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Abstract

The continuing explosive growth of the wdis not
been matched by anadequate enhancement of the
infrastructure on which it depends. Both consumers and
producersare often leftfrustrated atthe disappointingly
slow speed ofservice. Yet there hasbeen little
systematic attempt tanalyse the sources of delay
experienced byusers. Wepresent astructuredtiming
model which covers the entire period from a user
clicking on a URL to theesultant displaybecoming
usable. The model is ngredicated onany particular
server, browser ornetworking infrastructure  and
provides abasis for discoveringhe constituenparts of
the totaldelay as experienced ke user in any given
situation. Only when thelelay is broken down is it
possible to makeproductive decisions aboutuning
systems and replacing hardware or softwatmponents.
We illustrate the use of the modeith reference to
understanding and reducing delays encountered in
Finesse, a widelydistributed and highly interactive
teaching and learning environment.

1. Introduction

The volume oftraffic on the World Wide Web (web)
hasincreasedexponentially overrecent yeargl]. It is
increasingly criticised byisers for slow responsemes
which make web browsing an unpleasant process. It is
particularly frustrating in cases where a sitepiisviding
an interactive application such as the FineBsetfolio
Managementracility [2]. The total delay experienced
may bedue to a wideange of causesuch asnetwork
delay, browser design, server overload or poor HTML [3]
page design. Howevebecausenalysing thisdelay and
breaking it down into its constituent parts is not trivial,
people often make decisions about how to improve their
web service based on little more than guess work. Work
to-date, as summarised iBection 6, hadocused on

improving web server performance or web
communication protocogfficiency[4,5,6,7] with little
regardfor the users perspective. this paper we make
three contributions: we present a simplstructured
timing model to guideanalysis of totaldelay; we
describe a number of lightweight methods for measuring
the constituent parts of the totdélay; welist a set of
recommendations forreducing delay in specific
situations. For the sake of clarity we restrict tt@port
to the commonand frequentcase of basic web
operations, static HTMlretrieval and CGI invocation,
as described in the next section.

2. Basic Web Operations

There ardwo fundamentalstandards associatedth
the web:Hyper Text Mark—uplLanguage (HTML) and
Hyper Text Transfer Protocol (HTTP [8] ). Tkamer
specifies tags for structuring theppearance otext,
graphics andhypertext. Hypertextags, called Uniform
Resource Locators (URLsgantrigger HTTP operation
when theresource isemote. HTTP is a basic client—
server, request-responsmdel. The client is typically
an interactive application calledoaowserandthe server
application is anopaqueremote process. Figure 1
summarises basic web operations. 1a showssic
web interactioninvolving a clientand aserver. The
server responsenay be a simple fileretrieval and
transmission, or the invocation of program via the
Common Gateway Interface(CGI), which generates
output that is returned to the client, abd 1cshow the
potential forconcurrency inclient and server. HTTP
1.0! [8] has four methods of communicatidretween
the clientbrowserandthe web server. Thesare GET,
POST,HEAD andPUT. The PUTmethod isused to
upload documents from the client to the server.

1HTTP 1.1 is briefly discussed in Section 6.
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Figure 1: Web Client Server Model

The HEAD method isused by searckengines to
requestmeta-information about theequestedpage to
create arentry in the searchenginesdatabase. The
POST method is used in HTML forms to send structured
information entered via the web browser back to the web
server. The GET method is fgr the mostfrequently
used method, whichrequests arentire documenfrom
the server. Itis the GET method w&ee most interested
in as it is typically a usetriggeredevent to which the
user awaits for theeturned data to beutput. This
returned datecould be of four generidypes; static-
HTML, applets, streamsand output from CGI
programs. These programs may return any typdaisd#
although in practice it is often HTML.

