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Maea 5
S/IEeMEHTbI TEOPUU aNropuTMoOB

§ 34
YTOoYHEeHue NOHATUS anropurma

3auem HY:KHO onpejelienue ajropurma?

Kakx BBl 3HaeTe, aJrOPHTMOM HAa3BIBAIOT TOYHLIA HaGOp MHCTPYK-
A IJI8 UCIIOJMHHUTENSI, KOTOPBIA IPUBOAHAT K PEIIeHNIO 3aaduu 3a KO-
HEYHOEe BpeMs.

OcobpIii MHTEpec NPOABJAJU K ajropurmMaMm maremMaturu. Opue
U3 JpeBHEHIINX M3BECTHBIX AJNrOPATMOB — anroputMm EBkanza nas
BeRIUMCJIeHns Hauboabiiero obmero penutensa (HOJI) asyx HaTypaasb-
HEIX unces. CaMo cjoBO «anropuTm» (oT mMenu maremaruka IX Beka
anb-XopesMH, KOTOPOro CUMTAIOT OCHOBaTesieM ainreGpbl) BBENX B Hay-
Ky B XVII Bexe Hemenkuit maremaruk I'. B. Jleii6aum.

Jlonroe BpeMsl CUMTAJIOCh, YTO AJs JIIOOOH MareMaTHYecKOM 3aja-
4§ MOXXHO HaliTu MeTol (aJITOPUTM) pPelIeHus, IIPOCTO AJIA pAaa 3amad
TaKHWe aJITOPUTMBI eIé He HaleHBI. JTY Kl BHICKasas ajib-Xopes-
MM, TAKOH 3Ke TOUYKH 3PeHHUdA IIPHAEPIKUBAINCH U IPYyTHe MaTeMaTHKH
BIJIOTEH A0 Hadajga XX Beka.

Onuaxko, HECMOTPsS Ha BCe YCHJIMsA, PEIINTHh HEKOTOPbIe 3ajJauHd He
yAaBajJock B TeueHHe cromeruii. Hanpumep, Oe3ycremiHo 3aKOHYM-
JINCh MHOTOUYHCJIEHHbIE IIONBITKHA HAWTH aJITOPHUTM JOKA3aTeJIbCTBA
NPaBUJILHOCTH JIFO00# TeopeMbl HA OCHOBE 3aJaHHOH CHCTEMBI aKCHOM.

B 1931 r. ascrpmiickuit matematTunk K. I'émens goxasan Teopemy
0 HENOJIHOTE, CMBICJI KOTOPOM COCTOMUT B TOM, 4YTO B JI00OH mocTaToy-
HO CJIOKHOHM (opManbHOM cucTeMe, OCHOBAHHOH Ha akcumomax (Hamnpu-
Mep, B apudMeTHKe, TIe BBeJeHBl HATYpPaJbHBIE YHCJIA H Olepanuu
CJIOKEeHUSA W YMHOMKEHHS), eCTh YTBEpIKAeHHEe, KOTOpOoe HEeBO3MOXKHO
HHU J0Ka3aTh, HU ONPOBEPrHYTH B paMKax dTo#H cucrembl. Iloaromy
GBLI0O BBICKA3aHO IIPEAIOJIOMKEeHHe O TOM, YTO HEeKOTOphIe 3aJadu
aJNrOPpUMTMHMYECKH Hepas3pemumsbi, T. €. s HUX B IPHHIUNE He
CYIIECTBYET aJrOPUTMa PElIeHUs, A 109TOMY MCKATEL €ro 6eccMBICIeH-
HO. YT0oOBI CTPOro AOKa3aTh MJIM OINPOBEPrHYTH 9TY IHIIOTE3Y, HYKHO
OBLJIO BBECTH MaTeMaTUUYeCKOe MOHATHE aJropuTMa.

«Onpenesnierne», KOTOpPoe MBI IPHUBEJIM B HaUaje I'IaBbl, YaCTO Ha-
3BIBAIOT UHMYUMUEHbLM, TOTOMY UYTO OHO COAEPIKUT TaKHUe «HeMaTe-




JnemMeHTbl TeOpUMn anropmMTMoB

MaTH4YeCKHe» IOHATHHA, KAK <«TOUHBIM HAOOD», «HHCTPYKIUA», «HC-
TOJIHUTEJIb», <«pelleHHue 3ajadu». IJTH TEePMHHBI HEBO3MOXKHO 3aIld-
caTk CTPOrO, MCHONb3YH A3BIK MATEMATHKHU M JIOTHKH, MO3TOMY IJIA
MaTeMaTH4eCKOro JOKas3aTeJbCTBA TAKOe OIIpeJeieHne He IOAXOIHUT.

HccnenoBanus B 3TO#M 00J1aCTH, KOTOPBIE HAUYAJH AKTHBHO ITPOBO-
nureca B 30-x rogax XX Beka, NPHUBEJIH K BO3HHKHOBEHHUIO TEOPHH
aJAroOpMTMOB, KOTOpPas 3aHUMAeTCH:

e JIOKa3aTeJbCTBOM AJITOPUTMHYECKONH HEpPaspPeIIMMOCTH 3a1a4;
e AHAJIHU3OM CJIOKHOCTH AJITOPHUTMOB;
e CPaBHUTEJBHOH OLEHKOII KauyecTBa aJrOPUTMOB.

3HAYUTeJbHBIN BKJAJ B PA3BUTHE TEOPUH AJTOPUTMOB BHECJIH MaTe-
matTuka A. Teropunr (Benuxobpuranusa), 3. Iloct (CIIIA), A. Yépu
(Benukobpuranus), C. Knuau (CIIA) u A. A. Mapkos (CCCP).

Yro Takoe axropurm?

IlepBble M3BECTHBIE AQJTIOPUTMBI — BTO MPABWJA BLINIOJHEHHSA
apudMeTHYEeCKHUX JAeHCTBHH ¢ uyucaaMu. B HHX YETKO ompeieseHbl
00BeKTHI (YHCia B AECATHUYHON 3aIHCH) U 3JIeMeHTApPHBIe maru (cjo-
KHUTh, BBIYECThb, IEPDEMHOXKHUTDH ABA OAHO3HAYHBIX UHWCJIA — BCIOMHU-
Te TabJHIIBI CI0XKEeHUA M YMHO:KeHHdA). I[ocTemeHHO CJI0KHOCTH 3a-
Aad, KOTOPhIE€ PellajMch C IIOMOIILI0 AJTOPUTMOB, VBEJIUYUBANIACH, U
HOHATHE «IIar ajJropUTMa» OKAas3aJIoCh HEYETKHUM, pasdMbIThiM. Hanpu-
Mep, MOXKHO JIH CUMATATH BJIEMEHTAPHBIM IIIATOM pAa3JIOXKeHHe YMCJa
Ha MPOCThble MHOMKHUTENN UK CI0KEHHEe MHOTO3HAYHBIX yuces?

Co BpeMeHEeM MOHATHE AJINOPUTMA PACLIMPHIIOCE — CeHYac MbI ro-
BOpPUM 00 ajaropuTMax AJs HUCIOJHUTENEH, KOTOphle paboTalmT ¢ TeK-
CTAMH U JPYTUMH 00BEKTAMH pealbHOro Mupa. OJHAKO 0Kas3alochk, 4YTO
BCe 3TH OOBEKTHI MOJKHO TE€M WM HMHBEIM COOCODOM 3aKOAMPOBATEH B
BHJe IeMoYeK CHMBOJIOB, TAK 4TO JiI000OH aJropuTM CBOAUTCHA K Ipeod-
PA30BaHMIO OJHOM CHMBOJIBHOH CTPOKM B Jpyryio. Takum cmocobom
MOKHO IIPEJICTAaBUTh U KJIACCUYECKWE BLIUUCIUTENbHBIE AJITOPUTMBI —
onepanuu ¢ mudpamu. B anropurme maxMaTHONR UIpPhl 00BEKTEHL — 3TO
¢Gurypsl Ha AOCKe, HO HX PAaCIOJIOIKEHHE JIEFKO 3aKOJHPOBATHL B CHM-
BOJIBHOM (hopMe (BCIOMHHUTE 3allMCh IMIAXMATHBIX IAPTHIL).

ITosToMy MOKHO paccMaTpHBATL TOJBKO AJrOPATMEI 00paboTKu
CHUMBOJIBHBIX CTDOK, & MOJYUYEeHHBIE Pe3yJIbTATHI OYAYT NPUMEHHUMBI K
a00BIM anropuTMaM. Kak BbI 3HaeTe, TEKCT, 3alIMCAHHBIN ¢ IIOMOIIbLIO
ai000ro aaBuTa, BCErza MOXKHO II€PEBECTH B JBOMYHEIN KOJ, II09TO-
My, BOoOOle ropops, HOCTATOYHO PACCMATPHUBATEH TOJLKO AJITOPHUTMEI,
paboralinue ¢ IBOMYHBIMY IIOCJIEI0BATEIbHOCTAMM.




YTouHeHue NoHATUNR anropurmMma

Hpo 1000 aJITOPUTM MOXKHO CKasaTh cJeayrlimee:

e AJITOPUTM IMOJYy4YaeT HAa BXOJ AUCKPETHBIH 00beKT (Hampumep,
CJIOBO);

e aJroputM oOpabaTeIBaeT BXOAHOM O0BEKT IO maram (AUCKpeT-
HO), CTPOA HA Ka)XJO0M Iare HpOMeKYTOYHBIE AUCKPETHBIE 005-
€KTBI; 3TOT IIPOIIECC MOJKET 3aKOHYHUTHCA MM He 3aKOHYHUTHCH;

e €CJIH BHIIOJIHEHHE aJITOPUTMa 3aKaHYMBaeTCH, ero pesyabTaT —
3TO 00'BEKT, MOCTPOEHHBII Ha IOCJeIHEM IIIare;

e €CJIM BBINOJHEHHE aJI'OPHTMAa He 3aKaHuMBaeTcd (QJIrOPHUTM 3a-
IUKJINBAETCA) UIKM 3aKaHYMBaeTcd aBapuiiHO (HampuMmep, B pe-
ayabrare geneHus Ha 0), To pesyabTaT ero paboThel IpU JaHHOM
BXOJe He OIIpeJeseH.

JIto60if a/JirOpUTM PACCUMTAH HA ONPEAEJEHHOTO MCIOJHUTENA: OH
JOJIPKeH WCIIOJIB30BATEH TOJBKO IOHATHBIE ATOMY HUCIIOJHHUTENI0 KOMaH-
Abl. 3ajlaHue AJIsi WCIIOJHHUTENs — 9TO TEeKCT Ha cuenuajbHoM (dop-
MaJabHOM) SI3BIKe, KOTOPbIH 06bIY4HO HA3bIBAIOT nporpammoii. IToaTomy
MOJKHO OUIpEAEeJHATh AaJrOpuTM KAaK IIporpaMmy MAJsS HEeKOTOPOIo
MCIIOJIHUTEJ A,

HanmoMHHM, 4TO, C TOYKH 3peHUA TEOPHU AJTOPUTMOB, JOCTATOU-
HO paccMaTpHBATL TOJBKO AJTOPUTMEI, paforaminue ¢ IeIoYKaMu
CHUMBOJIOB, KOTOPEIE HA3bIBalOT cjaoBamu (puc. 5.1).

BxopHoe ci0BO Brixoansoe cioro

B v

MYXa — AJTODHTM |weep  CJIOH

Puc. 5.1

Kaxaprii anroputm 3amaér (Berauciser) (pyHKIHIO, KOTOpas IIpe-
o0pasyeT BXOAHOE CJIOBO B pPe3yJbTaT (BBIXOAHOE ca0B0). Takasa GpyHK-
IUA MOKeT ObITh He OIpejiesieHa IJId HEKOTOPBIX BXOAHBIX CJIOB, €CJIH
aJITOPUTM 3aluKJIuBaeTcsa WM 3aBeplaeTca asapuiiHo.

DYHKI WA, 3alaHHAA aJJTOPHTMOM, MOKeT OBITh HUTJEe He omupene-
JeHa. Hanpumep, aJropuTm

HII nDOKa [a
oy

dallHKJINBaeTCA IIpHu J11000M BXOZHOM CJIOBE.




JnemMeHTbl TEOpuM anropuTMoOB

AJITOPDATMBI HABBIBAIOTCS 3KBMBAJEHTHBIMHM, €CJIU OHHU 3a[ai0T
ofHYy u Ty e QyHKnuo. To ects npu a1000M BXOZHOM cjoBe oba aji-
TOPHATMA AOJKHBI IPUBOAUTE K OJHOMY U TOMY JKe€ DPe3yJbTaTy HJIH
3anMKJIUBaTECA (00a anropuTMa He BHIZAIOT HUKAKOI'O pe3ysabTara).
Hanpumep, ciefyiomue ajiropuTMbl IS BbIGODA MHHHMAJBHOTO W3
3HAYEHHUH IepeMeHHBIX a U b 3KBHUBaJIeHTHBI!

ecnmn a<b To M:=b

M:=a ecim a<b To
MHaYe M:=a

M:=b BCe
BCE

YHauBepcaibubie HCIOJHUTEIH

Kax M=l YVie BHOEJH, NIOHATHE aJrOpHUTMa OKa3bIBAeTCA «IIPHUBS-
3aHHBIM» K €r'0 MCIOJIHUTE/JI0 M HEKOTOPOMY A3BIKY IIpOrpaMMHpOBa-
HHAA. ITO HE MO3BOJISET OonpeneJiuTh aJropuTM Kak MaTeMaTHYeCcKHit
00BeKT. H03TOMy BOSHHKJIA HAedA NONbITATBCA MNOCTPOWUTH VHHBeEp-
CAJIBHBIN MCIIOJIHHUTEb.

YHuBepcanbHLIi UCMONHUTENs — 3TO UCTONHUTESb, KOTOPbIA MOXET
moZenuposatb paboty noboro Apyroro UCNONHUTENS.

370 3HauMT, 4TO ANA NGOro anropuTMa, HanMcaHHoro Ans nioboro
UCMOSNHUTENS, CYLLIECTBYET 3KBUBAMNEHTHbIA anropuTm

Ans YHUBEpCansHOro UCNonHUTens.

Taxoil MCIOMHHUTENb MOKHO OBLIO GBI MCHOJIL30BATh AJA JOKA3a-
TeJIbCTBA Pa3PEelIMMOCTH WJIHW HepaspellMMOCTH 3amad. Ecau yaaércs
IIOCTPOUTH AJTOPUATM PelleHUA 3aJadu JJIs YHUBEPCATBHOIO UCIIOJNHHU-
TeJisd, TO 3ajada paspemuma. Hcenam moxkasaHO, 9TO aJrOPUTM He Cy-
IeCTBYeT, TO 3ajada Hepaspemuma. CumcremMa KoOMaH] TAKOI'O HCIIOJ-
HUTeJs [O0JKHa OBITH Kak MOMKHO IpOIle — TakK ero Oyaer jerde
HACTOJIB30BATH B IOKA3aTeNbCTBAX.

B cepeaune XX Beka pasHBIMH YUYEHBIMU HE3aBHUCHMO JDPYT' OT
Apyra ObLIM NIperIosKeHbl HeCKOJBbKO HCIIOJHHUTeJel, IpeTeH yIONnX
Ha pPOJb YHUBEpPCANbHBIX (OHH OyAyT pacCMOTpPEeHBI [ajiee), IIPHUYEM
B TEOPUH AaJITOPUTMOB [JOKa3aHO, YTO BCe OHU SKBHUBAJEHTHBI YT
ApYyTy. 9TO 03HAYAET, YTO [JIA JIOGOT0 AJropuTMa AJA OJHOTO VHU-




YTOYHEeHMEe NOHATUNR anropurma

BEPCAJILHOTO HCIIOJHHUTENS MOKHO IIOCTPOMTh OKBHBAJIEHTHBIA aJro-
PUTM AJIsi APYTOTO0 YHUBEPCAJIBHOT'O MCIIOJHUTEJI.

Kax ke cBA3aH YHHUBEDPCAJLHBLIA HCIOJHHUTENb ¢ IIpobieMoi cTpo-
roro ompejieseHUAsA ajiropurma?

TMo6oi anropuTm MOXeT BbiTb NpeAcTaBneH Kak nporpaMma
ANSA YHUBEPCanbHOro UCMONHUTENS.

D10 ocHOBHAA HAedA Teopuu anropurmoB. CTporo AoxkasaThb 3TO yTBep-
JKJeHUue HeBO3MOJYKHO, IIOTOMY YTO 3[eCh MCIOJb3yeTcsd WHTYUTHBHOE
MMOHATHE «AJITOPUTM».

Kax MBI YBHAMM, KaXKAbliH YHHUBEDPCAJBHBIA HCIIOJHUTENb OIIH-
CBIBAETCH C IIOMOIIBI0 MATEMATHYECKUX TEPMHHOB, IIO3TOMY Ha €ro
OCHOBE MOJKHO JaTh CTPOTO€ OIpeaesieHHe alropuTMa:

Anroputm — 3T0 NporpamMmma Ans yHUBepcanbHOro UCNonHUTeNs.

YHuBepcaJbHBI HCIOJHUTENb — 9TO HEKOTOpPas MOXe]b BBIYHC-
JeHuH, KoTopas 3ajaér crnocold ONMMCAHUSA AJMOPUTMOB M UX BBINOJIHE-
HuA. Mojenb BEIYUCIEHHN AOJIKHA CONEPIKATh:

e «IIPOLECCODP», 3aJAINUN cHCTeMy KOMAHJ U CIoco0 MX BBIIOJI-
HEeHUS;

«IIaMATb», ONPEeAeIAIIIYI0 clI0cO0 XpaHeHus JaHHBIX;

ABHIK IIPOIPAMMHPOBAHUSA (CII0oCcO6 3amycu IPOTrPaMM);

crioco® BBOJA HAHHBIX (YTEHHsI BXOILHOTO CJIOBA);

crioco® BBEIBOJA CJIOBA-pe3yJibTara.

Bcee VHHUBepCaJIbHbI€ HCIOOJHUTEJN OSKBHUBAJEHTHBI, IIO3TOMY IIO-
cjaengHee HPHBE,E[éHHDQ onpejiejieHHe ajJropuTrma He 3aBHCHT OT KOH-
KPeTHOI'O MCIIOJTHHUTEeJIA.

Mammunra TsropuHTa

IlepBBIM IIpEJIOKWJI YHUBEPCAJBLHBIH HMCIOJHHUTENb aHTIHUNCKUMA
maremaTuk Ajnan Twoopunr. IIpmaymanHOoe UM BooOparkaemMoe yCTPOH-
CTBO COCTOHT U3 TPEX HacCTeu:
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® 0ecKOHeYHOll JleHmbl, PA3NeIEHHON Ha AYelKu;

® xapemiu (YUTAIOMIENH M 3aIUCHIBAIOIIEH TOJOBKH);

® npozpammupyemozo agmomamd.
IIporpaMMupyeMBIii aBTOMAT yNIpaBjiseT KapeTKO,
moceLIafd el KOMaHJbl B COOTBETCTBUM C 3aJI03KeHHOMH
B HEro cMeHAeMOH nporpammoii. JleHTa BBEIIOJHSAET
POJIb TaMATH KOMIBIOTEPA, ABTOMAT — pOJIL IIPOIec-
copa, a KapeTKa CHAYXHT IJIs BBOAA W BEIBOJA JaH-
mepiX. Takoe ycrpoiicTBo HaswiBaloT mMamuHOM Thio-
pHHTa.

Teoperuuecku neHTa B Mmamuue Tropuara 6ecko-
HeYHAa, OJHAKO B KaXJBIi MOMEHT BpeMeHU paboTsl A. Teiopuar
MAaIlTWHBI UCIOJB3YeTCA JIUIIL KOHeUHAS €€ YaCTh. (1912-1956)

Kaperka B /50601 MOMEHT BpeMeHM HAXOXUTCH HAJ OXHON sueii-
KOM, aBTOMAT MOJKeT YUTATh U H3MEHATH COAEPKHMOe 3TOH AYeHKH,
KOTOpasi HasblBaeTCa TeKylneil (paboueit) sueikoit (puc. 5.2).

Kaperxa
Beckoneunas nenTa

Texymasn sueiika

Puc. 5.2

B kamayoo A4YelKy JIEHTH MOXKHO 3aluMCcaTh OAUH J000H CHMBOJI,
npuHAAJeKamuil BelOpanHomy andasury. Jloboit asdasur o06a3a-
TEeJbHO COJEPKUT mpobesn (IycTOH CHUMBOJI, COOTBETCTBYIOIIMH «4HC-
TBIM» YYacTKaM JIeHTHI), KOTOpPbIA MBI 6ymem obosHauaTh sHaxoMm [1.
Andasut 06b19HO 0003HaUaeTCs OYKBO A, a ero aJeMeHTHl — CTPOY-
HEIMU OykBaMu a ¢ uHIeKcamu: A = {a,, @, ..., ay}. Hanpumep, ai-
¢aBsur MamuHE TrIOpHHra, paborawineil ¢ ABOMYHBIMH YHCJIAMH,
samaéreda B Buge A = {0, 1, O}.

HenpepeIBHYI0 IeIOYKY CHMBOJIOB Ha JIEHTE HA3BIBAIOT CJIOBOM.
Ha pucynke 5.2 neHTa comep»kuT cioBo «1011», KoTopoe MOHO BOC-
ONPHUHUMATh KaK JBOMYHOE UHCJIO.

ABTOMaTOM Ha3LIBAIOT YCTPOUCTBO, paboraiormiee 6e3 yJacTud de-
JoBeKa. ABToMar B MamuHe ThIODUHIa MMeeT HECKOJLKO COCTOSHHI
M IIPH ONpeJesIEHHBIX YCJIOBHAX IEPEXOAHUT M3 OJHOIO COCTOAHHA B
apyroe. CocTofgHHe aBTOMATA OIpPEJENSAeT Ty NIPOMEXYTOUHYIO 3a4ady,
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KOTOpPYIO peliaeT aBTOMAaT B JaHHBIH MOMEHT. 3TO HAIOMHHAET COCTO-
AHUA YeJIOBeKa: HOYbIO OH cnuT (cocroAHme 1), yTpoM BCTAET M yMBI-
Baerca (cocroanue 2), saBrpakaer (cocrosHme 3), maér Ha pabory
(cocrosrue 4) u T. .

MHOecTBO BCeX COCTOSAHMI aBToMara obosHauaercsa OYKBOi @, a ero
3JIeMEeHThl — CTPOYHBIMHU OykBaMu ¢ ¢ MHAeKCAMH: Q ={q;, G5 > Qo)
IIpuHATO, YTO B HAYAJbHBIA MOMEHT MamnHa THIOpPUHTa HAXOAUTCA B CO-
CTOSIHUH (.

Ocob6oe cocrosiHMe ¢, — 9TO cocTogHMe ocTaHoBa. Eciu mammHa
IIeEpeX0JUT B OTO COCTOsIHMEe, BHINOJHEHWE [POrPpaMMEI Cpasy
OCTaHABJIMBAETCH.

ABTOMaAT ynpaBiafeTcda IporpamMmoii. Bo Bpemsa Ka)XJoro mara
IporpamMMbl ABTOMAT BHIIOJIHAET MOCJIEL0BATEIbHO TPH AeHCTBUA:

1) usmensieTr cUMBOJ B paboueii sueiike HA Apyro# (Miu ocrasiser 6e3

U3MEeHEeHUI);

2) nepemelaeT KapeTKy BJIEBO HJIX BIPABO (MJIH OCTABJAET HA MECTe);
3) mepexoAHUT B APYroe COCTOAHME (MM OCTAETCHA B IIPEXKHEM COCTOS-

HHH).

IToaToMy Ipm cocTaBJIeHHHM IPOTpPaMMBI IJIf Ka)XJoi mapsl (cumeo.,
cocmosnue) HYKHO OIpeAeuTh TPHU IapaMeTpa: CHMBOJ @, M3 BbI-
6panHOro angasura A, HanpapjeHHe IepeMeIleHUd KapeTku («— —
BJIEBO, —» — BIIPaBO, TOYKA — HET IIePEeMEI[eHUs) U HOBOE COCTOSHUE
aBTomMara ¢,. Hanpuwmep, xomanza 1 <« ¢, ofo3Hauaer «3aMeHMTh
CHMBOJI Ha 1, ImepeMecTHUTh KapeTKy BJeBO Ha 1 A4YeHKYy W mepeuTH
B COCTOSIHHE (g».

Ilpumep 1. Ha neHTe 3anmcaHo 4MCJIO B ABOMYHON CHCTEME CUHC-
anesus. Kaperka HaxoguTcs rge-To Hajg umciaoMm. TpebGyercsa yBesu-
YATH YUCJIO HA eAUHUAILY.
Juia Toro 4Tobnl MOCTPOUThL MamuHy ThIOpUHra, HYKHO:
e onpeaenuTh ajpaBuT mamuHsl ThOpUHTA A;
¢ BBIJEIUTH INpOCTeHIINe NoA3aJadyd U OIpeAes]uTh HaAOOp BO3-
MOJKHBIX COCTOSAHHMY @; 3asaTh HAYaJIBHOE COCTOAHME ¢; M KO-
HEeYHOe COCTOAHUE ¢, (B KOTOPOM MAalllMHA OCTAHABJIMBAETCH);

e COCTABHTh IpOrpamMmy, T. €. [JJIA KaKJo# mapsl (a; ¢,) ompeze-
JIUTH KOMAaHY, KOTOPYIO OOJI?KeH BBINNOJIHHMTE aBTOMAT.

Kax mb1 yxe BBIACHHIH, axdaBur Mamueesl Teopusnra, pabGora-
Iome# ¢ JBOMYHBIMHM YHCIaMH, BKJ0OYaer cuMBojbl 0, 1 u mpobe:
A ={0, 1, O}. OnpenenuM BO3MOKHBIE COCTOSHUA (pa3obbéM 3agady
Ha dJIeMeHTapHbIe IIoA3aJadn):
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1) g, — aBTOMAaT HMIET IPaBLIN KOHEI] cJ0Ba (YHCJIa) Ha JeHTe;
2) g, — aBTOMAT YBeJIUYNBAET YHACJIO HA 1, IPOXOJA ero crpasa HaJieso,
¥ OCTAaHABJIMBAETCHA, 3aKOHYUB paboTy.
Teneps zaiimémes nporpammoii. Ha nepsom aTame, Korga aBToMar
HINEeT KOHEeI, cJIoBa, ero paboTa MoKeT OBITh OIMKUCAHA TaK:
1) ecqin B paboueii sueiike sanucana udpa 0, nepeMecTUTLCS BIPABO;
2) ecsiu B paboueii ssiueiike 3anucana nudpa 1, mepeMecTHTHLCA BIPABO;
3) ecau B paboueit sueiike npobesi, MIepeMeCcTUTs KapeTKy BJIEBO U Ie-
PEeUTH B COCTOAHUE (y.

Torpa peficTBusA aBTOMATa B COCTOSHMH ¢; MOMKHO IIPEACTABUTH B BUJE
TabaMUIBI, TAEe B 3ar0JI0BKAX CTPOK B3ANUCHIBAIOTCS CHUMBOJIBI ajdaBu-
Ta, & B 3aroJIOBKax CToJIO10OB — cocToaHuA (puc. 5.3).

5l
0 [0—>q
1 1-q
O |0¢«qy
Puc. 5.3

3aMeTHM, YTO BO BCEX CHydasiX CHMBOJI IOJ KapeTKOil He MeHseTcH.
Kpome TOr0, CocTOAHME MeHsIETCHA TOJBKO B mocienHel sueiike. ITo-
9TOMY AJA YIOPOIIeHUs 3amucu He OyAeM yKaselBaTh B Tabauue To,
uyTo ocrtaérca O6e3 mamenenui. Tak, Ha Ham B3rAsnL, Oojlee KpPaTKO
¥ NoHATHO (puc. 5.4).

51
0 —
1 —
O « gy
Pue. 5.4

Bropoit saTan — yBenwuyeHWe ABOMYHOrO YUCIA HA eAUHHUIY. DTO
MOKHO CJeJaTh CJaeayIoIuM crnocobom (BcrmomHHUTE Temy <«CuHcTeMEl
CUMCJIEHUA» ):

1) ecnu B paboueit siueitke sanucana nudpa 0, sanucars B Heé 1 1 cTom;
2) ecan B paboueil Aueiike 3anucada mudpa 1, BEIDOJIHHUTE IEPEHOC B

cTapIInii pasps — 3anucars B AdeidKy 0 1 mepeMecTHTLCHA BJIEBO;
3) ecsu B paboueit aueiike npobes, 3anmucars B Heé 1 u cror.




YTOo4YHEeHne NOHATUR anropurma

Ins Toro uTobbl OcTaHOBHTH pabory Mamuubl ThIOpHHTra, HYIKHO Iie-
peBeCTH eé B COCTOSIHME OCTAaHOBA (. Temepb MOXHO HOGaBUTH B Tab-
JIAIY cTOJIOel], COOTBETCTBYIOIINI COCTOSHUIO ¢, (PUC. 5.5).

q q9
0 o 1.q,
1 = 0«

O «—qy | 1.q,

Puc. 5.5

ITocTpoennasa nojuas tTabauna (cMm. puc. 5.5) — aT0 U ecThb Mpo-
rpamma auas mamuesl Teopurara. O6parure BHHUMaHue, YTO MBI pas-
OMJIM MCXOJHYIO 3a/1auy Ha I0A3aJaud, IJIA KasKIoH U3 HUX COCTaBH-
J¥ IporpaMmy, a IIOTOM HX coeguHWIU. [[Be moasamadyy CBA3AaHBI de-
pes sueiiky (O, ¢,), B kKoTopoil cocTosiHMe aBTOMATa W3MEHAETCH
Ha ¢,. B mamHOM mpocTeiimeM ciydae B KamAOM U3 ABYX aJIrOPUTMOB
OBITIO MCIOJB30BAHO TOJBKO OIHO COCTOSIHME, HO BTO He 00A3aTelnb-
HO — MOXKHO TAKHM ke cIocofoM COeIHuHATH U DoJjiee CIOKHBIE AJIro-
purMmbel. Ecnu anroputvMbl A m B MOMKHO 3anporpaMMHpPOBaTh Ha
mamuHe TpoOpuHra, TO M A0V WX KOMOMHAIUIO TOXe MOXKHO
3aIpoOrpaMMHUPOBATE.

THIOPHHT NPEAIOJTOIKHAI, UTO:

NioBGoit anroput™ (B UHTYUTUBHOM CMbICNE 3TOrO Crosa) MoXeT BbITb
npeAcTaBneH kak nporpamma Anst MalluHbl ThiopuHra.

IT0 yTBEp:KAEHHE B TEOPUM AJITOPHTMOB H3BECTHO KaK Te3HC
Yépua—Teiopunra.

Mammusaa TelOpHHra MoKeT OBITH CTPOTO 3aJaHa C TOYKH 3PEHHUA
MaTeMaTUKH. Andasur A U HaGOp BO3MOKHBIX COCTOSAHUHA @ MOryT
OBITH 3allMCaHbLI B BHUJE MHOYKECTB, a IIporpaMMa — B BHJe HATEPOK
suga (a; g a; diy» q,,), 3aKaonUX KOMaHJAY <«eCjJH MalluHa Haxo-
IATCA B COCTOAHMU ¢, U B paboueil A4yeiike 3anucaH CUMBOJ @;, TO 3a-
nucaTh B paGouyio sUeHKy CHMBOJ d;, CMECTHTHCH B HANIPaBJIEHUH d),
U TepedTH B cocTosiHMe ¢, ». Hanpumep, nmpuBeféHHasA BbIlIe IIPO-
rpaMMa yBeJHYeHHs JABOMYHOI'O 4YucJa Ha 1, 3anucaHHas B BHIe
TAKHX OATEPOK, BBIMVIAAUT TAK:

(0’ Qp Oa = Q1)’ (19 qla 1’ =y Q1)$ (D’ ql! D’ €= QQ)s

(0, g5, 1, ., qp)s (1, g3, 0, «, q5), (a, qs> 1, ., qg)-




JnemMeHTbl TEoOpPUM anropuTMoB

Ora MalluHA — MaTeMaTUYeCKHUil 00'beKT, U JaHHOe HA €6 OCHOBe
onpeieneHye aJropuTMa MOXKET MCIOJL30BATHCH IJIs JOKA3aATEeILCTB.
Exsa nm MoxHO npuMeHnTh MamuHy THIODHHTra AJAA PeIIeHUA IPaK-
THYEeCKHUX 3a/a4, HO 3Ta IPOCTas MOAEJb ANTOPUTMA OdYeHb yAoGHA
AJIA TPOBeJleHUA TeOPeTHYECKUX HCCJeloBaHUM. B orimume or uaTyn-
TABHOTO OIpPeJeJIeHUsA AJIrOPUTMa HOBOE OIpelieJIeHHe He COMepPIKHUT
TAKUX HEONpPeJeIEHHbIX NOHATHH, KAaK «HMHCTPYKIIHS», «HUCIOJHMU-
Telb», «pemieHue 3azaun». Takum obpasoMm, GopMasbHOE OIperesie-
HUe CJIoBa «aJropuT™m» (o THIOPHUHIY) BBITJIAAUT TaK: aJrOPUTM —
9TO mporpamMmma s Mamuebl TeiopuHra.

