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Any Data, Any Time, Anywhere - Delphi 4

Today, asbusiness needs dictate shorter development cycles,
inc reas ing demands are placed on developers, IT professionals
and the tools they use. Delphi 4has a new developer UI
designed to make development quick and e a s y whilst
dramatically increasing productivity.

Delphi 4 Client/Server Suite now includes full MTS support ,
high performance object relational database support for Oracle8
and Inprise’s CORBA VisiBroker™ ORB i n t e g r a t i o n

Whether you're acorporate developer, consultant or j u s t

s tar t ing o u t asa programmer, there is a v e r s i o n of Delphi 4 that
is perfect for y o u r kind of Windows development
"ind o u t today how to i n c r e a s e your application productivity.

> Enquiry No. Au1

9 INPRISE
Integra t ingthe Enterprise

BORLAND

DELPHI” 4.

PRODUCTIVITY.

COMPLETE A N D RETURN THE COUPON OR TELEPHONE
0 8 0 0 4540605 TO DISCOVER H O W DELPHI 4 DELIVERS

ON THE PROMISE OF PRODUCTIVITY

Please r e t u r n this completed coupon t
FREEPOST RG1571, Twyford, Reac

Name:

Address:

Postcode:

Telephone:

Facsimile:

Email:



T H E F R O N T E N D

SoapFlakes 5
Year 2 0 0 0‐ a fistful of dollars isn't
always enough. Dangerous laws.

News 7
Symbian for wireless devices,
Visaj 2.0, and a suite of Internet
tools. The Oracle Enterprise
Developer Suite, ActiveX Tree
Miner, Sybase licenses jBridge,
and this month's books.

Mayhem 14
It's amazing what you can find on
the Internet these days.

Letters 16
The end is nigh. Credit where it’s
due. Old compilers still active.

H o w to build Mozilla 37

T H E  C O D E

Delphi 4
the next generation 18
Code Explorer, Class Completion,
new language extensions, anda
raft of additional features - Dave
Jewell reviews the latest Delphi
offering.

Test ing in b lack
and white:
advanced techniques 29
Mark Harman continues his look at
software testing by describing
three more techniques that focus
on semantics, rather than syntax, to
weedout those ‘hard to find’ bugs.

Making Mozilla 37
Want to play your part in the
building of acommunity browser?
While waiting to compile the

Mozilla source for
Windows and Unix,

Peter Collinson
checked out the

latest developments.

Focus on semantics, not syntax,
to spot the bugs 29

V O L U M E 1 3 I S S U E 3 C O N T E N T S

C& C++ 45
In computing, location is a
fundamental property of a true
object, but not of a value. In this
light, Francis Glassborow
considers why containers will
s t r u g g l et o hold objects.

Delphi 49
Mark Smith shows how, with the
help of a design pattern to
centralise the creation of objects,
programming work can be
significantly simplified.

Java 53
Tom Guinther continues his
examination of the fundamentals
of the Java language and how
best to apply them to a complex
and demanding project.

Visual Basic 57
As well asEvents, Visual Basic 5
introduced the AddressOf
operator to provide support for
procedure callbacks. Jon Perkins
considers the important
differences in the way the two
mechanisms work.

The name's Marlowe,
database guy 66

T H E B A C K E N D

Ctrl-Break 65
Ctrl-Break's freebie of the month
is a digital marvel from Intel.
Verity Stob - the name's Marlowe.
Database guy.

S E R V I C E S

Directory 60
Recruitment 61

What's born on the Internet? 14

Editor: David Mery Features Editor: Neil Hewitt Technical Sub-Editor: Alun Williams Contr ibut ing Editor: Will Watts Production Manager: Kate Adams
Advert isement Manager: Mark Parker Classified Sales Executive: Sarah Horsley Office Administrator: Catherine Calvert Group Art Director: Colin McHenry
Publisher: James Bennett Publishing Director: Roger Beckett
EXE:The Software Developers’ Magazine is independent and not affiliated to any vendor of hardware, software or s e r v i c e s . It is published by: Centaur Communications Ltd, St Giles House, 50Poland Street, London
WIV 4AX. EXE Advertising/Editorial/Production Telephone: 0171 970 4000 Fax: 0171 970 4895 Advert is ing email markp@dotexe.demon.co.uk S u b s c r i p t i o n sTel: 0171 292 3706 Fax: 0171 970 4099
email:execirc@centaur.co.uk. EXE is available bysubscription at £35 per annum (12 issues) in the UK: see subs card within this issue. The magazine is published around the 1st ofthe m o n t h .Tosubscribe orif you h a v easub‑
scription query, please call 0171 292 3706 or write to The Subscriptions Manager, EXE, (address above). We can i n v o i c e your company if an official company order is provided. Back issues are available at £3.50 each
‘A Subscription implies that this journal will besent to the subscriber untilone ofthe three expires' (AG Macdonell.) Editorial.Address all editorial enquiries and comments to The Editor, EXE,
(address above) oremail to editorial@dotexe.demon.co.uk. Wewelcome letters, opinions, s u g g e s t i o n sand articles from readers. These may beedited. Informationcontained in EXE isbelieved E xX E
to becorrect. If errors are found, wewill endeavourto publish a clarification in the next issue. Copyright Material published in EXE is c o p y r i g h t© Centaur Communications Ltd. Articles (or
parts of articles) may not becopied, distributed or republished without written p e r m i s s i o n from the publishers. All trademarks are acknowledged as the property of their respective owners. O N L | N E
Repro &Typeset t ing: Atelier Dataset Ltd Printer: Stlves (Roche) Ltd. Front Cover P ic ture : David Leith ISSN:0268-6872 http://www.exe.co.uk

E X E a u g u s t 1 9 9 8 3



News & Views
Bar Code MATTER De i p t l4d-Barcode-32 Developers Kit £136 Crystal Reports Standard 6.0 £93 Would You Like One Tool That Can

Bar Code Pro £136 Crystal Reports Pro 6.0 £221

Charts &Graphs Report FXWin32 £218
Chart FXEnterprise3.0 £263 Spell Checkers
pee Impression5.0 £138 Sentry Spell-Checker Engine £226

Server 5.0 £210 VisualSpeller 2.1 £103
Ug ub sdSunes Gaps SE Sundry Components
Olectra Chart ActiveX VoiceTools £245Comms App-Link RADXWorkstation a
Greenleaf Commlib 5.2 (OLL) £235 ‐(mput Pro.ModernGuardX £414Sax CommObjects Pro £296 S (OOX £188

DataGrids & Spreadsheets Solutions::PIMPro a
DataTableOCX £132 Solutions::Schedule 150eee pe vont iepst aeaaae nite (01364)654100 DoYou Need toCreateW i n d o w s98and
UltimateGrid97 for ActiveX £202 ALLText HT/ProOCX £325 FAX: (01364) 654200 WindowsNT5 HelpSystems?

Database HighEdit Pro £281 er.c0.uk RoboHELP6.0 Classic tumsMicrosoft
Classic Data Control for Btrieve Std £175 SourceView ActiveX £226 nai eyMatter.co.uk bape’ gereperng
CodeBase6.3 £295 naling create
VBtrv Toolbox Controls 4.1 £209 Windows 3.1,Windows 95 and Windows

Graphics
Fastgraphfor Windows £226
InterAct 2.0 £843 3D++ Class Library £290 WinPT for C/C++ 3.0

= Gut GraphiC/NT 7.0 £360 Tools
AceToolbar £75 Real-TimeGraphics Tools £315 IsChecker C++Builder

p e r a pee UtimeteChert Pro £568 BovrcechecteVindGre 50 fb8Light Lib Magic Menus Std £60 c C ° £495

radCompaenLibrary eS COMM-DRV/UB 16.1 £132 CC-Rider 6.0 (Win32) £293
XRosyGUI £233 Fax C++ SDK for Win16/95 £905 actin!Soup TooeaPro a 2°

Images Compression UltimateWizard Factory £162
ImageGear98StdActiveX 6.0 £483 Compression Plus5.0 £174
ImageManActiveX Suite 5.0 £343 Crusher!Win32 £225

INOCX32 £278 Greenleaf ArchiveLib 3.0 £210
LEADTOOLSActivex16/32 Pro £375 PkKWare DataComp LibWin32 £225
Light Lip Docs&images Std £188 Database 3dGraphics Tools 5.5 (32bt) £138
VectorFX £244 DISAM96 for Win95 £715 povcdlec £ae
Victor ImageProc for Win32 £390 HyperView++ Std 97 £667 ActiveX Gal rotsProtoGen+ Client/Server £1278 imautry

ietornet ReportWriter Visual Coder £75 Applet Designer Enterprise 1.7 £360DistinctVisual internet Toolkit-32 £345
dsSocket OCX 1.7 £70 Gui
SocketTools £186 UltimateToolbox £372
UltimateTCP/IP Pro £406 Zine 4.2 for Win32 £658

Multi-Function Images - Bitmap Communications Library 3.5 £139 programstofast, tight Win32 console
ActiveX Component Suite 249 AdOculosWin32 £333 siaeleeet 40 £206 | | eppications if 90enn)toe,yout ind
Saeee rab ange S o eNT S508 Developer's Suite NetWare5.0 £343 how else can you create aCGI executable‘System Level FailSafe Pro £372 for your web server as small as 10K!

Driver::Works (Win98&WinNT) £592 Fax Plus2.0 £174
VToolsD (Win95 &Win16) £443 Helping Hand 3.0 £104
WinDK 2.5 £505 List Pro £148

JBuilder Standard £84 L i s t& L a b e l sfor V B5.0 £227

aa Coveuer cent PROGRAMMING PowerTCP internet Took £486
JDesignerPro 823 t o o l s QuickPak VB/J++ £168
PowerJ Enterprise £1453 ActiveX Ada Spyworks Proe a e ey £199
Vision JADE 3.0 £2095 Basic C/C++ Total VBSourceBook /ntro Offer £202
Visual Café for Java Web Edition £48 Comms Components True DBGrid Pro 5.0 £209
Visual C a f éfor Java Professional £194 Custom Controls Database True DBList Pro 5.0 £136
VisualCafé for JavaDatabase = £533 Debuggers Delphi VBAssist 5 £110
Visual J++ Professional 1.1 £70 Editors Fortran NE ie £84
isualAge fessional Graphics Gul fision

Me d r e n _ Internet Lisp Year 2000 Detective Standard
v a = £1176 Modula-2 Multi-TaskinslsualAgefor Java Enterprise 7 . 9Pascal Prolog L O W P R I C E S

Smalltalk Sat MICROSOFT &BORLAND
Version Control Visual Basic

Delphi 4Standard £78 Windows Xbase
Delphi4Professional £415 Westock man y items fo r which there
Delphi 4 Client/Server £1472 is no space inthese advertisements -_

Aaa fe IEERS Visual C++ 5.0 Enterprise ro‘ABC for Delphi £122 C++ COMP!
Apollo Standard 4.0 £121 VisualC++ 5.0 Professional S377
Async Pro 2.5 £193 Borland C++ 5.0 £245 Visual C++ 5.0L e a r n i n gEdition £72
Poseateciera forpat oH C++Builder 3Standard £78 VisualStudio 97Professional £701

ting for Win - C++Builder 3Professional £369 Visual Studio 97Enterprise 9973
CodeSite £66 C++Builder 3Client/Server £1387 C++Builder 3Standard £78
DBPower 2.0 £121 Leam to Programw/C++Builder 1 £42
DNotesVCL £110 Power++ Developer2.0 £315 C++Builder 3Professional an
Essentials £52 Power++ Professional £625 Delphi4Standard £78
HelpingHand3.0 £104 Power++ Enterprise £1160 £415
ImageLibCorporate SuiteWin32 £337 SalfordC/C++ DevBundle £295
InfoPower3.0 £142 Symantec C++ 7.5 £75
Light Lib Docs& ImagesStd £149
List &Labels for Delphi 5.0 £227
MKQueryBuilder £333
Mobius FastSprites £105

Visual C++ 5.0 Learning Edition £72
VisualC++ 5.0 Professional £377 VISUAL BASIC 5
VisualC++ 5.0 Enterprise £825
VisualAge for C++ 3.5 £309 The Professional&Enterprise Editionsof

Multiizerfor VCL Standard3.0 £219 Watcom C/C++ 11.0 £219 Visual Basic &Visual Studio are on
Orpheus 2.15 (32 &16-bit) ‘SpecialOfferuntiltheend of June

Visual Basic Enterprise5.0 £825
Visual Basic Professional 5.0 £350
Visual Basic Leaming 5.0 £72 Professional
VeudSuxS097 E n s o «573 | | [itebroesProfcesona (10 use) ft
Visual Studio 97 Professional £701 Wingate Prof (UniimitedUsers) hos



SOAPFLAKES |

A fistful ofdollars isn’t always enough
Weall know about

Y2K. Wealso know
that no one

outside the
industry takes

y it seriously. To
non-IT people

, the mil lennium
problem seems
ridiculously

overblown and littlemore than
an excuse for computing
professionals to demand huge
budgets (and salaries).

Here’s one easy way the
problem can betrivialised.
There is aGartner Group
report that says the global cost
of Y2K compliance projects
might reach six hundred
bil l ion dollars. Assuming an
average programmer ’s salary
across the world to be twenty
thousand dollars (probably a
generous estimate), six
hundred b i l l ion equates to
th i r t y mil l ion man-years.

Let’s look at the work effort
put into software development
on this planet sofar. The number
of programmers in the USA has
just hit a mill ion, solet’s say that
worldwide there arefive million
programmers (another generous

estimate). Assuming a steady
increase in programmer
populationfrom zero over the
last th i r ty years this gives the
total programmingeffort in the
world to date as seventy five
mil l ionman-years. Of the
applications written over th i r ty
years, lets say that one third of
them, twenty five mil l ionman‑
years worth, are stil l running
(yet another generous estimate).
This means that to adjust the

estimates that these will br ing
the total to three point six
tr i l l ion dollars! Nonetheless,we
have to find a way of
demonstrating the scale of the
problem to non-technical
managers that cannot be ignored
or trivialised. Justquoting
astronomicalfigures isn’t good
enough: no-one believes them.
Onepoint that may get through
is that Y2K projectsmay notbe
merely expensive: they may be

Y2K projects may not bemerely
expensive: they may he impossible.
total global installedbase of
software for Y2K compliance will
take longer than it took to write
it in the first place. Cananyone
seriously believe this?

Back-of-a-mouse-pad
calculations l ike this, basedon
unsupportable guesses at
figures, are pretty stupid. And in
any case, if you actually readthe
Gartner report you wi l l find that
the six hundredbillionheadline
figure includesa lotof stuff
apart from programmingeffort.
But it doesn’t include lit igation
anddamage ‐ Capers Jones

Dangerous laws
SoftwareR&Dhas

4 - \ , traditionally
¥ », beenlinkedto

the army.
Many
important
software

projects havebeen
funded directly or

indirectly by armiesallover the
world. Possibly the mostwell
knownsource of this type of
funding is the US Defense
Advanced ResearchProject
Agency (ARPA).Whether you
approve or notof the eventual
goals of the military,this has
beentremendously beneficial to
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the industry. These days I 'm
afraidthe situation is notso
good: mi l i ta ry budgets havebeen
reducedwith the endof the cold
war, andsome industry groups
andsecret services aredoing
their best for some very
restrictive legislationto beput in
place.This can have an adverse
effect on software development.

For instance,becauseof
limitationson cryptography in
many countriesa lotof crypto
work is movingto Australia. So
far, restrictions on encryption
haveappliedmostly to software;
codepublished in books(without
any accompanyingdisk), suchas

impossible.Doomedto failure
before they begin.

Here’s one way it can go. You
take an application that has
been runningsatisfactorily,
unchanged, for years.What do
you have to do before you can
start val idat ing it? First problem
‐ y o u have to find the source
code. It may be lost, but let’s
assumeyou eventually find a
dusty tape cartr idge in a safe
somewhere. Second problem ‑
you have to read it . This isn’t
just a matter of finding an old
cartridge reader that st i l l works.

the famousApplied
Cryptography,couldbefreely
exported outside the US.A recent
judgement in Ohio r u l i n gthat
computer programs are not
wri t ings protected by the US
constitution because they are
‘inherently functional’ may
jeopardise this limitedfreedom.

But muchworse is on the
horizon.Still in the US,the
Houseof Representatives is close
to passinga law already
approved in the Senate,basedon
the World IntellectualProperty
Organisation (WIPO)treaty. If
passed, this wouldmake illegal
the limitedreverse-engineering

Tapes don’t last forever. The
magnetic oxide flakes off,
particularly at the end where the
extra thickness of fo i l distorts
the curve roundthe spool. But
let’s assume you’ve managed to
read the source code files. Third
problem ‐ you have to compile i t .
Put the source through the
compiler (do you sti l l have the
version of the compiler from al l
those years ago?) and hope.
Maybe it doesn’t compile. But
let’s say it does. B igsigh of relief
‐ t h eproject can start.

B u t then you notice that the
object file produced is a
different size from that which
you are runn ing . I t must have
been the w r o n g version of the
source code...

This is why Y2K projects are
sofrightening. It isn’t just the
programmingworkload and
associated costs, it’s the fact that
whole t h i n g may be impossible.
You and I appreciate this ‐ but
do our bosses?
John Watson
Freelanceconsultant
jwatson@bcs.org.uk

References (worthreading):
Gartner Group: www.gartner:com
Capers Jones: www.sprcom

of software to ensure that
programsare inter-operable. It
would alsobeforbidden to trace
through a programto discover
wherea bug lies or if the security
is adequate. We would haveto
re ly entirely on information
provided by the vendors. Not
only that butweb users who
disable or modi fy cookies could
bedeclared criminals.

Since the WIPO is an
internationalorganisation, if
the law passes in the US,we can
expect other countries to create
similar laws. Watch out, and
protest while there is sti l l time.
DavidMery



What’s code got
to dowith it?

Nothing!
if y o ure using

VideoSoftVS-OCX6.0
VS-OCX 6.0 is the easiest, fastest way to add elasticity to
your forms. Just add the new ElasticLight control to your
existing applications and set a couple of properties. Your
forms immediately and automatically become resolution
independent. EGA, VGA, SVGA or whatever your users have,
it doesn’t matter! When the form is resized the ElasticLight
control automatically resizes all of the controls on the form.

With its new grid metaphor, VS-OCX makes easy the design
of complex forms. At design time the improved ElasticLight
control displays a grid layout, and it is on this that controls
are aligned. When the form is resized, all the embedded
controls - and their fonts - will be resized proportionately.
Splitter bars can also be implemented between controls to
allow custom resizing at runtime.

VS-OCX has a small footprint and can be distributed without
additional DLLs.

VS-OCX has been the top selling Visual Basic add-on since
1995 and in addition to ElasticLight includes two other
controls, a flexible index tab and powerful parsing engine.

een TEMPORARY
SO, ‘ t w a r e

Contemporary Software Ltd, The Mews, Kings Ride Court, Kings Ride, Ascot, Berkshire SL5 7JR
Telephone: 01344 873434 Fax: 01344 872228 Email: sales@contemporary.co.uk

www.contemporary.co.uk/videosoft

IndexTab - This makes it unnecessary to switch between
forms! Several screens worth of data can be presented in the
space of one by using notebook-style tabs. IndexTab is 3
times faster than the equivalent control in Visual Basic and
also provides a much wider range of tab styles, including
hidden ones.

Awk- This control is a high-speed string parsing engine. It
n ow allows recursive evaluation of functions. This means
that Awk’s Val property can be used to calculate the value of
a variable, which in turn, can contain expressions. This is
ideal for spreadsheet-type calculations and for utilising
indexed variables.

What's new in VS-OCX 6.0
§ Resizes all controls including lines, shapes and labels

New grid metaphor for easier resizing
Smaller footprint ElasticLight control (40k)
Multi-splitter bars onthe same ElasticLight control
Enhanced font resizing capability
Easy deployment - no external DLL dependencies
Enhanced IndexTab control
Enhanced recursiveAwk control

© Enquiry No. Au3



A changing Java visage
Visaj 2.0 for Java is avisual applica‑
tion builder for Java from Imperial
Software Technology. It’s written
entirely in Java to run on Unix, Win‑
dows,and Macintosh platforms.This
version supports JFC Swing com‑
ponents, a new set of layout editors,
an imageeditor, graphical ‘hot wiring’
of events, and JavaBean serialisa‑
tion. It is intended to complement
existing Java IDEsbyproviding extra
visual building capabilities.

The JFC/Swing support gives
a c c e s st othe full set o fSwing com‑
ponents, with an option to load
Swing as the default Visaj palette.
This includesa c c e s sto the built-in
children of all Swing composi te
components.

A Swing Box Layout Editor com‑
plements this Swing support by
allowing more complex layouts to
be constructed visually, including
visual representation of ‘glue’ and
‘strut’ components (there are lay‑
out editors for Gridbag, Border,

Grid, Card, and Flow l a y o u t s ) .The
developer is always free to drop
downinto the code.

An Image Editor is itself imple‑
mented entirely using Swing and
can read and write JPEG and GIF
formats. Along with the standard
functionali ty required for image
design and editing there are fea‑
tures such as blur, texture, stylise,
anddistort filtering options.

Graphical event ‘hot-wiring’

In Windows or not in Windows
Sof t Opt ion fo r Windows, version 1.5, is a development too l t h a t
enables legacy IT systems to run as part of the Windows environ‑
ment.The latest version improvesintegration w i t h support for OLE
and ActiveX controls.

It provides full 32-bit development and runt ime modules, allow‑
i ng software for a r a n g e of operat ing systems to become integrat ‑
ed w i t h i n t h e Windows 95, 98, a n d NT environments. It enables
exis t ing sof tware to assume the look and feel of aWindows pack ‑
age with data sharing capabilities w i t h Microsoft Office.

Ac t i veX controls are supported by an ActiveX language helper,
which provides automatic scr ipt ing assistance.The principal ben‑
efit of the OLE capabilities is the a b i l i t ytodrag and drop (DDE func‑
t iona l i ty was supported before).

The custom dialog workspace feature allows a n y ActiveX con‑
trol, and most S o f t Op t ion for Windows controls, to be placed i n a
separate d i a l o g box wi th in a n y area of S o f t Opt ion.

URLdatais also provided(automatical ly launching other software
packages, such as email and browsers, f rom highlighted text and
addresses wi th in the body of other tex t ) . S o f t Op t ion for Windows
allows the inclusion of URL dataand functions within legacy systems.

Data binding is provided, permitt ing data f r o m various sources
to be drawn together into a single area. Data retrieval is normal ly
via ODBC, bu t data bound controls are independent of the means
of retr ieving data.

The Soft O p t i o n sfor Windows interface i sse lec tab lea truntime:
the user can choose betweenthe original application and aWindows
option.
w www.softoption.com
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Jmuten3 j u r o r u t t e n s

Tree? Jslidert sChecksoxt

means the developer just draws a
line between source and destina‑
tion components in the Visaj con‑
tainment hierarchy to invoke an
event-binding wizard. Visaj also
supports multi-argument methods
and Bean propert ies passed as
method arguments.

Visaj 2.0 Standard starts at £295
for the first licence and includes a
year of support.
w www.ist.co.uk

Testing by
browser
Astra QuickTest is an icon-based
functional testing tool for web and
e-business a p p l i c a t i o n s .The tool,
from Mercury
designed to make testing as easy
as u s i n g a browser. It captures busi‑
ness processes into a visual map

Interact ive,  is

to automatically generate data dri‑
ven tests.

The user specifies an URL to
start recording and thet e s t is auto‑
matically generated as the user
navigates through the application
using ab rowser.All actions are rep‑
resented graphically in a collapsi‑
ble icon-based test tree. Different
icons r e p r e s e n teach type o fact ion
and the user can view at e s t map to
ensure thorough test coverage.
Oncea transaction is captured,
using any browser, multiple tes t
cases can be created using an
Excel-like spreadsheet.

