PERFORMANCE ANALYSIS OF A WWW SERVER

Virgílio A. F. Almeida * Jussara M. de Almeida Cristina S. Murta

* On sabbatical at the Computer Science Department, Boston University. E-mail: virgilio@cs.bu.edu. This work was partially supported by a grant from CNPq/Brazil.

{ virgilio, jussara, cristina}@ dcc.ufmg.br

Departamento de Ciência da Computação

Universidade Federal de Minas Gerais

30161-970 Belo Horizonte

Brazil

The Web has experienced a phenomenal growth and has become the most popular Internet application. As a consequence of its large popularity, the Internet has suffered from various performance problems, such as network congestion and overloaded servers. With regard to the

WWW, performance is critical, because users want fast and easy access to all objects (i.e., documents, graphics, audio, and video) available on the net. When a server is overloaded, it performs poorly, with long response times and many connections refused. Thus, it is important to understand WWW performance issues. This paper focuses on the performance analysis of Web servers. In the first part of the paper, we discuss the main steps to carry out a WWW performance analysis effort. Then, we show some experimental results. Using a synthetic benchmark (WebStone) and performance monitor tools, we analyze performance of three different Web server software running on top of a Windows NT platform.

1. INTRODUCTION

T he W orld W ide W eb (W W W or W eb) is a clientserver architecture that integrates various types of inform ation on the global Internet and on corporate IP

(Internet Protocol) network s. T he W W W allows users to retrieve text and m ultim edia objects from servers located throughout the world, with objects connected byhyperm edia link s. In the past two years, the W eb has experienced a phenom enal growth and has become the most popular Internet application.

In addition to that, m anycorporations and inform ation system s (IS) departm ents found the internal Internet, also called Intranet, as an effective m eans of distributing inform ation within the organization. As a consequence of its large popularity, the Internet has suffered from various perform ance problem s, such as network congestion and overloaded servers.

Nowadays, it is com m on to find servers refusing connections because they are overloaded [10].

Perform ance has always been a k eyissue in the design and operation of on-line system s. W ith regard to W W W , perform ance is a critical issue, because users want fast and easyaccess to all objects (i.e., docum ents, pictures, audio, and video) available on the net. From the inform ation provider viewpoint, perform ance is also im portant, because the im portance of a W eb server is associated with the num ber of people that visit the site in a given period of tim e, i.e., the num ber of hits recorded on the server. A long delayto service a request is a factor that discourages people to visit a site. In the past, the im portance of server perform ance used to be viewed as secondary, because perform ance of m ost of W eb sites was lim ited bylow-bandwidth connections. However, that view is changing because of the following reasons.

T he perform ance of the Internet infrastructure itself has been constantlyim proved and W eb sites installed on intranets are attached to high-speed network s (10-

100 Mbps). T hus, it is crucial to understand W W W performance issues.

T here are a num ber of factors which are of interest in the analysis and evaluation of a W eb server functionalityand design. T heyinclude issues such as m anagem ent tools, security, ease of use, authoring features and perform ance. Rather than attem pting to analyze all aspects of a W W W server, this paper concentrates on issues that are relevant to server perform ance. Our goal here is to analyze different

W eb server software on the sam e PC platform , perform ing typical W W W task s. Our tests do not intend to rank server software in term s of its perform ance. T he relative behavior of the servers on identical task s is m ore im portant to us than the absolute best perform ance that could be achieved by anyspecific server. Because we do not have access to source code of the servers, our analysis is based on the ^black box approach~. W e usuallyattem pt to explain curious results through external testing, rather than examining of the code.

T here are few references on perform ance analysis of

W W W servers. An overview of the W W technology from a server perspective is presented in [14].

References [5,9,11,12,13] studywork load characterization for W W W servers and clients.

Basically, theyshow the types of objects available at

W W W servers and analyze relevant aspects such as file size distribution, inter-reference tim e distribution and file popularity. Reference [12] exam ines characteristics of a large num ber of HT ML docum ents, collected bysom e W eb crawlers (e.g., Alta Vista,

Ink tom i, Lycos, etc.). T echniques to characterize and m odel perform ance of client/server system s in general are presented in details in [1]. T his paper focuses on perform ance analysis of W W W servers and is organized as follows. Section two discusses the

W W W architecture and its m ain com ponents, such as the HT T P protocol, the server software structure and

som e relevant perform ance m easures. In section three, we describe a sim ple m ethodologyfor analyzing perform ance of W eb servers. Section four describes the hardware, operating system (i.e., W indows NT ), server software (i.e., Em wac, Purveyor, and W ebsite) and work load (i.e., W ebStone) used in our experim ental environm ent. T he results obtained are analyzed and interpreted in section five. Finally, concluding remarks appear in section six.

