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MaCHBH, a TAaKOXX TNPHUHIMIKA MOAYJIBbHOI moOymoBu mporpam. OcoOnuBa yBara NPUALISETbCS
dbopmanizarii 3amay, peanizaiii anropuTMiB 3aco0aMM MOBU MPOrpaMyBaHHS BUCOKOTO PiBHA Ta
aHaJI3y KOPEKTHOCTI i €()eKTUBHOCTI MPOTPaMHHX pillleHb. J[MCIUIUTIHA 3aKJIaJa€ TCOPETUUIHY Ta
NPaKTUYHY OCHOBY JUISI MOJANBIIOTO ONaHyBaHHS (axoBuX KypciB 1 (opmye 0a30Bi
KOMIIETEHTHOCT] pO3pOOHHKA MPOTPaMHOT0 3a0€3IeYCHHSI.
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TEMA 1. AJITOPUTMI3BALIA TA IIPOI'PAMYBAHHA
B ZKUTTEBOMY HUKJII TIPOTPAMHOI'O 3ABE3IIEYEHHA

1.1 OcHOBHI NOHATTS aJAropuTMizanii Ta croco0Hu NOJAHHS AJNTOPUTMIB

Anroputmizamist € (QyHZaMEHTAJbHUM €TaroM CTBOPEHHS IMPOrpamMHOro 3a0e3redyeHHs.
Bynp-sika mporpamMHa cucTeMa IMOYMHAETHCSA 3 (OPMYITIOBAHHS 33/1a4i Ta MOOYAOBU ITOPUTMY il
po3B’sizanHsa. Came anrOpuTM BU3HAYA€ TMOCHTIIOBHICTh Miif, sIKI HEOOXIAHO BHKOHATH IS
OTpPUMaHHS MOTPIOHOTO pe3ynapTary. ToMy pO3yMiHHS MOHSTTS aJTOPUTMY, HOTO BIACTHBOCTEH, a
TaKOXX CIOCOOIB TMOJaHHS aJNTOPUTMIB € 0a30BOI0 IEpPeayMOBOK (OpPMYyBaHHS HABUYOK
MporpaMyBaHHSI.

[ToHATTS aNrOpUTMYy BHHHKIJIO 3a0BrO 10 TOSBH KOMIT'IOTEpiB. Y Hal3araibHIIIOMY
BHTJISIII QITOPUTM MOYKHA BU3HAYUTH SIK TOYHHH 1 3pO3YyMUIHIA OMUC TTOCITIIOBHOCTI Jii, BHKOHAHHS
AKX TPHUBOAWTH JO PO3B’s3aHHSA TMEBHOI 3amavi. Y cydacHi i1HQOpPMATHIII aANTOPUTM
po3risaaeTbes K GopMaTizoBaHUN HAOIp THCTPYKITIH, SKI MOXKE BUKOHATH ITEBHUI BUKOHaBelb. L1i
IHCTpYKIii MOBUHHI OyTH YiTKO BU3HAYEHI, MaTH OJHO3HAYHE TPAKTyBaHHS Ta BUKOHYBATHCSA Y
BH3HAYCHIN TTOCIiJOBHOCTI.

TepMmiH anropuT™M MOXOAWTH BiJ JIATHHI30BAHOTO iMEHI CepeaHhOAa31MChKOTO MaTeMaTHKa
Anp-Xopesmi, skuil y IX cTOnITTI omucaB mpaBuiia BUKOHAHHS apuMETHUYHUX OOYMCICHB. 3
4acoM MOHSTTA ajrOpPUTMYy CTajJO0 OCHOBOIO MaTeMaTH4HOI Teopii oOuMclIeHb, a Mi3HIle —
KIJIFOUOBUM MOHSATTSAM KOMIT IOTEPHUX HAYK.

ANTOPUTM Ma€ HU3KY BIIACTMBOCTEH, SIKi BIAPI3HSAIOTH HOTO BiJ JAOBUIBHOTO ommcy Aiil. o
OCHOBHHX BIJIACTHBOCTEW QJITOPUTMYy HaJeXaThb BHU3HAYCHICTh, TUCKPETHICTh, MAacCOBICTh Ta
PE3yJIbTaTUBHICTb.

Busnauenicth 03Hauae, 1m0 KOKHA KOMaHJla aJrOpUTMY TMOBHHHA OyTH ChOpMYJThOBaHA
OJTHO3HAYHO 1 HE JIOMYCKaTH Pi3HUX TIIyMaueHb. BUKOHaBENb alNropuT™My MOBUHEH TOYHO PO3YMITH,
SKy came JIif0 HeoOXiJJHO BUKOHATH Ha KOXKHOMY eTarli. SIKIo komaHzaa copMyiIbOBaHa HEUYITKO
abo Jomyckae HEOJHO3HAYHE TPAKTYBAHHS, BUKOHAHHS alTOPUTMYy MOXE TMPHU3BECTH JO
HEMpPaBUIILHOTO pe3yNbTaTy a0o B3araljli CTaTH HEMOXJIMBUM. Hampukinazd, iHCTPYKIliS HA KIITAIT
«00poOUTH NaHi» HE € BU3HAYEHOIO, OCKITbKM HE TOSCHIOE, SKi caMe Jii MOTpiOHO BHUKOHATH.
HatomicTh KOMaHIa «JoJaTH J1Ba YHCla Ta 3alUcaTd pe3yiabTaT y 3MiHHY» Ma€ OJHO3HAYHHN
3MICT.

JluckpeTHiCTh O3HAYae€, M0 AITOPUTM CKIIAJAETHCS 3 OKpEeMHUX eTariB abo KpokiB. KoxxeH
KPOK BHUKOHYETBHCS TICIIS 3aBEPIICHHS MOMEPEIHhOro. TakuM YHMHOM, TPOILEC PO3B’s3aHHS 3ajadi
po30MBaETbC Ha TMOCHIJOBHICTH eleMeHTapHux ormepamiii. Came Taka CTpyKTypa Aa€ 3MOTY
BUKOHYBAaTH aJITOPUTM aBTOMATHU30BaHO, OCKUTEKH KOMIT IOT€pP BUKOHYE KOMaHAH OJHY 32 OJHO0 Y
BHU3HAUYECHOMY MOPSIKY.

MacoBicTh O3Hayae€, M0 AITOPUTM MPU3HAYEHUHN A PO3B’SI3aHHS HE OJHIET KOHKPETHOI
3ajadi, a MEeBHOTO Kjacy OJHOTHITHUX 3amad. Hampukiaz, anropuTM 3HAXODKEHHS CyMH JIBOX
9HEcel MOXE 3aCTOCOBYBAaTHCS ISl OyOb-SIKHX 3HAY€Hb IUX 4YHCENl. Y [HOMY IIOJISATaE
YHIBEpPCAJbHICTh QITOPUTMIYHOTO MIJXOAY: OJIUH 1 TOW CaMUl alITOPUTM MOXKE BUKOPUCTOBYBATHUCS
JUTs1 OOPOOKH Pi3HUX BXITHUX JaHUX.

PesynpTaTHBHICTH O3HAYae, M0 BUKOHAHHS AalTOPUTMY TIOBHHHO 3aBEpIIyBaTHUCA
OTPUMAaHHSM Pe3yJIbTaTy 3a CKIHU€HHY KUIBKICTh KPOKIB. SIKIIIO anropuT™M HE 3aBepIIyeThCs a0 He



IPUBOAMUTH JO IIEBHOIO pe3yJbTaTy, BIH HE MOXE BBakaTHCs KOpeKTHUM. Llg BiacTuBicTh
rapaHTye, 110 AITOPUTM HE MICTUTh HECKIHUCHHHUX ITUKJIIB 0€3 YMOB 3aBEpPIIICHHS.

BaxMBUM MOHATTAM y TEOpil aJrOpUTMIB € HOHATTS BUKOHABI[S adropuTMy. BukoHnasern
— 11e 00’eKkT abo cucrema, 3/aTHa BUKOHYBAaTH KOMAaHJIW aJrOpUTMY. Y POJi BUKOHABIS MOXE
BUCTYTIATH JIFOJAMHA, KOMII FOTEp, poOOT abo iHma TexHigyHa cucteMa. OCHOBHOIO XapaKTEPUCTUKOIO
BUKOHABIS € Halip Aid, sfKi BiH MoXke BUKOHyBaTH. Lleli Habip Ha3MBalOTh CHUCTEMOIO KOMAaH]
BHUKOHABIIA.

Anroput™M NOBHHEH OyTH CQOPMYJIbOBAaHMM Yy TEpMiHAX, 3pO3yMUIMX BUKOHABLIO.
Hanpuknan, anroputM, MNpU3HAUYE€HUM A KOMI'lOTepa, Mae OyTH ONKMCaHUM  MOBOIO
IporpamyBaHHs a00 1HIIOKW (HOPMaANBHOK CUCTEMOIO 3alUCy KOMaH/. SIKIIO X aJlrOPUTM BUKOHY€
JIOAMHA, IHCTPYKIIiT MOXKYTh OyTH MOJaHi y BUTJISAAI TEKCTOBOTO OIHCY.

KoxeH BUKOHaBEIr Mae OOMEKEeHHI HaOIp MOXJIMBUX omepamiid. Hampuknan, koM’ oTep
MOK€ BHUKOHYBaTH apumMeTwuHi omepariii, omepauii MOpiBHAHHS, ONepalmii YWTaHHS Ta 3aMucy
JaHUX, a TAKOXK KePYBaTH MOCIIIOBHICTIO BUKOHAHHS KoMaH[. Came Ha OCHOBI IIUX €JIeMEHTapHUX
oreparliii OyayrTbCs CKIa/IHI aJrOPUTMHU.

[lepen moOynoBOIO anropuTMy HEOOXiTHO BHUKOHATH (opMaizaliio NpUKIATHOI 3aaadi.
dopmaizaliss — 1€ Npolec NepeTBOPEHHsI peabHOI 3a7aui Ha (GopMalibHY MOJENb, SKY MOXKHA
omucaTd MaTeMaTH4HO a00 anropuTMmidHo. Y mporeci dopmaiizamii BU3HAYAIOTHCS BXIJIHI JaH1
3a/1a4i, HeoOXiAH1 OOYHCICHHS Ta OYiKYBaHUN Pe3yJIbTar.

Ha npomy erami Takok BU3HAYarOThCs OOMEXKEHHS 3a/1a4i, JOMyCTUMI 3HAYeHHS ITapaMeTpiB
Ta yMOBH BUKOHaHHs anroputmy. Dopmamizamis gae 3Mory 4YiTko chopMyIioBaTH 3amady Ta
YHUKHYTH HEOAHO3HA4YHOCTeH y 11 TpakryBaHHi. Hanpuknana, 3amada OOYHCICHHS CEpeIHBOTO
apudmernuHOrO0 HAOOPY UKCceN MoXke OyTH (hopMaizoBaHa SIK OOYMCIICHHS CYMHU BCiX €JIEMEHTIB 1
MOJILT OTPUMAHOTO PE3yJbTaTy Ha iX KUTbKICTb.

[Ticnst ¢popmanizanii 3amaui BUKOHY€ETHCS TOOYI0Ba arOpuTMy ii po3B’si3anHs. s mboro
BUKOPHUCTOBYIOTh Pi3HI CIOCOOM MOAaHHA anropuT™MiB. Haif011b1 MOMMpeHUMH € CJIOBECHHH OMHC,
OJIOK-CXEMH Ta MCEBAOKO/I.

CrnoBecHMI ONMKMC aIrOPUTMY € HAWIPOCTIIIMM CIIOCOOOM IMOJaHHS MOCTITOBHOCTI Iii. Y
[[bOMY BHIIQJIKy aJITOPUTM ONUCYETHCSI MPUPOJHOIO MOBOIO Yy BUIJIAI MOCIITOBHOCTI 1HCTPYKIIIH.
Taxuii croci® € 3po3yMuIMM JAJs JIOJUHM, OJHAK Mae NeBHI Henoiiku. [IpupogHa mMoBa Moxke
JOITyCKaTH HEOAHO3HAYHOCTI, TOMY CKJIaHI aJITOPUTMH BaYKKO OTIMCYBATH JIHIIE TEKCTOM.

[Toripu 1e, cIOBEeCHMI OMMC YacTO BUKOPHUCTOBYETHCS Ha MOYATKOBOMY €Tami pO3poOKH
ITOPUTMY, KOJM HEOOXITHO chOpMYNIIOBaTH 3arajibHy iJIef0 po3B’si3aHHs 3ajnavi. Hampukian,
QJITOPUTM 3HAXOJDKEHHS HaMOLIBIIOro 3 JBOX YHCEN MOKe OYyTH ONUCAaHWH TaKUM YHHOM:
OTpPHUMATH JIBa YMCIIA, IOPIBHATHU X Mk 0000, BU3HAYUTHU OLIbIIIE YHCIIO Ta BUBECTU PE3YIbTaT.

binpi ¢popmainizoBaHUM cIOCOOOM MOJIaHHS AITOPUTMIB € BUKOPUCTAaHHS OJI0K-cXeM. biok-
cxeMa sBisie co0Or0 rpadiuHe NPECTaBICHHS alrOpUTMY Y BUIIISAIl ClieliadbHUX CHMBOJIIB,
3’eHaHMX JiHIsIMA. KOKeH cMMBOII B/IMOBIa€ MEBHIN onepallii abo eTay BUKOHAHHS aJlTOPUTMY.

VY Onok-cxeMax BHKOPUCTOBYIOTHbCS CTaHAApPTHI TrpadivyHi no3HadeHHs. [IpsSIMOKyTHUK
BHKOPHUCTOBYETHCS JUIsl TIO3HAYECHHS orepallii abo obunciienns. [lapanenorpaMm BUKOPUCTOBYETHCS
JUIs BBEIEHHS a00 BUBEIEHHS JaHMX. POMO 3aCTOCOBYeTHCS Ul IO3HAYEHHS MEPEBIPKH YMOBH Ta
posrainyxeHHs: anroputMy. OBajl BUKOPUCTOBYETHCS JJIsi MO3HAYEHHS MOYaTKy abo 3aBEpIICHHS
anroputMy. CTpUIKK OKa3yIOTh HAIIPSIMOK BUKOHAHHS aJlTOPUTMY.

bnok-cxemMu Aar0Th 3MOTY HA0YHO BiI0OpasHTH JIOTIKY pOOOTH anroputMmy. BoHu mmpoko
BUKOPHUCTOBYIOTHCS i/l 4ac aHalli3y Ta JOKYMEHTYBaHHS aJiTOPUTMIB, a TAKOXK Ha €Tarl HaBYaHHS



IIporpaMmyBaHHIO. BizyallbHe IpeACTaBIeHHs JOIOMarae Kpaiie 3p03yMITH CTPYKTYpY aIrOpUTMY
Ta B3a€EMO3B 30K MK HOTrO €JIEeMEHTaMHU.

[Ile oAHMM MOIMIMPEHUM CIIOCOOOM IMOJAHHS AJITOPUTMIB € TceBAOKoA. llceBmokos sBisie
cobor0 opmarizoBaHHl TEKCTOBHI ONUC aIrOpUTMY, SKHH Harajaye MpOTrpaMHUIl KOA, aje He
NpUB’A3aHUN O KOHKPETHOI MOBU INPOTpaMyBaHHS. Y TICEBIOKOJI BHKOPHCTOBYIOTHCS YMOBHI
KOHCTPYKII{, IUKIA Ta omeparii MPUCBOEHHS, MOMIOHI MO THX, IO 3aCTOCOBYIOTBCS y MOBax
IIpOrpamMmyBaHHs.

OCHOBHOO TEpeBaroo MCEeBJOKOY € NMOEJHAHHS 3p03yMIUIOCTI Ta (OPMaAIBHOCTI. 3 OHOTO
00Ky, MCEBJOKO/ JIETKO YUTAETHCS JIFOJUHOIO, @ 3 IHIIOI0 — Ma€ JOCTATHIO CTPYKTYPOBAHICTh JJIs
MOJJAJIBLIONO NEPEeTBOPEHHs Ha mporpamMHuil koa. Tomy nei cnocid 4yacTo BUKOPUCTOBYETHCS i
9ac NPOEKTYBAHHS MPOTPAMHHUX CUCTEM.

HezanexHno Big cnocoOy MOJaHHS alIrOpUTMYy, HOTO CTPYKTypa OyAyeTbcs Ha OCHOBI
0a30BUX aNTOPUTMIYHUX KOHCTPYKIiH. Y Teopii alropuTMiB JOBEACHO, IO OYyIb-SKUN alrOpUTM
MO>KHa MO0y yBaTH, BUKOPUCTOBYIOUM TPH OCHOBHI CTPYKTYpH: IOCIIIJJOBHICTh, PO3TATYKEHHS Ta
MIOBTOPEHHS.

[TocnitoBHICTh € HAWIPOCTILIOW CTPYKTYPOKO AJITOPUTMY. Y I[bOMY BHIAJKY KOMAaHIH
BUKOHYIOTHCSI OJTHA 3a OJHOI Y BH3HAaueHOMY Hopsaky. KoxkHa HacTymHa omepariisi HOYMHAETbCS
JIMILE MICHIs 3aBepLIeHHs nonepeanpoi. IIpukinanoM nociiJoBHOT CTPYKTYpPH MOXe OyTH aJlrOPUTM
OOYMCIICHHSI 3HAUEHHS MAaTEeMAaTU4YHOTO BMpa3y, SKUH CKIAAAETbCS 3 KUIBKOX apU(pMETHUYHHX
orepartiu.

PosranmyeHHS BHKOPHCTOBYETBCS Yy BHIIQJKaX, KOJIM TOMAIBIIANA XiJ BUKOHAHHS
AITOPUTMY 3aJICKHUTh BiJ] TIEBHOI YMOBH. SIKIIO YMOBa BHKOHYETBHCS, aJTOPUTM TEPEXOIUTH IO
OJTHI€T T1JIKK BUKOHAHHS, a AKIIO Hi — J10 1HIIOi. Taka CTpyKTypa BUKOPHCTOBYETHCS, HAPUKIIA,
MiJ Yac MepeBIpKU KOPEKTHOCTI BBEJAEHHX JaHuUX abo miJ 4yac BUOOPY crmocoly oO04HMCIeHHS
3aJIeKHO BiJ] 3HAUEHHS [TapaMeTpa.

[ToBTOpEHHsI BUKOPUCTOBYETHCS y BMIIAJKaX, KOJM IEBHY MOCHIJOBHICTh Ai HEOOX1IHO
BUKOHATH KuIbKka pa3iB. IloBTOpeHHs peani3yeThCsi 3a JOMOMOrow UHUKIiB. Llukm Moxe
BUKOHYBAaTHUCSl BU3HAUEHY KUIBKICTh pa3iB abo 10 TUX Mip, IOKM BUKOHYETbCS NEeBHA ymoBa. Lls
CTPYKTYypa HIMPOKO BUKOPHUCTOBYETHCA IMiJI YaCc 0OpOOKM MaCHBIB JaHWX, BUKOHAHHS 1TEpAIIITHIX
oOuuciieHb abo nepedopy BapiaHTIB.

[ToegnanHs mUX TPHOX 0a30BUX CTPYKTYp Na€ 3Mory OynyBaTh ajirOpUTMH Oyab-sKOi
ckinagHocTi. Came Ha iX OCHOBI ()OPMYIOTBCSI IPOTPaMHiI KOHCTPYKIIiT Y MOBax IMporpaMyBaHHS.

TakuM YMHOM, AITOPUTMI3allil € KIYOBUM €TallioM pO3pOOKHM IMPOrpaMHHUX CHCTEM.
ANTopUTM BH3HAUa€ JIOTIKY PO3B’A3aHHA 3a/layi, a HOTro BIACTUBOCTI 3a0€3Meuyl0Th MOXKIJIHBICTh
aBTOMaTH30BaHOro BUKOHaHHA. dopmanmizamis MPUKIAAHOT 3a/1adi Ja€ 3MOTy YITKO BU3HAYUTH
BXIJHI JaHl, HEOOXIJHI OOYHMCIIEHHS Ta O4YIKyBaHMM pe3yibTar. [[nsg nogaHHS anropuTMmiB
BUKOPHUCTOBYIOTBCSL pI3HI CHOCOOU, cepell SIKHX CIOBECHHUM ONHUC, OJIOK-CXEMH Ta IICEBIOKO.
Hezanexxno Bin cocoOy mojanHs, OyIb-IKUH anropuT™ OyAYy€ThCS Ha OCHOBI 0a30BUX CTPYKTYD:
MTOCJTIZIOBHOCTI, PO3TATY>KCHHS Ta TOBTOPEHHsI. PO3YyMIHHS IIUX TPUHIIMIIIB € OCHOBOIO TIOJIAJIBIIIOTO
BHUBYCHHS IPOTPaMyBaHHsI Ta pO3POOKH MPOTPaMHOTO 3a0e31eUeHHSI.

1.2 Etanu po3po0km mporpamMHoOro 3a0e3ne4eHHsl Ta JKUTTEBHH LMKJ NPOrPaMHHUX
cucTemM

CTBOpeHHsI MPOrpaMHOro 3a0e3Ne4yeHHs € CKIaJHUM I1HXKEHEPHUM IPOLIECOM, SIKHii
notrpedye CHCTEMHOIO MiIXOAy, YiTKOI oprasizauii poOOTH Ta BHKOPHCTaHHS CIeEIialli30BaHUX
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METOMIB 1 TexHojorii. Po3poOka mporpaMHUX CHCTEM mepeadavac MmociiJOBHE BUKOHAHHS HHU3KU
B3a€MOIIOB’SI3aHUX €TalliB, KOXKEH 3 SKMX Ma€ BIAcHI 3aBIaHHA Ta pe3yiabraTH. CyKyIHICTh IIMX
etariB (POpMye€ KUTTEBHIA ITUKII TPOrPAMHOTO 3a0€31eYeHHSI.

VY 3aragpbHOMY BHUNAJKY TNPOILEC CTBOPEHHS MPOTPAMHOTO MPOAYKTY MOXKHA IOAATH SIK
MOCTIIOBHICTh TaKWX eTamiB: (OpMYyBaHHS BHUMOI JI0 TPOTPAMHOi CHUCTEMH, INPOEKTYBAHHS
QITOPUTMIB Ta AapXiTEKTypH, peami3aliss MpOrpaMHOr0 KOAY, TECTYBaHHS IPOrPaMHOTO
3a0e3neueHHs Ta Horo nojanbiiuii cynposil. KokeH 13 mux eramniB Mae Ba)JIMBE 3HAYCHHS IS
3a0e31eueHHs SIKOCT1 MPOrpaMHOi CUCTEMH Ta €PEKTUBHOCTI 11 OJAJIBIIIOI0 BUKOPUCTAHHS.

[TepmmM eranom po3poOKu IporpaMHoOro 3adesnedeHHs € ¢popmyBaHHS BUMoOr. Ha mipomy
eTani BHW3HA4YalOThCA (YHKIT TpOrpaMHOi CHCTEMH, il TpHU3HAYCHHS, OOMEXKECHHS Ta YMOBH
ekcruTyaranii. Bumoru mo mporpamHoro 3abe3nedeHHs: (OPMYIOThCS Ha OCHOBI aHaIi3y MOTpeO
KOPHCTYBa4iB a00 3aMOBHHKA CUCTEMHU.

[Tponiec popmyBanHs BuMoOr nependavae 30ip, aHami3 1 JOKyMEHTYBaHHS iH(opMaIlii mpo
MaiiOyTHIO cucteMy. Ha mpoMy erami BH3HA4YarOThCs 3afadi, SIKi Ma€ pPO3B’sS3yBaTH MPOrPaMHUN
IPOAYKT, a TAaKOX CIIOCOOM B3aeMOAIl KOpHCTyBauya i3 CHUCTEMOIO. Y pe3ysbTaTi (OopMyeTbes
nepenik pyHKIioHANbHUX Ta He()YHKIIOHAIBHUX BUMOT.

@DyHKLI0HATIBHI BUMOIY OIUCYIOTh, IKI caMe /i TOBUHHA BUKOHYBATH IPOrpaMHa CHCTEMa.
Bonu Bu3HauyaloTh OCHOBHI (YHKIi HPOrpaMHOr0 MPOIYKTY, CIHOCOOM OOpOOKM HaHuX Ta
B3a€EMOJII0 3 KopHcTyBaueMm. Hampukman, ans cucteMu o0ONIKy JaHUX (YHKIIOHAJIBHUMU
BUMOTaMH MOXYTh OyTH BBeJeHHsA iHGopmamii, I 30epexeHHs, TMOIIyK, pelaryBaHHS Ta
(dhopMyBaHHS 3BITIB.

HedyHkmioHampHi  BUMOTM  BU3HAYAIOTh  XAPAKTEPUCTHKH  SIKOCTI  MPOTPaAMHOTO
3abe3neueHHs. [0 HUX HaJeKaTh BUMOTH IIIOAO MPOTYKTUBHOCTI CHCTEMH, HAIIHHOCTI, OS3IeKH,
3pYYHOCTI BUKOPHCTaHHsS, CYMICHOCTI 3 IHUIMMH HPOTPaMHUMH MPOJYKTaMU Ta anapaTHUMU
3acobamu. HedyHKIiOHaTbHI BUMOTH 4YacTO BU3HAYAIOTh TEXHIYHI OOMEXKEHHS, y MeXaxX SKHX
MOBMHHA MpAIfOBaTH CUCTEMA.

BaxnuBoro yacTuHO0O (POpMYyBaHHS BUMOT € iX JOKYMEHTYBaHHA. [l IbOrO CTBOPIOETHCS
CHellaJIbHUN TOKYMEHT, IKU MICTUTh OMKC (PYHKIIOHAJIBHUX MOXKJIMBOCTEH CUCTEMH, BUMOTH J10
il poOOTH Ta iHIII TeXHIYHI napaMeTpu. Takuil JOKYMEHT 4acTO Ha3UBAIOTh ClienU(DIKaIlel0 BUMOT
JI0 TIPOTPAMHOTO 3a0€3MEUeHHS.

[Ticnss BU3HAYEHHS BHUMOT PO3MOYMHAETHCS €Tall MPOEKTYBAHHS IPOTPAMHOI CHUCTEMHU.
IIpoexTyBanHs mependayae po3poOKy CTPYKTypH MailOyTHBOrO MPOrpaMHOro MHPOAYKTY,
BH3HA4YEeHHs 1Or0 OCHOBHUX KOMIIOHEHTIB Ta CIOCO0IB 1X B3a€MO/III.

Ha npomy erami BHKOHY€ThCS aHaji3 3ajaul Ta MoOyAoBa alropuTMIB ii PO3B’sS3aHHS.
ITpoexTyBaHHS aNTrOPUTMIB € OJHHUM 13 KJIFOUOBHX €TalliB CTBOPEHHs MPOrpaMHOro 3abe3leyeHHs,
OCKIJIBKH CaMe aJiTOPUTMU BU3HAYAIOTH JIOTIKY pOOOTH MalOyTHROT MPOTPaMH.

ANTOpUTM NOBHHEH 3a0e3IevuyBaTu MpaBUiibHE Ta epekTUBHE po3B’si3aHHs 3adaul. [lix yac
MPOEKTYBAHHS aJITOPUTMIB PO3POOHUK BH3HAYAE TIOCIITOBHICTh OOYMCIIEHb, CTPYKTYPY OOpOOKH
JTaHUX T4 YMOBH MEPEXOAY MK PI3HUMHU €TarlaMi BUKOHAHHSI TPOTPaMH.

Ha npomy erami Takox (opMyeTbcs apXiTeKTypa MpPOrpaMHOI CHUCTeMHU. ApXITEKTypa
BU3HAYa€ CTPYKTYpPY MPOrPaMHOTO MPOIYKTY, HOr0 OCHOBHI MOJYJII Ta B3a€MO3B’SI3KU MK HHUMHU.
JloOpe crpoekTOoBaHa apXiTeKTypa 3abe3nedye 3pydHICTh MOAABINOI po3poOku, Moaudikamii Ta
CYIIPOBOJy ITPOrPaMHOTI0 3a0€3MeYeHHSI.

[Tinx 4Yac mDpPOEKTYBaHHS MIMPOKO BHKOPHUCTOBYIOTHCS PI3HI METOAM TPEACTaBICHHS
ATOPUTMIB Ta CTPYKTYpH MpOrpamMHOi cucteMu. Jlo HUX HajekaTh OJOK-CXEMH, IICEBIOKOJ,



JiarpaMy MOJYJIIB Ta 1HII 3ac00M MOJenfoBaHHs. Taki IHCTpPYMEHTH JAaf0Th 3MOTY OIUCATH JIOTIKY
poOOTH CHCTEMH 1€ A0 OYATKy HallMCaHHS MPOrPaMHOr0 KOIY.

Hactynuum eramom € peamizamis mnporpamHoro koxy. Ha mpomy ertami po3poOHUKH
CTBOPIOIOTH MPOTPaMy MOBOIO IPOTpPaMyBaHHS BIJNOBIIHO JO AaITOPUTMIB Ta apXiTEKTYpH,
BHU3HAYCHUX HA MONEPEAHBOMY ETalll.

Peamnizanist mporpaMHOro Koy nepeadavae HalMCaHHA MPOTPAMHUX MOJYJIIB, OpraHi3alito
CTPYKTYpPH JIaHUX, CTBOPEHHS (DYHKIIIH 1 Mpoleayp, a TAKOXK pealizallilo B3aEMOii MK PI3HUMH
KOMIIOHEHTaMU TporpamHoi cuctemu. Iliq wyac HamucaHHS KOy pPO3POOHHMKH IOBUHHI
JOTPUMYBATHUCS TIPABUIT POTPaMyBaHHs, BAKOPHCTOBYBATH 3pO3yMili iMeHa 3MIHHUX 1 QYHKIIIHA Ta
3a0e3neyyBaru JOTTYHY CTPYKTYpY MPOTPaMH.

SkicTh TpPOTpaMHOrO KOJY Ma€ BAXKJIMBE 3HAUEHHS JUIS MOJAJBINOI  EKCIUTyaTamii
nporpamMHoro 3abesmeueHHs. YiTka CTPyKTypa KOAY, KOMEHTapi Ta JOTPHUMAaHHS CTaHIApTIB
MpOrpaMyBaHHs TOJIETIIYIOTh PO3YMIHHS MPOTpaMH IHIIMMH PO3POOHMKAMM Ta CIPOUIYIOTH il
Mo U (iKaLIiIO.

[Ticnst 3aBepiieHHS HANMCAaHHS KOJAY BHKOHYETHCS €Tal TECTyBaHHS IMPOTPaMHOIO
3a0e3neyeHHsl. MeTo TECTyBaHHA € MEepeBipKa MPaBUIBLHOCTI POOOTH MPOTpaMH Ta BUSBIICHHS
MO>KITUBUX TOMUJIOK.

[Tin wac TecTyBaHHS NEPEBIPAETHCA BIAMOBITHICT POOOTH MporpamMu cHOpMOBAHUM
BuMoram. TecTyBaHHs nependadae BUKOHAHHS MPOTpaMH 3 PI3HUMH HaOOpamH BXiJHUX JaHUX Ta
aHaJi3 OTPUMAHMX PE3YNbTATIB. SIKIIO MMiJ 4ac TECTyBaHHS BUSBIIAIOTHCS MOMUIIKH, TPOTPAMHUIMA
KOJI BUTIPABIISIETHCS Ta MIEPEBIPSIETHCS TIOBTOPHO.

[cHYIOTH pi3HI BHAM TECTyBaHHS NPOTrpaMHOTrO 3abe3nedeHHs. MoJyibHE TeCcTyBaHHS
CTIPSIMOBAaHE Ha TEPEBIPKY OKPEMHUX KOMIIOHEHTIB Mporpamiu. [HTerpariiiHe TecTyBaHHS MepeBipsie
B3a€EMOJII0 MK PI3HUMU MOAYJIIMH cucTeMu. CUCTeMHE TECTYBaHHS OXOILIIOE MEPEeBipKy podoTu
BCi€i MPOrpaMHOI CUCTEMU B ILIIOMY.

OxpeMHM BHJOM € TeCcTyBaHHS 3 OOKy KOpPUCTyBada. Y I[bOMY BHIAJKy HpOTrpaMHUI
MPOAYKT MEPEBIPSIETHCA B YMOBAX, MAaKCUMAJIbHO HAOIMKEHUX /10 peanbHOl ekcrutyartarii. Takuit
MIIX17 Ja€ 3MOTY OLIHHUTH 3PYYHICTh BUKOPUCTAHHS CHUCTEMH Ta ii BIANOBIAHICTH MOTpedaM
KOPHCTYBaYiB.

