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Abstract: In view of the problem that the calculation of average queue length and maximum packet drop probability in
random early detection algorithm and its variants reflect the changes of network traffic slowly, an adaptive random early
detection algorithm based on network traffic level grade prediction was proposed. Based on the statistical characteristics
of self-similar network traffic, the transition probability table of network traffic level grade was established, and a grade
prediction method of self-similar network traffic level with low complexity and high accuracy was proposed. Furthermore,
the prediction results were applied to calculate the average queue length in equal interval and adjust the maximum packet
drop probability. Under the condition of fixed and variable bottleneck link capacity, it is found that regardless of the de-
gree of self-similarity of network traffic, the proposed algorithm can improve the throughput and packet loss rate, espe-
cially when the Hurst parameter is large and the traffic is light.
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SPAAT T T IR o SRR IRIRG & AN — M
IRETE] RTT.  F3 w, BTHE I EELR R A S
JE BRI AP YA RN 35 A B K i R 8 o i 937 38
BAIX 2 PRS2 A2 (8], BUAS T — MBI
22 BRAEFBEBRENFE

RED ) 3% H b S ST 25 BAZ1 INF ZE 1y
HkE, MG X ZERE M RED &
X BAEF UK, SN THBREI RED YEREMZ3L
U, E &ML RS s SELER E W B FR-T 3 A
HIHKE, ARED MR BA S FE 3 hnFI gy, R A
InPERE A et g N ) T 2, ShAS R R A S
Fmax, , EHITHAFIKE. ARED HAALIAE
—EFEE FREIK RED S50 B MUK, (2243
FEFR P RN R AEARALET, L HLARSF #) max , 1
BT RREA 3 RS AR, w2
FIK BEAERG I (B ] B ARVa, SEEmtE T
Bé. Nk, ASCHR 1 TLGP-ARED HiEEARYE B
FRACLI 4% 338 B /K P S 2 T &5 SR, P = el it e et
max , BEATANASRE, DAPE = P 4% 1) B R e M e

1.2 TR, MR EACEE N 8 NER.
W avg AYHTFIAGIKEE, o NEKE AR
I, b AmREFEEENE T, i A [R5 A
0.5s. W

target, , = min, + 0.4(max, —min)

target,, = min, + 0.6(max, —min,, )

W avg 6T target,, » H £<3, NWHEAKNHHIZE
TR E AR /KT S A, AT AR YRR B K
S0 LR KR B PR A max, , (EXFPIBNL T, HRIE
ARED {57 Hi F#(I% max , 4 FEE AR HEA L

R avg KT target,, » H =3, WEAKNAK
M EAL T8 m KT, ARYE ARED R 57 i FAI%
max , o #7 KHEEEFEE max , ¥ FBURE B — D
N, WIREMHE ave T targety o

W avg BT targety, » H £>6, MY NHHZER
FERMIA SRR KA R s, TR K45
PUNRRIE R N max , , DA avg 0T max,, -

I avg & T targety, » JFH <6, NHEE
ARED {538l max, » fEXFIEHLR, #KIE
Wi max, , HILIEHESEZ IR

KT LA I R EFM ARV B T o F1 b (114
FL, SCER[SIHRH, A a <025 Hb>0.83 . ALTE
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TEAEIX — B ) () Aty b, 7R ZE AR FE IR HoR SRR
BACFEREA, BEB/NM b, I HARIREK
ARG, b AN EZERR BEROK HoR SRR
BACFERE SR, BB K a, IFHARREK
PR, afEBOK. BARRUL, TEIHZEREREEL
&, H ¢ 138n3] 3 5, ik b M 0.83 iZH# 15 N2
0.9; X4 (=30, bHUEN 0.9, EMMEREE S,

H e 63ma] 8w, ik a Wi N3] 0.25max, ;

2 0<6, a BUE N min{0.01,0.25max,} . I KFE

FEME AR R IR 1 R .
BiE1 BREFMRIPREA
every interval seconds:

if avg <target, and max, >0.01 then

low
if €<3 then
decrease max, as following
b=0.83+(0.07x0.33({—1))
max, = max b
else
decrease max, as ARED
b=09
max, = max,b
end if
else if avg > target,,and max, <0.5 then
if ¢>6 then
a=0.25max,0.125¢
max, =max, +da
else
increase max, as ARED
a=min{0.01,0.25max , }
max, =max, +a
end if
end if

3 AE

AT B335 43 ] e g 5 B R A AR B B A
2 Pt . TLGP-ARED-1 FRonTEAE48 ARED A A
H R EFRER A, TLGP-ARED-2 £INTE
TLGP-ARED-1 Z&fiili F A g AR TR (6) FIX(9) 5
[] & [ B BA 271 & 2 R #F ;. TLGP-ARED 3£ 7 7£
TLGP-ARED-2 {ZEfiili FARYE(T)FI(9), (EREET
TR PR A S B TR T

