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Abstract: A new unicast rate based TCP Friendly protocol called RAAR (Rate Adaptation at Recewers) is proposed. RAAR is
arate adaptive algorithm at receivers. It applies GAIMD ( General Additive Increase Multiplicative Decrease) policy for congestion
conirol and doesr’ t need to feed back per packet received. In RAAR, almost all complex operations of traffic conirol are carried out at
receiers. A simple mathematical model is constmucted to analyze the throughput of RAAR and get the relationship of @ and B in RAAR
for AIMD( Additive Increase Multiplicative Decrease) TCP Friendly congestion contwol. Comparing with two important TCP Friendly
pwotocols, TFRC and TEAR, results are that RAAR has better performance in TCP Friendliness, inira protocol fairness and smoothness.
RAAR is also a promising avenue of development for congestion corirol of multicast traffic, since it is not a per packet acknowledge

ment and s mainly implemented at receivers.
Key words:  RAAR; TCP Friendly; GAIMD; congestion control

1 SCHOKe!! ), , uDP

,TCP  UDP Internet Tcp 9,

.TCP Internet s

’ ) , TCP
ubpP  ( ) , Internet .
TCP B
) ) TCP Friendly . TCP Friendly

( Congestion Collapse) t , TCP Friendly 2

AIMD (Additive Increase Multiplicative Decrease)
TEAR'"!, RAP'®!, TDA + [

’

( SFB?, RED PD!?, CHOKe!™ ,

’

£ 2002 12 23; £ 2005 02- 16
(:No. 90304011)



836 2005
TFRC LT TFRC Tsw rro
TCP Friendly R B (0<B<1).
IETF tuy ACK
TCP Friendly , RAAR )
(Rate Adaptation at Receivers) . RAAR ACK
(1) TCP (2 , RTO Trev r70-
) (3 RTO T _rro )
’ ’ ’ round s
RAAR
> ACK ,
’ ’ Trev ko ACK . s
, 3 (4) )
i ( ACK Tow rro
) ACK ) ACK
( ADSL, HFC, ) >
(feedback implosion) round >
Tsvo rro
2 RAAR
22 RAAR
RAAR GAIMD( General Additive Increase Muk 221
tiplicative Decrease) ! 2l , TCP RAAR
,  GAIMD , A (SLOW- START) ;
> TCP rate - srate- + pktSke_ / RIT,
21 RAAR ACK
RAAR (round) s 1
sender recelver ’ RAAR
ACK 222
, roundr} . RAAR GAIMD
round(a)
round{n+1
I RAAR TCP
. O At
round GAMD TCP
ACK , ,RAAR wound
, round > round(at2) 2ax pktSi
pktSize
round(e+2) CTRr ¢ TAAR
round. RAAR : B
d ktSize _
roun M1 Rounds in RAAR rate- < rate - + 2% }%, ()

s ACK ,

)  (2) RIT

( RTT round

).
ACK , ¢
< = 2RIT ACK ; ,
2RIT ACK
. round
, 2RTO Tsnp ko,

2RTO ACK ,

rate_ < rate _ * B,
a B
23

RIT



5 TCP Friendly 837
Trp ) M
N
: M= Y= BT g2 (10 B)1-B)  (5)

(1) ound

Round Number,

(2) ound

round ; round
s round
s round (
round ).
ACK
RrT Ty ,
3 RAAR
RAAR ,
RTT s
s MTU. RAAR
2 . , RAAR
B . 2

(Packet Loss Period) , RAAR

Tpp, RAAR

Transmission Rate

B2 B4 RAAR WAL %E

2.1 s R round
A i A= 2% a¥ %PLTU (2)
(Tmp) , RAAR
Ro, Ruaxs sRo= B* Riuae
Trrp round N
NszmA Ro= (1 BA)R,M\ (3)
¢ round , RAAR M;
_ 2% RIT* Ri_ 2RTT* (Ro+ i* A) (4)
! MTU MTU
RAAR 2 (

A* MTU

i=0

P, k

P[M= k= (1-p)"" 'p, k=12 ..

