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1. INTRODUCTION
Web proxy caches are deployed almost everywhere, at organisa-

tion boundaries as well as at ISPs. Proxy caches improve latency
when retrieving Web documents while reducing the overall network
traffic on the Internet. Proxy cache administrators spend some ef-
fort configuring the caching software and determining their suitable
placements in order to obtain the best achievable quality of service,
with respect to user demands. However, despite this effort, the ef-
ficiency of caches may decline over time. Indeed, the efficiency
of a given caching infrastructure depends heavily on the actual use
of the caches: number of users, type of requested documents, load
of machines running caches. Since these characteristics are subject
to change, it is unlikely that any particular configuration and de-
ployment will remain effective during the whole cache life cycle.
Therefore, to maximise the benefits offered by Web proxy caches,
administrators should reconfigure the existing infrastructure as the
traffic characteristics evolve; this implies frequentmeasurementsof
cacheefficiency.

This raises two distinct issues. First, how often should one per-
form measurements? With respect to the frequency of evaluations,
it is important to be able to react to sudden modifications (flash
crowds, network or servers failures), as well as slower ones with
strong trends (growing user community, increasing use of multi-
media documents). The appropriate frequency depends mainly on
the impact of the cache’s efficiency on the actual quality of service.
Hence the best choice of frequency is particular to each system.
Each administrator should be given a way to adapt the measure-
ment frequency of his caches, taking into account the objectives in
terms of overall service improvement and the effect of the degra-
dation of performance. Second, how to cope with the inherent sub-
jectivity of the notion of efficiency? The suitable efficiency metric
depends on the goals defined by the cache administrators; the same
level of performance may lead to different experiences by different
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people in different environments. It must be customisable. Exam-
ples of basic metrics that can be used include the consistency of the
returned documents, bandwidth savings and latency savings.

Regardless of which metric is considered, the measurement of
cache efficiency requires three distinct steps. First, one needs traces
recording the behaviour of the system of caches. Two different
methods can be used to obtain these traces. The obvious one is to
use log files that all caching software generates. However, this tech-
nique is overly simple because those logs often lack information
and, even worse, sometimes contain inaccurate information [1]. To
circumvent these drawbacks, one needs to instrument the software;
however, this is not always possible: source code may not be avail-
able, or it may require a large amount of work. Another approach to
build such traces is to use passive traffic monitoring. Several tools
performing HTTP traffic extraction from raw network packets have
been proposed in the past. These include BLT [2] and Windmill [3],
which can collect information pertinent to the measurement of all
necessary metrics. However, none of them consider the biases in-
troduced by caches. Hence, the traffic characteristics they would
capture in presence of Web proxy caches are corrupted, leading to
inaccurate measures of cache efficiency. The second stage consists
of analysing the traces to extract suitable basic metrics. This is
commonly achieved by cache log analyser software such as Cala-
maris or Squeezer. They produce statistical summaries of the given
log file in plain text or HTML format. Other packages like We-
bLog provide software components (Python classes for WebLog)
to manipulate logs and perform their own analysis. The final step
combines the basic metrics previously extracted to produce the ac-
tual efficiency measurement. Trace-driven simulation tools [4, 5, 6]
are widely used. However, these tools are usually dedicated to the
evaluation of a limited number of metrics. This makes it difficult
to extend them in order to take into account metrics that were not
thought of beforehand. Furthermore, it is difficult to perform such
simulations in real-time, which does not fit our design goals.

What stems from this quick review of existing tools related to
cache evaluation is that there does not exist a single tool that inte-
grates all of these three stages. Consequently, it is often necessary
to have glue software inserted between two consecutive steps. This
also requires each piece of software to be executed one after the
other, complicating their use on a continuous (and automated) ba-
sis. Finally, the diversity of tools used makes it difficult to have
them deployed easily on a wide range of platforms and environ-
ments.

