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Abstract:  An overlay-based congestion management mechanism for assured forwarding in differentiated services
(DiffServ) network is presented in this paper. In the proposed scheme, a control packet is sent from the ingress to
the egress router every fixed time interval. The ingress router employs a simple additive increase and explicitly
decrease algorithm to adjust the aggregate’s sending rate according to the QoS (quality of services) information
reflected from the egress routers. For the performance evaluation of the proposed scheme, the simulation of the
(proportional) fairness of aggregates traffic and packet loss ratio is presented.
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J3 T H4E Internet b3 45 i & (quality of services, i #X QoS){#ilF, IETF £ H X 4> It %% (differentiated
services, fA K DiffServ) 2 #4178 M 4% (930 2615 4, DiffServ M35 5 H 7 B9 WM BSUBRIT TP 43 20 3k #5 i) DSCP(DiffServ
code point)!1 B I Kt 43 41K 43 4 AN ] ARSE AR B 2R A A% 0035 SRR DSCP Aavicd v iz A B R AR OB T AT A
(per hop behavior, i # PHB)P*! 551 [iv) % 332 114 £ A IR 45 (integrated services, W #% IntServ)®14% #) 41 b, DiffServ A
T BEATAZ 0 B FH A ORAE B AL I RS FH AR 38 53 2% 145 A W B IR I B R AF B mT i e e IR e T

AX, Internet QoS %5 #4J ) FE Al

L7 TETE © 58 BN # % (expedited forwarding, %% EF)PHBPIHIfi {544 /& (assured forwarding, R FK AF)
PHBM [ x4k T4 EF PHB 4 I 4R R AR « AREL 2. A% Z RS BARIE 98 (1 /IR 45 . AF PHB fig 42 fik Lb L
DI 497 5% 504 1A IR 55, RIVTE 199 28 R HE A 6 T 475 i ok P 2 it — e == IR T2 s 5. L 44K 5, DiffSery M 45 (134
G571 RUSR DT b T R M R R B A A T 5 DA IR AR B AR 1 D TN T S P A o PR AR i A b e
OUT. %4 4% 4% Ca 15 st R FH =5 3l BA 510 45 B0 3 () RIOMH 47 IN A4 A 7, B 7 190 4% & A 4 FE I 1 5 97 IN 43 412
58 Z 78 OUT 43 41K SC 24+ 8 AF PHB.

IETF B4R 5 T DiffServ A R 45 # il PHB 1€ 3, {H DiffServ W 454754 5 ZEA A4 i D Be (2 a3
a7 5 A B RN ) 2 48 1) 55 ) R 52 FF, AT RETE 9 4% b 4Rt R 1B R S IR 4 T R AR IE TR 9T A X e o T B b T ZE T
P8 R o LA T AR LI OR T (1) 2 SR ST I R (A AT 25 URT VoI PYIl SR il UDP A& % b, &7~
ALK ) TE 2 53 AR T L K 6 AR BT i 7 ) 246 i A2 1 ZE I AN BT M Hh 3 B O R E R R &4 7 TCP %3
AT 58 38 B U 28 HE YR I AR A SR IE52) AR GE I T % D s B3 TCP Pl 2E MV R REE N DiffServ B 4831
L. TCP 1 FE & BN LA 4 41 25 5/ 0 1 28 2R BT 5, 24 0 s oA it (R 080 23 21 © 25 2K T 3 ek s 20 1) 9
T 1 [ 5V AR A% T 28, LA I % i 471 2 AR B A 1) 6 0 () AR BT 47 K, D 9 28 74 0 R AR 4T 28 (0 40 25 39 ) B R 0k
iy ALK AL B T BT I ) S0, T W 126 ity 47 DA vy 3 236 326 5, ol 5 38 3 5 RRIUASE PR 411 25, DT IEE AN i 58 4 K &
JIT AT 1) R 226 sy 47 A 2.

