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3anponoHoBaHO aJanTUBHUI MeTO/ 3MiHU YKC/Ia KaTeropiii nocrymy nist cxemun EDCA.
AJTopuTM mnependayac HAKONMMYEHHSA CTATHCTHYHMX JAaHUX NP0 NepelaBaHHsA KaapiB B
Oydepi cranumii, ix anami3 Ta 3MiHy YMcJIa KaTeropiii J0cTyny Ha OCHOBi pe3yJbTaTiB aHaJI3y.
ByJo noka3zano, 110, BUKOPMCTOBYIOYH 3aNPONOHOBAHMII aJanTHBHUH aJTOPUTM JOCTYIY 10
(isuuHOrO ceperoBUIA, MOKHA MOKPAIIUTH 3arajibHy NPOAYKTUBHICTH 6e3MPOBiIHOI Mepe:Ki.
PesynbTaTtn [ocaifKeHHs 3a JONOMOro iMmiTamiliHoro Mope OBaHHS TOKa3aaW, IO
HalledeKTUBHIIII pe3yJbTaTH NiABMINEHHS NMPOAYKTHBHOCTI 0e3npoBinHOI Mepexi aocsira-
I0THCS 32 YMOB ii BeJTHKOr0 po3Mipy Ta NPUCYTHOCTi IHTEHCUBHOTO TPagiky.

Kurouogi ciioBa: 6e3nposinni mepexi, | EEE 802.11, MAC-ninpisens, EDCA, ananTuBHa
3MiHa Kijabkocti AC.

In this paper an adaptive ACs (Access Categories) number adjusting algorithm for the
EDCA (Enhanced Distributed Channel Access) schemeis proposed. It has been shown that the
total performance of the wireless network can be enhanced especially under the highly loaded
network conditions. It has been introduced as a result of collecting a data buffer and the
switching mechanism for AC queues. The simulation results demonstrate that the proposed
adaptive ACs number adjusting algorithm for the EDCA scheme outperforms significantly the
802.11 specification. This outperformance of wireless network is observed under the large
network size and high network load.

Key words. wireless networks, |[EEE 802.11, medium access control, EDCA, adaptive
ACsnumber adjusting.

Beryn. 3araabHa moctaHoBKa podJeMu

EdextuBHicTh (yHKIIOHYBaHHS OE3MPOBIAHMX KOMIT IOTEPHUX MEPEK 3aJICKUTh Bif 0araTboX YHH-
HUKIB, Cepell SIKMX BRXJIMBE MICIE 3aiiMae METOJ] OCTYIy 10 (pisudHOro cepeoBuiia. BiH peani3yeThcs Ha
nigapisai MAC (Medium Access Control) moctymy 10 ¢i3udHOro ceperoBHIna apXiTeKTypH KOMIT FOTEPHHX
Mepek. Y HaimommpeHinmx oe3nposigHux Mepexkax WIiFi [1] moctyn craHiiii 10 cepeoBHIla 3iCHIOEThCS
Ha KOHKYPCHTHI OCHOBI 3 BHKOPHCTAHHSM MHOKHHHOTO METOLY 3 THPOCITYyXOBYBAaHHSIM HECYdoi Ta
nenonymmenusm koisiii CSMAJ/CA (Carrier Sense Multiple Access With Collision Avoidance). [lst peanizartii
METO/Ty BUKOPUCTOBYETHCS YaCTHHA TPOITYCKHOT 3IATHOCTI MEPEXKi, a OTXKE, MPOITyCKHA 3AaTHICTh MEPEKi, 10
Moke OyTH BHUKOpHCTaHa JUIsl mepefaBaHHsl Tpadiky aOOHEHTIB, 3MEHINYeThCs. Hampukiam, 3a IIBHAKOCTI
216 Moit/c ta BuKopHCcTaHHs KaapiB po3mipom 1 Koéaiit i nepemaBannst 3rigHo 3 nporokonom IEEE 802.11
(pu 1IFOMY BUKOPHCTOBYIOUH MapameTp ¢isudHoro pisus, 3akianeHi B IEEE 802.11n) npomyckHa 31aTHICTh
obmexxena 3ropu 3HaueHusM 40 Moit/c [2]. besmepeuHo, Iie HEraTMBHO BIUIMBAE€ Ha EKCIUTyaTallifiHi
XapaKTepPUCTHKK OE3MpoBiTHOI Mepexi, a OTKe, 3a/lada BIOCKOHAJICHHS METOJIB JIOCTYITy IO (i3HYHOTO
CepeIoBHINA B OS3MPOBITHUX KOMIT FOTEPHUX MEPEKaX € aKTyaIbHOIO.

