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Cloud Deployment of Network Functions

The article discusses the problem of the deployment of network functions to a cloud infrastructure. We propose network
function representation as a microservice and introduce a notion of the "Cloud Boundary Node" (CBN) for the boundary
between functions system and another network. CBN classifies each incoming packet, determines a service chain for it,
encapsulates packet to internal representation and sends it for processing, taking load balancing into account. Service chains
are represented as a packet processing graph that should be implemented in a "run-to-completion” methodology — whole
service chain is done at one server using shared memory technology. Packet processing graph can be built using NFF-GO
system, which provides efficient automatic intra-node scaling. Graph structure is the same for all the nodes; however, the graph
can be extended by using plugins, which are determined at the packet classification stage.

As a result, our architecture is easier to manage due to only one single management object — CBN, where the administrator
can set the required service chains for every packet. Architecture can be better scaled and effectively handle various failures
because all servers have the same processing graph, and CBN can simply rebalance traffic between them. Great performance is
achieved by eliminating the costs of data transferring and commutation: only one commutation happens while CBN classification

stage and only one data transfer happen between CBN and handling server.
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Ncnosb3oBanne 00pa3ios 18 BHIOOpPA MAPIIPYTOB B CETAX NMepeaadd JTAHHbIX

HOCMU NpUMeHeHUs 00pa3y08 045 MAPuUpymu3ayul.

Paccmompena 603M0NCHOCb UCNOALI0BAHUS 00PA3U0E 018 MAPpWPymMu3auyuu 6 cemsax nepedayu dannvix. C 3moi
uenvio pazpaboman obpaszey, nocmpoena Ha GPSSW umumayuonunas moodenv ppaemenma cemu nepedauu OAHHbGIX,
npoeedensl UMUMAYUOHHbIEe dIKCnepuMermol. Pe3yasbmamol sKcnepumenmos no36045ai0m coeaams 8bi600 0 yeaecoobpas-

Karoueswte caosa: obpasuyvi, npunamue peurenuil, epaguvl, yeseHanpasieHnoe 0GudlcCeHUe, MAPUPYMU3ayus, cems
nepedauu 0anublX, uMumayuonHas modeav, GPSSW, pesyarsmamor skchepumenmos

BBenenue

Pa3pabotaHo MHoOro ¢opmaiabHBIX U Hedop-
MaJIbHBIX METONOB IIPUHSTHUS pPEUICHUN B CHU-

cTeMax pasIMYHOTO Ha3HAYeHUsI, TEXHUUYECKUX,
9KOHOMMYECKMX, COLMAJBHBIX U aAp. O0ydyeHue u
MNPUHITUE PELICHUI MO oOpas3liaM 4acTO MCHOJIb-
3yeTcs B XXMBOW Ipuponae. ABTOp CTaThbM pa3pa-
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OaTbIBaeT CriocoObl UCIIOJIb30BaHUS 00Pa31IOB IS

OpraHM3alnu LeJIeHAIPAaBICHHOIO IBUXCHUS II0

OpMEHTUPOBAaHHBLIM rpadamMm. Ha tekyiuem srtame

B KayecTBE OOBEKTOB IJISI SKCIEPUMEHTOB MC-

MoJib3y1oTcs ceTu nepenaur aaHueix (CIT).

B onHoi1 u3 cBOMX mociaeaHuX MoHorpaduii [1]
H. TI. 3aropyiiko npuBOIUT pa3M4YHbIe METOAbI
aHaJM3a JaHHBIX U KJacCU(UIIUPOBaHUS O00BEK-
TOoB. HekoTophle MeTOmbl OCHOBAaHBI Ha HCIIOJIb-
30BaHUU CTOJITIOB (3TAJIOHOB, 00pa3lLoB). B 3TOM
ciayyae 0aza JaHHBIX COAEPXKUT HAOOP Kiaccudu-
HUpPyeMBIX 00beKTOB. CumTaeTcs, YTO HOPMUPO-
BaHHBIE ITapaMeTpbl OOBEKTOB SIBJSIIOTCS UX KO-
opauMHaTaMM B n-MepHOM IipoctpaHcTBe. I[locre
00pabOTKM MaHHBIX CTAaTUCTUYECKMMM MeTola-
MU ONPEACNISIOTCS TUMOBbIE O0BEKTHI — CTOJIIIHI.
KnaccupunmpoBanue 3akKJo4yaeTcsl B ITPUITMCHI-
BaHUM OOBEKTOB K TEM CTOJIIIaM, PACCTOSIHUS JIO
KOTOPBIX MUHUMAJIBHO.

