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1 Building The Sources

The source code for the project is broken up into three directories:

common - this directory contains the code common to both the client angktier, such as
some of the networking functionality, the multi-thread-safedidgt structure, etc. This direc-
tory contains its own makefile, which builds a static library nanwtibmon.a from all of the
source files. This library can then be included in the bofilthe server and the client to pro-
vide the necessary functionality.

server - this directory contains the http server code. Unlikecttramon library, it actually
builds into an executable. The make file in the server can betaidmrdld it (provided the
common library has already been built).

client - this directory contains the code for the testing cliesed to do performance and
robustness tests on the server. It also builds into an ekéxuwtgh the make file, but as-
sumes that the common library has already been built.

The simplest way to go about building the entire projebyigyping 'make' in the root direc-
tory of the project. That will create a 'bin' folder there and will builthalcomponents of the
project into it. Hence, once the make process completes, theodjredl contain the follow-
ing files: client, libcommon.a, server. The client and the servethesinbe immediately run.
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2 Running The Executables

The project build process creates two executables: server and client.

Theserver is the HTTP server. It supports the following command-line parasnete

port - the port that the server will listen for connections on. ddfault value for port is
1337.

pool-size- the number of threads to create to handle client requéstsidfault value is
16. Note that due to per-user constraints Linux imposes on the numbzenitgZble
threads, the server will fail creating enough worker threéfittis parameter is set too
high.

home- the path to the root document directory, relative to the dimeétom which we
are starting the server. All the documents will be served relatihe toome directory.

So, for example, if we are in the root directory of the project, after running, nvekean start
the server as follows:

bin/server port=80 pool-size=32 home=./home

(Note there should not be spaces between the name of theeparamd the parameter val
ues).

Note that the server has certain security restrictions, $tariae it will not allow clients to go
up the directory hierarchy, and also if will respond with forbidddi P status, if the user
running the server has no permissions reading the requested file.

The client executable is the testing client used for exercisingsérger. In order to run, it
requires a URL file, which is basically a plain text filth URLs that the client will request
from the server. These URLs can have either host names ed d@taddresses with them -
the client can handle both kinds of URLs. The client supports the following aptions

job-count- the number of requests to make to the server. The default galudlote that

this is the total number of requests to be made, and thisyeii through the URLSs in

the URL file. So, for example, suppose this parameter is set to 100, and the URh-file co
tains two URLSs, then each URL will be requested 50 times.

thread-count the number of threads to spawn to make requests to the aethrersame
time. Note that these threads will handle as many requeste §ob-count specifies, so,
for example, if the job count is 100, and thread-count is 10, tkely kach thread will
make 10 requests to the server (though that's not necessarily the case, sixembe if
one of the workers is taking a long time to receive theorese from the server, then the
others will pick up the slack).

url-file - the name of the file that contains the URLs to request. If no value is prdetded
this parameter, then the URLs will be read from the console.

So, if we have built the project from the root directory ofghgect, we can run the client as
follows:

bin/client job-count=1000 thread-count=32 < urlfile
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3.1 Test Types

The server was put through four main batches of tests. These were:

Dual Core, Same Machinein these tests, both the client and the server were run on
a dual-core machine in the Enterprise lab. In these tests, negl the number of
threads in the server, and the number of threads in the clienis@/eeguested up to
four different files of varying sizes. The raw data frimse tests is available iie-
sults/dual-sameThese tests were run bdo.

Dual Core, Different Machines in this batch of tests, the server and the client were
run on different machines in the Enterprise lab. The servetaested under similar
conditions as above. The raw data from these tests is availaklults/dual-diff In
these tests, the server was rurlegiolas and the client was run drodo.

Dual Core, Same Machine, Thousand Fiem these tests, the client and the server
were run on the same dual-core Itanium machine in the Entelgbis€he client re-
guested a thousand different very small files from the server. The ravraatthese
tests is available iresults/dual-thousand-sam€hese tests were run elrond

Single Core, Different Machinesin this batch of tests, the client and the server were
run on two different single-core machines in the States lab. Viedwhe number of
threads in the client and the server, and up to four difféifeatwere requested mul-
tiple times. Note that originally, we tried to perform teets on the same machine,
however the tests took a long time to run on a single-core cemfputich we think
might have been the case due to the large number of threaii®dvéo run at the
same time — 32 for the server, and between 4 and 128 for the clieatjaw data
from these tests is availableresults/single-diffIn these tests, the server was run on
michoacanand the client was run grucatan

Note that in the result directories, the result log filesremmed according to the number of
threads the server was running (so for exammsults16.txtis the log of requests to the
server running 16 worker threads).

