AAHBIE AMTOPHTMbI BCTPEHHOT O HOUCKA
KPATHAHIHNHX MAPIIPYTOB HA CETAX

MLIL Pesoriok, H.B, XaxnHoBa
Benmapycs, r. Munck

OO0BeKT pacCMOTPERHA — BEIYHCINTEILHEE CXEMEI IOCTPOSHHA CEPREPOR
NOKCKa KpaTyafillHX MaplIpyTOR Ha rpadax TpauacnOpTHEIX cerell. XoTa 3a-
Aada TOWcKa xpaTHaHimx MapoipyToB Ha rpadax ¢ KOAHYECTBOM BEDITHH 1
XapaKTepU3YETC BEITHCINTENBHOH CIOXHOCTRIC #-logan [1], ymyamenue
BPEMEHHBIX XaPAKTEPUCTHK Cephepa, 00Cy¥HBAOIICFO MOTOK 3alIPOCOB B pe-
aNnbHOM BpPEeMEHH, KOTOa 3Ha4eHue n (GUKCHDOBAHO, TPENCTABIACT ONpele-
NEHHBIH NpakTHIecKUl HHTepec. IIpeaMET 06CYIKICHUA ~ CTPYKTYDPH! JIaHHBIX
00BEKTHOFO IPEACTARMEHNA MOASICH TPAHCIIOPTHEIX ceTell H aroprTMEr Obi-
CTPOACHCTRYIONIHX NMPOLEIYP ONTHMHIALNY MAPLIPYTOB.

H3pecTHo, 9T0 KWHOUCBOH HpUeM 00LEKTHO-OPHEHTHPOBAHHOIO NMPOSK-
THPOBAHHS — MCHOJIB30BARME M ArperdposaHHe Kaubonee y29HEIX pelleHu.
byxeM paccMaTplsaTe B KAYECTBE OTIPABREIX CHEAYHOIIME HIBCCTHRIE HACH
HOCTPOeHNs GrRICTPoAHCTBYIOMNX NPOLSAYD MOHCKA NEPEBEER ONTHMATLHLIX
MAPIIPYTOB:

TIPHMEHEHHC BOMHOBHIX CXEM OJHOKDATHOTO CKAHMPOBAaHHS 1yT rpada
(anroputma elikeTpsl) B OpTanK3alMg BCTPEYHOro noncka [ 1-5];

yYeT npeaoNpeeneHHLIX pelneHHH RKalHBIMH ATropuTMani {2];

oTofpaikese OYEPEIM BEPIIHH iepeRa Ha afpeca e¢ emMeHToB [3].

C uenele o0ocHOBaHHA cnocoba HHTErpdlHE [epedHCICHHRIX HASH
WabaoHoM DyHKHHS ONTHMHA3AINN MAPILPYTOB BHAYANC ONpPeTeREM CIPYK-
TYpPE] I8HHBIX [IPEICTABNEHNS 341891 Y PE3YIIBTATA €8 PEIUCHHUS.

HspectHo, aTo nanbonee NMpeANOYMTHTCABHEIM IIpeACTaBACHUEM CIabo
CBARHOTO HAIpyskeHHOro rpaga G(N,4), cocroserc us N sepimmn 1 A myr,
IS BOAHOBBIX QUFOPHTMOB TIOCTPOCHHA AepeBa, peamH3yIolHx cxeMy Hlufik-
CTPBI, ABJIKETCH CTPYKTYPa CMOKHOCTU FSF (Forward Star Form):

FSF={(n,H ,B,W), {1
Fge # - KOnMuyecTEO BepluuH rpada TPaHcNOPTHOH cetd, #=iN.; H — MaccuB
yEa3aTencil CUKCKOB CMEKHOCTH; B ~ MACCHB SJHEMEHTOB CHUCKOB CMOKHOCTH
(KOHEYHBIX BepiIUE AyT rpada); " — MacCHB BECOB AYT.

s kaoxaol BepiuHAR! x&¥ MAOKECTBC HEMOCPSACTBCHHO AOCTHAHHUMEBIX
CMEXHKX BepmmH obo3gauyuM X', x'= {k | wlx,k)20}.