& 6
E[M]= Y[1-p)* ph= - o
=1 P
(3) (6 (5)
R A MTU MTU, 2a
T (RTT* p* (1+ B)(1- B)™ RIT (1+ B)(1- B)
(7)
Tpp , RAAR Ry
R RAAR (
)T
e Ro+ Ruw (14 B)* Ruw  MTU (1+ B) 8)
2 2 RIT Jp N2(1- B)
TCP ,a B a=1,B=
0. 5. (8)
3 MTu MTU
T= .22 ——— 9
2RIT Jp* RIT (%)
(9)  Floyd r TCP
TCP
( TCPFriendly ), (a, B)
To 8( MTU,RIT ,p) = Tl,é—(MTU, RIT, p) (10)
(8) (10) a B TCP Friendly
_3(1-B)
="1+B (1)
TCP
s (user
perceived quality) {9, B= 0. 875,
a
(11)
100Mbps 10Mbps
’ | Imsec 49mssc
4 N1 N2 2 B3 ESREET
, R1 . g0
: N1~ Rl o
1200
100Mbps, Ims; 1000
R1™ N2 -
- & e
R 10Mbps, 3 o0
49ms. R1 ‘ 200
RED . min O otE 07 6F 0F 6% 03 03
Drop Rats
thresh  max_ thresh B4 RAAR BB EREN
20 100 , ‘ BRASTNE

, 1kbyte.



838 2005
s RI'T 100ms. 2 s ,w( i) s
N1 R1 N2. CBR . 1, . 1<i<n/2
OMbps ~ 10Mbps , ; w(i)= - = n/2, w2<i<n
RAAR . RAAR n/2+ 1
Rate_ ACK s
RAAR > Rate_ s rate — GAIMD
, RAAR , GAIMD Rate_
 RAAR rate_ , Rate_ s
2 (1 4 , RIT GAIMD rate- . ,
, , RAAR  TCP Friendly . s n= 8
(2) 5 RAAR
. NS2. 1b8a!'®! RAAR
(9) TCP sy, , TFRC  TEAR
,TCP (9) TCP Friendly .TFRC
. RAAR TCP TCP Friendly s
. (1) 0~ 1 ko, . LETF . IESG
s round TCP Friendly .TEAR
rate- < rate_ + 2% ko* a* ]_)ktSlze, (12) TCP Friendly ’
RTT TCP
ko [0.6,0.8) , 7 TCP
ko= 0.7. ) ko . RAAR 7 ,
TCP RAAR
TCP 51
4 RIT RTO SRR
s 15Mbps,
RAAR . RTT ; 100Mbyps. 50ms,
RAAR , RIT Sms. R1
RIT R1 RIT ,
EWMA ( Exponential Weighted Moving Average) RIT
RIT SRIT, :SRIT(K + 1)« SRIT
(K)+ g* SERR(K+ 1), . SERR (K+ 1) < sampleRTT -
SRIT(K ). RTO
2RTO , RIT
. RTO SRIT .
Jacobson I8 RTO(K+ 1)< SRIT(K+ 1)+ f*
SDEV(K+ 1), , SDEV(K+ 1) <SDEV(K)+ h* (| SERR 5 TRGAHRSEH
(K+1)| — SDEV(K)). RTO , . TCP
ACK RTO . TCP Friendly . TCP , SACK
Jacobson . &= V8 h=V4,f=4 TP IETF TCP , Tahoe TCP
Reno TCP s
., RAAR L SACK TCP TCP
: RAAR TCP Friendly \ RAAR, TFRC ~ TEAR
ACK . RAAR GAIMD
rate_ s r(i) n
rate - s Rate_ : 273
”Zw(i)' r(i) 1kbyte, 5s  10s
r(]ge_ = Fll’— 6(X)OS, 10

