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1. HACITIOPT ®OHJA OHEHOYHbIX CPEJICTB

no aucuuiuinHe «Teopust anropuTMoB»
OreHOUHBIE CPEICTBA COCTABISIIOTCS. B COOTBETCTBUM C pabodel Imporpammoi

JAUCHOUIITIMHBI U MPEACTABIAIOT coboit COBOKYITHOCTE KOHTPOJIbHO-U3MEPHUTECIIbHBIX MaTCpHUaIOB
(TI/IHOBLIG 3agavuu (SaﬂaHI/I}I), KOHTPOJIBHBIC pa6OTBI, TCCTBI H ,Z[p.), MNPpECAHA3HAYCHHBIX JUJIA
HU3MCPCHUS YPOBHA NJOCTUIKCHUSA O6y‘{aIOH_II/IMI/ICH YCTAHOBJICHHBIX PE3YJIbTATOB O6y‘lCHI/I$I.

OueHouHbIE CPeICTBA UCTIOIB3YIOTCS MPU MPOBEACHUHU TEKYIIETO KOHTPOJISA
YCIIEBAEMOCTH U MPOMEKYTOUYHON aTTECTALINU.

Tabnuna 1 - [Tepedenp koMneTeHIHA, (HOPMUPYEMBIX B MTPOLIECCE OCBOCHUS TUCIUTITMHBI

Kon
O — HanmeHoBaHue pe3yJjbTara 00yyeHust
I[1K-10 CnocoOeH NpPUMEHSTh CHUCTEMHBIM IMOJIXOJ W MaTEMaTHYCCKUE METOIbl B

(bopManmauI/m PCUICHUA ITPHUKIAAHBIX 3aaa4

IIK-10.1. 3naer 0a30Bbie TMOJOXKEHUS (PYHIAMEHTAIBHBIX Ppa3/IeioB
CUCTEMHOI'0 aHaJIM3a U MaTEMaTHKU B 00beMe, HeoOXxouMoM J1j1si 00paboTKu
nHpOpMallUM W aHalu3a JaHHBIX B MPUKIAAHON 00JacTH; MPHUHILMIBI U
METO/Ibl MPOBEACHUS HUCCIeI0oBaHuil B 001acTu UH(MOPMALIMOHHBIX CUCTEM U
TEXHOJOTHM; TEXHUKU IUJIAHUPOBAHUS M TMPOBEJIEHUS BBIYUCIUTEIHHOIO
JKCIEPUMEHTA.

IIK-10.2. VYmeer ¢QopmynupoBaTb M JOKa3bIBaTh Hauboyiee BayKHBIE
pe3yNbTaThl B MPUKIAAHBIX OOJNACTAX; MPUMEHSATh YHCICHHBICE METOJbI IS
pelleHrs TPUKIATHBIX 33]a4; MPOrPaMMHO PEan30BaTh BBIYMCIUTEIBHBIN
SKCIEPUMEHT  TMOCPEACTBOM  SI3bIKOB  MPOrPpaMMHUPOBAHUs  WJIU  C
WCIOJIb30BaHUEM CIEIHATU3UPOBAHHBIX IMAKETOB MPHUKIAJHBIX MPOTPaMM;
pa3pabaThIBaTh AJITOPUTMBI PEIICHUS] KOHKPETHBIX 3a/1a4.

[1K-10.3. Biageer HaBbIKAMM ITOCTAHOBKH 3a/1ayd; HaBbIKaMH pabOThHI ¢
oubnuorpaduyecKuMU HMCTOYHUKAMH HWH(POPMALIMH; HABBIKAMU PpEIICHUS
MOCTABJICHHBIX 3a/a4 B MPEIMETHOH 00jJacTh B paMKax BBIOPAHHOTO
popuIIL.

KoneunbiMu pe3ynbTaTaMud OCBOCHHSI JUCIHUIUIMHBI SBISIOTCA CHOPMUPOBAHHBIE
KOTHUTUBHBIC IOCCKPUIITOPBLI <«3HATb», «YMCTb», «BJIAACTH», PACIHHCAHHLIC 110 OTACJIbHBIM
KoMIleTeHIIUsIM. POpMUPOBAHUE JECKPUIITOPOB IPOUCXOJUT B TEUEHHE BCErO0 CEMECTpa IO
JTariaM B paMKax KOHTAKTHOW pa0OThl, BKIIOYAIONICH pa3IMYHbIE BHIbI 3aHATHH U

