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HocaigixeHno aaropuTm Ajs onTuMisauii po3B’ si3aHHA 3a1a4i KOMiBosKepa. 3MeHIIEHHA
JAOBKUHHU HISAXY 3a0e3meuyeThesi 00MiHOM pebep, siki BilnoBigawTh yMOBi onTUMIi3aIlii.
KurouoBsi ciioBa: 3agavya komMiBosikepa, kom0iHaTopHa onTuMizanisa, NP-Baxki 3axaui.

The algorithm for TSP solution optimization is investigated. Tour minimization is
performed by swapping of edges, which satisfy optimization criteria.
Key words: traveling salesman problem, combinatorial optimization, NP-hard problems.

Beryn

IMomyk po3B's3Ky 3amadi KOMIBOsSDKEpa BHMara€ 3HauyHMX OOYMCIIOBaJIbHUX 3aTpar. Yac,
HEOOXiTHMH Ui SKICHOTO PpO3B'A3yBaHHA 3a/adi, CTPIMKO 3pocTa€ 31 30UIbIIEHHSIM ii PO3MIpHOCTI.
OGuucoBaIbHa CKIAIHICTh CHMETPUYHOI 3a1a4i cranoButh O((N — 1)! / 2). 3a momomororo xaaiOHHX Ta
MPOCTHX EBPUCTHYHHX aJITOPUTMIB MOYKHA MIBUAKO 3HAWTH PO3B’ 130K HEBHCOKOI SKOCTI HABITh VIS 33134
BEJIKOi po3MipHOCTi. J{JIsi mOKpameHHs: po3B’ 3Ky B TaKWX BHIAIKaX JOLIJIBHO 3aCTOCYBAaTH OINTHMIi3a-
LifHI aNroOpuTMH, fKi JAIOTh 3MOTY 3MEHIIMTH AOBXKWHY LUISIXY 3 HEBEJIMKUMH OOUYMCIIIOBAIbHUMHU
3arpatamu. lloKpalneHHs! 3IiHCHIOETHCS 3aMiHOI0 YacCTHH HAsSBHOIO IUIAXY Ha KopoTmi. [lo Bimommx
ITOPUTMIB PO3B’SI3yBaHHS 3a7aui KOMiBOsDKepa Hanexarb 2-Opt ta 3-Opt. Onrumiszamis BinOyBaeTbces
BWJIyYEHHsIM ABOX abo Oinplue pebep HUIAXY Ta AOAAaBaHHSIM HOBUX pedep Tak, 00 HOro AOBXKHHA
3MEHIWIAch. JOIiIbHEe TTOCTITOBHE 3aCTOCYBaHHS JIEKUTFKOX ONTHMI3allifHUX anropuTMiB. [leski 3 Takux
AJITOPUTMIB OmHcaHo B [1].

Onuc agropurmy
Jlnst mpoBeieHHsT onTUMI3allii HeoOXi/THa HAsIBHICTh JIESIKOTO IMOYaTKOBOTO PO3B’ 53Ky 3amaui. Takuit
PO3B’ 130K MOKHa OTPUMATH OJHUAM 3 BiJOMHUX alTOPHUTMIB, SKH HE MOTPeOye BENMKHX 3aTpar vacy,
30KpeMa xamioHumMu. [louaTkoBUM eTarmoM MOCIiPKEHOTO aNTOPUTMY € MONIYK MOTEHI[IHHUX I OOMiHY
MHOXXHH 3 JIBOX Map pebep MuIsIxy, sKi MOXHA 3aMiHATH KOPOTIIUMU. B 3ampornoHoBaHOMY MiIXOM1 IS
imeHTudikaiii Takux map BUKOPUCTOBYeThCs Tpianryisiist demnone [3]. Lle nae 3Mory 3MEHIINTH MOLIYK
map pebep, MOmiTbHUX I 3aMiHu. Jlns moOymoBu Tpianrymsmii JlemoHe Ha 3amaHiii MHOXXHHI TOYOK
BHKOPHCTOBYETHCS OJTHA 3 €PEKTHUBHUX peai3alliii anropurmy.
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AnropuT™m onTuMi3allii CKIaIa€ThCS 3 TAKUX €TalliB:

1. Ilomyk Ha Tpianrymsiuii /lenoHe MHOXHMHHM BCiX MOTEHLIMHUX IUIsi OOMiHy map pebdep, micis
3aMiHH SKHX MOXK€ 3MEHIIUTUCH JOBXHHA IIUISIXY.

