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AHAJII3 AJITOPUTMIB ITIOIYKY

I'pumanosuy T.O., €pmeiiuyk C.JO. Ananiz anropurmiB momyky. BaxkimBe Micme y cydacHi Teopii anropurmis
BiZIBOJIUTHCS QJITOPUTMAM TIOIIYKY, OCKIJIbKH 3a/1aua BiIyKaHHs AaHux (MOIIYK JAHUX 3a 3aaHUM KJIH0YEeM, HOMIYK ITiANOCITiT0BHOCTI
y TOCIIIOBHOCTI) € OIHIEIO0 i3 THX 3aqad, IO Ma€e MPHUKIAJHE 3aCTOCYBaHHA. 3aCTOCYBAHHS TOTO YH {HIIOTO alITOPUTMY IIOMIYKY IS
BUPIIICHHS KOHKPETHOI 3a/jati € IOCHTh CKIIAIHOIO IIPOOIEMOI0, BUPIMIEHHS SIKOI MOTpedye He JINIIe JOCKOHAIOr0 BOJIOAIHHS caMe M
aNTOpUTMOM, aJie i BceOiIHOro po3MIsSAaHHS TOrO YH iHIIOr0 aJrOPUTMY, TOOTO BU3HAYEHHS YCiX HOro IepeBar i HeIoMmiKiB.

Kuro4oBi cjioBa: anroput™; CKIQJHICTh AITOPUTMIB; YacoBa XapaKTEPUCTHKA, MallnHA THIOPIHTA, aCHMIITOTHYHA YacoBa
CKJIQIHICTh; MIPOAYKTUBHICTD AITOPHTMY.

I'pumanoBuu T.O., Epmeituyk C.}JO. Anaau3 ajaropurMoB momucka. BakHoe MeCTo B COBPEMEHHON TEOPHH ATOPHUTMOB
OTBOJIMTCS aJTOPUTMAaM IOUCKaA. 3a/ava TIOFCKa CBsI3aHa ¢ HAXOXKICHHEM 3aIaHHOTO 3HAYCHHMS, HA36IBAEMOr0 KITIOYOM TIokCKa (Search
key), cpemu 3amanHOoro MHOXectBa. CyIIECTBYET OrpOMHOE KOJHYECTBO aITOPUTMOB MOKCKA, TaK YTO €CTh M3 Yero BhIOMpaTh. X
CIIOXKHOCTb BapbHPYETCS OT CaMBIX IPOCTBIX AITOPUTMOB IIOMCKA METOIOM IIOCIICOBATENBHOTO CPAaBHEHHS, O YPE3BBIYANHO
9} (EKTUBHBIX, HO OTPAHWYCHHBIX AITOPUTMOB OMHAPHOTO TIOMCKA, & TAKKe aIrOPUTMOB, OCHOBAHHBIX HA MPEICTABICHHH 0a30BOTO
MHO)KECTBA B MHOM, O0Jiee MOIXOISAIIEH [Tt BEIOTHEHHS TToncKa (hopme. Tlocimenuie u3 yImoMsHYTHIX 31€Ch alTOPHTMOB HMEIOT 0c060¢e
MPAKTHYECKOE 3HAYEHHUE, TOCKOIBKY MPUMEHSIOTCS B PEATbHO JCHCTBYIONUINX MPHIOKEHHSIX, BBITONHSAIOMNX BBHIOOPKY M XpaHEHHE
MacCHBOB MH()OPMAIMU B OTPOMHBIX 0a3aX JTaHHBIX.

KiroueBble CJ0Ba: airopuT™; CIOKHOCTb AITOPHTMOB; BPEMEHHAs XapaKTepUCTHKa; MalnHa ThIOPHHTA; aCHMIITOTHIECKAs
BPEMCHHAsI CIIOKHOCTD; MPOM3BOINTEILHOCTD AITOPUTMA.

Hryshanovych T.O.Yermeychuk S. Y. Analysis of the search of algorithms. Important role in the modern theory of
algorithms given to algorithms search because the task of finding data (search data for a given key, search subsequence of the sequence)
is one of those tasks that has practical applications. The use of a search algorithm to solve a specific problem is quite complex problem
whose solution requires not only fluency by this algorithm, but also comprehensive consideration of an algorithm that determine all its
advantages and disadvantages. In computer science, a search algorithm is an algorithm for finding an item with specified properties
among a collection of items which are coded into a computer program, that look for clues to return what is wanted. The items may be
stored individually as records in a database; or may be elements of a search space defined by a mathematical formula or procedure, such
as the roots of an equation with integer variables; or a combination of the two, such as the Hamiltonian circuits of a graph. Algorithms
for searching virtual spaces are used in constraint satisfaction problem, where the goal is to find a set of value assignments to certain
variables that will satisfy specific mathematical equations and inequations. They are also used when the goal is to find a variable
assignment that will maximize or minimize a certain function of those variables.

Keywords: algorithm; complexity of algorithms; temporal characteristics; Turing machine; asymptotic time complexity; the
productivity of the algorithm.

IMocTanoBka HaykoBoI mpo0JeMu Ta ii 3HaYeHHs. BaxMBoro mpoOIeMoI0 Cy4acHOTO MPOrpaMyBaHHS
€ iloro maremaruzauisi, po3poOka (opMai30BaHUX MOB NPOEKTYBAaHHS AJITOPUTMIB 1 Mporpam, a TaKoXK ix
abctpakTHHX Mojerned. 3acoOu MPOEKTYBaHHA, aHAi3y aJrOPUTMIB € OCOONMBO aKTyaJbHHUMH Yy 3B’SI3KYy 3
BOXKJIMBHMH TPOILECAMHM KOMIT FOTepU3allii ¥ aBTOMaTH3allii MisapbHOCTI cycminbcTBa. Jlo Takux 3aco0iB,
30KpeMa, BIZHOCATHCS aiureOpud aNrOpUTMiB, OpIEHTOBaHI Ha BHpIIEHHA mpobieM ¢opmaizaii,
OOTpYHTYBaHHSI PaBHJIBHOCTI, TIOKPAILCHHS alropuTMiB (32 0OpaHUMH KPUTEPISIMH).

Mera craTTi € aHami3 aNTOPUTMIB BIiAIIYKaHHS JaHUX 3a 3aJaHUM KIIOYeM. Y BiIMOBIJHOCTI JIO
MOCTABJICHOI METH BU3HAYEHO Taki 3aBAAHHS IOCJHIKeHHS. PO3TISHYTH alTOPUTMH TOIIYKY JaHUX 3a
3aJaHUM KIIIOYEeM; JOCTIAUTH OCHOBHI MOHSTTSA TEOpil CKIAAHOCTI AlNTrOPUTMIiB, BHBUMTH METOIUKY OLIIHKH
9acoBOi CKJIaJHOCT1 aJrOpUTMiB; 3pOOMTH MOPIBHSUIBHHUN aHali3 YacOBOi CKIAJHOCTI alrOpPUTMIB MOLIYKY 3a
3aJJaHUM KITIOUEM.

Bukisiax ocHOBHOro marepiajy ii 0OIpyHTYBaHHSI OTPHMAaHMX pPe3yJIbTATIB AocaifkeHHs. [lomyk —
OflHa 3 HAUMOMMpEHIMX Yy mOporpamyBaHHI niii. BiH ke sBige co0olo 3aBHaHHS, Ha SKOMY MOXKHA
BuripoboByBatu pisHi CTPYKTYPU nanux y mipy ix nosiBu. IcHye Kijlbka OCHOBHUX Bapialliil i€l 3axadi, i Jist
HUX CTBOPEHO 0araTo pi3HMX aJlrOpUTMIB, Hampukiaaj (y CTaTHYHHX CTPYKTypax NaHMX). JIHIWHUHA MOIIYK,
MOIIYK JUICHHSM HABIILI, TOMIYK y TaOHIi, NPSAMHA TMOIIYK psjaKa, MOMYK Yy psaky (anroputmMu Kuyra-
Mopica-Ilparra i boyepa-Mypa).

