lnasa 4. AJITOPUTMbI U CTPYKTYPHOE
MPOrPAMMUPOBAHMUE

MoHATME U cBOMUCTBA aNropmuTtma

A3bIK 6n10K-Ccxem

CTpyKTYypHOE nporpammunpoBaHue

OCHOBHbIE CTPYKTYpPbl aATOPUTMOB

A3bIK NpoeKTUpoBaHua nporpamm (ncesaokoa,)
PeKypCUBHbIN aIrTOPUTM

Anroputmbl NOUCKA

ANropuTMbl COPTUPOBKMU

O6beKTHO-OPMEHTUPOBAHHOE NPorpaMmmmnpoBaHue
(npyHUMNbI, BHYTPEHHOCTb 06bEKTa, MepapXxua K1accoBs)



NMOHATUE 1 CBONCTBA A/ITTOPUTMA

- dopmanbHOe onucaHne Nocaea0BaTeIbHOCTU AENCTBUIN, KOTopoe
HeobxoAMMO BbINONHUTL ANA PeLleHnsa 3a4a4u.

OCHOBHble CBOMCTBA a/IFTOPUTMA

ANropuUTM NpeacTaB/seT NpoLUecc peweHns 3a4a4m Kak
Nnocnea0BaTe/IbHOCTb BbIMO/IHEHMSA LWAroB-3Tanos. 1A BbIMONAHEHUA KaXa0ro
3Tana TpebyeTcs onpeaeneHHoe Bpems, T.e. Npeobpa3oBaHUE UCXOAHbIX AAHHbIX B
pPe3ynbTaT NPOUCXOAUT ANCKPETHO BO BPEMEHM.

Kaxkpgoe npaBuio anroputma A0NXKHO
6bITb YETKMM M 0AHO3HaYHbIM. OTCIOAa BbINOJIHEHME a/ITOPUTMA HOCUT
MeXaHMYECKUIN XapaKTep.

ANTOPUTM JONXKEH NPUBOAUTL K
PeLLUEeHMIo 334341 32 KOHEYHOE YNCAO LLAroB..

ANropuUTM pelleHns 3aaa4um paspabaTbiBaeTca B obwem Buae, T.e. OH
NO/IXKeH 6bITb NPUMEHUM AN HEKOTOPOTrO Kaacca 3a4a4, pa3InyatoLwmxcs
MCXo4HbIMW AaHHbIMM (061aCTb NPUMEHUMOCTU a/ITOPUTMA).

I'Iporpamma — OKOHYaTEe/IbHbIN BAPUAHT aJ/ITOPUTMaQ, OpMGHTMpOBaHHbIVI Ha
UCNONHUTENA (BbILIMCJ'IVITe}'IbHyI-O N\aUJVIHY).



A3bIK BJ/IOK-CXEM

Mpouecc — 06paboTKa
Z=X+5 AaHHbIX (BblYMCNEHME,
| nepecblNika 1 T.n.)

Aa HeT pepyienne —
npoBepKa yc10BuA

|
Meuars Z / [aHHble — BBOA-

BblBOA4 AdHHbIX

TepmMmUHATOpP — Ha4YaNo U
KOHeL, BbIYUC/IUTENIbHOIo
npouecca

Hauano

2 T NG

Ums MpeponpeaeneHHbIN
npouecc — noAnporpamma
CoeAMHUTENbHbIE INHUWN U
nx obveamHeHue
CoepunHutenb —

TOYKa CBA3U

-------- [ KommeHTapum



CTPYKTYPHOE NMPOIrPAMMUPOBAHNE

— 3TO OrpaHMYeHHbIN Habop
CTaHAaPTHbIX cNocoboB coegnHEHUNA OTAENbHbIX 6B/10KOB UK CTPYKTYp 610KOB ANnA
BbIMO/NHEHMA TUNMUYHbIX NOCNeA0BaATE/IbHOCTEN AENCTBUN.

[JOKa3aHo, YTo Nporpammy Anda Ntobor NPOCTON NOrMYECKON 3a4a4M MOXKHO COCTAaBUTb
N3 CTPYKTYpP ciefloBaHUE, pa3BeTBAEeHNE 1 NnoBTopeHue (LmKAa).

