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Annoranus

Wccnenyrorcs mommsapatbHble padbl MHOTOTPDAHHUKOB PO~
CTBIX ITMPAMUJIAJIBHBIX IIUKJIOB ¥ IIPAaMUIAIbHBIX IIUKJIOB C IIa-
ramMu Ha3aJl. YUCIeHHO HAXOIATCHA 3HAUYEHUS IJIOTHOCTU U JIAA-
MeTpa MOJIIIPATIBHBIX TPadOB JJisi MHOTOTPAHHUKOB HEOOJIb-
mroit pa3mepuoctu. PaccmarpuBaemble XapaKTEePUCTUKY, CBA3aH-
HbIE CO CJIOXKHOCTBIO 33384 B HEKOTOPBIX KJaccaX aJrOPUTMOB.

Kmouesnie cro6a: MUpaMUIAJILHBIN IUKJI, TOJU3IPAIbHLIN rpad,
IUIOTHOCTH T'pada, auamerp rpada.

BBenenue

PaccmarpuBaroTcst MHOrOrpaHHUKY 33124 Ha rpadax, KOTOphIe CTPO-
SATCSI IO CJIELYIONTNM TTPABIIIAM:

1. PasmepnocTsh paBHa uncay pebep.

2. Kaxmoe nomycrumoe pertenne komupyercs: 0/1 Bekropowm, rie 1 —

ecm pebpo BXOJUT B perrienne, () — ecIu He BXOJUT.

3. MHororpaHHUK 33291 — BBIyKJiasi 000JI0YKa MHOXKECTBA JOITy-

CTUMBIX PEIIeHUi.

TTommaapanbHbIil rpad 3a7a91 — HEOPUEHTUPOBAHHBIN rpad, obpa-
30BaHHBIN W3 BepIIUH U pEGEP BBIMYKJIOrO MHOrorpaHuuka. ccemy-
IOTCsI TIOJIN3IpajIbHbIE IPadbl MHOIOI'PAHHUKOB ITPOCTHIX ITHPAMUIAJIb-
HBIX [MKJIOB U IMPAMUIAJIBHBIX [IMKJIOB C IMaraMu Ha3aj. B dacTHO-
CTH, UCCJIEOBAJINCEH CJIEYIOIIIE IBE XaPAKTEPUCTUKY: JuaMeTp rpada
d(G@) — naubosbinas JynHa KpaTJdailliero myTu MeKJly BCEMU MapamMu
BepuH rpada G, u wIoTHOCTH rpada, Wi Kinkosoe uucio, w(G) —
YUCJIO BEPIIUH B HauboJbeil Kimke rpada G.

UccnenoBanue quaMeTpa MOTHIPAIBLHOTO I'pada MOTUBUPOBAHO TEM,
9TO JaHHAS BEJINUNHA SIBJISIETCS HUYKHEIH OIEHKOM Ha YNCJIO0 HEBBIPOXK-
JIEHHBIX IAN0B CHMILIEKC-METO/Ia, 8 TAK¥Ke W3BECTHOM rumore3oit Xup-
ma. I'péruen u [anbepr [1] Ha ocHOBe 1OJHOTO OLKMCAHKST MHOIOI'DAH-
HUKOB KOMMUBOSI?KEPa HEOOIIBITION pa3MEPHOCTH 1 TOTO (haKTa, 9TO JJIst
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Puc. 1: [TupamugaabHbiit UK Ay n = 9

aCPIMMeTpH‘IHOfI 3a/[a91 JUaMeTP IIOJIN3IPaAJJIbHOI'O rpad)a paBeH 2, BbI-
CKa3aJid CcJIeyromniee MIpearojIozKeHne.

T'unoresa 1. (I'pémuen, Iladbepe [1])
Vn >5: d(TSP(n)) = 2.

IInorHOCTH MOMIM3IPAIBEHOTO rpada CIIYKUAT HUKHEN OIEHKOI BBI-
YHUCJINTEJIBHON CJIOYXKHOCTH B KJIACCE TaK Ha3bIBAEMBbIX aJITOPUTMOB TIPS~
MOr0 THIIA, OCHOBAHHBIX HA JMHENHHbIX CpABHEHHSX [2; 3].