[MocnimoBHuit (MiHiMHUIA) momyk. HaWmpocTimmM METOJOM TOIIYKY eIeMEHTa, SKUH 3HaXOIUTHCS B
HEBpEryJb-0BaHOMY HaOOpi NaHMX, 32 3HAYEHHSM HOro Kioua € MOCHIZOBHHUI MEeperisil KOKHOTO eIeMEHTa
HaOopy, SIKM TMPOJOBXKYETHCS IO THX Iip, MOKK He Oyzae 3HaMIeHWH MOTPIOHMHA eneMeHT. SIKIIo meperisHyTo
Bech HaOip, 1 eIEMEHT He 3HAWACHUN — 3HaUnTh, ITYKaHUW KITIOY BIJICYTHIN B HAaOopi. Lleit MeTox 111e Ha3uBarOTh
METOJIOM TOBHOro mnepebopy. s mociimoBHOro mouryky B cepenubomy motpioHo N/2 mopiBHsHB. Takum
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9uHOM, mOpsaok anroput™my -— iHiEUE — O(N). [lporpamna imrocTpaiis JiHIHHOrO TMOWIYKY B
HEBPETYJIbOBAaHOMY MacHBI PUBEICHA B HACTYITHOMY MPUKIAI, /i & — MOYaTKOBHI MacuB, KeYy — K04, SKuid
LIYKAa€ThCs; QYHKIISI TOBEPTAE 1HIIEKC 3HAWIEHOTO eIEMEHTA.

int LinSearch(int *a, int key)

{
inti=0;
while ( (i<N) && (a[i] = key) )
i++;
return i;
}

SIKIO eNneMeHT 3HAWIIEHO, TO BiH 3HaiJIeHUI pa3oM 3 MIHIMAJIbHO MOXIMBUM iHJEKCOM, TOOTO IIe
MEPIINi 3 TAKUX eleMeHTiB. PiBHicTh I=N 3acBimguye, 110 eJIEMEHT BiCyTHIH.
€anHa Mmoaudikamis LBOTO AITOPUTMY, SKY MOXHa 3pOOMTH, — TMO30aBUTHCSA IEpEBIpKH HOMeEpa
eJIEMEHTYy MacuBy B 3aroioBky Imkiay (I<N) 3a paxyHOK 30UTbIICHHS MacMBY Ha OIMH €IEMEHT y KIHII,
3HAYEHHS SIKOTO Tepe/]] MOUIYKOM BCTAHOBIIOIOTh PIBHUM IIIyKaHOMY KiTtouy — Key — Tak 3BaHui ,,0ap’ep” [1].
int LinSearch(int *a, int key)
{
a[N] = key;
i=0;
while (a[i] != key)
i++;
returni; }  // i<N — nosepnenns nomepa enemenma
[ToHATTS anrOpUTMIYHO HEPO3B’A3yBaHUX NPOOJIEM 3BHYAMHO BaXJIMBE 1 NPAKTUYHO 3HAUYIIE.
Po3B's3yBanHs Oaratbox 3ajad, SIK L€ HE MapaJoKcaIbHO, TIOB’sI3aHe caMe 3 aITOPUTMIYHOI0 HEPO3B’A3aHICTIO.
Ane 3 PO3BUTKOM OOYMCIIOBAJIBHOI TEXHIKM BCE OUIbIIE yBard CTald NPUAUIITH HE MPOCTO HAasBHOCTI
QITOPUTMY DpILIEHHS AESKOro Kinacy 3azad, a W edekruBHOCTI mmx anroputmiB. I[lpu BHUKOpHCTaHHI
anropuTMiuHuX mMoneiei ((iniTHui komOiHaTOpHUIT pouec Mammuu [locta, abcrpakTHy MarmmHy TropiHra uu
MAIIMHY 3 JOBUTLHUM JOCTYIIOM) HE BHHUKAE MPOOJIEM i3 OOMEKEHHSIM pecypciB (CTpiuka € HECKIHYCHHOI, a
Jyac HeoOMexeHnM). Ane B peaabnx EOM i mam’siTh, 1 yac oOMexeni. Och 4OMY 3aMajo 3HaTH PO iICHYBaHHS
TOr0 YW IHIIOTO ANTOPUTMY — HEOOXiIHO MaTu YSBIEHHS MPO HEOOXiJHI pecypcH, a came: Yd MOXKE MEeBHa
nporpama (anropurm) pozmicturucs B mam’sati EOM; um nacth BoHa pe3ysbTaT 3a HaJeKHUI Jac.
JocnimKkeHHIM IUX THUTaHb i 3aMaeThCsl PO3ALT TEOPii alrOpUTMIB — aHaNi3 CKJIAJHOCTI alTOPUTMIB.
Cknaouicms aneopummie — KiTbKICHa XapaKTEpUCTHKA, SKa BU3HAYa€ 4ac, 10 HEOOXIAHWH A BHUKOHAHHS
anropuTMy (4acoBa CKIJHICTB), 1 00’€M maM’sTi, HEOOXITHUIA Ui HOro po3MilleHHs (EMHICHAa CKIIaIHICTB).
YacoBa Ta eMHICHA CKJIJHICTh TICHO MOB'13aHi Mk coOot0. O0HIBI € QYyHKUIIMH Bif po3Mipy BXiAHUX JaHUX.
CkIaiHICTh PO3TIIAAAETHCS, 32 3BHYAH, ISt MAIMHHUX alropuTMidHuX Mojenel (EOM), ockinbku B HUX dac i
nam’sTh TPUCYTHI y sBHOMY Burisiai. YacoBa xapakrepuctuka ((pi3sMYHMH Yac BUKOHAHHS) CKIIQJHOCTI
AITOPUTMY —1I¢ BeMYMHA 7*t, e t — KUIBbKICTh Il anropuTMy (eIeMEHTapHUX KOMaHJ), a T — CepelIHiil Jac
BUKOHaHHS oxHiel omepamii (komanmu). KimbkicTh koMaH { BH3HAYa€ThCS OMUCOM AITOPUTMY B IEBHIH
ANTOPUTMIUHIN MOZEINi 1 He 3a1eXuTh Bif (isnynoi peanizanii uiei moaeni. CepenHiil yac 7 — BemuunHa Qi3uuHa
1 3aJeXUTh BiJ MIBUAKOCTI 0OpoOKH curHaiiB B eideMmeHTax i By3nax EOM. Ocp uyomy 00’€KTHBHOIO
MaTeMaTHYHOIO XapaKTEPUCTUKOIO CKIIATHOCTI aJlrOPUTMY B MIEBHIM MOJIeNi € KUIbKiCTh KoMaHz t.
€MKiCHa XapaKTepUCTHKa CKJIAAHOCTI aJITOPUTMIB BHU3HAYAETHCA KUIBKICTIO KOMIPOK MaM’sTi, IIO
BHUKOPHUCTOBYIOTBCA B TpoLeci ioro odumncienHs. Ll BennunHa He MOXKe MEPEBUIITYBATH KUIBKICTh HiHd t, 110
NepeMHOKEHa Ha TEBHY KOHCTaHTy (KUTBKICTh KOMIpPOK, SIKI BUKOPHCTOBYIOThCS TIPH BUKOHAHHI OHI€(
KoMaHI). B cBOrO 4epry, KiIbKicTh il t MOXe mepeBUIyBaTH 00’€M HaM’sTi (32 paXyHOK BHKOPHCTaHHS
MOBTOPCHb B OJHUX 1 THUX ke Komipkax). Jlo Toro x mpobiema mam’sTi TeXHIYHO JONAETHCS JIETIIe, aHiK
npobieMa MBHUIKOIIL, sika Mae (i3udHe 0OMEKEHHS — HIBHIKICTh PO3MOBCIOUKEHHS (i3uuHux curHani (300
km/c). OChb YOMy 4YacoBa CKIAIHICTh BBA)KAETHCS OUIBII CYTTEBOI XapaKTEPUCTUKOK airoputmy. Ciin
3a3HAYMTH, 10 YACOBA CKJIAJHICTh aITOPUTMY HE € MOCTIHHOIO BETMYMHOIO 1 3aJISKUTH BiJ pO3MIPHOCTI 3a4adi
(00’em mam’sTi it 30epiraHHs JaHUX) — KUTBKICTh KOMIPOK ISl pi3HUX AaHuX. OTKe, CKIaOHICMb aneopummy
— (QyHKIis, 3HAUEHHS K0T 3aJISKUTH Bl pO3MIPHOCTI N JaHWX 3a7adi.
3a3BHyYail TOBOPSATH, 10 YaC BUKOHAHHS aJITOPUTMY a00 HOro yacoBa CKIaJHICTh Mae mopsmok T(n) Bifg
BUXIJIHUX JTaHUX PO3MIpHICTIO N. OxuHuis BuMipy T(N) TOYHO HE BU3HAUCHA, 1l PO3YMIIOTh SIK KUIBKICTbH
KpOKIB, III0 BUKOHAHI Ha ineanizoBaHoMy komm torepi [3,4]. V OinbInocTi BUNAIKIB, P BH3HAYEHHI 4aCOBOI
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ckJagHocTi anroputMy 7(N), po3yMilOTh MakCUMalIbHUI Yac BUKOHAHHS JTOPUTMY 110 BCIM BXITHHM JaHHM,
TaK 3BaHy 4acOBY CKJIAJHICTh aiaroputMmy 7max(n) y HairipuioMy BUIaaky. Takox posrismarots i 7avg(n) sk
cepeHii (B CTATUCTHYHOMY CEHCI) Yyac BUKOHAHHS allOPUTMY Ha BCIX BHUXIIHUX IAaHUX po3MipHicTio N. Xoua
Tavg(n) € mocuTh OO0 ’€KTUBHOIO MIpOIO BH3HAYCHHS YacOBOi CKJIAIHOCTI, IMPOTE€ 4YacTO HEMOXKIHBO
CTBEP/KYBAaTH PIBHO3HAYHICTh BCIX BXIOHHMX AaHUX. TakuM YMHOM, Ha TPaKTHII CepeiHill Yyac BUKOHAHHS
ITOPUTMY 3HAWTH CKJIAJHIIIE, HIK Yac y HalripmomMy Bunaaky. Oce YoMy, 3a3BHYail, BAKOPUCTOBYIOTh Yac y
HAWTIPIIOMY BHIAAKy SK Mipy 4acoBoi ckiamHocTi amroputmy 7(n). OOuuclIeHHS YacoBOi CKIIaJHOCTI
anroputMy 7min(n) y HalCIPUATIMBIMIOMY BUIAAKy Xo4a 1 OyJae MpeMeToM Hallol yBaru, IpoTe MU MOBHHHI
PO3yMiTH, 110 3HA4YeHHA Li€l GYHKIUII He TOBUHHO CYTTEBO BIUIMBATH Ha BHOIp TOrO 4M iHIIOTO anroputmy. Lle
MOSICHIOETECS. JCKUIbKOMa MPUYMHAMHU: TO-TIEpIe, 3HAIOYM Yac POOOTH B HAWripmioMy BHIAAKY, MOXHa
rapaHTyBaTH, 10 BUKOHAHHS alTOPUTMY 3aKIHYMTHCS 3a SKUKCH 4Yac, HaBiTh HE 3HAIOUH, KOO BUTILIAY Oyae
BUXiTHA TMOCTIMTOBHICTh, MO-APYre, Ha MPAKTHUIN «IMOraHi» BXoau (id AKUX Yac poOOTH OJU3BKUN [0
MaKCHUMyMY) MOXKYTb 4acTo Tparustucs [2,5].

