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Apudmeruka n Teopusi dnceI

Bepcus P or 16.11.2009

1.1 Oprasm3amnusg BBOJa-BLIBOAa m3 (aiiia

B 6oapmuHCTBE OMUMIINA 10 HH(POPMATHKE BXOIHBIE JAaHHBIE BBOISTCS U3 TEKCTOBOIO
daiisia U BBIBOAMTHCS JOJKHBI Tak ke B (paita. OdeHb peaKo BO3ZHHKAET HEOOXOAMMOCTH
CYMTHIBATH JIaHHBIE U3 (baflia ABaxKbl; OPTaHU3ATOPHI CTAPAIOTCs U30erarh TaKUX 3a7ad.
M#bI paccMOTpUM MeTOJ, KOTOPBIHl MO3BOJIUT YNTATh W MHUCATH JaHHbIe U3 (ailioB Tak e,
KaK ¢ KOHCOJIM — 9TO HO3BOJIUT U30€2KATh IIyTAHUIILI U O0JIErYUTH IPOIECC OTIAIKH.

B Jstexiusix Mbl OyJeM paccMaTpHBaTh IMporpaMMbl Ha s3bike Pascal (sryurre ucmosb3o-
Barh KomuuJsitop Delphi nim Pascal, a emie siyunie Boryunrs s3bik C).

Nrak, nepeiijieM K pacCMOTPEHWIO OPraHU3aIluN BBOJA-BbIBOA. JlomycTuM, mnepeji HaMu
CTOUT 3aJa4a CJIOXKHUTh JIBA IEJbIX 4ncja, He npepocxogdainux 1mo moayao 10000. Bxoanbie
JIaHHBIE HaxodaTcd B daitie input.txt, BIBOI JOMKEH OCYIIECTBAAThCA B paita output.txt.

PacemorpuMm pertenne 3Toi 3amadu:

var
i, j : longint;

begin
assign(input, ’input.txt’);
reset (input) ;
assign(output, ’output.txt’);
rewrite (output) ;

read(i, j);
write(i, j);
end.

[Tporerypa assign nepeHanpapJisieT CTaHJAPTHBIN TOTOK BBOjIa (input) Ha daiir (input.txt),
a g OTKpbITHd (ailga Ha 9TeHUe MCIOJIb3YeTcd HPOoLeJypa reset ¢ yKasaHmeM II0TOKA.
[ToJHOCTBIO AaHAJIOIHYHO B CJICYIONIeH CTPOKE IIePEHAIIPABJIACTCA CTAHIAPTHLI HOTOK BbI-
BOJIA (/71T OTKPBITHS MOTOKA HA 3aINCh MCIIOJb3YeTCs MPOIeypa rewrite).

CTOHUT 3aMETUTD, 9TO IPH UCIOJb30BAHUH STOr0 METOAa HeT HeOOXOIUMOCTH HCIOJIL30-
BaTh close J1g 3aKpbITHA PaliIoB, T.K. CTaHJIAPTHBIC TOTOKH 3aKPBIBAIOTCA aBTOMATHYCCKA
B KOHIIe paBOTHI MPOIPAMMEL.
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JLst o118k JIOCTATOYHO 3aKOMMEHTHPOBATH CTPOKH, IIEPEHAIIPABJISIONINE BBO-BbIBO/L
B (haila, m Torma nporpamMma OyJeT CYMTHIBATHL W BBIBOAUTDH JAHHBIE HA KOHCOJb. OOpature
BHUMAHUE, YTO CJejayeT He 3a0biBaTh yOpaTb KOMMEHTApPHUil Iepeji OTIPABKO pelleHus Ha
MPOBEPKY.

1.2 WHTYUTHMBHOE NOHATHUE CJIOXKHOCTHU AJTOPUTMA,

Onenkoit 3pPEeKTUBHOCTH peaTu3alli pPeIleHus] MPUHITO CYATATH BpeMs pPadOTHI MPO-
rpaMMbl U KOJIMYIECTBO UCIOJIB3yeMoil namsaru. CrangaprHbie COOOIEHNsT TeCTUPYIONeil cu-
CTEMBI O TIPEBBITIEHNH MaKCHMAJIbHBIX JUMATOB 06br9HO HOCAT BU TL (Time Limit exceed,
npesbiten gumut 110 Bpemenn) u ML (Memory Limit exceed, mpeBbitiieH JUMAT 10 TTAMSITH).

Db deKTHBHOCTD TPOrPaMMBbI OOBIYHO OIPEJIEsIeTCsI, UCXOId U3 COUETAHUS BPEMEHH pa-
60THI TPOTPAMMbBI U HCIIO/IB3YEMOI0 00'beMa MaMsATh, TPUIEeM BayKHOCTb KazKJIOI'0 U3 KOMIIO-
HEHTOB OolIpeJejdaeTCda B 3aBUCUMOCTH OT 3ada9H1. B CJIydae zKe OJIUMIINAQJIHOIO MMTPOrpaMMUpPO-
BaHUS CJIeJyeT WCIOJIH30BATH eIle OJNH PEITaioinii KOMIOHEHT ONeHKHN 3(P(MeKTUBHOCTH —
BpeMs, 3aTpadeHHOe Ha HaIIMcaHue MmporpaMMmbl. Takum obpasom, Haubosiee 3¢hHeKTUBHBIM
perreHneM OJUMITHAIHONR 3aJa49n 110 HH(MOPMaTHKe MOYKHO CUYUTATH pelleHne, YKJIAIbIBao-
meecst B TL u ML, u nanucannoe 3a kpardaiiiee BpeMsi.

OCHOBHaH YJaCTh BPpEMEHU pa6OTT:)I IporpaMMbl COCTOUT M3 TTPOU3BEACHHUA KOJIHNYIECTBA
UTepanuit MuKIa (T.e. CKOJIBKO pa3 ObLIH BBIIIOJHEHB! JeHCTBHSI) HA BPeMsl BBIIIOJIHEHNS KO-
MaH]I B IIUK/Ie. Bpems BbINOIHEHHST yCIOBHO Oy1eM HAa3bIBATH «KOHCTAHTOl» (He 3aBHCAIIeit
OT BXOJHBIX JIAHHBIX), & KOJMIECTBO UTEPAIMA — <«CJIO0KHOCTBIOY ajsropurma. Jlomycrum,
aJTOPUTM JIMHEHHBIH, T.€., HAIPUMED, Ha BXOJ jaercs N 4uces, U Cjeayer MOACINTATh MX
cymmy. Torma coroxmocts anroputma Oymer obosnadarnbes kak O(N) (O-6oabmioe or N).
KoHcTanTa Ke i 9T0H 3a1a90 MOXKET PA3/INIaThCs B 3aBHCUMOCTH OT KOHKPETHBIX YCJIO-
Buit. Hanpumep, [y1st mesibIx qmcest KOHCTAHTA Oy/eT B HECKOJIBKO Pa3 MEHBIIeE, YeM JIId Be-
MIECTBEHHBIX (T.K. IIEJIOYUCICHHbBIC OLEDAIMU BBIIOJIHSIOTCS B HECKOJIBKO pas3 Obicrpee). st
KBaJIPATHIHOTO AJrOPUTMA (HAIPUMED, JJIsi COPTUPOBKH My3bIPHKOM) CJIOKHOCTH 3aIUCHI-
Baerca kak O(N?). CJ10:KHOCTH MOYKET 3aBUCETh M OT HECKOJLKHX MapaMeTpoB, eC/U OHU
ONPEIETSIOT KOIUIECTBO MUKI0B. TOrIa CJI02KHOCTE MOXKeT 3amuchiBaThes Kak O(N? 4+ M?).
Ecsin B anropurMe HeT NHKJIOB, 3aBHCSIINX OT BXOJHBIX JAHHBIX, TO TOBOPSAT, YTO OH <«pa-
6oTaer 3a KOHCTAHTY», T.e. 3a O(1).

O06w1aHO 32 O-60/bI1TI0€ 0003HATAIOT CJIOKHOCTH B Xy IITeM ciay4ae. HekoTropsie aaroput-
MBI pabOTAIOT OY€Hb MO-PA3HOMY B 3aBHCHMOCTH OT BXOJIHDLIX JAHHBIX, B 9TOM CJIy4Yae MbI
Oy/IeM OTIETBHO YKA3BIBATH «CJI0KHOCTD B CPEJIHEM».

Ouenb 9acTO B MPOMECCE MOICYETa CJA0KHOCTH aJITOPUTMA UCOIb3yeTcda pyukius log N
(«morapucdm ot N»). B mporpamMmupoBaHun Mbl 0OBI9HO GyJ€M HCIMOIH30BATH JBOWYHBIH
gorapudm. On ompenenserca tak: 262V = N. B nasnbmeiimeM mox 3ammcbio log N MBI
oyneM moHnMaTh log, N. IlHTepecHast ocobeHHOCTD Jorapudma 3aKI0IaeTCs B TOM, YTO OH
pacrer oueHb Meayenno npu pocre N. Tak mpu N =8 :log N = 3, N = 65536 : log N = 16,
N = 4294967296 : log N = 32. Ckopoctb pocra jorapudmMa HAMHOTO MEHBIIE, 9eM JaxKe Y
KBa IpaTHOro KOpHd. [Toaromy npu 60/1b1uX 3nadeHngax [N aJropuTM co CJI0XKHOCTbIO log N u
0O0JIBIION KOHCTAHTOM Oyer adpdekTrBHEe JIUHEHHOTO aJrOpUTMa, ¢ MaJIEHbKOM KOHCTaHTOM.

Ha sToM 3akoHYNM BBEJCHHNE B TCOPUIO CJOKHOCTH aJT'OPUTMOB.
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1.3 ]_[eJIOtII/ICJIeHHbIe TUIIBI JAHHbBIX N NX MNCIIOJb30BaHUE

Ha nannpiit MOMEHT Ha OJIMMIINAIAX UCHOJIB3YIOTCHA, B OCHOBHOM, 32-OMTHDBIE CHCTEMBI
1 KoMIuasaTopsl. [IpuBegem Tab/uIy, B KOTOPOH yKa3aHbl MAKCHUMAJIbHbIE U MHHHUMAJIbHBIE

3Ha4YeHud AJid OCHOBHBIX THUIIOB IEPEMEHHbBIX:

HazBanme | Baiit | Muaumym | Makcumym
byte 1 0 255
shortint 1 —128 127
smallint 2 —32768 32767
word 2 0 65535
integer 4 —2147483648 | 2147483647
cardinal 4 0 4294967295
int64 8 —203 203 — 1

CnenyeTr 3aMeTUTh, YTO ONEpAliu ¢ int64 BBIMTOTHAIOTCS HECKOJBKO MeJJIEHHee, YeM C
JIDYTUMH THIIAMU TEJTOUNCTEHHBIX JTAHHBIX, & TAKKe epeMeHHble THIa int64 He MOTyT OBITH
UCTIOJbL30BAHBI B KaUeCTBe UTepaTopa NuKJIa for, a TakXKe I HUX He pabOTAIOT Oleparun
div u mod.

[Ipu nporpaMMupoBaHUN CJIEIyeT CTAPAThCAd UCHOJIH30BATH TUI int KpoMe CHUTYyalluii,
KOI/Ia UCHOJIb30BaHUE MEHBINEro TUIA TO3BOIUT YI0KUThcd B IMIL nim Tpebyerca 3aBejoMO
OOBITINY TUN TAHHBIX.

B HeKOTOPBHIX CUTYyanuaxX He XBaTaeT Jazke Tuna int64. llnorma, ecim fanHble He HAMHOTO
IIPEBBIMIAIOT pazMep int64, MOXKHO BOCIOJb30BATHCA THUIIAMH IIEPEMEHHBIX € IIJIaBAIONe
toukoii. Tak extended mMoxkKeT XpaHUTH 0e3 OIMUOOK IEJI0e YUCI0 AIUHON 10 19 J1ecaTuaHbIX
3HaKOB. OJIHAKO CJIEyeT TIOMHUTH, 9TO BEIeCTBEHHBIE TUIHI 00PA0ATHIBAIOTCS 3HATNTETHHO
Me/IJIeHHee, /IJIs HUX He Ollpe/lesIeHbl OTlepPalliy B3THA OCTaTKa U jlesleHus Halles0. HecmoTpsa
HAa 9TO, BCE K€ CYMIECTBYIOT CUTYAIINA, KOTJI4 UX HCIOJb30BAHUE ONPABIAHO.

Kiaccuueckunit npumep Ha Temy BbIOOpa THUIA LHEPEMEHHBIX BBIIVISJIUT TaK: JaHbl JIBA
anciaa X Y 10 Momymio Menbmme, gem 23!, cieayer BeiBecTn X cyMMy. YYACTHHK CMOTPHT
Ha TaHHBIe, BRIOWpAeT THN integer W MOJIydaeT OMMUOKY, T.K. PE3YIbTAT CJIOKEHWS MOYKET
HEC YMECTUTHCHA B 9TOT TUIl JAHHBIX.

Ecim ke He XBaTaeT W 3TUX NEPEMEHHBIX, TO €JIUHCTBEHHBIH BBIXOJ] — HMCIOJIb30BAHHE
JUIMHHOM apudMeTnKy, T.€. apudMeTuK Ha MaCCUBaX, YeMy U Oy/1eT HOCBLIIEHa CJIe/ Ly IOIast
9aCTh JICKIUH.

1.4 JIjmHHBIE 4KcJia U ollepaluu HaJi HUMU

[Ipu paccmorpenuu 3Toit TeMbl HaM TOTPEOYIOTCA 3HAHUSA, MOJYYEHHbIE B HAYAJILHOM
mkoJie. B wacTHoCcTH, BBINOTHEHNE apU(pPMETHIECKUX OTePAIUil «B CTOJIOUKS.

Wnesa peanuzanyuu JIMHHEBIX YACET 3aKT0YAETCH B HCITOJIb30BAHUNA MACCHBOB, COCTOATITUX
M3 YHCE] «<KKOPOTKUX» (OHU Oy/IyT UrpaTh poJib nudp). ByaeM npuiepKuBaThCs COrJIAIIEHNUS,
YTO YUC/IA HPUKATHL K <IIPABOMY KPAO», T.€. MJIAJIIINE PA3Ps/ibl CTOAT B siueiikax ¢ 00JIbIITUM
HOMEPOM.

Bo-nepBbix, ornpejeiuM MaKCUMaJIbHYIO JUTMHY JJIMHHOTO Yuc/a. B obieM ciaydae — 3T0
HeOaHATbHASA 337]a49a, W 9TOT MapaMeTp ONpeesercs ¢ MOMOIIBI0 KOMOWHATOPHBIX (Hop-
MYJI, HO MOXKHO TIOCTapaThCsd MOA00PATh 3aBE/IOMO YIOBIETBOPSIONIEe HAITUM MTOTPEOHOCTIM
3HAYEHUE.
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Y06Hee BCero onpeie/uTh OJMH pa3 MAKCHMAJbHOE 3HAYEHUE JTHHBL (KOJTHYeCTBa e~
MEHTOB B MaCCHBE), 9TO0bI MOZKHO OBIJIO yMEHbIIATh ero s 6osee ynobHoil orranku. OHO
33/1aeTcd B BHJe KOHCTAHTHI B pa3iesie const:

MAXLEN = 1000;

Mp1 onpenenuin MakcuMaJibHyIo aauny maccusa B 1000 «mudp». Kpome Toro, ympodHO
OTPeJIe/TUTH 3alUCh I XpaHeHUs YACaa:

type
vlong = record
val : array[0..MAXLEN] of integer;
st : integer;
end;

[Tone st Gymer yKasplBaTh HA TY MO3UINIO, C KOTOPO HAUYMHAETCH OCMBICJIEHHAS acTh
qucyaa (T.e. HAYXHAIOTCST OTJIMIHBIE OT HYJIs NUMDPHI; B JaJbHEHRIEeM Mbl YBUIUM, YTO pa-
3yMHOE HCIOJIb30BAHUE 3TOTO 1O/ W30aB/IsderT HAaC OT O'POMHOI0 KOJUYECTBA OECIIOIe3HBIX
onepanuii). MakponojcranoBka typedef genaercs jjist TOro, 9To0bl He THCATH KaZK/IbIA pa3
caoBo struct. IIporpammupyromue na C++ u Java moryT co3garh Kjaace U JajbHeinine
(GyHKIINN 3a0UCHIBATH B BHJIe TIepeonpeieIeHHBIX OMePATOPOB TOTO KJacca.

BenomunMm, Kak ocymiecTBIsgeTCs CI0XKeHNe B CTOMOUK. Mbl HaUMHAEM UATH ¢ MJIAJIITUIX
pPa3psiIoB, CKJAaIbIBaeM MU@PHI, CTOSIINE HA JaHHBIX MO3UIUIX, HPpUOABIsIeM TO, 9YTO OBLIO
«B yMe», HOBOE 3HAYEHHE «B yMe» PaBHO IEJOIl 9acT OT JIeJIeHUS MOJYyYeHHOTO Pe3yIbTaTa
Ha 10, B ©'TOTOBOE YHCJIO HA 3Ty MO3UIUI0 — OCTATOK OT JiejieHnus pe3yabrara Ha 10. Tak Mol
IIOBTOPSIEM JI0 TeX MOP, MOKa 00a Yuc/Ia He KOHIATCs (T.e. Mbl He JI0i1eM 710 Hadasa GOJIbIIero
YHCJIA), B CJIyYae XKe, eCJU «B yMe» He HOJIb — Mbl JONUChIBaeM 5Ty mudpy B Havamo. B
peajin3aluu JJIMHHOTO CJIOZKEHUS — BCE TO YK€ CaMOoe, TOJILKO JIJIsi 9KOHOMUU BPEMEHU U MeCTa,
MBI MOYKEM HMCHOJb30BaTh, HAPUMED, He CUCTeMy CUYHUCAeHHusd ¢ ocHoBaHmeM 10, a cucteMmy
¢ ocuoBanneM B 10000 (i1 c0KeHUsT MBI MOXKeM BBIOpaTh W GoJibliee 3HadeHwne). Jist
peau3aluy ITOT0 MeTO/Ia W, ONATh Ke, Obojiee yIOOHON OTIAIKU YI0OHO 3a/1aTh KOHCTAHTY
C OCHOBAHHEM CHCTEMBI CUUCJIEHUS:

SYS = 1000;
[lepeitmemM coOCTBEHHO K OMHCAHUIO (DYHKIIUU CJA0KEHUSI:

procedure add(var opl, op2, res : vlong);
var

mxop, mnop : vlong;

i, flag, st : integer;

begin
if opl.st > op2.st then begin
mxop := opl;
mnop := 0p2;
end else begin
mxop := 0p2;

mnop opl;
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end;

flag := 0;

st := mnop.st;

for i := MAXLEN downto mxop.st do begin
res.vall[i] := mxop.valli] + mnop.vall[i] + flag;
flag := res.vall[i] div SYS;
res.val[i] := res.val[i] mod SYS;

end;

for i := mxop.st - 1 downto mnop.st do begin
res.val[i] := mnop.valli] + flag;
flag := res.vall[i] div SYS;
res.val[i] := res.val[i] mod SYS;

end;

if (flag <> 0) then begin
dec(st);
res.val[st] := flag;

end;

res.st := st;

end;

CrenaeM HEKOTOpBIE TOSCHEHUsT K IporpaMme. [lepBbiM ge1oM oHa BhIOHpaeT OOJIbIIee
U MEHbBIIEee 10 KOJHYECTBY 3HAKOB YHCJIO. 3/€Ch OIATH K€ IOJHAsl aHAJOIHAS CO CJIOXKEHH-
eM 4ncesl B CTOJIOWK: TOKa y Hac 00a 4ucJa elne He KOHYMJIUCH, Mbl CKJIa/IbIBA€M 110 BCEM
MpaBuIaM, a 3aTeM MepernrchiBaeM HavaJ0 OOJIbINero 4ucia, He 3adbiBasg MpPO 3HAUYEHHWE «B
yMes.

OO0bI9HO 0OJIBINIME YUCIa WHUITHAJU3UPYIOTCS KAKIMU-THO0 MAJBIMH 3HAYEHUSIMUA, HAJT
KOTOPBIMU 3aTE€M HPOU3BOAATCA ONlepalnn, KOTOPhIE U IIPUBOAAT K POCTY 3TOI0 4YuCJIa. T.e.
KOPOTKOE YHCJIO HaJIO 3aluchiBaTh B X .val [MAXLEN], a x.st ycranaBiaubarh B MAXLEN.

Ecan a, b m ¢ - nepeMerHble THIA V1ong, TO BHI30B (PYHKINN TOJKEH BHIIVIAIETh KaK
add(a, b, c). BeiBecTn 3HaveHne JJIMHHOTO YHUCAA MOYKHO CJIEAYIONINM 0Opa3oM:

write(c.vallc.st]);
for i := c.st + 1 to MAXLEN do begin
j := SYS div 10;
while (c.val[i] < j) do begin
write(0) ;
j = j div 10;
end;
write(c.val[il);
end;

ObpaTure BHUMaHKHE HA TO, YTO IIEPBOE YUCI0 BBIBOANTCH O€3 BeAyIIUX HyJIei, a KaxK10e
CJIEIYIOIIEee JTOJIZKHO BBIBOJIMTCS C BEyIIUMU HYJIAMHU. [IpOCTO BHIBOIMTH 3/IeMEHTHI MAaCCUBA
¢ TIOMOIIKI0 write Heb3st! Takyoo omumbKy M0CTATOYHO JIETKO JOMYCTUTh W OY€HDb CJIOZKHO
Haiitu. Ob6parnTe BHEMaHUE HA TO, KaK H3SIHO peasi30BaH BBIBOJ MaccuBa Ha s3bike C u
ele pa3 MmoayMaiiTe, YBepeHbI JIU Bbl, YTO XOTHTE MPOIOIKATH IPOrPAMMHUPOBATH HA SI3BIKE
Pascal.
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Ca0kHOCTB TT0JTyYeHHOT0 anropurMa nostyanitack O(N), rae N — KOIu49ecTBO paspsiion
B OoJibiieM vucje. ey Obl MBI HEe MCIO/IB30BaJIM MOJId St, TO HAM KaXKJIblil pa3 MPUILIOCh
o6l ckJapiBaTh Bce MAXLEN pasps/ioB, a ¢ y4eTOM TOT'O, YTO OYEeHb YacTO HCIOJIb3YeTCd He
BeCh MAcCUB (B MPOIECCe BBIYUCJIEHUST YUCIA PACTYT, UJIH MBI HE MOXKEM TOYHO OIPEIeJUTh
JUTHHY 3apaHee), TO CJI0XKHOCTD TTPOrPAMMUDOBAHUST OITPABJIBIBACTCS TPOU3BOJAUTETLHOCTHIO.

ZLHI/IHHOG BblYUTaHUE OCYyHICCTBJIACTCA aHAJIOTMYHO. MCHO.HbSyIOTCH Te 2Ke ujieu, 4To U B
BBIYUTAHUHN B CTOJI6I/IK.

TbHepbIﬁﬂXHﬂOTpHNIyNHHDKeHHe)LHHHHOFO‘{HQHaIHLKOpOTKOG(KOpOTKHLIqHCHONI6yﬂeM
HA3BbIBATH TO, KBAJIPAT KOTOPOTO MOMEITAEeTCA B IEPEMEHHYIO 3JIeMEHTAPHOIO TUTIA, T.€. MEHb-
mee SYS). IIpu 310M DYHKIUIO YMHOKEHHsT Ha KOPOTKOe GYIeM MUCATH Cpas3y ¢ MPHUIETIOM
Ha HUCIIOJIb30BaHUE B YMHO2KCHHUU JIJIMHHOI'O Ha JJIMHHOC.

procedure mul(var opl : vlong; sh, offs : integer; var res : vlong);
var
i, flag, st : integer;
begin
flag := 0;
st := opl.st;
for i := MAXLEN-offs+1 to MAXLEN do
res.val[i] := O;
for 1 := MAXLEN downto st do begin
res.val[i-offs] := opl.vall[i]l * sh + flag;
flag := res.vall[i-offs] div SYS;
res.val[i-offs] := res.vall[i-offs] mod SYS;

end;
if (flag <> 0) then begin
dec(st);
res.val[st-offs] := flag;
end;
res.st := st;
end;

CH0KHOCTH AJITOPUTMA YMHOXKEHUS [THHHOTO YHCIa HA KOpoTKoe coctasiasger O(N),
e N — KOJM4YeCcTBO pas3psiaoB B IMHHOM 4ucse. C MCIOJb30BAHHEM JBYX IPEIbIILYIIHX
dyHKIHI yMHOXKEHIEe JUIMHHOT'O YHCJa Ha JJIMHHOE Peajnu3yeTcs O9eHb IMPOCTO

procedure mul_long(var opl, op2, res : vlong);
var
i : integer;
temp : vlong;,
begin
res.st := MAXLEN;
res.val [MAXLEN] := 0;
for i1 := MAXLEN downto opl.st do begin
mul (op2, opl.val[i], MAXLEN-i, temp);
add(res, temp, res);
end;
end;



1.5. AEJIMMOCTDB 1 JIEJINTEJII 11

Boizos (pynknum ymuoxkenus Ha koporkoe: mul(x, sh, 0, res), rje x — 3T0 JJIMH-
HOe 49nCI0, Sh — KOPOTKOe, res — pe3ysbTaT. BeI30B (DYHKINN YMHOMKEHHS JJIMHHOTO Ha
qauaHOoe: mul_long(opl, op2, res), rje opl um op2 — JJIMHHBIE YUCTA, & T€S — UX HPOU3-
BeJIeHTIE.

Vnnnunanu3anus 3HaYeHAN ¥ BBIBOJ, OCYTIECTB/ISIETCS aHAJOTUYIHO CIOZKEHHIO.

C0KHOCTD YMHOXKEHHS! JIJIMHHOTO duc/a Ha juHHoe nosydniaack O(N x M), tne N u
M — xonudecTBO pa3psnoB B onepanjax. CyliecTByoT 0osiee OBICTPBIE METO/BI YMHOMKE-
HUsI JUTMHHBIX 9ucen (Hampumep, Meton Kapaiy6br), OJHAKO B TMTKOJBHBIX OJMMINAIAX X
IpUMeHeHHe TpebyeTcs KpaifHe peJKo.

JTMHHOE NejleHNe MCMOIb3YyeTcsd TOPa3/I0 peke W PeaJlu3yeTcs aHAJOTHYHO JeTeHUIO B
crosibuk. JyIMHHBIE BeleCTBeHHbIE YUCJIa TaKZKe OCTaBUM 0e3 BHUMaHUs (MHTEPeCyOmnecs
MOTYT Ha#fiTH cHOCOOBI XpAHEHNUsI BEITECTBEHHBIX YNCe B TaMATI KOMIIBIOTEDA U PeaTn30BaTh
HEdTO 1MoI00HOe Ha MACCHBAX).

Ha sToM 3aKOHYMM paccMOTpeHHe JINHHBIX JHCe.

1.5 JleaumocTb u Jjlejinrenan

OrBiedeMcsi OT TEXHHYECKHUX Bellel u nepeiijemM K mporpaMme Kypca MaTeMaTHKN Ha-
YaJIbHON TITKOJIBI.

[TpocThiM YnC/IOM HA3bIBAETCH HATYPAIbHOE YHCJIO, DOJibIee 1, KOTOpOoe JAeJUTCH HAIEI0
TOJBKO Ha cebsa u 1 (uMeer JBa HATYpaATbHBIX jresuTesis). COCTABHBIMU YUCIAME, COOTBET-
CTBEHHO, HA3bIBAIOTCS BCE OCTAJbHBIE HATYPAJbHBIE YUCa, OOIBIIHE €IHHUIIb.

[IpocThie Yncaa UMEIOT MHOXKECTBO IMOJIE3HBIX MpUMEHEeHHUil, a Tak:Ke W caMu 110 cebde
HEPEJIKO SIBJISIIOTCS CyThIO 3aa4un. Haubosiee W3BeCTHOE MPOMBINLIEHHOE TPUMEHEHHE TTPO-
cThIX ynces — B mudpoBanun RSA ¢ OTKPBITBIM KJIIOYOM.

B nepByio odepeib HaM HEOOXOIMMO yMETH IPOBEPATDH, ABASETCS JIK YUCJI0 N TIPOCTBIM.
T.e. HAM HEOOXOJMMO Y3HATH, CYIMIECTBYIOT JIM TaKHe HATypalbHble dncaa x, y (1 < x,y <
N), ato © x y = N. Kpome toro, yciaoBumcst, 9ro x < i, TOLJA MOYKHO CKa3aTh, UTO X
MeHbIITe JIH00 PaBeH KBaJApaTHOMY KOPHIO U3 4ducsa N (ecim 9T0 ycjioBre He BBIIOJHEHO, TO
npousBesierne Oyner 3aBeqoMo Gosbine N).

Taxum 0O6pa30M, MOKHO HAIIUCATDH CJAEAYIONLYI0 (DYHKIUIO, KOTOpas OyIeT JTOBOJIbLHO 3¢-
(EKTUBHO NPOBEPATH YUCJIO Ha MPOCTOTY

function isprime(n : integer) : boolean;

var
i, j : integer;
begin
if (2 = i) then

isprime := true
else begin
j := round(sqrt(n))+1;
for i := 2 to j do
if (n mod i = 0) then begin
isprime := false;
exit;
end;
isprime := true;



12 JEKINA 1. APUOMETHKA W TEOPHA YUCEJI

end;
end;

[Tonb3ysich TeMu ¥Ke COODParKeHUAMHU, OYEeHb MPOCTO HAMUCATH (DYHKITUIO, HAXOJAIILYIO
BCe PA3JIOKeHWs 4YHCIa Ha ABa MHOKUTeNd. [ng sToro moctarodHo ybpaTh MpOBEPKY Ha
paBercTBO N IBYM W B 3aMeHUTH BBIXOJ U3 (pyHKIUU ¢ pe3yiabTaTroMm false Ha 00pabOTKY
JABYX HalJIeHHDBIX JlequTeael 1 un div 1.

OGa stux amropurma nver cioxaocts O(vN).

1.6 HOJ/ nm HOK. D1eMeHTHI TeOpun OCTATKOB

HauGoabmmm obuum gemmreseMm (HOJI) aByX HATYpaJbHBIX UHCET HA3BIBAETCS TaKOe
MaKCHMaJIbHOE HATYypPaJbHOE YHUCI0, KOTOPOE SABJAETCS JIeJIUTEJIeM U IePBOI'O U BTOPOI'O
ancsa. Hanvenbimum o6mmm kparaeiM (HOK) 1ByX HaTypasbHBIX 9HCe] HA3BIBAETCS Ta-
KO€ MUHHMAJIbHOE HATYPaJbHOE YUCI0, KOTOPOe JEJTUTCA HAIEeI0 Ha 00a 3TUX YUC/IA.

Ananornuno seoastes nonstusg HO n HOK muornx wunces. Ha npaktuke HOJl 1 HOK
MHOTHX YHCEJ CUUTAIOTCS ¢ MOMOIIBIO HocaeaoBaTeabHo nonapuoro noiacuera HOJJ n HOK
(r.e. canraerca HOJI yzke 06pabOTaHHOl 9acTH M OYEPEIHOIO THCIA).

Bagaun, B KoTopbix HeoOxoanMo moacunTarb HOJL nan HOK Bo3HEKAIOT J10BOIBHO 4a-
cto, ocobenno g HOJ. Tak, nanpumep, B mojcyeTe KOJUIECTBA TOUYEK C IEJTBIMU KOOP/IH-
HaTaM# Ha oTpeske ucnoabsyercs HO x u y koopauHat orpeska.

B mammreit mkoste u3ydaercs aaroput™m EBkimga, koTopsii mo3sosaser naiitu HOJl nByx
quces. B HeM HCHOJIB3YIOTCS CJIe/IYIOIe COOTHOITEHMS:

1) HO/(a,0) = a

2) HO(a, b) =HO(amodb, b) =HO/(a, bmoda)

Banumiem dyuxmuio nogcaera HO (GCD — Greatest Common Divisor):

function gcd(ap, bp : integer) : integer;

var
a, b, ¢ : integer;
begin
a := ap;
b := ap;
while (b <> 0) do begin
Cc := a mod b;
a := b;
b := c;
end;
ged := a;
end;

Dror AJrOPUTM OYEHb HPOCT, €r0 CJIOXKHOCTH B Xyem ciyudae, pasaa O(log N), rue
N — GoJibliiee U3 YHCEJI.

HOK wmozxkno uckarhb ncxoaga u3 coornonrernss HO(a, b)) x HOK(a, b) = a x b.

CymectByet ere oaun crnocod noucka HO/I: 6unapubiii anropur™m EBKiauma. DToT crio-
cob ocuoBbiBaeTcst Ha cootHomenusx HO(2 X a,2 x b) = 2xHO/(a,b), HOA(2 x a,2 x
b+ 1) =HOH(a,2 x b+ 1), HOA2 xa+ 1,2 x b+ 1) =HOI(2 x (a — b),2 x b+ 1). Xora
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I[Ipyu UIIOJIb30BaAHUU 3TUX COOTHONIEHUI BpeMdd HallUCaHHA IIPOrpaMMbl U CO6CTB€HHO IIOMCKa
HO/T HeckoabKo BO3pAcTeT (XOTH MO NPEKHEMY CJIO0KHOCTH AropuTMma OyJaer COCTaBIATH
O(logn)), aror cnoco6 namuoro yaobuee npu noucke HOJI piunnbx quces. [leficTBurenbHo,
B 0OBIYHOM asiropuTMe EBKinIa HeoOX0AMMa Olepallis B3ATHsS OCTATKA OT JIeJeHUd JJIHH-
HBIX 9HCEN, a B OMHAPDHOM — HAMHOTO GoJIee NMPOCThbIe ONepaldy JJIHHHOTO BBIYATAHUS U
JeJeHrs Ha 2.

B omuMnmamuex 3ajadax JOBOJIBHO 4YACTO TPEOYETCS HANTH UYTO-AU00 «MO MOJYJTIO»
KaKoro-au00 9ucia, T.e. MOJACYATATH OCTATOK OT JIeJeHUs pe3y/ibraTa Ha 3aJaHHOe YUCIIO.
Teopus 49HCes JOCTATOYHO IIOAPOOHO M3YyYaeTcsd B MIKOJIHHOM KypCe MaTeMATHKH M MbI HE
6yLLeM yFﬂy6ﬂHTbC5{ B HEe, B34B JIMllb HECKOJIbKO IIPAKTUYCCKU Ba2KHbBIX PE3YJIbTaTOB.

B wacTHOCTH, HAM BazKHBI CJeLyolne cBoiicTBa octaTko: (a+b) mod n=(a mod n+b
mod n) mod n u (ax b) mod n=(a mod nx b mod n) mod n. tu coiicTBa YacTo GHIBAIOT MO-
JIE3HBIMH, T.K. OOBIUHO B 3a/1a4aX, Ije TpefyeTcsd IMOACUUTATh OCTATKH, BOSHUKAIOT JOBOJBHO
OOJIBINNE YUCIA, U YMEHbIIEHAEe PA3MEPHOCTH ONEPAHIOB B IIPOMEKYTOYHBIX BBIUUCICHUIX
HAMHOT'O O0Jierdaer 3ajadqy.

Tax>ke JOBOJLHO YaCTO TPEOYETCs HATH YIOBJETBOPSIONIN YCIOBHUIO 3JIEMEHT KaKoOii-
00 OCJIE0BATEIBHOCTH 110 MOJY/II0 JAHHOIO YUCJIA. B 9TOM Clydae MOMKHO COCTABUTDH
«Tab/IMIly YMHOKEHUA» 110 MOIYJIIO 1 WM APYIYIO TaOJIHIY ¢ IpaBUIAME [EPeXoia — 3TO
MOZ2KET 3HAYUTECJABHO O6ﬂquHTb pemeHue 3ada49u.

1.7 Pa3zjioxeHue dmucja Ha OPOCTble MHOXKUTEJIN

Bepuemcst k ipocThiM uncsiaMm. JI1oboe 9ucio MOXKHO TPeICTABATH B BHUJIE TPOU3BEICHUST
HPOCTBIX YHCE], IIPUIEM TO IpeJcTaBleHne OyAeT eIUnHCTBEHHO.

OO6bIYHO, TaKOe MpeCcTaBJIeHNe BBHITISINT B BHAE OJHOMEDPHOI'O MACCHBA, COAEPIKAIIETO
HPOCTBIE YUCJIA, U eIIe OJHOIO OJHOMEPHOIO0 MACCHBA JJId HEIMOCPEJICTBEHHOIO MPEe/ICTaB-
JIEHUS 9UCJia, B KaXKJI0i s4ueiike KOTOPOTO COJIEPKUTCSA CTENeHb COOTBETCTBEHHOIO ITPOCTO
YUCJTIA.

Hanpumep, mycTh y HAC €CTh MACCHB MPOCTHIX wucea [2,3,5,7,11,13], Torma maccus ¢
npescrasienneM ducia 2600 6yaer Boirasers kax [3,0,2,0,0, 1] 13 KOTOPOro MOKHO HOJLY-
qurh 2° X 52 x 13! = 2600.

Takoe mpe/IcTaBJIeHIe HEONPABIAHHO NeHEPUPOBATD JIJIs OJHOTO IHCIa (€CJIM 9TO HE sB-
JISTeTCsT HeOOXOUMBIM YCJIOBUEM JIJTsI petiienust 3aj1aun ). OIHAKO, eCJIH IuCce] MHOTO, TO MPH-
BeJleHHe UX B TaKOe MpeacTaBJIeHne H 0OpATHO MOXKET OBITh BeChbMa MOJE3HBIM.

Hampumep, ¢ moMoIpbio Takoro MpejcTaBjIeHns O4YeHb MPOCTO pPean30BaTh yMHOMKe-
nue. PacemorpuMm Hatre vucao 2600 u gmcesio 11858, KOTOpoe HpeICTaBIAeTCS MacCHBOM
[1,0,0,2,2,0]. Y106l HOJIYYUTH TPOU3BEICHAE ITUX YUCEJI, JOCTATOYHO CJIOKUTH COOTBET-
CTBYIOIIHE 3/IeMeHTHl MaccuBoB. PesyabraTom Gyner maccus [4,0,2,2,2, 1], Te. 24 x 52 x 72 x
112 x 13! = 30830800, 4TO COBIAACT C PE3YJILTATOM YMHOMKEHUSI.

ITocsie HEKOTOPHIX PA3MBITIJIEHHIT MOYKHO TaKyKe peajin30BaTh JIeJeHne ¢ OCTaTKOM, HO B
paMKax JIEKIIUA MBI 3TOT'O JeJaTh He OyjeM, KeJIalonue MOT'YT CaMH HMPH/IYMATh aJIOPUTM.

W3 sToro npencrapiaenus Takzke MoxKHO noayuunth HOJ u HOK stux guncerr.

s naxoxaennss HOJI Hao BeIOMpATh MEHUMYM U3 CTernenedi (3T0 JOrHIHO, T.K. YHCI0
X" xparro X*, ecoim n > k). s nopcaera HOK namo 6path MakcumyMm 3 creneneii. dTor
ke Metoj padboraer jjs nojacdera HOJ n HOK npon3BobHOr0 KOJIHYECTBA THUCET.

Jna wmammx gucen 2600 m 11858, HO/I, moacuutanubiii TaKEM 00Opa30M, HMpeICTaBUM
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maccuBoMm [1,0,0,0,0,0], r.e. pasen 2, a HOK — maccusom [3,0,2,2,2, 1] u paser 15415400.
C nmomorpo agropurma EBK/IHIa HECTOXKHO YO IUTHCS, YTO PE3yJIbTaT BEPEH.

Kpowme Toro, y pa3ziokeHus 4ucia Ha MPOCTble MHOXKHUTETU CYIIECTBYIOT OoJiee CIIeIu-
ruHBIEe HA3HAYEHNUS, KOTOPBIE BCTPETATCS TI0 XOIY pellleHus MPAKTHIeCKUX TYPOB.

Haxoxmenne Bcex npocteix dncet jgo N 3anumaer O(N X VN ) BpeMeHH, MOJCIeT CTe-
neHeil jist onmHoOro Ynca 3anumaer okosio O(N) BpeMeHu (ecsin CTeHeH: He CJIUITKOM 60JIb-
mne), u onepanuu ymHozxkenusi, HaxoxeHust HOJL u HOK sannmator Takzxke O(/N) BpemeHH.
Taxkum 06pa3oM, cymmapHoe BpeMst coctabiisteT 0koso O(N X VN+NxM ), e N — mak-
CUMaJIbHOe u3 unces, a M — KOJHUYecTBO ITUX THCEJ.

B HeKOTOPHIX cirydasgx HaM HeoOX0INMO PAa3I0KUTh TOJIBKO OJHO YUCTIO HA TPOCTHIE MHO-
xureu. B rakoit curyanun nHanbosiee 3PeKTuBHLIM MeTOJA0M OyjieT Mo udukainus QyHK-
[UU TPOBEPKHU YHCIA HA MPOCTOTY. JleHCTBUTENBHO, €Ciu KaXKIblil pa3 MpPH HAXOXKICHUU
JeJTATENIT MBI OyJIeM JIeTATh pas3JjaraeMoe 9icJo Ha Hero J0 TeX Top, MOKa OHO JeJuTcs (W
3aIMOMHUHATD CTEMEeHb, ¢ KOTOPOIl 3TOT JIeIUTENb BXOJIUT B PA3JIOKEHUE YUCIA), TO MBI HOJIY-
YUM BCe TTPOCTHIE JIETUTEH KPOMe, BO3MOXKHO, OJTHOTO. [lelicTBUTE/IbHO, TOUCK JeauTesneit
HEOOXOIMMO OCYIIECTBJATH JI0 KBa/IPATHOIO KOPHSI U3 YUCJIA, & B CJydae, €CJIH LOC/Ie Jiejie-
HUS OCTAJach He eIWHUIA — ITOT OCTATOK TAKZKE SIBJITETCS MPOCTHIM JIE/IUTEIeM, TPUIeM
CTeTIeHD ero BXOYKJeHms Bcerda papna 1. Hampumep, 26 npencrasiserca kax 20 x 13!, rae
13 — eaWHCTBEHHBIN JeTUTENb, OOIBIINN KBAIPATHOTO KOPHS.

1.8 DBnicTpoe Bo3BeieHlIe B CTElEeHb

JIoBOIBHO YaCTO BO3HUKAET 33/a4a OBICTPOTO BO3BEAEHHUS YUCIA WIH APYTOro 00beKTa,
JIJIsT KOTOPOI'O OIIpejiesieHa onepanus yMHOXKEHUd, B KakKyo-11nbo crenenb. HauBHbIH ajaro-
PUTM, KOTJIa MBI IIPOCTO HYKHOE YUC/I0 Pa3 YMHOYKAEM YUC/I0 Ha caMO ce0s1, NMeeT CJI02KHOCTH
O(N), rme N — moka3aresb CTEemeHH.

ITpu BO3BE/IEHUY B CTENEHB YUCI0 PACTET OYeHb GBICTPO (& 3HAYHT, HaBepHSKA TPeOYITCs
ONEPAINY C JUIMHHBIMA YUCTAMH). [109TOMY HAYIUTHCS BO3BOIUTDH YHCJIO B CTENEHDb OBICTPEE,
gem 3a O(N) — mocTaTovHO BazxKHas 3a7a4a.

PaccmarpuBas cremnenn HEKOTOPBIX YHCEN, MOXKHO JIOTQJaThCsd O METOJe, KOTOPBIM CJie-
JIyeT TOJb30BaThcd. Hampumep, A7 Bo3BeJieHHd 3 B 4-10 cTeleHb HAM HYKHO MPOJeIaTh 3
omepanun yMHOKeHEA. OJHAKO, €CJIM U3MEHUTD TOPsIOK JeicTril Ha Takoit: (3%)2, To mo-
TpebyeTcs Bcero jaBa yMHOXKeHHUs. CieyeT MOMHHUTD, YTO TIPU BO3BEICHUH YHCJA B CTEIEHN
elle B KaKyio-inbo cTelenb noKas3are/u cremeneil nepemuozkaiorcs. IMenno na cokparennu
YJeTHBIX CTeleHeil OCHOBBIBAETCS naed 6bICTpOI‘O BO3BCICHIA B CTCIICHD.

[TpuBegem TekeT (pyHKIME, KOTOpPask BO3BOJIUT YHUCJIO G B CTENEHb N

function pow(a, n : integer) : integer;

var
b, ¢, k : integer;
begin
k := n;
b :=1;
c := a;

while (k <> 0) do
if (k mod 2 = 0) then begin
k := k div 2;
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C :=C ¥ c;
end else begin
dec(k);
b :=b *x ¢;
end;
pow := b;
end;

Kaxnpiit pa3, Korja cremeHb 4eTHas, Mbl BO3BOJNM BCIOMOTATEJBHYIO TEPEMEHHYIO B
KBa/PaT, a MOKa3aTe/b CTeIeHn JAeuM Ha 2. Kcan 9uc/io HedeTHoe, TO YMHOXKAeM TeKYIIee
BCIIOMOTATE/IFHOE IUCI0 HA Pe3yJibTaT W YMEHbIaeM moka3aresnb cremenn Ha 1. Takum 06-
pa3oM X0Ts Obl OJINH pa3 U3 /IBYX Y HAC IPOU3OH/IET yMEHbIIEHUE TOKA3ATe I CTEIEHH BIBOE
M, UCXOJIsl U3 ITOTO, MBI TTOJYyIuM CJI0KHOCTH anropurma O(log N).

JocTuxkenne Takoi CJI0KHOCTH OY€HDb M10JI€3HO, OCOOEHHO HMPHU UCIOJIb30BAHUH M€ JIeH-
HBIX Olleparuii ¢ JUIMHHBIMA YuCJIaMi. TakuM 00pa3oM MOXKHO BLIOpATh «yHUBEPCATILHBIN»
PeIenT: UCIOJIb30BaTh OLICTPOE BO3BE/IEHUE CTENEHDb Be3/le, T/Ie MOKA3ATeIb MOXKET MPEeBbI-
marh 100. C ygeToM TOrO, 4T0 PYHKIUSA TOCTATOYHO MPOCTasi, MOJKHO UCIOJb30BATH OBICT-
poe BO3BeJeHUE B CTEMEHDb BO BCEX CIYUAsX.

B anrsmog3branoii iureparype aaroputM OBICTPOTO BO3BEJIEHNS B CTENEeHb 003BIBAIOT 3a-
H6aBHBIM cjioBocoveTanueMm “Russian peasant algorithm”, ¥ro nepeBojuTcs Kak «aJropuTm
PYCCKOTO KPECThSIHIHA».

1.9 MaTtpuiibl 1 onepainun HaJ HAMUA

B pamkax mameii cerogusaniaeii JeKnuu Mbl OyJeM paccMaTpPUBATH TOJLKO KBAaAPATHBIE
MATPUIIBI, COCTOANME U3 dnces. MaTpuua gaBigercd, 10 CyTH, ABYMEPHBIM MaCCHBOM, YTOOLI
HALISIHO IIPEJCTABUTDL, YTO ITO TAKOE, MOXKHO OTKDBITH 3JEKTPOHHYIO Tabaumy. Kaxkmprii
SJIEMEHT MATPUIBI OIIPEJENdeTcs UMEeHEM STOH MATPHILI U ABYMS YHCJIAMEA — HHICKCAME
MacCCHBa.

JIByMepHBIE MacCUBBI OY€Hb 9aCTO UCMOJB3YIOTCA B IPOTPAMMUPOBAHNN JJIA XPAHECHUS
JMAHHBIX, HO CErOJHA MBI OCTAHOBHMCS Ha, aJirebpandecKuX CBOMCTBAX MATPHIIL,

Marpuna sBJjsieTcst MaTeMaTuIeCKuM OObeKTOM, M JIJIs Hee, KaK M JIJIsi YUCeT, OIPEeIesIe-
HBI HEKOTOPBIE OTI€PAIMH, B YACTHOCTH, CJIOYKEHUE W BbhlYuTanue Marpur. Jomycrum, aro A,
B n C — xBagpaTHble MATPUIBI OJMHAKOBOrO pasmepa. Torma marpuna C, paBHasg cymme
matpur, A u B onpenensiercs nosaementro, kak Cli, j| = Ali, j]+ Bli, j]. Touno Tak ke ompe-
JEJIAeTCA U PA3HOCTh MATPHIL. YMHOMKEHHEe MATPHUIBI HA YHCIO — 3TO HPOCTO YMHOXKEHHE
KazK/IOr0 3JIEMEHTa MATPUII HA 9TO YUCJIO.

[Mo-apyromy npoucxoaut ymHoxkenue marpur. Jomyernm, C' = A x B, torga C[i, j| =

Z;é(A[i,k] X Blk, j]), k uamensercss or 0 1o n — 1 (n — pa3Mep MaTpPUIbI, HYMepalus
HAMHHACTCS ¢ Hy/lsA). 3HAK Y O3HACaeT cymmy, T.e. Y ., A[k] — 310 TO Ke camoe, =TO

A[0] + A[1) + A[2] + A[3] + A[4]. Obparure Buumanue, uro A X B, BooO1ue roBOpst, He DABHO
B x A.