CaMOCTOSITENIbHON PabOThI, C MPUMEHEHHEM PA3TUYHBIX (OPM U METOI0B 00yueHus (Tadmn.2).
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4. MeToau4eckue MaTepuaJibl, ONpeaessiiome Npoue1ypbl OHeHUBAHUS
pe3yJbTaToOB 00y4eHUs
3ananus B gopme yCTHOIO ompoca:
YCTHBI Ompoc HCMONIB3yeTcs Ui TEKYIIEro KOHTPOJS YCIEBAGMOCTH OOYyYalolmuxcs 10
JUCIUIUIMHE B KadecTBE MPOBEPKH pPE3yJIbTaTOB OCBOEHHUS MarTepuana. Kaxaomy CTyIeHTy
BBIJIA€TCSl CBOM COOCTBEHHBIH, Y3KO c(hopMynrpoBaHHbINH Bonpoc. OTBET J0JIKEH ObITh YUETKUM U
KpPaTKUM, COJAEpXKAlllMM BCE OCHOBHBIE XapaKTEPUCTHKU OIMCBIBAEMOIO MOHATUA. B cBoem
OTBETE CTYACHT JOJDKEH IO0Ka3aThb YMEHHs MPOCIEXHUBATh MPUUYUHHO-CIIEACTBEHHBIE CBS3U U

HaBBIKU PacCyKJICHHUI U J0Ka3aTeJIbCTBA.

KonTposbnas padora

CpeﬂCTBO IMPOBECPKHU YMeHI/Iﬁ MMPUMCHATH ITOJYUCHHBIC 3HAHUA JIAA pCIICHUA 3aa4
OMPECACIICHHOI'O TUIIA 11O TCMC WUJIK pasaciry

S. MaTepuaJsl il HIPOBEACHUS TEKyLIero KOHTPOJS U POMEKYTOYHOM
aTrecTanuu

3aganus B popMe ycTHOro onpoca Uro
TaKoe AJITOPUTMBI.

1) HpI/IBCI[I/ITC PCAJIbHBIC ITPUMCPELI 3a1a4, B KOTOPbIX BO3SHUKACT HOTpe6HOCTB B
COPTUPOBKE WUJIM BBIYUCIICHUU BLIHYKHOﬁ 000JIOUKH.

2) Kakumu emé napamerpamMu, KpOMe CKOPOCTH, MOKHO XapaKTE€pU30BaTh ajrOpPUTM
Ha MpaKkTuKe?

3) Bri6epute 07jHy U3 BCTpeUaBIINXCS BAM paHee CTPYKTYpP JaHHBIX U ONUIINTE €&
IIPEUMYILECTBA U OTPAHUYECHUS.

4) Urto ob6miero Mex 1y 3aadeit 00 onpeeeHny KpaT4anIinero myTy U 3a1a4eil o
KoMMHBOsDKepe? UeM OHU paziauyaroTcs?

5) ChopmynupyiiTe 3a1a4y, B KOTOPOH HEOOXOAMMO TOJIHKO HAMITYYIIIEe PEIICHUE.
Cdopmynupyiite Takxke 3a7a4y, B KOTOPOIl MOXKET OBITh MIPUEMIIEMBIM PEIlIeHUE, TOCTATOYHO

ONMU3KOE K HAaWITy4IIeMy.

AJIFOpI/ITMbl Kak TEXHOJO0Inud.

1) [IpuBenute mpuMep MPUIOKEHUS, 11 KOTOPOrO HEOOXOJUMO aJITOPUTMUYECKOE
HAIlOJIHEHUE HA YPOBHE MPHIIOKEHHH, 1 00cyiuTe (PyHKIIMH STHX aJrOPUTMOB.

2) [Ipeamnonoxum, Ha ONHOM U TOM K€ MAILLIMHE IPOBOAUTCS CPABHUTEIIbHBIN aHAJIN3
peanu3anyii JBYX aJIrOpUTMOB COPTHPOBKH, pPa0OTAIOMIMX BCTAaBKOM u cnusHueMm. s
COPTUPOBKH N 3JIEMEHTOB BCTaBKOH HE00X0AMMO 8n? maros, a JUisi COPTUPOBKH CIHMSHUEM —
64n lg n maros. [lpy kKakoM 3HAYEHWH N BPEMsI COPTHPOBKH BCTAaBKOW MPEBBICUT BpEMs

COPTUPOBKHU CIUSHUEM?



3) [Ipy kakoM MHUHUMAJIBLHOM 3HAYEHUU N AJITOPUTM, BpeMsi PabOThI KOTOPOTO
omnpenensercss popmynoir 100n2, paboraer ObICTpee, YeM aNTOPUTM, BPEMsI PabOTBI KOTOPOTO

O . o
BBIpa)KaeTcs Kak 2 , eciy 00a aropuT™Ma BBIOTHAIOTCS HA OJJHOM M TOM ke MaruHe?

CopTHupoBKa BCTABKOM.