[Ticnst 3aBepiIeHHsS TECTYBaHHS MPOTPAMHUN MPOAYKT MEPEXOAUTH JI0 €Tally eKCIUTyaTarlii
Ta cynpoBoay. CympoBil mnporpamMHOro 3abes3meueHHs Mepeadadae MIATPUMKY — HOro
MpaLe3JaTHOCTI, BUIIPABJICHHS BUSABJICHUX TOMMUJIOK T4 BHECEHHS 3MiH BiANOBIAHO 10 HOBUX BUMOT
KOPHCTYBaYiB.

VY mporeci ekcrulyaTamii NporpaMHOi CHUCTEMH MOXYTh BHHHKaTH HOBI 3ajadi abo
3MIHIOBATUCS yMOBM i BHMKOPHCTaHHS. Y TakKMX BHIIQJKaxX IporpamMHe 3a0e3nedeHHs
MOU(DiKyeTbcs a0 pO3MMPIOETHCA. TakuM YMHOM, IMPOLEC PO3pOOKH IPOrpaMHOrO MPOIYKTY
(aKTUIHO MTPOAOBKYETHCS MPOTITOM YCHOTO MEPioAy HOro BUKOPUCTAHHS.

CyKynHICTh yCIX €TamiB CTBOPEHHSI Ta BUKOPHUCTaHHS MPOTPAMHOI CHCTEMH YTBOPIOE ii
KUTTEBUN TUKIL. JKUTTEBUN IUKII IPOTPAMHOTO 3a0€3MEUEHHS OXOILUTIOE BCl MPOIIECH, TTOB’sA3aH1 3
PO3p00KOI0, BIPOBAKEHHSM, EKCIUTYaTalll€l0 Ta MOJEPHI3AIIEI0 TPOTPAMHOTO MMPOAYKTY.

XKuTTeBUil LMK MpOrpaMHOro 3abe3NedyeHHs 3a3BUYail MOJUIAEThCS HA KUIbKa OCHOBHHX
¢a3. Jlo HUX HanexaTb aHalli3 BUMOT, MPOEKTYBAHHS, peani3allis, TeCTyBaHHs, BIPOBAKEHHS Ta
CYTIPOBiJL.

@a3za anamizy BUMOr TMepeadayae BU3HAYECHHS (YHKLIA NPOrpaMHOi CHUCTEMH Ta
(dbopMyBaHHS TEXHIYHOTO 3aBaHHs. Da3a MPOEKTYBAHHS OXOIUIIOE PO3POOKY apXITEKTypU CUCTEMU
Ta anroputMiB ii podotu. Pa3a peanizaiii BKIOYa€ HAMCAHHS MPOrPaMHOrO KOJy Ta CTBOPEHHS
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nporpaMHuUX MoxayniB. Daza TecTyBaHHSA Tepembavyae TEPEeBIPKY TMPABWIBHOCTI  POOOTH
nporpaMHoro npoaykty. Ilicist poro cucrema BIPOBAIKY€EThCA Y CEPENOBUINE €KCILTyaTalii, /e
BOHA BHKOPHCTOBYETHCSI KOPUCTYBauaMH. 3aBepIIAbHOIO (a300 € CYHpOBiA MPOTrpaMHOTrO
3a0e3neueHHs.

Jns opranizaii mporecy po3poOKH MporpaMHOro 3a0e3redyeHHs] BUKOPUCTOBYIOThCS Pi3Hi
MeToAoNorii. MeToo0ris BHU3HAYAE MOPSIOK BUKOHAHHS €TAalliB JKUTTEBOTO IHMKIY, CIIOCOOU
oprasizariii poOoTH KOMaHa1 pO3pOOHUKIB Ta MpaBUjIa YIPABIIHHS MPOEKTOM.

OpHi€ro 3 KIACHYHUX MOJIENEH JKUTTEBOTO LIMKIIY MPOrpaMHOro 3abe3leueHHs € KacKaJHa
MozeNb. Y Il Mozesi BCl eTamu po3pOOKHM BHKOHYIOTHCS IMOCHIAOBHO. CriouaTky (hopMyrOThCS
BUMOTH, NOTIM BUKOHYETbCS MPOEKTYBAHHS, MICIs LbOTO 3A1MCHIOETHCS peanizallisi MporpaMHOro
KOy, TECTYBaHHS Ta BIPOBA/PKEHHS CUCTEMH.

[lepeBaroro kackamHoi Moneni € i mpocTrora Ta dYiTka CTpykrypa. Koxen eram mae
BU3HAYCHUH pe3yJIbTaT, IO IMOJIETIIY€e KOHTPOJIb Ipolecy po3poOku. Ilpore Taka momens mae i
neBHI oOMeXeHHs. SIKII0 BUMOTH J0 CHUCTEMH 3MIHIOIOTHCS IMiJ] 4ac PO3pOOKH, BHECEHHS 3MiH
MO3Ke OYTH CKJIaJIHUM 1 MOTpeOyBaTH 3HAYHUX BUTPAT Yacy.

Jns mnomonaHHS UUX OOMEXEeHb Oynau po3poOJeHi 1HIN METOHOJOorii CTBOPEHHS
nporpaMHoro 3abesnedeHHs. OfHI€I0 3 TaKUX METOJOJOTIH € iTepaliiiHa MoAenb. Y ILbOMY
BUIIAJKy pO3pOOKa MPOrpaMHOi CHCTEMHU BiOYBaeThCS y BUIJISAI MOCHITOBHUX iTepariid. Ha
KOXHIM iTepamii CTBOPIOEThCA dYacTWHAa (YHKIIOHAJIBHOCTI CHCTEMH, SIKa IOCTYIOBO
PO3IIUPIOETHCS.

ITepanifinuii migxXix gae 3MOTy MIBUAINIEC OTPUMATH Ipare3fJaTHy BEpCIl0 MPOTrPamMHOIO
MPOJIYKTY Ta MOCTYIOBO BAOCKOHATIOBATH WOTO. Takuid MiAXiJ TaKOX CIPOIIY€E BHECCHHS 3MiH J0
BHMOT, OCKUTBKH KOXKHA HOBA iTepallisi MO>ke BpaxOBYBaTH HOBI MOTPEOU KOPUCTYBAUiB.

VY cydacHiii po3poOlli mporpaMHOro 3a0e3Me4YeHHs MIMPOKO BUKOPHCTOBYIOTHCS THYYKI
METOJIOJIOTI{, SIKi OpiEHTOBaHI Ha IIBUAKY aJalTaliio A0 3MiH BUMOT. J[0 TakuX MeETOO0JIOTiH
HaJeXaTh MiAXOAU, IO TepeAadayaroTh KOPOTKI IUKIU PO3POOKU, pPErylsipHE TECTYBaHHS Ta
MOCTIHY B3a€MOJIII0 3 KOPUCTYBauYaMHU CHCTEMHU.

'ayuki Meromosorii mepeadayaroTh MOAUT pOOOTH HA HEBEIHMKI €Tanu, KOXKEH 3 SKHUX
3aBEPIIYEThCS CTBOPEHHSM TIpalre3JaTHOI YacTHHH IporpamMHoro npoxaykry. lle mae 3mory
peryJisipHO OTPUMYBATH PE3YJIbTAaTH POOOTH Ta OIIHIOBATH MPABUIBHICTh OOPAHOTO HAMPSIMKY
pO3pOo0KH.

Bubip metomonorii po3poOku 3ainexuTh BiA 6araThbox (akToOpiB, cepel SIKUX CKIIAJHICTh
MPOTPaMHOI CUCTEMH, OOCAT MPOEKTY, KIIbKICTh YYaCHUKIB KOMaHAM Ta BUMOTH 3aMOBHHKA. J[7s
BEJIMKUX TMPOEKTIB YaCTO BUKOPUCTOBYIOTHCS KOMOIHOBaHI MiJXOJH, SKI MOEIHYIOTH E€JIEMEHTH
PI3HUX MOJENel KUTTEBOTO IUKITY.

Takum 9MHOM, pO3pOOKa MPOTPAMHOTO 3a0e3MeUeHHS € CKIIQJHUM IMPOIECOM, IO BKIIIOYAE
KUJIbKa B3a€MOIOB’si3aHUX eTamiB. dopMyBaHHS BUMOr BHU3Hadae (YyHKLIOHATbHI MOKJIMBOCTI
MaiOyTHBOI cucteMu. [IpoekTyBaHHS aNrOpPUTMIB 1 apXITEKTypH 3a0e3Nedye JIOTIUHY CTPYKTYpPY
MPOTPaMHOTO TPOAYKTY. Peamizalisi mporpaMHOT0 KOAy MEPETBOPIOE AITOPHUTMH Ha IMPOTrpamy,
MPUIATHY JUISI BUKOHAHHS KOMITIOTepoM. TecTyBaHHS 3a0e3mnedye IepeBipKy MPaBUIBHOCTI
poOOTH CHUCTEMH, a CYHpOBiA MATpUMYE ii mpare3aTHICTh y mporeci ekcruryatarii. CyKynHICTb
UX TporieciB (OpMy€e KUTTEBUN LUKI MPOTPAMHOTO 3a0e3MeUYeHHs, SIKHI BU3HAYAE OpTaHi3alliio
pOOOTH MiJ] 9ac CTBOPEHHS CyYaCHUX MPOTPaMHUX CHUCTEM.



TEMA 2. OCHOBH ITPOI'PAMYBAHHA

2.1 Crpykrypa nporpamu MoBorw C/C++ Ta 0CHOBHI eJIeMeHTH POrPAMHOI0 KOAY

Mogu nporpamyBanHs C ta C++ HanexaTh 10 HalHOUIbII MOIIMPEHUX MOB CUCTEMHOIO Ta
MPUKIIQTHOTO TPOTrpaMyBaHHA. BOHM HIMPOKO BUKOPHCTOBYIOTHCS JIi CTBOPEHHS OIEpaIliifHIX
CHCTEM, NPUKIAJHUX MPOrpaM, BOYJOBaHUX CHCTEM, a TaKOX MPOTPAMHOTO 3a0e3MEeUCHHS IS
MIKPOKOHTPOJIEpiB. BUBYEHHS TUX MOB IMOYMHAETHCS 3 PO3YMIHHA CTPYKTYPH IIPOrPaMH, OCHOBHHX
CHHTAaKCUYHUX €JIEMEHTIB Ta IPUHIUIIB 11 KOMIUIALIT i BAKOHAHHS.

bynp-sika mporpama moBoro C a6o C++ sBisge coO0r0 TEKCTOBUH (Daiis, KU MICTHUTH
MOCJTIIOBHICTh 1HCTPYKIIH, 3alIMCaHUX BIATOBIAHO 10 NMpaBUJ MOBHU mporpamyBaHHs. Llei Tekct
Ha3UBAIOTh BUX1HUM KOJIOM MIporpaMu. BuxinHuil kox cTBOPIOETHCS IPOTrpaMiCTOM y TEKCTOBOMY
penakTopi abo y cremiaii30BaHOMY CEpEOBHII PO3POOKH.

Crpyktypa mporpamu mMoBoro C/C++ BH3HAYae MOPSIOK PO3MIIICHHS PI3HUX CIIEMEHTIB
IpOrpaMHOTO KOAy. Jl0 TakMx €JIeMEHTIB HalieXaTh JWPEKTHBH IPENPOLECcOpa, OTOJIOMICHHS
3MiHHUX 1 (yHKIiH, BU3HAaYeHHA (yHKIIH Ta iHII MporpamMHi KOHCTPYKIii. X0o4a KOHKpETHa
CTPYKTypa MPOTrpaMH MOXKE BIIPI3ZHATHCS 3aJICKHO Bij 331a4i, OUTBIIICT IPOTpaM MaroTh MOIIOHY
3arajbHy Oprasizalfiio.

3a3Buuail mporpama MOYMHAETHCS 3 JUPEKTUB Iperpouecopa. JUpekTuBH IMpenpoiecopa
BUKOPHUCTOBYIOTBCS JJIS1 MIAKIIOUEHHS 3ar0JIOBKOBHX (DaiiiniB, BU3HAUEHHSI MaKpOCIiB Ta BUKOHAHHS
IHIIUX TATOTOBYMX Iid mepen Kommisaiiero. Hampukian, 3a momoMororw aupektuBH include mo
POTpaMHy MiAKII0YAIOThCs 010T10TEKN CTaHAapTHUX (PYHKITIH.

[Ticnst MUpeKTUB Mpenporecopa MOXKYTh PO3MIIIYBAaTHCS TI00aTbHI OTOJOUICHHS 3MIHHHX
abo gynkuiit. ['1mobanbHi 3MiHHI JOCTYIHI TSI BUKOPUCTAHHA y Pi3HUX YacTHHAX mporpaMu. OqHaK
y OUIBIIOCTI BUMAJKIB PEKOMEHIYEThCS OOMEXKYBaTH BHUKOPUCTAHHS TJIO0ATBHUX 3MIHHUX,
OCKUTBKY BOHHU YCKIIQIHIOIOTH CTPYKTYPY IMPOTPaMHOTO KOy .

OCHOBHOIO CKJIaJI0BOI0 OyJb-sik0i mporpamu € (yHkuii. OyHKig sBIsie cO00I0 OKpeMuit
nporpaMHuil OJOK, KM BHUKOHYE TEBHY 3ajady. BukopuctanHs (QyHKLIH Jae 3MOry po30MBaTH
CKJIaJJHy IpOrpaMy Ha MEHIII YaCTHHH, 110 CHPOILYE ii po3poOKY, TECTYBaHHS Ta CYNPOBII.

Ocob6nuBe 3HaueHHs y mnporpaMi mMae (yHKiis main. Came 3 BUKOHaHHS Ii€i (yHKIIi
MOYMHAEThCST poOoTa Oynb-gkoi mporpamMu Moo C abo C++. OmnepauiifHa cuctema mnepenae
KepyBaHHs TNporpami, BUKIMKaOuu (QYHKIII0 main, MIcAs 4YOro BHUKOHAaHHS B1JI0yBaeThCs
BIJIMOBI/THO JI0 KOMaH/I, 3alMMCAHUX Y 11 TLII.

@yHKIIS main Ma€e CTaHJApTHY CTPYKTypy. BoHa MicTUTH 3arosoBok (yHKIII Ta ii TiJO.
3arosoBoK (hyHKIIT BU3HAYAE TUI 3HAYCHHS, IKe MMoBepTae (PyHKIis, 11 iM’d Ta CIHCOK MapaMeTpiB.
VY OGinpimocTi mporpaM (YHKISE main Mae THI int, M0 O3HA4Ya€ MOBEPHEHHS IIJIOTO 3HAYEHHS
oreparliiiHiii cucremi.

[ToBepHeHe 3HaueHHS (YHKIII main BUKOPUCTOBYETHCS AJIS MOBIIOMIICHHS oOIepauiiHii
CHCTeMi PO pe3yIbTaT BUKOHAHHS MPOrpaMu. 3a3Brudaii 3Ha4eHHs ) 03HayUa€ yCIITHe 3aBepIIeHHS
poOOTH MporpamH.

Tino ¢yHkuii main MICTUTh NPOTpamMHi IHCTPYKIUIi, SKI BUKOHYIOTbCS MiJ 4Yac poOoTH
nporpaMu. LI iHCTpyKWii 3amucyroThest y (IrypHux ayxkax. YcepeauHi (yHKUIT MOXYTb
OTOJIOUTYBATHCS 3MiHHI, BUKOHYBATUCS OOYMCICHHS, BUKIMKATUCS 1HII (DYHKIT Ta BUKOHYBATUCS
pi3Hi onepartii 00poOKH JaHUX.
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st Toro mo0 mporpamMa mMoryia OyTH BUKOHAHA KOMIT FOTEpOM, il BUXIAHHMI KOJ TOBUHEH
MPOWTH mporec KoMmumamii. Kommiisiis — 1€ TepeTBOPEHHsS TEKCTy MPOrpaMHU MOBOIO
IporpamMyBaHHs Ha MAIIMHHUAN KOJI, SIKU MOKE BUKOHYBATHUCS TIPOLIECOPOM KOMIT F0TEpa.

[Tportec KoMMOuISAIIT CKIamaeTbcss 3 KUlbKOX etamiB. Ilepmmm eramom € pobora
npernpornecopa. Ha npomy etami o0po0IisitoThCsl AUPEKTUBHU Tperiporiecopa. Hanpukian, tupekTuBu
MIIKITIOYCHHST 3aT0JIOBKOBUX (DaiiliB 3aMIHIOIOTHCS BIAMOBITHUM TeKCTOM mux (aimiB. Takox
BHKOHYIOTBCS OTIEparlii 3aMiHK MaKpOCIB Ta 1HIII MATOTOBYI Jii.

ITicns 3aBepieHHS POOOTH MpPENpoLEecopa NOYMHAETHCS BIaCHEe KOMIIALIS nporpamu. Ha
LbOMY €Tall KOMIIUIATOP aHalli3y€e TEKCT MNpOrpaMu, NepeBipsi€ NMPaBWIbHICTb CHUHTAaKCUCY Ta
NIEPETBOPIOE MPOrpaMy y MPOMIKHE MpeAcTaBlIeHHsS. SIKIIO y mporpami MICTATBCS CHHTaKCHYHI
MTOMUJIKH, KOMITUTSITOP MOBIOMIISIE TIPO HUX TpOTrpamicTa.

[Ticns xomminsnii BinOyBaeTbcs eTanm KOMIOHYBaHHA. Ili Yac KOMIOHYBaHHS OKpeMi
YaCTUHH MporpamMu OO0 €JHYIOTBCS B OJIMH BHUKOHYBaHMU (aiin. Ha mpoMy ertami Takox
BiJI0YBA€THCS MIAKIIOYCHHS 010J110TeUHUX (PYHKIIIHA, IKi BAKOPUCTOBYIOTHCS y IPOTPAMI.

PesynbraToM poOOTH KOMIUIATOPA Ta KOMIIOHYBAJIBHUKA € BUKOHYBAaHUH (aili nmporpamu.
Came et Qaiin 3amycKaeTbes onepaniiHoO CUCTEMOIO I11]1 4YaC BUKOHAHHS NPOrpaMH.

[Ticns 3amycky BHMKOHYBAHOTO (hailily NMOYMHAEThCs BUKOHAHHA Iporpamu. OnepariiiHa
cucTeMa 3aBaHTaXye MporpaMmy B ONEpaTHBHY IaM sATh 1 mepenae kepyBaHHA (pyHKIil main. ami
BUKOHAHH$ BiI0YBa€THCS MOCTIIOBHO BIAMOBIIHO IO IHCTPYKIIIH MPOTrpaMHOTO KOAY.

MoBa mporpamyBaHHsS Mae€ BiacHUM andaBitr — HaOip CHMBONIB, SKi MOXYTb
BUKOPHUCTOBYBATHCS ITiJ] 4ac 3anucy nporpam. Andasit mosu C/C++ BKIIIOUYA€E JiTEpH JTATHHCHKOTO
andasity, U pH, CHeriaibHI CHMBOJIM Ta CAHMBOJIU TIPOOLITIB.

Jlo mitep HanexaTh BEJHKi Ta MaJi JITEPH JATHHCHKOTO an(aBiTy. BaXkIMBOIO 0COOIUBICTIO
MoBU C/C++ € po3pi3HEHHsI BETUKUX 1 Manux jitep. Lle o3Hauae, mjo iMeHa 3MIHHUX, 3alKCaHi
PI3HUMHU PETiCTpaMu, pO3TIAIAIOTHCS SIK pi3HI ineHTudikaTopu. Hampukian, 3MiHHI sum Ta Sum €
PI3HUMH.

Jlo andasity MoBH Takox HajexaTh 1udpu Bix 0 10 9. Ludpu BUKOPUCTOBYIOTHCS MiJ] 4ac
3aMycy YMCIOBUX KOHCTAHT, @ TAKOXK MOXYTh BXOJUTH JI0 CKJIay 1I€HTU(IKATOPIB.

Kpim mitep 1 mudp, y moBi C/CH++ BUKOPUCTOBYIOTHCS CHelliajibHI CUMBOIM. Jlo HHX
HaJIe)KAaTh CHMBOJIM apH(PMETHYHUX Omeparii, JyKKH, KOMH, KpamKh 3 KOMOK, CHMBOJIU
MOPIBHSIHHS Ta 1HILI 3HAaKH. L{1 CUMBOJIM BUKOPUCTOBYIOThCS JUIsl JOPMYBAHHSI ONIEPATOPIB, BUPA31B
Ta IHIIUX OPOrPaMHUX KOHCTPYKIIIH.

OxpeMy poJib BiJIrparoTh CUMBOJIM IpoOiIiB. JIo HUX Haylexarh MpoOii, CUMBOJ TaOyJIsLii
Ta CUMBOJ Ilepexoly Ha HOBUH psAJoK. Lli cHMBOIM BUKOPUCTOBYIOTHCS JUISl PO3/AUICHHS €JIEMEHTIB
IIpOrpamMM Ta MOKpAIEHHs YUTa0eNbHOCTI KOy. Y OLIBIIOCTI BUMA/IKIB KOMIIUISTOP HE BPaXOBY€
KUTBKICTH MPOO1TIB MK €JIEMEHTaMH IPOTPAMH.

OmHUM 13 OCHOBHHX €JIEMEHTIB MPOTPAMHOT0 KOy € ieHTudikaropu. Inentudikarop — e
IM’s, sIKEé BUKOPHCTOBYETbCS JUIsl TO3HAYEHHS 3MIHHUX, (YHKIIH, TUOIB JaHUX Ta I1HIIUX
MIPOrpaMHUX 00’ €KTIB.

InenTudikatopy NMOBHMHHI BIJNOBIAATH MEBHUM NpaBwjiaM. BOHM MOXYTh CKJIajaTucs 3
JiTep JIaTHHCBKOro angasiTy, HUGp Ta CHUMBOJY MiJKpecHeHHs. [neHTHdiKaTop MNOBHUHEH
MOoYMHATUCS 3 JiTepu abo cumBony miakpecneHHs. [lounHatu imeHTudikarop 3 uubpu He
JI03BOJISIETHCSL.

Imena ineHTH(IKaTOpiB MOBMHHI OyTM YHIKQIBbHMMH Yy MeXaxX BIAMOBIAHOI oOmacTi
BuauMocTi. KpiMm TOro, He MJ03BONSETHCS BHKOPHCTOBYBATH 3ape3€pBOBaHI ClIOBa MOBHU
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nmporpamMyBaHHs SIK imeHTH(]iKaTopu. 3ape3epBOBaHl CJIOBAa MalOTh CHEIlaJbHE NPHU3HAYCHHS 1
BHKOPHUCTOBYIOTHCS JIJIS 3aMKCY ONEPATOPIB Ta IHITUX KOHCTPYKIII MOBH.

Jis  miABMINEHHA — 3pO3YMUIOCTI  MPOTPaMHOrO  KOAY — MPOrpamicTH  3a3BHYAil
BUKOPHCTOBYIOTh 3MICTOBHI iMeHa ineHTu(ikaropi. Hanpukmnan, muist 3MiHHOI, 1m0 30epirae cymy
3HA4YEHb, JIOIILHO BUKOPUCTOBYBATH iM’sl sum abo total, a He TOBLIBHUI HAOIp CHMBOJTIB.

[Ile ogHMM BaXXJIMBUM EJIEMEHTOM IPOrpaMHOTO Koxy € KomeHTapi. Komenrtapi — ue
TEKCTOBI MOSICHEHHSI, SIK1 JOJAIOThCSA IO MPOrpaMu JJisl moJiermeHHs ii po3yMminHs. KoMmenTapi He
BIUIMBAIOTh Ha BUKOHAHHS MIPOTPaMH, OCKIIbKA KOMITUISTOP ITHOPYE X ITiJ1 9ac 0OpOOKH BUXiTHOTO
KOZY.

Y moBi C/C++ icHye nBa OCHOBHI BUAM KOMEHTapiB. llepmmii BUg — 1€ OJHOPSAAKOBI
KOMeHTapi. BOHM MOYMHAIOTHCSI CUMBOJIAMU TMTOJIBIHOT KOCOT PUCKHU. YCe, M0 PO3MIIYEThCS MiCIs
[IUX CUMBOJIB JI0 KIHIIA PAJIKA, BBAKAETHCS KOMEHTAPEM.

Hpyruit Bug — 1e 6araTtopsiiKoBi KOMEHTapi. BoHM MOYMHAIOTHCS CUMBOJIAMU KOCOI PUCKH
Ta 31pOYKHU 1 3aBEPIIYIOTHCS CHMBOJIAMH 31pOYKU Ta KOCOi pUCKH. Takuii TUI KOMEHTapiB MOKe
OXOILTIOBATH KiJIbKA PSAAKIB TEKCTY.

KomeHnTapi BHUKOPUCTOBYIOTbCS JJIsi TOSICHEHHSI JIOTIKM POOOTH MPOrpaMu, OIUCY
MPU3HAYCHHS 3MIHHMX Ta (QYHKLINA, a TaKOX JUIsi JOKYMEHTYBaHHS CKJIaJHUX (PparMeHTiB KOIY.
HasiBHiCTh 3p03yMUIMX KOMEHTapiB 3HAYHO MOJIETIIYE POOOTY 3 MPOTPaMHUM KOJOM, OCOOIHBO Y
BEJIMKUX MPOTPAMHHX MPOEKTAX.

[Tix gac HammcaHHs mporpaM MoBow C/C++ BaXIMBO JOTPUMYBATHCS TEBHUX IPABHI
CTPYKTYpYBaHHsI KOJIy. 30KpeMa, MPOTrpaMHUil KO/ TIOBUHEH OyTH JOT1YHO BIOPSAKOBAHUH, MaTH
3pO3YMUTY CTPYKTYpYy Ta OyTH 3pyYHHM Jjsi YuTaHHS. 711 bOTO BUKOPUCTOBYIOTHCS BIICTYIIH,
MOJTLT KOAY Ha JIOT14Hi OJI0KH Ta 3p03yMijii iMeHa 3MIHHHX 1 QyHKITIH.

TakuM 4yMHOM, CTpyKTypa mporpamu MoBoio C/C++ BKIIOYae AUPEKTUBU MPENpOIecopa,
OTOJIOIIEHHS 3MIHHUX 1 (YHKIIH, a TakoX BU3HAueHHS (YHKIIH, cepel SKUX LEHTPaabHy POJb
Bifirpae (QyHkuis main. Ilepen BUKOHAaHHSAM HporpaMa MPOXOAWUTH KiJIbKa €TamiB OOpOOKH,
BKJIIOYAIOUM POOOTY Mpenpolecopa, KOMIUIALII0 Ta KOMIOHYyBaHHS. OCHOBHHMH eJlE€MEHTaMu
MIPOrpaMHOT0 KOAY € CUMBOJIM aji(aBiTy MOBH, 1IeHTU(IKATOpH Ta KOMEHTapi. Po3yMmiHHS mux
€JIEMEHTIB € HEOOX1THOI0 OCHOBOIO JUIsl OJI/IbILIOT0 BUBUEHHS MporpaMmyBaHHs MoBamu C ta C++
1 CTBOPEHHS IPOTPaMHUX CUCTEM PI3HOI CKJIaIHOCTI.

2.2 Tunu nanunx, 3MiHHI T2 onepanii y nporpamax mosorw C/C++

Bynp-sika mporpama BUKOHYE 00pOOKy NEeBHHMX HaHUX. J[aHi MOXYTh MaTH pPi3HY MPUPONY:
YHCIIOBI 3HAYEHHS, CUMBOJIM, TEKCTOBI PsJIKM, JIOTIYHI 3Hau€HHS abo CKIaaHI cTpykrypu. s
MPABIJILHOTO TIPEJICTABICHHS Ta 00pOOKH iH(pOpMaIlii y MOBaX MPOrpaMyBaHHS BUKOPUCTOBYIOTHCS
TUNU JaHUX. THI 1aHuX BU3HAYae€ croci6 30epiraHHs 3HAYeHHsI B TIaM’SITi KOMIT F0Tepa, TOMyCTUMI
orepariii HaJl UMY 3HAYCHHSIMH Ta JIiana30H MOKJIMBUX 3HAYEHb.

Y moBax mporpamyBaHHsi C Ta C++ THUNU MaHUX BIAITPAlOTh BAKIUBY POJIb, OCKIIBKH ITi
MOBHU HAJIEXKaTh O MOB i3 CyBOpoOlo Tumizaiiero. [le o3Hauae, mo KokHa 3MiHHA MOBUHHA MAaTH
BU3HAYCHUH THII, AKUHM 3aJa€ThCd I 4Jac ii orojomieHHs. TWH JaHMX BU3HAYae OOCST ITam’sTi,
HEOOXITHUMA J71s1 30epiraHHs 3HAYEHHS, a TaKOXK omeparii, ki MOXyTh BUKOHYBAaTHUCS HAJl II€I0
3MIHHOIO.

o 6a30oBux TumiB ganux mMoB C i1 C++ HallexkaTh 11l YKCla, YKCIIa 3 IJIaBal0v0l0 KOMOIO,
CHUMBOJIM Ta JIOT14HI 3HaueHHs. L[l TUMM BUKOPUCTOBYIOTHCS Ul 30epiraHHs IIUX 4ucen 0e3
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npoboBoi yacturau. Jlo HUX Haymexats Tunu short, int, long ta long long. 1li Tunu Biapi3HAIOTHCS
MK cOOOI0 mialtla30HOM MOJKJIMBHX 3HA4Y€Hb 1 KIUJIBKICTIO OAWTIB IaM’sTi, HEOOXITHMX A IX
30epiraHHs.

Tum int € ogHUM i3 HaHOUIBII YAacTO BUKOPUCTOBYBAHMX THUMIB y IMporpamyBaHHi. Bin
BUKOPHUCTOBYETHCS JUIsl IPEACTABICHHS [IUIMX YHCEN y MIMPOKOMY Jiana3oHi 3Ha4eHb. Y 0ararbox
BUIIQ/IKaX cCaMe IIeW THIT BUKOPUCTOBYETHCS 32 3aMOBUYBAHHSAM JUIS apu(PMETHIHUX OOUHCIICHD.

Tunu 3 mi1aBarOyYO0 KOMOIO BUKOPHUCTOBYIOTBHCS JUISl NPEJCTAaBICHHs OIHCHUX uuceln. Jlo
HuX Hanexath ThnH float, double Ta long double. Bonu narote 3mory 36epiraTu yucia, o MarTh
IpoOoBy 4acTMHy. Taki TUIM BHUKOPUCTOBYIOTbCS IiJi 4aCc BHKOHAHHS HAyKOBUX OOYHCIIEHB,
00poOKM BHUMIPIOBaJIBLHUX JIaHMX Ta IHIIMX 3aj1a4, J€ TMOTpiOHAa TiJBUIIEHA TOYHICTh
MPEJCTAaBICHHS YHCEIL.

Tun char BUKOPUCTOBY€ETBCS U1l IPEICTABICHHS CUMBOJIB. KoKHE 3HAUEHHS IIbOTO THITY
BIJITIOBiJIa€ IEBHOMY CHMBOITY TaOJIUIII KOxyBaHHA. DaKTUYHO CUMBOJIM 30€piraroTbes y mam’ siTi sIK
YHCIIOBI KOJIH.

¥ moBi C++ TakoX BHKOPHCTOBYETbCS JIOTiUHUM TuUN bool, sikuit Moxe HaOyBaTH JuILe
JIBOX 3Ha4yeHb: icTWHA abo xuba. Llell TUI BUKOPUCTOBYETHCS IiJ] YaC BHKOHAHHS JIOTTYHHUX
oreparliii Ta nepeBipku yMOB Y Iporpami.

Oxkpim 0OazoBux TumiB, MoBu C 1 C++ migrpumyrots Moaudikatopu tumiB. Hampukmnan,
Moaudikatopu signed Ta unsigned BU3HAYAIOTh, Y MOKE 3MiHHA HAaOyBaTH BiJl’€MHHUX 3HAYECHb.
Tun unsigned BUKOPUCTOBYETHCS JJIsl TMPEICTABICHHS JIUIIE HEBiN €MHUX YHCEN, IO A€ 3MOTY
PO3IIUPUTH BEPXHIO MEXY Jlialla30Hy 3HAYCHbD.

Jns 30epiranHsi TaHUX Yy MPOrpaMi BUKOPHUCTOBYIOTHCS 3MiHHI. 3MiHHAa — II€¢ iIMEHOBaHA
o0acTh mam’sTi, y siKiid 30epiraeThcs eBHe 3Ha4YeHHs. Ko)kHa 3MiHHA Ma€ iM’s, TUTI Ta 3HAYCHHSI.

