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Abstract
This paper describes twenty techniques for testing E-Business applications. These techniques were
introduced in the companion paper: “ Risk-Based E-Business Testing, Part 1, Risks and Test Strategy”,
reference 1. The techniques are described under five categories. Static Testing, Test Browsing, Functiona
testing, Non-Functional Testing and Large Scale Integration testing. A chapter on Post-Deployment
Monitoring is appended.

Static tests aim to identify statically detectable faults in web pages. Tools that can check the syntax of the
HTML and other embedded code in web pages are now widely available. Internet browsers and versions
implement different subsets and supersets of standard HTML but tools can identify anomaliesin the
HTML aswell as make recommendations for correct usage. Between the leading browsers, there are
differences in the appearance of web pages containing identical HTML that has been validated. These
differences are often cosmetic, but can affect more than the appearance as objects may be pushed off
screen because of different object sizing.

Test Browsing aims to ensure that web page navigation and integrated pages operate correctly. Link
checking verifies that buttons or text links to other pages work. Object load and timing checks aim to
ensure that objects can be loaded and are displayed with an acceptable delay. Transaction verification
aims to ensure that server-based components are called correctly, with all parameters passed.

Functional testing covers what might be the *‘traditional’ test approaches to component, integration and
system testing. Browser page testing covers the functionality that executes solely on the browser. CGlI
component testing covers all server-based components. Transaction testing verifies that the browser/user
interface, web server and back end server-based components integrate as awhole. Application system
testing covers the functional requirements for the system as awhole. Internationalisation covers the
requirements for multilingualism, multicurrency and locdlisation.

Findly, it is becoming more important that web sites are monitored in production as performance, security
and reliability may al falter but users may never report problems. Post-Deployment Monitoring may
involve reuse of existing automated tests or one of the increasing number of remote web site testing
service providers.
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1 INTRODUCTION

1.1 Overview

This paper describes twenty techniques for testing E-Business applications. These techniques
were introduced in the companion paper: “Risk-Based E-Business Testing, Part 1, Risks and Test
Strategy”, reference 1. The techniques are described under five categories: Static Testing, Test
Browsing, Functiona testing, Non-Functional testing and Large Scale Integration. A chapter on
Post-Deployment Monitoring is appended.

The Test process Framework Table from part 1 is reproduced overleaf.

1.2  Scope

The paper does not dwell on the types of testing that have direct counterparts in client/server or
host-based systems.

This paper only covers systems that have been implemented in the most common technologies,
namely:

= HTML datic pages

= Embedded VBScript and JavaScript

= Server-based CGI programs, scripts or Active Server Pages.

It does not cover the testing of the following specific technologies:

= JavaApplets.

=  Java Servlets.

= ActiveX components.

= COM/DCOM server-based objects.

The paper does not cover the testing of large applications being implemented in, say, Java
applets. In these cases, the applets themselves may be large applications. These should be
component tested in the same way that non web GUI applications are. We suggest that

Transaction testing and Application System Testing are as appropriate for Java applets as any
other gpplication implemented using Web technology.

Many of the test types described in the following section justify a paper of their own.
Performance, security and usability testing are each significant topics requiring thorough
treatment.

Most sections provide references for further reading.

One of the challenges of E-business testing is. where does developer testing stop and higher level
testing begin? It is probably appropriate that the test techniques described in the early sections are
done by developers rather than system or acceptance testers. Allocation of responsibility for more
and less technical techniques is a major consideration for your test strategy.
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Table 1 E-Business Test Process Framework

Test Priorities Test Types Mapped to Usual Test Stages
Test Type Desktop Infrastructure System Testing Integration Post-
Development Testing Testing Deployment
8| 2 Monitoring
> 88| ¢

¢|£|E|g]|xE

o < = 2 = C

5|3|&8|2|88
Static Testing
Content Checking Y S AM
HTML testing Y S AM
Browser syntax compatibility Y S A
Visual browser validation Y D M M M
Test Browsing
Link checking Y D A A
Object load and timing Y| Y D A A
Transaction verification Y S AM A/M
Functional Testing
Browser page testing Y D AM
CGI component testing Y D AM
Transaction Testing Y D AM
Application System Testing Y D AM
Internationalisation Y D AM A/M
Non-Functional Testing
Configuration testing Y D M AM M
Performance Y D A A A
Soak Testing/reliability Y D A A A A
Availability D A
Usability Y SID M
Security Y D AM AM AM A
Large Scale Integration
External links/legacy system integration Y D AM AM
End to end functionality Y D AM A
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2 STATIC TESTING

Static tests are those that do not involve executing software under test. Usudly, static tests
involve ingpections and reviews of documentation, but can also cover static analysis of code
using automated tools. In the case of web sites, we are most interested in automated methods for
inspecting and validating HTML for syntax faults but also for compatibility with the various

browsers. Although tools can validate the underlying HTML, we recommend that you also
perform a visual check to ensure (mainly cosmetic) differences between browsers do not cause

problems for users.

Tools that perform automated HTML validation and compatibility often perform other functions
such as link, spelling and accessibility checks. These tools are now widely available, some are

free, others can be obtained a a small cost. Some tool vendors bundle this functionality with their
proprietary test tool suites.

There are four main areas of concern, that static testing aims to address.

Content checking
The content of Web pages, the accuracy, completeness, consistency, spelling aswell as
accessibility are no longer ‘ cosmetic’. It could be said that cosmetic does not equate to
unimportant, as perhaps it might for internal IT systems. For many E-Business sites, content
might be their ‘raison d' etre’ . For example, if a Testing Services company spelt kwality
wrong on their home page, this might not reflect well on the organisation. If content itself is
the product for sale or isintended to be reused by customers, content faults might be deemed
serious threats to success of the system and should be checked.

Most commercia web page development tools include spell checkers. Just like any
documentation, however, pages should be independently reviewed to ensure they are
consistent, grammatically correct and usable. This task might be included in a usability test.

HTML testing
Browsers download HTML pages from Web servers, interpret the HTML text and render the
page within the browser window. In most ways, thisis a similar process to software
interpretation. However, unlike software interpreters, browsers are very forgiving of poor
quality code. Invalid HTML syntax is usualy ignored by the browser. In some ways, thisis
good. There are no unsightly and confusing syntax error messages displayed, ever. But if the
programmer has got the HTML wrong, they may never achieve the layout effects or
functionality they require. Web page developers and testers may not see problems, but users
may experience obscure difficulties later.

Automated tools can validate HTML (or XML or WML) against rules laid down by
established and emerging standards.

Over the page isthe HTML Toolbox page of the NetM echanic web page checker (reference
4). Thisistypica of the web page test portals now available. Asyou can see, it can check the
following:

= Links

= HTML syntax check (NetMechanic can also generate corrected HTML for you)

= HTML Browser compatibility

= HTML load times

= Spdl check. (You can supply your own dictionary, rather than use the one supplied).
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; link testing, HTML validation. load time testing and spell checking by NetMechanic - Microsoft In... [i[=] E3
_| File Edit “iew Favortes Tools  Help ‘
&« .+ 9 B A Hla @ 3|
Back Eanyard Stop Refresh Home  Full Screen Search  Favorites Hiztary
J Address |@ http: Ao netmechanic. com/toalbox/power_user htm j
=
NetMechanic®
Power Tools for Your Web Site!
@ Maintenance
woan HTML, .
@ Customize our tools! Follow the steps below:
Promote (1) Enter Your LRL: |http:,#,’
@ {2) Enter Your Email Address: |
i (3) What tools would you like to use?
@ M Link Check M Load Time Chack
Accelerate ¥ HTHL Check & Repair I Spell Check
¥ Browser Campatibility
@) How many pages should we test? % One Page © 20 Pages
{9) Get our free monthly newsletter? ¥ es
{6) Check additional toaol options below, or click GO GU!'@
HTML Check & Repair
This form lets you set different options that affect how we will check your page. For
details about each aption, read our Frequently Asked Questions (FAC) page.
[T Tell me if my page is fiendly to disabled visitors.
| | |
|@ |_|_|ﬂ Internet 4

Figure 1 Typical Web page validation tool

In the report over the page, you can see that the HTML on lines 10 and 11 of the page have
problems. The ‘Click to Learn More' hyperlink brings up a small window that describes the

fault that has been detected.
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“JNetMechanic: Results - Microseft Internet Explorer

J File  Edit “iew Favorites Toolz Help |

‘4: =5 A A H I @a G s

Back 3 HTHML Check & Repair Error Explanations - Microsoft Int... [I[=] Favorites Hizbary

Jﬂddress@ Unsupported Attribute Error -313974p=Thwi=2ks=NetMecha ¥ |
. ;I
DDD; TTzing the identified attribute with the grven tag 12 not .