3a,aat1a KOMMMBOAXXKeEPpa C MMpaMJaJIbHbBIMA ITUKJIaMHA

PaccMarpuBaeMblii B cTaThbe MHOTOTPAHHMK IOCTPOEH Ha OCHOBE 3a-
Jlauu KOMMUBOsKepa. Kak n3secTHo, 3(b(peKTUBHBINA aJIrOPUTM JIJIs 3a-
Jlan KOMMHBOsSIZKEpa, JI0 CuUX TOp He Haiigen. OmHAKO, CYIIECTBYIOT
YCJIOBHSI, TPA KOTOPBIX 381898 CTAHOBUTCS TOJMHOMUAJIBLHO PA3PEIn-
moit. K mpumepy, Ipu HEKOTOPBIX OIPAHUYEHHSX HA MATPHILY PACCTO-
stHuit B rpade, ONTUMATBHBIA MapIIPYT UMeeT CIENUaIbHbI Bu (Ha-
IpUMep, MUPAMUIAIBHBIN).

Mapupyr (I[MKJI) KOMMHBOsSIZKEPA

T = <17i15 2.27 DR ;ir7n7j1aj2a cee ajn—’r—2>
Ha3bIBaeTCA ITUPpaMUJIaJIbHBIM, €CJIN
1 <o <o <dp M J1>J2 >0 > Juopoo.

Jpyrumu cjioBaMu, KOMMHUBOSI?KED OTIIPABJIAETCS U3 I'OPOJA IO HOMe-
poM 1, mocemniaeT HEKOTOPBIE T'OPOJIa B MIOPsIJIKE BO3PACTAHMS HOMEDOB,
IIoCJIe 9ero JOCTUTaeT ropojia ¢ HOMEPOM 7 M BO3BpAIaeTcs B ropof 1,
MIOCeIIlsisi OCTABIIIECs] TOPO/ia B MOPsijike yObIBaHus HOMEPOB. [Ipumep
aag n = 9 IpuBeJieH Ha puc. 1.

Tak2ke CTOUT OTMETUTH €Il OJINH KJIACC IIUKJIOB — IIMPAMUIAIbHbIE
IUKJIBI ¢ TaraMu Ha3a . Kjace sBiseTcs pacuiupeHreM MTUPaMUIaIb-
HBIX U KaK U TPOCTBIE MIPAMUIATbHBIE TTUKJIBI TTOJJMHOMHUAIHLHO pa3pe-
MM U UMEET Pa3/JIMIHbIe OTDAHUYEHUS Ha MATPUILY PACCTOSHMII.
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ITycrs 7 — ravmabronoB kI, OGO3HAMMM BEPITUHY, CJIELYIONTYIO
3a i-Toit, Kak 7(i), a 7~ 1(i) — Kax Tpe/mecTByIoNTyto. BepmuHa i yio-
BJleTBOpstioNast yeaosuio 7 (i) < i u 7(i) < i HA3LIBAETCH IIHKOM.
Bepmunoii ¢ marom Haza ABISETCS BEPIINHA 4, JJIsT KOTOPOIL:

i) < i) =i—1u (i) >4,

HNJIN
772(1) > i, i) =i — 1 u 7(i) < i.

HacTrosimum nMKOM Ha3bIBAETCA TaKOil MUK, KOTOPLIA He SBJISETCS -
KOM ¢ TraroM Hazaj. Toraa mupaMmIaabHBIA UK C IIaraMu Ha3al —
3TO raMUJIBTOHOB IUKJI, B KOTOPOM TOJBKO OJWH HACTOSIIAHA TINK —
n [4].

IMupaMugaIbHbIe TUKJIBI, KaK ¥ MUPAMUJIAJLHBIE IUKJILI C IIara-
MU HazaJ,, 06JaJal0T 1By MsI 3aMedaTeIbHBIMUA CBOiicTBaMu. Bo-TIepBhIX,
MUPaMUJAIBHBI UK MEHAMAJILHON JJIMHBI MOXKET ObITh HAlIeT ¢ 1o-
MOITIBIO JIMHAMIYECKOTO0 TIporpaMyvupoBanst 3a spems O(n?) mpu Towm,
9TO OBINEe YUCIIO JOIYCTUMBIX MUPAMHIAJLHBIX ITAKJIOB IKCIIOHEHIIU-
AJBHO TI0 7. BO-BTOPBIX, M3BECTHBI IPOCTHIE W JOCTATOYHO €CTECTBEH-
HBIE OIPAHMYEHUSA /IS MATPUILI PACCTOSHUN, KOTOPbIE MapaHTUPYIOT
CyIIeCTBOBaHNE MApIIPyTa KOMMUBOSKEpa MUHUMAJBLHONW JIJTUHDI, STB-
JISTFOIIErocsl IMpaMUIaIbHBIM [5].

