[MnaH-kKoHcnekT K 3aHATMIo N2 11

AHHOTayuA
N2 3aHaTUSA 11
Tema 3aHATUA OueHka CNOXHOCTM anropuTMoB. Monck n CoOpTUPOBKa AaHHbIX

MpoAOKUTENBHOCTb 3aHATUSA 100 MUHYT

Wcnonb3yemoe obopypoBaHme  KomMnbroTep C YCTaHOBAEHHBIM KOMMWAATOPOM g+ +

Llenb 3aHATNA

CoopmupoBaTtb 3HaHMSA OO OLLEHKE CNOXHOCTW anropuTMOB, MOUCKE U COPTUPOBKE AaHHbIX. M3yunTb

aJIfOPUTMblI JIMHENHOTO NMouncka w COPTMPOBKK NMNOACHETOM.

Pe3ynbtat paboThbl

Pa3paboTaHHbIN KOMMAEKC NPOrpaMM, UCMOb3YHOLLMX MOUCK N COPTUPOBKY AaHHBIX.

[lporpamma 3aHAaTUA

1. Nlorapném

2. OueHka CnoxXHoCcTM anroputma. Hotaumsa (-6onbloe
3. KOHCTaHTHble afiroputMmbl. 0(1)
4. [lnHelHble anropuTMbl. O(N)
5. Jlorapndmmyeckme anroputmbl. O(k 10g N)
6. CpaBHeHue O(l) O(N) O(log N) n O(N lOg N)
7. NoAvHOMMaNbHbIE aArOPUTMBbI. O(Np)
8. CpaBHeHve O(N log N) 7z O(Nz)
9. 3KcnoHeHLMaNbHbIe aArOPUTMbI. O(kN)
10. CpaBHeHue O(N3) n O(ZN)

11. PakTOpMaNbHbIE aArOPUTMBI. O(N')
12. CpaBHeHuve O(ZN) n O(N')

13. TTonck 1 CopTMPOBKa AaHHbIX

14. JINHelHbI Nonck

15. CopTnpoBKa NoACYETOM

16. CnyyariHble uncna. @yHkumm rand() wu srand()
17. MpakTnyeckme 3agaHns



MeToabl 06yueHuns

Ha pocTvxeHue uenen 3aHATMA HamnpaB/ieHbl WCNOAb3yeEMble MeAaroroM MeToAbl. Vcnonb3yrotcs
cnesyrolime  Metoabl  y4ebHO-MO3HaBaTENLHOW  AEeATENbHOCTM: CNOBECHbIM, METoAbl U MNPUEMBI
CaMOoCTOATENIbHOW PaboThl.

BbibpaHHble MeToAbl MO3BONAIOT peasnn3oBaTb LN CUCTEMHO-AeATeNbHOCTHOro noaxoga. ®opma
NnpoBeseHVs 3aHATUI BblbpaHa C y4eTOM BO3PaCTHbIX OCOBEHHOCTEN N CnocobCTByeT GOPMUPOBAHUIO
JMYHOCTHBIX W PETYNATUBHBIX YHUBEPCANbHbIX y4EOHbIX AENCTBUN.

Xopa 3aHATUA

1. OpraHu13aunoHHbI MOMEHT

MpueetctBue. OnpeaeneHne oTcyTCTBYHOLMX. [TpoBEpKa rOTOBHOCTM O6YUaKOLLMXCA K 3aHATUIO.

2. CTpyKTypa n3yyeHunsa HOBOro marepuana

1. O6bsicCHEHWE HOBOrO MaTepuana (Teopus)

2. OnucaHune pesynbTaTa 3aHATUA (ONMcaHMe paboTbl NPOorpaMmbl)
3. PazpaboTka nporpammbl

4. TecTpoBaHue (UCnbiTaHWe NPorpaMmbl)

5. MNoageaeHwe ntoros 3aHaTuA (pednekcnsa / BbIBOAbI)



Jlorapuom
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NIOTAPU®M nonoxutensHoro uncia /3 no ocHosarmio A (obo3Hauaetcs, Kak log AB ) — 310

CTENeHb, B KOTOPYH HY>XHO BO3BECTU A, yTObBbI NnoJyynTb B
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B>0
A>0
A#1