TexHonorus — noaxoA, K NporpaMMmnpoBaHunio, B
KOTOPOM ANA nepeaayun ynpasiaeHus B NporpaMmme Mcrnonb3yetca Tpu 6a3oBbix
CTPYKTYPbI (KOHCTPYKUMK): chefoBaHUe, pa3BETBAEHUE, LUK, DTa TEXHONOrUA
Pa3paboTKM CNOXKHbIX NPOrPaMM peKoMeHAyeT pa3bmsaTb (AeKOMNO3MPOBaTh)

nporpammy Ha noAanporpammsl (Npoueaypsbl), pelwatoume oTaenbHble NoA3a4a4u, T.€.
6a3npyeTca Ha

— aNropuUTM, ANS KOTOPOTO:
CyLlecTByeT eAMHCTBEHHbIM BXOA N e AUHCTBEHHbIN BbIXOA;

ANA KaXKA0ro snNeMeHTa airopmMTma CyLecTByeT NyTb OT BXOAA K BbIXOAY Yepes 3TOT
3NeMeHT (T.e. aIfOPUTM He COAEPKUT BECKOHEYHbIX LLUKNOB U HE COAEPHKNUT
H6ecnonesHbix (HeAOCTUXMMbIX) pparmeHToB).



NPUMEPbLI MPOCTOW M HENPOCTbIX MPOTPAMM

v

BecKOHeYHbIN LUK

[MpocTaa nporpamma

B
»

Hepoctmxmnmbin dparmeHT




OCHOBHbIE CTPYKTYPbl AITOPUTMOB U NX TTPOU3BOAHbIE

CnepoBaHue —
nocnenoBaTe/ibHOe
BbINO/IHEHUE
aencremm (6n1okos).

LUukn "Oo" (c Limkn «Moka» (c
NoOCTyc/10BUEM) — npeaycnosuem) —
Teno umkna (bnok 2) NOKa He byaeT Hapy-
BbIMO/IHAETCA A0 TeX lweHo ycnosue (610K
nop, NOKa ycnosue 3), ocyuwiecTBnneTcs
(6nokK 3) He cTaHeT Her NOBTOpPeHWe Tena
NCTUHHbIM. o umkna (6nok 2).




OCHOBHbIE CTPYKTYPbl AITOPUTMOB U NX TTPOU3BOAHbIE

PasBeTtBneHue —
NPMMEHAETCA, KOraa B
3aBUCMMOCTM OT YCN0BUA
TpebyeTca BbINONHUTbL MO0
ogHo aewncrteue, nnbo

Apyroe.

O6xopa —

YaCTHbIW Cny4Yamn
pa3BeTBAEHUA, KOrga
O4Ha BETBb He
COAEPHKUT HU KaKMX
NEencTBuMN.

I

L

MHOeCTBEHHbIN
BblbOp —

0bobuweHne passeTsne-
HUA, KOraa B 3aBUCK-
MOCTW OT 3HaYEeHMUS
nepemeHHOMn | BbInon-
HAeTCA OA4HO U3
HECKOJIbKMX AEeNCTBUN.




NMCEBOAOOKO,

(A3bIK NpoekTMpoBaHua nporpamm PDL, Process Design Language) —
cnocob onmMcaHMa NPorpaMmmbl Ha 3Tane NPoekTUpPoBaHma. COCTOUT U3 BHELLHETO
CMHTAKCUCA U BHYTPEHHEero CMHTaKcuca.

— 3a4aHHbIN Habop onepaTopoB, NOCTPOEHHbIX N0 06pa3Ly
A3bIKOB NPOrPaMMMPOBAHMSA N ONUCHIBAOLWMNA NOTUKY NPOrpaMMbl. BHelHW
CMHTAKCUC COOTBETCTBYET OCHOBHbIM CTPYKTYpam anropntmos. K BHelHemy
CMHTAKCUCY TaKKe OTHOCATCA Nnpoueaypbl U MOAYAMN. — 3TO XpPaHMMaAnA B
NamATKU MaLWHbI NOANPOrpamMmma, KOTOPas MOKET BbI3blBaTbCA A5 BbINOJIHEHUS U3
Pa3/INYHbIX MEeCT OCHOBHOM Nporpammsl, 1Mbo n3 apyrmux npoueayp. OHa Bbi3bIBaETCH
1 BbINONHAETCA A0 3aBeplleHnsa 6e3 coxpaHeHUA BHYTPEHHMX AaHHbIX. — 370
HECKO/IbKO npoueayp, opraHM3oBaHHbIX B cUcTeMy Ana yaobctea paboThl
nonb3osaTtens. Moaynb UMeeT A0CTYN K 06LWKUM AaHHbIM, KOTOPble COXPaHATCA
MeXKAY Noc/ieA0BaTebHbIMU BbI30BAaMW MOAYANS.

— 00K, 06bIYHO CreunanbHO He onpeaenaemMbli CUHTAKCUC,
NPUroAHbIN ANA ONUCAHUA 3a4a4 B AaHHOM obnacTu. MNpaKkTuueckn noboe
npeanoXeHue, HanMcaHHOe Ha eCTECTBEHHOM A3blKke, B0 Ha cneunann3npoBaHHOM
A3blKe (Hanpumep, matemaTnyeckme Gopmysbl) MOXKeT ObiTb MCNONb30BaHO.



