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BCTYII

Metoauuni maTepiaiv 3 JUCHUIUIIHM «MeToau OmnTHUMi3allii KOMIT I0TEPHHUX
CHUCTEM» CIIpsIMOBaHi Ha ()OpMyBaHHS y CTYJEHTIB 3HaHb 1 HAaBUYOK aJITOPUTMIYHOI
onTuMizauii mporpaMHoro 3abe3nedyeHHs. Y  CyYacHHX YMOBaX  PO3BHUTKY
1H(QOpMAIITHUX TEXHOJIOTIH yce O1IbIIOro 3Ha4eHHs HaOyBa€e HE JIMIIE MPaBUIBbHICTh
poboTu nporpam, a i epeKTUBHICTh BUKOPUCTAHHS Yacy Ta 0OYUCIIOBAIBHUX PECYPCIB.
Tomy Kypc opieHTOBaHMI Ha (h)OpMyBaHHsS BMiHb CTBOPIOBATH MPOTPaMHi PillIEHHS, 110
BIJIPI3HSIOTHCA BUCOKOIO ITPOTYKTUBHICTIO, HAAIMHICTIO Ta PalllOHAIBHICTIO, @ TAKOXK Ha
PO3BUTOK 3JaTHOCTI JO CHUCTEMHOrO aHaji3y Ta MOPIBHSHHS PI3HUX MIAXOJIB J0
pO3B’A3aHHS 3a7a4.

[TociOHMK MICTUTHh WIICTh JIAOOPATOPHUX POOIT, KOXHA 3 SKUX IPUCBAYEHA
OKpeMOMY KJIacy 3ajad Ta alroputmiB. TemaTuka 3aBlIaHb OXOILUTIOE ITUPOKHUM CIIEKTP
MPAKTUYHO 3HAYYIIUX MPOOJIeM, 10 BUHUKAIOTH y TPOIECI PO3POOKH MPOTPAMHHUX
cucteM. bazoBoro MOBOIO mporpamyBaHHs oOpaHo C++, sikuil 3a0e31euye MOKIUBICTh
0e310cepeIHbOr0 KOHTPOIK pOOOTH 3 MaM ATTIO, THYYKE KEPYBaHHS pecypcaMu Ta
BHUCOKY MPOJIYKTUBHICTH MPHU peasizaliii anroputmib. L{e 103BoJise€ CTyiIeHTaM MO€IHATH
TEOPETUYHI 3HAHHS 3 TMPAKTUYHUM JOCBIJOM oONTUMI3alii ¥ TIubIne 3po3ymiTH
3aKOHOMIPHOCTI B3a€MO3B 3Ky MDK CTPYKTYpPOIO QJITOPUTMY Ta €(PEKTHUBHICTIO HOTO
BUKOHAHHS.

Y K0oXHOMY 3aBJlaHHI HaBEACHO MPHUKIAAM BXIJHUX 1 BUXIAHUX JaHUX, SKI
UTIOCTPYIOTh TOCTAHOBKY 3aJadl Ta pe3yJbTaTh 1i po3B’si3aHHA. OUYIKyeThbCS, IO
CTYJIEHT JOTIOBHUTH iX BJACHUMHU T€CTaMHU JJisi OLIBII MOBHOI NEPEBIPKUA KOPEKTHOCTI 1
HAJIWHOCTI peayizoBaHoi mporpamu. [Ipu oIfiHIOBaHHI pe3yibTaTiB BPaxOBYEThCS HE
JUIIE MPaBUIbHICTh OOYKCIIECHb, ajle ¥ ONTUMAJBHICTh peali3allii — 4Yac BUKOHAHHS,
e(eKTHUBHICTh BUKOPUCTAHHS TIaM’ STl Ta 1HIIUX PECypPCiB, OCKUIBKU caMme Il aCTeKTH €
HEHTPATBHUMH JIJIs1 AUCITUTUTIHH.

MetoauuHi MaTtepiaau TMOKJIUWKaHI JOMOMOITH CTYJIEHTaM HE TUIbKH OBOJIOIITH

NPaKTUYHUMHU ~ TPUHOMAMH  QJITOPUTMIYHOI  ONTHMI3alii, ame W  PO3BUHYTH
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QITOPUTMIYHE MUCJICHHS, BMIHHS OIlIHIOBAaTH €(PEKTUBHICTh MPOTPAMHUX pIllIeHb Ta
3MAaTHICTh JO TMOJAJBIIOTO BJIOCKOHAJICHHS IpodeciiHuX HaBUYOK Yy cdepi

1H(pOpMaLIHHUX TEXHOJOTIH.



1 JABOPATOPHA POBOTA Ne 1 - ENEMEHTAPHI AJITOPUTMHA

Mera poOGoTu: ojepxkaHHS HABUYOK HAMUCaHHA €(QEKTUBHUX TIporpaMm 3

BUKOPUCTAHHSM QJITOPUTMIB 3 HU3KOI0 00YHCITIOBAIBHOIO CKiaanicTio [1-6, 8].

1.1 TeopernuHi BizomocTi

KoncoanHuii BBiA-BUBI

Jns BciX 3aBaaHb Kypcy, SKIIO 1HIIE HE 3a3HayeHe B J1abopaTopHiid poOOoTi
OKpEeMO, BUKOPUCTOBYETHCSI KOHCOJIbHE BBEACHHS-BUBiA HaHuX. KOHCONBHE BBEACHHS
MPUITYCKAE, 10 1aH1 BBOASITHCS 13 KJIaBlaTypu W BUBOJSATHCA Ha JUCIUICH MoHiTOpa. Jlis

KOHCOJIbHOTO BBEICHHS-BUBOIy BUKOPUCTOBYIOThCS (yHKIII MOBH CH+:

Bidaioreka stdio.h

—  printf, vprintf - BUKOPHCTOBYIOTHCS JIJIs1 BUBOJY B CTaHIAPTHHIA MTOTIK BUBOJY;

— scanf, vscanf BUKOPHUCTOBYIOTHCS /JIi BBEACHHS 31 CTaHIAPTHOTO TMOTOKY
BBCJICHHSI.

Kpim TOro, MoskHa BUKOPHUCTOBYBATU BCl CTaHAApTHI GyHKIIT podoTH 3 (aiinamu,
yKa3yloud B SIKOCTI (ailily Il YATaHHS CTAaHJAAPTHHUM MOTIK yBeleHHS — stdin, a ajis
BUBOJy CTaHJIapTHUM MOTIK BUBOY — stdout, HarpuKIia;:

— fscanf(stdin,"%d",&N); - unTaHHs 31 CTAaHAAPTHOTO MTOTOKY BBEIACHHS,

— fprintf(stdout,"%Id",sum); - 3amuc y craHgapTHUI MOTIK BUBOLIY.

VY Takuii xe crnocid BUKOpUcTOBYIOThes (PpyHKIi fread, fwrite 1 foef.

Bbidaiorexa conio.h

— int getch(void) - 3untye cumBOI TIPsIMO 3 KOHCOJI1 Oe3 BUKOpHcTaHHs Oydepa i
echo-BuBoy;

— int putch(int c) - ®ynkuis putch BHBOAMTHL CHMBOJI C Yy KOHCOJbL 0€3

Oydepuzaiii. Y Bumaaky ycmixy moBeprae c. A skiio Hi, To moBeptae EOF.
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Jl1st poGOTH 3 KOHCOJUTIO HEOOX1THO BUKOPUCTOBYBATH KOMAHIHUN PAJIOK. 3ayCK
KOMaHJTHOTO psiika 371HMcHIoeThesl uepe3 [lyck — BukonaTu, y BikHI 3ayCcKy BBECTH
koMaHy cmd. Bigkpuerscs iHTepderic KOMaHTHOTO PsIIKa.

AnbTepHathBoio € Bukopuctanus Far. s toro, mo0 3abpatu oOuaBi maHem i
NEPETJISIHYTH pe3yIbTaT BUBOAY Ha eKpaHi, HeoOxinHo HaxkaTu Ctrl+O.

[lepenarnpaBieHHs KOHCOJIBHOTO BUBOAY Y (paiin 3/1HCHIOETHCS 3a JOMOMOTOI0 >
abo >>. Komanna > nepeHanpasiisie KOHCOJbHUN BUBIJ 3 €KpaHa y (aii, mpu IbOMY
daitn cTBOPIOETHCS 3aHOBO (TOOTO SIKIIO BiH ICHYBaB, TO BCi JaHl y daitn OyayTh
3aryoseni). Komanma >> Tex mepeHarnpaBiisi€e KOHCOJbHUN BHBIT y Gaili, aje sSKIIo
¢daiin icHyBaB, TO JlaHi BUBOJY JIONHCYIOThCSA B KiHelb (aiay. OOuaBli KOMaHIU
CTBOPIOIOTH (DAiiJT SIKILIO BIH HE 1ICHYBaB.

[lepenarnpaBieHHs KOHCOJBHOTO BBEIEHHS 3A1MCHIOETbCA KomaHnowo <. [lpu
IbOMY HEOOX1JIHO, 11100 (aiii, 3a3HaYeHull y AKOCTI MapaMeTpa KOMaHIu BXKE iICHYBaB.