[Jonyctum, yto log AB = C, Torga AC =B

OueHKa C/IOXXHOCTM aaroputMa. Hotayms O-

boabLloe

CyLuecTByeT OrpOMHOE MHOXECTBO aAropuvTMOB /1A BbINMONHEHWA COBEPLUEHHO Pa3NNYHbIX 3ajau.
Pa3Hble aroputMbl MOTYT pellaTb OAHY W Ty Xe 3ajady; airopuTMbl MOTYT KOMOWHMPOBATLCA ApPYr C
APYroM v npeacTaBasTb cOBOM HOBbIM anroputM. VI cpeam 3toro pasHoobpasns HeobxoanMo BbibpaTb
anroput™, Hambonee nNOAXOAAWMA ANA pelleHVs Ballel 3ajayn. BaxHbIM KauecTBOM Xxopoluero
nporpaMmmcTa ABASETCA YMeHVe elle Ha 3Tane pa3paboTku nporpaMmbl (MK Jaxke NAaHWPOBaHMSA)
HaxoAWTb Camoe MOAXOAsllee ANA 3ajaun  pelleHne, KoTopoe 6yaeT paboTaTb MakCMMasbHO
3PPEKTMBHO (BbIMOMHATECA Kak MOXHO MeHblUee KOJNNYECTBO BPEMEHW W 3aHUMaTb KakK MOXHO

MeHbLUE NaMATAN KOMFIbI-OTepa).

Ans Toro, utobbl NOHATL HaCcKoAbKO 3bdEKTUBEH anroputM, He 3amyckas mnporpammy, Heob6xoAMMo
yMeTb aHa/iM3MpoBaTb, TaK Ha3blBaeMylO, C/IOXKHOCTb aJropuTMa, KOTOpas MoKasblBaeT Kakoe
K0/IU4ecmeo 8pemMeHU N NaMamu KOMNeomepa 3aHUMAaeT OnpeseneHHbI airopuTm.

B OUEHKE CNOXHOCTU alroputMa BpeMa M NaMATb pacCMaTpuUBalOTCA, KakK pecypc, nokKasbiBad NWLUb
UMCNEeHHOEe 3HauyeHne be3 NPUBA3KN K q)I/IBVIl-IECKMM CBOMCTBAM. OTO MOXHO npeactaBuUTb Tak, KakK eC/n
Obl BpeEMA W NaMATb Oblnn 6anna|v||/|, KOJIMYECTBOM KOTOPbIX MOXHO ONpeaennTb "ctommocTb”

OonpeseneHHON ycayri.
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OpHuM 13 noctynaTos A3bika C++ aBnsetca "He naamu 3a mo, ymo He ucnoae3yews". 3aeckb Nog,

naamoli nogpasymMeBaeTCs UMEHHO MPOLLECCOPHOE BPeMs U 06bEM 3aHUMAEMOW NaMATH.

vEEEEEEEEEEED
*aaesEEEEEEEE®

4NN EEEEEEEEE NN NN NN NN NN NN NN NN NN NN NN NN NN NN NI NN NN NN NN NN NN NN NN EEEEEEEEEENEEEEEEEE
CyLLI,eCTByeT MHOXEeCTBO Cnocobos OLUEHKN CNOXHOCTU alropumtMa. PaCCMOTpVIM OAVH W13 Hanbonee

yacTo ynoTpebasiemMblx METOAOB — HOTaLUIO ()-6onbwoe.



U EEEEEEEEEEE NN EEEEEEEE NN EEE NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN EEEEEEEEEEEEY

.

()-BONbLUOE — byHKLMA 13 BbiCLIeN MaTemaTuky, paboTaroLwas ¢ npeAesoM

nocneaoBate/ibHOCTU.
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Mo3ToMy AN NPOCTOTbI Mbl He ByAem n3yyaTb ee popmyny, HO ByaeM paccmaTpuBaTb Havbonee YacTo
BCTpeyaroLmecs ee npumepsbl.

Onyckas CNOXHYI MaTeMaTuKy, Mbl ByaeM CMOTPETb Ha aNroOpPUTM Kak Ha HEKOTOPYHO GYHKLMIO g(N)
n BysemM cpaBHMBaTbL ee C O(CO X f(N) + 01) rae [N — konMuecTBo BXOAHBIX AaHHbIX HaLLEro

aJropmitma, a C() n Cl — HEKOTOpPble MNOCTOAHHbIE 3HAaYEHUE, KOTOPbIE ONYyCKardTCA ANA MPOCTOThI

NMOHMMaHNA I'IOJ'Iy‘-IEHHOI7I OUEHKW. npOBOAFI Takoe CpaBHEHWE, Mbl MPpUMEpHO npeactaBagem, 4To

CKOPOCTb POCTa CAOXHOCTM HaLLero ajaropuima g(N) byser He 6osblue, YeM CKOPOCTb poOCTa
HeKoTopolr GyHKLNN f(N) JTO MOXHO npeacTaBuTb, Kak rpabuk QyHKUMK g(N) 3HayveHus

KOTOpPOro BCerga fexar HUXe WUAN paBHbl rpaduky GyHKLMK f(N) Takum o6pasom, ()-6osbluoe

NMokKa3blBaeT Kak pa60TaeT CI)yHKLI,VIFI B Hanxygwem AnAa Hee cueHapun n MOXeT ObITb MCMNOb30BAHO Ana
OouUeHKN HeO6XO,CI,I/IMOFO BpeMeHU pa6OTbI AN NCnoab3oBaHUA NaMATU HEKOTOPbLIM aITOPUTMOM.