3.2 Test Setup

For each of the tests, we ran the server with a given nuofilveorker threads. Then, we had
a script run the client with various parameters. Weedaoff by launching the client with a
small number of threads and had it request several hundteddes of a tiny file. We re-

peated this several times over, requesting consecutivebrlargl larger files. Our final test
involved requesting several hundred instances of all four fiksgio induce variation in the
gueries. The smallest file was about 30 bytes and the ldilgests about 3 Mb. Finally, we

launched the client again with a larger number of threads epehted the file-varying se-
guence. The number of client threads varied in powers of two from four to 128.
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The client measured several statistics about its requettte server. The first thing the client
reports upon completing all the requests is the total timallfoequests in milliseconds. This
is the time between when all the worker threads start reggekings from the server, to the
time when every single worker thread quits when all the jobs@ampleted. The next thing
the client reports is the total number of bytes received fhanserver through this session by
all workers, and the throughput in bytes per second. The firstcntiediti the client runs some
statistical analysis on is the connection latency. Thikdstime in milliseconds from when
the client tries to open the socket to the server, until whesdbiet is ready to send and
receive data. This metric is mainly intended to measureftife@ency of the boss thread of
the server, which is the one that opens up sockets and distributes tbagaonker threads.
Finally, the client reports statistics on time per connectiois iEtthe time between when the
socket is ready to send and receive data, and when the sclesed by the server after all
the data has been sent.

3.3 Test Results

3.3.1 Dual Core, Same Machine

Figure 1. Request Statistics. Horizontal axis: the number of server threads. Left vertical
axis: time in milliseconds for connection latency and time per connection. Right vertical
axis: bytes per second, for throughput.
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The figure above shows the statistics on the performance bftfheerver depending on the
number of worker threads in the server. As the number of thinagsases, so does the
throughput of the server, which is to be expected. Furthermore, th@dinmnnection also
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drops as the number of threads increases. We also expecteduttiswke did not, however,

expect to see the latency of the connection increase asethier went from four to 16
threads. We are not certain why this occurred, but we are satisfied wigstiie a latency of

around 20 milliseconds is quite reasonable. All these stataticbased off of a client with
32 simultaneous threads requesting medium sized files. Otherastatee found in the appro-
priate results file, but all of the results follow the same gépeittern.

3.3.2 Dual Core, Different Machines

Figure 2. Request Statistics. Horizontal axis: the size of requested files in bytes. Left
vertical axis: time in milliseconds for time per connection. Right vertical axis: bytes per
second, for throughput.
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In the experiment shown in the graph above, we ran the client arebmber on different
machines. The data displayed is collected from several rutfseatlient, where both the
server and the client had 32 worker threads each, and thevedismequesting files of differ-
ent sizes from the server. The data shows predictablitstethiat as the size of the files re-
quested increases, so does the time per connection, and the throughpig.€Episcially
accentuated by the fact that we are performing transfezs the network. The connection
latency was omitted from the graph, since it was negligiblgpeoed to time per connection,
and the pattern was not observable on the graph. Interestinglgvégwhe connection la-
tency seemed to go down as the size of the files requested increased.

Project 1 Report.doc (02/20/06) Page 6
Powered by CxOne from Construx Software — Vergion



Project 1 - Report

3.3.3 Dual Core, Same Machine, Thousand Files

Figure 3: Request Statistics. Horizontal axis: the number of client threads. Left vertical axis:
time in milliseconds for connection latency and time per connection. Right vertical axis:
bytes per second, for throughput.
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In the graph above, we gathered the statistics from running/er seith 32 worker threads
on the same dual core machine as the client. The graph stedsp#ndence of the perform-
ance statistics on the number of worker threads in the .chentatency increases, so does
throughput. We believe this to be because the boss thread sertrex, who is actually ac-
cepting connections, is not getting as much CPU time becauseotker threads are busy.
This makes sense, since the boss must wait on 10 to beffinlivis also apparent that the
number of client threads, if significantly different than the hanof server threads seems to
have an adverse affect on throughput.

While it is not quite clear from the graph, as the number eftls increases, the total time
for a connection stabilizes around a certain value, whichsisguer 1 millisecond. This
makes sense given that we are transmitting very sitedldnd there is a reasonable amount
of overhead in switching threads to handle incoming requests. Howe®ewould like to
note that our server still behaves admirably, given that eaughput is around 2 GB a sec-
ond.
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3.3.4 Single Core, Different Machines

In this case, the data exhibited much the same patternstesdnadl-core different machines
set of tests. However, the server seemed to start droppingctionsevhen the file size re-

guested started reaching 40 KB, and the number of simultaneawsst®drom the client

went up to 32 or more threads. This was the case when the sesvainmang 32 threads or

more. And when running the server with 1 thread only, the netlatekcy became large

enough where the tests took a long time, and we felt it wascessery to run those tests,
since they would be virtually identical to the dual-core machines sihis case, the server
could derive virtually no benefit from multiple cores. Asesult, we were unable to gather
complete data for the performance of the server for any number of tlatbadshan 16.
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Overall, we believe that our server was robust and perfomedd We were unable to find
any security vulnerabilities, and the server proved reasorsthlyle, without crashing
through any of the tests performed, though sometimes dropping connegtiensunder
heavy load.

It is important to note that the testing script we used Ipriserver under occasional severe
load, asking for up to 1280 jobs with 128 concurrent threads. The-simglanachines were
able to keep up until we reached 32 concurrent threads and 320 requesks actually
seems quite reasonable considering they were not machinegcafigaedicated to running
any sort of service. Another reason we believe those singtercachines may not have per-
formed well with many threads running simultaneously was mgmsage. We found that
pthreads produced large memory footprints. To test this out, wiheaserver first with 16
worker threads. It took up about 300MB of RAM. When running with 32 rotkreads
instead, the server took up some 600MB. Therefore, on the Statbesaovhich have
500MB of RAM, the server had to constantly page to disk, and thatatexd the perform-
ance dramatically.
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