Ilepes HamucaHueM MPOIELYPbl YMHOXKEHHS MATPHUIL ONPEIEJIM HECKOJIBKO KOHCTAHT 1
THIIOB JTAHHBIX.

const
MAXN = 100;
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Dta KOHCTaHTa Oy/IeT OUPEeIEISATh Pa3Mep MaTPHUIBI (ee yI00HO YMEHBIIATh PH OTIaJIKe,
T.K. B OTJIaIYUKe OY€Hb TSIZKEeJI0 MPOCMATPHBATh GOJIBIITHE IBYMEDHbIE MACCHBHI).

type
matr = array[0..MAXN, O..MAXN] of integer;

Heobxoqumo co3mars HOBBI# THII JAHHBIX, T.K. 9TO €IMHCTBEHHBII c1II0cO0 IepegaTh MaT-
PHIIBI B IPOLIEYPY

procedure mulmatr(a, b, ¢ : matr);
var
i, j, k : integer;
begin
for i := 0 to MAXN do
for j := 0 to MAXN do begin
cli, jl := 0;
for k := 0 to MAXN do
cli, j1 := cli, jl + ali, k] * blk, jl;
end;
end;

PaceMoTpuM erme oqHO MOHATHE, KOTOPOE MO3BOJIUT HAM MPUMEHUTH XUTPOCTD, YCKOPH-
o1iee padoTy HPOrpaMMbl B HECKOJIBKO Pas.

TparcnioEMpOBaHHON MaTpHIlEll HA3bIBaeTCS TaKasd MATPHUIA, Y KOTOPOil CTOAOIBI CTaHO-
BATCA CTpOKaMu, a ctpoku — crojionamu. T.e. AT[i, j] = A[j, 1] (AT - o6oznauenue Tpancro-
HUPOBAHHON MATPUIIBI).

B ciyvae ymHOXKeHWST MATpHI, MBI OepeM CTPOKY OJHON MaTpHUIBI W CTOJOEel JIPYTroi
U OCYTIECTBIsEeM K HUM TIOCTEI0BATEIbHBIN AOCTYH. B maMaTu KoMObIOTEepa MHOTOMEpPHbIe
MACCHBBI Pa3BOPAYMBAIOTCS B OJHOMEDHBIE, U JOCTYII K CTPOKE HJET JOBOJILHO OBICTPO, 34
cder ONTUMHU3AINH KOMITHISITOPA IPU TO/ICYeTe aJPeCHbIX BhIDayKeHUIl n KIMnpoBanusa (Bce
JAHHBIE JIeXKaT PAJIOM H aBTOMATHYECKH TOMAIAI0T B K3II). B ciiydae xe co cToIONOM a/I-
pecHoe BbIpazkeHue (MOJIOXKEHHe JeMeHTa MAacCHBa B (DU3UIECKOH MAMSATH KOMIIBIOTEPA)
NPUXOJIUTCH BBIYUCIATH 3aHOBO U JIAHHBIE HE MOMATAI0T B KAIII.

B nameit pyukimn Mbl obpariaeMcs K 0JlHOMY 1 ToMy ke cTosiomy MAXN pas, 3a cuer dero
IIpoOUu3BOAUTE/ILHOCTL PE3KO IIaJdaeT. ECJH/I npeaABapuTe/JIbHO IIPUMEHUTh TPAHCIIOHUPDOBaHUE
MATpPHIBI, & TOTOM BEpHYTH ee 0OpATHO, TO HAM yAACTCd YCKOPUTh MPOrpaMMy B 3 — 5 pa3
6e3 UCTOJIB30BaHNUS JOMOTHUTEIbHON naMaTu. V3menenHas pyHKIUs OyIeT BBIVISIETh TaK:

procedure mulmatr(a, b, c : matr);
var
i, j, k : integer;
begin
for 1 := 0 to MAXN do
for j := 0 to i do begin

k := bli, jl;
bli, j1 := blj, il;

end;
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for i := 0 to MAXN do begin
cli, jl1 := 0;
for k := 0 to MAXN do
cli, jl := cli, jl + ali, k] * blj, kl;
end;
for 1 := 0 to MAXN do
for j := 0 to i do begin

k := bli, jl;
bli, jl := blj, il;
blj, il := k;

end;

end;

B konr1e paborsl (hyHKIIMKI MBI BO3BpaliaeM MaTpuily B B ee HCXO/IHOe cocTosiHme. Teneph
y HaC €CTh TOJBKO YMHOXKEHHE CTPOKH Ha CTPOKY, KOTOpOe HPOUCXOJUT 3aMETHO ObICTpee.
MozKHO OBLIO HCIOJB30BATH U JIPYIUe METOIbl XpaHEHHd CTOJ0IA, HAIPUMED, 3aIUChIBas
€T0 B OJJHOMEDHBIN MACCHUB.

Kpowme Toro, cymecTByer Takzke OLeparus yMHOXKEHHUs MATPUIIBI HA BEKTOD (OJHOMEp-
ubrii Maccus). Ilycte A — Mmarpuiia, B - BEKTOD W3 YHCET, TOIJA B pe3ysbraTe yMHOKE-
HHsT MBI mostyanM BekTop C', KOTOpBIi Gyzer ompenensThes ucxoas u3 dbopmyasr Cli] =

Bli] x S_p—s Ali, k).
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Jlekims 2

buroBble onepanum U CTPyKTYPbI
JTaHHBIX

Bepcusa P or 27.10.2009

2.1 bwuroBbie onepaium

Kaxk u3BecTHO, B KOMIBIOTEPaxX OOBIYHO MTPUMEHSETCS TBOUYHOE TTPeJICTABICHHAE THUCIIA.
Ceituac Hac He OyJaeT MHTEPECOBATH HMPEJCTAB/ICHHE YHUC/Ia B apxXuTekType X86, Mbl Oyjiem
CHYUTAThb, YTO YUCJIO 3allUCbIBAa€TCAd TaK, KaK 3TO IMPHUHATO: CJEBa CTOAT CTapUIue pa3pdiabl,
cupaBa — MJIQIIINE.

MbI u3y9um cjieyroniue onepanui, KOMOMHAIIUSIMA KOTOPBIX OyIeM T0OUBaThCA HY JKHBIX
pe3yabraroB: orpunanue (3amena Bcex 0 Ha 1 W HA006OPOT), WIH, W, HUCKIOYAKOINIEe W
(nopaspsiiHoe cjiozkenne 1o Mojay/ao 2). Ouepanuu 3aluChIBAIOTCS, COOTBETCTBEHHO, KAaK
not, or, and, xor.

Kpowme Toro, cyriecTByer erre jiBe omepalii, KOTOpble HaM ITPUTOATCS: CABUT BJIEBO U
CJIBUT BIPABO (¢ JIOMOJIHEHHEM HYJISIMU CIIPABA U CJI€BA COOTBETCTBEHHO). OHI 0603HAYAIOTCH,
KakK shl u shr.

PacemoTpuM HEeCKOTBKO MPUMEPOB.

1. YcranoButh k-biit cripaBa Out uucjaa n B 1. Paszjenum onepanuio Ha JBa drama: Co-
3/laHKe YHUCJa C eJMHCTBeHHOW 1 Ha k-Off mO3UIMKM W JIOTHYECKOe MJIM C IepeMeHHOM

n.
j =1;
j =3 shl k;
n :=n or j;

B 6urosbIx olepanudgdx TaKxKe MOXKHO HCIIOJIb30BaTh COKPallleHHYIO 3alliCh onepaunﬁ.

2. Tlpomeputs, siByisieTcs Jin k-biit OUT IepeMeHHO 1 e TMHATIEH. 3/1eCh BCe JIe/TaeTCs TOUTH

TaKzKe.
j =1
j =] shl k;
j = j and n;

19
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Ecymm j orimuno or 0, 1o k-biit 6uT 6611 1, naave 0.

3. I[lpoBepuThb, €cThb JIM B JIBOMYIHOM 3aIicH ducaa n xoTs 061 ojgun 0. Vjgest 3akriodaercs
B CJIEYIONIEM: CO3/Ia/IUM TePeMeHHYIO, MOJHOCTBIO COCTOAIIYI0 W3 €JUHUIL, a 3aTeM
CpaBHUM C 7.

0;
not j;

J
J

Ecom n u j coBmajaroT, TO HA OJHOTO HYJIS B 3AIMCH 1 HET.

4. Vcranosuth k mpaBbix Outr nepemennoit n B mysm. J[jig perenus 310l 3aja4um BOC-
HOJIb3yeMCsl TIPHMEHEeHHEeM OllepaIiii CABUra BIPaBo (IPH 9TOM CaMble TIPaBbie GHTHI
VAAJIATCSA) U CABUTA BJIEBO HA TO K€ KOJUYECTBO JT€MEHTOB (ITU MO3UIUH 3AI0JTHATCS

HYJISIMU ).
n := n shr k;
n := n shl k;

5. Jlano n unces, KazxKa0€e U3 KOTOPHIX BCTPEYALTCH B IIOCJEI0BATEIHHOCTH JIBA WA KpaT-
HOe JIBYM YHCJIO Pa3, KpoMe OJIHOr0, KOTOPOe BCTpedaeTcsd HedeTHoe Yucyo pa3. Heob-
XOIUMO HAUTH 3TO YHCJIO.

g pemrerns 3TOU 3a7a91 CJAeyeT BOCIOJIB30BATHCS CJIEIYIONIUMHI YTBEPKIeHUSIMHU:
x Az =0 («r UCKI0YAIIee WK T TOXKJIECTBEHHO PABHO HYJIIO» WIH <X HCKIHOYAIO-
mee win = papuo 0 jst g060ro x») u (z Ay) Az = y. Vexoast u3 3TUX cO0GpazkeHuit
MOZKHO TPOCTO IPUMEHHTH MCKJIIOYAIONee Wl (<«IIOKCOPHTH» ) BCE YUCJIA, U B DE3YJlb-
TaTe OCTAHETCS MCKOMOE YHUCJ0, T.K. BCTpedalolieecd YeTHOe KOJHYEeCTBO pa3 ducia
COKPaTITCH.

k := 0;

for i := 1 to n do begin
read(x);
k := k xor x;

end;

JIOBOJILHO 9aCTBIM MPUMEHEHHeM GUTOBBIX ONEepAIUil SIBJIAIOTCs GUTOBbIE OyJIeBCKHe MACCH-
BBl (OHM 3aHMMAIOT B 8 pa3 MEHbINe MaMsTH, YeM OObIYHbIE OYIeBCKHE MACCHBBI, T.K. JJIs
XpaHeHud 3Ha4YCeHUd «MCTHUHA» WU «JI0ZKb» JOCTATOYHO OJHOI'O 6I/ITa).

OnpegenM Kak KOHCTAHTY MaKCHMAJIbHBIN pa3mMep MaccuBa. Mbl Oyaem HCIoJIb30BaTh
B KQ4eCTBe HOCHTeJIs THII integer, KOTODPLI cocTouT u3 32 6uT (B COBPEMEHHBIX KOMIIHJIS-
TOpax).

const MAXN=1000;
var bitarr : array [0..MAXN] of integer;

Takum obpasom, mbl nojyuum maccun u3 32000 our.

Omnurmem Tpu dpyaknun set(n) — ycranoBky n-ro 6wra B 1, unset(n) — ycraHoOBKy n-
ro 6uta B 0 m get (n), kKoropag Oymer BO3BpaIaTh 3Ha4YeHNe n-T0 6uta. Bee aTn omeparnun
MBI y2Ke paccMarpuBain (yeraHoBky 6ura B 0 u 1 u moaydeHue 3HAUeHHsT OHTA), TTOITOMY
IpHUBeJIeM NIPUMep TOJIBKO OTHOM U3 (MYHKIHil, HampuMep, get(n : integer), a ocTajbHBIE
HECJI03KHO ClIeJIaTh 110 aHAJIOTHH.
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function get(n : integer);

var
seg, off, j : integer;
begin
j =1
seg := n div 32;
= n mod 32;

off
j := j shl off;
if (bitarr[seg] and j) <> O then get := 1
else get := 0;

end;

3/7ech seg — WHJIEKC 37eMeHTa B MAacCUBe, Ky/la MOonaieT JaHHbIH OuT, a off — HOMep OuTa
B 9TOM 3JIEMEHTE.

Chenyer 3aMeTHTbh, YTO TaKOi MeToJ paboTaeT MejjieHHee, deM OObIYHBINA OyseBCKuit
MAaCCHB U JIOJIZKEH HCIIOJIB30BATbCS TOJIBKO B CAyYasX, €CAd HaM OYeHb KPUTHUYHA MTaMATh
WK CYIIECTBYET HEOOXOJIMMOCTH B KakKOil jinbo crenuuyHoil nmpoBepke, HAIIPUMEp, HAWTH
xoTst Ob1 otuH 0 cpeju GOJIBIIOTO KOJIUYIeCTBa, 1.

2.2 (Crekn

CrekoM Ha3bIBAETCS CTPYKTYPA JAHHBIX, B KOTOPO# JIaHHbIe, 3IIMCAHHBIC IEPBBIMU, U3-
Biekatorcst nociaeaaumu (FILO: First In - Last Out). Hanpumep, eciin Mbl 3alUCaId B CTEK
yucja 1, 2, 3, TO IpH MOCHEYIONEM U3BJIeYeHU TToJIyduM 3, 2, 1.

V106HO TPEJCTaBUTh CTEK B BHJE Y3KOI'O KOJIOIIA W PIOK3aKa, B KOTOPBIM Mbl MOKEM
KJACTh MpeJIMeT TOJbKO HaBepX 1M 3a0UpaTh TOJTHKO BEPXHHI IIpeIMeT.

Mpi GyjieM peasim30BBIBATDL CTEK Ha OJHOMEPHOM MacCHBE, a yKa3aTesjeM Ha BEPIIHHY
creka (MepBblil ¢CBOGOHBIN JIEMEHT B MACCHBE) B TAKOM CJIydae Oy/IeT HeJOYHCTeHHAs TTepe-
MeHHasl — MHJEKC cBOOOMHOTO dyteMenTa. s creka ompeenensl aBe onepanuu push(x) —
3alUCaTh B CTEK 3JIeMEHT (B HAIeM CJIydae — 9ucyio) u pop() — M3BJIEYb U3 CTEKa JIEMEHT.

Pasmep creka, Kak 1 0OBIYHO, OIPEICJUM B BHJIE KOHCTAHTHI:

const MAXN=1000;

CaMm crek OyeM OIHUCHLIBATH B BUJIE 3AIMCH.

type
stack = record
Sp : integer;
val : array [0..MAXN] of integer;
end;

[Ipu nepetage napameTpoB (pYHKIMH HAM HYKHO Oy/IeT YKa3bIBaTh, ¢ KAKAM KOHKPETHO
CTEKOM MBI XOTHM PaboTaThb, a 4TOOBI JAHHBIE He KOIMPOBAJKUCH, OYIeM IepegaBaTh HX I10
yKazaTeio.

procedure push(var s : stack; var x : integer);
begin
s.valls.sp] := x;
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inc(s.sp);
end;

function pop(var s : stack) : integer;

begin

dec(s.sp);

pop := s.valls.spl;
end;

B mporeype push mMbl 3anucbiBaeM J00aBASEMbIil 3JIEMEHT B IIEPBYIO CBOOOIHYIO MO3H-
M0, & 3aTeM YBEJWYUBAEM €€ HOMep (HOCTI/IHerMeHT). B dyuknum pop Mbl yMeHbIIaeM
yKa3aTeJab Ha BEPIIUHY CTEeKa (HpeﬂereMeHT), a 3aTeM BO3BpalllaeM 3HAYEHUE U3 MOCTeTHeR
3aHATON AYEHKH.

JIjist CTEKOB CO3/IaHHBIX B CTATUYIECKON TaMsITh (TaK, KAaK MbI CO3IABaJIA UX B HpI/IMepe),

BBI30BBI (pyHKIW OyayT BoINIsgaeTh Kak push(a, x); x := pop(a); rme x — d4wuciIo, a
a — crek. [lepen 3TuM HEOOXOMMMO MHUNUATM3UPOBATH YKa3aTe b HA BePITUHY CTeKa HYJIeM
(s.sp := 0).

CroxkHOCTH 00enx oneparuit Hajg crekom cocrasasger O(1).

Ecan mam OyayT HeoOXOMMbI KaKHe-TO JOHOJHUATE/IbHbIe (DYHKIMH PaboThl CO CTEKOM,
(HampuMep, OTpe/iesIeHne yCT JIM CTeK WJIH KOJTWIeCTBa SJIEMEHTOB B HEM ), TO BCIO HEOOXO/H-
My10 nHAGOPMAIIIO MBI MOZKeM HaiiTu B moJte sp. HamoMamM, 94T0O Sp — TeKyIee KOTUIeCTBO
9JIEMEHTOB B CTEKe.

[Ipn mmanupoBaHUU pa3Mepa CTEeKa HAJI0 YUHTHIBATH He 00IIee KOJIUYECTBO JIEMEHTOB,
a MaKCHMaJIbHOEe KOJIMYeCTBO OJIHOBPEMEHHO HAXOJSIIUXCS B CTEKE JEMEHTOB (XOTsI 4acTo
9TH 3HAYEHHS COBIAJAIOT).

CreKkr MCIIOJIB3YIOTCS JOCTATOYHO YacTO U B OOJIBIIMHCTBE apXUTEKTYP KOMIIBIOTEPOB
peaJiM30BaHbl anmnapaTHo. OJHO U3 IPUMEHEHHH CTEKOB Mbl PACCMOTPUM HHZKE.

2.3 Ouepeman

Ouepesib UMEET MHTYUTUBHO NOHATHOE HAZBAHME. DJIEMEHT, KOTOPBIH 1ONAT B 09€PEIb
paHbIlle, BBIIET U3 HEe TAKZKE PAHbIIE (T.e. 3JeMEHThl H3BJIEKAITCI B MOPSIIKE MOCTYILIE
nus). [lo-aurnuiicku ouepens naspiBaercs queue («xpioy) mwin FIFO (First In - First Out).

Ouepeb MBI Oy/JeM peajgu30BbLIBATH HA OJHOMEDHOM MAaCCHBE, aHAJOTHYHO CTeKy. TyT
HaM IIPUIETCA HEMHOIO OTOWTH OT aHAJOTHUI ¢ peaJbHOCTBIO I HOBBIIIEHUS ITPOU3BOIN-
TeJIbHOCTU. EC/in pea/in30BbIBATD OUEPe/ib B IIPOIPAMME KakK OYepe/ib B Mara3uHe, IJe JI0/1
IIOCTEINIEHHO JBUTAIOTCS K KACCe, TO U3BJIEUEHHE DJIEMEHTa U3 odepenn Oyaer UMeTh CJIOK-
HocTh O(N), rie N - KOJIMYeCTBO 3JIEMEHTOB B 0Yepe/ii ), T.K. BCe 3JIeMeHTh Oy/1eT HeoOX01u-
MO HepeJBUHYTh. [opa3no yaoOHee B Hallell CUTYAIlMH IEePEeMENiaTh «KacCy», T.e. U3MEHTh
yKa3aTe/b Ha HAYAJIO OUePe/IH.

OJIHAKO B 9TOM CJIydae BOZHUKAET Jpyrast Hpo0JIeMa: eCjid B IPEbLILYIIEM CIydae pasMep
OYepe/in OrPAHUYUBAJICS KOJMYECTBOM OJHOBPEMEHHO HAXOJSIIUXCS B HEH 3JIEMEHTOB, TO
3J1eCh HaM HEOOXOMMO OYIET CO3/aBaTh OUePe/Ib C PA3MEPOM, PABHBIM O0IIEMY KOJIUIECTBY
3JIEMEHTOB, KOTOPbIE€ B Hell OOBIBAIOT.

D1y npobiieMy Mbl PENIUM, 3aK0JIbIEBAB 0UYepeb. MOKHO MPeJCTaBUTh KPYT, TAe TOMe-
YeHBl IBe TO3HIUHM — C KAKOH YXOIWTh, W HA KAKYIO CTAHOBHTHCSA HOBOMY 3jeMenty. Jlid
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9TOr0 B peau3amuu Mbl OyaeMm Oparh oba ykasaresas mo moayaio MAXN.
Odepeib TakKe peajgu3yeM B BUJI€ CTPYKTYPBI:

type
queue = record
gh, qt : integer;
val : array [0..MAXN] of integer;
end;

Tenepb Mbl MOZXKEM CO3/aBaTh OYepPeJii, IPOCTO HalKcaB queue a, b;/
Jljist oyepejin CYIIECTBYeT JBe Ollepaliu: u3BJaedb djeMeHT u3 rojosbl (head) ouepeu
(deq) u n06aBUTH 3y1eMeHT B XBocT (tail) ouepenn (enq).

procedure enq(var q : queue; x : integer);
begin

q.vallq.qt mod MAXN] := x;

inc(q.qt);
end;

procedure deq(var q : queue);

begin

dec(q.qh);

deq := g.vall[q.qh mod MAXN];
end;

Tak ke, Kak U B cJydae €O CTEKOM, MBI JIOJI?KHBI IIpeJBapUTeIbHO HHUIUAIU3UPOBATD
oba yKazaTesns odepenu HysasaMu: a.qt = 0; a.gh = 0;

[Ipu3rakom TOro, 9TO OYepenpb MyCTa WU MEPENOJHNIACH, CIeAyeT CYNTaTh PABEHCTBO
noJieit qt u gh. KosmdecTBo 371eMeHTOB B ouepein onpefensgercd Tak: qlen := (qt-gh) mod MAXN.

Odepenn 49acTo UCHONB3YIOTCSI B KadecTBe Oy(epoB U BO MHOTUX YCTPOMCTBAX pean3o-
BaHbI allllapaTHO.

2.4 Jlekn

Hexom (deque) HA3BIBaeTCS CTPYKTYPA, B KOTOPOIi T0OABIEHIE U U3BICUCHEE SJEMEHTOB
BO3MOXKHO C JIByX CTOpOH. T.e. 3T0 HEKOTOpas CMeCh CTeKa U OYePE/In.

st eka MOXKHO UCIIOJIb30BATh abCOTIOTHO TY K€ 3aIlUCh, 9TO JIJId 0O49epeid, HO PYHKITI
Oyner yxe 4 (mobaBieHHe W W3BJICUYCHUE B HAYAJO M B KOHeI). [IJisi TaKO# CTPYKTYDHI JIaH-
HBIX MBI IPUBEJEM TTPOCTO UCXOTHBIM TEKCT, BCE JIeaeTcs MOJTHOCThIO AHAJOTHIHO CTeKaM U
odepesiM.

type
deque = record
dh, dt : integer;
val : array [0..MAXN] of integer;
end;
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procedure push_front(var d : deque; x : integer);
begin
if (d.dh < 1) then
d.dh := d.dh + MAXN;
dec(d.dh);
d.val[d.dh mod MAXN]
end;

1
>

procedure push_back(var d : deque; x : integer);
begin
d.valld.dt mod MAXN]
inc(d.dt);
end;

X,

function pop_front(var d : deque) : integer;
begin

inc(d.dh);

pop_front := d.val[(d.dh-1) mod MAXN];
end;

function pop_back(var d : deque) : integer;
begin
if (d.dt < 1) then
d.dt := d.dt + MAXN;
dec(d.dt);
pop_back := d.val[d.dt mod MAXN];
end;

EanncrBenHoe yc/io)KHEHHE COCTOUT B TOM, 94TO MblI JI00aBHJIM ITPOBEPKY HA TO, YTOOBI
VYKa3aTeJIn He CTaHOBUJINCH OTPpUIATECJIbHBIMU. TOF,I[a omnpejesienue KoJn4iecTBa 9JIeMEHTOB B
JieKe OyJIeT BBIVISIETH CJIeLYIONUM 00pa30M:

if (a.dt > a.dh) then dlen = (a.dt-a.dh) mod MAXN
else dlen = MAXN - (a.dh-a.dt) mod MAXN;

3nech a — jgek. HamoMHmM, 9TO Tiepes HCMOIb30BaHNEM JeKa CJIeAyeT YCTAHOBHTH B HOJIb
nojiga dh u dt.

2.5 Kyun
Kyua (mo-anriamiickun heap) — cTpyKTypa JaHHBIX, KOTODas
1(0) MOZKeT BbIJaBaTb MHUHUMAaJIbHBII (I/IﬂI/I MaKCI/IMaﬂbHBIfI) JJIEMEHT
6, 8, 3a O(1), mobapienne HOBOTO JEMEHTA U YIaJCHUHEe MUHEMADb-
g . 15 g HOTO 3JIEMEHTA MPOHCXOTHT 33 O(log N) (rme N — KOJHYECTBO
o @ @ © 7 3pemenToB B Kyue). JIpyrue onepanun HaJ Kydeil He OMpeeeHbl

Puc. 2.1: I[Ipumep kyun
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(x0Tst IpM HEOOXOAMMOCTH MOTIYT OBITH BBEJIEHBI, OJHAKO 3bdeK-
TUBHOCTH WX Oy/JeT HEBBICOKO#, W OHM 00SI3aHBI II0/I/IePKUBATH
CBOMCTBA Ky4H).
pyroe Ha3zBaHWe Ky4YW — O4Yepe/ib C NPHOPUTETAMHU, UTO W
OTpazKaeT ee CYIIHOCTbD.

Cpa3y mnepeiiieM K PacCMOTPEHWIO PeAJM3aIii Ky4Id Ha OJHOMepHOM Maccuse. HazoBewm
9JIEMEHTBI ¢ MHIEKCAMH § X 2 + 1 1 ¢ X 2 + 2 mOTOMKaAMU 3JIEMEHTa ¢ WHIEKCOM 7. DJIeMEHT
1t OyJeT Ha3bIBATBHCA IPEJKOM dTHX d7aeMeHTOB. HecsioKHO 3aMeTHTh, 9TO IMOTOMKH JIBYX
Pa3HBIX 3JIEMEHTOB He MepeceKaloTes, M KayK bl 3JIeMeHT, KpoMe HYJIeBOTO, ABIAeTcsS UbUM-
160 moToMkoM. OCHOBHOE CBOMCTBO KYUH: KaKIbIi 3JI€MEeHT He 0OJIbINe CBOMX MOTOMKOB.

Hanpmwep, maccus 1, 6, 8, 7, 12, 9, 10 MoxKeT siBASIThCA Kydeil (HATOMHUM, 9TO WHJIEK-
caliisi B MacCHBe HAYMHACTCSI C HYJIsS).

g XpaHeHU Ky4Id CO3Ta UM CTPYKTYPY, AaHAJOTHIHYIO ITPEIbI Ty IIIM:

type
heap = record
hs : integer;
val : array [0..MAXN] of integer;
end;

Omnummem Tpu dysKImu. B mepByfo odepeap HamuimeM (DYHKITIO, BO3BPAIIAIONIYIO HAU-
MeHbIui 31eMeHT. OHa OyIeT 0OUYeHb MPOCTasd, T.K. U3 CBOUCTBA KYUHU CJIeyeT, 9TO MUHUMYM
HAaXOJUTCS B HYJIEBOM 3JIEeMEHTE:

function get_min(var h : heap) : integer;
begin

get_min := h.vall[0];
end;

[lepen ucnosb3oBanneM 3T0# (DYHKIUH HEOOXOIUMO 003aTeTbHO IIPOBEPUTDH, UYTO Kyda
He mycTa!

Caenpytomeit onpeiesinM QyHKIUIO g00aBIeHus 1eMenTa B Kydy. HoBbiit sjiemenT Oyem
,Z[O6aBJIHTb B KOHE€Il Ky4H, a 3aTeM O6MeHI/IBaTb ero ¢ InIpeakoM, IOKa OH MEHbIIe, 9YeM €ero
NPEeJIOK WU MBI He JIOCTHTJIM HYJIEBOTO WHJEKca. [Ipu 3TOM CBOWCTBO Ky4n HE HAPYITUTCS.

6(3)
l0(7) 5(8) 10(7) 8(8) l0(7) 8(8)

Puc. 2.2: [Tobapienne B Ky4dy (CpaBHUBLIEMbIE JE€MEHTHI BBIICJICHDI )

procedure add_heap(var h : heap; x : integer);
var

y, pos, npos : integer;
begin
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pos := h.hs;

h.vall[h.hs] := x;

inc(h.hs);

npos := (pos-1) div 2;

while ((pos <> 0) and (h.val[pos] < h.val[npos]) do begin
y := h.val[pos];
h.val[pos] := h.vallnpos];
h.val[npos] := y;

pos := npos;
npos := (pos-1) div 2
end;
end;

Kak yzke HAIIICAHO BBIIIE, CIOKHOCTD T00aBIeHN d1eMenTa B Kyuy coctanisgeTr O(log N) —
Ka)KZLbeI pa3 UHACKC TEeKYyHero aJieMeHTa yMeHbllaeTCd BABOE.

Kpowme Toro, vacto Bo3HUKAET 3a/1a9a YA eHUS MUHUMAJILHOTO d1eMenTa. Mbr 6yaem pe-
AJM30BBIBATH 3TO CJEAYIONUM 00pa30M: 3aMuIIeM HA MECTO HYJEBOTO 3JIEMEHTA MOCeHU,
YMEHBITUM pa3Mep Ky4d Ha 1 U mpoceeM HYJIeBOI 3JIEMEHT 1O Kyde TaK, 9YTO0bl COXPAHUIOCH
CBOMCTBO Ky4Hu. DyjeM pealn30BBIBATH NMPOCEHBAHHE CJIEAYIONIAM O00PA30M: eCJIU dJTeMeHT
OOJIBITIe, YeM MEHBINHWI W3 CBOMX MOTOMKOB, TO MEHSEeM HMX MEeCTaMH WM MPOIOIKAEM TPO-
ecc, IoKa BBIITIOJIHEHO YyCJIOBHE MJIM Mbl HE BBIIIJIN 3a IIPpeAe/ibl Ky41H. B peaju3aliuu 3TOro
aJITOPUTMA MPUMEHEHA OJIHA XUTPOCTH, KOTOpas Oy/eT MosgcHeHa HUZKE.

procedure del_heap(var h : heap);

var
minp, pos, y : integer;
begin
pos := 0;
dec(h.hs);

h.val[0] := h.vall[h.hs];
while (pos*2+1 < h.hs) do begin
y = pos*2+l1;
if (h.vally] < h.val[y+1]) then
minp =y
else
minp := y+1;
if (h.vallpos] > h.vallminp]) then begin
y := h.val[pos];
h.val[pos] := h.val[minp];
h.val[minp] := y;
pos := minp;
end else
break;
end;
end;

Ha mepsblil B3r71s1, eIMHCTBEHHDIH CIydail, Ie TeOPeTUIeCKH BO3MOXKHA OIMIMOKA, KO Y
HAC MMEeTCsl BCEro OJINH MOTOMOK (T.e. pos*2+2 = h.hs). Takoii BapHaHT BO3MOKEH, €CJId
KOJINYEeCTBO 3JIEMEHTOB B Ky4e YeTHO.
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B 9TOM CJIy4a€ MBbI BbI6I/Ipa€M MHHHUMYM H3 IIE€PBOIro INOTOMKa W II€PBOI'O dJIeMEHTa BHE
Ky4H, 9TO, Ka3aJ0Ch Obl, aBJjigeTcd rpy0oii omubkoit. Ho Mbl 3HaeM, 4T0 npocenBaeMoe 9ucio
U TIepBO€e YNCJI0 BHE KYUH, PABHBI. DTO rapaHTUPYeT HaM, 9TO OOMeHa ¢ 9JIeMEeHTOM BHe Ky4Hn
He TTPOU30HIET, a ecJii HeoOX0 UM OOMEH ¢ e TMHCTBEHHBIM TOTOMKOM, TO OH OYy/IeT BBITIOJTHEH
KOPPEKTHO.

2.6 Cuouckn

PaccmoTpuM quHAMUYECKYIO CTPYKTYPY JAHHBIX, HA3BIBAEMYIO CBI3HBIM CITHCKOM. Kark-
JIBII 3JIEMEHT CIIHCKA MpecTaBsgeT coboil 3alKch, OIHO I0JIe KOTOPO# comepzKuT nHpopma-
nuio (KJIr04), a Apyroe — CCbLIKY Ha cJeayornuii smemenT. CyIecTBYIOT TaKKe JIBYCBsI3HbIE
CIINCKU, B KOTOPBIX XPAHUTCI CCBLIKA HE TOJHKO Ha CIEAVIONNNA 3JEMEHT, HO U Ha Tpebl-
aymuit. Haunnaerca clnmcok ¢ ykaszaress Ha 3JeMeHT CHucKa. B 1ejiom ero Buji MOXKHO
HPEJICTABUTD CJIEYIONIAM 00pa30M:

/ key1 / key2 key3
head

next next null

Puc. 2.3: O6mwmit Buj cuucka

O 1MH 3JIeMEeHT cIucKa OyAeM OIMHMCHIBATH € TOMOIILIO CJeAyIoNIell 3anucu:

list = “nlist;
nlist = record
key : integer;
next : list;
end;

Yro0bl paborarh CO CIUCKOM, HEOOXO/UMbI yKA3aTe/JM HA JIEMEHT, KOTOPbIE 3aBOJIATCS
caeayionuM obpazom: var head, temp : list;. B madasne mporpaMmbl, HEOOXOAUMO IIe-
pemvennoit head npucBouth 3Hauenue NIL. JIoBOJBbHO HEOOBITHO MPOUCXOIUT OTEPALUA J0-
GaBJieHus] B CIUCOK: 9TOObI 106uThest ciaoxuoctn O(1), mobaBieHne TPOUCKXOAUT B HAUAIO
CIIUCKA. DTO PeaJM3yeTcs CJIeAYIONUM (pparMeHTOM KOJIa:

temp := new(list);
temp.key := new_key;
temp.next := head;
head := temp;

IlepBas cTpoka BBIJEIET MAMATh MO/ HOBBIHM 3J€MEHT, BTOpas 3allUChIBaeT HOBOE 3Ha-
HYeHue KJIro4da, OCTaJibHbl€ 1HHOACHUM PUCYHKOM.

AHAJIOTHYIHO OCYIIECTB/ISIETCS BCTABKA, TMOCE JIEMEHTA, Ha KOTOPBII MMEeTcsl CChIIKA,
JOCTaTOYHO 3aMEHUTH head B HameM KoJe Ha ero moJie next.

ITouck smemeHTa 1O K04y ocyinecTBasgercs 3a O(N) — HaMm HeOOXOAUMO MPOHTH BECh
cuucok. Hamumem dbyHKIHIO, KOTOpas BO3BPAIaeT yYKa3aTe b Ha JeMEHT M0 er0 3HAUYEeHUIO
kmoya niau NULL, ecou 31eMeHTa ¢ TAKUM KJIIYOM He CYIIeCTBYeT.
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_ 7 key1 key?2 ////;J key3
head [ ////”

next next null

2 \] newkey ;1

next

Puc. 2.4: J/TobaBjenue 3jieMeHTa B HAYAJIO CHUCKA

lfunction find(var head : list; key : integer) : list;

var
now : list;
begin
now := head;

while (now <> NIL) do begin
if (key = now.key) then break;

now := now.next,;
end;
find := now;

end;

Oxanaxo, yaaaeHnue 3JeMEeHTa HeBO3MOXKHO peaan30BaTh TOJILKO 3HAsg CCBHLIKY HA HEro
(T.K. HEOOXOIUMO, YTOOBI CIMCOK OCTAJICS CBSI3HBIM, & YAAJICHHE 3JEMEHTa CO3JACT B HEM
«IBIPKY» ). Hamumrem oTaenbHyio (byHKIUIO YAATCHHS 3JEMEHTA ¢ 3aJAHHBIM KIIOYOM W
BO3BPIILYIOILYO CCBIJIKY HA HOBbIH CIHCOK (03 9TOro /eMeHTa).

function del(var head : list; key : integer) : list;

var
now, prev : list;
begin
now := head;

if (key = head.key) then begin
head := head.next;
dispose(now) ;
end else begin
prev := now;
now := now.next;
if (key = now.key) then begin
prev.next := now.next;
dispose(now) ;
end;
end;
end;

3/iech MBI OTJIEJIBHO pAacCMaTpUBAEM CJIydail, KOrjla HeoOXOIMMO VIAJUTH IepBLIi 3Je-
MEeHT CHHUCKa, T.K. OH He mMeeT MpeblAyIero. B TpoTUBHOM cjiydae MBI jJeaeM yIaJeHne
COTJIACHO PUCYHKY:
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/ key1 P zl: k__ey22 :I _ key3
head next - I next I/ null
\ I\ ’
prev now T) null

Puc. 2.5: Yaanenume smeMenTa U3 CIACKA

Ha1 ciiucKoM MOYKHO OTIPeJIE/IATH MHOXKECTBO PA3TUIHBIX (DYHKIMI (HApuMep, 00be1u-
HEHHe JIBYX CIHCKOB, Y/IAJEHHEe 3JIEMEHTOB, 00JaJai0uX KaKuM-1160 IPU3HAKOM | T.11.), HO
OHM BCe DA3MPYIOTCH HA U3JTOKEHHBIX BBIIIE UJIEAX.

2.7 Xemr-tabJaunnml

Jomnycrum, mepei HaMu CTOUT CJIEYIOIAst 3a/1a49a;: HaM JaeTcst MHOYKEeCTBO KJIrodei (yHu-
KAJbHBIX 3HAYeHUil) U Tpedyercss yMeTh OBICTPO MPOBEPSTh, BXOAUT JIH KJIIOY B HAIIE MHO-
»KecTBO. [Ipu 9TOM MHOXKECTBO KJII0Yei MOXKET M3MEHSThCS, T.€. KJIIOYH MOTYT JI00aBISATHCA
U UCKJIIOYAThCS U3 MHOYXKECTBA.

Ceituac Mbl OyJeM paccMaTpWBaThL BCe HA YHCJIOBBIX mnpumepax. Jlomycrtum, nHam gan
Habop 1meanrx gucesa or 1 go 10000, a 3aTemM mjeT cepus 3alpOCOB BHUIA «ECThb JIM YHUCJO
X B muoxkectBe?s. Mbl MOxKeM c037aTh OyJIeBCKUl MaccuB, B KOTOPOM OyJieM IIOMedaThb,
BCTPEYAJIOCH JaHHoe YuCa0 win Het. Ilpu srom cioxknocTs oamoro 3ampoca 6yaer O(1).

Ecmm ke 1ncen 607bIme, TO MBI MOYKEM HOITPOOOBATH UCIOJIb30BATH /s XPAHEHUS MPH-
3HAKa HAJIUYHMS YUC/Ia BO MHOXKecTBe He 1 Daiit, a 1 OuT, moab3ydach OUTOBBIMU (DYHKITUSIMU.
DTO JACT HAM BO3MOYKHOCTH YBEJIUIUTH MAKCHMAJIbHBIA pa3mep duciaa B 8 pa3. Ho u sToro
MOYKeT He XBaTuTh. Hampumep, ecau uncia msmersiorca ot 0 go 231, To Takyio Tabmmmy
HEBO3MOXKHO Pa3MECTHUTDh B IMAMATH, KOTOPas JTAeTCd HAIeMY PeIIeHHUIO.

OTa 3aava UMeeT pellleHre B HEKOTOPBIX YacTHBIX ciaydasx. Hampumep, mycTh Makcu-
MaJibHbIH pa3mep mHozkecTBa paBed 1000, a KazKiblil 37 1eMEHT MOXKeT ObITh B npejesnax ot ()
10 231, Ecan Mb1 GyeM co3aaBaTh Tabauity pasmepoM 23! sjeMenTos, To 6y/1eT HCIogb30BaHa
MEHBIIIE €€ OJHOI MHUJIJINOHHONW YaCTH.

Bynem pemarh Takoil Kiacc 3a1a4 (KOrja KOJHYECTBO YHCEJ HAMHOIO MEHbIe MAKCH-
MAJIbHOTO 3HAYEHHUS) ¢ MOMOIIBIO TAK HA3BIBAGMBIX XeIl-TaOJIHII.

Beenem nousitue xen-byHKIHN, KaK QYHKIUE, 0TOOPaKAIONEH MHOKECTBO KJo4eii (B
Haiem cjiydae uncea or 0 go 23!) B Menbliee MHOXKECTBO Kioveil (COM3MEpHMOE C MakK-
CHMAJIBHBIM KOJIMYECTBOM 3JIeMeHTOB — B HamreMm ciaydae ¢ 1000). Xerm-byHKiys T0KHA
00J1a1aTh JIByMsi OCHOBHBIMH CBOMCTBaMHU: ObITH OBICTPOIl 1 paBHOMEPHO MeHEPUPOBATH KJIIO-
qu (T.e. 9TOOBI OJHOMY M TOMY Ke KUY B MAJOM MHOXKECTBE COOTBETCTBOBAJIO TPHUMEPHO
paBHOE KOJIMYECTBO KJtodeil B Gosbiom MuOXKecrse). Mnorga or xem-ynkinuu Tpebyior
HEYCTOWIMBOCTH (T.e. 9TOOBI IpH OIM3KUX 3HAYEHHSIX KJIOYell GOJIBITOr0 MHOZKeCTBa OHA
PeHepHPOBAJIa CUIBHO OTJIHIAOIIHECs] KIIOYH MAJOr0 MHOKECTBA).

Pazmep tabuuipl (BooGIne TOBOps, OJHOMEPHOro MaccuBa) st 3bdeKTUBHOH pPaboThl
JIOJIZKEH OBITH 60JIbIIe, YeM YABOCHHOE KOJIUYIECTBO JIEMEHTOB MAJIOro MHOXKecTBa. (J003Ha-
quM pasmep Tadbauns 3a N.



30 JEKINA 2. BUTOBBIE OIIEPALIN 1 CTPYKTYPBI JAHHBIX

Bynem ucmo/ib30BaTh B KadecTBe Xeli-DyHKIUHA OLEPAIUI0 B3ATHS OCTATKA OT JIeJICHHUS
ancsia 6osbioro MEOzkecTBa Ha N (X mod N). D10 mocTaTodHo xoporast (hyHKIUS: CAnTaeTCst
OTHOCHTE/ILHO OBICTPO U pacipejiesieHa paBHOMepHO. Tak, Mbl CYUTaeM OCTaTOK OT JeJIeHU
Hamrero ynciia X Ha N u 3anucsiBaeM X B sueiiky ¢ ungekcom X mod N. 3areMm, Ipu npoBepKe
qucaa Y, Mbl IpocTO cMOTpuUM Ha g4ueidky Y mod N u, ecau yucao Y HaXOAuUTCA TaM, TO
Bo3BpalaeM npusnak Hajguaus. CaoKHOCTD ousTh nosydaercs O(1).

OHako BO3HUKAET MPOOJeMa — HECKOJBKO YHUCeJT MOTYT MMETh OJMHAKOBBIH OCTATOK
ot nmenmenus ua N. Takas cuTyarus Ha3bIBAETCS «KOJLTH3HElH». CyIecTByeT HECKOBKO CIIO-
coDOB pa3pelleHns KOJLIU3UH, Mbl PACCMOTPUM CIIOCOD €O CHUCKAMU, KaXKJIbIii M3 KOTOPBIX
COOTBETCTBYET OJHOMY 3HAUYEHHIO OCTATKA (OJHON stueiike XeI-TabJInIIbI).

HomycTtum, pa3Mep Hameil Xen-TabJIuIbl paBeH 8 U B
Hee ObLIM BHeCeHBI 3jemeHTbl 6,19,27,11,16,22. Torma

— oHa OyJeT BBITVISIETh KAaK HA PUCYHKE.
— Ternepn a5 jobaBaeHusT d71€MeHTa HAM HA/I0 MOJCUN-
TaTh €ro Xem-(QyHKINO U TOMECTUTH B COOTBETCTBYIOIIH
9TOMY 3HAUEHHIO CIUCOK. [l IpoBepKH IpHUHAIEZKHO-
11 27 CTH 3JIEMEeHTa MHOXKECTBY HaM TaKzKe HaJ0 IIOCYUTATH ero
xen-(pyHKIUIO U MOIBITATHCS HAWTU €r0 B HAIIEM CITHCKE.
B cpemanem rtakasi xem-rabsmna Oyjger paborarh 3a
5% 6 O(1), T.k. Komu3un GyayT BCTpedaThest penko. Be Mox-
HO «3aBaJUTh» 10 BPEMEHW TOJHKO B CJIydae, eCJIii TOY-
HO 3HATH pa3Mep TabJHUIbI, a IPU UCIOJIL30BAHUN HAOOpa
TECTOB I MPOBEPKH 3aJa4dd 3TO HeBo3MOxKHO. [losTo-
My CJiejlyeT BbIOMpaTh IIPOM3BOJIBHBIA pasmep, OoJibiuit
2x N, tme N — MakcuMaIbHOE KOJTHIECTBO JJIEMEHTOB, OJHOBPEMEHHO HAXO/ISIIUXCS B Xelll-
Tabante.

N o o A WO =+ O

Puc. 2.6: [Ipumep xem-rab/iniibi

Kpowme Toro, xem-dyHKIuT MOTYT UCIOJIB30BATbCS H B APYTUX CUTYAIUAX, HAIPUMED IIPH
CpaBHEHWU CJIOXKHBIX 00beKTOB. MBI 3apaHee cunTaeM Xel-pyHKIINIO OT KaXKJI0r0o 00beKTa, a
3aTeM, TPU CPAaBHEHUHU, B TIEPBYIO OUepeIb CDABHUBAEM 3HAUEHUS Xell-(PYHKIIU U TPOBOIUM
cpaBHeHHe JI)1 O0bEKTOB MOJTHOCTHIO TOJBKO B CJIy4ae COBIIAJICHUS Xellleid.

Hamnpuwmep, npocreiinuit crrocob mocauTaTh Xer-PpyHKIIAI0 OT CTPOKH — CJIOYKHUTH KOJIbI
BCEX CHUMBOJIOB, BXOJISAIIMX B CTPOKY. Takasa xeni-pyHKiug OyAeT renepupoBaTh OIUHAKOBBIE
3HaUYEHUd /I CTPOK, KOTOPbIE COMepKaT OIMHAKOBBIE OYKBBI, HE3ABUCUMO OT MOPSIKA.

CyImecTBYIOT U ApyTHe MeTOABI MojcueTa Xel-(pYHKIUA OT CTPOKHU, HAIPUMeD MO/ICIeT
MOJIMTHOMA MO KAKOMY-JTH00 MOIYJTIO.

Xem-YHKIWS OT CTPOKH OOBITHO JTOIZKHA XOPOIIO IEPECUUTHIBATHCS MPH Y/IaJeHUH TTep-
BOI'O CUMBOJIA CTPOKH U JO0ABJIEHUM HOBOI'O CUMBOJIA — JTO IIO3BOJISET UCIO/Ib30BATh TaKOe
XEeITHPOBaHKe [IPH MOKCKEe MOACTPOKN B cTpoke (Merox Pabuna-Kapma).

B npunnumne, xemn-pyHKIUg MOXKET ObITH BBEJICHA /s JTIOOBIX 00BEKTOB.

2.8 Mexaau3M 3anmyckKa (pyHKIHIT 1 peKypcus

PaccmoTpuM MexaHH3M 3amycka (hpyHKIUH B IIPOrPAMMe.
[Ipu BBIZOBE (DYHKIHH HEOOXOIUMO:

® COXPAHUTH TeKyIIue 3HadeHNs PerucTPoOB MPOoIeccopa
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® 3aIIOMHHUTBL «TOYKY BO3Bparay, T.e. TO MECTO, KYy/1a Mbl JIOJIZKHbI BEPDHYTHCSI 1IOCJIE BbI-
nosHeHust GyHKIMH (BOOGIIE TOBOPS, 3TO TOXKE CIENHUAIbHbIe PETUCTPHI MPOIECCOpa)

® 1epeiaTh mapamMerpbl B (DYHKIIHUIO

® BBLIJIE/IUTH MECTO MO JIOKAJIbHBIE TepeMeHHble. CaM Ko (hYHKITUN XPAHUTCS OTIEIHHO
B OIEpaTUBHON NaMATH

Bce stu mannble nomerniaioTces B cTek. Takum oOpa3oM, OH UMeeT CJAeIyIONIni BHI;

CBobonHag mamMarb
JlokanbHbIe TIepeMeHHbIe (PYyHKITIN
ITapameTrpsl pyHKIUN
3HadyeHus pPerucTpoB MPOIECCOopPa W aJpec TOYKHN BO3Bpara
JaHHbIe, KOTOPbIE€ OBLIN B CTE€KE JI0 BbI30BA (DYHKIIUNI

Kak Buano, njs Bei3oBa (hyHKIMU TpedOyeTCs JTOCTATOYHO MHOTO HAKJIAHBIX PAaCXOJI0B,
O9TOMY KOpOTKHe (DYHKIHHU caenyerT oopMIATh B BHJEe MaKPOCOB WM JelarTh ux inline
(BCTpamBaeMbIMH), UTO SIBJISIETCS, TI0 CYTH, T€M YK€ MAKPOCOM B <«OCOBDEMEHEHHOM» BH/IE.

[TepeiieM Temepb K peKypPCUBHBIM BbI30OBAM (DYHKIMH. YCIOBHMCS PA3IeIATh «pyHK-
U0y (MAIMHHBI KO KOMaH (DYHKIHH) 0 «IK3eMIIsIp DYHKIUI» (COBOKYIMHOCTH CO/EP-
JKUMOTO O0JTACTH CTeKa JIJIs 3TON (DYHKIMH BMECTe ¢ MAITHHHBIM KOJIOM ).

PacemorpuM Jist ipruMepa eIy oIy o TPOCTY 0 PEKYPCHBHYIO mpoteaypy (cieBa 3a/a-
HBI HOMEpPAa CTPOK ):

1 procedure rec(n : integer);
2 Dbegin

3 if (an > 0) then
4 rec(m-1);
5 write(n);
6 end;

7

8

9

begin
rec (2) ;
10 end.

[IepBblit BBI30B MpOIELypbl Ipou30iiaeT Ha cTpoke 9. Coep:KUMOe cTeKa IIPU STOM OyIer
TaKUM (COJEPKUMOE AKTUBHOTO HK3EMILISIPA BBIJETIEHO).