B ycTHOM peun, Hanpumep, O(N) 6yaeT NnponsHocuTbea Kak "O-6oabwoe om H" nan npocto "O

om H". Janee mbl Bysem paccmaTprBaTth NMPUMEpPBI Pa3vyHbIX GYHKLNA f(N) OTHOCUTE/IbHO

BpeMEHUN UCNONHEHNA, HO 3TO TaK >Ke& paBHO3HAYMMO NEPEHOCUTCA N Ha 3aHNMaEMYHO NMaMATb.
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KOHCTaHTHbIE airopuUTMBbI. 0(1)

0(1) OMNMCbIBaeT aaropuUTMm, KOTOprI7I Bcerga 6y/J,ET MCNOJIHATbCA 3a OAHO U TO Xe (mocToAHHOE WK

KOHCTaHTHOG) BpeMA, HE3aBUCNMO OT KOJINYECTBA BXOAHbIX AAaHHbIX.

isNull( element) {

element == null;

Kntou K nonumarnio Hotaumu (J-Bonbluoe NeXWT B MOHAMaHWM CKOPOCTU POCTa  ByHKLAM.

MpeanonoXmM, UTO y Hac eCTb CEAYHOLLMIA GparMeHT Koaa:

cout <<

HeBaXXHO Kakoe 3HaueHue cofgepxunTt N — q)parmeHT KOJia Bbllle BcCeraa 6y,u,eT BbIMOJIHATLCA 3a

KOHCTaHTHOE BpeMA.



[Jonyctum, Tenepb Mbl UMeeM cnegytolmii dparMeHT Koga:

N_
cout <<

cout <<
cout <<

BTOpOi;I NPUMEP TaK Xe pa60TaeT 3a KOHCTaHTHOE BpeM4, JaXXe HECMOTPA Ha TO, YTO 3TO 3aHMMaET B 3

pasa 6o/ibLUe BPeMeHM, OTOMy UTO 3TOT KO He 3aB1cuT OT pasmepa .V . Mbl FoBOPMAM, UTO KOHCTaHTbI
Con O 8 dyHkumm O(Co X f(N) + Cl) onyckaroTca. 34ech f(N) = 1, nostomy 0(2)

0(3) nin aaxe 0(100) OKBUBAJIEHTHbI O(l) M 3Ha4daT O4HO U TO Xe. ﬂ,.l'lﬂ HaC HEe unmMmeet

3Ha4veHnAa Kak AOAro 6yp,eT npPonCcxoanTb BbIMONHEHNE — MMEET 3Ha4deHune Nnlb TO, YTO 3TO BpemMA

ByAeT KOHCTaHTHbIM.



JInHenHbIe anropuTMmsl, O(N)

O(N) OnncblBaeT aJioPUTM, YbAa CKOPOCTb pa6OTbI JIMHENHO W npamMmonponopynoHasbHO 3aBUCUT OT

pa3mepa BXOAHbIX AaHHbIX. [TpyMep HUXKe AeMOHCTPUpYeT, Kak (J-60nbluoe nokasblBaeT HanxyaLmi

cu,eHalel7| nponsBognTENbHOCTU. COBNajeHne 3aJaHHOro CMMmBOaa U CMMBOJIa BHYTPU CTPOKN MOXKeT
I'IpOM3OI7ITI/I Ha nrobol nTepaunm UmMkKia M Ha 3TOM (I)yHKLI,I/IFI MO>XXeT 3aKOHYUTb CBOHKO pa60Ty, HO

HOTauwnAa O-6OJ’IbLIJO€ BCerga paccMaTtpuBaeT alropumTt™Mm Tak, 6yATO OH BbINONMHNT MaKCUMaJibHOE

KOJIMYECTBO AENCTBUIA BHYTPY HEro.

isContainingValue(string text, letter) {
¢ i=0; i< text.length(); ++i) {
(text.at(i) == letter) {

Kor,a,a Mbl TOBOPWUM, YTO YTO-TO pacTeT C JNINHENHON CKOPOCTbHO, Mbl MMeeM BBMAY, YTO OHO pacTeT

NPAMONPOMNOPLIMOHANbHO KONNYECTBY €ro 3/eMEHTOB (Hanpumep, JVHenHas OQYHKLMS f(aﬂ =

kx + b).

