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Extended FRED(Fair Random Early Detection) Method
with Virtual Buffer

Hee-Kyoung Woo' - Jong-Deok Kim''

To promote the inclusion of end-to-end congestion control in the design of future protocols using best-effort traffic,
we propose a router mechanism, Extended FRED(Ex-FRED). In this paper, we categorize the TCP-controlled traffics
into robust and fragile traffic and discuss several unfairness conditions between them caused by the diverse applications.
For example, fragile traffic from bursty application cannot use its fair share due to their slow adaptation. Ex-FRED
modifies the FRED(Fair Random Early Drop), which can show wrong information due to the narrow view of actual
buffer. Therefore, Ex-FRED uses per-flow accounting in larger virtual buffer to impose an each flow a loss rate that
depends on the virtual buffer use of a flow. The simulation results show that Ex-FRED uses fair share and has good

throughput.
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Constants :
min_g(FRED) = 2,
ex_size = Virtual Queue Size; (k * queue size, 4 < k < 8)
ex_min_q = & * min_g;
a,B,r : drop tuning parameters (1< 8 <2, ex_size: 400
Global Variables :
avg © average queue size
avgeq - average per—flow queue size;
NActive : Number of active connections{(flow)
ex_avgeq | average per-flow virtual queue size;

ex_NActive : Number of Ex-Active Connections (flow)
Flow State :

alen_i : number of packets buffered in real queue;

strike_i : number of over-runs

ex_alen_i : number of packets buffered in virtual queue;
Engue() : for each arrivin, cket P :
{ if flow i = conn(P) has no state table for its connection.

create a new entry for flow i in state table.
if queue is empty
calculate average queue length(same as FRED)
// Idenitfy and manage non-adaptive flows
if ( avg >= MINth && ex_glen_i > @ * ex_avgeq ||
avg >= MAXth && ex_glen_i > 8 * ex_avgeq )
drop packet;
// Operate in random drop mode :
if (MINth <= avg < MAXth) {

drop packet with prob;
} else if (avg < MINth) {
no drop mode:
} else { // avg >= MAXth
drop packet;}
// Enque P
if (New Flow) NActive++, ex_NActive++;
Insert packet P to the (Virtual) Queue
calculate average queue length
accept packet P;}
Deque() : for each departing packet P :
{ calculate average queue length
if (-—qlen_i == 0) NActive--;

(ex_size:d00%! 74-¢ 6=22 4A)
2% a=188=14,7=05)

if ( ex_glen_i >= ex_min_q && ex_glen_i > 7 * ex_avgcq)

if (-—ex_glen_i == 0) Delete Entry I from state Table, ex_NActive-—;}

// Fair Drop
// RED Alogorithm
// (FAIR) Early Drop

// Forced Drop

(J8 5) Ex-FRED 112

[5
=



3274 St=EEMEIS =2X Mo M11z=(99.11)

b prep=<x * '1_2\/-“ * Tp, b - FREDSY '1% ~k-Tp .
4 (1
(& xy > 12 4% B

Ex-FREDeIA 1< 5<2, 4<k<8E 7}AsIgjerng
(Do) oJ3¥ Ex-FRED®|A] fr4gle] d5d
burst Z¢]7} FRED ®2lo] H3le] 2~8u) A ©
o} MM burst Zol7b 7 fragile $8A o
Ex-FRED #2lo] f-Aglo]l ¥ FHsA Aujx
% & 9loh ‘

4

o HT [ ()