ITapameTp nponeaypsl n = 2
Bo3epaTt B 0OCHOBHYIO mporpaMMy HocCJie CTPOKH 9

3aTeM MPOUCXOIUT CJAEAVIONHMA BBI30B MPOIEAYyPHI U3 dK3eMiLIsgpa 1 B ctpoke 3. Comep-
JKUMO€ CTeKa OyIeT BBHITVISIETh Tak:

IlapameTp mpoueaypst n = 1
BosepaT B mepBbIii 3K3eMIJIAp NPOIEAYyPHI rec Mocjie CTPOKU 3
[Tapamerp nponeaypb n = 2
Bozspar B (pynknuio main nocje crpoku 9
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Barem enie OAUH BbI3OB U CO3JaHKEe HOBOI'O 9K3EeMILJIApPa:

ITapameTp nponeaypst n = 0
Bos3BpaT BO BTOPOii 3K3eMIJIgp NPOHEAYyPHI reC IIocjie CTPOKu 3
[Tapamerp mporeaypbl n = 1
Bosspar B mmepBblii 9K3eMILISP MPOILEAYPHI Tec Mocjae CTPOKU 3
[Tapamerp nponeaypbl n = 2
Bosspar B (pbynknuio main mnocje crpoku 9

[Tockonbky mapamerp ctaja paseH 0, TO cjeyIONIero BbI30Ba He MPOU30HIeT. byaeT BbI-
BEJIEHO 3HavYeHue mapamerpa (T.e. unciao () U TPOU30MIeT BBIXOJ U3 MPOLEIypPhl (Mepexos
K TOYKEe BO3BpaTa M yJaJeHHe U3 CT€KA BCEeX JIAHHBIX 3TOr0 9K3eMILIApa nporeaypbi). T.e.
CTEK CHOBA NPHUMeT CJIeJYIOIIui BUJI;

ITapameTp nponeaypsl n = 1
Bo3Bpat B nepBblii 9K3eMIIAp NPOLEAYPHI rec Mocjie CTPOKH 3
[Tapamerp nponeypbl n = 2
Bosspar B (pyHKIHIO main mocje cTpoku 9

[Tocsie TpeTbeit CrpoKu BTOPOro 9K3EMILISPA IIPOLELYPbl UJIET TOJbKO BbIBOJL lIapaMeTpa
(T.e. BEIBoUTCA wmcsio 1). Bosblite HUKAKUX JeHCTBHA B 9TOM 9K3EMILISIPe HE MPOUCXO/THT,
a 3HAYUT MMPOUCXOJIUT BO3BPAT B NEPBBIM IK3EMILISIP TPOIEAYPHI TIOCTe TpeTheil CTPOKU U
CTEK AMeeT CICAYIOMMNi BUI;

IlapameTp mponeaypsr n = 2
Bozepar B dyHKIIMIO main mocje cTpoku 9

[TepBrlil 9K3eMILIAp OPOIEAYPhl MOCJe TPeThell CTPOKU BBIBOJUT CBOH mapamerp (2) u
3aKaH4YMBaeT pabOTy — MPOUCXOIUT BO3BPAT B (DYHKIMIO Main, KOTOPas TAKzKe 3aKAHINBAET
CBOIO paboTy.

Bwiso, mporpammbr 6yaer 0 1 2.



Jlekinga 3

AJaropuTMbl OMCKa

Bepcus P or 16.11.2009

3.1 Tlouck B Heynmops/109€HHBIX MaCCUBaX

CaMbIM HPOCTBHIM BapUAHTOM IOMCKA MOXKHO CUYHTATDH IOUCK JEMEHTa B OJHOMEPHOM
HeynopsgoueHHoM MaccuBe. ChopMmyIupyeM 3a7a4dy CAEAYIONNIM 00pa3oM: JIaH OJIHOMEp-
HbI{l HEYIOPS/0YeHHbII MACCUB, COCTOAIIMI W3 IEJIbIX YUCEeI, U HEODXOJIUMO IITPOBEPUTD,
COJIEPKUTCS JIU JIAHHOE YUCJIO B 9TOM MaCCHBE.

[TycTh MaccuB Ha3bIBAETCS & U COCTOUT M3 N 3JIEMEHTOB, a UCKOMOe uncJio pasuo k. Toraa
KOJT, OCYTIECTBILIONIAN TTOUCK, MOYKHO 3allUCATh TaK:

j o= -1;
for 1 := 0 to n-1 do
if (ali]l = k) then j := i;

B ciydae ecam yucjio k Hu pasy He BcTpedasoch B Maccuse, j Oyier pasno —1. ITpuse-
JieHHast Bbite (pyHKIMs Oy/1eT HCKATh MOC/Ie/IHee BXOXK AeHne Yuciaa k B Maccuse a. Ecim Ham
HeO6XOﬂI/IMO NCKaTh MEPBOE BXOXKIEHUE, TO HOCJIE TMPHUCBauBaHUA j =1 ciaeayer ,ILO6aBI/ITb
oneparop break; (B 9TOM ciydae HCKOMBIH HHJEKC OyIeT XPAHUTHCS B TIEPEMEHHOH 1).

U B TOM # B APyrom ciaydae aJroput Oyaer uMeThb cI0KHOCTH O(N).

Ha 3Tom nipuMepe MOXKHO paccMOTperb «OapbepHbIily MeTO/l, KOTOPbIi MOXKET ObITh 110-
JIe3eH B OYeHb MHOIUX 3aja4dax. /[jig ncnoab3oBanns 6apbepHOro METO/a Halll MacCUB J0JI-
KeH MMEeThb OJNH ,ZLOHOJIHI/ITG.HbeIfI JJIEMEHT (T.e. ero JJInHa JOJIZKHa 6bITb HE MEHbIIIe, YeM
n + 1 saement). OTMETHM, YTO TAKUM CIHOCOOOM MOYKHO MCKATH TOJIBKO MEPBOE BXOXKJIEHUE
JIEMEHTA!

aln+1] := k;
for i := 0 to n-1 do
if (ali]l = n) then j := 1i;

Ecaun saniement k BcTpedaercss B MacCuBe, TO €10 UHJIEKC OY/IeT HAXOANThCH B IIepeMeHHO
1, €CJI K€ TaKOi 3JIeMEeHT B MaCCHBe He BCTpedaeTcst, TO ¢ OyaeT paBHo n + 1.

PacecmorpuMm oT/e1bHO 33729y MTOMCKA MUHEMYMa U MaKCUMyMa B MaccuBe. Tak »Ke Kak
U IpHU HOWCKE BXOXKJIEHUS dJIeMeHTa, Oy/IeM HCKaTh He caMO 3HaYeHUs MUHUMYMAa HJIH MaK-
CUMyMa, a MHIEKC MEHAMAJIBHOTO (MAKCUMAIBLHOTO) 3JIeMEHTA. DTO U30ABAT HAC OT MHOTUX
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poOJeM M IO3BOJIUT COBEPIIATH MEHbIINee KOJUYECTBO ONIMOOK IITPU ITPOTPAMMUPOBAHNH.
[Torck MUHEMAJIBHOTO dJIEMEHTa B MacCUBe a Oy/IeT BBITJIAAETh CJAEIYIONIIM 00pa30oM:

imin := 0;
for 1 := 0 to n-1 do
if (a[i] < alimin]) then imin := i;

Nupekc MEHIMAIBLHOTO 3JieMeHTa Oy/IeT XPAaHUTLCHd B MEPEMEHHOH (min, a caM MHHU-
MyM paBeH a[imin]. MUHIMYM W MaKCHMYyM CJiejilyeT 00si3aTesIbHO HCKATh M0 WHJIEKCY, a He
no 3Hadenuio. Hampumep, ecim Mbl O6yjieM IBITATbCd XPAHUTH HEIOCPEICTBEHHO 3HAYEHUE
MHUHEMYyMa HJId MaKCHMyMa, TO MOKEM JIEFKO OIIMOUTHCS ¢ HAYaJIbHON HHUIMAJIH3AIUCH.
Hampumep, 111 MaccuBa BeIeCTBEHHBIX YHCETT ONPEICTUTD 3HAUCHHS, KOTOPBIMU W3HAYA b~
HO CJle/lyeT UWHUIUMAJIU3UPOBATh MUHIMYM U MAKCUMYM.

Tenepb paccMOTpuM 3aja4y HOMCKA MUHMUMYyMa M MaKCHUMyMa OJHOBpeMeHHO. MOxKHO
peaJin30BaTh TAKOI NMOUCK aHAJJOTHUYHO:

imin := 0;
imax := 0;
for i :=1 to n-1 do begin
if (ali] < alimin]) then imin := i;
if (al[i] > alimax]) then imax := i;
end;

Takas peanuzanus Tpedyer 2 X N — 2 cpapaenus. Ho 31y 3ama4y MOXKHO pPENIUTDH H
3a MeHbIllee KOJUYEeCTBO CpaBHeHHil. Pa3obbeM Bce 371eMeHTHI Ha Tapbl, U OyIeM HCKATh
B KaxKJO# mape MUHUMYM U MakcumyM (N/2 cpaBHeHwmil), 3aTeM MHHHMYM Oy/IeM HCKaTh
TOJIBKO CpeJ MUHUMAJBbHBIX 3JIEMEHTOB IIap, & MaKCUMYM — CpeAu MaKCHMaJIbHBIX. O6mee
KOJTHYECTBO cpaBHeHuit Oymer okoao 3 X N/2 (mpobieMa BO3HUKAET, KOTJIa KOJTHIECTBO e~
MEHTOB HEeYeTHOe — OJIMH U3 3JIEMEHTOB OcTaeTcs 6e3 mapbl). TOYHO 9TO MOXKHO 3alHCATH
Kak [3 X N/2] — 2, e | | — okpyriaenue 10 GOJIBIIETO HEI0ro.

Pacemotpum erre ogun ciocod noucka Makcumyma. [lociie pasbuenus 371 MeHTOB Ha apbl
Oy/ieM HPOJI0/IZKATD ITOT IPOILECC, AHAJTOTUYHO TYPHUPY «HA BbLIeTs. T.€. 3aHOBO pa300bem
MaKCHUMaJIbHbBIE JJIEMEHTHI U3 IIap Ha IIapbl U CHOBA HaﬁﬂeM MaKCUMYM U T.I. ZLHH IIONCKa
MaKCHMAJILHOTO 3jieMeHTa OyaeT mo-npexkneMmy TpeboBarh N — 1 omnepariusi cpaBHEHUS, HO
caM MaKCHMAaJIbHBIN 3jeMeHT OyaeT ydacTBOBaThb TOJBKO B log N cpaBHenusix. Ul omgno us
STUX CpaBHEHUI 00sg3aTeIbHO OYIET CO BTOPBHIM I10 BeJIMYUHE JIeMeHTOM. TakuM obpas3oM,
JJIS TIOMCKA BTOPOTO IO BeJINUNHE 3JeMeHTa Oyer TpeboBarbes [log N — 1 cpasaenue (mpu
YCJIOBHH, YTO BCe CpaBHCHHUA AJIAd MaKCHUMaJIbHOT'O dJIeMEHTa HpOBe,ZLeHbI).

OO0BIYHO TAaKKMe METOMbl MCIOJIB3YIOTCS B OCODOBIX CJIyYasaX, KOTJA ITO HEIMOCPeJICTBEHHO
Tpebyercs B pertenun 3aja4qu. g obirero ciydas moaxoasar 6ojiee mMpocThie MeTO/IbI, T/
KOJINYECTBO CPaBHEHUI HE UrpaeT TAKOW BarKHOW POJINU.

O,ZLHaKO 1 9TOT METOJ MOXKeT 6bITb ImoJie3eH IIpu IMMOUCKe «IMOPAIKOBBIX CTaTUCTUK» MacC-
cuBa. k-oif MOPSJIKOBOM CTATUCTUKON MaccuBa HA3bIBAETCA k-bIil 110 CYETY SJIEMEHT 3TOI'O
MaccuBa (T.e. eCJI MACCHB OTCOPTUPOBATH MO HEYOBIBAHUIO, TO k-asi MOPSIIKOBAs CTATHCTHU-
Ka — 9TO dJEeMeHT, CTOAIINI Ha k-oi HO3HHHH).
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3.2 Tlouck mopsgaKOBBIX CTATHUCTUK

Kak n3BecTHO, CyIecTBYIOT MeTobl copTupoBkr MaccuBa 3a O(N log N). s noncka
k-oft TOPAAKOBOM CTATUCTUKHA MOXKHO OTCOPTUPOBATH MAaCcCHB WM BbIBecTH k-blit ds1emenT. Ho
B 9TOM CJIydae MbI COBepIIaeM MHOXKECTBO JIUITHUX JefiCTBHIA, BeJb C TIOMOIIBIO COPTUPOBKHU
MBI HaiiJIeM BCE€ HOPIKOBbIE CTATUCTHKH, & HE TOJIHKO k-yIO.

[Ipusenennsiit Huzke aaropurm paboraer 3a O(N). CyliecTByeT ajropuTM MOUCKa i-oi
nopsiikoBoit craructuku 3a O(N) B XyalmeM ciydae, HO OH TAXKET B PEATH3ANUH H UMEET
OOJIBIIYIO KOHCTAHTY.

Cxema ajropurma uMeer cieayoinuit Bu. [lycts & — HOMEp MCKOMO#T MOPSIKOBOI cTa~
TUCTUKH, | (3TO MasleHbKasl JATHHCKasT L) U r — TeKyIIHe JieBas U IpaBas IPAHUIIBL 00JIaCTH
MAacCUBa @, B KOTOPOU MBI HilleM k-yio ctatucTuky. Ecim 1 == r, To 0bsacTh MOUCKa orpa-
HUYEHA OJHUM 3JIEMEHTOM, T.e. k-as HOPsJIKOBasg CTarucTuKa pasHa alr]

Ha kazkioMm mare d6yaem Beiouparh uncyio s := (1 + r) div 2. Boobme roBopsi, Mbl MO-
JKeM BBIOMpATh MPOU3BOJIBHOE YUCJIO W3 MHTEpBaia [, ]|, HO TeHepanus CJIydaifHoro 4ucia
3aHUMAET JIOCTATOYHO MHOI'O BPEMEHH, IIOTOMY JIy4Ille UCII0/Ib30BATH KAKOe-/1u00 (PUKCHPO-
BAHHOE YHCJI0. PAcrmofoRuM 3JIeMEeHThl MacCuBa WHTepBaJa [, r] Tak, 9robbl cHaYa A 1T
BCe 3JEMEHTHI, MeHbIue als], a 3arem Bce octajbubie. [IepBbIit 371eMEeHT BTOPOI T'PYHITHI
obosnauyuM 3a j. Torma ecnu k < j, To OyaeM NpOJOJKATh HMOUCK € HEHM3MEHHBIM 3Hade-
HueM [ u r = j (B JIeBOW 4acTH MaccuBa), WHa4e GyJIeM OCYIIeCTBISITh TOUCK Ipu | = i u
HEeM3MeHEeHHBIM 7 (B MPaBoii 4aCTH MaCCUBA).

CHavaJsia 3amumieM nporeIypy, OCYIIECTBISIONIY 0 TaKOUH TOUCK, a 3aTeM IIPUBeIeM IpH-
Mep U HeoOXOJUMBbIe TOSCHEHHUS:

procedure search(var a : our_array; k, 1, r : integer);
var
s, m, 1, j, tmp : integer;
begin
i:=1;
j =1,
if (1 = r) then
search := alr]
else begin
s (1 + r) div 2;
m := al[s];
while (i < j) do begin
while (al[il < m) do inc(i);
while (al[jl > m) so sec (j);
if (i < j) then begin

tmp := alil;
alil := aljl;
aljl := tmp;
inc(1i);
dec(j);

end;

end;
if (k < j) then search(a, k, 1, j)
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else search(a, k, i, r);
end;
end;

BoeizniBars nponeaypy caegyer rak: search(a, k, 0, n-1), rie a — maccun, k — nomep
CTATUCTUKHN, KOTOPYIO HaJ0 NOJYYUTh, & N — KOJHUYECTBO 3JIEMEHTOB B Maccupe. Ilocse
BBITIOJIHEHUS 3TOH (DYHKIIMH UCKOMBIH 3JIeMEeHT OyIeT HaXOAUTCH HA CBOEM MECTe, T.€. OTBeT
Ha 33/aqy OyIeT ColepKaTbes B daeMente alk].

IlepecTaHOBKY 3JIEMEHTOB MBI OCYIIECTBJIAEM CJIEAVIONIUM 00pa30M: HAXOIHMM IepPBBIii
«HEIIPABUILHBII» 3JIEMEHT CJIeBa, 3aTeM IePBBIi HeIPABUIbLHLIN 3JIEMEHT «CIIPaBay, a B CJIy-
Jae, eCJM yKa3aTeJu He CONLIAChH, OCYIIECTBIAeM OOMEH 9TUX S4eeK MaCCUBA.

[Tpusenem npumep s maccusa {2,7,8,6,0,4,1,9,3,5} u k= 9:

1. {2,7,8,6,0,4,1,9,3,5},1=0,r =9,m =0

2. {0,7,8,6,2,4,1,9,3,5},l=1,r =9,m =4
3. {0,3,1,4,2,6,8,9,7,5},1 =5,7r =9, m =9
4. {0,3,1,4,2,6,8,5,7,9},1=9,r =9,m =9

Ha mounck MakcmMasbHOTO 3J1eMeHTa HaM HOTpeOoBaJIoch 4 BbI30Ba (DYHKINH search.

Hoxkazareascrso cioxknoctu O(N) onmpaercs Ha CyMMHPOBAHUE Psifia, B KOTOPOM i-biii
saeMenT paseH N/2'. MeToasl J0Ka3aTeIbCTBa CXOAMMOCTH PANOB H3Y9IAlOTCA B IKOJLHOM
I YHUBEPCUTETCKOM KypCe MAaTeMaTHYeCKOI'O aHAJIN3a.

Kpome Toro, 4aro mouck k-oif MOpSIKOBOW CTATUCTHKH CTABUT K-BIfl 3J€MEHT Ha CBOE
MECTO, CYIIECTBYET €Ile OJHO ero MmoJie3Hoe IMpUMeHeHne. A UMEHHO, ¢ HOMOIIbIO MOoucKa, k-
Ol MTOPSAIKOBOM CTATUCTHKU MOXKHO BBIJIETTUTH kK HAWMEHBITUX YHCeT MAcCHBa — OHU OYIyT
HAXOJUTCS B dJeMeHTaxX ¢ uHjaekcamu oT 0 10 k, HO He OyAYyT yHOPSIIOYEHDI.

3.3 DbunapHBbIii TONCK B YIIOPHAJ0YE€HHbIX MaCCUBaX

[Tox yropsiio9eHHBIM MAacCCHBOM OyJeM IMOHHMATh MACCUB, VIOPSAOYEHHBIHA 110 HeyObIBa-
uuio, r.e. a[l] <af2] < ... <alN].

Y Hac umeercd 3ajaHHAs CBOMMHU I'paHUIaMU 00JacTh 1OMcKa. Mbl BHIOMpaeM ee cepe-
JIMHY, W, €CJIM UCKOMBIHl 3/IeMEHT MEHbIIe, YeM CPeJHU, TO TOMCK OCYIIEeCTBJIAETCA B JIEBOM
4acTH, uHade — B npaBoii. /leficTBUTE/IbHO, €C/IM HCKOMBIH 3JIeMEHT MEHbIIIe CPEJIHEero, TO U
MEHBIIIE BCEX JEMEHTOB, KOTOPbIe HAXOAATCH IIpaBee CPeJHero, a 3HAYNUT, UX CPa3y MOXKHO
HUCKIIOYATH U3 PACCMOTPEHH. AHATOTMYHO /IS CIydasi, KOTIa MCKOMBIH 37eMeHT OOoJbIle
CpeJIHero.

Koxa, ocytecrsiagroninii ONHAPHBIIT TTOMCK B YIIOPSIOUY€HHOM MACCHBE BBITVISIIAT TaK:

while (1<r) do begin
m := (1+r) div 2;
if (alml<k) then 1 := m+1
else r :=m;
end;
if (alr] = k) then write(r)
else write("-1");
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[Tepes, BBIIOJIHEHEEM 3TOrO KOJA CJEAYeT NPUCBOUTH nepeMeHHbIM [ u r 3uadenusd 0 u
n — 1 coorBeTcTBeHHO. B ciyuae ecan s7eMeHT He Haiiaem, sTa mporpamma BHIBOIAT —1.

Cnoxuoctsb anroputma duaapuoro noucka coctapiger O(log N), rme N — KOTHIECTBO
9JIEMEHTOB B MACCHBE.

3.4 Dunapsablii IONCK AJ89 MOHOTOHHBIX (DYyHKITHit

DBwrapHbIit TONCK MOYXKET UCIOIb30BATHCS He TOJBKO MJI MOWCKA JI€MEHTOB B MaCCHBE,
HO ¥ JiJIsl HOMCKA KOPHEil ypaBHEHHIl U 3HAYeHUH MOHOTOHHBIX (BO3DACTAIONIUX MJIU yObIBa-
forux ) dynknuit. HamomumuMm, aro GyHKIuA Ha3biBaeTCst Bo3pacratomieii, eciaun Vi, Ty : 11 >
xo = f(x1) > f(xg) (amst MOOBIX 1 W g, €ci T1 > To, TO f(x1) Takxe Gombire f(xs)).

Jle#icTBUTEIHHO, TAK K€ KaK U B MACCHBE, MBI MOXKEM UCKIIOYUTH U3 PACCMOTPEHUS TTOI0-
BUHY TeKyIeil 00/1acTu, ec/ii HaM 3aBeOMO W3BECTHO, 9TO TaM He CYIecTByeT perneHus. B
cIydae ke, ecyiu (PyHKIIHsl He MOHOTOHHA, TO BOCIIOJIB30BATHCA OMHAPHBIM TOMCKOM HEJTb3s,
T.K. OH MOYKeT BBIIaBaTh HEMPABUIbHBINA OTBET, TNOO HAXOAUTh HE BCE OTBETHI.

st mpuMepa pacCMOTPHM 33/1a4y TOMCKa KyOndeckoro kophs. Kybudeckum KopHeMm u3
ancyia v (0603HaUaeTCs /T) Ha3BIBAETCS TAKOe YHC/IO ¥, UTO y° = .

Cdopmynupyem 3aj1ady Tak: Jjis JAHHOTO BEIECTBEHHOTO unciaa x (x > 1) Haiitn Ky6u-
YeCKWl KOPEHb ¢ TOYHOCTHIO HE MeHee D 3HAKOB IOC/I€ TOYKU.

Oyanug npu r > 1, orpaHWYeHa CBepXy YHUCJIOM T, & CHU3y — emuHuIei. Takum 00-
pa3oM, 3a HUKHIOI TPAHUILy MBI BEIOWpPaeM 1, 3a BepxHIOIO — caMo ducsao x. llociae sToro
JIe UM TeKYIIUi OTPe30K MOIMOoJIaM, BO3BOAUM CEePelInHy B KyO W ecau KyO OoJibllie T, TO
3aMeHdeM BEPXHIOIO I'PaHb, MHA4Y€ — HU2KHIOIO.

Koz 6y1eT BBIVISIETD CJIEIYIONAM 00Pa30M:

r := X;

1 :=1;

while (abs(l-r)>eps) do begin
m := (1+r) div 2;
if (m*m*m<x) then 1 :=m
else r := m;

3.5 DunHapHbIil TONCK MO OTBETY

Bo mHormx 3agadax B KadecTBe OTBeTa HEOOXOIMMO BBIBECTH Kakoe-nOo uncio. Ilpu
9TOM JOCTATOYHO JIETKO CKa3aTb, 6OJH)IHe JIA 9TO YHCJIO, 9eM HY2KHO, WK MEHbIIE, HECMOTPA
H& TO, YTO BbIYUCJIEHHE CAMOI'0 OTBETA MOXKeT ObITh JOBOJILHO TPYJIOEMKO onepaiueii. B
TaKOM CJIy4dae Mbl MO2KEM BbI6paTb YHUCJIO 3aB€IOMO MEHBIICE OTBCTAa M YHCJIO 3aBCIO0MO
boJIbIliee OTBETA, & MPABUILHOE PEIeHUE UCKATH OMHAPHBIM TOUCKOM.

g mpuMepa paccMOTPHM pellenue 3a1a9 HeCKOJbKUX IPOLIEAIINX OJTUMIIAAI.

Ouenp Jerkad 3aja4a

MockoBckast osmmmiinaia, 110 uadopmaruxke 2006-2007

Ceromus yTpoM 2KIOpH PEIInIO J100aBUTh B BAPUAHT OJUMIIHAJIBI ere oauy, Ouens Jler-
Kyto 3agady. OTBeTCTBeHHBIN ceKpeTaph OprkoMuUTeTa HANEYaTasa ee YCJIOBHE B OTHOM IK-
3eMILISIpe, U Telepb eMy HYXKHO J0 Hadasa OJUMINAJIbl YCIIeTh caeaarsh eme N komumii. B
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ero pacClnopdzKeHun UMeITCAd ABa KCEPOKCa, OJUH U3 KOTOPBLIX KOIIUPYET JIMCT 3a CEeKYHI, a
apyroit — 3a y. (Paspemaercss MCIoNb30BaTh KAK OJMH KCEPOKC, TaK U 00a OJHOBPEMEHHO.
MozKHO KOIUPOBATH HE TOJBKO ¢ OPUTHHATA, HO U ¢ Kouu.) IloMorure eMy BBISICHUTD, KAKOe
MHHHUMAaJIbHOE€ BpeMd JJId 3TOro HOTpe6y€TCH.

Dopmam 8Tro0HBLT JAHHBLE

Bo BxoanoMm daiine 3anucanbl Tpu HaTYpaJIbHBIX Ynciaa N, x u y, pa3jejieHHbie TpodeIoM
(1< N<2x10%1<xz,y<10).

Dopmam 8bLrO0HBLL JAHHBLE

BriBeure 0j{HO YUCI0 — MUHUMAJIbHOE BPEMSI B CEKYH/IaX, HEOOXOIUMOE JIJIsI 1TOJTy YeHH ST

N xommwmii.
IIpumepwvi
Bxoaubie nanubie | BoixomHble JaHHBIE
411 3
512 4

CyImecTByeT KOHCTPYKTUBHOE pellieHne 3Toi 3aga4u (hopMmya), KOTOPYIO MOXKHO BbIBe-
CTHU U, TIPU KeJAHUH, T0Ka3aTh. OIHAKO OYEHB JIETKO PEATN30BAThH PEIleHne 3TOH 3a/1a49u C
OMOIIBI0 OUHAPHOTO MTOUCKA.

IlepByto cTpaHUIy MBI KOMHPYeM 3a min(x, y) CeKyHJI U, 3aTeM, PACCMATPUBAEM pPeIeHne
yxe 11 N — 1 cTpaHuIhl.

[Tycts [ - MunumasibHOE BpeMs, 1 - MakcuMasibHoe. MunuMym HaM HEOOXOAMMO MOTPATHTD
0 cexyna, MakcumyMm, Hanpumep (N — 1) X @ ceKyHJ (CTPAHUIIBI JEJTAIOTCS MOJHOCTHIO HA
onHOM Kcepokce). CanTtaeM cpejiHee 3HAYEHHE U CMOTPUM, CKOJIBKO MOJHBIX CTPAHUI] MOYKHO
HalevyaTaTh 3a 9TO BPeMs, UCIOJb3ysd 0ba Kcepokca. FHeam KoIudecTBO CTpaHUI] MeHbIIe
N — 1, To MBI MeHsIEM HUKHIOIO TDAHUILY, WHAYE — BEPXHIOIN.

var
n, x, y, 1, j, 1, r, now : integer;
speed : double;

begin
read(n, i, j);
if (i < j) then begin

X = 1;
y =3

end else begin
X = 3;
y = 1;

end;

1 :=0;

r := (n-1)*y;

while (1 <> r) do begin
now := (l+r) div 2;
j := now div x + now div y;
if (j < n-1) then 1 := now+l
else r := now;

end;

write(r+x);
end.
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ABTOOYyC

13 YkpamHckas omuMInaa,

CiyxebHbIit aBTOOYC COBEpITAeT OJMH Pefic M0 yCTaHOBJIEHHOMY MAaPIIPYTy W B CJIydae
HAJIMIUs CBOOOIHBIX MECT HOA0MPAET PabOUNX, KOTOPhIE OXKUAAI0T Ha OCTAHOBKAX, I OTBO3HT
uX Ha 3aBoJ. ABTOOYC TaKzKe MOYKET KIaTh Ha OCTAHOBKE pabodHX, KOTOPBIE ellle He MPUIILIH.
M3BecTHO BpeMs MPUX0Ia KaxkKI0ro pabodero Ha CBOIO OCTAHOBKY M BpeMs IPoe31a aBTodyca
OT KazKJI0fl OCTAHOBKH 10 CJAeIyIoreii. ABTOOYC NPUXOIUT HA TEPBYIO OCTAHOBKY B HYJIEBOI
MOMEHT BpeMeHHu. [[poioIKuTe TbHOCTh TTOCAKN PAbOYNX B aBTOOYC CUUTAETCS HYJIEBOI.

Baganue: Hanucars mporpaMmy, KOTOpasi OIpejae/iuT MUHIMAJILHOE BPeMs, 33 KOTOPOe
aBTO0YC MPUBE3ET MAKCHMAIHLHO BO3MOYKHOE KOJUYIECTBO PAbOINX.

DPopmam 8TrodHHBLT JAHHBLL

Bxojnoii TekcTOBBI (hailsl B IEpBOil CTPOKE COMEPKHUT KOJUIECTBO OCTAHOBOK N U KO-
JINYeCTBO MecT B aBrodyce M. Kaxknad i-s1 cTpouka U3 mocaeayiomux N cTpodek COAePKHUT
1eJI0€ YUCJI0 — BpeMsl JBUKEHUsI OT OCTAHOBKHU i K ocTaHoBKe i + 1 (N + 1-g ocraHOBKa —
3aBOJ1), KOJMYECTBO pabounx K, KOTOpBIe IPUIYT HA i-F0 OCTAHOBKY, U BPEMsI IIPUXOJIA KazK-
JI0ro pabodero Ha 3Ty OCTAHOBKY B mopsiike npuxofa (1 < M < 2000,1 < N, K < 200000).

Dopmam 8vbLrO0HBLL AAHHBLE

EnnHCTBEeHHAS CTPOKA BBIXOIHOIO TEKCTOBOTO (haiiyia TOKEeH COAepzKaTh MUHHMAJIbHOE
BpeMs, HeOOXOIUMOe /Il IePEeBO3KH MAaKCHMAJIBHOIO KOJHIECTBa PabOInX.

ITpumepwvi
Bxoaubie mamnabie | BeixogHble JaHHBIE
35 4
1201
112
140234
Cuagajia onpeje/inM, 9T0 TaKOe MAKCHUMAJIbHO BO3MOXKHOE KOJIMYeCTBO pabounx. Kcjm
o0r1iee Koim4aecTBO pabodux OOJIbIe BMECTUMOCTH aBTOOyCa, TO 3TO — 00beM aBTobyca, eciu
7Ke pabovInX MeHbIIe YeM BMEeCTHMOCTh aBTOOYCa — TO 3TO KOJMYECTBO BeeX pabodnx (B 3TOM
cJydae BMECTHUMOCTH aBTOOyCa YMECTHO MPHCBOUTH 3HAUEHUE, PABHOE KOJMUECTBY JHOJEN).

Korpma mMbI canThiBaem JaHHbIe, CIEAyeT ONPEIETNTh BPEMS MPHUXO/IA TMOCIETHETO Y0~
Beka (T.e. TO BpeMs, KOTJa y7Ke BCe JIIOIN OYJyT HA OCTAHOBKAX) — 3TO OyJeT MAKCHMyM B
ObuHapHOM IOUCKe. MUHEMYM OyaeT paBeH HyJf0. Eciu aBToOycC M0/I2KeH 3a/1epKaThC MepeT
OCTAHOBKOM, TO OH JIOJIZKEH CJIJIATH ITO Mepe/] IePBOil OCTAHOBKOU (IeficTBUTEIBLHO, €CTH OH
HOIbEJIET K MEePBOil OCTAHOBKE, 3abepeT Jiojeil, a moToM OyIeT K/1aTh y BTOPOil OCTaHOBKH,
TO B 9TO BpeMs Ha MEPBYIO MOTYT HPHUITH eIe JIFOIH, a eC/IN KJIaTh epe] MepBoii, TO JIFIn
CO BTODPOI HUKY/a He JIeHyTCsT). MUHUMYM ¥ MakKCHMyM y Hac ecTh. Termepb GepeM 3ajepik-
Ky, paBayio z = (min + max)/2. C mOMOIIbIO TPOIELYPHI, KOTOpas OyleT OlMucaHa HUZXKe,
BBIUHC/IIEM, CKOJIBKO JIIOel ycleeT IPUATH 10 MOMEHTa T Ha IIePBYIO OCTAHOBKY, JIJI BTO-
poil ocTaHOBKHM OyJeT 3a/iepzKKa, paBHast « + a[l], rae a[l] — Bpems ciegoBanust oT n1epBoi
OCTAHOBKH JI0 BTODOii, s Tperheil 3anepxka — ¢ + a[l] + a[2] u .a. Ecin xoamgecrso
CeBINMMX B aBTOOYC HA BCEX OCTAHOBKaX 0OJbINe OO paBHO BMECTUMOCTH aBTOOyCA, TO HAIO
3aMeHUThb  Ha (min + x)/2, ecau ocTaiuchk Mecta B aBrobyce 1o x = (x + max)/2. Yenosue
BBIXOJIa OyIeT Takoe: ecJii IpHd HEKOTOPOH 3aleprKKe & aBTOOYC 3aIOJHEH, & MPU 3aIeprKKe
(x — 1) aBTOGYC He TOJIOH, TO OTBET .

Teneps BTOpOil OMHApHBIH Hmouck. ToT camblif, KOTOpBIH OHpeIeaseT, CKOJIbKO JIioaeit
ycIeeT MPUATH HA OIPEeIeSeHHYI0 OCTAHOBKY IO OIIPeIeJJEHHOTO MOMEHTA. 3/1eCh MAKCHMY-
MOM JIHXOTOMHUHN OyIeT KOJIUYECTBO el Ha 0CTAHOBKE, a MUHUMYMOM — HOJIb. BeiOnpaem
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CPEJIHEr0 YeJIOBEKa — eCJIH €r0 BpeMsl IPUX0/a MEeHbIIe, YeM 3a/epKKa, T0 ¢ = (r+mazx)/2,
ecJIM OH He ycIeeT mpuaTH, T0 © = (min + x)/2. 3mech yeaoBHe BBIXOJA TAKOE: eCTH Yes10-
BEK YCIIEBAeT MPHUJITH HAa OCTAHOBKY, a CJIJYIOMUI 33 HUM HET — TO OTBETOM Oy/ieT HOMep
JegoBeka. OTmeqbHO HYXKHO 0OpadaThiBaTh CIaydail, ecam Ha aBTOOYC CAIyT BCe JIOIU C
OCTaHOBKH.

3.6 Tlomck mo rpynnmoBoMy MPU3HAKY

B npormnoit wacTw eKnMuu MBI pacCMaTPUBAIN 33/ 1aU1, B KOTOPBIX JIJIS JTAHHOTO MOYKHO
HMOJIyYUTh OTBET «DOJIbIEy» WM «MeHbIe». Tenepb paccMOTPUM 3a/a49H, B KOTOPBIX JIJIs
HEKOTOPOTO MOJMHOYKECTBA BCEX IJIEMEHTOB MOXKHO TOJYYUTH OTBET, HATIPUMED, HA BOTPOC
«COJIEPZKHUTCS JIK UCKOMBI 9JIEMEHT B JJAHHOM ITOJIMHOZKECTBE? ».

i mpuMepa paccMOTPHUM 3319y MTOUCKa OTHOTO PAJHOAKTUBHOTO MTApUKa CpeIu 8 TIa-
puKoB. IIpm 3TOM MBI MOXKeM U3MePHUTH PAINOAKTHBHOCTH HEKOTOPOW TPYIIBI MTAPUKOB W
OIIPEJIeJINTh, COJEPZAKHUTCS JIM PAJNOAKTUBHBIH mapuk B 31oil rpyune. Heobxoaumo MuHUME-
3WPOBATH KOJUYECTBO U3MEPEHUHN Jid XYANIETO CAYIad.

ITpeacraBuM HOMepa MAPUKOB B BHIAE ABOUYHBIX UNCEJI:

0 1 2 3 4 5 6 7
000 | 001 | 010 | 011 | 100 | 101 | 110 | 111

Mbi MOzKeM HAWTH PAANOAKTUBHBIN ITAPUK 3a Tpu u3Mepenus. [[pu 3ToM B nepBoM m3me-
peHuu OyjIyT YIaCTBOBATH MIAPHKHU, COJepKaliue 1 B IepBOM pa3ps/ie, BO BTOPOM — IIAPUKH
¢ 1 Bo BTOpOM paspsjie u T.1. Pe3yibrarsl u3mMepenuii GyjieM 3aluchiBATH TAK: €CJIH B IPYIIIIe
COJIEPZKUTCS PAIMOAKTUBHBII IAPUK, TO 3amuiieM 1, B COOTBETCTBYIOMUNA HOMEPY U3Mepe-
HUS pas3psi/i, B IPOTUBHOM cjydae 3amwuiieM 0.

[TosyuenHOe JBOMYHOE YUCIO Oy/eT OJHO3HAYHO OLPEJE]ATh HOMED DaMOAKTHBHOIO
IIAPUKA.

B obmiem caygae st noucka 1 mapuka cpeau N mapukos Heobxomumo [logy(N)] usme-
PEeHHA.

[Toxoxkee perienue umeer cJjejylomas 3ajada: cpejn 9 MOHeT HeoOXOAMMO HANTH O]
Hy (DaJIbIUBYIO, MOJAb3YICh YAIIEYHLIMU BECAMH, €CJIM U3BECTHO, 9TO (DaJIbIINBasg MOHETA
BeCHT OOJIbIIIe HACTOAIIEH. 3/1eCh Ui KarXK/J0TO B3BEIINBAHMA BO3MOXKHO TPU DE3YyJIbTaTa:
epeBecuIa JieBasl YallKa, [ePeBeCchia [paBas U BeChl YPABHOBENICHBI.

3akomupyeM HOMepa MOHET B TPOHYHON CHCTEMe CUUCICHMUS:

Oo(1}2 3|4 ]5]6 |78
00 (0102|1011 12|20 |21 |22

3ajaqy MOYKHO PEIUTh 3a JBa B3BEITUBAHUS, TTPU 3TOM 1 Oy/eT 03HAYATH, YTO MOHETY
HYZKHO TOJIOXKHUTH Ha JIEBYIO Yally BeCOB, 2 — Ha TpaBylo damry, a 0 — 9YTO MOHeTa He
VIACTBYET BO B3BEIIMBAHUM.

BanuiieM pesy/ibrarTbl Kazk/0ro B3BEIIMBAHUS B COOTBETCTBYIOMMA paspsj (1 — mepe-
BeCHJIa JieBas vara, 2 — mupaasi, 0 — Bechl ypaBHOBemieHbl ). [losydeHHbI Pe3yabTarT o/
HO3HAYHO ompejessier HoMep (baabliuBoil MOHETH. B o0ImeM ciydae Jijisi IIOMCKAa OTBETa
Heobxomumo [logs (V)] B3BemuBanmii.

Tenepb paccMoTpuM 3a1ady MoucKa (hajbIIuBOil MOHETHI cpejin 12 ¢ MOMOIIBIO Yalned-
HBIX BECOB, TIPH YCJOBHH, YTO HEM3BECTHO, TsAKesee i (hbaablinBas MOHETA WM Jerde.
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ITepBoe Jtorm4HOE YCJAOBHE, KOTOPOE MBI OIyCKAIN B LIPEJIBLAYIINX 33adaX, COCTOHT B
TOM, 9TO KOJUYECTBO MOHET Ha PA3JIMYHBIX YalllaX BECOB JOJIZKHO OLITD OAMHAKOBBIM.

MHTynTHBHOE pellleHre COCTOUT B TOM, YTOOB! pa3/e/IuTh MOHETHl Ha 4 dyacTu — 2 4acTu
OTJIOZKHUTD U [OJIOKUTH 0 OJIHON YacTH Ha KaK/YIO U3 Yalll BECOB, €CJIH BECHl Y PABHOBEIIIEHEI,
TO (abIINBas MOHETA HAXOAUTCA B OTJIOZKEHHOI TacTH, HHAYe — CPEeIH MOHET, II0JIOXKEeHHBIX
Ha valm. BygeM nposo/eKars JaHHbLT IPOLece 4JIs 9acTi, cogeprkaeil GatbumByo MOHe-
Ty, 1 mosxy4nm orenky [log, (V)] (dbaxrmueckn, 3amata cBeaach K 3a1a4€ 0 PAIHOAKTHBHOM
maprike). [Ipi 9TOM MBI HUKaK HEe YIUTHIBAEM DEe3YJIbTATHl TTPEIBIIYIINX B3BeITHBaHuU, KO-
TOpPble TaKzKe MOT'YT HECTH II0JIe3HYI0 HH(OPMAIIUIO.

Brenem cienyromyto cucremy KoauposaHus: () 03HAYAeT, YTO MOHETA HE YIaCTBYeT BO
B3BeIIUBaHUU, 1 —uaro ydacrByeT (HpI/I 9TOM, €CJIM OHa YK€ y1aCTBOBaJla BO B3BEHIMBAHUAX,
TO MOHeTa OCTAeTCsl HA TOi Ke Yale), 2 — 9TO MOHeTa y4acTBYeT BO B3BEITHBAHUH (MIPH
9TOM OHa 00s13aTe/IbHO yJacTBOBAJIA B OJHOM M3 NMPEAbIAYIINX B3BEIUBAHUNE U B TEKYIIEM
B3BEIINBAHUY JIEKAT HA IPOTHBOIOIOKHON warre BecoB). 113 9T0oro ycioBus ciegyer, 9To
HU B KAKOM KoJle 2 He MOJKeT IIpeJlrecTBoBarh 1. 3amnuieM Bce BAPHAHTEL, BBIIUCHIBAS, J1JIs
y/100CTBa, KOJIbl B CTOJIOMK:

011123 [4|5|6|7[8]9[10]11]|12 |13
ojojof(1joj1{rjryo(1} 111171
oOjoj1rjo(1jo0j1r{1rjrjo(2|11|2]2
ojryo0(0j1}j1{0j1,2(2}02]1]2

YT0o0BI OLLTO BO3MOXKHO IMPOBECTH M3MEPEHHs, HEOOXOIUMO, UTOOBI B KaxKI0il CTpOKe
OBLIO YeTHOE YHCJIO 3JIeMEHTOB (MHadYe KOJMYECTBO MOHET Ha 4amax OyJeT PasiudHbIM).
st sToro BhraepkHeM U3 Tabsmipl, Hanpumep, 0 u 7 croabip (kak BugHO, 0 croaben He
MeHsIeT YeTHOCTD, U 337148 MOYKET OBITh PellleHa U s 13 MOHeT).

B mepBom B3BemuBaHWU BO3bMeM 8 MOHeT ¢ 1 B MepBOM pa3psjie W MOJOKUM HX Ha
qamm BecoB 110 4. Ha 2 B3pemmBanuu yoepeM 3 MoueTsl (y KOTOpBIX () BO BTOPOM paspsie),
HePeIOKIUM 3 MOHETHI Ha IIPOTHBOIOJIOKHYIO 9Yallly BECOB W 3aIOJHUM OCTABIITHECS MECTa
TeMH MOHETaMH’, Y KOTOPHIX 1 BO BTOPOM pa3psijie BO3HUKAET BIepBbie. [101b3ysICh TeMu kKe
coobpazkeHUusIMH, MPOBEJIEM BTOPOE B3BEIIUBAHHE.

Pesynbrarsl B3BemmBanuii 6y/1eM 3allUCHIBATDH CJIEIYIONIIM 00pa30M: €CJIU Jalld yPaBHO-
BEIIeHbBI, TO 3aMUCBIBAEM B Pa3psijl, COOTBETCTRYIOMMIT n3Mepenuto, 0. Ecin onaa garma Becon
IEPEBECHUIIA BIEPBBIE HJIN B TY 7K€ CTOPOHY, KaK U B IIPEbILYIIEM B3BeITHBAHUE (KO dalii
He ObLIN yPABHOBEIIeHbI ), TO 3aucbiBaeM 1. Ecin ke Bechl epeBecuin B IPOTHBOMOIOKHY O
peIblIyIeMy HeypPaBHOBEIEHHOMY B3BEITMBAHWIO CTOPOHY, TO 3amuiiem 2. B pesynbrare
OJIyduM KoJI (basbIIuBOl MOHETHI (JeHCTBUTENbHO, eciii (hadbIIuBasg MOHETA HE yYacTBO-
BaJla BO B3BEIIMBAHHH, TO BEChl yPAaBHOBEIIEHDI, €CJIU ObLIa Ha OAHON W TOM ke dalle —
IHOJIyYUM €JIMHUIIbL, & €CJIM Ha Pa3HbIX — JBOHKH). B 0bieM ciydae KoJM4ecTBO B3BEIIUBA-
Huit 6yaer pasao [logs(2 X N + 1)], me. s N > 9 aro pemernne Gosee 3bdeKTUBHO, deM
UHTYUTHBHOE.

B obGmem cirydae, B pellleHHH 3314, TJIe MOKHO ONpPEJIE/JUTh HeKHil TPU3HAK JIsd I'PYII-
bl JEMEHTOB WM JIJI HECKOJbKUX T'PYII, MBI JIOJXKHBI CTPEMHTLCS Pa3OUThH 3JIEMEHTDHI
Ha KaK MOXKHO GoJiee TIOXOXKUe 0 KOJUYECTBY TPYIIbL (3TO HEOOXOAUMO JIJIsT MUHUMA3AIHN
KOJTHYEeCTBA H3MepeHHii B Xy/iieM ciaydae). KaxK oMy a/eMeHTy CIeyer CTaBUTh B COOTBET-
cTBHE KO/ (PUKCUPOBAHHON JJIMHBI M HAXOAUTH METOJ OTOOPAYKEHUs Pe3yIbTaTOB N3MEDPEHU T
B COOTBETCTBYIOIINNA KOJI.
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Jlekiuga 4

AJATOpuTMBbI COPTUPOBKH

Bepcust P or 16.11.2009

4.1 CopTtupoBKa IIy3bIPphKOM

YcJI0BUMCS CYUTATH MAaCCHB OTCOPTUPOBAHHBIM,
eCJIM JIEMEeHTHI PACTIOJIOZKEHBI B MOPAIKe HeYyObIBa-
Hust (T.e. KaxK/pIil 9JIeMEHT He MEeHbIIIe IPeIbLLyIIe-
ro). Bece mpumeps! Gynem paccMaTpuBaTh Ha THIIE
int, oJfHAKO OH MOYXKET ObITh 3aMEHEH JII0OBIM JIPY-
UM CPABHUMBIM THIIOM JTAaHHBIX.

PacemoTpenne MeTo10B COPTUPOBKU HAYHEM C
copTupoBkH 1y3bipbkoM (BubbleSort).

DTO OJMH W3 TMPOCTEHTITHX METO0B COPTUPOB-
KU, KOTODPBIH OOBIYHO BXOJUT B TIKOJBHBIA KypC
nporpaMmupoBaHus. Ha3BaHue meTona oTpazkaer
€ro CyIIHOCTb: Ha KazKJOM IIare CaMblil «JICerKA»
SJIEMEHT TIOJHUMAETCs IO CBOETO MeCTa (<«BCILIbI-

.

.

K

Wlo(p|N|o &

[e]m]o]~]e]]

[e]o[~]m]e]]

Wlo|(N|Oo ||~
Wlo|N|o|H~|N

)

Puc. 4.1: HyneBoit npoxoa. CpaBHuba-
eMble TIapbl 1 OOMEHBI BBLIEICHDI

Baers ). Jljist 3T0ro Mbl TIpOCMaTpUBaeM BCe 3JIEMEHTHI CHH3Y BBEPX, O€peM Tapy COCeIHUX
3JIEMEHTOB U, B CJIy4dae, eCJId OHU CTOAT HEIPABUJIbHO, MEHAEM MX MECTAMH.
BmecTo mogHATHS caMOTO «JIETKOTO» 3JeMeHTa MOYKHO «TOTMUTh» CAMBI «TIKeTbIi».

T.K. 38 KayKAblil Al Ha CBOE MECTO BCTAeT POBHO 1 37eMeHT (CaMblil «JIerkuiiy n3 ocras-

IIUXCsT), TO HAM TOTPeOyeTcsi BHIMOTHUTE N IIAroB.

TexcT mpoteypbl COPTUPOBKH MOYKHO 3aITMCATh TaK:

procedure bubble_sort(var a:list; n : integer);

var
i, j, k : integer;
begin
for i := 0 to n-1 do
for j := n-1 downto i do
if (alj-1]1 > aljl) then begin
k := alj-1]1;
alj-11 := aljl;
aljl := k;

43
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end;
end;

Hanomuum, 9To jij1d niepejladn MacCUBOB B MPOIEAYPbI U (PYHKINH, HEOOXOIUMO OTIpe/ie-
JIUTH HOBBIHA TUIIL:

type
list = array[0..10000] of integer;

KOoTOpasi u3baB/isieT HAC OT HEOOXOJMMOCTH IHCATH
JIINHHBIE KOMAH/IbI U YMEHBIIaeT KOJUIECTBO BO3MOK-
HBIX OMEYaTOK W OMHOOK.

AJIropuT™M He HCHOJIB3yeT MOIOJHUTEJIHHONW MaMATH,
T.e. BCe JIEUCTBUS OCYIIECTBISIOTCS HA OJTHOM W TOM Ke
MaCCHBeE.