AHaJi3 OCTaHHIX JoCaiTKeHb Ta MyOaikanii

Bigomo Garato mOCIiKeHb, MPHCBIYEHHUX MOKpPAIIECHHIO MPOTOKodiB mimpiBast MAC [3-26].
Po3pobuukn cranmapry IEEE 802.11n migBumytots edektuBHicTh mpoTokoiny MAC-miapiBHa 3a
JIOTIOMOTOI0 arperyBanHs kanapiB [4], dbakTudHO 30iMbLIyIOYM MOBXHHU KajpiB, sIKi MEPEIalOTHCS MO
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KaHaly, 3aJUILIAI0Y1 aITOPUTM BUpPIIeHHS KOHDIIKTIB Oe3 3MiH. {1 BU3HAYCHHS ONTUMAaJIbHOT JOBXKUHU
arperoBaHoro Kajapy 3aJie)KHO BiJ IIBMAKOCTI HepelaBaHHA Ta PiBHS 3aBaj MOXKHa BUKOPHCTOBYBAaTH
anmroput™ [5] Ha OCHOBI [aHMX NOpPO MOMEPEIHE TepeiaBaHHA KaJpy. 3a YMOBH HEHACHYCHOI
3aBaHTaKEHOCTI Mepeki, KOJIM Yac MK HaAXOPKEHHSAM HAaCTYIMHOIO KaJpy A0 Yepru Ta MepeAaBaHHIM
MOTIEPETHBOTO KaApy € AOBOJII BEJIMKHM, aITOPUTM MPALIOBaTUME Hee(DEeKTUBHO, OCKIIBKH 3a IIel 4ac CTaH
0e3MpOoBITHOTO CEPEIOBUINA MOXKE 3MIHMTHCH, 1 L 3MiHa HE BPaxOBYBaTUMETHCS INPH OOYHCIICHHI
ONITUMAJILHOT TOBKMHH arperoBaHoro Kajapy.

Crannmaprom |IEEE 802.11n mepenbaueHo Tpu tumm arperamii kazapi: A-MSDU, A-MPDU ta
nBopiBHeBa arperauis (moexHanus A-MSDU ta A-MPDU). Tlpu usomy A-MPDU Ta nBopiBHeBa arperaiiii
3HayHO edekrtuBHinN 3a A-MSDU arperauito [6]. Oxnniero 3 npuunH MeHmoi epekruBrocti A-MSDU
arperarii € Te, 10 BUCOKOMPIOPUTETHI KaapH (roJ0c Ta KaApH YMpaBIiHHSA) MAlOTh HEBEIHKUIl poO3Mip
(80-256 Gaiit) [7], B pesyibrari arperamii OTPHMYEMO Kaap HEBEIHMKOrO PO3MIpY Ta Hee(eKTHBHE
BUKOpHUCTaHHs KaHaly [6]. 301IblNTH e(EeKTHBHICTh BUKOPHCTAHHS KaHATy MOYKHA, BBIBIIM JOJATKOBI
3aTPUMKHU IIEpe]] OTPUMAHHAM JOCTYIy 10 CEpEelOBHINA Ta HAKONMYUBIIM Kaipu Ui NEpeaBaHHSI —
meron DCA (Delayed Channel Access) [8]. 3rigro 3 DCA moctym 10 cepenoBHIlia BiKJIaJa€ThCsl I0TH,
JIOKH B Uep3i He Ha30MPAETHCSl BU3HAYCHE YUCIIO 0 KaJpiB, YW HE MUHE OYiKyBaJIbHUH YaCOBHUI MPOMIKOK T
3 MOMEHTY HAJXO/DKEHHs O Yepryu MEepUIoro Kajapy, Yd AOKH Yac 3 MOMEHTY HaIXOIKEHHS B 4epry
OCTaHHBOT'O KaJpy MEHIIMM BiJ 4acy A, HeoOximHoro it noctymy Ao cepexosuina. Ilisuime 8 DCA Oyno
JOJaHO AMHAMIUHY 3MiHY MapameTpa ¢ 3aJIe)KHO BiJ pO3Mipy Yeprd Ta iHTEHCHBHOCTI HaJXOIDKCHHS
kazpiB g0 4epru [9]. Takox Oyna 3anporonoBana ¢ynkiis [10], sika 3anexHoO Bix mpiopuTeTy Kampy Ta
3HAUYEHHS MapameTpa A Biamparisie kaap abo oapasy Ha mepenaBaHHs, ado B uepry s arperaii. I cam
anmroputm DCA, i fioro Mogudikarii migBuInyoTh e)EeKTUBHICT, BUKOPUCTAHHS KaHATy Ta, OJHOYACHO,
30UIBIIYIOTh 1 Yac O4iKyBaHHS BHCOKONPIOPHTETHUX KajpiB Yy uep3i, 10 € HeOaKaHWM, OCKLUIbKH,
HANpUKIa, 3aTPUMKa KaJpiB roiocoBoro notoky moHaj 200 mMc cnpuuuHsie AUCKOM(OPT CIpHUHSATTS
MOBH criBOecisiHuKa [7]. 30BciM iHIIMIA MiAXiq A0 ONTHUMI3aIii Mpoliecy arperaiiii 3anponoHoBano y [11],
Jie KaJpu TOAUISIOThCS HE JIMINEe 3a KJIacoM JOCTyIy, a U 3a ajpecoro. CremianbHUI BKa3iBHHUK 3a
JIOBXXHHOIO YePTH, YU BUIT4JKOBO, Y 3T1IHO 3 IKUMOCH 1HITHUM aJTOPUTMOM BH3HAYAE, 3 AKAX YEPT KaJApH
OyayThb arperopati Ta nepenati. Takuii aropuTM noTpedye NOJATKOBUX allapaTHUX BUTpAT.

Haii0inpmM HemollikoM arperanii € HeoOXiHICTh morepeHboi Oydepusanii Kaapis, sKka MOXe
301IBLITYBATH 3aTPUMKH ITiJ] Yac iX rmepeaaBaHHs.