MHaue ncnonab3yloTcss oOpaslbl B pa3padaThi-
BaeMOM aBTOPOM CTAaThHM CIIOCOOEC IPHHSTHUS pe-
LIEHUI B CAOXHBIX CUCTeMax, HallpuMep, TeXHU-
YeCKMX, DKOHOMUYECKUX, COLIMANIbHBIX. TeKyias
CUTyallMsl B CHCTeMe IIpeACTaBJIsIeTCsI HaboOpoMm
napamMeTpoB. 3HaueHMsI HEKOTOPBIX MapaMeTpPOB
CIIyJalfHBI, M3MEHSIOTCSI B Iipolecce (QYHKIINO-
HUpoOBaHUS cucTeMbl. [I03TOMY MHOXECTBO CUTY-
aluii 3apaHee He onpeaeaeHo. O0pasibl 3a1a10TCs
TeM XXe HabopoM ITapaMeTpPOB, KOTOPBIN MCITOJIb-
3yeTcsl IJIs ONMCAaHUS CUTyallMil. 3HauYeHUs Iia-
paMeTpoB 00pa3lLoB MOAOMPAIOTCS SBPUCTUYECKU
M C TMOMOIIBI0O MMUTAIIMOHHOTO MOIETMPOBAHUS.
Pemienue npuHMMaeTcss B 3aBUCUMOCTH OT TOTO,
K KaKOMY M3 00pa3loB OJMKe TeKyllasi CUTyalus
B CHCTEME.

IlepBbIc 3KCIIEPUMEHTH aBTOpPA CTAThU IO KC-
MOJIb30BAHUIO 00pa3loB ObIIM MHPOBEIEHHBI IIpU
CPaBHUTEJIBHOM aHajJM3e aJrOpUTMOB YIIpaB-
JICHUSI TIOTOKaMM aBTOMOOMJIEll Ha IIepeKpecTKe
[2, 3]. KoHuenTtyanbHasi Moaedb OToOpakalia ue-
THIpE MepeceKalounxcs MOToKa, 12 HanpaBIeHU,
yeThipe cBeTodopa. CpaBHUBAJIUCH YETHIPE aJITO-
puTMa yIpaBieHUs cBeTOpOopaMu:

* cBeTO(OpHl MEPEKJIIOYAIOTCS Yepe3 3aJaHHbII
MHTepBaJ BpeMEHU;

* cBeTO(MOPHI MOTYT OBITH MEPEKIIOUYEHBI TPU OT-
CYTCTBMM aBTOMOOMJIEH B OTKPBLITOM AJISI IBU-
KEHUS MOTOKE;

* paspelieHUE Mg IBUXCHUS I0Jy4aeT MOTOK
¢ HauOoJbllIel oYyepeabl0 aBTOMOOKIICH;

* HCHOJB3YIOTCSA OOpa3Lbl A1 IPUHSITUS pellle-
HUI O MEPEKIIIOYEHUU CBETO(OPOB.
Kputepuem nist cpaBHEeHHS aJrOpUTMOB OBIJIO

cpelHee BpeMsl OXUIaHUs aBTOMOOMJIEH B ouepe-

JSIX Tepel MepeKpecTKOM.

Hust cpaBHEHUS MCITOJIb30BAJINCh MMUTALIMOH-
HbIe MOJIeJIU, 3anporpamMmMmupoBaHHble HA GPSSW.

Texyliee coCTOSIHME IIepeKpecTKa OIpele-
asinocs BekTopoM S = {Q,, O., 0,, O, tne 0O,
0., 0, O, — cyMMapHbie JJIWHbBI OYepeneil as-
TOMOOMJICHI B HANpaBJICHUSIX COOTBETCTBYIOLIMX
MOTOKOB (a, ¢, e, g). KaxaoMy NOTOKyY mnepen Ha-
yaJoM MOAEJIMPOBaHMs 3amaBaics obpazeu ST =
=1{0, 0., 0., O}, NpencTaBIAIOMMNI TOUKY B Ye-
ThIPEXMEPHOM IIPOCTPAHCTBE. Bhluucasnuch eB-
KJIMJIOBBI PACCTOSIHUSI TEKYILIEro COCTOSIHUS S 10
KaXIoli 13 yeThipex TouyeK. Pa3pemianocs nBUXe-
HUE TOMY IIOTOKY, JIJII KOTOPOTO pacCTOSIHUE OT .S
1o ST MUHUMAIBHO.

