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(One-Way Delay Estimation and Its Application)
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Abstract Delay estimation is a difficult problem in computer networks. Accurate one-way delay
estimation is crucial because it serves a very important role in network performance and thus
application design. RTT(Round Trip Time) is often used as an approximation of the delay, but because
it is a sum of the forward and reverse delays, the actual one-way delay cannot be estimated accurately
from RTT. To estimate one-way delay accurately, this paper proposes a new scheme that analytically
derives one-way delay, forward and reverse delay respectively. We show that the performance of TCP
can improve dramatically in asymmetric networks using our scheme. A key contribution of this paper
is that our one-way delay estimation is much more accurate than RTT estimation so that TCP can
quickly find the network capacity in the slow start phase. Since RTT is the sum of the forward and
reverse delays, our scheme can be applied to any protocol that is based on RTT.

Key words : one-way delay, performance evaluation, TCP performance, asymmetric networks.
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F WAe FAA7 £33 RTTolt. 281 mpA|go)
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* RTT(s,7): TCP9 E& WAL I4E(sending
rate)olut  ERJolgkE AN 3 FriFe=

RTTE &A%t weld $4470 RTTE 2Fsie
AL A& dojth
« RTT(7,d: FARANA RTTE &2Fst= 713 A

9 Wi ACKY 7H38& ZHsks Aotk 4 (6)g
AFEr) HAsiME SRV RTT(, 09 RTT(r, )&
25 g8 2 &) W 542 ACK 3lti(header)
9 AHEER Fe F=(field) % e RTT(, S
AA deiFop gt

st A (B)o] T AAXZke] BHHoE §EE
& AT RAET 5 QG AP 2R AYHL

Sender’s protecol
On sending segment for RTT measurement:
teph.timestamp = current time;
probe_sequence+t;
On receiving new ACK:
RTT_S_ = current time — ack.timestamp;
if (ackrtt r_<=0)
exit;
RTT R =ackrtt r ;
if (probingPhase == true){
calculate average d;
yelse{
If(firstDataACK == true){
Make t0;
Else{
fd_diff =fd diff +
(fd_prev_ it s -ackrit r );

}
tn=1t0 ~fd_diff ;

fd_prev_rit s =RTT S ;

Recelver’s protocol
On receiving TCP segment
if (firstPacket == true){
fd_prev_ack = current time;
ackrtt r =-1;
Jelse(
ack.rit_r_= current time — fd_prev_ack_
fd_prev_ack_= current time;
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9] EFo] At 4E RTTRE A3Aste AL F3
718 A M F AF TEAUlA] ¥& Aok §
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7 HOE 22U ZIEF] £48 £ = £ER
Z2d F e Fo2EH(heuristic) el gadih W
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A 3R P A A7ty Al mlm 9
S (fh—ky=d) T o] A AL vt} bzt 49
A S 2& & Uk
- case 1! &0

o] A% t0>ko°]7l W&ol 2> RTT(s,00 287t A&
gk el 42 I A 4+ RTT(s, 00 7+ 2k, A
htky=RTI(r,00%} t,=t,+RTT(s,1)—RTT(r,1)9 %
g o8t AZE 49 WS T 2ol H43Y

% ek
RIT(s,1)= RTT (r,1) = RTT(r,0) _, 0
2 0
(RTT(s,0)
®
- case 2! d<0

o] 7%, 03 FlAZEA] YL AR e e
HaAg derh
RTT (s,1)— RTT (r,1)= RTT (r,0)
2

>ty >0
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- case 3! d=0
ol BF, t(h% k7t #7) WE) x7%e e 2
o] 44% 4 ok
_ g, = RTT(5,0)
2 (10)
AT AR So] ol oM o}F 49 B E(sign)
< ¢ T Ue ALFY Pl glv] Wil o e
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o] Fel=g " QEUA Wi QA
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e 2 MY ME(sample)S 2 FHd 2A t=2A &
< AojH & 4 glvk oA ZEd &k 29
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Azt RTTY  Hlgo] Ry Al 4%
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olAd e UM 24 @EF F4 YL HA
37 (asymmetric environment)ell 2] TCPe| 1A
AL £ e AE gt TCPe Hltﬂfd HlE$]
AdA A3 A AZE Heoled, 2 olfE TCP
7} ACKel dAdigez o&ste] F23}v) “H-E‘C’]“J'. u}
M u) @A eR A% ACKS =% &(arrival rate)
o] W37t HAFE A Hoj=gAl He Zolth 9
AN e 71E 7N AJHAD 7= #HE
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589 EFS AdsAY ACK #Re £5 FEY
(filtering) 22 WS- 01831 Fol= ZAolt}h Balakrishnan
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% A8 EAE 31237 fsl ACC(ACK Congestion
Contro)™ AF(ACK Filtering)® Attt =3,
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SA(Sender Adaptation)[12]9] ¥4 olojr]ole maxburst
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B =24 AASE Sd gy 84 otojtleje
TCPe] A& DAl(slow start)old ACKE] =3 o i
A#Qol HIEL A3k Zold. FAstE TCP7}
27} @Al ACKE WA BT (2 x forwarddelay)
nit} cwndE F7HAAM 7HE3 dl9Ee] 2718 3
gthe otk (2 A% TCPe WYES HHY s
FHe F A Boh. o|F EF 3|9 dA(congestion
avoidance phase)¥-Ele TCPe ¢ wAUEH T3l
A ACKE wgts wout dHolelE ALt ol 2
o] atstE whikgk A4 Ajzke] widiAe] Az
9w AYZo] EA3HA Pk =, Fl(Fast Increase)
= 227} golr(cwnd timer)7t ©tRH7) Mol A
ACKE weod @43HA gdethe 3& ougdth o

_EL
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Z2EZ 4% IFZ(pseudo code)s Y 49 71&H
o 3t} 7THANE tg AEHoHE FI oy
TCP FI7t 71€9 AT Rt d&Foln B} zid
slthE A4S BHoE)

ON receiving new ACK:

TF((slow_start = frue} &&
(fd_estimation_available == true))
fd =1d_estimation();
IF(cwnd_timer_run == true)

Cwnd_timer_cancel();

Cwnd++;
END
cwnd_timer->timeout = fd*2;
ELSE
Nommal_TCP_action();
END

ON expiring cwnd_timer:
Cwnd++;
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estimated fd measured fd

average std. avg. std.
7.617188 1.781096 7.564688 1.781096
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average std. avg. std.
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