Mammuna ITocra

[IpakTuyeckn opHOBpPeMeHHO ¢ ThIOPpUHIOM
(B Tom ke 1936 r.) u HE3aBUCUMO OT HEro aMepHKaH-
ckuii marematruk 3. JI. IToct npemnosxun emé Gosee
IpOCTYI0 cucTeMy o6paboTKU HAHHBIX, HA OCHOBE KO-
TOPOH No3jHee ObLIA MOCTPOEHA TAK HasbIBaeMasd Ma-
muHa Ilocra.

Jleara B mamune Ilocra (Tak sxe Kak ¥ B MalluHe
Trroopunra) 6eckoHeuHa M pasbura Ha sauelku. Kamx-
nas sTYefiKa MOMKeT colepiKaTh MeTKY (6bITh oTMede- 9. JL ITocr
Ha) WA He cojlep:KaTh eé (mycras sueiika) (puc. 5.6). (1897-1954)

Kaperka
Beckoneunas senra

o i o e B e e e

Texymas sigeiika

Puc. 5.6

Taxkum obpasom, IToct cokpatua andasuT Bcero A0 ABYX nudp. Ito
AOTYCTUMO, ITOTOMY dYTO JI0OBIe JaHHBIE MOYKHO NEPEeKOAUPOBAThH B
ABOMYHBIA KOJ, COIIOCTABHB KaKA0# OyKBe MCXOAHOro andaBuTa YHU-
KaJIbHYIO TI0CJIeIOBATENbHOCTS HYJIel M euHUII.

Kpome Toro, anropurm pabGorel mammuubl IlocTa 3amaérTca He B
BHJe TabJHUIBI, & KAK IPOrpaMMa, COCTOAIIAA M3 OTAeJIbHBIX KOMAHI.
Cucrema xomaua mamuas! [Tocra comepsxuT ToapKO 6 KOMaH/A:

- — IIepeMeCcTHUTh KapeTKy Ha 1 AdeiiKy BJIeBO;

— — IlepeMecTHTh KapeTKy Ha 1 s4elKy BIpPaBO;

0 — cTepeTh MeTKy B paboueit sueiike (sanucats 0);
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1 — IIOCTaBHUTH METKY B paboueil syeiike (3anmucatsb 1);

? ny, n; — ecnu B paboueil AueliKe HET METKH, NEePEHTH K CTPOKE
ng, MHaYe MepeiTH K CTPOKEe 7,;

CTOIL — OCTAHOBHTH MaIlIUHY.

IToneiTKA cTEepeTs METKY TaM, rjge €€ HeT, WIH IIOCTaBHTH METKY IIO-
BTOPHO CUMTaeTcA OMIMOKOM, ¥ MAIllMHA aBapDUUHO OCTAaHABJIMBaeTCH.

Bce cTpokm B mporpamMme HyMEpYIOTCH O NOPAAKY, 9TO HeobXo-
auMo nna paborbl KoMaHABI BerBaeHUdA (? ngy, n,). C nmomompio 3TOM
KOMAaHJbl MOKHO TaK’Ke CTPOMTH IIMKJLI KaK C IpPeAycJIOBHEM, TaK U
¢ mocrycyjoBueM. Hampumep, cieayiomias IIporpaMMa Iepemeraer
KapeTKy BJIEBO JI0 MePBOM OTMeYeHHOM AYeHKH:

1. «
2.2 1,8
3. cronm

Ecau mociie BBINOJMHEHHUS KOMaHABL <—, —, 0 miaum 1 Tpebyerca Iie-
peiTH He Ha CJIEAYIOIIYIO CTPOKY, & Ha KaKylo-TO APYIYI0, TO HOMEP
9TOW CTPOKH MOXKHO 3aIlIMCaTh B KOHIe KoMaHALl. Hanpumep, kxomaHza

«— 3

03HAYaeT «IePEeMECTUTH KAPETKY BJIE€BO U MEPEHTH HA CTPOKY 3».

ITpu pabGore c¢ wmamwuuoit IlocTta uymena OOBIYHO 3aIUCKLIBAIOT
B YHADHOU (€AMHWYHOM) CHUCTEME CUYHUCJIEHHUs, B BUJE HEIPEPHIBHOM
IEeNOYKHM METOK HY)KHOH JJIMHBEI (BCIIOMHHUTE CYETHBIE NaJOYKH B
miagme myosie). Hanpumep, Ha JjleHTe, mOKasaHHOW Ha pwuc. 5.6,
3anmcasHo yucio 4.

ITocT mpeAmosIoKMI, 4To JI060H aJropuTM MOXKeT OBITH 3alHCaH
Kax IporpaMMma AJs IIPeAJOsKeHHOro UM HCIOoJHuTead. B Teopun amn-
TOPUTMOB JIOKa3aHO, 4yTo Mamuub!l [locta n ThlOpUHra OANHAKOBEI IO
CBOMM BO3MOKHOCTAM. OJTO B3HAYUT, YTO KPYI' 3ajad, KOTOPHIH OHH
pelamT, TOXe OLUHAKOB.

Hopmansnsie anropugmer Mapkosa

Cosercknii marematTuk A. A. MapkKoB, KOTOpDBI#

B cepeagmHe XX BeKa M3yYyaJ paspelIMMOCTH HEKOTO-
PBIX 3azad aJyreOphl, NPEeNJOKHI  HOBYIO MOZENIb
BBIYMICJIEHHH, KOTODPYIO OH HAas3BaJl HODPMAaJbHBIMHA y
MPOI_I;H@MaMH' A. A. Mapkos
opMmaabHbrie anropucpmer MapkoBa (HAM) — (eanmni)

9TO cTporas MareMaTH4ecKasa (hopMa 3aliCH aJITOPHT- (1903-1979)
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MOB 00pabOTKM CHMBOJIBHEIX CTDOK, KOTODYIO MOKHO MCIIOJb30BATH
AnA AOKAa3aTesIbCTBA Pa3pelIMMOCTH MM HEepaspPeIIMMOCTH Pas3IndHBIX
3azad. MapKoB IpeANoIOKII, 9TO JI000H AJIrOPUTM MOMKHO 3aITHCATh
xkak HAM. B orsmume or mamwue Teiopurra u ITocra HAM — srto
«YHCTBI» AJI'OPUTM, KOTODPBI HEe CBSA3aH HU C KAKUM «alIapaTHBIM
obecnieueHUEM» (JIEHTOU, KAPETKOH U T. 1I.).

HAM npeoGpasyer ogHO cI0BO (II€IOYKY CHMBOJIOB HEKOTOPOTO
andasuTa) B APyroe u 3agaérca aapaBATOM U CHCTEMOH HOJCTAHOBOK.
3aMerbTe, UTO B JKU3HHA Mbl HEPEAKO MPUMeHAeM TaKue 3aMeHbI. Har-
puMep, IPU YMHOKEHUHM B CTOJNOHMK MBI HE BBIUHMCIAEM Ka)XABLIA pas
npou3BefieHne 7 - 8, a MPOCTO MOMHMUM, YTO OHO paBHO 56.

IIpumep 1. Ilycres andasur HAM — 5T0 pycckue OYKBEI U 3afaHa
cucTeMa MOACTAHOBOK:

a—H

VX — JO

M

IIpuMeHMM 3Ty CHCTEMY NOACTAHOBOK K HAYaJbHOMY CJIOBY
«myxa». IToncTaHOBKM HY’)KHO NMPOCMATPUBATH IO MOPAAKY, HAYHMHASA
c nepsoii. Ilepsaa moacTaHOBKA O3HAYAET: «€CJIU B CJIIOBE €CTh OVKBEI
“a”, sameHUTHL mepByio GykBy “a” Ha OykBy “H”». B cioBe «myxa»
ecTb OyKBa «a», IOITOMY 3aMeHsAeM eé Ha «H». Iloiyuaerca «MyXH».

HaunaaeM npocMOTp HOACTAHOBOK cHayaja. BYykB «a» Gosabime
HeT, I03TOMY MepexoJuM KO BTOpo# mnoacraHoBke. CodyeTaHHe «yX»
€CTB B CJIOBE «MYXH», IIO3TOMY BTOpasd HOACTAHOBKA cpabaTwiBaer,
M MBI 3aMEHSEM «yX» Ha «JIO»: IOJYYAeTCH «MJIOH».

Tenepr HM mepBas, HU BTOpPAs IOJCTAHOBKH HE IPUMEHUMEI, a HC-
IIOJIb30BaHUE TPeTheil JAéT B pes3yJIbTATe CJIOBO «CJOH». BoJblle HH
OJHY IOACTAHOBKY cJesaTh Heab3sds, 1 HAM saxkanuusaer pabory. Ta-
KHUM 006pas3oM, OIpuBeAEHHAS CHUCTEMA MOJACTAHOBOK IpeobpasyeT CJIOBO
«MyXa» B CJIOBO «CJIOH».

IIpu noucke obpasna pabouyas IEIOYKa CUMBOJIOB IPOCMATDPUBAET-
ca ¢ Havana. Ecam B cTpoke cioBo-o6pasern BeTpeyaeTcsi HECKOJIBKO
pas, TO 3a OJMH IIar 3aMeHAeTCA TOJBKO IIepBoe M3 HuX. Tak Kayk Ha
CIeAVIOIeM Ilare IpPOCMOTP OIATH HAYMHAETCHA C HAYAJNa LEeNOoYKH,
mocjie IepBOM BBINIOJHEHHOH 3aMeHBI MOMKeT <«cpaboTaTb» COBCEM
Ipyras MOJACTAHOBKA.

B 3amnucu mo/CTaHOBOK CJIOBO-00pasel; MosKeT GBITh IIyCTHIM, B 3TOM
caydae CJIOBO-3aMeHa NIPMINChIBAeTCA B Hayaio paboueil CTPOKH:

-0
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Takas TMOACTAHOBKA BCerja JOJKHA OBITH HOC/IEJHel B CIUCKe, WHAYe
IporpaMMa 3aIUKJMTCA: B Ha4ajo cjoBa OyayT IOCTOAHHO AOIHA-
CHIBATHLCA BCE HOBBIE M HOBEIE HYJIH.

Eciu mocje cJoBa-3aMeHBI CTOMT TOUYKA, IIOCJie BBIINOJHEHWA Ta-
Kol moacTaHOBKM pabGoTa mporpaMMbl 3akaH4yuBaercsa. Hanpuwmep,
ecsan npumeauTs HAM

a— 0.

K CJIOBY «KapoBa», TO B pe3yJibTaTe MOJYYHM «KOpOBa», IIOTOMY YTO
mmocJjie IepBOro Ke JeiicTBUA paboTa MPOrpaMMbl 3aKOHYMTCHA, W MO~
caenaas Oyxkea He OyZeT 3aMeHeHa.

Ipumep 2. Hocrpoum HAM ana cieayiomeit safadu: yAaJdUTh U3
cTpoku, cocrosmeit us 6yks «a» u «b», mepsrrit cumeoa. Hanpuwmep,
crpoxa «abba» mosknHa GBITH mpeoOpa3oBaHa B «bbas». Kasamock 0w,
31ech HYKHO HCIIOJb30BATE CHCTEMY IOJCTAHOBOK!

a—.
b—.

Opnako Takoit HAM Oyaer HenpasuiabHO paboTaTh AJisi CJIOB, HAYM-
HAIOMMXCA ¢ OykBbI «b», Hanpumep AJs ciosa «bba», B KoTOpoM oyaer
yaajeHa nocjeAHsas Oyksa, OTOMY YTO IepBas MOJACTAHOBKA BBITIOJIHUT-
cA paHbile, 4eM Bropasd. IlepecraHOBKa JBYX CTPOK TaKiKe He naér pe-
[IEeHUsI — Telephb AJrOPUTM HEeNpaBUIbHO paboTraer /Jisi CJIOB, HaUYMHA-
joruxca ¢ 6yKBbl «a». YToOBI pemmuTh 9Ty 3ajady, B aadasBuT HAM pno-
GaBJIAIOT eme OAWH CHENMATbHBIA CHMBOJ, HAIPUMeD CHMBOJI «*».
DTHM CHMBOJIOM IIOMEYAIOT HAYAJIO CJIOBA, MCIIOJL3YH MIOJACTAHOBKY.

- *®
ITonubri aJITOPHUTM BBITJIALUT TaK:

*a — .
*h — .
_}*

Cuauasa cpabaThiBaeT TPeThs MOACTAHOBKA (CTaBUM «*» B HAYAJO
CTPOKH), 3aTeM, B 3aBUCHMOCTH OT IepBoii OYKBBI MCXOJHOr0 CJIOBa,
paboTaer mepBas WJHA BTOpPasd IOACTAHOBKA, W AJIrOPUTM 3aKaHUYMBAaeT
pabory. JIOMOJTHUTEIBLHBIA CHMBOJ TOX0 Ha MapKep B TEKCTOBOM pe-
[IAKTOpe — OH OTMeJYaeT MECTO B TEKCTe, C KOTOPBIM HOTOM GyAyT BBI-
MNOJNHATHCH KaKHe-TO AeliCTBHA.

Kax mokKasaHO B TEOPHMH AJTOPUTMOB, JII000H aJrOpuUTM /Jisl Ma-
mun Teiopunra u ITocta moxuo samucars Kak HAM m Hao6opoT.
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OnemMeHThbi TEOPpUM anropuTMOR

[loaToMy Bce TpM PacCMOTPEHHBIX MOAXOAA K CTPOIOMY OMPEAeNeHUIO
NOHATHUA «aJTOPATM» 3KBUBAJICHTHBI (DABHOCHIBHEI).

Bonpocskl u 3apanus

1. 3aueM moHALOOGUIOCH YTOUHATE MOHATHE «aITOpPUTM» 7

2. Kaxue 3a/laun pacCMaTPHBAIOTCHA B TEOPHA ajaropuTmMos?

3. IloueMy MOYKHO OrDAHHYUTBCA AJITOPUTMAMHU 00paboTKH CHMBOJIBLHBIX
cTpok? MOKHO 1M paccMaTPMBATH TONBKO AJTOPUTMEI IS npeobpasosa-
HUSA OBOMYHBIX KOZOB?

4. Kak BEI NOHHUMAaeTe yTBep:KAeHUE «AJNITOPATM 3a7aéT HEKOTOPYIO (PYHK-
IHI0» 7

5. Kak cBABAHBI NOHATUSA «AJTOPUTM» U «HCTIOTHUTEND» ?

6. Yro rakoe nporpamma?

7. B kakom cayuae TOBOPAT, YTO JBa AJITOPUTMA 3KBHUBAJIEHTHBI?

8. Uro Takoe yHHMBepCAILHBIN HCIOTHATEND?

9. CpaBHHUTE UHTYUTHBHOE M CTPOrOe HOHATHA aJropuTMAa.

10. OnmmaTe yerpoiicTBo U cucremy NporpaMMUpOBaHuA MamuHbl TelopuHTa.

11. Yro TaKoe COCTOAHME MAIIHHBL Teropunra?

12. Conocrasbre ycrpoitcTso mMamussl ThiOpUHTa ¢ YCTPOMCTBOM KOMIbIOTE-
pa. Kaxue ycrpoiicTBa Mamuasl ThIODHHra BHINOTHSAIOT Te ke byHKIHH,
4YTO ¥ aHAJOTHYHBIE YCTPOUCTBA KOMIIbIoTEpa?

13. B yem 0coGeHHOCTHL COCTOSHMI qo v g, mammasl Thiopuara?

14. Ilo KaKOMy NPUHIMOY MOYKHO HOCTPOHUTH nporpamMmy s mamuesl Thio-
PHHra, KOTOpas IMOCJIeA0BATEbHO BLINOJIHAET onepanuu A u B?

15. Copmynmpyiite resuc Yépua—TriOpUHTra.

16. CpaBauTe Mamuns Thiopuara u [ocra.

17. Bauem HyMepyIOTCs CTPOKH B mporpamMme Ajis Mamuas Ilocra?

18. Yro rakoe HOpManbHBIH anropupm Mapkrosa?

19. 3auem HMCIOAB3YIOT clenuaNbHBEIe CHMBOILI B HAM?

20. UTo o3HayaeT BKBMBAJEHTHOCTH DA3IMYHBIX YHHBEPCATBHBIX WCIIOJHH-
Teaei?

IloaroroBsTe coobmenue

a) «Kaxwue 6niBator mamuasr Teopuara? »
0) «D3oTepuuecKme s3LIKM MPOTPAMMHEPOBAHMA»
B) «Pexypcusnbie QyHKIAT»

3apaum

1. Yro penaror ciaepyomue NPOrpaMMBbl A1 MAIIHHEL Teopunara?




YTOo4HEeHue NoHATUNA anropurma

a)

2.
3.

4.

10.

a9 ©) 9 B) 51 P
0 — 0 - qg a qs O«
1 « i - gy 6 qs O«
(| > qp O “— O o do

B KaK®X CAyYasiX 3TH NPOrPAMMBI 3alHKIMBAIOTCH?

IIpeanoskuTe MporpaMmy AJf MamWHEbl ThIOpHHra ¥ HaYaJbHOE COCTOA-
HUe JIEHTHI, IIPX KOTOPOM 3Ta NporpaMMa 3alMKJIHBaeTCsd.

CocraBpTe mnporpaMmy pans mamuHEbl ThiopuHra, KOTOpad YMEHBIIAET
ABOMYHOE YHCiIOo Ha 1.

CocraBbTe IDporpaMMmsl Ajd MamuHbl ThIODUHIa, KOTOPbIE YBEJIHMYHBAIOT
¥ YMEHBIIAIOT HA eAMHMILYy YHCJO, SAllUCAHHOe B [ECATUYHON cHcTeMe
CYMCTIeHUA.

CocraBpTe nporpaMmy aias mamusbl ThlOpuHra, KOTOpas CKIALbIBACT
ABA uMcJa B ABOMYHOMN cHCTeMe, pasiesieHHbIe Ha JIeHTe 3HAKOM «+».

. CocraBpTe TporpaMMbl s MamuHbl ThIODUHra, KOTOPbIE BBINOIHSIOT

ClOMKeHWe W BHIYMTAHHUE ABYX UMCEJ B JECATUYHOHN cucTeMe CUHC/IeHUA.
Yro gesaioT cieayioliue mporpaMMsl s MamuHasl [locra?

a) 1.1 6). 1. B) 1.7 2,3
2. > 2.73,4 2.14
3.»1 3.11 3.»1

4, cron 4, cTon

Kax 6yzer paGoraTh KakJas M3 NPOrpaMM NPU Pas/MYHBIX HAYAJIBHBIX
COCTOAHUAX JIEHTHI?

. Hanmmmure nporpammy gias wmamuebl Ilocra, KoTopasd YBeIHYHBAET

(yMeHbIIAeT) YUCJA0 B eJHHUYHOH cUCTEMe CUMCJEeHHA Ha eJHHHIY. Ka-
peTKa pacmoJjioyKeHa cJeBa OT YHCJa.

Hanumure nporpammy ajis mamusbl Ilocra, Koropas CKJagblBaeT ABa
ypesna B eAMHWYHOM cHcTeMe cumciaeHunsa. Kaperka pacnojiodkeHa Hal
npo6esnoM, pasfeAIoNuM 9TH YUCIa HA JIEHTe.

Yro genator caegyiomue HAM, ecqu NPAMEHHTh MX K CHMMBOJBHON Ie-
[IOYKe, COCTOAIeH U3 HyJIel u efuHUI?

a) 0-00 6) *0— 0% B) *0—00%
1->11 *1 > 1% *1—>11%
¥ = Ll
-y —y ¥

Kax Gyger paboraTs Ka)kjas W3 OPOrPDAMM NPH DA3JNYHBIX HAYAJBHBIX
COCTOAHMAX JIEHTHI?




OnemeHTbl TEOPUM aNnropuTMOB

11. Hanwmure HAM, xoropsiit coprupyer nudphl JBOMYHOTO YHMCJIa TAK,

uTOOBI CHAYAJIA CTOHAJIHN BCe HYJIH, & IOTOM — BCe eJIMHHUIIEL.

12. Hamnmwmrte HAM, KoTOpERIA yoanaeT nocnedHwWii CMMBOon
CTPDOKK, COCTOALSRm M= uwHMdp O 1 1. Kakyo onepaumes oH
BbBIMOMAHAST, €Crfik paccCMaTpMBaTe CTROKY KakK ABOMYHYHD
anrcb JYucna?

13. Hanumure HAM, KOTODBIH YMHOKAeT ABOMYHOE YHCJIO HA 2, nobasiaaa
0 B KOHeI 3anucH YHcIA.

§ 35
ANroputMMYeCKu HepaspeluuMble 3anaum

Beruncimmeie u HeBBIYMCAMMBIE (DYHKIHH

Mol yae roBopmiM, 4YTO JI060H aJITOPHTM 3amaéT HEKOTOPYIO
(QYHKIHIO, KOTOPas AJA KajyKJA0ro BXOAHOIO CJIOBA, K KOTOPOMY IIPH-
MEeHHM aJITOPHUTM, OAHO3HAYHO 33Ja6T Pe3yJbTAT — BBIXOIHOE CJIOBO.
Taxne QYHKIMU HA3BIBAIOTCA BBIYHUCIUMBIMHU.

Beluncnumas yHKUMS — 370 yHKUMS, ANs BBIMMCNIEHUS KOTOPOM
CYLIECTBYET anropuTm.

Jliobasi BBIUMCIMMAA (DYHKIUA MOMKET 3aJaBATHCH PA3HBIMU AJl-
ropuTMaMu (PasHBIMH IIPOTPAMMAMY AJIA BHIOPAHHOTO YHHBEPCAJIBHO-
ro ucnonHurenas). Hanpumep, ciaeayoique ABa HOPMAJIbHBIX AJIIO-
pudpma MapkoBa 3aMeHAIOT BO BXOJHOM JABOMYHOM CJIOBE BCE OYKBBI
«a» Ha HYJIA U BCce OYKBEI «0» HA eIMHUILLI:

a—0 6—>1
0—>1 a—0

Jlobas BeIUMCAMMAs (DYHKIUA MOMKET OBITh BBIYMCIEHA C IIO-
MOIIBIO JIFOOOTO YHHBEPCAJBHOIO HCIOJIHUTENA: MamuH THIOPDUHTA U
ITocra, HOpManeHEIX anropudmos Mapkosa u ap.

Paccmorpum, Hanmpumep, Takyo (DYHKIHIO, ONpPENeNISHHYIO IIA
BCEX HaATYpPaJIbHBIX YHCEJ:

f(n) = {

1, ecniu n — uérHOoe;
0, ecim n — HedéTHOE.




ANropurMmuYecKu HepaspeluMbie 3apa4m

ITonpo6yeM cCOCTaBHTH HMPOrpamMmy AJd MamuHbl ThIOpUHra, KoTopas
BBIUMCJISET 3Ty (DYHKIHIO. BygeMm cuMTaTb, YTO YHCJIO 3aNHCAHO B
eIMHUWYHON CHCTeMe CUHCJIeHHA (B BU/E HEIOYKHU efMHHUI!), U KapeT-
Ka B HAYAJbHBI MOMEHT CTOMT Haj caMmoii jesoit eguHunei. OKassl-
BaeTcs, TaKas IPOrpaMMa AefcTBUTEIbHO cymiecTByeT (puc. 5.7).

qy qz q3 q4
1 —> g5 - qy “— qy O «
| «— g3 “«— gy 9o
Puc. 5.7

Kax npuHATO, B Ha4aJIbHBI MOMEHT MAIINHA HAXOAUTCS B COCTO"
SHWM ¢,. 3aTeM OHa JBUIKETCHA BIPABO BJOJb YMCJA, II00YEPESHO e
pexojisl U3 COCTOAHHUA ¢, (MpoiHAeHO YETHOe YUCIIO eJWHUI]) B COCTOA-
HUe ¢, (UpOiifleH0 HEeYETHOe YMCJIO eAMHUI) U O6PaTHO. Taxum obpa-
30M, €cJIH BCTpedeH mpobesl W ManInHa HAXOJAUTCHA B COCTOAHHUHU (g, TO
YMCA0 HEYSTHOE M HYIKHO IPOCTO CTEpeTh BCe eIUHMILbI (COCTOAHME
q,)- Ecim mMamuHa 3aKOHYMJIA NIPOCMOTP B COCTOAHWH ¢y, TO HHCIO
4YéTHOe; PU STOM HYIKHO OCTABHUTH OJHY eAHHHIYy (COCTOAHHE gs) U
mepeiiTy B COCTOSTHUE ¢, (CTEPEeTh BCE OCTAJbHBIE eAMHHUIIEI). O6parure
BHMMAaHwue, uro sAueiika (0, g3) B Tabaune mycrasa — 3TO HEBO3MOXKHOE
cocToAgHMe (TOKAXKHATE 9TO CAMOCTOATEIbHO).

TakuM 06pasoM, PACCMOTpPeHHas (QYHKIMA BBIUUCIMMA, T. €. €€
MOXHO BBLIYMCJIATH ¢ MOMOINLI0 MamumHbl ThIOpHHIa, a 3HAYHUT, U C
OMOIbI0 JII06OTO yHHBepcajabHOro ucnonHurens. Hanpumep, HOp-
ManabHBIH agropudm Mapkosa ans andasuta A = {1} BRINIAAMT TAK:

11 —"%
1-.
— 1.

B mepBoil IOJACTAHOBKE JBe COCEJHHE eIUHUIbI yAANAOTCH (CIOBO-3a-
MeHa 3JIech NYCTOE, AJfA SCHOCTH OHO B3ATO B KaBBIYKH, KOTOPBIMH
MOJKHO orpaHmumuBaTh cioBa B HAM). 9T0 NPOMCXOAHUT A0 TeX IOP,
noka He OyAyT yJalieHbl BCe Naphl, MOCKOJIBKY 3Ta NOACTAHOBKA CTOUT
nepsoii. Ecim ocraércA ojHa €AMHHIA, OHA YJAaJAETCA C IIOMOIIBIO
BTODOIi IIOJICTAHOBKY, ¥ pabora NpOrpaMMbl 3akaHumBaercs. Eciau
BCe eQMHUIBI VAAJeHbl (YHCI0 YETHOE), TO ¢ MOMOIBI0 TpeThel moj-
CTAHOBKM MBI CTABMM ONHY €IWHHIY ¥ OCTAaHABJIWBaeM aBTOMAT.

Ilycras neHTta coorBeTcTBYeT unciay 0.




SnemMeHTbl TeOpUn anropuTMoB

CymecTByioT u HeBBIYMCIMMbIe (yEKmuE. Paccmorpum IIpoCTOH
npuMep, npeajgoxeHHBId B. A. Vemenckum B xHure «Mamuna Iloc-
Ta». M3BecTHO, 4TO MaTeMaTHYeCKasi IOCTOSAHHAA T — HPPALHOHATD-
HOEe YHCJIO0, ero AecATHYHAsA 3anmuch OECKOHEYHA M HeNepHOAWYHA.
Beenem ¢yuxnuio h(n), Koropas ans mo60ro HaTYpPaJbHOTO YUCIA 71
paBHA 1, ec/M B JeCATHYHON BaMHCH YHCJIA T €CTh N CTOAIIMAX IOAPSIL
AEBATOK, OKPYKEHHBIX APDYrHMHE Hu(paMu, ¥ paBHA HYJIO, €CIU Ta-
KO LENOYKHM JeBATOK HeT. Kak BBIUHC/INTH 3HAYEHUE HTOH byHKOHHA
Opy HEKOTOpoM 3azaHHOM n? KoHeYHO, MOKHO BBIUMCIATHL APYT 3a
ADYTOM JeCATUYHBbIE 3HAKH YHCja T (TAKHe AJrOPHTMBLI MaTeMaTHKAM
M3BECTHHI!) ¥ IPOBEPATH, He HANILIACH JH B IOJYYEHHOI nocJienoBa-
TEJIBHOCTH HU(D Iernouxka u3 n JeBATOK. C IOMOIIBI0 TAKOIO «HAHMB-
HOrO» ajropuTMa MOXKHO HAaWTH TaKWe 3HAYEHUsS 1, NPU KOTOPBIX
h(n) = 1: obHapysxuB TpebyeMyio IENOYKY, aJITOPUTM 3aKOHYUT pabo-
ry. Hanpumep, ananns nepssix 800 3HAKOB MOKAa3bLIBAET, UTO h(n)=1
onpu n = 0, 1, 2, 6. Ho ecinu aas kaxoro-ro n dysxnus h(n) pasza
HYJIO, TO «HAWBHBIM» AJMOPDATM HUKOTZA He OCTAHOBHUTCA. Bojee
TOTO, AJIAA 9TOH (YHKIOHMHM BOOOINE HE CYIIECTBYET AJTOPHTMAa, KOTO-
PEIi IpH J11060M 7 OCTAHABIMBAETCS UM BhIZAeT 3HaueHMe h(n) B Kauec-
TBe peaynbraTta. [loaTtoMmy Takas GYHKIHA HEeBBIYMCIUMA.

Korna sagava ajropurMuvyecku Hepaspemuma?

Kax Bbl 3HaeTe, HEBO3ZMOKHO CO3ZATH BEUHKII ABUTATENb, IoTOMY
4TO 3TO NPOTHBOPEYUT YHHUBEDPCAJbHBIM (DH3UYECKUM 3aKOHAM COXpAa-
HeHUs. TOYHO Tak ke B MaTeMaTHKe U MHOOPMATHKE CYIIECTBYIOT 3a-
Jadu, JAJIA KOTOPBIX pellleHHe B 00IIeM BHEe OTCYTCTBYeT.

Ilockoneky anropmrM paboTaeT TOJBKO C AHCKPETHBIMU 06BEKTa-
MU, J00as aarOpUTMHYECKas 3ajada — 3TO MYHKIMSA, 3a/aHHAS HA
MHO€eCTBe AMCKPeTHBIX 00BEKTOB (BXOLHBIX CJIOB).

ITycrs, Haupumep, TpebyeTcs IO ImaxMaTHOMN NO3UIUHN OIIpeje-
JIATh, KTO BBIMIDHIBA€T NP NPAaBHJIBHONA Urpe — Oejible, YEpPHbIE MU
Oyaer Huuba. ITocTpouM (YHKUMIO, COOTBETCTBYIOIIYIO STOMY AJITO-
purmy. [Ins aTOro BhIGEpPEM CIOCOO KOAMPOBAHHUA, OPHU KOTOPOM KajK-
Aas MO3UNUA MOXKeT ObITh 3aKOAMPOBaHA CJIOBOM (CHMBOJBLHOIT CTpO-
KOii) v B moaxoxsamem andasure. Torga IpUBEAEHHON 3a7a4e MOKET
COOTBeTCTBOBATL (hyHKIUA f(V), 3afjaHHAS HA MHOYKECTBE TAKHUX CJIOB:

'B’, ecnm v — KOJ MO3UIMH, B KOTOPO# BBIAIDHIBAIOT Gesble,

'II.,
f)=4, . 2
0’, ecam v — KoJ MO3UIMH, B KOTOPOW GYVIET HAYBS,
'?", ecam v — omMOGOYHBIN KOJ HO3UIIUH.

€CJIM U — KOJ| IO3UI[UH, B KOTOPO# BBIUIDPHIBAIOT YEPHBIE,




ANropuMtMuYecKu Hepaspelwinmbie 3apa4u

Eciu @GyHKIMSA, COOTBETCTBYIOIIAsA 3ajade, BbIYHCJIMMA, TO 3aja-
ya HA3BIBAETCS AJTOPMTMHYECKH Pa3pelIuMoi — IJIs €€ BhIYMCIeHHU s
MOJKHO HOCTPOUTH anropuTMm. Ecim onpenenéHHas B 3ajade QYHKIUA
HeBBIYUCINMA, TO AJITOPATMA AJIA €€ PellleHusd He CYIIeCTBYeT.

AnropuTMUYECKM Hepa3spelummas 3agava — 370 3aaya, CoOTBeTCTBYLWan
HEBbLIMUCNIUMON (PYHKUMHA.

