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BBenenue

Heablo yueOHON JUCHMIUIMHBI SBJIsiETCS (OPMHUPOBAHUE VY  CTYICHTOB
TEOPETUYECKUX 3HAHUKW O TOCTPOCHWH U aHajHM3€e aJIrOPUTMOB, 3HAKOMCTBO C
MPaKTUYECKUMU OCHOBAMH UCCIIEOBAHUS aJITOPUTMOB.

3agayamMu yueOHOU AUCHUIIIIUHBI SBIISIOTCS:

— (dopMupoBaHHE y CTYACHTOB 3HAHUH O CHOCOOAX MOCTPOCHUSA U 3aIlUCU
QITOpUTMA, TUMAX CIOXKHOCTH aJTrOpUTMa, KjaccaX BBIYUCIUTEIBHOM CIOKHOCTU
3ajady;

— oOydeHHe METOJUKE TOJCYeTa TPYAOEMKOCTH U BPEMEHHBIX 3aTpaT
aJITOPUTMA M aHAJIM3Y aliTOpUTMa uepe3 (PyHKIHIO ero PocTa.

B pesynbrare ocBoeHUs y4eOHOM AUCIUIUIMHBI CTYCHT OYeT:
3HATh!

a) OCHOBBI TEOPUHU IIOCTPOCHUS U aHAJIN3a AJITOPUTMOB;

0) acHMIITOTUYECKUE OLICHKU alrOpPUTMOB;

B) KJIACChI BEIYUCIUTEIHHOMN CII0KHOCTH 3a/1a4.

a) BBIMOJHITH UCCIIEIOBAHUE ATOPUTMA,

0) OlLIeHMBATh XapaKTep POCTa BEIYUCIUTEIHLHON CI0KHOCTH aITOPUTMOB.
BJIQJICTh!

a) CpeICTBaMH U3MEPEHMs BpEMEHHU B IPOTPAaMMHBIX PEeaIu3alUsiX alfTOPUTMOB;

0) MHCTPYMEHTAaMHU OLICHKH TPYJIOEMKOCTH aIrOPUTMOB.

JIaGoparopHble pabOThl MpeIHA3HAYEHBI JJI1 3HAKOMCTBA C OCHOBAMH TEOpPUHU
QJITOPUTMOB, MIPAKTUYECKUMH METOJAMKAMH HCCIIEI0BAHUS aITOPUTMOB.

B naboparopHbix paboTax mpennonaraercsi HanvicaHue Ha si3bike C# mporpammsl,
KOTOpasi BBIMOJIHSET JIOTMUECKH 3aKOHUEHHYIO 3aJauy, MpeloCTaBIsis IMOJIb30BATENIO
yoOHBIN HHTEpGEIiC, HATTISAHO 0TOOpaXkasi pe3ybTaThl paboTHI.

ANTOpUTMBI, 3aJI0)KEHHBIE B IPOTPAMMY, AOJDKHBI PeliaTh 3aaqy MOJHOCTHIO U
KOPPEKTHO, aJIcKBaTHO pearupysi Ha HeCTaHIapTHHIE BO3ACHCTBHUS.

[Ipu 3anuTe n1abOpaTOPHBIX PadOT CTYJIEHT OMMCHIBAET HCIOJIb3YyEMbIE THIIbI,
CTPYKTYpHI JaHHBIX U OOOCHOBBIBAET WX BBHIOOP, OTBEYAET HA BOMPOCHI MO JIOTHKE
U peann3aluy allrOpuT™Ma, Ha KOHTPOJIbHBIE BOIIPOCHI.

Jlisg 3amucu  aaroputMa B METOJWYECKHUX PEKOMEHIAIMSIX WCIOIb3YIOTCS
TICEBIOKOJT M 0000IIIEHHBIH SI3bIK TporpammupoBanus Pascal.



5

1 JlaGopaTtopuas padora Ne 1. ITocTpoenne U aHaJIU3 AJrOpUTMA
BbIYUCJICHUS 3HAYEHUSA MOJTUHOMUAIBbHON (PYHKIIUU

Heas pabotrbl: chopMUpOBAaTH 3HAHUS W YMEHHUS HCIOJIB30BATh SI3BIK
OpPOrpaMMHUPOBAHMST  JJIS  3allUCH  MAacCOBOTO  aliTOPUTMA; pa3BUTh YMEHUS
aHAIN3UPOBATh AITOPUTM C TOMOIIBIO (PYHKIIUU TPYIOEMKOCTH.

Teopemuueckue ceedenusn

Jlns  aHanmu3za airOpuTMOB MPUMEHUM  CIEAYIOMMK TOAXOJ MOoAcYeTa
TPYAOEMKOCTH: JOTOBOPUMCS CUHUTATh SJIEMEHTapHBIMH ONEPalUsIMU CIEAYIOIIUE
oriepaluy aaropuTMa

1) apudmernyeckue;

2)  JIOTHYECKHE,

3) wuHmekcaius, OOpalleHHE MO KaKIOMYy HHICKCY CUHTAeTCs 3a OJHY
OTIEpAIIHIO;

4) mpuCBaMBaHUE,

5) cpaBHeHHE;

6) BBI3OB CBOWCTBA;

7) BBI30B METOAA, MNPUYEM KaKIbl BXOJHOM mMapaMeTp MJaéT OJHY
AJIEMEHTAPHYIO OlEpalnIo;

8) BO3BpalllcHHE 3HAYCHHUS U3 METOJIa IIPH MIOMOIIM return,

TpynoeMkocTs KOHCTpyKIMU «ClenoBaHue» €CTb CyMMa TPYAOEMKOCTEN
OJIOKOB, CHeAyrIux Jpyr 3a JapyroM. Takum oOpa3om, sl BBIYUCICHUS
TEOPETUYECKH TPYAOEMKOCTH Fa anroputMa A CyMMHUPYIOT TPYAOEMKOCTH
MOCJeA0BATEIbHO UAYIIUX APYT 32 IPYyroM OJI0KOB KOJIa.

C yyeToM JOTOBOPEHHOCTHU O TOM, KaKHUe OIMEpali B aJlTOPUTME MbI CUUTAEM
AJIEMEHTAPHBIMU, TPYIOEMKOCTb CTPOKHU KOJI1a

all] = a[0] + 2*(1 + itog)
Oynet paBHa 6.
OcHoBHBIMU OJI0KaMu anropuTMa sBisitotrcs «BetBinenue» u « L {ukim.
TeopeTtrueckas TpyaoeMKocTh F ¢ koHcTpykuuu If BeIuucisercs kak
F If = fycnomxm + f+'p+ + f-'p‘,

rae f+ , f. — TpymoemkocTu BeTBei;

P+ U p- — BEpOSATHOCTH TOIAIaHNs Ha KOHKPETHYIO BETBb OJIOKA YCIIOBHSI.

OKCIIepUMEHTaIbHAs ~ TPYJOEMKOCTh  ajJroputMa — 3TO  KOJHYECTBO
AJIEMEHTAPHBIX OINEPaINii, MOJICYUUTAHHBIX CYETYMKOM B KOJE.

Hnst  xoHCcTpykumu If  TeopeTnueckw MOACYMTAHHOE U TOJTYYEHHOE
AKCIEPUMEHTAIILHO 3HAYEHUS] TPYIOEMKOCTH MOTYT OTJIMYAThCA.

B C# tpynoemkocth Fgor cTaHZapTHOM KOHCTpyKIMU FOr c nekpemeHTOM
(MHKpEeMEHTOM) oTpeenseTcs mo Gopmyrie

FFor = 2 + 2N + N'fTeJIa IUKJIIa,
rac N — KOJIMYCCTBO I/ITepaHI/If/'I ITUKJIA.



6

B nabGoparopHoii paboTe HCCIEAOBAHHI0O W aHAINW3Y THOJJICKUT alITOPUTM
BBIUMCIICHUST 3HAUCHUS TOJMHOMHUAIbHOW (GyHKIMU 1o cxeme [opHepa — 06e3
MCTIOJb30BaHUS BO3BECHMS B CTCIICHb.

[ToruHoMuanbHyt0 (GYHKIMIO B OOIIEM ciydae YA00HO 3ajaaBaTh HaOOpPOM
kodpdurmeHToB. [IpeAmonoxum, dYTO MOCIEIOBATEIHLHOCTE  KO3(PPUIHEHTOB
HaXOJIUTCS B MacCHBe. B peabHBIX MporpaMMax OHa TaK)Ke MOXKET UATAThCs U3 (aiiina
WM 13 00Jiee CIIOXKHBIX CTPYKTYP TaHHBIX, HAIPUMEP, U3 CITHUCKA.

OTMeTHM CJIeTYIOINTHE COCTABHBIE YACTH aJITOPUTMA, BBIYUCIISIONIETO (QYyHKITAIO
Ha TIOCIICIOBATEIIPHOCTHA JJIEMEHTOB, HANpUMEp, MNP CYMMHUPOBAHUU JIJIEMEHTOB
MOCJICTIOBATEILHOCTH (OJHOMEPHOTO MacCHBA):

1)  wHWOHWaTU3anus 3HaYeHUsS (PYHKIMH S JUIS MYCTOW MOCJICI0BATSIIBHOCTH
s:=0.0;

2)  BBIYHCJICHHE HOBOTO 3HA4YCHHS (QYHKIHMH IO TMPOYTCHUIO OYCPEIHOTO
aJIeMEeHTa ToceoBaTeIbHOCTH. HoBoe 3HaueHue BBIYHUCISETCS TI0  CTapoMy
3HAUYCHUIO M OYEPEeIHOMY MPOYUTAHHOMY OHJIEMEHTY. B 1maHHOM ciywdae 3To
CyMMHpOBaHHeE s : =S + a[1].

OTHU BE YaCTH MPUCYTCTBYIOT B JIIOOOM aJITOPUTME, BBIYUCIISIONIEM (PYHKITUIO Ha
nocyenoBaTeabHoCTH. PaccMoTpum npumep QyHKIMK HA MOCIE10BATEILHOCTH.

Jlan MaoroueH P(X) = aoX" + arx™ + ... + ay.

Hy>XHO BBIYMCIHTH 3HAYCHUE MHOTOYJICHA B TOUKE X = t.

ANTOpPUTM, OCHOBAHHBIN Ha MMPOCMOTPE TOCIEIOBATEIPHOCTH KOA(DPHUITMECHTOB B
HaIpaBJICHUHU OT CTApIIEro K MIAAIIeMy, HE UCIIOIb3YIONTUH BO3BEICHUE B CTEIICHb
SIBHO, Ha3bIBaeTCca cxemon ['opHepa.

Bo3bMeM MHOrouJIeH TpeTheii crenenn: P(X) = ax® + bx?+ ¢cx + d.

Ero mo cxeme I'opHepa MoxHO mipeacTaButh Kak P(X) = ((ax + b)x + ¢)x + d.

JI71 BBIYMCIIEHHST 3HAYEHUS MHOTOWIEHA JIOCTATOYHO TPEX YMHOXKEHUH M TPEX
CIIOKEHUU.

B obmem ciyuae MHOTOYICH IIpeACTaBIIsACTCS 0 cxeMe ['opHepa B clieayroneM
BUJIE:

P(X) = (...((apXx + ap)X + az)X + ... + ap.1)X + an.

O6o3HauuMm dyepe3 pk(X) MHorouiaeH Kk-ii cTemeHW, BBIUYKCICHHBIA IO
ko3 dunreHTam ag, ay, ..., ak:

P(X) = apxk + agx<t + ... + ay.
Torma prs1(X) = pk(X)X + aks+1, T. €. IPU CUUTBIBAHUU HOBOTO KO3(D(DHUIIMCHTA
MHOTOYJIEHA HAJI0 CTApOe 3HAYEHHE MHOTOYIEHA YMHOKUThH Ha 3HAYEHHE X, a 3aTEM

MpUOABUTH K HEMY HOBBIA KOY(PPUITUEHT.

