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PEKYPPEHTHBIA METOJ PEIIEHUS 3AJIAYM O HASHAYEHUSAX

AnHoTtanmsi. [Ipe/yio)keH HOBBI METOJ pelIeHHs 33/laul O Ha3HA4YEeHMSIX, OCHOBAHHBIH Ha pe-
KypPCHBHOM IIOJIy4CHHH €€ ONTHMAIBHOIO pELICHHsA. 3ajada O Ha3HAYCHUAX (OPMYJIHPYETCs
B IIEPECTAHOBOYHO-MATPUYHOM (OpMe, YTO MO3BOJSIET MCIIONB30BATh MATPUUHBIA ITOJXOJ K II0-
CTPOCHMIO ONTHMAJBHOIO pELICHUS. AITOPUTM COCTOUT B HAXOXKJICHHM B3BELICHHOIO I1apoCo-
YeTaHWs] MHHHMaJIbHOTO CYyMMapHOTO Beca B JBYJOJIbHOM rpade ¢ 2n BepuiMHamu. Berdauciu-
TEeJIbHAsl CXeMa PEKYPPEHTHOI'0 METO/a pELIeHHs 3aJaudl O Ha3HAuYCHUsX INpeACTaBieHa B Qop-
Me, yOoOHOW g peanuzanuud Ha OBM.

KiroueBble cjioBa: 3a7ada O Ha3HAYCHUSX, MAPOCOUYCTAHHE, MBYIOJBHBIA rpad, yBEIHMIHBAO-
IUH OyTh.

BBEJEHUE

[IIupoko M3BeCTHBIE METOJBI pelleHus 3ajaun o HazHayeHusx (3H), Takue kak BeH-
repckuii Metox, Merton Kana—MyHkpeca W MeTON MOTEHIMAJIOB, MOCTPOEHBI C WC-
[I0JIb30BAaHMEM DA3JIMYHBIX IOJXOAOB, MPUMEHSEMBIX B KOMOMHATOPHOH ONTHMH3a-
LUK, U XapaKTepPU3YIOTCSl Pa3HOW BPEMEHHOHM CIIOKHOCTHIO, HE MEHBIICH YeM O(n3 ),
re n — TMopsaaoK Matpuilel ctommocteil [1]. B [2] mznoxkeH anroputm pemieHHs
omHOTO W3 BapwaHToB 3H, BpeMeHHas OIIEHKa KOTOPOTO TIOHKXKEHA 0 O(n2 ),
a TaKKe IOKa3aHO, YTO OH BBINOJHACT (DYHKIWHU MPOIEIYPHI, BCTPOCHHOH B METOJ
BETBEH W T'paHUIl Ui OBICTPOTO BBIYUCICHUS 0OJE€€ TOYHBIX HIDKHUX OIEHOK CTOM-
MOCTH 3aMKHYTBIX MapLIpyTOB B 3aJaye KOMMHBOsSDKEpa. AJITOPUTM COCTOUT B Ha-
XOX/ICHUU B3BEIIEHHOTO MapOCOYeTaHWs] MUHUMaJIbHOTO CYMMapHOTO Beca B [BY-
JONBHOM rpade ¢ 27 BepLIMHAMH C HCIOJIB30BAHUEM IPHUHATHIX B [2] NOHATHH
KpaTyaillero yBelIWYUBAIONIEro MyTH. B JaHHOW cTaThe OMUCaH PEKypPPEHTHBIN Me-
tox pemenust 3H, paszBuBaromuii pe3ynpTarhl paboT [2, 3] W TEXHWYECKH yHpOIIa-
oM HanboJiee pacnpoCTPaHEHHBI BEHIEPCKUl METON.

HNEPECTAHOBOYHO-MATPHYHASA IIOCTAHOBKA 3AJJAYM
OnumeM paccmaTpuBaemblii anroputM pemienns 3H, mcxons u3 crnemyromei ee
(hopMyJINPOBKH.

Host Matpuner croumocreii (Becos) C =[c¢;;],, rae ¢; €R g I Cjj =0, Rg —

MHOKECTBO HCOTPHULATCIIbHBIX JICMCTBUTEIIbHBIX YHuCeII, HalTH

n
C(0)=min ) cyr1- (1)

Toj=1
3necy 7 = (1], 7[2],...,m[n]) — nepecranoBka MHOXkecTBa {l,2,...,7n} HOMEpPOB
cronbuoB Matpuiiel C; o = (0[], 0[2], ..., 0[n]) — onTumaibHas MepecTaHOBKA CTO-

HMMOCTBIO C'(a):Z:?:1 Coli]» Coli] * > i=171, nwm pemenne 3H. IlepecraHoBky
7w = (n[l], #[2],..., w[n]), B KOTOPOii Cp[;) # 0, i:1,7n, Ha30BEM JOIYCTUMBIM pe-

menneM 3H. 3amernm, uto 3H ¢ maTpumeil ctommocTtel, conepiKamield 3JeMEHTHI
Cjj =00, MOXKET HC MMETh PCIICHHUS. B stom ciyyae He0OXOIMMO yCTAaHOBHTH, YTO
MHOKECTBO JIOMYCTHUMBIX PELICHUN 3ajJa4u MycTo. byleM Hckath O, MOIIaroBo yBe-
JIMYMBAas Ha €JMHUILy YHCJIO DJIEMEHTOB k, k =1, n, mocienoBarenbHOCTH, 00pa3yto-