[Ipuknanu BUKOPUCTAHHS:

a) 3amyctutu nporpamy labl 1.exe, mpu 11boMy 3/1MCHIOBaTH BBEJICHHS JaHUX 3
daiiy input.txt, a BUB1I nepeHanpasisiTy y (aitn output.txt (output.txt 6yne cTBopeHHit

3HOBY):

labl 1l.exe <input.txt >output.txt

0) 3amyctuTtu iporpamy labl 2.exe, npu 1bOMy BBEICHHSI HE MEepEHAIPaBISEThCS,
a pe3yJbTaTu JOMHUCYIOThes y (aitn outbuffer.dat

labl 2.exe >>outbuffer.dat

[lepenanpaBieHHss BUBOAY OJIHIEI MPOrpaMH Ha BXIJ 1HINOI 3IACHIOETHCS 3a
nornoMororo komauau |. Hampukman Bukonatu mnporpamy labl 3.exe, KoHCOIbHE

BBEJICHHS JIJIs1 IKO1 MepeHanpaBuTH 13 (aiiny input.txt, a BUBiJ NepeHANPaBIATA Ha BX1]]

nporpamu labl 4.exe, BUBI SKOi IepeHANpaBisITH y (aiin output.txt:

labl 3.exe <input.txt | labl 4.exe >output.txt



Bu3zHavyeHHs yacy BUKOHAHHS MPOrpamMu

3aBIaHHSAM KypCy € OJIep’KaHHS CTYJEHTAaMHM HAaBUYOK HAMMCAaHHS ONTUMAaJIbHHUX
10 MPOAYKTHBHOCTI W CHOXKMBAaHHIO pecypciB mporpaM. [IJist OiHKK MPOTyKTUBHOCTI
porpaM HeoOXiTHO BMITH IOCUTh TOYHO BH3HAYATH 4yac ii BUKOHAHHS.

JlJis TOCUTDH TPUBAJIMX MPOMIXKKIB 4acy MOKHA BUKOpHUCTOBYBaTH (PyHKIito clock()
moBu C++. clock() - moBepTae 4ncio TUKIB TaiiMepa 3 MOMEHTY 3aIlyCKy MpOTpamHu.
Koncranta CLOCKS PER SEC (y HoBux Bepcisix kommiasatopie - CLK_TCK)
MICTUTh YHWCJIO THKIB TaiiMepa B CeKyHAy. TakuM 4YHMHOM, HaWIMPOCTIIIMI Crociod

BU3HAYECHHS Yacy BUKOHAHHS MPOTpaMu MOXKe OyTH pealli3oBaHHM y Takuil crnocio:

Jlictunr 1.1 - [Ipuknaa BUBHaYEHHS YaCy BUKOHAHHS ITPOrpamMu

#include <time.h>

clock t start, end;

double cpu time used;

start = clock();
... /* Tino nporpammu. */
end = clock{();

cpu_time used = ((double) (end-start))/CLOCKS PER SEC;

Jns BCix 3aBaaHb JabopatopHOi poOOTH HEOOXITHO BU3HAYWUTU 4YaCc BUKOHAHHS

porpamMu 1 BUBECTU HOTO Ha €KpaH.
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1.2 3aBaanHs 10 J1a00pPaTOPHOIL podOTH

1.2.1 Ipodaema3 Ai B
ITomingT 3HadeHHs 3MIHHHX A 1 B MDK co0010, He 3aBOOSYM JOJATKOBHX
3MiHHUX. BXimuuit ¢aitn input.txt mictute uncna a 1 b (0 <= a, b <= 32767). ¥

BUX1JTHOMY (aitm output.txt HOBUHHI MICTUTHCS 3HAYEHHS 1IMX 3MIHHHX ITiCJIsI OOMIHY.

1.2.2 TpamBaiiHi KBUTKH

Hanucatu mnporpamy BHU3HAQU€HHA KUIBKOCTI IIECTU3HAYHUX '"IIacauBux"
TpaMBallHUX KBHUTKIB, Y SIKMX CyMa MEPIIUX TPbOX LHUPp 30Ira€ThCs 13 CyMOIO TPHOX
ocTaHHiX. ONTUMI3yBaTH PO3B’A30K 3a YaCOM BUKOHAHHS. KUIbKICTh KBUTKIB BUBECTH Y

daiin output.txt.

1.2.3 JIoB:KMHA HUTKHA

VY mnomunay BOuTOo N mBsAXiB. YCl1 HBAXHM MalOTh Kamnearomky 3 paaiycom R. Vi
LBSXU BOWTI y BEPIIMHUA OMYKJIOro O0araToKyTHUKa. HaBKoOJIO 1BSIXIB HATATHYTa HUTKA
(muB. puc. 1.1). BuzHauuTu MOBXKUHY HUTKH, 3HAIOUM KOOPJMHATH IBSXIB 1 pajalyc

KaIlEJIIOIIKIB.

Pucynok 1.1 — BuzHauuTu 10BXXKUHY HUTKH

Bxigni nani:
VY nepuioMy psiiKy BXOAy nepeOyBaroTh JBa YKciia — KITbKICTh MBsAXIiB N, (1 <= N
<= 100), 1 gificie yuciao R — pajaiyc KamnemnroliKiB IBAXIB. YCl1 KamelrolIKiu MaloTh

OJIHAaKOBUH pajiyc. Jlami po3TamoByloThes e N psAIKIB, y KOKHOMY 3 SIKUX 3alHCaHi
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yepe3 MpoOuT mapu AIMCHUX KOOPAMHAT LIEHTPY YEpProBOro LBSXa; KOOPAMHATH HE
IIEPEBEPLIYIOTH 110 a0COMOTHIN BeanunHi uncna 10°. KoopauHary 1BsSXiB HABOIATLCS B
NOpSAAKY 00XOy BEpIIMH 0araToKyTHHKA 3a TOJUHHHUKOBOIO CTPLIKOIO, MMOYMHAIOYH 3

NOBUIbHOTO. Kanenomky pi3HuX 1BSIXIB HE CTUKAIOTHCA.
Pesyabrar:
Ha Buxozi B €1MHOMY PsIKY TOBUHHE 3HAXOAUTHUCA JIMCHE YUCIO, 3 TOUHICTIO JIBA

3HAKHU MICJII KOMU — JOBXKHWHA HUTOYKH, HaTHFHYTOI HaBKOJIO BCIX HBHXiB.

Ipuxnan:

Bxinni nani Pesynbprar
4 1 14.28

0.0 0.0
2.0 0.0
2.0 2.0
0.0 2.0

1.3 3micT 3BiTY

1. ®dopwmyiroBaHHS METH U 3a/1a4i 1a0OpaTOPHOi POOOTH.

2. OcHoBHI (yHKIIIOHATBHI OJOKH pO3pOOJIEeHUX MporpaMm (CTPYKTypHa cxema
a00 KOJI MpOrpamm).

3. OcolOucti TecToBi AaHi AJii KOXKHOTO 3aBAaHHS Ta pe3yJbTaTH poOOTH
IpOrpamMu JIJisl IUX JIaHUX.

4. KopoTki BIAMOBIJI HAa OCHOBHI 3alMUTaHHS Ta BUCHOBKHU 3a pe3yJibTaTaMu

poboTH.

1.4 KoHTPOJIbHI NUTAHHS

1. o Take 4acoBa CKJIAIHICTh AITOPUTMY?

2. Illo Take mpocTOpOBa CKIAHICTh aITOPUTMY?
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3. ki anropuT™Mu BBaXKAIOThCA €(PEKTUBHUMH, a SIK1 HE e(PEKTUBHUMHU (3T1IHO X
00UYHCITIOBAIBLHIN CKIaTHOCTI)?

4. o Take knac ckiuagHocti P? HaBeniTe npukiaan anropuTMiB, siKi 10 HHOTO
HAJIC)KATh.

5. o Take kmac ckimagaocti NP? HameniTe mpukiagy anroputmiB, sKi 10
HBOTO HAJICKATh.

6. Sxy oOumciioBanbHY CKIQJHICTHP MalOTh 3allPOIIOHOBAHI BaMH aJITOPUTMHU
pO3B’s3Ky 3aBlaHb JabopaTopHOi podoTn? OOTPYHTYHTE CBOIO BiJIITOBIIb.

7. Slky TpOCTOPOBY CKIQAHICTh MAaIOTh 3alpONOHOBAaHI BaMU aJITOPUTMHU

PO3B’A3KY 3aB/IaHb JJabopaTopHOi podoTH? OOIPYyHTYHTE CBOIO BiJIMOBI/Ib.
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2 JABOPATOPHA POBOTA Ne 2 - TUHAMIYHI IHOOPMAIIMHI
CTPYKTYPHU

Meta poGoTu: ofepKaHHS HABUYOK 3aCTOCYBAHHsS JUHAMIYHUX iH(OpMAaIiiHUX

CTPYKTYD 1 €pEKTUBHUX aJTOPUTMIB POOOTH 3 HUMH.

2.1 Teopernuni BigomMocTi

Y  nmaHii Ta  HACTYMHHX  JIaOOpaTOpHHX  poOOTaX  PEKOMEHIYEThCS
BUKOPHCTOBYBaTH JJIsl OIepaliii 3 AUHAMIYHUMHU 1H(QOPMALIHHUMU CTPYKTypaMu
616mioTexy STL moBu C++, KOpOTKHil OnKC Ta BCTYI B pOOOTY 3 SIKOT HABEJIEHO HUKYE

[7, 12, 13].

Bbioaiorexka STL

bibmiorexka STL cknagaeTbcst 3 YOTUPHOX KaTEropid: KOHTEHHEPH, aJrOpUTMH,
1TepaTopu 1 PyHKIIOHANBHI 00’ €KTH (a00 QyHKTOPH).