501 < Ny ++1) {
J =15 3 <= 55 ++]) {
cout << i <« 5

¥

cout <«

BpeMﬂ BbIMNOJIHEHUS IMHENHO 3aBUCUT OT KOJIMYECTBA BXOAHbIX AaHHbIX — OT N Hac He MHTEpEecyet
Kakoe Koam4yecTtBo BpeMeHU 3aMEeT BbIMOJIHEHNE O/J,HOVI nTepaynmn — Hac MHTepecyeT IMLb TO, YTO BCE

nTepaunn BblIMONHATCA 3a N eAVNHNL, BpEMEHWN. N Mbl 3HaeM, 4YTO Nnpun yBeJndeHnn N, Hanpumep, Ha
100, anroputm 6yzeT BbINOAHATLCSA 3a N + 100 eguruy BPEMeHU (TO ecTb Bpems paboTbl byset

pacTv AnHerHO). Takxke Hac He MHTepecyeT, YTO NOJHOe NPeACTaBAeHe OLLeHKM PaboTbl BbIFNAANT Kak

O(5N + N) = O(6N), tak kak Mbl OnyckaeM KOHCTaHTbl. [03TOMy Mbi OLEHWBaeM 3TOT

aJiropmTM C MNOMOLbHO O(N)



Jlorapndmmueckme anropuntmbl. OUC log N)

O(log N)

O(log N) onuncbiBaeT aJifOPUTMbl, B KOTOPbIX MPOUNCXOAUT LMKANYECKOE JeneHune KoJndectea

BXOAHbIX 3/1EMEHTOB. FpanMK 3aBUCMMOCTUN CKOPOCTH pa6OTbI TakKnxX anroputMoB OT KOJIM4yecTBa
BXOAHbIX 31eMeHTOB CHa4ana 6bICTpO pacTeT, a 3aTeéM CTaHOBUTCA BCe 6onee NAOCKMM.

JonyctnMm, 4nucno, Ha KOTOpoe AeNuTcs BXOAHOE MHOXECTBO, PaBHO 10. Torga npu N =10,
anropuTtMm cpaboTaet 3a 1 eAnHULy BpemMeHu. Mpu N =100 —3a 2. Mpwn N =1000 — sa 3.

TakuM 06pa3oM, Npu yBeanueHUM KonnuecTea BxoaHbIX aaHHblx B 10 pas, Bpems pa6otbl

yBENMUNBAETCA Ha | eguHuLy BpemeHW. 03TOMY, Takve anropuTMbl KpaiHe 3pdeKTUBHBI Ha 60/bLLINX

obbemMax AaHHbIX.

(int i =

cout << 1 <<

OcHoBaHuem noraprMa B NprmMepe Bbllle ABAAETCA 2, TaK KaK Mbl BbIMOAHAEM LMKA C YMHOXXarOoWNMM

Larom 2 (uto, NO CBOE CyTn, ABNAeTCA LUKINYECKMM pacCnonoBUHUBaHNEM BXOAHbIX AaHHbIX).

Ecin [N = 8, 10 BbiBOS BYyAET Creaytowmm:

Takum o6pa30M, Halwl aAropuUT™M BbIMOAHUANCA 3a log 2 8 = 3 €AVNHNLbI BpEMEHN.

O(N log N)

;01 <= N; ++1) {
J=0; 3 <N; j*=2){

cout << i << << J <K

MycTtb N = 8, TOorga anroputM OyaeT BbIMNOAHATLCSA 3a 810g28 =8x3=24 eANHNLBbI

BpEMEHMN.



CpaBHeHue 0(1) O(N) O(log N) 7 O(N log N)

e O(1) O(N) O(log(N))  ems=0O(N log(N))

25
20
15

10

CNoXHOCTb

Kak n oxugaemo, rpapuk:

e O(1) nocrosen
d O(N) pacTeT IMHeNHO

° O(log N) no Hekotoporo [V pacTeT MeasieHHee KOHCTaHTbI, HO 3aTeM "0BroHseT" ee

hd O(N lOg N) 40 HEKOTOpPOro N pacteT meaieHHee KOHCTaHTbl, HO 6bICTpee 06bIYHOrO

norapudma. 3atem "06roHseT" KOHCTaHTy, HO pacTeT MeAfieHHee IMHENHOro, Moc/e Yero
"obroHset" u ero
BcnomMHum, uTo Hac 6onblie nHTepecyeT TO, Kak BbIFIAAWUT Pa3HULA MeXay Pa3/IMYHbIMWU OLLeHKaMu npu
BO/bLINX 3HAUEHUAX N OTCI-O,CI,a BbITEKAET Ba>KHOE MNMpumMedaHune: HeO6XOAI/IMO Bbl6|/|paTb aJirfopuUTMm,

paboTatowmnin Hanbonee 3PpPeKTUBHO, UCXOAA U3 BXOAHBIX AAHHBIX, TaK KaK pasHULA MEXAY OAHVMU U
TEMU Xe OLeHKaMMN MOXET MEHATLCA B 3aBUCUMOCTM OT 06beMa BXOAHbIX AaHHbIX.



