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Bbi6op moaenu TCP pna ceten MANET.
BnusaHne ogHOYypOBHEBOIro NpuHLMNA opraHu3auum cetTeu
Ha npotokon TCP

[MpencraBneHbl pe3ysbTaThl AKCIEPUMEHTA [0 BHIOOPY MOJIENN YIPaBICHHs HArpy3KOW U pe3yJibTa-
TBI MCCJIEZOBAHMS BIUSHHSA OXHOYPOBHEBOTO NPHHIMIIA OPTraHU3alUK OECIPOBOAHBIX MOOWIBHBIX
ad hoc cereif Ha poryckHyI0 ciocodHOCTh coenuHernss TCP. BrisieHa 3aBHCHMOCTE MKy JUTH-
HOM MapIIpyTa U €ro MpoIyCKHO# COCOOHOCTBIO. Bee pe3yabTaThl MOMydYeHBI IyTeM WMHUTALHMOH-
HOT'0 MOJICJTUPOBAHMUSL.

Karwuessie cioBa: npotokon TCP, 6ecripoBomubie ad hoc cet.

Cpenu BCeBO3MOXKHBIX IPHIIOKECHUI U CEpPBUCOB, 3aITyCKaeMBIX Ha MOOMIBHBIX YCTPOMCTBAX, CETEBhIC
COCAMHEHMS U CEPBUCHI MEpefaudl AAHHBIX SBIISIIOTCS CaMBIMM YacTO HCIOJB3yeMBIMH. B ocHOBHOM Bce
3TO OCYHIIECTBISETCS MOCPEACTBOM HEMOIBIDKHBIX MH(pacTpykTyp. Ho nmamexo He Be3ne ecTh BO3MOXK-
HOCTh OPTaHH30BaTh CETh Ha MOJOOHBIX CTPYKTypax. /laHHyi0 mpobieMy MOTYT peuInTh MOOMIbHBIE ad
hoc cetu [1, 2].

MANET - aBroHOMHas OeclpoBOJHAs ceTeBas CUCTEMa CIENUATbHOTO Ha3HAYEHHs, COCTOAIIAs U3
HE3aBHCHUMBIX Y3JIOB, KOTOPbIE MOT'YT CBOOOTHO IE€pEMENIaThCsl B MIPOM3BOJIBHOM HAIpaBICHUU, TEM Ca-
MBIM JUHAMUYECKH U3MEHsSI CBA3aHHOCTh B CETU. B oTiMune OT MpoBOAHBIX U COTOBBIX ceTeil, B MANET
OTCYTCTBYIOT (DMKCHpOBaHHAsi MH(paAcTpyKTypa U IICHTpaJbHOE ympaBieHHe ceThio [1-3]. OHa Moxer
OBITH c(hOpMHUPOBaHA 7€ YTOAHO, B TF000€ BpeMs, IPOU3BOJIEHBIM KOJIMYECTBOM Y3710B (0T 2 u Oonee). ¥V3-
JBI MOTYT COOOIIAThCS IMOO HAMPSAMYIO, €CIM OHM HAaXOAATCS B PaAMOIHaNa3oHe APYT Apyra, Iu0o Io-
CPEACTBOM IPOMEXYTOUHBIX Y3JIOB, M KaXIBIH U3 HUX MOXKET OBITh OZHOBPEMEHHO M KOHEUHON TOUKOM
nepeaady, U Mapupyrusaropom (4, 5].

Ceru MANET noaxoast Uit pUMeHEHUs B OOEBBIX JCHCTBUAK, CIIaCaTeIbHBIX OMEPalUiX U APYTHX
CUTYaIUsIX, T/IC HE SBIISETCA BOZMOKHBIM MCIIONIH30BAaHHUE Pa3BEPHYTOH ceTeBO HHPpacTpyKTypsl [1-5, 6].

B Takux curyanusx HeoOxoIuMa BO3MOXKHOCThH IEepelaull AaHHBIX ¢ rapaHtueil mocrtasku. /s co-
BpPEMEHHBIX ceTell Takoii cepBUC obecnieunBaeT npoTokos TCP — npoTokos MoToKoBOI nepeaadn AaHHBIX C
MakeTHON KoMMyTanuei. M3HadanpHO OH IpeaHa3Havyajcs i paboThl B CETAX ¢ HU3KUM YPOBHEM MOTEPh
U (PUKCHUPOBAHHOHN MM CJ1a00 U3MEHSIONIEHCS TOOIOTHEH, YTO €CTECTBEHHO ISl TPOBOAHBIX ceTel [7, 8].