FE € BER R =G OL T, P T A SCHE %
TLGP-ARED-1 5 CAREDP), CER[21)FISCHR[27]42
I EYETEAN R Hurst SO RIEE B LR 1IBA
TR B, EARME RS, 7R A
1HMT, 4T TLGP-ARED-1. TLGP-ARED-2
TLGP-ARED [HIB\FIHKFE | HIE, EAL RN R4S,
3.1 AEMEH

KA 6 FrsfIm g inih s Mt T NS2 1
B, 12 R R E T m AN A AU
fEM TCP Wi, FEATHRYE o (O HUE 8 AR B
S1~S, NIETT AL, Di~D, NAKT A, R R A
P A% . TCP #5048 &% 75 9 New-Reno 254,

2

S, 10 Mbit/s 10
2ms . 4 ms
1.5 Mbit/s D
20 ms

6 i ELMER I A

R NS R R R R R R S R )
79 10 Mbit/s, 1&F& N 4E 73 54 2 ms A1 4 ms. 2
PR A Ry 1 Ry B ISR R R, [ e BB A =
P54 1.5 Mbit/s, ARHIITZER 20 ms. 7EIHFUEE
EHAT B AQM HE, HAF, min, =54,
max,, =15/, ZMXERERN 35 ML, HKEA
Hmax, =0.1, w, =0.0027 . 7£%5E BRI PASIK
FEmE A R Q) it 5w, 1, W& e=0.01,
5=0.11s NP RTT, I=10.74s.
3.2 BREIPAFIS BT E

TERHSEE B8 e RSO, WE 30 1
W, a=12, BIH =09, CARED. #k[21]
Bk, SCHR[27)5095: A TLGP-ARED-1 fR1#I BAF
P SIS AE B B 7 s o

ME 7 7T LAE H, CARED. SCHR[21]15E9% M
1 B\ B A FE U Bl g K, SCHR [27] A AR S0 B
TLGP-ARED-1 ¥ BA 41 K FE P sh &/, H
TLGP-ARED-1 B - VPR FHFIHKFE .

BE—2, FIIF NS2 A A H 45 AR SRR
RS pAug8Y. TL FLMEEH R 2% (R KE A LK/
HINRIEERS, Itk EdE R 968 631 4N, TENK
Hike s b2 S A S B AR B RS .
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36 36
| — ] 3} — FHFIKE
50 | Y o IS K | e I BA S B
24
220}
Siep
12}
sl
4 | i
ol & 4 i B AR L L . . : 0 . i IEINERIEEE R RER RA NSRRI KR RFRETE
510 15 20 25 30 35 40 45 5 5 10 15 20 25 30 35 40 45 50
i /s it /s
(a) CARED (b) SCHR[211509%
- FHIIIKE 3
2} A LA nl — SFHFIKE
il e IETEA B JE 2 e IR
241 24
%20 €20
16 F SO
= = 16
12r 12}
8k : 8t |
4 HE-id | 13 HIE 4 5
O==5"70 15 20 25 30 35 40 45 %0 =10 15 2‘0 25 30 35 40 45 50
s /s
(c) SCHRI271 5%

(d) TLGP-ARED-1

K7 &SRR BRSSP BB

HEM e TR EOEMELRIE 3 Piam. N
®3ATUEH, AEERARIREETTHER,

x3 EIMFZRETHELEMEELER

HE FAEA PRIk
CARED 33562 3.40%
SCHR[21759% 32931 3.47%
SCHR[2718: 32895 3.40%
AL 32623 3.37%

3.3 H=09 REEEIIRGE, EEFE, FIHE

AHRA 3.0 WAL SR E, BEEA
SRR RE . E AL RANA T T A PR RERE 25 .
R A~FK 6 HHER TEARME HBIFHT, &
% TLGP-ARED-1 5 CARED. SCHR[21]5H%
SCRRR7)FEIMEREXS L, Impl. Imp2 T Imp3 4351
#R TLGP-ARED-1 Hi%AHXIF CARED. CHR[21]
AL SCBRR2TVSVE MRS