Konmeiinepuy — 1ue o0’exkTd, 1m0 30epiraioTh 1HII €JIEMEHTH 1 peani3yloTh
MEXaHI3MH JOCTymy 10 HMX. [IpukinagamMu KOHTEHHEPIB € BEKTOpH 1 cUcKU. KoxxHMit
KOHTEHHEp OMHCYEThCA IIA0JOHHUM KJIacOM, y SIKOMY pEalli3ylOThCS MEXaHI3MHU
noctyny 1 QyHKist st 0OpoOKM €JIEeMEHTIB, IO MICTIThCA Y KOHTeWHepi. KoxHui
KOHTEWHEp Ma€ CBOI iTepaTtopu Jyis nepedopy enemMeHTi 1 QYHKIT s iX oOpoOKwu.
Hampuknaza, kmac, mo omnucye poOOTy 13 BEKTOPOM, Ma€ BIAMOBIIHUMN 1TepaTop s
IPsIMOTO JOCTYIY /10 €JIEMEHTIB BEKTOPY, @ TaKOX (DYHKIIII AJi1 BCTABKHU 1 BUJAJICHHS
TOILIO.

Aneopummu BUKOHYIOTH OTepallli HaJl eIeMEHTaMH, 10 MICTAThCS Y KOHTEHHEpI.
OCHOBHMMH aJTOpUTMaMH € 3alOBHEHHS KOHTEWHEpa 3a BIAMOBITHUM TPaBHIIOM,
COpPTYBaHHS 3a BKa3aHUM KPUTEPIEM, TIONIYK 32 33JlaHUM KPUTEPIEM, 3aMiHa €JIEMEHTIB
KOHTEWHepa. AJITOpUTMHU BH3HA4YeHI B 3arosioBHOMY ¢aini <algorithm.h>. Huxue

NpUBEACHI IMEHA JEIKUX HalOUIbIIEe 4acTO BUKOPHCTOBYBAHMX (DYHKIII-adrOpUTMIB

STL.
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Imepamopu — 1e 00’€KTH, WO PEaNi3ylOTh KOHIEMII I1HTEIEKTYaJIbHOIO
BKa3IBHUKA 1 JO3BOJISIIOTH OJIEP’KATU JIOCTYN JO €JIEMEHTIB KoHTeWHepa. OCKUIbKU
ITepaTop € aHAJIOTOM BKa3iBHHKA, O HHOTO MOXKHA 3aCTOCOBYBATH Ti 3K cami omepaitii,
oo 1 J0 3BUYAMHOTO BKa3iBHUKA: pO3IMEHYBaHHS, IHKPEMEHTa, JEKpeMeHTa 1

MOPIBHSAHHS.

KonTeiinepu

Hwxde HaBenmeHi OCHOBHI KoHTeiHepH 010mioTekn STL ski 3HaH00IATHCS BaM 111
yac BUKOHAHHS JJa0OpaTOPHUX POOIT:

— vector - KoHTeWHep, WI0 peanidye MpsSAMHA JOCTYIl JO TMOCIIIOBHO
PO3TAIIOBAHUX €JIEMEHTIB (aHAJIOT MAaCHUBY).

— list - koHTeiHep, MmO pealidy€e KOHICMIIIO JBO3B’SI3HOTO CIHUCKY, TOOTO
3a0e3nedye JOCTYN 10 €JIEeMEHTIB(BY3JiB), IIO0 PO3TAIIOBAaHI y JOBUIBHUX KOMIpKax
nam’sTi 1 OB’ si3aH1 MI>K COOOIO BIIMOBIAHUMU MOCUJIAHHSIMU (BKa31BHUKaAMU Ha BY3JIH).

— deque - koHTeiiHep, IO peaiidye KOHIICMIII JBOCTOPOHHBOI YeprH, TOOTO
JT03BOJISIE BCTABJISTH 1 BUIAISITH €IEMEHTH 3 000X KIHIIIB.

— Set - KOHTEiHep, M0 pealli3ye€ KOHIICMIII0 MHOXXWHU €JIEMEHTIB, SKI He
MOBTOPIOIOTHCS 1 pO3TAIIOBaH1 y MEBHOMY TOPSIIKY .

— multiset - koHTeliHep, MmO peani3ye KOHIICIIII0 MHOXXHUHHU EJIEMEHTIB, SKi
MO>KYTb MTOBTOPIOBATHUCS 1 PO3TAIIOBAHI Y IEBHOMY MOPSIKY.

— Map - KOHTEWHep, IO peajidye KOHIICMIIIO acollaTUBHOTO MAacCHBY, TOOTO
3abe3reuye A0CTYII 0 €JIEMEHTIB 3a KIII0UaMH.

— multimap KonTteitHep, mo peamidye KOHICHIIIO acOIiaTUBHOTO MAaCHBY,
3a0e3Mmeuyroun JOCTYIl A0 €JIEMEHTIB 3a KI0YaMHU, sIKI MOXYTh IIOBTOPIOBATHCS.

— stack - koHTeliHep, 10 pealli3ye KOHIICIIIO CTEKYy - JIHIHHY CTPYKTYpy
JaHuX, opranizoBany 3a npunnunoM LIFO (octanHiM yBiHIIIOB — MepITUM BUUIIIOB).

— (queue - KOHTEeHHep, L0 peani3ye KOHLEMIIK Yepru - JIHIAHOI CTPYKTypHU
JAaHUX, 0 TO00ABISIOTHCA 1 BUIANAOThes 3a npuHiunoMm FIFO (mepmwmm yBiiimos -
MEPIINUM IIIIOB).

— priority queue - KoHTelHep, 0 Peali3ye KOHIICTIIII0 YeprH 3a IPiopHTe.
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AJropurmMu

AJITOPUTMHU PO3MOJUIAIOTECS HA Ti, III0 HE MOJIU(DIKYIOTh €JIEMEHTH KOHTEHHepa 1
Ti, mo MoaudikytoTs. biOmioreka STL Oa3zyeTbcs Ha TPUHLMIN IHKANCYJSMIl Ta
NPUXOBAaHHS JaHuX. Bcl anropuTMu mpaioroTh 3 METOAaMU KOHTEHHEpIB, HIYOTO HE

3HAIOUM PO Te, SIK BOHU peajizoBaHi.

Onmnepariii, 1110 HeMOAUDIKYIOTh:

— for_earch() - Bukonye onepartii A KO>KHOT'O €JIEMEHTa IOCIi0BHOCTI;

— find() - 3maxoauTH Mepiie BXOIKCHHS 3HAYCHHS B ITOCIIOBHICTD;

— find_if() - 3HaxouTh mepIa BiAMOBIIHICTH MPEAUKATY B MOCIIITOBHOCTI;

— count() - miagpaxoBye KIIbKICTh BXOJKCHb 3HAUCHHS B TIOCIIiIOBHICTD;

— count_if() - mapaxoBye KiJIbKICTh BAKOHAHb IIPEINKATA B TTOCIIJOBHOCTI;

— search() - 3HaxoauTh Nepiie BXOKCHHS MOCTIIOBHOCTI SIK i IOCIIOBHOCTI;

— search_n() - 3HaxoauTh N-i BXOKEHHSI 3HAYCHHS B MOCIIIOBHICTb.

Onmnepariii, 1o MOAU(IKYIOTh:

— copy() - KOMiro€E MOCITIIOBHICTD, TOYMHAIOYH 3 MEPILIOTo eJICMEHTa,

— swap() - miHs€ MICIIIMH 1Ba €JICMCHTH;

— replace() - 3amiHIOE €JIEMEHTH 3 3aJaHUM 3HAUEHHSIM;

— replace_if() - 3amiHIOE eTleMEHTH MPU BUKOHAHHI MPEANKaTa,

— replace_copy() - xomiroe MOCTIIOBHICTD, 3aMIHSIOUM €JICMEHTH 13 3aJaHUM
3HAYEHHSM;

— replace_copy_if() - komilo€e MOCTIIOBHICTb, 3aMIHSIOYHA CJISMEHTH TIpH

BUKOHAHHI MPEINKATA;

fill() - 3amiHs€ BCi eIEMEHTH TaHUM 3HAYCHHSIM;

— remove() - Buaase eIeMEHTH 3 JaHUM 3HAYCHHSM;

— remove_if() - Bumanse eneMeHTH Py BUKOHAHHI MTPEIUKATA,

— remove_copy() - KOIio€e MOCTITIOBHICTh, BUAAISIOUYNA €JIECMEHTH 13 3aJaHUM

3HAYCHHSIM;
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— remove_copy_if() - xomitoe TOCHIAOBHICT, BUAAIAIOYN CIEMEHTH TIpU
BUKOHAHHI MIPEUKATa;

— reverse() - 3MiHIO€ TIOPSIIOK MPOXOJIKCHHS CJIEMEHTIB Ha 3BOPOTHHUN;

— random_shuffle() - mnepemimae eaeMEHTH BIANOBIAHO [0 BHIIAJAKOBOIO
PIBHOMIPHOTO po3noAiLTy (“lepeTacoBye” OCIIIOBHICTB);

— transform() - BuKOHye 3ajaHy OIEpamil0 HaX KOXHHM €JIEMEHTOM
ITOCJIIJOBHOCTI;

— unique() - Bugasie piBHI CYCiIHI CIIEMEHTH;

— unique_copy() - Korito€e MOCIiA0BHICTD, BUJAJISIOYN PIBHI CYCIHI €IEMEHTH.

Omnepariii cOpTyBaHHS:

— sort() - copTye MOCIIJOBHICTD 3 TAPHOIO CEPEIHBOIO CPEKTUBHICTIO;

— partial_sort() - copTye yacTuHa MOCITIIOBHOCTI;

— stable_sort() - coprye mocmiIoBHICTB, 30epirar0dv MOPSIAOK MPOXOKESHHS
PIBHUX €JIEMEHTIB;

— lower_bound() - 3HaxoauTh MepIIe BXOMKCHHS 3HAYCHHS Yy BiJACOPTOBaHIN

TTOCJIIJOBHOCTI;

— upper_bound() - 3HaxoaWTh NEPIIMKA E€IEMEHT, OLIBIIMN YUM 3aJaHe
3HAYEHHS;

— Dbinary_search() - Bu3Hauae, 4yu € pgaHWH CIEMEHT Yy BIiJACOPTOBaHIN
TTOCJIIJOBHOCTI;

— merge() - 3muBae aBi BiZICOPTOBaHI MOCIII0BHOCTI.