© O.b. Mammii, A.B. Mopozos, A.B. Ilanumes, 2015

ISSN 0023-1274. Kubepuetrka u cucteMHbIii ananus, 2015, Tom 51, Ne 6 119



mel ompeseneHHylo YacTh jpomyctumoro pemenust 3H. Paccmorpum cBoiicTBa
(ycnoBusl BBITIOIHEHMSI) TOW TOCIEIOBATEIBHOCTH M CHOCOO €€ MOCTPOSHHUSL.
Jlrobas "acte nomyctuMoro pemenns 3H, BiIrouaromas k 3JIeMeHTOB, OJJHO3HAY-
HO OIpeJeNsaeT MoAMaTPULLy [Cis.jt 1x matpunel C, i < ih <..<<..<ip, 1< p<...
...<Jj; <...<ji. IllycTb BBINONHAIOTCA CIELYIOUIME YCIOBUS:
a) mocnenoBaTenbHoCTb 7y = (7 p[i1], g [in], . s g [ig]s s g [ig D), 7w [ig] €
€{J1s 25w Jise-os Ji b s k =1, n—1, smnserca pemennem 3H st noamarpuuet [¢; ; 1x;
6) cTOUMOCTb 7T, HE HpeBbIlIaeT cTouMocTH pettenus 3H mia moboit mogmaTpu-

el nopsiaka k matpunsl C.
Ecmu cymectByet addextuBHas npoueaypa npeodpa3oBaHus MOCIEI0BATEIBHOC-

TH 7T, B TIOCJIEIOBATENBHOCTD 7T 4, 1, kK =0, n—1, 1 3amaua (1) UMeeT peleHue, TO s

HAaXOXJICHUS O =7, TpeOyeTcss n IIaros.
MaTpuy4HBbIH NOAX0 K MOCTPOCHUIO ONTUMAJIBHOIO HasHayeHus. [lokaxem,
KaK CTPOHUTCS IIOCIEN0BAaTENIbHOCTb 7Ty, k =1, n.

HcxonHast mocnenoBaTesbHOCTb 7T = (771[#]]) onpenensercs TpUBUAIBHO: B MaT-
puue C Haxoautes ¢, =min {¢; |1 <4, j < n} u, cnegosarensHo, ij =/, 7t[i ] =r. Yro-
Obl nonyuuth 7y = (7, [i], w5 [ir]), ompemenum ¢, =min{c;li#l j£r},cp =
=min {cj;|j#r}, ¢, = min{c;|i#[} (puc. I).

P g r s
m [&™ p Cms
l Clp I
v Cor Cus
w Cywg

Puc. 1

Herpynso BUACTB, YTO €CIH Cjy. + Cppg < €y +Cyyey TO YCIHOBHS @) U 6) BBILIOJHS-
I0TCS JUTS TIOCTICIOBATCIIBHOCTH 7T 5, B KOTOPOH i) =/, wH[i]=1r, iy =m, (i ]| =s. EiA

COOTBETCTBYCT IOAMATpUlia ’ s

/ Clr
m Crms

B nporuBHOM cilyyae 3TUM YCJIOBHUSM YIOBJIETBOPSIET [10OCIEIOBATEIbHOCTD 7T 5

¢ aneMeHTaMHu ij =1L, 7, [ij]= p, iy =V, T, [ip |=7r U noaMaTpuuen
p_r
) Sip | CIr
v Cor

IIpeobpa3yem moCIEAOBATENBHOCTh 7Ty B IOCIENOBATEIBHOCTh T3 = (73 [7],
5[y ], w5[i3]). He Tepss oOMHOCTH, TPEANONOKUM, UTO Ty = (7o [l]=7, my[m]=5).

Haitnem ¢, =min{c;|i#Lm;j#sr} u MINI=c) +c,s+c 3ameTumM, uTO

wq
ecnu Ty =(m,[l]= p,wy[v]=r). llpeobpazoBanue 7, B 73 SBIACTCS

Cwg = Cms>

PE3YyJIbTATOM PCHICHUS Cnez[y}omef/i BCIIOMOTaTEJIbHON 3a7ayu.
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P q r s P q r s
m Cmr Cms m Cmg Cms
/ Clp Cir / i Cls
v v Cor
w Cys w
a 6
Puc. 2

Jast cTpoK [, m n cTONOLOB 7, S, ONPEAENAeMbIX YUCIAMHU Cj. U ¢, MaTpuLpl C,
TpeOyeTcs HATH TPOHKY SIIEMEHTOB C MUHUMAJIbHOW CYMMOH MX 3HAYCHUH MPH yCII0-
BHH, YTO JIIOOBIE JIBA DJIEMEHTA M3 TPOHKH JIOJKHBI HAXOAUTHCS B TPEX Pa3HBIX CTPO-
Kax, BKJIIOYAIOMMX /, m, U TpeX pa3HbIX CTOJONAX, BKIIOYAIOIIUX 7, S.

Ecmu ncxomast Tpoiika HE COIEPHKUT Cjy., HO COAEPIKUT €y, TO CyMMa 3HAUECHHUH €€
BIIEMEHTOB OTPAHMYCHA CHH3Y BEIMYHHOH S| = Cy) +Cpp +Cpyg, THE

Cyr =min{c;[i#Lm}, ¢ =min{cy|j#r, s}.