Hocnimkyroun Btk 3minn pisaux MAC/PHY nmapametpiB Ha mpomycKHY 3IaTHICTh Mepexi [12],
MOXKHa BiJ[3HAYWTH, IO HAWBaroMIIINi BIUIMB HAa BEPXHIO MEXY NPOITYCKHOI 3/1aTHOCTI Ma€ JIOBKWHA
ciory 4acy SlotTime. Ockimsku SlotTime € wacom, HeOOXiTHMM IJIS OLIHKM 3aMHATOCTI KaHAIy, Ta
00YMOBITIOETBCSI 0COOMBOCTAME (PI3MUHOTO PiBHS, TO IIeH nmapamerp GakTUIHO HE MiIA€ThCS 3HUKEHHIO.
ITpore SlotTime moxwna cripoOyBaTu peopranizyBat. Tak y [13] 3anpononysanu noginutu SlotTime nHa
CIIOT JUIS TIepeJaBaHHs JaHUX Ta YIPABISIOUHHA CJIOT, KM CBOEI0 YEpProro CKIAIAaeThcs 3 HaOOpy MiHi-
CJIOTIB. 32 JIOTIOMOTOI0 YIIPABIISIIOUOTO CIOTY 3 YMCIHIA CTAHI[IH, MPUCYTHIX Y MEPEKI 3aIeKHO BiJl JOBKHHU
iX yepru, oOUparThCA Ti, IKUM OyJe HajJaHa MOXKIUBICTh KOHKYPEHIIIT 32 JOCTYI IO CEPEAOBUINA, PellTa
K CTaHIli}l 3aJMIIAIOThCS Y CTaHl OviKyBaHHs. [HTepBan BiaTepminyBaHHs niepenaBanus kaapy (backoff)
3a/1a€ThCsl KUIBKICTIO MiHi-cnoTiB. Ilicast ouikyBanust backoff-mpomixky craniis 3aiimae cepemoBuiie 3
WMOBIPHICTIO, sIKa 3aJIS)KUTh BiJl IOBXHHU YEPrd CTaHINi, Ta 3a YMOBH, IO >KOJHA IHIIA CTaHIlS He
nepeaaBajia y HONEpeAHil CIOT JaHUX. Y BUMAAKY KOJMi3il CTaHLis BUIYYaeThCs 3 UMCHIA KOHKYPYIOUHX 3a
JOCTYH 10 cepenoBuiia. Ilpore aBTOpy He 3anpONOHYBaIM YiTKOTO aJITOPUTMY BUOOpY YHCia CTAaHIIN A
MOJANBIIO] KOHKYPEHIIi 3a 10ocTym 10 cepeaoBuina, kpiM toro ctangapt 802.11 norpeOye 3HaUHUX 3MiH i
Ha MAC-niapiBHi, 1 Ha Qi3udHOMY piBHI.

Haii0inpmi 3aTpuMKH mig yac mepenaBaHHS KaJIpiB BHOCHTH ajJrOPUTM BHPIIICHHS KOH(QIIIKTIB, a
came — MiHiManbHe BikKHO KOHKYpeHIil CWpi, [12], Tomy O6arato poOiT MNPUCBSYEHO MiIBHIICHHIO
MIPOIYCKHOI 37JaTHOCT] Ta 3MEHILEHHIO 3aTPUMOK NIepelaBaHHs KaJpiB 32 paXyHOK MOMINIICHHS aJrOpUTMY
BUpILICHHSA KOHQUIIKTIB. AJTOPUTMH AWHAMIYHOI 3MiHM MiHIMaJIbHOTO BiKHa KOHKYPEHIIi 3aIpOIOHOBAHO
y [14-16] nanst cxemu poctymy DCF (Distributed Coordination Function) ta y [17-19] mns cxemu pocrymy
EDCA. [Ina Bu3HaueHHs onTUMaibHOTO 3HaueHHA CW mponoHyloTh BpaxOBYBAaTH KiJIBKICTh MOBTOPHHUX
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cipo6 mnepenaBanus [14, 16, 17, 19], kingbkicth akTHBHHUX craHiiii [14-16, 19], Bimctanp 10 TOYKH
noctymy [15], niama3oH 3HaueHb BikHA KOHKypeHLii [15], uncno Bixnpasienux kaapis [17], kinac poctymy
[17, 19], BimcTane motounoro 3HadenHs CW mo ioro miniMameHoro CWp, Ta mMakcuManbHOro CWiay
3HayeHb [18]. Ilpu mpoMy ycCi anropuTMH BH3HAUCHHS ONTHMAIbHOTO 3HAYCHHS BiKHA KOHKYPEHIIii
301IBLIYIOTh €(EKTHUBHICTE POOOTH MEpEXKi JIMIIEe 32 YMOB 1i HACHYEHOCTI, B 1HIIOMY BUIAAKy MOXYTb
HaBiTh NOTIpIIyBaTU podoty Mepeski [20].

[HIIMM migXomoM 0 MOKpAIleHHs aJrOpUTMY BHPIIIEHHS KOHQIIIKTIB € 3aMiHa €KCIIOHEHLIHHOTO
30inblICHHST BiKHA KOHKYpeHLii Ha miHiitHe [21, 22] abo 3acTocyBaHHs pi3HUX KOe(il[i€HTIB 301IbIICHHS
po3mipy BikHa KoHKypeHuii [18, 23]. Ille Oinbiue pagukanbHi 3MiHH 3ampornoHoBaHo y [24], ne CW
npuiimMae nume Tpu 3HadeHHs: 31, 63, 127. IIpu upomy BBOIUTHCS MonatkoBuil miumnbHUK TURN, skuit
3anexuth Bim CW Ta Moke mpuiiMaté 3HadeHHs BiAmoBigHo 3, 2, 1. Jliunmnpank TURN BMmuKaeTbcs B
MOMEHT, KOJIM JIYMJIBHUK 3BOPOTHOTO BimiiKy aopiBHIoe 0. Skmio npotsarom Bimtiky TURN cepenosuiie
3aJMIIAETHCS BUIBHUM, TO CTaHILiA PO3MOYMHAE NepenaBaTH Kaap. Takuil aJroputM I03BOJISE YHUKHYTH
KOJIi3i MK Kaapamu, siKi ogHodacHO 3akiHuwmu Bimmik backoff, Ta wamae mepemary B mepemaBanHi
KaJpoBi, KU Monajgas y OUIbIIY KUIBKICTh KOJMI3iH.

