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drop rate || pkts/sec | rexmits/sec | timeouts/sec
0.0025 180.90 | 0.40 ( 0.2%) | 0.01 ( 0.0%)
0.0050 173.06 | 0.69 ( 0.4%)|0.03 ( 0.0%)
0.0075 153.46 | 1.15 ( 0.7%) | 0.09 ( 0.1%)
0.010 140.92 | 1.55 ( 1.1%) | 0.07 ( 0.1%)
0.025 89.83|2.37 ( 2.6%)|0.34 ( 0.4%)
0.050 55.722.75 ( 4.9%) |0.68 ( 1.2%)
0.075 38.28|2.87 ( 7.4%)|1.04 ( 2.7%)
0.10 26.43 | 2.86 (10.8%) |1.27 ( 4.8%)
0.25 4.83(1.26 (26.1%) | 0.82 (17.0%)
0.50 0.43|0.18 (41.9%) | 0.15 (34.9%)
bandwidth
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(p(wg > pth) AND (favg > fth(pavg)) (2)
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WI UV RN TRALEZBELTHNDBDT, XY
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1
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ZEERELT, ZORFEHINTHEA, ERIZL
SHGEEDFER, [RWHEFAD p IZBWTEHAMIZ & <A
TEHIENAONT NS,

—7%, TCPIEE&ELA LT Y NOFHE Ty, (RTO
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1 20BEICD>NTTaY RLTWS. T(p) IEFHE
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F¥Fxa—E1E, RED D avg ZHETERINTHDED
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ZIT, aldMioBEERNT, FXIE Fv hU—
I A—RAONY 77 2ZBETDE, BUNVTY D
BREEZNATZIENTES. b L, BEOKIVY YV
JEMFOTVDIDRE, TOREMATSE LTS
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NT22DITRN6E2HNDDITTHD. 2T, D7
O — 2SS R R PR UMl > TOZRWNIZE
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RED @ maz, IZFEUSHEEINTWSDT, RED D
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WL 7 EPIZINE 2 T DD DN 5.

K T72EHTIEICHACAEN, BURO — R 75 B8
BiaELTWD 2D, INLDRENFIZKILT S
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NIA—RIFEENTE LT, BLMIXHEREICLZ>THY
5DT, RENED O THEEDIRMEWRGET S I &N
TX%. 77, @BEHTAMIBNT, MEHFHOMM
B B DT, FHRICSZDOBENEETNTY
TH, HFEVMELIFRS R,

F7z, ZITR, TRTONTY MWBEAZEDY—E A
Rz D, §4b5, N7y ML ABRELVEDL
ULTH-oTwa. 2k, REDD/8ry b - £—RIZ
WIET2E0THS. RED IZIZ/Sry b - £— KB4
IZ, N b - E—R2BHoT, FHFa—E%2/31 MK
THETLZZLNTES. TOHEA, I TRULEET
WENA N - TE—RIZAIGTHDOEMHET, €595H
WZ&oT, "7y MY A AZEBIZAND I ENTE
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ARETE, 70—V TOBSOFEEF L LT, Fix
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4.1 70—) R EER

INET, 7J0—RRE—-DTCP Yy Yary e LTE
FTUTEAD, TOBHEZTDFEFEFETI L, HHO
TCP v ¥ayzUIifEios/-I1Ed BWEMIZAR->TL
5. 7, Ny BB bINEY, BEEkIh
TWAEAE, B—TCP 2y Yaryz#TEIRWG
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VIFEOCHE AR RFDODOT, AnErTE—1 0@a0Y
A NP4 ATE, 10% U EDHEEE DTS %
TH—%MIETE5 L PRTE S, REETIE, HEE
D fin(mazy) 2R D@EEH T I—2MH L RITN
X8 520DT, 1/fin(maz,) EREOTY N WH
F L. EBITE, W5 FERIAATZTOHMGOT Y
M) ZED AT THED, ENTHEHHEDOA—X—T
Hb.

