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Enhancing the Fairness of PGMCC

t+

Young-sun Park” - Do-won Hyun'" - Ju-wook Jang'

ABSTRACT

To deploy multicast protocols, fairness to current Internet traffic, particularly TCP, is an important requirement. PGMCC is one of the most
promising multicast congestion control proposals but it suffers from degradation of fairness by fixed timeout and uncertain acker selection, In
this paper, we suggest addition of an adaptive timeout mechanism and NAK suppression in router using throughput comparison to improve
fairness. Our simulation show improved fairness.

7|9E © HEIFHAE(Multicast), PGMCC, %/ 0{(Congestion Control), & J(Fairness)
.M B EAkeke] dolE udks T HAE dxe AVE X
s ﬂE‘r Ackere FAAFAAM 7HE ‘%% AFEE 7H=e
HEALES Tl AREAAA st vl S A AA7} Ackeriz HEFEh PGMCCE @4l NAK 4]
d A9l G0 5 Aol AEEl F WOl At wehAE EdAe] WA fUE ADF TR
M GA FoRA doEs A7ste S HHoEA o2 kAo 9SS kKA gtk PGMCCY 4% EFY

tholl Al e m] T of

AAZE B

A %-88l= VOD(Video-On-Demand),

I
dA7e] A 2ga 2 gl dolH T (Round-Trip Time)ell wabr FAA o]

o} (timeout) Fhol YA37] wjio] HNel¥ Ackere RTT
5 AzbetA &34

S FYrHew 29 & A @] iy 7S 9y 2 9}, w3k Ackere] AElo] 9o]A] NAK ¢lgtol] o #)A]
AHEE L glE TCP(Transmission Control Protocol) E#| SHtE Acker’} AEE A &S = 9lu)

9] Ao EFA07 HeE v HYAXE Ed9 2 =idAe oy ddS Bekely] fEA TCPe 2
7§—°r°ﬂ% EJA 7} o] FAXA 7] Wit 22 AEYl 2 &2 B9 ol(adaptive timeout) WS &3
FolA FEL F7 glth ol d EAHE sAsty] fst i, Acker A€l WS 27} Boelgh o 28 A=

o] RMTP(Reliable Multicast Transport Protocol), TFMCC
(TCP-Friendly Multicast Congestion Control), PGM(Prag—
matic General Multicast)s
Eol AtH

olgl W

Congestion Control)[2]+=

L

SEERES
o st AgrE A= Y

A3k 35 ATl sl A&

=9 o 7}A HEINEE A

e
tlo

=
21Z oA PGMCC(Pragmatic General Multicast
9d &5 Aojo iz 7)uk H

2 5

2. 7|& PGMCCe| E2MH

7| ~E A0} Walolty, PGMCCE Ackergl &4+

PGMCC9] EAHo| thate] A a)
oA AtE 2L W 4do e 7
E3lo] 92 AnE B4

t}.

o O TR

Oh
-

2.1 PGMCC
T & 3 9 :LGAA Digital & Multimedia 972 A7+
T F 8 9 At 0skl Axpaska PGM[3] @ F417} w2e] HENAE 202 NAK
oA 8 9 AR AAEs wg ; . -
=R 20039 19 102, AAFEE - 2003 39 25 £ 7o Rd AdE 84S Bt A A HENAE



312 HEXNEz|EE =X C H10-CH

3ol

(1
ODATA(Original Data)E %

£ Al

5
5
P ATt
2
=

)& PGM9 Malge

Foch olm, HolgE WA %

Al NAKE Hd&stA €k o] o
£ A9 SR dEsta v
£ AF3HA Tk NCF(NAK Confirmation) ™Al
@A ®loh whebe] 22 NAKE
S0l =