ITocTpoenue rpacda MHOTOrpaHHUKA

s reHepaniu BceX BEPIIMH MHOIOI'DAHHUKOB IPOCTHIX HMHPaMU-
JAJILHBIX [IUKJIOB ObLIa UCIIOJIb30BaHa KOaupoBka 0/1 BEKTOPOM JIuHbBI
n—3. Koopaunarer BekTopa ¢ 3 710 n— 1, KazK/1as COOTBETCTBYET OIHOM
u3 BepmwH rpada. 1 03HAYAET, YTO COOTBETCTBYIONAS BEPIIUHA BXO-
JIUT B NUPAMUJIAJBHBINA TUKJI 110 HallpaBJIeHWIO Bo3pacranus, 0 — 1o
HanpasieHnt0 yobiBauust. COOTBETCTBEHHO, ODIEE YKMCJIO BEPIINUH CO-
crasisier 2" 3. TIpumMep KOIHpPOBAHUS I 1 = 8 IIPUBEJIEH HA PUC. 2.
I'enepariusi BEKTOPOB JJisi BCEX MPOCTHIX MHPAMUIAIBHBIX ITUKJIOB CBO-
JATCS K 3aJ1ade MOJTHOTO Tepebopa.

B kagecTBe KOMMPOBKMU /I MHPAMUIAIBLHBIX IUJIOB C IMAraMu Ha-
3a/1 TaK yKe ObLIa MCI0JIb30BaHa Komuposka 0/1 BeKTOpOM JyIMHBL 1 — 3
C eJIMHCTBEHHBIM JIOIYIIIEHNeM B BUJe 0003HAUYEHMSs [TUKa C I1aroM Ha-
3a1, KOTOPBIil 0003HAYAETCS CUMBOJIOM «~». IIpuMep KoaupoBaHust ajist
n = 7 npusesien Ha puc. 3. llocTpoenme Takmx BEKTOPOB HAIPIMYIO
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Puc. 2: Konuposasnue nmpaMunaibHbIX 1uKiaos 0/1 BekTOpom

Puc. 3: KongupoBanue nupaMuiajbHBIX IUKJIOB ¢ maramu Hasaz 0/1
BEKTOPOM

3aBHCHT OT METOa TeHepaIlii CaMUX IUKJIOB. B mccremoBannm mpu-
MEHSLJICSA PEKYPCUBHBII IIOAXO0/I, OCHOBHAs (DYHKIMSA KOTOPOrO OLUCAHA
Ha puc. 4.

CymecTByeT psiji MPOrpaMM IPEIOCTABJISIIONINX BO3MOXKHOCTD I10-
CTPOEHUS TOJIM3IPAJILHOr0 rpada, a TakKe aCCOIUUPOBAHHOIO MHO-
FOrpaHHUKA 33891 KOMMEUBOSXKEpa. B paMKax MCCaeI0BaHUS HCIOIb-
3oBajach nporpamma polymake [6], koropas 1mo3BosmsIa MOJAYIUTH pe-
3y/IbTATHI OTparkeHHble B Tabsmre 1. Tabiua cOCTOUT U3 CJIeTYIOIIIX
KOJIOHOK:

e Yucji0 roposoB — KOJIMYECTBO BEPIIMH B MapIIpyTe KOMMUBOSI-

XKepa.

e PazmepHOCTH — KOJIMIeCTBO pebep B MapIIpyTe.

YucJio BepIInH — KOJIMYECTBO BEPIIUH B IOJIU3IPAILHOM Ipade
JIJISL TIPOCTBIX MUPAMUJIAJIBHBIX I[IUKJIOB U MAPAMUIAJBHBIX K-
JIOB C IIIaraMu Has3aJl.

e Maxkc. KInKa — 3HAUEHUs IJIOTHOCTH I'pada I IPOCTHIX MHpa-

MHUJAJTBHBIX IUKJIOB U THPAMUIAIBHBIX IIUKJIOB C IaraMu Ha3al.
e JIuamerp — 3HaveHue quameTpa rpada I IPOCTHIX MHPaAMUIAIb-
HBIX [MKJIOB U IMPaMUIAIBHBIX [IUKJIOB C IIaraMyi HA3a]l.

CTouTh OTMETUTH, UTO IOJIyYeHHbIE MaKCHMAaJIbHbIe 3HAUYEHUs] KO-
JITYECTBa ropoioB 11 u 7, Jjist MPOCTBIX MUPAMUIAIBLHBIX [IUKJIOB U IIH-
PaMUIAJBHBIX [IHKJIOB C IIaraMy Ha3aJ COOTBETCTBEHHO, HE SIBJISETCS
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COCTaBUTb CMIUCOK BEPLUNH, UMEIOLLINX
obLee pebpo ¢ vertex n He BXOAALLMX B
route

Cnicok nycT?

