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Prioritized Congestion Control with
Explicit Congestion Notification for TCP

HiperosHl UENO,t SHIGETOMO KIMURA't and YOSHIHIKO EBIHARA'

In the TCP, the congestion detection by communication timeout is used for the end-to-end
congestion control. However, it is not able to reflect the exact congestion status in the inside
of the network, especially to wide area networks. To improve this problem, in addition to
the existent methods, the explicit congestion notification is proposed to notify the congestion
status through routers in the network. The one of its famous methods is the RED {Random
Early Detection) gateway. By the way, in general, communicated data are classified into delay
sensitive ones and others. If the congestion control reflects the priorities with respect to such
communication qualities required by services, it can be expected to improve the utilization
of the entire network. This paper expands the explicit congestion notification of the RED
gateway for prioritized communications. The priorities are expressed by the one of the IPv6.
The congestion control extension header is defined and the congestion control algorithm for
the priorities is proposed. Finally, the network simulation under the nearer conditions to the
real network concludes that the proposed method can provide the priority control on data
traffic, while it keeps the average throughput similar to the one of the ordinary ones.
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Fig. 1 Explicit congestion notification.
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Fig. 2 Congestion notification in RED gateway method.
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Fig. 3 Proposed extention congestion notification header.
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Fig. 5 Comparison of received segment number.
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ONLHEREA4DDIR I Vv a y THECHAL TY
EWSTHD. 4DDftp DFHANL—T v b i, ¥—
27T LA XN E VIR 250Kbps, 249 Kbps,
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Fig. 8 Comparison of datagram size and throughput
(Non priority).
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Fig. 9 Comparison of datagram size and throughput
(With priority).

242 Kbps, 223Kbps &%, T— 57 5 LH A X9
KEL GBIV AIET LTSI EHFTH 5
IhiE, T8 7T LF A ANKRELEBIRE, BX
ICEBA =AY FPIRELLBLDHDTHAS. L2L,
X#17) X Y TCP/IP DL DT =57 7 4HAX
251242779 b ThEID, -WEF -7 T4
FALIZLAEEA— Ay FORELERETICE
EEAENYST, FRICEDRoTANV-T v P elE
%’kﬁf%é

M9 Xh, F—%7 a4 X RELTDHIHEY,
%@%@1» —7 v PRBAT A, BEEDOZ R
F— 57T aY A XHT1536 477 v P ETTIIHEML,
ZRUBRBAILTWS, 2L, 7—%7 54614
AR E B BIHE, SEBIREAIET LTV A,
ez, T I AT AXNE2A T PO
&, ftpl & ftpd DAN—7 v P 3TN LN 214 Kbps,
296 Kbps TH 1, Esw%%(%m%m)&mm$m
ZNFN-.6%, 1184% L RIDIIML, T—F7 7
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Fig. 10 Comparison of throughput by weight of priority.

LH A XHT2048 F 7 7 v b Tid 216 Kbps, 226 Kbps
el FEn, M8 DR (223Kbps) DRI E
nEN 96.9%, 101.3%TH 5. ZOEHRI, K8 D
CERYER BEF-NANYFCIB0THE. £
72, @9 TD 4200 ftp DFHEIL, =57 T 4
H 4 XN EWHEK 250 Kbps, 250 Kbps, 240 Kbps,
222Kbps ThH, M8 DETF— 57 764 XITH
FAEANV—F v b EIZRECETHS. LA T,
BEFECLZEEKDANV-T v POETRIZEALY
BN nI i ghrs.

4.4 BHOFLICL LR

10 iIEREOELR w *ZLS L L ZOEE
HEFIIBTAAN—T v b ERLTWVA.

K10 CREEEOEA w 2ETHE, BELLE
BEF—HTFTEADAN—T v b DENFKRELL RS
LHHATEL., BEEOEA w=00D ZZi3HE
EHBEITORZVEETH N, 400 ftp T 250Kbps
DAN—T v FIBLRTVA, fipl it w DEIK
XL BB TAN—T FAETFT LTV HDII3T
L, ftpd BERLTWwA, L xiE, w=2DLED
ftpl, ftp4 DfEIZZ N #1185 Kbps, 330Kbps & %
D, w=4 Ok Xi3FNZFN 143Kbps, 362Kbps &
oTWh, &5617, ftp2 & ftp3 X 240~250 Kbps
THY, w=0DE XL AN—7 v F2RIZHFLV.
¥/, BRp DFHPANL—T v MIw=0DFELME
U <¢ 250Kbps THAH. wilkBHECNY Y bEv b
BEOEBIIOWTIHIETERELLY, w=48
WTHpl DAV—T7 v PEw=00Dk ED428%D
BAICEErIoTEh, £1 COREFHSIMLELS
I LEERTLLTREBRTFBEAOATVS
ZEDHRINS. ftpd DAN—T v PIZDOWVWT D
44.8%DHEIMTH Y, FR OIS, LEDZ
L, BEAEOEHR w VEXBCEETHI L
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E3 T-S0OEXRIINHLEN ()
Table 3 Translation time of data.