PGMCCi= PGMellA £3Ao1 5 &7 flate] Alete
olty. Ackerghil dh= tiEAE Ad€ste] FAAS} o] tix
A Atolelli= Alo] BAE FART
© tixEAwte] ACKE REul7] wj&eltt.
G o] EAHANS AFolt NAKS

g

=

s

R}

NAKE A&t e g

(32! 1) PGM A|

sty PGMolA & A3 o

N

4
>
_>\i
=2
X
i)
o

X|3%.(2003.6)

A=
o] Zh-E7h gk

Aot Hl

Lzl

Al
2l

o]#3F EAE Acker

If TG) > T()
Change acker to j

w4 | =

Router

[ >

Router
'\

Receiver 1

Router

I
@

Acker 1

(a2 2) PGMCC AlLtz|2

et AU s (2d 2)0A Bl & 4 Utk Acker
© 2§ gBAEA 7P 2% E(throughput) S 7F
AE FAAZE At Sk Acker Abolo] M
TCPS} W53 9= (window) 71¥ke.2 AAHH o]
’\] ACKell 9J3leo] AA =T PGMCCOlA F=AIA 7} 22

S st 3L FalAte Hao] s AA .
X}—E NAKY ACKel £919E &4 E(loss rate)@ A|@2
W3 (sequence number)E ©]&3ste] RTTE 54 2FES
ARSI "ot EHES WES Faby] Hste] AveEy
& ALg3ke] AAES S

PGMCCAIA 7+ 838 AL Acker? Age] 9l
Ackere 7HE W& 2FEE JHAE F2AA7F dEdE

Acker®] AdE]& 23] Hlus SajA AA A

¢

r1r 1

Y
> Md 12 rlo

RTTV p
T  : throughput
RTT : round trip time
C A% PGMCCY 4% 09[2]

P : Loss rate
olZ Aksle] 7]Ee hFEA ;9 FAA ;REYH T
NAKS 7Ie ol 1)y 7(H2 BF 44 A

FA ;2 gz vie A "o (29 3)2 RTTSA
3k 2| ol

FAROIANM B2 Tzl

NAK ACK
ACK Header
NAK Header ack_seq
bitmask
rxw_lead rxw_lead
rx_loss rx_loss
rx_id rx_id

nw_lead = FMADL 7HY Z20f 22 m2l9| AlAA Hs
b =

=4

P x2o H oiZle] AlFA

W]
u
93
IZ

7(}0[ RTT xx-l

RTT Z4S A 871 91814 PGMCCollA = Al

HEE AMESIA RTTE A3 "®rh. PGMCCelA <]
RTTE s 2FE vugs feiAt dasty] i
z} A7l RTTES B A8 Z(timestamp) & AF&-3le] A

g5 ZAskE ol ohe AHx WMol FelzA A
A, olE Y3lA PGMCCol A& ACKY NAKel 421
A7 b Aol we s AR MEE B8 5



AR AN & AR S wkE W, 7P FH el B
o] 42 RTTZ A-&ach

=
)
=
)

22 =M
221 134 B ok &%
PGMCCE B9 obx#he Adh= del

B o gte
b ek AHETHE ol f

dJ3to] B 2REE A Aol ohet AU W
3T

1'01' ol _r|r_1‘ X

ol Al |EE ARElM RTTE FA8k= Zlo] ¢

Bk AR o[y PEe B ool
R =

o

;%
;%
l
>
Rl
i

o

o
;

Hoomd o mi o MO
2ot o o &
)

2 1 oo o m
a2
re
a,

o
©
Mo
Y
o

[R5}
i
:0.1:1'
i)
ot ¥
0
vl
ﬁ
(@)
ol
fo

RS
-~
=

¢

]
Ak wrek Acker?] RTT7E B o} #Eth 2 4
3| AH-2 PGMCCe] 74-¢ B4 ofg-o] & etdojubr] wiE
o TCPHL} Y=% Alo]=z7} 12 & ZojEX] %A
HgEo TCP= Auldoz vre »33Eg i Hr)
o=, Acker®] RTT7} 819 ob2 gtith A HWL AL