Ecan sepumun rpada npohysmeporatel guciamu 0,7 -1, TO afeMeThI
(1) dpukcHpyIOTCA TaK:
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Ho=0, Hiy =H;+|1), i=tn—1
FSF=1B(H; + =70, )
W(H; + =wi, i (/) j=0,|-) i=0n-1
OueBuano, wro [Hj=n+1, |Bl=|#|=H, (3neMeHT H, cONEPXHT [4|).
Jind BEINEREHHA anbTePHATHR PA3BHTHA ACDCBA MX BEPIEMHEL X B 3TOM
CIyHae HCIONE3YeTeA ClIeHyIoMME NPOCTOH ATOpHTM:
x'={B(H, +)|Hy +i<Hy;1,i20}.
TIpencraenenne rpada B Buae (1) mocTaTOMHO AN PEIICHHA 33189 MGHC-
KA MapiOpyTOB, HO B [2] mpeanoxerno W Kaxnoll BepIIMHE! IPacda Mopenn
TPAHCTIOPTHOH CeTH APCABAPHTENLHO BHICIMTE H HNOMETHTh BXOAHEIE AYTH
MHHHMATLHOR ANAHEL:

Tj =40 j):i=argmin{w(i, ): (L e A}y, jeN. ()
L

B cmyuac seTBnesHs npouecca gepes AYyTY H3 MHOXECTBa (3} 3HaueHHE
PaccTOAHHA AO €€ KOHETHOH BEPINHHE! He U3MEHHTCA. TaKkyH BEPUIHHY MOX-
HO He BKAKYATE B 09¢pelb, 4T0 CYIISCTREHHO COKPAIIAET BPEMA BEITHCNC-
Huil, ocofenHo npy ofpaboTke MOTOKA 3AMPOCOR HA LIOHCK MapIIPYTOB,

Jns oreGpaxenns muoxecrsa (3) moctatoaro BeOpaTh dnemeHTH B
wim W 8 (1) co cBoGOIHEM JBOMYHEIM pa3paIoM H MOMETHT: AyTy OuHap-
HBIM npusHakoM. Takum oGpazom, YIeT IPefonpeneneHHEX pelienuii npak-
THISCKH He TpelyeT yBemiucHux oObeMa IMaMITH I/ XpaHEHANn OMHCAHMA
peasibHOMN ceTh.

CoCTOAHHE IOHCKA PELTCHHUS NPeICcTaBILeTCA TpeMaA IEMEHTAMH:

MaccHpom paccrostiit D={D;, ie N};

MACCHBOM HOME[OB HPENMECTBYIOWHX Bepuk P={f, i€ N };

ouepeneio BepmuH (= {Q,—, ieN }, EMEHTH KOTOpOH YNOpALOYEHH
110 TEKYILEMY 3HAYEHHIO PACCTOSHHA OT KOPHA AepeBa {6].

Iloc'ram‘mo 9acT{ Ha NPaKTHKE BCTPCYAIOTCA 3aJati MOHCKA MappyTa
MEXTy ABYMA 3aJaHHbIMH BeplnHBaMH ceTH. B aTom caydae nenecoolpazne
OPTAHH30BATh PONECC MOHCKA [IYTEM ITOCTPOECHHS ABYX BCTPETHO pacTyHIHX
AepeBseB. B pesynsrare 00BeM aFATH3HPYEMBIX J3HHBIX COKPAIIAETCH B B2
pasa [4-5). Jlepero 13 KOHSTHOH BepIDHHH JOBKHO CTPOHTRCH Ha rpade ¢ 06-
PATHEIM HAnpaBicRHEM AYT, OITOMY NPEACTABACHHE MOIENH CETH 3alacTcy
PACHTHPEHHEM rpadoM — obsenunerneM (1) n unBepeun (1).