1) Hcnons3ys puc.2.2 B kauecTBe 00pasiia, MPOWLTIOCTPUPYHTE pabOTy MPOLETyphI
Insertion-Sort mo coptupoBke maccuBa A = <31,41,59,26,41,58>.
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Puc. 2.2. Onepawm npoueaypsl INSERTION-SORT naa maccusom A = (5, 2, 4, 6, 1, 3). Snementnl
MaccHsa OBOIHENCHB! KBRIPATHKAMM, KA KOTOPBIMM HAXOAXTCR HHACKCH], 8 BHYTPH — JHEYCHMA COOTBCT-
CTBYIOUMX MieMeHTOB. HacTi (a)-(1) 100 pHCYHKA COOTBETCTBYIOT HTepaLmam umkia for B crpokax 1-8
necaaokosa. B Kaxa0it HTCPAUMH SCPHLIH KBAAPATHK COACPAMT IHavenne xuosa w3 Al)], kotopoe cpas-
HMBECTCR CO IHAYCHMAMM CCPLIX KBAAPATHKOS, PACHOIOXKCHHLIX C/ICBa OT Hero (CTpoka ncesaoxoaa S).
CepoiMH CTPCAKAMM YKAEHB TC JHEYCHHA MACCHBA, KOTOPHIC CABMIAIOTCH HA OAHY NOHUMK BIPABO
(ctpoka 6), a yepHo#l crpenxoil — nepemewenne Knova (crpoka 8). B wacti () NOKalaHO KOHCYHOC
COCTORHME OTCOPTHPOBAHHOID MACCHBA.

2)  Ilepenummure npouenypy Insertion-Sort 1t COpTUPOBKH B HEBO3PACTAIOIIEM
MOPSAKE BMECTO HEYOBIBAIOIIETO.

3)  Paccmorpum 3azady noucka.
Bxon. [locnenoBarensHOCTh U3 1 uucen A = < ay, az, ..., Ao > U 3Ha4eHue v. Beixo.
Wnpekc i, Takoi, uto v = A[i], wnm cnennansHoe 3Hauenue NIL, eciim v B A
OTCYTCTBYET.
CoctaBbTe MCEBIOKOA IMHEHHOIO IOUCKA, TPH paboTe KOTOPOTO BHIIOIHSIETCS
CKaHUPOBAHKE MOCIIE0BATENBHOCTH B IIOMCKAX 3HAUYEHHUA V. JlOKaKuTe KOPPEKTHOCTh

QITOPUTMA C IOMOIILI0 MHBAPUAHTHOCTH IUKJIA. Y O€TUTECh, YTO BEIOpaHHBIN
WHBApPHUAHT IIUKJIA YOBIETBOPSET TPEM HEOOXOUMBIM yCIOBHSIM.

4)  PaccmoTpuM 3a7ady CIOXKEHUS ABYX n-OMTOBBIX IBOMYHBIX LIEJIBIX YHCEI,
XpaHAIMUXCs B n-3JIEMEHTHBIX MaccuBax A U B. CyMMy 3TUX JBYX 4HCell HEOOXOMMO 3aHECTH
B IBOMYHON (hopme B (n+1)-31emenTtHbIN MaccuB C. [IpuBenute cTporyro GopMyInpoBKY
3a/1a4¥ U COCTAaBbTE MICEBIOKO IS CIIOKEHHS ITUX JIBYX YHCEIN.

AHaJIM3 aJrOPUTMOB.

1) Bsipasure dpynxmuio *3/1000 — 100n2 — 100n + 3 ©-0603HaYEHHSX.

2) PaccMOTpUM COPTHUPOBKY 3JIEMEHTOB MacCuBa A, KOTOpask BBIIOJIHAETCS CIEAYOIINM
obpa3zom. CHayana onpesensieTcs HAMMEHbBIUINH JIEMeHT MaccuBa A, KOTOPBIH
CTaHOBUTCS HA MecTo 3emeHTa Af]]. 3aTeM Mponu3BOIUTCS MIOUCK BTOPOTO



HaWMEHBIIIETO 3JIEMEHTa MAacCUBa A, KOTOPbI CTAHOBUTCS HAa MECTO 3JieMeHTa A[2].
DTOT IpoLece MPOJI0JKAETCA ISl IEPBBIX - 3JIIEMEHTOB MaccuBa A. 3anuuInuTe
TICEBJIOKO]] ATOTO aJITOPUTMA, M3BECTHOTO KaK COPTHPOBKA BIOOpOM (selection sort).
Kaxkoit naBapuaHT 1uKIia coxpansercs it 3toro aaroputma? [louemy ero qoctatogHo
BBITIOJIHUTB J1JI51 IEPBBIX 71-1 AJIEMEHTOB, a He JUIsl BCeX n AyieMeHToB? OnpenenuTe Bpems
paboThl AITOPUTMA B HAUITYYIIEM U HAUXY/AIIEM CIIydasx U 3alHIINUTE ero B
®00603HaUCHHSIX.

3) BHOBB 0OpaTuMCs K aITOPUTMY JTUHEHHOTO MTOUCKA (CM. COPTUPOBKA BeTaBKoM 3). Jliis
CKOJIBKUX 3JIEMEHTOB BXOJAHOW MOCTIEI0BATEIHHOCTH B CPEAHEM HYKHO IIPOU3BECTH
MIPOBEPKY, €CIIH MPEANOIAraeTcsi, YTO BCE AIEMEHTHI MAaCCUBA C PABHOI BEPOSTHOCTHIO
MOT'YT UMETh UCKOMOE 3HaueHue? UTo nmpoucxoaut B Hauxyamem ciydae? Uemy paBHO
BpeMsi pabOThI aropuTMa JIMHEWHOTO MOMCKA B CPETHEM M B HAUXY/IIIEM Cly4asx B O-
0003HauCHHSIX?

