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Beryn

Jlucuumiiza «ANTOPATMH Ta CTPYKTYPH JAaHHX» € Ga30BOI0 JMCLMILTIHOK
npodecifHoro MKy MiArOTOBKH CIEHiamicTiB 3 KoMII'I0TepRAX HayK. s aucnmmniina
nepenbauac 6a3opi 3HaHHA 3 mucummuiH «IIporpamysanHsy, «Teopis anropHTMiBY,
«[lnckperna MatemaTuKa».

MerTol0 BUBYEHHS JaHOI TUCLMILIIHY € (OPMYBAHHS Y CTYNEHTIB 3HAHb, YMiHb i
HABHYOK B 001aCTi METOIB MPeNCTaBIeHH NaHUX B TIaM’ATi KOMIT I0TEPA Ta OCHOBHHX
ANTOPHTMIB iX OMPAIIOBAHHA.

TTOHATTA aNrOpHIMY HEBIA €MHO NOB’s3aHe i3 CTPYKTYPOIO JaHHX, 00paHoo IS
NPaKTHYHOI peaiizailii MOCTaBIeHO! 3ajadi. AJTOPHTMH ONPALFOBAHHA JAHMX B
KOMIT’JOTEPHHX HAykaX BHUKOPHCTOBYIOTBCS AT ONTMCY METOAIB PO3B’A3aHHs 3a/1a4i, AKi
MOXHA peani3yBaTH B CEPENOBHINI NMPOrpaMyBaHHs. PeTensHHHl MiAXiA 10 BHBYECHHS
KIACHYHAX AaNTOPHTIMIB Ta TMOMIYKH WUISXiB po3po0KM HOBMX alropHIMiB €
dyHaMenTOM e(EKTHBHOIO PO3B’A3aHHA TOCTaBleHoi 3a4ayi 3a JONOMOroK
KOMIT IoTepa MaiGyTHIMH (axiBIAMH 3 IPOTPAMYBaHHA.

B gaHOMy TpakTHKyMmi npeicrasneHo 12 naGopaTophux poOiT, KOXHA 3 AKHX
MICTHTh HeOoDXigHI KOPOTKi TEOpEeTHUHI BINOMOCTI, TIPHKJIAZ PO3B I3aHHA THUMOBOTO
3aBnamHs Ta MPHUKIAN OporpamHoi peanisanii B cepemoBnmi MS Visual Studio 2010
Express, 3pasky 3aBlaHb Jjuis CaMOCTIHHOTO BHKOHAHHA, KOHTPONBHI TnTamHd. B
MPaKTUKYMi TaKOX HaBelleHi PEeKOMEHJ0BaHi TeMH M CaMOCTIHHOTO BHUBYECHHS Ta
PEKOMeHIOBaHa JiTeparypa. 3 MeTOK (OPMYBAHHS Y CTYJAEHTIB 0a30BHX BMiHb i
HABUYOK MO o6po6Ii CTPYKTYp NAaHHX PISHHX THIIB DPEKOMEHJ0BAHO YHHKATH
BUKOPHCTAHHS CTaHAApTHHX QITOPUIMIB Ta KOHTeiHepie C++ TpH nporpamuii

peaizamii 3aBIaHb.

Opranizauiiino-MeToaH4Hi BKa3iBKH

MeToro BUKOHaHHS NabOPaTOpHUX PoOiT € HOPMYBaHHA HPAKTHYHHX BMIHb Ta
HAaBHYOK CTBODEHHS Ta ONPALIOBAHHH CTATHYHHMX. HAMIBCTATMYHHX T4 AMHAMIYHMX,
MHIAHEX Ta HETIHIHHUX CTPYKTYP NAHHX, @ TAKOK BUKOPUCTAHHS TUIIOBHX ANTOPHTMIB
Ha IIHX CTPYKTYpax.

B pesysnbpTaTi BUKOHaHHS J1a60paTOpHUX POGIT CTYAEHTH IIOBHHHI 3HATH OCHOBHI
CTaTMuHi, HaMIBCTATHYHI Ta AUHAMIYHI CTPYKTYPH MNAHMX, JIHIAHI Ta HeMiHiHAHI
CTPYKTYPH [dHHX, & CaM€ MAacCHBH CTPYKTYp, CIMCKH PI3HHX BHIIB, CTEKH, Yeprw,
AepeBa Ta Tpadi; OCHOBHI allOPUTMH ONPALFOBAHHA THMIOBHX CTPYKTYp AaHMX)K
aITOpDHTMH  CTBOPCHHA/BHJATEHHS  CIPYKTYPH, BCTaBKH/BHIAAJEHHA  eIEMEHTa
CTPYKTYPH, OYHIIEHHSA CTPYKTYPH 1 T.N.; aArOPUTMH BOOPAAKYBAHHS T4 TOMIYKY.

Iopagok BUKOHAHHA J1a00paTOPHHUX PobiT

Jlns BUKOHaHHA 1abopaTopHHX pobiT HeoGXiAHO:

1. BHKODHCTOBYIOUH JITEpaTypHi JpKepena, KOHCNEKT JIeKLUii, Meroamuni
po3po0KH 3 JHCLHILIHH, 34CBOITH TEOPETHYHMII MaTepian, MOB’s3anMil 3
TeMaTHKOIO Ta00paTOpHOI POOOTH;

2. BIANIOBICTH KepIBHHKY 1aDOPaTOPHHX 3aHATL HA NOCTABEHI 3allHTAHHA 34

TeMOoI0 abopaTopHoi poboTH;
. ONPalIOBATH HABEIEHMH ¥ 1abopaTopHiid poboTi npuKnaz,
. OTPUMATH IHAMBIAyaIbHE 3aBIAHHS;
. PO3POGHTH CXEMY ANTOPHTMY [JIst PO3B’A3YBAHHS IHAUBINYANBHOIO 3ABAAHHS,
. 33 HOTpeOH HalKCaTH BIANOBIAHY NPOrpaMHy peanizaniio;
. IPOTECTYBATH NPOTPaMy AT TPUBIATBHUX BXIJHHUX JAHUX;

. BHKOHATH IIPOrpaMy Ta 3aIikCyBaTH OTPHMaHI Pe3y/IbTATH 3rIAHO 3aBAaHHS;

D 00 1 N L B W

. TIEPEBIPUTH MPABHIBHICTE POGOTH IPOrpaMH; NPH HEOOXIAHOCTI BHECTH 3MiHU
y nporpamy Ta 3aiKCyBaTH OCTATOUHI PE3YIbTATH;

10. oopmuTH Ta 3AXHCTHTH 3BIT PO BUKOHAHHA J1aB0PATOPHOI poboTH.



BumorH g0 oopMiteHHA 3BITi npo BUKOHAHHS J1a00paTOPHHX pobiT

3siTH Hpo BHUKOHAHHA TabOpaTopHHX pobIiT OQOPMIAIOTECA Ha apKynIax

dopmaty A4 Ta MOAAIOTHCS [0 3aXHCTY B ENEKTPOHHOMY BUITIAAI 3 JONAHUMHU

IPOrpaMHUMH peai3alliiMH 3aBlaHb (BHXiTHHI KOX).

CrpyKTypa 3BiTY:!

THTYJIRHAI apKyTI (3pa30K TUTYJIBHOTO apKyllla HABEEHO B HONATKY A);
HOMep Ta TeMa podoTH;

MeTa BUKOHAHHS 1abopaTopHoi poboTH;

iHMBiyaIbHe 3aBAAHHA 3 IETATEHUM (GOPMYNIOBAHHAM 3a/1adi;

rpadiuHa cxeMa anropuTMy poO3B’sA3yBaHHA 3aladi 3 MOACHEHHAM (3a
notpebn);

6a30Bi €JIEMEHTH TEKCTy mporpamu. [Iporpama IOBHHHA KOHTPOIIOBATH
NPaBWILHICTE BBOAY BXINHHX [JaHMX Ta MaTH KOMEHTapl 20 il OCHOBHHX
CTPYKTYPHUX KOHCTPYKIii.

pe3yibTaTH TECTYBaHHS NPOTrpaMy Ha TPUBIaNBHUX BXIAHHMX JaHHX (33
notpebn);

pe3yibTaTH peaizaiii nporpaM 3riJHo 3 BapiaHToM. Bxasyetsca dopmat

i 3HaYeHHd BXiJHUX JaHUX Ta OTPUMAHHX JUIA HUX PE3ysIbTaTiB;

JlaGopaTopna podora Nel

KBajpaTnyni aJirOpHTMH BIOPSAKYBAHHS MACHBIB

Meta: ®opMyBaHHs IIPAKTHYHHX BMIHB Ta HABHYOK NPH BHKOPUCTAHHI Pi3HHX

THHIB KBaJAPATHYHUX AITOPHTMIB BIIOPALKYBAHHS.

1.1 Teopernuni BizomocTi
Meton BuGopy (select)

Crosecnuii onuc

1) 3raxomuMo MiHIMAIbHHIT €NEMEHT, IEPECTABNAEMO HOTO (po6UMO

B33€MO3aMiHYy) 3 MIEPIINM.

2) 3naxoANMO MiHIMATBHHH €1EMEHT B 3QJIMIIEHOMY HEBIIOPAAKOBAHOMY MACHBI

a[2] .. a[n], mepecrasasemo ioro i3 a[2].

n-2) 3HaxoguMo MiHiManbHWH eneMenT B Macusi (a[n-2], a[n-1],

nepecTaBIsieMo ioro i3 a[n-2].

n-1) BriopsnkoByemo 3asmiieHy napy a[n] i a[n-1].

AJIFOpUTM

procedure order_select(var a:BigAtray);

Irepanii
Buxinuuii macus: (6,7,2,3,8,5,1,9,3.2)

var i,j,nun:integer; 1-it mpoxip: ~ (1:6,7,2,3.8,5,9,3,2)
— BHCHOBKH, B SKHX BKA3y€ThCSA NPHU3HAYEHHS NpOrpamMH, oOMexeHHs Ha ii min‘elements; 2dimpoxin (12:67.2.385.93)
3aCTOCYBaHHSA, MOXKIIMB] BapiaHTH BOOCKOHAICHHS Ta SIKI 3HAHHS OTPHMAHO t:byte; 3dtmpoxim  (1.2.2:6,7,3,8.5.9.3)
B X0/Ii BUKOHAHHS POBOTH. for i:=1 ton-1 do 4-if npoxiz:  (1.2.2.3:6,7,3,8,5,9)
3BiT MOBHHEH OYTH HanMMCaHWH YKPaiHCHKOK MOBOIO, aKYPATHO Ta TPaMOTHO, 3 :=0; num:=i; min:=ali]; S5-it mpoxin:  (1.2.2.3.3:6,7,8,5,9)
) . .. . for j:=i+1 to n do -1 e 2 : [¢
AOTPHMaHHAM MpaBil odopMIeHHs finoBoi nokymenrtauii. HasBu pospinis 3BITY J ‘ 6 mpoxip: (1.2.2,3.3.5:6.7.8,9)
if a[j]<min then num:=j; 7-i npoxin:  (1,2,2.3.3.5.6,7,8,9)

MOBHMHHI OYTH Bi3yalbHO BHIUIEHI PO3MIPOM, XXHPHICTIO, KypcHBOM Iupudra abo

. min:=afj}; 8-i npoxin:  (1,2,2,3,3.5.6.7;8,9)
ninkpecnendsM. Jlaboparopra poboTa noBHHHA 6yTH 30aHAa y BU3HAUYCHI BUKJIALAYEM =1 9-df npoxin:  (1,2.23.3.5.6.7.8:9)

TEPMIHH. if t=1 then a[num]:=ali];

ali]:=min;

Kpumepii

. I
Ilopisusts: 5 n(n—1); n-KBaAPATUUHHIE ANTOPUTM.

Ilepecranosok (aii):  min=3(r—1); max = %nz +3(n-1).
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Metoa BcTaBkH (insert)

Crnogecuuii onuc

1) Buopsakosyemo aBa nepuri exementH: a[1] ta a[2].

2) BeraBnseMo enemenT a[3] “Ha cBoe miclie” BiIHOCHO NEPIIMX ABOX, MIOOH
Hepuli TpH e1eMEHTH MaCHBY CTAIH BIOPIAKOBAHHMH.

3) Berapasiemo enemenT a[4] “Ha cBoe Micte” BITHOCHO MONEPEAHIX FOTHPHOX.

n-1) Berapnsemo ocTamHiii enement a[n] “Ha CBoe Micue” BiHOCHO ycix
[IoTepeaHIX.

BeTasneHHS eneMeHTa “Ha CBOE Micue” MOKHa 3AifICHIOBAaTH, 30KpemMa, Tak:
nepecyBaTs HOro HTiBO 4O THX Ip, NOKM BiH He CTaHe OiIbIIMM 33 €JEMEHT, LI0

CTOITH 371iBa BiJl HBOTO.

AJITOpUTM ITepaui
procedure order_insert(var a:BigArray); Buxinnmit macus: (6,7,2,3,8,5,1,9,3,2)
var i,j:integer; 1-# mpoxix:  (6.7:2,3,8,5,1,9,3,2)
x:elements; 2-# npoxin:  (2.6.7;3,8,5,1,9.3,2)
fori:=2 ton do 3-inpoxin:  (2.3,6.7:8.5,1,9.3,2)
x:=a[i]; 41 mpoxim: - (2.3.6,7,8:5.1,9.3,2)
je=i-1; 5-i mpoxim: (2.3,5.6,7,8;1,9.3,2)
while (x<alj]) and (j>0) do 6-in mpoxim:  (1.2.3.5,6,7.8;9.3,2)
a[jt+1]:=alj]; T-itmpoxin:  (1,2.3.5.6.7,8.9:3.2)
j=j-1; 8-#t opoxin:  (1.2,3.3.5,6,7.8.9;2)
a[j+1]:=x; 9-it mpoxim:  (1.2.2,3.3.5.6,7.8.9)

Kpumepir

1
HopisHase: min=n—1, max = E(n2 +n).

. . 1 5
IMepecTaHoBOK (mii): min=2(n—1), max = E(n“ +n).
Metoa «oyan6amkn» (booble)
Ilpy LBEOMY METOJI NiYMIBHHK “GiKHTE” BiJj OCTAHHBOTO €71EMEHTa JI0 epUIOro i
3HAXOMAYM 1O J0pO3i HaMEHIIHH eleMeHT, “nepecyBac” HOTO 0 NMOYATKY MACHBY.
SIKIHO MAacHB 3aIHCaTH 3BEPXY BHHM3, TO JHYMIABHHK “OiKHTR” 3HH3Y BBEpPX,

NiAXOTIoKYH 3 co6ol0 HaiiMeHmuMii (“Haiiermmii™) eneMeHT Ha BEPXHIO MO3HLI,
8

nofifHo o Toro, Ak OymbOallka 3 PIAHHM BHUIIUBAE HA 1i MOBEPXHIO. 3BiACH i Ha3Ba
METOZLY.

Chosecruii onuc

1) IMopieuioemo a[n] i3 a[n-1]; skio a[n]<a[n-1], To MiHgEMO iX MicIAMH;

nopiBHioeMo a[n-1] i3 a[n-2]; axkmo a[n-1]<a[n-2], To MiHsgeMO IX MiCUAMH;

nopiBHIOEMO a[2] 13 a[1]; saxuro a[2]<a[l], To MiHAEMO TX MiCLAMH.
B pesynsraTi Lporo afl] ctae HaliMeHLIM.
2) Lo x mpouenypy npopodasemMo st Macusy a[2] .. a[n] (6e3 enementa a[l1]),

“BHINTOBXYIOUN~ HaMEHIIHI cepe 3THLICHUX CICMEHTIB Ha NOo3uitio a[2].

n-2) INopisHioemo a[n] 13 a[n-1], mpu norpe6i MiHgOUM TX MiCUAMH,;
nopiBHIOEMO a[n-1] 13 a[n-2], 1pu notpe6i MiHAYH TX MICLAMH.

n-1) BropsnkoByemo 3amumeHy napy afn] i a[n-1].

Aaroputm ITepauii
procedure order booble(var a:BigArray); Buiximrmit macus: (6,7,2,3,8,5,1,9,3.2)
1-# nipoxiu: (1:6,7,2,3,8,5,2,9,3)
2-inpoxin:  (1.2;6,7,2,3,8.5,3.9)
3-ipoxin: (1,2,2:6,7,3,3,8,5,9)
4-it npoxin:  (1,2,2,3:6,7,3,5,8.9)
S5-i npoxiz: (1,2,2,3.3:6,7,5.8,9)

var i,j:integer;
x:elements;
for i:=1 to n-1 do
for j:=n downto i+1 do

if a[j]<a[j-1] then x:=a[j-1];

alj-1]:=alj} o-it npoxie  (1.2.2.3.3.5:6,7.8,9)
alj]:=x; 7-# npoxix:  (1,2,2.3.3,5.6:7,8,9)

8-i npoxin:  (1,2,2.3.3.5.6.7:8,9)
9-it npoxii: - (1,2,2,3.3,5.6.7.8;9)

Laladny)y a2, 0. 7,0,

Kpumepiv
. | .
HopiBHanb: En(n —1}; n-kBajpaTHIHUI AIFOPUTM.