[ToAVHOMMWAaNbHbIE aJIfTOPUTMbI. O(Np)

TepMWH NOAMHOMMANBLHBIA — 3TO 0606LLAIOLLINA TEPMUMH, BKAOYAIOLNA B Cebs KBagpaTHble (NZ)
¢yHKumm,Ky6wquKme(fV3),KBaApOqueCKme(fVA)|ATaKAanee.Ham6onee Ba>XXHO TO, YTO C)(PVZ)

6mepee,qewlC)(fvg),KOTopuﬁ,Bcsom>ouepeAb,6mepee,qu C)(PJ4) v Tak ganee
O(N?)

C)(PVZ) OMWCbIBaeT anaropuT™M, 4bA MPOU3BOAUTENBHOCTb MPAMOMNPOMOPLUMOHANbHA  KBaapaTy

pa3mMmepa BXOAHbIX AaHHbIX. O6bILIHO, 3TO aJIfOPUTMbI, BKAHOYakOLWlMe B cebs BAOXEHHble LMKAbl MO

BCemMy O6'beMy BXOAHbIX AAHHbIX. bonee rny60|<|/|e YPOBHW BJIOXKEHNA OTPa>KaroTCA Ha OUEeHKe B BUAE

()(PV3),()(fV4) v TaK aanee.

containsDuplicates(string text) {
¢ outer = 0; outer < text.length(); ++outer) {
( inner = 0; inner < text.length(); ++inner) {
(outer == inner) {

J

(text.at(outer) == text.at(inner)) {

J

[lonyctum, uto cTpoka text copepkut 8 cumBonos. Torga anroputM GyeT BbINOHEH 3a 82 = 64

eANHNLblI BpEMEHN.



CpaBHeHue O(N log N) 7 O(NZ)

e O(N log(N)) O(NA2)

300

250

200

150

CNoXHOCTb

100

50

Mpaduk O(N log N) pacTeT MeAsieHHee, YeM rpaduk O(NZ )

3KCI'IOH€HLI,I/IaJ'IbeIe aJITOPUTMbI. O (kN)

Bpems ncnonHeHusa 3TuUx anroputMOB BO3pacTaeT B k pa3 npu KaXaom AOMOAHUTENbHOM BXOAHOM
. O ZN
3HayeHnn. Hanpumep, anropntMmel C OLEHKOW yZABanBaroOT 3aTpayMBaeMoe Ha HUX Bpems ¢

KaXkabIM YBE/IMYEHUNEM N; C OLEHKOW O(NS) — YTPanBatoT.
o(2M)

O(ZN) ONnCbIBaeT anropuTMm, uemn POCT yaBamBaeTCA C Ka>X4blM AO6aBJ1€HI/IeM B MHO>XXeCTBO BXO/AHbIX

AaHHbIX. [TpMMepoM Takoro anroputMma sABAseTCs PEKYPCUBHOE BblUMCAEHWE TL-HOro Yyncna PuboHaqyu:

fibonacci( number) {
(number <= 1) {
number;

fibonacci(number - 2) + fibonacci(number - 1);

Ecan number = 8, TO aJITOPUTM BbINOJIHNATCA 3a 28 = 256 eANHNL, BPEMEHWN.



CpaBHeHue O(Ng) 7 O(ZN)

@ O(N/3) e (O(27N)
70000
60000
50000
40000

30000

CNnoKHOCTb

20000

10000

Mpu manbix 3Hauennax [V rpadukm O(N?’) n O(ZN) NPVMEPHO OAMHAKOBbI, HO, HauMHas ¢

N = 10, Fpaq)MK O(ZN) HaynHaeT CTPEMUTENIbHO pPacCTu.



(DaKTOpI/IaIIbeIe aJIfTOPUTMbI. O(N')

3TOT KNacc anropuTMOB BbIMOJHAETCSA 3a BPeMs, NPAMONPONOpLMOHanbHoe dakTopuany Koanuyecrsa
BXOAHbIX JaHHbIX. KnaccmyeckvM npyvmepom Takux airoputMOB ABASETCA airOpUTM peLleHus 3ajaun

KOMMMBOSAXEPA, NCMO/b3YHOLWMIA NONHBIN Nepebop.

