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1. Introduction

The Network Time Protocol (NTP) is widely used to synchronize timekeeping
among a set of distributed time servers and clients. Unfortunately, in the usual Internet
environment, delays in data transfer are not constant, even for the same route, so the delay
from the NTP server to a client is not always the same as that from the NTP client to the
server. This has a significant effect on the accuracy of time synchronization. Therefore,
information on actual transfer delays is required to improve the accuracy of time
distribution.

We developed a hardware time- stamper (HTS) that stamps the local time on
identified packets without delay. It is applicable to Giga-bit Ethernet (GbE) connections
and has a time resolution of 4 ns. By installing HTSs on both sides of a transfer path, we
can immediately obtain the delay time of the path with a precision of within 10 ns.
However, this requires highly stable clocks on both sides.

We can use the HTSs to measure various network characteristics. In this paper,
we report the results of measuring packet-size dependence for about 25-30 km data
transfer. For these measuremenst, we used cesium atomic clocks on both sides and
measured time differences using the GPS common-view method. The results revealed the
network properties of the transfer path and showed that the HTS could stamp the time
accurately without interrupting the system.

These measurements showed that the HTS performed satisfactorily. We can
therefore use this architecture to develop economical, simple, high-performance systems
for time synchronization. In the next step, we will begin developing time- synchronizing
systems corresponding to IEEE 1588 and construct various time-based networking
systems.

2. One-way delay measurements

Figure 1 shows a block diagram of the system used to measure real-time one- way
time delay in the Internet environment.

The measurement systems included, packet sender/receiver sets in an Internet Data
Center (IDC) and packet responder sets at NICT about 30 km far from the center of Tokyo. In
these measurements, we used two IDCs in the center of Tokyo, one at Shinjuku and the other at
Ohte-machi.

The IDCs and NICT were connected via an Internet which is almost applicable to
higher than Giga-bit Ethernet (GbE) connections. Only the Shinjuku IDC had a 10 mega-bit
connection.

The packet sender/receiver and packet responder consist of a Free-BSD based PCs
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Figure 1 Block diagram of measurement system

with a hardware time-stamper (HTS) installed between the PCs and the network.

The HTS automatically stamped a unix-time on packet as they passed through. Here,
the time stamped was generated from signals carried from a standard clock. In these
measurements, the standard clock on the NICT side was the UTC(NICT) and on the other side it
was a cesium atomic clock.

Both time scales were compared using the GPS common-view method and the time
difference was recorded. Throughout the measurement, the time differences were less than 100
ns and the measurement results were corrected using the time differences at that time.

The time resolution of the HTS was 4 ns and HTSs were inserted on both sides of
the Internet. Therefore the total time resolution for measuring a one-way delay was =8 ns.

Usually, one packet was sent from one side to the other with the HTS automatically
stamping the time on both sides of the Internet. This meant that two time-stamps were recorded
on one packet and the difference in the two time-stamps showed the time delay. By sending only
one packet, we could determine the internet time delay in real time.

In our experimental measurements, one packet was sent from the IDC (packet sender)
to NICT (packet responder) and the packet responder immediately returned it to the IDC (packet
receiver). As a result, the HTSs stamped each packet four times, thus providing a record of
several time delays. Using these results, we investigated the time dependent factors in the
Internet environment.

3. Measurement results
3.1. Characteristics of one-way delay

In the Internet environment, data packets are sent through various network equipment
like routing switches and so on. The behavior of this equipment is dominated by the one-way
delay time. Usually, this behavior is based on the store and forward mode and the size of data
packet therefore has a significant effect on the one-way delay characteristics.

First we measured the dependency of one-way delay on packet size. In this
measurement, we sent packets ranging from 56 to 1,426 bytes in 1 byte steps. By repeating
these cycles 1,000 times, we obtained a total 1,371,000 pieces of measurements.



Figure 2 shows all the data for the
one-way delay measurements between the
Shinjuku IDC and NICT. In the Internet
environment, data traffic is usually very
crowded, so the delay time results were
widely distributed (Fig. 2).

To reduce this dispersion, we
grouped five dara for the same packet size
and chose the smallest, i.e., the fastest
available delay. Figure 3 shows the results of
this data grouping.

To investigate the packet size
dependency of the results shown in Figures 2
and 3, we analyzed the correlation factors
using the linear regression method. The
results of this estimation were 188-192 ns/bit
=5.22-5.32 Mbps dependency for both IDC
-> NICT and NICT -> IDC, for both sets of
results (Figs. 2 and 3). However, there was a
large difference in the residual standard error
between the figures. In Figure 2, the residual
standard error was about 100 ps and in
Figure 3, it was about 18 ps. Similar results
were reproduced on other days.

Figure 4 shows all the data for
one-way delay measurements between the
Ohte-machi IDC and NICT. In these
measurements, we repeated the packet step
cycles 200 times.

There was a 10 GbE connection
between the Ohte-machi IDC and NICT, and
there was no crowding of data traffic. The
results of this estimation were 5.3 ns/bit =
189 Mbps dependency for both IDC -> NICT
and NICT -> IDC, and the residual standard
error was about 3 ps.

As these results show, the
dependency of time delay on packet size was
linear. Even in a crowded Internet
environment, data grouping and selection
were effective.

3.2. Other characteristics

Our HTS performed well in relation
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to time resolution. We then measured the one-way delay under different network conditions.
Figure 5 shows the results of measuring the one-way delay from the Shinjuku IDC to NICT. The
gray data are the same results as shown in Figure 2. When we measured the black data, we
deleted one routing switch from the IDC — NICT connection., The black data therefore represent
a better performance in comparison with the gray data.
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These results indicate that our HTS
is capable of inspecting a network under high
performance conditions and in real time.

For the Ohte-machi IDC, we did
not set a GPS common-view system, so
cesium atomic clock used in the Ohte-machi
IDC was not synchronized with the
UTC(NICT), the time difference was roughly
1.5 ps.

These differences in the clock time
represent time differences in the time delays
between up and down links twice.

Figure 6 shows the time differences
between time delays in the up and down link
between the Ohte-machi IDC — NICT. These
measurements were the total for 5 days. The
measurement results showed an ideal normal
distribution  (Fig. 7). From  these
measurements, the time difference was about
3.4 us with SD = 0.35 us. We then estimated
the clock-time difference as 1.7 us.

4. Conclusions

To enable actual transfer delays to
be determined, we developed a HTS that
stamps the local time on identified packets
without delay. Using the HTS, we
measured variousl Internet time delay
characteristics.

The results showed linear
dependency between the size of data packets
and one-way time delay. Even in a crowded
Internet environment, data grouping and
selection were effective for estimation
purposes.

The measurement results also
showed the HTS performed well in
inspecting network conditions under high
performance conditions and in real time, and
in estimating clock-time differences.

Our next step is to develop high
performance time synchronizing systems
corresponding to IEEE 1588 and to
construct various time-based networking
systems.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