LA DiffServ ¥ 4% 111 8 55 FIL(RP [ £ $55 411 2 Dk 52 R 91) 2 388 S L s 081 7y 2 2 21 1) 24 145 9 40 W T 7
B 43 21 25 % AF A 98 43 L )7 T Nandy %5 APV B — Bl 42 0t s o) 3000, S AR 4% ) TCP 3% 4% (control TCP
connection) 1) 7321 Z 2R 1R 1T SR AR 1) 326 06 SCHR[10] 85 H — Fhobr 204 i) SRS b i a, T B AR v %5 SR AR 2 4% Lk
91 23 S-S5 22 I ) FH T TR I R U IR 4 LA A S L S R HR SR AR AR AT 1 P 4 T A B S R AR IR E AR R
1% Z (committed information rate, & #% CIR) K iFF UM 3 46 77 52 e {4 41F 58 48 22 TR] (44 Lb 451 ) 2 T St 55 R 2% 3115 5 T 42
o YR IR 26 (R A TE LU AL (1) 20 B RT3 (2) WA % B IR AR W & A% it < [R] 97 58 43 TC )
FAE AT 53 425 2R 7 10, SRR [ 1204 Hh — T ik T 0 574 s PR 410 2 A8 3 77 2, R R A 1 I IS B R 30 %715
A 3 R 42 1l K 9 2D 43 4 25 2K % Harrison Fll Kalyanaraman $2 H Fl ] 12 21121 (edge-to-edge) H1 3 A 5  1hill T g ok 42
PTG T I TCP 451131 I3 4 Ty 2 405 J2 R FH I 4% PR 0 4 i S L s s 2 2 40 R0 A1 5 O S (LI e % B
FI7E DiffServ W 2% 855 T 58 8 5 AL Jiiit < 18] (1)1 5 23 Tic. 1o 7.

Sy fif ke LA b ) A SR SRR B R T ) DiffServ MR N B B T R ——H T E S N EE M
(DiffServ overlay-based congestion management, %8 DSOCM).7E DSOCM J7 ZH, W 4% A 11745 A5 BR — 5 (1 I
Ji) [ 8 1) 1105 250 0 06 QoS 57l 43 4. 24 e 3 ] 10 S IR R S 2 0, N T SRS QoS A7 B T R A

5 4 45 1% ity 1) o 7 A LG ,DSOCM. HLAT — 2841 £5.(1) DSOCM At 37 -5 52 (¥ 4% 4 J2 Blh i3 AE A% 0 Y 4%
H1,DSOCM 7 SR 4 15 1t (7K1 P S 42 i), AN OO0 Bl s 43 21 1 A an 4 U i 2R 1L .(2) DSOCM REX 2L
R A ZE A PRI M B ) DSOCM . 1) I 468,100 2517 r 0 410 2 1Ry i) 2 B[] 15 — A DiffServ 38 il &5 sz
V) PR A3 352 ISF TR A7 5, DR b i 7 B 1) 32 328 ) T g 380 9 428 111 77 %6.(3) DSOCM R FEAIK W 2% 1) 73 2 F: 2k % DSOCM it
T A5 A AT ST RUAIAS 4 QoS ARAS AR B IXAE TEAZ L I 285 1) b S 1% A AR 4 2 2 W7, T 30 st BRI T
LT A T80 43 111 5 2 2.(4) DSOCM AR ZLAEAZ O 45 s AR AE B AL T I RS AT B AZ O s R 32

ATCH; 1A DSOCM FEANLHIFI R G 4544 58 2 1545 H DSOCM 1 = 241 B i 73 MR A A6 T A
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e I/ BAR VAR A5 3 I I SE 5 P DSOCM I RE. 5 4 715 R 45 42 SCOF 4R ik — 2D 5T 7 1n).
1 REEH