KpiM MiHiManbpHOTO BiKHAa KOHKYpEHLii Ha 3aTpMMKH B Mepexki BIUTMBarOTH 1 iHmn ugacoBi MAC-
napamerpu — npoMikkd AIFS Ta TXOP. Came BuOOpy OOBXMHM Oe3KOHKypeHTHOro inTepBamy 1XOP
npucssiueHo poboty [25]. Jlns BusHaueHns noxunu TXOP Geperbes 10 yBark JOBXKHHA Yepri Ta PO3Mip
HAcTymHoOro Kazpy kareropii goctymy AC. ¥V [26] kpim TXOP nuHamiuHo HamamtoByrothest AIFS Ta CWigip.
OnrumansHi 3HaueHHs: MAC-niapaMeTpiB 00UHCITIOIOTECS Ha OCHOBI iH(OpMALIii PO YMCI0 aKTUBHUX BXITHUX
1 BUXIJIHMX TOTOKIB Ta MiHIMQJbHO HEOOXIIHOI IIBUAKOCTI I iX MepelaBaHHs 3aJIeKHO BiJl KI1acy IHOTOKY.
[Mpu tpOMY IS CTAHIIIH Ta TOYOK JOCTYITy O0UMCIieHi onTuMaitbHi 3HaYeHHs MAC-niapaMeTpiB OyIyTh pi3Hi.
OCKiNbKM TOYKA JIOCTYIy TOBHMHHA TiepeaTH yBech Tpadik, SIKMH HAIXOJWTh JIO CTaHIlM, BOHA 3MyIIEHA
3HAYHO YACTIIlIe OTPUMYBATH JAOCTYII 0 CEPEIOBHMINA, HiXK cTauiii. Tomy amroputMoM [26] mepeabdadero, 1o
obumcreni ontuMaibHi 3HaueHHsT MAC-niapameTpiB i1 KoskHOro kiacy goctyrny AC Touku foctymy OyayTh
Ha piBeHb MEHIII, HiX /IS aHAJIOTIYHOTO KJIACy JIOCTYITY CTaHIIl.

Jnst hopMyItoBaHHS aJanTUBHOTO METONY IOCTYIY J0 (I3HYHOrO CepeOBHIAa MW BUKOHAIN
mopiBHsTeHME aHamiz cxem DCF, mo me migrpumye Q0S, ta EDCA, sxa Q0S migrpumye [27]. 3a
JIOTIOMOTO0 aHAITUYHOTO Ta IMITallifHOTO MOJICTIIOBAHHS [TPOAHAaJIiI30BaHO MPOIYCKHI 3JATHOCTI MEPEX 3
JeleHTpaizoBano0 cxemoro jgoctyny DCF Ta posmmpenum mpocrynom EDCA. TlokaszaHo, 1110
3a0e3MeyYeHHsI PIOPUTETHOTO A0CcTymy cxemoro EDCA ams Mepex, 110 MaroTh ITSTh 1 OUIBIIE CTaHIIIH,
NPU3BOJIUTH JI0 3MEHIIICHHS 3arajibHOT MPOIMYCKHOI 3/JaTHOCTI MEPEXKi.

V [28] naBemeno amamiz edextuBHOCTI cxemu EDCA cranmapty 802.11 3amesxHO Bif KiTbKOCTI
KaTeropiii joctymny (KUTbKOCTI mpioputeTiB Tpadiky). BIuimB pisHHX KiJIBKOCTEH KaTeropiii I0CTyITy
JOCITIPKEHUH TTPY HEHACHUYEHOMY 1 HACHUEHOMY CTaHaX Mepei. AHali3 MoKa3as, 110 3arajibHa MPOIMyCcKHa
3ATHICTH MEpexi, mo mpairoe 3a cxemoro EDCA, 3aieuth BijJ 4uciia KaTeropii A0CTYyIly, 3MEHIICHHS
SIKMX MOJKE TOJIIMIINTH 3aralibHy MPOMYCKHY 3JJaTHICTh MEPEXi.

Sk Oyj0 moKa3aHO BHMIIE, BCI JOCHKEHI Meroau mokpamieHHs MAC-miapiBHA 0e3mpoBiTHUX
MepeK MaIOTh CBOI HEJIOJIIKU Ta He OyJIM BIPOBAPKEH] B HOBHX clieli(iKamisx CTaHIapTy.

DopMyBaHHS MeTH

MeTor0 CTarTi € MOKpaIeHHsI eKCIUTyaTalifHuX XapaKTepUCTHK MEPEeXi 3a IOMOMOTO0 aJIAITHBHOTO
ATOPUTMY TIEPEMUKAHHS YHCIIa KaTeropiil JOCTYITy 3aJIeKHO BiJI BXiHOTO Tpadiky. Y 1iii poOOTI A0CHiIKEHO,
SIK caMe BIUTMHE BUKOPUCTAHHS aJIANITHBHOTO ajJITOPUTMY Ha YacoBi oKa3HUKH MAC-TIipiBHS.

