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Abstract: Current assured forwarding (AF) service in differentiated services (DiffServ) networks can provide
stable guarantees in throughput, but is lacking of efficient schemes in ensuring queuing delay and loss ratio. By
analyzing the steady state operating point of RIO, this paper proposes two active queue management algorithms
with adaptive control policy, namely ARIO-D and ARIO-L. These two algorithms can provide differentiated
performance in, respectively, queuing delay and loss ratio, in addition to throughput guarantee. By deploying
ARIO-D and ARIO-L, AF service can provide quantitative guarantees for multimedia traffic with multiple QoS
metrics.
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FEESZES: TP393 MERARIRAD: A

[X 43 iRk 4 (differentiated service, i FR DiffServ)! A0 A iR v RSk 1P W 2% ARk 45 Ji ik (quality of service, ff Fx
QoS) i B () I A# vk 7 F& X 40 i 45 TP, i B 3 (end-to-end) IR I 4% 5T BB AR UE AE 45 0% 00 A B 30 4 B D %
(edge-to-edge) FT ¥4 25 58 Fl B AN B £ 715 5,43 51 i PDB(per domain behavior)® I PHB(per hop behavior)!' ik
FUHLYE . AE B LK) PHB H {440 #% % (assured forwarding, f#R AF)PTA] DL AT [X 23 R 22 A R 4% 2 AR 45 T i
R3E, 5 03 # % (expedited forwarding, & #% EF)UH LG, %5 Y1 FH 26 5 .

7, S I ARAIE 8 0% 1R HE 538 FRAIE AR 9 0 48 b A I 30 5 L 1A T R PV AE S 2575 A58 TSW(time sliding
window ) bR 10 59, M 1T A 0 BIDK IR AR A0 3T 1 Y (N AT I AN (OUT), 76 3 #8155 K T RIO(RED with
IN/OUT)SE35, 6] IN Al OUT PAFIREAT A X 2 A #3178 A0 3 41 25 SR MR REORIIE 5 [, A1k = R 4T 1) A
Yo7 T I SE RN A3 20 T Ok () M R T SR AR RS (8 T 18 A0 Sk 1 B 45 5, 0 AT 5 O BT AR Y A R R
SE VR K« FEXT T IX 40 i 45, 1 Dovrolis 42 H 1144 LU A8 X 43 it 45 7 5100, AR 522 190 8 B B3 RN 470 5 BE0 A3 S B o
T b R4 A P I S Ry A 3 S R T LA B A IR IR 45 ) A BRATL A B R T iR i 0 B S B &
SE T PR PR A Db X T 42 A9 IX 23 ik 5% 777 58 I B 2 T B AR 2 7 U 2 2 I A AT 2 A5 2 W IR FI R N 458
. 5 3T (R 9 A6 1F) 1 B i PR s B X 40 IR S5, Bl Christin $2 ) 2 B AR E 5% % 5 =10 58 LU Rk S
IR 75 SR 25 IR 25 2500 110 IR 25 3 2%, T LA S5 1t 47 ol 14D g v R 8 N 3710 38 86 0 25 3 30 406, 43 ) S B0 B S 71
A R A% € B ORE I R 07 S i s SRR AR 2% BE v, i 8 R s BV oA v 3 S R PR IR R & 5ok
T 2 EEAP) X P R s B sk ey LT B AR AT DU RIE B 2 e 45 O ME 2 s B A 358 38 100 5 2% BE S L AR K
ST A R

h SEIRARAIE % S b 22 T itk Bl Y 56, IS S8 00 23 20 25 2k ) IR IR 95 o e DR UE, 7 BT R B 4R E R I X ) IS5 2
— PP G 5 % PHB P B8 32 T BA B A B ARE B R S ST B A R T AR RIO Sk i 2l |,
TE e S BN B S S TN A e A b (R R DX 3 PR N e R 2 2R e, T T R R D T ORI R e il 4
HATERE . — 7,5 FAARE R R k45 v LA LA TSWARIO J7 9 e 1 e, M8 T3 & F s Bl 53— J5 1,8
PRSI 5 i AR 45 ] DA 22 Fb AR 45 B 4B W4 4L R 3T PHB 7 i, B IN3E & 2 AR B 10 4L 3. 0 I, A S0 $ RIO
SEIEARE g OEE T 5, B2 B B 3G R RIO $11:(ARIO-D M1 ARTO-L), 53 il 38 FH 5 A B4 pii L) IR SiE i1 43 41 25
R E R IR S5 = ARAIE.