78— A M3 742 LRU(Least-Recently-Used)
BHARY) V-2 o TERINS. RED 8%y &
RIS L, 7O0—UAMOHNLFIETET7H—DT
VERYERET. MISTEIV RYRRONLBVEGE
&, VAMNOBRBREOTY M) ERWT D, 7J0—DT
YRV, EFERIT KR, VA DDOEEIZENND.
#7a—xv bk, —EHE (FahaoA T TIE3H
M) /N7y NEENR TR I NG.

4.2 70—-%¥

7 A= % B pavg & favg & WM E P 33 K
(Exponentially-weighted moving average) TXIHE R
KEETED. N7 MEREREpa 1E, 737 MHE
HIDEIZ, RAZMO>TEHRTS.

Pavg =W 7+ (1 =w) pauy  (8)
22T, wikMEFEOEATHY, zd/87y b
BREINIGEIZ1L %2, TALUSNTO 2L 5.

WIS R foug lEn /8y MEEREIZ, RAZHo
THHIND.

n

+(1—w) fag  (9)

'
- —
Javg seq — last

seq XN T Y NS VB =T 24 AZRETDEICHY
VT TIIND Y=V AREST, last IEHIE] foug
WHEH I NZED seq DIETH 5.
ZZTOMEFED & D IZREHED L WFEIC
&, WY NPTE2OTERENBETHD. ZOHE, b
T4 O¥MERE LR TOVARIE> TS, DF
Y, SEEER VY NEERICER IS DT, FIEM
BAOEWE EEEENESBH T L2885, wH
1/128 DHE, pavg B0% M5 10% 2R 2B DI, ¢

(302)

void fv_enqueue (pkt)
{
if (flowlist '= NULL &&
check_flow(pkt) == DROP)

return;

if (red_enqueue(pkt) == DROP)
drop_by_red(pkt) ;

5 enqueuc B

/* flow-valve entry structure */

struct fve {

int state; /* GREEN or RED */

double p; /* drop rate */

double £; /* fraction of bw */

int count ; /* used to update f */

int seq; /* if_seq of last drop */

double timestamp; /* time of last drop */
};

int if_seq; /* seq no of arrival packets */
const double P_THRESH = red_max_p;
BACKOFF_THRESH = 1;

const int N = 10;

const double Wp = 1.0 / 128.0;

const double Wf = 1.0 / 32.0;

const int

6 WIEKREEHR

RTONTY NWEEINLZEGE1 4379 N, 20%
DIy NBERINSZIGES 83y NEET LA
25,

4.3 7TV XL

EMHE8IZT7 A=V TDTIVITY AL%RT.
RO 7z DI E RN GUEEZ VTV E A, 2
A5 (TR E N RIS AT IR R T
5.

7a—=NV 7, B5ICRTEDIC, REDDOFa—
MmEROOEEKE L TEETELZDT, RBED
RED EEICFHBISBMNTE S, /N7y NEERIZ, ©
U7 B—VARNBETRITINIE, checkflow() BB
IENST Y MBREI NS, 22T, TNy A
B9 5 7 u—alEl LMl g, Sy MR
DI THEEINDS. RED 2Ny M2 pE#d 5 L,
drop_by_red() B IEEN, 7O— )7 - TV R
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void drop_by_red(pkt)
{

struct fve *fve;

if ((fve = flowlist_lookup(pkt)) == NULL)
fve = flowlist_reclaim(pkt);
flowlist_move_to_head(fve);

/* update p: the following line cancels the
* update in check_flow() and calculate
* p=1Wp+ (1-Wp) * p
*/

fve->p = Wp + fve->p;

fve->timestamp = now;

7 drop_by_red A

MED Y THND., TTIZZY MN)DBEFEAET DIGEITHE
IZHHIND.

Melk7o— 007 - T b REER S BET S ER
ZRUTWS., 70—DREIZTD -Vl y RTRY
N, Ly Riddkakigs K7

RED 287y M&FEET D &, 7D drop_by_red()
BEAIEENS. £9, 70—D 2 RIS TIZHIGT
5TV MUMELET TN, BVEEIELRU AKXT
TV MY RBEBBEDYTTD. TO%, TV RVIXY A
NOEHEIZEIND. Fi< T Oy 2 Ty MEK
REXADARZY TEEFT 5.