Eig supported by all browsers. This problem may be caused by ke chinls

ool @mis-spelling of the attribute name, or use of a deprecated zlFt FrontPage

4.07>%

0O07:<title>Contents<stitle> J
0008:<base target="SEMain">

0O0%: < head>

oolo:

001l:<body bgcolor="#FFFFFF" /77 leftmargin="0" /2/
“topmargin="0" style="font-family: Verdana">
-—--: /i Error: unsupported attribute "leftmargin" for tag
<hady>. Click here to learn more

=== fIHOTE: "leftmargin" with <body> 1s NOT compatible with
all selected browsers. Click here for Browser Compatibility

report
-——-: /& Error: unsupported attribute "topmargin" for tag

<hody>. Click here to learn more

———=: fZHNOTE: "topmargin' with <body> is NOT compatible with
all selected browsers. Click here for Browser Compatibilit
report

oo01z:

0013:<div align="left">

0014:

0015:<table border="0" cellspacing="4" cellpadding="0">
nn1e -

(3 |_ |_|ﬂ Intermiet
Figure 2 HTML validation report

a

Browser syntax compatibility
Although HTML is often promoted as a universal standard (Reference 27), browsers actually
implement HTML differently. Some elements of HTML from previous standards are
deprecated in HTML 4, but are still supported by these browsers as they are in common use.
The event model (that defines behaviour for mouse clicks, button presses etc.) isfar from
complete in the current Standard, compared to what Visual Basic, for example, supports, so
Microsoft, in particular, have implemented an enhanced event model for Internet Explorer.

Microsoft Internet Explorer (IE) and Netscape Navigator (Netscape) are clearly adopting
different strategies.

= ThelE strategy isto broadly support the HTML 4 standard, but Microsoft have introduce
many additional elements that are supported by their browser and generated by their
popular web page devel opment tools (FrontPage and Visual Interdev).

= The Netscape strategy is to broadly support the HTML 4 standard, but Netscape have
introduced a much smaller number of non-standard elements. It appears likely that
Netscape will drop the deprecated features they have introduced.

A typica report on web page HTML compatibility appears in the figure below. You can see

that the ALT attribute on an anchor tag (<A>) on line 139 of the web pageisincorrect for

both Explorer and Netscape. The LEFTMARGIN attribute of the BODY tag online 10 is
valid for dl versions of Explorer and invdid for al versions of Netscape.
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Microsoft |Netscape

Tag Attribute Lines Visitors Affected

A ALT 139 99.00 %
BODY LEFTMARGIN 10 27.00 %
BODY TOPMARGIN 10 27.00 %
FOMT FACE 14,23,25 29, 1.00 %

91,95, 95,101,
101, 101, 104,
11, 112, 117,
131, 134, 139,
149, 156, 158

IMG </TD 149 99.00 %

D BGCOLOR 21,54, 63,101, 1.00 %
110, 134

Figure 3 browser compatibility report

Setting aside the fact that the Microsoft strategy for browser domination appears to be
working, in the interim, the existence of these two strategies causes difficulties. To support
both browsers simultaneoudly, there are three approaches:

1. Adopt areduced set of HTML elements within the HTML standard, that are
supported by both browsers and restrict yoursalf to those.

2. Build pardld HTML implementations for each browser and determine which should
be used at runtime. (Potentially complicated and more costly)

3. Adopt one browser as standard and ignore al others. (Only viable if you are building
an intranet and have control over your users technology platforms).

Page authoring products usually have configuration options to allow HTML that meets one of
these following compatibility requirements:

= |Eonly

= Netscape only

= Both IE and Netscape
= WebTV

= Ansoon...

Once a strategy has been selected, you must agree with the devel opers whether (and how)
they are adopting this strategy. Then you must use the available tools in a consistent way to
report faults.

Visual browser validation

It should be obvious from the previous discussion that there will be significant differencesin
the appearance of web pages displayed by the different browsers, but also in their behaviour.
Take for example the two identically sized screen dumps of a previous version of the Evolutif
Web site. Oneis from |E4 and the other Netscape 4. (I must admit, | cannot recall which is
whicht).

© 2000 Paul Gerrard, Systeme Evolutif Page 6



Note that the last field displayed on the first page, displayed in Figure 4, is‘ Phone' — and the
fidd itsalf is almost completely cut off by the border of the page. In the second example,
displayedin Figure 5, the last field is ‘Fax’. In this case, an extrafield is displayed by the

browser.
=== =
Software Testing Services
& Suggeston
T Chooss atosio for by a e toic. Toot on e dst?
ECED
| Gur Servicea |
Erker yoar comments or questizn i the sxace belos;

-
[ AT g
| Assesament] g
— o

PP En B e T Dl 18 ] o [BCTY [ R

Mama

[
Carngany

Address

L

=2

[
Fhone

Figure 4 Web page display, first example
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L T b [

Choogs aplc [ortype o new topic, If rst anine bsl 7

| B ir B =] ot |

EFfer yOUr COTMTMENTS. oF question in The space below

ICAST Rt

Flaa kot s Hiosy hios o Qe In iouch vwith 'you

Hame

Comgamy
[

Addresn

Figure 5 Web page display, second example

Clearly, the differences here are cosmetic, but if your intention is to avoid scrolling of pages
in a set resolution setting, then this problem might force a clickable button off the page and
be less usable. Other, more serious problems have been reported, but are most commonly
associated with differencesin:

= The colours of standard objects e.g. horizontal lines, borders etc.
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= The centering and scaling of objectsin windows
= Display of scrolling marquees
= Tablelayouts - automatic Szing gives different results

= Table background and border colours differ

It would be possible for a crossbrowser automated tool to be used to scan pages for examples of
page objects being displayed differently, but we strongly recommend that you adopt a more
pragmatic approach. Consider testing under one platform and verifying visualy, that the
appearance of pages on the other browsers are acceptable. We recommend that your developers
(and testers) do not al use the same browser and version. Let them use their favourite browser or
ask them to use a sdlection of browsers and versions, to avoid compatibility testing.
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3 TEST BROWSING

Test browsing aims to address those faults that relate to the navigation through web pages, the
availability of linked objects and the speed of download. It also covers the integration of web
pages to server-based components, to ensure that the right component is called with the correct
parameters.

3.1  Test browsing
If we were to focus on traversing links and opening pages, when we open a new page:

= Can the page be downloaded and displayed?

= Do dl the objects on a page load?

= Do adl the objects on a page load in an acceptable time?

= |f the user turnsimages off, uses a non-graphical or no-frames browser, does it still work?
= Do all thetext and graphicd links work?

One of the most common problems with web sites relate to validity of on-site or off-ste links.
On-dite links should load pages or objects from the same site of course, but many sites, especially
search engines or directories have many, meny links to off-site pages, normally other sites.

3.2  Automated browsing

There are many tools that can perform automated browsing tasks. Automated browsing covers the
first three tasks, link checking, object loading and timing. Checking that pages work when users
turn graphics off or use of no-frames browsers must be done manually.

Link checkers read a starting page and identify all the linked objects on that page. These can be
any of the following:

= Linked pages (other pages to be navigated to by clicking on hyperlinks).

= Frame pages (where a page is partitioned into frames and each frame has its own HTML page
to create the image displayed in the browser window.

= Images used for graphical appearance or as buttons to navigate (e.g. GlIFs and JPEGS)

= Form handlers, where these are CGI scripts, Active Server Pages etc.

= ActiveX, Java applets and other objects that are downloaded and executed within the
Browser.