2.1 Proxies and caching

There are two widespreaptimisation strategiessed
to minimise delay. Client-side caching works by
keeping copies of recenthaccessedfiles on local
storage. An HTTPrequest-response period can be
shortened: a check imade onthe header ofthe remote
file, a comparison isnadewith the header ofthe local
copy in cache, and, if there has been no change, the local
copy is usedProxy servergan be setup at amumber
of levels e.g. local, campus or national. The idea is that
a browser will go to the proxy to see if the fileceched
(i.e. it has been requested by at least one other user). If
the proxy does not have the file it will attemptféich
it, cache it andthen return it to the client.
Unfortunately, neither of theseptimisationsimprove
the responséimes of CGI programs, whichre highly
interactiveand non-cacheable. Accordingly, wadress
neither directly in this paper. HTTP 1.1[1dffers new
support for thecaching of database queryesults but
exactly howthis will reduce CGI responsetime in
general remains to be seen.

3 A Structured Timing Model

The model coverghe entireperiod from the user
initiated selection of a URL, to the resolution of all its
associatedinks within the scope of an HTML page.
We refer tothis period asthe closure over &RL, or
CURL A CURL may terminate correctly or
incorrectly. When a&CURL terminatescorrectly all
images, files, appletand other components which are
associated with a URL are located or generattdeved,
displayed and/or activated. AURL may terminate
incorrectly if there is a failure in any @b constituent
parts. There are numerous possible sources of failure and
many will not result in anydiagnostic message being
delivered to the user. In order to simplify the description
of the model wewill only consider CURLs which
terminate correctly. A CURL involving an HTTP URL
is initially broken down into one or more instances of a
top level three phase pattern:

A) client-side HTML parse and request generation

B) server-side requegtrocessing: responggeneration
may be CGI or static HTML.

C) client-side renderingme consisting oparsetime
and display update
Network transit times, including source and
destination protocol processing times, epresented by

Ncsand Ny, where Ng denoteghe time takerduring

the communication phase from client to serasd N,
the delay in the other direction. Phase C may result in
further requestandthere isusually anoverlapbetween
request generation and other HTML parsing.
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Figure 2: Three Phase Pattern and Overlap

Figure 2 shows an exampl@URL consisting of a
URL which results in theetrieval of an HTML page
which in turn contains a single imageference. The
top level phasexan be brokerdown further. The
following list illustrates basic web interaction:

Phase A

1. Make a DNS lookup if raw IP humber naded
in URL (the typical case).

Client opens a TCP connection to the server.
Client sends anHTTP GET request which
includes client-side environment variables.

4. Client closes TCP connection.

Phase B

1. Server listener process receives the @G&jliest
andspawns or calls a process deal with it.
Exact concurrent servémplementationvaries
widely [9].

2. Server parses the request.

3. Server opens a TCP replyconnection
(Always necessary, even if only to report error).

4. Server does a DNS lookup on client.

5. Searches for .htaccesfiles in directory
containing requested file and parental directories.

6. If not alloweddue to(5) returns fail message.
Write to error log.

7. Determines requested type and invokes
appropriate handler e.g. CGl or Static HTML.

8a. Inthe case of CGI, handler starts CGI program,
passes it CGl variables.

whn

8b. In the case of Static HTMieturns file.

9. Return data is buffered for network
transmission.

10. Server closes TCP connection.

Overlap between Phases B and C

1. Client starts reading from threceive buffer and
parsing the HTML

2. Theserverflushes thebuffer to the client and
closes the connection

3. Server writes to access log.

Phase C only

1. Client finisheseadingfrom receive buffer and
parses HTML into part of viewable web page.

2. If Client comes across an imag&L it enters
Phase A with the URL as a parameter.

This model isstill evolving but hasalready proved
useful in guiding analysis oflelay in the Finesse
environment which isdescribed as acase study in
Section 5. The next section explains the options and
difficulties in gettingreal anduseful timingfigures out
of the web.

4. Timing Issues

To measure a CURL we would ideally haaecess to
the source code for the servers, browserand their
enclosing operating systems. lractice reasonable
estimates may bachieved byusing Javascript on the
browserand CGI programs on the serveiThis allows



us to insert timing probes through-out the resolution of
a CURL. One other important assumption is that the
Network Time Protocol (NTP) [10] is running on the
serverand all the clients. NTP clientsare widely
available for most platforms arwdere operational on all

the machines in our tests. Figure 3a is an outline of a
typical CGI script which will beused as amexample.
Figure 3b is amodified version which displays$iming
information. The script is written in TCL [18].