MK 4~FK 6 vJULEH, EFEHETH, AL
TLGP-ARED-1 5354 F CARED. SCHR[21]5H 3540
SCHR[27IM B . (R Ay, Pt 4
1 2% A IXAE A ZE I DL R AR S .
AR A1 ZF, TLGP-ARED-1 5 CARED. CHR[21]
FEMSCHER[27] M BEEA L, FE R E T
3.28%- 0.36%F1 13.39%, 7EEBRITHSARHE
WD, BFE T T BTN X2 ASCE LR
T B A LA R KT ARG TN, R R E £
AR RS, FEERFNFIKER/NEAR
SRt B KPR 1S R B G 2% Ao M PRI
TE AT A FI K B 5 K HL A SR B 7K P 35 e B 48K
B A A MRETHEE, MTH m 28 7k 1
e PR EER, (HEFEBAFHCER N, MRS
RS AN R
3.4 H=0.6 R EEZEBAIIRE, ZEER, FHE

AR H =0.6 Bl 598, MWK 7~%K9

=4 H=0.9 B & B AR IELL BT

B H % CARED/ms CHR[21]5 % /ms HR[27]5 % /ms TLGP-ARED-1/ms Impl Imp2 Imp3
10 45.6 455 455 45.4 0.44% 0.22% 0.22%
20 63.0 64.7 63.2 63.4 -0.63% 2.01% —-0.32%
30 62.4 65.4 62.8 64.2 -2.88% 1.83% -2.23%
60 62.9 65.8 64.6 64.5 —2.54% 1.98% 0.15%
80 64.2 66.9 65.1 64.8 —0.94% 3.13% 0.46%
90 64.6 68.2 65.6 65.2 —0.93% 4.40% 0.61%
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%S H=09 R EEEZBARLE
BB % CARED SCRR[2118% WHR[27)89E  TLGP-ARED-1 Impl Imp2 Imp3
10 0.189% 0.358% 0.678% 0.238% —0.049% 0.120% 0.440%
20 0.789% 0.980% 0.834% 0.801% —0.012% 0.179% 0.033%
30 0.874% 0.947% 0.800% 0.804% 0.070% 0.143% —0.004%
60 0.824% 0.948% 0.814% 0.801% 0.023% 0.147% 0.013%
80 0.837% 0.948% 0.817% 0.803% 0.034% 0.145% 0.014%
90 0.859% 0.950% 0.817% 0.769% 0.090% 0.181% 0.048%
=6 H=09 R EEERMEBHLE
HEAEBH /% CARED/(kbits™)  SCHR[21153%/(kbit-s ) SCHR[27]%04/(kbit's ') TLGP-ARED-1/(kbit's ") Impl  Imp2 Imp3
10 1291.44 1329.03 1176.30 1333.76 328% 036% 13.39%
20 1326.75 129324 1277.88 1 359.80 249% 5.15%  6.41%
30 1347.01 1301.95 1364.41 134228 —035% 3.10% —1.62%
60 1316.24 1311.70 1301.08 1346.16 227% 2.63%  3.46%
80 1321.56 132433 1316.70 1329.85 0.63% 042%  1.00%
90 1309.05 1332.81 1308.08 1310.38 0.10% -1.68% 0.18%
*=7 H=0.6 B} & BUERTIELL AR
HERROH 1% CARED/ms SCHR[21]5%/ms  SCER[27]50%5/ms  TLGP-ARED-1 Impl Imp2 Imp3
10 44.66 4191 41.52 4323 3.20% -3.15% —4.12%
20 63.21 67.62 65.09 66.45 -5.13% 1.73% —2.09%
30 64.54 68.19 64.19 63.43 1.72% 6.98% 1.18%
60 64.65 68.12 65.23 64.60 0.08% 5.17% 0.97%
80 64.74 68.16 65.43 64.83 —0.14% 4.89% 0.92%
90 63.21 68.18 65.98 64.76 —2.45% 5.02% 1.85%
=8 H=0.6 R & EXEQRE
HERHH % CARED SCHR[21]59% WHR[27]%3%E  TLGP-ARED-1 Impl Imp2 Imp3
10 0.092% 0.044% 0.013% 0.043% 0.049% 0.001% —0.030%
20 0.722% 1.188% 0.783% 0.837% —0.115% 0.351% —0.054%
30 0.839% 1.321% 0.836% 0.782% 0.057% 0.539% 0.054%
60 0.845% 1.215% 0.892% 0.779% 0.066% 0.436% 0.113%
80 0.812% 1.238% 0.887% 0.786% 0.026% 0.452% 0.101%
90 0.802% 1.242% 0.885% 0.779% 0.023% 0.463% 0.106%
%9 H=0.6 & B AR BEE
BEEHH/SL  CARED/(Kbits )  SCHR[2118/(kbits™)  SCHR[27)83%/(kbits ')  TLGP-ARED-1/(kbit-s ') Impl Imp2 Imp3
10 1250.92 1223.45 1234.076 125027 -0.05%  2.19% 1.31%
20 134493 1306.76 1298.643 1311.52 —248%  0.36% 0.99%
30 1290.12 1298.02 1366.146 134276 4.08% 345%  -1.71%
60 1280.69 1278.48 1295.14 1308.29 2.16% 2.33% 1.02%
80 1293.75 1279.76 1297.34 131235 1.44% 2.55% 1.16%
90 1305.45 1275.52 1275.827 1307.82 0.18% 2.53% 2.51%
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AILLEHY, A TLGP-ARED-1 HE(ENTE, £
L ZR N B 7 T PR BRI AR R A, (H LR SR T
R H =09 WA FTFEG, HE2E MM EERS T
S O 09 PR S N A W = N s 27 & M e i
FH H AR B (1) FEARAE IR BE 22 FRAIC, 2 1 30
ERET ST N