8D check_flow() BABUL /Ny b BB 2 O°
INd. £, A1 VE—TAADNTY RV =T VA
BEEPI N, I, 70—YANEDOXETY MY
EHRYT. 92TV MUMBNEFELLRWEEIE, OK
AR Y @ O RED OB ED. (RO T 0w 7T,
TO—DFEERMEARE, N STy N ZJEICERT
5. X5 TaY 7T, R2TRUZEEHT A B
#RTTH. TORENTV VT, 2D, pavg B
Pin BBZ B Y, faug MF TV 7 INDB. MR
BB p2f() 1%, RTE2EHTIHEHLT, Vv ITY
T TF=TNIZE O RRAICEETED., TORD T
Oy 2iE70—070y JHEDFETL, Ny I 47 -
FANRITERD . TO—RENL Y RALIFRE Ty
MIFEEIND. UL, A7y NERMRES Y 7 4
THE d, ZBZ B 70—V M) IMERS NS,
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int check_flow(pkt)
{

struct fve *fve;

if_seqt+;

if ((fve = flowlist_lookup(pkt)) == NULL)
/* no matching entry in the flowlist */
return 0K;

/* update f for every N packets */
if (++fve->count == H) {
fve->f = Wf * N/ (if_seq - fve->seq)
+ (1.0 - WE) * fve->f;
fve->seq = if_seq;
fve->count = O;

}

if (fve->state == GREEN
&& fve->p > P_THRESH) {
/* calculate threshold by lookup table */
if (fve->f > p2f(fve->p))
fve->state = RED;
}

if (fve->state == RED) {
if ((int)now - (int)fve->timestamp
> BACKOFF_THRESH) {
/* no drop for BACKOFF_THRESH sec */

fve->p = 0;
fve->state = GREEN;
} else {

/* block this flow */
fve->timestamp = now;
flowlist_move_to_head(fve);
drop(pkt) ;
return DROP;
}

}

p= (1 -Wp) *p;

return 0K;

}

/* update p */

8 check_flow A

5 vIal—yaviER
TJH—=NNVTOFHEE, ns¥ Izl — X (ver.
2.1b3) o THALL 2. B AUZRT LS A hKRRY
T, 2FEDOTANELTR>7Z. S1 & S2IFREFBHA
N, S3LS4MZEAAN, RIER2VIV—ZTH
5. RIDPFEMVAYIZVVYIDAOLKEE72d, Rl
TRED L 70—V 7 2EESETHS. RED O
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@ 10 Mbps 10 Mbps @
2ms 4ms
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70—2 ftp from S2 to S3 (winsize:5)
708—3 CBR from S2 to S4 (800Kbps,1000B/pkt)
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L L time(sec)
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(b) #% 7 11— Dk fd

K10 7R M1 :%EED RED 054

TJO—3MNT7aYI7INTLES L, TCP »HOEH
WERMHEATEZ LDITR5.

TCPI, b7 v IBaWMUABIZE, FLAY
YRy NEEERABIIL T ARV, Zhlk, RED
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70—2 ftp from S2 to S3 winsize:5
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%, BN I AT T ERRTRDONS. 4EHDHZK
T, BFRERBIREAS dip (ELT, 70— 3DMRI T
5.

TJH—410%, KZL 2 BTN, 70— 3 LHEERIC
PNy MEEEREBRT 2D, ZOBEAE, FHESry b



14 aIv¥a—&Y7bh0x7

packets
5.00 7 T T — packets
4.50 —

CO
i

2.00 - / 4 —

3.50 —

3.00 —

1.50 - | I I A

100 ¢ roris I B
.

L L time(sec)
0.00 10.00 20.00 (=)

(a) &7 0—DY—7r Y AES

)
A & AAMM

0.00 20 oo

Fa—Fk

queue
26.00
24.00
22.00
20.00
18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

queue
ave_queue

1.00 -

osoOfR- . qhows
0.80 — —
0.70 -
0.60 |-
0.50 —
0.40 |-
0.30 |-
0.20 -

0.10 |-

0.00 —

L L
0.00 10.00 20.00

AT
11 FRAKMI

%%$bpm FELUBWOT, ikl &I s i

LRV, 141, 70—4 ORBEORH %R T.
M 13& K 14DE N, Ny I AT - FA D TCP
NOFEEZRLTWD., K131, Ny o747 - FAb
& o Ttz TCP 2 X X W /2548 DEEH,,
141%, BEOHEXA LTV MZED TCP OFHEDEE
FTHD. TTITNTY MEERENRZ DL NNTEL T
Wa &, 70—V TREHIIZZA LT Y hIEERL
TH, TCP WRAMEDHZEL A LTV NERERYT DI
RiF+nED. TUVRN)Y TR LEVy MEK
DA IVIIZEoTIE, BREETIHEXRILT