4.1 Minimum Client Rendering Time

In order to estimate the clientsnderingtime (Phase
C) network overheads areliminated by running the
browser on the server and using loopback
communication. Thend ofclient renderingtime may
be gained bysing JavaScript'®nLoad method. The
start of client parse time is harder to recbetause there
is not aJavascript event which igiggeredwhen the
client starts toreceivethe server'sresponse. At the
same time a client may start parsibgfore a CGI
program has finishedunning on the servekiowever,
we canget the minimumrenderingtime by measuring
the time elapsed betweethe server completing CGI
executionandthe browsercompleting therendering of
the resultant HTML page.

4.2

It is possible to get an approximation of the time it
takes to transport thelata across the network by
eliminating the clientgarsetime and using thesame
CGI script as in the previous timing method. This
involves running the client browser on a machivigch
is equivalent to the server. If we assume thatptdrse
time is approximately the same as tbatained in4.1,
then the remaining time is the network transfer. Within

the CURL this may bexpressed as (N + Phase C

time) - Phase C time. N + Phase C is timed asated

in this paragraph and Phase C time isstimated as
described in 4.1.

Network Overhead Time

4.3 Fastest CGI Run Time

As an aid tocomparison it is useful to get the
minimal run time of the CGI program. To do this the
network, client, and server overheadsmust be
eliminated. This may bachieved byrunning the CGI
program in a commanshell. This gives arabsolute
minimum possible Phase B time.

4.4

This is the actual Phase B time within the CURL
the actuakime taken for the CGI scriptsed in4.3 to
run, plus theoverheads involved when theoutput is
being passed back through the web server tdtbeser
running on the client. It has been noticed thatdlogver
the client machine, the longer the script will take to run.
This appears to be &nock-on effect from limited
buffering at the clientand server, and slow buffer
emptying at the client.When both the clientand the
server buffers are full the CGI process sleepsl more
buffer space is available for its output.

4.5

This is the time period between the clisnfmitting
the request tothe servertill the serverstarting sending
databack to the client browser. It isneasured by
appending atime-stamp to the clientrequest and
comparing it to a time stamp at the start of the CGI

script. This provides timings of Phase A +N
4.6

More detail may be obtained on network behaviour by
running a network snooping program in tlsame
collision domain as the server and client ( or either one).
This allows for non-intrusive monitoring of Heaffic of
interest. Serverand browser profiles onUnix can be
created byusing system call tracindools such as
truss [19]. Detailedanalysis on personalomputer
operating systems such @findows 95and MacOS is
more difficult, but possible.

Actual Run Time

Client Request Time

Extending and refining analysis

#!/usr/local/bin/tclsh
# a generic CGI script written in TCL

package require cgi
cgi_eval {
cgi_input
# variables setting up the environment
cgi_head {
}
cgi_body {

}

# specifying the head of the generated HTML document

#main block of CGI code creating main body of HTML document

Figure 3a: CGI script outline - no timing information displayed



#!lusr/local/bin/tclsh
#a modified CGI script for timing various sections.

# get the start time
set start [clock seconds]

package require cgi
cgi_eval {
cgi_input

# document)
set sendtime "
catch { cgi_import sendtime }
cgi_head {

cgi_javascript { cgi_puts {
function whattimeisit() {

}
1}

}

cgi_body onLoad=alert(whattimeisit()) {

# with sendtime.
if {$sendtime ==""} {

cgi_export sendtime
cgi_submit_button

# if variable sendtime exists import it (Time user made request for

# javascript function to display load completion time

return (new Date()).toLocaleString()

# body modified to display time on completion of document parsing

# if sendtime does not exist allow user to reload document

cgi_form timing onSubmit=this.sendtime.value=whattimeisit() {

} else {
# run normal CGI code
# main block of CGI code creating main body of HTML
# document
# now display cgi parsing times
puts "<P>Client request time:$sendtime\n"
puts "<P>Start CGI time: [clock format $start]\n"
puts "<P>End CGl time: [clock format [clock seconds]]\n"
}

