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Paspa6oTka - MonCK raMunbTOHOBA LMKNa B 6onbliom rpade (3agaua
KOMMMBOH)Kepa).LIaCTb 1 13 NeCcoYHULIbI

1. NocTaHoBKa 3a4aun

MonHbIh B3BeLWweHHbI rpad M3 500 BeplUMH 3aaaH MaTpULE CMEXHOCTY.
HeobxoAMMO HalNTK raMMIbLTOHOB LMK B 3TOM rpade Kak MOXXHO MeHbLUelt CyMMapHO CTOMMOCTHU.

2. PeweHne
1. XKaaHbi anroputm

TyT BCe NpOCTO, 3anyckaemcs u3 Nto60i BepLUNHbI, BbiIbMpaeM MUHUMaNbHYIO CTOMMOCTb pebpa M3 Tex, N0 KOTOPbIM MOXHO UATH,
nepexoAnM B BEPLUMHY X, Hally BEPLUMHY BblYEPKMBAEM, B BEPLUMHE X AenaeM ToXe caMoe U T.4.

MpocTo 1 6bICcTpO.

OfHaKo OTBET MOXET 6bITb O4YEHb U OYeHb AaneKuUM OT MNpaBabl.

XaavHa xopowo paboTaeT Ha cnyyarHOM rpade, oAHaKo TyT Mbl HUYero nNpo rpad He 3HaeM.

MosToMy naem pganblue.

2. YecTHbIn nepebop

3apada KOMMUBOSHKEPA, OHa XXe MOUCK raMUIbTOHOBA LMKIA MUHUManbHOM CyMMapHOVI ctoumoctn — NP-Tsxenasi, Tak YTo NOSHbIN
nepebop Ans Takoro rpada MOXeT NpOoANUTbCA BEYHOCTb, MO3TOMY AaHHas naes He NoaxoauT.

3. MeToa BeTBENM U rpaHnL

BTopasi naes, npuwealuasi B rojloBy — WCMOMb30BaThb Y/yULlEHHbIM nepebop, OTKMAbIBAs Ha KaXA0M Lware aaroputMa siBHO
HEeONTUManbHbIE PELLUEHUS.

OavH u3 Hanbonee 3 dEKTUBHLIX anropuTMOB TaKoro poAa SBNSETCS METOA BETBEN M rpaHuu («Nouck ¢ Bo3BpaTtoM», «backtracking»),
paspaboTaHHbIv JInttnom, Meptn, CynHu, Kapenom B 1963 r.

MycTb S(0) — MHOXECTBO BCEX AOMYCTUMbIX 3aMKHYTbIX MapLUPYTOB 3a4a4n O KOMMUBOSKEPE C N FrOpoAaMu M MaTpuueit 3aTpar C.

MeTtoa JIUTTNa OCHOBAH Ha pa3bueHMn MHOXECTBA Ha ABa HemepeceKatoLMXcs NOAMHOXKECTBA U HA BbIYMCIIEHWUM OLLEHOK KaXAOro U3 HUX.
[anee NoAMHOXECTBO C MUHMMasbHOM OLEHKOM (CTOMMOCTbI0) pa3buBaeTcs Ha ABa MOAMHOXECTBA M BbIUMCIAIOTCA UX OLEHKWU. Ha KaxaoM
ware BblI6MpaeTcs MOAMHOXECTBO C HaUMEHbLUEN U3 BCEX MOJTyYEHHbIX Ha 3TOM LUare OLEHOK U NMPOU3BOAUTCS ero pasbueHue Ha ABa
NOAMHOXECTBa. B KOHLE KOHLOB MO/y4YaeM NOAMHOXECTBO, COAEPIXKALLEE OANH LMK (3aMKHYTbIN MapLupyT, YAOBNETBOPSIOLLMIA
HaNoXeHHbIM OrpaHUYEHUsIM), CTOMMOCTb KOTOPOrO MUHUMasbHa.

ANrOpUTM COCTOUT U3 ABYX 3TaroB:

MepsbIi 3Tan

MpuBeaeHne MaTpuubl 3aTpaT U BblYMCIIEHNE HUXKHEN OLEHKM CTOMMOCTU MaplupyTa r.