ONEPATOPbI BHELUHETO CUHTARCHUCA NMCEBOAOKOOA

3anuncbiBaOTCA NOCNEeA0BaATE/IbHO
onepauuun ogHa noA apyron. na otaeneHun
4acTM N0C/Ie40BaTENIbHOCTM OMEepPaToOPOB
ncnosnb3ytoTtca onepatopsbl do...end-do.

(umKn no
CYeTYMKy). LnKn c 3apaHee onpeaeneHHbIM
4yncaom waros (cpeaHee mexay obbl4YHbIMMU

nocnenoBaTeNIbHOCTbO U KZTACCUYHECKNM LI,VIK.I'IOM).

Onepauum CTPYKTYpPbI, BK/OYas
Mmoaundukaumio until-tecta, BbINONHAIOTCA OAUH
nnn 6onee pas Ao Tex Nop, Noka until-tect He
NPMMET 3HaYeHMe UCTUHA.

nepeasi onepaumusi
BTOpasi onepauusi
do

TpeTbs onepaums
end-do

for

MHIOEKCHBM CIIMCOK
do

do-uvacTs
end-do

do
do-uacTe
until
until-TecT
end-do



OMNEPATOPbI BHELUHETO CUHTARCHUCA NMCEBAOKOAA

while

Do-4yacTb BbinonHAeTcA, NoKa while- :
while-TecT

TecT nmeeT 3HaYyeHne NcTnHa. Do-4yacTb do
mognobuuympyet ycnosue while-tecta agna toro, T —
YTOObl OKOHYUTb BbIYMUC/IEHUA. end-do
if case
if-recrT coucok 1
then case-uvacTs 1
then-uacTse CIIMICOK 2
else case-yacTe 2
else-uacTp
end-if CIIMCOK n
case-4acThk n
else

else-vacTe

Ecau...To...nHauve.
end-case



MPUMEP AJITOPUTMA

BbluncneHne cymmbl KBagpaTos nepsbix N Lenbix yncen ( Hauarno )
C UCNO/Ib30BaHMEM NCEBAOKOAA U A3blKa B10K-Ccxem Il
N Beoa N
S= ) i*=1>+2*+ .-+ N*?
i=1 —
i=1
20)
BBecTnt Umcio ciaraeMsix v
Cymma = 0 S=S+i?
HomMep =1 !
do i=i+1
CymMMa = Cymma + Homep?
YBenmununTe HOoMep Ha enmMHULLY Het
until
HomMep > Umciio ciraraemsix
end-do Ha
HaneuaTratTe CyMMy MeuyaTb S

v

(" oren )




TUMNbl AAHHbIX

MOMMMO COBOKYMHOCTU YNPABAAKOLLMX CTPYKTYP, Ba*KHbIM aCNEKTOM CTPYKTYPHOTO
NPOrpaMmMmMpPOBaHNA ABASETCA OpPraHM3aumsa AaHHbIX, Y4aCTBYHOLMX B peLleHnmn
npob6aembl. CTPYKTYpPa NPOrpamMmmbl U CTPOEHUE AaHHbIX HEPA3PbIBHO CBSA3AHbI.
"[Mboepamma — 3mo KOHKpemMHoOe, OCHOBAHHOE HA HEKOMOPOM PeasibHOM Mpedcmas-
/1IeHUU U CMPOeHUU OaHHbIX, sonaouweHue abcmpakmyozo anzopumma” (H. Bupm).

— 3TO XapPaKTepPUCTUKa AaHHbIX, onpeaenarwad MHOXKECTBO 3HAYEHUM U
onepau,mﬁ, KOTOpPblE MOTYT ObITb NPUMEHEHDbI K 3TUM AadHHbIM, a TaKXeE MpaBujia UxX
BbINO/THEHUA.

[ TUMNbl AAHHbIX }

NMPOCTDIE CTPYKTYPUPOBAHHDIE
(ckanapHble) (cTpyKTYypHbI)
v v
CraTnyecKkune CTpPyKTypbl OvHamuueckune
(maccuBbl, 3anucy, CTPYKTYpbI
MHOKecTBa) (cnucku, ouepeam,
CTEKM, Aepesbsa, rpadbl)

- /




PEKYPCUA

3afa4ya MMeeT PEKYPCUBHOE peLLeHNE, EC/IU €r0 BO3SMOXKHO cHOpPMYNMpPoBaTh Kak

N3BECTHOEe npeobpasoBaHMe Apyroro, 60s1ee NPOCTOro peLleHns ToM XKe 3a4a4n, XoTs
camo pelleHue (bonee npocTtoe) MoXKeT 6bITb HeM3BecTHO. MHOroKpaTHoe
NOBTOPEHME TaKoro NpeobpasoBaHUA AONKHO CXOAMUTCA K 6Ba3UCHOMY YTBEPKAEHUIO.