OO6ocHyliTe CBOM OTBET.

4) Kakum 06pazoM MOKHO MOAU(DHUIIMPOBATH MOYTH KAXKIBIA aITOPUTM, YTOOBI MOIY4YUTh
ONTUMAJIbHOE BpeMsi pabOoThl B HAWJIy4IlIeM cirydae?

Pa3zpaboTka aaropurmos.

1) Hcnonw3ys B kauecTBe 00pasua puc 2.4, IpOHUTIOCTPUPYHTE paboTy aaroputma
COPTUPOBKHU CIUAHUEM Uil MaccuBa A = <3,41,52,26,38,57,9,49>.

OTcopTHPOBANHAR NOCNCAOBATEALHOCTD

2

/ Crmsnme

< 6

/ & mmm& Cnnsume
6
mmnx /(‘nmmuc Crsune /(‘ mmu&
2

.-
~

4 'l [3 2

| W

.‘h’.’\ =

Hexoamas nocneosarensHocTs

Puc. 2.4. [llpouccc copruposks cnmsamumes Mmaccuma A = (5,2 4,7, 1, 3, 2, 6). Jimes: nomsexatmx
CAMAHHIO OTCOPTHPOBANHLIX NOCACAOBATCARHOCTEN BOIPACTAIOT B XOAC paboTH ATTOPHTMA.

2) Ilepenummure npoueaypy Merge Tak, 4ToObl B HEMl HE HCIIOJIb30BAINCH CUTHAJIbHBIE

3HaueHus. CHrHaJIOM K OCTaHOBKE AOJDKCH CIIYXKHUTB TOT (baKT, YTO BCE DJIEMEHTHI MaccuBa L



3)

4)

5)

6)

7)

1y

2)

3)

4)
5)

6)

niaM MaccuBa R ckonmupoBaHbl 00paTHO B MAacCuB A, MOCJIE Yero B 3TOT MACCUB KOMUPYIOTCS
3JIEMEHTBI, OCTaBIIMECS B HEITYCTOM MACCHBE.

Bocnonbe3yiTech METOIOM MaTEMATHYECKOM HHIYKIIUH JUUIS T0KA3aTeIbCTBA TOT0, YTO,
KOI'/Ia 1 SBJIAETCS TOUHOW CTENEHBIO 2, PELIEHUEM PEKYPPEHTHOI'O COOTHOLIEHUS

2, ecjii n=2

T() ={1™M/2) +n, ecnun= 2k, k>1
spisiercst T(n) =nlgn.

CopTupoBKYy BCTaBKOW MOKHO MPEICTABUTH B BUJIE PEKYPCHUBHOU MOCIEAOBATEIHHOCTH.
Uto0Os! oTcopTUpOBaTh MaccuB A[1 .. n], cHauana Hy’)KHO peKYPCHBHO OTCOPTHPOBATH
maccuB A[1..n — 1], mocie 4ero B 3TOT OTCOPTUPOBAHHBIN MAaCCHB IIOMEIIACTCS DIIEMEHT
A[n]. 3anumuTe pekyppeHTHOE ypaBHEHUE JIJIsl BPEMEHU PabOThI 3TON peKypPCHUBHON BEPCHH
COPTUPOBKH BCTABKOM.

BosBpamasics k 3a7aue noucka (CM. COPTUPOBKA BCTaBKOH 3), HETPYJHO 3aMETUTh, UTO €CIIU
MOCTIEI0BATENBHOCTh A OTCOPTHUPOBAHA, TO MOXKHO CPAaBHUTH 3HAUEHUE CPEIHETO dJIEMEHTa
9TOM MOCIEA0BATEIHHOCTH C UCKOMBIM 3HAUEHUEM V U Cpa3y UCKIIOYUTH MOJOBUHY
MOCTIeIOBATEIbHOCTH U3 AaJbHEUIIero paccMoTpenus. bunapusrii mouck (binary search) —
9TO AJITOPUTM, B KOTOPOM TaKas MpoIe1ypa MOBTOPSETCS HEOAHOKPATHO, UTO BCAKHUNA pa3
MPUBOANT K YMEHBIIEHUIO OCTABIIEHCSA YaCTH MOCIEA0BATEILHOCTH B /IBa pa3a. 3aluIInTe
TICEBJIOKO/] JITOpUTMa OMHAPHOTO TOMCKa (JTMOO0 UTEPATUBHBIN, THOO PEKYPCUBHBIH ).
JlokaxxuTte, 4To BpeMs paboThl 3TOrO aJlTOPUTMA B HaUXyuIeM ciydae coctasisier O (lgn)

3ameTnM, uto B 1ukie while B ctpokax 5-7 mponenypsl Insertion-Sort B pazzuene 2.1 qis
CKaHWPOBaHUs (B OOpATHOM MOPSIKE) OTCOPTUPOBaHHOTO oaMaccuBa A[1..j — 1]
HCTIOB3YETCS JIMHEHHBIN MOMCK. MOXKHO JTM UCIIOJIb30BaTh OMHAPHBIN MOUCK (CM. yIIp.
2.3.5) BMeCTO JIMHEIHOT0, YTOOBI BpeMs paboThI 3TOT0 aIrOpUTMa B HAUXY/ILIEM cliydyae
yIAY4IIWIOCHh U CTallo paBHEIM O(n 1g n).