1. Bblunmcnsem HaMMeHbLUWIA S1IEMEHT B KaXKA0W CTPOKe(KOHCTaHTa NpuBeaeHUs AN CTPOKN)

2. MNepexoanM K HOBOM MaTpuLe 3aTpaT, BbluMTas U3 KaXKAoW CTPOKU ee KOHCTaHTy NpuBefeHus

3. BbluncnsaeMm HavMMeHbLUUI 3NEeMEHT B KaXaoM ctonbue(KoHCTaHTa npuBeaeHns ans cronbua)

4. MNepexoanM K HOBOM MaTpuLe 3aTpaT, BbluMTas U3 Kaxaoro cronbua ero KOHCTaHTy NpuBeaeHus.

Kak pe3ynbTaT uMeeM MaTpuuy 3aTpaT, B KOTOPOW B KaXAOW CTPOYKe W B KaXAOM CTonbue umeetcs XoTs 6bl OANH HY/IE€BOW S/1EMEHT.
5. Bbluncnsem r kak CyMMy KOHCT@HT NpuBeAEHUs ANs CTON6L0B U CTPOK.

BTopoit (ocHoBHOI) 3Tan

1.Bbluncnenmne wrpada 3a HeMcnonb3oBaHWe ANA KaxAoro HyN1eBoro afieMeHTa NpuMBeAeHHOM MaTpuubl 3aTpar.
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LWTpad 3a Hencrnosnb3oBaHWe 03HAYaeT aneMeHTa ¢ uHaekcom (h,k) B MaTpuue, 03HaYaeT, YTo 3To pebpo He BKIIKOUAETCA B Hall MapLUpyT,
@ 3HAUMT MUHMMasbHas CTOMMOCTb «HEWCMO/Ib30BaHUSA» 3TOr0 pebpa paBHa CyMMe MUHUMAalbHbIX 3/1eMEHTOB B CTpoke h u cronbue k.

a) Mwem Bce HyneBble 3N1eMeHTbl B NPUBEAEHHON MaTpuue
6) Ana Kaxaoro U3 HMUX cunTaem ero wrpad 3a HeMCNonb3oBaHMe.
B) BbibupaeM anemMeHT, KOTOPOMY COOTBETCTBYET MakKCMManbHbIN WTpad

MoyeMy MakcMMasnbHbIN? MOTOMY YTO 3TO 03HAYAET, YTO UCK/IOYEHME M3 MapLUPyTa 3Toro pebpa nNpuMBeaeT K MakCcMManbHOMY
YBEMYEHWIO CTOMMOCTU ONTUMAsIbHOrO MapLUpyTa, KOTOPbIA Mbl Kak pas 1 ULLEM.

2. Tenepb Hawe MHOXecTBO S(0) pa3buBaeM Ha ABa — Sw(coaepxawme pebpo h,k) n Sw/o(He coaepxawme pebpo h,k)

3. BbluncneHne oueHoK 3aTpaT A8 MapLUpyTOB, BXOASLUMX B KaXA0e U3 3TUX MHOXKECTB.

a) Ons MHoxecTBa Sw/0 Bce NpocTo: pa3 Mbl He 6epeM pebpo (h,k), To Ans Hero oueHkKa 3aTpaT paBHa OLEHKW 3aTpaT MHoxecTBa S(0) +
wrpad 3a Heucnonb3oBaHue pebpa (h,k)

6) Mpw BbluMCNEHMM 3aTpaT ANA MHOXECTBa SW NpMMeM BO BHMMaHue, yto pas pebpo (h,k) Bxoaut B MapwpyT, To 3HaumT pebpo (k,h) B
MapLpyT BXOAUTb HE MOXeT, N03TOMY B MaTpuue 3atpat nuwem c(k,h)=infinity, a Tak kak U3 nyHkTa h Mbl «yxe ywnun», a B NyHKT K Mbl
«yXe Npuwnn», To HM oAHO pebpo, Bbixoasiwee u3 h, n HKM ogHO pebpo, npuxoasiiee B K, yxe MCNonb30BaTbCA HE MOryT, MO3TOMY
BblYEPKMBAEM M3 MaTpuLbl 3aTpaT cTpoky h u ctonbey k. Mocne aToro npusoAnM MaTpuuy, W TOrAa OLeHKa 3aTpaT 451 Sw paBHa CymMe
oueHkun 3atpat ans S(0) u r(h,k), rae r(h,k) — cyMMa KOHCTaHT NpuBeAEHUS AN U3BMEHEHHOM MaTpu1Lbl 3aTpar.