[lepen BUKOpUCTaHHIM 3MIHHOI y TIporpami ii HeoOXiHO oronocuTy. OrojomeHHs 3MIHHOT
nependadae BU3HAUYCHHS 11 TUIy Ta iMeHi. i 4ac oronomeHHs KOMIUIATOP BUALIAE BiAMOBITHUN
oOcsr mam’sTi As 30epiranHs 3HaYeHHS i€l 3MIHHOI.

IM’s1 3MiIHHOT MOBMHHO BiJNOBiJaTH MpaBuiaM (GopMyBaHHS ieHTH(]ikaTopiB. BoHO MOXe
CKJIaJaTuCs 3 JITEp JAaTUHCHbKOro aigamiTy, Hudp Ta CUMBONY MiAKpeciaeHHS. IM’s 3MiHHOT
MMOBUHHO TTOYMHATUCS 3 JITEPU a00 CUMBOJTY TT1KPECICHHS.

VY nmporpaMyBaHH1 Ba)JIMBO BUKOPUCTOBYBATH 3pO3yMLIl IMEHA 3MIHHUX, K1 BIJOOPaKalOTh
ix npusHaueHHs. Hanpuknan, s 3MiHHOI, 10 30epirae KiIbKICTh €JIE€MEHTIB, JOLIBHO
BUKOPHUCTOBYBATH iM’sl count, a JijIsl 3MIHHOI, 110 30epirae cymy 3Ha4eHb, — Sum.

3MiHHI MOXXYTb OTPUMYBAaTH 3HAY€HHs IiJl 4Yac OTrOJOMIEHHS abo y MIpoleci BUKOHAHHS
nporpamu. [Iporiec mpucBorOBaHHS 3HAYEHHS 3MiHHIM HA3WMBA€ThCA iHiIamizariero. [Himiami3anis
Jla€ 3MOTy 0Jipa3y 3aJjaTy OYaTKOBE 3HAUYEHHS 3MIHHOI.

OkpiM 3MIHHMX, y HOporpaMyBaHHI BUKOPHCTOBYIOThCS KOHCTaHTH. KoHcTraHTa — 1€
3HAYCHHS, SIKE HE 3MIHIOEThCS i Yac BUKOHAHHS NporpamMu. KOHCTaHTH BUKOPUCTOBYIOTHCS IS
Mpe/icTaBlIeHHs] (PIKCOBAaHMX 3HAYEHb, TAKUX SK MAaTeMaTU4HI KOE(II[IEHTH, MapaMeTpu CUCTEMU
a0o 1HII MMOCTIMHI BETUYUHH.

Y moBax C 1 C++ KOHCTaHTH MOXYTh OyTH NpPEICTaBJIE€HI y BHIVISAI JiTepaniB abo
IMEGHOBaHMX KOHCTaHT. JliTepanum — 1€ 3Ha4YeHHs, sKi Oe3rnocepeHbO 3aMUCYIOTHCA Y
nporpamMHoMy koji. Hanpuxiaz, 4yucioBi 3Ha4eHHs1 200 CHMBOJIH.

IMeHOBaHI KOHCTAHTH CTBOPIOIOTbCS 3@ JOMOMOIOK CIEI[iaIbHUX MEXaHI3MIB MOBH
nporpamyBaHHs. ¥ MoBi C++ I IIbOTO 4acTO BHKOPHCTOBYETHCS KIIIOYOBE CiIOBO const. Taki
KOHCTAHTH MarOTh BJIACHI IMEHA, IO MiBUIIYE 3PO3YyMUIICTh MPOTPAMHOTO KOy .
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[Tix yac HamMcaHHS MPOTpaM BaXKJIMBE 3HAUYCHHS Ma€ 001acTh BUAUMOCTI 3MiHHUX. O0JIacTh
BUJMMOCTI BU3HAaYa€ YaCTUHY MPOTPaMH, y Mexkax K01 3MIHHAa MOYKE€ BUKOPHCTOBYBATHCS.

3aJye’KHO Bi MICISl OTOJIOIICHHS 3MIHHOI PO3PI3HAIOTH T00allbHY Ta JOKalIbHY 001acTi
BUAUMOCTI. [ 7106anpHI 3MiHHI OTOJIONIYIOTHCS 1032 MeKaMu (GYHKIIA 1 JOCTymHI s
BUKOPHUCTAHHS y BCiii mporpami. JIokanbHiI 3MiHHI OTOJIOIIYIOTHCS BCEpeIrHI QYHKINT ado OIOKy
KOy 1 IOCTYTIHI JIUIIE B MEKaX I[bOTO OJIOKY.

JlokanpHi 3MIHHI CTBOPIOIOTHCA MiJ 4Yac BXOJAy Yy BIANOBIAHWUK OJOK IporpamMu Ta
3HUUIYIOTBCS MICHs 3aBEepIIEHHS HOoro BUKOHaHHA. Takuil miaxia gae 3Mory oOMEXHUTH IOCTYI 10
3MIHHUX 1 YHUKHYTH HeOa)XaHUX 3MiH 1X 3Ha4YCHb y PI3HUX YaCTUHAX MIPOTPaMH.

BukopuctanHd JOKaJdbHMX 3MIHHMX € BaXJIMBUM IPUHIMIIOM CTPYKTYpOBAaHOIO
nporpamyBanHs. Lle mae 3Mory po3nuisiTh mporpamy Ha HE3aJIe)KHI YaCTMHU Ta 3MEHIIYBAaTH
HMOBIpHICTb TOMUJIOK.

Jiiss 0OpoOKM YMCIIOBUX 3HAYEHb y MPOTpaMi BUKOPUCTOBYIOTHCS apU(PMETHUHI Oreparii.
J1o ocHOBHUX apu(METHYHHX ONepalliid Halle)KaTh JOAaBaHHSI, BIJHIMAHHSI, MHOKEHHS Ta JIIJICHHS.
Ili omepawii BUKOPUCTOBYIOTHCSI JJIsl BUKOHAaHHS MaTeMaTHMYHMX OOYMCIEHb HaJ YHUCIOBUMHU
3HAYEeHHSMU.

OxkpiMm 6a3oBux apupmMernyHux omnepainiid, y MmoBax C i C++ BUKOPHCTOBYIOThHCS Omepartii
OTpUMaHHS ocTayi BiAg [ieHHs. Taka omepalis 3acTOCOBYETHCS JHIIE A0 IUIMX 4YHCen 1
BUKOPHUCTOBYETbCS y 3aJauyax, IOB’S3aHMX 13 IEPEBIPKOIO KPaTHOCTI 4ucen ab0 BUKOHAHHAM
LUKJIIYHUX O0YNCIIEHB.

BaximBuM  eneMeHTOM TporpaMyBaHHS € omeparop npucBoroBaHHA. Omeparop
MIPUCBOIOBAHHS BUKOPUCTOBYETHCS ISl 3allMCy 3HAYCHHS Yy 3MiHHY. [li 9ac BHKOHAHHS I[OTO
oreparopa 3HA4YEHHS BHUpPa3y, IO 3HAXOIWTHCS MPaABOPYY BiA omepaTopa, OOYHCIIOETHCS Ta
3aIUCY€ETHCS y 3MIHHY, KA 3HaXOAUTHCS JIIBOPYY.

OmnepaTop NPUCBOIOBaHHSA € OJHUM 13 HaWyacTille BUKOPHUCTOBYBAHUX OIEPaTOPIB Yy
nporpamyBaHHi. BiH BUKOPUCTOBY€ThCS /ISl 3MIHM 3HA4€Hb 3MIHHHMX, BUKOHAHHS OOYHMCICHb Ta
oprasizatlii JIOTiKM IPOTpaMHu.

¥ moBax C 1 C++ TakoX BUKOPHCTOBYIOTHCS CKIJIAJI€HI ONEPAaTOpU MPUCBOIOBaHHA. BoHu
MOEHYIOTh apU(QMETUYHY OIepallilo Ta MPHCBOIOBAaHHS B OAHY IHCTpYKIito. Taki omneparopu
CKOPOUYIOTh 3aIHC MPOTPAMHOT0 KOJIy Ta pOOJIATH HOTO O1IbIII KOMIAKTHUM.

[Tix yac BUKOHaHHA apu(PMETUYHHX BHPA3iB BAXKIIMBE 3HAYCHHS MA€ IMOPSAIOK BUKOHAHHS
omepauid. Y MoBax HporpaMmyBaHHs, SK 1 B MaTeMaTuIll, iCHye IEBHUI NpIOPUTET oOIepaiii.
Omnepartii 3 BULIMM [IPIOPUTETOM BUKOHYIOTBCSI paHillle 3a Omnepallii 3 HUKYUM IPIOPUTETOM.

HaiiBuuuii npioputeT MaroTh omneparlii, 110 BUKOHYIOTCS Y AyKKaX. BUKOpuCTaHHS Ty»)OK
Jla€ 3MOTy 3MIHIOBAaTH MOPSIIOK BUKOHAHHS omepariiil 1 poOuTH BUpa3u OUIbII 3p03yMUIMMHU.

[Ticnst omepamiii y JyXKaX BUKOHYIOTbCS oOmepalli MHOXeHHS Ta JineHHs. Jlami
BHKOHYIOTBCS OTIepallii 1ogaBaHHs Ta BiAHIMAHHS. SIKIIO y BUpa3i € KiJbKa orneparii 3 OJHaKOBUM
MPIOPUTETOM, BOHH BUKOHYIOTBCS y TIOPS/IKY iX MOSIBH 3J1iBa HAIIPABO.

Po3yminHS mpiopuTeTy omepaiiil € BaKJIMBUM JJIs MPAaBUIBHOTO 3alKcy MNpOTrpaMHHUX
BUpa3iB. HempaBwibHUI MOPSIOK OIepariii MOXe TMPU3BECTH [0 OTPUMaHHS HEMpaBHIbHUX
pe3yNbTaTiB 0OYUCIICHb.

[Ile ogHUM Ba)XJIUBUM acIEKTOM POOOTH 3 JaHUMHM € TepeTBOpeHHs THMiB. [lepeTBopeHHS
TUMIB — 1€ 3MiHAa THUIy 3HAY€HHs MiJ 4Yac BUKOHAHHS NporpaMu. Take MepeTBOPEHHS MOXe
BiIOyBaTHCSA aBTOMAaTHYHO 200 BUKOHYBATHCS IPOTPaMiCTOM SIBHO.
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ABTOMaTHYHE TIEPETBOPEHHS THUIIIB BUKOHYETHCS KOMIILIATOPOM Mia 4Yac OOYMCICHHS
BHpa3iB, y SKUX BUKOPUCTOBYIOTHCS 3HAYCHHS PIZHMX THUINB. Y TaKHX BHUMAAKaX KOMIIUIATOP
MIPUBOJIUTH 3HAYCHHS JI0 CIIIBHOTO TUITY, OO BUKOHATH OOYUCIICHHS.

Hanpuknan, Skmio y Bupa3i BUKOPUCTOBYETHCS IIUJIE YUCIIO 1 YUCIIO 3 TUIABAIOYOI0 KOMOIO,
I[JIe YUCJIO aBTOMATHYHO TEPETBOPIOEThCS Ha fiiicHe. Lle mae 3Mory BUKOHATH OOYHMCICHHS 3
BUKOPHUCTAHHSIM JIPOOOBOI YACTHUHHU.

SIBHE TmepeTBOPEHHS THIIIB BUKOHYETHCS IPOrPaMiCTOM 3a JIOTIOMOTOK  CIEI[ialIbHUX
KOHCTPYKIIIi MOBH MporpamyBaHHs. Takui WiAXiJi BHKOPHCTOBYETbCS Yy BHIIAJKaX, KOJHU
HEOOXI1THO SIBHO 3MIHUTH THI 3HAYCHHS JJIs1 BAKOHAHHS TIEBHOI omepartii.

[TepeTBOpEeHHS TUITIB BUKOPHCTOBYEThCS Y OaraTbOX MpOrpaMHUX 3anavax. Hampukiam, i
yac OOYMCIICHHS CEPeAHBHOr0 3HAUEHHS YHMCENl MOXE BHMHUKHYTH MOTpeda MEepeTBOPUTH Il
3HA4YeHHs Ha JiiCHI, 1100 YHUKHYTH BTPATH IPOOOBOI YACTUHU PE3yJIbTATY.

BoaHouac BUKOpUCTaHHS MEPETBOPEHB THITIB MOTPEeOy€e 00EpeKHOCTI. Y NESKUX BUIAJKaX
3MiHa THITy MO>K€ TIPU3BECTH JI0 BTPATU TOYHOCTI 200 HEKOPEKTHOTO MPEICTABICHHS 3HAYCHHSI.

TakuM YMHOM, THIIM JIaHMX € OCHOBOIO IMpPEJCTaBJICHHsS iH(opMaIlii y mporpamax MOBOIO
C/C++. 3MiHHI BUKOPUCTOBYIOTHCS ISl 30€piraHHsl 3HAY€Hb, SKI MOXYTh 3MIHIOBATUCS i 4ac
BUKOHAHHS TPOTPaMHU, a KOHCTAHTH 3aCTOCOBYIOTHCS JUISI TIPEACTABJICHHS HE3MIHHUX BEJIWYHH.
OO6nacTh BUAUMOCTI BU3HAYa€ TOCTYMHICTh 3MIHHUX y PI3HUX YacTUHAX nporpamu. Apudmernyni
orepalii Ta orneparopud MPHUCBOIOBAHHSI BUKOPUCTOBYIOTHCS JUIi BUKOHAHHS OOYHUCIICHb 1 3MIHU
3HAaYeHb 3MIHHUX. BaxIMBe 3HAYCHHS Ma€ TaKOX IMPIOPUTET Omepalliid, SKUi BH3HAYAE MOPSIIOK
BHKOHAHHsI BUpa3iB. [lepeTBOpeHHs THINB Ja€ 3MOTy BHUKOHYBAaTH OOYMCIICHHS MIX 3HAYCHHSIMU
pi3HUX THUMIB. PO3yMiHHS NHMX TOHSTH € HEOOXIJHOI OCHOBOK [UISl TOJAIBIIOTO BUBYCHHS
nporpamyBaHHst MoBamu C Ta C++ 1 CTBOPSHHS MPOTPAMHHX CHUCTEM PI3HOT CKJIATHOCTI.

2.3 Jloriyni BHMpa3u, BBeJCHHS TAa BHBEICHHS [JAaHMX i peaJi3amisa JiHIAHHX
aaroputmiB y moBax C/C++

ITix yac po3poOKK mporpaM BaXkJIUBY pojib BiJirpae podoTa 3 yMOBaMHM, NOPIBHAHHIMHU Ta
JoriyHuMH nepeBipkamu. [Iporpama noBHHHA BMITH aHalli3yBaTH JlaHl, NEPEBIPITH 1X 3HAYCHHS Ta
NpUiMaTH PILIEHHS 3aJIeKHO Bl Pe3yJbTaTiB LUX MepeBipok. s 1poro y MoBax MmporpamyBaHHS
BUKOPHUCTOBYIOThCSI Omeparlii BIJHOIICHHs Ta JIOTiuHI omepaiii. Ha ocHOBI Takux omnepartiii
(OpMyIOThCS JIOT1UHI BUpa3H, sIK1 HIMPOKO 3aCTOCOBYIOTHCS y MPOTrpaMyBaHHI.

Jloriuni oneparii Ta omepariii BIAHOIIEHHS TO3BOJISIOTh MOPIBHIOBATH 3HAYEHHS 3MIHHHX 1
BU3HAYaTH, Y4 BUKOHYETHCS MEBHA yMOBa. Pe3ynbTaToM BHUKOHAHHS TAKHX OIEpalliii € JIOTi4He
3Ha4yeHHsA. Y MoBax C i C++ joriuHe 3Haue€HHS MOXKe IHTepIPETYBATUCH SIK ICTHHA 200 Xxuba.

Onmnepariii BiIHOIIEHHS BUKOPUCTOBYIOTHCS Ul MOPIBHSHHS JBOX 3HaueHb. Jl0 OCHOBHHX
orepaliid BiHOIIEHHS HaJeXaTh IEepeBipKa PIBHOCTI, NEpeBIpKa HEPIBHOCTI, MepeBipKa OIIBIIOrO
a00 MEHIIOro 3HA4YeHHs, a TAKOXK IepeBipKa BiJHOILIEHHs Oinbiie abo MOPIBHIOE Ta MEHIIe abo
JIOPIBHIOE.

Omnepatiisi piBHOCTI BUKOPUCTOBYETHCS ISl TEPEBIPKM TOrO, YW MAIOTh JBa 3HAUYEHHS
OJTHAKOBE YHMCIIOBE a00 CHMBOJIbHE TIPECTaBICHHS. SIKI0 3HAYCHHS O/THAKOBi, pe3yJIbTaT Oneparii
€ ICTUHHUM. SIKIII0 3HaUY€HHS BIAPI3HAIOTHCA, pe3yiabTaT Oy/1e XUOHUM.

Onmnepariisi HEpiBHOCTI BHUKOHY€ MpPOTHIEXKHY NepeBipky. BoHa BHKOPHCTOBY€ThCS i
BU3HAYEHHS TOTO, YU BIIPI3HAIOTHCS J1Ba 3HAUEHHS. SIKI10 3HAUEHHs HE PiBHI, pe3yJIbTaT onepariii €
ICTUHHUM.
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Onmepartii O1y1pIIIe Ta MEHIIIE BUKOPHUCTOBYIOTHCS IS TIOPIBHSHHS YUCIOBUX 3HaUYeHb. BoHU
JO3BOJISIIOTh BU3HAUWTH, SKE 3 JIBOX 3HAUYCHb € OUIbIIUM abo MeHmmM. Taki omepariii 4acTto
BUKOPHUCTOBYIOTBCS TiJl 4ac aHaNi3y JaHUX, MMOIIYKY MaKCUMAaJIbHOTO a00 MiHIMaJIbHOTO 3HAYECHHS
Ta MEePEeBipKM BUKOHAHHS MIEBHUX YMOB.

Omnepanii Ourpmie abo AOPIBHIOE Ta MeHIIE abo JIOpPIBHIOE JI03BOJSIOTH IEPEBIPATH
OJTHOYACHO J[Ba MOKJIMBI BapiaHTU: PIBHICTh 3HAYECHb a00 BUKOHAHHS BiJIIOBITHOTO BiAHOIICHHS.

Onmnepariii BiAHOIIEHHS! BUKOPUCTOBYIOThCA Ul (pOopMyBaHHsS yMOB y mporpami. PesynbraTt
TaKuX oIepawii 3a3Bu4ail BUKOPUCTOBYETHCS Y JIOTIYHUX BUpPa3ax ab0 y KOHCTPYKIISX KepyBaHHs
BUKOHAHHSAM IPOTPaMHu.

OkpiM omepaiiii BiIHOIICHHS, y MpOrpaMyBaHHI IIMPOKO BHKOPHCTOBYIOTHCS JIOTIYHI
omnepauii. Jloriyai omepartii 103BOJSIOTH KOMOIHYBaTH KiJIbKa yMOB 1 (pOpMYBaTH CKJIQ/IHI JOT14HI
BUpa3H.

J10 OCHOBHUX JIOTiYHUX ONEpaliii HaleKaTh JIOTIUHE 3alepedyeHHs, JOriyHe MHOXEHHS Ta
noriune goxasaHHs. JloriyHe 3amepedeHHs 3MiHIO€ 3HAYCHHSI YMOBU Ha MPOTHIICKHE. SIKIO0 yMOBa
€ ICTUHHOIO, pe3yJbTaT orneparlii 3arnepeueHHs Oyae XuOHUM, 1 HaBIaKu.

JloriuHe MHOXXEHHS BUKOPHCTOBYETHCS Ul 00 €IHAHHS JBOX YMOB TakUM YHMHOM, IO
pe3yabTar Oyje ICTUHHHUM JIMIIE Yy BUMAJKY, KOJIM OOMJBI YMOBHU BUKOHYIOTBHCSI OJJHOYACHO. SIKIIO
xoy4a 0 0JlHa 3 YMOB € XUOHOI0, PE3yJIbTAT JIOTTYHOTO MHOKEHHSI TaKOXK Oy/1e XHOHUM.

JloriuHe 101aBaHHs] BUKOPUCTOBY€ETHCS JUIsl IEPEBIPKU TOTO, YU BUKOHYEThCS X04ya O 0J1Ha 3
KUTBKOX YMOB. SIkio xo4a 6 oJlHa yMOBa € iCTUHHOIO, Pe3yJIbTaT oneparlii OyJe iCTHHHUM.

Jloriuni omepamii MalOTh 3MOTY CTBOPIOBATH CKIAJHI YMOBH, SIKI BUKOPHCTOBYIOTBHCS Y
mporpami sl aHamizy gaHux. Hampukian, mig dac mepeBipKM KOPEKTHOCTI BBEACHUX 3HAYEHBb
MOJKHA MEPEBIPUTH, Y 3HAXOAUTHCS YUCIIO Y TIEBHOMY Jlialla30Hi 3HAYEHb.

[ToenqnanHst omepaiiil BiHOIIEHHS Ta JIOTIYHUX OMepaliii YTBOPIOE JIOTIYHI BHPA3U.
Jloriunuii BuUpa3 — L€ BHUpa3, pe3yibTaTOM SKOTO € JIOriYyHEe 3HAa4yeHHs. Taki BHpa3d LIMPOKO
BUKOPHUCTOBYIOTBCSI Y IPOrPAaMHHUX KOHCTPYKIISX, 1110 KEPYIOTh BUKOHAHHSAM IPOTPaMHU.

ITix yac moOyAOBY JOTTYHUX BUPA3iB BaXKJIMBO BPaXOBYBATH MOPSAI0K BUKOHAHHS OIEpalliil.
CriouyaTtky BUKOHYIOTBHCSI Omepallii BiJHOIIEHHS, MICJIS YOro 3aCTOCOBYIOTHCS JIOTIHHI Omeparii.
BuxopucTtanus AyX oK J03BOJISI€ 3MIHIOBAaTH MOPSAJOK BHUKOHAHHS OIeEpaliid 1 poOUTH JIOTiuHI
BHpa3H OUIBII 3pO3YMITUMHU.

Jloriuni BHMpa3y IIMPOKO 3aCTOCOBYIOTHCS Y 3ajadyax, MOB’S3aHUX 13 MEPEBIPKOIO yMOB,
¢biIbTpali€l0 JaHUX Ta aHAII30M 3HaueHb 3MIHHMX. BOHH 103BONAIOTE (hopMyBaTH CKJIaIHI
npaBuiIa 00poOku iH(opMmariii.

[Ile oxHUM BaXJIUBUM acleKTOM NpPOTrpaMyBaHHs € BBEACHHS Ta BUBEACHHS JaHMX.
binbiicTe mporpaM MoBUHHI B3a€EMOJIATH 3 KOPUCTyBaueM a0 3 IHIIUMHU IporpamamMu. J{ist iboro
HeoOX1IHO OpraHi3yBaTH BBEJIEHHS JaHUX Y IpOrpaMy Ta BUBEJCHHS pe3yibTaTiB ii poOOTH.

Y moBax C 1 C++ BBeAGHHS Ta BHUBEACHHS JaHUX MOXYTb BUKOHYBATHUCA PI3HUMHU
crocobamu. OJMH 13 HaWOUIBII MOMIMPEHUX CMOCOOIB Mependayae BUKOPUCTAHHS CTaHIAPTHUX
610m10TeyHNX (QYHKIIIH.

Jlns BBeIeHHS TaHUX y IIporpamMi BUKOPUCTOBY€ETHCS 3UMTYBaHHS 1HQOpMaIIii 3 KJlaBiaTypu
abo 3 iHmux kepen. Ilix yac BBeAEGHHS JaHi 3alUMCYIOTHCS Yy 3MiHHI, IICJIS YOTO BOHU MOXYTb
BUKOPUCTOBYBATHCA y ITPOTpami /Uil BUKOHAHHS 00YMCIIeHb a00 1HIINX OIepariii.

BuBenenns nanux nepenbayae BiioOpaskeHHS pe3ysibTaTiB poOOTH MpOrpaMu Ha eKpaHi abo
3anmuc iX y (aitn. BuBeseHHs pe3ynbTaTiB € BaXIJIMBOIO YAaCTHHOKO NMPOrPaMHOIo 3a0e3NeyeHHs,
OCKITBKH caMe€ 3a JOMOMOTOI I[hbOTO MEXaHI3My KOPHUCTyBad OTpUMY€E 1HGOpPMAIII0 Mpo
pe3yabTaT 00YUCIICHb.
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Y wmoBi C [y BBEJEHHS Ta BUBEAEHHS JaHUX LIMPOKO BUKOPUCTOBYIOTHbCS (DyHKIIT
cTaHAapTHOI 0i0ioTeKn BBeACHHSA-BUBeNCHHs. [li (yHKIT M03BOJNSAIOTH 3YNTYBAaTH YHCIIOBI
3HAYE€HHS, CHMBOJIM Ta TEKCTOBI IaHi.

Y moBi C++ 9acTo BUKOPUCTOBYIOTHCSI IOTOKHM BBEICHHS Ta BUBEJICHHS, SIKi 3a0€311€4yI0Th
OupII 3py4yHH 1 Oe3meyHMH MexaHi3M OOMiHy naHUMH. [IOTOKM [103BOJISIIOTH BHUKOHYBAaTH
BBEJICHHS Ta BUBEICHHS pI3HUX TUMIB JaHUX 03 HEOOXITHOCTI BUKOPHUCTAaHHS CKJIATHUX
(hopmMaTHUX PSAIKIB.

[lim 4Wac BBEIEHHs JaHWUX BAKIMBO TEPEBIPATH iX KOpeKkTHiCTh. HempaBuiabHi abo
HEKOpPEKTHI JaHl MOXYTh IPHU3BECTH N0 IMOMHUJIOK Yy poOOTI mporpamMu abo A0 OTPUMAaHHS
HENpPaBUIbHUX PE3YJIbTaTIB 00UHCIIECHb.

OxpiM camMoro BBEIEHHS 1 BUBEACHHS JIaHUX, BAXIIMBUM € MHUTAaHHS (opMaTyBaHHS JaHHX.
dopmaryBaHHS Niependavae KepyBaHHS CIIOCOOOM BiIOOpakKeHHS 3HAUEHB i Yac X BUBEICHHS.

dopmaTyBaHHSI J103BOJISIE BU3HAYMTU KUIBKICTh 3HAKIB IMICIS KOMH Ui NIHCHUX YHCED,
IIMPUHY TOJsI BUBEJCHHS, BUPIBHIOBAHHS TEKCTy Ta iHIII mapameTpH BinoOpakeHHs nanux. Lle
0CO0JIMBO BAXKJIMBO TiJI Yac CTBOPEHHsS Mporpam, 1o (GopMyroTh 3BiTH a00 BiI0OpaxaroTh BEIHKI
o0csru iHdopmarrii.

Hanpuknan, mig yac BUBEJICHHs YUCIOBUX 3HAYEHb MOKE€ BUHUKHYTH NOTpeba OOMEXKUTH
KUIBKICTh 3HaKiB micist komu. Lle m03Bossie 3poOUTH pe3yabTaTH OOYHCIEHb OUIBII 3p03yMUIUMU
JUI KOPUCTYBaya.

dopmaTyBaHHSI TaKO)X BHKOPHCTOBYETHCS i Yac BUBEACHHS TaONUIb JaHUX. Y TaKuUX
BUMAJIKaX BAaXIJIMBO 3a0€3MEUUTH OJHAKOBY IIMPHHY KOJIOHOK Ta IPAaBHJIbHE BUPIBHIOBAHHS
3HAYECHb.

[Ticnst TOTO SIK MpOrpamMa OTPUMYE BXiJHI JaHi, BOHa BUKOHYE MEBHI 0OUYMCIeHHs a00 iHII
omepariii. HalimpocTimmuM BUAOM alrOpUTMIB, IO peali3yloThCs y MpOorpaMyBaHHI, € JiHINAHI
AJITOPUTMHU.

JIiHIfHUH aITOPUTM — L€ alITOPUTM, Y SKOMY BCl orepallii BAKOHYIOTbCS MOCIII0BHO O/1HA
3a OJHOI0 0€3 po3ralxyXeHb 1 MOBTOPEHb. Y TaKOMy alrOpUTMiI KOXKHAa HACTyNHa OIeparis
BUKOHYETHCS TTICIISI 3aBEPIICHHS ITOTIEPEIHBO].

JIiH1HI anrOpUTMH BUKOPHUCTOBYIOThHCS Y 3aJayax, A€ HEoOX1HO BUKOHATHU MOCIIOBHICTb
oOuuncieHr 0e3 mepeBipkM yMOB ab0 TOBTOpeHHs Mii. Hampukian, oOYHCIEHHS 3HAaY€HHS
MaTEeMaTUYHOTO BHpa3y abo MEepeTBOPEHHS OJMHUIL BUMIPIOBaHHS MOXKe€ OyTH peasli30BaHO Y
BUTJISAL JITHIHOTO ajropuTMy.

Peanizanis JiHIHHOTO ajdropuT™My y Hporpami 3a3BUYail CKJIAJA€ThCS 3 KUIBKOX €TaliB.
CriouaTKy OrOJIOUIYIOTBCSI 3MiHHI, y fKHMX OyqyTh 30epiraTHcs BXiIHI JaHl Ta pe3yJbTaTh
obuncieHb. Jlani BUKOHYETbCS BBEAEHHS IOYAaTKOBUX 3HaueHb. [licisg IbOrO BUKOHYIOTHCS
HE0OX1/IHI 00UMCIIeHH. 3aBepIIaibHUM €TaroM € BUBEJICHHS] OTPUMaHUX Pe3yJIbTaTiB.

JIiH1iiH1 aArOpPUTMHU € OCHOBOIO JIJIsl BUBUEHHS MTPOrpaMyBaHHS, OCKUIBKY BOHHU J03BOJISIOThH
30CepeIuTUCS Ha poOOTI 3 JaHMMHM Ta BUKOHAHHI OOYHMCIIEHb. Y MOAATBIIOMY TaKi ajJrOpUTMU
MOJXYTh YCKJIQIHIOBATHUCS 32 PaXyHOK JI0IaBaHHSI YMOBHHX OTIEpaTOPiB Ta IHKIIIB.

[Tin wac peamizamii JiHIKHUX QITOPUTMIB  BaXJIMBO IPABUIBHO OPraHi30BYBaTH
MOCTIIOBHICTh BHKOHaHHs onepauiid. IlopyiieHHs nopsaky oO4YMCIIEHb MOXE MPU3BECTH 0
HENPaBUIbHUX PE3YJIbTATIB.

Jlis miABMIEHHS 3pO3YMUIOCTI MPOrpaMHOIO KOJy IMPOrpamicTH 4acTO BHUKOPHUCTOBYIOTh
KOMEHTapi Ta JIOTIYHY CTPYKTYpy Koay. Lle no3Bosisie mBHAIIE 3p03yMITH MPU3HAYEHHS OKPEMHUX
YaCTHH MPOrpaMu Ta CIPOLLYE Ii TOAaIbIIE peaaryBaHHs;.
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Takum 9MHOM, JIOTIYHI omeparii Ta omeparlii BITHOIICHHS € BAaXJIMBUMHU IHCTPyMEHTaAMHU
aHaI3y JaHUX y mporpaMi. BoHHM M03BOJSIOTH MOPIBHIOBATH 3HAYEHHS 3MIHHUX 1 (OpMyBaTH
JIOTIYHI BHpa3u, sSKi BUKOPUCTOBYIOTHCS JJIsl MEPEBIPKHM yMOB. BBelneHHS Ta BHBEICHHS JaHUX
3a0e3MeuyoTh B3a€EMOII0 MPOTpaMH 3 KOPUCTyBaueM abo IHIIMMH cucTteMaMu. PopmaryBaHHS
JaHUX JT03BOJISIE KEpyBaTH crocoOoM BinoOpaxkeHHs iH(opMarii mia yac BUBEJCHHS Pe3yJIbTAaTIB.
JIiHiliHI aNTOPUTMHU € HAWUNPOCTIIIMM BHUJOM QITOPUTMIB 1 BUKOPHUCTOBYIOTBHCS JUIS peajizarii
MOCITIJOBHUX 00YHCIIEHb 0€3 pO3rary’KeHb Ta MOBTOPEHb. PO3yMIiHHS UX MPUHIMITIB € BaXKIMBUM
eranoM (opMyBaHHS MMPAKTUYHUX HABUYOK rporpamyBanHs MoBamu C i C++.