2. WEB PROXY CACHE EFFICIENCY
In a previous paper [7], we described the design and the imple-

mentation of Pandora, our flexible monitoring platform. Our focus
here is to present how this can be used to build a well-integrated



tool for continuous efficiency measurements of proxy caches. Pan-
dora allows the collection of unbiased metrics for an arbitrary com-
plex system of caches. Pandora uses passive traffic capture and on-
line HTTP trace extraction to monitor the behaviour of the caching
system. To correct the modifications introduced by proxies on the
traffic, it performs active probes. Then, this trace is analysed on the
fly to compute the various base metrics it uses to evaluate the effi-
ciency of the system. Those metrics include document consistency
and cooperation efficiency which are of particular interest because
they are not easily captured by legacy analysis software.

As soon as the HTTP traffic trace is collected, it is used to per-
form the measurement of the efficiency of the system of proxy
caches. To this end we define a set of metrics that maps their input
(cache or ICP transactions) into unitless decimal numbers. Nega-
tive values indicate harmful configurations (i.e., those that actually
degradeefficiency), positive values denote improved quality of ser-
vice and0 corresponds to a situation where caches were not present
(which should be the expected minimum of the function in real con-
ditions).

Round-trip time is the time needed for a request to be com-
pleted, from thefirst byte of the request until thelast byte of the
response. To compute the metric, we consider the difference be-
tween the round-trip time for theservertransaction and theclient
transaction. In the case of a miss, we expect this to be lightly neg-
ative, whereas it should be largely positive in case of hit. Then we
compute the ratio of this time with the round-trip time of theserver
transaction. Hence the value computed is equal to the percentage
of improvement (or degradation) compared to the situation without
the proxy.

Latency is the time spent between thelast byte of the request
and thefirst byte of the response. This corresponds to the time a
user will have to wait before seeing anything in her Web browser
(assuming that the browser starts displaying data as soon as it re-
ceives it). It captures both the network latency and the latency of
both servers: the Web server and the proxy cache. This metric is
computed like the previous one by considering the percentage of
improvement compared to the no-proxy case.

Bandwidth savingsare simply the number of bytes transferred
for each transaction, including the headers of the request and the re-
sponse. The same percentage is computed as for the above metrics,
by making the ratio between the number of bytes saved (or wasted)
by the proxy and the total number of bytes for the transaction with-
out the proxy. One must note that proxy caches usually add a few
headers to the requests they emit. Also, they may transform, in
some circumstances, plain GET requests into “if-modified-since”
ones.

Document consistencyaims at capturing the freshness of the
documents returned by the cache. Indeed when a cache returns a
document it holds, there is no warranty that it has not been up-
dated on the original server. Usually Web servers include in their
response aLast-Modified header giving the most recent mod-
ification time of the document. When determining if a document
is stale, three timestamps are to be considered:tp, the last modi-
fied timestamp of the document returned by the proxy,to the last
modified timestamp of the original document andtr the timestamp
at which the request was made. Iftp = to, the document is con-
sistent. Iftp < to < tr the document returned by the cache is
stale. Iftp < tr < to we cannot conclude anything. The last case
may happen because we cannot ask the server precisely at the time
the client request was done: there is always a small delay (neces-
sary to decide whether the lack of transaction between the proxy
and the server is really a hit). By reducing the delay, we reduce
the probability of this case, but we cannot eliminate it completely.

Concerning this metric, we compute the ratio of stale documents
with the total number of hits.

Cooperation efficiency: when proxies are cooperating, they nec-
essarily exchange control information in order to know each other’s
cache content. To capture the efficiency of this cooperation, we
compute the ratio of the number of document bytes fetched be-
tween peers with the number of control bytes.

3. CONCLUSION
Compared to existing software, Pandora proposes a well inte-

grated support for the collection, analysis and evaluation stages of
efficiency measurement. Moreover, it is easy to take into consid-
eration new metrics for this evaluation thanks to the flexibility of
Pandora. It is usually the matter of a few lines of code to add a
new component that will extract the information and format it for
Pandora. Moreover, the fact that Pandora operates online allows
one to evaluate running systems with no perceptible perturbations
for their users.

Among the metrics we have studied, document consistency and
cooperation efficiency gives new insight into the understanding of
the efficiency of a complete proxy cache system. Combined with
other “standard” metrics (round-trip time and bandwidth improve-
ment) it allows to adapt the configuration of the system with greater
precision.
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