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IMEPEJMOBA HAYKOBOI'O PEJAKTOPA CEPII NIJIPYYHUKIB
«KOMIT’IOTHHI»

UlanoBrui unrauy!

-3anoyaTKOBYIOUH MacIUTaCHHMIT OCBITHBO-HAYKOBHH TPOEKT TiZATOTOBKH i BUAAHHS Cepii
CYHACHUX MiIpyHHKiB 11ig saramsimm raciom « KOMIT TOTUHI i 3araisHuM METOOUYHUM
MaTpoHyBaHHMM #oro [HCTHTYTOM IHHOBALIHHVX TexHOMOriH Ta 3MicTy ocBiTH MOH VYxpainn,
MeHi, K iHiliaTopy Ta HAYKOBOMY KepiBHUWKY, HEOIHOPa30BO OOBOAMIIOCS MPHCKINIHBO
aHalli3yBaTH 3aranbHy CHTyalilo B I[apHHi CYYacHOro yKpaiHOMOBHOTO MiApY4YHHKA
KOMIT 10TepHO-iHopMaTHuHOTO Npodimo. 3arasoM, NO3NTABHA TEHIEHLIIS OCTaHHIX POKiB
ule He CITiBMIpHa 3 HaJ3BHYaitHO IWHAMIYHUM PO3BHTKOM K OCBITHBO-HAYKOBOI Ta BHPOOHHHOT
chepy KOMIT'FOTHHTY, TaK i CTPIMKHUM PO3LIMPEHHSM NOTEHLIHHOI LifTLOBOT THTALIBKOI ayIUTOPiT
nporo npodimo. THIMMH clioBaMH, MorepeaHid aHati3 3acBiqYy€e€ HAfBHICTL 3HAYHOTO
COUiaJTbHOTO 3aMOBJICHHS MiJ] peasTi3aniio NpornoHoBaHoro Bamiit yBa3i nmpoexTy.

ILle oxrvm dakropom hopMyBaHHS OCBITHBO-HAYKOBOT iHIL{IaTHBH, POTIOHOBAHOI FPYTIO0
BiIOMHMX BIiTYM3HAHUX HayKOBUiB-Nearoris Ta MPaKTHUKiB, ski OpPraHi3oBYtOTh HAayKOBi
OOCTiKEHHS, TOTYOTh (haXiBUiB Ta NpoBaJdTh Gi3HEC y raury3i KOMITIOTHHTY, 1OCTalo
3aBOaHHA wHpokoMaciitabHoro BkIOUYEHHS YxkpaiHCcbkol BWINOT WIKOAH 10
3araJIbHOEBPOIENCHKNX 1| BCECBITHIX 06 €HaHb, CTPYKTYp i acouiauiii. BukoHyroum (yHKuio
HayKOBO-TEXHIYHOTO TOKOMOTHBY CYCITITECTBA, Fafy3b KOMIT IOTHHTY HEBIABOPOTHO MYCHTb
3irpaTé pofb aKTUBHOTO TBOPL 3arajibHOl OCBITHRO-HAyKOBOT riatdopmu, ska mMae Gytv
MeTofoNIoTMHo 06’ €iHaBuOI0 Ta TpodeciifHo-inTerpanifinor ocHOBOIO ANs 6araTthox cdep
TIOACHKOT ITEHOCTI.

TpetiM cyTTeBUM (haKTOpPOM, sIKHMil CITOHYKAB 3armouaTKyBaTH MPOTIOHOBAHY Cepilo
NiAPYYHHKIB, € Te, 10 06’ €KTUBHO BU3pina cuTyalid, Kou haxiBLAM Ta HayKOBLAM Tpeba
TIOIATH YiTKH CHIHAN OO HayKOBO-METOIONOTIYHOTO OCMHCIICHH Ta BUKJTaZIeHHs 6230BHX
3HaHb Tay3i KOMIT IOTHHTY K OCBITHBO-HayKOBOI, BUPOGHHYO-EKOHOMIYHOT Ta CEPBiCHO-
obciyrosyBansHOiT cdepy.

Yurau, Ge3cyMHIBHO, 3BEpHE YBary 11a Hallly MOCIiIOBHY ITPOMOILLiI0 HOBOTO TEPMiHY
KOMIT'IOTHUHI (computing, anri.), akuil € BAAJHM Ta KOMIUIEKCHO Y3arajbHIOBaTbHUM
IUTS O3HAYEHHS Tany3i 3HaHb, HAyKH, BUPOOHWLITBA, HANAHHA BiNOBIHUX NOCIYT i CEPBICIB.
BupaeTscs qopeuHnM rnogaTH peTpocnekTHBY sk CaMOro TEPMiHY KOMIT IOTHLIT, TaK | LIMPOKOT
OCBITHBOT, HayKkoBOT, GizHecoBOi Ta BUPOOHHYOI cdhepyn miAnLHOCTI, MO IMEHYETHCA
KOMIT FOTHHTOM.

Vnepiue Tepmin komn’1oTHHI yBeneHnit 1998 pokxy Anom docrepom 3 aparoHCBKOi
HauioHanbHOT naGoparopii Yikarcekoro yHisepcuTety Ta Kapnom KecenemaHoM 3 iHCTHTYTy
iHpopmaruku wrraty Kanidopnis (CLUA) i 3anporoHoBanMil [uist 03HAYEHHA KOMTUTEKCHOT
raiaysi 3HaHb, fika BKIIOYAa€ MPOEKTYBaHHA Ta NOGYAORY anapaTHUX i MPOrpaMHAX CHCTEM
TSt WHPOKOTO KOJTa 3aCTOCYBaHb: BUBUEHHS MPOLECiB, CTPYKTYP i KepyBaHHA iH(opMauieio
Pi3HUX BHIB, BUKOHAHHS HAYLOBHX JOCHIMKEHb i3 3aCTOCYBaHHS KOMII'IOTEpiB Ta ix

iHTEJIEKTYaTbHOCTI; CTBOPEHHS | BAKOPHCTaHHIS Komynikauiﬁnnx Ta IEMOHCTpaLiiTHIX 3aco6iB,
olryky # 36npanHa iHhopMaLlii JUTS KOHKPETHOT METH i T.

Y nonansiomy cdepa BUKOpHCTAHHS TEPMiHY CYTTEBO p031unpvmacs 30KpeMa, B
OCBITHL,O-HayKOBi{1 LaprHi. oro mouani BHKOpHCTOBYBATH /1S O3HAIEHHS BIZNOBIHOT ramys3i
3HaHb, TS AKOT NepiofiuHo (OPi€HTOBHO MOIECATE POKIB) MPOBIXHUMHU YHIBEPCHTETAMH Ta
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npodeciitHIMI acoliaLlisMu (axiBLiB po3poGISIOTECS Ta IMIUTEMEHTYIOThCS HaBYAJTEH] ITaHK
i mporpamu, fki B MojasislwoMy HalyBalOTh CTAaTycy MDKHapOOHO BH3HAHMX OCBITHEO-
nipodecifiHux crangapTis. 30KpeMa, BapTO aKUEHTYBATH YBATY Ha BEPCisX TTiICYMKOBOIO
noxymenTty “Computing CURRICULA” 2001 poky. 3a okpeMIM# MTOBIIOMIIEHHSIMH MOYKHA
CTBEpIXKyBaTH, 110 yeprosmit 36ipHuk cranmapris “Computing CURRICULA” Gyae nogarwit
npodeciiiHoMy 3arany 10 2011 poky. Iepiue opranizauiitie 3aciganHs BiAnOBIIHUX (GaxoBUX
pobounx rpyn Bingbynocs y UikarcekoMy yHiBepcuteri BiTKy 2007 poky.

Jins hopmyBanHs niTicHoro ogHopigtoro noganns cyti KOMITTOTHUHI'Y mu 6asyemoch
Ha Cy"4aCHHX HAayKOBHX YABIEHHIX 3 MAKCHMATbHO MOXJTHBMM CTPOTHM TOKOMITOHEHTHHM
BHIUTAAEHHAM OCHOBHHX 0a30BHX O3HAYEHb Ta ITOHSTH, AKi CKJIAIMCH iCTOPHYHO i € 3aralibHO
BH3HAHNMH y npodeciinnx konax. BogHouac ans noOynoBH LiTicHOT 3BaXKEHOT KAPTHHH MH
BHKOPHCTAITH IIEBHI y3arajibHEHHS Ta 3araJlbHOCHCTEMHI Kiacid ikaifiHi Migxomy. '

BescymHiBHO, mo 6a30BHM Ta QyHIAMSHTAIEHHM MOHATTAM OYIO, € i 3aMMIIaeThes
noHatts [HOOPMATHKH (informatique - dpanu.), sk ¢pynaameHTaasHOT HayKH, KOTpa
BHBYAE Haibinbin 3arajgbHi 3aKOHH Ta 3aKOHOMIipPHOCTI TpoueciB Bigbopy, peecTparlii,
36epexeHH s, nepeJaBaHHs, 3aX1CTy, ONPALFOBAHHS Ta NoAaMHA iHpopmauii. YV TakoMy CeHci
K QyHaamMeHTanbHa HayKka indopmatuka Gyna nogana B 70-x poxax XX cr. [Tpy usomy
XO4y Bilpa3y X 3acTeperTH BiJ NPUMITHBHOTO OTOTOXKHEHHS, TKE YaCTO € HATBHO BYKMBAHHM
OO €KBiBaJICHTHOCTI MOHATH «iHdopmarnka» (informatique - dhpaHLL.) Ta «koMN 1OTEpHI
Haykn» (computer science - aHr.). Taki OTOTOKHEHHS 3 TIEBHOIO MipOIO HaOHKEHHS MOKITHBI
110710 PO3LIMPEHOTO CY4ACHOTO TPAKTYBaHHS iH(DOPMATHKH SK, 3araioM, PHKIaJHOT HAYKH
npo obuMcNeHHs, 30epexeHHs, onpatioBanHa iHdopmauil Ta noOyIoBY NpUKIagHUX
iHhopMaUiiiHux TEXHOMOTIH i cucTeM Ha X 6a3i. Take TPakTYBaHHS € XapaKTEPHUM B pifli
€BPOINEHCLKUX KpaiH. CTPOre > 03Ha4Y€HHs Ta MOAAHHS MPeAMETY AOCTIKEHD iHPOPMATHKH,
a came — iHpopmauii, Mae cripaBy 3 ¢yHAaMEHTaNIbHUM HE PENYKOBAHHM MOHITTIM i
dikcyerbes y cnosmiikax sk «information (J1at.) — BinoMocTi, nosijjomients. BusueHHAM Ta
BCECTOPOHHIM aHaJTi3oM CyTHOCTI iH(hopMallif OMikyeThes Hayka, 110 HA3UBAETHCA ,, TEOPis
iHdopmautii”. Ha Hawry IyMKy, OCHOBHOIO npununnonofo BiAMIHHICTIO MiX 1HGOPMATIIKOIO Ta
KOMIT'FOTEPHUMMU HAyKaMH € Te, 1O MepLia B CBOEMY NEPBUHHOMY NOJAHHI BillIIOCHTHCH 10
Kareropii ¢yHIaMeHTaNbHUX HaykK, 1K TO (izuka, MaTeMaTHKa, Ximist i T. iH. Y To# xe 4ac
KOMTT’FOTEPH| HayKH 3arajiom 3a CBOEIO CYTHICHOKO IPHPOAOIO Ta BCiMa HasBHUMH O3HAKAMH
Hanexarhb 10 KaTeropii MpRIUIaJHUX Hayk, ki 6a3yloTbcs Ha hyHIaMEHTaILHUX 3aKOHAX Ta
3aKOHOMIPHOCTAX iH(OPMALIHHNX NPOUECIB, KOTPi BABYAIOTHCA B paMKaX (yHIaMEHTAILHOT
HaykH iH(OpMaTRKH.

OcobanBO HAronocHMo Ha TOMY, WO (yHIaMeHTaNbHa Hayka Ta il pe3y/JsTaTH He
npu3HaveHi s 6e3nocepenHboro MPOMHCIOBOTO BHKOPUCTAHHS.

Jnst KOMITYOTEPHMX HAYK XapaKTEPHOO O3HAKOK BHAUTEHHS TX Y CIEKTPi MpHKIagHUX
Hayk € 00’ €KT NpUKJIaIEHHs 3HaHb, YMiHb Ta HABHYOK Y KOHTEKCTI KOHKPETHOrO 06’ €KTy —
obuncroBaya (koMn’1otepa). [HII00 BiJOKpEMIEHO MPHKITAAHOI0 HAYKOLOHO aTy331o, Lo
Ga3yeThcs Ha miaBasMHaX iHPOPMATHKH, € POALT NPUKIAAHMX HAYK, OCHOBHHUM 06’ EKTOM
AKUX € cam Tpotec obuncnens. Lle Hayku, ki iMEHyI0TbCA OOUHCITIOBANIBHIMH HayKAMH —
«computationally science» - (anm1.). Tpaauuilino croay BigHOCATH OGUHCTIOBANIBHY Ta
KOMIT tOTEPHY MaTeMaTHKY.

TpeThOI0 NPUKIAJHOI HAYKOBOKW Tany33io, fka IPyHTYEThest Ha (pyHIAMeHTaTBHUX
3aKoHaxX IH(POPMATUKH, € PO3/IUT MPHIITAAHHX HayK, OCHOBHHM 00’ €KTOM SIKHX € iH(opMaLiitHmii
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a2

pecype (y cyvs i JiTepaTypi 4acTO BKMBAETBCS MOHATTS CKOHTEHT» (content-aHri.) y
PO3YMiHHI iH(O;:...aliliHOrO HaroBHeHHS. L{i npHKITagHi Hayky ofiepskalTi HasBy ,,iH(opMarriiHi
Hayku” (information science - aHrn.).

Y ramysi npukitagHAX iHGopMaLifHNX Hayk 0a30BHI 00’€KT JIOCHIIKEHb, a caMme
iHopmatiifHuit pecypc, NogaeThed, 9K PaBHIIO, Y (hopMi HaHHX Ta 3HaHE. 3a CIIPOIIECHOI0
topmyroro Mo3HaYaTHMEMO JTaHi K MaTepiasTizoBany iH(hopiaLiio, To6To iHdopMaLito, Ky
MOJAaHO HAa MaTepiallbHUX HOCIAX, 3HAHHA K cy0’eKTHBi3OoBaHy iH(popmauiro, ToGTO
iH(opmauiro, sKa MPUPOAHO HANEKHUTE Cy0 €KTY i, B TpanLiliHOMy po3yMiHHi, repefyBac B
MOACHKiH mam’sTi, ‘

V3aransHIOIOHNN KiaacH(ikaliHHO-03HAKOBY CXEMY, CTBEpKYEMO, 1o Ha Oasi
dyanamenrtasnsHol Hayku [HOOPMATHUKH dopmyroTscst TpH MpHKIagHI HAYKOBI ramysi, a
caMe: KOMIT FOTepHI HayKH, o04pcnioBalibHi Hayke Ta iHpopMaLiiiHi HayKW 3 BiIMOBIAHAMH
06’€exTamMM JOCTIIKEHD Y CBOTX cepax.

e pas minxpecnuMo, IO pe3ynbTaTH (yHIaMEHTAIBHUX HayKOBWX JOCHIKEHb HE
npHr3HaveHi L1a Oe3nocepeIHboro MpoOMHUCIIOBOTO BUKOPHCTaHHS, Y TOH Ke uac pe3yabTaTH
NIPHKITAZHHUX HAYKOBHX JAOCITIIHKEHD, SIK PABUIIO, IPU3HAYEH| /151 CTBOPEHHS H YIOCKOHAIEHHS
HOBUX TEXHOJIOTiH.

Hoceonmoriunmit aHaniz nogaseworo GOpMyBaHHS iHXEHEPHOTro piBHA cdeph
KOMIT'FOTHHI'Y 11eBinBopoTHO Beae A0 CTPyKTYPHOTO MOAaHHs 6a30BUX THIIB iHKEHEpiH,
AKi TPaKTYI0TECA Y KnacuaHomy posyminHi. [HIKEHEPIS (maficTepHnit - Bin nat. ingeniosus)—
Ile HayKa TIpo MIPOEKTYBaHHS 1a nobynoBy (uuT. cTBOperitis) of’ekTiB meBHOT npupomn. Y
BOMY KOHTEKCTiI npupoaHumu 1 chepy KOMITTOTHUHIY € aexinbka BuaiB inkenepii.
Moga fiTnme 11po:

e KOMITIOTEPHY IHXXEHEPIIO (computer engineering, aHri.), ska OXOIUTIOE
npobemMaTHKy NPOEKTYBaHHS Ta CTBOPEHHS 00’ €KTiB KOMI 10TEpHOT TEXHIKH;

e TIPOTPAMHY THXEHEPIHO (software engineering, aHrn.), aka omikyeTbcs
npobJieMaTHKOIO NPOEKTYBAHHA Ta CTBOPEHHS 00 €KTIB, L0 IMEHYIOTbCA MPOTPaAMHHMH
NPOAYKTAMH;

e [THXEHEPIIO JAHUX TA 3HAHD (data & knowledge engineering, anrsn.),
iHDKEHepis, fKka ONiKy€eThCA NTPOEKTYBAHHAM Ta CTBOPEHHAM iH(popMaLiiHHX MPOIYKTIB;

® [HXKCHEPII0, AKA OMIKYETHCA NPOCKTYBAHHAM Ta CTBOPEHHAM MDKKOMMOHEHTHUX
(inTepdeiicHnx) B3aeMo3B’A3KIB | POPMYBAHHAM LTICHHX CHCTEMHHX 00 €KTIB i siki yce
vactime imenytote CACTEMHOIO THXXEHEPIEKO (systems engeneering, anm.).

V pasi Takoro cTpykrypHo-kiacHpikauiiiHoro noganns BUAIB iHxkeHepil cdepn
KOMTI FOTHHTY 3a3HAYMMO, HI0 KOKEH 3 HHX Y lHOMY TPaKTyBalHi € ,,BiANOBiAaNbHAM” 3
nesHil THI 3a6e3nieuenns, a came anapatHoro (hardware, anrn.), nporpamHoro (software,
anm.), indopMmauiiinoro (dataware, anuri.) Ta mixkkoMmoneHTHoro (middleware, anri.).
Indopmauiiiny texnonorito (IT) MoxHa TpakTyBaTH fiK MEBHY TOYKY B HOTHPWBHUMIPHOMY
TIPOCTOpi 3a3Ha4eHHX iHxkeHepii. [Tpn upoMy cJTi 0608’ A3KOBO 3BaXKUTH Ha TIEBHY YacTKY
HaOMKEHHA Ta IHTepIipeTaLii LbOro NpocTopy AK AUCKPETHOrO Ta HEMETPHYHOTO.

V 3B’A3Ky 3 MOMMPEHUM DPiZHOYHTAHHAM | TPAKTYBAHHAM MOHATTA iHdOpMaLiiiHOl
TexHonorii (IT) BuaaeThCs HEOOXiAHUM AeTanbHIllE NOAATH CYTHICHY CTPYKTYpPY HbOTO
TepMiHy, BUKOPHCTOBYIOHH MIPH LIEOMY TEPMIHONIOTI'THI CTATTi NONynsipHoro indopmariinoro
pecypcy, skum € Wikipedia - (http://www.wikipedia.org/).
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Texnomoris (BiJ rpewuskoro téchne — MUCTEUTBO, MaHCTEPHICTE, BMIHHS Ta IPellbKOTO
logos — 3HaHHA) — CYKYTHICTH METOJIB Ta IHCTPYMEHTIB /IS JOCATHEHHS GakaHOro
pe3ynbTarTy, Croci6 MepeTBOPeHHs YOrock 3a1aHOTO B HeoOXimHe. TexHOoMoris — 1e HaykoBa
TWCIRTUTIHG, B PaMKaX SKOT po3polb/IAioThes Ta YAOCKOHAJOIOTLCS CITOCO6H H IHCTPYMEHTH
RUPOGHHLITBA.

Y mmMpokoMy pO3YMiHHI — LIC 3HaHHS, fAKi MOXXHA BUKOPHCT4TH sl BUpOOHWLTBA
NIPOAYKTIB (TOBapiB Ta 1OCNYT) 3 EKOHOMIMITUX PECYPCiB. Y BY3LKOMY PO3YMiHHI TEXHONIOT IS
TIOAAETHCH K CTIOCIO NMepeTBOpeHHs PEHOBHHH, eHeprii, IHopmartii B poueci BUTOTOBNCHHS
TIPOMYKILi, OMpaIFOBAHHS Ta TiepepobKy MaTepiais, CKIaAaHHS TOTOBHX BHPOGIB, KOHTPONH
AKOCTi Ta KepyBaHHS.

TexHonoris Bro4ae B cebe METOOM, MPHITOMHI, peXKUMU poboTH, IMOCITITOBHICTE oneparlii
Ta NpoLeayp, BOHA TiICHO B3aEMOMNOB’ 43aHa 13 3acofamu, 110 3aCTOCOBYHOTLCH, O0MAHAHHSAM,
iHCTpYMEHTaMH, BUKOPHUCTOBYBaHWMH MaTepiaiiaMi. 3a metogostorieio OOH TexHonoris B
YUCTOMY BHITISIII OXOMJIIOE METOOM Ta TeXHIKy BUpoOHUITBA ToBapiB i mocnyr (dissembled
technology, anrn.); BTieHa TEXHOIOTIS OXOTUTIOE MalIMHK, 06NIaJHAHHS, CTOPYIH, BUPOOHHYI

'CUCTEMH Ta NMPOAYKLIIO 3 BACOKMMH TEXHIKO-eKOTIOMiuHUMH napameTpami (embodied tech-

nology, anr.). Marepiansha Texnonoris (MT) cTBopioe MaTepiansauit riponykr. IHgopmauiiina
texHostoris (1T) creoptoc itipopmaLiiFfiHuii npoaykr Ha ocHOBI iHOPMALLIHAUX pecypciB.

THdopmauiiini Texitonorii (IT) BHKOPUCTOBYIOTH KOMIT’ IOTEpHi Ta MPOrpaMHi 3aco0u [1st
peanizauii npouecis BinOOPY, peecTpallii, nogaHus, 36epexkeHiis, ONPaLIOBaHHA, 3aXHCTY Ta
nepepaBanHs iHdopmaii - iHdopmatifinoro pecypcy y dopmi laHHX Ta 3HAHB - 3 METOIO
CTBOpEHHS iIHPOpMaLiiHHX NPOAYKTIE.

AHaniTiYHa KapTHHAa BHABATUMETHCSA HE3AaBEPLIEHOIO, SKLIO HE FIO3HAYHTH TIE OAHY
6a30By CyTHICTB cpepH KOMIT IOTHHTY, sikoto € iHdopmaLiiina cuctema. He nperenayroun Ha
abCoNtoTHyY TOYHICTb NPONOHOBAHOTO TBEPIUKEHHS, PO3IIALATHMEMO iHpOpMAaLLiiHy cCHCTEMY
K MHOXKWHY KOOPAVHAT Y YOTHPHUBHMIPHOMY NPOCTOpi itxkeHepiii cpepu komi’totunry. To6to
indopmauiiiny cucremy (IC) nogaemo sk neBHuit Habip iHpopMaLiifHWX TEXHOMOTIH, WO B
KOMTIJTEKC] 30PIEHTOBAHI Ha AOCATHENHS (1EBIIOT CHCTEMHOT METH, BUKOHYIONH 3a0aHi (pyHKLIT
T4 HPONIOHVIOUY MPH 11bOMY CTIOKUBA 1AM AKICHI IH(OPMALIfIHI IIPOAYKTH Ta cepBicH.

Y cBoto uepry, Ut BCIX WITyHimx iHd)opmaliiiux CHCTEM ITPHTAMaHHUMU € YOTHPH
KHTTEBUX (pazy IXHLOTO hopMyBalilist Ta dyHKuionysanns. Maernes 11po dasn cHeTeMHoOro
aHaJIi3y, CHCTEMHOTO MPOCKTYBAHH, CCTEMHOI IHTErpallii Ta CHCTEMHOTO aZMiHICTpyBaHHS,
SKi TEHEPYIOTh BIAMOBIZHI BUMOTH 10 NpocheciiiHOl NiArOTOBKM Ta NPaKTHYHOI opicHTauii
daxisuis y napuni indopmauifiHix cuctem. PuHOK NOTpebye CHCTEMHHX aHATITHKIB,
CHCTEMHHX ITPOEKTYBaJILHUKIB, CHCTEMHHX iHTErPAaTOPiB Ta CHCTEMHHX aIMIHICTPATOpIB.

KomnnexcHuit Bukiax cTpykrypoBaHoro nogakHs ranysi KOMITTOTUHIY pnoseonse,
3arajiom, UiTKilie yaBHTH NpobleMaTHKy Ta TEMAaTHKY NiAPYYHHKIB, sKi OyIyTh BUXOINTH Y
CBIT B O[HOAMENHII OCBITHLO-HAYKOBIH cepil. J{na kpawtoro posymiHHs B MaiibyTHEOMY L€
pa3 uageziemo o3HadeHus cepu KOMITTOTHUHLY sk ranysi snaus (Haykw, BupoGHILTSS,
Gi3Hecy Ta HaJlAHHSA TIOCAYT), NPEAMETOM AKOT € KOMTIIEKCHi JOCHTI[UKEHHS, PO3pobIieHH ,
BITPORA/DKEHHS T4 BUKOPUCTAHHAS IHPOPMANIHHAX CHCICM, CRIIAIOBUMH CIEMEIITAMH SKHX €
iH(opMaLifiHi TEXHONOTIT, WO peasi3usaHi 11a OCHOBI CYMACHMX 1.KEHEPHHX LOCATHEHL
KOMII’FOTEPHOT IHKCHepil, iHXenepii porpamiioro 3abe3nenienis, inkerepii TAaHWX Ta 3HaHb,
CUCTEMHOT itbkeHepil, aki 6a3yloThes Ha (DyHIAMEHTANBHUX 3aKOHAX | 3aKOIOMIPHOCTSX
iHpopmaTHKH.
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Agropy ninpyaHukis cepii «KOMIT FOTUHI» npornonyroTs 3Ha9HII epestik HaBYaTbHHX
JUCUMIUTIH, 5Ki, 3 OTHOTO OOKY, BIJTIOYAIOTHCA IO ChepH KOMIT "IOTHHIY 32 O3HAYCHHSM, a, 3
iHIoro GoKy, iX TpeAMET Iiie He 3HAHIIIOB AKICHOTO BHCBITIIEHHS Y BITUH3HAHIN HaBYAILHIH
niteparypi juts Buiof wkond. [epruii kpok Mu pobumo y 2008 polti, BUOaHHSM NPHHANMHI
JECATH KHUT cepii 3 MOAAIBLIINM i1 11’ ATHKpaTHAM potaperHsm 10 2011 poky. CTpykTypHO
cepist MoAAEThCA Y3arallbHEHUMH Ipoinsamu 5K To:

@yrnoamenmanvui npobnemu KOMn 1OMUHLY;
Komn 'rtomepHi HayKu;

KOMR lomepHa iHJiCeHepis;

nPOPAaMHA THICEHEDIA,

iHOICenepis Oanux ma 3HAaHb,

CUCMEMHA IHJICEHEDIs;

inghopmayiiini mexnonocii ma cucmentu.

ITpy ubomy 3ayBaxcy, WO HaBeleHi YKpYTIHEHI npodisli cepil MiAPYUHNKIB 3araaoMm
criBriagatoTs 3 npodimsmu Gakanaspartis, 3adikcoBaHUX y niicyMkoBomy 38iTi “Computing
CURRICULA” penakuii 2006 poky. Mu posymieMo, 1o 4iTka 3aBepulieHa OyaiBis
KOMIT YOTHHTY 3’ ABUThCS JTHILE B NEpCIIeKTHRI, a HalIa Npaly Oy/ie NoIaBaTHCh K AKTHBHAM
TpyA 6yAiBHHUMX 3 AKHAWLIBHALIOTO BTIIEHHA B XKUTTS MPOEKTY Ii€l, 6e3 nepebibuieHHs,
TpaHAiosHol OyaiBIli cywacHOro iHopmaLiifHOTO CycniibeTBa. S 3anpouyro noTeHuiiHNX
aBTOPIB AOTYYHTHCA 0 LIBOTO OCBITHBO-HAYKOBOTO MPOEKTY, a IAHOBHHX YMTAYiB BUCTYIIMTH
B pOJTi TBOPYHX KPUTHKIB Ta OMOHEHTIB. byxy BAfHHIT 32 Bawi noGaXkaHHA, 3ayBaskeHHs Ta
TIPOTIO3MLIH. :

AN N N N SN

3 rTHOOKOKO MORArol0 HayKoBHIA peftaktop cepil nigpyunnkis «<KKOMITHOTUHT», a.T.4H.,
npodecop Bonoaumup IMaciunmk.

12

Bemyn

Hlanognusi wumauy, nooaowu na Teiti kpumuvnuii 02120 pezyibmamu HAWLOT
KonekmueHol npayi cnoodieawcy HA 63A€EMOPO3YMIHHA mMA aKmMugHy chienpayio.
Beszcymuisnum € moii gpaxm, wo wacmuna cmpykxmyprno-102i4Hoi cxemu OCeimnvo-
Hayx08020 Hanpamy «Inacenepia oanux ma 3HaHb», NO AKIN MU APE3EHMYEMO NOCIOHUK,
a came — an2oOpumMu ma CmMpyKmypu OAHUX, € HARPIMKOAM, AKUU OUHAMIYHO
po3eusacmuc.

Xouenio cnowamcy zaghixcycamu 6asoei nozuyir ma Momuet, AKi cryaysanu Hau
OCHOBHUMU 3ACAOHUMU NPUHIUNAMY NIO Hac pobomu HAO PYKONUCOM NpONOHOBAHO20
noci6nuka. '

Ho-nepue, 3anouamro8yiovu npoexm, aemopu & NOBHIL Alipi YC8IOOMMIC8ANU GETUKY
cknadnicine ma rHaosenuxi obcsazu ingopmayitinux mamepianie, ki UOPYKOBYIOMbCA
ma 3’361210MbCA HA KHUNCKOGUX HOAUYAX MAPKEMIE, AK MO eI1eKMpOHHUX MAK i
mpaouyitHo - 36UKAUX KHUZAPEHb MA KHU2030ipeHb.

Ho-opyze, aemopu 3 éeauxoio ysaxcuicmio 3HauoMunuce 3 Habymum 00C8IOOM,
Axuil 3a¢hikcosanuii Ak pe3ynbmam aAHAnO2iYHUX CRpPob IHUIUX ABMOPCLKUX KONeKMuUgia
ma UCGIMAEHHS pe3ylbmamis G0CAIONCEHb THWUX HAYKOGUX WIKIL ma HAnpamKis, a
makooic cnpobysaiu GuKaAacmu ceoe bayenns npunyunie nobydogi anzopummis.

ITo-mpeme, asmopu, nio uac nio2omoeKu pPykonucy, cnogioyeanu ioew npukiadanis
meopemuynux 3HaNb ma nabymkie 00 GUPIMEHHA KOHKPEMNUX, NPOPAXOE8AHUX
npakmuroio, 3aedans. Y nocibuuky ¢ (pparmenmu npozpam, 4o _nodaiome npukiaoune
supiutenns mux yu inwux zaoay. lpozpamu nanucaui na smoeax IHackane ma Ci, sk
6azo6ux 3 OCHO8 NPOZPAMYSAHHS.

Hauanvnuii nocionux cknadacmocs 3 6cmyny, 1 0-mu posoinie ma dooamxie.

Y po3oini 1 nodano nonammsa anzopummy, GU3HAYEHO SUKONABYIG aAn20puUmMMy ma
npokaacugpikosano ancopummu 3a munamu i cknaouicmio. Ilpuknaou nosciuwiome, Ak
POSPIBHUIMU QREOPUMMU 30 KIACAMU MA 3K GUINAUUMY ix éracmueocmi. ITodano ocHoeni
auznavenns meopii ancopummie. mawuna Toiopunra, pexypcis, meza Yopua.

Po30ia 2 npuceavenui po32asa0y. pisnux muniga cmpykmyp danux. Onucano pieni
cmpykmyp Oanux ma 30diticueno ix kaacugpikayiro. ITodano ocobrusocmi eidobpadicenns
cmpykmyp Oauux. y nam 'aini komn 'romepa.

Y po3dini 3 onucano o0uy 3 naunpocmiwux ma 800HOMAC HAUNOUUPEHTUUX
cmpykmyp oanux — macus. Onucano onepayii, o MoNCYMb GUKONYSAMUCA HAO
macueon. [loxazano cnocobu nooanns macugie. Takoxe s0iticneno onuc cmpykmypu
danux muny «3anucy i NOKA3ANO, YO 3anuUcy nauacmiuie. ROOAIOMbCA 34 00NOMO20K)
macugie. Ilooano xapaxmepucmuxku OUHAMINHUX CMPYKMYP OAHUX MURY «CMEK»,
«yepea», «0eK» ma NOKA3AHO GIOMINHOCMI MIdC HUMU.

Y po3oini 4 onucano oony 3 navnpocmiutux ma eoonovac HaunowupeHiuux
cmpykmyp oanux — macue. Onucano onepayii, o MoICyms UKOHY8AMUCA HAO
macusom. Ilokazano cnocobu nooanns macugis. Taxoow 30ilicneno onuc cmpykmypu
Oanux muny «3anucy i NOKA3awo, o 3anucu Haiyacmiuie nooaomMucs 3a 00NOMoz010
macugis. Iodano xapaxmepucmuxku OUHAMIMHUX CMPYKINYp OGHUX MUNY «CMEK»,
«uepzan», «0exky ma NoKA3aHO GIOMIHHOCINI MIJIC HUMI. '

Po30in 5 npuceauenuit onucanuio mMemooia npuckopeHs 0ocmyny 00 OAHUX 8
mabnpuysax. OOnuM 3 makux memooie € suxopucmanus xeul-grynryiil. Ilpome, nio vac
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Anzopummu i cmpykmypu 0anux

XEULYBAHHA MOJICYING SUNUKAINY KOAizil danux ma nompeba y pexewryganHi.

Po3oin 6 npucesyenuii onucy depes ma eusHauennio onepayii nad numu. Ilodano
npuxaadu pobomu 3 depesamu piznoi aprocmi.

Y nacmynuomy po3dini nodano eusnauenns zpaga ma oxapaxmepuzo8ano 1iozo
ocnoeHi enracmusocmi. Ilokaszano cnocobu nodanns epaga ma eapianmu peanizayii
onepayit Had HuaL.

Y po3zoini 8 poszenanymo ancopummu nowyxy cmpivok: npamuii noutyk, Axo-
Kopacuxa, Knyma-Mopica-Ilpama, Pabina-Kapna, boyepa-Mypa. Ilooano anzopummu
NOULYKY Y MACUBAX MA CRUCKAX.

Po3oin 9 npucesuenuii Memooam SHYMPIUHLO20 MA 30GHIUUHBO20 COPMYSANHA.

Y po3oini 10 nooano onuc sxadibnux anzopummis.

Y oooamxax nasedeno s3asdanna 0o nabopamopuux pobim.

3 znubokor nosazorw
Aemopu.
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BA3OBIIIOHSITTS TEOPII
AJIT'OPUTMIB

Buznauenns ingpopmayii.
Busnauennn anzopummy.
Buronaeyi anzopumniis.

Crnocobu onucysanns anzopumatis.
Bracmusocmi anzopummie.

Tunu anzopummias.

Mawuna Toopunra.

Iouamms pexypcii.

Anzopummu 3 noeeprennam HA340.
Tesa Yopua.

¢
¢
¢
¢
¢
¢
¢
¢
¢
¢

Y po3nini nMogaHo MOHATTA aATOPUTMY, BW3HAUYEHO BWKOHABUIB alTOPUTMY Ta
npokackdikoBaHO aNITOPUTMH 3a TUMAMH i CKJTaAHICTIO. [IpHKNa M NOACHIOIOTE, SK PO3PI3HUTH
anropHTMH 3a KJIacaMH Ta K BU3HAYMTH iX BnacThBocTi. [Tonano ocHOBHI BH3HaueHHs Teopil
aNropHTMiB: MatiHHa TelopHHTa, pekypceis, Teza Yopua.

1.1. BUBHAYEHHS IHO®OPMAIIIL

Tepmin «ingpopmayia» NoxoanuTh Bl MATHHCHKOTO CIOBA «informatio» — BUKNam,
po3‘acHenHa daktis, nofid. Tomy, B Haiiupmwomy po3yMinHi indopMatlis TpakTyeTses
HaCTYTIHAM YHHOM.

*  Ingopmayuia — ye 6idomocmi, nosicHenus, 3Hanns npo 8cinaki o6 ’cxmu,

II A6uUWa, NPOYecU PeanbHo20 Caimy.

Josori po3noBClo/KERHM € nornaj Ha iHdopmalilo Ak Ha pecypc, aHaNOTidHUA
CHEPTreTHYHHM, MaTepianbHUM, TPYJIOBHM i rpoiioBum pecypcaM. Lls Touka sopy
BioOpakaeThea Y HaCTYITHOMY TPaKTyBaHHi iHpopmMauii.

Iudopmaltiis — HOBI BiTOMOCTi, AKi JI03BOJIAIOTE MONIMIIUTH MPOLECH, NOB’S3aHi 3
NepeTBOPEHHSM PEHOBHH, EHEprii Ta camoi iHopmaii.

Indopmattiro He MOYKHa BIIOKPEMHTH Bif rTporiecy iHdopmyBaHHs. B 0cHOBI Lisoro rpowtecy
JIOKATH B3a€EMO3aNIEXKHICTh Napy 06’ ekTiB — IpKepena i coxuBava iHpopMaltii.

Jhxepenamu indopmauii, Hacamnepesi, € NIPHPOIHi 06’ €KTH: NIOAH, TBAPUHH, POCITHHH,
naHeTH Toio. Pa3oM i3 umMm, y Mipy po3BHUTKy HaykH i TeXHIKH, Dxepenamu iHdopMauil
CTAIOTH HAayKOBi EKCMIEPHMEHTH, MAlTHHK, aniapaTH, TEXHOIOTIYHI NpouecH. SHaYHHI TaKoX
niepeslik 06’€KTiB, IO € CrIOKHUBa“aMH iH$opMaLlii: JIFOaW, TBAPWHN, POC/IHHH, Pi3HOMaHITHI
TEXHIYHi IIPUCTPOI TOLLO.

Tornsn Ha iHpOPMALTIO 3 TOYKH 30pY il CIIOKHBAIB OKPECIIOETHCA Y HACTYTTHOMY NOHSATTI
incdopmanti.
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Anzopummu i cmpykmypu danux

PO3JIIT 1. bazoei nouamms meopii anzopummie

[Hdopmaris — e HoBi BITOMOCTI, MPHHHATI, 3po3yMiTi | OLIHEH 1f KOPHCTYBaueM K KOPHCHI.

Inmmmu cioBamm, iHdoOpMalLis — Le HOBi 3HaHHS, SKi OTPUMYE CITOKUBAY (CY6’ekT) B
pesySIETaTi CIpUIHATTS | ONpaLltoBaHHS MEBHUX BIIOMOCTEH, TOOTO Y pe3ynmsTati 3aCTOCyBaHHS
10 LMK BiJOMOCTEH afeKBaTHUX METOMIR ONepyBaHHST HUMH (TEPMiH «aJexBaTHUN» O3HaYae
WiSTKOM BiZIMOBIAHWH; MPUPIBHAHWMI; TOM, 110 BAALITOBYE).

AJIEKBaTHICTL € HA/J3BMYANHO BaXUTHBOIO BUMOTOIO 10 METOJIB, sTKi 3aCTOCOBYIOTBCS
J0 HasBHOI IndopMallil 3 METOI0 OTpUMaHHs HOBOI irpopmantii. Tax, Wi CIpHHHATTS
BifoMOCTeH, BUKIaJICHHUX Ha apKyIli rmarepy He3HaHoMOoI0 IHO3EMHOK MOBOIO, aI€KBATHUM
Moxke OyTH METoZ TIepeKsiay 3i CITOBRUKOM. Y TO# e Yac, U1 cIPpUAHSTTA YCHOI iHO3eMHOT
MOBH Iieli METOX € SIBHO He aJeKBaTHWM i Mae OYTH 3acToCOBaHW METOH CHHXPOHHOTO
Jiepexnany.

IndopmaTHka BUKOPUCTOBYE CBOE BIACHE TAYMAUEHHS TePMIHY «iHhopmartis», fke €
3HAWHO BYKHHM, Hi>k po3rIaHyTi BHe. Lle 3yMoBIieHe THM, L0 NPH BU3HaYeHH L{iel kaTeropil,
iHhpopMaTHKa He Moxe 0a3yBaTHCA Ha TaKUX MOHATTAX SK 3HAHHS, BiIOMOCTI, YCYHEHHS
HEBH3HaueHOCTi. 3acobM KOMIT'IOTEPHOT TEXHIKM BOJIOMIIOTH 344aTHICTIO OMpaIbOBYBaTH
iH(opMaLliio aBTOMaTHIHO, 6e3 yuacTi MFOAMHM, | PO 3KOIHI 3HaHAS ab0 He3HAHHS TYT MOBa
itH He Moxe. [1i 3acobm MoXcyTh ITpaLlfoBaTH 3i LITYYHOO, a6CTPaKTIION | HABITH i3 XHOHOIO
iHbopMaLiero, ska e Mae 00’ eKTHBHOTO BifoOpaXkelHs Hi Y 1IpUpPOI, Hi Y CYCTTIBCTBI.

Bpaxosytoun 3azHaueny cricundiky KoM IOTepHOI TeXHiku, iHopmaTHKa BHITyqae
3MICTOBHI acnexTH MOHSITTs IH(OPMALLIT | BUKOPUCTORYE TIOTISYL Ha IHPOPMAILIto K Ha TIpesMeT
neBHoi JTisuTeHOCTI. [HalikoHienTposanile Lie BUpaXka€eThest V HACTYITHOMY TIOHSTTTI H(opMartit.

% Inpopmaunin — ye sioorocmi, axi € 06 'ckmom 36upanns, peccmpayii, 36epe-
I JiCen s, nepedagants i nepemeopenns.

OcHorra Maca iH(opMaLlii 30MpaeTbCsI, MEPENacThCs | ONPALLOBYETHCS Y 31IaKOBIH GopMi—
YHCNOBIH, TEKCTOBIH, TabmuuHIH, rpadiuHiit i T.iH. 3Hakoe noganus indopmaii iHhopMaTHka
NOB’A3YE 3 MOHATTAM «OaHI».

*  Jlani — ye gidomocmi, nooani y neeniii 3narkoiii (popmi, npudamniii ona
nepedagannus, inmepnpemayii ma onpayioganus MoOUHo abo asmoMAMuYHUM
nPUCMpoEM. ‘ ‘

B3aeMo3B’q30k Mix iHdopmaljicro, JAHUMU | MeTOJaM¥ ONepyBaHHA HUMH
XapaKTepHU3YEThCH HU3KOKO BIACTHBOCTEH.

Indopaantist Ma€ guHaniunnit xapakrep. Bona He € CTaTHTHUM 006’ €KTOM, a IWHaMidHO
3MIHIOETHCA i ICHY€ TITBKIT y MOMENT B3AEMOJIT Il iUX | METO/IiB, TOGTO B MOMEHT TPOTIKAHHS
iHopmauifiHoro npouecy. Bech inmuii yac Bona nepelyBac y cTaHi Janux,

3B’#30K JaHWX | METOAIB HOCHTS AianekTHuHuil Xxapakrep. JlaHi € 06’ €KTHBHUMH, KoK
BOHH BUHMKAIOTH Y Pe3ynbTari peecTpauii 06’ eKTHBHO ICHYIOHHX CUTHANIB, BUKJTHKAHWX 3MTHAMH
B MaTepiaNlbHUX Tijlax abo nonsx. Y To# ke yac, METOAW onepyBaHHS NaHHMH B
indopmalifiHuX npolecax € cyd’ extneruMHU. JlificHO, iHdopmaniiiHnii mpouec 34iHCHIOETECA
33 JIOTIOMOroOl0 INTYYHHX ab0 MPUPOAHMX METONIB, B OCHOBI INTYYHHX METOHIB JIEKATh
anropuTMH, CKJIAJEH| | MiroToBIeH  JTIoOsMH (CY0’ exTaMu), B OCHOBI IPHPOTHUX — Gionoriyui
BIIACTHBOCTI cy0’exTiB iHdopmanifiHOTO MpoLecy.

Hanri HagaroTe iHdopmauito nuile B MOMEHT iX BHkopticTauus. Lle o3Hauae, uio
36epexyBatii AaHi 3ATHIIAIOTECA JIHILE JAHUMH JIOTH, TIOKH iX 1i¢ BHKOPHCTAHO B THX HH
iHIWIMX MeTozax fAeskiM cy6’exTom iHopmatifiHoro ripouecy (MONUHOI0 a60 ABTOMATHYHUM
npHCTpoeM). SKUIo Aani 30BCIM He BUKOPHCTORYIOTECH, TO FOBOPATL, 1HO BOHH MaIOTh HYNEOBY
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iHbopMaTUBHICTE, | BBaxaloTh Taki maHi iHGopMaunifiunm wymom. Hani, mo
BUKOPHCTOBYIOTHCH, Ha3MBarOTh iIHPOPMaTHBHHMH. ‘

PiBeHp iHGOPMAaTUBHOCTI JaHHUX 3aJIEXUTE BiJl CTYIEHS aJ€KBAaTHOCTI METOiB, LIO
3aCTOCOBYIOTECS B iH(hopMaLifiHHUX TIpoLiEcax.

Jaui cnpuitMaloTecs X OTpUMYBaveM sk TIEBHA 3MICTOBHA iRdopmallis e B TOMy
BUMAJIKY, KOJTH 8 HOTO «rmam’saTi» 3akiafeHi NOHATTs i MOZei, o JI03BOMSIOTH 3PO3YMITH
3MICT OTPUMAHHX BiJOMOCTEH.

Konu mani onmpauboByrOTECS MEBHUMK MeToqaMH ab0 €BPHCTHKAMH, TO Ha iX OCHOBI
MOHa BCTAHOBHTH 3aJI&KHOCTI, MTOCITIIOBHOCTI UM BUCHOBKH, AKi JO3BOJIAIOThH 34iHCHUTH
THATPAMKY npotiecy TPUHHATTS pitieHHs. Taki JaHi HA3HBAIOTHL 3HAHHAMM. PillIeHHs MOXe
NPUITMATHCS K EKCIIEPTOM MPeAMETHOT 00MnacTi (Taki 3HaHHS HA3HBAIOTL CY6 €KTH3OBAHHMM),
TaK i KOMN 10TepoM (Taxi 3HAHHS HA3WBAIOTE KOMIT IOTEPH30BAHHMH).

1.2. BASHAYEHHA AJITI'OPUTMY

3a su3naueHHsM A.I1.€pmoBa, iHpopmMaTHKa — Lie nHayKa 11po METOAM TONAHHS,
HaKONMHYEHHS, nepelaBaHHs Ta ONpaLoBaHHs iHpopmaLlii 3a Jormomororo koM orepa. o
take iHdopmauin? BeaxkaeTnces, o iHdopMaLLis — Le HOHATTA, sike ITepeidayae HaABHICTD
marepiaiibHOro Hocisi indopmattii, kepesna i nepegasaya iHopMallii, MpuiMava i KaHaTy
3B’S13KY MDK JDKEpeniom i npuiimaveM iHdopmauii.

OcHOBHUMH B 3araibHiit 1HQOPMATHLI € TPH MOHATTA: 3a/la4a, aJlTOPUTM, Nporpama.
Bixmosigno, MaeMo TpW eTanmu B po3B’A3yBaHHi 3ajgad (3a3HaYNMO, O, 3 TOUKH 3o0py
iHhopMaTHKH, PO3B’43aTH 33124y — i€ OTPHUMATH Nporpamy, To6To, 3a6e3NeunTH MOXITHBICTE
OTpUMATH pillIcHHS 3a JOIOMOTOI0 KOMIT'[OTepa): MOCTaHOBKa 3ajavi, mobynoBa i
OOrpyHTYBaHHs airopHUTMY, CKJIaIaHHs | HaaroLkeHHs nporpami, OcKiTbkH niporpaMa —
06’ ekt rpanryHo (hopMasTbHIA, a TOMY TOUHHI (MOXCTHBO HE 3aBXIM ITPO30PHH, HaBaHTaKCHHH
HEICTOTHHMMH i3 3MICTOBHOT TOUKH 30pYy AETaNsMHU, alie HEABO3HAUYHHUIT) TO, TMOB A3aHi 3 HEIO
06°€KTH TaKOW MatoTh GYTH TOUHHMH. | ~Wymmmmm;vwﬁgm@noﬁyﬂosn
pe3yNIETATIB 32 TOYHO BKA3aHOIO B nocn}noaui 3a a4 VAR GKIHPIGIRGSIM A AB HHX aprYMEHTIE.

Biamosinwo no eramiB mMa€emo Fppwmﬁéﬁﬁ%@”ﬁgmémwmum,
aNFOPUTMI3alLis | porpaMyBanns. | = S . ‘

Hna cneumdixauii 3agay B kypei 3dd'nacmgn i3acobu Tnny p&y];’hﬁnnk rieigHomwens,
PEKYPCUBHUX BH3HAYEHB, 8 TAKOXK MPOCT] THBAPIAHTH] CHIBBIHOMWEHRA, TOJATKOBI # KiHIEB
YMOBH.

IoGynosa anropuTMy 3a TOYHOIO. MOCTAHOBKOIO 3alladi Jae MOMUIUBICThL Horo
OOTpYHTYBaHHA MaTeMaTHYHUMH MeTofamu. Binbiue Toro, icHytoTh knacu 3afad, ki
JIO3BOSIAIOTH hopMaibHE MepeTBOPeHHS crieldikatii B anroput™. BusuenHio aeqakix Takux
KJ1aciB i BIOMOBINHUX METOAIB BilBOAMTECS BaXJIHBE MiClle B HALIOMY KYpCi.

[cToTHO, 110, MOPIBHAHO 3 TIPOrpaniolo, aNropUTM MOXe NepebyBaTH Ha BULOMY PiBHI
aGcTpakLii, 6yTH BiTbHUAM Bil THX a60 HILIMX JeTalle peani3aLlii, OB a3aHHUX 3 0cOOMMBOCTAMH
MOBM [IPOTPAMYyBAHHA Ta KOHKPETHOI OGUHCIIOBANLHOT CHCTeMH. 3acobu, npuitHaTi Ans
300pakeHHs aJIrOPUTMIB, 32 TPaJULIEIO Ha3UBAIOTL aNrOPUTMIYHOI MOBOIO. [lo pei, Tak
Ha3MBaJIMCs TAKOXK TIepIUi MOBH ITpOrpaMyBaHHs BHCOKOrO piBHS, HampHiiag, Anron — Lie
npocto ckopoueHHs ALGOrithmic Language — anroput™miyHa MoBa. Afe, 3arajiom, oaHa
MOBa TIPOTpaMyBaHHS He MOXE L{ITKOM 3aMiHITH aJITOPUTMiYHY MOBY, OCKUTEKH KOHCEPBATHBHA
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Anzopummu i cmpykmypu oanix

3a cBoe€l cyTTro. CTabinpHIiCTh — OAWH 3 HEOOXITHWX KOMITOHEHTIB SIKOCTi MOBH
niporpamyBaHHs. [ToBUHHI icHyBaTH rapaHTii, o BCi MporpaMu, CK1ajieHi BYOpa, B MHHYIIOMY
poui, JeCATE POKIB TOMY, He BTPATATh 3HAYEHHS Hi CHOTO/IHI, Hi 3aBTpa. Momndikanis MoBH
TIPOrpaMyBaHHS NMPU3BOANTE 10 HeDaKaHMX HACTiAKIB: BHMarae nepepoblieHHs CHCTEMH
nporpaMyBaHHs, 3HEUIHIOE HaNpalboBaHe MporpaMHe 3abe3nevueHHs. Y ToH ke wac
aJIropuTMiYHa MOBA MOXKE CTBOPIOBATHCA CIIEWIaJIkHO 11 NEBHOI MpeMeTHoi obacTi,
MEBHOro0 KJIacy 3afad abo HaBiTh OkpeMoi 3afadi. BoHa Moxke pO3BHBATHCS HaBiTh TPH
CTBOPEHHI AIIrOPHTMY, BOHpatoun B cee HOBITHI pe3ynbTaTiL. '

AJITOpATM — ToYHE (opMasibHe POINOPSIDKEHHS, AKE OAHO3HAYHO TPAKTYE 3MICT i
TIOCJIIOBHICTE onepauii, 1o MepeBoasaTh 3a/1aHy CYKYITHICTL MOYATKOBHX JAHUX B IIyKaHUH
pesynsTaT, a60 MOXKHA TaKoX CKa3aTH, W0 aJiFOPHTM — lie KiHUeBa MOCHiJOBHICTh
3araJIbHO3PO3YMIINX PO3IOPSAIKEHb, (hopMalTbHe BHKOHAHS AKHX JO3BOJISE 3a CKIHUEHHUH
Yyac OTPUMATH pilleHHA gedkoi 3adayi abo Oyb-sKkoi 3afadi 3 AeaKkoro Kiacy 3afad.

#* Anzopumm — ye cxinuenna nocriooéuicme komand, Axi mpeba suxonamu
|I Hao 6xiOHuMU OQHUMU OAA OMPUMAHNHS pe3yabhmamy.

Hpuxaaa 1.1. O6uucinmy (x+y)/(a-b)

A=(A4,,4,, A)

A xty

A, a-b

A A /A,

CrnioBo anropuT™ noxoauTs Bifl algorithmi — raTHHCBKOT (pOpMI HaTTHCaHHS IMEHI BEJTHKOTO
marematuka [X c1. Anb-Xopesmi, skuit copMymosaB npaBHia BUKOHAHHS apAMETHIHHX
it :
Ipukaax 1.2. PosrigaeMo BigoMy 3afady npo Jmroauuy 3 yqosHoM (JI), Bosxom (B),
ko3oro (K3) i karmmyctoto (Kn). Anropirrs ii po3B’si3aliHs MOxcHa NOJATH Tak:

{JI, B, K3, Kn — } —nmovaTkoBitii cran,
rnuByTh JI, K3, Kt

{ B —>JI, K3, Kn } — 1-nit kpok,
uuByTh JI, K3

{JI, B, K3 —> K } — 2-uii xpok,
neyTs JI, B

{ Kz = JI, B, Kn } — 3-iii kpok,
nuByTh JI '

{JI, K3 —> B, Kn } —4-uif kpok,
rmByTh JI, K3

{—J1, B, K3, Kn } - xiHueBui# cTaH.

1.3. BUKOHABIII AJITOPUTMIB

OTxe, anropuT™ — e aGCTpakTHUI MaTeMaTH4YHMI 00’eKT, TOMy BiH BHMarae
a6CTpaKTHOTO BUKOHABUSA. Br3HaueHHs LbOTO BHKOHABLS MO CyTi Ja€ ONepaL{iiiHy CEMaHTHKY
anropuTMiuHoi MoBH. Moaudikallis alropUTMivHOT MOBH, OYEBHIHO, BUMArae BiANOBiAHOT
3MiHH IHIIOTO MaTeMaTHYHOTO 00’ eXTy — BUKOHABLIA.

KoskeH BUKOTIaBELlb MOXe BHKOHATH MEBHY KITLKiCTb komaHA, Lli koManayn Ha3WBaroOTECA
JONYCTHMHMH KOMaHJIaMH BHKOHABIHA.

Buxonaeuem My 6yieMo Ha3WBaTH NIPHUCTPil, 3IaTHUIA BUKOHyBaTH il i3 3a1aHoro Habopy
miit. KoMaHay Ha BMKOHaHHS OKpeMoi Jil Ha3uBaloTbL onepamopom abo incmpykyiei.
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Tpuknaayu BUKOHABLIB: TIpaibHa MamMHa, TenedoH, MiKpoKaNbKyIaTOp, MarditodoH,
KOMIT'10Tep Touo. [IpHKkiIagn HCTPYKIUiH: mepeMoTaTH IUTiBKY, BCTAHOBHUTH 3’€JHAHHS i3
3aJaHM HOMEpPOM, BUKOHATH ITpaHHs 6aBOBHAHOI 6iTM3HM, 3irpaTi naprito y peBepci i T.iH.

3a3nauumo ocobnHBOCTi BKoHaBLiB. ITo-Mepluie, TOOWHA JATEKO HE EATTHWIA BUKOHABELD
anroput™mis. Ilo-apyre, Oynb-sikuii BUKOHABELb CKIAA€ThCA 3 TPUCTPOIO KepyBaHHSA i
«poBoYoro IHCTpYMEHTY. TTo-TpeTe, KOKHUI BHKORABEHB aJIFOPHTAIB Mae oOMexeHHiH Habip
JOMYCTHMHMX i (OnycaTH BHKOHABLA O3Hawae BKa3aTH iforo Homycrami mii). Koximuii
BHKOHABeUh MOXKE PO3YMITH i BUKOHYBAaTH SIKYCh MOPIBHAHO HEBENIHNKY KiMBbKICTh PI3HHMX
eJieMeHTapHUX KOMaHI. [3 X KoMaH ]I CKJaJaroThest anropurMu. Sk i3 33 nitep ykpaiscbkoro
andaBiTy MOKHA HaTIMCATH i IIKLTEHUE TBIp, | noeMy «Motice#», Tak i 3 ti€i HEBENITKOi KUTLKOCTI
KOMaH/I MOXKHA CKJIACTH HEBEJTHKY HaBYaNbHY MPOrpaMy, a MOXKHa — i CKITaJ{Hy TIporpamy 3
THCAYAMH KOMaH/L. "

IMo-yeTBepTe, ANs pO3B’I3yBaHHA OHUX | THX CAMHX 3ala4 BUKOHaBLI 3 «OigHilmM»
HabopoM JOMYyCTHMHX Aiii BUMaraloTh CKJIaQHIIIMX | NOKNaAHIINX anropuTtMmis. TTo-m’are,
pi3Hi KJIacH 3a]a4 BUMararoTh pisHUX HaOOPiB IOMTyCTUMMX JiH, PIsSHUX BUKOHABIIIP.

Po3risHeMo NpuKnam HAHNPOCTIIMX BUKOHABLB.

Buxonaeeys « Obuucniosau». Bit BMie: MHOKHTH yuciio na 2 (*2); 36insuryBaTi uKcsio
Ha 1 (+1). TpeGa cknacru anroputm orpumania uncna 100 3 oaunnui. Ckineku mift y
HAaWKOPOTIIOMY 3 TakuX anropuTMis? PosmisHemo npocTitry 3aayy oTpUMaHHs 3 OOHHHLI
amcna 4. Jinst i po3s’si3aiHs MOXKHa BUKOPHCTATH anropuTv Burmiay ! (+1) (+H1) (+1)abo |
(*2) (*2). OueBnano, 1o Apyrui aropam™ kopotTuinii. [ToepHeMocs 10 rronepeaHboi 3a1adi.
Jng oTpuMaHHs HaHKOPOTIIOTO ANFOPHUTMY TiepeTBOproeMo YKo 100y 1, BHKOPHUCTOBYIOUH
IifeHHs Ha 2 i BigHiMaHHs |. Maemo '

100 50 —>25—>24 > 12>6 >3 >2—>1

OTxke, U1 HALLOTO BUKOHABLA aNTOPHTM

F(*2) (1) (*2) (*2) (*2) (+1) (*2) (*2)

Oynme HalikopoTIUM i MiCTHTH 8 Aiil.

Buxonaseyw « Maaspy. «Mansp» Moxe nepemilllyRaTHCH TNIOCKUM MONEM, WO pO30HTHIR
Ha KJTITHHKY OfHAKOBOr0O po3Mipy. Mix KIITHHKAaMH ToJIs MOXKYTh GyTH pO3TallIoBaHi CTiHH,
Aeski KIITHHKH MoXyTb OyTw 3adapbosani. [lix yac nepemimenns «Mansp» Moxe
zachapOoryBaty KTITHHKH. OToXe, BHKOHABEHL MOXKE BUKOHYBATH KOMaH/IM:

Bropy

BHU3

nisopyu
npaBopyuy
3acpapOyBaTi.

Tpeba ckyiacTH anropuT™, IPU BUKOHAHHI AKOTO «Maiap» NepeMiCTHThCS 3 KITITHHKH A
y kiTky B i 3adapOye kniTHHKH, mo3HaueHi kparkamMH B ToNni:

A . |B

Anzopumm po3e’asyeanua nocmaenenoi 3adayi maxui:

BHW3 —» mpasopy4 —» 3adapbysatn —> npaBopyy —» 3adapOyBaTu —)» Bropy —»
3aapbyBati —> nipaBopy .

I, napewTi, cKJlalaHH® NPOTrpPAMHA AJH KoMIf’I0Tepa — L€ KiHUEBHH eTan
po3B’sa3yBaHHA 3anaui. Jxuo nepmrii B Ginbwiit Mipi abcTpakTHO-MaTeMaTHYHHH, TO B
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OCTaHHbOMY IE€pPEBaXKaloTb MOMEHTH KOHKPETHO-BHPOGHHUOro Xapakrepy. SIk BIydHO
3asHaunB A.T1.€piios, «nporpamicT MyCHTE MaTH 3JaTHICTB MEPINOKJIACHOTO MaTeEMAaTHKA
Ao abeTpakuii | JOriYHOro MUCIIEHHS B MOEHaHHI 3 eAiCOHIBCHKHM TaJlaHTOM JI0 CTBOPEHHS
40roch i3 Hyns H oquHaAL» [21].

STkWo anTOpHTMIYHY MOBY BMOHPAIOTH, BHXONAYH 3 BTACHHX 0aXaHb, TO BHGIp MOBH
NPOrpaMyBaHHA MOXE IMKTYBaTH NEBHA PeaNbHICTh: 3aMOBHUK, KOMII 1OTEp, MOTEpeIHii
nocBid. Y upoMy nociGHHKY po3riIfagacThest OOHA 3 HaliGiIBIN PO3MOBCIOIKEHHX MOB
nporpamysanHs — MoBa Ci. Cteopena 1972 poky sk MOBa JUTS CHCTEMHOTO TIPOrpaMyBaHHsI,
moBa Ci gicrana nommpenns y BcboMy ciTi. Crorogni Ci Mae Garateox HaCTYITHHKIB cepes
BHUpoOHWYMX MoB niporpamysaHHs: C++, Java, C#. Ilpuxnanu y kypci po3msagaroTscs 3
BHKOPHCTaHHAM chcreMH Borland C++v.3.1.

[HIII010 MOBOTO, BHKOPHCTAHOIO Y Hatmomy nociOanky, 6yae Mosa Iackans, HaseaHa Ha
YeCTh BEJIMKOTO (PPaHIy3BKOTO BYEHOTO, AKWH MepIIUM B CBiTi 1642 poky BHTOTOBHB
aBTOMaTHYHWH TIpHCTpiH ana gogasanus uucen. Mosa ITackane cTBopena y 1969 poui
Hiknaycom Biptom y llBefiuapcskomy TexHigHOMy iHcTHTYTI Y 1liopixy cnewiansho s
BUBYEHHS TIporpaMyBanHs. CeoToHI iCHYe AeKinbka BapianTiB MosH [Tackans. Mu Oymzemo
JoTpuMyBaTHCA Bepeii ciucremu Borland Pascal v.7.0.

1.4. ClIOCOBH OIIMCAHHSA AJI'OPUTMIB

Icuyroms maxi cnocobu onucanna anzopummis:

& cnogecuul,

e gopmynvrui,

® zpaghiunuil,

®  AI20PUMMIHHOIO MOBOIO.

Hepwiii cnoci6 — ye cnogecnuii onuc anzopummy. CaosecHuii onuc nompebyc
nooanvuioi opmanizayii.

HApyzuit crhocib6 — ye nodasanns anzopummy y euznadi mabnuyw, gopmyn, cxem,
Mmanwonkie mowjo. Bin € naibinowt hopmanizosanum ma 00380/18€ onucamu anzopumm
3a 00NOMO02010 CuUCTIeMU YMOBHUX RO3HAYEHb.

Tpemiit cnoci6 — 3anuc anzopummis 3a donomozoio 6nox-cxemu. Lleii memoo 6ye
3anpononosanuil @ inghopmamuyi Ons HAOYHOCMI NOJQHHA ANZOpUMMY 3a OONOMOZ010
Habopy cniediaibHuX 610KiB. OCHOBHI 3 LMX G/IoKiB MoAaHi Ha puc. 1.1.

Yemeepmuii cnocib — ye mosu npozpamysannsn. Cnpasa ¢ momy, o Hawyacmiue
6 npaxmuyi 6UKOHAGYEM CINGOPEHOZ0 MOOUHOK AN2OPUIMMY HA6TACMbCA MAUWURA | MOMY
8in mMae bymu nanucanuil MO80I0, 3D03YMINOI0 0N KOMN'lomepa, mobmo Moeoio
npozpamyeanus. -

nouarok abo KiHe L anfOpNTM
E Gnok BReAeH HA-BUBEAG HHA AaH NX /——\
‘ ' Uwkn 1

Hi Tak 6NOK YMOBHOTO NE PEXORY UMKR

ymoBa (poaranyxeHHR)
Lwnkn 1
N
KOMaHAHWIA 6 NoK

Puc. 1.1. Bnoku dns nodaHHs 6110K-CXEM.
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1.5. BJACTHBOCTI AJTOPUTMIB

Po3mIsTHEMO Taki BIAaCTHBOCTI aNTOPHTMIB: GUIHAYERICMb, CKiNUeHHICMb, pe3ynbma-
mugnicms, npasunbHicms, opmansricme, macogicme.

BuzHaueHicTh anropmTMYy. AJITOPHTM BH3HAYeHHH, AKIO Bin cKAAAACTHCA 3
AOMYCTHMMX KOMAH BAKOHABHS, AKi MOXKHA BHKORATH /IS JesIKAX BXilHHX JaHHX.

TIpuxsan 1.3. Heu3HadeHICTh BUIHKHE B aNTopHTMi (X1y)/(a-b), sxino B 3HaMeH-TIHKY
Oyne 3anucaHo, manpukiaz, 92 — 92 (JlijieHHs Ha HYAb HETIPUITYCTHAME).

HeBu3HaueHICTh BUHMKHE, AKLIO ieska koMaH1a Gyne sarucaiia He-npaBusbHoO, 60 Taka
KOMaHJa He HaNleKaTHME 10 HaBopy NomycTHMHUX koMallg BHkoHasd, (x+y)/(a-b).

CkindeRRicTL anropuT™y. ANITOPUTM NMOBHHEH GYyTH CKIHUEHHHM — TOCIIIOBHICTD
KoMawJ, ki Tpeb6a BHKOHATH, MYCUTH OyTH ckiHueHHolo. KoxHa komaHaa novnHae
BHKOHYBATHCS ITiC/ISl 3aKIHYCHHS BUKOHAHHS roniepeinboi. Llfo BracTUBicTs 1e Ha3WBaloTh
AHCKPETHICTIO aNTOPUTMY.

Npuknan 1.4. Anroput™ (x+y)/(a-b) — ckindeHHuit. Bin cknanaeTses 3 TppoX AiH.
KoxHa mis, y cBOIO Hepry, peani3yeTbCs CKiHHUEHHOIO KiNbKICTIO €IEMEHTap-HUX
apudmernunnx onepauiit. HeckiHueHHy KinbKicTh Ail nepenbauae maremarnyHe NpaBuIio
TIEpPETBOPEHHA AESKHX 3BHUAITHUX Ipo6iB, TakuX sk 5/3, y HeCKiHUEHH IeCATKOBI IPO6H.

PesyAbTaTHBHICTB ANTOPATMY. AITOPHTM PE3YABTATHBHMIL, AKLIO BiH A€ pe3y/ibTaTH,
AKi MOXKYTH BHSIBUTIICS! | HEBIPHUMUM,

Haseneni BHILE aITOPUTMH € pe3yasTaTUBHMMH. [Tpukianom tiepesylIbTaTHBHOIO
anropurmy Oyae ajqrOpMTM AN BUKOHAHHA OOYHCIIEHB, B AKOMY MpOMyIUEHa KOMaHJa
BUBEJICHHS pe3Y/IbTATIB Ha €KpaH ToLO. '

TpaBHALHICTL ANTOPUTMY. AJITOPHTM MPaBHTbHUH, AKILO HOro BUKO-HaHHS 3a0e3nedye
JIOCATHEHHS METH.

Hpuknan 1.5. Haseneni Buuie anroput™u € npaBuibHUMH. TToMingBImM micuamu B
anroput™i 3 npuknagy 1.2 6yap-fKi 18i KOMAHIHN, OTPUMAEMO HETIPABHIILHII aNrOPHTM.

@opmanbHicTh anroput™My. Anroput™ QGopManbHHi, Ak HOro MOXKYTh BUKOHATH
1€ O[MH, a JIeKiJIbKA BIKOHABI{IB 3 OJHAKOBMMU pesynb-tatamu. Lls BnacTuBicTs 03Havae,
IO KOJIW anropuT™ A 3acTOCOBYIOTH JIO ABOX OJHAKOBIX HabopiB BXIAHHMX JaHWX, TO #
pe3yNETaTH MAtoTL OyTH OJIHaKOBI.

Mpukaag 1.6. HaseneHi anropuT™Mu 3a10BONBHSIOTE LIFO YMOBY, iX MOXYTI, BUKOHATH
6araTto BUKOHaBLLIB.

MacosicTh anropruT™y. ANTOPUTM MAaCOBUIA, SKLIO BiH NPUAATHHUH 418 PO3B’° S3yBAHHA
He ofHieT 3aJjadi, a 3aJ]a4 NEBHOTO KJ1acy.

Mpukaan 1.6. Anroput™ 3 npuxiany 1.1 He € MacoBHUM. AITTOpHTM Mansp € MacoBHM,
OCKLTLKM MOXE 3aCTOCOBYBAaTHCh He Tilbku [UTA 3apapOoBYBaHH: SKMUXOCh €/IEMEHTIB, ane
W Ins neBHUX 3aj1a4 Ha rpadax. [IpuxiagaMu MacoBHX anropUTMiB € 3araibHi npaBuia,
AKUMH KOPHCTYIOTECS JJ11 MHOKEHHS, I0aBaHHs, JileHHs aBoX OaratosnavyHux uncen, 6o
BOHM 3aCTOCOBHI i Oynp-akux nap uuces. MacoBUMM C allTOPHTMH PO3B’A3yBaHHA
MaTeMaTHUHHX 3a/1a'l, ONMICAHMX Y 3aTalhHOMY BATNALI 33 0TIOMOrolo (opmMyn, X MoKHa
BHKOHATH 1A Pi3HIX BXIAHIX JIAHUX.
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1.6. HIOHATTS OBYMCJIIOBAJILHOI CKJIAJHOCTI

OcHoGHUMU MiIpaMu O6YUCTIOBANbHOI CKAAOHOCHI ANIZOPUMMIE €

® 4aco8qa cxAOHiCMb, SKa XapaKTEpU3ye Yac, IIe0OXiAHNH A9 BUKOHAHHS aJITOPHTMY
Ha MEBHIH MaLMHI; Uel uac, sK NMpaswlo, BI3HAUAECTLCA KIIBKICTIO onepauii, ki Tpe6a

~ BHKOHATH JUTS peaJtisaLii alropuTay; ,

® CMHICHA CKAQOWICMb, IKA XapaKTepH3ye 06’ €M naM’aTi, HeoOXiaHM AN BUKOHaHHA
aJITOPHTMY. . '

Yacora Ta eMHicHa CKJIaHICTB TiCHO MOB’A3aHi Mixk co60r0. O6HaBi € PyHKUIAMY BiX
posmipy Bxignnx maHux. Hapani o6MexuMocs TinbkHM aHalizoM 4acoBOT CIUTaZIHOCTI,

CriaiHICTE aJITOPUTMY ONTHCYBaHHAETBC dyHKIiEwo ), e 1 — po3Mip BXiTHUX JaHHX.
Baxutuse TeopeTH'IHeE | MpakTHUHE 3HAUeHHs Mae KiacHdikalis anropuTMmis, fka 6epe 10
yBary WBHAKICTL 3pOCTAHHA L€l PyHKi.

1.7. KJIACH AJITOPI'TMIB

O¢HOBHOK OLIHKOIO (PYHKLLIT CKJ.a(HOCTT altropurMy 4(#) € olti-ika @ .

Kaxyrs, wo fin) = @ (g(n)), axio npn g> 0 npu > 0 iciryloTs gonaTHi ¢, ¢,, 1, Taki,
o ‘

c,gm) < f(n)<c,g(n)
npu n > ny. To6To, MoXkHa 3HalTH Taki ¢, Ta c¢,, 0 NPH JOCTATHBO BEITHKHMK 1 (DYHKLs f{n)
3HaXOIUTHMeThCS Mik ¢ ,g(n) Ta ¢,g(n).

V Takomy Bunaxy pyHKuis g(#7) € aCHMITOTHYHO TOYHOIO OLiHKOIO yHKUIi A1), OCKUTBKM
3a BU3HUEHHAM Qynkuis fn) He Biapi3HseThes Bix PyHKUii g(n) 3 TOUHICTIO 40 NOCTiHOTO
MHOKHHKA.

Budinawoms maki ocnoeni knacu anzopummia:

v’ nozapudhiuni: fin) = @ (log,n);

v’ ninidni: fin) = @ (n); axkmo n=1, To oTPUMYEMO !(QHCTaH'Hi‘ii aNTOpHTMU;

v’ noninomiamneui: n) = © (1™); TYT m — HaTypanLHe uncno, GiNLIUe Big OXMHHLI;
Tipy m=1 alrOPHUTM € TiHIHHUM;

v excnonenyitini: fin) = @ (¢"); a — naTypansHe uncio, Ginblie BiA ogMHULI.
ExcOHEHUIHHI anropHTMH YacTo MOB’A3aHi 3 nepeGOpoM Pi3HMX BapiaHTiB PO3B’I3Ky.

Jnsa onwiei # Tiel x 3agaqi MOXyTb iCHYBATH aTOPUTMH pisHoT ckitagHocTi. Yacto Gysae
i TaK, WO NOBINBHILIMH aNTOPHUTM MPALIIOE 3aBXK/IH, a LIBULIN — JIUIIE 32 IEBHAX YMOB.

Bynemo Ha3uBaTH 4acoBOI0 CKJIAHICTIO 32/1a4i YaCOBY CKJIaIHICTh HaledeKTHBHIIIOrO
anropnTMy A4 ii po3s’ s3aHHA.

AnroputMu 6e3 LMKITIB | peKypCHBHHX BHKITHKIB MalOTh KOHCTAHTHY CKIaJHICTb. SIKio
HEMa€ peKypcii Ta UMIUIIB, BCI KEpylodi CTPYKTYpH MOXYTb OyTH 3BEmeHi 1O CTPYKTYp
KOHCTAHTHOT CKNaiHoCTi. OTKe, i Bech AITOPUTM TaKOXK XapaKrepH3yeThess KOHCTAHTHOIO
cknammicTio. .

BrsnavuenHs CxiaJHOCTI ajirOPUTMY B OCHOBHOMY 3BOMIITBCS HO aHANZY UMKIIB i
PEKYPCHBIIHX BUKTTHKIB.

Hpuxaan 1.7. PosrnsAeMo anroputm onpanroBanis eneMeHTiB MacuBy. Hexaii Takum
onpawroBaHHAM Oyrie MOUIyK 3a1aHOTO efIeMeHTa.
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Feri:=1to Ndo
Begin
if afil=k then

End,

Cxnaguicts nporo anroputmy (N), OCKilbKHM TiNO UMKy BHKOHYeTbCd N pasis, i
CKJIAIHICTh Tina muiry pisHa (1).

SAxwo oguH UMIT BIJTaIeHHH Y iHIIA#A | 0OHABa UHKITH 3aN1€XKaTh BiJI BETHYWHH OfHIET i
Ti€T % 3MIHHOT, TO BCS KOHCTPYKUIA XapaKTEPH3YETHCA KBAAPATHYHOIO CIJTA/IHICTIO.

Fori:=1toNdo

Forj:=1 toN do

Begin

End;

CxunagnicTs wiei mporpamu (N2).

Ane, SKLIO 3a37aJierib BIIOMO, IO MOCTIAOBHICTH YIIOPAAKOBAHA 32 3pOCTaHHAM a6o
3a CMaJlaHHAM, MOXKHaA 3aCTOCYBAaTH IHUIHH alTOPHTM — aJITOPHTM MOJIOBUHHOFO HiNEHHS.
[MocninoBHICTL AUTMTHCA HA ABi PiBHI YaCTHHU. OCKUTLKH MOCITIAOBHICTH YTIOPAAKOBaHA, MOKHa
BU3HAYUTH, B AKil HaCTHUHI MicTHThCA MoTpibumit enement. Tlicns usoro npouenypa
MOBTOPIOETHCA: NOTPiOHA yacTHHaA 3HOBY AinuThes HaBmin i T.4. Lleit anroput™ €
JorapuMidHITM.

Hamo Tenep BH3HaveHHs ckJaaanocTi kaacis 3axa4 P i NP. Knac P cknagaeties 3s
3afad, WIS AKWX ICHYIOTH MOMIHOMIaNBHI anroputMu po3e’s3aHHs. Kwac NP cknaparots
3ajavi, JUIS AKUX ICHYIOTh TMONHOMIaNIBHI ANTOPUTMH MepeBipkH NPasHALHOCTI PillieHAS
(TouHiLLe, AKIIO € PO3B’A30K 3a/1a4i, TO ICHYE JlesKa Miaka3Ka, AKa A03BO/ISE 3a NMONIHOM iaTbHHAH
vac oTpuMmard wio Bignosiap). Hegopmanbho kaxyun, knac P cknamaerses 3i 3agay, ki
MOXHa LBWAKO pO3B’s3aTH, a kiacc NP — 3i 3agau, po3B’a30k AKUX MOXHA IIBHAKO
NepeBipHTH.

Hagenemo npuknan 3agaqi knacy P. Tpeba BU3HaUMTH, UM € Y MacUBi AifiCHHUX uncen
A[1..n] enemenT 31 3HaYEHHAM HE MEHWIVM, HiX k. OUeBUAHUI y IbOMY BUTIAAKY alrOpUTM
nepebupae BCi eleMEHTH MacHBy 3a vac (7).

[Mpuknamom 3anaui knacy NP € 3anava koMiBoshkepa (€ MHOXXHHA MICT Ta BifuLine# mix
HMMH, MaHAPIBHUH TOProBelb Mac BiABiZaTH yci MiCTa, HE 3aXOAAYH Y XKOIHE ABidi, 3
MiHIMaLHUMI BUTpaTaMIl Ha gopopy). HilicHo, SKiuo 3aaawo aesakuii MapIupyT 3aBIOBKKH
He Ginbime Hix &, TO 3a yac (1) MO/KHA MEPEBIPUTH, TIO BiH NIHCHO MAE CaMe TaKy JIOBIKHHY,
i THM CaNMHM TiepekoHaTIIca Y Horo iciysaHii. Jing usoro tpeda epebpaTy BCi # nepexonis
MK MICTAMM, UIO MIiCTATLCA Y MaplupyTi, i IONATH 1X TOBXKHHHL.

OueBHAHHM € Takok BkodenHs P NP (uis mepeBipkn po3p’sisanns sagaui kiacy P
JOCITE PO3B’A3aTH ii MOJIIHOMiaNIbHUM aJIFOPUTMOM).

3agaua Ha3zuBacThcs NP-moBHOI0, K0 BoHa HanexuTh knacy NP i go nei 3a
ToNiHOMiaNTbHHUi Yac MoXKHa 3BecTH Oyab-aKy iHOmy 3agady wporo kiacy. Skuio skace NP-
NOBHA 3a/1a'1a MACE TONIIHOMIANTLHHIA 2JITOPHTM PO3B’A3aHHS, TO Bci NP-MoBHi 3aa4i MOXyTh
OyTH noniHOMianbHO po3B’A3aHi i, Ak Hacnigok, P=NP.