The visual scripts can be used
with Mercury Interactive's Load‑
Runner.
w www.merc-int.com
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Raima Database Manager for
Windows CE (RDM/CE) is an
embedded database engine for
Microsoft's platform. As well asa
C function library (DLL) for
database storage, retrieval, and
navigation, there is an ActiveX
control for database
development.
w w w . r a i m a . c o m

Two data compression products
from Algorithmic Research:.
S D R Z i p V1.0, a general purpose
data compression library, provides
random access to compressed
data. SDRKitV1.0is a data
compression development
environment featuring
Compressive-C, a dedicated data
compression modelling language.
www.algoresearch.com

A c t i v e P i c t u r e ,from HexaTech,
is an ActiveX for constructing and
displaying virtual
instrumentation devices or
active pictures such as
dashboards, clocks, meters,
gauges, and sliders.
www.hexatech.com

The native integration of
NetCrusader with NetDynamics
4.1, announced by Gradient
Technologies, provides asecurity
infrastructure to the development
and deployment of web-based
Java applications. Gradient has
developed NetCrusader Java
classes that extend the native
NetDynamics classes.
www.gradient.com

Seagate Software's Holos Tis a
development environment for
scalable applications that can
rapidly analyse large amounts of
data.This version allows users to
combine proprietary OLAP stores
into one application, and manage
database growth explosion.
www.seagatesoftware.com



N E W S

AddFlow V2.0is anActiveX
control for creating diagrams
(workflows, process flows,
networks, charts, etc.)
interactively or programmatically.
Each object ina diagram can be
allocated independent colours,
fonts, shapes, pictures, text, and
styles. Nodes stay connected
when moved or resized.
www.componentsource.com

RogueWave Software's
DBTools.h++ 3.0 gives object‑
oriented access to relational
databases through C++ classes.
Array operations support bulk
read and write operations, and
there’s support for the latest
databases from Oracle, Microsoft,
IBM, Informix,and Sybase.
www.roguewave.co. uk

Analytics.h++, from Rogue
Wave again, is a suite of
components and classes designed
to enable a developer to focus on
higher-level, conceptual issues in
designing and building business
data models. With aC++
interface it is configurable for use
in multithreaded applications.
www.roguewave.co.uk

MKS Source In tegr i ty
Professional Edition 3.1 allows
globally distributed software
development t e a m sto use the
Web to collaborate on mission
critical software projects. It
includes optional support for
secure socket layers (SSL).
www.mks.com

MFC UI-X, from Quality
Componentware, is an MFC class
library providing Office 97-style
coolbars and cool-menus,
Outlook 98-style bars and
controls, a generic docking
framework, multi-select tree
controls.
www.qualitycomponentware.com

Mobile phone manufacturers call each other
Psion has teamed up with phone
manufacturers Nokia and Ericsson
to form Symbian, a joint venture
dedicated to create and license
software for the wireless informa‑
t ion devices market. Motorola has
announced that it will soon join the
venture. Initially, Psion will own 40%
of Symbian with Ericssonand Nokia
each owning 30%. Symbian doesn't
start from scratch; it is based on
what used to bePsion Softwareand
its EPOC operating system.

The mobile phone market is
projected to grow to more than 600
million users by2002. Symbian will
charge $5 royalty per ‘smartphone’
(voice-centric device with small
display) and $10 per communicator
(information-centric device with
quarter to full size VGA-screen).
Remember that Nokia, Ericsson
and Motorola, today, have the
largest share of the mobile phone
market and then do your maths! If
this alliance is successful it will
create a major non-proprietary
platform for mobilephones. In unit,
if notin value, it could create a big‑
ger market that Windows on PC.

Thin-clients
spread
Sybase is the first company to
license jBridge, Corel's Java‑
based thin-client technology.
Sybase users will be able to use
Java technology to develop and
deploy applications over the Inter‑
net or Intranet. It is a thin‑
client/server product that makes it
possible to run unmodified Win‑
dows applications from any
machinewith a JVM. Applications
running from aWindows NT server
can be deployed across networks
to a number of different client
operating systems.

Corel claims that jBridge does
not require modifications to NT
and has the abil ity to process
events locally on the client to
reduce network traffic and server
loads (features delivered using
Java andTCP/IP).
w www.corel.com|jbridge/index.htm

EPOC is a pure 32-bit OS which
runs on ARM, but has been devel‑
oped to be easily ported to other
processors. EPOC has been written
in C++ and is completely modular.
There is a base, which interfaces
with the hardware and provides a
Posix-like interface. A standard
library, with communication and
engine support modules, offers an
API which will be identical on all
products.Then there's the graphic
layer, which should be the same in
most devices, and the GUI that will
betailored to each type of device.

The EPOC documentation
strongly recommends structuring
applications in three parts. First,
there should be a main application
engine, which addresses the stan‑
dard library and support modules,
should be binary compatible on all
devices. Second, an application
view wil l use the graphics APIs
and make calls to the application
engine. Finally, there should be a
top-level application resting on the
application view and cal l ing the
GUI APIs - this wi l l need most
rewrit ing when porting an applica‑

t ion from one manufacturer's
device to another.

C++ and Psion's OPL SDKs
are available from Symbian. Java
support to the JDK 1.1 level (with
AWT and Unicode support) is
currently in beta tes t ing . These
are sold as EPOC World Devel‑
oper memberships, which include
the latest SDK, access to a
reserved section of the EPOC
website, and an upgrade to the
SDK on CD-ROM.

The EPOC World C++ Devel‑
oper subscription costs £175.
w www.symbian.com

Mining with an ActiveX
A c t i v e X Tree Miner is another component in A t t a r Sof tware ’s
XpertRule Profiler data mining software. The control supports a l l
the features of Attar ’s Profiler tree induct ion technology and c a n
be deployed in a variety of ways: as a stand-alone min ing applica‑
t i o n or embedded in other ver t ica l app l ica t ions under Windows.
Deployment can also be made over Intranets or the Internet.

The cont ro l works w i th At tar ’s C A F (Cont ingency a n d Fre‑
quency) servers to provide mult i - t ier client/server d a t a m i n i n g
against v e r y l a r g e databases. Min ing c a n be performed ei ther
against the data in-si tu or using high performance min ing against
tokenised data tables. In-si tu min ing works by firing SQL at a data ‑
base that resides on a dedicated h igh performance server.Th is is
the ideal fo r corporate da ta warehouses, where t h e organ isat ion
does not wish to move or extract data for mining. Us ing tokenised
data tables, theTree Minercan mine mil l ions of table rows, on atyp ‑
ica l NT server, in minutes. This is suited for organisat ions using
departmental ‘datamarts ’ .

The Act iveX Tree Miner is the firs t in a series of da ta m i n i n g
components that A t t a r Software are developing as part of their new
data min ing a r c h i t e c t u r e .This will include a nAct iveX Associat ions
Miner and an ActiveX Clustering Miner.

Profiler ActiveX Tree Miner is availablefor W i n d o w s95 and NT and
costs £395.
w www.attar.com
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Ever come upwith code that you're really proud of? Ever wanted

to stick your head above the partition and show off your latest
breakthrough? Yeah? Well now you've got somewhere to show

the world just what you’re made of. Send your most awe

inspiring work to www.lotus-dev.net/sillyhat2 and enter our

cool code competition. Each month the dev.net editor and

the previous month’s winner will judge the best entry and post it
on the Web to show everyone just how clever you are. Best of
all, on top of the plaudits from your industry peers, every

deuwnet winner will beawarded adev.net propeller hat.
N e e SOyou can really hold your head up high. An IBMCompany

www.lotus-dev.net/sillyhat2

1998 Lotus Development Corporation. Lotus and dev.net are registered trademarks of Lotus Development Corporation. IBM isa registered trademark of International Business Machines Corporation. Illustration: Gary Sm



ORDER PROCESSING

UPGRADE RELEASE MANAGEMENT

From telecommunications networks to
supermarket locations, Smallworld’s software
shows companies where customers and assets
are located and how they are connected.

When there’s amajor upgrade,
companies in over 30 countries want
copies.

Fortunately, Smallworld know
exactly the fastest path their software
should take. They just hand over the
masters and let LSL Ltd do the rest.

That amounted to duplicating
500 CD-ROMs, 300 UNIX tapes in
two formats and 200 sets of four
floppies.LSL also printed 1000
documents in various combinations of
six manuals and two sets of bound
Release Notes.

Finally, LSL had to ensure that the
customer got the right mix of media
and manuals. And they had all of two
weeks to do it.

As Jill Ming, Technology Transfer
Manager at Smallworld, observed,
“It’s vital to our business that our
products are produced to a very high
quality and delivered on time. That's
why we trust LSL to handle all our
manufacturing and distribution.”

Thanks to the efficiency of LSL’s
fulfilment, the world improved
dramatically for Smallworld.

Fasterpath revealedfor software
If you're a software publisher, then all deal with your customers and deliver to

ARE YOU
USING THE
RIGHT
SOFTWARE
PATH?
DOCUMENTATION
PRODUCTION
“The books wepublish tend to be
large and complex and LSL’s normal
production service has always proved
to beexcellent. Even onoccasions
when, for example, we've required a
set onworldwide transactions within a
week, they have delivered this
substantial order on time - and at no
extra cost”.

Dow Jones Markets
WAREHOUSING
“We have abig range of specialist
software products - and no space to
store the individual components ready
for despatch. But it’s not just
warehousing we need from LSL.
Without their strict inventory
management aswell, we could easily
bewithout product. Instead, weget

that should come between you and your them anywhere in the world. ss and efficient turnaround for our
customers are LSL’s fulfilment services. We'll also warehouse your product, customer orders”. ;

Our expertise has made usthe manage the upgrade process and provide AMTECH computer systems
most successful software fulfilment arange of marketing support services UPGRADE RELEASE

MANAGEMENToperation in the UK. By creating the
fastest, most efficient and reliable path to
your customers, we safeguard your
reputation.

While you concentrate on your core
activity, we'll take your software down

the Software Production Path.
We'll design the packaging, duplicate

the media, print all the documentation,
assemble the packs, process your orders,

DISTRIBUTION

from mailing campaigns to on-line
Helpdesks.

To get you off to a good start, we've
produced aWhite Paper onpreparing
documents for digital printing. For your
free copy, our brochure or to discuss a
project in person, please call, fax or
email usnow.

Now you've discovered afaster path,
there’s nopoint waiting.

MARKETING SUPPORT

“LSL have only five working days
from when we hand over the master,
to accurately carry out duplication,
packaging and despatch. That they do
it every time, despite sometimes
having to face our last minute changes
and software data problems, speaks
volumes for their organisation”.

Unigraphics Solutions (An EDS company)

1 2 3 4  2 1 4 2 2 2

1234 210013

WARE C A N TAKE . .
&> Enquiry No. Au5S

Is l_fu lfi lment@
compuserve .com
4 Caxton Park, Caxton Road, Bedford MK41 0TY



From Ipswitch to the Internet
Version 2.1 of theWS_Ping ProPack
suite of network information tools
includes four new utilities, improve‑
ments in networkscanning speed,and
enhancements to the existing ten
tools. The Windows-based pack is
designedto enableusersto gain infor‑
mation on hosts,websites, networks,
and other users of the Internet.

The four new tools are: HTML,
Throughput, Info, and Time.

The primary purposeof theHTML
tool is to help in thedebugging ofweb‑
sites. It sends a ‘get’ request t o a
specified URL and returns full head‑
er information (including cookies)
along with page data.

T h e T h r o u g h p u ttool l o o k sa t the
efficiency of an Internetconnection,
testing the data speed of aconnec‑
tion with a remote host. It sends a
specified number of IP packets to
the remote host and calculates the
average bits per second sent over
the communications link. Through‑
putis also calculated and displayed

Wine | Tt
\WS_Prg ProPack. Version 2.10,2.04.24
Intemet UtiitiesS a c156 h e d. ‘Thisp r o g a mmay rot beredtibutedinary manne vithout wittenpermiss ionromIPSWITCH™Ientchine. ond may onybeused corgncion wahaved cence,

R u n n i n go nWindows $5.
W 1 4 1
2% (UDP. 5487)

oto | Time | H T M L| Ping | TraceAoute | Lookup | Finger | whois | LOAP | uote | Scan | SNMP
heoughput About

‘Microsoft Windows Sockets Version 1.1

[ C o p y r i g h t(c} 1887 Ipswich,ne.

in kilobits or megabits per second.
The Info tool summarises infor‑

mation about a network host or
device, including the official host
name, IPaddress,and contact infor‑
mation. An Info request on a host
name also polls (pings) the host to
verify connectivity.

Other WS_Ping ProPack tools
include Ping, Traceroute, Lookup,
Finger, Whois, and WinNet.

The Oracle suite formerly known as...
The Oracle Enterprise Developer Suite (formerly known as Oracle
Web Developer Sui te) , a suite of development tools and servers, has
been upgraded to release 2.1. I t includes Oracle Designer 2.1 (for‑
merly known as Oracle Designer/2000 2.1) and Oracle Developer 2.1
( former ly known as Oracle Developer/2000 2.1).

Oracle claim that the sui te blurs traditional lines between Rapid
Application Development and model l ing, for the bui ld ing of data ‑
base applications.Oracle Designer a l lows developersand business
use rs to visual ly model business processes. Once t h e model is fu l ly
defined, Oracle Designercan automatically generateOracle Devel‑
oper Appl icat ions. The Designer is capable of reverse engineering
any Developer applications back into the model. Th is is achieved
through the information model inside the Oracle Repository.

Oracle Enterprise Developer Sui te 2.1 includes both the Oracle
Application Server and Oracle8database server, for developersto
build, debug, and deploy database a p p l i c a t i o n s .This version's Ora‑
cle Repor t s has improved report ing features, w i t h more output
options and web publ ishing capabilities.

In ful l , the Enterprise Developer Suite 2.1 includes the fol lowing
components: Oracle Designer2.1,Oracle Developer2.1, Oracle Appli‑
cation Server3.0.1,Oracle DatabaseServerversion 7.3.4and8.0.4,Ora‑
cle Enterprise Development K i t 2.1, and o n e year membership to the
OracleTechnology Network.The Enterprise Development K i t con ‑
tains Oracle partner productssuch as SymantecVisual Page,Wallop
Build-IT, and WebTrends.

Oracle Enterprise Developer Sui te is priced at £7810 for Oracle
Alliance Partners.
w www.oracle.com
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The suite is designed to run on
Intel based processors with Win‑
dows 95 or NT. Single-user editions
ofWS_Ping ProPack are priced at
£28. Multi-user network copies are
available at £21 per user (based on
a 10-49 user site). The suite is dis‑
tributed in the UK by Unipalm.

A free trial version is available
from the Unipalm website.
w www.unipalm.co.uk

A full range
of PARTS
Standard and Li te editions of
P A R T Sfor Javafill out the product
line from ObjectShare. PARTS for
Java is an IDE for assembling
applets and applications from com‑
ponents, with code browsing and
f a c i l i t i e s .The new releases add t o
the original Professional edition.

Parts for Java Lite is the entry‑
level edition. It includes visual pro‑
gramming tools, support for
switching between versionsof the
JDK, as well as JavaBeans and
JFC/Swing. Instantiation’s jKit/‑
Grid product is also included.

The Standard edition adds Java‑
Beans for creating database appli‑
cations using JDBC. It includes
Oracle Lite along with jKit/Grid and
Netscape N a v i g a t o r .The database
components include ObjectShare’s
Form bean, which can automatically
generate user interfaces.

PARTSfor Java Lite is available
for $ 1 4 9 .Afree u p d a t eis available for
all existing registered 2.0customers.
w www.objectshare.com

N E W S

ILOGViews 3.0 has an extended
graphics editor for handling
business graphic objects anda
portable JavaScr ip t
implementation to make
customising applications easier.
ILOG is a provider of C++ and
Java components for data
visualisation for user interfaces.
www.ilog.com

The Atlanta Linux Enthusiasts, in
conjunction with Linux
International, are planning the
second annual Atlanta Linux
Showcase. It will be held on
October 23-24, immediately
following NetWorld+Interop in
A t l a n t a .The keynote address will
be given by the CEO of Corel.
www.ale.org/showcase

Applied Microsystems has
integrated its CodeTEST
software verification and analysis
tools with the LynxOS version 3.0
real-time operating system. They
provide visibility into LynxOS
processes and thread switching, as
well as heap memory usage and
inter-process communication.
01296 625462

Release 3.0 of the Forte
Application Environment provides
full development and deployment
support for Hewlett-Packard’s
latest Unix release, HP/UX 11.
HP 9000 developers can use the
environment for distributed
object, Internet,and workflow
applications.
www. forte.com

1T-Map2000 manages the data
generated by the inventory phase
of Y2K compliance programs.
Within an inventory database the
Y2K status of each item is
flagged along with an audit trail,
enabling the proof of how final
compliance was achieved.
www.it-map.com
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Novell is working with Intel on an
improved J V M for the NetWare
operating system. Code-named
‘NetFire’, it will be designed to
increase the performance and
scalability of Intel processor‑
based servers, including
symmetrical multiprocessing
servers and the upcoming |A-64
architecture machines.
www.novell.com

Virtools, specialist in real-time
3D software development, has
launched NeMo Dev in the UK.
Targeted at developers, NeMo
Dev is a 3D content prototyping
and production platform designed
to speed up the game
development cycle.
Recommended pricing is $45,000.
www.virtools.com

An SDK for Citrix's WinFrame
and MetaFrame thin‑
client/server software can be
downloaded at no charge from
their website. It includes
documentation on the Citrix
Server API and sample software.
It enables the development of
customised administrative tools,
such as security and client
connection monitoring
capabilities.
www.citrix.com|misc/sdk.asp

Sun, sea, and SQL Server at TechEd 98
It's been a busy four days at the
Acropol is convention centre in
Nice where Microsoft has been
holding i ts European developer
conference TechEd 98. More
than 5000 delegates have been
packed i n t o t h e a l ready o v e r ‑
stu ffed conference rooms t h i s
year, so many that t h e keynote
speech had to be ‘beamed’ live
to a second r o o m fu l l of dele‑
gates a n d press because t h e
main hall w a s overflowing.

The speech itself was deliv‑
ered by Bob Mug l i a , app l i ca ‑
t i o n s  a n d  t o o l s  s u p r e m o  a t
Redmond, w h o t a l k e d a b o u t
t h e ‘D ig i ta l Nervous System’ .
Th is is Microsof t 's n e w name
for i t s enterpr ise strategy and
t a k e s i n t r a d i t i o n a l deve lop ‑
ment tools l ike Visua l Studio,
backo ffice products l i ke NT
a n d SQL Server, a n d Office
2000 - w h i c h he announced

Visual J++ falls
Greg DiMichellie, head of the
Visual J++ development team at
Microsoft, confirmed that unlike
the other Visual Studio tools
which have already shipped to
manufactur ing Visual J++ has
slipped by around four weeks.
Customers who buy copies of
Visual Studio in the first four
weeks or so of release will get a

Books received this month

Tech-Ed

would enter publ ic beta in la te
summer. T h e m e s s a g e seems
to be t h a t developers c a n ex ‑
pect to be work ing w i t h a l l
rather than some of these app ‑
l icat ions to build sof tware t h e
Microsoft way.

In the sessions, h igh l ights
included David Solomon's
‘Windows NT Internals’ where
delegates learned some of t h e
m o r e int imate secrets of NT
4.0’s kerne l A P I . Sess ions on
bui ld ing Internet app l i ca t ions
and SQL Server 7.0 were over‑
subscr ibed. T h e conference
organisers also t r ied s o m e
fair ly radical technology to link
the two main conference centre

behind
‘Technology Preview 2’ version of
the tool and a v o u c h e rt o get the
final product when it is available.
According to DiMichellie, the
final version wil l be included in
the Visual Studio box a month
after the initial release.

In his team’s defence, DiMichel‑
l ie said that work on the WFC, a
major component of VJ++ 6.0, only

LANs, se t t ing up a telecommu‑
nications laser of the k ind nor‑
mal ly only seen on the BT
Tower. The only rea l d i sap ‑
pointment w a s t h e announce ‑
ment tha t next year ’s TechEd
w i l l m o s t l i k e l y b e i n the U K
rather than s u n n y Nice.

Un l i ke previous yea rs , v e r y
f ew n e w produc t announce ‑
ments have been m a d e at the
conference. Mugl ia confirmed
that Visual Studio 6.0 is due to
ship in September, bu t declined
to give any indicat ion of when
NT 5.0 is expected other t h a n
‘ some t ime in 1999’. De lega tes
queued in t h e hundreds to get
access to the NT 5.0 hands-on
demo r o o m where an inter im
pre-Beta 2 releasew a s on show.

More information on TechEd
98c a n be found on Microsoft 's
European website.
Wwwww.eu.microsoft.com/europe/teched

began in Decemberwhen Microsoft
concluded that a prototype GUI
builder based on AWT was not
going to besatisfactory. It then took
the decision to move ahead with a
Windows-native solution. Because
of the ongoing lawsuit with Sun,
Microsoft has no access to the lat‑
est JDK 1.2enhancements to AWT
or JavaBeans.

Publisher Title Author I S B N RRP
SIGS/ Cambridge Cognitive Patterns Gardner, Rush, Crist, Konitzer, Teegarden 0521649986 £22.95
AP Professional Java Beans for Real Programmers Peter Wayner 012738670X £29.95
O'Reilly & Associates Java Cryptography Jonathan B Knudsen 1565924029 £21.95
O'Reilly & Associates Java Security Scott Oaks 1565924037 £24.50
Sybex Network Press MCSD: Windows Architecture Il - Study Guide Michael Lee & KevinWolford 0782122744 £40.99
Wrox Press MTS MSMQ with VB and ASP Alex Homer and David Sussman 1861001460 £46.99
SIGS Reference Library Open Modeling Language (OML) Ref Manual Firesmith, Henderson-Sellers & Graham 0521648238 £24.95
O'Reilly & Associates Oracle Built-in Packages Steven Feuerstein 1565923758 £34.50
O'Reilly & Associates Oracle DBA Scripts Brian Lomasky & David Kreines 156592438X £21.95
O'Reilly & Associates Photoshop for the Web Mikkel Aaland 1565923502 £21.95
O'Reilly & Associates Protecting Networks with SATAN Martin Freiss 1565924258 £14.95
O'Reilly & Associates Windows NT Backup & Restore Jody Leber 1565922727 £21.95
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Building B O F T W A R EJava database ° 7 " " = :
applications
shouldn't be this toug

Apptivity.
Absolutely the fastest way
to build and deploy scalable
database applications in Java‘a@ CORBA support

eeDistributed debugger
Supports all major database:
Runs on all major browsers:
Internet Explorer and Netscape Navigator
Advanced, highest productivity Java IDE
Scalable, multi-threaded pure Java Server
Easiest to learn *
Automatic deployment

inute installation 4
; aperformance nat ive JDBC interface

SS

JAVA



M A Y H E M

Born on the Web
It’s amazing what you can find on the Internet these days.

i An this is Darrenjust after
‘ w e <simper> welcomed h im

into the world.’ There’s an
interestingway of putting i t - I ’m
sure Darrenwould have
something to say about his
‘welcome’, if only he could talk.
There he was, floating around in
a bagof goo,nice comfortable
temperature, a few quiet noises,
doingnothingfor himself, when
suddenly, without warning, he
was squished down this wiggly
pipe, spat out into a bright and
noisy world, and smacked on the
bum. ‘ I ' l l get you,’ iswhat that
first c ry really means, ‘ i f i t takes
the nexteighteen years, I ’ l lmake
you pay for this!’

The baby is cleaned up, the
mother is cleaned up,and the
father goes in close with his
Instamatic (only slightly dented
with the mother’s teeth marks)
and takes the picture that, out of
politeness, we are n o w looking
at. Why do they bother wi th the
picture? Al l babies look alike -a
cross between Winston
Churchill and a KingEdward;
you could fake a muchbetter
picture with a decent mugshot
of the mother from before the
birth, and an ImageMagic.

The other thing the photo
doesn’t show is the process of
the birth itself. It doesn’t show
the screaming, the yelling, the
‘Youdid this to me, you bastard!
Don’t come near me again!’,
which, too, is all pa r t of the
glorious, life-enhancing
experience. It was inevitable,
then, that someone would take a
handycam into the hospital, tape
the whole terr i fy ing event, and
then play the video at their
friends unti leither the friends
are all previously engaged for
the next six months or the
neighbours, on hear ing the
continual screams day after day,
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summon the police. At least you
can ignore a photo ‐ a video is so
much more direct. What must
Darrenthink? In addition to
beingevictedfrom his home,
there’s a fi lm crew recording the
whole event. At least grown-ups
get to drape a raincoat over their
heads when they’re in that
much trouble. EvenJeremy
Beadle has enough taste not to
show bi r th videos on his show.

It gets worse. Not content
with makinga home movie, a
couple in the States have gone
one step further and transmitted
their firstborn’s ‘welcome’, live
on the Internet. It takes a certain
k indof exhibitionismto want to
do this in the first place - or
perhaps the father was so
attachedto his computer that,
unless the birthwas pipedonto
his screen, he would havemissed
the whole thing, and the
broadcastwas onlya fringe
benefit. It couldn’t have been
easy for the mother; a live
transmission would have stilted
her style somewhat; ‘Argh, f f f . . . I
mean,ouch’. On the other hand,
with a worldwide broadcast,
sufficient onlookers would have
beenmovedby the event to have
madea contribution of their
own; the mother musthave
receivedenoughbaby clothes to
dress Shea Stadium.

