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1 IlocienoBaresibHBIE ITPOTPAMMBbI

1.1 Bsenenue

B srom ydebHOM mocobuu OnmcaHbI METOABI JOKA3ATEIHCTBA MPABUIBHOCTH KOMIBIOTEPHBIX ITPOrPAMM, Ha-
MTUCAHHBIX HAa CTPYKTYPHBIX A3BIKAX MPOTPAMMHUPOBAHNs 0e3 MCIMOJb30BAHNS TTOAMPOTrPAMM ¥ MMapasIen3Ma.
MbI pacCMOTPHUM MOCTIEIOBATEIbHbBIE TTPOrPAMMBI €3 MCIOIb30BAHNST MACCHBOB B pas3zese 1.2 1 mporpamMmbl ¢
maccuBamiu B pazzere 1.3. Texcr mocobust B 3HaIUTENBHON Mepe Gasupyercs Ha padorax [Man74] u [Fra92)].

JlaHHasi BepCUsi TEKCTA SIBJISETCS MPEABAPUTEIBHON 1 MOXKET cojiep:kaTh omudku. O HUX MOYKHO COODIIATH
o ajpecy dmjr@ispras.ru. 3aMedanusi U MPEJIOKEHIST YUTATENel MOrYT ObITh OYeHb TOJIE3HbI ABTOPY B €r0
paboTre HaI TEKCTOM.

1.1.1 Wcnooab3syembie 0003HaAaYEHUA

IMpu 3anucu norudeckux GOpMya B mOCOOHE Oy/IyT UCIONb30BATHCA Cieayomnue obo3nadenus. Cumpon “—”

0603HaYaeT JOrudecKyo uMmmmkauuo. Ecoa fi, ..., fn — dopmyiibl, TO 3amuch
fi
I
0003Ha9YaeT KOHBIOHKINIO f1 A ... A f,, a 3amuch
fi
fa

— mu3bIOHKIUIO f1 V...V f,. Eciu npeaukar p onpezgessercsa npu moMoinu ¢gopmysst f (M. paszen 1.2.4), To
sroT dakKT 3anuchiBaeTcd Kak p : f.

1.2 DBuaok-cxemsl
1.2.1 Omnpegenenue 6JI0K-cXeM

CnepBa MBI paccMoTpuM (POPMATBHY 0 MOJETh O9€Hb OrPAHIMYIEHHOTO KIACCA IIPOrPAMM. DTOT KJIACC COOTBET-
CTByeT MporpaMMaM Ha CTPYKTYPHBIX s3blkax nporpamvuposanus (tuma Pascal, C, Modula-2) 6e3 ucmomnn-
3oBaHus mommporpamMm. Kaskmas Takas mporpamMa Omepupyer ¢ KOHEYHBIM HAaDOpOM TepeMeHHBbIX. Mbr He
OyIeM HCIIONb30BATh B MPOTPAMMAX ONEPATOPHI BBOJA-BBIBOJA. BMECTO 3TOro MBI OyIeM MpernonaraTh, uro,
KOIJIa IPOrpaMMa HAYMHAET CBOI PabOTy, ee BXOIHBIE JAHHBIE YK€ COIEPKATCS B HEKOTOPBIX W3 €e Iepe-
MEHHBIX. OTH IEPEMEHHBIE MbI HA30BEM 6LOOHLIMU NepemeHHbimu. B mponecce cBoell paboThl IPOrpaMMma
JIO CBOETO 3aBEpIIeHUs JIOJIZKHA, 3aICATh PE3Y/ILTAT BBIYUCICHUS B ONPEIEIEHHBIE TIEPEMEHHDIE, KOTOPBIE MbI
OymeM Ha3bIBATH 6ULOOHbIMU. MBI GyIeM JOMyCKaTh MPOrpaMMBbI, B KOTOPBIX OJHA U Ta YK€ TepeMeHHAs sB-
JISeTCS W BXOJHOM, W BBIXOAHOW. IIporpaMMbl MOTYT M3MEHSATH 3HAYEHUs BXOIHBIX MEPEMEHHBIX B MPOIECCE
cBOE# PaboOThI & TAKIKE HMCIOIb30BATH BBIXOJHBIE MEPEMEHHBIE /IS XPAHEHHS MTPOMEXKYTOYHBIX Pe3yJIbTATOB
BBIYUCJICHUIL.

Kaxxnas mepeMenHass v MOXKET NPHHUMATH 3HAYEHHUS W3 HEKOTOPOrOo MHOXKECTBA D, KOTOpoe MbI Oyaem
HA3BIBATDH ee domeHom. MBI OyZeM TakyKe CUMTATh, YTO 33JIaHO HEKOTOPOE MHOXKECTBO 3HaueHull dannoir D,
BKJIIOYAIONIEe B cebs BCE JOMEHBI (3TO 3HAUUT, UTO JIJIs JIOOOH MEepeMEHHON v BBINOIHEHO cooTHomenune D, C
D).

B mporpammax Mbl GyseM BBIIEIATH JBE KATETOPUW BBIPAXKEHMI: BBIPAXKEHHS 10 JAHHBIM U JIOTHIECKHUE
BeIpazkenus. Kaxknoe swpasicenue no darmnbim NpUHAMAET 3HadeHus 3 MHOkectBa D. Kaxxnoe sozuueckoe
sbLpasicerue TIPUHUMAET b0 3HaveHnme T (ucrmua), jamnbo 3Hadenwe L (maoxkw). Ecam xkoHcranTer T uw L
MPUHAIEXKAT MHOMKECTBY ), TO OHO M TO K€ BBIPAYKEHHE MOXKeT OBITh OJHOBPDEMEHHO U BBIPAIKEHHEM IO
JIAHHBIM, ¥ JIOTHYECKUM BBIPAYKEHHUEM.

B kaugectBe mepBoil MOmENMM IS MPEACTABIEHUS MPOrPAMM MbI PACCMOTPHM OA0K-CTembl. BIoK-cxema
npeacrapiasier u3 ceds rpad, B BEPUIMHAX KOTOPOrO HAXOIATCS ONEPATOPBI, a PeOpa OMUCHIBAIOT IEpenady
YIIPABJIEHUST MEXKJy OIIEPATOPAMHU.

Omnpegenenne 1 Onepamop BIOK-CXEMbI IPEJICTABISIET U3 CeDsl MOCTEIOBATEIBHOCTH CUMBOJIOB Buja [ @ op,
rae | — memxka oneparopa, a op — ero meao. Kaxkpiit oneparop OTHOCUTCS K OJHOMY U3 IISITH THUIIOB:



[ : START

HAYaJIbHBIA 3aBepIIAONINHI OII€paTOpP
oneparop oreparop COETMHEHNA
l:Z+ ¢
oreparop YCTIOBHBII
OPpUCBaNBaHUA onepaTrop
Tun oneparopa | Yucmo Yuco
BXOZAIUX pedep | BBIXOAAmux pedep
Hauanbabrit 0 1
[IpucamBanmsa | > 1 1
YenoBHbII >1 2
Basepratomuit | > 1 0
Coenunenus >1 1

Puc. 1: Oneparopsr 6JI0K-CXeMbI

1. Hawaavuwuid oneparop [ : START.

2. Oneparop npucsausanus Buaa | : (x1,...,Tm) < (€1,...,6m). 30ECb T1,..., Ty ABIAIOTCA IOIAPHO
) ) ) ) ) )
pa3auaHbIME nepeMeHHbIMA. s Kaxkgoro i, 1 < i < m, e; — 3TO BbIparKeHne, IPUHIMAIOIIEe 3HATCHUST
n3 gomeHa D,,.

3. Yeaoenwiti oneparop [ : B. 3mech B ABIsieTCsT JOTMYECKUM BBIPAYKEHIEM.
4. Oneparop sasepwenus | : HALT.

5. Omneparop coedunenus l : JOIN. O

Onpenenenne 2 ITpozpammoti 6 eude 6.a0k-cremos (UM TPOCTO OA0K-CTeMOU) MBI OyIeM Ha3bIBaATh OPUEH-
TUPOBAHHBLIA rpad, BEPIIMHAMEU KOTOPOrO SBJISIOTCS ommeparopbl. I'padudeckoe n300parkeHue pas/ImdHbIX
oIepaTopoB Noka3aHo Ha pucyHke 1. Ha rpad HakmampBamoTcs Caemyomye OrpaHnIeHus:

1. JIjd KaxKI0ro omeparopa 9Yuciao pedep, BXOAANINX B HErO WJIA BBIXOAAIIUX W3 HErO, 3aBUCUT OT THUITA,
OTIepaTopa. JTH OrPAHWYEHUsT HA JHUCJI0 pedep n300paskeHbl CUMBOJUYECKH U OIMMCAHBI MPHU MTOMOIIA
Tabmmiel HAa pucyHke 1. U3 KaxKa0ro yCIOBHOTO OIEpPATOPa BBIXOAWUT IBA pPedpa, OTHO U3 KOTOPBHIX
MIOMEYeHO CUMBOJIOM T, a npyroe — cumBosioM L. Ilpu m3o0pazkeHnn orneparopoB COSIUHEHNA MbI Oy1eM
omyckath caoBo JOIN.

2. B rpade nmeercs pOBHO OIWH HAYAIHHBIN OMEPATOP.

3. Jlroboii omeparop HAXOAUTCS HA OPUEHTUPOBAHHOM IIyTH W3 HAYAJIBHOIO OMEPATOPA B KAKOW-IHOO W3
3aBEpIAIONINX OIIEePATOPOB.

4. PaBJII/I‘IHbIe OIIepaTOpPhbl UMEIOT PA3JINYIHLBIC METKHU. MHO)KQCTBO BCEX METOK, BCTPEYIAIOIMINXCA B IPOTrpaM-
me P mbr 6ymem obo3zuauars yepe3 Lp. Merkoii [ € Lp mbr Oymem 0003HAYATH OMEPATOP, TOMEYEHHBIH
9TOM METKOIT TaM, T/e 3TO He OyaeT IPUBOANTDH K HEOTHO3HAYHOCTH. VHOrIA ImIpH 3alUCH OMepaTopa MbI
Oy/IeM OIyCKATh €ro MeTKY.



lp : START

I : (g,r) < (0,21)

la

T
ZQZTZZ’Q

Is : (q,r) (¢ + 1,7 —x2) Q* : HAL’I)

Puc. 2: [Iporpamma nenenust P;giy

Jns HAUaIBHOTO OMepaTopa, ONepaTopa MPUCBAWBAHUS WJIU OMEPATOPa COCAMHEHUS C METKON | BBIpAXKeHWE
suc(l) obo3HawaeT cremyIommii 3a HUM omepaTop. Ecm [ — ycmosHbIi omepatop, To suc ' (1) o6o3HauaeT ome-
paTop, B KOTOpLIA Bemer pebpo ¢ mMeTkoit T m3 [. AHAJOrM4HO, omeparop B KOHIE pedpa ¢ MEeTKOH L MbI
oboznagnm gepes suct(l). O

Corutamiieaune: Mpr OygeM CYuTaTh, 9TO HAYAJIBHBIN OMEpaTop moMedeH MeTKo# lo. Ecau 3apepurarormumit
OTIepaTop B MPOrPAMMe BCErO OIUH, TO MBI OyIeM CUYUTATh, YTO OH MOMEYEH METKOM . |

B kauecTre mpuMepa, 6J10K-CXeMBI MBI PACCMOTPUM TIpOrpaMmy Pjg;, Ha puCyHKe 2. DTa MpOrpaMMa peaJn-
3yeT aJrOpUTM IEJIOYUCICHHOTO TEJICHUS T1 HA To. JIOMEHOM KaxkI0il TIepeMeHHO B Hell ABJISETCS MHOKECTBO
nesbrx unces Z. Ha BeIXome aaropuTMa MOTyvaeTcs YaCTHOE ¢ U OCTATOK T.