Zw(i)

i= 1



5 TCP Friendly 839
52 TCP ( TCP Friendliness) SACK TCP s 50%, Y TCP Friendly
RAAR TCP Friendly , TCP , Fper [,
RAAR  TCP( SACKTCP) o RIP Rp
Fp r_ -1
, TFRC TEAR Rp+ Ry p Rp+ R\ p
(6) Figet Rp P , Rm p
( long duration ) , RAAR TFRC . Fhes
TEAR 3 TCP 6(a) .R1 05 ., (ideal fairness) .
R2 15Mbps. X TCP Friendly
50% RAAR/TFRC/TEAR va S0% TCP BW=15M RED Queuing 50% RAAR v 5% TCRBW«15M RED Quining 50% RAAR/TFRCITEAR va 50% TCP.BWs 154 RED Queuing
—+—TEAR
—»— RAAR
—b»— TFRC
! At
; e
L"“"ﬁ. N """::""'--..
1 .-.""‘-1-..::‘:—..,_‘-“__
“—h"“h:::
W B W e @ @ 1z im W 32 46 64 80 6 112 129
Number of Aowa (RAARTTFRETEAR TCRY Nurmber of iy (RAARAIFRCITEAR TCR)
(a) ®) (©)
6 RAAR/TFRC/TEAR X TCP 02V
, RAAR 53 (Intra protocol Fairness)
TCP ( Inra potocol
s ,RAAR TFRC TEAR Fairness) 7
TCP (a) 7(b) Fguiy
. RAAR Fgﬁm/iry [17] .
TCP TCP Friendly [ J 2
6(b) , gty . ~LF 2
! | Ple DR}
,RAAR  TCP Fi. 6(b) R
, RAAR  TCP R f 1Pl
z= 0.5 : RAAR Y €r Py, L R -
TCP Te)  1(d) 5.2
Fjrer ?Iwwmmwlm.nmm mnw:nnrmremnmm.m-!mnsb&-m
sl _'__‘,__,_.2.__.::, 098 - ot 1T o
- 6(c) 0,08 N.ﬂ\'_.o-"' ~ pre R -
(Equivalence Ratio) ( ! ! :':
v.s!
s ) E E 0.5
a b 6 E o
T
118/ 081
0 48 a4 0 B Tz 0003 45 &5 ® w8 1z @
D= mi R, s(t) Ryt) Numbar of Iowa(RAAR <TCP) Number of Aows{RAARTTFRGITEAR+TCP)
36,@,1)( )= mn RI;7B([), Ra,S(l) (@) (®)
50% FAAR ve B0% TCP w150 RED Cuwiing  50% RAAR/TFRO/TEAR va 50% TORBW=t5M,RED Crmming
Ra. (L) Rl), s(t) a b o.' —+=TCP
. Vn —»—RAAR
8 {es o o to+ i*8)}ito o
e Tsab a, b , e 3
r5a €00, 1] eo 15 a0 1,
8 6(c) 1 TCP Friendly
TCP >
6= ls, RAAR
. . (c)
(1s) TCP TCP Friendly 7 ARBRANATEE



840

2005

( Equivalence Ratio)

> §=1s. 7(c) 7(d)
7(a) 7(¢c) RAAR
TCP
("), RAAR TP
( ), RAAR
TCP 7(6) 7(d) 3 TCR
Friendly
. , Fogety 0. 99
; (1s) )
RAAR .
5.4 ( Smoothness)
TCP Friendly )
(Coefficient of Variation, CoV')
f CoV ™
( standard deviation ) , , CoVy g =
| T )75 ' i
T 1078 2 (Fal ok 80)= Ry)
R . CoV R
. s 6= 1s.
8(a) RAAR TCP
. , RAAR
TCP s , RAAR
8b 3 TCP Friendly
, RAAR TFRC,
, RAAR TEAR
6
TCP Friendly
—RAAR RAAR
> , GAIMD
) RAAR TCP
Friendly ~ AIMD a B
TCP Friendly , RAAR
TCP s
) RAAR
, s TFRC ,
TEAR
s 7
RAAR TFRC  TEAR s

S0% RAAR va 50% TOF BWs15M RED Queuing  50% RAMRTFRC/TEAA ve 50% YCP BWs 154 RED Duaeng

O Tcp - —+— TEAR
07 _._ RAAR ‘,--‘" -s= RAAR

Fod o - g 0 —— TFRC -

g e >

508 < ozst Rt

By ot > e .

