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MHUHUMMU3ALIUSA NU3BBITOYHOCTHU OBBEMA IHEPEJAYN
JTAHHBIX B CETU PAIMOJATYHUKOB

HHCTUTYT KOMIIBIOTEPHBIX TEXHOJIOTHI
HannoHaJabHOro aBUAIMOHHOTO0 YHUBEPCUTETA

Paspaboman xombunuposanuvlii Memoo ynpasieHus cemvlo paouodamuuxos. IIpumeneno couemanue
0emepMUHUPOBAHHO2O U CIMOXACMUYECKO20 Memo00s. Beinonnen cpasnumenvhvlil aHanus KOppersiyuoH-
HBIX DYHKYUL NOMOKO8 OAHHBIX OM NPOCMPAHCIMBEHHO PACHPeOeleHHbIX 0amuukos. [Ipednoscenvl cma-
mucmuiecKue MoOeiu npoyeccos YNpaesisemMol npocmpancmeeHHol Oupgysuu noOmoKo8 Koppeauposan-
Hblx OaHublx. Paspaboman obwuii memoo 8vlo0opa nyuKa Mapupymos no Kpumepusam cKopocmu 0ocmas-

KU C ocpaHuveruem Ha anepeonompe@leﬂue

AKmyanbHOCMb MeMbl

PaccmoTpena cetb paaMoOAaTYUKOB C
HU3KOH CKOpPOCTBIO Iepelauyd JaHHBIX |
CBEPXHHU3KUM  3Hepromorpednennem [1].
I[Ipu sTOM HEOOXOIUMO YYHUTHIBATh, YTO
CKOpPOCTh TIE€pelaud M JHEPrornoTpediIcHHe
CBSI3aHBI MEXOY cO000i OOpaTHO MpPOIOp-
[IUOHAIBHOM 3aBHCUMOCTBIO, & CETEBBIC dIIe-
MEHTBI He OOCITYKHBAIOTCS MOCIJIe Pa3BEPTHI-
BaHUA U HEC UMCIOT B0306HOBJ'I$[CMI)IX HUCTOY-
HUKOB nuTaHus. Kpome Toro, monoca mpo-
MyCKaHWs paJfioKaHala KaHalla CeTH PajHo-
JAaTYMKOB U3HAYAIIBHO SIBIIAETCS JOCTATOYHO
y3koi. Iloaromy miia pacmmpenus nuanaso-
Ha CKOpOCTEH Mepenayd JAaHHBIX C YYETOM
HAJIOKEHUSI OTPaHUYEHU HA Pacxol JHEp-
UM HEOOXOAUMO, C OJHOM CTOPOHBI, pacma-
paJUIenMBaTh IMOTOK JaHHBIX, a C JPyroi
CTOPOHBI — MUHUMH3UPOBATh YHCIIO TMapa-
JETBHBIX MapHIPYTOB TIEpEeladdl OT Y3JIOB-
HMCTOYHUKOB K TOUKE cOopa HHPOpMAITHIH.

B OonpmmHCcTBE cerelt ¢ dHeprocOe-
peKeHHEeM  TPUMEHSETCS  TpaJAUulMOHHAS
KIIMCHT-CCPBCPHAA TCXHOJIOTHA, KOTda KaxK-
JIBIA CeTEBOM y3en (paauoJaTirK) OTChLIAeT
coOpaHHbIE JaHHBIE B IIEHTP cOopa u 0obOpa-
60oTku. O4YEBHAHO, MOTOKH JaHHBIX ABYX
OJMM3KOPACTIONIOKEHHBIX Y3JIOB MOTYT OBITH
KOppeIUpOBaHHBI, MPUYEM CTETEeHb KOppe-
JIA N Y6I)IB3,CT C YBCIIMUCHUCM PACCTOAHUA
Mexay y3iaamu. [loaToMy akTyanbHOU 3ada-
4yeii cOopa MAaHHBIX CEHCOPHBIX CETeH C
TUIOTHBIM TOKPBITUEM TEPPUTOPHH SIBIISIETCS
onTUMHU3alMs Tpaduka IyTeM IdEKOppens-
LIUH, T.€. YCTPaHEHUS U30bITOYHOCTH.