NP-noBHi 3aaui € HaiiBaxxunumu y xnaci NP.
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1.7.1. EKcnioHeHUiliHi anzopummu ma rnepebip
EKCIOHEHi#THi alTOpUTMH 9acTo 0B’ 13aHi 3 1epeGOpOM PI3HHX BapiaHTIB PO3B’I3aHHS.
Hasememo THnoswmit npukiaz.

Hpuaxnan 1.8. PosrianeMo 3agauy mpo BHKOHYBaHiCThL OyneBoro BUpa3sy, sika
dopMymoeThes Tak: 41 Gymb-AKoro GyneBoro BUpasy Bii # 3MIHHHX 3HalTH xoua G o/HH
Habip 3naueHs 3MiHANX X, ... X, , TIPA AKOMY Lie# BUpa3 MpuiiMae 3HaYCHHs 1.

Tirosa cxema po3B’13yBaHHS Hi€T 3a0aui MOKE NATI TaKWH BUIIIAI: CIOYATKY HaJaEMO
OfIHE 3 BOX MOXUMBMX 3HaveHs (0 abo 1) nepwii sminnift X, 1otim xpyrii i T.in. Konw
Oy@yTe po3cTaBNEHi 3HAYEHHS BCIiX 3MIHHWX, MM MOXEMO BH3HAYUTH 3HauYeHHs GyJIeBOro
BHUpasy. SIKIo BiH JOpiBHIOE |, 3amavya po3s’s3ana. Skuo Hi — Tpeba moBepHyTHCs Hazan i
3MIHMTH 3HAYEHHS IEAKHX 3MiHHHX. ‘ |

MosxHa iHTepripeTyBaTH LIO 3a/iady SK 3ajlady TOLIYKY Ha MEBHOMY JepeBi repebopy.
KoxHa BepmMHa 1500 iepeBa BiAnosinae neBHOMY Habopy BCTAHOBIIEHHX 3HAYEHb X, .
x, . Mu mMoxemo BcTaHoBHTH 3MiHRY X, B 0 aGo 1, T06To Maemo BHGip 3 aBOX Aiif. Toxi
KOXKHIH i3 UMX Iil BiAnoBizae oana 3 ABOX JIyT, AKi HAYTE BiA Uiei Beprvnn. Bepmmna x, ...,
X, MA€ OBOX CHHiB X, ..., %, 0 i x ..., x L.

Tpu n=3 nmepeBo MOXKIMBOCTEH MaTHMe BHIIA, MTOKa3aHUA Ha puc. 1.2. (BeplInHK
Mo3HaUCHi HabopaMH 3HaUEHb 3MIHIINX, a YTl — PileHHAMH, SKi ITPHIMAIOTHCS 112 4EProBoMy
xponi). Bepiuvn, o BiANOBIAAOTH PO3B’ A3KaM 3aa4i A4 BHpu3y (%, x,) € x,, 3apapGopani.

3 prc. 1.2 BHAKO, WO PO3R’s3YBaHHS 3a0aui 3BOMITECH JO hepeGopy JIMCTKik jepesa 3
METOIO BUSBJICHNS, %Ki 3 HHX BIANOBilaloTL HabopaM, IO 11epeTBOPIOIOTH 3aaHHuii OyreBHi
BHpa3 Ha 1. [lns supasy (x, x,) € x, Takumu HabGopamu BymyTs 000, 010, 111.

Axwmo n=3, nepeo mae 23‘ 8 nucris. V 3arajbHOMY K BHTIAJIKY KiTbKICTh MOXITHBHX
BapiaHTiB fopiBHIoe 2", Leit BUpa3 eKCIIOHeHUIHHO 3aIEXHUTE Bifl 0, i NepeGipHMH anropuT™
Ma€ eKCITOHEHIiHHMI XapakTep.

OnucaHa BHLIE CXeMa aJiTOPUTMY PO3B’si3yBaHHSA L€l 3aqa4i Mae QyHOaMeHTaNbHUR
xapakrep. Bona mae nHaspy Oexrpexinry (iHma Wa3sa — nepeGip 3 NOBEpHEHHAM) i
BHKOPVICTOBYETBCA [T PO3B’A3yBaHHA Halpi3HOMAHITHIIUNX epeGipHIUX 3aiad (3a4a4a rmpo
BiciM (hep3is, 3anava npo posdapGoByBaHHs KAPTH, ABTOMATH3ALIIS JeAyKTUBHMX 1100yI0B
TOUIO).. -

00N 001 010 011 100, 101 110 111
Puc. 1.2. MNowyk Ha depeai.
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3BepTaemo yBary Ha Te, IO HE KOXeH NMepeOipHUM anropuT™ ¢ eKCTIOHEHIIHHUM,
(Hanpuknan, anroput™ motnyky B Macuei. Hessakatouw Ha iforo nepeGipauit xapakrep, BiH
€ NHIAHNM, a He eKCTIOHEHLIHHIM).

3ispocTanHiM poaMipHOCTI Oyab-AKMH TONIHIOMIiaTbHAH AJTOPUTM Cla€ ubemnsmumM,
HDK 6y115-m<m1 eKCTIoHeHUiiHMH, 15 JTiHIfHOrO anropiT™Y 3pocTaHHs IIBHAKOI KOMI foTepa
B 10 paziB no3Borsie 3a Toi camuil yac po3s’a3aTH 3aaaqy, po3mip Akoi B 10 pa3iB Oinsmmi.
JItst eKCroHEHUIHHOTO aJITOPHTMY 3 OCHOBOIO 2 Liei caMHif po3Mip MOXKHA 36 1UTLLUHTH JIIe
Ha 3 ogvHHLI.

Sk paBwIIO, AKLIO [T PO3B’ A3yBaHHS SKOICh 3aqadi € IeTKHHM MoiHOMIanbHMH alropyu™,
TO HacoBa OLIHKA LbOTO AJITOPUTMY 3HaYHO MOKPALIYEThLCH.

1.7.2. An2opumm i3 noeepHeHHsIMU Ha3ad

Meton nepebopy i3 MOBEpHEHHAMH HO3BONSE PO3B’A3yBATH HPAKTHYHO HE3TIUEHHY
MHOXHWHY 3ajad, Anst 6araThoxX 3 SKUX He BigoMi iAwi amropwrMn. Hessaxkarouwn Ha Take
BeNTMKe PI3HOMaHITTA MepeGipHIX 3aay, B OCHOBI iX PO3B’S3YBaHHS € LIOCH CIUThHE, IO
JO3BOJISIE 3ACTOCYBATH LICH METOI. Taxkum YHHOM, nepe6|p MO>XHa BBaX\dTH lTpaKTI/I‘IHO
y}HBCpCdHLHHM METOAOM p03B ABYRAHIIA nepe6lprmx 3aBNaHE. HaBLlIeMO 3dl"UlbllV CXEMy
HbOTO MCTOY. .

Po3B’a3yBaHHa 3aga4i MeTOAOM nepe60py 3 MOBEPHEHHAM OymyeTbcs KOHCprKmBHo
TTOCH llIOBHHM PO3UIMPCHHAM HACTKOBOTO p03B A3yBaHHA. ﬂKlI.[O Ha KOHKPETHOMY KpOlll TaKe
pO3LIMPEHHS NPOBECTH HE BAAETHCA, TO BIAOyBaeThCs MOBEPHEHHS 10 KOPOTHIONO YaCTKOBOTO
pO3B’A3yBaHHA, i cIPOGH HOTO PO3IIHPHTH NPOJOBXKYIOTHCH.

{ nowyk oAHOro BUpILLEHHA }

procedure backtracking(k: integer); { k — Homep xogy }

begin

{ 3anuc BapiaHTy }

if { pilueHHs 3HangeHe } then
{ BuBeAeHHA pilleHHA }

else
{ nepebip Bcix BapiaHTIB } .

if { BapiaHT 3agoBonbHAE ymoBy 3aaadi } then
backtrackmg(k+1) { pekypcuBHUA BUKNWK }

{ cTupaHHA BapiaHTy }

end

begin

backtracking(1);

end.

1.7.3. MawuHu TbropuHra
Mauwnna Toropunra, mo 6yna onmncana A.Teropunron 1936 poky, € TeopeTHYHOW
Mozenmo obumctosaibHOI Matmky. Mamnuy Teiopuara (MT) (pac. 1.3) cnix posrisgath
K OIHY 3 MOMUTMBHX (hopmarnizauiil monsTTss anroputmy. i pobora Moxke 6yTH onucaHa

TAKAM YHHOM. [1]1]o]1]1]1]1]0]0]

Puc. 1.3. Cxema mawuHu TeropuHra.
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PosriigHemMo cTpivky, po3fisieHy Ha OKpeMi KOMipKH; UM CTpiyka € NMOTEHIi#HO
HECKiHYEHHOIO B 06u/1Ba 60KH, Y KOXKHIN KOMipLi Moke OyTH 3armMcanuit eBHWI CUMBON 3
JesKoro 3agaHoro andaeity A. Mamnna Tmopnﬂra B OyOb-AKMI MOMEHT 4acy Moxe
nepeOyBaTH B NMEBHOMY CTaHi (MHOXHHA CTaHIB S € CKiHYEHHOIO) i BKaByBaTH Ha MEBHY
KOMIpKY.

MamrmHa Tmopnnra B 3aJIEXHOCT] BiJ] TOTOYHOTO CHMBOJTA, HA KU BOHA BKA3YE, MOXE
3AMTUCHTH Ha Horo micue Oymb-skuil iHWMH cumBON (BiH MOXe CMIBIIAATH 3i CTapHUM),
3CYHYTHCS Ha OIMH CUMBOJT BJTiBO 200 BIIPaBo, 3MIHKUTH CBill BMICT UM 3yIIHHUTHCSH (YacTO
BBAXKAETBCA, [0 MAIUWHA 3yTIMHAECTLCS ABTOMATHYHO, AKIIO HEMAE XKOIHOT INCTPYKILii, IKy
BOHa morna 6 BikoHaTH). PoGoTta maurunn TelopHHTra BI3HAMacTLECH 1T POrpamoio.

Tporpama Mmaumun TeiopuHIa € NOCTIAOBHICTIO IHCTPYKILIIT, KOXH: 3 AKHX Ma€c BUTITIAA
_ as > as, 1,
nea,a € 4;s,s, 8 1€ {R L, H}.

Lieit 3anmmc yMTaeThCs Tak: AKIO MaliWHa nepeCysae B CTaHi s, i 34NTye CHMBON a,,
BOHA MOBMHHA 3aN¥CaTy B ITOTOYHY NO3UUIIO CHMBOJ 4,, IEPERTH 110 CTaHy S, i 3CYHYTHCS
BripaBo (Bignosinae sitepi R), BniBo (Bianosinae nirepi L) abo 3ynHUTHCS (BIANOBIAac nite-
pi H).

BeaxaeTnca, mo Ha nodatky po6oTH MamiHa repefyBae Ha JIIBOMY KiHLi CTPIYKH B
TI0YaTKOBOMY CTaHi s, BoHa BHKOHYe onepallii, mo BU3HA4alOTLCA ii MporpaMoro. fAxio
BOHA B JIEAKHH MOMEHT 3YNHHSETLCA, PE3yNnsTaToM pobOTH airOPHTMY BBaXKAEThCS
TOCHiIOBHICTE CHMBOJTIB, SIKa 3aMUCaHa Ha CTPIYLi B MOMEHT 3yMTHHKH.

IIpnknag 1.9. Hasegemo niporpamy s mammnu Tulopunra, ska oGunciioe ¢yHkiio
x+y, Ae x,y — HaTypanbHi yncna. HeobxigHo nomosiTHCS Mpo BijoOpaxeHHs TmX wncen.
CrangaptHuMm ang mMawunu Thiopuiira € NOJARHSA HATYPAJILHOND AKLNa N TIOCITiIOBHICTIO 3
n+1 ONMHHUL.

Ines peanizawuii Takol nporpamMu MorIa 6 fosTaTI1 y TOMY, IOG 3aMiHUTH KpaiiHiil 351iBa
Ta KpawHiii cripasa cuMBoH «1» Ha «O», a po3gimeHuk «0» — Ha «I». SIk6u Oynu gocTymHi
BIATIOBiIAHI KOMaHOH, e MoxHa Oyno 6 3poOuTH NpocTo i WBHAKO, ajle MM OOMEXEHi
KOPCTKMMHU pamMKaMH MallMHK TeropHHTa. 3a Takux yMOB cXeMa ajirOpUTMY TOJISTaE B
TaKOMY: PyXaTHCs BIIpaBO JO BUABJICHHS NMePUIOT OMWHWLI (MOYATOK MEPIIOro YHcha); fK
Tibky BoHa Oy/ie BUABIIEHa, 3aMIHWTH ii Ha Hynb i iepeiT B inmi cran s . TTorim pyxathcs
BripaBo, Noky 0, Akuii pesainse JBa uncna, He Oye 3aMiHeHNH Ha 1; TIPH LIbOMY 3HOBY 3MIHHTH
ctan. Jlani pyxaTHca BNpaBo [0 MOABH MepLIoro Hyns (KiHus gpyroro pogaHky). Ticas nsoro
3CYHYTHCH BJTiBO, 3aMiHHTH ocTaHHI0 | Ha 0 Ta 3ynuHHTHCS.

[TporpaMa Moxe MaTH BUTNSM:

0s, = 0 s,R

s, > 0sR

Is, > I s,R

0s, = 1 5,R

ls, > 1 s,R

0s, = 0 s,L

ls, > 0.5 H.

Hapcaenuii nmpukniaj mokasye, mo MamuHa TEIOpHHTA € QYy)XKe He3pYUYHOIO AN
niporpamyBaHHs. L]i Heapy4HOCTi TOB’s13aHi 3 THM, LIO:

® HeMae IOBUTBHOTO JOCTYITY IO 1TaM’aTi; SKILO, HATIPHKaJ, MallHa BKa3ye Ha rep-
1y kKoMipKy, a Tpeba nepefiTv 10 AecATOl, MalllMHa MOBWHHA MOCHIIOBHO NEPENITHYTH JIPYTY,
TPETIO i T.iH. KOMipKH;
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® HECTPYKTYpOBAHICTh 3aMHUCiB Ha CTpivlli; 3a34anerigs HeBiZoMo, Ae 3aKiHYYeThCA
OJTHE YHCJTO 1 TIOYWHAETHCA IHIIIE; ' ‘

e [y)xe oOMekeHMii Habip KOMaHI; BiACYTHI, HANPHKIa, OCHOBHI apH(METHHi one-
paii. _

VYuiBepcanbHy mamnny ToiopuHra MojkHa HeopMaJILHO BU3HAYHTH AK MAUTHHY, KA
MOXe CITpHIIMaTH Nporpamy Ut o0uucieHns Oyab-akoi (hyHKLT, Ky, B MPHHLHIIL, MOXXHA
O0UHCITHTY 32 HONOMOroI0 crielianizosaHol Mauin M1 i Hapani npawrosariy, sk MalnHa
M. MokHa f1oBecTH, WO TaKy MallMHYy MOXKHa NMoGymyBaTii.

baratcTBo MOJITHBOCTEH KOHCTPYKUIT ThiopHHTra ronsrarorsh y Tomy, IHO AKILO AKICh
anroput™H A Ta B peanizyrorbcs MawmHamn TeropiHTa, To MOXKHa OymyBaTH MporpaMmn
maumH TolopHHTa, SKi peani3yloTh KOMINO3HLIT AIropuT™iB A Ta B, Harpaiuia, BUKoHaTH A,
NoTiM BUKOHaTH B a60 BHUKOHATH A 3HOBY. SIKIIO B pe3yNsTaTi yTBOPHIIOCH CIOBO «Tak», TO
BukonaTi B. V npotunexxHoMy BHNanKy He BUKOHyBaTH B a6o BHKOHYBaTH 110 Hepsi A, B,
noku B He gacTh BiANOBIAL «Hi».

V iHTyirMBHOMY CeHCi Taki KOMMO3MLII € anropuTMaMu. ToMy iXHA peanizalisd 3a
JOTIOMOTrO10 MALTMHH THIOPWHTA CITY>KUTH OAHWM i3 3acon 0OTpyHTYBaHHS YHiBEpCATBHOCTi
KoHcTpykuii TolopHHTa.

PeaizoBaHiCTh TAKHX KOMITO3HLLIH JOBOXMTHCA Y 3araibHOMY BHIISAI, HE3AJIEKHO Bi
ocobnuBoCTEl KOHKPETHHX anropuTMiB A Ta B. JloBeicHHS nonsrae B TOMY, IO BKa3ye€ThCs
3aci6 nobynosw 3 1porpam A Ta B nporpamu Tpe6ai kommosnnii.- Hexal, rmanpuisian, Tpeba
nobynysari Mamnny A \cdot B, exBiBanenTHy nocifoBHOMY BUKOHAHHIO allrOPHTMIB A Ta
B. INoku BuKoHyeTbes anroput™ A, y nporpami A\cdot B nipatifoe wactuna A 6€3 ypaXyBaHHs
uactunn B. Konw anroput A fiiifie 10 KiHIA, TO 3aMiCTh 3yTTMHKY BiIOYAETHCA nepexin y
nepiunii cTaH YacTHHH B, i moTiM wactiHa B Oyzie npamoBaTy 3BHYaHHUM YHHOM, Hade
vacTHHH A i He Gyro.

AHAJIOTIYHO KOHCTPYIOIOTh # iHWI koMmo3uiii MammH TeropuHTa; niopa3s OyayroTecs
3araJjibHi NpaBuia, sKi BU3HAYal0Th, IO Ha LIO 3MIHIOBAaTH Y BUXiIHHX NporpaMax.

OnucyBaHHAIOUN Pi3HOMAHITHI anropUTMH s MaliMH ThIOpPHHIA | CTBEPIKYIOUH
peasizoBaHiCTDL YCUTAKIX KOMITO3HLIH anropuTMia, TeIOpHHT TiepeKOIITHRO ToKa3al po3MaiTicTs
MOXJTHBOCTEH 3aMpOTTOHOBAHOT ITMM KOHCTPYKLLJ, 110 JO3BONIUIO FIOMY BUCTYITHTH 3 TaKOIO
TE3010:

Oyab-aKHH aJropuTm Moxe OyTH peanizoBanuii BiZ0BIAHOI0 MAMIMHOI0
TriopuHra,

Ile ocHoBHa rinore3a Teopil anropuT™mie y dopmi Tetopunara. OxHouacHO U Te3a €
dopmanLHUM BHU3HAUYEHHSIM aNropuTMy. 3aBASKH 1 MOXHa JIOBOAWTH icHyBaHHs a6o
HeiCHyBaHHA aJITOPUTMIB, CTBOPIOIOYHM BiAnoBifHi MaumHu Telopunra abo nososa4H
HEMOXUTMBICTb TXHBOT MOGYNOBY. 3aBISKH LIEOMY 3’ ABASETHCA 3arajJbHUH MiJXiA JI0 OUryKy
AITOPHTMIYHHX PO3B’A3KIB.

Slkuio mowyk po3B’A3Ky HALUTOBXYETBCA Ha TEPEIUKOLY, TO MOXKHAa BUKOPHUCTOBYBAaTH
IO TepeuIkoay Ut AOBEAEHHS HEMOXTHBOCTI PO3B’A3yBaHHS, CTUPAIOUNCh HA OCHOBHY
rinoresy Teopii anropuT™iB. STKILO 3 NMPH H0Ka3i HEMOXKITHBOCTI BRITHKAE CBOA TEPEILKO/a,
To BOHa MOJE JOTOMOITH 1IPOCYHYTHCS B TIONIYKY po3s’a3Ky, Xo4a 6 1aCTKOBO YCYHYBLUH
crapy nepewkody. Tak, mo uep3i HaMaral4HCh JOBSCTH TO iCHYBaHHA, TO BIACYTHICTh
PO3B’ 3Ky, MOXIa NOCTYNOBO HaBMHZWTHCS 10 PO3YMIHHS CyTi NOCTABIECHHOI 3a/1a4i.
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Joeectn Tesy TeiopHHra He MOXHa, TOMY 10 B Horo ()OpMysiioBaHHI He BH3HAYEHE
MOHSTTA Byab-Kui anroput™, ToGTO JTiBa YacTHHA TOTOXHicTi. Moro MoxHa TifbKM
OGTPYHTYBATH, MOJAIOYU PI3HOMAHITHI BiJOMI alrOPHUTMH Y BHUTAAAI MammH TeropHHIa,
HonarkoBe 0OrpyHTYBaHHS L€l TC3U TIONATAE B TOMY, IO Mi3HiLe 6yIio 3anponoHoBaHoO LIe
JEKiTbKA 3araTEHUX BU3HAYEHB TIOHSTTS aJIrOpPUTMY i 1Iopa3 BAABAIOCS XOBECTH, LIO, X04a
HOBI alTOPUTMIYHI CXEMH | BUTNIAAOTE iHAKIlE, BOHH HACIpaBlli eKBiBaNEHTHI MalIHHaM
TeropuHra: ‘

yce, 110 peasi3oBaHO B OJHiH 3 UX KOHCTPYKIii, MOKHA 3poOuTH i B immnx.

Lli ‘rBepmxeHHs JOBOAATLCS CTPOro, TOMY IO B HHX MOBA HAE BXE NP0 TOTOXKHICTB
(hopMaTbHHUX CXeM.

1.7.4. Pexypcisi ma ii euxopucmaHHs

O3sHayeHHs Ha3WBAETHCH PEKYPCHBHMM, AKUIO BOHO 3aJac €JIEMCHTH MHOXHIH 32
JIONOMOTOIO iHUIMX ENEMEHTIB 11i€T X MHOMHHHN. O6’€KTH, 3a5aHi peKYPSHBHUM O31aYCHIIAM,
TAKOK HA3WBAIOTECS pekypcuBHHMHA. Hapeiui, percypeis — 11e BITKOpIICTaHSA B ANTOPHTMI
PEKYPCHBITMX O3HAYEHD.

PerypcusHol0 pyHKIiE0 HAa3UBaeTLCS QYHKLIs, Ska Moxe OyTH oTprMaHa 3 6a30BHX
¢yHKLiH 3a JOMOMOror ckiHueHHOI KiTbKOCTi 3acTocyBaHb IAICTAHOBOK, Ta MPUMITHBHUX
peKypciii.

Ho 6a30BHX MPUMITHBHHX PeKYPCHBHUX (YHKIIH BIZHOCTHCH TPH YHKLIT:

1) nynb-dyHkuis Z(x)=0 npu Oyap-skomy X;

2) nogaBaHHg ogUHULI: N(x) = x+1;

3) npoekTtyroui pyHkuii: U(x,,..., x, )= X, Ang BCIX X, ..., X,.(BU3HA4AC HATYpaJIbHE YHC/IO
3 Li€T MHOKHHH),

@yuxuis fx,,..., x,) oTpumana 3 GyHKUiA g, A ,..., h , 33 IONIOMOTOIO MiACTAHOBKH,
akmo fx ..., x) =g (h(x,...,x), ..., h(x,...,x)).
®ynkuis fix,,..., x,,y) OTPHMaHA 32 IOTIOMOrOI0 PeKypCii, IKILO:

S, ox, yrD)=h(x,...,x, v, Ax,..,x, »))

S x,0)=g(x,....x) npu n#0;

Jot1) =h (y, 5)); fO) = k, k — uine Heix’emue uncno npu n= 0.

®yukuia fx,,..., x,) oTpAMana 3a JONOMOroI0 [ - ONeparopa, SKWO ii 3Ha4YeHHA
JOPIBHIOE MIHIMANBHOMY 3HAUEHHIO Y, TTpH KoMy g((x,,..., X,, ¥)=0.

YacTKORO PEKYPCHBHOIO HA3UBAETHCS (DYHKLLIA, SKA KOHCTPYIOETLCS 3a JOIIOMOTOI0
CKiHUEHHOTO YHcJia MiACTaHOBOK, PeKypcii Ta L -onepaTopis, ane BH3HAUCHa HE MpPH BCIX
3HAYEHHAX apTryYMEHTIB.

Axwo neska dyHkuis Moxke OyTH ckoHcTpyHOBaHA 3 Oa3zoBuX (YHKUIH 32 AOMOMOTOI0
CKiHYEHHOTO YHCIa TiNBKH MIACTAHOBOK Ta PeKypcii, BOHAa Ha3HBAETHLCS MPHMITHBHO
PeKypCHBHOIO.

Npnxaan 1.10. Busnauenns dyHkuii «dakropiany» 3agaroTbes Bupaszom: 0!=1,
n!=nx (n-1)!. Bonu yrtBopiotoTs MHOXHUHY {1,2,6,...}: 0!=1, I!=], 21=2 31=6, ... . Vci ii
€l1eMEHTH, KpiM TepuIoro, BU3HAYAIOTLCS PEKYPCHBHO.

Orxke, GpyHKIIs «hakTOpiamy 3a0a€THCs PEKYPEHTHUM CMIBBIAHOWEHHAM MOpsaky | i
novyaTkoBuM BiapizkoMm 0!=1, 3aranom, Oynb-sike pekypeHTHE CTiBBiTHOLIEHHS MOPAAKY k
pa3oM i3 3aBIaHHAM TepIUMX k eneMeHTIB MOCHiJOBHOCTI € MPUKNAAOM PEKYPCHBHOTO
O3HAYCHHS.
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Hpuxaax 1.11. ApudmerriHi BUpasu 3i CTATHMH Ta 3HaKOM orepauii ‘+° y roBHOMY
ayxxkosomy 3anuci (I13) 3agaroTecs TakKUM O3HAUEHHSM:
1) crana e Bupazom y 11/I3;
2) saxuo E i F € Bupazamu y I1143, 1o (E)+(F) Takox € Bupazom y I1]13.
Taxumu Bupazamu €, Hanipukag, 1, 2, (1)+(2), ((1)+(2))+(1). Bci Boan, kpim crammx,
03HAYAIOTHCA PEKYPCHBHO.
-Ana kopexkmrozo euxody 3 peKypcii NOGUHHI GUKOHYBUIMHCA YMOGH:
v\ MHOJICUHG O3HAYYEaHUX 06 'ckMié € 4acinkoeo YROPAOKOBAHOKW,
v’ KOJICHA cnaoHa 3a yum GNOPAOKYEAHNIM NOCHIOOGHICIIL eNeMenmie 3aKinuycmy-
CA OeaKuUM MIHIManbiumM eneMenmom,;
v\ MIHIMQUbHI enemenmu 031AYAIOMbCA HePeKypPCUSHO;
v HeMiNIMUIbNI eNemMenmu O3HAYAIMBCA 3a 00HOMO20I0 MEHULIX 81 HUX eleMeH-
mis. ' '
I'nn6nna pexypcii — KUTBKICTE BUKITHKIB MIANPOrpamMH, 11O PeATi3yIOTh PEKYPCilo.
BrxuBaHHS pekypcHBHHX NiANporpamM BUMarae o6epe)xHOCTi Ta BMIHHS OIlIHHTH MOKITHBY
rubuHy pexypcii Ta 3aranbHy KinbkicTb BHKUMKiB. He 3aBkan Tpeba nucarn pekypcHBHi
nianporpamu 6e3nocepeHLo 33 peKypPCHBHHUM 03HaueHHsM. CTripaBa B TOMY, L0 BHKOHAHHSA
KOXHOIO BHIJTHKY MinporpamMu norpedye nonaTkoBHX Aiii koM’ totepa. ToMy «upknidHmi»
BapiaHT ONMMCaHHSA 00YNCIEHb BHKOHYETHCH, SIK MPABUIIO, IIBHALIE Bil pekypcuBHoro. Takok
He Tpeba BXHBATH PEKypCifo 1)1 0BUNCIIEHHS eNeMEHTIB PEKYPEHTHHX MocigosHocTei. 3a
BEJIMKOT MTHOWHH peKkypcil Lie B3arasii MOXe MPU3BECTH A0 BUYEpNaiis aBTOMATHYHOT IaM’ ATi
Ta apapiHHOTO 3aBEPILICHHS MPOTPaMH.
Hasenemo npuknan HepekypCHBHOFO Ta PEKyPCHBHOTO BH3HAYEHH SHAUEHHS QYHKILIT.
IIpukaan 1.12. Maemo dynkilito, W0 po3KIANAETLCA Y PN -
“ x
, ’ g ef —x*"
#include <stdio.h>
#include <math.h>
double func1(int n); // npoToTun HepekypcusHoOT OYHKUIT psaay
double func2(int n); // npoToTUn pexypcusHoi hyHKLi pagy
void main()
{
int n; // n = KiNbKiCTb enemeHTiB pagy
double s=1; // 3HaueHHA dyHKUii
scanf(*%n”, &n); // BBENW KiNbKICTL ENEMEHTIB PARY
printf(“Nonrecursiv result is %6.2f", func1(n));
printf(“Recursiv result is %6.2f", func2(n));

}
double func1(intn)
{
double s=1;
int x; // X = NOTOYHWI UNeH pagy
for(x=1;x<=n;x++)
s*=x/(exp(x) — x*x)
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return (s);
}
double func2(int n)
{
double s=1;
if (n<1) // ymoBa Buxonay 3 pekypcii
return (s);
else
s*=n/(exp(n) — n*n)*func2(n-1),// BUKNNK peKypPCUBHOT oyHKLii 3 n-1
}

Haiikpaule pekypcito BUKOPHCTOBYBATH TOMi, KONKM PO3B’A3aHHA 3a/a4i 3 JOMOMOTOO
peKypcii 3arajiomM 3BOUTRCA [0 PO3B’43aHHS MoAibHOT 3aavi, ae Melnuol po3MipHocTi, a,
OTXe, JIEruIoi s po3B’A3aHH.

Haiisckpasinit npuiiazn 3agayi Takoro rilaHy — 3afjaua npo XaHoMChbKi Bexi.

Jlerenza cBiguuTh, W0 neck B XaHOi 3HAXOMMTHCS XpaM, B SIKOMY pO3MillieHa Taka
KOHCTPYKLifl: Ha MiACTaBUi 3HAXOMATLCA 3 DIAMAHTOBMX CTEPXKHS, Ha SKHX MPH CTBOPEHHI
cBiTy Bpaxma HaHU3aB 64 30/10THX AHCKa i3 OTBOPOM 110CEPEHti, MPHYOMY BHH3Y ONTHHHBCA
Ha#GUTELIWI MCK, Ha HBOMY TPOXH MEHLIHH | Tak J(aJli, ITOKM Ha BEPXIBLI NipaMiIy He ONTMHVEBCS
Halimenmmi guck. XKeplli Xpamy 30008’ s13aHi NepeknafaTH JAHCKY 32 TAKUMH TPABUITAMU;

1) 32 OIMH XiJI MOJKHA MEPEHeCTH JIMIIIE OJINH JIHCK,

2) He MOXHA KJIACTH GINBIHIT JUCK HAa MEH UM,

Kepytounct UMMM npaBHIIaMH, Xepui TTOBHHHI NIEPEHECTH MOYATKOBY (Tipaminy 3 1-ro
cTepakHs Ha 3-i. STk TIMTbKY BOHM BIOpAOThCA 3 WM 3aBIaHHAM, HAaCTaHe| KiHeLb CBITY.

Jna po3s’a3anns 3a4aui cnoyatky cnipobyemo nofynysaty abcTpakTHy MOIENs MPOLECY
TIEPEHECEHH TACTHHH TIipaMiau.

Orxe, BEpIIyEMO y3arajibHEeHY 3a/fady: AK NEpeHecTH MipaMily 3 1 Kineup i3 CTepkHa
i Ha CTepKEHDb j, KOPUCTYIOUHCH CTepXKHEM k Ak ponoMikuuM? Ll 3agaua po3s’s3yerbea
TAKUM YHHOM.

1.INepenectn (n-1) kibue / Ha £.

2.TTepenectv | Kinbue 3 7 Ha j.

3.Tlepeniectn (n-1) xinbie Ha J.

Orxe, 3a71a4a NEPEHECEHH 1 Kilellb PO3B’A3YETHCA uepes IepeHeceHHs (n-1) kinsus.
3anumusiocs JMuie JOJATH TPUBIANBIYY FPaHHYHY YMOBY JUTS BIIPOIXKEHOTO BUNMAJKY
nepeHeceHHs MOPOXKHbOT Mipamiu 3 0 kijleus, wob Haur anropPUTM 3aBEPIUHBCS.

Peanizauis anropurmy Ha moi C:

void Hanoj (int n, short i, short j, short k)

/Il nepeHeceHHA nipamigy 3 N QUCKIB 3 CTEPXKHSA |

[/l Ha cTepxeHb j, BUKOPUCTOBYIOUM CTEPXEHD K K AONOMIKHUIA

{

// nepesipka rpaHU4YHOT yMOBM — NOPOXHIO Nipamifly He nepemillyBaTu

if (In) return;

Hanoj (n-1, i, k, j);

Il nepeHocumo ogHe KinbLo — chakTuuHo ue Hanoj (1, 1§, j, k);

printf(«%2d - %2d\ny, i, j);

Hanoj (n-1, k, j, i);

}
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1.7.5. Teza Yopua. AnzopummiyHo Hepo3e’si3Hi npobneMu

Teza Yopua uacto GopMymOETECS B €KBiBaNEHTHIH (opmi, a came: Oyb-IKHi aJIropUT™M
B IHTYITHBHOMY PO3yMiHHi LLOTO CJIOBa MOXke OyTH peallizoBaHHIT 3a JOTIOMOrol0 AeAKOl
MaimeH ‘[hiopunra. [HIIHME CTOBaMH, 3a ZOMOMOTOIO MaLliHK TLIOpHHIa MOXXIta PO3B’A3aTH
Gye-sKy 3aj1a4y, [ AKOi iCHY€ alTOPUTM PO3B’A3yBaHHS B IHTYITIIRHOMY PO3YMiHIi.

Josectu Te3y Yopua Hemoxnauso. 1i MoxHa 6yno 6 crpoctysatH, sskGn Gynn
3anporoHOBaHi JopMAaTi3aLlii TOHSTTS AITOPHTMY, 31aTHI OGHCITIOBATH HEPEKYPCHBHI QyHKLII.
Ane raknx opmastizmis Jtoci 3anportoHOBaHo He Oyrio.

Skio My BH3Haemo Tesy Hopya, MM MOXKEMO NPUHHATH MaluHy ThIOpHUHTA K OCHOBY
715 3arajibHOro BU3HAYEHHS AJITOPUTMY: allTOPUTM € TIOC/TIIOBHICTIO IHCTPYKIiH, Ska MOXe
OyTH BHKOHaHa 3a JONOMOror MaivHu ThiopHHTa a60 eKBiBaNEHTHOT it O6UHCITIOBANIBHOT
Mopelti.

Teriep MU Mo)keMO JaTté GiNbIn wiTke BH3HAUEITHS YHiBEPCATBIIOTO KOMII IoTEpa:
yHiBEpCaIbHUM HA3WUBAETBCS KOMIT'10TEP, 3a JOTIOMOTOIO SKOro MOXKHA HpPOMOJETOBATH
poboty maumun TeiopuHra.

Axuo Teza Yopua € cnpaBeUTMBOIO, MH MAEMO BM3HATH HACTYIIHE. SKINO BAAETHCA
JOBECTH, 1O He iCHYe MAalWHK ThropHHra, Sika MOTNIa O BUPILIHTH 1IEBRY NPobIeMy, TO Us
npoGiemMa € anropuTMitHO HEpPO3B’A3HOI0, TOOTO TS HET He iCHYE 3arajibHOrG anroprTMy
po3e’s3yBaHHs. Taki npobrnemMyu HacTipaB/li iCHYIOTE. :

Hanpwuiuiaz, 1e 3HaMeHnTa npobneMa 3yNWHKH, ska GOPMYTIOETbCS Tak: NOTPiGHO s
OyIb-KHX [10YaTKOBMX JAHWX BU3HAYNTH, 3yTTHHUTHCA MaloWHa ThroprnHra uu Hi. OCKibkH
Gyub-sika TIporpama, sika npautoe Ha Gyap-1KoMy KOMIT'1oTepi, Moxke OyTH peajtizoBana i Ha
matvHi TelopHHTa, Lie TBepMKEHHS MOXKHa nepeOpMymoBaTH TaK: HE iCHYE 3aTajlbHOTO
anropuT™y, ikuit s Gynb-sKkoi nporpamu 3a3janeriak BU3Ha4as OW, 3ynHHUTLCA BOHA YH
Hi.

Anle MOKHa HaBecTH (POPMaNi3MH, fAKi TONIETUIYIOTE TIPOTPaMYBaHHS i JO3BOJIAIOTH
INIHCHIOBATH OOUHCIEHHS LIBHAWE, HK MalWHu ThlopuHTa.

Pesiome

1. hihopmayis — ye sidomocmi, noacienus, 3Hanus npo 6cinski 0b’'ckmu, s6uwya,
npoyecu peanbio2o ceimy

2. Inpopmamuxa — ye nayka npo memoou noOAHH:A, HAKONUYEHNS, NEPedasanis
ma onpaylosanna inhopmayii 3a donomozoio komn ‘romepa.

3. Anzopumm — ye cxinvenna nocnioognicme komano, axki mpeba euxonamu Hao
SXIOHUMU OaHUMU ONA OMPUMANNA pe3yabmamy.

4. Buxonasyem nasuseaioms npucmpin, 30amuuti gukoryeamu Oii iz 3a0anozo nabopy
ditl. Bin cxnadacmocs 3 npucmpoio kepysamuns i «pobowozo iHcmpymenmay.

5. € maxki cnocobu onuCy8aANHAGAHHA ANZOPUMMIE. CNO6ECHUN, (HopMYNbHUl,
2pathiunuil, areopumMMivHOI MOBOK).

6. Anzopumam Mae maki @racmugocmi: Gu3NAYEHICHL, CKINYEHHICMDb,
Pe3VIbmamuaiicme, NPAGUALHICHIL, (HopmManvricmy, MAcosicmsb.

7. OcrosHUAY MIpAMU OGUUCHIOGANbHOI CKAAOHOCMI € HACOBA CKAAOHICME ma
EMHICHA cKaQoONicme.

8. € maxi kracu anzopummis: no2apuminmi, NinidHI, nOXIMIQALRI, CKCROHERYITIHI.
Excnonenyitini anzopummu vacmo nog 'sasani 3 nepebopom pisHux 6apianmie po3e a3y6anHs.
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9. Knac P cknaoaembcs i3 3a0a4, Ons SKUX iCHYIOmMb HOAIHOMIGAbHI anzopummu
“ piuwenna. Knac NP cxnadaiome 3a0a4i, On8 SKuUx icHylomoe RORNHOMIGNbHI an2opummu

nepegipku NpasunbHoCcMi piuteHHs (MOYHIUe, AKWO € po36 30K 3a0aui, mo iCHye Oesxa
niokaska, ska O03GONAE 3a NOAINOMIQNLHUT ¥AC OMPUMamu Yo 8iOnogios).

10. Mawuna Tviopunta € o0HI€EWD 3 ModCIUBUX hopmanizayitl NOHAMMA AN2OPUMMY.

11. O3nauenna nasueacmuCa PEKYPCUBHUM, AKUJO BOHO 3A00E eleMeHmu MHONCUHY
30 00noMoeo1o THwux enemeumis yiel e mMuodxcunu. OO’ €xmu, 300aHi pexypcusHuM
O3HAYEHHAM, MAKOIHC HAZUBAIOMBCS PEKYPCUBHUMY.

12. Perypcugnoio nazusaemncs (QyHKYif, Axa Modce Oymu OmMpuMmana 3 6asosux
@YHKYIl 3¢ O0NOMO2010 CKINYEHHOT KIILKOC 3ACmOcy8ans ni0Cmano8ox, NPUMimuGHUX
pexypcii. bazosi npusimueni pexypcushi gynxyii: nyiv-gpyukyis, 000asanHs 00uHuYi,
NPOEKMYIoYd hyHKIis.

13, Tmubuna pexypcii — Kitbkicms GUKAUKIB niOnNpoOepamu, 4o peanizyioms
pexkypciio.

14. Teza Yopua: 6yOv-axuil anzopumm 6 iHmyimusHoMy po3ymiHHi ybo2o c106a
Mmodice Bymu peanizosanuil 3a 0onomocolo oeskol smaviunu Teiopunra. Inuwumu cnoeamu,
3a donomozorw mawunu Tvlopunra modicna eupiviumu 0yOb-aKy 3a0ayy, O AKoi iCHyE
anzopumm po3e ‘A3YeanHs 6 IHMYIMUGHOMY DO3YMIHHI.

| KoHTponbHi 3anuTaHHsA

1. 5lke NoXo0xeHHs mepMiliy «anaopummy»? -

2. Ujo mu po3ymiemMo nid noHammsam «anzopumm»?

3. lljo make Bonyemumi koMaHOU eukoHasys? -

4. Slki € cnocobu onucysaHHABaHHS ana2opummie?

5. Aki enacmusocmi noguHeH Mamu arzopumm? ‘

6. llJo o3Haqae cKiHYeHHicmb (OUcKpemHicmb) anzopummy?

7. Ljo make ¢hopmansHicms anzopummy?

8. Ujo o3Hayae macoegicmb anzopummy?

9. Aka pi3HuUs Mix noniHoMianbHUMU ma eKCMOHEeHUIIHUMU KnacaMmu
ansopummig? :

10. [alime susHayeHHs 4acoeoi cknadHOCMI.

11. [alime susHauyeHHs1 Knacy 3aday P ma NP,

12. MNoscHimb npuHyun pobomu mawuHu ThiopuHra.

13. [alime su3HayeHHs peKypcueHoi byHKUII.

14. Hagedimb npuknadu 4acmKoso PeKypPCUBHOT hyHKUII,

15. Hasedims npuknad npumimusHoi pekypci.

16. [Jalime ausHayeHHs mepMiHy «21ubuHa pekypcii».

17. Hagedims npuknadu peKypcusHUX ¢yHKUiU.

18. Cobopmyniolime mesy Hopua.

19. Bkaxime 6iOMiHHICMb MK iHgbopmauiero ma daHumu.
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Tecmu dns 3akpinneHHss Mamepiany

1. Obepimb eu3zHayeHHs iHhopmamuKu:

a) ue Hayka npo memodu nodaHHsA, Hakornu4yeHHs, nepedasaHHs ma
onpauroeaHHs iHghopmauii 3a GoromMo2oK enekmpoHHO-064UCI08aNTBHUX
MaUluH;

6) ye noHammas, o nepedbayae HasigHicML MamepiansHo20 HOCIst iHgbopmauir,
oxepena i nepedasaya iHgbopmaull, npulimaqa i KaHarly 36’13Ky MK OKepenom
i nputimayem iHchbopmauii;

8) Ue Hayka npo 8idobpaxeHHs peansHux ob’ekmis, npouyecia, nodit mowio Ha
KOMITIOMEepPHUX HOCISIX;

2) ye odHux i3 sudig npozpamysaHHs ma rPoeKmMyeaHHsl.

2. BusHayme noHsimms 3a2anbHoi iHpopMamuku:
a) brok-cxema;

6) 3adaua;

8) QyHKUisa Memu;

2) anzopumm.

3. Busnayme nonssmms anzopummy:

a) moyHe chopmaribHe PO3NOPsSIOKEHHS, sike 0OHO3HaYHO eu3Hayae amicm i
nocniéosHicmb onepauit, Wo rnepesodsime 3adaHy CyKynHicmb oYyamxoeux
daHux y nompibHul pesynsmam;

6) ckitueHa rnocnidosHICMb MauUHHUX KOMaHG 0115 po3e’s3edaHHsT KOHKpemHor
3adadyi;

8) 3anucaHa Ha rnesHitl Mosi npoapamyeaHHs NocnidoeHicMs onepamopis, U0
rnodae KOHKpemHy 3adayy;

2) KiHuesa nocnidoeHicmb 3a2anbHO3PO3YMINUX Po3nopsdkeHb, hopMarnsHe
BUKOHaHHSA SIKUX 30380/1A€ 3a CKIHYeHUl Yac ompuMamu po36'a30K 0esKorl
3adayi abo b6ydb-akoi 3adavi 3 0esaKko20 Knacy 3aday,

0) ckiHyeHHa nocnidosHicmb kOMaHO, Aki mpeba uKOHamu Had 6XiOHUMU
GaHumu Onsi ompumMaHHsi pesynbmamy.

4. lamu noHamms eUKOHassi:

a) npucmpit, 30amHull sukoHyesamu Qif i3 3adaHo20 Habopy dill;

6) komaHGa Ha 8UKOHaAHHS OKpeMoi Jii;

8) cknadaemsCsl 3 NPUCMPOIO KepysaHHsA i «pobov020 iHCmMpyMeHma»;

2) MoXe po3ymimu i UKOHy8amu sIKYCb MOPIGHSIHO HEBENUKY KiNbKicmb PiaHUX
enemMeHmMapHUX KOMaHg;

d) aneopummiyHa M0O8a 8UCOKO20 pigHSl.

5. Cnocob6u onucyeaHHsa anzopumis:
a) cnosecHull;

6) cxemamuvniuil;

8) mabnuyHud,

2) chopmynbHuil,
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d) epacghiyHul;
€) an2opummMIiyHOI0 MOOIO.

6. Bnacmueicmb anzopummMy «CKiHYeHHICMb» iHakuwe e Hazuearoms.
a) pesyrnbmamueHicms;

6) chopmarnbHicms,

8) macosicms;

2) OuckpemmHicms;

0) npasunsHicme.

7. llepepaxyeamu Knacu anzopummie:
a) no2apughMiyHi; '

6) mabnuyHi;

8) NiHiliHI;

2) npoepeciliHi;

0) noniHomiasbHi;

e) eKCroHeHYilHI.

8. flamu eusHayeHHs peKypcii:

a) popmye HacmynHe y npozpecii 3HaYeHHs;

6) nionpoepama suknukae camy cebe;

8) 3a0a€ e1eMeHMU MHOXUHU 3a 00TIOMO20I0 IHWIUX eJIeMEHMIE Uil X MHOXUHU;
) sukopucmosyemscs 019 PO3paxyHKie Had Mampuusmu.

MOHATTSI CTPYKTYPU JTAHUX.
PIBHI IIOJAHHSI CTPYKTYP
TAHAX

A v%éﬁ =

¢ Iousmms cmpykmypu OGHUX.

¢ Pieni onuCY8aHHABAHHA OaNUX.

¢  Knacugixayin CI y npozpariax xopucniyeéasa u y nam’smi komn 'iomepa.

¢ Ocnogni udu cknadenux munic Oanux.

¢ Cmpykmypu Oanux y nam’ani xomn omepa.

Po3nin npucesyeHHit po3risLy pisHHX THITIB CTPYKTYp JaHHX. OnHcaHo piBHi CTPYKTYp
JaHWX Ta 31ilcHeHo iX Kiacngikanio. [ToraHo ocobnmeocTi Bino6paxents CTpyKTyp AaHUX
y nam’sTi KOMIT'1oTepa.

2.1. IOHATTA CTPYKTYPH JAHUX

#* Cmpykmypa oanux (ClI) — 3azanvona enacmusicms inghopmayiitnozo o6 'exma,
3 AKUM @3aemodie ma abo imua npozpama. L 3acanbua sracmugicme xapakme-
pU3yEmbC:

V' MHOJACUHOIO donycmumux 3uadens yiel cmpyknypu;

v nabopom donycmumux onepayii;

v xapakmepom opzanizoeanocmi.

Ha#npocTimi cTpyKTYpH JaHWX Ha3WBAIOTLCA TAKOXK MUunamu Oanux.

VY nporpaMyBaHH{ Ta KOMIT IOTEDHHUX HayKaxX CTPYKTYPH IaHHX — L1€ CrTocoOM opraHizanii
JaHuX y komri'torepax. HacTto pazom 3i CTpyKTYpOlO JaHUX NOB’A3yeThes i crienudivHmii
nepenik onepatii, ski MOXyTh OyTH BUKOHAHUMH Hajl JallMMH, OPraHi30BaHUMH B TaKy
CTPYKTYypY.

[TpaBuabHUH MiAGip CTPYKTYp AaHMX € HAA3BU4AHHO BaXUTMBHM 171 €EeKTHBHOrO
(yHKIIONYBaHHS BiANOBIAHWX alIrOpHTMIB iX onpaioBanHs. JJoGpe nobyaoBaHi cCTpyKTypH
JIAHIX [I03BOIAIOTH OITUMI3yBaTH BUKOPHCTAHNS MALIMHHOTO Yacy Ta 11an’aTi komn’1orepa
JUIS BAKOHAHHS HaHOINBLI KPUTUYIINX Orepallii.

Binoma dopmyna «Ilporpama = Anropuryu + CTPYKTYpPH JIAaHHX» AYKE TOYHO
BHpaXkae HeoOXiAHICTb BiAMOBIAANLHOrO CTAaBACHHS A0 Takoro ninbopy. Tomy iHoai HaBITH
He oOpaHIi anropHTM I ONpauioBaHlis MacHBy HaHWX BUzHauac BWOIp Tiel 4d iHILON
CTPYKTYPH JaHWX e iX 30epekeHHs, a HaBI1aKH.

2.2. PIBHI OIIUCYBAHHSIBAHHA JAHUX

Pospiznarwoms nacmynni pieni onucy6anHAGanHA 0aHUX:

e abcmpakmuuii (MamemamuyHuil) pigens,

e o2iunuil pigens;

e (hisuunuii pisenv.

Hoziynui pisenv (JICH) — nooanns cmpykmypu 0anHozo Hd Ml Yy iHutitn MOGi
npozpamysanna. Pizuunuii pisens (PCIH) — sioobpascenns y nar’ame komn’lomepu
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ingopmayitunozo 06’exmy 8idnogiono 0o noziunozo onucysanns. OCKINBKA MaM’aTh

KOMIT'IoTepa OOMEXeHa, TO BHHHKAIOTh MIUTAHHS PO3NOIITY MaM’sTi i KEPYBAHHA Helo.
Jloriunwit i pisnyHU piBHI BiAPI3HAIOTECS OXHH BiZl OQHOTO, TOMY B OOUHCITIOBAJILHHX

CHCTEMax 31iHcHIoeThCA BioOpaxkeHHs (pisWyHOro piBHS 112 TOTiuHHi | HaBHaku (puc. 2.1).

Onepauii Hag NCA

ll ........ l

l | .......... | Bia0GpaxeHHs

oca

Puc. 2.1. 38430k M noziyHuM ma gisuyHUM pieHamu nodarHa C/.

Bynb-fika CTpyKTypa Ha abcTpakTHOMY PiBHI MOxe 6yTH NofaHa y BUTTA ABiftku <D, R>,
ae D - ckiHYeHa MHOXWHA EEMENTIB, AKi MOXYTb OyTH THaMHK 1aHNX abo CTPYKTypaMH
JaHWX, a R — MHOXXWHA BiIHOILIEHb, BAACTHUBOCTI AKOi BU3HAUAIOTh Pi3HI THTIN CTPYKTYp AaHHUX
Ha abCTpaKTHOMY piBHi. .

2.3. KIACUDIKAIIIA CTPYKTYP JAHHUX Y ITPOI'PAMAX
KOPUCTYBAYA 1 Y TIAM’ATI KOMIT'IOTEPA

CrpyxTypH manux nofinaoTecs Ha BOynoBaHi (peastizoBaxi B MOBaX NporpaMyBaHHs)
Ta noxigHi (yTBoprotoTeca KopucTyBauamu). Knacudikauis CJ| y nporpamax kopucTysaua
Ta mam’ATi KOMIT 1oTepa nogaHa Ha puc. 2.2,

|CIL y 1porpamMax KopucTyBaya I

/
L B6ynosani CJ{ j

| Moxinmich |

~ ~ ~ ~
Tuny qanux CtpykTypHi CI1 JTiniini CJ] ] Heniniitni CI{ |
(“aTomu™) (“™monexynu™)
- Oynesuit — MacHB ~  Ta@us — IcpeBa
= uitni [ 3ar HC = CTeK ~ GOiHapHi nepera
- Ik CHuit — PEKYPCHBI THMH |- uepra - rpad
—~ CHMBOJIEHHH — MHOXWHA ~  CIHCOK !
v - ek '

;

! !
1
BKa3iBHU i THIT i

Puc. 2.2. Knacucpikauia C/L.
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Ba)kJTHBOIO 03HAKOIO 1 Knacudikauii € 3MiHa CTPYKTYp HaHWX I Yac BHKOHAHH]
niporpamu. Hanpuiuiaa, SKIno 3MiHIOETBCA KUTBKICTE €JieMEHTIB i/ab0 BiIHOIEHHS MDK HUMH,
TO TAKi CTPYKTYPH JAHMX HA3WBAIOTHCA OUHAMIYHUMY, THAKIIE — CINAMUYHUMU.

2.4. OCHOBHI B! CKJIAJIEHHX THINB JAHHX

CxialeHMM THIIOM JaHMX Ha3BEMO THN JaHUX, U0 CKNAaJaeThCs i3 CKiHYEHHOI Ta
Hariepe/l 3aJaH0i MHOKHHH €JIEMEHTIB NMEBHOTO THITY, SIKi He 0608 I3KOBO € aTOMapHUMH.

TMepepaxyeMo ckilaficHi THITH IAHUX Ta AaMO M KOPOTKY XapaKTEpHCTHKY.

MuoxxaHa — CKiHY€Ha CYKYITHICTB €/IEMEHTIB, B AKkoi R = .

HociizoBHicTL — aGCTpaKkTHAa CTPYKTYpa, Y 9KOI MHOXXKHHA R ciuiajlaetbess 3 OJHOIO
BiIHOWIEHHS JIIHIHHOTO MOpAaKy (TOOTO /I KOXKHOTO eNlEMENTa, KPiM 11epIoro i OCTaHHBOTO,
€ rmorepeiniit i HacTynuwuit eneMeHTH).

Marpuns — CTpyKTypa, B AiK0i MHOXHHA R ckiaiaeTbest 13 ABOX BiHOWEHb MiHIAHOTO
TIOPATIKY.

Hepero — MHOXMHA R cknazmaeTses 3 O[HOro BiJHOUWIEHHS i€PapXiqTHOTO NOPAIKY.

I'pad — MHOXKHMIa R crutafgaeTbed 3 OHOTO BigHOIIEHHS OiHapHOro NOpAAKy.

Tineprpa¢g — MHokHHA R cknamaeTrcs i3 ABOX 1 GUTbILE BiTHOUIENb Pi3HOTO MOPAIKY.

IMpuxsrapi CJI nonaxo Ha puc. 2.3.

D1 D2
O O D
D1 bl
O D2 D3 D2 3
D3 ' D2 D3
MHOXWHa TOCHIJIOBHICTh JIepeRo rpag

Puc. 2.3. lNpuknadu nodaHHs cmpykmyp 0allux.

lMpuknanom rineprpada € mepexxa Ilerpi — nBosonenuii rpad, akuii cxilagaeTeca 3
ABOX THIiB BEPLIMH: CTaHIB, AKi MAIOTL IIEBHY KUILKICTh (ilIOK, Ta NMEepexoiis, WO
nepepo3NoAIAOTE (illIkH y CTAHAX 3aNeXKHO Bill KITBKOCTi BXITHITX Ta BUXIAHHX JIyT.

2.5. CTPYKTYPH JAHHUX Y HAM’ATI KOMIP'IOTETPA

2.5.1. Cmpykmypu 0aHux e onepamueHiil nam’smi
B onepaTuBHiii naM’ATi CTPYKTYpH JAHHX MOXCHA NOAATH SK Ha puc. 2.4,

3arme CJ1 B onepaTHiii am’ »Ti UMTYBalHA
|
THBCINIOBO | | cioBO "‘éﬁ‘(’)‘:‘o“e cxemu 30epiraH#x

[IPAMOKYTHI I r— 3B'A3aHi l
Puc. 2.4. [NodanHa C[] 8 onepamueHit namami

Cnig 3a3Ha4nTH, 10O ONepaTHBHA MaM’ATh € MacHBoM. CNoBO — MiHiMa/IbHA KUTBKICTh
GiT, SKa MOXe OTpaLbOBYBAaTHCH OJHOYACHO.
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2.5.2. C/[]y 30eHiwHil nam’ssmi
Ha puc 2.5. mogaHo CTpYKTYpH AaHHX Yy 30BHILTHIN Mam’STi.

Rﬂ y 30BHIIMHIi TAM ATI |
DizraHui 6JIOKJ | Cxemu 36epiranmm I
Cca : CA CJ)1 inpgexcro-
npamMoro - 3V OCTIiIOB HOTO HOCNi ZOBHOTO
TOCTYTY Aocyiy HOCTYITY

Puc. 2.5. ModanHa CL] y 306HiWwHIl namsmi.

CH nocnigoBHoro noctyny nepenbavae onpauloBaHHs JaHHUX Y TOPAAKY X po3MillieHHs
Ha Hocil. Taka CJI € npocToro s peanizallii, ane yHEMOMNUTHBITIOE Ge3nocepeHii AoCTyn A0
3aiaHoOTO enemenTa. ITpuknan cTpyKTypH JaHHX NMOCTIAOBHOIO AOCTYNY: CTEK, 4epra, JekK.

Ha mogi Ci ansg nocnizoBHOTo 34HTYBaHHA 3 ¢aiila MOXKHAa CKOPHCTaTHCA TakuM
(bparMeHTOM Mporpamu:

f=fopen(‘my.txt’, “rt");//BinKpUNN NOCNIAOBHO ANA YATAHHA

for(i=0;i<k;i++)

{uvTaemo k enemeHTis 6e3 NepeBipkn NPaBUNBHOCTI 3UNTYBAHHRA}

fscanf(f, “%d”,&x);

CH upamoro focTyny [O3BOJAE ONpanLOBYBATH CNEMEHTH Y HEOOXiAHOMY Is
KOpPHUCTYBada MOPSAKY LIUIIXOM 3MillleHAs neBHoi kinbkoceTi Giti. TlepeBaru: wWBHAKiCTE,
nipocrora. Hemosiky: BigipBaHicTs Npolienyp JOCTYIY Bifl CAMHX NANHX.

Tpuksiagom nipsiMoro octyny € 3anuc y daiin fd 3minnoi Tuny long, mounHaiouw 3 20-oi
TIOBHILLE:

#define SEEK_SET 0 // nosuuis Ha noyaTky caitna

long a=0 x1256;

fseek (fd, 20L, SEEK_SET);

fwrite (&a, sizeof(long),1,fd),

[HpekcHo-nocsiOBHA MoziesTh Nepebadae, Mo JUTs KOXKHOTO OITPalbOBAHOTO eJIeMEHTa
JalluxX BBOAMTHCA ilCHTH(IKATOp AAHUX — KJIIOY. 3BEpTaHHA IO €NEMEHTIB JaHHX
3AICHIOETBCA Yepes 3HauYeHHS Kroua. ITpHKIIaioM TaKoro KJioua € HOMEp €lIEMEHTa MacHBY.

Pe3siome

1. Cmpyxkmypa danux — 3azanvHa eracmugicme ingopmayitinozo o6 ’cxkmy, 3 aKum
63acmoldic ma wu inwa npocpama. L{a 3azanena eracmusicme xapaxmepuzycmscs.
MHOJICUHOI0 OONyCMuUMUX 3HaveHb yiei cmpykmypu; Habopom Oonycmumux onepayii,
xapaxmepom 0pzanizoeanocmi. .

2. Pieni onucysanus oanux: abcmpaxmuuii, nozivnuii, gizuunuil.

3. Cmpyxmypu Oanux nodiarsiomecsa Ha 66yodosani (peanizoeani 6 mosax
npozpamyeanns) md noxioui (ymeoproomecs Kopucmyeauamu).

4. Cxnadenum munom OaHux HQ36eMO Mun OQHUX, WO CKAAOAEMbCA i3 CKIHUEHNOT
ma uaneped 3a0aHOI MHOJNCUHU eJeMeHmMIE NeeHo20 muny, Aki He 00608 'A3K060 €
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amomaprumu. Ilepepaxyemo cxnadeni munu OAHUX: MHOJNCUHA, NOCRIOOGHICMY,
mampuys, Oepego, spag, zinepzpag.

5. B 306niwnii nam’sami cmpykmypu OGHUX MONCHA NOOamu MaKumM YUHOM.
Qizuunun 6nox abo cxema 36epizanus. Cxema 3bepizcanus opayemsca uepes
cmpykmypu 0aHux npsamozo 00CmyHy, HOCRIO06H020 00cmyny, IHOEeKCHO-NOCRIO06HO20
docmyny.

KoHTponbHi 3anuTaHHA

1. Moussmms cmpykmypu 0aHux. PigHi no0aHHA cmpykmyp OaHux.

2. PigHi oriucygaHHA 0aHuUX.

3. OcHoeHi 8udu (munu) cmpykmyp 0aHux.

4. Knacucpikauis cmpykmyp daHux y rnpoepamax kopucmyeada U y nam’smi
KoMmr'iomepa.

5. MNpuknadu cmpykmyp GaHux.

6. Cmpykmypu OaHux e onepamueHil rnam’ami.

7. Cmpykmypu 0aHux y 308HIWHIO nam’sami.

8. MNopigHamu pi3Hi cxemu 36epizaHHs GaHuX.

9. Hasecmu npuknadu npamMoao docmyry 00 0aHux.

TecTn ANA 3akpinneHHA maTtepiany
1. Cmpyxkmypu OaHUX xapaKkmepu3yromescs:
a) MHOXUHOI0 GonycmumMux 3HadyeHb NeeHol Cmpykmypu;
6) onucom npasurn nepexody 8id 00HO20 3HaYEHHS 00 iHWOo?20,
8) Habopom dorrycmumux onepauliil;
2) HabopoM NOMUIIOK onpaulo8aHHs GaHuXx;
0) xapakmepom opaaHizoeaHoCMi.

2. [lepepaxyeamu cmpykmypHi munu 0aHux:
a) depeso,

6) macus;

8) mabnuuys,

2) sanuc;

0) MHOXUHa;

e) pekypcusHut murn.

3. Mepepaxysamu niHiiHi cmpykmypu GaHux:
a) macus;

6) mabnuus;

8) cmek;

2) MHOXUHa;

d) vepaa;

e) HanpsamneHuil epad.

4. O6pamu mun OdaHux, Wo eionoeidaec euU3Ha4YeHHIO: MHOXUHa R
ckadaembcst 3 00HO20 €iIOHOWEHHS] iEpPapXiYHO20 NOPsAOKy:

a) MHOXUHa;

6) mampuus;
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8) nocnidosHicms;
2) depeeo;
d) epagh.

5. lMepepaxyeamu cxemu 36epicaHHss cmpykmyp OaHuUX e 306HiWHIli
nam’simi:

a) nodsiiiHe cnoeo;

6) naniecnoeo,

8) ¢hbisuyHul 6110K;

2) npAMozo docmyrny;

6) nocnidoeHo2o docmyrny;

e) iHdekcHo-nocnidoeHo20 docmyny.

6. O6pamu mun daHux, wo eidnoeidae eusHavyeHHIO: abcmpakmua
cmpyxkmypa, y sikoi MHOXuHa R cknadaemscs 3 00HO020 8iOHOWEeHHS NiHiliHo20
nopsioky:

a) MHOXUHa;

6) mampuus;

8) nocnifosHicme;

2) Oepeso;

0) epad.

7. O6pamu mun daHux, wo eidnoeidae eu3HayeHHIO: MHOXUHa R
cKnadaemibcsi 3 00HO20 8idHowWeHHs1 6iHapHO20 NopaAdKy:

a) MHOXUHa;

6) mampuus;

8) rnocridosHicms;

e) depeso;

8; epadb.

8. O6pamu mun daHux, wo eidnogidac eusHa4yeHHI0: MHOXUHa R
cknadaemscs i3 dgox i 6inbwe eidHoWeHb pi3HO20 NOPAAKyY

a) MHOXUHa;

6) Mampuys;

8) nocnidoeHicmb,

2) 0epeeo;

0) mynsmuepad.

9. O6pamu moxnuei eapianmu cxemu 36epizaHHs OaHuXx:
a) npamul docmyrn; '

6; obepHeHul docmyrn;

8) iHOekcHul docmyn;

2) napanensHuil docmyn;

0) nepneHOukynsapHul docmynn.
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CTPYKTYPHI TA JIHINHI
TUIIHA TAHUX

Ilonamms cmpyxkmypu 0aHux muny «mMacugy.
Habip oonycmmux onepayiii ons CL muny «macugr.
Hecxpunmop CII muny «macug». '
Egexmusnicms macusis.
3bepicanns 6azamosumipnux macusia.
Cmpykmypa oanux muny «MHOJICUHAY.
CH muny «3anuc».
CH muny «mabnuys».
CH muny «cmex».
CH muny «uepzan.
CI] muny «dex».

V poznisti onucako oAty HAHNPOCTIWMX Ta BOAHOUAC NaH NOUIMPEHINX CTPYKTYp 1a-
HUX —Mache. Onrcato oriepailil, Lo MOXYTh BUKOHYBaTHCA Hal MacHBom. [TokasaHo criocoGH
nozaitHsa MacnBis. Takox 3/ificHeNo ONMKUC CTPYKTYPI AAHUX THITY «3aMHC» i [I0KA3aHO, LIO
3alTUCH HaHuacTille nopaloThesa 3a jgomoMororo MacuBiB. [logaHo xapakTepucTHKH
INHAMIYHUX CTPYKTYP AQHHX THITY «CTEK», «HEpra», «AEK» Ta MoKa3aHo BiAMIHHOCTI Mix
HuMH. TTokasaHo BinoOpakeHHA CTeka Ta Yepri Ha MacHB Ta Ha CTIHCOK.

¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢

3.1 IOHATTA CTPYKTYPH JAHUX TUITY «MACHUB»

#* Macue — nochidosiicms enesmenmie 001020 muny, aKuii HA3UEAEMbCA 6A30-
sum. Mamemamuunow mogow macus — ye ynxyin 3 obmexncenorw obnacmio
sguznavennsn. Cmpyrmypa macugie oonopiona. [na eudinenus oxpemozo
KOMNOHenma Mmacuiy euxopucmaemocs inoexc. Indexc — ye 3navenns cneyians-
HO20 muny, usHauenozo Ak mun indexcy neeno2o macugy. Toay na noziunomy
pieni CJ] muny «macus» MOJCHQ 3anucamu max:

type A = array [T1] of T2,

ae T1 — 6azoBuit Tun MacuBy, 72 — T iHAEKCY.

Axmo D,, — MHOXHHA 3HaYEHD eleMenTiB Tty T'l, D,, — MHOXHHA 3HAYEHD EIEMEHTIB
tany 12, 10 A: D, ® D, (BinobpaxeHns).

Kapaunansne uncino Car(7) crpykrypn tuny T — 1ie MHOXXHHA 3HAU€Hb, SKI MOXe
npuiimMaTH 3aaHa crpykrypa tuny T. Kapaunanene uncno xapakrepusye o6’eM nam’sri,
HeoOXixHHi Takil cTpykTypi.

Hns macusy A: Car(A4) = [Car(72)] Car(T1).

MacuB Moxe O6yTH ooHosumipnum (BEKTOpoM), Ta bazamosumipnum (Hanipukiaz,
JBOBHMIpPHOI0O Tabnuiero), T06To TakmMm, I€ iHIAEKCOM € He OJHEe YHCIO, a KOPTCK
(CyKyTTHICTB) i3 JeKiNBKOX YMcelt, KITBKICTb SKHX CITiBNAJaE 3 pO3MIPIICTIO MaCHBY.
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V nepeBaxHii GiTeIOCTi MOB TIpOrpaMyBaHHS MaclB € CTaHJApTHOIO BOYJOBaHOKO
CTPYKTYPOIO JaHHX.

Onwice, 3 GUIEHABCOCHOZO CPHOPMYAIOEMO MAKI 61ACMUBOCH] MACUBY:

v\ yci enemenmu Aacugy mMaiome mou camuti mun;

v’ KOJICHUII KOMRONeHm MaeE Caill Hoamep y nocriooenocmi (indexc) i 6iopizusecmo-
ca HuN GIO IHwuUx eneatenniag (ioewmugpixyemocs),;

v\ mHodcuna indexcie (iH0excosa MHOJNCUHAG) CKiHYeHHa © 3agixcoeana € o3Ha-
Yyenni macugy i i0 yac GUKOHAHHS NPOSPAMU HE 3MIHIOEINbCA,

V' MOMCIUBICMb ONPAYIOBAHHA KOMNOHENMA, abo 11020 AOCMYNHICMb, He 3aNeAHCUMD
6i0 11020 Micys 8 nOCAIOOGHOCMI (enemeHmu pigHOOOCMYNHI).

3.2. HABIP JOITYCTUMMX OMEPALIi JJIsSI CI THITY «MACHB»

Hao macueom morcna suxonysamu maxi onepayii:

1) Onepanis KocTyTy (HOCTYN JI0 €JIEMEHTIB MAaCHBY — NPAMUIL; Bill pO3MIPY CTPYKTYpH
orepatis He 3aJIEXHTh).

2) Onepaulis IPUCBOIOBAHH. )

3) Onepauis inigianjzauil (BU3HAYEHHs NOYAaTKOBHX YMOB).

Ha ¢iznunomy pini CJ] THITY «MacHB» € HerepepBHOIO ITAHKOIO MaM’STi eIEMEHTIB
ofHakoBoro ob’emy. JlinsHka naM’aTi, HeoOXiHa IS OJHOTO €NEMEHTA, HA3WBAEThCA
c1omom.

int a[4];

qm==e=ed

nepLInii eneMeHT
Macusy
a[q]

cnot - 2 6aittv ans
8-M1pO3psAaHOI M OBK
: c
Var B: A {BW3Ha4aeMO 3MiHHY B fK 3MiHHY THITYy «<MacHB A»};
P < i< g Ae p — iHJIEKC MepPIloTro eleMeHTa MacHBy, g — IHIEKC OCTAHHBLOTO eJIeMeHTa
MAacHBY, / — iHIEKC elleMeHTa,

3.3. IECKPHIITOP C/] TUITY «MACHUB»»

depinxo ¢izuuHil cTpyKTypi CTaBUTLCS y BIAMOBIAHICT ASCKPHITITOP (3ar0I0BOK), WO
w | (MTh 3arajdbHi BigoMocTi npo 3amaHy Qisuuny cTpyktypy. Heckpuntop Takox
36 piracThes, AK i CTPyKTYpa, B TaM'sTi. 3aranom HecKpHITTOp SBJISE COGOI0 CTPYKTYPY
Ty «3aITHCY. ‘

Crocosro a0 CJI Turty «MacuBy, JECKpUIITOP MICTHTB TaKi KOMITOHEHTH: iM’s MacHBy,
YMOBHE MO3HaYe€HHS 3a/1aHOI CTPYKTYPH, aJIpecy NMepLIoro eJleMEHTa MacHBY, iHIEKCH HIKHBOI
1 BepXHBOI rPaHULL MACHBY, THI €JIEMEHTa MacHBY, pPO3MIip ciioTa.

Hanpuknag, U1 HaCTyRHOTO OITHCYBaHHA MACHBY:

var A; array [-5 .. 4] of Char
Aeckpuntop Oyae BUTAAATH Tak:
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I | 4.

Adr (4[-5]) -
-5 4

Char | |

Jnst C] Ty «MacuBy» po3Mip JECKPUITTOpa He 3aeXHUTh Bill po3MipHOCTi Macusy. [Tpu
KOXKHI# orepauii JOCTYITy BUKOPHCTOBYEThCS BCs iHdopmattis feckpurnrropa. Hanpuknan, mons
rpaHuLli 3MiHH IHIEKCY BUKOPHUCTOBYIOTHCS TTPH 00pOoOLIi BHHATKOBHX OTiepalliii.

3.4. EOEKTUBHICTH MACHBIB

MacuBH cexTHBHI NpW 3BEpTaHIiii 10 JOBINLHOTO €JIEMCEHTa, AKe BiOyBa€Thes 3a
nocTiimui wac (O (1)), oanak Taki onepauii Sk AOJABaHHS Ta BHIAJICHHS €JIEMEHTa,
norpebytoTs wacy @ (n), Ae n — po3mip MacuBy. ToMy MacHBH TNepeBaxHO
BHKOPHCTOBYIOTECA [is 30epiralHa JaHux, 4O eNEeMEHTIB AKUX BinOyBaeThcs NOBUIBHHIA
npoctyn 6e3 monasaHHs abGo BUOANICHHS HOBHUX €NEMEHTIB, TOAI SK JUIs aNTOPHUTMIB 3
IHTEHCHBHUMH ONepaLliiMH I0laBaHHS Ta BUIaNEHHA, eGeKTUBIIILNMH € 3B’ A3aHi CITUCKH.

[Hia nepesara MacHBiB, fka € JOCHTb BajKJIMBOIO — L€ MOXUTHBICTb KOMITAKTHOTO
36epexxeHHs MOCIZOBHOCTI X eleMEHTIB B JIoKaibHil obnacTi naM’aTi (IO He 3aBiKIH
BAAETHCHA, HATIPUKJTAZL, A4 38 A3aHHX CIIMICKIB), IO J03BANAE epeKTHBHO BUKOHYBATH Oricpalii
3 NOCHIAOBHOrO 0GXO/Y €/IEMEHTIB TaKHX MAacHBIB.

MacueH € j1ye eKOHOMHOIO IOZI0 HaM’ATi cTpyKTypoto AaHux. Jina 36epexenns 100
HTHX 9rcen y MacuBi TpeGa pisro y 100 pa3iB 6ibiie mam’sTi, Hidk JUist 36epexe1THa OAHOTO
ypcia (Moc, MOX/IUBO, WIe Jickinbka 6aifTie). V Toit xe wac, yci CTpyKTYpH JaHHX, siKi
6a3ytoTbCq Ha BKa3iBHHMKax, norpebyloTh JOAATKOBOI MaM’sTi 1Jis 36epeeHHs CaMHX
BKa3iBHUKIB pa3oM i3 aanumn. OHak, onepailii 3 hikcoBaHUMHU MacCHBaMH YCKJIaIHIOIOTBCA
TOJIi, KOJIH BUHHKA€E HEOOXIAHICTh IONaBaHHA HOBUX EJIEMEHTIB Y BiKE€ 3arOBHEHHH MacHB.
Toni #oro cnif po3WHPIOBATH, WO HE 3aBXJIH MOXIWBO i JUIS TaKWUX 3afay CIif
BHKOPHCTOBYBATH 3B’ 3aHi CNHCKH, 260 IMHAMiuHi MacHBH.

VY Bunajgkax, KOJIM PO3Mip MacHBY € JIOCHTh BEJTMKWH i BUKOPHCTaHHA 3BHYaHHOro
3BEPTaHHA 3a iHAEKCOM cTae npobnemMaTHyHuM, a60 BEMKHA BiACOTOK HOTO KOMIpok He
BHKOPHCTOBYETHCS, Tpeba 3BepTaTHCA 10 aCOLLiaTHBHHX MacHBiB, Jic NpobneMa iHIeKCyBaHHSA
BEIMKHX 00’ eMiB iHdopMmaLLii BHpillyeTbea onTuManbHilue. B acouiaTnsHoMy MacHBi 3aMicTh
YHCTOBHX iHAEKCIB BHKOPHCTOBYIOTHLCA Kmtodi Gyns-akux Tvnis. JlaHi B acouiaTnBHOMY MacHBi
TaK caMo MOXYTb OyTH pisHoTHnHMMH. Taka cTpyKTypa Takox BifloMa Ak «xemn abo sk
«cnosuMi». 1le nuine BinoOpaxkeHHs «Ha3Ba-3HAUEITHA», AK NOKA3AHO HIKYE:

h={1=>2, «2» => «4»}

print hash,»\n»

print hash[1],»\n»

print hash[«2»],»\n»

print hash[5],»\n»

3 Toi MpUYMHH, [0 MacuBH MaloTh (ikcoBaHy HOBXKHHY, Tpeba ayke obepexHo
CTABHTHCS A0 MPOLEAYPH 3BEPTAHHA [0 ENIEMEHTIB 3a iXHIM iHIEKCOM, TOMY IO HaMaraHHs
3BEPHYTHCS JI0 €JIEMEHTA, iHJIEKC AKOTO MEPEBHIIYE PO3MiP TAKOTO MacHBY (HampHKJaj, A0
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efleMenTa 3 iHAEKCOM 6 y MacHBi 3 5 eJIEMEHTIB), MOXE MPU3BECTH A0 HenepeadadyBaHHX
HacTiaKiB.

Tpeba Takoxk OyTH yBaskHHM HIOO NMPHHLUMIIB HyMEPaLii eJIEMEHTIB MacHBY, KA B OJIHHX
MOBaxX MpOrpaMyBaHHA MOKE MOYMHATHCH 3 0, a B iHIIMX — 3 [.

3.5. 3BEPITAHHSA BATATOBUMIPHUX MACHUBIB

36epeskernns OAHOBUMIPHOTO MAcHBY B ITaM’4Ti € TPUBIaJILHAM, TOMY HIO CaMa 11am’siTh
KOMIT'IOTEPa € OHOBUMIPHHUM MacHBOM. Lns 36eperkeHnst GaratoBUMipHOroO MacHBY CHTYallist
yCKnaaHoeThea. TIpunycTrmMo, o MU Xouemo 30epiraTH OBOBHMIpHHI MacHB TaKoro
BHIJISITY:

~N -
=BV, B S
O N W

Haiinownpenimi criocobu foro opraHizauii B maM’sTi HaBegeo HUKYe.

Postamysanus «psaok 3a paakom». Lle HaliGinLw yxxuBanuii Ha ceorofHi cnoci6,
AKMI 3yCTPIHAETECH y GUIBHIOCTI MOB MPOTpaMyBaHHS:

1 2 3 4 5 6 7 8 9

Po3TallyBaHHA «CTOBNYHK 3a CTOBIIHKOMY. Takuii MeToy po3TalllyBaHH! MacHBIB
BHKOPHCTOBYETBCS, 30KpEMa, B MOBi nporpaMysanus Fortran:

1 4 7 2 5 8 3 6 9

Macng i3 macuBiB. baraToBUMIpHi MacHBH penpe3eHTYIOTECA OAHOBHMIPHHMH
MaCHBAaMH BKa3iBHUKIB Ha OJHOBMMIpHi MacuBH. Po3TairyBaHHs Moxe GyTH K «pSIOK 3a
PAIKOM», TaK i «CTOBITYMK 338 CTOBMYHKOMY.

TMepuri asa criocoby M03BONAIOTE PO3MilllyBaTH JaHi KoMMakTHiWeE (MaloTh Gilbiry
NIOKANTLHICTB ), O/THAK 11€ OJHOYACHO | 06MEXeHHS: TaKi MACHBH MAIOTE OyTH «TIPAMOKYTHHMHY,
TOOTO KOXKHHH PSIOK Ma€e MiCTHTH OJJHAKOBY KillbKiCTb eeMeHTiB. PosTaluyBaHHs «MacuB
i3 MacuBiB», 3 iHOro 60Ky, He IyXe e(ekTHBHE OO0 BUKOPUCTaHHS nam’aTi (HeobXimHo
36epiraTv JORATKOBO iHGoOpMaLild NMpo BKAa3iBHUKHM), ajne 3HiMac oGMeXeHHs Ha
«TIPSMOKYTHICTB) MacHBy.

Oco0HBHM BHOM MacHBIB € PO3pidkeHHi MacHB (MaTpULA), B AKOMY- 1aHi MofiaHi
HE He3TepepBHO, a (parMeHTapHO. ANTOPUTMH OMPAHIOBAHHS PO3PIHKEHHX MaTpHLb
nepen6a4atoTs Jii TiTBKK 3 HEHY/IBOBUMH €EMEHTaMH i, OTXKe, KibKIiCTh omnepauiit Gyne
TiporiopLiiHa KiNnbKOCTi HEHYIBOBHX ETEMEHTIB.