PesynbraThl MMUTALIMOHHBLIX 3KCIICPUMEHTOB
MokasaJjii, YTO aJrOpMTMbl Ha OCHOBE 0O0Opa3loB
MMEIOT MpaBo Ha cylecTBoBaHMe. OHU 4acTO He
XyXe W3BECTHBIX aJI'OPUTMOB YIIPABJICHUS aB-
TOMOOMJISIMU Ha IIEPEKPECTKE € TOYKM 3pEHMUS
BPEMEHHBIX 3aepXkeK. Mcrmoab30BaHWEe 00pa3oB
“MeeT OOJbIIMe BO3MOXHOCTU JJISI PELICHUS 3a-
a4 pacrpeaeseHHMsl pecypca BpeMEHU MEXIy Ha-
IIpaBJICeHUSIMU.

IlocTanoBKa 3amaum

Heobxoaumo oLieHUTh BO3MOXHOCTb UCTOJIb30-
BaHUS 00pa3loB IIpU BEIOOpPE MaplIpyTOB Ha I'pa-
¢ax, B yactHocTtu, B CII. disg aTOro Hago cpas-
HUTH BpeMsI JOCTUKEHMS 1IeJIM IMaKeTaMu, yIIpaB-
JIIeMBIMU B y3Jax oOpa3lamMH, C HU3BECTHBIMU
MeTomaMu MapupyTusauuu. HyXHO ompenenuTb
Habop ImapaMeTpoB oOpasla, BEIOpaTh (parMeHT
CIId, mocTpouTh HMMHUTALMOHHYIO MOIEIb €ro
(byHKIIMOHUPOBAaHUS, IIPOBECTU SKCIEPUMEHTHI.
®parmenT CII/I monskeH OBITH He OYEHB OOJIBIINM,
HO IIpU 3TOM HOJIKEH OTpaxaThb OCHOBHBIE IIPO-
01eMbl MapIIPYTU3allMX B Pa3BETBJICHHBIX CETSIX.

TeopeTHKO-NIPAKTHIECKHE MPEANOCHIIKH

Ilepsbie ceT DBM ucnonb3oBaiu A Mapli-
pytuzanuu npotokoa X.25. [Ipouenypsr X.25 mo-
3BOJISIIOT MepeaaBaTh JaHHBIE II0 ITIOCTOSSHHBIM
BUPTYaJIbHBIM COEAMHEHMUSIM W B pexXuMe anar-
TUBHOM MaplupyTU3alMU AeUTarpaMM. YKpPYITHe-
Hue CIII 1 noBbllIeHHEe CKOPOCTU KaHAJIOB IPH-
BEJIM K BBITECHEHUIO X.25 6osiee 3(pPEeKTUBHBIMU
mporokoysamu, HanpuMep, RIP (Routing Informa-
tion Protocol), OSPF (Open Shortest Path First,
"Kparuaiiimuii nyTh nepsbiM”). Korma cetu Oblin
HEeOOJIbIIMMU, pellleHue MPUHUMAJIOCh HA OCHO-
B€ MUHHUMaJIbHOIO BPEMEHM MAOCTUXEHUS LS.
Ilocne pocra ceTeii cTajo MpoIle MCHOJb30BaTh
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KpaTyailure NyTU ¢ TOYKU 3peHM S Yucia poMe-
KYTOUHBIX MapiipyTuzaTtopoB. [loatomy, HecMmo-
Tps1 Ha OOJbIIME BO3MOXHOCTH MpOTOKOJI0B RIP
n OSPF, mapuipyTtuszatopam oObIYHO MepeaaeTcs
nHoOpMaLIUg 0 KpaTYalIIMX IMYTSIX ¢ TOYKU 3pe-
HMS 4uclia y3J0B. B mocineaHee BpeMs Ipuodpe
nonyasipHocTh mpotokoa MPLS (Multiprotocol
Label switching) [4]. [IpoTOKOJI HAXOOUTCS MEXIY
CEeTEeBBIM U KaHaJbHBIM YpOBHSIMHU. CBepxy OObIU-
Ho IP. CHusy Moryt ObITb Frame Relay, ATM,
PPP, Ethernet. B MPLS MmoryTt wmcroib3oBaThcs
¢ukcupoBaHHble MapiIpyTel. Ho riraBHOe mocTo-
MHCTBO 3aKJIIOUAEeTCS B IMOOAEPXKKE TEXHOJOIUU
WHXWHUpUHra Tpaduka. MPLS mnpumensiercsa
KaK KpYIHBIMHU OIlepaTopaMu CBsI3U, TAKUMU, KaK
PocrtenexkoM, Tak 1 METKUMU.