Oueparop (q,7) < (0,z;) upucsauBaer npemeHHoii ¢ 3uadenue 0, a epeMeHHOil © — 3HaYenue ;. AHAJIO-
ru4Ho, oneparop (q,r) < (¢+ 1,7 —z-2) npucsauBaer nepeMeHHol ¢ 3Hadenue ¢+ 1, a IepeMeHHoli T — 3HaYeHue
r—25. OTMeTuM, 9YTO IPU BBIIOJIHEHUH OLEPATOPA IPUCBAUBAHUS OOLIErO BUIA (L1, ..., Tm) < (€1,...€n) BCE
nepemennbie z;, 1 < i < m, 3aMEHSIOTCA Ha, 3HAYEHUS BBIPAYKEHWI €; 00HOB8PEeMEHHO, TO €CTh 3HAYEHUS BCEX
BBIPAKEHWI €; BBIYUCIAIOTCA JI0 TOTO, KAK W3MEHSIETCS 3HAYEHNEe KaKOW-IM00 M3 MEePeMEeHHbIX T;. U3 ycaos-
HOro omeparopa ly : 7 > Ty BBIMUCICHHE HIET IO PeGpy, IOMEYCHHOMY CHMBOJIOM |, €CJIM IIPU JOCTHKEHIN
3TOrO OIepaTopa r > Ty, U IO pedpy, IOMEYEHHOMY CHMBOJIOM | B IPOTHUBHOM CITydae.

1.2.2 HekoTopble ompeaeeHns

B sTom monpasmesie OyayT BBEIEHBI HEKOTOPBIE ONMPEIEIEHUs, KOTOPbIE TOTPEOYIOTCA HAM Mpu paboTe C mo-

cIeIoBaTeIbHBIMU nporpamMaMu. Ecm T = (1, ..., Ty) — HEKOTODbIH BEKTOP MEPEMEHHBIX, TO 4Yepe3 Dy
MBI 0003HaYUM MHOKECTBO Dz = D, X --- X D, . Ero mb1 6ymem Ha3biBarh domenom BekTopa T. Jlasee,
nycrb U = (vy,...,V,) — BEKTOD BCEX IIEPEMEHHBIX IporpaMMbl. JloMen BeKTOpa U Mbl 0H03HAYUM CUMBOJIOM

def "

¥ = Dg. MHoXecTBO Y Ha3bIBAETCS MHOXKECTBOM COCMOAHUL namamu mporpaMmbl P. 11 mpou3BOILHOTO
COCTOSIHUS TaMATH 0 € X ¥ IIepeMeHHOil * 0003Ha4YuM vepe3 o[zr] KOMIIOHEHTY BEKTOpa 0, COOTBETCTBYIO-
uiyto nepemenHoit . Eciu e — Bbipakenue HaJ, 1epeMeHHbIME OporpamMbl, TO ofe] obo3nauaer 3nadeHnue
BBIPAXKEHUS € [IPU 3HAYEHUSIX [IEPEMEHHBIX, OMPeIeIseMbIX COCTOSTHUEM 0.

Iycrs & = (21,...,&m) — BeKTOp mepeMeHHbix. Torma 3ammchio o[Z] Mbr GyaeM 06O3HAYATH BEKTOD
(oz1],---,0]zm]) € Ds.

ITycrh 0 — cocrosiHve MaMsTH, v — IepeMeHHas, a d € D, — 31emMeHT gaHHbIX. 3amuch o[d | v] obo3HauaeT
pe3yabTaT 3aMeHb, B 0 KOMIIOHEHTBI, COOTBETCTBYyIOIIEl v, Ha d. I[Ipm sToMm mja mr0b0i mepeMeHHol &

a[d | v] [[a:]] déf { Z,[[m]] ET{J;P[II : COBITQJIAET C U
)
MBI Gy/1eM HCTIOB30BaTh TakyKe 3amuch o[ | ], tae & = (o1, . . ., T, ) — BeKTOp nepeMeHHbIX, a & = (di,...,dy,) €

D; — Bexkrop 3uadennii. Ilpu sTom

olé |2 oldy | @] [dm | 2]



Wrorma Mbr OygeM HCHOMb30BATH CAEAYIONIee COKPAIEHnE:
def
ole | v] = olofe] | v]

31ech v — 3TO IepeMeHHasd, a € — 3TO BbIPasKeHHe, IPUHAMAIONICE 3HAYCHN U3 MHOXKeCTBa, Dy, AHaI0rmaHoe
cokpalrenne o[é | U] Mbl OyZemM MCIoIb30BATh JJisi BEKTOPOB NMEPEMEHHBIX W BEKTOPOB BbIPAYKEHHI.

1.2.3 ®@yHKIMOHUPOBaHUE IIPOTPAMM

Onumrem renepb paboTy TPOU3BOILHOM O10K-cxeMbl. Kongpuaypayueti 610k-cxembl P Mbl Oy1eM Ha3bIBATDH TAPY
C = (o, A), rue o — cocroguue namsart, a A € Lp — merka. Cocrosiiue o onpejesisier 3Ha4eHus 1ePEeMEeHHbIX
MPOrpaMMbl HA HEKOTOPOM Iare ee paboThl, & A YKA3bIBAET HA OIEPATOP, KOTOPBIH OYyIeT BBIMTOIHATHCS HA
CJIEIYIOIEM IIIare.

Ha MHOKecTBe Bcex KOH(MUTYpaIiii MporpaMMbl MbI OIIPEIEINM OMHAPHOE OTHOIIEHHE, KOTOPOE HA3BIBACTCS
ommowenuem nepexroda u obozuadaercsa cumsosom “—”. (3amucy C7 — Cy unraerca “Cy nepexomut B Co”).
[Mycrs C = (0, \) u C' = (¢', \') — ne xoudurypauuu. B srom ciaygae C — C’ roraa u TonbKo Toraa, Korua
BBITTOJTHEHBI CJICIYIOIIUE YCIOBUSI:

e Eciu )\ — HagaabHBIA omepaTrop Wiiu OIepaTop COeIuHeHHs, TO o — o u A = A
e Ecau A — npucsausanue Z < €, 1o X' = suc(A) u o' = olé | Z].

Ecma A - i B, 1o X =suc’lBI(\) u o’ =
e Eciu ycoBHbI oneparop B, o X' = suc?Pl(\) u o' = 0.

Koudurypanuio C' = (o, \) Mbl 6yaeM Ha3bIBATL HA%AALHOU, €CTH A — 9TO HAYAJbHBINA OomepaTop (To ecTh
A =lp), u 3asepwaroweti, ecu \ — 3aBepIIAONHUi onepaTop.

Onpenenenne 3 Buuucienuem TPOrpaMMbl P Ha3bIBAETCs KOHEUHAS MJIM DECKOHEUHAS MOCIEI0BATEILHOCTH
xoudurypamuit 1 = Cp, ..., Ch, ..., 0DIAJAIONIA CIEIYIOMUMA CBONCTBAMUA:

1. pas moboro ¢ Takoro, 4To i-s KOH(MHUIypaIds BBIYUCICHAS HE ABIAETCA B HEM MOCIeIHElH, BBITOJIHEHO
Ci = Ciyr;

2. ecyii BBIYUC/IEHWE KOHEYHO, TO €ro MOCIeqHsIss KOH(MDUTYPAIUS sIBJISETCS 3aBEPIIAOINIEH. O

Omnpegeseane 4 Bunaproe otHOmERNE R HA3BIBACTCS 0eMEPMUHUPOSAHHBLM, €CITN JJIA TIOOOTO ¢ CYECTBYET
ue Gosmee omHOro b, Takoro uro (a,b) € R. Wubimu ciosamu, u3 (a,b1) € R u (a,by) € R cnenyer by =
bs. O

HerpyaHo moka3arh, YTO OTHOIIEHHE MEPEX0a Ha KOH(MUIyparuaX OI0K-CXeM SBJIAETCS JIeTePMUHUPOBAH-
ubiM. [Tosb3ysich aruM HaKTOM, MOKHO JOKA3aTh, 9TO JIs 000N KOH(MUTYypaLlUun CYIECTBYET €JUHCTBEHHOE
BLIUUC/IEHUE, HAYUHAIOMEeCs ¢ Hee. JIjist II000ro BHIYUC/ICHNs COCTOSHUE TAMATH B €r0 Ha4a/IbHONH KOHMbUry-
panum MBI OyZeM HA3BIBATD HA4AAbHbLM COCTOSHAEM MAMSATH B JAHHOM BBIMUCIEHUH, 4 COCTOSHHUE TTAMATH B
3aBepmanmell KOHQUTYPAIuT — 346ePULGIOULUM COCTOTHAEM TTAMSATH.

IMycts ¢ — cocrosinue namsatu nporpammbl P, u mycrs Cy 0003HAYAET €€ HAYAIBHYI0 KOHMUIYDAIHIO C
cocrosiaueM namaru o (1o ectb Cy = (0,1y)). Boraucienue nporpammbr P, sauunatoreecs B Co, Mbl 0003HAIUM
yepe3 7(P,0). Iycrs m — Hekoropoe Boruucierue. Uepes val(mw) mbl Oymem 0003HAYATH COCTOSTHUE MAMSATH

. def
B TmoCIeqHel KOHDUTrypauu 7, eciu T KOHedHO. Ecam 7 6eCKOHEYHO, TO MbI MoJIokuM val (1) = w, Tae w —
CTeIMAIbHBIAN CUMBOJI, 0003HAYAIONINI HeonpedesenHoe COCTOSHIE. @Pynkyut 3HaueHUus VI MBI OTpemsenM

CIeAYIONUM 00Pa30M:
de

f
M[P](c) = val(m(P,0))
Msr 6yzem rosopurb, uTo mporpamma P 3a6epwiaemcs npu HAYAILHOM COCTOSIHUM 0(, €CJAHM BBIYUCICHUE
(P, 0p) xoreuno (uro sxsusanenTHo M[P](oo) # w). B arom ciyuae dyuxuus M[P] oupenensier coorHorie-
HIe MeXK/y 3HAYEeHWsIMHU TTEPEMEHHBIX B HAYAJBHOM COCTOSTHUM MAMSTH 0 ¥ WX 3HAYEHUSMH B 3aBEPIIAIIEM
COCTOSTHUH BBIYUCIIEHMS.