AHaJIi3 0TPMMAaHHUX HAYKOBHUX pe3yJIbTATIB

Onuc cxem goctyny DCF Ta EDCA

ba30oBor0 cxeMOI0 yIpaBiiHHS J0CTyrmoM B Mepexax cranmapry |EEE 802.11a,b,g e cxema
posnoxinenoro ynpasninas DCF (Distributed Coordination Function).

BigmoBigro mo DCF, mepm HiX cTaHIliS MOYWHAE TEepeAaBaTH, BOHA MPOCIYXOBY€E OE3MpoOBimHE

CepeIOBHILE Ta aHai3ye HOTo cTaH. SIKIIo cTaHLis HE BiAUyBa€ HISIKOTO MepelaBaHHS B KaHaNi, TO BOHA
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PO3IIIsIIae TaKUi CTaH KaHAy SIK BUIBHHM, B IHIIOMY BHIAJKY — K 3aiHATHH. SKII0 cepemoBuie BilbHE
OpoTSroM MikkaapoBoro mpomixky dacy DIFS (Distributed InterFrame Space), cranumis po3mounHae
nepeaaBatd Kajap. [Hakie craHilis iHil{iani3ye iHTepBana BiATepMiHyBaHHs mepenaBaHHsi Kaapy Backoff.
3HauyeHHs JiYMIbHUKA BigrepMminyBanHs (BOF) BuGHpaeThcst piBHOMipHO i BUMaakoBo B aiamasoni [0,
CW], ne CW — po3mip BikHa KOHKypeHIii. CTaHIlisl, O4iKyrHO4YH, 3MEHIIIY€E 3HAUCHHS JTIYMIbHUKA JIHIIE Y
TOMY BHITIAJIKy, SIKIIO CEPEIOBHUIIE € BUIBHUM. SIKINO JNYMIEHUK BiaTepMmiHyBaHHS cTae 0 i cepemoBuine
npotaroM iHTepBany DIFS Bce mie € BinbHUM, TO CTaHLis OTPUMY€E MPaBO PO3MOYATH MEpedaBaTH Kajap.
SIK1I0 K cepeOBHUILE 3aiHATE, TO CTAHIIS BiAKIANae MepeJaBaHHs Kaapy Ha BUIIAQAKOBUH mepion vacy. Y
pa3i yCHIIIHOrO TMepenaBaHHS MpuiiMay Ticis KOPOTKOro MikkaapoBoro intepBainy SIFS (Short
InterFrame Space) nepenae nmosutuHuit kKaap-miarsepmkerns (ACK). ko mix yac nepenaBanHs Kaapy
BinOyNach KOJi3is, cTaHLis 301nblIye BABi4i po3mip BikHa KoHKypeHLii CW Ta BHOupae HOBE 3HAUEHHS
JmunMiIbHUKA BiaTepMiHyBaHHsS. OTXKe, TIIBKM OJHA CTaHLig MOXE YCIILIHO NEpeJaBaTd B MEPEXY B
MIEBHUI MOMEHT 4acy.

DCF He mnepembauae anamizy tuny Tpadiky 1 Oynb-skuii Tpadik 00CIyroBye OJHAKOBO.
VY mepexax cranpapty |IEEE 802.11n peanizoBaHo mokpalueHuid po3noninenuii noctyn a0 kanamy EDCA.
Cxema EDCA, na Bigminy Big 6a3zoBoi cxemu DCF, ananisye tun tpadiky, IiuTh H0ro Ha YOTUPH KIIacH i
No-pi3HOMY 00CITyTOBY€E KOKeH 3 HuX. 3 1iero Metoro B EDCA Bu3HaueHo yotupu karteropii gqoctymy AC
(Access Categories), koxHa 3 SKHX XapaKTePH3Y€TbCSl BIACHOK MHOKHHOI MapaMeTpiB IOCTYIY Ta
MPIOPUTETOM JOCTYIY 10 (Pi3HYHOTO cepeaoBHUIIA.

J7st KoxKHOT KaTteropii OCTyIy iCHye CBOSI Yepra IepeJaBaHHs KaJpiB, BU3HAUCHI CBOI MIKKaJIpOBi
npomikku (Arbitration Interframe Space, AIFS), anasnoriuni DIFS, ane pi3Hoi TpuBamoCTi, KpiM TOroO
3MIHIOETBCS 1 PO3MIp BikHa KOHKYpeHLii. KojkHa 3 depr onpanboByeThCS HE3aIeKHO OIHA BiJl OJTHO.

Slkmo st nBox (abo Oinmbliie) KaapiB 3 Pi3HUX Yepr OfHiE€l CTAaHIIl MPOMDKKH BiATEpMiHYBaHHS
ofHO4YacHO cratoTh 0, TO BHYTpIIIHS KONi3is BUPIMIYEThCS HAJaHHSIM MpaBa HA TEpelaBaHHA Kaapy 3
HaWBHUIMM NPIOPUTETOM, peIlTa KaJApiB ONpPabOBYETHCS SIK MPU BUHMKHEHHI 30BHILIHBOI KOMi3il. Y Takuit
croci6 Tpadik 3 BUIIMM IPIOPUTETOM Ma€ BUIIMIM IAHC OyTH BiAICIaHUM, HIK Tpadik 3 HIKYUM IIPIOPUTETOM.