IcHy1oTE pi3ni MeToay 36epiraHHs eneMeHTIB MaTpHLL B NaM’ ATi, HaTIpUKITAL, JiHIHHNH
3B A3HMH cricok. MoxkHa 36epiraTi MaTpHLIO, BHKOPHUCTOBYIOHH KiJTbLIEBHH 3B’ A3HHUH CITHCOK,
IBOHAMPAMJIEHI CTEKM i Yepru (aeTanbHilme posrnsHyTo Aaji). ICHye AiaroHaibHa cxema
30epiraHHs CHMETPHYHHMX MaTPHUb, a TAKOXK 3B’S3HI CXeMH pO3pimkeHoro 3bepiranus.
3B’a3Ha cxeMa 36epiraHHs MaTpuLp, 3anpononoBana KuyTom [7, 8], nporionye 36epiraty B
MacHBi (Hanipukiaz, B AN) B IOBITBHOMY NOPAIKY CaMmi elleMCHTH, iHAEKCH PAKIB i CTOBIIILIB
BIAIMOBIJHUX eNleMeNTiB (HanpHKian, B Macueax / i J), Homep (3 MacuBy AN) HacTynHOTO
HEHYNBOBOTO €JICMENTa, PO3TAalloOBaHOTO B MaTpHLi y pianky (NR) iy crosnui (NC), a Takox
HOMepa €IEMEHTIB, 3 AKIX ITOTMHAETHCS PAJOK (BKAa3iBHMKM WISt BXoAy B TepMiHi — JR) i
HOMEPH EIEMEHTIB, 3 AKHUX MOYHHAETHCA CTOBIELL (BKA3iBHHKH IS BXOAY B CTOBMELE —
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JO). Taka cxema 30epiraHHsi Ha[UIHITKOBA, aJie JO3BONSE JIETKO 3MiHcHIOBaTH Gyab-sKi
orrepallii 3 eneMeHTaMH MaTPHLL.

Halimupwe BXXHMBaHa cxeMma 30epiraHHs po3pidKeHWX MaTpHUb — e CXeMa,
sarporioHoBaHa Yanrom i I'ycTaBcoHOM: «po3pipkennii paakosHii popmar [22]. Lia cxema
BUCYBaE MIHIMAJTBHI BUNOTH 10 TaM’sITi i Iy>ke 3pydHa TIPpU BUKOHAHHI onepauii 100aBHHA,
MHOKEHHS MaTpHLb, TPAHCTIOHYBaHHS, PO3B’AY3yBaHHS CHCTEM JTiHIHHAMX DiBHAHB, NpU
36epiranHi koeillieHTIB y Po3pi/keHUX MaTpULAX i T.iH. ¥V 1bOMY BHTIAJIKYy 3HAYEHHH
HEHYNILOBUX €JIEMEHTIB 30epiraroTbcs B MacHBi AN, BillMOBiAHI M iHIEKCH CTOBNIIB — Y
macugi JA. KpiM Toro, BUKOPHCTOBYETECSA MacHB BKa3iBHHKIB, Hanpukan 4, o Bij3HaYaioTh
no3uwii AN i JA, 3 IKHX NOYHHAETRCS ONKC YeproBoi cTpivxy. JlonaTkosuit koMnoHeHT B /4
MICTHTE BKa3iBHHK ITepINOi BUTLHOT Mo3uii B JA4 i AN.

Ha npaxmuyi ons po6omu 3 po3piodceHuM Macueom po3poonaiomvca Qynxuii:

a) Ona nepemeopenns iHOeKci8 macugy 6 IHOeKc eexmopa;

0) OnA GUBHAUEHHA 3HAYEHHs elleMeHmy MAacugy 3 H020 3aliUKO6AHOZ0 NOOAHHSA 3a
d8oma indekcaru (pAOOK, CMOGNUUK);

6) ONA 3aNUCY 3HAYEHHA eleMeHmy Macugy 8 1020 3anaKo8anoMmy NOOaxHi 3a 0éoma
inoexcamu.

[Mpu TakoMy migxoni 3BEpHEHHS IO €NIEMEHTIB TIOYaTKOBOTO MAacHBY BHKOHYEThCH 3a
JIOTIOMOT 010 Bkasatnx ¢yukuiii. Hanpukian, Hexal € qBOBMMipHa po3pikeHa MaTpHL, y
AKIA yci HEHYNbOBI €IEMEHTH PO3TallIOBAH| Y WIaX0BOMY MOPAAKY, MOYWHAIOYH 3 APYTOro
enemenTa. Jins Takoi MaTpui popmyna o6IHNCNEHHS iHICKCY €IEMEHTY B JTIHIHHOMY NofaHHi
Oyne Takoro:

L=((y-1)*XM+tx) 12),
ne L — innekc y ninifiHoMy NOJaHHi; X, y — BIiNOBIHO PANOK Ta CTOBMYHK y ABOBUMIPHOMY
nofanHi; XM — KifIbKiCTb eneMeHTIB Y PAJIKY NO4aTKOBO1 MaTpHILi.

IMporpamua peanizauis UbOro MeToy Taka (3HaueHHs XM Binome):

Function PutTab(y,x,value: integer): boolean;
Function GetTab(x,y: integer): integer;
Var arrp: array[1. XM*XMdiv 2] of integer;
Function Newindex(y, x : integer): integer,;
var i: integer;
begin NewlIndex:=((y-1)*XM+x) div 2); end;
Function PutTab(y,x,value : integer): boolean;
begin
if NOT ((x mod 2<>0) and (y mod 2<>0)) or
NOT ((x mod 2=0) and (y mod 2=0)) then begin
arrp[NewlIndex(y,x)]:=value; PutTab:=true; end
else PutTab:=false;
end;
Function GetTab(x,y: integer): integer,;
begin
if ((x mod 2<>0) and (y mod 2<>0)) or
((x mod 2=0) and (y mod 2=0)) then GetTab:=0
else GetTab:=arrp[NewIndex(y,x)];
end;
end.
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Crtrcne nogaHHa MaTpHUi 30epiraeTeca y BEKTOpi arrp.

@yukuis Newlndex BUKOHYye NiepepaxyHOK iHJEKCiB 3a HaBeeHOO BHIIE (OPMYIIONO i
TIOBEPTAE iHIEKC eJIeMEHTa y BEKTOpI arrp.

®ynkuis PurTab BukoHye 3Gepiraiis y CTHCIOMY MOAAHHI OIHOTO €JTEMEHTA 3 iHAEKCaMH
X, y 1 3Ha4eHHAM value. 30epiraHHs BUKOHYETLCS TUTEKH Y TOMY BHIAAKY, AKUWIO iHAEKCH X, Y
azipecyloTh He HYNbOBUI enemenT. Skio 36epiranns BUKoHaHe, GYHKLIs noBepTac true,
inakte — false.

Jns jocTyny 1O efeMEHTa 3a ilIeKcaMH JBOBHMMIPHOI MaTpHLi BHKOPHCTOBYETHCHA
¢yuxuis GetTab, axka 3a iHIeKkcax X, Yy NmoBeprac sBUOpaHe 3HavieHHA. SIKWO iHAEKCH
agpecyloTh HyNbOBHIi efleMeHT MaTpuui, dyHKUis moseprae 0.

PosrnsHeMo fetto iHWwmii croci6 cgekTuBHOro 30epiranis po3pimkeHoi MaTpHIIi: s
MaTpHLi CTBOPFOETHCH JECKPHIITOP — MACHB desc, SKHii 3aMORHIOETBCS TIPH IHIianizanii
MaTpULi TAKKM YHHOM, 10 /-HH €IEMEHT MAaCHBY desc MICTUTB iHJIEKC MEPLIOro eIEMEHTY
i-oro psAKa MaTpuLi y iT ninifiHoMy nmoganui. Takuii MeTol CMpoLIye AOCTYT 0 KOXHOTO
enemenTa MaTpuui (pyHkuis Newlndex): 3a HOMepoM psdka 3 JecKpHUITOpa Bigpazy
BUOMpAETHCA IHAEKC MOYATKY PAAKA i 10 HBOTO JOJAETHCS 3CYB elleMeHTa 3i CTOBIIYHMKA X.
IMpouenypwy PutTab i GetTab —Taki %, sk i B oNepeaHii peanisauii, TOMy TyT HE HABOIATBCA.,

Function PutTab(y,x,value : integer): boolean;
Function GetTab(x,y: integer): integer;
Procedure InitTab;
Var arrp: array[t. XM*XM div 2] of integer;
desc: array[1..XM] of integer;
Procedure InitTab;
var i : integer;
begin
desc[1]:=0,; fori:=1to XM do desc{i}.=desc[i-1]+XM;
end,
Function Newlndex(y, x : integer): integer;
var i. integer,
begin Newlindex:=desc[y]+x div2; end;
end.

3.6. CA TUITY «MHOXHWHA>»

%* Muoscuna — cxinvenuti nabip enemenmie 00H0c0 muny, ONA AKUX 1e GANCIUBHI
NnopadoK CRIOYEBAHNA | JCOOEN 3 eleMeNMIE e MoJIce Oymu 08a pazu GKAIONEHU.
Taxa CJ eusnauacmuoca xoncmpyxyicio type T = set of TO, de TO — 66ydoeanuii
abo paniwe eusnavenuii mun oanux (bazoeuti mun). 3uaueHHAMU 3IMINHUX MUNY
T € mnooicunu enemenmic muny TO (30xkpema, nopoxcni MHOMCUHY).
KapauransbHe ynciio MHOKHHH (MTOTYKHICTE) piBHE KiTBKOCTI i1 €/IEMEHTIB.,
Ha6ip nonycrumux onepaniii anst CJI THIY «MHOKHHA»: «*» — TIEPETHH MHOXHH,
«+» —06’€THAHHA MHOXHH, «-» — PI3HHI MHOXHH, «in» — IepeBipKka HaJIeKHOCTI 10 MHOXHHA
eneMenTa 6a30BOTO THITY.
Heckpurrrop CII Tty «MHOXHHAY» He BiIpi3HAETHCH Bil aeckpurntopa CJI THITY «MacHB»,
Tomamo nporpamy, sika BHBOIHUTB YCi IU(PH, L0 He BXOAATD Y IECATKOBHIA 3aHC YHCIIA,
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JUist boro CKOPHCTAEMOCS MHOXKHHOIO S, IO MICTHTHME YCi M pu.
Vars:set of 0..9;
n,ost,i;integer; {n —uncno, ske Tpeba npoaHanisysaTtu}
begin write(‘Input number’);
readin(n);
s:=[0,1,2,3,4,5,6,7,8,9]; {Bkniounnu y MHOXUHY BCi Liudopn}
while n>0 do
{Bupinaemo uudpu uicna meTonom AineHHA noro Ha 10}
begin
{BM3HAYaEMO ocTauy Bif AiNeHHs}
ost:=n mod 10;
n:=n div 10;
if (ost in s) then s:=s-[ost] {3ailicHiOEMO Oonepauiio pi3HULi}
end;
{BuBEegemo Bci Lcbpy, Lo He HanexaTh A0 3anncy YNCna, 3a 3pOCTaHHAM}
fori:=0to 9 do
fiins the‘n write(i,’,”)
end.
Haituacritie MHOXXHMHH BHKOPHCTOBYIOTECA N8 (OpMYBaHHS Habopy €neMEHTIB, 10
3yCTPIYalOTECA Y MachBax JIHILIE OAHH pa3.

3.7. CJl THITY GAIHUC (MPIMUI AEKAPTOBHI TOEYTOK)»

#* 3anuc — nocridosiicmn enemenmie, AKi, 8 302WILHOMY BUNAOKY, MOJICYmb bymu
00Ho20 muny. Ha nociunomy pieni ClI muny «3anucy moxcna sanucamy mak:
type T = Record

S, T,

S, T,

S, T,

End;

Tyr: T, aminwoetses mpu i = 1,2, ..., n; S, ..., §, — ineHTudixaTopu nonis;
T, ..., T — tanu panux. flko 7, TAKOX € y CBOIO YEPry 3aMMcoM, TO S, — iepapXiuHuii
3aruc. :
Axuio DT, — MHOXWHA 3HaueHb crieMenTis Tury T,, DT, — MHOXHHA 3HaueHD EEMEHTIB
tuny T, ... , DT — MHOXHWHA 3Ha4eHb €NEMEHTIB THITY T, ne DT — MHOXHHA 3Ha4YeHb

enemenTis Thny T Gyie BA3HAYaTHCA 3a JONOMOTOIO MPAMOTO iekapToBoro JobyTky: DT=
DT, x DT, x ... x DT . Iniumumu cioBaMu, MHOMHHA J0TTYcTUMHX 3HaveHs CJI Tury

n
«armon: Car(T) = HCar(Ti) )
i=|

Honyctumi onepartii gnst CJ] iy «3anvic» aHanoriuni 1o onepauif s CJ1 tummy «MacHsy.

Hecxpunrop CII iy «3anucy MicTUT Y cobi: yMOBHE NMO3HAUEHHS, Ha3Ba CTPYKTYPH,
KiTBKICTH 1TONIiB, BKA3iBHUK Ha mepiuuii enemeHT (y BHmaaky mpsmokytnoi CJI),
XapaKTEPUCTHKH KOKHOTO eleMeHTa, YMOBHI NO3HaYEHHS THITY KOXKIIOTO elleMeHTa, Po3Mip
CIIOTa, a TAKOXK 3CYB, HeoOXiHMH 1 o6UHCIEHHS aapecH.
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3arasnom, 3cyB — L€ apeca KOMITOHEHTY (TIons) 7, 100 NOYaTKOBOI afpecH 3aIlucy r.
3cys obuncmioeTbest Tak: k, = S, + S, + .. + 8§, i=1,2, .. nme S, — posmip crora
KOXKHOTO eJIeMEHTa 3arucy.

Heckpurrrop CJ] Tuny «3arvey, Ha BigMiHy Bif feckpurrropa CJ] Ty «Macusy, 3a1exHTs
Bif KilTBKOCTI €JIEMEHTIB 3arTHCY,.

ITpuknan crpykrypu Ha Mogi Ci:

typedef struct { char name[20];

char city[30];
char dcount[10];
} school;

TyT oronolreHa cTpyKTypa (3aruc), o CKTafaETheA i3 3 CTPIUKOBHX KOMIOHEHTIB Pi3HOT
JIOB>XKHHW | BU3HAYEHO Ha3By Uiel CTPyKTypH — school.

IMoxaxeMo, SIKHM YHHOM MOXXHa NoegHaTH ocobnueocti CJ] THmy «muoxuHay» ta CJ]
THITY «3anvcy». Hexali BUHHMKNa 3a[aua GopMyBaHHS CITUCKY MiCT, y SKHX PO3MIlIleHi 3a/1aHi
koK. OCKINBKH y KOXKHOMY MICTi €, K MiHIMyM, OIHa LLKOITa, TO 1a3BH MICT y 3arucax
MOXYTb NOBTOpIOBaTHCh. [T LBOro copMyeMo MHOXKHHY MicT. Ockinsku mosa C He
migrprmye CII «MHOXHHa», TO chOPMYEMO MHOXKHHY 3a AOMOMOrOI0 MacHBY.

#include<stdio.h>

#include<string.h>

struct school

{

char name[20];

char city[20];

char dcount[10];

Ya[10];

void main()

{

Il MHOXWHa MiCT

char set[10][20];
//Ha noyaTtky po6oTH MPOrpaMu MHOXUHA NOPOXKHA
int k=0,i,j;
for(i=0;i<10;i++)
scanf(*%s%s%s" &ali].name,&a(i].city,&a[i].dcount);
strepy(set[0],a[0].adress);
for(i=1;i<10;i++)
{
int 1=0;
for(j=0;j<=k;j++)

/InepeBipka, Uu € enemMeHrT Yy MHOXUHI

if(stremp(ali].city,set[j})==0) 1++;

//akwo HemMae, To BKMYaemMo

if(!) strepy(set[++k],a[i].city);

}

for(j=0;j<=k;j++)

printf(“%s\n” set[j]);
}

PO3JIUT 3. Cimpyxkmypri ma Jiiniiini muny 0QHUX
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%* Tabnuya — nocnidosunicme 3anucis, aki maome my camy opzanizayiro. Taxuii

OKpeMUU 3anuUc Hazusacmvcsa enemenmom mabauyi. Haiivacmiwe suxopuc-

mosyemuvcs npocmuii 3anuc. Omoice, mabnuys — ye arperayis enemenmie. Axujo

NOCHIO0BHICMb 3anuUcié NOPAOKOBAHA OO0 NeGHOI O3HAKYU, MO maka mabauys

HA3UBAEMBCS ROPAOKOGAHON), IHAKWE — MAbNUYs HeeRopAOKoeand.
Knacudikauito CII Tuiry TaGnuiis nopano Ha pwic. 3.1.

CH tamy
/%
HECBIIOPALKOBaHa BHOpS{IIKOB aHa Xel-
Tab I Tab JHIIS Tab M

—l

K BigoOpaXeHHS Ha K Bimob

BaX(CHHﬂ Ha
MacCHuB C

HCOK

KOPTEXK

Puc. 3.1. Knacugikuia CLl muny «mabnuusi».

Skuio omuH eneMenT d,, To kopmexnc —ue <d,. d,, ..., d >, npuuomy DT O d. MuoxnHa
3HayeHb eneMeHTiB TUNy 7 (MHOXHMHA RomycTUMHX 3HaueWb CJ| Ty «tabnuus») Gyne
BH3HAUaTHCS 32 JOTIOMOTOI0 NpSMOro JICKAPTOBOTO NOOYTKY:

DT=DT v DT,r ... DT, npnaomy DT O <d,. d,, ..., d>..

Cam enemeHT Tabnuui MokHa nofaTh y BUIani agiiiku <K, V>, ne K — wnow, a V —
TiNo enemenTa. Kimouem mMoxe GyTH pisHa KUTBKICTE MONIB, AKI BU3HAYAIOTH LiCH EIEMEHT.
Kitrot BHKOPHCTOBYETBCA 118 onepauii JOCTYTy O eIEMEHTa, TOMY L0 KOXKHHUI 13 KITIOHiB
YHIKanbHHi ans 3aganoro enemenTta. Omke, Tabnuus € cykynHicTio asifiok <K, V>.

Ha noriunomy pisHi enement CJ{ Tuny «Tabnins» onucyBaHHAETHCA Tak (MPUKITa Ha
mosi Mackans):

Type Element = record

Key: integer,;

{onuc iHwwnx nonis}

end;

TIMpu peanizanii rabnnui sk BigoOpakeHHS Ha MACHB ii ONMHC BUTIIAJAE TaK:

Tabl = array [0 .. N] of Element.

ITin yac BHKOHAaHHSA TIPOrpaMH KiTbKICTb €JIEMEHTIB MOXKe 3MiHIOBaTHCA. CTpyKTYpa, y
AKiH 3MIHIOETBCA KINBKICTh €TeMEHTIB MiJl Yac BUKOHAHHSA MPOrpaMH, Ha3UBAETHCA
Oounamiynoio. SIKIIO PO3riAAaTH AWHAMIYHY CTPYKTYpY fK BidoOpakeHHS Ha MacHB, TO
TaKa CTPYKTypa Ha3UBAETHCA HANIGCMAMUYHOIO.
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Tlepen THM K BU3HAYHTH ONepaiLii, ki MOXIHa BUKOHYBAaTH Hajl TablIMLEIO, PO3ITIAHEMO
kaacHpikanio omepanii.

Koncmpyxmopu — onepauii, siki cTBOpIOIOTh 06’€KTH PO3IISTHYTOl CTPYKTYPH.

Hecmpyxmopu — onepauii, faki pyiHy!oTE 06’€KTH PO3MIAHYTOI CTpyKTypH. O3HAKOIO
iiei omepaii € 3BUTEHEHHA NaM’ ATi.

Mooughixamopu — onepaltii, 1Ki MOARGIKYIOTH BiANOBIAHI cTPYKTYpH 00°ekTiB. Jlo HHX
HaJI&KaTh MHAMIYHI i HaniBCTaTHYHI MotugikaTopH.

Cnocmepizaui — onepallii, y SKnX eleMeliTOM (BXiHUM napameTpoMm) € 06’eKTH
BITTOBIZIHOT CTPYKTYPH, a MMOBEPTAOTH Ui OTiepaLlii pe3ynsTaTH inmoro Timy. OTxe, onepaitii-
CTIoCTepirayi He 3MIHIOIOTH CTPYKTYDY, a JIUIIe NoAaloTE iHdopMallifo rpo Hei.

Imepamopu — oneparopu NOCTYRy [0 BMICTY YaCTHHH 00’€KTa y MEBHOMY lOPSJIKY.

Hab6ip oonycmumux onepauyiii ona CH muny «mabnuys» nodacmo Huxcue

e Onepayisa iniyianizayii (xoncmpyxmop).

o Onepayis sxmovenns enemenma 8 mabauylo (Mooughixamop).

o Onepayis suxniovenHsn enemenma 3 mabauyi (Moougixamop).

Onepanii-npeouxamu:

v mabnuys nopoxcus / mabauys e nOpoxcHA (cnocmepizay),

v mabnuys nepenosuena / mabnuys ne nepenognena (cnocmepizau).

V' Yumanus enemenma 3a kmovem (cnocmepicau).

3.9. CATHITY «CTEK»

¥ Cmex — ye nocnioogHicms, y AKitl KAIOYEHHA U GUKNIOYEHHS eleMenma
30idcnioemoca 3 0OHiel cmoponu nocrioognocmi (gepwunu cmeka). Tax camo
30ilicHioembca it onepayis docmyny. Cmpykmypa (yHkyionye 3a npunyunom
LIFO (ocmanniii, wo npuiuos, obcayzogyemvca nepuium). Ymo6Hi noznavyeHHs
cmexa 306paxceni na puc 3.2. '

BKJI. """ bl -;--..‘ _B>I<JI.
Buxn i b i JJO00..00
Buxn.

a) 8idobpaxeHs Ha macue 6) si00bpaxxeHHA Ha CrucoK

Puc. 3.2. OpaaHizauyis cmeka.

IMpw peanizauii creka po3rAAalOTeed CTeK AK BinoOpaxkenHs Ha MacHB i cTek AK
BiZoGpaskeHHs T1a CITUCOK. o

Binobpaxenns na mMacus nepefdavyae OroNOMEHHS 3BHYAIfHOrO MacHMBY Ta 3MiHHOT,
3HAYEHHA AKOI JIOpPIBHIOBaTHME 3HAUEHHIO HIEKCY ClIeMeHTa, [0 BigirpaBaTHMe oIk
«TONOBHM» (ENIEMEHTa, Ha AKWH BKa3yBaTHMe BKa3iBHHK):

int a[100}; // oronoweHHs cTeky

int n=0; // picHa KiNbKICTb enemMeHxTiB y cTeka

int current=99; // iHaekc «ronosu», Aie npuHumn LIFO

void pop () // dbyHkLis BuaobyBaHHA (BUNyYEHHR) eneMeHTa 3i cTeka

if (n!=0)
{

current++; // 3cyHynu «ronosy» Ha OAVH ENEMEHT Bnepen
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printf(“%d%, a[current)),

n—; /1 3MeHLIMNY KiNbKICTb eneMeHTIB
}
void push () // byHkUiA AoAaBaHHA enemeHTa 40 CTEKY
if (n<99)
current—,;

/lpopanu «ronoBy», 3CyHYBLUW iHAESKC HA OAUH eNeMEHT Bnepeq,
scanf(“%d%, &afcurrent));
n++; /1 36iNbWKNK KiNbKICTL enNeMeHTIB
BinoGpaxxeHHs Ha crTHCOK Nepeabadae OroOUEHHs TuHamiuwoi crpyktyph. Iepesaroto
TaKkoro BinoOpaXeHHs € BiICYTHICTH 0OMEXEHb HA MaKCHMAJIbHY KUTbKiCTh €JIEMEHTIB y

CTeKYy, aJie, BoHo4ac, nepeabavyae miATPpUMKY CKIIaHIILOT BKa3iBHUKOBOT CTPYKTYpPH:
struct stack {

intel; /] 3HaYeHHs enemeHTa
struct stack *next;} st // agpeca HacTynHoro enemeHTa
st *head, *p1, *p2; //BKa3iBHUK Ha «rONOBY», AOMOMIiXKHi BKa3iBHUKW

st* push(int a; st *cur)

Il byHKUjA foAaBaHHA eneMeHTa,

Il a = 3HaueHHn, Ake Tpeba BHeCTU ¥ CTek
I/ cur — sBeplunHa («ronoear) creka

{st*p;
1 AKLLO CTEK MOPOXKHIN
if(‘cur)
{
I/l cTBOPIOEMO BEPLUNHY
cur=(st*)malloc(sizeof(st));
cur->el=a;
cur->next=NULL,
return(cur);
}
else
{
// CTBOPIOEMO HOBWUI €NEMEHT, AKMIA CTaHe BePLUMHOIO cTeka
p=(st*)malloc(sizeof(st));
p->el=a;
p->next=cur,
return(p);
}
st* pop() /l sBupanenHs BepLNHY cTeka
{st*p;

if(head) // AKWO B CTEKY € €NEMeHTH
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{ .// BepwmHoIO CTae HAaCTyNHUA enemeHT
p=head->next;
/] sHmwyemo «ronosy»
free(head);
return(p);

}

else return (NULL),

}

Cykynnicmos onepayii, w0 eusnauawoms CMpyKmypy muny «cmex», nooana
HuMCYe.

V' Onepayis iniyianizayil.

V' Onepayisn 6Kkni0YeHHs eleMeHmd & CMeK.

v Onepayis euxniouenns enemenma 3i cmexa.

v Onepayisn nepesipxu: cmex nopodxcuiii / cmex He NOPOICHIU.

4 Onepayin nepegipxu: cmek nepenognenuil / cinex He nepenosneHull (ys
onepayia xapaxmepua OnA cmexa AK 8I006PANCEHHA HA MACUE).

v Onepayis wumanns enemenma (docmyn 00 enemeHma).

€ 0¢i mooudhixauii cmexa:

® gkazienux nepebyeaec Ha Gepwiuni cmexa, NOKA3yIoYU HA Neputuil ROPONCHIU
eremenm;

& cnom

®  GKA3IBHUK 6KA3VE HA NEPUIUIl 3aNOBHEHUN eleMeHm.

CJ10T

3.9.1. leckpunmop C4 muny «cmek»
Heckpurrop CJ] THITy «CTEK» MIiCTHTB.
v adpecu nouamky ma xinys cmexa,
v adpecy ékasisnuxa,
v onuc enemenmis -

YmosHi Ha3ssa

NMo3HaueHHs | cTeka
HwxHs agpeca crela
Bepxns anpeca cteia
AJipeca BKa3iBHWKa
Onuc eneMenTa

| 1]

3.9.2. O6nacmi saacmocyeaHHs1 CL] muny «cmek»

CTex BUKOPHCTOBYETBCS ITPU NEPETBOPEHHI PEKYPCUBHUX aNTOPHTMIB Y HEPEKYPCHBHI.
3okpema, 3a JOMOMOrOI0 CTeKka MOXHa MOOWGiKyBaTH aNrOpHTM COpPTYBaHHA Xoopa
(omucanuit y HacTyITHUX po3finax) [4, 7, 8].

Crek BHKOPHCTOBYETBCS IPH pO3pOBNEHHI KOMITINATOpIB.

Crekn BIUIMHYIM H Ha apXiTeKTypy KOMIT't0Tepa, MOCHYKHITM OCHOBOIO [T CTEKOBHX
MaliMH. Y Takoro KOMn’toTepa aKyMyNATOp BHKOHaHHWiH y BHINALI CTeka, IO A03BONSE
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POSUIHPHTH CNEKTP Ge3aAPecHUX KOMaH, TOOTO KOMaH 1, M0 He BUMAraloTh SBHOrO 3aJaHHA
anpec onepanziB. HacJliIkoM BHKOPHCTaHHS CTeKa € 3GiTBIIEHHSA WBHIKOCTI OTIPAIFOBAHHS.

3.10. CIl THITY (JEPTA»

#* Yepza — nocriooguicme, y AKY GKAIOYAIOMb eleMeHmu 3 00H020 6OKy, a
suxaouaiomes — 3 inwozo. Cmpyxmypa pyukyionye za npunyunom FIFO
(nadiimoswiuii nepuium, obcay208yembes nepuium).. YvmMoeHe no3nauenns uepeu
nodane Ha puc 3.3.

Buku.
B Buwa. (,,romosa”)
*E-”* _____ HID B 00..00_

~XBICT”)

Puc. 3.3. C muny «yepzanr.

Tpw peanizauii epry po3risaaioThCs depra sk BinoOpaskeHHs Ha MacHB (HaTliBCTaTHIHA
peanizauis) i 4epra sk BioOpaXKeHHs Ha CITUCOK.
Bino6paxeHHs Ha MacHB:
int a[100]; // oronolweHHs Yeprit
int n=0; // inaekc 0CTaHHLOrO eNeMeHTa y Yepsi
int current=0; // inaekc «ronosuy, gie npuHuun FIFO
void pop () // byHKuUia BuA0oGysaHHA (BUNYYEHHA) enemeHTa 3 Yepru
{
if (n!=0)
{ ,
current++; // 3cyHynu «ronosy» Ha.0AuH eNeMEHT Bnepen
printf(“%d%, a[current]);

}
void push () // pyHKuUis gogaBaHHA enemMeHTa Ao Yepru
{

if (lcurrent) // Yepra nopoxHsi

{
scanf(*%d%, &a[current]),

}

else if (h<99)

{ [/ 36iNbWVNN KINLKICTL €NeMeHTIB
n++; /] pofann enemeHT y kiHeub Yepru
scanf(“%d%, &a[n));

}

}

Bino6paeHHs Ha cnucok:
struct cherga {
int el / 3HayeHHs enemeHTa
struct charga *next;} ch // appeca HacTynHoro enemeHTa
ch *head, *p1, *p2; //BKa3iBHWUK Ha «rOMNOBY», AONOMIXKHI BKa3iBHUKN
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ch* push(int a; ch *cur)
/I pyHKUiA AofaBaHHS eNeMeHTa,
1/l a — 3HaueHHsn, sike Tpeba BHECTH Y Yepry
/I cur — ocTaHHiI enemeHT yepru
{ch*p; ’
I/ AKLL0 Yepra nopokHA
if(lcur)
{ /] CTBOPIOEMO BEPLUNHY
cur=(ch*)malloc(sizeof(ch));

cur->el=a;
cur->next=NULL;
return(cur);

}

else

{ /l cTBOPIOEMO HOBUIN eNEeMEeHT Ta J0AAaEMO oro y KiHeub
p=(ch*)malloc(sizeof(ch));
p->el=a;
cur->next=p;
return(p);

}

ch* pop() // BupaneHHA BepLUUHK Yepru
{ch*p;
if(head) // akwo B Yepsi € enemeHTH
{ ./ BepiumHolo cTae HACTyNHUI ENeMeHT

p=head->next;
/1 s3HULLyemO «ronoBy»
free(head);
return(p),
} .
else return (NULL);

}

CyxynHicTb onepauiif, o BU3HAYAIOTH CTPYKTYPY THITY «Hepra» nojgaHa HiKue.

¥’ Onepayis iniyianizayit.

v’ Onepayin exmoveHHs enemenma & uepzy.

Y Onepayis 8UKTIOYEHHA eneMeHma i3 yepau.

v’ Onepayis nepegipxu. uep2a nopodicua / uepza e nopojicHs.

v' Onepayis nepesipku: uepza nepenoénena / uepza ne nepenoemena.

V nocninoBHii nam’sTi yepra Mae TakMid BUIIAL, AK Ha puc. 3.4,

TyT: Uk, — BrasiBHKK Ha «ronoBy» (modatok) wepry, Uk, — BKa3iBHHK Ha «XBiCT» (KiHeup)
Yepry. ‘

U]oG yHHKHYTH NepENOBHEHHS, paLlioHaTbHO BAKOPHCTATH KinbLeBy uepry. ITpu somy
Uk, > Uk, abo Uk,> Uk,. V BunazKy * fKIIO uepra He KUTbLIEBa, TO 3aBXKIH Uk, > Uk,.
Slxmo yepra mopoxHs a6o nepenosHena, To Uk, = Uk,.
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Puc. 3.4. Cmpykmypa 0aHux mury «4ep2a» y nocnidoeHil namsimi.

Hexait n — noTouHwnii cran yepru, a N — KilbKiCTh €lEMEHTIB y Hep3i, TOXI MaceMo
ymosy 0 £ n < N, i 31HaueHHs n Moxe GyTH YMOBOIO TepeBipkH cTany wepru. Omnepauin
BKJIIOUEHHS MOX/IHBA, AKIWMO 7 < N, a ofepauis BHKIIOYEHHS — AKILO
n>0.Y BUMAaKy KiTBLEBOI “eprH MPH onepallii MOTyNs Bka3iBHUKII GyqyTe 3MiHIOBaTHCS
tax: Uk= Uk, mod N+ 1, Uk, = Uk, mod N + 1.

Cxema Ha ¢isuunomy pieni C/I Tumy «uepra» BUIMAZAE Tak:

Heckpunmop: '

VYMOBHI Ha3sga geprm
ITO3HaYC HHS
Hwaxns agpeca wepru
BepxHs aapeca qepru
Bka3iBHHK 1TOYATKY YEpry
Bxa3iBHWK KiHLS Yepru
BnacTHUBOCTI €JIEMEHTIB YepIH

O6aacTi 3acTtocyBanna CJ{ Tany «4epra»

Yepra BUKOPUCTAETLCS MPH NepeflaBalHi JaHWUX 3 OTIEPaTHBHOI y BTOPHHHY MaM’gTh
(npu usoMy BimGyBaeThcst nporneaypa Oydepuzauii: HaKOMHYYEThCA GNIOK | TIEpenaeThes y
BTOpHHHY nam’aTs). Hassuicts Oydepa 3abe3nedye He3alexHICTE B3a€MOIIT MPOUECIB Mix
BHPOGHMKOM i CrioknBadeM (paHTyBaHHS 3ajad KOPHUCTyBawa). 3ajadi po3JiNAoTECA 33
npiopUTETaMH:

e 3adaul, po3e’sazysani 6 pedxcumi peanvrozo yacy (8uwuii npiopumem) (vepza 1);

® 3adaui, po3e’asyeani 6 pedcumi po3oinenns uacy (vepea 2);

® 3adaui, pose'sszyeani @ nakemnomy pedcumi (gpornosi 3a0avi) (vepea 3).

HocTyn [0 eNeMeHTIB uepry 3ifCHIOETbCS TOCTiIOBHO.

3.11. CATHULLY (JAEK»

# Jlex — ocobnusuii 6ud vepeu. Jex (3 anzn. deq — double ended queue, wepza
3 08oMa Kinyamu} — ye makuil NOCcHiO06HUL CRUCOK, y AKOMY AK BKIIOYEHHS,
max i guKIIOUENnHA eneMenmia modce 30iUcHIo8amuca 3 0060x KiHYi8 cnucky.
Oxpemuii unadok oexa — Oek 3 0OMedceHUM 8X000M i Oek 3 obMedlNcenum
auxooom. Jloziuna i Qpisuuna cmpyxmypu dexa ananoziuni noziunii i Qizuunii
cmpykmypi xinoyeeoi FIFO-unepzu. IIpome, cmocoeno Oexa 0oyinbHO 2060pumu
He npo nouamok i Kineyv, a npo nieui i npasuti Kineyb.

Bxn. Buxit.

Bukl. e— o O O ... O O —Bxn.

ToOYaToK KiHelb
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Ha6ip nonycrnmux onepauiii s CJI tany «aek»:
Iniyianizayis;
BKIIOYEHHS elemMenma cnpasd,
BKJIIOYENHA eleMenma 31ieaq;
BUKNIIOYEHHA ellemMenma cnpaea,
GUKTIIOYEHHS eleMenma 31iea,
GUSHAYEHIA POIMIDY;
OYUUICHHA,
Taka cTpykTypa AaHWX € OIHIEI0 3 HAHJTETIIMX JJTS OTIPALIFOBAHHS CEpeN 3B’ T3HUX CITUCKIB
Ta NOEAHYE NMO3UTHBHI CTOPOHHU peaJtizallii CITHCKY Y BUTNIAAI CTEKY Ta 4eprH.
3anauiajiadi, 10 BUMaralotTh CTPyKTypH Aeka, 3yCTpidaloThesi B OOUHCITIOBANBH i TEXHIL|
i nporpaMyBanHi Habararo piALe, Hix 3a/ladiafayi, U0 peasiZoBYIOTbCA Ha CTPYKTYpi CTeka
a6o uvepru. Sk nmpaBuIO, BCA OpraHi3allis Jeka BUKOHYETLCS MPOrpaMicToM Ge3 SKHXOCH
crieliabHUX 3ac00iB CHCTEMHOT MIATPUMKH,
TMpuknagom nexa Moske 6yTH, HanpHKJIafl, SKUICH TEPMiHAJ, Y SKHii BBOASTECA KOMaH/H,
KOXKHA 3 AKMX BHKOHYETBCS 3a/[aHMH 9ac. SIKIo BBECTH HACTYNHY KOMAHJTY i HE JIO4EKATHCA
3aKiHYEHHS BHKOHaHHA MOMEPEHBOT, TO BOHA BCTaHE Y Yepry i MoYHe BUKOHYBATHCA, AK
TUTbKH 3BIIbIMTECA TepMinai. Lie FIFO-uepra. fkio x osaTkoBo BBECTH orepauiio BiMiHH
OCTaHHBOI BBEICHOT KOMAHAH, TO BHXOIUTH JIeK.
#include “stdio.h”
#include “conio.h”
struct node
{
int data; // onucyemo cTpykTypy
struct node *next;
struct node *prev;
y

node *first(int data); // BusHayaemo neplunili enemeHT

node *add(node *p, int data); // noaaemo eneMeHT Ha nNo4aTok

- node *addAfter(node *head, int data); //qoaaemMo enemMeHT y KiHeub

node *del(node *del, int st); //3Hnwyemo enemeHT

void view(node *head); //BinobpaxeHHN aeka

void delDek(node *head); //3sHuwyemo gek

// ronoeHa nporpama

main()

{

node *head, *p;

head=NULL,

int m_gl, m_dob, m_ud, m_yvi;

int data;

while(m_gl!=4)
{

PR REEEE XS

clrscr();
printf(“1. JoaaTtn enemeTtH.\n");
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printf(“2. 3HMWKTN enemMeHTAN);
printf(“3. BusecTn aek.\n");
printf(“4. Buxig.\n");

gotoxy(1,6);

scanf(“%i", &m_gl);

if(m_gl==1)
{
while(1)
{
clrscr();
if (head==NULL)
{

printf(“[lek nopoxHiii. BBeAiTh enemeHT: “);

scanf(“%i”, &data),
head = p = first(data);
}
clrscr();
printf(“.....loaaTtv enemeHrT....\n");
printf(“1. Ha nouyaTok.\n “),
printf(“2. Y kiHeub.\n");
printf(“3. NosepHyTUCL Ha3ag.\n");
gotoxy(1,6);
scanf(*%i", &m_dob);
if (m_dob==1)
{ _
cirscr();
printf(“JoaaTn eneMeHT Ha noyaTok.\n");
scanf(“%i", &data);
head=addAfter(head, data);
}
if (m_dob==2)
{
clrser();
printf("0doaaTtv eneMeHT y kiHeup.\n");
scanf(*%i", &data);
p=add(p, data);
}
if (m_dob==3) break;

}
}
if(m_gl==2)
{
while(1)
{ // BUBOAMMO MEHIO NpoTrpamu
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clrscr();

printf(* SHULWNUTM eneMeHT....\n");

printf(“1. Ha nouaTky.\n");

printf(“2. Y kiHui.\n");

printf(“3. OuncTuTi gek.\n");

printf(“4. NMosepHyTUCh Hasaa.\n");

gotoxy(1,6);

scanf(“%i”, &m_ud);

if (m_ud == 2) p = del(p, m_ud);

else if (m_ud==1) head=del(head, m_ud);

else if (m_ud==3)

{delDek(head); head=NULL,; printf(“Oek oumctunu!’);}
if (m_ud==4) break;

}
}
if (m_gI==3)
{
while(1)
{
clrscr();
if (head!=NULL) view(head);
else printf(“Oek nopoxHin.\n");
printf(“1. MosepHyTUCb Ha3zaa.\n");
scanf(*%i’, &m_vi);
if (m_vi==1) break;
}
}
}
node *first(int data)

{ /lcTBOpPIOEMO NEepLUN ENEMEHT
node *temp = new node;
temp->data=data;
temp->next=NULL;
temp->prev=NULL;
return temp;

} .

node *add(node *p, int data)

{ I/l enemeHT 3i 3HauYeHHAM data po3millyemo nicns p
node *temp=new node;
temp->data=data;
temp->prev=p;
temp->next=NULL,;
p->next=temp;
return temp;

PO3TIT 3. Cmpykmypri ma niniiini munu oanux

}
node *addAfter(node *head, int data)
{ // enemeHT 3i 3HaUeHHAM dala po3MiLyEMO Nepen rornosoto
node *temp = new node;
temp->data=data;
temp->next=head;
head->prev=temp;
temp->prev=NULL;
return temp;
}
void view(node *head)
{ /I BuBOAVMMO Ha ekpaH 3Ha4YeHHS enemMeHTiB aexa
node *t=head;

while(t)
{
printf(“%i\t", t->data);
t=t->next;

}
printf(“\n\n");
}
node *del(node *del, int st)
{ Il 3HVLLYEMO enemeHT 3i 3HaueHHs st
node *temp;
if (st==2)

{ .
temp=del->prev;
temp->next=NULL;
delete del;

}
else if (st==1)
{

temp=del->next;

temp->prev=NULL,;

delete del;

}

return temp;

}
void delDek(node *head)
{ /I 3rvwyemo yci enemeHTn aeka
node *;
for(t=head; t'=NULL, t=t->next)
delete t->prev;
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PO3JUT 3. Cmpyxkmypni ma niniiini munu oanux

Pe3rome

1. Macus — nocnioognicme enemenmie 00HO20 mMuny, AKUH HA3UEACMbCA OA306UM.
Mamemamuunoio mMo80i10 Macus — ye Qynxkyis 3 06MedceHOI0 0ONACMIO BUHAUEHHA.
Cmpyxmypa smacugie ooHopioua. [us 6uOineHns OKpemozo KOMRONEHMA MACUGY
BUKOPUCMAEMbCA [HOEKC.

2. Indexc — ye snauenns cneyianoHoz0 MUNY, BUSHAYCHOS0 AK MUR THOEKCY 3a0ai02o
macugy. Hao macusom euxonyiomv onepayii: docmyny, npuceoloéanus, iniyianizayil.

3. Cnocobu opzauizayii macusia: pAaook 3a psaOKOM, CMOSBNYUK 3A CMOGRYUKOM,
Macueé i3 macugis.

4. Muoocuna — ckinvennuti Habip enemenmis 0OHO20 Muny, O AKUX HE BANCTUGUH
nopAOOK CRIOY8aHHs | JHCOOEH 3 eNeMeHmie He Modice bymu dsa pasu exniovenui. Habip
oonycmumux onepayivi HA0 MHOJICUHOIO. nepemuH, 00 €OHAHHKSA, PI3HUYA, nepesipxa
Ha HarexcHicmo.

3. 3anuc — nocniooenicme enemenmis, AKi, 6 3a2aNLHOMY GUNAOKY, MOXCYMb Gymu
00Ho20 muny. /leckpunmop CIl muny «3anucy, na giominy 6io oeckpunmopa CJ{ muny
«mMacue», 3anexcumv 6i0 Kinbkocmi enemenmie sanucy. . ‘

6. Tabauya — nocnidosuicme 3anucis, ki MAlOMb 0OHAKOBY OP2 cmuamlo Taxuii
OKpemuu 3anuc Hazueacmoca enemenmonm mabauyi. Haitvacmiwe euxopucmosyemocs
npocmuu 3anuc. Omoice, mabauya — ye arperayia enemenmie. SAxwo nocaioosricms
3anucie 6nopsao0K08arHa 000 NEBHOI 03HAKU, MO MAKA MAOIUYS HAZUEACMbCA
énopaoxkoeanolo, inakuie — mabauys neenopsdkosana. Tabauys mooxce Gymu
peanizogana Ak 6i0obpadcenns Ha macug 4u AK Gi00GpadxNcens HQA CRUCOK.

7. € maxi knacu onepayiii: KOHCMPYKmMopu, 0ecmpykmopu, woduquamopu
cnocmepizayi, imepamopu.

8. Cmex — ye nocaioosuicms, y AKili GKNIOUCHHA U GUKNIOYEHHA eleMenma
30iticnioembca 3 00niel cmoponu nocrioosnocmi (6epwunu cmexa). Tax camo
30iucnioemoca 6 onepayia oocmyny. Cmpykmypa gyuxyionye 3a npunyunom LIFO
(ocmanuin, wo npuiiuios, 06CIY208VCMbCA NEPULUM).

9. qep?a — nOCNiO06HICMb, ¥ AKY 6KAIOYAIOMb eleMenmu 3 00H020 60Ky, a
guxaOYaiomes — 3 inuoz0. Cmpykmypa ynryionye 3a npuHuszM FIFOQ (naoittwos
nepwium, obcnyzo8ycmsesa nepitun).

10. Jlex — ye maxutt nocnidosnuil CRUCOK, y AKoMy K GKIIOMEHNs, MAK | GUKNIOYEHHSA
enemenmie Moxce 30IUCHIOGAMuUcs 3 000X Kinyie CRUCKY.

KonmponbHi 3anumaHrHs

1. Onuwimb cmpykmypu 0aHuUX mury «Macuey.

2. MNepepaxyiime Habip donycmumux onepauiii ons cmpmeypu daHux muny
«Macuey.

3. MMousamms deckpunmopa. Mpuknad.

4. Qeckpunmop cmpykmypu 0aHux mumny «Macue».

5.Cmpykmypu danux muny «3anucy» (npamuli dekapmosuli d06ymok).

6. Cmpyxkmypu 0aHux muny «mabnuusy. -

7. Knacudpikauia cmpykmyp daHux muny «mabnuysi».

8. Knacudpixauis onepauyiti Had crmpykmypamu 0aHux mumny «mabnuys».
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9. Habip donycmumux onepauili 8na cmpykmypu 0aHux mury mabnuysy.
10. Cmpykmypu 0aHux mury «Cmek».

11. CykynHicme ornepauil, wo 8U3Ha4alome CmpyKkmypy mury «CImeK».
12. feckpunmop cmpykmypu daHux muny «CmeKy.

13. Obnacmi 3acmocysaHHs CmMpPyKmypu 0aHux mury «CmeK».

14. Cmpykmypu GaHux murly «4epaar.

15. CykynHicmb onepauil, Wo susHavaloms cmpyKkmypy muny «4epaa».
16. Jeckpunmop cmpykmypu daHUX muny «4yepaa.

17. Obriacmi 3acmocysaHHsi CmpyKmypu 0aHux murny «depaas.

18. O6nacmi 3acmocysanHs CL] muny «Q3ek».

Tecmu Onsi 3akpinnedHss Mamepiany
1. [Nepepaxyeamu donycmumi onepayii Ha0 Macueamu:
a) onepauis docmyny;
6) onepauis po3iMeHyeaHHS;
8) onepauisi NPUCBOEHHS;
2) onepauyisi iHOeKCy8aHHs;
0) onepauis iHiyianisayj.

2. [Tlepepaxyeamu OaHi, ujo micmums OecKpunmop mMacuey:
a)im’q;

6) yMOGHE M03HaYeHHS;

8) adpeca nepwiozo enemMeHma;

2) adpeca ocmaHHbLO20 efleMeHma;

0) iH0ekc nepuwiozo eniemeHma;

e) iHO0eKkc ocmaHHL020 efleMeHma.

3. NMNepepaxysamu onepauyii Ha0 MHOXUHaMU:
a) nepemut;

6) mpaHCcnoHysaHHs,

8) 06'e0HaHHA;

2) pisHuus;

d) cyma;

e) nepeeipka HanexHocmi.

4. lamu eu3HavyeHHs1 cmpykmyp OaHUX murly «3anuc»:

a) nocnidosHicmb eneMeHmis, AKi, 8 3azafibHoOMy eunaodky, Moxyms 6ymu
00HO20 muny;

6) nocnidosHicmb enemeHmis, siKi, 8 3a2anbHoMy euradky, Moxymb 6ymu
pi3Hoz20 mury;

8) nocnidoeHicmb OEKINTbKOX MHOXUH efleMeHmie;

2) nocnifosHicmb 0EKINbKoX Macusis.

5. Mepepaxyeamu donycmumi onepalii Had 3anucamu:
a) onepauis docmyny,
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6) onepauis po3imeHysaHHs;
8) onepauisi MPUCBOEHHSI;

e) onepauis iHOeKcy8aHHS;
0) onepauis iHiujianizauyir.

6. Tunu maénuue:

a) HeeriopsiGkoeaHa mabnuus;

6) anopsiOkoeaHa mabnuys;

8) yMoegHo-8nopsadkosaHa mabnuys;
2) xew-mabnuys;

3) 8i006paxKeHHA Ha MHOXUHY;

e) 8idobpaxxeHHs1 Ha macue;

€) 8i006paXKeHHs1 Ha CIUCOK.

7. 3a eusHavyeHHsIM e ubpamu onepayiro Had mabnuyero: onepayis, y AKor
exiGHuM napamempom € 06’ckmu eidnoeidHoi cmpykmypu, eoHa noeepmae
pe3ynbmamu iHwoz20 muny:

a) KoHCmpyKkmopu,

6) decmpykmopu;

8) Modughbikamopu,

2) cnocmepizaui;

0) imepamopu.

8. 3a eusHayeHHsIM eubpamu onepadyito Ha0 mabnuyero: onepa mop
docmyny do emicmy 06’ckmy YyacmuHamu y neeHoOMy NOPSIOKyY:

a) KoHcmpykmopu,

6) decmpykmopu;

8) Modugbikamopu;

2) cnocmepizavi;

8) imepamopu.

9. 3a eusHaveHHsIM 6uGpamu onepayito Had mabnuuyero: onepauyis, sKa
pYlHye 06’ckmu po3sansaHymor cmpykmypu:

a) KoHCMpyKkmopu;

6) decmpykmopu;

8) Mmodudgbikamopu;

2) criocmepizavi;

8) imepamopu.

10. 3a eusHa4yeHHAM eubGpamu onepauito Had maGnuyero: onepauin, Axa
cmeopioe 06’ckmu po3lanaHymoi cmpykmypu:

a) KoHcmpykmopu;

6) decmpykmopu;

8) Modudpikamopu,

2) cnocmepizadqi;

0) imepamopu.
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11. Nepepaxyeamu 6onycmimi onepayii Had mabnuysmu:

a) onepauis iHiyianizayir;

6) onepauis NpuceoeHHs;

8) onepauis 8KNOYEHHS efleMeHma 8 mabnuuto;
2) onepauyist BUKNIOYEHHs1 eflieMeHma 3 mabnuuj;
0) onepaujii-npedukamu;, '
e) onepayis NopieHsIHHS,

€) YumaHHs1 efleMeHma 3a Ko4Jem.

12. Mpunyun LIFO die ona:
a) vepau;

6) cmeka;

8) criucky;

2) cnoma.

13. MpuHyun FIFO die ons:
a) uepau;

6) cmeka,

8) Crucky;

2) cnoma.
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3B°SI3HAU PO3MO/LI
MAM’SATI

¢ CI] muny «exazignuxn».

& Cmamuuni ma dunamiyui 3minmi,

¢ Cmpykmypa danux muny «0OHO36 A3HULI CHUCOKN.

¢  CH muny «06038 a3nuii NiHIGHUL CRUCOK Y.

¢ Bacamose ‘asnuii cnucok. Ipuxaadu.

Po3gin npuces4enuit ornagy cTpyKTyp AaHMX, siKi He TlepeabavaroTh CTATHYHOTO
36epexeHHs Ta BigoOpaXkeHHs Ha CTaTHUHI CTPYKTYpH. JUTs MOJaHHS TaKMX CTPYKTYP JaHHX
BHKOPHCTOBYETBCA CTiEUiaibHUH THIT JaHWX — BKa3iBHUK, BingMinHOCTI Mixk AMHaMiuHMMY Ta
CTaTHYHUMM 3MiHHMMH TNIOKa3aHO Ha NPHKIIagax.

4.1. CI TUITY BKA3IBHHUK

BxaziBHWH THN 3afiMae MPOMiXKHE MOJIOKEHHS MK CKATAPHUMH i CTPYKTYPHHMH THTIAMH:
3 0IHOTO OKY 3HaYEHHS BKa3iBHOTO THITY € aTOMapHUM (HEMOAITLHUM), a 3 iHLIOTO, Wi THITH
BU3HAUAIOTLCS Yepes iHI (Y TOMY YHCITI i CTPYKTYpHI) THTIU.

Type <tnn BkaziBHMKa> = " <THUN 06’ €KTY, 10 BKA3YEThCA™>

(ueh TUN 103BOJISAE BUKOPUCTATH 6a30BHIA THIT Mepe/] onrucom)

Type PtrType = “BaseType;

BaseType = record

X, y: real;

end;

Var A: PtrType; { A —3miHHa CTaTHYHOrO THITY, 3HAYEHHSM SKOT € AAPECH PO3TALIYBaHHS
B NaM’AITi KOHKPETHHX 3HAYEHb 3a1aHOT0 THITY }

B: BaseType;

C: *PtrType;

3MiHHIH 4 MOXHa NPHCBOITH ajipecy SKOICh 3MIHHO, JUIS YOro BHKOPHUCTAEMO YHAPHY
oriepariro B3ATTA BkasiBHHKa: A = (@ B.

Ha disnunomy piBHi BkaziBHUK 3aiiMae [1Ba CIOTH: y TiepiuoMy cIoTi nepeGyBae aapeca
CErMEHTa, y APYromMy — aapeca 3CyBy.

Onepayii nad exazienum munom:

1) onepayis nopienanns na pisnicme: = (pignicms, axwo cnignadaiome aopecu
cermenma 4 3cyey);

2) onepayia nopisHAHHA Ha HepigHicmb: <>

3) onepayia oocmyny: B.X = B.X + C.

Cepen BCiX MOKITHBHX BKA3IBHUKIB BHAUTAETECA OMH CHIELiA/bHHI BKA3IBHHUK, 1O HIKyIH
He BKazye. To6Toy mam’ati BURINAETECA OfiHA afipeca, Y AKY e 3aMUCcyeThes XKOAHA 3MiHHa.
64

PO3JIIT 4. 3¢’a3nuii po3nooin nam’ami

42

Ha ne micue B mam’si i mocHIaeThes Takuil MOpoxkHid a6o “HymbOBHH™ BKa3iBHHK, IO
nosHavaetoeqa nil Ha Mosi ITackans a6o NULL wa moBi C. BkasziBuuk nil BBa)kaeThes
KOHCTaHTO0, CYMICHOIO 3 OyAb-SKMM BKa3iBHHM THIOM, TOOTO Lie 3HAYEHHS MOXHA
TIPUCBOKOBATH Oy[b-IKOMY BKA3iBHOMY THITY.

4.2. CTATUYHI 11 JUHAMIYHI 3SMIHHI

4.2.1. BioMinHocmi MiXk cmamu4HuMu ma OuHaMiYHUMU 3MIHHUMU

Jlotenep MY pO3MIAOAMH 3MIiHHI, SKi PO3MILIAIOTECSA B MaM’ATi BiANOBIAHO [0 LITKOM
MeBHMX MPaBHIL, a Came, JUIS JIOKATBHHX 3MIHHHUX, OMUCAHMX Yy MiANporpaMax, nam’ath
NPHLINACTLCA MPH BUKJUKY MiAMPOrpamMu; MPH BUXO/ 3 Hel Lis 1iaM’ AT 3BiNBHAETHCS, a CaMi
3MIHHI IPUITHHSAIOTD icHyBaHHS. [TT06a16HUM 3MiHHHM TPOTpamMH NaM’ ATb NPHAUIAETLCS Ha
TIOYaTKy il BAKOHAHHS,; Ui 3MiHH1 iCHYIOTH IPOTAroM YCBOTO 1epioffy poboTH nporpamH. [HupMu
CNIOBAMM, PO3TOIIN MaM’ATi Y BCiX UWX BUMaJKkax BiiOyBacThCA MOBHICTIO aBTOMaTHYHO.
3MiHHi, mam’ 4T Mig 9Ki pO3MOAINAETECA NOAIOHAM YHHOM, Ha3NBAIOTHCH CTATAYHHME.

3MiHHi, CTBOPEHHSAM i 3HUIEHHAM AKWX MOXKE YAPABJISTH NPOTPAMICT, HA3UBAIOThCHA
AMHAMIYHEME 3MIHHUMH. BoHH MoXyTb nepeOyBath B Oyab-AKifi YacTHHI JMHAMIYHOT
naM’sTi, i 3BEPTAHHA [0 HUX MOXKE 3MIHCHIOBATHCA TUTbKHM uepe3 BKa3iBHHK. 3acobamMu
JOCTYTY 10 CTATHYHUX 3MIHHKX € iAeHTHIKaTOPH LHX 3MIHHHX. JIAHaMIYRi 3MiHHI, KiTBKICTh
AKUAX i Miclle po3TallyBaHHs B TIaM’ATi 3a3JaNierifb HE BiOMO, HEMOMNJIMBO IMO3HAYNTH
inenTHdikaTopamu. ToMy eaMHMM 3acO6OM OCTYITY 0 THHAMIYHHX 3MIHHHX € BKa3iBHUK
Ha MicLie IXHLOTO NOTOYHOTO PO3TALTYBaHHSA B MaM’ATi.

Poarnanemo po3zroain mam’ari (puc. 4.1).

ITig nokanbHi 3MiHHI BUAINSETHCS crieLliaIbHUI CETMEHT OTIEPATHBHOT TTaM’ AT (CErMeHT
cTeka). YTBOpeHHs! IUHAMIYHUX 3MIHHUX peaizy€eThea B iHIIIA obnacTi mam’aTi, 1o icHye
OKpEMO BiJl CTEKOBOTO CeTMEHTa it HasuBaeThes kymolo (heap) aGo muHamivHolo obnacTio
nam’aTi.

cTapiia agpeca

AMHaMIYHa

naMm ' Th
e HeapPtr (xyna)

| HeapOrg

Hepyxomuit
BKa3iBHUK

CEIMCHT

CTcKa MOJIOJIIIA afipeca
Puc. 4.1. Po3nodin namami 0ns QuHaMidHUX 3MIHHUX
4.2.2. CmeopeHHs1 ma 3HUW,eHHS OUHaMi4YHUX 3MIHHUX

OcHOBHI Ail HaX AMHAMIYHUMHA 3MITHUMH — CTBOPEHHA Ta 3HULIEHHS — peaNizyloThes
CTaHIapTHAMHM npoueaypamu New i Dispose (B MoBi nporpamyesannsa Tlackais).
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New (<im’a nocunanna>): point; — npoueaypa npu3HayeHa JUIsi CTBOPEHHS QUHAMIYHHX
3MIHHHX TIEBHOTO THITY (iHaKile KaXXy9H, Ui BiABEOEHHS MaM’saTi B KyIli [y 36epirans
3HAYEHb JHHAMIYHOT 3MiHHOI).

Dispose (<im’a nocunanus>): point; — nipoueypa BHKOPHCTOBYETECA JUTA 3BUTBHEHHS
naM’qTi, BiABEIEHOI 32 JONOMOTOI0 Npouexypy New.

MaxAvail: longint, - gynxuis noseprae MakcHManbHHIi posMip (y 6aiiTax) GesnepepsHoi
BINBHOT HiNSTHKH KyTTH. 3acToCyBaHH Wi€T TPOUEHYPH HeoOXiIHe ATt KOHTPOIIO AHHAMITHOT
flaM’stTi TIPY peaizauii onepartii BKITFOUeHHA.,

Hanpuknap: if MaxAvail > SizeOf (BaseType) then {renepyemo o6’exr}

CtBopuMo Tpu 00°€kTH, AKi po3TaWlyloThCs B mam’sTi mociinoBHo (6e3
(hparmMeHTapHOCTI), 2 MOTiM 3HWLIMMO pyTHH 06’€eKT. V pesynsTaTi BAHHKHE QparMeHTapHicTs,
AKkoi Tpeba yHHKaTH.

New (Ptr 1); Ptr | Dispose (Pir 2) Ptr 1 Enement
New (Ptr2); Ptr2 P ———BUTBHOTO
New (Ptr3); > 6

: Ptr3 Ptr3 JIOKY

MemAvail: longint; — pyHkuis noBepTae 3aranbHy KiNbKICTh BUTHHOT MaM’ATi.
[I1o6 nepeBipuTH, € Ui GparMeHTapHICTh, Tpeba MOPIBHATH PE3YIIETATH 3aCTOCYBAHHA
byukui MaxAvail i MemAvail — Bonn oBUHHI 36iraTHCs.

4.3. KTIACU®IKALISA CII THITY (3B’SI3HUM CITNCOK»

Yci BHLIEpO3rIsHYTI CTPYKTYpH, IO pealtisyBainucs Sk BinoOpaxkeHHs Ha MacuB, MaioTh
TIEBHI HEIONIKH, TOOTO BOHK ManoedeKTHBHI NpH po3B’A3yBaHHi AeskuX 3agad. Jo Takux
HEZIOMIKIB MOXKHA BiIHECTH HACTYITHE.

1. Tourno HeBiOMO, CKITBKH eeMeHTIB Oyie MaTH MeBHa CTPYKTypa, TOOTO He MOXKHA
3pOOHTH OLiHKY.

2.5xmo MU po3rIANaEMO AKYCh NMOCKIJOBHICTh €JIEMEHTIB Y MOCIINOBHIW mam’sTi
X, X, ..., X, | HEOOXiIHO BIJTIOYHNTH AKHMI-HEOYL HOBHIT €IEMEHT X Y LIO HOCJTiIOBHICTB, TO
MH MOBHHHI 30iFICHUTH MacoBY onepalLilo 3CyBy BCiX €JIEMEHTIB, LU0 nepebyBaloTh 3a THM
€JIEMEHTOM MOCHIAOBHOCTI, MIC/IA AKOTO MM XOUEMO BKIIOYNTH HOBMII eneMeHT. [Ticas uporo
BCTaBAMO LicH HOBMH €NEMEHT X Ha Micue, 1o 3BibHUNOCA. OTXe, TYT NIPOABIAETHCA
BIIACTHBICTH ¢i3HYHOI cyMikHOCTI (pHc. 4.2).

X1t X2 Xn X1 X X2 Xn

Puc. 4.2. [JoGasaHHs HO8020 eneMeHma 8 CrilcoK.

Fo36yTres diziHoi cyMixkHOCTI MOXKHa, SIKLIO eJIeMEHTH GyayTh MaTH He TiJIbKH JaHi,
afic ¥ BKa3iBHHKHW. Y LBOMY BHUMAAKy €IE€MEHTH MOXYTL GyTH XaOTHYHO pO3KHMAaHi 1Mo
onepaTUBHIH rMaMm’sTi, a JToriura nocninoBHicTs Oyne 3abeanedyysarwcs oHUM abo AekinbkoMa
BKa3iBHHKaMH.
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Knacudikauis 38’ 13HHX CIIHCKIB MoaHa Ha puc. 4.3.

Jlinidnwit Henixitanit
OpHO3B’ A3HHIA JBo3B’ A3H Wit JB03B’ BHU i Bararo3B’ 131 uit
Tvxmi wamit HeuwknivHmit

Puc. 4.3. Knacucgbikaujis 38’'a3HUX CrUCKis.

Po3risHEMO KOXKEH i3 KaciB 3B A3HUX CMTMCKIB AETANBHILIE.

4.4. CI TUITY «JITHIMHWI ONHO3B’SI3HUIM CIIMCOK»

#* 3¢°A3nUil CRUCOK — cmpykmypa OaHUX, eleMeHmamit AKOI € 3anucu, 36 A3aHi
00UH 3 OOHUM 3a OONOMOZ0I0 8KA3IBHUKIE, w0 3bepizaomvca 6 camux
enemMeHmax.
Ha#inpocTilumm 38’ 13HAM CITUCKOM € 1initinuil 001036 ‘A3Hul cnucok. KoXHHUI efeMeHT
y UBOMY CIIUCKY CKIafIa€ThCK 3 Pi3HUX 32 MPH3HAYCHHAM TOMIB: 3MICTOBHOTO W Tons-
sKkasiBHMKa. Y THII-BKa3iBHUKY nepeOyBae afpeca HacTymHoro efiemeHTa. [lone ocTaHHbOrO
BKa3iBHMKA Ma€ BKa3iBKy Ha KiHelb crimeky — o3Haka nil (NULL).

Start » paHi ¢—| paHi  ¢—p - —| paHI
Ptr BKa3iBHUK BKa3iBHUK
O i)
Onepauii, 0 BA3HAYAIOTH CTPYKTYPY THNY WIiHiHBAH 0qH03B’A3NME CHCOK»:
iniyianizayis;

BKMIOYUMU eNleMeHm AK pobouull 8Ka3i6HUK CRUCKY;

BUKTIONUIU eleMenm, w0 nepebysac 3a pobouumM 6KA3IBHUKOM CRUCKY;
nepecynymu pobouil 8kazieHuK Ha OOUH KPOK,

nepegipka: cnucox NOPOJNCHIN / CNUCOK He NOPOJICHIMN,

nomicmumu pobouuil 6xa3I6HUK Yy NOYAMOK CRUCKY (noxiowa onepayis);
nomicmumu poboyutl 6xa3iGHUK y Kineyb cnucky (noxiona onepayis);
3pobUMU CRUCOK NOPOACHIM.

TMpw iHiLianizanii cnucky eeKTHBHO BHKOPHCTATH peati3allifo Takoi CTpYKTypH:

AN N YA N

Start

A

pr T ™

Peanizauiro CiUCKy MoXHa 3ifiCHUTH 3a JONOMOT OO BioOpaKeHHs Ha MACHB.

Onepanii BK/IIOYeHHA i BUK/ITIOYEHHS €JEMEHTIB CACKY :

PosrnsHeMo ornepauii BKIIOYEHHS # BHKITIOYEHHS €IEMEHTIB y 3arajibHOMY BHITaKy.
Vsenemo HacTynHi noswadenHs nonis: Data — none, kynw 3anmucytorecs Aani; Link — nore,

67




Anzopummu i cmpyxkmypu 0anux

Je nepebyBac BKa3iBHHK Ha HACTYIHHH eleMEeHT CIHCKY; Start — BKa3iBHMK Ha ITOYAaTOK
crucky; Free — BkaziBHHK, AKHFT BKa3ye Ha NeplTHH €1eMeHT BiTbHOro (pobotoro) Criucky.
s peanizauii HeobxiaHo MaTH (QyHKLIOHATBHHEH CITHCOK, Y IKOMY Nepe0yBac nose JaHuX,

a TaKoXk BUTBHHF CITHCOK, IO € [DKEPe/IoM aHuX 1A (yHKUioHa eHoro. ITone Data y BinsHoMy
CITHCKY HE Mae 3MmicToBHOT iH(opmauii. Data (Ptr) ykasye Ha nonre Data Toro eneMeHTa, Ha

PO3JLT 4. 3¢’a3nuit poznodin nam’ami

4.5. CI TUITY «(IMKJIMMHAN JIHITHUNA CIIACOK»

CTpykTypa JaHuX THIY «UHKTIYHWH JTIHIAHHA CITHCOKY» peanizyeThed 3a CXEMOIO,

NOJAaHHOIO Ha pHC. 4.4,

AKkHH ykasye Ptr. Link (Ptr) — BKa3iBHHK TOTO €/IEMEHTa, Ha AKHH yKa3ye Ptr.
Onepauii BKTr0O4eHHS i BIIKJTFOMEHHS Bil PO3MIPHOCTI CITHCKY He 3aJ1EKATh.
BrroyeHHs eyleMeHTa B CITHCOK:
Pntr = Free; '
Free — Link(Pntr);

Data(Pntr) = { };
Link(Pntr) — Link(Ptr) {¢popMyeMO BKa3IBHHK Y HOBOMY €JIeMEHTI};
Link(Pntr) = Pntr {Mmoau¢ikauis Bka3iBHHKa}.

Peastizanjin cnHcKy B MOCTI0BHIH nam’saTi
V nocnigoBHiH nam’aTi CITHCOK peatizyeThes 3a ZOMTOMOrol0 ABOX NMOrOPKEHHX MACHBIB,

nepLInii 3 AKMX BHKOPHCTOBYETHCS JU14 3aITHCY €IEMEHTIB, & JIpYTHii — 1S 3aITHCY BKa3iBHHKIB,

Hanpwxnan:
N-1 N

1 2 3 4 ..
pD:;f [A]Jc[B] | | |

1 2 3 4 .. N1 N—LAL AT -
L:f [4][0]3] [ [

D — macus, aia 3anucy enemeHTiB, L — MacuB, 41s 3anHCy BKa3iBHHKIB, 0 — BKa3iBHHK

KIiHLA CITHCKY,
3 4 N-1 N

of [aJe]s ] | [ |

4« [ 5 | IENE

f3L/jL_f L4

/

bynemo Beaxarn, wo: L[]] 6yne Bxa3ysatn Ha nepluwii efeMeHT (DyHKLIOHAIEHOTO

cky, L[2] — Ha nepuwii eneMeHT BITBHOTO CITHCKY.
ITicna iniwianizauii (NpHBEACHHA CTPYKTYPH B NIOYATKOBHH CTaH) (hyHIALIOHATEHHH CITHCOK ~
KHIH, | MH pobrMo Foro LWKTIMHUM, a BITbHHI criHcok OyayTh CKIaAaTH Bei iHtmi

HTH (HOro Takox poOHMO LIMKTIIHAM).
DiM peanizawlii CITHCKY B ITOC/AOBHIH aM’ATi, 3B’ A3HHMH CITHCOK MOXHA peanizyBaT

' B AHHAMI4HIF Mam ATi (3 BHKOPHCTaHHAM BKa3iBHOTO THITY).

fStart —|  AaHi  ¢—» JaHi  ¢—p = o> naHi
I Ptr BKasiBHUK BKa3iBHUK BKaSiBHMﬁ
! ) .}

Puc. 4.4. Cxema cmpykmypu GaHux RiHIGHUT YUKNIYHUT Criucok

Taka MoaMdikaLis JIIHIHHOTO CTTHCKY KO3BONSE CTIPOCTUTH aNTOPUTMH st poOoTH 3i
CITUCKOM, OYIb-TKH It €IEMEHT JOCTYTIHHIA, ane HeoOXiZHO BiAC/TIIKOBYBATH 3aLIMKJICHHS, TOOTO

mae OyTH 30BHIIIHIN BKA3IBHUK.,
Onepauii 111 pobOTH i3 QUKTIYHUM JIHIFHUM CITHCKOM Ti CaMmi, 1110 # Jid OXHO3B’ A3HOTO

JIUHIAHOTO CITHCKY.

4.6. C1 THITY «{BO3B’SI3HUY JITHINHUIN CTIMCOK»

CxeMy CTPYKTYpH JaHMX THITY «IBO3B’A3HUH JIHIHHHI CMTUCOK» MOXHA BifoOpa3nTi
HACTYITHUM YHHOM:

(g t / /

PP — ——t
« >

Y cnuexy Takoro THRy BKa3iBHMK MOXKHA NEPEMIliaTH K B OAMH, TaK i B APyruk Oik.
JeckpunTop Takoi CTPYKTYpH CKIAIAETHCA i3 TPOX MOJIIB BKa3IBHOTO THILY:

L ;._, BKa3iBHUK ¢—> BK83iBHMK+——> | BKa3iBHUK

R faHi AaHi JaHi

L Ptr <—+ BKa3iBHUK [«—e BKag3iBHUK
r i v

Ha6ip porryctamux onepanii g1 CJ{ THTTY «1B03B A3HHI JIHIHHUH CIHCOIO:

v iniyianizayis;

v\ 3pobumu cnucox nopodCHim;

v’ nepegipxa: cnucox nopoXcHin / CNUCOK He NOPONCHiH,
v\ gcmanosumu xazieHux y Kineys cnucky / noNamox cnucky (0ei oxpemi npo-

yedypu),

v’ nepecynymu exazigHux yneped / Hazad Ha 0OUH KPOK;
v’ eKmOYumY enemMeRm y CRUCOK 00 8KA3IGHUKA / nichs 6KA3IBHUKA,

v’ euxmiouumu enemenm 3i CNUCKy 00 8Kka3iGHUKA / NICNA 8KA3IGHUKA.
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Hagenemo ¢parMeHT nporpamMu cTBOPEHHS JBO3B A3HOrO JIIHIHOTO CITHCKY:
typedef struct dlist

{

char *info;

struct dlist *next;
struct dlist *prev;

Jiist;

char *s;

list *head,*p1,*p2,*p3;

head=malloc(sizeof(list));

gets(s);

strepy(head->info,s);

head->next=NULL,

head->prev=NULL,;

p1=head;

gets(s);

while(stremp(s,"exit")!=0)

{
p2=malloc(sizeof(list));
strepy(p2->info,s);
p2->next=NULL,;
p2->prev=p1;
p1->next=p2;
p2=p1;
gets(s);

}

p1=head;

while(p1!=NULL)

{
printf(“%s”,p1->info);
p1=p1->next;

}

Ipr ubOoMy 014 BKITIOMEHHS ETEMEHTA B CITHCOK HEOOXiXHO PO3Mi3HATH HACTYIHI TpH
CHTYyauii:

v\ cnucok nopodcHit;

v GKNIOYeHHS eleMenma é cepedury CRucky;

v BKIIOYEHHA eNeMEHMA 8 CNUCOK K NEpuio2o.

Jins cnpolueHHs onepallil BKIIOYEHHS / BUIITIOYEHHA Peani3yloTh YukAiyni 08036 'A3Hi
cnucku. ITpu peanizauii Takoro cniucky dhopMyloTh BKa3iBHHKH (3aMiCTh MapKepiB KiHLA i
TMOYaTKy CIHCKY), L0 BKA3YIOTh Ha ITEPLUMH | OCTaHHiH enemeHTH criucky. JormycTumi omepanii
ans CJ] Tumy «UMKITIYHUH JBO3B’A3HHI CIIMCOKY» aHAJIOTIUHI omepauisM [ JiHiifHOro
NBO3B’ A3HOTO CITHUCKY.
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4.7. BATATO3B’SI3HHH CTTUCOK. ITPUKJIA/TA

VY 3aransHOMY BHIaJKY KiJIBKiCTE BKa3iBHHKIB Moke OyTH HOBITBHOI. Y pe3ynsrari
TaKoOTO y3arajdbHEHHS MH ONEpPXKYEMO 6azamo3se 'a3nuili cnucok. Po3rnsiHeMO Kijibka
NPUKJIAJIIB TAKHX CTIMCKIB.

IMpaxaax 4.1. Koxanii eneMeHT 6arato3s’i3HOTO CNHUCKY MOXKE BXOAWTH OJHOYACHO
B KiJIbKa ONHO3B I3HHX crMcKiB. To6To 6araTo3s’s3HMi CHCOK «TIPOLIMTHI» Y AEKIMTbKOX
HanmpsAMKaXx.

* Hanpukuiaz, Heo6XiIHO opraHisyBaTH qaHi npo aGiTypieHTiB, ajle kpiM opraHisamii Bcix
BiZIOMOCTeH, HEOOXiHO i3 3arajibHOTO CIHCKY BUOpaTH abiTypieHTiB, IO XapaKTepH3YIOTECS
JAEAKHMH 3arajibHAMH JaHUMH (aGiTypieHTH-MenanicTH, aGiTypieHTH, IO MPOXHBAIOTh B
OJIHOMY MiCTi; aGiTypieHTH, LIO 3JaJIH ICTTHT Ha «BiAMIHHON).

V rakoMy BHITaZKy JaHi MOYKHA OpTaHi3yBaTH y BUIIALI HOTHPH3B T3HOTO CITHCKY, KOKHHH
€JIEMEHT SKOTO MICTHTB BCi HEOOXIHi BiZIOMOCTi, a TAKOX YOTHPH BKA3iBIINKH: NEPLIHI 3B’ A3y€
BCiX CTY[EHTIB; APYTHii — THX, O MEWKAIOTH B ONHOMY MICTi; 1 T.iH.

JIng KOXKHOTO i3 YOTHPBOX OOHO3B A3HHX CITHCKIB € CBiif JECKPHITTOp, Y AKHIH BXOOWTD
KUIBKICTB €JIEMEHTIB, YMOBH TIXHBOTO PO3MILLEHHS B CTIHCKY.

y  S1 —t S2 & S3 — S4
300 100 30 40
1 2 3 4
i_|_’ i
Oani »  [aHi DaHi DaHi
> > *—

}

Ipuxnan 4.2. Po3risHeMo HeniHiRINMA 3B’ A3HUA cnycoK, IO 3pyYHUI IS TIOJaHHA
JiarpaM cTaHy AMCKPETHUX CHCTEM.

Maemo niarpaMy i3 TpeoX cTaHis. JIyrd nokasyroTe 3MiHy NMOTOYHOTO CTaHY. 3MiHa
CTaHy 34iCHIOETBCA MiJ Ki€lo BXiAHOTO CHTHATY X, TPH LILOMY CHCTeMa MEPEXONTS Y HOBHIA
crad i Bugae Buxigauit curuan Y. Tloxibna aiarpama Moxe GyTH BUKOpPHCTaHa B Jiaiorosii
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OGUMCITIOBANBHIM CHCTeMI, e BXiAHI CHTHAIM SBISIOTH cOGOK KOMaHIH, IO BBOISTH y
CHCTeMY 3 TepMiHalla KOPHCTyBaya, a BUXIJHI € iMeHaMH mignporpam. OTxe, OlepKaBIIH
koMaHay X i BiIlIYKaBIIH Y CITHCKY 3a MOTOYMHNM CTaHOM BiIIMOBiXHMI Wil KOMaH/Ii elTeMeHT
OTMCYBAaHHSA BUXiJHOI MyTH CHCTEMH, BUKOHYETHCS MiAMPOrpama, 3a3HavueHa B 3HaIeHOMY
eneMenTi. TuM caMum peanizyeTbes HeoOXigHa peakuis Y. ITicis nporo cuctema rnepexoauThb
B iHIIKH CTaH, i i3 IbOro MOMEHTY Iie#f CTaH CTae MOTOYHHM.

KoHnmponwHi 3anumaMHs
1. 36’a3Huii po3nodin nam’ami.
2. Knacugbikauis cmpykmypu 8aHux murly «36’sI3HUll CIUCOK».
3. Cmpykmypu 8aHux mury «NiHilHUG 00HO36 a3HUL CIUCOK».
4. Onepauii, Wo eu3Havyaomb cmpykmypy murny «niHiiHull 00HOo36’sa3Hul
CIUCOK».
N 5. Onepauir 8knio4YeHHs1 U 8UKITIOYEHHS elleMeHMIe CrIUCKY.
6. Peanisauisi criucky € nocnioosHit nam’ami.
7. Cmpykmypu 0aHuUx murly «8Ka3sieHUK».
8. Onepauii Had eka3igHUM MUTIOM.
9. CmamuyHi (i QUHaMIYHI 3MIHHI.

»

[s M- 2 :

X1 X2 X5 X4 X6 X3 10. CmeopeHHs {1 3HUWEHHS QUHAMIYHUX 3MIHHUX.
Y1 Y2 Y5 Y4 Y6 Y3 11. Cmpykmypu 0aHux muny « YUKNiYHUG NiHIGHU criucoK».
12. Cmpykmypu 0aHux murly «08038’13HUl JTiHIUHUL CIUCOKY.
! 3 2 3 ! ! 13. Habip donycmumux onepaduiil dnsi cmpykmypu daHux murly «08036’A3HUl
™ P> ™ NiHITHUG cnucok».

Pesrome .

1. Cmpyxmypu, wo peanizoeani sax 8i0obpadicenns Ha macus, y pazi 000ABAHHA YU
SHUWEeHHA eleMenmie nompebylomb 30ilicHeHHA Maco8oi onepayii 3cysy, wjo €
MmanoeghexmugHuM.

2. 36’aznuii cnucox — cmpyxmypa Oauux, eneMeHmamu SKOi € 3anucu, 36 'A3amni
00uUH 3 OOHUM 3a OONOMOZ20I0 BKA3IGHUKIB, W0 30epizambca 6 caMux enemenmax.

3. 3a cnocobom opzanizayii 36'a3ni cnucku byealome RiniuHi ma Heninitni.

4. 3a kinbkicmio uUKOpUCMAHUX 8KA3IGHUKIE 36 'A3HI CRUCKU NOOINAIOMbCA HA
00H038 'A3HI, 06038 'A3HI ma 6azamo36 A3Hi.