4. N3 MHOXeCTB SwW 1 Sw/0 BblIbMpaeTcsi To, KOTOpoe MMeeT HanbOoMbLUYIO OLEHKY.

Tak npoaosnkaeMm, noka B MaTpuLe 3aTpaT He OCTAHETCA OfHA HEBbIYEPKHYTAs CTPOKa M OAWH HEBbIYEPKHYTLIN cTonbed,.
Tenepb pe3ynbTaThl.
Ecnn Ha kaxpaoMm ware BbiIbMpaTb TOIbKO U3 ABYX MHOXeCTB(SW 1 Swo) To anroputm paboTaeT BrosiHe BMEHSIeMOe BPeMS, OAHaKO

TOYHOCTb MNPOCTO yxacHa ( npourpeiBaetr OYEHb MHOro xaguHe m3 n.1)

Ecnu xe Ha kaxaoM ware BblbMpaTb Ny4yllee MHOXECTBO U3 BCEX, MOMYYEHHbIX K 3TOMY LIary U He UCnosfib30BaBLUMXCS A0 3TOro,
TO ANna ManeHbkux rpados(nopsaka 40-50) BeplumH, nonyyaeTcs xopowas TO4HOCTb, HO 500 BepLlnH A0XAATbCA HE yAanoch.

MoaTOMYy B rosioBy NPUXOAMT CleayoLlas naes:

4. MeTopn BETBEN N rPaHML, C SBPUCTUKOMN

[a, npaeaa, noyemy 6bl HaM He BBECTM 3BPUCTMKY? Beab B anropuTMe BeTBeW W rpaHuL, Mbl hakTUyeckn CTpOMM AepeBo, B y3nax
KOTOpOro pelaem 6patb pebpo (X,y) unm HeT, 1 BelwaeM AByX aetelr — Sw(X,y) n Sw/o(x,y). Ho nyywmin BapmaHT ansa cnepytoLlen
nTepaumn BbiIbUpaeM TONbLKO MO OLeHKe. Tak AaBanTe BbIGUpaTh NYYLMIA He TOMbKO MO OLEHKE, HO U Mo rnybuHe B AepeBe, T.K. YeM
rny6xe Bbl6paHHbI 3N1eMeHT, TeM 6a1MXKe OH K KOHLY nogcyeta. TeM CaMbiM Mbl CMOXEM HAKOHEL, A0XAAaTbCA OTBETa.

MepBbI 1 CaMblil NPOCTON BapuaHT 3BpUCTUKN cost=mark — k*depth. k noabupaem B 3aBUCMMOCTM OT cpefHero Beca pebpa Tak, 4Tobbl
BCe-Taku rnybuHa He urpana onpeaensioolien ponu. Tak xe gobasum, Hanpumep, 4To depth paBHoO MMHMMYM b, T.e. ecnun Hawa BepLluMHa
HaXoAUTCSA Ha PacCcTosHUKM g OT KOpHs, u q<b, To depth=b, nHauye depth=q. B kauectBe b BbiIbMpaem Takoe 4MCO, YTO A0 TaKOW rNy6uHbI
YeCTHbIN anropuTM BeTBel U rpaHuy ( 6€3 3BpUCTMKKN ) 4OXOAMT 3a agekBaTHoe BpeMs. B Moem cnyyae 6bi10 b=30.

3anyckaeMm, X4eM.

3a HoYb paboTbl MONyYaeM OTBET, KOTOPbIW BbIMFPLIBAET Y XafHOro anroputma ~2%.
Masno, o4YeHb Mano, y4uTbIBasl, YTO XafHbI anropuTM paboTaeT napy CeKyHA U NMULIETCS 38 5 MUHYT.