. 3
HepecranoBok: min =0, max = E(nZ —-n).



1.2 Mpuxaan

Hanwcary mporpamy, sKa coprye Macus 3 10 BHIaIKOBUX LiIHX YHCEN, METOAOM

subopy. Ipouec Boopaaxysants obopmuti SK QyHKILIFO.

#include <iostream>
#include <cstdlib>
#include "windows.h"
#include <time.h>
#define N 100
using namespace std;
void selectSort(int a[], long size) {
long 1, j, k;
int x;
for( i=0; i < size; i++) { /7L - HOMRD NOTOMHOIS KPOKY
k=1i; x=a[i];
Ffor( j=i+l; j < size; j++)// uuxs subopy HaimeHUOr0 eeMeHTa
if ( alil < x) A
k=j; x=a[j]; /7 K - 1HASKC HAUMEHWOPO eAEMEHTA

alk] = a[i]; a[i] = x; // miwscmo micusvm palivenmni 3 af
}

SetConsoleCP(1251); SetConsoleOutputCP(1251);

int s[NJ];
srand(time(NULL));
for (int i=0;i<N;i++){

s[i]=rand();

cout<<” s["<<i<<"]= "<<s{i]«<endl;

}

cout<<endl;
cout<<”Sorted massiv'<<endl;
for (int i=@;i<N;i++) {

cout << " s["<<i<<"}= "<«s[i]<<endl;

}

return 0;

}

V mporpaMi BUKOPUCTAHO Taki (yHKIni:

SetConsoleCP(), SetConsoleOutputCP() — GpyHKLUii, 110 BCTAHOBJIOXOTH TEBHY
xoxoBy cTopiHky (CodePage).

Cropinka 1251 po3Boisge BimoOpakaTH KHPHAMIIO (a 32 3aMOBYYBAHHAM

BCTAHOBJIEHO CTOPiHKY 866).
SIKuo micas UBOro YKpaiHChKI CHMBONIM HE JPYKYKOTHCH, TO Y BIaCTHBOCTAX
KOHCONBHOTO BikHa BiGepits wpndr “Lucida Console”.

®ynxuia time() (onucana B 6iGoreui <time.h>) 3 mapamerpom NULL noseprace

TNOTOYHMI Yyac.

Dynxuis srand(), 11 Kol HOTPIOHO 3a7aTH apryMmesTt, 3ajac GyHkuii rand()
[I0YaTKOBUH NapaMeTp AMs reHepanii.
Tobro ¢ynxuis srand(time(NULL)) 3a123 MOX/IHBICTE IPH KOXKHOMY 3aIycCKy

nporpamu renepysatd PI3HI mocninoBHoCTI BHNagkoBux gucen gyuxuicio rand().

1.3 3aBnauus aJs caMocTiliHOTO BUKOHAHHS
1. HamnmcaTu 3 nporpamu, KoxHa 3 SKHX AEMOHCTPY€E OKPEMHI METO BIOPIAKYBaHHS.

CTpyKTypa KOKHOI IpOrpamMu:

— KIJIBKICTP €JIEMEHTIB MacHBY 3a1atH B nupextusi #define N 10 ;

— MacHBH — LUIOYHCENbHI (A0BXKHHOK N eleMeHTIB);

— iHiIiami3alis MacHMBiB — He 3 KIaBiaTypd, 4 3a JOHOMOIoR (yHKLIi
TeHepyBaHHA IICEBAOBUMAAKOBUX Uinux uncea rand(), npudomy i3 3amaHHAM
MOYaTKOBOTO MapaMeTpa.

— TpOrpama, OKpiM BROPAAKYBaHHS, NOBUHHA BHBOAWTH HA €KPaH MPOMikHI
pe3ymbTaTH, K He 300paXeHO Ha PUCYHKAX B NpaBHX TabaMLsX.

2. [locopTysaTH pANKH JBOBHMIPHOTO MACHBY LIVINX YUCEN Y HOPANKY CHAAaHHA.

1.4 IlnTaHHA A5 CAMOKOHTPOIO.
1. SIk KacHQIKYIOTH aNTOPHTMH 32 4ACOM [X BUKOHAHHA?
2. Hlo o3Ha4ae MBUAKICTH BHKOHAHHS anroputmy O(n’) ?
3. SIki € KBaJpaTHYHI AATOPUTMH BHOPAAKYBAHHS?
4. SIKy 110 BUKOHYE alrOpUTM BIIOPSAKYBaHHA BUOOPOM NpH i—TiH itepauii?

5. Sy [ir0 BUKOHY€ aNrOpUTM BIOPAAKYBAaHHS Gynb0a1IKOI0 1PH i—Til iTepanii?

7. SIki xpHUTepii anropuTMy BNOPAAKYBAHHA BUOGOpoM?
8. Ski kpHTepii ANrOpUTMY BNOPAAKYBAHHS BCTABKamu?
9. SIKi kpuTepii alropuTMy BROPAAKYBaHHA OYib0aKkorw?

10. SAkuif i3 BUBHEHNX aITOPHTMIB, HA BAlLY AYMKY, HalePeKTHBHIUMI?



JladopaTopHa po6ora Ne
AHAJI3 aJropHTMIiB BHOPAAKYBaHHSA
MeTa: HaBUMTHCS OLIHIOBATH QIFOPHTMHM BIOPS/AKYBaHHY 33 PIiSHUMH

KPHTEPISAMH: YacOM, CTIHKICTIO, TPHPOAHICTIO, JONATKOBOKO MaM ATTIO.

2.1Teoperuuni BitoMocTi

INapameTpH, 33 SKMMH IIPOBOAUTLCSA OIliHKA AJITOPHTMIB:

1. Yac snopadkysamuns — OCHOBHHMI TapaMmeTp, IO XapaKTEPH3ye MBUAKOMIKO
aNropuUTMy.

2. Iam'sme — pAn adTOPUTMIB BHMArac BHJIIEHHS MOZATKOBOI IMaM'Ati T
THMYacoBe 30epiramns gmammx. IIpH  ouidni BHKOPHCTOBYBaHOI maM'ATi HE
BanOB}’BaTI/IMCTBCﬂ Micle, fke 3aliMac BHXiguuit MacWB i HesamexHi Bij BXizHoi
HOCIiOBHOCTI BUTPATH, HANPUKIA/, Ha 30epiraHHs Kooy NporpaMu.

3. Cmitikicms — CTiiKa BIOPSAAKYBAHHS He 3MIHIOE B32EMHOIO PO3TALIyBaHHS
piBHMX ememenTiB. Taka BIIACTHMBICTE MOXE OYyTH IyKe KOPHCHMM, SKIIO BOHH
CKIamaloThed 3 AEKiNBKOX MOJiB, K Ha pHC. 1, a BMOpAAKYBaHHA BiAOyBacThCA 1O

OJHOMY 3 HHX, HanIpHKJaJ, 1o X.

Buxinui xani

TIpukaan poGory ctilikoro BnopaaAKyBanua
B3aeMHe po3TallyBaBHsA PiBHHX €IEMEHTIB 3 KiodeM 1 i 1oaaTKOBHMH nofsMu
a™,"b", "¢ " 3anMmmMIOCS KOIMIUHIM: eleMeHT 3 moseM " a ", moTiM —3 " b ", motim —
3",
:
Mpukiaan po6ory nectiiikoro BnopaakyBsanus
Biaemue PO3TallyBaHHA PIBHUX €JIEMCHTIB 3 KIo4eM 11 10JaTKOBUMH MOJIMH
"a","b"," ¢" 3MiHHIOCH.

4. Ipupoouicmb nogedinku — eDEKTHBHICTE MeTomy TIpH oOpobmi Bie

BiHCOpTOBaHI’IX, abo YaCTKOBO Bi)lCOpTOBaHHX JaHNX. AHFOpHTM NMOBOAUTHECA

IPUAPOIHO, SKILO BPAaXOBYE IO XAPaKTEPHCTHKY BXIZHOI TOCHIZOBHOCTI 1 MpaIioe
Kpale.

OG6uncaennst 4acy BAKOHAHHs niporpam

Jas toro, mo0® 3HAHTH Yac BHKOHAHHA NPOTPAMH, MOTPIOHO BUKOPHCTATH
oynxuiro  clock(). Ilporornn ¢yukuii clock() 3HaxomuTECA B 3ar0J0BKOBOMY
taiini <ctime>, AkuH  NOTPIOHO  MAKIIOYATH Ha  TMOYATKY  [IPOTPaMH.
®ynkuis clock() moBeprae 3HaueHHs wacy B MimicekyHaax (lc = 1000muc). [Ipuyomy
BLUIIK YacCy MOYHHAETHCA 3 MOMEHTA 3anycKy nporpamu. SIkio moTpiGHO BUMIpATH vac
BHKOHAHHA BCi€i Nporpamu, TO B KIHUI [IPOrpamH, TepeA ONEPAaTOpPOM return
0; morpibHo 3amyctutu QyHKUi0 clock(), sika mokaxe poGounit wac. Jlns nouryky uacy
BHKOHaHHA (hparMeHTa KoAy NOTPiOHO SHAMTH PI3HALKO MIXK NOYATKOBHM T4 KiHLIEBHM
JacoM.

Ipuxnan 1

// Ak 3nalmu 4ac BuKOHAHHA $pazmeHma npo2pamu?
// 3azonoBkoBuil ¢ain 3 npomomunom nompibHoi @yHkyiil clock()
#include <ctime>
// .
unsigned int start_time = clock(); // nouyamkoBuii uac
// mym noBunen 6ymu ¢pazmeHm npo2pamu, 4ac BUKOHAHHA AKO20 Nompi6HO
obuucaumu
unsigned int end_time = clock(); // kinyeBul yac
unsigned int search_time = end_time - start_time; // wykanuid 4ac

[Ipuknazg 2

// Ak 3Haiimu uyac pobomu npozpamu?

#include <ctime>

// .

// mym noBunen 6ymu xod npozpamu, 4ac pobomu AKO20 nompibHO
Bumipamu

unsigned int end_time = clock(); // 4ac poboTu nporpamu

Bnockonaniennst Mmetoay 0yabGaimkn

[To-mepie, po3rIsHEMO CHMTyalilo, KOIH HAa AKOMY-HeGyab 3 NPOXOAiB He
Big0y0ca koaHoro o6Mmidy. 1llo ue o3uayae? Lle o3Hayac, 1o BCi Napu po3TalOBaHi B
[paBHILHOMY MIOPAZKY, TaK IO MaCHB BXKE BIACOPTOBaHHMIA. | npoaoskyBaTh npotec He

Ma€ CeHCy (0cobnMBO, AKUIO MAacHB OyB BigcopTOBaHHMil i3 camoro modatky!). Orxe,
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nepiue TOKPALIEHHA aNTOPHTMY MOJrac B 3amaMm'aTOBYBaHHI, 9 TPOBOXHMBCA Ha
JIAHOMY TIPOXOJi SKUiH-HeGyAb 00MiH. SIKIIO Hi - aNropHIM 3aKiHuye poboTy.

TIpouec NOKpaIIeHHs MOKHA HPOJOBKHTH, SKUIO 3aMaM'STOBYBaTH HE TINBKH
cam (akt o6Miny, a il iHmekc ocrammsoro obminy K. [lificHo: Bci mapu cycigmix
€eMEHTIB 3 HgeKkcaMH, MeHmmMH 3a K, Bike posTaliosadi B HOTPIOHOMY NOPAIKY.
TMopaneii TPoXomu MOXKHA 3aKiHTyBaTH Ha iggekci K, 3amicTs Toro, uiob pyxarucs 1o
BCTAHOBJICHOT 3a3/1AJIETLL BEPXHBOT MEXI.

SKicCHO iHIIE TIOKpIEHHS AaJNrOPHTMY MOXHa OTPHMATH 3 HACTYITHOTO
crocTepexxeHHs. Xoua nerka 6yns0anika 3HU3Y. MiZHIMETHCH HaBEpX 3@ OJMH IPOXil,
BaXKi OyIs0ANIKH OMyCKAIOTHCA 31 MiHIMANBHOIO UIBHAKICTIO! OJHH KPOK 3a iTepalliio.
Tax mo macus 2 3 4 5 6 ciuna 6yne Biacoprosauuii 3a 1 npoxin, a BIOPAAKYBaHHA
nocrizosHocTi 6 1 2 3 4 5 3axanace 5 npoxonis. 1106 yuukHyTH noxibHoTO edekry,
MOXXHA 3MIHIOBATH HATPAMOK TPOXOJiB, WO CHINYIOTh OAMH 3a onHuM. OnepxaHui

AITOPUTM 1HOZI HAa3WBAXOTH "HIeHKep-BHOPAAKYBAHHAM",

2.2 Nipakaan GyHKuii, gka peanizye meikep-alropuTM

void shakerSort(int a[], long size) {
long j, k = size-1;
long 1b=1, ub = size-1; // sl wedidcopmotiion woom

int x;
do
{
for( j=ub; j»0; j-- )Y { // =»
if (a[3-1] > a[jl ) {
x=a[j-1]; a[j-11=a[j]; alil=x;
k=3;
}
b
1b = k+1;

for (j=1; j<=ub; J++){ // npocid ae
if (a[j-1] > a[j] )
x=a[j-1]; a[j-1]1=a[jl; aljl=x;
k=3;
}

}
ub = k-1;
} while ( 1b < ub );
}

Ski BmACTHBOCTI 3MIHMAMCA Jj8 JaHOTO AaIropuTMy B TIOpiBHAHHI 3

GyIIBOAIIKOI0 — IOCITIMTH CAMOCTIHHO.

2.33aBaaHHA AJIA CAMOCTIHHOr0 BHAKOHAHHS

1. Ha npuxnagi macuBy 3 10 eleMeHTIB MOKa3aTH ITOKPOKOBE BHKOHAHHIA
meﬁKep—BnomeyBaHHH. MacuB 3an0BHHTH BUNIAJKOBHMH urcaamu Bix 1 mo 20*N (N-
HOMED I10 XKypHAIy).

2. IlpoBecTn MOPIBHAIBHAN aHAI3 KBAJPaTHYHHX aNrOpPHUTMIB, Yac BHKOHAHHSA
BHMIPSTH I8 Pi3HOI KiMbKOCTI enementiB mMacusy — 10*N, 100*N, 10000*N. [Hawui

3aIUCaTH B TaOIMIO

Anroput™m Yac (B MiTicCEKyHaaX ) JonaTtkosa | CTiHKicTB Hpupoanicts
nam’sThb

110N | 1100N | 10000N

Brniopsaxysanns
BHOOpOM

BriopsaaxkyBaHHs
Oynpbaniko

Lletikep-
BIIOPSLAKYBaHHS
(Moaudixaitis
OysbOark)

BriopsaakysanHs
BCTaBKaMH

2.4 IInTanus QJig CAMOKOHTPOJIIO
1. 3a SKMMM TapaMeTpaMH MPOBOAUTHCS OLIHIOBAHHS aJITOPHTMIB BIIOPIKYBAHHA?
. SIKi anTOPHTMU HA3HBAIOTH: JIHIHHUMH, KBAJPATHYHMMH, TOrapudmiuaumn?
. SIki anropHTMU HA3UBAIOTEH CTIHKUMH?
. SIki aNTOPHUTMM HA3HBAIOTH HPHPOAHUMHU?
. Sk xmacuQiKyOTh aIropuTMH 3a MOTPeGOI0 N0AATKOBOK NaM aTi?

. SIky nito BHKOHY€E ajirOpHTM LIEHKEP-BIIOPSAKYBAHHS TP i—TiH iTepanii?

IR WY B SN VL N S

. HaBextiTh MOpiBHAIBHNI aHANI3 METONIB BIIOPSAKYBaHHS Oynsbalukoro Ta weikep-
BIIOPSAKYBaHHS.

8. HaBeniTh MOpiBHAIBHMIT aHaJII3 METOJIR BHOPSAIKYBAaHHS BHOOPOM Ta BCTABKAMH,

9. HaBeniTh NOpIBHSMIbHUIL aHAI3 METOIB BNOPSAKYBaHHS Gy1b0allKo10 Ta BHOOPOM.

10. Ski ocob6IHMBOCTI METOAY BIOPSAAKYBAHHS BCTABKAMH 31 CTOPOKOBUM ejleMEHTOM?



JlabopaTopua podora Ne3
BropAaaKyBaHHS CTPYKTYPOBAHHX XaHHX
MeTa: 3akpinuT HaBHYKM pOGOTH 31 CTPYKTYDOBAHHMH JQHWMH THILY

«CTPYKTYP2» Ta HABHYKH BHKOPUCTAHHS aITOPUTMIB COPTYBaHHSL.