Figure 3b: script modified to provide timing

5. Case Study

Finesse is a web-based interactive teachimlearning
environment forfinance education. It isun on a single
web serverserving four universitiesconnected by a
34Mb/s IP/ATM infrastructure across distancégtween

The timingslisted in Tables 1and 1b were obtained
using thetechniquesdescribed inSection 4. Table 1la
consists of timingsmade when only one client was
accessinghe server. Table 1b shows the results for
concurrent load ofour clients. Theserver timings in
Table lawere generated by alient being run on the

30 and 200 Km. Due to a large and diverse base of clienferver,giving a basisfor estimating networkoverhead
machines it is not possible to make any assumptionstime when theyare subtracteérom the same constituent

other than theyhave web-browsingapabilities. Tothis
endthe entire application hdseen written ininteractive
CGl scripts. The largest scrigenerates ahl TML table
of current stock market prices.
over a thousandows, and isabout 180 Kbytes. We use
this as anexamplehere not only because itseems to

stress browser and server-side processing to the limits, but

It has seven columns and

times measuredrom an identical model of computer as
the server across the network.
The following computers were used as clients:

Mac: 200 Mhz Mac 8600, 64Mb, MacOS 7.6.1
Sun: Ultra 140, 64Mb, Solaris 2.6

PIl: 266Mhz Pentium I, 64Mb, Windows 95
486: Intel 66Mhz 486, 20Mb, Windows 95.

also because it is the single most frequently requested page The server is a Sun Ultra 14€onfiguredidentically to

from the server. Note that the smallv datasize of the
table belies its ability to cause delay.

the client. We alsadestedtwo differenttypes ofbrowser
on the Intel clients.



Mac Sun PII PII 486 486 Server
Netscape| Explorer | Netscape | Explorer | (Sun)
total time (CURL) 60 45 38 24 285 103 43
submit time ( Phases A+B - overlap) O 0 0 0 0 0 0
CGl runtime overlap - Phase C 26 22 18 19 56 28 21
minimum network & client rendering 34 23 20 5 229 75 22
time (Phase C)
Table 1a: CURL constituent timings in seconds for single client access
Mac Sun Pl 486
Netscape | Netscape
total time (CURL) 130 81 85 283
submit time ( Phases A+B - overlap ) 0 0 0 0
CGl runtime overlap - Phase C 70 58 62 79
minimum network & client rendering time (Phase C) 60 23 23 204

Table 1b: CURL constituent timings in seconds for four client concurrent access

51 While none of these optimisationare particularly
This simple butreplicableset of tests allows us to novel or compl_ex n themse_lves It is |mportan_t to know
draw useful conclusions about tlielays as perceived by where to optimise, and that is what the analy d on
the timing model provides. Theombined effect of the

the user. Perhaps the most significant result is that .~ . "~ * :
network overheads arevery insignificant whilst client optimisations describedabove has been toeduce  the
CURL time by approximately 80%.

renderingtime and CGI runtimeaccount forthe bulk of
the delaysThere are aaumber of improvements that can
reduce the delay without having to upgrade either
computer or networkhardware: choice of browser,
revision of output formatand optimisation of CGI
programs. We briefly discussach inthe context of the
case study.

The choice of browsernd version of browser is
important, as shown by thdifferencesbetweenNetscape