1.2.4 Cuoenudukanmum

Crenudukarpeir mporpaMMbl MbI Oy/IeM HA3bIBATH HAOOP TpeboBauwuii K Heit. [lycts P — nmporpaMma Ha HEKO-
TOPOM si3bIKE MpOrpaMMupoBanus, a ¢ — cnenudukanms. 3amada eepudurayuu TPOrpaMMbl P oTHOCHTEIEHO
cuenuukanmuu ¢ cocront B H0KA3ATETHCTBE TOTO, 9TO P COOTBETCTBYeT BCEM TPEOOBAHUSAM, COMEPIKAIITAMCS
B ®.

B sroit raBe MbI pACCMOTPUM HEKOTOPBIE METOJbI 3aJaHus cuenuUKAIUi 1 MeTOAbl BepUDUKAIIUN O~
CJIeIOBATEILHBIX MMPOIPAMM, B KOTOPBIX OTCYTCTBYET PEKYPCHUS.

Beemem HECKOIBKO MOMOTHUTEIbHBIX onpenenenuii. I[lycts M — mekoTopoe mMHOXKECTBO. IIpeduxamom
Ha MHOXKecTBe M MbI OyzmeM HasbiBarTh byukumio p : M — {T,L}. Tlpenukarst Mbl 6yJeM 3aJaBaTh TPH
oMot (pOPMyJT JJOTUKH TEPBOro mopsaka. Mbr Oyaem mpeamomararb, 9TO s3bIK JOTHKH TAKOB, 9TO JII000E
JIOTUYECKOE BbIpayKeHue B porpaMme sBisgercs (popmyioit 6e3 KBAHTOPOB, a JI0H0e BhIPAXKEHHE B OMIEPATOPAX
npucBauBaHus siBjsercs repmoM. Eciu o € ¥ — cocrosinue namsaru, a p : X — {T, L} — npeaukar, T0o 3anuch
0 = p 03HAYAeT MCTHHHOCTD TIPEIUKATA P B COCTOSTHUM o (4TO SKBUBAJEHTHO p(o) = T).

OpHO u3 TpeboBaHUil K MPOrpaMMaM, KOTOPOe MbI OyIeM pacCMaTpUBATH, COCTOUT B TOM, UTO MOCIE 3a-
BEpIeHUsT TPOrPAMMBI €€ HePEMEHHbBIE JOIPKHBI HAXOIUTCS B 3aJAHHOM COOTHOIIEHWH. DTO COOTHOIIEHUE
MOKHO OIUCATH [IPU MOMOIIY MPEIUKATa Ha MHOXKecTBe cocTosuuit .. OH omnpefensger, KAKOe COCTOsTHUE Ha-
MSATH JIOJIZKHO TOJYYUTHCs MOCTE 3aBepIliennsi paboThl mporpaMmbl. Takoil mpeaukar Mbl OyjaeM Ha3bIBATD
BBLLOOHBILM NPEOUKATNOM.

WNuorma mMel OyaeM Mpeanosararh, YTO JAHHBIE, KOTOPbIE MOTYT MOCTYIATh HA BXOJ MPOTCPAMMBI, JTOIKHBI
VIOBJIETBOPATH HEKOTOPOMY YCJIOBUIO. DTO YCIOBUE MBI Oy/IeM TaKKe 33aBaTh ITPHU TOMOIIH MTPEINKATA Ha, X..
On byzer onpenensaTbh HEKOTOPOE COOTHOINIEHUE MEXKJy MEePEeMEHHBIME B HAYAJIBHOM COCTOSIHUH IPOTPAMMOBI.
Takoit npeaukar Ha3bIBaeTCs 8L00HbIM npedukamom. NOXKHO CKa3arTh, YTO Mbl 3AMHTEPECOBAHBI B AHAJIU3E
TOBEJIEHUS TPOTPAMMBI TOJIBKO JJIsI TEX HAYAJIBHBIX COCTOSIHUI, KOTOPBIE YIOBJIETBOPSIOT BXOIHOMY MTPEIUKATY.

Onpenenenne 5 Ilycts mambr

e mporpamma P,

e BxOJHOI npeaukar ¢ : L — {T,L}.

e BbLIXOAHOI npeaukar ¢ : X — {T, L},
Mpsr 6ymeM roBOPUTH, ITO

e [Iporpamma P wacmuuho xoppexmmua OTHOCHTETBHO ¢ W 1P, eClIH Ijisi JTIOOOr0 COCTOSHUS MAMATH O,
takoro uro o = p u M[P](0) # w Bemonueno M[P](c) = ¢. Yacruunyio KOppeKTHOCTH nporpammbl P
OTHOCHUTEJIBHO ¢ U ¥ Mbl Byem obo3navyars 3amnuchio {@}P{v}.

e [Iporpamma P noamnocmwvio xoppexmma OTHOCUTETHHO ¢ U 1), €ClIH i JII0OOTO COCTOSTHUSA MAMSITH O,
Takoro 4ro ¢ = p BeimonHeHo M[P] (o) # w u M[P](0) = ¢. IlonHyio KOppeKTHOCTH MporpaMmbr P
OTHOCHUTEJIBHO ¢ U ) MbI OyeM 0603HaYaTh 3amuchio (@) P{1)). |

B kauecrse cneyudpurayuii mocaenoBaTebHoM mporpamMbl P Mbl Oyaem paceMaTpuBaTh napsl ® = (¢, 1)),
rIe ¢ — BXOIHOW MPEIWKAT, & 1 — BBIXOAHON mpemwkarT. Mbl OyaeM TOBOPUTH O YaCTUYHONW WM IMOJTHOMN
KOPPEKTHOCTH TTPOTPAMMBI OTHOCUTEIFHO TAKOHW CIEIU(PUKAIINAN.

OrMeruM, 4TO YaCTHYHAS KOPPEKTHOCTD IPOrpaMMbl P OTHOCHTEILHO BXOJHOIO IPEIMKATA () U BHIXOLHOIO
MpeIuKaTa | 9KBHBAJEHTHA TOMY, 9TO Iporpamma P 3aBepInaercs Bceraa, KOraa HadaabHOe COCTOSHIE TaMsITH
yaoBeTBOpseT ¢. B 3Tom ciaydae Mbl OygeM roBoputh, 9To P 3asepuiaemcs Ha ¢.

JIemma 1 ITycmo dana npozpamma P u cneyudurayus ® = (p,10). B amom cayuae (¢p) P{y)) mozda u moavko

moezda, kozda {P}P{Y} u ($)P(T). m|

Takum 00pa3oM, TOKA3aTeIbCTBO MOTHON KOPPEKTHOCTH MPOrPAMMBI MOYKHO CBECTH K JOKA3ATEIbCTBY €€
JaCTUYIHON KOPPEKTHOCTH M K JOKA3aTEJhCTBY ee 3aBepmraemoctu. VI3 onpenenenus 5 ciemyer, 9TO KaK da-
CTUYHASA, TaK U MOJTHAS KOPPEKTHOCTH MPOTPAMM COXPAHSETCS

® [IpU 3aMeHEe BXOJHOIO MPEIUKATa Ha Hojiee CUIIbHbBIN, a TaKkKe
e IIpM 3aMeHe BBIXOIHOIO MPEInKaTa Ha Oosee crabbIif.

Takum obpa3om, BepHA CIEAYIONAs JTEMMA,:



JIemma 2 ITycmo dana npoepamma P. I[Tyemsv npeduxamo, ¢, ¢', ¥ u ' maxosw,, wmo dopmyav, ¢' — ¢ u
¥ = Y uemunnn. Tozda

o Hs {6}P{0)} cacdyem {¢'}P{6} u {6} Py},
o Hs ($)P() cacdyem (¢')P() u ($)P('). 0

Crenyromas JeMMa, TO3BOJISIET IO HECKOJBKUM YTBEPKIEHUSAM O YACTUIHON MM TOJTHON KOPPEKTHOCTHU
[I0/Iy4aTh HOBbIE:

Jlemma 3 ITycmo dana npozpamma P. as 406wz npozpamms. P u npeduxamos ¢, Y1 u s 6binosHeHvl
CALOYIOWUE YMBEPHCOEHUSA:

o Uz {p}P{1} u {@d}P{1p2} caedyem {¢}P{rp1 A2},
o Us ($)P (Y1) u (p)P(h2) caedyem ($)P (1 A ). o

[Tomp3ysich 3TO# JIeMMO, MOYKHO pPa30MBATh HA HECKOJIHKO YACTEH JOKA3ATETHCTBO YACTUIHON WM MOJTHOMN
KOPPEKTHOCTUA TTPOTPAMMBI.

1.2.5 Bepudukaius nporpaMmbl JeJ1eHAS

B kauecTBe mpmmepa MBI JOKAXKeM IOJHYI KOPPEKTHOCTH MPOrPAMMBI AEIeHHS Ha PUCYHKe 2. Mbl Oymem
ucciaeaoBaThb ee IMoBeACHUEe IIPHU HEOTPUIATE/IbHBbIX 3HAUECHUAX T U T2. 9TO ycinoBue BBIPAZKAETCA BXOAHBIM
MIpeUKATOM

$o @ (1 2 0)A(z2 >0)

IIycte X, obo3HadvaeT 3HAUYEHHME MEPEMEHHON X B HaYaJe BBLIMOTHEHHS MMPOrPaMMbI, 8 X €CTh HAYAILHOE
3HaYeHue Tz. Mbl XOTUM JIOKA3aTh, 9TO €CIH IPOrPAMMa, 3aBEPIIACTCS, TO MO e 3aBEepIIeHUN TePEMEHHbBIE ¢
W T YIAOBJIETBOPSIOT COOTHOIIEHUIO

1[] : (X1:Q'X2+T)/\(0ST'<X2)

(IIpenukar v saBIAETCs, CODCTBEHHO, ONPEIEIEHUEM YaCTHOTO U OCTATKa Tpu aejierun). Onpeneaum mpeu-
KaT )y CIEIYIOMIM 00pa30M:
Yo 1 (w1 =q-x247)A(0<r <)

B kauecrBe nepsoro Bapuanta cnenuduKaluu NporpaMmbl Mbl paccMoTpuM napy (Po, o). Y vroil cueuudu-
KAIlUU eCTh CYIIEeCTBEHHBIN HeZOCTATOK. I[lycTh mporpaMma P BBITOIHSET MPUCBAUBAHNE

(1’1,1‘2,(],7') « (0) ]-7 1)0)

7 Cpa3y ke MOC/Ie 3TOro 3aBepinaercs. lIporpamma P mOJHOCTHIO KOPPEKTHA OTHOCUTEIBHO ¢ U Yy. Tem He
MeHee OHA, OUYEBUIHO, HE PEAN3YeT JKEeJIAeMbIil aJITOPUTM IEJIOYUCIEHHOTO [IE/IEHUS .