NIEIEN IS

CJI0KHOCTH aJATOPUTMa COPTHPOBKU ITY3BIPHKOM CO-
9 | craBasier O(N2), Komn4ecTBo omneparuii cpapaerust: N X
(N —1)/2. 9710 04eHb 1WI0Xask CJAOKHOCTb, HO aJTrOPUTM
UMeeT JBa TLII0CA.

Bo-niepBoix, OH JIETKO peajan3yercs, a 3HAYUT, MOZKET
U JIOJIZKEH NMPUMEHSThCA B TeX Caydadx, Korjaa rpebyer-
csl OJHOKpPAaTHAs COPTUPOBKA MaccuBa. LIpu aTom pasmep
MaccuBa He aoJizKeH ObITh Oosbiie 10000, T.K. nuHaYe aJ-

Njlo|o|h|W]|N

oO|IN|Oo|~|w|N
OIN|[o|~|w|N

wWInv|(o|N|o |~
NEIEISIEEN

i=0 i=2 =3 =4 i=5
Puc. 4.2: Homep mpoxoga. Orcop-
TUPOBaHHaA YaCThb BblLJAEJICHA I10-
JIOCOH

TOPUTM COPTHPOBKH I1y3bIPHKOM He OYJIeT YKJIa/IbIBATbCS
B OTBeJIEHHOE BpeMSI.

Bo-BTOpBIX, COPTUPOBKA MIy3bIPHKOM HCIOJIb3YeT TOJIbKO CDaBHEHUS U IEPECTAHOBKH CO-
CeJIHUX JIEMEHTOB, & 3HAYMUT, MOXKET MCHOJb30BAaThCA B TeX 3aJadax, /e sBHO pa3pelleH
TOJTBKO TaKOil OOMEH U /i COPTUPOBKY, HATTPUMED, CIIUCKOB.

Cy1ecTBy0T pa3HOOOPA3HbIE «ONTHUMU3ANNNY COPTUPOBKH MTy3bIPHKOM, KOTOPBIE YCJI0K-
HSIOT (2 HEPEJKO W YBEIWIHBAIOT BpeMsl pabOThl aJrOpUTMa), HO He TIPHHOCSIT BBHITOIBI HI
B TIJIaHe CJIOYKHOCTH, HU B IJIaHE OBICTPOIEHCTBUS.

Ha sToM maiochl COpTUPOBKY My3bIPHKOM 3aKaHIuBaOTCd. B qanbHeiiteM Mbl erte 6osiee
Cy3uM 00J1aCTh IPUMEHEHUS COPTUPOBKHU IIy3bIPHKOM.

4.2 CopTupoBKa IPIMBIM BBIOOPOM

PaccmorpuMm erie ofH KBaJIpATUYHBINA aJICOPUTM, KOTODPBIN, OJHAKO, SABJISETCI OITH-
MaJIbHBIM TIO KOJUYECTBY ITPUCBAUBAHUNI M MOYKET OBITH HCIOJIH30BaH, KOTJA 10 YCJIOBHUIO
3319 HeOOXOJUMO IBHO MUHUMU3UPOBATH KOJTMIECTBO MPUCBAUBAHUIA.

CyTh MeTo/1a 3aKII0YaeTCs B CJeIYIONeM: Mbl Oy1eM BBIOMPATh MUHUMAJTBHBIN 3JIeMEHT
B OCTaBlIeiics 4acT MACCUBA U IIPUIIUCHIBATH €I'0 K YK€ OTCOpTUpoBanHHoi# yactu. [loBropus
atu geiicrBusg N pa3, Mbl TOJYYUM OTCOPTUPOBAHHBIN MaCCHB.

procedure select_sort(var a : list; n : integer);
var

i, j, k : integer;
begin
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for i := 0 to n-1 do begin

k := 1,
for j := i+l to n-1 do
if (aljl<alk]) then k := j;
j = alkl;
alk] := alil;
alil := j;
end;

end;

Konmuecrso cpasuennii cocrapnster O(N?), a kommuectso npucsausanuii scero O(N). B
IEJIOM 3TO ILIOXOH METOJ, M OH JIOJZKEH ObITh MCIOJIb30BAH TOJIBKO B CJIYYAsIX, KOLJA SIBHO
HeO6XOﬂI/IMO MHWHUMHAU3UPOBATH KOJIUYIECTBO HpI/ICBaI/IBaHI/Iﬁ.

4.3 IIupamugajbHas COPTUPOBKA

Haunem pacemorpenue 3hOeKTHBHBIX ATOPUTMOB cOPTHPOBKHY (paboraromux 3a O(N log N))
¢ MUPAMUIATHHON COPTUPOBKH, B KOTOPOIl MCIOIB3YIOTCS 3HAKOMBIE HAM HJIEH KYUH.

Mui Gyjiem BBIOHpATD U3 Ky4H CAMblil OOIBINO 3J1EMEHT, 1 3allUCHIBATH €0 B HAYAJIO YZKe
OTCOPTUPOBAHHOI YacTh MaccuBa (COPTHPOBKA BBIGOPOM B 00paTHOM mopsjke). T.e. oTcop-
THPOBAaHHBIN MaccwB OyJIeT CTPOUThCS OT KOHIA K Hadaay. Takue yXUNIpeHUs HEOOXOIUMHI,
4TOOBI He OBLIO HEOOXOAUMOCTH B JOHOJTHUTEJIHHON MaMATH M I YCKOPEHUsl pabOThI aJl-
ropuTMa — Kyda Oy/eT pacio/iararbCs B Hada/e MacCUBa, & OTCOPTHPOBAHHAS YaCTh Oy/IeT
HAXOIUTHCS MOCIE KYUH.

Hanomuum cBOfICTBO Ky4n MaKCUMYMOB: 3JIEMEHTHI C UHIeKCaMu ¢+ 1 u ¢+ 2 He OoJibIie,
YeM JIEMEHT € WHIEKCOM i (€CTeCTBEHHO, ecJin § + 1 i + 2 Jekar B npejeaax Kyan). Ilyern
n — pasMep Ky4H, TOTJa BTOpasi MOJOBUHA MaccuBa (3JeMeHThl 0T n/2+ 1 70 1) yI0BIeTBO-
psaroT cBoiicTBY Kydu. JIisi OCTA/JIbHBIX 3JIEMEHTOB BBI3OBEM IIPOIEIYPY «IPOTAJIKUBAHUS »
o Kyde, HauuHast ¢ n/2 1o 0.

procedure down_heap(var a : list; k : integer; n : integer);
var
y, temp : integer;
begin
temp := alk];
while (k*2+1 < n) do begin
y = kx2+1;
if (y < n-1) and (aly] < aly+1]) then inc(y);
if (temp >= aly]) then break;

alk] := alyl;
k :=y;

end;

alk] := temp;

end;

DTa mpoleaypa MoJIydaeT yKa3aTeab Ha MacCHB, HOMeP 3JIeMeHTa, KOTOPbId HeOOXOINMO
OPOTOJIKHYTH U pa3Mep Ky4du. Y Hee ecTh HeOOIbIINe OTIUYNs OT OOBITHBIX ITPOIEAYP PAOOTHI
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¢ kydeil. Homep MUHMMaJILHOTO Npe/Ka XPAHUTCH B IepPeMEHHO Yy, ecjn HeoOXOMMOCTD B
O6M€HaX 3aKOHY€Ha, TO MbI BBIXOJAUM U3 IMUKJIA U 3allUCbIBaeM IIPOCEAHHYIO IIEPEMEHHYIO Ha
MpeJIHA3HAYCHHOE € MeCTO.

CaMa copTHpOBKa OVIET COCTOATH M3 CO3JIAHUSA KYy4Yd M3 MaccuBa B N IIEPEeHOCOB 3Je-
MEHTOB € BEPIIUHBI KYUHU € MOCTEAYIONUM BOCCTAHOBJIEHUEM CBOHCTBA KYy4Wd:

procedure heap_sort(var a : list; n : integer);

var
i, temp : integer;
begin
for i := n div 2 - 1 downto O do down_heap(a, i, n);
for i := n-1 downto O do begin
temp := alil;
alil := al0];
al0] := temp;
down_heap(a, 0, 1i);
end;
end;

Bceero B nponecce paborsl ajaropurma Oyjer BbiiojHeno 3 X N/2 — 2 BbizoBa npore/y-
pbl down_heap, kax bt u3 koropbix 3anumaer O(log N). Takum 06pazom, Mbl U IOy YaeM
nckoMyto caokuocTh B O(N log N), He ncmob3yst mpu 9TOM AOTOJHUTETbHON namsaTu. Ko-
JMYeCTBO TpHcBanBannii Takxke cocrapiger O(N log V).

[TupaMuIaIBbHY IO COPTUPOBKY CJIE/IYET OCYIIECTBISTD, €CJU U3 YCJIOBUS 33/ Ia9W MOHSTHO,
4TO €AUHCTBCHHON Pa3PEIICHHON Ollepallueil dBa4eTCsd «IIPOTAJIKUBAHUEY 3JIEMEHTa 110 Ky4e,
Janbo B cIydae OTCYTCTBUS JOMOJHATENHHON NaMSATH.

4.4 DbBpIicTpadg COPTUPOBKA

Mpl yzKe paccMaTpuBadW UIeW, KOTOPbIE HCHOJIB3YIOTCS B OBICTPOIl COPTHUPOBKE, IIPH
MOWCKE TMOPSIKOBBIX CTATHCTUK. TOYHO Tak »Ke, KAK M B TOM aJrOPUTMe, MbI BBIOMpaeM
HEKUI ONOPHBIN JIEMEHT U BCE YHCJa, MEHbIIUE €ro ImepeMeniaeM B JIEBYIO 4aCTh MaCCUBa,
a Bce Jucja OOJbIIe ero — B MPABYIO YaCTh. 3ATEM BBI3BIBAEM MIPOTEAYPY COPTUPOBKU JIJIsT
Ka2KJI0i U3 3THX JacCTen.

Taknm 06pa3om, HaIlla POIEyPa COPTHPOBKH JOJIKHA TPHHUMATH YKa3aTe b HA MACCUB
U JBe TIepeMeHHbIe, 0O03HAYAIONINE JIEBYIO U TTPABYIO IPAHUILY COPTHPYEMO 00JIacTH.

OcranoBumcs 0ojiee mMoaAPOOHO HA BBHIOOPE OMOPHOTO dJIEeMEHTA. B HEKOTOPBIX KHHIAX
PEKOMEeH/IyeTcsl BbIOMpaTh CAydaiiHbIi 3/IeMEHT MerK/1y JIeBOi M TpaBoil rpanuieii. XoTs
TEOPETUYECKHU ITO KPACUBO U MPABUJIHLHO, HO HA MPAKTHUKE CJIE/YeT YUYUTHIBATH, 9YTO (DYyHKIUS
reHeparuu CIYyYaifHOro 9YmcJa JIOCTATOYHO MeJJIeHHAs W TaKOi MeTO/ 3aMeTHO YXV/IIaeT
MPOW3BOIUTETBHOCTH AJITOPUTMA B CPETHEM.

Hawubosiee gacro ucnosnb3yercss cepeguna obsiacTu, T.e. sjaeMeHT ¢ unjgekcom (I + r)/2.
[Ipu TakoMm Mmoaxoje UCHOJb3YIOTCA OBICTPLIE ONEpAIuU CJAOKEHUd W JIeJICHUS Ha JIBa, U B
IeJIOM OH paboTaeT J0cTaTOYHO Her1oxo. OHAKO B HEKOTOPBIX 33/1a9aX, TIe CYThIO sBJIS-
eTcd UCKIIOUNTETHHO COPTUPOBKA, XUTPOE YKIOPH CIENUAJIBHO TOAOUPAET TECThI TaK, YTOOBI
«3aBAJIAThy CTAHJAPTHYIO OBICTPYIO COPTHPOBKY € BHIOOPOM OMOPHOTO J€MEHTA U3 CePeIu-
Hbl. CTOUT 3aMEeTUTh, U4TO 3TO OUYEHDb PeJKasl CUTYAIHsI, HO BCE YK€ CTOUT 3HATDH, YTO MOYXKHO
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Puc. 4.3: [lepBblit mpoxo ObICTPOit COPTUPOBKU

BBIOWPATH ITPOU3BOJIBHBIN 3JIEMEHT C WHIEKCOM 1M TaK, YTOOBI BBITIOJIHSIIOCH HEPABEHCTBO
[ < m < r. Hrobbl 3TO yCJIOBHE BBINOJIHSAIOCH, JOCTATOYHO BBHIOPATH ITPOU3BOJIHHBIE JIBA
GHCJIA T U Y U BBIOUPATDH 1M UCXOJIS U3 CIeIYIONero cootromenus: m = (z X Il4+yxr)/(z+y).
B nenom Taxoit MeTon OyJeT HE3HAUYUTETHHO TPOUTPHIBATH BBIOOPY CPETHETO dJIEMEHTa, T.K.
TpebyeTr ABYX JIONOJIHUTETbHBIX YMHOKEHUA.

[IpuBesem TekcT mponemaypbl OBICTPOIT COPTUPOBKHU C BLIGOPOM CpPEJIHETO 3jieMEHTa B Ka-
YecTBe OMOPHOTO:

procedure quick_sort(var a : list; left, right : integer);

var
i, j, temp, p : integer;
begin
i := left;
j = right;
p := al(left+right) div 2];
repeat

while (al[i] < p) do inc(i);

while (a[j]l > p) do dec(j);

if (i <= j) then begin
temp := alil;

alil := aljl;
aljl := temp;
inc (i) ;
dec(j);

end;

until (i > j);

if (j > left) then quick_sort(a, left, j);

if (i < right) then quick_sort(a, i, right);
end;

Y1066l BOCIOJIB30BATHCS OBICTPOI COPTUPOBKOM, HEOOXOIMMO LIEPE/IATh B LIPOLE/AYPY Jie-
BYIO U IPABYIO TPAHUIIBI COPTHPYEMOIO MAcCHBa (T.e., HAlpUMep, BBI30B JIJIsl MAcCHBa a Oy1er
BBITVISIJIETh Kak quick_sort(a, 0, n-1).

Autroputy™ GBICTPO# cOpTUPOBKH B cpeaeM uctoabdyer O(N log N) cpasrenuii u O(N log N)

IpUCBauBaHWil (Ha MpaKkTHKe jazke MeHble) u ucnoiab3yer O(log N) 1onoHATENbHOM maMsi-
TH (CTEK JJIsl BBI30BA PEKYPCUBHBIX TPOIEIYDP). B XyameM ciyuae aJropuT™M UMeeT CJIO0K-
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nocts O(N?) u ucnonbzyer O(N) A0MOMHUTEILHOI TTAMATH, OJIHAKO BEPOATHOCTD BO3HUKHO-
BEHUsI XY/IIEero CJaydas KpaiiHe MaJia: Ha KayK/I0OM TIare BePOSITHOCTb XY/IIEero Cydast PaBHA
2/N, rie N — TeKylee KOJITIECTBO HJIEMEHTOB.

PacemoTpuM BO3MOXKHBIE ONTUMH3AIUNA METOJA OBICTPONl COPTHPOBKH.

Bo-nepBbIX, IpH BBI30BE PEKYPCUBHON HMPOIEIYPH BO3SHUKAIOT HAK/IAIHBIE PACXOIBI HA
XpaHeHHe JIOKAJIbHBIX [ePeMEeHHBIX (KOTOpbIe HaM He 0c000 HYKHBI HPU PEKYPCHBHBIX BbI-
30Bax) U Apyroii cayzkebHol nuadopmanumeir. Takum 06pa3om, IpH 3aMeHe PeKYPCHH CTEKOM
MBI TIOJTY 9UM HEOOIBITION TPUPOCT MPOU3BOIUTENHHOCTH W HEDOJIBIITOE CHUYKEHNE TPeOyeMOTO
obbeMa JIONOJTHATEIHLHOM TaMATH.

Bo-BTOpBIX, KAK MBI 3HAE€M, BBI30B MPOIEAYPbl — JOCTATOYHO HAKJIAIHAS OIEPAIIHS, a JIJIsT
HeOOJIBIITINX MACCUBOB ObICTPAs COPTUPOBKA paboTaer He 0veHb xopoino. [losromy, eciim npu
BBI30BE IPOIE/IyPhl COPTUPOBKHU B MACCHUBE HAXOMUTCSA MEHbIE, deM K 37eMeHTOB, Pa3yMHO
HCII0/Ib30BATH KAKOH-THO0 HEPeKYPCUBHBINH METO/I, HAIPUMED, COPTUPOBKY BCTABKAMH WJIH
BbIOOpOM. Huco K nipu sToM Beibupaercs B paiione 20, KOHKpeTHbIE 3HAYCHU 010U PAIOTCA
OIBLITHBIM IIyTeM. Takas MoauduKanus MOXKeT 1aTh 10 15% IpupocTa Hporu3BOINTEILHOCTH.

BhicTpyo COPTHPOBKY MOXKHO HCIOJIB30BATH W Jijisi JIBYCBS3HBIX CIUCKOB (T.K. B Heil
OCYTIECTBIISIETCS TOJBKO MOCJIEIOBATEIBHBIN JOCTYII ¢ HaYaja W C KOHIA), HO B 9TOM CJIyJae
BO3BHUKAIOT MPOOIEMBI ¢ BHIDOPOM OTIOPHOTO 3/IEMEHTa — er0 MPUXOIUTCs OPATH MePBbIM UIH
HOCJIeTHUM B COPTUpPYEMOil obiacTu. DTy npobdjiemMa MOKHO PEIIUTh HEKMM HabOOPOM IICEB-
JIOCTY YAMHBIX TIEPECTAHOBOK 9JIEMEHTOB CIIUCKA, TOTJIA JIaXKe €CJIU JaHHble ObLIN MOA00PAHbI
CHenuaIbHo, 3deKT HeHTpaIn3yeTcs.

4.5 CopTupoBKa CANTSHUIMNI

CopTupoBKa CIUSHAIMH TaKzKe OCHOBBIBAETCS Ha Hee, KOTOpas y:Ke OblIa HaMU 3a-
TPOHYTa TPU PACCMOTPEHUN aJTOPUTMa MOUCKA JBYX MAKCUMAaJbHBIX 3JIEMEHTOB. B 3ToM
aJITOPUTME MBI CHAYa I8 Pa300beM 37eMEHTHI Ha Hapbl U YIOPSIOINM WX BHYTPH Maphl. 3a-
TeM U3 JBYX Hap CO3/@JIUM YIOPsJIOUeHHbIe YeTBEPKH U T.JI.

3 ‘ 718 ‘ 214 ‘ 611 ‘ 5 | IlociemoBaTe ILHOCTH JAJIAHELL 1
37 28 46 15 | Ciousgaue J10 YIOPSIIOYEHHBIX I1ap
2378 1456 Crmsiaue nap B yHOPSIIOYE€HHBIE T€TBEPKU

12345678 Crusiane nap B yHopsiI09eHHBIE T€TBEPKU

WNurepec npecrapiisier caM HPOIECC CAUSTHUSA: JIJIs KarKA0# U3 MOJOBUHOK Mbl yCTaHaB-
JIMBAaEM YKa3aTeJar Ha HAYAJ0, CMOTPHUM, B KaKoit m3 gacTeil 3JileMeHT 0 yKa3aTeai0 MeHbIIe,
3allUChIBAEM ITOT 3J€MEHT B HOBBI MaCCUB U IepeMeliaeM COOTBETCTBYIONIUNA YKa3aTeb.

OnuieM Mpoueaypy CAUSHUS CJAeTYIONUM 00pa3oM:

procedure merge(var a, b : list; ¢, d, e : integer);
var

pl, p2, pres : integer;
begin

pl C;

p2 := d;

pres := c;

while (pl < d) and (p2 < e) do
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if (alp1ll < al[p2]) then begin
blpres] := alpil;
inc(pres);
inc(pl);
end else begin
blpres] := alp2];
inc(pres);
inc(p2);
end;
while (pl < d) do begin
blpres] := alpil;
inc(pres);
inc(p1);
end;
while (p2 < e) do begin
blpres] := alp2];
inc(pres);
inc(p2);
end;
end;

31ech @ — MCXOIHBIH MaccuB, b — MaccuB pesyabrara, ¢ U d — yKasaTean Ha HaYAI0
[IePBOl U BTOPOM YaCTU COOTBETCTBEHHO, € — YKa3aTeJb Ha KOHell BTOPOI 4acTH.
anee omurneM JIOBOJTBHO XUTPYIO HEPEKYPCUBHYIO MIPOTEAYPY COPTUPOBKH CJIUSHUEM:

procedure merge_sort(var a : list; n : integer);
var

c, k, d, e : integer;

temp, a2, b : ~list;

temp_list : list;

begin
b := Q@temp_list;
a2 := Qa;
k :=1;
while (k <= 2*n) do begin
c = 0;

while (¢ < n) do begin
if (¢ + k < n) then

d :=c+k
else
d := n;
if (c + 2%k < n) then
e := c + 2%k
else
e := n,;

merge(a2~, b~, ¢, d, e);
c = ¢ + kx2;
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end;

temp := a2;

a2 := b;

b := temp;

k := kx2;
end;

for ¢ := 0 to n-1 do
alc] := a2[cl;
end;

PexypcuBrast peannsarust COPTHPOBKH CJIMSHEME HECKOJIBKO IIPOIIE, HO 00/Ia13eT MeHb-
mredi apdexruprocToio u Tpedyer O(log N) A0MOTHUTENBHOI TTAMSITH.

Asropurm nmeer cioxuocts O(N log N) n tpebyer O(N) gonoaHATeAbHON TaMATH.

B opurnnaie 3T0T anropuT™ ObLT IPHIYMAH IS COPTUPOBKHI JAHHLIX BO BHEITHEH MaMsi-
T (Janmbe ObLIH PACIOIoKeHbl B dhailnax) u Tpedyer TONbKO HOCAeL0BATENALHOTO JOCTYIIA.
DTOT AIrOPUTM IPUMEHHM st CODTHPOBKHU OJHOCBSI3HLIX CIHCKOB.

Obparure BHUMaHUE, HACKOJIBKO KOPOYe M M3AINIHEE PEAJTU3ANNA COPTUPOBKHU CJIMSTHAEM
na a3pike Cu.

4.6 CopTupoBKa IIOICYETOM

DTO COPTUPOBKA MOXKET HCIOJIb30BATHCS TOJIBKO /I JUCKPETHBIX JaHHBIX. lomycTum,
y Hac ecTb ducaa or 0 g0 99, KoTopble HAM CJIELYeT OTCOPTHPOBATH. 3aBejIeM MACCHB pa3-
MepoMm B 100 s71eMeHTOB, B KOTOPOM OyJieM 3allOMUHATh, CKOJBKO pa3 BCTPEYa0Ch KazKI0e
YHUCJIO (T.e. Ipu MOABJIEHUN YUCJIA 6y,ZLGM YBCJINYNBATH JIEMEHT BCIIOMOTI'aTE€JIbHOTO MaCCUBa
C MHJEKCOM, PaBHBIM 3TOMY 4HcJy, Ha 1). 3aTeM mpocro mpoiigem no BceM guciaam ot 0 10
99 u BBIBeJIEM KaxKJI0€ CTOJBKO pa3, CKOJIbKO OHO BCcTpedaaoch. COPTUPOBKA pPeau3yeTcs
CJI/LYIOIIUM 00Pa3oM:

for i := 0 to MAXV do
cli]l = 0;
for 1=0 to n do
inc(c[alill);
k := 0;
for 1 := 0 to MAXV do
for j := 0 to c[i] do begin
alk] := 1i;
inc (k) ;
end;

3necb MAXV — mMakcuMasibHOE 3HAUEHHE, KOTOPOe MOXKET BCTpedaThes (T.e. BCe Jucia
MAacCHBa JIOJIKHBI JiexkaThb B npeeaax ot 0 jo MAXV —1).

Asropurm ucnonssyer O(M AXV') nonomnurenbnoit namsT 1 uMeeT ciaokuoctb O(N +
MAXYV). Ero npumenenune gaeT OTIXIHbIH pe3yabrat, ecan M AXV naMHOro Menbine, 4emMm
KOJIMYECTBO 3JEMEHTOB B MACCHBE.
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4.7 Ilopa3psjgHas COPTUPOBKA

AJTOPUTM COPTUPOBKHU TIOJICIETOM UPE3BBIYANHO MPUBJIEKATEICH CBOCH BBICOKOH MTPOU3-
BOJIUTEIbHOCTBIO, HO OHA yxy/maercs nupu Bo3pactanuu M AXV | Takzke pe3ko BO3PACTAIOT
TpeboBaHus K AOMOMHUTEIbHO maMsaTn. PakTudeckn, HEBO3MOXKHO OCYIIECTBUTEH COPTHPOB-
Ky MOJICYeTOM Jijist lepeMeHHbIX Tura unsigned int (M AXYV npu stom pasuo 232).

B xauecTBe pasBuTHS WeW COPTHUPOBKH IMOICYETOM PACCMOTPUM HOPA3PITHYIO COPTHU-
poBky. CHavYaja OTCOPTHPYEM UHCTIA TI0 MOCAEJHEMY pa3psay (eauHuIl). 3aTeM MOBTOPUM
TO ZKe caMoe JIIsi BTOPOro M HOCJIEIYIONIMX Pa3Ps/I0B, HOJIb3YIOCh KAKUM JTMOO0 YCTOHYUBBIM
AJITOPUTMOM COPTHPOBKH (T.€. €CJIM YHCJIA ¢ OJMHAKOBBIM 3HAUEHHEM B COPTHPYEMOM Da3-
psjie TMJIA B OJIHOM TIOPsiJIKe, TO B OTCOPTUPOBAHHON MOCJIEI0BATEIHLHOCTH OHU OyIyT UATH
B TOM JKe MOPsijIKe).

Jlng nmpumepa mpuBeieM TaOIUILy, B TIEPBOM CTOJIONE KOTOPOii

pacloJIOzKeHbl UCXOJHbIE JlaHHble, a B Hocjenyomux — pesyavrar [ 329 [ 720 | 720 | 329
COPTUPOBKHU II0 Pa3psIaaM. 457 1 355 | 329 | 355

Jlnst camoit copTrpoBKH Oy/1eM HCIOIb30BaTh COPTUPOBKY HOJ- | 657 | 436 | 436 | 436
caeroM. [locse sToro GymeMm mepesesplBaTh MOIYYEeHHYIO TaOMUIY | 839 | 457 | 839 | 457
TaK, YTOOBI J7Ig KazKJI0T0 BOSMOXKHOTO 3HAUEHU Pa3psaa COXpaHd- | 436 | 657 | 355 | 657
JIaCh 1IO3UIUs, HAYMHAA ¢ KOTOPOH MJyT 4ucja ¢ TaKUM 3Ha4YeHH- | 720 | 329 | 457 | 720
eM B COOTBETCTBYIOIEM pa3psje (T.e. CKOJbKO 37eMeHTOB UMeIT | 355 | 837 | 657 | 839

MeHbIIlee 3HaUYeHrne B 93TOM paspsje). Hazorem sToT Maccus c.

[Tocie TOro GyaeM MPOXOAUTH IO BCEMY HCXOJHOMY MACCHBY,
CMOTpPeTh Ha TeKyllee 3HAUeHUe pa3psia (i), 3alHCHIBATH TEKYIIee YUCJI0 BO BCIIOMOTATE b
Hblil Maccus (b) HA HO3UIUIO C[i], & 3aTeM yBeJMYUBATD C[i] (4TOOBI HOBOE YHCIIO C TAKHM Ke
3HAYEHHeM TeKYIEro pa3psijia He Jerjao MOBepX yrKe 3alHCAHHOTO).

[Iycth KOMYECTBO 3HAKOB B YUCJIE PABHO K, a KOJHYIECTBO BO3MOXKHBIX 3HAYCHUN paB-
HO m (cHcTeMa CYMCIEeHUs, UCIOJIB30BAHHASI DU 3alUCH duciIa). Torma KoJImIecTBO Mpu-
cBamBaHuUil, Mpom3BoAMMOe anroputmom, oymer paBuo O(k X N + k X m), a KOJIAIeCTBO
ponoaauTensuoil mamarn — O(N 4+ k x m).

Boobrie roBops, j1aaeko He 0043aTeIbHO TaK CHJIBHO CBA3BIBATD MOPA3PIHYIO COPTHPOB-
Ky C alfapaTHBIMHU CpejIcTBaMU. BoJiee TOro, ocCHOBHOE yI00CTBO MOPA3PIHON COPTUPOBKI
COCTOUT B TaM, 9TO C €€ MOMOIIHI0 MOXKHO COPTUPOBATH CJIOKHBIE CTPYKTYPBI, TAKHE KaK
JATHI, CTPOKU (MACCHUBBI) U JPYTHe CTPYKTYPHI CO MHOTUMHU MOJISIMH.

4.8 CpaBHeHHIEe ITPON3BOANTEILHOCTA COPTHPOBOK

HazBanmne CpaBuennii | IIpucBanBannii | Ilamars | Bpemsa
[Ty3bipprOM O(N?) O(N?) 0 - — -
Bri6opom O(N?) O(N) 0 ———
[Tupammpansnas | O(N log N) O(Nlog N) 0 16437
Bricrpas O(Nlog N) O(Nlog N) O(log N) 5618
CaustHuem O(Nlog N) O(Nlog N) O(N) 7669

[oncuaerom 0 O(N) O(MAXV) 322

[Mopaspsianast 0 O(kN + km) O(N +Fkm) | 1784

TectupoBanue mpoBoauIoch Ha 107 caydaitHBIX €mces, KoTopble He Tpesbimragn 10°.

,HJIH KBaJpPpaTUYHLIX aJrOpUTMOB TeCTHUPpOBaHHME HE IIPOBOJNUJIOCDH (HOCKOJH)Ky 9TO 3aHAJI0
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Ol 04YeHb 6OsbINoe BpeMst). [Ipu TecTupoBaHUE HCIIOAB30BAJINCH TPUBEIEHHBIE BBIIIE MPO-
neaypol. B Tabaune k — koamdecTBO «mudp», a m — KOJUIECTBO 3HAYEHHIT, KOTOPOE MOYKET
HPUHUMATD KazKaad mudpa.

BoicTpas coprupoeka B xyuiem ciaydae uveer O(N?) cpaBnenuii u npucsauBanuii.

Kak Buamo 3 TabJnIG, TOpa3psaHas COpPTHPOBKA OlleperKaeT BCe OCTAIbHBbIE Ha «O00OBIU-
HBIX» JAHHBIX, HO JIJIsI IPAKTUYECKOT0 IPUMEHEHUsI OOJIbIIe MOAX0UT ObICTPas COPTHPOBKA,
T.K. PA3HUIA YMEHBINAETCS 0 Mepe YMEHbBIIeHNs KOJUYIeCTBA COPTUPYEMBIX 3JIEMEHTOB, a
caMo 1o cebe cunThiBanne 107 377eMeHTOB 3aHIMAaeT BpeMs HAMHOTO OOJIbIIee, deM Pa3HUIA
BO BPEMEHH MEKIy ITUMH COPTHPOBKAMH.

ITpu pentennn ToO WIn WHOM 33291 CJAEIYET BHIOUPATH HY KHBIH TUIT COPTUPOBKHU UCXOIST
13 TabIuIBl U crenuduIecKuX YCIOBUH TPUMEHUMOCTH (MUHUMU3AINSA KOJXIECTBA CPABHE-
HUIl WM OPUCBAMBAHWN, COPTHPOBKA CIIMCKOB UJIH MOCJIEI0BATETbHbINA JTOCTYI K JAHHBIM).

Eme onna mpakTtudeckasd peKOMEHJIANMSA 3aKJII0YaeTCd B CJEIYIONEM: IIPU COPTHPOBKE
CJIOXKHBIX CTPYKTYD (HAIPUMED, CTPOK) CJIEIAyeT He HPOU3BOIUTH OOMEHBI, a MPOCTO Mepe-
CTABJIATH YKA3aTeIH (CTPOKA MOXKET COCTOATH U3 HECKOJIBKUX THICAY CHMBOJIOB, & YKA3aTeb
saHnMaeT 4 GafiTa u IMpPOIecc COPTHPOBKU MOXKET YCKOPUTBHCSI BO MHOTO Pa3).

4.9 CkaHupymooIiaga npaMas

Ouenp 4acTo B OJUMIIHAIHBIX 33JadaX BO3HHKAET HEOOXOAMMOCTH 00paboTaTh HEKOTO-
pbie COOBITHUS 110 HOPAJKY. B 3TOM cirydae cOObITUS YIIOPSA0OIUBAIOTCS 10 OCH «BPEMEHU» 1
CKAQHUPYIOIIAs IpsMast IBHKETCSA BIOJb STOH MPIMOil, MePexoass 0T COOBITHSA K CJIEeYIOIe-
Mmy. Pacemorpum, HanmpuMep, TakKyoo KJIaCCHYECKYIO 3a1ady: Ha TpsaMoii 3againo N OTPe3KOB
JIByMsl 9HCJIAMK: KOOpJMHATAMU Hadvaja M KOHIA oTpe3ka. T'pedyercs ompenesuThb, Kakoe
MaKCHMAJIbHOE KOJUYIECTBO OTPE3KOB HMOKPBHIBAET HEKOTOPYIO TOYKY.

Bysmem aBUTAThCs O «COOBITHAM> (B HAIEM CJIydae COOBITHEM CUYUTAETCS JOCTUZKEHHe
TOYKH, KOTOpasl ABJISETCS HAYAJIOM WM KOHIA OTPe3Ka) cJieBa Hampapo. Eciau ouepenHas
TOYKAa — HAYAJI0 OTPe3Ka, TO MPUOABUM K CUETUHKY HAYABIIUXCS, HO HE KOHYUBIIHXCS OT-
pe3KoB eauHuIy. Eciam ke odepenHasi TOYKa — KOHEI[ OTPE3Ka, TO BBIYTEM U3 CUETIHKA,
equnuily. B ciydae, ecim B OIHON TOYKE MPOUCXOJUT HECKOJBKO COOBITHI, TO OyjaeM ydu-
THIBATH CHaYaJIa Hadajga OTPE3KOB, a 3aTeM WX KOHIIBI: B HaIlleil 3ajJade TOYKA CUNTAETCH
HOKPBITON OTPE3KOM, €CJIU OHA IMOKPBITA XOTH ObI OJIHOM €ro TOYKOM, a 3HAYHUT B CJIyYae €CJIU
B HEKOTOPOH TOUKe MPeIbIAyIINil OTPEe30K KOHYAETCH, & HOBBI — HAUMHAETCs, TO HEODXO-
JIMMO YYeCTh, 9YTO TOYKA IOKPBITA JBYMs OTPe3KaMu. B Ipyrux 3agadax ynopsjpodnBaHHs
OJTHOBPEMEHHBIX COOBITHIl ONpPenesIsseTcss H3 yCJAOBHS.

st peann3anny TAKOTO peITeHnsl, HeOOXOIUMO «CIUTh» KOOPAUHATHI HAYAI ¥ KOHIIOB OT-
PE3KOB B OJMH MaCCHUB, IIPH TOM JIOIMOJHHB UX IPU3HAKOM TOT0, IBJISAETCH JIH TOUYKA HATAJIOM
WM KOHIIOM OTPE3Ka. 3aTeM 3TOT MAaCCUB COPTUPYETCS B IMEPBYIO OUEpEIh 110 KOOPINHATE, a
B CJIydae X COBIAJCHUsS — 110 IPpU3HAKY Hada/a Wi KoHIa. Ilocse sToro HeodXoaum muK.I,
KOTOPBIH MPOXOJUT IO BCEM YIIOPSI0YEHHBIM TOYKAM M IMPHOABJILET €IHHUILYY K CUCTIYHKY B
caydae ec/ii OuepeIHas TOUKa UMeeT MPU3HaK HAYAJIa U BRIUYUTAET €INHUILY €CIU ouepeTHasd
TOYKA ABJISAETCS KOHIIOM OTpe3Ka. JJOCTUTHYTHII BO BpEMsI 3TOTO MPOX01a MAKCUMYM H OyIeT
SIBJISITHCST OTBETOM Ha 3a/1a4y.

Bajada CTAaHOBUTCS MHTEPECHEE, eCJIM KPOME CaMOro MaKCUMAJIbHOIO KOJHIECTBA OTPE3-
KOB, KOTOPBIMH MOKPBHITA TOYKA, HEOOXOANMO BBIBECTH I HOMEPA ITHX OTPE3KOB.

Pacemorpum pemrenne «B 100». COHCOK HAYABIIAXCS, HO HE 3aKOHUYUBIIUXCS, OTPE3KOB
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JIETKO TOJJIEPAKUBATHL B BHje Oy/aeBCKoro Maccupa. OHAKO TPH HAXOXKIEHUH OYePeTHOrO
MAKCHMyMa Ha/I0 COBEPIITUTH MPOXO/L, 10 STOMY MACCUBY 9TOOBI COXPAHUTH OTBeT. OIIH TPo-
X071, 10 TakoMy Maccuy 3aiimer O(N) BpeMeHH, OTBET TAKzKe MOYKET OGHOBJISITHCS MOPSIKA
N pa3z (korjga Bce OTPE3KH TOCJIEJIOBATEIHHO BJOXKEHBI APYr B Apyra). Takum obpasom,
CJIOYKHOCTH TAKOTO pemenns coctapuT O(N?), 4To CIMIIKOM MHOTO JITsl GOIBIIMHCTBA 33,14
TAKOTO POJA.

BoJiee pazymuo ciesarh ABYXIpoxoaHoe perrenue. [lepBoiit npoxo/ OyaeT pemnrarh nCXo/-
HYIO 3319y — HUCKATh MaKCUMAJIbHOE KOJUIECTBO OTPE3KOB, MOKPHIBAIOIINX TOYKY. BTOpoit
npoxos, O6y/1eT He3HAUUTETbHO OTJIMIAThCd OT MEepPBOrO, a MMEHHO: KOrJla 3HadeHue CYeTUh-
Ka HAYaBIINXCH, HO He 3aKOHYUBIIUXCA OTPE3KOB CTAHET PaBHO MAKCHUMAJILHOMY 3HAUYCHUIO,
cJejlyeT IPeKpPaTuTh JaJbHEeRNINi MOUCK U ITPOUTHU 110 OYJIEBCKOMY MACCHUBY, B KOTOPOM 110-
MeYeHbl 3TH OTpe3KH 1 BhiBecTH uX. CIokHOCTH Takoro pertenns coctasur O(N) (mepBoiit
u BTOpOit mpoxo 3aiiMmyT nopsiaka N onepaliuii, MpoxXo M0 MAaCCUBY OTKPBITHIX OTPE3KOB
takxke 3afimer O(N) onepanuit u 6y1eT BBITOIHEH OJHH Pa3.
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Jleknima 5

STL

Bepcus C or 21.11.2009

5.1 DBseaenue

STL pacmudposbiBaerca kKak Standard Template Library. Ilo-pyccku 310 3By4nT
kKak «CrapmapTHas OuOIHOTEKa IMA0I0HOBY.

Mexanuzm mabionoB u 6ubauoreka STL ornocares K sa3biky C—++4, MOTOMY MBI He
OyaeM CHJIBHO YTIYOJSThCA B CHHTAKCUC U 9acTh MOMEHTOB OCTAaBHM 0e3 MOAPOOHOrO OIH-
canusi. [Iporpammbr, ucnosab3yomme STL MOXKHO KOMIIMJIUPOBATH TOJHKO KOMITHISTOPOM
s3pika C+-+ (mampumep, g++)!

Bxparie 1maboubl MOXKHO XapaKTepU30BaTh KaK (PyHKIMY, JIjiT KOTOPBIX 33/1a€TCs THII
BXOIHBIX mapamerpoB. Hampumep, QuickSort oamHakoBO XOPOIO MOYKET COPTHPOBATH 1
IeJnie, 1 BEHEeCTBEHHbIC YUCJIa, a TaKzKe JPYyTue TUIIbI JaHHbIX. O,ILHaKO 663 NCITOJIB30BAHU A
a0/ I0HOB HaM IPHUILIOCH Obl CO3JaBaTh CBOIO (DYHKIHIO LI KayKJIOrO0 U3 TUIOB JAHHBIX,
IPHU 3TOM OYeHb YacTO (YHKIUH PA3JIHIAJUCH ObI TOJIBKO B 3aroJIOBKE W THIAX JIOKAJIbHBIX
nepeMeHHbIX. Vcmoib3oBanue mad/0Ha 3HAYUTEJHHO YCKOPsieT Pa3paboTKy OOJIbIINX IIPO-
€KTOB U OHOJMOTEK, HO UX HEIOCPEICTBEHHOE NCIIOAb30BaHNEe HA OJUMITHAIE HEONPABIAHHO,
T.K. 3HaQYUTEJIbHO IIPOIIe CAe/aThb Copy—paste 1 BHECTU HeO6XO,ILI/IMbIe U3MEHCHUA B HOBYIO
dyHKIHIO.

STL npegocrapisger coboit Habop MabJOHHBIX (DYHKIUH, KOTOPbIE PEAJTU3YIOT (PYHKITH-
OHAJILHOCTH MHOTUX CTPYKTYP JIAHHBIX U HEKOTOPBLIX aJropuTMoB. B 3amgadax, riae Tpedy-
eTCsl BBIIIOJIHUTD YHCTO TeXHWYECKHe JeHcTBUs (a Takue JeficTBHs MOYTH BCerja ObIBAIOT B
OJIUMITHATHBIX 33/]a9aX) YMECTHO UCToab30BaTh STL, T.K. 3T0 YCKOpPsIeT IPOIece HANUCAHUS
nporpaMmbl. 'Tem He MeHee, 3TO HE 03HAYAET, YTO MOZXKHO 3a0bITh METO/Ibl COPTUPOBKH U Pe-
AJIM3ANAI0 CTPYKTYP JAHHBIX, T.K. YaCTO PEIleHre 331a9l OCHOBBIBAETCS HA KAKOM-IH00 aJi-
FOPUTMeE, HO He MOYKET ObITh Peaim30BaHO ¢ MOMOIIbI0 6ubmorednoil byHKImMu (HampuMep,
HAJIOYKEHBI KaKue-Iub0 OrpaHudeHus, KOTOpble HEBO3MOXKHO WM OYEHb CJI0KHO OTPA3UTh B
oubImoOTEKE).

Taxum obpaszom, 3nanue STL mMoxkeT u3daBUTH HAC OT PYTUHHOM pabOTHI, & 3TO HE TOJIBKO
HPUATHO, HO M MOJIE€3HO.

Kuuru, nocpsmennsie STL, Hepeako cojep:KaT HECKOJIBKO COTEH CTPAHHIL, IIOITOMY,
eCTeCTBEHHO, B JICKIIMH OyIeT OXBadeHA JajJaeKOo He BCs (hYHKIMOHAIBHOCTH OMOJIMOTEKH.
B 310it teknuum Mb1 6yaem paccMmarpuBaTh Bo3MOKHOCTH STL TOIBKO 15 yKe N3yIeHHBIX

%)
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CTPYKTYP JI@HHBIX U aJlOPUTMOB, B JlajibHeliemM OyaeM ykasbiBaTh Bo3moxkHocTr STL 110
Mepe U3y9IeHUd HOBBIX CTPYKTYP JAHHBIX W aJTOPUTMOB.

Hns roro aro6sr STL paGorarn, B Havase TporpaMmbl (mociae Becex #include) HeoGxo-
JINMO HAIKMCaTh using namespace std; JTa KOMaH/a YKa3blBAET, 9TO HAJO IIOJH30BATHCS
npocTpancTBoM uMeH std. B mammem Kypce cyTh KOMaH/IbI HE BayKHA, IJIaBHOE — HaM He00-
XOJMMO 3HATh, YTO 9TO HAK/IAIBIBAET HA HAC OIPAHUYEHHUS - 3AIPEIeHO HCI0JIb30BaTh HEKO-
TOPBIE CJIOBA, KOTOPBIE CTAHOBSTCS «KJIIOUEBBIMI» (HAIpUMep: stack, queue, vector, sort,
count, ... ).

5.2 Ilapa (pair)

[Mapa, dbaxkTuaecku gBageTcs MabJIOHHOM CTPYKTYPOii, KOTOPast COAEPKUT JBa MoJIst (BO3-
MOKHO, Pa3HbIX TUIIOB), Ha3blBalOTCst oM first u second.

Jlasg Toro 4To6h HCHOJIB30BAaTh pair, HEOOXOAMMO HMOJAKIIOUYATL OnOaNnoTeKy <utility>
(o6paTuTe BHUMaHHKe, 9TO .h IMHCATH HE HAJO).

[IycTh, HanmpuMep, MBI XOTUM CO3/IaTh Mapy U3 MEJIOTO W BelleCTBEHHOTO Yucja. loraa ee
co3anue OyAeT BBITVISIIeTb CJIEAYIONIIM 00pa3oM:

pair <int, double> p;

Tenepb MbI MOYKEM 00paIATHCA K P TOYHO TaK ¥Ke, KaK K OOBIYHOM CTPYKType, HalpuMep,
TaK:

p.first = 5; p.second = 3.1415;

[Tapbl 0AMHAKOBOIO THIIA MOYKHO NMPHCBAMBATH APYT ApyTy. Ilaphl ncnoab3yooTes B acco-
IMATUBHBIX KOHTefiHepax (0 HuX Oy/er ckazaHo 1mo3:ke). [loas napsl MOryT 6bITh HE TOJIBKO
3JEMEHTAPHOT'O, HO M COCTABHOTO THIIA, HAPUMED, ONATh ke mapoit. /isg npumepa, mpuse-
JIeM PeasTM3aIliio0 CTPYKTYPhI, XPaHAIIeH 1aTy ¢ UCIoab30BaHneM nap (T, MecsIl, JTeHb):

pair <int, pair <int, int> > datel, date2;

Ob6paTuTe BHUMaHHUE, 9TO > pa3ieseHbl IPo0eJIOM, €CJId He pa3Ie/asaTh UX, TO Ta 3aIIUCh
Oy/leT MHTEPIPETUPOBATHLCA KaK OMEPATOp CABUTA BIPABO >>, UTO MPHUBEJET K OIMTUOKE TPU
KOMITUJISIIIAM.

Obpammenue K noJIsiM OyJIeT BBINVISICTDh TaK:

int year = datel.first;
int month = datel.second.first;
int day = datel.second.second;

He ouennb ymobHBII dopMaT, HO MOXKHO IPUIYMATh MAaKPOCHI, KOTOPBIE 00JIerdar HaM
JIOCTYT K TIOJISIM.

Kpaitae mosesHoe cBOMCTBO COCTOMT B TOM, UTO Haphbl MOYKHO CcpaBHUBaTh. [Ipm sTom
CpaBHEHHUE UJIeT caeBa HampaBo. 1.0. 171 HaIell JaThl cHavYa a CPaBHSATCS TOJIBI, TP PABHBIX
roJ[ax CPABHSITCS MECHATBI U T.JI. DTO OY€Hb YA00HO HCIOIH30BATH pU cOpTupoBke. Ha sTom
3aKOHYUM PacCMOTPEHHE Nap U nepeiijgemM K 00jiee OCMBICEHHBIM CTPYKTYPAM JTaHHBIX.

5.3 Crek (stack)

Crek yxKe 3HAKOMas HAM CTPYKTYpa JaHHBIX. Y106cTBO mcnosb3oBanue creka STL co-
CTOUT B TOM, UTO y HAC HeT HEOOXOMUMOCTH 3apaHee 337aBaTh Pa3Mep CTeKa, OJHAKO 33 ITO
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HPUXOJIUTCH PACIIauMBaThCA HaKJIaAubiMu pacxogamu. Pakrudecku, STL peanusyer crex
Ha CTPYKTYpe, KoTopas paboTaeT aHAJOTHIHO PACITHPIEMOMY MACCHBY W3 BTOPOH JIEKIHN
(log N BbLieseHuil naMATH U JABYKPATHOE YBeJUYeHHEe TPeOYeMOR MaMsTH ).

YT00bI HCIOJIB30BATH CTEK, HEOOXOAUMO IOAKIIOUYUTH OubIHoTeKy <stack>. IIpusemem
IpUMep IIPOrPaMMBI, a 3aTeM pa3bepeMcst CO BCEMHU UCIOIb30BAHHBIME (DYHKIIMSIMHE:

#include <stack>
#tinclude <stdio.h>

using namespace std;

int main()
{
stack <int> S;
S.push(8);
S.push(7);
int x = S.size(); //x==2
while (!S.empty()) {
printf("%d ", S.top());
S.popQ);
+

return O;

BriBost 910it mporpaMmbl GyzieT 78 (Kak U IOJOXKEHO CTEKY ).

Bragane MBI co3/1aeM CTeK JJId HMeJIbIX arce stack <int>, mpu sTom oH myct. s cTeka
ompesiesIeHbl caenyIone OyHKInn:

void push(<type>) — ngobaBieHne 3j1eMeHTa B CTEK.

void pop() — yaasser sJeMeHT ¢ BEPIIHHBI CTEKA

<type> top() — BO3BpaIaer 3JeMeHT C BEPITHHBI CTEKA.

unsigned int size() — ompejgeJsieT pa3Mep cTeKa (KOJIUIECTBO SJIEMEHTOB).

bool empty() — BO3BpaIlaeT UCTUHY, €CJU CTEK IIYCT

O1n QYyHKIHMH SIBJIAIOTCS MeTojgamu KJacca. s rex, kro we 3naer C+-+ caeayer mo-
HUMATh X AHAJOTHYIHO MOJISAM CTPYKTYDHI (CHHTAKCHC OOpAIEHNsT K METOIaM KJIacca TaKOH
JKe, KaK K MOJISIM CTPYKTYDHI).