1 MRERFHAREIF

1.1 XSRS P ERATIER

B AF1 % Hl (active queue management, & FX AQM) 2 H i BA 1 & #L11) 32 i B A i W ST I8 9711 26 728 11 40
Bk, 3o RED SAPUR 5 E 2 AQM 5130 X 43 IR 45 I 46 1) AQM [ T 88 S R 2 42 1 3B 75 2 S B0 45 o
i ORE. LR B R TE R AQM BLVL LA T SN IN FI OUT St AN [ 4b 21, 4 )N RED 5324 Ji
531 RIO 532, LK KT PT VLR REM %3 B P RIO(RED with IN/OUT)S kAL 55 #54> RED $ik 52451
3 500 A FE VT T P R UT ) A, R R D5 R A SR A A i 1 I R AR 1 N A LRI A R IR S5 TR 11
AQM 1, RIO 535 L H AT v2: 58 5y 51 B0, U PT SV 4 U e 1R i s I 75 282 52 I 480300 % (1 o i ol 26 DA
SEBLAHE T ARUEPL T REM STVEAE GRE 6 R Hh IR 97 Fe2 i I 75 282ty 91 i 1) PR P S s ol <2 U0 IR AR SR i RTO
S S WF 5T R Tt AR 2

RIO 5L A IR AT AT 538 A 2 L (A ins himaxsPmax) F6 20K 2806 275 RED S35 1) de /N 73 41 2 2R BA
FITTR, B Ko L E R BB TR R B K oy 41 5 R M S 5L RIO HVA TR ZE 4 JIELE IN MEM RED 24
(th™ ,th™  p ) AT OUT & RED B4 (¢h ,tho™ , po ) A SCH () RIO 2 0 le B i 42 A~ RED 1) BA 471 b
L AN TE B B4R h0 <th®™ <eh™ <t AE RIO BATIFE W B AR A A K ave BT
thys, OUT 73 2045 LARE A (avg— thy )( thym, — thew ) Do, BEREHLEFEWUR avg 4809 K IFBE L thpy, W OUT 43

max 2

© HHEREBAAIGUT http:/ www. jos. org. cn



1122 Journal of Software #AFFIR  2005,16(6)

SH DIMER 1 Wl 577, [ I IN 20 4 o8 TT 4R DA (avg™— th™ )/(th™, — th™ ) p™ WEBENLE 75, Horb avg™ 2 IN
I3 LB 17 BA B JE
1.2 MRBRMARSS

. 55 5 A5 (0 AE 75 SR AT LA 23 A kg B ek RUIR 45 T IX 4 bk i A 5 T AR SO RIO S0 A i adh H At 2
It S5 TR aE 3 4 75 2K S R R R R R 25 AT DX 40 L el DX 40 R 2% TR 4 AN BR B AN A BDIR A,
[ — Y5 R IR 4 AT W] BB SE S RRAC A IN B8 OUTAUARIE IN 4320 AS T 2k JE A B R A5 1% U5 5 sy
D ER IR QoS FREE L2 WA 1M &, IN Al OUT i i&: F I ZE R 43 24 25 2R A N 12 L s /IS TR 1
AR SCRFH VTR F b L5 T WA 8 2 (1 5 ik 256, BA 91 3 A (B0 45 TN T OU'T) 1 Hl BA B 42 A0 4 21 75 2 3R 2

7% 18 B S B W 45 1) T T IE AT B ER AN R, A SO HE S R 5E 4% 1T W (under-subscription) ff &t K 191X 43 Ik 45
W 2% Bl RIO ik £ TAE T 4B OUT 4 411¥ RED H¥EF 4 AR SO Bl ik X 40 IR 45 Sk o 119 22 B3 & TCP
W BiF TCP A 4F(TCP-friendly) 3 24 i AR (1 TERCHUAE JE 3 3t B (W1 UDP) A 326 U (130 38 A SCHE
TCP Wi N 230 B 46 5t m] LA 21 HAd 8 A 30 T AR JRAT1E6AIE T TFRC WS AE X 2045 55 RIO
AN 205 TCP &8 U PERE.