5. Bkaszisnuii mun 3aiimMac npomincHe NONONCEHHS MIdNC CKANAPHUMU i
CMPYKMYPHUMU munamu: 3 00H020 GOKY 3HAYeHHs 6KA3I6HO20 MUNY € AMOMAPHUM
(nenodinenum), a 3 iHWO020, Yi MunU GUIHAYAIOMbCS Yepe3 THWE (y momy wuchi i
CMPYKMYpHI) munu.

6. 3minni, nam’ame nio axi po3nodingemvcs NOJIGHUM YUHOM, HAZUSAIOMbCA
cmamudHumMu. 3MIHHI, CGOPeHHAM | 3HUWEHHAM AKUX MOJIce Kepysamu npozpamicm,
HA3UBAIOMbCA OUHAMIYHUMU 3MIHHUMU,

7. Jlinitmuti yuxnivuuil cnucox 003601A€ CRPOCIMUMU aneOpUMMU 01 pobomu 3i
cnuckom, 6yOb-axuil enemenm OocmynHuil, ane HeoOXiOHO 8IOCHIOKOBYBaAMU 3AYUKNEHHS,
mobmo nogunen Oymu 306HIWHIT 6KA3IGHUK. :

8. V 06036 'a3nomy ninilinoMy CRUCKY 8KA3I6HUK MOJICHA nepemiujamu sk 8 OOHUH,
max i ¢ inwuil 6ix. [{1sa cnpowennsa onepayii 6KnICHeHHS / 6UKNIOYEHHA peanizyioms
yukaiuni 08036 'A3Nni cnucku.
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14. Bazamoae’si3Hull cnucok. MNpuknadu.

Tecmu dns 3akpinneHHss Mamepiany

1. lNepepaxyiime niniliHi cnucku:
a) yukniysud;

6) HeyukniyHul;

8) CUHXPOHHUU;

2) aCUHXPOHHU U,

0) 08038’A3HUIl;

e) bazamose’sasHull.

2. Mepepaxyiime HeniHiliHi cnucku:
a) YukniyHul;

6) HeyukniyHuil;

8) CUHXPOHHULL;

2) aCUHXPOHHU(;

0) 0so36’a3Hul;

e 6azamo3aa’a3HuL.

3. Mepepaxyiime onepayii Had exasieHuKamu:
a) onepauis rMopieHAHHA Ha PieHICMb;
6) onepauisi NOPIGHAHHA Ha HepigHicMb,
8) onepauis docmyny;

2) onepauisi SMEHWEHHS,

0) onepauia aHysnoeaHHs.
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PO3JLT 4. 38’a3nuii poznodin nam’smi

4. Hexali daHo onuc cmpykmypu 0aHux:
struct mmm { int x; mmm *next;} *p1, *p2;
3a cdparmeHTOM nporpamu BU3HaYTE CTPYKTYpPY, O YTBOPIOETbCA 3f ioro

AONOMOroi:

p1=(mmm*)malloc(sizeof(mmm));
scanf (“%d”, &xx);

p1->x=xx; p1->next=null;

scanf (“%d”, &xx);

while (xx!=0)

{
p2=(mmm*)malloc(sizeof(mmm));
p2->x=xx; p2->next=null;
p1->next=p2; p1=p2;
scanf (“%d”, &xx);

}

a) yepaa,
6) cmek,
8) CrucoK,
2) cnom.

5. Hexall 0aHo onuc cmpykmypu OaHux:
struct mmm {int x; mmm *next;} *head, *p1, *p2;
3a ¢dparmenTom nporpamu BU3HaYTE CTPYKTYPY, WO YTBOPIOETLCA 3 AOrO

AONOMOroto:
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head=(mmm*)malioc(sizeof(mmm));
scanf (“%d", &xx);

head->x=xx;

head->next=null; p1=head,

scanf (“%d”, &xx);

while (xx!=0)

{
p2=(mmm*)malloc(sizeof(mmm));
p2->x=xx; p2->next=null;
p2->next=p1; p1=p2,
scanf (“%d”, &xx);

}

a) yepea;
6) cmex;
8) Crucok;
2) cnom.

6. 3a pparmeHmom npozpamu eusHayme ii npuUsHa4YeHHs
struct mmm {int x; mmm *next;} *head, *p1, *p2;

" while(head)

p1=head->next;

dispose (head);
head=p1;
}
a) nowyk enemeHma;
6) dodaeaHHs1 enneMeHma;
8) 3HULEHHSA efleMeHma;
2) 3HULLEHHST CrUCKY,
0) 3HUWEHHS MHOXUHU.

7. 3a pparmeHmom npozpamu eusHayme it npusHavYeHHs
struct mmm {int x; mmm *next;} *head, *p1, *p2;

-while(head->next)
head=head->next;

}
dispose (head);
a) nowyk enemMeHma;
6) dodasaHHs enemeHma;
8) 3HUWEHHS nepuwozo eneMeHma;
2) SHUWEHHA1 0OCMaHHbOo20 efleMeHma;
0) BHUWEHHS MHOXUHU.

8. 3a hparmenmom npozpamu eusHayme ii NPuU3HaYeHHsA
struct mmm { int x; mmm *next;} *head, *p1, *p2;

p1=(mmm*)malloc(sizeof(mmm));
p1->x=xX;
p1->next=null;

while(head->next)

head=head->next;

}
head->next=p1;
a) nowyk eniemeHma;
6) dodasaHHs enemeHma 8 KiHeub;
8) do0aeaHHs enneMeHma Ha no4amoxk;
2) 3HULEHHS NePWozo enemMeHma;
0) 3HUWEHHS OCMAaHHbO20 efleMeHma.

9. 3a hparmeHmom npozpamu eusHayme (1020 NPU3HAYEHHS
struct mmm { int x, mmm *next;} *head, *p1, *p2;

p1=(mmm*)malloc(sizeof(mmm));
p1->X=xXx;

p1->next=head;

head=p1;
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while(head->next)

head=head->next;
}
a) rowyk enemeHma;,
6) dodasaHHs enemMeHma 8 KiHeub,
8) OodasaHHs enemMeHma Ha fno4yamok;
2) 3HUWEeHHS nepuwioeo enemeHma;
0) 3HUUEHHS OCMAHHLO20 efleMeHma.

10. 3a gppar'meHmom npoz2pamu eusHayme ii NPpU3HayeHHSA
struct mmm {int x; mmm *next;} *head, *p1, *p2;

p1=head; dispose(head); head=p1;

a) nolwyk enemMeHma;

6) do0asaHHs eneMeHma 8 KiHeub;

8) 0o0aeaHHs erleMeHma Ha rno4yamox;
2) 3HUWEHHSA nepuwoeo efieMeHma;

0) 3HUWEeHHA oCMaHHLOo20 efieMeHma.

11. Hexali daHo onuc cmpykmypu 0arux:
struct mmm {int x; mmm *next;} *head, *p1, *p2;
3a dparmeHToM nporpamu BU3HadTe CTPYKTYpY, WO YTBOPIOETLCA 3a ii

A0NOMOIrolo.

head=(mmm*)malloc(sizeof(mmm));
scanf (“%d”, &xx);

head->x=xx;

head->next=null;

p1=head;scanf (“%d", &xx);

while (xx!=0)
{
p2=(mmm*)malloc(sizeof(mmm));
p2->X=XX;
p2->next=null;

p1->next=p2; pt=p2;
scanf (“%d”, &xx);

}
p1->next=head;
a) uepaa;
6) cmek;
8) YUKMIYHUL Crucok;
2) auuKniyHull crnucox.

12. Hexali daHo onuc cmpykmypu OaHux:
struct mmm {int x; mmm *next, *prev;} *head, *p1, *p2;
3a cdparmeHToM nporpamu BUsHadTe CTPYKTYpY, WO YTBOPIOETLCA 3a il

AO0NOMOroHo:

76

PO3JLT 4. 36’a3uuii posnodin nam’smi

p1=(mmm*)malloc(sizeof(mmm));
scanf (“%d”, &xx);

p1->x=xx; p1->prev=null;

scanf (“%d”, &xx);

while (xx!=0)

{
p2=(mmm*)malloc(sizeof(mmm));
p2->x=xx; p2->next=null;
p2->prev=p1; p1->hext=p2;
p1=p2; scanf (“%d", &xx);

}

a) yepaa,

6) cmek;

8) UUKNIYHULI CrIUCOK,
2) 08038’A3HUL CIIUCOK.

13. Hexali aHo onuc cmpykmypu 0aHux:
struct mmm { int x; mmm *next, *prev;} *head, *p1, *p2, *p3, *p4,;
3a pparmeHTOM Nporpamu BU3HauTe CTPYKTYpY, WO YTBOPIOETLCA 3a ii

A0onNoOMOoroto:

p1=(mmm*)malloc(sizeof(mmm)); scanf (“%d", &xx);
p1->x=xx; p1->prev=null; scanf (“%d”, &xx);
while (xx!=0)
{
p2=(mmm*)malloc(sizeof(mmm));
p2->x=xx; p1->next=p2; p2=p4,
while (xxx!=0)

{
p3=(mmm*)malloc(sizeof(mmm));
pP3->X=XXX; .
p3->prev=p2;
p3->next=null;
p4->next=p3;
p4=p3,
scanf (“%d", &xx);
}
p1=p2;
scanf (“%d”, &xx);
}
a) vepea,
6) cmek;

8) UUKMIYHULI CUCOK;

8) bacamo3e’si3Hul CrnucoKk,
2) niritiHuil crucok,

0) HeniHiliHul cnucok.
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XEIIYBAHHSA JAHUX

IHouamms xew-hynxyii.

Anzopummu xeuty8aunms,

Hunamiune xewyeannsa.

Memoou pose ‘azyeanns konisiil.

Ilepenosnenna mabauyi ma pexewrysanns.

Oyinxa axocmi xeut-gpynxyii. :
Po3ain nprcBAYEHAMIT ONMUCaHHIO METOIB MPHUCKOPEHHS AOCTYNY 0 AaHUX Y TaONMALAX.

OnHAM i3 TAKHX METOIIB € BHKOPHUCTaHHS Xew-pyHkitiii. [Tpore, mig uac xeuryBaHHA MOXKYTh

BUHMKATH KOJTi3ii JaHMX Ta norpeba y pexeuryBaHHi.

¢
¢
¢
¢
¢
¢

5.1. TIOHATTS XENI-®YHKIIIT

Jins npuckopenHs JOCTyMy A0 JAHUX Y TaOMHLAX MOXKHa BUKOPHCTOBYBATH NOTEPEHE
BIOPAAKOBYBaHHS TaOJIHLI BiIMOBIIHO 10 3HAYEHB KITIOYIB,

[Tpy ubomMy MOXyTh OyTH BHUKOPHCTaHi METOIM MOUIYKY Y BIOPAIKOBaHMX CTPYKTYpax
JaHWX, HaNPHKITaj1, METOZ, MOMIOBHHHOTO PO3TONITY, IO iCTOTHO CKOPOUYE Hac MOMIYKY JaHHX
3a 3HaYeHHAM kuitoua. [Tpote npy gogaBaHHi HOBOro 3aMTHCY BUMAraeThes epeBIOpS AKYBaTH
Tabiuwro. Brpatn wacy Ha noBTOpHE BMOPAAKOBYBaHHA Tabiauili MOXYTh 3HA4HO
TIEpPEeBHLIYBATH BHUTPALl Bifl CKOPOUEHHA Yacy Nowyky. ToMy U1 CKOPOUEHHS Yacy AOCTYTy
A0 JaRUX Y TabNMHUAX BUKOPHUCTOBYETHCA Tak 3BaHE BHNAAKOBe BIOPAAKOBYBaHHA abo
xemyBanHf. [Tpy UBOMY JaHi OpraHi3oOBYIOThCS Y BHIIALI TabnMHLi 3a JOMOMOrOI0 Xeul-
(yHKLUIT A, 5Ka BUKOPHCTOBYEThCS 151 OOMMCIEHHS aJlpecH 3a 3Ha4eHHAM Kmoda (puc. 5.1).

IneanbHo0 Xem-pyHKUiEIO € Taka Xelu-DyHKILA, Aka A OyIb-1KHX ABOX HEOIHAKOBHUX
KJTIOIB NTOBEPTA€E HEOAHAKOBI a/IpecH.

Tini6pary Taky yHKIito MoxHa _@APEca=h (kniok) Tabnuus
y BUMAMKY, SAKIO BCi MOXIJHBI Kritou Mone faHnx W’:;':Msxa)““
3HAYCHHS KITIOWIB Harnepea BiJoMi. Ve

Taka opraHizanis faHuX mae Ha3By |
«JOCKOHaJIe XelyBaHHsA». Y pas3i
Harepe] HEBH3HAYEHOT MHOXHWHH
3HaueHb KJIo4iB i obmexeHol
IoBxUHK TabnuLi nigbip nockoHanol \ /

¢byHkuii Baxko 3aificnuTH. Tomy

4acTo BUKOPHCTOBYIOTB Xeul-yHKLii, —nonsa (MatoT chikcosaHuii Tvn)

K He rapaHTYIOTE BUKOHAHHS YMOBH. Puc. 5.1. Cmpykmypa xaw-ma6nuuyi.
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Mpnakaan 5.1. Posranemo npHiIaj peanizaitii HEIOCKOHANOI Xem-pyHKii Ha MOBi
TurboPascal. Tlpummyctumo, mo KoY CKIIAAAETHCA i3 YOTHPBOX cumBoONie. TIpH uboMy
Tabnnua Mae gianmason aapec Big O no 10000.

Function hash (key : string[4]): integer;

var f: longint;
begln
f:=ord (key[1]) — ord (key[2]) + ord (key[3]) —ord (key[4]);
{ o6uncneHHs yHKUiT 32 3HaYEHHAM Krloya}
f.=f+255*2;
{ noeaHaHHA novaTky obnacTi 3HaveHb YHKLUT 3 NO4YaTKOBOIO
aapecoio xeww-tabnuui (a=1)}
f:=(f*10000) div (255*4),
{ noeaHaHHA KiHUA obnacTi 3Ha4YeHb yHKUT 3 KIHLIEBOIO aapecolo
xew-tabnuui (a=10 000)}
hash:=f
end,

TMpu 3anoBHEHHI TabnMLI BUHWKAIOTH CHTYALLiT, KOMM UTA ABOX HEOMHAKOBWX KITIOUiB
¢yHkuis obuncmioe onHy i Ty caMy aapecy. JlaHwii BHNafok Ma€ Ha3By «Koji3is», a Taki
KOYi HA3WBAOTHCA KIIOUAMH-CHHOHIMAME,

5.2. AJITOPUTMHU XEITYBAHHSA

Hns Bu3nHavenocTi BBaxkaTHMeMo, o xew-(pyHkis A(K) Mae He Ginbuie sk M pisHuX

3HaYeHb i, 11O Wi 3HAYEHHS 3aI0BOMBHSIOTH yMOBY
0 < h(K) <M
Juis Beix kimodiB K.,

TeopernuHo HEMOUTHBO Tak BU3HAYHTH Xelll-(PYHKILiTO, 00 BOHa CTBOPIOBAJIa BUMAAKOBI
JaHi 3 HEBHMAIKOBHX peanbHUX (hakis. Asie Ha ITPaKTHLI HEBAXKKO 3pOOHTH JOCTATHBLO XOPOLLTy
iMiTallif0 BUNaAKOBOCTI, BAKOPHCTOBYIOUH NMPOCTi apH(pMeETHYHI 1iTPo3misHemo, HanpHKiag,
BHTIAZIOK IECATH3HAYHHX KJTIOUIB Ha AECATKOBOMY koMM toTepi. CaM co6oro HanpouryeThes
HacTynmHuU# cnocib BuGopy xew-¢yHkuii: BcTaHoBUTH M piBHHM, ckaximo, 1000, a ax A(K)
y3sTH TpH U py, BUOpaHi npubnusHo 3 cepeanumn 20-3naunoro nobyrky K*K. 3nasanocs 6,
Lie MOBHHHO JaBaTH JOCHTE PIBHOMipPHMIT po3nionin 3Hauens Mixk 000 i 999 3 Hesnaunolo
MMOBIpHiCTIO HacTKoro KONTi3iA. Hacnpaszi, ekcriepuMenTH 3 pealsHUMH JaHHMHM NOKa3aJIy,
IO TAKHI MeTO/l «cepeAMHHHX KBAAPATiB» HEMOraHWi 32 YMOBH, LIO KITFO4i HE MICTATH
Garato niBux a6o nMpaBuUX HyNIB MiAPAL.

3’acyBasocs, MpoTe, IO iCHYIOTh HaAiHHiMi #i npocTimi cnocoGu xew-pyHkuii.

MeTton ainennsi ocoGMMBO NMPOCTHI: BUKOPHUCTOBYETHCS OCTa4ya 4YacTKa Bil AiIEHHA
Ha M

HK)=K mod M.

VY upoMy BHMaIKy, OUEBUIHO, 1O AesKi 3HaueHHs M GymyTsh kpauwi 3a inumx.Hanpuknan,
sk M— napiie siucio, To 3HaueHHs A(K) Gyne napHum npu napHoMy K, iHakile — HemapHHUM,
YacTo Lie MPUBOAMTE 10 3HAYHHX 3CYBIB JaHHX. 30BCiM roraHo 6patii M piBHAM po3psAHOCTi
MAIUMHHOTO CJI0Ba, ockinbku Toxi A(K) nac wam npasi 3nauywi undpn K (K mod M He
3aNIeKUTH Bill IHWHX tidp). Aranoriyno, M He mae 6yTH kpaTHUM 3, 6o OykBeHHI KTIoUi, Mo
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BiJIPi3HAIOTHCA OIMH BiJl OMHOTO JTULIE PETICTPOM, MOITTH 6 NaTH 3HaYeHHS (QyHKII, pisHULS
mix axumu kpatHa 3. (TTpywunHa xpHeThes B ToMy, mo 10n mod 3= 4n mod 3= 1.) Baarani
MH XOTiTHM 6 YHHKHYTH 3HaueHb M, ski HinaThes Ha rk + a, ne k i a —HeBenuKi YMcna, a r —
«OCHOBA CHCTEMH YHCIIEHHS [T MHOXHHH JTITEp, IO BUKOPHCTOBYIOTHCA (3a3BHYal r =64,
256 i 100), ockimekn ocTaya Bill JiIEHHA Ha Taki 3HaYeHHS M BUABNAECTECS CyTIEPIIO3HIIIEI0
mudp Kwnoda.

My asTHILTIKATHBHA CXeMa XeIyBaHHS MONTATaE B 33IaHHI NOCTIJOBHICTE BHIAKOBHX
uimx uuces 3a opmynoo

IYHI )“A,:(mOd M)

Jlns MamwHHOT peanmizauii Hal3pyuHilnM € M = 25, e g — po3pAJHICTs MAIIMHHOTO
cnoBa. ANTOPUTM NOKAEMO HHXKUeE.

1.Bubpatn X — IOBijIbHE HEMapHe YHCTO.

2.BusHaunTH koedilieHT A = 8¢ £ 3, ae ¢ — NOBUTLHE LI JOAATHE YHCIIO.

3.3naitty gobyTok AX WO MiCTUTE He Ginbuie 2g 3HATYUIMX PO3PALIB.

4.B34TH g MOJIOAUINX PO3PAAIB B AKOCTI X .

5.3waiitw opi6 x, = X,/2¢ B inTepsani (0,1).

. 6.TTpuceoitn X = X .

7. TloBTOpHTH 3 11. 3.

Xopoma xem-(pyHKIis MOBUHHA 3a0BOTBHATH [IBi BHMOTH:

a) ii obuucneHna mae GyTH I{y>Ke WBHAKHM;

b) BoHa MOBMHHA MiHIMi3yBaTH YHCIO KOMi3ii.

BnacrusicTs (a) 4acTKOBO 3aJIeXKUTh BiJI 0COONMMBOCTEH MamiuHHK, a Bi1acTUBIcTh (b) —
Bix xapakrepy ganux. k6w kmoyi Oy ZiHCHO BUMaakoBMMM, MOXKHa Gys10 6 mpocTo BUIUTHTH
HexiTbka OiTiB | BHKOPHCTOBYBATH iX [Ta Xeww-QyHKL T, ajie Ha MpaKTHIi, 06 3a10BONBHATH
(b), maitke 3aBxau noTpiGHa ByHKUIs, 3anexHa Bi ycix GiTis.

5.3. IMHAMIYHE XEIITYBAHHA

5.3.1. O3HavyeHHs1 QuHaMi4H020 Xewy8aHHs

OnwcaHi BULLE METOAH XeUTYBAHHSA € CTATHYHUMH, TOOTO CrOYaTKy BUIINIAETHCA Aeaka
xew-Tabnmuid, mig it posmip MigdHparoThes KOHCTAHTH AnA Xew-¢pyHkuil. Ha xans, ne He
HaJa€eThes JUTA 3aBIaHb, Y AKUX po3Mip 6a3n JaHUX yacTo 3MIHIOETECS. Y Mipy 3pOCTaHHS
0a3n maHNX MOXKHA

v Kkopucmysamucs nouamxogo xewl-QyHkyicio, empayaiouyu npodyKkmugHicme
yepesz 3pOCMAHHA KOMI3IN,

v eubpamu xewt-hynkyito «i3 30nacom», W0 CRPUNUHUMb HEGUNPABOAHI 6mpamu
OUCK08020 npocmopy,

v\ nepioduuno 3minwsamu giynkyiro, nepepaxoeyéamu 6ci aopecu; e 3abupae
oysice bazamo pecypcie i eusodume 3 n1ady 6asy Ha Oeaxuil uac.

[cHye TexHika, WO JO3BOJISE AWHAMIYHO 3MIHIOBATH po3Mip Xew-cTpykTypu. Lle —
AVHaMidne XewyBaHHA. Xeul-GbyHKUiA reHepye TaK 3BaHUWH TCEBHLOKIIOH, SKHH
BUKOPHCTOBYETBLCH JIHLIE YacCTKOBO I8 JAOCTYNYy O €JeMeHTy. [HIMMHU ciioBamy,
reHepyeThCs JIOCHTE JOBra GiToBa MOCHiNOBHICTh, sika Mae Oyt RocTaTHA IS ajgpecauii
BCiX MOTEHUITHO MOXKJTUBHX €TeMeHTIB, Y Tol 1ac, AK MPH CTaTHHHOMY XelllyBaHHi 0yno 6
Tpeba Ayke BemuKy Tabnniio (aKka 3a3BHyail 30epiracThcs B onepaTHBHIH nmaM’aTi Jns
TIPUCKOPEHHS JIOCTYMY), TYT po3Mip 3aifHATOl MaM’ATi MPAMO MPONOPUIHHHHA KITBKOCTI
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eneMeHTiB B 6a3i mannx. Koxen 3anuc B TaGmiui 36epiracTbcs HE OKPEMO, a B SKOMYCh
onori (“bucket”). Lli Groku 36iraroTscs 3 GisHIHAMH OIOKaMH Ha NIPUCTPOI 30epiraHHa qaHuX.
SAxmo B 6510l HeMae Ginble Micud, 0O BMILIATH 3aNKC, TO OJIOK JiMMTLCA Ha ABa, a HA
#ioro Miciie CTaBUTHCS BKa3iBHHK Ha IBa HOBi 6J1OKH.

3aBnanHa mondrae B Tomy, wob noGymyBatH GiHapHe AepeBO, Ha KiHIMX TiTOK SKOTO
Oyniu 6 Bka3iBHMKM Ha GJIOKY, a HaBirauis 3AificHioBanacs 6 Ha ocHOBI NceBoKIIOua. By3nu
IepeBa MOXyTb OyTH IBOX BHJIB: By3NH, AKi NMOKa3yloTh Ha iHII By3nu abo By3nu, ski
noka3ytoTe Ha Gnokn. Hanpuiotap, Hexail By30on Mae Takmit BUTIIAA, SKIIO BiH MoKa3ye Ha

6noxk:

Zero Null

Bucket BxkaziBHnk
One Null

SIkmio X BiH BKa3yBaTHMe Ha JIBa iHIII By3/H, TO BiH MaTHMe TaKHi BUTIIAN;

Zero Agpecaa

Bucket Null
One Anpeca b

CriovaTKy € TiNlbkW BKa3iBHUK Ha JIMTHAMIYHO BHINEHHH nopoxkHii Gniok. TTpu nonaBanHi
efleMeHTa O0YHCITIOETHCA NCEBAOKIIOY, i fioro GIiTH MO uYep3i BUKOPHCTOBYIOThCA INd
BU3HAYEHHA MicUA po3TauryBaHHs 6II0Ky.

5.3.2. PoswuproeaHe xellyeaHHs

PosumpioBane xeuryBanHs Om3bke o avHamiuHoro. Lled meron Takok nepenbadae
3MiHY PO3MIpIB OJIOKIB y Mipy 3pOCTaHHs 6a3u JaHMX, ajie e KOMITEHCYEThCH ONMTUMAIBHUM
BUKOPHUCTaHHAM Micts. OCKUTEKH 3a OIMH pa3 po3buBaeTwes He GBI K OAMH GIOK, HaKNaaHi
BHTPATH JOCHTH Mani.

3amicTb 6iHapHOro aepeBa po3LWIMPIOBaHE XeWyBaHHA nepefdadyac CMHUCOK, €NEMEHTH
AKOro nocuiatoTbes Ha 6noku. Cami sk eneMeHTH aIPeCyIOThCA 33 JeAKOI0 KiNbKOCTIO i
oOiTiB ncepokuitoua. ITpu mowyky 6eperses i GiTie ncemokmoua i yepes cnucok (direc-
tory) 3HaXoAMThCA ajpeca iykaHoro 6noxy. JlonasaHus eneMeHTiB BiabyBaeThes CKiaqHille.
CriouaTKy BUKOHY€ETBCS TIPOIie/ly pa, aHaorivHa 10 nowyky. ko 6510k HemoBHWH, HofAEThe
3aIHC y HBOTO i B 0a3y maHuX. Akuto 610k 3anoBHEHHI, BiH po30UBAcTHCA Ha JlBa, 3aNNCH
NIepPepO3TNOAINAIOTHCS 32 ONUCAHWM BWILE aNTOPHTMOM. Y LIBOMY BHMaAKy MOXJTHBE
36insIeHHs uncna 6iTiB, HeoOXiTHUX ms aapecauii. Toai po3Mip CNHCKY MOABOIOETHCA i
KOXXHOMY HOBOMY CTBOPEHOMY €JIEMEHTY MPHCBOIOETbCA BKa3iBHHK, AKWIH MICTUTH HOro
6ateko. OTXe, MOXMJTHBA CUTYallisl, KONH JEKi/IbKa €/IEMEHTIB TMOKa3ylOTh Ha OXWH i TOR
camuit Gok. 3ayBa)xHMo, L0 3a OHY Orepallifo J04aBaHHA MEPepaxoByIOThCA 3HAYCHHA He
6inem, Hk oqHOTO G5T0KY. BHaneHHs 3iCHIOETHCA 38 TAKMM CAMHM aJTTOPHTMOM, TiTBKH
HaBnaku. broku, BignoBigHo, MOXyYTh OyTH CKIEEHI, 8 CITUCOK — 3MEHUIEHHH Y ABa pa3u.

OTke, OCHOBHOIO TIEPEBATOI0 PO3LIWPIOBAHOTO XELIYBAHHS € BUCOKA e()eKTHBHICTD, KA
He 3HWXXYETHCA TIPH 36GiMbUIeHHT po3mipy 6a3u nanux. OKpiM LbOTO, PO3YMHO BUTPA4aEThCA
MiCLIe Ha PUCTPOT 30epiraHHs JaHWX, OCKINEKY 6JI0KHM BHIUTAIOTHCA TITBKM il peasibHi AaHi,
a CIHCOK BKa3iBHUKIB Ha OJIOKH Mae po3mipH, MiHiMaIbHO HeoOXiaHi [uis aapecaltii 3agaHol
KimbKocTi OnokiB. 3a 1i neperari po3poOHUK PO3MITAYYETECS JOAATKOBUM YCKIaIHEHHAM
TIPOrPaMHOTO KOTY.
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5.3.3. ®yHkyil, wio 36epizaromb NOPsIGOK KNIOYi
IcHye knac xew-pyHKUiH, AKi 36epiraioTs NOpAIOK KMoti. [HUIHMH C/TOBaMH, BUKOHYETHCA
K, <K, = hK)< iK).

Ili gymkuii xopucHi oA copTyBaHHA, ke He NoTpebye AodaTkosoi poborn. IHIMMK
CNIOBAMH, MH YHUKHEMO 6e3JTivi MopiBHAHE, OCKITBKH 47151 TOro, 00 BincopTyBaTH 06 €KTH
32 3pOCTaHHAM, JIOCHTH MPOCTO JiHIHHO NpockaHyBaTH Xel-Tabnuio.

V npuHUWMTi, 3aBXIH MOXHA CTBOPHTH TaKy GYHKILiIO, 33 yMOBH, HIOMIO XeW-Tabnnus
6inpiia, Hix npocTip kmouie. [Tpore, 3aBAaHHA MOWYKY MPaBHIBHOI Xew-PyHKIT
HETpHBianbHe. 3po3yMino, Mo BOHAa Ay)KE CHIBLHO 3aJIEKHTD BiJl KOHKPETHOIO 3aBJaHHS.
KpiM Toro, nonibue obMexxeHHs Ha xemw-QyHKUiI0 Moxke 3ry6HO nosmaunTHCA Ha 1i
npoayxtiuBHocTi. ToMy 4acTo BIalOThCA 1O iHAEKCYBaHHA 3aMiICTh MOLTYKY MogibHol Xem-
(yHKil, AKINO TUTEKHM 3a37aJTeriah HE BIROMO, L0 orepallis nocniorHoi BUGipk# Gynie wactoro.

5.3.METOJIM PO3B’I3YBAHHS KOJII3IA

Jns po3s’a3yBaHHS KQNi3il BHKOPHCTOBYIOTBCS Pi3Hi METOMH, AKi, B OCHOBHOMY, 3BOJATBCH
A0 METOIB JTAHLIIOKKIB i BiAkpHuTOi aapecauii (puc. 5.2).

MeToav BupileHHA KOnisii

N

MeToAw BiAKpUTO! aapecauii  MeToau NaHUIoXKIB

nixinHe BunpobyBaHHA
Kpok=1
Kpok > 1

KBagpaTuHe BUNPoBysaHHA

~—— nopABiilHe XewyBaxHA

Puc. 5.2. MemoOu po3es3ysaHHs Koni3sitl.

MeTonoM NaRRIOKKIB Ha3UBAETHCA METOL, B AKOMY U1t O3BOITY KOMNi3iii y BCi 3anHcH
BBOJATHECA BKA3iBHHKH, BAKOPHCTOBYBaHi 1S OPTraHi3altii CIIHCKIB v TaHITIOXKKiB MEPENOBHEHHS.
V pa3i BHHUKHEHHA KOJTi3ii Py 3armoBHeHHI TabmiLi B crivicok JuTa HeoOXiaHOT afipecH xem-
TabnMMli IoHacThCA Lle OIHH ENEMEHT.

Towmyk y xem-Tabnuui 3 JaHUIOXKKaMH TEPETIOBHEHHSA 3AIHCHIOETBCA TAKHM YHHOM.
Cnouarky 0GUHCTIOEThCA afipeca 3a 3HaueHHAM Kmtoua. TToriM 3aificHIOeTECA NoCAiNOBAMH
NOWIYK y CIIMCKY, TIOB’i3aHOMY 3 06uHCIIeHOI0 afpecoro.

Tpouenypa BHaaneHHs 3 TaGnMLI 3BOAUTHCA 0 MOINYKY e/IEMEHTA i Hioro BUOANCHHS 3
NaHIEOXKKA TIEPEeTIOBHENTHS.

MeTon BinkpuToi agpecanii nonarae B Tomy, mob, KOpUCTYIOUHCH AKMMCH
anropHTMOM, Lo 3abe3neuye nepedip eNeMeHTIB TabnuLi, nporisaaTH iX y Nourykax BibHOTO
MiCLs JUTA HOBOTO 3aITHCY,.
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Jliniiine BHOPOGYBAHASA 3BOOMTHCS [0 ITOCHTIOBHOTO Mepebopy €/IEMEHTIB TabiHLi 3
nesxkuM (ikcoBaHHM KPOKOM
a=h(key)+ c*i,
ne i — Homep cripobu nozsonuTH Konisito. TIpH kpolli, piBHOMY OXMHHIN, BixOyBaeThCs
TIOCITIZIOBHMIA MepeDip BCiX EIEMEHTIB THCA NOTOYHOTO.

a —» | key1 _
anpeca ) a=h(key1)
key2
) a=h(key2)+c*i
key1<>key2

a=h(key1)=h(key2)
Puc. 5.3. JliHiliHe aunpobyeaHHsi.

Ksaaparn4yHe BRRPoOYBaHHS BiIPIZHAECTLCS Bill NIHIHHOTO TUM, LIO Kpok nepebopy
€JIEMEHTIB He JTIHIHO 3aNeXHThb Bill HoMepa cripoGH 3HaiTH BiNbHUii eneMenT a = h(key2)+
+cti +d*i 2.

a —» [ keyt B
appeca ) a=h(key1)
key2

a=h(key2)+c*i+d*?

key1<>key2
a=h(key1)=h(key2)

Puc. 5.4. KeadpamuuHe suripobyeaHHs.

3aasku He MiHiHOCTI Takol aZpecauii 3MEHUIYETECA KiTBKICTh cripob Npu BeNTHKiMH
KUTBKOCTI KJIH04iB-CHHOH IMIB.

ITpore, HaBiTb BiTHOCHO HEBENHKA KiMTbKICTEL CIPO6 MOske IIBHKO IPHBECTH 0 BHXOAY
3a afipecHuii MpocTip HeBenHkoi TabHLLi BHACTINOK KBAaIPaTHYHOI 3aIEKHOCTI apecH Bil
Homepa crnpo6u.

llle oanu pi3HoBHIA MeTOMy BiAKPHTOI aipecalii, AKHH Ha3uBacThcA MoABilimAM
XemyBaHHAM, 3aCHOBaHHI Ha HENMiHIWHIA aapecauii, WO AocAracThcd 3a PaxXyHOK
MZICyMOBYBaHHs 3HaYeHb OCHOBHOT i lofaTkoBoi xelw-¢yHkuiit a=h1(key)+ i*h2(key).

a —» | key1 _
appeca ) a=h1(key1)
key2

a=h1(key2)+i*h2(key?2)

key1<>key2
a=h1(key1)=h1(key2)

Puc. 5.5. HenirillHe eunpobysarHsi.
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PO3AUT 5. Xewysannua danux

UnHileMo anropuTMH JIOaBaHHA i NOLIYKY 419 METOIy JiHiiHe BHITpoOyBaHHS.
NonaBakHa

i=0

a = h(key)+ i*c

Akwo t(a)= BiNbHO, To t(a)= key, 3anucaTn eNeMeHT, CToN eneMeHT [oAaHWA
i=i+1, nepentn Ao kpoky 2

Nouwyk

i=0

a = h(key)+ i*c

Axuwo t(a)= key, To cTon, ENEMEHT 3HaAEHUN

Axwlo t(a)= BiNnbHO, TO CTON, €NEeMEHT He 3HanAEHUA

i=i+1, nepeiT 4o Kpoky 2

AHaNOTi9HUM YWHOM MoxKHa Byno 6 copMymnioBaTH alropiuTMH JOOaBaHHS i TOUIYKY
eneMeHTiB 1151 Oyab-SKOi CXeMH BiKpUTOI afpecauii. BiaMinHOCTI OymyTs TiNIEKH y BHpa3i,
BUKOPHUCTOBYBAHOMY Ul obuMclieHHA aapecd (kpok 2). I3 mpouemypoio BHAajeHHA BCe
BigOyBa€eThCA HE Tak MPOCTO, OCKUTBKH BOHA y L{bOMY BHIaAKy He Gyme 3BOpOTHOIO [0
NpoLeypH JOAABAHHIS.

Piu y Tomy, mo enemenTn Tabnuui nepefyBaioTs y ABOX CTaHaX: “BiNbHO™ i “3aiiHATO”.
Sxo BHOANUTH eNleMeHT, MepeBiBLIM Horo y cTaH “BiMbHO”, TO MIC/AA TAKOTO BHAANEHHS
anropuTM TOIIYKY MpauioBaTHME HEKOPEKTHO. [IpHIycTHMO, IO KII0oY e/IeMeHTa, AKHI
BUIANAETHCA, Mae B TabnMHLI KIIIOHi CHHOHIMH. Y TOMY BHTIAZIKy, SKILO 33 €IEMEHTOM, ILO
BUIANAETHCA, B PE3YNIBTATI JO3BOMY KOJIi3iil GyiTk pO3MillieHi EIEMEHTH 3 iHIIMH KITIOYaMH,
TO MOLIYK LMX €JIEMEHTIB ITICIA BUAAIICHHS 3aBXK/M IaBATHME HETAaTHBHHII Pe3yJTbTaT, OCKUTLKH
aJITOpPUTM NTOWIYKY 3YNTMHSIETHCS Ha NEPLIOMY €JIEMEHTI, 1o niepefyBae y cTaHi “BinbHO”.

CropeKTyBaTH LI0 CHTYaLlito MOXKHa PisHUMH criocobamu. HaimpocTimwii 3 Hux nonsrae
B TOMY, LI[06 BHKOHYBaTH NOLYK &/IEMEHTA He IO NEpLIOro BUTHHOTO MicUA, a A0 KiHLs Ta0vui.
TTpote Taka Monudikalis anropHTMy 3BEe HaHIBeLb BECh BUTpalll Bil TPUCKOPEHHS IOCTYTTY
1O JaHHX, SKMH JOCATAETLCA B PE3YJIETATI XELTyBaHHSI.

[Huwit croci6 3BoaNTHCE 4O TOTO, 106 BiACIAKOBYBaTH apeCH BCiX KITIOUYiB-CHHOHIMIB
IU1S KITIOYA EJTEMEHTY, IO BUIANINETHCA, i TTPH HEOOXiIHOCTi pO3MICTHTH BiANOBIAHi 3aNKHCH B
tabnuni. IIBuakicTs nouryxy mnicns Takoi onepauii He 3MEHIIMTHLCA, alie BUTPATH Yacy Ha
came PO3MIILLICHHS eNIEMEHTIB MOXKYTh BHSIBHTHCA HyXe 3HAUHUMH.

IcHye minxin, axuit He Mae nepepaxoBanKX Hemonikis. Moro cyTh monsrae y Tomy, mo
JUTST eNlEMEHTIB Xel-Tabanii JoxaeTsea craH “BuaaneHo”. Takwit cTaH B MPoLECi MOLTYKY
iHTepIIpeTy€eThCA, AK *3aiHATO”, a B Mpoleci 3anucy K “BibHO”.

CdopMymr0eMo anTopHTMH JOaBaHHA, MOIIYKY | BUIAJCHHS IS XelW-TabnuLLi, Ho Ma€e
TpPH CTaHH €IEMEHTIB.

[lonaBaHHA

i=0

a = h(key)+ i*c

SAkwo t(a)= BinbHO abo t(a)= BMAaneHo, To

t(a)= key, sanucatu enemeHT, CTON enemMeHT foaaHUA

i=i+1, nepenTv Ao KPOKY 2
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BupaneHun

i=0

a = h(key)+ i*c

Akwo t(a)= key, 1o t(a)=3HuLLEHUIX CTON, eneMeHT BuganeHnn
Axiyo t(a)= BinNbHO, TO CTON eNeMeHT He 3HangeHUN

i=i+1, nepeiT o kpoky 2

Mowyx

i=0

a = h(key)+ i*c

Axkwio t(a)= key, To cTon, eneMeHT 3HaVaeHUN

Akuyo t(a)= BiNbHO, TO CTON eNeMeHT He 3HanaeHVR

i=i+1, nepeATn Ao Kpoky 2

ANropHTM NOWYKY 1151 Xel-Tab/uili, Lo Mae TPH CTaHN, MPAKTHYHO HE BiIPi3HAETHCA
Bill A/ITOPHTMY MOLYKY Ge3 BpaXyBaHHS BHAAJIEHb. Pi3HHLA NosATae y TOMY, LIO NpH opraHizauii
camoi Tabnuui HeoOXiAHO BiA3HA4aTH BiINbHI | BUmaneHi eneMeHTH. Lle MoxxHa 3pobuTy,
3ape3epBYBaBIIM [ABa 3HAYEHHA KIHOYOBOTO Mons. IHWmM#A BapiaHT peanizauii Moxe
nepenbayaTi BBeACHHS AOAATKOBOTO MO, B KoMy (ikcyeTbest ctan enementf. JJoBknua
TaKOTO MoNs MoXe CkyiagaTh Beboro aga 6ith, mo winkom gocratabo Ans dikcauii oaHoro 3
Tpbox craHis. Ha moBi TurboPascal take none 3pyuno-onucatu Tunom Byte abo Char.

5.4. IIEPETIOBHEHHSI TABJIMIII | PEXEIITYBAHHSA

OueBHAHO, O Y Mipy 3aNOBHEHHS Xei-TabHII, BAHUKATHMYTh KONi3ii i, 7K pe3ynbTar,
X JI03BOJIN METOIAMH BiIKPHTOI aJipecallil, 4eprosa agpeca Moxe BHHTH 3a MEXi aipecHOro
npocropy Tabnuii. LLo6 ue aBuiue Bigbysanocs piaile, MOKHA TITH Ha 30i1bLICHHS AOBKHITH
TabMHLi B NOPIBHAHHI 3 iana3oHOM afipec, AKUH BH3HAYAEThCs Xel-pyHKUIEL.

3 ogHoro GoKy Ue npuBee 10 CKOPOUSHHS KIJIBKOCTi KOMi3iii i MpUCKOpeHHs poboTH 3
Xew-TaGinLuero, a 3 iHWOTo — 40 HEPAL[IOHATBEHOTO BUTpaYaHIis agpecHoro npocropy. Haeith
nipH 3GINbLIEHH] JOBXHHM TabITHLLI B BA pa3H B MOPIBHAHHI 3 00/1aCTO 3Ha4EHb Xe-PyHKILIT,
HeMae rapaHTii Toro, IO B pe3y/sTaTi Konisii aapeca He MEPEeBHIINTL JIOBKHHY TaOIAL.
ITpy ubOMy B 1OYATKOBiH YacTHHI TabnuLi MOXe 3anWIDaTHCS AOCHTHL GaraTo BIBHHX
eneMenTiB. ToMy Ha NpakTHLIi BHKOPUCTOBYIOTH LIMKJTIYHHMI Nepexia 1o noyarky Tabmui.

Posrnsnemo Takwii cnoci6 Ha nprxian MeTody fiiHiliHoro BuTIpoOyBaHHa. ITpy ob4HceHHi
ajpecH 4eproBoro €NEMEeHTa MOXKHa OOMEXHTH afpecy, BIfABLIW fAK TaKy 3aJHIIOK Bif
LUTOYHCENBLHOTO PO3NOALTY apeck Ha ZOBXKHHY Tabmuui n.

Y uboMy anropuTMi MA HE BPaXOBYEMO MOXJIMBICTH 6araToKpaTHOTO TEPEBHIUICHHS
agpecHoro nipoctopy. KopekTHimm 6yne anropurm, sk BUKOPUCTOBYE 3CYR ajpecH Ha |
EIEMEHT Yy pa3i KOXHOTO MOBTOPHOTO TEPEBHINEHHS ajapecHoro npoctopy. lle mimsrigye
BIPOTIHICTE 3HAXO/DKEHHSA BITBHHX €/IEMEHTIB Y pa3i NOBTOPHUX UMKTIYHHX TIEPEXONIB JI0
MOYaTKY Tabvi.

Po3rasHyBIIY MOX/IMBICTE BHXOY 3a MEXi aJipecHOro rnpoctopy Tabnwui, My He
BPaXOBYBAJIM YWHHWKH 3aloBHEHOT Tabnuui i Baanoro ubopy xew-gynxuii. Mpu Benkiit
3aroBHeHi# TabMHIi BAHWKAIOTH YacTi KONi3il | LMKJTIYHI nepexonw B nodartok Tabnuui. [Npu
HeB/laNloMy BHOOpI Xel-(pyHKIiT BiAOyBaOTECS aHANOTiUHI ABUIIA. ¥ AKHAHTipmoMy BapiaHTi
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TpY MOBHOMY 3aNOBHEHH] TabITHILi a7ITOPHTMH LIMKITIYHOrO TTOLLTYKY BilTBHOTO MiCLIS IPUBEIYTH
10 3aIMKJIEHHA. ToMy IpH BUKOPHCTaHHI Xeln-TaGHip HEOOXiHO MParHyTH YHUKATH JYKe
IliTBHOrO 3aTIOBHEHHS Tabnulb. 3a3Bu4ai, NOBXWHY Tabmuui BUGHPAIOTE i3 po3paxyHKy
JIBOKpAaTHOrO NepeBHIIEHHA NepenbavyBaHol MakcHMabHOT KiTkKocTi 3amucis. He 3asxam
TIpY OpraHi3allii XeUryBaHHs MOXKHa NMPaBHITBHO OLIHUTH HEOOXiHY HOBXKHHY TabNLli, TOMY Y
pasi BEMMKOI 3aMoBHEHOI TabNHLi MOXe 3HaZOOMTHCA pexellyBaHHA. Y LLOMY BHIAIKy
36iTBHIYIOTE NOBXHHY TabIHILL, 3MIHIOIOTE Xeul-yHKLUIO i IepeyTIopsAaKOBYIOTE JaHi.

3nilicHIOBAaTH OKpeMe OLIIHIOBAHHS I'YCTHHH 3aTIOBHEHHS TaGHLLi T1ic/Is KOXXHOT oriepalii

JAOOaBaHHA HCllOI.liJ'IBHO, TOMY MOXHa BUKOHYBATH Take OHiHIOBaHHﬂ HEMTPAMHKM YTHHOM V 34
KiNIBKiCTIO KoMi3id mify wac ogHoro gofaBaHHs. JlocuTh BH3HAYUTH JIESKHIA TIOPIT KUTEKOCTI
KoJTi3ii, MW nepeBHILeHHI AKoro Tpeba 3niHCHUTH pexeuryBaniis. Kpinm Toro, Taka nepesipka
YHEMOXTHBITIOE 3aLIMKJICHHS aJiTOPUTMY B pa3i NMOBTOPHOTO TEpErAay eJleMeHTIB Tabmui,

PosrnisHeMo anropuT™ fofaBalHs, O peastisye MpONOHOBaHWH MiIXil.

HdonasaHHA

i=0

a = ((h(key)+ c*i) div n + (h(key)+ c*i) mod n) mod n

Axwo t(a)= sBinbHO abo t(a)= BuganeHo, To

t(a)= key, sanucaTv enemeHT, CTON eNneMeHT AoAaHuI

Axwo i > m, To cTon noTpibeH pexeluysaHHs

i=i+1, nepeATn 4o kpoky 2

Y LbOMY anropuTMmi Homep iTepaLii NOPIBHIOETLCA 3 NOPOrOBUM YUCNOM M.
3a3HayuMo, Lo anropuTMu Ao0A[AaBaHHA, NOWYKY i BUAANEHHA MOBUHHI
BMKOPWUCTOBYBaTW if€HTUYHE YTBOPEHHS afpecy YEProBoro 3anwucy.

BupaneHus

i=0

a = ((h(key)+ c*i) div n + (h(key)+ ¢*i) mod n) mod n

Axwo t(a)= key, To t(a)=3HNLIEHO, CTON, eNeMeHT BuaaneHui
Axkwo t(a)= BinbHO abo i>m, TO CTON, eNeMeHT He 3HaigeHui
i=i+1, nepenTn Ao Kpoky 2

Mowyk

i=0

a = ((h(key)+ c*i) div n + (h(key)+ c*i) mod n) mod n

Akwo t(a)= key, To cTON, enemMeHT 3HaliaeHuiA

Axwo t(a)= BinbHO abo i>m, To cToN, eNeMeHT He 3HanaeHUA
i=i+1, nepenATn A0 KPOKy 2

5.5. OLIHIOBAHHS SIKOCTI XEIII-®YHKIII

SIx 3a3Havanocs, npaBuILHIH BUGIp Xew-gyHkuil ay>ke Basuuii. ITpu Baaniii noGynoei
xemw-hyHKUii TabMUs 3anMOBHIOETHCA PIBHOMIpHILIE, 3MEHWYETHCS KIMBKICTB KOMisii i
3MEHIIYETbCA Yac BUKOHAHHSA omepallii nouryky, qogasaHHs i BuganeHHd, s Toro, mo6
3a3galierilb OUIHHUTH AKICTH Xewl-QyHKUIT, MOXKHA BHKOHATH iMiTaliliHe MOJCTIOBaHHS.
MozemoBaHHA 3MiHCHIOETECA TaKNM YHHOM. DOPMYETHCS LUTOYHCETbHII MacHB, JOBKHHA
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SKOTO CITIBNAafa€c 3 JOBKHHOIO Xel-Tabmuiii. BHankoBo reHepyeThcs JOCTATHBO BENIHMKA
KUTBKICTE KITHOUIB, TS KOXKHOTO KJTIOYa OGYHCMIOEThCA Xew-gyHkuis. B enemenrax Mmacuey
00paxoBy€eThCA KiNbKIiCTH TeHepauiif 3aJaHoi agpecH. 3a HacTiAKaMH Takoro MOAETIOBaHHS
MOXKHa no0ymyBaTH rpadik posnoiny 3Havens xem-QyHkuii. JU1s oTpuMaHHA KOPEKTHUX
OLIHOK KiJTBKICTH KITIOHIB, IO FEHEPYIOTCA, TOBHHHA ynekumca pasiB NEpEBHIIYBATH JOBXKHHY
Tabmi.

Pizni migxoan mo noGyJOBH reHepaTopiB BHNAJKOBMX 4YWCEN AAIOTH Pi3Hi 3a AKICTIO
nociiosHocT. OCHOBHI KPHTEPIT AKOCTI — PIBHOMIPHICTB, CTOXaCTHYHICTB, HE3AJIEKHICTb.
Mu po3rsIaTHMEMO JTHIIIE TePEBIPKY PiBHOMIPHOCTI.

Ilepesipka piBHomiprocTi woiB {x,} xew-¢dyHkuii 3a ricrorpamolo. Biapizok (0,1)
pO3OMBAETHECA HA M PIBHHX YaCTHH. 3HAXOAUTHCA BIJHOCHA 4acToTa rlorrpanmn-msl yHceny
KOXeEH 3 iHTepBaniB. OTPHMYEMO ricTOrpamMy po3rnozmiy.

[MepeBipka piBHOMIPHOCTI 32 HENPIMHMH O3HaKaMH 3MIACHIOCTECA TAKHM YHHOM.
TocnimosHicTs {x,} po36MBaETLCA HA ABi MOCNIZOBHOCTI: MApHUX wieHiB {x,;} i HemapHHX
uneHiB {x,,,}. Y 3aranbHOMy BHTIfIKy, TOUKa (X, , X,) OTPAIUIAE BCEPEAHHY ONHHUTHOIO
KBaJpaTa, a KO BUKOHYETECA YMOBa

Xppy T X0 <1, 1= 12N,
TO Taka TouKa (X, , X,) NOTpanise Bcepemmy YeTBepTHHH ofuHNYHOTO Kona. ITicia N/2
nocnifis, 6yne sreneposavo N uwncen. [TozHauAMO KUTBKIiCT Map, 1O, BiANOBIRAIOTE YMOBI
(7) k £N/2. ko yncna po3noinerri piBHOMiIPHO, TO BiXHOIIEHHA KUTBKOCTI MONMaJaHb B
YeTBEPTHHY KOJIa JI0 3arajibHoi KifIbKOCTi EKCTIEPUMEHTIB MPAMYE JI0 BiJHOILICHHS TUIOUL LIUX
diryp, To6T0 2k/N —> TU/4.

DyHKILiA nepeBipkH PIBHOMIPHOCTI 3a NPAMUMH Ta chpﬂMHMH 03HaKaMH Moxke OyTH
peanizoBaHa Tak:

void rivnom(float m[]) // nepeaaemo macus kniodis

{

float p[5000],np[5000}; // napHi Ta HenapHi enemMeHTM
float pp,lI;

long k,r,1,I=0;

double rivno,rz_np,rz_p;
int pop[10]; // macus Biapi3skis ANA ricTorpamu
/1 yci 3HaueHHs KNIOYiB AINMMO Ha NapHi Ta HenapHi
// 3a HomepaMu poO3MILLLEHHSA
for (r=1;r<=count;r++)
if (r%2==0)
pll=mir};

else

np[l]l=m[r];
++;

// Bygyemo rictorpamy

for (i=0;i<10;i++)

{ /! y noTO4HKI BiAPI3OK LLie HeMa noTpannAHb
pop(i}=0;
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for (r=1;r<=count;r++)

{
// po3paxoByeMO novaTok iHTepsany
II=(3i)/10;
/I Aakwwo € noTpannsiHHA, TO hikcyemo inoro
if (M[r}>=M&&(m[r]<=(11+0.1))) popl[i]++;
}

}

/] paxyeMo KinbKicTb NOTPaNsIsiHL y KONo
k=0; // Hema xo4HOro NOTPaNNAHHA
for (r=1;r<=count/2;r++)

{
rz_np=np(r-1]*np(r-1};
rz_p=p{r-1]*p(r-1];
// po3paxosyeMO NOTPaNNAHHA Y KONO
rvno=rz_p+rz_np;
if (rivno<1) k++;

}

/Il nepesipka piBHOMIpPHOCTi

if ((abs(2*k)/(count)-pi/4)<0.01)
puts(“rivnomirno”);

else
puts(“nerivhomirno”);

Pe3srome

1. JIna npuckopenna docmyny 00 Oanux y mabauyax ModCHA 8UKOPUCMOBY8AMU
nonepeoHe 8nopaodKoByGaHHa mabnuyi 8i0noeiono 0o 3navensv kmouis. Ilpu yoomy Oani
opzanizogylomsca y eu2nadi mabauyi 3a 0onomozo10 xewt-Qynkyii, 6 suxopucmosyemocs
017 obuucneHHa aopecu 3a 3HAYEHHAM KHIOYA.

2. € maxki anzopummu nopoodiCeHHs KNOYi8 Xew-pyHKYil: cepeOuHHUX keadpamis,
Oinenns, myasmunnikamuenuil. L]li memoou eionocamvca 0o cmamuunux mMemoois. Y
OuUHAMiYHOMY Xeuly8aHHi xeul-QYHKYIA TeHepye max 38aHuUll NCeeOOKNIOY, AKUL
BUKOPUCIMOBYEMbCSA UM YACMKOB0 OAR docmyny 00 eiemMenma.

3. Konizia — cumyayia, AKa GUHUKAE NpuU 3an0BHeHHI mabnuyi, Koau ona 06ox
HeoOHaxosux Kniouie ynxyis obuucnioc oony i my camy aopecy. Kmoui 3 odnaxoeumu
3HAYEHHAMU HA3UBAIOMBCA KIIOYAMU-CUHOHIMAMU,

4. Hatinowupeniwuumu memooamu po3e 'A3YBaAHHA KONIZII € MemooO Nanyloxckie ma
- 8i0kpumoi adpecayit.

5. Memodom nanyrodickie Ha3uBAEMbCA MEMOO, 8 AKOMY OAsL 003801y KOMI3i y 6Ci
3anucy 8800AMbCA BKA3IBHUKU, BUKOPUCIMOBYEAHT OISl OP2aHi3ayil CRUCKIB V NAHYIONCKAX
nepenogHenna. YV pasi eunukHenns korizii npu zanognenni mabauyi 6 chucok Ons
HeobXxiOHOT adpecu xew-mabauyi 000acmucs e 0OUH eNleMeHm.

6. Memoo eidxpumoi adpecayii nonszac 6 momy, w06, KOPUCMYIOYUCL AKUMCD
anzopummom, wjo 3abezneuye nepebip enemenmis mabnuyi, npoznsoamu ix y nouiykax
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8inbHO20 Micys Ona HOG020 3anucy. Bysaome maxi memoou @iokpumoi adpecayii:
NiHiine sunpobysanns, keadpamuune unpoOysarHs, noOGiiine Xeuly8anHs.

7. Oyintosanus axocmi xew-Qyuxyii 30ilicHIoOEMbCA 3 MEMOI0 PIGHOMIPHIWO20 3a-
noeHeHHA xXeul-mabauyi ma peanizyemvpca 3a 00NOMO2010 iMimayitino2o MOOeO8aHHS.

KonmponbHi 3anumaHHA

1. BusHa4eHHs1 xeWwyeaHHs1 ma (1020MpuU3HaYeHHs.

2. BusHayumu cmamuyHi Memoou ropoOXeHHS KIliodie xeul-gbyHK-Uielo.

3. Ob6zpyHmysamu HeobxiGHicmb sUKopucmaHHs QUHaMIiYHUX Memo-die
MOPOOXKEHHS KITKoYie. ‘

4. MNepepaxysamu npuvuHU Koni3ili ma Memoou Ix 8UPiLUEHHS.

5. lNepepaxysamu memodu eidkpumor adpecauii ma nopieHsmu ix Mix cobolo.

6. Onucamu mMemod naHyloXKie.

7. Mepepaxylime memodu OYiHI08aHHA SIKOCMI Xew-gbyHKUIT.

Tecmu Ona 3akpinneHHa Mamepiany
1. XewyeaHHs - ye:
a) sunadkoee enopsAdKysaHHsA Krlovie;
6) sunadkoee 8nopsdKysaHHs iHOeKcis;
8) 8rnopsiI0KysaHHsA iHOeKcie 3a 3pOCMaHHAM;
2) snopsdKyeaHHA iHOeKcie 3a cnadaHHAM.

2. 3a hparmeHmom hyHKYii eusHaqyme ii npu3Ha4eHHs.
Function mmm (key : string[4]): integer;

var f. longint;

begin

f.=ord (key[1]) — ord (key[2]) + ord (key[3]) —ord (key[4]);
f.=f+255*2;

f:=(f*10000) div (255*4);

mmm:=f end,

a) copmysaHHs;

6) nowyk 3a Knoyem;

8) xewysaHHs,

2) po3iMeHyB8aHHs.

3. Mepepaxyiime Memoodu po3e’si3yeaHHs1 KONi3ili:
a) eidkpumor adpecaufi:

6) 3akpumoi adpecaujl;

8) NaHUIOXKIg;

2) NodeiliHo20 XelyeaHHs;

8) keadpamuyHo20 8UnNpobyeaHHs;

e) nitilino20 eunpobyeaxHs.
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4. 3a ¢pparMeHnmom npozpamMu esuaHadyumu eukKopucmaHuil anzopumm
XeuwlyeaHHs
fori:=1 to n do begin

X =X*X;
X:=x*10000;
x:=x-trunc(x);
x:=x*100000000;
x:=trunc(x)/100000000;
vector{i-1]:=x;
end;

a) cepeluHHuUx KeaBpamis;

6) dineHHs;

8) MynsmunnikamusHudl.

5. 3a pparmenmom npoepamu eusHauumu eukopucmanuil anzopumm
XewyeaHHs1
g=8;
for (j=1;j<=n;j++)
{
dob=x0"y;
gcvt(dob,20,str); //nepeTBopnnu uncno y cTpiuky
strncpy(st,str,2*g); // y*x0<2g
i=strlen(st);
i=strlen(st); if(i>=g)
temp=i-g;else temp=0;
for (int g=temp;q<=temp+g;q++)
strr{g-temp]=st[q];

strr{q]="\0’;
x1=atof(strr)/256;
x0=x1;
useflfj-1]=x0;
}
a) cepeduHHUX Keadpamis;
6) dineHHsA;

8) MynsmunnikamugHua.

6. lNepepaxyiime cmamuyHi Memodu reHepauir xew-Kknodie:
a) dineHHs;

6) nixitiHud;

8) MynsmurninikamueHu;

2) 3akpumoi adpecauii;

0) NaHyoxKie;

e) nodeiliHo20 Xelly8aHHSs;

€) keadpamuyHoz0 8unpobyesaHHs.

PO3IT 5. Xewysanua 0anux

7. MNepeeipka sskocmi xew-gpyHYir 30ilicHIoeEMbCs 33 G0NOMO2010 Kpume-
piie:

a) pieHOMIpHicmb;

6) posnodinexicms;

8) cmoxacmuyHicms;

2) nodeitina nixitiHicms;

0) He3anexXHicme.
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HEJITHIIHI CTPYKTYPH
IAHUX: TEPEBA

Ionamms oepesa.

[Tonammsa 6inapnozo depesa.

Hodanuusa oepes y 36 ’asuiii nam’'ami xomn iomepa.
Anzopummu npoxoodicenns Oepe@ yenub i gutup.
3acmocysanna binapuux Oepee 6 a120pumMax NOULYKY.
Onepayia exnouennsn ¢ CJ[ muny «6inapre depeeoy.
Onepayin suxmouenns 3 Ginapnozo depeea.

Posain npucesueHnit onvcy iepes Ta BU3HAYEHHIO onepailiii Haa Humu. [Tonano npuknam
poGoTH 3 nepeBaMu pizHoi apHOCTI. OcOOMBY YBary 3aKUEHTOBaHO Ha OiHApHHX JepeBax Ta
opradizauii po6oru 3 HuMu. Haeenero 3anavi, 1o po3e’s3yloTecs 3 A0OMOMOro0 GiHapHUX
JAepes.

L R R 2% 2K 2K JE

6.1. JEPEBO

6.1.1. BusHa4yeHHs1 Oepesa
#* fepeeo — ckinuenna nenopoxcual, wo ckaaoacmscsa 3 00H020 Ui binvuie 8y3nig

l MAKux, o GUKOHYIOMbCA HUCMYNNI YMOBU:

v’ € 00uH chneyianbro nosHaueHull 8y30M, AKUL HA3UGACMBCA KOpeHem Oepesa;

v inwi gyznu (kpim Kopens) micmsamscs 6 m>=() nONApHoO He nepeciunux MHONCUHAX
r, T, ... T, xoxna 3 saxux y ceoio uepzy, € Oepesom. [lepesa
T, T, ... T, nasusaromocs niodepesamu maxKozo Kopels.

Hepesa 306pasicaromvca makumu cnocobamu:

e zpaghiuno,

® 3a 0ONOMO2010 MHOMNCUH,

@ ax mMoougbikayis 6a2amose 'a3Hux CRUCKIE.

IMponemMoHcTpyeMo 306paskeHHs CTPYKTYpH AepeBa (pHc. 6.1):

° A:T= (B, E, F, G)
(w) Flgzzfr_l{.cé (®)
/] \ Th= (6
@ @ @ C: Ty = {H}

a) epacpidHull 6) 3a doroMo2010 MHOXUH
Puc. 6.1. Cnocobu 3o6paxeHHs depesaa.
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Axwo migmuoxwuuw T, 7,, ..., T ynopsakoBaHi, TO H€EPeBO Ha3WUBAKOTh
ynopsigkosanum. SKIno 18a gepera BBaXAIOThCS PIBHUMM i TOM|, KOJIV BOHU BiJIPI3HAIOTECS
TIOPSAKOM, TO TaKi AepeBa Ha3HWBalOTHCA OpicHTOBaHHMEA JepeBamu. KiHlleBa MHOXHHA
HETIepeciYHHX JIepeB Ha3UBaeTheA JricoM (puc. 6.2).

. ©®
OO

Q G Puc. 6.2. flic.

6.1.2. biHapHe Jepeeo
Binapne aepeBo — CKiHUeHHa MHOKHMHA €JIEMEHTIB, 110 MOXKe OyTH NOPOKHEBOIO, KA

CKNaJlacThCA 3 KOPeHA H ABOX HenepeciuHux OiHapHUX HOepes, mpuUYOMy MiAAepeBa
BIIOPAJKOBAHI: JTiBE NiAEPEBO i MpaBe MiuIepeBo.

a a
o /O O

O * Ob

KUTBKiCTb MiAMHOXKWH 17151 33/IaHOTO By3Ila Ha3WBAETHCS CTYIeHeM By3na. SIKilo Taka
KITBKICTB JIOPIBHIOE HYJTIO, TO BY30J1 € JIHCTOM. MakcHManbHHi CTYMiHb By3Jla B JICpeBi —
cTyniub gepesa. PiBeAs BysJjla — oBXHHa UNTAXY Bill KOPeHS A0 PO3IJISHYTOTO BY3Jia.
MaxkcumansHuii piBeHb iepeBa — gucoma depesa.

CTpykTypy epeBa MOXHa 306pakaTH i 3a JOMOMOT oo crocobis, MoJaHuX Ha puc. 6.3.

BxnageHi MHOXHHH

Hyxxoea dopma: (A (B (E) (F) (G)) (C (H)))

Hecarkosa dopma [Iproi: A~1;
B~1.1; C~1.2;
E~1.1.1; F~1.1.2; G~1.1.3; H~1.2.1

Puc. 6.3. Cnocobu nodaHHs depes.

6.1.3. lMoGaHHsn Oepee y 36’A3HIU NaM’sami KoMmn’romepa
Po3pizHAIOTL TPH OCHOBHI CNOCOOH NOAAHHS AEPEB Y 3B’ A3Hil Mam’sTi: cTaHAapTHHA,
iHBepCHUI, sMimanuii, Posrnsuemo ui crioco6y as aepesa ,306paxeHoro Ha puc. 6.4.
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PO3JIT 6. Heniniitni cmpyxmypu oanux: oepesa

»)
B\ (F)
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§ { ' ] —
| A | WA ¢
D G

[Tpu inBepcHOMY a10co6i KOXKEH
BY30J1 lepeBa Ma€ BKa3iBHHK, L0
BKa3ye Ha OaTbKa.

IMpu cTranaapTHOMY criocobi By3ny, 1o
nepeGyBaroTh Ha OXHOMY DiBHI, €
bopamamu. Slkuio Xk By3on nepebyBac Ha

HIDKXOMY PiBHi, TO BiH BBaXKa€ThCH
CUHOM.

Puc. 6.4. CmaHdapmHull ma iHeepcHuli cnocobu nodaHHs depes.

SIKI110 %K TOBOPHUTH NMPO 3MilIaHWI crocib mofgaHHg Aepesa y 3B’ A3HIH mam’4Ti, To TyT, AK
BUIHO 3 Ha3BH, KOKHUH BY30JT BKJTIOMAE BKa3IBHWKH, II0 BKA3ylOTh K Ha CHHIB, Tak i Ha
faThKa.

OyHkuis noGynoBy aepeBa CTaHAAPTHAM CIIOCOOOM:

struct btree // ctpykTypa gepesa

{

intel;
struct btree *I|,*r;

}; // Bka3iBHUKM Ha NIBOro Ta NpaBoro cuHa

//BKa3iBHMKKN Ha KOPiHb AepeBa Ta NOTOUYHUA eneMeHT

struct btree *root, *cur;

llyHKuUin foaaBaHHA eneMeHTa y AepeBo

struct btree * insert (struct btree *c, int k, struct btree * new1)

{

struct btree *p,*I; int a;

if(!c) //noTouHNIA eNeMeHT € NOPOXHIM (BiACYTHIM)

{
c=(struct btree*) malloc (sizeof(struct btree));
c->el=k;
c->1 =NULL;
¢c->r =NULL;
//akio 3afaHo 3HaYEHHS a, TO AePEBO BXKE MICTUTh BY3NU
/1 i M1 3QINCHIOEMO NPUB’'A3KY CTBOPEHHOrO enemMeHTa
Il sk nisoro (a=1) abo npasoro (a=2) cuHa
if (a==1) new1->|=¢;
if (a==2) new1->r=c;
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return (c);
}
else
/lcnyckaemoca aani no aepesy
{
new1=c;
if(c->el>k)
/Inepexoanmo A0 NiBoro cuHa
{
c=c->I; a=1;
p=insert (c,k,new1);
}
else
/InepexoanMo [0 NpaBoro cuHa
{
c=c->r, a=2,
p=insert (c,k,new1);
}
}
}
void main()
IIBvknuk dyHkuii nobyaosu aepesa
{
intk,n=51;
scanf(“%d”,&k);

root=insert(NULL k,cur);
for(i=2;i<=n;i++)
{
scanf(“%d" &k);

cur=insert(root,k,cur);
}
}

6.1.4. Anzopummu npoxo0dxeHHs1 Oepee yanub i awup

@ @ [Tpu npoxomkeHHi BIITHO
/ ®\ / \ 300 paXkeHOro icpeBa, CIHUCOK HOro BEpHIMH,
@ @ @ 3aMHUCAHMX Y TIOPAIKY IXHBOTO BifIBiAyBaHH,
l | Oyne BUIIALATH TaK
@ @ @ A,B,C,F,G,H,D,E L J, K.
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AJNTOPHTM TIPOXOMKEHHS lepesa BIIHO
<MOpPOXHiN cTek S>;
<NPOWTN KOPiHb | BKIIOUNTN ROrO B CTEk S>;
while <cTek S He nopoxHin> do
begin
{Hexait P — By3on, wo nepebysae y BepLunHi cteka S}
if <He Bci cuHu By3na P nponpexi>
then <npo#iTK cTapworo cuHa i BKNIOYUTK NOro B cTex S>
else begin
<BUKNIOYATK 3 BEPLUNHN CTEka By3on P>,
if <He BCi 6paTu BepwuHy P npoigeHi>
then <npoiiTu cTapworo 6paTta il BKMNOYKTH AOro B CTEK S>
end;
end;
TTpu npoxomkeHHi 3006pakeHoro aepesa BUIMP (M0 PIBHAX), CMHCOK HOro BEPILUHH,
3aMUCaHuX Y MOPAAKY iXHBOTO BigBimyBaHHs, Oyle TaKHM:

A,B,C,D,E, FGHILJ K
L I | L

ANTrOpHTM NPOXODKEHHS eépeBa BITHPHHY:!
<B3ATY ABi Yepru O1 1 02>;
<NOMICTUTU KOpiHb Yy Yepry O1>;
while <O1 abo 02 He nopoxHR> do
begin
if <O1 He nopoxHa> then
{P - By3on, wo nepebysac B ronosi Yyeprin O1}
begin
<BUKNOYUTY By3on i3 Yyepru O1 i nporTw oro>;
<NOMICTUTW BCi By3nu, WO BIRHOCATLCA A0 OpaTis uporo Byana P, y uepry O2>;
end
else <O01=02; O2=2
end;

6.1.5. [TodaHHs1 Gepes y su2nndi 6iHapHUX
Mix mepeBamMu 3aranbHOro BHIY (By3oN gepeBa MoKe martv Oifblle OBOX CHHIB) i
GiHapHUMM JepeBaMH iCHYE B3aEMIO OTHO3HAUHa BiIOBIAHICTh, TOMY GiHapHi AepeBa 4acTo
BUKOPHCTAIOTH [J1s1 TOJAAHHS JIEPEB 3aralbHOTO BUY.
Jlna Takoro MOJAHHS BHUKOPUCTAIOTH HACTYMHHH g

aNropUT™:
1) 300paxyeMo KOpiHb AepeBa; I ¢
2) mo BepTHKaJi 300paxyeMo CTapLIOro CHHa
LIEOTO KOPEHS; b
3) no ropu3oHTaNi BNPaBO Bill LbOrO By3Jsa
nofaeMo Beix #oro Gpatis; f g hi
4)nn. 1, 2, 3 noBTOPrOEMO s BCIiX HOTO By3iB.

Ot o
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Ortxe, BepTHKATBbHI pebpa 300pakatoTh NiBi MignepeBa, a TOpH3OHTaNEHI — TTpaBi.
Takuii anropuT™ MOXXHa BUKOPHUCTATH ¥ 114 JTicy.
Teopema. KinbkicTb 6iHapHHX JiepeB 3 n BEpIUIMHAMH MOXKHA BH3HAYHTH 32 GopMyIIoro:

(2n)!
(n+)(n)* "

@30 1-2-3-4-5.6 _
Hanpuknag, ana n=3 maeMo (37 \3? ~ 41.2.3.1.2.3

TMpointocTpyemo ueli npuknan rpadiaHo:

S N S N
Iy NN S

ITonanun Ginapunx Aepes y 3B’u3Hil mam’aATi

IMpwn nopanHi GiHapHUX NepeB y 3B’ A3HIH MaM’ATi, PO3PI3HAIOTH TPU OCHOBHHX CIIOCOOH
TIONAHHA:

v’ cmandapmuud,

v ineepcuuil,

v smimanui.

Byznu nepeBa NnpH KoXHOMY TakoMy NOIAaHH{I BUIJIAAIOTH Tak:

Data F F Data
L_Son | R_Son Data L_Son R_Son
© CTaHAApTHHI iHBepCHUH 3Mianni

Puc. 6.5. lNodaHHs biHapHux depes.

SIKUI0 MU ckOpHCTAEMOCS MPOWNTUM GiHApHUM EPEBOM, TO BUITIS/ BY3Nia JUIsSi HbOTO
6yne Takum:

LP | RP| Data
L Son | R Son

OnvH i3 MOXIHBHX crIoco6iB mpomInBanHd 6iHapHOTO [iepeBa NOIATae B TOMY, LIO I1A
KOXKHOTO BY3J1a, IO HE Ma€ JIiBOrO MiJAcpeBa, 3anam’ATOBYEThCA MOCHIAHHA Ha
Oe3nocepeAHLOro MONepefAHNKa, a VTS KOXKHOTO By3Jia, IO HE Ma€ MpaBoro MiAepeBa,
3amaM’aTOBYEThCA TOCHIaHHA Ha iforo Gesmocepennboro cnagkoemus. IMonepemHukis i
CMaJKOEMIIB JUTA By3J1a BH3HAYAIOTh BUXOAAYH 31 CITHCKY, AKHI OTPUMYEMO NPH TTPOXO/KCHHI
po3rnsHyTOro GiHapHOTO AepeBa B cuMeTpruHomy nopsaky. I1lo6 BiapisHaTa nocunanus Ha
niBoro abo MpaBoro CWHa (Taki MOCWIAHHS HA3HBAIOTh CMIPYKMYPHUMY 36 A3KAMU) Bil
TIOCHJIaHHS Ha rornepeiHKa abo crajikoeMus By3i1a (TaKi OCWIAHHSA Ha3MBAIOTh “HUTKAMK™),
BHKOPHCTOBYIOTHCS iHAWKATOpHi nonsa LP i RP.
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BHKOPHCTaHHS «TIPOIIMBAHBY ICTOTHO MPHLIBUALIYE POXOIKEHHS IEpeBa, JO3BONIAE HE
BHKOPUCTOBYBATH CTCK, ajie NMPH UBOMY YCKIaJHIOOTHCA anTOpPUTMH BIJTFOUEHHS /
BUKJTIOYEHHS By3/la, TOMY LIO B MPOUIUTOMY JEpPeBi HEOOXiZHO KepyBaTH He TilbKH
CTPYKTYPHUMH 3B’si3KaMH, ane i “HUTKaMu”,

Tpoumre GinapHe pepeso Ha [Tackani MokHa mofaTH Ak:

type TreePtr:=AS_Tree,

S_Tree =record
key: KeyType; {«knou}
left,right. TreePtr; { nisun i npaBui cuHn }
LP,RP: boolean; {xapakrepuctuku 3s’askis }
end;

SAxmo LP i RP pieni FALSE, To 38’430k € HUTKOIO.

DyHKUis W18 BU3HAYEHHS CHHA y IPOLUIMTOMY JiepeBi 3MillIlaHUM criocobom:

Funtion IsSon (x: TreePtr): TreePtr;

begin

IsSon:=x".right;

if not (x*.rf) then exit; {uw ue nisa rinka}

while IsSon*.LP do { ROKW 3B'A30K He HUTKA }
IsSon:=IsSon”.left, { nepeiTu no nisin rinui }

end;

DyHKUiA W19 BU3HAYEHHs 6aThka 3MillaHKM CrocoGoM:

Function Parent (x: TreePtr): TreePtr,

begin

Parent:=xA left;
if not (x*.LP) then exit;
{ BOKM 3B'A30K HE HUTKA }
while Parent A.rf do Parent:= Parent A.right;

end,

CuMeTpHYHHM NpOXokeHHAM GiHapHOTO JepeBa € Take MPOXOMKEHHS, KOIM MU
TIPOXOMMO CTIOUATKY JTiBe MTiZAepeBo, MOTiM BiBioyeMo KOpiHB | OcTaHHIM BiBiXyemo nipase
niggepeso: A R B.

/

A B

Hpuknan 6.1, Posmanemo GinapHe depeso. E mam’aTi e aepeso 6yne Burnagat
TakK:
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ITpw #ioro cumeTprUYHOMY NPOXOLKEHHI OAEPIKYEMO TaKHIf CITUCOK BeplinH: ¢, b, a, d, g,
e, f.

®opmyBannsa Ginapnoro aepesa

ITpu dopmysanni GinapHoro aepesa TpebGa 3ajaTh AesAki oOmexeHHsa. Po3rsanemo
npuKNa, konu HeobXixHo nobyayBaTH AepeBo 3 n BEPLINH, MO Ma€ MiRiManbHY Bucoty. [lns
JOCATHEHHS MiHIMaJLHOI BUCOTH HeoOXiHO, o6 BCi piBHi JepeBa, KpiM, MOXJIHBO,
OCTaHHBOTO, Gy 3anosHeHi. 1L{ob 3poGHTH TakHit po3nozwt, Bei BepiumHK Tpeba po3noauiaTH
TNIOpiBHO: JTiBOPYH | MpaBopyy. '

n=6

SN ST KT KA

Orxke, npaBuNia s piBHOMIPHOTO PO3NOAINY NPH BiJOMIH KiTbKOCTi By3/iB n MOXHa
cthopMynrOBaTH 32 IONOMOTOI0 MOAANBLIONO PEKYPCHBHOTO alTOPHTMY:

v\ B3ATH OWH BY30 SIK KOPiHE;

v noGymyBaTH siike TiAAEPEBO 3 KinbKicTio BY3/iB 7, = [/ 2] THM camuM criocoGom;

v’ noGygyBati mpase MifUIepeBO 3 KiNBKICTIO BY3JB 7, = 1 — n, — | THM caMHM
criocoboM.

Omuc By3na mepesa Mooto Turbo Pascal Ta nonaBaHHs By3na BUMIsJa€ Tak:

Type EIPtr= AElement

Element = record

Data: integer;

L_Son, R_Son: EIPtr,

end;

Function Tree (n: integer): EIPtr;

varnl, nr, x: integer;

NewElement: EIPtr;

begin
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if n=0 then Tree:=nil else begin

nk=ndiv 2;

nr=n-nl-1;.

read (x); New (NewElement);

with NewElement do begin

Data:=x;

L_Son:=Tree (nl),

R_Son:=Tree (nr);

end;

Tree:=NewElement;

end;

end;

EdekTHBHICTE peKypCHBHOrO BH3HAYEHHS TMOMATAE B TOMY, WO BOHO HO3BONAE 3a
JOTTOMOTOIO KiHIIEBOTO BUCIIOB/TEHHS BH3HAUYHTH HECKIHYEHHY MHOKHHY 00’ €KTiB.

6.1.5. 3acmocysaHHst 6iHapHux epee 8 an20pummax rnowyKy

B onHo3B’I3HOMY CTIHCKYy HEMOXJIMBO BHKOPHMCTaTH GiHapHi METOIW, BOHH MOXYTb
BHKOPHCTOBYBaTHCS TiUTbKH B NMOCAINOBHiH nam’aTi. OqHak, SK1Lo BUKOPHCTaTH GiHapHi epeBa,
TO B Takii 3B’A3Hill CTPYKTYpi MOXHa oZep>KaTH aJiTOPHTM MOIIYKY 3i CKJIagHICTIO
O(log , N). Take nepero peasisyetbcs B TakHii crioci6: ans Gynn-skoro Byana jepesa i3
kntoveM T, BCi KTroui B 1iBOMY TIianepeBi NoBHHHI OyTH MeHwi i T, a B ipaBoMy — GuTbLie
T. Y nepesi NowyKy MOXHA 3HAHTH MiCLE KOXKHOTO KJIIO4a, PyXalOyHCh, TIOYHHAIOYH BiJl
KOpEHS i nepexoasyH Ha JTie abo npase Migaepero, 3a1eXHO BiJ 3HaYEHHs Horo koua. 3 n
eNIEMEHTIB MOXKHa OpraHisyBarth GiHapHe JiepeBo (iAeanbHo 36anaHCcOBaHE) 3 BUCOTOIO HE
Ginboro Hix log , N, 0 BU3HAYAE KUTLKICTE ONepawli MOPIBHAHHS MPH MOLIYKY.