1.1 EARHH

DSOCM WLl Je—A~ DiffServ 38 1IN LA 5 55,50 AE R QoS 41l 43 41 1 e 36 7 F e s R 3% 7
B BRI (8] ¢ ) 2T R — AN 23 A 4 0 o 2L AR R AE N VRS 1 S 2 A2 4 QoS A 5 2B 7 i 1)
Bl 205, v 5 IN A OUT ) 41 i 4 R . CN i IN R OUT 23 4 AN # A &2 ECN AR ) IN A1 OUT
S AN B DT AT X QoS S AS Bl 4 2H A AH N - BE b IR 5 A R RN T i FRAT B A
DiffServ 38+ #2320 ELAT S5 i (K B0 26 20 EL AR S 9l R 48 4 1 5 30 29 N 04 e 3105 (o] i 428 610 00 4 )R AR 8 20
A1 QoS ZEA T A M R ILH A,

1.2 RIOE %

I 4% A% 001 i I BA B BR A V002 R1O, ' 1] BAFE B P A~ RED S 414,43 kY IN AT OUT 43 41.R10
SN B S B 4 2548 REDU VK B8 2 8040 i (minth_in, maxth_in, maxp_in)Al(minth_out, maxth_ out,
maxp_out), 73 5 FI K5 IN 1 OUT 23 41 E FMER AE — ol o8 THAEEFE IN M 2 w26 38 OUT 434,
OUT 4 4H B BA A B Y B R FREMIK T IN 43 21 e A1 78 T S0P 3 BA A B 1, OUT 43 41 J2 2 T BA 2 Hh T B (IN
1 OUT) 234,10 IN 2320 AR TS IN 220 i N5

LEA S AR AL M 42 LR REANTT s B0 ECONL 24 R0 4871 R 00 33 90 2804 B A I bl IND B
OUT 43413k ECN 4i7.

1.3 AOTA

N T s S5 R ) 1) 7 A6 N T i, B0 1 43 48 ST AR i 20 418 Sk 19 DSCP b B 2 4145 S ASTR 1)
AL T A5 2R A 00 5T MR A 1 26 0 I T8 A% LRI 2R S 11 R 36 T R AN 2 6B s 24 iy o R sk Y 4 o
A R Bl T 9 BT B A i AR AR SE A R A SR AR R BB QoS 44 il 4 2L R Y A A T A% 1 B
Hi
14 HO¥ S

AT S g5 5N R SRR B 1(b) ). 2K 1 4 4L 480 43 R R HEN B AR = IR LA JH A5 2 A%
fshfig (1) FIH TSW(time sliding window) i & 25Ul i IN 1 OUT 43 21 (1) S8 % ;(2) % FIA ) IN A1
OUT 4320 I %;(3) e & BIE A4 ECN ARid i) IN A OUT 434 i 4.
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2 R%ULER

Bk — NS T & ~*Es/ﬁzluﬁ%“ﬂ:%%ﬁ&\ 8901/ R AT A v R e 5 R S0 A Y i
T WAl 78— AN A P 3 SE B A - 5 43 I 1) 1)
2.1 REE%

P ELIE IR 2 MRS QoS i1 43 41 (K12 Hir v s TR 4 3 SR (0 8 15 0 1) (B84 Jm 5 FAAE). 4E DSOCM. A 1% .0
WY 5 A T WAL SR RR T 205K 23 201 ECN 7. DR b, AR T 28 AR 1 28 47 (2 0 A2 00 1 R I A A B2 )ik
— % B T Ui % 16 e S R R TR

N4 SRR I TR] 7 WO Bl H 15 SR (RN QoS i 7341
if N&= Ng then

if EN}' >0 then
decrease the sending rate of IN- and OUT-packets

else if ENFY" >0 then

decrease the sending rate of OUT-packets
else
increase the sending rate
else
decrease the sending rate of IN- and OUT-packets

755 N an N I s R 36 00 AL AN B0, N 2 1 09 A B2 4 3, EN Y 3278 IN 23 41 b it ECN
(B3 413, ENSYT 78 OUT 2304 R bRic ECN [0 41 AN 3L
2 REREMPERE R
A0 R BT 22 AR Q4 MR A 22 i 0 4% 2 RCIR 0 vk 8 R AR 7 3 R — AN LA ) B AE N D
AL FRATIRI FH — A 15 B SR A i SR AR % R Ry
Ri=R;x(1+a), O<ax<l.