2 775 RIO PAFIRYEEE ST

2.1 TCPE&RARIOBTHBIFa7S1E8E

X 43 B 45 HE 28 T M R IR 45 25 2% 1) TCP WA & TCP B4 B2 45— 4b 3ty SCHk [ 14] 7P R4 1R X 43 iR
ZIRW I TCP HEE AR, T LIS 2 H n A TCP W IR G E R

3. 3%k & 1 2
B,==8S+—.Y —— 1
T30 ,Z::‘RTT,. o M

Horp By IR TCP B A VI AF I 8,8 RN 1% B % 1) 1T W5 98k 3R 1-3%) TCP WK &, RTT, KR i 4~ TCP i)
S AT 3R I [8] (round trip time, i #R RTT); p™ 7R i A~ TCP i OUT U (1) F34 73 4 % k2.

g R A WL, AT B R A iR B8 TCP Ui 8  AH [A) 6 S 38 41 3R W) TR) f oy 4 5 2R % RTT=RTT F
pt=p™t ()T LS Ky

B, :iS_,_ 3kn ) 2
47 T 4RTT \ p™

¥ RIO B3 T AEAE R A IR 3% P9 38715 05 A BE B A 0 100% (B B, =C), AT 5 I FR LR poar 7T
LAZ7R A

(@)

Sa® S
P inark _E_E (3)
73— J5 10, TCP AE 3R I 8] RTT C4% 1 B (%5 N SE A B Z AL BN A, - B AR SN SE 2 R, BE RIO 5Lk A
ABIIKIEE N ¢, U4

RTT =R+-L )
B

A

H1(2). A (3),FATATLLAF 5] RIO BA S A FR A USRIk

I e )
4/3-5/C \ p™

HE— D3 AT LLARAT P E 19 RIO B R GE AR AR BRI A delay F17y 20 52Kk 3 loss, VERETT A N

2
delay=——F " |2 iR (6)
4/3.C=8 \ p™

loss = Pin * Pmark + pom : (1 - pmark) (7)

q
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BRI T RIO R G0 AF AR A TR 1 2 2Lk B4R A 1K1 3948 SCRR[ 1516 TCP-RED REEHAT T 28
LR T AR H 2 5 ARSI W A R AR SCIR ST 25 [R X 4 45 W 4% o TCP fE 3R & J5 AR AT M e
T, L SAS [R] FR) A i AT I B A5 (S/C), SR T 30 () 34 1 RIO R 45 1 58 & U A ik 170 SCRiR[ 15140 2% & 84S TCP
B RED RS M1 8, KM SCHR[16] 1 2 A Hliik TCP &t .

T A, T B AR, B AR AZABE IR e (1 I 4% 3 R R S DLER AR (6 R R TCP U % H R A i 11,15 S s X 4%
W) 5 TCP Ek# TCP/UDP R A it S A A7 — i 1) DX 31 (R0 JF AR i B AT ¥ 4 W7 . AT 9% (1992 RIO BA
FNTEGE F 32 SC R4 P i 1 A S 4 30 2 108 2~ e ) R, BT ) L 20 S R 9 B 2 TR P 22 e AN e SRR AE S5
% TCP A B A ILEE R W T Red TCP % DK E . R4 TCP 1) RTT LA &5 UDP %2 MK 2= 1)
HEET S
2.2 RIOPAFIRYFEZSTERES AT

SCHR[1S]9EHY T — Bl 1 RED SERS AP RERERE VE 105 %, W& 1) BT7s ] G(p)# 7~ RED B3I 11y
BABIA 2 5% T 73 A 22 % 2 1) bR 50, 50 5 J&T e BA AR U 1 25 (queue law); ] H(g) 7 RED S0 AR 41 -1 24 BA A7 4G
JEE VS 53 A1 T SRAE A 1 o 450 0 1 P e s 90 ) 1t £ (control law). SCHR[1STUFE B T RED BA A ) £& 5E 4% A I 3
F M2 fr RED IREHLZ AR BAT A 21, IAETE (D gs) Hib 2 (0<p,<Pimax hinin<qs<thmax) IZ 3L 5 (ps.qs) & — DI
TLRIAE R 2 S A B ARG D0 1, — H RED BAAI AR G215 3 12% 0, WPRE B T 3% i B JF A /0N i L e 5.