3.1 Teopernyni Bizomocti

Hexait € nocmigoericts a0, al... an i ¢yHKIlA HOPIBHAHHA, dKa Ha OyIb-sSKHX
JBOX eIeMEHTaX MOCHIIOBHOCTI NPUiiMae ofiHe 3 TPHOX 3HAYeHEL : MeHIe, Oinbie abo
JOopiBHIOE. 3aBaHHS BIOPSIAKYBAHHS MONATAE B MEPECTAHOBII WIEHIB MOCHiIOBHOCTI
TAKUM YHHOM, 06 BUKOHYBaacs ymoBa: ai <= ai +1, a1 Beix 1 Bix 0 7o n.

MokHBa CHTYallisl, KOJH eMEeMEHTH CKIANAIOTHCA 3 JEKUIBKOX MOJIIB

stryct
element {

feld x;

field v,

Sxmo 3HaveHHs (yHKUI] MOPIBHAHHS 3alEKHTh TUIBKK Bil mois X, TO X
HA3MBAKOThL KAOUeM, 33 SKAM BiIOyBacTbhCS BHOPAAKYBaHHA (a0 -Ime KaxyTb
snopaokyeanns). Ha mpakTHLli, SK X 9aCTO BUCTYIIa€ YHCIIO, a Hoae y 36epirac Oyab-ski
JlaHi, HifK [0 He BILIMBAKOTh Ha poBoTy anropuTMy.

3.2 llpukaan.

Po3rnsaseMo 4acTUHY TIPOTPaMH  BNOPS/KYBAHHS MacHBY 3alUCiB, IO MICTATB
HACTYNHY iH(pOPMAIIFO CTYAEHTIB: KOJ, NPI3BHIIE, PEWTHHT.

const int Surlen=30;
struct stud{
unsigned int id;
char surname[SurlLen];
double rating;
void stud_out()//meton ans sugegenHs ob’ewTa CTPYKTYPH HA expas
{
cout<<id<<surname<<rating<<endl; //noTpibuo apobuTk
dopmarTogane suBegeHHAl
}
};

void swap_char(char a[],char b[], int size) //npousaypa obminy
CHMBOARHEX Macusls

{

char temp;

for (int i=@;i<size;i++) {

temp=a[i]; a[i]=b[i]; b[i]=temp;

}
}
void swap(stud &S1, stud &S52) //npousiypa obMminy ABHAX THAY <CTYASHTR
{

swap(Sl.rating,S2.rating);
swap_char(S1.surname,S2.surname, SurlLen);

int main() {

int n = 3;

stud M1[3];

for (int i=@;i<n;i++) //BBegevHs Macusy CrpyxTyD

{//noTpibuo 3pobutn 3pyunnii invepdeitc ssegentn !
M1fi].id=1i;
cout<<"surname?"”;cin>>M1[i].surname;
cout<<“rating?”;cin>>M1{i].rating;

}

//1yr norpibno camocTiiko 3gilicHMTy BUBEgeHHR JaHMX Ha expawd!
(int 1 = @; 1 < n; i++) //snopapkyBands 6ynsbamkom onnoxy

CTYOeHTLS 33 pefTurrom

{

for(int j =1+ 1; j < n; j++) |
if (Mi[i].rating > M1[j].rating) { swap(M1[i],M1[j]);}

J/TyT notpibhe saliicHdT BUBEAEHHA BlACOpTOBaHMX HaHux HA expawr!!
return 0;

}

Oii! ¥V BigcoproBanomMy macusi He BCl 10ast BipHi. CaMOCTIHHO 3HAWTH IOMMIIKY

1 BiATIaroINTH MONaHUH (parMeHT PorpamH.

3.3 3aBaaHun 119 CAMOCTIHHOTO0 BHKOHAHHA.
1. Cknactu mporpaMmy aias opradizauil podoTH 31 CTPYKTYPOK 3riZHO 31 CBOIM
BapiaHTOM. Bapiant ¥ po3paxoByerbes 3a opmyiow V= Nmod6. Oprauizysatu
BOOPAAKYBaHHA K naHMx 3a BKa3saHAMH KIIOUAMH A8 JEMOHCTPALil CTIHKHX i
HECTIHKHX alITOPHUTMIR BIOPAIKYBaHHA (AIFOPHTMH BIOPSAKYBaHHs BUOMpATH Ha CBii
CMaK). e e

B e Tl e ooty e oL L dacesilatal
2. loaatn 10 CBOET CTPYKTYpH me OJiHE TOJIE &7 aary‘gﬂapqmwu 8,}1{3413,[1)’, noxymm i

T.1L.), 9Ky OQOPMHUTH K CprKTyﬁ)y 3 TPbO



3. JlonatH 10 CBOET POrpamMu BHOPSAKYBAHHA 32 AATOH0.
4, PeanizyBatn nporpaMHO MOXITHBICTE BHOOPY KOPHCTYBaYeM KJII0Ya BIIOPAAKYBAHHS.
To6To B pe3ynpTaTi mporpama MOBHHHA NPAIIOBATH 33 CXEMOIO!,

— BBeJeHHs iH(opmanii;

— BHBEJCHHS [aHHX B HOPSAAKY CTBOPEHHS;

— 3alMT, B AKOMY TIOPAIKY X04eMo ix 6aunuTH, HanmpHKIaj,

0 — B monepeHEOMY TOPSIIKY; 1 — BIOPAIKOBAHUX 3@ MPI3BHIIEM,

2 — BIOPSIKOBAHHX 32 POKOM HApOKEHHH, 3 — 3a pefiTHHTOM.

OYEBMIHO, BUBOJMTE [IaHi, BIIOPSAKOBaHI 33 BUOPAHNM ITyHKTOM.

Bapiantn 3aBnann

1. Indpopmanis mpo K mpauiBHMUKIB MANMPHEMCTBA 33JA€TBCA PANKOM TaAKOTO
ianmsmy: HOMeEp [ACIopTa, MPi3BHILE, CIENiaTbHICTh, CTaX, CepeHill okman.

Kmoui: a) noMep nacnopra, 6) cepeaniit okman. K=8.

2. Indopmanito npo T moAOPOKHIX MICTHTE Taki nosa: kox Ginera (uine uncio),
Ipi3BHIE Nacaxkupa,indopmaris nmpo 6arax — KinbKicTs pedei i 3aranbHa Bara.

Kmroui: a) ko 6istera, 6) Bara Garaxy. T=10.

3. € ingopmanis 3a migcyMKaMM iCOHTIB B IHCTHTYTI, BCHOrO B CHcKy M
ctyfeHTiB. [To KOXHOMY 3i CTYHEHTIB € Taki BIZOMOCTi: HOMep 3aliKOBKH, Tpi3BHUIIE,
OIiHKA 3 MaTeMaTHKH, OuiHka 3 iHdopMaTHk# Ta ouiHKa 3 ¢izvku, peliTHHr
(06UHCITIOETHCS ABTOMATHYHO [1iCJIA BBE/ICHHS OLIHOK AK IX cepefiHe apupMeTHIHE).

Kuroui: a) HoMep 3amikoBKH, 6) peiiTiHr. M=6.

4, Bigomicts mpo P npanisHukis kommaHii MicTuTh Taky indopmaitiio:
0COBHCTHI HOMED (KM BUPXKAETHCS LM YYICIOM), [IPI3BUILLE, BiK, CTaX, OKNAA.

Kmoui: a) ocobuctuit Homep, 6) ctax. P=9.

5. KaproTeka BigeoTekn opraHizosada MicTHTh iHdopMaiito npo S ¢imsMis: KOA
GineMy (BUpaKAETHCA LITNM YHCIOM), Ha3Ba (iIBMY, BapTICTh, PEXHCED.

Kiroui: a) ko ¢dinemy, 6) Bapricts. S=10.

6. € indopmallis MPO YYACHHKIB oniMmmiazy 3 iHGOPMATHKH: Cepis macnopra,
npi3BuIle, HA3B HABYATIBHOTO 3aKIIamy, BiK.

Krtroui: a) cepist ntacnopra. 6) Bik.

3.4 lluTanHs 11 CAMOKOHTPOJIIO
1. B woMy 0COOAMBICTE BIOPAAKYBAHHS CTPYKTYPOBAHUX AaHHX?
2. SIK 3AiHCHIOETBCA 3BEPTaHH O HOJIB CTPYKTYpH?
3. Sk 3AiCHIOETHCS 3BEPTaHHS IO HOJIB CTPYKTYPH, SKA € eIIeMEHTOM MacHBy?
4, SIkmil THI JAHAX BAKOPHCTOBYETHCS I 30epeKeH s JaHUX Pi3HHX 6a30BHX THIIB?
5. o Take «KII0Y COPTYBAHHS»?
6. Un BiApI3HATHMYTHCA B 3aralbHOMY BUMAJAKY Pe3yJIbTaTH BIOPSAKYBAHHS MACHUBY 32
pi3HUMH KMI0damu? Biamosigs o6rpyHTyiiTe?
7. Un Moxe OyTH KITFOUOBHM
— TEeKcToBe mnoje?
— 4ucnoBe nomne?
— JorivyHe mone?
8. Ski i3 BKa3aHHUX M0JIiB MOXKHA BUOHPATH KIIOYOBHMH!
— HOMEp I10 HOPSIKY,
— Mpi3BUHIE,
— cepexHs OLIHKA,
— HOMep nacnopra,
— ajpeca.
9. HopisBHsiiTe 3HAYECHHS KIIOYOBOTO NOJA AN 0a3 AaHUX Ta KJIKYOBOIO BHMALKY ISt
AJITOPUTMIB COPTYBaHHSI.
10. B yoMy ocobamBicTs npoueaypu 00OMiHY ABOMa CIEMEHTAMK MACHBY CTPYKTYp?
11. HaBemiTe TpHKIAJU MacHBIB CTPYKTYPOBAHWX AaHHX Ta MOXJIMBI KIOUl 1jis 1X

BIIOPAAKYBAHHA.
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JlaGopaTopna podora Ned
BrockoHaseHi aaropuTMH BIIOPSAKYBAHHSA
Mera: Ha6yrTs mnpakTHYHHX HABHYOK Ta BMiHb pOOOTH 3 JorapuMiuHHMH

aJIrOpUTMaMH BIIOPAAKYBaHHA! HipaMiZ[aIIbHPIM, IMBHIKHUM, 3JIUTTAM.

4.1 TeoperwuHi Bitomocti

ITipaminanbHe copTyBaHHA

AJITOpuTM MipaMiaTbHOTO COPTYBaHHA BUKOPHCTOBYE NPEICTABICHHS MaCHBY Y
Bursani gepesa. Hexail A — nesxui MacwB. 3icTaBUMO oMy AEPEBO, BHKOPUCTOBYIOYH
HACTYTIHI IpaBHIA:

1. A[1] — xopiHs niepeBa;

ARi] l Alzitl]

2. Sxmo Afi] — By3on aepesa ta 2i < n, To A[2i] — «niBuii cHH» By3na A[i]

3. dxumo A[i] — By3on nepesa 1a 2i + 1 < n, To A[2i+1] — «npaBuit cuH» By3na
Ali]
MMpapuna 1-3 BU3HAYAIOTE Y MACUBI CIPYKTYPY Aepera, MPUUOMY TTHOUHA lepeBa
He mepesepurye log; n + 1. Boun % 3apaiots crocib pyxy 1o jiepeBy Bifl KOPEHS 10
aMceTkiB, Pyx Bropy 3amaeTecs npaBuiioM 4:
4. Sxmo A[i] - By3on aepesa Ta i> 1,10 Ai mod 2] — «Barsko» By3na A[i] ;
JlepeBo, Ans eeMEHTIB SKOr0 BHKOHYIOTBCA BKA3aH YMOBH, Ha3HBA€THCH
COPTYIOUHM.
Anroputm HeapSort npaitoe B 1Ba eTany:
1. [ToGymoBa copTyrO4O0ro Jepesa;
I1. TIpociBaHHS €NEMEHTIB 0 COPTYIOUOMY JEPEBY.
IlIBMKe COPTYBaHHSA
MeTon 33CHOBaHHMI Ha MiIXoi «po3aiisil i Bomofaproiy. 3aranpHa CXema Taka:
1) i3 MacuBy BHOMpacTCa fiedKHil OIOPHUIL eneMeHT ali];
2) 3amyckacTcs MpOUENypa PO3iNEHHS MacHBy, SKa HepeMillye BCi Kmrodi,
MeHIIi, a6o piexi a[i], BOiBO Big HBOTO, a BCl Kito4i, Ginkui, abo piBHia[i] —

BOPABO;
20

3) Terep MacHB CKIaNacThes 13 ABOX HIIIMHOXKHH, IPUYOMY TiBa MeHIIa, abo
piBHA IpaBiif;
4y nmns 000X MmiAMACHBIB: KOO B IMiAMacuBi Oimble JBYX €JIEMEHTIB,
PEKYPCHBHO 3aITyCKacMO ATl HBOTO Ty K€ IPOLEeypy.
B KiHII OTpUMAaEMO TIOBHICTIO BiZICOPTOBAHY HOCTITOBHICTE.

BrnopsaakyBaHHA 3JIHTTAM

lukomu  BHHHMKae morpeba INPALFOBATH 13 CYKYIHOCTSAMH, SKI HEMOXIIUBO
3aBAHTa)KYBATH y MaM’AThb B MacHBH. Taki CyKymHOCTI 3HaxomarTbcs y ¢ailinax Ha
30BHIIIHIX Hocisx. Hagam 6ymemo posmispatd nocnigosui aitmm, Todro Taki, ans
SKHX B KOXNHHI MOMEHT uacy JOCTy[THAa JHINE OAHa KOMMOHeHTa. O3HaudeHy
CYKYITHICTB €JIEMEHTIB OyIeMO HA3UBATH HOCAIOOBHICHIO.

OcCKinbKH B TOCHIAOBHOCTAX MH HE MAaeMO MOXIHBOCTI cTpubatH mo ix
e/leMeHTax, TO MOMePeHI MEeTOU COPTYBAHHS 3aCTOCOBYBATH HEMOXKIHBO. 3aMiHHMO
iX 3auTTAM ABOX abo Oijbilie  ymopsAKOBaHMX MIANOCAIZOBHOCTE B  OAHY
YIOPSIIKOBAHY.

10ess memooy

1) IocmigoBHICTE a po3i0’eMo Ha ABI yacTHHU b i ¢.

Yactuarr b 1 ¢ 37MBAaTUMEMO, fIPM  LUBOMY  OJMHOUHI  €JEMEHTH
YTBOPIOBATUMYTb YIOPSAAKOBAHI NAPH.

3)Opmepkana NOCTHIAOBHICTH MNiA  IMEHEM a 3HOBY 00poOascThes, ane
YIIOPAAKOBaHI NapH 3aMIHAIOTECSA YETBIPKAMIA.

4)loBTOprOIOYM mONenep/Hi KPOKH, 3IMBAEMO UETBIPKH Y BICBMIPKH i T.J.,
KOXHHH  pa3 TOJBOIIOYH JIOBAUHY 3JMTHX IMIMOCHOBHOCTEH 10 TOro

yacy, A0KH He Oy/e YNopsAKOBaHa BCS NOCHIZOBHICTS.