B paborax [2, 3] npennaraercs TexXHO-
JIOTHSI TaK HAa3bIBAEMBIX «MOOWJILHBIX areH-

TOB» — MPOTPAMMHOTO KOJa, TpU Tepeaade
KOTOPOT'O MCXOJIHBII 00BEM JTaHHBIX MOXKET
OBITh YMEHBIIIEH MOCPEICTBOM JIMKBHUAALNN
M30BITOYHOCTH JICTCPMUHUPOBAHHBIMU Me-
togaMu. OIHAKO 3[1€Ch JOJKHBI OBITH BBI-
MIOJTHEHBI CIICAYIOIINE TPEOOBAHMS:

— apXUTEKTypa CEHCOpPHOM CeTH oc-
HOBaHA Ha KIIACTEPU3AIINY;

— y3JBI-UCTOYHUKH JAaHHBIX Pacrio-
JIO’)KEHBI HA PACCTOSTHUH OAHOTO MEepexo/ia OT
sqipa KjIacTepa;

— OonpIIasg 4acTh U30BITOYHOCTH BO3-
HUKaeT B JAaHHBIX, KOTOpPbIE MOTYT OBITh
OOBEIMHEHBI B OJIMH TIAKET JAHHBIX C (UK-
CUPOBaHHBIM Pa3MEPOM.

TpeOoBaHUS 3HAYUTEIHLHO OTPAHUYH-
BalOT 00JIaCTh MPUMEHEHHUS AHHOW TEXHO-
JIOTHH.

MOXHO YaCTUYHO CMATYUTH STU Tpe-
OOBaHHUS MyTEM NMPUMEHEHHUSI TUIOCKON apXu-
TEKTYypbl CEHCOPHOM CeTH, KOTopas IMOAXO-
JIUT JUIS OOJBIIOro Yyucia 3amad. TakuM o0-
pa3oM, MOOWJIBHBIA areHT peaju3yercs B
MHOTOIIIATOBEIX cpefax 0e3 sapa KiacTepa.
B »TOoM criydae HE0oOX0oAMMO NaTh OTBET Ha
CJICTYIOIINE BOMIPOCHI.

1. Kak »ddekTuBHO OCyIIECTBIATh
MapIIpyTU3ANHAI0 MOOWIBHBIX areHTOB OT
TOYKH cOOpa K MCTOYHUKY, OT HCTOYHHUKA K
UCTOYHUKY, U OT HCTOYHHUKA K TOUKe cOopa?

2. Kak MOOUIIBHBINA areHT OnpeaenseT
MOCIIEIOBATEIFHOCTh  OTPOCa  HECKOJBKHX
y3J0B-UCTOYHUKOB?

3. Ecin  naHHBlE  BCeX  Y3JIOB-
HCTOYHUKOB HEBO3MOKHO ITIOMECTUTH B OTMH
MakeT JaHHBIX C (PUKCUPOBAHHBIM pa3zMe-
poMm, OyIeT I CJOKHas TEXHOJIOTHS MO-
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OWIBHBIX areHTOB A()PEKTUBHEE 3HAUUTEIb-
HO OoJiee MpOCTOM KIMEHT-CEpBEPHOI Moe-
mm?

Hanpuwmep, B ciaywae cpeabl, B KOTO-
POl y3IIbl PACIONIOKEHBl JAleKO APYr OT
JpyTa, W JaHHBIE CEHCOPOB HE OO0JIagaroT
JOCTAaTOYHOM M30BITOYHOCTBIO, MOTYT UMETh
MECTO MpOoOJIEeMbl MEUIEHHOH CXOJUMOCTH
WIN JlaXKe 3alMKJIMBaHMs aJIrOpuTMa ycTpa-
HEHMs M30BITOYHOCTH (Tak Ha3bIBaeMas
npobiieMa «cuyeTa 10 0ECKOHEUHOCTI).

