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TEXHOJIOI'YUSA MAPIIPYTU3AIIMHU B KOMIIBIOTEPHBIX CETAX
C YYETOM JUHAMUKHU TPAOPHUKA

3amponoHOBaHO METOZ PO3B’SI3aHHS 3ajadi MapIIpyTH3amii Iif 9ac Iepenadi CyKyIHOCTI IakeTiB 3
ypaxyBaHHAM THHAMIKH 3aifHATOCTI €IeMEHTIB KOMIT'TOTepHOI Mepexi. Ilpu po3s’s3aHHi 3amaui  Oyio
3aIpOIIOHOBAHO MiHIMaKcHU# KpuTepiil. [lokasaHo, MmO 3ama4a, SIKy OYyJIO MMOCTABICHO, 3BOJAUTHCS 10
MOCTITOBHOCTI IBOXIHIEKCHUX 3a/1a4 IPU3HAYCHHSI.

It was suggested the method of solving the routing problem during the package transfer, taking into
account the dynamic of network hub overloading. Minimax criteria were suggested to solve the problem.
It was shown, that the set problem comes to the sequence of two-index tasks.

IHocranoBka mnpolGieMbl M aHAJAU3 JMTepaTypbl. B  cOBpeMEHHBIX
KOMITBIOTEPHBIX CETSIX B CBSA3M C HEMPEPBIBHBIM POCTOM 00BEMOB TpaduKa MEXIy
KOPPECIIOHJICHTAMH 1 OTPaHUYEHHOCTBIO MPOITYCKHBIX CHOCOOHOCTEW JIMHHIN CBA3M
1 Y3JIOB CE€TH BBICOKYIO aKTyaJbHOCTbH IIproOpeTaeT npobiema MapmpyTusanu [1 —
3]

3amadya MapuIpyTU3alUU COCTOUT B OTBICKAHUU JJIS KaXJIOTO IepelaBaeMoro
cOOOIeHNsT MapupyTa C yKa3aHHeM BCEX IPOMEXKYTOYHBIX ITYHKTOB MEXKIY
UCXOJIHBIM M KOHEYHBIM ITYHKTaMH, ONTHMAJIBHOIO C TOYKH 3pEHHs BBIOPAHHOTO
KpHUTEpHUSL.

Ha npakTtuke HamOojiee 4acTo HCIOJIBb3YEMBIH KPUTEPHH — MHHUMH3ALMS
CYMMAapHOM 3a/Iep>KKU NPH MPOXOXKAESHUH MapIIpyTa, OTOXKAECTBIAETCS C IIUHON
Mapuipyta. IIpu 3TOM TpagWLIMOHHBIE aNTOPUTMBI PEHICHUS 3a7a4d OTBICKAHUS
KpaTyailllero MaplipyTa YYHUTBIBAIOT TOJBKO 33JEPKKH, BO3HHMKAIOIIUE IpU
NPOXOXKICHUU JIMHUM CBS3M MEXIY Y3JIaMH CETH, WTHOPUPYS 3alepKKH B
coOcTBeHHO y3max [4, 5]. DTOT HemoCcTaToOK ycTpaHsercs B [6], Tie mocTaBieHa U
peleHa 3ajada OTBICKaHUs MapIIpyTa, MUHIMU3HUPYIOIIETO COOTBETCTBYIOUIYIO EMY
CYMMapHYyI0 3aJIepkKy. B aToii paboTe paccMoTpeHa MeETO/IMKa pacyera 3aKOHOB
M3MEHEHHsT BO BpPEMEHHM JUIMHBI oOYepenu COOOIIeHHH, OXUAAIOIUX Hayaja
00CIIy’)KHBaHUSI B KQKJOM U3 y3710B ceTH. OThHICKHBaeMble 3aKOHBI UCIOIB3YIOTCS B
JJbHEWNIEM s [OCTPOEHHMs  Mapuipyra ¢ MHUHMMAIbHOM  3aJIep:KKOU
nepefaBaeMbix  cooOmieHuit.  [lomydenusiid B [6]  pe3ynabTar, [OMHMO
HETOCPEACTBEHHO! IOJIE3HOCTH €r0 HCIOJIb30BaHUs, BaKEH €Ile U MOTOMY, YTO
BBIIBIJI TIPOOJIeMYy, HE paccMaTpuBaBIIyIOCS paHee. Jledo B TOM, YTO MPH ydeTe
pa3nuuii B ypOBHE 3aHATOCTH Y3JIOB CETH BO3HHMKAET HEOOXOAMMOCTH OTHICKAHHS
palMOHANBPHOTO TOpsAAKa mepenadd cooOmeHWd. OJrta 3agada paHee He
paccMaTpUBaIach.
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B cBsa3u ¢ 3THM, HeJbI0 CTATbH SBISIETCS OTHICKAHME paIlMOHAJIBHOMN
opraHuzanuu paboThl CETH IpU Nepegade COBOKYIHOCTH IIAKETOB OT OJHOIO
HCTOYHUKA Pa3HBIM aJipecaram.