5.4 Ouepenp (queue)

st paboTel ¢ 0Yepe b0 HeOOXOAMMO HOJAKIIYNTEL Oubimnoreky <queue>. Odepeab Tak-
JKe Ha3bIBaeTcs queue. JToOBI cO3/aTh OYepeh U3 BEIECTBEHHBIX YHCEJ CJIeyeT HAuCaTh
queue <double> q;

Y odepean UMEIOTCS CAEIYIONINE MEeTOJbI:

void push(<type>) — jobaBieHue 3j1eMeHTa B OY€PE/Ib.

void pop() — ypasiser 3jieMeHT U3 T'OJIOBBI OUYepeIu.

<type*> front() — BO3BpaIaeT CCHLIKY Ha JIEMEHT U3 TOJOBHI OYePe/IH.

<type*> back() — BO3BpaIlaeT CCBHLJIKY Ha 3JeMEHT U3 XBOCTa OUePeJIH.

unsigned int size() — ompeessieT pazMep odepesu (KOJIUIeCTBO JIEMEHTOR).

bool empty() — BO3BpaIlaeT UCTUHY, €CJIU OUYePeIb MyCTa.
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5.5 ek (deque)

Jlns paboThl ¢ JIEKOM HEOOXOJIMMO NOJAKJII0YNTL 6ubanoreky <deque>. YUrTobbl co3marh
JEeK U3 CUMBOJIOB cjejyer Haucarb deque <char> d;

Ouepenn u crekn B STL peanusyrorcs Haa nekoMm (T.K. EK MO3BOJSET PeaJH30BbIBATH
(DYHKITMOHATTBHOCTD U TOTO U JAPYTOr0).

HexkoTopbie MeToIbI JleKa:

void push_back(<type>) — mobGamieHue 3jeMeHTa B KOHeI JeKa.

void push_front<type>) — mobGamieHune 3jieMeHTa B HAYAJIO JEKA.

void pop_back() — ymaJisier 3jieMEHT ¢ KOHIIA JICKa.

void pop_front() — ymaasger ajeMeHT ¢ Havaja JeKa.

<type*> front() — BO3BpaIaeT CCHIIKY HA JE€MEHT N3 TOJOBHI JEKA.

<type*> back() — BO3BpaIllaeT CCHIJIKY Ha 3JeMeHT U3 XBOCTA JIEKA.

unsigned int size() — ompejesser pasMep neKa (KOJIUIECTBO 3JIEMEHTOB).

bool empty() — BO3BpaIlaeT UCTUHY, €CJH JEK MYCT.

5.6 Owuepenpb c mpuopureramu (Kyda, priority queue)

st paboThl ¢ Kydeii (0uepesipio ¢ TPHOPUTETAMH ) HEOOXOANMO MOAKIIOYUTH GHOIHOTEKY
<queue>. Kyua naspiBaercsd priority_queue. YUT00BI cO37aTh Ky4y U3 BENECTBEHHBIX THCET
cJieJlyeT Haucarh priority_queue <double> h;

HekoTtopsle MeTOmBI Ky4n:

void push(<type>) — nobaBieHue 37eMeHTa B Ky4y.

void pop() — ynassger HaMOOIBIIUE 3JeMEHT U3 KYUH.

<type> top() — BO3Bpamaer HAUOOIBITUI JIEMEHT B Ky4e.

unsigned int size() — ompejessieT pa3Mep Kydd (KOJUIECTBO JEMEHTOB).

bool empty() — BO3BpaIllaeT UCTHUHY, €CJU Kyda IYCTa.

5.7 Jlunamuyecku pacimpsembiii maccus (vector)

vector B STL Beger cebs TOYHO TakzKe, KaK JUHAMUYECKH DPACIIUPSIEMBIl MACCUB U3
BTOpO#t Jieknuu. /[y Toro 4robbl vector padoran HEOOXOJIUMMO HOJIKJIIOYUTH OUOJINOTEKY
<vector>.

Mubi MOKeM co3/aBaTh MyCcTONW BEKTOP Tak: vector <int> v;

Kpowme Toro, Mbl MOzKEM €O3/1aTh BEKTOP C 3apaHee 33JaHHbIM HAYATbHBIM KOJMYECTBOM
3JIeMeHTOB: vector <int> v(10);

Ob6paTure BHUMaHMe, 9TO 3amuch vector <int> v[10]; co3mact maccuB u3 10 mycThix
BEKTOPOB.

g nobaBeHNs 371eMEHTOB B BEKTOD CJIe/IyeT UCIOIb30BaTh yKe 3HAKOMBIH HaM push_back.
JocTym K s7eMeHTaM BEKTOpa MOXKHO OCYIMECTBJISTH TaK yKe, KaK W B OOBITHOM MAaCCHBE,
3a/1aBas MHIEKC B KBAJPATHBIX CKODKAX.

Kpowme Toro, B BeKTOpe CYIIECTBYIOT U HEKOTOPBIE APYTHe MOJIe3Hble METOIBI:

void push_back(<type>) — nobaBieHme 31eMeHTa B KOHell BeKTopa. lIpu Heobxommmo-
cru (BEKTOD 3AII0JHEH) OH PACIIUPSETCH BIBOE.

unsigned int size() — ompemensieT pazMep BeKTOpa (KOJHYECTBO FJTEMEHTOB).
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unsigned int capacity() — Bo3BpamaeT MaKCUMAaJIbHOE KOJIUYECTBO JIEMEHTOB, KO-
TOpPOe MOYKET TIOMECTHTCSl B BEKTOP 0e3 pacuinpeHus.

void resize() — m3MeHseT pa3Mep BEKTOpPa. JTa Omepalus aHaJorndHa realloc.

void clear() — oumimaer coJep:KHUMOe BEKTOpa (pa3mMep BEKTOPA CTAHOBHTCS PABHBIM
Hyﬂ}O).

5.8 BekTtop 6uToB (bit vector)

B 6ubsimoreke <vector> Tak:Ke CyIIECTBYeT CleNuagbHbI THIT st vector <bool> (Jio-
ruvecKue epeMeHHble, IPUHIMAOIIIe 3HaueHns true u false) — bit_vector. Dror Tum He
IIPOCTO CO3/IaeT BEKTOP U3 OyJIeBCKUX MePEMEeHHBIX (KaXKIas U3 KOTOPHIX 3aHuMaer 1 Gaiir),
a OIITUMUBUPYET PACIOJIOKEHUEe TaK, YTO B 0juH OaiiT nomermaercs 8 bool-nepemennbix. Pa-
0oTa ero aHaJormYHa OUTOBOMY MAaCCHBY, HO MbI JIMIIAEMCS BO3MOXKHOCTH ONEPUPOBATH Iie-
JpiME Habopamu GHTOB B paMKaX OJHOM TepeMeHHON (4T0 9acTo GhIBaeT yI00HO U SABIAETCS
HeOOXOIMMBIM TANOM peliieHus 3a1a4u ). Takum o6pazom, 061acTh IpuMeHeHust bit_vector
BecbMa orpaHudvena. /ljiss Hero cyimecTBYIOT ollepaluy resize, obpalieHue 0 HHIACKCY U
HEKOTOpBIe Jpyrue. [IpoBepbre, UTO Balll KOMIWIATOP MOJjepKuBaeT bit_vector (sror
THUI JIOCTYIEH JAJeKO He BO BCEX KOMITHJISITOPAX ).

5.9 Crpoka (string)

Knace string amaserca pacmmupeHneM KJacca vector <char> m coJepKUT HEKOTODHIE
crierUIHbIe JJIs1 CTPOK METO/IbI. String Takyke yMeeT IMHAMUYeCKH PACIINPATHCS, OJHAKO
CcJIeJlyeT MOMHUTD, 9TO 9TO TPeGYET HEKOTOPHIX HAKJIAIHBIX PACXOI0B (KaK U B JUHAMHYECKH
PACIIUPSIEMOM MACCHBE).

B npunmnumne, 3naduTenbHad 4acThb (PYHKIMOHAJIHLHOCTH PabOTHI CO CTPOKAMH Pean30-
BaHa B OuOaMoTeKe <string.h> (dymkium strcmp, strcat, strcpy, strlen u jp.), HO
HCIIO/Ib30BaHNe String-00beKTOB 4acTo ObIBaeT yaoOHee.

st ucnosib3oBanus string HeobxouMO OAKIII0YNTH 6ubanoreky <string>. Cam 00b-
exT string cozgaercs tak: string sl, s2;

Jlng string-o0beKTOB onpejeseHa ONepanns CAOKeHHs, T.e. MOKHO HamucaTh sl + s2
M Pe3yJabTaToM 5TOI omepanuu OymeT KOHKAaTeHANns CTPOK (CTpoka s2 OyJer momucaHa B
koHer[ ctpoku s1). Takzke ompejiesieHa oneparus IPUCBAUBAHUSI, KOTOPAs CO3IAET KOIHIO
CTpOKM (a He TMpHCBaMBaeT ykasaresb, Kak B ciaydae char[]). Kpome Toro, mis string
mepeorpe/ieIeHbl oneparun << U >>, KOTOPble MO3BOJAIOT BBIBOJUTH M BBOJIUTH sString c
HOMOIIBIO IMOTOKOB BBOAA-BbIBOAA. CTPOKH MOXKHO CPaBHHBATH MeKIy CO0Oii, MOJIb3YsICh
OOBIYIHBIMHU OIIEpPAITHSIME CpaBHeHUS (<, > ¥ T.JI.)

string MOXKHO IpucBamBaTh 00bIYHBIM C-MaccuBaM THIIA char, MACCHBBI MOTYT y4acTBO-
BATh B ONEPAIUX CJAOKEHWs], CDABHEHUST U T.11. (sl HUX HEeSIBHO CTPOUTCsI string-obepTKa)

O6bekT string nomaep:xuBaeT BCHO (DYHKIMOHATHHOCTH 00beKTa vector (T.e. MeTOb,
IPUMEHUMbBIE K VeCtor MOryT OBITh TAK:Ke MPHMEHEHbI K String ¢ TeM zKe CHHTAKCHCOM ).
PacemorpuM HekoTOpBIE cienuduyHble 11 String MeTObI:

charx c_str() — Bo3Bpalaer ykasaTe/ib Ha MacCUB char, KOTOpblii cojiep:KuT C-CTPOKY.
DTHUM METOJIOM VI00HO MOJb30BATHCS, €CJIM HCIIOIb3YeTCsa BhIBOM OMOIMOoTeKH <stdio.h> u
B HEKOTOPBIX JIPYTHX CUTYAIUSIX.
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unsigned int length() — Bo3Bpamaer jannHy crpoku. IIpegmouruTesabHee HCIOIB30-
BaTh ITOT MeTO/I, a He size (), T.K. peaju3arus CTPOKU MOYXKeT ObITh He TOJbKO Ha BEKTOPE,
1 B TakoM ciydae ¢pyrknuga length Oyner paboraTh ObIcTpee.

unsigned int find(string substr) — ummer noACTpoKy substr B cTpoke. Bo3sparia-
eT NHJEKC, ¢ KOTOPOTO HAYMHACTCS IIePBOE BXOXKJICHNE TOJACTPOKNA B CTPOKY.

unsigned int find(string substr, unsigned int from) — mimeT NoACTPOKY substr
B CTPOKE HAUYMHAMA ¢ TO3UIMHU from. DTO yI0OHO UCIOJIB30BATD IS IIOUCKA BCEX JTAHHBIX MOJI-
CTPOK.

unsigned int rfind(string substr) — wmer moacTpoky substr B cTpoke. Bo3pparra-
eT HHJEKC, ¢ KOTOPOTO HAYMHAeTC s MOcTe/THee BXOKIeHne TTOJICTPOKH B CTPOKY. PaKTUIeCKH,
TO Ke camMoe 9TO B £ind, HO MBI HAYMHAEM NCKATh BXOXKJICHUA C KOHIIA.

unsigned int rfind(string substr, unsigned int from) — mmieT mocJieHIO0 MO/I-
CTPOKY substr B CTpOKe, HHAEKC HadaJa KOTOPOH MeHbIe from.

unsigned int find_first_of(string substr) — wumer mepBoe BXOXKJIeHHe KaKOTO-
b0 cuMmBoOJia u3 substr B crpoke. CyIecTByeT Tak:ke aHAIOr ¢ mapaMmerpoM from, pyHk-
mug find_last_of, Koropas JenaeT TO »Ke camMoe, HO C KOHIla CTPOKH, a TakxKe (PyHKIHI
find_first_not_of, oHa WIeT mepBhIii CAMBOJI B CTPOKE, KOTOPBI He BXOIUT B substr (Tak-
xke cymecrByer find_last_not_of). Vcnoab3oBanue 9TuxX (DyHKIHMI MO3BOJISIET, HATIPUMED,
pa3buTh CTPOKY HA TOKEHBI (CJIOBA), MepesaBasi B KAYECTBE SUbStT CTPOKY, COMEPKAIILYIO
3HAKM IpernuHaHus u 1wpobesibl, Hanpumep “ ,.\t\n)”. 910 gacTo ObIBaeT MOJIE3HO, KOI/IA
HeOOX0MO pa3bUTh TEKCT Ha OT/AeJbHBIE CJI0BA (BCTPOEHHBIX CPEJICTB sl 9TOT0, K COXKAe-
HUIO, HET, U IPUXOJUTCHI PeaU30BbIBATH 3TO prqHon).

string substr(unsigned int n) — cO37a€T HOBYIO CTPOKY, COJEPXKAIIYIO MepBbIe N
CAMBOJIOB CTPOKH.

string substr(unsigned int k, unsigned int n) — co3gaeT HOBYIO CTPOKY, COJep-
JKAIIyI0 N CUMBOJIOB CTPOKH, HAUUHAS ¢ K-T0.

Tax>ke cymniecTByeT MHOTO APYTIUX METOJIOB M UX BapHalluii, MOApodHee O KOTOPHIX MOXKHO
IPOYUTATh B COOTBETCTBYIOINIEM pasjese momorn. OTMernm MeTonasl replace (ymanaeHue
MOJICTPOK) U insert (BCTaBKa MOJCTPOK), KOTOPBIE YACTO ObIBAIOT MOJIE3HBI, HO OOWIHE UX
BaApHAIAil He TTO3BOJAET ONMUCATh UX B paMKaX OJIHON JIeKIHAH.

5.10 HrepaTopsl

HNrepaTop — yHHBepCaIbHBIH CI0COD JTOCTYyIIA K 37eMeHTaM KoHTeltHepa. tepaTrop MoxK-
HO TIPEJICTABUTHL cebe KaK yKa3aTesb, JJIsT KOTOPOTO OINPEeIeIeHO HECKOJIbKO omeparuii. B
JaCTHOCTH, IIOJIE3HBIMH JI/TsI HAC OY/IyT Olepanun pa3biMeHOBbIBaHUs (*1it) — JTOCTYI K JaH-
HBIM 110 9TOMY <«YKa3aTesio» (MOKHO TaKyKe UCIOJIB30BaTh -> Jisi OOpAIeHus K TOJIsIM),
HHKPEMEHTa (++) — mepexoJl K CJeyIoeMy 00beKTy B KOHTeHHepe U CDABHEHHE HTEPATOPOB
(== u !'=). Ha camom pmesie, onepanuii jjist HT€paTOPOB HECKOJIBKO GOJIBINE, HO MbI He Oyem
X UCIIOJBb30BATH.

UrepaTopsl JeJsITcs Ha 3 THIIA: TPOU3BOJIBHOIO T0CTyTA (MBI He OYIeM WX UCIOJIB30BATh,
T.K. OHH JTUOO He MOIJIeP:KUBAIOTCSI KOHTeHepOoM, TUOO MOTYT OBITh 3aMeHeHBbl Ha obparie-
HEE 110 WHJIEKCY ), OCJIeI0BATeIbHOIO U 06paTHOro Jocryna. reparop mocsesoBaTesbHOr0
Joctyna yao0eH U Moc/ieoBaTe/ ibHOI 00paboTKM 3/1eMEeHTOB KOHTeliHepa, a nreparop 00-
PATHOIrO JOCTYIIA OCYIIECTBJIAET JTOCTYI K dJeMeHTaM KOHTeliHepa B 0OpaTHOM IIOPIKE.

Jl1s1 m060T0 KOHTeiHepa OIpee/leHbl IBa UTepaTopa: Hadaaa U KoHIa. JlomycTum, MbI
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XOTHM BBIBECTH BCE 9HCJIA U3 BeKTOpa (vector <int> v) mociemosaresnnno. COOTBETCTBY-
I01uit Kox OyJeT BBITVIAAeTh TaK:

vector <int>::iterator it;
for (it = v.begin(); it != v.end(); it++)
printf("j%d ", *it);

YT00bI cO3/aTh UTEPATOP MO KAKOMY-IHOO KOHTeiiHepy, HeoOXOIUMO CHAYaJIa yKa3aThb
THUII KOHTelHepa (vector <int> B HaleM CJIyqae), 3aTeM HalucaTh ::iterator m ykKas3aTb
UM UTEPaTopa.

Yr00bI UTEpaTOp yKa3bIBaJ Ha IIEPBBIA 3JeMEHT KOHTeHHepa, HeoOXOJIUMO MPHCBAUBa-
HHe it = v.begin(). Meron begin() Bo3Bpamaer yKasaTeJ b Ha HEPBBHI 37eMeHT JH000-
ro xoureiitnepa. Mbl O6yaeM UIATH 10 MOCTETHETO JJIEMEHTA. JTO PeATU3YeTCT ¢ MOMOIIBIO
it !'= v.end(). end() yka3biBaeT Ha CJEAYIOIIMI I11OCJIE MOCJEIHEIO dJEeMEHT KOHTeliHe-
pa. Ilepexon K cieyroneMy 3JIEMEHTY OCYIIECTBISIETCS C MTOMOIIBIO OTePallii HHKPEMEHTa,
it++. Ilpu BBIBO/IE MBI IIPOCTO PA3bIMEHOBBIBAEM HTEPATOP H IOJYYaEM €ro COAEPXKIMOeE.

Teneppb BeIBeIeM HaIll BEKTOP B 00PATHOM HAIIPABICHUU. DTO JIEJIACTCS OYEHDb MOXOXKE:

vector <int>::reverse_iterator it;
for (it = v.rbegin(); it != v.rend(); it++)
printf("%d ", *it);

OOparuTe BHUMaHUE, 9TO MPU CO3JAHUU UTEPATOPA y HAC MOSBUIOCH reverse
yKa3aHUU Hadajia U KOHIA BEKTOpa B HadaJje IOsBHJIAaCh OyKBa T.

OcranbHble CBOHCTBA UTEPATOPOB OYIEM U3yUaTh IPU PACCMOTPEHUN HOBBIX KOHTEHHEPOB
U aJITOPUTMOB.

a npu

-

5.11 Xem-rabsuna (hash set)

Xerm-Tabmna — yzKe 3HaKoMasg HaM CTPYKTypa, KOTOpas MO3BOJAeT M00aBAATH, yia-
JSTh W IPOBEPSTH HaJW4me 3jeMeHTa Bo MHOxecTBe 3a O(1). B stom pasznene mbr Oymem
paccMaTpHBATh Xer-TabInIB TOJBKO OT 3JIeMEeHTAPHBIX THIIOB (006 ncmoap30Banny hash_set
JIsT IPYTUX THIIOB MOYKHO MPOYATATH B (hailie MOMOIIH O S3BIKY ).

st Toro yTo6sl hash_set paboras, HeobXoIuMOo TOAKII0UNTE OudmoTeky <hash_set>.
B nekoropsix komnussitopax hash_set naxoaurcsd He B IpOCTpaHcTBe uMeH std, a B 1po-
crpancTBe stdext. Ecym Baln KOMIHASITOP OTHOCUTCHA K TAKOMY THILY, TO CJeyeT BHAaJaJIe
ncaTh using namespace stdext;

JonycTtuM, MBI XOTHM CO37aTh XeNI-TaOUIy I IeJbIX YhcesJ. DTO 3alUIIeTcs Tak
hash_set <int> h;

Jliist Hac OYyT MOJIE3HBI CJEYIONIIe METO/IbI:

void insert(<type>) — mobaBieHHe 7eMEHTa B XelI-TaOIHILY.

hash_set <type>::iterator find(<type>) — BO3BpaIlaeT UTEPATOD, YKAIBIBAIOIIU
Ha 3JIEMEHT, KOTOPbIl 1epeiaeTcsd B Kadecrse napamerpa. Ecin Takoro sjeMenrta He cyie-
CTBYeT, TO pe3yJbTaT Oy/eT paBeH 3HadeHWi0 Meroja end() /Ui COOTBETCTBYIONIEH Xeri-
tabaunbl. VI3MeHaTs 3HaMEHNE 110 3TOMY UTEePaTOp Hejb3st!

void erase(hash_set <type>::iterator) — yaaJjseT 3HaUYeHHe, HA KOTOPOEe YKa3bIBa-
eT UTepaTop, U3 XeI-TaOTHIIHI.
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void clear() — ouMIAET COJEPIKUMOE XeI-TabJINIIbI.
Nurepecyionuecs MOryT CaMOCTOSATEIbHO U3Y4YUTh KJjacc hash_multiset, B KOTOpPOM
MOZKET 6bITb HECKOJIBKO OJMHAKOBBIX 2JIEMCHTOB.

5.12 Xem-caoBapp (hash map)

Xel-cJ0Baph OYeHb MOXO0XK Ha Xell-Tad/JauIly, HO HPUHEMAET B KauecTBe 3HAYCHUs Hapy,
IPH 3TOM XeITUPOBAHWE HJEeT TOJHKO 1O TMEPBOMY 3JIeMeHTY mapbl. Hampumep, MBI MozKeM
xpauutb napy [CQ UIN u ums nosp3oBaress. [Ipu 3roMm mepsbiii 3/1eMeHT B ape JT0JIKEH
OBITh YHUKAJIbHBIM.

st Toro yTobnl hash_map paboras, HeodXo Mo TOAKII0YNTL Onbnoreky <hash_map>.
hash_map Tak:ke MOXKeT HAXOAUTHCH B IIPOCTPAHCTBE UMeH sStdext.

JL st Hatero mpuMepa Mbl MOYKEM CO3JaTh TaKOi Xel-cJoBaphb: hash_map <int, string> hm;

Merompr y hash_map ovennb noxoxku Ha mMetoinl hash_set. [losromy npocro npusegem
pMep:

hash_map <int, string> hm;

hash_map <int, string>::iterator it;

hm.insert(pair <int, string> (204883678, '"gu"));
hm.insert(pair <int, string> (666666666, "unknown"));
it = hm.find (666666666) ;

printf ("%s\n", it->second.c_str());

Y hash_map ecTh nmpugTHas U yJA00HAs JONOJTHUTE/IbHAS (DYHKIIMOHATHLHOCTD, 8 WMEH-
HO oneparop [] (omepartop joctynma mo WHIEKCY). Ero ncmob30BaHne MOMKET BBILISIIETH
CJAEIYIONUM 0Opa30M:

int i = 204883678;
printf("%s", hm[i].c_str());

o6aBagaTh 371€eMeHTHI B XeII-CJIOBaph TaK:Ke MOXKHO € IIOMOIIbI0 oneparopa []. T.e. Ha-
npuMep, Mbl MOXKEM HAILMCATH CJAEAYIOULYI KOHCTPYKIUIO:
hm[123456789] = "somebody"; u 3TOT 371eMeHT Oy/ieT JOOABJIEH B CJI0BAPb.

5.13 Aaroputmbl B STL

B 6ubanoreke <algorithm> mpejcTaBieH J0CTATOYHO GOJBINON (M JJIsT HAC 3a9aCTYIO
HecrosiesHbit) HAGOP aaropuTMOB. Bee aaropuTMbl paboTalOT ¢ HTEPATOPAME HA KOHTeHHe-
pax, 1J1s KOPPEeKTHON paboThl HEOOXOINMO HCIOIb30BaHNe MpocTpaHcTBa nMeH std. Ham, B
HEPBYIO 0Y€pe/b, HHTEPECHBI aJIlOPUTMbI HaJl KOHTeHHePOM vector (B sToM pasjese Oyuem
HOJIb30BATLCA vector <int> v). Ha camom mese, MBI MOXKEM HOJIB30BATLCH OOBITHBIM Mac-
cuBoM, HanpuMep int v[100]. Torma Bmecto v.begin() ciemyer moAcTaBIATH vV, & BMECTO
v.end() — v+n, rJie n — KOJUYECTBO SJEMEHTOB B MaccuBe (He pa3Mep MacCHBa, a KOJIHIe-
CTBO OCMBICJIEHHBIX 3JIEMEHTOB). DTO BO3MOKHO GJ1aroiapsi TOMY, 9TO OOBIYHBIN yKa3aTesb
MOZKET MHTEPNPETUPOBATHCSI KaK HTEPATOP.
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ITpu ucnosp3oBannu ajropurmoB STL Ha BekTOpE cjejyer, 10 BO3MOXKHOCTH, W30eraTh
JIUTITHUX HAKJIATHBIX PACXOJIOB, CBSI3aHHBIX C BBIJAEJIEHUAME NAMATH. B OMMITaHBIX 33,12~
9ax MOYTH Beerja Jubo M3BECTHO MAKCHMAJIbHO BO3MOXKHOE KOJHYECTBO JEMEHTOB (TOra
MBI MOYKEM KOHCTPYHPOBATHh BEKTOD KOHCTAHTHOTO pa3Mepa B Hadaje MPOrpaMMbl), JUGO
KOJHYECTBO 3JIEMEHTOB 33aeTCsl BO BXOJHBIX JAHHBIX (TOTJIA MBI MOYKEM KOHCTPYHUPOBATH
BEKTOD TI0CJI€ IPOUYTEHUS HePEMEeHHOI, 3a1a101eii KoJInIecTBo sjeMenToB). B rakom ciydae
y Hac He Oy/ieT UCIOJIb30BATHCS JIUITHASA TaMATh, & HAKAAHbIE PACXO/bI Oy/yT OYeHb MAJIbI
(CpaBHUMBI ¢ BBIJIEJIEHIEM TaMsITH ¢ TIOMOIbIo malloc).

Mubi Oyj1eM paccMaTpUBaTh HE BCE aJINOPUTMBbI U JIAJIEKO HE BCe CIOcOObI paboThl ¢ HuMmu. B
KOHIIE 3TOH YacTu OyJeT UIpUBEIeH CIHUCOK JAPYTUX O0Jee Wl MeHee MOJE3HBIX aJrOPUTMOB.
Bce mHOrooOpasue aJropuTMoB U CIOCOOOB PadOTHI C HUMH ONUCAHO B Pa3jesax MOMOIIN
cpebl pa3paboTku wian B man. Takmm ob6pa3oM, HAM JOCTATOYHO JIWIHh ITOHUMATh CMBICT U
IOMHUTH (XOTs1 Obl IPUMEDHO) HA3BAHWE AJTOPHUTMA.

Haunem c¢ anaropurmor coprupoBku. B STL npejcraBieHo jaBa ajaropurmMa COPTHPOB-
KH: SOrt — OCYIIECTBJIAIONINI OBICTPYIO COPTUPOBKY M stable_sort, KOTOPBIil coxpaHseT
OTHOCHATEJIbHBIH NOPAIOK CJICTOBAHUA OJMHAKOBBIX 3JIEMEHTOB.

Cunrakcuc Bbi3oBa OYHKIMN COPTUPOBKH Oyaer Takoii: sort(v.begin(), v.end());

Ecau namabie HeOOXOAMMO OTCOPTHPOBATH B 0OPATHOM HOPSIKE, TO CJELYeT MCIIOIb30-
BaTb OOparTHbIil ureparop: sort(v.rbegin(), v.rend());

MoxkHO cOpTHPOBATH HE TOJIBKO MACCUBHI MIEJTUKOM, HO U UX HENIPEPBIBHBIE YaCTH, 3a/1aBas
HYKHBIE UTePATOPHI (0OBIYHO PU ITOM UCIOTIB3YIOTCSI ATEPATOPHI TPOU3BOJIBHOIO JOCTYTIA).

Crienytonuii HHTEPECHBIT AJITOPUTM CO3/aeT Kydy MaKCHMyMOB U3 MaccuBa. Ero BbI-
30B BBITVIAIUT Tak: make_heap(v.begin(), v.end()); PakTudeckn, 3T0 TO ¥Ke caMoe, ITO
nepsast yacTh HeapSort (mocrpoenue kyun). Ciaoxknocts nocrpoenust Kyaun O(N log N).

[Tocie Toro, Kak y Hac nosiBuiics heap (o GyeT HAXOAUTHCS B TOM YK€ CAMOM BEKTODE V),
MBI MOKEM IIPOJIeJaTh ¢ HUIM HEKOTOphIe neiicTBus. Hanpumep, moayduTb UX 3TOi Kydd OT-
COPTUPOBaHHBIH MaccuB. [l1g 3T0T0 HA/10 BBI3BATh MYHKIHUIO sort_heap(v.begin(), v.end());
BekTop v 6yaeT oTcopTHpoBaH. DTO TO Ke caMoe, 9To BTopoil atam HeapSort.

Kpowme Toro, Mbl MOKeM JA00aBISITH SJEMEHTHI K BEKTODY, SIBJISIONEMYCst Kyueii (Boobre
rOBODd, [Tl K4 JIydIlle UCIOJb30BaTh priority_queue). [l 9moro HyKHO 106ABUTH JJre-
MeHT X ¢ noMombio v.push_back(x), a 3aTem BbI3BaTh push_heap(v.begin(), v.end());

qTO6bI MMOJIYYUThb 3Ha4YeHUEe MaKCHUMAJBbHOI'O 3JIEMEHTa, HaM JOCTAaTOYHO Pa3bIMEHOBATDH
urepaTop v.begin (). [Ing yaaneHus MAKCUMAIBHOTO 3/IEMEHTa U3 Ky9Hd HCHONb3yeTcd (DyHK-
nug pop_heap(v.begin(), v.end());

HO‘{TI/I BC€ aJITOPUTMBbI BBLISBIBAIOTCA aHAJIOTHYHO — YyKa3aHHeM Ha4YaJIbHOT'O U KOHEY-
HOTO WTeparopoB. Tak, Hampumep, MOJE3HBIMH MOTYT OKa3aTbCsd CJIEIYIONIHe aJrOPUTMBL:
reverse — 3allUCHIBACT MOCJCITOBATEIBHOCTL «3aJ0M Hamepeay», random_shuffle — mepe-
cTaBjgdeT JIeMeHThl B caIydailHoM nopdanke, is_sorted u is_heap nposepdroniye, cOOTBeT-
CTBEHHO, ABJIA€TCA JIU MaCCUB OTCOPTUPOBAHHBIM WJIN queﬁ.

L1715 MOMCKa MOPSAIKOBOI CTATHCTHKY MOKHO BOCIIOJIB30BaThes (pyHKIMei nth_element (v.begin(), v
e k — HOMep MCKOMOM MOPSAKOBOH CTATUCTUKU. B cpeiHeM MOUCK UMeeT JIMHERHYIO CJTOXK-
HOCTDH (OH IOJHOCTBIO AHAJIOIMYEH PACCMOTPEHHOMY HAMH B JICKIMU 110 HOMCKY METO.Y ).

Taxke 10JIE3HON MOXKET OKazaThesd (PYHKIUS OMHAPHOrO Moucka B Maccupe. [Ipu srom
MaCCHUB JIOJTZKeH OBITh YIOPSI0UeH 110 HeBo3pacTannio. OHa BRI3bIBaeTCs TakK: binary_search(v.begin(),
rae i — HCKOMBIiT dJ1eMeHT.
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5.14 HcnoJsib30BaHUEe COOCTBEHHBIX CTPYKTYP

o cux mop Ml ucnosb3oBaan STL 1d smeMeHTapHBIX TUIIOB WJIN JIPYTUX CPABHUMBIX
tunoB. Kax ke ucnoap3oBaTh Momb STL 171d ¢cBOUX THIOB TAaHHBIX (CprKTyp7 MaCCHUBOB U
T.11.)7

[Tporpammupytorue Ha C—+-+ MOryT cienaTb 3TO 04eHb IPOCTO — CO3/aTh KJIAcC, B
KOTOPOM OTIpeeJINTh operator<. Hampumep, MBI MOXKEM HMCHOJIb30BATh KJacC myint s
Ky4Yd MUHUMYMOB:

class myint
{
public:
int num;
bool operator<(myint &other)
{
if (num > other.num) return true;
return false;
+
+;

Bynpre akkypaTHBI, BeJIb Telepb BO BCEX CJIYUYAAX YHCIA TUIA myint OyIyT cPABHUBATHCS
«HEIPABUJIBHOY (T.e. «MEHbIey OyaeT 03HAYaTh, YTO HAa CAMOM JieJle «He MeHbIes )!

Hesnakombie ¢ CH+ moryT caesarb 3TO He MeHee MpocTo. /[ljst 3Toro Hajao omucaTh
GYHKINIO, TPUHUMAIONILYIO HA BXOJI JBE CTPYKTYPHI M BO3BPAIIAIONIYIO true, ecjiu nepBas
«MeHbIe» Bropoit u false B mporuBHOM caydae. [locse sToro Bo Beex BorzoBax STL ¢dpyHK-
Uil ceiyer yKasbBaTh UMst 910l hyHKIHH (6€3 CKOOOK U TapaMeTpoB).

[IpuBesem npumep nporpaMMbl, B KOTOPOil co31aeTCst HAOOP CTPYKTYP, B OHU COPTHPY-
IOTCSI TOJILKO II0 IEPBOMY HOJIIO (JIOBOIBHO YacTast 3a1ata):

#include <algorithm>
using namespace std;

typedef struct
{

int f, s;
} tfs;

bool 1ls(tfs a, tfs b)

{
if (a.f < b.f) return true;
else return false;

}

int main() {
tfs b[10];
for (int i=9; i>=0; i--) {
bl[i].f = 10-1i;
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blil.s = i*i;
}
sort(b, b+10, 1ls);
return O;

}

Touno Tak »XKe, mepeornpeienss (DYHKITUIO CPABHEHUST, MOYKHO TOOUTHCS MMOCTPOEHUS KYIH
MUHAMYMOB, CODTHPOBKH MacHBa B OOPATHOM HOPSIKE U T.II.

B konne jiekium npuBejieM CCbLIKY Ha XOpollyio Jokymenrtanuio 1mo STL:

http://www.sgi.com/tech/stl/table_of_contents.html

5.15 Ilpumep pemeHnd 3ajJa4qu ¢ UcHoJab3oBaHmeM STL

PacemorpuMm 3amadqy ¢ Mockosekoit omuvmuaas 2006 roga.

Tynukn

Ha Bok3zasie ectb K TynukKOB, Kyja HPUOBIBAIOT JIEKTPUUKH. DTOT BOK3AJ ABJSIETCS UX
KOHEYHO CTAHIUEH, TO3TOMY JIEKTPUYKH, IPUOBIB, HEKOTOPOE BPEMS CTOAT Ha BOK3aJe, a
IOTOM OTTIPABJIAIOTCS B HOBBIH peiic (B Ty CTOPOHY, OTKY/Aa TPUOBLIN).

Jlano pacnucanue IBUXKEHMs 3JEKTPUUIEK, B KOTOPOM I KaXKI0H JEKTPUIKH YKA3aHO
BpeMs ee IpUOBITHSI, & TaKKe BpeMs OTIPABJIEHHS B CIeAYIOMNNA peiic. DJIeKTPHIKHA B Pac-
IMHUCaHUU YHOPAAOYECHbI 110 BpEeMCHU HpI/I6bITI/IH. HOCKOJIbe BOK3aJl — KOH€4YHasd CTaHlud,
TO 9JIEKTPHUYKa MOZ2KET CTOATH Ha HEeM AJOBOJIbBHO A0JII0, B YaCTHOCTH, dJIEKTPUYKa, KOTOPad
npuOBIBAET PAHbBINE JAPYTOil, OTIPABIATHCA 00PATHO MOYKET 3HAYUTEIHHO MO3/HEe

Tynuku npounymepoBanbl yucjiamu ot 1 10 K. Korja snekTpudka nIpuObIBAaeT, ee CTaBAT
B CBOOOJHBIN TYNHMK ¢ MHHHMAJILHBIM HOMEPOM. IIpu 3TOM eciim 3/leKTpUYKa U3 KaKOTrO-TO
TYHOUKa OTHPABUJIACL B MOMEHT BpeMeHH X, TO 3JeKTPUUKY, KOTOpas IPUOLIBACT B MOMEHT
BpeMmenu X, B 3TOT TYIHUK CTABUTH HEJb34, a JJCKTPUUKY, TPUOBLIBAIONTYI0 B MOMeHT X +1 —
MOZKHO.

Hanummre mporpammy, Koropas O JAHHOMY PACIHUCAHHIO I KaxKIO# SIeKTPHIKN
OLpPeJIeJINT HOMEpP TYIHKA, Kyla INPUOYIET 9Ta 3JEeKTPUIKA.

DPopmam 8Tro0HHBLT JAHHBLL

CHaanIa BBOAATCA YHCJIO K — KOJIM4eCTBO TYHIHMKOB W YUCJIO N — KOJHUYECTBO 3JICK-
tpomoesos (1 < K < 500000,1 < N < 500000). Tanee caexytor N cTpoK, B KazxkIoi
13 KOTOPBIX 3allCAHO [0 2 YHCJIa: BpeMs NPUOBITHS M BPeMs OTIPaBIEHHS SJIEKTPUUYKH.
Bpewmsi 3a/1aeTcsl HaTypaJbHBIM dHCI0M, He npesbimatomum 107, Hukakue e 91eKTpUdKHd
He TpUOLIBAIOT B OJHO U TO K€ BPEMs, HO IIPH STOM HECKOJBKO 3JEKTPUIEK MOIYT OTIPAB-
JIATBCA B OJHO U TO 2K€ BPpEMHI. TaK}Ke BO3MO2KHO, 4T0O KaKaH—HI/I6y,ZLb JJIEKTPUYIKA (I/IJII/I JdazKe
HECKOJIBKO) OTIPABJSIOTCS B MOMEHT HPUOBITHST KAKOH-HUOY (b IPYTOi /IeKTpUIKH. Bpems
OTTPABJICHUSA KAXKOW JJIEKTPUUKH CTPOrO OOJIbINE BPEMEHH €€ MPUOLITHSA.

Bce astlekTpuuKE yIOpsIAOIeHbl 0 BpeMeHn npuObIThst. CUnTaeTcs, 9T0 B HYJIEBOH MO-
MEHT BPeMEHH BCe TYIUKH Ha BOK3aJje CBOOOIHHI.

Dopmam 8vblro0HBLT IAGHHBLT

BoiBeaure N duces — 10 OJfHOMY /IS KayKI0H 3JIEKTPUUKH: HOMepP TYIUKa, KyAa Hpudy-
AeT COOTBETCTBYIOIIaA 3JICKTPUYIKa. ECJII/I TYHOUKOB HE JOCTATOYHO JJIA TOTO, LITO6bI OpraHun-
30BaTh JIBUKEHHUE 3JIEKTPUUIEK COIJIACHO PACIMCAHUIO, BBIBEIUTE JIBA YUCJIA: HEPBOE JOJIZKHO
paBHsThCs 0 (HYITI0), & BTOPOE COIEPKATH HOMED TEPBOii U3 9JIEKTPUYEK, KOTOPAsk HE CMOYKET
IpuOBITH HA BOK3aJI.
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ITpumepwvi
Bxoaubie nanubie | BoixomHbie JaHHBIE
11 1
25
12 02
25
56
23 1
13
26 1
45

[IpuBenem pazbop 3a/1a9u, KOTOPBI 0OJErYUT TOHUMAaHUE PelleHus :

Ham HEOOXOMMMO YHOPSIIOUHTH COOBITHSI (IPHE3IBl U OThe3/bl 3aeKTpudek). Coprupo-
BaTh HEOOXOAMMO 110 BPEMEHH COOBITHST (KJII0Y, TT0 KOTOPOMY CTPOHWTCST Kyda); HOMepY 3JIeK-
TPUUYKH, ¢ KOTOPOH MPOM3OILIO COOBITHE; U MpHU3HAKY COOBbITHSA (IpHe3s T Wi oTbe3n). B
caydae, ecau TPUe3NT H OThe3/l CAYIAITCS OTHOBPEMEHHO, CHAYAIA JIOJKHBI CTOSTh OT'be3-
JKAIOIIUE IeKTPUIKH (B 9T0i 33/1a4e yJI00HO NPUOABUTH KO BPEMEHU OTHE3/1a €/[MHUILY)

Kpowme Toro, 3apegem Kydy (MHHEMYMOB) cBOOOMHBIX TymuKoB. CHavana 100aBUM TyIa
BCE TYITHKH.

Sarem noiigem o coobiTusM. Kcin coObiTre — npues s 3JIeKTPUIKE, TO HEOOXOINMO B3SITh
U3 Ky4u CBOOOIHBIX TYIMKOB MHHUMAJIBHBIH TYNHUK U COXPAHUTH JJIsl 9TON JEKTPUIKH HO-
Mep TYIHKA, B KOTODBIl OHA BCTaHeT (3TO yAOGHO JeJaTh B MAaCCHUBe, [Jle UHJEKC DaBeH
HOMepY 2JeKTpuuKu). Eciin ke Kyda cBOOGOJHBIX TYNHKOB MYCTa, TO CPA3y BBIBOIUM, UTO
PACCTABUTH IJEKTPUIKH HETb3.

Ecyin cobbiTue — 0TbHe3/1 3JIEKTPUIKH, TO CMOTPUM, KAKOH TYNHUK OHA 3aHUMAJIa U J00aB-
JisieM 3TOT TYNHK B Ky49y CBOOOMHBIX TYIUKOB

Jl1g BBIBO/MA OTBETa HEOOXOIUMO TTPOCTO BLIBECTH COMEPKUMOE MACCHBA, B KOTOPOM CO-
XPAHAJIUCh HOMEPA TYIHUKOB IIPU MPUE3JIE JJICKTPUIKH.

Pemenne sToit 3agaun ¢ ucmnosb3oBanneM STL MoxkeT BHIIVISIeTh TaK:

#include <stdio.h>
#include <queue>
#include <algorithm>

typedef struct {
int num, time, etype;
} rail_event;

using namespace std;
#define MAXN 500010

bool 1ls (rail_event a, rail_event b)
{
if (a.time < b.time)
return true;
else if ((a.time == b.time) && (a.etype < b.etype))
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return true;
else return false;

by

int answer [MAXN];
priority_queue <int, vector <int>, greater <int> > bays;
vector <rail_event> events;

int main()
{
int n, k, i, j, arrival, departure;
rail_event revent;
scanf ("%d%d", &k, &n);
for (i=1; i<=k; i++)
bays.push(i); // Bce Tynuxum cBO6OIHS
for (i=1; i<=n; i++) {
scanf ("%4d%d", &arrival, &departure);
revent.num = 1i;
revent.time = arrival;
revent.etype = 1;
events.push_back(revent) ;
revent.num = 1i;
revent.time = departure + 1;
revent.etype = O;
events.push_back(revent) ;
}
sort(events.begin(), events.end(), 1s);
for (i=0; i<events.size(); i++) {
revent = events[i];
if (revent.etype == 1) { // npubnutue
if (bays.empty()) {
printf ("0 %d", revent.num);
return O;
} else {
answer [revent.num] = bays.top();
bays.pop();
}
} else // otbuTume
bays.push(answer [revent.num]) ;
}
for (i=1; i<=n; i++)
printf ("%d\n", answer[i]);
return O;

}
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Jlekminga 6

3agaday Ha aHAJIN3 TaOJINII]

Bepcusa P or 24.11.2009

6.1 Bseaenme

B ommMmnumamHeIX 3agadaxX JIOBOJIBHO YacTO
BCTPEYAIOTC 3aJa49M, TJe BXOMHBIE JAHHBIE 3a]1a-
HbI B BHJe Tad/uipl. 1log Tabauneit B janHOM CJ1y-
yae MOHNMAEeTCs JIBYMEPHBIH MaCCHB, HO IPUBEIEH-
HBIE AJITOPUTMBI TAKZKe TTOAXOIAT s TPEX U Ooee
MEepPHBIX MaCCHUBOB.

BBegém nonsitre CBSIBHOCTH, T.€. OINPEIEJIHM,
KaKHe KJIETKH ABJISIOTCI «COCeTHnMuy. Bean KieT- A
K CYUTAIOTCS COCETHUMM, KOIJa y HHAX CYIIe-
CTByeT 00Ilas CTOpOHA, TO 3TO Ha3bIBaeTcs «4- 7
CBSI3HOCTBIO». EC/IN KJIeTKH Ha3bIBAIOTCS COCEIHU-
MM, KOTJA V HUX CYIIECTBYET XOTsI ObI OJHA 0OIIasT
TOYKA, TO 3TO «8-CBA3HOCTHY». TaK:Ke CyIIeCTBYIOT
HoJ1ee cJIoXKHBbIE CTIOCOOBI Olpeie/ieHus coceeil, Ha-

IPHUMep, eC/IH KazKasd sdeiika npeacTaBiasgeT co0oit Puc. 6.1: IIpumepsr cBg3HOCTH
IPABUJIbHBII MIECTHYTOIBHAK WJIH TPEYTOJIbHUK (6-
U 3-CBS3HOCTD). MHODIA «COCeM» MOTYT ONPEAETIATHCS U COBCEM TIO0 JPYTUM MapaMeTpaM,
He 110 O0IIMM TOYKaM ujin cTopoHaM. Hampumep, coceHuME MOTYT HA3bIBATHCHA KJIETKHU, HA
KOTOPBIE MOZKHO TEePEeHTH XOAOM IMIaXMAaTHOTO KOHSI.

[Toutu Bce TUIBI CBA3HOCTH MOT'YT OBITH peaJU30BaHbI Ha KBAaJIpPaTHON MaTpHIE.

AHAJIOTMYHO MOXKHO OIPEJIEJIMTh TUII CBIIZHOCTH JIjisl TPEX U O0JIee MEPHBIX MAaCCHBOB.

Hanomuanm o ermé oH0it 0cOOEHHOCTH XPAHEHWST MACCHBOB, KOTOPAas 3aKI0YAETCS B TOM,
YTO B IaMATH KOMIILIOTE€pPA BCE MHOIOMEPHbIE MACCHBBI Pa3BOPAYMBAIOTCA B OJHOMEPHBIE.
DT1oT (HAKT MBI YK€ HCIIOJIb30BAJIN JIJId YCKOpPeHUus paboThl (PYHKIUKA YMHOXKEHUST MATPHII,
TaK:Ke ero MOKHO MCIIOJIb30BATh JJId YCKOPeHUs padoThl (DYHKIN pabOThl ¢ TabJIUIAMH.
B obmem cirydae MeTO BBITVISAUT TAK: €CJIH HAM HEOOXOAUMO TPONUTH TI0 BCEM 3JIEMEHTAM
TabJIUILI, TO HanbO/iee BHEITHW UK/ JOJKEH WJITH 110 Oojiee paHneMy unjaekcy. /lisg nBy-
MEpHOM TaOJIUIBI 9TO BLIIVISIUT TaK:

for 1 := 0 to n-1 do
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for k := 0 to n-1 do
// rakume-To gzeiicTtBus ¢ tablel[i] [k]

B ,ZLaHHOfI JIEKIIUKU Mbl PACCMOTPUM HECKOJILKO XapaKTEPHbIX 3a/da4, KOTOPbI€ BOSHUKAIOT
pu 00paboTKe TabIHIL.

6.2 Bprunciaenne mo JOKaJbHBIM JTaHHBIM

CymecTByeT MUPOKHUIT KJIACC 3a0ad, Ie 1Mo Tab/anie HeoOX0IuMO MOACINTATh KaKne-1100
3HAYEHN I KaxK10i sdeiku. Yare Bcero 3HaueHus BHIYHCASIOTCS TOJIbKO 110 JaHHBIM U3
TEeKYIIeH U COCeJHUX AYECK.

OnHa U3 9acTO BO3HUKAIOIIUX IPOOJIEM IpH PeIleHn:d 3a1a9 ¢ TaOJUIaMi — HEeXBATKA
naMsaTH, Jijisd XpaHeHus Beeit Tad/mibl. TakuM 06pa3oM, 3a/1a4m, KOTOPBIE JIOJIZKHBI PEITATbhCs
TOJIBKO C MCIIO/Ib30BAHUEM JIOKAJIHHBIX JAHHBIX, 0013/ IaI0T TPeMs XapaKTepPHbIMU TPU3HAKA-
MMU:

1. TpebyeTcsi BbIUUCJIEHHe TapaMerpa Juisd KaxKIo# sdeilku (T.e. OTBET TakzKe IOJIZKEH
OBITH TAOUIEH WM B KAa4eCTBE OTBETA JIOJZKHA BBIBOJMTHLCH sUeiiKa, COJeprKalias,
HATPUMeD, MAKCUMYM HJIH MHHHUMYM),

2. ecan Tabauna KBagpaTHas pasMepoM N, TO aJrOPUTMBL CO CJIOXKHOCTBIO BOJIbIIeH, dem
O(N?), He IPOXOAT MO BPeMeHH,

3. Best Tabumuna (N? siueek) He YKJIAJIbIBAETCS B HAMSITH.

CyimecTByeT MHOYKECTBO CaAMbIX PA3HOOOPA3HBIX 33/1a9 HA BIYUC/ICHAE 3HAYCHUN B sUeii-
KaX I10 JIOKAJbHBIM JAHHBIM, HO MOYKHO BBIJIEJIUTb HECKOJBKO MPUEMOB, MO3BOJISIONIAX 00-
JIETYUTH UX PelleHHe.

