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Network congestion control algorithm based on
parameter-insensitive design
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(1. Department of Automation, Guangdong University of Technology, Guangzhou Guangdong 510006, China;
2. School of Electrical and Information Engineering, Hunan University, Changsha Hunan 410006, China)

Abstract: A novel active queue management(AQM) scheme called IRED(interval random early detection) is proposed
to avoid the network congestion. Being different from the RED (random early detection) algorithm, the IRED uses the
interval parameter mechanism to reduce the control sensitivity to the network variation, which improves the adaptive and
robust performance of the network system. With the interval design, IRED achieves a better performance in the busty
network environment. Furthermore, the closed-loop stability of the congestion control system is studied based on the trans-
mission control protocol-active queue management(TCP-AQM) dynamic fluid model. By analyzing the stability margin of
the congestion control system, we propose a systematic design method to design the interval parameter according to the
expected stability performance. Finally, the simulation experiment is studied to verify the superior performance of IRED

in a varying network environment.
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1 5|E (Introduction)

RFC2309 #E47 Floyd 45 A4 1 B BEHL 5 3514 Il
(random early detection, RED){F i AQM ) M — fix 1%
S8, FEAS B % i 4% 77 B, 18 W Cisco, Junpierss A /)
()32 S Rl REDIE AR I i b 25 % oty 11
LI BN Gy KRR DA FE, — Hgave > ming, (57N 5
H) At A — 7 Wk 2 b i B2 5k SC I3 R U s 4 2
IR, 5 R Z S A, REDSL VSN T2 B pL il
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KR 1) SEBURYE, REDME LR 138 N AT 2R
B8, SEIIM NS 4 AR RS ORI K
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BB 55, TCIESRAE R S SEA A PR LR BE.

M4, HZEAQMAIREDII B 78 + 73 F &, &1 X
REDJHFE, 2t tHBL T 1R 2 oiodk 597, WRED i
AN A R 25 55 0 1 52 AN TR 1) 3 R 25 TR Do K
LA [H] 1 Bl 45 5 B AdaptiveRED(ARED) ##
AQMIP) T-AE X 1] FH B fiiming, Flmaxq, ¥l 43 436
0L Gave < ming, by B X ), HE X ] E
M Pmax /B IEPmax; Ming, < Gavg < maxe, A 1EH
DX )P NEIE IES Gave > maxy, B HEEX ], HEA
DX prax X B IEpmax (o > 1, 8 > 1). FREDX
I “BEWG BRI K 7 (per-active-flow accounting) ]
J7 FORAE HL A S, 5 948 I KB A AR IE Y
T WEgg AN s, H A 2 ROSCHE R P X HE
A TR A LA ZE 3 %0, BT LAFRED ] LIGES £1) 28 23 ic
W, AR E S AR P (H X SRR A i R o
[Pl = RGBT 40 ML B 45 R (1) 5 |
R T BB B VL B = 2R ZE P A ) i 16~10) ) b
WV Misra5 A\ 71200047 55 T 9 A4 310 32 HH (1) 99 4%
LR, 2200 T TCPH K 7 PR L 43 3R I ZE(RTT) 2
SRR RHIRAT, W MR T TCPAE AR AT M, A
W T AR AR XA [ 3t b, BT 56
TREDSVE I FE M7 . PUPID 2% | Wil
PR AQMBT BA 5 ),

% J& FIREDX 2 55 1 U8k, — 41 Ts S 500
TRAEZR AR W9 2 PR 05E p A R IR s I . 92
HOAN S — A 5 R T A AE — 22 16 DX ) P (R ) 3,
RED 135 WY 1 R % 149 2038 . DL JEARCh JEh, A3
$EH T — Bl Fr B REDA 7i—Interval RED(IRED).
IREDIZ A0 T, P34 A 1 1] BR A —d5e /) B (B
i K BB [ 7 AN AR 1R B, AR T — AN X
[B). AH X T REDW) HAE [ 2 {8 1) 1371, IREDZE )i
TREDZ ¥t T 2 LURC & (1 B b, v
5, AN CAETCPENAS LAY, RS or B T #5361
RGAR e T AR E My, P T AR I ke e
PRI R 48 AR ) (1) 5 k.