ObbsCHEHUS 3aja4yn KOMMUBOAXKEPaA N €€ peLlleHnNAa HE BXOAAT B PaMKW TEKYLLLETro 3aHATUA.

¢umEmEEEmER
EEEEEEEES

llIlIIIlIIlIIIlIIIIIIlIIIIIIlIIIIIIlIIIIIIlIIIIIIIIIIIIlIIIIIIlIIIIIIlIIIIIIlIIIIIIlllllllllllllllllllllll'

Bonee npoctbiM NpuMepoM NoA0HBHbIX anropntMoB ByaeT cneayrolwmii dparMeHT Koga:

( i =0; i < factorial(N); ++i) {

cout << i << ;

lae factorial(N) — dyHKumsa, Bblumcaarowas dakropuan uymcna N. Jdonyctum, N = 8, Toraa

aJIfOPUTM BbINOJIHNTCA 3a 8' = 40320 eaAVHNL, BpEMEHWN.

CpaBHeHue O(ZN) 7 O(N')

@m0 (2/\N) e O(N )
140
120
100
80

60

CnoxHocTtb

40

20

Mpu Manbix 3HaueHusx [V rpadpukm O(ZN) n O(N') MPUMEPHO OAMHAKOBSI, HO, HaunHas ¢ [V =

3, rpaduk O(N') HauYMHaeT CTPEMUTENBHO pacTu.



[Tonck n COpPTNpPOBKa AaHHDbIX

»

KONMNEKLUUMNA AAHHbIX — cneuuanbHbiM 06pa3oM opraHM3oBaHHOE MHOXECTBO 3/1IEMEHTOB.

¢umEmEEEEE
4smmEEEEEs

Camol NpOCTOM KOANEKLMEN faHHbIX ABASETCS MaCCUB.

eumEmEEERN
4ummEEEEEs

B nporpammupoBaHum yacto Tpebyertca nckatb onpegesneHHble JaHHble B KOMNEKLMUW. HanpuMep, Momck
JaHHbIX 06 akkayHTe MO ero JIOrvHy; NpoBepKa Ha/inuus TOBapa Ha CKiaje Mo ero apTUKyay W Tak
fanee. B CNOXHbBIX cuCTEMAx KOANYECTBO AaHHbIX, OObIYHO, OYEHb BeMKO U BOMpoc 3ddeKkTMBHOro

NOWNCKa N XpaHeHNA ABNAETCA OAHNM U3 KPUTUYECKN BaXXHbIX MeCT B 3TUX CUCTEMaX.

»

MONCK AAHHbIX — npouecc noncka anemeHTa Koaaekumm No 3a4aHHOMY napamMeTpy nomucka.

¢uEmEEEEESR
duEEEEEEES

COPTUPOBKA AAHHbIX — npouecc ynopagoumBaHnsa KOANEKL MW MO 3a4aHHOMY KPUTEPUIO
CpaBHeHMA (MO KakoMy NPUHLUMY CaedyeT pacnooratb 3N1eMeHTbl KOAeKLMN).

vEsEssmEmmEEw,
*aamEEEEEEEEES

CyLLI,eCTByeT MHOXECTBO a/IMOPUTMOB, peLaoWnX 3a4a4n NONCKa Ha Koanekuymax onpeneseHHoro tmna.
Tak e, Kak wu cywiectByeT MHOXeCTBO aiflOPUTMOB, pelwarowmx 3agayn COPTUPOBKKM AaHHbIX Ha
Koanekunax onpegeneHHoro tuna. Ha 3ToM 3aHAaTMKM Mbl pPacCMOTPUM CaMble€ NPOCTble aArOPUTMbI

NOWNCKa N COPTUPOBKN AaHHbIX.

JIVHEeWHbIN Nouck

CyTb NVHeMHOro noucka 3akitoyaeTcs B 06xo4e KOANeKUMM OT €e Hayaia JO0 ee KoHua ¢
OZAHOBPEMEHHON NPOBEPKOA HEOBXOANMBIX CBOWCTB 3/IEMEHTOB 3TOW KOANEKLIUM.

rlyCTb nMeeTca LLeﬂOHMCHEHHbIVI MacCCuB pa3Mepa N HEO6XO,CI,MMO HanTK BCe MHAEKCbI, MO KOTOPbIM B

MaccuBe pPacnonoXeHO YnCio 4‘ |/|CI'IOﬂb3yeM JNINHENHbI NOnCK, CpaBHMBaA Ka)KAbIVI 3JIEMEHT MacCCuBa

C Yncnom 4 N BbIBOAA BCE MHAEKCHI, B KOTOPbIX 6bln0 BCTpeyeHO coBnageHme:

i_

(arr[i] == 4) {

cout << 1 <«




BpeMFI BbIMNMOJIHEHWA

BpeMﬂ BbIMO/JIHEHNS IMHENHOrO Moucka OLUEHNBAETCA, KaK O(N), NnOTOMY 4TO Ka)K,quI?lI /IEMEHT

MacCCuBa NpoBepAaeTca eAnHOXbl.

