMSHUS

(pacnpenenenus) u3 ¢aiia 3 B ¢daiel 1 1 2 OymeT MOIy4eHO CIeAYIoNIee
cocrosiHue (aiinos:

@ain 1 Ry ... Ry0000005 R4 000001 --- Rs000000-

®ain 2 R; 000001 -+ R4 000 000-

®ain 3 Ry ... Ry0000005 R2000001 --- R40000005 Ra 000001 -+ 5000 000-
3arem ¢aitnsl 1 u 2 cnuBarorcs B ¢aiin 3:

@ain 1 Ry ... Ry0000005 R4 000001 --- Rs000000-

®ain 2 R; 000001 -+ R4 000 000-

@aiin 3 R ... R40000005 Ra 000001 --- Rs 000 000-
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Wubopmanust pacnpenensiercs:

®daiin 1 R] . R4 000 000-

@aiin 2 Ry4000001 --- Rs000 000-

@aiin 3 R ... R40000005 Ra 000001 --- Rs 000 000-
W CIIMBAETCA ELIE pa3:

®daiin 1 R] . R4 000 000-

®ain 2 Ryo00001 --- Rs000 000-

®daiin 3 R] cee R5 000 000-

B urore umeeM msath poxo1oB. B obmieM cirydae 3Ta nponeaypa aHaio-
THYHA YeThIpEX(HaiIoBOMy COATaHCUPOBAHHOMY CIUSHHIO, HO BBITOTHSACTCS

pacnpeacicHue MExXay JIFOOBIMH JABYMs CIIUAHUAMUA, YTO IPHUBOJUT K Y/IBOCH-
HOMY YHCITYy IPOXOJ0B MUHYC OJUH IIPOXOI.

§17
1. C momomkto anroputMa R BeIOOpa ¢ 3amenieHuem (s P = 4) ycra-
HOBUTE 00pa3yeMble B BHIXOAHOM (aiiie OTpe3kH, ecim BO BXOAHOM (aiine
HaXOJUTCS MOCIIE0BATEILHOCTD U3 IIECTHAIATH 3aMUCEH ¢ KITIOUaMu:
a) orpesok 1: 4, 25, 64, 69, 79, 87, 94; orpesok 2: 3, 13, 15, 16, 20, 30,
44, 72; otpe3ok 3: 9;
0) otpesok 1: 42, 74, 77, 88, 92, 94,, 94,, 96; otpe3ok 2: 40, 45, 55, 56;
orpesok 3: 5, 22, 36, 37;
B) otpe3ok 1: 3, 32, 34, 61, 64, 65, 73, 98; otpe3ok 2: 12, 21, 35, 38, 54,
69, 81, 82.
§18
1. Tabmuma mnomaroBoro mpeodpaszoBanus (amunmuii FEuler, Gauss,
Hilbert, Knuth, Lloyd w Lukasiewicz B COOTBETCTBYIOIIHE UM KOJBI METOIOM
Soundex:

Iar 1 Ilar 2 Ilar 3 Illar 4

Euler Elr E46 E46 E460
Gauss Gss G22 G2 G200
Hilbert Hibrt H4163 H4163 H416
Knuth Knt K53 K53 K530
Lloyd Lid L43 L3 L300
Lukasiewicz Lkscz 12222 1222 L1222

2. KomnuectBo cpaBHeHuit K = K; U KOJIMUECTBO CpaBHEHMH i < N, npo-
HU3BOJIUMBIX aJTOPUTMOM S U aaropuTMoM (), IpU MOUCKE B MOCIEN0BATENb-
HoctH Kirouelt 503, 87, 512, 61, 908, 170, 897, 275, 653, 426, 154, 509, 612,
677,765, 703:
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Y crienHbIi TOUCK Kiro4da 765 Heynaunsrit mouck kirrova 843
Komuuectso Komuuectso Komuuectso Komuuectso
CpaBHEHUI CpaBHEHUI CpaBHEHUI CpaBHEHUI
K=K; isN K=K i<N
Aunroput™ S 15 14 16 16
Aunroput™ QO 15 1 17 1

3. OOmee KOMUYECTBO CPaBHCHHM, MPOM3BOJUMBIX alrOpuTMoM (O, U
o0IIee KOTMYECTBO CPABHEHMUIA, MPOU3BOIUMBIX aITOPUTMOM 7, TIPU MOUCKE B
YHOOPSZIOYEHHON TOcienoBaTeNIbHOCTH Kitouet 61, 87, 154, 170, 275, 426,
503, 509, 512, 612, 653, 677, 703, 765, 897, 908:

VcnenHeIi MoNCcK Kiroda Heynaunslii nouck kiroda
61 512 908 172 769
Anropurm Q 2 10 17 18 18
Anropurm T 2 10 17 6 16
§ 19

1. BunaphHoe nepeBo (momoOHOe W300pakEHHOMY Ha puc. 38), KoTopoe
COOTBETCTBYET OMHAPHOMY TOMCKY B YITOPSIIOYEHHOMN TaOnuIle U3 JECITH 3a-
NUcel UMeeT CIeNYIOIINA BUI;

AprMeHTBI MOKUCKa U COOTBETCTBYIOIIUEC MM ITYTU B 6I/IHapHOM JICPEBC!
50 —(5,2,1,0); 61 —(5,2,1); 72 (5,2, 1, 1); 87 — (5, 2); 112 - (5, 2, 3, 2);
154 —(5,2,3); 163 — (5,2, 3,4, 3); 170 - (5, 2, 3, 4); 275 — (5).