2. WORLD WIDE WEB PERFORMANCE

T he W orld-W ide W eb is a client-server fram ework that integrates various types of inform ation on the global

Internet [4]. It is a com bination of W eb Browsers and

W eb Servers that com m unicate using the HyperT ext

T ransfer Protocol (HT T P), which is layered on top of

T CP/IP protocol. Browsers, such as Netscape,

Mosaic, and Microsoft Explorer, provide an easy-to-use graphical interface for viewing pages and docum ents in the Internet. A W eb server (also called

HT T P Server) sends inform ation (pages, im ages, etc.)

back to clients in response to their HT PP requests. It also allows the integration of various sources of inform ation through Com m on GatewayInterface (CGI) program s that perform general com putation in response to client requests. HT T P is a lightweight, stateless protocol.

Figure 1: client-server interaction

Figure 1 depicts a typical client-server interaction for

the HT T P protocol. T he client establishes the

connection to the server and interacts with it using

different m ethods (e.g., GET , HEAD, POST , etc.)

defined in the protocol [4]. Basically, it sends a request

for an object (e.g., docum ent, im age, database

search, etc.). T he server tak es a while to process the

request and returns the object or results of the

request. Objects are addressed bytheir Uniform

Resource Locator (URL).

W eb server program generallyhas several client

requests in progress at the sam e tim e, lik e a

m ultiprogram m ed operating system . Som e servers

im plem ent that k ind of m ultiprogram m ed execution by

fork ing a process or thread for each connection as it

arrives. Depending on the im plem entation, the cost of

fork ing a new process m aybe too high and m aycause

unacceptable overhead per connection. Other servers

attem pt to m inim ize the overhead problem by

im plem enting a m echanism k nown as a ^pool of

processes~, where a num ber of processes are created

during initialization. W hen a new request arrives, an

idle process is rem oved from the pool and assigned to

the request, saving all the initialization costs. T he tim e

to process an HT T P request depends on the server

speed and on the request com plexity. T he form er is a

function of the hardware configuration (processor

clock , m em oryarchitecture, I/O subsystem , and

network interface) and the server load. T he latter

depends on the size of the docum ent and the am ount

of computation required by a CGI program.

T im e and rate are the basic m easures for

perform ance of a server. T he rate at which HT T P

requests are serviced represent the throughput (also

called connection rate). Because the size of objects

varysignificantly, throughput is usuallym easured in

term s of bytes/sec. T he tim e required to com plete a

request is the response tim e (also called latency).

T his num ber is verydependent on the network

transfer rate, in special the traffic and the capacityof

the network link s between the client and the server.

Also, errors per second is a m easurem ent of

perform ance. Error is defined as anyfailure in

attem pting an interaction with the server. Errors such

as ^Connection Refused~ indicates, for instance, a

failure in the attem pt of creating a T CP/IP connection

or a tim e-out on creating the connection. T hus, the

most common measurements of Web servers are:

· connections/second or requests/second

· bytes/second

· response time or latency

· errors/second

3. PERFORMANCE ANALYSIS

METHODOLOGY

T he benefits of perform ance analysis of W W W

servers are m ultiple. T he first one is to assess the

service level provided bya server, in term s of

response tim e, error rate, and throughput. Other

benefits are the following: to assess the server

resource usage in order to identifybottleneck s, to

anticipate perform ance problem s, and to understand

the influence of system ´s features (e.g., m axim um

num ber of connections, file size distribution, file

placem ent, processor scheduling and thread m anagem ent policies) on server perform ance. T he

latter can help system adm inistrators to tune up the

software and hardware param eters. T he ultim ate

benefit of carrying out a perform ance analysis effort is

to determ ine the capacityof a W eb server, which can

be defined as the largest throughput (in term s of

bytes/sec) at which the HT T P response tim e rem ains

acceptable (e.g., 98% of requests serviced in less

than 0.1 sec).

W eb server perform ance evaluation is com plex and

depends on several factors such as: the hardware

platform , operating system , server software, network

speed, and work load. T here exist various well-k nown

m ethodologies for perform ance evaluation of

com puter system s, as pointed out in [1]. However,

there are significant differences between traditional

com puting environm ents and the W W W . First of all,

the num ber of potential W eb clients is in the tens of

m illions [3]. T he W eb is also characterized bya large

diversityin term s of its com ponents: different browsers

and servers running on a varietyof hardware platform ,

connected to the Internet at several different speeds.