2. BunineHHs MHOXHMHHU nap pebep, OOMiH SKHMX Ja€ MOTIpIIECHHS IOBXHHM LUIIXY HAa BEIHYHUHY,
110 HE NePEBUILY€E HAHOUITBIIOr0 MOYKIIMBOTO IOKPAILICHHSI.

3. 3amina Bcix (parMeHTiB, AKi HE BXOJATh y BUOpaHi MHOKHMHH, Ha (pikcoBaHi pedpa.

4. Po3B’sa3yBaHHA 334a4i U1 yTBOPEHOT MHOKUHH TOYOK.

5. Slkmo noBXMHA WUISIXYy € MEHIIOW, TO 3aMiHa (IKCOBaHMX peOep YacTHHAMH MUIIXY
MOYaTKOBOTO po3B’ si3Ky (pparMenTis 1.3).

Iomyk moTeHUiiHNX A1 3MEHIIEHH JOBKHHHU HJISIXY nap pedep
[epmmM eTanoM ONTUMI3aLiIHOTO ANTOPUTMY € MOIIYK MHOXKUHH BCiX map pedep, MOXKIIMBa 3aMiHa
SIKMX TIPU3BeJe 0 3MEHILIECHHS 3arajibHOi JOBXMHM NULIXy. KoXHa mapa ckiagaeTsesi 3 HOTHPHOX pedep.
Ha puc. 1 300paxeno npukian Takoi 3amind. Pebpa E1, E2, E3, E4 moxna 3aminutu pebpamu E1', E2',
E3', E4' BinmoBigHO.

Ve - B3 va

V21 V22

Puc. 1. Mroocuna 3 06ox nap pebep 0is onmumizayii

[Mapamerpom anroputmy A € 103BOJICHA Pi3HMI B CyMapHiil JOBXKUHI NUISXY Tap pedep 110 1 micis
MO>KIMBOI 3aMiHU. J[7s1 BCix peGep BUKOHYETHCS MOLIYK MHOXHMHHU map pebep K, siki MOXKYTh yTBOPUTH
rpyIly, IO 3MEHIIYE JOBXHUHY HUIAXY. [loyaTkoBi naHi — ne pedpo E1, ske aHamizyerscs (puc. 2). Pedpa
E31, E32, E33, E34, E41, E42, E43, E44 nanexarts Tpianryismii Jemone. HactymHi kxpoku:

1. Tomyk HaiikopoTioro pedpa E2 cepen muoxunu pedep E21, E22, E23, E24, nns sixoro

[len(E1) + len(E2) - len(E3) - len(E4)| > 4,
ne mapa pebep E3 ta E4 — enement muoxunu [E31, E41], [E32, E42], [E33, E43], [E34, E44], axumu
OyayThb 3amiHeHi peOpa mapu, yrBopeHoi pedbpom E1 ta omnum 3 pedep E21, E22, E23, E24.
2. Nonasauus map [E1, E2] ta [E3, E4] no MmHOXUHHK K.