DSOCM 4 QoS #7341 i) Z 4 A% IN B OUT 43 41 11 R ik T %
if ENSY">0 then
Ry =R +RJ" xB,0< <1
RPN ORI REYT 4352 IN A1 OUT 4417 Hy 11T R AR A s
if ENJ'>00r Ny # N, then
Ry=RY xy,0<y<l.
2.3 REKREH
YRS S B A DA SR R TR (K I ) (] B AE DSOCM. i, 24 N 175 081 H 14 50 911 QoS #4hl
IX LI T U6 $22 HE 1 SR oy ZEORVAE /56 1 bR B 53 o A DALk, 1 SR T 39 et A 6 47 1) 241 £ I T TR Bd 7 R
24 BEAMHERESE

YA 1Y DiffServ #1245 B 7 % 12 AL vp 70 (R AIE JR 4R 18] 1) - P 45 1) b T 200 7 42 N 4% TCP & 2 11)
=4

(YIS~ JE 5p e X — N N A TCPERZ AR, i A TCP ML A AL 2 P4y Bl 5 vl thy T A5 21
" ZI/:VIIWJ e

Forfr w25 i > TCP L MBI Rs 2 JR AR I AL R
7 DSOCM "4 T /b 73 241 5 AN TCP 3 # AR MR [ P ), FATH A R AEN LY n FL 2 5100 4110
7R A TCP 345 1 2% T 56 11 SR FH T 0 T U 11 O vl T N 040 OO B30 0 A TCP SR IR 25 4y
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A1 P AEBH T EEH:
Wi " =r, xRTT,
Horr r 5 0 A TCP IR I INAL AP 73 BUH 28, RTT, AL IR I AN 5 mi R4 F R B N o R & 07 B
W, = min(W," . W),
Hh w28 0 F B HE.
XF UDP A% 8t 3T EL A F A2 - 20 Pe 3 40 8 19 A5 R 1 70 2 P BB 28 <.

3 MR

25K A 9 2% 47 H 2% NS-2USIPE4) DSOCM. [tk
AE. 5200 FH MBI AN RN 2 Bios, el 4 Mg
H(E1,E2,E3,E4) 1 F AN 1% 0 T 5 (C1,C2) M 1. 3 253 A
5 EH(s1~s20 F1 d1~d20) EEAHIE. 174 C1 A C2 Z[A]
B R BA B S FRALVE 2 RIO, IN A1 OUT 4341 i 2 304> 3
$3(15,30,0.02)F1¢5,15,0.1). &3 i 417 ki E1 A1 B2 IR 4E
{5 & th TCP 5L UDP & # it gt 7 K 24 500 715
7 SE6 L IRATTH BB DSOCM AAR#E DiffServ (1 RE.

Fig. 2 Network topology
FEARUE DiffServ P 2% Hpv 30 2555 i -4 AR I 15 R bR i 4% 2 ML SR
FELLE r € LT
_ BVVrequest
C BWeno

reserve

L BW equest A& AT 15 SR 9T 55 ,B Weserve A AR TEFIE H 09 TML) 1 98 9 S8 LG 1 i) 18 H T 5 09
MR IE N OUT 43 4.
3.1 TCPFAUDPE&E ZEHIAF 1%

SIZIG FH 2 P R AR M5 = 2R 4R 1 tH UDP AR S B SR 4 2 tH 3 A TCP B B AZ O i i CL AT C2 2
) M5 5 SMibps. 24284 1 HIIEZE M 1Mbps 89 KF| 5Mbps I, & 28 LA 1 WL 4 52 B 3 Fros(hRic A
“DSOCM Aggl”F1“DSOCM Agg2” ] i £k).