PazpabotaiiTe anroputm co BpemeHeM paboTsl O(n Ig n), KOTOpbIi 17151 3a1aHHOTO
MHOXECTBa S M3 N IEJBIX YUCEI U APYroro IeJIoro Yrcia X ONpeesseT, UMEIOTCS JIH BO

MHOECTBE S JBa 3JIEMEHTa, CyMMa KOTOPHIX paBHA X.

AcuMIToTn4eckne 0003HAYCHHUS.
[Iycte f(n) n g(n) — acCHMOTOTHYECKN HEOTPHUIIATEIbHBIC (YHKIHUHU. JJOKOKUTE ¢ TIOMOIIBIO
6a3oBoro onpexaenenus 0-o6o3nayenuit, uto max(f(n), gn)) = 0(f(n) + g(n)).

[Moxaxkute, 4TO [T TFOOBIX AEHCTBUTEIBHBIX KOHCTAHT a U b, T1ie b > 0, BhIOIHACTCS
cootHoteHue (n + a)? = 0(nb).

[NosicauTe, IOYEMy yTBEpXKICHHE «BpeMs paboThl aroput™Ma A paBHO Kak MHHUMYM O (n?)»
JIMIIEHO CMBICTA.

CrpaBeyIUBHI JIU COOTHOMCHHS 2"t = 0(2") u 22n= 0(2")?

Jlokaxxure, uTo A J1t0OBIX 1BYX QyHKUUH f(n) u g(n) mbl umeeM f(n) = 0(g(n)) Torna u
TOJILKO TorAa, koraa f(n) = 0(g(n)) u f(n) = Q(gn)).

Jlokaxxure, 4To BpeMs paboThl anroputma paBHo ©(g(n)) Toraa u TOIbBKO TOTa, KOIra ero
BpeMs paboThl B Hauxy/uieM ciyyae paBHo 0(g(n)), a B HamnnyuiieM - Q(g(n)).



7) Hoxaxwure, yro MHOKeCTBO 0(g(n)) N w(g(n)) ABiseTcs MyCcThIM.

CranaapTHbie 0003HAYEHHS U YACTO BCTpevalomuecss GyHKIMHU.
1) Tlokaxwure, yto ecnu GpyHkuuu f(n) u g(n) MOHOTOHHO HEYOBIBAIOIIME, TO TAKOBBIMU
xe sBistroTes v yaknuun f(n) + g(n) u f(g(n)), a ecmu Bao6asok f(n) u g(n)
HEOTPHIATEIIbHBI, TO MOHOTOHHO HeyObIBaromIe sBiisiercss U pynkuus f(n) - g(n).

2) Jloxaxute ypaBHeHHE alogk = clogba,

3) Hoxaxwure ypaBHenue lg(n!) = 0(nlg n). Jokaxure takxke, uto n! = w(2") un! =

o(n")

4) Joxaxwute, uto u3 k In k = @(n) Brirexaer k = ("' /In n)/

Kontponupyemsbie komnerenuu: 11K-10
Oyenka KomMnemeHyull OCyuecmeisiemcs 8 COomeemcmeuu ¢ maoauyet 4.

KonTpoJsbnas padora
3agaua 1

Hwxe npuBeneHa tadimia, CTPOKH KOTOPOH COOTBETCTBYIOT PA3IUUHBIM (DYHKIIHSIM
f(n), a cToyIOIBI — 3HAYCHUSM BPEMEHH f. 3aIOTHUTE TaOJIUITy MAaKCHUMAIbHBIMHA 3HAUYCHUSIMHU 71,
TSl KOTOPBIX 3a/1a4a MOXKET OBITh PEIICHA 32 BPEMs £, €CITU MPE/IOJIaraeTcs, YTo BpeMsi paboThl
ITOpPUTMA, HEOOXOAMMOE [T PEUICHHUS 3a7auu, PaBHO f (1) MUKPOCEKYH/I.

Cexynna | Munyta Yac HeHb Mecsu Ton Bek

logn

vn

n

nlogn

n2

n3

2n

n!