Takox ast KOXKHOI Kareropii IOCTyIy BH3Ha4ueHO oOMexeHuit mpomikok TXOP (Transport
Opportunity), mpoTsiroM SKOT0O CTAHIlS MOX€e HaACHIATH OyIb-AKy KiNbKICTh KaJpiB, JOKHU IEH IPOMIXKOK
He 3aKkiH4uThCs. [Ipu npoMy TpuBadicTh mepenaBaHHs He MOBUHHA MEPEBUILYBATH MAKCUMAILHUNA PO3MIp
npoMixkky TXOP. SIkio kaap 3a TpUBAIICTIO MepeIaBaHHs HE BMIIIYEThCs B oauH BuauteHud TXOP, Toai
KaJp HeoOXiMHO po30MTH Ha MEHIII 3a po3MipoM Kajapu. Buxopucranns mnpomixkie TXOP 3meHnye
3aTpuMKH [3], moB’s3aHi 3 60pOTHOOKO 3a IOCTYII 10 CEPETIOBHILA TS TIepeIaBaHHs HACTYITHOTO KaJIpy.

VY tabn. 1 naBeneno Habip mapamerpiB MAC-niapiBus ast cxemu EDCA 3anexxHo Bif kareropii

nocrymy [1].

Tabnuysa 1
IHapamerpu MAC-nigpiBHs 111 KaTeropii goctymy
ACO AC1 AC2 AC3
(AC_BK) (AC_BE) (AC_VI) (AC_VO)
CWmin CWmin CWmin (CWmin+1)/2-1 | (CWmin+1)/4—-1
CWmax CWmax CWmax CWmin (CWmin+1)/2-1
AIFS 7 3 2 2
TXOP (mxc) 0 0 3008 1504

3Bakatoun Ha Te, mo cxemy goctynmy DCF mokHa BBaxkatum oxpemum Bunankom cxemu EDCA,
KOJIM yBeCh Tpadik Mepeki HAICKUTh J0 OJHOTO THUITY Kiacy Tpadika, TO B 3aralbHOMY BHIIAJIKY CTaHIIis
0e3npoBIAHOT Mepexi i Yac nepeaaBaHHs (HYHKI[IOHyBaTHME 3TiJHO 31 CIIPOIICHOI MOJCIUIIO CTaHIB,
300paskeHol0 Ha puc. 1.
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BofF >0,

Bignik Backoff ¢ KaHarn einbHUl Q [pocnyxoByBaHHs Bubip npomixky backoff
(BoF) KaHany 118 HOBOTO Kazapy
BoF >0
A
KaHan 3aliHamui
0?40* ® ACK yeniwmHo
o0 aw APUHAMO
o 3amopoXKeHHs
< Backoff
A
MepeBipka Ha OuikyBaHHSA
BHYTPILLHIO KOMi3iQ d,,BOF=0 . ) ACKHE ACK
. 7 ke 36inbLUEHHST MPOMIXKKY o8
iy g backoff np

BoF =0 CTS e
npudiwos
MMepenaya OuikyBaHHs CTS ycniwHo Mepenaya
RTS >

Puc. 1. Cnpowena mooenv cmanie be3npogionoi cmanyii na MAC-niopieni

OTxe, BaXJIMBUM 3aBJaHHAM € po3poOka edexruBHOro npotokosry MAC-minpiBHA, SKUHA 103BOJISIE
OTpPUMATH BHCOKY MPOITYCKHY 3[aTHICTh 1 HU3BKY 3aTPUMKY JUIS KiHIIEBOTO KOpHCTyBaya Ipu poOOTi B
0e3npoBigHINi Mepexi.

ApanTUBHUH MeTOI A0CTYIY A0 Gi3HYHOI0 cepeoOBHINA
Ta #Ooro BIUIMB Ha 4acoBi mokasunkun MAC-nmigpiBHs

Mu npuItycTHIIH, IO KOXKHA CTaHIis abo TOYKa JOCTYIy Oe3ApOTOBOI Mepeki Mae BHYTPIIIHIN
Oy(hep meBHOro po3Mipy ajis 300py mapameTpiB MepenaBaHHsA Kaapy. Y HamoMmy AOCTIKeHHI B Oydepi
30epiraeThcs cepe/iHeE 3HAUCHHS 3aTPUMKH Kaapy (CepenHiit yac JOCTaBKU Kajpy) BHU3HAUYCHE HA ICBHOMY
IHTepBaJli 4yacy — iHTepBajai HakomuueHHs. Ha OCHOBI aHai3y 3i0paHMX 3aTPUMOK KaJpiB cTaHIll abo
TOYKH JOCTYITy MOKHAQ OIIHUTH PiBEHb HABAHTAKEHHS B MEpEXi. 3alle)KHO BiJ PIBHS MEpPEKEBOTO
HABaHTA)KCHHS aJaNTUBHUA aNropuTM BHOHMpaec KulbKicTh Kateropiii moctymy AC, ski Oyaythb
3a0e3nevuyBaTHics B TOAAJBIIIH pOOOTI MEPEKEBHUX MPHUCTPOIB.

