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Improved algorithm for TCP congestion control

Yang Xiao-ping, Shi Shuai, Chen Hong
( College of Communication Engineering , Jilin University ,Changchun 130022 , China)

Abstract; The traditional TCP congestion control algorithm is unsuitable for the multimedia traffics because of
the fact that when a packet is discarded, the sender halves its rate, resulting in sending rate wobbling greatly.
An enhanced congestion control algorithm, slow increase slow decrease (SISD), was propored based on the
algorithm additive increase multiplicative decrease( AIMD). The simulation results show that SISD algorithm
has better smoothness of sending rate compared with the congestion control algorithm of TCP, which reduces
the fluctuation of sending data and adds the congestion control to multimedia traffics. This algorithm can act as
development basis of real-time multimedia traffics, and improve the transmission quality of TCP traffics.

Key words: communication technology; TCP congestion control; additive increase multiplicative decrease

(AIMD) ; slow increase slow decrease (SISD) ; quality of service ( QoS)

A & AT A IR 55 BT & (QoS, Quality of Service )

0 5l F BRI SR B T 1 T M B 3%
D7) R LR ANRE R T8 8l ; M 22 AR R N 2ok

Wit X 25 B A 1) e e RN K, ) 4% v S £ AT S X B B P R AT B AL (H
YRR FE BRGNS, A TP B iE AR A G XPECHE SE R ARG, T TCP A& R ) i K
BHES, XA S5m0 SCHEdEE PR AE A% % 2 BB T, 13X 2858 9 b H

We#s B #:2005-07-25.

ELTE . EE A RRHEEA WIITH H (60234030) ; “863” B4 & AW & R RI5 H (2003AA412210) .

YEE R e (1963 - ), 2, RIBE , - RF ST A: . WS J5 1) < 22 AR g 42 1) K2 o9 24 4 E e
E-mail ; yangxiaop2003 @ yahoo. com. cn

BIRBER AN PRI (1963 - ) , 2, B0% , A 0. WF55 77 1)« 28R Ak 42 i AT TN ) . E-mail ; chenh@ jlu. edu. en



£ 434 - E kK ¥

F WL F R

% 36 %

TRZHRB(E ] UDP Hp, UDP B iSCA B AS i 7 4
FEXIHE TR ARV, Al BED | K 284 20T
RIS - O T RN R, A
HEBCR USR0S (RSVP) B IX 3 e 45
(DiffServ) 1y 75 ROK AL iy Z2 AR . H 2 B4R
S P R AT BIOR 3 2 7 2 A% i AR AR
e, REHOT P 35 2200 2 U W] BRI 19 A0 4 12
i Z2 AR, X TR B A A% 1 Il 55 AT 2 S g i Sy
(Best-effort) & 55, AI UL, WF 5% Best-effort iz 55 i
XM G 2 AR 2 AR H A B X,

TCP MMM A% 22 SHAAER A It A AR A
PRLTE T 0 4% A 1 ZE 2 1) R 326 3R i 2 R
G B XE TCP 1 ZE AR I, 1 7E N B 3 i
(Additive Increase Multiplicative Decrease, AIMD )
SRR ) Bt i ) — ke 18 28 AR A T
A4 12 14 18 i ( Slow Increase Slow Decrease , SISD ) &
2, LM# DL TCP Ak 3585 K I8, %k
A 2R N LT, O B 58 3R B0

1 TCP i ZEFHI5H s

TCP fY 41 2€ ¥ 1l 58 3% & B Jacobson * 2 i1
1, {5 AIMD B9 7 R B, 50k 8 A
AR H .

LW, < W, +a(a>0)
DWW, ,<BxW(0<B<1) (1)

Ao 1 R AE— A ] e 13 B 8] ( round-trip time,
RTT) WU ACK SIS A i (G ) 3
IR s W, o8 ¢ B 205 E R/ s R Sy ] e 1
S 1] RTT; o S2 ARG IR 5 D FRon 18 241 % )5
T G ) I/ NS B R TR A T

Chiu 1 Jain " BIF5E T AIMD 5335 PR PR AN
PR R T o B RLHHE ISR, (1) B
TR TEAEBTCP Ha=1,8=0.5,

TCP 1 ik s Ry i A= (2) P

1

R 2§p +Tm1n(1 3 3bp)p(l +32p%)