Coptmposka nogcyvetom (Counting sort)

U EEEEEEEE NN NN NN NN NN NN NN NN NN NN NN NN NS NN NN NN NN NN NN NN NN NN EEEEEEEEEEEEY

.

COPTUPOBKA MOACYETOM — anroputm COpTMPOBKM KOIEKLMN C, cogepkallen Lenble yncna

B Ananazoe ot U 0 HekoTOpOIt KOHCTaHTI KK = maaz(C’)).

vEEEEEEEEEEEEEEER
'IIIIIIIIIIIIIIII

LLlarn coptnpoBku NoacyeToMm

1. Haitgem /X — MaKkcuManbHOe Yncio B KOAneKLMu C
2. Co3pasvM AOMONHUTENBHYHO KOMIEKLUIO T pasmepa K+1

3. Mpoigemcs no Koanekuum C. Bysem npvbaBnfTb eAWHWLY K 3/1eMeHTaMm KOoaneKLmu T ¢

MHAEeKCaMW, paBHbIMW 3HAaYE€HUAM SN1€MEHTOB KOJIEKUNN C

(
++T[C[1]];

TakvMm 06pa3oM Mbl MOACUNTANN KOJMUECTBO BXOXAEHMUI KaXKA0ro Yncaa U3 gnanasoHa [0, K]

B KonekKuuto C

4. Mporaemcs No Koanekumm T, Tenepb BepHEM B KOANEKLUIO C KaXAbli 31eMeHT 13 1" cronbko
pas, CKOJIbKO OH BCTpevasca B C.
i=20;1<=K; ++i) {

currentIndex = 0;
J=0; 3 <T[i]; ++3) {

C[currentIndex++] = 1i;

CNnoxHocCTb asroputma

. BpeMﬂBunonHeHMﬂ——()(pV)

* lcnonb3yemasn namaATb — O(N)



CnyyaunHble yncna. OyHkumm rand() u srand()

Yacto B nporpammax HeobxOAMMO MWCMOAb30BaTh CiaydailHble uucna. [ns uenoBeka BblAyMKa
nocnesoBaTeNbHOCTU CNyYaHbIX YMCEN KaXeTCs YeM-TO MPOCTbIM, HO B AEWCTBUTENbHOCTU KaXzoe
cnepyroliee CayyanlHoe UMCAO MOAYMHAETCA HEKOTOPOWM acCOLMATMBHOWM JIOTUKE KOHKPETHOro
yenoseka. [na KOMMbiOTepa e Takas 3ajaya CTaHOBWTCA elle C0XHee, Tak Kak eMy HeobxoaMMo
yKaszaTb airopuTM, Mo KOTOPOMY HYXXHO BbIUUCAATb Chegytollee cayyanHoe umcno. OAHako, Tam, rae
MMeeT MeCTO onpejeNeHHbI 3apaHee aaropuTM, HeT MecTa UCTUHHOW ciy4varHocTw. MNonyyaeTcs, 4To
nocnesoBaTeNbHOCTb CNyYalHbIX YMCeN, NONyYeHHas C MOMOLLbIO KOMMbIOTEPA, BOBCE HE CNy4YaliHa, a
nceBAoOCAyYaiitHa — C MepBOro B3r/if4a NOCNeA0BaTENbHOCTb AENCTBUTENbHO BbIFNAAWUT ClyYaHOM,

XOTS TAKOBOW He ABAAETCS.

,ﬂ,]’lﬂ noayyeHuns CI'IyLIaI\/’IHbIX ymces Ha KOMMbkoTEpe UCNONABb3YHOTCA aArOpUTMbl, UMEHYyeMble
reHepatopamu nceBAOC/Ay4YadHbIX uucen. VI oaHoli ©3 npeobnagatolimx KOHUEMLMIA  Takux
reHepaTopoB ABASETCA WCMOAb30BaHME HEKOTOPOro YMC/ia, MCMNOJb3YyeMOrO B KayecTBe OTMPaBHOW

TOUKM AN5 BCEX MOCAeAYOLMX Ymcen. Takoe YMCIo Ha3blBaeTcs 3ePHOM (aHr. a seed).

