Jlabopamopna poooma Ne3
[[IBuKI METOAM COPTYBaHHS

Merta poOoTm: peamizaiis MBUAKUX alTOPUTMIB COPTYBaHHA Ta MHOCHIKEHHS iX
XapaKTePUCTHK (IIBUIKOMAISI, HEOOX1AHHI 00CAT mam'siTi, 3aCTOCYBaHHSI TOIIIO).

Memoouuni exazieku

[Tix copTyBaHHSIM 3BHYAHO pO3YMIIOTH MPOIEC IEPECTAHOBKH OO'€KTIB 3aJaHOl
MHOXXUHH y TICBHOMY TTOPSIKY.

Meta copTyBaHHSI — TOJIETHICHHS MOJAIBIIOTO MOIIYKY €JIEMEHTIB y BiJCOPTOBaHIN
MHOXXUHI. Y IbOMY CEHCI €JIeMEHTH COPTYBaHHS MPUCYTHI MaiKe y BCIX 3aBJaHHSX.

1. IlipaminajnbHe cOpTyBaHHSA (COPTYBAaHHS KY40l0)

[TipamiganeHe copryBanHa (anrin. Heapsort) — anroputM COpTyBaHHS, SKHA
BUKOPHUCTOBYE OlHApHY Ky4y.

Kyua (anrn. Heap) — cTpykTypa HaHUX THIy AEpPEBO, SKa 3aJ0BOJIbHSIE HACTYIHIN
BJIACTHBOCTI: 115 Oy/Ib-SIKOTO 33/1aHOTO By37a B, sikuii € Hamaakom By3iia A BUKOHY€ETHCS yMOBa:
ko4 (A) > kmou (B). Takum umHOM, KOpeHeBHWid By30i1 Kyuu Oyne 30epiratu HaiOinmbIie
3HAQUEHHs, TOMY I1HOJAI TaKy Kyd4y Ha3MBalOTh MAax-Ky4doro. SIKIIO 3MiHUTH IOPIBHSHHS Ha
IPOTHJICIKHE, TO KOPEHEBHI By30J Oy/e 30epiraTu HaliMeHIlle 3Ha4eHHs 1 TaKy Ky4y Ha3WBalOTh
Mmin-Ky4oro.

[Tommpenoro peamizamiero Kyun € OiHapHa Kyda (aHri. Binary heap), B skiii nepeBo €
IBIHKOBUM JiepeBoM (pucyHok 3.1 Ta pucynok 3.2). JIBiiikoBa Ky4da 3a/I0BOJIbHSE TPHOM YMOBaM:

e 3HaueHHs B OyAb-sKil BEPIIMHI HE MEHII, HK 3HaYeHHS 11 HaaAKiB (max-Ky4a);
e TIMOMHA BCHOTO JINCTS BIAPI3HAETHCS HE OlbIe HiXK Ha 1 map;
e OCTaHHIMH IIap 3aIIOBHIOETHCS 3J1iBa HAIPABO.

Bucota xopeneBoro By3na (nepeBa): int(log2 N).
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Pucynok 3.1 — IIpuknaa max-ky4u



Pucynox 3.2 — [Ipuknag min-kyqu
OcHoBHI onepartii 3 Ky4ero:

e Buiyuntu By30J1 3 MakCUMaJbHUM (MiHIMQIBHUM JJISI Min-Ky4u) 3HAYCHHSAM 3
Ky4H;

e Jlomatu By301 y Ky4y;
e 3MIHUTH 3HAYCHHS OY/Ib-SIKOTO BY3JIa Ky4H.
binapny ky4y MoskHa 30epiraTé y BUIJIS/II AUHAMIYHOTO MACHUBY:
e a[0] — kopiHb OepeBa;
e a[i] — By3eux JepeBa;
e a[2i+ 1] ma[2i+ 2] — Hamaakwy.