Omnepariii HaJi MHOKUHAMMU:

— includes() - mepeBipka Ha BXO)KCHHS;

— set_union() - 00’ eaHaHHS MHOKHH;

— set_intersection() - nepeTuHaHHS MHOXHH;

— set_difference() - pi3HUIIST MHOXKUH.
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Omnepariii 3HaX0PKEHHSI MIHIMYMIB 1 MAKCUMYMIiB:

— min() - MEHIIHIA 3 TBOX €JICMCHTIB,

— max() - 6inbLInii 3 1BOX;

— min_element() - HaliMeHIIIe 3HAYEHHS Y ITOCJIIIOBHOCTI;

— max_element() - Haii0iIbIIIe 3HAYCHHS Y TIOCIIOBHOCTI.

ITeparopu

[3051bOBaHOrO THUMY iTEpaTOpa HE ICHYE, TOMY IIO BiH BHU3HAYAETHCS y PIZHUX
KOHTEMHepax 3ajeKHO BIJI OpraHizailii caMoro KoHTelHepa. IcHye m’saTh KaTeropii
1TEpaTopiB.

1. Iteparopu BBOAY MpHU3HAYEHI JUIsl 3alUCy €JIEMEHTIB Yy KOHTeWHep. Bonu
HIATPUMYIOTH Olepallii piBHOCTI, pO3IMEHYBaHHS Ta IHKPEMEHTA.

==, 1=, *i, +41, i++, *i++

CreniaJiIbHUM BUIAJKOM iTepaTopa BBOY € Kjac istream _iterator.

2. ItepaTtopu BUBOJY MpU3HAYEHI ISl YUTAHHS €JIEMEHTIB 13 KOHTelHepa. BoHu
HIATPUMYIOTh OIepallii po3iMeHyBaHHS, 1110 MOKHA BUKOHYBATH JIMIIIE y JIiBI YacCTHHI
MIPUCBOIOBAHHSI, Ta IHKPEMEHTA.

++1i, i++, *1 = t, *i++ =t

CrerniaapHUM BUTIAJKOM 1TEpaTOpa BBOJY € KJlac ostream_iterator.

3. OgHocpsiIMOBaHi 1TepaToOpH MPU3HAUCHI IS TIepeOopy eJIeMEHTIB KOHTeHHepa
y BU3HAYE€HOMY HarpsiMKy. BoHU miATpUMYIOTH BCi Omepallii iTepaTopiB BBOIY/BHBOLY
1, KpIM TOT0, T03BOJISIFOTh 0€3 OOMEKEHHS 3aCTOCOBYBATH ITPUCBOIOBAHHSI.

==, !=, =, *i, ++41i, i++, *i
4. JIBocmpsiMOBaHI 1TEpaTOpu MarOTh YCl BJIACTUBOCTI OJHOCIIPSIMOBAHUX

*j--

iTepaTopiB, a TaKo MarOTh J0JATKOBY ofeparliro aekpementa (--i, iI--, ), 110
JT03BOJISIE TM MPOXOIUTH KOHTEHHEP B 000X HaIpsIMKaXx.

5. Ireparop mpsMOro (IOBUIBHOTO) JIOCTYIy MaloTh yCl BJIACTHBOCTI
JBOCIIPSIMOBAHUX 1TEPATOPIB, a TAKOXK MIATPUMYIOTH ONepallii MOPIBHSIHHSA U agpecHOi
apudMeTHKu, ToOTO Oe3mocepeHiN JOCTYII MO 1HJIEKCI.

i+=n, i +n, 1 -=n, i - n, i1 - 1i2, 1i[n],
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il < iz, il <= 1i2, i1 > i2, il >= 12
VY 6i6mioreni STL peamizoBaHi TakoX 3BOPOTHI 1TEpaTOpH, POib SKUX MOXKYTh
BijlirpaBaTu abo JBOCIIPSMOBaH1 iTepaTopu, abo 1TepaTopu JOBUIBHOTO JIOCTYITy, ajie

00XOISTYM MOCIIJOBHICTD Y 3BOPOTHOMY HAIPSIMKY .

2.2 3aBpaHHs 10 J1a00PATOPHOL po0OTH

2.2.1 TIlepeBipka mNPaBUJIBLHOCTI PO3MillleHHSI JYKOK (EJeMeHTApHUI
CHHTAKCHUYHUI BepudikaTop)

3amaHuil  pSANOK, IO MICTUTh apUPMETHUYHUNA BHpa3. Y BHpa3l MOXYTb
BUKOPUCTOBYBATUCS CHUMBOJIM JAaTMHCHKOTrO andariTy, uudpu ¥ 3HaKU omeparlii, a
TaKOX TY>KKU Tpbox BuIiB: ({[]}). HeoOximHO mepeBipuTH NMPaBMIBHICTH PO3MIIICHHS

JTy’KOK y BUpa3l.

Bxiani naui:

Y enuHOoMy panky nepeOyBae apupMeTUYHUN Bupa3. Y BHUpa3l MOXYTb
BUKOpPUCTOBYBaTUCs cuMBOJM 0-9,+,-*,/, = Ta myxku Tphox BUIiB: ({[]}).

Pe3yabrar:

B equnomy psaky BuBoay BUBECTH «Y ESy, SKIIO TyKKH pO3CTaBJIeHI IPaBUIIBHO,

a00 «NO» gKI1o Hi.

Hpuxaan:
Bxinni nani Pesynprar
126+15* (3625+{7- YES
15*3}*12+25/2+7*[123~-
78/51)

Pexomenpamii:

Ile 3aBAaHHsS KJIACHYHO BHPIIIYETHCS 3 BHUKOPUCTaHHsAM cTeka [1-3, 8, 9-11].
EnemeHTH cTeka MOBMHHI MAaTU CUMBOJIbHUN TUI. DYHKIIIS IEPEBIPKU BMICTY BEpUIMHU

CTEKa HE 3HaJOOUTHCH.
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CaMm anroputm mpairoe B Takuii croci0 [4, 5]. ITocmigoBHO IPOIISaal0OThCsS BCl
CUMBOJIM psjiKa. SIKIIO 3yCTPIYaeTbcsi CHMBOJ BIIKPUTOI TYXKKH (KOXKHOTO i3 TPhOX
THIIIB), TIEH CHMBOJI 3aHOCUTHCS B CTEK. SIKIIO 3yCTPIUa€ThCS CUMBOJ 3aKPHUTOI TYKKH,
TO 31 CTEKa 3HIMAETHCS BEPXHIM €JIEMEHT 1, AKIIO I BIAMOBIJHA BIIKPUTA JIyXkKKa, TO
NEeperisi psiika TpuBae. [Hakie — BUXiJ 3 aJlTOPUTMY M BUBIJ MOBIIOMJICHHS TPO T€,
110 MTPABUJIBHICTH PO3MIIIICHHS TYXKOK HE JOTPUMYETHCS.

[Ipu peamizaiii HEOOXITHO Mam’sATaTH, IO TEpPe] THM, SK 3HITH EJIEMEHT 13
BEpIIMHU CTEKa, HEOOX1HO MEepeBipUTH, YU HE MOpokHINA BiH. [licas 3axiHueHHS
poOOTH aNrOpuTMy HEOOXIJTHO, 100 CTEK 3aJMIIUBCS MOPOXKHIM. [HaKIIe BIIKPUTHX
y’)KOK Oyjie Oulbllle, HDK 3aKPUTUX, 1 TMPaBUIBHICTH PO3MIIIECHHS TY>KOK HE OyJe

AOTPpUMYBATHUCA.

2.2.2 O04yucjeHHs apu(pMEeTHYHOr0 BHpPa3y (eJ1eMEHTAPHUI CHHTAKCHYHUI
iHTepnperarop)

3amaHuil pAAOK, 1O MICTUTh apuPMETHUYHUIl BHUpa3. Y 3amMci J0MyCKarThCs
uudpu, cumBonu ‘4, -7, ¥ /0 ¢ rta xpyrm ayxkd. OOGuuciautu Bupas. Ilpu
OOYMCIICHH] BUpa3y CJiJ BpaxOBYBaTH MOPSAOK BUKOHAHHS apuPpMeTHUHHUX Aii. SIKIo

BHpas OO0YHCIUTH HEMOKIUBO — BUaaTu HOBi)IOMJ'ICHHSI IIpo IMOMUIIKY.

Bxigni nani:
Y enuHomy psaky nepeOyBae apu@METHUHMI BHpa3. Y BHpa3y MOXKYTh

BUKOpHUCTOBYBaTucs cumpoiu 0-9, +, -, * / ta mpoOi.
Pe3yabrar:
VY enuHOMY pAZIKY BUBOJY BUBECTH 3HaueHHs Bupaszy abo « ERROR» skmio Bupas

MICTUTh TIOMUJIKA 200 HE MOXKEe OyTH OOUYHCIICHUM.

Hpuxaan:

BxigHi mani Pesynberar

242%2-(2/2+2) 3
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Pexomennamii:

B anroputmi OyJe BHUKOPHUCTOBYBAaTHCS JIBa CTEKa: CTEK ormepamiil (sSkui
30epiratume 1HPOpMAIliI0 Tpo apudMeTHUHI [ii, BAKOHAHI MPH OOYMCIICHHI) Ta CTEK
ornepaHaiB (KU 30epiraTuMe 1HQGOpPMAIliI0 PO YHUCiIa, HAJl SIKUMH MPOBOISATHCS ii).
SIK BUIUTMBAE 3 MPU3HAYCHHS CTEKa OMEpaHiB, HOTO €JIeMEHTH MOBUHHI OyTH Takoro
TUITy, SIKHA MOXe 30epiratu MilicHI ducia (y 3amuci BUpa3a MPHUITyCTHMa JIECSITKOBA
Kkparika). CTek omnepariid 3py4HO 3p0OUTH CUMBOJIbHUM.