T he work load consists of requests for different types

of inform ation such as text, graphics, video, and audio.

Also, the usage pattern of accesses to W eb servers

and W W W traffic exhibit activitybursts, observable

over orders of m agnitude [5, 9, 11], which lead to

peak s at levels m uch higher than averages. T hus, it is

im portant to adapt existing perform ance evaluation

techniques [1,8] to the W eb environm ent. In this

section, we discuss the m ajor steps to carryout a

performance evaluation study of a WWW server:

· understanding the server environment

· monitoring the server operation

· characterizing the HTTP workload

· analyzing the server performance and capacity

T he first step in anyperform ance analysis project is to

obtain a big picture of the environm ent. T he m ain

question in this step is to determ ine the purpose of the

server, which im plicitlydefines the service level, in

term s of availabilityand perform ance. For instance,

one needs to answer questions such as: what is the

potential num ber of clients (i.e., in term s of

requests/day) for the inform ation content available in

the site? Is the site going to ^sell~ or offer inform ation

for free? W hat is m axim um response tim e acceptable

for the site? Answers to these k ind of questions help

to define the site service level. T hen, we need to

identifythe k eycom ponents of a W eb server, which

altogether create the environm ent for processing

HT T P requests. T he hardware configuration includes

processors (e.g., single server with m ultiple

processors or m ultiple servers with single

processors?), m em ory, disk (e.g., RAID) and control

units, and the network interface unit. T he software

com ponents are the operating system (and the

T CP/IP protocol im plem entation) and the W eb server.

Another k eyelem ent is the network link that connects

the server to the Internet or the corporate network ,

whose capacity is measured in Mbits/sec.

T he m ain source of inform ation for perform ance

studies are the data collected from the observation of

the server´s operation. Server behavior can be

m onitored byoperating system ´s tools, such as

UNIX/sar or the NT /Perform ance Monitor [1, 2, 7, 8].

T hose m onitors provide resource usage inform ation.

In som e cases, depending on the level of integration

between the server and the operating system ,

inform ation such as throughput and latencyis also

provided bym onitor tools. W eb servers can be

configured to record inform ation about all client

requests. T he access logs have one line of inform ation

per request processed bya server. Basically, each line

contains the nam e of the host m ak ing the request, the

tim estam p the request was m ade, the filenam e of the

requested object and its size in bytes. Logs are useful

for work load characterization. T he three m ost

im portant param eters to characterize W eb work loads,

from the server standpoint, are the types of objects,

their popularityand the file sizes [5, 9, 11]. A num ber

of recent papers have addressed the problem of

characterizing work load of som e W W W servers.

Reference 5 shows W W W work load characteristics

for six large servers. T he docum ent types accessed in

the servers fall into six categories: HT ML, im ages

(e.g., gif and jpeg), sound (e.g., au and wav), video

(e.g., m peg and avi), dynam ic (e.g., gci and perl), and

form atted (e.g., ps, dvi, and doc). T heyalso show that

HT ML and IMAGE files account for over 90% of the

total requests to the servers. It has been shown

[5,9,11] that the distribution of filesizes is heavy-tailed

(also called power tail distributions), i.e., the

asym ptotic shape of the distribution curve is

hyperbolic. In [11], it is shown that filesizes varyin the

range of 10 3 to 10 7 bytes and tail weight is increased

byaudio and video files. Reference [12] analyzes a

large num ber of HT ML docum ents and found that

average size was 4.4 Kbytes and the m axim um value

of 1.6 Mbytes. In the next sections, we use the

fram ework presented here to analyze perform ance of

three different servers.

4. EXPERIMENTAL ENVIRONMENT

T his section describes the environm ent where we

carried out the W eb server perform ance tests. Our

server platform is Intel Pentium (75 and 100 MHz)

system with 16 MBytes of m ain m em ory, 256 KBytes

cache m em oryand two 1-gigabyte disk s. It has a

standard 10-Megabit/second Ethernet connection

card. UNIX, W indows NT , Netware, and MacOS have

been all used as Internet server operating system s.

Each of them has som e advantages and disadvantages concerning relevant features such as

high-end scalability, m ultim edia tools, fast file system s,

m anagem ent tools, and securityschem es. W e chose

W indows NT because it is becom ing increasingly

im portant in the operating system arena and its

standard perform ance m onitor tool (Perfm on)

provides part of the data needed for our analysis.