§ 20

1. BunapHOe nepeBO, MOTYyYEHHOE B PE3YAbTaTe BBINOJHEHUS aJrOpUT-
Ma 7T mpu mocienoBaTelbHOM BCTaBKe B IycToe aepeBo kitoued JANUARY,
FEBRUARY, MARCH, APRIL, MAY, JUNE, JULY, AUGUST, SEPTEMBER,
OCTOBER, NOVEMBER, DECEMBER:
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JANUARY

§21

1. B pe3ynbrare BBHINOTHEHUS anroputMa 4 B yCIIOBUSX BCTaBKH B KO-
peHb mycroro aepeBa kmoua JANUARY u nanpHeined mocnenoBaTenbHOM
BctaBku kiroued FEBRUARY, MARCH, APRIL, MAY, JUNE, JULY,
AUGUST, SEPTEMBER, OCTOBER, NOVEMBER, DECEMBER w nony4ur-
csl cneyronee cOaTaHCUPOBaHHOE OMHAPHOE JIEPEBO.

MARCH

JANUARY OCTOBER

/
AUGUST ( JUNE ) ( MAY ) (SEPTEMBER)

( APRIL ) CFEBRUARY) (JULY)
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OHH Pa3MECTATCS B Hel CICAYIOUIUM 00pa3oM:

140

§ 22

1. B pe3ynbrare mocnenoBaTeNnbHONM BCTaBKU Kiroued 443, 564, 434,
704, 157, 541, 240 B mycTyto xem-tadbauiy u3 M = 9 y3110B B COOTBETCTBUH C
anroputMoM C KIIFOUH B HEH pa3MEeCTATCS CIIEAYIOIMM 00pa3oM:

TABLE[1]:
TABLE[2]:
TABLE[3]:
TABLE[4]:
TABLE[5]:
TABLE[6]:
TABLE[T]:
TABLE[8]:

TABLE[9]:

541

>

443

157

240

564

»

704

434

\>Q\>>

D

2. Tlpu mocnenoBaTeNbHOW BCTaBKE C MOMOIIBIO alropuTMa L Kiroden
601, 372, 268, 365, 622, 609, 133 B myctyro xenr-tadauiy u3 M = 9 y370B,

0N Nk W~ O

622

133

372

609

365

268

601




3AKIIOYEHUE

B pamkax u3ydaemol AUCHUIUIMHBI «MeTOIbl MPOrpaMMHUpPOBAHUSY, A
TaK)Ke€ POACTBEHHBIX C HEM MUCHUIUINH « TeXHOJIOrMM U METOAbI IPOrpaMMHU-
poBaHus», «TexHomorus mporpaMMHUpoBaHusy, «Teopus U TEXHOJIOTHUS IMpPo-
rpaMMHUPOBaHUAY, « OCHOBBI aJITOPUTMU3ALUHN U SI3BIKM NIPOrPaMMHUPOBAHUS)
CTYJCHTHI CIYIIAOT JIEKIUHU, YJaCTBYIOT B NMPAKTHUUECKUX 3aHITUSAX, BBINOJ-
HSIOT J1a0OpaTOPHBIE U KYPCOBBIE PaOOTHI.

PaccMotpenHbIe B TocoOMM JTMHelHbIe HH()OPMAaIMOHHbBIE CTPYKTYPHI, 71-
MEpHBbIE MACCHBBI U TaKHU€ BaXKHbIE HEJTMHEWHBIE CTPYKTYpHI, KaK AEpEBbs,
JIAI0T BO3MOYKHOCTh MOHUMAHUSI CTATUYECKUX U TUHAMHYECKUX CBOMCTB 3THUX
CTPYKTYp, CPEICTB BBIIEJIEHUS NaMSATH JUIS XPAaHEHWs! CTPYKTYpHUPOBAaHHBIX
JIAaHHBIX, S (PEKTUBHBIX AITOPUTMOB CO3/IaHMs, UI3SMEHEHUSI U yJaJIeHUs! JlaH-
HBIX, & TAaKXe BCIKOr0 JOCTYIA K HUM.

Brajienne ananm3oM 3aHMMaeMOl MaMsATH W OBICTPOAEHCTBHUS aNTOPUT-
MOB M03BOJISIET MPOrPAMMHUCTY BBIOPATh M3 HECKOJIBKUX QJITOPUTMOB PEIICHUS
OJTHOM M TOM e KOHKPETHOU 3aJjaul HAWITYy4IIUi aJITOPUTM.

3HaHUE pa3UYHBIX METOJOB COPTUPOBKHU M MOMCKA MPEIOCTaBIISIET BO3-
MOXHOCTh MX 3((EKTHBHOrO NMPUMEHEHHUs] B TaKMX Ba)KHBIX 00JACTAX, Kak
pellleHne 3ajJadd TPYNIHPOBAHMS JIEMEHTOB C OJUHAKOBBIMHU 3HAYEHUSMU
HEKOTOPOro IpH3HaKa, IOUCKa OOIIMX AJIEMEHTOB B JIBYX MU OoJiee MacCUBaxX
3a OJMH IOCIIEOBATENIbHBIA MX MPOCMOTpP O€3 BO3BPATOB, a TaKXkKe 3aJauu
rorcka nHQopManuu 1o 3aJaHHBIM 3HAUSHUSIM KITIOUeH.
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