4.2 Illpukaang

Posrngsemo ¢yHKUii, AKI peali3yloTh BKa3aHi BHILE aIropuTMH. Yeuca! Y
IPHKIALAX NPONYILEHO JesKi YaCTHHH.
1. Hipamioanshe enopsiokysanns
a) [Ipouenypa npocitoBaHHs k-ro eneMeHTa yepes mipamigy — MacHB po3Mipy size

void downHeap(int a[], int k, int size)//

{
int child; int tmp; tmp=al[k];
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while (k<size/2)//noKu & B3HOTO SASMEHTA € HAlAAKK

{
child=2*k+1; if((child<size-1)&8(a[child]<a[child+1])){child++;}
if (tmp>=a[child]) {break;}//vosuil enement Hinvuni 33 scl pani
nipaminu
a[k]=a[child];k=child; a[k]=tmp;

}

6) Ipouec BriopsakysauHs macury (N-po3Mip MacuBy)

//notynora 3 exiaworo macusy nipamign
for (i=N/2-1;i>=0;i--) downHeap(a,i,N);
//BnacHe cama nNpouesyps BNOpAaKYRaHHa
for (i=N-1; i>@;i--)

{

last=a[i];a[i]=a[@];a[@]=1ast;

2. Illguoxe nopaokyeamus
void quickSort(int a[], long N) {

/7 Ha Bxoal - macus all, N - HOMER OCTamHBOrQ efemMexTa.

long 1 =@, j = N; // nocrasuTu Brasipruky a novatrosl micus

int temp, p;

p =a[ N>>1 ]; // uenTpancHii essment

// npouecaypa posplsenns

do {
while ( a[i] < p ) i++;
while ( a[j] >p ) j--;

if (i<= j) ??2?P3pifcrmTy OBMIH eoMRHTAMM
} while ( i<=j );
7/ PEKYDOUBHL BUKAWKY, AKIO €, U0 COpTYRATH

if ( §j > @) quickSort(a, j);
if ( N >i ) quickSort(a+i, N-1i);

}

3. BnopsiokyeamHst 3nummsm

a) Mpoueaypa 31UTTA BNOPAAKOBAHMNX YacTHH MacuBy y Oydep-mpoMikHHA Macub

temp 3 NOJATbIIMM TlepeHeceHHsM BMicTy temp B afleft]...a[right]
void merge(int a[], long left, long split, long right) {
long posl=left; // novodHa no3uUis WMTAHHA 3 fepuol
nocaigosrocti alleftl. . alsplit]

long pos2=split+l; // novoqna nosuuls wvTanua 3 apyrol
nocaigosrocti alsplit+i]...alright]
long pos3=0; // noTouda noswylia 2anucy B temp

int *temp;

temp = new int{right-left+1];
22

// NPpOROBXYETHCA BANTTA, NOEKM € X04a § O4uH SASMENT B KOXHIR
nocaigosnocTi while (posl <= split &% pos2 <= right)

{
if (a[posl] < a[pos2]) { temp[pos3] = a[posl]; pos3++;posl++;}

else {temp[pos3] = a[pos2]; pos3=pos3++;pos2++;}

}

/7 opna nocnipoBricTh 3akiHYMNach- KOMLOBATY 3askaok inucl B

Kineub bydepa
while (posl <= split) // noxu nepwa nOCALACBHICTE HEROPOKHS

{ temp[pos3] = a[posl]; pos3++;posli++;}
while (pos2 <= right) // noxa apyra noCALBOsHICTS HEROPOXHA

{ temp[pos3] = a[pos2]; pos3++; pos2++; }

/4 ckonlmsary Gydep temp s alleft]...alright]
for (pos3 = @; pos3 < right-left+l; pos3++)
afleft+pos3] = temp[pos3];

delete [] temp;

}

6) IIpouenypa Ge3nocepeAHBOrO BIOPAAKYBAHHS MACHBY
void mergeSort(int a[], long left, long right) {
long split; FF IMAEKE, 3d AKAM ALAuMo MadcuB

if (left<right)// sxwo € Glabuwe, ik 1 enemMeHT

split = (left + right)/2;
mergeSort(a, left, split); // coprysaru nisy noaosuny

merge(a, left, split, right); /7 06T EOHATY MacnBN B OjuH

4.3 3aBaannsg 11 CAMOCTIHHOI0 BUKOHAHHS
1. IIpoananisyBari NPUKIAAH 1 AOMOBHUTH YACTUHH, IKHX HE BUCTAYaC.
2. Tpoimoctpysatu rpadiuno pobOTy MIPAMiayibHOrO COPTYBAHHSA Ha NpPHKIAI
BINOPSAKYBAHHS MacKBy 3 10 UiNHMX e1eMEHTIB.
3. Hamucarn nporpamy, sika BnopsakoByc macus 3 1000 BMNaakoBMX eNeMEHTIB Ha

BUOIP OIHHUM 13 METOAIB: NMiPaMiJaIbHUM, WIBUIKAM, 3HTTIAM.
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4. 3ar0BHHTH TaOIHLIIO

AJITOPHTM Yac (B MiTiceKyHaxX) Jlonatkosa | CrifikicTh [pupoanicts

nam’aTb

100N | 1000N | 10000N

IlipaminasnbHe

BHOPANAKYBAHHA

Hisnake

BIIOPSIAKYBAaHHS

Bropsaxysanns

3IUTTAM

4.4 IIluTagHe 419 CAMOKOHTPOJIIO
1. Llfo Take «rmipamifia» s MipamiZajbHOTO BIOPSAKYBAHHS MACHBIB?
. 3 SKHX eTaIiB CKIANACTHCSA NipaMigaTbHe BHOPSAAKYBaHHA?
. OUiHiTBh CTIHKICTB Ta MPUPOHICTS MiPaMigaIbHOTO BIOPSIKYBAaHHS.
. SIKi repeBary IWBKIKOTO BIOPSAKYBAHHSI MAaCHBIB nepe/l MipaMijanbRum?

. 3 AKHX eTamiB CKITAJACTHCS IBHKE BIOPSIOKYBaHHA?

2

3

4

5

6. OUiHITH CTIHKICTH Ta MPUPOAHICTH MIBUAKOTO BIOPSIKYBAHHS.

7.V SKHX BHMAAKax JAOULTBHO 3aCTOCOBYBATH BHOPAAKYBAHHSA 3MUTTSIM?

8. Ilo BinOyBaeThes pH i-Tii iTepauii BMOPAAKYBaHHA 3MHTTAM?

9. 1o BiabyBacThes TIPH i-Til iTeparii mipamMigaJbHOTO BIOPAAKYBaHHA?

10. Lo Bin6yBacThes npH i-Ti iTepawil MBHAKOTO BIOPAAKYBaHHS?

11. OuiHiTE CTIHKICTL Ta IPUPOAHICTh ANTOPHTMY NIPaMiTaIbHOTO BIOPANKYBAaHHS.

12. O1uiniTh CTIMKICTH T2 IPHAPOIHICTE ANTOPUTMY LUBHIKOIO BHOPSAKYBaHHA.

13. OuiniThk CTIHKICTH Ta NPHPOIHICTE AATOPHTMY BIIOPAIAKYBAHHSA 3IATTAM.

14, HaBeniTh MOPiBHANLHY XapaKTepUCTHKY AITOPHIMIB MipaMiJaibHOTO Ta MBHIKOTO
BIOPAAKYBaHHS.

15. Y Axkpx BUNAgKaX Kpallie BAKOPHCTOBYBATH BIIOPSAKYBAHHS 3OHTTAM?
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Jla6opaTopHa podoTa NeS
Cnocodu opranizauii cnuckis
Meta: 03HaHOMHTHCA 13 OCHBHAMH CcHOCO0aMH OpraHi3amii CIHCKBI Ta
0cOGIMBOCTAMH iX NPOrpaMHOi pearizawii; HabyTH MPaKTHYHHX HABHYOK IO poboTi 3

NPOCTHMHM COHCKaMH JIBOX THIIB: Ha OCHOBI MAaCHBIB Ta HAa OCHOBI BKa3iBHHKIB.

5.1 TeopeTuuni Bizomocri

JIiHIfHAN CIUCOK — 1€ CKIHYeHa MOCTiOBHICTh OJHOTHIIHUX €JIEMEHTIB (BY3IiB),
MOXUIUBO, 3 TOBTOpeHHAM. KiNBKICTh €IeMEHTIB Yy NOCHIJIOBHOCTI HAa3MBAETHCS
JIOBXKHHOIO CIIHCKY. BoHa B mpotuteci poboTH mporpaMu Moxe 3minroBatucs. JliHiiHuil

CITMCOK [, IO CKJIAZacThCd 3 €JIEMEHTIB dd,,...d AKI MalTb OAHAKOBUH THII,

2y

3aIUCYIOTh ¥ BUTIAAl L={d,.d,,....d,), a6o 306paxaiorh rpadiuto.

[T} o{@Z} {3} -~{dn]

BaxinBoro BIACTUBICTIO NIHIMHOTO CIUCKY € Te, WO HOro €JeMEHTH MOXCHA

JHIAHO BIOPSAKYBATH Y BIAIOBIHOCTI 3 1X MO3HLIEIO B CIHCKY.

Hap niHiftHKM crickoM NONycTHMI HACTYNHI onepauii.

Onepayisi 6cmasku — BCTABISE CEIEMEHT B KOHKPETHY MO3HLIKD B CIIMCKY,
MepeMILIYIOYH €eMEeHTH BiJ L€l TO3MLIl 1 Jali B HACTYMHY, O11bLI BHIILY O3HLITO.

Onepayis Aoxkanizayil — NoBepTae MO3ULII0 00’€KTa B COHMCKY. SKIIO B CIUCKY
00’€KT 3ycTpidaeThes NeKiIbKa pasiB, TO TOBEPTAETHCS MNO3KLISA MEPIIOTO BiJ NOYATKY
cnucKy 00’ekTa. SIKio 06’ ekTa HeMac B CIIHCKY, TO NOBEPTAETLCS 3HAUCHHS, AKES PiBHE
JIOBXKHHI CIUCKY, 301IbLICHE HA OAMHHLLIO.

Onepayis 6ubipku eaemenma 3 CRUCKY — IOBEPTAE €IEMEHT, AKHH 3HAXOANTLCS B
KOHKpPETHIH no3uuil crmeky. Pe3ylb1ar He BU3HAYCHMIA, SKIMO B CIUCKY HEMAE Takol
no3uLi.

Onepayiss euyyennss — BWIY4YaC €NEMEHT B KOHKPETHIH no3uuii 3i coucky.
Pe3ynbTat HEBU3HAYCH U, AKIIO B CIMMCKY HEMAC BKA3aHOT MO3MLLT.

Onepayii’  6uGIpKu  ROREPEOHHO2O | HACIMYAHO2O CREMEHMA — TIOBEPTAIOTH
BIANOBIAHO HACTYMHIN 1 NONEpeAHid ¢NEeMEHT CMUCKY BIIHOCHO KOHKPETHOI NO3MLI B

CITHCKY.
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Ha HacTynuoMy puCyHKY npuBefeHa CTPYKTYPa OHO3B A3HOTO criucKy. KoskHui
CNUCOK TOBMHEH MaTH OCOOIHMBHII eNeMeHT, SKUH HA3HBA€ThCA NOKAKYMKOM Ha

TIOYaTOK CIHUCKY, ab0 roI0BOI0 CITMCKY.

[ lonoBa cnucky l————->| Inf I NeMnf [NextJ—»{ Inf | NULL ]——b'

TMpote, 06poGka OAHO3B A3HOTO CIHCKY HE 3aBXKIH 3pYUHA, OCKLNBKH BIACYTHA

MOMJIMBICTE TIPOCYBAHHS B [IPOTHIICKHY CTOPOHY. Taky MokIHBICTE 3abe3medye ABOX-
3B’A3HMI CITHCOK, KOKHUM €IEMEHT SKOTO MICTHTH [[Ba TIOKQXYHKH: Ha HACTYNHHIT 1
TIOTIEPEIHIf eIEMEHTH CITHUCKY.

L_] NULL [Inf] Next [ o] Prev [inf] Next |5 Prev [ Inf] NULL]'—'I

Jnst 3pyunocti 00poGKM CMHCKY NOJANOTH e OJHH OCOOIHMBHA €IEMEHT —

HOKAXYMK KiHIA COUACKy. HasBHICTE [BOX TOKaKYMKIB B KOXKHOMY €JIE€MEHTI
YCKJIAMHIOE CIIMCOK i MPUBOIUTH /10 JOAATKOBUX BHTpAT IaM’ATi, ale B TOH xe Jac
3abe3mneuye Ginblr edeKTHBHE BUKOHAHHSA [EAKHX OIepalliif Hajl CTHCKOM.

Bcmaska enemenma 6 cepeOuHy 00HO38 SI3HO20 CHUCKY

a) BCEpeNHHy CIHCKY

prev

inf [ Next |»{ Inf [Next]»

2

f) Ha NOYaTOK CHMCKY Ha MOYaToK CHHcKy. IIpu Takiif omepauii mosuHeH
MO (PIKYBATHCS TIOKAKYHIK HA TI0YATOK CTIUCKY:

head

Budanenns enevenma 3 00H036 831020 Cnucky OJist 080X éapianmie —

3 cepedunu i 3 20108

prev del head del
i [Nel’“l—;Z»I Inf ]NEX‘I’)T—_:[ Inf ] Next}-»- x‘::[ Inf ]NextP<F:[ inf_ | Next |-+
3 cepeauHn 3 no4artky
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Ilepecmanoexa enemenmie cnucky (6e3 BpaxyBaHHA IOYATKOBOTO €JIEMEHTA)

prev @y ]
I::] inf [ Next [2& Inf [Next [P Inf | Next < Inf | Next |-
' ' A (3) (1)
L

5.2 Ilpuxnaau nporpamuoi peanizauii cnuckis

1) 3a gomoMoreo Macusis

typedef int position;
class List {

int EL[N];
int last;

public:

};

List(){last=-1;}

void MakeNULL();//pobutes Crdcor riopokHis

void del(int p);//sBupanie eaement 3 nosuwyll p

void insert(int x, position p);//scrapnne enemedt 8 nosaibo p
void add(int x);//upoaee enemerT g0 omcky (B KiHeus)

void print();//pusosnts CrMcoK Ha ekpan

void List::add(int x)

{

}

if (last==-1){EL[@]=x;last=1;}
else {EL[last]=x;last++;}

2) 3a 10NOMOroI0 BKA3iBHHKIB

struct element //eaemenrT COMCKY 13 BKASLEHAKOM Ha HACTYNHWA GALMENT

{
int element_list;
element *next;
¥
class List {
element *header;
public:
List();
vold add(int X); //aHanoriusHo, sk y noneseanboMy Biagky
void print();//avanoriamo, AK Yy RONepeaknoMy pagky )
1

List::List() { header=NULL;}
void List::add(int x) //dyrkuis. Aka A0AHE €AEMeHT X A0 CONOBK CIUMCKY

{

}

element *p;

p = new element;
p->element_list=x;
p->next=header;

//if (header==NULL) {last=p;}
header=p;

void List::print() //¢yuruls. #ska BUBOANTE CIMCOK Ha @xpan

{

element *p;
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p=header;
int k=0;
while (p!=NULL)// rioxu He JOCSTHYTO KiHeUk COWCKy

k=k+1;
cout<<p->element_list<<endl;
p=p->next;

if (k==0) {cout<<"empty List"<<endl;} // ropigomneHus y Bunaixy
NOPOKHBOID CMHCKY
else cout<<"end_of_list"<<endl;

}

5.4 3aBaaHHA JUIA CAMOCTIHHOTO BHKOHAHHH

1. Jlonucatn dyukwii s poGotu 3i coMckamu. 3po0HTH NPOrpaMM II€BMMH i
HpPOZIEMOHCTPYBaTH PoGOTY KOXHOI i3 3anpononoBannx $ynknii. Hanucaty nporpamy
M1 00 €IHAHHS IBOX CIHCKIB B OXMH.

2. OpraHi3yBaTH CIHCOK 3 €J€MEHTaMHM, BiAMOBIIHHMY MO 3aBAaHb 3 1a0.pob. Ne3
(cnmcox ¢TpykTyp). Bunosminntu (e € neobxianicTs) dbyHKuUiT o pobOTi 31 cIucKoM.
3. Hanucatd mporpamy BIOPAAKYBaHHS CIHCKiB (ka0d BHOpaTh caMoOCTIHHO, MeTon
BriopaakyBanas Tex). Hanucaru mporpamy mnst o6’eaHaHHs ABOX BIICOPTOBAaHUX 3a

OJIHAKOBHM KJTIOYEM CITUCKIB B OJIHH BiICOPTOBAHUI1 CITHCOK.