ﬂJIH TOTrO, t-ITO6bI yIydqmunuTb CHeHI/ICbI/IKaLH/IIO nporpaMMbl, MBI BBEJEM JIB€ JOMOJITHUTEJIbHBIE IEeJIOYUCICH-
Hble nepementbie X1 1 Xy, DTH nmepeMeHHbie Mbl OyIeM UCIOIb30BATH /sl XPAHEHUs] HAYATbHBIX 3HAYEHUN
MMePEMEHHBIX T1 U T2. MBI MOXKEM Tenepb B3AThb CIEIYIOMMA MPEeJUKAT ¢ B KAIECTBE BXOJHOTO MTPEIIMKATA:

d) : ($1:X120)/\(£E2:X220)

B kadgecTBe BBIXOJHOIO MPEIUKATA MOYXKHO TElephb B3ATh MPEIUKAT 1), OMPEIETICHHBINH BbIIIIe.

Kak mpasuiio, B manbpHeineM Mbl OyJeM 9acTO BBOAWTH MepeMeHHbIe, KOTOpble, momobuo X; u Xo, He
WCIOJIB3YIOTCS B TIPOTpaMMe, HO HYXKHbBI [jis 3aaanus cnermudukanuii. OHU HA3BIBAIOTCH CNEYUUPUKAUUOH-
HOLMU TTepeMeHHBIMA. MBI OyZeM BKJIIOYATH WX B MOCIEIOBATE]HHOCTh U BMECTE C MTEPEMEHHBIMHU, KOTOPhIE
WCIOJIB3YIOTCS B mporpamme. KazKkioe COCTOsTHME MaMsaTH TaKuM 00pa30oM, OYIeT OnpeaeiaTh HEKOTOPhIE 3HA-
yenus crenuduKanuoHHbix nepeMentbix. (Ormerum, 4ro 3Hadenue Jio6oit u3 HUX OyJIeT OJMHAKOBBIM BO BCEX
KOHMDUIYypaIUaX JH000r0 BHIYUCIICHUS ).

s mporpammbl Pjgi,, MBI CHAYAIA, JOKAYKEM €€ YaCTUYHYI0 KOPPEKTHOCTh OTHOCHUTENHbHO ¢ u ). Ilocie
9TOrO MBI MOKAXKEM, YTO T4 MPOTPAMMA, 3ABEPIIAETCS HA

¢ ¢ (21> 0)A(z2 > 0)

Hakoner, n3 9acTUYHONR KOPPEKTHOCTH MPOTPAMMBI OTHOCUTENILHO () 1 1) U €€ 3aBepIIaeMOCTH Ha ¢ MBI caemaeM
BBIBOJL, O €€ TOJIHON KOPPEKTHOCTH OTHOCUTENBbHO ¢ A (Xo > 0) u o). TIpoKOMMeHTUpYeM pa3jndue MEXIy ¢



u ¢': Ipu aHATM3E 3aBEPITAEMOCTH BAXKHO UCKJIIOYATD CIydail Lo = 0, IOTOMY 9TO MporpamMMa He 3aBepIIaeTcs
npu z2 = 0.

YacTuuHasa KOPPEKTHOCTh. PaccMorpum B miporpamme Py, pebpo d = (l4,12) (T0 ectb pebpo, Beayiee u3
omeparopa Iy B oneparop l3). IIpo pebpo d mbl GyJeM rOBOPUTH, YTO HA HEM MMEETCS MOYKa CEYeHUA. DTy
TOYKY CedyeHus Mbl 0003Ha4YNM OYKBO A:

Paccmorpum renepn Tpu 1ryTu, Ha KOTOpble Touka A pasbusaer rpad nporpammbl (Mbl OyieM J0IMyCKATh
TouKy A B KayecTBe HAYAJIBHON WM KOHEYHON Touku myreil Hapsany c oneparopamu START u HALT): a =
lo,l1,l4,A, B = Al l3,l4,Auy = Alsls, 1. Jlioboe 3aBepuiaionieecss BHIYUCICHUE TPOTPAMMBI CIIEPBa,
UJET MO MYTH (, 3aTeM MPOXOJUT IIyTh (3 HECKOIBLKO pa3 (BO3MOXKHO, HU pa3dy) U, HAKOHEI, 3aKAHUYUBAETCS
myTeM 7.

Haiinem reneps npeaukar I(7), KOTOPbIi HCTUHHEH B JIIOOOM COCTOSIHUM IIOC/I€ BBINOJIHEHUs oneparopa l4
u nepes BbinosiHenuem oneparopa ly. (IIpo takoit npeaukar I mbl OyzeM roBOPUTb, YTO OH MCTHHHEH OPU
JI000M TipoxoxKaenun Touku A). g Hammx nesel npeaukar I MOXKHO ONPEJEIUTD CIELYIOMUM 00Pa30M:

X1 :q'XQ-FT'
r>0
I(m17m27qar) : x ;Xl
I'QZXQ

Mgt 6ymem 0OBIYHO OTyCKATh B CITUCKE arpyMEHTOB MPEIUKATOB CHeNn(MUKAIMOHHBIE TEPEMEHHBIE W TE Tepe-
MEHHBIE, OT KOTOPBIX JAHHBIHA MPEJUKAT 3aBUCAT (PUKTUBHO. PaCcCMOTPUM MPOM3BOILHOE KOHEYHOE BLITHC-
JleHUe p nporpamMbl gesierus. IlycTb op ectb ero HadajibHOe cocrosuue namatu (1o ectb p = 7(Pigiy, 00))-
ITycts p mpoxomuT 4Yepe3 TOYKy A KOIMYeCTBO pas, PABHOE N, W COCTOAHHME IMAMATH HPU i-M ITPOXOXKICHUN
Touku A ecthb ;. JloKaxkeM, 9TO JJIs TIOOOTO KOHEYHOTO BHIYACICHHS p TPOTPAMMEBI JEJICHAs BBITIOJIHEHBI TPH
cBoOiicTBA:

(HAYAJIO): U3 ucTHHHOCTH ¢ B HaYaJe BBIYUCIEHHUS CIEYeT, YTO NMPEIUKAT | NCTUHHEH MPH TIEPBOM PO~
XOXKJICHUHM TOYKH A:

0o ': (ZS = 01 ': I
(IIUKJI): Ecnu

® [IPU HEKOTOPOM MPOXOXKIEHUU TOUKU A ncrnuHen npegukar I,

® 11 3TO IMPOXOXKAEHHE HE ABJIAETCA ITIOCITEIHUM,

TO TP CJEYIONEM TPOXOXKIEHUN TOYKH A Takke OyJeT ucTuHHeH npeaukar I:

Vi : (1§i<n/\ai |:I)=>0'i+1 |:I

(BBIXOM): Eciu npu nocienaem npoxoxaenuu Touku A 6bur ucruanen I, ro nocse 3aBepiienusi paboTh
MIPOrPAMMBI COCTOSIHUE MAMSATH OYAeT yI0BIETBOPSTD 1

on =1 = val(r) = ¢



OrMeruM, 9TO eCM BCE TU YCIOBUsl BBIIOJTHEHBI JJsi JIOO0ON0 KOHEYHOIO BBIYUCIEHHsI p, TO MIPOrpam-
ma Pigi,, vacTuuno KoppekTHa orHocuTeabHO ¢ u . Yenosue (HATAJIO) mbl jokazkeMm, aHaIU3upys My Th Q.
Awnajornyno, 11 10Ka3aTeIbLCTBA, APYTUX IBYX YCJIOBUI MBI mpoBeaeM aHaju3 myreilt [ u . [ljis Kaxkmoro
myTH MbI OyIeM MOOYEPETHO PACCMATPUBATH €r0 OMEPATOPHI, ABUTASCH OT KOHIA MyTH K €r0 HAYAJLY.

(HAYAJIO): Haiinem ycoBue Ha 3HAYEHWs EPEMEHHBIX B Ha4YaJsle BBIYMCIIEHUS, SKBUBAJIEHTHOE NCTHHHOCTH
npemukara I(x1,22,q,7) B TOUKe A, TO €CTh MOC/E BBINOJHEHUSA omeparopa ly. Takum yciaoBueMm sBsieTcs
dopmyna I(z1,22,0,21). Ona momydyaercsa moacTaHOBKOWN B npeaukar I 3uadenus ) BMECTO BCEX BXOXKIECHUIH
MIepEeMEeHHON ¢ W MepeMEeHHOH %, BMECTO BCeX BXOXKIeHuit mepemennoit r. Takum oOpa3om, Ajisi TOrO, 9TO-
61 nokazars csoiicro (HAYAJIO) nus 1106010 KOHEYHOrO p, JOCTATOYHO JOKA3ATh UCTUHHOCTD CJIe/LyOIel
dopMy B

¢($1, .772) — [(561 , T2, 0, .771)

njan
Xi1=0-Xo0+X4
z1=X1 >0 X1 >0
{1’2:X220}_> =X (1)
I'QZXQ

(L[HKJI): YT006bI 10Ka3aTh 3TO CBOHCTBO, HAM HY?KHO MPOAHAJIN3UPOBATE YCIOBHDIH oneparop. Ilycrs mpu pa-
60T1e mporpamMMbl ObLI C/I€JIaH BUTOK HUKJIA, TO €CTh ObLI npoiijaed myThb 3. Mcrunnocrs npepukara I(xy, x2,q,r)
B Touke A nocse npoxoxaenus nyTu [ sxkBuBajeHTHa uctuHHOcTU dopmydbl I(z, T2, q+ 1,7 — x2) nepen Bbl-
TOJTHEHUEM OmepaTopa 3. JlokaxkeM MCTUHHOCTH CIIAYIOIIei hOpMyIb:

{ 1(1'1,1'2,(],1“)

’I“Zl'2 }_>I(.’I}1,.’I}2,q+1,’l°—.’1,'2),

YTO 3KBHUBAJIEHTHO

RS Xi=(@+1) Xo+ (r — )
. r—xzy >0
TZ:UQ — 1‘1=X1 (2)
1‘1:X1 o = X
1‘2:X2 2 — 2

13 ucrunnoctu dopmyst (2) creayer, uro csoiictso (IINKJI) uctunuo s mo6oro Koneanoro p. eiicTsu-
TEeJIBHO, ITyCTh

e opmysa (2) ucrunna,

® JJAHO KOHEYHOE BBIYUCIICHUE p,

® JIAHO YMCIIO 1, TAKOE UTO i-€ TPOXOKICHUE BBIYMCICHUS p 9€pe3 TOUKy A He sBIAeTCs MmocaemInuM,
® 0; ': I.