Jlnis oTBEeTa Ha ATU BOIPOCH U yCTpa-
HEHHUS OTPaHWYCHHHA JETEPMHHUCTCKOTO
HOJX0/1a TpeAaraeTcss NPUMEHSTh METOA
ympaBisieMoil  HampaBieHHoW auddyszum,
OCHOBAHHBIM Ha TEOPUM YIPABISAEMBIX Map-
KOBCKHUX Mpo1ieccoB [4, 5].

Hay4yHasi HOgU3Ha

B kauecTBe MOIenM MEXaHU3Ma CTO-
XAaCTUYECKOH ONTUMM3AalUU H30BITOYHOCTH
nepefayd JaHHBIX B IUIOTHOW CETHU pajuo-
JATYUKOB IPUMEHSIETCS yNpaBiIseMblid Tud-
¢by3uoHHBII MapkoBckuil nponecc & =E&(¢),
NepexoIHas IUIOTHOCTH BEPOATHOCTH
p(t,x,y) KOTOPOrO B & -OKPECTHOCTH Kak-
IO BHYTPEHHEH TOYKUA X YAOBJIETBOPSET
oOpatHoMy ypaBHeHHto Kommoroposa [5]:

2
O 1P L=4 2+ B,
8t ax 8x (1)

B(x) = %R(x),

rne A(x) m B(x) — BeKTOp KO3 UIHECHTOB
CHOCa pa3MepHOCThI0O N M MaTpuia Kodd-
¢unmentoB  nuddy3un  pasMEpHOCTHIO
NxN cooTBETCTBEHHO; R(x) — Koppes-

NxN.
Kosddpuumentsr a,(x) u bi;(x), i, =1,N,

OUOHHAA MaTpula pa3dMCEPHOCTBIO

HETpephIBHBI, mpudem bij(x) >0, ymosie-
TBOPSAIOT yCJIOBHIO JIumnmmna

la,(0) ~a, (M| Clx-y
b, ()= b, (M| < Cox—»

rae C, u C, — KOHCTaHTHI.

2

b

B cayuae miIoTHOrO pacnpenencHus
JATYMKOB HAa MOBEPXHOCTH WJIM B MPOCTpaH-
CTBE € -OKPECTHOCTb BHYTPEHHEH TOYKH X

J0CcTaTo4HO Mazia. Torma MOXHO paccmar-
puBaTh CiIydalHbId mpouecc &(f) Kak mpo-
1iecC, YNpaBiiieMblii BEKTOPHBIM CTOXACTH-
yeckuM auddepeHnnanbHBIM - ypaBHEHUEM
BUJA

dé(t) = A[&(D))dt + R[E(D)dn(), (2)
rIe

s —c()—[A(1) - A@)]

n() =
\D(t) - D(1,)|

s

D(t)-D(t,)| = [|B)|d=

— mporecc OPOYHOBCKOTO JIBHIKCHHUS; |||| -

HOpMa MaTpUIIbL.

Takum o00pa3oMm, paccMaTpUBaeMBbIil
npoliecc nepegadu, mo CyIlecTBy, NpeicTaB-
JsieT coOol mporecc HanpaBieHHOH auddy-
3UH, YIPABISIEMON (CTOXaCTHUYECKHUMH) MO-
OMJIbHBIMU areHTaMHU.

Lenb pabomsi

B kauecTtBe Mozeneil KoppeasLHU
JIAHHBIX B 3aBHCUMOCTH OT yJaJICHUS JaT4H-
KOB JIpYT OT Apyra MOXHO BBIOHUpATH Clie-
nytone QyHKIAH.