2 a3 H (Problem formulation)
2.1 RED#iR(Overview of RED)

REDI i 45 £ B 8 A 2 (BEWMA) S 2
e H1 28 G2 A7 P 2 BN (Gavg)s FR I G 193 21 W0 I 25
FMEEpy, WD) 1 Hip, 3 2 A E T p,, K
K(2):

Db =
0, Gavg < Mingy,
Pmax (avg — MaX¢y)
maxy, — Ming,

, Mg, < Gavg < mMaXgh,

1) Gavg > maXgn,

(D

_ Pv
1 — count x py,

o count 3 7 ¥ B2 i Ty A% i ) o 4145k, p.bE
count (1) 44 iy 2142 54, /U T E 7o A
3R,

ming, Flmax, 1) 5 & XTREDE GE 1K 5% Wi 25 & 4%
BN E o T REDIS S 58 S5, 5 M 4 il
PG PE S PR HEAh, ming, F1 SR 58 KNV 55 4
2%, ming, B, FVRNE S 58K M P BE; maxg, Al
5 KN ZE AH G, maxq, 8K, HEBAZE B EOK. 5 A
[F] (1) I 8% BA 155 L AH DL IE PR ming, Flmax, & A —
], RED ' ming, Flmaxy, ) HL— 5 8 KOG T 3L
PERE.
2.2 MEFHE RS E K (Network dynamic system

modeling)

20004, V Misra® A #¢ i T TCP/AQMIP) M 4% 2)
AR Z AR G R (@) HlE  E 4 O R
FHRTCPHAT K. IB)X TCPHZENL I A, ik
T TCPIYAIMD S 2U(4)] o 1) 15 f AR, ik T
% FHAS A7 2 W (1) A1k

Pa )

W(t) =

L WEW( = REp( - RE)
R(?) 2R(t — R(?)) ’
it = -c. @

Horp: WATCPHI & DCRAL: f); ¢ WA
(f1); RAFEIR I H(s); CAHE 6 75 J(f/s); N A7
N1, BITCPIERAL, ph 5%

1E RS ARE TAE 5 (W, o, po ) IE HEAT JR3 30
£ P4k, 15 B TCP-AQM S i 42 il R 45 I HE %1, 1
KR,

0
’—' GAQM(S) — Gdelay(s) ] GTCP(S) 1 unelle(s) “P—’

Bl 1 TCP/AQM S 547 il ZR G U AE P
Fig. 1 TCP/AQM model of feedback control system
block diagram

Bl Gagu(s)2AQMES il #5 1) 1% i pa 2L
G aelay (8) & TE IR IR AT [ AL 18 1R Giop(s) ETCPIY
BN H AL PR KL G uene ()72 BN IS A% 2
PR

Gdelay(s) = eisROGtup(S) =
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2 R,
%uneue(s) = i (5)
*t Rec ‘TR,

ARG A CE B 55 4 (E )RR )
FEAR N R AL 15 R B G prane () RAL:
Gplant(s) - Gtcp(S)uncuc(S)Gdclay -
(Roc)ge—sRo

@ny (©)
S S
I+ 57)0+ 1)
R2C R,

M TCP/AQM Z 45 [¥) T Fi A% 2 BR 20K
G(s) = Gaqu(s)Gplan(s) =
(ROC)?) —sRo
(2N)? ©

Gaqu(s) X : (7)
(14 )1+ )
R2C Ro

3 IREDZ7 7L (IRED algorithm)

2 18 B WX 28 IR B (1) AN e P, 5 LA E N
fHming, Mlmaxg, /& A € 1), REDIE 5 10 8 T
SE IR, X T REDIPERE. Qi 5> )
45 T ming, Flmaxe, —MEX ] (mingey,, mingg, )
M (maxoy, maxpign ), YK BEGERED I & #He ik, 15
F|—/RED i 5 Interval RED(IRED), 411 5]2.

RED IRED
Point( = H1) Interval([X )
min,  © o
min]ow mlnhigh
max, @) I:‘\>
max]ow max]“.gh

2 IREDMIB{E BT
Fig.2 IRED threshold design

JU2% 18 B AE X [A] ) B R 32 Aming gy, mingg, A1
IMAX] 0y, MaXpigh. MIRED BT BT

B WG, RS R DX A il S
Moy, NNy FMAaXgy , MaXpign. (L4 H T U FHE
WEINRR L.