DSOCM
5 f Aggl
——DS Aggl —*—DS Agg2

al —*—EXP Aggl ——EXP /
| /

—=u—DSOCM Agg2

Throughput (Mpbs)

Aggregate 1 rate (Mbps)

T — — s
Fig.3 The fairness between TCP and UDP aggregates
/93 TCP Al UDP B8 2 ity 4 4
45 B 5 oR R DSOCM ) DiffServ 4%, M 28 717 T8 2 A /A 4> iR 45 TCP A1 UDP Z 4 230 FRAE S
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N HI IR E (PR AC N “EXP Agg 1 FI“EXP Agg2” ) i k). 24 % FHAr #E ) DiffServ 4% I (bR ic b “DS Aggl1” f1“DS
Agg2 It 1 2k), b7 UDP 2R & ik 2 (1) 14 R, TCP SR A 1Ry 6 A W o2
32 BEZEIREHIAFHEFE

ML B R G, — AN RS 07 % 5 ¢ CIR A 2C. 3CHR[ 11146 L R 4R M7 %6 5 RTT.
AT FME. KSR CIR A 2R B R AT B CIR X R4 % 15 .

S BB R R A R A 1 IR 2 #h 10 A TCP &AM R AZ LAY s CL R C2 2Z 18] Al 96 i
10Mbps. B84 1 ] CIR M 2Mbps 14k F| 8Mbps, 54 2 ) CIR {4554 2Mbps. % BBEIRMS A % R 1.HE 1
A LA HE R KT A 30%38 K 21 100% (K115 5~ ,DSOCM BEAFIE7E SR 42 22 0] 4 b ] 28 ~F- it 43 W s 5, I B A
977 56 ) ) AR HFAE 93%LA E.

Table 1 Bandwidth allocation among aggregates

R 1 RN 5 B

Provision level Target rate (Mbps) Achieved rate (Mbps) Link
(%) Aggl Agg2 Aggl Agg2 goodput (Mbps)
100 8 2 8 1.58 9.58
90 7 2 7.47 2.06 9.53
80 6 2 7.34 2.4 9.74
70 5 2 7.1 2.6 9.7
60 4 2 6.7 3.1 9.8
50 3 2 5.9 3.9 9.8
40 2 2 5.0 4.8 9.8
30 1 2 2.9 6.4 9.3

33 HHEEKRE
%2 A IAEM RN 4IRS T DSOCM  FFRHUE DiffServ 4514 (1173 20 F 2 310 EL 48 i 3% 2 W LA W BB 11
LR (K38 K, DSOCM 1) F 45 K W] BAK T-F57E DiffServ Z5#4. 1 T- DSOCM AEF F I S0 IR 7S S 4 B 9830 2%
R I PR Y A L B B TA 1.7 I A0 S A AT R A AR BR T 0.23%, LU AR DiffServ 4544 1)
I F KB 40%.
Table 2 Packet loss ratio
R2 DUFERE

Load ratio DSOCM (%) DIFFSERV (%)
1.1 0 9
1.2 0 16
1.3 0.04 23
1.4 0.06 28
1.5 0.19 83
1.6 0.22 37
1.7 0.23 41

4 & it

A H T R T 5 B 5 1o 4 0 9 07 56 Y I 4 004015 4 06 5 6 5 ¢
S 75 VR 2R SR 9D 0 2 B 9F P W6 4D 41 3 46 L3 3 A BRI YR )
WA ST 00500 45 SR ), 5 VIR 5 B 5 o 4 A L, 16 6 R 1 AR 2 1) R L 1) 4 4
35,01 il 1 M MG 4D AL 2 R .

