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Analysis of algorithms that regulate the congestion in IP-based network

With the increasing number of users of Internet, increase traffic, stricter requirements for the
quality of services provided by one of the frequently occurring problem in modern
telecommunication networks is congestion. AQM algorithm is a solution to the problem of
congestion control in the Internet. There are various existing algorithms that have evolved over the
past few years to solve the problem of congestion in IP networks. Classification of the algorithms
based on various congestion metrics proposed in this paper. This helps in identifying the algorithms
that regulate the congestion more effectively.

VY 3B’43Ky 31 3pOCTaHHSIM YHUCJIa KOPUCTYBAdiB MOCIYT 3B’S3KYy, 301JIbILICHHAM
o0csriB Tpadiky, )KOPCTKICTIO BUMOT JI0 SKOCTI MOCIYT, IO HAJAIOThCS OJHUM 3
YacTO BUHHUKAIOUUX SBHUII B CYYaCHUX TEJICKOMYHIKAIMHUX Mepexkax €
nepeBaHTaxeHHs (congestion). Ilpu 1npbOoMy miJ MepeBaHTAKEHHSAM pPO3yMIETHCA
NEPEBUILEHHS BUMOT CIOXKHBAdiB 3a IMIBUAKICTIO HaJ MPOIMYCKHOIO 3AaTHICTIO
KaHaiy.

B ymoBax mnepeBaHTa)X€HHS BUHUKA€ CHUTYyallis, KOJM MAaKET, 110 HaAIMIIOB,
NOBMHEH OYyTH TOCTaBIIEHUA B 4Yepry, fKa BXKE JOCATNIa CBOIO MaKCHMAaJIbHOIO
po3mipy. B pe3ynbTaTi JedKl MmakeTu MOBUHHI OyTH BIAKUHYTI. Y I[bOMY TOJISITA€E
TpajaMiliiiHa noJiiTuka oOpoOku makeTiB. [logiOHa «IUCKpUMIHALIS) MAKETIB TPUBAE
710 TUX TP, TOKU JIOBXKWHA YEPTU HE 3MEHIIMUTHCS 3a PAXyHOK Mepeaayl MaKkeTiB, 10
BK€ MepeOyBatOTh B Hii. AJITOPUTM YNPABIIIHHS YE€Proro, BIATOBIAHO 0 SIKOTO OY/ib-
fgKa cnpo0a MOCTAaHOBKM IaKeTa B IMOBHY 4YEpPry HEMHHYYE 3aBEPIIUTHCA HOro
BIJIKUJIAHHSIM, OTPUMAaB Ha3By alropuTMy «BiakuaaHHs xsoctay (Tail Drop) [1, 2].

B minomy HemomikaMu MOMTHKHA «BIIKUIAHHS XBOCTAY €:

1. Tlpu Bukopuctanui Tail Drop Tpadik He MNOAUIIETHCS 3a KiacaMu
oOciyroByBaHHsA. OTXKe, MOTOKU 3 PI3HUMH BUMOTaMH 0OPOOJISIFOTHCS OTHAKOBO.

2. Konn uepra 3amoOBHIOETHCS 0 JIESKOTO 33JaHOI0 MAaKCHUMAaJIbHOTO PO3MipYy,
BCl TaKeTH, IO 3HOBY HAAXOIATh, BIIKHIAIOTHCS, MOKH 4Yepra HE MaTHME MICIIE,
JIOCTATHE TSl HAIXOKEHHS BXITHOTO Tpadiky.

3. Uepes Te, 110 aJITOPUTM CUTHANI3Y€E TUIBKHU MPO TeE, 110 Yepra NepernoBHEHA,
Yepru MOXKYTh BUSIBUTUCS 3allOBHEHUMH MPOTSTOM JIOCUTh TPUBAIOTO yacy. Yepes
BEJIUKUN PO3MIP Yepr 301IbIIYEThCS Yac JIOCTaBKU MEPEKHOTO IMaKeTy BiJ OJHIET
po60UOi CTaHIIi1 A0 1HIIION.

B pamkax 1HCTpYMEHTIB yIpaBiIiHHS MEPEXHUMU pECypcaMH Ha JAaHUW MOMEHT
icHye Oarato 3aco0iB OOpOTHOM 3 MEPEBAHTAKECHHSIMH, IO PEai3yIOThCA SK Ha
KIHIIEBUX MPUCTPOAX (HAMPHUKIIAJ, XOCTH, ikl BcTaHOBWIM TCP-3’€1HanHs), Tak 1 Ha
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OpOMDKHUX (Hampukiana, Mapupytuszaropu). Kpim Toro, mi 1HCTpyMEeHTH 3a
criocoOOM peakiiii Ha MEPEeBAHTAKECHHS MIJAPO3IUIAIOTECS Ha 3ac00M KOHTPOJIIO
(congestion control) 1 3anobiranns (congestion avoidance) nepeBaHTaxeHs [2, 5]. Y
3arajlbHOMY BHUMAJKY Il IHCTPYMEHTH PO3PI3HSIIOTHCS 32 YaCOM pEakiiii Ha BUSBIICHI
nepeBaHTaXEHHs. [HCTpyMEHTH NEepIIoro Kiacy pearyroTh Ha MepeBaHTAXKEHHS JIUIIIE
micis (GakTHYHOTO TIEPENOBHEHHSI PECYpCIB 1, SK HACHIAOK, BTpaTu Tpadiky ado
ICTOTHOTO 30UIbIIEHHS 3aTPUMKHU. [HCTpyMEHTH Jpyroro Kiacy Jg03BOJSIOTH
3aBYaCHO OOpPOTHCS 3 O3HAKAMHU MEPEBAHTAKEHHS 1 HE JOMYCTUTH ICTOTHUX BTpAT 1
3aTpUMOK TpadiKy, i, BPEIITi-pemT, 30eperta epeKTUBHICTD 1 CTIMKICTh MEpPEXKi.