Anroput™m oGuucieHHs1 Bupa3y Oymyerbesi B Takuid criocio [4, 5]. [TocumBosbHO
NPOTJISAAEThCS BXIAHUM pSAOK. SIKIIO MOTOYHHMM elneMeHT psiaka — mudpa, TO
BUJIITIIETHCS YMCIIO, Y 3aIUC SIKOTO BOHA BXOJUTh, 1 3aHOCUTHCS B CTEK OIEpaHIB.
K10 3ycTpivyaeTbcs CUMBOJI BIAKPUTOL Ty>KKK a00 omneparnili MHOXEHHsI ad0 IUICHHS,
TO BOHHU 3aHOCATHCS B CTEK oOmepaiiil. SKIo 3ycTpiyaroThCs omepalii 10JaBaHHS,
BiJIHIMAaHHS a00 3aKpUTOi Jy>XKHU, TO 3alyCKAEThCS Mpoleaypa OOYUCICHHS BXKE
pO310paHoi YaCTUHU BUpa3y, 110 nepedyBae B cTekax. [Ticis nporo onepartiii J0gaBaHHS
Ta BIJIHIMAHHS 3aHOCSTBHCS B CTEK ONEpalliii, a 3aKpuTa Jy’KKa BUIAISETHCS Pa3oM 3
BIAMOBIAHINA 1M BIAKpUTIA. SIKIIO B CTEIl oOmepaiiii BIAMOBIIHA BIIKPUTA HTYyXKKa
BIJICYTHSl TICIIsI YaCTKOBOTO OOYMCIIGHHS BHUpa3y, TO B 3aluci BUpa3y JAOIYyIIeHA
MOMUJIKA Ta BUBOAMUTBLCS BIAMOBIAHE MOBIAOMJEHHS. [Ipu AOCSITHEHH1 KIHUS psiaKa
OOUYHCITIOETHCS PO3i0paHa YaCTUHA BUPA3Y, 1110 3AIMIIIIACS B CTEKaX.

OO0uuncneHHs YaCTKOBO po3i0paHoro BUpasy BiOyBaeTbes B Takuii croci6. JoTw,
MOKHU B CTEKY Omepalliil nepedyBaroTh oneparlii il ueprosa 3 HUX - HE BIIKpUTA JTyKKa, 31
CTEKa OTEepaH/IiB 3HIMAETHCS JIBa yncia (Tepiie YUCIo - 1€ IPyTuid onepaHj, a apyre i3
YHCEI, 10 3HIMAIOTKCS, - TIEPIINA, TOMY 110 B CTEKY HMOPAIOK MPOXOIKEHHSI €JIEMEHTIB
MIHSETBCA HAa MPOTUIICKHUM) 1 HAJA HUMHU MPOBOAUTHCA BIAMOBIIHA [isl. Pesynbrar
OOYMCIICHHS 3aHOCUTHLCS B CTEK OTNEpaH/IiB 1 HaJlajl BUKOPUCTOBYETHCS SIK ONEpaH/] U
oOYMCIeHH] HacTynHUX onepaiii. CiiJl 3BepHyTH yBary Ha BiJACTE€KEHHs AlneHHs Ha 0,
TOMY IO IS Jisl BBAXKAEThCS HEMPHUIYCTHMOKO 1 TMOBWHHA MPUBOIUTH 10 BHIAYl
MOBITOMJICHHSI TIPO TOMIUIKY. OOUYHUCIICHHS TPOBOATHCS 10 TIEPIIOT BIIKPUTOT TY>KKH B
CTEKY oIlepalliii yepe3 Te, 110 il B AY>KKaX BUKOHYIOTHCS 10 BCiX 1HIHMX Aid. Takum

YUHOM, JIOKH He OyJie OTpMMaHe YHCIIO, PIBHE pe3yJibTaTy BUKOHAHHS MIH y AyXKKax,
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JIOTA BUKOHAHHS 1HIIMX OTepalliii THMYAacOBO BiAKIaIa€ThCS (BOHH 3amaM’ ITOBYIOThHCS
B CTEKY).

[Ticnst mocsATHEHHS KIiHIII PSAAKAa HEOOXITHO 3HATH PE3yIbTaT OOYHMCIICHD 31 CTEKa
OTEpaH/liB 1 MEPEBIPUTH, YW HE 3AJMINWIOCA 3HAYCHb Yy CTEKaX. SIKII0 CTeKH He
MOPOXKHI, TO Yy BHpazy OyJW JOIMYIICHI MOMUIKHA, Ta HEOOXITHO BHBECTH BiIMOBITHE

[MOB1IOMJICHHS.

2.3 3micr 3BiTY

1. ®opmynroBaHHS METH # 3a7a4i JJabopaTOpHOI pOOOTH.

2. OcHOBHI (PYHKITIOHQJIBHI OJIOKHM PO3POOJICHHX TporpaMm (CTPYKTypHa cxema
a00 KO MpOrpammu).

3. OcobucTi TecToBl JaHi /I KOXKHOTO 3aBJaHHA Ta pe3yJbTaThd poOOTU
MIPOTPaMH JIJIS ITUX JTaHUX.

4. KopoTki BiANOBi/I HAa OCHOBHI 3alUTaHHS Ta BHCHOBKHU 3a pe3yJibTaTaMu

poooTH.

2.4 KoHTpPO/IbHiI NMTAHHA

Ski nepeBaru BUKOPUCTAHHS JUHAMIYHUX 1HPOPMaLIMHUX CTPYKTYp?
Konu ciig BUKOPUCTOBYBAaTH CIIMCKU?

Ski OCHOBH1 omeparlii HaJ| criucKkaMu?

Sk Bi1OyBa€eThCS MIBUAKA HABITAIlIS O CMIMCKAX 3 MPOITycKamu?

[To Take crek, nek 1 yepra? SIki OCHOBHI ornepartiii HaJ HUMU?

o 0 k~ wDdE

[I{o Take acoriaTuBHUI MacuB? SIki OCHOBHI omepallii HaJl HUM ICHYIOTb?

7. Illo Take xem Tabmung? Sk BUKOHYETHCS IIBHUIKHM IMONTYK KOMILICKCHUX
TUIIB JaHUX 3a JOMOMOIO0 XeIl TabyunIi?

8. SIki AMHAMIYHUX CTPYKTYpH MpeacTasieHi B 010mioreni STL?

9. Jlnsa woro mpusHaveHi KoHTeWHepu B ckmaai STL?

10. Jlnst yoro npu3HaueHi itepaTopu B ckiaal STL?

11. SIki ocHOBHI anropuT™Mu KoHTelHepiB B STL?

12. Illo Take ¢pyHKIioHaTBHI 00’ €KTH B ckiaai STL?

13. 1o Take agantepu B STL?
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3 JABOPATOPHA POBOTA Ne 3 - COPTYBAHHSA i MOWIYK

Mera poGoTH: OJepKaHHS HABUYOK 3aCTOCYBAaHHS IIBUAKUX aJITOPUTMIB

COPTYBaHHSI 1 TIOUIYKY B pi3HUX cuTyarisx [1-3, 19].

3.1 3aBnanHs 10 JadopaTopHOi podoTH

3.1.1 Bigpizku Ha npsamii

Ha mpsmiii modapOyBasim N BiapiskiB. Bimomi koopmuuara L[I] miBoro kiis
BiJIpi3Kka ¥ koopaunara R[I] mpaBoro kinmg I-ro Biapizka misg =1, ..., N. 3naiitu cymy
JOBKHH YCiX To¢gapOOBaHUX YACTUH MPSMIH.

[Ipumitka. Yucno N HacTUIbKM BeNMKe, 10 Ha BUKOHaHHA N*N HaBiTh

HAWTIPOCTIIINX Omepaliii OpaKkyBaTUME Hacy.

Bxiani naui:
V nepimoMy psaaxy nepedysae HatypaibHe uncio 1 < N < 10° — uucino Bigpiskis. Y
HacTynmHuX N psagkax mnepeOyBaroTh Hapu HarypanbHux umcen 1 <L[I]<10° i

1 <R[I] < 10° - koopauHaTH IOYATKY # KiHIIS Bigpi3KiB.

Pe3yabrar:

BuBecTu eivHe HaTypaibHE YUCIIO — CYMY JIOBXKMH 3a(apO0OBaHUX YaCTHUH MPSMOI.

Hpuxaan:

Bxigni mani Pesynbrar

3 7

1
3 7
8
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Pexomennamii:
Bipi3ku BapTO CIIOYATKY BiACOPTYBAaTH OAHHMM 3 e¢heKTUBHHX ajaroputmis [19], a

MOTIM B OJIMH MPOX1J MiApaxyBaTH cyMy 3adapOoBaHUX AUISHOK Ha MPSMIH.

3.1.2 CopryBanns daiiny
HeoOximgHo mpocTo BiACOPTYBAaTH MO 3pOCTaHHIO Yucia y (aitm. OcobauBiCTh

3aBJaHHS TUIBKW OAHA — (paiiil 13 JaHUMH JIMCHO BEJTUKHUH 1 HE MICTUTHCS TTOBHICTIO B

OTIEpaTUBHIN IMam ATi.