FEAR S 1R DX 73 ik 55 I 48 Jal v A1 Ay T 0 B A9 R 3k S A0 JU BRABURS 0B ¥ IN R 4 25 57 R1O B9 E 1 22
TAET AP OUT A2 i) RED.X h B A1 2 A B BERT OUT 7341 2% 2K A M Jl (Y- T it 2 R 4 i &, b A
SE MR A AT R R ST SCHR 1700 017 0 S B0AIE B T A2 A X 7 ik 55 38 PR A R0k A SR e D7 A0 RIO BA
H R GERAE PE ) LG (5) 12 RIO BAAI RS G(p), M OUT 57> RED T 570 4 22 R BE A 11 22 5

out

out _ 4 =1 ‘min out (8)
- t ¢ Fmax
e =iy

£ 4 RIO B\ R G H(q), "] LAME HH RIO ARG an & 1(b) B,

Queue law
G(p) Queue law
=
g £
E) g
3 Control law 2 Control law
Q (5
g . H(q) R A H(g)
o £ = 5]
é—‘. S D 4 S o [ N \S\ T a@Fh ~~~~ "7
o | g 2 i
' B SN '
: i RS N ")
| Aeuitibram obi E ® ! G(p)
£ quilibrium point s b
< : Lo G'(p)
Pmax Loss change range P
Loss probability Loss probability of OUT packets
(a) RED queue system (b) RIO queue system (under-subscription)
(a) RED BA#1 R 5% (b) RIO BAF R G CRIBAIT HIRES)

Figl Queue law and control law
BT BRI s 2 A7 el KLU i 2

(1) RIO Bk MRS 1k 4 #r

1305 AT L RIO BASFSARBA AL g DA 38 B 435 ) 45 dit i S 80 LL TCP Wi H A5 2 1 ), BE B Y 58
VI W LEAG] (S/C, B0 10 4 it T 4% I ARIC M2 i), TCP ALAE IR IN (] (RTT),OUT U (K51 185 73 21 T2 K 3 (p°) AE AKX 4
P22 n 2 55 SRR I 2 A S AT R ZE B A AR AL K B, S/C o 532 s W0 4% vl e B A PR BT B R L 2
MIREAARIE RIO Y BASI LI H 28 G(p) s 5 A= B AR RS B SR A B KA DU) oy 2 -5 7 T W U il 2 A2 i, W AR 48 T
VEAEANTR E FPIRAS, -1 BE SRS 32 2453 2% 2 SR o i 2 3R A3 8T (0 A8 2, A 1(0) ) G () G (p) P, R G s
TAE T Hr A8 i B 838 C LI 1Y) IN S 7 i 52 (R UE B AR VAT 56 M (L S A A 71 (1 B S 0 4 21 5 O P e
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HY LI TR BT 7R (0% 3. TR, RIO 28 46 1Y) A e o il o D90 265 47 288 A4 T A 9T AS T 3 R g ) S B AN R 1 IR 2%
AL LRAIE 2 ) RIO SR AR e M i ARV 2 8 i B A1 OUT 43 (19135 43 41 J 3R p i 42 o) 10 00 il
2, NI A 2R SR 70 J91 28 DX [A] Py 38T 3R A9 A8 1) A A

(2) RIO B3LM IR 25 VT X 43 fi8 0y 43 Bt

2 RIO S3EMIBAFI N 2 G(p) & LR 82 )5, — B RIO ZRG03K 133 1R e IR 2, R IR 10 I Py 3t 47 7] 3
13 100%F 1T W)Y e, 1HL A2 A F7) 1) 8 A Iy S 1 43 4 5 2 S v R D 4 PR RS i 1R A [0 T R AR A8 40 R G RTO. B0
152 £ e R BE IR 45 T IX 43 R R D0, BN B 4% B S B0 43 21 5 e 1k BRI 45 1 X 43 1T /e 00 SR BRATTH 1 oot
FEAT LB 1(b)H Gp) R H(q)HAE 50X 1), A5 75 500 B35 mT LULR I ] SiE 53 o0 4 75 2 e 5, U S Vo L 4%
MR T X A3 (R RE D).