Perform ance Monitor [2] is a graphical tool for track ing

com puter perform ance, that com es with the NT

operating system . It allows a user to studythe

behavior of objects such as processors, m em ory,

logical disk s, processes and threads. Perfm on

provides their m easurem ents through counters,

which can be expressed as rates, such as Page

Faults/sec, File Data Operations/sec or as tim ers,

such as processor and disk utilization.

T he client processes run on a SparcStation with 256

MBytes of m ain m em oryand operating system

SunOS 5.4. T he web server software used in the

experim ents are Em wac freeware HT T PS version

0.99, that originates from the European Microsoft

W indows NT Academ ic Centre, Purveyor W ebServer,

version 1.2, from Process Software Corporation and

W ebSite, version 1.1, from O´Reilly& Associates. All

the servers im plem ent the HT T P/1.0 protocol and run

as a ^service~ in the W indows NT operating system .

W e tried to configure the servers appropriately

whenever was possible. Em wac does not have any

configuration param eter. W ebSite allows the user to

specifyonlythe m axim um num ber of sim ultaneous

connections to the server. It was set to 500, which is

the m axim um value. In the case of Purveyor, we

inhibited all options that could add overhead to its

execution, such as the log option. T here was no

additional param eter to be set in order to optim ize

execution. All tests were run in an academ ic network

environm ent. In order to perform the experim ents

under sim ilar conditions of network traffic, we run all

experim ents during the night, when the Ethernet

utilization was very low.

4.1 WEBSTONE

Benchm ark ing has been regarded as a useful

approach for analyzing and predicting perform ance of

com puter system s. Several benchm ark s have been

proposed for m easuring hardware and software

speed, including com pilers and operating system s.

Instead of developing a benchm ark suite to represent

a specific W eb work load, we decided to use a

standard benchm ark . T he work load of a W W W server

consists basicallyof HT T P requests. W ebStone is a

configurable client-server benchm ark for HT T P

servers [6], that uses work load param eters and client

processes to generate HT T P traffic that allows a

server to be stressed in a num ber of different ways. It

m ak es a num ber of HT T P 1.0 GET requests for specific pages on a web server and m easures the

perform ance of the server software and hardware

platform . It is a distributed, m ulti-process benchm ark .

T he m aster process (W ebm aster) spawns, local or

remotely, a predefined number of client processes.

Each process generates HT T P traffic to the web

server and collects statistics. After all clients finish

running, W ebm aster gathers the data collected bythe

clients and generates a perform ance report.

W ebStone is designed to run for a specified period of

tim e. T he num ber of iterations can also be specified

bythe user. T he client processes and the W ebm aster

m ayor not run on the sam e m achine. T he num ber of

client processes per m achine is lim ited onlybythe

m achine m em ory. In our experim ents, W ebm aster

and client processes ran on the sam e UNIX m achine.

T he test tim e was set to 5 m inutes, and the results

presented are the average values of three

experim ents perform ed for each configuration and

work load. T he W ebStone m ain results are throughput

and latency. T he form er is m easured in bytes/second

and the latter represents the average response tim e to

com plete a request, from the client standpoint. Other

im portant m easures are connection rate and Little´s

Load Factor, derived from Little´s Law [1]. T his factor

reflects the degree of concurrencyin the request

execution. It is the average num ber of requests a

server handles at a tim e. T he Little´s Load Factor is

calculated by:

LLF total cumulative time

test time

=

_ _

_

(1)

where total_cumulative_time is the sum of the latency

m easured for all connections and test_time is the

duration of the benchm ark execution. Ideally, Little´s

Load Factor should be equal to the num ber of client

processes. A lower value indicates that the server is

overloaded and som e clients are not been serviced

before they time out.

T he process of load generation in W ebStone is

perform ed bysuccessivelyrequesting pages and files

from the server as fast as it can answer the requests.

A new request is sent out to the server just after a

client receives the answer of the previous request.

Actually, this is a problem we noted in the use of

W ebStone. It is difficult to m im ic the behavior of

W W W users. Real users cycles between idle

periods (user think tim e) and W eb activityperiods,

such as the network transm ission and server

processing. W ebStone does not allow one to m odel

user think tim es. T he work load is defined bythe

num ber of client processes and bythe configuration

file, which specifies num ber and type of pages.

Each page is a set of HT ML files of different sizes.