ERLE9 HELE 11 ALK 13
OREOREORECORNEOENS
32.0 | 2.56 | 32.0 | 2.56 | 32.0 { 2.56
374 | 2.99 | 326 | 2.61 | 27.0 | 2.16
43.2 | 345 | 33.0 | 2.64 | 242 | 1.94
404 | 3.96 | 32.8 | 2.63 | 22.8 | 1.83
4 | 56.0 | 4.47 | 32.3 | 2.59 | 22.1 | 1.77
(1) : 1 Mbyte x 118
(2} : 80 byte x 1000 &

g

WK = O

LY, BEROAN—T v V2 ETEREIELRL, &
WAN—=TFy b RO TVEL—F I L CEY % A
W=7y b REYTARELI DT o7,

KiZ, ®10 CHLNZAL—~T v b T 1 Mbyte &
80byte D7 7 A VEEIIMAIBET 202 LB L 70
REeRIIIFRT. B, BPOEEE 1143 ftp2 &
ftp3 DFYAN—T v F 2 HWTEBY, SELED
AEDAMIZ 1 Mbyte DR RICET B (), A
2 80 byte D7 7 £ )V 1000 WO &% ICET 2 B
(B) 2RL TV, WMZERAED7 7/ Vit %, #%
BRITNS A LMDBEIIBIB 77 A LEEER1E
ETEDH. HETIHELHBEZTHLEVES (w=0)
23208 TH), BEEITHR, w=1,40k &,
TNETN 374, 560 BELY, FAFN 16.9%,
T5.0%DME %%, BEOBRE, w=0 Dk &5
256 B THHDIIH L, BEFEI3 TlRw=1, 4
BYTEhER 2168, 1L.778HERDY, 1E8H72h,
040 IV, 079 SUHORMD L %25, FIEOBY
B2BLUTICLETEFAZ EHS, EEHOEVWT 7 4
NVEXRTEIN ST/ ETIHOERMICNL . i
WRBORDIIERRAICIIII & A LHEIR A VS, B
BRI LV Z ORAEBIIKE L, 208
RTE DEXERMOEMY +5# )b D TH 5.

5. SHRORNRELER

5.1 SHEORHZE
SRIOERETHE, ftp xAVWALF - 0ERICL 2
EBREATo2H, BEEOE W fip & LTI, B
BRIV LT — 5 2 EETAELEBET L2 AT
&, anonymous ftp TOEZER, T—8¥DIF—1 >
IHBIELTHToNE, $7:, BEEOBVftp &
LT3, BREMESES 57— % 22T 2840
ROoNA. MOT O aNIZONVTIE, HEHOZ W
smtp ® nntp DEXIL, BVAL—-T v P X PEE |
ZVOTEERZECRET LI LA TE, WiIxsE
HDH 5 telnet, hitp % E DA IIEEEY S T
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TAHIENETNS,

ECAHT, AHRCHBEERCEADFEIIL—F
PHBIAT) LA TE L0, 2—¥25 3 7-@8%E
BIUIRERIFSHY, BEEDF—YDAL—T v b 25
WISTFHD L) RBEIE, —BNIBEEDF -4
DANV=F 9 b2 LT 27:00HB\EEMZL 2T L,
ROV LDEIZ—FIIRET L L Vo EEBA
PLETHD. T-FIEEHTOF — 725 L TIEEBWA
=T b 2BV WIFLEYEH L7720, 2Dk
LBV EEICRET USRS S L. LhioT,
A—FRBONIAN—Ty F OBEL*EEL7-5 2
T, BERYSRZBIRISE LWL S cE£8T
DULENDHDLY, BULBEEOEORELS5 2 22
EHELY. ZoRBELEE 20FMHICOWTIISHE
DRETHLY, 1 DDBEFEEL LT, A_L—F 4
YT VAT LT UL A BEESNSZ NS ED
FAZAG Za—YrIORRFICALT, 2—%h
LIFSE SN BEEZ A M7 — 2 0RRIELE TS
AT LNERETEERNEZONS.

¥, SEAVZZRED 7~k 7 = £ FR LS DB
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52 #& E-

FRL T, BroEEEmrAVT, SR
C-BEMHEHZT) SR LREL, STEBI 32—
A LN FOFHEER AT o7, WTHOEETTY,
FEHAN-T v b i, BEFHEEITDOEVESL, &
EHBEIT o2 HEI, TIZAILMEIC A>TV L n
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