= Other content files, such asvideo (AVI, MPEG), and audio (WAV, AU, MIDI, MPEG) files.

= Other Internet protocols such as email links, FTP, Newsgroups links.

Typically the tools that do link checking perform two functions. Firgtly they identify dl of the
linked objects on a page and then attempt to download them. In doing so, the robots determine
whether the object exists and can be loaded, and the size and download time for the object.
Typical reports list objects linked, vaidity and size. Some tools provide download time for each
object-based on a selected network connection speeds. Nowadays, a typica modem connects at
33kbps. Thisis a reasonable assumption for most business-consumer applications. For business-
business applications, end users might be connected at much higher speeds using their corporate
LAN.

These tools work either as a portal-based services, where you request a Web robot or agent to
visit your site on the web and traverse all of the links and objects and then produce a report. A

typica report from the NetMechanic tool is displayed below:
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3.3

/7 MetMechanic: Results - Microsoft Intemet Explorer
J File Edit “iew Fawortes Toole Help |
S A R A Q @ B ‘ §
Back Farand Stop Fiefresh Haome  Full Screen Search  Favorites Histary
| Address |@ etmechanic. com/aps1 Anad_time ogi=271.1BN/51-31 357 kp=4twi=Sho=N ethechanickfv=tl=4tld=10 73thw=1 = | |
&l
|Load Time by Modem Speed |Server Connections
|Mndem Speed Download Time |Www.evnlutif.c0.uk
14.4k 19.46 seconds
28.8k 10.73 seconds
Shk 6.44 seconds
ISDNM (128k) 3.96 seconds
T1 (1.44 MB) 217 geconds
Page Objects
Size Object URL
|@ MG http:MAweane. evolutif. co.ukfimagesfuktopsites. gif
|1DBDB HTML http: Hfwanee. evolutif. co. uk/SEMain. html
|@ MG hitp: MAwane. evolutif. co.ukfimages/itmaward. gif o
|@ MG http: MAwwne. evolutif. co.uk/images/hwhbtnTw. gif
|HTML Problems
Line | Object Missing
11 TABLE "WIDTH
Recommendations Understanding Your Results
o The images marked in red are very Page load time depends on:
large. Click on their file size to reduce
them with GIFBot. ¢ The size of your HTML file and any frames it
+ Adding WIDTH attributes to your references.
TABLE tans will heln browsers display » The number and size of your imares. hd
@] Dore | 4 Intemet v

Figure 6 Report from load time checker

Some tools provide graphical output of the links for a site with the home page at the centre of
such graphics. These diagrams normally resemble a collection of connected spidery shapes. This

isless useful for large sites (although the diagrams can be pretty!)

The mgjority of Web page development tools e.g. Microsoft FrontPage offer link checking
facilities. In effect, it is sSsmply the object file size and connection speed that determine the

download speed so these tools can usually report broken links and dow download speeds.

What is an acceptable download speed?

Firstly, you need to consider who your users are. In general, object sizes are not critical for users
who connect using a2 Mbps or T1 line (1.544Mbps) direct to the net or to our local intranet. Y ou
must bear in mind that home-based and small office-based users may be accessing the Web
through 28k or 56k modems. Y ou remember accessing the web using your 9600bps modem,
don’t you? In those days, you probably turned graphics off entirely. Nowadays, the standard
modem speed is around 33k. thisis what you should use for assessing the speed of downloads.
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Until new technologies like ADSL are established, the size of pages will remain a big issue for
consumer USers.

The main concern with speed of page loading is page design, not the speed of our infrastructure
and the net itself. Normally, if page graphics are not the main content we are offering on aweb
site, the images used to illustrate our site and provide graphical buttons for navigation and
transactions are our main concern.

Normal recommendations for good (and fast) page design are:

= HTML IMG tags have WIDTH and HEIGHT attributes to define image size explicitly.
= The home page should be less than 30k in Sze total.

= All other pages less than 45k.

= Background and button/icon pictures should be less than 5k.

= If you must use an image for the page background, use the same image for all pages.

= Photos are JPEG format, computer generated images/schematics should be GIFs.

= All GIFs should be interlaced.

=  Images should not be duplicated — use the same images repeatedly to avoid reloads.

= Limit tabletext szeto 2k.
= Sizetables explicitly rather than use browser autoformat.

Transaction verification

The most common mechanism used to implement functionality on web sitesis the Common
Gateway interface or CGl. When an HTML form isfilled in and the form submitted using one of
the form buttons, the form handler referenced by the form definition isinvoked on the server. The
form itself sends the data captured on visible fields and the preset information defined on
invisible fields as parameters to the server-based form handler.

Server-based forms handlers are CGI programs. On Unix systems these are Perl scripts or
executable programs written in C++ perhaps. In the Windows environment, these programs can
be C++ programs, DLLs or Active Server Pages.

What happens is that the forms handler extracts the parameters supplied in the message sent by
the browser and uses this data to perform the server-based transaction. Typicaly, forms handlers
execute query or update transactions on a database and then generate a new page to be posted
back to the client browser.

Transaction verification aimsat ensuring that firstly, the correct forms handler isinvoked
and that the par ameter s passed to the forms handler are correct.

Part of the forms definition is the method by which the HTTP message is sent to the server. There
are two methods used: GET and POST.

HTTP GET

When a CGlI program isinvoked by an HTTP GET message, the parameters are appended to
the URL of the forms handler. For example, aform having two fields, reptype and sortorder,
that generates a report would generate a URL such as:

http://ww. nysite.conicgi -bin/doreport. pl ?reptype=ProdLi st &ort order =ByPrice
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In this case the program doreport.pl, in directory cgi-bin on the web server would run with
two parameters, reptypeis “ProdList” and the sortorder is“ByPrice’. The full URL above,
including the parameter valuesis displayed in the URL window of the browser.

HTTP POST

When a CGI program isinvoked by an HTTP POST message, the parameters are
incorporated into the body of the HTTP message (not in the URL, like GETS). The browser
does not display the form parameters appended to the URL in the URL window. The forms
handler obtains these values from either environment variables or the standard input to the
program. In this case, in order to verify that the parameters are passed correctly, the
programmer would need to incorporate a small amount of code to write out the parameters
passed to the forms handler program. This code would be commented out when any
anomdlies are fixed and the code isworking correctly.
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4 FUNCTIONAL TESTING

Functional testing has been treated as a staged, bottom-up approach. Components that execute
entirely within the browser are tested separately from the server-based components. Transaction
testing addresses the integration of the browser pages, web server and other server-based
components. Application System Testing addresses the traditional requirements for a complete

functional system test. Internationalisation checks cover the particular requirements relating to
address formats, multi-currency and tax arrangements.

4.1 Browser page testing
Browser page tests cover the objects that execute within the browser, but do not exercise the

server-based components. These are typically:
= JavaScript/VVBScript code within HTML pages that:

= Implement specid effects, such as changes to the appearance of buttons as the mouse
pointer rolls over the button.

= Implement field vaidation.
= Open new windows, contral the sizing and positioning of windows etc.
= (Usudly Java) applets that implement screen functionality or graphical output.

These features of the web pages should be tested in-situ using the browser. These features are
most easily tested against checklists of ‘ conventional’ requirements or the specific requirements
for particular pages.

NB: Some systems implement a large amount of functiondity in Java applets;, some entire
applications are implemented in applets. In these cases, test them like any other GUI application.

For advice on testing GUI applications, see reference 8.

4.2  CGIl component testing

CGI component testing covers the objects that execute on the server, but are initiated by
forms-based user interactions on the browser. These are typically:

= Businesslogic to do database enquiry or updates.
=  Product catalogue searches.

=  Order processing.

= Credit checking and payment processing.

= Security checking and validation.

Usually, the server-based forms handlers are written at the same time as the forms that invoke
them. However, we have found two problems with testing server-based code via the user
interface:

= Firdly, in some projects, the user interface is actualy the last thing to be written so server-
based components cannot be tested completely until very late in the project.