[Tpuxnan 36epiranus Kyuu (pucyHok 3.2) y MacuBi (pucyHok 3.3):
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Pucynok 3.3 — [Ipuknaz 36epiranag min-Ky4u y MacHBi

s peamizamii OCHOBHUX OTepalii BUKOPHCTOBYIOTHCS JIOJATKOBI JIBI OIepallii:
npocitoBanHs BHU3 (sift_ down) i mpocitoBanHs BBepx (sift up). AJropuT™Mu OCHOBHHX Omeparlii
NPEJCTaBJICHI y BUTJISAI IICEBJOKOMY:

// MeToa npociroBaHHSI BHU3
def a.sift down(i): // O(log(n))
for;left=2*1+1<alen();1=j:
right = left + 1
j = left
if right < a.len() && a[right] < a[left]:
j =right
if a[i] <= a[j]:
break
a[i], a[j] = a[j], a[i]



// MeTon npocitoBaHHs BBepX
def a.sift up(1i): // O(log(n))
forj=(-1)/2;a[i]<a[jl;j=(@G-1)/2:
ai], a[j] = a[j], a[i]
i=@1-1)/2

// MeToa 3MiHM 3HAYEeHHS BY3J1a Ky4Hd
def a.node change( i, value ): // O(log(n))
if a[i] > value:
a[i] = value
a.sift down( 1)
elif a[i] < value:
a[i] = value
a.sift up(1)

// MeToa BUJIy4YeHHSI MiHIMAJIBHOT'O €JIeMEHTY
def a.pop(): // O(log(n))

min = a[0]

a[0] = a[a.len() - 1]

a.resize(a.len() - 1)

sift down(0)

return min

/l MeTon noAaBaHHS €J1EeMEHTY
def a.push(value): // O(log(n))
a[a.len()] = value
sift up(a.len() - 1)

Temnep, Koxu po3TIATHYTO POOOTY 3 Ky4Or0, pO3TIsTHEMO TipaMifainbHe copTyBaHHA. CyTh
AITOPUTMY:

1. BubymoByeMo e1eMeHTH MacHBY y BUTJISAI OiHAPHOT Ky4H;

2. Bunansemo By30:1 3 KOpEHs AepeBa [0 0JHOMY 3a pa3 Ta 30eperaemo;
3. [lepeOymoByBaEMO Ky4y;

4. TIoBTOpIOEMO IIyHKTH 2-4.

// ®ynkuisa ¢gopmyBaHHs OiHAPHOI Ky4H 3 MACHBY
def buld heap( a):
fori=a.len()/2;1>0;i--:
a.sift down(i)

/| @yHKUiA COPTYBAHHA OIHAPHOI Ky4H
def heap sort( a): // O(nlog(n))
buld heap( a)
fori=0;1<a.len(); it++:
b[i] = a.pop()
return b



[Tokazanuii anroput™m motpedye aomaTkoBoi mam’siti O(n). AJITOPUTM MOXKHA 3MIHUTH
Tak, mo Oyne motpidoHO mom’sith O(l), SKIMIO BpaxyBaTH, IO IICHSA BHIYYCHHS 3 Ky4H
MIHIMaJIbHOTO €JIEMEHTY PO3Mip Ky4H 3MEHIIYe€TbcAd Ha | KOMIpKy mam’siti, TOMy ii MOXKHa
BUKOPUCTATH Ui 30epiraHHs MiHIMaiabHOTO eneMeHTy. OfHaK B I[bOMY BHUIMAIKy JaHi OyIyTh
BiJICOPTOBAaHI BiJl OLJIBIIOr0 3HAUYEHHS JI0 MEHIIOro (3a peali3allilo JaHOTO BapiaHTy alrOpPUTMY
JOJTATKOBO Oy/ie HapaxoBaHo 1 Oaur).

2. CopryBanns lllenna

CopryBanns lllennma € wMoaudikamiero aaropuTMy COPTYBaHHS BCTaBKaMH —Ta
KJIacu(iKyeThCs SIK COPTYBAHHS BCTAaBKaMU 3 YOMBAIOYUM KPOKOM.

EdexTuBHiCTh anroputMy mnojsrae B TOMY, IO Ha KOXXHOMY 3 MPOMDKHHX KpPOKiB
COpPTyeTbCs a00 HEBENMKE YHUCIIO €IEeMEHTIB, a0 BXKe JOCUTh JOOpe BIOPSIKOBaHI Habopu
eJIeMEHTIB. BropsikoBaHiCTh MaCHBY 3pOCTa€ Micisi KOXKHOTO TIPOXO.Y.

