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from a proxy when none of those objects have
been previously cached locally. Caching latency
is the time it takes to receive a document and all
its associated images from a proxy that already
has those objects cached. Finally, redirection
latency is the time it takes to receive a document
and all its associated images when they are all
cached at the same proxy, but this is not the first
proxy the client queries. Thus, it is the time it
takes to receive a proxy redirect message from
the “wrong” proxy, plus the caching latency at
the “right” proxy. Note that, since our optimiza-
tion attempts to cache the document and its
images at the same proxy, we only incur the
latency of receiving and processing a proxy redi-
rect message once for each document, no matter
how many images are associated with that docu-
ment.

For our tests, we obtained a random set of URLs
by invoking the “random link” feature of Yahoo
[9] repeatedly. We eliminated from consideration
any URLs that did not use the htfp scheme. We
then wrote a simple program to fetch these docu-
ments, extract the URLs for their associated
images, and determine the size of each document
object and image object. For ease of analysis, we
then threw out any documents that referenced
the same image more than once, leaving us with
46 documents on which to perform the remain-
der of our measurements. Two of these turned
out to be unreachable during our later experi-
ments, so the results to follow concern 44 docu-
ments.

We wrote another program to determine the
direct, caching, proxy, and redirect latencies for
each document with associated images. We ran
this program at night, when there would be less
interference from other users of network band-
width.
instantiations of our caching proxy ran on three

The measurement program and two

different machines in our laboratory, all on the
same subnet. We determined that in this configu-
ration a 15 ms timeout on the multicast request
was sufficiently long for the correct running of
our protocol, but to be conservative we used a 40
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ms timeout instead. In all our presentations of
results, we have not made any effort to eliminate
values that might be considered statistical outli-
ers. This is because seemingly abnormal results
are typically due to bursts of uncontrollable
external network activity, which are an important
aspect of the environment and should be taken
into consideration.

Measurements

Each type of latency was measured fifty times for
each document, and the average was taken of
those fifty trials. All trials for a single document
and its images were done consecutively, so that
all data for any such document was taken under
as similar network conditions as possible. Figure
2 shows the means of each type of latency for
each of the documents studied. Note that the
documents are numbered in order of increasing
direct latency. So, for instance, the y-values plot-
ted above the number 5 on the x-axis represent
the average direct, proxy, caching, and redirec-
tion latencies for the document with associated
images whose direct latency was the fifth small-
est among all documents with associated images.
Note that we have only plotted values for 43 of
the 44 documents, as plotting the values for the
document with the highest latency would render
the scale too small. Figure 3 shows the mean of
each type of latency across all documents with
associated images, along with error lines propor-
tional to the standard deviations.

Discussion

Note first that these latency values are only
meaningful to average if one considers the work-
load to be one in which only the 44 documents
studied are accessed, each of them is accessed
with equal probability, and all of them are
accessed at night from U. C. Berkeley. Any more
general interpretation of one of our average val-
ues is not accurate unless one expects the distri-
bution of latency values for our workload to be
similar to that found in a realistic client workload.
In the case of proxy and direct latencies, it is
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