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Figure 3 shows a possible scaled up version of our system
that uses two crawl managers, with 8 downloaders and 3

DNS resolvers each, and with four application components.
We point out that we have never been able to test the perfor-
mance of such a configuration, which would involve about
20 machines and result in download rates of probably about
1500 pages per second, way beyond the capacity of our T3,
or even a dedicated OC3 link.

Partitioning the breadth-first crawler into 4 components is
quite simple, using a technique similar to that employed by
the Internet Archive crawler [6]. We partition the space of
all possible URLs into 4 subsets using a hash function, such
that each application component is responsible for process-
ing and requesting one subset. Recall that the manager will
make sure that pages downloaded for different applications
are stored in separate directories, as determined by the appli-
cations. If during parsing, a component encounters a hyper-
link belonging to a different subset, then that URL is simply
forwarded to the appropriate application component (as de-

termined by the hash value). Each crawl manager could be
used by two application components; to the manager, they
would appear as completely unrelated applications. Undue
load on any particular server could be avoided by either mul-
tiplying the 30 second interval by the number of crawl man-
agers, or by making sure that each host is mapped to at most
one subset; this second option would also avoid an increase
in the cost of robot exclusion and DNS resolution.

Some other crawling strategies such as focused crawling
may be harder to parallelize, but this is unavoidable and not
particular to our design. We note that the only communica-
tion involving significant amounts of data is the transmission
of the downloaded files. Thus, in principle our system could
be used even in a wide-area distributed environment, assum-
ing we can tolerate the fact that the downloaded files may
end up in several remote locations (e.g., by collocating an
application component at each downloader location).

Some more discussion on system configuration and result-
ing performance is given in Subsection 4.3.

3 Implementation Details and Algorithmic
Techniques

We now describe some of the specific problems and perfor-
mance bottlenecks that we encountered, and the data struc-
tures and techniques used to deal with them. We start out
with the application and then follow the path of the URLs
through the system. Recall that our breadth-first crawl ap-
plication parses the newly downloaded documents for hy-
perlinks, then checks a data structure to see which of the
URLs in the hyperlinks have already been encountered, and
then sends the new URLs to the manager for downloading.

3.1 Application Parsing and Network Performance

Parsing is implemented using the Perl Compatible Regular
Expression (PCRE) library8. Note that we only parse for
hyperlinks, and not for indexing terms, which would sig-
nificantly slow down the application. Parsing for indexing
terms would have to be done by a separate application that
scans the documents from the repository, and is outside the
scope of this paper. Our current parsing implementation can
process up to 400 pages per second at about 13KB per page.

After tuning the parser, NFS and network performance
considerations become more important on the application
side. We usually have the downloader store the pages via
NFS on a disk on the machine running the crawling applica-
tion. Later, the application reads the files for parsing, and a
storage manager copies them to a separate permanent repos-
itory, also via NFS. Thus, each data item has to enter and
leave the machine running the application via the network.
Our machines are connected by full-duplex switched Fast
Ethernet. At 13 KB per page, maybe about 600 pages per