M Tenepb nobeamnTens:

XKaaHbin aJifOPUTM C IOKaJIbHbIM METOA0M rpaHuL n BeTBEN

ANropuTM TaKon:

1.3anyckaem XagHbl anropuTM, NosyyaeM HEKOTOPbIA MapLlipyT.

2. [lenM MapLlpyT Ha HECKOJbKO YacTeMn.

3.B kaxpaon yactu genaem GUKTMBHOE pebpo — U3 NocneaHen BepLlUMHblI MapLipyTa B NEPBYHD, KOTOPOE TporaThb 3anpeLaeTcs

4. Ha kaxaon 13 aTux YacTei 3anyckaem MeToj BeTBel W rpaHul, 6e3 aBpucTmku.

5. O6beanHseM yactn, ONTUMU3MPOBAHHbIE METOAOM BETBEN W rpaHuL, pasMblikas GUKTUBHbIE pebpa 1 COeanHAS MOCIEAHIO BEPLUNHY
n-1 4yacTn ¢ NepBoi N YacTu.

Kak nerko nNoHsATb, 3TOT anropuTM MMEET HECKOIbKO MNJIH0COB.

— YeCTHbI METOA, BETBEN U rpaHul, 6e3 ncnonb3oBaHMsa 3BPUCTUKN;
— NIerko napannennTcs, BbIFPbIBAEM BO BPEMEHU paboThi;
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— XXaAHbli @anropyMTM roBOpUT HaM NULWb YacTu pa3bueHunii, nocne obbeanHeHnst Mbl ucnonb3dyem Toibko NUMBER_OF_PARTS-1 pebep,
OAHHbIX HaM >XaAHbIM anropuTMOM, U HEe ONTUMU3NPOBAHHbLIX METOAOM BETBEWN U rpaHULL.

PesynbTat.
Bpemsi paboTbl Ha 25 YacTax — 3 MUHYTbI, BbIUTPbIBAEM Y XaAUHbl ~7%

10 yacteit — 4 yaca, Bbinrpbiw ~15%

npoaoJsixxeHne

anropuTtMm, c++, raMmuIbTOHOB UMK
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& datacompboy 24 Hosps 2012 B 19:05

W BCé 310 He dhakT yTo ByaeT nydle Ans Apyroro Takoro rpada.
Wnu rpad koHCTaHTa, U uefnb — HaWTW ONTUMarbHbIV TONMbKO B HEM U TONMbKO OAUH pas?

i .
demist 24 Hosi6ps 2012 B 19:13

3afjaya cTosina KOHKPETHO ANst oAHOro rpada.

MOHSITHO, YTO Ha pa3sHbIX rpadax GyayT pasHble pesynsTaThl, PasHblii NOAGOP 3BPUCTUK, KOHCTAHT B anroputMax v T.4.

B MOGOM crnyyae HY OAWH U3 3TVX anrOPUTMOB He JaeT BEPHOE peLLeHue. ToNbko Brimskoe k Hemy. 1 Ha ApyroM rpadpe ByayT, BO3MOXHO, Apyrue
pesyrnbTaThl. 04HAKO XaAuHa+MeToZ BeTBel 1 rpaHul, Hambonee onTUManeH, T.K. HUKor4a He GyaeT XyAlwuM.a y NPpoCTow XaauHbl OH TOYHO Beeraa
BbIMIPaET. €IUHCTBEHHOE — KOIAa-To MOXET NOBE3TU, U YncThIi MBuI™ nocumtaeTcsi GbICTPO U BbIUTpaeT.