Y MZ&D TCP OEMN, Ny A7 - FARN

" ()

time(sec)

L L
0.00 10.00 20.00

. : : . time(sec)
5.00 10.00 15.00 20.00 25.00

(d) T/ b ek

70—\ T EERLLSBE

WELIDRESRIAEEL+2HD. £, —HOD
TCP OFEHTI, BUNEEXALT U MEPRE - LK
FNDT, FEFHOENMIX HITNIL< RS, ZITEE
RO, BEIKIZANY 27X T7IEBILT, TOL—X
THRAELU TV DIEELZ ZHIFETEI M THD. TA
R2DOKT T4 v - RE=UIE, BEPKREIVIZEH
Do, FHF2-—REEHRKT70—DFHE/ry MEkR
, BROBRGIO AT —A X — MNFZFROT, 8 IEH
IHERFX N T WA, Zhix, RED A% E#iFH CaifE L
TN, & TCP 70—0/3ry MEERIZHEIT
HPIZHY, TO— 7V TBEHLARNI L ERLTHY
5.



(307)

packets
5.00 [~ — packets
1 7 "drop

a.50 |- 171/} _' I. 11

4.00 — esiErrs L4 M

3.00 / AL f E

2.50 } 7/ J 171 Foo4
2.00 7 r —
100 ! Ril é # 7 LLER PR REREE

L time(sec)
40.00 (=)

L
20.00

(a) &7 0—DY—7r Y AES

queue
26.00
24.00
22.00
20.00

queue
ave_queue

18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00

2.00
0.00

Y O B I O

o
8

Yo A R
M12 FRM2: 70—"NILTTFTO TCP OEF

6 &8

A VA—3w hRIZ, EFEPETA, YVFFY XN
EV o ZH UVWBEOBENMA TS, TVR - T
VRO 7 O—HlfEA V2 —3 Y hOEERFEIEDOH L
BD., ULNULERS, RO &2 —F v M, TV
Ry Ro7o—H#Hz{RET D LS RAMADIZ
AR

AFGTIE, 70—/ T LIRS RED O@4 M %
REL, NEDO 7O —EREEHT D Z L& > Tk
RV — X GFEEBETED 2 2Rz, 70—%0
713, NV—Z ORFHIN % 7 O — 2 RH L,

Vol. 16 No. 4 Jul

" ()

1999 15

time(sec)

(b) #% 7 11— Dk fd

L L time(sec)
20.00 (=)

(d) T/ b ek

HIICEEH 70— 2 W5, 70—V 72k
T, RED RFNVT 1Ry 7 ADOBLEY, AR HA
THETES.

=V TE, Ny MRKERE L, BB,
WEHEARAE 7O — %2 Mg 2, Ml 7o—
BNV IFATIRDBLWOMBELABETHD. Zhi
&oT, HREELFOREE T/ MR E K< M
L, BEOREEFCHEEBIINAY A 7TEL0nd TV
RV RO70—HIfZEETDENTES.
Vial—YvavorR, 7a—"LT7ItkoT, &
EARY R 7O—NEFAELTEH, RED H IR
CEFEVEMIKAET D Z LRI NS, X561, B



16 =R NP ANVESD 4 (308)

packets

packets

3.90 - “drops

3.80 —

X0

3.70 - —

3.60 -

3.50 -

PRROOKOKK
1

3.40 -

X
X

X
1

3.30 — —

3.20 - —

3.10 —

3.00 -

L L L time(sec
5.00 10.00 15.00 (599

13 70— TIC&BNRNvo%7

B TCP 25 Z UALIEIEICH L TE, HRIARHET
BB EHERINT.