3.5 AR A ERG THEEIILL

FII T B 6 1 DX 26 0 1 A 3 ] 738 30 200 % I 2 =
1 ELREEML, Hd, Ri-R2 NI, H
B HESHHAERE L, "I 0~20s, M
BERK Ri-R, 8N 1.5 Mbit/s; 7E 20~50s, R;-R,
75/ 3 Mbit/s. TCP VREH 7 30 1>, a=1.2.
8 #4147 TLGP-ARED-1. TLGP-ARED-2.
TLGP-ARED Hi% [T~ 35 B\ #1) K B A ik s A %71 <
FE. M 8 AT LAE H, >R &5 18] B Bk i P 51 R A
f\) TLGP-ARED-2 fl TLGP-ARED 532 [ °F- 41 b\
HI K BE Y B B YRR, H BE BB B K FE B
TLGP-ARED-1 284k /)N,

ALYt T TLGP-ARED-1. TLGP-ARED-2 #ll
TLGP-ARED HUEAMIBTAE | I ZEFRIEZE . EALRFITR
e, ZRUEER 10 fizn. Impl. Imp2 Al Imp3 4353
#* 7~ TLGP-ARED-2 #H %t 7= TLGP-ARED-I .
TLGP-ARED #H%} T TLGP-ARED-1 il TLGP-ARED
AHXIF TLGP-ARED-2 [IVERESR T . MK 10 AT LA
FH, A8 SRR bR BA SR AE Y TLGP-ARED-2
1 TLGP-ARED %% B AT LU s FH R Clgt it BA B B
KFER) TLGP-ARED-1 535 S AIK (B SE R 2E£L 2
BRI AR, (2 BRI, 10 A A 2R
g ik B BA 1) KA AN 2 1 T /)~ 3 BA B K R T H B S
K EFMRIREN) TLGP-ARED #3%, A AP
BERR IORT ZE A AERL B BNk, X B ER
9 1 AH AL X 24 J7 B 7K~ S R 0 &5 SRR FH 11 45
PAFIKFE TR, R EEE s T AR R (5 B 5 2%
TE B 3AE BAH 45 A 1 N BAA o B L5 1R A
R, m T A BRI SR B SRS 1 R
7 Tk FEE AP ZE 2 1) R R

% B4t
36| THBIIRE - BRI
32F
28}
m24 E
K20
E 16}
12}
gl
4
0 | ¢ ¥in 4 q § | Sy 1 -
5 10 15 20 25 30 35 40 45 50
Bt ik/s
(a) TLGP-ARED- 1 s} 5P # A 51 K &
[— BB K IR BAB K JE

0 0 45 50
I [f/s
(b) TLGP-ARED-21§Hf 5 F- 3B 51 i
36 |—— FHBSIRE B BA S K

S 10 15 20 25 30 35 40 45 50
i /s
(c) TLGP-AREDE T 15 34 BA B

K8 3 TLGP-ARED Sk [1BERS 55~ 35 BA B B 5 bE

4 LERE

E A AL A R 2% U0 B P B R, X i e T
MM X AR BAIVEBNREE . 025 1
FEFEHI A LW . AT 1M E R B A
AR St KT E R AR MR R, &
B L LR AT SFE G T %, IR LT 4 2R
J32 FH T 3= 2 BN B0 B A2 1) e R 25 e AR U B A

%10 A THFEEBE R T TLGP-ARED-1, TLGP-ARED-2 5 TLGP-ARED % BEEL 4
[ SgE| TLGP-ARED-1 TLGP-ARED-2 TLGP-ARED Impl1 Imp2 Imp3
I} %E/ms 574 56.5 56.7 1.57% 1.22% -0.35%
I ZE AR A 22 /ms 4.1 39 3.8 4.88% 7.31% 2.56%
ERRE 1.53% 1.99% 1.84% —0.46% -0.31% 0.15%
#ﬂii/(kbits’l) 1486.5 1529.6 1631.3 2.90% 9.74% 6.65%
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