W 2 15 IRED ) X . X & /b B E
(Mg, , Minyin) FR K B {H (MaX oy, MaXyigh) AT
WA, 1324 BEL A, 5300 44 i S REDE
s, k. Hrbp AR I A%,

A1 4MEMEIREDIE H) 25 6416 i & &% o B4
Table 1 Temporary packet loss rate and thresholds for
four virtual RED controller

RED# %  py, 15 {1
REDy; pu (minggy, maxygy)
RED Pl (minggy, maxpigy, )
REDy pp (mingigh, maxigy)
REDyy, ppn (mingign, maxpigh)
HB 3 ARIREDIIG I A Hpyeq. R

i, 44 HE UL (FIRED4% i %, REDy), REDyy,, REDp
REDy,, (I 2548 275 5 A py, i PR A PR A5 3K
FFIRED) i 1N 25 A 2 pivea BT Ay, pin, PRIATPHR-
(P M Can 2.2), 15 20 1 397 7 I IRED A I i 2%
AR A B A ¢ R K. 1 B AT W, SRED
3N TAEX AE, IRED A5 TAEX: 58X
(absolute absorption interval , AAI). /)N 8 {f [X (the
ming, interval, MINI). £k ¥4 Z= % [X (linear drop inter-
val, LDI). #% K [ {8 [X (the maxy,;, interval, MAXI)HI
H4%ZE S X (direct drop interval, DDI) 43 i) % B F-528
AN [R] B 2 R 5, B4 P 3 BA K AR AN ] 1
I, IRED £ #H N b TAE /R AR I TAE X, Horp

. pmax(q;wg - mlnz)
min,, ma =
Fay (min;, max, ) (max, — min,)

&2 IRED# AKX
Table 2 IRED working area

IRED 4 X [#] I b 25 £, %
B I Pl Plh Phl Phh Dired
AAI Gavg < Minjgy, 0 0 0 0 0
MINI minjgy < qavg < Minpigh,  f1  filn — — %
LDl mingg, < qavg < MaXiw  —  — Sy S A hh
MAXI  maxjoy < qavg < MaXpigh 1 — 1 — W
DDI — 1 — 1 1

maxhigh ~ o0
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B3P 1603 10230 501 24 (minow, 0), (mingign,
Pmingy, )7 (maxlowu plinear)7 (H’laX]ow, Pmaxqy, —low)’
(MaXnigh; Pmasyy —high) T (aXnigh, 1), HAT

Pming, =
Pmax minhigh — MiNjoy

4 “maxigyw — MiNjgy )
Pmax , Millpigh — MiNjgy,

4 “maxpigh — Miljey

®)

Plinear =

Pmax (2 + MaX]ow — Miljoy
4 MaXpigh — MiNjoy

Pmax , MaX]ow — 1’ninhigh

. )
4 “maxXpigh — MiNpigp

(€)

pmaxthlow =
1 Pmax , MaX]ow — MiNjey
-+ ( —) +
2 4 “maxpigh — Minjey
Pmax , MaXjow — Ininhigh
B 9
4 maxXpigh — MiNpign

1+
pmaxthhigh - %- (11)

10)

p
1

Pminth*high |

P minth-Tow [~

P linear [~

p minth

AAI | MINI | LDI |MAXI| DDI
K3 IREDJIfI Z R RN A K SC R K
Fig. 3 Relationship of temporary packet loss rate and
the average queue length for IRED

TRED¥ ) 58 [ i 66 %0 4
Lire

Girea(s) = 2L (12)
1+ =

k

Liveqa =
Pming,

. . 9
mlnhigh — 1IN gy

qavg S MINI7

p
Lminth =

Plinear — Pminyy,
Llinear = . t s Gavg S LDI,
maXjow — mlnhigh

pmaxthhigh pmaxthlow

 Gavg € MAXI
(13)

Lax,, =
th maxhigh —InaXjgw

1 1— N
f@k:o&ﬂswﬁﬁﬁxﬁﬁz.

\

4 IREDH 12 %€ £ A1 & #& 1 73 #r(Stability

and robustness analysis of IRED)
4.1 IRED[ %2 & Tk & H(Stability theorem of

IRED)

76N ad e B, @k STIRED Y A8 e M EAT 7
AT AT 40, IRED 22 Gt fe e 14 7T bl I >4 (1 o 39 2
SKARIE.