T he type of a page is m ainlydeterm ined byits size

and its access probability. A request for a page represents a request for each one of its files. T he

experim ents were done using two different work loads

(A and B), whose m ain characteristics are shown in

table I. For work load A, the size of 94% of the

accessed files is under 50 Kbytes. For work load B, the

size of the files varies between 1 and 200 Kbytes, with

equal access probability.

Characteristics Wkl A Wkl B

Number of files 18 180

Total size 298 KB 5 MB

Average size 15 KB 27 KB

Table I: Workload Characteristics

5. RESULTS

In our experim ental environm ent, we m onitored the

system behavior from two different standpoints: client

and server. At the server side, the Perform ance

Monitor toll (Perfm on) recorded the resource usage

and the behavior of threads and processes. In this

work , we did not use inform ation from the server logs.

However, som e server software exhibit statistics

collected from the server log. W ebsite, for instance,

provides counters (average response tim e,

throughput, etc.) that are displayed bythe Perfm on. At

the client side, W ebStone was used to m easure the

latencyof HT T P requests as well as the efficiencyof

the system . T he results obtained are shown and

discussed in this section.

5.1 THROUGHPUT AND CPU UTILIZATION

Figure 1 displays throughput (Kbytes/s), connection

rate ( HT T Pops/s), and processor utilization for

work load A. Resource usage statistics were collected

byPerfm on at two levels. At the operating system

level, we obtained the total CPU, disk and m em ory

utilization. At the lower level, we collected resource

usage per process. T hus, we are able to see the

am ount of resources dem anded bythe operating

system (e.g., system calls, overhead, etc.) as a whole

and bythe server process. T he processor utilization

and throughput curves for the three servers are

sim ilar. W e note that as we increase the num ber of

concurrent clients, the throughput and connection rate

also increase up to a certain point. T he num ber of

T CP/IP pack ets arriving at the server also increases,

as does the num ber interruptions that the processor

has to handle. As a consequence, the curve of

processor utilization bythe server process increases

m ore slowlythan the total processor utilization curve.

W hen the total processor utilization reaches alm ost

100% the CPU becom es saturated and the

throughput starts decreasing. Although the total

processor utilization rem ains constant, we observe that processor utilization due to the server process

decreases, because of the high num ber of

interruptions that the operating system has to handle

(i.e., the system overhead increases).

T h r o ug h p ut and Co nn e ct io n Rat e

0

50

10 0

150

2 0 0

2 50

3 0 0

3 50

0 10 2 0 3 0 4 0 50

Number

of Cl i ent s

E mwac(conn/s ) P ur veyor (conn/s )

W ebS i t e(conn/s ) E mwac(K B yt es /s )

P ur veyor (K B yt es /s ) W ebs i t e(K B ytes /s )

Pr o ce s s o r Ut iliz at io n

0

2 0

4 0

6 0

8 0

10 0

0 10 2 0 3 0 4 0 50

Number

of Cl i ent s

E mwac(ht t ps ) P ur veyor (ht t ps )

W ebS i t e(ht tps ) E mwac(t ot al )

P ur veyor (t ot al ) W ebS i t e(t ot al )

Figure 1: Throughput and Processor Utilization

for workload A

Puveyor and W ebSite reach about the sam e level of

throughput and connection rate. Em wac has a lower

throughput for its processor utilization is also lower

than the other ones. T he saturation point occurs at 10

clients for both W ebSite and Purveyor and at 20

clients for Em wac. T he next section shows that latency

is higher for Em wac. Although the network that

connected clients and server was not dedicated, the

experim ents were done during the night, when the

internal network traffic in our departm ent is negligible.

T hus, the high latencyof Em wac indicates that a

pending request spends m ore tim e in the Em wac

server than in Purveyor and W ebSite servers. T he

processor utilization by Em wac is lower than the

utilization by Purveyor or WebSite.

Results for work load B are sim ilar to those obtained

for work load A. As one m ight expect, the throughput of work load B is higher than the throughput of A,

because the page sizes of work load B are greater

than those in work load A. However, the connection

rate decreases, for the server spends m ore tim e

handling the requests for larger files. T he processor

utilization bythe server process is lower for work load

B. T he reason stem s from the fact that the large files

of work load B cause a high num ber of interruptions,

due to the fragm entation of T CP/IP pack ets. W e also

note in the figures that CPU is the prim arybottleneck

in our experim ents. It is the first resource to becom e

saturated and lim its the perform ance of the rest of the

system.