Ti

L Son R_Son
/ \
/ \
<T; > Ti
Function Search (x: integer, t: EIPtr): ElPtr;
{none Data samiHumo Ha none Key}
var f. boolean;
begin
f.=false;
while (t<>nil) and not f do
if x=t*. Key then f:=true
else
if x>t*. Key then
t:=t. R_Son
else
t.:=t*. L_Son,
Search:=t;
end;
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AKLO 0AEPKUMO, L0 3HAYEHHA PYHKLT = nil, TO knioYa 3i 3HAYEHHAM Xy AepeBi
He 3HanpeHo.

Function Search (x: integer; t: EIPtr): EIPtr;
begin

S” key:=x;

while t* key<>x do

if x > t* key then
t:=t*. R_Sonelse t:=t". L_Son;

Search:=t;

end;

=t

el el
[ 1—-I y |

———

6.1.6. Onepauis exmovernHs e C[] muny «6iHapHe Gepego»

Ho6ynoBa 1acToTHOro CJOBHHKA

PosrnsHeMo Bunagok AepeBa, WO MOCTiHO 3poctac. [apHAM NPHKJIAZOM LBOTO €
no0y0Ba HaCTOTHOTO CIOBHUKA. Y 1ii 3aaaui 3aJaHa MOCTIZOBHICTB CNNiB i Tpeba BCTaHOBUTH
KUTBKICTB MOABY KOYKHOTO cora. Lle o3Havae, 1o, MOYHHAIOUH 3 TOPOXKHBOTO JIepeBa, KOKHE
CJIOBO, IO 3YCTPIHAETBCA B TEKCTi, WIYKAEThCA B HhOMY. SIKINO Ue clOBO 3HaligeHe, To
NYANGHUK TIOSBH LBOTO CJIOBa 30UTBLIYETHCS; AKUIO 3K CIOBO HE 3HakzeHe, TO B JIepPeBO
BKJTIOYAETHLCA HOBE CJIOBO 31 3HAYEHHAM JiYHIbHAKA = 1.

Type EIPtr = *Element

Element = record

Key: integer,;

n: integer,

L_Son, R_Son: ElPtr;

end;

Procedure Put (x: integer; var t: EIPtr),

begin
if t=nil then

begin
New(t);
with t* do begin
key:=x; n:=1;
L_Son:=nil;
R_Son:=nil;

end;
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end
else
if x> tA key then Put(x, t*.R_Son) )
else
if x<tA.key then Put(x, t".L_Son)
else tr.n:=tA.n+1;
end;

Xoua 3ajavya UBOrO aNTOPHTMYy — MOWIYK i3 BKJIIOYEHHSIM, ane HOro MoXKHa
BHKOPHCTATH i JUTS COPTYBAaHHS, TOMY LIO BiH Harajye COpTYBaHHS i3 BKITFOYEHHAM. A TOMY,
HIO 3aMiCTh MacHBY BHKODUCTAETHCS JEPEBO, TO Tponafac HeoGXigHiCTe nepemillerHs
€NeEMENTIB BHIIE Micua BKmoueHHs. o6 copTyBanHs uboro anropHTMy Gymo CTilkuM,
aJITOPUTM MOBUHEH BHKOHYBATHCS OIHAKOBO 5K NIPH .key=x, Tak i nipu " .key>x.

Hexait 3agana nocninoswicte: 30, 1, 15, 17, 18, 50, 2, 60. IMicna noGynosk nepesa
3MiHCHIOETHCA MPOXODKEHHS [IepeBa B CHMETPHYHOMY nopsiky: 1, 2, 15, 17, 18, 30, 50, 60.

Anajii aJITOpUTMY TOMYKY
Slxuo aepeBo BUPOMKYETHCA B MOCIIJOBHICTD, TO CKJIa[HICTh y Takomy Bunagky O(N)
(y HaiiripmwoMy pasi). YV kpaiomy >k BHMafxy, SKIIO JepeBo 36anaHcoBaHe, TO CKIAJHICTh
6yne O(log , N). Otxe, Maemo:
ON)sII

one S O(log : M-
Sxuio BBaXaTH, WO AMOBIPHICTb MOABH OYAb-AKOT CTPYKTYPH JiepeBa OIHAKOBa, i KITIOUi

’ L lim ——28C =138
3 SBJIAIOTBCA 3 O/LHAKOBOIO HMOBIPHICTIO, TO 755, O(log, N) o
2

AJITOpHTM COPTYBaHHA € CTIHKHM, SIKLIO €JIEMEHTH 3 ONHAKOBHMH KITIOUaMM 3’ ABJISIOThCS
B Ti#l ke MOCJTIOBHOCTI NPH cHMeTpHuHOoMy ofXxofli AepeBa, o ¥ y mpoueci IXHbOro
BKJTIOYCHHSA B JIEPEBO.

6.1.7. Onepauyis eukmovyeHHs 3 6iHapHo20 Oepesa

Ipwn BuaaneHHi By3na aepeBo Mae 3aiMLIATHCS BNIOPAKOBAHHM OO KITIOYA:

a) BHJANACTLCS apKywL;

6) BHOanseThCA B30/ 3 OIHMM Haulafikom (Hauiafok Jisopyw abo npaBopyu);

B) BHAANAETHCA BY30Jl i3 IBOMa HalllaJKaMH, ajie B JIiBOMY HallaJKy HeMae MpaBoro
nianepesa;

r)3aranbHHAH BUN0K.

PosrnsHemo Bunagok G):
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if g*.L_Son=nil then begin

g:=t;

t:=t".R_Son;dispose(qg);

end;if g*.R_Son=nil then begin

g:=t; '

t=tr.L_Son,

dispose(g);

end;

Bnnanox a) € HaCTKOBHM BHMAIKOM OO AJITOPHUTMY.

Bunagok B): r Bka3ye Ha eNIEMEHT, LIO HE MA€E MPABOTO MiEpeBa.

g:=t, . t
gh.key:=r‘ key; g |
g:=r, ]
r.=r.L_Son, r
dispose(qg); —1*
Bunagok r):
t Mu myxaemo TakHi eJIeMEHT, Y AKOTO
X - BiICYTHE npaBe nigaepeso (Ha Takuil eneMeHT
| Bka3ye r). [TocnioBHicTL onepaTopiB Ta cama,
TO6TO BHOANAE MEMEHT, KUl TpeGa 3aMiHUTH
D I e r HaibinbWw MpaBUM eNleMeHTOM #oro JiBoro
—[ il nianepesa. Taki eneMeHTH He MOXYTh MaTH
~1 6inblle OTHOTO HAIAMKA.

Procedure Get (x: integer; var t: EIPtr);

var g: ElPtr,

begin

if t=nil then

{onpaLioBaHHA BUHATKOBOT cUTYalLIii, KONW enemeHTa i3 331aHUM KNloHeMm y Aepesi
Hemae} :

else if x>tA key then Get(x, t».R_Son)

else if x<tA key then Get(x, t*.L_Son)

else begin

g:=t,
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if g*.L_Son=nilthen t:=g*.R_Son

else if g*.R_Son=nil then t:=g*".R_Son

else D(g".L_Son); {aHanTtur)

dispose(g);

end;

end;

IMonannsa Ginapuoro JepeBa B NpAMOKYTHiil mam’siti

Ilpu nonmanHui nepeBa B MPAMOKYTHi# nam’sTi onHe 3 nmonie R_Son a6o L_Son
BHIANSETHCA, TOMY 110 HEOOXigHiCTh Y HbOMY Bimmazmae. Haujagok Moxke po3MmillyBaTHcs
nopyd, To6To B Geanocepeaniii bnusekocti. Lo noBimaTtHcs, 4M € HalaAoK, YBOOHTHCS
nonatkose mosie L a6o R. Hexaii, Hanpwkian, BiACyTHi# NiBwit Halagok. YBeaeMo HacTyTHi
3MiHHI;

index = 0..max;

type Element = record

R_Son: index;

Data: BaseType;

L: boolean,

end,

var Tree = array [index] of Element;

c | R_Son

,/\.\h. T |F T

12 3 4 5 6 7 8

1
I
o

IMopsiiok HazMBacThCA MPSAMHM, SKUIO BiICYTHE NiBe mimaepeBo. SIKIO Xk BiACYTHE
npaBe MiIEPEBO, TO TaKHit OPSAOK HA3HBAETHCH GAMIILHEM.

6.1.8. 3acmocyeaHHs 6iHapHux Oepee

1. lepeBo Xadmana — qBiiikoBe iepeBo, JINCTAM SKOTO € CHMBOITH asi¢aBiTy, B KOXKHil
BEPLIKHI AKOro 30epiraeTbcs yacTora cMMBOTY (I1s JincTa) abo Cyma 4acToT #oro ABOX
HaINa/IKiB (Ha3HBaTHMEMO LIE YHCIO BaTOI0 BepITMHH). TTp¥ boMY BHKOHYETHCS BIIACTHBICTD:
AKIIO BiICTaHb BiJi KOpeHs 10 BeplIMAN X GuTsIa, Hixk 10 BepUINHH Y, To Bara X He NepeBuIILye
Bary Y. Onnn 13 cnoco6iB 3actocyBaHHa Hepes XadMaHa — anzopummu koOy8aHHA
(apxieyeanns) ingpopmayii (neranehime mue. pozain 10.3.3).

Kon 3MiHHOi noBXHHK cuMBONa (3MiHHHI koA y AepeBi XadMaHa)— NocHiIOBHICTH OiTiB,
AKY OTPUMYEMO TIPH MPOXOMKEHHI MO pedpax Bill KOpeHs O BEPUIMHM i3 LIAM CHMBOJIOM,
SKILO 3iICTaBHTH KOXKHOMY peOpy 3HaveHId 1 aGo 0. Y mepei XadmaHa peGpam, 10 BUXOAATE
i3 BepLIMHH 10 11 I1alaKis npncaoromscn pi3Hi 3HaueHHs (BBaXkKaTHMEMO Jalli, o pebpo 3
1 — niBe, a 3 0 — npase).

Cratnunuii meton Xadmana nepenbadae, WO HaCTOTH CHMBOIIB andaBity Hamepen
BitoMi. J{na uporo, mepir Hixk MOYaTH CTHCKaHHA (paiina, mporpaMa NpoxoauTb daiioM i
NipaxoBye, AKNI CHMBON CKITBKH pa3iB 3ycTpivaeTbea. [ToTim, BilnosigHoO g0 HMOBipHOCTI
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TNIOSIBH CHMBOITIB, GYIyeThesl [BiliKoBe AepeBo XadMaHa, 3 HEOTO OTPHUMYIOTHCS BiATIOBIIHI
KO)KHOMY CHMBONY KORM 3MiHHOT HOBKWHH. HapewrTi, 3HOBY 34iHCHIOETRCS MPOXOLKEHHS
TI04aTKOBUM (haiisioM, NpH LILOMY KOKEH CHMBOJI 3aMIHIOETECS Ha CBilt ko y aepesi. OTxe,
CTaTHYHOMY aiTOpUTMY NMOTPiGHI aBa Mpoxoau mo daiimy-1pkepeny, o6 3aKoyBaTH AaHi.
Craruunnii anropuTm:
{ IHiyianisyemo asilikose aepeso}
InitTree;
Fori:=0to Length(CharCount)
{ IHiuianisyeMo Macue yacToT enemeHTIiB andaBeiTy}
CharCount{i]:=0;
{3anyckaemo nepiue NpoxoaykeHHs danny}
While not EOF (®ainn-axepeno)
Begin
{YnTaeMo aKTUBHUA CUMBON}
Nead(dann-pkepeno, C);
{36inblwyemMo 4acToTy Horo noseu}
CharCount[C]= CharCount[C]+1;
End;
{3a oTpumannmm yactoramu Gyayemo Asivikose AepeBo}
ReBuildTree;
WriteTree (®aiin-npuitmad)  {Sanucyemo y haitn asiiikose Aepeso}
{3anyckaemo gpyre npoxomkeHHs canny}
While not EOF (®aiin-pgxepeno)
Begin
Read(®aiin-pxepeno, C); {HUutaemo notouHun cumeon}
{3anyckaemo apyrvia npoxig carnny}
code=FindCodelnTree(C);
write( ®ain-npuitmay, code); {3anucyemo nocnifosHicTs 6iTie y dhaiin}
End
TMpoueaypa InitTree iHilianisye aBilikoBe AepeBo, OHYIMIOIOH 3HAYEHHS, BarH, i BKa3iBHHKH
Ha 6aTbka i HawagKis akTHBHOro nuctka. Jlani BUKOHYeEThLCA NEPIIHA MPoXiA Mo JpKepery
JIAHWX 3 METOIO FIEPEBIPKH YaCTOTHOCTI CUMBOJIIB, PE3YNIETaTH AKOTO 3anam’ ATOBYIOTBCS Y
macue CharCount. Po3MipHicTs 1IbOTO MacHBY NOBHHHA JIOPIBHIOBATH KiJTbKOCTi EJIEMEHTIB
andasiry mxepena. Y 3arajisHoMy BUNAJKY, JUTS CTHCKaHHS 3a1aHOTO KOMIT FOTepHOro (akity
#i0ro I0BYXKHMHA NOBUHHA CTAaHOBUTH 256 enemenis. IoTim, BimnoBiaHo 1o oTpuManoro Habopy
vactot ,6ynyemo asiiikoBe aepeso ReBuildTree. ITin uac apyroro npoxomy mepekoayeMo
JOKepesio BiMOBINHO JO JepeBa i 3amncyeMo oJiepXKaHi MocHiloBHOCT] 6iTiB y CTHCHYTHI
¢aiin. {na roro, o6 MaTH MOXJTMBICTb BiAHOBUTH CTHCHYTI JlaHi, HEOOXIAHO B OTPHMaHHM
daiin 36epertu komito ABilikoBoro aepesa WriteTree.
JnHamiuHwii anropuTm:
{ IHiuianisyemo agiitkoBe pepeso}
InitTree;
Fori:=0to Length(CharCount)
{ IHiyianiayemMo Macue 4acToT enemeHTis ancbasny}
CharCount[i):=0;
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{ 3anyckaemo npoxofxeHHs caiiny}

While not EOF(dain-gxepeno)

Begin

Read(®ain-pxepeno, C); {4ntaemMo akTuBHWUI cUMBON}

If C Hemae B gepesi then {[lepesipsemo um 3ycTpivyascs cumBeon paniwe}
Code:=Kop “nopoxHboro” cumsony & Asc(C)

{Axwo Hi, TO 3anam’ATOBYEMO KOA NOPOXKHLOTO NucTka iASCI koa, akTuBHOTO

cumBony}

{ IHakwe 3anamM’ATOBYEMO KOA aKTUBHOIO CUMBOIY}

else
code:=Kop C;

{3anucyemo nocniposHicTs 6iTis y dann}

write( ®ann-npuiimay, code);

{ OHoBnlOEMO A1BiIKOBE flepeBo CUMBOSIOM}

ReBuildTree(C);

- End;

Junamiquuit anroputv 103BONTAE peanizyBaTH OAHOMPOXiOHY Mojesb cTHckaHHs. He
3HAI0YH peaNbHOi HMOBIPHOCTI NOABH CHMBOJTIB Y MoyaTkoBoMy (aiisti, mporpaMa nocTynoso
3MiHIOE JBIfKOBE EPEBO, 3 KOKHHUM CHMBOJIOM, L0 3yCTPIiYa€Thes, 3OLTLITYIONH HacToTy
#ioro mosBy € AepeBi Ta nepebGynoBYIOUH 3B’ A3KH Y caMoMy zepegi. [Tpote, crae odeBHaHAM,
IO, BHTPABIIN B KUTbKOCTi MPOXOLKEHD NMOYaTKOBHUM (ailJioM, MM BTPadaeMO Y CTHCKaHHi,
OCKUTbKH Y CTATHYHOMY aJirOPUTMi peasTbHi HaCTOTH CHMBOJTIB GYJTH BIOMi i3 CaMOTO 1oYaTky
i JOBXKHHH KOMIIiB HMX CHMBOJIB OJIMXKYi IO ONTHMAIBHUX, TOHi K AVMHAMIYHHI METOf,
BUBYAIOYH JDKEPEITO, TIOCTYNOBO JAOXOAWTh 0 HOTO peallbHUX YaCTOTHHX XapaKTepPHUCTHK.
Ante, OCKINIbKM MHAMIYHe BifiKOBE JepeBO MOCTIHHO MOAH(IKYETHCS HOBHMH CUMBONIAMH,
HeMae HeoOXiJHOCTi 3anamM’ATOBYBaTH 1X YacTOTH 3a3jajierilb — NPH po3apXiByBaHHi
nporpaMa, oTpHMaBLIH 3 apXiBy KOA CHMBOJIA, Tak Camo BiJHOBHTBH JepeBO, Ik BOHA Lie
po6una npy cTHCKaHHI, | 30LTBIINTE HA OXMHMLIIO YaCTOTY CHMBOJIA.

2.byne-axnii arrebpaiunuii BUpa3 MiCTUTB 3MiHHI, YUCTa, 3HAKH Oreparii i y>KKH MOXKHA
TIO/IaBaTH y 6uenA0i binaprozo oepesa (Buxoasun 3 GiHapHoCTi X onepauiif). TTpn usoMy
3HAK OrepaLlii MICTHTECS B KOPEHi, FepuIvi onepaH — Y JIIBOMY MiliepeBi, a ApyTHii onepaHI—
y nipaBoMy. Jlyxkku ripu LipomMy onyckatotees. Y pesynsrari BCi uncna i 3MiHHI BUABAATECS
B JIUCTKAX, a 3HaKH onepaLii — y BHYTPILIHIX By3/1aXx.

Posrimaremo npuknan: 3 (x —2) + 4, +

3BUYHOIO POPMOIO BHPasiB € indikena, koru 3niak GiHapHOT 4 *
oriepauii 3armucyeTbes MiX TMO3HAYEHHAMH OMEpaH/iB i€l 3
onepatlii, Hanpuknag, x-2. PosrnsHemo 3anwc 3Haxis onepauiit X 2

micNA MO3HaYeHb onepaHiB, ToOTO mocTdikcHui 3anuc,
Hanpuknan, X 2 -. Takuit 3anuc Mae TakoK Ha3By 3BOPOTHOrO MOJILCLKOT0, OCKITEKH HOro
3aMpoNOHYBaB NOALChKHIA Norik Sn Jlykacesuy.

Cdopmymoemo npaBHio obuMCNeHHS 3Ha4YeHb BHpa3y Y iHQIKCHOMY 3amMci: BHpa3
TPOTIAAAETLCA CIIPaBa HalliBo, BHAUIAIOTHCA TEpIUi 2 OriepaHIy Tiepell orlepalieto, g ornepalis
BHKOHYETBCH, | 1T pe3y/IbTaT — 1e HOBHI OnepaH.

TpaBuno ob9MCIEHHS 3HAYEHHS BHpAa3y B 3BOPOTHOMY TONBCHEKOMY 3alMCi: BHpas3
MpONIAAACTECA 31iBa HAMPaBo, BULINAIOTLCS TIepLi 2 orepaH/Ix nepel onepari€ero, 1 orepartis
BHKOHYETBCH, i 1 pe3y/bTaT — e HOBWit onepaHa.
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3arnuc BHpasy B iHdikcHil dopmi: 4 +3 *¥x -2,
3anuc BHpasy B 3BOPOTHOMY TIONLCbKOMY 3amuci: 4 3 x 2 - ¥ +,
AJiropuT™M 006X0Ay 3BEPXYy BHHU3:

Kpok 1. Bigsigaty R

Kpox 2. O6ittt  Kpok 3. OGiiTy Kpok n. OGiiATy
T13sepxy BHu3 T2 aBepxy BHU3 T(n+1) 3Bepxy BHU3

Anroput™M obxoay 3mm3y BBepX:

(‘ R Kpok (n+1). Biasinaty R

Kpok 1. O6iATK Kpok 2. O6iitTn Kpok n. O6int1 Tn
T1 3uu3y BBepx T2 3HU3Y BBEPX 3HM3Y BBEPX

3. Knacwuna niporpama i3 kacy iHTenekTyaabHuX: noGyroBa aepeB pimens. Y 1somy
BHMA/KY HE JINCTKOBI (BHYTPIlIHI) By3/IW MIiCTSTb TIpEIHKATH — 3aITUTaHHA, BIANOBIi Ha AKi
MOXYTh TpuiiMaTH 3HauerHs “Tak” aGo “Hi”. Ha piBHi smcTkiB nepefyBatoTh 06’ €xTH
(aneTepHaTHBH, 3a JONOMOrOl0 AKHMX po3Mi3HaloThCA nporpamu). Kopuctysau onepxye
3aNUTaHHA, TOYHHAIOUH 3 KOPEHF, |, 3a5IeXHO BiJl BIINOBILI, cITyckaeThes abo Ha JiiBe niaepeso,
a60 Ha ripase. TakWM YHHOM BiH BUXOIMTE Ha ToH 00’ €KT, 1110 BANOBiJA€ CyKyITHOCT BilNOBieH
Ha 3MMHTaHHS.

6.2. BUI BIHAPHUX JTEPEB

6.2.1. 36anaHcoeaHe Oepeso

YV nporpamyBanHi 36anancoBane A¢peBO B 3arajbHOMY pO3YMiHHI LbOTO CJI0BA — 1i€
Taknii piznoBKA GiHAPHOTO iepeBa NOMTYKY, iKe aBTOMaTHYHO NMiATPUMYE CBOIO BUCOTY, ToGTO
KUNBKICTh PIBHIB BEPIUMH Tl KOPEHEM, MiHiMallbHOO. Lls BNacTHBICTS € BANJTHBOIO TOMY,
1[0 YaC BHKOHAHHS OITBIWOCTI a/irOpHTMIB Ha GiHapHUX JiepeBax NMOIIyKy Nponopuiifiui 1o
iXHBOI BHCOTH, | 3BUYaiiHi GiHapHi JepeBa MOWYKY MOXYTh MaTH JIOCHTh BETHKY BHCOTY B
TpuBiansHUX cUTyauisx. ITpoueaypa 3MeHweHns (6anaHcyBaHHA) BUCOTH JepeBa
BUKOHYETLCA 32 IOOMOTOIO TpaHchopmaltii, BiToMux sk oGepHeHH IepeBa, B IEBHI MOMEHTH
yacy (MepeBaxkHO NpW BHAAIEHHI ab0 J0aBaHHi HOBHX E/TEMEHTIB).
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Binewr cTpore Bu3naueHHs 36anancoBanux aepeB Oyno maHe I Anenbcon-Benscbkum
ta €.JlaupgicoM. Ideanvno 36arancoganum Oepedom 3a AnenbcoH-BenbchkuM Ta
JlangicoM € Take, y AKOTo A% KOXKHOT BEPITMHH Pi3HALA MiXK BUCOTaMH JIIBOTO Ta MIPaBoro
nigaepeB He nepesuulye oauHuLi. OnHak, Taka yMOBa JOBOMi CKIIaiHa T BUKOHaHHA Ha
MpakTHLi | MOKe BUMaraT 3Ha4HOl nepeOyIOBH AepeBa NMpPU JonaBaHHI abo BHIAeHHI
€/IEMEHTIB.

Tomy 6yno 3ampornoHoBaHe MEHII CTpPOre BH3HAYEHHS, AKE OTPUMAJNIO Ha3By YMOBHM
ABJI(AVL)-36anancoeanocmi i ToBOpHTH, 10 OiHapHe JepeBo € 36aJaHCOBaHHUM, AKIIO
BHCOTH JIIBOTO Ta MPABOro MifJiepes Pi3HATHCA He Ginblle Hixk Ha oguHMLL0. [epena, 1o
3aIOBONILHAIOTH TaKi YMOBH, Ha3HBaloThcA AVL-nepeBaMHi. 3po3yMino, 1o KOXHE IieanbHO
36anaHcoBaHe epeBo € Takok ABJI-30anaHcoBaHHM, afie He HABMAKH.

Hasepemo nporpamy moiaBaHHA Ta 3HUILEHHS efleMeHTa y 30alaHCOBaHOMY JiepeBi.

Type node = record {3anuc AnAa Bu3HadYeHHA Aepesa}

Key: integer,
Left, right: ref;
Bal: -1..1; {nokasye pisHALIO BUCOTH FiNoOKk AepeBa}

End;

procedure search(x: integer; var p: ref; var h: boolean);

var p1, p2: ref; {h = false}

begin

if p = nil then

begin {By3na HeMae y AepeBi; BKNIOUUTY AOFo}
new(p);
h := true;
with p* do
begin
key = x;
count =1,
left := nil;
right := nil;
bal :=0;
end
end
else
if x < p*.key then
begin
search(x, p”.left, h);
if h then {supocna niBa rinka}
case p”.bal of
1: begin p*.bal :=0; h :=false end ;
0: p7.bal:=-1;
-1: begin {6anaHcyBaHHs}
p1:=phleft;
if pi*.bal=-1then
{oaHOKpaTHWI NpaBuin NOBOPOT}
begin
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pA.left ;= p1A.right;
p1A.right :=p;
ph.bal:=0;
p:=p1l
end
else
{nBOKpaTHWI NpaBuiA — Nienin NOBOpoT}
begin
p2 :=p1rright;
p1A.right ;= p2-.left;
p27.left :=p1;
p.left .= p2-.right;
p2-. Right .= p;
if p2*.bal =-1 then p*.bal:=1 else p*.bal :=0;
it p2*.bal = 1 then p1*.bal := -1 else p1.*bal :=0;
P =p2;
end;
p*.bal :=0;
h := false;
end
end

“end

else
if x > p*.key then
begin
search(x, p*.right, h);
if h then {supocna npasa rinka}
case p”.bal of
-1: begin p*.bal := 0; h :=false; end ;

0: pr.bal:=1;
1: begin {6anaHcyBaHHA}
p1:=p’.right;
if p12.bal =1 then
begin {ogHokpaTHUiA NiBUA NOBOPOT}
pt.right :=p1A.left;
piA.left:=p;
pt.bal:=0;
p:=pt;
end
else
{nBOKpPaTHWIA NiBuiA — NpaBuiA NOBOPOT}
begin
p2 :=p1A.left;
p1ileft ;= p2-.right;
p2A.right .= p1;
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p.right ;= p2X.left;

p2°.left :=p;

if p22.bal = 1 then p?.bal := -1
else p*.bal:=0;

if p2*.bal = -1 then p1~.bal := 1
else p1+.bal: =0;

p :=p2;
end ;
p”.bal:=0; h:=false;
end
end
end
else
begin
p*.count ;= pA.count + 1; h ;=false;
end
end.

6.2.2. YepsoHo-yopHe depeso

Yeprono-qopHe aepeso (aHrn. Red-black tree, RB tree) —pizHoBun GinapHoro Aepesa
TIOLIYKY, BEPIIMHHU AKOTO MaFOTh 10/1aTKOBi BiacTHBoCTi (R B-BracTiBOCTI), 30kpema «Komip»
(uepBoHwMit a60 wopHwMit). TOUHIIINM € Take BU3HAUSHHA: YEPBOHO-YOPHI iepeBa — pi3HOBU]
36aNaHCOBaHHX JIEPEB, B AKMX 3a JIOMOMOTOIO CrieLialTBHUX TpaHc(opMallii rapaHTyeThbCA,
wo Brcota aepeea h He Oyae nepesnurysati @ (log 7). 3paxkarouu Ha Te, IO YaC BUKOHAHHS
OCHOBHHX ofepalliif Ha GiHapHHX JepeBax (TTOLIYK, BUJANEHHS, JoiaBaHHs efeMeHTy) € @ (h),
Ui CTPYKTYpPH JaHWX Ha NMpaKTHL € HabaraTo eheKTUBHIIIMMH, aHiX 3BHUaiiHi GiHapHi aepeBa
Touryxy.

RB-BaacTuBocTi

BinapHe aepeBo Ha3WBa€ETHCA HEPBOHO-YOPHHM, KO BOHO Ma€ HACTYITHI BIaCTHBOCTI:

1) kokHa BepivHa abo wepBona, abo yopHa,

2) KOpiHb IepeBa — HOPHHUIA,

3) xoxxnwii iuctok (NULL) — wopHmif,

4) sxumio BepUIMHA 9epBOHA, 0OHABI HOro HAaLIAKH YOPHI,

5) yci IJIAX¥ BiX KOpeHs [0 JTUCTKIB, MAIOTh OIHAKOBY KUTbKICTh YOPHHX BEPIIHH.
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Taki BTacTHBOCTI' HagalOTh YEPBOHO-YOPHOMY AEpEBY HOHAATKOBOTO OOMEXKEHHS:
HalA0BUINH NUTAX i3 KOpeHs 1o OyAb-IKOro JINCTKA TIEPERMILLYE HAlTkOpOTHINE NUIAX He Ginbine
HiX BABiUi. Y IIbOMY CeHCi Take AepeBo MOKHA Ha3BaTH 36anaHCOBaHMM. 3BaXkalovH Ha Te,
110 Yac BHKOHAHHSA OCHOBHHX Oriepatliif 3 GiHapHUMA [iepeBaMH TIOTITYKY 3aJIeXKHTD Bill BUCOTH,
1 2%e OOMEXKEHHS TapanTye TXHIO e(heKTHBHICT B HaHTipIoOMy BHITAZIKY, 4oro 3sHH4atiHi 6iHapHi
Jep<sa rapaHTYBaTH HE MOXYTb.

Hns Toro, mobn 3po3ymiTH, YoMy TiepeliiueHi BIaCTHBOCTI 3a6e3nedyioTh iCHyBaHHS
TaKoTo 0OMeEXKeHHs, 3a3HaYHMO, IO B YepBOHO-YOPHOMY JEPEBi, BIITOBIIHO [0 BIaCTHBOCTI
4, He iCHY€ TaKOTO LUTAXY, Ha skoMy 6 3ycTpitncs ABi yepBoHi BepumHH miapsa. Haiikoporumii
UIAX CKITAJIAETBCA 3 YCIX HOPHHUX BEPILMH, a B HA/[OBLIOMY YePBOHI Ta YOPHi BEPLUHHH
Yeprylorecsi. 3 BpaXyBaHHSM BJIaCTHBOCTI 5, OTPHMYEMO, IO MTHOHHA OyIb-AKUX JBOX JINCTIB
BifIpi3HAETBCA He Oinble HiXK B iBa pa3u. :

V nesaxux 3006pakeHHAX YepBOHO-YOpHUX JepeB, NULL-n1cTkHn He HAaBOAATHCA, TOMY
LLIO BOHH He MiCTATH KOPHCHOI iHdopMattii, ane ixHe icHyBaHHSA HeoOXinHe mnd 3a6e3neueHHs
yCiX BITAacCTHBOCTEH.

OcnoBHi onepanii _

Onepalii, Axi He NoB’A3aHi 3 Moxudikauieto RB-nepesa, He NoTpebyIOTH KOPEKTHB i
TMOBHICTIO aHAJIOTiYHI JIO BIANIOBIAHMX oriepallift [a 3BHuaitiuX GiHapHHX fepes nouryky. Pasom
3 TUM, IOA3BaHHA a00 BHAANEHHS €/IEMEHTa 3 YEPBOHO-HOPHOTO JIEPeBa MOXKE NMPH3BECTH
Jo nopyuieHHs R B-snactuBocTeit. BigHOBNIEHHS UHX BIACTHBOCTEH MicJis Mogudikawii nepesa
norpebye NopiBHAHO HEBENHKOT KinbkocTi ( @ (log n)) onepauifi 3i 3MiHN KOIBOPY BEPLUINH Ta
He Oinbllle Ak TPHOX omnepauiit nosopoTy (ABi Npyn nofaHHi enemenTa). Lie 3anmwae vacosi
napaMeTpH onepauiii JoqaBaHHs Ta BUAANEHHA B Mexax (log 1), ane yckiaHIoe BinoBiaHi
aNrOpUTMH.

JdonaBanHea eJeMeHTa

ITpouenypa novyHHaeThcs aHAJIOTIYHO A0 JOAABaHHA ejleMeHTa B GiHapHe Jepeso,
nonryky Ta ¢ap6yBanna 1i y uepBonwmii xonip. [Tomanswi aii 3anexars Bif Kombopis cycigHix
BepIIMH. 3a3Ha4HMO, LIO:

v BnacTuBicTb 2 3aBXkaM 30epiracTocs,

v’ BNTACTHBICTb 3 NOPYIIYETECS TUTHKH NPH I0/laBaHH] 4epBOHOI BEPIUHHH, Niepedap-
6yBaHHi HOpHOI BEPIUHHH B UepBOHY abo obepTaHHi,

v RIACTHBICTb 4 MOPYLIYETHCA TIBKA NPH JOJABaHHI HOPHOT BepLIHH, NepedapGysaHHi
4epBOHO! BEPIIMHH B YOpHY abo obepranHi.

Ha gonomikanx piarpamax, Bepiuvna, Ka J0AA€ThCS, NO3Ha4YeRa N, nepsicHuii 6aTbko
uieT BepIIWHM NMo3Ha4ueHni P, GaTrko BepwnHH P («adimycs» N) nosnadenuii G. «[{sapkon N
(To6TO BepiIMHa, kA Ma€ cribHOTO 3 P 6aThka — G) nozHavenwii sk U, Posrnanemo noaaHi
BHITaJIKH.

Bunapok 1. HoBa BepwHHa po3TalioBaHa B KOpeHi JepeBa. Y TakoMy BHIAOKY
HeobxigHo nodapOysaT 1i B yopHUid Konip 1)1 3a0e3neveHHs BjacTuBocTi 1. OueBuaHo, 1o
B/IACTMBICTH 5 NMPH LbOMY 3aJIMIIAETHCA CIPABEATHBOIO,

Bunagok 2. batbko HOBoY BepuInHy € YopHHUM. BriactusicTs 3 He nopymieHa. Y npomy
BHMaJIKy AEPEBO € KOPEKTHUM. BracTHBicTs 5 Takoxk 36epiracTrcs, apke UepBOHa BeplIHHa
JIONIAETHCS HAa MiCLie YOPHOTO JIUCTKA i 1€ HE 3MiHIOE KiNTbKOCTi YOPHHX BEPUIMH Ha LILOMY
TIUTAXY.
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Bunanox 3. bateko Ta JiAbKo 0JaHOT BEPIIMHM € uepounMH. Tofli MM MOXeEMO
niepedapbysarty X 060X B HOpHWH KoIip, a Takox repedapbyBaTh mimycs B wepBoHuit. Terep
Hallla YepBoHa BEpLIHHA Mae JopHoro OaTeka. 3aBASKW ToMY, WO Oylb-AKkHiH LIIAX 4epe3
0aThKa UM JAAbKA TOBHHEH [TPOXOINTH i Yepes Midycs, KUTBKICTh YOPHHUX BEPUIWH Ha UIAXY
3amMIIaeThes HeaMiHHOW. Onnak GaTthko gimycs (ToOTo mMpagigycs) Moske 6yTH YepBOHOIO
BEPLIMHOIO, K Temnep i Mifych. SIKILo Lie Tak, CTiJx MOBTOPUTH LIFO OMNEPaLlito PEKypPCHBHO.

3ayBaxenHsi: Y HacTYNHWX BHUMAJKaXx MW TIPUMYCKaEMo, 10 BepimMHa P € jiBHM
Hawaakom G. Axio P — npasuit Hamanoxk, AiBy Ta MpaBy BEpIIHHM B aHaJTi3i NOA3HMX Aai
BUMazkis Tpeba MOMIHATH MicUsMM.

Bunagok 4. battko € yeproHHUM, ajle AAAbKO — HopHH#HA. J[o Toro %, HOBa BEpILNHA —
TipaBHif Hanlagok cBoro 6arThbka, i 6aThbko, B CBOKO 4epTy, MiBHH HAWAAOK cBOTro OaThka. Y
TaKOMY BHITaZKy, MH MOKEMO BHKOHATH JiBHIf MOBOPOT, BHAC/I/IOK SKOTO HOBa BEPLIIHHA Ta i
6aTbko MOMIHAIOTECS posiaMu. TToaasbii Aii 3 KonuHiIM 6aTEKOM BUKOHYIOTECS BiTIOBIAHO
JIO BUIMAJKY 5. 3BaXkalouH Ha Te, L0 HOBa BEpLIMHA Ta ii 6aThKO € HEpBOHMMH, Onepallif
TIOBOPOTY He 3MiHIOE YMOBH 4,

Bunagok S. baTkko € uepBoHuM, ane Asapko dopHwid, [lo TOro x, HOBa BEpIMHA —
JiBWH HaLaJoOK CBOTO 6aThKa, i GaTHKO € IIBMM Hala KoM cBOTo 6aThKa. Y TakoMy BHIIaKy
MU BUKOHYEMO TPaBHit MOBOPOT HABKOMO Aimycs. Sk pe3ynsTaT KoMHWHIA 6aTBKO Temep €
6aTbKOM i HOBOT BepILMHMY, i cBoro GyBuroro aigycs. M 3Haemo, 1o OyBIHH AiZych € HOPHUM,
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iHakie 6aTbko He Oy 61 uepsonuM. Tenep Tpeba MOMIHATH MICUSMH KONBOpH GyBINOro
GaTbKa Ta Jixycs, i Tenep LI JepeBa BHKOHYETECA BNacTHBICTh 3. Ik 6a4MMo, BIACTHBICTh
4 TaKkOK 3aNMINAETHECA HE3MIHHOIO.

e fede

(DyHKuiﬂ AOAABaHHSA BEPUWIHHH Y YEPBOHO-YOPHE JEPECBO:

Type link="I;

I=record {cTpyxTypa Ans onucysaHHA YepBOHO-YOPHOro Aepesa}
key:integer; {3HaueHHA kntoya}
red:boolean; {Akwo sepwurHa YepBoHa, true, iHakwe false}
I, r:link; {niBuin Ta npasu cuHK}

end;

Var head, w: link;

k: integer;

st1: string;

Function rotate(v:integer;y:link):link; {dbyHiujia nosopoTy}
Var ¢,gs:link;
begin

{o6upaemo HanpAMOoK pyxy}

if vey” key then c:=yA.l else c:=y.r;

if v<c?.key then

begin
{3piincHioemo o6MiH BepLuMHamm }
gs:=cM.l, chli=gsh.r; gsh.ri=c;

end else
begin
gs:=ch.r, ch.ri=gs’.l; gsh.l:=c;
end;
if vey”.key then y2A.l:=gs else y*.r.=gs;
rotate:=gs;
end;
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PO3AIT 6. Heniniitni cmpyxmypn oanux: depeea

Function split(v : integer; m,p,g,gg : link):link;
{nepecdapbyBaHHn BepLLKHM}
begin
m*.red:=true; m*.|1*.red:=false; mA.r*.red:=false;
if pA.red then
begin
gh.red:=true;
if (v < g”.key) <> (v < p”.key) then
p:=rotate(v,g);
m:=rotate(v,gg); m*.red:=false;
end;
head”.r* red:=false;
split:=m;
end;

Function insert(v : rec; n : link):link;
{lnoaasaHHA BepwnHW}
Var q1,92,p : link;

begin
p:=n; q1:=p;
repeat
q2:=q1; q1:=p;
p:=n,

if ven? key then n:=n”.| Else n:=nA.r;
if nA.1*.red And n*.r".red then n:=split(v,n,p,q1,92);
untiln?.I=n;
New(n);
n* key.fio:=v.fio;
nAl=n;
nA.ri=n;
if v<p® key then p*.l:=n else p*.r:=n;
insert:=n;
n:=split(v,n,p,q1,92);
End;

Pesrome
1. Jlepeso — ckinuena nenopoicnsa muoocuna T, wgo cknadaemscs 3 00H020 @ Ginbute
8Y31i6 MAKUX, WO GUKOHYIOMbLCA HACMYNHI YMOBU: € 00UH CHeYiaNbHO NOIHAUEHUN
6y30/1, AKUY HA3UBAEMbCA KOPeHeM Oepeda; IHW 8y3nu (Kpim KOpeHs) MiCmAmuca 6
m>=0 nonapno ne nepeciunux muoxcunax T, T, .., T,, kooicre 3 axux, y ceolo uepzy,
€ oepesom. llepesa T, T, ..., T,k nasusaiomocs niddepesamu yoo20 Kopews.
2. Kinyesa mnooicuna nenepeciunux depeé Ha3usacmvcs nicoM.
3. Binapne Oepeeo — xinyeea MHOJCUHA enemenmis, AKi Modxcymv Gymu
NOPOJNCHIMU, WO CKIAOAEMBCA 3 KOPEHA 1 060X GiHapHux Oepes, AKi He nepemuHAIOMbCS,
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npuuomy niodepesa enopaoKko8aHi: nige niddepeso i npase niodepeso.

4. Pospizuaiome mpu 0CHOBHI cnocobu nodanHs Oepeé y 36 ’A3HI nam’'ami:
cmanoapmuutl, iHEepCHUN, 3MIMaHUU.

5. IIpu npoxodxcenni Oepesa ewiup OnA 3aHECEHHA 6I0GIOANUX 8UKOPUCMOGYIOMb
Yepzy, 8 OOBICUHY — CHIEK.

6. IIpowusanna 6inapno2o Oepeda Nonazae 8 Momy, wo ONA KOJNCHOZO 8Y3na, W0
He Mmae N1igozo niodepeea, 3anam’amo8yemucsa NOCUNAHHA HA 6e3nocepeOHb020
nonepedHuxa, a OAA KOJHCHO20 6y31a, W0 He MAc npagozo niddepesa,
3anam’'AmoeycmsbCs NOCUNAHHA HA U020 6e3n0CepeoHb020 CHAOKOEMYA.

7. Hauisckpasimumu obnacmamu 6uKopuCmanua 0epeé € apXiey8anHs OAHUx 3a
donomozoro Oepeeé Xagmana, po3bip supasy ma 3a0a4i npuiHAMmMSA piuiens.

8. 36anancosane depeeo — ye makuil pizHosud GinapHo20 Oepeea nNOWwiyKy, ske
A6MOMAMUUHO RIOMPUMYE CEOI0 UCOMY, MOBMO KinbKicmb PIBHIE GepuLU NIO KOPEHEeM,
MIHIMANBHOIO.

9. Yepsono-uopHi depesa — pizHoBUO 30anaAHCOBAHUX Oepes, 6 AKUX 3G 0ONOMOZ010
cneyianbHux mpauncopmayii rapanmyemscs, Wo eucoma Oepesa h ue byde
nepesuwysamu @ (log n). :

KoHTpoOnbHi 3anuTaHHA
1. MNepepaxyiime cknadosi depesa.
2. [Jaiime susHayeHHn biHapHo20 depesa.
3. Onepauii Had depesamu.
4. BukopucmanHs biHapHux depee 315l NowWyKy 0aHux.
5. UepsoHo-4opHi depesa. OCHOBHI erracmueocmi.
6. MoHsamma 36anaHcoeaHo20 depeesa. Budu 3banaHcosaHux depes.
7. Mobydysamu 6iHapHe Oepesgo 0ns supasy 12-2(3+4).

Tecmu Ons 3akpinneHHsa Mamepiany

1. llepepaxyiime cknadoei o3Ha4eHHs1 depeea.

a) € 00uH cneyianbHO No3HadeHull 8y30n, KU Ha3uUBaEMLCA KOpeHeM 3a0aHo20
depesa.

6) € OekineKka creyiarnibHO NMo3HaYeHUX 6y3nie, sKi Ha3uealomMbCA KOPEHAMU
3adaHozo depeea.

8) IHwi 8y3nu (kpim KopeHs) micmamscs 8 m>=0 ronapHo He nepecidHux
mHoxuHax T, T, ..., T_, KOXHa 3 AKUX, y CE0I0 yepzy, € 0epeeom. Hepesa
T, T, .., T, Hasusaromsca niodepeeamu 3a0aH020 KOPEHS.

2) IHwi ay3nu (i kopiHb makox) Micmambca 6 m>=0 NonapHO He NnepeciyHux

mHoxuHax T, T, ..., T,, KOXHa 3 AKUX, y ceolo 4Yepay, € depeeom. [lepesa

T, T, .. T, Hasusaromsca niddepeeamu 3a0aHo20 KOPEHsS.

2. [Mepepaxyiime anzopummu npoxoodxeHHs depesa:
a) swup;

6) no diazoHarni;

8) eanub;

2) y sucomy.
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3. Kopinb depesa — ye:

a) 8y3011, 3 IKO20 HeMaxx X00HoT dyau;

6) sy3o11, Akull Mae Hawaokie i He Mae npeokis;
8) 8y3or, akull Mae nepokis i He Mae HauaokKie;
2) 8y301/1, pieeHb K020 pigHull OBUHUUI;

8} ey3on, cmyniHb K020 pieHull Hynesi.

4. Jlucmok depeea - ye:

a) 8y301, 3 AK020 HeMae XO0O0HOT dyau;

6) sy3on, akull Mmae Hawadkie i He Mae rpeokie;
8) 8y30n, Akuil mae nepokKie | He mae Haujaokis,
2) 8y3011, pieeHb sIK020 pieHUU OOUHUUj;

0) 8y30n, cmyriiHb K020 pigHuUll Hynesi.

5. Budu nodaHHs 6iHapHux depeas:
a) npowumi depeesa,

6) nepeniveri depesa;

8) NPAMOKymHe nodaHHs;

2) yomupuKkymHe nooaHHs.

6. 3a susHayeHHsIM 3Halidimb O03Ha4YeHHs1: 8y3nu, ujo nepebyesaomp Ha

o8HoMy pieHi € 6pamamu. Slkujo X ey3on nepebyeae Ha HUXXOMY pieHi, mo
8iH ssaxaembcs CUHOM:

a) cmaHOapmnull cnocib nodaHHsA Bepes y 36’s3Hil nam’'smi;
6) iHeepcHull cnoci6 nodaHHs 0epees y 38’A3Hill nam’smi;

8) 06xid epaghba swup,

2) 06xi0 epagha sanub.

7. O6xi0 depesa e2nub eukopucmosye:
a) yepay;

6) cmek;

8) cnucok;

2) mabnuygo.

8. O6xid depesa swup eukopucmosye:
a) yepay;

6) cmex;

8) cnucok;

2) mabnuuyio.

9. 3a susHaveHHAM 3Hali0imb 03Ha4eHHs1: KOXXEH 8y30/ Oepeea Mac€ eKasie-

HUK, Wj0 eKa3ye Ha 6ambKa:
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a) cmaHOapmHull cnoci6 nodaHHs 0epes y 36'A3HIl nam’smi;
6) iHeepcHuil crnoci6 noGaHHs depes y 38’A3HIl nam’'smi;

8) 006xi0 epaghba swup;

2) 06xid epacha eznub.

PO3ILT 6. Heniniiini cmpysmypu danux: oepesa

10. Budu 36anaHcoeaHux depee:
a) YopHo-bini depesa;

6) uepgoHo-vopHe depeeso;

8) AVL-depeso;

2) BC-depeeso.

11. lMepepaxyeamu enacmusocmi RB-Oepee:

a) KoxHa eepuiuHa abo uepeoHa, abo yopHa;

6) kopiHb Oepeeaa — HopHU(;

8) KOpiHb depeesa — YepesoHul;

2) KOXHUU UCMOK— YOpHU(,

0) KOXHUU NUCMOK Yep8oHUl;

e) AKWo sepuwuHa YepaoHa, obudeaii HawadKu YOPHI;

€) yci wnsixu eid kopeHs Ao nucmis, Mailoms 0OHaK08Y KifbKicms YOPHUX eep-
WUH.

nHz




N ————
Sd L
4 ‘M’ P

HEJITHIIHI CTPYKTYPHU
JTAHUX: TPA®

¢ [lonamms zpaghy.

®  ITodauns zpaghy 6 nam’ami xomn’romepa.

¢ Anzopummu npoxodswcenns zpagy.

¢  Ancopummu ananisy zpagy.

¢ Ilpuxnaou 3adau Ha zpacpax.

TMonano Bu3HavYeHHs rpady Ta oxapakTepH30BaHO HOTO OCHOBHI BacTHBOCTI. [Tokazano
cTioco6H nonakHs rpady Ta BapiaHTH peanizauii onepauiil Hag HUM.

7.1. IIOHATTSA I'PA®Y

#* I'pagp — ositixa G = (X, U), oe X — mHoocuna enemenmie (sepuiun, eysnis), a
U — 6inapne sionowenna na muosxcuni X (U ¢ X x X). Axwo |X| = n, mo 2pagh ¢
ckiHueHnM. Enemenmu U Hasuearome abo nyramu, abo peGpamm.

XI() () X2
X3 O X4
X = {X1, X2, X3. X4}

XxX = {(X1,X1), ...(X4.X4)}
U = {(X1,X2), (X1,X3), (X2.X3), (X2,X4)}= U c XxX = X’

SAxwo (X, X,.) — BMOPARKOBaHa Mapa, To Takuil rpad Ha3HBaeThCA OpicHTOBaHAM
(oprpadom), a eneMeHTH U Ha3HBaIOTLCA AYTaMH.

Shmo (X, X) = (X/ , X)), T0 rpa¢ — neopicuToBanmii (neoprpad), a enementn U
Ha3MBAlOTLCA peGpamu.

F: U — R - axmo 3aaano Taky ¢yHkUilo, To rpad € 3BaxeHAM, ¢ R — MHOKHHA
JIACHWX uMcen, ToOTo BioOpaXkeHHs {yTH Ha uucIo.

Jaranom: 2 Uc X x X.

JAns opienToBanoro rpady KilbkicTh pebep, MO BXOAATH y By30J, Ha3WBACTHCA
HamiBCcTyNeHeM By3Jia, KiNbKiCTE pebep, 0 BHXOAATH 3 By3na — HamiBCTymeHEM
pesyabTary. KilbKicTh BXiIHHX Ta BHXiIHWX pebep Moxe GyTH NOBUTBHOIO, Y TOMY 4HCIT i
HynboBoto. I'pad 6e3 peGep HasMBaeThes HyJIb-rpadom.

MyabTrpadom HasuBaeTeCs rpad, o Mae NapanenbHi (O CIOTY4aloTh OfHI i Ti X
BeplHHHM) pebpa, iHakue rpad) Ha3WBAETHLCA MPOCTHM.

Kommonenramu oprpady €: myra, mnsx, koutyp. IILasx — Taka NOCiIOBHICTS IyT, ¥
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K} KiHeLb KOKHOT MOTIEPEIHBOT yTH 36iracThea 3 moyaTkoM HacTymHoi. KoRTyp — kiHUeBHi
WASX, y AKOMY 1oYaTKoBa BepUWIMHA 30iraeTbes 3 kiHueBoi. I'pad, y skoMy € KOHTYp,
Ha3BaEThCA MUKJAIYHEM. KOHTYp OAHHWYHO! HOBXXHWHH Ha3WBAIOTh NETJIEI0.

KomrioneHTamn Heoprpady €, BiINosizHo: peGpo, naxuror, unkt. Jlanuior — GesniepepHa
MOCTiZOBHICTE pebep Mk Mapolo BepIIMH HeopieHToBaHoTo rpady. HeopienToBanmit rpad
Ha3WBAIOTh 3B’ SI3HHM, AKUIO OyAB-AKi IBi HOro BepIIMHKM MOXHA 3’€IHAaTH NaHLforom. ko
X rpac — He3B’ A3HMIA, TO iOT0 MOXKHa po36uTH Ha miarpadu. Hanpukian:

X2 X3
X6

G | _ G=GUG,

G O

Cnabxa 38°s3HicThL — oprpad 3aMiHIOETbCS HEOPICHTOBAHWUM rpadoM, fKHii, y CBOIO
uepry, € 38’ 13HUM. OnHoGiwHA 3B’ A3RICTL — Lie Taka 3B’ A3HICTH, KOJIW Midk IBOMA BEpLIH-
HaMH iCHye LnsX B ofiHy a6o B iHUIy cTopoHy. CHABHA 3B’ M3HICTh — L€ 3B’ A3HICTH, KOH
MiK Oyab-KMMH IBOMA BEpUIMHAMM iCHYE UIISX B OAHY il B iHLIY CTOPOHY.

Otxke, GaraTo3p’a3Ha CTPYKTypa Ma€ TaKi BAAaCTHBOCTI:

1) Ha koXeH eneMeHT (By30/1, BEpWHHY) Moke OyTH IOBiTbHA KiNIbKICTH MOCHSTaHB;

2) KOXKEH €JICMEHT MOXKE MaTH 3B’ 430K 3 OyIb-AKOIO KUTBKICTIO IHIUMX €JIEMEHTIB;

3) xoxHa 3B’s3ka (pebpo, Ayra) MoXke MaTH HaNPAMOK i Bary.

JlepeBo — 38’ a3Hu# rpad 6e3 umknis.

Jlic (aGo aumxstivnmii rpad) — Heorpad 6e3 umkniB (Moke OyTH | HE3B’ AI3HUM).

KonTyp (xapkac) 3B’a3Horo rpady — fepeBo, WO MICTHTL BCi BEpWIHHU rpady.
Bu3HauaeTbcs HEOAHO3ZHAMHO.

Pexyxnia rpady — koHTYp 3 HalGinbIWMM wHCITOM pebep.

nknomaruane (a6o LWKNiYHMA panr) wucno rpady S=m-n+c, e n — KinbKicTb
BEPLIUH, m — KUIBKICTb pedep, ¢ — KUTBKICTh KOMMOHEHT 3B’ A3HOCTI rpady.

Konuxniunmii panr (abo xopanr) S*=n-c.

Heorpad G € sicom Toxi i Tinbku Toxai, konu S(G)=0.

Heorpad G Mae eqvHuii v Tofi i Tinbky Tofi, kon S(G)=1.

KoHTyp neorpady mae S* pebep.

Pe6pa rpacda, mo He BXOAATE B KOHTYP, HAa3HBAIOTECS XOpAamMA.

L1k, e BHXOMUTH NMpU JOXABaHHI 10 KOHTYpY rpady Horo Xopaw, Ha3WBacThCA
$yHaaMeHTANBHEM LWOJO WET XOpAH.

7.2. MOAAHHA I'PA®Y B INTAM’SITI KOMIT'IOTEPA

I'padiunuii ciocié nmoganus (KO rpad HEBEAHKHIA).

BakopHCTAaHHS MaTpHLb. MaTpuus Jierko onMCyBaHHAETLCS, W NpH aHai3i
XapaKTepHCTHK rpady MoXkHa BHKOPWCTATH anropuTMm JiiHiAHOT anreGpu. Takox
BHKOPHCTAETECA NOAAHHS rpada y 38’ A3HiH nam’aTi, y TOMy BHNaJIKy, KO 3HAYHA KiNbKICTh
€JIEMEHTIB Y MaTpHLli AOPIBHIOE HYNIO (MATPHLA HE 3aMTOBHEHA).

119



Anzopummu i cmpykmypu oanux

OnanumM 13 MaTPUIHAX criocobiB NofanHA rpady € maTpuns cymibxnocti. Hexaii 3anano
rpad G =(X, U), |X] = n. Maemo maTpHitio A4 po3MipHOCTi 72 X 1, 1110 HA3UBAETHCS MAMPUYEIo
cyMidicHocmi, SIKUIO €IEMEHTH 1T BH3HAYAIOTHCH TaK:

L(X,,X,)eU
a. =
"o, X)) eU

Hpnxnan 7.1. Hexaii maemo rpad, nonanwii puc. 7.1

Puc. 7.1. lNpuknad epagdy.

Homy BianoBigae Taka MaTpHUs CyMibKHOCTI:

A|IB|C]D|E
AJO |1 ]0]1]O
B0 |0 ]|1]1]0
ClOJO O]l |1
DJ1 0 {1]0]]1
EJ10]01111 10

PosrnsHemo 3acTocyBaHHA MaTpHYHOI areGpH O/ BU3HAUEHHS XapaKTepHCTHK rpady.
Bupaza L a  o3Havae, WO MiX By3aMH i ij € ABi yTH, 1O NPOXOAATE Hepes By3on k,
SIKLIO 3Ha4eHHs BHpa3y nopiHioe True.

n
Bupas k\/‘ a,, A, O3Hayae, WO 3aBXK/M € WIAX MK LUMMH By3JlaMH JIOBXHHOIO 2,

SKLIO BHPa3 € iCTHHHUM.

AL 4 =AY - norivni onepaii 3amMiHs0TbCA apHPMeTHUHUMH. Tolti KOXKHHIH eTeMEeHT
a ,_I.Gyne nofiaBaty iHdopmaito npo Te, ey umAx 3iBj (i, j =1, 2,...,n)...

Bupaz 4™ = A"~V |, 4 o3Hauae, 4u € wiasx JOBXHWHOIO N Midk pisHNMH By3namu i. TTo
niaroHarti 6yze XxapakTepucTHka, UM € UKIIU (KOHTYPH) Y MaTpHLLi.

n
P=AVADV . VA" = k\—/l A* — MaTpHIS 3B’#3H0CTI. Bu3Hauae, uu icHye Axuii-

HeOyAb WIISX MiX By3flaMH i Ta j. ANTOpATM oGYMCIIEHHS 3alaHOTO BUpasy:

1) P=A4;

2) nostoputH 3, 4 (k=1, 2,..., n);

3) noeroputh 4 nas i=1;2, ...,n;

4) nosTOpHTH PU =PV @&, L Pk/),j=l, 2,..., ...

V 38’ s3Hiii nam’aTi HaltuacTiwe nofanHsa rpady 3AiACHIOETECA 32 I0MOMOTOI0 CTPYKTYP
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cymibknocri. Jlis koxXHOT BepmmHE MHOXHHH X 3afjaeThcst MHOXMHa M(X)) BilnosiaHo no
ayr ii mocnigoBHuKiB (sxmo ue oprpad) abo cycinis (wia neoprpady). OTke, CTPyKTypa
cymikHocTi rpady G Gyne CUCKoM Takux MHOXHH: < M(X,), M(X),..., M(X )> s Beix
Horo sepinvH.

Hpaknan 7.2. Hexait Maemo rpad), nonanwuit puc. 7.2 (By3nM no3HaJaeMo y BHIIALI

wip: 1,2,...,n):

2 3
5
G:
1 4
Puc. 7.2. [Noda+Hs epadgy.

Jlna neoprpady:
1:2,3;
2:1,3;
3:1,2;
4:5;
5:4,
Jins oprpady:
1:2;
2:3;
3:1
4:5;
5:-.

CTpykTypy CyMiKHOCTI MOYKHA peasli3yBaTH MACHBOM 3 1 JTiHIfHO 3B’ A3aHHX CITHCKIB:

1 2 3
I

e lelele [~
I |

213115

TMomanus rpady MoXe BIUTHHYTH Ha e()eKTHBHICTb anropuTMy. HacTo 3anvc atroput™Mis
Ha rpapax 3aacThes B TEPMiHaX BEPLIMH i AyT, He3aseKHo BiJ mogauHus rpady. Hanpuknan,
AJITOPUTM BH3HAYEHHS KiIbKOCTi noc1inosHuUKIB BepmH: C (X)=0, S— KinbKicTs AYT.

S=0,

v XE€E X BHKOHATH:

TIOMaToK

C(x)=0,

vt € MEX srkoHaTH: C(x) = C(x) + 1;

S =8+ C(x);

KiHElp;
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Anzopummu i cmpyxkmypu 0aHux

7.3. AJITOPUTMHU NPOXOJ)KEHHSA I'PADY

AnTopuT™M ITpOXOKeHHS Moxike OYTH BHKOPHUCTaHHH K aJITOPHTM TIOLIYKY, AKIIO By3/IaMH
rpady € eneMeHTH TabHLI.

Maewmo rpad G = (X, U), X= {x, x,,..., X, } ... KOykHe NPOXO/LKEHHS MOKHA PO3IIAIaTH
K MEBHY MOCTIJOBHICTE. MaKCHMaTBHA KiJIBKICTH MPOXOIKEHE (MEPEecTAHOBOK) — n!l.

7.3.1. An2zopumm npoxoOxxeHHs1 2paghy e2nub
JIns noAcHeHHs NMPUHLMITY MPOXODKEeHHS rpady BTHO ckopucTaemMocs rpadoM, NoaaHuM
Ha puc. 7.3.

Puc. 7.3. flemoHcmpaduis npoxodxeHHs epadgby e2nub.

udpn Ha pebpax rpady nosHauwaloTh KpOKH BifBilyBaHHA. BymeMo po3pisHaTH
BiIBidyBaHi (7) i He BiABidyBaHi (— - ) BepumHN. KoxkHa BepuIMHa 06XOAMTHCS ABA pa3H.
SIkimo Bei cymMiXKHi BEPIIMHH NPOIIEHI, TO OBEPTAEMOCH Y TMOTIEPAHIO BEPLIUHY.

IMpoxomxennsa rpady Brub 34iCHIOETLCA 33 TAKUMU TPaBHIIAMH:

1) nepebysaroun y BepILvHi X, Tpeba pyXaTHcsa 10 Oyab-sKoi iHUION, paHille He BiBiqaHOT
BEpIIMHH (AKILO Taka 3HaMAeThCS), OMHOHACHO 3aram’ ATOBYIOUH JIYTY, 110 fAKii MM Briepiie
NOTpaTHIN J0 L€l BepIIVHY;

2) AKIIO 3 BEPIIHHU X MW HE MOXXEMO MOTPaNUTH 0 paHille He BiIBigaHOl BepiHH abo
TaKol B3aralli HeMae, To MU NOBEpTaEMocs y BepLIMHY z, 3 AKOi Briepiie MOTParuiy 1o X, i
APOAOBXKYEMO 00X il BI/IHG 3 BEPUIMHHY 2.

Bu3HauMMO CIUCKH CyMIZKHOCTI [T KOXKHOT BepIIMHH rpady G:

[:E:z, 3,5 2:1, !4 3:1,2, T @ 4:2,3 5:13
4 $

t:1,2,3,4,5

STxuo rpad G 3B’ s3HWIA, To onucaHwit MpoLiec BU3Hauae NpoxomkeHH (00xix) rpady G.
Axwmo x rpad G He 3B’A3HUH, TO MPOXOAMMO TiNBKH OIHY 3 KOMTOHeHTIB rpady G, wmo
MICTHTB MOYaTKOBY BeplinHy. Skuio rpad G € He3B’S3HHUM, TO [ OIEP>KaHHS MOBHOTO
o6xofly HeOOXiZIHO JOCATaTH TAaKOro pe3ynbTaTy y KOXKHOMY 3B’SI3HOMY KOMTIOHEHTI. 3a
AOTIOMOrOIO LEOTO METOIY MOXKHA BU3HAYHUTH KiJTbKICTb KOMITOHEHTIB.

Jna koxHOro BUOOpY NMOYaTKOBOI BEPIUMHY Y 3B’ A3HOMY rpadi Moke 6yTH oTpUMaHe

P
eavHe npoxoxkeHHst. SIkumo rpad snse coboro 06’ eAHaHHA KOMITOHEHTIB! G= U G i bl

i=

—— H M ’ . . . . y —
= n,, TO KUTbKICTb NPOXOMKEHD TaKOTO HE3B'A3HOTO rpacha: n, " n," ... n, (i=1L2,.,p)...
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AnroputM nipoxomxkenns rpady Bru6 Gyne BUTIALATH Tak:
procedure OBXIO-BIMTNG(p: BepunHa);
begin
BiABiAaTV BEPLUNHY P;
for all q from MHOXWHKW BePLIKH, CYMKHUX A0 p, do
if q we He sigBiaaHa then OBXIA-BITINB(q) end
end
end;
begin
for all p from MHOXMHKM BepwinH G do
if p we He BiaBigyBanack then OBXIA-BMMNG(p) end
end
end.
Ha mogi IMTackans pexypcuBHa npoiiexypa NpoXopkeHHs BITHO BUITIAZAE Tak:
procedure dfs(v:integer);
var
iinteger,
begin
used|v]:=true; {Bin3HaunTK BePLUNHY RK BiABIAAHY}
fori:=1tondo
{sKwWo MiXX BepLUMHAMMU € 3B'A30K Ta BEPLUMHA He BiABiAaHa}
if (a[v,i]=1)and(not used[i]) then
dfs(i); {BMknukaemo npouegypy 3 Uiclo BEPLWNHOIO}
end;
HepexypcrsHa dyHkuis npoxomkeHHs rpady Brnnb BHrNsaac Tak:
procedure dfs(v: integer);
var
i; integer;
found: boolean;
begin
used[v]:=true; {Big3HaunnNn BEpPLWNHY AK BiABIAAHY}
inc(c); {36iNbWyeEMO KINbKICTL 3aHECEHUX Y CTEK BEPLUNH)
st[c] ;= v; {3aHecnn y cTek}
{nokn cTex He NOPOXHIN}
while ¢ > 0 do
begin
v := st[c]; {6epemMo BeplInHY 3 ronoBu CTeky}
found := false; { wnaxy He 3HangeHo}

{npoxoAnMMmo no ycix BepLUMHaX 3 METOI0 NoLLYKY LWNAXy 3 o6paHoi

BEPLUNHN}
fori:=1tondo
if a[v, i] and not used [i] then
begin
found :=true; {3Hanwnm wnax}
break;
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end;
{sKWO WNAX 3HaKaEeHWUN}
if found then
begin
used [i] := true;
inc(c); {AopaeTbeca y crek}
stlc] :=1i;
plil:==v;
end
else {Buny4yaemo BepLUnHy 3i cTeka}
dec(c);
end;
end;

7.3.2. Anzopumm npoxodXkeHHs1 2pagpy ewiup

TpHn npoxomkeHHi BUIMP 3aMiCTh CTeka peKypPCUBHHIX BHIJIHKIB 30epiractecs uepra, B
AKY 38IMUCYIOTHCH BEPIUWHY B NOPAAKY BiJJANCHHS BiJl MOYaTKOBOI.

Bu3naunMo CMcKH CyMiHOCTI A1 koxHOi Bepmnnn rpaga G (puc. 7.3):

1:2,3,52:1, 3, 4 3:1,2,4,5 42,3 5:1,3

t: 1,2, 3, 4,5 (a9 o6paHoi BepUIAHH NMEPENACYEMO BeCh CIIMCOK CyMbKHROCTI).

Bu6epemo nouatkosy BepuuHy x,. [lepuwii enemeHTH wykaHOi nepecTaHOBKH t €
eNleMEHTaMH CyMXKHOTO CITHCKY BEpUIMHH X, To6T0 M(x ). [To3na4anmo crincok CyMixkHOCTI
B Takuh cnoci6: M(x ) = {(w,, x,), (W,, x),...,(w,, x) }. HactynHumn enemenTamn
nepecTaHoBKH OymyTs Ti enement M(w,), Axi BiIcyTHi y opmosaniit nepectarosui t. Iorim,
Gepemo Bei enementH 3 M(w,), i T.in. TIpOXOKEHHSA NPUIHHAETECA, KONM BCi BEPLIMHH,
HocakHi 3 x , BynyTs yTpumysatnea B 1 (w, O X, i=1,2,..., k...

3HOBY  Taky, BBEIEMO MacHB used, a TakoXk CTBOPHUMO uepry s 30epiraHHa BEPLINH
(peanizyemo 1l 'y BATJIAAI MaCUBY queue; TIPUPOIHO, MOAJIMBI iHILI BapiaHTH). Y no4aTok
YeprH 3aITHLIEMO NTOYaTKOBY BEPUIMHY.

Star:=1; {nouyaTkoBa BepwviHa — nepwia}

queue(1] = start;

used[start] = 1;

r=1,w=2; _

{r - noauuis yepry, 3 AKOT YNTAEMO AaHi, 3MiHHA W — No3uLif, kyav AaHi byaemo
sanucysaTtu} ‘

while (r <w) do

begin
curr:= queue(r]; {6epemo nepLni efleMeHT is yepru}
inct;
for i:=1toNdo
begin
if (used [i}:= true) and (a[curr][i]=1) then
begin
used[i] := 1,
queuelw] :=|;
inc(w);

PO3ALT 7. Hepiniiini cmpykmypu 0anux: zpag
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end,
end;
end;
7.4. THIIII 3AJTAYI HA TPA®AX

7.4.1. TononoziyHe copmyeaHHs1
#* Tononoziunum copmy8aHHAM HA3U8AIOMb NOPAOOK HYyMepayii eepuiun
opienmoganozo zpagy, npu sxomy 6ydb-ske pebpo Hoe 3 GepuiuHU 3 MEHUUM
HoMepom y epuuny 3 binvuwum. [Qna ypo2zo anzopummy GUKOPUCMOGYENLCA
MOOuUghixoganuii Memood npoxoONceHHs 621ub.
OuesnaHo, WO He Oymp-akuii rpad MoXkHa BiIcopTyBaTH TOoTIONOri4HO. MoxcHa foBecTH,
UI0 TOMOJIOriYHE COPTYBAHHA ICHYE TS aUMKJTIYHUX rpadis i iie iCHye IS LHKITIYHAX.
Procedure dfs(v.integer);
var
i, jiinteger;
begin
{no3Haunnu sepwuHy sk BiABIAAHY}
used[v].=true;
fori:=1to ndo
{sxul0 M BepLUMHAMK € 3B'A30K Ta BEPLUMHA HE BigBiAaHa}
if (a[v,i]=1)and(not used[i]) then
begin _
{saHecnw BiaBinaHy BepLUMHY Y Macvs NOPAAKY BiaBiayBaHb}
pli]:=v;
inc(j);
{BMkNuKaemo NpoueAaypy 3 L€ BEPLLUUHOIO}
dfs(i);
end,
end;

7.4.2. Mowyk mocmie
le 3aBOaHHsA BHpPILIyETBCA 32 AOMOMOrOf0 MOIIYKY BrTHG. ANTOpUTM Mpawioe 3a
® (N log N + M). CriouaTky neperBopumo rpac B OpieHTOBaHWIA, TS LIOTO BUKOHYEMO
cepito nourykis BRTKG i kowkHe pebpo OpieHTYEMO B TOMY HanpsIMKy, B SKOMY MU HaMaranucs
no HeoMy 06iliTH B npoteci nouryky. Tenep 3HaX0qUMO B OTpUMaHOMY rpadi BCi KOMNOHEHTH
CHIBHOT 3B’ 13HOCTI. MocTamu GymyTs Ti pebpa, KiHUi AKMX HallexaTh Pi3HAM KOMMOHEHTaM.
{pre_c ~ nepwa BepLunHa, Ha No4vaTky BoHa AOpiBHIOE 1}
procedure dfs(v: integer);
var
i integer;
begin
prelv] := pre_c; {nouaTok Aayrun}
low[v] := pre_c; {kiHeupb gyru}
inc(pre_c);
forl:=1tondo
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if a[v, i]=1 then
if pre[i] = 0 then
begin
pli]:=v;
dfs(i);
low[v] := min(low[v], low[i]);
{AKLiO € cunbHa 3B’A3HICTb}
if low[i] = pre[i] then
write(v, -, 1, *);
end
else if p[v] <>l then
low[v] := min(low[v], preli]);
{ min - chyHKUifA, WO NoBepTae MiHiManbHe 3HaYeHHA}
end;

7.4.3. 3adaya npo MakcumMarsnbHuUll nomik

YacTo B 3aBIaHHAX 3yCTPIYAETHCSA HACTYTIHA KOHCTPYKLiS — € GYIWHKH i JI0POTH, IHO iX
3’ €AHYIOTh; I KOXKHOI IOPOTH € NOBKHHA (OyIWHKH — BEPIUIMHH, J0pOTH — pebpa, JoBXKHHA
Joporu — Bara pebpa). Burykae 3aga4a 3HaitTH MiHIMaNbHY Bary UUIAXy Mk BEPIIHHAMH §
i k y rpadi. IponmyckHa 3aaTHICTb AyTH (i,f) 03HaYa€, HaNPHKIIAZ, CKiJTbKM BaHTaXKy MOXHa
TIepeEBE3TH AOpororo (i,f) 3a ONWHHMIIO Hacy; NOTiK Ayroko (i) — 1e CKUTbKH MepeBO3HTHCHA
3apa3 HacrpasJi.

BukoprcTaeMo Taki nosHaueHHs: G(x(i)) — MHOXXMHa BEPILHH, Y AKi € TyTa 3 BEPUIMHH /;
D(x(i)) — MHOXHHa BEPUIMH, 3 IKUX € yTa y BEpUINHY /.

Hexait y rpadi € N Bepiuun.

JIoBXHHM JyT 3BHYAHO 3aHOCATHCA Y MaTpHLIO cyMixkHOCTI C po3mipy N x V:

varC: array [1..N,1..N] of integer;

Enemenrt C[i,f] uiel marpuui ZopiBHIOE AOBXWHI ZYTH, 110 3 €IHY€E BEPILWHH i i/, | AOPiBHIOE
(vampuknan) 0 abo -1, akuio Takoi Ayru Hemae. Slkio mopora ABOHampaBieHa (Xyra
HeopieHToBaHa), To oueBuaHo, wo Clij1=C[j,i].

AlropuT™ posmilieHHs MO3HAYOK AJiA 3aiavi Npo MakcHMaabHRi (Bix s no f)
norik.

A. PoamileHHs nosHavok. Bepuinna moxe nepefyBaTH B OZHOMY i3 TPROX CTaHiB:
BEPIIMHI MPHUCBOEHA TMO3HAYKA il BEpLUMHA MeperisHyTa (ToGTo BOHA Ma€ MO3HauKy i BCi
CYMDKHI 3 Hero BepIIMHM “OrnpanoBaHi”), MO3HaYKa MPUCBOEHA, alle BEPILINHA HE NeperIaHyTa
(To6TO BOHA Ma€ MoO3HauKy, ane He BCi CyMiXKHI 3 Helo BEPLIWHM OTpalboBaHi), BEpIIHHA HE
mae nosHauku. ITosHauka BepuMHy X(i) ckiagaeThes 3 ABOX YacCTHH i Ma€ OIMH i3 JBOX
THIIB: (+x(j),m) abo (-x(j),m). YacTHHA +x(j) NO3HAUKH MEPLIOTO THITY O3HAYAE, IO MOTIK
Jonyckae 36ipIueHHs B3ROBXK AyTH (x(f),x(7)). YacTHHa -x(j) NO3HAYKH IHILIOTO THITY O3HA4aE,
o MOTiK MoXke OyTH 3MeHuweHwi B31oBx ayru (x(i),x(j)). B o6ox BHnaakax m 3ama€
MaKCHMalbHy BEITHUMHY JOAATKOBOTO TOTOKY, IO MOXeE [POTIKATH Bill s 10 x(i) y3/OBXK
no6yI0BaHOrO JIAHLIOTa MOTOKY, WO 36UTbIyeThes. TIPHCBOEHHS MO3HAUKH BEpIIMHI X(7)
BiZITIOBIZIA€ 3HAXODKEHHIO JIaHIOTa MOTOKY, o 36UTbWyeTsCA, Big s 10 X(7). Criodarky BCi
BEpPIIWHM HE MAIOTh MTO3HAYOK.
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Kpox 1. [Tpucoiti BepiiviHi S TO3RA4KY (+5,72(S)y=HECKIHYEHHICTE ). BepiumHi s mpucBoiTa
MO3HAUKY IBBAXKATH ii NEPErJITHYTOIO, BCi iHIII BEpLIWHH O€3 Mo3HavoK.

Kpoxk 2, B3aTH nedaKy HenepersiHyTy BepIIUHY 3 MO3HAYKOI0; HeXail ii mo3Hauka Gyne
(+-x(k),m(x(i))) (+- mo3Ha4ae, wo nepen x(k) MOXe CTOSTH K TUTIOC, TaK i MIHYC).

(I) Koxniit nosznaueHiit BepmmHi x(j), mo Hanexuts G(x(I)), mna sxoi c(ij)<q(ij),
NpUCBOITH niozHauky (-x(7),m(x(y))), ae

m(x(7))=min[m(x(1),q(i)-c(iy)].

(I1) Koxkwiit Heno3HaveHi# BepLunHi x(f), wo Hamexxuts D(x), s sikoi ¢(i,j)>0, npuceoitu

mo3Hauky (-x(i),m(x()))), ne
m(x(j))=min[m(x(:)),c(/,)].

(Tenep BepwmHa x(i) i Mo3HavYeHa, i NEPErNAHYTa, a BEPWIHHA X(j), IKNM MPHUCBOEHI
no3Hauku y (I) i (II), € nenepernanyTrmu.) IoznaunTh, o BepwinHa x(7) MeperaaHyTa.

Kpox 3. [ToBTopioBaTH Kpok 2 JOTH, nokH abo BepiunHa ¢ Gyae nosHaveHa, i Toxi nepeiTH
1o kpoky 4, a6o ¢ 6yne He No3HaveHa i HiFKHX IHIINX MO3HAYOK He MOXKHA Oyzie po3CcTaBHTH;
y 1bOMY BHMAAKy aNrOpHTM 3akKiHuye poGoTy 3 MakCHMallbHUM BEKTOPOM NoToky ¢. Tyr
CJTift 3a3HaYNTH, Wo ko X(0) — MHOXWHA MO3HaYeHNX BepuwnH, a X°(0) — MHOXWHA He
no3naveHnx, 1o (X(0) ! X°(0)) € miHiManbHHUM po3pi3oM.

B. 36inbweHns noroky.

Kpok 4. Tlpuceoiti x=1 i nepeiith 0o kpoky 5.

Kpok 5.

- (I) Axmo no3Hayka y BepuwnHi x Mae BHIAL (+z,m(x)), TO 3MiHUTH NOTiK Y3NOBX AyTH

(zx) 3 c(z,x) na c(zx)ytm(r).

(IT) Axmo no3Hauka y BepIIMHI X Ma€ BUMIAA (-x,Z), TO 3MIHHTH 3 ¢(x,2) Ha c(x,z)-m(f).

Kpok 6. Sximo z=s, To cTepTH yci Mo3HaYKH i MOBEPHYTHCH 0 Kpoky 1, mob mouaty
PO3CTaRIATH MO3HAYKH, aJic BUKOPHCTOBYIOYH BXKe NOKpalleHwit MoTik, 3HalAeHWi Ha Kpoui
5. Sxiio z<s, To x=z i TOBEPHYTH O KPOKY 5.

7.4.4. Haiikopomuwa eidcmaHb Mi eepwiuHamMu (a120pumm
Hetikempu)
Anroputm JlefikcTpH BUKOPHCTOBYEThCS I BU3HAYEHHS HaHKOPOTILOT BIICTaHi Mix
JABOMa BEpIIMHAMH,
[TosnaueHHs:
D[i] — naiixoporiua y ueit MOMEHT BiICTaHb BiJl BEPLINHH n0Y [0 BEPUIHHH i.
flag[/]- indopmaiis npo nepernsax BepurnHy i: ) — AKIO BEPIIMHA HE TIEpeTNIANYTa, 1 —
AKHI0 NeperAHyTa. Akulo BepunHa nepernsHyTa, To mis Hei D[i] € Halikoporiolo BiicTaHHIO
BiJl BEPIOMHW 704 10 BEPIITHHM /.
npenok[i] — ingopmalis Mpo HoMep BEPIINHY, IO NEpeay€e BEPLUINHI i y HAHKOpOTLIOMY
HWJISXY BiJl BEPIUWHH noy.
Ming — Lie MiHiManbHa BiCTaHb.
Aansieig 1 ao N BukoHyBaTu
npegox{i]:=Hay;
flag [i):=0;
Dli):=C[nau,i]
flag [noy}:=1; {nokn M1 3Haemo TinNbkW BigCTaHb}
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-npeaok{noy]:=0 {Big BepLuMHK HaY go 1i x, pieHe 0}
ansaisig 1 oo N-1 BukoHysaTtu
MiHB:=HECKIHYEeHHICTb,
Aans j sia 1 ao N sukoHyBaTu
akwo (flag [j1=0 i (miuB > D[j]) {sHaxoanmo MiHimansHe}
To MmiHB:=D[j]; {BiacTaHL}
k:=j; {no Henomi4yeHUx BepLunH}
flag [k]:=1; {BepunHa k no3Ha4aeTbCs NepernsHyTo0}
ans jsia 1 go N BUkoHyBaTy {BUKOHYEMO Nepernsg}
akuwo flag [j]=0 i D[j]>D[k]+C[k,j] ‘
{ AKLWO ANS BEPLUMHM j e He 3HaWAeHa HalkopoTwa BiacTaHb
Bif noy, i 3 BepwmHmM k no aysi Clk,j] Wnax y j KOpOTWMA,
HiX 3HaAeHWA paHiwe}
1o D[j]:=D[k]+Clk,j] {To 3anam’sToByemo inoro}
npenokfj]:=k;

Pe3rome

1. Tpag cknadaemvcs 3 MHOJICUHU Gepuiun ma MHOXCUHU pebep(0yz). Axujo eep-
wunu. Lo dopmyroms dyey, enopadkogyiomecs, mo zpagh Hazueacmvca BNOPAOKOBAHUM
(oppaghom).