Buxinni nami:

VY nepmomy paaky nepedysae HatypanbHe unciao 1 <N <232 — uycno 3HaueHs y
aiini. Y K0:KHOMY 3 HACTYIIHHX PAIKIB IIepeOyBac HaTypanbHe umcio 1 <V < 216,

Pe3yabrar:

Heo0xi1aHO BUBECTU BUXIJIHY MOCJIIOBHICTh YUCEN YHIOPSAKOBAHOI MO 3pOCTAHHIO

10 OJHOMY YHCIY B PAOKY.

Ipuxnan:
Bxigui gani Pesynbrar
4 1324
4365 3245
1324 4356
4356 4365
3245

Pexomenaarii:

Heo0XiqHO BUKOPUCTOBYBATH OJIMH 3 aJITOPUTMIB 30BHIIIHLOTO cOpTyBaHHs [19].
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3.2 3micT 3BiTY

1. dopmymoBaHHS METH 1 3a71a4i J1ab0OpaTopHOi poOOTH.

2. OcHOBHI (DyHKIIIOHANIbHI OJOKH pO3pOOJIEHUX MporpaMm (CTPYKTypHa cxema
a00 KOJI MpOrpammu).

3. OcoOucti TecToBl JaHl JJIsi KOXXHOTO 3aBJaHHS Ta pe3yjiabTaTh POOOTH
IporpaMu JIsl IIUX JaHHX.

4. KopoTki BiANOBiJli Ha OCHOBHI 3allUTaHHS Ta BUCHOBKU 3a pe3yJbTaTaMu

poboTH.

3.3 KoHTpPOJIbHI NUTaHHS

Hagenith kiacudikaiiiro anropuTMiB COPTyBaHHS.

OnuuIiTe aIrOpUTM COPTYBaHHS OyiIbOAIIKO0. K1 HOro HEJOIIKHU?
OnuIuiTe aNropuT™M COPTYBAHHS MIJPAXyHKOM, HOTO MEpeBary.
OnuIiTh aNrOPUTM COPTYBAHHSA 3IUTTSAM Ta HOTO TIepeBar.

OnuuIiTe AJITOPUTM HIBUJKOTO COPTYBAHHS Ta KOTO NEPEBArH.

AR R e R A o

SKi ICHYIOTh aJITOPUTMHU 30BHIIIHHOTO COPTYBAHHS?
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4 JTABOPATOPHA POBOTA Ne 4 - OBXI/J I'PADIB

Meta po6oTH: OJep)KaHHS HABUYOK 3aCTOCYBaHHS IIBHJKUX AaJITOPUTMIB Ha

rpadax Ta OCHOB OOYJOBH ONITUMAIIFHUX aJITOPUTMIB Ha rpadax [14-18].

VY wiii mabopaTopHiii poOOTI i Jan peKOMEHIYEThCSl 3aCTOCOBYBATH JJI PO3B’A3KY

3aBnanb Boost Graph Library.

4.1 3aBpaHHs 10 J1a00PaTOPHOL pO0OTH

4.1.1 Komninsiuis nporpaMu
CyyacHi nporpamu CKJIaatloThCs 3 0e31iul GailiniB, KOKHUN 3 SIKHX BUKOPUCTOBYE
y CBOIO 4Yepry Npu KOMOUIALII 1HIII (haiiju, YTBOPIOIOYM B TaKUil CHOCIO «JI€peBO

3anexHocre». Hanpuknan:

libzigzag.a

killerapp

Pucynok 4.1 — JlepeBo 3anexHOCTel

HeoOxigHO BU3HAUUTH MOPSAOK KOMIUIALIL (KOMIOHYBaHHS) (QaimiB s

CKJIQJIaHHS NPOTPaMH.
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Bxiani naui:

VY nepmomMy psaky nepedysae HaTypainbHe yucio 1 < N <1000 — yucno ¢aitnis. Y
HacTynmHuX N psjakax nepeOyBaroTh cepii 3 iMeH ¢aiiniB, 3amucani B cTpoky. [leprmmii
daiin y paaky — iM’s daitny B mpoekTi. [HIm iMeHa ¢GaiiiiiB y pAaKy — CIUCOK (aiiiiB
MPOEKTY, SIKi BUKOPUCTOBYIOTh MOTOYHUH (hailsl MpH KOMIUIALIT (CIIMCOK 3aJIeKHOCTEH ).

Imena ¢aiiniB HE MICTATH IPOOLTIB.

Pesyabrar:
Busectn N psakiB, y KOXHIM 3 SKHX MICTUTbCS 1M’ ¢aliy B MOPSAJKY ix

KOMITUTALIT 3 YpaXyBaHHIM 3aJIeKHOCTEeH MIXK (haiiyiaMu.

Ipuxnan:
Bxinni nani Pesynbprar
15 zig.cpp
killerapp libzigzag.o boz.h
libzigzag.a zag.o zig.o libfoobar.a zag.cpp
z1g.0 zlg.cpp boz.h yow.h
zag.o boz.h zag.cpp yow.h dax.h dax.h
libfoobar.a bar.o foo.o bar.cpp
bar.o boz.h yow.h dax.h bar.cpp zow.h
foo.o dax.h zow.h foo.cpp foo.cpp
z1ig.cpp zig.o
boz.h zag.o
zag.cpp bar.o
yow.h foo.o
dax.h libfoobar.a
bar.cpp libzigzag.a
Zzow.h killerapp
foo.cpp
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Pexomenpamii:
BukopuctoByBaTH aJIrOPUTM MOIIYKY B TJIMOUHY JJISI TOIOJOTIYHOTO COPTYBaHHSI

opieHTOBaHOTO Tpada (aepeBa) 3aIeKHOCTEH.

4.1.2 Tllpoxknaaka Mepe:xi

Bu  30upaetecsi  pO3rOpHYTH  KOMIT'IOTEpPHY  MEpEXy  MIKpOpaioHy,
BUKOPUCTOBYIOUM B)KE€ HAasiBHI KOJIOA31 M MiA3eMHI KaOelbHI IIaXTH YKpTeleKoMa.
YKpTenekoM Hajae BaM MOXJIHUBICTh CaMOMY BHOpaTd, SKi 3 KaOENbHUX IIAXT
BUKOPUCTOBYBATH. {7151 KOXKHOI KaOeIbHOI MIAaXTH BiJIOMa BapTICTh MPOKIAIKUA BalIoro
ka0emnio B HiM. Y Bac € IulaH KaOeabHUX IMIaXT YKpTeJleKoMa y BamioMmy paioHi. Bam
HEOOXI/THO CKJIACTH TUJIaH CTBOPEHHS MEPEXi MIKpOpaloHY AJIsi JOCATHEHHS MOBHOTO
MOKPUTTSL TEPUTOpIi 3 MiHIManbHUMU BuTpaTamu. [lpukinan rpada kaOenbHUX IIAXT
YkpTenekoma (BapTICTh 3a3Hau€Ha B THCSYaX y.0., ONTUMAIbHHUNA TUIaH MPOKIAIKA

3a3HAYEHUI )KUPHUMU JI1HISIMHA) HAaBEJIEHO Ha puc. 4.4.

Pucynox 4.4 — I'pad kaGenpbHUX maxT YKpTeaekoMa

Bxiani nani:

V nepmomy psaaky nepedysae HatypanbHe uncio 1 <N < 10° — uncno xabenbHux
maxTt. ¥ KOXXKHOMY 3 HacTynHuX N psAKIB MepepaxoBaHO 3 yuciaa: HOMEpPA KOJIOAS3IB
(By31iB Mepexi), MK SIKHMU TPOKJIaJeHa IIaxTa M BapTICTh MPOKIAJKH Balloro

Ka0€eJIro B Hii.
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Hpuxnan:

Bximnai naxi PesynbTar
21 13
1 2 6 35
1 3 3 5 2
1 4 9 57
2 3 4 74
2 5 2 7 6
2 69 6 8
352 8 9
349 9 10
379 38
4 77 8

4 10 18

56 9

5 7 8

6 7 7

6 8 4

6 9 5

7 9 9

7 10 10

8 91

8 10 4

9 10 3

Pe3syabTar:

BuBectu miaH mpokIagku Mepexi, 10 MOKPUBAE BC1 KOJOA31 (BY3JIM MEPEXKi) 3
MiHIMaJbHUMH BUTpaTaMH Ha Npokiaaky. s 1poro B kKoxxHOMY 3 N-1 psiKiB BUBECTH
JBa 4YHCJIa — HOMEpa KOJIOAS3IB (BY3JIIB MEpEXki), IaxTa MK SKUMU OyJe

BUKOPUCTOBYBATHCS.
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B ocTtaHHbOMY psIZIKY BUBECTH BapTiCTh PO3rOPTAHHS MEPEKI.

Pexomenpamii:

Heo06xiaHo 3HaliTH MiHIMaJIbHE OCTOBHE JIepeBo rpada.

4.2 3micr 3BiTY

1. dopmymoBaHHS METH 1 33714l J1ab0OpaTopHOi poOOTH.

2. OcHOBHI (DyHKIIIOHANIbHI OJOKH pO3pOOJIEHUX MporpaMm (CTPYKTypHa cxema
a00 KO mporpamu).

3. Ocobucti TecToBi AaHi AJii KOXKHOTO 3aBJaHHA Ta pe3yJbTaTH poOOTH
IpOrpamMu JIJisl X JIaHUX.

4. KopoTki BiAMOBIJI HAa OCHOBHI 3alUTaHHS Ta BUCHOBKHU 3a pe3yJibTaTaMu

poooTH.

4.3 KoHTpO/IbHI MUTAHHA

1.0nuiTe METO NOLYKY B IITUOUHY.

2.0nuIITh METOJ] TIOITYKY 3aBIIUPIIKH.

3.0nuIiTh ABOHAMIPABICHUH TIOUTYK 3aBITHPIIKH.