ITocranoBka 3agaum. IlycTh WMeeTCd HCTOYHHK COOOIIEHHH, KOTOpBIC
HEoOX0onnMMO TepenaTh pasHeIM moTpebutensM. I[loctaBuM 3amady OTBICKaHUS
ONTHMAJILHOTO IOPSIJIKA TIEPEAAIN 3TUX COOOLICHHUH B IPEIONIOKEHNH, YTO KaX 0
U3 HUX OyZIeT JOCTaBJICHO aJpecary M0 ONTUMAIbLHOMY MapLIpyTy.

OcHoBHbIE pe3yabTaThl. [lpW pemeHuH 3ajaddl MapIIpyTH3ALUH IS
COBOKYITHOCTH M TepeaaBaeMbIX NMaKeTOB HHpopManuu OyaeM UCXOIUTh M3 TOTO,
YTO JUIsl KaXJOTO W3 IPOMEXKYTOUYHBIX Y3JI0B 00pabOTKH MHPOpMALMH H3BECTECH
3aKOH M3MEHEHMs BO BpeMeHM g,;(¢), i=1,2,.., m JOIMHBI Ouepe]Iy IaKeTOB,
OXUAAIONIMX Haudajga oOcimyxuBaHua. Torzna, UCIONB3Ys U3BECTHYIO TEXHOJOTHUIO
[6], nmns mroboro w3 mepenaBaeMbIX IIAKETOB MOXKHO —HAaWTH  Mapuipyr,
MUHUMU3UPYIOIIUNA  BpeMs  JOCTaBKUM Inakera noaydareno. Ilycts  1mpu
HEOOXOAMMOCTH Iepefiayd m IIaKeTOB BhIOpaHa HEKOTOpas MOCHIEN0BATEIbHOCTH
ux nepenaud. Takas IIOCIEAOBAaTENbHOCTh MOXET OBITH 3aJaHa CIEAYIOIIUM
oOpa3oM. Beenem unauxarop

1, ecnmi-ii maker nepenaeTcs j-M 110 MOPSIKY,

X, =
1
Y10, B mpoTuBHOM Ccryuae.

Torma matpnna X = (x;) OIHO3HAYHO 321a€T NOCIENOBATENLHOCTD NIEPEAYH
[IAKETOB, €CJIH JJs1 COBOKYIHOCTH (x,-j) , i=1,2,..,m, j=12,.., m,

BBITIOJIHAKOTCS OTpaHUYCHU

ny:l,j:l,z,..., m; D

m

inizl,i:I,Z,..., m; )
J=1
x; €40, 1}, 4,j=1,2,.., m.

BeimonHeHe COBOKYNMHOCTH oOrpaHW4eHui (1) oO3HadaeT, 4TO Ha KaxIoe,
HalpuMep, j-€ MECTO B MOCIJIEA0BATEILHOCTH IEPENaBacMbIX ITAKETOB Ha3HAYEH
Juid mepenaun oguH mnakeT. COBOKYHMHOCTh OrpaHuYeHHil (2) ompepemnsieT, 4To
KaXIOMY IaKkeTy B 00IeM HOopsi/iKe epeiadl Ha3Haue€HO KaKoe-TO OJTHO MECTO.

Iycte Teneph st KOHKpETHO# mapsl (7, j) 3Hadenue x; =1. Ipumem, 4o

JUIMHBl TIaKeTOB HE CIUIIKOM CHWJIBHO OTJIMYaOTCAd Jpyr OT Jpyra u
MPOJODKUTENFHOCTD Nepeiaun sl 1o0oro u3 HuX paBHa A. Toraa mpu nepenaue
[-r0 Takera j-M TO TOPSAKY C HCIIONB30BaHHEM [6] HaliaeM KpaTdaimmit
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MapuipyT, HaunHaowmiics B Moment 7; =T, +(j—1)A, u cooTBercTByIOLICE

3TOMy MapLIpyTy BpeMms JocTaBku [j; naxera morpeOurenmo (7, — MOMEHT Havana

nepenaun Habopa makeToB). Pemas 3amady anst Bcex map (i, j), i,j=1,2,.., m,
cocraBum mMarpuuy 7' = (T};) .

B paccmaTtpuBaeMoit CUTyaluu nMeercs m! Ppa3IUYHbIX
MOCJIEA0BATENBHOCTEN Nepeiaul nakeToB. [IOHITHO, YTO NMpHU pealibHbIX 3HAYEHUAX
m wux nepebop OecriepcriekTiBeH. C IEIbI0 OTHICKAHUS HAMITYYIIEro KaKUM-JIHOO
pa3yMHBIM 00pa30oM BBIOPAHHOTO IMOPsKA MEPeIaud MaKeTOB BBEAEM CIICYIOIIHA
€CTeCTBEHHBIM  KpUTEpUH —  MaKCUMaJlbHOE€ BpeMs  JOCTaBKM  IIaKeTa,
COOTBETCTBYIOIIIEE ITOMY BHIOpAaHHOMY IOPAIKY Hepenadn maketoB. [Ipu atom mms
KOHKPETHOTO 1iaHa X = (X;) 3Ha4eHHe KPUTCPHS ONPEIEIISACTCs COOTHOLICHHEM

n(x) = rI}?-jX{E/xg/ . (3)
Tornaa 3amaua BeIOOpa paOHAILHOTO MOPSKA MIEPEIavy MaKETOB CBOAUTCS K
creaytomueii: Haitu wian X = (x;) , MUHUMH3HPYIOWHUHA (3) U yAOBICTBOPSIOLIMI

orpaanueHusAM (1) — (2). Ilomyuennas 3amaya sIBIIsIeTCSI MUHUMAKCHOM 3amadeit
Ha3zHadeHWs. [ ee pemieHus mpeaaraeTcs ciemyromas MEeTOAUKa. Y OPsII09uM