(2)
WA LR S FOR N R b p BIRRE, Hodp
ERAERE 1% %8 (round ) Y55 — ML ELHE S 1962
WA EROEHRT, — ML E R KRR T,
RAHIHE ; b AR BEAS ACK B IA B9 £ 8 114

T B TCP il S g Fs R A 5 S
HH M A 1 el B SISD

2 SISD i ZEds B s

SISD B A7 1] AIMD #5504l (1) s,
SISD M2 )5 sh I I, 7E 18 I sh B B, Bl 3 — 4>
BN, % 1R/ I —A, BRAEA RTT B[]
A PNAN KTV ES BB S =N S R NNY
ik G FE R S B B, 7E XA BY B, AR A ] —
ASH ACK , FHZET 1 KN o/ W, VR A SR
s = A EE A ACK, WP 15 gW, , i
KA RIS BE TRy 1, SISD S8k ) SR 2 ff
BIER « B1H,

2.1 #ERERAR

W IR F o FE R F B A AR R in A 2

X(2),1558(3) .

S(a,B) =
1

Rm+Tmm( 1)111(127#))}7(1 +32P2)

(3)
BRA(2) BRI =1 .8=0.5 BTG
o NS, B2 (3) 4 1F B9 5 5B 43 4 31 E
Sk SD F1 SO

SD(a,B) = R /2721231;5) (4)
SO(a,B) = T(,min(1’3 /W)p(l +32p%)

(5)
W BT A B4R ZERRAS & A i s, D) 43R5k 2
T SD,ULBH SD o] LIAKES T T, , 440 %EH
& A= i, BT EANA SO, SO AR B KT
R, RGPS, 2 p AR/, SD LT SO
o AL U S EEEH SD JE s Y p B
B, SO B K SR e e ns 1,

Chiu A1 Jain fEFE E45 4 T M A AIMD §
D852 H%E’Jﬁfiﬁiﬂﬂiﬁﬁﬁ&?ﬂﬁﬁﬂ@u,Hﬁa%ﬂ
BRI T, AR Y IR R 285 & F R SE BRI
HW A % BB 2 BAN H , 1EH % RS 28
(LN NG = R T B a2 1) vl 1 T A
W (a,B) IEBOE,

2.2 SISD EiXHSHIEE
TCP Jit A% o R ZURL 3 i i PR E T8 iy 3




%3 WE S — Ak it 09 TCP M 44 H ok - 435 -

IRF o 8 1,8 F B4 0.5, 31X X 5L 22 8
PRV S i . SISD B iy H ARl 2
A N R 0 R R N 2 R A 4R i
V& K ik R AR R 2%, T UL B R AE IX 1] (0. 5,
1) NEEER, Rl AY R0 2% 22 1A I FH A o X S
PES B VIFR bR , ORI 05 BT, BL B =0. 8, Ik
F T LA S A2 356 3 24 ST A R AR 3 M [ K B2 1) 1 i
H 17 1028 v RS 43 B AT 2 TCP i, TCP
PR — A T s T SR A 201 2 T 1Y) B 1 e
Fabr, TCP U8 TEAH R 2 F P AL T A K
F TCP Ff A7 . X (3) AT, i i 4 il
(a,B) BUE P2 B R L HK S (a,B),
RIERESEL (o ,B) WIME, fif SISD 45T TCP Ji iy
RiEEE S(a=1,=0.5):
S(a,B) = S(a =1,8=0.5) (6)
M B=0.8 B, i HH o MME, (H7E 5 R
FAURFE A SISD Fl TCP & 3% 3 3 1 25 11 5t
AN, TR R ZE TN

. S(a)
Ey() _Jo P §a=18<05)

- 11|dp

(7)
K w(p) BT p MR, B AR EAREMR
A AT B FE B AR, 3 L 2% TR A0
F—AHE(p = 0. 1) BAUER 1 K FERFEL O
A T PR T 1 T T AU PRI 2, K 2 B
RTHB=0.8,T, =4 RTT i} E, () ML, 1%
MR BT 0L, o 7E.(0. 2,0. 4) 5 FE N BRI, 2208
BN, Gl BSLEG VR o =0. 28, AIL,
WSR2 R E, (o) B3R X482 1 B 7T
IR EIAE R o BUETE

wip) T

1.0

0.0 0.1 p '
Bl AUE SR
Fig.1 Curve of weighted function
— e R 45 AL R BRI, SD f 3 A,
SO ZERMAK, X (5) TP
ﬁuwﬂzfm~ﬁ