PyHKuMA F asnaeTtca

, €Cn

1. F(N) = G(N,F(N-1)), rae G — nssectHaa GyHKUUSA;
2. F(1) — u3BecTHO (6a3uncHoe yTBEPKAEHME).

BblumncneHue
dakTtopmana N ¢
MCMNONb30BaHMEM
PEKYPCUBHOMN

bYHKUNM

C

Hauyano >

< Fact(I) >
Beoa N
[a HeTt
F = Fact(N)
| Fact = Fact = 1
MeuyaTb F [*Fact(I-1)

C

I
v v
KoHeL > ( BosBpaTt >




MONCK

- 0OHapyXKEeHME HYXKHOrO 3/IeMeHTa B HEKOTOPOM Habope (CTpyKType) AaHHbIX.
3NEeMEHT AaHHbIX — 3TO 3aMUCb, COCTOALWAA U3 KAtoYa (Lenoe NonoKUTeNbHOE YNC/I0) U
TeNa, CoAeprKallero HeKoTopyo MHPopmaLmio. 3aaa4va NOUCKA COCTOUT B TOM, YTODObI
0OHapPYKUTb 3aMUCL C HYXKHbIM KIHOYOM.

dNemMeHTbl NPOBEPATCA NOCNEeA0BaTE/IbHO, MO OAHOMY, 40 TeX NOP, MOKa HYXKHbIN
3N1eMeHT He byaeT HanaeH. na maccusa u3 N afiemeHTOB TpebyeTca, B cpeaHeMm,
(N+1)/2 cpaBHeHuI (Bblu. cnoxkHocTb O(N)). Jlerko nporpammunpyeTcs, noaxoanT Ans
KOPOTKUX MaCCUBOB.

[MpMMeHMM, eCIM MacCUB 3apaHee OTCOPTUPOBaAH (Mo Bo3pacTaHuto Katovein). Kntoy
MOUCKa CPaBHUBAETCA C KNOYOM CpefiHero afiemeHTa B maccuse. Ecnm 3HaveHue
KNtoYa NouCKa bosblie, TO Ta XKe camas onepaums NoBTOPSAETCA A4 BTOPOM MONOBUHDI
MaccuBa, ec/in MeHblle — To 418 nepsoit. Onepauna NOBTOPAETCA 40 HAXOXKAEHMUA
HYXKHOTro 3/1emeHTa. Ha Kaxkaom Lware AnanasoH 3/IEMEHTOB B NOUCKE YMEHbLLIAeTCS
BaBoe. Tpebyetca, B cpegHem, (log,N+1)/2 cpaBHeHwui (Bbiy. cnoxHocTb O(log,N)).
MpumeHsaeTca 418 NOUCKa B 6ONbLLINX MacCMBaX.

dyHKuMA G(x) — pyHKUMA-oueHKa ana pyHKumm F(x), F(x) = O(G(x)), ecamn
)}i_r)rgo(F(x)/G(x)) = const(x) # 0



COPTUPOBKA

— nepepasmelleHne 3N1eMEHTOB AaHHbIX B
BO3pacTatowem nnum ybbieatowem nopaake. Mpu Bbibope metoaa COPTUPOBKU
HeobxoAMMO yYMTbIBATb YNC/IO cOpTUPYEMBbIX 3n1emeHToB (N) U A0 KaKoW cTeneHun
3N1E€MEHTbI YXKe OTCOPTUPOBAHDbI.

Kputepum oueHKM metoaa COPTUPOBKN:

KONM4ecTBo HeobxoamMMbIx onepaumin CpaBHEHUA B 3aBUCMMOCTU OT YMCAa
anemeHToB N, BblUMC/INTEIbHAA CIOXKHOCTb aITOPUTMA XapaKTepuU3yeTca C
nomoLbto O-GYHKLKUK, aPryMEHTOM KOTOPOM MOXKET ObITb Apyraa ¢pyHKUMA oT N;

3$PEeKTUBHOCTb UCMO/Ib30BAHMNA NAMATHU
f S(N)
S(N) + AS(N)’
rae S(N) — o6bem namaATH, 3aHMMAEMbIN 31eMeHTaMK AaHHbIX A0 copTupoBKK, AS(N) —
obbem AoNONHUTENBHOW NAaMATU, Tpebyemon B NpoL,ecce COPTUPOBKMN.