ﬁ datacompboy 24 Hosi6ps 2012 B 22:08

Ana ogHoro rpacpa MOXHO reHeTUKY 3anyCTuUTb, U XXOaTb A0 NonyyYeHna naeanbHOro BapuaHTa...

fl .
demist 24 Hosi6psi 2012 B 22:10 (KOMMEHTaPUIA 6bin U3MEHEH)

MOXHO, Aa, HO A3AnanH 6bin 6nmsok un Bpema Obino OrpaHn4yeHo. NMIM4YHO MHe elle NnoHpaBunca MypaBbMHbIVI anropnTMm, HO KOOUTb ero Toxe
BpeMeHU He 6bIro

pasha_golub 24 Hos6ps 2012 B 20:10 +2

Bce xopowo! Ho Hapo 6bl BHavane HanoMuHath, YTo eCTb [aMUnBTOHOB LMK, A TO CO3OaeTcsi BrnevaTtrieHue. ..

yeputons 24 Hos6ps 2012 B 20:21 +1

[lyman aHanornyHo, noka He yBuaen, YTo rpad NosHbIN.
Bo3amoxHo, 6bino 6bl nyylle nepenMeHoBaThb B «3aaayva KOMMUBOSKEPay.

. ;
- demist 24 Hos6ps 2012 B 20:23 +1

yyen BaLly KpUTUKy =)

. mephistopheies 24 Hos6ps 2012 B 22:32 +1

BO BpeMs y4ebbl kak TO 3aHMMarCa aHanu3oM anropuTtMoB NS pelleHns 3a4a4 KOMOMHATOPHON ONTUMU3ALMK, KaK pa3 Ha npuMepe 3agayn
KOMMMBOSsKepa. neT 5 Hasag y MeTa B Ton-3 6binn: 1 — MypaBbWHbIN anropuTM, 2 — reHeTU4eckuin anroputM, 3 — HenpoceTb Xondwunaa. ceyac Ha
CKOJIbKO S MOMHIO NNAMPYET reHeTUYEeCKUin anroputMm.

[ .
demist 24 Hosi6psi 2012 B 22:52

A1 HejaBHO HaXOAMI, YTO BCe-Taku MypaBbMHasi KONOHUS BbIMIPLIBAET cenvac

- mephistopheies 24 Hos6ps 2012 B 23:18

BO3MOXHO CUTyauuMs onsATb MOMEHsiNach, 1 cerivac He crnexy 3a aT1ow 3apaden

halyavin 24 Hos6ps 2012 B 22:57 +2

A nuTtepatypy Bbl Untanu? Hanbonee achekTuBHbIA anroputm pelieHms TSP — yepes nuHenHoe nporpaMMupoBaHue. EcTb rotoBble NporpaMmmbil,
KoTopble NoAOBHbIE anropUTMbl peanuayoT: . CoBpemeHHbIN pekopa nopsigka 100 000 seplumH. fymato ¢ 500 BeplumHamu npobnem He Byaet.

l
: demist 24 Hosi6ps 2012 B 23:13

3ajava Obina He nony4YnTb OTBET, @ HAKOAUTb anropuTM. A AymMato, 3a Tpu OHA A Obl He Hakoaun To, YTO YCTaHOBWUIIO peKopa

halyavin 25 Hosi6ps 2012 B 09:24 +1

A yeM uyxoii ko Ans Bac xyxe? Kak MMHAMYM ero MOXHO UCMOSb30BaTh, YTOObI MOMYy4YMTh TOYHOE PELUEHWE, C KOTOPbIM MOXHO CPaBHWBATL Ballivt
pesynbrathl.

- demist 25 Hosi6psi 2012 B 20:37 (KOMMEHTapUIA 6bin 3MEHEH)

FOBOPIO Xe-3aaaya CTosd1la HakoauTb.

AnA OUeHKU pes3ynbratoB MCNOoNb30Barica pesynbrat XXaauHbl.

1aes MCNonb3oBaTh ONTUMANbHOE PelleHne, AaHHOe NIMHENHBIM anropuTMOM XOpOoLLa, HO UMEET, Ha MOVt B3NS4 OANH MUHYC-

MOU anropuTMbl CUIMbHO 3aBUCAT OT rpa¢a, N NO3TOMY Ha pasHbIX rpad.)ax 6y,U,yT NnokKasblBaTb pa3Hble pedynbraTtbl OTHOCUTESNTIbHO ONTUManbHOro
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14.11.2016 Movick ramunToHoBa Lukna B 6onbLuoM rpade (3agada kommuBosikepa).YacTtb 1/ Xabpaxabp

pelweHuda, HO BOT XaanHa-To TOXe 3aBUCUT OT rpacba, MNO3TOMY OTHOCUTESbHO XaAWHbl MHE NMOoKa3asioCb paccMaTpuBaTb Kak-To fnornvHee,
npoiie aHannsnposaTtb