B naHHOI1 cTaThe OMKMCaHO MCMOJIb30BaHWE IS
MaplLIPyTU3aluy o0pas3na co CISAYIIIMMU Iapa-
METpaMU:

ST=A{0, V. N, T},

roie 0 — TeKyluas AJIMHA Oo4Yepeau K KMCXOASIIEe-
My M3 y3JIa KaHally CBs3U; V — CKOpPOCTbh MCXO-
asgiiero kanama (Mout/c); N — MUHHUMaJIbHOE
paccTosiHMe OT y3ja, MPUHMMAIOLIEro pelleHue
M0 HaIlpaBJEHUIO Mepeaayu MmakeTa, 10 aapecarTa.
MeTprka — YuCI0 yYaCTKOB Tepeaadyu MexX1y y3-
namu; T — TeKkyllee BpeMs Ilepenayyd OT Hadyaslb-
HOTO y3Ja 10 KOHEYHOTO.

ITpu BbHIOOpe Habopa mapaMeTpoB oOOpa3sla
VUUTBHIBAJICS TEOPETUYECCKUIN M IIPAKTUYECKUN
onbIT Mapupytusauuu B CITJI.

Hnsi aHaim3a BO3MOXHOCTM UCIOJb30BaHUS
00pa3noB OblJIa MOCTpPOEHA MMMWTALIMOHHAs MO-
nenb ¢pparmenta CIT.

Onucanue MMHUTAIMOHHON MOAEJIH

MmMuranmonHas monenb pa3zpaboTaHa B cpeje
OecrimaTtHo pacnpoctpaHseMmoii Bepcun GPSSW.
B kauecTtBe 00BeKkTa MMUTALUMKU ObIT BbIOpaH
dparment CIIJI, cTpykTypa KOTOpPOro IIpuBeacHa
Ha PUCYHKE.

OKpYXHOCTSIMU C HOMepaMu OOO3HAYCHBI
y3ael CIIJ (MapiipyTu3aTopbl, KOMMYTATOPBHI).
JIuHum ¢ HoMepamMu M cCTpeJKaMu 0003HAyaroT
KaHaJbl CBSI3U.

IMpu nmpungtum pewenus B ysne CIIJl o Ha-
MpaBJCHUMU IIepeJady IakeTa BEIOMpaeTCsl TOT UC-
XOASIIMMA 13 y3JIa KaHal CBSI3U, ITapaMeTphbl KOTO-
poro Hanbosiee OJIM3KU K 3HAYEHUSIM MMapaMeTPOB
oOpaaslia.

MuHuManbHbIe PACCTOSITHUS MEXAY Y3JdaMu
npuBeAceHbI B Tab. 1.

Crpykrypa ¢pparmenta CIIJ]

Tabnauua 1
MuHHMaJIbHBIE PACCTOSHUSA MEXKAY y3JIaMu
Howmep Howmep MuHuManb- Howmep
HayaJbHOTO KOHEYHOro HOE paccTo- | MCXOISILIEro
y3na y371a STHUE KaHaja