1. DxcnioHeHIMaNbHasT QYHKIUS BHUIA

; ), Tae x;,X; — KOop-

R(x)=0; exp(— ‘xl. —X,

JUHATBl TOYEK PpAaCIOJIOKEHUS JTaTYUKOB.
JIOCTOMHCTBOM NPUMEHEHMS] TaKOM MOJIENH
SIBJISIETCSA IIPOCTOTA M BO3MOXHOCTh IOJIyYe-
HUs pelieHu B 3aMKHYTOH (opme, Hemoc-
TaTKOM — Heau(QepeHInpyeMocTh B HYyJIE.
Bropas mpousBognas r''(0) sTol QyHKIUH

MMEET Pa3pblB BTOPOrO MOPSAKA MPU HyJIe-
BOM MPOCTPAHCTBEHHOM caBure. BennunnHa
r''(0) BXOIHWT Kak B BBIPAXKEHUS JIJIsl OLICHKU

JMCIIEPCUH TIpOollecca HAaNpaBICHHON ud-
¢y3un, Tak 1 B BbIpaXEeHUsS A1 K03 duim-
eHTOB cHoca U TudPy3uu. IToM BEITHMUNHON
OTIpeNIeNISIeTCSl CBSI3b MEXKIy JUCHEPCHSIMH

. 2 _ 2. n
npoueccoB &(1) u n(t): o, =-o0.r"(0).
BceneactBue 3TOro HEBO3MOXKHO KOPPEKTHO
BBIUUCIISATh DHEPreTUYECKUE XapaKTEPUCTU-

KU Mponecca B UCXOAHBIX TOYKAX.
2. I'ayccoBckas byHKIHS BHUJA

f— 2 J— — 2 f— -
R(x) =k, o, exp[-(x, —x;)"], tne k, — Hop
mupyronuit  kodhdumnuent. Jlannas ¢yHK-
1Usi CBOOOJHA OT HENOCTATKA, MPUCYIIETO

SKCTIOHCHIIMAIbHOW (PYHKIIMW, OJHAKO TMPH
€€ UCIOJIb30BaHUU MOJYyUYEHHOE PEeIlICHUE He
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YyBCTBUTEIFHO K M3MECHEHUSIM CKOPOCTH
nepesayn JaHHBIX, CJIEJ0BATEIbHO, aJeK-
BaTHOCTh MOJICIH HE BITOJIHE YJIOBJIETBOPH-
TEJIbHA.
3. Ucxonst u3 pusmyeckux coobdpaxe-
HUH, KOppensuuoHHas (YyHKIHS pealbHBIX
MOTOKOB JITAaHHBIX HWMEET HYJIEBYIO TIEPBYIO
MIPOU3BOJIHYIO TPH HYJIEBOM IPOCTPAHCT-
BEHHOM cnBure. Mcmonb3yem 3TOT BBIBOA
JUIE  OOOCHOBaHHSI BHUAA KOPPEISIIMOHHOM
(GyHKIIMK Ha OCHOBE ()EHOMEHOJIOTHYECKOTO
noxxona. B pamkax aToro moaxona ais ofi-
HOPOJHOTO M M30TPOITHOTO MPOCTPAHCTBEH-
HOTO pacCHpe/ieICHUs] JaTYUKOB HCIIONb3yeM
KOPPEISIUOHHYO (PYHKITHIO BHIA
bl f
R(x)=0'§2 exp —l—+l—exp Tt 3)
b

a a

rae [, u [, — Tak Ha3bIBaeMbIe XapakTepu-

CTMYECKME MHTEPBAIbl MEXKIY JaTIHKAMH
nosepxuoctu. Ilpu [ [ [, xoppemsunon-

Has (QYHKIM Ha MHTepBane |x|~(2..3)l,

JOCTAaTOYHO TOYHO AaNMPOKCUMHUPYETCS IKC-

MMOHEHIUAJIbHOU byHKIHEH:

r, (x)~exp[ —|x|/1, |- Tpn |0 4, <1, dymx-

s r( x) = r"(())x_z, YTO COOTBETCTBYET I a-
2

YCCOBCKOM (YHKIIMM, DPA3TOKEHHOH B sl
MakopeHa ¢ yaep:KaHueM 4IEHOB /10 KBaJl-
PaTUYHOTO BKJIIOYMUTENBHO. JIETKO MOKa3aTh,
aro 1'(0)=0,a r”(O):—i'
lalb