Jnst OUiHKK piBHS 3aBaHTKEHHS MeEpPEeXi MU IOPIBHIOEMO cepeqHe apupMETHYHE 3HAYCHHS
3aTPUMKH KaJIpiB 3 OTPUMAHUX MMOTOYHHMX JaHUX Ta CEPEIIHE 3HAYCHHS, SIKE BUKOPHCTOBYETHCS B SIKOCTI
0a3oBoro. 3MiHa CIHIBBiTHONICHHS X BEIHMYMH MOXKE CIYTYBATH iHJUKATOPOM JUIS TPHUHHSATTS PillICHb
Ipy aJanTHBHIA cXeMi yNpaBliHHS JOCTYNOM Yy Mepexi. HasBemo #oro iHgukatopoM 3MiHHU. SIKIoO
IHIUKATOp 3MiHU Oinbllie/MEHIEe, HDXX K€ IOPOroBE 3HAYEHHS, TO CTaHIls abo TOYKa JIOCTYITY
3MeHIIye/30ibInye KinbKicTh Kateropii goctymy AC 1 BCTaHOBIIOE OTPHMaHE MOTOYHE CEPETHE
apuMeTHYHE 3HAUCHHA B SIKOCTI HOBOT'O 0230BOT0 3HAYCHHSI.

Y it poOOTI MM OIIHWIM BIUTUB 3allPONIOHOBAHOTO AJANTUBHOTO TEPEMHKAHHS KiIBKOCTI
KaTeropii TOCTyIy Ha CEpeaHil 4ac TOCTaBKHU KaJpiB y MEpexi.

JlocimpKeHHsT TIPOBOMIKCH 3a OMOMOTOK po3pobieHoro Hamu cumyisitopa [29, 30], B skocri
00’exTa nocnipkeHHs Oyiaa BuOpaHa Oe3nmpoBigHa Mepeka, mo (yHKIioHyBana B pexxumi Infrastructure
Mode. V pexumi Infrastructure Mode yci craniiii Mepexi 06CIyroByrOThCS 3a JOMOMOTOK0 TOUKH JAOCTYILY,
sKa CIyI'ye TPOMDKHMM BY3JIOM Il Yac TepeJaBaHHS KaApiB MDK CTaHIsAMH. Y JOCIHIKEHHI
PO3TISAAATUCH TPU KJIACH MepexX, KOXKHa 3 SKUX BignmoBimHo obcmyroByBama 2, 10 ta 30 cranmii, mio,
CBOEIO YEProlo, BiANOBiIAa€ MaluM, CEPEIHIM Ta BEIUKUM PO3MipaM Mepexi. EKcriepuMeHTH mpOBOAMIH
Ul Pi3HMX 3HA4YCHb CTATUCTUYHUX IHTEPBAJIiB HAKONMMYEHHS CEPEAHIX 3HAYEHb 3aTPUMOK KaJpiB Ta
iHAMKaTOpiB 3MiHM. [HTEepBan HaKONMMYEHHs CepelHiX 3HaueHb 3aTPUMKHM KaapiB craHoBuB 5, 10 abo
15 cexyHn, a ingukarop 3mian — 1.3, 1.5 a6o 2.
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Po3srisiHeMo 3MiHYy CepeJHbOTO Yacy JO0CTABKHU Kaapy B MEPEXi AJIs JaHOTO eKCIepUMEHTY (pHc. 2).
Jast mepexi 3 2 cranuiit (puc. 2, a) ta npu 3aBantaxeHocti > 80-100 % cepenHst 3aTpuMKa Kaapy Iuist
CXeM 3 aJIalTUBHUM BUOOPOM UHCIIa Kareropiil goctymy craHoBuTh 20—35 Mc, mo B cepeaubomy Ha 20-23 %
HWKYe, HiX A crapaaptHoi cxemu EDCA 3 4 kareropismu goctymy. s BHCOKOi 3aBaHTa)KEHOCTI
(> 100 %) us pi3HULS A OSSIKAX CXEM 3 aJanTHBHUM BHOOPOM 4YHCIa KaTeropiil TOCTYyMy CTaHOBHThH
~ 35 Mc, TOOTO cepeAHiii Yac MOCTaBKHM OuLTbIIE HIK BIBIUI HIDKYMI 32 3HAYEHHS CEPEIHBOTO Yacy
moctaBku Juist craHaapTHoi cxemu EDCA 3 4 kareropissmu moctyny. HaifHmk4i 3Hau€HHS CepeIHBOTO
yacy JOCTaBKM B Jiama3oHi 3aBaHTaxeHocTedl > 70 % 3a0e3nedyroTbcs aAalNTHBHOIO CXEMOIO IpU
BHUKOPHUCTAaHHI CTATUCTUYHOTO iHTEPBaly HAKOIMMYCHHS B 5 CEKyH] Ta iHAWKaTopa 3MiHu 1.5.

N=2 N=10
100 : T 100 DCF 1 AC
—DCF 1AC B =—=——EDCA 2 AC

o ———EDCAZAC : 5 T EDCA 4 AC
Eﬁ ol EDCA 4 AC = 80 Addaptive EDCA S 3 :
= ——— Adaptive EDCA5/1.3 = T Adapliva EDCA DA 3 :
i — — — Adaplive EDCA 10113 i 2::&::: Eggi ;;”53
i s Adaptive EDCA 1513 i — — — dopiive EDGA 101 £ e
g B0y ——Adaptive EDCASN 5 S BOF| T imvernca tsns [ L
cf — —— Adaptive EDCA 1015 o — Adaptive EDCA, 5i2 .. R
13) s Adaptive EDCAC15/1.5 1) — — —Adeptive EDCA DR | Tt
@ S : @ I
§  gqf| —admtin EDCASD g a0l Adaptive EDCA 1512
= Adaptive EDCA 10/2 = | e T AT e e .
F Adaptive EDCA 1672 F
& &
8 8 :

0 — T T 0 T i

0 05 1 15 0 05 1 15
HopmoraHa BarkaHa saBaHTaMeHICTb HopmoraHa BarkaHa saBaHTaMeHICTb
a 9]