B Xxoxmi BHBYEHHS aIrOPUTMYy JOCITIJDKYyBanacs 3alIeKHICTh CEPEeJHBOTO YHCIa
nepecTaHoBOK Big po3mipy MacuBiB mpu N Bix 100 mo 60000 ams [OekiTbKOX THUIMIB
MOCITIIOBHOCTEH KPOKIB, /Ui SIKUX OyJad OTPHMaHi BiAIMOBIIHI 3aJIe)KHOCTI Yacy poOOTH Bix
pO3Mipy MacuBy:

241,...,9,5,3,1=>1,09N "
2%~1,...,15,7,3,1=>1,22N"%¢
Q~-1)"%m3, .., 11,53, 1=>1,12N "
(3512, ..., 40,13, 4,1 =>1,66N ">
Posrasinemo anroputm copryBanHst MmacuBy a [0] .. a [15] 3 kpokamu 8, 4, 2, 1.

HpI/IHyCTI/IMO Ma€eMO MOYATKOBUM MaCHB:

(128|146 |4 |9 |18 |13]5|11]3|18]3]10]09]

1. CriouaTky COpTyeMO MPOCTUMHU BCTaBKaMH KOxkHIi 8 Tpym 3 2-x enemenTiB (a[0], a[8]),

(a[1], a[9)), ..., (a[7], a[15]).

125-113431813814_61891[}9

2. IlotiM copTyeMO KOXHY 3 4OTHPbOX Tpym 1o 4 enementu: (a[0], a[4], a[8], a[12]), ...,
(a[3], a[7], a[11], a[15]).
HOAMIE SEVHAEL

o 1 2 3 o0 ! 2 3 0 1 2 3 0 1 2 3
4|3 |1 |3 [12|5|10]6|13|8 |11]8[18|9 |[14]9 |

B HynboBO1 rpymnu OyayTh enementu 4, 12, 13, 18, a B mepmmiii - 3, 5, 8, 91 1.1.

3. Jani coptyemo 2 rpynu mo 8 enemeHTiB, nmounHatouu 3 (a[0], a[2], a[4], a[6], a[8],
a[10], a[12], a[14]), ...

(1|3 |43 ]10|5 |16 128 [13]8 |14|9 [18] 9 |
| | | | | | | |




4. B xiHIII COPTyeEMO BCTaBKaMu BCi 16 eneMeHTiB (0HY €HHY TPYILY).

13|34 |5|6 |8 8|99 (1011|1213 14|18

OueBuIHO, 110 OCTAHHE COPTYBaHHS HEOOXiJHEe, 00 pO3TallyBaTH BCi €IEMEHTH II0
cBOiX Micigx. I[lepmii mepecTaHOBKH MPOCYBAIOTh EIEMEHTH MaKCUMAIbHO OJU3BKO JI0
BIJIMOBIAHUX TO3MIIM, TaK 110 B OCTaHHIN cTajli 4MCIO TMepeMilleHb Oyne MOCUTh HEBEIHKe
(mocnmigoBHICTH Oyne Maibke BincopToBaHa). I[IpUCKOpeHHS MIiATBEPHKEHO YHCICHHUMHU
JOCITIJIDKCHHSIMU 1 Ha TIPAKTUII BUSBISETHCS JOCUTH CYTTEBHM.

€IMHOI0 XapaKTepUCTUKOIO copTyBaHHs lllemna € mpupict — BiAcTaHb MiXk COPTOBAaHUMHU
€JIeMEeHTaMH, B 3aJIeKHOCTI BiJ Mpoxody. B KiHII mpupicT 3aBxAM JAOPIBHIOE OAUHUILI (METOJ
3aBEpPIIYETHCS 3BUYAMHMM COPTYBaHHSIM BCTaBKaMH, aj€ caMme IIOCHIIOBHICTh MPUPOCTY
BHU3HAYA€E 3POCTAaHHS €(PEKTUBHOCTI).

Bukopucranmii B npukiani Habip 8, 4, 2, 1 — Hemoranuii BuOip, 0cOOIMBO, KOJIU
KUIBKICTh €JIEMEHTIB — CTyMiHb [Biiiku. OJHaK HabaraTto Kpaluil BapiaHT 3amporoHyBaB
P.Cemxsik. Moro mocnitoBHICTh Ma€ BUTIIAL:

Qe _ 0¥ + | ecim s HETHO
incls] =
B¥is _ A¥2H1M2 + | eoim 5 HEYETHOD

[Ipyu BUKOPUCTaHHI TaKUX MPUPOCTIB CEPENHs KiIbKiCTh omepariii: O (n”®), B ripmomy
Bunanky — nopsaky O (n*?).