5.4 ITutanna 1751 CAMOKOHTPOJIIO

1. Illo npenctagase cobol0 «CMHACOK» K CTPYKTYpa JaHux?

2. SIki 0co6IMBOCTI OpPTaHi3alii JaHUX Y CTPYKTYPI «CTIIHCOK»?

3. Slki ocHoBHi QyHKIIT O po6oTi 31 crickaMu?

4. SIki CTPYKTYpHi eneMeHTH 0GOB’SI3KOBO MICTHTH CIIHCOK, @ SIKI — MOKYTh OyTH
JOJaTKOBAMHU?

5. B woMy nepeBaru Ta HeJI0NiKK OpraHi3anii CIUCKIR 32 10MOMOro0 MacuBiB?

6. B uoMy riepeBaru Ta HeJOMIKH OpraHizanii CIHCKIB 32 JOTOMOT0I0 BKa3iBHHKIB?

7. HaBeiTh NOPIBHAIBEHY XapaKTEPUCTHKY CIIOCOGIB opraHizanii CIIMCKIB.

8. HapeniTs MpuKnagy JOMiTBHOCTI BHKOPUCTAHHS MACHBIB A1 OPraHizawii crucky.

9. HapeaiTe MpUKIaqH IOIITLHOCTI BAKOPUCTAHHS CIUCKY HAa OCHOBI Ba3iBHHKIB.

10. ¥V yoMy 0coOIHBICTD KiNBLEBUX CTIMCKiB?
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JlaGoparopna podoTa Neb
Po6ora 3 0iHO3B SI3HMMH Ta ABO3B’A3HHMH CHHCKAMH
MeTa: 3aKpillTIeHHSA BMiHb Ta HABHYOK T10 OMPAIIOBAHHIO CIIUCKIB PI3HHX BHAIB.
6.1 Teopernuni Bizomocri

Ilpencrasnenns 0HO3B A3HOTO CITUCKY B 11aM’sITi

Tonosa cnucky INF|NEXT INF|NEXT INF | nil

1

IlpencraBneHHs ABO3B’S3HOTO CIIUCKY B aM’STi

Kitteun cumexy '

nil

l'oaosa cuery

INF [NEXT PREV| INF |NEXT PREV| INF

nil

BceraBka esieMeHTa B OHO3B’ A3HHUI CIUCOK

BcTaBka eneMenTa B 1BO3B’ A3HMH CITIMCOK

prev
. NEXT 3¢ NEXT NEXT > . ...
— >
INF INF INF
- «—{PREV %—- PREV PREV he— « - .
I@» NEXT @)
cur INF
4 1
Ll D ppey 0

O}.IHaK Taki AJrOPUTMH HEC NPALIOKOTH UId BCTAaBKH €J1€MECHTA HA MMOYATOK CITHCKY.
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Bceragka enementa B 1104aTOK OJHO3B I3HOTO CIIHCKY class list
{

head - public:

cell *header;//sxka3iBHuK H3 NOHMETOK CINCKY

cell *tail;//mxkaziBhux Ha KiHeus Crscky
public:

list() {header=NULL;tail=NULL;}

void add();

void print();

}s
IMepecraHoBKa CYCiZHIX eTeMEHTIB CITHCKY void list::add()
{
a) OTHO3B’ A3HUI CITMCOK cell *p;
P

p = new cell;
cout<<"input surname”<<endl;

@) |
l—leF'NEXTJ—xE‘ INF| NEXT |-3¢— INF| NEXT INF[NEXT | - - - cin >>p->data.surname;
T T 5 cout<<"input rating"”<<endl;
I - m cin >>p->data.rating;

s o if (header==NULL)
6) nBO3B’A3HAH CTICOK {header=p; tail=p;tail->next=NULL;header->previous=NULL;}

prev

+9€ else {

"+ PREV & [PREV A p->next=NULL;

INF INF p->previous=tail;
NEXT | (M - NEXT{—>- -+ tail->next=p;

@ ] tail=p;
}
t_, "—X—J }
y PREV
" INF INF

il

*

PREV 6.3 3aBaauus s caMOCTIHHOTO BUKOHAHMS

« o v ol 1 17 M M £ Y g
NEXT 1. Hanmncatu nporpamy, fika AEMOHCTPYe OCHOBHI Aii no po6oti 13 JBO3B’A3HHM

| NEXT
4 . . N
l—) I “ |(6) CITMCKOM 1[IIHX UHCes | NPONOHY€ KOpUCTYBady BHOIp Ail:

&K

-~ OYUCTHUTH CIIHCOK

6.2 NMpuxnag — JI0JATH EJIEMEHT A0 CIIUCKY (B KiHEWb)

Hapemenuit QparmeHT TporpamMy peanizye NOJABaHHS €NEMEHTAa B KiHENb . .
— BHIIYYHTH BKa3aHHH €IEMEHT 31 CIIUCKY

JBO3B’A3HOTO CIOHCKY. B crmcky micTurhes HacTymHa iHdopmatis nmpo cTyIeHTiB — . .
— BU3HAYMTH KilbKICTH SJIEMEHTIB Y CUCKY

TIPI3BHINE Ta PEHTHHT. . - . - .
— IOMIHATH [Ba CYCiZHI €IeMEHTH MiCLAMK, SKi CITAYIOTh 32 NO3HLICIO P

struct stud
{ — 00’¢aHaTH ABa CIIMCKH B OJUH

char surname[20];
double rating;

};: uct cell — LUIAXOM AOMUCYBAHHA APYTOTO CIIMCKY B KiHele epLIoro CrMCKy
STruUCy

— 3 YTBOPE€HHSM HOBOTO CITHCKY

Ipu BUKOHAHHI BCIX it HepenbaunTH BII0OPAKEHHS ITOTOYHOrO CTaHy CIUCKY.
stud data;
cell *previous;
cell *next;

Crocib peanizawii cnucky — Ha BHOIp.

s

2. Ilpuxnao peanizayii ymeopenHst HOB020 CRUCKY WAAXOM 3MUMMSL 060X CRUCKIE
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list merge_lists(list LL1,1list LL2)

{
list LL;
cell *ptr;
if(LL2.header!=NULL)
{if (LL1.header==NULL){LL.header=LL2.header;}
else
{
ptr=LL1.header;
while(ptr->next!=NULL){ptr=ptr->next;}
LL2.header->previous=ptr;
ptr->next=LL2.header;
}
}
LL.header=LL1.header;
return LL;
}

3aBnanns. PeanizyBaTd aHAJOTiUHy nporpamMy /s poOOTH 31 CBOIM BapiaHTOM

CTPYKTYPH 3 peami3alielo HaCTYITHHX (hyHKIii:
— Ogepsxatyn noctyn 10 k-ro By3ma Crmucky.
— BxumrounTn HOBHMIT BY301 Ge3m0cepetHEO mepea k-HM By3IoM.
— O6'canaru nsa (abo OinbLie) NHIAHAX CIHCKH B OJTHH CITHCOK.
— Po36uTn niniitauit coucok Ha gBa (abo 61nblle) CIIUCKH.
— 3po6uTH KO JiHIHHOTO CITHCKY.
— Bu3HaYATH KiNBKICTE BY3IIB Y CIIUCKY.

— 3pHaiiTi B CIIMCKY BY30J1 13 33JaHUM 3HAUCHHAM Y [ESKIM ITOTI.

6.4 Muranus 119 CAMOKOHTPOTIO
1. o Take CIHUCOK SIK CTPYKTYpa AaHUX?
2. SIki € cmocoOu oprasizaiii CnucKiB B 1am’ATi KoM "torepa?
3. SIki ocHosHi ¢yHkuii no podori 3i cunckamu?
4, SIKi CTpYKTYpHi eTeMeHTH 0008 SI3KOBO MICTUTB CIINCOK?
4. SIKi cTpyKTypHi €leMeHTH JOAATKOBO MOXE MICTHTH CITHCOK?
6. Tepesary i HenMOMiKK OpTaHi3aNil CIHCKIB HA OCHOBI MaCHBIB,
7. Ilepesarw i HeOMIKA OpraHizalii CHMCKIB 3a JONOMOTOIO BKa3iBHUKIB.
8. Jlns gxux 3a1a4 JOLIILHO 306epiraT CIUCKH Y BUDIIAAI MacHBiB?
9. s IKHX 33724 J0IINBHO OPraHi30ByBaTH CITHCKH 3a JIOTIOMOTOR BKa3iBHHKIB?

10. HaseniTh MOPiBHANLHHIT aHATI3 BHBUCHHX CHOCOOIB OpraHi3auii CIMCKIB.
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JlaGopaTopHa podota Ne7

CrekH Ta yepru

Mera: HaOyTTs NPAKTUIHHX BMIHb T2 HABHYOK IO POOOTI 3 CTEKaMH Ta Yepram.

7.1 TeoperuuHi BigomocTi.

Crek (stack) — miHIHAA CIHCOK, Y AKOMY BCl BHAANCHHS ¥ JONOBHEHHs (i

3BHYaHHO BCAKUI JOCTYN) pOOAATHCH 3 OJHOIO KiHIS CITHCKY.

VY cTemi eneMeHT AOMAIOTBCS MW BIINAIAIOTBCH TUIBKM 3 OJHOro Kinng. Ha

TINBKY BiH, @ BXKE TIOTIM BC1 iHILI.

MamoHKy Le eneMeHT N. To0To sKkmo BiH JomaBcsi, TO BHAAIATHUCA MOXKE CIOYATKY

NULL

4[4—%3

[

[ [F—

Jlns cTexy XapakTepHi Taki BAaCTHBOCTI:

—  eJIEMEHTH J0JAIOTECS y BepIUKHHY (TONOBY) CTEKY;

— €JIEMEHTH BUIATAIOTECH 3 BEPLUIMHH (TOJIOBH) CTEKY;

— TNOKaXYHK B OCTAHHBOMY eJIeMeHTi cTeky aopisHioc NULL;

— HEMOXIHNBO BHIYYHUTH €ACMCHTH CTCKY, HC BHIIYUHBIITH BCI CJACMECHTH, U110

AAyTh noNepeny.

I'padiude mpeacTaBneHHs anrOpUTMY BCTABKH €1EMEHTA JI0 CTEKY

current @ »

current g——p

currentg— 5.

curren
head data

data ?
2
data next=head
3
next i | data next e—» data next=NULL
4
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Yepra (queue) — NiHITHUA COHCOK, Y SKOMY BCi BHIAlCHHS BinOyBaloTbCS Ha
OTHOMY KiHIIl CIMHCKY, 2 BCi BKTIOYEHHA (i 3BUYAHHO BCAKHUH NOCTyn) poOiirbcd Ha
IHIMOMY HOTO KiHII.

Inakmre kaxyud, y gepru € ronosa (head) i xsicr (tail). EnemenT, mo gozaetscs B

9epry, BUSBIISCTECA B il XBOCTI.

tail

V 4eps3i HOBHIT eleMeHT JOJAETHCS TUTBKH 3 OIHOTO KiHus. Buaanenns enemenrta
. BinOyBaeThes Ha iHIIOMY KiHni. Yepra, 1ie mo cyTi OHOHAMPABIEHUH CMUCOK, TITHKU

JI0laBaHHA il BUJAJICHHS €JIEMEHTIB BINOYBAETHCS HA KiHIIAX CITHCKY.

Yepra xapaKTepH3yeThess TAKHMH BIACTHBOCTSIMH:

e/IeMEHTH JONAI0ThCS B KiHENb YeprH;

€TeMEHTH 3YHTYIOTHCS Ta BUIANAIOTHCA 3 IOYATKY (BEPILHHH) YEPTH;

MOKaXYHK B OCTaHHBOMY esiemenTi yepru gopisaioe NULL;

HEMOXCTHBO OTPMMATH €JIEMEHT (3 CepeJHHH 4YeprH, He BWJIYUMBIIH BCE
€JIEMEHTH WO IyTh Ionepexny.

7.2 llpuknan oprauizamii crekin

struct cellOofStack {
char liter;
cellofStack *next;
I
class Stack {
cellOfStack *top; // BxazisHKe Ha BepuMEY CTEKY
public:
Stack(){top=NULL;}
vold add(char x); // Push
void del(); // Pop;
char Top();
void print();
¥
void Stack::add(char x){
cellOfStack *p;
p= new cellOfStack;
p->liter=x;
if (top==NULL){top=p;top->next=NULL;} else {p->next=top;top=p;}
}
int main()

{
Stack S;
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for (int 1=0;i<=10;i++)//padite <offii sipnosifge K& N
pobuTh uek uuka?
{ S.add(10*1i);}
S.print();//nepexoHaliveca v npasuasdoeTi cseel slanosial
S.del(); // Ooooooopsitiocs ¥ nporpami Bpaxye
S.print();//uo cranocs 31 crekom?
return @;

}

A och i wepru

struct CellOfQueue {
int ‘number;
CellOfQueue *next;
3
class Queue {
public:
CellOfQueue *header;
CellOfQueue *tail;
Queue() {header=NULL; tail=NULL;}
void add (int x); //EnQueue
void print();
int front(); //Front
void del();//DeQueue

};

void Queue::add (int x) {
CellOfQueue *p;
p=new CellOfQueue;
p->number=x;
p->next=NULL;
cout<<“added"<<p->number<<endl;
if (header==NULL){header=p;tail=p;tail->next=NULL;}
else if (header==tail){header->next=p;tail=p;}
else{
tail->next=p;
tail=p;
}
}

void Queue::del() { header=header->next; }

7.3 3aBjaHHn A0 CAMOCTIHHOT0 BUKOHAHNS
1. Hanmcatn nporpamy, sika nepeabayac BBEACHHS B CTEK LINMX YHCEN 3 KNABIaTypH.
BusecTn crek Ha ekpaH. SIkuif NopsAxoK cJilyBaHHs uncen?
2. CTBOPHTH i PO3NPYKYBATH IBA CTEKH — 3 MAPHAMH Ta HEMapHUMH YHCTAMH Cepel
BBEJICHHX.
3. DbBymemo posmisgaTH MOCHIZOBHOCTI KPYINIMX 1  KBaJpaTHHX IyKOK, IIO
BiIKpUBAOTHCH 1 1 3akpuBatoTses () [ ] Cepen ycix Takux MOCTIAOBHOCTEH BUAIIMMO
MPABHIBHI — Ti, KOTPi MOXKYTh OYyTH OTPHMaHi 32 TAKUMI NPaBUIaMU:
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— BU3HAYCHHS PO3MIpY Y€pry;

— OUHIIEHHS YePTH.

[Ipyu po6oTi 3 NPIOPUTETHAMH YepraMu JacTillle TOBOPATh HE NP0 €IEMEHTH, &
Ipo 3alMTH, IO 3aUMCYIOTh ¥ Hepry. Ilpu LEOMY MOXIHBA OpraHisaiis depr i3
NpIOPHTETHAM BK/IIOUEHHSM €JIEMEHTa B 4ePTy i 3 IPIOPHTETHAM BHKIIOUCHHSM 3aITHTY
3 ueprd. MH po3IIIIHEMO TICpPIUHH BHNA0K.

Jlns yepry 3 NPIOPHTETHHM BKIIOYEHHAM MOCILIJOBHICTH 3allUTIB y Yep3i YBECH
Yac MiATPUMYETHCS YNOPSALKOBAHOIO, TOOTO KOMKEH HOBUH €JIEMEHT BKIIOYAETHCH Ha Te
MicCIe B MOC/IAOBHOCTI, {0 BU3HAYAETLCS HOTO IPiOPHTETOM.

Ancopumm npiopumemnozo éKoyenHs iepeadadae Tak i

— AKIIO Yepra HeMoBHa, 3HANTH 3TiAHO 3 MPIOPHTETOM Take MicLe B 9Yepsi, Je
Tpe6Ga NOCTaBUTH 3aIIMT Ta BHECTH 3aIIMT 0 YEPTH.

I[1pn BUKNIIOYEHH] 3aBXKAH BUOHPAETHCA 3aIIUT 13 II0YATKY YEPTH.

3ayBakuMo, npH BHOOpI eneMeHTa 3 MNPIOPUTETHOI YEPTrH KONKHOTO pasy
BHORPAECTBLCS €TEMENT 13 HaiGINBLIAM (HaHMEHIUHMM) HPIOPUTETOM.

8.2.Mpuxnay. Crpobyemo Ges mnpukmagy, 60 OCHOBA € 3 MONEPEAHBOT

gabopatopHoi pobGoTH :)))

8.3. 3aBaaHus 151 caMOCTIHHOI0O BHKOHAHNSA
1. PeanizyBati ocHOBHI (yHKUIT 0 poGOTI 3 [EKaMM, B SKHX 3aNHCaHI UiTo4HCeNbHi
naHi. Beectn (yHKuUi0 KOHTPOmO (BUBOAY) moTouHoro crady jeka. Ilepenbauntn
HeLOIYCTHMICTh TIOMHJIOK TIPH HEKOPEKTHHX JIisiX (BHAATEHHS C/IEMEHTA 3 OPOKHEOIO
JIEKY).
2. [leperipuTH, Y0 BBeICHUH PANOK € TIATIHAPOMOM.
3. Hamucatsn mporpamy aias pobOTH 3 YEpProw i3 MNPIOPHTETHHM BKJIIOUCHHAM.
EnemMeHTOM wYeprm 3pobGuTH CBIif BapiaHT CTpYKTypu (auB. 1a0. po0. Ne3).
IpiopuTeTHUMH BBaXaTH:

— Crax npauisanka ¢ipMu (y pokax)

KinbkicTs peveit y Garaxi.

— OuiHka 3 iHpOpMaTHKH

Bik (y pokax)
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— Bapricts
— Bik ( y poxax)
4, OpraHizyBaT# JEMOHCTPALiIO IPOTPaMU I CTBOPEHHA YEPTH i3 5 eJIeMeHTIB.
3ayeasicenns 1. JlomaBaHHA eNeMEHTY OO TAKOi Yepr BiAPI3HSCTHCS Bin
JI01aBaHHA €JEMEHTY JI0 3BHUYaifHOT 4eprH HeoOXiqHICTIO MOWYKY BIAMOBIAHOTO MiCus
B uep3i
3aysavicenns 2. Yepry MoxHa peanizyBatu a60 Ha OCHOBi NBO3B’S3HOTO CIIMCKY,

a0 Ha OCHOBI KiILIEBOTO O/{HO3B SI3HOTO CIIMCKY.