1 1 0

1 2 1 1
1 3 1 2
1 4 2 1
1 5 1 3
1 6 2 3
2 1 1 4
2 2 0

2 3 1 5
2 4 1 6
2 5 2 5
2 6 2 6
3 1 1 7
3 2 1 8
3 3 0

3 4 1 9
3 5 1 10
3 6 2 10
4 1 2 12
4 2 1 11
4 3 1 12
4 4 0

4 5 2 12
4 6 1 13
5 1 | 14
5 2 2 15
5 3 1 15
5 4 2 16
5 5 0

5 6 1 16
6 1 2 18
6 2 2 17
6 3 2 18
6 4 1 17
6 5 1 18
6 6 0
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B nmepBoM u BTOpOM cTOsOLaxX Tabha. 1 mpu-
BeIEHBI HOMepa HayaJbHOTO M KOHEUHOTO Y3JIOB.
B TpeTtbeMm cTOOLIE YKa3aHO MUHMMAaJIbHOE YHC-
JIO y4yacTKOB MepeJayu OT HayaJIbHOTO y3Jia 0
KOHE4YHOro. B uyerBepTOM cCTOJNOLIE comepxKaTcs
HOMepa UCXOASIINX KaHaJI0B, C KOTOPhIX HAUMHA-
1oTca Kparvaiimue nytu. Crpykrypa CIII, npu-
BeAeHHAs Ha PHCYHKE, ITOKa3bIBaeT, UTO MEXIY
HEKOTOPBIMU I1apaMHU y3JIOB MOXET CYIIeCTBOBATh
HECKOJIbKO MyTeil ¢ MUHUMAaJbHBIMU PACCTOSIHU-
sMmu. B Momenu cumraercs, 4TO KpaT4allliuM SIB-
JISIeTCsl TOT IIYTh IJISI Ilepenadyd ItakeTa, KOTOPBI
HaleH IEePBbIM.

Ilepen mporoHoM MMUTAIIMOHHOW MOJEAM 3a-
Ial0TCs 3HAUYEHUSI IlapaMeTpoB obOpasua ST =
={0, V, N, T}. CuutaeTcs, YTO OHU SIBJISIIOTCS KO-
opaMHaTaMM TOYKHM, COOTBETCTBYIOIIEH 0OpasIy,
B YETHIPEXMEPHOM IIPOCTPAHCTBE.

IIpu onpeneneHUun HallpaBieHUs Iiepenadyu Ima-
KeTa IJIS KaXXJIOTO MCXONSIIEro M3 y3ja KaHaja
CBSI3W OMpPEHENSIOTCS TeKyllue 3HAauyeHWs IMapa-
metpoB S = {Q, V, N, T}, koTophle TOXe 3ala-
IOT TOYKY B YeTBIpEXMEPHOM ITpocTpaHcTBe. s
KaXXJIOTO MCXOASIIET0 KaHajia BEIYMCISIIOTCS pac-
crosgHus ot S 1o S7. Ilaket nepegaeTcs Mo ToMy
KaHaJy, IJIs KOoToporo paccrossHue ot S go ST
MUHUMAJIBLHO.

Onucanue MMATAIHOHHBIX IKCIIEPUMEHTOB

Ilepen mporoHOM MMHUTAIIMOHHOW MOIEIU 3a-
JaBaJINCh CJIENYIOLIEe OCHOBHBIC ITapaMeTPBhI:

* CpeaHee BpeMs MeXIY NOCTYILIEHMEM aKeTOB
MeXIY KaXIoi Imapoii y3j10B. BpeMs pacnpene-
JICHO 3KCIOHEHIIMAaIbHO;

e JUIMHA makera 576 GaiiT;

* CKOPOCTHM KaHaJIOB CBSI3U (TIpUBeIeHEI B Ta0II. 2);

e wuHTepBal BpemeHu padotel CIIJl, umutupye-
MBIl B IIPOTOHE MOJEIIMN.

Habop u 3HaueHust mapaMeTpoB obpasua ST =
={0, V, N, T}. B uMHUTallMOHHBIX SKCIIEPUMEHTaX
HCIIOJIb30BAJIMCh Pa3HbIe COUETaHUS IapaMeTpoB
oOpasua.

PesynbpraTel MMHUTALIMOHHBIX B3KCIIEPUMEHTOB
NpUBeIeHbI B Ta0J. 3.

JHaueHHWs MapaMeTpoB OOpa3lOB M WHTEH-
CHBHOCTE TIOCTYIJICHHUS IIaKeTOB BBIOMPAINCH
SMIMPUYECKU C TOCIECAVIOIIEH IIPOBEPKOM Ha
UMUTALMOHHON Moaenu. Kpurepuem a3¢ppekTruB-
HOCTHM Habopa M 3HaYeHWI mapaMeTpoB 00pa3IioB
ObLJIO cpeaHee BpeMs nepenadyu naketos 1o CITI.
MHTEHCHBHOCTY MOCTYIUICHUSI MAaKETOB MOJKHBI
ObLIM 00eCIeYNTh MAKCUMAaJIbHYIO, HO IIpUeMJIe-
MYIO 3arpy3Ky KaHaJjOB CBS3M.