®dopmanbhuit onuc Mamman Trropinra. Mammna Teiopiara (MT) ckinagaeTbes 3. HECKIHUSHHOT CTPIUKH,
IO TOJiJieHa Ha KOMipku. B KkoxkHill koMipmi Moke OyTH 3alMCaHWil OAMH 13 CUMBOJIB KiHIEBOrO andasiTy
A={ay, a, @z, ..., @n}, 110 Ha3WBA€ThCs 30BHIMHIM andaitoM (3A). Jlis koxHoi MamuHu ThIOpiHra MOXKHA
3aJ1aTH BIIACHHH 3A; KEPYHOYOro MPHUCTPOIO, 110 MOXKE 3HAXOIUTHUCS B OJHOMY i3 BHyTpilHbOro craiB Q={q,
Qa2 .-, Qn}. KimbkicTh enementiB Q BuzHauae 00’e€M “BHYTpIIIHBOI mam’sATi” MamMHK ThiopiHra. Y MHOKUHI Q
BUPI3HSIOTH [IBA CICIialbHI CTAHH: MOYATKOBUH (; Ta KiHIEBHH (, (a00 ! — 3HAK OKIIHKY), ¢ Z — HE YHUCITOBHI
IHJEKC, a MHEMOHIYHAa O3HaKa KiHIf. TakuM YHHOM, MammHa ThIOpiHra MOYMHAE POOOTY B CTaHi (; Ta,
MOTPANUBIIMN B (; 3yMUHIETHCS; KaPETKH, L0 MEPEMIIlyIOYHCh B3IOBXK CTPIUKH, MOXE: 3allHUCyBaTH B KOMIpPKY
CHMBOJI 30BHIIIHBOTO andaBiTy, 3MIIIyBaTUCS HAa KOMIPKY HpPaBOpYY/JiBOPYY UM 3aJIMIIATHCA HA MICLI.
OyHKIIOHYyBaHHSI MalIMHU ThIOpiHra MOXKHa OMKCATH TaK. B 3aJISKHOCTI BiJ BHYTPILIHBOTO CTaHy MAaIlUHH
Tolopinra (0ij) Ta cHMBOIY 30BHIIIHBOrO andaBiTy Ha crpiumi (&) BigOyBaeTbCS 3amHC HOBOI'O CHMBOILY
30BHIMHBOrO andasiry (@), 3mimenHs kaperku (d) Ta mepexin 10 HoBOro BHYTpimHbOro crany (q4). Takum
YUHOM, po00Ta MamuHU ThIOpiHra BU3HAYAETHCS CHCTEMOIO KOMaH | BUTisay: ¢ a— ' a’jd [2,3,6].

Mammna 3 noButeHEM goctynom o nam’sti (RAM) AHami3 anropuTMmy mnoisrae B TOMY, OO
nependavyuTH MOTPIOHI ANl MOro BUKOHAHHS pecypcu. [HoAl omiHIoeThcs ToTpeda B TaKMX pecypcax, SK
naMm’sTh, IPOITyCKHA 3JaTHICTH Mepexi abo HeoOXinHe anapaTHe 3a0e3MeUeHHs, aje HaifluacTille BU3HAYa€ThCs
yac obumcienHs. Llnsxom aHamizy AesKMX ajiroOpuTMiB, MPU3HAYEHUX Ui PO3B’S3KY oAHiei Ta Tiel camoi
3a/1a4i, MO)KHA JIETKO 00paTu HailOnplm eeKTHBHUHN 3 HUX. B mporeci Takoro ananizy Moxe TakoX BUSBUTHCH,
IO JEeKUTbKa aJITOPUTMIB MPHONHU3HO PIBHOLIHHI, a BC1 1HII BapTO BIAKUHYTH.