Analysis and solutions

6 . Related work

Analytical work on the web hafcusedmainly on the
respective performance aofieb serversand the HTTP
protocol and wehave not found any other modetvhich
provides a comprehensiveanalysis of a CURL.
Nevertheless the work is related in that server and protocol
and Explorer in the same situation. overheadsform part of thec!elay as experienced by the.
Revising the format of the results sent to the client US€r- Hu et. alanalyse design aspects of Web servers in
can reducerenderingtime. For examplelarge HTML  high-speed networks and show their influence on
tables take a surprisingliarge amount of time. One Performance[9]; Slothouber proposes mathematical
solution to thisparticularoverhead is tdformat thedata ~ MOdel of servemctivity which explains the relationship
into a more concise form. We haseglucecthe datafrom between serveand network speeds[11]. Benchmarking
approximately one thousand six hundredrows without ~ SYStems such as WebStone [I&]d SPECweb96[13]
information loss oreduction in displayuality, andthis ~ Nave beendeveloped tomeasurethe performance of
has resulted in a 25% reduction in rendering time. FurtherS€rVers. These work by generating simulated workloads of
improvementscould conceivably bechievedthrough the ~ concurrentclient requests on a serverimprovements to

use of pre-formattetéxt or the conversion of table text theS€ types of tool&ave been proposed, for example
to images. Surge [14]and [15]. WebCompare [16] offers a

CGI programtimes have beeneduced bytackling the comprehensivéist of serversandtechnical features as an
problem of concurrent data loading.  The results of aid for site administrators to decide which server badt
commonly called functions are now cached in shared (heir organisation. The listis a more otaalogue than
memory regions (outside of the HTTP server) grid has & fué comparison however.  HTTP has ofteeen
drastically reduced CGI run times. Although we have not 'iticized for its inefficiency, but mostly withregard to
modified the HTTP serveritself we would expect that network latency and Internet congestion. Padmanabhan and

increasing network buffer sizes wouddso result infewer Mogul support the idea that the multiple TCP
CGI programs running at the same time. connections required b{MTTP 1.0 are asignificant cause



of latency in thewWeb[5]. Spero [6] analyses a typical
HTTP transaction withtimings and concludesthat the
interaction betweeKTTP andTCP is a majorcause of
delay in the Web. On the other hand weelected in [7]

Further desirable improvements to eoodel include a
fully automatic system which will logreports on a
routine basisand abetter set otiming tools. Wehave
focused onCGI generatedHTML and ignored several

suggests that the overhead of multiple TCP connections is1ovel features of the wetut there is no reasowhy the

insignificant for low bandwidth useendthat its effect is
only apparent whenusing high-speed connections.
Edwards andRees have an interestingaper about the
execution of CGI applications irservers [4] through
HTTP. HTTP 1.1]17] attempts tocaddressome of the
shortcomings in HTTP 1.0. New features include:
persistent connections this allowsfor an initial
TCP connection between sarverand aclient to be
kept open. It cuts out multiple TCPpen and
Close packetsthus matching the typical session
semantics of thérowser—serverelationship better,
reducing the number of IP packets duringession,
and reducing repeated startup latency overhead.
pipelining of connectiamn furtherexploits persistent
connections by allowing multiplerequests and
responses to bglaced in asingle packet. Reduces
number of packets and the number of networkd
trip delays.

reliable caching— support forservers tomark the
results of a CGI output asacheablewith an
expiration time set to that of the nexixpected
databaseipdate. Results of populagueries can be
cached atproxies and invalidated according to the
servers updateycle. Thiscould potentially benefit
the Finesseshare pricedatabase byremoving the
CGI run time from thedelay experienced bysers
making the popular request for a full listing.

7. Conclusions and further work

We have presented a simple but useful analytreadel
for measuring weldelays as experienced logers. Such
analysis is essential if productive decisions are tonhde
about reducingthe delay. The notion of a CURL, a
closure over the resolution of a URL, underlies the model.
As a CURLincludes client-sidenetwork,and server-side

components it complements the extensive focus on web

serverandweb protocolperformance bybringing client-
side delays and CGlI performance into the picture. A set of
techniques fomaking the measurementeeded by the
model have beerdescribed andtheir use hasbeen
illustrated in acasestudy analysis of a problerdrawn
from the Finessedistributed learning environment.
Optimisation techniques have been sketchedd when
applied tothe specific bottleneckiglentified in the case
study haveresulted in ar80% reduction in the overall
CURL time and adrastically reducedconcurrent load on
the server.

model cannot beextended to accommodatetimings
associatedwith scenarios such as reliable caching or
media streaming.
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