Tabnauuma 2

CKOpOCTH KaHAJIOB CBSA3H

Homep Vsen 1 V3en 2 | CkopocTh KaHasa (M6ut/c)
1 1 2 1
2 1 3 2
3 1 5 1
4 2 1 1
5 2 3 2
6 2 4 1
7 3 1 2
8 3 2 2
9 3 4 2
10 3 5 2
11 4 2 1
12 4 3 2
13 4 6 1
14 5 1 1
15 5 3 2
16 5 6 1
17 6 4 1
18 6 5 1
Tabnuua 3
OcHOBHbIE JaHHbIE IKCNIEPUMEHTOB
Homep | IlapameTpsl obpa3sua T¢p (MKC) Ty (MC)
1 - —0,-) 300 4,6
2 o, —, 0,-) 300 3,457
3 0, 4,0, -) 300 4,56
4 0, 3.1,0, ) 300 3.04
5 0, 3.0, 0, -) 300 3,46
6 (- = 0,0) 300 3,16
7 - —0,1) 300 3,12
8 (== 0,0 250 3,77
9 0, 3.2, 0, 0) 225 3,65
Ipumeuanue: T\, — cpenHee BPeMs MEXIY MOCTYTIIEHNU-
€M MaKEeTOB MEXAY KaX /10l mapoi y3JioB; T2Cp — cpeaHee Bpe-
Ms nepenayu naketos nmo CITJI.

[Ipouepk B onmucaHuu nmapameTpoB oOpasiia 03-
Ha4YaeT, YTO ITapaMeTp HpU MNPOrOHe MMUTAIIMOH-
HOI MOJEIN HE UCIOJAb30BaICH.

B oGpasue B mepBOM 3KCIEPUMEHTE MCHOJb-
3yeTcs TOJBbKO OAMH IapaMeTp, 3aJaloliuil mepe-
Jady IO MaplipyTaM ¢ MWHHUMAaJbHBIM YMCJIOM
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y4yacTKoB Iepegadyn. PakTUYECKM BTO IMepenada
o GUKCUPOBAHHBIM MaplIpyTaM, KOTOPEIE Tiepe-
CTPaMBAIOTCS TOJIBKO IIPU U3MEHEHUU CTPYKTYPHI
ceTu. bnarogapsi MpoCcTOTe M BBICOKOW CKOPOCTH
00paboTKM MakKEeTOB B y3JIe TaKME METOIbl 4acTO
HCIIOJIB3YI0TCs B IpoTokojax RIP, OSPF, MPLS.

B o6pasenr BTOpOoro skKcClepuMeHTa Od00aB-
JIEH TTapaMeTp, YYMTHIBAIOIIMI TEKYINYIO IJUHY
ouyepeaM MakKeTOB K MCXOMSIIEeMYy M3 y3ja KaHa-
any. Takoil ajaropuTM MOXHO OTHECTHM K KJaccy
aJanTUBHBIX. DTOT TMapaMeTp HEMOCPEACTBEHHO
JOCTYIIEH MaplIpyTU3aTOPy U MO3BOJISIET CHU3UTh
BpeMs Ilepenayu 1o CEeTH.

B oOpasibl akcnepumeHToB 3, 4, 5 mobaBieH
napaMeTp, YUYHMTHIBAIOIIMII CKOPOCTh KaHaJOB
CBsI3U. BUIHO, 4YTO KOHKPETHOE 3HAUYCHME Mapa-
MeTpa oOpaslia MOXET CUJIbHO BIMUSATH Ha Bpems
nepegayu ImakeToB.

B oOpasuax skcnepuMeHTOB 6, 7, 8 UCIIOIb3Yy-
eTCsI TTapaMeTp, YUYMTHIBAIOIINKA BpeMs Mepeaadn
MaKeToB IO agpecara. DTOT KPUTEPUA TTO3BOISIET
CHM3UTb BpeMs mnepenauyu. Ero mpumeHeHue Tpe-
OyeT JOMOJTHUTEIbHBIX 3aTpaT BPEMEHU M Iepe-
Jady cayxeOHbIX coobmeHuii. [loaTomy B HacTo-
s11ee BpeMsl OH MCHOJIb3YETCsl PeaKOo.