Jon Snow, on Channel 4
news, reported the broadcast
and sadly explained: ‘Of course,
the site was completely jammed
with people look ing in’. That’s
hardly surprising; it’s the first
transmission of its kind, and
many people would have been
curious. But what happened
next was very interesting; the
programme rana piece on taste
and decency on the net.

At first, I thought this was the
pornography issue all over

again, but it’s not. A bi r thcan’t
be pornography; it won’t corrupt
or deprave, and I can imagine
very few people were excited by
the pictures. In fact, Channel 4,
aswell as all the other channels,
haveall shownfilm of births, but
those films were edited carefully
andplaced in the context of
medical programmes, and the
internet transmission was
devoid of any editingor context
at all. Not only that, the
transmission was arguing
nothing, dictating nothing; it was
a simple piece of what is called
‘actuality’ by the newsmenwho.
liketo believe in objectivity. The
transmission was disturbing
because it depicted something
that would otherwise bevery
private ‐ only the father anda
few dozen anonymous medical
professionals would be present ‑
and is very stressfulboth
physically and emotionally. It
was, in fact, very good actuality ‑
far better than broadcast media
could achieve ‐ precisely because
it was completely free of context.

Overall, what was being
depicted was really not
important,because those
revolt inghomevideos areeasily
accessible, and everybody knows
what birth is. But something
significant has happened.

First, the site jammed. That’s
because all Internet comms is
point to point; this site hadto
communicate with each viewer
individually. A self-adjusting
broadcastsystem ‐ a ‘dynamic
mirror’ ‐ shouldbeset up,
because I can imagine many
other events wi l l betransmitted
whose live-ness is important.
However, the self-l imitingnature
of the mediumseems evident. If
sites refusedto rebroadcast feeds
they consideredunwholesome,
the influenceof those feeds

would be limited by bandwidth
restrictions. Decency would be
determined by consensus rather
than legislation, as(I believe) it
should.

Second, the idea of decency is
changing. Though little
legislationacknowledges this, it
is obvious to everyone that there
are more disturbing things in the
world than peoplewith no
clothes on, andfor al l its
naturalness,an uneditedand
uncommentariedb i r th is one of
those things. If the husbandwere
to broadcast his vasectomy, or
his appendectomy, how would
that be accepted? What if the
couple broadcast their marriage
guidance sessions? How about
livefeeds from war zones? These
are things that, for all our
sophistication asinhabitants of
the informationage, we’re not ‑
yet ‐ equipped to dealwith, yet
they’revery hard to restrict.

Finally, there’s the idea of
performance. Like the Jennycam
site before it (a camera fixed i n a
woman’s bedroom, showing her
lifealmost unedited) this birth
wasa pieceof performancejust
assurely as any other act
designed for public consumption,
but it’s hard tothink of it in the
same way as acting. Perhaps
that’s becauseperformances are
supposed to befictional or
communicative. But, the idea of
the performer asbeingno more
than a placeholder for a piece of
experience that is documented,
that strikes me asa very
powerful means of
communication ‐ ‘Look at this,
feel what I ’mfeeling, then make
up your own mind’. No wonder
TV news finds this disturbing! I
think we’re seeing the beginning
of a new form of expression.

Something really b ig
happened when that b i r th was
transmitted, and a new human
was welcomed into the world. m

Jules becamean unclefor the
second time last month. You can
sendyour congratulations to
mayhem@jules.cix.co.uk, or
phone him on 01707 662698.
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L E T T E R S

The end is nigh
Dear Sir,
Unless my calculations are
wrong, the end of Moore’s law
is much nearer than Jules May
realises (EXE, June 1998). The
first absolute constraint on
computer power w i l l be the
speed of l i gh t . My reference
books tel l me this speed (andof
electricity) is 300,000
kilometres per second. That is
300 kilometres per millisecond,
300 metres p e r microsecond. In
acycle of a 300 magahertz
Pentium processor, an
electrical signal travels jus t one
metre. When two devices
runn inga t 300 MHz canonly
operate 75cm apart. This is not
much more than the length of
the copper strips on a
motherboard.

Weare not talking twenty
years to the end of Moore’s law.
Unconditionalbenefits of faster
clock speeds have already
reachedtheir limits.

Jules is r ight. Development
wi l l have to follow entirely new
paths. In the first instance, it
wi l l be possible to mitigate
speed problems by clever
designs. Motherboardswi l l be
la id out to minimise critical
electrical paths. More use can
be made of caching, but its
clever design wi l l be more
important than raw power. Very
soon we wi l l have to start
th ink ing smart again. I see that
asa greatopportunity for the
British.

The American approach to
problem solving tends to be to
throw resources at the
situation. They have a culture
of wide open spaces. The
British are usedto coping with
resource shortages and finding
clever solutions. Microsoft,
Borland, et al only seem to be
able to exist by developing
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massive, and increasing
complexity. Their lifeblood is a
doubling of resources every
couple of years. Pretty soon the
challenge wi l l be to do more
with what we have. Jules seems
to share my distaste for the
sheer complexity of everything
about a modern PC. (How can
the operating system for a
personal computer possibly
take over 100 MB of disk space?)
Perhaps our time is coming.
Yours fai thful ly
John McMil lan
McMillan.Technology@BTI n t e r
net.com

Credit where
it’s due
Dear Sir,
I was most interested to read
Bob Rimmington’s article and,
as I read, found my excitement
building. Here was somebody
whose ideas exactly matched
my own and he has soclearly
put into words those half
formed thoughts on the subject.
Alas, the bubble was ever so
slightly pricked when I came to
the final paragraph where I
sense he has alloweda h in t of
prejudice to spoil his otherwise
well reasonedargument.

Now I a mno Microsoft
sycophant, they have many
faults and muchof what Mr
Rimmingtonhad to say applies
to them as it does to others in
the industry. However,we must
give credit where it’s due or our
criticisms wi l l not be
considered. His final
paragraph, regretfully, ignores
this. For m a n y yearsI was an
unswerving QuattroPro devotee
unt i l a request to teach
spreadsheets at a local n ight
school forced me to look at
Excel. I hadto admit that the
world hadmoved onand

QuattroPro was not in i t . For
qui te independent reasons,I
also adopted Word and Access
and, while they are not perfect,
Ihave never regretted i t . None
of these decisions were because,
asMr Rimmingtonhas i t , ‘ I n
case **** is not around in a few
years time’. The software was
chosen in each case because it
was the best for me and then
only after researchand
consideration of many factors;
a situation which I suspect is
more common than Mr
Rimmingtonmay concede. It
jus t so happens that Excel,
Word, and Access a l l come from
the same software house. If
each had come from a different
supplier then that would have
beenfine by me too. Such
decisions are, of course, today
made more complicated
because it is usual to buy these
applications aspar t of a suite
rather than individual
components but, I think the
principles st i l l apply.

Finally, m a y I congratulate
you and Mr Rimmington on
your courage in publishing the
article. It neededsaying and,
apart from the final paragraph,
admirably sets out the
unsatisfactory manner in
which the industry treats its
customers.
DavidStevenson
Lindfield, RH16

Old compilers
still active
Dear Sir,
Great Mayhemarticle in EXE
(May). Couldn’t agreemore.

Since Jules (and I) could
easily beaccused of ‘luddite‑
ness’, I thought I would write to
express my support.

I too st i l l have my old
development tools going r i g h t

W e w e l c o m e s h o r t l e t t e r s o n a n y s u b j e c t r e l e v a n t t o s o f t w a r e d e v e l o p m e n t . P l e a s e w r i t e t o :

T h e Edi tor,E X E M a g a z i n e ,S t . GilesHouse, 5 0 P o l a n d S t r e e t , L o n d o n W I V 4 A X ,

back to the early ‘80s. And, of
course, they st i l l work jus t l ike
they always did ‐ only now
about 40times faster due to
hardware improvements.

A compiler that doesn’t fi t
on a CD and produces 1MB
executables would have seemed
absurd 10years ago. Why is it
not absurd today?

Windows has its place, for
example for easily sharing data
betweenapplications, task
switching, and standard printer
drivers, but did it real ly need to
get that bloated?

Changingthe subject
slightly, it niggles me to see
secretaries askingfor Pentium‑
II machines in order to r u n
wordprocessors.

Of course, we all l ike having
computers work faster and
faster each year (regardless of
whether we st i l l use the same
software), but I wonder if the
chip manufacturers would st i l l
beracingfor higher
performance quite sohard if
Microsoft wasn’t r igh t behind
them usingup a l l the spare
RAMand CPUcycles.

Thanks for keepingthe
candle of sanity l i t .
Andrew Lydon
SoftwareManager
Bridge/Telerate

Book search
Dear Sir,
Asa loya l reader of EXE I
would l ike to draw y o u r
attention to an extremely useful
website which could be worth
mentioning in your publication.
The site finds books by author,
title, and keyword search and
finds out the best offer from
over 20online bookstores.
Location:
http://www.acses.com.
Chris
ChriJa@aol.com
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orland recently caused something of a furore in the development
community by changing its much-loved company name to Inprise,

yet another exampleof America’s sad infatuat ion wi th the over‑
worked and utter ly meaningless word ‘Enterprise’. In the inevitable
Internet flame-wars that followed, Charlie Calver t , aDeveloper Rela‑
tions representative,emphasised that developersshould suppor t the
change or risk losing their favourite development system. It probably
wasn’t intended as a veiled threat, but unfortunately it sounded l ike
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tion, new

languageextentand ara f t of

one, and turned ou t to be even more of a disaster than the original
name changeitself...

Be that as i t may,the good news is that Delphi is sti l l ve ry much with
us and has recently been upgraded to version 4.In this review I look
at a ‘gamma’ version of the system. On launching the new IDE,you' l l
immediately find that some significant changes have been made to
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the user interface. For example, the ma in IDE window has been
givenanOffice/Internet Explorer ‘look’,w i th moveable toolbars. In
all, there arefive different toolbars (Standard,Debug,View, Custom,
and Component Palette) each of which can be detached from the
mainwindow andleft floating. In addition, a special toolbar contains
the IDEmenu.This canbe repositioned,but unlike the others it can’t
be resized or detached.

In addition to dockable toolbars, the version 4.0 IDE incorporates
the concept of dockable tool windows. The aforementioned toolbars
w i l l dock only wi th themainwindow, but toolwindows candock with
each other and with the Code Editor window. Examples of dockable
tool windows include the Modules View, the Message View, Threads,
LocalVariables,ProjectManaged,theCodeExplorerwindow, and the
Object Inspector itself.

Code Explorer - what's that, I hear you cry? By default, when you
first start the IDE, you' l l see a Code Explorer window docked along‑
side the Code Editor. ( A s wi th other tool windows, it can be moved
elsewhere.) The Code Explorergives you a hierarchicalview into the
current source file, its contents changing automatically whenever a
new sourcefile becomesthe active edit view.CodeExplorershows you
the types, variables, constants, and classes defined in a part icular
unit , along with a hierarchical ‘drill-down’ faci l i ty for exploring the
individualmembers ofa class. If you double-click on amember field
or property, then Code Explorer w i l l take you to the appropriate dec‑
laration in thesourcefile. However, if you click on amemberroutine,
then you' l l go straight to the code body for that member. This is obvi‑
ously very useful when navigating around inside large source files.
The concept reminds me of a sort of poor-man’s CodeRush! (See my
review of Eagle Software’s CodeRush in the June issue of EXE.)

Code Explorer maintainsa list of the units referencedby a source
file and, if you click on one of the uni t names, the code editorwi l l take
you to the place where the unit is referenced in the u s e s clause. This
particular facility is about asusefulastheproverbialchocolate teapot.
Why on earth didn’t Inpr ise take a leaf f rom CodeRush’s book and
arrange things such that double-clicking a unit namewould open the
unit in the code editor? That would havebeen infinitely moreuseful...

That said, Code Explorer is more than just a browser ‐ but not
muchmore. There’s a right-click context menuwi th New and Rename

options. Dependingon what part of the unit’s hierarchy you’re view‑
ing,you canadd/renamebothclassmethodsandmembers,uni tvari‑
ables, and so forth. When adding a method to a class, Code Explorer
w i l l auto-generate the empty functionbody for you, butmy suspicion
is that most developers w i l l jus t type what they want into the Code
Editor.Other than the ab i l i t y to find your way aroundquickly in large
files, Code Explorer brings little to the party.

Incidentally, before leaving the subject of dockable tool windows,
it’s interestingto point out that Inprisehasaddedan interestingnew
twist to the dockingparadigm. If you draga toolwindow into themid‑
dle of anotherwindow (asopposed to an edge) bothwindows w i l l ‘col‑
lapse’ intoasinglewindowwi tha tabbeddialogto switchbetweenthe
two constituent views. Quite a nice touch. I should also emphasise
that much of the new docking functionali ty has been incorporated
into the VCL framework, making it easy to bui ld dockable windows
into your own application.

Eat your heart out, CodeRush...
Okay, I was underwhelmedby the CodeExplorer,but there are lots of
other goodies to behad.Particularly nice is the newClass Completion
facil i ty. You’re probably familiar with Delphi’s Code Completion fea‑
tures whereby small pop-up windows display available properties of
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typed-in object names, argument lists for methods, and so forth. By
contrast, the Class Completion system is qu i te different. Suppose
you're addinga newproperty to somecustomcontrol andyou type in
aproperty declaration like this:
p r o p e r t y S i z e : I n t e g e r ;

With the cursor on the same lineof theCodeEditor,youcan invoke
Class Complet ionby typingCtrl-Shift-C.This w i l l instant ly cause Del‑
p h i to add a private member variable, #S i z e , to the class aswell asa
pr ivate access method, S e t S i z e . The necessary r e a d and w r i t e
clauses w i l l be added to the property declaration and the code for a
skeletal S e tSizemethodwi l l beaddedto theunit .This is a nicefacil‑
i t y and can potentially savea lot of ‘ g run t work’ if you’re not using
something l ike the CDK (ControlDevelopment K i t ) from Eagle.

Class Complet ion isn’ t restr icted to work ing w i th propert ies
either. If y ou add any new procedure or funct ion declaration to a
class and then type Ctrl-Shift-C, a skeletal function body for the rou‑
t ine w i l l be added to the unit. In fact, i t cuts both ways. I f you ’ re

Figure 1-The Delphi4 IDEcompletewith assorted dockable, ‘tear‑
off ’ toolbars in the main window.You can see the new hierarchical
ProjectManager float ing above the CodeEditor,w i t h t he newCode
Explorer docked to the left-hand side.

Object Inspector, Project Manager. Exploring e x e i m a g e p a s

Figure2-TheCodeExploreragain, this time docked to the right hand
side of the Object Inspector. A l though convenient, doing this w i l l
of ten reducethe usable width of the Object Inspector and Inprise
hastherefore addeda hintfeature (il lustrated)to the right-handside
of the Inspector window.

19



Psy DB2 Universal Database scales without a hiccup from
és single processors to clusters to parallel processors ‐ across

DB2,, platforms asdiverse asSun Solaris and Windows NT.

companies are choosing [BM’s DB2 Universal Database asthe performance engine for today’s demanding data

warehouse applications. Basically, it enhances response for users while simplifying cross-platform implementation

for IT staff. Like runningdiverse workloads (transaction processingand data warehousing) on the same processor

without slowing down your business. New benchmarks in a real-world environment will show you what we

mean. Over 30 case histories in nine industries will show you we deliver. And free trial code enables the

ultimate real-world t e s t ; your own. Sovisit and see what you've been missing.

-Windows NT is a t rademark of Microsoft Corporation. ©1998 IBM Corporation Solutions for a small planet

=>Enqu i r y No. Au8



D E L P H I 4 FEATURES|

The help files
A year ago | contributed a why-oh-why article to EXE Magazine,

bemoaning theongoing deterioration inthe quality of Delphi's Help files
in each version. | have persuaded the Editor to let mefollow it up here.

Here are some specific complaints against the previous versions of
help, together with a note of how version 4 compares.
Lost VCL editorial. In the main entry describing the VCL control

TTreeView, the Delphi 2 help file uses311 words and 20odd clickable
links. Delphi 3 help uses 95words and contains no clickable links. This
is typical. Delphi 1and 2VCL help includes a main page for each con‑
trol summarising the main properties/methods/events you need to get
your head around, and provides convenient jump-off points so that you
can investigate them. Delphi3, inexplicably, doesn't.

From the entries I've checked, Delphi 4VCL help appears to be the
sameas Delphi 3 in this respect.

CrudeAP! files. For 32-bit versions of Delphi, the help files for the
Windows APIs are in C not Pascal,and are not fully integrated.
Same in Delphi 4.
Threadbare. Coverage of threads in 32-bit Delphi has been minimal,

even though thread support was trumpeted asa selling feature.
Hurrah! Fixed. Delphi 4 introduces a new chapter-like unit of organi‑

sation into the helpfile called a ‘Topic Group’. There's no ‘official’ expla‑
nationof these Topic Groups butfromall the ones | browsed, they seem
to containcontent traditionally put into the paper manuals User'sGuide
and Developer's Guide. So the Threads Topic Group begins with an
overview of why threads are useful, then has a page on how to define
thread objects, and then a page on initialisation ‐ all of which can be
read sequentially.The bad news is that, as | understand it, the paper
Developer'sGuide is nowonly includedwith the expensiveClient/Server
edition of Delphi.

down near the bottom of a lengthy uni t , you can type in the body of
a n ew function or procedure, h i t the Class Completion hot key, and
the match ingdeclarationw i l l then beadded to the class. In this par‑
t icular case, the declaration w i l l be added, by default, to the p r i ‑
v a t e pa r t of the class.

It would berathernice if youcoulduseClassCompletionmorethan
once. Suppose, for example, that you wanted to change the type of an
exist ing property from I n t e g e r to S t r i n g . Wouldn't i t be great if you
couldchange theproperty declaration, h i tCtrl-Shift-C,andhavethe var‑
jous access routines change too?Unfortunately,the currentClassCom‑
pletion implementation is very mucha ‘oneshot’ facility. The internal
parser simply satisfies itself that there’s a private field and access
methodfor the property, and then bows out. Maybe in version 5?

A feature called ModuleNavigation is another help for navigating
large source files. Placing the cursor on any class methodand hi t t ing
Ctrl-Shift-Arrow (whereArrow iseither the upor downarrowkey)w i l l
toggle you between the function prototype in the class declaration and
the actual function body of the method in the implementation section.

Another nice goodie is the additionof h in t windows to the Object
Inspector. This part icular window is rarely wide enough to show
everything in it ( the right-hand ‘value’ par t of some properties can
be very long), andnow that other windows can be docked alongside,
this is l ike ly to be exacerbated. In Delphi 4, as you move the cursor
over the right-hand pa r t of the Object Inspector,a n y par t ia l l y ‑
obscured property values are momentar i ly displayed in a pop-up
h in t window.
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Poororganisationof functiondescriptions.Another baffling instance
of removal of good material. Delphi 1and Delphi2help includeda hier‑
archy of pages which listedfunctions byc a t e g o r y.The title of themuch‑
used help page ‘String-handling routines (Pascal-style)’ may bring this
back to old Delphi hands. Delphi 3 dropped this structure, and instead
grouped the functions so that they all appear in the same ‘Topics Found’
popup window. No opportunity to explore the library, or serendipitously
stumble upon an unfamiliar function. Useless.

It's still broken in Delphi 4.
‘Shy’ help bug. A minor but very, very long standing irritation.When

clicking a link, the help window sometimes places itself behind all the
other windows on the desktop, but retains focus. Clicking on the help
window fails to bring it backontop - you needto switch to another appli‑
cation and back again to get the window back on top.

Delphi 4 retains this bug.
| suppose | should mentiona new Delphi4feature called ‘OpenHelp’,

which smoothes away the messing around one used to have to do to
integrate third party help files into Delphi help. It's okay, but I'd much
rather they had fixed one of the things above.

I 'mafraid | think that Delphi 4help is very disappointing and rather
surprising.There is a depth of feeling in the Delphi user community
about this issue. For example, a Greek Delphi user recently posted on
theWeb a home-made help file containing the function descriptions
organised in the way | describe, plus a vulgar and pointed exposition
of his irritation at needing to do it. If Borland/Inprisewould like to field
a spokesperson to explain the ongoing poor quality of i t s help, | am
sure | am not the only person who would be most interested in what
they had to say.

WillWatts

Hint windows have been added to the form designer. As you move
the cursor over a populated form, a small h i n t window pops up to
show the name and type of each component. You’l l also see a small
h in t window displayedwhenever you move a component on the form
designer or alter i ts size. So to precisely al ign and size components
you won’t needthealignment palette or to check the Object Inspector.

In keepingwi th other development systems, Delphi 4 allows you
to combine severaldifferent projects intoonehigh-level project group.
As the Inprise documentation states, th is is useful in those cases
where you’re working withmulti-tiereddatabase applications. I sus‑
pect that it w i l l beequally applicable in those situations where you’re
developingan application in parallel with one or more packages, cre‑
at ing a program in conjunct ion wi th COM-based controls, or what‑
ever. The new Project Manager window displays a hierarchical tree
of projects, targets, forms, and units. You can add new and existing
projects either f rom a right-cl ick context menu in the Project Man‑
ager window, or from the mainProjectmenu. There are new options
to compile and/or build all projects, and you can designate a specific
project in the group as the ‘active’ project using the context menu.

New language features
As I’veobserved in the past, Delphi’s designers seemto havean ongo‑
i ngphilosophyof pinching the best ideasfromC/C++ while avoiding
the C++ syntactic blunders such as those awful templates-from-hell.
In keepingwith this philosophy,Delphinow hasmethodoverloading
and default parameters.
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Suppose, for example, that y o u want to create mu l t i p le con‑
structors for a class, eachof which takes a different type of argu ‑
ment. Although this was possible in previousversions of Delphi,
y o u had to g i ve each constructor a different name, which was
rather messy. In Delphi 4, each constructor can be called c r e a t e
jus t as nature intended. For obvious reasons, every overloaded
method m u s t havea ‘ t ype s ignature ’ ( n u m b e r and type of a rgu ‑
ments) different f rom other methods of the same name, so that the
compiler can dist inguish between them. Additionally, overloaded
methods must be introduced to the compiler us ing the n e w o v e r ‑
l o a d keyword.

Delphi4 suppor ts default parameter values. The rules are pretty
much as for C++: default parameters must appear at the end of the
argument l is t , the default value must evaluate to a constant expres‑
sion, and m u s t be assignment compat ib le w i t h the t y p e of the
default parameter.

There are other language changes too. The rather odd-sounding,
Modula-2-style C a r d i n a l t ype has a soul mate, L o n g w o r d , which is
also a 32-bit unsigned integer wi th the range 0..4294967295. Both car‑
d i n a l and L o n g w o r d a r e directly equivalent, but the latter i s t o b e pre‑
ferred in new code. Presumably Inprise felt that c a r d i n a l wasn’t a
very descriptive name ‐ it was r igh t !

For those who l ike to th ink big, there’s a new I n t64 type. Again,
this is an integer type, but signed. As the name suggests, it uses 64bits
of storage and can represent values in the range -2® through to 2%‑
1,whichshouldbesufficient evenfor keeping track of Bi l lGates’ bank
account. St i l l on the subject of basic types, Inpr ise has modified its
implementationof r e a l to make it compatible wi th the 64-bit d o u b l e
type. This means that properties of type r e a l can now be published.
There’s a compiler switch for those who need old-style r e a l s .

Speakingassomeone with an interest in scientific number crunch‑
ing, I was interested to see that Inprisehas added dynamic a r ray sup‑
port to the language. You define a dynamic ar ray l ike this:
/ / O n e - d i m e n s i o n a l i n t e g e r a r r a y

t y p e  T I n t e g e r A r r a y  =  a r r a y  o f  I n t e g e r ;
/ / Two-d imens iona l fl o a t a r r a y

t y p e TA d m i t t a n c e M a t r i x = a r r a y o f a r r a y o f D o u b l e ;
v a r

N u m L i s t : T i n t e g e r A r r a y ;
A d m i t O n e : Ta d m i t t a n c e M a t r i x ;
As y o u can see, multi-dimensional ar rays are supported. In the

example code shown here, two dynamic arrays are declared, but they
aren’t actually instantiated. In order to instantiate adynamic a r ray
you have to use the S e t L e n g t h routine ‐ previously relevant only to
long strings. Thus, to instantiate the above two variables, y o u might
do something l ike this:
S e t L e n g t h ( N u m L i s t , 1 0 0 0 ) ;

S e t L e n g t h ( A d m i t O n e , 5 0 , 1 0 0 ) ;

I know what you’re dy ing to ask, and the answer is no! I don’t
believe that Delphi 4’s implementation of dynamic ar rays uses a
sparse-array implementation. At the time you call S e t L e n g t h , there
must be enough memory to satisfy the request. If there isn’t, then an
exception is generated.