Bapuanrsl 3aaanuii. Bapuante 3ananuii npusenensl B Tabnuie 1. B kauecte
N 6epetcst Bam Homep B JKypHaie, ero Hy»kKHO pa3ieauTh ¢ octaTkoM Ha 3, M = N%3.



Tabmuna 1 — 3aganus o BapuaHnTam

3Hauenne M Samanus
0 1,2
1 1,3
2 2,3
3aganue

Tpebyercst pa3paborarh anroputM Mo cxeme [opHepa COIVIacCHO BapHaHTYy,
COCTaBUTh €T0 OJIOK-CXEMY, peajii30BaTh CBOM aJITOPUTM B IIPOTPaMMHOM cpe/ie.

BapuaHT coaepXuT Ba METO/1a, KOTOPBIE JOJKHBI BBIUUCIISTH OJUH U TOT K€
MHOTOYJIEH B KOHKPETHOM TOYKE. JlaHHbBIE TOJKHBI 3a1aBaThCA OJIUH pa3s.

BhINOMHUTH aHANK3 alrOPUTMA: BBIYUCIUTE €T0 TPYAOEMKOCTh TEOPETUUECKU U
MIPOBEPUTH €€ IKCIEPUMEHTAIBHO, BBE/S B KOJ MPOrpaMMbl CUETUUK JIEMEHTAPHBIX
onepaunii. Caenath BBIBOABI O COOTBETCTBUM 3HAYCHUN HECKOJIBKUX MMAp YHUCEI
TEOPETUYECKOW M TMOJYYEHHOM SKCIEPUMEHTAIBHO TPYAOEMKOCTH IS Pa3HBIX
BXOJHBIX 3HAYCHUH.

1 Paspaborarb  amroputM  cxeMbl ~[opHepa ¢  HCIOJIB30BAaHUEM
apu(METHICCKOTO ITUKJIA.

2 MHcnonp3ys apuMETHUSCKUA UK C OTPHUIIATEIBLHBIM IIIaroM, pa3padoTarthb
aITOpUTM cxeMbl ['opHepa B cirydae, koraa KodhPUIMeHTsl MHOTOUYJIEHA 3a/IaHbI 110
BO3PACTaHUIO, a HE M0 YOBIBAHUIO CTEIICHEH.

3 BremosHuTH anroput™ cxeMbl ['opHepa ¢ ucrnoias3oBanueM nukia [IOKA.

2 JlaGopatopHasi pa6ora Ne 2. [locTpoeHue U aHAIU3 AJITOPUTMOB
ISl 00padOTKN MacCHUBOB

Iesap padoThI. HAYUYUTHCSA ISl HEPEKYPCUBHOTO QJITOPUTMA CTPOUTH TOUYHYIO
(GYyHKUHMIO ~ TPYJOEMKOCTH  TEOPETUYECKHM M HAXOOuUTh  TPYAOEMKOCTb
DKCIIEPUMEHTAIIBHO, BBIITOIHATH €€ aCUMITOTHYECKYIO OLICHKY.

Teopemuueckue ceedenus

[Ipn ananuze mnoBeaeHUs (QYHKIUKA TPYJOEMKOCTH ajrOpUTMa 4YacTo
UCIIOJIB3YIOT TPHUHATHIE B MAaTEMaTHKE acUMITOTHYecKue obOo3Hauenus O, O, Q,
MO3BOJISIONINE TTOKA3aTh CKOPOCTh pocTa (PYHKITUU, MACKUPYS TIPU ITOM KOHKPETHBIC
ko3pdunrentel. Haumbosiee mnomyasipHON acCHUMOTOTHYECKON OIEHKOM SIBIISETCS
ouenka ceepxy O (Big O).

[oBopsT, uro Gynkius g(n) sBisercs oneHkoi ceepxy s pynkiuu f(n), ecim
BhinostHsieTcst HepaBeneTso: 0 < f(n) < ¢ * g(n), vV n > n.



cg(n)

fin)

v

Pucynok 1 — OuenuBanue cBepxy dynkimu f(n)

DTO 3anuchIBaeTCs B BUJE:

f(n) = O(g(n)).

Boob1ue, 3anuck O(g(n)) o0o3HavaeT kiaacc PyHKIUI, TAKUX, YTO BCE OHU PACTyT
He ObIcTpee, yeM (PyHKIUA g(n) C TOUHOCTBIO /10 MOCTOSTHHOTO MHOKHTENIS, IO3TOMY
rOBOPST, 4TO g(n) MaxkopupyeT dyHkuuto f(n).

Hampumep, 1151 Bcex QyHKIU:

f(n) = 1/n, f(n) = 4, f(n) = 3n + 8, f(n) = n? + 4n + 7 cipaBeuBa ouenka O(n?).

Vka3biBag oneHky O, ecTb cMbICH YKa3blBaThb Haubosee «OIM3KYIO»
MaKOPUPYIOLIYIO (PYHKIHIO.

B otnnune ot onenku cepxy O, oueHka cHU3Y (2 SBISIETCA ONPENEAET KiIacce
(yHKLHIA, KOTOpPBIE pacTyT HE MEJJIEHHEE, YeM g(n) ¢ TOYHOCTHIO O MOCTOSHHOIO
MHOKUTEJS:

["oBopsrt, uto pyukuus g(N) sBisercs oneHkon cHu3y aias Gynkuuu f(n), ecnm

BhIMOJTHsIeTCS HepaBeHeTBO: 0 < ¢ * g(n) <f(n), Vn > n.
F(n)

cg(n)

v

Pucynok 2 — OuenuBanue causy pynkmmu F(n)

Hanpuwmep, 3amuce Q(IN(n)) obo3navaeT kimacc (QyHKIMA, KOTOPbIE PacTyT HE
MeuteHHee, yeM g(n) = In(n), B 3TOT Kjacc MONaaarT BCE MOJMHOMBI CO CTEIEHBIO
OOJBITICH €MUHUIIBI, PABHO KaK W BCE CTENCHHbIEC ()YHKIIMUA C OCHOBAHHUEM OOJIBIITUM
CAMHUIIBIL.

3HaHWE ACHUMNOTOTUKH TOBEACHUS (YHKIIUU TPYJOEMKOCTH airopurma (ero
CJIO)KHOCTH) 1a€T BO3MOKHOCTD JIeJIaTh MPOTHO3HI 10 BEIOOPY O0JIee parimoHAIBLHOTO
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C TOYKHU 3PEHHS TPYJOEMKOCTH aJropuTMa sl OOJIbIIUX Pa3MepHOCTEN MCXOIHBIX
JTaHHBIX.

Pa3mep Bxonma ompenensieTcs IS KaXIOM 3ajaud UHAUBUAYaIbHO. OOBIYHO Y
3a/layd €CTh KaKOW-HUOY/lb €CTECTBEHHBIH MapameTp, XapaKTepU3yIIHUid 00beM
BXOJIHBIX JIaHHBIX, HAIIPUMED:

1) B 3amauax oOpabOTKH BEKTOPOB (OJHOMEPHBIX MACCHBOB) IIOJ] pa3MEpOM
BXOJIa IPUHSATO CYUTATh KOJIUYECTBO 3JIEMEHTOB B MACCHUBE;

2) B 3amayax oOpabOTKK MaTpull (AByMEpPHBIX MacCHBOB) pa3MEpPOM BXOJia TaK
e SBJISIETCS KOJIMYECTBO JIEMEHTOB B MACCUBE, HO YaCTO OBIBAET MOJIE3HO BHIPA3UTh
ATO 3HAYCHHE Yepe3 KOJIMYECTBO CTPOK U CTOJIOIIOB MacCHUBa;

3) B 3amayax oOpaOOTKHU uncen (JUIMHHASA apuPMETHKa, TPOBEPKa HA MIPOCTOTY U
T.7.) 00JI€€ €CTECTBEHHO CUMUTATh pa3MepoM O0IIee YUCIO OMTOB, HEOOXOAUMOE JIJIs
MIPE/ICTABJICHUS IAaHHBIX B MAMSTH KOMITBIOTEPA;

4) B 3aga4ax o0OpaboTku rpadoB pa3yMHO 3a pa3Mep BXOja NPUHATH KOJIUYECTBO
BepIINH rpada, a UHOT/Ia MPEACTaBUTh IBYMs 3HAUCHUSIMH: YKCIIO BEPUIUH U YUCIIO
pebep rpada.

[Ipu onieHMBaHUY TOPAJIKA CIIOKHOCTU (DYHKIIMH UCTONB3YIOT TPU IIpaBUiIa;

1. TlocTosiHHBIE MHOXXHMTEIIM HE MMEIOT 3HA4YCHMs JJIA OIpeAesIeHUs MOopsIKa
caoxxnoctu: O(k * f) = O(f)

2. IlopsiioK CI0KHOCTH MPOU3BEAEHUS IBYX (PYHKIUU PABEH NMPOU3BEICHUIO UX
cnoxknocreit: O(f * g) = O(f) * O(g),

3. IlopsaoK CIOXHOCTH CYMMBbl JBYX (YHKUMH paBeH MaKCUMaJIbHOMY
(moMuHUpYOIIEMY) 3HaUCHHIO U3 uX cioxkHocTel: O(f + g) = Max (O(f), O(g)).

3nech k o003HayaeT KOHCTaHTY, a f u g - PyHKIUU.

Ha mpakTuke npuMmensitoTcs cieayromue Buibl O-QyHKITUN:

a) O(1) — KoHCTaHTHAS CIIOKHOCTB, JIJII QJITOPUTMOB, CIIOKHOCTH KOTOPBIX HE
3aBUCHUT OT pa3Mepa JaHHbIX.

d) O(log(n)) — norapudmuyueckass CIOXKHOCTh, UISI TPOTPaMM, B KOTOPBIX
OompImas 3aja4a IETUTCS Ha MEJIKUE, KOTOPBIE PEIIaloTCs M0 OTJAEIBHOCTH,

b) O(n) — muHEHHAs CIOKHOCTD, JUISl OJTHOMEPHBIX MACCHBOB U ITUKJIOB, KOTOPHIE
BBITIOJIHSIFOTCS N pas3,

c) O(n2), O(n3), ... — NOTUHOMHUAJIbHAS CJIOKHOCTH, JIJII MHOTOMEPHBIX MAaCCHUBOB
Y BJIO’KCHHBIX IMKJIOB, KQKIBIH U3 KOTOPHIX BBITOTHASTCS N pas,

e) O(2n) — »KCHOHEHIMAIbHAS CI0HOCTh, JIJII OYEHb CIIOXKHBIX aJrOPUTMOB,
WCTIOJIB3YIOIINX TMOJIHBIN TTepe0op UK TaK Ha3bIBAEMBIN «METO]I TPYOOH CHIIBI.

OYHKIMY TIEPEYUCIICHBI B MOPSIKE BO3PACTAHUS CIIOKHOCTH. UeM BBIIIE B 3TOM
CIIMCKE HaXOoauTcsl (PyHKIHUs, TeM ObICTpee OYIeT BBIMOIHATHCS aJTOPUTM C TaKOU
OLICHKOM.

OOBIYHO OmpeIeNieHre CIIOKHOCTH aITOPUTMa, B OCHOBHOM, CBOJIUTCS K aHAJIU3Y
IIUKJIOB U PEKYPCUBHBIX BHI30BOB.

3aganue

Hanummre mnporpaMmHBIA KOJA, PEAIM3YIOIIMK IIOCTABICHHYK) 3a7adyy C
nomoinpio 1ukiaoB  for, while; ontumusupyiite koa, 3G(GEKTUBHO HCHOIB3Ys
oTiepaTophI IUKJIA.
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1  Omnpenenute TOYHYIO TPYIOEMKOCTb alrOpUTMa, aHAIU3UPYsS TMCEBIOKO,
OILICHUTE €€ aCUMITTOTUYECKHU.