Jns uccnenosanus noseneHus nporoxoia TCP B cerax MANET neoOxonumo BEIOpaTh OHY U3 MHO-
THX €T0 MOJIeINICH ynpaBieHUsI Harpy3KOH.

MeTtoa ucciieoBaHus. B ruccienoBaHuy HCHONB30BaIOCh UMUTAIIMOHHOE MOJIETMPOBAHIE HA OCHOBE
JUCKPETHO-COOBITUIHOTO MoAX0Aa, T.e. cumynupoBanue cereil MANET. Takoit MeTox MO3BOJISET UCCIEN0-
BaTh U pa3pabaTbiBaTh COOCTBEHHBIE CETEBbIE MPOTOKONBI. NS-3 ABISETCS ONHUM U3 MYYIIUX COOBITHIHO-
JUCKPETHBIX CUMYIATOPOB C BO3MOXKHOCTAMU MoaenupoBanuss MANET, uccnenoBanus u pa3paboTKu HO-
BBIX NMPOTOKOIOB [9, 10].

Pesynbrarhl JaHHOH cTaThbH MOJYYEHBI ¢ TIOMOLIbI0 cuMyssitopa NS-3.22. OcHOBHBIE MapaMeTphl CH-
MYJIUPYEMON MOJIETH:

®  Y3IBI: MOOUJIBHBIE;

(u3HYecKnil U KaHAIBbHBIH YPOBEHb:

cragmapt: 802.11a;

monaynsitusi: OFDM;

MPOIyCKHAas crocoOHOCTh: 54 MowuT/c, half-duplex;

paaunyc 30HbI BUTUMOCTH: 250 M;

KOJIMYECTBO MOBTOPHBIX Nepenay nakera Ha MAC yposHe: 5;
BMectuMocTh odepean MAC ypoBusa: 600 nmakeTos;

ceTeBoil ypoBeHb: [Pv4;

mapmpyTtuzanus: AODV;
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napameTpsl TCP:

MSS: 1448 GaiiT;

DelAckCount: 2;

DelAckTimeout: 200 mc;

MPUIIOKEHHUSL:

ucnons3yromue UDP-npoTtokonn;

ucnonb3yomue TCP-nporokon:

KOJINYECTBO: 2, KIIMEHT U CEPBEP;

HalpasJICHHE TIepeJadl: OMHOCTOPOHHEE, OT KIHEHTA K CepBepy;
CKOpOCTb Tiepenauu: 27 Mout/c.

OcTasibHble NapaMeTpbl (KOJIMYECTBO Y3JI0B, UX HadaJlbHOE IOJIOKEHHUE, CKOPOCTh, KOJIMYECTBO IPHU-
noxkenuit UDP u ux ckopocTh mepenadu, IIUTEIbHOCTh CHMYIUPYEMOTO TIEPUO/Ia) 33/1al0TCSI B 3aBUCHMO-
CTH OT SKCIIEPUMEHTA.

[TpoTtokon UDP mo3BosnsieT co3aarh TOTOTHATEIbHYO (UKCHPOBAaHHYIO HArPy3Ky Ha CETh.

B xa’kmoM sKcIepuMeHTe MPOU3BOAMIICS COOp CIICAYIONINX MaHHBIX: W3MEHEHUS] MTHOBEHHOH CKOpPO-
CTH Tiepenaud; obIiee KOTMIESCTBO IEPEIaHHBIX JaHHBIX. [Ipu ruraHmpoBaHNM M 00pabOTKE pe3ynbTaToB
SKCIIEPUMEHTA HCTIOIH30BAINCH PEKOMEHJAINH, H3IOKEeHHbIE B [11].

BbiGop Mopenu ynpapiieHHsl HArpy3koil. Tak Kak MOJENU YIpaBJIE€HHUS Harpy3Koid HE MEHSIOT
npuHIUNoB nporokosna TCP, To st mambHEWIIMX HCCIEOBaHUN AKCIIEPUMEHTAIbHBIM MyTEeM BHIOpaH
TOJIBKO OINH BapUAHT MEXaHW3Ma YIIPABICHUS HArpy3KOM.

BB mpoBesieH 3KCIEPUMEHT, B KOTOPOM CeTh cocTosina u3 15 y3moB. Ha 7 u3 Hux ObUIM 3alylICHBI
MpUIIOKEHUs, iepeAaromue ganabie uepe3 UDP co ckopocteio 1 MouTt/c. J{is kaxa0ro U3 BApUaHTOB ObI-
JI0 IPOU3BEICHO 1Mo 10 3aImyCKOB CUMYISIIUH C PA3TMYHBIM IA0JOHOM JBHKEHHS y3JIOB.