Torma u3 Touku A BBIYMCIEHHE MOCTE YCIOBHOIO OIMEPATOPA WAET MO Jyre ¢ METKOH T. IDTO 3HAYUT, YTO
o; E r > xy. Tak kak o; = I, uctuanocts Gopmyist (2) maer o; E I(x1,22,q + 1,7 — z3).  YciaoBHbIi
omepaTop He MEeHsSeT 3HaYeHH MepeMeHHBIX, a8 3HAYNAT, TMePel BBIMOJHEHUEM Ormeparopa [z COCTOSHUE MaMsITH
no-npexxkHemy Oyzer pasHo o;. CienoBaresnbHo, 041 |= 1.

(BBIXOJ): Onst 3T0r0 CBOMCTBA PACCYKJAEHUS AHAJOTMYHBI. [Ijis TOTO, YTOOBI JOKA3aTh €ro, JOCTATOYHO
JI0Ka3aTh UCTUHHOCTD CIEIYIOImel hopMyIbi:

I(x1,22,q,7) — ((7“ < x2) = ¢(q,r)).

ITocne moacTanoBKYM BhIpaxkKeHwit st I U 1) mosydaem

X1:CI'X2+T
r>0
= Xi=q-Xo+r
r < Ta —){ 0<r< X } (3)
T =Xy -
zy = Xo



Herpyano ybeaurbest, uro kaxas u3 ¢popmya (1), (2) u (3) ucrunna npu jr00bIX 3HAYEHUSIX EPEMEHHBIX.
Orciona caemyer 9acTudHAsT KOPPEKTHOCTH MPOrpaMMbl Py, OTHOCHUTEIHHO ¢ 1 1.

3aBepmaeMocTb. PakTUUCCKH, IO CHX HOP MbI JOKA3AIH IPABAIBHOCTH IPOIPAMMBI TOJBKO YACTHYIHO: MbI
JIOKA3AJIH, 9TO eCJIA 3HAYCHNA BXOJHbBIX IEPEMEHHDIX YI0BJIECTBOPAIOT BXOJHOMY IPEIUKATY U €C/IU BBIIOTHCHIE
POrPaMMBbI 3aBEPIIAETCS, TO MO €6 3aBePIIeHUN OyJIeT UCTHMHHEH BBIXOAHON npemukar. OmHAKO MBI €IIe He
JIOKA3aJIH, 9TO MPOrPAMMa, JeHCTBUTEIHHO 3aBEPIIAET CBOIO PAbOTY.

Ceitgac MBI TOKasKeM, 9TO TIPOTPAMMA, 3aBEPIIACTCS TIPH JIFOOBIX 3HAYEHNTX BXOJHBIX TIEPEMEHHBIX T1 U T2,
yJIOBJIETBODSIOIUX TipeauKary ¢' (z1,z2), rue

¢ (z1,22) @ (1 > 0) A (22 > 0)
(Kak 6bL10 CKa3aHO BbIlIe, IPOrpaMMa He 3asepiiaercs npu Tz = 0.) Jljisg Hadaaa Mbl IOKAXKEM, 4TO IPEUKAT
J(x2,7) : (r >0)A (z2 >0)

WCTWHHEH BCETJA, KOT/IA BBIYMCIEHNE TPOXOAUT Touky A. [lyis 9TOro HaM HYKHO JOKa3aTh UCTHHHOCTD CJIe-
AYIOMINX IBYX (OpPMYJI:

¢I($1,1’2) — ‘](m27 0) (HyTb CK)
{ {"(522,3:2) } = J(x2,r — x2) (Ilys B)

[Moce moacTaHOBKY Bhipaxkenuii mjis ¢' (x1,42) u J(x2,T) 9TU yCIOBUSA MPUHUMAIOT BUL
1 >0 0>0
_>
T2 >0 T2 >0

r>0
T2 >0 — {T—I‘QZO}

T2 >0
r> X

OueBuzHo, uro 06e 311 popmysibl ucrunubl. Wrak, Mbl JoKa3asu, 4ro npeaukar J(zy, r) MCTHHHEH OpuU JII060M
npoxoxaeaun To9ku A. O OyZer TakyKe BCerIa UCTUHHEH Mepej] BHITOJIHEHHEM Oneparopa, [3, Tak Kak yCIoB-
HBIH omeparop s He MEHsIeT 3HAYEHWI MepeMEeHHBIX. 3HAYUT, T > 0 BCerga mpu BBIMOJHEHUN ONEpaTopa [3.
DTOT OMEpPaTOpP BHIYUTAET U3 I' BHAUECHUE Lo, IIOITOMY ITPHU JIFOOBIX JBYX MOCIEI0BATEIBHBIX IPOXOXK ICHUIX TOY-
ki A 3HadYeHUWe T TPU BTOPOM MPOXOXKJIEHUHU OyJET CTPOrO MEHbIe, 4eM P 1mepBoM. MbI 10Ka3aim Takxke,
aro r > 0 mpu arwbom npoxoxkaenun Touku A. I[Tockonbky He cyriecTByeT GECKOHETHON CTPOro yObIBaIoOIIei
TOCJIEIOBATEIFHOCTH TEJIBIX HEOTPUIIATEIbHBIX YHCEJI, TPOrPAMMa HE MOXKET BBINOJIHSITH UK/ OECKOHETHOE
9rCyI0 pa3 (Mpy BXOIHBIX JAHHBIX, yIOBAETBOpsomux ¢'). A 3uauur, nporpamma Pjy, 3aBepimaercs Ha ¢'.

ITonuas koppekTHOCTh. [lo nemme 2, u3 {@}Pigin {0} 1 & A (2 > 0) = ¢ cnegyer {¢ A (x2 > 0)}Pigin{¥}.
ITo Toit e mevme, 3 (@) Pigiy(T) 1 ¢ A (22 > 0) = ¢’ cenyer (¢ A (z2 > 0))Piai(T). Haxowremn, u3

{o A (22 > 0)} Pigin{v0} m
(@A (z2 > 0))Piain(T)

no jemme 1 creayer (¢ A (2 > 0))Pigiy ().

1.2.6 WaayKTUBHBIE YTBEePXKIAEHUA: JOKA3aTEJIbCTBO YaCTUYHON KOPPEKTHOCTHU

B sTom pazzenme MBI pacCMOTPHUM OOIIHH METO, TOKA3aTEIHCTBA YaCTUIHOW KOPPEKTHOCTH OJIOK-CXeM. IDTOT
METOJI, HOCUT Ha3BaHue memod undyxmusuus ymeepoicdenuti @aotida. Ero mbl 6yaem tak:ke 0603HaAYATH CUM-
Bosiom F. B aTom merone ucmonb3yercs uaen, IpuMeHEHHbIE TPpYU BepU(PUKAIINN IPOrpaMMbl aemennsi. 1lycTo
JaHa TOCIeI0BaTeTbHas IporpaMma P, BXOAHON MPEINKAT ¢ U BBIXOAHOI mpeaukar . JlokaszarenbCTBO da-
CTUYHOM KOPPEKTHOCTU P OTHOCHUTENHHO ¢ U 1) MBI OyIeM MPOBOIUTDH CIEAYIONIAM 00PA30M.

Ilaz 1. Touxu cewenus. CHagasa Mbl BEIOMPAEM MHOXKECTBO TOYEK cedenusi Ha pebpax Osok-cxembl. Toukwm
cedeHust BBIOMPAIOTCS TaK, 9TOOBI ObLIN BBIMIOTHEHBI CJIEIYTOIINHE YCIOBUS:

o Kazxprit Uk B IporpaMMe COIEPKUT [0 KpaiHel Mepe OIHy TOUKY CEeUeHWUs.

e Ha pebpe, Bemyiem u3 HAYAJILHOTO OMEPATOPA, UMEETCS TOYKA, cedeHus. FEe Mbl OyrmeM Ha3bIBaTb Ha-
YaALHOT TOYKOU.



e Jljist KaxK/I0r0 3aBEPIIAIOIIEr0 OMepaToOpa Mbl IIOMECTHM TOYKY CeYeHHs Ha Pedpo, BeAyIlee B 3TOT Ole-
parop. Takwe TOUKM MBI OyeM HA3LIBATDH 3G68EPULAIOULUMI.

Kaxayfo Touky ceuenus: Mbl OyieM 0003HAYATH IIPU ITOMOIIY YHUKAJIHHOIO UMEHH.
Msr OymeM paccMaTpuBaTh MyTH B MPOTPAMMBI,

® B KOHIIaX KOTOPBIX HAXOAATCA TOYKH CEYEHUA, 1
® KOTOpBIE HE COAEPXKaT MPOMEXKYTOIHBIX TOYEK CEHYECHUA.

Takwe myTn MbI Oy1eM HA3BIBATEH 6a306bMmu. OTMETHM, 9TO HAYAIhHAS TOYKA HA30BOTO Iy TH MOYKET COBIAIATH
¢ 3aBepIianieil (MpuMepoM Takoro MyTH ABJIETC MyTh S B porpaMme aenenus). [[oCKOIbKY KasKIblil UK/
B TIpOTpaMMe COIEPKUT XOTsl ObI OJHY TOYKY CEYeHWs, JI000# GA30BBIA IMyTh KOHEYEH, W BCETO CyIIECTBYET
KOHEYHOE IUCI0 DA30BBIX MyTei.

It kaxk10ro 6a30BOr0 IyTH (@ U3 TOYKH CEYEHMs § B TOUKY CedeHus ¢ Mbl onpeneiaum npeauxar R, () u
dyukuuto T, (0). Ipenurar R, (0) : ¥ — {T, L} onpenesser, KAKOBO JOJIZKHO ObITh COCTOSIHUE MAMSATU IIPU
MTPOXOKICHAN TOYKH] S, 9TOOBI BBIYUCICHHE TIJIO W3 3TOH TOYKM 10 yTh . Oynkmun Ty, : ¥ — ¥ comocrapisier
COCTOSTHUIO TTAMSATH TIepE, TPOXOK IEHUEM MY TH (¢, COOTBETCTBYIONIEE €My COCTOSTHUE TOCIIE TPOXOK IEHHS STOTO
Iy TH.

Kak R, (7), tak u T, (0) Moryr GbITh BbIpayKeHbl 4epe3 (DYHKILUU U [PEJUKATHI, BXOISMIINE B ONEPATOPbI
IyTH (¢; TPOCTBIM CIOCOOOM MX BBIYHCIEHUS SBJISAETCS MEMOO 00PAMHBLT NOOCMAHOBOK.