3 ypaxyBaHHSIM TOTO, IO AJTOPUTMH PEANi3YIOTbCA y BUTJISAI KOMIT IOTEPHUX IMporpaM, B OLIBIIOCTI
BUMAJAKIB B SKOCTI TEXHOJNOTii aHali3y ajropuTMmiB OyJe BHKOPHUCTOBYBATHCH MOJEIb Yy3aralbHEHOI
OJIHOIIPOIIECOPHOI MalIMHU 3 NOBUIBHUM noctyrnoM ao mam’siti (Random-Access Machine — RAM). B wmiit
MOJIENTi KOMaHJI! MPOIlecopa BUKOHYIOTHCS TOCTIIOBHO; OIMeparlii, SKi BUKOHYIOThCS OJHOYACHO, BiCyTHI. Y
IO MOZENb BXOASTH Ti KOMaHAMW, SIKi 3a3BMYaii MOXKHA 3HAWTH B peajbHUX KOMII'IoTepax: apudmernysi
(momaBaHHS, BigHIMaHHS, AOOYTOK, AUTEHHS, OOYMCIICHHS OCTadYi BiJ| MiIJICHHs, HAOJWKCHHS MIMCHOTO YHUCIa
HAWOMIKYMM  OUTBIIMM YW  HAWOMVDKYMM MEHIIUM LUIMM  YHCJIOM), Omepamii IepeMilleHHs TaHuX
(3aBaHTaXXCHHS 3HAYCHHS B IaM’siTh, KOIIIOBAaHHA) Ta Kepyroui omepaiii (yMOBHe Ta Oe3yMOBHE Tay>KCHHS,
BUKJIMK MiIIporpamMu i ToBepHEHHs 3 Hel). s BUKOHaHHS KOXXHOI Takoi IHCTPYKLii MOTPIOHO TNEBHHUI
¢ixcoBanuii mpomixok yacy. B mozmeni RAM € mino4ucnoBuil THI JaHUX Ta THI YKCEN 3 [JIaBAIOYOI0 KOMOIO.
Takox nependavdaeThes, IO € BEPXHS MeKa PO3MIpPy OJHOTO clioBa gaHuX. Y mofeni RAM, sika po3risgaeTbes,
HE MOJENIOEThCS i€papXisi MPUCTPOIB MaM ST, SKi CHOrOAHI PO3MOBCIOPKEHI Yy 3BHYAWHUX KOMII IOTEPaX.
Taxum 4rHOM, Kell Ta BipTyajdpHa mam’ath BincyTHi y RAM. Mogeni, siki BKIIOYarOTh B cede Taky iepapxiro,
Habararo cxiagnioie moaemi RAM, ToMy BOHH MOXYTh YCKJIaOHUTH poOoTy. OKpiM LbOro, aHaimi3, SKUH
3acHOBaHMI Ha Mozeni RAM, 3a3Bu4aii 4yJOBO MPOrHO3Y€E MPOAYKTUBHICTH allTOPUTMIB, SIKi BUKOHYIOTBCS Ha
peaIbHUX MalluHaX.

AmHaniz HaBiTb TPOCTOrO ajaroputMy B mozeni RAM Moxke BuUMaraTtd 3HAYHUX 3ycWib. B ymcio
HEOOXiZHUX MaTeMaTHYHHX iHCTPYMEHTIB MOXE YBIWTHM KOMOiIHATOpHKa, Teopis HMOBIpHOCTEH, anreOpaidni
MIEPEeTBOPEHHS Ta 3JaTHICTH imeHTHU(iKyBaTH HaAMOUIBII BayKnMuBi AoAaHKU B (opmyini. OCKiTbKM HOBEHiHKA
AJITOPUTMY MOXKE BIIPI3HATUCH I Pi3HUX HAOOpIB BXiJHUX 3HAYEHB, OyJe MOTpiOHA METOMUKa OOJiKYy, sSKa
OIKCYE MOBEIHKY aJITOPUTMIB 32 JJOIIOMOT'OI0 TIPOCTUX Ta 3po3yMiaux (opmyn [1].

Meroauka OIIIHKM YacoBOi CKIAAHOCTI anroputMmiB. OauH i3 CcHocoOiB BH3HAYEHHS YacoBOI
e()eKTUBHOCTI aJTOPUTMIB MOJIATAE B HACTYITHOMY: Ha OCHOBI J]AHOTO aJrOPUTMY HOTPiOHO HAMUCATH IPOrpamy
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1 BUMIPATH 4ac Tl BUKOHAHHS Ha MEBHOMY KOMIT FOTEpi Ul BUOPAHOI MHOXKMHHU BXIJHUX JaHUX. X04a TaKUil
croci0 momynspHuid 1, 6€3yMOBHO, KOPUCHUH, BiH MOPOIKY€E MEBHI MpobiemMu. BusHaueHnii yac BUKOHAHHS
MpOrpaMu 3aJI€KHUTh HE TIJIBKH BiJi BUKOPUCTAHOIO aJITOPUTMY, ajle ¥ Bif apXiTeKTypH i HaOOpy BHYTpIIIHIX
KOMaHJ] JaHOTO KOMII'IOTepa, BiJ SKOCTI KOMIUIATOpa, 1 BiX piBHS mporpamicra, SKUH peajiyBaB AaHUI
anroput™M. Yac BUKOHAHHS TaKOXK MOXKE CYTTEBO 3aJISKaTH Bl BUOPAHOI MHOXKMHHU TECTOBUX BXITHHX JaHUX.
Lls 3anexXHICTh CTa€ OYEBUAHOK TPHU peaiizalii OJHOTO i TOro X ajJrOpUTMY 3 BHUKOPHUCTAHHSIM PI3HUX
KOMIT'IOTEPiB, PI3HUX KOMIIATOPIB, MPHU 3allydeHi MPOrpamicTiB pi3HOro PiBHA 1 IpU BUKOPHUCTaHHI PI3HUX
TecToBUX JaHuX. {00 migBUIIUTH 00’€KTHUBHICTH OLIHKM AJTOPUTMIB, yd4eHI, SKi HPalioOlOTh B Trairysi
KOMIT'IOTEPHUX HayK, NPUHHLIN dCUMNMOMUYHY HACO8Y CKAAOHICMb SK OCHOBHY MiIpy e(eKTHBHOCTI
BUKOHAHHS airoput™y [5]. YV OUIbIOCTI BHIAAKIB aqrOPpUTMH PEAi3yIOThCs MpOrpaMaMu, sSKi 3arucaHi
orepaTopamMyd MOB IPOrpaMmyBaHHsS BHCOKOTO piBHs. OTke, BUHUKAaE HEOOXIJAHICTh 3alKCy IMX aJTOPHUTMIB B
MammrHHY MOBY Oyzb-sikoi EOM. I1pote, TOYHO BU3HAYHUTH Yac BUKOHAHHS OyIb-SKOTO KPOKY aJITOPUTMY JIYKE
BaXKKO, /K€ IIeH Yac 3alIeKUTh HE TUIBKU BiX ,,JIpUPOAM~ CaMOro KpoOKy, a W Bii Mpormecy TpaHCIIl i
MaIIMHHKUX 1HCTPYKIii MEeBHOro KoM totepa. Och 4OMY 3aMicTh TOYHOI OLIHKK €()EeKTUBHOCTI alTOpUTMY, IO
npuaaTHa (akTyalbHa, BaJliJHAa) Uil TEBHOI OOYMCIIOBAIBHOI CHCTEMH, NMPUIHATO BUKOPHUCTOBYBATH MEHII
TOYHY, ajie OUIbLI 3arajbHy aCHMITOTHYHY YacOBY CKJIAJHICTh SIK OCHOBHY Mipy €()EeKTHBHOCTI BUKOHAHHS
alITOPUTMY.