TEMA 3. PO3T'AJIYKEHI TA IIUKJITYHI AJITOPUTMH

3.1 Peaizanisi po3rajyskeHuX aJIropuTMmis

[Tix yac CTBOpPEHHS MPOTpaM 4acTO BUHUKAKOTH 33/1adi, y SIKUX MOJAIIBINI JIii 3aJie)KaTh BiJl
MeBHUX yMOB. Hampukiaza, mporpama MoXe BUKOHYBATH Pi3HI OOYHCICHHS 3aJIC)KHO BiJl 3HAYCHHS
3MIHHO{, TIEPEBIPATH TMPABWIBHICTh BBEJCHHX MaHWX a00 BU3HAYATH KAaTEropifo 3HAYECHHS 3a
3agaHuMu  Kputepismu. [l peamizamii Takux 3amad y NpOrpaMyBaHHI BHKOPHCTOBYIOTHCS
po3ranmyskeHi anroputMmu. PosramyxeHuid anroputMm mnepeadadae BHOIp OAHOTO 3 KIJTBKOX
MOJKJIMBUX HUISXIB BUKOHAHHS 3aJIe)KHO BIiJ] pe3yibTaTy IEpeBipKM IEBHOI yMOBH. Y MoOBax
nporpamyBanHs C 1 C++ g peanmizauii posrajiy’keHb BUKOPHUCTOBYIOTbCS YMOBHI OIl€paTopw,
OCHOBHHUMH 3 IKUX € omneparop if Ta oneparop switch.

Posranyxenns € onHi€ro 3 0a30BHX aJTOPUTMIYHUX CTPYKTYP IMOPSA i3 MOCITIIOBHICTIO Ta
MOBTOPEHHSM. BHKOpHCTaHHS pO3raiy’keHb J03BOJISIE€ TIPOTpaMi aHali3yBaTH 3HAYCHHS 3MIHHUX 1
BUKOHYBAaTH Pi3HI il 3aJIeKHO BiJl OTPUMAHHMX PE3yJbTaTiB. 3aBASKH IIBOMY Iporpama MOKe
aJanTyBaTH CBOIO TMOBEMIHKY 1O PI3HMX CHTYyalllil, 1[0 € HEOOXIHOI yMOBOKO I CTBOPEHHS
CKJIAJTHUX TIPOTPAMHUX CHCTEM.

Haii0inpm nmommpeHuM 3acobom peamizamii posraimyxenb y moBax C i C++ € yMOBHHMIA
oneparop if. Lleii omepaTop BUKOPUCTOBYETHCS Ul MEPEBIPKM MEBHOI JIOTIYHOT yMOBHU. SIKINO
YMOBa BUKOHYEThCS, MporpaMa BUKOHYE OJIHY TpyIy 1HCTpyKLiH. SIKIIO yMOBa He BUKOHYETHCA,
BUKOHAHHSA MNpPOTpaMM MPOAOBXKYETbCA I1HIIMUM 4YUHOM. TakuMm uymHOM, omeparop if n03Bossie
peaii3yBaTy albTepHATUBHI BapiaHTH BUKOHAHHS IPOrpaMHu.

YMoBHHi1 oneparop if Mae ABI OCHOBHI (hOpMH: CKOpOYeHY Ta MmoBHY. CkopoueHa ¢opma
BUKOPHUCTOBYETHCS Y BHIIAKaX, KOJIM HEOOX1THO BUKOHATH TIEBHY /IO JIUIIIE 32 YMOBU BUKOHAHHS
JIOTIYHOTO BHpa3y. Y 1IbOMY BHIIQJIKy OINEpaTop MICTUTH JIMIIE MEPEBIPKY YMOBH Ta OIUH OJIOK
KOMaH/1, SKMi BUKOHYEThCS y pa3l iICTUHHOCTI L€l yMOBHU. SIKII0 yMOBa HE BUKOHYETHCS, KOTHUX
JOJIATKOBUX [Iiil He B1AOyBa€eThCs, 1 MpOrpaMa NepexoAUTh 10 BUKOHAHHS HACTYIMHUX 1HCTPYKIIH.

CkopoueHa ¢opma yMOBHOTO OIeparopa BHKOPUCTOBYETHCS Y THX BHUIAJKaxX, KOJIU HE
NoTpiOHO BUKOHYBATH aJIbTEPHATHBHI J1ii y pa3i HEBUKOHAHHS yMOBU. Hanpukinaza, mporpama Moxe
MepEeBIPATH, UM NEPEBUIILYE 3HAUCHHS 3MIHHOI [IEBHY MEXY, 1 BAKOHYBAaTH OOYMCIICHHS JIUIIE Y pa3i
BUKOHAHHA I1i€l yMOBU. Takuil MiIXiJl J0O3BOJIIE CIPOCTHTH CTPYKTYPY MPOTPaMHOTO KOIy Ta
3poOUTH HOTO GBI 3PO3YMIJIUM.

[ToBHa ¢opma ymoBHOTro omepartopa if mependayac BUKOPUCTAHHS JTBOX albTEPHATUBHUX
TiJIOK BUKOHAHHA. Y IIbOMY BHIAJKy, SKIIO YMOBA BHKOHYETHCS, BHUKOHYETHCS OJAWH OJIOK
IHCTPYKIIii, a SIKIIIO YMOBa HE BUKOHYETbCS — iHIIME OJ0K. Taka cTpyKTypa 03BOJISE Mporpami
BUKOHYBATH Pi3HI Aii 3aJI€KHO BiJl pe3yJIbTaTy MepeBipKH YMOBHU.
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[ToBHa ¢opma yMOBHOro omeparopa IIMPOKO BUKOPUCTOBYETbCS y IPOrpaMyBaHHI,
OCKIJTBKHM OUTBIINICTH 3a7a4 MoTpedye 0OpOOKH SK TO3UTUBHOTO, TaK 1 aJbTEPHATUBHOTO BapiaHTy
BUKOHaHHA. Hanpukian, mporpama Moxe MepeBipsATH MPaBUIIbHICTh BBEICHUX JaHUX 1 BAKOHYBATH
Pi3HI Iii 3aJI€KHO BiJ] TOTO, YU BiAMOBINAIOTH 11 JaHi 3aIaHUM BUMOTaM.

BaxmBUM acmeKTOM BHUKOPUCTAHHS YMOBHOIO OIE€paTropa € MpaBHIbHE (OpPMYBaHHS
JoriuHoi yMmMOBH. YMOBa 3a3BUYail MICTHTh omepauii BigHOUIEHHs a0o0 JIOTi4HI omeparii.
PesynbraToM Takoi yMOBHM € JIOTIYHE 3HAUEHHs, SK€ BU3HAYa€ MMOJAIBLIMHM X1J] BHUKOHAHHS
IIPOTrpaMH.

Y ckmamHImMX 3a7adax MOXKE€ BUHUKHYTH HEOOXIAHICTh TMEpeBIpATH KUIbKa YMOB
oJHOYacHO. [ IbOro BUKOPUCTOBYIOTHCS JIOTIUHI Oneparlii, AKi JO3BOJISIIOTh O€AHYBATH KiJbKa
YMOB y €IMHUHN JIOT1YHMIA BHUpa3. Takuii miaxia Jo3BOJIsiE peastizyBaTy CKJIaaHI mpaBuia 0OpoOKu
TaHUX.

[Ile ogHMM BaXJIMBHM 3ac000M peaiizamii po3ranxyXeHb € BKJIaJE€HI YMOBHI ONEpaTopH.
Bxiiagene posrany)kKeHHS BUHUKA€ y BUIAJKY, KOJIU OAMH omepaTop if po3MmimiyeTbes BcepenuHi
iHIoro. Taka CTpyKTypa BUKOPUCTOBYETLCS Y TUX BHIIQJIKaX, KOJIM HEOOXIAHO MEPEBIPUTH KIJIbKa
YMOB MOCJIIJJOBHO.

BkiazeHi po3rany:KeHHs JO3BOJISIFOTh CTBOPIOBATU CKJIa/IHI aJIrOPUTMH MPUIHATTSA pilli€Hb.
Hanpuknan, nporpama Mo)ke CioyaTKy NepeBipsATH, UM HAJICKUTh 3HAYCHHS IEBHOMY Jiana3oHy, a
IOTIM BUKOHYBAaTH JI0OJATKOBI MEPEBIPKU A YTOUHEHHS pe3yibTary. Taka CTpyKTypa J03BOJIsIE
pearizyBaTtu OaraTopiBHEBY JIOTIKY aHANi3y JaHUX.

BopHouac BHKOpPHCTaHHS BKJIAQJACHUX pPO3Taly’)KeHb MOTpeOye TEBHOI 00EpEeKHOCTI.
HanMipHa KiIBKICTh BKJIAICHMX YMOB MOXKE YCKJIQJHIOBATH CTPYKTYPY MPOrpaMH Ta 3HUXKYBATH il
3po3yMmiticTe. TOMy MmiJ 9ac po3poOKH MporpaM pPEeKOMEHAYEThCS MPArHyTH IO JIOTIYHO YiTKOi
CTPYKTYPU YMOBHHX OIEpaTOPiB.

JUis miABMILEHHS 3p03YMUIOCTI IPOrPaMHOI0 KOJy YacTO BUKOPUCTOBYIOTHCS BIACTYNH Ta
OJIOKM 1HCTPYKLIH, oOMexeHi QirypHuMH [aykkamu. lLle 103Bojsie YITKO BHU3HAUUTH MEXIi
BUKOHAHHS KOXKHOI I'JIKM YMOBHOI'O OII€paTopa 1 MOJIETIIy€e YNTaHHS IPOTPaMHU.

OxkpiMm oneparopa if, y moBax C 1 C++ BHUKOPUCTOBY€EThCS omeparop switch, kUil Takox
MPU3HAYCHUN JUIS peaizallii po3ramykeHux anroputmiB. Omeparop switch 3acTocoByeThes y
BHIA/IKaX, KOJIM HEOOX1THO BUKOHATH OJIHY 3 KUTHKOX MOMJIMBHUX /I 3aJIEKHO BiJl 3HAUCHHSI IEBHOT
3MIHHOT 200 BHpa3y.

Omnepatop switch 3pyunuil y TuX cuTyauisx, KOJau MOTPiOHO MOPIBHATH 3HAUYEHHs 3MIHHOI 3
KUJTbKOMa MOXJIMBUMH BapiaHTaMu. KoxkeH MOXJIMBUI BapiaHT 3HA4E€HHS 0OpOOIISIETHCS OKPEMOIO
T'JIKOIO BUKOHaHHA. Takuil MifxiJ A03BOJISE€ 3HAYHO CIPOCTUTU CTPYKTYPY MPOrPaMHOI0 KOIY Y
BUII/IKaX, KOJHU MOTPIOHO MEpeBIpsATH OaraTo aqbTepHATUB.

CrtpykTypa omeparopa switch ckiagaeTbcst 3 BUpa3y, 3HAQUEHHS SKOTO IEpeBIpsETbCs, Ta
Habopy ajJbTEepHATUBHUX BapiaHTIB BUKOHaHHS. KokeH BapiaHT BIJIOBiJIa€ NMEBHOMY 3HAUEHHIO
MEePEBIPIOBAHOTO BHUpa3y. SIKIMIO 3HA4YeHHS BUpa3y 30iraeTbCs 3 OJHUM 13 3aJaHUX BapIaHTIB,
BHKOHYETHCS BIAMOBIAHUI OJIOK IHCTPYKITIN.

Okpim BapiaHTiB, onepaTop switch Mo)ke MICTUTH CrieliabHUAN OJIOK, SIKH BUKOHYETHCS Y
BUIAIKy, SIKIIO JKOJEH 13 BapiaHTiB HE BIJNOBiAa€ 3HAYEHHIO BUpa3y. Takuii OIOK
BUKOPUCTOBYETHCS JJIs1 0OpPOOKHM BCIX IHIIMX MOXKIIMBUX CHTYaIlii.

Bukopucranus omneparopa switch € ocobmuBo edekTuBHUM y 3ajmadax, jJe HEOOXiTHO
00poOIATH Pi3HI 3HAYEHHS 3MIHHOI, HAIPUKIAA MiJ 4ac BHOOpPY MYHKTY MEHIO a00 BHU3HAUYEHHS
TUIy omepauii. Y Takux BUIAJAKaxX olmepaTop switch 103BoJisi€ YHUKHYTH BEJIUKOI KIJIBKOCTI
BKJIaJICHUX YMOBHHUX OIlepaTopis if.
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[Tix yac BUKOpUCTaHHS oneparopa switch BaKJIMBO BpaxoByBaTH 0COOJIMBOCTI HOTO pOOOTH.
30Kkpema, MICisl BUKOHAHHS NEBHOI T'UIKM Mporpama MOXeE IpPOJOBXHUTH BUKOHAHHS HACTYIHHX
IHCTPYKIIii, SIKIIO HE BUKOPUCTOBYETHCS CIEIlialibHa KOMaHJa 3aBepLICHHS TiIKU. Tomy mijx yac
pPO3poOKH TporpamM HEOOXiHO YBaXHO KOHTPOJIOBATH JIOTIKY BHKOHAHHS OIEPAaTOPIB y Mexax
KOHCTpYKii switch.

AHasi3  JIOTIKM  PO3TalyXEHHX QJITOPHUTMIB € BAXKJIMBOIO YAaCTHHOK  IPOIECY
nporpamyBaHHs. Ilepen peamizaliii€o alIropuTMy y BHIJISAL MPOTPAMHOTO KOy HEOOXIITHO YiTKO
BH3HAYUTH BCl MOJKJIMBI BapilaHTH PO3BUTKY TOMIM 1 BIAMOBIJMHI Jii, SKI NMOBUHHA BHKOHYBATH
porpama.

ITim yac aHamizy poO3rajgy’KeHHX aJTOPUTMIB MPOTPaMICT BH3HAYAE YMOBH, SIKi BILUIUBAIOTH
Ha BHOIp mojambmmx mii. s KOKHOT yMOBH HEOOXIJHO BH3HAYUTH MOXIIMBI PE3yJIbTATH Ta
BiAnoBigHI nii mporpamu. Takuii minxix A03BOJIIE CTBOPUTH JIOTIYHO 3aBEPIIEHY CTPYKTYPY
AITOPUTMY.

Jis  aHanmizy posraily’)kKeHHX alIrOPUTMIB YacTO BHUKOPHUCTOBYIOTHCS OJOK-cXxeMu abo
ncepnokoA. ILli 1HCTpyMEHTH [03BOJIAIOTH HAOYHO BiOOpa3uUTH CTPYKTYpY aIrOpUTMy Ta
B3a€MO3B’SI30K MIXK PI3HUMHU T'JIKAMM BUKOHAHHSA. BUKOpUCTaHHS TakMX 3ac001B 3HAYHO CIPOIYE
IIPOLEC IPOEKTYBAHHS MPOrPAMHOI0 3a0€3MEUCHHS.

ITin wac aHamizy JIOTIKM pO3Taly’KEHUX aJrOPUTMIB TaKOX BaXJIMBO BpaxOBYBaTH
MO>KJIUBICTh BUHHMKHEHHS KpaiiHixX BUMaJKiB. Hampukmnan, HeoOxiqHO nepeadauynTy cuTyallii, KoJiu
3HAYCHHs 3MIHHOI BHUXOJWTh 332 MEXI OYIKyBaHOTO Jiana3oHy a00 KOJIHM BBEIEHI HaHi €
HEKOPEKTHUMHU.

[Ile omHUM BaXJIMBUM AacleKTOM € TepeBipKka MOBHOTH YMOB. YCi MOXJIHMBI BapiaHTH
3Ha4eHb MOBHUHHI OyTH 00poO0ieHi mporpamoro. SIKIIo MeBHUI BapiaHT HE BPaxOBAHWUU Y JIOTILl
JITOPUTMY, 1I€ MOXKE IIPU3BECTH JI0 MOMUIIOK 200 HEKOPEKTHOT poOOTH MPOrpamMu.

[Tin wac peanizamii po3rajyXKeHHX alIrOPUTMIB HEOOXITHO TaKOX 3BEpPTaTH yBary Ha
3pO3YMUTICTh MpOrpaMHOro Kkoay. YiTKa CTPYKTypa YMOBHHUX OIEpaTopiB, BUKOPUCTAHHS
3MICTOBHHX 1JIeHTU(IKATOPIB Ta JIOT1YHE I'PYIyBaHHs IHCTPYKIIH JO3BOJISIOTH 3HAYHO MOJIETLIIUTH
YUTaHHS Ta CYIPOBi IPOTPAMH.

TakuM YMHOM, YMOBHI OIIEpaTOpU € BaXJIMBUM 3ac000M peaizalii po3raay’KeHUX
aIropuTMIB y nporpamyBanHi. Oneparop if 103BoJsie mepeBIpsATH YMOBU Ta BUKOHYBATH PI3HI Jii
3aJIeKHO BiJ pe3ynbTaTy nepeBipku. [loBHa Ta ckopoueHa ¢popMH IIbOTO ONepaTopa 3a0e3MeuyoTh
THYYKICTh MiJl Yac peajizalii pi3HUX BapiaHTIB JIOTIKM Mporpamu. BxmaneHi po3sramyxeHHs
J03BOJISIIOTh ~ peaji3yBaTh  CKJIAJHI  aNrOpuTMHM OpUHHATTS  pimeHb. Omnepatop switch
BUKOPUCTOBYETbCS Ul BUOOPY OJHI€T 3 KUIBKOX albTEpHATHUB 3aJIE)KHO BiJ] 3HAUEHHS 3MIHHOI.
AHalni3 JIOTIKM pO3Taly’XeHHUX aJTOPUTMIB € BaXJIMBUM €TaloM po3poOKH IMPOrpaMHOro
3a0e3MeyeHHs], OCKUIbKH BIH JI03BOJISIE 3a0€3MEUNTH MTPaBIWIIbHY Ta MOBHY 00pOOKY BCIX MOMJIMBHX
BapiaHTIB BUKOHAHHS MPOTPaMH.

3.2 Oneparopu nukjay y moax C/C++ ta opranizauisi HoBTOpIOBaHUX 004HUC/IeHb

Y mporpaMyBaHHI dy’K€ 4acTO BUHHKAIOTH 33/1a4l, Y SIKUX TIEBHI i1 HEOOX1THO BUKOHYBATH
Oararopa3oBo. Hampukian, Moke BUHUKHYTH TTOTpeda 0OpoOHUTH MOCTIAOBHICTh YHCEI, BUKOHATH
OaraTopa3oBi 00UMCIIEHHS a00 MEePeBIPATH YMOBY 10 THUX IIip, TOKK BOHA HE 3MIHUThCS. Peanizariis
TaKUX 3aJa4 y BUIJIAI TOCHIJOBHOTO 3allHCy OJHAKOBUX IHCTPYKLIH € HeepeKTHUBHOI Ta
YCKIIQJHIOE TporpaMHuil koi. Jlns BupimeHHA wLi€i mpoOieMH BUKOPUCTOBYIOTbCS LMKIIYHI
anroputMu. LukimiuHuE anropuT™ mnependayae MOBTOPEHHsS IEBHOI TpPyNM I1HCTPYKUIA 10
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BUKOHAHHS 3a7aHOi yMOBHM 3aBepiieHHs. Y MoBax mnporpamyBanHsa C 1 C++ mnsa oprasizaimii
MMOBTOPEHh BUKOPHUCTOBYIOTHCS OTIEPATOPU IHMKJIIB, OCHOBHUMH 3 SIKMX € omepatopu for, while ta
do while.

[ukn € oxHiero 3 0a30BUX AITOPUTMIYHHX CTPYKTYp MOpPSJ 13 TOCTIAOBHICTIO Ta
po3rany>keHHsM. BUKOpHCTaHHS IMKIIIB TO3BOJISIE MPOrpamMi BUKOHYBAaTH OJHAKOBI a0 mofiOHI
omepauii Hajx PpI3HUMH JaHUMH a00 MOBTOPIOBATH OOYMCIIEHHS 10 OTPHUMAHHS IOTPIOHOTO
pe3yabTary. 3aBASKM LUKJIaM HPOTPaMHUN KOJ CTA€ 3HAYHO KOMIAKTHILIMM, 3pO3YMUIILIMM 1
OLTBII €(PeKTUBHHM.

OmnepaTtop nukiIy for € OTHUM 13 HAUMOMMPEHIMX 3ac001B OpraHi3allii MOBTOPEHb Y MOBax
C 1 C++. lleit oneparop 3a3BU4Yaili BUKOPUCTOBYETHCS Y BHUIIAJKaX, KOJM KUIbKICTH TOBTOpPEHB
BiJIoMa 3a3jalieriip abo Moke OyTHM BH3HAuU€HA IMepeja MOYaTKOM BUKOHAHHS mukiry. CTpykTypa
oreparopa for no3Boisie 00’€mIHATH TPU BaXIUBI CIEMEHTH KEPYBaHHS IMKIOM: IOYATKOBY
iHiIiami3amio 3MIHHO1, TIEPEeBIPKY YMOBH BUKOHAHHS Ta 3MiHY 3HAa4€HHS 3MIHHOI KEpyBaHHS.

Ha mouatky po6otu nukiy for BUKOHYeThCS iHiLiami3alis 3MiHHOI, SIKa BUKOPUCTOBYETHCS
JUI KEpYBaHHs KUIBKICTIO MOBTOPEHb. Ilicis 1boro nepeBipseThCcsi yMOBa BUKOHAHHS LUKITY. SIKII0
yMOBa € ICTMHHOIO, BUKOHY€TbCS TUIO LUKIy. Ilicins 3aBeplieHHs BUKOHAaHHS Tija LUKIY
3MIHIOETBHCSI 3HaYEHHS 3MIHHOI KepyBaHHs, 1 mpolec MmoBToproerhes. Konn ymoBa crae XubHOIO,
BUKOHAHHS LUKy IPUIHMHAETHCS, 1 IporpaMa MepexoauTh JO HACTYIHOT IHCTPYKLIi.

Onepatop for 3pyuHuil TuM, 110 BCl OCHOBHI €J1€MEHTH KEPYBAaHHS LIMKJIOM 30CEpPEIKEHI B
omHomy Micmi. Ile mosermrye 4uTaHHS Ta aHai3 mporpaMmHOro koxy. Haitgacrime omepartop for
BUKOPHUCTOBYETHCS ISl OpraHizaiii IUKIIB 13 JIYMIBHUKOM, KOJIM TEBHHHA OJIOK 1HCTPYKIIN
HEOOX1JHO BUKOHATH BH3HAYCHY KiIBKICTh Pas3iB.

VY GaraTthox 3ajadax omepaTop for BUKOPUCTOBYEThCS JUIsi OOPOOKH €JIEMEHTIB MacuBy a0o
JUIs BUKOHAHHS IOCHIZOBHUX oO4McieHb. Hampukiaa, 3a JOMOMOIOI Takoro IMKIY MOXKHA
O0YHCITIOBATH CyMYy MEBHOT KIIBKOCTI yrcen a60 (opMyBaTH MOCIiIOBHICTh 3HAYEHb.

[Ie ogHMM BaXXJIMBUM OllepaTopoM UKy € oneparop while. Ha Bigminy Bia onepatopa for,
orneparop while BUKOPUCTOBY€ETBHCS y BUIAJIKAaX, KOJU KUIBKICTh TOBTOPEHb 3a3/1aJIe€Ti/lb HEB1JIOMA.
VY 1poMy BUNAIKy BUKOHAHHS LUKIY IMPOJOBXKYETHCS IIOTH, JOKH BHKOHYETHCS TIEBHA JIOTIYHA
yMOBa.

Omnepatop while HamexuTh 10 UKIIB 3 TiepeayMoBoto. Lle o3Havae, 1Mo nepeBipka yMOBU
BUKOHYETHCS Mepe]] KOKHUM BUKOHAHHSIM TiJIa IUKITY. SIKIIO YMOBa € iCTHHHOO, BUKOHYETHCS TiJIO
LUKy, TICIs 4Oro IepeBipka MOBTOPIOEThCA. SIKIO K yMOBa 3 CaMOI0 MOYaTKy € XMOHOM0, TiJ0
LIUKJIY HE BUKOHYETBCSI KOJHOTO pasy.

[{uknm 3 mepeayMOBOIO BUKOPHUCTOBYIOTHCS Y TUX BHIAJKaX, KOJU HEOOXIJHO MepeBipuUTH
MOJKJIMBICTh BHMKOHAHHS LMKy M€ J0 MOoYyaTKy IOBTOpeHb. Hampukiana, mnporpama Moke
3YUTYBATH JIaHi IO THX TIip, ITOKA KOPUCTYBA4 HE BBEJIE TIEBHE CIICIlialbHE 3HAYCHHSI.

Omneparop while mmpoko BUKOPUCTOBYETHCS y 3aadax, MOB’sI3aHUX 13 MEPEBIPKOI0 YMOB
3aBepIIeHHs Tporiecy. BiH Takoxk 3aCTOCOBYETHCS y BUIA/IKAX, KOJM 3aBEPIICHHS [UKITY 3aJIE)KUTh
B1JI IEBHUX M0/11i a00 pe3ybTaTiB 00UYHCIIEHb.

TperiMm momupenum omeparopoM 1ukiIy y mMoBax C 1 C++ e omepatop do while. Lleit
OIepaTop BUKOPHCTOBYETHCA JJIsl OpraHi3amii MUKIIB i3 MiCIIyMOBOIO. Y TaKUX IUKJIAX MEpeBipKa
YMOBU BUKOHY€ETBCS MICIISI BAKOHAHHS Tijla LUKITY.

Ocob6nuBicTio 1ukiny do while € Te, 0 TNO UKy BUKOHYETHCS IIOHAMMEHIIE OJMH Pa3
HE3aJIeXKHO BiJ 3HaUeHHS YMOBH. [licist BUKOHAHHS 1HCTPYKLIN y TiJI UKy TEPEeBIpSETHCS YMOBA.
SIKmo yMoBa € iCTHHHOIO, BUKOHAHHS ITMKIIY TIOBTOPIOETHCA. SIKIIO K yMOBa € XMOHOIO, ITHKII
3aBEPIITYETHCS.
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[{uxnmm 3 MICIsIyMOBOIO BUKOPUCTOBYIOTBCSI y THX BHITQJIKaxX, KOJHM TI€BHI i HEOOXiITHO
BUKOHATH xoya 0 oauH pa3. Hanmpukman, Takuil LUK MOKE BUKOPUCTOBYBATHUCA NJIsl OpraHizarii
MEHIO TIPOTPaMHU, SIKE TIOBTOPIOETHCS IO TUX IIip, TOKK KOPUCTYBad HE 00epe KOMaH/y 3aBEepIICHHS
poboTH.

[TopiBHSHHS LMKIIB 3 MEPEIYMOBOIO Ta IICISYMOBOIO € BRKJIMBHM JJISI MPABUIBHOTO
BHOOPY KOHCTPYKIIIT MUKITY Mia 9ac po3poOku mporpam. OCHOBHA BIAMIHHICTh MK ITUMH THUIIAMHU
KB TOJIATAE Y MOMEHTI IePEBIPKH YMOBH.

VY 1mukiax 3 mepeayMOBOIO YMOBA IEpPEBIpSETHCS NEpe] BUKOHAHHSAM TUIa LUKITY. SKII0
yMOBa € XUOHOI, IIMKJI HE BUKOHYETHCSA >KOAHOrO paszy. Takuil migxXil A03BOJSE YHUKHYTU
BUKOHAHHS HEMOTPIOHUX JI1i, SKIIO YMOBA HE BUKOHYETHCA 3 CAMOT0 MOYaTKy.

VY muKiax 3 miciisiyMOBOIO TEpeBipKa YMOBHU BiJIOYBA€ThCS MICHIA BUKOHAHHA Tijla nukiy. Lle
O3Hayae, MO0 TUIO MMKIY BUKOHYETHCS MPHUHAWMHI OnuH pa3. Takuil miaxin 3pydHUdl y THX
BUIIQ/IKaX, KOJIM MEBHA [Iisl TOBUHHA OYTH BUKOHAHA HE3aJIEKHO BiJl TOYATKOBOTO 3HAUYECHHS YMOBH.

Bubip Mk nuKIaMu 3 IepeyMOBOIO Ta MiCISyMOBOIO 3aJISKUTh BiJ JIOTIKH 3aadi. SIKio
HEOOXITHO TMEePeBIpUTH YMOBY Tepe]] MOYaTKOM MOBTOPEHb, TOLLIBHO BHUKOPUCTOBYBATHU LIHKII
while. fkmo x meBHi nii MoBMHHI OyTM BHMKOHaHI Xo4ya O OJIWH pa3, OUIbII AOUIIBHUM €
BUKOpHUCTaHHS LUKy do while.

OpraHnizailisi HOBTOPEHb Y Mporpami moTpedye yBaKHOTO MPOEKTYBAHHS JIOTIKH alrOPUTMY.
[Tig yac po3po0KH HMUKITIYHUX AITOPUTMIB HEOOXIAHO YITKO BUSHAUUTH YMOBY 3aBEpPUICHHS ITUKITY.
SIkmo Taka ymoBa cOpMyJIbOBaHa HEMpaBWILHO a00 BiACYTHS, Mporpama MOXeE TOTPaluTH Y
HECKIHYCHHHH [HKIL.

HeckinueHHUI WK BUHUKAE Y BUTIAJIKY, KOJIM YMOBA 3aBEPIICHHS HIKOJIU HE CTa€ XUOHOIO.
VY pesynbTaTi mporpama MpoOAOBXKY€E BHKOHYBATH NOBTOpPEHHs Oe3 3aBepuieHHs. Taki cuTyarii
3a3BMYail BUHUKAIOTh Yepe3 MOMUIKH Yy MPOTpaMHOMY KOAI a0 HEmpaBWIbHY 3MiHY 3HAu€HHS
3MIHHOI KepyBaHHSI [IUKJIOM.

1100 YHUKHYTH HECKIHYEHHHX LIUKJIIB, HEOOXITHO 3a0€3MEeUUTH NPaBUIbHY 3MIHY 3Hau€Hb
3MIHHUX, Kl BUKOPHCTOBYIOTHCS y MepeBiplli yMOB. Takoxk BaKJIMBO YyBa)KHO NEPEBIPATH JIOTIKY
YMOB 3aBEpIICHHS IUKITY.

[Ile ogHMM BaXJIMBHM AacIIEKTOM OpTraHi3alii NMOBTOPEHb € BHKOPHCTAaHHS BKIIAJCHUX
nUKTB. BrkuageHuit MK BUHUKAE Y BUTIAAKY, KOJU OJUH LMK PO3MINLYETHCS] BCEPEIUH] THIIOTO.
Taka cTpyKTypa BUKOPHCTOBYEThCS Y 3a/layax, Jie HEOOX1THO BUKOHYBATH MOBTOPEHHS Yy KUIBKOX
BUMIpax.

Hanpuxnan, BkiaieHl IMUKIM YacTO BUKOPUCTOBYIOTHCS MiJl 4ac OOpOOKH JBOBUMIpHHUX
MacHBiB a00 (opMyBaHHS TaOaMIb 3HAYCHb. Y 1IbOMY BUIAJKY 30BHIIIHIN IIUKJI Kepy€e MEPEeXoaoM
MDK pSAKaMU TaONuWIll, a BHYTPIIIHIA IUKI — MEPEXOAOM MK €leMEHTaMH y MeXaX OIHOTO
psaKa.

BukopucranHs BKJIaJCHHX IUKIIIB J03BOJISIE Peali3yBaTH CKJIAJHI aJITOPUTMH OOpPOOKH
nanux. OmHaK HaaMipHA KUTBKICTh BKJIAJCHUX IUKIIIB MOXKE YCKIIQIHIOBATH CTPYKTYPY IPOTPaMH.
Tomy min gac po3poOku mporpam HEOOX1JHO MPArHyTH O ONTUMAJIBHOI CTPYKTYPH aJTOPUTMY.

[Tix vac poOOTH 3 IIUKJIAMHU BKIIMBO TaKOXX MPABHJIBHO OPTaHI30BYBATH MPOTPAMHUMA KOJI.
BukopucranHs BiACTYIIB, JIOTTYHOTO IPYMyBaHHS IHCTPYKLIN Ta 3pO3yMUTHUX IMEH 3MIHHUX 3HAYHO
MOJIETIIY€ YUTAHHS POTPAMHU.