There is a couple of other interest ing points about De lph i 4’s
dynamic array implementation. You can use S e t L e n g t h to enlarge
an existing dynamic ar ray. When you do so, the exist ing content of
the a r r a y is preserved, and on ly the n e w l y created elements are
undefined. This is obviously a v e r y handy feature. I t ’s much l ike
(dare I say it?) Basic’s R E D I M command. Another, less obvious point
concerns the allocation of multi-dimensional arrays. Wheny o u call
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S e t L e n g t h on a multi-dimensional array,
you’re not l imited to the creation of rectan‑
gular arrays. You can beg in by specifying
the size of one dimension only, and you can
then resize each column ( o r row, depending
on how you want to look at i t ) with a differ‑
ent l imit. This paves the way for the imple‑
mentation of, for example, tr iangular matrices, which crop up a lot
in scientific computing. Of course, the ultimate usefulness of a l l this
remains to be seen - it ’s going to be dependent on the efficiency of
the underlying runt ime l ibrary code.

Service w i th a smile...
Inpr ise has responded to the c u r r e n t level of paranoia/hyster ia
regardingthe dreaded ‘MillenniumBug’ byaddinga Y2K compliance

i v i New Items

Data Modules |
Mutter | Project!‐!

Project Group fant

Service Text
Application

Service

@
Web Server
Application

© copy

x. Object

£ lente a Use

Figure 3- Assorted new goodies have been added to the N e w Items
reposi tory d ia log. Here, y o u can see t w o n e w wizards have been
added t h a t relate to NT Services.There’s also a ‘Multitier ’ page,
which provides access to the Corba and M T S wizards.

Figure 4-T h e integrated debugger has had some enhancements,
and supports both multi-process debugging and remote debugging.
The eagle-eyed may not icedtha t some new warning messages have
been added to the language compiler.
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faci l i ty to the Delphi runtimel ibrary. A snap‑
pi ly-named global variable controls how
str ing to date conversion routines interpret
two-digit year numbers entered by the user.
However, Inprise emphasises that this solu‑
tion is intendedonly for the recompilation of
legacy code in order to make it Y2K compli‑

ant. The best approach is to insist upon four-digit year en t r y fields
from the word go.

l o v e the way that Inpr isekeeps extending the VCL architecture in
ways that were never originally envisaged by Anders Hejlsberg, and
yet remain true to his vision ‐ in tegrat ingwith the application frame‑
work in a seamless, ‘Delphi-like’ manner and making full use of the
power of ObjectPascal.A goodexample of this is the DAXlibrary,which
gave Delphi programmers the abi l i ty to create ActiveX controls. As a
more recent example, NT aficionados can now use Delphi4 to create
NT Services. This is handled through a couple of new classes called
T S e r v i c e and T S e r v i c e A p p l i c a t i o n . A couple o f wizards i n the
repository create the necessary skeletal framework for a Service pro‑
ject ‐ a l l you need do is fi l l in the blanks. A r i ch set of functionality is
provided through the two service classes. For example, you can set up
event handlers to be called immediately before or after a service is
installed, before or after it’s uninstalled, on shutdown, and soforth.

Another VCL addition concerns the introduction of two protected
methods in to T o b j e c t . These are called a f t e r C o n s t r u c t i o n and
B e f o r e D e s t r u c t i o n .Becausethese methodsare implemented i n TOb‑
j e c t , they’re available to a l l objects in the VCL hierarchy. A f t e r C o n ‑
s t r u c t i o n is called immediate ly after the fina l constructor for an
object, and B e f o r e D e s t r u c t i o n i s called immediately before the first
destructor. At first sight, this might sound distinctly bizarre. After all,
what’s w r o n g w i th overr id ing the tr ied and trusted c r e a t e and
D e s t r o y methods?The problemarises because of the needfor fu l l com‑
patibility between C++ Builder and Delphi. If you’rewri t ing compo‑
nents to work in both environments, y o u wi l l sometimes need to
guaranteethat somecode executes before any destructors ( o r after all
constructors)havebeencalled.This facil i ty enables you to do just that.

Speakingof fu l l compatibil ity w i th C++ Builder, have Imentioned
that Delphi4 produces packagefiles wi th the extension BPL? Back in
the A p r i l issue, when rev iewing C++ Builder 3.0, I guessed that the

@ Using Object Pascalwith the VEL
© Budding applications, components, and libraries
© Common programming tasks
© D e v e l o p i n gthe appicationuser intertace
S W o r k i n gwith controls
(Q W o r k i n gwith graphics

12) W o r k i n gwith graphics: Overview
12) O v e r v i e wof graphics programming
12) Common Properties and Methods of Canvas
12) R e t t e s h i n gthe screen
12) When graphic images appear in the application

Figure 6 - Delphi's notoriously bad online help documentation has
received a majo r face-lift. It includes tutorial information, a nice
easy introduction to De lph i programming, and a strongly task ‑
oriented approach.
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00457378 OFECAsp00000
0045737E 40

RXMain.pas.120: w i t h R e s L i s t [ I ] do
00457304 eBDe mov e d x , e s i
00457386 SB4sre
00457969 EOBZESFEFF
0045736 eBFe

F igure5 - T h e ‘unoffic ia l ’ C P U disassembly v i ew is o ffic ia l l y
supported fo r low-level programmers who wan t to see what sort of
code is being generated by the Delphi compiler.

new B P L extension would be usedto create packagefiles that could be
used f rom both C++ Builder and Delphi. This guess seems to have
been proven correct. When you createa Delphi 4 package, not only
w i l l y o u get a B P L file bu t Delphi wi l l also create C++ compatible
name-mangled exports, which are compatible wi th C++ Builder.

Interestingly, the internal implementation of Delphi 4 represents
something of a departure f rom previous versions, and one that wi l l
beof interest to the terminally inquisitive ‐ l ike me! In Delphi 3, the
IDE was really a single large EXEfile that usedsubstantially the same
set of runtime packages that were used by ordinary applications. In
Delphi 4, the IDE has shrunk down to jus t a few hundred KB in size,
and it uses a number of custom packages that are exclusively for use
of the IDE. What this means is that the vastmajority of IDE code is
contained in packages, and it ’s therefore much easier to ...umm...
examine than it was before. As you probably appreciate, by default
Delphiw i l l export a l l methods of a class andwi th the new name-man‑
gling, this means that name, argument counts, and argument types
are all available. Yu m ‐ hacker heaven!

But wait...there’s more
There is a wholeraft of additional features that I haven’tgot the space
to discuss in detail. The integrated debugger has come in for some
tweaking and now supports multi-process andremote debugging. The
‘unofficial’ CPU debugger window has become official (everybody
knew it was there in previous versions of Delphi,but you had to know
what registry setting to change in order to make it appear).

Inpr ise has added the Tw e m I n i F i l e class t o the VCL hierarchy.
This class isparticularly usefulwhen us ing . I N T files under Windows
NT. NT doesn’t cache . I N I file changes but writes the modifications
to disk immediately, which can seriously impair the performance of
applications that make heavy use of such files. This class, which
caches changes in memory,was original ly wri t ten for internal use
within the IDE,but has now gone ‘public’.

VCL controls have a new property, C o n s t r a i n t s , which can b e
used to set up runtime limits onthe way in which a form or control is
resized. A n e w TA c t i o n L i s t component has been introducedthat can
beusedto centralise response to user commands in a single place on
a complex form. The much-maligned online help documentation has
been completely revamped and even in the pre-release code I was
using it looked reassuringly complete.
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f Delphi 4
‘Tek hi 4 D e l p h i4 is already sell‑

i n g like mad. Just a few
of the new features:

Language extensions - Object Pascal
now includes dynamic arrays, method
overloading, default parameters, and
more. Project Manager lets you com‑
bine projects that work together i n t o a
single project group. Code Explorer
makes creat ing classes much easier
Improved debugging including remote
and multi-process debugging, aCPU
v i e w , inspectors, breakpoint enhance‑
ments , debugger specific sub-menus and
dockable windows. VCL enhancements:
controls support drag-and-drop behaviour
to provide additional control over w i n ‑

dow layout. RTL support for year-2000
maintenance. The global variable
TwoDigitYearCentury Window isused by
the functions StrToDate and
StrToDateTime to control the interpreta‑
t i o n o f two-digit years when conver t ing
dates. Database enhancements. Create
tables on the fly f rom the IDE while
building forms or data module. The BDE
lets you access the data i n v a r i o u s new
types of database servers. SQL Bui lder,
an all-new intelligent query bui lder, re
places Visual Query Builder

IP*Works! is acomplete
TCP/IP development
package c o v e r i n g all pop‑
ular protocols. £185
Internet Commerce
( I C K ) is geared towards
supporting Internet Commerce applica‑
t i o n s , and i t has only a subset o f these
protocols relevant to Internet
Commerce applications. £165

"DELPHI
ABC for Delphi Pro with source
ACE Reporter Professional
Advantage Client Engine f o r Delphi
Apiary Dev. Suite
Apiary OCX Expert
Apiary NetBIOS Custom Control
Apollo 4 Standard/Pro
Apollo 4 Source Code Kit
Argos Clipper to Delphi Utility
Async Pro 2.0 for Delphi
BoundsChecker f o r Delphi
Component Create
Conversion Assistant Std/DB
DB Power Pro
Delphi 4 Standard
D e l p h i4 Professional
Delphi 4 Clienv/S
Delphi 4 Pro/CS Upgrade
Direct Access
DNotes / ( + s o u r c e )

DynaZ IP 16 bit/32 bit
Eagle CDK 16bit/32bit
EssentialsVol 1VCL di rec to ry
Flashfiler
ImageLib Combo 16& 32bit
( incl . ImageLib@ TheEdg:
ImageLib Corporate Suite
Infini ty Reporting/MAPI
InfoPower v e r s i o n 3/+source
InfoPower vers ion 3upgrades
List & Label for Delphi
MK Query Builder with source
Multilizer Std ( + s r e )

Multilizer Pro ( + s r c )

Orpheus
Quick Reports 2 with source
ReportBuilder Standard/ Pro
ReportBuilder Component
TOLEAutomationClient
TeeChart Pro
Titan for Btrieve/+ source
Titan f o r Access 7/+ source
TopGrid/(+source)
Transform Component Expert
Tsizer/ ( + s o u r c e )

£125
£179
£165
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£375
£189
£79

£129/199
£75

£149
£165
£299
£135

£65/119
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£79

£425
£1649

£225/1149
£189

£110/ (+175)
£175/189
£189/209

£47
£119

£109
£399

89/89
£150/199
from £75

290
£299

£195/390

£265/395
£265/395

WINDOWS TOOLS AND UTILITIES
Gantt VBX/OCX
Resource Manager VBX
Schedule VBX/OCX

£189
£189

£189/185

£195/105
£115
£115

TrueDBGrid Pro VB/upgrade
True DBInput Pro
True DBList Pro

PDQComm VBX/OCX
PowerPak Enterprise or Pro OCX
QuickPak VB/J

£99/125
£465
£149

£60
£185

£90
£99

ActiveX G a l l i m a u f r y
SpyWorks 5 Pro ( inc l upgrade subs)
StorageTools OCX
Version Stamper VBX/OCX

£70
£95

£165
£195

£90

ButtonMaker OCX
Input Pro
List Pro
Spread VBX/OCX
Tab Pro VBX/OCX

£79/79179
£79

£325
£85/125

DataTree/DataMask/DataL ist
DataView
ActiveX Suite
Active Toolbox Std/Pro

Luxent 3D Business Std/Pro
Luxent Docs & Images Std/Pro
Luxent Audio & Video Std/Pro
Luxent Magic Menus Std/Pro
Luxent Power Pack Std/Pro
Luxent Vectors&Layers Std/Pro

£165/299
£165/299
£165/299

£65/89
£330/530
£165/299

£249
£310

£685/425/525
£310

f r o m £320
£310

BoundsChecker Std
CodeReview Pro
DevPartner Studio/VB/VC
FailSafe Professional
Soft Ice
TrueTime VB or VC++

£135
£265
£265
£265

£69
£265
£245

CapturePRO
FractalFX VBX
FXTools Gold
ImageN DLL or VBX or ActiveX
RivetText
SuiteFace
VectorFX 32 bit OCX

£135
£135/135

£275/£275
£345
£135

Data Explorer 32bit
Table OCX/DLL

OCX/DLL

£90
£110

£90
£135
£345

£90
£157
£229

£90
£90

ActiveListBar
ActiveToolbar&Menu
ActiveThreed
ActiveTreeView
ActiveSuite
Calendar W i d g e t s
ClassAssist
Component Suite (Cal+Data+Des)
Data Widgets
Designer Widgets
Sp_Assist

VBAssist

VS Data ActiveX
VS Direct
VSFlex VBX/OCX
VS Reports ActiveX
VSVBX/VSOCX
VSView OCX

First Impression ActiveX
Formula One ActiveX
Visual Components Studio
Visual Speller OCX
Visual Suite Deal OCX

Doc-To-Help 16or 32bit v.3
Doc-To-Help 3.0 Pro
ForeHelp 2 16/32/Suite
Help2HTML
Helping Hand
Help M a g i c i a n Pro
RoboHelp Classic/upgrade
RoboHelp Office
SOS Help! Info Author

Crystal Reports Pro v6.0/Upgrade
Crystal Comm 3 2 ( + s o u r c e )

DemoShield 32bit
DemoQuick 16/32 bi t
Dynamic Update
English Wizard SDK
Ext
InstallShield 5 Pro/ Express Pro
PC-Install DOS&WIN combo
PC-Install Win + Internet Ext
R&R ReportWriter xBase 32bit v 8
Shrinker 3.0
soft SENTRY
Wise Version 6 . 0 Std/Ent

3DGraphics Tools 16/32
Active Bar
ActiveDelivery Std/Pro
ActiveReports
Address Rapid Addressing SDK
Aegis v 3.6 1-5 user
Basic Constitue
Chart FX16/32/bundle
DBest Barcodes fo r DOS/Win
ED for Windows v 3.8
ErgoPack for VB, VC++ and Delphi
Erwin Desktop f o r VB
Graphics Server SDK
LeadTools Pro 8.0 32bit OCX
Map Tools
M K S Source Integrity ( i n c l PCS)
MultiEdit Pro/Evolve
Olectra Chart ActiveX
Olectra Resizer ActiveX
PVCS Tracker
Report FX16/32/bundle
S y b a s e SQL Anywhere 1 / 4 User
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VBCompress Pro
VB Language Manager Pro
Visual Expert

C/C++
Borland C++ 5
Borland C++ 5 Dev Suite
Borland C++Builder 3 Std
Borland C++Builder 3 Pro/Upg
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0/300/400
£179

High Edit ProActive / Pro
InfoPower for C++Builder/+sre
IP*Works!
Leadtools 9 WinPro DLL 16/32
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MS Visual C++ 5 Pro/Enterprise
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Object Master
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Power++ Dev/Pro/Ent
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3D Webmaster£119
Arpeggio Live! Starter Pack
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£120

£69/160
£95

£50/95
£160

Codebase 6 with Java Docs
Cold Fusion Pro/Workshop
Cold Fusion Forum

DataDirect WebDBLink
£125 Delphi2Java/Database Ed.
£129
£229
£95

£225

InstallShield 5 Java Edition
InstallFromTheWeb
Instant Basic f o r Java Std

‐‐ Instant Basic f o r Java Pro
£525e2s0rn601445 PackagedForTheWeb

Jamba Professional
JBuilder 2 Pro
JBuilder 2 Client/Server
Java Workshop
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£325/199
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£249/149

£135/(275)
£330
£575
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A n d for the droids...
But what about ‘Enterpr ise’ computing, I
hearyou cry? What new goodies are there for
dedicated database droids? Well, as y o u
should know by now, th is isn’ t my strong
point. However, it’s reassuring to see that
Inprise is cont inuing the time-honoured Bor‑

land t rad i t ion of emphasising the database-twiddling aspects of Del‑
p h i to the vir tual exclusion of everythingelse. In my reviews of what
is ‐ after a l l ‐-an excellent general-purpose development system, I
merely t r y to redress the balance!

The Client/Server and Enterprise editions of Delphi 4 have fu l l
support for creating Corba (Common Object Request Broker Archi‑
tecture) servers and clients through a couple more code-generator
wizards in the repository. Delphi’s Corba support is based around the
Inp r i se VisiBroker ORB (ObjectRequest Broke r ) technology that
determines how Corba clients communicate wi th the server. Because
Corba is an industry standard, you can use Delph i4 to create clients
that communicate with non-Windows servers and servers that com‑
municate wi th non-Windows clients.

Support for Microsoft ’s M T S (M ic roso f t Transaction Server )
technology has also been included in Delphi. More wizards (yes,you
guessed!) are used to create MTS servers and data modules. Addi‑
tionally, anumber of BDE enhancements allow y o u to accessnew
server types such as Access 97, Abstract Data Types, and Oracle8
extensions to the SQL language. Hmmm... when is the BDE going
to be renamed as the IDE - Inprise Database Engine? Now that w i l l
be confusing!

l i k e l yto be pirated.

Sales: 0 8 0 0  7 3 1 2 8 6 0
h t t p : / / w w w. s o f t l o k . c o m

Evolution
Delphi 4 is very much an evolutionary release rather than a revolu‑
tionary one. It builds on Delphi 3 and adds a number of significant
improvements such as C++ Builder compatibility, support for dock‑
i ng windows, NT Servicecreation, and so on. For me, Delphi 3 was a
‘must-have’, primari ly because of the introduction of packages and
the ab i l i t y to deploy t iny executables to customers who already have
the run t ime packages. In the case of Delphi4, I feel that things are less
clear-cut. Whether or no t you feel the need to upgrade w i l l depend
v e r y much on what y o u perceive as ‘must-have’ features, and of
course, on the pr ice of the upgrade. For m e , the abi l i ty to create
dynamically-resizable a r r a y variables in my applications is very
attractive, and compatibility wi th C++ Builder is great for l i nk ingold
legacy C++ code into your Delphiapplications. a

DaveJewell is afreelance consultant,programmer, and technical
author specialising in low-levelsystemsprogramming, development
systems, and compiler design. He is the author of ‘Instant Delphi’
published by Wrox Press. You can contact Daveas
Dave@HexManiac.com.
Delphi 4 Client/Server Suite has an estimatedstreetprice (ESP)of
£1,699for new users. Delphi 4Professionalhasanew-user ESPof £449
and Standard wi l l have a new-user ESPof £84.26.
Current owners of any Borland Client/Serverproduct canpurchase
Delphi 4 Client/Server Suitefor an ESPof £1,199. Current owners of
other Borlandproducts canpurchase Delphi4 Client/Server Suitefor
an ESPof £1,399. Current owners of any Borlandor Inpriseproduct
canpurchase Delphi 4Professionalfor anESPof £249.

“ I l ove t h e In te rne t , ©
everything on i t  is free!”

Source: Overheard at COMDEX ‘97

It’s so easy to upload copied software from diskette or CD-ROM to an internet site, from
there itis freely available for download byanyone, anywhere in the world.

If your PC-based application is not protected by a hardware key then your software is

For an information pack to see how cost-effective PC software protection can be, please contact:
Softlok International Limited
Softlok House
2 Bark Street East
Bolton
Lancashire
BL1 2BQ
United Kingdom

Tel: +44 (0)1204 436000
Fax: +44 (0)1204 436025Softlok ® . . 22

©& Enquiry No. Au16
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Programmer'sEditor
Premnite.

- The programmer’s
favouite editor for large and complex source
code projects. The speed and flexibility of
Codewright 5.1 isenhanced by the addition
of 3 scripting language options. Working
w i t h code is easier w i th side-by-side
differencing , change merging, tags etc.
CodeWright synchronises file wi th your
Microsoft or Borland IDE. Call for upgrades.
Still only £159

‐ Now you can write
once and output all leading industry-standard
Help formats. RoboHELP Office guides you
through the ent i re process of creat ing
professional online Help and information
systems for Windows 3.1, 95, and NT,
Windows CE, WebHelp, web sites, as well as
the n e w Windows 98/NT 5 format called
M i c r o s o f t HTML H e l p , a n d p r i n t e d
documentation. Receive RoboHelp HTML
edition and resize tool for free. Limited time
only. Hurry! £418 ...call for upgrades.

‐Find unprecedented Data Conversion Power
with the newly released Data Junction Version 6.5. Critical new
features include more native SQL formats, new mass insertNewly released, Pervasive.SQL v7.0 n o w
spokes, expanded data transformation power, metadatacombines both Btrieve and Scalable SQL in one

exciting product. Delivers the transaction speed
of Btrieve, together with the sophisticated
relational query capability of Scalable SQL.
Linked by a single common microkernel in one
package. Available for the Windows NT or
Netware platforms with client support for all
flavours of Windows and Netware, OS/2 and
DOS. From£615

repository, a n e w delete mode for
SQL and a n e w sor t funct ion.
Enhance your team managementDATA § U N C T I O N with large file support and improved

C O R P O R A T I O N SDK’s, and choose the upgrade that
fits you data conversion needs by

choosing from the Personal; £275, Professional;
£619 or Enterprise;£1245 editions.

4 in 1!;
dbComplete 1.5 (32 bit); Better database
apps with greater functionality, in less time.
Formula One 5.0 (32 bit). For database
access, reporting, & constructing. First
Impression 5.0 (32 bit). More than 35
u n i q u e chart types; 2&3 dimensional
options, Chart Wizard and Chart Designer.

isualSpeller 2.1 (16/32 bit) Seamless spell
checking in reusable component form.

-The
classroom event that hundreds have paid $1500
for is now available on CD with over 15 hrs of
lectures - take notes directly on the screen, stop
and review critical sessions, and jump to
corresponding text in the book! Read ‘Thinking in
Java’ in hard copy or formatted for the screen. 17
chapters cover every aspect of Java with over
15,000 lines of code in 320 example programs.
Long on content (almost 600 MB!) short on

All four for only£235 annoying multi-media glitz and only £39

System Science News!
: Bundle Offer ‐ for alimited time onlybuy Visual¢
g Ce inion on ga Duce Bass CDree eae

‐ Subscribe to MSDN Universal, ayearly plan with
quarterly updates, and receive the latest tools and information from

Microsoft assoon asthey becomes available. The quarterly MSDN
library CD ROM ispacked with technical articles, code samples and

product documentation; Microsoft SDK’s and DDK’s; Microsoft
Office BackOfficetest Platform; MicrosoftVisual
Studio Enterprise Edition includingVisual Basic
5.0, Visual C++ 5.0, Visual J++ 1.1 etc., and
additional development tools that release during
your subscription period; Microsoft Office 97
Developer Edition etc. Automatically receive

Visual Studio 6.0. All this for only£1629

S Y S T E MO17I1 8 1 0 2 2
‘@PLEASE CALL IF THE ITEM YOU ARE LOOKING FOR IS NOT LISTED @CALL FOR OUR COMPREHENSIVE CATALOGUE @ PRICES ARE
EXCLUSIVE OFVAT @SHIPPING TOMAINLAND UK£10.00. SAMEDAY LONDON DELIVERY AT COST @PRICES ARE SUBJECT TOCHANGE
PLEASE C A L LTO CHECK @VISA, ACCESS, & MASTERCARD A C C E P T E DWITH PHONE ORDERS 1 Bradley's Close, White Lion St. London N1 9PN Fax: 0171 837 6411

w w w . s t e m s c i e n c e . c o . u k



Get a free demo CDand information package, and find out more about
| e-commerce at www.software.ibm.com/ec/enginfo

Are you a spectator in the world of e-commerce?
There's awhole new game called electronic commerce. But to get on to this playing field, you
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ADVANCED TECHNIQUES
Mark Harman continues his look at software tes t ing by describing three more techniques

that focus on semantics, rather than syntax, to weed out those ‘hard to find’ bugs.

overage analysis, which we lookedat lastmonth, is the most com‑
monway of ensuring that testing really does test the software. But

it is not the only approach. Notionsof coverageare a l l based upon the
syntactic structure of the program, rather than upon the semantic
properties of the program. For example, we could t r y to ensure that
all the statements of the program are executed, or we could t r y to see
that every branchof the program is executed. However,errors are by
their very nature semantic beasts,andsoa purely syntactic approach
to testing is not ideal; we are more likely to find bugs if we put some
semantic requirement on our test cases.