COPTUPOBKA BbIEOPKOM

NpuHumnn: M3 maccusa sbibupaemca Hau- BeecTu maccus A(l..N)
MeHbWwul anemeHm u meHaemca mecmamuc¢ for J = 1,N-1,1
rnepebiM 3/1eMEHMOM MACCUB8A, 3dMEM do

8blbupaemca HaumeHbWUl 31emeHm U3 Muu.9m. = A(J)

ocmaswuxca u meHAemca mecmamu co

8MOpPbIM 371eMEeHMOoM Maccusa u m.o. Mepexc Mum.3x.
N for I = J+1,N,1

A do
78 | 63 | 58 | 1.2 | 84 | 45 if A(I) < Mun.3x.

S then
A Muua.3n. = A(I)

J

63| 78 | 58 | 1.2 | 84 | 45 HERIENY s S, S
¥ T end-if
N)'\z end-do

[ - A (Mugexc Muu.9n.) = A(J)

-6.3 1.2 5.8 7.8 8.4 4.5 A(J) = Muu.3m.
t i}
N-3 end-do
A BriBecTnt A (1. .N)
-6.3 1.2 4.5 7.8 8.4 5.8
) ¥ TpebyeTcs, B cpeaHem, N(N+1)/2 cpaBs-
N-4 HeHWM (BblY. cnoxHocTb O(N2), He 3aBUCUT

OT Ha4ya/IbHOM YyNopAA0YEHHOCTH).
’t. 1' [lononHuTeNnbHasa NamATb He HYXKHa.




COPTUPOBKA BRJTKOMEHNEM

NpuHuMn: InemeHmel sbibuparomces o oyepedu u  BBecTm maccme A(l..N)

MOMewaromcs 8 Hy¥Hoe Mecmo for I = 2,N,1
0mcopmuposaHHol Yyacmu maccuaa. do
Temp = A(I)
=2 femp A(0) = Temp
7.8_1,63 | 58 | 1.2 | 84 | 45 -6.3 J = I-1
Azl) l while A(J) > Temp
=3 Temp do
63| 78_1,58 | 1.2 | 84 | 45 5.8 A(J+l) = A(J)
) T J = J-1
A(2) end-do
=4 Temp A(J+1l) = Temp
-6.3 58_1,78_1,1.2 8.4 4.5 1.2 end-do
t ! BrBecTnt A(l..N)
A(2)
= 1emp TpebyeTcs, B cpegHem,
©3 |12 )58 ] 78 844 4> 8|4 (N-1)(N/2+1)/2 cpaBHeHMi (Bblu.
A(5) cnoskHocTb O(N?)). CkopocTb
1=6 Temp  AQHHOro MeToAa 3aBUCUT OT
6.3 | 1.2 | 58_1,78_1,84_1,45 4.5 HaYya/IbHOM YyNOPAAO0YEHHOCTH
L | maccuBa. He Tpebyet
A(3)

[OMOJIHUTENIbHOW NaMATK.



COPTUPOBKA OBMEHAMMW (MY3bIPbKOBAA)

MpuHumn: Beibuparomcsa 08a anemeHma, u

ecsu Opya no OoMHOWEeHUO K Opyay OHU He
HOX00AMCA HY#CHOM ropAOKe, Mo MeHA-
romca mecmamu. lMpouyecc npodonxicaemcs

MOKA HUKaKue 0840 3s1eMmeHma He HYHXHO
MeHAMb mecmamu.

78 | 63| 58 | 1.2 | 84 | 45
o K
63| 58 | 1.2 | 78 | 45 | 84
AN N
N1 K
63| 1.2 | 58 | 45 | 7.8 | 84
N N
N2 K
63| 1.2 | 45 | 58 | 7.8 | 84
N
N-3 K
63| 12 | 45 | 58 | 78 | 84 III

BeecTnn MaccuB A(l. .N)
K=1, I =1
while K <> 0

do
K=0
for 3 =1,N-I,1
do
if A(J) > A(J+1)
then
T = A(J),
A(J) = A(J+1),
A(J+1) = T, K = K+1
end-if
end-do
I =1 +1
end-do

BriBecTt A(1l..N)

BbluMcanTenbHasa CI0XKHOCTb METOAa CUbHO 3aBU-
CUT OT UCXOAHOIO PacnooXeHNA snemeHToB. Mu-
HMMaNbHOE YNCNO cpaBHeHMM — N-1 B NOIHOCTbIO
OTCOPTUPOBAH-HOM MACCMBE, MaKCMMalbHOE —
(N2-N)/2 npu HayanbHOM cOpTUPOBKE B 06paTHOM
nopaake. CpeaHsaa BblMUCNTENIbHAA CNOXKHOCTb
O(N2). Jon. namATb He TpebyeTca.