VY OaratboX BUNAJAKaX IHUKJI MOEIHYETbCA 3 IHIIMMU AITOPUTMIYHHUMU KOHCTPYKIISIMHU,
TaKUMH SIK YMOBHI orepatopH. Lle 103Bosisie peanizyBaTu CKJIQJHI alTOPUTMH, Y SIKUX TOBTOPEHHS
MOEJTHYETHCS 3 aHATI30M YMOB 1 IPUHHATTSM pILICHb.
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[uknM MHUPOKO BHKOPHCTOBYIOTHCS y PI3HUX 3aJavyax TNporpaMyBaHHA. BoHH
3aCTOCOBYIOThCS MiJl Yac OOpOOKM BEIMKUX MACHBIB JaHUX, BUKOHAHHS YMCEIbHUX OOYHCIIECHb,
aHaJIi3y MOCIiOBHOCTEH 3HAUEHb Ta pealli3allii arOpUTMIB MOIIYKY 1 COPTYBaHHSI.

TakuM 4MHOM, ONEPATOPH IMKIY € BAXIUBUM IHCTPYMEHTOM OpraHi3allii MOBTOPIOBAHUX
obuncienp y mporpamyBanHi. Omeparop for BUKOPHUCTOBYETHCS NMEPEBAKHO Yy BHUIMAIKAX, KOJIHU
KUIBKICTh TIOBTOPEHb BigoMa 3asfanerigb. Omnepatop while 3acTocoByeThbess s LUKIIB 3
MEPEYMOBOIO, Y SIKUX TIEPEeBipKa YMOBH BUKOHYETHCS Tepe]] KOXKHUM NoBTOpeHHs M. Ornieparop do
while BHKOPHCTOBYETHCS IS HHMKJIIB 3 MICIAYMOBOIO, y SIKHUX TUIO IIUKIY BHKOHYETHCS
HIOHaMeHIIe oauH pa3. [lOpiBHSAHHSA ULUKIB 3 MEPEeIyMOBOIO Ta TMICISyMOBOKO JIO3BOJISIE
MPaBUIILHO OOMPATH KOHCTPYKINIO MUKy 3aJIKHO Bij JIOTiIKM 3amadi. Opranizailisi MOBTOPEHb €
BOXXJIMBOIO CKJIAJIOBOIO aJTOPUTMI3allii Ta MporpaMmyBaHHs, OCKUIBKH BOHA JI03BOJISIE €(EKTUBHO
peaiizyBatu 00poOKY BEIHKUX 0OCATIB JaHKX 1 CKJIaIHI 00YMCITIOBAIIbHI TTPOIECH.

3.3 Bruageni nukJjmn ta 00podka nocjigoBHocreii fanux y mopax C/C++

[{ukimigai KOHCTPYKIIT € BaKJIMBOIO CKJIQJO0BOIO AITOPUTMI3alii Ta MporpaMmyBaHHsS. 3a
JIOTIOMOTOI0 IIUKJIIB Y TIPOTpaMi pealli3yeTbcs 0araTropa3oBe BUKOHAHHS MEBHUX Jii, IO J03BOJISIE
edeKTUBHO O0OpOOIATH BeNHMKI OOCSITM JaHUX, BHUKOHYBAaTH IIOBTOPIOBAHI OOYHCIEHHS Ta
OpraHi3oBYBAaTH CKJIQJHI aIropuTMHU. Y OaraThbOX 3ajlayax BHMHUKAe IOTpeda BHUKOHYBAaTH
IIOBTOPEHHS HE JIMIIE Ha OJHOMY piBHI, @ I OpraHi3oByBaTW BKJAJ€HI NMOBTOPEHHA. Y TaKHX
BUIIaJKaX BUKOPUCTOBYIOTHCS BKJIaJEHI HHUKIU. BkiageHi mukiau, o04McIeHHS CyM 1 JOOYTKIB,
Ta0ymoBaHHS (DYHKIIA Ta 0OpoOKa IMOCHITOBHOCTEH JaHUX € TUMOBHMH 33Jla4aMH, IO IIHPOKO
BUKOPHUCTOBYIOTHCSI ITiJ] YaC HABYAHHS POTPAMYBAHHIO Ta Y IPAKTUYHIN JiSTIBHOCTI MPOTPaMICTiB.

Brutagenunii UK BUHUKAE y BUTIQAKY, KOJM OJMH IIHKJI PO3MIIIYEThCS BCEPEAMHI 1HIIOTO. Y
TaKiil CTPYKTypl 30BHIIIHIA UK BUKOHY€E KEPYyBaHHS 3arajibHOI0 KIUJIbKICTIO MOBTOPEHb, TOAL SIK
BHYTPILIHINA LIMKJI BUKOHYE MOBTOPEHHS Y MeXKaxX KOXKHOI iTepalii 30BHIIIHBOTO LUKIY. [HIIMMu
CIIOBaMHM, JUIsI KOXKHOTO TIOBTOPEHHS 30BHIIIHBOIO IMKJIY BHYTPIIIHIA LMK BHKOHYETHCS
MIOBHICTIO.

BkrageHi LUKAM J1O3BOJSIOTH pEANi30ByBaTH aIrOPUTMH, y SKUX 0O0poOKa HdaHHX
BiIOYyBa€eThCs y KIJIbKOX BuUMipax. Hampukiaa, Taka CTpyKTypa 4acTO BUKOPHCTOBYETHCS IIiJI 4ac
po0oTH 3 TaOIUIIMU 3HAYEHb, TBOBUMIPDHUMH MAacHBAMM, MAaTPUISIMU a00 1HIIMMU CTPYKTYpaMHu
JAHUX, [0 MAIOTh PSAKK 1 CTOBMIN. Y TaKuX 3ajJaudax 30BHINIHIA IUKJ 3a3BUYail BIJIMOBIJA€ 3a
Mepexisi MK psiIKaMH, a BHYTPILIHIN UK — 3a 00pOoOKY €J1EMEHTIB y MeKax OJHOTO psijaKa.

[Tin yac BHUKOPHCTAHHS BKJIAJEHUX LMKIIB BaKJIMBO IPABUIBHO OpraHi3yBaTH JIOTIKY
anroputMy. HeoOXiJHO 4YITKO BU3HAUWTH, fKa 3MIHHA KEpye 30BHIIIHIM LUKJIOM, a fKa —
BHYTpiHIM. Takox moTpiOHO 3a0e3MeUnTH KOPEKTHY 3MiHY 3HaY€Hb IUX 3MIHHUX, I00 YHUKHYTH
HECKIHYEHHHX IMKJIIB 200 MOMHUIIOK Y poOOTI MPOTrpamH.

[Ile oaHMM BaXJIMBHM AacleKTOM BHMKOPHMCTaHHS BKJIQJACHUX LUKIIB € iX BIUIMB Ha
e(eKTUBHICTh MPOrpaMHOro Koay. OCKUIbKH BHYTPIIIHIM IUKJI BUKOHYETbCA JUIsSl KOXKHOI 1Tepariii
30BHIIIHBOTO IMKIY, 3arajbHa KUIbKICTh BUKOHAHUX OIEpaliil MoXe 3Ha4HO 3pocTaTd. Tomy mij
yac po3poOKH alIropuTMiB HEOOX1IHO TMparHyTH JO ONTUMAIbHOI CTPYKTYpPH BKJIAJEHUX
MTOBTOPEHb.

OpHi€r0 3 HAUMOMIMPEHIIINX 3a/a4, 10 Peai3yoThcs 3a JOMOMOT 00 IIHKIIIB, € OOUUCIICHHS
cyM. O0uHCcIeHHs CyMH MOCIiOBHOCTI 3Ha4eHb € THIIOBOIO 33/1a4et0 nmporpamyBanHs. Hanpukian,
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MOX€ BUHUKHYTH MOTpeda OOYUCITUTH CyMy MEPIINX N YHCEl, CyMy €JIE€MEHTIB MacuBy ab0 Cymy
3HA4YeHb MEBHOT (QYHKIIIT HA 3aJaHOMY 1HTEpBaJi.

Jis peanizanii Takux 3a/a4 3a3BHYail BUKOPUCTOBYETHCS 3MiHHA-HaKonmuuyBad. L 3miHHa
30epirae MOTOYHE 3HAYEHHS CyMH, SKE€ IMOCTYIIOBO 30UIBIIYETHCS IiJ] Yac BUKOHAHHS LuKiIy. Ha
MoYaTKy poOOTH MpOrpamMH 3MiHHA-HAKOMUYYBad iHIMIATI3yeThbCcsl HYJTbOBHM 3HadeHHsM. [lig vac
KOXKHOT iTepaii MUKy 0 Hel J0Aa€ThCSI HOBE 3HAYCHHSI.

Takuil miAXix [03BOJIAE IMOCTYNOBO HAKONWYyBaTH pe3yinbTaT oOuucieHb. llicis
3aBepILEHHs] BUKOHAHHSA LIMKITy 3MIHHA MICTUTh OCTaTOYHUH pe3yJbTaT — CyMy BCIX 3HAa4Y€Hb, L0
Oynu 00poOJIeHi i yac poOOTH Iporpamu.

AHAJIOTIYHMUM YHHOM OPTraHI3OBY€TbCS OOYMCICHHS MOOYTKIB. Y I[bOMY BHITQJIKY
BUKOPHUCTOBYETHCSl 3MiHHA-HAKOMMYYBay, siKa 30epirae MOTOYHHMI AOOYTOK 3Ha4deHb. Ha BigmiHy
BiJl OOYHCIICHHSI CYMH, [TOYaTKOBE 3HAYEHHS TaKOi 3MIHHOI JOpiBHIOE onuHUIl. [lix 9ac KOXKHOI
iTepalii MUKy MOTOYHE 3HAYCHHS MHOKUTHCS HA HOBUU €JIEMEHT TOCTiJOBHOCTI.

OO6uncnenHs 100yTKiB 4aCTO BUKOPHCTOBYETHCS Y 3ajauax, OB’ A3aHUX 13 MAaTEMaTUIHUMHU
oOuncneHHsMu. Hampukiian, 3a JOMOMOTOH TakOro MiAXOAy MOKHa OOUYMCITIOBAaTH (akTopiai
yuciaa ab0 3HaYEeHHS CKJIQJAHUX MaTeMaTUYHUX BHPa3iB.

OOuucneHHst cyM 1 JOOYTKIB IIMPOKO 3aCTOCOBYETHCS Y PI3HUX Tally3siX NMPOrpaMyBaHHS,
BKJIIOYAIOYU CTAaTHCTUYHY OOpOOKY IaHHMX, aHalli3 YMCIOBHX IOCHIOBHOCTEW Ta peaizallito
MaTeMaTUYHUX alropuTMiB. BuKOpHCTaHHS LMKIIB Yy TakMX 3ajJadax JI03BOJILE peaji3yBaTu
YHIBepcallbHI aJITOPUTMH, SKi MPALIOIOTH 3 JOBUJIBHOIO KIJTBKICTIO €JI€MEHTIB.

[Ile onHi€r0 BaXKIMBOIO 3a7adero MporpaMyBaHHs € TaOymoBaHHs GyHKii. TaOymoBaHHS
¢byHKIii 03Ha4ae 0OUMCIIeHHS 3HaYeHb (PYHKIIT 7151 HA0OpY 3HAYEeHb apryMeHTy. Pe3ynpraTti Takux
00YHCIIeHb 3a3BUYAN MTOIAI0THCS Y BUTIISAII TaOHII, /16 KO)KHOMY 3HAUEHHIO apryMEHTY BiJIIOBiIae
MIeBHE 3HAYeHHs (PYHKIIIT.

TaOymnroBaHHS QYyHKIINA ITUPOKO BUKOPUCTOBYETHCS Y HAYKOBUX 1 TEXHIUHUX OOUYHCICHHSX.
Hanpuknan, nig yac aHamizy MaTeMaTHMYHUX Mojeled MoO)Ke BUHUKHYTH MOTpeda OO04YMCIUTH
3Ha4YeHHs (YHKILIT Ha IEBHOMY 1HTEpBaJli 3 3aJJaHUM KPOKOM 3MIHU apryMEHTY.

Peanizanisg tTabynroBanHs (QyHKIIT y Tporpami 3a3BU4ail BUKOHY€THCS 3a JOITOMOIOI0 LIUKITY.
Ha novartky 3a7gaeThcsi IOYaTKOBE 3HAYEHHS apTyMEHTY, KiHI[eBEe 3HAUYEHHs Ta Kpok 3MiHu. [1ix gac
KOXHOI 1Tepallli MKy 0OYUCIIIOETbCS 3HaUeHHs QYHKIIT ISl HOTOYHOro aprymenTy. [licis uporo
apryMEHT 3MiHIOE€THCS Ha BEIMYMHY KPOKY, 1 TIPOIIEC TIOBTOPIOETHCS.

Pesynbratn TaOyniOBaHHS MOXXYTb BHUBOJAWUTHUCS y BUIVIAAI TaOMUIl 3Ha4eHb. Y Takii
TaOMUI KOXHHUHA PSJIOK MICTUTh 3HAYEHHS apryMeHTY Ta BiJnoBijgHe 3HaueHHs ¢(yHkmii. s
MOKpAIIEHHs YNTa0eNbHOCTI PE3y/IbTaTiB YaCTO BUKOPUCTOBYETHCS (POPMATYBAHHS JAHUX.

TaOymroBanHs (QYHKIINA JO3BOJIsIE€ aHANI3yBaTH MOBEAIHKY MaTeMAaTUYHUX 3aJIeKHOCTEH 1
OTpUMYBAaTH HAOJMKEH1 pe3yJIbTaTH OO4YMCIeHb. Takui MiAXiJ HIMPOKO BUKOPUCTOBYETHCS Yy
YHCEeNbHUX METO/1aX, MOJENIOBaHHI (PI3MYHUX MPOIIECIB Ta aHANI31 EKCIIEPUMEHTAIbHUX JaHHX.

[Ile omui€ero BaxIIMBOIO C(hEepOrO 3aCTOCYBAaHHS ITUKJIIIB € 00pOOKa MOCIIJOBHOCTEH TaHuX. Y
MporpaMyBaHHI MOCIIOBHICTh JJaHUX MOKe OyTH Mpe/cTaBjieHa y BUIIIANI HaOOpy 3HaAu€Hb, SIKi
00poOIIsIIOTECS IO OHOMY. Taka MOCIIOBHICTh MOXE 3UMTYBaTHCS 3 KiaBiaTypu, 30epiratucs y
MacuBi a00 HAAXOAUTH 3 (haiiiy.

[Tin gac oOpoOKHM MOCHIJOBHOCTEH JaHUX YacTO BUHHUKAE MOTpeba BUKOHYBATH pi3HI
ormepauii HaJ KOXHHMM eleMeHToM. Hampukiaza, mporpama Moke BH3HAYaTH MaKCHMajibHE a0o
MiHiMaJIbHE 3HAUYEHHS, MMiPaXxOByBaTH KUIBKICTh €JIEMEHTIB, 110 33JI0BOJIbHAIOTH IEBHY YMOBY, 200
00YHMCITIOBATH CepeIHE 3HAYEHHS MOCITIIOBHOCTI.
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Jns peamizariii Takux 3aad BHUKOPHCTOBYETHCSA IUKJI, SKHH TOCTIZIOBHO 00poOIIsie BCi
eneMeHTH mocaigoBHocTi. [lim 9ac KOXKHOI iTeparfii UKy BHUKOHYETHCS aHAi3 IMOTOYHOTO
3HA4YEeHHS Ta BUKOHYIOTHCS HEOOX1/1HI 00UMCIICHHS.

Hanpuknan, mijx yac momnryKy MakCMMaJIbHOTO 3HaYE€HHS TOCIIITOBHOCTI ITporpamMa MopiBHIOE
KOXEH eJIEMEHT 13 TOTOYHMM MaKCHUMaJbHUM 3HAYCHHSM. SIKIIO HOBE 3HAuYeHHs OuIbIe 3a
MMOTOYHE, BOHO CTA€ HOBUM MaKCHMYMOM.

AHAJIOTIYHMUM YMHOM MOXKHA peayli3yBaTH IONIYK MIHIMQJIBHOTO 3HAYEHHS, IIIPaxyHOK
KUTBKOCTI €JIEMEHTIB a00 1HIII omeparrii 00poOKH TaHUX.

ITim gyac oOpoOKM TOCIITOBHOCTEH JaHMX BAXKIWBO IMPABUIBLHO OPraHi3yBaTH BBEIACHHS
iHdopmarii. Y nmeskux 3amadax KUIBKICTh €JIEMEHTIB BiJioMa 3a3/alieriflb, 1 IUKJI BUKOHYETHCS
MEeBHY KIJTBKICTh pa3iB. Y IHIIMX BUMNAJKAX KIUIBKICTh EIEMEHTIB MOXKe OyTH HEBIOMOIO, 1
3aBepIICHHS] 00OPOOKN BU3HAYAETHCS CIEIIAIBHOI0 YMOBOIO 200 TICBHUM 3HAYCHHSIM.

OO6pobka MmoCiTOBHOCTEH TaHUX € BAXKIUBOIO CKJIAZOBOIO 0ararboX MPOrPAaMHHUX CHCTEM.
Bona BHKOpPHCTOBY€ThCS Yy 3ajjadyax CTaTHCTUYHOTO aHaji3y, OOpOOKM CHUTHANiB, aHAi3y
pe3yJbTaTiB BUMIPIOBAHb Ta Y 0araThoX iHIIKMX cdepax.

[Tin wac peamizamii TakuxX aIrOPUTMIB Ba)IJIMBO JOTPUMYBATUCS UITKOi CTPYKTypHU
MPOrPaMHOT0 KoJly. BUKOpHCTaHHS 3pO3yMUTUX IMEH 3MiHHUX, JIOTIYHOTO TPYMYBaHHS 1HCTPYKIIN
Ta KOMEHTapiB 3HAUHO IOJIETIIYE PO3yMIHHS MPOrpaMHu Ta ii MoJaiblly MOAU(IKALIIO.

TakuM YWHOM, BKJIQJIEHI WHUKIA € BaXIUBUM IHCTPYMEHTOM peai3amii CKIAIHUX
QITOPUTMIB TIOBTOpPEHHSA. BOHM J03BOJISIIOTH OpraHi3yBaTh OaraTopiBHEBY OOpOOKy HaHUX 1
ITUPOKO BHKOPUCTOBYIOTHCS I Yac pOOOTH 3 TAOMUIIMU 3HAYCHb, MATPHUIIMU Ta IHIIUMU
CTPYKTypOBaHUMU JAaHUMH. OOUHCICHHS CyM 1 TIOOYTKIB € TUIIOBUMH 3aJad4aMy MPOTPaMyBaHHS,
IO peali3yloThCS 3a JIOMOMOTOI0 3MiHHMX-HaKkomu4yyBadiB. TalOymtoBaHHs (QYHKIINA J0O3BOJISIE
OTPUMYBAaTH TAOJHIIl 3HAYCHb MATEMAaTHYHUX 3aJICKHOCTEH 1 BHKOPHCTOBYETHhCS y HAayKOBHX Ta
TeXHIYHUX oOuncieHHsXx. OOpoOka MOCIiAOBHOCTEH JaHUX Ja€ 3MOTY aHalli3yBaTH BEJNHKiI 00CsITu
iHpopmalii Ta BUKOHYBATH pPIi3HI oOmepamii Haja eleMeHTaMu IOCHiIOBHOCTI. PO3yMiHHS mHMX
QITOPUTMIYHHX MITXOJIB € BOXJIMBUM eTanoM (GopMyBaHHS MPAKTUYHUX HABUYOK MPOrpaMyBaHHS
moBamu C 1 C++.

3.4 EdpekTuBHICTH AJrOpPUTMIB TA OLiIHIOBAHHS iX 00YHCIIOBAJBHOI CKJIATHOCTI

ITin yac po3poOKM MPOrpaMHOrO 3a0€3MEUYEeHHsS] BAXKIMBE 3HAUEHHS Ma€ HE JIMILIe
MPaBWIbHICTh AITOPUTMYy, ane U Horo edexkTuBHICTb. OJUH 1 TOM caMuil pe3yabTaT MOXe OyTu
OTPUMaHUM PI3HUMHU AJITOPUTMaMH, MPOTE BOHU MOXKYTh CYTTE€BO BIAPIZHATHCS 3a HIBUAKICTIO
BUKOHAHHS Ta 00CSrOM BUKOPUCTAHOI mam’ATi. Y 3a1ayax oOpoOKH BEIMKHX 00CATIB JaHUX a0o y
crcTeMax PeaJbHOro Yacy Ii BIAMIHHOCTI MOXKYTh OyTH KpuTHYHUMHU. CaMe ToMy B iHQOpMATHII
BXXJIUBUM HAIIPSIMOM JIOCTI/IKEHHS € aHali3 e(eKTUBHOCTI alrOPUTMIB.

EdexTuBHICT, aNropuTMy XapakTepH3ye BUTpPATH PECYpCiB KOMII'IOTepa, HEOOXimHI s
fioro BUKOHaHHs. [I0 OCHOBHHX pecypciB, 110 BUKOPHUCTOBYIOTHCS Iij] YaC BUKOHAHHS aJITOPUTMY,
HaJle’KaTh MPOLIECOPHUN Yac Ta 00CAT ornepaTUBHOI mam’aTi. Y OLIbIIOCTI BUIMAJKIB OCHOBHA yBara
MPUIUTIETBCS CaM€ YacCOBHUM BHUTpaTaMm, TOOTO KIJIBKOCTI OIepalliid, sSKi MOBUHEH BUKOHATH
MIPOIIeCcop JJIsi OTPUMaHHS pe3yJIbTaTy.

Jns  ouiHoBaHHS €(EeKTUBHOCTI alTOPUTMIB BUKOPUCTOBYETHCSI TMOHSTTSA KIUIBKOCTI
omnepauiid. ITig onepamisMu po3yMitOTh elIeMEHTapHI Aii, 110 BUKOHYIOThCS MporecopoM. Jlo Takux
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N HalekaTh apu(MeTHYHI omeparrii, omepallii MOpiBHSHHS, MPUCBOIOBAHHS 3HAY€Hb 3MIHHHM,
JOCTYII JIO TTaM’ATi Ta 1HII1 0a30B1 IHCTPYKIIIi.

KoxxeH anropuT™ CKIagaeTbesi 3 TMEBHOI TMOCHIJOBHOCTI Takux omepamii. Ilim wyac
BUKOHAHHS JITOPUTMY JEsKi omeparii BUKOHYIOTbCS OJMH pa3, a 1HIII MOXYTh MOBTOPIOBATUCS
OaraTopa3oBo, Hampukiaa y nukiaax. CaMe MOBTOPIOBAaHI oOleparii HaidacTilie BU3HAYAIOTh
3arajibHy CKJIaJHICTh aIrOPUTMY.

AHaJi3 KITBKOCTI OMEpalliil 103BOJISA€ OIMIHUTH, CKIJIbKH Yacy MPUOIM3HO 3HATOOUTHCS IS
BUKOHaHHs anroputMy. llpu npoMy BakKJIMBO PO3YyMITH, II0 TOYHUN Yac BUKOHAHHS IpOrpaMu
3JICKUTH Bij 0arathox (hakTopiB, 30KpeMa BiJ] MBUAKOAIT Ipoiiecopa, 00CATy OnepaTUuBHOI mam’sITi
Ta 0COOJMBOCTEH KOMIUIATOpa. TOMy TiJ Yac aHaJi3y aJrOpuTMIB 3a3BHYail HE BU3HAYAIOTH
TOYHUI YaCc BUKOHAHHS, & OI[IHIOIOTh KUTbKICTh BUKOHYBAaHUX OTIEpalliid.

[Tix yac omiHOBaHHS €()EKTUBHOCTI AITOPUTMY BAXKJIHMBY POJIb BiAirpae po3Mmip BXITHHUX
naHux. Y OUTBIIOCTI 3a7ay 4ac BUKOHAHHS alTOPUTMY 3aJIe)KUTh BiJl KIJIBKOCTI €JIEMEHTIB, SKi
HeoOximHO 00poOuTu. Hampukiaz, SIKIIO aaropuTM MpaIfoe 3 MAaCUBOM JaHHWX, TO 30UIbIICHHS
KIUJIBKOCTI €JIEMEHTIB MAaCUBY 3a3BHYail MPU3BOIUTH J10 301IBIICHHS KUTBKOCTI OTepartiil.

Jns omucy 3aleXHOCTI MK pO3MIpOM BXIAHMX JaHMX 1 KUIBKICTIO OmNepaiii
BUKOPHUCTOBYETHCS MOHATTSI 00YMCIIIOBAIBHOT CKIIQJHOCTI anroputMy. O0uncIoBaIbHa CKIaIHICTh
MOKa3Yye, K 3MIHIOETHCS KIJIBKICTh orepalliil mpu 3011blIeHH] 00CATY BXIIHUX JTaHUX.

OaHuM 13 HaMBaXKIUBIMIMX MOHITH Yy IIbOMY KOHTEKCTI € 4acoBa CKJIAJHICTh AJITOPUTMY.
YacoBa CKJIQJHICTh BU3HAYAE KUIBKICTH €JIEMEHTApHHUX OIepaiiid, HeOOXIMHUX Ui BUKOHAHHS
AITOpUTMY, SK (YHKIIIO BiJl pO3Mipy BXiIHUX JaHUX. Hampukiag, Ko anroput™ oOpoliisie
MacHB i3 N €JEeMEHTIB 1 JJIs KO)KHOTO €JIEMEHTa BHKOHYE OJHY OIEpalilo, 3arajbHa KiIbKICTh
oreparliii Oye mpornopiiliHa 3HaYCHHIO N.

[Tig yac aHami3y CKIaJAHOCTI AITOPUTMIB 3a3BUYail BUKOPUCTOBYIOTh ACUMITOTUYHI OLIIHKH.
Taki OIIHKK JO3BOJSIOTH BU3HAUUTU XapaKTep 3pOCTaHHS KIJIbKOCTI OMEpaliil mpu 3HAYHOMY
30u1bIIeHH] 00cAry gaHux. HaiOunbll MOMmMpEeHHM CmocoOOM  3amucy TaKMX OLIHOK €
BUKOPUCTaHHS CHELiaJbHOTO MAaTEeMAaTUYHOTO MO3HAYEHHs, SIKe HAa3MBAETHCS HOTAIIEI0 BEIMKOIO
0.

Hotauis Benukoro O BUKOPUCTOBYETHCS Ul ONIUCY BEPXHBOT MEXI1 CKIJIQHOCTI aJTOpPUTMY.
Bona nokasye, sk HIBHAKO 3pOCTa€ KUIBKICTh ONepalliil y 3ajIe)KHOCTI B1J pO3MiIpy BXIIHUX JaHUX.
Hamnpuknan, skmo anroputm mae ckiaagHicte O(n), 1e o3Havae, M0 KUIBKICTh OINepalliid 3pocTae
MPOMOPLINHO KiTBKOCTI €JIEMEHTIB.

IcHye KijgbKa TUMOBUX KJIACIB CKJIAJHOCTI alropuTMiB. HalmpocTimmmu € ajroputMu 3
MOCTIHOIO CKJIAJHICTIO. Y 1IbOMY BHIAJKy KUIBKICTH OIEpaliil He 3aJIeKUTh BiJl PO3MIpYy BXITHHX
naHux. Taki adrOpUTMHM BUKOHYIOTHCS 3a MPUOJIM3HO OJHAKOBHUN Yac HE3aNEXKHO BiJ] KiJIBKOCTI
€JIEMEHTIB.

HacTynHuM THUIIOM € anropuTMH 3 JIIHIKHOK CKIAIHICTIO. Y 1bOMY BUMNAAKY KUIBKICTb
omepaiiii TpomopIliiHa po3Mipy BXITHUX AaHUX. Hampukiag, SKmo MTOTPIOHO MOCTIAOBHO
MEPErJISIHYTH BCl €IEMEHTH MacuBY, KUIBKICTh omepaliil Oyzie 3pocTaTH JIIHIHHO 31 301IbIIEHHSIM
KUJIBKOCT] €JIEMEHTIB.

Binpim ckIagHUMM € aNrOpUTMM 3 KBaJpPAaTHUHOIO CKJIAIHICTIO. Y TakWX alropuTMax
KUTBKICTh OTNepaliii mpornopuiiiHa KBaJpary KUIbKOCTI eleMeHTIB. Taka cuTyallis 4acTO BHHHMKA€E
MiJ 4ac BUKOPUCTaHHS BKJIAJCHUX LUKIIB, KOJU I KOXHOIO eJeMeHTa HEOOXiJHO BHUKOHATU
JOJJaTKOBY 0OpOOKY BCIX 1HIIUX €IEMEHTIB.

[cHYIOTH TaKOX aNTOPUTMHU 3 JTOTaPUPMIUHOIO CKIIAIHICTIO, EKCIIOHEHIIAIbHOIO CKJIaIHICTIO
Ta I1HIOIUMHA THUIAMHU 3aJEKHOCTEH. ANTOPUTMH 3 JIOTApU(PMIYHOIO CKIIAHICTIO 3a3BUYAM

26



BUKOPUCTOBYIOTBCSI y 3aJjadyax IMOLIYKY Ta COpTyBaHHsS. ExCrOHEeHIialbHa CKIIaHICTh XapaKTepHa
JUTSI TESIKUX 3a71a4 KOMOIHATOPHOT ONTHUMI3aIlii.

[TopiBHSIHHSI aNTOPUTMIB 3a CKJIAQJHICTIO JO3BOJISIE BH3HAYUTH, SKUH aNTOpPUTM € OUIhII
e(eKTUBHUM JJIs1 PO3B’A3aHHS MEBHOI 3amavi. Hampukmaz, SKIO OJMH aJrOpUTM Mae JiHIHHY
CKJIAJHICTh, a IHIIMA — KBaJIpaTU4HYy, TO MPH BEIUKOMY 00CA31 JaHUX MEPIIUi adroput™m Oynae
MPALIOBATH 3HAYHO HIBH/IIIIE.

Po3srnsHemo npoctuil npukian. Hexail icHye 3ajaya NOUIyKy MEBHOTO 3HAUEHHsS Y MacHBi
naHux. OOuH 13 MOXJIMBUX QJITOPUTMIB IOJISTAE Y TOCIITOBHOMY TMEPETJIsial BCIX €JIEMEHTIB
MacuBy. Y IIbOMY BHUIIQJKy y HaWTIpIIOMY BUIAIKy HEOOXiTHO MEPEBIPUTH BCi CIIEMEHTH MACHBY.
KinbkicTh onepartiii Oye nmpornopiiiiiHa 3Ha4eHHIO N, 16 N — KUIbKICTh €JIEMEHTIB.

[HIMIT anropuT™M MOXKE BHUKOPUCTOBYBATH OUTbIN €(PEKTHBHMN MiAXid, HAIPUKIAA TOILT
MacHBY Ha YaCTHHHU Ta IMOCIIJOBHE 3BYKECHHS 00JacTi MOHIyKy. Y TaKOMy BHUNAJKY KUIBKICTh
orepaliid MoXke 3pOCTaTH 3HAYHO MOBUIBHIIIE, HAIPUKJIIA/L MIPOMOPIIIHO Jorapudmy Bix KUIBKOCTI
€JIEMEHTIB.

[Tin yac anHamizy e(peKTUBHOCTI AJTOPUTMIB YacTO PO3TJSAAIOTh TPU OCHOBHI CHTYAIi:
Halkpaluii BUNIaJ0K, cepeiHii BUNIAJ0K Ta Halripmui Bunaaok. Halikpamuii Bunasox BiAmnoBigae
CUTYyallli, KOIM alrOpUTM BHUKOHYE MiHIMadbHy KUIBKICTh omepaniii. Hairipmmii Bumagox
BIJIMOBia€ MaKCUMaJIbHIHM KIJIbKOCTI omnepariid, HeOOXiTHUX JUIsi BAKOHAHHS aITOPUTMY.

Haiiripmuii Bumanox 3a3Buuail Mae HaiOuIbllle 3HAYEHHs MiJl 4ac aHali3y ajirOpUTMIB,
OCKUTPKM BiH TapaHTy€ BEPXHIO MEXY Yacy BUKOHAHHA. SIKIO alrOpUTM IPAIOE JTOCTATHHO
IIBUJIKO HAaBITh Yy HAWTIpIIOMY BHIIAIKy, IIe O3Hayae€, 1m0 BiH Oyne epeKTHMBHUM y OLIBIIOCTI
NPAKTUYHHUX CUTYaIli}.

