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Abstract

In this paper, we present the FB(Fair Buffering) mechanism for the efficient support of TCP traffic over UBR
connections in the subnet ATM model. We show that both throughput and faimess may be improved with this FB
mechanism. The FB mechanism is founded on the observation that the performance of TCP over UBR connections is
optimal when the buffer space is allocated in proportion to the connection’ s bandwidth-delay product. We compare
through simulation the performance of the existing drop-tail, EB(Equal Buffering) and the proposed FB buffer
management schemes, with and without RR(Round-Robin) scheduling, and demonstrate that the proposed FB

mechanism is most effective when used in conjunction with the RR scheduling scheme.
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Fig. 2. FB Mechanism

(Bsize : Maximum buffer size, BwAwgi : estimated bandwidth of
connection, Bwpeak:maximum link bandwidth, N : number of

connection, RTT; :round trip time of connections, QLen;: queue

tenth of connection, NumPkt; : number of packets transmitted
since last dropped packet)
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Fig. 4. UBR+FB+RR op cration : (a) When the FirstCycle variable
is used, (b) when the FirstCycle variable is not used, (¢) the
operation of the whole FB mechanism including the use of the
FirstCycle variable.).

A Zolnk o=gd dz & AF 719

olle ol ST dojuhar, weba H)

2L dfol AA R o]FoAE e & Utk
I8 5@ (e 48 g7 Al 9 AlF

Aol %H‘?:‘L Al A48 N E 1 &3 38d=

1616

ArgEiEiEte & ol $3lthe AL ¢+ 9
t}. Z1ehvt w7 218 diell= FB 719(Z, UBR+FB)
o] 71 A ojel via) HE: HF Hr) FIHE,
UBR+)3 EB 7]'H{(Z, UBR+EB)9] A 5o] Holx:
A& B F Utk #94 EWeM= EB X FB 719
257 3384 PRItk I8y EB 71He] 39
e HE7E AXHEA FolxX)E YA FB 7|¥- v
o A7]7t ARNH 2388 FHAo] uwhzich o)A
Fulel H7l RE7F #ddA @old A7) HOL
(Head of Line) 827 34 wjFoit} EB 71H-&
HOL &7}e] %‘*‘%"— 9 Wl 71 AdFe] Holx|R)
%otk ©] HOL 27 ¥4 FIFO o)9)e] o2 ~

tap UBR SAsp20 - avg goodput vs buffer size

095;

i
[
4 |
09l '/t
x
2 |
goes ‘
£ o UBR+
08. 4 UBRSEB .
J UBR+FB
s UBR+RR P
UBRAEBRR : - R
UBRYFBIRR
07,
0 02 o4 o8 o8N THETUNENE s 2T
normatized buffer size
()
top UBR SAsp20 : faimess vs buffer size
“ RS x - -~ - - =
b L%
v .
;
oesp e
Co
osl e
1 /
B yd
085 o
2 p )/ ,,,,, -
< o8 : B
i ’ T
g . e UBR+
o L UBR+EB
Y e UBR+FB
07 % UBR+RR o
Voo UBR+EBPRR:  x x
' UBRFBIRR . x «
065
e

; S S B - SO
0 az 04 08 08 1 12 14 16 18 2
normalized bufter size

(b)
5 4y whrz AR HY An () A F8, ()
3

S
a-

of ||
o pi

Fig.5. Simulation results for test topology A : (a) Total
goodput, (b) faimess.

www.dbpia.co.kr



2w /AHYE ATM TdolAe] UBR 9472 TCP EaY A4 913 FB 7Y

AEY WS o] R&H SFY & A "ok olAE
t}2 RR 2A1E9 L As 9ol & & Uck

9] 3 7}2] A9 RR 2AZ¥ 7 vin &) 7Y
& AN AHEE W 377t F delle 2E
719 Eo] FIFO 2AZHE o843 At vhiiA
2 953 582 zh=th a2y WHrt ZE del=
FB 7|%(Z, UBR+FB+RR)¢] 4&9] #lY £, EB
71%(Z, UBR+EB+RR)3#} #HZF 7l =7} 71,
UBR+RR)9] A%-& "oix|= 2AE ¢ + Aok 13
Y FIFO 2AIZ3S o439 ZAso g, BE
W3 =7 A FB 7]¥o] EB == HF 7l #7]
of Hls) FHAo] ¢tk o} AL FIFO 2AEHE
A0S W UERtE HOL 287 dAbo] RR 27
282 AegozA AE 2E on g