COPTUPOBKA PACMPEAENEHMEM (METO/A KOP3UH)

[lpnuHUUN: Ids1emeHmbl Maccusa paccmampusaromca KaK COB0KYNHOCMb qudop

(cumeonos), nepsvbili waz - copmuposKa Mo 3Ha4YeHUo cmapwel yugppsl, 3amem
rnosy4eHHole MOOMHOMecmaa (2pyrrsl) copmupyromca o 3HayeHuro caedyroujel
uugpsl u m.o.
Kaxabi anemeHT macecmea A (1..N) — cosokynHoctb umép C,C,C,...C_, rae m —
KONMYeCTBO UMbP MAaKCMMaNbHOTO 3N1eMEHTA (€C/IN KaKOM-TO 3/1eMEHT COAEPXKUT
MeHbLUe LMdp, TO OH C1eBa JOMNONHAETCA HYAAMM).

0012 —

2356

2347

0420 AQ2)
o

1347

6521

2421

0420 —

"
S/ xe
)

CpeaHAA BblMNCAUTENBHAA
cnoxHoctb O(N log,N) u
nydwe, ecam m (ymcno
umndp) mano. TpebyeTcs
[ONONHUTENbHbIM MaccuB
pasmepom N, n ele maccus
pasmepom 10, B KOTOPOM
NOACYUTbIBAETCA YNCNO
3/1eMEHTOB C Bblaensiemomn
unedpon 0,1,...9.



EbICTPAA COPTUPOBKA

[MpuHumn: OnpedeneHHbIM 06pa3om
8bl0es1I5emcs nopo2o8sili anemeHm.
Ha nepsom amarne anemeHmMol
obmeHusaromcsa makK, Ymo Hoebll
MaCCcu8 0Ka3b18aemcs pa3oesneHHbIM
10P0208bIM 3/1eEMEHMOM Ha 08e€
yacmu: 8 s1e80li 8ce 31emMeHmMobl
MeHblUWe nopo2os8oeo, a 8 npasoli —
6osbWeE UU PasHbI MOPO20BOMY.
3amem noodobHeili cnocob
ucrnoss3yemcs 0718 pa3oeneHus
Kax0020 U3 HOBbIX MACCUBOB HA 08e
yacmu u m.0.

Anroputm npoueaypbl pa3dbmneHns
maccuBa A(1..N) noporosbim
3NEMEHTOM, HaxodALWMMCA BHaYane
Ha mecTe A(1).

V=A(l), K=2, J=N
while K < J
do
if A(K) < V
then
K=K+ 1
else
if A(J) < V
then
Temp = A(K), A(K) = A(J)
A(J) = Temp
end-if
J=J -1
end-if
end-do
if A(K) >=V
then
K=K-1
end-if
Temp=A (1) ,A(1)=A(K) ,A(K)=Temp



EbICTPAA COPTUPOBKA

CpeaHsA BbIYMCNTENBHAA CNOXKHOCTb —
O(N log,N). Ba>kHoe 3HaueHue numeet
BbIOOP 3HaYE€HMA NOPOroBOro
anemeHTa. B yacTHOCTH, ecnu UCXOaHbIN
MaccmB BAN30K K OTCOPTUPOBAHHOMY,
TO Npu BbIBOpE NOPOroBbIM 3/IEMEHTOM
nepBoro afiemeHTa (Kak B npumepe)
BbIYNCANTENBHAA C/IOXKHOCTb
anroputma byget O(N2). *enatenbHo,
4TOObI MOPOrOBbIN 3N1EMEHT B
KOHEYHOM uUTOore pasaenna Mmaccms
NPUBIN3NTENBHO Ha AiBE PaBHble YacTu.

v
IIIIII 63 ] 58 | 1.2 | 84 | 45
K=2 =6
IIIIII 63 ] 58 | 1.2 | 84 | 45
K=3 =6
IIIIII 63 ] 58 | 1.2 | 84 | 45
K=4 =6
IIIIII 63 ] 58 | 1.2 | 84 | 45
K=5 J=6
58 | 12 | 84 | 45
"