B 1900 r. sa MexayuapogaoM mMaTeMaTHyeckoM koHrpecce B Ila-
puske uaBecTHbIM mMaremaruk lasuj 'manbepr chopmynauposan 23 He-
peméHHBIE MaTeMaTHdecKue mnpobieMsll. B 3HaAMEHHTOH «IecATOR
npobaeme I'mibbGepra» Tpebyercsa HAWNTH METOX, KOTOPBIA ITO3BOJAET
onpejeanTh, AMeeT M 3aJaHHOe ajrebpandecKkoe ypaBHEHHE C IeJbl-
Mu  koaddHUIMeHTAMH pelleEde B UeJblXx uuciax. Hanpuwmep,
yPaBHEHHe

x2+y3+2=0

HMeeT ABa IeJIOUMCIEHHBIX pemreHus, (5; —3) u
(—5; —3). C10KHOCTB COCTOANA B TOM, UTO Tpebo-
BaJIOCh HAWTH e€AUHLIH MeToZ (aJaropuT™m), IIO3BO-
JAKIONUA pPelIuTh 3ajady AJaA 200020 TaKoro
VDaBHEHUS CO MHOIMMH HEH3BECTHBIMU.

B mauase XX Beka OblIa YBEPEHHOCTb, YTO
TAKOUN aJITOPUTM €CTh, ¥ IO3TOMY €ro yIOpHO HC-
kanu. Ogaako B 1970 r. coBeTCKOMY MaTeMaTUKY
0. B. Matusicesuu 0. B. Maruscesudy yznanoch A0Kas3aTb, 4TO 00-

(pom. B 1947) Iero aJICOPUTMa peIlleHUs JTOH 3ajadyd He Cy-
IIecTBYeT.

Hemenxuit maremarur I'. B. Jleitouun 8 XVII Bexe Geaycmemino
NBITAJICA HAWUTH METOJ MPOBEPKH IPABUJIBHOCTH JIOOBIX MaTeMaTHYe-
cKuX yreep:kaeHuii. Kak BbI 3HaeTe, IIOYTH BCe MaTeMaTHUYeCKHe TeO-
PpUHM OCHOBAHBI HA HCHOJB30BAHUU aKcuoMm (IOJIOXKEeHHH, NpHHUMAae-
MbBIX 0e3 HOKA3aTeJbCTBA), M3 KOTODBIX BBIBOAATCHA BCE OCTAJbHBIE
yTBepaKIeHUuA (meopemot). 3amaua 3akaidanack B TOM, 4ToOBI paspa-
foTaTh aJTOPHUTM, IIO3BOJAKIIHA YCTAHOBHTH, MOKHO JIM BBIBECTH
dopmyny B us dopmynsl A B paMKax 3afaHHON CHCTEMBI AKCHOM

Ceifiuac OONBIIMHCTBO M3 HUX PEHIeHO [OJHOCTHI0 MJIM HACTHUYHO.




InemMeHTbl TeOpuM anropmMTMoB

(«npobaema pacno3nasanus avlgodumocmu»).
B 1936 r. amepukasckuit marematux A. Yépu moxa-
3aJ, UTO 9Ta 3ajaya 6 obwem ude aJIroOpUTMUUYECKH
Hepaspemiuma, II09TOMY HeJlb3ss c(HOPMYJIAPOBATH
YHHUBEPCAJbHBINA AJITOPUTM, NPUTOLHBLIH AJS AOKA3a-
TeJLCTBA JI060it TeopeMsr!.

Taxum o6pasoM, yTOYHEHHBIE OINpeJeJeHUA AJro-
PUTMa, OCHOBAHHBIE HA NOHATHUH YHHBEPCAJILHBIX HC-
IIOJTHATEJIeH, ChIrPAJM B HAYKe OYeHb BasKHYIO
POJIb — IIO3BOJIMJIM TOJYYHUTH OMPUUAMETLbHbLE pe-
3yJavmamet, T. €. JOKasaThb, UTO AJIOPUTMOB PEIIEHUS HEKOTODBIX
3a7a4 B 00IeM BH/le HE CYIeCTBYeT.

Jas Toro 4robel JOKa3aTh HEPaspPEeUIMMOCTL KaKoi-TO HOBOM 3aja-
4Hd, OBITAIOTCA CBECTH €€ K yKe M3BeCTHBIM aJIFOPATMHYECKH Hepaspe-
wuMbeIM 3agadyam. Ecam 2710 ymaércsa, sHAuuT, M HOBas 3ajada aJro-
PUTMHYECKH HepaspermmumaZ,

CymecTByior Takke 3aja4u¥, PO KOTOPble HEU3BECTHO, AJTOPHT-
MHAYECKH PaspeluMbl OHM HJIM HET — pellleHHe He HAWAeHO, HO AJIro-
PUTMHYeCKasa HepaspelInMOoCTh He JoKas3aHa.

AJITOPDUTMUYECKH HepaspelluMble 3aJa4d BCTPEYAIOTCH HE TOJILKO
B MaTeMaTHKe, HO ¥ B HH(pOpMAaTHKe, HAIPUMep IIPU pa3paboTKe mpo-
rpamm. OKasbiBaeTCd, HEBO3MOXKHO HAIMCATH IPOTPAMMY AJIS MALIK-
Hbl ThiOpUHTa (aAropuTM™M), KOTOpasA II0 TEKCTY J1000# nmporpaMMsr P u
€€ BXOJHBIM JaHHBIM X ONpeje/sieT, 3aBepIIaeTcs JH IporpamMma P
npu Bxozie X 3a KOHEYHOE YHCJIO INAroB WM 3aIllMKJINBAeTCH. DTO Tax
HaselBaemasa mnpobjeMa ocraHopa. Eé HepaspemuMOCThL O3HAYAET, B
9aCTHOCTH, YTO HEIb3s IMOJHOCTHIO aBTOMATH3WPOBAThH TECTUPOBAHUE
A06BIX IPOrpaMM, IOPYYMB 3TO KOMHObOTEpY. OZHAKO A HEKOTO-
PBIX KJIACCOB AaJOPUTMOB Npo6GjeMy OCTAHOBA PEIIUTE MOKHO.
Hanpumep, suHeiiHas nporpaMma, He COIepIKalas BeTBJICHHUIH
¥ IMKJOB, BCErZa 3aBepIIUTCH,

Bruro pokasaHo, WTO aJNropUTMHYECKH HepaspemuMma mpobaema
9KBHMBAJIEHTHOCTH: II0 JIBYM 3aJaHHBIM aJTOPHTMAaM OIpeJeuTh, 6y-
AYT JI¥ OHU BBIABATH OJWHAKOBBIE PE3YJIBTATHI JJIS JIIOOBIX JAOIYCTH-
MBIX HCXOJNHBIX AaHHBIX. CieloBaTeNbHO, HEBO3MOXKHO IIOJHOCTHIO

A. Yépu
(1903-1995)

1
Tem He MeHee OT/ieJIbHBIE KJIACCHI TeOpeM MOXXHO JOKA3BIBATHL HA KOMIIBIO-

Tepe.
Honycrum, uro (1) saxaua A Hepaspemmma u (2) ec/M MbI MOXEM IIOCTDPOUTH

aNropuTM JUIA PellleHus 3aja4uu 5, TO ¢ ero IOMOIIBI0 MOYKHO ITOCTDOUTE aJjl-
roputM pemeHus sagaum A. Torga sazaua B ToKe HepaspelInMa.




ANropuTMMYECcKun HepaspeluMmMslie 3aaaumn

ABTOMATH3WPOBATE pEIIeHWe MHOTMX BaKHBIX 3aJad, CBA3AHHBIX
¢ pa3paboTKoO IIporpaMm, HalpuMep:

® 110 3aZlaHHOMY TEKCTY IPOrPAMMEBI OIPEAEIHUTE, YTO OHA «JeJIaeT»;

e ONpe[esuTh, MPABUJBLHO Jii paboTaer mporpaMma OpH JOOBIX

JONYCTUMBIX MCXOAHBIX NAHHBIX;
e HaiTH OIMOKY B mporpamme, paboTaromieil HeIpaBUJIBHO.
ITosToMy nipu oTJIafiKe IPOrpaMMbl GONBIIYIO POJIb UIpaeT MHTYH-
nu#a. ITomoraioT (HO He pemraiT npobJjieMy ITOJHOCTHIO!) cTaHZAPTHEIE
IPHEMEI, ITO3BOJIAIONIHAE HANTH OHNIUOKY:
e cpaBHEHWeE pe3yJbTaToB paboThl IpPOTPaAaMMBI C pe3yJbTaTaMu
PYYHOI'O CUETa;

® BKCIEPUMEHTHI ¢ IIPOTPAMMO HNPH PA3JIMYHBIX MCXOJAHBIX JaH-
HBIX IS TOrO, 4TOOBI BEISABUTH 3aKOHOMEPHOCTH IIOSABJICHUS
omuboK;

® BpEeMEHHOE OTKJI4YeHue (KOMMEHTHDOBAaHHE) YacTeil Iporpam-

MBI ¥ JD.

ITocKkonbKY MHOTHE 3Tambl pa3paboTKU IporpaMMHOro obecrede-
HUSA B IPUHIIAIIE HEBO3MOKHO IIPEJCTABUTh B BHJE AJTOPHUTMOB, IPO-
rpaMMupoBaEue ocraércsa paboroir uyesoBeKa. IToMHOCTBIO MOPYYUTH
ero KOMIILIOTEDPY He YAaéTcsi, XOTs pellleHHe HeKOTOPBIX 3alad BCE ke
MOX<HO ABTOMATHU3UPOBATE.

Bonpocsbl n 3agaHusa

1. Yro Tarkoe BeraucauMas pyHKIuAa?

2. IIpuBeauTe IpUMEpP HEBEIYHCIHUMON PYHKIIUH.

3. Uro Tarkoe anropuTMHUYEeCKH Hepaspemumsie 3agauu? IIpuseanure mssecT-
HBI€ BAM IIPHMep.I.

4. Yro Taxoe npobiaema ocranopa? KakoBbl eé cieicTBUA?

5. Yro raxkoe npobieMa SKBUBAJIEHTHOCTH?

6. Kax MOMKHO J0OKasaTh aJropuTMHYECKYI0 HepaspelruMocTh HOBOH 3a-
paqu?

3apaquv

1. B xauecTBe JOKA3ATEeNLCTBA TOrO, YTO claeAyiomas (GyHKIHA BEIYHCIAMA,
HanHUIIUTe nporpaMmy s mamuHsl [locra.

f(n) ={

1, eciu n — 4€THOE;

0, ecsiu n — HeudTHOE.

&

V)




AnemMeHTbl Teopun anropuTMos

2. Noxaskure, yro cuexpyomas GYHEKIUA BEIYHCIAMA:

1, ecnu n genurcs Ha 3;
f(n) ={

0, ecin n He nenuTcH Ha 3.

B kauecTBe nOoKasaTenbCTBa HANMIINTE MPOrPAMMBI JJIs MamuH ThiOpHH-
ra u Ilocra, a Tak:xe HAM.

*3. IlepBoii 3agaveil, HepPa3peIIUMOCTs KOTOPOH OBLIA JAOKaszaHA, ObLIA IPO-
6iemMa caMONPMMEHHMMOCTH: 10 3aJaHHOMY TEKCTY IporpaMmsl P onpeje-
JIUTH, OCTAHABJIMBAETCA JIM mporpamMma P, eciau eif Ha BXOJ HMOJATH TEKCT
aroit ke mporpammsl. Jloxaskmre, 4TO mnpob6ieMa OCTAHOBA CBOAUTCH K
npobineme caMONPUMEHMMOCTH (MMEHHO TaK M ObLIa JOoKasaHa Hepaspe-
IIMMOCTE NpobjieMbl OCTAHOBA).

§ 36
CnoXXHOCTb BbIYUCNIEHUNA

YT0 TaKoe CHOKHOCTH BEIYUCICHMI?

IlerTpanpHaa 3ajaya TEOPUH AJTOPUTMOB — BBIACHHUTH, CYIIIECT-
BYET JIK aJITOPUTM pelleHHudA TOH MiaM uHOit 3amauun. Eciau cyiecrsyer,
TO BOBHMKAET CJeAYIOIMUN BOIIPOC: & MOYKHO JIM UM BOCIIOJIL30BATLCHA
Ha IpakTHKe, IPDA COBPEMEHHOM YDOBHE Pa3BUTH A BBIYMCIHUTEIHHOI
rexHuKu? To ecTh crocoGeH U KOMIbIOTED 3a IPUEMJIEMOe BpeMs I0-
JYy4uTh peaysbTar? Hanpumep, B urpe B MIaXMaThl BO3MOKHO JIHIIb
KOHEYHOE KOJIMYEeCTBO MO3UIUN W, 3HAYHT, TOJBKO KOHEYHOE KOJIH-
YecTBO PAa3NHYHBIX napruii. ClefoBaTeNbHO, TEOPETHUECKH MOMKHO
nepe6paTh BCe BO3MOXKHBIE NAPTUH M BHIACHUTH, KTO MobexKaaeT npu
NPaBUJILHON HMrpe — OGenble uiau uépHbie. OJHAKO KOJMUYECTBO BapH-
aHTOB HACTOJIBKO BEJIHKO, YTO COBPEMEHHBLIE KOMIILIOTEPHLI HE MOTYT
BBITIOJTHUTE TaKOH mepebop 3a mpuemMyieMoe Bpems.

Yro MBI XoTHM OT ajgropurma? Bo-mepBbix, 4TO6BI OH paboTan Kak
MOKHO OpIcTpee. Bo-BTODBIX, 4TOOBI 00'bEM HEOOXOAMMOM MaMATH GBI
KaK MOYXHO MeHbIe. B-TpeTbHX, 4TOOBI OH OBLI Kak MOKHO 6Gojee
IpoCT M NIOHATEH, YTO NO3BOJAET JIerde OTJIAMKHUBATE NPOrpaMMYy.
K coxxanenuio, aTu TpeGoBaHUSA IPOTUBOPEYNBLI, U B CEPLE3HBIX 3aja-
JyaxX peAKo yAaércsad HAWTH aJropuT™M, KOTOPHEIA Obln OBl Jydie
OCTAJIBHBIX IO BCeéM IMOKAaA3aTeJIdAM.




CnoXXHOCTh BbIMMCNEHUN

YacTo TOBOPAT O BPEMEHHOU CA0NHCHOcmu anroputMma (6b.ecmpo-
deiicmaeuu) 1 nPOCMPAHCMBEHHOU CAOHHOCMU, KOTOPad OIpeJeaeT-
csi 00béMOM HeobxoguMou namATH. IJOCKONBKY MaMATHL IOCTOAHHO
Jemeseer, a OBICTPOJEHCTBHE KOMIBIOTEPOB PACTET Me[JIEHHO, MBI Oy-
JeM paccMaTpPUBATh IJIABHBEIM 06pa3oM BPEMEHHYIO CJIOKHOCTh — Bpe-
MsA BBIIIOJIHEHHA IPOTrPaMMBbI, paGoTarlei 1o JaHHOMY AJI'OPUTMY.

B o6mem ciy4ae, rOBOPA O CIOKHOCTH QJINOPUTMa, HYIKHO yTOY-
HUTH, 0 KAKOM HCIOJIHUTEJe UAET peub, KaKWe djieMeHTapHEIe onepa-
IUHA MBI ACIIOJb3yeM. Kak mpaBuUio, 9TO OAWH U3 YHHUBEPCAJIbHBIX MC-
noJHHTeNell (BO MHOTHMX cCJydadXx YHUBEDPCAJbHBIM HCIOJHUTEJIEeM
MOKHO CYUTATh KOMIBIOTEp). BpemeHneM pabGoThl ajJropuTMa Ha3blBa-
eTcs KOJIMYECTBO BBINOJHEHHBLIX MM dJeMeHTapHbIx omepanuit 7. Ta-
KON IOAXO0J ITO3BOJSAET OIeHUBATh UMEHHO KauecTBO aJIrOPUTMA, a He
CBOMCTBAa MCIOJHUTENA (Hanpumep, ObICTPOJeMCTBME KOMIIBIOTEpa, Ha
KOTOPOM BBINIOJIHAETCHA AJTOPUTM).

Kak npasmino, BenmumHa T OyxerT cCyLIieCTBEeHHO 3aBHCEThL OT
00'béMa MCXOMHBIX JAAHHBIX: IOUCK B cunucke u3 10 sjreMeHTOB 3aBep-
muTes ropasno 6wictpee, yem B cnucke us 10 000 anemenTtos. IloaTo-
MY CJIOXXHOCTH AJrOpuTMa OOBIYHO CBA3BIBAIOT C PA3MEPOM BXOJHBIX
JaHHBIX n ¥ omnpexensioT Kak ¢yuxnuio T'(n). Hanpumep, ans anro-
puTMOB 00pabOTKY MACCHUBOB B KAQueCTBe pasMepa 71 MCHOJb3YIOT JIJIH-
ay maccuBa. ®yuaknus T(n) HaszpiBaeTCcsa BpeMEeHHOH CIOKHOCTBIO aj-
rOpPUTMA.

IIpumepsr

PaccMOTpMM AQJITOPUTMBI  BBLINOJHEHUS DPASJHUYHBIX ONepamuii
¢ MacCUBOM A JJHHBI 77, KOTOPHII MOKeT ObITH 06BABJIEH B Iporpam-
Me Ha IMKOJBHOM AJIFOPATMUUYECKOM fA3bIKe KaK

nenrad A[l:n]

IIpumep 1. TpebyeTcs BHIUMCIUTL CYMMY IE€PBBIX TPEX 2JIeMEHTOB
maccuBa (mpu n = 3).
Perrenne aTOM 3aja4u COAEPIKUT BCET'O OJAMH OIEpPaTop:

Sum:=A[1]1+A[2]+A[3]

3TOT AJTOPUTM BKJIIOYAET [Be ONEepaIlHuy CJIOXKEHHA U OJHY omepa-
IIAIO 3aliCH 3HAYEHUA B IaMATH, IIO3TOMY ero cjoxHocts T'(n) = 3 He
38BUCHT OT pasdMepa MaccuBa BooOIe.
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INeMeHTbl TEOPUU aNirOPUTMOB

IIpumep 2. TpeGyeTca BEIYUCIUTL CYMMY BCEX 2JIEMEHTOB MACCHBA.
B aroii 3agaue ysxe He oboliTHCh Oe3 MUKIA:

Sum:=0

H gus 1 or 1 mo n
Sum:=Sum+A[i]

K11,

31ech BBINOJHAETCA 7 ONEpPaIUil CIoKeHus U n + 1 omepanuii 3a-
oMcH B mamATs!, mostomy ero caoxxsoctk T(n) = 2n + 1 Bospacraer
JHHEHHO ¢ YBeJIUYeHHEeM AJIMHELI MaccuBaZ,

IIpumep 3. TpebyeTca oTcOPTHPOBATL BCE 3JIEMEHTHI MACCHBa IIO
BO3PACTaHHUIO METOAOM BEIOOpA.

HamomauM, 4To MeToZ BbIOOpa NpeAmONAraeT HOMCK HA KAasKIOM
miare MHUHMMAJIbHOTO M3 OCTABIIMXCA HEYIOPAZOYEHHBIX B3HAYEHUH
(3mecs i, j, nMin u ¢ — ueJoUYnCIeHHBIE IepeMeHHEbIe):

HO ang 1 or 1 mo n-1
nMin:=i;
HU anst j or i+l mo n
ecm A[j]<A[nMin] mo nMin:=j Bce
KL
ecnu nMin<>i wo
c:=A[i]; A[i]:=A[nMin]; A[nMin]:=c
BCe
K1Y

Ilopcumraem OTAeNIbHO KOMM4YecTBO cpaBHeHHMH T (n) W KoJWYecTBO
nepectaHoBok T (n). KosmyecTso cpaBHenuii He 3aBUCHUT OT JAHHBIX U

ompeAeasAeTcA YHCJIOM IIAroB BHYTPEHHErO IMHUKJIA:
nn-1 1 1
T(n)=(n-1)+(n-2)+..+2+1 =—=§n2 i
Hucno mepecTaHOBOK 3aBUCHT OT JaHHBIX. Hanmpumep, eciu mac-

CHB YK€ OTCOPTHMPOBaH B HYXXHOM IIOpAJKe, IEDECTAHOBOK He Oyaer
BooGmie. B xyamem cayuae Ha KaskKA0M IIare OCHOBHOTO IIMKJIA ITPOHMC-
XOJHT IlepecTaHOBKA, BCEro uX Oyaer Tp(n) =n - 1.

1
3xece U gasiee AJs YIPOIIEHHA BHIBOJOB MBI He YYNTHIBAEM KOMAH/EI, He-

of6xoxuMEele I OPraHM3AMH IHKJA, IOTOMY YTO IOpU GOJBINMX N BpeMs
HX BBINOJIHEHHA OYEHbL MAaJI0 B CPABHEHWH CO BPEeMEHEeM BhINOJHeHHSA
OCTANBHBIX ONEPATOPOB.

IIpeanonaraercs, 94To CAOMKEHHE JIIOOBIX JABYX 4YMCes BBINOJTHAETCHS ONHHA-
KOBOE BpeMs.




CnoOXHOCTb BbIYUCNEHUN

Y7o TaKkoe aCHMIOTOTHUYECKAA CJIOKHOCTH?

HonycTuM, 4TO HYXHO BhIOpATH MeXAY HECKOJIbKUMH aJIrOpUTMAa-
MH, KOTOPbIe MMEIOT PasHyIo CJI0KHOCTh. Kakoil 3 Hux jydme (pa6o-
Taer ObicTpee)? OKaswpIiBaeTcs, AJIs ITOr0 HeoOXOAWMMO 3HATH pasMep
MaccuBa JaHHBIX, KOTOpble HYsKHO obpabarbiBaTh. CpaBHHMM, HAIpu-
Mep, TPH AJITOPHUTMA, CJIOMKHOCTH KOTODPBIX

T,(n) =10000 - n, Ty(n)=100-n2, Ty(n)= nd.

Ilocrpoum aTu 3aBucuMocTu Ha rpaduxe (puc. 5.8). IIpu n < 100 no-
ayuaem T3(n) < Ty(n) < Ty(n), npu n = 100 Kosm4ecTBO omepanuit
OJd BceX TPEX AaJrOPUTMOB COBIAJAET, a4 HpH OOJBIINX N HMeeM
Tg(n) > Ty(n) > T(n). d

OGbIYHO B TeopeTwuecKoiét mHbopma- 7 4 !
TUKe IIPA CPABHEHHUH AJTOPUTMOB HC-
MONB3YeTCA HMX ACHMIITOTHYECKAS CJIONK-
HOCTB, T. €. CKOPOCTh DPOCTA KOJIMYEeCcTBa
ornepanuil mpu OOJBIINX 3HAYEHUAX 7.
IIpu »srom Banuce O(n) (uuraercd
«0 Goapiroe ot n») obosHaUaer, UTO, Ha-
ypHasg ¢ HEeKOTOPOro 3HAYeHUSA N = Mg,

sy

KOJHWUYEeCTBO OIepaluii orpaHuyeHo pyHK-

el c-'n rme ¢ —  HeKoTopad

o O p Puc. 5.8
KOHCTAHTA:

T(n)<c-n pnan 2 n,.

Taxue alrOpuTMBEI UMEIOT JHHEHHYIO CJIOKHOCTH, T. €. IIPH yBe-
JAYeHHuN pasmepa gaHHbIX B 10 pas o0pEM BEIUHCIEHUNH yBeJIWYUBaeT-
ca Toxke npumepHo B 10 pas.

Ilyers, manpumep, T(n) = 2n — 1, Kak B aIropuTMe MOUCKA CYyM-
MBI 9J1eMeHTOB MaccuBa. OueBngHO, uTo npu atroM T'(n) < 2n ansa Bcex
n > 1, mo3ToOMy aJrOpUTM MMeeT JUHEHHYIO CJI0KHOCTh.

MHorye u3BeCTHbIE AJNTOPUTMEI HMEIOT KBaJAPATHYHYIO CIIOKHOCTh
O(n?). 9To 3HAYUT, YTO CJIOMKHOCTH AJrOPHTMAa OrpaHnmYeHa QyHKIueR
¢+ n2:

T(n)<c-n?pananzn,.

IIpu aroM ecinu pasMep AaHHBLIX yBeaudusBaerca B 10 pas, To Ko-
JAYECTBO omepanuii (1 BpeMsl BBINOJHEHW ) YBeJUIUBAETCA IpUMep-
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AnemMeHTbl TeOpUUu anropuTMoOB

HO B 100 pas. IIpumep Taxkoro ajropaTMa — COPTHPOBKA METOILOM
IpAMOTro BbIOOpA, A KOTOPOM YMCJIO CPaBHEHHUH

1 1 1
T.(n)==-n2 -—n<=-n? pus Bcex n > 0.
(™) 2 Ry ks

ANropuTM MMeEeT acuMnToTUYecKyr cnoxHocts O(f(n)), ecnu Hanpéres Ta-
Kasi NOCTOAHHAA ¢, YTO Arnsi BCEX N = Ny BuINonHsercs ycnosue T(n) < c - fin).

9TO 3HAYHUT, UTO HPU N > n, rpapuK - ;
dbyHKDUHA c - f(n) upér BeINIE, yeM rpa- ¢ f(n)}
buk byaxnuu T(n) (puc. 5.9). 3

Ecnu xonuyecTBO omepanuii He 3a-
BHCHT OT pa3Mepa AaHHBIX, TO I'OBOPAT,
4TO0 CJOXKHOCTH ajropurma O(1), T. e.
KOJIMYECTBO OIlepanuil MeHbIIe HeKOTO-
POl HOCTOAHHOU ITPH JIOOBIX 7.

CyliecTByeT Takske HEMAaJo aJro-
PUTMOB C KYOMYECKOH CJIO}KHOCTBIO —
O(n3). Ilpu GonbIIMX 3HAYEHUAX N AJ- Puc. 5.9
TOPUTM € KyOHMUECKOH CJIOMKHOCTBIO Tpe-
6yeT OoJIbIIIEro KOJIWYECTBA BHIYUCIIEHUH, YeM AJTOPUTM CO CJIOMKHOC-
t610 O(n?), a TOT, B CBOIO OuYepeAb, PabOTAET JOJbIIE, YeM AJITOPUTM C
JUHEHHOHN CJI0KHOCTHIO. 3aMeThTe, UTO NIPHA MAJLIX 3HAYEHHAX N BCE
MOKeT OBITh HA0BOPOT; ATO 3aBHCHUT OT IIOCTOAHHON € AJA KaKIOTO U3
aJIrOPUTMOB.

W3BecTHBI M AJTOPUTMBI, I KOTOPBIX KOJHWYECTBO OIeparuii
pacTér ObicTpee, 4yeM J000il HOJIMHOM, Hampumep kKak O(2") uam
O(n!). OHM BecTpeualoTcsi yalmie BCEro B 3afadaX ONTHMMIAIMU, KOTO-
phIe pelrarTesa TOJbKO MEeTOAOM IOJIHOTO Iepebopa. CaMas usBecTHas
3ajada TaxKoro TWIa — 3TO 3ajadya KOMMHBOAKEpa (Opoasdero Top-
rOBIIa), KOTOPBIA JOJIKEH IIOCETHUTH II0 OJHOMY Pasy KasKAblil M3 yKa-
3aHHBIX I'OPOJOB U BEPHYTHCHA B HAYANBHYIO TOUYKY. [l HEro Hy3KHO
BEIOpaTE ONTHMAJIbHBIH MAPHIPYT, IPH KOTOPOM CTOHMMOCTE IOE3AKH
(nan obmasa auHa nyTH) OyaeT MUHUMAIBHOM.

Emé oxue npuMep CIOKHON 3ama4d, KOTOpAas penIaeTcid TOJLKO
IIOJIHBIM I1epefopoM BceX BapHMAHTOB, — 3aJada BRINOJHUMOCTH. [[aHO
JIOTHYECKOe BBIpa)keHHe, KOTOpOe COJAEpPKHT TOJBKO HMeHa Jioruye-
CKHX IIepeMeHHBIX, CKOOKH, a Takike onepanuu «W», «MAJIHW» u «HE».
Tpebyerca ompenenuTs, CyumiecTByeT Ju HAGOP 3HAUEHHN JIOTMYECKUX
IepeMeHHbBIX, IPH KOTOPOM 3aJaHHOE BhIPpAYKEeHUEe MCTUHHO.




CnoXHOCTb BblYUCNEHUA

AJII‘O])HTMH IOHCKa

CpaBHHM BBIYHUCIHUTEJNBHYIO CJIOMHOCTH [ABYX HauboJsiee HM3BeCT-
HBIX aJIT'OPHUTMOB IIOHCKA.

IIpumep 4 (uHeHHBIH Mouck). [laH MaccuB, B KOTOPOM 3JI€MEHTBI
pacroJio’KeHbl B IIPOMU3BOJIBHOM mnopsaake. Tpebyerca HaWTH B HEM 3a-
HaHHOe 3HaueHue X WA COOBIIUTH, YTO €ro HerT.

Penrerue 2TOH 3a7a4y CBOAUTCA K IIOCJEAOBATEJBHOMY IIPOCMOT-
PV BCeX 3JIEeMEHTOB MacCHBa:

nX:=0
HII ana 1 or 1 mo n
ecimm A[i]=X wo
nX:=1i
BHXOQX
BCe
K13
ecmu nX>0 o
BeBOO "A[", nX, "]1=", X
uHaue
BHBOHO "JnemMeHT He HaumeH"
BCe

B arom anropurMe YHCJI0 CpaBHEeHHMH (B XyJuieM cJjydae) paBHO
T(n) = n, 10TOMY OH HMEET JUHEHHYIO CIOKHOCTE.

IIpumep 5 (xBomuHbIi mouck). JlaH MaccuB, B KOTOPOM 3JIeMEHThI
YIOpANOYeHbl IO Bo3pacTanuioo. TpeOyerca HailTHM B HEM 3aJlaHHOE
3HayeHue X MJIMA COOOIIUTH, U9TO €Tr0 HET.

Ilo cpaBHeHUIO C HpeABIAYINEH 3azadeil, dJIeMeHTHI MacCHBa OT-
COPTHPOBAHBI, ¥ 9TO YCKOPSAET pelleHHe, IOTOMY YTO MOYKHO IIpHMe-
HHATH METOJ] ABOMYHOTO IOUCKA (ZUXOTOMHHM):

L:=1; R:=n+l
Hi noxka L<R-1

c:=div(L+R, 2) | mmm c:=L+div(R-L, 2)
ecnu X<A[c] To
R:=c
MHa4Ye
L:=c
BCEe

KII,




AneMeHTbl TeOpUM aNropuTMoOB

ecim A[L]=X wo

eaBOR "A[", L, "]1=", X
MHa4de

BRIBOL "3JJeMeHT He HanineH"
BCe

ITonpo6Gyem omnpenennTh, CKOJIBKO pPa3 BBIMOJHAETCS OCHOBHOM
IUKJ OpY ABOMYHOM mnoucke. CHavajia IIMpUHA HHTEPBAa IIOUCKA —
BCe 71 3JIeMeHTOB MaccuBa. Ha KajKJOM Iare sTOT MHTEPBAJ AEJTHTCS
Ha 2, ImpoIecc 3aBeplIaeTcd, KOrja JieBad W IpaBasd I'DaHUILI MHTEP-
Baja cosnaayr. IIpeAnosnoKuMM, YTO YHCJIO 2JIEMEHTOB — 3TO IleJasd
CTelleHb ABOHMKH, T. €. n = 2™ Torpa 3a m maroB MIMpUHA UHTEPBAJA
cyskaerca m0 1, a Ha cJaeAyiOINeM IIare ero TPaHMIBl COBIALYT,
¥ IUKJ 3aKOHYUTCA. Takum 00pasoM, KOJHMUECTBO IIAroB IMKJA paB-
HO m + 1. VI3 paBeHcTBa n = 2™ nosydyaeMm m = log, n, Tak 4To

T(n) =log, n + 1.

Hanpumep, npu n = 216 pureiinsrit mouck morpebyer B XyAIIEM CIy-
yae 216 = 65 536 cpasHenwuii, a ABoMuHLIA — Bcero 16 + 1 = 17 cpas-
HEeHWH,

Takum o6pasom, aJrOpUTM JBOWUYHOIO MOMCKA MMEET ACHMIITOTH-
geckyio cyoxxkHOCTE O(logn). OcHoBanme morapudma OOBIUHO HE YKa-
3BIBAIOT, IIOTOMY 4TO BeIpaskeHus log, n u log, n pasnugaiorca Ha mo-
CTOAHHBIH MHOMKHUTENb (KOTOPBIA MOYKHO BKJIIOYHUTL B HOCTOAHHYIO C):

log n=~—1—-log n.
¢ log, a b

Mo:xHO UM CKasaTh, YTO AJATOPHUTM JBOMYHOIO HNOMCKA JIydIle aj-
ropurMa JuHeiHOro moucka? Her! Beap anropurM JTMHENHOrO mouckKa
IPHMEHUM K JIIOOBIM MaccuBaM JaHHBIX, & AJTOPUTM ABOMYHOIO IIO-
HCKa — TOJIBKO K YIOPAAOYEHHBIM (OTCOPTUPOBAHHBIM). A €ClIH MBI
CHadJaJja OTCOPTUpPYeM MAacCHB, & IIOTOM IPHUMEHHM K HeMYy JABOWYHBIH
IOKCK, TO 00iee Bpemsa paborel Oymer OoJbIlle, YeM NPH JHHEHHOM
IOUCKE.