Pe3y.HI:TaTOM Ka)K[[Oﬁ CUMYJIAIU ABJISICTCA KOJIUYCCTBO 63]71T, yCneuiHo MnmepeaaHHOC OT KIIMCHTaA K
cepsepy. M3 10 pe3ynbTaTtoB Ui Kax a0 Moieny ObUIO MOIy4eHO cpeaHee 3HaueHue (puc. 1).
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Puc. 1. CpaBHeHHE BapHaHTOB MEXaHU3MOB YIIPABICHUS HarPy3KOH
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CpaBHUBaHHUS IOJYYEHHBIEC PE3YNIBTaThl MOXKHO 3aMETHTh, YTO C MOMOIIbI0 MexaHu3Ma NewReno ObI-
JI0 TIepeaHo B cpenHeM OoJjbllle JaHHBIX. BbUIO ompeneneHo, YTo OCHOBHas mpobiema mpotokona TCP
CBfI3aHA C BOCCTAHOBJICHHEM aKTHBHOCTH IOCIJIE BOSHMKHOBEHUS MEPEXOIALINX MPOLECCOB B CETH. DTO
MOXHO yBUAeTh Ha mpumepe mogeneit BIC, CUBIC, Highspeed, Illinois, Yeah moaeneit (puc. 2). Tak kak
JUIS pa3HbIX MoOJeNiel Tay3bl B Iepeadye JaHHBIX HaOJI0Aal0TCsA B pa3Hble MPOMEXYTKH BPEMEHH, MOKHO
clenath BBIBOJ, YTO MyTh OT MyHKTa OTHPABIEHHS A0 MyHKTa Ha3HAYEHMs CYIIECTBYET Ha MPOTHKEHUH
BCEr0 CUMYIUPYEMOro nepuoja. MeHsSeTcs TOMbKO €ro JJIMHA, YUTO U BBI3bIBAET «Pa3pbiB» B IOTOKE
JAHHBIX.
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Puc. 2. CpaBHeHHE AMHAMUKY CKOPOCTH TIepeIad TaHHBIX

B 10 xe Bpemst momens NewReno nokassiBaeT OTHOCHTEIBFHYIO CTaOMIIBHOCTE B paboTe, XOTS B TUHA-
MHKE HaOIIOAIOTCS CHIBbHBIE mepenansl (puc. 2). Vicxons 3 MOTy4eHHBIX Pe3yJbTaToB, JaHHAs MOIETH

OyZIeT UCTIONIB30BaThCs B OyAYIINX SKCIIEPUMEHTAX.

[Ipu pe3komM M3MEHEHWH MTHOBEHHOW CKO-
pOCTH mepenayy OHa yCTaHABIMBAIACH MPUOIH-
3UTEJIPHO Ha OJHUX W TeX ke YpPOBHAX (puc. 3).
JlaHHOE SIBJIEHUE CBS3aHO C N3MEHEHUEM ITHHEI
MapuIpyTa.
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Puc. 3. YpoBHH CKOPOCTH Tiepeadn JaHHBIX
B coequHeHun TCP: ropu30HTaIBHBIME JTUHUAMHU
0003HaueHbI YPOBHU CKOPOCTH Tepeiaun
IIPH HEM3MEHHOW JJIMHE MapIIpyTa
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Bausinue 1JMHBI MapmIpyTa HAa NponyckHy0 cnoco6HocTh TCP coennnenusi. B xone nposeneHus
SKCIIEpUMEHTA OblIa UCTIOJIH30BaAHA CUMYIISIIIMOHHAS MOJIEIh C HETIOABM)KHBIMHU y3J1aMHU, BEICTDOCHHBIMH B
JTUHHIO (TOTIONOTHA «1enb»). KIMeHT u cepBep YCTaHOBJICHBI HA OKOHEUHBIX y3JlaX JaHHOW 1ernodku. [1o-

CTOPOHHUI Tpa(uK B CETH OTCYTCTBOBAJ.

Ha puc. 4 npeacrapnena mpomnyckHas CHOCOOHOCTh
TCP coennHeHns B 3aBUCHUMOCTH OT KOJIMYECTBA XOIIOB
B Mapuipyte. OHa yMeHbIIIaeTCsl BIBOE C J0OaBICHHEM
OJTHOTO TIPOMEXKYTOYHOTO y3Ja U CTaOWIHM3HPYETCS C
JANbHEHIINM yBETUYEHUEM KOJIMYEeCTBA XOTIOB.