EHE 1 (ETCP/AQM X 13t il R G 1M Bh A 45
B, 4 EF Livea i A2 (30)N, T4 R IXIRED S S,
AN > N7, R, < RYIETHI RS,

Linear CR+ 3
1(2]\(,)2) <1+ (%)2. (14)

Ferp g iR W, h

/|

. 2N~ 1
u)g :nmln{m,?}. (15)
ik .
4.2 IRED] & # 7% 4 HT(Robustness analysis of
IRED)

Z I8 B RS RR M B T DAFR AR L B i, A
SCXTCP/IRED & 4t 1) 6 #1431 37 42 16 HoAR
SE ML oA b

EH 2 TCPAREDR L, RE NI E# 4
S A7) (A4 T 3 A . B

A 7ETAEX MINI L, &G AR e 4
Voming, A1 WA FE E 3 FE K min,, SZIREDH i 45 £E 1%
A DX B4 2 85 Liin,,, RS2 10):

Yming, >
Luin,, (RTC)3
180° — arctan \/((2“1]\(7_)2))2 —1-
180,
n(—)°, (16)
T
T
Kuning, > 2?1@3 Can
Lmin R

A £ TAEIXLDLL, % 480 A1 M A2 € M 5
’71inear$u f[]E {E E%\ % %'/ﬁ\ EKhnear %IRED*/E %[J %% E )[/‘Z
AR A3 T8 2 Linear 152 0:

Vinear =
Ly +0)3
180° — arctan \/(W)Q -1-
180 .,
n(—)° (18)
T
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ERIE
T
Kiinear = 2R 3 . (19)
Llinear(RJrC)
K[ (Phneart™ 2 ya g
\/ Tevpe )

A {ETAEXMAXILE, 2980 AH 1 A8E #
Yenasce A IR E H L Lina,,, X IREDH i 25 75 1%
TAEX AP 28 L, 152

’Ymaxth 2
Liax, (RTC)3
180° — TRk AT T N2 1 —
80° — arctan \/( 2N )
180 .,
(=) (20)
T
Komas, > 2RY . L@
Linax, (RTC)°
K \/ v !
uE  HE.

5 IREDM & g4k ¥ it (Systematic design of
IRED)
IRED 1) 5 48 B vl 7 5 7 2 fF 215 30 2 B IX
] (1 e vt HREDTEZ 80 vl F AR 2856 (1 U7 72
ANJH], YEIRED I BIE B0 5 IN T R G Fa e # 5
YE N 3. ARHIREDAN R TAE X F R (A A 4
J&, IRED ¥ IR X 18] (1 7147 G 25 3%

Kminth E/‘J }é f‘EIJ i ﬁéLminth 5 Lminth —W%Xﬁ}:\z ﬂ: /E‘H %
FRIAH F A8 M Yming, FIFE I 25 Linin,, -

A 2 MY IRED 7ELDILAE X I 3] 2 11
il%{/%’E?‘%\Efylinearﬂ] Klinear’ EH it(25)(26)?—5f EU *H E\z E@
Llinear:

Llinearf'y =

180

(QN_)Q(taHQ(BOO*%near*ﬁ(7)o)+1)

(R+C’)3 ’

(25)
PO . 0 Gy
linear— K = <R+C)3 2k Rt Klinear

2 +1,
(26)

Llinear = min{Llinear—Ka Llinear—’y}' (27)

Liinear— ¢ AR VT 12 1R A A8 2 48 B Kinear
(342 T 389 2 Liinears Liinear—r /2 X5 N F- 382 R AH £
e 5 P Mimear I I3 25 Liinear -

H B3 R YEIREDEMAXIT 1 X I 115 (1)
FE T8 3 Viinear M Kiinear, H1TU(28)(29)753 2 HH MY 1)

Lmaxth :

Linaxy, — =

180
(2N (tan(180° ~ ima, ~1(~—)°) + 1)

(RTC)3 ’