Curyanus MeHseTCs, €CJM HaM HYXXHO MHOTOKPATHO BBINOJHATH
olleparyio MOMCKAa AJA OAHHMX M TeX »Ke JaHHBLIX (TaK, KaK IPaBHJO,
obIBaeT pu pabore ¢ 6asamu jgaHHBIX). Torza mmeer cMmbICJ 3apaHee
OTCOPTHPOBATE MaccHUB (IPUMEHHTEL IIPDEJABAPHUTENBHYIO 00paboTky
JAaHHBIX), a 3aTeM, HWCIOJb3ysA JBOWYHBLIA MOWCK, OKOHOMHTH BpEMSA
IpH KarKA0M HOBOM IIOMCKOBOM 3aIlpoce.




CnoOXHOCTb BbIMUCNEHUA

ANropuTMBEI COPTHPOBKH

Panee MBI mpoaHAMU3UPOBANKM OAWH M3 IPOCTHIX METOAOB COPTH-
POBKHM MAacCHMBOB — METOJ, IPAMOro BbIOOpa M BBIACHWUJIH, YTO €ro
acuMnroTuyeckas ciokHocTh O(n?). IloBTOopMM aHANM3 JAJS METOJA
ny3BIpbKa, KOTOPBINA TaK:Ke nayuascsa B 10 xaacce:

HO gnsg i or 1 mo n-1
HO anss j or n-1 mo i mar -1
ecim A[j]>A[j+1] wo
c:= A[j]l; A[j]l:= A[j+1]; A[j+1l]:= c;
BCE
KIL
K

Ha mepBOoM miare OCHOBHOIO I[MKJIA BEIIOJHAETCA n — 1 Iaros
BHYTDEHHEro HUKJa, T. €. n — 1 cpaBHeHui. [lamee KoaudecTBO CpaB-
HeHWH yMeHbIIaercsa Ao 1, Tak uro ofljee KOJHYECTBO CpaBHEHHH
PaBHO:

T(n)=Mn-1)+(n-2)+...+2+1 :M:lnz —ln,
2 2 2
TaK JKe KaK M y aJropaTMa npsamoro Beibopa. B To ke BpeMaA B XVyA-
ImeM cJjydae NpPH KasKJ0M CPABHEHUH BHINOJHAETCHA IIepecTaHOBKA,
uTo Tpedyer

Tp(n) =3.n(n—_1_).=§n2 _:_3.n
2 2 2
omepanuii IpucBamBaHWA. Takmm o00pasoM, 3TOT aJIFOPUTM MMeEeT
ACHMIITOTHUYECKYIO CI0XKHOCTh O(n?) Kax 0o 4YHMCJIy CPaBHEHUH, Tak
¥ 110 YUCJY IPHUCBAMBAHUM.

CymiectByioT 11 6osiee a(heKTHBHBIE CODPTUPOBKH, HMeKIue, Ha-
npuMep, JUHEHHYIO CI0KHOCTE? Jla, AIA HEKOTOPHIX OCOOBIX CJIydYaes
cyimecTByoT. Hanpumep, eciu M3BECTHO, YTO BCe 3HAUYEHHUA MCXOIMHO-
ro MaccHBa HAXOUATCA B HMHTepBase oT 1 A0 HEKOTOPOro 3HAYEHUHA
MAX, MOXXHO HMCIIOJIb30BATH COPTHPOBKY nojcuérom. Ins sroro Bhife-
JAsieTcs JONOJHHUTEJNbHBIA MACCUB CUETUNKOB:

uenrad C[1:MAX]
KOTOPBI#A IIpeABAPUTENIEHO O0HYIAETCH:

HU ansg i or 1 mo MAX
C[i]:= 0
KIg,




OnemMeHTbl TeOpuu anropuTMoOB

3aTeM B IIMKJe IPOXOAUM BeCh MACCHB C AAHHBIMH M JJIA KAMXKIOrO
anemeHnTa A[i] yBenuuuBaem cuéruuxk C[A[i]]. Hanpumep, ecam
A[i]=20, cuérunk C[20] yBeauuuBaercs Ha 1. IToc/ie OKOHUAHUS TUK-
Ja B KaxkaoMm cuérunke C[i] HaxoguTCsa KOJIHUYECTBO 3HAUEHHH HCXOJ-
HOI'O MacCuBa, PaBHBIX i.

HO onss i or 1 mo n
CI[A[i]]:=C[A[i]]+1
K1,

Teneps ocTaéTcss pacCTaBUTh YHCJIA B MAaCCUBe A B HY’KHOM KOJHUYECT-
Be. Hanpumep, ecan C[20] = 5, B MaccuB A 3anmuchIBAIOTCH IIOCJIEHO-
BaTeJIbHO 5 3HaueHMH, paBHBIX 20:

k:i= 1
HO ansg 1 or 1 mo MAX
HO aast j or 1 mo C[i]
Alk]:=1i
k:=k+1
KL
K1y,

ITonpo6yem mojcYMTaTh KOJHMYECTBO ONepanMil AJIS 3TOTO AJIrO-
purma. 3anonHenme maccuBa C Hynamu Tpebyer MAX npucsausa-
Huil. [TuKI moACcYéTa 9/IeMEHTOB COAEPIKUT 7 CIOKEeHMH U MpUCBAUBAa-
HHUi, T. €. ero CJI0KHOCTb — JuHelHad, O(n). HakoHen, mociaemumit
BJIO}KEHHBIH [UKJ BBINOJHAET TaKKe 7 CIOKEHHH M NpUCBaMBaHHUA
(o 4mucay aneMeHTOB MaccuBa A), MO3TOMY AJTOPHTM B IEJIOM HMEeT
JHUHEHHYIO CI0KHOCTD TI0 7.

OxHaxko HYXHO YYUTHIBATH, YTO NPUHIUIIMAJBLHOE YCKODEHHE aj-
TOpUTMAa B CDABHEHMH C NPEeAbIIYIIUMHE IIOJYYEHO 3a CYET TOro, YTO:

¢ BCE 3Ha4YeHHUdA — IleJible YHCJIa B OTPAHUYEHHOM JHamasoHe;

® €CTh BO3MOKHOCTEH MCIIOJIb30BATH JOIOJHHUTEJIbLHEIA MACCUB pas-
mepoM MAX, KOTOPBIf MOKeT 3HAYUTENIHHO NPEBHIIATEH pas-
Mep HCXOZHOTO MAacCHBAa.

31ech MPOSABIAETCH KOMIPOMHUCC «CKODOCTh — IAMATb», KOTO-
PBIi IPHCYTCTBYeT BO MHOI'MX 3aZadax: YCKODeHHEe AJrOPUTMa BO3-
MOJKHO 3a CYET HUCIOJIb30BAHUA JOIOJIHUTEILHON NaMATH ¥ HaoGopoT,
9KOHOMHA NaMATH OPHBOAUT K 3aMelJIeHUI0 paboThl aaropuTMa.




CnoXHOCTb BbIMUCIIEHUN

IoxasaHo, 94TO B 00IeM ciydae BEIYMCIHUTEJbHAA CJIOMKHOCTH COP-
THPOBKHM, OCHOBAHHOH TOJBKO Ha MCIOJB30BAHWH OIepanuil «cpas-
HHATL» M <«IIepeCTaBUThL», He MOoKeT ObITh MeHbine, uem O(nlogn).
MMeHHO TAKYIO CJI0KHOCTH MMEIOT, HaIpUMep, COPTHPOBKA CIHAHHEM
(anryu. merge sort) u nUpaMuaIbHAs cCOPTHpPOBKa (aHra. heap sort),
KOTOpble TIPUMEHATCA npu pabore ¢ Gonbmumu HabGopaMu JaHHBIX.
BeicTpas coprupoBka (aHri. quick sort), Koropasih wu3ydajach B
10 xmacce, B CpeflHEM ToKe uMeerT cJoXHOCTH O(nlogn), omHako
B XyAmIeM ciydae (Korga Ha KajKJOM IIare MacCHB JIeJIUTCS Ha JBe
YacTH, OZHA M3 KOTOPBIX COCTOMT M3 OLHOTO sJeMeHTa) Tpebyercsa
0O(n?) o6meHOB,

Bonpocbl u 3apaHus

1. Kakue KPUTEDUH MCIOJBIYIOTCH JJIS OLEHKH KAauecTBa aJropuTMos?

2. ITouemy cxopocTb pPaGoTHI AJITOPUTMA OIEHHBAETCH HE BPEMEHEM BBINIOJ-
HEeHHA, a KOJHYIECTBOM dJIeMeHTAPHBIX Oomepammii?

3. Kax yuuThIBaeTCA pasMep MAHHBIX IPHU OIlEHKe CKOPOCTH ajropurma?

4. Yro osmauator samucu O(1), O(n), O(n®) u O(2")?

5. B kakux ciaydyasx ajJrOPUTM, MMEIOIHH acHMITOTHYECKYIO CJIOKHOCTH
O(n®), moxer paborars ObICTpee, 4eM A&ATOPHTM C ACHMITOTHYECKOH
caoxHOCTEIO O(1)?

3apaum

1. OumennTe KOJUYECTBO ONEPAIMil JJIf aJropUTMOB:
a) moHMcKa BCeX JesuTeNiell uucia;
6) HaxoXAeHWs MHHUMAJTBHOTO M MAKCHMAJIbHOrO 3/IEMEHTOB MaCCHBA;
B) omnpejeleHUs KOJHYECTBA IOJOKHUTEJIbHBIX 3JIEMEHTOB MaCCHBAa;
r) OpoBepKH YHCJia Ha MPOCTOTY.
B xaIoM ciiyuae omAiuIuTe HaGOp HMCIOJb3yeMBIX 3JIEMEHTAPHBIX oIepa-
nuii. OnpegeauTe aCUMITOTHYECKYIO CIO0MHOCTh 3THX aJITOPUTMOB.

%2, TIpeaiosKUTe AJITOPUTM, NO3BOJNAIOMIMI HAWTH W BHIBECTH HA 9KpaH Te
CHMBOJIBI, KOTOpPbIe BCTPEYAIOTCS B CTpoKe Gosee oxHoro pasa. Omenure
ero ACHMIOTOTHYECKYIO CJIOMHOCTE.

%3, AndaBuT A3BIKA IJIeMeHH «TyMmOa-tomba» comepxuT k cumsoyos. Ilpex-
JIOKHUTE AJTOPUTM MOCTPOEHHA BCEX BO3MOXKHBIX CJIOB 9TOr'0 A3BIKA, MMe-
IOIMIUX AJUHY N CHMBOJIOB, ¥ OIEHHTE €ro ACHMITOTHYECKYIO CJIOKHOCTE.
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§ 37
Hoka3aTrenbCTBO NpPaBUNbHOCTU NporpamMm

Kak nokasaTs mpaBHIBHOCTH NMPOrpaMmsi?

Kax mpasuio, mporpaMmMucT paspabaTsiBaeT IporpaMMy Ha 3aKas,
U OoT Hero TpebyeTcs He TOJBKO HAIIMCATHL KOJ, HO W yOeAUTLCH, 4TO
Kox paboraeT NpaBWIBHO, T. €. B COOTBETCTBMM C TpeOOBAHUAMH
3aKas34YmMKa.

OueBHAHO, YTO ecaM NporpaMMa BBIJAéT HEBEPHBIA pDe3yJbTaT
XOTsi OBl AJIAA OJJHOrO BapHMaHTa BXOAHBIX AAHHBIX, MOMKHO Cpasy CKa-
3aTh, YTO OHA HEKOPPEKTHA, T. €. COAEPKUT OIIHUOKM.

CroxxHee I0Ka3aTh NPABUJILHOCTL NIPOTPAMMBI — YOEAUTHCH, 4TO
OHa BBIJJae€T BePHBbIE Pe3yJbTAThl IPH JIOOBIX JOMYCTHMBIX BXOJHBIX
AaHHBIX. IIporpaMMHCTHI-IDAKTHKH [JIsi PelleHud 3TOH 3ajadu HC-
NIOJIB3YIOT TECTHPOBaHHMEe: IIPOBEPAIOT PAabOTy MPOTPAMMEI ¢ IIOMOIIBIO
Habopa TeCTOBBIX MAHHBIX, JJIA KOTOPHIX HM3BECTEH NPABUILHEINA pe-
sysabTaT. ECam mosiy4eHHBIH pesysJbTAT HE COBIAJaeT ¢ 3aMaHHBIM,
BBINOJIHAETCA OTJAaAKa NOpPOrpaMMbl, T. €. IOHUCK M WCIPaBJIeHUe
omuboK.

Oxmaxo, Kak muca] HUAEPIAHACKHI YJIEHBINH,
OJWH U3 co3JaTeseii COBDEMEHHOT'O IIPOrpaMMHpOBa-
HuA Iacrep leikcerpa, «OoTJIafKa MOJKET IIOKA3aTh
JHUIIb HaJIu4YWe OmMOOK M HHUKOTAAa — HMX OTCY-
TCTBUE». B pesynbrarTe MOKHO rapaHTHPOBATEH Bep-
HYI0 paboTy nporpamMMbl TOJIBKO NIPU TeX JaHHBIX,
KOTOPBIE HCIIOJb30BAJIHUCH B KOHTDOJBHBIX TeCcTax.
Kpome TOro, HesicHO, Kak oOnpeieluTh, 4YTO BCe
OmMOKH BHIABJIEHBI M HYKHO 3aBEPIINTH OTJIANKY.

9. B. [leiixcTpa
(1930-2002)

IIpumep 1. PaccMOTPHM CIIEAYIOLIYIO IPOTPaMMy JJIsi BHIGODa Max-
CHMAaJIbHOTO U3 TPEX 3HAaYeHUil, 3aIMCAHHBIX B IePeMeHHbIX a, b 1 ¢!

ecnau a>b To M:=a mHave M:=b BCce
ecnn b>c To M:=b mmave M:=c Bce

IIpoBepsas eé Ha Tecrax
(a,b,c) = (1,2,3), (1,8,2), (2,1,3) u (2,3,1),

MBI BO BCeX 39THX Cly4Yasx II0JiydaeM B NepeMeHHOM M BepHBLIA OT-
Ber 3. OnHako 9TO He O3HAYAET, YTO NPOrpaMMa IPABHIBHAS, TAK KaK




Aoka3zaTrensCTso NPaBUILHOCTY NPOrPaMm

cymecTByeT KoHTpupumep (3,2,1): aaa aroro Habopa BXOIHBIX [OaH-
HBIX B mepeMeHHON M B pesyiabTare OKasbIBaeTCHA YHUCIO 2.

Yro6el OBITE YBEePEHHBIMH B TOM, 4YTO mporpamma pabGoTaeT mpa-
BUJIBHO IIPH J}00bLX JONMYCTUMBIX MCXOAHBIX JaHHBIX, IDHMEHAIOT Me-
TOABI OKA3aTEeJHLHOr0 MPOrpaMMHpPOBAHMA: JJIA KaxJoro 6Jioka mpo-
rpaMMBbI COCTaBJAT TpeOOBaHUA K BXOJHBIM M BBIXOJAHBIM JaHHBIM
M CTPOTO JOKa3bIBAIOT, YTO IIpOrpamMMa Bcerga paboraeT BepHO.

K coxaneHnio, JOKasbIBATH IPAaBUJIBHOCTE IIPOrpaMM He TaK IpoO-
CTO, U B TAKHX [JOKa3aTeJbCTBAaX TOKe BO3MOKHBI omnbku. OpHAKO
IIpX 3TOM ABTOD AOJIKEH IiyboKo pasobpaThca B ajJropuTMe M €ro
«IOJBOJAHBIX KAMHAX», X YACTO IIPU 9TOM ODHADPY:KUBAIOTCA OIMUOKH,
KOTOphIe MOIJIH OBl NPOABHUTHCA YIKe IIOCJe BBINYCKA MNPOrPaMMBEI
B CBeT.

Ha mpakTHKe peKo NOKAa3BIBAIOT IPABHJIBHOCTH BCEM ITPOrpaMMBbI
B nejioM. B TO Xe BpeMsa O4YeHb IIOJIE3HO JOKAa3biBATh NPaBHJIBHOCTH
OTAEeNbHEBIX 0JIOKOB (ILUKJIOB, Opoueayp U MYHKIUNA) A0d YMeHbIIeHUA
KOJIMYecTBa «HEOOBACHUMBIX» OIIMOOK M COKpallleHUda BpeMeHHU
OTJIaIKH.

IToxa)xemM MeTOJ| AOKAa3aTeJbCTBA NPaBUJBHOCTH IIPOrpaMMBI Ha
IIPOCTOM IIpHMeEpe.

IIpumep 2. Tpebyercss morasaTb, 4TO NOCTE BHINOJHEHUSA CIENy-
IoIIe#l IporpaMMbl 3BHAYEHUA IIEPEMEeHHbBIX @ ¥ b MeHSAITCA MeCTaMu:

b:=a+b [
a:=b-a | 2
b:=b-a L 3

ITpepnmosiaraercs, 4To CyMMa MCXOIHBIX YHCEJ HE NPUBOAWT K IIe-
PeIoJHeHNIO pas3paAnHoil cetkn. [lna ynobcTBa onmepaTopsl IPOrpaMMbl
NPOHYMePOBaHBI.

OGo3saunM HavaJbHBEIe 3HAYEHWS NePeMeHHBIX 4 U b uepe3 q, u
bo. Ilocne BeimostHeHus omneparopa 1 B mepeMenHo# b Oyxer 3amucanHo
3HaueHue a; + b,. Oneparop 2 3anucebiBaeT B IEPEeMEHHYIO @ 3HAUYEHUE

b-—a=ay+by,—a;=2b,.
B pesysbTare BBINOJNHEHHA Oomeparopa 3 IojydyaeM HOBOe 3Haue-
HUe nepeMeHHOi b, paBHOe
b”a=a0+b0_b0=a0-
Taxum 06pasoM, B pe3ybTaTe BBINOJHEHUS IPOrPAMMBI IIepeMeH-

Hble @ 1 b 6yayr paBHEI b, U @, COOTBETCTBEHHO, YTO U TpPeOOBAIOCH
HokasaTs. IloaToMy IpHBeAEHHAS IPOrpaMMa IpaBHUIbHAS.
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IIpumep 3. ITompoGyeM a0KasaTh MM ONPOBEPrHYTH INPABUJIbL-
HOCTh YyiKe BCTpeuaBlllelicd paHee IpOrpaMMBI AJA BeIOOpa MAakKcH-
MaJIbHOTO U3 TPEX 3HAUEHMI, 3alIMCAHHBLIX B IIEPEMEHHBIX a, b u ¢:

ecnu a>b mo M:=a mHave M:=b BCe sk

ecnu b>c mo M:=b mHave M:=c BCe f.42

Ananusupys CTPOKY 2, BHISICHAEM, YTO B Heil 3HAUeHUE NepeMeH-
HOMt M 6cez0a Gymer Mm3MeHEHO, T. €. pe3yJbTaT paGoTsl mepBoil cTPo-
KH¥ IPOTPaMMBI CTUDAETCH, U

— b, eciub>ec,
¢, ecauc = b.

Koneuno, sTa BeJIM4MHA He COBIIAJAET C OIpeJeJeHHEM MAKCHMAJbLHOIO
3HA4YeHUA U3 a, b u c. Takum o6pasomM, mporpaMMa HeIpaBUJIbHAA: OHA
BBIIAET HEBEPHOE 3Ha4YeHMe, eC/IM MaKCHMAaJbHOE M3 TPEX YHCEeJ XPaHH-
JIock B nepeMeHHO# a. KoHTpnpuMep MeI ysxe npusoguiau: (3,2,1).

Aaroputm EBkiauna

Tenepr HOKakeM, 4YTO OAWH W3 APEBHEMINNX M3BECTHBIX AJITOPHUT-
MOB — ajropuTMm EBKJauIa — JelCTBUTEJLHO BEIYUCISET HaAmbOJb-
mmi o6muit genurens (HO) aByx HATYpaNbHBEIX Yuces (MBI paccMar-
puBanu ero B 10 xiacce).

Anroputm EBkampa. Ilycrh 3azjaHbl Ba HATYPAJbHBIX YHUCIA M
u n, npudém | M 2N, Jna serauciaenusa HOJI(m, n) ciaexyeT MHOro-
KpaTHO 3aMeHATh 0OJIbIIlee YHUCJIO OCTATKOM OT JejleHus OoJbIero Ha
MeHbIllee 0 TexX Iop, IOKa MeHbIIlee YUCJIO0 He CTAHeT PABHBEIM HYJIIO.
Toraa ocraBieecs HeHyJieBoe uucyo u ects HOI(m, n).

IIporpamma, ocHOBaHHas Ha aaropurMe EBKJIHAa, MOKET BBIIJIA-
JeTh, Hanpumep, Tak (3geck a, b W r — IeJOYHUCICHHBIE IIepe-
MeHHEIE):

a:=m; b:=n i HOI (a,b)=HOI (m, n)
HIy noxa b<>0 J4:2
r:=mod(a, b) i 538
a:=b; b:=r | 4 HOI (a,b)=HOX (m, n)
K1 I8
BEIBOO a | 6 HOI (a,b)=HOO (m,n), b=0

JlorkaskeM, 4TO B pe3yJibTaTe 3TOr0 aJrOPUTMa B NEPeMEHHON a HaXOo-
aurca HOI(m, n).

B crpoke 1 McxonHBIE 3HAUEHHA KOMHUPYIOTCA M3 IEPEMEHHEBIX m
U N COOTBETCTBEHHO B mepeMeHHBIe a U b. OueBHJHO, UTO IPH ITOM
BeinosHeHOo yeaosue HOIl(a, b) = HOO(m, n).




[okaszaTenbCTBO NPaBubHOCTY Nporpamm  [R<ig

Ha xaxaoM miare nukiaa (B cTpokax 3—4) BBIYHCISIETCA OCTATOK I
OT mesleHHs a Ha b u mapa (a, b) samensierca Ha napy (b, r). Kakumu
CcBOMCTBaMH 06JIaal0T NOJYyYeHHEIe 3HAYeHuA b u r?

ITockonBKY r — 9TO OCTATOK OT fejieHUus @ HA b, [0 BHIIOJHEHUS
CTPOK 3—4 OBLIO CIpaBeAJHWBO PABEHCTBO a = bp + r, Tie p — HEKOTO-
poe nesioe uuciao. Torga, eciu a v b uMeroT OGIIMI AeJIATENH, TO TAKOM
e menurtens umeer u r. Cnemomarensno, HOJ(b, r) = HOI(a, b) =
= HOII(m, n). 9to sHauur, urto ycaosue HOIl(a, b) = HOMI(m, n)
TIO-TIPeKHEMY BBINIOJHAETCHA MOCJe KaKJIoro Iara IuKJia.

ITocKOMBKY OCTATOK 7 C Ka/JAbIM IIAaroM CTPOr0 YMEHBLIIAeTCH,
B KOHIIE KOHIIOB OH CTAHET PABHBIM HYJIIO U 34AIUINETCHA B IIEPEMEHHYIO
b npu BeIMONHEHWH CTPOKH 4. I{uKJ cpasy ke 3aKOHUYUTCS, MOCKOJBKY
HapylIuTCa YCJOBHE ero BBIDOJHEHHA. llociie 3aBepmieHMs paboThI
nukya ycaosue HOJIl(a, b) = HOJ(m, n) mo-npesxHeMY BBIIOJHAETCH,
HO, KpoMe Toro, b = 0. Orcioga cienyer, uro a = HOII(m, n).

HuasapuanT uuxiaa

Taxum obpazoMm, ajis anropurma EBKIWAA CYILIECTBYeT YCJIOBHe
HO[(a, b) = HOJI(m, n), koTropoe ocTaéTcsa CIpaBefJUBBLIM HA IPOTH-
JK€HHMH BCero BBHINOJIHEHHUA AJTOPUTMA: Iepej HAuaJoM IHAKJAa, IOCJe
KaXXZI0ro mara IHUKJIa ¥ Iociae OKOHYaHUA paboTel mukiaa. Taxkoe
yCIOBHe HasblBaeTCs MHBADMAHTOM IHUKJA (aHrJ. invariant — Heus-
MEeHHBIT).

MHBapuaHT UMKna — 3TO COOTHOLLEHUE MeXay 3HAYEHUSIMWA NEePeMEHHbIX, 0
KOTOpOe OCTaéTca CnpaBefnuBLIM Mocre 3aBepLueHns Niboro wara yukna.

BrizenuB B ABHOM BHJE WHBAPHUAHT KaXKIOT'O
IUKJa, Mbl u30eraeM MHOTMX BO3MOKHBIX OIIH-
00K Ha HayaNbHOU CTAAWM U JejiaeM NepBBIH mmar
K JIOKas3aTelbCTBY IPABHJIBHOCTH BCEH IIporpam-
mei. Kax mmcan axagemuk Amnapeit Ilerpo-
Buu EpInoB, oAuH U3 NEpPBBIX TEOPETHKOB IIPO-
rpamvupoBanua B CCCP, «nmporpammucra 6bBIOT
10 pyKaM, ecJid OH IIOCMeeT HAIlMCATh OIepaTop

i A. Il1. Epmos
LUKJIa, He HAWIA Iepe/l STUM er0 MHBADHAHTA» .
i L (1931-1988)
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PaccMOTpHUM HECKOJIBKO IPHMEPOB.

IIpumep 1. JIBOe UrparT B CAEAVIOUIYIO UIPY: IEepes HUMH JIeKaT
B pax N + 1 kamueli, cuagana N OesbIX, ¥ B KOHIE IEIOYKH — OJUH
yépHBIA. 3a OIMH XOJ KayKIbIi MOXKeT B3ATh OT 1 A0 3 kamueil. IIpo-
UTPBIBaeT TOT, KTO GepeT YEpHBIN («HECYACTIUBLIN» ) KAMEHB.

Hauném ananus ¢ mpocteimux ciaydaes. Eciu N = 0, To nepssrit
HIPpOK TPOMIPajl, OH MOJKEeT B3ATh TOJBKO YEPHBIA KaMeHb. Ecuu
N =1, 2, 3, To, Hao60pOT, NPH MPABUJILHON WUI'DE IPOUIDHIBAET BTO-
poOH HMIpPOK, IOTOMY YTO HEPBBIX MOKeT 3abpaTh BCe KaMHH, KpoMe
uyéproro. BapuanT N = 4 cHOBa OIPUBOAHUT K IPOUTDLIIIY II€PBOr0 WUT-
pOKa, IIoToMy 4To 3abpaThb Bce Oesible KAMHH OH He MOJKeT, a Iocje
ero xXoja BTOPOI OCTABUT TOJBKO YEPHBIA KaMeHb. Takike IMPOUTDPHIII-
HBIMH OyayT nosunuu npu N = 8, 12, 16, ..., T. e. npu J100BIX 3HaYe-
HAAX N, KOoTOpble AenaTcsa Ha 4.

TakuM o06pa3oM, [Jifd CBOEro BHIMTPBINIA UIDOK AOJIKEH KAaXIBIM
CBOMM XOJOM BOCCTAHABJIHUBATH UHBAPUAHM: YHUCJIO OCTABIIUXCHA Ge-
JBIX KaMHed AOJKHO ObITh KpaTHO 4. Ecim MHBApHAHT BHIOOJHEH B
HAYaJbHOHM IO3UIIMH, IOJIOKEHNE IPOUIPLIIIHOE U IEePBBIA UIPOK MO-
JKeT HaJeAThCH TOJBKO HA OUIMOKY CONEPHUKA.

IIpumep 2. Ilycrs 3aman maccuB A aiauesl n. Haiiném uasapuanT
IUKJa B IpOrpaMMe CYMMHPOBaHUS 9JIEMEHTOB MacCHBa:

Sum:=0

HO gns 1 or 1 mo n
Sum:=Sum+A[i]

K11

3xechk Ha Ka)k[oM Iare K nepeMeHHoil Sum nobaBisercs sJeMeHT
maccuBa A[i], Tak uro npu a060M i MMOCTe OKOHYAHHUS OUYEpPeIHOro
miara IUKJIa B Sum HaKOIUIeHa CyMMa BCeX 3JeMeHTOB MacCHBa C HO-
MepaMu oT 1 10 i. 9TO M ecTh MHBaApMaHT Hukga. IloaTomy cpasy
MOJKHO CHAeJIaTh BBIBOJ O TOM, YTO IIOCJIe 3aBepIIeHHA IUKJAa B mepe-
MeHHO# Sum Gyxer sanmucaHa cyMMa BCEX 9JI€MEHTOB MACCHUBA.

AHaJIOTMYHO MOKHO IIOKa3aTh, YTO B AJrOPUTME MOWCKA HaH-
MeHBIIIEro 3HAUYeHNUs B MacCHUBe:

Min:=A[1]
HO onss 1 orT Z mo n
ecan A[i]<Min wTo
Min:=A[1i]
BCe
K1
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MHBapUaHT (QOPMYJHUPYETCSA TaK: MOCIEe BHINOJHEHHA KaMJIOoro miara
LHUKJAa B mepeMeHHON Min 3anucaH MUHUMAJIBHBIA W3 IEPBBIX i dJe-
meHTOB. OTCIOZa cpasy CiaejgyeT, 4TO IIOCJe 3aBepIIeHuA IUKJa (IpH
i=n) B 9TO# mepeMeHHOM OyaeT MHHUMAJIBHBIH U3 BCeX BJIEMEHTOB.

Ipumep 3. Ins Toro ke maccuBa HalijjeM WHBAapHaHT IUKJIA
B IpOrpaMMe COPTHPOBKH 3JIEMEHTOB MaCCHBA METOZAOM IYy3BbIPBKA:

HO gnss i or 1 mo n-1
HU gnss J or n-1 mo i mar -1
ecam A[j]>A[j+1] wo
c:= A[j]: Aljl:= A[J+1]; A[J+1l]:= @i
BCE
KILI
K11

Jo Hayayia aJropuTMa sJe€MEeHTHI PACIOJIOKeHEI Iponu3BoJbHO. Ha
KasKJOM IIIare BHEIIHEro IIMKJA HA CBOE€ MECTO «BCILIBIBAET» ONUH
ajeMeHT MaccuBa. [109TOMY MHBApHMAHT BTOr0 LUKJA MOMKHO chopMy-
aupoBathk Tak: «llocie BeIOJIHEHMA i-ro miara IUKJA HepBble i dJe-
MEHTOB MACCHBA OTCOPTHPOBAHBI U YCTAHOBJIEHLI HA CBOM MeCTa».

Teneps MOCTPOMM HWHBAPHMAHT BHYTPEHHEro LMKJA. B 9TOM IHKIe
OUepeqHOM «JIErKUM» JJIEMEHT IIOJHUMAEeTCA BBEPX K Hadaly MaccHBa.
Ilepen mepBeIM HIATOM BHYTPEHHEIr0 HIHUKJA BJIEMEHT, KOTOPHIH Oyner
CTOSITH HA i-M MeCTe B OTCOPTMPOBAHHOM MACCHBe, MOXKET HaXOAUTBHCA
B sa0bou aueitke or A[i] mo A[n]. Ilocne Kagoro mara ero «30Ha Ha-
XOMKAEHUA» CYsKaeTCs HA OJHY MOBHILMIO, TAK YTO WHBAPUAHT BHYTPEH-
Hero IMKJa MOYKHO c(POPMYJIMPOBATH TaK: «3JJeMeHT, KOTOpbIH Oyner
CTOSAATH HA i-M MecTe B OTCOPTHPOBAHHOM MACCHBE, MOXKET HaXOAUTBHCHA
B J000it siueiike ot A[i] mo A[j]». OueBngHO, 4TO KOrZa B KOHIIE TOrO
nouKaa j = i, aueMmeHT A[i] Bctaér Ha CBOE MeCTO.

B mpeablAymux mpuMepax MbI OIpPeAeaAld MHBAPHAHT I'OTOBOTO
nukiaa. Teneps MOKa)keM, KaK MOYKHO CTDOHMTH IIMKJI C IOMOIIBIO 3a-
paHee BbIGpAHHOTO MHBApPUAHTA.