F/m, EBRIZ, 70-N)V 7%, ALTQUIIC & 3
RED E#EDHLIE L U T FreeBSD 129235 U % MFF
U7z, 78—V 7 DEERRKRIE, CFEETH 500 17
Thd. AWTIREYIalb—ya vz &3z~
A, TAUKFEEIZHERUT, Fa—0OREREOFMA
Boh, 2, HEMEOHDZ T —EMVIETEXS/2OT
Hd. BE, 70— T DEREE, ALTQDV) Y —
AZEFENAFAINTHZOT, EHAXY NU—2TD
FREEBRMRT SICARETH D, 518, EEDORXY b7 —
JTCEMIN, TVR TV RO7O—HIEOREIZE
MTXZZ 2 LTV5.

& & Xk

[1] Kenjiro Cho. A Framework for Alternate Queue-
ing: Towards Traffic Management by PC-UNIX
Based Routers. In Proceedings of USENIX 1998
Annual Technical Conference, New Orleans, LA,
June 1998.

[2] S. Floyd and V. Jacobson. On Traffic Phase
Effects in Packet-Switched Gateways. Internet-
working: Research and Ewzperience, 3(3):115-156,
September 1992.

[3] S. Floyd and V. Jacobson.
Detection Gateways for Congestion Avoidance.
IEEE/ACM Transaction on Networking, 1(4):397—
413, August 1993.

[4] S. Floyd and K. Fall. Promoting the Use of
End-to-End Congestion Control in the Internet.
IEEE/ACM Transaction on Networking, 7(4):458—
472, August 1999.

[5] S.Floyd, K.Falland K. Tieu. Estimating Arrival

Random Early

packets

5.00 FF —"packets
“drops

4.90 - -

4.80 - -

4.70 — —

4.60 -

4.50 —

XXX

4.40 — % —|

X

4.30 — -
4.20 — % —
4.10 — -

4.00 — -

time(sec
10.00 15.00 < )

M14 BEDIYALTIMIELEZNYIAT

Rates from the RED Packet Drop History. Draft pa-
per, April 1998.

[6] S. Floyd. Connections with Multiple Con-
gested Gateways in Packet-Switched Networks Part
1: One-way Traffic. Computer Communication Re-
view, 21(5):30-47, October 1991.

[7] V. Jacobson. Congestion Avoidance and Con-
trol. Computer Communication Review, 18(4)314—
329, August 1988.

[8] V. Jacobson. Berkeley TCP Evolution from 4.3-
Tahoe to 4.3-Reno. In Proceeding of the Fighteenth
Internet Engineering Task Force, p.365, September
1990.

[9] A. Kumar. Comparative Performance Analy-
sis of Versions of TCP in Local Network with a
Lossy Link. IEEE/A CM Transactions on Network-
ing, 6(4), August 1998.

[10] D. Lin and R. Morris. Dynamics of Random
FEarly Detection. In Proceedings of SIGCOMMSY7,
127-137, Cannes, France, September 1997.

[11] T. V. Lakshman and U. Madhow. The Per-
formance of Networks with High Bandwidth-delay
Products and Random Loss. IEEE/ACM Transac-
tions on Networking, June 1997.

[12] S. McCanne and S. Floyd. NS (Network Simu-
lator). http://www-nrg.ee.lbl.gov/ns/, 1995.

[13] M. Mathis, J. Semke, J. Mahdavi and T. Ott.
The Macroscopic Behavior of the TCP Congestion
Avoidance Algorithm. Computer Communication
Review, 27(3):67-82, July 1997.

[14] J. Nagle. On packet switches with infinite stor-
age. IEEE Trans. on Comm., 35(4), April 1987.
[15] J. Padhye, V. Firoiu, D. Towsley and J. Kurose.
Modeling TCP Throughput: A Simple Model and
its Empirical Validation. In Proceedings of SIG-
COMMY8, 303-314, Vancouver, Canada, Septem-

ber 1998.

[16] D. Sisalem, H. Schulzrinne, The Loss-Delay Ad-
justment Algorithm: A TCP-friendly Adaptation
Scheme. In Proceedings of NOSSDAV38, Cam-
bridge, UK, July 1998.