Z

A4 B okel WAS] WEl A% ARGe] Aol
]

yEgae 49 vEda EHEE dgsA ws) o
2ol oldl ;MY B ok e TN T 9T

A 7k T4l

s

Ed
ol

oL

3l o

2 M

o o >
N
N
N

A EAR AEgozA TCP 13}

T Stk PGMelA Algte A% o
FHel =33 NAKES Salatel Al &8
#at= NAKS 745 $A1AA A58k

5 RTTE 247 71 EdE0] Hsdd
_C'Z_

1‘
o

fr 1> of

L ro oX

50
)

PGMCCe| =& 4 &4t 313

SN NAKE $2174 747ke- 6718 ARkl o a)A]
NAK 9ol =of Alujz Hgo] =% ¢ki=t},

Among PR1-6,
Receiver's i th NAK
Sender can't see PR_L (=]
because of NAK sppression
PS NE Congested Link NE

Link Delay : 200ms 25% lossrate

NAK Suppression 0L Bandwidth : 1Mbps

Lowest throuput Receiver

All links Bandwidth : 1Mbps, Link delay : 50ms except Congested link
PR1-PR6 loss rate 20%

(T 4) NAK Htol| 2|5t Ackere| ZREl MEY

LA B ok ghell A e A Ashs TCPek 2
[

4342 B ob%- #E H8goz2A AT 4 9t
o] AL 7]£9 PGMCC ¥=HojA Algts AA~ HIE
AHES RTT kol ofd el 2825 AMSS RTT &g

Evr = M—a
Ais1=A;+gErr 2)
D;. = D;+ h(|Err|—D;)

S RTO; = Ay +4D;4

AE =33 RTT, pE RTTY HA8A, g2 @4 =
A3 RTTS Aol 789 RTT9Y] Aolt), o5 &=
TS 93 Ao® 01268 AaA 3l =

= 0252 AR H5). b ok ghol ngH oz A
AT PGMCCAl A-&A<2 ElQ) ok g AEFgozH

(¢3

Ackere] &up2 AH] R E £48
RTT, ¥ 84% EF AMgstd 2F% vas FaA
NAK 9jts A3HA @l (17 5 Zf-HolA e »FE
HaE F3te NAK 9hs dte A4S SHEE BAS
Ak (1Y 6l BZol (1Y 49} Zo] NAK <eh&
e Aoks ZE $AAZ ke geECAA =
< NAK#: Fxaxoz o9hs oA ¢ 1 o
NAK?| #F33 =4 NAKel 93 ARE 7M. 23
> seA 2 e & owek =Ae

7 o



314 FHEXN2|E5|==FX| C M10-C& H|35(2003.6)

‘ NAK() Arrive ‘

FALSE
NAK(i).Received = “TRUE”

NAK(i).Received = “TRUE”

NAK(i).RTT=
SQR(NAK(i).Loss_rate)
> Threshold

FALSE

TRUE

‘ Threshold = NAK(i).RTT*SQR(NAK(i).Loss_rate) ’7

Among PR1-6,
Receiver's i th NAK

Sender can see PR L

PS

Link Delay : 200ms
Determine passing or Bandwidth : 1Mbps
suppressing NAK by

throughput comparison

Lowest throuput Receiver

All links Bandwidth : 1Mbps, Link delay : 50ms except Congested link
PR1-PR6 loss rate 20%

(3% 6) MFX H|wol| 2|5t Ackere| 2HIE MEH

Al

ol A= PGMCCAl 919F 22 A2 Bie 48
- HES

TCP PGM
TCP Receiver Receiver
Sender
PGM
Bottleneck Link Receiver
PGMCC
Sender =
Receiver

(3 7) AlEEold EEEX|

Wake] o &2 500kb/solal A AAZHE 50mseltt.