Hakonern, oueHb NpUBIEKATEIbHBIM
CBOMCTBOM JJaHHOW KOpPENALMOHHON (DyHK-
UM SBISETCS HMMEHHO e€ JByxXmacluTao-
HOCTh — HaJIMYME NIByX (popManbHO HE3aBU-
CHMBIX IapamerpoB [, u [, , KoTopbie MOX-

HO BapbHpOBaTh B LIUPOKUX Mpeiaesiax. ITo
MO3BOJISIET MCMOJIb30BaTh KOPPEISLIUOHHYIO
(GYHKIMIO A7 [UPOKOTO JHana3oHa Ipo-
CTPaHCTBEHHBIX pACHpEeeIeHUN NaTYMKOB
CO CTYUIEHUSIMU JIAaTYUKOB U KPYIHBIMHU He-
OJTHOPOJHOCTSIMH, B TOM YHCII€ U HCKYCCT-
BEHHOT'O MPOUCXOKICHUSI.

3amaya ymnpaBieHUS 3aKIO4aeTcs B
ONTHMAaJIbHOM BBIOOpPEe BenuuuH A(Xx) U

B(x), mpu KOTOPOM MHUHUMHU3HUpYETCS 00b-

eM TpauKa TUMA JJIs TPOCTOTO MOUCKA OII-
TUMAJILHOTO YHCJIa MapuIpyTOB ¢ OrpaHUye-
HHEM Ha JHEPronoTpeOJCHHEe M C Yy4eTOM
aCMMETpPUHU KayecTBa CBS3M MEXIY IOce-
JIOBaTEIbHBIMHU Y3JIaMHU.

[Tocne mnepBoHauanbHOM KOHQUTYypa-
1uu cet (0OOHapYy’KEHHE COoCeNel | T.II.) BCe
y3JIbl HAYMHAIOT MEPHOAMYECKYIO Iepenaqy
IIAKeTOB JAaHHBIX B TOYKy cOopa. B Touke
cOopa BBIUUCISIOTCS OLEHKU Kod(hduimen-
TOB KOPpEJSALMK MEXIy MaKeTaMmu, Npu-
MIEAMMMU [0 PasHbIM MapIIpyTaMm, W pac-

CUHMTHIBAIOTCS HOCTOsIHEBIE [ 1 [, . Pesynb-

TaThl PAacyeTOB IMOJCTABIAIOTCS B MOJENb
(3), koTOpast UCMIONB3YETCsl B 3a7aUe YIpaB-
nenus 1udy3uoHHBIM TTporieccoM (2).

VYnpasnsembrit  auddy3nonnsnii  mpo-
necc (2), mo CyImecTBy, IpeICcTaBiIsIeT cOO0H
Ha0Op MapHIpyTOB C MHOTOKPUTEPUAIBbHOM
CTOXaCTUYECKOW omnTuMu3aiuei. BriOpanbl
CJIEYIOUINE KPUTEPHH ONITUMHU3AIIH:

— 3 PEeKTHBHOCTH UCIIOIB30BaHUS Ce-
TH 17 — OTHOILICHNE 00BbeMa TOJIE3HOTO Tpa-
¢uka x obmemy o0beMy Tpaduka B CETH;

— 3 PEeKTHBHOCTD WCTIOJIH30BAHUS
JATYUKOB Tz — OOIIee YHCIIO MPUHSTHIX TOY-
KOl cOopa MakeToB JaHHBIX JI0 BBIXOJAA U3
CTpOsl KaKoro-mubo ysna M3-3a paspsaa uc-
TOYHHKA MMUTaHMUS.