Jlns onmucy IMBHIKOCTI POCTY YacoBOI CKIAJHOCTI allTOPUTMIB BUKOPHCTOBYETHCS ®-cuMBOIiKa (,,TeTa-
cumBonika”). Hanmpukmaz, KoM roBOPATH IO 4ac BHKOHAHHs T(N) JIEAKOro anroputMy Mae mopsiok O(n),
TOOTO T(n):@(nz), TO BBaXKAKOTh, IO iICHYIOTh TaKi KOHCTAHTH ¢1, ¢;>>0 1 Take 4uCIo Ny, 10 c1n’<T (n)§cgn2 it
BCiX 12>N. OCKINBKH, K OYJO 3a3Ha4EHO BUILE, CKIAJHICTD aJTOPUTMY — 1€ (PyHKIiA, 3HAYCHHS SIKOi 3aJIeKUTh
BiJl pO3MipHOCTi N maHuX 3afadi, To 3amuc T(N)=O(n°) Moxna noxatu y Bursai f(N)=O(n?). Bpaxosyroun pi3i
3HAYCHHS MPOMOPIIHHOCTI UTS N Pi3HUX ANTOPUTMIB, TOYHIIIUM Oyne BukopucTtanHus 3amucy f(n)=6(g(n)), xe
g(n) — nesika ¢yHKIs Big N. 3MICT IIBOTO 3aIUCy TOJSTAE y TOMY , IO ICHYIOTh TaKi KOHCTaHTH ¢1,c2>0 1 Take
yucio N0, mo 0<c19(n)<f(n)<c.g(n) mis Bcix n>Ng. Sxmo mwisa aeskoro aaroputmy f(N)=E(g(n)), To dyHkIitO
g(n) BBaXarOTh aCHMITOTHYHO TOYHOIO OI[IHKOIO HOT'0 CKJIAJHOCTI.

Jns  TOsSCHEHHS CKOpHCTaeMOCs MpHKIagoM. Hexail wacoBa CKIQAHICTh JESIKOTO alITrOPUTMY
T(n)=(1/2)n*-3n. Tlepemipumo, 10 weil anroput™ Mae mWBUAKICTL pocTy A(n°), TodTo (1/2)n*-3n=0(n%). [ns
I[LOTO 3a3HAYUMO KOHCTAHTH C1,Cp 1 YHCIIO Ny, TAK MI00 HEPIBHICTH cln2§(1/2)n2-3n§czn2 BUKOHYBAJIacs JJIsl BCiX
n>Ng. Po3minuMo HEpiBHICTH Ha n i orpumaemo ¢;<1/2-3/n<c,. TakuM YWUHOM, M1 BUKOHAHHS APYTOl
HEpiBHOCTI TOCTaTHBO NPUIHATH ¢,=1/2. [lepiia sk € HepiBHICTh BUKOHYETHCS, HANPUKIAL, TIpH No=7 1 c;=1/14.

3asznaunmo, 1o 3anuc f(N)=6(g(n)) Brxmrouae B cebe ABI oLiHKKM pocTy mBHIKOCTI: BepxHIO O(g(n)) (,,0
BijI ke Big en”) 1 HykHIO Q(g(n)) (,,oMera Bix xe Bix eH”).

Beaxatots, mo: f(N)=0(g(n)), sxmo 3HaineTbes Taka koHcTanTta ¢>0 1 Take yucio Ny, mo 0<f(n)<cg(n)
JUTs Beix n>Ng; f(N)=Q(g(n)), skino 3Hakmerhest Taka koHcTanTa ¢>0 i Take 4yucio Ny, 1o 0<cg(n)<f(n) mis Bcix
n>Ny. I3 HaBexeHoro BuIMBaE, 1o 11t Gynkuii f(n) Bmactusicts f(N)=E(g(N)) BUKOHYETHCS TOMI 1 TUTBKU TOI,
komu f(n)=0O(g(n)) i f(n)=Q(g(n)). CrporueHHs, SKUX MU MPUITYCKATUCS MPU OLIHII CKJIAJHOCTI aJrOPUTMY
T(n), 6a3yroThcsl HA TIpaBUIIaX BUKOHAHHS ONEpAallild JOaBaHHS Ta MHOKCHHS B ®-CHMBOJTILII.

IMpaBuno cym. Hexaii T1(n) i To(N) — yac BukoHaHHs IBOX mporpaMHuX (parmeHtiB P; i Py, Ti(n) mae
mBuakicte pocty O(f(n)), T2(n) - O(g(n)). Tomi T1+T,(n), ToOTO Yac mocaiOBHOrO BUKOHAHHS (hparMeHTiB P 1
P,, mae mBuakicts pocty O(max(f(n),g(n)). dns mokasy 1{bOro Haragaemo, 1o iCHYIOTh KOHCTAHTH C1,Ca, Ny 1 N;
TaKi, 10 32 YMOBH n>N; BUKOHYEThCs HepiBHICTE T1(N)<ci1f(n), Ta ananoriuno T,(n)<c,g(n), sxuro n>n,. Hexaii
no=max(ny,ny). Skio n>no, TO, oueBHmHO, MO 1 T1(N)+T,(N)<cif(n)+c,g(n). 3BigcH BuUMIKMBaAE, MO MPH 1>Ng
crpaBemauBa HepiBHICTE T1(N)+T2(n)<(c;+cz)max(f(n),g(n)). Ocranus HepiBHICTH 1 03Hauae, mo T1(n)+T2(n)
Mmae opsiiok pocty O(max(f(n), g(n))).

[MpaBuno nodOytky. SAxmo T1(n) i T2(n) marote mBukicte pocty O(f(n)) i O(g(n)) BiamosigHo, TO
nobyrox T1(n)*T2(n) mae msuaxicts pocry O(f(n)*g(n)). 3 npasuna noOyrky BummmBae, mo O(N°/2)
exsiBazenTHO O(N°).

Yacrto roBopsTh, IO Yac BUKOHAHHS anroputMmy mae mopsinok T(N) Bix BXigHux nanux posmipy N.
Onuanng BumiproBanHs T(N) TouHO He BM3HAueHaA, ane B OUIBIIOCTI BUMAJKIB PO3YMIIOTh MiJl HEO KUIbKICTh
IHCTPYKIiH, SIKi BUKOHYIOTHCS Ha ieali3oBaHoMy KoMl toTepi. s 6aratbox mporpam 4yac BUKOHAHHS JiHCHO
€ (QyHKLi€I0 BXiTHUX JaHHX, a He iX po3Mmipy. Y mpoMmy Bumaaky Bu3HadaioTh 1(N) sk yac BUKOHAHHS B
HalripmoMy BHMaAKy, TOOTO, SK MaKCUMyM 4aciB BUKOHaHHA 3a BciMa BXimHUMH aaHuMu po3mipy N. Iopsin 3
THM po3risinaots 1.,(N) sk cepemniil (B cTaTHCTHYHOMY PO3YMiHHI) 4ac BHKOHAHHS 3a BCIMa BXIIHUMH
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manumu po3Mipy N. Xoua T, (N) € mocraTHbO 00’€KTHBHOIO MIpOI0 BHUKOHAHHS, ajlé 4acTO HEMOXKIUBO
nepenbaunTH, ab0 OOIPYHTYBAaTH, PIBHO3HAUHICTD YCiX BXiIHUX JaHMX. Ha mpakTumi cepeaniii yac BUKOHAHHS
3HAWTH CKIAJHIIIE, HIK HAWTIPIIMN Yac BUKOHAHHS, TaK SK MAaTEMAaTUYHO II¢ 3pOOUTH Ba)KKO 1, KpiM IhOrO,
gacro He OyBa€ MPOCTOr0 BU3HAYEHHS TMOHATTS ,,CepeAHiX” BXITHMX JaHUX. TOMy, B OCHOBHOMY,
KOPHCTYIOTBCSI HAUTIPIIAM YacOM BUKOHAHHSI SIK Mipa 4acoBOi CKJIaHOCTI anroputmis [1,2].