The firs t technique we w i l l look a t , dataflow testing, seeks to
address this problemby introducingsome semantic aspectsof the pro‑
gram into the notionof coverage.To start with, we needto find a path
within the programthat beginswi th the definition of a variable. Sup‑

a u g u s t 1 9 9 8

pose that the variable’s name is x. The path wechoose must end up
with a useof x, andalong the way must not go through any statement
that defines a new value for x.

By ‘a definition of x’ , wemean that x appears on the left-handside
of an assignment statement. A ‘use of x’ means that x is used in some
computation, but not altered by it. For example, a usemight consist
o f p r i n t i ng out the value o f x , testing its value, o r us ing its value on
the right-hand side of an assignmentstatement.

The path we choose is called a definition-use path ( o r du path for
short). The idea behinddu paths is that the value defined at the start
wi l l pass unaffectedalongthe pathunti l it reaches theendwhere it is
used. A du path therefore represents the channel along which data
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The relationship of mutants
and coverage analysis

statement.The percentage of mutants killed will be the same as the
percentage of statements covered.We can usea similar trick to get
mutation test ing to emulate branch coverage, in which all the
branches in the program under test must beexercised.This is not a
particularly efficient way of assessing statement and branch cover‑
age, but it does highlightthe connection betweenmutationtestingand
coverage analysis.

flows through the program.Dataflow testing is concernedwith ensur‑
i ng that our test cases exercise a l l of these du paths.

Any statement that defines a value for a variable can be the start
of a du path. There may be several du paths from a single statement,
because the value of the variable m igh t be used at several points in
the program. Forexample, consider the example program in L is t ing
1.In order to think aboutdu pathsweneedto drawa graphof the pro‑
gram showing all the paths down which the execution can go. This
graph is depicted in Figure 1. It is called aCont ro l F low Graph,
because it shows how the flow of controlmoves from one point in the
program to the next.Eachpoint i s called a node.To find a du path we
look for anodewhere some variable is defined. Havingfound this, we
then trace forward through the graph to find a point where the vari‑
able is used,beingcareful to ensure that the variable is not redefined
along the way.

Supposewe take the assignment to y at node1.This is an easyone
to deal with because there is only one point at which y is used (node
2)and there cannot beany other definition of y along the way f rom
node 1 to node 2, because there are no other nodes along the way.
Therefore, there is a du path from node 1to node2and, because there
are no other uses of the variable defined at node 1,there are no other
du paths that start at node1.Our test cases should ensure that this du
path is followed. This w i l l be easy because any execution of the pro‑
gramwi l l godown this path.

Suppose we star t w i t h the assignment at node 2. Th is node
defines anew value for the variable x and soit canbethe start of a
du path concerned w i th the flow of the value of x. Node 8 uses the
value of x and sowe might look for a path from node2 to node 8.
There are three possibilities, each depending upon the outcome of
the evaluation of the predicates in the prog ram. These paths are
<2,3,4,8>, <2,3,5,6,8>, and <2,3,5,7,8>. It turns out that a l l of these
paths containa definit ion of the variable x, and sonone of them is
a du path. From this, we know that the value of x defined at node 2
cannot get through to node 8.

Al though there are no du paths from node 2 to node 8, there i s a
du pathstart ing at node2.That is, thepath<2,3,5,7>.Downthis path,
the value defined for x at node 2 passes unaltered to the fina l node
at which the value is used. It does not matter that the value of x is
alsodefined at the end nodesof this du path, because it is defined in
terms of the value given to it at node 2.In addition, you can see that
there is no du path f rom node2 to node 4, or f rom node 2 to node 6,
because the value of x is usedneither at node4nor at node6. In fact,
we can go further than that: no du path could possibly end at either
node4 or node6,becausenovariable is usedat either of thesenodes.

E X E a u g u s t 1 9 9 8

Three du paths end up at node 8.
These are <4,8>, <6,8>, and <7,8>.
We have now considered a l l the du
paths in the programandwe can tu rn
to theproblemof finding test cases that
cover al l of them. For this program, there
is only one determin ing value: the in i t ia l value of the variable z . I t
decides which branch is taken at each of the predicate nodes in the
program. In this case, we can see that when z is compared to x , the
value of x w i l l be4.Werequire three values for z: one less than 4,one
equal to 4,andone greater than4. Thisw i l l ensure that we haveexer‑
cised a l l of the du paths in the program.

In this case, covering all the statements of the program amounts
to the same th ingascoveringa l lof the du paths in the program.How‑
ever, there are programswhere we can cover a l l the statements with‑
out hav ing covered a l l the du paths. For example, consider the
p rog ram in Lis t ing2.Wecan cover a l l the statements in this program
usingonly one test case, namelywhere the in i t ia lvalue of p isgreater
than zero. However, this would not cover a l l the du paths, because
there is adu pathfromnode1to node4,which is exercisedonly when
the predicate evaluates to false.

There are programs where we can cover all the du paths without
coveringallof the statements. Suchprograms involvestatements that
either define a value which is neverused,usea value which is never
defined, or neither use nor define any value. The first two cases are
rather anomalous and should be reported as errors, but the third is
quite common. For example, consider the program fragment in List‑
i n g3.Assume that the value of p is defined somewhere earlier in the
program. Dataflow testing w i l l not require us to execute nodes 2, 3,
and4 at all, as these cannot be the start or end of a du chain. On the
other hand,to covera l l the statementsof theprogramwemustensure
that bothstatements are executed.

The finding of all du paths can be automated (followinga similar
dependence-tracking type of approach that is used in program slic‑
ing, see Apieceof cake, EXE, October 1996). This automated compu‑
tation w i l l produce a conservative approximation to the real answer.
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That is, the algorithm wi l l correctly identify al l du paths, but it may
add in a few non-du paths too. This has the effect of mak ing us do
slightly more testing than necessary, but it’s a ‘safe approximation’
because we do guarantee to cover all du paths. For instance,dataflow
coverage, as well as the more commonly found statement and branch
coverage, is handled automatical ly by some tes t ing tools such as
LDRA Testbed (Liverpool Data Research Associates).

Mutation tes t ing
In dataflow testing what weare try ing to do is monitor the flow of traf‑
fic (data)through the program,sothat weensure that some traffic has
been down every l i t t le country lane as well as a l l the majo r motor‑
ways. We hope that the passage of traffic w i l l show up the need for
any repair work (fix ing the bugs). There is a far more radical solu‑
tion, which is tantamount to deliberately wreck ing the road with pot
holes and watch ing to see how m a n y accidents occur - this bizarre
approach to testing is called ‘mutation testing’.

Mutation testing turns the whole problem on its head. Insteadof
testing the program to find faults, we test the test data by introducing
faults to see how good o u r test data is at finding the faults. The idea
is to create m a n y copies of the program, each of which has been
altered in some minor way. Each copy resembles the original, bu t
deviates from it. Having done this, we see how many of these differ‑
ent variations of the p r o g r a m behave di fferent ly f rom the original,
for ou r set of test cases.

Eachcopy o f the p r o g r a m i s called a mutant, because i t i s created
by ‘mutating’ the program in some way. When a mutant behaves dif‑
ferently from the or ig ina l program for some test case t, we say that
t ki l ls the mutant. For example, suppose we mutate the program in
Lis t ing 1, so that the assignment x = y * 2 at node2 is replaced by the
assignment x = y * 4 . This creates a mutant version of the original pro‑
gram. To k i l l this mutant we needa test case that makes the mutant
producea different value to the or ig ina l p rogram. Suppose we t r y
the test case z=10 . In this case, the mutant w i l l follow the same path
and w i l l end up with the same value in x at node 8 as the or ig ina l
program would havedone. Wesay that the test case z=10 fails to k i l l
the mutant.However,hadwe chosen the test case z=5, we wouldhave
ki l led the mutant. In th is way, mutants allow us to assess how good
our test cases are.

In mutation testing, we are not directly concerned wi th testing
the program. Rather we are t ry ing to assess the qual i ty of the test
data we intendto use to test the program. Wewant to see how many

x = 1 ;
e l s e i f ( x = = z )

x = 0 ;
e l s e x = x + 1 ;

Dr inct ( " S d " ) ;

L ist ing 1-The original program to be tested.

x = 1 ;
i f  ( p > 0 )

y = x + 1 ;

L is t ing 2- Cover ing a l l statements does not cover al l du paths.
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of the mutants are killed bya set of
test data. The more mutants we can
k i l l the better.

Such test ing is based on two
assumptions about the nature of
e r ro rs in programs. The firs t o f these is
called the ‘competent p rog rammer hypothesis’. Accord ing to this
hypothesis, programmers wri te programs that are almost perfect.
The competent programmer hypothesis says that p r o g r a m faults
are syntactically small and can be corrected with a few keystrokes.
The upshot of this is that the mutants simulate the l i ke l y effect of
real faults. Therefore, if the test set is good at catching the artificial
mutants, it w i l l also begood at catching the rea/ mutants ‐ the faults
in our p rogram.

The second assumption, called the ‘coupling hypothesis’, states
that should there beany big and dramatic effects that arise from bugs
in the software then these wi l l beclosely coupled to small and simple
bugs. The net effect of these assumptions is that we take on faith the
basic principle of mutation testing: making small mutations to the
program code emulates the realbugs in the software.

S t rong and weak mutat ion tes t ing
In the previous example, we considered that a mutant was ki l led i f a
test case made it producea different output value at the end of the pro‑
g ram. This is called ‘strongmutat ion testing’ because i t places a
‘strong’ requirement on the test case. To see why the requirement is
strong, consider the opposite: weak mutation testing. In weak muta‑
tion testing, we require only that the value produced at thepoint we
introduce the mutation is different f rom the corresponding value in
the originalprogram.This is less demandingon the test cases because
it is always easier to force a program to havea different value at the
mutationpoint than it is to force it to havea different value at the end
of the program.

Forexample, in the program in L i s t i ng1,suppose we mutate node
2 by replacing the assignment x = y * 2 wi th x = y ~ 4 . If we test the pro‑
gram wi th the test case z=10, then the value of x just after node 2 has
been executed is 8, whereas its value was4 in the original program.
Had we looked only at the value of x at node 2 then we could have
tested the program wi th any test case except z=0, andwe would have
killedthe mutant. However, if we hadrequired the value of x to bedif‑
ferent at the end of the program, then only the test cases where z has
a value between 4 and 9 would have caught the e r ro r and therefore
ki l led the mutant.

Strong mutation test ing is tougher ( o r s t ronger) on the test set
because we can be sure that whena test case strongly ki l ls a mutant,
it must definitely weakly k i l l it. Mutation testing is all about assess‑
i ngthe quality of test cases; it would benatural to preferstrongmuta‑
t ion testing to weak mutation testing. Unfortunately,s t rongmutation
testing proves much more time-consuming when it comes to automat‑
i ngthe testing process. As with other testing strategies, mutationtest‑
i ng is anon-starter without automation.

A weak mutation test ing tool can store the state just before the
mutation point, and then test each mutated version of the statement
in isolation,usingthe previously savedstate asthe starting state.This
is not possible wi th strong mutation testing, because we have to see if
the mutationcreates a mutantvalue that survives a l l the way through
to the endof the program. This entails r u n n i n gthe programto the end
for each mutatedversion of each mutationpoint. There are usuallya
great m a n y mutations to be considered and so the strong version is
simply too expensive. Fortunately, analytic and experimental investi‑
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gation has shown that strong and weak
mutationoften turn out tobevery close

in pract ice. Many test ing experts
therefore believe that weak mutation

testing is ‘strongenough’.

The problem of equivalent mutants
Suppose we mutate the program in Lis t ing1,by replacing the assign‑
ment at node 2 with x = y + 2 . This mutation producesa program that
behaves in exactly thesame way asthe original. Wesay that the mutant
is ‘equivalent’ to the original. How can we expecta test case to k i l l an
equivalent mutant?

Equivalent mutants are more of a problem for mutation testing
approaches than one migh t think. There is no automatic way to
decide whether a mutant is equivalent to the or ig ina l program, so
in automated mutant generat ion tools i t is l i ke ly that some of the
generatedmutants w i l l be equivalent (and therefore unki l lable).
Clearly, it is unfair to penalise a test case for fa i l ing to k i l l an equiv‑
alent mutant. Supposea test case fails to k i l l amutant. How can we
te l l whether th is is because it is a poo r test case or because the
mutant is unkillable?

Mutation testing has beenimplemented in a few commercial CASE
tools (three I ’m aware of are: Mothra, SafetyNet, and Insure++. The
latter uses mutation, but not in the way described in this article. It
deliberately creates equivalent mutants. If the programmer believes
that any of these produce a wrong answer then there must either be
abug in the original program,or the programmer’s understandingof
the specification must be at fault ‐ or the specification itself). Studies
have shown that th is technique would have been good at detecting
some of the famous bugs, such as the Pentium bug and the Therac-25
bugs. However,a solution to the problem of equivalent mutants needs
to be found if the technique is to find wider acceptance.

Boundary value analysis
The techniques we havelookedat sofar are knownas ‘white box’ tech‑
niques,becausethey requireknowledgeof the internalstructure of the
program. By contrast, boundary value analysis is a black box tech‑
nique. It is basedon the observation that faults tend to cluster around
‘boundaries’ in programs.The boundaries par t i t ionthe inpu tdomain.

We assume that the p r o g r a m par t i t i ons the inpu t intoa set o f
domains in which the program’s behaviour is similar. Because of
this, we assumethat if an element f rom some input domain produces
an error then a similar error wi l l be producedfor a l lelements of that
input domain. Wealso assume that i f a part icular test case fails to
produce an error then a l l other elements in the domain w i l l f a i l to
produce an error.

According to these assumptions,we attempt to cover the structure
of the program’s input, no t the program’s structure. This requires no
knowledge of the program’s syntax - only knowledge of its specifica‑
tion. This allows us to star t th ink ing about test cases as soon as we
have agreed upona specification. By contrast, the white box tech‑
niques require the system to be implemented before we can start to
define test cases.

L is t ing 4 contains a very simple example. Suppose the specifica‑
tion says that the program should give the square root of non-nega‑
tive inputs. If the i n p u t is negative, then the p rog ram should p r in t a
messageto say that only non-negative input is handled. The p rog ram
in L i s t i ng4 is not quite r ight ; it contains a boundary value error.

There is only one input to the program, so the boundary is simply
a point ona line (the point x=0). Had there been two inputs then the
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ah a et h

e l s e p r i n t f ( " G o o d b y e c r u e l " ) ;

p r i n t f ( " w o r l d . " ) ;

Listing 3- Covering al l du paths does not cover al l statements.

1  s c a n f ( * % d " , & x )  ;
2  i f  ( x < = 0 )
2 p r i n t f ( " I n p u t s h o u l d b e n o n - n e g a t i v e " ) ;
4 e l s e p r i n t f ( " T h e s q u a r e r o o t i s % d " , s q r t ( x ) ) ;

List ing 4- Boundary value analysis.

boundary would have beena line ina plane. With three inputs, it would
have beena planein three dimensionalspace, and soon. Whatever the
boundary, the testing process seeks to test values on and around the
boundary. If there is a boundary value error, then the boundary wi l l
shift, sowe t r y to find test cases that will detect the shift.

I n the case o f the square r o o t p rog ram, we would t r y one case
where x = - 1 . This would test the negative inpu t domain and one case
where x=0, this would test the non-negative i n p u t domain. The sec‑
ond test case w i l l reveal the fault: the <=operator in the conditional
should have beena < operator.

As a test ing technique, boundary value analysis is s t i l l in an
embryonic state. While dataflow testing and mutation testing have
been implemented in commercial CASE tools ‐ and some form of cov‑
erage analysis is found in most tools ‐ boundary value analysis is cur‑
rent ly the subject of ongoing researchand has yet to find its w a y into
commercial CASE tools.

No guarantees
When we test software, we want to maximise the chance that o u r test
cases wi l l find bugs. No system is ever going to beable to guarantee that
it w i l l find every bug, but we can use some theory to improve our
chances. The basis of this theory revolves around the idea that we
should exercise some property of the program. The property is either
a structural (whitebox)aspect of the syntax of theprogram(suchas its
statements or its definition-use paths),or it is a behavioural(black box)
property (such as the output it produces for each input sub-domain).

A more radical approach is provided by mutation testing, where
we corrupt the program to see how good o u r test cases are at detect‑
i ng the corruption.

Findingeffective ways of testing software remains a b ig problem.
The approaches described in this articlehelp,but no technique is per‑
fect. Testing is likely to continue to become increasingly significant
in the software development process and we can expect many devel‑
opments in this field. a

Mark Harman isa lecturer in computer science at Goldsmiths’
College, where heworks onprogram manipulationand testing using
slicing and transformation. Goldsmiths’ college canprovide bursaries
for suitably qualified students wishing tostudyfor a masters or
doctoral degree. He can becontacted by emailat
m.harman@gold.ac.uk.
Mark Harman would like to thank RobertHierons, who helped
greatly in theproduction of this article.

Correction: In last month's Testing in black &white thereshould have
been an edge drawn from node 3to node 4, in Figure 1on p19.
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Wor ld -w ide educat ion,
t r a i n i ng a n d suppor t
services f o r Java™a n d
VisualAge f o r Java.

special educational blends from...

TheObjectPeople
Education: Tra in i ng Programs
Get t i ng S ta r tedw i t h Java Masters Program
¢ OO Programming w i t h VisualAge for Java Immersion Program
¢ Building Applets and Applications

Using VisualAge for Java Suppor t Services
¢ Object-Oriented Programming w i t h Java
¢ Building Applets and Applications usingJava
¢ Java for Smalltalk Programmers
¢ Java for C++ Programmers

Project Mentor ing
Consulting Services
Development Services

These courses a r e offered on-s i te or as o p e n courses
Ask us abou t TOPL ink f o r Java

Ca l l f o r more in fo rma t i on
4 Nor t h America: (613) 225-8812
“ United Kingdom: +44 (1703) 775566

Germany: +49 (228) 2420730
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Making
Mozilla sagp
Want to play you r part in the bui ld ing

of acommunity browser? While

wa i t ing to compi le the Mozilla

source for Windows and

Unix, Peter Collinson

checked out the latest

developments.

|! was back in late March that o u r esteemed editor
suggested that I might l ike to take a look at what

Netscape was up to wi th the free software release
of its browser. In what many people thought was
a surprising move, Netscape had decided to
make Version 5.0 of its original staple prod‑
uc t into free software for developers to play
with. I t also started to make exist ing b ina ry
editions of i ts browser fami ly free for any‑
one. The reasons fo r this move are wel l
known. Mr.Gates’ organisation has essentially
been ‘dumping ’ In ternet Explorer onto con‑
sumers for nothing, and using it asa further lever
to entrap the user solidly in the One Microsoft Way.
Peoplewere taking the bait and transfer r ing in droves.
Beware of Greeks bear ing gifts.

Whatever you think about M ic roso f t , and I am
aware there are many peoplewho observe the
sun by crouching low behindMr. Gates,
I suspect that you w i l l concede it’s a
bad idea for one company to control
anything completely. There are dif‑
ferent ways of do ing things, differ‑
ent ways of looking at the wor ld , and
difference is healthy.

When the IE browser appeared, Netscape’s pre-eminent position
asbrowser supremowas challenged, and that was healthy originally,
forc ing Netscape to develop things quickly. Of course , you may also
dislike Netscape, although I haven't found any good reason for do ing
so. Iexpect that if you bought a browser just beforeNetscapedecided
that it shouldbefree, then you may havea solid reasonfor the dislike.
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Incidentally, there’s now a really viable third-choice browser called
Opera. Sadly its available only fo r Mr Gates’ 16- and 32-bit operating
systems, and costs $35. ( I t is in the process of being ported to OS/2,
Amiga, and Psion, w i t h plans for Mac, U n i x , and BeOS.) Opera tries
to be the speedy alternative to the heavyweights of IE and Netscape,
and succeeds. However, it doesn’t support some of the features that
the Web is beginning to rely o n , like Java or cascading style sheets.
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How willyou cope?
. . .A l l C h a n g e thats how!

@ A unique level of integration
between the different aspects
of configuration management

At last you can implement and
manage the business processes
that you require to support the
control of your development
and the changes your
business imperatives and
pressures subject you to in
one CM solution ‑

@ Uniform product technology
and user interface for users
to learn

@A fully integrated view of
change management and

A C h a n g e . version control information

ind s @ Baselines
: an ; @ User Roles

or Versi |a hid e xe ! ae as Contro
. o rkspace@ MS Project Management

@ Email . ;@ Configuration
@ Seamless FTP Item Identification
@ VC++, VB @ Lifecycle Management

Configurable
A l i C h a n g e i s the ultimate i n
configurable tools ensuring that it is
your processes and your requirements
that are implemented

HMM, THATS
BETTER.

Intasoft Ltd.
153 Sweetbrier Lane

Exeter EX1 3DG
England

Tel: 01392 217670
Fax: 01392 437877

Email: sales@intasoft.co.uk
Web: http://www.intasoft.co.uk/intasoft/

ConfigurationManagement tools for professionals
AllChange is a registered trade mark of Intasoft Limited. All trademarks acknowledged.
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Mozil la
Netscape has started a website (www.mozilla.org) and has released
all itsbrowsersoftware in source form into the charge of asmall team
of integrators and developers. The browserbase is knownasMozilla.
The job of the Mozilla team is perceived to be similar to the group at
Berkeley way back when BSD Unix was new. The notion is that devel‑
opers in the wider communi ty w i l l take whatever liberties they like
with the extant code. The team wi l l accept the changes, fix bugs, man‑
age the master source tree, perform qual i ty control, arbitrate over
design decisions, and providea ‘steer’. Netscape is providing infra‑
structure and paying the salary of the integrators, who, by the way,
are some of Netscape’s choicest staff. Many of whom contributed in
a b ig way to the development of the browser in the first place.

Well, I pulled the releasedsource of Mozilla on the 1st of Apr i l . At
that time, the g z i p p e d t a r file was 11 MB. There have been three
releases since then, so things are m o v i n g quickly. The most recent
June 3rd release is 16M B , which is probably not something that you
want to pu l l over a slow modem Internet connection. You can get the
folks at Netscape to send you a CD wi th the source, if you find this a
better alternative.

There are actually two source distributions: one for Windowsand
Unix and the other for the Macintosh.One change betweenA p r i l and
June has been the mergingof the Unix and Windows code into a sin‑
gle code tree. While I was pull ing the code, I began to wonder which
machineI shoulduse to compile it.My fastest machine runs Windows
NT 4.0, and that looked favourite. The requirements for a
Windows platform are (and I quote): ‘a Pentium wi th at
least a 133 MHz processor and at least 250 megs (NTFS
part i t ion) or 500 megs (FAT part i t ion) of hard drive
space. Youneed to have a minimum of 64megs of
memory in order to bui ld this tree. Havingat least t a g
128 megs of memory w i l l make y o u r debugging
experience noticeably less agonising. The preferred
plat form is NT 4.0. NT 3.51 w i l l also work, and b
Win95 m igh t work if you’re lucky. Maybe.’
There are reports of successful Win95 builds pm @
in the m a i l i n g l i s ts and newgroups , so the
‘Maybe’ has becomea l i t t le less iffy. My NT A
machine looked quite a good match bu t it has
insufficient disk space to hold the files, and I did‑
n’t really want to compile into a Samba file system
‐ i t would swamp my network.

I looked at my Unix systems. Here Netscape
advises ‘32 MB of RAM, 64 MB of R A M recom‑
mended, 128MB of swap’,which is no problemon any
of my Unix machines. The bui ld needs the GNU
C/C++ compiler 2.7.2 or better,and GNUmake
3.74 or better. I a m r u n n i n g the compiler and
it’s no problem to install gmake. However, the
browser is an X Window System client and uses
Mot i f 1.2. You need to buy this if it doesn’t come wi th your machine.
T’ve not bought a copy for my BSDIsystems, which meant I had to use
my Sun. It’sa SPARCstation I I ,once a fast machine but now creaking
at the seams with modern software that interprets bytecodes. I really
need to upgrade this machine.