2. Axwo dy2u maioms 3HAYeHHA, MO 2pagh) € 38axiceHuM,

3. [na opienmosanozo zpagha kinexicme pebep, ujo 6xo0smo y 8y30/1, HAZUSACMbCA
Haniecmynenem 8ys3na, Kirbkicme pebep, o 6uxo0sme 3 Gy31a — HaniecmyneHem
pesynemamy. Ipag bes pebep nazusacmovcs Hynv-ecpaghom.

4. Mynemuzpadhom nazusacmuca 2pagh, wo mae napanenviti (Wo cnoayuawomv oOHi
i mi oc eepwuny) pebpa, inaxwe zpagh HA3UBAECMbCA NPOCIUM.

5. Komnonenmamu opzpagha €: Oyza, wnax, konmyp. Konmyp odunuunoi doexcunu
Hazueaoms_ nemieio.

6. Komnonenmamu Heopzpagha €, 8ionogiono: pebpo, nanyioz, yuxn. Jlanywe —
Oe3nepepena nocridosnicme pebep Mixnc napoio epuiun HeopicHmMoeanozo zpagy.
Heopienmosanuii epagh nasugaome 36 A3Hum, akwyo 6y0b-ki 061 1020 8EPULUHU MOJNCHA
3'eonamu nanyrozom. Axwo dc 2pagh — Hess 'A3HUN, Mo 1020 MOdCHA po3bumu Ha
niozpagu.

7. Kinvkicnumu xapaxmepucmuxamu 2pagy € kinbkicme @epuiun, Kinoxicms 0ye,
YUKAIYHUL DAHT, KOPAHI.

8. Iodamu epagh modxcna epaivno, mampuyeio cymixcHocmi, mampuyeio
38 'A3HOCMI, CMPYKMYP CYMINCHOCIL.

9. ITpoxooicennn 2paghy modce siobyeamucs e2nub i euup.

10. Tononoziune copmysanus ma noutyx mocmis 6aszyiomvca Ha arzopummi
npoxoovcenns zpagdy e2aub.
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KonmponeHi 3anumaHHs

1. Jalime su3Ha4yeHHs espadpy.

2. [laiime su3HayeHHs1 depeesa 3a 00nomMo20t0 epagy.

3. MNoscHimb npusHa4YeHHs1 ma npuHUUnuU pobomu anaopummie rnPoXooxeHHs
no epagy. :

4. Haseedimb munu epachie ma nopigHaiime ix.

5. Hassimbs cmpykmypu daHux, WO 8UKOPUCMO8YIOMbLCA & anzopummax
rPOX0OXeHHs 82nub ma euiup.

6. Criocobu nodaHHs epaahy.

7. MNosicHIMb OCHOBHI KPOKU anaopummy po3matlyeaHHA Mo3HaqyoK.

8. Hasedimb npuknad 3acmocyeaHHs anzopummy Lelkcmpu.

Tecmu dns 3akpinneHHs Mamepiany
1. Hazeamu xomnoHeHmu Heopzpady:
a) dyau;
6) pebpa;
8) wnsx;
2) koHmyp,
8) naHuroe;
e) yukn.

2. Hazeamu xomnonenmu opepagy:
a) dyau;

6) pebpa,

8) wnsax;

2) KoHmyp;

0) naHuyroe;

e) yukn.

3. 3a eusHavYeHHAM 3Halmu mepMiH: opepadgh 3aMiHAEMbLCS HeopieHmo-
8aHUM 2paghom, W0 ¥ C80I0 Yepaey € 38’A3HUM:

a) cnabka 36’s13Hicmb,

6) 0GHObIuHa 38'A3HICMb;

8) CUNbHa 38’A3HICMb.

4. 3a susHayeHHAM 3Halimu mepmiH: Mix 0goma eepWUHaMU iCHY€E Wnax
e 0dHy a60 e iHWYy CMOPOHY:

a) cnabka 38’A3HicMb,

6) 00HObiYHa 38'A3HICMb;

8) CUSIbHa 38’A3HICMb.

5. 3a eusHavyeHHAM 3Halimu mepmiH: Mix 6yOb-akumMu deoma eepuUHaMu
icHye wnsax e 00Hy (i 8 iHWY cMOPOHY:

a) cnabka 38'a3Hicmb,

6) 00HObGi4Ha 38'A3HICMb;
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8) cunesHa 36’3HiCMb.

6. Cnocobu nodanHs spaghy:
a) epaghiuHull;

6) mampuynHui;

. 8) onucosuil;

Mampuuyeio cyMixxHocmi: A B C B B
A 0 1 0 0 0

a) ACD; B 0 0 | 1 0

6) CD; C 0 0 0 0 |

8) AC; D ] ] 0 0 0

2) Hemae npasurbHoi 8idrnoeioi. E 0 0 0 1 0

yero cyMixxHocmi:

mMampuyero cyMmixHocmi:

Mampuuyelo cyMixxHocmi: A B C D E
A 0 1 0 0 0

"a) ACD; B 1 0 1 ] 0

6) CD; C 0 0 0 0 ]

8) BE; D 1 1 0 0 0

2) Hemae npasunsHoi 8idnosio. E 0 0 0 ] 0
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2) neperniyyeaHudl.

7. 3nalimu npaeunbHUlU 8uUcrlie:

a) 6ydb-sike 0epeso € 2paghoM;

6) 6yob-sikuii 2pagh € depegom;

8) 6yOb-siKke deilikose depeso € epaom;

2) dna mozo, wob epagh 6ye depesoM, 8 HboMy He Mac Bymu Yukriie.

8. Busnayumu cymixHi eepwuHu do eepwuHu B y zpadpi, 3adaHomy

9. BusHayumu cymixHi eepwuHu o eepuwiuHu A y 2pachi, 3adaHomy Mampu-

A B C D E

A 0 1 0 0 0

a) BCD; B 0 0 1 1 0
6) CD; C 0 0 0 0 1
8) B; | D] 1 1 o ol o
2) HeMae npasunbHoi 8ionoeio. E 0 0 0 1 0

10. BusHayumu cymixHi eepwuHu 0o sepwuHu B y zpachi, 3adaHomy

A B C D E|
A 0 1 0 0 0
a) ACD; B 1 0 | 1 0
6) CD; C 0 0 0 0 1
8) AC; D l 1 0 0 0
2) HeMae npasusbHOI 8idrnoeioi, E 0 0 0 1 0

11. BusHadyumu cymixHi eepwuHu 0o eepwiuHu C y epacpi, 3adaHomy

PO3AUI 7. Heniniitni cmpyxmypu oanux: zpad

cyMDKHOCTl. A B C D B
A 0 i 0 0 0

a) ABD; B i 0 1 1 0

6) CD; C 0 0 0 0 1

6) BE: bl 1| 1] o 1] 0

2) HeMae npPaesULHOT 8iONoeIdi. E 0 0 1 1 0

Mampuuyero cyMixxHocmi:

12. BU3sHauWuTH CYMiXHi BepiMHKM g0 Bepmwwau D y rpadi, 3aganoMy MaTpHIEO

13. BusHayumu cymixHi eepuiuHu 0o eepwuru E y 2pachi, 3ad0avomy

A B C D E

A 0 1 0 0 )

a) ABD; B 1 0 1 1 0

6) CD; C 0 0 0 0 1

8) BE; D 1 1 0 1 0

2) Hemae npasunkLHoT 6idnoeioi. E 0 0 0 ] 0
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3azanvna knacugpicayis anzopummie nouwtyxy.
Jinitinuis nowyx.
Heitixoauii (binapnuii) nowyx enemMenma 8 Macuei.
Howyx memooom Pibonauyi.
M-6noxosuii nowyk.
Memoou obuucnenna adpecu.
Iumepnonayiinmuii nowyx enemenma 8 macusi.
Binapuuii nowyk i3 susnaveuHam naubrudcyux 8y3nis.
Iowyx y mabnuyi.
Hpsamuti nowyx paoka.
Anzopumm Axo-Kopacux.
Anzopumm Knyma, Mopica i Hpamma.
Anzopumm Pabina-Kapna.
Anzopumm Boyepa i Mypa.
Po3rnsHyTO anropuT™H notuyky cTpidok: npamuii nouyk, Axo-Kopacuka, Knyra-Mopica-
Ipara, Pa6ina-Kapna, Boyepa-Mypa. [Tonaro anroputMu nouryky y MacHBax Ta CIHCKaX.

¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢

8.1. 3AT'AJIbHA KJTACUDIKAHIA AJITOPUTMIB HOHIYKY

Vci MeToam MoXkHa pO3diNUTH Ha cTaTHYHi # auHamivHi. TIpy cTaTH4YHOMY MoOUyKy
MacHB 3Ha4YeHb He 3MIHIOEThCA Mij yac poboTH anroputmy. ITin yac AMHaMivHOrO MOLTYKY
MacuB Moxe nepeOynoByBaTica abo 3MiHIOBaTH pO3MIpHICTb.

Tak camo MeToaM MOWYKY MOXXHA PO3AUTHTH HAa METO/M, IO BUKOPHCTOBYIOTH AilicHi
KJTIO4i, i Ha METOOW, WO MPauioOTh 33 NMEPETBOPEHHUMH KIIOMaMH. YV 1bOMY BHIAAKY
«KJTIOYEM» Ha3HBAIOTh T€ 3HAYCHHA, AKE MH HIYKAEMO.

THImwit BapiaHT K1acHdikaLii — MeToan, 3acCHOBaHi Ha MOPIiBHAHHI CaMVX 3HA4EHB, | METOMTH,
3aCHOBaHi Ha X MQpoBHX BracTHBOCTAX. e Tak 3BaHi METOAN XELTyBaHHS.

8.2. JIHIMHUA MMOLIYK

SIxio Hema JOJAaTKOBWX BKA3iBOK MPO Po3TallyBaHHA HeoOXiIHOro eleMeHTa, TO
TIPYPOIHIM € TTOCJTIZOBHHI NMeperisg MacHBy i3 30iTbIIEHHAM Tiel Horo uacTuHH, e 6axxaHoro
efleMeHTa He 3HaiaeHo. Taknii McTo Ha3HBAETHCA JTTHIHHUM 1OUTyKOM. YMOBH 3aKiHUEHHS
TNOWTyKY HAaCTYTHi.

1. Enemenm 3uaiioenusi, mobmo a, = x.

2. Becv macue npocnsanymuii i 30icy He 3HAUIOEHO.

3. LJe 0ac nam ninitmuii anzopumm:
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3BepraeMo yBary, Mo AKLIO elTEMEHT 3HaliieHWi, To Bil 3HaHIEHMI pa3oM i3 MiHIMaJIBHO
MOMUTMBHM iHJIEKCOM, TOOTO Lie nepuinif 3 Takux eieMeHTiB. OueBHOHO, IO 3aKiHICHHA
UHKAY 3MIHCHATBCA, OCKINBKH Ha KOKHOMY KpPOUi 3HaYeHH# i 30UIBIIyeTheA, i, OTkKe, BOHO
JIOCATHE 3a CKIHYeHHY KUTBKICTH KpOKiB Mexi N, dakTtnuHo Xk, Akio 36iry He 6yno, e
Binbynersca micns N KpokiB.

int LinearSearch (intf] a, int N, intL, int R, int Key)

for (int I = L;i<=R; i++)
if (a[i] = = Key)
return (i);
return (-1); // enemeHT He 3HaNaeHWA

8.3. IBIMKOBU (FIHA PHMIT) NOIIYK EJJEMEHTA B MACHBI

SAxwo y Hac € MacHs, O MICTHTH BMOPSAKOBAaHY TOCHIJOBHICTD JaHHX, TO JyXe
etheKTHBHWII ABiHiKkoBHi MOLLIYK.

3miuni Lb i Ub micTaTs, BiAMOBIAHO, JiBY i IpaBy MEXi Billpi3ka MacHBY, I MiCTHTECA
notpibuuit eneMenT. TTounHaeMo 3aBXaM 3 AOCHIIHKEHHS CEPERHBLOTO ENEMEHTY Bilpi3Ka.
Sk WwWykane 3HAYCHHA MEHILE
Bill CEPEAHBOTO EIeMEHTa, MW
MepeXoAuMo A0 MOWYKY Y
BEpXHill TIoNOBUHI Bifpi3ka, A€
BCI €JIEMEHTH MEHII Bifl TUIEKH
o mnepesipeHoro. IHWHMHA
cnosamu, 3HaueHHsM Ub ctae | |M=Lb + (Ub-Lb)/2
(M- 1) i Ha HacTynHi# iTepaii
MH TIPALIOEMO 3 TOJIOBHHOIO
macuy. OTxe, B pe3yiabrari
KOXHOT NnepeBipkH MU yaBidi
3BY)KYEMO 00611aCTh MOLIYKY.

bnox-cxema 6inapHoro
nouryky nojiaHa Ha puc. 8.1,

OyHkuig, wo peanisye
OiHapHHH TOWYK, Ma€ Takui

int BinarySearch
(Array A, int Lb, int
Ub, int Key

\i

BUITTSL Lb=++M
int BinarySearch (int a, int :
Lb, int Ub, int Key) \
do _ . wi KiHeus
M =Lb + (Ub-Lb)/2;
Ihuykaemo cepeauny
/Isippisky Puc. 8.1. Bnok-cxeMa yHKUil 6iHapHO20 NoLyKy
if (Key < a[M)) 3a napamempom.
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Ub = —M; //nepexoammo y nisy 4acTuHy
else if (Key > a[M])
Lb = ++M; //nepexoanmo y napBy 4acTvHy
else :
return (M),
if (Lb > Ub)
return (-1); //He 3HalipeHo
while (1);
}

8.4. IOIIYK METOAOM ®IEOHAYYI

Bin npautoe wisnale, Hidk 6iHapHUH MOy, OCKUTBKH 3aMiCTh onepauiil JiNeHHs, 1o
3aCTOCOBYIOTECA Y MOTIEPENHBOMY METO/i, BAKOPHCTOBYE ONepaLlil A0AaBaHH Ta BiTHIMaHHS.
CyTb MeTOy nofifra€ y BH3HA4€HHI HACTYITHOTO eleMeHTa IS MOPiBHAHHA 3 YHCIaMH
®i6onauui (3BiacH i Ha3Ba). 3MEHIIIEHHS iHEKCa 03HaYa€ NepeXif 1o MONEePeHBLOro YHCa,
36UTbIIEHHSA — NEpEXil 10 HACTYITHOTO.

Uncna Qibonauui opMy1oThCs Ha OCHOBI JOAABaHHSA JBOX MOTIEPEAHIX YHUCEN, A€ Meplue
i Ipyre 9Hcno fopiBHIOOTE 1. ToGTO, MOKHA CKTACTH TaKy MOCHINOBHICTL YHCEN:

1,1,2,3,5,8,13,21,34...

Bnok-cxema nowryky meronom diboHauui nofaHa Ha puc. 8.2.

int find_fibo(int strPar)

{

int resFind, a[10];

int g=Fibonachi(1), p=Fibonachi(2), i=Fibonachi(3);
llcpyHKuin, Wo BusHavae ymcno diGoHauvi 3a Homepom
int FindResult = -1;

do

if(a[i]= strPar)
{

FindResult = i;
curSelRow = i+1;
resFind = a[FindResult];
return (resFind);

}

else

if (if(a[i]> strPar)

if(q==0)

resFind = NULL;
return (resFind);

}

else
{i =i-g; p=q; g=p-9;} //nepepaxyHoOK HaCTynHOro Yicna

PO3TIIT 8. Anzopummu nouwiyky
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elsg {/Fin—d_ﬁ;a;t\
If(p==1 ) strPar)
{
resFind = NULL; (/& Fibonachi(l)
.o ~Fibonachi(2
return (resFind); ‘i:Filbo:::hilo))
} FindRes=0
else '
{
i = i+q; p=p-q; g=q-p; <_alil=strPar
} curSelRow = i+1
. . Hi FindRes=afi}
while(resFind);
if(FindResult == -1)
resFind = NULL,; .
return (resFind); |
}
Hi
D Hi
He 3HaiIeHo
TaK i=i-q .
- pP=q
q=p-q
Hi [ 1]
i=itq 1
PPq He 3HalacHO
a=q-p
I
FindResult

Tak
FindRes=-1

He 3HalneHo

Hi

S ————

// ) _\
k KiHeuh
Puc. 8.2. bnok-cxema ¢hyHKUIT noE;f;y QiboHa4yi 3a napamempom.
8.5. M-BJIOKOBMI ITOIIIYK

Le# crioci6 3pyuHHit npu ingexcHoMy 36epexerHi crineky. [TepenfadaeThes, Wo BUXiTHUA
yropsaKoBaHHH cniucok B nosxuHu N posbutnit na M nigcninckis B=B, B,,..,B, noBxuHH
N, N,...,N,, TakuM unvom, wo B=8 , B,,..,B

m’ m'
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Jnst snaxomkenns knoua V, TpeGa CriodaTKy BU3HAYNTH NEPIINH 3i ctinuckis B, i=1,...,M,
OCTaHHiM eneMeHT sixoro Gisibiie ¥V, a moTiM 3acTocyBaTH TIOCTiIOBHWM# NOLIYK A0 CHIMCKY Bi.

36epexeHHs CHCKiB Bi Moke OyTH 3B’ I3HUM YH MOCTIZOBHUM. SKIIO JOBXKHHH BCiX
miachuckiB npubnusHo pisri i M=N, To Max M-6nokoBoro nouryky gopismioe 2N. Tlpn
OIHAKOBiif 9aCTOTI BHKOPHCTaHHA elleMeHTiB Avg M - 6lI0KOBOTO NOLTYKY JXOPIBHIOE N.

Onucanuii arOpUTM YCKITAXHIOETHCS, AKINO He BiTOMO, W JIifiCHO B CITHCKY € €/IEMEHT,
mo 36iraerbea 3 KWitouem V. Ipu boMy MOXUTMBI BUTafkK: a00 TaKoro eIEMEeHTa B CITHCKY
Hemae, abo iX Kisibka.

SIkuto 3amicTe wnoua V€ ynopsakoBaHWH CTIHCOK KIIFOYIB, TO MOCHIXOBHHA un M-
OIOKOBHI MOLYK MOYKe BUABUTHCSA 3PYUHIINM, HiX GiHapHHiA, OCKINbKH He Tpeba NnoBTOpHOT
iHiLiani3awii 4719 KOKHOro HOBOTO IUTH0A 31 CIIHCKY V.

8.6. METOIY OGYUCJIIEHHA AIPECH

Hexaii y koxuomy 3 M eneMeHTiB MacuBy 7 MICTHTBCSI €TEMEHT CITHCKY (HanpwWkiIaz,
tine nozuruBHe uucno). Akino € geska pyHkuis H(V), mo obunciroe oqHO3HaYHO MO eIEMEHTI
V #toro anpecy — Uinie No3uTHBHE YHCO 3 iHTepBaty [0,A-1],To F"'MoxHa 36epiraTh B MacHBi
T 3 Homepom H(V) Tob6to V=T(H(V)). I1pn TakoMy 36epexenHi nouryk Oyap-akoro eieMeHTa
BigOyBaeThCs 3a NOCTINHMI Yac, He 3anexHui Bix M.

Macns T Ha3HBa€ThCs MACHBOM XellyBanHs, a yHkuis H — pyHKuicio xeurypaHHs
(muB. po3gin §).

Ipy KOHKpPETHOMY 3aCTOCYBaHHI XelllyBaHH# 3a3n4ai € BU3HaueHa 061acTh MOXJTHBAX
3HA4YEHb EJIEMEHTIB cnMcKy V1 geska iHdopmatlis npo HuX. Ha ocHoBi Lboro BMOHpaeThcA
poamip MacuBy xeuryBaHHs M i 6ymyeTbest dyHkuis xeuryBanns. Kpurepiem qns suGopy M
i H € MOXTHBICTD IXHBOTO €(PEKTHBHOTO BUKOPHCTAHHS.

Hexati Tpeba 36epiraty niniiinuii cnimcoxk 3 enemenris K K ,..,K , Takux, mo npn K,=K] S
mod(K,26)= mod(K,,26). I 36epexkeHHs criicky BuGepeMo Macus xemryBaHHA 1(26) i3
npoctopom aapec 0-25 i dynkuiro xeurypanus H(V)==mod(V,26). Macus T 3anoBHIOETbCS
enementamu T(H(K)Y=K, i T(j)=0, axuo j € y (H(K,), H(K)),..,H(K )).

TMowryx enemenTa V'y macui T i3 npicBOOBaHHAM Z HOTO iHIEKCY, AKIO V MicTHTbCA
B T, un -1, axuio V ue mictutecs 8 T, 3ificHIOETRCA Tak:

int t[26),v,z,i;
i=(int)fmod((double)v,26.0);
if(tli]==v) z=i;

else z=-1;

JlonasanHs HoBoro enemMenTa V'y cicok 3 MOBEPHEHHAM Y Z iHACKCY €lIEMEHTa, Jie BiR
Oyne 30epiraTHcsa, peanizyeThcs hparmMeHTOM

z=(int)fmod((doule)v,26.0),
tiz]=v;

a BUKJTIOYEHHS eNleMeHTa V 3i CiCKy TPHCBOEHHAM

t{(int)fmod((double)v,26)]=0;

Tenep po3rnsgHeMo ckiafHimui BHTagoK, konu ymosa K =Kj H(K,.)=H(Kj) He
BukoHyeTheA. Hexail V' — MHOXHHA MOXKITHBHX €NlEMEHTIB CITUCKY (Lifti MO3WTHBHI YHCNa), Y
AKOMY MaKCHMaJIbHA KiflbKiCTh efieMeHTiB fopiBHioe 6. BizbMemo M=8 i ax dywnkuiro
xemryBaHHa Bubepemo dyHkuito H(V)=mod(V,8).
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TIpunyctamo, wo B=8, npuyomy H(K )=5, H(K,)=3, H(K,)=6, H(K,)=3, H(K,)=1, TobTO
H(K,)=H(K,) xoua K,=K,. Taxa cuTyaulis, ik 1I0ka3aHO y NOTEPEAHiX PO3/IiNax, Ha3uBa€TbCS
KaJi3i€to, i B LbOMY BHITAIKY [TPH 3aMOBHEHHI MaCHBY XEUTYBaHHA Tpeba METOR 1A il 103BOIY.
3a3Buuaii BHOMpaEThLCA Meplua BiIbHA KOMIPKa 3a BIACHOIO ajipecoro. Jig Haworo BUNanKy
MacuB 1[8] moxxe MaTH BUITIAR

I=<0,K,0,K,,K, K ,K,,0> .

TTpy HassBHOCTI KONi3iit YCKJIaTHIOKOTHCS BCi aITOPUTMH POOOTH 3 MaCBOM XEUTYBaHHS.
PosrnaneMo poGoty 3 macuom 71100], To6T0 3 mpoctopoM anpec Big 0 no 99. Hexaii
kispkicte enementis N He 6inbtn 99, toni B T 3apxan 6yne xoua 6 ofviH BiNLHUN eleMeHT
NOPIiBHIOE HYIO. JI/If1 OTOMIOWIEHHsSt MACHBY BUKOPHCTOBYEMO OTIEPATOp

int static t[100];

JHonasanns B Mache T HOBOro ernemenTa Z i3 3aHeCEHHAM Horo anpecd B [ i uucna
efleMeHTIB Y N BUKOHYETHCA Tak:

i=h(z);

while (t[i]'=0 && t[i]!=z)

if (i==99) i=0,
else i++;
if (t[i]'=2) t[i]=z, n++;

IMowyk y macusi T enemenTa Z i3 npwicBoeHHsM [ ingekca Z, sximo Z € B T, un -=-1,

KO TAKOTO EJIEMEHTa HEMae, peasizyeThcs B Takuit crocib: ‘

i=h(z);

while (t[i}!=0 && {[i])!=2)
if (i==99) i=0;
else i++;
if (t{i]==0) i=-1;

ITpy HasBHOCTI KOJi3iH BHKJIFOYEHHS €/IEMEHTA 3i CIIHCKY LLTAXOM NO3HA4YEHHS Horo Ak
nopoxHsoro, To6To /[i]=0, moxke npusecTy 0 nomunkH. Hanpuknan, akmo 3i cnncky B
BHKJIOUHTH enemenT K, To onepnMo Macus xeulysauts 7=<0,K,,0,K,.K,.K K ,0>, y sxomy
HEMOXUTMBO 3HakTH enemeHT K, ockinekn H(K,)=3, a T(3)=0. V Takux Bunamkax npu
BHKJIIOUEHH €JIEMEHTA 3i CITHCKY MO)XXHA 3anMCyBaTH B MacHB XCLTyBaHHS JIesKe 3HaUCHHY,
WO HE HANEXHUTH 06/1aCTi 3HAUEHD EJIEMEHTIB CITHCKY i He piBHe Hymto. T1pu pobori 3 Takum
MacHBOM Lie 3Ha4eHHs Oyne BkalyBaTH Ha Te, 0 Tpeba NeperisniaTH i3 CEPEHHN KOMIPOK.

ITepeBara meToftiB OGUHCIIEHHS aJIpecH TIQNATAE B TOMY, L0 BOHH HaALIBUILI, 2 HEAOMIK
y TOMY, IO MOPAIOK eJIeMERTIB y MacuBi T He 36iracTbcs 3 1X MOpSOKOM Yy CIHCKY, KpiM
TOTO, AOCHTH CKJIAAHO 3AIHCHUTH AMHAMIYHE PO3UIMPEHHS MacHBy T.

8.7. IHTEPIIOJISIIMHU M ITOIYK EJIEMEHTA B MACHUBI

Skuto BinoMo, IO KIoH IEXHTE Mik K| i K, To HACTYNHHI NoLIyK A0UUTEHO 3AIHCHIOBATH
HE BCEPE/IWHI BIOPAKOBAHOTO MacHBY, a Ha BincTaHi (u-1)(K-K))/(K -K)) Bin |, npunyckatonm,
O KJTFOYi € HHCAaMH, U0 3poCTaloTh NPHOIH3HO B apHdMETHUHIH nporpecil.

Turepniomsmuidinmii nowryk npatgoe 3a log log V onepautiii, sxio 1ani posnoziieHi piBHOMIpHO.
SIx npaBuno, BiH BHKOPHCTOBYETRCS JIMLIE HA JyXe BETHKHX TaGnHLsaX, MPUUOMY pOCHTBCS
JEKiNbKa KPOKIB iHTEPNONALIHHOro NMOUIYKYy, a MOTiM Ha MaJloMy BifIpi3Ky BUKOPHCTOBYETBCA
GinapHuii abo nociIoBHHIA BapiaHT.
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Int interpolationSearch(intf] a, int toFind, int high)
{
/I nosepTae iHAEKC enemeHTa 3i 3HaYeHHam toFind ab6o -1, akwo Takoro //
enemeHTa Hema
int low =0;
//high — KinbkKicTb enemMeHTiB MacuBy
int mid;
while (a[low] < toFind && afhigh] >= toFind)
{
mid = low + ((toFind — a[low}]) * (high - low)) / (a[high] — a[low]);
if (a[mid] < toFind)
low = mid + 1;
else if (a[mid] > toFind)
high = mid - 1;
else
return mid;
}
if (a[low] == toFind)
return low;
else
- return -1; // Not found

8.8. BIHAPHUM IMOIN YK I3 BU3HAYEHHAM HANBJIMKYNX
BY3JIIB

Y psani Bunajkis (30kpema, B 3aBJaHHAX IHTEPIONALIT) ZOBOOUTHCA 3°ICOBYBATH, J€ IO
BiIHOWIEHHIO IO 33/IaHOTO BNOPALKOBAHOTO MacHBY JiCHUX YWCEN PO3TALIOBYETHCA 3a/1aHe
AiiicHe uncno. Ha BigMiHy Bizi mouryKy B MacHBi LINHX YHCEN, 3a1aHe YHCITO B LILOMY BHIMAIKY
HalfyacTillle He CMiBMAaja€ Hi 3 OJHHUM i3 YHCEN MAaCHBY, i BUMaracThcsl 3HaAWTH HOMEPH
€NEMEHTIB, MiX AKMMH Lie UHcno Moxe OyTH posmilLieHe.

OanuM 3 HaWmIBMAWMX crniocobiB upboro € GiHapHMI NOUIYK, XapakTepHa KiJIbKIiCTh
orepauii skoro Mae nopsnok log,(n), e n — KiNbKIiCTE eneMeHTIB MacuBy. [1py dHcIeHHHX
3BEPHEHHAX [0 Wi€i NMpoueaypH KiTbKIiCTh onepauiit Oyne pisna m log,(n) (m — kinekicTh
obxonis). ITpuckopenHs wiei mpouenypn MoxHa JOGHTHCH 3a paXyHOK 36epexeHHs
TOTEPEIHBOTO PE3yNTETATY orepallii i cripol nouryky npu HoBoMy o6iry B HaltGkumX By3nax
MacHBY 3 NMOJANBUINM PO3IUMPEHHAM obMacTi MOIWyKy y pasi Heycmixy.

ITpn upoMy B HalTIpUIMX BUNAAKAX KiNbKICTE onepauii 6yae Sinbmroto (mpubansHo y 2
pa3H) B MIOPIBHAHHI 3 DiHAPHUM NOLIYKOM, aJie, 3a3BWyaif, pu m, 3naqHo 6insiuoro, Hix log,(n),
BIAETHCA JOBECTH TMOPSIOK KUTEKOCTI onepaum 1o m, To6TO 3pobnTH Ti Maiixke He3aTeKHOIO
Bl po3Mipy MacuBay.

3apmaHHA CTaBHUTHCA TaK. 3aJaHuil BMOpAAKOBAaHWI MacHB JIHCHUX WHceN array
PO3MIpHOCTI 1, 3HAYEHHS Vvalue, IO MeEpPeBipAETLCA, | MoYaTKOBe HabMHXKEHHA By3na old.
BuMaraeTscs 3HAWTH HOMep By3na res MacwBy array, Takuif, 1[0
array[res]<=value<array[res+1].
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AJITOpPHTM Npalfioe TAKMM YHHOM.

1. Bu3HavaeTbea, M JIEKHTH 3Ha4eHHS value 3a MexxaMM MacuBy array. Y pasi
value<array|0] noBepraerbes -1, y pasi value>array[n-1] nosepraersca n-1.
2.Inaxkue nepesipseThes: AKUIO 3HaYeHHS old 1exuTs 3a MexamMH iHIeKCiB MacuBy (TOGTO
0ld<0 abo old>=n, To NepexoaMMO 10 3BUYHOTO GiHAPHOTO MOUTYKY, BCTAHOBHBIIH

nisy Mexy left=0, npasy right=n-1.

3.Inaxe nmepexognMo 10 3’SCYBaHHS MEX TOIMyKy. BeraHoemoeTses left=right=01d,
inc=1 — iIHKPEMEHT MOLIYKY.

4. TleperipseTbcs HepiBHICTE value>=array{old]. Tlpu #ioro BUKOHaHHI TEPEXOOUMO [0
HacTyTmHoro MyHKTY (5), inakue go nyHkry (7).

5.TlpaBa Mexxa mollyKy BiABOAWTBCS Aani: right=right+inc. Slxkwmo right>=n-1, To
BCTaHOBINIOETRCA Fight=n-1 | epexoaumo go GilfapHOTro ToIIyKy.

6. IlepeBipsaeTnca value>=array(right]. SIkmo us HepiBHICTE BHKOHYETHCS, TO JliBa
MeXa repeMiliacThes Ha Miclie nipasoi: leff=right, inc MHOXHTBCS Ha 2, i TepeXoauMo
Ha3aj Ha (5). [Hakie nepexogumo o GiHapHOro MOMIYKYy.

7. Jlisa mexa BinBoauThes: left=left-inc. SAxmo left<=0, To BcTanOBMIOEMO left=0 i
nepexoarMo 1o 6iHapHOTO MOLIYKY.

8. Tepesipsetsca value<array[left]. Ipu BUKOHAaHHI NMpaBa MeXa MepeMIlly€ThCA Ha
micue niBoi: right=left, inc MHOXUTBCA Ha 2, nepexoanMo fo myHkTy (7). Inakue ao
GinapRoro nomyxy.

9. ITposoanTecs GiHapHUit nouyk y MacHBi 3 oOMexxeHHAM inpekci Jeft i right. Tipu
1LOMY KOXXHOTO pa3y iHTEpBaJ CKOPOHYEThCS NMPHOIN3HO B 2 pa3H (Y 3aJIeXHOCTI Bij
NapHOCTi Pi3HULL), TOKH pisHuLs Mix left | right ne nocarne 1. Tlicns uporo nosepraeMo
left sax pe3yneTaT, OIHOUACHO TIpHUCBOIOIOUHM old=left.

int fbin_search(float value,int *old,float *array,int n)

{

register int left,right;
[* nepesipka noauuii 3a Mexxamu macvisy */
if(value < array[0]) return(-1);
if(value >= array[n-1]) return(n-1);
I* npouec poswmpeHHs obnacTi nowyky. MNepesipseMo BanigHICTb
no4aTkoBoro HabnuxeHHs */
if(*old>=0 && *old<n-1)
{
register int inc=1;
left = right = *old;
if(value < array[*old])
{
/* obnacTb poswmnpoTL BIBO */
while(1)
{
left == inc;
if(left <= 0)
{
left=0;break;
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if(array[left] <= value) break;
right=left; inc<<=1,

}
}
else
{
/* obnacTe po3inpiooTh Bripaso */
while(1)
{
right += inc;
if(right >= n-1)
{
right=n-1;break;
}
}
if(array[right] > value) break;
left=right; inc<<=1;
}

[* noyaTkoBe HabNVXXEHHSA noraHe—
3a 06nacTb Nowyky NpuAMaeTbLCA BECb Macus */
else

{
}

I* ye anropvT™ BiHapHoro nowwyky Heo6xigHoro iHTepsary */
while(left<right-1)

left=0;right=n-1;

register int node=(left+right)>>1;
if(value>=array[node]) left=node;
else right=node;
}
/* nosepracMo 3HanaeHy nisy Mexy,
o6HOBMBLLK CTape 3HAYEeHHA pesynsTaTy */
retum(*old=left),

- 8.9. TIOIIYK Y TARJIMIII

IMouryk y MacHBi iHOJi Ha3WBaKOTh MOITYKOM Y Tabnwili, 0cobBIHBO, AKIIO K0T CaM €
CKIaZIoBUM 00’€KTOM, TakuM, Kk MachB uncen abo cumsonis. Yacro 3ycrTpivaeTscsa came
OCTaHHil BHMaJ0K, KOIM MacHBM CHMBOJIIB Ha3uBaloTh psfkamy abo cioBamu. Paakosmi
THI BU3HAYAETHCA TAK: -

String = array[0..Mv1] of char

Bi/lTTOBIIHO BU3HAYAETHCS | BiAHOLICHHS MOPAAKY /IS PAAKIB X i y:
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X =y, akwo Xj = yj ana 0 face=«Symbol» =<j< M

X <y, sKkwo xi < yi gna 0 face=«Symbol» =<i<Mixj=yj

ana 0 face=«Symbol» =< <i

[fo6 BcTaHOBHTH (hakT 36iry, HeoOXiIHO BCTAHOBHTH, IO BCi CHMBOJTH ITOPiBHIOBAHHX
PAAKIB BiANOBIAHO PiBHI OAMH iHWOMY. ToMy MOPIBHAHHSA CKITAZIOBHX ONEPaHIiB 3BOAHTHCA
‘5 TOIHYKY 9aCTHH, 110 HECTIIBIafaloTh, TOGTO O MOUIyKy Ha HEPIBHICTh. SIKIIO HEpiBHMX
YacTHH He iCHY€E, TO MO)KHa TOBOPHTH 1po piBHICTE. [TpHITycTHMO, IO PO3MIp CNNiB IOCTaTHBO
MaHii, ckakiMo, MeHie Hix 30. B poMy BUnaKy MOKHa BUKOPHCTOBYBATH JTiHIHHHHA nonmyk
i MiATH TaK.

JIis 6inBUIoCTi MPaKTHYHHUX 3aCTOCYBaHb 6aXkaHO BUXOOWTH 3 TOTO, IO PAAKH MAalOTh
amiHHni po3mip. e npumyckae, Mo po3mip BKasyeTbes B KOKHOMY OKpeMOMY panKy. Sxmo
BHXOIMTH 3 PaHillle ONTMCaHOTO THITY, TO PO3Mip HE MOBHHEH NMEpEBEpUIYBaTH MAKCHMAITEHOTO
posmipy M. Taka cxema focTaTHBO FHy4Ka i npuaaTHa 11 6araTeoX BHIIAJKiB, B TOH caMuit
4ac BOHA J03BONISE€ YHUKHYTH CKJIQJIHOLLIB AUHAMIYHOTO poanomny nam’ati. Haliwacrime
BHKOPHCTOBYIOTECS ABa TaKi MOAAHHA pO3Mipy pAIKiB.

Po3mip HesBHO Bka3yeThes UISXOM IONAaBaHHS KiHIIEBOro cHMBona, Gutsuie uei cumson
HiJic He BXXHBaeTheA. 3a3BHYaH, JUTA Uiei METH BUKOPHCTOBYETBCS HeIPYKOBaHHH CHMBON i3
anaueHHaM 00h. (Jing noganbwioro BaxJIMBO, WO [e MiHIMaJTbHHIT CHMBOJ 31 BCi€ET MHOKHHHA
CUMBOJTIB.)

Po3Mmip sBHO 30epiracrTbcs Ak nepuinii eeMEHT MacHBy, TOOTO psAOk s Ma€ TakHi
BUINAL S = S, 815 Syy v Sypye VYT S, ooy S1a — hakTHYHiI CHMBOITH pazika, a s, = Chr(M).
Takwit npuiiom Mae Ty nepesary, 10 po3Mip IBHO AOCTYNTHHHA, a HEAONIK — ToMy, MO Lei
po3mip obmexeHH#T po3MipoM MHOXXHHH CHMBOJTIB (256).

VY nopanbiioMy aNropuTMi TIOWYKY BiIUIAETBCA TepeBara nepuiii cxemi. Y usomy
BHMMNAJKY MOPIBHAHHA PAIKIB BUKOHYETHCA TakK:

i:=0;

while (x[il=y[i]) and (x[i]<>00h) do i:=i+1;

Kinuesnit cumBon nipatioe TyT sik 6ap’ep.

Tenep noBepHeMocs 10 3aBAaHHS NOWYKy B TaGyiili. BiH BMarae BK1aeHHX NOWyKiB,
a came: TOWYKy 1O paAkax Tabnuii, a s KOXKHOTO psA/ika MOCITiAOBHHX NMOPIBHAHb Mixk
KOMITOHEHTaMH.

8.10. TPSIMH# ITOIITYK PSIAKA

Hexaii 3anannii MacuB s 3 N eneMeHTIB i MacuB p 3 M eneMeHTiB, NMpHIOMY
0 <M face=«Symbol» =< N. Onmcani BoHH Tak:

s: array[0..Nv1] of ltem;

p: array[0..Mv1] of ltem;

[Mowyk psmka 3HaXOAWTE MEpLUE BXOMKEHHS p B §. 3a3Buuaii, Item v — ue cumBon,
TO6TO S MOXKHa BBaXkaTH HEAKHM TEKCTOM, a pv CNOBOM, i HeoOXigHO 3HaWTH mepire
BXO/DKEHHS [ILOFO CIOBAa y BKa3aHOMY TekcTi. Ll Ais Tumosa ans Gyab-aKkHX CHCTEM
ONPaUIOBaHHS TEKCTIB, 3BIACH | OYEBU/IHA 3ALIiKABIEHICTD Y NOLIYKY eeKTHBHOTO aNropuT™My
JUTS UBOTO 3aBAaHHA. PO3IIsHEMO aNropHUTM TOLIYKY, SKHH Ha3WBATHMEMO IIPAMHM TTOLTYKOM
psnKa.

h=-1;

repeat
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i-=i+1; j:=0;
while (j<M) and (s[i+jl=p[i]) do j:=j+1,

until (j=M) or (i=N-M)

BxutageHuit (MKUT 3 TTepeyMOBOIO MOYMHAE BUKOHYBATHCS TOMI, KOS MEPLIHH CHMBO
CJI0Ba p CHiBMAAAE i3 HEPTOBUM, i-M CHMBOJIOM TeKcTy s. LleH LHIUT MOBTOPIOETECS CTITBKH
pasiB, CKiILKM CIBMafae CHMBOME TEKCTY S, TIOYMHAIOYHU 3 /-0 CHMBOJIA, 3 CHMBONAMH
cloBa p (MAKCHMMAaJTbHA KiTBKIiCTh MTOBTOPeHs piBHa M). L{ukut 3aBepIIyeThCA MK BHYEpHanHi
CHMBOJTIB cJioBa p (riepecTae BUKOHyBaTHCS yMoBa j<Af) abo npu HecTliBraJaHHi YeproBUX
cuMBONTiB 5 i p (nepectae BukoHyBatHcs ymosa s[i+j]=p[j]). KinbkicTs cniBnanine
TipaXoByeThes 3 BUKOPHUCTaHHAM j. SIKIL0 NopiBHAHHS BiaOynocs 3i BCiMa CHMBOJIaMH CITOBA
p (TOBTO CITOBO p 3HaliIeHE), TO BUKOHYETLCA YMOBa j =M, i allrOpHTM 3aBEpIIyeTHCA. [Hakie
TIOUIYK TIPOIOBXKYETHCA [IOTH, NMOKH HE NMEperITHYTO0 3aMIIHTLCS YaCTHHA TEKCTY S, AKa
MICTHTB CHMBOJTIB MEHIIE, HiX € B CJIOBI p (TOBTO Ueit 3aTHIIOK BXKe HE MOXKe CITIBITACTH i3
CIOBOM p). YV LIbOMY BHTIAJIKy BUKOHYEThCS YMOBA /=N-M, 1110 TEX MPUBOAUTE JI0 3aBEPLICHHS
anroput™y. Lle 1OBOAUTH rapaHTOBaHICTh 3aKiHUEHHS aJlTOPUTMY.

Lle#i anropuT™ nmpauroe A0CTaTHEO eHEKTHBHO, SKIIO MPHITYCTUTH, IO HECTTiBMafaHHs
nap¥ CHMBOJIIB BigOyBaeThCs MIC/s HE3HAYHOI KUTBKOCTI MOPIiBHAHB Y BHYTPILTHBOMY LHKJTI.
TTpu Benukiit noryxHocTi THIY Item e nocTaTHLO HacTHil BUNALOK. MOXHa NpHITYCKaTH,
{0 JUTA TEKCTIB, cyiafeHuX 3i 128 cuMBoniB, HecniBnaiHHA BUABIATHMETRCS TTiCIIA OTHOT
abo aBox mepeBipok. Ipote, y ripmwomy pasi, TpoXYKTHBHICTb MOXXE BUABHTHCA Habarato
TipiIoro.

8.11. AJITOPUTM AXO-KOPACHK

Anzopumm Axo-Kopacuk — anropuT™ Mowyky MiApsAKiB B pAAKY, CTBOPEHHMH
Ansdpenom Axo i Mapraper Kopacuk. AnropHT™ peatizye nowyk MHOXKHHH MigpAAKiB i3
CNTOBHHKaA B JaHOMY pazky. Hac poborw nponopuiiinnit @ (M+N+K), ne N — loBxnHa pajxa-
3pa3ka, M — cyMapHa JOBXKHHa PA/IKIB CIOBHHKA, a K — IOBXKWHA BinoBiai, To6TO cyMapna
HOBKMHA BXOMHKESHE CITIB i3 C/TOBHHKA B psilok-3pa3ok. ToMy cymapHwii yac po6oTn Moske
OyTH KBagpaTHUHMM (HanpHKIaj, SKIO B PAAKY ‘aaaaaaa’ MH LIyKaeMo cliosa ‘a’, ‘aa’,
‘aaa’ ...).

q:=0
fori:=1tomdo
begin
while g (g, T [i}) =-1do
q:=f(q),
q:=g(a, T[i)
if out (q) # 0 then write( i), out (q);
end;

8.12, AJITOPUTM MOPICA-ITPATA

[eit anroput™ Moandikye NpAMHH Nouryk, 30 UTELITYIONH po3Mip 3CYBY, 3aram’ STOBYIOUH
OJHOYACHO HACTHHH TEKCTY, L0 CITIBMAAIOTh 3i 3pa3KOM. Lie I03BONIAE YHHKHYTH HETIOTPIOHHX
NOPiBHAHD | 30LTBLIYE WIBHAKICTS MOIIYKY.
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PosrnsHemo nopisHsanHs Ha To3uwii i, e 3pazok x[0, m - 1] nopiBHIOETbCS 31 YacTHHO©
Tekety y[i, i + m - 1]. TIpumycTumo, o nepma po36ixkHicTs BinbGymacs mix y[i + j]ix[j], ne
I <j<m.

Tomiy[i, i+j-11=x[0,j-1]=wia=ylitj] =/=x[j] = b.

Beeaemo noHATTs nepdikc-yHkuii.

* Ilpeghikc-pynxuicro nasusacmoca @Qynxyis, 4o nosepmac Haibinowiusi npe-
@ixc paoka. Ilpegpixcom paoka nasusacmocs niOpadOK, AKULl OOHOYACHO € i Cy-
gixcom (3axinuennsm paoxa). Tax, ona psoka «aaena» npedix-pynxyis noeepme
CUMBON «a», A O PAOKA «aaseceada» - NIOPAOOK «dagy.

TTpw 3cyBi MOXHa OuiKyBaTH, 0 Nipedikce 3paska ¢ CiBMa/e 3 IKUMCh CyhikcoM migciosa
TekcTy u. Hatimosuwii Takuit npedike — mexa u (BiH 3ycTpivaeTscs Ha o6ox kinuax u). Lle
MPUBOANTE HAC 0 HACTYIIHOTO aliropuT™Yy: Hexal mp_next[j] — nosxrHa mMexi x[0, j - 1].
Toui micnst 3cyBy MM MOXEMO BiJHOBHTH NMOPIBHAHHS 3 Micus y[i + j] i x[j-mp_next[j]] 6e3
BTPAaTH MOXJIMBOTO MiCLI€3HaXO/LKEHHs 3pa3ka. Tabmuus mp_next moxe 6yTy of4rcicHa
3a (m) nepen caMHM MNoIykoM. MakciMansHa KiTbKiCTh MOPIBHAHL Ha OJIMH CHMBOJ — 1.

void PRE_MP( char *x, int m, int mp_next[] )

{

inti, j;

i=0;

j=mp_next[0]=-1;

while (i<m)

{
while (j > -1 && x]i] != x[j])

j=mp_next[j};

mp_next[++i]=++j;

}

}

void MP( char *x, char *y, intn, intm))

{

inti, j, mp_next[XSIZE];
PRE_MP(x, m, mp_next);
i=j=0; :
while (i<n)
{
while (j > -1 && x[j] '=y[i])
j=mp_next[j];
i++;
i+
if(j>=m)
{

OUTPUT(i-j);

j=mp_next[j],
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8.13. AIIMOPUTM KHYTA, MOPICA I TIPATTA

[Mpu6nuzno B 1970 p. . Knyr, 1. Mopic i B. TparT Bunaiimmnm anroputm (KMIT), mo
dakTuHO BAMarae Tinsk# N NOpiBHAHB HaBiTL B HalripwioMy sBumnaaxy. Hoswit anroputm
IPYHTYETHCH Ha TOMY MipKyBaHHI, LIO MiC/s YaCTKOBOTO CMiBMAaAiHHA MOYaTKOBOT HACTHHU
CIIOBa 3 BIAMOBIAHWMM CHMBOJIAMH TEKCTY (DaKTWYHO BiJoMa NpoiiieHa YacTHHA Ter.Ty |
MOKHA BU3HAYHTH AeAKi BifoMocCTi (Ha OCHOBI camMOro CJioBa), 3a JOMOMOIOK SKUX ITOTIiM
MOXKHa IIBHAKO MPOCYHYTHCS Mo Tekcty. [Ipusenenuit npuxian nomyky ciosa ABCABD
noKasye MPUHLMT POGOTH Takoro anroputmy. CHMBOITH, HIO NOPIBHIOBANTHC, TYT MiKPECIICHi.
3BepHiTL yBary: MpH KOXXHOMY HECITIBMaXiHHI MapH CHMBOJIB CIIOBO 3CYBA€THCA HAa YCIO
NpoMJIEHy BiACTaHb, OCKUTEKH MEHLI 3CYBH HE MOXKYTh IIPHBECTH 0 TTOBHOTO CIIBIAIHHS.

ABCABCABAABCABD
ABCABD
ABCABD
ABCABD
ABCABD
ABCABD

OcHxosHoto BigminHicTIo KMTT-anroputMy Bif aJiropuT™y npsmMoro ToLyKy € 3AilCHeHHs
3CYBY CJIOBA HE Ha OJITH CHMBOJT Ha KOXKHOMY KpOLLi a/iTOPUTMY, a Ha JIEAKY 3MiHHY KiJTbKIiCTh
" cHMBOUTiB. OTXKe, Nepill HiX 3XIHCHIOBATH YepTOBHH 3CyBY, HEOOXiHO BURHAYHTH BEJTHUAHY
3cyBy. s NigBUILEHHS eEeKTUBHOCTI aTOPUTMY HeoOXiiHO, m00 3CYB Ha KOXHOMY Kpoui
OyB sikomora 6inpimM. ‘

S0 j BU3HAYAE MO3MILTO B CIOBI, L0 MICTUTB NEPLIMH CHMBO, LIO He CITiBNaaa (K B
aNToOpUTMi MNPAMOTO TMOIIYKY), TO BEJHYHHA 3CYBY BHU3HA4YaEThCA AK
J-D. 3nauenns D BuzHauaeThes K po3mip HalIOBLIOT MOCHIAOBHOCTI CHMBOIIB CJIOBa, fKi
GesmocepeHBO NEPeayIOTh MO3MUIT j, | IKa MOBHICTIO CHiBMaga€c 3 Mo4YaTkoM cljioBa. D
3a/TeXHTh TiJTbKH Bill CJTOBA i He 3anexuTh Bill TekcTy. 1ns koxkHoro j 6yne cBos BEIHYHHA
D, sixy mo3HaummMo ag

- OCKiNBKH BEIHYMHK d, 3aNI€XKATh TUTEKK Bill CJ/I0BA, TO MEPE/ MTOYATKOM ¢axThaHoro
NowyKy MOXHa OOUHCIMTH AonomixHy Tabnuuio d. Bignosiani 3ycunna 6yayTs
BHTIPaBIaHUMH, AKILO PO3MIp TEKCTY 3Ha4HO NEepeRHUIye poamip cyioBa (M<<N). fkuio Tpeba
ykaTH 6araTo BXOLKEHb OHOTO i TOTO 3 CITOBA, TO MOXHA KOPUCTYBATHCS OIHUMH | THMH
camuM d. Touwnnii ananiz KMIl-nomyxy, sk i caM Horo anroputm, BeJIbMH CKITa{HHH. Horo
BHHaxL* \UBOAATD, WO Tpeba nopsaaky M+ N nopiBHAHB CHMBAQJIB, WO 3HAYHO Kpamie,
HixX M*N nopiBHAHE i3 npsamMoro nowyky. Born Tak caMo Bii3Ha4YaloTh TaKy MO3HTHBHY
BJIACTHBICTH, SIK MOKA3HWK CKaHYBaHHs, KU HIKONMW HE NMOBEPTAETHCA Ha3al, TOdi AK NMpH
NPAMOMY MOUIYKY IC/IA HECMIBNAAIHHS MEPETIAL 3aBXKIH NOYHHAETHCA 3 MEPLIOTO CHMBOMA
CJIOBa | TOMY MOXKE BKJTIOYAaTH CHMBOJTH, siki paHite ke Oynn suanmMuMiu. Lle moxe npusectn
JO HEraTUBHHX HACIiJKiB, AKIIO TEKCT YUTAETHCA 3 BTOPHHHOI Mam’ATi, a/pke B LLOMY
BHITAJIKY MOBEpHEHHS 0OX0oAHTRCA foporo. Hagite npy BBeaeHHi Oydepa Moxe 3ycTpiTHCA
TaKe BeJIMKE CJIOBO, 10 TIOBEPHEHHS MEPEBUILINTD MicTKiCTh Gydepa.

Var n : longint;

T : array[1..40000] of char;

S :array[1..10000] of char;

P: array[1..10000] of word; {macuB, B Akomy 36epiracTbca 3HaueHHs npedikc-
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cbyHKUjT}
i,k : longint;
m : longint;

Procedure Prefix; {npoueaypa, sika susHa4ae npedikc-yHKLt0}
Begin _
P[1]:=0; {npedikc piBHUIA HyneBi}

k:=0;
fori:=2tomdo
begin
while (k>0) and (S[k+1]<>S]i}) do
k:=P[K]; {oTpumaemo 3Ha4eHHA PyHKLT 3 nonepeaHix po3paxyHkis}
if S[k+1]=S][i] then
ki=k+1;
P[i]:=k; {npucsoeHHs npedikc-hyHKLiT}
end;
End,;

8.14. AJITOPUTM PABIHA-KAPIIA

Ines, 3anpononoBana Pabinom i Kapnom, Mae Ha yBa3i NoCTaBHUTH Y BiINOBigHICTb
KOXXHOMY PAAKY Jeske YHIKaJbHe YHCNIOo i 3aMiCTh Toro, mob nopiBHIOBaTH caMi PAIKH,
TIOpiBHIOBATH YHcna, o Habarato wewuawe. [Tpobnema B ToMy, 11O WYKAHWIA PAKOK MOXe
OyTH JOBrMM, PAIKIB Y TEKCTi TEX BHCTa4ae. A OCKiNbKH KOXKHOMY pAKy Tpeba NOCTaBUTH
y BiAMOBIAHICTH uMchO, TO i uucen mae GyTu Garato, a oTxke, yncna GyTyTh BETMKUMHA
(nopanxy D _, ne D — KinbKicTh pi3HMX CUMBOMIB), i NMpawioBaTH 3 HUMH Gyne Tak camo

m’®

HE3PYHHO.
VarT :array[1..40000] of 0..9;
S :array[1..8] of 0..9;
i,j : longint;
n,m: longint;
v,w : longint; {v —4ncno, fke xapakTtepusye pAAoK, WO LUYKAETLCS,
W XapaKkTepusye psok AOBXUHK M Y TEKCTi}
k :longint;
const D : longint = 10; {kinbKicTb pi3HKUX cumBonis}
Begin
v:=0;
w:=0;
fori:=1 tomdo
begin
v:=v*D+S[i]; {su3HaueHHs v, pAROK NOAAHUIA AK HKCII0}
w:=w*D+Tl[i]; { BUSHauYeHHA NO4YATKOBOIO 3HAYEHHA W}
end;
k:=1;
fori:=1tom-1do _
{k HeobxinHe ans 6araTokpaTHOro BU3HaYeHHs w i pisHe Dm-1}
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k:=k*D;
fori:=m+1 to n+1 do
begin
if w=v then {skwo yicna pisHi, To pagku cnlanananon:}
writeln('YPA);
ifi<=n then
w:=d*(w-k*T[i-m})+T[i}; { BU3HaYeHHA HOBOro 3Ha4YeHHNA w}
end;
End.
Lleit anroprt™ BUKOHYE NTiHIHHE IPOXOLKEHHA 10 PAIKY (#1 KpOKiB) i JTIHIHE MPOXOMKEHHS
o BCHOMY TEKCTY (7 KPOKIB), OTXKe, CIiIbHUI vac pobotr € @ (n+m). Leit wac niniiino
3aNIEXXHTH Bifl pO3Mipy pAKa i TEKCTY, OTXKE, porpama Nparoe IMBHAKO. Afe ikuil iHTepec
TpaLoBaTH TUTLKH 3 KOPOTKUMH pAKkamMH i uHppaMn? Po3poOHHKH afropUTMY pHIayMaH,
SIK MOJIIMIINTH 1ieH anropuT™ 6e3 0cobNMMBAIX BTPaT Y IIBHAKOCTI po6oTH. STk BM MOMITHH,
MH CTAaBHJTH Y BIITIOBIAHICTE PAMIKY HOro YHCIIOBE MONAHH, aJie BHHUKAIa MpobJieMa BETHKHX
uncen. Ii MoXHa yHVKHYTH, SKINO IPOBOTHTH BCi apu(pMeTHIHI Iii 3 MOIYNIAMH SKOTOCEH
npocToro 4Kcna (MocTiiHO OpaTH 3anMuIoK Bif AiNEHHS Ha ne 4ucno). Takum YHHOM
3HAXOAWTLCA HE CaAMO YHCJIO, LIO XapaKTepH3ye pANOK, a HOro 3aJIMIIOK Bil AUICHHS Ha
AKECh MpocTe Yucyto. Tenep MM CTaBUMO HHCIO Y BiIMOBIAHICTE HE OMHOMY PALKY, a LiiloMy
K1acy, ajie OCKUTbKH Knacis 6yme 10CHTE 6araTo (CTINBKH, CKUTBKHM Pi3HHX 3a/IMILKIB BiJ
HiJIEHHs Ha e MPOCTE YHCIIO), TO AONATKOBY NEPEBipKy AOBEAETHCA BHKOHYBATH PiKO.
V:=0;
w:=0,
fori:=1 to m do { BU3Ha4eHHsA v Ta w}
begin
v:=(v*D+ord(S[i])) mod P; {ord nepeTBOpioe cumMBoON y 4nucno}
w:=(wW*D+ord(T[i])) mod P;
end;
k:=1;
fori:=1to m-1 do
k:=k*D mod P; {k maemo 3Ha4eHHss Dm-1 mod P}
fori:=m+1to n+1 do
begin
if w=v then {akuio Yncna piBHi, To pAAKKN HanexaTb 40 O/HOrO Knacy,
nepesipka
Ha cnisnagiHHaA}
begin
j:=0;
while (j<m) and (S[j+1]=T[i-m+j]) do
F=i+
if j=m then {kiHuesa nepesipka}
writeln('YPA);
end;
ifi<=n then
w:=(d*(w+P-(ord(T[i-m])*k mod P))+ord(T[i})) mod P;
end.
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Yac pobotn anroput™my (m-+n+mn/P), mn/P JOCHTb HeBENUKHH, TaK IO CKIaAHICTh
poGoTH Maiixe JiHiliHa. 3po3yMino, O MPOCTe YHCIIO CNYift BUGHpaTH GibIKMM, YuM Gibile
1le YHCIo, THM LIBHMALIE TipawoBaTHMe nporpama. Llei anroput™ 3HauHO WIBMIUIHK Bin
MOTIePEHBOTO i LIJIKOM NMpUaaTHUI AN po6oTH 3 Ty>Ke JOBTUMH PAIAKAMH.

8.15. AJITOPUTM BOYEPAIMYPA

KMII-nomyk gae cripagxHiii BUrpaml TiITGKH TOMI, KON HEBAAaYi MiepedyBasia Heska
KUTBKIiCTE criiBnafine. JIuie B (bOMY BUTIAZIKY CIIOBO 3CYBA€THCA GuIbllie HiXX HA OAMHHLIO.
Anie 1ie HIBW/LLE BHHATOK, HiXK TIPaBWJIO: CITIBNALIHHS 3yCTPiHalOThCA 3HAYHO PillIe, HK
HecniisnaninAs. Tomy Burpaw Big BukopuctaHHa KMIT-crparerii B GinbmocTi Bunaakis
TIoIIYKY B 3BUYHHX TEKCTaX BeIbMM He3HauHuit. Meton, 3anpononosanuii P. Boyepom i [1.
Mypom 1975 p., He TiNTbkH MOKpALIy€ ONMPaLIOBHHA HAMrIPIIOTo BUTIA/IKY, aJie JAE€ BUrpaw y
TIPOMDKHHMX CHTYaLlisX. :

BM-nomyk rpyHTyeThCS Ha He3BHYaifHOMy MipKyBaHHi, V nopmmn-mu CHMBOITIB
MOYMHAETHCA 3 KiHLsA CITOBa, a He 3 mouatky. Ak i y sunaaky KMIT-nomyky, cnoBo nepex
dakxTHIHHM nomTyKOM TpaHCHOPMYETECA B Jieaky Tabnuimo. Hexaii 1yist koHoro cumMBona
x 3 andaBity BeNUdUHa dx v — BiICTaHb BiJl HAIMPaBilIOro Y CNIOBi BXOHKEHASA X A0 MPaBoro
KiHIg cnoBa. VaBuMO cobi, IO 3HaHIEHO PO3OLKHICTb MK CIIOBOM i TEKCTOM. Y LLOMY
BHIAJKy CIOBO BiZIpa3y >k MOXXHa 3CYHYTH BNpaBo Ha dx M-1 nosuuii, To6To Ha KilTbKICTh
No3HLiii, BMALIE 3a Bee GLIBLIY 32 OAWHMLTO. SIKIIO CHMBON TEKCTY, LIO HE CMIBMAJAE, B
CNIOBi B3arani He 3yCTpiyaeThes, TO 3CYB CTa€ HaBiTh OibIIHMM, a caMe 3CyBaTH MOXKHa Ha
JOBXHHY BCHOTO CNOBA.

Maiixe 3aBx /4, OKpiM crielianbHO NoGyIoBaHNX MPHIIIAIIB, TOJaHH ANTOPHTM BHUMArae
3HAYHO MeHIle Bil N NOpiBHAHB. 3a HaHCPHUATANBILINX 06CTaBHH, KONH OCTaHHIA CHMBOJ
CNIOBA 3aBXKAW MOTPANISE Ha CHMBOJT TEKCTY, 1O HE CMiBMajac, KUILKICTh MOPiBHAHB Gyne
pisHa N/M.

[* roTyeMoCA ANsA 3CyBy Norasnux cuMeonis */

PRE_BC( char *x, int m, int bm_bc[] )

{
inta,j;
for (a=0; a <ASIZE; a++)bm_bc[a]=m
for (j=0; j < m-1; j++ ) bm_bc[ (unsigned char)x[j]]=m-j-1,
}

I* roTyemocs fio 3cyBy no6pux cumsonis Bnpaso */
PRE_GS( char *x, int m, int bm_gs[])
{

inti, j, p, fIXSIZE];

memset( bm_gs, 0, (m + 1) * sizeof(int) );

film]=j=m+1,

for (i=m; i > 0; i—)

{

while (j<=m &&x[i-1]!=x[j-1])

if (bm_gs[j]==0)bm_gs[j]=j-i;
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j=fljl

}
fli-1]=—j
}
p=f{0];
for (j=0; j <= m; ++j)
{
if (bm_gs[j]==0)
bm_gs[j]=p;
if(j==p)
p=flpl
}

}

/* BnacHe cam anroputm*/
void BM( char *x, char *y, intn, intm)
{
inti, j, bm_gs[XSIZE}, bm_bc[ASIZE];
PRE_GS(x, m, bm_gs);
PRE_BC( x, m, bm_bc);
i=0;
while (i <=n-m)
{
for (j=m-1;j>=08&&x[}==y[i+j ] —);
if(j<0)
{
OUTPUT(i);
i+=bm_gs[j+1];
}

8.16. AJITOPUTM XOPCIIVIIA
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bm_bc[fa]=m;
for (j=0; j < m-1; j++)
bm_bc[x[j1]1=m-j-1;
/* nowyk */
lastch = x[ m-11];
i=0,
while (i <= n-m)
{
ch=y[i+m-1]
if ( ch == lastch )
if (memcmp( &y[i], x, m-1)==0)
OUTPUT(i );
i +=bm_bc[ ch ]
}
}

8.17. TIOPIBHAHHA METONIB ITOIIYKY

TMopiBHAHHS METOAIB MOLIYKY MOXHa 3BeCTH Y Tabmuuo 8.1.

Tabnuys 8.1. NopieHsHHA Memodie NOWyKy.

else i += MAX(( bm_gs[j+1]), (bm_bc| (unsighed chany[i+j]]-m+j+1));

Lle#t anroput™ — cipotieHHs cTaHaapTHOro anropurmy boyepa-Mypa.
1980 poxy Xopcmyn (Horspool) 3anpornoHysaB BHKOPHCTOBYBATH JIHIIE OXHH 3CYB 10
HaHnpaBilloMy CHMBONY JUTS BU3HAY€HHA 3CyBY B anropuT™i boyepa-Mypa.
OTpumaHu#i anropuT™ Mae KBagpaTHYHY LUBHAKICTD Y TipIIOMY BHTIaAKY, aJie JOBEACHO,
O CepeiHs KUTBKICTE MOPIBHAHBL HA CHMBOJ TEKCTa 3HaXoAUTLCA Mik 1/ls| i 2/(|sH+1).
void HORSPOOL( char *y, char*x ,intn, int m)
{
inta, i, j, bm_bc[ASIZE };
char ch, lastch;
I* nonepeaHi npncBoEHH: */
for (a=0; a <ASIZE; a++)
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Asropu™ Yacua | Cepemniit ac | Dipniwmi Butparn
npebya. MOIIYKY qac mam'siTi
NOUIYKY

Anroputm  npsmoro | Hemae | 2*n ® (n*m) | Hemae

MO YKY pAKa

Anroputm  PaGina- | Hemae | @ (n+m) ® (n*m) | Hemae

Kapma

Anroput™ Kayta- [ ® (m) O (ntm) ®(ntm) | O@(m)

Mopica-Ipara

AnroputM  bBoyepa- [ ® (m+s) | @ (n+m) ® (n*m) | O (m+s)

Mypa

Anropat™ Yac mHa | Cepennifi wac | [ipurmi Butparu
npedyn. | momyky yac nam'sri

MOLIYKY

Anroputm  Boyepa- | ® (m+s) | © (n+m) O (m*m) | O (m+s)

Mypa-Xopcmysna _

IIBuakwit nomyk ® (m+s) | O (n+m) ® (m*m) | O (m+s)

Anroput™ O (mts) | O (ntm) O (m*m) | O (m+s)

ONTUMAEH O}

po36iKHOCTI

Anropur™ ® (m+ts) | ® (ntm) ® (n*m) | O (m+s)

MaKCHMAIILHOTO

3pYIIeHHs '
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Pe3stome if T{m,i]<x[i] then L:=m+1 else R:=m

1. Yci memoou mooicna posdinumu na cmamuyni i ounamiuni. IIpu cmamuunomy ?nd; .
NOWLYKY Macué 3HaueHb He 3MiHIoeEmbCa hid yac pobomu anzopummy. I1io vac dunamiv- if Rch;r\en begin
HO20 NOWIYKY Macug mooice nepebyoosyeamucs abo 3miHoeamu po3mipHicms. I-= " - . -

2. JIna nowyxy paokie icnylome cneyianvni anzopummu: npamozo noutyxy, Axo- . while (T[R.i]=x{i]) and (x[i]<>00h) do i:=i+1
Kopacuxa, Knyma-Mopica-Ilpama, Pabina-Kapna, Boyepa-Mypa. end ) .

3. Ceped anzopummie noutyky wucen €: RiHitiHu#l, 6inapuui, inmepnonayitunuil a) EPYePa _{ Mypa,

6) 6iHapHull;

nowyx, nowyx Pibonawui, M-6roxoeuit noutyx mowo.

4. MemoOdu obuucnenns adpecu GidHocamvca 00 Memodie XeuryeanHs. 8) KnHyma-Mopica-llpama;

2) npamuil nowyk;

KonmponbHi 3anumants 0) napanensHu nowyk.

1. Hagedimb npuknadu eUKOPUCMAHHSA anz2opummie nowyKy.
2. lMoscHicmb ocobnusocmi anzopummie nowyKy pAdkie.

3. lNopisHsiime anzopummu niHiliHo2o0 ma 6iHapHO20 NOWYKY.
4. Hasimb anzopummu nowyky psiokis.

5. Haseimb HalieghekmueHiwi Memoodu nowyky psokKie.

Tecmu Ons 3akpinneHHs Mamepiany
1. lNepepaxyeamu anz2opummu nowyxy
a) 6ynbbawku;
6) niHitHud;
8) opmozoHansHull;
2) 6iHapHul;
8) iHmepnonayitHud.

2. [Mepepaxyeamu anzopummu nowyKy
a) bynsbawku,

6) nixitiHul;

8) boyepa i Mypa;

2) biHapHul;

0) Knyma-Mopica-pama.

3. [epepaxyeamu anzopummu nowyKy e cmpidyxax
a) boyepa i Mypa;

6) 6inapHull;

8) KHyma-Mopica-llpama;

2) npamul nowyk;

0) napanefnsHuil nowlyx.

4. 3a chparmeHmom npozpamu eusHayme mMemoad nNowyKy:
L:=0; R:=N;
while L<R do begin

m:=(L+R) div 2; i:=0;

while (T[m,i]=x]i]) and (x[i]<>00h) do i:=i+1;
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¢ Memoo npocmozo 8Km0UeHHA.
- 4 Memoo Llenna.
¢ Copmyeanns wnsaxom niopaxyHxy.
¢ Ob6minne copmysan.
¢ Copmyeanns eubopom.
¢ Copmyeanna nodinom (Xoapa).
& Copmysanns 3a donomoz2010 Oepesa.
¢ Ilipamioansre copmyeanns.
¢ ITo6yoosa nipamiou memodom Pnotioa.
¢ Copmysanns 3nummsnm.
¢ Memoou nopo3psadnozo copmysanus.
¢ IIpsame 3numms.
¢ [Ipupodue snumms.
¢ 36anancosane b6azamownsxoee 3umma.
¢ Bazamodasne copmyeanns -
CopryBaHHS 3aCTOCOBYETHCA B yciX 6e3 BUHATKY 0GnacTax mporpamyBaHHs, X04 TO
6a3u 1aHWX UM MaTeMaTHYHI POrpamH.
ITpakTHYHO KOXKEH ANITOPHTM COPTYBaHHA MOXKHA PO3GHTH Ha TPH YaCTHHN: NIOPIBHSIHHS,
10 BU3HA4a€ BIOPARKOBAHICTE TIap eIEMEHTIB; MEPECTAHOBKY, L0 3MIHIOE MICLIAMHA MapH
€NIEMEHTIB; BIacHEe alrOPHTM COPTYBaHHA, WO 3AIACHIOE MOPIBHAHHA i MEPECTAHOBKY
€IEMEHTIB OTH, TTOKH BCi EJIEMEHTH MHOXKHHH He GyIyTh ynopsaakoBaHi.

9.1. METOJ BHYTPIINIHHOI'O COPTYBAHHS

V 3aranbHili mMocTaHOBUI 3aBAAHHS COPTYBaHHA CTaBUTHCH TakHM YHHOM. €
TIOCITIIOBHICTh OJHOTHMITHHX 3aMMCIiB, OJHE 3 TMOJIB AKX BHOpaHe AK KIOYoBE (Hami MH
Ha3WBaTHMEMO HOro KITIOYeM COpPTYBaHHA). THIT JaHWX KJTf09a MOBHHEH BKITIOYATH Olfepartil
TOPIBHIHHS («=9, «>», «<», >=x i «<=»). 3aBAaHHIM COPTYBaHHA € IEPETBOPEHHA MOYaTKOBOT
MOCJTIAOBHOCTi B MOCIIOBHICTB, 10 MICTHTB Ti CaMmi 3aMHCH, ajie y MopsAKy 3pocTaHHs (abo
crafiaHHA) 3Ha4eHb Kiova. MeToI COpTYBaHHA Ha3WBAETHCA CTiHKMM, AKINO MpH #Horo
3aCTOCYBAaHH{ HE 3MIHIOETLCA BiJHOCHE MOOXKEHHS 3aNHCIB i3 piBHUMHU 3HaYEHHAMH KJTI0Ya.

Po3pi3HAIOTE COPTyBaHHA MACHBIB 3aMWCiB, PO3TAIIOBAHHX B OCHOBHiH mam’ATi
(BHYTpIUWIHE COPTYBaHHA), | COPTYBaHHA (atinis, mwo 36epiraroTocs B 30BHILIHIH Mam’sTi i He
BMIlyYOThCA TIOBHICTIO B OCHOBHIH naM’sTi (30BHIlUHE copTyBaHHs). [l BHYTPIlIHEOTO i
30BHIIIHBOTO COPTYBaHHA NOTPIGHI iCTOTHO pi3Hi MeTou.

[TpupoaHoIO yMOBOIO, O BHCYBAETHCA A0 OyAb-AKOTO METONY BHYTPIIHBOFO
COPTYBAHH € T¢, IO Li METOIH HE MOBNHHI BHMAaraTH A0JATKOBOT aM ATI: BCi MEPECTAHOBKA
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3 METOIO BIIOPSAKYBaHHs €JIEMEHTIB MaCHBY MalOTh BHPOOIATHCS B ME&XaX TOTO 3K MaCHBY.
Mipoto eeKTHBHOCTI anropuTMy BHYTpILIHBOTO COPTYBaHHA € KiNbKiCTh HEOOXiTHWX
nopiBHIHE 3Ha4YeHE Kmoda (C) i KUTBKICTB ITepecTaHOBOK elleMeHTiB (M).

3a3HaunNMO, 1O OCKIILKM COPTYBaHHS 3aCHOBaHE TiNbKH Ha 3HAUEHHAX KITIOYa i HifK HE
3auirae rosis 3aNKuciB, 1O 3aJTHIIHITHCS, MOXKHA TOBOPHTH PO COPTYBaHHA MacHBiB KITIOHIB.

- 9.1.1. MemoO npocmoz20 8K/IH0YEeHHS

Hexait € Mmacus xmouis a[ 1], a[2], ..., a[n]. s xoxkHOTO e1eMEeHTa MaCHBY, HOMHHAIOUH
3 JpYroro, 3MIHCHIOETECH NOPIBHSHHSA 3 elleMEeHTaMH 3 MEHIOMM iHzekcoM (eneMeHT afi]
NOCiIOBHO MOPIBHIOETHCA 3 enemeHTamu afi-1], ali-2] ...) i 1o THX miip, MOKH L1 4eproBoro
eneMeHTa alj] BUKoHyeThes cniBBigHowenus afj]> alil, a[i] i a[j] mingtoTeCA MicUAMH.
Axuwo BAaeThC 3ycTpiTH Takuit eneMeHT alj], mo alj}<= a[i], abo Aximo AocArHyTa HHXHA
MeXa MacHBY, 3IIHCHIOETBCA Tiepexi A0 OnpaltoBaHHs eneMeHTa ali+1] (noku He Oyne
JOCATHYTa BEPXHS Mexka macHsy) (puc. 9.1). _

MoskHa mo6aunTH, o B KpaloMy pa3i (KoM MacHB BXKe BNOPAAKOBAHHI) JUI BAKOHAHHA

AJITOPHTMY 3 MaCHBOM i3 n ene-
1 novarok '

MenTiB Gynme Tpeba n-1 nopie-
=0

HaHHA | 0 nepecunans. Y rip-
TaK
: Hi
Fitl

oMy pa3i (KOl MacHB BOpsA-
KOBaHHH Y 3BOPOTHOMY NOpAL-
ky) 6yne Tpeba n*(n-1)/2 nopis-
HAHB i CTUTBKH XK NEpecHaHb.
OTXxe, MOXHA OLIHIOBATH
CKJIAJHICTD METOAY MPOCTHX
BKJTIOYEHD Ak @ (1%).

MoxHa CKOpPOTHTH Kib-
KiCTh NOpiBHAHB, WO BHKOPHC-
TOBYIOTbC B METOi MPOCTHX

BKJTIOYEHb, AKIIO CKOPHCTATHCA KiHeub Fo
THM (akTOM, IO NIpH onpatrro- -
BaHHi eneMeHTa MacuBy ali]

enementu all], af2), ..., afi-1} P=iel

BKE BIIOpAAKOBaHI, | CKopHcTa-
TACA YT TIOWYKY €NEMEHTY, 3
AKHUM Ma€ BHKOHYBAaTHCh Nepec-
TaHOBKAa, METOJIOM JABilKOBOIO
posnoziny. Y soMy BHMajKy
oliHKa KiTbKOCTi HeoOXiAHWX
nopisHanb crae @ (nlog n).

Hi
TaK
Hi

3a3HaunMMoO, IO OCKINbKU NMpH al=alj)
BUKOHAHH| NepecTaHOBKH MOT- afjl=ali]
pi6He 3cyBaHHA Ha OMH ene- . alifal

MEHT JEKIILKOX eNeMEHTIB, TO |
OUiHKa KUTBKOCTi NMepecHiaHb

Puc. 9.1. Bnok-cxema copmyeaHHs Memodom
sanumacteca @ (n?).

GKIOYEHHH.
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Void sort_vstavka()
{
inti,j; inta[50], a1;
int k[50];
i=0;
while(i<50)
{
for (j=i-1; j>=0; j—)
{ .
if(afj]>ali])
{
a1=a[j};
a[j}=afil;

ali]=at; i~

i++;

Tabnuys 9.1. MNpuknad copmyeaHHsI MEMOGOM NPOCMO20 BKITHOYEHHS.

TloyaTKOBH i CTaH MacuBy

823565443316

Kpok |

823565443316

Kpok 2

852365443316

582365443316

Kpok 3

582365443316

Kpok 4

582344653316

Kpok 5

582344336516

582333446516

Kpoxk 6

582333441 656

582333144656

58231 3344656

581 233344656

518233344656

158 233344656

Kpok 7

1582333446 65

15823336 44 65

158236 334465

1586 23334465

1568 23334465

PO3JIT 9. Anzopummu copmyeanus

9.1.3. CopmyeaHHs1 WIsIXOM ridpaxyHKy
KoxkHHit eneMeHT NMopiBHIOETHCA 3i BCiMa iHITMMH; OCTaTOYHO MOJIOKEHHS €/IEMEHTIB
BU3HAYAIOTHCA ITICIS MiIPaxyHKy KiIbKOCTi MEHUIMX KITIOUB,
Tpeba 3naiitn nepecranosky p(1) p(2)...p(n), Taxy, mwo
Kp(1)<=Kp(2)<=...<=Kp(n).
Meron 3acHOBaHHI Ha TOMY 1110 j-KJTIOY BMOPSAKOBAHO! MOCITiAOBHOCT] TIEPEBHLIYE PiBHO
J-1 iHwmmx krouis. Ines monsrae B ToMy, o6 3piBHATH NoNapHo BCi KTodi i miipaxyBarty,
CKIiJIBKH 3 HUX MEHILII Bif KOXKHOTO OKPEMOTO KITIova.
Crioci6 BUKOHaHHS TIOCTaBIIEHOTO 3aBAaHHA TaKHi:
((nopisaaTu Kj 3 Ki) npu 1<=j<i) npu 1<i<=N.
Void sort_pidr()
{
intij; inta[50], a1[50];
int k[50];
for (i=0; i<50; i++)
k[i]=0;
for (i=0; i<50-1; i++)
for (j=i+1; j<50; j++)
if(afi]<alj])
k[i]++;
else k[j]++;
for (i=0; i<50; i++)
allk[i]}=ali};
for (i=0; i<50; i++)
a[i]=a1{i);

9.1.2. Memoo Wenna

IMonanbmwm po3BHTKOM METOXY COPTYBAHHS 3 BIUTIOYEHHAMH € COPTYBaHHS METOIOM
Ilenna, axe iHakile HA3NBAETBCA COPTYBAHHAM BKJTIOYEHHAMH 3 BIACTAHHIO, IO 3MEH-
IIYETBCA. )

Merton nonsrae 8 ToMy, WO TabAKLA, Ska BHOPAAKOBYEThCA, POIAUIAECTLCS HA TPYTH
€IIEMEHTIB, KOXKHA 3 AKHX YTIOPAAKOBYETHCA METOAOM MPOCTHX BKJIIOMEHb. Y mNpoueci
BHOPSAKYBaHHS PO3IMIPH TakUX rpyn 3GiNbWYIOTHCA AOTH, MOKH BCi eleMEHTH TabnLi He
BBifiTyTh Y BropaaxoBaHy rpyny. Bubip ueproeoi rpynu ans copryBaHHs 1 ii po3TalryBaHHs
BCcepeMHi Tabnuui 3AiMCHIOETBCA Tak, MO0 MoxkHA Oyno BUKOPHCTOBYBATH MONEPEIHIO
BHOpAAKOBaHICTb. 'pynoto Tabnuili Ha3UBAlOTH MOCHIIOBHICTL €JIEMEHTIB, HOMEPH SKHX
YTBOPATE apHpMETHYHY Nporpeciio 3 pisHuueto s (h Ha3uBaroTh kpokom rpynH). Ha noyaTky
TIpoLECY BIOPAAKYBAHHA BUOUPAETLCA NEPWIMIA KPOK TPyNHM A, IO 3aNIEXHTE Bill po3Mipy
tabnuui. Lenn 3anpononyBas 6paTth

h=[n/2], a h=h((i-1)/2).