[IponyKTUBHICTh aNTOPUTMYy OLIHIOIOTH 32 MOPSIKOM BEIHMYMHHU. [ OBOpATH, IO AITOPUTM MAa€
CKJIaHICTh TOPAAKY O(f(N)), AKIIO Yac BUKOHAHHS ANTOPUTMY POCTE MPOMOPLIHHO (yHKIIi f(N) 3

36inbImeHHAM po3mipHocTi mouatkoux aauux N . O — nosnauae ,Benmuunna nopsaxy”.

[IpuBenemo neski (QyHKOii, SKi 4acTO 3yCTPIYarOTHCS MPH OLIHII CKIAAHOCTI anroputmiB. DyHKHiT
MPHUBEAEMO B MOPSIKY 3POCTaHHS OOYMCIIOBAJIBHOI CKIAaJHOCTI 3BEpXy BHHU3. EQEKTHBHICTH CTENEHEBUX
ITOPUTMIB 3BHUAITHO BBAXKAETHCS MOTAHOIO, JIIHIKHUX — 3aJ0BUIBHIH, JOrapuMivHUX — XOpOLIOIO.

Tabmuusg 1.1 - @yHKii, 110 BAKOPUCTOBYIOTHCS MPH OOYHCIEHHS CKIaJAHOCT] aITOpUTMIB

OyHKIisA [Mpumitka

f(N)=C C — koHCcTaHTa

f(N)=log(log(N))

f(N)=log(N)

f(N)=NC C — KOHCTaHTa BiJ HYJIsI 10 OJUHUIIL
f(N)=N

f(N)=N*log(N)

f(N)=N" C — xoHcTaHTa OUIbIIA OJMHHUII
f(N)=C" C — xoHcTaHTa OUIbIIA OJMHHUII
f(N)=N! T00TO 1*2* ... N

OwiHKa 3 TOYHICTIO JI0 IOPAAKY Ja€ BEPXHIO MEXY CKJIaTHOCTI anroputMy. Te, mo mporpama Ma€ MeBHUH
MOPSIOK CKJIaIHOCTI, HE O3Hayae, IO aJrOpUTM Oyae AiHCHO BUKOHYBAaTHCS Tak JoBro. [Ipu meBHHX BXiZHUX
JaHMX, 0araTo anrOpUTMIB BUKOHYETHCS Ha0araTo MIBHJIIE, HDX MOXXHA MPHUITYCTUTH Ha MiACTaBi iXHBOTO
MOPSZIKY CKIaTHOCTI. Y YHCIIOBHX aJrOpUTMax TOUYHICTH 1 CTIMKICTh aNrOpUTMIB HE MEHII BaXKJIMBa, HIK iX
JacoBa eeKTHBHICTb.

AmnHaniz CKIAQZHOCTI alNrOpUTMy KOPHUCHHMH JJIsl PO3YMiHHS OCOONMBOCTEH airopuTMy i 3BHYANHO
3HAaXOAUTh YACTHHH NPOrpaMH, II0 BUTPAyalOTh BEIHMKY YACTHHY KOMII'IOTepHOro dacy. HamaBmm ysary
ontuMizaii KoAy B IUX YacTHHAX, MOKHA BHECTH MaKCHMaJbHUN e(peKT B 30UIbIICHHS MPOAYKTHBHOCTI
mporpaMd B OUIoMy. [HOAI TecTyBaHHsS airOpUTMIB € HaHOUIBII BIANOBITHUM CIIOCOOOM BHU3HAUYMTH
SAKHAWKpamoro anroputMmy. I[Ipum TakoMy TecTyBaHHI Ba)JIMBO, INOO TecTOBi AaHi OyaM MaKCHMAallbHO
HaOJIMKCHI JI0 peaNbHUX JaHuX. SIKIIO TECTOBI JaHiI CHWJIBHO BINPI3HSAIOTHCS BiJ] pPEaIbHUX, PE3YyIbTaTH
TECTYBaHHSI MOXXYTb CHJIBHO BiZIpi3HATHCS Bijl peabHUX .

Onumemo 0a30Bi IMpaBWjia aHANi3y CKJIAJHOCTI ajlrOpUTMIB. Y 3arajlbHOMY BUMAAKY 4ac BUKOHAaHHS
orepatopa abo rpynu OnepaTopiB MOXHa PO3IIISAATH K QYHKIIIO 3 MapaMeTpaMu — PO3MIpOM BXiJHHUX AaHUX
1/ab0 omHOT Y JEKINTbKOX 3MIHHHX. AJe AJIS yacy BUKOHAHHS MPOrpamy B IIOMY JOMYCTHMHUM IapamMeTpoM
MOXe OyTH JHILE PO3Mip BXITHUX AaHUX.

Yac BHKOHAaHHS OMNEPAaTOpiB NPUCBOEHHS, YWTAHHS 1 3alKCy 3BUYAHHO Mae€ TOPSIOK O(l). Yac

BHKOHAHHS TOCTIIOBHOCTI OIEpaTOPiB BH3HAYAETHCS 3a MPaBUIOM CyM. TOMy Mipa pPOCTy 4Yacy BHKOHAHHS
MOCHIIOBHOCTI orlepaTopiB 0e3 BH3HAUYEHHS KOHCTAaHT MPOMOPLIHHOCTI CHiBmagae 3 HAHOUIBIIMM YacoMm
BUKOHAHHS omeparopa B AaHiil mociigoBHOCTI. Yac BHKOHAHHS yYMOBHHX OIEPaTOPIB CKIAJA€THCS 3 dacy
BHKOHAHHSI YMOBHO BUKOHYBaHHX OINEPaTOpiB 1 4acy OOYMCICHHS CaMOro JIOTIYHOro BUpasy. Yac o0uncieHHs

JIOTTYHOTO BUPA3y 4YacTO Mae€ TMOPSIAOK O(l). Yac s Bciel xonctpykuii if-then-else ckmamaerscs 3 wacy

OOYHCIICHHS JIOTIYHOTO BHpa3y i HAHOUIBIIOrO 3 YaciB, KM HEOOXiMHWU IUIsi BUKOHAHHS OMNEpPaTOpiB, IO
BHKOHYIOTBCS TP PI3HUX 3HAYCHHSX JIOTIYHOTO BHpazy. Yac BUKOHAHHS ITUKIY € CyMOIO YaciB yCiX yaciB
BHKOHYBAaHWMX KOHCTPYKIIIH [UKITY, SIKi B CBOIO YEPTy CKJIAJIAIOTHCS 3 YaCiB BUKOHAHHS OIEPAaTOPIB TiIa UKy 1

qacy OOYHCIICHHS YMOBH 3aBCPHICHHA LUKITY (‘-IaCTO Ma€ mopsaok O(l)) YacTo 4yac BHKOHAHHS HUKITY

OOYHCITIOETHCS, HEXTYIOUM BU3HAYCHHSM KOHCTAaHT MPOMOPINHHOCTI, AK JOO0YTOK KiTBKOCTI BHKOHYBaHHUX
oreparliif MUKy Ha HAHOUTHIIUI MOKIIMBUH Yac BUKOHAHHS Tila IUKITY. Yac BUKOHAHHS KOXHOTO ITUKITY, SKIIO
B Iporpami iX JeKiibKka, MOBUHEH BU3HAYATHCS OKPEMO.
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JInst MOSICHEHHST METOJIMKH OI[iIHKH YacOBOI CKJIAJHOCTI anroputMiB T(N) CKOPUCTAEMOCS TaK 3BaHUMH
,»IIpOCTUMH” anropuTMaMi. Jlo Li€l Tpynu BiAHOCSATH aNTOPUTMHU BIOPSAKYBAaHHS OOMIHOM, BIIOPSAKYBaHHS
BHOOPOM Ta BIOPSIKYBaHHS BCTaBKaMU.