OxpiM YacoBOi CKIQJHOCTi, BaXJIUBE 3HAUCHHS Ma€ TaKOX IPOCTOPOBA CKJIAIHICTD
anroputMmy. [IpocTopoBa ckiagHICTh BU3HA4Yae o0OCAT mam’ATi, HEOOXiNHUW MAJii BUKOHAHHS
aIropuT™My. Y JEsIKUX 3a7adaX BUKOPUCTAHHS JIOJATKOBOI MHaM’sATi JO3BOJISE 3MEHIIMTH Yac
BUKOHAHHS QJITOPUTMY.

Hanpuknan, anroputMm Moske 30epiratu MpOMiKHI pe3yJbTaTh OOYUCIeHb Yy MaMm’sTi, 1100
VHUKHYTH TOBTOPHOTO BHKOHAHHS THX CaMuX omepamiid. Takuid Miaxix J03BOJIss€ TPUCKOPUTH
pobOTy mporpamu, aje NoTpedye BUKOPUCTAHHS TOJATKOBUX PECYPCIB MaM ATi.

[Tig yac po3poOKu MPOrpaMHOro 3a0e3MeUEHHs 4acTO JOBOAUTHCS LIYKaTH KOMIIPOMIC MIXK
YaCOBOI Ta TPOCTOPOBOIO €(EKTUBHICTIO alITrOpUTMy. Y JeSKUX BHUIAIKaX JIOIIIBHO
BUKOPHUCTOBYBaTH Oulblle MaM’sATi JUId HPUCKOPEHHS OOYHMCIeHb, a y IHIIMX — HaBIAaKH,
3MEHIIIyBaTH BUKOPUCTaHHS MaM 4TI 32 paXyHOK 30UIbIIEHHS KIJTbKOCTI O0UHCIIEHb.

[Ile ogHMM BaXJIMBHM acCHEKTOM € NpPaKTUYHA OIiHKa e(peKTHBHOCTI airoputmis. Ilicis
peamizalii anropuTMy MpPOTrpaMiCT MOXKE€ BUKOHATH EKCIEPHUMEHTAJbHI BHUMIPIOBAaHHS Yacy
BUKOHAHHSl MPOTpaMM JUIsl PI3HUX OOCATIB BXIIHMX JaHMX. Taki BHUMIPIOBaHHS J03BOJISIOTH
OILIIHUTH peaibHy IIBHUIKOIII0 AITOPUTMY Y KOHKPETHOMY TPOTPAMHOMY CEPEIOBHIIT.

BomHouac ekcnepuMeHTal bHI BHUMIPIOBaHHS HE 3aBXKAM JAlOTh I[OBHY KapTHHY
edekTUBHOCTI anroputMmy. Came TOMy TEOPETHMYHHMM aHaTi3 CKIAAHOCTI aTOPUTMIB € BaXXIUBUM
IHCTPYMEHTOM Yy IIpOTpaMyBaHHi.

TakuM 4YUHOM, TOHATTS €()EeKTUBHOCTI AITOPUTMY BiAIrpae BaXIUBY poOJb Yy PO3poOIl
nporpamMHoro 3a0e3nedeHHs. EQeKTHBHICTh BH3HAUAETHhCS BUTpPATaAMU PECYPCIiB KOMIT IOTEpA,
HEOOXITHUMHU JUIsI BUKOHAHHS airoputMmy. OCHOBHUM MOKa3HMKOM €()EKTUBHOCTI € KUIbKICTh
€JIEeMEHTapHUX OIepalliii, 10 BUKOHYIOThCA MiJl Yyac poOOTH alIroputMy. AHalli3 3aJ€KHOCTI MIXK
KUIBKICTIO omnepariiid 1 po3MipoM BX1JIHUX JaHUX JI03BOJISIE BU3HAUYUTH OOUMCITIOBAIbHY CKJIAIHICTh
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anroput™my. [IOpiBHSHHS aJTOPUTMIB 3a CKJIAIHICTIO JAa€ 3MOTYy oOpaTH HaWOuIbIl e()EeKTUBHHIMA
croci®6 po3B’s3aHHS 3amavi. PO3yMiHHS NPUHIMINB aHATI3y aiTOpPUTMIB € BAXKIWBHM €TarioM
MiArOTOBKY (haxiBLiB y raiy3i MporpaMyBaHHs Ta PO3POOKHU MPOTrPaMHUX CHCTEM.

TEMA 4. ®YHKIII TA MOJIYJbHA OPTAHI3AIIA ITPOTPAM

4.1 ®ynkuii y moax C/C++

[Tix yac po3poOku MPOrpaMHOro 3a0e3MeUeHHsI BaKIUBOIO BUMOTOIO € CTPYKTYPOBaHICTh
nporpamHoro koxy. CKimaaHi NporpaMu CKJIAZalOThCS 3 BEJIMKOI KIIBKOCTI 1HCTPYKIIH, SKi
peani3yroTh Pi3HI YaCTUHH AITOPUTMY. SKIIO BCl iIHCTPYKIIT 3aMMcaTh Y BUTJIAI OJJHOTO BEJIIMKOTO
0JIoKy, Taka mporpama OyJe CKJIaAHOK IJis PO3YMiHHS, TecTyBaHHS Ta Moaudikarii. s
pO3B’s3aHHs IIi€l MPOOJIEMU y MporpaMyBaHHI BUKOPUCTOBYIOTH (GyHKINIT. DYHKIIT T03BOJISAIOTH
PO3IUIMTH POTPpaMy Ha JIOTIYHO 3aBEPIICHI YaCTUHH, KOXKHA 3 SIKUX BUKOHYE ITEBHY 3a]1a4y.

OyHKIIIS — 1€ IMCHOBAHHI OJIOK MTPOTPaMHOTO KOy, MPU3HAYSHHIA [T BAKOHAHHS TIEBHOT
nporpamu, mepenardn il HeoOXiJHI JaHi Ta OTPUMYIOYM pPe3yJIbTaT BUKOHAHHS. BUKOpUCTaHHS
(GyHKLIH 3HAYHO MIBUIILYE 3pO3YMUIICTh IPOIPAMHOIO KOJY, CIIpHUs€ TOBTOPHOMY BUKOPHCTAHHIO
QJIITOPUTMIB 1 IOJIETTIIY€E CYNPOBiJ MPOTPAMHOTO 3a0€3MEYECHHS.

Koxxna QyHKIis Mae BIacHe iM’s, CHUMCOK IapaMeTpiB Ta TUI 3HAYECHHS, SIKE BOHA MOXe
noBeprtatu. IM’st GyHKIIT BUKOPUCTOBYETHCS 71 ii BUKIUKY y IporpaMi. TUI 3HAYeHHS BU3HAYAE,
KU pe3ysibTaT MmoBepTae (YHKINS IMICIs 3aBEpIICHHS BUKOHAHHA. SIKIIO (QyHKIsS HE MOBEpPTAE
3HA4YCHHs1, BAKOPUCTOBYETHCS CHEIiabHIMA THIT void.

Y mnporpami moBoto C abo C++ 3aBkauM iCHye OJHA CcCHemialbHa (QYHKINS, 3 SKOI
MOYMHAETHCS BUKOHAHHS mporpamu. Lle ¢ynkiis main. Came BOHa € TOYKOIO BXOJY Y Mporpamy.
[H1n1 pyHKIIT MOXKYTh BUKIMKATUCS 3 QYHKIIT main a0o 3 1HIMX (YHKIIH.

ITin yac BUKOpHCTaHHS (QYHKILIH y HporpaMi po3pi3HAIOTH KiJIbKAa BAKJIMBUX E€JIEMEHTIB:
npoToTun (yHKILIi, onuc GyHKIIT Ta BUKIUK QyHKIIT. KoXeH 13 UX eleMEeHTIB BiJirpae BaKIUBY
POJIb y MpoLeci KOMIIALI] Ta BAKOHAHHS POTPaMH.

[Tpototun ¢yHkuii — 1e orojomeHHs (yHkOii 6e3 ii peanizawmii. IIpoToTUnm MicTUTh
iH(popMaLlil0 PO TUI 3HAYEHHS, SIKE MOBepTae (PyHKIIs, i1 IM’S Ta TUIM napameTpiB. OCHOBHUM
MIPU3HAYECHHSAM MPOTOTHUIY € MOBIIOMJIEHHSI KOMIILISITOpA MPO ICHYBaHHS (PyHKIII 10 MOMEHTY ii
BUKOPHUCTAHHS y IIporpami.

Y moBax C 1 C++ xommuisiTop oOpoOisie mporpamy MHOCHIAOBHO 3BEpXy BHHU3. SKIIO
(GyHKIISI BUKIIMKA€ETHCS paHille, HK OMUCAHO ii peali3allito, KOMIIATOP MOBUHEH 3HATH 11 TUI Ta
crnHcoK napamerpiB. Came 1715 IbOTO BUKOPHCTOBYIOTHCS IIPOTOTUITH (YHKIIIH.

[TpotoTun QyHKIIT 3a3BHuYail po3MIlIyeTbCs Ha TMOYATKYy HOporpaMmHoro Qaiimy abo y
CreliaJbHUX 3arojoBKOBUX (haitnax. Lle 103Bose BUKOPUCTOBYBATH (PYHKIIIIO Y PI3HUX YacTHHAX
nporpaMu 6e3 HeoOX1THOCTI PO3MIILYBaTH ii peai3alito nepe KOKHUM BUKIHKOM.

Onuc QyHKIII MICTUTH TIOBHY peanizanito ¢yHkuii. Bin ckinagaeTbes 13 3aroyioBka QyHKIIT
Ta ii Ti1a. 3aro’oBoK (GYHKIIT MICTUTh THUIl 3HAUEHHS, SIK€ MOBepTae (PyHKIIs, 11 M’ Ta CIIHCOK
napametpiB. [1icis 3arosoBka po3MilLyeThCs TI0 PyHKIIIT, sIKe MICTUTh MIPOrPaMHI 1HCTPYKIIIT, 110
BUKOHYIOTBCS T1J1 4ac i1 BUKJIUKY.

Tino ¢yHkuii 3anucyeTscss y QIrypHUX IyKKaX 1 MOXKE MICTUTH OTOJIOIICHHS 3MiHHHX,
apupMeTHyHi OOYHMCICHHS, BHUKJIUKMA IHIIMX (YHKIiH, yMOBHI omeparopu Ta wukiau. Ilicis
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3aBEPIICHHS] BUKOHAHHS 1HCTPYKIIH (DYHKIISI MOXKE TIOBEPHYTH IE€BHE 3HAUEHHS 3a JOIOMOTOIO
CHeLiaIbHOI0 OIepaTopa MOBEPHEHHS.

Buximk ¢yHKIii — 1e IHCTPYKIIs, 3a JOIMOMOTOI0 SIKOi ImporpaMa Imepenae KepyBaHHS
¢bynkuii qys BukoHanHs. [1ig yac BUKIMKY (yHKIIT MOXYTh IiepeaBaTUCs 3HAYCHHS HapaMeTpiB.
[Ticna 3aBepuieHHs poOOTH (YHKIT BUKOHAHHS MPOTPAMHU MPOJOBXKYETHCS 3 Ti€l TOUKH, 1e OyB
BUKOHAHU! BUKIIHK.

BukopucranHs (QyHKIIH J103BOJIAE Opra”idyBaTd NporpaMy Yy BUIVISAL  HaOopy
B3a€MOIOB’s13aHUX MoxydiB. KoxHa (yHKIIS BUKOHYe OKpeMy 3ajady, L0 POOMTH Iporpamy
OLTBIIT 3pO3YMUION0 Ta 3PYYHOIO ISl PO3POOKH.

[Tlin 4ac BukIMKy GyHKIOII BaXIWBY pOJIb BiirparoTh mapamerpu. [lapamerpu
BUKOPHUCTOBYIOTBCSI [UIA TEpelaBaHHA TaHUX MDK (QYHKUIIMH. Y TpOrpaMyBaHHI PO3PI3HAIOTH
¢dopmanbHi Ta (haKTUUHI TApAMETPH.

dopmainbHi MapaMeTpu — II€ 3MiHHI, SIKI OTOJOHIYIOTHCS y 3aroyioBKy ¢yHkuii. Boxu
BUKOPHUCTOBYIOTBCS BCepeIuH1 QyHKIIIT A1 poOOTH 3 epeanuMu JanuMu. PopMaibHi napaMeTpu
ICHYIOTB JIUIIE Y MeaxX (QYHKIIII 1 He JOCTYIHI 103a i TLIOM.

@DakTUYHI MapamMeTpu — Iie 3HaueHHs abo 3MiHHI, AKi mepefaroThes GYHKIIT mif 4dac ii
BUKIUKY. DakTH4YHI MapamMeTpu MOXYTb OYyTHM 3MIHHMMM, KOHCTAaHTaMu abo pe3yJsibTaTamu
00YHCIICHHS IEBHUX BUPa3iB.

[Tin yac BukiIMKY (yHKIIi 3HauUeHHS (PAaKTUYHUX MapaMmeTpiB MepenarTbes (GpopMarTbHUM
napamerpam. KimpkicTe 1 TunM (PakTHYHMX TapaMeTpiB TMOBHHHI BIANOBIAATH TapameTpam,
BHU3HAYCHUM Y IPOTOTHIT (DYHKIII].

¥ moBax C i C++ icHyI0Th pi3Hi criocoOu nepenaBaHHs mapameTpis 10 ¢GyHkii. HaitGimpm
MOIIMPEHNMH € TIepeIaBaHHs [TapaMeTPiB 3a 3HAUCHHSIM Ta TepeIaBaHHs MapaMeTpiB 3a aApEcoIo.

[lepenaBanHs mapaMeTpiB 3a 3HAYEHHSAM O3HAYae, 1110 IMiJl 4ac BUKIMKY (DyHKIIT 3HAUEHHS
(akTUYHOrO MapaMeTpa KOMIIEThCA y BINMNOBIIHUI (QopMmanbHUN mapamerp. Y LbOMY BUMAIKY
(bYHKIIS TPALOE 3 KOMI€0 3HAYEHHS, a HE 3 OPUTIHAIBHOIO 3MiHHOIO.

L1e o3Hayvae, 1110 3MiHM, BUKOHAH1 BCepeAnHI (DYHKIIi1, HEe BIUIMBAIOTh Ha 3HAYEHHS 3MIHHOI y
BUKJIMKaro4ii nporpami. Takuii miaxiz 3abe3nedye 6e3neuHicTh poooTH (PyHKIIN, OCKUIBKH BUKIHK
GyHKIIT HE 3MIHIOE 3HaYEHHSI 3MIHHUX y TOJIOBHIM Mporpami.

[lepenaBanHss mapaMeTpiB 3a 3HAYEHHSIM BHUKOPUCTOBYETHCS Y OUIBLIOCTI BUMAAKIB, KOJIU
(GYHKIIiSI TOBHHHA JIMIIIE BUKOPUCTOBYBATH 3HAYCHHS ITapaMeTpa IJisi BUKOHAHHS 00YNCIICHb.

[HmmM cnocoOoM € mepeaBaHHS HapaMeTpiB 3a agpecor. Y LbOMY BHMAAKy (QYHKIIi
NepeaaeThCsl HE caMe 3HaueHHs 3MIHHO1, a ajfpeca ii po3MimieHHs y nam’sati. Lle no3Bossie GpyHKIii
0e3rmocepeIHbO MPALIOBATH 3 TIEIO0 CaMOI0 3MIHHOIO, sIKA BHUKOPHUCTOBYETHCS Y BHMKIIMKAKOUiif
porpami.

[Tig yac mepenaBaHHs apaMeTpiB 3a aJIpecor0 (PyHKISI MOXKeE 3MIHIOBAaTH 3HAYE€HHS 3MIHHOI
y TOJIOBHIN mporpami. Takuil mifxiJ BUKOPUCTOBYETbCA y THX BUIAJKaX, KOJIM (YHKIIS TOBUHHA
MOBEPHYTH KUIbKa pe3ybTaTiB a00 3MIHUTH 3HAUEHHS 3MIHHUX, NT€pelaHuX i K mapameTpu.

[lepenaBanHs mapaMeTpiB 3a agpecor IIMPOKO BUKOPUCTOBYETHCSA TMiJ 4Yac poOOTH 3
MacuBaMH, BEJIMKUMHU CTPYKTypaMH AaHUX a00 y (QYHKIISIX, O[O0 BUKOHYIOTH OOpOOKYy AaHMX 0e3
CTBOPEHHS JI0AATKOBUX KOMii.

Bubip cnocoOy mnepenaBaHHs MapameTpiB 3ajie)KUTh BiJ 3ajadi, sIKy BUKOHYE (QYHKILiS.
IlepenaBaHHs 3a 3HAUEHHSM € OLIbII OE3MEYHUM 1 3pO3YyMIJIUM, TO1 SK MEpeJaBaHHs 3a aipecoro
JI03BOJISIE peai3yBaTH OUIbII THYYKI aITOPUTMHU OOpOOKH JaHUX.
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ITim wac po3poOKM MporpaM BaKJIWBO YITKO PO3YMITH PI3HHINIO MDK IIMMH CIOCOOaMHU
nepenaBaHHs mapaMmerpiB. HempapwipHuii BHOip crocoOy TmepegaBaHHS MOXKE IPU3BECTH [0
MMOMHJIOK y po0OTi mporpaMu abo 10 HEOUiKyBaHOT 3MiHU 3HAYCHD 3MIHHUX.

Buxopucranus (QyHKIIH TakoX CIpHsIE€ MOBTOPHOMY BHKOPHUCTAHHIO HMPOTPAMHOTO KOIY.
OnHa # Ta cama (pyHKIIISE MOKE BUKOPUCTOBYBATHCS y PI3HMX YacTHHAX MporpamMu abo HaBiTh y
pi3Hux mporpamax. Lle m03Bois€ 3HAYHO CKOPOTUTH OOCSAT KOAY Ta MIABHIIUTH €(PEKTHBHICTH
PO3pOOKH IPOTPAMHOTO 3a0e3eUCHHSI.

Kpim TOro, ¢yHKIil mNOJErmyrOTh TecTyBaHHA mporpaMm. KoxkHy OQYyHKIIIO MOXHA
MEPEBIPATH OKPEMO, IO J03BOJISIE MIBHIIIC 3HAXOJAUTH Ta BHITPABISATH MOMIJIKA. Takuid miaxia €
OCHOBOIO MOJTYJIHOT'O TIPOTPaMyBaHHSI.

Takum uyuHOM, QYHKIII € BaXXJIUBUM elleMeHTOM nporpamyBanHs MoBamu C 1 C++. Bonu
J03BOJISIFOTHh PO3AUIATH MPOrpaMy Ha JIOTIYHO 3aBEpIEHi YACTUHH Ta OPTaHi30BYBAaTH MPOTPaMHUN
KOJ y BHIJIAJI B3a€MOIIOB’A3aHUX MOAYJiB. OCHOBHUMH €J€MEHTaMH BUKOPHUCTaHHS (yHKIIH €
npototun ¢yHkuii, ii omuc Ta BukIMK. [lin yac poOGoTH 3 (QyHKIISIMH BHUKOPHUCTOBYIOTHCS
dbopManbHi Ta (QakTUUHI HapaMeTpu, sKi 3a0e3nmedyioTh MepefaBaHHs JaHUX MK YaCTUHAMU
nporpamu. [lepenaBaHHs TmapamMeTpiB MOXKE BUKOHYBATHCS 3a 3HAYCHHSM a00 3a aJpecoro, M0
BHU3Hauae crocid B3aemoxii QyHKii 3 JaHUMH. PO3yMiHHS LUX MPHUHIMIIB € BAXKIUBUM €TAIoOM
(dbopMyBaHHS NMPAKTHYHUX HABUYOK MPOTPaMyBaHHs Ta CTBOPCHHS CTPYKTYPOBAHHMX MPOrPaMHHX
CHCTEM.

4.2 O0JacTh BUAMMOCTI 3MiHHHUX Ta oprauizamisa mam’ati
A p 1

[Tix wac BuxonaHHs mporpam mMoBamMu C i C++ KOMIT'IOTEp BHKOPHCTOBYE OIEPATHBHY
nam’ath i 30epiraHsas 3MiHHHX, TapaMeTpiB QyHKIIN Ta ciry>k00Bo1 iHpopmalii, HEOOXiTHOT IS
BUKOHaHHS anroputMmy. OpraHizailisi BAKOPUCTAHHS MaM 4TI € BaXXJIMBOIO YaCTHHOIO poOoTH Oyib-
gaKkoi mporpamu. Po3yMmMiHHS TOro, $IK CTBOPIOIOTHCS 3MiHHI, J€ BOHHM 30epirarotbcsi Ta SK
BIIOYBa€TbCs MEpe/laBaHHS KepyBaHHS MDK (DYyHKIISIMH, J03BOJIE€ Iporpamicty e(peKTHUBHiIIe
PO3pO0IIATH MPOrpaMHuUil KOJ 1 YHUKATH TTOMHUJIOK.

OpHUM 13 KJIFOYOBUX TMOHSATH y IIbOMY KOHTEKCTi € 00JacTh BUAMMOCTI 3MiHHUX. O0sacTb
BUJIMMOCT] BU3HAUA€ YaCTUHY MPOrpaMu, Y MeXkax sKoi IeBHA 3MiHHA MO)ke OyTH BUKOpHUCTaHa. Y
MoBax C 1 C++ 3MiHHI MOXKYTh MaTH JIOKaJIbHY abo0 1i100anbHy o0nacTh BUAUMOCTI. Bubip obnacti
BUJIUMOCTI BIUIMBA€ Ha JIOCTYNHICTh 3MIHHOi, TPUBAJICTh ii ICHYBaHHS y MaM’sTI Ta CHOCIO
B3a€MO/IT 3 IHIIMMU YaCTUHAMU ITPOrPaMHu.

['mo0GanbHI 3MIHHI OrOJOUIYIOTbCS 1032 MeXaMu (YHKIIM, 3a3BUYaii Ha MOYATKY
nporpamHoro ¢airury. Taki 3MiHHI JOCTYIHI Ul BUKOPHCTAaHHS y BCIX (YHKLISX HPOTPaMH.
Ockinbky T7100aJIbHI 3MIHHI OTOJIOUTYIOTHCS 1032 (DYHKI[ISIMH, BOHU CTBOPIOIOTHCS 1€ JIO0 TOYATKY
BUKOHAHHS IPOTpaMH 1 30epiraroTecs y mam’siTi MpOTATOM YChOro 4acy ii poOoTH.

['moGanpHi 3MiHHI MOXKYTh BUKOPHCTOBYBATHUCS Uil 30€piraHHs AaHUX, SKI OBUHHI OyTH
JOCTYITHUMH y PI3HUX YacTHHAX Iporpamu. Hampukianm, y Ineskux 3ajgadax MOXe BHHUKHYTH
motpeba 30epiraTu 3arajibHI MapaMeTpud cuUcTeMd abo pe3yabTaTd  OOYHMCICHb,  SIKi
BUKOPHUCTOBYIOTHCS KUTbKOMA (DYHKIIISIMHU.

Boanouac BUKopucTaHHS TI00ATBHUX 3MIHHUX Ma€ MeBHI HeMomiku. OCKUIBKY Taki 3MiHHI
JOCTYIHI 3 OyJb-sIKO1 YaCTUHU MPOTPaMH, IX 3HAYCHHS MOKE 3MIHIOBATUCS PI3HUMHU (YHKIISIMU.
Ile ycknanHIO€ KOHTPOJb HAJ MPOTPaMHUM KOJOM 1 MOXKE MPHU3BECTH O MOMMIIOK, SKi BajKKO
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3HaiitTh. Came TOMYy Y CTPYKTypOBaHOMY MpOIpaMyBaHHI PpEKOMEHIYETbCS OOMEKyBaTH
BUKOPHUCTAHHS TJ100aTbHUX 3MIHHHUX 1 BI/IJIaBaTH MepeBary JOKAJIbHUM 3MIHHUM.

JlokanpHi 3MiHHI OTOJIOIIYIOTHCS BeepeluHi (QyHKIiH abo okpemux OnokiB komy. Taki
3MiHHI JOCTYTIHI JIMIIE y MeXax Tiei QpyHKIii abo 610Ky, y sKOMy BOHHU orojouieHi. [Toza mexxamu
I[LOTO OJIOKY JOCTYT JI0 JTOKAJIBHOT 3MIHHOT HEMOXKITUBUH.

JlokanbHi 3MiHHI CTBOPIOIOTHCS MiJ Yac BUKJIMKY (YHKIIT 1 3HUIYIOTHCS MICIIS 3aBEPIICHHS
il BuKoHaHH:. Lle 03Hayvae, 1110 KOKHOTO pa3y MiJ yac BUKIMKY (DyHKIIT CTBOPIOETHCS HOBUM HaO1p
JIOKAJIbHUX 3MIHHUX. Takuil MexaHi3M JO3BOJISI€ PI3HUM BUKJIMKAaM (DYHKIIIT NpaIfoBaTH HE3aJIeKHO
OJIMH BiJ OJIHOIO.

BukopuctanHd JOKaJdbHMX 3MIHHMX € BaXJIMBUM IPUHIMIIOM CTPYKTYpOBAaHOIO
nporpaMmyBaHHsl. BOHO 103BOJsie OOMEXHUTH 00JacTh JOCTYIy 1O JTaHWX 1 3pOOUTH MpOrpamy
O 3po3yminoro. KokHa (yHKINiS mparfioe 3i CBOIM BIIACHMM HA0OPOM 3MIHHHUX, IO 3MEHIIYE
HMOBIpHICTh BUIAAKOBOI 3MIHH JJAHUX Y 1HIIMX YaCTHHAX MPOTPaMH.

[Tix yac BUKOHaHHA (YHKLIA BaXIJIMBY POJIb BiAIrpae MexaHi3M oprasizamii mam’srti. Y
CY4aCHUX KOMII'IOTEPHHUX CUCTEMax MaM’sTh POrPaMu MOAUIAETHCS Ha KiJbKa JIOTTYHUX 00J1acTel.
OnHi€ro 3 TakuX 00JIaCTEN € CTEK BUKIIUKIB.

Crek BUKIMKIB — II€ CIHeliallbHa CTPYKTypa MaMm’ATi, sSKa BHUKOPHUCTOBYETHCS MJIs
30epiranns iHdopmanii Mpo akTUBHI BUKIMKU (QYHKIIH. CTeK mpaloe 3a MPUHIMIIOM OCTaHHIN
NPUNAIIOB — Tepliuii BUUIIOB. lle O3Havae, 110 OCTaHHS BHKIWKaHA (DYHKIIS 3aBEPIIyETHCS
MEPUIOKO.

Komm mporpama Bukimkae (yHKIIO, Y CT€K BUKIHKIB 3alUCYEThCA CHEUiadbHHUNA OJIOK
iHpopMarii, SKuii HA3UBAIOTh KAaJpOM CTEKy abo 3amucom aktuBamii ¢yHkuii. Lleil 610k MicTUTBH
iHpopmaniro, HeoOXimHy ansi BuKOHaHHS ¢yHKmii. Jlo Takoi iHdopmarmii Hamexarb 3HAUYCHHS
napameTpiB QyHKIII1, JJOKaIbHI 3MIHHI, @ TAKOXK aJipeca MOBEPHEHHSI.

Anpeca TOBepHEHHSI — II€ MicClle Yy mporpami, 3 sikoro Oyna Bukivkana ¢yHkuig. Ilicns
3aBepIleHHs] BUKOHaHHA (YHKII{ IporpaMa MOBEpTAETbCS caMme A0 1Li€i ajgpecu, 100 MPOJOBKUTH
BUKOHAHHS HACTYIHUX 1HCTPYKLIH.

Komu ¢ynkuis 3aBepurye cBoro poOOTy, BIANOBIIHUN KaJgp BUJANSETHCA 31 CTEKy. Y
pe3yNbTaTi BITHOBIIIOETHCS CTaH MONEPEHBOI (PYHKIIIT, 1 BUKOHAHHS IPOrpaMH MPOIOBKYETHCS.

Ctek BUKIIMKIB JO3BOJISIE€ TPOrpaMi KOPEKTHO MPAIfOBAaTH 3 BEIMKOIO KUIBKICTIO BKJIAJICHUX
BUKIIMKIB pyHKuid. Hanpuknaza, oqHa (GyHKIIS MOXe BUKIMKATH 1HIY, Ta — III€ OJHY, 1 TaK Jai.
JUJ1s1 KO’)KHOTO TaKOTO BUKJIMKY Y CTEKY CTBOPIOETHCS OKpEMUI Kaip.

Oco01MBO BaXJIMBY pOJIb CTE€K BUKIMKIB BIJIrpae y peKypcuBHUX (yHKuisX. Pexkypcis
BUHUKA€E y BUMAJIKY, KO (QyHKIIiS BUKIHMKae camy cebe. [1i yac KO)KHOro peKypCUBHOIO BUKJIUKY
y CTEKYy CTBOPIOETbCS HOBHUH Kajp, 1110 MICTUTb BJIAaCHI MapaMeTpH Ta JIOKaJIbH1 3MIHHI.

SIKIIO KUTBKICTh PEKypCUBHUX BHKJIMKIB CTa€ HAJTO BEIUKOIO, CTEK MOXKE TEPETIOBHUTHCA.
Taka curtyarlisi Ha3UBAETHCS TIEPETIOBHEHHSIM CTeKy. CaMe TOMy ITiJi Yac BUKOPUCTAHHS peKypcii
HEOOX1/THO 3a0€3MeUNTH HAsIBHICTh YMOBH 3aBEPIICHHS PEKYPCHBHOTO TIPOIIECY.

[lin vac BukoHaHHA (GYHKII BaXJIUBY poOJib Bifirpae omepatop return. Lleit omepatop
BUKOPHUCTOBYETHCS JJIsl 3aBEpUICHHS] poOOTH (PyHKII Ta MOBEpHEHHS] KEPYBAHHA /10 TI€T YaCTUHU
porpamu, 3 siKoi OyJia BUKJIMKaHa (QyHKILiS.

Omnepatop return Mo)ke TakoX MOBEpTaTH NEBHE 3HAUYEHHS. Y LIbOMY BHIAJKy 3HA4YEHHS,
3a3HayeHe MicJs oreparopa return, nepeJaeTbesi BUKIMKAOUid (QYHKIIT SK pe3ylbTaT BUKOHAHHS.
Tumn 3Ha4eHHs, 110 TOBEPTAETHCSI, TOBUHEH BI/MOBIIATH TUIY, BU3HAYEHOMY Y 3ar0JIOBKY (DyHKIII.

Hanpuxnan, skmo ¢yHKIis orojouieHa sk Taka, o MoBepTae Iije YUCio, Oneparop return
MTOBHHEH TIOBEPTATH 3HAUEHHS IUJIOTO TUMY. SIKIIO X (QyHKIlisS HE MOBMHHA MMOBEPTATH 3HAYCHHS,
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BUKOPHUCTOBYETHCS THIT Void, 1 omeparop return Moke BUKOPUCTOBYBATHCS JIUIIIC JIJISI 3aBEPIICHHS
BUKOHAHHS (DYHKIIIT 0€3 TOBEpHEHHS pe3yJIbTary.

[Ticniss BUKOHAHHS onepaTopa return moAasbIli iHCTPYKUii y Timi (yHKUii HE BUKOHYIOTHCS.
Ile o3Hagae, mo omeparop return 3aBepirye poboTy QyHKIii HeraiiHo. Came TOMy HOTO 4acTo
BUKOPUCTOBYIOTH JUIS 3aBEPILICHHs (DYHKIIT MicIsi BAKOHAHHS TEBHUX YMOB.

VY neskux BHUMagkax (QYHKIiS MOXKEe MICTUTH Kijdbka omeparopiB return. lle mo3Boisie
3aBEpIIyBaTH BUKOHAHHsS (DYHKIT y PI3HMX TOYKax 3aJIEKHO BiJ PE3yJIbTATIB MEPEBIPKH yMOB.
Takwuii miAXig MOXKE CIPOCTUTH CTPYKTYPY AJITOPUTMY, OJHAK IMOTPEOYE YBAKHOTO MPOEKTYBAHHS
MIPOTPaMHOTO KOTY.

[Tix yac BUKOpUCTAHHS omepaTopa return BaKIUBO ITaM SITaTH, IIO TICJs 3aBEpIICHHS
Ha JIOKaJIbH1 3MiHHI, OCKUTBKHU MICIIs 3aBepIIeHHS (QYHKII1 BOHH OiblIe HE ICHYIOTh Y ITaM’SITi.