) (28)
SB 1 RAEIREDEMINI LAEX s F N )2 =
NIV N 4 s — 2
JE fir E’yminth ‘*DKmiﬂth ’ EE :EE(ZZ)(23)FEJF @J )FH P E,:J LmaXth K <R+C)3 \/( 2]€R+KmaXch ) " 1’
Lying,: (29)
Lminth -y = Lmaxth -K = min{Lmaxth -K, Lmaxth —'y}-
180
(2N7)* (tan® (180° = Yming, =1(——)") +1) (30)
-+ 3 ? N \ — S AWAS
(RTC) ) Linaxy, — k2 07 N T W 85 08 {5 48 & #
ON-)? - % Ky, 1452 038 25 Linax,,; Lmax, —y 7z AN T
Lminth -K = (R+C)3 \/( 2kR+K . )2+17 /HH%E@*HﬁjE%%?@EVmaXm E‘J}ﬁ":’:ﬁéuiﬁaaf)él/maxth
Yo B 4 4 L{EX WIMINI, LDIFIMAXI% $
) B 18 K B, loprflhyax. 3R 4 029)7%
Lmin4Dh = mln{Lminth -K; Lminth f'y}~ (24) @J Bﬁ}ﬁz%ui 24 S S
NI H ﬂﬁLminth ) Llinearﬂ]Lmaxthﬁﬁ/@ Hﬂ :TZE(ZZ)
Liming, —r¢ A= 5T N T 3938 (0 e (R 4 8 (25) A1 @28) S 1.
I _ Pmax 1
i 4 “hviN+lipr v + lopr 4+ hvax
max , 1 1 1 1 l
Liinear = 225 ( - M @31)
2 “lppr o 2 hwiN +lepr +hvuax ban +Ivax o (vax + (oo lLpr
I _ Pmax 1 Iviv + Lot lrpr )
T 20 ax 2 ImiN + lLptr + lmax  lLpr + Imax
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6 15 5% (Simulation research)

o EAT — R AR K L SIIRED S RED,
GENTLE RED — ¥ [u] ¥ 1% & % 5, A& #f 5%
i FH2.31 Wi NS=2 V- & AT 5, #E RSN
UBUNTU7.04. SE5K: 1% FHnANFTPME 55 5 Flm A
HTTPMb. 55 Y5 A AR UL S5 [ I3 FH v 75 90 28 471 80155

JIT A b 25U 5 2% HH 2%y < 1) 5 % 75 58 4 1 Mbps,
FE T 43160 msF240 ms2 [8] [¥) B ATLAEL; I 200 B 1%
A7 % B Fllrg 2 8], 5 4% 75 5 15 Mbps, &
40 ms; BRI B #r1 Sro2 M FIEEH LA, 4
BEFESAd H DropTail; B i #%r EIIZEAF K/ANICE
8004 FL (43 4L 4 K /N J500 bytes), 54Nk 5%
PR 53 AR/ E 500 bytes.

A3 IF % & F LT IRED, REDA2GENTLE-RED# 14 f£ 45 47
Table 3 Performance indicators in the different load conditions of IRED, RED and GENTLE-RED