&

5 43 ?3*0}04 nsell F7MAA 4¥8E +
g3k, FRED 7d9] 8§34 #FE Hsto [8lelA]
FYP3 oy AP AHEstd 1 ARE vuste Wy
e gAS X8ttt FREDSHe 84 A
AHE fsted [glolA Al o] ¥ 9A] HE5
on 34 AFe ARE <X 1> BAsHAH =3
=R Adruzl s fragile-bursty 943
robust-constant $12¢] FFA BIEE 3t (29 2)
TAdolM 2 Al gdo] s FastaArt
<F 1>9l4 FRED++= [8]9) 4% Z#el™ FRED
Lin?® Morris®] =%& H#og & =FddA 74
FRED Queue® di}e]thd). Ex-FREDT (ZL¥ 1)
o] FANNE THPE & RATE ¢ F vk

o

e

o e

CE 1) (a8 1) FHoiMel 2t el Ms

(K™ 37|=32)
Queue $% | DropTail | RED | FRED+ | FRED | EX-FRED
F1¢| BW/LinkRate | 0.8% | 61% | 20% | 22% | 20%
F19] Loss ¥l& | 32% [0.1359%]| 0.06% | 0.08% | 0.01%
R19| Loss M & | 0.23% | 0.16% | 1.21% | 0.90% | 0.99%

(29 sk e FAAM 7MY wisle 2718 400
HA o2 3PS W] FHAF A5 4 HuHL (

3) F At O olfe od ok A, Aold TCP 78
A8} (8ol A TCP/New RenoZ® 4% 7dL A3
oy B =8dMe @A s gl AEEHTE TCP 78
TCP Renod A3tk £4), 4ol@ RED AAE AMgsisich
(8114 #&% RED U# 5 Maxth gto] thg Fol Ezlai
E2ste] dubd o AL EHE QA 3/4 * Queue SizeZ A
kg3t

g 6 2k (29 3) 2z (28 6) 2WZE
wstd Ex-FRED 7|9 A4 e384 A&7t o 52
M robust-constant @A} fragile-bursty A2 ¥%
4 AR Aok FolEon FAE AR BEE
fragile-bursty$} robust-constant @Ael ol7F A&
< 4 & gth

Ho
2y A .

05 Fogle  |bo.o.o.o. Y S S

05 i

50 T T T T T T
' ' « ' ' ' '

bust

Fragile, {-) Ro!

o Bran i)
#of Diop, {+)

P

°“\;7§_% 7J91 "3%% Alug afZE (oY D 2
ZE A 3 F4 glo] ddd AA
UrEML goodpute AHEEIATh (1% 7e yEHE

o] &A% goodput® Hoi A FHEMbps)4l
vehdch (2 NellA mEel HA %9 Aol
vjw 3y Ex-FRED7} 743 $48te] d249 TR
#ARel B2 HE&S ZEh robust-constant
Ao A%< A$ode FRED 7% $8u
fragile-bursty 929 Z$E FRED7} 713 A %o
288 o 4+ gon s wwel Asle) HE Ak

&iodo
T
EE

=]

i

e 2 orj

[:



| FRED 7I® 3275

s 3E

=

ONL.mu X Slo|a|lw|xlo|lo
o 5 8 cansgs
e . Offl — | —| = | || wnmmﬂ.
WﬂMu&ﬂE hi RRARARA
i\MAo#am I
Profe o JEEEEEE
T._._- = ot
T E X gy O ”
ﬂﬂrom.hfﬂ of Slola|=]u|w|x TR
R ER - D — | L
‘WI]_..AI B_I‘m = -mmm%.loo_,/ :
oy o0 W T |5 SIS !
gt = g :
~ _— <0 .
N T of o s P
Wﬂ._ud,ucflt q\// o
N ks |
< g ~ ' :
oal- Rl Ho|s ; _ L
S SR b] EEIEIE NG w
mEITECHE & m : : ;
A g N T O I O SO e booooooo- w© P
(I ~ 3 3 ; 5 e “
By, T X g 3 2 3 g ER
= VoW N = Fis