[Iyctpb pemieHyre BcrioMoraTeabHOM 3a/1a4u SBIsSETCS] TPOUKOHM, B KOTOPYIO BXOJAUT
Cjr W HE BXOIHT Cp,s. ToOrma oHO OPMHpPYET CyMMY So = Cjp +Cpyy + Cpg, THE

Cpp =MIN{Cpyi| j# 5,7}, Oy =min{ci[i#Lm}.

DJIeMEeHTBI PeIIeHNUs BCIIOMOTaTeNIbHOM 3a/1auH, He COAEPIKAILETO C),. U Cyyy, OTIPE-
ACISIOT BEIMYMHY S3 =Min {Cp, +Cppp + Cppg, Cpg + € + ¢y} 37ECH

¢y =min{c;|i# 1, m}, ¢, =min{c,,|j# p, s} (puc. 2,a),

cg =min {cil i#m v}, Cmg

=min {cmj|j #r,s} (puc. 2,0).

OmnpenenuM BenuuuHy, paBHyto MIN2 =min {S;,S,, S5 }. fIcHO, uTO OHA COOTBET-
CTBYET UCKOMOM MOCJIEA0BATEIILHOCTHU 7T 3, eciid MIN2 < MIN1, unaue w5 = (w5 [/]=r,
w3lml=s, 73[w]=¢q).

B o6mem ciyuae mocnenoBaTenbHOCTh 7Ty = (7 [i], wilis]s..., wilis],...
..., [ip]) co coiicTBamu a) m 0) mpeoOpaszyerTcss B IHOCIEN0BATEIbHOCTh
Tpyl = (nk+1[il]7 JTk+1[i2],... , nk+1[ir]9"' s nk+l[ik+l]) C OTUMHU >X€ CBOWCTBAMHU
CIEIYIOMUM 00pa3oM.

B marpune C ompenensiercs

C”k[ik+1] :Il’lin{cij“#—‘il,i2,...,is,...,ik,jiﬂk[il],ﬂk[i2],... ,ﬂk[is],...,ﬂk[ik]},

(dbopmupyeTcs 1OCIe10BaTeIbHOCTD ”}wl = (7,7 [if41]) U BeIUMCIAETCS

k
MIN1= zc,,k[is] +

s=1

Calip, ]

Manee peraercs 3ajaya moucka k +1 anemeHToB, KoTophlie B MaTpuue C dopmupy-
0T MHUHHUMAJBHYI0 CyMMY CBOMX 3HA4E€HMH M DPAacCIOJIararoTcs B PasHBIX CTPOKAX
U CTONOIAX, BKJIIOYas BCE CTPOKH M CTONOLBI C HOMEPAaMH, 3aJaHHBIMHU BEIMYMHA-
MH Crp [i]> Cr,lin]o -+ o Cagliy ] o Coup[i]- OOO3HAUMM BTy CymMMy MIN22. Haiinen-
Hble DJIEMEHTHl O00pa3syloT HCKOMYIO IIOCJIENOBATEbHOCTb T ), =7T

k+1°
1
MIN2< MIN1. Unase w4, =7, .

€ClIn
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OBOCHOBAHHUE U OINUCAHHUE PEKYPPEHTHOI'O AJI'OPUTMA

[IpeanoxeHHass cxeMa IMOMCKa ONTHMAIBHOTO HAa3HAYCHUS SIBIISICTCS OCHOBOW alro-
pUTMa, B KOTOPOM pelieHue 3a1auu (1) HaXOAuTCs UCKIIOYUTENBHO CPEeICTBaMU Te-
OpUU TMAapOCOYETaHUU JUIsl ABYJOJIBHBIX TpadoB [1].

Marpuie croumocterd 3H C B3aMMHO-0JHO3HAYHO COOTBETCTBYET ABYIOJBHBIIN
rpad (X,Y,U), B kotopom | X |=|Y |=n u BepmuHa i € X COeIMHEHA C BEPIIMHOM
J €Y pebpom (i, j) €U ¢ Becom ¢;; # 0

[Tapocoueranue rpada obpasyeT Takoe MHOXKECTBO pedep, B KOTOPOM HHUKaKHe
JIBa U3 HUX HE UMEIOT 001Ieil BepnHbl. PeOpa, He BXoasIue B apocoyeTaHue, Ha3bl-
BAIOTCSl CBOOOAHBIMH. MaKkcHMabHOE MMAapOCOYEeTaHNEe UMEeT HauOOJIbIIee YHCIO pe-
Oep. Bepumna, npunaiexamias pedpy HnapocoyeTaHHs, Ha3bIBAeTCs HACHILICHHOM,
ocTalibHble BepIInHbI Tpada — cBoboaHbIMU. Pebpo (i, /), BXonsiiee B mapocoyera-
Hue, 00o3HauuM [i, j]. Bepmmna j pebpa [i, j] onpenensiercs kak HanapHUK i. [Tapoco-
YyeTaHHe, HaChIIIAIOIIee BCe BEPILUHBI rpada, SBIIeTCS COBEPIICHHBIM. B 1By 1015HOM
rpade (X, Y,U), rne | X |=|Y | = n, MOIIHOCTh COBEPIICHHOTO NMAPOCOYCTAHUS, SCITH
OHO CyILeCTBYeT, paBHa 7. Pemienne 3H 0 cocTOUT B IOCTPOEHUH B JIBYI0JIbHOM B3Be-
meHHoM rpade (X,Y,U), | X |=|Y |=n, coBEepLUICHHOTO MapoCOYETaHUSI C MHHH-
MaJIbHBIM CyMMapHBIM BecoM pebep [1].