IIpumep 4. PaccmoTpuM ajropuT™m OBICTPOrO BO3BEeNEeHHA B CTe-
IeHb, OCHOBAHHBINM Ha MCIOJB30BAHUM OIEpalluil BO3BEAeHHUS B KBal-
par u ymMHOKeHUA. OH UCIIONB3YeT JBe OYeBUHBIE (DOPMYJIIBI:

(1) a* = a*! - a npu weuéTHOII cTrenenu k u
(2) a* = (a?)*/2 npu uérHOH cTenenu k.
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ITokaskeM, kak paboTaeT ajJropuTM, Ha IIPUMepe BO3BeIeHHUSA YHC-
Ja a B CTeNeHb 7:

@ =a®-[a] = (@%)? - [a] = (a})? [a? - a] = (a*)! - [a? - a] =
- (a4)0 . [a4 - a2 - a] — [a4 a2 - a]_

3/eck MOOYEPENHO NPUMEHAIOTCA IepBas u BTopas GhopMyasl. 3a-
MEeTHM, YTO Ha KayKJOM dTalle BEIPaKEHHe a" MOJKHO IpPeJCTaBUTh B
Buze a" = bk p, rae yepea p obo3HaUeHA YACTh, B3ATAA BHIIIE B KBaJ-
paTHBIe cKOOKHM. Ecim HaM KakuM-TO 00pasoM yAacTcs YMEHBIIUTH K
0 HYJIA, COXPAHHUB 3TO PABEHCTBO, TO MbI MOJIYYHUM a" = p, T. e. 3aja-
ya Oyjer pemena, a pe3yJbTaT OyZeT HAXOAUTHLCA B IepPeMEHHOH p.

Takum oO6pasoM, paBeHCTBO a" = bf:p MOKHO MCIOJB3OBATH KaK
MHBApUAHT IUKJa. 18 Toro 4robbl ofecrnedyuTh BBINOJHEHHE 3TOTO
PaBeHCTBA B HaYaJIbHBIH MOMEHT, MOXXHO IPWHATH, Hanpumep, b = a,
k=nmup=1. lanee B nukjie npumensaorcsa Gopmyusl (1) u (2) (8 3a-
BHCHMOCTH OT 4YETHOCTH k Ha gaHHOM Imare). I[uka saxkasuuBaeTcs,
xorza k = 0. B peayaprare monyuaeMm ciaeAyioliee penieHue:

b:=a; k:=n; p:=1
HIL noxa k<>0
ecnu mod(k,2)=0 To

k:=div(k,2)
b:=b*b
MHaue
k:=k-1
p:=b*p
BCe
K11,
BHEBOL P

3aMeTHM, YTO MHBADHAHT IHKJa a" = b?:p BhImOJHAETCA A0 Ha-
yajia IIUKJa, IocJae KaXXJoro IIara, a TaKiKe IIOClie 3aBepIIeHUus IHUK-
na. Takum o6pasoM, MBI HAIIMCANH KOJ IPOrPAMMEI M OZHOBPEMEHHO
JOKAa3aJI¥ IIPABUJIBHOCTE 3TOT0 GJ0KA.

Cnenuduxanus

I[JIH AOKAa3aTeJIbCTBA NPaABHJBHOCTH IpPOrpaMMBbI Heo0X0oauMOo
HMeTb CHEHHQJHR&IJ,HIO — TO4YHO€ OIMcCaHHe TOI'o, 4YTO OJOJXHO OBITH
cAaeJiaHO B pe3yabTaTe paﬁo'rm IporpaMMhbl.
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Cneuundmkaums — ToyHas 1 nonHas hOpMyNMpOBKa 3adayu, cogepailas
MHOpMaLMIo, HeOBXOAWMYIO ANA NOCTPOEHWUS aNropyUTMa eé peLLeHus.

Ha mpakTuke cnemuduKanmuu IporpamMMm OOBIYHO (HOPMYJIHUPYIOT
Ha eCTeCTBEHHOM #fA3bIKEe, B KOTOPOM CJIOBA MOTYT HMMETh HECKOJBKO
PasHBIX 3HAa4YeHUH. J[14 ¢TPOroro JoKasaTebCTBA KeJaTeJbHO, YTOOL
cnenudukanua OblIa 3agaHa B (OPMaJbHOM BHE, C ITOMOIIBLIO
GOpPMYJT UM COOTHOIIEHUM MEXAy BeJIUYHHAMH.

Ilo mpepnoxenuro anraumiickoro yuenoro 4. Xoapa, cuenuduka-
nusa 3anuckiBaercsa B dopme {@}S{R}, rae @ — HayaJLHOE YCJIOBHE,
S — nporpamma u R — yTBep:KAeHUS, OMUCHLIBAIOIIME KOHEUHBIA pe-
syabraT. 3anuck {Q}S{R} osmauaer caexyomee: «Ecam BeImoJIHEHUE
nmporpaMmsbl S HaYajaoch B COCTOSIHWH, YAOBJETBOpsAOIIEeM §, To ra-
PaHTHpPyeTCs, YTO OHO 3aBEPIIHTCA Yepe3 KOHEeUHOe BpeMs B COCTOfA-
HHUU, YIOBJIETBOpAOIIeM R».

KoppekTHas nporpamma — 370 Nporpamma, CoOTBETCTBYIOLLas
cneundukaumm.

Ecnu ana MCXOAHBIX NAHHBIX He YAOBJIETBOPSAETCH ycCJoBUe @,
mporpamMma AOJIXKHA co0o0IIaTh 06 3TOM IOJIB30BATENI W 3aKOHUHUTH
paboTy. 9TO TOBOPUT O HAXEMKHOCTH IIPOIDAMMEI.

Hanpumep, nna anropurma Epxkaupa yeaosus @ u R MOryT BbI-
TIALEeTh TaK:

g:m=2n >0, R:a=HOIO(m,n),

a JJIA IporpaMMbl CYMMHPOBAaHHS dJIeMeHTOB maccuBa A[l:n] (cm.
npumMep 2 Ha cTp. 40) — Tak:

Q:n>0, R: Sum = iA[i] = A[1] + A[2] + ... + A[n].

Crnenuduranuu Moryt (u ,aczmlmﬂhr) OBITH COCTABJIEHLI HE TOJIBKO
AN IPOrPAMMBI B IIeJIOM, HO ¥ AJIA €€ OTAEeNBLHEIX OJI0KOB (mpomenyp,
GbyHKOHHE, OUKJIOB U T. A.). [TosesHo BHOCUTH yTBep:KAeHus @ u R
IpsAMO B TeKCT nporpaMmel. ITocTpoeHHads TaKUM 006pasoM aHHOMUPO-
8aHHAA nNpozpamMma — DTO emé OAWH Imar K JAOKa3aTeJbHOMY
IPOrPaAMMUPOBAHHUIO.

¢
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Y. Xoap paspaboTaj cnenuaJibHbIA annapar, Mo3BOJIAIOMMUNE OKa-
3bIBATH IIPABUJILBHOCTHL IPOTPAMMBI HA OCHOBE CHEIHDUKAIIUHA OTHe/Ib-
HbIX Os0Ko0B. IIpuBeném mpocreiilue npasuia NpeodpasoBaHUA:

o ecau {Q}S{P} u P = R (u3 uctuaHOCTH P CleyeT MCTHHHOCTH

R), To {Q}S{R};

o ecau {Q}S{P} u R = @, to {R}S{P};

e €CJM mporpamMma S — 3TO HOCJIeJOBATEeJbHOe BHINOJHeHHe 6Jo-
KoB S; u S,, AN KOTOPHIX BBINOJHAKTCA CHENUPUKAIMHA
{Q}S{P} n {P}S,{R}, To Bamonuserca cuenuburanus {Q}S{R}.

JokasaTeabCTBO IPABUJIBHOCTH IIPOrPAMM HMCIOJIb3YIOT B IBYX CH-
TYanHuax:

s JOKas3bIBAIOT NPaBUJIBHOCTE N'OTOBBIX IporpamMm (BepudHKaIMs

IporpamMmm);

e CTPOAT NIPOrpaMMbI OZHOBPEMEHHO C AOKAa3aTeJIbCTBOM HX Ipa-
BHJIBHOCTH (CHHTE3 IIPOrpamMMm).

Kak nmpaBuno, BepudHUKanus — 3TO OYEHb TPYAOEMKHH M CIOMKHBIN
mpomecc, ¥ OKA3bIBAETCH 3HAYUTEJHHO IPOINe HCIOJL30BaTh JA0KAa3a-
TeJbCTBA IPABUJIBHOCTH BO BpeMsa paspaboTku mporpamMmsl. Ilpu aTom

nporpamMMmbl IOJYy4YalOTCA TIpomie, 3(@deKTHBHee H 3HAYUTEILHO
HaEKHee.

Bonpocbl u 3agaHua

1. 3aueM HY’KHO JOKA3BIBATH MPABHJILHOCTE IIporpamMmm?

2. Paccka)kuTe 0 JBYX NOAXOAaX K IIPOBEpPKe NPABUJIBHOCTH IPOTrPAMM.

3. Ilouemy ¢ NOMOIIBI0 TECTHPOBAHUA CJIOKHO JOKA3ATh NPABHJILHOCTL IIPO-
rpammer? B kakmx caydasx aro Bcé ke MoixkHO cpenarts? [Ipusepure
OpHUMepHL.

4. YTto ME=MeHUTCA B OoKazaTenbCcree anroputMma EeBknuoa,
2CNKM /T M N — 3TO NPOMIBOMbHBIE HATYpPallbHble YMcna
(HepaBeHCTBO M = N MOMEeT He BbINOMHATLECA)?

5. Uto Taxoe uHBapuMaHT HuKIa?

6. 3aueM HY:KHO ONpeJeIAThL UHBAPHAHT IUKJIa?

7.4Yro rakoe cnemupuramua? Ilodemy KenaTeabHO (OPMYJIHPOBATE eé
B BUJe JOpMaJIbHBIX YTBep#/JAeHHi, a He Ha eCTEeCTBEHHOM A3bIKe?

8. O6bacauTe 3anucs {Q}S{R}.

9. Kakasa nporpaMma Ha3bIBaeTCH KOPPEKTHOM?

10. Kax BBI AymaeTe, MOKHO JIM HA3BATh KOPPEKTHOM MpOrpaMmy, KoTopas
«3aBHCAeT» IIPH HeBePHBIX BXOAHBIX AaHHBEIX? OOGCyAuUTE 5TOT BOIPOC
B KJjacce.

11. Yro Takoe BepudHUKaIUd MIPOrpaMmMbl?
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12. Kax BBl JyMaeTe, YTO CJOKHee — J[OKA3bIBATH NPABHJIBHOCTE I'OTOBOI
mporpaMMbl HWJIM Cpasy IHCATH IpPOrpaMMy, JOKasblBas IIPABHJIBHOCTb
oraenbabIx 610xkoB? Ilouemy? Ob6ecyauTe 3TOT BOIPOC B Kjacce.

3apaum

1. JokaskuTe, 4TO CJIEAYIOIIHME OIEPATOPHI AAI0T ONWHAKOBBIH pesynbTaT
upu a06bix 3HaveHHAX L u R (paccMoTpuTe YéTHBIE M HEUYETHHIE 3HAYE-
HHusA 00enX ImepeMeHHBIX):

c:=div(L+R, 2) c:=L+div (R-L, 2)

Kakxde JOCTOMHCTBA M HEJOCTATKH €CTh Y KaJOT0 METOJAa BbIYHCIEHHS
9TOH BEJHYHHBI?

2. oxkakure, 4TO B Pe3yJbTATEe BBLIMOJHEHUA CJeAYyIOIero (pparMeHTa IIpo-
rpaMMbl B InepeMeHHOII M He Bcerga Oyjger sanmucaHO MaKCHMajlbHOe M3
Tpéx umucen (a, b u ¢):

M:=a
ecnn b>a mo M:=b BCe
ecnu c>b Tmo M:=c BCe

IlpuBeguTe KOHTPIPUMED, T. €. TAKWE 3HAUEHHUS 4, b U ¢, IPH KOTOPBIX
snauyenue M Oyper orimuarTscs orT max(a, b, ¢). Kak MOXHO MCIpPaBHTH
aTy mporpaMMmy, 3aMeHHB B Hell BCero OJMH CHMBOJ?

3. MoxaxkuTe WJIH ONPOBEPrHUTE NPABHJIBHOCTH IPOrPaMMBI AJA BbIGOpa
MaKCHMAJBHOTO U3 TPEX 3HAYEHMI, 3aIMCAHHBIX B IIePEMEeHHHIX @, b | c:

ecnu a>b To M:=a
uHave ecnu b>c 1o M:=b
MHaye ecnM c>a To M:=c
BCe; BCe; BCe

Ecau aTa mporpaMMa HEKOPPeKTHas, NpHBeAuTe KoHTpnpumep. Mosker
Jgu 6bIThH, YTO IPH KAKUX-TO BXOJHBLIX NaHHBIX 3HA4YeHHe IepeMeHHON M
6yaer Heonpeae EHHBIM 7

4. lokaxxkure, 4TO CJAEAYIOIIUI (hpparMeHT NPOrpaMMBI IPaBHJILHO COPTHPY-
eT 3HAYeHHA B IepeMeHHEIX a, b u ¢ 110 BO3pACTAaHHIO, T. €. Bcerja moay-
gaerca a < b < e:

ecnu a>*b TO noMeHATE (a, b) Bce
ecim b>c wo noMeHsATk (b, c) Bce
ecnmn a>b To nomeHsaTh (a, b) Bce

AJITODATM NOMEHATH MEHAeT MeCTAMM 3HAYeHHWs IIepeMeHHBIX-IapaMeT-
POB.
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5. B urpe «HUM» JBO€ MIDOKOB II0 ouepeAHn GepyT KaMHH M3 ABYX KYYeK.
3a OMH XOJA MOMKHO B3fAThH J060e HEeHyJeBOe KOJHYEeCTBO KaMHEH, HO
TOJBKO M3 OJ{HOM KyukH. TOT, KOMy He OCTANOCh KAMHEei, MPOUTIDLIBAET.
Kax onpemenurs, KTO BHIUIDAET NPH NpaBHiabHO# mrpe? Kaxoit muBapu-
aHT obeclleYynBaeT BLIUIPLINI?

o

OnpesenuTe MHBADMAHT IHKJA IS CJIEAYIONIEr0 AJITOPUTMA ABOMYHOIO
noucka (IpeAnojaraeTcs, 4TO BJIEMEHTHl MacCHBa A OTCOPTHPOBAHEI IIO
HeyObLIBAHHIO):

L:=1; R:=n+1

HII noxka L<R-1
c:=div (L+R,2)
ecnmn X<A[c] wTo

R:i=c
MHa4Ye

L:=c
BCe

KL

Wcnonp3ya HaiiileHHBIH WHBADUAHT, ONpPeAeTUTe, KAKOH UMEHHO BJIeMeHT
maccuBa Oyner HalijieH, ec/ii B MACCHBE €CTh HECKOJBKO 9JIEMEHTOB, PaB-
vpiXx X. Kaxk Hy)XHO MBMEHHThL MHBapHaHT (U HUKJI), 9ToOERI HalTH nep-
6btil 9JIeMeHT, paBHBIN X7

7. OnpenenuTe HHBAPDHAHTEHL AJIA CAEAYIOIIUX IUKIOB. Uro GygeT BHIYMCIE-
HO B nepeMeHHOii b?

a) 6)

k:=0; b:=1; k:=n; b:=1;

HII noxa k<n HO noxa k>0
k:=k+1; k:i=k-1;
bi:=b*a; b:=b*a;

KIT K1

8. Onpenenure ycnoBusa @ u R a1 alropuTMOB:
a) HaxXO0XKIEHHUS CYMMBEI BCeX [eJIuTeNei Yucia;
0) IpoBepKH 4YmcJA HA IIPOCTOTY;
B) oIpejie/ieHUsA KOJHYECTEA CJIOB B CHMBOJILHOI CTPOKE;
T) ABOMYHOI'O IOMCKA dJIEMEHTA B OTCOPTUPOBAHHOM MACCHBE;
[) mepecTaHOBKH 3J€MEHTOB MaccHuBa B 00OpaTHOM IOpHAJIKE;

e) npeobpa3soBaHUA YHCJA U3 CHMBOJBHOM 3alHCH B 3HAYeHUEe nejaoro
THIIA.
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9. IlpexyokuTe ApPyrue HadaabHbIe 3HAUYEHHUSA IIepeMeHHBIX b, B U p B anro-
puTMe OBICTPOrO BO3BEJEHHUA B cTeneHb., VHBADHMAHT IUMKJA HOJMKEH CO-

XpaHHUTBLCA.
10- OueHUTEe CNOMHOCTb anropvTMa 5bICTpOFO BOZEejeHKA B

cTenedHs npwr 7 = 2™, rae m — HaTypalbHOE 4YMCio.
MpakTuyeckume paborbl kK rnase 5 m

Pa6ora Ne 36 «Mamuua Teiopunra»

PaGora Ne 37 «Mamwuna ITocra»

Patora Ne 38 «HopmasbubIe anropuTMbl Mapkosa»
Patora Ne 39 «Buruucaumele QYHKIIN»

Pa6ora Ne 40 «MAuBapuanT muKIa»

JO0P k rnase 5 Ha cante PLUOP (http://fcior.edu.ru) M

o AJropUTMHUYECKH HEpa3peIIMMbIe 3aJaun

Camoe BaxHoe B rnaee 5

¢ HMHTYUTHBHOE NOHATHE AJITOPHUTMA, KOTOPOE MBI MCIOJNL30BAH
paHee, HEIIDUIOAHO AJIA MaTeMaTHYECKOT0 AOKAa3aTesJbCTBa He-
paspelIuMOCTH 3axad.

» BxoagHble U BBIXOZHBEIE NaHHBIE JIOOOTO AJTOPHUTMA MOMKHO 3a-
KOAWPOBATE B BHAE IOCJeNOBATEJBHOCTEH CHMBOJIOB HEKOTOPO-
ro angasura (1 Jaxke ABOMYHOrO aJIdaBUTa).

e IIpo mo6oit aropuTM MOKHO CKa3aTh CJEAYIOIee:

— aJropuTM NOJy4YaeT Ha BXOJ IHUCKPETHHIN 00BeKT (Hampu-
Mep, CJIOBO);

— anroputM o0pabaTeiBaeT BXOAHOW OOBEKT 1O maram (auc-
KPeTHO), CTPOA Ha KaXKAOM Iare IpOMe;KyTOYHbIe JUCKPETHEIe
06'BEKTBI; 9TOT HPOLECC MOYKET 3aKOHUYMTHCA HJIM HEe 3aKOH-
YUTBCH}

— ecJIM BBIIOJIHEHHE AJI'OPUTMA 3aKAHYWBAETCSH, ero pesyib-
TaT — 3TO 00BEKT, IOCTPOEHHEIN Ha IOCJeJHEeM IIare;

— €CJIA BBINOJIHEHWE aJITOPUTMa He 3aKaH4YMBaeTcs (aJropurm
3allMKJMBAETCA) MJIM 3aKaHYABAETCA aBAPUIIHO, TO Pe3YJib-
TaT ero paboThI IpK JaHHOM BXOJe He OIpEeesEH,

47
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L] AJII‘ODHTM —— 3TO IporpaMmMa AJid HeKOTOPOI'O MCIIOJITHHUTEeJIA.

e YHUBeEpCAJbHBIM HMCHOJHUTEIbs — 9TO HCIOJIHUTENb, KOTOPHIH
MOKeT MOJAeJHpoBaTh pabory aw060Oro ApPYyroro MCIOJTHUTENA.
9TO 3HAYUT, YTO AJA JIOOOTO aJroOpuTMa, HANUCAHHOIO AJIA JIIO-
60ro MCHONTHUTENS, CYIIECTBYET 9KBUBAJIEHTHBIA AJIIOPUTM AJA
YHHBEPCAJIbHOTO UCIIOJHHUTEI.

» Bce yHuBepcasibHbIe UCIIOJHUTENA SKBUBAJCHTHEI MeKIY cobOii.

o Kaxaerii anropurm sagaér (BelunciaseT) (PYHKIOWIO, KOTOpas
npeobpasyer BXOIHO€ CJOBO B pe3yabTaT (BBIXOJHOE CJIOBO).
ANTOpUTMBI HA3BIBAIOTCH dKBUBAJIEHTHBIMH, ECJH OHH 3a7af0T
OJlHY U Ty Ke (PYHKIHIO.

e Bprumciaumas QyHKIHA — 9TO QYHKIIMA, AJNA BEIYHUCIEHUA KO-
TOPOH CyIIeCcTBYeT airoputm. Jlwobasa Beuucammas (QYHKIIUAA
MOJKeT 3aJaBaThbCsAd PA3HBIMH AJTOPUTMAaMHU.

e AJIropuTMHYECKHM HepaspelImMas 3ajada — 9TO 3ajada, CooT-
BETCTBYIOIIAasA HEBBEIYMCIUMON (PYHKIIHHU.

e I'oBOopAT, 4TO AJNrOPUTM HMEET ACHMIITOTHYECKYIO CJIOXKHOCTH
O(f(n)), ecnu wmaiigérca Takad DOCTOAHHAA €, 4YTO, HAYMHAA
C HEKOTOPOTO N = n,, BeINOJHsAeTCA yeaosue T(n) < c-f(n).

e 3aJauu ONTHMHM3AIHUH, KOTOPLIE PEIIAITCH TOJLKO MOJHBIM IIe-
pefopoM BapHaHTOB, MOTYT HMETh, HAIIpHMEP, ACHMIITOTHYE-
CKyI0o canoskHocTs O(27) nnu O(n!). 9tn GyHKUUKA npu OOJBIINX
n BO3pacTalwT ObICTpee, YeM MHOTOYJIEH JII000H CTemeHH.

e UYrobwl obecneunTs HALEKHOCTH NPOrPAMMBI, HCIOJb3YIOT Me-
TOABI JOKA3aTeJILHOTO0 IIPOrpaAaMMHPOBAHMA: pa3paboTKa IIpo-
rpaMMbl BeJETCA OJHOBPEMEHHO C JOKas3aTeJbCTBOM €€ mpa-
BHJILHOCTH.

L] HHB&pH&HT IOHKJIa — 39T0 COOTHOIIIeHHMe MeXIAY BeJIHYHHaMu,

KoTopoe ocraércs CIipaBeJIMBBIM IIOCJIe 3aBepIIeHUudA Jaroboro
mara MUKJAa.




Nhasa 6
AnropurMmm3saumsa u nporpamMmmMmmpoBsaHue

§ 38
Lleno4YmcneHHbie anropuTMbl

Bo MBoOrmx samauax Bce MCXONHBIE AaHHBIE U HeoOXOJUMBIE pe-
3yJabTAaTBEl — UeJble uyuciaa. [Ipu sToM Bcerga xejaTelbHO, uTO0OBI BCE
IIPOME’KyTOUYHbIE BBIYMCIEHUSA TOXKe MPOBOAMJINCH TOJBKO C I€JbIMHA
yucnamu. Ha 3TO ecTh, 110 KpailHel Mepe, JBe IPHYNHBIL:

e IIPOIECCOD, KAK MPAaBHUJIO, BHIIOJIHAET ONMEPAMH C IeJIbIMUA JHuC-

JaMH 3HAYHTEJbHO OBICTPEe, YeM C BeIlleCTBEHHBIMU;

e IeJble YWMCJA BCErja TOYHO NPEJACTABJAIOTCA B NaMATH KOM-
OpIOTEpPa, ¥ BHIYUCIEHUA C HAMH TaKiKe BBIIOJHAOTCA 0e3 mo-
rpemiHocTeit (ecau, KOHEYHO, He IPOMCXOJUT IIepenojHeHue
paspsAfHONA CEeTKH).

Pemero 9parocdena

ITpocThie YMCIa MUPOKO MCIOJB3YIOTCA BO MHOTHMX HPHKJATHBIX
saziauax, HAIpEMeD NpM MUGPOBAHUK C HOMOINbI0 anropurma RSA
(BcmomHHMTEe Martepuan ydeOnmka ans 10 kmacca). OcHOBHBIE 3ajavu
npu pabore ¢ MPOCTHIMH YHMCIAMU — 3TO NPOBEPKa 4YHCJa Ha IPOCTO-
Ty ¥ HaxXOKJeHHe BCeX IPOCTHIX YHCeJ B 3a/JaHHOM JHanasoHe.

ITycTs 3a/1aH0 HEKOTOpOe HaTypajibHOe uucyio N u Tpedyercsa Ha-
TH BCe IpOCTHIe uucaa B guanasoHe oT 2 go N. Camoe mpoctoe (HO He-
ahdexTrBHOE) pelIeHUe ITOH 3aJauM COCTOUT B TOM, UYTO B IUKJIE IIe-
pebuparorcs Bce yncya or 2 fo N, U Ka)k[oe U3 HUX OTJEJbHO IMpoBe-
pserca Ha npocrory. Hanpumep, MOKHO INPOBEPUTE, €CTh JIM Y YHCIA
k menuTeNnu B AuamasoHe OT 2 mO JEk. Ecim HM OZHOTO TAKOTO JeJuTe-
JIfl HeT, TO YHCJIO k IpocToe.

OnucaHHBIH MeTos npu Gonsmiux N paboraeT OYeHb MeAJIEHHO.
I'pevecknii MaTremaTux Dpartochen Kupenckmit (275-194 rr. o H. 3.)
IIPeJIOMKHI APYTOi aJrOPUTM, KOTOPEIN paGoraeT HaMHOTO GhICcTDEe:

1) BeImmcAaTh Bce 4Mcia oT 2 10 N;

2) mayatbc k = 2;

3) BEIYEDKHYTH BCe umcia, Kpatasie k (2k, 3k, 4ku . 1.);

4) HaliTH cieayiolnee HEBRIYEPKHYTOE YK CJIO ¥ IPUCBOUTE €r0 IepeMeH-

HoOl k;

5) nmoeropsTh maru 3 u 4, moka k < N.




AnroputmMusauma v NnporpaMmMupoBaHue

IToxkaxxem pabory anropurma npu N = 16:
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

ITepBoe HeBBHIYEDKHYTOE YMCIO — 3TO 2, MO3TOMY BEIYEDKHBAEM
BCe YETHEIe YHuCia:

2 3Kk 5 F 7 F 9o H 11 B 138 15 B
Hanee BIYEPKUBAEM Bce YMCJIA, KPATHEIE 3:
2 3 Fs F7 R EE 11 B 138 B B

Bce umucna, kparabie 5 u 7, yike BeIUepKHYTH. Takum o06pasom, noJy-
4YeHEI pocThle yucaa 2, 3, 5, 7, 11 u 13.

Knaccuueckuit anropuTM MOMHO yJIyYIOUTH, YMEHBIIMB KOJIH-
4YecTBO omepanuii. 3aMeThbTe, UYTO NPHM BHIYEPKUBAHMM YHCEJ, KpaT-
HBIX TPEM, HAM He NPHUILIOCH BBIYEPKMBATH YHMCJIO 6, TAK KaK OHO
yoke Oblno BBEIUepKHYTO. Kpome Toro, Bce umcia, KpaTHble 5 u 7,
K IIOCJIEHEMY IIary TOKe OKa3aJuCh BBIYePKHYTHI.

IIpeanonoxuM, 9TO MBI XOTHM BEIYEPKHYTH BCE UMCJA, KPaTHHIE
HexoTopoMmy k, Hanpumep k = 5. IIpu srom umcna 2k, 3k u 4k yxe
ObIIM BBIYEPKHYTH HA NPEABIAYIIMX IIarax, MO3TOMY HY’KHO HAYATH
He ¢ 2k, a ¢ k2. Torxa nosnyuaercsi, uto npu k2 > N BHIYEDKHBATH yiKe
Oyaer Heyero, YTO Mbl M yBHAeNIU B mpumepe. I1oaToMy MOKHO wmc-
TIOJIB3OBATH YAYUIIEHHBINH aJIrOPUTM:

1) BeImmcaTh Bce uyucaa ot 2 1o N;

2) Hauatec k = 2;

3) BEIYEDKHYTH BCe YUCIA, KPATHbIE k, HauuHas ¢ k;

4) HaiiTH ceAyIOee HeBLIYePKHYTOE YMCJIO U IPUCBOUTE €r0 IepeMeH-

HOU k;

5) noBTopaTH maru 3 u 4, noka k% < N.

YTo0bl COCTABUTH HPOrPAMMY, HYKHO ONpeAeIHTb, YTO 3HAYUT
«BBIUCATH BCE UMUCJIA» U «BBIYEPKHYTH YHCI0». OHUH U3 BOZMOMKHEIX
BAPHAHTOB XPaHEHHUsA NAHHBIX — MACCHB JIOTHYECKHX BEeJIUYHMH C HH-
aexcamu oT 2 no N. Kak u B yuebnuke 10 xiacca, cieBa Gygem mnu-
caTk OIPOrpaMMy Ha IIKOJbHOM aJITOPUTMHYECKOM fBLIKE, a cIIpaBa —
Ha a3biKke Ilackans.

O0bABNeHNe NepeMEeHHBIX B INporpaMme OyAeT BBINIAAETh TakK
(nna N = 100):

men i, k, N=100 const N=100;
norrab A[2:N] var i, k: integer;
A: array([2..N] of boolean;




Lleno4yMcrnieHHble anropuTmsl

Ecam umcso i He BBIYEPKHYTO, OyJeM XpaHUThL B dJIEMEHTe MaccuBa
A[i] ucTUHHOe 3HAYEHHE, €CJM BBHIYEPKHYTO — JOokHOe. B camom Ha-
yajie HY’KHO 3aIIOJIHUTh MAcCCUB MCTUHHBLIMHA 3HAYEHNUAMH:

HI ans i1 or 2 mo N for i:=2 to N do
A[i] :=ma A[i] :=True;

K

B 0CHOBHOM IIMKJI€ BBINIOJHAETCH OIMKMCAHHEIN BBINIE aJTOPUTM:

k:=2 k:=2;

HI noxa k*k<=N while k*k<=N do begin
ecinm A[k] wo if A[k] then begin

i:=k*k i:=k*k;

Hi noka i<=N while i<=N do begin
A[i] :=HeT A[i] :=False;
i:=i+k i:=i+k

K11, end

BCE end;
ki=k+1 k:=k+1
KIT end;

OfpaTuTe BHMMaHHWe, YTO AJISI TOrO, 4TOOBI BOOOIE HE NPUMEHATH Be-
IIeCTBEHHYIO apu(dMeTHKy, Mbl 3aMeHIIH ycJoBue k < Jﬁ HA PaBHOCHJIb-
Hoe ycyioBue k2 < N, B KOTOPOM UCHOJB3YIOTCS TOJBKO IleJIble YHCJIa.
Ilocnie 3aBepIIeHUS 3TOTO IIUKJIA HEBBIYEPKHYTHIMHU OCTAJMCH TOJb-
KO TIPOCTBIE UMCJIA, JJS HUX COOTBETCTBYIOIIVE dJIeMEHThI MaccuBa Co-
JiepaKaT UCTHHHBbIe 3HAYEHUs. ITH YHCja HY:KHO BRIBECTH HA dKpaH:

HO ana i or 2 mo N for i:=2 to N do
eciu A[i] wTo if A[i] then
BHIBOI 1,HC writeln(i);
BCeE
K11

« IIMHHBIe» YHCIA

CoBpeMeHHBIE AJTOPATMBI MIH(POBAHUA HCIOJBL3YIOT AOCTATOYHO
NJMUHHBIE KJIOYM, KOTOpble NPEeJACTABISIOT co00# dYHMciaa [IJIWHOMN
256 6uroB u Gonbire. C HUMU HYXHO BBINOJHATH PasHbIe ONEpalUu:
CKJIaJbIBaTh, YMHOMKATh, HAXOAMTH OCTATOK OT AejeHHA. Bompoc co-
CTOMT B TOM, KaK XpPaHMUTb TaKHe 4YHCJIa B NaMATH, e AJIA LeJbIX
quces OTBOAMTCA IAMATH 3HAYUTEJIHHO MEHBIIMX pPadMepoB (0ObIYHO
go 64 6uros). OTBeT ZOCTATOUHO OYEBUAEH: HYXKHO PasbHThL NJIMHHOE
YMCJIO HA YaCTH TAK, 4TOOBI OHO 3aHMMAJIO HECKOJbKO AYeeK MaMATH.




AnroputMusauus U nporpaMmmMmmpoBaHme

«[ANMHHOE» YMCNO — 3TO YMCMO, KOTOPOE HE NOMELLAETCH B NePeMeHHYHo
CTaHAapTHbIX TUMOB AaHHLIX A3blka NporpammupoBaHus. AnroputMel paboTbl
C ANUHHBIMKW YUCNAMU HA3bIBAKOT «ANUHHOW apUMEeTUKONY.