5. BuxopucTaHHs cTeKiB /19 004HCIeHHA BUpAa3iB
IcaytoTs TpU criocobu 3anucy CKNagHUX BUpa3iB. Jins [BoMicHUX omepamiii (TyT -

0) icHy1oTb TpH cnocobu 3anucy:

npedikcuuii (QyHKITIOHATEHIH): Oxvy;
indixcnnii (WKiLTbHMIT): x Oy;
nocrdikcHuif (MOABLCHKMIA): xy [0;

Bci Tpy o3HaualTh, mo Tpeba B3ATH ONEpaHAM X Ta y (ki MOXYTh 6yTH
YHCIlaMK, TOOTO KOHCTAHTaMH, 3MIHHUMH a0 1HIIMMH BHPA3aMH) T4 BUKOHATH 3 HUMH
onepaniro [1.

Ipuknaa; Bupas

(((A-B)*C)+(D/(E +F))

3puuaiiHuil (WKINBHMI) cnoci6 - He iHpiKCHHI.

Jlns naHoro npuknany ii npedikcHa Ta noctdikcHa GOpMH MalOTh BUMIAL

npedikcHa:

+*-ABC/D+EF
noctdikcHa:
AB-C*DEF +/+

O6uni GopMH OTHO3HAYHO BU3HAYAIOTE MOPSIOK OOUUCIIEHHS Ta HE BHMAraloTh
aykok. [lpedikcHa CTPYKTypa [yxKe 3pyUHO peaizyeThest 338 JOMOMOTOK PEKYPCHBHHX
npouenyp. [ocrdikcHa cTpykTypa Kpalle 3a Bee peanizyeTses 3a JONOMOIO CTeKY.

PosrnstHemo peanizauiro nocrdikcHoi Gopmu 3a qomomorow crexy. Bupas 1 + 2

y nocTdikchiit popmi 3anmcyersest sik 1 2 +, a Bupa3 (1 + 2)*4 — gk 1 2 + 4 * B
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noctdixcHiit GopMi TIOPAAOK BHKOHAHHS ONeEpallii BH3HAYAETHCS BHKIIOYHO iX
POSTANIyBaHHSAM B PSAKY; BIANAAac HEOOXiNHICTh y BUKOPHCTAaHHI JTykKOK 1y TakoMy
HOHATTI, K TIPIOPHUTET ONEparii.

Jlns oGuMCIeHHS TIPEACTaBAeHMX y TOCTQIKCHIN (opmi BUpasiB 0CTAaTHRO
CKOPHCTATHCS HACTYIHMM TPOCTHM aIrOPHTMOM: OIEPaHiH, AKi 3yCTpIaroThCA y
BXIZHOMY PS/KY, NOMIINAIOTECA B CTEK, 4 OMEpanii, AKi 3yCTPi4aroThCs, BHKOHYIOTCA
Haj ABOMa BEPXHIMM 3HAYEHHSMH 31 CTEKY 3 PO3MillleHHAM Pe3ynbraTy B CTeK. Takum
qUHOM, TIPH KOPEKTHOMY 3allici BHpasy B pe3ylbTaTi BBEJEHHS PAjKa HA BEPLIMHI

CTEKY MICTHTUMETBCS PE3yIbTaT 00UHCIIEHb.

Bxigunit

12+4112+4%*
pPAAOK 2 2+
Crek 4

12

3agaannn. [lepeTBopuTH HaBeleHi HikYe BHpas# y mocTdikcHy dopmy i
peasi3yBaTH IPOrpamy 3a JOIIOMOTOO CTEKY:

a) (A-B-C)/D-E*F

6) (A+B)*C-(D+E)/F

B) A/(B-C)+D*(E-F)

r) (A*B+C)/D-F/E

8.4 [lutanusa mm CaMOKOHTPOII0
1. Ilfo Take «uepran?
2. o Take «aex»?
3. Ha OcHOBI SIKMX CTPYKTYp JaHHX [OLiIBHO OPraHi30BYBaTH NEKH?
4. SIki ocHoBHi QyHKUiT 10 pobOTI 3 NeKaMu.
5. Illo Take «yepra 3 npilopuTeTOM»?
6. SIki ocHOBHI QyyHKUii N0 POGOTI 3 HepraMu 3 NPiopATETOM?
7. SIxuit npiopHTeT Y KIACHYHHUX uepr?

8. Hapeite NpHKIafu OpraHisalii 4epr Ta MOXKIHBHX NPIOPHTETIB A8 HUX.
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JlabopaTtopHa poGora Ne 9
Binapni nepeBa
Mera: HalyTTa npakTHUHEX BMIiHb T4 HABMYOK ONpALIOBAHHA HEJIHIHHHX

CTPYKTYP JaHMX, IPEACTAaBICHNX Y BHIIANL GiHAPHHUX AEpeEB.

9.1 Teoperuuni Bizomocri
JepeBo — e HeniHiliHa CTPYKTYpa JaHHX, KA XapaKIEPH3YEThCA HACTYNHUMM
BIACTHBOCTSAMH:

— IcHye exnnmit enemenT (By301 a6o BepllMHa), Ha SKMH He MOCHNAETHCS HisIKHI
IHIIKH eeMEeHT, — BiH Ha3UBaECThC KOPEHEM.

— Tounnaroun 3 KOpeHA i CIAYIOYH [0 NEBHOMY JAHIIONKKY MOKAXKYHKIB, 110
MICTATBCS B €JEMEHTAX, MOXHA 3MIHCHUTH JOCTYNn A0 Oynb-GKOTO eleMeHTa
CTPYKTYPH.

— Ha xoxnmuil eneMeHT, KpiM KOpEHs, € €AWHE TOCHJIAHHA, TOOTO KOXHMIT
€JIEMEHT aIPECYETHCA EVHAM MOKAXKYHKOM.

IIpasuno nobydoeu binapHoco depesa 3 6ydb-skoeo Oepesa

1. B KoxHOMY BY3Jli 3@THITHTH TUTLKH TIKY J0 CTapLIOro CHHa;
2. 3’e1HaTH TOPUIOHTANEHUMY pedpamu BCiX OpatiB oaHO0ro 6aTbka;
3. TakuM 9nHOM nEepedyNyBaTH AEPEBO 32 NPABUIIOM:
— IBHii CUH — BepILHHA, PO3TALIOBANHA MiJl JAHOK);
— NpaBUil CHH — BEPIUMHA, PO3TAUIOBaHA MPaBOPYY Bim JaHol (To6TO Ha
OIHOMY SIPYCI 3 HElD).
4. PoszsepHyTH AepeBo Tak, OO yci BEpPTUKANBHI TikM BigoOpakann JiBUX CHHIB, a
TOPH30HTANBHI — NPABHX.

CTpyKTypHa ONHHUUS JepeBa — V30"

struct DATA {

) KOpHCHi f1ani |
It x; KOPHCHI J1aHi ...
inty; KxopucHi nani N
int z; }; ety

struct NODE {
DATA data;

ELEMENT *Left;
ELEMENT *Right; };
4



B IIPOTrpaMi MU MO3keMo OymyBaTH OIHApHE AEPEBO TakK:

SIkmo rinka we Mae Ha co0i By3JiB, To 000B’SI3KOBO il 3HAYCHHS NPUAMACTHCA

piBanM NULL.
IopiBuanNst eeKTUBHOCTI BHKOPUCTAHHS Pi3HUX CTPYKTYP AaHUX
BrniopsinkoBaHHii JliHiAH#AA binaphe 1
MacHB CITUCOK nepeBo
OiriHka yacy Oiiinka yacy | Ouidka wacy

MNOLIYK ejeMeHTa 3a O(log N) O(N) O(log N)
3HAYEHHSIM

[TOJIaBaHHs eJIeMEHTa:

— 3HAXO/KEHHA MiCIIsA O(log N) O(N) O(log N)

— po3MillieHHA 8 3HalifcHe O(N) o) o)
Micue

BHJIQJIEHHS €IEMCHTA O(N) o) o)

9.2 Ilpukaaj

Hansicarn nporpamy, B SKil JaHi 3aHCYOTHCA B iepeBa. Byson nepesa MiCTHTH

TaKy KOpHUCHY iHopMauiro: wise 49gcno a Ta gificie yneno b. JlaHi BBOAMTH 10 TUX Hip,

HOKH 1oTPibHO KOpHCTyBadeBi. Po3apyKyBaTn oTpHMaHe JEPEBO.

aHI BUBOAATHCS BXKE BIOPAAKOBAHHMH 34 I10JIEM a.

3ayBaxkurd, IO

Crorofini ¢cripofyeMo BHKOPHCTATH 3arojioBKOBHI (aiin, B sIKOMy OpraHi3yemo

BCIO poBOTY, OB’ A3aHy 3 OIHAPHUM EPEBOM.

dain Tree.h

struct DATA {
int a;
double b;

3

struct NODE {
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DATA data;
NODE *Left;
NODE *Right;
IH

void Add (DATA t, NODE* &c);
void ShowElement (NODE* c);
void ShowTree(NODE* c);

int CountElements(NODE* c);
void Add(DATA d, NODE* &c){

void

}

if (c==NULL)
{ c = new NODE;
c->data = d;

c->Left = NULL;
c->Right = NULL;
return;

}
J/ - ARWO ¢ - HenopowHll prazisupk .- -
if (d.a < c->data.a)
Add(d, c->Left);
else
Add(d, c->Right);

ShowElement (NODE* c){ if (lc) return;

cout.width(1@); cout << c->data.a << ",

cout.width(10); cout << c->data.b << " ”;

cout << endl;

ShowTree(NODE* c){

if (c->Left) ShowTree(c->Left);
ShowElement(c);

if (c->Right) ShowTree(c->Right);

int CountElements(NODE* c){

}

int q = 0;

if (1g) return 0;

if (c->Left) g+=CountElements(c->Left);
qt+;

E

it (c->Right) g+=CountElements(c->Right);

return q;

®ain ocHoBHOI nporpamu

-

#include "“Tree.h”
int main(){

DATA t;
NODE *T = NULL;

int _;

while (true){
cout << "BBODUTE DAHI (1/@)? ";
cin >»> _;
if (1) break;
cout << "Enter a:"; cin >> t.a;
cout << "Enter b:"; cin >> t.b;
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Add(t, T);

ShowTree(T);

9.3 3aBaaHus L1g CaMOCTIHHOIO BUKOHAHHSA
1. HamucaTs mporpamy, B fAKii JaHi BaIioro BapiaHTy CTPYKTYPH 3a0UCYIOTBCA B
JepeBa (BHKODHCTaTM TPH MNONS Uil BY3da — TEKCTOBE NaHe Ta JBAa YHCIOBL
Hanpuxnaz, By30J1 JepeBa MICTHTh Taky KOPHCHY iH(OPMAIIIO: TPi3BHILE CTYAEHTa,
piK HApOMKEHHd, OLiHka). BBecTH 3 KnaBiaTypH AeKinbka "CTyneHTiB" y IBIHKOBE
JEepeBo, Oprani3oBaHe 3a HOPAAKOM TEKCTOBOIO Mois. Po3ApyKyBaTH OTpHMAaHE JepeBo.
2. 3HaliTy cepeHIO 3HAYEHHS OIHIO 3 YHCIIOBHX HOIB, 3YMTYIOUH JaHi 3 JEpeBa.
3. Jonucaty GyHKIIIO BUAAICHHS 3 1IaM’ATi BCbOTO JEpEBa

Brasziexa: pexypcuBHa QyHKIIs, sKa

1) Buzasisie 1iBe NigAepeso, i JiBy TUTKY 3aHYOC,

2) BUAANSAE NpaBe MiANePEBo, 1 NpaBy TUIKY 3aHYIIIOE;

3) BUAAIAE CaM By3011, [IOTIM 3aHYJIMBIIN BKa31BHUK Ha HBOTO
Hanprkingi nporpamMn BUAIHTH 3 IaM AT1 AEPEBO.
4, "Tlepecunaru” faHi 3 MEPLIOro fepesa y JApyre [AEPEBO TOrO XK THIY, TilbKH
OpPraHi30BaHOTO 3a NEpIIMM HYHCTOBMM KIroueMm (Hamp., POKOM HapO/DKEHHS) Ta

pO3ApYKyBATH HOTO (a mepiie IepeBO CTEPTH).

9.4 [Iurauusa A/ CAMOKOHTPOJIIO
1. ll{o Take «aepeBo» K CTPYKTYpa AaHHX?
2. I1lo Take «kopiHb Hepesa»? raubuHa gepesa?
3. SIki OCHOBHI BNacTHBOCTI jiepeBa?
4. SIxe mepeBO HA3UBAIOTH H-apHUM? GiHApHUM?
5. Yy MOXKHA 3 H-apHOTO AepeBa o0yaysaty GiHapHe? SKIIO MOXHA, TO AK?
6. SIki ocHOBHI (PyHKLUIT 110 podoTi 3 HepesamMu?
7. SIKHM YHHOM TIpHM POBOTI 3i CTPYKTYPOK «HEPEBO» BUKOPHCTOBYIOTHCA PEKYPCHBHI
anropuTMu?
8. SIki ocoGauBocTi opradizaiii Bysia gepesa?

9. SIKMM YHHOM JIEpEBa BUKOPHCTOBYIOTH IS BIIOPAAKYBAHHA JaHHX?
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Jla6opaTopHa poGoTa Ne 10
Cnoco6u 3agaunst rpadis
Mera: HabyTrs npakTHyHHX BMIHB | HABHYOK NPH NPEINCTABICHHI 3adaHHX

rpadis pisHUMHU CIIOCOOaMM Ta MOXKIIMBICTIO IX KOMIT FOTEpHOT peanizallii.

10.1 TeopeTuuni Bizomocri.

Hexait rpady G=(V,E) micTuTh BepiMHK v;Ta pedpa e i

i=l..,nj=1,..m.
Busnaunmo BinnoBiaHicTs [, sika BKasye, AK 3B’93aHi Mk cOGOI0 BEpIIMHH.
BianosiaHicts I € Gararo3HauHUM BifoOpaXKeHHAM MHOXHHH V' B MHOXHHY.
Tozi rpad Moxaa mosnavatn G =(,I).

[na mpoctux rpadiB BignosigmicTe [ BU3HAa4Yae Ul KOKHOI BEPIIMHH v,
CYMiXKHI 3 HEFO.

Hns ncesporpadis BixnoeiaHicTe [ BH3HAYAE 115 KOKHOT BEPLUIMHK v, CYMDKHI
3 Helo Ta A0JA€E v, , AKIIO B Liif BEPLUIMHI ICHYE TETIIs.

/s opienToBanux rpadie BianosinHicTs [T BH3HAYaC A8 KOKHOI BEpUIHHY v,
BEPIIMHA v, AKIIO icHyc peGpo v{,v‘, _Ta BOAAc BEPWIHHY Vv;, AKIIO B LiH BepIuHHi
iCHy€ neTs.

Cnoco6n 3ananus rpagis
I'padiunmii
Bepumuy rpada npencTarnsroTEC TOYKaMH 9K Kpyramu, a pebpa — Biapizkamu,

K1 iX 3’CIHYIOTh.

Pucynoxk 10.1 — IpocTuit rpad
[padiunmii cnoci6 € ayke HarMAOHAM, OAHAK HEMPUAATHUM U1 TpecTaBIleHHs
rpadis y naM’aTi komn’rorepa.
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Martpuaus iHuugeHTHOCTI M = rf}ij Li=li,n, j=1..,m.
st npoctrx rpadis:

1, o 6epuwiunav; ma dyaa e inyuoeHmni

m.. =
[y
Y0 y npomunexcromy sunaoky

Jlns npocToro Tpada HeEMa OZHAKOBHX CTOBHIB i B KO:KHOMY CTOBIIIIi € TOYHO IO
asi 1.
Jius myneTorpada — 6yayTs OHAKOBI CTOBIILI.
Just icesnorpadip Ans MO3HAYEHHS HETI BAKOPUCTOBYIOT 2.
s opienroBanux rpadis:
1, akugo dyaa e; 6uxoOume 3 6epuIUHU V;
— 1, aKxwo Oyea e; 6x00UMbL y BEPUIUHY V;
2, aKkiyo dyza e ; — nemus y GEPULUHI v,
0 ¢ inwux sunadkax

s rpada, 306paxenoro Ha puc.10.1:

1 110000
1 0011 00
M=/01 0 0 0 1 0
00010901
0010111

IIpumimka: Ceped nagedenux npukiadie 0OUH MICMUmMb NOMUAKY. Xmo nepuiutl
it susums — 00damkosuli 6aa. )

Matpuus cyMixkHOCTI A= zﬂ-j si=l..,n

g npoctoro rpada

1, sixyo 17=,vj §]E

0 y npomunescnomy eunaoky

a; =

Jnst HeopienToBanoro rpaa — cumeTpuuHa i a; =0,i=j.