Iunpackedthe code, installedGNU’s make, typed in the necessary
runes,and sat back. Si t t ingback is necessary: it’s compiling 77MB of
source, and there are loads and loads of include files. This first ver‑
sion compiled and ran. I then deleted it because I didn’t want to
expend the disk space. The compilation of the June code took about

EXE a u g u s t 1 9 9 8

M A K I N G M O Z I L L A R E V I E W S

©The Mozilla
Organization
* Our Mission
© Who We Are
©GettingInvolved
© Community
©Editorials
©What's New

o u r mission

Netscape Communications made two important announcements on January
23rd, 1998

Furst , that the Netscape Communicator product would be available
free of charge;

‘Second, that the source code for Communicator would also be free.
Projects
©Module Owners
©Blue Sky
©New Layout

On March 31st, the first developer release of the source code to
Communicator was made available

But what now? For the product to grow andmature and continue to be
useful and innovative, the various changes made by disparate developers
across the web must be collated, organized, and brought together as a
cohesive whole

Figure 1-Cryp toz i l l a on Windows N T.

5%hours on my machine, and then things didn’t work; there is a prob‑
lem in setting up the X environment. I have a precompiled binary of
Mozilla that runs on my Windows NT machine and have contented
m y s e l f wi th p lay ing w i t h that whi le repo r t i ng my U n i x bug to

Netscape. However, whi le I was wai t ing for the compilation, I
decided to peruse the documents on the Web.

What you do and don’t get
The Mozillawebsite takes great pains to pointout
that al though you get a runn ing p rog ram, y o u
don’t necessarily get a stable browser that does‑

n’t crash. The code is pre-alpha and they don’t
want people sending in user-levelbugreports.
They really want developers to use the pro‑
g r a msothat when they detect abugthey wil l
investigate it and send in pre-digested
reports.

What you get is a work ing browser that
feels a l i t t le faster than a regular Netscape

binary on the same machine. The browser
has a l l the features of a stand-alone release

of Navigator, a pure web display engine plus
the Composer HTML editor. It seems to work.
It displays web pages, anyway. It also has
bugs. My pages contain m a n y images centred
in tables, and these don’t appear in the middle
of the page in Mozilla.

The program contains a ful l implementation of
JavaScript and this appears to beoperational. However, the

JavaScript code in my pages wi l l need to change. When deciding if a
browser cando imagereplacement‐I current ly test for ‘Netscape’and
‘Microsoft Internet Explorer ’ ‐-I need to add ‘Mozilla’ to the test list.

The Mozilla code is a mixture of C and C++. It ’s spl i t into well‑
defined modules and is intended to be administered by CVS, a system
that lives on top of the RCS file version control system.CVS provides
versioncontrolandfile managementsothat many peoplecanshare the
same source tree, makechanges, and integratethem back into the mas‑
ter source.BothCVSandRCSarefree softwareavailableunderthe GNU
umbrella.You donot needeither on your machine to build the release.
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Talk about a Suite Solution...

PresentingSheridan's
ActiveSuiteComponents

Usedindividually or wrapped in a bundle,ou r Activex™
controls help you develop your customers’ favourite
programflavour: The “look andfeel” of Office '97.
Satisfy your need to simulate the appearance of Microsoft® Office '97,
with Sheridan's ActiveSuite series of ActiveX

|e entation components. Not only will they help you build your applications with
Peeing a look that everyone knows and prefers, they also provide you with

clever, time-saving short-cuts that dramatically boost productivity.
Individually, our ActiveX components are powerful tools that
dynamically speed development. Together, they form an integrated
bundle that delivers a flexible, affordable solution. It's the fastest,
easiest, most logical way to give your applications an integrated look
of Office '97.
EachActiveSuite product in the series is a32-Bit ActiveX
component and supports Microsoft Visual Basic®,Visual C++®
and Internet Explorer™. Individually packaged, ActiveSuite
products deliver the familiar, rich Ulelements of Office '97.
Now, that’s a suite solution.

ActiveToolBars™Allows
you to produce MenuBars

ActiveTreeView™The
ideal drop-in replacement

ActiveThreed™Gives
client/server applications the “lookrweb and
;,it lets you and feel” of the Inter- and aperfect super set of and ToolBars just like

‘web pages and net,with Active control the TreeView control in those in Office ‘97.With ToolBars
onal applications features such asa Visual Basic®. Letsyou its uniqueWYSIWYG =a

‘emulatethe sliding multi-pane splitter, like navigate large corporate designer, ToolBars and
metaphor used in s e i s that in Microsoft i a r databases more efficiently. f a e MenuBars appear in via Price
“97's Outlook” Bar - Windows Explorer™, aehbas It also features three data = design-time just as they :

“grouping icons into £99.00* transparent £99.00* modes for enhanced £139.00" wi i at run-time, shaving £115.00*
-al subsets. backgrounds, database connectivity. hours off development.

and button styles with
active borders.

Order ActiveSuite, or any of its four components NOW
| bycalling 01344 873434. Take advantage of ActiveSuite’s
WYSIWYG design capabilities and rich Ulenhancements
today.

List Price:
£350.00 *

Contemporary Software Ltd,
C @) N T E M p 0 R A R Y The Mews, Kings Ride Court, Kings Ride, Ascot, Berkshire SL5 7JR

Fax: 01344 872228 E-mail: sales@contemporary.co.uk

s o f t w a r e Tel: 01344 873434 www.contemporary.co.uk

iTand del iverytobeadded toall quoted prices.
‘Software Systems, Inc. llrightsreserved. ActveToolBars, ActveTreeView, ActiveSuite, ActwelistBar, AcbveThreed.

tems, Inc. Microsoft, Visual Basic and Visual C++ areregistered
Outook and ActiveX are trademarks of Microsoft Corporation.

andprices subject tochange wthout nance,



the roadmap site run by Nathan Torkington, which you'll find at
http:||prometheus.frii.com/~gnat/mrm. The source code can be
browsed with hyperlinks from LXR ‑
Attp://cannibal.mi.org/mozilla/source.There is talk on the Mozilla
pages about doing this task in-house, so the situation may change.
Opera is available from www.operasoftware.com.

What you don’t get is mostly dictatedby licensingor USexport law.
You don’t get any Java because this code depends on a licence from
Sun. There is no encryption software, because this would inhib i t the
release of the software outside the USA. So there is no SSL support,
no certificates, and the like. If you need this, then you can go to the
home site of the Mozilla Crypto Group (see URLs to note) who ported
the SSLeay version of the encryption code to the Mozilla release some
15hours after it became available. Of course, this is in Aus‑
tralia, fast becomingthe world’s home of encryption soft‑
ware. Incidentally, it was from this site that I obtained the
pre-compiled version of Mozilla, called Cryptozil la.
You can see this in action in F igure 1. Note the
absence of the Netscape browser animated logo, t a y
which is be ing retained in order to mark ‘ t rue’
Netscape browsers. b

tion. Sadly, there is no really goodoverview to the ¢ f
code supplied by Netscape. There’s a desperate
needfor a roadmapto the code, so that new developers
canquickly lay their hands on the bits that theywant
to change, do that job, and move on. Certainly, [ learn
code only ona ‘need to know’ basis. If I a m changing
something in some code, then I ' l l identify its interfaces
and make the change. If it works, then I need to know
no more. Of course, I ’ l l curse and learn some more
if the change breaks things.

There is a roadmap on the net that is linked
to by various sites. However, I don’t havea lotof
confidence in this roadmap because it doesn’t
seem to have had much input from Netscape. It certainly started l i fe
from a piece of mail that was inspired guesswork (the mai l is stil l in
the archives o n m o z i l l a . o r g ) .

For example, in common wi th other Netscape browsers, Mozilla
uses the Berkeley DB l ib ra ry to store (keyword, value) pairs. The
source for this code lives in a directory called dbm and sopeople have
leapt to the conclusion that the code is the Unix dbm library. Well, it
ain’t. The actual dbm l i b ra r y i s owned by the current owners o f Unix,
SCO, and is proprietary. The code here does contain the D B MAPI but
is derivedfrom version 1.85 of the Berkeley DB library. I’ve corrected
the roadmap. You can edit it and make changes in real time. The guy
that runsthe site is a very trusting soul. Nevertheless,given this basic
error, l a m unsurethat I havea great levelof confidence in the remain‑
ing information in the roadmap. It’s probably better than nothing.

Documentation
There’s loads and loads and loads of code. How
does it al l fi t together? Well, that’s a good ques‑
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The documentation on the m o z i l l a . o r g is growing; it’s changed
a lot since mid May. It is a l i t t le patchy, w i th detailed information on
some aspects of the browser and sketchy pages on others. Quite a b i t
of the ful l informationthat exists is of the form ‘this is how it works’,
and tends to ignore the question ‘why is the code there in the first
place?’ There seem to be whole tranches of missing information.
Netscape is actually look ingto the wider developer community to pro‑
duce documentation, and it r u n s a newsgroup to foster this effort. I t ’s
not clear to me that this w i l l actually be helpful. I feel sure that you
need to get the code developers to brain dump in the final analysis.

However,shouldy o u be wondering where to start, you shouldprob‑
ably look at the FAQavailable on the Mozilla site. It points at several
places on the Web where you might find interestingthings. Sadly, sev‑
eral of these seemto have beenstarted in a burstof great enthusiasm
that has come to naught. The Crypto FAQ gives a bunch of answers
to questions about the ins and outs of shipping encrypt ion technol‑
ogy out of the USA, and why Netscape couldn’t ship things.

My next step was to skim through the extant documents on the
website, jus t speed read ing what was there. This gave me a basic
grounding in the possible acronym set, i f n o t h i n g else, and it does
explain what some of the modules do. I was st i l l wai t ing for the com‑

pilation to finish.

The code
Final ly, you just have to look at the code. Access‑

\ i n g the code over the Web us ing a system called
LXR is one way to inspect i t . I f y o u are j u s t
vaguely interested, lookingat LXR wi l l save you

f rom p u l l i n g the immense g z i p p e d t a r

image. The great th ing about LXR is that it
provides hyperlink cross referencesfor vari‑
ables, constants, and routines, so y o u can
use l inks to navigate the code. One bad
thing is that it treats some of the HTML doc‑

umentationfiles l ike source, indexingand dis‑
playing l ine numbers, rather then showing

the contents.
As I said, the code is v e r y modular. At

the heart of the module organisat ion is
xpcom, a homegrownversion of COM used to
provide basic communication between mod‑
ules. An internal version was wr i t ten to
ensure cross-platform support and to avoid
licensing Microsoft’s version. Because mod‑

ules are wr i t ten wi th C++ interfaces, the code doesn’t
needto have COM’s extensive support for function pointer

tables and stack call ing conventions.
The x p c o m source is to be found at the top of the source tree, along

w i t h other major sections of the code. Some sections have small
amounts of attached documentation,andsome do not. There are spo‑
radic READMEfiles too, andthese canhelp to understandwhat the code
in that section of the tree is doing. Forexample, the js directory con‑
tains JavaScript, which is also shipped w i t h the reference imple‑
mentation,providinga stand-alone interpreter that can be usedto test
source files writ ten in JavaScript.

There’s been significant work to divorce the code from platform
dependencies, even though i t ’s evident that there has been three dis‑
tinct lines of development: for Unix under X, for Windows, and for
Macintoshplatform. You’ll find three possible ‘front-ends’ in the cma
section of the tree: x f e for X11, w i n f e for Windows, and m a c f e for
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the Macintosh. There is a ‘stub’ front-end for creat‑
i ng new plat form interfaces.>‑

é The key to making the code portable is to provide
a abstractions of various facilities, to generate an

internal API, and write conversion libraries. The
NetScape Portable Runtime library (NPSR) is one

4 part of this idea. The facilities that this code supplies
eT includes threads, thread synchronisation, normalfile

and network I / O , interval t iming and calendar time,
basic memory management,and sharedl ibrarylinkage.A primarypur‑
pose of the l ibrary is to provide support for the Java VM.

The Mozilla code contains basic functionality for several of the
new ideas and systems being introduced on the Web. For example,
there is limited suppor t for XML, the next generation mark-up lan‑
guage. There is extensive suppor t f o r the Resource Descr ipt ion
Framework (RDF).

RDF has been defined by the Web Standards body (W3C) and is
designed to prov ide an infrastructure to support metadata across
m a n y web-based activities. The browser supports m a n y different
pieces of structured data: bookmarks, history of pages that have been
accessed, file systems,document structures, sitemaps, etc. The cre‑
ation and access code for the objects are independent: each object has
itsown storage system, editingand viewingtools, and query or manip‑
ulationAPIs. RDFaddresses the observationthat there is considerable
overlap in the data models usedby these different structures; they are
all directed labelled graphs. The basic idea is to hide al l the localisa‑
t ion behind the RDF data model and present a single A P I to the
browser, uni fy ingall these structures into a common service set.

SOFTWARE DEVELOPERS
CD REPLICATION

short run with ondisk printing upto full colour
PRINT ON DEMAND

COMPUTER
MANUALS

@New manuals or reprints

PACKAGING

Printedboxes &sleeves @
Ringbinders/slipcases @

Postalcartons and labels @
CDidisk cases @

Disk pockets @
Disk duplication @

@Allsizes. Short or long run

@Offset printor photocopy
@Wire-o or perfect binding ONE
© Printedcopyright envelopes STOP
© Disk labels SHOP
@Data conversion Shrink wrapping @
@ArtworWorigination service Assembly service @

mee RIDGEWAY PRESS inca)
Tel: 0118 9845331 Fax: 0118 984 5186

E-Mail: info@ridgewaypress.co.uk

62 © Enquiry No. Au25

Support and bugs
Netscape are providingseveral publicly available newsgroups from
the Mozilla site. These should be y o u r first points of contact for
help. As wi th m a n y newsgroups, the signal to noise rat io can leave
things to be desired, but the folks on the Mozil la team do monitor
and post to these groups, so the worst inaccuracies are sorted out
in the end.

There is now an offic ia l b u g repor t ing and t rack ing system that
runs from the Web, it ’s a litt le slow and some of the menuchoices are
out of date, but i t ’s s t i l l usable. You need to register for this section
of the site.

Onthe ‘Getting i t ’ (the software, the software)page, there are links
to Bonsai (cute names ‘R’ US) which gives you details on the changes
that have beenmade to the CVS tree. And there’s Tinderbox, which is
interesting from an engineering standpoint. They are continuously
bui ld ing the code on several hosts and track errors to see what has
broken and who was responsible.

Raptor
Well, this is an interesting effort and wi l l no doubt grow with time. I
haven’t managed to mention ( o r look a t ) the other slab of code that’s
available from the Mozilla site. Raptor is the next generation layout
engine that’s intended to provide the basis for future Netscape
browsers; its code is also freely available. a

Peter Collinson is afreelance consultant specialising in Unix. He can
be reachedelectronically as pc@hillside.co.uk, by phoneon 01227
761824, or on the Web at http://www.hillside.co.uk.
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@ Support with business and technical problems
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Charles House, 36 Culmington Road, London W13 9NH
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BEFORE YOU LEARN JAVA,
HERE ARE TWO LESSONS IN ECONOMICS

Lesson 1
Cot ofMendingBruce Eckel

‘Hands omdave Seminar’

Buy the ‘Hands-On Java’
CD-ROM for only £39+vat

Course Features:

e CD contains the entire ‘Hands-On Java’ seminar.
e 14hours of audio lectures, synchronised with

500 slides of information.
e Lectures begin with Java syntax and progress to

advance topics such as network programming,
A W T, Beans and R M I

e Full J D K 1.1 coverage.
e Over 15,000 lines of code in 320 Java examples.
e The CD contains two versions of Eckel’s excellent

‘Thinking in Java’ book.
e A printable version.
e A screen formatted version for easy viewing.

Includes 230 chapter, section and sub-heading
hyper-links and 3600 index links.

e The CD contains approx. 600MB ofcontent.
* Contains everything (w i th the exception of

personalised at tent ion) from Bruce Eckel’s
five-day full emersion training seminar

About Bruce Eckel:
Bruce i s a 1 2 year v e t e r a n

How t o u s e :
Select the lessony o u require,

listen to the lively audio presenter, winner of
Software Development M a g ’s

1996 Jolt Authors Award
for best p r o g r a m m i n g

presentation whilst you
observe well-constructed

slides on screen. At any time
y o u can interrupt the lesson book oft h e year.

to be taken directly to the www.eckelobjects.com
relevant chapter in the

‘Thinking in Java’ book.
Complete the supplied

exercises to reinforce the Only

£ 3 9
Free UK Delivery. Offer e x p i r e s 31/8/98

lessons.

To Order Call
0181 317 7777

Lesson 2

New Symantec Visual Café for
Java Web Development Edition
Features Include:
e Visual Café for Java I D E
e Visual Page W Y S I W Y G HTML

authoring tool
Full J D K 1.1 suppo r t

e Netscape Communicator
e Over 100+ Java Beans.

including

Symantec Visual Page
e  W Y S I W Y G
e Easy, Java ready environment
e One step publishing
e Drag and drop templates

and

Learn Java in 21 Days Book
e Completely revised for J D K 1.1
e 700+ Pages
© Learn the basics of OO programming
e Learn about Java beans
e Includes detailed class hierarchy

diagrams im21 DAYS
BRPES6-85e Easy to understand hands on examples

Get Symantec’s Java Intro Bundle,
all three for only £49

Also Now Available
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The object of STL containers &
Francis Glassborow considers why containers will struggle to hold objects.

lewmonth I wrote about attributes and objects. A clear under‑
standing of these is required if you are to get ful l benefit from the

Standard Template Library (STL). Let me t r y to explain why.
Several years agoa visitor to anexhibition commented to methat

he was disappointed to find that the STL was at sucha low level that
it handled only value types. At the time I thought very l i t t le about i t ,
perhaps I should havegiven it morethought. At first sight, you would
expect that the contents of a container would beobjects. I hope you
wi l l soonrealise why that cannot be.

Whatever mechanism you use for placing elements into a con‑
tainer there are several things that you wil l expect to be able to do
with them. There would bevery little purpose served by a container
that could not besorted.Think carefully about the minimumrequire‑
ment for such an activity: you need to be able to move the contents
around. I am sorry if you have ever been taught otherwise, but a fun‑
damental property of a true object in computing is location.You can‑
not movean object (andthat is just astrue in Java where you can swap
names around but not the objects they reference). If you could move
an object, you would invalidateall iterators and references to it.

In order to sort the contents of a container weneedto move things
around. That means we need to be dealing with values. Remember
that location is no t afundamental property of a value. In general, val‑
ues have public copy constructors (and copy assignments) and well‑
behaved destructors. Normal ly we require default constructors to
create bulk containers of elements though we can sometimes avoid
this in the case of STL containers ( ra ther than raw C-style ar rays ) by
pushing the elements into the container one by-one.

Do not confuse the requirement that deque<> shall not movewith
any requirement on the individual elements of a deque<>. A v e c ‑
t o r < > container may haveto relocate itselements when it is expanded
(the C++ version of r e a l l o c )and soinvalidate existing pointers and
iterators to itselements. A deque<> never relocates itself, but the ele‑
ments can take new values.

Wehaveto bevery careful when it comes to calling STLalgorithms
on STL containers assome of these may unexpectedly useextra copies
of elements. For example, sort algorithms that use a pivot element
may well create alocalcopy of the pivotelement. If there is any aspect
of the copy constructor of an element that does not abide by the
semantics of strict copying, we are heading for trouble.

How do we produce containers of objects? Most programmers t r y
usingpointers. Fair lysoon they realisethat this does not work because
there areno destructorsfor pointers.Pointersget over-written,with the
result that the destructor is never called for some objects. To see why
this might be,consider an algorithm suchas e r a s e ( ) . This can simply
over-write the erasedelement (havingcalled any requireddestructor ‑
remember, there aren’t any for built in types and pointers).

We can use containers of pointers but we must be very careful
which algorithms are called. That kindof care is far from safe in soft‑
ware that lasts for more than a couple of days. Sometime someone is
going to forget. Unfortunately,most of the early practice programs of
those learning the joys of STL wi l l survive this abuse.

Havingdiscoveredthat pla inpointersdonotwork reliably, the new
programmer realises that s/he needs something like a pointer that
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w i l l have a destructor to take care of the
object it points to. As this is something that a l l programmers wil l
want at some time, you could reasonably expect to find what you want
in the Standard C++ Library. Indeed, when you start looking you
come across a u t o _ p t r < > . Al l but the most careful inspection o f this
‘smart pointer ’ w i l l suggestthat it is what you need. Unfortunately,
a u t o _ p t r < > has what i s called ownership semantics.This means that
the act of copying it transfers ownership to the copy. Wedo not have
strict copy semantics: the copy and the original are different. Indeed,
the act o f copying mutates the or ig ina l . Though the version o f
a u t o _ p t r < > in the Final Draft InternationalStandard (FDIS) makes
i t just about impossible t o usecontainers o f a u t o _ p t r < > , the versions
shipped with most current compilers lack this magic protection. A
container of a u t o _ p t r < > that is never re-arrangedwill probably sur‑
vive. If you doanythingto your containerother than read i t ,your code
will finish up doing something very nasty and totally unexpected at
the worst possible moment.

You should never t r y t o usea container o f a u t o _ p t r < > .

Handles
What weneed is some form of handlefor ourobjects with value seman‑
tics. As soon as we start providing any form of ownership semantics
we are in trouble. Wedo not need all the complexity of a full-blown
pointer. Weneedsomething that can becreated, copied, and destroyed
while tracking an object. Ideally, we would like something that tracks
bothstaticanddynamicobjects,but if we cannot havebothwe wil l have
to makedo withjust usingdynamically created objects. Weneed some
simple value type that cancontain oneof two situations: a nul l pointer
or a pointer to a dynamically created instance, togetherwith a count.
Furthermore,we want it asa template sothat ordinary programmers
do not haveto constantly invent it for themselves.

What makes this particularly vicious is that we almost certainly
want to beable to handle polymorphic types. In other words, we need
to beable to provide ‘derivedto base’ conversions for our handleclass,
s o that Handle<Base> = H a n d l e < D e r i v e d > w i l l work but H a n ‑
d l e < D e r i v e d > = Handle<Base> wi l l fail. Even without this extra
level of complexity we sti l l need to becareful.

To begin, we need a mechanism for count ing non-intrusively. In ‑
other words, whatever we do must work even for classes that we do
notown and that do notsupport copy-counting. As wearegoing to pro‑
vide some form of generic faci l i ty this strongly suggests that we
should use some form of template. Something like:
/ / p r e d e c l a r e t h e main w o r k i n g t e m p l a t e c l a s s
t e m p l a t e < typename O b j e c t > c l a s s H a n d l e ;
/ / now d e fi n e t h e c o u n t s u p p o r t ( p r i v a t e l y )
t e m p l a t e < t y p e n a m e O b j e c t >
c l a s s C o u n t e r {

O b j e c t * p t r ;

i n t c o u n t ;

/ / p r e v e n t c o p y semant ics
C o u n t e r ( C o u n t e r c o n s t & ) ;

C o u n t e r & o p e r a t o r = ( C o u n t e r c o n s t & ) ;

/ / p r o v i d e c o n s t r u c t o r f r o m O b j e c t i n s t a n c e ,

45



C & C + + T H E O B J E C T O F S T L C O N T A I N E R S

Counter ( O b j e c t c o n s t & o b j , i n t c n t ) :

p t r ( & o b j ) , c o u n t ( c n t ) { }
/ / d e f a u l t C o n s t r u c t o r a n d d e s t r u c t o r

C o u n t e r ( ) : p t r ( 0 ) ,  c o u n t ( 0 )  { }
~ C o u n t e r( ) ;

/ / p r o v i d e access f o r h a n d l e t y p e
f r i e n d c lass Hand le<Ob jec t> ;
yi

Now only the related template class can create C o u n t e r < O b j e c t >
instances.
t e m p l a t e <typename O b j e c t >
c l a s s H a n d l e {

C o u n t e r < O b j e c t > * i t e m ;
p u b l i c :
/ / c o n s t r u c t f r o m e x i s t i n g o b j e c t

Handle ( O b j e c t & o b j ) :
i t e m ( n e w C o u n t e r < O b j e c t > ( o b j , 1 ) ) { }

/ / c o n s t r u c t f r o m p o i n t e r t o e x i s t i n g o b j e c t
H a n d l e ( O b j e c t * p t r ) :

i t e m ( n e w C o u n t e r < O b j e c t > ( * p t r , 0 ) ) { }
/ / d e f a u l t c o n s t r u c t o r

H a n d l e ( ) : i t e m ( n e w C o u n t e r < O b j e c t > ) { }
/ / l a z y c o p y

H a n d l e ( H a n d l e c o n s t & h n d ) :

i t e m ( h n d . i t e m )  {  ( i t e m - > c o u n t ) + + ;  }
/ /  a s s i g n m e n t s

Hand le & o p e r a t o r = ( H a n d l e c o n s t & r h s ) ;

Hand le & o p e r a t o r = ( O b j e c t c o n s t & ) ;

Hand le & o p e r a t o r = ( O b j e c t * ) ;

/ /  d e s t r u c t o r
~ H a n d l e ( )  {

i f ( ( i t e m - > c o u n t ) = = 0 ) d e l e t e ( i t e m - > p t r ) ;

e l s e ( i t e m - > c o u n t - - ) ;

yi
Pleasenotethat this is far fromfinished code and it needsa lotof work
to finish it . If it were otherwise, the C++ Standard Committees would
have found time to deliver something in the l ibrary.