Het Ia ﬁ

Onpenensem CrieyioLLyio BEPLINHY Kak
BEpLUMHY, 13 KOTOPOW MapLIpyT HauHanca

is hill on prev_step
unn vertex u cocenHme BepuMHE 06pasyioT MUK ?

Her Ia

MoJlydeH MapupyT
NUpaMMAanbHE C Waramm
Hasan

9TO mMK C WaroM Hasan
MapupyT noson? WM €IMHCTBEHHEN
HacToAwMA nuk?

Ia Ia

BEIXOT <€

}

2 Ilna xaxnoomn P

BEpUMHEL M3 CNUCKa

is_hill on_ prev_step
nmn vertex m cocenHme BepmMHE 06pasyioT MUK ?

Her Ha
OTO mMK C WaroM Hasan
WY eAMHCTBEeHHBI
HacCTOAWMNA NMK?
Jla Her

lpenenymas BepuMHa ecThb?

Her Ja

BepmMHE 00pPas3’ylwT MUK?

Her Nla

BMecTe C OBYMS MNpEEIyUMMA
BepuMHaMy TeKymas obpasyer
OMK C WaroM Hasazn?

true_hill

Neppas wacTs yCuoBus
nMKa C WwaroM Ha3al BHIIOJIHeHa? na

is_hill_on_prev_step = true Ia Her >

crenyomas
nrepauns

true_hill = true

Puc. 4: AJII‘OpI/ITl\,I reHepanuu IInpaMuJaJIbHbIX ITUKJIOB C HIaraMMW Ha-

3a/1.
A 5
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OrPAHUYIEHUSMU CO CTOPOHBI IPOTPAMMHOIO HJIH AIIapPaTHOrO obecie-
YeHUd, & ABJIAIOTC HM 4YeM HMHBIM KaK 3HAYeHUAMU IIOJIyYEeHHBIM 38
OrpaHUYEHHOE BPEMSI.

Yucmo | Pazmepnocts Yucio Maxc. kauka | Jwamerp rpada
rOpOJIOB BEpIIIH

5 10 4/16 4/6 1/2

6 15 8 /44 6/6 2/2

7 21 16 / 120 8 /10 2/2

8 28 32 /328 10 / - 2/ -

9 36 64 / 896 12 / - 2/ -

10 45 128 / 2448 14/ - 2/ -

11 55 256 / 6688 16 / - 2/ -

Tabmura 1: 3HadeHnst uamMeTpa U MaKCUMAJIbLHON KIUKH JJIsI PA3HOTO
KOJINYeCTBa TOPOJIOB

3akio4ueHue

[IpuBeiernbIe B TAOIMIIE PE3YIHTATOB IAHHBIE TO3BOJIAIOT TPOBECTH
CBsI3b MEXKJIy KOJIMYECTBOM T'OPOJIOB U JuaMerpoM. Korma ducjio ropo-
0B 60JIbIe 5 U MApIIPYT KOMMUBOSIZKEPA SIBJISIETCS ITUPAMUIAIBHBIM,
TO AMaMeTP HOJU3IPAIbHOrO rpada paBeH 2. UTo KacaeTcs MupaMu-
JIAJHHBIX TUKJIOB C MIAraMy HA3aJl, 9Ta BeJeYNHA BCETJa PaBHIETCS 2.
Takum obpaszom, MOXKHO yOEeIUTHCS B TOM, 9TO TUMOTE3a ['péTuena u
[MagGepra o mumamerpe mosmdapasbHoro rpada [1] BeimosnHseTCS 15T
BCEX IIPOBEPEHHBIX CJIYYAEB ITUX JBYX KJIACCOB MUPAMUIAJIBHBIX ITUK-
JIOB.

[Monyuennble 3HaYeHUsT TIOTHOCTH rpada MHOTOTPDAHHUKA JIEMOH-
CTPUPYIOT MPUHIUIAATHHOE OTJIMINE OT IKCIIOHEHITHAJTBHOM IIJIOTHOCTH
MHOTOTpaHHNKa KOMMuBOsizKepa [7]. HarmoMHNM, 9TO TUIOTHOCTE OJIH-
3JPaJIbHOrO rpada CJIyKUT HUXKHEl OIeHKOI Ha TPYI0eMKOCTh B KJIac-
ce aNropuTMOB OPSIMOro THuna [2; 3].

[Ipu moAroToBKE JAHHOW CTATHU WCIOJIB30BAJICS JIEKTPOHHBINA J10-
KyMeHT [8].
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