[Tepsbrit mpuém — «b6apbepHbIiiy MeToa. CyTh €ro 3aK/II09aeTCs B TOM, YTO MBI «OKPYZKa-
eM» TabJIUIly paMKOil, cojepzKalineil Kakue-1u00 JOIMYCTUMbIE WJIM CIENUAJIbHbIe 3HAYCHHUS.
DTOT MeTO, TpeHA3HAYEH JJIsd TOTO, YTOOBI H30eKaTh 0OPAbOTKH YACTHBIX CJIYYaeB, CBI3aH-
HBIX C BBIXOJOM 3a I'PAHUIBI MaccuBa. [Ipu 3ToM MEUpHHA pAMKH 3aBHCHT OT TOTO, CKOJIBKO
coce/ielt Mbl HCIIOJIB3yeM JUI HOJACYETa 3HAYCHUST B JIAHHOMN stuefike (dale BCero paMka nmve-
eT IMUPUHY BCEro B OJIHY KJeTKy). PaMKa HUKaK He JOJKHA BIUATH HA pelrenne (T.e. eci,
HaIpUMep, Mbl CyMMHUDYeM 3HaUeHUs coce/leil, TO paMKa JOJKHA ObITh HYJEBOH U T.II.).

Caenytonuit mpuéM sIBJIsieTCs He COBCeM CIOpTUBHBIM. Ha Go/IbIIMHCTBE OJIMMIINAL, BBO/I
U BBIBOJI OCYIIECTBJSETCS ¢ IMOMOIIBI0 (haitnos. Mnorma ObiBaeT oueHb yI0OHO MPOCMATPH-
BaTh TabJIMILy HECKOJIBKO pa3 W HaKaIJIMBATh HEKOTOpbIe 3HadeHus. [Ipu srom ecim Tabinma
HEe MOMEIAETCS B MaMATH, MBI MOYKEM 3aKPbIBATh BXOMHOH (Daill 1 OTKPHIBATH €r0 3aHOBO
(pu 9TOM TOPSIIOK 06X0Ma TAbINIBl U3MEHUTh HEJIb3s — TOJBKO Tak, KakK OHa JAéTcsl BO
BXOJIHBIX JaHHBIX ). OTHAKO, BO MHOTHX TECTUPYIONIMX CHCTEMAX POrPAMMe MePeasTcs yiKe
OTKPBITBIHI MIOTOK BBOJIA, & CJAEIOBATEILHO TAKOH HPUEM NPUMEHUTDH HEJIb3d.

Taxke BO MHOI'HX 3a/1a9aX TPeOyeTcs 3HATH YaCTh Y7Ke BbIYMCAEHHBIX 3HAUCHUH coceIeil,
U MCXO/I U3 3TUX JAHHBIX IOy YaTh OTBET. 31eCh JOBOJIBHO BaXKeH MOPSII0K 00X01a - 0OBITHO
OH JIEJIAeTCS CBEPXY BHU3 MOCTPOTHO, 8 HAYMHAIOT 0OXO0J, Yallle BCETo, ¢ KAKOH-Inb0 yIrI0BOi
AYCUKH.

PacemorpuMm npuMepst 3a1a4, e TpedyeTcs BRIYUCICHNE 3SHAYEHU 110 JTOKAJIbHBIM JaH-
HBIM.
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ITporpammucTuka

Beepoccniickasi onumiuaia 2002

B Ilepmu cranoBuTca monmyadapHoit urpa «lIporpamMmucTukas.

st urpel TPeOYIOTCS IJIOCKUE KBaJApaTHbIe (DUIIKH 4-X BUJIOB, IIpeICTaBIsIONIe coboit
nosie 3 X 3 ¢ BBIpe3aHHO# NMEHTPAJIbHON KIeTKOH. B ocTaldbHBIX KJIeTKaX KarKa0# (pUIkn
3amucanbl yncja or 1 1o 8. Bee Bujpl duiiex nokaszanbl Ha pucyHke. KosmdecTBo duiex
KazKJ0Tr0 Buda HE OI'DAaHUYIEHO.
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Nrpa npoojautca na moje pazmepom N X N. I[lepBonadanbHo BCe KACTKH MOJIS 3aM0THEHbBI
eJIMHUATIAMH.

B naugaJie urpsl Maructp HeCKOJIbKO pa3 caydafiHbIM 00pa3oM IOMEIIAeT MPOU3BOJIbHbIE
(HUIIKK HAa UTPOBOE MOJEe TaK, 9TO (PHUIIKA MMONATAET HA IOJe HMEJHKOM, a ee IeHTpaabHad
KJIETKA COBIAJIAET ¢ OJIHON u3 KJaeTok nois. [locse nomenienus ouepeinoit puinku Bee 4uciia
B BOCHBMH KJIETKAX MT'POBOIO T0Jis, KOTOPbIE MEPEKPBIBAET (PUIITKA, YMHOXKAIOTCH HA COOTBET-
CTBYIOIIUE YUCIA B KJIeTKaX (PUITKU, U PE3YJIHTAThl CTAHOBATCS HOBBIMHM 3HAYECHUSIMH ITUX
KJIETOK UT'POBOTO TMOJTA.

Taxum o6pa3oM, Mmocje OKOHYaHUS MPOoIecca pa3MelieHus (pHITeK UTPOBOE T0JIe OKa3hI-
BaeTCsd 3all0JIHEHHBIM 110J1y4eHHbIMU 11pou3Be/ieHusamu. lasee Marucrp nepepaér nojyans-
meecs 1moJjie urpoKy, KOTOPOMY HEOOXOIMMO YCTAHOBUTH JIJIsd KayK/10i KJAeTKU T0JIsd, CKOJIBKO
pa3 MarucTtp B Heé oMeraJ NeHTPaJIbHbIe KJIeTKH (DUITIEK.

Tpebdyercs a1 KaxKJI0T0 BXOAHOTO bailna, cojepzKaliero noaydennoe Maructpom moie,
cpOpMHUPOBATH COOTBETCTBYIONMIMH €My BBIXOIHOU aiii, B N cTpoKax KOTOPOTO COAEPKUT-
cg mo N dHuces, TTOKa3bIBAIONINX, CKOJBLKO Pa3 B COOTBETCTBYIONMIYIO KJIETKY IOMEIATUCH
HEHTPAJIbHbIE KJIETKH (DUIIIEK.

Paccvorpum BepxHIOW0O JIeBYI0 KaeTky urposoro mosst (0,0) — o6o3HaImM 9ucIo, 3am-
cannoe B Heft, 3a X. Ha Heé MoryT okazaThb BJIMSHUE TOJHKO KAPTOUYKHU C MEHTPOM B dUeiKe
(1,1), mprduéM TOJIBKO CBOMM JIEBBIM BEPXHUM yIJIOM (T.e. yuciaamu 1, 7, 5 1 3 cOOTBETCTBEH-
HO). Bamerum, 4To ynciaa 3, 5 u 7 — B3aumuo npoctel (nx HOJI pasen 1), a 310 o3Havaer,
4YTO paz/iozKeHnue yucaa X Ha MHOKUTEeU 3, b u 7 0JHO3HAaYHO. TakuM 00pa3oM, Mbl MOZKEM
ONpeIeINTh KOJMYeCTBO KapTovek 2, 3 u 4 Tumna B Kiaerke (1, 1) Kak MaKCHMaIbHbIe CTEIEHH
7, 5 u 3 Ha Kotopsie jenutcd ducygo X. [Ipu srom ciejyer He 3a0bIBaTh U3MEHATH U JPyTrue
KJIETKH, KOTOPbIe HAKPBIBAET KAPTOYKA € IeHTPOM B siveiike (1,1).

YT06bI OKOHYIATEHHO BHIYHCIUTL OTBET B siueiike (1, 1) ciaemyer TakzKe OnpeneuTh Iuc-
Jo kaprodek 1 tuma. Samernm, 4ro staeiika (1,0) (o6osnadum ee comepxkumoe 3a Y) us-
MEeHSIeTCs TOJILKO MOJ Bo3meficTBreM Kaprodek ¢ meHTpoM B (1,1) (ymHOXKaerTcs Ha 96THOe
YHUCJI0) W KapTovek ¢ meHTpoM B (2,1) (ymMHOXKaeTcst Ha HeuéTHOE uncio). [Tocue ynanenns
KapTouek 2, 3 u 4 tumna ¢ meHTpoM B (1,1) yMHOXKATH HA YETHOE YHUCIO ITY sTUEHKY MOKET
TOJBKO KapTouka | Tuma ¢ mentpoM B (1,1) — kaprouku B (2,1) 94éTHOCTH W3MEHUTH He
moryT. Takum 06pazom, KojimdecTBo Kaprodek 1 tuina ¢ uenrpom B (1, 1) onpejessiercs Kak
MaKCHMaJbHAsI CTeleHb 2, HA KOTOPYIO AeJUTCs 9ucao Y (Ipu 9TOM, OISTh JKe, CJeiyeT He
3a0bIBATH MEPECTUTHIBATH 3HAYEHHsI BO BCEX sideiikaX, HAKPhIBAEMOii JTAHHOW KapTOUYKOii).

Tot ke MeTO/T MOZKHO UCITOJIB30BATH JI/I MOCJIEI0BATETHHOTO BEIYHCIEHNS d9eeK, TBUTa-
siCh BO BHEIIHEM ITMKJIE IO CTPOKAM, a BO BHYTpPeHHeM — 110 cTojbmaM. [Ipeapayinas yacTn
OyIeT y:Ke IMOJHOCTBIO BBIUKMC/IEHA U He OKayKeT HUKAKOTO BIUSHUI.
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6.3 Kparyaiimue nyTtu B JJjabupuHTE

Emé oaun 6obIo#t KJrace 3ajad, rje JaHHble 33Jal0Tcsd TabJauIei, aBadioTcd 3a1a9u Ha
HOMCK myTeil B adbupunte. [Ipu 3ToM 0OBIYHO JAOUPUHT COCTOUT M3 IMPOXOJUMBIX KJIETOK,
cred (HEIPOXOAUMBIX KJIETOK ), HAYAIbHON U KOHEUHO HO3UIIUH.

Paccmorpum MeTos moncka KpaTdafinero myTH, KOTOPbIH Ha3bIBAETCH <«BOJTHOBBIM aJl-
rOPUTMOM» WM OOXOJOM B TIHUPUHY. Takoe Ha3BaHWE OH TOJYYHJ 3& TO, YTO JIBUZKEHUE
IIPOUCXOJIUT «BOJIHOW» OT HAYAJbHOIl HO3UIMU (T.e. PABHOMEDPHO BO BCE CTODOHBI) M Kak
TOJIBKO BOJIHA JOXOJIUT J0 KOHEYHOH MO3UIUHU, MBI IpeKpaiaeM paboTy aJropuTMa H BOC-
CTaHABJINBAEM OTBET.

Jliist ucriosib30BaHus ajaropuTmMa HaM noHaoburTcs maccuB N X N Jjist XpaHeHUd JIJTHHbBI
yTH B KazKJI0H stueiike (Ha camMOM Jiesie, BO MHOIHX CJIy4asiX MOYKHO BOCIIOJIB30BATHCS TeM
7K€ MaCCHBOM, B KOTOPOM 3a1aércs caM 1abupuuT). KpoMme TOro, HaMm moHaj00uTCs 04epe/ib,
B KOTOPO# OVIAYT XPAHUTbCS KOOPIUHATHI KJIETOK TEKYIIETO IMara «BOJIHBI».

[TomecTuM B HaYATBHYIO KI€TKY O (T.e. MBI MOXKeM J06paThes B Heé 3a () MAros), mpoxo-
JIUMbIe KJIETKH Oy/geM 1moMedarhb, Hanpumep, —1, a HenmpoxoanMbie —2. 3aHECEM B OUepeb
KOODJWHATH HAYaJIbHON KJIETKW W HAYHEM BBITIOJTHEHNE AJTOPUTMA.

AJITOpUTM COCTOHUT B CJIEAYIONIEM: IIOKa OUYepe/ib He IIycTa, OepéM KJIETKY M3 ee HadaJia
U paccMaTpuBaeM ee coceneil. Ecau cocelHsasa KaeTka MmoMedeHa KaK MPOXoauMasi 1 eIé He
noceniéunast (T.e. B Heil HaxXoauTcss —1), TO 3amuchiBaeM B Heé uncio Ha 1 Gosbliee, yeM B
TeKyIeil KaeTke (HaM moHaJ00m/ICs ené OJMH I1ar) U 3aHOCHM ee B 0Yepe/ib.

CobcTBeHHO, 9TO U €CTh BeCh aaroput™. B kKoHedHOi KjeTKe Oyer

0 61718 3aITMCAHO YMCJIO MAroB Ha MYTHU JI0 Heé OT Hadaja. Bejm ke HaMm Heob-
1 5 9 XOJIUMO BOCCTAHOBHUTD €IIE U IYTh, TO HEOOXOIUMO IIepeMelaTbcs U3
21314 ] KOHEUYHOU KJIETKH B JIIOOYIO COCEIHIOI0, B KOTOPO# 3amucaH HOMED Ha
3 51617 1 menbmuii, 4em B TeKyIIe.

T.e. nyTh Oyser BoccTaHOBJIEH B OOPATHOM IMOPSIKE.

Bo3MoxKHBITT BUJI TAOJIUIBI U OYepPeIu TOocjie PabOThl aJropuT™Ma
(ctpoka N — HOMEp IlIara, B caMOil 0Yepe/ii He UCHOJIb3YeTCs, T.K. HOMe] Iara XpaHuTcs B
TabJiuIe W MPUBEJIEHA JIJisl OSICHEHNA ):

X10/0]0]0]12(2|23|2|4]34|4
Y|0[1(2|3]2]|2]|3 31013101210
N|JO|1|2|3[3[4|5]5|6|6|7|7|8]|8

—_

QO | &~

B sTom asropuTMe Mbl He YUUTBHIBAIN, YTO Y FPAHUYIHBIX KJIETOK HET YACTU COCeieih. DToT
YACTHBIN CIydail JJerko o0OWTH, ecIi cO3AaTh BOKPYT JJAOUPUHTA Oapbep U3 HEIPOXOTUMBIX
KJIeTOK. B HeKoTOpbIX 3a/a4ax, HaobopOT, MOKHO OOXOJUTH JIJAOUPUHT CHAPYZKHU — TOIJIA
bapbep M0KEH OBITH TMPOXOINMBIM.

Emé onmu BapmaHT 3a1a4 ¢ JabMPWHTAMI — KOTJA Y HAC HET HEMPOXOAMMBIX KJIETOK,
HO eCTh TOHKHE CTeHKH MeKjly KJeTKamu (y OJHOH KJIeTKH MAKCHMyM 4 OKPYZKAIOIIHe ee
CTeHKH). B TakOM cilydae HAM HYXKHO JIJI KazKJ0# KJIETKH MOMHHUTh, KAKHE y Heé eCThb
CTEHKHU. Y 100Hee BCero Je/iaTh 3T0 ¢ MOMOIILI0 4 OUTOB — KaxK/plil OUT OTBEYaeT 3a OJIHY
CTEHKY:

OOBIYHO TAKOTO POMa JAOMPHHTHI 3aJAI0TCA CIHCKOM CTeH. UTOObI MOJIYyYIUTh TOTOBOE
K YIOTpeOJIeHUIO OITUCaHKe JaOUPUHTA HEOOXOIMMO: BO-IIEPBBIX «OOHECTH» BeCh JTAOUPHHT
CTEeHKaMH (yCTaHOBI/ITb JJIST KazKJIOW TPAHMYHON sS4YefiKM COOTBETCTBYIONMUNA OUT, a Jjisd yrI-
JIOBBIX — 2 OUTA), & BO-BTOPBIX — PACCTABATH CTEHKHU (M3MEHUTH MO OJHOMY OUTY B JBYX
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siaefikax, KOTOpble pa3/ie/ser JaHHas CTeHKa). AHAJOIHIHO MOXKHO PeaJn30BaTh U JIIOObIE
apyrue gabupuHThl (¢ 6, 8-CBI3HOCTHIO U j1azke GoJiee CJI0KHBIE) — HEOOXOINMO MPOCTO yBe-
JIMYUTDH KOJIUIECTBO OUT JIJIsI OIMCAHUS CTEH.

Tenepb Ha KazKJO0M IIare BOJHOBOT'O aJITOPpUTMa HaM Ha/J0 HPpOBEPATH, YTO COCEIAHAA
A4eiKa HE 3aHATa U JBE A9€HKN He pa3/Ie/ideT CTeHKa (CMOTpeTb COOTBETCTBYIOLIUNA cocennei
stuelike 6uT). B ocTaabHON 9acTH anropuTM octaHeTcst 6e3 uaMenenuii. [Tpu BoccTaHOBJIEHIH
OyTH TaK:Ke HAJI0 CAeJIUTh 33 TeM, YTOOBI He XOIUTH Yepe3 CTEHHI.

CymecTByeT KJacc 3a/a4, B KOTOPBIX HeOOXOAUMO HaflTH He KpaTdaiiimumil myTh oT of-
HOM KJIETKH JIO OCTaJIbHbIX, & HA0OOPOT — KpaTdaiilime IyTH OT MHOTUX KJIETOK JIO OJIHOM.
3/1eCh MOZKHO BOCIIO/IH30BATHCSA HHBEPTUPOBAHUEM, T.€. HAWTH IIyTH OT OTHON KJIETKU 0 BCEX
OJHUM OOXOJIOM B TIIUPHWHY, & MOTOM MPOCTO Pa3BEPHYTH MyTH B OOPATHYIO CTOPOHY. AHAJIO-
THYHO MOZKHO MOCTYOUTH W B CJIYYae €CJIU CYIECTBYET MHOTO HAYAJBbHBIX KJIETOK U MHOTO
KOHEYHBIX — BOJIHOBBIE AJATOPUTMBI CJIEIYET 3allYCKATh U3 TeX KJIETOK, KOJIMIECTBA KOTOPBIX
MEHbLIIE (T.e. €CJIM HaYaJIbHbIX KJIETOK MeHbHIC — 3allyCKac¢M BOJIHbI OTTyJda U HaO60pOT B
IIPOTHUBHOM Cﬂyqae), 3aTeM JIj1sd KazKJIol KJIeTKHU CJIe/IyeT BhIOpaTh MUHUMYM.

6.4 Cucrema HelepeceKalNIXcsad MHOXKECTB

ITepen paccMorpeHneM CJeAyIOIIEr0 aaropuTMa paborsbl ¢ TabJIUIAMUA HEOOXOIUMO OT-
BJIEYbCS] U OCBOUTH OJIHY HECJIOXKHYIO CTPYKTYPY JaHHBIX — CHCTEMY HETepPeceKafonnXcst
MHOYKECTB.

B onuMnmaiHBIX 3a/1a9ax JOBOJILHO YacTo TpebyeTcs pa3duTh HabOp 0ObEKTOB Ha Helle-
PECeKAIOTIIecst MHOYKECTBA (T.e. KaxKIblil 00bEKT MOZKET JIeZKATh TOJBKO B OJTHOM MHOZKeCTBe,
HO B OJHOM MHOYKECTBE MOXKET HAXOJIUThCS HECKOJIBKO 00bEKTOB). IIyCcTh 0GBEKTH MPOHY-
meposanbl or 0 o N — 1. B kadecrBe ujenTudgukaropa MHOXKECTBa Oy/IeM HCIOJIb30BaTh
takzke guciaa or 0 jgo N — 1. [Ipn maMnumasmm3anmm, oObIYHO, BCE MHOXKECTBA COCTOST W3
OJIHOT'O 3JIEMEHTA, T.e. OOBEKT ¢ HOMEPOM ¢ JIEKUT BO MHOYKECTBE ¢ HOMEPOM .

JIIst cucTeMbl HETePeCeKaIoIMXCsT MHOYKECTB OlpeiesieHnl e oneparun: fset (x), BO3-
BpaIlaionas HOMep MHOYKeCTBa, B KOTOPOM JIe’KUT JeMeHT W omeparnusd sunion(x, y),
00 beIUHAIONIAS MHOYKECTBA, COJIep:Kalllie JeMeHThl X U y B ojHO. [lepBas onepamus mc-
HOIB3yeTcsT, OOBIYHO, M1 MPOBEPKH TOTO, JIEXKAT JIU JIBA 3JEMEHTa B OJHOM MHOXKECTBE WM
B Da3HBIX.

D PeKTHBHOCTD PA3INYHBIX CTPYKTYP OyIeM OIEHHBATH KAK KOJHIECTBO OIepaInii,
HeoOxommMoe 111 00beanHeHnss N MHOYKECTB B OHO B HAUXYAIIEM I JAHHONW CTPYKTYPbI
Caydae.

CaMbIM TIPOCTBIM CITOCODOM PeaTn3allny SIBJISIETCS OJHOMEDHBIN MACCUB, IJIe WHJIEKC 3a-
JIaéT HOMep OO'beKTa, a 3HAYEHHE - HOMED MHOXKECTBA, B KOTOPOM 3TOT OOBEKT HAXOIUTCH.
[IpoBepka OyaeT MpocTO BO3BpalIATh 3HAUEHHE W3 3AIPONICHHON sueilku, a obbeauHeHune
JOJIZKHO MPOXOJUTH TI0 BCEMY MACCHBY W 3aMEHATH BCe yucia Ha (wau Haobopor). B xyu-
IeM CJIydae Kazk/Iblit pa3 Mbl OyaeM 100aBsaTh MO OJHOMY 3JIEMEHTY, TaKuM 00pa3oM, HaMm
norpebyercsas N HPOXOJIOB 110 MACCUBY U CJ10xKHOCTEL coctasut O(N?).

Paccvorpum 6osiee 3pdekTUBHYIO peasin3alifio, rje KpoMe MaccuBa OyAeT XPaHHUThCS
TaKyKe CIHUCOK JEMEHTOB MHOXKECTBa (/I CHHMCKa Mbl OyleM XDaHHTh yKa3aTeJd Ha Ha-
a0 U Kouerr). Dtor crnocod Tpebyer O(N) momosHuTebHON MaMsiT. [Ipu mpoBepke Mbl
Oy1eM TakKe BO3BpAIlaTh 3HAYCHHE U3 MACCHBA, a IIPU MOIMMPUKAIINN TPOXOJUTH IO OTHO-
My U3 CIIHCKOB U MEHATDH 3HAUYEHHS B MACCHBE, a MOTOM IPUKPEILISATH ITOT CIIUCOK K KOHILY
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apyroro. Eciim Mbl GyjieM jiesiath 3o 6e3/1lyMHO, TO CJI0AKHOCTL Takxke cocrasur O(N?) —
3TO Cjydail, KOrja KaK/Jblil pa3 JJIMHHBIA CIHUCOK OyJIeT MPUKPEIIAThCd K KOHILY CITHCKA
bl 1. Eciu BBeCTH JIJI KAXK/I0r0 CIECKA TaKoe T0Jie, KAaK JJINHA CIUCKA (OHO JIETKO Iie-
PECUUTHIBAETCS TIPU O0'be JUHEHUH ) 1 IPUIUCHIBATH KAXKIbIi pa3 Gosree KOPOTKUH CIHHCOK, TO
JITIST TTOCJIEIOBATETHHOTO O0beTHHEHHUST BCEX CIIUCKOB JINHBL 1 ¢10KHOCTH Toryantes O(N).
O1HAKO, eCJIn KazK (bl Pa3 JJIMHBI CIIMCKOB OYLyT paBHbI (Xyaiiuil JJis HaC caydaii), Mbl 110-
aygaem caoxkuocTh O(N log N). Ha kaxkmoMm 1mare 6y yT o0beIHHITHCS BCe TTApPhl CIHCKOB
paBHOl JJIMHBI, KazKJIbIil pa3 JJIMHA CITUCKA OY/eT yBEJUYIUBATHCHA BJBOE, CJeJI0BATEIbHO,
obI1ee KOJTUYIECTBO MIAroB OYIeT cOCTaBaAThH log N.

PaCCMOTpI/IM TaK2Ke peain3alio Ha CTATHNBalOIIUXCA KOPHEBLIX NJ€PEBbAX. ZLHH KazKJ10I'0
MHOYKECTBa BbIOEpEM 3/IEMEHT, KOTOPbIH HA30BEM «IIpejcTaBuTeseMy. [IpepcraBuresnb yKa3bi-
BaeT caM Ha cebsl, 1 CHaYaJIa BCE 3JIEMEHTHI YKa3bIBAIOT caMu Ha ceds. [l kazxKaoro gepesa
BBeJIEM TaKoe TOHSTHe, KaK BBICOTAa, KOTOPOe CPOJIHU JIJTHHE CIUCKA U OoJiee «HU3KOe» Jiepe-
BO CJIe/IyeT MPUKPEILIATH K 00Jiee BBICOKOMY, & B CIydae, €CJTH BHICOTHI OB PABHBI, BBICOTA
PEe3YJILTUPYIOIIEIO JIEPeBa, yBEJUIUTCs Ha euHuIly. T peboBanust K JONOJIHUTE/bHON TaMsTh
cocrasar O(N).

OyHKIWSA TOUCKA JOJKHA UJITH HaBepX, MOKa He JOWAET /10 mpecTaBuTe s, a QOyHKIII
o0be/INHEHUS BBI3BIBAET JBe (DYHKIINH TTOUCKA, & 3aTeM yiKe o0benmHseT AepeBbs. Kazanoch
Obl, TaKOl C110cO0 He JIAET HUKAKUX OCOOBIX HPEUMMYIIECTB Hepe/| CIIMCKaMM, OJIHAKO MOXKHO
MOJIMMPUITTPOBATH (DYHKIIUIO TIOMCKA TaK, YTOOBI IIPU TPOXO/IE M0 BCEM JIEMEHTAM IIyTH JI0
IpeacraBuTe/]id OHa, IOJYYUB YKa3aTeJb Ha IIpeacTaBUTe/Id, JJId BCEeX 3JIEMEHTOB Ha IIYTHU
VCTaHABJIMBAJIA yKA3aTe b HEIIOCPEJICTBEHHO Ha mpejacTaBuTesis. 1o Tpedyer emé O(log N)
JOTOJIHUTEIBHON TTaMsITH (9Ta OlleHKA CUJIBHO 3aBbilieHa). [IpuBeiéM peau3anuio CHCTeMbI
HETIePeCeKAIONIXC S MHOYKECTB:

const
MAXN = 10000;

type
syst_el = record
rank, p : integer;
end;
syst = array[1..MAXN] of syst_el;

procedure init(var a : syst; n : integer);
var
i : integer;
begin
for 1 := 0 to n do begin
alil.p := i;
ali] .rank := 0;
end;
end;

function fset(var a : syst; x : integer) : integer;
begin
if (x <> a[x].p) then
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alx].p := fset(a, alxl.p);
fset := alx].p;
end;

procedure sunion(var a : syst; x, y : integer);
begin
if (a[fset(a, x)].rank < al[fset(a, y)].rank) then
alfset(a, x)].p alfset(a, y)1.p
else begin
alfset(a, y)].p alfset(a, x)].p;
if (al[fset(a, x)].rank = a[fset(a, y)].rank) then
inc(alfset(a, x)].rank);
end;
end;

CH0KHOCTH 00beIMHEeHNsT BCeX MHOXKECTB B OJHO TpakTudeckn JuHeitna. OctaBum 0e3
JIOKA3aTe/IbCTBA ITOT (DAKT M TOYHYIO OIEHKY, OJIHAKO MHTYUTUBHO MOHATHO, MOYEMY OIle-
pamuga fset OyJeT BBINOJHATHCH C KayKJIBIM pa30M Bce ObICTpee.

6.5 BplgeseHne cBA3HBIX obJiacTeil

Ha omuMnuagax 10cTaTOYHO YaCTO MPeIaralnTcs 3aJa9i, B KOTOPBIX HeOOXOIMMO BbIIe-
JUTH B TabJIUIE CBsI3HBIE 00JIACTH (T.e. KayKI0# IPYIIIe CONPUKACAIONINXCST «3AKPAITeHHBIX >
KJIETOK MPUCBOUTH YHUKAJIBHBIN HOMED) 1 MOAuUKAIMY TaKuX 3a1a9. CYIIecTByeT HECKOb-
KO CIOCOOOB DeIeHns! TaHHO{ 3a/1a491, KOTOPBIE PA3JIMYAIOTCH 110 CJ0KHOCTH PEaTH3aIul 1
TPeOOBAHUSIM K TTaMSITH.

[Ipocreiimuit criocod — «06x0/ B TJIyOMHY », KOIJIa Mbl HCHOJIb3yeM PEKYPCUBHYIO (DYHK-
U0, KOTOPasi IOMedaeT KJAeTKY, KaK yzKe MPOCMOTPEHHYIO W BBI3BIBAET cebs /i BCEX emé
He MPOCMOTPEHHBIX 3aKpalleHHbIX cocefieil. [lumerca takag dyHKIHA OYeHb MPOCTO, HO B
XyameM caydae (Koraa 3aKpaiieHo Bee MoJie), KOJITIeCTBO PeKyPCHBHBIX BBI30BOB Oyaer N2,
9TO OYeHb MHOTrO. B IesoM ajropuT™M BbIJIeTEHUs CBA3HBIX 00JacTeil 00X0IOM B ITyOWHBI
BBITVISIUT TAK: Mbl MPOXOIUM BCIO TAOJIUILy M €CJU BCTPEYAEM 3aKPAIIEHHYIO HE MOMEYeH-
HYIO KJIETKY, TO BBI3bIBAEM /I HEé PEKYPCHBHYIO (DYHKIMIO ¢ HOBBIM HOMEPOM (KOTODBIH
Gyzer HoMepoM JanHoil obtacth). C0KHOCTE 3TOTO anropuT™a oyjer coctapaarh O(N?).

Caenyronuii criocod — ucIob30BaHue 00X01a B MUPUHY, MOAUMDHUKAIINNA BOJHOBOTO aJI-
roputMma. OTIngaeTcs OT TPeJABIYIEro OH TOJBKO T€M, YTO BMECTO BBI30BA PEKYPCUBHOM
dbyHKIINH, HOBad KJIeTKa 100aBJgeTcs B ouepeb. IIpu 93TOM momMedars KJIETKY cJieyeT BMe-
CTe ¢ MOMeIeHneM B 049epe/ib (4ToObl He BO3HUKAJIO CHUTYAIUil, KOrJa OJ[HA U Ta YKe KJIeTKA
nonaja B odepesb 2 win 6osee paz). TpeboBanust 1mo JOHOJIHUTEIHHON HaMsATH (J1J1s XpaHe-
HUsI 09epe/n) y aroro aaropurMa oyayr O(N).

Paccmorpum emé oy peasusanuio nouc-

K& CBS3HBIX 00jacTell ¢ moMompo moctegao- [0 1.1 01 0 1 2 101 3 101 0 0
BaTeJIbHOT'O CKaHUPOBAaHUA. B 9TOM aJITOPUT- O _1 _1 _1 _1 0 _1 0 _1 O
Me MBI OyjeM IPOCMATPHBATH Tab/IHIY CBep- IIlar 1: HMKHAAA CTPOKA He pa3MedeHa,

Xy BHH3, Ha KaskKJOM IIare maM u3secTHa [oT 1 1 0 1 0 1 2 10l 3 101 0 0
y2Ke pasMedeHHas CTPOKa (Ha MepBoM mare — [ g 7 7 T lol =10l =1 0

[MTar 2: pazmedaem obJiacth 1 B HOBOI CTPOKE
O6gactu 1 1 2 00beIUHAIOTCH

o[t JofJo]2]0o]l3]0o]0]O
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CTPOKA, COCTOSIIAs U3 HE 3aKPAITEHHBIX KJIe-
TOK, Gapbep) u 1o Heii Mbl OygeM pa3Medarhb
CJIEJIYIOIIYIO, €INé He PAa3MEYEHHYIO CTPOKY.
[Ipomecc pasMeTKu MPOUCXOIUT CJIe/LyIOTINM
00pa30OM: MBI HJIEM MO Y7Ke pa3MedeHHOi CTPo-
K€, €CJIM HaM MOMAJIACh KJIETKa, OTHOCSIIASICS
K Kakoii-To obmacru (X), To moMedaeM Bce He
pasMedeHHbIe KJIETKH MOJ, Heil B 06e CTOPOHBI,
KaK OTHOCcsIuecd K Toit ke obsactu. Ecian B
Iporecce pasMeTKd KJIeTOK HUMKHEH CTPOKH
Ha/ KakKoii-inbo KJIeTKON OKa3a/ach KJeTKa,
IIOMeYeHHasl, KaK OTHOCAIasacs K Japyroit oduacru (Y), 1o obaactu X u Y caeayer o0b-
eJINHATH B OJHY (9Ta CHTYaIMsi BO3HUKAET, HATIPHMED, €CJIH Mbl pa3MedaeM TePeBEPHYTYIO
O6ykBy [l — B BepXHHX CcTpOKax y Hac OYIAyT JBe pasHble 00JaCTH, a 3aTeM OHU OObeIUHATH-
st mepeMbIukoii). ITocse Toro, Kak Mbl BBIIOJHUIH MTPOXOJ 0 BepXHEil ¢TPOKe, B HUKHEH
MOTYT OCTATBCS €IIE He PA3MEYEHHBbIC KJIETKU — JIjIs HUX CJEAYeT CO3/aTh HOBbIE 00J1aCTU
u pa3mMeruThb ux. [Ipm 370M cMexKHBIE KJIETKH CJIejIyeT TOMEIATh B OJIHY 00J1aCTh.

st peanusanuu obaacreil (IpoBepKH MPUHAJJIEZKHOCTH OJHON 06J1aCTH U 00be IHHEeHUST
obJtacreit) y00HO HCIOIB30BATH CHCTEMY HEIIEPECEKAIOIIUXCST MHOKECTB, PEATH30BAHHYIO ¢
IMIOMOHIBIO CTATHUBAIOIIUXCA KOPHEBBIX Jd€pPEBLEB.

var
table : array[0..MAXN+1, O..MAXN+1] of integer;
i, j, k, n, nowreg : integer;
regions : syst;

//3mech moykHE MATH QyHKIUM PabOTH CO MHOXECTBAMU

begin
nowreg := 1;
read(n) ;
//UHunuanusanyus CHCTeMh MHOXECTB
init(regions, n*n div 2);
//Co3manne 6apnepa
for i :=0 to n do begin
table[i] [0] := O;

tablel[i] [n+1] := O;
table[0] [i] := 0;
table[n+1][i] := 0;
end;
//CuuTsBanve ¥ mpeobpa3oBaHUE BXOLHHX JAHHBIX
for i :=1 to n do

for j := 1 to n do begin
read(table[i]1[j1);
if (table[il[j] = 1) then tablel[il[j] := -1;
end;
//06xon Tabuilb
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for i := 0 to n+l do begin
for j := 0 to n do begin
if (tablel[il[j]l > 0) and (table[i+1][jl = -1) then begin
k :=3;
//Pa3MedaeM HUXHIOW CTPOKY HAJEBO
while (table[i+1][k] = -1) do begin
table[i+1] [k] := fset(regions, table[i][jl);
if (tablel[il[k] > 0) and (fset(regions, tablel[il[k]) <> table[i+1][k]) then
sunion(regions, table[i][k], table[i+1][k]);
inc(k);
end;
k := j-1;
//... u Hampaso
while (table[i+1][k] = -1) do begin
table[i+1] [k] := fset(regions, tablel[il[j]);
if (tablel[il[k] > 0) and (fset(regions, tablel[i]l[k]) <> table[i+1][k]) then
sunion(regions, table[il[k], table[i+1][k]);
dec (k) ;
end;
end;
end;
//Pa3MeuaemM HoOBhHE obmacTu
for j := 0 to n do
if (table[i+1][j] = -1) then begin
k = 3;
while (table[i+1][k] = -1) do begin
table[i+1] [k] := nowreg;

inc (k) ;
end;
inc(nowreg) ;
end;
end;
//BHBOZ, pe3yJIbTATOB pPa3METKU
for 1 := 1 to n do begin

for j := 1 to n do
if (table[il[j] <> 0) then

write(fset(regions, table[i]l[j1), ’> ?)
else
write(’0 ’);
writeln;
end;
end.

Pazmep maccnBa Tnmna syst jgomnke ObITH ycTaHoBieH B MAXN*MAXN div 2.
IIpuBenénnas BbIle MPOTPaMMa OCHOBBIBAETCSI Ha MCIIOJIb30BAHUN CHCTEMBI HellepeceKa-

IOIMUXCA MHOXKECTB.
OTMGTI/IM, 9TO Ha CaMOM JeJie, HaM He HY2KHO XPpaHHUTb BCIO Ta6ﬂI/IHy IJId NCIIOJIb30BaHU A
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MEeTOJa CKAHUPOBAHHUSI — JOCTATOYHO TOJBKO 2 ¢TPOK. OIHAKO 3TO HEJb3s HCIOJIb30BaTh
JazKe JIJIs HeTIOCPeJICTBeHHOTO BBIBOJIA PE3Y/IHTATOB (ONSTh ¥Ke npuMep ¢ mepesépuyToii I1).
[Tonb3oBaTbed TeM, 9TO MBI MOKEM He XPAHUTDL BCIO TaOJIMILY MOXKHO TOJBKO B 3a/la4ax, I/1e
HEeOBXOIMMO MOJICIUTATH HEKOTOPBIE TApAMETPHI CBI3HBIX 00/1acTeill (HapuMep, KOJTHIeCTBO
3JIEMEHTOB B MAKCHMAJIHHOM M MUHHMAJBHOM MHOXKECTBE), HO He TPH HeNOCpPeICTBEHHOM
BBIBOJIE PA3METKH.

MakcuMaabHOe KOJIMIeCTBO CBA3HBIX MHOXKecTB Ha Tabanne N X N cocrasisier [N/2 X
N/2], HO IpW WCMONB30BAHUN CKAHWPOBAHWST HAM BayKHBI TOJHKO MHOYKECTBA B JIBYX CTPO-
KaX, T.e. JIOCTATOTHO MOJJIEPKUBATH CIIMCOK CBOOOIHBIX HOMEPOB MHOXKECTB U HCIIOJIH30BATDH
TOJBKO 2 X [ N/2] A0moJHUTETbHOI TTaMSITH.

Mero/1 ckaHupoBaHUsT MOXKHO TaKzKe UCIIOJIb30BaTh U JIJ/I PEIIEHUs JPYTIUX 3a/1a9, KOTO-
pble, Ha MEePBbBIil B3I, JOJKHBI PeIaTbCsd APYTUM MeTO0M. B 9acTHOCTH, MOXKHO TIPOBe-
PSITh, CBSI3AHBI JIM JIBe KJIETKH (T.e. MeXKJy HUMH CYIIECTBYeT My Th B Jabupunte). /s 31010
JIOCTATOYHO IIPOBEPUTH, YTO OHH JIEXKAT B OJHOM M TOil 2Ke cBa3HOi obJactu. Meroa cka-
HHUPOBAaHUs IPUMEHHM TaM, IJie HEBO3MOXKHO IMOMECTHTh B IaMSATh BCIO TAOJIUIY — B TAKOM
ciydae cjejlyeT UCKaTh ero MOJAMQUKAIMIO, PEIHIAIONIyI0 KOHKPETHYIO 3a/a4y.



Jlekmima 7

JIlmHaMm4ieckoe nporpaMMUPOBaHUE C
OJJHIM IIapaMeTpPOM

Bepcua P or 30.11.2009

7.1 DBsenaenue

JluHaMUYeCKAM TpOrPaMMHPOBAHIEM Ha3bIBAETCSI METOJI, KOTOPBIH IO3BOJISET pPEmIaTh
«mepebOpHBIey 331a49M, ONMMPAsCh HA YzKe PeIIéHHbIe MMOI3aJadd MeHbIIero pasmepa. llpn
3TOM HEOOXOIUMO, UTOOBI BCE PEIIEHUs MOYKHO OBLIO 3allOMHUTHL B TaOiauie (T.e. JaHHbIe,
[IOCYHUTaHHbIC OAHAXKIbI, HE HepquI/ITbIBaIOTCH).

Nnen amHaMUYeCKOTO MPOrpaMMHUPOBAHNS OYEHDb MOXOXKH HA, MIEH METO/A T0KA3aTe/ b
CTBa IO HHJYKIIMH, W3BECTHOIO U3 IMKOJbHOW IporpaMmbl MareMaTuku. Cdopmyaupyem
HeoOXOoIMMbIe TPeOOBAHUSI:

1. Bce pertenns mogzagad J0AKHBI 3alIOMUHATHCS B TaOJIUIIE.

2. CymiecTByeT W3BeCTHbIE DeIeHUs I 3aa9d ¢ MAJoil Pa3MepHOCTHIO (AHAJIOIHYHO
POBEPKe IS MUHUMAIBHOTO HapaMeTpa B MeToJe MaTeMaTHIeCKOH HHIIYKITHH ).

3. CymecTByer crocod BHIPA3UTH pPelleHre 3aJ1a91 Y4epes3 Mo3a1adn (BO3MOKHO, OTJIHY-
HbIE OT MCXOJHON 3aJ1avm) MEHBINel pasMepHOCTH. DTO GOJIBbIIE BCETO HATIOMUHAET
PEKyPPEHTHOE COOTHOIIEHWE B MaTeMaTHKe.

TpeGoBanne MeHbIIEH Pa3sMEPHOCTH O3HAYAET, YTO 3HAUYEHHE Tapamerpa (HJIH OJHOTO
M3 11aPAMETPOB, €CJIM WX HECKOJIbKO) B MOJ3aJade JIOJIKHO ObITh MEHbINe, 4eM 3HAYeHHe
napaMeTpa B 3a/iade U B UTOTe IOCJ€e/I0BATEbHOCTD MOA33/1a4 JOJKHA CXOUThCS K U3BECT-
HBIM pertieHnsiM (HyJeBOMy mapamMerpy, Hanpumep). Eciau mapaMerpbl noazamiad «yXoIaT B
OECKOHEYHOCTh» WM BO3HUKAET KPYIroBad 3aBHCHMOCTbL — 9TO O3HAYAET, YTO METOJl JTUHA-
MHYECKOTO MMPOTPAMMHUPOBAHUAA HEeITPUMeHNM. B HEKOTOpPBIX caydadgx pPa3yMHO MOACUUTATH
CYMMY BCeX lapaMeTpoB U TpedoBaTb, 4TOObI HA KarxK/JOM IIare 3Ta CyMMa yMeHbIIaJ1ach
(0/IHAKO 9TO HE BCerja BO3MOXKHO).

3ajaun IMHAMUYECKOTO MTPOrPAMMUPOBAHUST TEJIATCS HA JIBA THUIIA: ONMTHMUBAINS eI~
BOIl (DYHKIIMM U MOJCYET KOJMUYECTBA BApUAHTOB pelieHus. B mepsoMm ciydae HaM HEoOX0-
JIMMO BBIOpATH JIydIliee cpeu BCceX PelIeHHi 1013a71a4, BO BTOPOM — IIPOCYMMHPOBATDH BCE
KOJUYIEeCTBa pelteHnii moa3a,mad.

79
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B ciyuae eciu uiercst perienye, HHOrAa OGbiBaeT HEOOXOLUMO HOJCIUTATH HE TOJIBKO CaM
OTBE€T, HO 1 BOCCTAHOBHUTL peHieHrue IOJIHOCTBIO (3aHI/IC&Tb, KaKue ﬂeﬁCTBI/IH BbBIITOJIHAJINCH
Ha KayKJIOM II1are).

7.2 OnTtmMmum3anug 1esjieBoit PyHKIINNI

K 3agagam ontumusanuu neseBoit (pyHKIUM JId 3aJaHHOIO YHCJIA, [M0/1331a9 OTHOCST-
Cqd Te 3aJa4i, B KOTOPBLIX pelleHue MOXKHO HaUTH NCXoOd U3 3HAHUA peH_[eHI/Iﬁ HECKOJIbKUX
NpeIbIAYINNX 3aa49. Byzem paccMaTpuBaTh TpUMepPbl UCXO/Is W3 TTPUBEIEHHON BHITIIE CXEMBbI.

ITokynka 6ujeron

Mockosckas onnmnuaa 2003

3a OuseraMu Ha IPeMbepPy HOBOTO MIO3UK/IA BBICTPOMIACH 0depeib u3 N 4eloBeK, Kaxk-
Bl 13 KOTOphIX Xo4erT KynuTh 1 Guier. Ha Bcio ouepesnr paboTasa TOJABKO OJHA Kacca,
OTOMY IPOJiazka OUJIETOB IILJIa OYeHb MeJIICHHO, IIPUBOJS «IIOCTOAIBIEB» OYePed B OTYa-
sgune. CaMble coobpa3uTebHble OBICTPO 3aMETHJIN, YTO, KaK IPAaBUJIO, HECKOJIBKO OHJIETOB
B OJHA PYKHU KAaCCHP HpOMaéT ObICTPee, YeM KOIJa 3TU Ke OUJIeTHI MPOJAI0TCs MO OJIHOMY.
HOSTOMy OHU IIPEIJIOZ2KUJIN HECKOJIbKUM TOAPA ] CTOAINUM JIIOAAM OTJaBaTh J€HbI'M IEPBOMY
u3 HUX, 9TOObI OH KyIUJ OUJIETHl HA BCEX.

OsHako it O0pbOBI CO CIEKYISHTAMU KacCHUp IpojaBaJia He 6osee 3-X OHUIETOB B OJHU
PYKH, IIO9TOMY JTOTOBOPUTBHCS TaKUM 00pPa30M MeKIy COOOU MOTVIM JIUIIb 2 WA 3 MOIPST
CTOSITIIAX YI€JTOBEKA.

N3BecTHO, 9T0 HA NPOMAKY i-My UEJOBEKY U3 OY€peIu OIHOrO ODujera Kaccup Tparut A;
CeKyH/I, Ha MPOJAXKy JABYX OmjaeroB — B; cexynm, Tpex Omwreros — C; cekyusa. Hanumrmre
IpPOTrpPaMMy, KOTOpasd MOJACYUTACT MUHUMAJILHOE BPpEeMs, 38 KOTOPOE MOTJIA ObITH 0OC/TY ZKEHbI
BCE TOKYIIATEIH.

ObpaTute BHUMaHUe, YTO OUJIETH HA TPYNNY O0bEIUHUBIINXCS JIO/IEH BCeryia TOKYIaeT
nepBblii n3 HEX. Takzke HUKTO B IEIAX yCKODEHHs He MOKYNaeT JHITHUX OnIeToB (TO eCTh
GHIIETOB, KOTOPBIE HUKOMY He HYZKHBI).

Bo BxomHoM aiisie 3amucano cHadajia 9ucjao N — KOJUYeCTBO IOKYIaTe el B odepe in
(1 < N < 5000). Janee uger N Tpoek Harypaibubix uncen A;, B;, C;. Kaxmoe u3z srux
quces1 He mpeBbiaeT 3600. Jliomn B odepean HyMepyloTcsd HAUMHAS OT KacChl.

B Boix0HO{T daiia BeIBEMTE OJHO YNCJI0 — MHHUMAJIbHOE BPpEMS B CEKYH/IAX, 38 KOTOPOe
MOTJIN OBITh OOCIYZKE€HBI BCE TTOKYATEJIH.

ByneMm uckatp pemienue mo NpuBeIEHHON BBIIIE CXeMe.

Cosnamum ogaoMeprbIit Maccus (X ), piunoit 5000, B i-0ii s9eiike KOTOPOro GyaIeM 3aro-
MUHATb BpeMs, HeOOXOIUMOe /TSl TIOKYITKU OUJIETOB BCEMU JIIOABMU JI0 ¢-T'O BKJIIOYUTETHHO.

Jlaymee — madasabuble ganabe. Co3naanM B Maccupe Oapbep — TPEX (PUKTUBHBIX JTIO/IEH
¢ Homepamu 0, —1 u —2; B COOTBETCTBYIOIIHE STUEHKN 3aIOJHUM HYJISAMH (BpEMsl MOKYITKI
orteToB GUKTUBHBIME JIOABME — 0 CeKYH/T). 3A0JHIM COOTBETCTBYOIINE TIHKHI MACCHBOB
A, B u C «6ecKOHETHOCTBIO», KOTOPOil B JAHHOM CJIydae MOXKeT OBITh JIF0O0e IHCJIO DOIbIIe
3600 (bUKTUBHBIE JIIOAU TMOKYIAIOT OUIETHI OUeHb MEJIEHHO, 3TO HEOOXOIUMO, YTOOBI OHU
HUKOTJIa HE YYaCTBOBAJIU B PEIEHNN ).

Teneps 3anutrem ontumuszupyionyio gpyukmnuio. [Tycts 3amonnens: Bee sueiiku 10 K-oif,
He BKJOYas ee. Ham HeoOxoaumo Bbipasuth X [K| depes yxke pemiéHubie mog3ajgadu. s
KazKJIOr0 9eJI0BeKa (€CH CIUTATh, YTO 34 HUM OYePeIM HeT) CYIIECTBYET BCero 3 BapHaHTa
npuobpecTu OmIeT: b0 BCe 10 Hero MOKYIaoT OWIET, U OH OepeT TOJILKO JJIs cebdsi; TudO0 Bee,
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KpOMe TpeJIbIAYIIero noKymnaoT cede duaera, a npejapayniuit 6eper jaBa Ousera; Jubdo Bce,
KpOMe JIBYX MPeIbLAYIIIX MOKYHaloT cebe Oumersl, a crodnmii Ha nmo3urmn K — 2 mokymaer
3 oumnera. T.K. TpeOyeTcs mocyuTaTh MUHUMAJIbHOE BpeMs, TO GopMyaa OYJIeT BBILJILAIETD
CJAeAYIONUM 0Opa3OM:

X[K]=min(X[K — 1]+ Ay, X[K — 2| + Br_1, X|[K — 3] + Cy_2)

Takum obpazom, st perieHns HaM HeoOXO0IMMO MHUIIHAJIM3UPOBATH MacCcuB X (DUKTHUB-
HBIMU JIIOAbME, canTaTh MaccuBbl A, B u C', u nporaars nuka 1o K or 1 o N. Oreer Oymer
cofiepzkaThes B staeiike X [IV].

