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1. AHHOTauuA

B nannoii pabote npeacraBieHa nporpaMma, peraromias 3agady Moucka Kpardauiero
MapIIpyTa ¢ UCIIOJIb30BAHUEM F€HETUYECKOT0 AJITOPUTMA ITOUCKA.

2. YcnoBue 3apgaun

«CnopTCMEH-OpUEHTUPOBIIUK JOHKEH MTPOOEXKATh [0 BCEM KOHTPOJIbHBIM IIYHKTAM I10
OJIHOMY pa3y u mpubexarsb k puauiny. B Tabnuie, 3agaBaemMoit moib30BaTeneM, 3a1aETCs
YCIIOBHOE BpeMs IPOXOXKACHUS OT OJHOTO IIYHKTA K JIPYyroMy (TOIOJIOTUSI CETU MapILIPYTOB).

Heobxonumo onpenenuts camMblil OBICTPBIN MapUIpyT MPOXOKIACHUS UCTAHITUH.)

ITonb30BaTensb Mpu peMICHUH 3a/1a4u 3a1a€T TAOJIUIy MapLIpyToB (A7 00JIEeryeHus ero
3371241 TaOJIUIIa 3aMOTHSETCS CITyJaifiHBIMU drciaaMu). Ha nepecedenun i-if CTpOKH U j-TO
CTOJIOIa HAXOAUTCS BPEMs IIPOXOKACHUSI MapIIpyTa OT i-Io MyHKTa K j-My (j<i), WJIH OT j-TO
MYHKTa K i-My (BpeMs IPOXOKACHUS OTpe3Ka JUCTAaHIIMK HE 3aBHCUT OT HAIIPaBJICHUs Oera).
Bpemsi 3agaétcst enpiM MoJI0KUTEIbHBIM YHCIIoM OT 1 10 999.

MapuipyT cnopTcMeHa JOHKeH HaulHAThCs B 0-M MyHKTE («CTapT») U 3aKaHYMBATHCS B 9-
M («(unumny). OH 3aKUChIBAETCS B BUIE BOCKMU HETIOBTOPSIOMUXCS U(]p, HApUMep,
87436125 (4To 03HAYAET, YTO CIIOPTCMEH MpHOEraeT co crapTa Ha 8-i MyHKT, TOTOM C 8-TO Ha
7-#, ¢ 7-ro Ha 4-i, U T. A., cO 2-r0 Ha 5-H, ¢ 5-r0 OeXUT K puHMILY). Bpems npoxoxaeHus
JTUCTAHIIMY PAaBHO CyMMe BPEMEHH MPOXOXKJIEHUS BCEX 9 OTPE3KOB.

Taxoxe nonb3oBaresnp 3a0a€T HECKOJIBKO NTapaMETPOB, BIUAIOLIMX HAa pabOTy aJiropuTMa:
MaKCHMalbHOE YHCIIO UTEPALNIA U MAaKCUMaIbHOE YHCIIO UTEPALIUi, B XO€ KOTOPBIX HE ObLIO
JIOCTUTHYTO YJIyYILIEHUE HAWJTy4lIero MapuipyTa, pasmep MomyJssuuu (BBIOOPKU MapLIpyTOB) U
BEPOATHOCTh MyTalllH (HEMPEICKa3yeMOro H3MEHEHHs MapIIpyTa).

3. Ucnonb3yemMble TeEXHONMOrnum

[Iporpamma nanmcana Ha si3pike PHP 1 moctpoena Ha ocHoBe Web-texnonoruii. s eé€
pabotsl Tpebyetcs caeayromee [10:

* Ha cepsepe — OC Linux, Web-cepsep Apache, PHP 5-if Bepcuu (Bo3moxkHa padboTa ¢
npyrumu OC u Web-cepBepaMu, TECTUPOBaHKE HE IMTPOBOIUIIOCH).

* Ha xinente — mo6oii Web-0paysep (Ha KIMEHTCKOW CTOPOHE UCIOIb3YETCs TOJIIBKO
HTML).

Taxk kak nmporpamMma MmocTpoeHa Ha OCHOBE Web-TeXHOJIOTHI, OHa MOXKET OBITh JOCTYITHON
yepe3 ceTb MHTEepHeT. OHa noctynHa no cienyromemy URL: http://vyalceva.net/gen.php.