= Secondly, it is common for server-based components to be programmed to ded with avery
broad range of input parameters, invoking complex transactions that interface with legacy
systems. Large numbers of tests may be difficult to implement manually so an automated
alternative can be more effective and economic.
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We advocate the use of dummy web pages or test drivers to test server-based components. In this
way the manual effort can be leveraged dramatically. Consider Figure 7. On the left hand sideisa
window displaying a dummy page. Clicking on one of the links on the left hand window sends

the HTTP message to the web server and displays the resuts in the page on the right (actually, the
window nameis*_test”). When anew link is clicked, the window on the right displays the

results of the transaction initiated.
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Figure 7 Using a dummy page to test server-based code

The HTML source code for the dummy page on the left is presented in Figure 8 below. The
anchor tags (the <A> </A> pairs) implement HTTP GETs of the URL identified in the HREF
atribute. Note that the display of the full URL in the URL field of the browser window on the

right.

target="_test">Book Listings</a><p>

<a
target="_test">Events,
<a
target="_test">Evolutif Tester
<a
target="_test">Forum Newsl etters</a><p>
<a

<a
target="_test">Cui del i nes</a><p>
<a
target ="_test">On-Line-Traini ng</ a><p>
<a

target="_test">0rgani sati ons</a>

<a href="http://ntofclose/Evolutif/cgi-bin/tlistresources.asp?resType=BookLi st"

href="http://ntofclose/ Evolutif/cgi-bin/tlistresources. asp?resType=Event"”
Conf erences Etc.</a><p>

href="http://ntofclose/ Evol utif/cgi-bin/tlistbooks.asp?resType=BookSt ore"
Book Store</a><p>
href="http://ntofclose/ Evolutif/cgi-bin/tlistresources. asp?resType=Forunt

href="http://ntofclose/Evolutif/cgi-bin/tlistresources. asp?resType=FAQ"
target="_test">Frequently Asked Questions</a><p>

href="http://ntofclose/Evolutif/cgi-bin/tlistresources.asp?resType=Gui deline"

href="http://ntofclosel/ Evol utif/cgi-bin/tlistresources.asp?resType=OnLi neTrai ni ng"

href="http://ntofclose/ Evolutif/cgi-bin/tlistresources. asp?resType=0rgani sation"

Figure 8 HTML source code in the test driver
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If you look closdly at thefirst line of HTML above, this generates the underlined link labelled
“Book Ligtings’ in the left hand window. When you click on this link, the browser sends an
HTTP GET message, referencing the following URL:

http://ntofclosel/ Evolutif/cgi-bin/tlistresources.asp?resType=BookLi st

The resulting page generated by the ASP file is displayed in the window on the right. The interna
name for thiswindow is”_test” (seethe “target=" HTML).

It is easy to click on each link in turn and verify that the correct page listing appears in the
window on the right. Consider how you might generate this HTML from a simple database
containing just two columns. URL and parameter resType. We have used various techniques
including mail merge and writing Visual Basic routines within an Access database to generate
smple test drivers using this approach.

Alternative techniques involve generation of dummy forms— many, many forms can be displayed
seridly in the same web page. Each form contains the fields that would have been supplied using
the real web page in the application, but is generated by a database. With forms you can
implement both HTTP GETs and POSTS, and in this way, simulate both types of transactionsin
aredigtic, but smple way. There are some issues relating to the set up of cookies and potentialy
application and Session variables on the web server, but your devel opers should be able to create

simple server-based scripts to ensure these are correctly set up. Thisis amore advanced topic,
outside the scope of this paper.

Clearly, to implement such facilities you need some detailed knowledge of HTML and the way
forms, HTTP GETs and POSTs work. However, if you can get the help of your developers or
bring a developer into the test team, it should be a smple task to build some very effective test
drivers for your server-based code.

In our own projects, Evolutif have built Smple automated test drivers using Visual Basic and
Access databases. In these cases, we used the Visua Basic INET object to smulate HTTP
requests and retrieve web pages and execute server-based code. In this way, we have run
functional tests that execute 40,000 transactions in asingle test run.

Creating and running a manual test of 40,000 transactions is impractical. Creating and running
such large tests using proprietary test execution tools that drive the browsers would also pose a
significant challenge. Thereisaclear choicein this area:

Proprietary tools

Proprietary tools driving the user interface are expensive, easy to use, generate complex GUI
scripts and force the tester to navigate dow, complex application scenarios.

Home grown tools/test drivers
Home-grown tools driving server-based code via the API can be cheap, easy to use, generate
smple HTTP oriented scripts and diminate dow navigation through complex application
scenarios. They are less good at verifying actual results against expected resullts.

We strongly suggest that you investigate the use of test drivers for at least the higher volume test
transactions as it may save you alot of time. Further, by involving the developers, you may find
that the burden of functiondly testing server-based components may shift towards the devel opers
(agood thing!). System testers can perhaps re-use the developers' test drivers to explore more
complex and higher volume scenarios.
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4.3 Transaction Testing

Transaction testing aims to address the problem of integration of the complete end-to-end

functionality to ensure that the entire transaction is processed correctly, from the user action on
the browser interface through to back-end systems. Transaction testing is not the same as
Application System Testing. Rather it focuses very much on selected test cases that exercise
particular interfaces between components in the technical architecture and scenarios (in volumes)
that System tests might not address.

Typica tests here would ke selected transactions that invoke several components and interfaces
that must collaborate to deliver a piece of functionality. Transaction Testing maps to traditional
integration testing in the small, where a member of the programming team conducts tests to
ensure the products of more than one programmer integrate, before submitting integrated
components for system test.

A transaction that processes the payment for a book, bought online might involve the following:

= A button click on the user interface prompting validation of the fields on the screen.

= Digpatch of an HTTP message to the web server, with visible and hidden fields on the user
screen being transmitted.

= Invocation of a CGI program on the web server that sends requests to various objects such as.
= Credit checking object.
=  Order posting object.
= Database update object.
= Specia offers and order confirmation email generator object.
=  Thank-you web page generator object.

= Theresponse of the CGI program would be a“ confirmation’ page with options to place more
orders or log off.

The objects called by the CGI program may each have been tested in isolation. Often, they have
been tested as they were coded with stubbed out interfaces and simple driver programs or dummy
web pages to exercise them in artificia circumstances.

Transaction tests are designed to force the software to invoke the various components as a
complete set and to investigate whether the direct and indirect interfaces work correctly. These
test cases cover the following main concerns:

= Transfer of control between components.

= Transfer of data between components (in both directions)

= Consistency of use of data across components.

Typical test casesinvolve:

= Single shot transactions that pass zero, 1, many or avery large number of records.

= Reconciliation of pre-test database content, data entered through screens, system outputs and
post-test database content.

Overal, Transaction tests aim to cover the complete end-to-end functiondity within a system
including the browser web pages, web server-based objects, other server-based objects, back-end
databases and legacy systems.

© 2000 Paul Gerrard, Systeme Evolutif Page 16



Often, the interactions between components are complex or there is a significant amount of
custom-built code in the server-based objects or there is custom-built middleware involved. In
these circumstances, it is prudent to automate some of these transactions to ensure that these
interfaces and custom code can support repeated use for an extended period. Repeated
transactions driven by atest execution tool (or possible re-use of drivers mentioned above) can
expose obscure memory leaks or synchronisation problems.

44  Application System Testing

Application System Testing aims to cover complete testing of the application with business
oriented scenarios to ensure all features of the system meet their requirements. In this regard,
AST issmply System Testing for E-Business systems.

Each feature of the system isidentified in turn and test conditions selected to exercise the key
functiondity. Test scripts might be oriented towards running al of the tests for each feature
repeatedly and working one's way through all features, but some percentage (the higher the
better) of tests should follow business scenarios. There is very little more to say about thisthat is
unique to E-Business systems. However, there are two particular points that are worth
emphasising.

= Applications can be navigated using the browser using the navigation buttons (these are not
under the control of the application).

= TheWebis' stateless. Thereis no persistence between transactions unless developers
implement certain mechanisms.

Browsers alow the use of back, forward and refresh buttons. These buttons may cause server-
based transactions to be repeated, perhaps many times over. How do these affect the use of your
goplication? Is it sensible to rerun the same query twice? Possibly. Is it sensible to execute the
same payment transaction twice? Certainly not! How will the application deal with these
Stuationsif a user, unwisdly, chooses to do so0?