3BepHEMO yBary Ha Te, IO IOCIHIJOBHICTh OOYMCIIOETHCS B MOPSAKY MPOTHICKHOMY
BUKOpHCTOBYBaHOMY: inc[0] = 1, inc[1] = 5, ... ®opmMyna nae crovyatky MEHII YUCIa, a MOTIM
Bce Ounbimi i Oinbmr, B TOW 4ac SK BiJICTaHb MK COPTOBAaHUMH €JIEMCHTAMH, HABIIAKH, Ma€
3MEHIIyBaTHCS. TOMy MacuUB MPUPOCTIB INC OOUUCIIOETHCS MEpeN 3almyCKOM COPTYBaHHS
(00YHCITIOIOTH 10 MAaKCHUMAJIBLHOTO TPHUPOCTY MIXK €IEMEHTaMH, SKUH OyJe MepiiMM KPOKOM B
copryBanHi lllenna).

[Tpu BuxopucranHi popmynn CemKBHKa CIiJl 3yNHHHTHCS HA 3HA4YeHHI inc[s-1], sKmo
3*inc[s] > N.

3. CopTyBaHHs MiIPaXyHKOM

CopryBanns mimpaxyHkoMm (anria. Counting sort) — ajaropuTM BHOPSIKYBaHHS, IIO
3aCTOCOBYETHCSI IIPH MK KiJIBKOCTI Pi3HUX €JIEMEHTIB y MAaCHBI TaHHX.

3acTocyBaHHsS JIaHOTO COPTYBAaHHS [JOLIJIBHO BHUKOPHUCTOBYBAaTH JIMIIE TOMI, KOJIU
KUTBKICTh €JIEeMEHTIB MacuBy HabaraTo OiNbIa 3a Aiarna3oH MOXJIMBHX 3HaueHb. Hampuxian,
MUIBIOH HaTypalibHUX uncen, MeHmmx 100.

Cytp anroputmy. CrioyaTtky nmopaxyBaTH, CKiJIbKH pa3iB KOXKEH €JIeMEHT 3yCTPIYa€eThCs y
BUXiAHOMY MacuBi. CUpaOyuuch Ha Ili JaHi, MOXKHA BUPAaXyBaTH, Ha SKOMY MICI[l Ma€ CTOATHU
KOKCH €JICMEHT, 1 32 OJHMH MPOXiJ MOCTABUTH BCI €JIEMEHTH Ha CBOI Micis. OIiHKa CKIAQIHOCTI
anroputmy O(n).

PosrnsHemo anroputm coptyBanHs macuBy A[0] .. A[7] i3 HaTypaJbHUX YHCEN, IO HE
nepeBuyoTh 10.

[IpunycTumMo MaeMO IMOYaTKOBUN MacCHUB:

A 1 5 3 9 3 5 8 5




OCKITbKH €TIEMEHTH MacHBY — HAaTypaibHI YHCIIa, [0 He MepeBUIIyoTh 10, TO 3HaYeHHs
HayexkaTh mpomixkky [0, 10].

3aBenemo macuB B, B sskoMmy KOMipka MacuBy 3 HOMepoM K MICTHTHME KUIBKICTh 3HAYEHb
k B Macusi A.

OCKUIBKM Hac IIKaBIATh KOMIpKH 3 HoMmepamu Big 0 mo 10, To moTpiOHO BUIILIUTH
maMm’sth nijg 11 KIITHHOK.

[TigpaxyeMo ckinbku pasiB 3ycTpiyaroThes uncia [0, 10] Ta 3anumemo B Macus B.

0 1 2 3 4 5 6 7 8 9 10

B 0 1 0 2 0 3 0 0 1 1 0

Toai Mo’kHa 3amKcaTH pe3yabTaT COPTYBAHHS Y MacUB A HaCTYIIHUM YHHOM: ITPOXOAMMO
no MacuBy B u 3ammcyemo y macuB A Hynb pasziB “0”, onun pa3 “1”, Hynb pasiB “2”, nBa pasu
“3”, uynb pasiB “4”, Tpu paszu “57, ...

