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Q.13/12 would like to inform IETF IPPM Working Group that we have started developing a new Recommendation G.chirp, which provides a means for measuring file download and session time in a simplified way. The technical content can be found in the attached document (COM12-C11). We expect to produce a stable draft in January 2007.

It is very much appreciated if your group gives any suggestions or comments on this topic.

ATTACHMENT: 


[image: image2.emf]C:\Temp\ T05-SG12-C-0011!!MSW-E.doc

 

______________

	Attention: Some or all of the material attached to this liaison statement may be subject to ITU copyright. In such a case this will be indicated in the individual document. 

Such a copyright does not prevent the use of the material for its intended purpose, but it prevents the reproduction of all or part of it in a publication without the authorization of ITU.


ITU-T\COM-T\COM12\LS\29E.DOC


_1191258529.doc
- 6 -


COM 12 – C 11 – E




		[image: image1.png]







		INTERNATIONAL TELECOMMUNICATION UNION

		COM 12 – C 11 – E



		

		TELECOMMUNICATION
STANDARDIZATION SECTOR


STUDY PERIOD 2005-2008

		July 2005



		

		

		English only


Original: English



		Question:

		13/12 and 17/12

		



		STUDY GROUP 12 – CONTRIBUTION 11



		Source:

		TNO Information and Communication Technology, The Netherlands



		Title:

		A data chirp measurement method for assessing end-to-end quality of data links





Abstract


In measuring data link quality the key performance indicator is the download time for a file or the session time for a browsing session. In this contribution a UDP stream of which the sending speed is increased continuously is used to characterize a data link in 3 seconds. This so-called data chirp provides a fingerprint of the data link from which the file download and browse session times can be predicted with only minimal loading of the system under test. In this contribution an internet simulator is used to create data links over a wide variety of conditions and both the data chirp fingerprint and the download/session times are measured. From the fingerprint two indicators are derived, one quantifying the loaded bandwidth (congested) and one quantifying the unloaded bandwidth (not congested). In combination with a ping time measurement this allows to predict the download/session times with a correlation of 0.95 or higher for all measurements that have been carried out. The method is proposed to ITU-T study group 12 for validation and possible future standardization as a universal method for quantifying the quality of a data link.

1
Introduction

In measuring data link quality the key performance indicator is the download time for a file or the session time for a browsing session. These times are for a large part determined by the downlink speed of the data link, but many more system parameters like end-to-end delay, packet loss, buffer sizes, TCP/IP stack parameters, etc. have an impact on these times. Furthermore the impact of these parameters on the download/session times is depending on the size of the file due to the slow start mechanism used in TCP. For browse sessions the end to end delay has a major impact on session times, especially if one is surfing along a set of small pages. If we want to characterize a data link from the user point of view we can use two approaches:


1) A glass box approach in which we know all the system parameters for the network (maximum throughput, loss, delay, buffering) and the application (TCP stack parameters) and then use a model to predict download and session times.


2) A black box approach where we characterize the system under test with a test signal and derive a set of black box indicators from the output.


The first approach is taken in draft recommendation G.E2EIPP [1]. This contribution investigates the second approach. In most of the black box approaches an estimation is made of the available bandwidth which is one of the most important indicators for predicting the download and session times. Several approaches exist that allow for bandwidth estimation but the most efficient one uses a UDP stream of which the sending speed is increased continuously and uses the resulting delay/loss pattern at the output of the system under test to estimate the bandwidth of the system under loaded conditions. The highest sending speed should be such that the link gets congested. The first ideas of how to use this so called data chirp approach were formulated by Ribeiro et al [2]. He used the idea that, as long as the link is not congested, the delay as observed for a constant packet size should be constant. When the delay increases the sending speed is higher than the link speed thus allowing to estimate the available bandwidth from the relative delay increase. 


The final goal in this contribution is not to estimate the available bandwidth of a data link but to estimate the download and browse session times that are carried out over this data link.

2
The data chirp approach 


The basic idea in the data chirp approach, in a slightly modified way taken from [2], is to start with a predefined packet size P and packet inter sending time T and continuously decrease this inter sending time by a factor γ (<1.0) resulting in an inter sending time Tγm  for the mth packet. The combination of T and chirp size N determines the lower and upper bound of the throughput of the UDP stream. It is clear that at the start of the chirp packets should be send over the link with large enough time intervals in order to be able to characterize low bandwidth systems. Furthermore the inter sending time should decrease to a value so low that the required bandwidth is higher than the maximum expected available bandwidth. Finally a small γ allows for a fast characterization of the link while a γ near 1.0 allows more accurate bandwidth estimations.


After some initial experiments the values of the chirp were set to P=1500 byte, T=500 ms, γ=0.8 and N=42, resulting in a lower and upper input into the system of 24 k and 226M bit/s respectively. This chirp provides a well balanced compromise between measurement speed and accuracy.


In the original pathChirp approach the goal was to find the available bandwidth under loaded conditions only using a time localised, small duration, congestion. In this contribution the goal is to find the HTTP download and browse session times. Although the available bandwidth under loaded conditions and the download times are closely linked, the impact of end-to-end delay and the impact of bandwidth under unloaded conditions, is not quantified correctly, especially in the case of browsing sessions that are carried out over a number of small sized pages. Therefore the chirp is extended with a small packet start (P<<1500 bytes) and the measurement is supplemented by a ping round trip time measurement. 