TheWebis'stateless'. That is, each HTTP message received by a Web server is unique and
unless certain mechanisms are adopted, applications cannot maintain the context of business
transactions. What this meansis that a web server cannot link a transaction to add productsto a
shopping cart to alater transaction that pays for the goods unless one of several mechanisms are

used. How are the developers designing their applications to maintain the context of business
transactions?

Cookies

Because there is no persistence between CA transactions, the CGl mechanism allows the use
of cookies. Cookies are small amounts of data that may be stored on the user’s hard drive by
the browser at the request of the Web site being accessed. When the user clicks a button and
sends anew HTTP request to the web server to process a transaction, the cookie datais
embedded in the HTTP message and the server can extract this cookie data for its own
purposes.

Typicaly, cookies contain personalisation data such as the user’ s name, the date of their last
visit and so on. Often, cookies contain a unique reference to identify aloggedin user session.
All transactions posted to the web server during the session are labelled with this session
identifier, so the server-based code can ‘remember’ who they are dedling with. Used sensibly,
cookies are harmless enough.

However, the programmer has total control over cookies and could put more sensitive data
such as passwords, credit card numbers and more personal information into them. Because of
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this, browsers offer users the opportunity to be warned of cookies being sent and also to reject
them. If auser rejects a cookie, will your application gtill work? Or will the transactions fall
apart because there is no way to string them together?

There aso some limitations on the use of cookies and these are prime candidates for test
cases. See reference 10 for athorough description of the CGI and cookie mechanisms.

Hidden fields
The most common dternatives to cookies are hidden fields. When a user completes an
HTML form displayed on aweb page, the content of visible fields that the user can enter are
appended to the HT TP message sent to the web server. However, thereisafacility in HTML
to include hidden fields within the form that have pre-set values. These values are also sent to
the server at the same time, in the same message. Programmers use this facility to include
context information, such as a transaction identifier in the forms that are returned to the
browser. Because the hidden fields are invisible, the user never notices that data items like
these accompany the data that they are entering. It is a simple mechanism, but very effective.
Thereisof course a security hole here — you can view the HTML source code in the browser,
and change it to suit yourself and potentidly affect the behaviour of the system under test.

It isessential that you discusswith your developer show they get round the statelessnature
of the web and how this might be subverted. Thiswill lead you to a set of teststhat could
expose faultsin the design of the application.

Cookie Testing
Cookies have an expiration date. That is, the programmer sets a date on which the cookie will
be automatically deleted from disk by the browser. Ask the developers how they are using
cookies and how they set expiration dates. If these dates could be exceeded, consider deleting
them in between tests, or setting client system clocks to force them to expire. What happens
in the application|?

Cookies have maximum size of 4k each, thereisalimit of 300 cookies on aclient and 20
cookies for asingle domain — are your devel opers exceeding these limits?

Loss of connection
The context of user transactions can be lost through other means. The first, most obvious one
isaloss of connection between the client machine and the web. Users with dial-up modems
are used to connections timing out or failing. How does you application cope with this? When
you lose the connection and/or close your browser completely, cookies having no expiration
date set will be lost. Can (should) the user retrace their steps in the application using the
history facility in the browser?

Other situations to consider
What happensif a new user of the same client PC uses your application on the same domain?
Wiill they pick up the cookies of the previous user? Will the new user’s cookies overwrite the
previous user’s cookies?

Ask your developersif or how they can accommodate the above scenarios. If they have a
means of recovery or avoidance of problems, you should test it. If not, you may have
exposed a problem in their design.
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4.5

Internationalisation

Isyour site intended to be used by, say, English speaking users only? If not, what steps are being
taken to make your site multilingual? In principle, locaisation testing is al about verifying that
al user messages, prompts and output is trandated correctly and that the functiondity delivered

to the end user isidentical.

In this case, there may be scope for automating a set of regression tests of the functionality ad
parameterising the scripts with aternate trandations of system input and output. However, if the

application has been devel oped to reuse tables of alternative messages, then it is probably easier
to manually inspect the language-specific text tables rather than regression test functionality that

does not change across languages.

In our experience, many sites adopt the rather heavy handed technique of hosting multiple copies
of trandated HTML pages on the same server, and you choose your own language-specific web
site. These need more testing and configuration management is probably a bigger headache.

Functional differences between localised web sites should consider at least the following:

= Locd varidionsin tax arrangements, e.g. Vaue-Added Tax, purchase tax etc. (in the US,
different states have different tax arrangements of course).

= Address formats: in the UK we have postcodes, in France there are departments, in the US
there are Zip codes.

= Foreign character sets can be a potentia problem. Y ou should recognise that in foreign
countries, users may select a different character set than English (British or US). Russian,
Greek, Japanese character sets are dramatically different, aren’t they? Will your vaidation or
database settings allow for this?

There are many, many potential pitfallsin international Web sites. You must discuss with
your developers and marketers how best to handle these problems.
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NON-FUNCTIONAL TESTING

Configuration Testing

Configuration testing aims to demonstrate that your Web application will operate correctly on
your nominated range of client hardware, operating system and browsers software combinations.
On an Internet, you have no control over the end users' platform, so to avoid problems later, it is
best to test a range of configurations to ensure that you can support at least the most common
combinations.

The problem of coursg, is that there are virtualy an unlimited numbers of configurations
available:

O/S Platforms DOS, Windows 3.1, 95, 98, NT 3.51, NT 4,
Macintosh, Unix.

Network connections Dial-up modems, direct Internet lines,
ADSL, Wireless.

Commercial services MSN, AOL, Freeserve and many others.

Browsers Internet Explorer, Netscape, and many

others, too many to mention...

The problem of test scope
= Which configurations will you support? (Not al will be worth considering).

= Which can you test economically?
= Which can you test automatically?
If you intend to perform configuration testing on more than a handful of platforms, the first task is

to analyseyour market. What kind of hardware and software are your users most likely to have?
One might reasonably expect your analysis to result in a smal subset of what is available:

=  MSIE and Netscape on Windows 98 and Windows 2000 might cover the mgjority of
business-to-business clients.

But... what about Unix and Macintosh users? Microsoft NT and windows 95 are likely to exist

for some years yet, aren't they?

If you are to look serioudy at configuration testing then you must also look a component
commonality. Is there any reason to doubt that one browser version will work differently on two

operating system versions? If thereis, what is the potential impact? Are you using any of the O/S
specific features?

There are two discussions to have:

= With the marketers: what are the most likely platform combinations to be used?
= With the developers: are there any platform specific features being used that make
configuration testing essentia?

In our experience, only the largest, most mission critical projects take configuration testing so
serioudy that they test more than a handful of configurations.

We haven’'t the time. Is there an Alternative?
We recommend that if you are concerned with only the two leading browsers, |E and Netscape
then you consider the following aternative:
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5.2

= |dentify browser compatibility problems using the static analysis tools that are now widely
available. To the degree that they identify HTML features that are non-standard and not
compatible to one or more browser versions they are probably more effective then dynamic
testing.

= Encourage your developers and testers to use a variety of browsers and versions. In thisway,
one would expect that in the day-to-day operation of the Web application, compatibility
problems would be detected during development or other testing.

If you are only concerned about the two leading browsers, anything that gets past these two
hurdlesit likely to be so obscure, that few users would every be affected and there’ s no guarantee
that you would have found the problem anyway.

Usability Testing

Usahility and usability testing have never been as important as now. Typical Web site users have
low boredom, frustration, inconvenience and insecurity thresholds. Home-based users may never
have been trained in the use of a computer, et alone browsers ard your web applications.
Regardless of sophigtication, if the your web application doesn’t alow the user to make enquiries

and place orders easily, quickly and reliably, the site will fail. If the user cannot easily understand
from your web site how to proceed, the user will leave your site and go €l sewhere.

Think about this. In terms of difficulties for users, usahility is probably the first problem that they
experience, usability is probably a more important requirement than your site’ s functionality.

So the pressure to make the user experience as easy and fast as possible is considerable.