A 5 TAR T TR 2 R SRR B 2 A LK TE L AR A BOR 5 S5) RE RS 5 3 R .

References:
[1] Blake S, Black D, Carison M, Davies E, Wang Z, Weiss W. An architecture for differentiated services. IETF RFC 2475, 1998.
[2] Nichols K, Blake S, Baker F, Black D. Definition of the differentiated services field (DS Field) in the IPv4 and IPv6 headers. IETF
RFC 2474, 1998.
[3] Jacobson V, Nichols K, Poduri K. An expedited forwarding PHB. IETF RFC 2598, 1999.

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



Bk F RGNS L TFRBZGMESTE £ 311

[4] Heinanen J., Baker F, Weiss W, Wroclawski J. Assured forwarding PHB group. IETF RFC 2597, 1999.

[5] Braden R, Clark D, Shenker S. Integrated services in the Internet architecture. IETF RFC 1633, 1994.

[6] Clark D, Fang W. Explicit allocation of best-effort packet delivery service. IEEE/ACM Transactions on Networking, 1998,6(4):
362~373.

[71 Jacobson V. Congestion avoidance and control. ACM Computer Communication Review, 1988,18(4):314~329

[8] Jain R. Myths about congestion management in high speed networks. Internetworking: Research and Experience, 1992,3(3):
101~113.

[91 Nandy B, Ethridge J, Lakas A, Chapman A. Aggregate flow control: improving assurance for differentiated services network. In:
Sengupta B, ed. Proceedings of the IEEE INFOCOM. Anchorage: IEEE Communications Society, 2001. 1340~1349.

[10] Su H, Atiquzzaman M. ItswTCM: a new aggregate marker to improve fairness in DiffServ. In: Chang FR, ed. Proceedings of the
IEEE GLOBECOM. San Antonio, Texas, USA: IEEE Communications Society, 2001. 1841~1846.

[11] Baines M, Seddigh N, Nandy B, Pieda P, Devetsikiotis M. Using TCP models to understand bandwidth assurance in a differentiated
services network. In: Chang FR, ed. Proceedings of the IEEE GLOBECOM. San Antonio: IEEE Communications Society, 2001.
1800~1805.

[12] Chiruvolu G, Charcranoon S. An efficient edge-based congestion management for a differentiated services domain. In: Chou W, ed.
Proceedings of the IEEE ICCCN. Miami: IEEE Communications Society, 2000. 75~80.

[13] Harrison D, Kalyanaraman S. Edge-to-Edge traffic control for the Internet. Technical Report, RPI ECSE Network Laboratory
ECSE_NET-2000-I, 2000. http://networks.ecse.rpi.edu/~harrisod/index2.html.

[14] Floyd S. TCP and explicit congestion notification. ACM Computer Communication Review, 1994,24(10):8~23.

[15] Floyd S, Jacobson V. Random early detection gateways for congestion avoidance. IEEE/ACM Transactions on Networking, 1993,
1(4):397~413.

[16] Jain R. A delay-based approach for congestion avoidance in interconnected heterogeneous computer network. ACM Computer
Communication Review, 1989,19(5):56~71.

[17] Kapoor R, Casetti C, Gerla M. Core-Stateless fair bandwidth allocation for TCP flow. In: Glisic SG, ed. Proceedings of the IEE
ICC. Helsinki: IEEE Communications Society, 2001. 146~150.

[18] NS Simulator. http://www.isi.edu/nsnam/ns.

http:/ www. jos. org. cn


http://networks.ecse.rpi.edu/~harrisod/index2.html
http://www.isi.edu/nsnam/ns

	系统结构
	基本机制
	RIO算法
	入口节点
	出口节点

	核心算法
	决策算法
	速率增加/降低算法
	决策周期
	聚集内的带宽分配

	性能评价
	TCP和UDP聚集之间的公平性
	聚集之间按比例公平分配带宽
	分组丢失率

	结  论