Oprani3amist mam’4Ti M yac BUKOHAHHSA (YHKLINH € Ba)KJIMBOIO YACTHMHOIO POOOTH OyIib-
AKoi mporpamMu. Po3yMmiHHS TOTO, SIK CTBOPIOIOTHCSI Ta 3HUUIYIOTHCS 3MiHHI, SIK TPAIIOE CTEK
BUKIIMKIB 1 SIK BiOyBa€ThCsl MepedaBaHHs KEpyBaHHS MK (YHKIISIMH, JO3BOJISE€ MPOTPaMicTy
Kpallle KOHTPOJIFOBATH POOOTY POTrPaMHOTO KOY.

Oco011BO BaXIIMBO 1€ MiJl Yac PO3POOKU BEMUKUX MPOTPAMHUX CUCTEM, Y SIKUX (YHKIIT
MOXYTh BUKJIMKATHCS 0araTopa3oBO i B3aEMOJISATH OJHA 3 OJHOK. Y TaKMX CHCTEMax MpaBUIIbHA
opranizarisi o0yacTeidi BUAUMOCTI 3MIHHUX 1 €()EKTHBHE BUKOPUCTAHHS IaMm’sITi J03BOJISIOTH
CTBOPIOBATH HalilHI Ta e()EKTUBHI MPOTPaMH.

Takum umHOM, y MoBax C i C++ 3MiHHI MOXYTh MaTH JIOKaJIbHY a00 riio0anbHy 00JIacTh
BuAMMOCTi. ['moGanbHi 3MiHHI TOCTYNHI y BCii mporpami Ta iCHYIOTh HPOTATOM yChOTO Hacy ii
BUKOHAHHS, TOJIl SIK JIOKAJIbHI1 3MiHHI CTBOPIOIOTHCS i/l Yac BUKIMKY (DYHKIIT 1 3HUITYIOTHCS TICIIs
ii 3aBepruenHs. [1ix yac BUKOHaHHS (YHKIII BUKOPUCTOBYETHCS CIEI[ialibHA CTPYKTYpa Mam’aTi —
CTeK BHKIMKIB, ska 30epirae iHQopmaiiro Mpo akTHUBHI BHKJIMKM (YHKIINA, iX mapameTpu Ta
JoKaJbHI 3MiHHI. OmepaTtop return BUKOPHUCTOBYETHCS JUIS 3aBEpLICHHS BUKOHAHHS (QYHKLII Ta
MOBEPHEHHS KEpyBaHHS JI0 BHKIMKAIOYOi YaCTUHM MporpamMu. PO3yMiHHS LHMX MEXaHI3MIB €
BOXJIMBOIO OCHOBOIO Ul TIOJAJBIIOTO BHBUYEHHS MPOrpaMyBaHHS Ta pO3POOKH CKIIaTHHUX
MIPOTPAMHUX CHUCTEM.

4.3 MoayabHa no0ya10Ba NporpaM Ta oprasizamisi po3po0KH NporpaMHoOro Koay

Y mporieci CTBOPEHHS MPOTPAMHOTO 3a0€3MEeUEHHS TPOTrPaMICT CTUKAETHCS 3 HEOOX1IHICTIO
peamizaiii CKJIQJHUX QITOPUTMIB, IO CKJIAJAIOTHCS 3 BEJIMKOI KUIBKOCTI B3a€EMOIIOB’SI3aHUX
ornepauiid. Skmio peanizoByBaTH Taky Mporpamy y BUIJIS1I OJHOTO BEJIMKOTO OJIOKY 1HCTPYKIIiH, 1T
CTPYKTYpa CTa€ CKJIAJHOIO JUIs pO3yMiHHS, HepeBipku Ta Moaudikamii. Came ToMy y CydacHOMY
IIporpamMyBaHHI IIUPOKO 3aCTOCOBYETHCS MPUHIMIT MOJYJIbHOI o0y 10BM mporpam. Lleit mpuHimn
nepeadavyae po3JAUICHHS MPOrpaMU Ha OKPeMi YacTHHH, SKI Ha3MBarOTbcs MoayisMu. Koxken
MOAYJb peaiidye TeBHY (YHKIIOHATBHICTE 1 MOXE pO3pOOIATHUCS, TEpeBIpATHCS Ta
BUKOPHCTOBYBATHCS HE3AJICKHO BiJI IHIIMX YACTHUH MPOTPAMHU.

MopaynpHa opraHizaifiss TpOrpaMHOTO 3a0€3MEeUeHHs] € OJHUM 13 (PyHIaMEHTATbHHUX
MIPUHIIMIIB [IPOTPAMHOI 1H)KeHepii. BoHa 103BoIIsiE 3HaYHO CHPOCTUTH MPOILEC PO3POOKH, 3pOOUTH
IpOrpaMHUN KOJ OifbII 3pO3yMUIMM Ta MOJETHIUTH HOro Mojadblly MiATPUMKY. Y MOBax
nporpamyBanHs C i C++ MOAYJBHICTh 3a3BUYall peaizyeThesl 3a JOMOMOTOr0 (YHKIIN, OKpeMHX
¢aiiniB mporpamMHOro Koy Ta 6i6JioTex.
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OCHOBHOIO 1/I€€10 MOTYJIbHOT TOOYOBH € MO CKIIAAHOT 3a1a4l Ha MEHIIT YacTHHH. Takui
TTIJIX17] Ha3UBAETHCS JICKOMIIO3UITIEI0 3a/1a4l. J[eKOMITO3HIIisl TO3BOJIIE€ pO30OUTH CKIAAHY TPOoOIemMy
Ha HaOip mig3agay, KOXHa 3 SKUX Moxke OyTm po3B’sa3aHa okpemo. Ilicis mporo pesynbTatu
PO3B’sA3aHHA MiA3a1a4 00’ €THYIOThCS ISl OTPUMAHHS KiHIIEBOTO Pe3yJIbTary.

[Tig yac po3po0KH aNropuTMy MPOTPAMICT CIIOYATKY aHAI3Ye 3arajibHy CTPYKTYPY 3aadi.
Jlanmi BU3HAYalOTBCS OCHOBHI eramu i po3p’sizaHHsA. KoxkeH 13 Takux eramiB Moxe OyTu
peanizoBaHuii OKpeMor (QyHKIIE€ abo MomyseM. Takuil miaXix J03BOJISE CTBOPIOBATH MPOTpamMy
MOCTYTIOBO, Peali3yI04H 1 MEPEBIPSIOYN OKpEMI i1 YaCTUHH.

JlekoMIio3mIlisl 3ajadi € BaXJIMBUM 1HCTPYMEHTOM ajropuTMmizaiii. Bona mo3Boise
3MEHIIUTH CKJIAJHICTh PO3POOKH MPOrpaMHOro 3a0e3MeUYeHHs, OCKUIbKU MPOrpaMiCT Mpaltoe He 3
yCi€r 3a/laduero ozpasy, a 3 ii OKpeMUMH KOMIOHeHTaMu. KojkHa mig3agada 3a3BHyail Mae 4iTKO
BU3HAYCHI BXi/IHI 1aHi Ta pe3yIbTaT BUKOHAHHS.

Hanpuknan, SsKuio HeoOX1HO CTBOPUTH pOTpamy st 0OpOOKH YMCIOBUX JTAHHX, 3aTalbHY
3aJadyy MOJKHA MOJAUIUTH Ha Kilbka miazanad. OnHa QyHKIIsS MOXKe BUKOHYBATH BBEICHHS JIaHUX,
iHIma — 11X oOpoOKy, a TpeTss — BHBEIEHHS pe3yibTariB. Takui MiAXiAg JO3BOJSE YITKO
CTPYKTYpPYBaTH IIpOrpamy Ta MOJETIIUTH ii MOAaNbIINI PO3BUTOK.

OpHi€r0 3 BaXIMBUX IepeBar MOJYJIbHOI MOOYJIOBH MpPOrpaM € MOXJIUBICTh ITOBTOPHOI'O
BUKOpUCTaHHA KoJy. IIoBTOpHE BHKOpPUCTaHHS KOAY O3HAya€ 3acCTOCYBAaHHS B)XXE CTBOPEHMX
IPOrpaMHUX KOMIIOHEHTIB Yy PI3HHX 4YacTUHAX HporpaMu abo HaBITh Yy PI3HUX MPOrpaMHHUX
npoekTax. lle 03BoJsiE 3HAYHO CKOPOTUTH dYac pO3POOKH IMPOrpaMHOTO 3a0e3MeyYeHHS Ta
I ABUIIUTHA HOro HAAIHHICTE.

OyHKLIi, 0 peai3yloTh MEBHI YHIBEpCaIbHI JITOPUTMH, MOXYTh BHKOPHUCTOBYBATHCS
6araropazoBo. Hanpukmnan, GpyHKIis 004nCIIeHHS MAaTEMaTUYHOTO BHpa3y a00 (YHKIIisi COPTYBaHHS
MacHBY MOJKE€ 3aCTOCOBYBATHCsS Yy pi3HUX mporpamax. SIKIIo Taka (yHKLIs B)Ke IepeBipeHa Ta
IIPOTECTOBAHA, 1l BAKOPUCTaHHS JO3BOJISIE YHUKHYTH TOBTOPHOT'O HAIIMCAHHS KOJY.

[ToBTOpHE BUKOPUCTAHHSA KOAY € OJHHMM 13 KJIFOUOBUX IMPHUHLUIIB Cy4acHOi MpPOrpaMHOi
iHKeHepii. Y BENMKHUX HPOTpaMHUX CHCTEMax YacTO CTBOPIOIOThCSA O10s110TekH (YHKIIH, sKi
MICTSITh TOTOBI NPOTpaMHi KOMIIOHEHTH JJIsi BUKOHAHHS THIIOBHX 3aJad. BHKOpHCTaHHS Takux
010J110TE€K 3HAYHO CITPOIIY€E MPOIEC PO3POOKHU TIpOrpam.

Y moBax C i1 C++ MOBTOpHE BHKOPHUCTAHHS KOJy YacTO Peai3yeTbCs 3a JIOMOMOTOIO
3arojIoBKOBUX (haiiiniB Ta 610s110TeK. 3aroyioBKOBI (ailiin MICTSTh OorojiomieHHs (pyHKILIN, TOAl K 1X
peamizaliss MOK€ 3HAaXOAUTHUCA B IHIIUX MporpamMHux ¢ainax. Taka cTpykTypa I03BOJIsIE
BUKOPHUCTOBYBATH OJIHI ¥ Ti caMi (PyHKIII] y pI3HUX YacTUHAX MPOTrPaMHu.

[Ile onHi€r0 Ba)XJIMBOK MEPEBArol0 MOAYJBHOI MOOYJOBH € MOXIIHUBICTh HE3AJIEKHOIO
TECTYBaHHS OKPEMHX YacTUH mHporpamMu. KoxkeH MoIylb MOXHa MEpeBIPATH OKPEMO BiJl 1HIIUX
KOMITOHEHTIB cucTeMu. lle 3HauHO crmpollye mporec MOUIyKy MOMIJIOK 1 MiJIBUILY€E HAIIHHICTh
MPOTPaMHOTO 3a0€3MEUCHHS.

TecTyBaHHS IPOTpaM € BaXKJIMBHM €TArioM PO3POOKH MPOrpaMHOro 3ade3rnedeHHs. MeToro
TECTYBaHHsI € MepeBipKa MPaBWJIBHOCTI POOOTH MPOTpaMu Ta BUSBJICHHS MOXKJIUBUX MOMMIIOK. [Tig
yac TECTYBaHHS TeEpeBIPAETHCS BIAMOBIIHICT pE3yJbTaTIiB BUKOHAHHS MpOTpamMHu 3aJaHUM
BHUMOTaM.

TecTyBaHHS MO’KE€ BUKOHYBATHCS HA PI3HUX €Tanax po3poOKH MPOrpaMHOro 3a0e3nedeHHs .
CriouaTky mnepeBipsOThCsl OKpemi (QyHKIIi a60 Momyii. Takuil miaXiag HAa3MBAETHCS MOAYJIBHUM
TecTyBaHHSIM. MoJlyJIbHE TeCTYBaHHS J03BOJIA€ NEPEBIPUTH MTPABUIIBHICTD POOOTH KOKHOT (PYHKIIIT
HE3aJIeKHO B1J] IHIIUX YACTHH MPOTPaMH.
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[Ticns mepeBipkM OKpEeMHX MOJYJIIB BHKOHYEThCS IHTErparliiiHe TecTyBaHHsA. Ha 1mpomy
eTari MepeBIPsAEThCA MPaBUIBHICTh B3a€MOJIT MiX PI3HUMH 4YacTHHaMHu Tporpamu. Lle mo3Boise
BUSIBUTH TIOMHJIKH, SIKI MOKYTh BHHUKATH IT1J1 9ac OOMiHY JaHUMH MK (PYHKIISIMH.

3aBeplIaIbHUM €TalloM € CHUCTeMHE TecTyBaHHsA. [lif 9ac CHCTEMHOrO TEeCTyBaHHS
nepeBipseTbess podoTa BCiel mporpaMHoi cuctemMu B mijiomy. Lle mo3Boisie mepekoHaTHCs, 0 BCi
KOMIIOHEHTH IPOTpaMy MPAIfOIOTh Pa30M MIPABUIIBHO 1 3a0€3Meuy0Th O4iKyBaHUI pe3ybTar.

[Tlim dYac TecTyBaHHA BHUKOPHUCTOBYIOTBCS Pi3HI HAaOOpH BXIJHUX JaHUX. 30KpeMa,
NEePEBIPSIOTHCS TUIIOBI BUIAJKU BUKOPUCTAHHS NPOrpaMu, T'PaHWYHI 3HAYEHHs IapaMeTpiB Ta
HEKOpEeKTHI JaHi. Takuil miaxix J03BOJISIE IEPEBIPUTH CTIMKICTh TPOTPaMU JI0 PI3HUX CUTYaITil.

ITicnis BUSBIEHHS NMOMMJIOK BUKOHY€ETHCS MPOLEC HAJaroKeHHs mporpam. HamaromxeHHs
— L€ TpoIleC MOUIYKY Ta BHUIPABJICHHS NMOMWIOK y mporpamMmHoMy koni. [lomuiiku y mporpami
MOXYTh BHHUKATH 3 DPI3HMX NPHUYMH, HAMPHUKIAA 4Yepe3 HENpaBWIbHY pealli3alilo ajJroOpuTMy,
MIOMMJIKH Y JIOTIIi YMOB 200 HEeTpaBHJIbHY POOOTY 31 3MIHHUMH.

[Tix yac HamaroKeHHs MPOTPaMICT aHaNi3y€e MOBEAIHKY MPOrpamMH Ta BH3HAYaE MICIE
BUHUKHEHHS OMIJIKU. J[J11 OO MOXKYTh BUKOPHCTOBYBATHUCS Pi3HI METOJIU, 30KpeMa BUBEIECHHS
IPOMDKHUX PE3y/bTaTiB, NOKPOKOBE BHUKOHAHHS MpOrpaMM Ta BUKOPUCTAHHS CIEL[iaJIbHUX
IHCTPYMEHTIB HallaroJKEHHS.

CyuacHi cepeqoBHIla po3poOKH MPOrpaMHOTo 3abe3neueHHs MICTATh BOyaoBaHI 3aco0Ou
Haylaro/pkeHHs. Taki 3aco0M J103BOJISIIOTH BUKOHYBATH HpPOTrpaMy KpOK 3a KPOKOM, IeperiyisjgaTu
3HA4YEeHHs 3MIHHHUX Ta aHAJIi3yBaTH MOCIIIOBHICTh BUKOHAHHS 1HCTPYKIIIH.

BaxmBor0 YacTHHOIO HANAro/pKEHHS € aHaii3 JIOTIKH poOOTH mporpamu. Y AESKHX
BUMA/IKaX MOMWJIKAa MOXX€ BHHUKATH HE UYEpe3 CHHTAKCHYHY IMOMHIIKY, a 4Yepe3 HEMpPaBUIIbHY
peamizanito anroputmy. Came TOMy MpOrpaMicCT NOBHHEH YBaXKHO INEPEBIPATH JIOTIKY BUKOHAHHS
IIPOTrPaMH.

[Ile olHUM BaXXKJIMBUM aclEKTOM PO3pPOOKH IPOTPaMHOro 3a0e3MeUeHHs € JOKYMEHTYBaHHS
IpOrpaMHOro kojay. JlokyMeHTyBaHHsS mepefdadae 107aBaHHS KOMEHTapiB 10 IMpOrpamu, sKi
MOSICHIOIOTh TPU3HAUYeHHS (YHKIIN, 3MIHHUX Ta OKpeMux (parmMeHtiB airopurmy. lle 3HauHO
MOJIETIIIYE PO3YMIHHSI IPOTPAMHU IHITUMH PO3POOHUKAMU Ta CIIPOLIYE i1 MOJANbITY MOAU(IKALIO.

TakuM YHHOM, TMPHHIUIHN MOIYJIBbHOI MOOYIOBH TpPOTpaM BiJirparoTh BaXIUBY POJb Y
CyyaCcHOMY IIporpaMyBaHHI. Po3iieHHsl TporpaMu Ha OKpeMi MOJTyJIi 103BOJISIE CIIPOCTUTH MTPOLIEC
pO3poOKM Ta 3poOUTH NpPOrpaMHUN KOJ OUIBII 3pO3YyMUIMM 1 3pyYHHM IS CYNPOBOLIY.
JlekoMno3umisg 3a4adi Ha Mif3ajadi J03BOJISIE MOCTYIOBO pPEaTi30BYBAaTH CKJaJHI alrOPUTMH.
[ToBTOpHE BUKOPHUCTaHHS KOJy CIPHUS€ CKOPOUYEHHIO Yacy po3poOKM Ta MiJBUINEHHIO HAJAIHHOCTI
IpOrpamMHOro 3abe3nedyeHHs. TecTyBaHHS 1 HAJAroJKEHHs MporpaM J03BOJIAIOTH BUSBIATH Ta
BUIIPABIIATH TOMUJIKH, 3a0€3MeUy0Un MPAaBUIIbHY POOOTY MPOrPaAaMHUX CUCTEM.

TEMA 5. MACUBHU TA BA3OBI AJI'OPUTMU OBPOBKH TAHUX

5.1 MacuBu y moBax C/C++

[lim wac po3poOKkH TMporpamM 4YacTO BHHUKAE HEOOXITHICTH OOpOOJIATH BEITUKY KUIBKICTh
OTHOTUITHHUX JaHUX. Hampukman, mporpama Moke MpaioBaTd 3 HAOOpOM dYHCEN, pe3yJbTaTaMu
BHUMIpIOBaHb, 3HAUEHHAMM (YHKII a00 1HIIUMH MOCTiIOBHOCTAMH iHpopManii. Bukopucranus
OKpeMHX 3MIHHUX JUIS KOXHOTO €JIEMEHTa TaKuX JaHUX € HE3PYUYHUM 1 YCKJIAJIHIOE CTPYKTYpY
nporpamu. [lyig po3B’si3aHHS 1€l mpoOiieMu y MporpaMyBaHHI BUKOPHCTOBYIOTHCS MacHBH. MacuB
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03BOJIsIE 30epiratu Oarato 3HAYE€Hb OJHOTO THUMY I CIIUIBHUM 1M’SIM, IO 3HAYHO CIPOIILYE
00pOOKyY MOCTIJOBHOCTEH TaHUX.

MacuB — 11e BIIOPSIJIKOBaHA CYKYIHICTh €JIEMEHTIB OJTHAKOBOTO THITYy, IO 30€piraloThcs y
MOCTIIOBHUX KOMipKax mam’ari. KoXkeH eneMeHT MacuBy Mae€ CBiii MOPSIKOBUI HOMEp, SKHUN
HA3UBAETHCA 1HICKCOM. 3a JOMOMOTOO 1H/IEKCY MOXKHA OTPHUMATHU AOCTYIH 10 OyAb-IKOTO eJIeMEeHTa
MmacuBy. ¥ moBax C i C++ HyMmepalisi eJIeMeHTIB MacHBY MOYMHAEThCA 3 HyJs. Lle o3Hagae, mo
MIePIIHI eJIeMEHT MacuBy Mae iHnekc 0, apyruit — iHaeKke 1 1 Tak gaii.

BukoprucTaHHs MacHWBIB J03BOJISIE 3HAYHO CIPOCTHTH peali3alliio ajJropuTMiB 0OpOOKH
JaHUX. 3aMiCTh pOOOTH 3 BEJIHMKOIO KUIBKICTIO OKPEMHX 3MIHHUX IPOrPaMiCT BUKOPUCTOBYE OIHY
CTPYKTYPY JAaHHUX 1 3BEPTAETHCA JI0 il €JIEMEHTIB 3a JOIMOMOTOI0 1HEKCIB. [le 0co0IMBO 3py4HO Mmija
Yac BUKOPUCTAHHS LMKIIB, KOJM OJHA W Ta cama oOlepaiis BUKOHYETbCS MIJSl BCIX €JIEMEHTIB
MAacHBY.

HaiinpocrimmM TUIOM MacuBy € OJHOBHMIpHHHA MacuB. OJHOBUMIpHMH MacHB MOKHA
PO3TISIIATH K TOCIIOBHICTh €JI€MEHTIB, PO3TAIIOBAHUX OJAWH 32 OJHMM. Taka cTpyKTypa JaHHX
Harajaye psija 3Ha4yeHb, J€ KOXKHE 3Ha4eHHs Mae cBiii Homep. OIHOBUMIpHI MacHBHU IIUPOKO
BUKOPHUCTOBYIOTHCS y IPOrpaMyBaHH1 AJisi 30epiranHs HabOpiB YKces, CHMBOJIB a00 1HIIUX TAaHUX.

[Tepin Hi>XK BUKOPUCTOBYBAaTH MAaCUB Y MpoOrpami, Horo HeoOXiiHO orosocuTH. OroyiomeHHs
MacuBy nependavae BU3HAUCHHS TUITYy €JIEMEHTIB MacHUBY, HOTO IMEHI Ta KIJIbKOCTI enieMeHTiB. [1ix
4yac OTOJIONICHHS MAacHUBY KOMIIUIATOP BHIUISE€ BIAMOBIAHHUM 0OCSIT mam’siTi uisi 30epiraHHs BCixX
HOTO eJIEMEHTIB.

Tun eleMeHTiB MacWMBY BHW3HAYA€, SIKI 3HAYCHHS MOXYTh 30epiratucs y IbOMY MacHBIi.
Hanpuknan, sIKIIo MacuB OTOJIONICHWN SK MAcHB LIJIMX YMCEIl, YCi HOro elleMeHTH NMOBHHHI MaTu
oA TN, SIKmo K HeoOXiIHO mMpamfoBaTH 3 AINCHUMH YHUCIAMH, BHKOPHCTOBYETHCS MAacHUB
BIJIMOBIAHOTO THITY.

KinpkicTh €leMeHTIB MacUBY BHU3HAUAE€ThCS IMiJ] Yac MOro OrOJIOLIEHHS 1 HA3UBAETHCA
po3mipom MacuBy. Y moBax C i1 CH++ po3Mmip MacuBy NOBMHEH OyTHM BHU3HAUEHHUM mij yac
KoMmnunii nmporpamu. Lle o3Haudae, Mo MporpamicT MOBMHEH 3a34ajeriib BU3HAUMTH, CKUIbKU
€JIeMEHTIB OyJie MICTUTH MACHB.

[Ticist orosyoneHHs: MacuBY HOro eIeMEHTH MOKYTh OTPUMYBATH 1OYAaTKOB1 3HaueHHs. Llei
MpoLIeC HA3MBAEThCS 1HILIATI3ALIE0 MacuBy. IHINIami3alis MOK€ BHKOHYBAaTHUCSA MiJ dac
OTOJIONICHHs 200 y TpoIIeci BAKOHAHHS MPOTPaMHU.

[Tig gac iHimianizamii MacuBY MPOTPAMICT MOXE 3a/IaTH 3HAUEHHS IS BCIX a00 AJs JesSKUX
foro eneMeHTIiB. SIKIIO 3HAUYEHHs €JIEMEHTIB HE 3aJlaHli SBHO, iX MOYAaTKOBUH CTaH MOXXe OyTH
HeBu3HaueHUM. Came TOMy MijJ yac poO3pOOKHM MporpaM pPEKOMEH]IYe€ThCSl BUKOHYBATH SIBHY
1HIIiaIi3anii0 MacUBIB.

[Ticist orosyomeHHs Ta iHiLiai3alli MacuBY Iporpama MOXe BUKOHYBATH Pi3H1 ornepariii Hajl
foro enementamu. HalfnomupeHimuMuy onepanisMu € BBEIEHHS JJaHUX Yy MacuB, 00poOKka 3HaYeHb
€JIEMEHTIB Ta BUBEJCHHS pe3yJIbTaTIB.

BBeneHHs eeMeHTiB MacuBY 3a3BUYail BUKOHYETHCS 3a JONOMOTO0 UK. [1ix 9ac KoxxHOT
iTepalii MUKy porpaMa 34UTye 3HaYeHHs JJIs OJHOIO eJleMeHTa MacuBy. Takuil MiaAXiJ JO3BOJIsE
MOCJIIIOBHO 3alIOBHIOBATH BC1 €JIEMEHTH MacHBY.

[TuxmiuHa 06poOKa MAacuBIB € OAHUM 13 HAMOLIBII MOMKPEHUX MPUHOMIB MPOrpPaMyBaHHS.
BukopucTOBYIOUM LMK, TPOTPaMICT MOXKe BUKOHYBATH OJHAKOBI oreparlii HaJ| yciMa eleMeHTaMu
MacuBy. Hampukmnan, MokHa OOYMCIMTH CyMy BCIX €JIEMEHTIB, 3HAWTH MaKCHUMajlbHE abo
MiHIMaJIbHE 3HaYEHHs 200 BUKOHATH 1HIII MaTeMaTHUYHI orepartii.
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BuBeneHHs elleMEHTIB MacHBY TAaKOX 3a3BHYail BUKOHYETbCS 3a JOMOMOrorw mukimy. Ilig
yac KOXKHOI iTeparllii mporpama 3BEpPTaETHCS 0 YEProBOr0O €JIEMEHTa MacHUBY 1 BimoOpakae Horo
3HA4YeHHs Ha ekpaHi. Takuil MiAXiZ I03BOJsI€ JIerko (opmyBaTH TaOdHIi 3HA4YeHb abo iHIII
CTPYKTYpPH JaHUX.

[Tix gac poOOTHM 3 MacMBaMH Ba)JIMBO NPABWIBHO BUKOPUCTOBYBATH 1HJEKCH. [HIEKC
MOBMHEH 3HAXOAMTUCS Yy MeXax JOMYCTUMOrO Jiama3oHy. SIKIIO mporpama 3BEpPTAETHCS 10
€JIEMEHTa MAacUBY 3 IHAEKCOM, IO BHUXOJUTh 3a MEXI BHM3HAYEHOTO PO3MIPY MAacHUBY, MOXKE
BUHUKHYTHU IIOMWIKA JOCTYIY JI0 IIaM AITi.

Came TOMy HpOrpaMiCT MOBHMHEH YBaXXHO KOHTPOJIIOBATH 3HAUEHHs IHIEKCIB MiJ 4ac
pobotu 3 macuBamu. HaifuacTime A LbOrO BHKOPHCTOBYIOTBCS LMKIIHM, Y SIKHX MEXI 3MIHU
3MIHHOI-1HIEKCY BiANOBIal0Th PO3MIpYy MAaCHUBY.

VY OuIblI CKIAJHUX TpPOrpaMax MAacHBH YacTO MEpeNaloThCs y (QYHKIIT UIs MOAaIbIIol
0o0pobku. IlepenaBanHs MacuBiB y (QYHKIIi [103BOJISIE peai3yBaTH MOJIYJBbHY CTPYKTYpPY
nporpaMHoOro kKoay. OnaHa GyHKIlisSi MOXKE BIAMOBIATH 32 BBEICHHS JJAHUX, 1HIIA — 3a 1X 00pPOOKY,
a TpeTs — 3a BUBEJICHHSI Pe3YJIbTATIB.

[Tin yac mepenaBaHHs MacuBY Yy (QYHKIIIO Ba)JIMBO PO3YMITH OCOOJIMBOCTI poOOTH 3
nam’atTio. Y MoBax C 1 C++ macuB nepenaeTbes y QyHKIIIIO HE K TOBHA KOIIis JaHUX, a K ajpeca
nepuioro enemMenTa mMacuy. Lle o3Havae, 1m0 QyHKIIS OTPUMY€E AOCTYH 10 TUX CaMMX JaHUX, SKI
3HAXOJATHCA y TOJIOBHIHM mporpami.

Takwii miaxix mae BaxknuBy nepeBary. [lepenaBaHHs anpecu MacuBY J03BOJISIE YHUKHYTH
CTBOPEHHS KOmii BCiX Horo enemeHtiB. Lle 0coOIMBO BaXIIMBO y BHIIAAKaX, KOJM MAacHB MICTUTh
BEIMKY KUIBKICTh aaHuX. llepemaBaHHs JWIIe afpecd 3HAYHO 3MEHIIY€ BHTpATH TaM STi Ta
MIPUCKOPIOE BUKOHAHHS TPOTPAMH.

BonHouac mnepenaBaHHS MacuBY 3a aJpecol0 O3Hayae, 10 (YHKLIS MOXKe 3MIHIOBaTH
3HAYeHHS MOro eneMeHTiB. Ycl 3MiHM, BHKOHAHI BcepeauHi (yHKIil, OyayTh BigoOpaxkeHi y
rojioBHii mporpami. Came ToMy MiJl 4ac po3poOKH MporpaM HEOOXiAHO YBaXHO KOHTPOJIOBATH
orepallii, Kl BUKOHYIOThCSI HaJl €JIeMEHTaMHU MacHBY.

ITin yac nepenaBaHHs MacuBy y (YHKIIIO 3a3BUYail 10aTKOBO MEPENAETHCS MOr0 po3Mip.
Ile HeoOXxigHO Ans TOro, MO0 (QYHKIS MOTrja MPaBWJIBHO OpraHizyBaTH OOpOOKY e€JIeMEHTIB
MacuBy. be3 iH(popmarlii npo po3mip MacuBy (QYHKIlS HE MOXKE BU3HAYUTH KUIBKICTh €JIEMEHTIB,
SK1 TOTPiIOHO 0OPOOUTH.

VY neskux Bumagkax (QyHKIIT MOXKYTh MpalioBaTH JIMIIE 3 YaCTUHOIO MacuBy. Hampukiarn,
¢byHKLIsT MOXke 0OpOOIATH JIMILE TepIll KiIbKa eJeMEeHTIB a0o MeBHU Jiana3oH iHAeKciB. Takuit
MiAX17] T03BOJIsIE THYYKO OPraHi30BYBaTH poOOTY 3 BETMKUMH MAaCUBaMU JaHUX.

MacuBH IIUPOKO BUKOPUCTOBYIOTBCA Yy PpI3HUX Traily3sx HporpaMmyBaHHA. Bouu
3aCTOCOBYIOTBCS MMiJI 4ac OOpOOKM pe3yJbTaTiB €KCIEPUMEHTIB, CTATHCTUYHOTO aHATI3y JaHUX,
poOoTH 3 TabIMUSAMU 3HA4YeHb Ta peajizalii pPI3HUX aJTOpPUTMIB OOUYMCIEHb. 3aBASIKM MPOCTIH
CTPYKTYpl Ta €hEeKTUBHOMY BUKOPHUCTAHHIO IaM ATI MAaCHMBH € OJHHUM 13 OCHOBHUX IHCTPYMEHTIB
poOOTH 3 TaHUMU Y IPOrpaMyBaHHI.

TakuM YHUHOM, MacWB € CTPYKTYpOI ITaHHX, sKa J03BOJSE 30epiraTé IOCIHiJOBHICTh
OJHOTUIIHMX 3HAueHb y mnam’aTi Komm’'rorepa. OIHOBUMIpHI MacHBH IpPEACTaBISAIOTH COOOIO
BITOPSZIKOBAHY IMOCIIIOBHICTD €JIEMEHTIB, JOCTYI 0 SKUX 3JIHCHIOETHCS 3a JJOIMIOMOTOI0 1HJIEKCIB.
[lepen BUKOPHCTaHHSIM MAacHUBY HOro HEOOXiAHO OrOJIIOCHTH Ta, 3a MOTpeOu, iHIIiami3yBaTH.
BBeneHHs 1 BUBEJICHHsI €JIEMEHTIB MacHBY 3a3BHYall BUKOHYETHCS 3a JOINOMOTrOI0 IUKIiB. MacuBu
MOXYTh TiepenaBatucs y (QyHKII A1 MOAaIbIoi 0OpoOKH, 110 JO3BOJISE peaizyBaTH MOAYJIbHY
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CTPYKTYpYy IporpamMHoro 3ade3rnedeHHs. Po3yMiHHS MPUHIMIIB POOOTH 3 MAaCUBAMH € BaXKITHMBOIO
CKJIAJIOBOIO TMIATOTOBKH (PaxiBIliB y Taly3i MporpaMmyBaHHSI.