E21 E22
\ E32 , \E4l /
W
E33 / \E34 E43~
/o - \E44
- \
M&/
E23 E24

Puc. 2. Iowyx mooscnueoi napu (pebpo E2)
ons nomounozo peopa (E1)
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PesynpraTom momyky € MHOXHHA K, B SIKy BXOAATH mapH peOep, MOXKIIMBA 3aMiHa SIKUX 3MEHIIYE
3arajibHy JOBXUHY IUIsIXy. He Bci eeMeHTH 3 yTBOPEHOI MHOXHHU MOXHA BUKOPHCTAaTH Ha HACTYHMHHUX
eranax. Koxna napa pedep a5 onTuMizalii IOBUHHA BiAMOBIAATH TAKUM KPUTEPisM:

1. JInsa KO’KHOI BEpIIMHYU 3 MHOXXHHH iCHY€ IIISIX, SIKMH 3’ €IHYE i1 3 BEPLIIMHOIO 1HIIO1 mapu pedep.

2. YTBOpeHMH IUTIX POPMY€E OIUH LUKIL.

BBeneHHs 1ux KpuTepiiB 3amobirae yTBOPEHHIO OKpeMux HUKIiB (puc. 3) Ta 3abesmedye
MPULIBHIIICHHS OOYMCIICHb 32 PaXyHOK BiAKHIAHHA HESKICHUX KaHaunaTi. PeOpa, 300paxeHni Ha puc. 3,
HenmpuaTHI Uil onTuMmiszalii. ¥ pasi momuikoBoi 3aminu pebep E1, E2, E3, E4 na E1', E2', E3', E4'
BIJIITOBIIHO YTBOPSATHCS TPH IIHKIIH.

E3

E4

El

Puc. 3. [Ipuxnao nopywenns sumoe 00 MHOIICUHU pebep 05t onmumizayii

Bci mMHO)MHUM 3 map pebep, SKi HEe BiINOBIAAIOTH 3a3HAUYEHUM BHUILE KPUTEPiAM, BHIAISIOTHCS 3
MHOXHHU K. BaxJnBOI0 0COOMHUBICTIO € MOUTYK pedep i 3aMiHU TUTBKU 3 MHOXXHHHU pebep TpiaHryssmii
Henone. Taka BuMora 3a0e3nevye 3MEHIICHHs! KITbKOCTI MOKIIUBHX 3aMiH.

Onrumizauist po3s’ 3Ky
MuoxuHa pebep, OTpUMaHa Ha MONEPEIHIX eTanaxX, BHKOPHUCTOBYETHCS MJISI ONTUMIi3alii
po3B’s3ky. [l HOAANBIINX O0YHCICHB 3aCTOCOBYETHCS arOPUTM Kinblis [7]. Bei QimsiHKY nUtsxy, mo He
BXOITh y BHOpaHy MHOXUHY peOep s onrtumizauii, 3'eaHyroTbesi ¢ikcoBaHumu pebpamu. s
PO3B’ sI3yBaHHsI 3324l METOJIOM “KilbIis” B €KCIIEPUMEHTaX BUKOpUCTOBYeThCs anroputm LKH [5]. MMicis
OTpPUMAaHHS PO3B’s3Ky (ikcoBaHI pebepa 3aMiHIOIOThH X peallbHUMU TUISHKaMHU. TpHUBaiCTh BUKOHAHHS
LBOTO €TaIly 3aJEXKHUTh BiJ PO3Mipy IUISHKHA ONTHMI3aLii.

Tabauysa 1
PesynbTaTn rociigxeHb
MakcumanbHa Kinbkicth JloBxkuHa
Tect Touatkosa pi3HUIL B TOYOK TIPH TicIs Yac, ¢ 3MeHmeHI?
JIOB)KHHA . . e noBxuau, %
JOBXKUHI, A ONTUMI3aIl] | omTHMi3amii

mona-lisal00K 6346002 5 10723 6341348 223 0.07339
vangogh120K 7227710 5 12820 7220634 352 0.09800
venus140K 7509797 3 10596 7506502 220 0.04390
parejal60K 8421635 4 12586 8417249 339 0.05211
courbet180K 8722844 3 10827 8719808 237 0.03482
usalls475 7188400 25 10848 7176318 221 0.16836
EIM.O 816704241 125 11134 816564029 199 0.01717
E316K 460113587 500 10529 459773455 176 0.07398
E100k.0 258686950 2500 13173 257678793 342 0.39125
E100k.1 259347347 2500 13280 258358766 348 0.38264