[lycts B rpade umeercst nmapocoyeranue M . IIpocToit myTh Ha3bIBacTCS Yepemyro-
ILIMMCS. OTHOCHUTEIILHO MTapocoueTaHnst M , ecii B HEro BXOAUT Kaxk1ioe BTopoe pedpo. Ye-
PEYIOIIHICS MyTh, KOTOPBIA HAYMHACTCS U 3aKaHUMBACTCS peOpamMu, He MPHHAISKAIIIMA
[IapOCOUETaHUIO M, Ha3bIBAaCTCsl YBEIMUYMBAIOIIMM OTHOCHTENIBHO IapocodeTaHus M .
CnenoBatensHo, eciit (i, ji, i1, /25025 j3s- > k15 ks lk» Jkr1) — YBEIHMUUBAIOIINH
IMyTh B IBYAOJIBHOM rpade (X, Y,U), To B HeM CBOOOIHBI BEPIINHHI iy, ji, 1 Hk + 1
pe6ep (ig. ji)s (it J2)s (2 j3 )s-v. s 12 ji )s (i jis1)- OcTarbbic K pebep myTi oG-

pasytor mapocoueranne 7y =([i, /11, [0, /21,133, /3], [ig, jx D). Amna myTu
OIIPEACIIICTCA YHCIIOM BCTPCHAKOMIUXCA B HEM peGep.

[peamnonoxum, 4to Bo B3BelIeHHOM rpade (X, ¥, U ), COOTBETCTBYIOIIEM MaTpH-
e croumocteid 3H C, He nmeetcs nmapocoueranus. Torma xaxmaoe pedpo B (X, Y,U)
mpeAcTaBiIsieT co00l yBETHMUUBAIOIIMNA MyTh JIUHBI 1, a peOpo ¢ MUHHMaIbHBIM Be-
coM 00pa3yeT MapocoYeTaHHe WM HCXOAHYIO ITOCIEI0BATEIBHOCTD 7.

ITycts B rpage (X,Y,U) nocrpoeno napocoderanue 7, = ([i, j11, [, /0],
wesLigs Ji s lig, ji ]) ¢ MmunuManbsHOM cymmoit C (T, ) BecoB pebep cpeau Beex mMa-
pocoueranuit momHoctu k. Ilpeobpasyem 7z, B mapocoueranue ;.1 = ([7,ji],
(5,515 Ui Ji 1 - Liks i 1 Uik 15 Jke11)» Y KOTOpOro Bennunna C (7T 4, ) 1OCTHUTa-
€T MHHMMyMa Ha MHOXecTBe [l ,; Bcex mapocodeTaHuil MomHOCTH k +1.

[Tapocouetanue 7, pa3duBaeT MHOKECTBa X, ' COOTBETCTBEHHO HA MOJMHOXKEC-
TBA HACBILEHHBIX BEPIIUH [ = {i],lp,..., ij,.ces if }y S ={J1sJ2sev» Jls-e-» Ji} A HA
MOJAMHOXKECTBO  CBOOOAHBIX  BePWHUH X — 1 ={ij 1,0540,-ceslgoeesiy),
Y =Jp ={Jks1> Jks2s-++> Jg>--+» Jn}- Hailniem cBoGonnoe pebpo ¢ Becom

Iy

€i.j, =min {¢; ~q|iSeX—1k,jq eY —J;} 2)
U, OPUCOEUHHUB €ro K MapoOCOUYETAHUIO JTj, TMOJNYyYUM MapOCOYETaHUE T | =T ) U
[, j, ] crommocteio MIN1=C (7 ) +¢; Jp Ecnu 7, | He sABisAeTCs mapocodera-
HUEM ;.| C MHHUMaIbHOM CyMMOH BecOB Ha MHOXkecTBe Il;,|, TO
Tpr1 €Mgry = {hrr

Jdemma L Ilycre 7wy €11y —{@) ). Tormamy = (Pry —7y ) V(T —Pryy),
rae Py, — KpaT4aiumii yBeIHYMBAIOIIHUA IyTh OTHOCUTENBHO APOCOYETAHUSI T .

JoxaszareabcTBo. IlocTpouM KpaTyailluil yBeIMYMBAIOWIMI 1IyTh P}, | OTHOCHU-

2
TCJIbHO IIAapOCOYCTAHUA JT ) H, CICAOBATCIIBHO, IAPOCOYCTAHUS JT

P TTokaxkem, 4TO
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2
il ) BBIZC-

e =n]2(+1. ScHo, uro C(my ) < C(niﬂ). B Benuuunax C(y ) u C(
IUM obmee claraemoe Cy= z i Cr,li,] u HOTy4YUM
RN S gk
2 2 2
C(nk)_CO SC(ﬂk+1)—Co. Onnako Tj NIy =TT g _Pk+19 a C(ﬂk+l )—CO — CymMmma
BeCOB pebep MHOXKecTBa Py, | —J ), IpU4eM OHa MHUHHMMalbHa, Koraa Py, ; — Kpart-

yalmuil yBeIMUUBAIOLMN IIyTh OTHOCHUTENBHO IapocoderaHus 7. CienoBaTenbHO,
2
e

2
My A1)y T8 Ay =my - W

Iycts Bepmmna j; € Jy,le{l,2,..., k}, sABaserca KOHLOM cBOOOAHOrO pedpa
(i., j;) ¢ Becom