3 BHi&ERMA RIO EiX

3.1 BIiEMRIOEEAEIT

A % 19 76 . RED(adaptive RED)SE ! Vg JEUAR 52t 2r 1] 2 7 /5% () W Rl 19 34 12 11 77 32 K 3 48 RIO 5
TR U h 2, LA B P it 2 7 390 52 DX 1) AHAZ 1 H A

Queue law Queue law
G(p) G(p)

k= =
g g Control I
2 Jou Control law 2 onHr(o ) aw
2 H(g) EI b (A A £oeev
& [N T 52 ;
3 ! 0 S i
%D 1 %D :3
f ! = M
0 ou T 5 i
> thnm ! 1 > ]
Z : - Z !

1 1 q :

! ! thil i

Variable pma, P
Loss probability of OUT packets Loss probability of OUT packets
a) ARIO-D: Dynamically adjust p°" b) ARTIO-L: Dynamically adjust 4"
Y Yy aq Prax / Yy adj max
(a) ARTO-D:Z1 25 i 4 po (b) ARIO-L: 5y &5 V& th

Fig.2 Dynamically adjust the control law of OUT part RIO
2 BIA I RIO STVEM OUT #54 s il ) ih £

3.1.1 ARIO-D ik

wiE 2@, AR OUT B KA 41 5 R BAFI T TRR thes AR B4 OUT A1 d Ko 41 7 SR A %
po Rl R PR H 2 I AR AL 4 F A% G Y. 7 v CASEAN BA I DX J8) A 5 ) B b, T LAERAIE A (7] 5502 3l 7 119 9 245 4 A
I BAZ B ZE P e, IE T T I SE U (delay-sensitive) B 2 I SE £ Bl BiUB (jitter-sensitive) A Y 45l 25 (G 55 3795 o 4
ML 25 A SRR 2 Ky 2% FE IR SE (1) B 3 W RIO 7%, TR Fk ARTIO-D(adaptive RIO for delay).
3.1.2 ARIO-L %

wE 20)FrR, R FF OUT WIE K 2R MR pon, A ZNA&TIHE OUT WHYE K720 2 R ST IR
tho™ SR e PR I 2k R AR A8 45 A1 1% B 3 W 7 v DASEA X TE) (1)~ 38 0 41 5 2R 2R g 3 Tl H AR, 1T BLARAIE RIO S9A7E
AN B B A W 45 5 1F T 19 3 2 F5 S i, 38 FH 15 0 4 75 R UK (loss-sensitive) 1 4 4% ik 55 (CAn £ 55 4 b 4% i
M%) AR SRR 2 2% Re 4y 41 25 AR 1 H G MY RIO B9, W R ARIO-L(adaptive RIO for loss).
3.2 BiERMRIOE X/

RIO SV I 3 4 1l SR WS AE J RIO Bk g R b oast S B AR AR AN I 1 2 1 J B0 P, 30 st i 200 A
W 8h°F-%) (exponentially weighted moving average,fii Fx EWMA) K] J7 1545 5 22 48 10~ 3 A B B 8l > 35 4 21
T RFREH XS 8 AR5 5580 UM R S8 L LLRAS 32 0 7 1n), dp JE i ek 1A 4 OUT B 1 e K4y
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AL T RMEEE o VA TR I3 AL T RIABUT R thg )RR UM BA I i, DAIA SRS 58 PEF I H A,