2  DKCIEpUMEHTAJIbHO B MPOrPAMMHON pealu3alliid BBIBEIUTE PE3yJbTaT U
3HAYEHUE CYETUYHKA TPYIOEMKOCTH.

3 Omnpenenute BpeMsi BBIIOJHEHHUS IPOTPAMMHOTO KOJa.

Bapuanmuo
1 B o0JHOMEpPHOM MAacCHBE HaWTH NPOU3BEACHUE MHUHUMAIBHOIO U
MaKCHUMAaJIbHOTO 3JIEMEHTA.
Haiitu cyMMy MUHUMAJIBHBIX AJIEMEHTOB JIBYX OJTHOMEPHBIX MAaCCHUBOB.
Haiitu B BEKTOpE CyMMY BCEX BXOJSAIINX B HETO JIIEMEHTOB.
Onpenenutp, €CTh U B BEKTOPE HYJIEBOU 3JIEMEHT.
OnpenenuTh KOJINYECTBO €IMHUI] B BEKTOPE.
TpancnoHupoBaTh BEKTOP-CTOJIOCII.
TpaHCIIOHUPOBATH BEKTOP-CTPOKY.
TpaHcOHUPOBATH MPOU3BOJIBHYIO MATPUILY.
TpancnonupoBath MaTpuiry A(nx(2n+1)).
0 HaiiTu MakcuMabHBIN 3JIEMEHT HaJl TJIaBHOM JUAroHaIbI0 MAaTPHIIHIL.
1 TloacuuTaTh KOJUYECTBO HEUYETHBIX YHWCENI HaJl TJIABHOW JMaroHalibio
MaTpHIIbI.
12 HaifTn MUHHIMAaJIBHBIN AIEMEHT IO TJIABHON JHArOHAIBI0 MaTPHIIHL.
13 HaiiTi KOMMYECTBO YETHBIX YHCEN MO TJIABHOW JUArOHAIBI0 MaTPHIIHL.
14 Haiitu cyMMy 3JIEMEHTOB IJIABHOW TMArOHAIN MATPHIIBL.
15 HaiiTu Ha TONOJHUTENHHOMN AUArOHAI MATPULIbl HAUMEHBIITUN AJIEMEHT.
16 BBIACHUTB, CKOJBKO HYJIEH COJEPKHUTCS Ha JOTOJHHUTEIIBHOW JHaroHaiu
MaTpHIIBIL.
17 HaiiTu MUHUMAJIBHBIH 3JIEMEHT B 3-eM CTOJOIe MaTpuiibl A(NX2N).
18 HaiiTn MakCHMMaJIbHBIN 3JIEMEHT BO 2-i CTpoke MaTpuilsl A(Nx(N+2)).
19 Haiftu MakcuManbHBIM dJEMEHT BO 2-W W3-l CTpOKax MaTpPHIlbI
A(nx(n+3)).
20 Haiit cymMmMBbI 3JIeMEHTOB B 1-0M U 4-0M cTosbrax Matpuib A(Nx2n).
21 Haiitu cymmy 25ieMeHTOB B 1-0M 1 4-oM cTos1011aX MaTpuIsl A(Nx2n).
22 HaiiTm pa3HOCTP MaKCHUMaJbHOTO W MHHHMAJIBHOTO JJEMEHTOB B
KBaJIpAaTHON MaTpHIIE.
23 HaiiTu KOJIMYECTBO AIEMEHTOB, KPaTHBIX 3, B 1-if cTpoke MaTpuiisl A(Nx3n).
24 CymmupoBats Matpuibl A(Nx2n) u B(nx2n),
25 VYmHOXuTh Matpuibl A(Nxn) u B(nxn).
26 YMHOXHUTH MaTpuibl A(Nx2n) u B(2nxn).
27 YMHOXUTH MaTpuiibl A(2nxn) u B(nx2n).
28 Haiitu matpuiy A + 2B mns marpuir A(nx4n) u B(nx4n).
29 Haiitu matpuny 2A + 3B mis matpur; A(nx2n) u B(nx2n).
30 Haiitu matpuiry SA + B ansa marpun A(3nxn) u B(3nxn).
31 Jlnsa matpuiel A(NXM) MOCYUTATH KOJTMYECTBO HEHYJIEBBIX JIEMEHTOB.
32 B matpune C(mMx4m) BEIYUCIUTE CYMMY HEOTPHIIATEIBHBIX 3JICMEHTOB.

PP O00~NO Ok, WN
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KOHmPOJleble 60npocCoHl

1 Knaccudumupyiite anropuTMel B 3aBUCUMOCTH OT TOBEACHUS (PYHKITUU
TPYIOEMKOCTH Ha Pa3IMYHbIX BXOIHBIX JAHHBIX.

2 OnumuTe mpaBWia HAXOXKACHUS TOYHOW (DYHKIIMU TPYAOEMKOCTH IIO
TICEBIIOKOY aJrOpuTMa.

3 Onumure, Kak HAUTH TPYAOEMKOCTh ITUKJIa B C# ¢ y4eTOM UCIIOIb30BaHUs
oreparuu i++.

4 JlaiiTe ompeneneHUe acCUMITOTHYECKUM OlleHKaM (¢ rpaduyeckoin
UHTEpIpeTaleld 1 CHMBOJILHOM 3aIUCHIO).

) [Touemy juist kKoHCTpyKIMH If TeopeTnyecku MoACUUTaHHOE U TIOTyYEHHOE
HKCIIEPUMEHTAIBLHO 3HAYEHUE TPYAO0EMKOCTH MOT'YT OTJIMYAThCA?

6 Ectb 1 cMbica mogOupath 3HaueHue p as Fig?

7 Kak Bctpouts B If cueTunk TpynoemMkocTu?

8 Kak BcTpouTth cueTunk TpyaoemMkocty B FOr?

3 Jladoparopunas padoora Ne 3. CpaBHeHne 3(P(PeKTUBHOCTH
Pa3HbIX BHA0B COPTHPOBKH

Heanb padoTsl: chopMUpOBaTh 3HAHUS U YMEHHUS OpraHU3AIMU COPTUPOBKHU C
BBIIIOJIHEHUEM aHaJIM3a aJrOpPUTMA C YYETOM PACCMOTPEHMS JIYUIIETrO, CPEIHETO U
XYJIIETO CIIy4aeB.

Teopemuueckue ceedenus

Bynem cuutaTh, 4TO COPpTUPYEMbI€ OOBEKTHI SIBJISIFOTCS 3aMUCSIMHU, COJIEPKAITUMU
OJIHO WJIA HECKOJILKO ToJiel. OJHO U3 IOoJiei, Ha3bIBaeMOe KJIFOUOM, UMEET TaKOM THUII
JTAHHBIX, YTO HA HEM OIPEEIICHO OTHOIICHUE JIMHEMHOTO TOPSIIKA «<» UITH «<».

3aaya COPTHPOBKM 3aKIIIOYACTCS B YIOPSAOYMBAHWU TIOCIICIOBATECIIBHOCTH
3amuceld TakuM o0pa3oM, 4YTOOBI 3HAYEHUS KIFOYEBOIO IO  COCTABIISIIH
HEYOBIBAIOIIYIO ITOCICAOBATEILHOCTh. JIpyrumMu ciioBamu, 3amucu Ii, Iz, ..., Ih CO
3HaYCHHUAMH Kioueit ki, Ko, ..., Kn COOTBETCTBEHHO HAI0 PACIONIOKHUThH B IMTOPSIKE T,
li2, ..., lin , TaKOM, uTO ki; <kijz < ... <Kin. B 001em ciyuae HeoOs13aTeIbHO, YTOOBI BCE
3amucy ObUTH Pa3IMYHBIMU, U €CJIM €CTh 3alUCH C OJMHAKOBBIMHU 3HAUCHUSIMHU KITFOUECH,
TO B YIIOPSJOUYECHHOM MOCIEA0BATEILHOCTH OHU PACIIOIAraloTCs PSIIOM JAPYT € APYTroM
B JIIOOOM TOPSIJIKE.

Bynem ucrnonp3oBaTh pa3iuyHble KPUTEPUU OLICHKU aJITOPUTMOB BHYTPEHHEU
coptupoBku. IlepBoit 1 Hamnbosee oOIIEeH MEpoll BpEeMEHU BBIMIOJHEHHS SIBISCTCS
KOJIMYECTBO IIarOB aJITOPUTMA, HEOOXOIUMBIX JIJIsl YIIOPSIOUMBAHUS N 3aIUCEH.

Hpyroii o01mieil Mepol CIyKUT KOJUYECTBO CPABHEHHN MEXKIYy 3HAUYCHUSIMHU
KIJIFOUEH, BBITIOJIHICMBIX P COPTHPOBKE CIMCKa M3 N 3ammceil. DTa Mepa 0COOSHHO
nH(OpMaTUBHA, KOTJa KIIOUM SIBISIIOTCS CTPOKAMHU CHUMBOJIOB, U TOSTOMY CaMbIM
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«TPYIOEMKHUM» omnepaTopoM OyaeT omeparop cpaBHeHus kirodeil. Eciau pasmep
3anuceil OONBIIONW, TO CHEAyeT TakKe YYHUTHhIBaTh BpeMsi, HEOOXOIMMOE Ha UX
nepeMeIieHue.

IIpocTbie cxeMbI COPTUPOBKH.

PaccMOTpUM HECKOJBKO TMPOCTBIX METOAOB, HA3bIBAEMBIX IPSIMBIMU, TJIE
TpebyeTcs MopsaaKa n? CpaBHEHMI SIIEMEHTOB.

Copmupoexa ecmagxamu Insertion sort (¢ nomowpto npsamozo éxnrouenus)

IlepBelii mpssMOM METOJ, KOTOPBIM OyaeM paccMaTpuBaTh, Ha3bIBACTCS
COPTHUPOBKOH BCTABKAMHM, TaK Kak Ha I-M 3rtame I-il anemeHT Ali] BcTaBisieTcs B
HY)KHYI0O TO3uIuio cpeau anemeHToB A[l], A[2], ..., A[i — 1], kotopsle yxe
ynopsinoueHsl. [locne 3Toi BCTaBKU MEPBBIE 1 3JIEMEHTOB OYyT YIOPSIOYEHBI.

[Ipu copTUpPOBKE 3JIEMEHTOB MacCMBAa BCTaBKAMHU MACCUB JEJAT HAa JBE YACTHU:
OTCOPTUPOBAHHYIO — 41, ..., Aj-1 U KACXOAHYIO» — aj, ..., an.

B Hayane pa®oThl B KauecTBe OTCOPTUPOBAHHOW YACTH OEpEM TOJIBKO OJHH
IIEPBBIN JIEMEHT, & B KAY€CTBE HEOTCOPTUPOBAHHOM — BCE OCTANIbHBIC 3JIEMEHTHI. Ha
KOKJIOM IlIare, HauvHas ¢ 1 = 2, U3 HEOTCOPTHUPOBAHHOM MOCIIEI0BATEIbHOCTU
M3BJIEKACTCSl 1- DJIEMEHT M BCTaBJSETCSI B OTCOPTUPOBAHHYIO TakK, YTOOBI HE
HAPYILIUTh B HEW YNOPSIAOYEHHOCTH 3JIEMEHTOB.

Kaxaplii mar anroputMa BKJIFOYAET YEThIPE NCUCTBHUS.

1 B3zarte 1-i1 3meMeHT MaccuBa (OH K€ SBISETCS IEPBBIM JJIEMEHTOM B
HEOTCOPTUPOBAHHOMN YaCTH) U COXPAHUTD €0 B AOMOJHUTEIBHON EPEMEHHOM.

2 HaiiTi mo3uiuio j B OTCOPTUPOBAHHOM YaCTH MAacCUBa, KyAa OyAeT BCTaBJICH
I-i DJIeMEeHT, 3HaUCHNE KOTOPOTO TeIeph XPAaHUTCS B JOMOJHUTEIBHON TIEPEMEHHOIA.
BcraBka 3TOro siieMeHTa HE JOJDKHA HAPYLIATH YIOPSJOYEHHOCTH DJIEMEHTOB
OTCOPTUPOBAHHOW YaCTH MACCUBA.