Insi xpaHeHUs <«JAJIUHHOTO» UYHCIA YAOOHO HCIOJIB30BATH MACCHB
uenslx uyucen. Hanpumep, uuciao 12345678 mokHO 3ammcars B Mac-
cuB ¢ nHgexcamu ot 0 1o 9 rakum obpasom:

0o 1 2 8 ‘4 & 6 7. 8 9
alr]2[8|4]s5[6]7][8]0]ol]

Taxoii criocob mMeeT psj HEIOCTATKOB:
1) Hy»KHO TZe-TO XPaHWUTh JJIHHY 4YHCIa, uWHade umcaa 12345678,
123456780 u 1234567800 GyzeT HEBOZMOKHO PA3ININTh;
2) HeymoOGHO BBEINOJIHATE apudMeTHUeCKHe ONepalui, KOTOPbie HAUHU-
HAIOTCA C MJIAJIIEr0 Paspsaaa;
3) naMATh pacXxoAyercsa HeSKOHOMHO, IOTOMY YTO B OJHOM 3JIEMEHTe
MaCCHBa XPaHUTCH TOJBKO OAMH paspsan — guciio ot 0 go 9.
Yro6er m36aBUTHECSA OT HEPBBIX ABYX IpoOJeM, HOCTATOYHO «pasBep-
HYTh» MAaccuB HaobopoT, Taxk dYTOOBI MJIaJIIXUM paspAa] HaxXoAUJCH
B A[0]. B aToM cayuae Ha pHCYHKaX yA00HO IPHMEHATH OOPATHBIA I10-
PANOK 2J1€MEeHTOB:

9 8 7 6 5 4 3 2 "1 9
alolof[1[2[3[s4]5[6]c7]s]

Tenepr HY)XHO HalTH 06o0jlee ’KOHOMHYHBIA Ccrmocob XpaHeHHA
JauHHOTO umciaa. Hanpumep, pasMecTuM B OZHOM 3JIeMEHTE MacCCHUBa
TPH pas3pafa YKucjia, HauMHaA clIpasa:

9 8 7 6 5 4 3 2 1 0
Alolo] o] oo o] o] 12]345]6r8]

3zech UCIOJB30BAHO PABEHCTBO
12345678 = 12 - 10002 + 345 - 1000! + 678 - 1000°.

(DBRTH‘IGCRH MEI npenc'ranmm HCXOOHOe YHCIJIO B CHCTeMe CUHCJIEHHA
¢ ocaHoBarmem 1000.




LlenouncneHHsie anropmTmbi

CKOJBKO pPaspsa/l0B MOKHO XPAHUTh B OJHOM 3jieMeHTe maccupa?
9TO 3aBHCHT OT pasmepa ajgeMeHTa. Hanpumep, eciam nepeMeHHas 3a-
HuMaer 4 GaiiTa ¥ YMCJIO XPAHUTCHA CO 3HAKOM, AONYCTHMBIHA Auamna-
30H ero 3HAYeHWMH:

or —232 = —4 294 967 296 po 232 -1 =4 294 967 295.

B TakoMm 3jieMeHTe MOYKHO XPAHUTH 0 9 paspAfoB JeCATHUHOTO
Yucjia, T. €. HCIOJb30BATH CHCTEMY CUHCJIEHMs C OCHOBAHMEM
1 000 000 000. OgHAKO HYXHO YUYHTHIBATH, YTO C TAKMMH YHCIaMH
OyAyT BBIMOJHATHCHA apudMernuecKue olepalyuy, pe3yabTAT KOTOPBIX
IOJIKeH IOMeIlaThCAd B NEepeMeHHYI0 HeKortoporo Ttuna. Hampumep,
ecJIM HaJ0 YMHOYKATH PaspsaAbl sToro umesa Ha 4ymeao kB < 100 u B
A3BIKE IpOorpaMMHpoOBaHHA HeT 64-0MTHBIX IIEJIOUMCJIEHHBIX THIIOB
JAaHHBIX, TO B 2JIeMEHTe MacCuBa MOXHO XPaHUTH He Gosee 7 paspAmoB.

ITokaxkem Ha mpuMepe, KaK MOYKHO HMCIIOJB30BATH CHUCTEMY CUHC-
nerus ¢ ocaoBanuem 1000000 ayia BBINOJHEHUSA ONMEePalHil ¢ «AJHH-
HBIMH» UHCJIAMH.

3amaga. BelumeauTs TOYHO 3HadYeHme (axrTopuana 100! =
=1-2-3-...-99-100 u BeIBeCTH ero Ha dKpaH B JECATHUIHON cHcTeMe
cunucaeHusa (9TO YMUCJIO COCTOUT OoJiee YeM U3 COTHU HUPp U ABHO He
IOMEeNIaeTcHs B OHY IePeMeHHYI0).

Insi XpaHeHUA «AJUHHOTO» yucijaa OyeM HMCIoJIb30BaTh LEJIOYHC-
JeHHBIA MaccuB A. OnpegenuM HeoOXOAUMYIO AJUHY MaccuBa. 3aMe-
THM, 4TO

1:2+-3+...-99+100 ‘< 100199,
Yucao 100190 cogepsxur 201 nudpy, nosromy uuciao 100! comepxur He
6osiee 200 mudp. Ecau B Kaxkmom sjieMeHTe MaccuBa 3anucano 6 nudp,
JUIs XpaHeHus Bcero yncia tpeGyerca He Oojiee 34 2/1eMEeHTOB!

men N=33 const N=33;
nenra6 A[0:N] var A: array(0..N] of integer;

Yrober HaiTu 100!, HyXKHO cHAaYala IPUCBOUTL «IJIMHHOMY» YHC-
Jy 3HAueHHe 1, a 3aTeM IOCJIeJOBATEJLHO YMHOMKATE €r0 Ha BCe UMcia
ot 2 o 100. 3anumemM 3Ty WA HA NCEBJOKOAe, 0603HaUUB uepes [A]
«IJAHHOE» YHCJIO, HaXOoAdAlleecd B MaccuiBe A:

[A]:=1

HI mans k or 2 mo 100
[A] :=[A] *k

KIg,




AnropMrMmu3aums u nporpaMmmMmupoBaHme

3anucaThk B «AJHHHOE» YHCJIO €AWHUAIY — 3HAUUT IPUCBOUTH 3JIEMEH-
Ty A[0] 3HaueHue 1, a B ocTajibHbIE IepeMeHHbIE 3aIMCATh HYJIH:

A[0]:=1 A[0]:=1;

HO ansg i1 or 1 mo N for i:=1 to N do
A[i]:=0 A[i]:=0;

KL

Taxum o6paszom, OCTAETCH HAYUUTHCH YMHOMKATH «IJUHHOE» YHUC-
Jo Ha «KopoTKoe» (B < 100). «KopoTkuMu» 00OBIYHO HA3LIBAIOT YHCJ]A,
KOTOpPBIE IOMEIAIOTCA B IIePEMEHHYIO OJHOTO M3 CTAHZAPTHBIX THIIOB
JaHHBIX.

IlonpobyeM cHavaja BBINOJHHATH TAKOE YMHOJKEHHE Ha IIpUMepe.
IlpeAmonoXuM, 4TO B KaXKAOM dJIEMEHTEe MaccuBa xpaHATcA 6 mudp
«JIMHHOTO» YHWCJA, T. €. UCIOJB3YeTCs CHCTEMAa CUYHCJIEHHA C OCHOBA-
HueMm d = 1 000 000. Torga uucao [A]=12345678901734567 xpanur-
cA B TPEX dJIeMeHTax:

2 1 0
A | 12345 | 678901 | 734567

IIyers k = 3. Hauumaem yMHOMKATH C MJIAJIIEr0 paspaga:
734567 - 3 = 2203701. B mHysneBoM pasp#Afie MOTYT HaXOJUTHCA TOJIb-
Ko 6 mudp, sHauMT, cTaplIas ABOUKA NepeHaeéT B IEpPEeHOC B CIeny-
omui paspazn. B nporpaMme aiisi BeIJeJIEHUA IIepPeHOCA I' MOXMKHO HC-
IIONB30BATH IIEJIOUYMCIEeHHOE JejleHHe Ha OCHOBaHHEe CHCTEeMBI CUHCJIe-

Husa d. OcraToKk OT AeleHUs — 3TO TO, YTO OCTAETCA B TEKYIIEM
paspsage. IloaroMmy noayyaem:

s:=A[0]*k s:=A[0] *k;

A[0] :=mod(s,d) A[0]:=s mod d;

r:=div(s,d) r:=s div d;

Hns cmepyroiero paspsana Gyaer BCé TO e caMmoe, TOJIBKO B IIePBOH
omepanuy K IPOU3BEJeHUI0 HYKHO J0OABUTH NepPeHOC M3 IpejblAyIne-
ro paspsifia, KOTOpHIM ObLI 3anucaH B nepemenHyio r. IIpuHAB B ca-
MoM HauaJsie r = (, 3anuiieM yMHOXXeHHe «IJIMHHOIO» YMCJA HaA «KO-
POTKOe» B BHJe IIMKJa II0 BCeM dJeMeHTaM maccura, ot A[0] xo A[N]:

r:=0 r:=0;

HO gna i or 0 mo N for i:=0 to N do begin
s:=A[i]*k+r s:=A[i] *k+r;
A[i] :=mod (s, d) A[i]l:=s mod d;
r:=div(s,d) r:=s div d

KIL end;




LlenouyncneHHbie anropruTMbl

B cBow0 ouepeapb, 3TH AEHCTBUA HYYKHO BBIIIOJHHUTH B APYroM (BHeII-
HeM) LuKJIe Aas Bcex k or 2 go 100:

HID gns k or 2 mo 100 for k:=2 to 100 do begin
KIg end;
ITocne aToro B maccuBe A OygeT HaXOAWUTHCA HCKOMOE 3HAYEeHUE

100!, ocraércs BeIBecTH ero Ha 3KpaH. HYKHO y4uecTb, 9YTO B KaKIoi
AJyelike xpaHATcsa 6 nudp, moaToMmy B Maccuse

A | 1 s2 | 8|

xparutca sHadverue 1000002000003, a me 123. Kpome Toro, crapuiue
HYyJIeBEIe paspsaAbl BEIBOAUTH HA 3KpaH He Haxo. [losroMy npu BeIBOAE
TpebyeTcs:

1) maiiTu nepBhI (cTapUINii) HEHYJIEBOU PA3PA] YHACIA;

2) BBIBECTH 9TO 3HaUYeHUe 0e3 JTUAUDYIOIIUX HYJIeil;

3) BBIBECTH BCe CJIEAYIOIINE Pa3paabl, 100aBIAA TUAUPYIOIIAE HYJIN A0

6 nudp.

ITockonBKY MBI 3HaeM, 4TO YHCIO HE PABHO HYJIO, CTAPIININ HEHYyJe-
BOM paspsAj MOMKHO HAWTHU B TaKoM IuKjel:

i:=N i:=N;

HI noxka A[i]=0 while A[i]=0 do
i:=i-1 i:r=i-1;

K1

Crapiuii paspsii BEIBOAUM OOBIYHBIM 00pasom (6e3 JTUAUPYIOIUX HY-
Jeit):

BRIBOL A[i] write(A[i]):

Jna ocTalbHBIX paspAnOB OyAeM MCIOJB30BATH CIEUAJBHYIO IIPO-
nenypy Writeb:

HO ansa k or i-1 mo 0 mar -1 for k:=i-1 downto 0 do
Write6 (A[k]) Write6 (A[k]);
K11

HOI[YM&I?!TE, YTO MB3MEHHTCH, €CJH BbIBOZHMOE YHMCJI0 MOKeT OBITh HYyJe-
BBIM.
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OTa mpoueaypa MIocjJefoBATEeIbHO BBIBOAUT IUMPHI AECATHYHOIO YHC-
Jia, HAYMHAA C COTEH THICAY M KOHYAA eQUHHUIIAMHU:

anr Write6 (umen x) procedure Write6(x: integer);
Hay var M: integer;
uen M, =xx begin
XX:1=X M:=100000;
M:=100000 while M>0 do begin
HI, noxa M>0 write(x div M);
BEBOLO div(xx,M) x:=x mod M;
xx:=mod (xx, M) M:=M div 10
M:=div (M, 10) end
K13 end;
KOH

HOas Toro uro6el paszobpaTbcsA, kKak oHa paboTaeT, BBINOJHUTE «pyd-
HYIO IPOKPYTKY» NPHU PA3JIMYHBIX 3HAUYEHUAX X (Hanmpumep, BO3bBMHUTE
x=1, x=123 u x = 123456).

Q Bonpocsl u 3apaHusa

1. Kakue npeuMylIecTBa ¥ HELOCTATKM HMMeeT AJTOPUTM «peliero Jparto-
cheHa» IO CPABHEHHIO C MPOBEPKOM KAXKAOI0 YMCJa HA MPOCTOTY?

2. Yro Takoe «IJUHHBIE» Yucaa?

3. B kakux ciaydaax HeoOX0AuMO IPHMEHATh «AJUHHYIO apudMeTHKY » 7

4. Kakxoe MaxCUMAJIBHOE UYHCJO0 MOMKHO BSaIHCaTh B SYEHKY pasMepoM
64 6ura? PaccMoTpHTe BADHAHTH XPaHEHHWs YMCEN CO 3HAKOM U 6e3 3HaKa.

5. MO’KHO JIM HCIOJb30BATD AJIf XPAHEHUSA «JJIHMHHOIO» YHCIA CUMBOJBHYIO
crpoky? Kakue nmpo6ieMEl Ipy 9TOM MOTYT BO3HHKHYTB?

6. Ilouemy HeyJOOHO XPAHUTHL «JAJIHHHOE» YMCJO, B3AlMCHIBASA IEPBYIO 3HA-
yamyo nudpy B Hadano maccusa?

7. IloyeMy HE3KOHOMHMYHO XPAHUTH HO OJHON mudpe B Ka)KIAOM dJIEMEHTe
maccusa?

8. CKONBbKO paspsAfoB YHMCIA MOXKHO XpaHUTh B 16-OuTHOM aieMeHTe
maccusa?

9. O6bsicHEUTE, Kakue NpobiieMbl BOSHHKAIOT IPH BHIBOJE JJIUHHOIO YHCJIA.
Kak ux M0XXHO pemars?

10. O6bsacauTre pabory npoueaypsl Writeb.

o 3apaum

1. loxkaskuTe, 9TO ecy y Yucja k HeT HA OZHOTO JeJUTeNs B JHANA3OHE OT
2 1o vk, 1o oHO mpocToe.




CTpykTypbi (3anucwu)

2.

*8.

10
*EL.
*12.

Hanumiure ABe IpOrpaMMbl, KOTOpPhIe HAXOJAT BCE IPOCThHIE YHCIA OT 2
no N gByMs pasHBIMH crocobamm:

a) IpOBEPKON KaXA0T0 YHCJIa U3 9TOTO MHTEpPBAJIa Ha IIPOCTOTY;

6) ucnosne3ys pemero IparocdeHa.

CpaBHUTe 4YHCJIO IIAroB HuKJaa (BpeMsa paGoThl) 9THX IporpaMm JIJis
pasHuIX 3HadYeHHi N. ITocTpoiiTe HiA Ka’XZOr0o BApMAHTA 3aBHCHMOCTH
KoJu4ecTBa maros or N, cueiaiiTe BEIBOALL O CJIOKHOCTH AJI'OPUTMOB.
Joxaxure, 4T0 B IPHBEAEHHOH B naparpade mporpaMMe BbIYMCIEHHSA
100! Be OygmeT IepenoJHEHHS IIPH HCIOJb30BAHMH 32-0MTHBIX IEJBIX
IepeMeHHBIX.

. Moxuo su B mporpamme BbiuucaeHua 100! B oxmoii Aveiike maccuBa

XpaHuTh 9 mudp «ATUHHOrO» YHCaa?

. Bbes mcnonwp3oBaHUA nporpaMMel OonpegenHTe, CKOJBKO HYyJed CTOHT B

KoH1e uncya 100!

. Cobepure Bcio mporpammy # BeiduciautTe 100!. Ckonbxko nudp BXOZUT B

9TO YHCNIO0?

OdopmuTe BBIBOZ «AJAWHHOTO» UHCJIA HA SKPAaH B BHJE OTAEJbHOM IIpO-
meaypel. YUTHTE, YTO YHUCJIO MOKET OBITE HYJIEBBIM.

IlpupymaiiTe Apyroi cmoco® BBIBOAA «JJIMHHOTO» YHCJA, HCIOJIbB3YIO-
Ui CHMBOJIbHBIE CTPOKH.

. HanummwuTe npomeaypy AJas BBOAA «AJHHHBIX» YHCe] U3 (aiina.

HanumuTe Npoueaypsl AJOs CJ0MKEHHA W BEIYUTAHNA JIMHHBIX YHCEJ.
Hanumure nponeaypsl A8 YMHOMKEHHUSA U JeJIeHUA «IJHHHBIX» JHCEJ.

Hanumure nponenypy Ajs HW3BJIeYeHUA KBAJPaTHOTO KODHA M3 «IJIUH-
HOI'0» YHCJIA.

§ 39
CrpykTypbl (3anucu)

3ayeM HYKHBI CTPYKTYpPbI?

ITpepcraBuM cebe Das3y naHHBIX OMOJHMOTEKH, B KOTOPOH XpPaHHUTCHA

nHpopManud o KHHrax. [nsa Ka)aod U3 HUX HYMKHO 3alIOMHUTEL aBTO-

pa,
poB

Ha3BaHWeE, TOJ H3JAHUA, KOJHYECTBO CTPAHHUIL, YUCJIO IKIEMILIA-
u 1. a. Kaxk xpasuTts atu gagasie?

57
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ITocKONBKY KHUI MHOIO, Hy)XeH maccuB. Ho B MaccuBe HCIOJIb-
3YIOTCHA 2JIEMEHTHI OJHOI'0 THIA, TOrJa Kak MH@opManmuA O KHHUrax
pPasHOpOAHA, OHA COLEPIKHUT Iejible YHCJIa U CHMBOJIbHBIE CTPOKH pas-
HOM anuHbl. KOoHeuHO, MOXHO pasduTh 9TH JaHHBIE HA HECKOJBKO
MaccHBOB (MacCHB aBTOPOB, MAaCCHB HA3BAHHUH M T. A.) TaK, YTOOBI
i-il 3JIeMEeHT Kaj<JA0ro MacCuBa OTHOCHJICA K KHHre ¢ HomepoM i. Ho
TAKOH MOAXOJ OKAa3bIBaeTCH CJAMUIIKOM HeyAOOHBIM ¥ HeHaZEKHBIM.
Hanpumep, OpH COPTHPOBKE HYMHO IepecTaBJATH dJEeMeHTHl BCeX
MaccHuBOB (OTAeNbHO!) B MOJKHO JIETKO OIIAOUTHECA U HAPYIIHUTE CBA3b
JaHHBIX.

Bosuukaer ecrecTBeHHas ujaes — O0OBLEIWHHUTH BCe NaHHBLIE, OTHO-
cAIUeca K KHUTre, B eAUHBINA OJIOK HaMATH, KOTOPLIH B IPOrPaMMHUPO-
BAHWM HABBIBAGTCH CTPYKTYPOH.

CTpyKTypa — 37O TUN [aHHbIX, KOTOPbIA MOXET BKMNOYaTh HECKONbKO Mo-
nel — 3/1eMEeHTOB pa3HbIX TUMOB (B TOM YUCNe U APYrve CTPYKTYpbI).

B ITackaye CTPYKTYpHI 110 TPAAULUKA HA3BIBAIOT 3aIMCAMH (aHIJI.
record — szanmucs). Jlanee B aTO# ryiase MbI OyZeM HMCIIOJB30BATH BO3-
MOXKHOCTH CBOOOZHO pacnpocTpanseMoro kommnuaaropa FreePascal.

O0BaBIEeHUE CTPYKTYP

Kak m miobble mepemenHble B Ilackase, CTPYKTYphl HeoOX0AMMO
06bABIATE. JI0 #TOro MBI paboTaju ¢ NPOCTHIMU THIAMHU JaHHBIX (me-
JBIMH, BeIleCTBeHHBIMH, JIOTMYECKUMM M CHMBOJBHEIMH), a TaKKe C
MacCHBAMH 3THUX THIOB. Bbl 3Haere, 4TO NpPH OOBABIEHUU IIepeMeH-
HBIX ¥ MACCHMBOB YKa3bIBA€TCH WX THII, IO3TOMY AJA TOro, 4ToOBI pa-
60TaTh CO CTPYKTYpPAMU, HYKHO BBECTU HOBBIM THII JaHHBIX.

ITocTpouM CTPYKTYDPY, C IIOMOIIBIO KOTOPOH MOXXHO ONUCATH KHH-
ry B 6age JaHHBIX GHOIMOTeKH. ByZeM XpaHHUTH B CTPYKTYpe TONbKO:

« (amuanio asropa (cTpoxa He 6osee 40 cUMBOJIOB);

+ HasBaHUWe KHUTHU (cTpoka He Gosee 80 cHMBOJIOB);

» HUMeloleecs B OMOIHMOTEKe KOJHUYECTBO 3SK3EeMILIAPOB (meJsoe
YHCJIO).

KoHeuHO, B pealbHON CUTYAIMH JAHHBIX GOJIbIIe, HO IPUHIIUI He MEHAETCH.
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Of6bsABIEHNE TAKOI'O COCTABHOrO THIIA MMeeT BU/I:

type
TBook = record
author: string(40]; {aBTOpP, cCTpOKa}
title: string(80]; {Ha3BaHMe, crTpokal
count: integer; {konmmuecTBO, UeJyoe}
end;

O0bsABNIeHNA THUNOOB NAaHHBIX HAYMHAKIOTCH C KJKIOYEBOIO CJIOBa type
(B mepeBoJie ¢ aHIJI. — THII) U PACIOJIATAIOTCHA BbIIIe GJ0Ka O6BABIIE-
Hus nepeMeHHbIX. iMa HOBoro Tuma — TBook — 3TO yzo6HOe coKpa-
meHHe oT aHrauiickux ciaoB Type Book (mun xHuza), X0TA MOMKHO
OLLTIO MCIIONB30BATH M JI000E APYroe UMsi, COCTaBJIeHHOE IO IPaBHIaM
fA3bIKa nporpamMmupoBaHus. CinoBo record osHauaeT, 4YTO 3TOT THUII
JaHHBIX — CTPYKTypa (3ammch); gajiee MEPEYHCIAIOTCSA MOJSA U yKa-
8bIBalOTCA UX THUNEI. O0BABIEHUE CTPYKTYDPHI 3aKaHUYMBaeTCAd KJIIOUe-
BBEIM CJIOBOM end.

O6paruTe BHUMaHHe, 9TO AJs CTPOK author u title ykazaH Makcu-
MaJbHBI# paszMep. 9TO CHENIAHO AJISA TOTO, YTOOLI TOYHO OIPEAEIUTh,
CKOJIbKO MeCTa HYXHO BBIJEJIUTh HA HUX B IaMATH.

B pesyabTaTre TakKoro o0bsABIeHHA HHKAKHX CTPYKTYP B HaMATH
He CO3AaéTcA: MBI IIPOCTO ONMCANMA HOBBIH THII JAHHBIX, YTOOBI TPAHC-
JATOP 3HAJ, UTO JleJlaTh, eCJIH MbI 3aX0THM €ro KMCIIOJIb30BaTh.

Tenepr MO’KHO MCHONB30BaTHL TN TBook Tak ke, KAk M IIpPOCTHIE
TUIIBI, 1A 00bABIEHUA IIEPEMEHHBIX U MACCUBOB:

const N = 100;
var B: TBook;
Books: array[l..N] of TBook;

3nechk BBeJeHa nmepeMeHHas B tuna TBook m maccuB Books, cocros-
M U3 BJIEMEHTOB TOrO e THIIA.

Wnorna ObiBaeT HY)KHO ONpeJeJIUTH Da3Mep OJHOM CTPYKTYDBHI.
Hnsa aTOro Mcmoabayercs craHAapTHas (QYHKIHUA sizeof, KOTOpOH
MOJKHO IIepefjlaTh UM#A THIA, a TaAKXKe IePEeMEeHHYIO UM MAaCCHB:

Writeln(sizeof (TBook)) ;
Writeln(sizeof (B));
Writeln(sizeof (Books));

IlepBrie aBe KOMAaHJABI BRIBEAYT HA 9KPaH pasMep OJHOH CTPYKTYDHI
(124 OGaiira), a nocaegHAA — pasMep BBIZIEJIEHHOTO MAaCCHBA W3
100 crpyrTyp. PasMep CTPYKTYpPHI BBIBHIBAET HEKOTODBIE BOIPOCHI:
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Ka)XKIbIH 2JIeMeHT CTPOKH 3aHumaer 1 Gait, a memoe umcno — 2 6aii-
Ta, MO3TOMY IIpOCTOH moacuéT naer 3Hadenme 40 + 80 + 2 = 122.
Orkyzna nossBuauck emé 2 6aura? Ieso B ToM, 4TO CTpoKa author us
40 cumBoJioB (paxTHuecku saHumaer 41 6GallT, a CTPOKOBOe ImoOJie
title — 81 HaiiT: 1 momonmHMTENBHBIN HANT pacxoAyeTcs Ha XpaHeHUe
(daKTHYECKOr'0 pasMepa CTPOKH.

OOpameHue K IOJI0 CTPYKTYPBI

Ilnsa Toro uro6sl paboTaTs He CO BCeil CTPYKTYpPO#i, a ¢ OT/AeJbHbI-
MM [OJAMH, UCIOJNL3YIOT TAK HA3BIBAEMYIO TOYeYHYI HOTAI[MIO, pa3-
Jendd TOYKOM HMM#A CTPYKTYpHI U umda monad. Hampumep, B.author
obozHayaeT «moJjie author cTPpyKTypel B», a Books[5].count —
«moJie count ajemeHTa maccuBa Books [5]». Hanpumep, ansa onpene-
JIeHUs pasMepa mojieii B GaiiTax, MOKHO CHOBAa HMCIOJb30BaTh (PYHK-
OHI0 sizeof:

writeln(sizeof (B.author)):;

writeln(sizeof (B.title));

writeln(sizeof (B.count));

¥ MBI YBHAMM Ha 3KpaHe unuciaa 41, 81 u 2.

C moNAMM CTPYKTYPHI MOMKHO o0OpamaThcs Tak ke, Kak M ¢ 00bI4-
HBIMM TEpPEeMeHHLIMH COOTBeTCTByIomero tumna. MOKHO BBOJUTE HMX
¢ KJaBHaTypsl (uiam ua daiina):

readln (B.author) ;
readln (B.title);
readln (B.count);

IpUcBanMBaTh HOBBIE 3HAYEHHUHA:

B.author:="llymukua A.C.';
B.title:='llonraea';
B.count:=1;

HCHOJIL30BaThH IpU 00paboTKe JaHHBIX:

p:=Pos (' ', B.author);
fam:=Copy (B.author, 1, p-1); { Toneko ¢ammnusa }
B.count:=B.count - 1; { B3AnM OOHY KHUTY}
if B.count=0 then

writeln ('3Tux kHur BGomnemwe Her!');

M BBIBOJWUTH HA 9KpaH:
writeln(B.author, ' ',B.title, '. ', B.count,' mr.');
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Pabora ¢ dairamu

B nporpammax, paborarommux ¢ 6a3aMu JAaHHBIX, HEOOXOJAHMO UH-
TaTh MACCHBBEI CTPYKTYD U3 (hailsia u 3anucerBaTe B daitn. Komeuno,
MOXHO XPaHUTh CTPYKTYPBI B TEKCTOBBIX (ailjax, Hampumep, 3allu-
ChIBas BCe IOJIA OJAHOHN CTPYKTYDPEHI B OJHY CTPOKY M pasfends MX Ka-
KHM-TO CHMBOJIOM-pasfieJIuTesieM, KOTOPBIH He BCTpPedYaeTcs BHYTPH
caMHuX IIoJIei.

Ho ects Gosee rpaMOTHBIN CII0C06, KOTODBIM ITO3BOJISAET BBIMOJI-
HATH (paliioBble OIepallMy IIpoIle M HaNé)XKHee (C MEHBIIEH BepoAT-
HOCTBIO OIMOKHK). [IJ1A 3TOro HYXHO MCIOJIL30BaTh (Paliiibl CIenuasb-
HOT'O THIIA, KOTOPhIe HA3BIBAIOTCSA THIIM3HPOBAHHBIMH. Bce 3amuchiBa-
eMble B HUX JaHHbIe JOJKHBI UMeTh OOJUHAKOBHIM THI. B oTanume oT
TEeKCTOBBIX (ailyIOB JaHHBEIE B THNM3WUPOBAHHBIX (hailjiax XpaHATCA BO
BHYTpeHHeM (opMare, T. €. TaK, KaK OHH IPEACTABJEHBLI B NAMATH
KOMIIbIOTEpa BO BpeMdA paboTel mporpaMmbel. Hanmpumep, MOXKHO che-
JaTh (a1 mebIX YHCeJI WIH JJOTHYEeCKUX BeJIUYNH.

B nannoM ciyuae Hac uHTepecyer (aiin cTpyKTyp THma TBook,
TaKk 4To (haitnoBas mepeMeHHas F nua paboTel ¢ THUOM3MPOBAHHBIM
daitnom pomxHa ObITH 00BABICHA TAK:

var F: file of TBook;

3anuchk CTPYKTYPHI B (Daiiyl BHINOJHAETCS CTAHAAPTHBIM CIIOCOO0OM:
Assign (F, 'books.dat"') ;
Rewrite (F) ;
B.author:="Typreues M.C.';
B.title:="Mymy';
B.count:=2;
write (F,B);
Close (F);

HanmomruM, 4uTO mpomeaypa Assign cBA3bIBaeT (hailioByI0 mepemMeH-
HYI0 ¢ (haiijioM Ha AHUCKe, NpomeAypa Rewrite OTKpeIBaeT (aiiin Ha
3amuchk, a nponenypa Close — saBepliaeT 3alMCh HA JUCK U 3aKpbI-
Baer ¢aiii.

IIpounenypa Write, onpeaenus, 9To (aiinoBas nepemenHas F cBa-
3aHa C TUNU3WPOBAHHBLIM (baijIOM CTPYKTYD, 3alHCBHIBAET B Qai oaHy
CTPYKTYPY BO BHYTpeHHeMm dopmare. IIprm momeiTke mepenaTts 3TOH
nponeaype NepeMeHHYIO APYTroro THIa Npou30iaér omubka U aBapuii-
HBIH OCTAHOB IIPOTPAMMEIL.

C momomipio IIMKIa MOYKHO 3aIACATh B (aiiJl BeCh MACCHB CTPYKTYD:

for i:=1 to N do

write (F,Books[i]);
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IIpouurars u3 daiina OAHY CTPYKTYDPY M BBIBECTH €€ IIOJIA Ha IK-
paH MOYKHO CJIeAYIOUIuM 06pasom:

Assign(F, 'books.dat');

Reset (F) ;

Read (F, B) ;

Writeln(B.author,', ',B.title,', ',B.count);
Close (F) ;

IIpoueaypa read, MOJYYUB CCHIIKY F Ha TUNHU3UPOBaHHEIN (aiii, Mo-
JKeT IPUHHUMAThH B KAYeCTBe CIAeAYIOIIUX IapaMeTPOB TOJBbKO CTPYKTY-
pel THAa TBook.

Ecnu 3apasHee M3BeCTHO, CKOJbKO CTPYKTYp 3amucaHo B (aiine,
IIpU YTEHUH UX B MACCUB MOYKHO NIPMMEHUTH IIUKJI C IIepeMeHHOM:

for i:=1 to N do
read (F,Books[i]):

Eciu ke 4MCIO CTPYKTYP HEU3BECTHO, HYKHO BBINOJHATH YTEHHE IO
Tex mop, Moka ¢aiin He 3aKOHUMTCH, T. €. PYHKOUSA Eof He BepHET
HCTUHHOE 3HAYeHUe:
i:=0;
while not eof (F) do begin
i:=i+1;
Read (F,Books[i]);
end;

31ech nenad MepeMeHHAasl i UTPAET POJib CYETYMKA: B Hell Ha KaK0M
mare 3alMCcaHO KOJUYeCTBO MaKTUUECKH NIPOYUTAHHBIX CTPYKTYD.

CoprupoBka

Ilisi COPTMPOBKHM MacCuBa CTPYKTYD IPDHMEHSAIOT T€ K€ MEeTOABI,
4YTO W JJIS COPTUPOBKM MACCHBA IPOCTHIX NepeMeHHBIX. CTPYKTYDBI
O0OBIYHO COPTHUPYIOT II0 BO3PACTAHMIO WM YyOBIBAHUIO OJHOIO W3 IIO-
Je#, KOTOpoe HA3hIBAIOT KIIOYEBBIM IOJIeM MM KIIOYOM, XOTA MOXK-
HO, KOHEYHO, MCIIOJIb30BATH U CJIOXKHbBIE YCJIOBHUA, 3aBHCAIINE OT He-
CKOJBKHX I0JIe# (COCTABHOM KJIIOY).