[IycTh mocsie 10BaTeIbHOCTD ONIEPATOPOB MYTH (X €CTHh A1, . . . , Ap, & PEOPO C TOUKO#T ¢ BeeT B OMEPATOD Ap41 -
Has kaxzgoro m, 1 < m < n+ 1, Mbl onpenennm npeaukar R (0) n dyukuuio T(0). Ecim m # n + 1, o
npexukar R’ onpenensier, KaKue 3HAYEHWs OJKHBI TIPHHUMATH NepEeMeHHbIE MePe]], BBITOJHEHUEM OlepaTo-
pa A, ITOOBL BHITHC/IEHAE [IOCTIE STOTO OIIEPATOPA LITO IO IyTH & a0 Touku t. Pysxmus T npum #n+1
onpesenser mpeodpa3oBaHue MEPEMEHHBIX MPH BBITOJHEHUH MTOCTIEI0BATENHHOCTH ONEPATOPOB OT Ay JI0 Ag.
13 5TrX Ompenenennii CIemyerT, 9To

Ro(v) < RL0) (4)
T.w) ¢ @) (5)
IIpenukarsr R u dyuxnun 1" MBI OIpeaeIuM HUCXOJANIEH HHAYKIUe 1o m, nuradachk or n+ 1 x 1.

Basuc undyxuyuu:
Rif'o)=T Iy"(v) =1

Hndyxmusenoe npednoroscenue: lpeanonokum, aro RMTH(v) u T/ (D) yke ompenenenst 1jist HEKOTOPOTO
m,1<m<n.
Hnoyxmuenwdi nepexod: Oupenemum R (0) u T (T) B 3aBUCHMOCTH OT OIEPATOPA Ay,

e Eciu 3T0 oneparop mpucBamBaHUS BUIA A, : T < €, TO TMOJOKUAM

e Ecnu 3T0 yCJIOBHBIN OMEPATOD Apy, @ B, TO MOJIOXKIM

T () < T )

«

Ipexukar R (0) Mbl onpegenum criaenyromum obpasom. Eciau pebpo, mprHaIIekalee My TH o 1 BeayIee
U3 OMepPaTopa A, B OOEPATOP A1, IOMEYEHO CUMBOJIOM |, TO ITOJIOKUM

def

m @€J m+1

Ry = R AB
Ecnn ke 310 pebpo moMedeHo CUMBOJIOM L, TO MOJIOKUM

Ry Rt A-B
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e Eciu 310 oneparop coemunenust Ay, : JOIN, To momoxum

ITocste mocrpoenns Beex npenukaroB R™ u dyukumit T onpenennum Ry, n T, B coorsercrun ¢ (4) un (5).

IIaz 2. Undyxmuensie ymeepocdenus. Ha BTopoMm 1mare Mbl BBIOMpAeM s KAXKIONH TOYKU CEYEHUs S HEKO-
ropbiil npeaukar I¢(7), onuchiBalOmMil COOTHOIEHUST MEXK/ly HEPEMEHHBbIMU [IPH IIPOXOXKIEHUU TOYKM S (upu
YCJIOBUH, 9TO HAYAILHOE COCTOSTHUE YIOBJIETBOPSET BXOAHOMY npeaukary ¢). IIpemukar Is(0) Mbl Oymem Ha3bI-
BaTh UHJYKMuUSHoIM ymeepocdenuem mjisi s. VIHIYKTUBHBIM yTBEPXKICHUEM JJIs HAYAJIbHON TOYKU SIBJISI€TCS
BXOJIHOH TIPEIUKAT ¢, & IJIsi JIFOOO 3aBEPIIAIONIEel — BBIXOIHON TTPEIUKAT 1.

IIlaz 3. Yeaosus eepudurayuu. Ha Tperbem 1mare mjisi Kaykaoro 6a30BOrO MyTH (v, BEIYIIErO U3 TOYKH S B
TOYKY ¢, CTPOUTCSI YcA0BUe BePUPUKAUUY

E { éi(f_}) }% 1(Ta(0) (6)

Tak Kax 6A30BBIX MyTel B MPOrpaMMe KOHEIHOE YHCJI0, MBI MOJIYy9UM KOHEYHOE YHUC/IO YCIOBUi BepuDUKAIIIH.
SaBepIamInuii Mar COCTOUT B JOKA3ATEIhCTBE MCTUHHOCTU dTUX YCJIOBWii. EcCiIm Bce OHM WCTWHHBI, TO
CeIYTOIee YTBEPIKIEHNE MMO3BOJISIET CAEIATh BayKHBIM BBIBOJ, 00 WHIYKTUBHBIX YTBEPIK/ICHHUIX:

VYreepxaenue 4 [lycms sce ycaosusa eepudurayuy (6) ucmunns. Iycmov dano evwucierue T npozpam-
Mo P, nauaavroe cocmosanue xomopozo ydosaemsopaem npeduxamy ¢. Toeda ecezda, kozda eviuucaenue m
nporodum mouky cewenua s, npeduxam Is(U) ucmunren npu MeKyuwus 3HA%ECHUAT NEPEMEHHBIT. |

W3 sToro yreepxKaenus cieayer, 9TO eciiu
® BCE yC/IOBUS BEPUMUKAINNA UCTUHHBI,
® HAYAJHHOE COCTOSTHUE BBIYUC/IEHUS YIOBJIETBOPSET ¢, U
e mporpamma 3asepiiaer pabory,

TO MPU JOCTUKEHWN 3aBEPINAONIEH TOUKM cedeHusi OyIeT MCTUHHEH BBIXOIHOM mpeaukar . Mbl moaydaem,
9TO UCTUHHOCTH YCJIOBUH BepuUKAIMY BJIEYET YaCTUIHYI0 KOPPEKTHOCTH P OTHOCUTEBHO ¢ U 1.
IMoxsomst uror, chopMyIupyeM CIeyOUIyI0 TEOPEMY:

Teopema 5 (Meron nHAyKTUBHBIX yTBepKAeHuit, ®muoiin) Ilycmov dana baok-crema P, erodnoti npe-
dukam ¢ u ewxodnol npeduxam V. Bunoanum caedyrousue deticmeus:

1. Buibepem mouky ceuenus;
2. Hatidem nodrodawuti Habop uHdykmueHsr ymeepicienuti;
3. IHocmpoum ycaosus eepudurayuu (6) dasn 6cex b6azoevx nymed.

Ecau sce ycaosuA eepugﬁunauuu UCTMUHHDBL, TNO ba0k-cxema P wacmuvno KoppexmHua OmHOCUMENDBHO ¢ u 1/)

1.2.7 Ilpumep: yacTuYHas KOPPEKTHOCTh IIPOTPAaMMBbI U3BJI€YeHNsI KBAaJPAaTHOTO KOPHSA

[Iporpamma Psgpy HaJ HEIBIMA YUCTAMH, H300paXkKeHHAs Ha PUCYHKE 3, BBIYUCISET MEIYI0 9acTh 2 = |/ ]
KBaIPATHOTO KOPHSI HEOTPUIATEILHOIO MEJoro x. Jljisi 9TOro oHa moC/iem0BaTeIbHO mepebupaeT KBaIpaThl
nesiblx gucest, Hadnnas ¢ 0, 70 Tex mop, MOKa KBAAPAT OYEPeJHOrO YKC/a He MPEBBICUT T. Tekylnee 4ucyio
XpaHUTCA B IepeMeHHol z. IlepeMennas y; B mporecce pabOTLI IPOrpPaMMbI HHOLIA, IPHHAMAET 3HAUEHHe 22,

a unora — (2 + 1)°. [lpu yBenuuenun 2 Ha eJIMHUIY 3HAMEHHE 22 JIOKHO YBEIUTHTHCS HA
(z4+1)?2—22=22+1

91O mpupaleHne, paBaoe 2z + 1, XpaHUTCS B TIEPEMEHHON ¥>.
MbI 10Ka2KeM, 4TO IPOorpaMMa 4aCTHUYHO KOPPEKTHA OTHOCUTEIbHO BXOMHOIO IIPEIUKATA

¢(x) :x=X>0
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ll : (Z>y17y2) <~ (070)1)

}
by iy — 1+ 02 22< X
L . y1 = (24 1)
B IB(xaylay27z) . y2:2z+1
L T =X
Iz gy >z
Ct——(2) : 22<X < (241)?
L] la s (y1,98) < I, : HALT

— (i +1ys+2)

Puc. 3: IIporpamma Py, N3BJI€UEHUS] KBAIPATHOIO KOPHS (4ACTHYHAS KOPPEKTHOCTS )

¥ BBIXOJHOT'O TIPEIUKATA
B(z) 1 22 <X < (24 1)

Bocnonb3yemcest MeTOI0M WHAYKTUBHBIX yTBEPKIeHU. Pa3o6beM euHCTBEHHBIH UK TPOrPAMMBL TOYKON
ceuenus B. HaganpHyto u 3aBeprarontyto Touku Mbl 0bo3uadnm cumponamu A u C. Ilpu Takom BeIGOpE TOYEK
CedYeHUs B TIPOrpaMMe UMEIOTCst Tpu 0a30BbIX iyTu: o = A, l1,lo, B, [ = B,l3,l4,l5, Bu~y = B,l3,C. Haiigem
npeaukarbl R u Gyskmun T 118 KayKI0ro u3 3TUX MyTeil MeTOIOM OOPATHBIX MOACTAHOBOK.

JLtst mpecTaBeHnst OTOOparKeHn N3 MHOXKECTBA Y. B ¢e0 MBI Oy/I€M UCIIOIb30BATEH 0OCOOYI0 (POPMY BAIIUCH.

Iycrs = (21, .. ., Tm) — BeKTOp nepemMeHubix. Ilycrb Takxke st moboro i, 1 < i < m, g; aBigercd GyHKumeit,
aeficteyromeit u3 ¥ B D,,. Toraa sanucs T(9)[Z] = (g1(9), ..., gm (D)) o3nauaer, uro
def [ gi(o), ecnm v =x;
T(o)v] =
()[v] { ofv], ecmv ¢ {z1,...,zm}

JIJIst JTI00OTO COCTOSTHUST TIAMATH 0 € X U [IJIsi JTF00O0# MepeMeHHO v.
Ha pucyuke 4 mokazams! mpeaukarsl R™ u dyaknun 7™ BOSHUKAIOIINE TPY TPUMEHEHUN METO/1a, 00PATHBIX
moscranoBOK. Utak, nckombre mpenukarsl R u dysknun T’ onpenessiiorcs Caeay oMM COOTHOIIIEHUSIMU:

R,(v) : T
To(®)[y1,y2,2] = (1,1,0)
Rg(0) : y2<x
Ts(0)[y1,y2,2] = (1+y2+2,02+2,2+1)
R,(0) : y>z
T,(0) = ©

Bribepem Tenepsb st TOYKHU ceveHus B clienyioiee HHIyKTUBHOE YTBEPXKIEHUE

22 <z
y1 = (2 +1)?
X=z

IB(xlyylay%Z) :

Kpowme Toro, TouKky A MbI IOMETUM BXOJHLIM TIPEIUKATOM ¢(x), a Touky C' — BBIXOJHBIM IIPEIUKATOM 1)(Z).