The problem with usability is the perceived difficulty in expressing requirements. However
objective requirements can be defined:
= Messagesto users will be in plain English.
=  Commands, prompts, messages will have consi stent meanings.
= Explanations are meaningful and relevant.
=  The user must dways knows what state the systemiisin.
= Noticeable and informative feedback.
= The system will help (not hinder) the user:
= don't need to confirm limited choice entries
= system must provide defaults when applicable
= must not prompt for data it does not need

=  must only display informational messages as requested by the user.
These requirements can be positively identified and measured.

Web conventions matter

Web page authoring guiddines provide checklists for Web conventions. These guidelines are
generally accepted good practices. In principle, al web sites should consider committing to
following them to ensure their web sites are accessible to al users. The best thing about such
guiddlinesis that they can be used as objective requirements. When you test, failure to adhere to
these guidelines can be raised as incidents.
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Jakob Nielsen' s book (reference 12) is a thorough treatment of good and bad practices in web
design with lots of examples of both. (As a matter of interest, Vincent Flanders
www.websitesthatsuck.com page is both entertaining and educational.)

Heuristic evaluation

Heurigtic evaluation is a sophisticated sounding name for a very straightforward technique.
Reference 18 gives a very clear description of this popular approach. The processis very
similar to a peer review:

=  Sdect your evauators to conduct private assessment.
= Compare the user interface to good practices (the heuristics).
= Raise observations of poor usahility, frustrations etc.

= Evauators may be asked to follow scripted scenarios e.g. make an enquiry, place an
order etc.

= Convene ameeting to review the issues raised and discuss possible improvements. These
meetings follow a ‘focus group’ approach. They are semi-structured discussions that are
documented.
A thorough treatment of usability design and assessment approaches can be found in reference
20.

5.3  Performance Testing
Performance and associated issues such as resilience and reliability appear to dominate many
peopl€' s thinking when it comes to non-functional testing. Certainly, everyone has used web sites

that were slow to respond, and there have been many reports of sites that failed because large
numbers of people visited sites simultaneoudly. In these cases, failures occur because applications

are undersized, badly designed, unoptimised and inadequately tested.

In some respects, performance testing is very easy. All that is required isto simulate a number of
users doing typical transactions and there are many tools available to do this. Simultaneoudly,
some test transactions are used to measure response times, as a user would experience them.
There are alarge number of tools available to execute test transactions and take measurements. In
practice, with a dow dite, you can do this task manualy, using with a stopwatch to take response
times.

What's al the fuss about — it sounds smple.

In this section, I'm not going to provide a detailed description of how performance tests are
planned, constructed, executed and analysed. | refer you to reference 7, which provides a broad

description of client/server performance testing. In this section, I'll discuss some key points and
some issues that distinguish Web performance testing from ‘traditional’ client/server.

Scope and Objectives
In principle, performance testing aims to demonstrate that:

» The system functions to pecification with

= acceptable response times while

= processing the required transaction volumes on
= aproduction sized database.
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Performance testing can be very expensive so we normally advocate setting other objectives to be
achieved using an automated test framework and we normally include the following aspects, in
defining test objectives:

=  To assess system’s capacity for growth — to determine by what margin the performance of a
system meets requirements and speculate by how much loads can increase before response

times become unacceptable.

= Stressteststo identify weak points— to subject the system to excessive or extreme loads to
find the weakest components, so they can be tuned, upgraded and the system made more
resilient.

= Soak, concurrency tests over extended periods to find obscure bugs — to exercise the system
over 24 or 48 hour period to ensure that the system can be operated successfully for an
extended period.

= Test bed to tune architectural components — we can reuse tests to progressively measure the
effects of tuning or upgrade activities on system performance to ensure we have afully
optimised system.

Pre-requisites for performance testing

We normally specify the following prerequisites before performance tests can be executed and

the results produced deemed to be reliable. These are al explained in the paper referenced above,
but there are particular difficulties in E-Business environments.

=  Quantitative, relevant, measurable, redistic, achievable requirements.

= Stable software system.

= Actua or comparable production hardware.

= Controlled test environment.

= Tools(test data, test running, monitoring, analysis and reporting).
= Process.

Load requirements may be suspect

Thefirst problem is that of workload requirements. With an interna system, thereis usudly a
known, upper limit to the load it will experience. Intranets normally have a finite (and known)
user base so it should be possible to predict aworkload to simulate. With Internets, however,
there is no reasonable limit to how many users could browse and load your website. The
calculations are primarily based on the success of marketing campaigns, word of mouth
recommendations and in many cases, luck.

In these circumstances, it is perhaps better to think of performance testing, less as atest with a
defined target load, but as a measurement exercise to see how far the system can be loaded before
selected response times become unacceptable.

In our experience of dealing with both established firms and dotcoms, the predicted growth of
business processed on their web sites is grosdy overestimated. For the purpose of acquiring
venture capital and attention in the market, thisisthe game that is played. For performance
testing, it can dramatically increase the cost of testing. Ambitious targets for on-line business
volumes require expensive test software licenses, more test hardware, more network
infrastructure and more time to plan, prepare and execute.
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Decreased timescales may be a problem

The second obvious problem with E-Business performance testing is the time alowed to plan,
prepare, execute and analyse performance tests. How long a period exists between system testing
eiminating al but the trivid faults and ddlivery into production? We narmally budget 6-8 weeks

to prepare atest on a medium to high complexity environment. How much time will you have?

In E-Business projects, however, there can be some simplifying factors that make it easier to test
Web gpplications:

= Firgly, web applicatiors are rdatively smple from the point of view of thin clients sending
messaged to servers — the scripts required to simulate user activity can be very smple so
reasonably redlistic tests can be constructed quickly.

= Becausethe HTTP calls to server-based abjects and web pages are simple, they are much less
affected by functional changes that correct faults during development and system testing.
Consequently, work on creation of performance test scripts can often be started earlier than
traditiond client/server applications.

Tests using drivers only (and not browsers) may be adequate

Normally, we subject the system under test to load using drivers that simulate real users by
sending messages across the network to servers, just like normd clients would. In the internet
environment, the time taken by a browser to render aweb page and present it to an end user may
be asmall time compared with the time taken for a system to receive the HT TP message, perform
atransaction and dispatch a response to a client machine. It may be a reasonable compromise to
ignore the time taken by browsers to render web pages and present them and just use the response
times measured by the performance test drivers to reflect what a user would experience.

Scripting performance test tool driversis relatively smple. Scripting GUI oriented transactions to
drive the browser interface can be much more complicated and the synchronisation between test
tool and browser it not aways rdidble.

If you do decideto ignorethetimetaken by browser sthemselves, be sureto discussthis
with your users, technical architect and developersto ensure they understand the

compromisebeing made. | f they deem thisapproach unacceptable, advisethem of thedelay
that additional GUI scripting might introduce in the project.

Which performance test architecture?

There are three options for conducting performance testing. All require automated test tools. The
pros and cons of each are summarised in Table 2 Three Performance Test architectures
Compared To implement aredistic performance test you need the following:

= Loadgenerationtodl.

= Load generation tool host machine(s).

= High capacity network connection for remote users.

= Test environment with fully configured system, production data volumes, security
infrastructure implemented with production scale Internet connection.
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Table 2 Three Performance Test architectures Compared

Consideration

Do It yourself

Outsourced

Performance Test Portal

Test tool license

= You acquire the licenses for
performance test tools

Included in the price

=  You rent a timeslot on their
portal service

Test tool host

= You provide

Included in the price

= Included in the price

Internet connections

= You must organise

Theirs included. You liaise with
your own ISP

= Theirs included. You liaise with
your own ISP

= Potentially very expensive

Lower tool/infrastructure costs,
but you pay for the services

Simplicit . . : . .
P y = Complicated, you do =  Simplest solution —the =  Simple infrastructure/tools
everything. services provider do it all. solution, but you are
responsible for
building/running the test
Cost

=  |Low tool/infrastructure costs

Pros and cons

= Could be very expensive. You
acquire tools that may rarely
be used in the future

= You need to organise, through
perhaps two ISPs, large
network connections (not an

issue for intranets)

= You are in control.

= Complicated — you do
everything.