Re s p o n s e T im e

0

0 .5

1

1.5

2

2 .5

3

3 .5

4

0 10 2 0 3 0 4 0 50

Number

of Cl i ent s

E mwac P ur veyor W ebs i t e

Int e r r up t io n Rat e

0

2 0 0

4 0 0

6 0 0

8 0 0

0 10 2 0 3 0 4 0 50

Number

of Cl i ent s

E mwac P ur veyor W ebs i te

Figure 2: Response time and interruption rate

for workload A

5. 2 RESPONSE TIME AND INTERRUPTION

RATE

In this section, we analyze response tim e and

interruption rate for the three servers. T he form er was

obtained from the W ebstone statistics and the latter

was collected bythe NT /Perfm on. Figure 2 shows

response tim e and interruption rate of work load A as a function of the num ber of clients. As expected, the

response tim e curve increases with the num ber of

clients as does the num ber of interruptions. Response

tim e is higher in Em wac than in Purveyor or W ebSite

for sm all num bers of clients. As the num ber of client

increases, the error rate of Em wac increases (see

next section). A higher error rate norm allyindicates

that the server´s pending connection queue is

saturated, and ^Connection Refused~ m essages are

returned to clients. As the num ber of error m essages

increases, we can notice that response tim e

increases slowly, for the queue length decreases (due

to the num ber of connections refused). T his

observation can be noted in the Em wac response

tim e curve, that crosses the W ebSite curve at 50

clients. T he error rate (figure 3) of W ebSite also

causes a higher latency, speciallywhen the num ber of

concurrent clients increases. Purveyor has the lowest

error rate and response tim e. For a sm all num ber of

clients, the interruption rate of Em wac is lower than

the other servers´s rate. T hat stem s from the high

latencythat dim inishes the total num ber of requests.

After the saturation point, the num ber of errors

increases as does the num ber of interruptions. T hat is

due to the behavior of the W ebStone benchm ark .

W hen an error occurs, the client process receives an

answer faster than what was expected in the norm al

case, when the request is accepted and treated by

the server. As the client receives the answer, it sends

a new request to the server, causing a new

interruption. As the num ber of requests increases, the

error rate also increases, and, as a consequence, the

num ber of interruptions. T he interruption rate of

Purveyor gets higher as we increase the num ber of

clients. T hat is explained bythe increase in disk

activity, as described in section 5.5. Response tim e

and interruption rate are higher for work load B than for

work load A. T hat is due to the large average file size

and the fragmentation caused by the TCP/IP protocol.

5.3 LITTLE´S FACTOR AND ERROR RATE

Figures 3 displays the Little´s Load Factor and error

rate as a function of the num ber of clients. For

Em wac, we can notice that Little´s Load Factor

coincides with the identitycurve until the saturation

point. After that, the behavior of the curve changes

and start increasing slowly, suggesting the system

spending m ore tim e in overhead activities, the system

is spending m ore tim e in overhead activities, such as

thread management, interruption and error handling.

L it t le ’ s L o ad Fact o r

0

10

2 0

3 0

4 0

50

6 0

0 10 2 0 3 0 4 0 50

Number

of Cl i ent s

E mwac P ur veyor W ebS i t e

Er r o r Rat e

0

10 0

2 0 0

3 0 0

4 0 0

50 0

6 0 0

70 0

0 10 2 0 3 0 4 0 50

Number

of Cl i ent s

E mwac P ur veyor W ebS i t e

Figure 3: Little´s Load Factor and Error rate for

workload A

T hat is confirm ed bythe error rate curves, that exhibit

a steep increase after 20 clients. As a consequence,

processor utilization bythe Em wac server process

decreases after the saturation point, as can be seen

in figure 1. T he Little´s Load Factor for Purveyor and

W ebSite stayclose to the identitycurve, even for a

high num ber of concurrent clients. T he error rate for

W ebSite becom es significant onlywhen the num ber

of clients becom es greater than 40. After that point, its

Little´s Load Factor starts decreasing slowlybut still

k eeps close to the identitycurve. T he Little´s Load

Factor of Purveyor also starts increasing slowlyfor

higher loads. T hat is not due to the error rate that is

verylow, but to the higher interrupt rate. T he fact that

Little´s Load Factor for W ebSite and Purveyor k eeps

close to the identitycurve for higher loads indicates

that the servers bear a high degree of internal

concurrency in the request execution.