CJ10:KHOCTH TAKOTO PellleHus JIMHeHA.

Pacemorpum 3amauu, rae 1/ MOJIyUYeHUsT OTBeTa TPeOYIOTCs BCe YzKe pPeIiéHHble 3aa9n
MEHBIIET0 Pa3Mepa.

Jlast mpuMepa BO3bMEM KJIACCHIECKYIO 3a/1a9y JIMHAMUYIECKOTO TPOTPAMMUPOBAHUA: 32~
Jlady 0 HamOOJIbIIEell BO3pacTalonieil mo/Irmoce10BaTe/ IbHOCTH.

YcaoBue ee TaKOTO:

Jlana mocaemoBaTeabHOCTh B3 N unces. Tpebyerca HalTu JJIMHY HAHOOIBINEH BO3pacTa-
OIIeHl TTOIOC/IeI0BATEILHOCTD. DJIEMEHTHI B TIO/IOC/IEI0BATETLHOCTH HEe 00513aTeTbHO WY T
moApsiz (T.e. YACTH JIEMEHTOB HCXOTHOM MOCAeI0BATEIHLHOCTH MOKHO «BBIODOCHTBY ) W KazK-
JIBIH 9JIEMEHT IO/IIOCAeI0BATEILHOCTH JIOJZKEH OBITH OOJIBIIIE IIPETbI LY IIIHX.

Bynem neiicTBoBaTh 10 y2Ke BBIpAOOTaHHON cxeme.

Cosnamum ognomepubiii Maccus (X)) pmunsl N, B K-oii siueiike KoToporo 6yieM XpaHuTh
MaKCHMAaJIbHYIO JJIHHY BO3PACTAIONIEH TO/IIOC/IeI0BATEIbHOCTH, TOCTIHAM JIEMEHTOM KO-
TOPOil ABJIETCH IJEMEHT ¢ HOMepoMm K.

B nannoit 3ajtade He OyjeM co3jaBaTb Oapbep, a MOA0EpEM TAKYIO ONTHMU3HUPYIONLYIO
bYHKIUIO, KOTOpas cMoxKeT 0b6oiTHChH 6e3 Hero.

Cama onTtuMmu3upyiomas pyHKIUI OYIeT BBINISIETH CAEAYIOMNIM 00pa30M: Cpeau Beex
HIPEIBIAYIIAX YHCE, MEHBIINX TEKYIIEero, BbIOEpeM TO, [JIss KOTOPOro JUIMHA HAHOObIIe
BO3PACTAIOIIEH MOAIMOCTIEI0BATETIBHOCTH MaKCUMa/ibHa. KCn Takux 9uces He HAILIOCH, TO
B X[K] 3amumiem 1 (momocie10BAT€IbHOCTD COCTOUT H3 OJHOTO YHCJIA).

X[K] = max;—g 1 (X[i]|X[K] > X[i]) + 1

Kak yxke ObLIO OIUCAHO BBHIIIE, B CJIyYae, €CJIH TAKUX YHCe]l He HAILIOCh, (DYHKIHSI Mmax
JTOJIZKHA BO3BpamaTh (.

YT00bI MOYYUTH OTBET, HEOOXOIUMO TPOCMOTPETh BCE JIEMEHTHI MaccuBa X U BbIOpPATDH
CpeJid HUX MaKCHMAaJIbHBI.

JlaHHOe pellieHne BEpHO, T.K. MbI epedupaeM Bce BapUAHTHI (HO He MepecUuThIBAEM KazK-
JIBI pas3 pelieHne moj3aiadun).

Cnoxknoctb Takoro pentenust oyjger O(N?).

7.3 BoccraHoBJjieHue peleHns

B mpeapraymux 3ama9ax Mbl TOJIHKO HAXOMUIN OTBET, HO He BOCCTAHABIMBAJIN CAMOTO pe-
mrennsi. Hanmpumep, B 3ajade o MOKynKe 6maeToB Moo 661 TpeboBaThCsl yKa3aTh, CKOJbKO
OMIeTOB KYIIII KaKoil yemoBek. A B 3aja4e O MOUCKe HANOOJIBITIEH BO3PACTAOIIEH TOIITOCTIe-
JOBaTEIBbHOCTH — YKA3aTh 3JIEMEHTHI 3TOU MOAIOCIEeT0BATEIbHOCTH.

OOGBIYHO BOCCTAHOBJIEHHE TMPOBOINTCS 3aJI0M Halepé, T.e. 0T OTBeTa K HAadaJIbHOI I031-
IIAKA U, IPH HeOOXOTUMOCTH, IepeBopadnBaercd. I BOCCTAHOBIEHUS UCIOIb3YIOTCS JU00
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IUKJIBI, KOTOPbIE <IEPEHPBITHBAIOTY HEKOTOPBIE JJEMEHTHI, JABUTAsCh OT KOHIA K HadaJLy
UM PEKYPCUBHBIE (DYHKITUH.

Tax, B 3aj1aue 0 HAMOO,IBIIEH BO3PACTAIONIEH MOIIIOC/IEI0BATEIHLHOCTH JIJI TOTO, YTOOBI
BOCCTAHOBHUTH €€ HeOOXOIMMO KpOMe JIJIMHBI XPAHUTH eI U HOMED TPEeIbIIYIIEro 3JIeMEeHTa,
(a 71t IEPBOrO JEMEHTa B MOJIIOCTIe0BATEILHOCTH, KO JITMHA PaBHA 1, HeKuil cremnu-
AJIbHBIH MPU3HAK, HATpUMEp, 4ucao —1). 3arem, mocse TOro, KaAK Mbl HAfiIEM IJeMEHT ¢
OTBETOM, TIOJIYIUM DeIlIeHne, ecau OyIeM JIBUTAThCS, HAUWHAas ¢ €r0 HOMepa U Tepexos Ha
IpeIbl Iyl 10 TeX mop, moka e pocturym — 1. OTBer OyaeT mosyden B 00pATHOM MOPSIJIKE,
CYIIIECTBYET JIBA BAPUAHTA — 3aIUCATH BO BCIIOMOTATE/IHLHBIN MAaCCUB U BHIBECTH €r'0 C KOHIIA,
00 UCIOJIB30BATh PEKYPCUBHYIO (DYHKIWIO MepeXoa Ha HPeIblAYIIUil U BBIBOJUTH OTBET
Ha BBIXOJe U3 QyHKIUU. CTOUT OTMETHTH, YTO PEeKYpcHd paboTaeT MeJ/JIeHHee W 3aHUMAaeT
OOJIbIIIEe TAMSITH.

PaccMoTpuM, B KavdecTBe TpuMepa, emé OHY KJIACCHIecKYTo 331a9y JTHHAMAIECKOTO TTPO-
IPAMMHPOBAHUS: TUCKPETHYIO 33/1a9y O PIOK3aKe.

Han Habop, cocrosiiuii w3 N HEJAETUMBIX TPEJIMETOB (T.e. Pa3NeIaTh KayKJbli TIpeJi-
MET Ha YaCTH HEJIb3sl), JUis KazKJOr0 W3 KOTOPOro ussecren ero sec M; u crommocts S;.
Makcumasibias rpy30n0,iLEMHOCTH plok3aka — L. Tpebyercs yHecTn B pIOK3aKe IpPeIMeThI,
CyMMapHas CTOUMOCTH KOTOPBIX MaKCHMAJIbHA.

Jlns permenns s1oii 3amadn co3gannm Maccus (X)) qmumasl L, K-g saeiika KOTOPOro mpei-
cTaBjsger coboit CTPYKTYPY U XPaHHT:

1. MakcumasibHYI0 CyMMapHY0 CTOMMOCTH Belleil Ha naHHbI MomeHT (mose sum). O6-
muit Bec Bemeit K

2. Kakag Berp Oblia JobaBiieHa nociaearei (mose num).

Uunupamusupyem Maccus caenytonium obpasom: B X [0] (HymeBoii cymMMapHBI Bec) 3a-
nuieM (pUKTUBHYIO Belib ¢ HOMepoM —1 u cymMapHoi#l croumocTthbio 0. Bo Bce octanbubie
sSYedKH 3alulieM B KadecTBe HOMepa Belll —2 — IIPU3HAK TOI0, 4TO HAbOP TAaKOro Beca
COCTaBUTb HEBO3MOKHO.

CraenaeM JUHAMHKY <«IIO BeIlaM», T.e. OyJeM HCKATh pelleHHe 3aJadu Jasd J IepBbIX
BeIleil MCXOAs U3 3HaHHSI ONTHUMAJILHOrO pemenusa aas J — 1 mepsoit Bemu. s 0 Bermmeit
Hall¢ yTBEPZ2KJACHNE BBIIIOJIHACTCA. Ha KazKJ0M 1Iare 6yﬂeM IIBITAaTHCA ,ZLO6aBI/ITb o4depeaHyro
Belllb KO BCEM YK€ COCTaBJeHHbIM HabopaM. Ec/im Habop cCyMMapHBIM BECOM, PABHBIM CyMMe
Beca o4epeIHO Bellll U Beca JIONOJIHSIONIEro ee JI0 TeKYIero Beca Habopa, He CyIIecTBOBAI
WA €r0 CTOUMOCTH ObLIa MeHbIe, YeM HOBasl, TO 3aMeHseM ero.

for j := 0 to N-1 do begin //mukn no BemaM
for i := L-M[j] downto O do //umkm mo Becam
if X[i].num <> -1 then
//ecnu Habop Beca i (ZmOTMONHWTENbHHI) CymeCTBYeT
if ((X[i+M[j1].num = -2) or (X[i+M[j]].sum < S[j] + X[i].sum)) begin
//ecnu Habop He CymecTBOBAJ WX ObUI XyXe HOBOTO, TO 3AMEHSEM
X[i+M[j]].sum S[31 + X[i].sum;
X[i+M[j1] .num j;
end;

end;
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OcobeHHOCTD TOTO MeTOJa — IPOXOJ € KOHIA MacCHBa K HAYAILY. DTO HEOOXOIHMO,
9TOObI OJIHA W Ta K€ Belllhb He BOILIAa B Habop jBa pa3a. lIpomaaocTpupyem Ha mnpuMepe.
[IycTb y HAC MMEIOTCSI BEIU CO CJIeYIOmUME napamu Bec-ctoumoctsb (1, 3), (3, 2), (4, 6), (2,
2) U PIOK3aK IrPy30M0IbEMHOCTHIO 6.

Bec 0 1 2 3 4 5 6
Har1|-1 0|1 8|-2 0|—-2 0|—-2 0|-2 0]-2 0
Mar2|-1 0|1 3|—-2 0| 2 2,2 5|-2 0]-2 0
Mar3|-1 01 3|—-2 0| 2 2,8 6|38 9|-2 0
MMar4 | -1 0|1 3| 4 2| 4 5|3 63 9| 4 8

[TepBoe amcsio B cToI0IIe — HOMEP BEIN, BTOPOe — CyMMapHbIil Bec. KypcuBoMm momeuena
0bHOBJIEHHAST HH(POPMAIIHS, }KUPHBIM MPUEGTOM — Te TIeHKH, I/ie IIPOBOIUIOCH CPaBHEHNE,
HO 3aMeHa He MPOU30MLIa (Pe3ysIbTar He GbLI YTy dIleH ).

Jlast Toro, 9To0ObI MOIYYIUTH OTBET, HAM HEOOXOIMMO HAXTH B MAacCCHBE JI€MEHT C MAKCH-
MaJIbHBIM IIOJIEM SUII. BOCCTaHOBﬂeHI/Ie HA4YHEM C 9TOI'0 110JId, ABUIasACh Ha3a/l. A NMEHHO —
3AIllOMHIM WJIH BBIBEJIEM IOJIE Num TOI A9eiiku, T1e HaXOMUMCS cefidac. DTO 03HAYAET, UTO
BeIllb ¢ HOMEPOM num ObLIa MMOJOYKEHa MOCJeIHel U ITOOBl BOCCTAHOBUTH MPEIbILYIILY IO
9aCTh HEOOXOIMMO OTHSATH €€ BeC U IPOJOJIZKATH 9TO 0 TeX IOp, IOKa He J0iaéM 10 (puk-
THUBHOI Bemu ¢ HOMepoM —1.

Paznoxkenne yunciaa

Mockosckas onumnuaia 2006

YUnUTeIbHUIA MATEMATHKY IOMPOCHIA IKOJILHAKOB COCTABUTH apupMETHIECKOe BhIpa-
JKeHue, Tak 4Todbl ero 3HadeHue ObLI0 PaBHO JaHHOMY 4ucay N, U 3allUCATh €ro B TETPA/IN.
B Boipazkenuu MoryT ObITH UCIOIB30BAHBI HATYpAAbHBIE YUC/Ia, HE IPeBOcXoditne K, ore-
palny CJIOXKEHHS M YMHOMKEHHS, a Tak:Ke CKOOKH. llerst odeHb He JIIOOUT HMUCATH, M XOUET
OPUIYyMAaTh BEIpaykKeHHe, comeprKaliee Kak MOKHO MeHbIIe CHMBOJIOB. Hanuimure mporpammy,
KOTOpas IOMOXKET €My B 3TOM.

B nepsoit c¢Tpoke BXOAHOTO baiina 3amucansl aBa HaTypaabHbix uncaa: N (1 < N <
10000) — 3nauenne soipaxkenns u K (1 < K < 10000) — nmauboJibliee 4HCIO, KOTOPOE
pa3peniaeTcd UCIIOJIb30BaTh B BhIPpazKCHUH.

B equncTBEeHHOI CTPOKE BBHIXOAHOTO (haiiia BHIBEIUTE BhIPpAYKEHUE C JIAHHBIM 3HAYECHUEM,
3alMCHIBAIOIIEECS] HAMMEHBIITUM BO3MOKHBIM KOJTHIECTBOM CHMBOJIOB.

Eciu pemrenunii HeCKOIBKO, BBIBEIUTE JII00O€ U3 HUX.

[Ipu moacuére AIUHBI BRIPAYKEHHS VINTHIBAIOTCS BCE CHMBOJIBL: ITUQPHI, 3HAKH OIIePAIHii,
CKOOKH.

BaMeTnM, 9TO I PelleHus IpeICcTaBIeHns] YUCIa ¢ CYIIeCTBYeT TpU BapHaHTa: Tpeby-
eMoe 9UCJI0 MOKeT ObITh 3amucano HenocpeacrBenno (i < K, Tpefyemoe KOJHYECTBO CHM-
BOJIOB — KOJIMYeCTBO Mudp B YUCIE), YHCIO MOKET OBITh MPEJICTABICHO B BUJE CYMMbI HJIH
[POU3BE/IEHUS JIBYX MEHBIINX YHCeI. BymeM cumTarh MHOXKHTEIb W MPOCTO 3AMUCH IUCIA
OJIHUM ¥ TeM 2Ke (B 3TOM cJiydae CKOOKH He TpeByoTcst ). B ciydae eciu Mbl HCIIOJIB3YeM MPO-
n3BeJeHNe IBYX YHCEN, XOTs OBl OMHO U3 KOTOPBHIX IPEICTABISETCS CYMMOI, TO 3TO THCIO
JIOJIZKHO ObITh OKPYZKEHO CKOOKaMmu.

[Tepes TeM, KaK BOCCTAHABJIMBATH BbIPAKEHUE, HAYYUMCS CUYUTATH ero jauny. JLnsg aroro
HaM TIOTpe0yeTcst 1Ba BCIIOMOTATEJbHBIX MacCHBa, OAMH (M) W3 KOTOPHIX OyIeT coepkKaTh
JUTHHY BBIPAZKEeHUs 9TOrO YHCIa KaK MHOXKUTEJs (HEMOCPeICTBEHHO YHCJI0 WIH HPOU3Be/Ie-
HHE), a BTOPOii ($) — JJIMHY BBIPAasKEeHHsI STOTO YUCJIA Yepe3 CYMMY UYHCE.

BHadaJsie 3a0JHUM MACCUBBI «GeCKOHEUHOCTSIMU» (B HAIIIEM CJIy9ae 9TO MOKET ObITh HC-
70 1+ 2, KOTJIA YUCI0 MPEeICTABISIETCS B BUJIE CYMMBbI €JJHHUIL). 3aTeM 3al0JTHIM JeMEeHTHI
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MaccuBa m ¢ wHAeKcamu or 1 10 k mamHON 4ucaa (AJist 9TOro ecTb HECKOJIBKO CIIOCOBOB:
MOJCYET JJIMHBI CTPOKH, BBIYUCIEHUE JECITUIHOrO JorapiudMa UK MPOCTO 3alOMUHAHME).

[Tocsie 3TOr0 HACTYHAET Yepél HemoCPEeJICTBEHHO JUHAMHYECKOTO MPOIPAMMHUPOBAHMUS.
Bynem mbiTarbest 1jis Kazkaoro ducia (i) w3 aumamnazona or k 4+ 1 10 n HaliTu Hauydinee
UPEJCTABICHNE €0 B BHJE IIPOM3BEJICHUSI M B BUJE CyMMbl. Jljig npejacrapjieHust B BHJIE
CYMMBI HAM HEOOXOJMMO IepedpaTh BCEe Naphl CAAraeMbiX j U P, TAKUX, 9TO J < p U j+p = 1,
¥ BBHIOpATh CPEAU HUX HAWIydIryio. [Ipm 3ToM Ig KaykJaoro W3 4Yucesa j U p HeoOXOAMMO
BLIOMpATh MUHUMYM U3 IPEJCTABJEHUs] B BUJE CyMMbl U BHJe npoussejenud. CaMu Tu
qHCJIa HeOOXOUMO 3alIOMHAT, T.€., HAIIPUMED, 3aliCaTh B ClIENUATbHBIE MACCUBLL S1[n] = j
u s2[n] = p. Dra uHGOPMAIHS CHIBHO OOJEMIUT BOCCTAHOBICHUE PEITCHHUS.

Kpome Toro, majis 9muciaa ¢ Hy?KHO HAHTH HaWIydIIee IPeJCTaBIeHUe B BHJE IPOU3BEIe-
rus. JIas sToro Oynem mepebupaTh Bee Umcaa j, HauumHAg ¢ 2 1 noka j2 < 4. JIjd Kaskmoro
J GyeM HaxoIUTh JOMOJHUTENbHBIH MHOKUTENb p (p = i/j), Takoii, uro j X p = i (Te.
GUCJIO § JIEIUTCS Ha j Hareso). EcTecTBeHHO, 9TO JIIS YUCeT j U p TaKyKe HYYKHO BBHIOU-
parh Hamayunee u3 npejacrapaenuii. OHAKO B CJydae NPOU3BeJIeHUs BOSHUKAET HeBOJIbIIOe
OTJIMYIHE: €CJIM COMHOXKUTEIb TPEJCTABIACTCA B BUAE CYMMbBI, HEOOXOIMMO OKPYZKUTH €ro0
ckobkamu. Takum 06pa3oM, K MpeJCTABICHUI0 COMHOKHUTEs (KazKI0TO W3 YUCeT P U j) B
BHJIE CYMMBI, HEOOXOIMMO MpUOaBJIATh 2 (T.e. CpaBHUBATH MexKIy coboit s[j| + 2 u m[j]).
Jlydmree pasbuenue Ha MHOKHUTEIH TaKyKe HYKHO 3amoMuHath (ml[n] = j u m2[n] = p).

I[Tocte mocTpoeHMST TAKMX MACCHBOB MBI yzKe 3HaeM Jauty orsera (min(s[n], m[n])) n mam
HEOOXOIMMO BOCCTAHOBUTH €ro. /list BOCCTaHOBJIEHUST BOCIIONB3YyEeMCS PEKYPCHBHON (hyHKIN-
eil, IPUHUMAIOIIEH Ha BXOJ JBa IIapaMeTpa: YHUCJI0, KOTOPOe HYXKHO BOCCTAHOBUTD M IIPH-
3HAK TOTO, SIBJISIETCS JIH BOCCTAHABJIUBAEMOE UHCJIO COMHOXKHUTETEM (9TO HEOOXOIUMO JIJIst
NPABUJILHON PACCTAHOBKH CKOOOK). IIpu mepBoM 3amycke 4ucIo He OyIeT SBJIAThCS COMHO-
xKureseMm (OTBET He HaJ0 OKpyKarh ckoOKamm). Cama yHKIuUsS JIOJKHA PACcCMATPHBATDH
TPU OCHOBHBIX CJy4as: €CIU BOCCTAHABIMBAEMOE YUCJIO HE NMPEBbIMaeT k, TO MPOCTO BHIBO-
JIUM 3TO YHCJI0; eCJIM Hallle YHCJI0 HAMJIYYIIM 00Pa30M IPeICTaBUMO TIPOU3BEIEHUEM, TO
BBI3BIBAEM BOCCTAHOBJIEHHE JJI IIEPBOIO COMHOXKHUTEJIsI, [edaTaeM 3HaK <«*» U BbI3bIBAEM
(DYHKIHIO TeYaTH BTOPOTO COMHOYKHUTEJIsI (B 9TOM ciiydae B (OYyHKIUHI JOJZKHBI TTepeaBaTh-
Csl HPU3HAKK TOTO, YTO BOCCTAHABIMBACMOE YUCJIO SBJSETCS COMHOKHUTEIEM); B CIIydae Ke
eCJIM IUCJI0 HAWIYIITHM 00pa30M MPEJCTABHMO B BHJE CYMMBI (371€Ch TakzKe JBa CJIydasd:
HY>KHBI JI1 CKOOKYM WJIM HET; €CJIM HYZKHBI, TO NPUOaBJIsieM K JIMHE 2 U CTABUM 3TH CKOOKH
BOKDYT BBIDA’KeHNUs), TO BBI3bIBAEM BOCCTAHOBJIEHUE [Tl HEPBOTO ONEPAH/IA, CTABAM MEZKIY
HUMU 3HAK «-+» U BOCCTAHABJIMBAEM BTOPOIi OllepaH i (B 9TOM CJIydae MPU3HAK COMHOKHUTEJIST
nepeaBaTh He HAJI0 — CKOOKU HEe HYZKHBI).

CymecTByeT u Apyroii BADUAHT PENICHUS, IIPU KOTOPOM NPEJICTABJCHHE CPa3y HaKarlIn-
BAETCS B BHUJIE CTPOKH (String), a B KOHIE PabOTHI MPOCTO BHIBOJAUTCS.

ITpu pemreHun 3TOH 331241 HEOOXOAMMO MUCATH JIOCTATOYHO AKKYPATHYIO PeaU3alluio,
T.K. €¢ ACAMIITOTHYeCKad c1oxkHOCTL O(N?), aro B Hamem caydae pasuo 108, [TosToMy HeKo-
TOpAs CJIOKHOCTH BOCCTAHOBJICHHUSI OIPABIAHA YBEPEHHOCTHIO B IIPOU3BOUTEJIBHOCTH TAKOTO
MeTozia (10 CPABHEHWIO ¢ ONepaIUsIMU HaJl IHHAMUYIECKH BbIIEISIEMBIMI CTPOKAMH).

7.4 Iloacuér dmcya oTBEeTOB

3ajaun MoJICYETa YUCIA OTBETOB IPAKTUYECKH HE OTJIMYAIOTCS OT 3aJ1ad IIOMCKA OTBETA.
Opnrako BMecTO (DYHKIINH, BRIOUpAIOMIeil ONTHMAIBHOE peIieHne, 371eCh UCIOIb3YeTCs CI0Ke-
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HUE MW yMHOYKeHHe, B 3aBUCUMOCTH OT peasn3anun. Cjeayer OTMETHTD, YTO B OOJIBITTHCTBE
TAKOTO POJIA 33724 JJIsi XpPaHEHUsI KOJUYIECTBA BaAPUAHTOB TPeOYIOTCs JUHHAsT apudmMern-
Ka, MIOTOMY IepeJi pean3alueil CTOUT OIeHUTHh BO3MOXKHYIO JIJIMHY MaKCUMAaJIbHOIO OTBETA,
JIJISE TOrO, 9TOOBI IOJYUUTh TpebyeMylo JIuHy uuciaa. Onepanus CJIOKEHHS JIBYX YHCEI,
MakcuMajibHoe 3 KoTopbix paBuo N, tpebyer O(log N) Bpemenu (T.e. MpOMOPIUOHATBHO
KOJIMYeCTBY 3HaKoB), a jymunoe ymuoxkenue O(log® N).

PaccMoTpuM KIacCHYIeCKy0 MAaTEMATHIECKYIO 331249y 0 unciax PuboHadIIn, H3BECTHYIO
emé B CpeaHeBekoBhe. B opurmaaje 310 3a/a9a O KPOJWKAX, KOTOPHIE, KaK W IMOJ0KEHO
KPOJIUKaM, ILIOJAATCA U 4Yepe3 HEeKOTOpOoe BpeMs YMHPAIOT. 3ajlada COCTOMT B TOM, YTOOLI
OIIPEIETUTH KOJUIECTBO KPOJIUKOB Uepe3 HEKOTOPBIH MPOMEXKYTOK BPEeMEHH.

Eciin mepedopmysimpoBarh ee B MaTeMaTHIeCKUX TEPMUHAX, TO IOy YUM PEKYPPEHTHOE
cootrormenne F; = F;_1 + F;_o u Fy = 1, I} = 1. 3agada cocrout B TOM, 9T00bI HafiTH Fjy
1o 3ajanaomy V.

s Berauciienud N-ro quciaa Pubonaqdu cyiectByer hopMyJ/ia, OJHAKO OHA HEIIPUTOIHA,
JIJIST KOMIBIOTEPHOIO UCIOJIb30BAHU.

Onenum ckopoctb pocra ducesn Gubonadun. 3amerum, 9T0 YUCIa BO3pACTAIOT u 2 X F'i >
Fi 1. Takum 06pa3oM, MOKHO caenars onenky Fy < 2V, Orciona mosydmM, 4To oneparus
CJIOXKeHUsT IBYX JUIMHHBIX ducena Pubonauqan Oymer 3annmars O(log N).

Ecau nosb3oBarbes (hopMyIIoii, IpUBEIEHHOM B ompe/ieJeHnn (T.e. MPOCTO CKJIAIBIBATH
MOCTIeIOBATENLHO MAPBI TMOAPST WJYIIUX YHCEN JJIsl MOJYIeHUs CJIeIYIONero), To obmas
CJIOZKHOCTD ¢ YIETOM PAcXofoB Ha manHHy0 apudmeruky nomayantcs O(N log N).

Crout 3aMeTHTh, YTO IIPU ITOM BOBCE HE 00s13aTe/IbHO XPaHuTh N JJIMHHBIX YUCE, J10-
CTATOYHO TOJBKO 3: JJIA ABYX MPEABIIYIIINX TUCeT U PE3YIbTATa, CJOKEHUS.

T.x. 3ajjauu, Tpedyitomue nojgcuéra dyuces PuOOHAYYUN, BCTPEUAIOTCA JTOCTATOTHO YaCTO,
nocrapaeMcs HaiiTu Gosee OBICTPBIN CIIOCOD MX IMOACYETA.

Pacemorpum MaTpuiy (% é) Bepxunii JeBbIfl 3JIeMEeHT B Heil COOTBETCTBYET TEPBOMY

= 11)2 21
yucsty Pubonauuu. Bossesém 3Ty Marpuily B KBaJpar: (1 0) = (1 1), Tenepb B BEPXHEM
JIEBOM YTJIy MaTPHIBI CTOUT y»Ke BTopoe uucjao Pubonadyun. AHAJOTUYIHO I 3-TO YHCJIA:
11 21) — (32 )
(1 0) X (1 1) = (2 ¢ ) Boob1ie roBopst, BHITIOTHSETCS CIeAYIONIee COOTHOIIEHNE:

11 Fiy Fis\ (Fa+F_o Fig 11

X = =
o Fi o Fi3 Fi 4 Fi s I
T.K. 3a HaYa/IbHYIO MAaTpPHUIy Mbl IPpUHUMAaEM TaKyKe MATPHUILY, COCTOAIIYI0 W3 IePBBIX
quces ] PuboHATYIN, TO MOXKHO TOJYUHUTDH CJIEAYIONee YTBEPXK IeHUe:

1 1\" [ Fy Fy.
1 0  \Fno1 Fyoo

Ecin mpocTo BO3BOAUTHL MATPHUILY B CTEMEHBb, TO MBI TOJIYIUM CI0KHOCTE O(N log> N ).
Yinen log? N BO3HUK 371€Ch U3-3a HEOOXOAMMOCTH JJTMHHOTO YMHOYKCHHS.

OHaKO MBI 3HaEM CIOCOO OBICTPOrO BO3BEIEHUS B CTEMEHb /I YHCeI, KOTOPBIl TakzKe
IPUMEHUM U it MaTpuil. T.0. MBI MOKeM JI00UTHCS CJI0XKHOCTH O(log3 N).

Ha mpakTuike CKOPOCTH PabOTHI BBIJISLIUT TakK (yCpPeTHEHHBIE 3HAUYEHHSI 110 H IKCIEPH-
MEHTaM):
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CpaBHeHuMe Npou3BOAUTENTbBHOCTU
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Puc. 7.1: CpaBHenue npou3BOIUTEIHLHOCTH



Jleknima 8

JIlmaaMm4deckoe nporpaMMUPOBaHUE C
ABYMsl IIapaMeTpaMu

Bepcus P or 10.12.2009

8.1 Bseaenme

JInnamMuydeckoe pOrpaMMUPOBaHUE C ABYMS WM 0ojiee TTapaMeTpaMy IMOYTH He OTJINYa-
eTcd OT IMHAMAYECKOTO TPOrPaMMUPOBAHNA C OJTHAM MapaMeTPOM: B HEM TaKzKe BCTPEYaroT-
cd 3aJla9M, B KOTOPBIX TpebyeTcst MOJACYET KOJUIECTBA PEIIeHUNH M HAXO0XKICHHE ONTUMAIb-
HOTO perieHus. Takke 3a7a9M MOXKHO KJIACCH(MDUIMPOBATDH MO KOJUYECTBY HCIOJIb3YEMBIX
pelileHnl MeHbIINX 110/138,/1a4: 3312491, UCLOJIb3YIOIINe OJIHY WM HECKOJIbKO MEHBIINX 110132~
Jad; 3314491, UCIOIb3YIONIHe BCe 33/1a4i MEHbIIEero pa3Mepa (JMHAMIKA M0 MOAMHOKECTBAM)
u qacTHHI caydaii — LR-nmunaMuka (JuHAMEKA MO TOACTPOKAM).

[Tpuémbl AUHAMUYECKOTO ITPOrPAMMUPOBAHUS OYAYT PacCMaTpPUBATHLCA HA MPUMEPAX pe-
aJbHBIX OJUMITUAIHBIX U KJIACCUYECKUX 3a/1a4aX.

8.2 HNcnmoab30BaHMe HECKOJbKUX IMOA3a a4

AHaoruaIHO OHOMEPHON THHAMEKE, CYIIECTBYIOT 331a91 NCIOIb3YONINE JUIIb HECKOIb-
KO TMMOJ3aJa9 MeHbIeTo pa3dMepa. PaccMoTpuM Takume 3a/1a9d Ha MpUMepax.

Tabauma

4-it aran Beepoccuiickoit onmmnuaabr 2008, 3ama

Pacemorpum npsiMoyroJibHy 10 TabJIHIy pa3sMepoM N X m. 3aHyMepyeM CTPOKH TaOJIHIIbI
qucJaMu OT 1 JI0 M, a CTOJIOIBl — YucJgaMu OT 1 0 m. ByaeMm Takyo Tab/uily mocjenoBa-
TEeJBLHO 3aMO0JHATh YUCAAMH CJIEeIYIOMIM 00pa30oM.

Obo3HaYUM dYepe3 @;; 9HUCJIO, CTOAIIee HA MePecedeHUH I-Oi CTPOKH H j-OT0 CTOJOIA.
[Tepsast cTpoka TaOJWIHI 3aMOIHSIETCS 3aTAHHBIMU UUCIAMA — d11, (12, - .., (1m. SATEM
3allOJHAIOTCA CTPOKH ¢ HOMepaMu OT 2 110 n. 1HuciIo a;; BEIYHCIAeTCA KaK CyMMa BCeX ducest
TaOJINIBI, HAXONAIINXCA B «TPeyTOJIbHAKe» HAJ 3JEMEHTOM ;. Bce BBHIUUCIEHUA IPH 3TOM
BBITTOJTHSIIOTCST TI0 MOJLYJIIO T.
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Bosiee Touno, 3nadenne a;; BRIMACIAACTC 110 caepytomieii popmye:

i—1 i+k

a;; = E g @iy | mod r

k=1 i—k
1<t<m
Hanpumep, eciin Tabauia COCTOUT U3 TPEX CTPOK U YETHIPEX CTOJIOIOB, U NIepBas CTPOKaA
cocrouT w3 gucen 2,3,4,5, a r = 40 To ;I 3TUX MCXOAHBIX JAHHBIX TAOJUIA Oy/IeT BHITJIS-
JeTh CJEYOMmuM 06pa3oM (B3gTHe MO MOJYJIIO0 TOKA3aHO TOJIBKO TaM, [Jie OHO MPUBOJUT K
M3MEHEHUO JHCTIA):

2 3 4 5
5=2+3 9=2+3+4 | 12=3+4+4+5 9=4+5
2=2+3+410=02+3+4 | 4=(2+3+4|33=3+4+5
+5+9 +5+5+9+ | +5+9+12+ +12+9
12) mod 40 = | 9) mod 40 = 44
40 mod 40 mod 40

Tpebyercst HaMUCATh MPOrPAMMYy, KOTOpasl 110 33aHHON HepBoii cTpoke Tabiauipl (a1,
a1, - -, A1), BBIYHCISIET TOCIEIHION CTPOKY, KAK OMMCAHO BHIIIE.

Dopmam 8Tro0HBLT OAHHBLE

[Mepsas crpoka BxofaHOTrO (baiina comepxkut wucaa n, m u r (2 < n,m < 2000,2 < r <
10%) — umca0 CTPOK M CTONGIOB Tab/UIBI COOTBETCTBEHHO, a TaK Ke 9HCJI0, 0 MOJYJIIO
KOTOPOI'0 HaJIO MOCYUTATh 0TBeT. CJieayionias CTPOKa COJIEPZKHUT M MEJIbIX JUCce] — IePBYIO
CTPOKY TabJHIBL: G11, A12, - - ., Gim. BCE a1; HEOTPUIATEJBLHB U He npesocxoadar 10°.

DPopmam 8vbLrOOHBLL 0AHHBLE
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B nepBoii cTpoke BHIXOAHOTO (hailia HeoOXOAMMO BbIBECTH 1M YUCEJ — IOC/IEJ/IHIOI0 CTPOKY
TAOJIUIIBL: Ap1, (p2y - - -5 Qpm-

IIpumepwvi
Bxoambie JaHHBIE BrixogHble gaHHBIE
2 310 365
123
3310 808
111
3 4 40 23 0 4 33
2345
Pasbop

N3 ycyioBug 3aa49u cieLyeT, 9To TabInuIy HeoOXOAMMO aHAJIU3UPOBATD, JIBUTASICH CBEPXY-
BHU3. [Ipu 9TOM O0UepénHOCTL aHAIM3a 3JIEMEHTOB B CTPOKE He BayKHA, T.K. HIKAKOTO BJIUSIHUS
Ha BBIYUCILAEMYIO d49elKy ApYrue d4eiKyu TOH 2Ke CTPOKU He OKA3bIBAIOT.

Basa qunamuku (meppas cTpoKa) HaM sIBHO 3ajaHa. PacCMOTPUM JBa BapHAHTA BBIUHC-
JIeHUs 3HAYeHUsd B g9eliKe ¢ UCHOJB30BAHUEM ViK€ BBIYHCJIEHHBIX JTaHHBIX.

B nepsom BapmanTe HaM JOCTATOYHO 3aBECTH MACCHUB
B B KOTOPOM MbI 6y,ZLeM HAKaIlJINBATH OTBETHI IJd AYCCK.
OueBH/IHO, TepBas CTPOKAa MaccHBa B COBIAJaeT ¢ MepBOi
cTpokoit Mmaccusa A. PaceMoTpum, Kak MOYKHO BBIUYUCTUTH
snavuenne sueiiku Bli, j|. TpeyroabHuk ¢ BepmmHO# B TOU-

Ke (i,J) COCTOMT W3 TPEYTOJLHUKOB ¢ BEDITHHAME B TOYKAX 1]
(t—1,7—1), (i —1,j +1) a rakke u3 Touex (i — 1,7) i | |+
u (i,7). B To ke BpeMsi, TPeyroJbHUK C BEPIIHHON B TOY-
Ke (i — 2,j) MepeKpbIBAeTCsI TBAXK/IbI, YTO MPUBOJUT K JBY-
KPaTHOMY CYMMHPOBAHWIO 3HAUYEHUH B 3TOM TPEYTOJbHUKE.
N36exkarh 3TOr0 04eHb HPOCTO — JOCTATOYHO OJIMH Pa3 Bbi-
9eCTh yKe MOJCUYUTAHHYIO JIJIST STON0 TPEeyrOJbHUKA CYMMY.
Takum obpaszom, B WUTOre MOJYIUM CJEAYIONYI0 (hopMmyy
Bli,j) = Bli —1,j — 1]+ Bli — 1,j + 1] — B[i — 2,j] + A[i — 1,j] + Ali, j]. Iloab3ysicn
3TOI (pOPMYJION JIErKO MOACUYUTATH MACCUB, COJIEPKAINMI OTBET.

TaKoﬁ BapuaHT TaK>Ke MOXKHO aBTOMAaTU3NPOBATH I10 HCHOHbSyeMOﬁ IIaMATH:. J0CTaTO4-
HO 3aKOJIbIIEBATH 110 MEPBOMY M3MEPEHU0 MaccuB A (OpU 9TOM HAM JOCTATOYHO XPAHUTH
BCETO JIBE CTPOKH: TEKYIILYIO W TMPEJBIIYINYIO), & TAK¥Ke 3aKOJIbIEBATH MaccuB B (31ech mo-
HaJOOUTCST TPU CTPOKH: TEKYIast U J(Be Ipe/blayinux ). [Ipumvep 3aK0/IbI0BbIBAHNS MACCHBA
OPUBEAEH B pa3fiene, TOCBAMEHHOM peaJu3alun odepeneii.

st ynodcTBa MpOrpaMMUPOBAHUST MOYKHO CO3JaTh BUPTYAJIbHYIO «HYJIEBYIO» CTPOKY B
MaccuBe B 1 3al0JHATH ee HyJsiMu (co31aTh 6apbep) — 910 u30aBUT 0T HEOOXOJAUMOCTH PAC-
CMaTpPUBATH BTOPYIO CTPOKY KaK YacTHBIH ciaydail. TakzKe pa3yMHO HCHOIb30BATH DApPbepbI
u3 HyJeil cjaeBa U cripaBa OT TaOJIUIbI.

Bropoii ciiocob pernienus 1ol 3a/laum TakyKe OINUPAETCH HA UJIEU JIMHAMUYECKOIO 1PO-
rPaMMHUPOBAHUSI, HO WCIOJIb3yeT PeNteHus MMOA3a0a4, OTJIMIHBIX OT HCXOMHBIX. A MMeHHO,
MOYKHO CO3/IaTh JIBa JIOMOJTHATEIbHBIX MaccuBa L n R, Takux, uro sdeiika L[i, j| Gymer co-
JepzKaTh CYMMY BCEX JIEMEHTOB Ha JIMATOHAIH, IPOBEJIEHHON OT TOYKHY (i, j) BBEPX U BJIEBO
(mist MmaccuBa R uaroHasib POBOJMTCS BBEPX U BIpPaBo). IlepBas cTtpoka maccuBoB L u R
Oyzmer coBImagarh ¢ mepBoil cTpokoii maccuBa A. Takum obpasoM, GOpMYIBI epecyéTa OyIyT
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BBITVISIJIETD CJIEIYIOIUM 00pa3oM:
o L[i,jl=L[i—1,j—1]+ Afi,j]
e R[i,jl=R[i— 1,7+ 1]+ A, J]
e Bli,jl=Bli—1,j]+Lli—1,j— 1]+ R[i — 1,7 + 1]

[Ipu peanusaruu 3TOr0 MeToga GApbEPhl CJeBa U CIIpaBa TaKxKe OY/IyT IOJE3HbI, a BCe
MAaCCHUBBI MOXKHO 3aKOJIBIIEBATD IO TIEPBOMY H3MEPEHHUIO BCETO B JBE CTPOKH.

Oba cuocoba OyayT umerb Cj0KHOCTb O(n X M) T.K. KaXKJAbIH 9/1eMeHT TabJMibl 11PO-
CMATPUBAETCS OJUH Pa3.

PaccvoTpuwm emé oHy 3a/1a4y, TPU PEIeHnH KOTOPO HCIOIB3YeTCsI HECKOIBKO M0/133,/1a1
MeHbIIell pa3MepHOCTH. DTO 3aja4a 0 HanboJIbIeii obieil noamocaenoparesbuoct (HOII)
JIBYX MOCJIEJI0BATETLHOCTENA.

Ecau u3 mekoropoit nociegoBaresbHoctu {a} BbIYEPKHYTDH
YaCTh €€ JeMEHTOB, TO MOy YHBIIAsICS TMOCIeI0BATEIHHOCTE OY-
JIeT HA3BIBATHCS MO/IITOC/IEI0BATETHHOCTHIO TTOC/Ie0BATETHHOCTH
{a}. Ilycth 3amansl aBe nocaenosareabaoctu {a} u {b}. lx Hau-
GostbIeil 00IIIell TOAIOCIeI0BATENLHOCTRIO {c} Ha3bIBaeTCsI ca-
Masl JTHHHAS MOJIIOCIEI0BATEILHOCTD {a}, KOTOpas Tak¥kKe sB-
JISETCH HOJIIOCIeI0BATEILHOCTBIO {b}.

Bazoit juraMuku B 3TOM ciaydae Oy/ieT BBICTYHATh TOT (PaKT,
Puc. 8.1: [Ipumep uro HOII aByx mycThIX IOC/I€I0BATE/ILHOCTEN ABJIAETCA TaKzKe
TaOJIUIBL JIJI TOCJIEI0BA- MyCTas IOCIeI0BATEIbHOCTD. Temeph He0OXOAUMO HARTH CIIOCO0
renbHOCTeil {1,2,3,4,5} mnosydarh pelieHue 3ajadu, UYepe3 MEHbINHe MOoA3aaadu. Pac-
u{2,3,2,4,5} CMOTPHM II€PBBIE N JJEMEHTOB ocjaenoBaresbaocT {a} u mep-

BBIE 1 JICMEHTOB HOCIeA0BATeNbHOCTH {b} 1 mombITaeMCs HaliTH
HOII srux nocaenoBaresnbuocteii. lomyctum, 4To JIjid BceX p < n U ¢ < M Mbl HAYYUIUCH
naxoguth HOII. Torna nmepexon MoxkHO ¢hOpMYIUPOBATH TaK:

RN IS RVEE IS

OISO O~
el e e e RS
WD N| —| s
|| DN DO I
S| N RO | Oy

e Ecuu a, = by, 0 HOII(a,b) = HOII(a — 1, — 1) + 1

e Eciu a, # by, 7o HOII(a,b) = max(HOII(a — 1,b, a,b — 1))

Pesyabrarhl BEIYUCTEHEI MOKHO XPAHUTH B JBYMepHOI Tab/uie (mepBbiii HHIEKC — ma-
paMeTp m, BTOpOii — m) W 3alOJHATH €e JBUIasgCh CHAYAIA M0 CTPOKAM, & 3aTeM 110 CTOJI0-
naMm. B ciaydae, eciin He cTaBUTCs 331293 BOCCTAHOB/IEHUS OTBETA, MOYKHO 3aKOJIBIIEBATD ITY
TabINIy W UCIOJb30BATh JIUIIL JIBe CTPOKH. B ciaydae, ecam HEOOXOIMMO BOCCTAHOBIEHHE
orBeTa, HeOOXOAMMO XPAHUTH BCIO TAOJIUILY U LEPEMEIAThCs U3 TeKyled saeiiku (n, m) Jju-
60 B sueiiky (n — 1,m — 1) ecau a, = by, mubo B sueiiky (n — 1,m) win (n,m — 1) B
3aBUCHMOCTH OT TOTO, B KAKOH M3 siueeK 3HAYEHHe COBMaJaeT co 3HadeHneM B (n,m). OTper
OyJeT BOCCTAHOBJIEH, KAK OOBIYHO, B 0OOPATHOM IOPSIJIKE.

8.3 MHcnoab3oBaHue mpeablayIero CToJaoIa

Eciu B ciiygae ogHOMepHO# JHHAMUKYM TPH MBI MOTVIM MCHOJB30BaTh TOJBKO OJIMH WJIH
HECKOJIBKO TIPEJIBIIYIINX 9JIeMEeHTOB (MU BCe MPEJIBIIYIIIE SJEMEHTHI), TO B JABYX U Gojee
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MEepHO#A AUHAMHUKE 9aCTO BOZHUKAIOT 33/1a49i, B KOTOPbIX UCIIOJIb3YeTCd TOJAbKO IPebl Ay
crosbert (T.e. /I MOACYETA PEIleHnsT 3a7a9l HeOOXOAMMO 3HATH PEIeHnsT BCeX IT0/[3a/1ad,
Yy KOTODBIX OJIMH W3 HapaMeTpOB HA €JMHUILY MeHbIle, YeM y JaHHoi). PaccMorpum Tor
cJay4dail TakKe Ha IpuMepe peaJjbHOR 3a1a4u:

MackapaJ,

Mockosckast onnmnuaa 10-11 2005

ITo ciygato BBemeHUsT OOBITUX HOBOTOIHUX KAHUKYJT YCTPAUBAETCS BEJIUKUN TIPA3THUY-
HbIil OasI-Mackapaj. /lo nmpa3aHuka OCTaJIuch CAUTAHHBIE JIHH, IOITOMY CPOYHO HYXKHBI KO-
CTIOMBI JIJII VIaCTHUKOB. [IjIs MOIUBKY KOCTIOMOB Tpedyercs L MeTpoB TKanu. TKaHb Ipo-
naércsa B N MarasmHax, B KOTOPBIX IPEJIOCTABIAIOTCSI CKHIKHA ONTOBBIM IOKyIaTeaaMm. B
Mara3mHax MOXKHO KYIHUTh TOJBKO IEJI0€ YHC/JI0 METPOB TKaHW. PekjgaMa MarasmHa HOMEp
1 tnacut «MbI ¢ pasocThio npogajuM BaMm meTp Tkanu 3a P; Oypieit, oqnako ecan Bor ky-
nuTe He MeHee R; METpPOB, TO HOJIYUYHTE IIPEKPACHYIO CKUJIKY —— KazKJIblil KYIJICHHBIII MeTp
oboiinércsa Bam Beero B (Q; 6ypaeity. YToObl BOIJIOTUTD B »KU3HB JIO3YHI «9KOHOMHUKA CTPa-
HBI JIOJI2KHA OBITH 9KOHOMHOI», TPABUTEILCTBO PEIINI0 HOTPATUTD HA 3aKYIKY TKAHHU JIJId
KOCTIOMOB MUHUMAJIbHOE KOJIMIeCTBO OypJieit u3 rocymapcrBeHHOil Kasubl. [Ipm sToM TKa-
HU MOXKHO KYIHTh DOJIbIITE, YeM HYKHO, €CJIU TaK OKakeTcs jemteBjie. OTBETCTBEHHBIN 32
MOKYNKY TKAHU TMO3BOHUJI B KayKJIbIIi Mara3wH W y3HAJI, 9TO:

1. pekjaMa KarKJI0OIo Mara3mHa COJEPKUT MPABAUBYIO0 HH(MOPMAIIHIO O MEeHAX U CKHIKAX;
2. Maras3wH HOMEp ¢ TOTOB IPOJATH eMy He bojiee F; MEeTpOB TKaHU.

OTBeTCTBEHHBII 3a MOKYIKY OY€HDb yCTAJI OT MPOJEJIaHHON PAOOTHI U MOITOMY TOCTAB/ICH-
HYIO TIepe/T HUM 3a/1a49y «3aKyNUTh TKaHb 33 MUHUMAJbHBIE JIEHbIH» MePeTOKUI Ha CBOMX
noMonHUKOB. Hanumure nporpammy, KoTopast OIpeJiesnT, CKOJTbKO TKAHU HY?KHO KYIUTH B
KasKJIOM W3 MarasuHoB TaK, YTOOBI CYMMAapHBIe 3aTPATHl OBLIM MAHUMAJBHBI.

DPopmam 8rodHHBLT OAHHBLL
B nepBoii crpoke BxogHOro daiina 3anucansr aa neabix ancaa N u L (1 < N < 100,0 <
L < 100). B xaxmoit u3 nocaeayonux N cTpOK HAXOAUTCS OMUCAHWE MarasuHa HOMeD | ——

4 neawix wucaa Py, R;, Q;, F; (1 < Q; < P, <1000,1 < R; < 100,0 < F; < 100).

Dopmam 8vbLro0HBLL AAHHBLE

ITepBasi crpoka BbIXO/HOIO ailjia JOAKHA COJAEPKATH €JIUHCTBEHHOE YHCJI0 — MHHU-
MaJIbHOE HEOOXOIMMOEe KOJIMIECTBO Oy pJIeii.

Bo BTOpOit crpoke BhiBeauTe N dmces, pa3/iel€HHBIX MpobesaMu, Te 1-0€ YHUCA0 Olpe-
AeJIdeT KOJIUYIeCTBO METPOB TKaHM, KOTOPO€ HY2KHO KYIIMTH B 7-oM Marasune. BEciu B 7-0M
MaraswHe TKaHb MOKYNaTbcs He OyIeT, TO Ha 1-OM MecTe TOJKHO cTodATh 4uciao (. Ecam
BapHUaHTOB IIOKYIIKH HECKOJILKO, BBIBEIUTEC JHO6OI71 N3 HUX.