Potentially cheaper, if you
would have hired consultants
anyway

Simpler, you need one
arrangement with your own
ISP only.

You can specify the tests, the
services company

build/execute them, you
manage the supplier.

Simplest solution.

= Cheapest tool/infrastructure
costs, but you still need to
buy/acquire skills.

=  Simplest infrastructure
solution, but you must
manage/perform the tests.

=  You are in control.

=  For majority of sites, a simple
solution.
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54  Availability Testing
What is availability? Essentially, availability is measured in terms of uptime — the proportion of
time that a Web-based service is available for use divided by the total time in the measurement
period. In mainframe installations, uptime might be as high as 99.99% over a period of one year.
That sounds incredibly high, doesn't it? 99.99% availability amounts to around 9 hours down

time in the year, where a system runs 24 hours per day, 365 days per year. Assuming al systems
have do be down for short periods to perform maintenance activities, thisis realy quite
remarkable.

What might you expect of an E-commerce site? Y ou would wish the shop to be open 24 hours per
day, 365 days per year, wouldn't you? The objective of all Web sitesisto be continuoudy

available. Availability testing aims to evaluate a Site' s ability to stay up for along time. Does that
mean tests should span extremely long timescales? Not necessarily.

Where sites are required to be continuoudly available, they tend to be designs with reliable
systems components, but also built-in recovery features that operate when failures occur.

These features introduce diverse routing for networks, multiple servers configured as clusters,
middleware and distributed object technology that handles load balancing and rerouting of traffic
in failure scenarios. Diversity and redundancy are aso often the mechanisms used to alow
backups, software and hardware upgrades and other maintenance activities to be performed.

Unfortunately, these configuration options are rarely well tested. Rather, they are trusted to work
adequately and it is only when disaster strikes that their behaviour is understood.

Avallability testing normdly involves.

= |dentification of the components that could fail and cause aloss of service.

= Ananayss of the failure modes or scenarios that could occur where you need confidence
that the recovery measure will work.

= Anautomated test that can be used to load the system and explore the behaviour of the
system over an extended period.

= The same automated test that can be used to load the system under test and monitor the
behaviour of the system under failure conditions.

Reliability (or soak) testing

These are automated tests run over an extended period, perhaps 24 or 48 hours to find (usually)
obscure problems. Performance testing will flush out dl of the obvious faults. The automated test
does not necessarily have to be ramped up to extreme loads. (Y our stress testing covers that). But

you are particularly interested in the system’s ability to withstand continuous running of as wide a
variety of test transactions to find if there are any obscure memory leaks, locking or race
conditions. As for performance testing, monitoring the resources being used by the system helps
to identify problems that might take along time to cause an actua failure. Typical symptoms are
resources being used up over time and not being replaced and response times getting
progressively worse over the duration of the test. Y ou might not actually experience afailure, but
given time in production, you might be able to predict what will happen.

Failover testing

Failover testing aims to explore the behaviour of the system under selected failure scenarios. In
higher integrity environments, a safety analyst might conduct a Fault Tree Analysis (FTA) to
identify the dependencies of a service on its underlying components. Fault tree diagrams are
sometimes extremely complex with many Boolean symbols representing the dependencies on
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5.5

sub-systems or their components and services on their subsystems. These diagrams are used to
identify the unusual, but possible combinations of component failures that the system must
withstand.

Whether you use a sophigticated technique like FTA or you are able to identify the main modes of
failure easily, testing follows a fairly standard process. With the automated test running, a range
of failure modes are explored. It is a bottom-up approach.

= Early testsfocus on individual component failures (e.g. you offline adisk, power down a
server, break a network connection etc.)

= Later tests simulate more complex (and unlikely) failure scenarios (e.g. losing the power to a
whole building)

Y ou need to execute these tests with an automated load running to explore system behaviour in
production situations and gain confidence in the designed-in recovery measures. In particular, you
want to know:

= How does the architecture behave in failure situations?

= Do load-bdancing facilitieswork correctly?

= Do failover capabilities absorb the load when a component fails?

= Doesautomatic recovery operate (i.e. do restarted systems ‘ catch up’ ?)

Security Testing

When most people think of security, they have a vision of long haired college drop-outs working
into the small hours at a furious pace trying to crack a remote system. Although this image works
well for the movies, it isn't helpful to our understanding the security threats that face E-business
systems. Security hackers often work in teams, they are very highly automated, often they adopt a
scattergun approach in acquiring targets, and they are more sophisticated than the movies usually
represent them.

The intruder’s attack methodology

Attackers (as opposed to Ethical Hackers, who are usually consultants) have an attack
methodology. They do not attack randomly and they are extremely careful to protect
themsalves. Although it's amusing to think of them as doppy burglars, tripping up and
leaving lots of clues, thisis not typical. The brief description below give an insight to their
approach.

Target acquisition and In this phase the attacker scans the many open

information gathering sources of information, large networks and individual
computers. The equivalent of ‘rattling the windows and
doors’ to find a vulnerable network or computer.

Initial access In this phase, the attacker gains entry. Not the back
door, not the front door, but through a pin sized crack.

Privilege escalation They are in. Now how do they get root or administrator
privilege?

Covering tracks and planting Altered versions of UNIX login script, netstat, ps

backdoors utilities let them return without leaving a trace. Network

‘sniffers’ let them see and attack all interfacing
systems. Log cleaners remove all trace of their activity.
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5.6  Well documented holes have counter-measures, but are YOU up to date?

All of the mgjor products on the market, including browsers, client and server operating system

software, networking software, web server and development products have security
vulnerabilities.

If you careto read abook (e.g. reference 13) or scan the web sites dedicated to publicizing
security vulnerabilities, you will be staggered to learn just how many there actually are. The
nature of these vulnerabilities and the toals (freely available) that exist to exploit them should
make any system administrator very concerned. Of course, al of the published vulnerabilities
have countermeasures or patches provided by the software suppliers, but it is the system
adminigtrators' responsibility to stay up to date and apply the patches.

Web sites such as www.cert.org (reference 23), and www.ntbugtrag.com (reference 24) exist to
publicise the known vulnerahilities, risks and the availability of patches and configuration advice
inal products or for asingle product (e.g. Windows NT).

Security testing is normaly performed in two digtinct ways: security audit and ethical hacking.

Security audit
Audits are normally done in two ways.

Manual security audits aim to ensure that all of the products installed on a site are secure
when checked against the known vulnerabilities for those products. Essentidly, this entails
checking that al the security patches have been installed correctly and vulnerabilities that can
be countered by configuration settings have been implemented.

Automated security scans performed by free and proprietary tools that perform ping sweeps,
port scans, operating system detection. Some (free) tools do all three a once. Using these
toals, it is possible to identify what services are running on potential targets and then, to focus
attention on the most exposed systems. Based on the scan results, specific countermeasures
for each vulnerability can be applied.

Ethical Hacking

Using the attacker methodol ogy, ethical hackers proceed to attempt penetration attacks. Using
the initial scan results, hackers proceed to enumerate resources, accounts, user groups and
services running on the target machines using free (or their own) tools. Simple as it sounds,
the next task is to obtain the administrator or root password. This is done manualy, using an
automeated tool or by listening in on login exchanges on the network. In some environments
(mainly Unix), using obscure buffer overflow techniques, it is possible to log on to remote
systems as root and gain access directly. Once in, the hacker can do whatever they wish on
the target system.

The dternative to attacking servers through vulnerabilities in the network infrastructure isto
atack applications directly. Web applications rely on the web server dispatching HTML
source code to client browsers and the source code is visible. It isasimple task to change this
HTML code in atext editor, open it with the browser, and execute the transaction on the
target system with changed parameters. If you see an HTML form with a hidden field called
price with avalue of $1999 — it couldn’t be easier to edit thisHTML and change price to
$1.99 and then post the form to the application server. Do you think you could buy a
widescreen TV online for two dollars? Y ou might, and it might be worth atry.

Cookies are another favourite route to sensitive data. If the password for a serviceis
generated by the system under attack and stored in a cookie, try and register several new
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accounts. Then examine the cookie data and see if there’ s a pattern. If thereis and you crack
the password agorithm, you can generate all the passwords on the system — past and future,
perhaps. All you need now is someone else's username and you can automate as many login
attempts as you like. Then you use their account to buy awidescreen TV!