B C++ wmeetca BcTpoeHHas ¢yHkuma rand() , BO3BpawarLwas Uenoe 4YnciIo W3 oTpeska

[0, INT_MAX] rae INT_MAX — MakCMManbHOe 3HauyeHue MepemMeHHoM Tuna int

ANA KOHKPeTHON IBM man KOHKPEeTHOro KOMNUAATOpPa).

[ns Toro, Utobbl NONYUNTL "CNyYalHOE" YMCIO U3 ONpeAeseHHOro OTpe3ka, NCNoAb3yeTcs ceaytoLas
KOHCTPYKLUWNA:

a+rand() % (b - a + 1);

fae a — neBas rpaHuua oTpeska, a b — npaBas rpaHMua oTpeska.

Mo ymon4aHuto, B KaXon nporpaMmmMe Ha fA3blke C++ MCNO/b3yeTCH O4HO U TO Xe 3ePHO, €C/IN OHO He
3afjlaHo nonb3osatesieM. Takum 0b6pa3omM, ecan Noab3oBaTeNb He 3a4an 3ePHO CaMOCTOATE/IbHO, TO MpU
KaXKlOM 3arnycke nporpammbl, NocaefoBaTeNbHOCTb FreHepupyeMblX CyYaliHbIX yncen byaet ogHOW w
TOW Xe. [lns Toro, uto6bl 3ajaTb 3ePHO BPYUHYHO, MCMOAb3yeTcs BCTpoeHHas ¢yHkumsa srand() . OHa
NPVHUMaET Les0e YNCAO, HO eCIM OHO KOHCTaHTHO 3aAaHO B NMporpamMme, TO 3TO JiorMyeckn He byaet
OT/INYaTbCA OT WCMONb30BaHMA 3HaYeHWA 3epHa MO yMONYaHWO. Takoe noBeAeHWe MOXeT ObiTb
MoJe3HO, HanpumMep, NPy TeCTUPOBAHUM MPOrpamMMbl AN TOTO, YTOObI MPOBEPUTL HE U3MEHWIOCh /N
noBejeHve anroputMa mnocne ero Moavdukauum Ha OZHOM K TOM e Habope AaHHbIX. HO 4TO6bI
noay4aTb pas/iMyHble NOCNeA0BaTENbHOCTM CyYalHbIX YACEN MPU HE3aBUCKMMbIX 3arycKkax Mporpammsl,
B KauecTBe 3epHa MWCMO/b3yeTca TeKylliee BpeMs, KOTOpPOe Nerko MoayuuTb, UCNOoAb3ya QYHKLMIO
time() w3 6ubanotekn <time.h> caprymeHtom NULL : time(NULL) .

include <time.h>

srand (time( ));
=a+ rand() % (b - a + 1);




[lpakTnyeckmne 3agaHuA

1. JINHEenHbIX NOUCK

Maccve sanonnsercs [V C/lyYaliHbIMK YncnamMm U3 oTpeska [CL, b] HeobxoaMo HalTK BCE MHAEKChI
MacCCVBa, B KOTOPbIX HAXOAUTCS 3HaUeHne k.
Mosnb3oBaTeNto NpegnaraeTcs BBECTU N,k anb.

BbiBectn Ha 3KpaH CreHepMpOBaHHbIIZ MaccuB n BCe€ UHAEKCbI 3/N1€EMEHTOB MacCCMBa, B KOTOPbIX

Haxoantca 4yncino k BbiBectun _1, €C/IN UnMCno He 6bino HaI\/'I/J,EHO B MaCCuBe.

Mpumep 1:

Indices of

Mpumep 2:

Enter N, k, a, b:

Indices of




2. CopTnposka Noac4eTomM

Maccus 3anonnsercs [V cayuaiiHbiMm uncnamm w3 oTpeska [a,lﬂ. Heobxoanmo oTcopTupoBaTtb

MacCMB MO BO3PacCTaHMIO 1 MO YObIBAaHUIO 3HAUEHUI.
Monb3oBaTesto NpesiaraeTcs BBECTU N, anb.

BbiBeCcT Ha 3KpaH CFeHepI/IpOBaHHbII‘/JI MaccuB, OTCOpTMpOBaHHbIIZ no BO3pacCTaHUKO MacCcnB W”
OTCOpTMpOBaHHbIIz no y6bIBaHI/I}O MacCcuB.

Mpumep 1:

Enter N, a, b:

Mpumep 2:

Enter N, a, b:

must be bigger than