&% Diversus 25 os6ps 2012 8 00:27

# korga 10 peLan NoxXoxXyr 3agadvy reHetnHecknmv anropuTtmom.

Bbino 6kl HENMoxXo Takke ero YNOMAHYTb. MokasbiBaeT JOCTOWHbI pesynbrat Ha BonbLUmnx rpadpax.
EanHcTBEHHbIV ero MUWHYC — 3TO TO, YTO MOXeT 6bITb nosfy4eHo He onTumMaribHoe pelleHue, a 6nm3skoe Kk onTumMmaribHOMY.

BoT nprvmvep moero gunnioMHuka no aton Teme.
BekTopHBbI pegakTop ¢ kapTol ropofa v NoMCK B TpaHCMNOPTHOW ceTu. Tema oveHb 6rnnskas kK JaHHOM.
PacnakyiiTe apxuB B BEKTOPHOM pefakTope, BbibepuTe yxxe rotoByto CXeMy ropofa ¢ To4KaMu Noucka U HaXKMuTe Ha KHOMKy «[louck».

i

demist 25 Hos6ps 2012 B 00:36

KpYyTO, MOCMOTPIO YTPOM, Korda GydeT Bpems

‘E voidSoul 26 nions 2015 B 19:25

A nopackaxuTe kakum obpasom Bbl kogupoBanu/gekoavpoBany B XpOMOCOMY NyTb 06xoaa ropofos? Kak 3 HONMKOB 1 eAMHUYEK NoNyYnTb nyTh?

dima_mendeleev 25 Hosi6ps 2012 B 00:59 +2

> YXaguHa xopollo paboTaeT Ha criyyalnHoM rpade, 0gHako TyT Mbl HAYEro Npo rpag He 3Haem
HemaTtematuik oT Takoro Bnagert B cTynop :-D

lany 25 Hosi6ps 2012 B 16:43 +1

3apava KOMMMUMBOAXepPaA, OHa XXe MOUCK raMuUnbroHoBa UMKna MVHUMaIbHOW CyMMapHOVI ctonmoctn — NP-nonHas

BoT uHTepecHo, noHnmaeTe nn Bl BooOLLe, 4TO Takoe NP-nonHasa 3agava, Korga ynotpebnseTe aToT TepMuH? Bbl, BO3MOXHO, AyMaeTe, 4TO 3TO MPOCTO
3ajava, pelueHne KOTopoW HEAOCTUXKUMO 3a NMONMMHOMUANbHOE BPEMS OT HEKOTOPOro napameTpa 3agayum? Creluy Bac yBepuTb, Bbl oumbaetech. U
3agava kommmBoskepa Bosce He NP-nonHas, a NP-tpyaHasa. OsHakombTech, Hanpumep:
www.nomachetejuggling.com/2012/09/14/traveling-salesman-the-most-misunderstood-problem/

1]
- demist 25 Hosi6ps 2012 B 17:01 +2

[a, cornaceH, B nepeoHavanbHOM BapuaHTe owwmnbka, BepHo — NP-Tskenas unum NP-TpyaHas. cnacubo 3a ykasaHue

TONbKO 3aperncTtpupoBaHHble NOb30BaTENN MOrYT OCTaBASTb KOMMeEHTapuu. BolanTe, noxanyncra.

WHTepecHble nybnukauum

ﬂ HoBble-cTapble dopmMaTbl: HD-BUHWUA 1 DIY-naacTtuHKM 1
[Jenaem ctaptan MpoCTO U TEXHOMOMMYHO. Masukn Eddystone ®8 0
Mpon3BOANTENIBHOCTb MEXMNPOLECCHOro o6MeHa cooblieHnssMr B node.js @ 0
CMAPT TB - 6yayLiee TeneBmaeHus 5

Bbinyck Rust 1.13 4
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