Jlns ncepporpada eneMeHT g, OPIBHIOE  KUIBKOCTI pebep, WO 3’€aHYIOTH
BiAMOBIAHI BepwnHA, [letnd - a; =1i= /.

Jas opientoBanoro rpada — aHaloriyHo (TLIBKM MAaTpHIM, B3aram KaxyuH,

HECHMETPHUYHA).
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Jlns opieHToBaHOrO MynsTOrpada ereMeHTH MaTpuIi piBHI KinbKoCTI pebep, nio
3’ €OHYIOTH BiANOBiIHI BEPIIHHU,
s rpada, 306paxkenoro Ha puc.10.1:

0

A:

P b et (O
_0 O O =
_ 0 O = O

1
1 1
1 1
0 1
| 0
Crucok pebep (HaflekOHOMHIMIKI CHOCIO 100 MaM’sATi) ~ CMMCOK nap, 110

BiANOBIAalOTH pebpam rpada.

Jo namoro npuxnany:

Vi | V2
Vi
Vi [Vs
V2 | Va
Va Vs
VilVs
Vq | Vs
Cnuckn cymicknocti — 3aganns rpada signosigwictio I'.  Jlng wmporo

BHKOPUCTOBYETBCS MACHB CIHCKIB (IO OZHOMY CHHCKY Ha KOXHY BEPLIMHY), AKHH AT

KOXKHOI BEpPIIMHH V;MICTHTh y JOBINBHOMY MOPAAKY (BKa3IBHHKH Ha) BEPIUMHH 3
MHOXHHK ['(v;).

Jo naworo npuknany:

v O—" T P A~ —]

v, O—pn] ——p ] vs

by o—Pp bl

% O—fn p ]

Vs O——Pv] 4Pl 4+l F—pvl ]

Crucku CyMiDKHOCTI JOUiINBHO BUKOPHCTOBYBATH Y THX BUINAJKAX, KOJH MaTPHLA

CYMIIKHOCT] € CHIIBHO PO3PIIKEHOI0.
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10.2 3aBaanns AJig cAMOCTIHHOTO BHKOHAHHA.
JUIs HEOPIEHTOBAHUX TA OPiCHTOBAHUX rpais 3i CBOIX BapiaHTIB (BapiaHT BHOUpAETBCS
3rilHO HOMepa 110 JKypHAIy, BapiaHTH 3aBJIaHb HaBeleHO y [0AaTKy B) BHKOHATH
HACTYIIHI 3aBJaHHA:
1. CtBOpHTH Tporpamy, ska 6yae 36epiratd B KoMII'foTepi 3aaanuii rpad HaCTYNHAME

criocobaMu:

a) MATPHLEIO CYMiXKHOCTI

|

6) MaTpHILEIO IHUUAEHTHOCTI

B) CIIHCKOM pedep
- T) CIIMCKOM CYMIXKHOCTI.
[MepenbaunTi BHBIA KOMKHOIO NPECTABICHHS Ha eKpaH.
2. HaflmucaTu mporpamy, sika BHKOHYBATHME HacTYyIIHi 3aBAAHHS:
~ 33 337|aHOI0 MATPHIEK CYMiXHOCTI NOByMyBaTH MATPHLIO {HLMAEHTHOCTI;
~ 32 33/1aHOK0 MATPULEIO IHUMAEHTHOCTI oGy IyBaTH CIIHCOK pebep;
~ 32 3a/[aHOI0 MATPHIIEIO CYMIKHOCTI MOGYIyBaTH CIIHCOK CYMIKHOCTI.
~ 33 3aJAHOI0 MATPUILIEIO IHIMCHTHOCTI 106y/YBATH MATPHLIO CYMIKHOCTI;
~ 33 3a7]aHOIO MAaTPHLEIO CYMDKHOCTI oGyIyBaTH CIIHCOK pebep;

— 3a 32IaHOI0 MATPHILICHO IHIMAEHTHOCT] TOGYAYBATH CITUCOK CYMIKHOCTL.

10.4 ITuTanHs 4151 CAMOKOHTPOII0

1. Ulo Take «rpad»?

2. SIki € cnocofu npeacrasieHHs rpagis?

3. SIxi ocobauBOCTI KoM KOTepHOT peanisauii rpadis?

4. Yy Binpi3HAIOTHECH MATPHILA CYMIKHOCTI Bill MATPHI iHUHIEHTHOCTI?

5. B sIKMX BHMAAKaX 3aJaHHs rpa(a MaTpHLE CyMKHOCTI HE € JOMiTbHAM?

6. ki rpadu HasuBaoTs MpocTuMu? MymsTUrpadamu? ncesaorpagamu?
OpIEHTOBaHUMH? HABAHTAKEHUMH?

7. Ouinith 06’€M MaM’ATi, HeobXinHu 11 30epexeHHs rpadiB y BUTIAAL MATPHIL

CYMDKHOCTI, MaTPHL iHLMAEHTHOCTI, CIIMCKY pedep, CIHCKY CyMIKHOCTI.
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JladopaTopna podora Ne 11
Cnocobu o6xoay rpadis: DFS ta BFS anroparmu

Meta: HalyTTa npaxkTHIHHX BMiHB Ta HABHYOK HO BUKOPHCTAHHIO AITOPHTMIB
ob6xoxy rpadi: anropurMy B ruGuHy Ta aNTOPUTMY B IIMPHHY.

11.1TeopeTuuni BitomocTi.

Binvrum Oepegom Ha3UBAIOTE IEPEBO, B IKOMY HEBH3HAYEHHH KOPiHB 260 X (110
Te caMe) aUMKII9HHiH 3B’ 93HUH Tpad.

Kapkacanum Oepesom rpatha G HazHBaeThCA BiNEHE JIEPEBO, SKE MICTHTEL BCi
BEPLIMHY AAHOFO rpada.

B npoueci o6xoxy rpada MeTOZOM TOUIYKY B er6pry Oynyerscsl KapkacHe
JEPEBO, AK€ HA3BUBAOTE SIUOUHHUM KAPKACHUM 0epesoM (Ticom).

Hus npoctux rpagis:

[Ipn unpomy pebpa, siki BeayTh MO BEpIUHH, IO paHille HE BiABiLyBalHCH,
Ha3MBaKOTh pebpamu 2iubUnHO20 Oepesa.

3eopomui pebpa — pebpa («IITPHXOBI»), SKi BEAYTH 10 BEPLUHH, L0 BKE
BiABiTyBajiucs.

J1s1 oprpadis:

Hyeu enubunnoco depeea — AyTH, AKi B KAPKaCHOMY NepeBi BEAYTb Bij Npelkis
JI0 HALAJKIB.

TIpsami Oyau — nyrw, K1 WAYTH BiJ OPEAKiB A0 ICTHHHMX HAIUAIKIB, ane He ¢
JyTraMH KapKacHOTO JiepeBa («ITPHXOBI»)

3eopommi Odyzu —  Iyru, BeOyTh Bij HAMAIKIB 10 NPEAKIB TIMOGHHHOIO
KapkacHoTO JepeBa («mTpwxosi»). [lyra, ska Beme i3 BepmuHU B camy cebe, Tex
Ha3MBaCTHCA 3BOPOTHBOKO.

Ilonepeyni dyzu — myru, skl MOB’A3YIOTh BEPIUMHH, IO HE € Hi TMpEXKaMH, Hi
HAIIAAKaMH OJIHA OJTHOT ((ILTPHXOBI»).

IMowryk B ranGuHy y npoctomy 38’°si3nomy rpadi

[Momyk Brmu6 a6o DFS-meton (Dipth First Search)

Hexait G=(V, E) — npoctuii 3B’s3HMH rpad, yci BepliMHH SKOro NO3HAYEHi
NONapHO PI3HHMH cUMBOJIaMH. Y npoueci nomyky BriuG Bepmmnam Hajgaroth DFS-

HOMEpH Ta MEBHUM YHHOM [I0OMIYarTh pedpa.
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Kpox 1. Tlowaty 3 10BiNbHOI BepiinHU Vs Tlokmactn DFS(v)=1. Brurounth mo
BEPIUIMHY ¥ CTEK.

Kpox 2. PosrnsHyTH BeplUuHY, SKA 3HAXOMWMThLCA y BEpXiBli cTeka:. Hexail me
6yne Bepimna x. Skilo Bei peGpa, iHUMACHTHI il BEPIIHHI, IO3HAYEHI, TO NepelTH 10
KPOKY 4, iHaKmre — 10 KpoKy 3.

Kpox 3. Hexait {x, y} — Henosnadene pebpo. Skmo DFS(y) yxe Bu3HadeHui, TO
e pebpo MO3HAYMTH LITPHXOBOW IiHIEK i mepeiitu g0 kpoky 2. Skwo DFS(y) He
BU3HAUCHHIl, TO JaHe peOpo MO3HAYMTH CyLiNbHOW JiHicto, BusHauutH DFS(y) sx
geprosuii DFS-HoMep, BKIFOYHTH L0 BEPLIHHY 0 CTeKa i nepeiTu 110 Kpoky 2.

Kpox 4. BUKIIIOYMTH BEPUINHY X 3i CTeka. AKIIO CTEK MOPOKHiH, TO 3yMHHHUTHCH,
iHaKIme — nepeiTh 0 KpokKy 2.

Jlnst ofHO3HAYHOCTI BUGOPY HOMEpIB IOLIIBHO JOMOBHTHCE, LIIO 4HaNi3 BEPLIHH,
CYMIKHHX 3 BEPLIMHOI, K2 BXe oTpuMaia DFS-HoMep, 30iHCHIOOTH 32 3pOCTaHHM iX
AOPAAKOBOTO HOMepa (a60 K y andaBiTHOMY NOPIAKY) .

Juaamicy DFS-06xoxy BigoOpaxaioTe 3a A0MOMOrow Tabiumi 3 TpboMa
croBmiaMH: Bepmmna, DFS-uHoMep, BMicT creka. llio tabmuupo HasuBawTe DFS-
NPOMOKOTOM.

IMomyk B mimpuny a6o BFS-meroa (Breadth First Search)

Hexait G=(V, E) — npocrtuii 38’sa30mil rpad), yci BepiMHM SKOro MO3HAYEHI
TIOTIAPHO Pi3HUMM cHMBonamu. Y NpoHeci MouryKy Briu6 epmnHam Haaawote DFS-
HOMEpH Ta ICBHHM YHHOM MOMIYaioTh pedpa.

Kpox 1. Tlouatu 3 nosinbnoi Bepuunu v,. [loknactu BFS(v,)=1. Brarouurd wio
BEPIIMHY Y 4epry.

Kpox 2. PosrnanyTn Beplumny, AKa 3HAXOAMTHCA HA MOYATKY Yepru: Hexai e
Oyne BeplIHHA X. Hkmo JA BCiX BEpIUMH, MiMiYHMX 3 Heto , Bike BusHaueHi BFS-
HOMEPH, TO MEPENTH 10 KPOKy 4, 1HaKIIe — Jo KPOKY 3.

Kpok 3. Hexail v —BepmivHa, st AKOi e He BusHauennit DFS-nomep. Pebpo {x,
¥y} TO3HAYMTH CyUiTbHOK JiHicro, BusHauntn BFS(y) sk wueproemit BFS-nomep,
BKJIFOYHTH 110 BEPUIHHY 10 YePTH i epeiTH 10 KpoKy 2.

Kpox 4. BUKTIOUMTH BePILHHY X 3 9eprd. Ko yepra NopoxHs, T0 3yMHHHTHCE,

iHaKuie — nepeiTH 10 KpoKy 2.
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AHanoriuo, sk i mns DFS-o6xomy, Ang omHO3HAYHOCTI BHOOPY HOMepiB
AOULILHO JOMOBHTHCH, 1II0 aHAJII3 BEPIIMH, CyMDKHHX 3 BEPUIHHOIO, KA BXe OTpHMAa
BFS-nomep, snilicHiolore 3a 3pocTaHHAM iX mopsikosoro Homepa (260 x y
antaBiTHOMY HOPSAIKY) .

Hunamixy BFS-o6xony nt; BimoGpaxaroTs 3a JONOMOrow TabmHI 3 TphOMa
croBnusamy: Bepmuna, BFS-Homep, Bmict uepru. Il Tabmmuro nasupalots BFS-
NPOMOKOJIOM.

11.2 NMpuxaagu

1) Howyxk 6 znubuny — anasior o6xoxy fepes y NpIMOMY TOPSIKY.

Pucynox 11.1 — IIpocruii rpag

Pesynetar DFS-06x0ay, nguuHatoun 3 Bepin IR s Ta To
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Pucynok 11.3 — Pesynerat DFS-06x0/y, nOYHHar0uM 3 BEPLIWHH v,y BUTIAALL AEpeBa
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B nanomy Bumaaky, DFS(v,)=1, DFS(v2)=2, DFS(vs5)=5, DFS(v,)=3, DFS(vs)=4. a) DFS: v; >v;->v; -> v, > v,

2) Houiyx B LINPHHY.
Pezynetar BFS-06x0y, MOIHHAIOTH 3 BEPLIHHH Vy: ¥y > V2> V5 => V3 => V4 _—— @

/@\

Pucynox 11.7 — Pesynprar DFS-06x0/y, MOYHHAIOUH 3 BEPIIMHH v,

Pucynox 11.4 — PesynbraT BFS-00x0/1y, noudHaI04H 3 BEPIUIHHH v,
DFS(v;)=1, DFS(v;)=5, DFS(v;)=2, DFS(v,)=4, DFS(v5)=3.

npAMa gyra 3
\ 34OpOTHS 11yTa

Pucynok 11.5 — Pesynprar BFS-06x01y, MOYHHAIONH 3 BEPUIMHM V;, ¥ BHTIALI

zepepa
B nanomy sunanky: BFS(v))=1, BFS(v2)=2, BFS(v3)=3, BFS(v,)=5, BFS(vs)=4.

3) Jlns opicuroBanux rpadis

NorepedHa Jyra

Pucynok 11.8 — PesynpraT DFS-00X01y, MOYHHAIOYH 3 BEPILIMHH v, y BUTIIAI AEPEBa

6) BFS: Vi =>V3=>V5 -2V <> Yy

---- O
(> G \@f@

Prcynok 11.6 — Oprpad Pucynox 11.9 — Pesynsrar BFS-06x01y, noustHaoum 3 BEpLUIHHM v,

BFS(v;)=1, BFS(v;)=4, BFS(v;)=2, BFS(v,)=5, BFS(vs)=3
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JlaGopaTopHna poGora Ne 12
Tomyk HAfiKOPOTIIMX NLISAXIB Ha Ipadax
Merta: HaOyTTS NpaKTHYHMX BMiHB | HABHYOK 3 BHKOPMCTAHHS AIrOPUTMIB

Hefikcrpu Ta Qroiiaa.

12.1 TeopeTn4ni BizomMocTi.
Homyx naiikopoTmiux mWIAXIiB Bin AKepena — axroputm JefikeTpu

3a11aqa 3HAXOKCHHA HaﬁKOPOTHJOTO IUIAXy 3 OAHHMM JUKEPEIOM 1ojArae y

3HaXOMKEHHI HaHKOPOTIIHX (MAEThCA Ha YBa3i HAONTHMaNBHIIIKX 32 BArolo) IUISXiB

Pucynok 11.10 — Pesynsrar BFS-06xomy, nounnarwuu 3 BEPIIHHH V; BiJl JesiKoi BepIIMHHM ([pKepesa) A0 Beix Bepwmd rpada G. Jing poss’sasky wieci 3amadi

BHKOPHCTOBYETECS (OKaniOHHID aJITOPHTM, SKHH HA3UBACTHCI anroputMom JlelKkcTpu.

11.3 3aBaanus 15 CAMOCTIHOr0 BHKOHAHHS «KazgiOHHMU» Ha3WBAIOTH AITOPHTMH, SKI Ha KOXKHOMY KpOIli BUOHPAOTH
1. Bukonartn 06X0ad B TIMOHHY Ta B WHPUHY rpadiB 3i CBOIX BapiaHTIB, 0(OpMHUBIIH ONTHMANILHHH 13 MOXKIJIMBHX BaplaHTIB.
pe3ynbTaTH, SK NOKa3aHo BHiie. HoMep BapiaHTy BHOHpaTH 3TIAHO HOMEpa 1O Anroputm [lefikctpu Oyaye MHOXMHY U BepLHH, NS SKMX Yxke Biaomi
KypHary. BapiaHTH 3aB/laHb HaBe[ICHO y JIOAATKY b. HaiikopoTmi nutsxy. Ha Ko)kHOMY Kpouil 10 L€l MHOKHHH JIOAACTHCA Ta i3 BEPIUUH, AKi
2. Hamucaty mporpaMHy peanizawiio JaHuX alrOpUTMIB. 3aIMIIHINCA, BIACTaHk [0 AKOI BI Jukepena MEHILA, aHK A0 IHIIMX BEPLUHH.