VY Ginbu nisHix poborax Xi66apn nokasas, Mo Ui IPUCKOPEHHS MpOLECY AOUUTEHO

BU3HAYUTH KPOK A, 32 opmyiolo:
h=2**k+1 , ne 2**k < n <= 2**(k+1).
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ITicna BuGopy h; MeTOIOM MPOCTHX BKITIOYEHB BNOPAAKOBYIOTECA TPYITH, IO MICTATH
€JIEMEHTH 3 HOMEPAMH MO3UUIH i, i+h, i+2*h,, ..., i+tm*h,.

IIpu usomy i=1,2,...,h; m[i] — Hai6inpwe wiNe, WO 3aJ0BOLHAE HEPIBHICTH
i+m[i]*h, <= n.

TMoriM BHGHpaeTbes KPOK A,<h i BNOPAOKOBYIOTECA TPYITH, IO MIiCTATH €lEMEHTH 3
HOMepaMHM No3uUiit i, i+h,, ..., i+m[i]*h,. Lla npoueaypa 3 yce 3MEHUIyBaHWMH KPOKaMH
TNPOJIOBXKYETLCA IOTH, TIOKH YeproBHi Kpok 4[/] ctane pisrum ognnuui (h,>h,>...>h)). Le#
OCTaHHI# eTan AsJisc coboro BIMOPAIKYBaHHS BCiel TaONMMLi METOIOM BKITFOHEHE. AJTe OCKUTBKH
BHXiTHa TaOJTHLIA BIOPSAKOBYBAJIACH OKPEMHUMH IPyNamMH 3 NOCTIAOBHUM 00’ € THAHHAM [IUX
Tpyn, TO 3arajibHa KiIbKIiCTh MOPIBHAHL 3HaYHO MEHIa, HDK n /4, HeoOXixHa npu Merofi
BKTIoueHs. KinbKicTs onepalliif nopiBHAHHS nporopuiina n*(log,(n))**2 .

3acrocysanns Metoay Illenna 10 MacHBy, BAKOPHCTaHOIO B HALIWX NPUKJIAZAX, TOKA3aHO
B Tabnuui 9.2.

Tabnuus 9.2. Mpuknad copmysarHsa memodom Lllenna.

TouaTkoBHii cTaH MacHBY 823565443316
®aza 1 (coptyrotecsa enmeMenTH, Bincranb Mik | 823565443316
AKUMH YOTHPEOM) 823565443316
823165443356
82316 4433565
Qaza 2 (copryroThca eneMeHTH, BigctaHe Mk | 12386 44335 65
SKUMH JIBOM ) 12386 44335 65

’ 12386 5 334465
12356 8 334465
16 5238 334465
16 5238 334465
16 5238 334465
®aza 3 (copTyioThcsi enemMeHTH, BictaHb Mik | 1 6523 8 33 44 65
AKMMH OTHOMY) 156238 334465
156238 334465
1568 23334465
1568 23334465
1568 23334465
1568 23334465

V 3aransHoMy Bumazaky anroput™ Hlenna npuponro nepedopMymroeThes IS 3aaaHol

TOCTIAOBHOCTI 3 t BifiCTaHe#H Mix eneMeHTamu A, h,, ..., h, ANA AKX BUKOHYIOTECH YMOBH

‘h, = 1 i h(i+1)< h. Tlpn npasuisHo migibpanux f i A cknagdicte anroputMy Ulenna €
® (n(1.2)), w0 icTOTHO MEHILIA 32 CKIaAHICTb MPOCTHX aNrOPUTMIB COPTYBaHHS,

briok-cxema metomy Lllenna ropana Ha puc. 9.2. V HboMYy BUKOPHCTaHO 3MiHHI:
a[] — maccus, skuit HeobXinHO BifcopTyBaTH,

-t — IOMIOM>KHa 3MIHHA TOTO K THIIY, IO | MacHB,
N — po3MIpHiCTE MacHBay.
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no4yaTok

h=n/2

Uwkn 3
i=0
i<n

}

Linkn 4

T
o

jen-1

0

U,glxn 2
j<n-1
t=afj]
@ afi)=aj+1]
afj+1]=t
jr+
t=alj) Uwkn 4
afj]=afj+1]
alj+1)=t ¥r—/
——— i++
j++ Lunkn 3
Lukn 2
o
i++
Livkn 1
h=h/2

Puc. 9.2 bnok-cxema memody Lenna.

9.1.4. O6MmiHHe copmyeaHHs
IMpocte oOminHe copTyBaHHs («MeTonoM Gynebawuku») ans macusy a a[l], af2], ...,
a[n] npawroe TakuM YUHOM. TTourHaIOUH 3 KiHLA MacHBy MOPIBHIOIOTECS [BA CYCiIHI &IEMEHTH
(a[n] i a[n-1]). Sxuio BUKOHYETHCA YMOBa a[n-1]>a[n], To 3HaUEHHA eIEMEHTIB MiHAIOTBCS
micusmu. Tlpouec npomowxkyeTsca ans a[n-1] i a[n-2] i T.in., noku He Gyne 3xificHeHo
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nopiBHsHHA a[2] i a[ 1]. 3posymisto, mo micis usoro Ha Miclli af | ] BUABUTECA €IEMEHT MacHBY
3 SKHaliMeHIIUM 3HaueHHAM. Ha apyroMy kpoui mpouec MOBTOPIOETECSH, ale OCTaHHIMH
nopisxiotothes a[3] i a[2]. I Tak mani. Ha ocTaHHBOMY KpOLli TOPiBHIOBATUMYTECS TiTBKH
notouni 3HaueHHs a[n] i aln-1]. 3posymina anarnoris 3 Gyns0aIIKOI0, OCKIIBKH HaAHMEHII
eNleMeHTH («Halerui») NocTyrnoBo «CIUIMBAIOTE» O BEPXHBO! Mexi mMacuBy. Ilpukian
COpTyBaHHsA MeToxoM OynibGauiky mokasanuit B Tabnuui 9.3.

JIn4 MeTomy MPocToro 06MiHHOTO COpTYBaHHS MOTPiGHa KiTBKICTE MOPiBHAHB nx(n-1)/2,
MiHiMalTbHa KifbKicTs nepecuians 0, a cepeHs | MaKCHMalTbHa KiTbKIiCTh MepechiiaHp —

e ().

Brok-cxema Meromy Gynsbatku nopanasa puc. 9.3.

noyaToK @

Llnkn | ‘ jtt
t=0 Ik 2
Lwkn 2 Hi
70
j<n-1
TaK
TaK
afj]<afj+1] ]
k=alj] Lwxcn 1
afj]=alj+1]

Hi afj+i]=k

Puc. 9.3. Anzopumm copmyeaHHa Memodom byrnbbaluku.

Tabnuus 9.3. lNpuknad copmysaHHa MemoooM byrnbbaluku.

TTouaTKOBH ¥ CTaH MacHBY 823565443316
Kpok | 8235 6544331 6
8235 65441 336
8235651 44336
82351 6544336
8231 56544336
812356544336
18 235 6544336
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lpodoexeHHs mabnuyi 9.3. MNpuxknad copmyeaHHs MemodoMm
b6ynebaluku.

8235 65446 33
8235 656 4433
8235 6 654433
8235 6 654433
85 236 654433
58 236 654433
58236 6533 4
5823633654
58236 33654
586 2333654
568 2333654
568233344 65
568233344 65
568233344 65
568233344 65
568233344 65
568233344 65
568233344 65
568233344 65
568233344 65
568233344 65

Kpox 2

Kpoxk 3

Kpoxk 4

Kpox 5

Kpok 6

—t | et et et f et bt e e | et | s | | et | ] e e e § o — | —] —

Kpox 7

Meron 6yne6atnkn noryckae TpH nipocti BAockoHaneHHA. [To-nepiue, sk nokasye TaGnuna
9.3, Ha YOTHPBOX OCTaHHIX KPOKaX PO3TalllyBaHHs 3HaUECHb €IEMEHTIB He 3MiHIOBAJIOCH (MacHB
BHABHBCA BXKE BIIOPANKOBaHHM). ToMy, AKLLO Ha JeAKOMY KpoLli He 6yJ10 BUpOGIIEHO XOXHOTO
00MiHY, TO BAKOHaHHA aNTOPHTMY MoxkHa punuHATH. [To-Apyre, MoxkHa 3anam’AToBYBaTH
AKHAaWMEHIIE 3HAYECHHA HAEKCA MAacHBY, JUIA SKOTO Ha MOTOYHOMY KpOLi BHKOHYBAaJIHCA
nepecTaHOBKH.

OueBHaHO, O BEPXHA YAaCTHHA MACHBY JI0 €JIEMEHTA i3 LIMM iHIEKCOM BXe€
BiACOpTOBaHa, i Ha HACTYITHOMY KpOIli MOXKHA NPUITUHATH TIOPIBHAHHA 3HAaYeHb CYCIAHIX
€NIEMENTIB, JOCATIIM Takoro 3Ha4YeHHA iHaekca. ITo-Tpere, meron Oymebawmku npaigoe
HEpIBHOTIPABHO JUTs1 (JIETKHX | «BAXXKWX» 3Ha4eMb. Jlerke 3HaUeHHs noTparuise Ha noTpibHe
MiCHE 32 O[MH KPOK, a BaXKKE Ha KOKHOMY KpPOUi ONyCKAaeTbcs y HanmpsAMKY 0 Tpebaro
MiCLIS Ha OJIHY TIO3HLLIO.

Ha uux crioctepexxeHHAX 3acHOBaHMH MeTo meifkepHoro copryBanHsa (ShakerSort).
T1pw #ioro 3acTocyBaHHI Ha KO)KHOMY HaCTYITHOMY KPOLLi BMIHIOEThCA HAaIIPAMOK HOCITIIOBHOTO
nieperniay. Y pe3ynerari, Ha OHOMY KpOLli «CTUTHBAE» YeproBHil HalJIerIHii efleMeHT, a Ha
IHIIOMY «TOHe» 4eproBuil HalBaxxuni. [pukIaj weAKepHOro COpTyBaHHA HAaBCAEHHH y
Tabmmui 9.4.

lefikepHe copTyBaHHS 103BOSE CKOPOTHTH KITbKICTh MOpiBHAHD (32 ouinkolo KHyTa
CEPEMHBOIO KUTBKICTIO NMOPIBHAHB € (n2 — n(const + In 7)), Xo4a MOpSAKOM OLIIHKH K | paHime
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sammmaetsest n2. Kinbkicts nocunans saranom refiCWidlyerpen. Uletikepre coprysanns
PEKOMEH/TYETECA BHKOPHCTOBYBaTH B THX BHmMami’ ¢ "Gy pinomo, o Macue «maibke

BIOPAAKOBAHHID, Y kpotli
3 Gyns€

Tabnuuys 9.4. MNpuknad welikego BepxXtopmyeaHHs.

TTouaTKOBH ¥ CTaH MacHBY g2 93 73376
Kpok | g 2P0 K33 ¢
g 2:KCMMA 417336
82° 1 44336
8§27.3. 544336
82- 54433 6
(81 544336
18 544336
Kpok 2 18 54433 6
' (18 54433 6
[18 54433 6
18, 165336
[18: 33656
18 £33 6 65
Kpoxk 3 18:  wi 6 3365
T8 (443365
18! 4423 65
(18 4433 65
151 44 33 65
Kpok 4 (151 1433 65
15 1433 65
(151 143365
15 ¢ '3 44 65
Kpok 5 (154 34465
15 ¢ 3 44 65
15 ¢ 344 65

9.1.5. CopmyeaHks €modoom

Ipn coprysanni macusy a[l], a[2], ..., a[n] m npocToro BHOOpY cepea BCixX
EJIEMEHTIB 3HAXOMTHCA ENIEMEHT 3 AKHANMEHIINM 3HMEMOG a[i), i a[1] i a[i] oOMimoloTECH
3Ha4YeHHAMHU. TloTimM uell npouec MOBTOPIOETh(77 33 | OAEPKYBAHHX MiAMACHBiB
al2), af3], ..., a[n] ... alj}, a[j+1], ..., a[n] mo Tux {47 33 | MM He AiliAeMo 10 NiAMacuBy
a[n), Wwo MiCTHTL 10 UBOTO MOMENTY HalGiNbIne 3HaYE 44 | 200Ta aNTOPUTMY ITIOCTPYEThCSA
NPUKIAZoOM B Ta6nNLi 9.5. ' 1 44 - '

Jins MeTony copTyBaHHS MPOCTHM BUGOPOM 11eol 65 44 xinbkicTh mopiBHAHL —m(n-1)/2,
Mopsagok HeobXiaHOT KiNbkocTi Nocunaus (Bkarou65 44 i, ki moTpiGui ana suGopy
MiHiMalTBHOTO eneMeHTa) y ripuwioMy pasi ckianae65 44 J). TIpore nopsamok cepeaHsol
KITBKOCTI epecunans € (1 In n), mo y pai sumakis pc 65 44 =it Meron ogHuM i3 HalKkpaiuXx.
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Tabruys 9.5. Mpuknad copmyeaHHs NPOCMUM 8UG0POM.

TlouaTkOBHIT CTAH MacHBY 823565443316
Kpok 1 123565443386
Kpok 2 152365443386
Kpok 3 156654433823
Kpok 4 : 1568 44336523
Kpox 5§ 156833446523
Kpok 6 156823446533
Kpok 7 1568 23336544
Kpok 8 1568 23334465

DyYHKIIIA cCOpTYBaHHA BUOOPOM BHTIAAE TAK:
void sort_vyb()
{
inti,jaf[10]t;
for (i=0; i<10-1; i++)
for (j=i+1; j<10; j++)
if(afi}<alj]);
{
t=alil;
afil=al[l;
afil=t;

9.1.6. CopmyeaHHs nodinom (Xoapa)

Merton coptyBanHs nogisiom OyB 3anpornoHoBanuit Uapnezom Xoapom 1962 poky. Lei
METOJ € PO3BUTKOM METOLY MPOCTOro 0OMiHY i HAacTiNbKW eeKTHBHUH, WO Horo novann
Ha3WBaTH «METOOM IUBHAKOTO copTyBaHHA — Quicksort»,

OcHoBHa ifiess arOpHTMY MOJATAE B TOMY, 110 BUMAJKOBHM YHHOM BUOHPAEThCA AEAKAH
€eNleMEHT MacHBY X, TTiCJIA HOro MAacHB € BUAWMHM 3J1iBa, MOKH He 3yCTPiHEThCs eNeMeHT afi]
TakuH, o ali[>x, a NOTIM MacHB € BUIWMUM CTipaBa, MOKH HE 3yCTPiHETHCA €IEMEHT alj]
Takuit, wo alj]<x. Lli 1Ba eneMeHTH MiHSIOTECS MICUSIMH, | MpOLIEC NMEPErTIALY, NOPIBHAHHS |
06MiHy MPoaOBXKY€ETHCA, OKK MU He JifiIeMO [0 eNieMeHTa X. Y pe3ysibTaTi MaCHB BUABHTHCS
po36HTHM Ha JIBi YaCTHUHU — JTiBY, B AKiii 3HaUeHHs KTOYiB OyXyTh MeHWI BiA X, i MpaBy i3
3HaYEHHAMH KJTI0UiB, GiburiMy Big x. Jlani npolec pekypcHBHO NPOAOBXKYETHCH AJIf JiBOi i
NpaBoi YaCTHH MacHBY JIO THX TMip, MOKW KOXKHAa 4aCTHUHA HE MiCTHTHME JTHIIE OJ{HH €JIEMEHT
(puc. 9.4). 3po3yMino, WO, AK 3aBKAM, PEKYPCil0 MOXKHA 3aMIHHUTH ITEpalliiMH, AKIIO
3anam’ TTOBYBaTH BiIMOBiIHI iHziexcH MacuBy. [Tpocniakyemo ueit mporiec Ha IPHKIIAIi HAIOTO
CTaHJapTHOrO MacuBy (Tabnuus 9.6).
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Tabnuuys 9.6. MNpuknad weudkoz2o copmyeaHHs.

TTowarkoBHil CTaH MacHBy

823565 44]331 6

Kpok 1 (ax x BuGupaerscs af5])

823564433165

823561334465

Kpok 2 (y nimmacuBi af 1], a[S] sk x snbupaerbes a[3])

823 5/6 133 44 65

123568334465

152368334465

Kpoxk 3 (y nigmacusi a[3], af5] six x snbupaetbes a[4])

1523 [6]8 33 44 65

158623334465

Kpox 4 (y migmacusax a[3], a[4] subupaerncs a[4])

1586|2333 44 65

156823334465

AnropuT™m Hena-
peMHO Ha3HBAaEThCSA
WBHIKHM COpPTYBaH-
HSIM, OCKIJTEKH JUTS HBOTO
OLIJHKOIO KiTBKOCTI T10-
piBHAHBL i OOMiHiB €
@® (n log n). Hacnpasni,
B GinblocTi yTRITIT, wo
BHKOHYIOTb COPTYBaHHs
MacHBiB, BUKOPHCTO-
BYETBCS came Lieit anro-
pHTM.

9.1.7.
CopmyeaHHs 3a
d0rnomMozor

Oepesa

ITouHemo 3 mpoc-
TOTO METoAY COpTYy-
BaHHS 3a JOMOMOTOIO
IepeBa, TIpH BUKOPHC-
TaHHi fKoro OymyeThes
IBilikoBe iepeBo nopis-
HAHHA kmodiB. [1o6y-
IOoBa JepeBa MOYMH-
HAETBCA 3 JINCTHA, fKE
MIiCTHTB BCi €IEMEHTH
MacuBy. 3 KOXHOI cy-
citHpoi nmapu Bubu-
paeThcqd HaAMeHWUNA
€JIEMEHT, | LIl eJIEMEHTH

N
( Hoar
‘\\\\, S l,._ S— //
TS0
R=endRow
i=L;
j=R;

X iﬂ.[ﬂTt Ry2. |

ko |
1<j

O

TakK
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Inkn 2
k<0

k = porivn(&alj}.8x,
parNum); i++;

s S—

Llnkn 2
~N_._

Ilwkn 3
k>0

I E—

k = porivn(&alj).&x,
parNum); j++;

wukn 3

N—

&

Puc. 9.4. bnok-cxema pexypcuesHo2o memody Xoapa

|
w = ali];
afi] = a[j};
alil=w,
] ++;
H1 j..;
|
uxn |
TakKk
L<i S
Hoar(L.j, parNum)
Hi
J
Tak
i<R T ] '
Hoar(i,R, parNum)
Hi
|
Kineus
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YTBOPIOIOTh HACTYTIHHI (ONFK4YHi 10 KOpeHs piBeHb fAepesa). [3 koxkHOi cycinHboi napwu
BHOHpaAETHCH HAWMEHUIWHM eTeMeHT | T.iH., Moku He Oyae mobymosaHuit kKopiHb, To6TO
HalMEHIINH eleMeHT MacHBY.

ITpuknag ABiHKOBOro JiepeBa rnokasano Ha puc. 9.5.

OTxe, MU BXX€ MaEMO sKHaliMeHe 3HadYecHHs eneMeHTiB MacuBy. 106 omepxkatu
HACTYTTHUET [0 BETHUMHI €IEMEHT, CITYCTUMOCA Bifl KOPIHHA T10 LLIAXY, IO BEE JI0 JINCTKA 3
skHaHMEeHIIMM 3HaYEHHAM.

V wiit mucTkOBiN BepUIMHI cTaBUTHCS (QIKTUBHHA KITIOY 3 «HECKIHUEHHO BEJIMKHMY
3HAYCHHM, a Y BCi IPOMDKHI BY3JTH, L0 3aiiManyca SKHaHMEHIINM €NIEMEHTOM, BHOCHTHCH
fkHaliMeHIlle 3HAYEHHs 3 By3siB —~ Ge3anocepeAnix Hamankis (puc. 9.6). Ilpouec
TIPOJOBXXYETECS [IOTH, MOKU BCi BY3JTH fepeBa He OylyTh 3aMoBHEHI QiKTHBHUMH KITIOUaMH
(pucynkn 9.8 —9.12).

Puc. 9.6. flpyauil kpok.

Puc. 9.7. Tpemiil Kpok.
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8 | 65
8] (2] [] \|£§J

Puc. 9.8. Hemeepmull KpOK.

Puc. 9.11. Coomulii Kpok.

PO3JAUT 9. Anzopummu copmyeanus

Puc. 9.12. BocbMuii KPOK.

Ha xoxxHOMY 3 n KpOKiB, 1110 HeOOXiIHi JUTS COPTYBaHHS MacHBY, Tpeba BUKoHaTH log, n
nopisaaHe. OTxe, BCchoro Gyne Tpeba n*log, n nopiBHAHL, ane A MONAHHA AepeBa
3HanobuTeesd 2n — 1 gomaTkoBa OMWHHLA MaM ATi.

9.1.8. MNipamidanbHe copmyeaHHs

€ mockoHaMIWLW anropuTM, SKUA NMPUIHATO Ha3UBaTH NipaMilaIbHUM COPTYBAHHAM
(Heapsort). Moro izes nonsirae y Tomy, 10 3aMicTh TIOBHOTO JiepeBa MOPiBHAHHS NO4aTKOBHH
macuB a[l], a[2], ..., a[r] nepeTBOpPUTECA Ha NipaMixy, {0 Ma€ Taky BINACTHBICTD, IO JUIs
kOXHoro a[i] BukoHytotbes yMoBH ali]<= a[2i] i a[i]<= a[2i+1]. Tlorim mipamiga
BMKOPHCTOBYETBCS [T COPTYBaHHS.

Haitnaounine mMeTon noOyaoBu nipaMiayn BUMIALAE NPU JICPEBOBHIHOMY 300paXeHHi
MacHBY, rokazaHoMy Ha puc. 9.13. MacuB nogaeTbes y BUNIISAI ABIHKOBOrO iepeBa, KOpiHb
AKOrO BiATIOBiAE eneMeHTy MacuBy a[l]. Ha apyromy apyci 3naxoasTecs eneMenTH a2] i
a[3]. Ha tpersomy — a[4], a[5], a[6], a[7] i T.in. Sk BuAHO, IS MacHBY 3 HETITAPHOIO KUTBKICTIO
€JIEMEHTIB BifiNOBiaHe Aepeso Oyne 36anaHcoBaHWM, a /11 MACHBY 3 TTApHOIO KiTBKICTIO
€JIEMEHTIB n efleMeHT a[n] 6yne exmHuM (HainiBiWM) TUCTKOM «Maiixke» 36anaHcoBaHOTO
aepesa.

[[A4=65] [ A5=44 ] | A6=33 | | A7=1 |

Puc. 9.13. MNpuknad nipamMidansHo20 copmy8aHHs.

OuesuaHo, o NpH MoGyOBI MipaMiH HaC LIKABUTUMYTE efleMeHTH a[n/2], a[n/2-1], ...,
a[l] nns M™MacuBiB 3 TNapHOIO KiJIbKICTIO €JEMCHTIB | e€leMEeHTH
a[(n-1)/2], a[(n-1)/2-1], ..., a[1] 1ns MacKBiB 3 HENAPHOIO KiMIBKICTIO EIEMEHTIB (OCKUTBKH
TIIBKA ]IS TAKUX €JIEMEHTIB iCTOTHI oOMekeHHs nipaminy). Hexal i — raiGineumit ingexc
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3 iHJEKCIB eNIEMEHTIB, IS SKHX ICHYIOTH oOMexeHHs mipamign. Toi Geperbesi enieMeHT
a[i] y nobynoBaHoMy fiepeBi i 111 HbOro BHKOHYETLCS NPOLIETypa NPOCiBaHH4, IO NONATAE y
TOMY, IO BHOMpaeThCs Tilka JepeBa, ska Bimmoinae min(a[2i], a[2i+1]), i 3naueHns ali]
MIHAETBECS MICIBIMH i3 3HAUYEHHAM BiTIOBITHOTO eNeMeHTY. SKIIo Lieii elleMeHT He € JINCTKOM
JlepeBa, A8 HbOTO BHKOHYETBCS aHajioriyHa npoueaypa i T.iH. Taki gil BUKOHYIOThCS
nocnigosHo wis alil, afi-1], ..., a[1]. flk 6aunmo, B PE3YNBTATi MH OJIEPIKHMO JepeBOBHOHE
TIO/aHHS THPaMiIIM 115 MOYATKOBOTO MAcHBY (TTOCTIIOBHICTE KPOKIB JI151 BHKOPHCTOBYBAHOTO
B HaLIUX MPUKIaAax MacUBY MokazaHa Ha puc. 9.14 —-9.17).

| Ad=6 | [ A5=44 |

Puc. 9.14. lNipamidansHe copmyearHs. Kpok 1.

| A6=33 | [ A7=1 |

| A4=6 | | A5=44 |

Puc. 9.15. lNipamidansHe copmyearHs. Kpok 2.

| A6=33 | | A7=5 |

[ A4=23 | | A5=44 |

Puc. 9.16. NipamidansHe copmyearHa, Kpok 3.

| A6=33 | [ A7=5 ]
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[ A4=23 | | A5=44 |

| A6=33 | | A7=8 |

Puc. 9.17. MNipamidansHe copmyesaHHa. Kpok 4.

downHeap(k,n)

new_elem = afk]

Uwkn 1
k <=n/2

1

child = 2*k+1

ew_elem<alchild]>

TaK

child++
alk} = a{child)

k = child
Uuxn 1

afk] =
new_elem

KiHelb

Puc. 9.18. bnok-cxema
mMemody enopsiGKyeaHHs
nipamiou.

HeapSort

[

downHeap(i, n-1);

|
jou
Livkn 1

Uwkn 2
i=n-1,i>0;

t=ali)
ali]=a(0)
al0)=t

I

downHeap(0, i-1)

Uwkn 2

Puc. 9.19. Bnok-cxema nobydosu
nipamiéu ma ii nepeesipKu.
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9.1.9. lTo6ydoea nipamidu memodom ®noiida
1964 poky ®noiia 3anporonyBaB MeTof 1oOynoBH Mmipamiau 6e3 SBHOI NOOYA0BH nepeBa
(xoua MeTto1 3acHOBaHMH Ha THX caMMX ifesx). [Tobynora mipamign Mmetomom Drofina s
HaIIoro CTaHIapTHOTO MacHBY NMokaz3aHa B Tabmuui 9.7.
Tabnuusa 9.7 lMpuknad nobydoeu nipamiou.

8235(65|443316

TMowaTkoBHii cTaH MacHBY

Kpok | 8 23 5|6 44 33 1 65
Kpok 2 8 231 6 44 33 5 65
Kpok 3 8|6 123 4433 5 65
Kpok 4 168234433565

165234433865

VY Tabnuui 9.8 nokazaHo, sk 3MiHCHIOETHCA COPTYBaHHS 3 BAKOPHCTaHHAM NobynoBaHol
nipamign. CyTs anropuTMy nonsrae B nogansinoMy. Hexaii i — Hait6ineumii iHzekc Macway,
JUTs AKOTO BKa3aHi yMoBM nipamign. Toxi, nounnarouw 3 a[ 1] no a[i] Bukonytoreca Taxi aii.

Tabnuys 9.8 CopmyeaHHs 3a onomozolo nipamiou.

TTowaTkora nipamiaa 165234433865
Kpox 1 6565 2344338 1
5 6652344338 1
568 234433651
Kpok 2 656 823443351
6 65823443351
6 23865443351

Kpok 3 332386544651
823336544651
Kpok 4 44233365865 1
23443365865 1
Kpok 5 65443323865 1
33446523865 1
Kpok 6 654433238651
44653323865 1
Kpok 7 654433238651

Ha xoxxHoMy kpoui BHOGMpaeTbcs OCTaHHIH enemMeHT nipamian (Y HaLIOMy BHMAIKy
neptuum Gyne BuGpanuii enement a[8]). Moro 3Hauenns MinseThes 3i 3HauenHam a 1], micas
voro 44 a[ 1] BukoHyeThbes npocitoBaHHs. [Tpu LbOMy Ha KOXKHOMY KpPOLi Ki/TBKIiCTB €IEMEHTIB
B TipaMifi 3MeHIIyeThes Ha | (1Ticast MepIIoro KPOKy AK eleMEHTH TipaMiy po3risagaloThes
afl], a[?], ..., a[n-1]; nicns apyroro — a[l], a[2], ..., a[n-2] i T.iH., nokn B mipamiai He
3QJTHLLIHTLCA OWH enemeHT). Jlerko mobGauwrtn (ue imoctpyeTthes B Tabmuui 9.8), mo gk
pe3yNbLTaT MH OEpKUMO MacHB, BIOPAAKOBAHUHA y MOPAAKY cnanaHHd. MoxHa
momudikyBaTh MeTo NobynoBH MipaMiaM i copTyBaHHS, 1100 OepXKaTH BIIOPSAKYBaHHA Y
NOpAAKY 3pOCTaHHSA, SKIIO 3MIHUTH yMOBY mipaminn afil>=a[2i] i a[1]>=a[2i+1] ana Beix
3Ha4eHb iHaeKca i.

TTpouenypa copTyBaHHS 3 BUKOPHCTaHHAM MTipaMili BUMara€ BHKOHaHHA Topaky nlog,
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N KpOKiB Y TipmioMy pasi, o pobuTs i 0co6IMBO NMPHBaOIMBOIO VTS COPTYBAHHS BETUKHMX
MAacHBIB.

9.1.10. CopmyeaHHs1 31ummsim

CopTyBaHHS 3JTUTTSM, K TPaBWIO, 3aCTOCOBYIOTHCS B THX BHIIAJIKaX, KONMH BHMAraeThCs
BiZICOPTYBaTH TIOCHIZOBHWI (hafin, 1I0 He BMILAyThCs B OCHOBHIH Mam’4Ti.

Hexaii € nBa BiicOpTOBaHHMX y NMOpAAKY 3pocTanHs macusy p(1], p[2], ..., p[n) i q[1],
qf2], ..., qln] i € nopoxHi#
Macus r[1], r[2], ..., r[2*n],
SIKMH MH XO4E€MO 3aNOBHHUTH
3HAYECHHSAMH MacHBIB D i gy
NopAAKy 3pocTaHHa. [lns
3ITHTTA BUKOHYIOTCS TaKi Afi:
nopieHIoOTECA pf1]ig[1], i
MeHIne 3i 3HaveHb 3amnu-
cyetsea B r[1]. Tlpunyc-
THMO, IO Ile 3HaYeHHs p[1].
Tomi p[2] nopiBHIOETbCA 3
q[1], i MeHIIe i3 3HauYeHb plll=ril qlkj=ri]
3anucyeThes B 1{2]. Tpunyc- e ke t=ql]
THUMO, LHO Lie 3HauYeHHd g[1]. I.—I “2};“1‘};“
Toni Ha HacTymHOMY Kpoui
NOPiBHIOIOTHCS 3HAYEHHS i+
pl2] ig[2]) iT.in., nokn MK He
JOCATHEMO MEX OJHOTO 3
macuBis. Toxi 3amuimok
iHIIOTO MacHBY TMPOCTO
JNONUCYBAHHAETHCA B ,
«XBICT» MacHBy r. Jek1

ANTOpPHTM  copTy-
BaHHSAM 3JTHTTAM MOJAHO Ha
puc. 9.20.

Jng BUnaaky Macuey,
WO BUKOPHCTOBYETHCS B ol
HalluX NpUukiagax, nocii- plil=pli+1]
AOBHICTb KPOKIB [TOKa3aHa B PUF1I=t
Tabnuui 9.9. ———

IIpn 3acTocyBaHHi
COPTYBaHHA 3i 3JUTTAM
KiNbKiCTb MOPiBHAHB KJTIOIB e ——
i KiTBKiCTB MepecHsaHb i+
OUiHIOETECA K @ (n*log n).
Ane cnifi Bpaxo-ByBaTH, Lo
IS BHKOHAHHS alropuTMy
AN COPTYBAHHA MacCHBY
po3Mipy n nortpibHo 2n
€NEMEHTIB naMm’ATi.

fo

i=0
i<k

}

j=0
j<k-1

o

i<l

|
g

8=0

i=0; |=0
i<kj<k

o
|

?

B risl=pll risl=al)
4+ +

(:

8++

ol
'

Puc. 9.20. bnok-cxema Memody copmyeaHHs
3MIUMMAM.
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Ta6nuys 9.9. Mpuxknad copmyeaHHﬂ anummsm.

ITouaTkOBMIt CTaH MacuBY 823565443316

Kpox | 681235334465

Kpoxk 2 684465152333

Kpok 3 156823334465
Void sort_bin()

{
inti j,k=0,1=0;int t=(int)n/2+n%2,;
int resCmp=0;
student a1[30],a2[30],tmp;
for(i=0;i<n;i++)

{
if(i<(int)n/2)
al(il=ali];
else
a2[i-(intyn/2]=al[i];
}

for(i=0;i<(int)n/2;i++)
for(j=0;j<(int)n/2-1;j++)

{
if(a1[j]>a1[j+1])
{
tmp=a1{jl;
alfjl=atfj+1];
al[j+1]=tmp;
}
}

for(i=0;i<(int)n/2-+n%2:i++)
for(j=0;j<(int)n/2+n%2-1;j++)

{
if(a2fj]>a2[j+1])
{
tmp=a2[j];
a2[j]=a2[j+1];
az[j+1]=tmp;
}
}
i=0;
while(i<n)

if ((k==(int)n/2)&&(I!=t))
{
afil=a2][l};
i++;|++;continue;

PO3JUT 9. Anzopummu copmyeanua

}
if (k!=(int)n/2)&&(I==t))
{
alil=a1[k];
i++:k++:continue;
}
if(a2[l]>a1[Kk])
{
afi]=a1[Kk];
i++: k++;continue;
}
if(a1[k]>a2[l})
{
ali]=az2[l];
i++:1++; continue;
}
if(a1[k]==aZ2[l])
{
afil=a1[k];
i++ k++;
afi]=a2{l];
i++:1++; continue;
}

9.1.11. Memodu nopo3psiOHO020 cOpmyeaHHs

Po3mnaHyTHii HHKYE aJTFOPHTM ICTOTHO BIAPI3HAETHCA Bill OMTUCAHWX paHille.

Io-nepiue, BiH 30BCIM HE BUKOPHUCTOBYE NMOPIBHAHL COPTOBAHHX €JIEMEHTIB.

[To-apyre, kmou, 3a kUM BigGyBa€eThCA COPTYBAHHSA, HEOOX1HO POSAUTHTH Ha YaCTHHH,
po3padu kioya. Harpuknag, cioBo MOXHa PO3UTHTH Ha NIiTEPH, YACIO — Ha HUpH.

Jo copryBanHs HeoOXiZHO 3HATH BA MapameTpH: k i m, e k — KUTBKICTb pO3pAMdiB Y
HalJOBLIOMY KJTIOUI, /77 — PO3PSAOHICTD JAHHX: KiNBKICTh MOXJTMBHX 3HAYEHb PO3PsAMY KITIOHa.

[Tpu copTyBaHHi YKpaiHCEKMX CJHB m = 33, TOMY LIO JIiTepa MOXKe NpHIMAaTH He OTbIe
sk 33 3nauenns. Axuio B nadgosuomy cnosi 10 nitep, k= 10.

AHanoriuHo, A1 WiCTHAAUATKOBUX Hucer m=16, Ko sk po3psaa Oparv uudpy, i m=256,
AKIIO0 BUKOPHCTOBYBAaTH NoGaiToBMH nojit.

[1i mapamerpu He MOXHa 3MiHIOBATH B nipoLieci poboTH anroputMy. ¥ oMy — e 0/iHa
BiIMIHHICTh METOY BiJ] BULICOMTUCAHHX.

Iopo3psaane copTyBaHHs AR CHHCKIB

[MTpumyctiMo, o eneMeHTaMH JliHiHHOTO cnucky L € k-po3paaHi AecATKoBi uncna,
PO3PAAHICTH MAKCHMANBHOTO 4HCNa Bigoma 3azfaneriab. [Toznaunmo d(j,n) — j-a npasa
mdpa uncna n, aKy MoxkHa Bupazutv gk d(j,n) = [ n/ 107" ] mod 10.

Hexa#i L, L ,..., L, — nonomixri cricku (kuieHi), criouartky nopoxHi. [Topaspaane
COPTYBaHHA CKJIAfA€ThCA 3 [BOX NMPOLECIB, SKi HA3UBAIOTHCA pO3n00ia i 36upanns, i
BHKOHYIOTECS 1A j=1,2,.. k.
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KOKHOMY 3 SIKHIif j-Ti pO3PAIN Y¥iceN OXHAKOBI i PiBHI m.
®a3a 36upanHa nojiArae B 00 eAHaHHi ciUckis L, L ...,

das3a po3nofiTy PO3HOCHTE ENIEMEHTH L N0 KULIIEHX: €TEMEHTH /, CITHCKy L NocnigoBHO
NONAIOThCA B crcku L, ne m = d(j, |). TaknM 4MHOM OIEPKYEMO HECATH CHHUCKIB, Y

L,y 3aranbHui ciucok

L=L,=>L =>L,=>..=>L,
PosrnstHeMo mpukian poOOTH alropUTMy Ha BXIAHOMY CITHCKY
0=>8=>12=>56=>7=>26=>44=>97=>2=>37=>4=>3=>3=>45=>10.

MakcumansHe YUCiio MICTHTH

IBi M pH, OTKeE, PO3PAAHICTD JaHHX

k=2.

IMepwe npoxomxkenHs, j=1.
Posroain 3a repuiok npaso-

py4 uudpoto:

L:0=>10

// yci uMcna 3 nepuoo mpasoro
/mdporo 0

L,: mopoxHBO

!

2

3

4
i
L:56=>26

L,:7=>97=>37

8

L,: 1opoXHEO

/1 yci uncina ¢ epioro npaBoto
/fundporo 9

36upanHs:

3’eanyeMo cniucku L onuH 3a

OAHKWM

L:0=>10=>12=>2=>3=>3

=>44=>4=>45=>56=>26=>17
=>97=>37=>8

Jpyre npoXo[LKeHHs, j=2.
Posnogin 3a apyroro undporo

crpasa:

8
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L0=>2=>3=>3=>4=>T=>

=

~,

T
out=l
m=1
1_ TaK
S aatet <head[i] 1= NUL|
=0
j<t Hi '
1 s
j= ¥F__
<=9
I I = headi);
t termp = tailf};
headil=tailli}=
=NULL - --—---“L'----—'\
e e d=i+1
i i<=9
H=NULL o
Hi
i {iead(d] i= NULD>
R
(parVal(parNum, TaK
)/m)%(int)10;
it ell temp->next =
L temp = tailld]; | head[d];
temp = tail{d];
}4.._..__...-7__.‘
T d++
—
headd] =1 {temp»next =1 m*=10
P _ J N D
=1 > next j++
temp->next=
=NULL /
(1) m
1
2

Puc. 9.21. Anzopumm nopo3psdHo20

COpPMYyBaHHSA.

L.: nopoxxHbO
L: nopoxHbo
L;:97
36upanHHs:
3’€THYEMO CTINCKH L ONIVIH 32 OIHUM
L:0=>2=>3=>3=>4=>T7=>8=>10=>12=>26=>37=>44=>45=>56=>97
Kinekicts BHKOPHCTAHUX KULIEHL — KUTBKICTE MOXOTHBHX 3HAYEHE EJIEMEHTA CITHCKY.
/lcTpyKTypa A9 KWIIEHb, MOAaHa Y BUIVIAMI CITHCKY
struct spys { student val;
struct spys *next;} *head, *ail;
void FirstMinMax()
//InowyK NepLUoro eneMeHTa MacuBy 3 METOH0 NPULLBUALLIEHHA NOLWYKY
{
inti,j; inttmp;
for(i=1;i<n;i++)
if(a[0)<ali])
{

tmp=a[0];
a[0]=ali];
a[i]=tmp;
}
}
void toSpys()
/InepeTBOPIOEMO MACMB y CNICOK
{
struct spys *q;int i;
for(i=0; i<n; i++)
{
g=(struct spys*) malloc(sizeof(struct spys)); //cbopmyemo cnucok
g->val=a[i];
if(tail!l=NULL)
tail->next=q;
else head=q;
tail=q;
}
tail->next=NULL;
}
void toArray(struct spys *head)
//nepeTBoOpIOEMO CNUCOK Y Macus
{
inti=0;
while (head)
{

}

afil=head->val;head=head->next;i++;
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}

struct spys *bin_s_as(struct spys *l, int t)
/Inopo3psaHe copTyBaHHA

{

inti, j, d, m=1;
//enncok kvweHb

struct spys *h[10]={NULL}, *tail[10]={NULL}, *out,*temp,*mm;

out=l;
for (j=1; j<=t; j++)

{

}

for (i=0; i<=9; i++)
/loHY NN KNLWEeHBLKY
hli] = (tail[i]=NULL);
while (1'=NULL)
{
//po3paxoByemMO,AKWiA po3paa onpauboBYETLCA 3apas3
d = (I->val.0z/m)%(int)10;
temp = tail[d];
//nopaemo y KulieHo
if ( h[d]==NULL ) h[d] =1,
else temp->next = |;
temp = tail[d] =1,
I = |->next;
temp->next = NULL,;
}
for (i=0; i<=9; i++)
if (h[i]!= NULL ) break;
| = hi];
temp = tail[i];
for (d=i+1; d<=9; d++)
{
if (h[d] != NULL)
{
temp->next = h[d];
temp = tail[d];
}
}

/Inepexoanmo Ao aHanisy HacTynHOro po3psaay Yucen macusy

m*=10;

mm=out;

//lcNUCOK nepeTBOPOEMO Y Macus
toArray(mm);

return (out);

PO3TIT 9. Anzopummu copmyeanun

CopryBaHH® MOXKHa OPTaHi3yBaTH TAKMM YHHOM, 00 HE BHKOPHUCTOBYBATH 0IaTKOBOT
nmaMm’aTi A KHUEHb, TOOTO eneMEeHTH CMHUCKY He MepeMimaTH, a 3a JOTOMOTO0
repecTaHOBKHM BKa3iBHMKIB NPHEAHYBATH iX A0 Ti€T UM iHIIOT KUIIIEHi.

Iopo3paaHe copTyBaHHS IJIsl MACHBIB
CIUCKH HOCHTDH 3pY4Hi THM, IO iX JIETKO peopraHizoByBaTH, MOEAHYBATH i T.iH. Sk
3aCTOCYBAaTH Taky ifcio I MacHuBiB?

Hexait y nac € Macus source 3 n necatkosux ungp (m = 10).

-Hanpmmazl, source[7)=1{17,9,8,5,4,7.7 }, n=7. Tyr noknagemo const k=1.
1.CTBOpUTH MACHB count 3 i1 eNeMeHTIB(JNYNITBHHKIB).
2.TTpucBoiTy KiIbKICTh €JTEMEHTIB source, piBHUX i. JIng usoro:
TIPOiHILliaNi3yBaTH count[] Hynamm,
NpOTH MO source Bif TOYATKy A0 KiHUA, Ui KOXHOTO uwcia 301BIYIOUH eNeMEHT
count 3 BilMOBiXHUM HOMEPOM.
for( i=0; i<n; i++) count [ source[i] ]++

count[i] = count[0]+count[1]+...count[i-1].

V Hawomy npuknagi count[]=4{0,0,0,0,1,2,2,2,5,6}.

Ll cyma € KinbKICTIO YHCEN BUXIOHOTO MacHBY, MEHHLIHX BifT /.
4.3po6uTH OCTaTOUYHE POIMILIICHHS.

Jnd koskHOro unca source[f] MM 3HaEMO, CKUTBKHY YHUCET € MEHLHI Bill HBOTO — Lie 3HaUeHHs
3bepiraetbca B count[source[i]]. OTxe, HamM BIiZOMO OCTATOYHE MicUE YHCJIa B
YMOpSAKOBAHOMY MAacHBi: AKIO € K uncesl MEHLIWX Bif 3alaHOro, To source[i] MOBUHHE
CTOSATH Ha no3uuii K+1.

3nificHIOEMO MPOXO/PKEHHS N0 MacHBY source 3J1iBa HaNPaBo, OAHOYACHO 3aMOBHIOIOYH
BHXiJIHU# MacuB dest.

for (i=0; i<n; i++ ) {

¢ = source[i]; dest[ count[c]]=c¢;
count[c]++; // anA nosTOpIOBaHKX YKcen

} |

Orxe, uncno c=sourcel[i] craBuThes Ha Micue count|c]. Ha Toii Bunanok, sKio yncia
MORTOPIOIOTECA B MacHBi, nepepbadueHnii oneparop count[c]++, 1o 36ib1Iye 3HAYEHHA
NO3MHUIT 18 HACTYTTHOTO UWCna ¢, SKIo Take Gyze.

Huxnn 3aiimators (n + m) yacy. Ctineku x Tpeba nam’sTi.

OTxe, MU HaBuMinca 3a (n+m) copTyBaTH LMdpH. AHANOTIHHO TPOIEMOHCTPYEMO
copryBaHHs 11s paakis (uncen). Hexail y Hac B koxxHiM kmiodi k uudp (m = 10). Ananorivuno
J0 BUMAJKY 3i CITUCKAMH BiICOPTYEMO iX Y KiJlbKa MPOXOMIB Bil MOJIOALIOTO po3psaay A0
CTapLIoro.

Buxigna k=3 {llepuwe Hpyre Tpete
MOCNiNOBHICTL | MPOXOJXKEHHs MO | NMPOXOMXeHHA MO | MPOXOMKEHHA Mo
3-My po3pany 2-My po3psny 1-My pospsny

523 523 523 088
153 153 235 153
088 554 153 235
554 235 554 523
235 088 088 554
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OTxe, 3araibHa KiNbKicTh onepaliit piBHa k(n+m), MpH BUKOPHCTOBYBaHiH J0OaTKOBO
nam’ati (n+m). Lg cxema gomyckae HeBenMKy ONTHMi3aLilo. 3a3Ha¥HMO, IO COPTYBaHHS
Mo KOkOiMy GaliTy ckjlafjaeTbes 3 2 MPOXOdIB 10 BChOMY MacHBi: Ha MeEpIIOMY Kpoui i Ha
yerBepToMy. OiHaK, MOXKHA CTBOPHUTH Biapasy BCi MacHBH count{] (o ogHOMy Ha KOXKHY
TIO3HIIiI0) 33 OAHE NTPOXOIPKEHA.

OTxe, mepmi kpok Oyzie BUKOHYBaTHCS OWH pa3 3a BCE COPTYBAHHsl, a TOMY, 3arajiHa
KiNBKICTh MPOXO/DKEHE 3MIHUTBCA 3 2k Ha k+1.

EghexkmusHicmb nopo3pssGHO20 copmyeaHHs1

Pict wsnakoro coptyeanus: @ (nlog #). Cyasuu 3 OLiHKH, NOPO3pAAHE COPTYBaHHA
pocTe NiHIHAM YHHOM TI0 N, OCKUTBEKH K, 1 — KOHCTaHTH,

Takoxk BOHO pocTe JIHIHHUM YHHOM 10 K — NpW 36iTbIEeHH] JOBXHHH THITY (KiTBKOCTI
pO3pAiB) BiAMOBIIHO 3pOCTae KIMBKICTh Npoxomkenb. OnHaK, B OCTaHHIH MyHKT peainHi
YMOBH BHOCATE CBOI KOPEKTHBH.

Crnpapa B TOMYy, IO OCHOBHHH LMK COpPTYBaHHA Mo i-My 6aiiTy BinbyBaetbcsa no
BKka3iBHHKY uchar* bp 3 xpokowm sizeof(7) y MacuBi ans ofep»aHHs YEpProBoro po3psmy.
Konu T=char, kpok nopieHioe 1, T=short — kpok gopiBHroe 2, T=long — kpok gopisHIoE 4...
Yum OinsLumit po3Mip THIY, THM MEHLT MOCTITOBHUI ZOCTYT 0 Nam’ aTi 30iHCHIOEThCA, a e
Ay>ke ICTOTHO Wi wBKAKocTi pobory. ToMy peanbHUit yac 3pocTae HabaraTo WIBMLIE, Hi
TEOpETHYHHN.

KpiM Toro, nopo3psaHe cOpTyBaHHs B)Ke 3a CBOEIO CYTTIO HELliKaBe 151 MAJTUX MACHBIB.
KozkHe NpoxomkeHHs MICTHTE MiHIMYM 256 itepauifi, TOMy NpH HEBETMKHX N 3arajibHUi Yac
BUKOHAHHS (1 +1) BH3HAYAETHCS KOHCTAHTOIO m=256,

9.2. METOZH 30BHINNIHHOI'O COPTYBAHHA

ITpHAHATO HA3UBATH «30BHILLHIMY» COPTYBaHHS ITOC/TIIOBHUX (ailliB, po3TalIOBaHUX Y
30BHILWHIA nam’aTi i Ty>ke BEMUKHUX, 106 MoXHa Oy/o MOBHICTIO MEPEMICTATH iX B OCHOBHY
nam’sITh i 3aCTOCYBaTH OMH 3 PO3TIAHYTHX Y MOTNEPeHLOMY PO3JiNi METOLIB BHYTPIUIHLOTO
copryBaHHsa. HaliyacTille 30BHIlIHE COPTYBaHHA 3aCTOCOBYETBCA B CHCTEMAX KepyBaHHA
0azamMH JaHUX MPH BUKOHAHHI 3alUTIB, | BiJ e(DEKTUBHOCTI BXKMBAHMX METONIB iCTOTHO
3anexuts npogyktuBHicTe CYB/I.

MycHMo noacHUTH, YoMy HaeTbes came Npo MocITifoBHI aiimv, To6To npo daiinn, i
MOYKHa MUTaTH 3aITHC 3a 3afTCOM B MOCITIIOBHOMY PEXHMi, a MACATH MOXKHA TUTLKH MTiC/s
OCTaHHLOrO 3anucy. MeToaH 30BHILIHBOTO COPTYBaHHH 3 ABUAMCA, KOAH HaiGinbiy
NOLIMPEHUMH TTPUCTPOSMH 30BHILIHLOT NMam’aTi 6ynn mardiTHi crpiukn. J{na crpivok
nocaigoBHu# goctyn 6y abcamoTHo npupoaHnM. Konu Binbyecs nepexin 1o NpUCTpoiB, Lo
3aram’ITOBYIOTh, 3 MarHiTHUMH AWUCKAMH, L0 3a6e3redyioTh «npAMui» noctyn no Gyms-
akoro 6moky iH(opmaLil, 31apanocs, Wo NocHioBHI (aiin BTpaTHIH CBOIO aKTYaNlbHICTD.
TTpote ue npumyiLeHHs Gyno MOMHUIKOBHM.

Bcea piv y Tomy, 10 NpakTHYHO BCi BHKOPHCTOBYBaHI Ha CbOTONHI JJUCKOBI MPHCTPOT
3abe3neyeHi pyXOMHMH MarHiTHUMH ronoBkamu. [Ipn BHKOHAHHI OOMIHY 3 OHUCKOBUM
HaKONHUYyBa4eM BUKOHYETBCA MiABEIEHHS FOIOBOK JI0 NOTPiOHOTO UMNiHapa, BHGip norpicHoi
TONOBKH (IOpiXKKH), MPOKPYUYBaHHS JHCKOBOTO MAaKeTy JI0 NOYaTKy HeobXxiaHoro Gnoky i,
HapewTi, YuTanHs a6o 3anwc 6noky. Cepel BCiX LMX A1kt HalGiTBIIMI Yac 3aliMac MiTBeeHHS
ronoBok. Came Le# yac BU3HAYae 3arajibHUi 4ac BUKOHaHHS ornepallil. CANHNIM JOCTYITHAM
MpHIOMOM ONTHMI3aLlii AOCTYNY IO MaTHITHHX JNCKIB € IkoMoTa «OivKye» po3TallyBaHHA
daiina Ha HakomMyyBaui 61I0KIB, L0 MOCTIOBHO aApeCYIOThCA. AJie i B bOMY BHNAAKY pyX
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ronoBok Gysie MiHiMi30BaHHM TilbKH Yy TOMY BHNaIKy, koy (aiisl unTacTecs abo numeTses
B nocnifoBHOMy pexknmi. Came 3 Takumu daiinamu npu notpedi COpTyBaHHS NPaLIOOTh
cyuacti CYB/I.

3a3HauMMo, IO HACTIpaBAi IBUAKICTH BAKOHAHHA 30BHILIHBOTO COPTYBaHHS 3aJIOKAThH
Bin posmipy 6ydepa (aGo Gydepis) ocHOBHOI TaM’ATi, 1ka MoXke GyTH BHKOPHCTaHa JUIS UUX
uinel.

9.2.1. lpsime 3numms

[TpunycTuMo, Mo € MOcNigoBHUI (aim A, WO CKIAZAETLCA i3 3aMHCIB
al, a2, ..., an (3HOBY JYIst IPOCTOTH MPHITYCTHMO, IO M € CTYTICHEM 1ucna 2). Beakatumemo,
IO KOXKEH 3alTHC CKIIAJAETLCA JIMLIE 3 OMHOrO ENEMEHTY, IO € KIodeM copTyBaHHA. JIns
COpPTYBaHHSI BAKODHCTOBYFOTECA /182 fonomMbkHi haitmu B i C (posmip koxkworo 3 Hux Gyne n/2).

CopTyBaHHs CKIAfa€ThCH 3 MOCIIAOBHOCTI KPOKiB, B KOKHOMY 3 AKHX BHKOHYETHCA
posniofiin crany daitny A y daiinu B i C, a notim 3nutTa daiinis B i C'y daiin A. (ITomitumo,
10 TpoLeypa 3THTTA [UTs (aiiniiB MoBHicTIO imocTpyeTses pucynkom 9.20.) Ha niepiuomy
KPpOLIi JUTs PO3NOUTY NMOCTIAOBHO YHTAEThCA (aiin 4, i sanucu al, a3, ..., a(n-1) nuuryTeca y
daiin B, a sanvcu a2, a4, ..., an —y daiin C (nouarkoBuii posnoain). [ouatkose 3muTTA
spilicHioeTbea Hax napamu (al, a2), (a3, ad), ..., (a(n-1), an), i pe3ynsTaT 3aMUCYETHCA Y
daiin 4. Ha apyromy xpoui 3HOBy nociiJIoBHO YHTaeThes (aiin 4, iy daiin B sanucyiorscs
NOCITIOBHI NMapy 3 HeNapHUMHK HoMepaMu, a Y haiin C — 3 napaumMH. [Tpr 3nuTTi yTBOpIOIOTRCSH
i nuuIyThea y Qaiin 4 snopaaxosaHi uerBipkyu 3anucis. | Tak gani. Tepen BrkoHaHHAM
OCTaHHBOTO KPOKY (aiil A MicTHTHME IBi BNOPAAKOBAHI MIAMOCTIZOBHOCTI po3Mipom n/2
kokHa. [py posmoaini nepwa 3 uux norpanuts y daiin B, a npyra—y datin C. TNicna smurrs
Gdaiin 4 MiCTHTHME MOBHICTIO BNOPAAKOBAHY MOCNIAOBHICTL 3amucis. Y Tabanui 9.10
Noka3aHWii NPUKJIAJ 30BHILIHBOTO COPTYBAHHA MPOCTHM 3NTUTTAM. 3a3navynMmo, Mo s
BUKOHANHS 30BHIITHLOTO COPTYBAaHHS METOIOM MPSMOro 3JIUTTH B OCHOBHIN Tam’ATi
BUMATracThCA PO3TAILYBATH BCHOTO /IBi 3MiHHI — JUTA PO3MILIIEHHA YEPTOBMX 3aMHCiB 3 (aiinis
BiC.

Tabnuusa 9.10. lNpuknad 308HIWHLO20 COPMYBAHHS NPAMUM 3JTUMMSAM.
823565443316

TTouatkoBwuii cTaH daiina A
[Mepumii kpok

Posnoxain

@aiin B g5 441

®aiin C 23 6533 6

3nutra: daiin A 8 23565334416
Jpyruit kpok

Posnoxin

®aiin B 82333 44

Gaitn C 5651 6

3nuTra: daitn A 58 2365163344

Tperiii kpok

Posnoxin .
daiin B 582365
®daitn C 163344

1568233344 65

3nuTTa: daiin A
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9.2.2. [lpupodHe snumms

TIpu BUKOpHCTaHHI METOIY MPAMOTO 3MUTTA He 6epeTbes JI0 yBaru Te, Mo MOYaTKOBHIt
(aiin Moxe 6yTH YaCTKOBO BiICOPTOBaHHM, TOOTO MiCTHTH BNOPSAKOBAHI MiAMOCHiNOBHOCTI
3anuciB. Cepicio Ha3WBAETBCA NIATOCITIIOBHICTD 3anmiciB ai, a(i+1), ..., aj Taka, mo ak <=
a(k+1) ona seix i <= k <j, ai < a(i-1) i a/>a(j+1). MeTon npupoaHOro 3NATTA IPYHTYETHCS
Ha pO3ITi3HaBaHHi cepili TPH po3NOiNi | iX BHKOPHCTAHHI NTPH NOAANBIIOMY 3JTHTTI.

Sk i y pa3i npaMoro 3UTT, COPTYBaHHA BUKOHYETBCS 33 IEKIJIbKA KPOKIB, B KOXKHOMY 3
AKHX CIOYaTKy BUKOHYETHCS po3rnonii daiina 4 no daiinam B i C, anorimamutta BiCy
daiin A. INMpwu posnonini po3ni3HAETbCA MepuIa cepist 3anmuiciB i riepenucyeTbes y (aiin B,
apyra —y daitn C i T.in. Tlpyn 3auTTi nepwa cepis 3anucis daimy B 3nMBaeThCA 3 NEPILIOIO
cepiero daitny C, apyra cepis B 3 npyroto cepieto C i T.in. SIkuo nepernan oaxoro aiiny
3aKiHUYETHCA paHille, HiX Nepersl iHWoro (BHACHINOK Pi3HOT KIMBKOCTI Cepiii), TO 3a/TMIIOK
He JI0 KiHUs nepernsiHyroro ¢aiina noBHicTIo KomniroeThesa B KiHeupb (aiina 4. Tlpouec
3aBEPIIYETHCA, KOMH Y Daiiti A 3anHLIAEThCA TiNbKH ofHa cepist. [Tprkian coprysanns daiina
nokasaHwii Ha puc. 9.22 i puc. 9.23.

[B1237 5 [65[34[33[ 116

23441 [ 6 | 65[33] T [ 1T | |

518 [23[44]65] 1 [ 6 | 33]
Puc. 9.22. 3osHiwHe npsime copmysaHHs anummsam. Nepwul KPoK.

765 [T [ 613

[FT8T28
5 | 8 |23 44I65/ L1 e f33] T T 1T [ |

1 1 5|6 | 8 23]|33f44]65

Puc. 9.23. 308HiWHe npsme copmysaHHs anummsam. Lpyaull KpoK.

OueBHAHO, WO KUTBKICTh 3UUTYBaHb/Nepe3anycis (aiiis MpH BUKOPUCTAaHHI L{bOTro METOY
Oyne He GinbLua, HiXk TPH 3aCTOCYBaHHI METOLY TIPAMOTO 3MUTTS, 8 B CEPEAHBOMY — MEHIIA.
3 mpyroro Goky, 36UTBIIYETbCH KiILKICTh MOPIBHAHbL 3a paxyHOK THX, fKi NMoTpibHi ans
po3ni3HaBaHHSA KiHLiB cepiii. KpiM Toro, ockinbky qoBx1Ha cepiii Moxke 6yTH IOBITBHOIO, TO
MaKkcHManbHuit po3mip daitnis B i C moxe 6yTv 6nusskuit 1o po3mipy daiina A4.

9.2.3. 36anaHcoesaHe bazamouwisnisixoge 3ummsi
B ocHOBi MeTOMY 30BHIIIHBOTO COPTYBaHHs 30a/laHCOBaHNM GaraToLNITXOBUM 3ITUTTAM
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€ posmoain cepiii mowyaTkoBoro daiiny nmo m ponomixkuwx ¢aiinis Bl,
B2, ..., Bm i ix 3nuTta B m gonomixxaux ¢aiinis C1, C2, ..., Cm. Ha HacTymHOMY Kpoui
3ificHIoEThCA 3nuTTa (paitnis C1, C2, ..., Cmy daiinu B1, B2, ..., BmiT.in., moku B B1 a6o
C1 He YTBOpPIOETHCA OJHA CEpifl.

Bararounsxose 3 IMTTA € MIPHPOIHHM PO3BHTKOM i€ 3BUHOrO (ABOULTIXOBOTO) 3JTATTH,
imocTpoBaHoro puc. 9.23. [Tpuiiag TpHWAAXOBOTO 3AMTTA NMoka3aHwit Ha puc. 9.24.

Ha puc. 9.25 nokxasannii NpocTHit MpukUIajl 3aCTOCYBAHHS COPTYBaHHA 6araro LIITXOBUM
(6araTodazHum) 3UTTAM.

¥ ¥
37517 14] [6]8]33]55] 28 | 30 [ 35 | 40

BT T I T TT T T 1T 1T T 1
¥ ¥
31517 144] [6]8]33]55] 28 [ 30 [ 35 [ 40
BTIsT I T T T T T T 1T T 1
¥ ¥ v CAERET
(3757 144] [6]8]33]55]) 28 ] 30 | 35 | 40
[3]51]6 1 T 1T 1T 1T 11
(31757 ]44] [6[8]33[55] [28]30]35]40]

w

[sief7z] [ T T | 1 1]

| ¥ ¥ T
31517 4] [B[8]33[55] 28 | 30 | 35 | 40

(sisfetzfs8f T [ [ T T T ]

37517 7J44] [6[]8[33]55] [28]30]35([40]
(3 f15[617f8f28] | | | | | |
[3]5 17 [44] |6 |8 [33]s55] [28[]30]35])40]
(31616 f7181f28[3f | | [ [ 1]

v ¥
[3T5T777T4] [6[8[33]55] 28[30[35 [ 40
{3 {5167 ]8]28f[3f33] | | | ]

Puc. 9.24. a) Tpuwnsaxose anumms. Noyamox.
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v v v
[3]5]7TJ44a] [6]8T]33][55] [28 ] 30|35 |40]

[3]5]6 7 [ 8]28[303[36] [ [ ]

357 [44] [e6[8[33[55] [28]30][35]40]

[3]5]6 7 8[28[]30]3(3[40] | |

v v ¥
[3T5T7J44] [6]8]33[55] |28]30]35]40]

[3T]5]6]718J28]30]33]35[40[44] |

B
[3]5T7T44] [6]8T]33]55] [28[30]35]40]

35 [6] 71 8]28]30]33][35][40}44]55
Puc. 9.24. 6) Tpuwnsxose 3numms. 3aKiHYEHHA.

LA] [8]23]5]65/44[38]1 |6 ]

[B1] [1 [ 5]6] 8 23][33]44]65

Puc. 9.25. bazamogbasHe anumms.

BiH, 3a3BHuaif, xyxe TpUBIaNbHU#A, 06 MPOXEMOHCTPYBaTH JEKiTbKa KPOKIB BHKOHaAHHS
aNTopUTMY, NPOTe AOCTATHIH AK UTIOCTpauia 3aransHol iael Metony. Sk nokasye ueit npuknan,
y Mipy 36inblIIeHHS IOBXHHH cepiif ZonoMixkHi $aiin 3 BeNMKHUMH HoMepaMH (TTOYHHAKOUM 3
HOMEpa 1) MEPECTalOTh BUKOPHCTOBYBATHCA, OCKUIBKM iM «HE NICTAETHCH JKOAHOI cepil.
[lepesaroio copryBanHa 36anaHcoBaHuM 6araToda3sHHUM 3IUTTAM € Te, IO KUTBKICTH
MPOXOIKEHD ANTOPUTMY OUiHIoeThCs Ak @ (log 7) (n — KiABKICTH 3aMHKCIB y MOYATKOBOMY
datini), ne norapudm Geperhea no n. Tlopsaok KinekocTi komiloBane 3anwucie — (log n).
3a3BHuai, KiTBKICTh NOPIBHAHE He Gyne MEHIUO0, Hisk NPH 3aCTOCYBaHHI METORY MPOCTOro
3NUTTA.
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9.2.4. bazamocgbasHe copmyeaHHsI

[Tpw BUKOpPHCTaHHI PO3MISHYTOrO BHUIE METOTY 36a/TaHCOBAHOTO 6araToIUITXORBOTO 30B-
HIUTHBOTO COPTYBaHHS Ha KOKHOMY KPOL{i MPHOIH3HO MOTOBMHA IOMOMDKHUX (aiiniB BHKOpHC-
TOBYETHCS [T BBEICHHS AaHUWX i TPHOIN3HO CTINIbKHM XK U1 BUBEIEHHS 3THTHX cepiil. [nes
6aratoa3zHoro COpTyBaHHA [TOJIArac y ToMy, IO 3 HA¥BHUX M JOMOMDKHHX (aiiis (m-1)
(aiin CIyKUTH 171 BBEAEHHS 3JTUTHX ITOCITIIOBHOCTEH, a O[IMH — JUIsl BUBEJICHHS Y TBOPIOBAaHHX
cepiii. Sk TiTbku otvH 3 aiisiiB BBEIEHHS CTA€E OPOXHIM, HOTO MOYHHAIOTE BUKOPHUCTOBYBAaTH
O BUBEAEHHS Cepill, ONep KyBaHUX MPH 3MUTTi cepifi HoBoro Habopy (m-1) daiinie. Omke, €
MepiInii KPOK, MpH AKOMY Cepii IIo1aTKoBOro (aiisy po3noauIAIOTHCS 110 m-1 NONoMbKHOMY
(aitny, a NOTiM BUKOHYETbCS 6araToOLIIAXOBE 3TUTTA cepii 3 (in-1) daiiny, MOKH B oiHOMY 3
HWX He YTBOPIOETLCA OIIHA Cepis.

OueBHHO, 1110 TPH JOBIJILHOMY MTOYaTKOBOMY PO3TOALTI Cepiii o JOMOMbKHUM daiiiam
aJITOPHTM MOXe He 3IHTHCSA, OCKUTBKH B €AHHOMY HEMOPOXKHBOMY (aiiti icHyBaTiMe Ginbie,
Hix ofiHa cepis. [TpumycTHMo, HanpHKIa, WO BUKOPHCTOBYEThCA TpH daiim Bl, B2 i B3, i
TIpM TIOYaTKOBOMY po3nofini y daiin Bl smiuleri 10 cepiif, a y daiin B2 — 6. ITpu 3nutTi Bl i
B2 10 MOMEHTY, KOTM MM J1ifi1eMo JI0 Kinua B2, 8 Bl 3anumatscs 4 cepii, a y B3 norpannats
6 cepiit. INponosxureca 3nuTtra Bl i B3, i npy 3aBepuiennHi nepernagy Bl y B2 micTHTMMYyThCA
4 cepii, a y B3 sanuuatbes 2 cepii. TTicns 3nutta B2 i B3 B koxkHoMY i3 daiinis Bl i B2 mic-
THTHMETBCA 1O 2 cepi, fka 3NUTHMETRCA | YTBOPIOIOTE 2 cepii B B3 npw Tomy, mo B1 i B2 —
nopoxHi. OTxe, anropuTM He 3ilimosces (Tabauus 9.11).

'Ta6nuuﬂ 9.11. Npuknad noyamkosozo po3nodiny cepill, npu sskoMy mpudghasHe
308HIWHE CcOpmMyeaHHA He npueodums 00 mpebazo pesynsmamy.

K-ctb cepiit y daiini Bl | K-ctb cepili y daiini B2 K-cTb cepiii y daiini B3

10 6 0
4 0 6
0 4 2
2 2 0
0 0 2

OckiNlbKK KUTBKICTE cepili y nouaTkoBoMy Gaiinii Moxe He 3abe3nedyBaTH MOXKIMBICTD
TAKOTO PO3MOAINY cepiif, 3acTOCOBY€EThC METOA JOAABaHHSA MOPOXHIX cepiif, Axi Hagasi
KOMOTa PiBHOMIpHillle pO3NOAUTAIOTECA MK MPOMiXKHUMH dainaMu i nisHaloThCA TPH
MONANBLIOMY 3TUTTI. 3p03yMLiNo, WO UM MEHLIE TAKUX MOPOXKHIX cepiit, To6To yuM Grkya
KUTBKICTE MOYaTKOBUX cepiif 3a BuMoramu QiGoHauyi, THM edeKTHBHILLIE NPALIOE ANTOPHTM.

Pe3siome
1. Po3piznsioms copmysanus MAacugie 3anucie, po3mauosanux 6 OCHOGHIU nam 'ami
(6nympiwmne copmyeanns), i copmysanns paiinie, wjo 36epizaromovcs 8 308HIMHIT naM -
mi i He 6MIWYIOMbCA NOBHICMIO 8 OCHOBHIU nam 'ami (30eniwne copmysanns). [na enym-
Ditunb020 i 308HIUHBO20 COPMYBAHHA nOMPIiOKI icmomHo pi3Hi Memoou.
2.Memooamu enympiunb020 copmy8anus €: Memoo npocmozo 8KNIOYEHHS, Memoo
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Llenna, copmysanus eubopom, copmyeannsa noointom, memood Xoapa, copmysanus
O0epesom, copmysaHus nipamiooio, nopo3paodHe COPMYEaHHA, COPMYBAHHA NPUPOOHUM
Inummam.

3.[o z06nimnix memodie copmysanns GIOHOCAMb. npame 3AUMmMSA, 36anancosare

bazamownsixoee 3numms, bazamogazne 3numma.

KormpornbHi 3anumaHHs
1. MMosicHims ocobnugsocmi 8HympilHiX ma 308HIWHIX Memodie copmyeaHHs.
2. Haszgimb MemoOu eHympiWHL020 COpMy8aHHS
3. Haseimb Memodu 308HIWHBL020 COPMYy8aHHsI.
4. BusHaume anzopummiyHy cknadHicmes copmyeaHHsi Memodom Xoapa.
5. BusHaume anzopummiyry cknadiHcms ripamidarnsHo20 copmyeaHHs.

Tecmu Ons 3akpinneHHs1 Mamepiany
1. Hazeamu criadoei wacmuHu anzopummie copmyeaHHs
a) NopisHAHHA, WO 8U3Ha4Yae ernopsidKoeaHicms napu eneMeHmis;
6) nepecmaHo8Ka, WO 3MIHIOE MICUAMU napu enemMeHmis;
8) nowyk, sikuil cmasums Halbinbwuli enemeHm Ha rno4amox;
2) enacHe anzopumm copmyeaHHs, Wo 30ilCHIOE MNOPIGHAHHS | NepecmaHoeKy

enemeHmis domu, MoKu 6ci e1eMeHmMuU MHOXUHU He 6yOymsb enopsidkoeaHi,
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2. Mepepaxylime Mmemodu eHympiwHL020 copmyeaHHs
a) 8KINOYEHHSIM;

6) Lenna;

8) ObMiHHe;

2) npupodHe anumms;

@) bazamocgbasHe anummsi;

e) nipamidansHe;

€) subopom;,

Xx) nodinom;

3) copmyeaHHs depeaom.

3. lNepepaxyiime memodu 308HiUIHLO20 COpMyE8aHHA
a) 8KIMOYEHHAM,

6) Lenna;

8) 0bMiHHE;

2) npupodHe 3numms;

0) 6bazamogbasHe anumms;

e) nipamidansHe;

€) subopom;

X) nodinom,

3) copmysaHHA 0epegoM.

PO3TIT 9. Anzopummu copmyeaHHA

4. 3a hparmeHmom npozpaMu eu3Hayme Memoad copmyeaHHs
for (i=1,i<=n-1;i++)
for(j=i+1;<=n;j++)

if( afi}<alj])

{
b=al[i];
afil=alj];
a[j]=b;

}

a) bynsbawku;
6) eKnoYeHHs,
8) LLlenna;

2) nodiny.

5. 3a ¢hparmeHmom npoz2pamMu eusHayme Memod copmyeaHHs
for (i=1,i<=n;i++)
for(j=i;<=n-1;j++)
if( afi]<a(i+1])

{
b=ali};
afil=a[i+1];
afi+1]=b;

}

a) bynsbatwku;
6) eKknoHeHHS,
e) LLlenna;

) nodiny.

6. 3a pparmeHmom npozpamu susHaqyme ii NPU3HaYEHHS
Type tree=Atr;
tr=record
k:integer;s:string; | r:itree; end,
function mmm(k:integer;var d,res:tree):boolean;
varp,q.tree; b:boolean;
begin b:=false; p:=d;
if d<>nil then repeat q:=p; if p*.k=k then b:=true
else begin q:=p; if k<p?.k then p:=p”.| else p:=p*.r
end

until b or (p=nil); mmm:=b; res:=q;end;
a) sudaneHHn erieMeHma 3 CriucKy;
6) sudarneHHs enemeHma e depesi;
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PO3JOINT 9. Anzopummu copmyeanns

184

8) NowyK efiemMeHma 8 Crucky;
2) nowyk enemeHma e 0epesi.

7. 3a ¢pparmenmom rnpozpamMu eusHadme Memoo copmyeaHHsI:

for(i=0;i<n;i++)
if(i<(int)n/2)
atli]=ali];
else
a2[i-(int)n/2)=alil;
for(i=0;i<(int)n/2;i++)
for(j=0;j<(int)n/2-1;j++)
if(a1[jl<a1[j+1])
{
tmp=a1[j}; a1[j]=a1[j+1]; a1[j+1}=tmp;

}
for(i=0;i<(int)n/2+n%2;i++)
for(j=0;j<(int)n/2+n%2-1;j++)

if(a2{jl<a2[j+1])
{
tmp=a2[j]; a2[j]=az2[j+1); a2[j+1}=tmp;
}
i=0;
while(i<n)
{
if ((k==(int)n/2)&&(I!=t))
{ a[i]=a2[l]; i++;I++;continue; }
if ((kK!=(int)n/2)&&(I==t))
{a[il=a1[k]; i++;k++;continue; }
if(@2[lj<a1[k])
{ ali=a1[k]; i++;k++;continue; }
if(a1{k]<a2[l])
{ a[i]=a2[l]; i++;1++; continue; }
if(a2[l]==a1[k])
{ ali]=a1lk]; i++;k++; a[i]=a2{l]; i++; I++; continue; }
}
a) biHapHull,
6) exknioyeHHs;
8) WWenna;
2) nipamidansHudl.

8. 3a pparmeHmom npoepamu eusHayme mMemod copmyeaHHs:

while (j<znach-1)
{
for (i=0;i<znach-1;i++)
if (stremp(mas[i],mas[i+1])>0)

{
pidmin=masli];
masli]=masii+1];
masf{i+1]=pidmin;
}
j++;
}
a) biHapHul;
6) 8KITIOYEHHS;
8) LWenna;
2) nodiny.

9. 3a pparmenmom npoepamu euzHayme Memod copmyeaHHs:
for (i=0; i<rowArr; i++)
k[i]=0;
for (i=0; i<rowArr-1; i++)
{

for (j=i+1; j<rowArr; j++)

if (ar_s[i]<ar_s[j])

K[i]++;
}
else k[j}++;
}

}

for (i=0; i<rowArr; i++)
ar_s1[k[i]]=ar_sli];

for (i=0; i<rowAurr; i++)
ar_sli]=ar_s1[i];

a) 6KIMIOYEHHS;

6) LLlenna;

8) nodiny;

2) niGpaxyHky.
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KAIIBHI AJITOPUTMHU

& Ilonammsa xcadibnozo anzopummy.
¢ Ipunyunu rcadibnozo anzopummy.
¢ Biominnicmb midc OUHAMINHUM NPOZPAMYBAHHAM | HCAQIOHUM aANZOPUMMOM.

VY po3nini po3rnAHYTO NMPHHUMIIOBO HOBWI BHJ aNropuTMiB — xamiGHui, Axmii
3aCTOCOBYETHCH PO3B’A3yBaHHA 1A 6araThoX eBPUCTHYHHMX 3ajau.

10.1. TIOHATTA KAAIBHOI'O AJITOPUTMY

#* JKadionuii anzopumm — memod onmumizayii 3a0a4, 3acHO8aAnUI HA MOMY,
10 npoyec yX8aneHHA PileHHs MOXNCHA pOo3OUmu Ha eneMeHmMApHi KpoKu, HA
KOJICHOMY 3 AKUX NPUUMAEMbCS OKpeme piuleHn.
PiwenHs, ke NpUHAMAETLCA Ha KOXHOMY Kpoli, Mae OyTH ONTUMAaNBHUM TiTbKH Ha
TIOTOYHOMY KpoLli i npuiimaTvca 6e3 ypaXyBaHHS norepeaHix abo rMofaibImNX pillieHb.
O3Haku ToTO, 110 3aJauy MOXKHA PO3B’A3aTH 3a JOIOMOFO0 XKaJiGHOro alropuTMy:
1) 3agawy MoxkHa po36UTH Ha nig3ajgaui;
2) BeJITMYMHH, O PO3INAAAIOTHCS B 3a7a4i, MOXkHA APoOHTH Tak camo, AK i 3ajady, Ha
eNTeMeHTapHiLi;
3) cyma onTHMaNbHUX pillleHb QA ABOX MiA3ajay JacTb ONTHMANBHE PilIeHHS Ans
Beiel 3aavi.
[Mpuknapn sxafiGHOro anropuTmy:
k=1,
v[k]:=1;
kol_ver[1]:=kol_ver[1}+1,
s:=0;
while (k<n) do
begin
min:=maxint;
fori:=1to kdo
forj:=1tondo
if a[vi],j]<min then

begin
min:=a[v[il,jl;
vi:=v[i];
vj: =),

end,
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f:=true;
fori:=1to kdo
if vi=v[i] then
f:=false;
if f then
begin
k:=k+1;
vik]:=vj;
kol_ver{[vj]:=kol_ver[vj]+1;
kol_ver{vi]:=kol_ver]vi]+1;
s:=s+a|vi,vj};
writeln(v[k],' ‘,vi," ,vj);
readin;
end;
a[vi,vj]:=maxint;
a[vj,vi]:=maxint;

end;

3arajioM HEMOXJIMBO CKa3aTH, YH MOXKHA OTPHUMATH ONITHMAJTbHE PillIeHHS 32 I0TIOMOT 00
KaJiGHOTO aNTOPHTMY CTOCOBHO KOHKPETHOTO 3aBAaHH. A€ € 1Bi 0CODIMBOCTI, XapaKTepHi
115 3aB/IaHb, SKi BHPILYIOTLCS 32 JOMOMOTOIO JKaTiGHUX anropuTMiB: TIPHHLIHAN XafiGHOro
BHOOpY i BIIACTHBICTH ONITUMANILHOCTI /14 Nig3agay.