The H a n d l e class contains both constructors and assignmentsto
acquire management of exist ing objects (passed by reference) and
dynamic instances (passed by pointer). If it is an existing object, the
count is started at one so that the H a n d l e wi l l not destroy the object.
If it was newlycreated, the H a n d l e assumes responsibility for i ts ult i‑
mate destruction. The following specimen statements should work:
M y Ty p e m t , m t x ;

Hand le<MyType> h n d i ( m t ) ; / / u s e b u t do n o t d e s t r o y
Handle<MyType> h n d 2 ( n e w M y t y p e ) ; / / d e s t r o y when fi n i s h e d
Hand le<MyType> h n d 3 ;
hnd3 = m t x ;

hnd3 = n e w M y Ty p e ;
Notice that the usage of pointers for dynamic instances relies on

p r o g r a m m e r discipline. I am leaving the implementation of the
assignment operators as an exercise for the reader, though note that
you must handle the left-handside carefully.

I guess expert readers w i l l have great fun r ipp ing into the above
scheme. I w i l l be more than happy if they then provide an effective
and robust mechanismto handle objects in containers. To do that we
wil l have to add other functionality such as comparison operators.

The great advantage of template libraries is that once someone gets
the design and implementation r ight the rest of us get a cheap ride.

/ / c r e a t e a n e m p t y h a n d l e
/ / a c q u i r e m t x b u t d o n t d e s t r o y i t

/ / a c q u i r e a d y n a m i c i n s t a n c e
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Last month's problem
Look at the following minimalist source
code and decide what the output should be.
# i n c l u d e < i o s t r e a m >

u s i n g  s t d : : c o u t ;
u s i n g  s t d : : e n d l ;
c h a r c o n s t * f n ( i n t , i n t )

{ r e t u r n " Tw o p a r a m e t e r s " ; }

c h a r c o n s t * f n ( i n t ) { r e t u r n "One p a r a m e t e r " ; }

i n t m a i n ( ) {
i n t . i s d s
c o u t < < f n ( ( i , j ) ) < < e n d l ;
r e t u r n  0 ;  }

Skip over the anonymous parameters, they are perfectly legal in
C++ though not in C. Ignore the return of the addresses of str ing lit‑
erals, which is plain ugly but perfectly legal, particularly as they are
returned with c o n s t qualification. Notethe useof u s i n gdeclarations
to inject names selectively from the standard librarynamespace ( s t a )
into global space. That is the way it was intendedfor use rather than
potentially dumping a l l the l ib rary names into global space.

Whatdoyou think the output shouldbe?If you decidedthat it should
be ‘One parameter ’, you missed the nasty bug lurk ingbehind bizarre
code. It is true that the innerbrackets in f n ( ( i , j)) means that i, ; is
a list and that the comma is a sequence operator. The value ofa list is
the last i tem in the list but the individual items must be evaluated.
Beingr igh tupto date youcorrectly identifiedthat the lhsof thecomma
operator evaluates asa reference to i. You alsoworked out that the rhs
might evaluate the same way (as a reference to 5). Sofar sogood. How‑
ever, that lastmust now be passed by value to the anonymous parame‑
ter of f n ( i n t ) . A l l the anonymity does is inhibit warnings generated
because the parameter is not used. However, the value must st i l l be
passed. It must bethat way because the definition of £ n ( ) m i g h t have
been ina different file. There is no requirement for parametersin pro‑
totypes to have names, only types. Reading storage before it has been
initialised is undefinedbehaviour. In other words, while most compil‑
ers w i l l generate code that outputs the expected message, absolutely
anything could happen. Just change those i n t s to i n t * throughout
and many compilers for protected memory systems will generate an
executable that w i l l sometimes exit wi th amemory violation fault.

This month's problem
With the increasingavailability of C++ compilers that supportexcep‑
tions, we are seeing adventurous programmers experimenting wi th
veritable hierarchiesof exception types. Lookat the following typical
exception hierarchy and decide what the flaw is:
c l a s s E x c e p t i o n { } ;

c l a s s Out_Of_Bounds :
p u b l i c Out_Of_Bounds {

p u b l i c E x c e p t i o n { } ;

c l a s s Too_Sma l l :
s t r i n g m e s s a g e ;

p u b l i c :
To o _ S m a l l ( s t r i n g m = " N o D a t a " ) : m e s s a g e ( m ) { }

vi Lt
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Working in the object factory
Mark Smith shows how, wi th the help of a design pattern to centralise the

creation of objects, programming work c a n be s ign ificant ly simplified.

ol lowing on from last month’s look at the Observer pattern, I want
to stay wi th the theme of how design patterns can make y o u r Del‑

p h i programs simpler and more flexible. Once again, the inspiration
is DesignPatternsby Gamma, Helm,Johnson, and Vlissides (aka the
Gang of Four or GOF). One of the most useful sections of this book,
‘Creational Patterns’,deals wi th the creation of objects and presents
a family of design patterns that add flexibi l i ty in how, when, and by
whom an object is created. I ’ l l focus on a var iant of the Fac to ry
Method pattern that I have found to bevery useful w i th Delphi.

Designpatternsare usuallypresentedasaproblem i n acontext wi th
asolution. For FactoryMethod the problem isan applicationframework
needing to instantiate domain-specific objects, the context being that
the framework knowsnothingof the domain-specific objects it is respon‑
sible for. Factory Methoddescribes a Creator object that creates objects
usingtheoverridable Fac to ryMethodfunction. To useCreator,yousub‑
class i t and override F a c t o r y M e t h o dt o create the objects you require.
The GOF version of Factory Method (shown in Figure 1)describes an
inheritance tree of Creators with each Creator responsiblefor making
a single kindof object. Each Creator is relatively permanent. Once the
program has been linked, the Creators cannot easily be changed.

Object creation
Wewil l beusingthese ideas toprovidea solution to a pai r of common
object-creation scenarios,which I w i l l call in-house and vertical. In‑
house systems evolve over time to cope w i th ent i re ly new types of
funct ional i ty when the business requirements change. This func‑
t ionality is delivered asadditional classes that co-exist wi th the ones
the systemwas originally built with. Vertical systems are writ ten for
specific vertical markets and often require modification for specific
clients. Insteadof addingnew kinds of business classes the developer
is required to add new derived classes that override their ancestor’s
behaviour. The challenge for in-house systems is an increase in the
number of business object classes, while the challenge for vertical sys‑
tems is in increasing the depth of the inheritance tree.

I wil l usean example from the area of televisionand radioprogram
budgets. As presented, the example is closer to the in-house model,
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though the system describedcouldalsobepackaged and sold asa ver‑
t ical system. Both television and radio budgets can be assumed to
derive from a standard ‘broadcast’ budget and in addition there is an
extended television budget, giving the inheritance hierarchy shown
in Figure 2. For every k ind of budget we have specific editor forms,
reports,and import/export routines. These are arranged in their own
class hierarchy, which reflects the class hierarchy of the business
objects. For example, there i s aTe l e v i s i o n B u d g e t E d i t o r fo rm for
ed i t ing T e l e v i s i o n B u d g e t objects and a R a d i o B u d g e t R e p o r t e r for
pr in t ing the details o f aR a d i o B u d g e t .

When working with Delphi in RAD mode it seems obvious to use
direct creation of objects. For example, it would beeasy to write code
that directly instantiates aTe l e v i s i o n B u d g e t object anda T e l e v i ‑
s i o n B u d g e t E d i t o r . However,when the system i s extended t o include
n e w classes, we would need to add code to create the new budget
objects, as wel l as code to create a l l of the editor, reporter, and
import/export classes needed to support the new business function‑

Figure3 - Delphi implementation.
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ality. In a vertical application, we would needto replace the code that
created the base objects wi th code that creates new objects from the
derivedclasses. Eitherway, this adds up toa lotof work sincewe need
to check the entire p rog ram to make sure we have made the appro‑
priate changes systematically. By centralising the creationof objects,
we can simplify our programming work significantly.

Implement ing the Factory Method pat tern
As I mentioned earlier, the basic Factory Method describes Creators
arranged in an inheritancehierarchy,with each Creator knowingthe
class of the objects they are creating, as shown in the code snippet for
T C o n c r e t e C r e a t o r . F a c t o r y M e t h o d i n F igure 1 . That i s not quite
the solution I am proposing. Instead, I maintaina l ist of Creators in
a Factory as shown in Figure 3.

The application requestsa new object f rom the Factory, which
locates the appropriate Creator and calls it to dothe work. This is very
similar to the Parametric Factory Method, which is a variant of the
Factory Method pattern. The advantage of this approach is that the
list of Creator objects can be changed by adding new Creators to the
Factory i n a n i n i t i a l i z e block o r even a t runtime b yadding Cre‑
ators f rom a D L Lor package. Internally, T r F a c t o r y maintains its Cre‑
ators in a collection, rather than the more common S t r i n g L i s t with
objects. This is moreconvenient as it means that the Factory manages
the lifetime of the Creators.

The Factoryandthe Creator classes understandthe base class that
we are using, T O b j . This class (see Lis t ing1)is a very simple descen‑
dent o f To b j e c t , o f fe r ing I d e n t i fi e r , E x e c u t e , B i n d O b j , and
B i n d O b j To methods. The class itself offers aV e r s i o n method that
returns a version number for use by the Factory. The B i n d o b j and

T 0 b j = c l a s s

i n t e g e r ;

s i n g l e ; v i r t u a l ;
: T O b j ) ; v i r t u a l ;

: T O b j ) ; v i r t u a l ;
p r o c e d u r e E x e c u t e ; v i r t u a l ; a b s t r a c t ;

p u b l i s h e d
p r o p e r t y  I d e n t i fi e r  :  i n t e g e r

r e a d  F I d e n t i fi e r  w r i t e  F I d e n t i fi e r ;
e n d ;

T O b j C l a s s = c l a s s o f TO b j ;

L is t ing 1 - T O b j , the base class for objects created b y T F a c t o r y .

T B r o a d c a s t B u d g e t = c l a s s (TOb j )
p r i v a t e

F D e l i v e r y Ye a r
FDepar tmentCode :
F T i t l e  :  s t r i n g ;

p u b l i c
c l a s s f u n c t i o n Ve r s i o n :

:  i n t e g e r ;
s t r i n g ;

s i n g l e ;  o v e r r i d e ;

p r o p e r t y D e l i v e r y Ye a r : i n t e g e r
r e a d F D e l i v e r y Ye a r
w r i t e F D e l i v e r y Ye a r ;

p r o p e r t y DepartmentCode : s t r i n g
r e a d F D e p a r t m e n t C o d e
w r i t e F D e p a r t m e n t C o d e ;

p r o p e r t y T i t l e : s t r i n g
r e a d F T i t l e w r i t e F T i t l e ;

e n d ;

c l a s s ( T O b j )

T B r o a d c a s t B u d g e t  ;

s i n g l e ;  o v e r r i d e ;

A o b j  :  T O b j ) ;  o v e r r i d e ;
e n d ;

L is t ing 2 - T h e T B r o a d c a s t B u d g e tand T B r o a d c a s t B u d g e t E d i t o r
classes.
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B i n d O b j To methods are fo r l i n k i n g objects together,
more of which later.

A Factory object is visible to any modulethat includes
the Factory uni t . The T F a c t o r y . A d d method creates a
new Creator. The T F a c t o r y class also exposes two methods for creat‑
i n g objects - C r e a t e O b j e c t and C r e a t e O b j e c t F o r O b j e c t . I n gen‑
eral, the programmer calls C r e a t e O b j e c t t o create objects that model
the business, whi le c r e a t e O b j e c t F o r O b j e c t i s used t o create user
interface objects such as forms and reports.

When requestedto create a newobject, the Factory needsto decide
which Creator t o use. The Factory searches the C r e a t o r C o l l e c t i o n
for appropriate Creators. If there is only one Creatoravailable to cre‑
ate a givenclass name, there is no problem ‐ the Factoryjust asks that
Creator to create a new object. If there is more than one Creator able
to do the job, the Factory needs to determine the best choice. In this
example, the bestchoice is deemedto bethe latestversion of an object.
This choice is arbitrary, but it works for me. Another design pattern,
called Strategy, suggests that the logic couldbe delegated intoanother
class, but I choose not to do sohere for the sake of clarity.

Bu i ld ing the appl icat ion
Having a framework for managing the creation of objects, we can
return to the broadcast budgeting program. Wecan model budgets
usingTOb; as the ancestor for the TBroadcast B u d g e t f romwhich the
other budget classes descend. The editor T B r o a d c a s t B u d g e t E d i t o r
also descends from To b j , thus putt inga l lobjects in the system within
the framework offered by using Creators. See List ing2.

The issue is then one of actually l i n k i n g the editor ( o r reporter,
import,or export)objects to the objects fromthebusinessdomain. This
i s where the To b } . B i n d O b j andB i n d O b j To methodscome in.Youover‑
r ideB i n d o b j t o accept a n object t o l ink to,andB i n d o b j To t o l ink your‑
self toanotherobject. Delphiprovidessuperb runtimetype information
andyoucanuse this to determine if you are wi l l ing to accept a binding
to anotherobject. If To b j hasnotbeenoverridden in a descendent class
or aclasscannot determine howto bindto another class, B i n d O b j calls
the B i n d o b j To methodo f the other object, passing itself a s a parame‑
ter. In other words, if objectA does notunderstandhowto bindto object
B, thenA asksB ‘can you bind to me?’. This allows classes introduced
later in the systemlifecycle to addfunctionality to theapplicationwith‑
out the needto modify existing classes.

I n the example p r o g r a m , the T B r o a d c a s t B u d g e t E d i t o r class
overrides B i n d o b j to check if the parameter is an object of class
T B r o a d c a s t B u d g e t . I f so, i t accepts the bindingand stores the object
a s a T B r o a d c a s t B u d g e t i n its privateproperty.Otherwise, i t calls the
default inherited behaviour. The editor class overrides its E x e c u t e

method to create a form and present the budget for editing.

F lex ib i l i t y
Overall, these patterns-based techniques can result in an application
that is a lot more flexible and minimises the amount of code needed
when new classes are added. To turn this intoa full-blown application
framework weneedsome mechanismfor exposing the existence of the
business classes to the user. Classes could register themselves with a
user interfaceaswell asthe Factory,or another object could inspect the
Factoryandpresentsuitable classes to the user.Thefullcodeandexam‑
ples can be found on EXE OnLine (http://www.exe.co.uk). a

= x E Contact Mark at msmitha@cix.co.uk or say hello a t a
@NL 1 NE Borland Users Group meeting. Telephone BUGon
01980 630032for details.
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The TradeX project evolves
Tom Guinther continues his examination of the fundamentals of the Java

language and h o w best to apply them to a complex and demanding project.

ast monthI was talking about understanding the fundamentals of
the Java languageandenvironment withanemphasis onclass and

interface design. This was to explore some of the typical design prob‑
lems and trade-offs one would normally encounter dur ing the devel‑
opment of a complex Java application. In order to facilitate the
discussion I proposed wr i t ing a stock market trading system in Java
and presented a few base interfaces as a start ing point for further
thought and development.

The interfaces presented were I B a s i c Q u o t e , I Q u o t e D a t a , and
I Q u o t e S e r v e r. Since last month I have added a new interface:
i n t e r f a c e I Q u o t e I t e r a t o r e x t e n d s I B a s i c Q u o t e
{

p u b l i c a b s t r a c t IBas icQuote g e t N e x t ( ) ;
p u b l i c a b s t r a c t IBas icQuote g e t P r e v ( ) ;
p u b l i c a b s t r a c t v o i d r e s t a r t ( i n t i n t e r v a l )

p u b l i c a b s t r a c t b o o l e a n h a s M o r e E l e m e n t s ( ) ;

}
The code that accompanies this column (avai lable on EXE OnLine)
contains a basic implementation of each of these interfaces,and
includes quite a few new interfaces and classes that use them to per‑
form real calculations and analysis.

As I pointed out previously, interfaces are used because we are
specifying a set of functionality without specifying the implemen‑
tation. The interface definit ion is often referred to as a contract
because anyone who implements the interface must abide by the
rules and guidelines set forth by the designer(s). The methods of the
interface specify a por t ion of the contract but, in general, do not con‑
tain enough information for a complete implementation. This is
because many times an interface requires intr insic funct ional i ty
that cannot bespecified directly usingprogrammingnotation.That
is the difficult way of saying that the interface designer mayneedto
provide implementation guidelines in comments or separate docu‑
mentation. A good example is what error codes can bereturned and
under what conditions.

Exceptions
Speaking of errors one of the first things I decided was that the pri‑
m a r y methods of each interface would throw a checked exception of
type Q u o t e E x c e p t i o n ( o r one o f i ts derived classes).
/ /  g e n e r i c  e x c e p t i o n
c l a s s Q u o t e E x c e p t i o n e x t e n d s E x c e p t i o n
{

p u b l i c Q u o t e E x c e p t i o n ( ) { }
p u b l i c Q u o t e E x c e p t i o n ( S t r i n g s ) { s u p e r ( s ) ; }

l a ma b ig believer of designing error handling in from the start
because halfway through a design or implementation it is nearly
impossible to wedge it in. In Java, the design of signalling and han‑
dlingerrors should usually evolvearoundthrowingexceptions. From
my experience, Java t ru ly has the correct exception model. This is
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specifically in contrast to C++ exceptions, which I think suffer from
lack of a fi n a l l y clause and the complexity and performance prob‑
lems associated with implementing the RTL object t rack ing and
unwinding.

The class Q u o t e E x c e p t i o n i s derived from class E x c e p t i o n ,
which means that it is classified as a checked exception. A checked
exception must be declared in the throw clause of any method that
throws it. In addition,any code usinga method that throws achecked
exception must catch, or ‘check’ for an occurrence of that exception.
If you define an exception that is derived from class Runt imeExcep ‑
t i o n then the exception is not checked, and callingcode does notneed
toexplicitly check for the exceptionalthough it may dosoif it wishes.
The only really annoying thing about check exceptions is that you do
haveto check for them. If the designof an application’s error handling
gets over-bearing, the code starts to look and feel clumsy. Finding a
balance is usually pretty easy. If you examine the sample code, you
wil l notice that I use non-checkedexceptions in a few places where it
seems more sensible.

Note that class Quot eExcept i o n is not very complex. That is inten‑
tional since Quote E x c e p tion is intended to serveasa super class for
other exceptions, which might be defined in the future. The example
code defines quite a few exceptions most of which derive from Quo‑
t e E x c e p t i o n .

The most importantquestion t o ask about Q u o t e E x c e p t i o n i s why
bother to define it at all, and why do the base interfaces needto throw
it? The reason is that an implementation of an interface method is
limited to throwing only the types of checked exceptions (including
subclasses) explicitly specified by the interface definition. By creat‑
i ng a base exception class and throwing it from interface methods,
implementors are free to create subclasses as necessary and can
legally throw them. One word of caution: method implementations or
sub-interfaces are no t required to declare the exception in thei r
t h r o w s clause and can effectively subvert the checked exception logic
for their users or subclasses.

The TradeX sample
The sample code, available on EXE OnLine, illustrates a basic imple‑
mentation of the interfaces defined above and branches ou t into a
whole new set of interfacesandclasses that usethe base interfaces to
perform various momentum and direction analyses. The newclasses
implement ‘indicators’ (they indicate the strength or weakness of
momentum a s well a s the direction o f m o m e n t u m ) .

Most of the indicator classes revolve around an abstract class
called M o v i n g A v e r a g e , which implements the I M o v i n g A v e r a g e
interface. Al though M o v i n g A v e r a g e i s a n abstract class, i t provides
about 95% of the overall implementation w i th only two methods
being abstract. A non-abstract subclass S i m p l e M o v i n g A v e r a g e i s
derived from M o v i n g A v e r a g e . A simple mov ingaverage may b e use‑
fu l in some cases, but it can show unusualdeviations when large or
small values fa l l in andout of the window usedto calculate the aver‑
age. An exponential mov ingaverage is less affected by swings in data

53



J A V A T H E T R A D E X P R O J E C T E V O L V E S

because it smoothes the values by a specific
constant, which is calculated based on the
size o f the window. The E x p o n e n t i a l M o v i n ‑
g A v e r a g eClass i s a subclass o f M o v i n g A v e r ‑
a g e and is without a doubtthe core class for
the other indicator classes provided.

Here’s how it a l l works. Run the TradeX
f rom the command l ine , passing i t the name of a symbol such as
“NSCP’ (Netscape). TradeX wi l l create an instance of BasicQuote ‑
S e r v e r (wh ich implements I Q u o t e S e r v e r ) that w i l l look u p the
requested symbol in i tshistoricalquotedatabase and if foundwi l l cre‑
ate an instanceof BasicQuoteData (wh ich implements IQuoteData).
Usingthe Bas icQuo teDa ta ,TradeX creates one instance o f each type
of indicator (Simple M o v i n g A v e r a g e ,Exponent ialMovingAverage.
F o r c e I n d e x , TrueStrengthIndex, R a t e O f C h a n g e , and S m o o t h e ‑
dRateOfChange) and subsequently iterates through the calculated
values displaying them to standard ou tpu t (columns are comma
delimited).

The abbreviated output might look asfollows:

Close EMA(13)_ FI(13) TS1(20,5) ROC(10) SROC(13,10)
8.313, 7.649, 114478.586, 22.89, 115.65, 108.29
8.625, 7.789, 145388.045, 27.88, 113.114, 109.03

The purposeof output t ing the indicator results to the console in
commadelimitedformat is sothat I caneasily validate the algorithms
by redirecting output to a file and importing the results into Excel.
Once I am in Excel, I can graph the data wi th a few simple mouse
clicks. That saves me the time of having to w o r r y about wr i t i ng an
interface from the beginning.

Implementing the design
The individualalgorithms for the indicators are not very important
soI am not going to discuss them here. What is impor tan t is the com‑
binat ion of interfaces and classes that evolved. I started w i t h the
class M o v i n g A v e r a g e s o that I could exercise the IBas icQuote and
related interfaces ( i n search of design flaws). Because I knew I was
going t o have the classes S i m p l e M o v i n g A v e r a g e and E x p o n e n ‑
t i a l M o v i n g A v e r a g e I decided that a n abstract base class would b e
the opt imal way to implement the core functionality. Ult imately,
only two methods needto beprovidedby the subclasses. One, R e c a l ‑
c u l a t e A v e r a g e s (), i s usedt o iteratethrough each stored value and
re-calculate the averages. The second, i n t e r n a l _ a d d Va l u e ( d o u b l e

v a l u e ) , is usedto add incrementally a new value and adjust the run ‑
n i n gaverageaccordingly.

As the design and implementat ion evolved (and continues to
evolve) I saw quite a few opportunities to create new interfaces that
encapsulated a common set of functionality. The first, I Q u e r y v a l ‑
u e s , is a concise interface for obtainingvalues froma collection (ulti‑
mately, al l the indicator classes are collections of data).
/ / a g e n e r i c i n t e r f a c e f o r a c c e s s i n g v a l u e s
i n t e r f a c e I Q u e r y V a l u e s

{
/ / v e t u r n a n a r r a y o f d o u b l e s t h a t
/ / v e p r e s e n t t h e " p r i m a r y v a l u e s "
p u b l i c a b s t r a c t d o u b l e [ ] g e t V a l u e s ( ) ;
/ / r e t u r n a s p e c i fi c v a l u e , i e v a l u e s [ i n t e r v a l ]

p u b l i c a b s t r a c t d o u b l e g e t V a l u e ( i n t i n t e r v a l ) ;
/ / r e t u r n t h e t o t a l n u m b e r o f v a l u e s ,

/ /  i e  v a l u e s . l e n g t h  ;
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p u b l i c a b s t r a c t i n t g e t N u m b e r O f v a l u e s ( ) ;

vi

The purpose of this interface is to allow any class to expose its data
set in a straightforward, generic way. This type of generic function‑
al i ty is likely to be used heavily in UI graphing code, which doesn’t
need to know what the data means,jus t ‘Whatare the values, and how
m a n y of them are there?’