Tak kak mporpaMmma MO>KeT ObITh BbI3BaHa JTFOOBIM MoJIb30BaTeneM VHTepHeTa, BO3MOXKHO,
B aBTOMaTHYECKOM PEXHUME, 1 MOXKET MOTPEOIATH NPH BHIIIOJIHEHUH MHOTO PECYPCOB cepBepa,
OHa JIOJKHA UMETh CPEJCTBA 3alMThl OT DoS arak (MHaue 310HaMEpPEHHBbIN M0JIb30BaTENb
MOJKET MEPErpy3UTh CepBeEp, MocaaB 0O0JIBIIOE YUCIO 3alIPOCOB K CTPAaHUIIE ¢ IpOorpaMmoii). B
JAHHOM MpOrpaMMe MCTIOIb3YETCsl COXpaHEHUE BPEMEHHON METKH BO BPEMEHHBIN (ail u
NOCIIEAYIOLIEE CUNThIBaHUE 9TOW MeTKHU. IIporpamma moxkeT 3amyckarbes He daue 1 pasa B 20
CeKYH]I (3HaYCHUE MOXKET ObITh H3MEHEHO).

B nporpamme ucrnonb3yercs KIacCU4eCKU NTeHETUYECKUM allTOPUTM, IIPUBEAEHHBIN B
nekuuu (CM. pazaen 4) ¢ He3HAYUTEIbHBIMU U3MEHEHUSIMH.


http://vyalceva.net/gen.php
http://vyalceva.net/gen.php

4. AnropnTtm peLueHus 3agadu

Cxema anropurtMa pelieHus 3aa4u peacTaBieHa Ha puc. 1.
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K gucny onepatopoB reHETUYECKOTO allTOPUTMA OTHOCSATCS OTepaTOphl MyTallUH,
cKkpenuBaHus U cenekiuu. C 1ebio OBBIIMICHHS pa3HOOOpa3us ObLT J0OABIIEH OTIEPaTOP
J00aBIEHHSI HOBOTO 2JIEMEHTa, KOTOPBIM MOKHO pacCMaTpHUBaTh KaK Pa3sHOBUIHOCTDH OTepaTopa
MYTallWH.

DeMeHTaMU WK 0COOSMU MOMYJISILMU SBISIFOTCS MapUIPYThl TPOXO0KICHHUS TUCTAHIIHH.
Onu npezcTaBieHbl B BUJIE CTPOKU U3 8§ HenoBTopstommxces uudp ot 1 10 8, Hanpumep,
«31754826». @yHKIMS ONIPEIETICHNS pACCTOSHUS IPOCMATPUBAET 3aJaHHYIO I10JIb30BATEIEM
MaTpHUIly BPEMEHHU MPOXO0XKACHUS OTPE3KOB MaplIpyTa A, BEIOUpaeT u3 He€ BpeMsl MPOXOKIACHHS
KaXI0r0 U3 9 OTpEe3KOB AMCTAHIMH, U BO3BPAIIAET BPEMS IPOX0XKAECHUSA AUCTAHIIUN — CYMMY
BPEMEH MPOXOKIEHUS KaXkI0T0 U3 0Tpe3KoB. Eciu Bpemst MpoxokaeHUs OTpe3Ka AUCTaHIUU
MEXJy IByMsl IyHKTaMH HE 33JJaHO, TO ITPOrpaMMa pacCMaTpUBAET 3TO KaK OTCYTCTBHE IyTH, U
IIPUCBAaMBaET TAKOMY OTPE3KY JOCTaTOUHO OO0JIbIIIOE BpeMs poxoxkaeHus, pasuoe 100000.

[omynsanus coznaérest B BUIE MacCHBa, BKIIIOYAIOIIETO B ce0s 3a1aHHOE YHCIIO CTPOK U3
cily4aifHo nepeMenianHbix uugp ot 1 1o 8.

OmnepaTop MyTaluu ¢ 33JJaHHOM BEPOSATHOCTHIO MEHSIET MecTaMH 2 LU(PHI B CTPOKE.
Omneparop MyTaluy He MPUMEHSETCS K IEPBOMY (HAWITydIlIeMY) 3JI€MEHTY MOIMYJISLUH.

Omnepatop 106aBiieHUs] HOBOT'O 3JIEMEHTA J100aBJIsIeT B MOIMYJISIMIO OAUH 3JIEMEHT B BUJIE
CTPOKH U3 CiIy4aiiHO nepeMenianHbix nudp ot 1 1o 8, koTopslil Oyner yuacTBOBaTh B
CKpELIUBAaHUH.

Omniepatop CKpelnmBaHus padoTaeT CIASAYIONMM 00pa3oM: BerauciseTcss cyMMa BEIHYHH,
00paTHO MPONOPIIMOHATHHBIX BPEMEHHU MPOXO0KIACHUS JUCTAHIINU:
N
K
§= Z —— 7 (3aech koapdunment K — Hekass KOHCTaHTA)
= dist (s;)
DNEMEHT S;, BHIOpAaHHBIN C BEPOSTHOCTBIO Pi, CKPEIIIUBAETCS C AJIEMEHTOM S, BHIOPAHHBIM C
BEPOSTHOCTHIO Pj. BeposITHOCTH BBIOOpA BRIUUCIISIETCS 10 PopMyTIe:

K

pi= dist (s;)-S

BeposiTHOCTB BBIOOpa MapiipyTa 00paTHO MPOMOPLHUOHATBHA BPEMEHH €T0 MPOXOXKICHHUS.