3 CIBHHYTB 3JIEMEHTHI MaccHBa € 1 — | MO3UIINUHU TI0 j-10 Ha OJIMH 3JIEMEHT BIIPaBo,
9TOOBI OCBOOOIUTH HAWIEHHYIO TTO3UIIUIO JIJIsl BCTABKHU.

4 BcTaBuUTH B3ATHIN JIEMEHT B HAACHHYIO J-10 TTO3UIIMIO.

Cka3zaHHOE MOHO 3aIlHCaTh Ha MICEBJOKO/IE B CIIEIYIOIIEM BU/IE!

for i:= 2 to n do

nepeMecTuTs A[i1] Ha nosmumio j < 1 Takymo, UYTO
Ali] < Alk] mna 3] <k < 1 wu

aubo A[i] > A[j — 1], mmbo j = 1

UtoOsl caenath mpoliiece nepeMenienust siaemMenTa Afi] 6oiee mpocThiM, MOKHO
BBeCcTH ieMeHT A[Q], ube 3HaueHUE KIItoUa OyeT MEHBIIEC 3HAYEHUS KJTF04a JIF0O0T0
sanemenTta A[l], ..., A[n]. Ecnu Takyto KOHCTaHTy HEIb3sl IPUMEHUTD, TO MPU BCTABKE
A[i] B mo3umuio j — 1 Haj0 MPoBEPUTH, HE OYACT JiK j = 1, €CITH HET, TOT/1a CPAaBHUBATH
aneMeHT Afi] (KOoTopslii celyac HaXOMUTCS B MO3MIUHU j) ¢ snmemeHToM A[j —1].
OnucanHplii anroput™m IMokazaH B juctuHre 1. CranmapTHas mnpoueaypa swap
UCIIOJIb3YETCs 1151 IEPECTAHOBKHU JIEMEHTOB MECTAMM.
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Jlucmune 1. CopTUpOBKa BCTaBKaMHU

(1) A[0] .key := —-o;

(2) for i:= 2 to n do begin

(3) J:= 1;

(4) while A[j] < A[j — 1] do begin

(5) swap (A[J], A[J — 11);
(6) j:= 3 — 1

(7) end;

(8) end.

Yucno cpaBaenuit Ci mpu 1-M MPOXOJIE B XY/IIEM Clydae paBHO 1 — 1, B TyyIiem —
enunuiie. Ecinm caurtaTh, 9TO BCE TIEPECTAHOBKHU M3 N 3JIEMEHTOB PaBHOBEPOSATHBI, TO
cpeaHee yucio cpaBHeHuM 1/2. Yucno nepecranoBok M; = C; + 2.

OO611ee yncI0 CpaBHEHUN U YUCIIO IEPECTAHOBOK TaKOBBI:

min = N — 1; Mmin:?)(n_l);
Cave = (N>+ n - 2)/4; Mave = (n?+ 9n — 10)/4;
Crax = (N?+ n — 4)/4; Mmax = (n?+ 3n — 4)/2.

JIaHHBI aJrOpUTM MOKA3bIBAECT HAWIYUIIHE PE3YJIbTaThl pabOThl B CIIydae YKe
YIOPSIOYEHHOW HMCXOJHOM YaCcTHM MacCuBa, HAuUXYAIIME — KOIZIA JJIEMEHTBI
NEpBOHAYAJIBHO PacHookeHbl B oOpaTHOM nopsake. OH 3(pdekTiBeH Ha HEOONIbIINX
HaOOpax TaHHBIX, HA HA0OPaX JaHHBIX JI0 IECSITKOB AJIEMEHTOB MOXKET OKa3aThCs JIyUIlInM;
TaKoke OH A(P(PEKTUBEH Ha HAOOPaAX JTAaHHBIX, KOTOPBIE yXKE YACTUYHO OTCOPTHUPOBAHBI.

DTO yCTOWYMBBII alTOPUTM COPTHPOBKH (HE MEHSIET B3aMMHOTO PACIOI0KCHUS
PaBHBIX 3JIEMEHTOB). ECJIM 371eMEHT COCTOUT TOIBKO U3 OJHOTO KiItoYa (T. €. 3HaYEHus,
M0 KOTOPOMY M MPOU3BOJIUTCSA COPTUPOBKA), TO YCTOMYMBOCTH COPTUPOBKHU HE BaXKHa,
HO MPU COPTUPOBKE 3anucent (Hanpumep, ¢ noiasimMu @amunust u M) B noaiep >xaHuu
MCXOJTHOTO MOPSIAKA MOXKET OBITh CMBICII, T. K. PABHBIE 110 KJIFOUY 3JIEMEHThI Pa3IHUYHBI.

YCTONYMBBIMM  AJITOPUTMAMU  COPTUPOBKH TaKXKe SIBJSAIOTCS Iy3bIPbKOBa,
cnusitHueM. HeycroilunBble anropuTMbl COPTHUPOBKHU: OBICTpas COPTHpPOBKa Xoapa,
nupamujanbHas, lenna. CopTupoBka BBIOOPOM HMMEET KaK YCTOMUYMBBHIE, TaKk U
HEYCTOWYMBBIE pealn3alui. YCTONYMBOCTH COPTUPOBKM BCETNIa MOXET OBIThH
NOCTUTHYTAa IIYTEM YUIMHEHHs MWCXOAHBIX KIIOYEH, €CIM BKIIOYUTh B HUX
uHdopmaIuio 06 nMepBoOHAYAITHLHOM MOPSIIKE 3HAYCHUH.

IlIpumep 1 — Ilycth AaHbl COMCOK HA3BaHUUM U TOJIbl 3HAMEHHUTBIX U3BEPKEHUU
ByJKaHOB (pucyHok 3). OHM Kak 3amucu ¢ KiroueBbIM mnojieM Ha3zBanume OynyT
MOIeKaTh COPTUPOBKE TIO ai(aBUTY.

HasBanue Ton
IMunn 1902
OTHa 1669
Kpaxkaray 1883
AryHr 1963
Cs. Enena 1980
Besysuii 79

Pucynok 3 — Criucok st COpTUPOBKH
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I[J'IH 9TOro nmpumMepa Mbel IPUMEHUM CJIICAYIOIICC 00BSBJICHUE THIIOB JaHHBIX:

type

keytype = array[1..10] of char;
recordtype = record

key: keytype; { Ha3BaHue ByJKaHa }
year: integer { rox u3Bep>KCHUS }
end;

Ha PUCYHKC 4 1oKa3aHbI IMOCJIACAOBATCIIBHBIC 3TAIlbl aJIrOPpHUTMaA BCTaBKOM JJIA
1=2,3,...,6.

Ilocne KaXXa0ro oTalla aJlrOpuTMa COPTHPOBKM BCTABKAMH 3JICMCHTHI,
PACIIONIOKCHHBIC BBINIC JIMHHUH, VYKC YIOPAOOYCHBI, XOTd MCKIY HHMH Ha
IMOCJICAYIOINUX dTallaX MOT'YT OBITH BCTABJICHBI 9JICMCHTBI, KOTOPHIC cenyac HaxoaAaATCs
HMXXC JIMHHUU.

-0 -00 -00 -00 -00 -00
[Tnnn [Tnnn Kpakaray AryHr AryHr AryHr
OTHa OTHa [Tnmn Kpakaray Kpakaray Besysuit
Kpakaray  Kpakaray OTHa [Tnnn [Tnnn Kpakaray
AryHr AryHr AryHr OtHa Cs. Enena IMnnn

Cs. Enena  Cs. Enena Cs. Enena Cs. Enena OtHa Cs. Enena
BesyBuii Besysuii Besysuit Besysuii Besysuit OtHa

Hauano i=2 i=3 i=4 i=5 i=6

Pucynok 4 — Dranbl COpTUPOBKU METOJJOM BCTaBKHU

Copmuposka evtoopom (Selection sort)

[Ipu copTUpOBKE C MOMOIIBIO MPSIMOT0 BLIOOPA MacCUB Tak>Ke JICJIUTCS Ha JIBE
YaCTH: OTCOPTUPOBAHHYIO WIIM «TOTOBYIO» ITOCIEIOBATEIBHOCTh — a1, ..., Qi1 U
CUCXOAHYIO» — i, ..., an.

[IpoucxoauT MOWCK OJHOrO 3JIEMEHTA W3 HWCXOJHOW IMOCIEI0BATEIbHOCTH,
KOTOpbIH 00JIalaeT HAaWMMEHBIIMM (HAUOOJBIIUM) 3HAYEHHEM KII0Ya, U YXKe
HaWACHHBIN 3JIEMEHT NOMEIIAETCS B KOHEL TOTOBOM MOCJIE0BAaTEILHOCTH.

Ha MomeHT Hayajma COPTHPOBKH METOJIOM MPSMOTO BBIOOpa ToOTOBas
MMOCJIEIOBATSIBHOCTD CUMTACTCS MyCTOM, COOTBETCTBECHHO, HCXOgHas
MOCJICA0BATEILHOCTE BKIIIOUACT B ce0s BCE DJIEMEHTHI MacCUBa.

AJITOPUTM COPTHPOBKHM € MOMOIIBIO MPSIMOIr0 BbIOOPA.

1 U3 Bcero maccuBa BEIOMPAETCS AJIEMEHT ¢ HAUMEHBIITUM 3HAYCHUEM KITFOYa.

2 OH MeHSIEeTCSI MECTaMHU C TIEPBBIM DJIEMEHTOM aj.

3 3areM 3TOT MPOIIECC MOBTOPSIETCS C OCTABUIMMHUCS n — 1 3jeMeHTamMu, n — 2
AJIEeMEHTaMH U T. . 10 T€X MOp, MOKAa HE OCTAHETCS OJUH 3JEMEHT C HauOOJbIIUM
3HAYEHUEM.

Ha i-M sTame copTHpPOBKM BBIOOPOM BBHIOHMpacTCS 3alUCh ¢ HAWMMEHBIIUM
KJIIOYOM cpeau 3amuced Ali], ..., A[N] u Mensercs mecramu ¢ 3anucbio Afi]. B
pe3ynbTarte mocie i-ro 3tamna Bce 3anucu A[l], ..., A[i] OyayT ynmopsiiodeHsl.

CopTupoBKY MOCPENCTBOM BHIOOPA MOKHO OMUCATH CIEAYIONUM 00pa3oM:
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for i:= 1 ton - 1 do
BeIOpaTe cpemmu A[i], . .., A[n] »JeMeHT C HaUMEHbIUM
KJIOUOM M IIOMEHATHL eTro MecTaMm ¢ A[i];

Jlucmune 2. CopTupoBKa OCPEICTBOM BhIOOpa

1 war lowkey: keytype; {Texywuy HavMeHbUIMM KJIOY,
HaMOEHHHM OpM Npoxome Mo sjeMeHTam A[i], .. A[n]}

2 lowindex: integer; {nosuumua BJIeMeHTa C KJIOUYOM
lowkey}

3 begin

4 for i:= 1 ton - 1 do begin

5 lowindex: = 1i;

6 lowkey:= A[i] .key;

7 for j:= 1 + 1 to n do begin

8 {CcpaBHeHMe KJKUYEelV C TeKylLMM KJIJYoM lowkey}
9 if A[j].key < lowkey then begin
10 lowkey:= A[]].key;

11 lowindex:= 7

12 end;

13 swap (A[i], A[lowindex])

14 end;

15 end;

16 end.

Ilpumep 2 — Ha pucyHKe 5 moka3zaHbl 3Tanbl COPTUPOBKU MOCPEACTBOM BbIOOpa Is
cnucka u3 pucynka 3. Hampumep, Ha mepBoM srtamne 3HaueHue lowindex paBHoO 4, T. e.
no3unuu AryHra, KOTopbii MeHsercs ¢ [Iunm, anementom A[1].