—~

O
oy o
mﬁ o oo

)

5

N

Eal=eR

O:

TTo=E =

_)I:_
O]'Me LLH“] PGMCC %

re

M g
¢ 0 4 g

4

2 O 2 Mo
O

Moo A L

it njo

)

Of

(18 9x 71¥Y PGMCCY # 3¢
PGMCC¢} TCP}e| ¥
315—0] 71%¢] PGMCCE
Jdo] MalA % S

34 g

O:

o)
/\A

Sequence

TCP
£ Yehdie 284S BolFa 9l
1200 1400 1600

SIX| 42 PGMCCe} TCP2}

Sequence

(T2 9 HEHol Bt o2 A

g3 ge ¥4
o @Az

TR o}
2 Ak
g 44 +

1200 1400 1600

&5t PGMCCet TCP2t2| 3

2] (Fairness Index)

0.71

0.98

f1

re




42 Ackere| SHIZ MEH
&AL B ok s HEA

efel A (27 1002 22 AlEd el
Ll

ox
b
o
o,
oX,
o
o2t
N
2,
>
N

ot

Link Delay : 50ms
Bandwidth : 1Mbps
loss rate : 20%

PS NE . Congested Link

Link Delay : 200ms
TCP Bandwidth : 1Mbps

Sender

(32 10 AlZEold EZZX|

FA4S A AN A2 Acker A WAL
Arl} whes] LuhE Ackert HEHEAE
ugtth e GelEe IMb/sol, AeA
+ PGMCC #4424 PR 1~n
Le 25%9] 97 &2 &S 7Hinh
n = 6ne A F)dujel
VS

2w AEAR 719 PGMCCS A
H,

o
Mo i Rl o

0

r oA

> 7
s
2
o
do
i)
g{_g
>
o)

=

1o,
r>~
o,
=
Md
=2
of
o
ox

=
=
it
of
ot
o
K
]
bz
2
N
fd
pacs
o F
2
b
o
=
o,
=
%
ok

fuiat) OH oXl

to oX ox

ol ox O
n

o
oX
"
A
fitl
b
u2
)y o
%9,
=
1>
@

8000

6000 =

Sequence

4000 ==

2000

0 100 200 30 200 500 500
Time
(32! 11) NAK o] ofsto] =&A0| XMsl=l PGMCCeF TCP

of MZZ d|

PGMCCe| =84 &4t 315

10000
9000 H PGMCC

8000 =
7000 ==

6000 =

5000 ==

4000 =

3000 =
2000 <

1000 =

Sequence
\
\

0 100 200 300 400 500 600
Time

(a2 12) 3H™A0| J|MEl PGMCCRF TCPO| MEZE H|m

T o= ng 25F 874 F7HAI7IHA 7]1Ee] PGMCC
of Wi} AFA At Acker AE WHE
A Acker7} &HF2A AAE = Aol WE Ackerd] 4
& 43t 4 no ASritt 5034 AlEHoldE st
AL 1 AI}E <F 2> FERLEE eIt

EEEE R

<IE 2> 2HIZ Acker ME{ AlZi0f| ME EEEX

. 12 oy 1~10% 102 o]%
Receiver®]
S} & | AER | 718 | AER | 7]EY | AES
WH%) | 00 [ %) | WH(%) | 3 (%) | HH (%)
2 55 % 43 4 2 .
4 44 83 48 12 8
6 38 83 48 12 14
8 36 89 40 11 24 .

Aot Zol n = 29 Aol 71Ee] e B¢ 12

=
Woll &ulE2 AckerZ AAHE H%= F 50%°1H, nol
Al

HolA = ggo] okt &, 7]EY WS S8kE Acker
£ AEgto] dofA] 1087 o 21 Alzke] Ale A97F 2
A 4 9 AT 2 WHS 83 Ay FAA
o] Fof F7tebE AHgle] dAH o2 EnE Acker AH]