BeTpeussiii NOUCK NPHHLIHIHANRHO MOXHO pealH3oBaTh Jnodoil mpote-
Aypoll nocTpoeHNs AEPEBAa OT OAHOH BEPOIMHE! IO BCEX OCTANBABIX Ha pac-
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WHpEeHHOM Fpade, oTpakacmeM daxKTHUIECKH CYHIESCTBYIOMISE MPOCTPAHCTRO
roncka. JIRg 5Tore ecTh JOCTATOYHC BECKHC MPHIHHEL:

CXeMa OpPraHM3allyy CIHCKA KPUTHYECKHX (BpeMeHHO nomedeHHsIX [1])
BCMIMH HMMEET Y3K0e MECTOQ, CBR3IAHHOE ¢ XOIOCTHMH HPOBEPKAMH HATHIHA
ouepenell BEPIUYH ¢ ONMHAKOBLIMH 3HAYEHUAMH PaceTOIHMA;

ONTHMAJILHEIH pa3sMep AE€PEBLER [OHCKA COOTBETCTBYET OAWHAKOBOMY
paccTossuIo o1 KopHel nepera [2].

OnHaKo W3BECTHRIE APOLEAYPSEl BCTPEYHOTO Noncka [5,6] He YUHTHBAIOT
OCOOEHHOCTEH OCTAIIOBKM NPOIICCcea MPH HCNONB30BAHHH IPEIOTIPENeICHHRIX
pelrenuii [4].

O6o3HauuM HexOAHBIH Ipad, 3anauuEl B Buae (1), wepes G (N ,4%), a
rpad ¢ HHBEPTHPOBAHHEM HANpaBenya 1yT — G (N',4°).

MHO%eCTBO BEPUIMH H OyT Tpada G (N',4’) onpenemmM Tak:
*

N :{x* =x 4[N, st eNT
A= {(_x‘,y‘) =T NN, 2y e A"}.
Bepmunm x° U x OyneM Janee Ha3HBATE CONPKSHHEIMHE, JIerko saMe-
THTB, YTO YCnOBHE othopa mpencnpencIcHHEX 3HadeHul (3) g rpada &
(N',4") ameer sun

T; =4, 7= argqﬁp{w(f,j) {i, Ne A"'} ,jeN*,
B ofniem cmydae ¢BA3b CONPAKEHHBIX BEPUIMH, HE 00A3aTeNBHO ONpene-
nsemMad (4), nyeTs 3agaerca dyBRIHEH
. * + + * + *
conj(x)=x (xeGT)+x" (xeG ), xeNTUN . (5)
B cimyuae ske HyMepatHH BepIuH 110 npaBury {4)
conj(x)=(x+]N* - (x <] N* D+ (- | N* - (x 2N pxe NTUN",
Dlycth 2apanm § ¥ f — HAYaIbHAA W KOHEYHAS BEPUIHHL HCXOMHOIO rpa-
da G
Tak kak, 00 onpeseleHno (4), A+ NA" =@, To NOCTPOEENE NEpeBLEB
MOKRO TIPOBOOKTEL HAPAMICHEHC ¢ CHUXPOHHBIM IBIMKCHHCM OT KOpHefI Je-
pera Ha rpade GINV,A)=G"(N",A")+G (N ,4"). Ji1a 3T0Oro ZOCTATOIHO HAUATH
NpOLEce BETBISHHA W3 BEpIIHH § € G*u f* =coni(f), f* eG . B otmume
0T nNpelnokeHHoro B [3] MpHeMa NOOYEPSOHOIO Pa3BHTHA ACPEBREB, CHE-
XPOHHOE NBHKEHYE OKA3LIBAETCS ONTHMANBHBIM I “reorpadmdeckux” rpa-

$oB.