— TapocoyeTaHne ¢ MHHUMAJbHOM CyMMOW BeCOB pebep Ha MHOXKECTBE

=min{c; ; |i;jeX —1;}, 3)

Cijy sJ1
aBepumHa iy €1y, f€{l,2,...,k}, — Havanom cBoboaHOro pedpa (ir, j,) ¢ BecoM
€i,j, =min{c,~qu|jq eY -J;}. 4)
O06o03HauuM X, | X ;| < k, MHOKECTBO CBOOOJHBIX BEPIIMH i,, KOTOPbIE MHIUICHT-
HBl pebpy (i,.,j;) ¢ BecoM, ompeneneHHbIM B (3), a Yy, |Y,|< k, — MHOXecTBO
CBOOOZHBIX BEPUINH j,, MHIUICHTHBIX pedpy (if,Jjp) C BECOM, ONpEACICHHBIM
B (4). fIcHO, uTO KpaT4alIIM{ YBEJMYMBAIOUIMNA IyTh OTHOCUTEIBHO IapocoyeTa-
HUSI 7T, HAuYMHACTCS B BEpIIMHE MHOXKECTBAa X ; M 3aKaHYMBACTCS B BEpIINHE
MHOeECTBa Y.
[TocTpoum BcriomorartenbHbIi B3BemeHHbIH oprpad (V, A), B KOTOPOM MHOMKeCT-
BO BepuMH V = {iy} U X Ul, UY;, 118 NoucKa Kpardaillllero yBelInuuBaOLIEro
myTd Pj, | OTHOCUTEIBHO MApOCOYETAHUS JT .
MmuoxecTBo ayr A oprpada (V, A) npenctaBieHo pa3dueHreM Ha MOJMHOKECTBA
Ay, Ay, Ay, Az. llogmHOXECTBO A comepkut | X ;| ayr (ip,i.) ¢ HyIeBBIM BECOM,
i, € X} . B nonmHoxectBo A; BXoauT nyra (i,.,i;), i, € Xy, i €I, €1 U TONBKO
ecn, BepmnHa j; pedpa (i,., j; ) — HamapHUK BEPIIUHEI i;, [i;, j;] €. dyra (i,.,i;)

umeer Bec ¢ (i, ;) =¢; ; +¢; ;. yra (iy, ij) € Ay, iy, i €I}, TOTAa U TOIBKO TOI /A,

i
Korja BepuuHa j; pebpa (iy, j;), j; € J, ABIAETCS HaAPHUKOM iy, [i;, ;] €. dyra
(ig,1;) mmeer Bec c(iy, i) =¢; ; +¢; ;. HonmuoxkecTBo A3 Brmouaer ayry (ir, j,),

i €ly, j, €Yy, eciu BepUMHBI iy ¥ j, coemuHeHrl B rpade (X,Y,U) pebpom
(if.Jp)- Ayra (if,j,) umeer Bec c(if,jp):c,-fjp.

Ha puc. 3 npeacrasinen rpad (X, Y, U ), g KOTOPOro NOJIy4E€HO MapocoyeTaHue
Ty, k=4, ero pedpa n300pakeHB! JKUPHBIMU JIMHUSIMA. BepImuHe is 1 ig 00pasyror
MHOKECTBO X 4, @ BEPIIMHBI j5 U jg — MHOXKECTBO Yy4. Pebpa (is, ji ), (ig, jn ). (ig, j3)
MMEIOT BEC, ONpezieNeHHbIH B (3), a Beca pedep (is, j5 ), (i3, Jg ) » (ia, j ) OPENCNCHEI B (4).

BcrnomorarensHsrit oprpad (V, A), noctpoennsiii Ha rpade (X, Y, U) u cooTBeTcTBYIO-
LM TAPOCOUETAHUIO 7T 4, W300pakeH Ha puc. 4. MHOXKECTBO BEPIIMH V' COAEPKUT BMECTE C
BEPIINHOM i, mogMHOXecTBa X 4 = {i5,ig}, 14 ={ij,i3,03,04}, Y4 ={J5, j¢}. MHOKEC-
TBO 1yr A oOpasyior noamuokectsa Ay = {(ig, is ), (g, ig ) }» A1 ={(is i), (igs 12), (igs 13)} 5
Ay ={(1,13), (i1,14), (i3.07)}, A3 ={(i2.J5). (i3, )6 ) (i4.76)}-

U3 cniocoba moctpoenus oprpada (V, A) ciemyer, 4TO MHOXKECTBO ITyTeH, JOCTHU-
JKUMBIX U3 BEPIUNHBI i BO BCC BEPLIMHBI j, €Y}, COBIAACT C MHOKCCTBOM yBEIIHYH-
BAIOIIHX ITyTeH OTHOCUTEIBHO MAPOCOUYETAHUS 7T 4, COeAUHSIONMX B rpade (X, Y,U)
KaXKJ[ylo BEpUIMHY i, € X ¢ Kax10il Bepumoi j, €Y. Ecin B rpade (V, A) mo-
CTPOCH KpaTYaillINii IyTh U3 BEPUIMHBI i) B BEPUIMHY j, €Y}, TO OH COACPKHUT OJHY
u3 1yr (i, i) € Ay u onny u3 uyr (iz, j,) € A3. lycrs j, €Y; — BepumHa myTH,
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Puc. 4

KpaTyaillero cpeiy Bcex IMyTeH U3 i B OCTajbHblE BEPIIUHBI MHOKECTBA V. OueBu-
HO, Tako# myTh B rpade (X, Y,U) onpenenser KpaTdyalnii yBETHMUNBAIOIINN ITyTh
Pj. .| oTHOCUTENBHO 7T .