J=5

K=5
58 | 12 | 45 | 84




COPTUPOBKA CTUAHUNEM
BeecTnn Maccuer B(l..M),C(1l..L)
I =1, =1
for K = 1,M+L,1

do
MNpuHuun: Jlea omcopmupo8aHHbIX i Lo I
then
maccusa coeoOuHAMCcA 8 00UH
A(K) =C((J), d=Jd + 1
maccue makum obpazom, ymobei u else
OH CMas oMcopMuUpPOBAHHBIM. if J> L
then
ANTOPUTM CUAHUA OTCOPTUPO- A(K) = B(I), I =1 +
BaHHbIX maccmsos B(1..M) n C(1..L) B else
maccus A(1..M+L) 3akntouaeTca B if B(I) < C(J)
cnepytoulem. B kavectse A(1) then
BbibMpaem HameHbLn 13 B(1) n A(K) =B(I), I =1
C(1). Echm 310 B(1), TO B KayecTBe else
A(2) — HaumeHbwnm n3 B(2) n C(1) n A(K) =C(J),J =0
T.A. end-if
end-if
end-if
end-do

BriBecTn A(l. .K)



COPTUPOBKA CJIUAHUEM

Ecnn umeeTca oAnMH HEOTCOPTUPOBAHHDIN
maccms A(1..N), To ero MoXKHO
paccMmaTpuBaTb Kak COBOKYNHOCTb N
OTCOPTMPOBAHHbIX MaCCUBOB, Ka*KablN U3
KOTOPbIX COCTOUT N3 OAHOFO 31E€MEHTA.
MepBbli War — CIMAHME MACCMBOB NOMAPHO,
3aTem obbegnHeHME Nap B YETBEPKU U T.A4,.

CpeaHAA BbIYMUCINTENBbHAA CIOXKHOCTb
anroputma — O(N log,N). TpebyeTcs
AONONIHUTENbHbIA MaccuB, coaepKawmim N
3/1eMEHTOB.

78 | 63| 58 | 1.2 | 84 | 45
1 2 3 4 5 6
A A A A A A

78 | 63| 58 | 1.2 | 84 | 45

N/ N/ N/
1 2 3
A p A A
63| 78 | 1.2 | 58 | 45 | 84
+
1 2
N A
63| 12 | 58 | 78 | 45 | 84
S
1
A
63| 12 | 45 | 5.8 | 7.8 | 8.4




OBbEKTHO-OPUEHTUPOBAHHOE NMPOrPAMMWPOBAHUE

CTpYKTypHOE nporpammmnpoBaHme npmcnocobaeHo Ana onmcaHmna 4encTBui, a
0O6bEKTHO-OPUEHTUPOBAHHOE — ANA ONUCAHUA MOoAeNEeN.

— 3TO CNOCOBHOCTb A3blKa NPOrPaMMMPOBaAHNA OTOOPaXKaTb 0O BbEKTDI
BHELLUHero mmpa B popme abCTPaKTHbIX CTPYKTYP B COOTBETCTBUM C peLlaeMomn
3a4a4en. ABCTpPaKTHbIE CTPYKTYPbI, MPU NOMOLLM KOTOPbIX peann3yeTcs 3TOT NPUHUMN
Ha3bIBAlOTCA K/1lacCamu. — 3TO CTPYKTYpPa 0bbeauHsoLwan nepemeHHble (nons),
OMUCbIBAIOLLIME COCTOAHME 00BEKTA, M Npoueaypbl U GYHKUUK (MeToAabl),
onucbiBaloLLMe ero noseaeHme. Knaccbl npeacTaBnatoT cobor abcTpakTHbIe OnNMcaHua
CTPYKTYP AaHHbIX, HO CaMM AaHHbIE OHU He coaepKaT. [laHHble NoABAAKTCA TOrAa,
Koraa no onMcaHMAM KN1accoB B NaMsATU BblaenaeTca Heobxoanmoe npocTPaHCTBO U B
HeM CO34alTCA 3K3eMNIAPbI Knacca (06beKTbl).

— CBOWMCTBO A3blKa NPOrpaMmMmnpoBaHnsA, no3sonasolee o6beanHNTb
AaHHble N AENCTBUA B e4UHbIN 0OBEKT N CKPbITb peannsaumnto obbekTa ot
nonb3oBaTtena. laes MHKancynauum, B YaCTHOCTU, peann3oBaHa B MoAyne NPu ero
Pa3aeneHnn Ha Cekummn nHTepdemnca n peanmsauun.



OBbEKTHO-OPUEHTUPOBAHHOE NMPOrPAMMWPOBAHUE

3HauYUTENIbHO YNPOCTUTb MOHMMaHME C/IOXKHbIX 33424 YAAETCA 33 CYET BBEAEHMUA
nepapxmm Knaccos. CBA3b MeX Ay KNacCaMm PasHbIX YPOBHEN AOCTUIaeTca 3a cyeT
Hac/lea0BaHuUS. — 3TO pacClIMpPEHUE CBOMCTB Hac/leHMKa 3a cyeT
NPUHATUA BCEX CBOMCTB NpejKa.