OtcoprupyeM mMaccus Books (tunma TBook) mo (aMuimuaAM aBTOPOB
B andaBUTHOM TmopsAAKe. B naHHOM ciaydae KJouoM Oyzer moje
author. Ilpegnonoskum, 4TO (haMHIMA COCTOMT M3 OAHOTO CJIOBA, & 38
Helt uepes mpoben ciaexyior mEMOHANL. Torga COPTHPOBKA MemodoM
nY3ulpbKa BHITJIATAT TaK:
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for i:=1 to N-1 do
for j:=N-1 downto i do
if Books[j].author>Books[j+1].author then
begin
B:=Books[j]; Books[j]:=Books[j+1];
Books[j+1] :=B;
end;

3nech i M j — IeJOYHMCIeHHbIE IepeMeHHble, a B — BcrmomorareabHas
CTPYKTypa Tuna TBook.

Kax BbI 3HaeTe u3 Kypca 10 Kiacca, Ipu CpaBHEHHH ABYX CHM-
BOJIBHBIX CTPOK OHH pPacCMaTPUBAalOTCA IIOCMMBOJBHO A0 TeX TIOp,
noxa He OyAyT HailileHbl NepBble pasjandalomuecd CHMBOIbI. amee
CPaBHUBAIOTCA KOAbI 3THX CHMBOJIOB IO KOJX0BO¥ Tabaume. Taxk Kak
KoZ npobesia MeHbINle, YeM KOJ Ji000il PYCCKOi (M TaTUHCKOI) GYKBEI,
cTpoka c¢ Gamunueir «Boak» oOKaykeTcs BBIIE B OTCOPTHPOBAHHOM
CIHCKe, YeM CTpoKa ¢ Oosiee ANMHHOU pamunueir «BoakoB», maske c
VY4€TOM TOro, 4TO mocje (aMHIUK eCcTh MHUNuaibl. Ecam daMminu
OAMHAKOBBEI, COPTHPOBKA MPOMCXOAWUT II0 IepPBOHl GYKBe MHUIIHMAJIOB,
3aTeM — IO BTOPO¥ OyKBe.

Bo3Mo3xHO, 94TO CTPYKTYpPHI TpebyeTcss OTCOPTHMPOBATH TAK, YTOGBI
He mepemMemiatTh UX B namAaTH. Hanpumep, oHu odeHL GOJbIIHe, H
MHOIOKPaTHOEe KONHMPOBAHHE IEJBIX CTPYKTYDP 3aHMMaeT MHOro Bpe-
MEHH; WJIHM [0 KaKMM-TO JDYIMM NPUYMHAM II€PeMeIlaTh CTPYKTYDPhI
Heab3s. IIpy TaKOM OrpaHMYEHWM HYYKHO BBIBECTM HA SKDAH HIH B
(aitn oTCOPTHPOBAHHEBIM CNHCOK. B 3TOM cilyyae NPUMEHSIOT COPTH-
POBKY II0 yKasaTelfAM, B KOTOPOH HMCIOJIB3YeTCH IOMOJHUTEIbHBIH
MAacCHUB [IEPEMEHHEBIX CIeIUalbHOr0 TUIA — yKasaTeJei.

YKkazatenb — 3T0 nepemeHHasi, B KOTOPOM MOXHO COXpaHuTb aapec nioboi
nepemMeHHO 3aAaHHoro Tuna.

To ecTs cozepKUMOe yKasaTens — 3TO agpec DaMATH. YToObI u3-
GeoxaTe crydaiiHBIX OIIMOOK, Ka)KZOMY YKa3aTeJi0 NPH OObABICHHUH
NIPUCBAMBAETCA THUI JaHHBIX, apeca KOTOPLIX OH MOMKeT XPAHHTh.
Hanpumep, o0bsaBIeHNE

type PBook="TBook;

BBOAMT HOBBIM THI JaHHBIX — YKasaTeJb Ha CTPYKTYDPY THma TBook.
Anpeca mepeMeHHBIX JDYIHX THIIOB B TAKOH YKasaTe/lb 3alMChIBATH
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Henb3A. MMa Tuna-ykasarens yaoOHO HAYMHATE ¢ OyKBBI «P» oT aHr-
JHICKOTO CJIOBA pointer — yKasaTelb.

Ilns coprupoBKM MaccuBa Books HY’KHO DasMeCTUTh B HaMATH
MacCHB TAKHMX yKasaTesJed ¥ OJHY BCIIOMOTATEJBHYIO TepPeMeHHYIO,
KoTopas GyZAeT MCIOJIb30BaHA IIPH COPTHPOBKE:

var p: array(l..N] of PBook;
pl: PBook;

Crnenyloniuii aTan — pacCTaBUTh yKasaTeJlH Tak, 4ToObI i-i yKasaTesb
OBLI CBA3AH C i-U CTPYKTYpo# u3 maccuBa Books:

for i:=1 to N do p[i]:=@Books[i];

Brax @ obos3HavaeT omepamuio B3ATUS azpeca, T. e. B yKasaTejdb 3a-
OHUCHIBaeTCA ajpec CTPYKTYPHI.

Ilas Toro 4ToOBl OT yKasaTejls NepedTH K O0BEKTYy, Ha KOTOPBIN
OH cChLIaeTcH, UCIOJbL3YIOT onepanuio ~. Hanpumep, B HameMm ciaydae
(mocjie MOKA3aHHOM BBIIIE HAYAJHLHON YCTAHOBKH YKasaTejed) 3alucCh
pli]” obo3HauaeT TO JKe caMmoe, 9TO M Books[i], a p[i]~.title —
TO JKe caMmoe, 4To M Books[i].title.

Tenepr MO3xHO nepediTu K copTupoBKe. PaccmoTpum uae Ha
npuMepe MaccuBa M3 TPEX cTpykKryp. CHavasa yKasaTeJd CTOAT IIO
nopaaky (puc. 6.1, a). B pesyirrare COPTHPOBKH HYKHO IePECTABUTH
HX TakK, 94T0o0bI p[1] yKassiBaj Ha MNePBYIO CTPYKTYPY B OTCOPTHPOBAH-
HOM cHnucke, p[2] — Ha BrOpyio U T. 4. (puc. 6.1, 0).

a

pl1] pl2] pi3]
% i {
| Haru6u= 10. | ‘ | Acrapres B. l ] i Bacunses B. l ‘ |
¢ pi3l pl1] pi2]
l + &
| Harubtus= 10. l ‘ | Acrapnes B. ] l ] Bacunres B. | l l
Puc. 6.1

O6paTuTe BHUMaHUE, YTO IIPH 3TOM CaMM CTPYKTYDPHI B IaMATH He
nmepeMenianTe.

IIpu coprupoBKe obpaleHue K MOJAM CTPYKTYD HAET 4Yeped yKa-
saTenM, W MEHAIOTCS MeCTaMU TOMKe yKasaTejlu, a He CAMH CTPYK-

TYpBI:
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for i:=1 to N-1 do
for j:=N-1 downto i do
if p[j]l~.author > p[j+1]”.author then

begin
pl:=p[jl; plil:=pl[j+l]);
pli+l]:=pl;
end;
31ech HMCIOJAb30BAaH Memod nysvipvka, a pl — 3T0 BpeMeHHas Iepe-

MeHHas Tuna PBook, KOTOpas CIY;KHUT [JIA IePeCTAHOBKH yKasaTeJIeil.
Temeps MOXHO BBIBECTH OTCOPTHPOBAaHHEIE NAaHHLIE, 00pallasch
K HUM 4Yepes3 ykasaTesau (a He yepes maccus Books):
for i:=1 to N do
writeln(p[i]”.author, '; ',
plil~.title, R
pl[i]”~.count);

Bonpocbl n 3agaHusa

1. Yro Takoe cTpykrypa? B 4yém eé orauume or MmaccuBa?
2. B KaKHuX ciay4asx HCIOJIL30BAHUE CTPYKTYP Aaér npeumymecrsa? Kaxue
umeHHO? IIpuBeguTe HIpUMeEpHI.
3. Kax o0maBafAeTcA HOBBIM Tun gaHHBIX B Ilackame? Brigensercsa Ju Nnpw
9TOM MAMATEL?
4. Kax ofpamaiorcs K MO0 CTPYKTYphi? Pacckaskure 0 TOYEUHON HOTAIAH.
5. Kak onpeznenuTs, CKONBKO 6afiTOB IAMATH BHIAEIAETCA HA CTPYKTYPY?
6. Yro Taxoe TunmsupoBanHLIil daiin? Yem oH oTaMYaeTCA OT TEKCTOBOI0O?
7. Kak paGoraTh ¢ THOIH3UPOBAHHEIMU (haitmamu?
8. Kak MOKHO COPTHDOBATE CTPYKTYPHI?
9. B Kakux ciy4yadx IPU COPTHPOBKE JKENATeNbHO He IepeMeliaTh CTPYK-
TYPBLL B HaMATH?
10. Yo Takoe yKasaTeab?
11. Kaxk 3anucaThb B yKasaTeJsb ajpec nepeMeHHOH?
12. Kak ofpamaTsca K HOJAM CTPYKTYPhI Yepes ykasaTelb?
13. Kax ucuosis3yoTcs yKasaTe/n OIpa COPTUPOBKe?

IloarorosbTe coobmenue

a) «Crpykryps! B szsike Cu»
6) «CTpykTYpHI B A3bIKe Javascripts»

3apaumn

1. OnummrTe CTPYKTYPY, B KOTOPO# XpaHUTCA MHpOpManusa o:

§ 39

LB
A

V)

65
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a) BHAEO3AIHCH;

6) corpyaHuKe QUPMBI;
B) caMoJéTe;

r) mopoxucToit cobaxe.

2. ITocrpoiiTe nmporpammy, Koropada paboraer ¢ 0asoil ZaHHBIX B BHJAE TH-
nusuposagHoro (aina. Bama CVB] (cucrema ynpaBieHus 0asoil maH-
HBIX) AOJI}KHA MMETh CJeAYIOInHe BO3MOMHOCTH:

a) IpoOCMOTp 3amucei;

6) mobaBieHMe 3amHCeil;

B) yaaneHue sanuceil;

r) COPTHPOBKA II0 OJHOMY M3 IOJIei (4epes3 yKasaTesu).

§40
AvHaMmuyeckue MacCuBbl

Yro 3TO TaKoe?

Korma mbl 00bfABJISEM MACCHB, MeCTO IJIf HEro BBIJAEIAETCH BO
BpeMs TPAaHCJIALMH, T. €. A0 BBINOJHEHUA nporpaMmsel. Takoil Maccus
HAaB3bIBAETCA CTATHYECKHM.

B To e BpeMs MHOIJAa pasMep JaHHBIX 3apaHee Hem3BecreH. Ha-
npuMep, IycTh B Gaiiie 3anmmMcaH MacCHB 4YMCeJ, KOTOpPble HYXHO OT-
copTHpoBaTh. VX KOJIMYECTBO HEHW3BECTHO, HO HM3BECTHO, YTO TaKOH
MAacCHB IIOMeIllaeTcs B ONEPATHBHYIO NAMATL. B aToM ciydae ecTh JBa
papuaHTa: 1) BBIZIEJINTH 3apaHee MAaKCHMaJbHO 6OJbIION GJOK HaMATH
u 2) BBIIENIATH NMAMATH YK€ 60 8DeMsA 6blNONHEHUA npozpammbul (T. e.
JIMHAMMYECKH), KOT/Ja CTAHeT M3BecTeH HeoOXOAUMEIH pasMep MAaCCHBA.

Ipyroit mpumep — 3ajjada COCTaBIEHHUA ALPABUMHO-LACTMOMHO20
caoeaps. B daitne naxoaures cnucok cyos. Hy:KHO BHIBECTH B APYroi
(aitn Bce pasiuMuHBIE CJIOBA, KOTOpDbIe BCTpeyaloTcd B daiise, u ompe-
eJIATH, CKOJILKO pPa3 BCTpeuaeTcs Ka)<Jjoe CJIOBO. 31ech mpobiema co-
CTOMT B TOM, YTO HYJKHBI pasMep MacCHBa MOKHO Y3HATH TOJBKO
TOrZa, KOT/la BCe pasJWYHBIe cJoBa OyAyT HaleHBl W, TaKuM obpa-
3oM, 3ajada permeHa. 1109ToOMy HYXXHO CAeJaTh TaK, 4TOOBI MacCUB
MOT' «PACIIMPATHCA» B X0Je paboThl NPOrpaMMBbl.

Oty 3a7aYM NPUBOAAT K IOHATHIO THHAMHYECKHX CTPYKTYP AaH-
HBIX, KOTOpbIE IIO3BOJAIT BO BPEeMA BBINOJHEHHUA IIPOrPAMMEI:

s CO3JIaBATh HOBBIE 00'EKTHI B IAMSATH;

¢ M3MEHATH UX pasMep;

e VAAJATH UX W3 MaMATH, KOTZA OHHA He HYXXHBHI.

IIaMATH TOA 5TH 00beKTHl BBIIEJNSAETCA B CIIENUAIbHOM 00JaCTH, KOTO-
pyIO OOBIYHO HA3LIBAIOT «Kyduei» (aHry. heap).




AuHamMmu4yeckKkme MacCcHuBbi

Paszmemenne B maMaTH

3anaua 1. TpebGyercs BBeCTH ¢ KJIaBHATYDHI Iejioe 3HadyeHHe N,
3aTeM N meJIbIX YHCeJ ¥ BHIBECTU HA SKPAaH 3TH YHUCJIA B IOPAAKE BO3-
pacTaHusd.

ITockoNBKY AJIA COPTHPOBKM BCE YHCJIA HEOOXOAMMO VAEpKHBATDH
B IaMATH, HYXKHO 3aBOAUTH MACCHB, B KOTODPBIH OyAyT 3ammcaHBl BCe
asieMeHTHI. [loaTOMy anropuTM pemeHus 3ajadyd HA INCEBAOKOJE BhI-
TJIAOUT TaK:

NpoYMTaTE HOaHHHEe M3 Qalia B MacCHUB
OTCOPTHMPOBATE MX MO BO3pacCTaHMIO
BHIBECTM MaCCHMB Ha 3KpaH

Bce atu onmepamum Ans OOBIYHBIX MACCHBOB HOAPOOHO paccMaTpHBa-
auck B Kypce 10 kiacca, moaTomMy 371eCh Mbl OCTAHOBHMCS TOJIBKO HA
IJIaBHOM npobieMe: KaK pPa3MeCTUTh B IIaMATH MAacCHUB, pasMep KOTO-
POTO [0 BBINOJHEHUA NPOTPAMMBI HEH3BECTEH,

Muss moo6HBIX cay4aeB B Bepcuu s3bIKa Ilackais, KoTopas IoOZ-
Aep:kuBaercsa B cpefe FreePascal, cyliecTBYIOT IHHAMHWYECKHe Mac-
CHBBI, KOTOPbIe O0BABIAIOTCA 063 yKasaHusA pazmepa:

var A: array of integer;

Hcnonb3oBaTh cpady TAKOH MacCHB HeNb3sd, MOCKOJILKY ero pas-
mMep HeusBecTeH. IlonmiTka ofpameHus K sjemeHTy, Hanpumep A[l],
BBI3BIBAET OIMIHOKY ¥ aBaApUHUHBIN OCTAHOB IIPOTPaAMMEIL.

Korna smauenme mepemennoit N BBejeHO, MOMKHO (DaKTHUECKH
PasMeCTUTh MACCHMB B MNAaMATH, HCIOJbL3YA mpouenypy SetLength
(amru. set length — ycraHoBuTh AIUHY):

SetLength (A, N) ;

Hanee MacCHB A HCHOJB3YeTCA TAaK ke, KAK U OOBIYHBIN (crarnue-
ckmit) maccus. OcTaéTcsa OAMH BONPOC: B KAKOM JAMANa30He HAXOASATCS
ero MHIAEKCHI?

Bel noMHHTE, 9YTO IpPaHUIBLI U3MEHEHUS UHAEKCOB OOBIUHOTO (cra-
THYECKOI'0) MacCHUBa 3aJalOTCA IPH €ro OObABIEHUN, NIPAYEM HAYab-
HBIA WHIEKC MOXKeT ObITh J00bIM. MHAEKCH AMHAMHYECKOTO MACCHABA
8cez0a HAUUHAOMCA C HYJAS, TAK UTO K HAYAJNBLHOMY BJIE€MEHTY HYMKHO
obpamarscs kak A[0], a k mocnegnemy — xax A[N-1]. Hanpuwmep,
4TeHHe JaHHBIX C KJIaBUATYDPHI BHINOJIHAETCA B IIUKJIE:

for i:=0 to N-1 do read(A[i]);
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Kpome TOro, Maccup «3HAeT» CBOIO IJINHY, KOTOpasd BBIYHUCIAETCH
¢ IIOMOIBIO CTAHAAPTHOM (QYHKIMH Length (B mepeBoge C aHIVI. —
AJHMHA), ¥ MAKCUMAJLHBIA HWHIEKC, KOTOPHIH BO3BpamaerT (QyHKIUS
High (B mepeBose ¢ aHryi. — BBICOKMIT). I[09TOMY IIpeABIAYIIMA AKJ
MOJKHO 3aMeHHUTh Ha TaKOM:

for i:=0 to High(A) do read(A[i]):;

Pasmep maccuBa (KOJIMYECTBO 3JIEMEHTOB B HEM) MOXKHO BBIUMCJIHTH
Kak Length (A)mau High (A) +1.

Kak TOJBKO MacCHUB CTAHET He HYKeH, MOYXHO YJaJHUTh ero u3 na-
MATH, YCTAHOBUB HYJEBYIO NJUHY:

SetLength(A,0) ;

IIns Takoro (yAanéHHOrO) MacCHBa HYJIEBOM AJNUHBI (QYHKIHA
Length (A) Bepuér sHaueHue 0.

Taxum ke o6pa3zoM MOKHO paboTaTs ¥ ¢ JUHAMWYECKUMH MATPU-
mamu. OHM 00BABIAIOTCA KAK «MACCHB MAaCCHBOB»:

var A: array of array of integer;

Ilna ompejenenus eé pasMepoB B Iponenype SetLength HY:KHO yKa-
3aTh JBa MapaMeTrpa — KOJUYEeCTBO CTPOK M KOJHYEeCTBO CTOJOIOB:

SetLength (A, 4,3);

dyurknuA High BO3Bpamaer MaKCUMAJbHBIA HHAEKC CTPOKM (MHHU-
MalbHBII MHAEKC Becerga paseH 0):

writeln (High(A)); {= 3}

Ilns onpejeneHus IpaHUL, U3MEHEHUA BTOPOTO HHJEKCa (MaKCHMAJb-
HOTO HOMeEepa CTOoJIOIa) HYKHO BLI3BIBATE 3TY (DYHKIUIO JSA OTHENBb-
HOHM CTPORH:

writeln (High(A[O0])); {= 2}

Henoas3oBaHue B MoAnporpaMmMax

JInHEaMUUYeCKHMe MACCHUBBI MOXKHO IlepefaBaTh KaK mapaMeTphl Ioj-
nporpamMM (upoueayp u ¢yuxmuii). Hanpumep, npoueaypy AJdA BbIBO-
J1a HA PKPaH IeJOYHCIeHHOr0 MacCHBa MOXKHO HANHUCATh TaK:

procedure printArray(X: array of integer);
begin

for i:=0 to High(X) do write(X[i], ' '):
eng




OAvuHaMuyeckue Mmaccusbl

JIunaMuyecKre MacCHBBI MOYKHO IEDeJATh B IOAIPOrpaMMy Kak
H3MeHseMble mapaMeTpsl (C IOMOIILI0 KJIIUEBOro cjioBa var). B arom
caydae BCe M3MeHEHHsd, CleJIlaHHbIe B MOANPOrpaMMe, IPUMEHAITCHA K
MaccHBY, IepeJaHHOMY BBISLIBAIOIIENH HpOrpaMMoii, a He K ero Ko-
ITHH.

PacmmpeHne MaccHBa

3apaua 2. C KiaBuaTypsl BBOAATCH HATypaJbHBIE YHUCJA, BBOJ 3a-
rKanumBaerca duciaom 0. Hy)kHO BBIBECTH Ha 9KpaH 9TH YHCJIa B IO-
psiiKe BO3pacTaHHA.

Kax u B npeasiayineii sagade, /I COPTHPOBKHA HYJKHO IIpeJBapH-
TeJIbHO COXPAHHMTH BCe YHMCIA B ONepaTHBHON mamsaATu (B Maccuse). Ho
npobieMa B TOM, 4YTO pasMep 3TOr0 MacCHBA CTAHOBHUTCA MB3BECTEH
TOJIBKO TOTZAA, Korga OyAyT BBeAeHbI Bce Ynucaa. YTo iKe genaTb?

B mepByio odepenh OPHUXOAUT B I'OJIOBY TAKOM BApHAHT: IIPHA BBOJE
KasKJ0ro cJIeAyIOILero HeHyJIEBOrO UHc/ia PACIINPATL MAacCHUB Ha 1 aje-
MEHT M 3aIMCHIBATH BBEAEHHOE UMCJIO B IOCJIEIHHII AJIeMEHT MacCcuBa:

read (x);

while x<>0 do begin
SetLength (A, Length (A) +1) ;
A[High (A) ] :=x;
read (x)

end;

3xeck X — 8TO HeJsiad nepeMeHHas. K cuacThio, IpPU TAKOM paciiupe-
HUM MAacCHBa 3HAYEHUA BCEX CYINEeCTBYIOIIHUX 3JeMEeHTOB COXPaH-
IOTCH.

Yem nyox takoi noaxox? Ilemo B TOM, 4TO HaMATh B «Kyde» BEI-
penserca Onmokamu. IToaTomMy mpu KaskJOM yBeJHYEHUU AJIHHBEI Mac-
CHBa IIOCJef0BaTeJbHO BBIIIOJHIIOTCA TPH OIepaI[iu:

1) BeIfienneHMe GJIOKA IAMSATH HOBOT'O PasMepa;

2) xonupoBaHHUe B 3TOT OJOK BCeX «CTaAPBIX» 3JI€MEHTOB;

3) ynaneHue «cTaporo» 0JJOKa MaMATH U3 «KYJH» .
BuaHo, 4TO «HaKJIaAHBIE PACXOABI» OY€Hb BEJIUKH, T. €. MBI 3aCTABJIA-
€M KOMOBIOTEep JieJIaTh CJAHIIKOM MHOTO BCIIOMOraTeJIbHOM paboThl.

Curyanuio MOKHO HEMHOTO HCIPABHUTH, €CJH YBEJIHYHBATH Mac-
CHB He KaXJbli pas, a, ckameM, mocjie KaxaslX 10 BBeAEHHBIX 3Jie-
MeHTOB. To ecTh Korjia Bce cBOOOJHBIE 3JeMEeHThl MAcCHBA 3aII0JHEHBI,
K Hemy pobasisercs emié 10 HoBbIX ayiemMeHTOB. llpm aToM HYIKHO
CUHUTATh (PAKTHYECKOe KOJHMYECTBO 3allMCAHHBIX B MACCHB 3HAYEHHH,
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IOTOMY 4YTO ONpEAEeNHTH HUX, KAaK B MNpeABIAYIIeH IporpaMme, depes
dyHKOU0 Length (A), OyaeT HEBOBMOMKHO:

N:=0;
read (x) ;
while x<>0 do begin
if N>High(A) then
SetLength (A, Length(A)+10);
A[N] :=x;
N:=N+1;
read (x)
end;

3pecs nenas nepemenHas N — 3TO CYETUYMK BBEJEHHBIX UHCeJ.

Teneps, Korga Bce YMCJIA 3alMCAHBI B MACCHB, MOXXHO OTCODPTHPO-
BaTh MX JIOOBIM HM3BECTHBIM METOAOM, HAIIPHMED MEeTOJOM Iy3bIphKa
WIM C TIOMOMIIbI0O OBICTPOIl COPTHUPOBKM (3TH aJrOPUTMBI M3Yy4YaIHCh
B 10 xyiacce). 3aKOHYUTH IPOrPAMMY BhI MOXKETE€ CAMOCTOATENIBHO.

Kak aro paboraer?

Y106l rPAMOTHO IIPHMEHATH AUHAMUUYECKHE MaCCHBBI, HEOOXOaM-
MO paso0paThcs B TOM, Kak OHH paboraioT. [y 3TOro BhIBEJeM Ha DK-
paH pasmep maccuBa us 100 sieMeHTOB (1IeJBIX YHCEN):

SetLength (A, 100);
write(sizeof (A));
write (100*sizeof (integer));

Ber ¢ yauBieHumeM OOHaApys;XuTe, UTO IIpOrpaMMa BBIBOAUT 4Yucjia 4
u 200, T. e. GyHKOUA sizeof cuMTaeT, YTO pa3Mep MACCHBA pPaBeH
4 faiitam, xota Ha camoMm Aeise 100 mensIx nmepeMeHHBIX NOJMKHBI 3a-
muMmath 200 GaiitoB. Bomee Toro, BetmumHa sizeof (A) He 3aBHCHUT OT
daxTuueckoro pasmepa Maccupa. IlosaToMy MOXKHO cjiesaTb BBIBOJ,
4TO pasMep 3JIEMEHTOB TYT BOOOIle He YUYUTHIBAETCH.

Ha camoMm genie, B mepeMeHHOM A xpaHuTCcA adpec MaccHuBa B Ila-
MATH (puc. 6.2), KoTopslil geiicTBuTeNbHO 3aHMMaeT 4 Gadta. Takum
obpasom, daxkTHUecKH A — 3TO yxasameavb. Ecam maccuB HMeeT

A

Puc. 6.2
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HYJIEBOM pa3Mep, 9TOT yKasaTelb paBeH HyJI0 (Hyaesoi agpec B Ilac-
KaJe o6osHavaercsa nil).

Yro u3 aroro ciaenyer? IlpeacraBbTe, HAIIPAMED, YTO MBI IOCTPOMU-
JI¥ CTPYKTYPY, KOTOpas COCTOUT M3 MaccuBa (moJsie data) m KOJIU4ecT-
Ba MCIOJIb3YEMBIX 3JIEMEHTOB B HEM (moJe size):

type TArray=record
data: array of integer;
size: integer;
end;

HonyceTum cosgana nepeMeHHas TANA TArray:
var A: TArray;

[JIS KOTOPO# BBHIZleJIEH B MAaMATH BHYTPEeHHMI Maccus data W 3amoJ-
HeH IeJIBIMHA YHUCIaMH:

SetLength (A.data,10) ;
for i:=0 to 9 do A.datal[i]:=i;
A.size:=10;

Yro Oymer, ecaM MbI NOOBITAEMCS COXPAHUTH TAKYIO CTPYKTYDY
B TUIM3UpOBaHHOM (aitne? HecnoxHO HOHATH, uTO B dailya 3anumyr-
CfA TOJIBKO 3JIEMEHTBI CTPYKTYDHI, T. €. ajpec MaccuBa data W KoOJu-
YECTBO 3JIeMeHTOB size. CaMu dJIeMeHTHI He BXOAAT B CTPYKTYPY, IO-
3TOMY coXpaHeHEI He Oyayr. Ecim mocne aToro Mbsl mpoumTaeM u3
daiina Taxkyimo CTPYKTYDY, ajapec data Oymer HeneHCTBHTENeH U HC-
IOJB30BaTh ero Hesb3fA. IloaTroMy npu coxpanenuu B daiiie CTPYKTYD
C AMHAMUYECKMMH HOJIAMH HYKHO IPUHUMATH CIeNUAaIbHbIe Mephl 110
COXPaHEeHHIO COAePKUMOr0 MAacCHBOB.

JrHaMuYecKas MATPHUIA — 3TO YKasaTeJ b HA MACCHB yKasaTeieii:

var A: array of array of integer;

Ecnu npuMeHHTH K Heil mpoueaypy SetlLength ¢ ogHEM apamMeT-
pom
SetLength (A, 10);

TO B naMATH OyfeT BhIIeIeH MacCHB yKasaTeseil Ha CTPOKHU, IIPHYEM
naMATE IOJ CAMH CTPOKHM He BbIZeasercsa. To ects A[l] (crpoxa mar-
PHIBI ¢ MHJAEKCOM 1) — 3TO yKasaTeiab, K KOTOPOMY MOKHO «IIPUBS-
3aTh» JUHAMHUYECKHUN MacCHUB J000r0 pasMepa, HallpuMep Tak:

for i:=0 to High(A) do
SetLength (A[i],i+1);
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Takum 00pasoM, MBI HOJAYYHJIM MATPHILY, TZle BCE CTPOKH HMEIOT
PasHYIO AJIUHY:

writeln(Length(A[0]1)); {= 1}
writeln (Length(A[9]1)); {= 10}
0 Bonpockl U 3apaHus
ﬁ 1. IlpuBeguTe mpuMephbl 3ajlay, B KOTOPBLIX HMCIOIL30BAHHE AMHAMHUYECKHX
MacCHBOB AaéT npeumyInecTsa (KakKue nMeHHO?).

2. Yro Taxkoe AMHAMHYECKHe CTPYKTYDHI AaHHEIX? I'e BejlensdeTca NaMAThL
1OJ 9TH AaHHbIE?

3. Kak o6bABHTHL B mporpaMMe AMHAMHUYECKWI MacCHB H 3aJlaThb €ro pas-
mep?

4. Kax pacmupurh MaccuB B xoje paborsl nporpammei? He morepaiores iu
NPH 9TOM Y2Ke 3alIMCAHHBIE B HEM JaHHbIe?

5. Kax onpesenuTs rpaHUNb U3MEHEHUS WHJEKCOB AHHAMHYECKOTO MACCH-
Ba? HyskHO JIM XpaHUTE €ro pasMep B OT[eJbHOU NepeMeHHOH?

6. Kax yganuTs MaccHB U3 IaMaTH?

7. Kaxk pasMecTUThL B IaMATH JUHAMHYECKYIO MATPULLY?

8. Kak nepepaThk AHHAMHYECKHIl MACCHB B IIOANPOrpaMmy?

9. Kakue npo6GiieMbl MOTYyT BO3SHMKHYTH [IPH COXPAHEHHM IHHAMUYECKHX
MAacCUBOB U MaTpuI B (haitnax? Kak Bel mpeamaraere ux pemars?

A IloagroroBsTe coobIeHHE
a) «InaamMuuecKkue MaccuBhbl B fAdbiKe Cu»
6) «[IluHaMHuyecKkHe MacCHUBBI B A3bIKe Javascript»
B) «Cnucku B Aseike Python kax pfumHaMudYeckHe MACCHUBBI»

o 3apaum

1. Hanumure moJHBIE NPOrpaMMbl JJis PeINeHHA 3ajad, PacCMOTPEHHEIX B
TexcTe naparpada.

2. Begute ¢ KaaBuaTypsl Yucsio N ¥ BRIYMCJIHATE BCE IPOCTHIE YHCIA B AHAa-
nasoHe ot 2 go N, ucnoasaysa pemrero dparocdena.

3. Beegure ¢ KnasuaTypsl umciao N M 3anuinuTe B MaccuB nepseie N mpo-
CTBIX YHCEJ.

4. BeeauTe ¢ KJIaBHATYpPhl yHcao N M 3alHIIATE B MAacCHB nepBele N 4Hces
Dubonavyuy (HATOMHUM, YTO OHHM 3aJal0TCA PEKyppeHTHOM dopMysoi
F,=Fp 1+ Fp3, Fi=F;=1).

5. Hanumure QyHKIHKO, KOTOpasd HAXOOUT MAKCUMAJLHBIW 3JIEMEHT mepe-
JAaHHOTO el JTHHAMHWYECKOro MaccHusa.

6. Hanmumure noxmporpaMmy, KOTOpas HAXOAMT MaKCHMAJIbHBIA M MHHH-
MaJbHBINA 3JIeMeHThl IePeJaHHOI0 el AMHAMHYECKOr0 MaccuBa (MCIOJb-
3yiiTe U3MeHsAEeMBIe TapaMeTphl).




Cnuckn

7. Hanummure peKypCHBHYIO (DYHKIMIO, KOTOPAA CYUTAET CYMMy 3HAUEHUH
3JIeMEeHTOB IePeJaHHoro0 el TMHAMUYeCKOro MacCHBa.

8. Hanumure GyHKIHUIO, KOTOPAsA COPTHUPYET 3HAYEHMSA NepeflaHHOTO el Au-
HAMHYECKOT0 MAacCHBa, WMCHOJBL3yA AJTOPUTM «OBICTPOI COPTHPOBKH»
(cm. yuebuuk ans 10 kaacca).

§ 41
Cnucku

Yro TaKoe CIUCcoK?

3anauva 1. B ¢aiine HaxXoquTCa CIHUCOK CJIOB, CPeIH KOTOPBIX €CTh
nopropsmomuecsa. Kaxaoe cioBo 3anucaHo B 0TAeNbHOI cTpoke. Tpe-
6yeTcsa MOCTPOUTH AN(PABATHO-YACTOTHBINA CJIOBADBL: BCe pas3INYHBIE
CcJI0Ba JOJKHBI OBITHL 3alUCAHBLI B ApyroH ¢aiy B andaBuTHOM MOPA-
Ke, CIIpaBa OT KakJOro CJIOBa YKa3aHO, CKOJBKO pa3 OHO BCTpedaeTrcs
B HcxoxHOM (aiiie.