ExcnepuMeHTabHI pe3yJbTaTH
BukoHaHO eKCriepUMEHTAbHI JOCIIKEHHs JJIsl TECTOBHX 3aj1a4 3 6ibmiorexk TSP Art [6], Nationa
TSPs [6] Ta DIMACS [4] na komm’totepi 3 mpouecopom Phenom |1 X4 960T 3 TakTOBOIO YacTOTOO
3.0ITu. Po3mipHicts TecToBux 3amau —y mexax 100 000 — 1 000 000 touok. IloyatkoBuii nuisx yTBO-
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peHo 3 BHKopHcTaHHsAM anroputMmy Quick Boruvka 3 cucremu Concorde [2]. 3a He3Ha4yHHi 004HCIIO-
BaJIbHUIT Yac (TpuBamicTh obuucieHb 176 — 352 ¢) mocsruyto mokpainenss Ha 0.01717 — 0.39125 %.
MakcuMaiabHO JAOMYCTUMY PI3HHULIO MK AOBXHHOIO map pebep m0 1 micns onTuMizauii BUOpaHO 3
po3paxynkom Ha BrroueHHs 10 000 — 12 000 Touok y “kinbie”.

BuchHorku
3acTocyBaHHS PO3POOJICHOTO AJITOPUTMY Ja€ 3MOTY IOKDAIUTH SKICTh PO3B SI3Ky IS 3a;adi
KoMiBosDKepa. OOMiIHOM JIBOMa MapamH pedep Yu OUTBIIOI0 KUTBKICTIO MOMIIMBO 3MCHIIHUTH JOBXKUHY
HUISXy, JIe ONTHMI3allis B JIOKaJbHIN 001acTi He MOXKe BIUIMHYTH Ha 3aMiHy ()parMeHTIB, sIKi pO3MillleHi B
PI3HUX YacTHHAX PoOOUYO0i 30HH i HE BXOASThH B 30HY JIOKAILHOI ONTUMI3AlIIii.
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OnucaHo CTBOPEHHSI AHOTOBAHOI0 KOPIYCYy IMEHOBAHMX CYTHOCTell 1JIsi YKpPaiHCbKOI
MOBH.

Kimiouori ciaoBa: BuaoOyBanHs iHdopmanii, po3mi3HaBaHHAA iMEHOBAHUX CYTHOCTeId,
KOpIIyC.

This paper describes the process of creating an annotated corpus of named entities for
Ukrainian language.
Key words: information extraction, named entity recognition, corpus.

IMocTanoBKka npo6aemu

ChOrojiHi, y nepioja nocTiiHOro 3pocTaHHs 00cAriB iH(OpMaIlii, BCe TOCTPILIOK CTa€ HEOOXiTHICTh
CTBOPEHHS e(DEKTUBHUX ITiIXO/IIB i CHCTEM ONpAIFOBaHHS HECTPYKTYpOBaHOI iH(opMallii Ta mepeTBOpeHHs
iX Ha cTpyKTypoBaHi jnaHi. CTBOpeHHs Ta ()YHKI[IOHYBaHHS TaKHMX CHUCTEM O€3MOCEPEIHbO 3aJICKHUTh BiJl
cUcTeM BHI00YBaHHS iH(pOpMAILii.

BunoOyeanns iHdopmarii — me omHe i3 3aBaaHb OOpOOKHM NPHPOIHOI MOBH, SIKE IOJISITaE B
ABTOMATUYHOMY BHJOOYBaHHI CTPYKTypOBaHUX JAaHHMX i3 HECTPYKTYPOBAaHHMX a00 HAMiBCTPYKTYpOBaHUX
iHpopmaniiHux Jpkeped. B octaHHi pokM cucTeMH BuAO0OyBaHHsA iHQoOpManii HaOynd ITUPOKOi
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