Puc. 4. TIporryckuas cnocobHOCcTs TCP coemunenus
B 3aBUCHMOCTH OT JJIMHBI Ty TH

IlponyckHas crnocodHOCTE
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OCHOBHOII MPUYMHON MPOUCXOAAIIETO SABIAIOTCS ocobeHHOoCTH ¢m3uku 802.11. [lycts numeercs mpo-
CTasi CeTh, COCTOAMIAsI U3 5 Y37I0B, KOTOpas MpencTaBieHa Ha puc. 5. Tak kak OeCipoBOJHOE YCTPOHCTBO HE
MOXET B OHO U TO K€ BPCMs IMEpCaaBaTb U NPpUHUMAThL, TO B HaHHOI;'I CCTU OAHOBPECMCHHO MOTYT OBITH
AKTUBHBIMH TOJIBKO JBE CBsI3U: 1-2 11 4-5. CBs3b 2—3 HEe MOXKET ObITh aKTUBHA, TaK KaK y3ell 2 He CIoco0eH
OJHOBPEMCHHO NEpeaaBaTh U IMPUHUMATh CUT'HAJI, a CBA3b 3—4 He MOXET OBIThH aKTHUBHA, IIOTOMY 4YTO CHUI-
HaJI 3-TO y3J71a MOXET IOBJIUATH Ha paboTy 2-TO.

""" — 30Ha paJMOBUINMOCTH y3Jia
Puc. 5. MHOroxonoBas ceTb TOIIOJIOTHH «IIEIIb

ITponyckHyt0 CIOCOOHOCTH MapHIpyTa, COCTOSIIETO U3 7 XOMOB, MOXXHO BBIYUCIIHTH IO CIEITYIONICH
dhopmyne:

B/3,n>3.

rae S — IpOoIyCKHas CIIOCOOHOCTh COSTUHEHHS; B — MPOITyCKHAas CIIOCOOHOCTh KaHaIa B OJHY CTOPOHY.

ITpuBenennast hopMyna He SBISIETCS TOUHOM, TaK KaK Ha KaHAJIBHOM ypOBHE B OOpaTHOM HampaBlie-
HUUW OJTHOTO XOIia MEPEeAaroTCs MOATBEPKIACHUS 00 ycnemHoM monydeHun naketa. st TCP coequnenwus
HaOJIIoaeTCsl €Ie MEHbBIIIEe COOTBETCTBHUE, TAK KAK B HEM Ha CKOPOCTH TMEPE/Iaud BIUSIET OOPaTHBIA MOTOK
ACK cermMeHToOB, KOTOPBII 3aHUMAET YacTh MPOIMYCKHON crocOOHOCTH KaHana. bonee moxapoOHOE uccie-
JIOBaHUE JIAHHOUM MPOOJIEMBI MPEACTABICHO B cTaThe [12].

3akJiroueHue. YCTaHOBIICHO, YTO C IIOMOIIBIO MOJIENH YIIpaBieHus Harpy3koi NewReno mo mporoxo-
ny TCP B cpemHeM MOXKHO Mepenarh 00JbIINi 00beM TaHHBIX, YEM C UCTIOIB30BaHUEM IPYTHX MOJCICH, B
yenoBusix cereid MANET. Taxke sKcieprMEHT TOKasall, 4To JaHHble B coeanHennn 1 CP mepenaroTcs ¢
HECTaOMIILHON CKOPOCTBIO M € MTEPHOINICCKUMHE Tay3aMu (cM. puc. 3, 4). JlaHHOe SIBJICHUE CBA3aHO C Me-
HSAIONICHCS TOTOJIOTHEH W HECTaOWIIBHBIM KaHAJIOM CBSI3U B OECIPOBOAHBIX MOOMIBHBIX ad hoc ceTsx.

BrlsBIIeHa 3aBUCUMOCTD MKy TTPOIYCKHOM CITOCOOHOCTHIO MapIIpyTa U €ro JJTHHOM.

HccnenoBanne momnepxano npoekrom 7.701.2011 (HUP 1/12 temmnana TYCYPa) nmo T'oc3amanuto
MunucTepcTBa 00pa30BaHUs U HAYKH.

{B/n,lﬁns_%;
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Iovlev D.I.
TCP variants comparison in MANET. Influence of single-level organization of network on TCP

Results of experiment at the TCP variants comparison and research results of influence of the single-level or-
ganization principle of wireless mobile ad hoc networks on the TCP connection throughput are presented. De-
pendence between length of a route and its throughput is revealed.
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