B 1 R 2 3545 T ARIO-D Fil ARIO-L ) SEHLELV:. 2%6 jE 3 dye K43 41 & Rk powe (1) IBUAH ¥ BBl 2
(0,1), e Ph vk 2> 75 F) T 32 po &L T 0,8 M, ARIO-D S35 1% 15 38 B U 2835 40 5% FH T o 28 488 o 3 17 9 2>
(additive increase multiplicative decrease, [ FX AIMD) J5i%, po BIFFEIX 8] 4[0.01,0.51% & Bl & K4 % K
BABUTTBR thow, 75 L2 A7 DX P (1R HE G 23 A0 302, Ik 4 0 A 20 A7 R T35 5 78 75 AR X (8], i BALARIO-L 55
YRR A TG R HE R 4 SR T PERE N NP9 2D (additive increase additive decrease, {@] X ATAD)FI 7 ¥k, tho™ ()
TEEEDC I A [ thow, . thy, 1.

#3% 1. ARIO-D 53k

Every adapting interval:

if (g>target and p°" <0.5)

max

out out

Increase p,.. : Poux T

else if (g<target and p2% >0.01)

Decrease i : Prax X=1
Variables:
q: average queue length estimated by EWMA
q': current measured queue length
weight: weight value in EWMA
q=q'xweight+qx(1—weight)
Parameters:
target range: [7x( thy, + thi < thyy, — thyi)]
o and f: increment and decrease factor
yand 7: position factors to determine target queue range
®3% 2. ARIO-L H3%.
Every adapting interval:
if (p>target and th®™ <th™ )

Increase th®™ :th®" +=q

max max
else if (p<target and tho% >th>\)
out out _ _
Decrease th,, :th,. —=f

Variables:
p : average loss ratio of OUT packets estimated by EWMA
p': current measured loss ratio of OUT packets
weight: weight value in EWMA
p=p' xweight+px(1—-weight)
Parameters:

out

target range: [yX pg, 71
o and f: increment and decrease factor

yand 7: position factors to determine target loss range
3.3 BENRIOEZHMSHEE

3.3.1 ARIO-D HiEZHIHKE
(1) HAx¥HlzHMn
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yFH R SIS 0T I P R s R T 11 T2 B S A S T X 40 IR 45 kA B B 4 S AR T e R AR A Y
I ZEARUFFE AR VH HAR RN d Rl j RONTEZT s B EE A5 S0 I 48 DA K I S8 ) 30 R B, Z P 48 15 s /0 it 45 RIO
BAB I 58 R C, 20 LIP3 KN A kR D ARTO-D HE S AL (1) HA 2~ 3 BA A AR N o eh s + ehose ), LABAFI K
R A7 e () e R I SEBLBIAE R 2 eho — thse YA BA B B Sk 5 st ), 9T LA 80 e LA ey 7 1 7 =X o
 cd . cy
Y e ey T 2k e — ey

max max

©

(2) BIEMNITSHHB
o F1 B I BEIR O R pos IR P TCIC B Y 0 2 LR AR e M A A RO pou TR BT S A A
WezhAg NN T B RBABIBIEIE 27 th — tho™ ). 111 o1 BT T U 5 K A B3 B Aq( @) Rl Aq(B) 4353 th T 5
AL H:
out out a

Aq(a)=| B L |2 —th) < h2 —th2M),
P P ta o ta

max

out out -
Aq(ﬁ) _[ p - p J.(thout _thout ) < 1 ﬂﬂ .(thout _th;l,ll;) .

p:::x . ﬂ p‘on\:X ‘max min max
PRI, T LAAS 2396 AL ARTO-D VAR € 21 1 o f BYE T 1 T