5.2 Anroput™Mu 00po0KH MacHBiB: NOLIYK, COPTYBAHHSI TA OLiHIOBAHHS e()eKTUBHOCTI

[Tin yac pobOTHM 3 MacMBaMH JAaHUX OJHIEI0 3 OCHOBHHUX 3a7ad € iX oOpoOka. Macusu
JI03BOJISIFOTH 30€piraTv BEIMKY KiUJIbKICTh OAHOTHUITHUX €JIEMEHTIB, a alTOPUTMU OOPOOKH MacHBIB
JAl0Th 3MOTY BUKOHYBATH Pi3HI omeparii Hajg OUMHA JaHuMU. [lo HalmommpeHimmx 3amad
HaJIeKATh TOIIYK MEBHOIO €JIEMEHTa y MAacuBi, BIOPSAIAKYBAHHS €JIEMEHTIB 3a 3pPOCTaHHSAM abo
CHaJlaHHsAM, BHU3HAYEHHS MAaKCHUMaJlbHUX 1 MIHIMaJbHUX 3HAa4€Hb, a TaKOXX BUKOHAHHS
CTaTUCTUYHUX OOYHCIICHb. Y TMporpaMmyBaHHI pPO3POOJIEHO BEIHMKY KIUIbKICTh QJITOPUTMIB JIS
poOOTH 3 MacWBaMH, OJIHAK Yy IMOYATKOBOMY KypCl aJropuTMi3aiii oCOONMBY yBary NpUILISIOTH
0a30BUM METO/IaM IOIIYKY 1 COPTyBaHHSI.

Anroput™Mu OOpOOKM MacHBIB 3a3BHUail pealli3ylOThCs 3a JOMOMOTIO HUKIIB. [{ukmmivni
KOHCTPYKIIii JO3BOJISIOTH ITOCITIIOBHO TIEPETJISAIATH BCi €JIGMEHTH MAaCHBY 1 BUKOHYBATH HEOOXiTHI
orepariii. Y OUIBIIOCTI BUTIAAKIB TIpOrpamMa BUKOHY€E OJTHAKOBI JIii I KOYKHOTO €JIEMEHTa MaCHBY,
3MIHIOIOYH JIUIIIC 3HAUYCHHS 1HICKCY.

Opniero 3 HAUOPOCTIIKX 3a4a4 MiJg 4ac poOOTH 3 MacHBaMU € MOIIyK eieMeHTa. [lomryk
nependadae BHU3HAUEHHS MO3MUIIT €JeMEHTa y MAacHBi, 3HAUEHHS $KOrO BIAMOBIJA€E TEBHOMY
KpuTepito. Hanpuknaa, Moke BUHUKHYTH NOTpeOa 3HAWTH €JIEMEHT 13 3a/laHuM 3HauyeHHSIM abo
BU3HAUWTH MEPIINIA €JIEMEHT, 10 33JJ0BOJIbHSE IEBHY YMOBY.

HaiinpocrimmM MeTogoM TOHIyKYy € JTiHiHHUA momyk. lLled anroputM momsrae y
MOCIIITOBHOMY TIEPerJIsiii BCIX €JIEMEHTIB MacuBy. [Iporpama mouYWHAE TEPEBIpKYy 3 MEPIIOTO
€JIEMEHTA 1 TIOPIBHIOE OT0 3HAYCHHS 3 IIYKaHUM 3HAUYEHHSAM. SIKII0 3HaYeHHS 30iraroThCsl, MOIIYK
3aBEpUIYETHCS, 1 MporpaMa MoBIAOMIISE 1HIEKC 3HANIEHOTO eJIEMEHTA.

Skmio 3HaveHHsT He 30iraeTbcsi, MporpamMa TEpeXOAUTh JO0 HACTYIHOTO €JeMEHTa i
MIOBTOPIOE NepeBipKy. Takuil nmporec mpoIoBKY€eThCS 10 TUX Iip, IOKK €IeMEHT He Oy/ie 3HalIeHO
a0o 1oku He Oyze NeperyasHyTO BCl €JIEMEHTH MacHBY.

JIiHiIfHUH TOWIYK € MPOCTHM [yl peajizalii 1 He noTpedye monepeJHbOro BHOPSIKYBaHHS
MacuBy. Came TOMy L€l alrOpuTM YacTO BUKOPHUCTOBYETHCS y HaBUAIBHUX 3ajJadax Ta Yy
CUTYAIIisIX, KOJIM MaCUB Ma€ HEBEIIMKUN PO3MIP.

Boanouac epekTUBHICTh JIHIHHOTO MOIIYKY 3aJIEKHUTh BiJl KIJIBKOCTI €I€MEHTIB MAacuBy. Y
HaWripuIoMy BUIAJAKY IporpaMa MOBUHHA MEPEBIPUTH BCl €IEMEHTH MAaCUBY, 11100 MepeKOHaTHCs,
110 IIyKaHe 3HA4YEeHHS BIICYTHE. TakKMM YMHOM, KUIBKICTh OIEpaliid y mMbOMY aJlfOPUTMI 3pOCTa€E
MPONOPILIHHO PO3MIpY MacHBy.

[Ile oxHi€0 BaXIMBOIO 3a/a4ero MiJ 4ac poOOTH 3 MacuBaMM € copTyBaHHs. CopTyBaHHS
nependavyae  ymopsOKyBaHHA  €JEMEHTIB MacuBy 3a TIE€BHUM THpaBwioMm. Haifuacrime
BUKOPHUCTOBYETHCS COPTYBAHHS 3a 3pOCTAaHHIM a00 3a ClaJaHHsAM 3HAUYEHb.

CopTyBaHHSI € BaXJIMBOIO OIepalicro 0OpoOKH MaHWX. YTIOPSIKOBAHI JIaHI 3HAYHO JIETIIIe
aHaJi3yBaTH, a JESAKi aJTOPUTMH IOIIYKY MOXYTh TPAIIOBaTH 3HAYHO INBHIIIE, SKIIO MAacHB
MOTIEPETHHO B1ICOPTOBAHMIA.

IcHye BenMka KiIbKICTh aIrOPUTMIB COPTYBaHHS. Y MOYaTKOBOMY Kypcl MpOrpaMyBaHHS
3a3BHYail PO3IIIAIAIOTHCS MPOCTI AITOPUTMHU COPTYBaHHS, SIKI JIETKO 3pO3yMITH Ta peanizyBaTu. [lo
TaKUX QJITOPUTMIB HaJe)KaTh COPTYBAaHHS BHOOpPOM, COpPTYBaHHS OOMIHOM Ta COpPTYBaHHS
BCTaBKaMH.
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OmauM 13 HAWUOPOCTIMIUX aJITOPUTMIB € COPTYBaHHS BHOOpPOM. Imes IbOTO anroputMy
MOJISITae y TOCIIIOBHOMY BHOOpP1 HaMEHIIIOTO €JIEMEHTa 3 HEBIJCOPTOBAHOI YaCTHMHH MAaCHBY Ta
nepeMilleHH1 H0ro y BiMOBIIHY MO3HUIIIIO.

Ha nepmomy etami mporpama 3HaXOJAWTh HaMEHIIHN €JIEMEHT Y BChOMY MacHBi Ta MiHSIE
HOro MICIsIMH 3 TepIIUM eJdeMeHTOM. [licist Hporo mepumii eneMeHT BBAKAETHCS BiZICOPTOBAHHM.
Ha nmactynHomy erami mporpama mrykae HalMEHIIUN eJIeMEHT Cepejl PeIliTH €IEMEHTIB 1 po3MilLye
Horo Ha apyriii mo3unii. Takuii nporec MOBTOPIOETHCS 10 TUX Mip, TOKH BEChb MacuB He Oyne
BHOPSIIKOBAHUIA.

CoptyBaHHs BHOOpPOM € TIPOCTUM JUIsl peaiizamii 1 J00pe UIICTpye MPUHIMIH POOOTH
QJITOPUTMIB cOpTyBaHHsA. OJlHaK el anroput™M He € AyXke e(DEeKTUBHUM JUIsl BEJIUKUX MAaCHBIB,
OCKUTBKY TOTPeOy€e BETUKOT KITbKOCTI MTOPIBHSHB.

[Ile ogHUM MOIIMPEHUM aNTOPUTMOM € COpTyBaHHS oOMiHOM. Lleif MeTon TakoXX BiIOMUI
AK Oynb0aIIKoBe COpTyBaHHs. MOro NPUHIMII HONATAaE y ITOCHIOBHOMY HODIBHSHHI CyCimHiX
€JIEMEHTIB MacHBY Ta iX 0OOMiHi y BUINAJKy HEMPABUILHOTO MOPSAKY.

ITix yac KO’KHOTO MTPOXOAY IO MACUBY HAHOUIBIIUI €IEMEHT MTOCTYIOBO MEPEMILIYETHCS 10
KiHIg MacuBy. Ilicis KiIBKOX IMOBTOPEHB LBOI'O IPOLECY BCl €IEMEHTH MacUBY 3ailMaroTh
MPaBUJIbHI TTO3HMIIII.

bynbOamikoBe copTyBaHHS € MPOCTUM JUIsl peatizailii, mpoTe Horo eheKTUBHICTh TAKOXK €
HeBUCOKOI0. KinbKicTh omepailiif y bOMy alropuTMi IIBHAKO 3pOCTa€ 31 30UIBLIECHHSAM pPO3MIPY
MacHBY.

[Ile ogHUM TIPOCTHM METOAOM COPTYBaHHS € COPTYBaHHs BCTaBKaMHU. Y IIbOMY aJTOPUTMI
MacHB yMOBHO TIOJUIAETHCS Ha BIJCOPTOBAaHY Ta HEBiIcopTOoBaHy dacTHHH. CHoOYaTKy
BiJICOPTOBAHOIO BBAKAETHCS JIUINE TEpIIa TMO3UMis MacuBy. Jlami KO)KeH HACTYHNHHHA €JIeMEHT
BCTaBJISIETHCS Y BIATMOBIIHE MICIE BiICOPTOBAHOT YaCTHHH.

ITix yac BUKOHAHHS LBOTO AITOPUTMY IpOrpaMa MOPIBHIOE HOBHH €JIEMEHT 3 €JIeMEHTaMU
BIJICOPTOBAHOI YaCTHHM 1 MEepeMillye HOro y mpaBuwiIbHY mo3unito. Takuii miaxia Haragye mpoiec
COPTYBaHHs IpaJbHUX KapT y pyIi.

CopryBaHHsl BCTaBKaMU € OUIbII €(QEKTUBHUM Yy BHUIAAKaX, KOJIM MAacUB YXe YacTKOBO
BriopsiikoBaHui. Came TOMY I€i aJTOpUTM 1HO/II BUKOPUCTOBYETHCS Y IPAKTUYHUX 3a/1a4aXx.

[Tin yac BuOOpY aJropuTMy COPTYBaHHS BaXXJIMBO BpPaxOBYBaTH HOro e(EeKTUBHICTD.
EdexTuBHICTh anropuTMy BH3HAYAETHCSA KUIBKICTIO Omepaliid, HEoOXiAHUX Uil BUKOHAHHS
COPTYBaHHS.

JUis MOpIBHSAHHS QJTOPUTMIB BHUKOPHUCTOBYIOTh HOHATTS OOYMCIIIOBAJIBHOI CKJIAJHOCTI.
OO6uuciroBanbHa CKIAIHICTh MOKA3ye, sIK 3MIHIOETHCSA KUTBKICTh OMepalliii 3ajekHO BiJ po3Mipy
MacuBy. SIKIIO KUIBKICTh oOmepamiii IMBHIKO 3pOocTa€ 31 30UIBLIEHHSM KIUIBKOCTI €JIEMEHTIB,
QITOPUTM BBAXKAETHCSI MEHIII €()EKTUBHIM.

[IpocTi anropuT™Mu cOpTyBaHHS, Taki SIK COpTyBaHHS BuOopoMm abo OyibOalkoBe
COpPTYBaHHSI, MalOTh BIAHOCHO BHCOKY CKJQJHICTb. Y TaKuUX ajropuTMax KUIbKICTh orepariil
MPpUOJIN3HO MPOTOPIIiiHA KBaIpaTy KUIBKOCTI €JIEMEHTIB MacHBY.

Ile o3Havae, MO AKIIO PO3MIP MACHBY 30UIBIITYETHCS Y JIBA pa3u, KITBKICTh OMEpariiii Moxe
3poCTH NPUOIU3HO y 4OTHPH pazu. Came TOMY Taki aJropuTMH Hee(eKTUBHI AJIS AyKe BEITHKUX
MAacHBIB JaHUX.

Y Oinpml  CKIAJHUX NPOTPAMHUX CHUCTEMax BHKOPHCTOBYIOThCS OUIbII  e(eKTUBHI
AITOPUTMHU COPTYBaHHS, HANPHUKIAJ IIBUIKE COPTYBaHHS abo copTyBaHHS 3MUTTAM. OJHAK A7
PO3YMIHHSI OCHOB aJITOPUTMI3allil JOCTaTHHO BUBYUTH IIPOCTI AITOPUTMHU COPTYBaHHS.
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[TopiBHSHHS aJITOPUTMIB 32 €(PEKTUBHICTIO JI03BOJISIE BU3HAYUTH, SKUM METOJ] OOpOOKH
JaHUX € OUTBII JOUUIBHUM Yy KOHKPETHIM 3amadi. Y HEBEIWKHX IMporpamMax pi3HUI MiXK
ATOpUTMaMH MOXe OyTH Maiike HENOMITHOO, MPOTE MiJ 4ac poOOTH 3 BEIMKMMU MaCHBAMH
TaHuX e(hEeKTUBHICTD aJITOPUTMY CTAE KPUTHYHO BAXKIUBOIO.

TakuM 4MHOM, aNTOPUTMH OOPOOKHM MACHBIB BiAIrparOTh BAXKIWBY POJIb y MPOTPaMyBaHHI.
JIiHIiHUH TOLIYK /J03BOJISIE€ 3HAXOAUTH €JIEMEHTH Y MAaCHBI IUIIXOM IOCIIIOBHOTO MEPETIATy BCiX
3Ha4eHb. [IpoCTi anropuTMH COPTYBaHHS JO3BOJISIOTH YIHOPSAKOBYBATH CJIEMEHTH MacHBY 3a
3aaHuM TnpaBuiioM. [TopiBHAHHS anropuTMIB 32 €(DEKTUBHICTIO Ja€ 3MOTY BH3HAYUTH HAHOLIBII
JOIUTBbHUHM CIOCIO OOpOOKM MaHMX 3aJeKHO BiJ PO3MIpYy MacuBy Ta BHUMOT JO IIBHIKOJIl
nporpamMu. PO3yMiHHS IIUX aJTOPUTMIB € BRXIUBUM €TarnioM (popMyBaHHS MPAKTUYHUX HABUYOK
MporpaMyBaHHSI.

5.3 AnropuTmiszanisi Ik 0CHOBa pO3po0KH IPOrpaMHOro 3ade3ne4eHHs!

Y mpomeci BUBYEHHS JWCUUIUIIHM QJITOPUTMi3allii Ta TPOrpaMyBaHHS CTYACHTH
O3HAWOMITIOIOTECSL 3 (PyHJAaMEHTATbHIUMU TPUHIMIIAMUA CTBOPEHHS MPOTPAMHOTO 3a0e3MeYeHHS.
OCHOBOIO OYIb-SKOi MPOTPaMHOi CHCTEMH € ITOPUTM — (hopMai30BaHUI OMUC TOCIiJOBHOCTI
Iii, siKi HeoOXiMHO BMKOHATH JUIA PO3B’sI3aHHs MEeBHOI 3amaui. Came aqropuT™M BH3HAYa€ JIOTIKY
po6OTH Mporpamu, CTpYKTypy OOpOOKH AaHUX Ta B3a€MOJII0 OKPEMUX KOMIIOHEHTIB IPOTrPaMHOro
3abe3neueHHs. be3 4iTko choOpMyIbOBAHOTO aNrOpPUTMY CTBOPEHHS HaAIHOI Ta eQeKTHBHOI
IIpOrpamMy MPaKTUYHO HEMOKIIMBE.

AnropuTmisaliist € MpoLecoM PO3pOOKH aIrOPUTMIB Ul PO3B’SI3aHHS MPUKIAJAHUX 3ajad.
Bona nepenye 6e3nocepeTHbOMY HATUCAHHIO MTPOTPAMHOTO KOy 1 J03BOJIsE€ c(hOpMYBaTH JIOTIUHY
CTPYKTypy MaiOyTHBOI mporpamu. Ilig wac aiaroputmizarii mporpamicT aHamizye yMOBY 3ajadi,
BH3Ha4Ya€ HEOOXIiHI /1aHi, BCTAHOBIIIOE TOCIIIOBHICTD OOYHMCIICHD 1 JOPMYE CTPYKTYPY QJITOPUTMY.
JIuiie micst IbOTO AITOPUTM MOXke OyTH peali3oBaHU MOBOIO MPOTpaMyBaHHS.

OpHi€ro 3 TOJIOBHUX OCOOJMBOCTEN allropuTMi3allli € 11 He3aJeKHICTh BiJ KOHKPETHOI MOBU
porpamyBaHHs. AJITOPUTM OIUCYE JIOTIKY PO3B’si3aHHS 3a/adi y 3arajibHOMY BUTJsAl. Peamnizaris
L[BOTO AJITOPUTMY MOXe OyTH BUKOHAHA PI3HUMHM MOBAMHU IpOrpaMmyBaHHs a00 HaBiTh Pi3HUMHU
nporpaMHUMH cucreMamu. CaMe TOMy ajJrOPUTMIYHE MUCIIEHHS € Ba)KJIMBOK HABUUKOIO JJIs Oyb-
sKoro ¢axiBLs y ramy3i iHpopMaIiiiHUX TeXHOJIOTIH.

VY mporieci BUBYEHHS aJITOPUTMI3allii CTYJACHTH 3HAHOMIIATHCS 3 OCHOBHHMH BJIACTHBOCTSIMHU
anroputmiB. Jl0 TakMX BIACTUBOCTEH HaJEXKaTh BU3HAYEHICTh, IUCKPETHICTh, MAaCOBICTH Ta
pe3yIbTaTUBHICTh. BHW3HAYEHICTh O3HAYa€ OJHO3HAYHICTh KOXKHOI KOMaHAM aJTOPUTMY.
JIMcKpeTHICTh mependadae MO Mpolecy OOYHMCIEHHS Ha OKpeMl KpOKH. MacoBiCTh O3Hadae
MO>KJIMBICTh 3aCTOCYBaHHS AJITOPUTMY 0 IIMPOKOro Kjacy 3ajgad. Pe3ynbTaTHUBHICT TapaHTye
3aBEpILEHHS aJIrOPUTMY 3a CKIHUEHHY KiJIbKICTh KPOKIB.

ANTrOpuTMH MOXYTh IMOJAaBaTHCA pi3HUMHU crocobamu. HaiinpocrimuM crnocobom €
CIIOBECHUH OINHUC MOCHIMOBHOCTI Ail. binbi (opmanizoBaHUMH METOJIaMH € BUKOPUCTaHHS OJIOK-
cxeM abo mceBnokoay. Taki 3acobu 103BOJISIIOTH HAOYHO MPEACTABUTU CTPYKTYPY alrOpPUTMY 1
MOJIETIIYIOTh HOr0 MOAAJIBIILY peati3aliio y BUTISAL IPOrPaMHOro KOAdY.

byab-sxuit anroputM OyayeThCsi Ha OCHOBI 0a30BUX QJITOPUTMIYHMX CTPYKTYp. Jlo Takux
CTPYKTYp HaJleXxaThb MOCIIJOBHICTb, pO3rayly’)kKeHHA Ta MoBTOopeHHsS. [locninoBHICTH mependauvae
BUKOHAHHSA KOMaHJl Y BU3HAY€HOMY MOpsAKY. PosramyskeHHs 103Bojisie oOMpaTd pi3Hi BapiaHTH
BUKOHAHHS 3aJIEKHO BiJl eBHOI yMoBH. [loBTOpeHHs 3a0e3nedye GaraTopa3oBe BUKOHAHHS MEBHOT
IpyNHU IHCTPYKIIIH.
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L{i Tpu CTPYKTYpH € OCHOBOIO MOOYIOBU OY/Ib-IKOTO aJrOPUTMY. Y MOBaxX MporpamyBaHHS
BOHHU PEaTi3yIOThCS 3a JIOMOMOTOIO BIJIMOBIIHUX orepaTopiB. [1ocaiJOBHICTE IHCTPYKIIIA YTBOPIOE
OCHOBY NIPOTPaMHOT0 KOJY, YMOBHI OIEpaTopy peati3yloTh PO3Tally’KECHHs, a ONepaTOpH LUKIY
3a0e31euy0Th MOBTOPEHHS OOYUCIICHb.

[Ticnst po3po0KK aNropuTMy HACTYITHHM €TarloM € HOro peaizallisi MOBOIO IPOrpaMyBaHHSI.
[Iporpamuuii kox € (opManbHUM 3aIUCOM aNTOPUTMY Yy BHUIJIAAI 1HCTPYKUIH, 3pO3yMITHX
KoMIT'toTepy. MoBa nporpaMyBaHHS BHU3HAua€ MpaBHJia 3alKMCy TaKUX 1HCTPYKLIH, TUIIM JaHUX,
CTPYKTYpPH KE€pyBaHHS Ta 1HILI €JIEMEHTH IPOTPaAMHOTO KOAY.

VY Kypci aropuTMizanii Ta IporpaMmyBaHHs 3a3BU4ail BUKOPUCTOBYIOThCSI MOBU C ab6o C++,
AK1 IIMPOKO 3aCTOCOBYIOTHCSI Y CUCTEMHOMY IIpOrpaMmyBaHHi, po3poOLi MPUKIAAHUX Mporpam 1
BOymoBaHux cucteM. Lli MOBHU 103BOJSIOTH €()EKTUBHO peaTi3oByBaTH aJTOPUTMHU Ta 3a0€3MEUYIOTh
THyYKe KepyBaHHS IMaM’ ITTIO KOMI I0Tepa.

[Tix yac HamucaHHA MPOTPaM MPOTPAMICT MPALIOE 3 PI3HUMH TUNAMHU JaHUX. /l0 OCHOBHHX
THIIB HajgeXaTh LI 4YKHCia, MIACHI 4YHciaa, CHMBOJM Ta JIOTIYHI 3HA4YeHHS. 3MiHHI
BUKOPUCTOBYIOThCS AJIsi 30epiraHHs AaHUX Yy MaM’sITi KOMIT'IOTepa, a KOHCTaHTU INPEJICTaBIIAIOTh
3HA4YEHHS, SIK1 HE 3MIHIOIOTHCS 1]l YaC BUKOHAHHS MIPOIPaMH.

OxkpiM MNpOCTHX 3MIHHMX, Y THPOrpaMyBaHHI HIMPOKO BUKOPUCTOBYIOTHCS CKJIAIHI
CTpYKTypu AaHux. OnHI€E 3 HAWBaXJIMBIIIMX CTPYKTYp € MacuB. MacuB 103BOse€ 30epiratu
BEJIMKY KUIbKICTh OJHOTUITHUX €JIEMEHTIB 1 e)eKTUBHO BUKOHYBaTH onepaiii Hag HuMu. OOpobka
MacHBIB YacTO BKJIOYA€ IOIIYK E€JIEMEHTIB, COPTYBaHHS JaHUX Ta BHKOHAHHS CTAaTUCTHYHHUX
OOYHUCIICHb.

[Tlix wac po3poOKM mporpaM BaxJIMBO TaKOX BHKOpHCTOBYBaTH (yHKIii. DyHKIil
JI03BOJISIIOTh PO30MBATH IMPOrpaMy Ha OKpeMi JIOTIYHI YaCTHHH, KOXKHA 3 SKHUX BUKOHYE IICBHY
3agauy. Takuil migxiJ Ha3UBA€THCSI MOJYJIBHOIO OPTaHi3alli€lo IPOrpaMHOro KOAy.

MonynbpHa noOyioBa nmporpam Mae HU3KY BaxJuBuX mnepesar. [lo-mepiue, BoHa HiABHILYE
3po3yMilTicTh mporpamHoro kony. Ilo-gpyre, 103Bojisie TMOBTOPHO BUKOPUCTOBYBATH OKpEMi
KOMIOHEHTH rmporpamu. [lo-Tpere, cmpolye TecTyBaHHS 1 HaJaroJKeHHs MPOrpaMHOro
3a0e31eUeHHs.

[Tin yac BUKOHaHHS Iporpam KOMII IOTEp BUKOPUCTOBYE pi3HI obsacti nam’saTi. OpHieo 3
TakuX 00yacTeil € crek BUKIMKIB. CTEK BUKIMKIB BUKOPUCTOBYEThCS JUIsl 30epiraHHs iHdopmarii
PO aKTUBHI (QYHKIII, IX mapaMeTpu Ta JOKaJibHI 3MiHHI. Koiu (QyHKIisl BUKIMKAETHCSA, ¥ CTEKY
CTBOPIOETHCS HOBUH 3anuc. [licis 3aBepIieHHs] BUKOHAHHS (QYHKIIT 1l 3aIuc BUAJISETHCS.

[TpaBuibHE pO3yMiHHS OpraHizalii naM’sTi € BaKIMBUM Ul €(EeKTUBHOTO MPOrpaMyBaHHS.
BoHo n03BONII€E YHUKATH MOMMJIOK, IOB’S3aHUX 13 HENMpaBWJIBHUM BHKOPHCTAaHHSIM 3MIHHUX a00
HEKOPEKTHUM KEPYBaHHSAM pECYypCaMu CUCTEMH.

[Tin wac po3poOkM mporpamM BajxJIMBY poOJib BiAIrpa€ eQEeKTUBHICTh aJTOPUTMIB.
EdexTuBHICTh aITOpUTMY BU3HAYAE€THCS KUIBKICTIO orepalliii, HeoOX1AHUX JUIsl HOr0 BUKOHAHHS, a
TaKOX OOCSATOM MaM’sTi, SIKWA BUKOPUCTOBYETHCS MPOrpamMoro. AHaii3 e(heKTUBHOCTI alrOpUTMIB
JI03BOJISIE TIOPIBHIOBATH PI3HI CIOCOOM PO3B’s3aHHS 3a/1ad 1 oOMpaTh HAWOLIBI ONTUMAILHUN
BapiaHT.

s omiHIOBaHHSA €()EKTUBHOCTI aIrOPUTMIB BUKOPUCTOBYETHCS MOHSATTS OOUYUCIIOBAIBHOT
ckinagHocTi. CKIaJHICTh aIrOpUTMY IOKa3ye, SK 3MIHIOEThCS KIJIBKICTh ONEpawliid 3ale)XKHO BiJ
po3Mipy BXITHMX AaHuX. Hampukinana, Aeski alropuTMd MarOTh JIHIHHY CKIQJHICTh, a 1HII —
KBaJIpaTU4Hy a00 JorapupmiuHy.
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Bubip edekTHBHOrO airopuTMy € BAXXJIMBUM 3aBIaHHSIM TMporpamicta. Y 3amgadvax,
OB’ sI3aHUX 13 BETUKUMH OOCATAaMU JaHUX, €PEKTUBHICTh AITOPUTMY MOXE CYTTEBO BIUIMBATH Ha
HIBUJIKOAIIO TPOTPAaMHOI CHCTEMH.

ANTOPUTMH € JHIIE OJHUM 13 KOMIIOHEHTIB IMPOrPAaMHOr0O 3a0e3neueHHs. Y peajbHHX
MPOEKTaX CTBOPEHHA TMpOrpaM BiAOYyBaeThCS y MeXKaxX IKUTTEBOTO IHMKIY MPOTPAMHOTO
3abe3neueHHs. JKUTTE€BUI UKIT BKIIIOYAE BC1 €TAH CTBOPEHHS IPOrPaMHOT CUCTEMH — BiJ] aHAI3y
BUMOT 10 CyIIPOBOAY TOTOBOT'O IIPOIPaMHOI'0 MPOIYKTY.

JXKuTTeBUi UK IPOrpaMHOro 3abe3MeueHHsl 3a3BUYail BKJIIOYAE TaKl €Talu: aHaji3 BUMOT,
IIPOEKTYBAHH:, pealtizallisi IporpaMHOro Kojy, TeCTyBaHHA Ta cynpoBia. Ha erani ananizy BuMor
BH3HAYaIOTHbCS (PYHKIIIOHAIBHI MOXJIMBOCTI MailOyTHbOi cuctemMu. Ha erami mnpoexTyBaHHS
PO3pOOIISIETHCS CTPYKTYpa MPOrpaMH Ta i1 arOpUTMH.

[Ticnst IOTO BUKOHYETHCS pealtizallis mporpaMHoro koxy. CaMe Ha IbOMY €Tarli ajaropuTMH
MIEPETBOPIOIOTHCS Ha Mporpamy, sSka MOKe BHUKOHYBaTHCS KOMII'oTepoM. HacTymHum etamom €
TECTyBaHHs, IIiJ] Yac SKOTO IEPEeBIPAETHCS NPaBHIBHICTH pOOOTH MporpaMu. 3aBepllaTbHUM
€TarioM € CYINpPOBiJl NPOrpaMHOro 3abe3NeyeHHs, M0 mepeadadyae BUIIPABICHHS MOMUIIOK 1
BHECEHHS 3MiH y IIporpamy.

TakuM 4MHOM, aJIrOPUTMHU, IPOrPAMHMNA KOJ| 1 dKUTTEBUI LUK IPOrpPaMHOro 3a0e3MeveHHs
TICHO TMOB’s13aHI MK CO000. AJITOPUTM BHU3HAUa€E JIOTIKY PO3B’s3aHHS 3aaayi. [Iporpamuuii kon €
peamizallielo 1bOr0 aIrOpUTMYy MOBOIO IHporpamyBaHHsA. JKHTTEBUIl LUK MPOrpaMHOIO
3a0e3rmeueHHsT 3a0e3ledye OpraHi3amilo Mpolecy po3poOKH, TECTyBaHHS Ta eKCIDTyararlii
MIPOTPAMHHUX CHUCTEM.

AnropuTMizalisi BiJlirpae KIIOYOBY pOJIb Y BCbOMY IIbOoMy Iiporieci. Came anroputm
BU3HAYaE, SIK came mporpama Oyzae oOpoOIIsATH aHi, siKi onepallii BUKOHYBaTHME Ta SIKHH pe3yJIbTar
OTpUMae KopHucTyBad. ToMy (OpMyBaHHS aJrOPUTMIYHOTO MHUCICHHS € OJHIEI0 3 HAMBAXIIMBILIMX
L[Ie HaBYaHHS NIPOrPaMyBaHHIO.

VY3aranpHIOIOUM MaTepial Kypcy, MOXKHa 3pOOMTH BHCHOBOK, IO QJrOpUTMi3alis €
(yHIaMEHTaJIbHOIO OCHOBOIO PO3pOOKM MpOrpamMHOro 3abes3mneuyeHHs. Po3yMiHHS HPUHLUIIB
oOyZI0BU aJrOpUTMIB, BUKOPHCTAHHS CTPYKTYp KepyBaHHs, poOOoTa 3 JaHMMH Ta oOprasizalis
MIPOrPaMHOT0 KOJY J03BOJISIIOTH CTBOPIOBATH €(eKTHBHI NporpaMHi cuctemu. Lli 3HaHHS € 6a3010
JUIS TIOJAJIBIIOTO BUBYEHHS MPOTPaMHOI 1HXKEHeEPii, po3poOKH CKIaJHUX MPOrpaMHUX MPOAYKTIB Ta
BUKOPHUCTAHHS Cy4acHUX 1HQOPMAaIIITHUX TEXHOJIOTIH.
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Hapuyannue BunaHus

Pycy Oaexcanap IlerpoBu4

AJITOPUTMIBALIA TA IPOT'PAMYBAHHA

Koncnekr nekmiii asist 3100yBaviB BUIIOi OCBITH,
SIK1 HABYAIOTHCA 32 CIEHIATBbHOCTAMU Tay3i «lH(popmartliifHi TeXHOIOTIi»

YKpalHCbKOI MOBOIO
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