D¢ hHEeKTUBHOCTh HCIIONB30BAHUS CETH
paccuuThIBaeTcs o popmyIe

= ViV
ViNg +V.N;

Nr

Irac Vd n VS — HUHTCI'PAJIbHBIC 00BEMBI T0JIb-

30BaTeNIbCKOM M CIy>keOHOM HH(OpManuu
COOTBETCTBEHHO; N, — OOILIee YUCIIO HOp-

MaJIU30BaHHBIX IMAKE€TOB AAdHHBIX B TOYKEC
cbopa; N7 u N — obIiee 4iCI0 HOPMAJIH-

30BaHHbBIX IAKETOB JAHHBIX M CHUIHAJIBHBIX
[IAaKETOB, COOTBETCTBEHHO. KakIplli IMaker,
MepelaHHbld Yepe3 TPAH3UTHBIA Y3€J, CUHU-
TaeTcsl OTAeNbHO. Tak, eciii makeT mnepena-
eTcs B TOYKy cOopa JaHHBIX uepe3 OJUH
TPaH3UTHBIN y3€l (ABa IpPOJETa), CUUTAEM,
YTO B CETH NEPEJlaHO J[Ba MAKeTa JaHHBIX —
"IoJIe3HBIN" TAKET U MaKeT PEeTPAHCIIALUH.
[ToaTomMy dvem Oounbllie 3HAYCHHE M7,
TeM Oosiee 3PPEKTUBHO MPOTOKOJ MapuIpy-
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TH3ALMH UCIIOIB3YET IPOIYCKHYIO CIOCOO-
HOCTBb KaHaJia CBs3U. I[JI?I HpOCTOTBI ImoJjiara-
€M, YTO BCE IAKEThl JAHHBIX U CUTHAJILHBIC
MaKeThl MMEIOT (PUKCHpPOBAaHHBIE pa3MeEphl,
KOTOPLIE 3aJal0TCsi B MapaMeTpax MOJIEIH
CCTHU. HpI/I HNICAJIBHOM KaHAJIC CBsA3U BCIIU-
ugHBl N, U N© BKJIIOYAIOT TONBKO "MOJIe3-

Hble" MaKeThl TaHHBIX M MAKEThl PETPAHCIIs-
nuy. [Ipu peanbHOM KaHale CBA3U B N, H

M
Ng BXOIAT MMAKETHI, IIEPCAaBACMBIC IIOBTOP-

HO M3-3a MMOTEPb IIpU JOCTABKE.

Bbigodbi

B paGote mpemyioxkeH KOMOWHUPOBAH-
HBII METOJ YIPABJICHHS TOCTAaBKOW ITAKETOB
JaHHBIX B CETH PaJuOJaTYUKOB CO CTaTH-
CTUYECKH HEOJHOPOJHBIM IPOCTPAHCTBEH-
HBIM pacnpejesieHneM. B nponecc ympasie-
HUS TOJAJEPKUBAETCA ONTHUMallbHAs CKO-
pPOCThb NEpeauy ¢ OTPaHUYEHUSIMU Ha DHEP-
ronoTpebieHrne JaTYNKOB.

B manpHeiiem manupyercs paspado-
TaTh METO/IbI JEKOPPENSIIMYA TOTOKOB, OIICH-
KA U TIPOTHO3a BpeMEHM (PyHKIMOHUPOBa-
HUSl CETH PaJHOAATYUKOB C ABTOHOMHBIMU
HE BO300HOBJIIEMBIMH HCTOYHUKAMH IUTa-
HUS MIPU KayecTBE CEpBHMCA HE HIKE 3a/1aH-
HOTO.
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