od,” g v2f ‘F__,‘;:__,.___.,.-a---a"#:-
oof e i o
015
a1
vlsﬁ“ﬁ;‘;ﬂ12l’ 16 32 40 64 80 86 12 128
Number of ficws{RAAR+TCP) Number of Acs(RAAR/TFRCTEAR«TCP)
{a) (&)
He HilpFss
ADSL,HFC, s
(feedback implosion) s
RAAR s
s RAAR

[ 1] FloydS, e al. Promoting the use of end to end congestion @ntrol[ J] .
IEEE/ ACM Transactions on Netwotking, 1999, 17(4) : 458— 472

[ 2] Feng W, et al.Stochastic fair blue: A queue management algorithm for
enforcing faimess|[ A]. Proceedings of IEEE INFOCOM 2001[ C]. Arr
chorage, Alaska, USA, 2001. 1520- 1529.

[ 3] Mahajan R, et al. Contolling higlr bandwidth flows at the congested
router[ A ] . Proceedings of ACM 9th International Conference on Net
work Protocols (ICNP) [ C]. Riverside, Calfomia, USA, 2001. 192 -

201.

[ 4] PanR,d al. A dateless adive queue management scheme for approxt
mating fair bandwidth allocation] A]. Proceedings of IEEE INFOCOM
2000 C].Tel Aviv, Israel,2000. 942- 951.

[5] [D].

,2001. 10.

[ 6] Yang Y R, etal Transient behaviors of TCP Friendly congestion control
protols|[ R]. Technical Report TR 2000 14, Networking Research
Laboratory, Depattment of Computer Sciences, the University of Texas
at Austin, 2000.

[ 7] Rhee L, et al. TEAR: TCP anulation at receivers- flow cntrol for mut
timedia sreaming| R].North Carolina State University, 2000.

[ 8] Rejaie R, et al. RAP: An endto end rate based congestion control
mechansm for realtime streams in the Internet| A]. Proceedings of

IEEE INFOCOM 1999 C]. New York, USA, 1999. 1337- 1345.

[ 9] Sisalem D, et al. LDA+ : A TCP Friendly adaptation scheme for multt
media communication| A]. Proceedings of IEEE Intemational Confer
ence on Multimedia and Expo ( ICME 2000) [ C]. New York, USA,
2000. 1619- 1622.

[10] Floyd S, et al. Equatiorr based congestion control for unicast applice
tions[J] . Computer Communication Review, 2000,30( 4) : 43— 56.

[11] Handley M, et al. TCP Friendly Rate Control (TFRC) : Protocol Spect
fication[ S] . IETF RFC3448, 2003.

[12] Yang Y R, et al.General AIMD congestion conirol[ A]. Proceedings of

[13]

ICNP 2000[ C] . Osaka, Japan,2000. 187— 198.
Jacobson V. Congestion avoidance and control[ A]. Proceedings of the



TCP Friendly

841

[14]

[15]

[ 16]

[17]

[18]

Sigcomm’ 88 Symposium in Stanford[ C]. CA, August, 1988. 314 -
329.

Mathis M, et al. TCP selective acknowledgement options [S]. RFC
2018, 1996.

Floyd S, et al. An extension to the selective acknowledgement ( SACK)
option for TCP[ S].RFC 2883, 2000.

UC Berkeley, LBL, USC/ ISI, Xerox PARC. The ns M anual (formerly ns
Notes and Doaimentation) [ OB/ OL]. hitp: / /www. isi. edu/ nsnam/
ns/ ns documentat ion. htm1, 2001.

Widmer J. Equatiorr based congestion ontrol[ D] . Dept. of Mat hematics
and Computer Science, University of Mannheim,2000.

Padhye J. Tovards a comprehensive congestion control framework for
continuous media flows in best effort networks[ D] . University of Mas
sachusetts Amherst,2000.

,1975 s

@ gpdi. can.

-
-
o

, 1977 s s
mail: mique@21cn. com.
, 1970 s R
mail: hu_ yan@ 263. net.
,1938 s s
, iswg@ zsu. edu. cn.

, - mail: liuyh

, B