4. Anroputm Jlexctpu 1 anroput™ benmana — ®dopma — Ky 3amady BOHH
BUPIIIYIOCH 1 B YOMY MK HUMH BIJIMIHHICTh?

5.5k mpaltoe XBUJIbOBUN aITOpUTM?

6.111o Take MiHIMaJIbHE OCHOBHE AepeBo rpada?

7. Sk mpamroe anroput™ [Ipuma asia 3HaX0PKEHHST OCTOBHOTO JiepeBa rpada?
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S JABOPATOPHA POBOTA Ne S - 3AJAYI HA T'PA®AX

Meta po6oTH: OJep)KaHHS HABUYOK 3aCTOCYBaHHS IIBHJKUX AaJITOPUTMIB Ha

rpadax i OCHOB MMOOYJOBH ONTUMAIIBHUX aJITOPUTMIB Ha rpadax [14-19].

VY wmiit mabopaTopHiit poOOTI 1 /1l pEKOMEHAYEThCS 3aCTOCOBYBATH JIJISl PO3B’S3KY

3agaq Boost Graph Library [13].

5.1 3aBnanHs 10 Ja6opaTopHOI podoTH

5.1.1 HapiitHicTh Mepe:xi

HaniiinicTh KOMIT'I0TEpHOT MEpeki BUBHAYAETHCS THUM, CKUIBKM CETMEHTIB MEpEexKi
MOXXYTh OJIHOYaCHO BHUWTH 3 Jaay, ajle BCl KOMITIOTEPH MEpEeXi Bce IIe OynyTh
3’e¢qHaHl MK coboro. CydacHi Mepexi, SK MpaBujio, AyOJIOIOTh HAWOUIbII Ba)JIMBI
MaricTpajibHl 3’€JHAHHA, SK JJI1 NIABULICHHS HPOIYCKHOI 34aTHOCTI, Tak 1 JJIs
HAJIIMHOCTI MEPEXKI B IIIJIOMY.

Bama 3ajaya BU3HAUMTH YU ICHY€ y Balliil MepexXi TaKUil CETMEHT, BUBEACHHS 3
Jaay SKOro MOPYLIUTh LUIICHICTh Mepexl (TOOTO po310’e Mepexy Ha Bl IMiIMEpPEex]
TakK, M0 KOMIT'IOTEPH OMAHIET MiaMepexi He OyayTh MaTd JIOCTYIY /O KOMII FOTEpPIB

THIIOT TiAMEpexi).

Bxigni nani:
YV nepimomy psaaky nepebysae HarypanbHe unciao 1 <N < 10° — uncio cermenris
Mepexi. Y KOXHIM 3 HacTynmHuX N psiIKiB MepepaxoBaHi Mapy YUCEN: HOMepa BY3IIIB,

K1 3’ €HYIOTh CETMEHT MEpEexi.

PesyabTar:
BuBecTu BCl CerMeHTH, Y BUIJISA[l Mapu 4YHUCEsl — HOMEPIB BEPIIMH, SKI BOHU
3’€JHYI0Th, IO OJIHOMY CETMEHTH B PSAIKY, BUJAJICHHS KOXXHOIO 3 SIKUX MPHUBEAE /10

MOPYIIEHHS IITiCHOCTI Mepexi. A6o BuBecTH “NO” SKIIIO TAKUX CETMEHTIB HEMAE.
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Hpuxnan:
Bximnai naxi PesynbTar
4 7]
4 5
5 2

o o o ooy W
O O o N 9 O b bW

PexomMenpaii:
[Io d4ep3i BUAAIATH CETMEHTH MeEPEeXl W MEepeBIpATH YUCIO KOMIIOHEHTIB
3B’s13HOCTI  rpada OyJp-SKMM JOCTYIIHUM METOJOM, HANpUKIaJd XBUJIHOBUM

QITOPUTMOM 200 MOIIYKOM Y TJIMOUHY.

5.1.2 MakcumajabHuii TpadQik Mix By3J1amMHu

Bam HeoOxi11HO mepenaTy BeIMYe3HU 00’ €M JaHUX MO0 MEPEkKi Bijl OJHOTO By3Ja
1o iHmoro. Homepa By3iiB mxepena i npuitMaya JaHux BiioMi. Tak camo Juisi KOKHOTO
MEpEXKHOIo 3’€IHaHHS BigoMa HOTo MpOmycKHa 3AaTHICTh. HeoOXigHO BHU3HAYUTH

MaKCHMaJIbHY IIBHKICTH Mepeiadl JaHUX MK IBOMa 3aJJaHUMH By3JIaMH.

Bxiani nai:

V nepmomy psaaky nepedysae HaTypanbae uncio 1 <N < 10° — uucno cermenTis
Mepexi. Y KOXKHOMY 3 HAacTynmHUX N psAIKIB IepepaxoBaHO 3 yuciia: HOMEpPA BY3JIIB
MEpEexKi, K1 3’€AHYIOTh CErMEHT Ta MPOIMYCKHA 3/1aTHICTh 3’ €THAHHSI.

B octaHHbOMY psAIKy 3a3HAUYE€HO JIBa YMCia — HOMEpa By3ja JpKepena JaHuX Ta

oJIepKyBaya.
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Pe3yabrar:

Y mepuromMy psAKy BUBECTH OJIHE 3HAUEHHS — MAKCHUMAaJIbHY TIPOMYCKHY 37aTHICTD
Mepexi MK 3aJJaHUMH BY3JIaMHU.

Y HacTymHHUX psAKax BHUBECTH 1HGOpPMAIlI0O PO CETMEHTH MEpexi, mo Opanu
y4acTh y mepefadl JaHuX y BHUIJISAL Tap HOMEPIB BY3/iB MEPEXi, sIKIi BOHH 3’ €HAIOTh,

KOJKHa I1apa 9YuCCJl 3 HOBOI'O psaKa.

Ipuxaan:
Bxigxi gani Pesynbrar
8 4

1 2 3 12
1 31 2 4
2 4 3 4 3
345 4 7
3 54 1 3
4 7 2 35
5 6 2 5 6
6 7 3 6 7
17

Pexomenaaiii:

BuxopucroByBatu anroputmMu ®opna-dankencona abo Iamonnaca-Kapma nms

MOIIYKY MaKCUMaJIbHOT'O IMOTOKY B TPAHCIIOPTHIN MEPEXKI.

5.1.3 BipryaabHa oprani3auis

Bam HeoOXiHO oprasizyBaTd KjacTep ISl MapajeibHUX OOuucieHb Ha 0a3i
MepeXi YHIBEPCUTETY 13 33J1aHOI0 TOTOJIOTier0. HeoOXiTHO 3HAI0UM TOIOJIOTII0 MEpEexi
YHIBEPCUTETY ¥ HEOOX1AHY TOIOJIOTII0 KJIacTepa 3HAWTH CIHCOK KOMIT FOTEPIB MEPEXI,

K1 OyyTh 3aisIH1 T1J] BIPTYaJlbHY OpraHi3aliio KjiacTepa.
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Bxiani naui:
Mepexi yHIBEpCUTETY W KiIacTepa 3ajaHl TaOJMIsIMH 3B s3KiB iX rpadis.
CrouaTtky #ne rpad Mepexi yHIBEpCHUTETy, 3a HUM rpad IUIAHOBAHOI TOMOJIOTI

KJIaCTcpa.

Pesyabrar:
Busectn HOMmepu By3miB (BepmuH rpada) Mepexi YHIBEpCUTETy, SIKi OyIyTh
3a7isiHl Ui opraHizanii kimactepa. A6o BuBectu “NO”, SKIIO OpraHi3yBaTH KiacTep

3a/1aHO1 TOIOJIOTIi Ha 0a31 ICHYI0Y0i MEPEXi YHIBEPCUTETY HEMOMKIIUBO.

Pexomenganmii:

3amauy MOXKHA 3BECTH JI0 3aj1a4i Moiyky rpad-niarpad izomopdizmy.

5.2 3micr 3BiTY

1. dopmynoBaHHS METHU 1 3a71a4l 1a0OpaTOpHOI poOOTH.

2. OcHoBHI (DyHKITIOHATBHI OJOKH pO3pOOJIEHUX TporpaM (CTPYKTypHa cxema
a00 KOJI MpOrpamm).

3. Ocolbucti TecToBi AaHi AJii KOXKHOTO 3aBJAaHHS Ta pe3yJbTaTH poOOTH
IpOrpamMu JIJisl IUX JIaHUX.

4. KopoTki BiANOBiJII HA OCHOBHI 3alMTaHHS Ta BUCHOBKM 3a pe3yJibTaTaMu

po0oTH.

5.3 KoHTpPOJIbHI NUTaHHSA

1. ki icHYIOThH aITOpUTMH TIepeBIpKH rpacda Ha ABOIOJIBHICTH?

2. SIK mpalrooTh aarOPUTMU MOITYKY MOCTIB 1 TOYOK 3UJICHYBAHHS?

3. Kparko onuimitTh aaropuTMH pO3B’ 3Ky 3ajadl MpO MaKCUMaJbHUN MOTIK.
Anroputm ®opaa-donkerHcona. AnroputM Oamonjaca-Kapma. B domy Mik HuMH
pi3HULIA?

4. Omumnte anroputMu KyHa 1 po3B’A3Ky 3adadl Ipo MaKCUMAaJlbHE

MapOCIIOYYEHHS.
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5. Sk mpaiorTh peKypcHUBHI anropuTMu Ha rpadax? Sk BuUpIUTH 3aaady
KOMiBOSKEpa peKYPCHUBHUM aJITOPUTMOM?
6. Tonomnoriune nmopiBHsHHS rpadiB. Po3B’ 130k 3amaui mpo 13oMopdizm rpadis.