[Munn AryHT AryHT AryHT AryHT AryHT
OTHa OTHa Besysuii Besysuit Besysuit Besysuit
Kpakaray Kpakaray Kpakaray Kpakaray Kpakaray Kpakaray
AryHr [Tnnn [Tnmn [Tnmn [Tnmn [Tnmn

Cs. Enena Cs. Enena Cs. Enena Cs. Enena Cs. Enena Cs. Enena
Besysuit Besysuit OtHa OtHa OtHa OTHa
Hauauso 1-it 3Tan 2-¥ yTan 3-i aTan 4-i 3Tan 5-i aTan

Pucynok 5 — Dranbl copTUPOBKH METOJIOM BbIOOpa

JIuHUYM Ha PUCYHKE MOKa3bIBAIOT, YTO AJIEMEHTHI, PACIIOJIOKEHHBIE BHIIIE, UMEIOT
HaVMEHBIINE 3HAYCHUS KITFOYEH U y)KE YIIOPSI0YCHBI.

[Tocne (N — 1)-ro stana sneMeHT A[N] Tak)Ke CTOMT Ha MPaBUIBHOM MECTE, TaK
KakK BBIILIE HETO BCE 3alIUCH UMEIOT MEHBIIINE 3HAUCHUS KITFOUECH.

[Ipu paboTe qaHHOTO aITrOpUTMa YKHCIIO CpaBHEHUH deMeHTOB C HE 3aBUCHUT OT
HavaIbHOTo mopsaka snemMenTos. C = (n? —n)/2.

Jlyunmii ciyqaii: Mpin = 3(n — ).

Xyammii ciaydait: Mipax = N%/4 + 3(n — 1).
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B o0uiem cinyyae anropuT™ ¢ NpsiMbIM BBIOOPOM MPEATIOUTUTENbHEE alrOpUuTMa
npsiMmoro BKkJItoueHHs. OJIHAKO €CIU 3JIEMEHTHl BHayajie yHopsio4yeHbl (MOYTH
YIOPSIOYEHBI ), AITOPUTM C IPSIMBIM BKIIOYEHUEM BBITIOJIHUT COPTUPOBKY OBICTpEE.

Copm UposKa «ny3slpbKomy

CaMBIM TIPOCTBIM METOJOM COPTHPOBKU SIBIISICTCS METOA «My3bIpbKka». OH
OTHOCHUTCS K METOJIaM IIPSIMOTO OOMEHA, KaK M IEeUKEpHasi COPTUPOBKA.

UtoObl ommcaTh OCHOBHYIO HJCI0 ITOTO METOMA, TMPEACTAaBHM, YTO 3aIlUCH,
MOJIJIKAIUE COPTHPOBKE, XPAHSATCS B MAaCCHBE, PACIOJIOKEHHOM BEPTUKAIBHO.
3anucyu ¢ MaJIbIMU 3HAYEHHUSIMU KIIFOYEBOTO IMOJISI 00Jiee «JIETKUE» M «BCIUIBIBAIOT»
BBEpX Haro1001e Mmy3bIpbKa.

[Ipu nepBoM mpoxojie BIOJIb MacCuBa, HAUMHAS MMPOXOJ CHU3Y, OepeTcs mepBast
3aMiCh MAacCHBa M €€ KJII0Y MOO0YEepPETHO CPABHUBACTCS C KIFOYAMU TMOCIIETYIOIINX
3anuceil. Ecnu BeTpedaercs 3amuch ¢ 0oliee «TSIKENBbIM» KIIOYOM, TO ITH 3alHCH
MEHSIOTCSl MecTaMH. [Ipu BcTpeue ¢ 3amuchio ¢ 0oJiee «IETKUMY KII0YOM 3Ta 3alHCh
CTAaHOBUTCS STAJIOHOM JIJIsi CPABHEHHSI, M BCE TIOCTEAYIONINE 3allCH CPABHUBAIOTCS C
TUM HOBBIM KJIIIOUOM. B pesynprare 3amich ¢ HaMMEHBIIMM 3HAYCHUEM KITFOUYa
OKa)ETCS B CAMOM BEpPXY MacCHUBa.

Bo Bpems BTOporo mpoxoja BIIOJIb MACCHBAa HAXOAHUTCS 3alHCh CO BTOPHIM IIO
BEIIMYMHE KIIFOYOM, KOTOpas IMOMEMIAeTCs IO 3alKChio, HAWICHHOW MPU IEPBOM
MIPOXO0JI€ MACCHBA, T. €. HA BTOPYIO CBEPXY MO3ULIUIO, U T. 1.

OTMeTHM, 9TO BO BpEMs BTOPOTO U IMOCIEAYIOMINX MPOXOI0B BI0JIh MAaCCUBA HET
HEO0OXOMMOCTHU MPOCMATPUBATh 3aIMCH, HAWIEHHBIE 32 MTPEAbLAYIITUE TPOXOIBI, T. K.
OHHM UMEIOT KJIIOYHM, MEHBIIIME, YEM y OCTABIIMXCS 3amuceid. [[pyrumu cioBamu, BO
BpeMsl i-r0 MpOoXoja He MPOBEPSIOTCS 3alMCH, CTOSIIME HA MO3UIMIX BbIme i. B
JUCTUHTE 3 TPUBEJCH OMUCHIBAEMBIN aJITOPUTM, B KOTOpPOM uepe3 A 0003HA4YeH
MaccuB M3 N 3amucei (TUM JaHHBIX recordtype). 3mech U anee mpeanoiaraeM, 4To
OJIHO M3 TOJIeH 3amuceil Ha3bIBaeTcs key (KITto4) U COEP KUT 3HAUCHUS KITIOUEH.

Jlucmune 3. ANTOPUTM «ITy3bIPbKa

for i:= 1 ton - 1 do begin
for j:= 2 to i + 1 do begin
if A[j].key < A[J — 1].key then
swap(A[J], A[] — 11);

Ilpumep 3 — llpuMeHUM aNrOPUTM «IY3bIPbKa» JJIs1 YHOPSIAOYMBAHUS CIIMCKA
BYJIKAHOB B aJi()aBUTHOM TIOPSAJIKE WX Ha3BAaHUH, CUNUTAS, YTO OTHOIIICHUEM JIMHEHHOTO
MOpsiIKa B JAHHOM CITy4ae SIBJIICTCS OTHOIICHHE JIEKCUKOTPa(UUIECKOTO MOPSIIKA HaT
noysieM kmouei. Ha pucyHke 6 mokasaHO TATH TPOXOJOB anroputma. JImHUH
YKa3bIBAIOT TO3UIMIO, BBIIIE KOTOPOW 3amucu yxe yrnopsanoudeHsl. [locie msitoro
MpOXoJia BCE 3aMUCH, KPOME IMOCIECIHEN, CTOSAT HA HYKHBIX MECTax, HO IMOCIIEIHSIS
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3aIKCh HE CIyYailHO OKa3aJlach MTOCIIEHEN — OHA TaK)XKe Y’KE CTOUT Ha HY’)KHOM MECTE.
[ToaTOMy COpTUPOBKA 3aKaHYMBAETCSL.

[Tunm AryHr AryHr AryHr AryHr AryHT
OTHa [Tunn Bezysuit Bezysuit Besysuit Bezysuit
Kpakaray OTHa [Tunmn Kpakaray Kpakaray Kpakaray
AryHr Kpakaray OTHa [Tnnn [T [Tnmn

Cs. Enena Besysuit Kpakaray OTHa Cs. Enena Cs. Enena
Besysuii Cs. Enena Cs. Enena Cs. Enena OTHa OTHa
Hauauo 1-it npoxon  2-ii mpoxox  3-ii mpoxox  4-ii mpoxox S5-i mpoxon

Pucynok 6 — Oraribl COpTUPOBKHU Iy3bIPHKOM

Ha nepBom mpoxone BesyBuit u CB. Enena meHsitoTCS MecTamu, HO Jajee
BesyBuil HE MOXKET IOMEHATHCS MECTAMHU C ATYHTOM. ATYHT, IOOYEPEIHO MEHSICH
Mectamu ¢ Kpakaray, OtHou u [Innm, mogaumaercs Ha cambiid Bepx. Ha BTopom sTane
BesyBuil mofHUMAETCs BBEPX M 3aHUMAET BTOPYIO no3unuio. Ha tpeTpbeM atare 1o
xe npojenbiBaeT Kpakaray, a Ha yeTBepToM — JOTHA U CB. EfleHa MEHSIIOTCSL MECTaMH,
[Innn cTOUT HAa HY)KHOM MECTE.

Bce Ha3BaHMs BYJKAHOB PacCIONIOKWINCH B aI(paBUTHOM MOPSAJKE, COPTHPOBKA
3aKoHYMiach. [IATBI dTam TakKe BBINOJHEH B COOTBETCTBHM C aQJITOPUTMOM
JIMCTUHTA 1, HO OH YK€ HE MEHSET NOPAIOK 3alHCE.

ANroput™ npsMoro oOMeHa OCHOBBIBAETCSI HA CPAaBHEHUH U [IEPECTAHOBKE Mapbl
COCETHUX 3JIEMEHTOB U MPOJOJDKEHUH 3TOTO IpoLecca A0 TeX Mop, MoKa He OyayT
YIOPSIOYEHBI BCE DJIEMEHTBI.

OOmeH MecTaMH JBYX OJJIEMEHTOB MIPEJICTaBISIET COOOW XapaKTEpHYIO
OCOOEHHOCTh JAaHHOI'O METOJa, XOTS B MNPEAbIAYIIMX METOJax IepecTaBisieMble
AJIEMEHTHI TAK)K€ OOMEHUBAJIMCh MECTaAMHU.

Yucno CpaBHEHHUI B alrOPUTME COPTHPOBKH «Imy3bippkoM» C = (n? — n)/2, a
MHHUMAJIbHOE U MAKCUMAIIBHOE YUCJIO MIEPECTAHOBOK JIEMEHTOB PAaBHBI

Mumin = 0,
Mpmax = 3(n? — n)/4.

Hleuxkepnan copmuposxa

[Tpumep my3bIPEKOBOM COPTUPOBKHU OTPAKAET ACHMMETPHIO pabOTHI aJTOpUTMa:
JIETKUM «Iy3bIPEK» BCIUIBIBAET Cpa3y — 3a OJIMH MPOXOJI, a TSKEJIbI TOHET OYEHb
MEJIJIEHHO — 32 OJWH IIPOXO0/ Ha OJIHY MO3UIIUIO.
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Tak, maccuB 15 29 31 55 70 93 8 ¢ nomoIb0 COPTUPOBKHU MYy3BIPHKOM OyJIEeT
yIOPSIIOUEH 3a OJIMH ITpoxoJ, a it MaccuBa 93 8 15 29 31 55 70 motpebyeTcs 1mecThb
IPOXOJI0OB. DTO HABOJUT HA MBICIb O CIEAYIOIIEM YIYYIICHUH: 4YepeloBaTh
HarpaBJICHUE MPOCMOTPA Ha KaXIOM MOCIICIYIOIIEM poxo e (PUCYHOK 7).

L= I 2 2 3 3
R= H i 7 7 i
Hanpasienne T 1 | | T
21 > 4 4 4 -

25 21 21 el 9

9 25 9 21 12

17 4 9 L 17 |2 —t’ 17

43 17 25 }_. 17 21

12 43 12 25 25

4 — 12 ‘]’ 32 i2 32

32 32 w43 43 43

PI/ICYHOK 7 — Drtansl COPTUPOBKH METOAOM BCTABKH

AJNTOpUTM, peTU3YIOIINNA TAKOU IMOX0/I, HA3bIBAECTCS IEUKEPHOU COPTUPOBKOM.
Ilepemennpie L. m R copepkaT MHIOEKCHI JJIEMEHTOB, 10 KOTOPBIX OJDKEH
IPOUCXOAUTH MPOCMOTP MPHU JABMKEHUU BJIEBO (WM BBEPX) M BOPaBO (WJIM BHU3)
COOTBETCTBEHHO.