MHOECTBO 3HaYEHUN Tij , L,j=1,2,..., m, cueqyrouM oopa3oMm:
- >T . >..>T . >.>T .
]1’1]1 _T’2]2 _.“_qufq _.“_Tlmmfmm :
C KaxapIM 3JIEMEHTOM Tiq Jg> qe { 1, 2, ..., mz}, CBSKEM JIBYXMHJIEKCHYIO

MaTpHILY DY =(d l-(/-q)) , KOMIIOHEHTHI KOTOPOH 3a/1aZliM COOTHOIIICHHEM

o T eemt Ty <y,
i

M, ecm T, 2T, ,
i = igiy

rae M — 1ocTaTouHo Gobloe Yncio (Hampumep, M = m> max {T; H).
ij

Iycte g =1. IIpu 3TOM B Matpuie DY =(d lg-l)) OyZIeT OJMH AJIEMEHT, PaBHBIH
M, crosmii Ha mecte i, j; . Pemnm Teneps 3anaqy orsickanus Habopa X =(x;),

MHUHHUMHU3UPYIOIIETO

m m

L(x)= Z Z dx; 4)

i=1 j=1

u ynosieTBopsitomero (1) — (2). Oto oObyHast 3a7ada Ha3HAYCHUS, KOTOPas MOXKET
*

ObITH pemieHa BeHrepckuM metoqoM [7 — 9]. Ecim npu 3Tom 3HaueHne L(X,) Ha

ontuManbHoM maHe 3amaun (1) — (2), (4) MeHpmie M, TO 3TO O3HAYaET, YTO
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CYIIECTBYET TOPSZOK Iepelaydl MaKeToB, NPU KOTOPOM MaKCHMallbHOE BpeMs

nepejayu MeHbie 7 ; .
. 2 2

[Momoxwum Temeps g =2 . B cooTBeTcTBYyIOMIEH MaTpwHIie D@ = (di(/' )) OoynyT

JBa 3JIEMEHTa, Haxojsmuecs Ha mecrax (i), j;), (i,,j,), paBHele M . BHOBb

pemmyM 3ajady HasHasenus ¢ marpuueii D). Amanormumo mpeibimymiemy, s

* V3
BBITIOJTHEHHSI HepaBeHcTBa L(X,) <M cuenyer, 4yTo MOJTyYEHHBIH HA 3TOM IIare

*
MOpANOK TIEpeaavYu IaKE€TOB Xz obecneurBaeT HX nepeaadyy 3a BpeEMs, HE

MIPEeBOCXOsLIEE Tiz X
IIpogomxum pemieHue 3agauu. SICHO, YTO paHO WM I[O3[HO Haijercs
HEKOTOpOe ¢ =g TaKkoe, 9t0 L(Xz)<M ,Ho L(Xz,)>M .

10 03Ha4YacT, 4YTO CYWECTBYET IMOPAAOK IMepeaavyu IaKETOB, B KOTOPOM
MaKCHUMaJIbHOE BpEMA NE€pEaadyul HE IPEBOCXOOUT T;-q jq‘ , HO HE CYHIECTBYET
nopsjaka, Ijid KOTOPOIO MaKCHUMaJbHOC€ BpEMs MCHLIIEC WKW paBHO Tl‘q.;.] jﬁ+l .

*
CﬂeﬂOBaTeﬂbHO, IJIaH X? ABJIACTCS UCKOMBIM PEIICHUEM MHUHUMAKCHOUW 3aJiavun

(H-0).

BoiBoapl. Takum  o0pa3oM, IIpEUIOKEH METOJ| peLIeHUs  3ajadyu
MaplIpyTU3allUd IpU I[EpeAade COBOKYIHOCTH IIAKETOB C Y4Y€TOM JUHAMUKU
3aHATOCTH 3JIEMEHTOB KOMIIBIOTEpHOM ceTd. IIpu pemieHuu 3agauu NpeaioKeH
MUHUMAKCHbIM Kputepuid. Iloka3aHo, 4TO DOCTaBiICHHAs 3ajJada CBOAMUTCA K
[OCJIEA0BATENbHOCTH  JBYXUHJCKCHBIX  3aJa4  HasHaueHus.  HampasieHue
JATBHEHIITUX UCCIICIOBAHUN MOXKET OBITh CBSI3aHO C pelieHHeM CHOPMYITHPOBAHHON
3a/1a4yl IpU y4YETE pa3auuuil B JUIMHE NEPEIaBAEMbIX TAKETOB.
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