2a 2a

a=1,8=0.5

= 3(1-p) (8)

0.09 threshold=0.1

Egla)

(23

B2 REMZ%

Fig.2 Curve of errors
3 AADE

PR IR v ZE 48 i S0, V%% B 1 AU
PR SEEE R AR AR R AR T A T
[i] 1) ik R 22 AN K, BB R R XA
I 4 Rk R 5 TCP WA, i
PERAEIE— ST, B — 58 i 78— [a]
BN ik s AN, e B PSR 0 24 5
SRR Wi ) 2 32 A 23R B M 7 4P S T IR i A
b, (RWEPERAR XY AT A 581G s, 357k Rtk
He N v 1 A 2R DA R 4 A R R

il NS2-' fife {5 - & , g &l 3 i
7No n0.nl A& KNG, n2 n3 KL KA, nd
nS AN, n0 &% SISD B 2 nd ;nl K%k
TCP %045 it 2 o5, B AT 3 [F] 55 4 JiH 29055 B 114 ol
$i. NHZEER fip L,

10 Mbps, 20 ms

TCP @ Sink2

B3 MigHmIE
Fig.3 Network topology

3.1 RFES5EBEHE
n0 Al nl [7] B A 326 B d | F5 42 2190 % i) 18] 5



- 436 - THRRXEFFHR(TFRKR)

[ OCH], B Aegeit 778 3 AR RE I ) B
N, RED A1 Droptail 1% i pA 471] 45 PR3 i
FHITIZHOAC B, ULSCHR[ 11 ]) B E 00 T TCP il
SISD R R 1L A BRIV 1,

%1 TCP 70 SISD W EH & EiEE
Table 1 Average sending rates of TCP and SISD flows

=t A R/ (Mb - s™")
BfE/s  ESEE TCP SISD
10 RED 0.84 0.915
10 Droptail 0.88 0.816
100 RED 0.808 1.02
100 Droptail 0.79 1.04
200 RED 0.812 1.03
200 Droptail 0.788 1.05

HHE% 1 Al g, BAS A BT 18 6 F Droptail i8
J& RED, SISD Y i) - 35 & 3% ol R B A | W 55 T
TCP J5 AHAHZEA K, GBI SISD i 354+ 5 i fig
JItE TCP Jiilg i, BT A A3

R T AT A M i A S TP
% o R R HE, I 4 & S BTR . G
# | RED i£4& Droptail BA%) 4 B | SISD Y5 1)
R HURYR G R FE AR /I F TCP U, B SISD By
U LI T TCP, 44 2 & A B SISD 2 X
FEM RN, A SISD J2: MR N i .

515D ——
| (o] J—

Sending rate/(Mbes ')

tls

B 4 SISD 5 TCP 7£ Droptail TR & X FEZR LR
Fig.4 Comparison of sending rates between SISD
and TCP under Droptail gateway
3.2 2R
FFNEERY AR 0 Fl nl [A]IFT 4 22 26 B8
8 s Ja Horp— N EdIE P51 R IR B i SR IR
FnE 6 K7 s, HEPITIEI AT, G AT A 9
HY S, SISD i 37 A2 Al fr) 3o BE A8, AR T2 v
SISD ZY4E 5 s ] 1fif TCP #£2 s Nk SE L 1, P
SISD il 8% 3 £ RS W I [ T TCP, 31X
JE RIS SISD a7 171 8 % I (1% 365 Jm 10/ )~ Wt 32 40 L
BN, 253 TCP /N A2 7% R % {4 A

%36 %
250
—_— SISD
T TCP
£ 20F
£
5
3
2
o0
£
=
L+
(7]

0 3 6 9 12 15 18
t's
5 SISD 5 TCP % RED THI% i% % % tL i
Fig.5 Comparison of sending rates between SISD
and TCP under RED gateway

251
_v.r, 20 e A et G
£20 »-V“f
= W i
5 1 /
.:ED 1.
=
=
205
- 1B
0.0 I 1 I
0 3 6 9 12 15 18 21
tls
6 SISD HIfZmE 1%
Fig.6 Aggressiveness of SISD flow
251
20+

=
T T

= H

Sending rate/ (Mbes ")

tls

7 TCP HI{EE&
Fig.7 Aggressiveness of TCP flow
R SISD 5 45 BEAT 54 M FEI BB 1184
TN T TCP, S50 76 400 7T JITAS 95 1 1
TCP & ,