BincoproBaniii MacuB A Oyze BUIIISIATH HACTYITHUM YHHOM:

A 1 3 3 5 5 5 8 9

300paxkenuit Hwkue Tpadik (puUcyHOK 3.4) UIIOCTpye PI3HULIO B €(PEKTUBHOCTI
PO3TIITHYTHX JITOPUTMIB.

2500

2000 :

1500 e KOpHWYHEBA JIiHISA — COPTyBaHHS OyIb0OAIIKOIO;
= /// e  CHHS JIiHIS — HIEHKEP-COPTYyBaHHS;
E’f— 1000 e pOXeBa JIiHis — COPTYBaHHS BUOOPOM;

e KOBTA JIIHIA — COpTYBAaHHA BCTABKAMMU,

500 e OuyakuTHa JiHisA — copryBanns llemnna;
/ e (ioneToBa JiHisA — COPTYBaHHS MiAPAXYHKOM.
D T T T
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4yucno anexeHTos (Tvn short)

Pucynok 3.4 — EpekTUBHICTH aNnropuTMiB

Ilopadox eukonanna pobomu

1. PeanizyBaTu anropuTMu COPTYBaHHS y BIAMOBITHOCTI 3a Tabnuuero 3.1:
a) mpaMigaabHe COPTYBaHHS (CTPYKTypa TaHUX — MAcHUB);
0) copryBanns lllemna (cTpykTypa JaHUX — MacuB);
B) COPTYBaHHS IiIPaXyHKOM (CTPYKTypa JTaHUX — MAacHB).

2. BuMipsaT yac copTyBaHHA JaHUX pi3HOi po3mipHocTi: 10, 100, 500, 1000, 2000, 5000,
10000. JanHi copmyBaTh 3 BUKOPUCTAHHSAM T'€HEpAaTOpa BUIIAIKOBHUX YHCEIL.

3. 3a oTpuMaHUMH JaHUMU MOOYAyBaTH rpadiku 3a1eKHOCTEN Yacy COPTYBAHHS Bijl
KUTBKOCTI BX1IHUX NaHuX (3 BUKopucTanasm Excel).



M

Tadomurs 3.1

M | Coprysann eas Commymnn
BapianT

n:::x Hdianazon | Tun pannx | Jdianazon ?[;)01:);:)};:; n:::x Hdiana3zon
1,16 float [10,100] | double [0, 100] inc(s)=25+1 short [-100, 10]
2,17 double [-10, 100] | float [0, 200] inc(s)=(35-1)/2 char [-100, -10]
3,18 int [0, 100] float [0, 300] P.Cemxgika char [-200, 10]
4,19 float [-100, 10] | int [0, 400] inc(s)=2%-1 short [-10, 100]
5,20 double [-20, 100] | float [10, 100] inc(s)=25+1 char [-15,-10]
6,21 float [20,200] | double [-10, 100] | inc(s)=(3%-1)/2 short [-10, 25]
7,22 float [-200, 50] | int [0, 100] P.CemxBsika short [-20, 10]
8,23 int [0, 300] float [-100, 10] [ inc(s)=2%-1 char [-10, -15]
9,24 double [0, 400] double [-100, 10] [ inc(s)=2%+1 short [-25, 10]
10,25 | float [-200, 10] | float [-10, 100] [ inc(s)=(3%-1)/2 short [-10, 40]
11,26 | int [-10, 100] | int [-200, -20] | P.Cemxgika char [-35, 15]
12,27 | float [10,100] | float [-10,250] | inc(s)=2%-1 char [-100, 10]
13,28 | double [-10, 100] | int [0, 200] inc(s)=(3*-1)/2 char [-100, -10]
14, 29 int [0, 100] double [-20,300] | P.Cemxsika short [-200, 10]
15,30 double [-100, 10] | float [0, 400] inc(s)=2%-1 char [-10, 100]

3micm 36imy

Omnwuc anroputmy (croBecHa Gopma abo OJIOK-CXeMa aITOPUTMY ).
Tekct QyHKII# cCOpTYBaHHS 3 KOMEHTapSIMHU.
TaGnuus pe3ynbraTiB BUMIpiB dacy.
I'padixu pe3ynbTaTiB BUMIpiB Yacy.

BucHOBKY 110 po0OTi (OIHC JOCTIKEHUX XapaKTEPUCTHK KOKHOTO alITOPUTMY,

MOPIBHSHHS aJITOPUTMIB, BiI3HAYUTH TIEPEBAr Ta HEJIOJIIKH).
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