12



RY(v) : T
[[y17y272]] = (17150)

Ri(f}) T
T[] =y + 2

]|

Ry (
T3

)« T
a(0) =0

]
~

Ry(®) : p <=

Tﬁl(ﬁ)ﬂylayz)z]] = (yl +y2 +27y2 +27Z+ 1)

R3(v) : T

T3 (v)

R}(®) : T
T5(0)[yi] = 1 + v2
Rg(ﬁ) : T

T3(v) =0

lyi,y2,2] = (1 +y2 + 2,92 + 2,2+ 1)

Puc. 4: Ananu3 6a30BbIx myTeil B nporpamme Pygpe
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Hawm ocraercs mokasarh HCTHHHOCTb TPeX YCIOBHUI BepUMUKAIMH [T JTIOOBIX [EJIbIX YUCeT T, Y1, Y2 U Y3.

s nymu a:
(¢($) A T) - IB('Ta 17 170)

TO ecThb
02 <z
_ 1=(0+1)2
(=X>0-9{ 1 "5 511 (8)
r=X
s nymu B:
1
{ B(Z:lyiagyfaz) }%IB(x’y1+y2+2,y2+2,Z+l)
TO €CThb
22<z
"= (z_+ )2 (z+1)2 <2 ,
=24l b5 Tet2=(+d) (9)
X = o yr+2=2(z+1)+1
<z A=
Laa nymu vy:
Ig(z,y1,y2, 2
{ B(yly;?f )}_MZ}(Z)
TO ecTh
22 <
y1=(2+1)
ypo=22+1 35— (<X < (2+1)?) (10)
X=z
Y1 > T

IMockonbky dopmyist (8), (9) u (10) ucrunnst, nporpaMMa Psgrt 9aCTHYHO KOPPEKTHA OTHOCHTETLHO BXO/I-
Horo npeaukara r = X > 0 u BexoaHOTO Mpeaukata 22 < X < (2 + 1)2.

1.3 IlocnemoBareabHBbIE IIPOrPpaMMbI C MACCUBAMU

Maccusom HA3BIBAETCS CTPYKTYPA JTAHHBIX B sI3BIKAX MPOTPAMMUPOBAHNS, COCTOSIIAS U3 HAOOPA KOMIIOHEHT,
Ha3bIBAEMBIX IAEMEHIMAMU MACCUBA. Bce 3J1eMEeHThI MacCUBa UMEIOT OJIWH W TOT YK€ THUIl, KOTOPBIN HA3hIBAETCS
6a306bim THTIOM MaccuBa. OTAETbHYIO KOMIIOHEHTY MACCHBA MOYKHO BBIIEIUTH TIPY TTOMOIIN IEJI0r0 UUCIA,
Ha3bIBAEMOI'O UHIEKCOM.

JL1st TOrO, 9TOOBI OMUCHIBATH PAOOTY C MACCHBAMH B IOCIEI0BATEIbHBIX TPOrPAMMAX, MbI PACIITUPUAM CHH-
TAKCHC JIJTsT orreparopoB. s KaXK10ro MaccuBa, BCTPEUIAIONIErocs B MPOrpaMMe, Mbl OyeM OTBOIUTH OTIE/Tb-
HYIO TEPEMEHHYIO TUITa, MACCUB, B KOTOPO# OyIeT XpaHUThCS ComepkumMoe MaccuBa. Ecim X — 310 nepemenHast
THNA MACCHB, a 1 — IEJOYNCIeHHOe BhIpaskeHne, 1o depe3 X [i] Mbl Oygem 06O3HAYATH dJeMeHT maccuBa X
¢ unzgekcoM i. Boipaxkenus Buga X[i] mbl 6yjieM UCOOIB30BATD B YCJIOBHBIX ONEPATOPAX a TAKXKE B JIEBBIX U
OpaBbIX YaCTAX OIEPATOPOB MPHUCBAaUBaHWsA. BOT HEKOTOpbIE MPUMEDbI UCIOJIb30BAHUS MACCUBOB (31€Ch i —
IeJIOYUCJICHHAA HepeMeHHaH)Z

e Oneparop y < S[i] 3aHOCUT B IIEPEMEHHYIO Y 3HAYEHHE i-I'0 JIEMEHTa MAaCcCuBa S.
e Omneparop S[i] - 0 3anocuT B i-if 3meMenT MaccuBa S 3Hadenue 0.

e Omneparop (S[i], S[i + 1]) « (S[i + 1], S[i]) menser MecTamu cogep:KUMOe -0 U i + 1-ro s71emMeroB Mac-
cuBa S.

e Ecan S u T — gBa MaccuBa, ¢ OAMHAKOBBIM DA30BBIM THUIIOM, TO TIpHUCBanBanue S < T 3aHOCUT B MacCuB S
coaepkumoe maccupa 1 .
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WNunekc maccuBa He MOXKET OBITH ITPOU3BOIBHBIM 9HUCIIOM, & JOJI2KEH ITPUHAJIEKATH HEKOTOPOMY [IHANA30HY.
A umeHHO, 9HCII0 § MOXKET OBbITh HHIEKCOM 3JIeMeHTa MaccuBa X TOJIHKO ECJIH OHO YAOBJIETBOPSIET HEPABEHCTBY
Lx <i < Hx,rne Lx u Hx — nuostchaan sepruas rpannibl MmaccuBa X . [Ipw 9ToM MOKET CTyYnTHCSI, HAPU-
Mep, YTO B HEKOTOPOM OIepaTope MbI HUCIOJIB30BAJN BhipaykeHne X [i], a mpy BBIMTOJIHEHWH 3TOTO OMEpaTopa
3HAYEHNE | OKA3AJIO0Ch 32 MpeeaMy TPAHUIL MacCcuBa. Mbl He OyIeM OmMpeIessiTh, KaK BeIeT cedsi MporpaMMa,
B 0100HBIX ciryyasx. [Ipu Bepudukanuu nporpamm wHOrZA Tpedyercs T0KAa3aTh OTCYTCTBUAE BBIXO/IA UHIEKCA,
34 TPAHMIIBI MACCUBA. DTy 3a/1a9y MOXKHO PENIUTh METOJOM WH/IYKTUBHBIX yTBepKaeHuit @moiiia.

IIyctn, manmpumep,

e B IpOrpaMmMe MMeeTcst oreparop npucanBanus | : y <+ X[i + j],
e maccuB X cozmepxut 21 smement X[0],. .., X[20],
® 33J]aH HEKOTOPbIA BXOIHON MPEIUKAT (.

[Mpeamonoxum, 9T0 HAM HYXKHO JOKA3ATh, YTO €C/IA HAYATBLHOE COCTOSHUE MAMSATH YIOBJIETBOPSET ¢, TO MPH
BBITIOJIHEHUH OMEPATOpa [ He MPOUCXOIUT BHIXOJA WHIEKCA 33 TPAHUIIBI MACCUBA.

ITomectum TOuKy ceuenust A Ha pebpo, Bemyiiee B oneparop [. Beibepem Ha pebpax mporpamMmbl Apyrue
TOYKU CEYEHUS U YKAXKeM JJIs HUX WHIYKTHUBHBIE YTBEPXKJEHUs B COOTBeTcTBUM ¢ MeTomoMm @oiina. Ilycrs
BBITIOTHEHBI CJIEIYIONINE YCIIOBUS:

e UunykruBHoe yreepxkaenue I 4 njs Touku A TaKOBO, UTO MCTUHHA (DOPMYJIa

In— (0 <i+j<20)

e Bce ycnorus Bepudukannm (6) NCTUHHBL
e IIpu 3amycke NporpaMMbl HAYAJILHOE COCTOSTHUE MaMSTH yIOBJIETBOPSIET BXOJHOMY MPEINKATY.

CornacHO yTBEDPXKIEHWIO 4 W3 MCTUHHOCTH TAHHBIX YCIOBHUI CIEIyeT, UYTO MPU BBIMOJTHEHUN OIEpaTopa [ He
MTPOUCXOIUT BBIXOA WHAEKCA 33 TPAHUIIBI MACCHUBA.

1.3.1 IIpumep: yacTuUHasE KOPPEKTHOCTh IIPOTPAMMBbI IIy3bIPbKOBOII COPTUPOBKH

Paccmorpum nporpammy Psypq, n300pazkeHHyIo Ha pucyake 5. (YTBepKIeHus, MOMedalolue ee pedpa, MOKHO
MOKa He MPUHUMATh BO BHUMaHHWE). DTa MpOrpaMma COPTUPYET 1O Bo3pacTranuio maccus S u3 1+ 1 (n > 0)
neiicrurensbubix uucen S[0], ..., S[n], ucnonb3ys MeTos y3bIPbKOBON COPTUPOBKH.

st 3aganus crenuduKauu 3TOH IPOrpaMMbl BBEIEM JIBE CIEU(UKAIMOHHBIE TEPEMEHHBIE:

e [lepemennass N XpaHUT Ha4YaJbHOE 3HAYEHUE 7.
e [lepemennass X XpaHWT HAYAILHOE 3HAUECHHE MACCUBA S.
JlokazkeM, 9TO 1O 3aBEPIIEHUN TPOTPAMMBI Py, BBITTOTHEHBI CIEIYIONINE TBA YCTOBUS:

1. DuemenTsr MmaccuBa S (B KomuuecTse 1 + 1) sBIAAIOTCS I€PECTAHOBKOMN 3JIEMEHTOB UCXOAHOro MaccuBa X .
st Toro, 4robbl onucarb 310 ycjaosue npu nomornu dhopmydbsl, BeegeMm npeaukar perm(X, S, k1), rue
X u S — maccussl, a k u | — nenbie uncia. pexukar perm(X, S, k,l) ucruanen Torga u TOILKO TOTIA,
KOTJIA OTIPEJIEJIEHHBIN yIaCTOK MACCUBA, S TIOJIyYaeTCs U3 yIaCTKA MACCUBa, X MEPECTAHOBKOW JIEMEHTOB.
OTH y9aCTKA B MACCHBAX COCTOSIT W3 HJIEMEHTOB C WHieKcamu OT k 10 [ BrirounTeabHO. [Ipu 3TOM MbI
Oyuem cuutarh, uro perm(X,S,k,l) = T ecm k > I. Urtak, nepsoe CBOWCTBO, KOTOPOE JOJIKHO ObITh
BBITIOJTHEHO [0 3aBEPIIEHUN TPOrPAMMBI, OMMCHIBAETCS PEIUKATOM

P1(S) : perm(X,S,0,N)