5.4 PROCESSOR SPEED

A series of experim ents were carried out using the sam e Em wac HT T P server in two different hardware

platform s. T he difference between the two

configurations is the clock rate: the first one is a 75

MHzPentium , and the second is a 100 MHzPentium .

Figure 4 shows throughput (Kbytes/s) and connection

rate as a function of the num ber of clients for work load

A. Both curves are sim ilar in term s of shape, but the

average throughput achieved bythe 100 MHz-

processor is 36% higher than that obtained bythe

slower processor. T he differences in the two curves

becom es apparent after 20 clients, which is the point

where the 75 MHzCPU gets saturated and the

throughput reaches its m axim um value. T hose results

suggest that CPU is the prim arybottleneck of the

WWW server in the executing our synthetic workload.

T h r o ug h p ut and Co nn e ct io n Rat e f o r t h e

t w o h ar dw ar e p lat af or m s

0

50

10 0

150

2 0 0

2 50

3 0 0

10 2 0 3 0 4 0 50

Number

of Cl i ent s

Conn/s - 75M Hz T hr oughput - 75M Hz

Conn/s - 10 0 M Hz T hr oughput - 10 0 M Hz

Figure 4: T hroughput for tw o different processor

speed

5.5 DISK AND MEMORY USAGE

Disk and m em oryusage for the two work loads are

presented in figures 5 and 6. Byanalyzing each

server separately, we notice that disk utilization and

m em oryactivity(m easured in pages/sec) curves are

sim ilar. T he difference results for work loads A and B

are due to differences in the characteristics of their

files (see T able I). T he low disk utilization shown in the

graphs of figure 5 is explained bythe sm all size of

the files of work load A (i.e., 18 different files with total

size equal to 298 Kbytes). Due to an efficient caching

m echanism , several disk accesses were avoided, that

explains the low disk activity. T he total size of the files

requested bythe work load B is 5 Mbytes, m uch larger

than work load A. Look ing at the results for the three

servers, we note that W ebSite and Em wac exhibit

sim ilar behavior. Purveyor has a m uch higher disk

activity. Furtherm ore, we notice that Purveyor dem ands m ore disk and m em oryas we increase the

num ber of concurrent clients. For 55 concurrent

clients, the disk was busy78% of the observation

tim e. T hat high utilization does not happen with

W ebSite or Em wac. Neither m em orynor disk are

bottleneck s for work load A. For work load B, W ebsite

and Purveyor have a significant disk utilization, when

the num ber of clients becom es large. For 55 clients,

the disk utilization byPurveyor, W ebSite, and

Em wacs are 92%, 64%, and 7%, respectively. T his

difference is explained bythe throughput of W ebSite

and Purveyor that is m uch higher than the one

achieved by Em wacs. In the case of work load B, the

higher the throughput, the higher the disk and

memory utilization.

Details of im plem entation, such as the use of internal

cache, m aybe explanation for the differences in disk

usage bythe servers. W hen we increased the

average file size, we noticed that Em wac had a

sim ilar behavior to the two other servers. In order to

understand the way Em wac uses disk s, we carried

out a set of experim ents with different work load and

m em oryconfiguration. In the first experim ent, we

increased the average file size to 300 Kbytes and

used a PC with 16 Mbytes. In the second experim ent,

we used an average file size equal to 27 Kbytes and 8

Mbytes of RAM. For both experim ents we observed

high levels of disk utilization for Em wac. For those

special work loads, the disk utilization increased with

the num ber of clients, as we noted for the other

servers with workloads A and B.

Dis k Ut iliz at io n f or w o r k lo ad A

0

10

2 0

3 0

4 0

50

6 0

70

8 0

0 10 2 0 3 0 4 0 50

Number

of Cl i ent s

%Di s kT i me

E mwac P ur veyor W ebS i t e

M e m o r yAct ivit yf o r w or k lo ad A

0

10

2 0

3 0

4 0

50

6 0

0 10 2 0 3 0 4 0 50

Number

of Cl i ent s pages /s

E mwac P ur veyor W ebs i t e

Figure 5: Disk and memory usage for workload A

6. CONCLUDING REMARKS

T his paper presents a perform ance analysis of W W W

servers. W e first discussed the m ain steps to carryout

a W W W perform ance analysis effort. W e then

exam ined the perform ance of three different servers

( Em wac, Purveyor, and W ebsite) running on top of a

W indows NT platform . Using standard perform ance

tools provided bythe NT operating system and bythe

W ebStone benchm ark , we carried out a series of

experim ents to m onitor the behavior of W eb servers.