CrenoBatensHO, 1S HaXoXkAeHUS B rpade (X, Y, U ) mapocoueranus 7, |, CTO-
HUMOCTh KOTOPOI'0O MMHHMAaJIbHa HA MHOKECTBE BCEX MAPOCOUETAHUH 7T | MOLIHOCTH
k +1, mocTaTo4HO:

— ONPEJENUTh MAPOCOYCTaHHE T}, 1 =Ty [, j, ] 1 CyMMapHbIil Bec ero pe-
bep MINT1=C(m)+c; j,» TA€ 7 — mapocoyeraHue MUHHMMAaJIGHOM CTOMMOCTH Ha
MHOKECTBE BCEX MAPOCOUCTAHMH 7T ), MOIIHOCTH £, ¢ j, — Bec pebpa [i, j, ], onpe-
neneHHbid B (2);

i+1 n MIN2 =C(m i+1 ), TOCTPOUB KpaTyalImii yBe-

JIMYUBAIOIMHA 1IyTh Pj | OTHOCUTEIBHO IAPOCOYECTAHMS 7T ;

ecmu MIN1< MIN2, wmwyyy =7,

— HaWTH NapOCOYETaHUE T

1
.7Ik+1, 1 B IMMPOTUBHOM

— TOJOXUTh T ), | =
ciyuae.

Hanee mpuBeneH anropuTM moucka perieHus 3H, pekypcHBHO ompenemsiomui
B IByAomsHOM rpade (X, Y,U),| X | =|Y | = n, mapocodeTanus 7 ; , KOTOPBIE COAEPKaT
k (k =1, n) pebep ¢ MUHUMAIILHBIM CyMMapHbIM BecoM. [IpejuiaraeMblii alilrOpUTM CO-
CTOUT U3 TAKOT'O )K€ YHCIIA ATAIOB M UMEET TaKyI0 )K€ BPEMEHHYIO CIIOKHOCTb, YTO M Hau-
JIyYIIAN W3 U3BECTHBIX METOJIOB ONITUMATIBHOTO HAa3HAYCHUSI — BEHTepcKuii meton [1].

Pacemorpnm anropurm pemenns 3H st marpuist cronmocreit C =[c;; 1, n2 2,
9JIEMEHTBI KOTOPO MPUHUMAIOT 3HAUSHHS U3 MHOKECTBA HEOTPULATEIbHBIX JIeHCTBU-
TEJBHBIX YKCEN WINA PaBHBI 0. PellieHne mpecTaBieHo COBEPIICHHBIM TapOCOYETaHU-
eM JT =7, ¢ MUHMMalnbHOH cymmoit C(sr) BecoB pebep [i, j] B ABynOABHOM Trpade

(X,Y,U),|X|=|Y\=n,ieX,jeY,rnecl~j eRg,ean(i,j)eU,HHaqecij=oo.
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Mlar 0. [Tonoxwuts k =1 u HaliTH Cije = min {¢;| i, j=1, n}, monoxurs I} = {i},

Je =Tkt g =i,k 1 Clag)=cj, -
lar 1. TTpucBouts k = k +1; ecnut k > n, TO 3aBepieHNE paObOTHI AITOPUTMA C Pe-
3yJIbTaToOM: HOcTpoeHo pemenue 3H 7.

War 2. Haiitu ¢; ; =min{c;|ieX Iy |, jeY —J; |};ecmc; ; =00, T0 mO-

n0xuTh MIN1=co, nnade n}c =71 Ylig, ji . MIleC(ﬂ}C).

Ilar 3. Haiitu Bce i, Takue, uro mmi j; €Jyy, [e{l2,....k-1},¢ ; =
=min {c; [ i €X =1} 1} # 0, n cCHOPMHPOBATE U3 HUX CIIUCOK X ; ecmn Xy =, T0
MoNIOKUTh MIN2 =00 u mepedtu K mary 6.

Illar 4. Haiitu Bce Jp TaKWe, 4To s i elj_y, le{l,2,....k-1}, Cirj, =
=min {Ci,j| j€Jr_1}# o, n chopMHPOBATH U3 HUX CIUCOK Y ; eciu ¥y =, TO TO-
noxkuTh MIN2 =00 U nepedTu k mary 6.

HIar S. Ioctpouts B3BemeHHslit oprpad (V, A), V ={igt v X, Vl;_; UY;
1 BBIIOJIHUTH B HEM TOHMCK IMYTH, KpaT4alIlIero Ha MHOXECTBE BCEX IMyTel B BEPLIMHBI
Y}, mocTuraeMele u3 ij; €cIM MOCTPOCH TAaKOH IMyTh, TO B Tpade (X, Y, U ) naiitu co-
OTBETCTBYIOIMM €My KpaT4yalllui yBEeIMYMBAIOMMK IyTh P, OTHOCHTEIBHO 11apOCo-

YETaHUsl JT j,_1 U ONPEJEIUTh ni =P —mp_1)V(wp1—P), MIN2 = C(ﬂi ), uHaye
[TOJIOXKHUTh Jti =0, MIN2 = .