AHanu3 meKkepHOW COPTUPOBKHU JOBOJIBHO cioeH. [llefikepHas copTupoBKa ¢
YCIIEXOM MCIIOJIB3YETCA JIUIIb B TEX CIy4asX, KOIJAa U3BECTHO, YTO HJIEMEHTHI II0YTH
YHOPSAOYEHBl, YTO Ha MPAKTUKE ObIBACT BeCbMa PEAKO. AHAJIN3 MOKA3bIBAET, UTO
«0OMEHHasD» COPTUPOBKA U €€ YCOBEPIICHCTBOBAHUSI (DAKTUUECKU OKa3bIBAIOTCS XYKe
COPTHUPOBOK C MOMOUIbIO BKIFOYEHUH U C OMOIIbIO BEIOOpA.

Copmupoexa Illenna

Bce metonsl npsiMoit COpTUPOBKU (DaKTUUECKU TIEPEIBUTAIOT KaXKIbIHA DJIIEMEHT
Ha BCSIKOM 3JIEMEHTapHOM LIare Ha oJHy no3uuuio. [loatomy onu TpeOyroT mopsaka
n? Takux maroB. CleIOBATENbHO, B OCHOBY IIOOBIX YJIy4IIEHHIH alrOPUTMOB
COPTUPOBKU JOJDKEH OBITh MOJIOKEH MPUHLUIT MEPEeMEIIECHUS Ha KaXJOM TakKTe
AJIEMEHTOB Ha OoJjbluMe paccrosiHusa. CpeaHee pacCTOsIHHE, Ha KOTOPOE JIOJKEH
MPOJIBUraThCA KaXKIbI U3 N 3JIEMEHTOB BO BPEMsI COPTUPOBKH, PaBHO N/3 MO3HUILIMM.
DTO0 4HCIIO SABJSETCS LENbI0 B TOUCKE 0oJiee 3(h(PEKTUBHBIX METOJJOB COPTUPOBKH.

B 1959 r. JI. lemiom ObUIO TPEAJIOKEHO YCOBEPIICHCTBOBAHUE aJTOpUTMA
COPTHUPOBKU BcTaBKamu. PaccMoTpuM ero paboTy Ha mpuMepe CIIEAYIOEero MacCuBa:

35 28 49 79 45 11 89 70 91 67 54 19 13 24.

CHauana OTAENBHO TIPYIIIUPYIOTCS 3JEMEHTBI, OTCTOSAIIME JIPYr OT Apyra Ha
paccrosinuu 4. Takux rpynn OyAeT 4eTbIpe, OHM MMOKa3aHbl Ha PUCYHKE 8. DJIEeMEHTHI,
MpUHAJJISKAIINE OJHOM TpyIie, 00beINHEHBI JyramMH.
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35 28 049 79 45 11 89 0 91 &7 54 19 13 24
\__ﬂ____ ___,«/\k___ __A_ A
35 28 49 79 45 11 89 70 91 &7 34 19 13 24
l\‘x____ __,—'/\,____ ____Fr"'}
35 28 49 79 45 11 B9 70 91 &7 54 19 13 24
l\'*-u____ . ___da-""}\“-u____ _ ___da-"/
35 28 49 79 45 11 B9 70 91 &7 54 19 13 24

\‘m_x”}\"a_

Pucynok 8 — ['pynmbl cOpTUPYEMbIX 3JIEMEHTOB

CrnenyomuM I1aroM BBITOJTHSIETCS COPTUPOBKA BHYTPU KaXJAOW W3 TPYIIII
METOJIOM MpsSMOro BkIoueHHs. CHadama COpTHPYROTCS 3jeMeHThl 35, 45, 91, 13,
3arem 28, 11, 67, 24, cnenom 49, 89, 54 u, nakonen, 79, 70, 19. B pesynbrare
nmoryqaem maccuB 13 11 49 19 35 24 54 70 45 28 89 79 91 67.

Takol mponecc Ha3pIBACTCS YETBEPTHOU COPTUPOBKOM.

CrenyrommM TPOXOJIOM 3JIEMEHTBI TPYIIIUPYIOTCS TaK, Y4TO TENEph B OAHY
IPYIITY BXOJAT 3JEMEHTBI, OTCTOSIIUE APYT OT APYT Ha JABE MO3UIMH (PUCYHOK 9).
Takux rpynn ase:

35 24 54 70 45 28 89 79 91 67

L/\M,/\_J‘\_J

13 35 24 54 70 45 28 B9 79 91 67

‘\,/K__/\x_,/\/\_/k,f

Pucynok 9 — ['pymibl COPTHPYEMBIX 3JIEMEHTOB Yepe3 JBE MO3UITHH

BHOBB B Ka)101 IrpyMIe BBINOJHIETCS COPTUPOBKA C IIOMOIIBIO ITPSMOTO
BKJIFOUEHHMSI. DTO Ha3bIBACTCS IBOMHON COPTUPOBKOM, €€ pe3yIbTaToM OyIeT MacCHB:

13 13 11 35 19 45 24 49 28 54 67 89 70 91 79.

U, nakonerr, Ha TpeTbeM mpoxoje (pucyHok 10) uaer oObuHas WM OJMHAPHAS
COPTUPOBKA C TOMOIIBIO MPSMOT0 BKIFOYEHHUS.

19 45 24 49 28 54 67 89 70 91 79

A ANAAAAAAAAAA

Pucynok 10 — I'pymniibl copTHPYEMBIX 3JIEMEHTOB Yepe3 OTHY TIO3HIIAI0

Pesynprarom  pabGorel  amroputmMa  coptupoBku  Illemma  sBhsieTcs
otcoptupoBanHbIid MaccuB 11 13 19 24 28 35 45 49 54 67 70 79 89 91.

PaccrostHust B TpyIax MOKHO YMEHBIIIATh TO-pa3HOMY, JIUIIb OBl MOCIIEIHES
OBLIO €MHUYHBIM, BEIb B CAMOM ILIOXOM CITydae MOCICTHUN MPOXOI B ClIeTIacT BCIO
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pabory. OIHAKO COBCEM HE OYEBMIHO, YTO TAKOH MNPHEM «YMEHBIIAFOMIAXCS
pacCTOSHUI» MOMET [aTh JIydIlMe Ppe3yldbTaThl, €CIM pPACCTOSHUA He OyIayT
CTENEHAMU JIBOKKH.

[Ipu BeIIONHEHKH TaGOPATOPHOM PAOOTH PEKOMEHIYETCS HAuasIbHBIH [Iar B3STh
paBHBIM hy,q = 1/3, IZle N — KOJMYECTBO 3JIEMEHTOB MACCUBA, U YMEHBIIATL €r0 Ha
KaxaoM mpoxoje BaBoe: hig = hil2,  hgopes = 1.

MareMaTHUECKUii aHAIM3 IOKA3bIBAET, YTO JJII COPTHPOBKH N DIEMEHTOB
metomoM lllenna 3aTpaThl MPOHNOPHMOHANEHEI N2 4TO 3HAYUTENBHO Jydmie N2,
HEOOXOIUMBIX JUISl METOOB IPSIMOIl COPTUPOBKH.

Copmupoeka pacueckoi

CopTupoBKa pacuecKoW YIy4llIaeT COPTHUPOBKY IMY3bIPBKOM, W KOHKYpPUPYET
C aJropuTMaMu, MOJOOHBIMU OBICTPOM copTHUpoBKe. OCHOBHas W€ — YCTPAHUTH
MaJICHbKHE 3HAYEHHUs B KOHIIE CIIMCKA, KOTOpPbIE KpalHE 3aMeIsIiOT COPTHUPOBKY
My3bIPbKOM (MHTEPECHO, YTO OOJBIINE 3HAUCHUS B HAyaje CIKMCKa HE MPEJCTaBISIOT
MPOOJIEMBI JIJIs1 COPTUPOBKH MTY3bIPHKOM).

B copTupoBKke mMy3bIpbKOM, KOTJla CPaBHUBAIOTCS JIBa SJIEMEHTA, PACCTOSHUE
MEX]ly HUMH (Pa3HOCTh UHJIEKCOB) paBHO 1. OCHOBHAs W€ COPTUPOBKU PacuecKoOn
B TOM, YTO 3TOT IPOMEKYTOK MOKET OBITh FOpa3io OOJbIIE, YeM €UHUIIA.

CHauana pacCTOSTHUE MEXKIYy 3JIEMEHTaMU MaKCHMaJlbHO, U PaBHO pa3Mepy
MaccuBa MUHYC OJIMH. 3aTeM, IIPOMIsi MacCUB C TUM IIaroM, HEOOXOAUMO TOJICIIUTh
mar Ha (pakTop yMeHbllIeHus (ero onTuMaibHoe 3HaueHue 1,247) u mpoiTH 1o CIUCKY
BHOBb. Tak MOpoJoipKaeTcss A0 TEeX IMOp, MOKa Pa3HOCTh WHIEKCOB HE JOCTHUTHET
eauHULIbl. B 3TOM cilydae CpaBHUBAIOTCS COCEIHUE DJIEMEHThI, KAK U B COPTUPOBKE
My3bIPbKOM, HO TaKasi UTepaius OyaeT TOJIBKO OJHa.

DTa COPTUPOBKA SIBISAETCS HEYCTONYMBOM, T. €. OHA MOXKET MEHATHh MOPSJIOK
OJIMHAKOBBIX AJIEMEHTOB.

Takolt  momxol  TO3BONSET  CHU3UTh  BBIYHCIUTEIHHYIO
anroputma: xyamee spems O(n?), myunree Bpems Q(n log n).

CJIOKHOCTD

Cpaeuenuepazﬂuuubtx ajieopummoes copmupoeKu

O} heKTUBHOCTH pa3TIUYHBIX aJTOPUTMOB COPTUPOBKH MAaCCHUBOB, COCTOSIIIINX U3
N COPTUPYEMBIX D3JIEMEHTOB, MPOBEAEM MO ABYM KpuTepusMm (Tabmmia 1): uucmy
HEO0OXOMMBIX CpaBHEHUH 371eMeHTOB C M YKCITy MePECTaHOBOK 3JIEMEHTOB M.

Ta6Jmua 4 — KonnuecTBO CpaBHCHI/Iﬁ 1 IEPECTAHOBOK OCHOBHBIX BUIOB COPTUPOBOK

M KommuectBo cpaBenuit C n nepectaHoBok M
cToR MHHHUMAJTbHOE cpejiHee MaKCHMaJIbHOE
Ipsmoe | Cmin=n-1 Cave= (N’ +n-2)/ 4 Cmax= (N> +n - 4)/4
BKITOYeHUE | Mmin=3(n - 1) Mave= (n+ 9n - 10)/4 Mmax= (n?+ 3n - 4)/2
Hpsmoit | Cmin = (n? — N)/2 Cave = (N> = N)/2 Crmax = (N* —n)/2
BBIGOp Mmin=3(n - 1) Mave= n:(In n + 0,57) Mmax = n?/4 + 3(n — 1)
[psmoit | Cmin = (N2 —N)/2 Cave = (N? —N)/2 Cmax = (N —n)/2
ob6MeH Mmin= 0 Mave= 0,75-(n? — n) Mmax = 1,5-(n? — n)
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JIJisi  yCOBEpPILIEHCTBOBAaHHBIX METOJIOB HET MPOCTHIX U TOYHBIX (HOpMYJI.
CymiectBeHHO, 4TO B ciydae coptupoBku lllenna BBIYUCIUTENbHBIE 3aTpaThl
cocTaBnsAoT C*N*2 B TO BpeMs Kak Ui NPSAMBIX METOZOB — C*N2. OueBHIHO
npeumyiecTso coptupoBku Illemna kak yJaydIIEeHHOTO METOAA IO CPABHEHUIO C
MPSIMBIMH METOJIAMHU COPTUPOBKHU.