Bnopsaokysanns 06minom. ANTOpUTM BIOPSAKYBaHHS OOMIHOM 0a3yeThCs Ha NPHHLMUII MOPIBHSAHHA
napu CyCiHIX eJIeMEHTIB A0 THX Mip, JOKM He OyayTh BHOpsAKoBaHi Bci enemeHTH. 11106 ommcaTé oCHOBHY
I7ICI0 I[OTO METOJY, SKHH 1HOJI Ha3WBaIOTh METOAOM ,,0yah0amIku”, ysIBUMO, IO SIEMEHTH 30epiraroThCs B
MOCITITOBHOCTI (MacHBi), pO3TalIOBAaHOMY BEpTHKalbHO. EJEMEHTH, 10 MalOTh Maii 3HA4YCHHS, € OUIbII
HJIErKimmmu” 1 ,,CINTUBAIOTE” HAropy noAioHo OynasOamkam. [1pu nepmomMy npoxoi y310Bx MacuBy (Tepersisin
MOYMHAETHCS 3HHU3Y), OepeThCs MEPIIMKA eIeMEHT MOCTIOBHOCTI 1 HOro 3HAUCHHS MO Yep3i MOPIBHIOETHCS 3i
3HAUCHHSIMM HACTYITHUX EJIEMEHTIB. SIKIO 3yCTpiyaeThcs €IeMEHT 3 OUTbII ,,BaXXKKUM~ 3HAYCHHSM, TO Ii
SIMIEMEHTH MIHSIOThCcS Micusamu. [Ipu 3ycTpidi 3 €IeMEHTOM, 10 Ma€ OUTBII ,Jieriie” 3HAauYeHHs, IIeH eIIEMEHT
CTa€ ,,eTaJoHOM” JUIS TIOPIBHSHHS, 1 BCI HACTYIHI €IEMEHTH MOPIBHIOIOTHCS 3 IIUM HOBUM, OUTBII ,,JIETIIAM”
eNeMEHTOM. Y pe3yibTaTi eIeMEHT 3 HAaliMEHIITUM 3HAYSHHSIM OMUHUTHCS BrOpi MOCIiIOBHOCTI.

[Tig yac npyroro Mpoxoy B3IOBX MAaCHUBY 3HAXOAUTHCS EIEMEHT i3 APYTUM IO BEIMYNHI 3HAYCHHSM, 110
MICTUTBCS i €JIEeMEHTOM, SKUH Oyno 3HalgeHO MpH NepHIoMYy IMeperisai mocmigoBHocTi. [Ipormec
MTOBTOPIOETHCS IO THUX Iip, JOKH HE OyAyTh BIOPSIKOBaHI BCi €IEMEHTH MOCTIIOBHOCTI. Big3zHaunMo, 110 mix
Yac JAPYroro i HACTYITHHUX MEPETJISiB MOCIiJOBHOCTI HEMa€e HEOOX1THOCTI MeperisaaaT eJIeMEeHTH, 3HAW ICH] 3a
MOTIePEIHI TMePETJIsAN, aJPKe BOHH MAIOTh 3HAUYCHHS MEHIII 3a 3HAYCHHS €IEMEHTIB, M0 3aJUINWINCA. [HImmMu
CJIOBAMH, TTiJ] 4ac i-To Meperisiay He MepPeBipsIOThCSA SIEMEHTH, 1110 3HAXOAATHCS HA TO3UIISIX BHUIIE I.

[IpoinrocTpyeMo poOOTY alrOpUTMY BIOPSIIKYBaHHS OOMIiHOM HACTYITHUM IPUKJIAIOM, IO 3alliCaHUi Ha
TICEBOKOI.

(1) for i«—n-1 step -1 until 1 do
(2) for j—1 step 1 until I do

3) if a[j] > a[j+1] then
begin

(4) swap(a[i], ali+1])
end

3BepHEMO yBary Ha Te, IO IiIIporpama-mpoueaypa Swap psaky (4) BUKOPUCTOBYEThCS B OaraTbox
aNropuTMax BIOPSIKYBAaHHS JUISl IEpecTaHOBKHU efeMeHTiB Micusamu. Kox i€l mpouenypu HaBeneHO HUKYE:
procedure swap (X,y)
begin
temp « x
Xy
y «temp
end
Jns BU3HAYEHHsS] YacoBOi CKIJIAHOCTI alrOPUTMYy BHUKOHA€MO HAcTymHi Aii. Bimg KoxHOro psmky
QITOPUTMY 3a3HAYMMO HOro BapTicTh (YUCIO Omepamiif) i KUIbKICTh pasiB, 3a SIKY BUKOHYETBCS LEH PSIOK.
3ayBa)kuMo, IO PSIKU yCepearHl LUKy BUKOHYIOTBCS HA OJMH pa3 MEHIIe, HiK MepeBipKa, OCKUTBKU OCTaHHS
nepeBipKa BUBOIHUTH 3 MUKITY. Jlnst koxkHOro | Bix 1 1o 2 1 miipaxyeMo, CKUIbKU pa3iB OyJae BUKOHAHUI PSIOK
(3), i mo3HaumMmo 11e uncio uepes Kj. AHaIOriYHy 0 BUKOHAEMO 1 1S psaKy (4).

Tabnuusg 1.2 - BusHaueHHs 4acoBOi CKJIAAHOCTI aJITOPUTMY BIIOPSAKYBAHHSI OOMiHOM

Komanna BapricTp KinbkicTe BUKOHAHB
for i<—n-1 step -1 until 1 do C1 n
for j—1 step 1 until i do Cy n-1
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if a[j] > a[j+1] then Cs kj'
j=1

R [

swap (a[j], a[j+1]) C4 ]
j=1

Psinok BapricTio ¢, 10 TOBTOPEHUH M pasiB, a€ BHECOK CM B 3arajbHy KUTbKICTh omepauiid. CkIaBmu

BHECKH BCIX pH,Z[KiB, OACPIKUMO BHpa3, M0 [MO3HAYA€ YACOBY CKJ'Ia,Z[HiCTB AJITOPUTMY BIIOPAAKYBAHHSA OOMIHOM:
i i

T(n) =cn+ c;(n—1) +CEZI€}- +C4Zt}-

=2 i=

(]

OOGUYUCTMO CyMY KUTBKOCTI BUKOHAHb JUISL PSAKY (3).

L

1+n—1 n(n—1)
Zk}.=T(n—1J=T
i=1

TakuM YMHOM, YacoBa CKJIAJHICTh anroputMy T(N) TOpiBHIOE:

T(n]=c1n+cz(n—1]+ca(ﬂ[nz—_1])+c4 t. =

-
=

CaM

— Camt —
=gntcen—c + > _?+C4Zt}-—

Sk Gaummo, dynkuis T(N) — kBagpaTHuHa, ToOTO Mae Burmsan I(n)=an’+bn+c, ne koucrantn a, b i ¢
BU3HAYAIOTHCS 3HAYECHHSIMH Cy, ... C4.

Cri 3ayBayKuTH, IO Yac poOOTH alTrOpUTMY 3aJISKHUTh HE TUIBKH Bij N, ajie i BiJ TOro, SKUW caMe MacHB
PO3MIpHICTIO N mopaHuil i Ha BXig. [nsg anroputMy BHOpSAAKYBaHHS OOMIHOM HaWOUIBII CHPHUATIMBUI
BHUIIA/IOK, KOJIM TOCIiAOBHICTE YK€ BropsiakoBaHa. [Iponenypa oOMminy Swap y TakoMmy pasi He OyZe BUKOHAaHA
JKOJTHOT'O pa3y, a 4acoBa CKJIAJHICTh adrOPUTMY T min(N) AOpIBHIOBATHME!

Tonen (1) = (CE_EJ“: + (51 ¢y —|—%Jn— Ly

TakuM 4YMHOM, Y HAWOUTBII CHPHUATIMBOMY BUIAIKY 4ac Tmin(N), HeoOXimHWil miast 0OpOOKHM MacuBY
PO3MIpy N, 3aIUIIAETHCS OYTH KBaJAPATUYHOIO (DYHKUIEIO Bix N.