4  LEHRIE

BEXF TCP 1 ZE 42 il 305 ANl A AL i S if 2
AR Y RIS, %o H A O B39 AIMD A7 T et
#e)™ T TCP KL # A, Ea gl T SISD 5
i (a,B) SEMEROT I, TEH Sk E B H
i, 24 B BUER AT, SD Al SO WfE R /N, &
1 S(a,B)BR, BRRTIR AT o S0
/N, BEETRY SISD S R ZE RS LU RS, R 3%



% 3

WE i S — Ak it 09 TCP M B4 %) H ok - 437 -

VAT ZE T 1A B0 R /N G o R NS, A
T 326 TR 1 (R R R B SEHE R e &
TETCR AL A NS AR, TR g BUE R,
HAE M o 8K, SISD 18 #3158 He b st i %
T YR i 1) TR A 2 (R R A e, X
TARF W48 5%, (a, B) WP EBUERH AR,
USRI L A S RS B 3 R e, A i R
ZRBHAL 2 ML) UDP 8% TCP FrEU i TCP
HRIAZ O ZE B 509 ATMD k% SISD BB, Il
A LA ki G, 22 BB 1 i A o oy ) S 4 o) B Gy
el —RAVG 5, BOX 7 R R T T
YRR TR A,

SE Ik

[ 1] H#EM b, BRIT. 5T RED 434 ZR P57k
f9AE TCP [ 1], ML T AR 5 5L, 2005, 41
(7) :153-156.
Xiao Ping-ping, Yang Xiao-ping, Chen Hong. Identifi-
cation of no-TCP flows based on the history of RED
packet drops[ J]. Computer Engineering and Applica-
tion, 2005, 41(7) . 153-156.

[ 2] B BRAT , 14 P, UDP Jicfa X 19 4% 1 BB 52 i) S
XPELCT /5 24 Ji b P SR A, TN AR
BB TR H AL, 2005 :245-248.
Yang Xiao-ping, Chen Hong, Xiao Ping-ping. Effects
and schemes of UDP flows for network performance[ C ]
Y Proceedings of the 24th Chinese Control Conference.
Guangzhou: South China University of Technology
Press, 2005 245-248.

[ 3] David D C, Scott S, Lixia Z. Supporting real-time ap-
plications in an integrated services packet network: ar-

chitecture and mechanism|[ C ] Y Proceedings of ACM

SIGCOMM’92. New York (USA): ACM Press, 1992
14-26.

[ 4] Blake S, Black D, Carlson M. An architecture for dif-
ferentiated services [ EB/OL]. [ 1998-12-05] hitp: //
www. rfc. net/rfc2475. himl.

[ 5] Kevin F, Floyd S. Simulation-based comparisons of
Tahoe, Reno, and SACK TCP[]J]. ACM Computer
Communication Review, 1996,26(3) ; 5-21.

[ 6 ] Jacobson V. Congestion avoidance and control [ J].
ACM Computer Communication Review, 1988,18(4) .
314-329.

[ 7] Chiu D M, Jain R. Analysis of the increase and de-
crease algorithms for congestion avoidance in computer
networks[ J]. Computer Networks and ISDN Systems,
1989, 17(1) :1-14.

[ 8 ] Padhye J, Firoiu V, Towsley D, Kurose J. Modeling
TCP throughput: a simple model and its empirical vali-
dation[ C] //Proceedings of ACM SIGCOMM’ 98, Van-
couver, B. C. New York (USA): ACM Press, 1998
303-314.

[ 9 ] Braden B, Clark D, Crowcroft J. Recommendations on
queue management and congestion avoidance in the In-
ternet EB/OL]. [ 1998-04-08 ] http: // www. rfc. net/
1{¢2309. html.

[10] UCN/LBL/VINT. Network Simulator-NS2 [ DB/OL].
[2003-09-04 Thttp: // www. mash. cs. berkeley. edu/ns.

[11] AWede, BRmT , B X 3T % i #8 19 RED F1 Droptail
SRR [T]. MR A4 5 B R R, 2005, 23
(1):69-74.

Yang Xiao-ping, Chen Hong, Zhai Shuang. Compari-
son of RED and Droptail algorithms based on router
[J]. Journal of Jilin University ( Information Science
Edition) , 2005, 23(1) : 69-74.

(GAEmB L)