[1y3bIpbKOBast COPTUPOBKA OMPEIEIEHHO HAUXY IIIAasl U3 BCEX CpaBHUBAeMbIX. Ee
YCOBEPIIIEHCTBOBAHHAS BEPCUs — LICHKEpHAasi COPTUPOBKA — MPOJOJIKAET OCTABATHCS
IUIOXOM 10 CpPaBHEHUIO C TMPSIMBbIM BKIIOUEHHMEM U MPSIMbIM BbIOOpOM (32
UCKIIIOUECHUEM YK€ YIIOPSIIOYEHHOTO MacCuBa).

BapuanTsel. BapuanTel 3a1anuii npuBeeHsl B Tadauie 5. B kauecTBe TMYHOTO
Homepa N 6epetcst Bamr Homep B xypHaie.

Tabnuua 5 — 3aganust, COOTBETCTBYIOLIUE TMUHOMY HOMEPY

N 1 2 3 4 5 6 7 8 9 10| 11| 12| 13| 14| 15
3amanue | 2,0 |a,B |a,Tr |a,1|a,e|a, 0,B|0,r|0,n1|0,e|0, |BTI B J|B,e|B,
K xK xK
N 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30
3amanue | 0, B | B, € | €, r,Ja|r,e |, X, |0,a|0,B|d,¢e|nm, B,a |T,0 | X, |B,
xK K | e xK i xK
3ananue

Peanu3oBaTh B mporpaMMe JBa aJropuTMa COPTHPOBKH M3 YKA3aHHBIX HIKE
COTJIACHO BapUAHTY M CPaBHUTH F(P(HEKTUBHOCTH PEANTN30BAHHBIX AJITOPUTMOB IO UX
TPYJIOEMKOCTH, YUCITY IEPECTAHOBOK M CPAaBHEHUH Ha pa3InyHbIX Bxoaax (20, 50, 100,
400, 1000), a Takxe CpaBHUTH B IPOTPaMMe BPEMsI BBIMIOJTHEHUS KaKIOTO U3 METOJIOB
COPTHUPOBKH:

a) COPTHUPOBKA C MOMOIIBIO MPSIMOTO BKITFOUEHUS;

0) COpPTUPOBKAa C TMOMOIIBIO MPSMOro BbIOOpa MpPU MOMOIIU TOUCKA
MUHUMAaJBbHOT'O 3JIEMEHTA,

B) COPTUPOBKAa C TOMOIIBIO MPSAMOro BbIOOpa TPU TIOMOIIM IOUCKA
OJIHOBPEMEHHO MMUHHUMAJIbHOTO U MAaKCHMaJIbHOIO JIEMEHTOB;

I) COPTHPOBKA «ITy3bIPbKOM;

1) IIeHKepHas COPTHUPOBKA;

€) COpPTUPOBKA PacCUYECKO;

x) coprtuposka lllenna.
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4 JlabGoparopHasi padora Ne 4. DJBpUCTHYECKHE AJTOPUTMbI
pemienust NP-nmosiHbIX 3a1a4

Heanb padoThl: SKCHEPUMEHTAIBHO OMNPENEIUTh CPEHEE BPEMS BBITTOJHEHHUS
0000IIIEHHON 3JIEMEHTAPHOM oOlepaluu B SI3bIKE BBICOKOTO YPOBHSI U TMOJYYUTH
IIPOTrHO3 BPEMEHU BBITIOJIHEHUSI POTPAMMBI JJIs1 OOJIBIIUX PAa3MEPHOCTEM MHOMXKECTBA
UCXOJHBIX JAaHHBIX (B 3aBUCUMOCTH OT THIIOB JIaHHBIX ).

Teopemuueckue ceedenus

AHanu3 TPyAOEMKOCTH QJTOPUTMOB TMO3BOJISIET TOJYYUTh (PYHKIHOHATBHYIO
3aBUCHUMOCTh MEXIYy IapaMeTpaMHu HCXOAHON 3agayu (MOIIHOCTHIO MHOXKECTBa
HUCXOJHBIX JAHHBIX) M KOJUYECTBOM BBIMOJHEHHBIX JJIEMEHTAPHBIX OIEpalnii
B 3aJIJaHHOM CpeJie peallu3allii.

IIpu »TomM mepexon OT (YHKIUU TPYJOEMKOCTH K BPEMEHU BBITIOJTHEHUS
MpOTPaMMbl JUJIsl QJITOPUTMA C HM3BECTHOM TPYJOEMKOCTBHIO 3aBUCUT OT BpPEMEHU
BBITIOJTHEHUS SJIEMEHTApHBIX ONEpaluil B cpejie s3blKa pealu3alid aJropuTMa u
crieuu(puKu peanm3anuu aJaropuTMa (xBasmuuKanus MPOrPaMMHCTA,
CTPYKTYpbI JAHHBIX U JIp.) HA JAHHOM $SI3bIKE TPOTPAMMHUPOBAHUS.

Vmesi aHAIMTUYECKYIO OICHKY TPYIOEMKOCTH naHHoro aiaroputma fa(N), ee
HKCIIEPUMEHTAIILHOE TIOITBEPKACHHUE, 3HASI CPE/IHEE BPEMsI BBITIOIHEHUS 0000IIIEHHOM
AJIEMEHTAPHOM OIEpalyy JUIsl TaHHOTO fA3bIKa M JAHHOrOo Iporeccopa t cp, MOXKHO
MOJIYYUTh OLIEHKY BPEMEHHU BBINOJHEHUS IPOTPAMMBI:

ta(N) = t_cp * fa(N). (4)
JInst ToNydeHHs CpPEJIHEB3BENIEHHONW OICHKM { Cp HEOOXOAMMO IMOJYYHTh
snauenus ta(N) st pasnuunbix 3HaueHuid N, 9TO ompenensieT ClIeay oI alropuT™
HaXOXACHUA CPCAHCTO BPCMCHHU BBIITOJIHCHUA BJIeMeHTapHOP'I OIICpalHru:

1) wusmepenue Bpemenu ta(N) mis pa3nuunbix 3HadeHuit N;

2) SKCIEPUMEHTAILHOE WM  TEOPETHYECKOE  IMOJIydeHHE  (PYHKIIUH
tpynoemkoctu anropurma fa(N);

3) ompeneneuue t cp = ta(N)/f(N) nns xaxmoro 3HadeHus N;

4) ycpeaHeHHE TOJTYYCHHBIX 3HAYEeHUH I CP M0 KOJIMYECTBY HCIIBITAHUH.

Ora MeToauKa JaeT BO3MOXHOCTh MPOBECTH  PSl  JOMOJHUTEIHHBIX
WCCJICIOBAaHUA M OMPEIEIUTh 3aBUCUMOCTH t CP OT TUIMOB JaHHBIX. [lomyueHHbIe
3HaueHus t{ CP AN pa3IUYHBIX THIIOB JAHHBIX TO3BOJSIOT MPH CPaBHUTEIHLHOM
aHaJIM3€ BBISIBUTH KAUECTBEHHBIC PA3JIMYMS IMPOILIECCOPOB MPH 00pabOTKE TaHHBIX
Pa3IMYHOTO THIIA, 9YTO MOXKET SIBIATHCS OCHOBOM OJTHOTO M3 MPOIIECCOPHBIX TECTOB.

[lepecueT mosyuyeHHBIX 3HaUe€HUM {_CP B TaKThI Mpolieccopa 1aeT BOZMOKHOCTh
IPOBECTH CPABHUTEIBHBIA aHAIM3 OTHOCHUTEIBHOW CKOPOCTH  BBINOJHEHHUS
AJIEMEHTAPHBIX ONEpaIHii ISl pa3IMYHbIX TUIIOB JAHHBIX Y IPOLIECCOPOB C Pa3IMYHOM
TAKTOBOM YaCTOTOM Y PA3JIMYHON BHYTPEHHEU APXUTEKTYPOMU.

Takum o00pa3oM, MOXHO OOHApyX HUTh MPEUMYLIECTBA TOH WM HHOM
aApXUTEKTYphl 1O OTHOUIEHWIO K JTAaHHOW 3ajaue, T. €. peuIuTh mpodiemMy BbIOOpa
HanOoJiee palMoOHAILHOTO MPpolieccopa MO OTHOILIEHHUIO K TAHHOM 3aj1aye.
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Ecnu TecToBBIl anroputm 007adaeT JIOCTATOYHOM YCTOWYMBOCTBIO MO t Cp
(3HayeHus t cp, MOJyYEHHBIEC JJISi PA3NMYHBIX N, UMEIOT Mallyl0 JHUCIEPCHUIO), TO
MO>XHO TMPOTHO3UPOBATH MOBEJACHUE MPOTrpaMMbl JJisi OONBIIMX pazMEpPHOCTEN
UCXOJIHBIX JAaHHBIX, YTO IMO3BOJISIET ONPENEINUTh IPaHULIBI IPUMEHUMOCTA JAHHOTO
aJIrOpuTMa HA TAaHHOM IPOLIECCOPE.

PeanuzyeM mnporpaMMHO 3a7ady O CyMME, ONPEIEISIONIYI0 BPEMSI CBOETO
BBITIOJTHEHUS.

3amavya 0 cymme popMyIHpyeTcs Kak 3ajadya HaXOXKJICHUS! TAKUX DJIEMEHTOB S
ucxoanoro maccuBa S u3 N uncen, uro 2. S;= V.

3anaya otHocuTcs K kiaccy NPC, yciaoBust cyiecTBOBaHUS pelieHus

Min {S[i], i =1, N} <V < Sum.

IToCKOJIBKY HCXOIHBIN MAaCCHUB COIEPKUT N "Hcen, TO IPOBEPKE HA PABEHCTBO V
nepe0opoM MoJIekar CAeAyOUINe BAPUAHTBI PEILICHUI:

1) V comepxur oxHo cnaraemoe => Cn' = N BapuaHTOB;
2) V comepxur asa cnaraeMbix = Cn? = (N-(N — 1))/(1-2) BapuanTos;

3) V couepxurt tpu cnaraembix = Cn® = N:(N — 1)-(N — 2)/(1-2-3) BapuanTos
U T. JI. 0 TIPOBEPKHU OJTHOTO BapuaHTa ¢ N claraeMbIMH.

[TockonbKky cymMMa OMHOMHUATBHBIX KOIPGUIMUEHTOB Mjid cTerneHu N paBHa
(1+)N = ¥ Cak = 2V oams kaxkmoro BaprvaHTa HEOOXOJIWMO BBITIOJIHUTH
cymmupoBanue (¢ ouenkod O(N)) s mpoBepkd Ha V, TO OIEHKA CJIOKHOCTH
anropurMa B XyameMm ciydae umeet Bug FAa(N,V) = O(N-2N).

OnpenenuM BCIIOMOTATENIbHBI MAacCUB, XpaHAIIUNA TEKyIIee COYCTaHHE
HCXOJIHBIX YHCEJ B MACCHUBE S, MOAISKAIIMX poBepke Ha V — maccus Cnt[j]. Dnement
maccuBa paBeH 0, eciin uncio S[j] He BxomuT B V, u paBeH 1, eciu uncio S[j] BXoauT
B V. Pemenne nomyueno, ecim V = 2 S[j]-Cnt][j].

3ananue

1 TlonGepute 3HaueHue No, Tpu KOTOPOM BpeMs BBITIOJIHEHUS KOJIa COCTABIISET
nopsiaka 0,5 HC Ha JaHHOM IpOLECCOpe JIJIsl LIEJIOT0 TUIIA JAHHBIX.

2 s No + h, ... No + 5h BeimonHUTE 3aMepbl BpPEeMEHHU BBITIOJHCHHS,
MOJY4CHHBIC IKCIICPUMEHTAILHBIC JaHHBIC 3aHECUTE B pacueTHYrO Taduuiy (mar h
OTIpE/ENSACTCS DKCHEPUMEHTAIbHO KaK HaWMEHBLINHM, aloUIMil OTHOCUTEIHHO
CTaOWJIbHYIO Pa3HUILy BO BPEMEHH).