Hexaii rpad G 3amaHnil MaTpyLelo CyMDKHOCTI, B SKiH BU3HAYEHI BapTOCTi HOro

11.4 MuTanHs KA CAMOKOHTPOIIO Ayt (ToOTo 3a7aHa MaTpHILs Bar).
1. HaBiilo BUKOPHCTOBYBATH aIrOPUTMH 00Xx0y rpagis? /5
2. SIKy CTPYKTYpY OTPHMYEMO BHACHIAOK 3HiHCHeHHA 0bxomy rpada B rmbuny abo s ° Q
WHApHHY?
3. Poskpuiite ocobmsocti DFS-anroputMmy. 2 G 11
4, Poskpuiite ocodnusocti BFS-anroputmy. 0
5. HaseniTs nopisHsUIbHY Xapaktepuctuky DFS ta BFS anroputmis. Q
6. [Tpy BUKOPHCTaHHI AKOTO anropuT™My 06X0/y rpada BUKOPHCTOBYETHCS CTEK?
7. IlpH BUKOPHCTaHHI AKOTO airopuTMy 00X0Zy rpada BHKOPHCTOBYETHCA uepra? 015 2 0 6
8. Sxuit hyHkuii mo pobori 3 rpadom gouinbHo nepeabauntu Ang peamsauii DFS- Ta 0 0 011 O
) Marpuns cymikuocrti (Bar): C=[{0 0 0 0 3
BFS- anroputmis?
. 0 0 0 0O
9. lo Take «kapkacHe AepeBoOy 1 Ake HOTo NpH3HAYeHHd? 005 0 7 0

10. HapeniTe npukiaau aouinsHocti 3acrocyBauns DFS Ta BFS anroputmis. . .
bynemo B Tabmuo D 3 n—1 eneMentis 3amucyBaTH Ha KOXHOMY KpOIli

HAHKOPOTINI IINAXM JI0 KOXKHOT BEPIIMHY B [pKepena, sKi MPOXOAATH TiIbKH Yepes
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BEPIUMHH 3 MHOKHHH U . BijicTaHb 10 BEPIIMHN ¥, T03Ha4YaTHMEMO D[v ] abo mpocTo
D[/]. flxkmo masxy Mik BepIIMHAMH He iCHYE, TO BifmOBiaHui enemeHT matpuui C

HOKJIAAEMO PIBHUM <0,

0 15 2 «w 6
w 0 o 11 w
C=lw w 0 o 3
w o o 0
©w 5 o 7 0

Icesaokoa aaropurmy Jedkerpu

U= vy
g i=2 oo n

D[i]= C[Li]
}
mg i=1 g0 n—1
{

BuGip 3 MHOXMHK ¥ \ U Takoi BepiikHi w, 1a Akoi D[w] minimManbHe;

npuegHanHs w a0 MHokUHE U §
JUIS KOPKHOI BEPIIHHY v 3 MHOXKHHH V' \U

{
D[v]=min Div], Diw]+C[w,v]

}
}

TTo3HauaTHMEMO BEPIIMHN V; TUTBKH IX HOMEPOM J .

Kpox 0 (iniuianizauin)
3amucyemo B MHokuHy U mxepeno | Ta B Tabmumio D — BiACTani Bi hKepena

210 BCIX THIIMX BEpIIHH

Kpox 1. Bubupaemo 3 ycix Bepiiun MEHOKHHH V' \U = 2,3,4,5

D2

D3]

D{4]

DI5]

15

2

0

6

BEPILUUHY, 14

AKkol BiJICTaHb Bijl JUKepesna HalMenlia. ToOTO BHOHpAacMO MIHIMAJIbHUH €NeMEHT

Tabaum D

D[5]
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Ile € 3HaueHHs 2, IO BiANOBINAE BEPUIMHI Vv, TO JOZAEMO IO BEPLUMHY IO
muaoxuan U U= 1,3

Jnsa Beix BepmmH 3 MHOXHHH V' \U BurOupaemo «kpamui» mumsx — abo

norounwii (Bix mxepena) abo x Toi, AKUI POXOAUTD Yepe3 BEPLINHY V,
D[2]=min D[2],D[3]1+C{3,2] =min 15,2+ =15
D[4}=min D[4],D[3]+C[3,4] =min «©,2 +® =
D[S]=min D[5],D[3]+C[3,5] =min 6,2+3 =5

D[2] D3] D4 D5]

15 2 o0 5

Kpox 2. Bubupaemo 3 ycix BepmMH MHOXHHH V' \U= 2,4,5 Bepuuny, ais

AKOi MOTOYHA BiJCTaHb BiA kepena HafiMeHma. Tobro BuOHMpacMoO MiHiManbHHI
eneMeHT Tabauui D, He BPaxoBYIOUH TpeTii :
D] [ DO Dr4] i3]

15 | 2 o T

e ¢ 3naweHHs 6, mo BIANOBiZAE BEpPUIMHI Vg, TO AOJAEMO LIO BEPUIMHY IO
muoxkunn U : U = 1,3,5

Jnst Beix BepuuH 3 MHOXHEH VAU = 2,4 BHOUpacMo «kpaiuunin uusix — abo
notounuii (Bin wxepena) abo x Toi, AKuH IPOXOINTH Uepe3 BEPIIUHY Vs :

D[2]=min D[2},D[5]+([5,2] =min 15,5+5 =10

D[4]=min D[4],D[5]+([5,4] =min «©,6 +7 =13
DA o

3 s

D2]
10

Kpox 3. Bubupaemo 3 ycix BepiinH MHOXHHN V' \U = 2.4  Bepumsy, Aas SKoi

TIOTOYHA BiICTaHb Bif Jiepena HaiiMeHiua. To6To BHOMpacMo MIHIManpHWi €l1eMEHT

tabmui D, He BpaxoBYIOUH TpeTiit i " sThii
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Lle e 3mavenns 10, o BIANOBiZa€ BEpUIMHI v,, TO NOJAEMO ILF0 BEPUIMHY [0
muoxuan U U= 1,3,5,2

Ilns Beix BepumH 3 MHOKHHH V\U = 4 (T00TO AN €IMHOI BEPUIHHW, IO
3aTHIIMIACH) BUOHPAEMO «Kpal|ii» nuisx — abo noTo4ruil (Bia mkepena) abo & TOH,
Vv,

AKAH TIPOXOUTh gepes BEPIIAHY

D[4]=min D[4],D[2]+ C[2,4] =min 13,10+11 =13

Kpox 4. Bubupaemo 3 ycix Bepiuws mMuokuan V' \U = 4 BeplunHy, s AKOi
[HOTOYHA BifICTaHp Bif miepena Haiimenma. OCKiJIbKH 11 MHOXHHA MIiCTHTH TUTbKH

OfIHY TOUKY, TO BUGHpacmo i1 1 npueanyemo go muaoxunn U: U= 1,3,5,2,4

BepiunH y MHOKHHI HE 3aMIIANOCA, TOMY MPOLEC 3yTHHAECTHCS.

Takxum 9MHOM, IIPOLEC 3HAXOKEHH HAHKOPOTINMX LIAXIB Bijl BEPIIHHU v, A0

BCIX iHIUKMX BEPIIHH M MOIIH 6 3aNUCcaTy Yyepe3 HaCTYNHY Tabnuio:

Kpoknu w MHuoxkuna D[2] D[3] Di4] D[5]
U
[niuianizawis - 1 15 o0 6

i 3 13 05
P 5 U= 135 | 2
3 2 U= 352 | 10 2
4 4 U= 13524

58

Jns Toro, mo® BHOpaTH ONTHMANBHHH LIIAX O KOXKHOI 3 BEPIIMH, NOTPiOHO

BUITHCATH BEPIINHH, SKi T# NepeayoTh pH 3amuci y Muoxuny U .

HalikopoTimii mmsx 3 BEPIIHHY v,

J0 BEPIMHHA v, . v —>Vv,—>y,—>V, , IOBXKHHA DXy 10

JI0 BEPIIMHH v, — V,—>V,, IOBKHHA IIVLIXY 2

JO BEPLIHHH v, — Y ~>V,—>V,—>V,—>V,, IOBXKHHA Xy 13

JI0 BEPLIMHH Vv, — V,—>V,—>V,, JOBKUHA [LIIXY 5

TNomyx HaiixopoTminX MAAXiB M’k MapaMHu BepInH — aaroputM doiina

Jist Toro, mob 3HaiiTH HAHKOPOTH BIACTAH MiXk yCiMa [IapaMy BEPLUIHH, MOXKHA
n pasiB 3aCTOCYBATH aTOpUTM J{eHKCTpH, BUOMPAIOIH B AKOCTI JHKEpena mMoCiiJ0BHO
KOXHY 3 BepuinH. IIpote, € Hie ouH anroput™ — anroputm doiina.

AnroputMm QroHa BUKOPHCTOBYE MaTpuuio A po3MIpoM #x 7, AKa MICTUTH
JOBKUHH HAHKOPOTIIMX NUIAXIB. [{s mouaTky matpuus 4 crniBmagae 3 MaTpULEKO Bar,
TUIBKH AKWIO LUITXY MDK BEPUIMHAMHU HE ICHYC — BIIOBIAHHIT €AEMEHT CTABUTHLCA 0.

Han matpuuero A npoBoguthes n itepauiil. Ilicas & -Toi iTepauii koxeu
eneMeHT A[i, j] MICTHTH HalfiKOpoTLI MUISXM BiA BepUIMHM / [0 BEPUIMHH j, AKI
TpoXoAsAThk Yepe3 BEpIIMHU 3 HoMepamu, He Outbmmmu 3a k. Ha & -tiit itepauii
emeMeHTH MaTpHIli 4 0GUnNCIIOITHCA 32 HOPMYIIOI0

Ali, j1=min 4_[i, j1, 4, [,k]+ 4, [k, j] .

0 15 2 o 6 0 15 2 o 6
o 0 o 11 w© w 0 o 11 oo

dy=l0 o 0 o 3}; A=l o 0 o 3
w o w 0 w© w W W o)
ww 5 oo 7 0 o 5 o 0
0 15 2 26 6 0 15 2 26 5
o 0 o Il o w 0 o 1l o

A,=lo o 0 o 3|3 A4=|lw o 0 3
w o w 0 o o W ™ ©
o 5 o 7 0 © 5 o 0
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PexoMenmgoBaHi TeMH A1 CAMOCTII{HOr0 BUBYEHHSA

0 15 2 26 5 0 10 2 12 5
o 0 o 11 o 0 o 11 o 1. OfuncreHHs 4aCOBOI CKITAHOCTI aNrOPHUTMIB.
4,=|o o 0 315 4A=|» g8 0 10 3 2. ANTopuT™ BIOPSAKYBaHHS BCTABKAMH 3i CTOPOKOBUM €JIEMEHTOM.
w ® © © © © o 0 3. AnTopHTM BHOPAAKYBaHHA METOJOM INiIPAXyHKY.
© 5 ® 0 © 5 o 7 0 4. [Topo3psaHuUil ATTOPATM BHOPAIKYBAHHS.
YBara! IlpoaHatisyBaTh Ha HABEJEHOMY BHIIE NPUKIANl 3aCTOCYBAHHA 5. Peanizanis cTeKiB 3a JOTIOMOTOIO MacHBiB.
anroputMy Diioima, YOMY He 3MIHHBCS BUTILAN MaTpULi ipu k= 1 Ta k = 4. 6. Peanisanis 4epr 3a ZOMOMOTOK MacHBiB.
7. PoboTta 3 MyIIbTHCTIHCKAMH.
12.3 3aBganns 18 caMOCTIHHOr0 BHKOHAHHA 8. CJIOBHMKHM SIK CTPYKTYpa JAHHX.
1. ima ceoro Bapianty rpada (BapiaHTH 3aBAaHb HaBelNEeHO y NOZatky B) smaith 9. B3acMO3B’S30K CTEKIB i peKyPCHBHHX ajIrOPHTMIB.
HaNHKOPOTIUI LITAXH 1O BCIX BEPILMH BiJ BEPLUMHA @ 34 JOIOMOrON anropHTMy 10. AJIFOpUTM PO3MAIIOBaHHS rpadha.
HetixcTpu. 11. Anroputm Tpuma.
2. Jns cBoro sapianTy rpada 3HaiiTh HaikopOTI IUIAXH MK YCiMa IapaMM BEPIIHH 12. Anroputy Kpyckara.
3a goroMoro anroputMy duoiiga.
Hpumimka: Bignosiai no 3asaanb 1 1a 2 oQOPMUTH, AK Yy 3aNPONOHOBAHMX IMINE PexomenioBana Niteparypa
NpUKIafax. 1.  Axo A. CTpyKTypsl AaHHBIX ¥ anroputmbl / A. Axo, [x. XonkpodT, k. Yaeman.—
3. HanmcaTu mporpamHy peaiizallilo MOJaHHX aIropuTMis, BUOPaBIIM Ha CBIiH poscill M.: Usn. Jlom «Buisame», 2001, — 384c.
crioci6 npeacTaBieHHA rpadis B 1aM’ATI KOMITKOTepa. 2. Hikoneceruit 10. B. uckperna maremaruka: Ilinpyunnk / 10. B Hikonbseskuii , B,
B. Iaciunuk, }0. M. Hlep6una. — JIsBiB: «Marnosis [Tioc», 2005. — 608 c.
12.4 IIuraHus /IS CAMOKOHTPOTIO 3. Crpayctpyn B. SI3mix nporpammuposamus C++. Crenmansnoe miganme. IMep. ¢
1. Jlng 9010 BUKOPHCTOBYIOTHCA &JICOPHTMH IIOWYKY LH8X1B Ha rpagax? anrn. / B. Ctpaycrpyn — M.: Usnatensctso Bunom, 2011 . — 1136 c: un.

. B womy ocobruBicTh anroputmy JeHkcrpu.
. OnuiTs i-Ty iTepario anroputMy JIeHKCTpH.
. B womy ocobusicTh anroputmy Prnokaa.

. Onuiite i-ty iTepauio anropurmy droina.

. OwiniTh yac, mMOTPiOHNIA A BHKOHAHHS anroputMy edkcTpu.

2
3
4
5
6. Hasexite nopiBHsibHY XapaktepucTuky anroputMis Jefikerpn ta @uoiina.
7
8. OuiHiTb uac, moTpiOHHI Ul BUKOHAHHS anroputMy Pioiiga.

9

. HaBeaiTe npukmaau goninbHOCTI BHKOPHCTAHHA anropuTMYy JIeHKCTpH.

10.HagenitTh npukiagu NOMITEHOCTI BAKOPHCTaHHSA anropuTMy dmoiiaa.
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. Axo A. CTpyKryphl JaHHBIX U aIropuT™el / A. Axo, [lx. Xonkpodr, [ix. Yisman.—
M.: U3a. Jlom «Bribame», 2001. — 384c.

. Bpayncu K. OcHOBHBIE KOHLEILHH CTPYKTYp NaHHBIX M peammsaumus B CH++ /
K. Bpayncn. — M.: Uz, Jlom «Brnpame», 2002. — 320c.

. Bupt H. AnroputMst # cTpykTypst Aanssix. / H. Bapr. — M., IMK _Ilpecc, 2011. —
272 c.

. Kuyr 1. Uckyccro mporpammupoBanus, 1.3. CoprupoBka u nouck. / J1. Kyt —
M.: Bunbsamc, 2011, — 824 c.

. Kopmen T Anropurmer: moctpoeHue u ananus / T. Kopmen, Y. Jleiizepcosn,
P. PuBect. — M.: Buesmc, 2011, — 1296 c.

. Hixomecekuii 10. B, duckperHa matemaruxa: Iligpyqnaux / 10. B Hikonscpkuii , B.
B. [aciunuk, }0. M. WlepGuna. — JIsBiB: «Marromis [Tnocy», 2005. — 608 c.

. Crpayctpyn B. S3wik nporpammupoBanns C++. Crenmansnoe m3nanue. Ilep. c

aurn. / B. Crpayctpyn — M.: UsparensctBo budom, 2011 r. — 1136 c: .
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3pa3ok o)opMiIeHHs THTYJBLHOTO APKYLIa JabopaTopHoi poGoTn

HepsxaBHuiH BHILMii HABUAIBHHUHN 3aKIa]
«IIpukaprnaTchku# HawioHaNbHMI yHIBepcuTeT iMeni Bacuns Credanukay
Kadenpa indopmaTuru

JJABOPATOPHA POBOTA Ne_
3 IMCLIMITIIHA «IH(bOp MaTHKa»
Tema: « »
Bukonas(na)

CTYHEHT (ka)

rpynu

(v rpymn)

(Hpisminne, intiianm)
Iepesipue
BUKIIagay

Bunaciit O. O.

IBaHo-PpankiBesk — 2015
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