Uik Ao Pk REFE bR IRED RED GENTLE_RED

20 ETP 60 HTTP I EPIE S 136956 13.6841 13.6949
SHMEFEFR  0.001417  0.001452 0.001407

30 FTP 90 HTTP HESFE 13.9217 13,9034 13.9112
SHMEFFE  0.003667  0.003691 0.003695

40 FTP 120 HTTP AIEECPEE 13.9038  13.8777 13.8969
S EFFE 0.004791  0.004815 0.004859

50 FTP 150 HTTP LRSI 13.9413  13.9386 13.9292
SAEFZE  0.005959  0.006000 0.006156

60 FTP 180 HTTP FEESFAE 13.9867  13.9854 13.9854
S EFRZE 0.007435  0.007454 0.007454

70 ETP 210 HTTP A RCPEE 14.0185  14.0201 14.031
SHPIEFZE  0.008790  0.008908 0.008985

80 FTP 240 HTTP LRI 14.0535 14.053 14.046
SHMEFEZE 0.010390  0.010350 0.010265

90 ETP 270 HTTP FEEIIE 14.0751 14.0751 14.0766
SHBEFE 0011821  0.011796 0.011682

100 FTP 300 HTTP A FHIfE 14.081 14.081 14.081
SHMEFER 0.013378  0.013335 0.013335

110 FTP 330 HTTP AP 141035 14.1035 14.0949
SHMEFEER 0.015094  0.015013 0.014990

120 FTP 360 HTTP L FHI(E 141106 14.1106 14.1106
S EFEER  0.016697  0.016704 0.016704

130 FTP 390 HTTP L PHfE 141258 14.1259 14.1259
SHMEFEFR 0.018479  0.018511 0.018511

140 FTP 420 HTTP P HEECPIIfE 141333 14.1333 14.1333
DHBEFE  0.019975  0.020044 0.020044

150 FTP 450 HTTP A PI(E 141462 14.1463 14.1463
SHMEFEFR  0.021692  0.021748 0.021748

160 FTP 480 HTTP ~ VHESPIIME 141541 14.154 14.154
DM EFEFR  0.023928  0.023713 0.023713

170 FTP 510 HTTP O HEECFIIE 141694 14.1694 14.1694
S EFFE  0.025405  0.025409 0.025409

180 FTP 540 HTTP O WHECPHIE 14167 14.167 14.167
SHEMEFRZE 0.026786  0.027020 0.027020

VTR T FETASE 14.0463  14.0429 14.0443
SHMEFRZE  0.0138649 0.0138802 0.013881




11

KVESE: I T B HOABUR BT 9 290 28 P I 50 1245

AT 1t WIRED R 2 50 B 87 8 1) IRk
BAG, T T U — RANBL . E W E
LFAMRE IS S, AEA B FESEIN S DL
T, SR g R, DA R W AR SRV A i e S 4
TCE R0 T R AR 47 335 PR AU L

A IREDIZHKE N

min=150, min = 155,

low high

max = 700, max = 705,
ow high

Pmax = 0.1.

A REDIISHK'E N

min = 150, max = 700,
th th

Pmax = 0-1, U)q = 0.00000133.

A GENTLE RED[Z% & N

min = 150, max = 700,
th th

Pmax = 01, Wq = 0.00000133.

B 4G, W E20FTPIL 45 U5 160 NHTTP. 45
POy RN BE K500 bytes), AT L5455 MO sTT
46 TAE, B2 S50 25 o0 1k, 17 ) S 56 I A) 1
200 s. 1 H A e Flro 2 (8] (1 5E % 7 531 K HIRED,
REDAIGENTLE RED 3% 5%, 4T3R5 5, id
SEFFVHE AN A PR E R 200 s5K
9o b R b o I 5 e, X S R AT T LA
B — SR AT SN BEAE & R A TR
SPGB & PR RS bR, A6 b L g i AR
fithh I, &EBE 0 10NFTPAE 55 Y5 A130/NHTTPY. 45 U5
SRIEAT — IRAFN VLI LR A S G, — H AR Y
I #180/NFTPL 45 5 A1 S40NHT TP 45 Y5, i ik
IR, I S A S i, T LS E)
R3S I .

FR 4 2R3 B, VR4 L R R SE 360 HIRED S
7%, REDMIGENTLE _REDS vk [ 7 M & 5 7 4 &
FEF.AE B 204N FTPAL 45 U5 - 60NHTTPAL
ZURELT XS HFTPE 45 U5 1 20 2170 MFTP),
S5 PRI JUZH SE I R, i FHIREDSL 7 Bt 3R A5 (1) 4 ik
TR, AE AR N 120N FTPE 4535 BA 1) JL 40
SE G, 4 FHIREDS. v FTIRED, GENTLE_RED .
TEITRAF I A i R SEAAH AR, B T FTPME 455
1604 1 — 41 S5 DL AL, At 47 38045 ol v, A
FIRED#. V2 1) 43 41 2 57 % #f LLREDMIGENTLE
REDH LI E /)N,

gi Bk, AHMEE AT FHIRED A AL 11 38 =
B B I i (FTPS $ 4 20~70) 1) LLSR A5 58 K (717
pv LSRN 7 4 I R e s i = == o L | | By
FE B, G A 41 5256 vh A7 28 B A 80NFTPAK 25 U5
240 NHTTPME 2595 LA L (9 15, 75 b 55925 Fr 3k 43
(1) A W AR A R H2 A, 1 A0 A B A (FTPAS
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7 458 (Conclusion)
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