OpraHuzailisl BCTPeTHOro 110McKa TpedyeT OupeneneHua Npapaia 0cTa-
HOBKH. MOMHO NOXA3aTh, YTO OCTAHOBKA JODKRA COOTBETCTBOBATH MOMEHTY

O
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puKcaUMM NOCTOAHHON NOMETIH BEpIINHLI JAEpeBa, KOTAA CONPAKCHHAN
BEPINFIHA YKE IBIIICTCH NOCTOSHHO NOMCICHHOH,

Ecau Anma HEKOTOPOro AepeBa KpaTdaiflmuX MapmpyToB MAKCHMANGHOC
PaccTOfHHE OT MOMCUCHHRIX BEPIHMH RO KOPHA &CTh d, TO NPH3HAKOM T0-
CTOSHHOH IMOMETKH BEPIIWHEI X ABNACTCR yelioBue D, <d. B pacemarpnpae-
MOM CHydae JUi 060HX AepeBbes 3HaUCHAe d OUNHAKOBO.

O1cloma cieayer, 910 NPABHIO OCTAHOBKY MOXKHO ONDEJCHATEL Ha 3RA-
9EHHAAX TEKYIMX paccTOSAMA — Dgpisy S Dy, TAe i — Bepmuna  rpaga
G (N",4") wn rpacha G *(N',47), Domyuaomas NOCTOSHHYIO TOMETKY.

Takum o6pazoM, HCIOAE30BAHNHE CHHXPOHHOIC IRMKEHHA OT KOPHEH ne-
pesbeB He Tpefyer XpaHeHHA HOMETOK, 8 MOMEHT OCTAHOBKHM COBHARAET ¢
MOMCHTAMH BRIASNECHHS KPUTHYECKHX BEPIIHH JCPEBA MAPIIPYTOB.

Tocne ccTaHOBKY B BEPIEHEE X OCTACTCHA DOCTPOHTE MAPIIPYT 40 KOHEY-
HOH BEPIIHHE! B HCXOMHOM rpade.

Tak kak OCTaHOBKa MoxET OHTL ofHapymena B MoOOM W3 BCTPEHHO
PacTYIUMX AEPEBECB, & Pe3yibTaT NOHMCKA HeoGXOZUMO TIONYUNTh JIHIIE Hfs
Acpera M3 NCXOMHOH BepUWHHE], TO 1A MepeXoa B TAK0S JePER0 NCHONBIYeM
yHKIHIO

orig(x)=x-(xeG )+ conj(x)-(xeG*), xe NTUN".

B cymae HyMepalnan BepUIHH pacniupeaHoro rpada mo npapuny (4)

orig(x)=x-(x N* ) +(x=| N* - (x2N* ], xe NTUN".

[lycts onucanue rpada, a Taxske MaHHEIe OpeACTABACHHA Pe3y/LTaTCB
MOMCKA MPEACTABIEHBI [eGanbHEMI 00BeKTaMH TIPOTPAMMBI HWIIHA IEeMEHTa-
MH JalHBIX Knacea.

Haen peans3aliMy anrepHTMa BCTPEUHOIO MOUCKAS, YYHTHIBAIOWIAA Tpe-
IOoTpeleficHHbE petiednsn (3), MoxkeT OHTh OPEACTARAEHA CIEAYHIIHMH
NpoNeAYPaMH B CTHAE KOQHpoBanHs [3,6).

Procedurs SPT({s,f{); // [loncr MapUpyTa Memay BepiitHamt = M £
Bagin
Foreach ie N ' UN* do Dy =w, P=i;
FAN =Dc‘onj(,9:0f' S/ DHECAUWA EopHeR MpAMOTO M SPATHOTO ODepera
QINIT (2,2} /F Q - ovepads Beptivd, BHAUANE BMRAKNAST S
QIN({Q,conj{f}}; // Bulpdende B odepenr FOpHA COpaTHOTS IeperRa

Repeat
QUUTP, i) // BuOOpPKRS BEPUMHE i M3 owepemd Q
Dntil 3PG(i)=false and =9 ;
End;

Fanction SPE{i) :boolean; // PagsuTue Nepepd MY 3SPUMHW 1
Bagin
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SPE = Degpi(py > Di; // [pu3Har OCTAHOBKM NPOUECCE TIOHCKA
If SPE than bagin
Foreach jei do
If DJ > D +wii, ;1 then begin
DJ =0y +wli, 1) PJ' =i
QIN(Q, 317 // Brawuenae BepuwdHtl 1 B ovepess Q
End;
Exit;
2nd;
FIt{v};
End;