3aco0u KOHTPOJTIO TIEpeBaHTAXKEHh BUKOPUCTOBYIOTh peakTUBHUH (reactive) abo
NacUBHUM (passive) MiAXij 10 BUPIMICHHS 3aBIaHHs OOPOTHOU 3 MepeBaHTAKEHHSIMHU.
binem edexTuBHUME € 3acO0M 3amoOIraHHs MEPEeBaHTAXKEHB, 1[0 BUKOPUCTOBYIOTh
npoakTUBHUK (proactive) abo akTuBHHMM (active) miaxim 10 3amoOiraHHA
NepeBaHTAXKEHb.

ANropuTMH aKTHBHOTO ympaBiiHHsS yeproto (Active Queue Management,
AQM) HaMararThCs OIIHUTH 3aTOPH y BY3JIl 1 CUTHAJ, BIAKUIAI0YH MTAKETH JI0 TOTO,
ak Oydep Oyne 3amoBHeHuil. UyTiamBa 0 NMEpeBaHTAKEHb CTpATEris YIPaBIiHHS
MEepPEeBAaHTAXKEHHSIM TIOTIM 3MEHIIYEe CBOIO MIBUAKICTH mepenadi. Lle momomarae
YHUKHYTH MOJAJbIIMX 3aTOPIB 1 3MEHIIMTH MIBUIKICTH BTPAaTH MAKETIB, a TaKOX
30eperTu cepeHiil HU3bKUM pO3Mip YeprHu.

Takum uymHOM, momiThka AQM ckiIagaeTbCs 3 JBOX KOMIIOHEHTIB, OJHH
KOMITOHEHT OLIHIOE 3aTOpW, a I1HIIMKA KOMIIOHEHT MpHUIIMAae pIICHHS BIIKUIAHHS
nakery. [IpofgyKTUBHICTh, TAKUM YMHOM, 3QJICKHUTh Bl TOTO, HACKUIbKH arpecHBHa
a00 KOHCEpBAaTHBHA OIlIHKA 3aTOPiB, @ TAKOX BiJl TOTO, HACKUILKM arpeCMBHO MaKETH
BIJIKU/IAIOTHCSA HA OCHOBI M€l omiHku. Knacudikaimis AQM-anroputMiB HaBejeHa Ha
puc.l, MOpiBHSAHHS AJITOPUTMIB 32 OCHOBHUMH XapaKTEPUCTHUKAMH HABEIEHO y Ta0. 1.
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Puc. 1. Knacudikamis AQM-anroputmis.



Tabmuus 1. IlopiBasHHSA cxeM AQM Ha OCHOBI METPHK NMPOYKTUBHOCTI.

Link ueue . Complexity,
AQM Utilisation Throughput | Loss Rate sgtbility Fairness comp%tatign
RED High Low High Moderate Low High
ARED, LRED High Moderate Moderate High Low High
REM High Very Low Low Very Low Low High
YELLOW Very High Low Very Low High Low High
AVQ Very High High Low Moderate Low High
BLUE High Very High | Moderate Low Low Moderate
FRED High High Low Moderate High Very High
CHOHe Moderate Moderate Moderate | Moderate | Moderate Moderate
StoRED High High Low Moderate | Very High High
SFB High Moderate Moderate | Moderate | Moderate High
FABA Very High | Very High Low High Very High | Very High
GREEN Very Low Moderate High High Low Very High

TakuM 4MHOM, OCHOBHUMHU HUISIMU AQM-aJIrOPUTMIB €:

1. 3MeHIIIEHHs KUJIBKOCTI BTpaT MaKeTiB BHACIIJIOK MEpPenoBHEHHS OydepHOro
MIPOCTOPY MAPIIPYTHU3ATOPIB, MO JOCATAETHCSA 32 PAXYHOK MIATPUMKHA BEITUIHHH
CEepEeIHbOTO 3HAYCHHS YEPrd JOCUTh MAajol, OTXKEe, 3AIHIIAYMA MiCIe I
TUMYACOBHUX CILIECKIB.

2. 3a0e3ne4eHHs IHTEPaKTUBHUX CEPBICIB, KPUTHUYHUX 1O 3aTPUMKH, OCKIIBKU
TapaHTisl HEBEIWKOiI BEIMYWHUA CEPEAHBOTO 3HAYCHHS 4Yep3i CHPHSIE MaJAM
3aTpUMKaM 3 KiHIIS B KiHEIIb.

3. 3anobiraHHs BUMAAKIB OJIOKYBaHHS MOTOKIB 3 HU3bKOIO IMIBUAKICTIO Mepeadl
1 MyJbCYIOYMX TMOTOKIB 1 rapaHTis CIPaBeJIMBOTO OOCIYrOBYBaHHS PI3HUX THIIIB

Tpadiky.
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