B xopne ckpenuBanus ABYX 3JIEMEHTOB IIPOU3BOIUTCS OTIENIEHUE OT MEPBOIO POJUTENS HA
qacTu cydaiHou auHbl (0T 1 10 7 mudp), u qomnonHeHue e€ TeMu nudpamMu u3 CTPOKH BTOPOTO
poauTens, KOTOPBIX HET B CTPOKE MEPBOT0, C COXpaHeHueM nopsaka. Hanpumep, npu
CKpEIIMBAHNUHU J1eMEHTOB «12345678» n «87654321» moxeT nomyuutbest «12348765» nnu
«18765432. CkpemuBaHie TPOBOAUTCS CTOJIBKO Pa3, CKOJIbKO 3JIEMEHTOB B MOMYJISIUN
(pa3Mep HOIyJIALUU yJIBaUBAETCS).

B xoje BpInonHeHuUs onepaTopa CeIeKIUU IPOUCXOANUT yIaJIeHHE MOBTOPSIOIIUXCS
AJIEMEHTOB U3 MOMYJISLNU, TOMYJISLUS COPTUPYETCS, U OT He€ OCTAETCs TOJIBKO 3a/IaHHOE B
KayecTBE pa3Mepa MOMYJIALUN YUCIIO AJIEMEHTOB (€CiH 3a CUET OONBIIOTO YUCIIa
MOBTOPSIIOIINXCS 3JIEMEHTOB pa3Mep MOMYJISLUUA CTajl MEHBIIIE 33JaHHOTO, TO OHA JIOTIOJIHSIETCS
HOBBIMU CITy4aifHO CT€HEePUPOBAHHBIMU AJIEMEHTAMHU).

Ecnu B TeueHue 3a1aHHOTO YMCIIa UTepaluii (BKIIOYAIOMIKUX B ce0sl OIepaTopbl MyTallly,
CKPELIMBAHUA U CEJIEKIMH) HE TPOU30LUI0 YMEHbIICHUS HAUMEHBIIET0 BPEMEHHU IPOXOXKACHUS
JTUCTAHINH, WIN JIOCTUTHYT Ipejies 00Iero KOJIMYeCcTBa UTEepaluii, IporpaMma BBIBOJHUT
pe3yabTaT (MOXET JIM CIIOPTCMEH IPONTH AUCTaHLMIO WK HeT). CHOPTCMEH MOXKET IPOUTH
JUCTAHIINIO, €CIIM €r0 MapIIPYT BKIIFOUAET TOJIBKO ITPOXOUMBIE YUACTKH, T.€ BpEMS
IPOXOKJEHUS MapUIpyTa HE MIPEBbIIIAET YCIOBHOIO JOCTATOYHO OOJIBIIOI0 BPEMEHU
IIPOXOXAECHUS Henpoxoaumoro yyactka - 100000 exuHuL BpeMeHH).



5. Pe3ynbTaTbl 3KCNEPUMEHTOB

OKCIIEpUMEHTHI C IPOrPaMMON TPOBOAWIMCH Ha CIy4aliHO CTEHEPUPOBAHHOM NPUMEPE
CIEAYIOILEro BUAA:

Crapr
97 Il
72 62 112
39 18 I3
7 8 17 Il4
89 28 IIS
4 2 116
45 60 67 4 W7
26 40 11 83 14 59 84 1II8
92 23 19 72 51 ®Ounum

B tabnuue 1 npencraiens! pe3yiabTaThl 10 3amycKoB MporpaMMbl IpHU CIETYIOMINUX

napameTpax:

1. Tlapametpsl no ymonuanuto (BepositHocTh MyTanuu 0.001, MmakcumanbHoe 00111€e YHCIIO
uTepanuii 25, MakcuMallbHOE YMCII0 UTepauuii 6e3 ynyumenus 10, pasmep nomyisuuu

10).

Rl N

bonbuas BeposaTHOCTh MyTanuu 0.2.
Bonwimoe uucno urepamuii (obmee — 250, 6e3 ymyumenus — 100)
Bosnbioit pazmep nomynsiuu (50).

5. BeposiTHOCTH MyTallMK paBHA €IUHUIIE (U1 BCEX DJIEMEHTOB, KPOME HAMUITYYILEro)
Pe3ynbrarhl NpUBENECHBI TOJIBKO IS YCIIEIHOIO IPOXO0XKACHUS TUCTaHLIUH.

Tabauna 1. Pe3ynbTaThl 3a1yCKOB IPOrpPaMMBI.