3 UM3MeHuTe TN AaHHBIX Ha JJIMHHOE II€JI0€ M MPOBEIUTE IIECTh 3aMEPOB
BpPEMEHH IS Tex ke 3HaueHuit No, ..., No+ 5h.

4 Tlo wu3BECTHOM TPYIOEMKOCTH M TIOJYYEHHOMY BpPEMEHH BBINIOJHEHUS
MPOrpamMMBbl PACCUUTANTE BpEMsI BHITOJIHEHHS] 0000LIEHHOM 3JIeMEHTapHOU onepaluu
t cp B HC U, 3Hasl TAKTOBYIO YaCTOTY Mpoleccopa, t cp B TakTax mpoieccopa.

5 Ha ocHOBe NOMYy4YEHHBIX JAHHBIX PACCUUTANTE CPEIHEB3BEIIEHHOE 3HAUCHHE
t cp Mo mIecTH UCHBITAaHUSM M MOCTPOUTH IMPOTHO3 BPEMEHU BBINOJHEHUS IS
snadeHuit N € [Ng+6h; No+ 9h].
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Jlucmune 4. Tlporpamma onpeneneHuss BpPEMEHH
pEeLIeHNs 3aJa4i O CYMME

PROGRAM TaskSum;
Uses Dos,Crt;
Type
fp = Extended;
Value = Word {Extended} {Longint};
Loop = Word;
Vector = Array [0..100] of Value;
Var

Number, Count : Vector;
N : Loop;
\Y : Value;
Flag : Boolean;
Tbegin, Tend, Tfm :fp;
Function Time : Fp;
Var
t : fps
h,m,s,s100 : Word;
Begin

GetTime (h,m,s,s100);
t:=h*3600.0;
t:=t+ (m*60.0) ;
t:=t+(s*1.0);
t:=t+( (s100*1.0)/100.0 );
Time:=t;
End;
Procedure SetNumber;
Var
i : Loop;
Begin
ClrScr;
Write('N=");
Readln (N) ;
Write('V=");
Readln (V) ;
For i:=1 to N do
begin
Number [i] :=Random (100) +50;
Writeln (Number[i]:5);
end;
End;
Procedure FindSum (N: Loop;
V: Value; Var S,Cnt: Vector;
Var Flag: Boolean);
Var
i, : Loop;
Sum : Value;
Begin

BBITTIOJITHCHHUA

poIeAypPhI
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Flag:=False;
i:=1;
Repeat
begin
Cnt[i]:=0; BcrnoMoTaTeJIbHHEM MaCCUB KO30OMUIMEHTOB mpu S;
IOJIsT IPOBEPKU CYMME
i:=1i+1;
end;
Until i>N;
Cnt[N]:=1;
Repeat
begin
sum:=0;
i:=1;
Repeat
begin
sum:=sum + Cnt[i]*S[1i];
i:=1i+1;
end;
Until 1>N;
If sum = V
then
begin
Flag:=True;
Write ('OK"'") ;
Readln;
Halt;
end;
Jji=n;
While Cnt[j]=1 do
begin

end;
Cnt[j]:=1;
end;
Until Cnt[0]
End;

Il
'_\
~.

BEGIN
Randomize;
SetNumber;
Tbegin:=Time;
FindSum (N, V, Number, Count,Flag) ;
Tend:= Time;

Tfm := Tend-Tbegin;
Writeln('ta(',N:2,")=",Tfm:8:2,"' sec.');
Readln;

END.
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O06paboTKka pe3ynbTaTOB SKCIEPUMEHTOB U MOCTPOCHUE MPOTHO3a PE3YIIHTATOB
BoeInosHsoTes B MS Excel (em. pucyHok 9).

®Oynkius f(n) mogOupaercs wcciaemoBareaeM MyTeM 3aMeHbl K03(dUIeHTOB
Tak, 4YTOOBl 3HAYCHUA (YHKIUKM TPUMEPHO COOTBETCTBOBAIM IOJYYCHHBIM
sKcrepuMeHTanbHo. OOmui BUI (YHKIMH, 33JalOIIHi CTETIEHh €€ pocTa, OyaeT
UMETbh MPUMEPHO TAKOU KE BU]I.

BBoguTcss TakTOBasg 4actoTa mpoIeccopa, Ha KOTOPOM  IPOBOAMIICS
AKCIIEPUMEHT, M Ha OCHOBE MOJYyYEHHBIX JaHHBIX BBITIONHACTCS 33a/1aHue 4 110 pacueTy
BPEMEHH BBITIOJTHEHHS 0000IIEHHOM 3JIeMEHTapHOU omneparuu (M. cTp. 25).

ci7 - fo| =8*A17*B17+16%B17-3*A17-12

A B 5 D E F G H
1 [f{n)= 8" n"2"n + 16"2"n - 3"n - 12 lNpoueccop 2200 My,
2
3 JKCNepUMeHTarnkEHLIe AaHHLIE
4 n 2'n f(n) TeopuA f(n) akcnepument  TYPE =WORD Time-s top-ns top -takt
5 16 65 536 9437124 8437138 022 2331 4 66
6 17 131072 19922 881 19922 988 044 2209 442
7 18 262 144 41942 974 41942 942 093 2217 443
8 19 524 288 88 080 315 86 080 349 198 2248 45
g 20 1048 576 184 549 304 184 549 273 417 2260 452
10 21 2097152 365 875893 385 875854 862 2234 4 47
11 22 4194 304 805 306 290 805 306 226 16,02 2238 448
12 CpefHue 3HauyeHnA 22,48 4,50
13
14 [MporHosnpyemele pesynsTaTsl
15 n 2'n f(n) TeopuA f(n) aKcnepumeHT [porHoz [porHoz
16 h:m:s Sec
17 23 8388608 16777215191 0:00:38 37,72
18 24 16777216 3489660 844 00118 7845
19 25 33554432 7247757 225 0:02:43 162,93
20 26 67 108 864 15032 385 446 00538 33793
21 27 134217728 311385128603 0:11:40 700 taken
22 26 266435456 64424509 344 02408 14483 3762
23 29 536870912 133143986 077 0:49:53 29931
24 30 1073741824 274877906 842 1:42:59 61793 delta %
25 31 2147 483 648 566 935682 967 33225 12745 0,25%
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PI/ICYHOK 9 - O6pa60TI<a PE3YIBTATOB SKCIICPUMCHTOB U ITOCTPOCHUC IMMPOTHO3a PE3YyJIbTATOB

KOHmI)OJleble 60npocsbl

1 Kak oueHHBaeTCs aAITOPUTM 3a/1a4d O CYMME B XyJIIIEM CiIy4ae?

2 OnummuTe UL peaju3aldy IOJHOTO mnepedopa BapHaHTOB JOCTHIKECHUS
CYMMBL.

3 Tlosicaute comepxanue ssueiku Al.

4 byper mu y Bac conepxxanue stueiiku Al takum xe?
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OOBsICHUTE CMBICIT JAaHHBIX, XPAHSIIUXCS B cTOI01E B.
Kaxk 3anonustirorces cronous C u D?
[TosicuuTe CMBICH YUCIIOBBIX 3HaYeHU B ctoioax F, G, H.

8 Kak BBINOJHEHO MOCTPOCHHE MPOTHO3a, BPYUHYIO WM C HCIOJIb30BAHUEM
BCTPOCHHBIX CPEJCTB?

9 Kakotii cmbic umeet Bennuuna delta?

10 Kaxkoii Tun ganabix B C# coorBerctByet Ty WORD B si3p1ke Pascal?

11 Amnanoruyno, kakoii Tumn nanHeix B C# coorBerctByeT Ty LONG B s3bIKE
Pascal?

12 CpaBHuTe pe3ynbTaThl, MOJyYEHHBIE MPU pabOTE€ MPOrpaMMbI C JABYMS
TUTIAMHA JAHHBIX.

~N O O1
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[Tpunoxenue A
(oOs13aTenbHOER)
OO0mue TpeOOBAHNS K COIEPKAHUIO OTYETA

Otuer mo mabopatopHoit padore Ne 1 mpuHUMaeTcss B NMUCHbMEHHOM BHJE
(B TeTpaau Mo JUCIUILIMHE), K TaOOpaTopHbIM pabotam Ne 2-4 — B meyaTHOM.

Ha tutynbpHOM MUCTE OTYETa YKa3bIBAIOTCS HA3BaHHUE YUPEKICHH 00pa3oBaHus,
Ha3BaHME 3aKpEIUICHHOW 3a JUCHUIUIMHON Kadeapbl, Ha3BaHUE JAMCUUILIIMHBI;
HeoOxoaumble naHHble o cryaeHTe: OUO crynenTa, rpynmna; nomkHocts, O
MPENoIaBaATEIs.

[leyaTHBIN OTYET TOJKEH COCPKATh CTAaHAAPTHBIE COCTABHBIC YACTH.

1  Tumynvnoiti aucm (pucyHok A.l) ¢ ykazaHMEM CICAYIOIIUX PEKBU3UTOB:
Ha3BaHME YUpEXKJIEHUs 00pa3oBaHUs, HAa3BaHUE 3aKPEIUICHHON 3a JUCLMILIMHON
Kadeapbl, HOMEp W Ha3BaHUE JA0OPATOpPHOUM pabOThI, Ha3BAHHWE JIUCUUILIUHBI,
BApUAHT, KTO BBIMOJHUI JlabopartopHyto pabdoty (DPUO crynenra, rpymma), KTO
nposepsieT padory (momkHoctb, ®UO mpenonaBaress), MECTO U JaTa COCTaBJICHUS
oTyeTa.

2 Ilenv pabomwi u nocmanoska 3a0au.

3 Bwinonuennoe 3adanue COTIIACHO BapHaHTY (KO MPOTPaMMBbI, pEeaTH3YIOIICH
JTaHHBIA aITOPUTM, C HEOOXOIMMBIMH KOMMEHTAPHSIMH).

4  CxkpunHwiomvl ¢ BXOJAHBIMH M BBIXOJHBIMU AaHHBIMH. OOBIYHO TMporpamma
TECTHUPYETCSI Ha HECKOJBKMX BapuWaHTaX BXOAHBIX JMAHHBIX JJS TPOBEPKU €€
KOPPEKTHOCTH.

5 Bbi800sl 110 TEME J1A00PATOPHON PabOTHI.

Otuet odpopmisercs mpudrom rapautypbl Times New Roman, kernp 12 mr,
MEXCTPOYHBIN MHTEPBAJ — MOJYTOPHBIN, ab3a1HbIi oTcTyn — 1,25 cm.

CtpaHullbl TOJDKHBI OBITH MPOHYMEPOBAaHBI BBEPXY mocepeauHe. TUTYIbHBIN
JIMCT MPU HyMEPALIUU CUUTAETCS, HO HE HyMEpyeTcsl.
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MEXIT'OCYJAPCTBEHHOE OGPA3OBATEJIbHOE YVUYPEXIEHUE
BBICILIET'O ObPA3OBAHUA
«BEJIOPYCCKO-POCCUMCKNN YHUBEPCUTET»

Kadenpa «ABTOMaTH3MpOBaHHBIE CUCTEMBI YIIPABICHUS)

INOCTPOEHUE U AHAJIN3 AJI'OPUTMOB

JlaGopaTopHas padora Ne 2
[TocTpoeHue u aHa M3 anropuTMa
BBIYUCJICHUS 3HAYCHUS [TOJIMHOMHUAIILHON Q)YHKHI/II/I

Brimoaaun:
[lerpuk Bnangucnas CepreeBuy,
cryaent rpynnsl ACOU-241

[IpoBepuia:

bexkep NHra AnexcanapoBHa,

CTapUINil penoiaBaTenb Kapeapsl
ACY

Moruies, 2025

Pucynok A.l — TutynpHBII IHCT OTYETA