ECJII/I TKaHH B Mara3duHaX HEAOCTaTO4YHO JAJid IOHNIMBKH KOCTIOMOB, BbIXOZLHOfI (l)aIU/IJI JOJI-
JKeH COJIepyKaTh eIMHCTRBeHHOE YUCIO — 1.

IIpumepwvi
Bxoambie naHHbIe BroixogHrbie qJaHHBIE
2 14 88
79 6 10 10 4
7 8 6 10
1 20 -1
1111
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Pasbop

Dynem pemarp 3Ty 3a7a4dy «IMHAMHKON MO MarasmHaMy. B kKadecTBe 0a3bl JWHAMUKH
MOKHO B34Th TPOCTOHN U MOHATHBIH PAKT: MOKYNKA JTIOO0TO KOJNIECTBA TKAHU B MIyCTOM Ha-
Gope MarasuHoOB 000UIETCs B GeCKOHETHOE YUCI0 Oypieii (B KauecTBe 6ECKOHEYHOCTH MOYKHO
B34Th JI060e ducsto, 6osbiee 100000 (MakcHMAIbHOE KOJIMIECTBO METPOB YMHOXKEHHOE HA
MaKCHMAJbHYIO TIEHY ), HO Takoe, 9TO0BI CyMMa MBYX OECKOHEYHOCTeH He MPUBO/IIA K Tepe-
MOJTHEHUIO THIIA.

[Ipu peanmszaruu pemnteHus MOJE3HO HAMHUCATH (DYHKIWIO, KOTOPas IO HOMepY MarasuHa
U KOJIMYECTBY METPOB, KOTOPble HEOOXOJMMO KYILUTh B 9TOM Maras3uHe, Oyjer OLpeJe/isdTb
crouMocThb nokynku. O6o3uaunm 31y QyHKIuo 3a f(s,m), rie § — HOMep Mara3uHa, a m —
KOJIMYECTBO METPOB.

Temeps HEOOXOIMMO HAXOAHUTDH PeIlleHHe ¢ TOMOIIBIO YzKe PeméHHBIX 3a7ad. [lycTh MbI
HAyIWIUCH MOKYNaTh JTI0060e KOJTMIeCTBO METPOB TKAHU B MEPBBIX ¢ — 1 Mara3mHe HAWIYY-
muM obpazom. K namremy nabopy gobaBisercs i-biii Mara3ui U HEOOXOJAUMO JIJId KazKJI0TI'0
KOJTHYECTBA METPOB OIPEJIINTh, CKOJIBKO Oy/IeT CTOUTh WX MOKYIKA B ¢ Mara3uHax (T.e. st
KasKJIOTO U3 ¢ MePBbIX MAara3mHOB HEOOXOIMMO OIPE/IeUTh, CKOJBKO METPOB TKAHU B KAKOM
MarasuHe TOKYNaTh). Bygem mepebuparh BCeBO3MOXKHBIE KOJIUYIECTBA METPOB TKAHU, KOTO-
pble HaJ0 KynuTh. 1lycTh HA MaHHBIl MOMEHT HAM HEOOXOINMO HAYIUTCH MOKYNATh j METPOB
TKAHU B % [IEPBbIX Mara3uHax, [IPH 3TOM IEeHbl HOKYIIKH K METPOB TKaHu B Habope u3 ¢ — 1
MarasuHe W3BeCTHBI jiist Beex k u cocrasasior Cli — 1, k.

Kynute j MeTpoB TKaHU B ¢ Mara3mHax MOXKHO j + 1 cioco6oM: MOKHO KYIHTh () MeTPOB
TKaHU B Habope u3 i — 1 mepBOro Mara3uHa, a Bce J MeTPOB — B Mara3uHe ¢ HOMEPOM 7; MOXKHO
KyLUTb OJIMH MeTp TKaHu B Habope u3 71— 1 Mmarazuna, a j—1 — B Mara3uHe ¢ HOMEPOM © U T./I.
[TockoJibKy HaAC MHTEpecyeT MUHUMAJbHA TeHa MOKYIKU, TO (popmysia OyeT ciemayrorieit:

Cli, ) = min (6. k) + Cli = 1,5~ )

B s7oit 3a1a1e Tpebyercst BoccTaHOBJeHNe pelteHne. [1J1st 9T0ro MOYKHO 3aBECTH eIé O/IIH
MaCcCHB Takoro ke kak C' pasMepa W B KayKIOH ero sdueiike XpaHUTh KOJIUYIECTBO METPOB,
KYILJIEHHOEe B 9TOM Mara3uHe JiJid 3aJaHHBIX ¢ U j.

Kazasocn 661, 3a1a4a perena. Ho B nporecce pazbopa Mbl 0OCTaBm/in HEKOTOPYIO HEOIIPe-
JIGJIEHHOCTH B BOIIPOCE TOTO, KAKOE MAKCUMAJIHLHOE KOJMYECTBO METPOB HEOOXOANMO KYIHUTD.
[TepBoe npuxosiiee B rOJ0BY pellieHre: He MOKyIaTh 00JbIne 9eM L MeTpOB HelpaBHIbHO.
Besb MOXKET OKa3aThCsl, 9TO HaM HYzKHO KynuTh 10 mMerpoB mo 20 GypJeit (uroro 200), HO
eciu ontoM KymuTh 100 mo omToBoit mene B 1 OypJib, TO meHa cocTtaBuT Beero 100 Oypoeit
(ocTaBIIuecst METPBI MOZKHO BBIKHHYTH). [T0CKOJIBKY KazKIblil Marasut npogaét ne 6osee 100
METPOB TKaHH, TO B Ka9€CTBE MaKCUMAJILHOI'O KOJINYECTBA HOKyHaeMOfI TKAaHU MOZKHO B34dTb
L + 100. B TakoMm cjiydae i OKOHYATEILHOTO pelieHns HeoOXOIUMO BbIOpATh MUHUMAIb-
HOE CTOMMOCTDH IMOKYHKH K merpoB TKauu, rie L < K < L+ 100. B octanbnom pelrenue He
m3Mennres. Ero caoxuaocets Gyaer cocrapisarts O(N x (L + 100)7).

Paccemorpum enié ojiun, 6oJiee U301MIPEHHDBII TPUMED UCIOJIb30BaHU 110/[33/1a4 U3 «IIPEJIbl-
JIYIIETO CTOJIONay.

EnoBaga annesa

MockoBckast 3aounas osmmMiraga 2003

M»p ropona YpronmHcKa pemru MocaIuTh Ha TJTAaBHOH asiee TOpojia, KOTopas IPOXOTUT
C 3allajia Ha BOCTOK, rosiyobie ejn. [Ipudyém caxkars el MOXKHO He BO BCEX MECTaX, a TOJIBKO
Ha CIIeIUaJIbHO OCTaBJICHHBIX IIPU aC(baJII)TI/IpOBaHI/H/I aJLIenu K.HYM6aX.
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Kak okazaJsioch, rojyonie e 661BatoT M pazamdnbix copToB. s esm KaxKioro copra
U3B€CTHa MaKCHUMaJIbHad JTJIWMHa €€ TeHW B TedeHnue AHA B 3alla/JIJHOM U B BOCTOYHOM HallpaB-
aeranu (W; u E; coorBercTBeHHO). [IpH 95TOM H3BECTHO, YTO /Il PACTYT rOPa3/I0 JIydllle, eC/Ii
B TeUeHUe JIHS OHW He OKA3BIBAIOTCHA B T€HH JPYTHUX eJeif.

Koopannatsas och HalpaB/ieHA BJOJb AJJIeH C 3aIa/1a Ha BOCTOK.

ITo 3afaHHEBIM KOOPAMHATAM KJIYMO BEIIHCIUTE MAKCUMAIBHOE IHCTIO0 eJ1eil, KOTOPOe MOXK-
HO MOCA/INTH, COBJIIOAsT YCJOBAE O TOM, YTO HUKAKas €Ib He JOJKHA IMOMajaTh B T€Hb OT
JApYro eJiu.

Dopmam 8xrodHHBLT JAHHBLT

Bo Bxoanom daiiie 3anucano cHadaja HaTypasabHOoe 9ucjio M —— KOJWYecTBO COPTOB
eqeit (1 < M < 100). 3arem wiér M map gucea W;, E;, ONUCHIBAIOMEUX MAKCHMATIBHYIO
JUTMHY TeHHU B 3aIaJIHOM U BOCTOYHOM HAIPABJICHUH B TeUCHHUE JHA /I KayKJI0T'O COPTA €JIH
(aucia W;, E; — uensie, u3 guanaszona or 0 mo 30000). Janee uaér HaATypaabHOE THUCIO
N — gonmvecTBO Kaymb, B KOTOPBIX MOKHO caxkarb ean (1 < N < 100). [Janee nuér
N ducen, 3aJa0MUX KOOPAMHATH KJIYMO (KOODAMHATHI —— IeJble YHCIa, M0 MOJLY/II0 He
npesbimatotne 30000). KiymObr mepedncieHsl ¢ 3amajia Ha BOCTOK (B HOPSIKe BO3DACTAHUSI
MX KOODJIMHAT).

Ecim na kiaymbe ¢ koopaunaroir X Mbl HOCAJIUINA €1b, MAKCUMaJbHasg TeHb KOTOPOil B
BOCTOYHOM HAIIPaBJeHUU paBHa F, TO Bce KAyMObI ¢ Koopaunaramu or X + 1 10 X + E~1
HOTAIAI0T B TEHb OT ITOU eI, a Kaymba ¢ koopauHatamu X + F — yxKe HeT. AHAJOTHIHO
JJid TeHn B 3alla/HOM HallpaBJICHUH.

DPopmam 8vblLOOHBLL OAHHBLL

B BrIXOIHO#N (bailn BEIBeIUTE CHAYANA IUCTI0 A —— MaKCHMaIbHOE KOJIUIECTBO efeil, KO-
TOpBIE YIACTCS MOCAINTh, a 3aTeM A map duces, onuchbBaloux ean. [lepBoe umcao Kaxxmaoi
napbl 33Ja€T HOMEP KJAyMObI, B KOTOPYIO CAJIUTCH €Jib. BTOpoe 4mc/Io ompeseaser HOMep
COPTa 3TOMN eJin.

ITpumep

Bxoambie JaHHBIE BrixogHble gaHHBIE

3

1000 3
1 200
128 256
3
124

w = N
N =

Pasbop

B sroit 3ajade nmorpebyercs AuHAMHKA ¢ AByMs napamerpamu. OaHuUM U3 HUX OyIeT
KOJTHYIECTBO BBICAYKEHHBIX 6JIOK, & BTOPBIM — TIOC/IeTHsIST 3aHaTas Kiaymba. B camoit Tabmmne
Oy/ieM XPaHUTH COPT /I, MMOCAYKEHHON B 3Ty MMOCJIEIHIO 3aHATYIO KJIyMOY.

[Togymaem, Kakast 6a3a THHAMUKY 3/1€Ch MOZKET MPUTOIUTCs. [IyTéM HeCTTOKHBIX paccy K-
JIEHUIT MOXKHO LIOHSATh, YTO lepBas KJAyMOa BCEryia JI0JIZKHA ObITh 3aHATA, €€ HPOILYCK MOZXKeT
TOJTLKO YXY/IIHATH perenne. [Ipu 3ToM, HOCKOJIBKY CJIeBa 0T CaMoil J1eBoi KayMObl HHYEro He
pacTér, TO HUKAKWX OTPDAHWYEHUI Ha TeHb, OTOPACHIBAEMYTIO Ha 3aIaj KO, MOCAKeHHON B
EepBYIO KJIyMOY, He HaK/IapiBaeTcsd. JIOruIHo, 9T0 HeOOX0IMMO MUHUMU3HPOBATDH T€Hb, OT-
OpacbhiBaeMyIo 3TOi €71Koi Ha BocTOK. Takum obpaszom, 6a30it JuHaAMUKH OyIeT cJieaylolee:
JIJIST KOJIMYecTBa 610K 1 W mocaeanei 3aHaToit Kaymboit 1 B kaymMOy HOMep 1 HEOOXOIIMO
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caxkarhb €JIKy, KoTopas 0oTOpachiBaeT HAMMEHbBIIYI0 T€Hb Ha BOCTOK:

D11 =K,rne E, < E;
i=0...M~1

Bce ocrasnbhbie nepBoro crosbna (rjae KoamdecTBO BbICAYKeHHBIX €JI0K HPEeBbIaeT 1, Homep
nocse/Helt 3aHATON KIyMObl) MOYKHO 3al0JHUTH IPH3HAKOM HEBO3MOYKHOCTH TAaKOi# KOHMU-
rypamui — 9ucjaoM —1, HampuMep.

DBaza nuramuku u3BecTHA, Terepb HEOOXOIUMO cHOPMYIUPOBATH OOIITee MPABUIIO TePeX0-
J1a K 6oabIeMy pereHuo. /s KaxKI0ro KOJUIecTBa 3aHATHIX KJIYMO, I8 KayKI0r0 HOMepa
nocJiejiHedl 3aHgATOi KiaymObl Oy/jeM BbIOMPATh COPT €Ji, KOTOPbII MOXKHO B He€ 10Ca/IUThb
M KOTODBIl 0TOpachiBaeT HANMEHBIIYIO TEHb HA BOCTOK (COPT, OTOPACHIBAIONTHI GOJIBLITYIO
TeHb HA BOCTOK MOYKeT TOJBKO YXV/IIUTH HAIle PeIleHne, HAKPHIB JIUITHIE KJIyMObI, HO HE
VIIyYIINTE ero). ByaeM mocseoBaTe bHO PACCMATPUBATD COOTHOIIEHUSI, KOTOPbIE JTOJIKHBI
BBITIOJTHATHCS. B TaHHBIIT MOMEHT MBI caykaeM €JIKYy B KIyMOy HOMeD ¢ U o0Iee KOJTUIeCTBO
8JI0K JIOJIZKHO €TaTh j (7ormuHo, uro j < ). Bygem mepebuparh Bce MpeablIylHe KIyMObI
prev = 1...1 — 1. Jlisa Kaxkgoit U3 npejapayninuxX KJIyMO HeoOXOIUMO BBITIOJHUTH HEKOTO-
pble TpoBepku u jeficTeus. Ecrectsenno, uto D[j — 1,prev] # —1, unade npeapiayiiei
KOH(DUTYDAIUH He CYIecTBOBaIO. [lasee HEOOXOAMMO TPOBEPUTD, UTO MPeIbITyIIasd E1Ka He
HAKPBIBAET CBOEH TeHbI Tekymiyto KaymOy, T.e. X [prev] + E[D[j — 1,prev]] < X|i]. Ecim
9TU YCJIOBUS BBITIOJHEHBI, TO B KIYyMOY ¢ HOMEPOM ¢ IPU YCJIOBUH, UTO TOCTETHSS TTPETBITY-
mast 3aHATas KIyMba uMeeT HOMep Prev TeOPeTHIeCKH MOKHO TOCAANTD eJib (i-51 Kiymba He
HAKPBIBAETCS TEHBIO OT Mpeblayieii ean). Byaem nepebupars Bee copra esteii p = 0... M.
J1g KazKa0ro U3 cOpToB HEOOXOAMMO MPOBEPUTH, UTO OH, Oy/IyIN BBICAYKEHHBIM B KJIyMOY
HOMED i He HAKPBIBAET CBOEIl TEHBIO MPEIbIIYIIYI0 KIyMOY (¢ HOMEpOM prev). DTa mpoBepKa
ocymiecTBagercs ciaemyomumM obpasom: X [prev] < X[i] — W{p|. Ecin yenosue Boinosaeno,
TO TAKOW COPT €U B 3Ty KJIyMOy mocajuTb MOxKHO. Cpejin BCeX MOAXO/SIINX COPTOB BbIOE-
pem u 3anuirem B s4aeiiky D][j, ¢] Homep sToro copra. JIjist BOCCTAaHOBJIEHUS pereHnst y100HO
COJIepKATh MACCHB TAKOTO YK€ pa3Mepa, B COOTBETCTBYIONIYIO sTYeiKy KOTOPOTO 3alNuChIBATH
sHavenue Alj,i] = prev, npu KOTOpoM ObLIT JTOCTUIHYT HAWIYUIIAH PE3YIBTAT.

Yr1o6Bl HAUTH OTBET, HEOOXOIMMO TpoiiTu 1mo Tabnune u Haitun takoe D[j,i] # —1, B
KOTOPOM j (KOJIMUECTBO BBICAYKEHHBIX €JI0K) MAKCUMATIBHO. BBIBEIEM 9TO UnC/I0. 3ATOMHUIM,
KaKoOil copT eJin ObLIT BhICAKeH B KJAyMOy C HOMEPOM ¢ U BOCCTAHOBHUM IT0JIHOE perenne. [To-
CKOJIbKY OJTHA eJib yzKe Oblja BbICAXKeHa, TO OCTABINEECs KOJIMYECTBO YMEHBITHIOCH Ha 1.
Homep npenpiaymieit 3ansaToli KaymMmGsl HaM u3BecTeH — 310 A[j, 1], copT esnu st mpejpi-
ayiedt KaymOsl jrerko onpegenuts: D[j — 1, A[j,i]]. 3arem npomesaem te ke aeiicTBus s
saeiiku D[j — 1, A[j, i]]. YMenbImast KoMn9ecTBO BBICAYKEHHBIX €I0K Ha 1, MBI BOCCTAHOBHM
HOJIHOE DeIeHIe.

Caoxuoctsh pemennst 371oit 3amaun cocrapur O(N? x M) (HeoOGXoamM TPOXOJ MO BeeMm
gaeitkaM TaOaUIE 33 N2, 7T KasKI0i U3 gueeK MBI mepeOupaeM BCeBO3MOYKHBIE MPeIblTy-
e KayMObl 32 N U BCeBO3MOKHBIE copTa 3a M).

8.4 LR-amnamuka

B npeaplymux pasjiesax Mbl pACCMATPUBAJIE JIUHAMHKY, I/l JITOO UCIOJIb30BAIOCH HEKO-
TOpoe (PUKCHPOBAHHOE KOJTUYECTBO HPEIBIAYVIINX 0133124, JTUO0 BCe 3aJaU1 PAa3MEPHOCTHIO
or 1 1o N — 1. B nByMepHOM cydae TaK:Ke BO3MOYXKEH BaApHAHT, KOT/IAa 3a/a4a 3a/IaéTCs He
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oauuM napamerpom N, B aBymsa napamerpamu L u R — JjieBoil u npaBoil rpanuneil moj-
PSI MAYIIUX 3HAYEHUH, I/1s1 KOTOPBIX MBI HINEM pernerne. TakzKe Takoil MeTo Ha3bIBaeT s
«JITHAMHKA 110 MojIcTpoKaM». OOBIYHO, B TAKUX 3aJla4ax 3a 0a3y JUHAMHUKH OepéTcs Juaro-
HaJIb MATPUIIBI, T.€. MOJCTPOKH, COCTOSIIAE U3 ONHOro 3Hadenus (npu L = R). IIpuniums
JTUHAMHAYECKOTO IIPOTPAMMHUPOBAHUS OCTAIOTCS Te YKe caMble, TeM He MeHee, paCCMOTPUM Ha
HpUMepax.

Ckobku

MockoBckast komaniHas oymMmuaga 2004

Hazosém ¢TpoKy S NpaBujIbHON CKOOOYHON TIOC/EI0BATENHLHOCTHIO, €C/AH OHA COCTOUT
TospKo w3 cumBogioB {7 '} 7, ], 7(’, 7)) u BBIMOJIHEHO XOTsA OBl OJHO U3 CJEMYIOMUX TPEX
YCJIOBHUR:

1. S — mycras ¢Tpoka;

2. S MoxkHO mpeacTaBuTh B Buge S = S1+S3+ S5+ ...+ Sy (N > 1), rne S; — nemycTbie
IpaBUIbHBIE CKODOYHBIE HOCJIEI0BATEJbHOCTH, a 3HaK "+ "0603Ha4aeT KOHKATCHAUIO
(IpUNHCHIBAHKE) CTPOK;

3. S moxHO mpencrasuth B Buge S =" {'+C+'} wm S =" [[+C+'] wm S =" ('+C+'),
rie C aBiisieTcs NPaBHABHON CKOOOYHOMN MOCIE0BATENLHOCTHIO.

Hana crpoka, cocrosimast Tosibko u3 cumsodios {7 7}, 77, )7, () 7). Tpebyercs onpe-
AEeJIUTh, KaKO€ MUHUMAJbHOE KOJUYIEeCTBO CUMBOJIOB HaJA0 BCTaBUTHb B 9Ty CTPOKY AJid TOI'O,
aTO0BI OHA, CTAJA TTPABIIBHOIN CKOGOTHON MOCIEI0BATEIHHOCTDIO.

Dopmam 8Tro0HBLT OAHHBLE
B meproii crpoke Bxognoro (aiina 3anmcana CTpOKa, COCTOAMAA TOJBKO M3 CHMBOJIOB
LoV, C)) . dauna crpoku He npeBocxoauT 100 ¢cHMBOJIOB.

Dopmam 8blrOOHBLL JAHHBLE
BriBecTr B 1epBYIO CTPOKY BBIXOAHOIO hailia eIuHCTBEHHOE HEOTPHIATETHHOE IEI0e
YHUCJIO — OTBET Ha IIOCTAaBJEHHYIO 3aJa4y.

IIpumepwvi
Bxoambie JaHHBIE BrixogHble gaHHBIE
{(H 2
(D 0
Pasbop

Bajaua pemaercs metogoM LR-nunamuku. A numenno, B siueiike tabaunsl D[L, R| Gynem
XPaHUTb CKOJIBKO CKOOOK HEO0OX0MMO JI00aBUTh, 4TOObBI 110C/IE/I0BATEJILHOCTH CHMBOJIOB C L
o R craja mpaBHIbHONI CKODOYHOMN MOC/I€/10BaTE/IHHOCTHIO.

st obsterdenns mporpaMMHUPOBaHUs BBeIEM 0a3y AMHAMHUKHU CJIEIYIONIAM 00pa3oM:

1. Bce mnocJieioBaTe/ibHOCTH, COCTOSIIIIE U3 OAHON CKOOKH, TpeOyloT jo0aBJieHust OJHOI
CKOOKH (T.e. TJIABHYIO JMATOHATH MATPUIIH 3AM0JHSIEM 1).

2. llocsiemoBaTeIbHOCTH, Y KOTOPBHIX IIpaBas IPAHMIA MeHbIIe JIEBO, TpebyIoT mobaBe-
uug 0 cKobOOoK.
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Tenepb HEOOXOIMMO HAy4UTCH PENIaTh 3aJad4y /g mapamerpos L u R cuuras, 4T0 BCe
MeHbIIHe 1Moj3a1a4qu yxke pentenbl. B LR-1uHamMuke pa3smep 3agaum onpesensgercs Kak pas-
HOCTb MeZKJIy MpaBoii U JIeBoil TpaHuieil (B HAIIEM CJIydae 3TO KOJHYECTBO CHMBOJIOB).

Sagaua perraercs 04eHb Jierko. Kcjm Ha Mecte L CTOUT OTKPBIBAIOITAsi CKOOKA, a HA MECTe
R — coorsercrByIomas eit 3akpsoiBatomast, 10 D[L, R] = D[L + 1, R — 1]. 910 coorHourenne
obbsAcHAeTCd TeM, 9To Ha unrepsaje L+ 1, R — 1 y Hac yke mojydeHa npaBuibHasg CKOOOY-
Hasd TOCTIeOBATEBHOCTD, a OKPYZKEHHAS Napoil CKOOOK OHA TaKKe OCTAeTCs MPABWIHHOW U
J00aBJIeHUI He TpedyerT.

B ciiyuae e eciim na Mectax L u R He cTOUT T1apa COOTBETCTBYIONUX CKODOK, TO PellieHue
omnpeJieNisieTcs CaeayIOIMuM 00pa3oM:

D[L,R] = mm (D|L, K]+ D[K + 1, R])

Dta popMmysia 0603HAYAET, ITO MBI Pa30UBaEM MOCAEI0BATEILHOCTD OT L 10 R Ha JBe 4acTu
BCEMM BO3MOYKHBIMU CHOCODAMM M BbIOMPAEM CpeJiM BCeX TakKuxX pas3buenuit nHawmsydiiee. B
9aCTHOCTH, TTOCTeA0BATeILHOCTD *[|()’ Gyaer pa3bura Ha JBe TOCIEI0BATEILHOCTH U3 2 CHM-
BOJIOB, KayKJasl M3 KOTOPHIX TpedbyeT 0 mobaBIeHHBIX CKOOOK, M Pe3yJabTaT s Heé TaKiKe
oymer paseH 0.

Meros pa3buenus Ha 2 4acTU IPUMEHAETCA NPAKTHYECKH BO Beex 3aja4dax na LR-unamuky.
a OTJIMYAIOTCS OHU JIUNIb HAYAJbHON WHUIMAAU3aIueil u cuenuduIHbIME yCJAOBUSIMHU, TTPU
KOTOPBIX MOXKHO HAXOJIUTH JIydIllee PelleHue.

Taxke B 3T0i1 33/1a4€ y100HO UCIOTB30BATH ITPOrPAMMUCTCKUN MPUEM, HA3BIBAEMbIi «J1e-
HUBOI JIMHAMHUKOWY WJIN «peKypcueil ¢ Memopusarnueity. JleficTBUTEIbHO, €C/IU B IPEJIbITY-
MUX 33/[a9aX MOPSIO0K PeleHns M0/13a/1a49 OMpeessacsd U PeaTn30BbIBaJIC JeTKo, TO B LR-
JIMHAMUKe HeOOXOIHMMO PeIlaTh MOA33aJa49d, JBHUTAsCh MO JIUATOHAJISAM MATPUIIBI, UTO yIKe
HEepUsTHO. A BCTpedaroTcs 3ajadu, B KOTOPBIX MOPSIOK 00X0o7a emé Oojee 3alyTaHHbI.
B rakux curyanusx yg1o0HO 10JIb30BATbCd PEKYypCUBHOM (DyHKIIMEH, KOTOpas Oy/IeT moX0xKa
Ha 1epedop BcexX BaApUAHTOB, HO Oy/IeT 3alIOMHUHATD OJHAZKJIBI TOCYUTAHHOE pernenue. B neé
JKe MOXKHO 3arHaTh M orpanmdenusd. lieq ee ciaeyromas: cHaYaIa 3aI0THAM BCIO MaTPUILY,
KOTOpasi HeOOXOMMA, JIJIsT MOJICUYETa, MPU3HAKOM OTCYTCTBHS PelleHns (HANpHMeED, THCJIOM
—1). O6pammarbcst K 3TOi MATPHIIE TP €€ TOJCYETe MOYKHO TOJBKO € TIOMOIIBIO PEKYPCUBHOI
dbyuxiun, T.e. 9T06B 00paTuTCs K dsementy D[L, R] HeoOX0uMO KazK/plii pa3 BbI3bIBATDH
dbyuxmuo f(L, R). ®ynkuus, B ¢BOWO 04epe/ib, OyaeT NpoBepsaATh, MOACIUTAHO JH ITO 3Ha-
YeHue W eC/Iu Jia, TO BO3Bpalarh ero. Mlnaye neobxoauMo MoAcYuTaTh 3HaYeHNe, COXPAHUTH
ero B MaTpHIle U ONATh ¥Ke BepHYTh. [jist 970 3a1auu (hbYyHKIUsT MOKET BBITJISAIETh Tak (Mbl
PACCMOTPHUM TPHMED TOJBKO sl KPYTJIBIX CKOOOK, OCTAJIbHBIE HECJOKHO JTOOABUTH ):

function f(L, R : integer) : integer;

var
K, now : integer;

begin
if (DIL, R] = -1) then // 3HaueHue eme HE MIOACYUUTAHO

if (R < L) then D[L, R] := 0 // 6a3a guuamuru k1

else if (R = L) then D[L, R] := 1 // 6asa punavuru k2

else
if ((s[L] = >(’) and (S[R] = ’)’)) then D[L, R] = f(L+1, R-1)
else { // mepBasa u mocnemHAs CKOOKM He 06pa3ylT IapH
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D[L, R] := R-L+1; // B xymmeM ciydae K Kaxmoil mobasum
for K L to R-1 do begin // pasfbuBaeM Ha ABe HacTu

now := f(L, K) + £(K+1, R); // umeM cTOMMOCTbH
if (now < D[L, R]) then D[L, R] := now; // ecnu Hamo MeHTeM

end;
end;

f := D[L, R]; // Bo3BpamaeM mocjenHee 3HAYEHUE

end;

Temeps j1st TOro 9T00BI HANTH pelTeHne 331891 JOCTATOYHO CYUTATH BXOAHYIO CTPOKY
S, 3ano/HUTH MaTpuily ) NpU3HAKAMHU HEMOJCINTAHHOCTH DEIeHWs W BBIBECTH 3HAYEHUE
dbyukmun f(0, N —1), pne N — aymaa BXOIHOM cTpokd S. Bee ocTaibHOE ¢IeTaeTcst «caMos
U O TOPSJIKe BBIYUCTEHUS MOI33/1a9 OECITOKOUTCS He CJIe/IyeT.

PeanzoBbiBaTh JEHUBYIO JUHAMUKY HA0 BCETJIA MCXOJIS U3 MPUBEIEHHON BBIIIE CXEMBI:
9TO MO3BOJIUT MUCATH €e KOPOTKO W MPAaBWJIBHO. JIeHWBasd TWHAMWKA TPUMEHUMA BO BCEX
3a/1a9aX JUHAMIYIECKOTO TPOTPAaMMUPOBAHUS U, MeCTaMu, J1ayke Gojiee TIOHSITHA, HO 3JI0YIIO-
TPeOIATD eif He CTOWT, T.K. OHA BBI3BIBACT HAKJIATHBIE PACXOJBI KAK M0 NaMATH (3a0uBaeTCs
CTeK), TaK W 110 BpeMeHH (3amycK (DYHKIMH — He camasi ObICTpast Olepanus).

PaccemotpuM emmé ogHy, HEMHOTO HECTAHIAPTHYIO, TPOCTYIO 3a/1a4y Ha LR-1mHAMuUKY:

MaxkcumaJabHbI IHOAIIAJINHIPOM

Komanaaplit yemnuonatr mkojabHuKoB Cankr-Ilerepoypra 1999

[TasimupoMOM Ha3bIBAETCH CTPOKA, KOTOPas OJMHAKOBO YUTAETCS KaK CJIeBA HAIPaBo,
TaK U crpaBa HajeBo. [loanaannapoMoM JTaHHON CTPOKM HA3bIBAETCH MOCAEI0BATEILHOCTD
CUMBOJIOB M3 JAHHON CTPOKHU, He 00s13aTeIHbHO UAYIIAX TOAPS, SIBJASIONIASICS MTaJTTHIPOMOM.
Hanpumep, HELOLEH gBiasieTcsd nognaanaapoMoM cTpoku HTEOLFEOLEH. HanumuTe mporpam-
MY, HAXOIAMIYIO B JAaHHON CTPOKE MOANAJIUHAPOM MAKCAMAJbHON JIJIWHBI.

Dopmam 8Tro0HBLT OAHHBLE
Bo BxomHOM daiiie HaxoauTcsa cTpoka JanHOi He Gosee 100 CHMBOJIOB, COCTOSINAS W3
3arJIaBHBIX OYKB JIATHHCKOTO ajihaBHUTA.

Dopmam B8vblro0HBLT IGHHBLT

BriBeiuTe Ha mepBOil CTPOKE BBIXOJIHOrO haiijia JIIUHY MAaKCHUMAJILHOTO IOAIAJIHHIPO-
Ma, a Ha BTOPOH CTPOKe caM MaKCUMAJILHBLINA MOANAJIUHAPOM. EcIu TaKuxX HoAIaJIrnHIPOMOB
HECKOJIbKO, TO Ballla IporpaMMa JI0JKHa BBIBECTH JIIOOOH 13 HUX.

ITpumep
Bxoambie naHmbIe Brixogarbie gJaHHBbIE
HTEOLFEOLEH 7
HELOLEH
Pasbop

Ornauune 310# 3a1a4u oT crangapTHOi LR-auHaMuKH cOCTOUT B TOM, YTO pa3bHeHus: HA
JIBe YaCcTH He IpeaycmaTpuBaercd. [Ipu pemenun 3aga4un 6ymeM m0Ib30BATHCA CTAHIAPTHBI-
MM CPEJICTBaMu: 3aBejJieM Marpuiy [ rje uepBblii uHAEKC Oy/aeT O3Ha4daTh JIEBYIO I'DAHUILY
MOJICTPOKH, JIAs1 KOTOPOM MBI UITEM MaKCUMAJbHBIN TOATAIUHIPOM, & BTOPOil — MpaByIo.

bBaza munamukum OyaeT cieayroleii: moc/e10BaTeJbHOCTD 13 () WK OTPHIATEIBHOI0 KO-
JMYEeCTBA CUMBOJIOB (Korjaa L Gosbiie ueM R) uMeeT MaKCUMAIbLHBIN TOMIATTHIPOM JITTHHBI
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0. TTocnenoBarenprocTs U3 1 cumBosIa JaéT MOAIAJMHIPOM JUIHHBL 1 (IIOCKOJBKY CTPOKA
JUTHHBL 1 BCera sIBJISIeTCsl TaJInHIPOMOM ).
ITepexos k HoJibINEll 3a7a49€e OCYIIECTBIAETCS CJAEYIONUM 00pa30M:

e Eciu S[L] = S[R], o D[L,R]=D[L+1,R—1]+2

e Eciu S[L] # S[R], 1o D[L, R] = max(D[L, R — 1], D|L + 1, R))

[Ipu peanuzarum ya100HO HCIIO/IH30BATH JEHUBYIO TUHAMUKY.

8.5 JIlmHaMumka mo npodmnJiio

JInnaMu4decKuM TPOrpaMMHUPOBAHUEM MO MPOMUII0 HA3BIBACTCA TAKOW BUJ JUHAMUYE-
CKOI'O IIPOrPaMMHPOBAHUS, KOIJIa M0/133/1a9a MEHBIIEro pa3Mepa OKAHIHBAETCS HEKOTOPOil
koHdburypanueir (npodurem), KOTOPYIO MOXKHO 3aKOIUPOBaTh uyuciaoMm. K momzamade Jo-
OaBIsIeTCs elné OOMH JeMEHT ¢ HeKOTOpOil KOH(Urypalnmeid W OH CTAHOBUTCI HPOMUIEM
HOBO# 10J133,/1a49u. KpomMe TOro, MOKHO COCTABUTH TAOJIHMILY JIONYCTUMbBIX IIEPEXOJI0B OT OJI-
HOTO NMPOMUIIST K APYroMYy; COCTaBHTh HAOOP JONMYCTHMBIX HaYAJbHBIX HpOduUIei u peraThb
3a/1a4y, YBEJIMYNBasl KOJMYIECTBO JIEMEHTOB B mom3agade. OOBIYHO 3a1a9W Ha JUHAMUKY
o npoduIio TpedyoT mojcyéra ducia pemennit. ObpaTuMmcs, KaK OOBIYHO NPH U3YYEHUU
JIMHAMHYECKOTO IIPOrPaMMUPOBAHHUs, K IPHMEpPAM.

CuMnaTuvHbIe Y30PpPHhI

Beepoccuiickasi koMmaH/[Hasl OJIMMIIAA/A ITKOJbHUKOB 110 [IPOIPAMMUPOBa-
nuio 2000

Kommanusg BrokenTiles myranupyer 3aHaTbCs BBIKJIAIbIBAHUEM BO JBOPAX y COCTOATE b
HBIX KJUEHTOB Y30D U3 YEPHBIX U OJIbIX IJIMTOK, KazK/as U3 KOTOPLIX uMeeT pa3mep 1 X 1
MeTp. MI3BecTHO, 9TO ABOPBI BCEX COCTOATETBHBIX JIIOJell MMeoT Hanboee MOIHYIO HA CEro-
nHs popmy mpamoyroabuuka M X N MeTposB.

OnHako mpu cocTaBieHnN (BUHAHCOBOTO TLIAHA Y JAUPEKTOPA ITOW OPraHU3AINU MOSBU-
JIOCh TIEJIBIX JIB€ CePhE3HBIX MPOOJIEMBI: BO MEPBHIX, KAXKBIH HOBBIM KJIUEHT OYEBUIHO 3a-
X04eT, 4TO0bI y30p, BbIJIOXKEHHBIIT y HEr'0 BO JIBOPE, OTJIMYAJICI OT Y30POB BCEX OCTAIbHBIX
KJIMEHTOB 3TOil (PUPMBI, & BO BTOPBIX, 3TOT Y30P JO/JKEH ObITh cuMnaTuIHbiM. Kak rmokaszanno
UCCJIJIOBAHNE, Y30D SABJSIETCS CUMIATUYHBIM, €CJIU B HEM HHTJIE HEe BCTPEYaeTCs KBaJIpaTa
2 X 2 MeTpa, MOJTHOCTHIO MOKPBHITOTO TITUTKaMu oHOTO TBeTa. Ha prucynke 1 mokasaHbl npu-
MepBI PA3JIMYHBIX CUMIATHIHBIX Y30POB, a HA PUCYHKE 2 — HECHUMIIATHIHBIX.

CcuMnaTn4HbIE Y30pPbl HECUMMNAaTU4YHbIE Y30pPbl

Jlist cocraByiernst (DUHAHCOBOTO ILIAHA JUPEKTOPY HEOOXOJAUMO Y3HATH, CKOJBKO KJIHEH-
TOB OH CMOXKET O6C.)’Iy}KI/ITb7 npexjae 9eM CUMIIaTUYHbIC Y30DbI JaHHOTO pa3Mepa 3aKOHYIATCA.
[Tomorure emy!

DPopmam 8Lro0HHBLT 0AHHBLL
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B nepBoii ¢cTpoke BXOJHBIX JAHHBIX COACPZKATCS ABA HOJIOAKHUTEILHBIX HEIBIX YUC/IA, Pa3-
neaéunsrx mpobesom: M u N (1 < M x N < 30).

Dopmam 8blTOOHBLL JAHHBLE

BBIBG,HI/ITG CANHCTBEHHOEC YUCJIO0O — KOJIMYECTBO PA3JIUYIHBIX CUMIIATUYIHBIX Y30POB, KOTO-
pble MOYKHO BBLIOKHUTBH BO JABOpe padmepa M X N . Y30psl, nogaydaiomuecd IpyT U3 JIpyra
CJBHATOM, TIOBOPOTOM MJIM OTPAKEHUEM, CUUTAIOTCS PA3IUIHBIMHU.

ITpumepwvi
Bxoambie naHmbIe BrixomHrbie qJaHHBIE
2 2 14
33 322
Pasbop

BamMeTnM, 9TO KayKjasi KJIeTKa TabJUIbl MOXKET MMETh JIBA COCTOsHUs: OBITh Gesroit (0)
win 4épuoit (1). VI3 orpanudenuii K 3ajade MOKHO TOHATH, YTO JITUHA MUHUMAJIBLHON U3
CTOPOH HE MPEBBLICUT 5, OY/JIeM HA3bIBATH MUHUMAJILHYIO U3 CTOPOH CTOJIOIOM.

Ecin B Tabsiniie Bcero ojiuH ¢tojberr, To OH MOKeT ObITh 3all0JHEH POU3BOJIbHBIM 00pa-
30M, T.e. OTBETOM OyJeT aBaarbea amcao M2,

Kaxkaprit croaber Koaupyercs 5 6GutaMn 1 MOKeT uMeTh 2° cocTosiumii. Bynem nasbsaTh
9UCJI0, KOTOPBIM KOJIUPYETCs CTOJ0eI npodunsem. Byaem canrtarh, 910 BCe CTOIOBI ¢ HOME-
pamu ot 1 10 K — 1 yKe IOJHOCTBIO KOPPEKTHO 3aIIOJIHEHBI U CTOJI0er ¢ HoMepoM K — 1
uMeeT poduab paBabli ducay M.

Ha pucynke nocaeanuii crosibern umeer npoduiab 011005 mwiu 12¢. [Tokaxkem coBmecTu-
MBbI€ ¢ HUM MPOMUIN, KOTOPHIE IPU PACIOIOKEHNN CTOJOIOB PSII0M He 00pa3yioT KBaapar
2 x 2 oanoro npera. Takumu npoduaamu oyayt npodumu 000015, 000102, 000115, 00101,,
001105, 001115, 010015, 010105, 010115, 100015, 100105, 100115, 101015, 101109, 10111,,
110015, 110105 u 11011,.



100JIEKLINA 8. AMHAMWUYECKOE IIPOI'PAMMWPOBAHHNUE C /IBYMS ITAPAMETPAMUI

Takum obpazom, ecaim nmeercs KoppekTHas Tabsunia u3 K —1 cToa011a, OKaHIMBaOIIAsICs
npodurem 011009, TO U3 HEE MOXKHO HMOJYIUTH TAOJIUILI JIUHON K U UMeolIe B Ka4ecTBe
upoduis onao u3 18 copmectuMbix ¢ 011005 gmcen. Ilpu aToMm 11 KaxK10i AIUHBI TAOIAIBL 1
e€ MpOod I MOKHO XPAHUTH KOJTUIECTBO BAPUAHTOB COCTABUTD TaKyI0 KOPPEKTHYIO TAaOIHUILY,
a IIpU KazKJIOM IIepexo/ie CyMMHUPOBaTH Jijisi Tadbauibl Jinabl K ¢ npoduiem P Bce 3HaveHus
Juig Tabaun, gmuabl K — 1 u npoduaem, coBmectumbiM ¢ P. B Buge ¢popMyabl 370 MOXKHO
3anmcaTh Tak:

2M
D[K,P] =) DIK —1,L] x g(P,L)
L=0

[ne K — anuna Tabaunpl, P — uHTepecyiomuii Hac npodpuib, M — BbicoTa cTo01a, L —
npod b npeabiyiero croabna, a dbyuxus g( P, L) Bozspaimaer 1 B ciydae, ecau cTOJ0IbI
P wu L coBmectumbl u ) B IPOTHBHOM CJiydae. baza quHaMuKH, KaK yzKe TOBOPUJIOCH BHITIIE,
COCTOUT B cjeayiomeM: npu K = 1 g go6oro mpodusis KOJIUIeCTBO BAPUAHTOB PacKpac-
KU KJIETOK paBHO egunune. Ilosydars pelnrenue ciegyer ABHrasiCh CHadaJa IO KOJIUIECTBY
cTOJIONOB, /I KayKIOTO U3 CTOJOIOB Iepeduparh NpoduiIb U IId KayKJA0ro npoduis, B
CBOIO 0Yepe/ib, MepedupaTh BCE MPEbIAYIINE TPOQILITH.

®ynkunio g(P, L) MOXKHO 3aMeHHTD TPeINOICYUTAHHON MaTpuIieii, 9ToObl He BHI3bIBATH
HPOBEPKY HA COBMECTUMOCTDH Npoduiaeil MHOro pas. [Ipu 3ToM cauTaTh COBMECTHMOCTD IIPO-
duteit yaobHO ¢ UCIOJIB30BAHHEM OUTOBBIX ONEPAIHiA.

Croxnocts Takoro pentenns cocrasut O(N x (2M)2). Orper rapanTnpoBanuo He 1pesbI-
cnt 230 cremenn, T.K. Bcero, Jazke 6e3 orpaHWYeHHi, BCIO TaOINILy MOYKHO pacKpacnTh 230
crocobaMu.

PaccmorpuMm emé ojun MeTo/| pelienuns 3a/a4 Ha JIMHAMHUKY 110 ITPOMUIIIO.

CuMmnaTuvaabie y30pbl BO3BPAMIAIOTCS

Sumame cO0Phl K MEXKIyHapoHO# omummnuate 2003

Co BpeMéH HaIllMCaHUs YCJIOBHS IIPEJIbIIYINEH 33/ 1a40 MHOI'O€ U3MEeHIIOCh., CHMIATHIHbIE
VY30pPbl CTaJId O4Y€Hb IIOIYJIAPHBI IIO BCEMY MHUPY, HHO9TOMY JIIOJHW I'OTOBBL COAEP2KAaThb OY€Hb
OOJIBINION YYIACTOK 3eMJIM, JHUIIH Obl UMeTh Ha Hell y30p, He BCTPedaroNuiics 00IbIe HUTIE.
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Teneps komnanusa BrokenTiles gapsisiercs BeayImuM npoOU3BOJAUTEIEM CUMIIATUYHBIX Y30-
pos B mupe! Jl1s cocTaBieHns 1aHa HCIOJTHATETLHOMY TUPEKTOpY Bace mo-npexkHemy Heo0-
XOJIUMO 3HaTh, CKOJIBKO KJIUEHTOB MOTYT PacCUYUTBHIBATL HA Y30p JAHHBIX Pa3MEpOB.

Tak Kak MacmTabel 6ykBaabHo Muposble, N < 10'%. Oxnako Baca nme mobur 6oibmme
YUCIA, TIO9TOMY HIPOCHT BBIJIATH OTBET IO MOAYJIIO P.

DPopmam 8rodHHBLT JAHHBLL

B nepBoii ¢Tpoke BXOZHBIX JAHHBIX COIAEPKATCA TPH IIOJOKHUTEILHBIX HEeJIbIX 9UCIa, PA3-
penénnbix npobesiom: N, M u P (1IN < 1011 < M < 5,1 < P < 10000).

DPopmam 8vbLLOOHBLL 0AHHBLE

BBIBG,ZLI/ITG CAMHCTBEHHOC YUCJI0 — KOJIMY€CTBO PA3JIMYHBIX CUMIIAQTUYIHBIX Yy30POB, KOTO-
pble MOXKHO BBLIOXKHUTH BO JBOpe pa3zmepa M X N mo momyaio P. Y30pbi, moaydatoninecs
APYTr u3 JApyra CABUTOM, IIOBOPOTOM MJIN OTPAXKEHUEM, CHUTAIOTCA PA3JIMIHbBIMU.

ITpumepwvi
Bxoambie naHmbIie BroixogHrbie mJaHHBIE
225 4
3323 0
Pasbop

DTa 3aja49a 0OYEHb MOX0KA Ha MPEJIBIIYIILYI0, HO Ta pemrajach 3a JuHeitnoe ot N Bpems,
YTO HaBEPHHAKA BBI30BET IIPEBLIINICHUAE OTPAHUYCHHS Ha BpeMs pabOThI porpaMMbl, ipu N =
10100'

Tem ne MeHee, 3a/1a4a pemaemMas. Jl0cTaAaTOYHO BCIIOMHUTD, YTO MBI YMeeM CUUTATDH TUCTIA
®ubonaqun 3a O(log N) u Bocmob30Barbes moxoxumM MerogoM. Ilyers y nac ecrsb Tabauna
coBmectumocTu npoduieii G pazmepom 2M x 2M | TTpuendm npumep Takoil TabIHIBL s
M = 2:

— == O

1
1
1
1

O = =

1
1
1
1

Enununa Ha mepecedeHun i-oif CTPOKK U J-TO CTOJOIA 0O03HAYAET, UTO TMEPEXO] OT TPO-
duig ¢ k npodpusio j Bo3MoxkeH. Ecjin Mbl IPOCYyMMHUPYEM 3HAYEHUS BCEX A4€EeK ITOU MaT-
PUIIBI, TO TOJYYUM KOJHYECTBO BAPMAHTOB PACKPACKU MPAMOYTOJAbHUKA 2 X 2. BeroMumM,
KaK Jlesiajcs Iepexo/l OT OJIHOTO MPOMUIA K JIPYTOMY:

oM

D[K,P] =) DIK —1,L] x G[P, L]

3aMeTuM, 4TO JIJId HEKOTOPOIo Ipodu/isd MbI IepedupaeM Bce JApyrue nNpoduid U CyM-
MUDYEM KOJIHYeCTBO BADHAHTOB B CJyUae, eCJU OHH COBMECTHMBI (€CJIM OHU HECOBMECTHMBI,
TO TOXKE CYMMHDYEM, HO HYJIH). DTO 4PE3BbIYARHO 1OXOXKE HA yMHOXKeHue marpui. Jlei-
CTBUTEJIbHO, BO3bMEM MaTpuny G u Bo3BeIEM ee B KBaApatT. [Ipu 3ToM maeiiHO nmpon3oiaér
cJIeIyIonee: Mbl OyJieM UJATH OT Tpoduis ¢ B npoduab j depe3 BCEBO3MOMKHbBIE TPOMUIN,
T.e. MBI IIepebepéM Bce k |, B cIydae, eCJu BO3SMOXKHBI IepeXojibl u3 ¢ B k u u3 k B j, TO yBe-
JIMYUM KOJIMYECTBO BapUAHTOB IONACTh U3 ¢ B J 3a JBa Imara Ha 1. Takum obpaszom, cymma
3JeMenToB MaTpuipl G2 Oyler paBHa OTBeTy Ad 3ajadn Ipu N = 3. AHAJTOTHYHO MOYKHO
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JieJiaTh IIepexo/] He Yepe3 OJIMH, a depe3 HeCKOJIbKO ImaroB. T.e. cyMMa 3/1eMEeHTOB MaTPHIbI
GN~! 6ymer paBHA OTBeTy Ha 3amauy JaUHB N. JJIa YCKOPEHHS MOYKHO BOCIIOJb30BATH-
st GBICTPBIM BO3BEJIEHHEM B CTEIeHb (OHO MPUMEHUMO JIJIs1 JTFOObIX 0GbEKTOB, JOMYCKAIIIX
YMHOXKEHHUE ), OHO U JIPYTHe HeOOXOMAUMbIe OTePAIlNH OMUCAHBI B JIEKITUH, HOCBSIIEHHOH apud-
MeTHKe U TEOPUH TUCE.
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