1% 62 AF 9z BAOA @d A5 Hel o
271 7Ll hE Ay AHES UeRD Aotk A
AHozE A WTE A9 AEe AR AFS
vehl x5k FB 7195} EB 7197ke] Asa7t o A
A Zo] EAolr). &, o AF Ho| FFo] ok
2t ATM 23719 dol= FB 7] AdHoeg o
5% Axg JeRA = Zolth

o] H¥AAE F¢sH I 59 6 ZE A5l
thalA] UBR+FB+RR 7190} 714 58 ZAcs v
Elstrh. UBR+EB+RR 7H-& #7o] {3 AS5A
9] 7%= UBR+FB+RR# #2| H|&8 A%S
BRI R 9 AZHo] ATM 2@ BFfelle 11
Mx=o] o] WolRith ojol H|sl, UBR+FB+RR 71
& AR olE F HA ARl dis & 2 3
A g% A "k 012l FB 7|Yo] 71232
2 ge AZAEo HHE B3 e Yot 1 A
22 A4E0°] ¥F dYES s AT F Ux
2 F7) Wl rFesiAls Aot

o] A% A} 25w UBR+FB+RR ¢ 1HES
Asra vy 2707 &S o HE AL Hes
viebdet ghpzadeld Hol g R Hf Ad9)
Fow Ao olAHQ Hul ¥y A72 A3
the AL AE, Aske He 3710 A2 BE
7} WANOIME o dutao] He 21 & F 3tk
a8u 2 olgdk WAN 37304 UBR+FB+RRE
s o) A st Zle g idiEnh

top UBR 8Fsp20 : avg goodput vs buffer size

o %
)"'/,/ B
i
ot %) L
N/
s 1
Lo
20.7» { UBR+ RN

XEK -

g X UBRES -
08 UBR+FB . .
: UBRSRR. o
Cox UBR#EB#RR : x x
05 UBRFB#RR: x - - x

R TR Y S Y Y T4

X 1 1.2
normaiized buffer size

(a)

top UBR SFsp20 : faimess vs buffer size

1 U
P e T x
w i X
0.85 , o x
i) “ """"""""""
o8y ! e
N . : e
i | / e
o i o
gossr 4 t T
% v L
! A UBRs : [
8 s
08 o UBR+ES
N 'S i UBR+FB : -
078 4 ... UBRRRRL e
UBR+EB+RR . x X
UBR+FB4RR . » - - 5
07

[T S 8 L L L ' :
6z 04 06 08 1 1.2 14 16 18 i’
. normalized buffer size

(b)

02 6 4Y BTE B Ro) 4y Ak @ AN £ o
¥ A7), (0) A o wis 271,

Fig. 6. Simulation results for test topology B : (a) Total
goodput, (b) fairness.

oil NI;

RR 2AZ8 2] AHE 55 A gl & 4%
oE Aoz seig. §3), FB /Y& AHE
<., FIFO 2A12%& o848 7Z-¢olE HOL B2
gaog ol Wt AxHA FHAY AFol AA
go]x|x)vk RR 2AEH & AHEEH o] FA7t 2
He AL B £ ok ® RR 2AEHE A
Sofl=, ol Wy e 7|y A, 3%
3 2 BHE e9sd & 2 FHH0l +FHAE
Re B 4 Ak 22 o] Aol AvtskE ww7t
ks AL WAN F22] oM daxog gg
& W7t gk 2 2 v frdslior ok