5 =
L .w .......... ~ [F T T T T
bl oL - L
1l0
L ] . i ~ 2 o
2 Jo ol —_ 3
20 al &
a7 3l 10
~ Of 3l o
q 2 - <
.................................... o= Rl o = >
] S -
< 8l ' = w Ki
e : 2 5
= | 8 2
= '
.............................. ® K] SEETEEEPS .._& | 2 ~
[
fon) —
© P 3 ! < ol
R e | =0
' ' —~ + \Nv/ St
............................... ~ F---r---3 =) bt =
N ~ HE
HE I
, R HE
o I
' [ HE !
i i . [ 1 4
.......... qmmmmmmement h © [o--b-=-1 I e Rl el Tellr ks ot
! | I HI— I A R B A T s s
8 2 8 2 2 BEEE 2 5 ¢ ¥ 3 2 % s 3 B 8
S e b e S S oS o S 5 &6 6 o 8 &6 © ° oS o
(%)SFRE (%)2Fies

12

(b) 3LY XE bl

(38 8) 7het HTe =7(of w

=2
=

(29 8)% Zth 7 o

A

50, 100, 200, 300, 400, 800 =HA =7 &

dojds 2

Ao

Lo

L=}

AlE

=

=

A}o]
#H9o 37
Hsige] weh &4 FREDY %57 334 A%

A



3276 St=8=2EMelgs] ==X HMed H11=(99.11)

A= Aol ¥irh FHA ARE M
aAgoel R it A2
AEE vjas] By (2 9oM BE )
743 vlHe 3|7t AW fragile-bursty 972
%f%*é% & 2 9¥sy 2oW robust-constant A

FYe ¢ AAP

O%NE

1n =1m _&.
e N

B9 =7
of ut
ol o

l° o
oX

i o 2 oof o

lo

11— ™
i '

9
AlZHE)

(a) robust-constant H&

(b) fragile-bursty oz

(38 9) 7Hat HH 37|19t A TR LE STY
X|E H|m

54 &

deidlo] AYshe EfRe ARo] BAINE
o HojsE ] wet 3L AojE skA ¥+ UDP
kel 229, el 2R AA4E g4 Adde E
e, B2 2o wet FHor AojHE TCP 7%t

= 2

ol iR Eggo) 'H‘%}E]*‘C‘ TCPZ Aols+
EHo S3te EdY Fd 34 A4 dolgst e
S&ollA TS robust _E_Eﬂf—qiﬂr A5 279 &89

A LA fragile EfHo] FHA A4S AHEE F
e 7 #el Wyl 4% FRED(Ex-FRED)E ¢t
&t et

Ze TCP "oz #AY Aojs FPsiyztx
robust ¥4} fragile AA] FH3A Aol=7] FE
o olgd EITHAY djAeR B2 =E&E4
RTTY #olet & TCP €42 AA9 &4 A& X
H3ag 28y B =FdAE 942 JAA £4¢&
sdairats 34 Eddo] A Yejd ot oS
&z 2ozt DAY F IeE Holn ol A
&AM &, A ACIE el vz A
el ZE dAo] ZFeA dFlE FAA7YE AL

AAe FHE K& G dAsA AR E sta
Azto) me HmaAG AESA R e A B

A3l fragile A2 E23HA &S Al‘:}
Zkst Ex-FRED #AolAl & ol2|d A4S 34
37] #stdd 4 559 73w Zé%%ﬂ] 7]kt
@ A A FAATE HHE AT THY
WNHE AR O RA burst Zol7} 2 E%PJ 3E ¥
24 g8dA FEsA Hzlel faHe Ade 2
AHEEHA HE BE WA AT 48 A o
W Ex-FRED %] & o] Hsta A9 F7F
3

of A glo) ivgswﬂ A9e Ao 18
S¢ Btk E£8 b W 277t 252 fragile
aze FH4E B AL

SE b4 oS8 AEEl we ASEolA FA%

ofo @& d7W 2R Awel Fo| s vizie) 27
of wlalstel F7heeh et ddel 4A dely 3
w7} opd FWA Aol Ang $Asma Lo o
zeje] o] A @k ¥ FF Adsh Ba
% 9 7]& FRED #Z0l2n ¥ + Yok mekA
of WHg AgIT U EdNY 2e 45 FAA
$89 BHEE A 4§ Astod A A Kot
Aoz & o e $9g AFA F £ 9 Rolth