2. DuieMeHTbI MaccuBa S YNOPsiJ0YeHbI 110 Bo3pacranuio. Beenem npeaukar ordered(S, k,l), koropbiii uc-
TUHHEH TOTJA ¥ TOJBKO TOIJA, KOIJIA y9acTOK MacCUBa S, HAYMHAIONIMIACS C UHAEKCA k ¥ KOHYIAIOMUHCS
UHIEKCOM [, ynopsizouen no Bo3pacrauuio. IIpu srom mbl 6yjaeM cuurars, uro ordered(X,S,k,l) = T
ecmu k > [. Tlpenukar ordered(S, k,l), Takum o0pa3oM, UMeeT CJIELYIOIIEE ONPEIeICHUE:

ordered(S,k,1) ¢ (k>1) — (S[k] < S[k+1] < ...5[1])
Taxum 006pa3oM, BTOpOe TpeOOBAaHWE K 3aBEPINAIOIIEMy COCTOSHUWIO MAMSITA OMUCHIBACTCS CJIEIYIOIIEi

dopmyoii:
¥2(S) : ordered(S,0,N)
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At- - - ¢(Sn)
ll i1 n
l2
IB(San) -—1tB
|
1
¥(S)
ly 110 Iy mi+i1—1
ls
C ——Ic(S,’I’L)
l6 ]:Z T
1
. . L . .
lio: j«j+1 ls = S[j] > S[j+1]
‘ 1
lo = (S[j], S[j +1])

< (S + 11,500

Puc. 5: [Iporpamma Psgp¢ My3bIPHKOBOM COPTUPOBKH MaCCHUBA.
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Wrak, BBIXOAHOM IPEIUKAT I8 IPOrPAMMBI COPTHUPOBKH €CTh

P(S) = ¥i(S) Aiha(S)

Mps1 OymeM UCTOIB30BATDH CJIEAYIONIHI BXOIHON MPEInKaT:

¢(Sm) { nf;go }

ITo nemme 3, ans nokazarenbcrBa {¢} Psore {1} HaMm nocrarouno nokazars {¢} Psore{11} 1 {d} Psort{t2}.
Jlns Toro, urobbl 06ocHOBaTh! {¢} Psori {11}, MpeanonoxumM, 9To B Ha9aILHOM COCTOSHHU MAMATH TIPH
pabore mporpaMMbl COPTHPOBKHU MCTUHHEH MpegukaT ¢. Torma OyayT BepHBI CIELYIOIINe YTBEPIK ICHUS:

e Tak kak dbopmyna (S = X)A(N > 0) — perm(X, S, 0, N) ssngercsa raprosorueii, npeaukar perm(X, S,0, N)
Oy/leT UCTUHHEH B HAYAJbLHOM COCTOSHUM ITAMSATH.

e EjMHCTBEHHBIM OMEPATOPOM, KOTOPBIA MOYKET MEHSITh COJIEPKMMOe MAaccuBa S, saBisercs omeparop lgy.
ITOT OMEPATOP COXPAHSIET COJEPKUMOE MACCUBA S € TOYHOCTHIO /IO MEPECTAHOBKH €ro 3j1eMeHTOB. Ilo-
sromy npeaukar perm(X,S;0, N) Oymer uCTuHHEH B JIIOOOM COCTOSHUU TAMTH MpU paboTe MPOrpaMmBbl,
a 3HAYUT U B 3aBEPIMAIOIIEM COCTOSHUM.

Hnsi noxazarenbcrBa {¢} Psore{t2} MBI pazobbem Tpu LHKJa TPOrpaMMbl Toukamu cedernss B u C u
HafieM [JIsi 3TUX TOYEK MOIXOISAINNe WHIYKTUBHBIE yTBepXkKaeHusi. Mbl OymeM HCHOIb30BATH BBIPAYKEHUST
{S[0],...,S[l]} mns obosnauenus muoxecrsa {S[m] | k <m <1} (upu k > [ 510 MHOKecTBO mycro). aee,
J7IsI JTIOOBIX IBYX MHOXKECTB JeficTBuTeNbHBIX umcen 1) u Ty Boipaxkenne T < Th o3HaIaeT, 9To OO0 e~
MEHT MHOXKecTBa 1) MeHbIe WU paBeH JoboMy nemenTy MHoxkecTBa T» (mpu arom Ty < Ty MCTUHHO eciu
Ty = 0 uwmm Ty = 0).

Bribepem nHayKTUBHBIE yTBEpXKAeHus Hjid Touek cedenus B u C. C ucmoabp30BaHUEM BBINIETPUBEIEHHBIX
0003HAYEHUI OHN 3AIMCBHIBAIOTCS CJIEIYIOIUM 00Pa30M:

( n=N2>0 )
. 0<i:<N
pe(n,5,i) % order_ed(g, i,N)
L {S10), ..., STy < {S[i +1],..., SIN]}
( n=N2>0 )
0<j<i<N
pc(n,S,i,j) % ordered(S,i, N)
{S10], ..., S[i]} < {S[i +1],..., S[N]}
X {S[0],..., 5[ — 11} < {SH} )

B nporpaMme umeercs mects 6a30BBIX My TEI:

a-u3 As B B3 —u3 C B C 4epe3 [y
B1—u3s Bs(C By —u3 C BB
B2 —u3 C' B C munys lg vy—u3 BB D

Iects ycmoBuii BepuduKanum, KOTOPbIe HYKHO JOKA3aTh, UMEIOT CJIEIYIONINI BUI;:

st mytu o #(S,n) — pp(n,S,n) (11)

st myTa 7: { pBl.(Z%i) } = (S) (12)

g myTtu Bi: { pBZ.(T;’%i) } - pc(n,S,i,0) (13)
pC(n;S:i:j)

s mymn Sa: Syl < S[j+1] = pc(n,S,i,j+1) (14)

JF
! Toka3aTenbCTBO {0} Psort{11} MOXKHO IpOBECTH METOOM MHIYKTUBHBIX yTBepKAeHuil Piroiiaa, HO 346Ch 9TO JOKA3ATENILCTBO
HE HpI/IBO;[I/ITCﬂ. BMeCTO 3TOTrO0 I/ICHOJIb3yIOTCSI O6bI‘IHbIe MaTeMaTH4YIEeCKUue paccymgeﬂnﬂ.
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pC(nvsaiaj)

Hos myTu fB3: Sl > SE+1] = pc(nex(S, 4,5 +1),4,5 +1) (15)
J#i

Baeco ex(S, k,1) oboznadaer Maccus S mocse nepecraHoBku mementos S[k] u S[I].

s mymm By: { pc(?’f’il’]) } - pe(n,S,i—1) (16)

Msr He Oy1eM pacCMaTpUBATH JI0KA3ATETHCTBA, BCEX ITUX YCIOBUI BeprDUKAIINH, & JOKAKEM TOIHKO YCJIO-
Bue (16) u yKaxKeM HEKOTOPBIE MPUEMbI, KOTOPBIE MOI'YT MCIOJb30BATHCA JIJIs JOKA3ATEIbCTBA, yeaoBus (15).
ITociie moncraHOBKY BbIpazKkenuii i pp u po yciaosue (16) npunumaer Bus

( n=N2>0 )
1<i<N
- . n=N2>0
O<j<i 0<i—-1<N
% (s[},... gﬁfl}eiiﬁ;ﬂf s [ ordered(S,i — 1, N)
{S[O],...,S_[.j—_l]} < {S[]} {s[0], ..., Sl — 1]} < {S[i,..., S[N]}
\ )=t J

JlokazkeM MCTUHHOCTH JTAHHOW (hOPMYJIBI.
e I3 1< i< N oueBugabim obpazom cieayer 0 <¢—1 < N.
e Beuny S[j — 1] < S[j] u j =i vt umeem S[i — 1] < STi].
e I3 ordered(S,i, N) u S[i — 1] < S[i] serrekaer ordered(S,i — 1, N).

e Haxownen {S[0],...,S[i]} < {S[i+1],...,S[N]}u{S[0],...,S[i — 1]} < {S[i]} Baeuer {S[0],...,S[i — 1]} <
{S[i], ..., S[N]}, uaro 3aBepraer moka3aTeabcTBO ycaosus (16).

Hoxazarenbcrso yemosuit (11) — (14) npoBomuTcs ananorudubiM obpasom. Yciaosue (15) cebuiaerca Ha
colepKUMOe MaccuBa S Kak 10, TaK W [I0CJIe [epectaHoBku B Hem anementos S[j| u S[j + 1]. Paccmorpum
HEKOTOPBIE METO/IbI, O6Ierdaolye J0Ka3aTeIbCTBO YCJIOBUA TAKOro BUAa. JI0KasKeM UCTHHHOCTD CJIeLyoImel

dopmyb:
{S[0],....., S[j — 1]} < {S[il}
S[j) > Sl +1] = ({8700, ST} < A4S+ 1Y) (17)
0<j<N

rae S* = ex(S,j,7 + 1). ®opmyny (17) MOXKHO MCIOIB30BATH MIPU JI0Ka3aTeIbCTBE yeaoBus (15).
Bo-TiepBBIX, OTMETHM, YTO HEPABEHCTBO CJIEBA OT 3HAKA MMITITHKAITAN

{S[0],...,S[j — 1]} < {S[s]}
MOYKHO 3aIIMCATDH [IPH MMOMOIIX KBAHTOPOB CJIELYIOIUM 00pa30M:
Vi : (0 <k <j)— (S[k] < S[j])

Awnajornynoe npeobpa3oBaHue MOYKHO MPUMEHUThH W K HEPABEHCTBY CIpaBa OT 3HaKa MMIIUKanuu. Tax, c
UCIOJIH30BaHUEM KBAHTOPOB (hopmysty (17) MOXKHO mepenucarTsb CIeAyIonmM 00pa3oM:

VE (0 <k <) — (S[K] < S[j])
S[j] > Slj + 1] =V (0<k<j)— (S*k] < S*[ +1]) (18)
0<j<N

Haunee, 3amerum, aro jjisi jioboro k 3uadenue S*[k] Bbruucisercs cjieayomum o6pa3om:

S[j], ecu k=7+1
S*lkl=< S[j+1], ecmk=j
S[k], nHAYe
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K gacru (18) cunpasa or 3HaKa UMILIMKALMY IPUMEHMM ciedyioniee npeobpasosanue. Hepasencrso S*[j] <
S*[j + 1] Boraesnum B Buge oraesnbhoil noadopmysbt. IIpasas yacrs (18) npumer ciemyromuii Buj;:

{ Sl < S*[j + 1] }
VE = (0 <k <j)— (S*[k] < S*[j +1])

IMoncrasuM croma Bhipaykenne st S*[k]. B pesynbrare dopmysa (18) mpeobpasyercst K CIEIYIONEMY BUILY:
vk (0 <k <) > (S[K] < 517]) vk : (0 < k< ) — (S[K] < STj))
S[il > Sl +1] - S[j + 1] < S[j]
0<j<N =

[Mocnenusas dpopmysia, oueBUaHO, UCTUHHA. TaK, uctuHHOCTL hopmysnl (17) mokasaHa.
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