—~

1617

www.dbpia.co.kr



BB E P AHCE "98-6 Vol.23 No6

V. HdE 3 &8

E =R ME MBEYE ATM 290  ¢loir] UBR
AAE 0|23 TCP EH A4 588 59 + 3
= FB(Fair Buffering) 7|9-& ARk = o] M3 A
of 71} AHS-E B TCP A 578 B 3L
Mg 4 deS Hth o FB 7Y UBRACIA
TCP &0l AY H&3o] =7 X vy 37
7t 2k Ao Y E - Ad F9 3ol visAs g3
sfof grh= AMel] EthE £ gk

To} A¥g 23 A= e A HA H7) 7)
H,EB, MQtd  FB ¥y #2] 7S ZH} RR (Round
Robin) 2A41&% st AEAA I 458 vizch
HAHog FB 71'BE RR AAZYx AFS
UBR+FB+RR 7|%o| % 7 #7) 7]'d, EB 714l
71re F e 71HE B8 8 % FHA0l 3
the AE Hold 5= Adch g AZHYo] BE A
Sl UBR+FB+RR 7o 717 ¢85 458 B4
3,9 HF:Hol @ Al I A o
S AxE AL B 7 ATk )RS T ATM T
oA UBR+FB+RR AZ Ao} 712 AH:3}H AF23)
A% IS 71U 5 ke A vk

-

BAn=EHs

1 The ATM Forum, ATM Traffic Management
Specification version 4.0, April 1996.

2 Allyn Romanow, Sally Floyd, "Dynamics of TCP
Traffic over ATM Networks,” [EEE JSAC, vol. 13,
no.4, pp.137-150, May 1995.

3 Fang, H. Chen., J. Hutchins, “A Simulation Study of
TCP Performance in ATM Networks,” Proceedings
of GLOBECOM 94, Dec. 1994.

4S. Floyd, "Connections with Multiple Congested
Gateways in packet-Switched Networks par 1: One-
way traffic,” Computer Communications Review, vol

.21, pp. 30-47, Oct. 1991.

5 W. Stevens, TCP/IP Ilustrated Vol. 1, Addison-
Wesley, Reading, MA, 1994.

1618

6 C. Lefelhocsz et. al., “Congestion Control for Best
Effort Service : Why we need a new paradigm,” IEEE
Network, vol. 12, no. 1, Jan/Feb, 1996.

77 -5, 0] ¥7), “MEUE ATM 2d)A] ABR &
S o183 TCP EY A4, 54183 =8
A F£11, 1997.

8S. Keshav, "REAL : a network simulator,” UC
Berkeley Technical Report, 1998.

9Hongqing Li, Kai-Yeung Siu, Hong-ti Tzeng,
Chinatsu Ikeda and Hiroshi Suzuki, “TCP over ABR
and UBR Services in ATM,” Proceedings of IPCCC’
96, Phoenix Arizona, Mar. 1996.

10 R. Jain, “Fairness : How to measure quantitatively?,”

ATM Forum 94-881, Sept. 1994,

£ 14 B (Woo June Kim) A9

19683 59 24 A}

19914 29 - g8t AR EaHF Y

1993 29 : Mgl gty AR e F 8L

1998 29 : A{Eoh gty AR &N F 84 AD

19983 29~ : Lucent Technologies, Murray Hill,
NI, d7+9

% F24] ok ATM/BISDN, TCP/IP T2 EE

2= % X (Byeong Gi Lee) A3
19513 59 1248
19743 29 : M EThekm HAET T
1978 28] : AR eh HAE ST
19823 24 : University of California, Los Angeles t
SHel AN F gD
197413~1979'd - i3+ ARSI W
1982'3~1984d : Granger Associates, Santa Clara, CA,
74
198413~1986%1 : AT& Bell Laboratories, North
Andover, MA, 79
1991'3~1992'3 : University of California, Los
Angeles, 7+A}
198611 9R~EA) : HETHSHE W) FUY TF
¥ FA R gAY A3AY, A A, FY
A%, B4 MEAeE

www.dbpia.co.kr