8

Puc. 2. Cepeouniii yac docmagku kaopy 0si Mepesci.
a — 3 0soma cmanyiamu;, 6 — 3 10-ma cmanyismu; 6 — 3 30-ma cmanyisimu

s Mepexi cepeaHporo posmipy (puc. 2, 6) npu 3aBanTakerocti > 50 % cepenniit yac mocTaBKU
KaJpy Ui aJanTUBHUX cxeM € HiokuuM Ha 40-42 %, nix mnsa cranmaptHoi cxemu EDCA. V nianasoni
3aBaHTaxeHOCTI 50-90 % HalHMXK4YI OKa3HUKU CEPEeIHLOrO Yacy JAOCTABKH OTPUMAHO JJIs aJalTHBHOI
CXEMH 31 CTATUCTUYHHMM IHTEPBAJIOM HakomuueHHs, 1m0 gopisHioe 10 Ta 15 ¢ 3 inaukaTopoMm 3minu 1.5 Ta
JUTsL iHTEpBaly B 5 cekyH[| 3 iHauKaropoM 3MiHH 1.3. V pa3i HacHueHOT 3aBaHTKEHOCTI OTPUMYEMO, IO
CepeHIH Yac TOCTaBKHU KaApy Julst OLIBIIOCTI aJanTUBHUX CXEM CTae TakuM, sk s cxemu EDCA 3 nBoma
KaTeropisiMu AOCTYIy. A IS aJalTHBHOI CXEMH 31 CTATUCTHYHUM IHTEPBAJIOM HAKOMUYCHHS 5 CEKYyH/ Ta
iHauKaTopoM 3Minu 1.5 cepenHiii yac goctaBku kaapy Ha 20 % HuK4uil, HXK CepeIHil Yyac JOCTaBKU IS
cxemn EDCA 3 nBoma KateropisiMu JOCTYILY.

VY BHUMaJAKy BEJIMKOI Mepexi (pucC. 2, 6) OTPUMYEMO CXOXKHUI pe3yNbTaT — CepelHiil Yyac J0CTaBKU
JUISL afanTHBHUX cxeM Hikauil Ha ~ 30 %, Hixk g crangaptHoi cxemu EDCA 3 4 kareropisiMu ocTyiry.
Hatikpaini pe3yiapTaTd OTPUMYEMO IS aJalTUBHOI CXeMH 31 cTaThucTU4HUM iHTepBajiom 10 ta 15 ¢ i
inaukaropamu 3minu 1.3 ta 1.5. Skmo 3aBaHTaXEeHICTh MEPEXKi CTA€ HACHYCHOIO, TO CEpeIHId dYac
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JIOCTAaBKH KaJpy JUIS aJaliTHBHUX CXEM € HIDKYHHA y cepeanpoMy Ha 25 %, Hik mia cxemu EDCA 3 4
KareropisiMu gocTymy. To0To, cxema IOCTyIy 3 alaiTHBHIM BHOOPOM YHCIIa KaTeropii JOCTYITy € TOBOJI
e()eKTUBHOIO JJI1 BUCOKUX 3HaYeHb 3aBAHTAXKEHOCTI MEPEXKi 1 IIPH IbOMY JTO3BOJISIE 30€pErTH MPiOPUTETHE
00CIIyrOByBaHHS Pi3HUX THIIB Tpagiky.

BucHOBKY i mepcneKTHBH NMOAAJIBIINX HAYKOBUX PO3BiIOK

1. Po3po0neHo aganTUBHUNA JITOPUTM JUIS PETYIIOBaHHS KUIBKICTIO KaTErOpid JOCTYIy B CXeMi
EDCA, sxuit y Benmukux Mepexax (y mifi poboti mocmimkyBaracek Mepexa 3 30 CTaHIIii) MpH BHCOKUX
3HAYEeHHAX Oa)kaHOi 3aBaHTaKeHOCTI Mepeki (> 60 %) m03BOJIsSE 3HU3UTH CEPEIHIO 3aTPUMKY Kaipy 110
30-40 %. Takoxx Oygo IOKa3aHO, IO 3HIDKGHHS CEPEIHBOI 3aTPUMKH Kajpy JJO3BOJISIE Kpalle
3a0e3rneuyBaTH KiCTh 00CIYTOBYBaHHS MPIOPUTETHOTO Tpadiky B yMOBaX 3aBAHTAKEHOI MEPEXKI.

2. JlocmimkeHo, mo Haie(eKTHBHIIIA POOOTA 3aIIPONIOHOBAHOI CXEMHU 3 aJIAaIITUBHOIO 3MIHOIO YKCTa
KaTeropii JocTymy 3a0e3MeuyyeTbesi MPH  BHKOPHUCTaHHI KOPOTKOTO CTATUCTHYHOTO —IHTEpBAITY
uaxoruuenns (5-10 ¢) ta inaukaropa 3minu B miamazoni 1.3-1.5.

3. Po3poOnienuil ananTUBHUIA alTOPUTM JO3BOJISE IMiBUINUTH 3arajbHy TPOIYCKHY 3AaTHICTH i
NPOYKTHBHICTH OE3MPOBIIHOI MEPEXKi 3 BACOKOTPIOPUTETHUM TpadikoM.

4. Bu3HaveHHS 3aJeKHOCTI MK IapamMeTpaMy aJanTHBHOTO AITOPHTMY Ta IMPOAYKTHBHICTIO
mMoaudikoBanoi cxemr EDCA MoxyTh OyTH BHBUYEHI B MaiilOyTHIX poOoTax.
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