3amaya 2 PaccMoTpuTe COPTUPOBKY N 3JIEMEHTOB
MaccuBa A, KOTOpas BRIMOJHSACTCA claeayomumM oopazom. CHavana onpeaenseTcss HAMMEHBITHI
AJIEMEHT MaccuBa A, KOTOPBIN CTaBUTCS HA MeCTO 37eMeHTa A[1]. 3aTeM mIpOU3BOAUTCS MOUCK
BTOPOr'0 HAMMEHBIIIETO 3JIEMEHTA MaccuBa A, KOTOPBIM CTaBUTCS Ha MeCTO 3aeMeHTa A[2]. DtoT
MpolLiecC MPOAOHKUTCS ISl NEPBBIX N-1 37eMeHTOB MaccuBa A. 3alUIIMTE MCEBJAOKO]] ITOTO
ITOpUTMa, U3BECTHOTO KaK copmuposka evloopom (selection sort). Kakoit ”HBapuaHT IIUKJIA
coxpansercs Juis 3Toro anroputMma? Ilouemy ero 10cTaTo4HO BBITOJIHUTH IS IEPBBIX N-1
AJIEMEHTOB, a He JJIsl BceX n 3neMeHToB? Omnpenenute BpeMs padoThl alrTOPUTMa B HAWITYYIIIEM U

B HaUXy/LIEM Cllydasx U 3anuiure ero B 0 o6o3HaueHusx.



3agaya 3 PaccMoTpuTe COPTUPOBKY N 2JIEMEHTOB
MaccuBa A, KOTOpasi Ha3bIBA€TCs COpmMuposKa ecmaskotl (insertion sort). OHa HaMOMUHAET
Cnoco0 K KOTOpOMY NMPHOEratoT UTPOKH Uil COPTUPOBKH HUMEIOIIKXCS HA pykax kKapT. CHauana B
JIeBOM pyKe HEeT HU OJHOM KapThl U BCE OHU JieXkaT Ha cTojie pyOanikoii BBepx. [lanee co crona
Oepercs 0 OJTHOU KapTe, KaKast U3 KOTOPBIX MOMEIIAETCs B HY)KHOE MECTO Cpeliu KaprT,
KOTOpbIE HaXOASTCS B JIeBOU pyKe. UTOObI onpeaennTh, Kyia HOMECTUTh OYEpPEIHYIO KapTy, ee
MacThb ¥ JJOCTOMHCTBO CPABHUBAIOTCS C MACThIO U JOCTOMHCTBOM KapT B pyke. [locie kaxnoro
n1ara KapThl B JIEBOI pyke OyayT orcopTupoBansbl. [1ycTh cpaBHEHUE MPOBOJIUTCS B
HaIpaBJIEHUU CJIeBa HApaBo. 3alUIINTE IICEBAOKO]] allTOPUTMA COPTUPOBKH BeTaBKoM. Kaxoii
MHBapUaHT LIUKJIA COXpaHsAeTcs A1 3Toro ainroputma? Onpeaenure BpeMs paboThl alrOpUTMA B

HAMJTy4IlleM M B HAaNXy/IIEeM CIydasx U 3anumure ero B 0 0003HaueHMsIX.

3agaua 4

CopTupoBKa BCTaBKOI MaJIbIX MaCCUBOB B ITPOLIECCE COPTUPOBKU CIUSIHUEM

HecmoTpst Ha TO, UTO ¢ yBETUUYEHHUEM KOJIMYECTBA COPTUPYEMBIX FIIEMEHTOB BPEMsI COPTHPOBKH
METOJIOM CIIMSIHUHM B HAaUXYALIEM cllydae pacTeT kak O(n lg n) , a BpemMst COpTUPOBKU BCTaBKOW —
Kak ©(n?), 6marogapst MOCTOSTHHBIM MHOXKUTEIISIM Ha TIPAKTUKE JJIs1 MaJIbIX Pa3MepoB 3a7ad Ha
OOJIBIIMHCTBE MAIIMH COPTUPOBKA BCTAaBKOH BBINOIHsIETCS ObicTpee. Takum o0pa3om, ecTh
CMBICTI HCTIOJIB30BaTh COPTUPOBKY BCTABOK B IPOLIECCE COPTHPOBKE METOIOM CIIHSIHUHN, KOTAa
HO/3a/1a4M CTAHOBSTCS I0CTAaTOYHO MaJleHbKUMU. PaccmoTpuTe Moaudukamnuio anropurma
COPTUPOBKH CIHMSHUEM, B KOTOPOM 1/k TIOJMacCUBOB JUIMHOM Kk cOpTHPYIOTCS BCTaBKOM, MOCIIE
4ero OHU OOBEIUHSIOTCS C TOMOIIIBIO 0OBIYHOTO MeXaHU3Ma ciausHus. Bennunna k nomkHa
OBITh HailleHa B IpOIECCe PEIICHUs 3aJauH.

a. [lokaxuTe, YTO COPTUPOBKA BCTABKOM MO3BOJISIET OTCOPTUPOBATH N/k
MTOJIITOCIIeIOBATeILHOCTEH JIIMHOM kK Kaknas 3a Bpems ©(nk) B XymmieM ciydae.
b. Tlokaxwure, KaK BHIIIOJHHUTH CIUSHUE dTHX MOANOCIEI0BATEILHOCTEH 32 BpeMs O(n

1g("™/k)) B Hanxynmem criydae.

c. Ecmm Takoit MomdUIMPOBAHHBIH aNropuT™ BhINONHACTCA 3a Bpems O(nk + nlg("t/k))

B HAaUXY/IIEM cllydae, TO YeMy paBHO HauOoublee 3HaueHue k kak GyHKIHUH OT n, 1715
KOTOPOT0 MOAU(PHUIIMPOBAHHBINA aNTOPUTM B B-0003HAUCHUAX UMEET TO K€ BpeMs
paboThL, UTO U CTaHAApTHAsI COPTUPOBKA CIUSIHHEM?

d. Kak cnenyet BeiOupath k Ha nmpakTuke?