Jns permreHust 3alauv HAM HYKHO COCTaBUThL CRUCOK, B KOTOPOM
XPaHHUTh [apbl «CJIOBO — KoauuecTBOo». Comcok cocraBiseTcsa IO
Mepe uTenus (aiina, T. €. 3T0 AUHAMHUYECKAA CTPYKTypAa.

CnucokK — 3T0 YNopsiAoYeHHbI Habop aNemMeHTOB OAHOro TUNa, AJs KOTopbIX
BBE/IeHbl ONepaLmny BCTaBKM (BKNIOUEHUA) U yaaneHUs (UCKIoYeHus).

OOBIYHO MCIIOJB3YIOT JHHEHHBIe CIIMCKM, B KOTODPBIX /IS Ka)JI0Tro
3jgemMeHTa (KpOMe MepPBOro) MOMKHO YKA3aTh NPeABIAVINUIL, a Iad Kax-
JIOTO BJIEMEeHTa, KPOMe IOCJIeHero, — CJIeJYIOIH.

Bepuémca K Hame# 3ajade IIOCTPOEHUSA aJ(PaBUTHO-YACTOTHOI'O
caoBapsd. AJITOPDUTM, 3aIMCAHHLIA B BHJe MCEBIOKOMA, MOMET BBITJIsA-
JeThb Tak:

HI IOKa eCThL CJIOBa B Qawnine

npoYyMTaTe odYepelrHoe CJIOBO
ecqiM OHO eCTEkE B CIMCKe TO
YyBEeNMMYMTh Ha 1 CUETUMK OIA 3TOTrO CJIOBa
HMHaue
nobaBuUThL CJIOBC B CHUCOK
zanmucaTbk 1 B CUYETUYMK CJIOBA
BCe
KII
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Teneph HYXHO 3alfcaTh BCe IIarv 3TOro ajJropuTMa ¢ IOMOIIBI0 OIle-
PaTopoOB A3BIKA NIpOrpaMMHDPOBaHHA.

Hcenons3oBanue AHHaAMHYEeCKOro maccHea

B Bamem ciydae Ka)KABIM 2JIeMEHT CIOHMCKA AOJDKEH COAEPIKAaTh
napy 3Ha4eHWH: CJIOBO (CHMBOJBHYIO CTPOKY) M CUETYHK 3THX CJIOB
(menoe uymcino). ITosTomMy sJIeMEHTHI CIIMCKA — 3TO CTPYKTYPHI, THII
KOTOPBIX MOYKHO OIIMCATHL TaK:

type TPair = record

word: string; {cnoso}
count: integer; {cuéTumux}
end;

Jia opraHM3anyuy CIucKa OyZeM MCIOJIb30BaTh AHUHAMUYECKHAE MacCH-
Bel FreePascal.
3xech pasMep MaccHBa CTAHOBHUTCA H3BECTEH TOJbLKO B KOHIIE pa-
6orel nporpamMmMel. IloaTomy TpebyeTca JHUHAMHUYECKH MACCHB, COCTO-
AUANA U3 ONMCAHHBIX BbIIIEe CTPYKTYP. C HUM HYKHO BBIIOJHATH CJie-
AVIOUIHEe OIepaIlyn:
® JCKATh 3aJaHHOE CJOBO B CIHCKE;
® yBeJMYHMBATHL CYETUYMK 3aJAHHOIO cJoBa Ha 1;
® BCTABJATH CJOBO B ONpeJleJIEHHOE MECTO CHHUCKa (TakK, 4TOObI
COXpaHUTh al(aBATHBINA MOPALOK).
Kak u B npeasigymem nmaparpade, OyneM pacliupATh pasMep MAacCHUBa
cpasy Ha 10 sysiemenToBl, uToOBI He BHIZIEJIATH MAMATH CJHIITKOM YACTO.
OOBABUM CTPYKTYPY-CIHCOK:
type TWordList = record
data: array of TPair; {IOMHaMM4YeCKMUIM MacCCHB }
size: integer; {xonuuecTBO 3JIEMEHTOB }
end;

HanoMHHM, 4TO KOJM4YeCcTBO (haKTHUYECKH MCIONb3YEMBIX 3JIEMEHTOB
MaccHBa Size MOKeT ObITh MeHbIIE, YeM KOJIMYEeCTBO 3JIEMEHTOB, pas-
MeIEHHbLIX B IaMATH.

BBepém nepemeHHyo L Tuna TWordList:

var L: TWordList;

B Hayajie OCHOBHOH NpOrpaMMBl OYMCTHM CIHCOK H YCTAHOBHMM [JIfA
Hero HyJIeBYIO JJIHUHY:

Boamo)XHBI W Apyrue BAPHAHTHI, HANPUMED MOXKHO YBEJHMYHBATHL pasMep
MaccuBa B 2 pasa.
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SetLength(L.data,0) ;

L.size:= 0;
OcHOBHOM HUKJ (YTeHUEe JAHHBIX W3 (ailja ¥ [MOCTPOEHHE CIIHMCKA)
MOXKHO 3alMCaTh Tak (IJIA MOCHeAYIONero o0'bACHEHUS CTPOKHU B Teje
IMKJIAa TPOHYMEDPOBAaHBI):

while not eof (F) do begin

readln(F,s); {1}
p:=Find (L, s); {2}
if p>=0 then {3}
Inc(L.data[p].count) {4}
else begin {5}
p:=FindPlace (L, s) ; {6}
InsertWord (L,p,s) ; {7}
end; {8}
end;

31eck MCHIOJBL3YIOTCA [BE BCIOOMOraTe/bHBIE NepeMeHHBIe: CHMBOJb-
Has CTPOKa s (TMna string) m mesnas mepemeHHas p. B crpoke 1 mpo-
rpaMMbl OYepeJHOe CJIOBO YHTaeTcss u3 (haiiia B CTPOKY 8. 3aTeM ¢ mo-
Mombl0 QYHKIMM Find ompeznensieTcs, €CTh JIM OHO B CIUCKe (cTpo-
ka 2). Ecau ects (QyHKOHMA Find BepHyJa CYIIECTBYIONIIMI HHAEKC),
VBeJIMYMBAEM CYETYHK 3TOro cjaoBa Ha 1 (CTpoku 3-4) ¢ MOMOIIBIO
CTaHAapTHOM IpOIeaypsl Inc.

Eciu B ciucke cnoBa emié Her (GyHKuMA Find BepHyaa —1), HyX-
HO Ha#WTH MECTO, KyJla ero BCTABUTh, TAK 4TOObI He Hapymmuiaca ajda-
BUTHBIN NOPAAOK. ITO Aenaer GyHKIUAA FindPlace, KOTOpas JOMMKHA
BO3BpallaTh HOMEP BdJIEMEHTA MACCHBa, neped KOTOPLIM HYMKHO BCTa-
BATH [POYUTAHHOE CJOBO. BecraBKy  BBINOJHAET IIPOIEAYypa
InsertWord.

3necn BCTPETHJIOCH oboszHaueHme c ABYyMS TOYKaMH:
L.data[p] .count. BcmomuumM, uro L — »3TO CTPYKTYpa-CIIUCOK,
y Hero ecThb nojie-maccus data. B aTom mMaccuBe mpomcxogur obparie-
HUEe K JJIEMEeHTY C HOMEepOM p. IJTOT dJIeMeHT — CTPYKTypa THIa
TPair, B cocTaBe KOTOpoH ecTb mnoiae count. Taxum o6pasowm,
L.data([p].count osnauaer: «Ilone count B cocrase p-ro ajeMeHTa
maccuBa data, KOTOPBIH BXOAUT B CTPYKTYPY L».

Korza cnucok roros, ocTaéTcss BEIBECTH €0 B BBIXOAHOI aiin:

Assign (F, 'output.dat');

Rewrite (F) ;

for p:=0 to L.size-1 do

writeln(F,L.data(p].word,': ',L.data[p].count);
Close (F) ;
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HOnsa kaaoro sjaeMeHTa CIMCKa B (palia BBIBOAUTCHA XpaHAIIeecsH
B HEM CJIOBO M 4Yepe3 ABOETOYHME — CKOJIBKO Das3 OHO BCTPETHJIOCH
B TEKCTeE.

Takum oOpasoMm, HaM ocTaérca HamucaTs @QYHEODUM Find
u FindPlace, a Taxkke npoueaypy InsertWord.

DyEKIUA Find NPHHUMAET CIIMCOK M CJIOBO, KOTOPOe HYKHO HC-
Kartbk. M3 Kypca 10 xjacca Bbl 3HAKOMEI C JIBYM#A aJrOPUTMaMH ITOMC-
Ka: JTUHeHHBIM U ABOWYHBIM. 3/lech AJIA IMPOCTOTHI OyAeM HCIIONbL30BAThH
JAHEWHBIN NMOUCK. B IUKJIe MPOXOAUM BCe dJIeMEeHTHI (He 3a0bIBad, 4TO
UX HyMepalus B AWHAMHUYECKOM MaccHBe HauymHaercsa ¢ Hyus). Kakx
TOJILKO OUepejHoe CJIOBO CIIMCKAa COBIAZET ¢ 00pasmoM, BO3BpallaeM B
KadecTBe pesyjbTaTa QYHKIMH HOMEp 3TOro sjaeMeHTa. Ecim mpocMoT-
PeHBI BCe 3JIeMEHThI U COBIIaJeHus He ObLI0, QyHKIHA BepHET —1.

function Find(L: TWordList; word: string): integer;
var i: integer;
begin
Find:=-1;
for i:=0 to L.size-1 do
if L.data[i] .word=word then begin
Find:= i;
break;
end;
end;

dyaknua FindPlace TakKe INIPUHUMAaeT B KayecTBe ImapaMeTpoOB
crucoK u cioBo. OHAa HAXOAUT MECTO BCTABKH HOBOTO CJIOBA B CIIHCOK,
OpU KOTOPOM coXpaHfeTcd aJ(aBUTHBIA MOPANOK PACHOJIOMKEeHHUS
caoB. Peayabrar QYHKIIMM — HOMED CJIOBA, Iepel]] KOTOPBIM HYIKHO
BCTaBUTH 3ajaHHoe. 1A 3TOro HY)XHO HalTH B CIHMCKE CJIOBO, KOTO-
poe «Bonbiie» 3agaHHoro. ECaM Takoe CI0OBO He HalIeHO, HOBOE CJIOBO
BCTABJIAETCA B KOHEI| CIIMCKA:

function FindPlace(L: TWordList; word: string):

integer;
var i, p: integer;
begin
p:=-1;

for i:=0 to L.size-1 do
if L.data[i].word > word then begin
p:=i;
break;
end;
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if p < 0 then p:=L.size;
FindPlace:=p;
end;
IIponieaypa InsertWord BecTaBjageT cJI0BO word B MO3UIUIO B B CIH-
cok L:
procedure InsertWord(var L: TWordList; k: integer;

word: string);
var i: integer;

begin
IncSize(L); {1}
for i:=L.size-1 downto k+1 do {2}
L.data[i] := L.data[i-1]; {3}
L.datalk] .word:= word; {4}
L.data[k] .count:= 1; {5}
end;

ITockonbky B cOHCOK Ao0aBjisiercss HOBBIA 3JIeMEHT, ero pasMep yBe-
auunBaercd. IIna aToro BBemeHa npoueaypa IncSize, KOTopas BhI3BI-
BaeTca B cTpoKe 1 (MbI Hanumem eé nmoaske). Jlajee B MUKJe cABUraeM
BCe IIOCJIeJJHUE 2JIEMEHTBHI, BKJIOYAA BJEMEHT ¢ HOMepoM k, Ha OJHY
AYeUKY K KOHIY MaccuBa (ctpoku 2-3). Takum oOpaszoMm, sjaeMeHT
¢ HoMepoM k ocBobo:knaercs. B cTpoke 4 B Hero samuchIBaeTcs HOBOE
CJIOBO, & B CTPOKe 5 CYETYMK IHTOrO CJIOBa YCTAHABJIMBAETCS paB-
HBIM 1.

IIponeaypa IncSize yBeamuwmBaeT pasMep CHMCKa Ha 1 sieMeHT.
Korna myxHBI pasmMep cTaHOBUTCS GOJIbIe, YeM pasMep AWHAMHYe-
CKOr'0O MaccMBa, MAacCHB pacmiupsieTcA cpasy Ha 10 ajieMeHTOB.

procedure IncSize(var L: TWordList);

begin

L.size:= L.size+l;
if L.size > Length(L.data) then
SetLength(L.data, Length (L.data) +10) ;
end;

IIponeaypa IncSize B mporpaMme AOJIXKHA PACHOJATATHCH BBIIIE BBI-
3BIBAIOIIEH eé Iponexypsl InsertWord.
IIpuBeéM OKOHYATENBHYIO CTPYKTYPY IPOrPAMMEL:

program Alphalist;

{ obbaBneHua Tunor TPair um TWordList }
var F: text;

T
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s: string;
L: TWordList;
p: integer;
{ npouenypu u QyHxumu }
begin
SetLength (L.data,0) ;
L.size:=0;
Assign (F, 'input.dat');
Reset (F) ;
{ OCHOBHOM LMKJI: COCTaRJIEHME CIMCKa CJIOB }
Close (F);
{ BHBOm pesyneTaTa B Qann }
end.

Bioku, BelZe/NeHHBIE cephiM (OHOM, yike OBLIH HanHcaHBI paHee
B aToM maparpade.

3aMeTHM, UTO €CJIM M3BECTHO MAaKCHMAaJIbHOE KOJHYECTBO Pa3HBIX
ciaoB B (aine (ckaxxem, He 6omee 1000), To ke camMoe MOXKHO CAeJaTh
¥ Ha OCHOBe OOBIYHOrO (CTATHYECKOr'0) MAcCHUBa, B KOTOPOM NaMATh
BBIJIeJIEHA 3apaHee HA MAKCHUMAaJIbHOE UHCJIO 3JIeMEeHTOB.

MoayasHOCTH

IIpu paspaboTke GONBIIMX NPOrpaMM HYIKHO pasfieuTh paboTy
MeXK/y IIPOrPAMMMCTAMY TAK, YTOOBI KaKABIN Jesiajl CBOM He3aBHUCH-
Mblii 060K (Moxyns). Bce mozmporpaMmbl, BXOAsAINNE B MOAYJb,
JIOJIKHBI OBITH CBA3AHBI APYT C APYTOM, HO cj1ab0 CBA3aHBI C APDYTHMU
mponeaypaMu u GyeExknusmu. B Hameil mporpaMMe B OTAeJbHBIH MO-
JIyJIb MOYXHO BBIHECTH BCe OIePAaIH CO CIIMCKOM CJIOB.

Mopayns B sisbike Ilackasb, B OTJIMYHE OT OCHOBHOM IMPOrpaMMbI, Ha-
YMHAEeTCS CO CJIOBA unit, mocje KOTOPOro CTABHTCA Has3BaHHe MOAYJA.

unit WordList;
interface
implementation

end.

B Moxyse ABa OCHOBHEIX pasjesia: interface (uHTepdeiic, obue-
JOCTYyIIHaA dYacTb) U implementation (peanusanusa, HEAOCTYIHAHA
ApyruM Moxyaam). B pasmene interface o6BIYHO pasMemanT 00bAB-
JIeHHS THUIOB MAAaHHBIX, (QYHKOHA # Ipoueayp, a B pasjgeie
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implementation — mporpaMMuBIH K04. B Hame# mnporpamme mo-
AyJib MOKeT BBIIJIANETh TaK:

unit WordList;
interface
type TPair = record
word: string;
count: integer;
end;
TWordList = record
data: array of TPair;
size: integer;
end;
function Find(L: TWordList; word: string): integer;
function FindPlace (L: TWordList;
word: string): integer;
procedure InsertWord(var L: TWordList; k: integer;
word: string);
implementation
{ npouenypu ¥ OyHxKUMM }
end.

B cexknuu interface MBI pacmoJIOKHIN OOBLABIEHUE THIIOB AaH-
HBIX, KOTOpbIe OYyAyT HY’KHBI OCHOBHOHM IpOrpaMMe, W 3aroJIOBKH IIOA-
oporpaMMm 3TOI'0 MOAYJA, KOTOpPBIe MOI'YT BbI3LIBATBCA H3BHe. Bceé,
4TO HaAXOAHUTCA B CEeKIHMM implementation, CKPBITO OT «BHEITHEro
Mupa». B 4acTHOCTH, TaM MOryT OBITh BHYTPEHHHE MOANDPOTDAMMEI,
KOTOpBI€ «BHJHBEI» TOJbKO BHYTPH MOAYJA (B HAIlEM CJIydae 3TO IIPO-
neaypa IncSize).

CrpyxTypa Momynas B 4éM-To mojo0Ha aiic6epry: BHIHA TOJBKO
«HaJBOAHAA dYacTh» (interface), a 3HauHWTeNbHO O0oOJiee BecoMmasd
«IIOABOJAHAA 4YacTh» (implementation) ckpeitTa. 3a cuér aTOro Bee,
KTO HCHOJB3YIOT MOAYJb, MOTYT He AYMaTh O TOM, KaK MMEHHO OH
BBIMOJIHAET CBOIO PaboTy. JTO OAWH M3 IPUEMOB, KOTOPBIE TTO3BOJIAIOT
CIPaBJIATHCA CO CJOMKHOCTBIO DOJIBIIUX IIPOrpamMm.

Moaysnb mogkaOuaeTcs K OCHOBHOI Iporpamme (MIu K APYroMmy
MOZAYJIIO) C IIOMOIIBIO KJIIOYEBOTO cJioBa uses. Eciam mporpamma mc-
TIOJIB3YeT HECKOJbKO MOJyJiel, Bce OHHM IMEPEUHUCIAIOTCA Yepes sard-
TYIO IIOCJIe CJIOBA uses.

Hamia ocHoBHas mporpamma, HCIIOJB3YIOIad MOAyJab WordList,
BBIMVIAJUT TAK:
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program Alphalist;

uses WordList; { nonknwYyeHMe MOonOyns |}

var F: text;

s: string;
L: TWordList;
p: integer;
begin
{Teso ocHOBHOWI NpPOrpPaMM:u }

end.

Pasnenesue mporpaMMbl Ha MOAYJIX objierdyaeT IOHUMAaHHE U CO-
BepIIeHCTBOBAHWE IIPOrPDAMMEI, ITIOTOMY YTO KaKAblii MOAYJb MOXKHO
paspabaTeIBaTh, U3y4aTh U ONTUMUSHPOBATH HE3ABUCHUMO OT JPYTrHx.
Kpome TOro, Taxkoil mDOAXOJA YCKOPAET TPaHCAALUIO OONBIIUX IIPO-
rpaMM, TaK KakK KajKAblil MOAYJb TPAHCIAMPYETCH OTAEIbHO, INPUYEM
TOJIBKO B TOM CJHIy4ae, ecjiu OH ObLI U3MEeHEH.

CBaA3HBIE CIIHCKH

JlugelHBIH CHOMCOK WHOIJA HpeicTaBjdAeTcA B IporpaMmMe B BHJE
CBS3HOTO CIHMCKAa, B KOTODOM Ka’KABIH BJIEeMEHT MoKeT ObITh pas-
MeIéH B NaMATH B NPOM3BOJBHOM MecTe, HO [JOJIXKeH COJAepiKaTh
CCBIIKY (yKasaTesb) Ha CIAEAYIOIMIUM a1eMeHT. ¥ [OCJIeAHero sjJeMeHTa
ara ccelika HyseBad (B [lackasme — nil), oHa NOKAa3LIBaeT, 4TO ClAENy-
JOLIEro sleMeHTa HeT. Kpome TOro, Hy;KHO XPaHHThL I'Ze-To (B yKasa-
rTeste Head) ajpec mepBoro sjleMeHTa («TOJIOBbI») CIMCKa, WHAYE CIIH-
cok O6yzer HemoctyieH (puc. 6.3).

Head

| IaunHBIE | o—l—-—l HaHHEBIE | o+——-[ Haurbie |ni1|

Puc. 6.3

Ecau 3aMKHYTH CBA3HEIN CIIMCOK B KOJIBIO, TAK YTOOB! MOCTEAHMIMA
5JIEMEHT COAEPIKAJ CCHIIKY HA TePBBIA, [ONyYaeTcs HUKJIMIECKHH
cimncox (puc. 6.4).

Head

!

[ Haﬁﬂre ‘ .—l»——-—l JauHbIE l o—‘——l Jauabre I [

Puc. 6.4
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ITockonbKy 2/1eMEHTHI CBASHOTO CIMCKA COAEPIKAT CCHLIKH TOJBKO
Ha CHeAyIOMIUN 3JIeMeHT, K NPeABLIAYIIeMY TepeiiTh Helbas. ITosaTomy
nepe6op BO3MOJKEH TOJBKO B OJHOM HAIPABIEHWH. DTOT HEJIOCTATOK
YCTPaHEH B IBYCBASHOM CIHMCKe, IZle Ka{Ablil 5JIeMeHT XPAHUT aipec
KaK CJeIyIOIero, Tak U NpeabIAyInero saeMenrta (puc. 6.5).

Head Tail

Iilll HauHBIE |:':|: ’ IaaHbIe |:l:§-l Hauusie |nil|

Puc. 6.5

lns Takoro cmucka OOGBIYHO XPaHATCH XABA ajgpeca: «roJioBa» CIHCKA
(vrasarens Head) u ero «xsocr» (ykasareab Tail). MosHO Oprasuso-
BaTh M OUKJUYECKUN ABYCBASHBIN cliucok. Mcnmoab3oBaHMe IBYX VKa-
3aTesef JJis KasKAOrO dJIeMEeHTAa IPHUBOAUAT K JOIIOJTHUTEeNIFHOMY pac-
X0y maMATH U YCIOKHEHUIO BCeX ONepanuil co CIUCKOM, ITOTOMY YTO
Opu N00aBJI€HUU U yHAJeHWM BJIEMEeHTa HYIKHO MOPABUJILHO paccra-
BUTHL 00a ykasaTes.

IIpuMeHeHMe CBABHBIX CIMCKOB NPUBOAUT K GOJIEE CIIOIKHBIM Q-
ropurmMaM, 4yeMm pabora ¢ AMHAMHUYECKUMH MACCHBAMWY, paccMaTpu-
BaTh COOTBETCTBYIOIIME IIPOrPaMMbI MBI He OymeM.

Bonpocbl u 3apanus

1. Yro Takoe crnucok? Kakue onepanuy OH JonyckKaer?
2. BepHO 1M, UTO BJIEMEHTHI B CIIMCKE YIIOPIAOUCHEI?
3. Kakoit MeToJ IOMCKA B COMCKEe MOKHO HCHOJIB30BATEH? O6cyaure pasabie
BApPHAHTHI.
4. Kax no6aBuTh 3/IeMeHT B JHHEHHBIH CIIMCOK, COXPaHUE 3aJlaHHEIA IOps-
JOK COPTHPOBKH?
5. Kak MOXXHO NpeCcTABUTH CIHCOK B nporpamme? B Kakux cayuasx s
3TOI'0 MOKHO HCIIOJIB30BATE OOLIYHBIH MaccHB?
6. O6pacHUTE Banmuck L.data([i] .word.
7. Yro Taxoe moxynn? Bauem HMCIOJB3YIOT MOAYIH?
8. Kak odopmasercs Teker mMonyna? Kak mo HeMy OTIHMYHTL MOAYJIL OT
OCHOBHOH IIpOrpaMMel?
9. Uro pasmemniaerca B ceknuax interface u implementation?
10. MoxxHO 1M BCe TepeMeHHBIE M HOJANPOrPAMMEI IIOMECTHTE B CEKI[HIO
interface? Yem aro mioxo?
11. Kax mogx/ovaerca MOAYIIbL K OCHOBHOIN nporpaMme HJIH JAPYTroMYy MOMYJIIO?
12. Yo Takoe cBA3HEIN cIIUCOK?
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13. Yro Takoe nmukiauueckuit crnmcok? IlomerraiiTeck MpHAYyMaTh 3ajady, rie
rocJie 3aBepIIeHusA IIPOCMOTPA CIACKA HYXHO HA4YaTh IPOCMOTP 3aHOBO.

14. CpaBHATe OJHOCBASHBIA M ABYCBASHBIA crnuckh. Ilokaskure Ha IpHUMe-
pax. B uém socTOMHCTBA M HEJZOCTATKH OJHOIO U BTOPOTO Tunos?

IloaroToBsTEe COOOIIEeHHE

a) «Cnucku B asbike Cu»
6) «AcconuaTUBHBIE MACCHBEI B A3bIKe Javascript»
B) «Cnosapu B A3bIKe Python»

o 3apaum

1. IlocTpoiiTe nporpamMMmy, KOTOopas COCTaBIfAeT andaBUTHO-YACTOTHRIH CJIO-
Baph AJs 3ajaHHOro (ailja cO CIHUCKOM CJIOB. HcnonepayiiTe MOAYJIb, CO-
Jeps;Kaluii Bce onepamuy co CIIMCKOM.

*2. B mporpamme u3 3ajadu 1 uaMenwuTe PyHKIMIO Find Tak, 4yToGEI B HeH
MCIOJIL30BAJICA ABOMYHBIN IOHCK.

3. B nporpamme u3 3azaun 2 obbequHuTe PyHKIHMHA Find H FindPlace, 3a-
MeHHB uX Ha oAHy (yHKouio. Eciu cioBo HaliZleHO B CIHCKE, (hyHEIHA
paGoraer Tak ke, Kak Find: Bo3BpamjaeT HOMEp CJIOBA B CIHCKE. Ecunn
CJI0BO He HaiifleHO, QYHKIHA AOJKHA BEPHYTH OTPHIATEIbLHOE YHCJIO: HO-
Mep 2JIeMeHTa MACCUBA, Iepeji KOTOPhIM HY’XHO BCTABHTHL CJIOBO, CO 3HA-
KOM MHHYC.

*#4, B mporpamMMe u3 3ajad¥ 3 BhIBE/UTe BCE HAJEHHBIE CIOBA B ¢aiin B mo-
pAjAKe yOBIBaHUSA 4ACTOTHI, T. €. B Hadajle CIHCKA AOJIKHBI CTOATE CJIOBA,
KOTOpBIE BCTpedaroTes B Qaiiye yalle Beex.

§42
Crek, oyepenb, AeK

Yro Takoe cTex?

IIpeacrasbre cefe CTONKY KHMT (IOAHOCOB, KHUpIMYed M T. m.).
C ToukM 3peHHs MHGOPMATHKH, €€ MOKHO BOCIPAHUMATDL KaK CIHCOK
5JIEMEHTOB, PACIIOJIOKEHHBIX B OIpeleJIéHHOM IIOPAAKe. ITOT CIMCOK
WMeeT OJHY OCODEHHOCTh — YAAJATh U A00aBIATH JIEMEHTBI MOXMKHO
TONBKO ¢ OAHON («BepxHeii») cTOPOHEI. [edCTBHTENBLHO, AJA TOrO
yTO6BbI BBITAIIUTH KAKYIO-TO KHUTY U3 CTONKH, HY’KHO CHavYala CHATH
BCe Te KHWUI'HM, KOTOpbIe Haxoasarcs Ha Hedl. ITOJIOXKHTE KHUTY CPasy
B CepeJNHY TOXe HeJIb3d.




Crek, ouepenb, ek

Crek (aHrn. stack — cTONKa) — 3TO NUHENHbIN CNNUCOK, B KOTOPOM SNEMEHTbI
A06aBnATCA U yaansioTcsa TOMbKO ¢ OAHOO KoHua (aHrn. LIFO: Last In — First
Out — nocneaHuii NpUWEN — nNepebIM ywWwén).

Ha pucynke 6.6 moxasaHbl nmpuMephl CTEKOB BOKDYI HAC, B TOM
YHCJI€ aBTOMATHBIN MarasuH W JeTcKasa MUPaMUIKA.

Puc. 6.6

Kax BbI 3Haere us yuebnmka gas 10 Kiacca, crTex HCIIOJIL3YVeTCHA
IIpA BBINOJHEHWH INPOrpaMM: B HEM XDPaHATCA ajpeca BO3BpaTa M3
IOAIpPOrpaMM, mapaMeTrpsl, epeAaBaeMble GYHKIUAM U IPOHEAypaM,
a TaKsKe JIOKaJbHbIE IepeMeHHbIe,

3amaua 1. B ¢aiine sanucanst nesbie uucaa. Hy»HO BbIBeCTH HX
B ApPyro# (Gaiin B o6paTHOM mopsake.
B aT0ii 3asaue oueHs yA06HO UCNONTB30BATE cTeK. [lIsi cTeKa omnpe-
JleJIeHBI JBe OllepaIiuu:
¢ N00aBUTH 3JIEMEHT Ha BEepPIIMHY CTeKa (aHrJa. push — BTOJK-
HYTb);
® IIOJIYYHUTH 3JIEMEHT C BEePIIWHEI CT€KA M YJAJIHUTh ero M3 CTeKa
(aHTJI. pOp — BBITOJKHYTE).
3anuiieM ajJropuTM pelIeHus Ha ICeBAOKoze. CHauama uymMTaeMm
AaHHBIe U 700aBJIfAE€M UX B CTEK:

HI nokKa ¢any He nycrT
NpoYMTaThL X
nDoBGaBMUTE X B CTEeK

K11
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Teneps BepXHHUI 3JIEMEHT CTEKA — 9TO IIOCJeJHee YUCIO, MPOYHTAH-
Hoe u3 (paitnma. IToaToMy ocTaércss «BBITOJKHYTH» BCe 3alllCaHHBIE
B CTEK YHWCJa, OHU OYAyT BHIXOAUTE B 06paTHOM MOpPAAKe:

HII MOKa CTEK He IyCT
" BHITONKHYTH 4YMCJIO M3 CTeKa B X
3anMcaTbk X B Qann
KL

HUcenonp30oBaHHEe THHAMHYECKOT0O MacCHBa

ITocKOJNIBKY CTeK — DTO JUHEHHad CTPYKTYpa AaHHBIX C IlepeMeH-
HBEIM KOJIAYECTBOM 3JI€MEeHTOB, AJIA CO3JaHHA CTeKa B IIPOrpaMMe MBI
MOYKEM MCIONIB30BATh AMHAMHUUecKuit maccuB. KoHeuHno, MOKHO opra-
HM30BaTh CTEK M3 OOBIYHOrO (CTATHMYECKOro) MaccuBa, HO ero Oyaer
HEBO3MOKHO PACIIMPUTH CBEPX pasMepa, BBIJIEJIEHHOTO IPU TPaHCIIA-
IUH.

Jlns paccMOTpeHHOM BbIlle 3afauud 1 CTPYKTYpa-CTeK COAEPKHUT
IUHAMWYECKHUH IMeJJOUYMCIeHHBII MAaCCUB U KOJUYECTBO MCHOJb3YeMBbIX
B HEM BJIEMEHTOB:

type TStack = record
data: array of integer;
size: integer;
end;

Bysem cuuTaTh, 4TO CTEK «pacTéT» OT Hayaja K KOHIy Maccusa, T. €.
BepIINHA CTeKa — 3TO IOCAeJHUI 3JIeMeHT.
Ilns paGoThI CO CTEKOM HYJKHBI JIBe TIOJIPOrPaAMMBI:
e Ipollefypa Push, Koropas nobGaBiseT HOBBII dJIeMEHT Ha Bep-
IINHY CTEeKa;
e MVHKIMSA Pop, KOTOpas BO3BpalllaeT BePXHHUI 3JIEMEHT CTeKa
u ybupaeT ero M3 cTeka.

IIpuBesiéM 5TH TOAIPOTPAMMBL:

procedure Push(var S: TStack; x: integer);
begin
if S.size>High(S.data) then
SetLength (S.data, Length(S.data)+10);
S.data[S.size]i= X%:
S.size:=S.size+l;
end;




Crek, ouepens, aAex

function Pop(var S:TStack): integer;
begin
S.size:=S.size-1;
Pop:=S.data[S.size];
end;

ObGparuTe BHMMaHHUE, YTO 3JeCh CTPYKTYpa THMHa TStack M3MeHSETCH
BHYTPH NOANPOrpaMm, IIO3TOMY BTOT HapaMeTp AOJI3KeH ObITH M3MEeHS-
€MBIM (OIIMCaH C IIOMOINBIO var).

3amMeTHM, YTO eciid HaM MOHAJOOUTCH CTeK, KOTOPBIA XPAaHUT HaH-
HpIe JApPyroro TUna (HampuMep, CHMBOJbI, CHMBOJIbHBEIE CTPDOKH WJIH
CTPYKTYPEI), B OObSIBJIEHUHN THIIA ¥ B NPU