Function SPG{l): boolean; // PazeuTHe DepeEa M3 BEPWMHE i
Begin
Foreach je&f, do
If Dy>Dp+wii,j) then begin
Dj =D +wii, ), P_,J =i;
SPC = SPE{31}; // TNpusHar oCcTaHOBRM RPCUEeCcCa nNoMcka

If not SPG then Exit;
End;

Foreach feli'V, de

1 Dj)D,-+w(1, /} then bagin

Py = Biawligh Pp=i;

QIN{Q,7}; // BRIADYEHUE RepUMHE 1 B OUSPeL: O
End;

SPG = brue;
End;

Procedure FlN(i); // KonDupoBaHM& 4acot™l MApUpyTa M3 BepmkHel i
Bagin
} = conjlorig(s));
While F;=j do
Bagin
Dorig(PJ) =Dopgi 3+ DP} -Dj, Por'ig(P_,-) =orig( %
1=P5
End;
End;

3nect npouegypa FIN peamusyeT OOTOTHEHHe JepeBa H3 HCXOMHOH
BCPIMHHET HAGQOPMatHel 0 HaliIeHHOM YUACTKE MAPHIPYTA OT KOHEYHOH BEp-
mnsel. HeTpyaHO mpoBepuTh, YTO ApesnaracMutii airOPHTM OCTAETCK KOp-
PEKTHEIM HPH pacnapannenBaiiy NpoileccoB,

Takum ofpazoM, MNOCTPOSHHBIE NMPONEAYPBI NOHCKA HCIONB3YIOT 1A
NPEACTARICHHA MOJEIH CETH NaMATE B IBa pa3a YBEIH4YEHHOIo 0dbema. On-
HAKO CTPYKTYpa NIPEACTABIEHHA MOJEIH CeTH OcTaerca 3¢Q¢eKTHBHEe Mar-
PHHIEIX MOAENefi, no Kpailsell Mepe, ¢ TOUKH 3peHnsA yA00CTBa XOppeKUHH
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OIMCaHNA CETH B PEaNbHOM BpeMeRH. BMecTe ¢ TeM, CHHXPOHHIAIHA HPOHEC-
COB BEIDODKH KPHTHIECKHX BePIIMH NOBOMACT COKPATHTS KOMLMTECTBO XONO-
CTHIX TIPOBEPOK COCTOAHAS OUepefH A Kaubolice pdeKTHBHLIX aapecHBIX
cXeM OpraHuzalKK ouepenei [6].

Hpesenesanrie paccyxaerus 6a3sHpoBatuces Ha MpennofokeHHH, 9To co-
CTOAHHE TPOLECCA MOHCKA OTPAKASTCA Ha OUICPenH BEPIMH — JHCTLEB TEKYy-
WeTo Aepeea. B cmyyae HalHuus oTpaBudeddil Ha OyTH HA rpade {4] npuxo-
BMTCH HCIIONE308aTs ouepenb AyT [2). OXHaKo Nerxe 3aMeTHTh, Y10 U 3eCh
MOMEUEHHEIE AYTH {3} 10 TEM Ke COOGPAKEHMAM ABALIOTCA TIPUTOIHEIMH I
YCKOPEHHOTO BKIIOICHHA B Jepepo kpardalimmux myted. Jlpapuno ocraxoskn
ocTaercs 0e3 U3MEHEeHHIH.

SKCUCPHMEHTH [OK43RBAKT, YIO HA Tpate peanbHOil ceTH aBTOMO-

GrmHEX Aopor, 1ae |N| = 104, |4 = 10°, cpenmee BpeMs HOHCKA KpaTHall-

IIUX MAPIIPYTOB MEXAY CIydaliHLiMH [ApaMu BEpIOHH cOKpawaercs Gonce,
4eM B JIBa pasa.
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