0<a<—21 . _L g (10)
1+2n  1+2n

3.3.2 ARIO-L HESH R E
(1) Bts#EdIZEHy
L5 ARIO-D 53k —FF, Rl i) e B 75 22 I 4% 55 B 5% 45 5 AR 075 B4R AL 10 23 2 25 R AR i b i 45 ). iy
W W 0 3 2 5 R T e A RS P AT O, LI AUE Dl 0.005 Ai A7 15 1 R RAE LT A R WIERAG 2 0 oy A1 2k
N AH, A 4 ARTO-L SIE4R L (0 3138 43 21 T2 2R 380 p™'=y po G4 2(7) R p™=0 () BEARUR BO A 4,000y 7T DA b
T E.
I
TRy .
(2) AENIT S H o p
5 ARIO-D 57vk—FF, o BI T T I 2450 A2 38 N 2 (W AS0e ME 4 1 SR et anl™ BT 8000 40 41 & R 3R 1)
W Ap N4/ T BB B K 1 E KRR EBNME 27,2800 T 78 ARIO-D S5k [f1df S, nl LA 2135 /£ ARIO-L
SRGE A 1 o0 B IR R
0<a, B<—2T @™ —th™) (12)

out 2 max
max

3.4 HEMRIOE XHIENE

BE R RIO S92 1T BA A AR AIE 3 o JIR 45 SR8 T [ 20 14 I 228 AN 43 41 5 4 1k B 70 A i 2 I AU B I, — b T i
[0 28 7 G A e AN [) 1 22 SEA 17 FH W S 0 [ 00 TR 25 40 3o v 2 A9 L, L 3 P40 8 A 12 FH B 47 1)t 2 4 7
T 3TN PR I, T AT DK E AT S B A R ARIO-D (9 BAA v 22 A 4 A 5 B Sl A e T4 41 2k
R SR LY B IR 4% v, T DA E BN R ARIO-L HIRAF A 25 58 — R AT BE B 5 6 i 45 & 0 IR i 3¢
AR F JE TR — AN R AA vh S TR] 7 2% 1) A i At ) 5 SR, o G AR S 380 A [0 1180 R 25 20l v 254800 B AT T Rl DA i Sk
[20] 7 5 HA 1 B 4 43 P #AE U7 22 AN PRAIE 4% R IR 45 L & ARIO-D 514k,
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Fig.3 Network topology in simulation
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Table 1 Parameter configurations in experiments on performance stability
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Fig.4 Instantaneous performance comparison among ARIO, ARIO-D and ARIO-L
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Fig.5 Steady performance comparison among RIO, ARIO-D and ARIO-L
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Table 2 Parameter configurations in experiments on differentiated service ability
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Fig.6  Ability of ARIO-D and ARIO-L to provide differentiated service
Kl 6 ARIO-D 1 ARIO-L 4@ 4l X 43 e 511 fiE

5 HRiE

A X 0 R 4% B A5 E 5 o T DA Al s B A (e, B0 R 22 56k B 228 1 3 4 35 2 SR P R AAiE A R0 6.
BB BRI S BT A rh b 1 R 45 TR R 10 T S R AR S DU BT R AR AR CE R A T
N S B 35 73 4 75 2 Z A IS L R, 68 ORAIE 3% e v 32 2 1) 32 3 BA A 45 B ARV R1O HEAT el 47 B ST B &5 R 3R i, R
SCHEH P AP 3G Y. RIO B9 (ARIO-D H1 ARIO-L), AMELRHF T RIO Sk 11 a7 v 1R CRAIF e 07,1 HH 45 42
PEEAZ IS G0 53 2 T 2R IR 45 J0 0 (R IE 1R e 00 (R e A i 1k 0 IR 45 1T X 43Pk ). 3 19 o 0 4 )i P T o S A U
43 20 5 O U 1) it B A A R T e AT S I DR IR 5 R R 45, AS AT LA TRT 58 S5 300 358 P9 4D B B T 4 2 5 2R R 1
s PR CR R, T H 0] DO 414 4 2 S i R B (1 RV 2 F£ 1Y) AF PHB 1 fiE.

References:
[1] Blake S, Black D, Carlson M, Davies E, Wang Z, Weiss W. An architecture for differentiated services. RFC 2475, 1998.
[2] Nichols K, Carpenter B. Definition of differentiated services per domain behaviors and rules for their specification. RFC 3086,
2001.
[3] Heinanen J, Baker F, Weiss W, Wroclawski J. Assured forwarding PHB group. RFC 2597, 1999.