1E oJHZ Foj=xs 50 3

>
B
e

_r_

|

242 AckerZ} 100% AAHY o822 7]Ee] W
1 Beslt Ackerd AR A

TR YoM E FEE A YE

o 9
2 g f

o Ml 2

T
2
=

4. &2 2

PGMCC= NAK °J¢F W48 ARgste] ko] #5 A4
S WABtL A Tl Ackerg AAse] TCPe] T4
e Fridh 2Eu, nAgE B ok kel ARSI Acker
S AE gl lojd =S4 TCPete] #4749 Asts
7HA & Ak olEd EAE A4S A B =



316 HEXZ|sts|=2X| C H10-CH H35(2003.6)

oA PGMCCol 44l el o} e A b, e
Heol Ad& ¢ 2FE HlaZE NAK o4S 3t 4 s
Aesteleh, AEHel S Sotel X =Rl 4§e W

| PGMCColA e] 344 AAehs 22 uelFan

F5 sl Agdelte] ohd A HES) e A
A9 Acker A8 glold] BAATE A4S w7 913t
of B owRold AMF e F o WEe A8
Rol 21,

o

[1] Chwan-Hwa Wu, J. David Irwin, “Emerging Multimedia
Computer Communication Technologies,” Prentice Hall, 1998.

[2] L. Rizzo, L. Vicisano, M. Handley and G. Ianaccone, “PGM
CC single rate multicast congestion control : protocol spec—
ification,” Internet Draft IETF, Feb., 2001.

[3] Tony Speakman, Dino Farinacci, Jon Crowcroft, Dan Le-
shchiner, Luigi rizzo, PGM Reliable Transport Protocol Spe-
cification, Internet-Draft, draft-speakman-pgm-spec-05.txt,
November, 2000.

[4] Chin-ying Wang and Sonia Fahmy, “Dynamics of the “pg
mec” Multicast Congestion Control protocol,” Tektronix
Report, August, 2001.

[5] W. Richard Stevens, “TCP/IP Tllustrated, Volume I,” Addi-
son-Wesley, 1994.

[6] R. jain, A. Durresi, “Throughput Fairness Index : An Ex-
planation,” ATM Forum /99-0045, Feb., 1999.

[7] J. Padhye, V. Firoiu and J. Kurose, Modeling TCP thro-
ughput : A simple Model and its Empirical Validation, ACM
SIGCOMM 1998, Vancouver, BC, Canada, Sepetember, 1998.

[8] Luigi Rizzo, “pgmec : a TCP-friendly single-rate multicast
congestion control scheme,” ACM SIGCOMMO0, 2000.

[9] S. Floyd, M. Handley, J. Padhye and J. Widmer, “Equation-
based congestion control for unicast Applications,” Proc.
ACM SIGCOMM, pp.43-56, Aug., 2000.

[10] I. Rhee, V. Ozdemir and Y. Yi, “TEAR : Tcp emulation at
receivers—flow control for multimedia streaming,” Tech-
nical report, Department of Computer Science, Apr., 2000.

[11] Sneha K. Kasera, Supratik Bhattachearyya, Mark Keaton,
“Scalable Fair Reliable Multicast Using Active Services,”
IEEE /ACM Transactions on Networking, Aug., 2000.

gt of A
e-mail : hayame@lge.com
2001 A 7g e stal A ApE 3k ah(8kAh)
2003 AZehsti el 2435
(Z3 42D
20039 ~& A LGHA} Digital & Multimedia
ﬂ?*@¥ﬂ
}, Multimedia Messaging

8=

e-mail : snatcher@eecal .sogang.ac.kr
20031 M7eetin 438t (shAp)
2008~ A AL kel [Alget)
EREE:

FARE: QHY ZREF WEALE,
249 ob71E A
= (==}
g F =

e-mail : jjang@mail.sogang.ac.kr
1983 A& TSt AAESH(EAD
19854 =as)e9 d7] 2 Axet)

(F8H414)
19931 University of Southern California

T EIC
19959 ~ @A) At AAgets) Has

[AFoL: SEY ZREZ #dA