B o6pasme skcnepuMeHTa 9 MCIONIB3YIOTCS
yeTeipe IapameTpa. M3 pe3ynbTaToB BUIHO, YTO
YBEJIMUYEHHUE YMCJIa MCIOJb3YEeMbIX MHapaMeTpPOB
He Bcerga MPUBOAMT K YMEHBIICHWIO BpEeMEHU
nepegayn.

PesynbraThl 3KCHEPUMEHTOB ITOKA3bIBAIOT, YTO
00pasibl MOTYT MCIIOIb30BaThCS I MaplIpyTH-
3auuu B CIT/I.

3akaoyenue

ArnpoOupoBaHa uaesl MCIIOJb30BaHUS 00pa3-
LIOB J1J1s1 BbIOOpa HampaBJICHUM NBMXEHUS TpaH-
3akuuii mo rpady. Anpobauus NpoBOAMIACH
Ha mpoieccax Beioopa mapuipytoB B CIIJ. s
3TOro ObIJT BbIOpaH HAOOp MmapamMeTpoB obOpasla,
noctpoeHa Ha GPSSW wumurtauuonHass momenb
dparmenTa CIIJl, ompenmeneHbl 3HAYEHMSI Mapa-
METpOB oOpa3lia, IpOBeAEeHbBl MMMTALIMOHHBIC
SKCITEpUMEHTHI. Pe3yabTaThl 3KCIIEPMMEHTOB I10-
Ka3ajJd BO3MOXHOCTh M 1IeJIeCOOOPa3HOCTh HC-
MOJIb30BaHU S 00pa3loB AJIs1 BbIOOpa MapIIpyTOB.

O6pa3sibl MOT'YT MCIOJb30BaThCs AJsl BhIOOpa
MapLIpyTOB MNpU ILieJICHANIPaBICHHOM JIBUXECHUU
[0 OPUMEHTUPOBAHHBLIM rpad)aM B CHUCTEeMax pas-
JIMIHOTO Ha3HAYEHMSI: TEXHUIECKNX, DKOHOMIYE -
CKHX, COLMAJIbHBIX.

B nanpHeiiniemM maHupyeTcs anpoOauust o0-
pa3loB IIPY OpPTaHU3ALIUU ABUXEHUS B aBTOTPaH-
CIIOPTHBIX CETSIX.
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Use of Samples for the Choice
of Routes in Networks of Data Transmission

The author of article elaborate methods of use of samples for the organization of purposeful movement on the orientated
graphs. The first experiments on the use of samples were carried out in a comparative analysis of algorithms for controlling the
flow of cars at the intersection. The results of simulation showed great possibilities of algorithms based on samples to control
traffic lights at the intersection. At the current stage, the efficiency of algorithms based on samples when choosing routes in
data networks is investigated. For this purpose, a set of parameters of the sample was determined, a simulation model of a
fragment of the data network was built, simulation experiments were conducted. The following set of parameters was selected
for the sample: ST = {Q, V, N, T}. Parameter description: Q — current queue length to outgoing channel from node; V —
outgoing channel speed (Mbit/c); N — the minimum number of transmission sections from the current node to the destination;
T — current transfer time from the current node to the final node. The simulation model is implemented on GPSSW. Before
running the simulation model, the values of the sample parameters ST = {Q, V, N, T} are set. They are considered to be the
coordinates of the point corresponding to the sample in four-dimensional space. When determining the direction of transmission
of the packet for each outgoing communication channel from the node, the current values of the parameters S = {Q, V, N, T}
are determined, which also specify a point in four-dimensional space. The packet is transmitted through the channel for which
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experimental results

the distance from S to ST is minimal. The criterion for comparing the algorithms was the average time of packet transmission
over the data network. Simulation experiments have shown that the average transmission time of data packets can strongly
depend on the combinations and values of the sample parameters. The article tested the idea of using samples to select the
direction of purposeful movement of transactions on the oriented graph. Testing was carried out on a simulation model of route
selection processes in the data network. The results of the experiments showed the possibility and feasibility of using samples for
routing. Samples can be used to select routes for targeted traffic on oriented graphs in systems for various purposes: technical,
economic, social. In the future, it is planned to test samples in the organization of traffic in road networks.

Keywords: samples, decision making, graphs, targeted movement, routing, data network, simulation model, GPSSW,
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