T he perform ance of the three servers varies with the

nature of the work load, i.e., file sizes, total num ber of

files and num ber of clients. T he W ebstone benchm ark

is useful to generate HT T P work loads for perform ance

com parison purpose. However, we noted that

W ebstone is not adequate to m odel the behavior of

real W W W users. It does not allow one to represent

user think times.

Using the ^black box approach~, we tried to explain

the relationships between perform ance and work load

characteristics for each server. A problem with that

approach is that it is not able to explain all results

observed in the experim ents. In our benchm ark , we

identified CPU as the prim arybottleneck to server

perform ance in our experim ents. W e also observed a

close relationship between error rate, response tim e

and throughput of the servers. T he size and the

num ber of docum ents in the W W W server has a

profound im pact on its perform ance, as shown bythe

disk and m em oryutilization curves in figure 6. W e are

currentlydeveloping a perform ance m onitor that will

provide insight in the behavior of a W W W server. W e

want to investigate details of im plem entation that m ay

explain som e of the curious results we described here.

For instance, we want to evaluate the cost of different

policies to m anage threads that are created to handle

pending connections. W e also want to investigate the

cost associated with m anagem ent of threads that service veryshort HT T P requests. Furtherm ore, we

plan to develop analytical m odels that are able to

represent and predict performance of WWW servers.

Dis k Ut iliz at ion f o r w o r k load B

0

2 0

4 0

6 0

8 0

10 0

0 10 2 0 3 0 4 0 50

Number

of Cl i ents

%Di s k

T i me

E mwac P ur veyor W ebs i t e

M e m o r yAct ivit yf o r Wo r k load B

0

10

2 0

3 0

4 0

50

6 0

70

8 0

9 0

10 0

0 10 2 0 3 0 4 0 50

Number

of Cl i ent s pages /s

E mwac P ur veyor W ebs i te

Figure 6: Disk and memory usage for workload B

Acknowledgments

T he authors thank the referees for com m ents that

improved the contents of this work.

REFERENCES

1. Capacity Planning and Performance Modeling:

from mainframes to client/server systems , Daniel

Menascé, Virgilio Alm eida and LarryDowdy, PT R

Prentice Hall, Englewood Cliffs, 1994

2. Optimizing W indows NT , Russ Blak e, Microsoft

Press, 1993

3. W orld W ide W eb: W hence, W hiter, W hat next?,

Henning Schulzrinne, IEEE Network, March 1996.

4. T he W orld W ide W eb, T . Bernes-Lee, R. Cailiau,

A. Luotoneu, H. Nielsen, and A, Secret,

Com m unications of the ACM, Vol. 37, No. 8,

August 1984.

5. W eb Server W ork load Characterization: the

search for invariants, M. Arlitt and C. W illiam son,

Proceedings of Sigmetrics 96, ACM, May 1996.

6. W ebStone: the first generation in HT T P server

benchm ark ing, G. T rent and M. Sak e, MT S Silicon

Graphics, February 1995.

7. W indows NT as a Personal or intranet Server, L.

Press, Com m unications of the ACM, Vol. 39, No.

5, May 1996

8. Perform ance Analysis and Modeling of a W indows

NT Server, V. Alm eida and G. Fialho, CMG

Conference Proceedings, Nashville, Decem ber

1995.

9. Characteristics of W W W Client-Based T races, C.

Cunha, A. Bestavros, and M. Crovella, T ech.

Rep., BU-CS-95-010, Boston University, July

1995.

10. Software for Reliable Network s, K. Birm an and R.

van Renesse, Scientific American, May 1996.

11. Self-sim ilarityin W orld W ide W eb traffic: Evidence

and possible causes, M. Crovella, A. Bestavros

Proceedings of the 1996 ACM SIGMET RICS

Conference , May 1996.

12. An Investigation of Docum ents from the W orld

W ide W eb, P. Aok i, A. W oodruf, E. Brewer, P.

Gauthier, L. Rowe, Proceedings of the Fifth

International Conference on W W W , Paris, May

1996.

13. Characterizing Reference Localityin the W W W ,

V. Alm eida, A. Bestravos, M. Crovella, A. Oliveira,

Proceedings of the Fourth International

Conference on Parallel and Distributed

Inform ation System s (PDIS´96), ACM/IEEE,

Miami, December 1996.

14. W eb Server T echnology, N. Yeager and R.

McGrath, Morgan Kaufm ann Publishers, Inc., San

francisco, 1996.