By starting with a significant lower packet size and increasing this size rapidly, the differential delay between the first set of packets allows the estimation of the available bandwidth in a non congested context. This allows a better prediction of the session times of small browsing sessions. In the final pattern the first packet was 60 bytes while the remaining packets were kept at 1500 bytes. This approach allows a significant improvement due to the fact that the chirp behaviour mirrors the behaviour of an HTTP browsing session where the delay of the small packets that are exchanged during the start up phase (syn, syn_ack) have a significant impact on the browse session time. The final data chirp used in the measurements thus starts with a 60 byte packet while after 0.5 seconds 42 packets of 1500 bytes are send with an inter sending time of 0.5*0.8m seconds with m running from 1 through 42. The total duration of the data chirp, including the small start packets, is about 3 seconds allowing a fast characterization of the data link. 


Finally the pathChirp algorithm was extended to deal with packet loss. In the original formulation [2] streams for which not all packets arrive are discarded, making the method unsuitable for links with packet losses that are not caused by congestion, e.g. mobile links. In our implementation missing packet delay values of the lost packets are inter/extrapolated.

3
Measurement set up


The measurement set up used an internet simulator to manipulate the packet loss, buffer size, bandwidth and delay of a single PC to PC network link. The parameter range used in the experiments was:


· packet loss between 0 and 5% in the downlink


· buffer size in the downlink between 1 and infinite number packets


· bandwidth in the downlink between 56k and 100M bit/s


· delay in the up and downlink between 1 and 500 ms


From the large set of possible combinations a subset of 73 measurement conditions were chosen. In each condition six measurements were carried out:


· A HTTP browsing session time measurement using three files in the following time line: empty cache, start browse, 1kByte download, wait 0.5 s, 1 kByte download, wait 0.5s, 10 kByte download, end browse (browse small)

· A HTTP browsing session time measurement using three files in the following time line: empty cache, start browse, 2kByte download, wait 0.5 s, 10 kByte download, wait 0.5s, 70 kByte download, end browse (browse LARGE)

· A HTTP download of a 128kByte file (download small)

· A HTTP download of a 4000kByte file (download LARGE)

· A ping round trip time measurement

· A data chirp measurement using the pattern as described in section 2

A standard Windows XP TCP/IP stack was used and for some conditions the system showed bifurcation behaviour. This can be expected since an acknowledge can be received just in time or just too late depending on infinite small changes in the system. In all cases where this behaviour was found the minimum download/session time was used in the analysis.


4
Results


As the final goal in this contribution is to estimate the download and browse session times from the short duration data chirp and ping time we will calculate correlations between predictors derived from the chirp/ping measurement and the measured download and session times over the steady state link. Note that the chirp characterization only takes 3 seconds while the large file download over a slow link can take more then 10 minutes. The main indicators that have a significant contribution to the correlation between the chirp/ping measurement and the measured download/session times are:


· The from the data Chirp Estimated Bandwidth (CEB) using the pathChirp algorithm given in [2].


· The from the data chirp derived relative delay of the second packet (size 1500 bytes) with regard to the first packet (size 60 bytes) (D2).


· The independently measured ping time (PT).


As the range of download times is extremely large (MAX/min>100) the correlations for these results are optimized on a logarithmic scale. A linear optimization would put to much weight on the large download times resulting in poor predictions for the fast download times. For the browse sessions a linear time scale is used as the range of session times is much smaller (MAX/min<16). An overview of the correlation results is given in Table 1 and in Figures 1 through 4. Good prediction of the download and session times is only possible with a 2-dimensional mapping for which the weights of each indicator are optimized for the application.


One should realise that the mappings as given in Figure 1 through 4 are only valid for the standard Windows XP stack as used in the measurements. If the stack parameters are changed the mappings will change accordingly but it is expected that only the weights used in the mappings will change.

Table 1. Overview of the correlations between the download/session times and the data chirp 
fingerprint indicators. Both 1- and 2-dimensional mappings are given using the 


Chirp Estimated Bandwidth (CEB), the Ping Time (PT) and the relative 

delay of the second packet (D2).


		

		Dimensionality of the curve fit

		Browse small

		Browse LARGE

		Download small

		Download LARGE



		Chirp Estimated Bandwidth CEB

		1

		0.80

		0.93

		0.94

		0.94



		Ping Time                             PT

		1

		0.48

		0.18

		0.20

		0.20



		relative Delay 2nd packet       D2

		1

		0.74

		0.84

		0.83

		0.85



		CEB, PT

		2

		0.93

		0.94

		0.95

		0.95



		D2, PT

		2

		0.99

		0.96

		0.89

		0.90
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Figure 1. Result for the 2-dimensional best fit for the small browsing session.
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Figure 2. Result for the 2-dimensional best fit for the large browsing session.
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Figure 3. Result for the 2-dimensional best fit for the small downloads. Note that the logarithm of the download times and indicators are used.
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Figure 4. Result for the 2-dimensional best fit for the large downloads. Note that the logarithm of the download times and indicators are used.


5
Conclusions


The most important conclusion is that the proposed data chirp provides a fingerprint of a data link from which the file download and browse session times can be predicted when combined with an independently measured ping time. The chirp duration is about 3 seconds and only puts a small load on the network (about 63 kByte). 


From the chirp fingerprint two data link quality indicators are derived, the estimated loaded available bandwidth (Chirp Estimated Bandwidth, CEB) and the differential delay (D2) between the first (small) packet and the second (larger) packet of the chirp that quantifies the unloaded bandwidth (not congested). When these two data chirp quality indicators are combined with a ping time measurement four different, two-dimensional, mapping functions can be derived, two for downloads (small and large) and two for browsing (small and large sessions) that provide a single indicator which shows a high correlation (above 0.95) with the download/session times for all measurements that have been carried out. For the downloads CEB dominates the download times while for browsing the combination of the differential delay D2 and ping time dominate the session time. The method is proposed to ITU-T study group 12 for validation and possible future standardization as a universal method for quantifying the quality of a data link. 
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