Hlar 6. Eciu MIN1= MIN2 = o, To 3aBepilieHrne paboThl alropuT™Ma C pe3yJib-
TATOM: HE CYIIECTBYCT Ul MaTpuisl [c;;], pemenus 3H; ecin MIN1# oo wmn
MIN2#0w — Cc pe3ylbTaTOM: IOJOXHUTb ) = n}{, Iy =1 9iit},
Jip=Jp1 Okt (ecmn MIN1< MIN?2), unaue (ecnu MIN1> MIN2) monoxuThb
my =, onpenennts [ = {if|I=1k; [ip, jylem; b, Jy =gl =1k, [ip, jylem, }u
nepeiT k mary 1.

Teopema 1. Pemenne 3H 0 KOppeKTHO HaXOJUTCS TIOCTPOCHUEM B JBYIOJIBHOM
rpade (X, Y,U), | X |=|Y |=n, cooTBeTCTBYIOIIEM €¢ MAaTPHLE CTOMMOCTEH [¢;],,
MIOCJICIOBATEILHOCTEH MapOCOYeTaHuH 7T 4, k =1, n, TAE 7T, — MapocodeTaHne, Couep-
Karlee k pebep ¢ MUHHMMAIbHBIM BECOM, O =JT,.

Joka3zaresberBo. [IycTh mocTpoeHo mapocodeTanue 7y _q, k = 2, n. BemonseHue
aJITOPUTMa 3aBEPLIACTCS, €CJIU, BO-IIEPBbIX, HE HaiiieHo pedpa, 00beANHEHHE KOTOPO-
}(, U BO-BTOPBIX, BO BCIIOMOTaTEILHOM Tpad)e He CYIIECTBYeT
MYTH U3 BEPILUHEI i( B TI00YIO JIPYTYyI0 BEPIIUHY MHOXKECTBA Y, a ClIeI0BATEIbHO —
U YBEJIMUHUBAIOIIETO ITyTH OTHOCHUTENBHO TEKYIIEro MapOCOUCTAHMS JT;_j, KOTOPOE
MakcuMaibHO [1].

YToOBl OLEHHUTh TPYAOEMKOCTh peuieHus: 3H, 3aMeTuMm, 4To OHO CTPOUTCS B pe-
3yJIbTATEe BBITIOJHEHHUS /1 OTANOB, KQXK/IbIH M3 KOTOPHIX YBEIUYMBACT ITAPOCOYCTAHHE HA
0JIHO pedpo.

TO C 7T ;_; JaBajuo Obl 7T

Ha nepBoM sTame omnpenensercs 77, B Xy/IIEM CIIydae 3a Bpemst O(n2 ). Ha xaxxnom

CIIE/IYIOIIEM 3Tale CTPOSTCS MMapOCOYCTaHMS n}{ u ni, k =2, n. Bpems moctpoeHus n}{

pasuo O((n—k +1)2 ). Jlyst onipenenenus ni tpedyercst: 2(n — k +1) oneparuii oucka Bep-

HIMH MHOXeCTB X ., Y5 k +1 omepanuii mocTpoeHus: BCIIOMOTaTeNbHOrO oprpada; O(kz)
oriepalmii OCTPOeHUsI B HeM anroputMom JIelikeTpel kparyaiiiero mytu; O(k) oneparmit
¢ MHO)kecTBaMU. [103TOMY BpeMs KayKII0ro k-ro srara OrpaHI4eHO BETHUYUHON O(n2 ). |
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PaccmotuM mpumep paboTBI MpeAoKeHHOro ajroputMa. Vcxomnas marpuia
[c;], mmeer Bun

1234|567
1] ||| 28190
2 (150 | 3]0 (24| 0 |24
35| 0w|oo|5]0]2]|w
4 oo |10 2 [15]23| 0| 0
51| 0] 0 |ow|ow]|ow]|ow
610 [15]10] 3 |17] o |
7114102412 |2 ]|15]|21

BrInomHUM anropuTM. o
Hlar 0. [Tpucsoum X =Y ={1,2,3,4,5,6,7}, k :l’Ci]jl =min{c,-j| L j=1,7}=

=c16 =0, I} ={1}, Jy ={6}, X1 =Y =0, m; ={[1,6]}, C(7)=c6 =0.
Iar 1. ITonoxum k =2.

IMar 2. Omnpexenum c; =min{c,j|i¢1,j¢6}=cz4=O,n12:n1u[2,4]=

2J2
= {[L 61,1241}, MIN1=C(7})=cj5 +cpq =0+0=0.

IWar 3. Jlns 6 € J; onpenenmnm ¢; ¢ =min {c;gl i #1}=cy6 =0, X ={2}.

Ilar 4. [na 1 €/; Haxogum €, =min{cy;|j#6}=c3 =2, ¥, ={3}.

