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I. INTRODUCTION

This paperpresentsan experimentalcomparisonof differ-
ent NTP synchronizatiorstratgiesto measureone-way delay
(OWD) in large areanetworks. Presentedxperimentalresults
allow usto evaluatetheaccurag of suchOWD measurement.

One-wvay delayis one of the QoS parameters.It is defined
both by the IETF asthe OWD for IPPM andby the ITU-T as
thelPTD (IP Packet TransferDelay). In bothcasest belonggo
time-sensitre parameterswheretime synchronizatiorof both
senderandrecever is required. Any errorof thetime synchro-
nization affects the accurag of the OWD measurementOne
shouldnoticethattheaccurag of measuremens basednarel-
ative synchronizatiorandthereforeanabsolutesynchronization
to UTC is not required. Different synchronizatiortechniques
canbe used. The mostaccurateoneis to provide eachsite of
measuremenwith a preciseexternalclock. An atomicclock or
a GPSrecever canbe usedbut this solution suffers from bad
scalability The costof an atomic clock is very high andin-
stallationof a GPSantennamay be difficult in somelocalities.
Anothermethodis a synchronizatiorvia network whichis per
fectly scalablebut its accurag is notasgood.

The paper presentsthe direct method of one-way delay
(OWD) measurementising NTP synchronizationand condi-
tions underwhich the estimatederror of measuremenis not
worsethan 1 millisecondwill be discussed.The measurement
sitesare synchronizedusing NTP seners. No other sourceof
exacttime is neededor the measurementjowvever we useda
PPS(PulsePerSecond)signalfrom GPSto evaluatethe exact
accurayg of describednethodandto compardifferentsetups.

All tests were done betweenboxes locatedin CESNET
(NREN of TheCzechRepublic)andHeaneNREN of thelrish
Republic).

Il. MEASUREMENT METHOD

Rav OWD was measuredusing the RUDE/CRUDE tool.
RUDE transmitsa streamof UDP pacletswith definedtraffic
shape.Eachpaclet containsa sequentiahumberand a times-
tampof transmissiortime (givenby the senderclock). CRUDE
collectsthis traffic, addstimestampf reception(given by the
recever clock) and generates log. One can evaluateseveral
QoSparametergérom this log, e.g.,throughputossratio, one-
way delay andone-way delayvariation.

Eachmeasuremerttiterunsan NTP daemornwhich synchro-
nizeslocal clock to the NTP sener. We usedthe parameter
'maxpoll = 6’ forcing the NTP procesgo contactNTP sener
at a period not exceeding64 s. The poll period could reach
1024 s without this parameteandwe proved thatthe accurag
of measurementould be degradedn this case.

As a closedloopbackis the baseof the NTP process.the
actualtime offset of local clock is known. This offsetis re-

portedby the commandntpq -c rI' or returnedby the function
ntp_adijtime().

In orderto know the exactlocal clock offset (independenbn
theNTP daemon)we provide eachboxwith aPPSsignal. Thus
we obtainoffsetwith anabsoluteaccurag of aboutlOmicrosec-
onds. It shouldbe notedthat the PPSsignalwas not usedfor
synchronizatiorbut only for exactoffsetevaluation.

Letusassign:

« T - timestampof sendingthe paclet (from CRUDE log)
« T, - timestampof receving the paclet (from CRUDE log)
o O, - senderclock offset(reportedby NTP)

« O, - recever clock offset(reportedoy NTP)

« P, - exactsenderclock offset(from PPScapturelog)

o P, - exactrecever clock offset(from PPScapturelog)

Fromthesedatawe cancalculate:
« Raw one-way delayobtainedfrom CRUDE log
OWD, =T, — T,
« One-way delaycorrectedoy NTP offsets
OWD, =T, — O, — (Ts — Os)
« Exactone-way delaycalculatedrom GPStime
OWD,=T,—P.— (Ts — Ps)

I1l. MEASUREMENT RESULTS

We performedthe measuremerih threesetupswith different
locationof NTP seners. In Setupl we usedtwo NTP seners
(tik.cesnet.candKarlovy.hea.netliastt35.ripe.netjocatedin
the measuremerPoPswith round-tripdelaylessthenonemil-
lisecondfrom eachbox. In Setupll we usedonecommonNTP
sener (worf.ijs.si) locatedin Slovenia,i.e. in the GEANT net-
work but outsideboth PoPs.In Setuplll we usedonecommon
NTP senerlocatedin CESNET

The CESNETmeasuremerioxwasa DELL 1400with Pen-
tium 111/860MHz. TheHeanebox wasa standard®Cwith Pen-
tium 111/450MHz. Both boxesran Linux, kernel 2.4.16 with
nanolernelpatch.We usedNTP version4.1.71andRUDE ver-
sion0.50.

Fig. 1. Setupl

In Setupl, the round-trip delay betweeneachmeasurement
site andits local NTP sener waslessthan 1 millisecond. We
proved thatthe error of OWD measuremeniasin interval +-
500microsecondsisingSetupl.
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Fig.2. Setupll

In Setupll, a singlecommonNTP sener locatedin a third
network wasused- the box worf.ijs.siin Slovenia. An average
round-tripdelaywas 30 ms betweerthis NTP sener andCES-
NET, and54 ms betweenthis NTP sener and Heanet. There-
fore,conditionsfor goodtime synchronizationveremuchworse
comparedo thosein Setupl. We expectedmuchworseresults
thanin Setupl, but the errorof OWD measuremenwasstill far
belov +- 1 millisecond.

Setuplla wasthe sameas Setupll with a singledifference:
the parameteimaxpoll = 6 wasomittedfrom the NTP daemon
configuration We gotworseresultsthanin Setupll: theerrorof
OWD measurementasin interval -3ms- +1ms. It is evident
thatthe polling internval parameteof the NTP daemorhasto be
keptsmall.
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Fig. 3. Setuplll

In Setuplll we testedthe influenceof asymmetricrouting.
While traffic from Heaneto CESNETwasroutedin a standard
way, i.e. throughthe pan-europeaGEANT network (OWD of
about20 ms),traffic in the oppositedirectionwasroutedvia the
Telia network which suppliesthe commodityInternettraffic to
CESNET(OWD of about37 ms). To demonstrat¢heinfluence
of asymmetricrouting, we usedone commonNTP sener |lo-
catedin Heanet.The averageerror of OWD measurementvas
8 ms,aboutonehalf of the OWD differencein bothdirections.

IV. CONCLUSION

We proved thatthe OWD canbe measuredy boxeswhose
clock is synchronizedusingthe NTP protocol. The maximum
measuremengrror is belov 1 msif an NTP sener is located
in eachmeasuremengite. Usageof onecommonNTP sener
offers still quite a goodaccuray if we canprovide symmetric
routingbetweerthe NTP senerandthe measuremertoxes.
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