3amaua 5
KoppekTHOCTh y3bIpbKOBOM COPTUPOBKHU

[Ty3bIppKOBast COPTUPOBKA MPEICTABIIAECT COOOW MOMYJSAPHBIN, HO HE A(()EKTUBHBIN
ITOPUTM COPTUPOBKHU. B €ro 0CHOBE JIEKUT MHOTOKpaTHAs IEPECTAHOBKA COCETHUX
3JIEMEHTOB, HAPYIIAIOIINX MOPSAOK COPTUPOBKHU.

Bubblesort(A)



fori=1to A.length — 1

for j = A.length downto 1 + 1

If A[j] <A[j- 1]

[Tomensiem A[j] u A[j - 1] mecramu

B W o =

a. Ilycts A ob6o3HauaeT BeIx0a mporeaypsl Bubblesort(A). [Inst mokazarenbcTBa
KOPPEKTHOCTH mpoueaypsl Bubblesort HeoOXxoanmo 10ka3aTh, YTO OHA 3aBEPIIACTCSA U YTO

Al = A[2] < - < An]

rae n = A. length. Yto emé HeoOX0AMMO 10Ka3aTh AJi TOTO, YTOOBI MOKA3aTh, UTO
nporeaypa Bubblesort 1elicTBUTEIBHO BBIMOIHICT COPTHPOBKY?

B cienyromux AByX 4acTsX 10Ka3bIBAIOTCS HEpaBeHCTBA (2.3).

b. TouHo chopmMmynupyiiTe UHBApHAHT IUKIA for B cTpokax 2-4 v JOKaXKHUTE, 9TO OH
BBIMOJIHsETCS. JloKa3aTeNnbCTBO TOJDKHO UMETh TY K€ CTPYKTYPY JA0Ka3aTelbCTBa
WHBapHaHTa [IUKJIa, KOTOpasi paHee UCIOIb30Balach B aHATOTMYHBIX JOKA3aTeIbCTBAX B
IAHHOU TJIaBeE.

c. C nomomipio ycioBUs 3aBepUICHHs] HHBapUaHTa IIMKIIA, JOKa3aHHOTO B yacTu (b),
chopMynupyiiTe HHBapHUaHT IUKiIa for B cTpokax 1-4, KOTOpHIii MO3BOIMI ObI T0OKA3aTh
HepaBeHcTBa (2.3). Jloka3aTeNnbCcTBO TOJDKHO UMETh TY K€ CTPYKTYPY JI0Ka3aTelbCTBA
WHBapHaHTa [IUKJIA, KOTOPas UCII0Jb30Bajach paHee B aHAJIOTMYHBIX JJOKA3aTeIbCTBAX B
IAHHOH TJaBe.

d. Omnpenenure BpeMsl My3bIpbKOBON COPTUPOBKU B HAUXY/ILIEM CIIy4ae U CPAaBHUTE €ro CO
BPEMEHEM COPTHUPOBKH BCTAaBKOM.

3agaua 6
KoppekrHocTs npasuia ['opHepa

Crenyromuii pparMeHT Koja peanau3yeT npasuiio ['opHepa Ui BEIYUCIEHHS TOJIMHOMA

n

p[x} = Zaixm ag + x(a; + x(a; + -+ x(a,_; + xa,) ...))

i=l1

JUTSE 33JIaHHBIX KOA(PPUIIMEHTOB Ao, A1, A2, ..., An ¥ 3HAYCHUS X.

1 y=0
2 for I =n downto 0
3 y=ali+x*y

a. UYemy paBHO BpeMs pabOThI 3TOTO parMeHTa Koja nmpasuia ['opHepa B
\thetaobo3HaueHUX?



b. Hamummure nceBaoKoOA, peanu3yomui alrOPUTM OOBIYHOTO BBIYUCIICHUS TIOJTHMHOMA,
KOI'JIa KaKJ0€ cllaraéMoe IOJIMHOMA BBIUUCISETCS OTAENbHO. Onpenenure
ACUMITOTUYECKOE BpeMsl pabOThI 3TOr0 aJrOPUTMAa U CPAaBHUTE €T0 CO BpeMEeHEM paboThI
aJIropuT™Ma, OCHOBaHHOT O Ha npasuie ['opHepa. c. PaccMoTpum crieyromuii ”HBapHaHT
LUKIIA.