SIKIIO K MacHB PO3TALIOBAHWI y 3BOPOTHOMY (CITaJHOMY) TOPSAKY, 4ac pOOOTH alropuTMy Oyne
MaKCHMAJIBHUM: KOKeH eneMeHT a[j] npuitnerses MinsTi Micisamu 3 enementoM afj+1] . Ilpu mpomy tj = j.

OO0YHCIUMO CyMY KUIBKOCTI BUKOHAHbB IS PSIKY (4).
i

Tnax (1) = {Z—HJ n® + (Cl +e, + %)n —c;+ ey Z t=
j=z
=(%)n2 +(c:'1—|-c2 +;—3)ﬂ—cz +C4(ﬂ,22——n) =
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SIk 6ayrMo, y TIpIIOMY BUITAJKY Yac POOOTH alITOPHUTMY T (M) TAKOXK € KBaJAPATHYHOKO (QYHKILIEIO Bix N.

AHai3 cepeTHbOr0 3Ha4eHHS YaCOBOI CKJIAIHOCTI allTOPUTMY BIIOPSAKYBAHHS OOMIHOM T ayg(N) 3aNI€KUTB
Bi 00paHOro po3moAily MHMOBIpHOCTEH, 1 Ha MNPaKTUL peambHUA PO3MOAIT MOXE BIIPI3HITUCS Bix
nepen0adyBaHoro, SKWM, 3a3BHYail, BBAXKAIOTH PIBHOMIPHUM. [HOMI PIBHOMIPHHI pPO3MOII MOJAEIIOIOTH,
BHKOPHCTOBYIOUH T'€HEPAaTOPH BHMINAAKOBUX dYucel. [IpoTe, MOKHA NPHUIYCTUTH, IO B CEPEOHBOMY OOMIH
BiZIOYBa€ThCS MPUONHM3HO y /2 Bumagkax 1 HOro 3arajibHa KUIBKICT TPUOIHM3HO JOPIBHIOE 3HAYCHHIO
(1+2+..4+n)/2=n’/4. Y TakoMy BHIAiKy CepeHE 3HAUCHHS YACOBOI CKIAJHOCTI AITOPUTMY BIOPSAKYBAHHS
00MIHOM Tayg(N) MOXKHA TTOKa3aTH HOPMYIIOIO:

Tﬂz;‘g(nj = (;—E)ﬂj + (cl + o, —;—E)ﬂ,—cz +c, niT_ﬂ' -

3BUUAiHO, aJTOPUTM BIIOPSAKYBaHHSI 0OMiHOM MOXHA Jierko Moan(ikyBaTu. OJUH i3 HUIAXIB MOJIATAE Y
TOMY, IO MOXXHA T030aBUTHCSI BEMUKOI KiIBKOCTI HENOTPiOHMX IMOpIBHSHB, 3amaM’sITaBIIM YU BinOyBaBcCs
OOMiH Ha TOMepeTHbOMY Kpolli. Skio oOMiHy He OyJio, TO MOCTiJOBHICTh BBaXKAETHCS BIOPSIAKOBAHOMN, 1
ITOpUTM  3aKkiHuye pobory. lLleii mpomec yIOCKOHAJeHHS aITrOPUTMY MOXHA TPOAOBXKHUTH, SIKILO
3amaM’ITOBYBaTH HE TUIbKH caM (akT 0OMiHY, aie i Micie (iHIeKC) OCTAaHHBOro OOMiHY. AJDKE 3p03yMiso, 1o
BCI TIApH IEMEHTIB 3 IHIEKCOM, MEHIIIUM BiJI |, BXKE YIOPSIKOBaHI, 1 HACTYITHI Eperyisii MOKHA 3aKiHUyBaTh
Ha 1poMy iHAekci. IIpote, BCi BZOCKOHANEHHS >KOIHWUM YHHOM HE BIIMBAIOTH Ha KUIBKICTH OOMIHIB — BOHHU
JIIE 3MEHITYIOTh KiBbKICTh HaJJTMIIKOBUX MOBTOPHUX MepeBipok. Haxanb, 0OMiH ABOX eleMEeHTiB — OimbLI
pecypcoeMHa orepalisi, Hik TOPIBHSIHHS, TOMY BCl Hallli BIOCKOHAJICHHS TAI0Th JIMILEC He3HAUHUH edekT [2].

TakuMm 4MHOM, aHaJi3 AITOPUTMY BIOPSAKYBaHHS OOMIHOM IIOKa3aB, IO HiSIKUX IepeBar, OKpiM JEerKo
3amaM’ATOBYIOUOi Ha3BH, Iel alropuT™ He Mae. [IpoTe, came Ha MPHUKIAAl HBOrO AITOPUTMY MH PO3IIISTHYIH
METOAWKY BHU3HAYEHHS YACOBOi CKJIAJHOCTI alrOpUTMIB, Ky HaZaldi 3acTOCyeEMO MpH aHaji3i iHIIUX
AJITOPUTMIB.

BucHoBkH i mepcneKTHBM MOJAIBIIMX JOCHIIKeHb. 3aCTOCYBaHHS TOIO UM IHIIOTO aJIrOPUTMY
MOUIYKY JAJIsl BUPILIEHHS KOHKPETHOI 3a/adi € JOCUTh CKJIAJHOI0 MpoOIeMoro, BUPIMIEHHS KO MOTpedye He
JUILE JOCKOHAJIOrO BOJOAIHHS CaMe IIMM aJIrOPUTMOM, ajieé i BCeOIYHOro pPO3MIISIIAHHS TOTO YH iHILIOTO
ITOPUTMY, TOOTO BHU3HAYEHHs YCiX HOro mepeBar i HEAOJNIKIB. 3BMYaiiHO, HEOOXiJHICTh 3aCTOCYBaHHS came
MPOCTUX AITOPUTMIB MOIIYKY OYeBUAHA. AJDKE CKIIAJHI alTOPUTMH HOIIYKY HE aloTh 0akaHoi e eKTUBHOCTI B
poboTi mporpamu. Aje 3aBxau Tpeba mam’sITaTH W Mpo Te, IO KOKHUHM MPOCTUH ajIrOpuTM IMOIIYKY MOpsf i3
CBOIMHU IepeBaraMu MOXe MICTHTH 1 JSSKi HEJIOMIKH.

B Hamiii craTTi MM pO3TISHYNIM AESKi aNrOPUTMH MOIIYKY Ta iX peanizanito MoBowo C++, peanizyBaiu
MporpaMHe BUKOPHCTaHHs METOAIB IOIIYKY, & TAKOX JOCIIININ IepeBark ajlrOpuTMIB MOIIYKY, eEeKTUBHICTD
X BUKOpHCTaHHS, BU3HAYMIIN JCK]1 HETOTMIKM OKPEMUX aJrOPUTMIB.

[Iporpama MicTUTH peami3alifo JeSIKUX METOMIB MOLIYKY NaHuX. J[aHe ZOCHiIKEHHS HE € 3aBepILICHUM.
Hapani Oyne mpoBoAWTHCH MOJEpHi3allisi Ta pecTpyKTYpH3alis CTBOPEHOTO MPOTPAaMHOTO MPOAYKTY, 3aUIs
PO3LIMPEHHS 00J1aCTi HOTrO MPaKTHYHOro 3acTocyBaHHSA. OCKUTBKH, TEOPis alrOPUTMIB — MOJIOA Ta HE TOKIHII
JOCHiKEeHa HayKa, HaloBHEHA BEIMKUM OarakeM 3HaHb, BIOCKOHAJICHHS Ta PO3IMIMPEHHS MpeaAMeTHO1 o0macTi
MPOrpaMHOro MPOAYKTY, 1 Hajali Oyae akTyalbHUM MUTAHHSAM JJIS1 TOCHTiIKEHb.
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