COCTOUT B BO3MOXHOCTM NepeonpeaenAatb MeToapl Kacca-poanTens.
OH o3Ha4aeT 0bwm poa, AENCTBUIA, KOTOPbIE MOTYT BbITb BbIMOJIHEHbI PA3HbIMMU
cneunPryeckMmm NyTAMU B 3aBUCUMOCTU OT TOFO, KaKne 0H6BbEeKTbI BbINOJIHAKOT 3TH
Aenctema. HepaspbIBHO € NOAMMOPPU3MOM CBA3AHO NOHATUE

, COCTOALLEE B BO3MOXHOCTU OTI0XKUTb NOACTAHOBKY peasibHOro agpeca
HEKOTOPOM NoAnNporpaMmbl-MeToda C 3Tana Komnunauum (paHHee cBA3biBaHUE) A0
MOMEHTA BbINONHEHMA Nporpammbl (No3gHee cBA3bIBaHUE).



OBbEKTHO-OPUEHTUPOBAHHOE NMPOrPAMMWPOBAHUE

OB6BEKTHbIN CTUAb NPOrPaMMMPOBaAHMSA CBSA3AH C BO3AENCTBMEM Ha 0O6beKTbl (MHaue, ¢
nepeaayen ob6beKkTy coobuleHuin). NMpoeKkTnpoBaHue 6asmMpyeTca Ha TOM YC/IOBUM, YTO
HWKaKaA NoacucTema AaHHOro YPOBHS He A0/1KHa 3aBMCETb OT YCTpoMncTBa Ntobomn
APYro NoACUCTEMbI 3TOFO YPOBHA (B3aMMOAENCTBYIOT, HO He 3aBUCAT).

CoobLeHne, NnocnaHHOE 0OBEKTY, aKTUBMU3UPYET COBOKYMNHOCTb Oonepaumin Hag,
0b6beKkToM — MeTo/,. 3aAaBan CTPYKTYPY obmeHa CoobLLEHUAMU MeKaY 06beKTaMMU,
MPOrpPaMMMCT NOYYaeT COBOKYMNHOCTb onepaumii, KOTopble U COCTaBAAIOT NPOrpammy.

OCHOBHbI€e TUMbl oNepauni Hag obbekTamm

Ha3sBaHue CopeprkaHue

Co3aaeT U UHULMANNBUPYET OOBEKT.

OcBob0oXKAaeT 0OBEKT, T.e. pa3pyLlaEeT ero.

N3meHsaeT cocToaHne obbekTa.

CuntbiBaeT cocToaHUe obbeKTa 6e3 n3meHeHnAa 3Toro
COCTOAHMUA.

OpraHusyeT AOCTYN KO BCEM YacTsiM 0O6beKTa B CTPOro
onpeaeneHHoM nocnesoBaTeNIbHOCTH.




BHYTPEHHOCTb OB bEKTA

OKpYXHOCTbA

MNona
e MNMo3unuyua 15,20
e Pasmep 5
MeTtoabl
e dopma
- Mapkep llepoBsepx
- Mapkep CasurK : lNo3snyus
- Mapkep CasurHa : Pasmep
- Mapkep lepoBHuK3
- Mapkep Yeptutoyry : Pasmep,360
e BbicBeTUTb
- Mapkep YepHbii
- Cebe dopma
e CtepeTb
- Mapkep benbin
- Cebe dopma

MapkKep

MeToabl
e [lepoBBepx
e [lepoBHu3

e YepHbiH

e benbiu

e CasurK : XY
e CaBurHa : Z

* YeptutbAyry : R,@

CoobueHuna (onepauumn)
06beKkTy OKPY*KHOCTBA:

OKpPYyXHOCTBA . BEICEETUTH

OxpyXHOCTBA . CTepeTsh



Knacc:

N

O6beKT \

NEPAPXNA K/TACCOB

MNona: ...

\

MeToabl: .

/Knacc: AuvcnneiHbin 06'beKT\

Cynepknacc: ObbeKkT

MHoroyronbHuUKA

N\~

N\

MHoroyronbHUKB

N\~

N\

MHoroyronbHunkC

macc: MHoroyronbHuK
Cynepknacc: AucnnenHblii 06beKT

MeToabl:

"

NMona: Mo3uuma
CTOpOHDI

Yrnbl
dopma
BbicBeTUTDL
Crepetb

/Knacc: NMpamoyronbHUK
Cynepknacc: MHoOroyrosnibHuK

Mona: /[AAWUHHAA CTOPOHA
KopoTKasa ctopoHa

Metoabl: Popma

YBenunyeHue: l[poueHT

~

/