Security auditing and ethical hacking require in-depth technical knowledge of the systems under
attack, the tools available to assist and the imagination and persistence to crack into systems. It is
ahighly specialised skill and athough a good system administrator or system programmer
probably has the technical know-how, you really need to hire specialists to undertake this kind of
testing.
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6 LARGE SCALE INTEGRATION
In section 4.3, Transaction Testing, | described the test activity associated with integration of
browser pages, Web server-based objects, other server-based objects and back end legacy
systems. In the context of E-businesstesting, Large Scale Integration (LSl) testing coversthe
legacy system and external system integration not aready covered.

Why do we need LS testing?

= |t may not have been technically possible to perform legacy or externa systems integration
earlier in the project OR

= |t may have been technically risky to perform LSl (there are no test systems, only production
systems to test on).

An example where LS| was essential

An internet banking application had ten major interfaces to new and legacy systems. The
development of the new system itself was outsourced. The supplier, working with a customer
test team were responsible for al testing up to and including system test but no testing
subsequently. Integration and System testing were performed on the supplier site with al the
interfaces to external systems stubbed out. LS| testing was performed by the customer in their
own test environment where interfaces to the bank’ s test legacy environment and other newly
developed support systems could be instaled. LS| required it's own separate stage because of
commercial, technical and logistic constraints.

Integration knowledge

Integration testing, in principle, is a‘white box’ test activity. That is, the tester needs to know
something about the physical interfaces between systems. Only by knowing something about the
internals, can the tester design tests that will exercise these interfaces adequately.

The tester needs to know:

= Thedetails of the internals of the interface.

=  The nature of the system-system diaogs.

= How to exercise the interface from the application user interface.
= How to create test data to exercise the interface.

= How to find evidence that the interface works.

One of the problems of LSl testing isthat it can be difficult to find details of interfaces. It's not
just the interface details that cause problems. It may be that there is no documentation available at
al for the legacy systems. In our experience, the LS| test team often has to write the document
describing a system’s interfaces as well as the test plan to ensure they work.

WEe |l assume interface documentation exists. Typicaly, to define the integration test plan the
tester follows the same general process:

= For each interface, identify the dialogs between systems and which business or system event
triggers them to work.
= Derivetest casesfor success and failure to negotiate each step in the didog.

= Derivetest cases from the interface data vaidation/use descriptions to ensure valid datais
transmitted, invalid datais regjected and that the storage and use of datain each interfacing
system reconciles.

= Define your test environment/infrastructure needs early so you get them in good time.
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6.1

Conducting integration tests

Integration tests tend to be elther very ample and easily automated or complicated and have to be
manually executed. In general, early tests focus on the correctness of the interface calls. Later
tests (usually automated) focus on memory leaks, loss of synchronization between systems and
failure and recovery of client, server or network.

End-to-End Functionality

How does end to end testing differ from Large Scale Integration testing? Broadly, End-to-End
tests are usually associated with user acceptance. Assuming that the technical testers have proven
the interfaces between the new system and other systems work, the imperative for a business
wishing to deploy the new system is to ensure the system supports the intended business activity.
For example, if a system supports on-line purchase and delivery of books.

= Can the user search for abook, add it to a shopping basket and place an order?

= Canthe customer credit card be validated, payment authorised and processed successfully?

= Doesthelegacy order processing system receive the online order accurately?

= |sthe book in stock, located in the warehouse, packed, labelled and dispatched correctly?

= Are“order confirmation”, “progress notification” and “thank-you for ordering” emails sent at
the right time and reaching the customer reliably?

= Andsoon...

Ultimately, the sponsors of the system want to know whether the new system meets the cardinal
business objectives of the project. To demondtrate this, testers must trace paths through the
business process and develop scenarios that will exercise the system and provide evidence that
the system supports the business process.

Compared with system testing, it may take areatively small number of test casesto give
confidence that the system works correctly. The difficulty in staging such tests at al, is they

require the entire technical architecture.
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7 POST-DEPLOYMENT MONITORING

Imagine that you were investigating an E-commerce web site and thinking about using it for the
first time and it failed. Would you report a problem to the company running the site? It's not
likely that you would. Once again, the general attitude to web sitesisjust like retail stores. If a
storeis closed, service is dow or difficult to use, you just walk on by and visit the next storein
the street. It’'s the same with Web sites. Search engines and portals offer you a multitude of
websites matching your search criteriaso it is easy to click on a different link. With some E-
Business, for example electronic banking, thisisless likely. After al, the bank has Y OUR money
and you want it, so you would complain pretty quickly.

Unlike usersof our internal systems, we cannot rely on users of our web siteto report

problems.

With this background, it is sensible to monitor your site in production. Is this testing? It’ s not the
traditiond role of testers to test a site in production, but monitoring alive site involves exactly the

same activity as testing a development site.

There are four main areas where post-deployment monitoring is appropriate:

Availability

Link checking

Object load times

Security

is our site available - NOW?

You might check this every 15 minutes,
every single day.

Does your site rely on many links to
external sites?

Have target sites and resources been
moved?

You might check this once per day.

Are our pages (and images) getting bigger
over time?

Is the database becoming huge?

Are key transactions getting slower?

You might check this once a week.

Are our security policies still sound?

Are we vulnerable to a new form of attack?

Most likely to be done by internal or
external consultants using scanning tools.

You might check this every time a new
vulnerability is announced.
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The report below was produced for the Evolutif web site by the NetMechanic tool. Thisis typica
of the reports that these test tools produce.

Report For: www.evolutif.co.uk

Date: Thu 28 Sep

Time: 6:00 - 13:00 USA Eastern Time
Server Type: Microsoft-11S/4.0

Overall Rating: Fair

Performance Summary
Event Your Server's | NetMechanic [
Average Average
Host Ping * 277.26 millisec th
Connect Time 0.09 sec 1.11sec 62th
Download Time (10k file) 0.50 sec 1.10 sec 37th
Timeouts 0 -
Host Fing: Indicates the network speed between your server and ours.
DNS Look Up: Indicates the time required to look up your server's address
in the DNS database.
Connect Time: The time required to open a network connection to your
server.
Download Time (10k The time which would be required to download a 10k file
file): from your server.
Number of Timeouts: The number of times your server failed to respond within 30

seconds.

Warning areas are highlighted in dark yellow; problem areas are highlighted in red.
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What can be checked?
= Test ditescan ‘Ping’ your site to see if the server hardware is responding.
=  HTTPrequests can tell whether the Web service is running.

= HTTP GETs of selected web pages can tell whether pages are downloadable and the
speed can be monitored over time.

= Cdlsto CGI programs can execute selected test transactions to ensure that connectionsto
back end systems are also operating properly.

= Link checkers scan dl pages for links, follow them until they result in off site pages, they
are checked and the test stops.

Security scanners can evaluate exposure to product vulnerabilities.

There are three options for post-deployment monitoring of web sites:

Do it yourself

In principle, you could reuse the automated tests that you prepared during the devel opment
phase and execute these on a remote machine on a different site to where your systems
operate. Y ou would also want to base this test machine on a site connected through a different
ISP to ensure ISP problems don’t affect the test machine as well.

Remote monitoring services

There are now many companies offering continuous site monitoring. These are often the
same companies that have remote HTML validation and speed-checking portals. In these
cases, prices can be alow as afew dollars per month to monitor a site or specific pages. The
companies may have remote agents-based in many places to provide comparative timings.
The more sophigticated services are more expensive, of course. Most offering include regular
(e.g. 15 minute) checks and adertsin the form of email, fax and pager messages. Weekly and
monthly trend reports may also be offered as part of the service.

Consultants
Consultants are most often used for security audits. The general recommendation is that you
should do a security audit every three months, athough it might be most wise to do spot
checks when every new vulnerability (on products you use) is publicised to ensure you are
not exposed. Be aware, the hackers monitor the same security alert email lists as you do.
When anew dert is published, they have awindow of opportunity to exploit it before the
patch isinstaled in all exposed sites.
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