B Havane xaxnaoi utepanuu nukia for B ctpokax 2 u 3
n=(i+1)

y_ Z Qpe+i+1xK

k=n

PaccmoTpum cymmy Oe3 4iI€HOB Kak paBHYIO HY/It0. Clelyio CTpYyKType JI0Ka3aTeabCcTBa
MHBApUAHTA LIMKJIA, KOTOpasl UCIIOJIb30BAJIACH PAHEE B JAHHOM IJIABE, BOCIIOIb3YHTECH
yKa3aHHBIM MHBAPUAHTOM IIMKJIA, 4TOOKI OKA3aTh, UTO MO 3aBEPLICHHH PaboTHl Y = 2.
nk =1 akxk.

d. Cnenaiite 3aKJIf0u€HUE, YTO B MIPUBEACHHOM (PparMeHTe KOJia MPaBUIHLHO BEIYUCISCTCS
3HAYCHHE MMOJTMHOMA, KOTOPBIN 3a/1aeTcs KodphumeHTamMu ao, a1, az, ..., an.

3amaua 7
WNuBepcun

[Mycte A[1 .. n] npencrasisier co0oii MacCHB U3 N paznuuHbIX yncen. Ecmm i < j u A[i] >
A[j], To mapa (i, j) Ha3pIBaeTCS HHBEpCHUEH A.
a. [lepeuncnure nsate nHBepcuit Mmaccusa < 2,3,8,6,1 >.

b. Kakoii MmaccuB H3 251eMeHTOB MHOKeCTBa {1,2, ..., N} CONEPKUT MaKCUMaJIbHOE
KOJIMUECTBO MHBEpCcUil? CKOJIBKO MHBEPCUM B 3TOM MaccuBe?

c. Kakas cymiectByet B3anMOCBSI3b MEXK/TY BpEMEHEM COPTHPOBKH METOJIOM BCTaBOK U
KOJIMYECTBOM MHBEPCHIl BO BX0JJHOM MaccuBe? OOOCHYHTE CBOM OTBET.

d. PazpaboraiiTe anropuT™, OnpeaesiFonui KOTMYeCTBO HHBEPCUMA, COICPKAIITUXCS B
MIPOU3BOJILHON MEPECTAHOBKE N AJIEMEHTOB, BpeMs paboThl KOTOPOTO B HAUXY/IIIIEM ClIydae
paBHo O(n lg n). (Ykazanue: MOTuGHUIMPYHTE aITOPUTM COPTHPOBKH CITHSTHUEM. )

Kontponupyemsie komnerenunu: 11K-10
Oyenka KomnemeHyull OCyuwecmeisiemcs 8 COomeemcmeuu ¢ maoauyet 4.

Bomnpocsl k 3auery

Yro Takoe anropuTMsl?
ANropuTMBI KaK TEXHOJIOTHUS.
AJTOpUTM COPTHPOBKH BCTABKOM.

Eal S

AHanu3 alnropuTMa COpTUPOBKU BCTaBKOM.



3amaua COPTUPOBKU BEIOOPOM.

AHaJIn3 aNropuT™Ma COPTUPOBKU BEIOOPOM.
Pa3paboTka anroputmMa COPTUPOBKH CIIHUSHHUEM.
AHaJN3 aNropuT™Ma COPTUPOBKH CITUSTHUEM.

e

Acumnrornyeckue 0003HauYEHHUS.
10. CpaBHeHue QyHKIHHA.

11. 3ajaya IMoMcKa MaKCMMaJabHOI'O IT0JIMAaCcCHBa.

12. Metoa NoACTaHOBKH PELICHUS] PEKYPPEHTHBIX COOTHOIIEHUH.

13. AHanM3 alropuT™Ma MoMcKa MaKCUMaIbHOTO TTOIMACCHBA.

14.  Anroputm UlTtpaccena 1 yMHOXKEHUS MaTpPUIL.

15. 3ajada o Haiime.

16.  Ananu3 HauxyJuIero ciydvas B 3a7aye O HaliMme.

17. Jlemma 0 MaTeMaTHYECKOM OXKUJAHUM MHIUKATOPHOU CIy4ailHOM
BEJIMYUHLI.

18. JlemMa 0 MaTeMaTHYECKOM OKUJIAHUU KOJIHYSCTBA HAIIMOB.

19.  Amnanus 3a1a4yu 0 HailMe ¢ TOMOULIbIO MHAUKATOPHBIX CIyYalHbIX
BCJIMYHH.

20. 3ajaun o0 rapAepoOIINKe U UHBEPCHUU MaCCHBa.

21. MaccuBsbl ociie ciiydyaiiHOW nepecTaHOBKHU. JleMMa 0 paBHOMEpHOM
pacrpeiesieHU .

22.  BeposATHOCTHBII MOACYET.

23. [Touck B HEOTCOPTUPOBAHHOM MAaCCHUBE.

Kontponupyemsie komnerennuu: [1K-10
Oyenxa KomnemeHyutl 0Cywecmesisiemcs 8 Coomeemcmasuu ¢ maoauyet 4.
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