Ilar S. B3semennstit rpad (V, A) npeactasmser coboit myTs (ip,2,1,3), rae
2eX,,1el,3€Y,, Cioz =0, c(2,1)=cy6 + 16 =0, c(1,3) =2. DroMy nyTu B nOJ-
rpade rtpada (X,Y,U) coOTBEeTCTByeT KpaTualluil yBEIHUYHBAIOMHN MyTh
P, =(2,6,1,3) otHOocuTensHO nmapocodetanus 7, = {[1, 6]}. Ilyte P, oOpa3yioT pedpa
(2,6),[L,6], (1,3), mosTomy ng ={[2,6],[1,3]}, MIN2=cps+cj3 =0+2=2.

Hlar 6. Tax xak MIN1< MIN2, 10 7, :nlz ={[1,6],[2, 4]}, I, ={1,2},
J, =1{6,4}. Ilepeiitn x mary 1.

Mlar 1. IMonoxum k =3.

Wlar 2. Ompemennm c;; =min{c;|i# 12 j#6,4}=cy5=0,75 =7, U[3,5]=
= {[1,6].[2,41,[3. 5]}, MIN1=C(m})=0.

Iar 3. Tak xak [ ={1,2}, J, ={6,4}, 10 ¢; ¢ =min {c;| i #1,2} =36 =2,
Cl-r4 zmin{cl-4|i;tl,2}:c74 =2 u X3 2{3, 7}

lar 4. Onpenenum c1j, =min {cy;|j#6,4}=c3 =2, €2, =min {cy;[j#6,4}=
=cp3 =3, Y3 ={3}.

lar 5. Tloarpady aymonsHOTO Tpada (X, Y, U), onpeneneHHOMY Ha MHOXKECTBE

BepmmH X 3 U1, U J, UY3 (puc. 5), COOTBETCTBYET BCIIOMOTATEIBHEIH rpad (puc. 6)
C BCCaMu Oyr Ci03 :Ci07 :0, C(3,1):C36 +C16 :2"1‘0:2, C(1,2)2C14+C24 =8+0= 8,
0(2, 1)26’26+C16:0+0=0, C(7,2)=C74+6‘24 =0+2=2,C(1,3):2,C(2,3):3,3 €Y3.

7
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Kparuaiimmii nyts (3,1,3 €Y),
cBa3biBatomMii B oprpade (V, A) 3ey
BEPIIMHBI M3 X3 C BEpUIMHAMH W3
Y5, coctoutr us pebdep (3,6), [1,6], () ©, @ 0.9 ®
(1,3) momrpada rtpada (X,Y,U),
KOTOpBIE 00pa3yloT KpaTdaimunit
YBEIMUYUBAIOIMNA IyTh P3; OTHOCH-

Puc. 6

TEeIbHO HapocodeTaHus m, = {[l,6],[2,4]}. IHosTomy 7t§ ={[2,4],[3,6],[L 31},

MIN2 =cyy+c36+ c3=0+2+2=4, a MIN1=cjg+cyy +c35 =0, cunenosarensHo,

_ 1
Ty =T 3
[locne BwImonHeHu# anroput™Ma ans k =4,5,6,7 nomydaem pemenue 3H

o={[1,6],[2,4],[3,5],[4, 71, [5,3],[6,1],[7, 2]}, C(0o)=0.

3AK/IIOYEHUE

[Ipennoxennsrii meron pemeHust 3H ocHOBaH Ha PeKypCHBHOM IOJyYEHHH €€ OI-
THMAJIBHOTO pPELICHMs. BBIUUCIUTENBHAs CXEMa PEKyppPEeHTHOIO METOJAa PELICHMS
3H npencrasiena B ¢opme, ynooHol ans peannsanuu Ha OBM. IlpuBenennas cxe-
Ma TIOMCKa ONTHMAIBHOTO Ha3HAYCHMS SIBIISICTCSI OCHOBOHM ajropuMtMa, B KOTOPOM
pelIeHuE 3a7a4d HAaXOJIUTCSl HMCKIIOYUTEIBHO CPEICTBAMM TEOPUH IapocOYeTaHUH
JUIsL ABYAOJIBHBIX TpadoB, MPEACTaBICHHBIMU B NIEPECTAHOBOYHO-MaTPUYHOU (opme.

Pa3paboTanHbIii METO/I 1O CPaBHEHHIO C APYTUMH JIa€T BO3MOXHOCTH CIKOHO-
MUTh BBIYMCIUTEIbHBIE PECYPCHI, B PE3YJIbTATE JOCTUIAETCS BBIMTPBILI B CKOPOCTH pa-
00TBl AITOpPUTMA Ha OOJBIIUX PA3MEPHOCTAX BXOJHBIX JaHHBIX.

s ouenku BpeMenu peuteHust 3H mpeayioxeHHbIM METOOM IPOBEIEH BbIYMC-
JIUTENBHBIN 3KcrepuMeHT. VccnenoBana 3aBUCUMOCTh BpeMeHu perienust 3H pazianu-
HBIMH METOJIaMH OT Pa3MEPHOCTH BXOJHBIX JaHHBIX. CpaBHMBAIKNCH YETHIPE METO/A
peuenus 3H: MeTon moTeHIMAIOB, BEHTEPCKUN anroputM, airoputm Kana—MyHkpeca
U peKyppeHTHbIM Meroh. Hawmmyumme pesynpTaThl MOKaszajdl PEKyppPEHTHBIH METOZ,
a HauxXyjAllHe — METOJ TOTCHIINAJIOB.
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