=]
T =

FRED ¢xe&[8el 9std fAdgle] wmel A4



active active

2 4 U= W0 FE glen< G2 - 20]3 8L <
B

-B8._N _ .B 5 o

Mo =N W ¢ n(& N2AA A 5
. - o l i \__

B:®® Z7DOIth b ppepE qzn (&, Ce ‘3’139’]
2

AR AL 5 YOER bppp<x- 45 c

=L)olt. wha7HA WE Ex-FRED
duelFol NG by ey B L=y L
k- Tp(Y, VE 71 ¥ig a7))olq.

= )

Mo
rek

[1] V. Jacobson, “Congestion Avoidance and Control,”
ACM Computer Communication Review, Vol.18,
No.4, pp.314-329, Aug. 1983.

[2] P. Ferguson and G. Huston, “Quality of Service
in the Internet: Fact, Fiction, or Compromise?,”
INET98, 1998.

[3] M. Mathis, and et al, “The Macroscopic Behavior
of the TCP Congestion Avoidance Algorithm,”
ACM Computer Communication Review, Vol.27,
No.3, July 1997.

[4] S. Floyd and V. Jacobson, “Random Early De-
tection Gateways for Congestion Avoidance,”
IEEE/ACM Transactions on Networking, Vol.l,
No.4, August 1993,

[5]1 S. Floyd and V. Jacobson, “On Traffic Phase
Effects in Packet-Switched Networks Part 1:
One-way traffic,” ACM Computer Communication
Review, April 1991.

[6] E. Hashem, “Analysis of Random Drop for
Gateway Congestion Control,” MIT-LCS-TR-465.

[7] B. Braden and et al, “Recommendations on Queue
Management and Congestion Avoidance in the
Internet,” RFC 2309, April 1998.

[8] D. Lin and R. Morris, “Dynamics of Random
Early Detection,” ACM SIGCOMM 97, pp.127-137,
1997.

[9] S. Floyd and K. Fall, “Promoting the Use of
End-to-End Congestion Control in the Internet,”

FRED 7I¥ 3277

[EEE/ACM Transactions on Networking, August 1999.

[10] R. Jain, “The Art of Computer Systems Performance
Analysis : Techniques for Experimental Design,
Measurement, Simulation and Modeling,” John
Wiley & Sons, New York, 1991.

[11] D. Lin, “Internet Congestion Control : Cooperative
End-System and Gateway Algorithms,” phD thesis,
Harvard Univ., May 1998.

[12] G. Abdulla, “Analysis and Modeling of World
Wide Web Traffic,” phD thesis, Virginia Univ.,
May 1998.

[13] M. Nabe, et. al, “Analysis and modeling of
World Wide Web traffic for capacity dimensioning
of Internet access lines,” Performance Evaluation,
Vol.34, No4, 1998.

{14] http//www-mash.cs.berkeley.edu/ns, UCB/LBNL/
VINT Network Simulator-ns(version 2).

3 &

c-mail © woohk@cse.sch.ackr

199213 A-gostm AsA s
Q43

199413 Alguishn ikl A4dsd
g3 EA(XAD

1998 &g djshd A
83 YA

19983 ~ A cHFgHstn AFEHTR HI3A

FAEr HEAN2E, FEAo], AAUAE, TCP,

e e F

A4 54

e-mail : kimjd@brutus.snu.ac.kr

1994 A&t AAHE A
43D

199613 A gojsti abaata
4 (KA

19963 ~ & A AMgofsta A4t
shat wb} 9 A% 5

Aok TCP, AAAAIE Y, 3, Integrated service,

diffserv &