3anmyck 1 2 3 4 5

1 214 230 232 232 274

2 336 232 272 239 278

3 326 301 214 214 248

4 321 232 285 230 334

5 267 232 272 265 290

6 214 285 272 214 281

7 - 222 274 244 282

8 307 312 294 222 272

9 342 274 288 274 244

10 314 232 272 230 267

Cp. Bpems 293,44 255,2 267,5 236,4 277
Yucno ycnemHsx 9 10 10 10 10

pE3yJIBTaToB




Jl1s TOYHOTO pelIeH st 3a/1a4l MOYHO MCII0JIb30BaTh nporpammy lp_solve,
NpeHa3HAYCHHYIO JIJISl pEIISHHs 3a/1a4 JJMHEHHOTO IporpaMMupoBanust. Co3qaércst onmucanme
cleayroule 3aauu (KOHEUHO, 3TO YA00Hee eaTh He BpyYHYIO, a ¢ UCIIOJIb30BaHUEM
IIPOrPaMMHBIX CPEJCTB):

8

9
mzn:z z Ays;

i=0 j=1
8

D s =1V je(1,2,..9)
i=0
9

D s, =1Vi€{0,1,..8}

j=1

s;+s;<1Vi€{0,1,..,8},V je{12,.,9}

3neck Aj — MaTpHlla pacCTOSHUI OT 1-T0 MyHKTA J0 j-T0, Sij — ABOUYHBIEC IEPEMEHHBIE
(nmpunumarornue 3HayeHus 0 win 1), mokaspIBarolye BKIIOYEHUE B MAPIIPYT OTpPe3Ka OT MyHKTa
HOMED 1 JTO ITyHKTa HOMEP J.

C nepBoro pa3a MOKET MOJIYUYUTHCS HETIPABUIIBHOE PELLIEHHUE, TPH KOTOPOM MapuIpyT
pa30uBaeTCs Ha IBE HECBSI3HbIE YacTH. Toraa K 3afaue Hy>KHO 100aBUTh OTpaHMYEHUE BUIA

i TSipte b8 0+, =N g Takoit HecBA3HOM YacTH.

Bpewmst pemenust cocranisietr npubausutensHo 10 muuncexysn. [Iporpamma lIp solve
HCIIOJIB3YET METOJI BETBEM U IPaHuLL.

KoneuHo, MOXHO npoBepuTh U NpsiMbIM niepedopom Beex 8! = 40320 BapuaHTOB
MaplIpyTa, HO TaKOM CIIOCO0 HE UCIOJIb3YET IBPUCTUUECKHE METO/AbI U MAJIOTIPUTOACH NIPU
OoJIbLIIEM KOJIMYECTBE ITYHKTOB.

Oxka3anoch, YTO caMblil ONITUMAJIbHBIA MapIIPYT AJI JAHHOM 3afaun umeet Bun 76582143
U Bpems npoxosxaeHus 214 equnui. OH HECKOJIBKO pa3 BCTpEYascs B pe3yibTaTax 3amycka
nporpaMMsl. BaxkHass 0cO00€HHOCTh T€HETUYECKHUX aJITOPUTMOB 3aKJIFOYAETCS B TOM, YTO HEJb35
CKa3aTb, SBJISETCS JIU HAllJICHHOE pElIeHUE CaMbIM ONTHUMAJIbHBIM.

6. BbiBOoAbI MO pe3ynbTatamM 3KCNEePUMEHTOB

1. Tenernueckuil aaropuT™M HaAXOAUT HE 00A3aTEIHHO CaMbli ONTUMAJIbHBIA BapHAHT
pelleH s, a JUIb JOCTATOYHO OJIM3KUN K HEMY.

2. T'eHeTHUYECKHI AJITOPUTM MOXKET U HE HANTU IPUEMIIEMOTO PEIICHUSI.

3. IloBblIeHNE YaCTOTHI MyTaI_II/Iﬁ (,Z[O OHpCI[eJ'IéHHOFO npeﬂena) MNOBBIIIACT KAYCCTBO
IMoJIy4a€Moro peucHus rnmpu HEeOOJIBIIIOM YBCIIMUCHUH BPEMEHU BbIYUCIICHUAA.

4. CnumkoM 60blast yacToTa MyTalMi MPUBOANUT K CHHYKEHHMIO KaueCTBA PELIeHUs 3a
CUET yXyALIEHUS MPU3HAKOB «XOPOIINX» 0COOEH.

5. TloBblleHue yucia UTEpaLUil CHUKAET pa30poC MOTydaeMbIX PEIICHUH.

6. YBenudeHHe pa3Mepa MOIMyJISIIUN TPUBOIUAT K HAMOOJIBIIIEMY KaueCTBY MOTy4aeMBbIX
peIIeHuH, HO CBSA3aHO C HAUOOIBIIMMH BBIYHCIUTEILHBIME 3aTpaTaMu.
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