© HHEREBAAIGUT http:/ www. jos. org. cn



1130 Journal of Software #AFFHK  2005,16(6)

[4] Davie B, Charny A, Bennett JCR, Benson K, Boudec JYL, Courtney W, Davari S, Viroiu V, Stiliadis D. An expedited forwarding
PHB (Per-Hop Behavior). RFC 3246, 2002.
[5] Clark D, Fang W. Explicit allocation of best-effort packet delivery service. [IEEE/ACM Trans. on Networking, 1998,6(4):362-373.
[6] Dovrolis C. Proportional differentiated services for the internet [Ph.D. Thesis]. University of Wisconsin-Madison, 2000.
[7] Christin N. Quantifiable service differentiation for packet networks [Ph.D. Thesis]. University of Virginia, 2003.
[8] Floyd S, Jacobson V. Random early detection gateways for congestion avoidance. IEEE/ACM Trans. on Networking, 1993,
1(4):397-413.
[91 Chait Y, Hollot CV, Misra V, Towsley D, Zhang H, Lui JCS, Providing throughput differentiation for TCP flows using adaptive
two-color marking and two-level AQM. In: Proc. of the IEEE INFOCOM 2002. Piscataway: IEEE Comput. Soc., 2002. 837-844.
[10] Witosurapot S, Lambert J, Ouveysi I. Optimization flow control for aggregate traffic handling in the differentiated services internet.
In: Proc. of the IEEE ICC 2002. Piscataway: IEEE Press, 2002. 965-969.
[11] Mohamed AEG, Bose A, Shin KG. Evolution of the Internet QoS and support for soft real-time applications. Proc. of The IEEE,
2003,91(7):1086—-1104.
[12] Handley M, Floyd S, Padhye J, Widmer J. TCP friendly rate control (TFRC): Protocol Specification. RFC 3448, 2003.
[13] Le CH, He JH, Liu W, Yang ZK, Performance of TFRC for multimedia services with bandwidth guarantee. In: Proc. of the IEEE
TENCON 2002. Beijing: IEEE Press, 2002. 15-18.
[14] Yeom I, Reddy ALN. Modeling TCP behavior in a differentiated services network. IEEE/ACM Trans. on Networking, 2001,9(1):
31-46.
[15] Firoiu V, Borden M. A study of active queue management for congestion control. In: Proc. of the IEEE INFOCOM 2000. IEEE
Press, 2000. 1435-1444.
[16] Padhye J, Firoiu V, Towsley DF, Kurose JF. Modeling TCP Reno performance: A simple model and its empirical validation.
IEEE/ACM Trans. on Networking, 2000,8(2):133—-145.
[17] Firoiu V, Yeom I, Zhang X. A framework for practical performance evaluation and traffic engineering in IP networks. In: Proc. of
the IEEE ICT 2001, IEEE Press, 2001.
[18] Feng W, Kandlur DD, Saha D, Shin KG. A self-configuring RED gateway. In: Proc. of IEEE INFOCOM’99. IEEE Press, 1999.
1320-1328.
[19] Floyd S, Gummadi R, Shenker S. Adaptive RED: An algorithm for increasing the robustness of RED. Berkeley: The ICSI Center
for Internet Research, 2001.
[20] Shin J, Kim JW, Kuo CCJ. Quality-of-Service mapping mechanism for packet video in Differentiated Services network. IEEE
Trans. on Multimedia, 2001,3(2):219-231.

[21] The University of Southern California. Information Science Institute. The Network Simulator—ns-2. http://www.isi.edu/nsnam/ns

http:/ www. jos. org. cn



	研究背景和研究目标
	区分服务中的主动队列管理
	研究目标和研究场景

	稳态RIO队列的建模分析
	TCP聚合流在RIO队列中的稳态性能
	RIO队列的稳态性能分析

	自适应的RIO算法
	自适应RIO算法的设计
	ARIO-D算法
	ARIO-L算法

	自适应RIO算法的实现
	自适应RIO算法的参数配置
	ARIO-D算法参数的设置
	ARIO-L算法参数的设置

	自适应RIO算法的部署

	仿真与结果
	自适应RIO算法与RIO算法的稳定性比较
	瞬态性能比较
	稳态性能比较

	自适应RIO算法与原RIO算法的服务可区分能力比较

	结束语