T'oBOpATS, 110 710 32B/IaHHS ONTUMI3aLliT 3aCTOCYEMO MPUHLIWIT XK axiGHoro BHGOpY, AKLIO
TOC/TIIOBHICTD JIOKA/IBHO ONMTUMAJIbHUX BHOOPIB Jae moGanbHO onTHMalbHe piltieHAs. Y
LIbOMY MOJIATAE TOJIOBHA BiIMIHHICTb aiOHHX aNTOPUTMIB Bill IMHAMIYHOTO nporpamyBaHHsl
y JIpYTOMy NPOpPaxoBYIOTLCA Bilpa3y HAcIli/IKK BCiX BapiaHTIB.

{06 nosectH, wo xanibHu# anroput™ nae onTumym, TpeGa crnpofyBaTH BUKOHATH
JOBEJICHHS, SIKe AHANOTIMHE 10 JI0BEIEHHs allfopUTMY 3aiadi rpo BuGip 3asBok. Criouarky
MU 110Ka3yeMO, 0 »aibHn# BUGip Ha nepLuoMy Kpolli He 3aKpHBaE ULIAX JI0 ONTHMANIBHOTO
po3B’A3anHA: 115 Oyb-KOro po3B’A3KY € iHIM# BapiaHT, y3romkeHuil 3 xaaibGHHM BUGOpoM
i He ripmnit Bia nepuioro. IoTiM MK rokasyemo, Wo po3s’ 130K, AKUH BUHHK 1TiCIIs KagiGHOro
BHOOpY Ha NepIIOMY KPOL, aHANOTIYHKI 10 MouaTkoBoro. 3a iHAYKIUICIO BUTIKATHME, 1O
Taka Moc/iA0BHICTh XKaAIOHMX BUOOPIB 1ac ONTHMAaALHUH PO3B’A30K.

OnTumanbHicTh Qa8 mig3agau

Ll BNacTHBICTb FOBOPHTH TPO Te, 1110 ONTHMAIIbHHI PO3B’A30K BCi€T 3aaui MiCTHTB y
cobi onTumaneHi po3s’s3ku nmixgzanad. Hanpukiaa, y 3agaui npo BuGip 3asBok MOXHa
TIOMITHTH, WO, AKIO A — onTHMaNnbLHKUH Habip 3asBOK, L0 MICTUTL 3asBKy HoMep 1, To Al =
A\ {1} — onTumanbHWii Habip 3agBOK A/ MEHILIOT MHOSKUHU 3aBOK S, L0 CKJ1aaeThed 3
THX 3asBOK, V151 AKUX si e f1.

OnTrmaneHe po3B’a3yBaHHA OyoyeThcs NMOKpokoBo. Ha koKHOMY Kpoli wacTkose
pO3B’A3yBaHHSA JIOMOBHIOETECA HOBUM EIEMEHTOM, kWi 0OMpaeThes 3 AOMYCTHMON
nigMHoXuHN. JIng Uboro HeoOXiHI TPH NpoLeAypH: Npouexypa BuGOpy KaHauaaTa mis
PO3IIMPEHHS HaCTKOBOTO PO3B’A3KY, MPOLIETYPa BU3HAYEHHS JOMYCTHMOCTI LIbOTO KAHAW[aTa,
NpoLElyPa BU3HAUECHHS, UM € LeH PO3LMPEHHIt YaCTKOBHIT PO3B’I30K MOBHUM PO3B’I3KOM
3ajadi.
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10.2. BHIMIHHICTb M)XK JUHAMITHUM TPOTPAMYBAHHSIM I
KAIAIGHUM AJIT'OPUTMOM

BiaminHicTE Mixk JUHAMIYHMM MpOrpamMyBaHHAM i >kaJiOHHUM aJropuTMOM MOXHA
NIPOINIOCTPYBATH HA MPUKNIALi 3aBJaHHS PO PIOK3aK, a TOHIlIe, Ha HOro JUCKPETHOMY i
HeriepepsHoMy hopMy:roBanHi. [fani MM MOKa)eMo, IO HETIEPEPBHE 3aBAaHHA BUPILTYETECA
*aqiGHUM METOIOM, AMCKpPETHE K BUMArae TOHUION0, AMHAMIYHILIOro pillieHH.

JducxperHe 3aBIaHHs Npo proK3ak. 3nofiif 3ami3 Ha ckiall, Ha skoMy 36epiraeTecs
n pedeii. KoxxHa piv KoLITye vi JoNnapis i BaXXuTs Wi KiTorpaMiB. 3ok xoue MOHECTH TOBapy
Ha MaKCUMAaJIbHY CyMy, TIPOTE BiH He MOXKe MigHATH Ginbwr W kinorpamis (BCi umcna wimi).
o BiH MOXke MOKIACTH B PIOK3aK?

HenepepBhe 3aBIanHs 0po proxsak. Tenep 3noxiit ymie ApoGUTH TOBapH i yKiagaTH
B PIOK3aK Ti/IbKH X YacTky, a He 06OB’A3K0BO Lile. 3a3BH4ail B AMCKPETHOMY 3aBJIaHHi mle
MOBa TIPO 30/I0Ti 3UTKH Pi3HOT TPobw, a B HenepepBHOMY — npo 30JIOTHH TICOK.

10.3. MPUKJIAJIN XANIBHUX AJITOPUTMIB
10.3.1. Aneopumm Kpackana

ArnroputM Kpackana 3HaxofuTh KOHTYPHHIA JTic MIHIMATEHOT Barn y 3ajiaHoMy rpadi.

CrioyaTky onpalboBaHa MHOXHHa peGep BCTAHOBIOETECS NOpoXkAKOIO. TloTiM, Hoku
11e MOXKJTHBO, BHKOHYEThCA Taka ornepallis: 3i BCix pebep, AoqaBaHHA AKUX IO BKE HAABHOI
MHOXHHH HE BMK/IMYE NMOABY B HBOMY LUKy, BUOHpaeThea pedpo MiHIManbHO! Bary i
JIOJIA€THCA IO MHOXKUHW onpalboBaHuX pebep. Konu taxux pebep Ginblue HeMae, anropuTm
zasepiuenuii. [Tigrpag rpady, wo MicTuTs yci Horo BepuIMHY i 3HalIeHY MHOXHHY pebep, €
floro KOHTYpHHM JlicoM MiHIManbHOi Bary.

Jlo nouarky po6oTH anroputMy HeobxiaHO BifcopTyBaTH pebpa 3a Barolo, Le BUMarac

O (E log(E)) uacy. ITicna uporo KOMMOHEHTH 3B’ S3HOCTi 3pyyuHO 30epiraTy y BUIIIALI CHCTEMH
HerepeciuHoi MHOXXHWHH. Bci onepatlii y TakoMy pa3i TpusatumyTs (E (E, V).

10.3.2. Anzopumm lLleHHOHa-®aHoO

Anroputm LUenHona-Mano — olMH 3 TIEPIIVX aNTOPHTMIB CTHCKaHHA, SKHH Briepie
cdopmymoBanu amepukancski BueHi LLlenHoH | @aHo. ANTopuTM BUKOPHCTOBYE KON 3MIHHOT
JOBXVHH: CHMBOJ, L0 YacTO 3YCTPIYa€ThCsA, MOIHAYAETHCA KOAOM MEHIIO! JOBKWHH, a
CHMBON, WO piaKo 3ycTpiuaeTbes — koaoM Oinbwoi posxunu. Koau [lenHona-®ano
npedikcHi, To6To, Hislke KofoBE CNOBO He € npedikcom Gynb-akoro inmoro. La snacTusicTs
AO3BOJISIE OTHO3HAYHO JICKORYBaTH GyIb-AKy MOCIiNOBHICTb KOJOBHX CJIiB.

Anaropatm ob6uncienns koais llennona-Pano

Koa Ulennona-®ano 6ynyerscs 3a monomoroio aepera. ITobynosa usoro aepesa
TIOYHHAETHLCA 3 KOpeHs. Bcd MHOXKHHA KOJOBAHHMX €IIEMEHTIB BilNIOBIAa€ KOPEHIO Jiepena
(BepumHi nepuoro pieHs). BoHa po36ueaeTbes Ha ABI MIAMHOKHAH 3 TPUOGTM3HO OTHAKOBUMH
cyMapHmm AimoBipHocTAMH. Lli MiAMHOXHHM BiINOBIAOTH JBOM BEPIIMHAM JPYTOro PiBHA,
Ki 3’ €QHYIOTECA 3 KopeHeM. Jlani koxHa 3 LUK MiAMHOXKHH Po30HBAETHCS HA 1B TTIAMAMKAHK
3 MPHOTI3HO OIHAKOBOIO CYMAPHOIO iMOBIpHiCTIO. [M BiIOBiNAIOTE BepLUMHHM TPETHOIO PiBHS.
AKIIo MiAMHOXWHA MICTHTE €AMHWHN eNEMEHT, TO oMy BiTIOBiqaE KiHleBa BEPLUIHHA KOJOBOTO
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JlepeBa; Taka MiIAMHOXHWHA po36UTTIO He miandrae. Tak caMo YHHHMO NOTH, TIOKH He
OTPUMAEMO BCi kiHLeBi BepumHH. T'ink® komoBoro mepesa no3HauaeMo cumBonamu | 1 0.
Ipn nobynosi xoxy IllenHona-daHo po36GHTTA MHOXHHY €IEMEHTIB MOXe OYTH BUKOHaHe
Jekinskoma criocobamu. BuGip po3buTTsa Ha piBHI n MOXKe MOTIPIINUTH BapiaHTH po36HTTI Ha
HacTylTHOMY piBHi (n+1) i npuBecTH 00 ToOriplleHHs KOy 3arajoM. JHIIAMH cloBaMH,
onTHMalbHa MOBEAiHKA Ha& KOXKHOMY KPOLi WIMAXy LIe HE I'apPaHTYE OMTHMALHOCTI Beiel
cykynrocti gifi. Tomy kon lenHona-@ano He € OMTUMATBHUM Y 3aralTkHOMY CEHCI, XOU i
Jac ONITUMAasIbHI Pe3Y/IETATH NpH JIeSKHUX posrnofinax #imMoBipHocTi. s omHoro i Toro x
po3mnoAiny HMOBIPHOCTI MOXKHa o0y MyBaTH, B3arati kaxy w, JeKiTeka koais [llennona-PaHo,
i BCi BOHH MOXYTb JaTH Pi3Hi pe3ysbTaTH.

Slkwo nobynysath Bci MoxuBi koau lllenHoHa-MaHO AN 3aAaHOTO POIMOIINY
AMORIpHOCTI, TO cepe HHX OyayThb i BCi ONTHMAINBHI KO,

10.3.3. Anzopumm XaghmaHa

Anroprm Xadmana (anrn. Huffman) — afanTusrui xaaiGHMI anropuT™ OTAMaITbHOTO
npedikcHOro kKoAyBaHHA anaBiTy 3 MiHIMATBbHOIO HaaMipHicTio. ByB pospoGnenwmii 1952
poky joktopoM Maccadycerchkoro TexHonoriqHoro iHcTutyty llesinom Xa¢dmanom. Ha
CbLOTOZIHI BUKOPHCTOBYETHCA B GaraTboX MporpaMax CTHCKaHHA AaHMX.

Ha siaminy Big anropurmy IllenHona-®ano, anroputm XadMmaHa 3anHIIAETHCS 3aBXKIAN
ONTHMAJTBHUM i U1 BTOPHHHKX andaBsiTis m, 3 GiNble Hik IBOMA CHMBOJIAMH.

Ileii memoo kodysanna cknadacmvca 3 080X OCHOBHUX emania:

1) nobyoosa onmumanvHozo k0006020 depeaa.

2) nobyooea eidobpagicenns K0O->CuME0R HA OCHOGI No6ydoeanozo depesa.

Anropat™m

1.Bu3navaeTbcs HMOBIPHICTL MOSBH CHMBOITIB I‘leBHHHOI‘O andaeity B No4aTKOBOMY
TEKCTi (AKILO BOHM He 3a/laHi 3a37aNeriap).

2.CuMBonu niepeHHHOTO andasiTy /m1 BUMUCYIOTH y MOPAAKY 3MEHIICHHS HMOBIPHOCTI,

3.0cranni n, cuMBoNiB 06’€AHYIOTE Y HOBHH CHMBOJI, HMOBIpPHICTh SIKOTO JOpIiBHIOE
cyMapHii AIMOBIPHOCTI LIMX CHMBOJTIB, BUAANAIOTE i CHMBOJIH i BCTaBJISIOTH HOBHH CHMBOJI
Y CITHCOK OCTaHHIX Ha BINOBiHeE Miclie (3a HMOBIPHICTI0). N, BU3HAYAETLCH i3 CHCTEMH:

2<n,<m,
ny =m —a(m, -1y’

e a — UiNie YHCHI0, m, i m, — NOTYXHICTh MEPBHHHOTO | BTOPHHHOTO aNhaBiTy BiAMOBiHO.

4. OcTanni m, cuMBONIIB 3HOBY 00’ €IHYIOTH B OIWH i BCTABIAIOTH HOro Ha BilTIOBIAHY
1103ULI0, 3a37AJIETi/Ib BUAATNBIIN CHMBOJH, LLO YBIALIUTM 10 00’ AHAHHS.

5. Tlonepesniit kpok MOBTOPIOIOTE A0TH, OKK CyMa BCiX /71, CAMBOJIIB HE CTaHe PIBHOIO 1.

Lle# npouec MoxHa noaaty sk nobynosy fepesa, KOPiHb SKOro — CHMBOJ i3 HMOBIpHiCTIO
1, Axuii oTprMaHo NpH 06’€IHaHHI CHMBOJTIB 3 OCTAHHLOTO KPOKY, HOTO 71, HAINAMIKIE —
CHMBOJTH 3 TIOTIEPEAHKLOrO KPOKY i TaK Jai.

KoxHi m,, enemMenTiB, 1110 po3TalioBaHi Ha OIHOMY piBHi, HymMepyloTkes Bi 0 o m, -1.
Koau orpumytots 3i uniaxis (Big nepruoro Halaaka kopers i o nuctka). [Tpu gexogysanHi
MOKHa BUKOPHCTOBYBATH T€ 5K CaMe JIEpEeBO, NTPOYHTYETLCA 1O OAHIH IMpi | poOHTBCA KpOK
10 epeBi, JOKM HE NOCATAETLCA JINCTKA — TOMi BHBOIMTLECSA CHMBOJ, LIO CTOITh Y JIUCTKY
i BiIOyBa€eTECA MTOBEPHEHHS B KOPiHb.

189




Anzopummu i cmpykmypu 0aHux

Komysanns [lenHona-DaHo € JOCHTH CTapUM METOIOM CTHCKAHHA, i Ha CHOTOHI BOHO
He Ma€ 0COGNMBOTO MPAaKTHYHOTO 3aCTOCYBaHHS. Y GiNBIIOCTI BUTIAAKIB JOBXKHHA CTHCHEHOT
TIOCTIIOBHOCTI 3a 3aJaHHM METOJOM JIOPIBHIOE JOBXKWHI CTHCHEHOT MOCIiOBHOCTI 3
BHKOPHCTAHHSM KOAYBaHHA XadMaHa. AJie Ha esKHX MOCTiIOBHOCTAX BCE XK (GopMyroThes
HeonTMankHi kogu lennona-dano, ToMy cTuckaHHs MetogoMm XadmaHa NMPHAHATO
BBA)KaTH eDEKTHBHILLINM.
IIpuxaax peanizamii
TMpuknan peanizauii anropurmy Xadmana wa moBi C++ (3aMicTh BNOPAIKOBYBaHHS
MiJIEpEB KOXKHOFO pa3y UIyKaeMO B MACHBi IEPEBO 3 MiHIMAJIbHOIO BAror0) (TEKCT MporpaMu
B3sTO 3 Bikimenii).
Class Tree {
public Tree child0;  // Hawaaku «O» i «1»
public Tree child1;
public boolean leaf;  // o3Haka nucTKka Aepesa
public int character; // BxiaHnin cumeon
public int weight; // Bara uboro cumsony
public Tree() {}
public Tree(int character, int weight, boolean leaf)
{
this.leaf = leaf;
this.character = character,;
this.weight = weight;
}

I* Obxip aepesa 3 reHepallieto koais
1. «Posgpykysatu» nucrose gepeso i 3anucatu koa XacdmaHa 8 macus
2. PekypcumsHo 06iiiTu nise nigaepeso (3 reHepyBaHHAM KOAY).
3. PekypcusHo 06iitTv npase nigaepeso.

*
public void traverse(String code, Huffman h)
{
if (leaf)
{
System.out.printin((char)character +» «+ weight +» «+ code);
h.code[character] = code;
}
if ( childO != null) child0.traverse(code + «0», h),
if ( child1 != null) child1.traverse(code + «1», h),
}
class Huffman
{

public static final int ALPHABETSIZE = 256;
Tree[] tree = new Tree[ALPHABETSIZE]; I pobounii macus pepes
int weights[] = new intfALPHABETSIZE]; // Baru cumsonis

PO3AIT 10. XKadibni anzopummu
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public String[] code = new String[ALPHABETSIZE]; // xogn XacdmaHa
private int getLowestTree(int used)
{ /I wykaemo «HalWnerwe» Aepeso
int min=0;
for (int i=1; i<used; i++)
if (treefi].weight < tree[min].weight ) min = i;
return min;
}
public void growTree(int[] data )
{ /I vapowyemo fepeBo
for (int i=0; i<data.length; i++) // wykaemo Barn cumsonis

weights[data[i]]++;
/l 3anNOBHIOEMO MacCUB 3 «MACTKOBUX» AepeB
int used = 0; // 3 BUKOPUCTAHUMW CUMBOTTAMMN
for (int c=0; 3 <ALPHABETSIZE; c++)
{
int w = weights]c];
if (w 1= Q) tree[used++]= new Tree(s, w, true);
}
while (used > 1)
{ /I napamu anneaemo nerki rinku
int min = getLowestTree( used ); // wykaemo nepuuy rinky
int weight0 = tree[min).weight;
Tree temp = new Tree(); // cTBOpIOEMO HOBE AEpPEBO
temp.child0 = tree[min); /i npuwennioemo nepuuy rinky
tree[min]= tree[—used]; // Ha micLie NepLUOI riNkn NOMILLLAEMO
/I ocTaHHe aepeso B CNUCKY
min = getLowestTree( used ); /I wykaemo 2 rinky i
temp.child1 = tree[min]; I npywennioemo i 4O HOBOro AepeBa
temp.weight = weight0 + tree[min].weight; // paxyemo Bary HoBOro
/lpepesa
tree[min]= temp; // HoBe AepeBo NOMILLAEMO Ha MicLie 2 rinkn
} /I otpumanu 1 gepeBo XacdmaHa

}
public void makeCode()

{ /I 3anyckaemo obuncneHHs koaie XacdmaHa
tree[O].traverse( «», this);
}

public String coder(int[] data )

{ !/l vopye paHi psaka 3 1i0
String str = «»;
for (int i=0; i<data.length; i++) str += code[data]i]];
return str;
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public String decoder(String data)

{
String str=»», /] nepesipaemo B UnkNi flaHi Ha BXOKEHHSA
inti=0; // xogy, AKWO Tak, TO BiAKUAAEMO MO0 ...
while(data.length() > 0)
for (int c=0; ¢ <ALPHABETSIZE; c++)
{
if (weights[c]>0 && data.startsWith(code[c]))
{
data = data.substring(code[c].length(), data.length());
str += (char)c;
}
}
}
return str;
}

}

public class HuffmanTest
{ !/ Tect i pemoHcTpauin
public static void main(String[] args)
{
Huffman h = new Huffman();
String str = «to be or not to be?»; // BxigHi faHi
int data[] = new int[str.length()]; // nepeTBOpPEHWA B Macus
for (int i=0; i<str.length(); i++)
datal[i]= str.charAt(i);
h.growTree( data ),
h.makeCode();
str = h.coder(data);
System.out.printin(str);
System.out.printin(h.decoder(str));

// HapolwlyemMo aepeso
/] 3Haxoaumo Koau

}
}

Pesynerat pobotu juis psaka «to be or not to be?». Busonsrscs: cuMeor, Horo Bara i
aBifikoBu#H kon. Jlani 3akomoBaHuii paaok i pe3ynbTaT JeKOTyBaHHS.
E 2 000
? 1 0010
n 1 0011
npo 4 0!
510
t3 110
r1 1110
b2 1111
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11001101111000100111101000110111010110011011110000010
to be or not to be?
11001 1011110001001 111010001101 1101011001 1011110000010

t o _ b e o r _n o t_ t o_ b e ?
Pazom:

53 6itn

19 3HakiB (3 nporyckamm)

2,79 6iT/3Hak

Bignosigxe nepeso Xaddmana.
Root
!\
0 1
JANVAN
000 «-» 11
/\ /\
e 001 t 111
/\ /\
?n r b

10.3.4. Aneopumm lpima

Anropurt™ [TpiMa 3HaXOOHTE KOHTYpPHE JISPEBO MiHIMAJIBHOI Bary y 3B’ A3HOMY rpadi.

Anroputym [1pima myxe cXxoxuii Ha anroput™ JleikcTpy aia mouyKy HaiKopoTinoro
mnaxy B rpadi (aue. po3ain 8). Anropitm IpiMa Mae Taky BNacTHBICTS, 1110 pebpa 3aBxaH
YTBODIOIOTb €MHE JiepeBo. JepeBo MOYNHAETHLCS 3 IOBITBHOI BEPIUMHY 7 i 3pOCTa€ JIOTH,
JIOKW He OXonuTSh Bei BepuinHi V. Ha koxxHomy kpoui 1o aepeBa A AOJA€ThCA JIETKE IEPEBO,
1O CMOJTyYae AEPEBO | OKPEMY BEPLIMHY 3 uacTUHH rpada, wio 3ammuunaca. L crpareris €
KaJibHOI, OCKIILKM Ha KOXHOMY Kpoli A0 AepeBa N0AA€ThCA pedbpo, KOTpe BHOCHTH
MiHIManbHO MOXUTHBHI BKJIaJ] 10 CTTUJILHOT Bary.

CriouaTky NOTOYHa MHOXHHA pebep BCTaHOBMIOETLCA NMOpokHbolo. [loTim, moku ue
MOXUTHBO, BUKOHYETBCSA HACTYIHA OItepawis: 3i BCiX pebep, 10MaBaHHS SKUX A0 BXKE HAABHOT
MHOKHHH He BUKHYE TOABY B YTBOpeHoMy miarpadi uuky i posbuBaHHs pebep Ha aBi
HE3B’ AZHUX IPyIH, 06HpaeThes pedpo MiHIMAILHOT Bary i A0AAETHCA 10 BXKE HAABHOT MHOXHHH.
Konwu takux peGep Ginblue HeMae, anroput™ 3aBepuieHuii. Tlinrpad 3apaHoro rpada, uo
MICTHTD BCi foro BepLIMHH i 3HaliieHy MHOXKHHY pebep, € HOTro KOHTYPHHM JTICOM MiHIManbHOT
Baru.

Pe3ome

1. XKadibnuu aneopumm — memoo onmumizayii 3a0ay, 3aCHOSAHUL HA MOMY, WO
npoyec yxganeHHsi piuleHHs MOJICHA pO36UmMu Ha eneMeHmapHi KpOKU, HA KOJNCHOMY 3
AKUX YXGANIOEMbCA OKpeMe PiuleHHs.

2. O3Haku mozo, wo 3a0auy MOICIUEO PO3G 'A3amu 3a OONOMOZ0I0 MHCadibHOo20
anzopummy. 3a0ayy MONXCHA pPO3GUMU HA nid3a0ayi; GeIUMUHU, WO PO32NA0AIOMbCA 8
3a0ayi, MOJCHA Opobumu max camo AK i 3a0a4y Ha nioereMenmu; cyma ONMUMAnbHUX
PO38’A3Ki6 01 060X nid3aday oacmv ONMUMANbHUI PO36°A30K OnA 6ciel 3adayi.
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3. € 06i ocobnusocmi, xapaxmepui Ona 3a80aHb, AKI GUPIULYIOMBCA 30 OONOMO20I0
JHcadibnux aneopummis: npunyun dcadibnoz2o eubopy i eracmugicmv onmumansHocmi
ona niozaoau.

4. Onmumansue piwenns Oyoyemocs nokpokogo. Ha rkoocnomy kpoyi uacmxoge
piuieHHA QONOBGHIOEMBbCA HOSBUM CI1EeMEeHMOM, AKUll 0bupacmscsi 3 OONyCmumMoi niOMHO-
arcunu. [na ybo2o neobxioni mpu npoyedypu. npoyedypa ubopy xamouoama Ons pos-
WUPEHHS YACMKOB020 PIUEHHS, NPOYedypa SUSHAYEHHA JONYCMUMOCMI Yb020 KAHOU-
dama, npoyedypa GUIHAUEHHA, YU € Ye PO3ULUpeHe YACMKOGE PiUleHHA NOBHUM DiuleH-
HAM 3AQ80QHHA.

5. Hpurxnaou xcadibuux anzopummie: anzopumm Kpackana, anzopumas Ilennona-
Dano, anzopumni Xagpmana, anzopumm Ilpima.

KoHmpornbHi 3anumaHHs

1. Jailime su3HayeHHs1 xadibHO20 arnzopummy.

2. Haseimb o3Haku 3adaqi, fKi eKasyrome Ha me, Wo i MOXHa po3e’asamu 3a
doromozoto xadibHo20 anzopummy.

3. lNMoscHimb, yomy aneopumm XachmaHa egpekmusHiwul 3a anzopumm
LWeHHoHa-DaHo.

4. lNoscHims, YoMy cmpamezisi aneopummy [lpima € xadibHol.

5. Bkaximb giOmiHHicmb Mix xadibHowo cmpameeieo ma OUHaAMIYHUM
npozpamyeaHHsIM.

* Tecmu Onsi 3aKpinneHHs1 Mamepiany
1. 3a anzopummom XaghmaHa 3Halimu deilikoei KoOu 6yke 3a mabnuuyero
yacmom:
a 6 n m y oo} y A
0,1 0,02 0,03 0,04 0,008 0,005 0003 0,01

2, [Tlepepaxyiime o3HaKu xadibHoz20 anzopummy:

a) saadauvy MoxHa po3bumu Ha nid3adaqi;

6) senuyuHu, wWo posansadaiombcsa 6 3adayi, MOXHa dpobumu mak caMo, fK i
3adavy, Ha enemMeHmapHiuli;

8) KOXHY nid3adayy MOXHa p0o3e’a3yeamu OKpeMUM MemoooM;

8) cyma onmumanbHux pitieHs 0ns 0eox nid3aday 6acmes onNMUMasbHe PilieHHs
0ns eciei 3adayi.
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€EMHicHa cKnaaHicTL
Kagi6umi anropuTm
KaniGuuii BHOIp

3anmc

36anancoraHe faraTonyiAXoBe 3IHTTH.

36anancoBaHe AepeBo

38’ sI3HHH CIMHCOK
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JIONATKH
3ABJAHHS IO JIABOPATOPHUX POBIT

JlabopamopHa po6oma Ne1

TeMa: MOEJTIOBAHHSA TTOJAHHS B TIaM’aTi BEKTOPIB i TaGMHLIb.

Merta poborn: HaOyTTs HABHYOK PO3MILLIEHHS B MaM’ATi BeKTopiB i Tabnnup

3aBaanns 1o _po0oTH

Po3pobuTn cniocit ekoHOMHOro 36epiraHHa B NaM’ATi po3pilyKeHHX MaTpHILb (TabnyLe).
Po3poburn npouenypw i pyHkuil wis 3abe3neueHHs JocTyy (YWHTAHHA-3AITHC) [0 €JIEMEHTIB
MaTpHIIi. '

VY koHTponbsHOMY TipUKiazi 3a6e3neynTy YHTaHHS | 3aMUC BCiX E€NEMEHTIB MaTpHui.
OujinuTH Yac BHKOHAHHS OTIEpaLliii.

BapianTn ingNBiAYANTLHHX 3aBAAHD
Ne 3asnanns
30eperti BCi HYJILOBI eIEMEHTH, PO3MILIIEH] B JTBiji YaCTHHI MaTPHLL.
36epert BCi HYJIEOBI €JIEMEHTH, PO3MIILIECH] B NMpaBilt 4acTWHI MATPHLI.
36eperTh BCi HYNILOBi efleMEHTH, PO3MIEH| BHINEe TONOBHOT iaroHai.
36 eperti BCi HYJTbOBi €JIEMEHTH, PO3MIllieHi Y BEpXHill TaCTHHI MATpPHII.
36epertr BCi HYJTLOBI €IEMEHTH, PO3MILIIEH] B HIK Hili YaCTHHI MaTpHLI.
30eperth BCi HYJILOBI €leMEHTH HENAPHHX PAAKIB.
36 epertv BCi HYNILOBI €JieMEHTH TapHUX PAKIB.
36 eperTH BCi HYJTLOBI €JIEMEHTH HeMapHUX CTOBMILB,
36 eperTy BCi HYJILOBI €IEMEHTH MApHHUX CTOBMIIB,
0 36 eperTv BCi HyNbLOBI TEMEHTH, pO3MIllIeHi Y WaX0BOMY NMOPAAKY, NoYAHarowH 3 [-ro
eneMenTy l-oro psaxka.
11 36eperTv BCi HYNbOBI eNIEMEHTH, PO3MITLIEHi Y WIAXOBOMY NMOPSAKY, MOYHHAOYH 3 2-T'0
eneMenTy |-0ro psjika.

—hOfool~J[N (L iLlwidN]—
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12 36eperTi BCi HY/IbOBI eNeMEHTH, PO3MIlLEHI Ha MICLIAX 3 NTAPHIMY iHAEKCAMM PAAKIB i
CTOBITLLB.

13 36eperTi BCi HyNTbOBI €JIEMEHTH, PO3MILIEHI HA MICTIX 3 HEMAPHWUMM iHAEKCAMH PALIKIB
i CTOBITILIB,

14 36eperti Bei HyNbOBI €/1EMEHTH, po3MilileHi BULIE Bill FOJOBHOI AiaroHaNi y HelTapHuX
pAaKax i Hipkde Bijl ro;oBHOI TiaroHai — Y TIApHHX.

15 36eperti BCi HyNbOBI eneMEHTH, PO3MIlEHi HIDKYe BiJl FONOBHOI [IiaroHali Ha
HENMapHUX psaKax i BUIle BiJi FOJIOBHOI JiaroHa i — Y MapHHX.

16 36epertH BCi Hy/bOBI €NEMEHTH, pO3MillieHi Ha ToJioBHI miarowasi, B mnepumx 3
pIKaxX BUILE BiJ JiaroHai i B OCTaHHIX 2 pAAKAX HWKE BiJ JiaroHai.

17 36epertH Bci HyNBOBI €NEMEHTH, po3MillieHi Ha TOMOBHINW miaroHami i y Bepxwii
TIOJTOBH Hi 06JACTi BWIILE Bi 1 diaroHani.

18 36epertm BCi HYNLOBI eneMeHTH, po3MillieHi Ha royioBHilt aiaroHani i B HibKHIN
TIOJIOBM Hi 061 CTi Hinkue Bifl iaroHami.

19 36 eperTH BCi HYNBOBi €JIEMEHTH, PO3MILLIEH| v psIKaX, | HIEKCH SKHX KpaTHi 3.

20 Matpuua posfinena diaToHaTsMH Ha 4 TPHUKYTHHKH. 30eperTH HYIbOBI eJieMEHTH
BEPXHBOT'O | HIKHLOIO TPHKY THHUKIB,

21 36 eperTi HyNbOBi 1€ MEHTH, PO3MIiLLIEHi Y BEPXHil i HWKHIiM yeTReDPTHHAX MaTpHili.

22 30 eperTu HyJILOBI €leMEHTH, PO3MiLlieHi Y JTiBil i mpaBill YeTBe pTHHAX MaTPHII.
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23 36e perTy HY/IbOBI ENEMEHTH, PO3MillieHi y JTiBili | BEPXHIM YeTBe pPTHHAX MATPHIL.

24 36€eperTH HYTLOBI ETeMEH TH, PO3MIlLIeHi Y PAKAX, iHASKCH SKHX KpaTHi 3.

25 36epertH HYJILOBI eleMeHTH, po3MillleHi Hya CTOBIUSAX, i HAEKCH AKHX KPATHI 3.

26 36eperti HyTbOBi €NEMEHTH, po3MilleHi y BepXHilf TpeTWHI pAIKiB i cepeaHid TpeTHHi
CTOBITLIB.

27 36eperty HyTHOBI €JIEMEHTH, PO3MillleHi y BepXHil TpeTuHi psaakiB, nepuwid i Tpertiit TpetnHi
CTOBILiB.

28 36epertv HY/LOBI E€NEMEHTH, PO3MILICHI Y BEPKHOMY | HIKHBOMY TPHKYTHHKY, 33 YMOBH
PO3HiNtEH HA MaTpPHLL [iaroHa MU Ha 4 TPUKYTHUKH.

29 36eperTH Hy/BOBI €IEMEHTH, pO3MillleHi Yy JiBOMY i NpaBOMy TPHKYTHHKY, 3a YMOBH
DO3JIEH HA MaT pHIli_JiaroHaj MK Ha 4 TPHKYTHHUKH.

30 36eperty HyTbOBi €lEMEHTH, PO3MILLIEHi Ha PONOBHIN JiaroHani i B HIDKHIl MONOBHUHI MaTpHLli
HU>KUE Bil JIi aroHai, iHIEKCH SkuX KpaTHi 3.

JlabopamopHa po6oma Ne2

Tema: ornepauii Hap paaKamH.

Meta po6oTH: HabyTTa NpakTHYHUX HABUYOK 3aCTOCYBaHHS ONepauiil Haa pAaKaMH.,

3aBgannsa fo poborn

Pozpo6uTH npouenypy Ta dpyHKuii, ki 3a0e3ney1oTh BUKOHAHHS Onepalliif, BKa3aHUX y
3aBJ@HHi,

VY KoHTpoONBEHOMY NpHUKSIaLi NeperdaiuTH BCi MOXUTHBI KOMOIHAILIT BXIIHHUX MTapaMeTpiB
(HynBOBA JOBKHMHA KA, BUXiA 32 MEXI PAAKa i T.iH.), y TOMY YHCTi | HENpaBWILHI.

BapianTn inaHBigyanbHUX 3aBJaHb.

Ne 3aBaaHHg

1 Copies(s,si,n) KoniroBaHHA psfka s Y pagok s1 n pasis,

2 Words(s) TTi ApaXYHOK KilbKOCTi CNiB Y PAAKY S.

3 Parse(s,c) Po36uTTA paOka s Ha ABI YaCTHHU: [0 NMEPIIOTO BXOMKEHHA
CHMBOJY € i MiCNa HBHOTO.

4 Center(sl,s2) LleHTpyBaHH A ~ po3MillleHHs paaxa s ] B cepeayHi psaka s,

5 Left(s,m) BHpIBHIOBaHHA pAKa s V1iBa 0 JOBXHHA m,

6 Right(s,m) BupisHIOBaHHA psiika S cripasa A0 JOBKHHU m.

7 Reverse(s) PeBepCYBaHHA PAIKA S.

8 LastPos(s,s!) TTouryk OCTaHHBOro BXOMKEeHHs 11inpsaaxka sl y paaka s,

9 WordIndex(s,n) BusHaueHHS MO3MLIIT MOYaTKy B PAAKY S CIOBA 3 HOMEPOM N,

10 | WordLength(s,n)
11 WordCmp(s1,s2)

BusHaue HHS JOBXHH M CIOBA 3 HOMEPOM .
[TopiBHAHHA psAAKiB (3 irHOPYBaHHSAM MHOX MHHHX NTpo6inis).

12 | StrSpn(s,s1) 3HaxoMKEeHHA JOBXHHH Ti€l YaCTMHH pAKa S, AKA MICTHTH
TiIbLKW CUMBOJIM 3 pajka sl.

13 | Overlay(s,s!,n) [NepekpnTTa uvacTWHK psgKa s, MOYHHAIOMH 3 MO3HWUl N
psakoM sl.

14 | StrLength(s) BH3HAUHTH KiNnBKiCTE CHMBONIB ¥y PARKY S, HE BPaxOBYIOYH
npoGinu.

15 | StrCChar(s,cl1,s2, n) 3amiunTH Bei cuMBOnH ¢l y paaKy s, MOYHHAIOYH 3 NO3ULLT N,
Ha pAJIOK §2.

16 | StrLB(s,n) 3aMiHMTH Y pAAKY §, TOUNHAIOWH 3 NO3ULHT N, BCi Mani Gykeu

‘ Ha BEJTHKi.

17 | StrDel(s,n,k) Buganuti 3 pagka s Migpsmok, MOYWHHAYW 3 MO3MUIT N

JOBKUHOW K, :
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18 | StrAdd(s,s1,n) Berasuth y psaaok s miapagok sl, moYMHarouH 3
no3uLiT n.

19 | StrLWord(s,k) BU3HauHTH KiJIBEKICTD CITIB TORKHHOIO K CHMBOJIB BY
pAIKY S.

20 | DelBlank(s) Buaanuti y paaKy S rOJNIOBHi, XBOCTORBi i MHOXXHHHI
npo6un.

21 | Split(s,sl,s2, c) Po36wrn psanok s Ha gBa pagka sl i s2, B onHiit Bci
CHUMBOJIH MEH I BiJl ¢, B inu i#i BirroBiAHO Oinb .

22 | SrBL(s,n) 3aMiHWTH y pAAKY S, MOYWHAIOYH 3 TMO3MIII h, BCi
BeNTWKi OYKBHY Ha MaJli. '

23 | NumCount(s) TTopaxyBaTH KibKicTh LM ¢p Y pAAKY S.

24 | NumCut(s) Bupi3atv Bci undpy 3 psijka s.

JlabopamopHa po6oma Ne3

Tema: [HTerpoBaHi CTPYKTYpH IaHHX, 3aITHCY.

Merta po6oTn: npyaGaHHA i 3aKpinneHHs HaBUYOK y po0oTi i3 3anucamu, B iHTerpadii
JaHWUX, B MOY/TLHOMY MporpaMyBaHHi.

3aBxannsa g0 poborn

Jlna 3aganoi npuknaanoi obaacti po3pobuTn onuc o6’ekTiB wiei o6nacti. PozpoGutn
TipoLielypH, L0 peanidyioTs 6a3oBi onepautii Hax UMK 06’ €eKTaMH, 30KpeMa:

v mekcmoge 6sedenna-eueedenns (Konconvre i hainoee);

v npuceocnns;

Y 3a0aMHS KOHCMAHMHUX 31a4eHb,

v nopienanna (ne menwe ax 2 munu).

IMinrotysaTy haiin nouaTkoBHX JaHHX, WO MICTATE He MEHUWE K | 0 3HAUEHb KOHKPETHHX
06’eKTiB.

BukopucToByroun npoueaypy i onvcH MOy THIY JaHUX, PA3po0UTH TIporpamy, o
3abe3nevye BBEJICHHA NOYATKOBMX AAHUX 3 Nepuioro (aiina faHuX B nam’sTh i 36epiranHs
iX B MacHBi, COPTYBaHHA MacHBY 3a andaBiTHUM i 320 YHCNOBHM TTapaMeTpOM.

BapianTn ingnBigyanbHuX 3aBAAHB

Jina xoxHoi obnacTi nepepaxosani mapamerpu 06’ exty. Cepen mapamerpis 0608’ 13K0BO
€ xmoYoBe andasiTHe none (Hanmpukian, Npi3BUiLe), ake iAeHTHDIKye 00’€KT, y KokHOro
06’exTy € Takoxk ofiHe abo AEKilbka YWCIOBHX MOMIB, 32 SKMMH BipOTidHi 3BEpTaHHSA 10
06’ exTy.

Habip xapakrepuctik Moxe 6yTH po3tMpennii i ycknaaHeHni Ha po3cyl BHKOHABUA.

Nin TMpukaaana ATpulyTH indopmanil
o6racts
1 Binain kampis npi3suiLe criBpobiTHHKaA, iM'a, Mo GaTbKoBI, Tocana,
cTaxk poGoTH, oksan
2 YepBoHa KHHTA BWA  TBapHHH,  pin, cimeficTBo,  momynsuis,
' PO MBAHH A, YHCENIbHICTE Monynaui{
3 Bupo6bunureo no3HavyeHHs Bupoby, rpyma a0 sfkoi el BHpib
BiIHOCUTBCA, pik BHMYycKy, oBCAT BHMYCKY, BHTpary
mMeTany
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N3n IIpuknaagna ATpubyTu indopmanii
ofyacTh :
4 ITepconaneHi ¢ipMa-BUpOOHUK, THN MpoLiecOpa, TaKTOBA YacToOTa,
KOMIT I0TEPH MicTkicTs O3I1, MiCTKICTh )KOPCTKOTO AUCKA
5 bibniorexa aBTOp KHWTH, Ha3Ba, pik BWAaHHA, kox Y JIK, uiHa,
KiTBKiC T y GiGmioTe i
6 CynyTHUKY NNaHeT | Ha3zBa, Ha3Ba I[JIaHeTH-TOCTofaps, piK BiIKpHUTTH,
niameTp, nepios o6iraHHs
7 PanpioneTaumi MO3HAYEHHS, THI, HOMIiHAJ, KIJIBKICTE Y CXEMi,
MO3HAaYeHH s MOMXUTHBOTO 3aM iHHUKA
8 TexcToBi HaliMeHyBaHHs, (ipMa-BUPOOHWK, KiNTbKICTh BiKOH,
peakTopH KiTBKIiCTh WIpUTIB, BApTICTH '
9 Tenedonna cranuis | HoMep aGoweHTa, Tpi3BMINE, apeca, - HasBHICTH
Gr10KyBaHHA, 3a00ProBaHiCTh
10 [To6yT cTyneHTiB Npi3BuLle CTYAEHTa, iM', mo 6aTekoBi, ¢akymbTer,
po3Mip CTUIEHA iT, KIJIBKICTD YIeHIB ciM'T
11 CrnopTHBHI Mpi3BHLLE CMOPTCMEHA, iM's, KOMaH[Aa, BUI CIOpTY,
3MaraHHs 3aJ1IKOBHH pesyJibTaT, WTpadHi OUKU
12 3MaranHs (aky bTET, KUTBKICTh CTYHEHTIB, cepefHiit 6an no
dakyneTerin 3a | akyneTeTy, KiIBKICTH  BIAMIHHVKIB,  KiJIBKiCTh
YCHILIHICTh JIBi EUHU KB
13 PoGoTtH, BuKOHaHi | mpissuuie cTyneHTa, iM'a, mo GaThkoBi, dakyiasTer,
CTyZIe HTAMH BUJI pobiT, 3apobiTok
14 Cinbceke HaliMCHYBaHHs C/T MIANPUEMCTBA, BHUA BIACHOCTI,
rocrnojapcTso KUTBKICTh MpauwiBHWKIB, OCHOBHWH BHI TNpoAyKLii,
npubyToK
15 BigomocTi npo | mpisBHLLE CTYAEHTa, iM'd, 1o OaThKOBi, (aKyJbTerT,
CiM'Io CTyZIEHTa cneumianeHicTh  0aThka,  CHeUianbHiCTH  MaTepi,
KiTbKic T OpaTiB i cecTep
16 CkoTapcTBO BUJ TBApHH, KIMbKICTH OcOOMH y crafi y Biui go |
pOKy, KinbKicTs 0COOMH BikoM 1 - 3 pokiB, moHag 3
POKH, CMEPTHICTE Y KOXKHIM rpyrmi, HapoHKyBaHICTh
17 Mikpocxemu MO3HAYEHHS, PO3PAAHICTb, MICTKICTh, Yac JOCTYIY,
naM'aTi KiTBKICTh Y CXeMi, BapTiCTh
18 Ormc 306paxenns | Tun ¢irypu (kBagpaT, KoJo i T.iH.), KOOPANHATH Ha
TMOWMHI, YHCNOBI  XapaKTEPUCTHUKH, TIEPUMETP,
nnouya
19 Jlicose HaMEHYBaHHS 3¢JIEHONO MacHBY, TUIOILE, OCHOBHA
rocroJapcTBo Mopofia, cepef Hil BiK, 'YCTHHA fIepEeB HAa OJMH KB KM
20 Micbknit BUJ TPAHCMOPTY, HOMEP MapupyTy, [OYaTKOBa
TPAHCIIOPT 3yTIMHKA, KiHIleBa 3YMHHKa, 4ac Y JOpo3i
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JlabopamopHa po6oma Ne4

Tema: crex i yepra; xem-radbnuug.

MeTta poGorn: HaGyTTs1 HABHYOK MOJEMIOBAHHSA 3B’ A3aHUX JUHAMIYHWX CTPYKTYP AaHHX
i po6oTH 3 HIMH

3aBaanna o poGorm

Po3pobuth nignporpamm, axi 3a6e3nedyioTs 3aNMTH Ha 3anic abo YWTaHHA JaHUX i3
YeprH, creka abo fexa. s opraHizauii Bka3aHMX CTPYKTYP BHKOPHCTOBYBaTH MacHBH a60
ciicky. [lepeBipuTi npauesgaTHicTs po3pobnennx nignporpam. ITocninoBHiCTs BHKOHAHHA
omepauiif 3anucy abo unTanHs BUOHpaloThes BUNaAkoBo. ITopiBHATH pe3ynsTaTiH poboTH,
3po6NTH BUCHOBKH.

BapianTn _inuBilyaJLHHX 3aBJAHD.

Ne

3arnauuga

1

Po3po6umy mianporpamu poboth 3 npioputeTHOIO deproto. BeraHoBneHHs
3alTHTIiB Y Yepry BHKOHYETECS 3a MPIOPHTETOM, 3HATTH — 3 MOJIOUINX apec
(3acamm ueprn). Yepra opraHizoBaHa y MacuBi 3i 3CyBOM MCNIAi KOXHOTO
YMTaHHA, | Ha MacWBi 3i 3CyBOM TMic/iA JOCATHEHHA MeXd mam'sari, ska
BUAineHa st uwepru. [lpiopurer: MiHiMaMbHe 3HAYEHHS YHCIIOBOrO
niapamerpa, npu 36iry napamerpis— LIFO.

Po3pobury nignmporpamu poboth 3 nekom. Jlek opraHizoBaHWit y MacHBi 3
UMIJTYHUM 3ariOBHEHHAM | 3 BHKOPHCTAHHAM [IBOHANPAMIEHOTO CIIHCKY.
Oriepatiif BUKOHYIOTBCS 3 000X KiHLB Agka.

Po3pobury mianporpamMu poGotv 3 mpiopuTeTHOIO ueproro. BeraHoBneHHs
3alUTiB Y Yepry BHKOHYETbCA THJAPAN Y KiHEUL Yeprr, 3HATTA - TO
npiopurery. Yepra opranizoBana Ha Mmacwsi abo cnucky. Ilpiopurer:
MiHIManbHE 3HAYE HHs YKCJIOBOTO MapameTpa, pw 36iry napametpis — LIFO.

Po3pobury migmporpamn po6oth 3i crekoM. Crek opraHi3oBaHWi y MacBi 3
BUKOPHCTAHHSM JIBOHATIDAMIIEHOTO CITHCKY. .

Po3pobury niganporpamn pobotv 3 nekom. Jlek opraHizoBaHwii y MacHBi 3
UHKITIYHUM 3aMTOBHEHHSM i 3 BHKOPHCTaHHSAM JBOHATIPABIEHOTO CIHCKY.
Orne pallii BUKOHYIOThCS 3 PI3HHX KiHIB JeKa.

Po3poburv mignporpamu poboTh 3 npiopuTeTHO depror. BeraHosneHHA
3aMHTIB Y UEPTY BUKOHYETECA 3a MPIOPUTETOM, 3HATTA — 3 MOJIOJIIMX a/Ipec
(mouatok weprv). Yepra opraHizoBaHa Ha MacyBi 3 UUKJTITHHM 3aTIOBHE HHAM
i 3i 3cyBoM. [IpiopuTeT: max 3HauYeHHs YWCJIOBOrO mMapamerpa, TpH 30iry
napametpis — FIFO.

Po3spobury mianporpamy pobotr 3 mpiopuTeTHOO weproto. BeraHoBneHHs
3aIHTiB y Yepry BUKOHYETBCA 3a MPIOPUTETOM, 3HATTA — 31 CTAPUIMX aapec
(xineus ueprv). Yepra opraxizoBana y Macusi a6o y crmcky. Ipiopurer:
MaKCHMaTTbHE 3HaueHHs YWCIOBOTO TapameTpa, NpH 36iry napamerpis —
FIFO.

Po3po6uru mianporpami pobotn 3 gekoM. Jlex opranizopaHuil y MacuBi 3
LMKJTIYHYM 3aNIOBHEHHSM i 31 3cyBoM. Onepauii BUKOHYIOThCA 3 060X KiHIjiB
JeKa.
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JaBnannn

Po3po6utn nignporpamMu poGOTH 3 MPiOPHTETHOIO Yeproto. BcTaHoBneHHs
3aMATIB Yy YepPry BUKOHYETECS 3@ MPIOPHTETOM, 3HATTA — 3 MOJIOAIIMX afpec
(rmovaTok 4yeprH).

Yepra opraHi3oBaHa Ha MacwBi 3 UMKJIIYHWM 3alOBHEHHSM i Yy CHHCKY.
[TpiopuTer: MakcuManbHe 3HAUEHHS YWCIOBOTO MNapaMeTpa, TpH 30iry
napamerpis — FIFO.

10

Po3poGurtu mignporpamu poGotn 3 ekoM. ek opraHizoBaHWif y MacHBi 3
UMKTIYHAM 3aMOBHEHHSIM i 3i 3cyBoM. Orepauii BUKOHYIOTECS 3 Pi3HMX
KIiHLIB eKa.

i1

Po3poGuty mignporpamMu poGoTH 3 NpiOPUTETHOIO Yeproro. BeTaHoBneHHs
3aMUTIB y Yepry BUKOHYETLCA 32 MPIOPUTETOM, 3HATTH — 3 MOJIOJWHNX ajpec
(nowartok uepru).

Yepra opraHizoeana Ha MacuBi 3i 3CYBOM MiCNS KOXKHOTO YATAHHA | Y MacHBi
3i 3CYBOM mMicns [OCATHEHHS MeEXi mnam'sri, ska BUAUIEHa I/ YEpru.
[piopuTer: MakcHManbHE 3HAYEHHS UWCIOBOrO NapaMmeTpa, TpH 0iry
napamerpis — FIFO.

12

Po3pobutu minnporpamMu poGoTH 3 NpiopUTETHOIO Yeproio. BeTaHoBneHHs
3aUTIB B Hepry BUKOHYETHCA MO MPiOPHTETY, 3HATTA — 3 MOJIOAWINX aJpec
(noyatok wepru).

UYepra opranizoBaHa Ha MacHBi 3 UMKJTIYHWM 3arMOBHEHHAM i 3i 3CYBOM.
TMpiopuTer: MiHiManbHEe 3HAYEHHS YWCJOBOTO TMapameTpa, NpH  30iry
napamerpis — LIFO.

13

Po3pobuti mignporpaMu po6oTH 3 NpiOpUTETHOIO uepror. BeTaHoBMEHHS
3aMUTiB B HEPTY BWKOHYETBCA 32 MPIOPHTETOM, 3HATTA — 3i CTApIIMX ajipec
(xinenp wepru). Uepra opranizopana y macugi i y crvcky. Ilpiopurer: min
3HAYEHH S YHCITOBOTO Mapamerpa, rnpH 36iry napameTtpis — LIFO.

14

Po3pobuty nignporpamMu poGOTH 3 NpiOPHUTETHOIO Yeproro. BeTaHoRneHHs
3aMUTIB y Yepry BUKOHYETHCA 3a MPIOPUTETOM, 3HATTS — 3 MOJIOALINX ajpec
(mouatok wepru). Yepra opraHizoBaHa y MacHBi 3 LIMKJTIYHUM 3aMOBHEHHAM i
y cnucky. [lpiopuret: MiHiManbHe 3HaueHHs YHMCIOBOTO NapameTpa, MpH
36iry napamerpis — LIFO.

15

Po3po6umn mignporpamMy poGoTH 3 MpiOpHTETHOIO ueproro. BeTaHoBnEeHHA
3aNUTIB Yy Hepry BHKOHYEThCH MiApsaA Y KiHelb YeprH, 3HATIS — 3a
npiopuretom. Yepra opranizoBaHa y MacuBi i y cmmcky. [lpiopurer:
MaKCHMMallbHe 3HAueHHs 4YWCIOBOTO nNapamerpa, Npu 30iry napamerpiB —
FIFO.

16

Po3pobuty npoueaypy X€IIyBaHHS MacHBY 3anucis, B SKUH mepeadavacTbes
4acTe JOJABAHHS JaHKX.
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JlabopamopHa po6oma Ne5

CTPYKTYD, K 3B’3Hi CIINCKH i IepeBa.

3apaanng g0 poGoTH
Po3po6uTH nporpaMu ski BHKOHYIOTE Ontepallii, BKa3aHi B iHAVBidyaqIsHOMY 3aBaHHi.

Po3poGuTty nporpamMy ans poGOTH 3 ABOHANPSMIEHHUMH 38’ s3HIMH crinckamu, Koxen

Tema: poGora 3 TUHAMIYHHUMH CTPYKTYPaMH.
Mera poGoTm: HalyTTs NMpakTHIHHUX HABHYOK OINPAIIOBAHHS TaKWUX JHHAMIUHUX

eJTeMEHT CTTHCKY MICTHTh TIOCHIIAHHS Ha HACTYMHWH i MOTepeaHiil eleMEHTH Y CITHCKY.
IMporpama mae 3abe3nedyBaTH BBEIEHHS i NTOOYIOBY CITHCKY.

Po3po6utn nporpamy mns poboTh 3 gepeBaMu. KoxkeH eyleMeHT aepeBa MiCTHTh

TOCHITaHHA Ha 6aTbKIBCLKHH EIEMEHT i TIOCHIaHHA Ha eNneMeHTH-Hamaaku (HeoOMexeHa
kuteKicTs). [Tporpama mae 3abe3neuyBaTi BBeeHHS | MOOYIOBY AepeBa.

CUMBOII, C’Tpi‘lka, HHUCJIO,

BUBCACHHSAM HA €KpaH.

Kosken enremenT cnincky MicTuth iHdopmauiitae nose (arpubyT) JESKOTO MPOCTOro THITY:
Bci orrepaulii Hax AMHAMIYHUMH CTPYKTYPaMHU MalOTh CYNPOBOKYBATHCS BiJNOBIHUM

V KOHTpOTBHUX NpHUKIIafax 3a0e3neynTH onpatroBaHHs cTpykTyp 3 10-20 enemenramu.
Bapiantn_inansiayadbHHAX 3aBAaHb.

Ne | {BoHanpamjeunnii 3n’sa3unil | lepeso

3N | CHAcoK

1 Bunanenns enemeHTa 3i cnucky | 3HaliTH 3HAUYEHHA MaKCHMYMY i MiHIMyMy
3a BKa3aHWM 3HaYeHHAM iHpopMa- | apudpMeTHUHUX uncest Yy Hepesi, KoxXeH
uiiinoro aTpubyra. eNeMEeHT AKOro MICTHTh JefgKe 4YHCIo fK

3HaveHHs iHpopmaniiHOTO NMoKka3HHKa.

2 HonasanHs HoBoOro eniemeHTa y | BH3Ha4eHHs KiNTbKOCTI HamaAKiB y KOX-
CIIVCOK MicNA BKa3aHOTO €JIEMEH- | HOTO efleMeHTa depeBa.

Ta 3a 3HAYEHHAM iHpopMauiliHoro
aTpubyra.

3 Honaganua HOBOTO eneMeHTa y | BuzHaueHHs enemeHTa depesa, kWil Mae
CTIINCOK Mepel BKa3aHWM efieMeH- | HallMeHWY KinbkicTh OGe3mocepeaHiXx Ha-
TOM 3a 3HadYeHHAM iHdopMauiil- | wanakis.

HOFro aTpubyTa.

4 JonasaHusa eneMeHTa y cnucok y | BuiHaueHns  HalikopoTmioi CTpidkm  y

BKa3aHy No3uilito. JepeBi, KOXKEH EJEMEHT SKOTO MiCTHTh
HesKy CTpiuKy AKX 3Ha4eHHd iHdopManiii-
HOro NMOKa3HWKa.

5 BupganeHus 3i cniucky nostopeds. | JlonasaHHd HOBOTO efleMEHTa B AEPEBO SK
npeaka ejeMeHTa 3i Bka3aHMM 3HAYCHHAM
inhopmauiitnoro atpubyTa.

6 Bunanenus apyroro i nepegoc- | Po3burTa nepesa Ha 1aBa 3a BKazaHUM

TaHHLEOTO EJIEMEHTa CITUCKY. 3HauYeHHAM  iHdopmaUifiHoro aTpubyTa
eneMeHTa g po3duTTs.

7 Buganenns eneMeHTa 3i cnvcky | Buoanenns enemeHTa 3 AepeBa 3a BKa3aHUM
3a BKa3aWWM MOPANKOBHM HOMe- | 3HaueHHAM indopmauiiHoro aTpubyry.
pom. (Hawankn BuIaneHoro eneMeHTa CTaKwThb

HawagkamMy  OaTbkiBCBKOrO  €leMeHTa
BUAATEHOTO)
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3aedannn do nabopamopnuux poGim

Ne | A BonanpaMmaeHui 3p’szuuii | depeso

3n | cnHcok

19 | Po36urTs criHcky Ha 1Ba, OfWH 3 | BHoanerHs eneMeHTa 3 IepeBa 32 BKa3aHUM
AKHX MICTUTH BCi €JIEMEHTH 3i | 3HaueHHsIM indopMaiiiiHoro arpubyTy.
3HAYEHHAM indopmanitiaoro | '
atpubyra

20 | BuganeHHs BCIX eJleMeHTiB i3 | BiuzHaueHHS cepeaHbOro apHgMeTHIHOIo
TTapHUM TIOPSAIKOBUM HOMEPOM. YHCEN B JIEpEBi KOXEH €JEMEHT SKOTO

MICTUTE gOesike YHMCI0 K 3HAYeHHS
iHpopMauiitHoro MoKasHUKa.

21 | Bupanenns Bcix enemeHrtiB i3 | BisHaueHHa eneMeHTa  JIepeBa,  AKHi
HenapHIM TTOpAIKOBAM HOMEpOM. | pOo3MilileHM i Haliiam Bif KOpeHs nepesa.

22 | HomaranHs HOBHX eneMeHTiB Ha | BusHaueHHs ejieMeHTa JepeBa, AKWA Mae
HenapHi MO3ULIIT B CIIHCKY. Haibinbmy  KinmekicTe  Ge3mocepedHIX

Hall[a/TKiB.

23 | HomaBaHHS HOBHX efeMeHTIR Ha | BusHaueHHs BCIX IMCTKIB e peBa,
NpaHi No3uilil B CIIMCKY.

24 | Bupanenns eneMenTa 3i crucky 3a | [logaBaHHS HOBOTO eNeMeHTa B JEpeBO AK
BKa3aHUM 3HAYeHHSM | Halllanka eJieMeHTa i3 BKasaHWM 3HaYEHHAM
indopmanjitHoro aTpudyTy. indopmani iiHoro aTpubyTa.

25 | HopasaHHs HoBoro enemeHTta B | Po36burts pnepeea Ha [Ba Jepesa 3a
CITUCOK TICAS BKA3aHOTO €IEMEHTa | BKa3aHWM  3HaueHHAM  iHdopMaLiifHOTO
3a 3Ha4YeHHAM iHdopmauifHOro | atpubyTa eneMeHTy 11 po36uTT4.
aTprbyra.

26 | JlomaaHHs HOBOrOo eneMeHTa Yy | BHuaneHHs eneMeHTa 3 iepeBa 3a BKa3aHUM
CIHCOK nepen BKa3aHWM | 3Ha4YeHHAM iHopmaLiiiHoro arpubyTa.
€NEMEHTOM 3a 3HaYeHH M
i HhopMmalliifHoro aTpubyTy.

27 | JonasaHHa enemenTa B CMcoK y | BuaaneHHs esieMeHTa 3 iepeBa 3a BKa3aHUM
BKa3aHy NOINLIO. JHaueHHsM  iHdopMallifinoro  aTpubyTy.

(Hauagky BHOaNsSioThCs )
28 | BrupaneHHs 3i ciucky nmosropens. | BusHadwe HHA BCiX JIMCTKIB epeBa.

Ne | /IBonanpsmie Huit 3B ’m3uuit | Jdepero

3m | CMHCOK

8 HonoBHenHs cnucky 3 obox KiH- | BugaienHs esemeHra 3 gepesa 3a
LLiB. BKa3aHUM 3HA4YEeHHSM iHdopmalifHorO

atpu6yTy. (Hamagxy BHAATAOTEC T)

9 Po36urrs crmcky Ha fABa 3a | BusHauewHs cepemnboro apudMeTHk-
BKa3aHUM [OPSAIKOBMM HOMEPOM | HOTO YHCeN Y HepeBi, KOXEH eJIEMEHT
efleMEeHTa 1)1 pO30UTTS. AKOTO MIiCTUTB JesKe YHCNO AK 3HaAYEHHS

iHdopMali ifHOTO MoKa3HHKa.

10 Po36wutrs cnycky Ha iBa cniuckd 3a | BusHaueHHs enemeHTa fJepesa, AKHii
BKa3aHUM 3HaYeHHAM iHdopMaliii- | poamiliennii Haii qani Bix KopeHs Aepesa.
Horo atpulyTa eneMeHTa ANs po3-
onTT.

11 Po36urrst criucky Ha aBa, ofuH 3 | BusHaueHHs eyeMeHTa jiepeBa, IKHi Mae

AKUX MICTHTE Yycl elleMeHTH 3i | HaltGinbuwry KinbkicTe  Ge3nocepeHIX
3HAYEHHAM iHQOpMAaLifiHOro aTpu- | Hamankis.
OyTa MEHLIMM Bil BKa3aHOIO 3Ha-
4yeHHs iHpopMaLliiiHoro atpHbyT, a
iHWit, BIANORIHO, 31 3HAaYEHH AMH
GinblIMMK  Bil BKa3aHOTO 3Ha-
YEHHS.

12 | CopryBanHa cnucKy MeTofioM | BusHaueHH  Hall[IOBINOI CTpiUKM B
OynbGaurkmy. AepeBi, KOXKEH eJIEeMEHT AKOro MiCTHTh

JeAKy CTpidKy sk 3HaueHHa iHdopma-
LiifHOTO NoKa3HUKa.

13 | Buganennsa Bcix enementiB i3 | JonaBaHHs HOBOTO ejleMeHTa B JEpeBO
TIapHUM TTOps AKOBHM HOMEPOM. AK Hallagka ejJeMeHTa i3 BKa3aHUM

3HAYEHHAM i HopMalliifHoro aTpnbyTa.

14 | Buganenus Bcix enemeHTiB 3 | Po3butrs aepesa Ha aBa fdepema 3a
HEMapHUM TIOPAAKOBUM HOMEPOM. | BKa3aHUM 3HauYeHHsM iHopManiiHoro

atpuOyTa eneMeHTa IS poOUTTA.

15 | JlonaBaHHs HOBMX eneMeHTiB y | BuganeHHs enemeHTa 3 JiepeBa 3a
HemapHi MoK Ll B CIHCKY. BKa3aHWM 3HaYeHHAM iHdopMmauiiHoro

atprOyTa. (Hamangku ewpaneHoro ene-
MeHTa CTaroTh HallajkamMu OaThKiBChb-
KO0 €JIEMEHTA BUJANIEHOTO0)

16 JlonaBaHHs HOBHMX enemcHTiB y | Bumanenwus enementa 3 JepeBa 3a
npaHi No3Hilii B CIHUCKY. BKa3aHUM 3HaYeHHSM iHQopmauiiHoro

atpuOyTa. (Hawamku Br fansoteed)

17 Po36bntrs cnucky Ha nasa 3al JlonasaHHA HOBOro ejieMeHTa B J€peBO
BKazaHUM TMOPAAKOBHM HOMEpOM ' AK npeaka e€JacMEHTa 13 BKa3aHUM
eNeMEHTa AN po3GuTTA. . 3naven Ham inpopmanifivoro atpubyTa,

18 Po3butrs cnucky Ha aBa  3a| Po3bHTTA gepeBa Ha [Ba 3a BKa3aHUM
BKazaHHM 3HAYCHHAM | 3HaueHHAM iHdopmadiiiHoro arpubyra
indopmauiitnoro aTpubyTy | enemenTa nns posburra.
€NEMEHTY AN po3b UTTA.
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JlabopamopHa po6oma N6
Tema: peKypcHBHi aTTOPUTMH OMpPaLIOBAHHSA CTPYKTYp AAHHX.
Meta po6oTn: HaOyTTs MPakKTHYHUX HaBUYOK poGOTH 3 peKypCHBHHUMH (DYHKLIAMH.

3aBaanng go podorn

Po3po6uTy mporpamMH 3rifiHo 3 aJITOPUTMOM 3 BUKOPHCTaHHAM PEKYPCHBHOT yHKILiT Ta
Ge3 BUKOPHCTAHHA pekypenBHOI ByHKUIT. OUIHUTH Hac BHKOHAHHS Ta CKNTAAHICTD aNTOpPUTMY.

BapianTi ingusi

AJITBLHUX 3ABAAHb.

Ne 3m | 3aBnanns Ne 3apaannsa
- ~ 2 = FY
x=1 e —X p=3 3p - 3
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Anzopummu i cmpyxmypu OQHUX 3asdanna do 1abopamoprux pobim

Ne3n_| 3asnanun Ne 3aBganusa JlabopamopHa po6oma Ne7
3 | 17 n Tema: nepea, GiHapHi nepeBa, MOMIYK.
p= H— X = H 2j Meta _poGoTH: HaOyTTS HaBUYOK MporpamMyBaHHS AEPEB.
asl 4 j=1 3aBaanug A0 poGotH
4 k 18 " sindt Pozpobuth 3acobu auHamiuHOTO 36€pekeHHs AepeB Ta BUKOHAHHA Aiff HaA HUMH
q= Z 2l - 1) f= Z S;n BIATIOBIHO 10 BapiaHTYy.
/=1 ~t -1 BapianTn iHIMBiAyAlIbLHHUX 3aBJaHb.
3 2 cosh 19 2 sinx Ne 3n_| 3aBnanns
pP= b —1 P= REN 1 TTepeBipuTH, M JIBIHKOBE JIEPEBO € 30a/IAHCOBAHNM.
kL x=] 2 3HaiiTM BEpUIMHY B AEPEBI.
6 4 j2 20 _ 1 3 Po3pobuti nporpaMy s poGOTH 3 HEPBOHO-YOPHWM JEPEBOM Ta
§= ‘ — - 2% NpoLeaypy MOWYKY B HEOMY.
€ k=l 4 Po3pobutn mporpamy mnoOyaoBu GiHapHOro naepeBa 3a apHMETHIHMM
7 m 3i—2 21 " COS X BUpa3oM (Hanpuknajn, 2+3-5+7).
Y= H’—' = 2 5 SHMLHUTH 3aaHH I €IeMEHT Y GiHapHOMY EpeBi.
i 3 w1 3xtx 6 Jlonatu BepIuHY y BNopsiIkoBate OiHapHE AEPEBO.
8 4 a’ 22 “ 1 7 JloaTv BEpUIMHY Y HEBIOPS JKOBAHE AEPEBO.
k= T - = sin(e” —1) 8 31iCHATH 3aM iHY 3HaYE€HH s 3a/IaHOT BEPIL UHH.
azi € —€ P 9 BuBecTH Ha ApyK AMCTKY AEpeBa.
9 i sin/ 23 22041 10 BuBecTy Ha qpyk JiiBi BEpIIMHH JIepeBa.
F= 1 —1)? f = H—3 11 BuBectv Ha Apyk BCi BeplUMHM, 3HAa4€HHS AKWX Oisblle 3a KOpiHb Ha
I=1 ( - ) =1 ! Ol MHULIYO.
10 220 +1 24 - p—1 12 BHBECTH Ha APYK NPaBi BEPILUHY Jie PEBaA.
u= Z 2 9=2. > 13 BuBect Ha ApyKk BCi BEpUIMHM, 3HAUEHHS AKUX Oi/IbllE 32 KOPiHL Ha 3alaHy
- ! p=2 BEJMUHHY.
11 nosink 25 ) 2%k 14 [MepeBipuTH 3a JONMOMOrol0 AEpeBa, UM CTpiuKa € MaliHIpoOMOM (YWHAEThCH
pP= a= —(——- k’ ) 371iBa HaMpaBo Ta CNpaBa HaJliBO OIHAOKORO).
ek k=l k+1 15 [ToGyayBaTH AepeEBO CHHTAKCHYHOFO po300py peueHHs.
12 ] 26 In j 16 BuBeCTH Ha JIpyK BCi JiBi BEpILMHY 36a1aHCOBAH OTO IEPERA.
n= 7711 AT 17 BuiBecTv Ha ApYK BCi HEPBOH BEPIIMHH YEPBOHO-YOPHOTO [IEpERa.
A =t 18 BuBecTH Ha ApYK BCi HOPHi BEPIIMHN YEPBOHO-YOPHOTO Jie PeRa.
13 o 1 27 n '\/-t- 19 3HaiiTv B GiHapHOMY JIepeBi BEPILUHY, CyMa 3HAUYEHb NIPIMUX
q= H —b—— P= - HaMaAKIB AKkoT € MAKCHMab HOTO.
b1 2b -1 - 1+ 1 20 3uaiiTH B GiHapHOMY JIepEBi BEPIIMHY, CyMa 3HAYEHb NMPAMUX HAIIAJIKiB AKOT
14 ; r 2k —1 28 f 2 Ix € MIHIMaJIbHOI0
= 2k+1 ~ x' ~sinx

JlabopamopHa po6oma Ne8

Tema: rpacn, 06xin rpady, nowyk.

Merta poGoTH: HaGyTTa HaBHYOK NpOrpaMyBaHHs rpadis.
3aBaanus 0 poGorn

3abe3neunTn 30epiranHs rpada y BUIIAAI MaTPHLL CyMiKHOCTI.
BapianTn ingnBiAyaJbLbHHX 32BAAHD.
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Anzopummu i cmpyxmypu 0aHux

3aedanna 0o aabopamopHux pobim

Ne 3m . | 3aBnanust

1 Po3po6uTH anropnT™ 3HaX0AKEHHS 3B’ ;3HUX miarpadis 3agaHoro rpady.

2 Po3pobutn mnporpamy obxomy rpady BIIHMp, TNOJAHOTO MAaTPHLEIO
CYMiXHOCTI.

3 Pospo6utn nporpamy obxomy rtpada BriuG, MOJAHOTO MAaTPHLIEHO
CYMDKHOCTI.

4 Po3po6rTH nporpamMy nouryky BepIidHY y rpadi.

5 Po3po6uTH nporpamy Nomyky BepmuHu y rpadi 3a i1 3HaUEHHAM.

6 Po3po6uTn nporpamy, pesynsTaTtoM kol € cTek, chopMoBaHuii Ha OC HOBI
MOCJTiJOBHOCTI BEpIIHMH, OTPUMa HUX NpH 06X0Ai BrHo.

7 Po3poburtn nporpamy, pe3yasTaToM skoi € udepra, c(OpMOBaHWIA Ha
OCHOBI ITOCJTiJOBHOCTI BEPIIWH, OTPUMAHU X NMPH 00XO0Ji BIIMD.

8 HlepeBo — 1€ 3B'S3HMI auMKNiuHWA (U0 He Mae UHKIiB) rpad.
P0o3po6HTH anropuTMm, 1O BU3HAYAE, YU € rpad) AEpEBOM.

9 Po3pobutu nporpamy, sika 3a MaTpULEO CYMiIXHOCTI GopMye MHOXHHY
pebep.

10 3HaitTy y rpadi ABoHanpsimiieHi pebpa.

11 CdopMyBaTH MHOXMHY BEpUIMH, 3 fKHX BHXOIATh pebpa 3agaHol
BapTOCTi.

12 CdopmyBaTH MHOXWHY pebep, SKi € alIMKIIMHHUMH,

13 3HaiiTy y rpadi netni.

14 3HalTH BapTICTE WIAXY MK 3afaHWMK BepIIMHAMH. SIKIO npAMOro
LIS XY HEMAE, TO BUBECTH MOBIZOMJIEHHS.

15 3HaiTH CyMy BCIX YT, UI0 BUXOMATH 3 MEBHOT BEPILUHM.

16 3a MaTpHLEIO CYMIXXHOCTI BUBECTH Ha APYK MHOXHHY AyT rpady.

JlabopamopHa po6oma Ne9

Tema: anropuT™y nowryky Ta COpTyBaHHS A1 OTHOBUMIPHUX MacHB,

Merta po6orn: HabyTTs NpaKTHUHMX HAaBHHOK 3aCTOCYBaHHS aJrOPHTMIB MOMUIYKY Ta
COPTYBaHHS. '

3aBaanna no poGorn

Po3pobuth npouexypy Ta GpyHKUIT 1S NOLIyKy B OQHOBUMIPHMX MacHBax Ta yisl iX
COpTyBaHHA. B koHTponeHOMY npuKnazi 3abe3neduTH Mmowyk noTpiGHUX eJIEMEHTIB B
HEMOCOPTOBAHUX MackBaXx. 3MIHCHUTH iX copTyBaHHA. 3RIICHNTH NOLIYK B MOCOPTOBaHUX
macuBaX. OUiHNTH Yac BHKOHAHHS onepawiii.

BapianTn _inguBigyanbHuX 3aBAaHb.

3HaiTH:

Nezn 3apaannn

1 EneMenTH, AKki HasBHI B 000X Macueax A i B.

2 EnemenTy, AKi € Tilkkn B MacuBi A a6o Tinkku y MachBi B no ogromy pa3y.

3 EnemeHTH, siki HasBHi B MacHBi A, ajie BificyTHi Y MacuBi B.

4 EneMenTH, ki HafBHI B 060X MaciBax A i B y mekifbkox ek3eMniapax.

5 EnemMenTn, sKi HafBHi B IEKiBKOX €KIEMIUIAPAX Y MacHBi A, ane BiICYTHI y
Macusi B.
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Nosn 3apnanns

6 EnemeHnTH, AKi HasBHI B AEKIIBKOX €K3eMIUISpaxX abo TINBKH Y MacuBi A,
abo TUIbKHK y MacuBi B.

7 Enementy, sxi HasiBHI B JEKIJIBKOX ek3eMmmuisapax abo B macuBi A, abo B
MacuBi B (abo B 060X MacHBax).

8 EnemMeHTH MacuBY A, sIKi NOBTOPIOIOTHCS B MacHBi B fekinbka pas.

9 EnemenTn, HasBHi B 060X MacvBax A i B B oqHOMy ex3eMIuIspi.

10 EnleMeHTH, HagBHI B OTHOMY €K3eMILIISpi 260 TUTEKH B MacHBi A, a6o TinLku

‘ B macHsi B.

11 EjleMeHTH MacHBY A, SKi TIOBTOPIOIOTHCA | OJTHOYACHO € B MacHBi B.

12 EnemenT MacuBy A, sKi NMOBTOPIOIOTBCS 1 OJHQUAcHO € B Macusi B B
OJIHOMY €K3eMTIUTSPI.

13 EnemenTn MacuBy A, sIKi He MOBTOPIOIOTHCA | OAHOYACHO € B MacHBi B y
JIEKIJTBKOX eK3eMIIsApaXx.

14 EneMeHTH MacuBY A, SIKi NOBTOPIOIOTECS 1 OAHOYACHO BIICYTHI Y MacuBi B.

15 EnementH MacMBy A B OAHOMY e€K3eMIUIpi, ki € B MacHBi B Tinexm B
O HOMY €K3eMTUTADI.

16 EnemMeHTH MacuBY A B OJHOMY eK3eMrnnspi, ki € 8 MacuBi B y gekinbkox
€K3eMIUIs pax.

17 EnemenTH, fKi HasBHI B AEKiIbKOX ek3eMIuiapax abo TiNbKA B MacuBi A,
abo TiThkH B MacHBi B,

18 HenapHi eneMeHTH MacHBY A, siki mapHi B Machii B,

19 Enemenru, nagsti B 060X macusax A i B i 6inwuwi sig uncna K.

20 EniemenTH, sKki € TiIbkH B MacHBi A abo B Macuei B fexinbka pa3sis.

21 TIlapHi eneMeHnTH MacuBy A, HasBHiI B MacuBi B.

22 HenosroploBaHi enemenTH MacuBy A, KOTpHX HeMae y MacHsi B.

23 EnlemenTH MaciBy A B OJHOMY €K3eMIUIApI, AKi HasiBHI B MacHBi B.

24 EnemenTn MacuBy A, HasiBHI B OTHOMY eK3eMIUIsIpi B MachBi B,

25 Enementn MacuBy B, fiki NOBTOPIOIOTHCS B MACHBI A IeKiJTbKa pa3iB.

26 EnemenTn macusiB, axi HasBHI B MacuBi B, ane BiacyTHi B MacHBi A.

27 EnemenTn macuBiB, fiki HasABHI HEMapHy KiJIbKICTE pa3iB B 060X MacHBax A i
B.

28 EneMeHTH MacHBiB, fki HasBHI B JEKUTLKOX eK3eMIUIdpax y macusi B, ane
BiJICYTHI B MacHBi A.

29 EneMent MacHBiB, ski HasBHI B HEKUIBKOX e€k3eMIUIApax abo TiJIbkH B
Macwusi A, abo Tinbkn B Macusi B.

30 Menianu MacusiB A i B.

1. AnropuT™Mu nomyky:

a) NiHiAHWH nowyk;

6) ninifAWiH nomyk 3 6ap’epom;

B) 6iHapHWMit nomyk;

r) nowyxk diGonayi;

J) TIOUIYK 3 NMEPECTaBIICHHSM Y MOYAaTOK;
€) MOUIYK C TPaHCMO3HLLIEIO;
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2, ANropaT™MH COPTYBAHHA:

a) COpTYBaHHA OOMIHOM;

6) copryBannsa BuGopom;

B) Oy/b0allikoBE COPTYBaHHS;
T') OPTYBaHHS BIUTIOUEHYSM;
I) OynsOauikoBe COPTYBaHHS,
€) IBHAKE COPTYBaHHS,;

€) copryBanus Llenna;

) mipamizanbHe COPTYBaHHS,
3) copTyBaHHsA Xoapa.

JlabopamopHa po6oma Ne10

Tema: poGora 3i 3anucamu i daitnamu.

Meta poGorn: HalyTTs nNpakTHYHHX HaBUYOK ONpPALIOBAHHS CTPYKTYp Ta poOOTH 3
taiinamu.

3aBpanHsa a0 poborn

Po3pobutu nporpamy, sika 3abe3nedye onpauioBaHHs CTPYKTYp JaHUX i X 30epexKeHHs
y daini. :

Ormmue pesxoro 06’ekTy 3IiHCHIOETBCSA 3a AOMOMOrOI0 CTPYKTYPH NaHWX THITY 3aiuC.
HeobxigHo 3abe3neunty onpawoBaHHs 3-5 aTpHOyTiB 00°€KTy 3 BUKOPHCTaHHAM Pi3HHX
NPOCTHX THITIB JAHUX (CTPitKH, CHMBONH, YHCHA, NOTI9HMH THTT). 3abe3neunTH BUKOHAHHS
TaKWX onepauii:

66e0enHs OAHUX,

NOULYK 3a 3HAYEHHAM ampuoym,

nocnioognull nepeenso;

Moougbixayilo 3navenvb ampubymis 06 'ckmig (cmpykmypu, o 1020 Onucye);
guoaneHns 06’ckmy (3anucy, wo H020 ONUCYBAHHSAC);

COpMYBAHHA 3 3HAYEHHAMU amMpubdymis;

pesynsmamu 6cix. onepayii maiome 30epizamucs y hatini.

Y KOHTpONTEHOMY NMPHKIIA/ NPOIEMOHCTPYBaTH BUKOHAHHS OCHOBHHX Orepauii 3 dhafinom,
Axui MicTuTh 10-20 36epeskeHux onucis 06’ exTiB.

BapianTu_iHIMBiIyalbHuX 3aBJaHD.

Koxen ctyaeHT o6npae n0BINbHAUHA 06’ €KT 1)1 ONHCYBaHHS Y BUTIIALI 3aITHCY.
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3agdanna 0o rabopamoprux pobim
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