3anaua npo rpad-miarpad izoMopdizm.
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6 JABOPATOPHA POBOTA Ne 6 - METO/I T'IVIOK TA MEK,
KAIAIBHI AJITOPUTMHU, ITUHAMIYHE TPOI'PAMYBAHHA

Meta poboTH: ofep)KaHHS HABUYOK 3aCTOCYBAHHS PEKYPCHUBHUX aJTOPUTMIB Ha
OCHOBI METOJy TUIOK Ta MEX, €BPHUCTHUKH, >XKaJIIOHMX aJIrOpPUTMIB Ta JIUHAMIYHOTO
porpamMyBaHHs JJI1 MOOyJ0BH €()EKTUBHUX IPOTpaM pO3B’SI3Ky IIHPOKOIO KoJja

onTuMi3aniiaux 3amad [1-4, 20].

6.1 3aBgaHHA 10 J1a00paATOPHOI podOTH

6.1.1 30ip craTuCTHKHU B Mepexi

VY KOoMIT'IOTEpHIN Mepexi MOCIIJOBHO KOKHUN KOMIT'IOTEp OAEpPKY€E MapKep —
CHELIAIbHUI TaKeT JaHUX, KyJIH KOXHUU KOMIT IOTEp JONHUCY€E CBIA CTaH, CTaTyc,
3aBaHTaXeHHS ¥ 1HmI cucteMHl mnapamerpu. [logiOHI CcUCTEMH TEPIOJUYHOTO
ONMHUTYBAaHHS BY3JIB MEpEXl CKpi3b BUKOPUCTOBYIOTHCS B CHCTEMAaX PO3MOAUIEHUX
o0UYHKCIIeHb Ta KOMIUIEKCax 3 MIABUIIEHUMH BUMOTaMH A0 HaJIWHOCTI (HampukKiai,
CHUCTEeMH peajibHOro 4acy). HeoOximHo, mo0 mpu Tili caMiii 3aBaHTaXKEHOCTI MEpexi,
1H(popMallis Ipo CTaH BY3/IIB OOHOBIsUIAcS siIKHaWyacTime. [Jisi KOKHOrO MEepeKXHOro
3’€JIHAHHS 3aJlaHa JATEHTHICTH (3aTpuMKa rnepenadi nanux). HeoOXiaHO 3HAWTH Takuit
MapmipyT 1HPOPMaLIMHOTO MaKeTa JaHUX, 00 BIH MPOXOJHUB YEPE3 YC1 BY3JIU MEPEXI
PIBHO MO OJHOMY pa3y W cyMapHa 3aTpUMKa OJHOTO UKy ONMHMTYBAaHHS BY3JIB Oyia

MIHIMaJIBHOIO.

Bxigni nani:

Komm’torepHa Mepeka 3aaHa MATPHUICI0O CYMDKHOCTI. Y TEpIIOMY PSIKY
nepedyBae e€nuHe 3Ha4ueHHs N — 4duciio By3miB Mepexi. Jlami B N psakax 3amucaHi
CJIEMEHTH MAaTPHUIll CYMDKHOCTI, PO3JAUICHI TPOOIJIOM, IO MPEACTaBISIOTH COOO0IO

JATEHTHICTh y MUJIICEKYH/Iax.
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Pe3yabrar:
VY mepmomMy psaIKy BUBECTH yucio T — MiHIMaldbHY CyMapHy 3aTPUMKY OJHOTO
UKy OMHUTYBaHHS MeEpexki. Y HACTymHOMY PSIKY BHBECTH dYepe3 MpoOil HoMmepa

BepIIKH rpada B MOPSAIKY iX 00Xoay iHGOpMAIlIHHIM MTaKETOM.

Hpuxaan:

Bximuai gaui PesynbTar

5 100

0 25 15 73 46 541 2 35

53 0 24 36 75
32 72 0 88 24
11 35 29 0 38
22 63 34 16 O

Pexomenpamii:

3anaua siBiisie coOOI0 Bapialliio Ha TEMY 3a/1aul KOMIBOsDKeEpa.

6.1.2 Kinactep cynepkomi’l0TepiB

Bawm HeoOxiaHo 310paTu cynepkomn totep. st 1ioro BaM BuAUICHUN (pikcoBaHUM
oromket. Bu 3106panu iHdopmaIliro o BApTOCTI Ta MPOIYKTUBHOCTI PI3HUX KOMIT FOTEPIB,
3 AKUX MO’KHa 310paTu kjactep (Kjiactep MoKe OyTH reTeporeHHUM, TOOTO MICTUTH
pi3HI PO NPOAYKTUBHOCTI KOMI'toTepw). Bam HeoOxigHO 3i10paTu Kiactep

MaKCUMAaJIbHOI MPOIYKTUBHOCTI HE BUXO/ISIYM 32 PAMKH OIOKETY.

Bxiani nai:

VY mnepmiomy psaky mepeOyBae uuciao B — Bam Oromker. Y Apyromy psiiky
nepepaxoBaHi yepe3 KoMy Aj - MPOJYKTUBHICTh KOKHOTO 3 BapiaHTIB KOMII IOTEPIB 3
AKX MOKHA CKJIAacTU Kjactep. Y TpeTboMy psIKy nepepaxoBaHi uepe3 komy Ci -

BapTICTh KOXXHOTO 3 BaplaHTIB KOMIUIEKTAI[li KOMIT IOTEPIB.
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Pe3yabrar:

VY nepiomy psiiKy BUBECTH OJIHE 3HAUEHHS — MAKCUMAaJIbHY NPOJYKTUBHICTb, SIKY
MO>KHA JOCATTH CTBOPHUBIIHN KIJIACTEP y PaMKax BHIIJICHOTO OIOKETY. Y HACTYITHOMY
PSAIKY BHUBECTH YHUCIO KOMITIOTEPIB KOXKHOTO BUAY, sIKI OyAyThb BUKOPHUCTaHI MpHU

CTBOpEHHI KJ1acTepa.

Ipuxaan:
Bximgui qanHi PesynbTar
1000 11512

134, 1354, 567, 789, 987, 56, 345, |3 0 0 0 0 0 0 O 2
4567, 5555

16, 900, 440, 250, 667, 43, 333,
857, 474

PexomMenpaii:
Bapiamis 3amaui  mpo  prok3ak. Bupimryerbcss  MeTrogaMud  IMHAMIYHOTO

nporpamyBaHHs 200 KaqIOHUM aJITOPUTMOM.

6.1.3 I’aTHamIKK
Bu — negaumii nporpamict. Bam xodetbcs 310pat I’ ITHAIIKK, aJie JIiHb CUIIITH 1

nepedupaTy BapiaHTH — HEXal 11 pOOUTh MallllHA.

Bxiani nani:
VY doTuphoX psKax 3aJaHl yepe3 mpoOil yucia, M0 YTBOPIOIOTH TOJIE TPU B

'’ sitHaKy. [ToposkHs KiiTKa npeacTasieHa ynciaom 0.

PesyabTar:
BuBect mMOCHIIOBHICTh 1M, IO TPUBOIATH JIO PO3B’SI3KYy TOJOBOJIOMKH

MIHIMaJIbHO1 TOBXKUHU. [10CIII0BHICTE BUBOAUTHLCS Y BUTJISAII HAIIPSAMKIB MEPEMIIICHHS
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MOpokHBOI KIITKH — U-Bropy, D-BHu3, L-BiiBo, R-BripaBo. Skiio 3agaya He MOxe OyTH

BupimieHa — puBectu NO.

Ipuxaan:

Bximuai naui

Pesynbrar

13 10 11 6
57 4 8

1 12 14 9
3152 0

NO

Hpuxaan:

Bxiga1 gami

Pesynprar

2 5 4 11

1 8 3 7

14 6 10 12
9 13 15 0

UUULDLULDRDLDRURRULDRD

Pexomengamii:

P03B 130K METOIOM TJIOK Ta MEXK.

6.2 3micT 3BITY

1. ®dopmyiroBaHHS METH U 3a/1a4i 1Ja0OpaTOpHOi POOOTH.

2. OcHoBHI (yHKIIIOHATIbHI OJOKH pO3pOOJIEHUX MporpaM (CTPYKTypHa cxema

a00 KOJI MpOTrpammu).

3. OcolOucti TecToBi AaHi AJii KOXKHOTO 3aBAaHHS Ta pe3yJbTaTH poOOTH

[nporpaMu aJjisl nux JaHuX.

4. KopoTki BIiAMOBIJI HAa OCHOBHI 3allMTaHHS Ta BUCHOBKHU 3a pe3yJibTaTaMu

poboTH.
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6.3 KoHTpobHi NMTAHHA

1. OnuuIiTe KOPOTKO METOJI TIIOK Ta MEX.

2. llo Take eBpuctuuHi anroput™Mu? Ska iX o0sacTb 3acTOCyBaHHS,
0CcOo0IUBOCTI?

3. Illo Take »aai0H1 anTOPUTMH?

4. Onuirite METOJ IMHAMIYHe MporpamyBaHHs. Jle BiH 3aCTOCOBY€ThCA?

5. ki iCHYyIOTh METOJY BUPILIECHHS 3aja4i KOMiBOsKepa?

6. SIxi iCHYyrOTh METOJIM BUPIIICHHS 3a/1a4l MPO PrOK3aK?

/. Sk oONTUMaJbHO BHUPINIYETHCA 3aJaya [P0 MAKCUMAJbHY 3arajibHy
MI1OCTIJOBHICT?

8. Sk BuUpIUTH 3a7a4a MPO MAKCHUMAaJIbHY 3arajbHy MIAMOCTIIOBHICTh IO HE

yOHBae, B 4OMY OCOOJIMBICTH?
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