A second major interface that evolved from class Mov ingAve rage
is IMovingAverage:
/ / i n t e r f a c e t o p r o v i d e m o v i n g a v e r a g e f u n c t i o n a l i t y
i n t e r f a c e I M o v i n g Av e r a g e e x t e n d s I Q u e r y V a l u e s {

/ / g e t t h e c u r r e n t w i d t h o f t h e M A
p u b l i c a b s t r a c t i n t ge tWindowwWid th ( ) ;
/ / s e t t h e c u r r e n t w i d t h o f t h e M A
p u b l i c a b s t r a c t v o i d s e t W i n d o w W i d t h ( i n t w i n d o w W i d t h )

t h rows  Run t imeExcep t i on  ;
// a v e r a g e t h e a v e r a g e s u s i n g newWindow
p u b l i c a b s t r a c t v o i d d o u b l e S m o o t h ( i n t newwWindow) ;

/ / a v e r a g e t h e a v e r a g e s o f t h e a v e r a g e s u s i n g
// newWindow a n d newWindow2
p u b l i c a b s t r a c t v o i d t r i p l e S m o o t h ( i n t newWindow1,

i n t n e w W i n d o w 2 ) ;
/ / h a v e t h e o r i g i n a l v a l u e s b e e n smoothed
/ / ( i e , d e s t r o y e d ? )
p u b l i c a b s t r a c t b o o l e a n i s S m o o t h e d ( ) ;
/ / a d d a v a l u e t o t h e m o v i n g a v e r a g e
/ / ( u n l e s s s m o o t h i n g h a s been a p p l i e d )
p u b l i c a b s t r a c t d o u b l e a d d V a l u e ( d o u b l e v a l u e )

t h r o w s S m o o t h e d Av e r a g e E x c e p t i o n ;

I created this interface because most of the indicators per form
some type of m o v i n g average calculations on the data. I thought it
would beconvenient (and necessary)for the indicators to besmoothed
(smoothing means to take an average of the average). It is also l ikely
that someone would want to adjust the window the average was cal‑
culated with. Rather than havingeach indicator provide it s own cus‑
tom methods, I extracted the genera l funct iona l i ty o f class
M o v i n g A v e r a g e t o interface I M o v i n g A v e r a g e .

After doing that I thought that I would have each indicator class
implement interface I M o v i n g A v e r a g e . But i t dawned o n m e that i t
would bea lot simpler, and in most cases more optimal, to derive the
indicator class direct ly f rom the appropriate moving average class.
In most cases this means that the indicator class won’t have to do
anyth ing special to support smoothing and resett ing the window
average width.

Volunteers needed
I th ink the biggest design problems I encountered were implement‑
i ngthe cloning logic (Microsoft VM bugs?)and decidinghow to write
the initialisation code of each class. I ’ l l talk more about those kinds
of issues in a future column and in a few months I ’ l l update you on
how I have evolved the TradeX system. It is already a lot more sophis‑
ticated than the current sample.

Sendme your comments, ideas,questions, and if there are any vol‑
unteers for wr i t ing a UI, I could definitely use your help! a

Tom Guinther is workingfor Vireo, acompany developingdevice‑
driver tools. He can be reachedvia emailat tomg@vireo.com.
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Raisingand handling events
As well as Events,Visual Basic 5 introduced the AddressOf operator to

provide support for procedurecallbacks. Jon Perkins considers the
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important differences in the way the two mechanisms work.

indows is anevent-drivenenvironment. This means that afair pro‑
portion of the code that is written for an application needs to be

responsiveto messages sent fromvarious sources. In the CUI(Common
User Interface)days beforeWindows, applications written in such lan‑
guages asClipper typically neededonly to beon the lookout for straight‑
forward keyboard input. These days, of course, code is written much
moreastiers of functionality usingobject components. Differentmech‑
anisms exist to cater for communicationbetween these components, so
in this month’s columnI shall discuss the useof events to this end.

An event isameansof informinganapplicationthat something inter‑
estinghas happened. In al l versions of Visual Basic up to and including
number4 the only events that you could program with were those pro‑
vided by Visual Basic itself. Because Visual Basic was or ig inal ly
intended to simpl i fy Windows programming, the events that were
catered for were presented as Subs rather than E v e n t s . In these cases,
thenameof theSubwasmadeupof thecontrolnameandtheevent name.
Consequently, if you draw a command button onto a form and double
click it from thedevelopment environment then you are presentedwith
P r i v a t e Sub Comman d 1 _C l i c k ( ) . For each Windows control that i s
offered asstandard with Visual Basic, you are given the means to pro‑
vide code for the events that aremost likely to beof interest to you.

RaiseEvent andWithEvents
After many requests from the development communi ty Visual Basic
5finally offered theabi l i ty to addcustomevents to forms, classes, and
controls. From the design point of view events are called outgoing
interfacesbecause they originate from within the object and are han‑
dled elsewhere. Conversely, properties andmethods arecalled incom‑
i n g interfacesbecause they are invoked from outside the object. The
object that generates events is called theevent sourcewhile the receiv‑
i n gobject is called the event sink.

Fora classto generatean event, it must first be introduced in thedec‑
larations section i n the following form: [ P u b l i c ] E v e n t p r o c e d u r e ‑

name [ ( a r g l i s t ) ] .Thekeyword P u b l ] i c i scosmetic:eventsarealways
public. The event can actually be raised in code using the RaiseEvent
command. Lis t ing 1demonstrates the bare bones of a simple class,
CF i l e ,whichperformssomekindof processingona file.An event,called
B a t c h N o t i f y , i s fired for every 1000records that are processed t o give
thefront-endapplicationtheopportunity to providesome formof visual
feedback. A further event, C omp l e t i o n , i s fired when the task finishes.
Notethat the Bat chNot i f yevent also p a s s e sapiece o fd a t awith it.Event
argumentsmainlyfollow the samerules asprocedurearguments,except
they cannot have named arguments, optional arguments, or P a r amA r ‑

r a yarguments.As in allothercases,argumentscanbedeclaredasB yVa l
or ByRef (the default), the latter giving the client the option to modify
the contentsof the variable for later useby theevent source.

In order that the call ingpieceof code can trap theseevents asthey
occur it is necessary to declare the class in thedeclarations section of
the call ing code module. This declaration must beof the form: P r i ‑
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Underthe hood
Events are conveyed to an application via the primary internal com‑
municationwithinWindows: m e s s a g i n g .Thismechanismhas been in
usesince Windows 1although inevitablyit hasbeenrefined,especially
with the advent of theWin32 model. Events such as window resizing,
movement, and the need to repaint are all handled in this way. Each
window is treated as a separate entity,andmost types of visible con‑
trols (eg buttons,edit boxes,toolbars) are ‘special cases’ of windows.
Whena user pressesa toolbar button thewindow event is grabbed by
the Windows system and then passed up to the relevant application
thread to provide notification ofwhat's just happened.

Under all current versions ofWindows (NT,95,and98if you've got
i t ) messagesare received into the raw input queue.A system thread
regularly inspects this queue and passes the messages on to a pri‑
vate per-thread queuefor Win32 a p p l i c a t i o n s .When a process i scre‑
ated, it is allocated a primary thread of execution. If subsequent
threads of executionarecreated bytheapplicationthen they arealso |
allocated a thread message queue if necessary. If the target is a
Win16 application then all messagesare placed into a single com‑
monmessagequeue, which is residentwithin theWin16 subsystem.
TheWin32 model uses this technique of splitting messages out to
each thread message queue ‐ a technique known as input desyn‑

Figure 1 - Win32 message queue system.
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V I S U A L B A S I C R A I S I N G A N D H A N D L I N G E V E N T S

v a t e W i t h E v e n t s varname As t y p e . The requirement
here is to create an instanceof the class object at the dec‑
laration level rather than, for example, from within a sin‑
gle Sub or F u n c t i o n . The vis ib i l i ty scope of the class

might now be wider than you would ideally want it to be, but that’s
the trade off for getting this functionality. First, the event handler is
installed v ia the W i t h E v e n t s declaration. Then the IDE wi l l auto‑
matical ly add entries to the object l is t box (the control immediately
above, and on the left-hand side, of the main edit w indow) for each
event that it finds registered for the class in question. L i s t i n g2 pro‑
vides another piece of simple code that receives the events and acts
accordingly. It’sworth notingthat the class declarationdidn’t include
anactual instantiation.The current implementationdoesn’t allow the
N e w keyword together with the Wi thEvents keyword. Therefore, I’ve
provided the creation and destruction in the form load and unload
handlers respectively.

A further requirement that Wi thEvents imposes is that the vari‑
able cannot be a generic object. Youcannot declare i tAs O b j e c t . This
is because the IDEneeds to instant ly accommodatea W i t h E v e n t s dec‑
laration by adding the appropriate event handler entries to the code
editor window. If the variable is declaredAs O b j e c t then the IDE wi l l
not be able to scan the relevant type l ib rary to extract the provided
events. You also cannot create arrays o f W i t h E v e n t s variables.

Events provide a simple way of supplying a one-way form of com‑
munication between two code objects. Although the potential uses for
an event are theoretically limitless, they are often usedto provide feed‑
back on long running processing tasks, as the examples in Listings 1
and 2demonstrate. However,the abil i ty to passparameters ByRef gives
the event sink the abil i ty to returnusefulinformationback to the event
source. For example, a boolean C a n c e l parameter could be set to false
by default, butcould bealteredto true by the event sink if the user had
requested the current operation to be aborted.

Events or callbacks?
As well as E v e n t s , Visual Basic 5 introduced the A d d r e s s O f opera‑
to r to provide support f o r procedure callbacks. This mechanism
entails passingthe address in m e m o r y of a piece of client code that
the server should r u n at a point in time deemed appropriate by the
server. Historically speaking, even the most simple C-based Windows
applications usedcallbacks but these were absent f rom VisualBasic
unt i l the current release. A callback wi l l provide, more or less, the
same abi l i ty asan event, but there are important differences to con‑
sider in the w a y that the two mechanisms work. When a server
raises an event, the notification is sequentially sent to each client
that is connected to it . If there are m a n y clients connected to a sin‑
gle server ( for example, a remote multi-use business object) then the
event message w i l l need to be handled by each client in t u rn before
control is g iven back to the server. As a result, events are dispatched
and received in a randomservicing order that migh tnot always suit
business requirements.There couldbe reasons for ensuring that cer‑
tain clients with a higher degree of pr io r i t y receiveevent notifica‑
tions before the other clients.

Callbacks on the other handexist on a one-to-one relationship with
the server. This means that more specific messages can be sent to a
single client rather than the ‘tel l everybody’ approach employed by
events. A client that has created a callback to the server can be sure
that the server wi l l definitely receive a modified B y R e f parameter. In
the case of an event broadcast to multiple clients, the ByRef parame‑
ter could be modified at each client stop point resulting in only one
modification ‐ the last one - arr iving at the server.

P u b l i c S u b ProcessFi le
‘ O p e n i n p u t a n d o u t p u t fi l e s
iReadFileNum = F r e e F i l e
O p e n ‘ c : \ d e m o . t x t ’ F o r Random A c c e s s R e a d L o c k _

Read As #iReadFileNum
iwWriteFileNum = F r e e F i l e
O p e n ‘ o u t p u t . t x t ’ F o r O u t p u t As # iWr i t eF i l eNum
D o W h i l e N o t E O F ( i R e a d F i l e N u m )

I f 1 lRecordCount Mod 1000 = 0 Then
RaiseEvent B a t c h N o t i f y ( l R e c o r d C o u n t )

E n d  I f
L o o p
' R a i s e a message t o fl a g c o m p l e t i o n
RaiseEvent C o m p l e t i o n
C l o s e #iReadFileNum
C l o s e #iWriteFileNum

E n d Sub

List ing 1- Simple C F i l e class showing events declarations.

'  f o r m l . f r m
P r i v a t e W i t h E v e n t s m o F i l e A s C F i l e
P r i v a t e S u b F o r m _ L o a d ( )

S e t m o F i l e = N e w F i l e
Me. Show S
m o F i l e . P r o c e s s F i l e

E n d  S u b

P r i v a t e Sub F o r m _ U n l o a d ( C a n c e l A s I n t e g e r )
S e t moF i l e = N o t h i n g

End S u b

P r i v a t e S u b m o F i l e _ B a t c h N o t i f y ( B y Va l 1Number A s L o n g )
‘ U p d a t e l a b e l o n f o r m
l b l w W r i t e C o u n t . C a p t i o n  =  C S t r ( 1 N u m b e r )
l b l W r i t e C o u n t . R e f r e s h

E n d Sub

L is t ing 2- Simple form showing W i t h E v e n t s declarations.

Programming considerations
There are three main considerations. First , it is not possible for two
objects t o each have a W i t h E v e n t s reference t o each other. The com‑
piler w i l l reject suchan intentionwitha ‘circular references’ warning.

Second, attempting to pass events over aDCOM implementation
doesn’t work very well. I f you’re buildingfor this kind of delivery plat‑
fo rm then you are better off going to the extra effort o f wr i t inga call‑
back routine.

Third, if an error occurs in the client application(eventsink), then
the event source is not notified of the problem. Depending upon the
nature of the application,this mightbea problem.If it w i l l cause a prob‑
lemthena callback server is a better solutionbecause it w i l l automat‑
ical ly receive the e r r o r when it is passed up the call chain. This is
standard behaviour within Visual Basic.

In summary, custom events are not always the best method for
passing messages between one object and another, but when they are
appropriate then they are v e r y straightforward to p rog ram. They
should probably be the first consideration when designing a method
of one-waycommunication between objects, but discarded if the dis‑
advantages would be an issue. a

JonPerkins isafreelance VisualBasicdeveloper andaMicrosoft
CertifiedSolution Developer.He is a contributingauthor of Advanced
Microsoft VisualBasic5 by TheMandelbrot Set,publishedby
MicrosoftPress. Contact himat www.jonperkins.com.
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In and Around
West Yorkshire

Programmers, Analyst Programmers,
Software Engineers,

Support (Novell, Unix), also
Computer Field Service Engineers.
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25+ SOFTWARE ENGINEERS
FOR IT TELECOMS PROJECTS
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Real Time C++ Software Engineers £25K - £35K+
Whether y o u are developing IT Administration Systems or Leading edge
Telecommunications products this highly successful Telecoms Company
has a role for you. Based in Berks the cent re of the Telecoms/Electronics
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~~ Telephone Rawdon, Leeds LS19 6AX
ssociates C S A e r t )
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i r s o r , 3 9 t o 4 1 H i g h S t r e e t Fax

PMU ( 1 4 2 5 480807 Airedale Recruitment

PhD Msc or ‘1st
+ Imaging + 3D/Graphics
+ Technical Support +>Medical Software
+ Comms Software + Games Software

For more informat ion please contact Pia Hartnell q uo t i n g Ref: PH3110
ERS Technical

Ambassador House, 575-599 Maxted Road,Technical Hemel Hempstead, Hertfordshire HP2 7DX
te l ephone 01442 231691 facsimile 01442 215486

email pia_hartnell@ers.co.uk web h t t p : / /www.e r s . co . uk / e r s
ERS Technical is amembe r of the Executive Recruitment Services pic g roup of companies
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IT’S NOT
WHO

YOU KNOW
Seek out the training you need from a
database of nearly 1,000 new courses,
supplied by an ever-increasing number
of companies.

From Basic Project Management to
Advanced C++ programming, the
Software Training Guide gives today’s
developr the right training, at the right
time and in the right location.

Whether you’re looking to brush up
on old skills, or branch out into new
technologies, the EXE Online Software
Training Guide could be the answer
for you.

For details of how to submit your
company’s entries into the Guide,
please call:

Mark Parker on 0171 970 4836

Email markp@dotexe.demon.co.uk

EXE
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RWJ
Robert William James & Associates

Professional Search/Contract staffing

Searching For Highly
Desirable Professionals

C, C++, Visual Basic, Cobol , Delphi, Java, SQL,
AS/400, LAN/WAN, Unix, Windows 3.1/95/NT

EXCELLENT OPPORTUNITIES

£15k-£40K

For further information please contact

Ian Coles
IT Consultant

or send details to
2nd Floor, Haymarket House, Wote Street,

Basingstoke, Hampshire RG21 7NL
Tel: 01256 818833 Fax: 01256 816144 email: ianc@rwjuk.demon.co.uk

n e t y f o u r p e r c e n t of candidates
u s i n g C o n n e c t i o n s , i n response t o
a r e c e n t s u r v

a n d , f u r t h e r m o r e , h i g h e r salaries.

N i n e o u t of t e n candidates said
they w e r e m o r e than satisfied
w i t h t h e m a r k e t knowledge of
t h e C o n n e c t i o n s consu l tan ts
they w o r k e d w i t h .

I f y o u ' r e look ing f o r the fast lane
past the slowtraffic, telephone
The Windows C o n n e c t i o n s
on 0 11 8 9 892444 or mai l
your  CV to

T h e Windows C o n n e c t i o n s
T h e E l m s , 2 6 Broad S t r e e t ,
Wokingham, Berkshire RG40 1AB
Fax: 01189 893322
Email: mail@ w i n j o b s . c o . u k

T h e W i n d o w s
C L O o n n N L S C T I O R N

a u g u s t 1 9 9 8

C 5  n e n



C T R L - B R E A K

Blast from
The .EXE Offer BEG
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in @normal filing cabine

* Allows easy com
printed in ASCII
Apple equipped with i ts own Softstrip reader

* S o f t s t r i pdata i ssecure against damage. Draw o ni ti ncoloured
paper, use magnets, y e t the

lamage by x
i n k , fold or crease
still be readable.
nets o re l e c t r i c i t y

pu can also

* Because Softstrip
s t r i p required‐ yo
t h r o u g h multiple

arch ing

s i m p l eto produce: and can even be reprinted in l a r g e

No“reaches us that the favourite drink of US programmers for a gener‑
a t i o n , Jolt Cola, is finally to be introduced into the UK. Not that the lack

of official distribution has stopped enterpr is ing developersfrom gett ing
their hands on this ultra-caffeinated drink. Certain newsagents ‐ the loca‑
t ions of which were generally kept secret to avoid any illicit sources drying
up ‐have been stocking imported cans and bottles of Jolt for years. So does
this spell the end for the grey imports? U n l i k e l y .The UK dist r ibutors, a com ‑

pany by the unlikely name of Soif, intend to introduce the drink to a selected
area ‘within the M25’ at first, concentrat ing on a few privileged outlets in
W1. Luckily, the EXE offices are handily located inW1V. Sorted.

Freebie ofthe month And finally...
H™ day? Too much code and

not enough entertainment?
You need... the Intel ‘Create and
Share’ Rubber Camera. This digi‑
tal marvel doesn't generate a
clear, c r i sp video feed for all your
videoconferencing and corporate
spying needs. It doesn't autofocus. It

i j ew to the good folks at mil i tant geekzine
Need to Know (www.ntk.net ‐ check it out

today!) for the following extract:
‘One of the few end-of-the-world g i g s

that you can pre-reg is ter for: the SUB‑
GENIUS RELIGION t imes out spectacu‑
larly when X-Day finally arrives on Sunday
05/07/98. Devotees will gather at “Ground Zero” , Brushwood, Sherman,

doesn't have an RS-232 port. Or aUSB port. Or even a Firewire port. But NY, r e a d yto beam aboard the escape vessels of the Sex Goddesses, a bit
it is real squeezy. It might even float in the bath (we didn't try to find out). like Heaven's Gate, but this time for real. Apparently many will be leaving
And this was just one of the goodies we got in our very own Windows 98 behind “Last Starfighter”-style android clones ‐ leaving the “pinks” to
launch bag. We draw the line at pr int ing pictures of the EveshamVale wrongly assume that the whole thing didn't happen.’
‘We've Got You Covered’ condoms. So you'll just have to make dowith this. http:||www.subgenius.com|bigfist/fun|devivals|/X-Day98/X-Day98.h tm l
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C T R L - B R E A K ...The all new adventures o f Verity Stob

Try the girl
With t heY2K panic ho t t i ng up, there are

government schemes afoot to train up al l

and sundry as programmers. Bu t of course,

not qui te everyone is suitable...

t was a blue-white Wednesday midsummer morning, and hot wi th
i t : the kindof morning that makesawater company executive won‑

der if it isn’t time to announce a surprise hose-pipe ban just for the
hell of it. White beams of eleven o’clock sunshine fell directly on my
screen, so that I would have had to have drawn the blinds if I wanted
to see the l i t t le coloured pipes of the screensaver draw their perpen‑
dicular patterns. I left the bl inds undrawn, and lay back in the
wa rm th , and watched the dust part icles dance around in the
airstream from the PC’s cooling fan. I ’d seen the l i t t le pipes before.
They were nothing special.

The phone rang, and it was Violets M’gee. Violets is a great guy
with a beer gu t anda collection of T-shirts with the logos of defunct
software housesand the badhabit of callingmeup with contracts that
payworse than asharewareDOStext editor onaMacintosh-userweb‑
site. They call him Violets because he ain’t shrinking.

He said, ‘Hey,Marlowe. Have you got anything on?’
“You mean you hadn't heard? I ’m substi tut ing for Ginger in the

girls’ US tour. I fly to Chicago in ha l f an hour ’
‘Sure. I look forward to seeing the outfit. Quit jawing and get the

dust covers o f f that love-wagon of yours. There’s a distressed party
out in E11who is cry ing out for some of your jolliest database design.’

‘Uh-huh.Andpray how dothey intendpayingfor a l l this frivolity?
I don’t fire up the Sierra for less than twenty-five lonely dollars an
hour, plus ex’s.”

‘Twenty-five lonelyEuros,Marlowe.This is a classoutfit; pre-printed
business cards, own domain name, a web site that gets updated more
than once a year, everything. Get on over there before you drop below
their price range.’ And he gaveme an address andhungup.

Irescuedmy blueFordfrom Sainsbury’s Str ict ly Patrons-Only car
park and crawled east through the midday heat and the Capital C i t y
integrated transport system. Ninetyminutes and ten milesfurther on
I pulled off the A12 into the fi l thy shadow ofa fil thy pub. Some writ‑
i n gon the walls of the pub suggested that the place was built wi th in
the catchment area of Soylent Orient football club. Amemory stirred.
Isa id ‘Mmmm... Soylent Green...’ but it didn’t meananything. It was
just something to say.

‘Heyyou!’A slim, blondewoman in hermid-thirties was standing
in the entrance of the office nextdoor, chewinggum,watchingme. She
wore jeans, sneakers, a white polo shir t , and a face which wasn’t
exactly beautiful, but was comfortable and kind. A nice face to have
around. ‘What are you doing standing there, mutter ing to yourself?’

‘Thename’sMarlowe.Databaseguy. Oracle,VisualBasic, andCrys‑
tal Reports.I heard you neededhelp.’ I leered at her politely.
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Her eyes narrowed suspiciously.
‘Maybe you heard wrong.’ She
thought it over for a few seconds.
‘Come in anyway, and Jack’ l l give
you the test.’

Wewent into the building. I fol‑
lowed he r th rough a glass-doored
ante-room in to the programming
room. It was 25 foot square, and it
was full of l i t t le shoulder-high cubi‑
cles with a programmer working in

each one,likeaDilbert cartoon. It was quite ho t , but no hotter thana
hot sauna heatedby a runaway brokenboiler, and it smelled quite bad,
butno worse than downwindof a sewage treatment works in National
DiarrhoeaWeek.

The woman said, ‘I haveaMr Marlowehere,Jack. Hewants to take
the test.’

A balding man w i th a grey beard, socks, sandals, and a perma‑
nently wistful look appeared, and touched my arm.

“Come over hereMr Marlowe, there’s a spare desk in the corner.’
He guidedmeacross the floor space to an empty cubicle where the

PCwas turned off, and invited me to si t down. I sat. He produced a
piece of paper wi tha flourish.

‘This is a l i t t le programming test. Everybodytakes it . It’s nothing
to beafraid of. Youdon’tmind, doyou?’

I said I thought I would probably live.
‘Good, good. Of f you go then, and I ’ l l beback in 10minutes to see

how you got on.’ Hebustled off.
I looked at the piece of paper. The test was the old ‘Design a table

suitable for holdinga corporate personnel record’ test. That was really
or iginal - in 1943.

True to his word, the l i t t le beardedman returnedafter a few min‑
utes. ‘How did you get on?’

Silently, Ihanded h immy answer sheet wi th the table schema. He
held the paper close to his face. Probably t r y i ng to stop me from see‑
i nghimmove his lips. It didn’t work.

‘Um. One thing, Mr Marlowe.’
“Yeah?”
“Youhaven’t provideda field for, um, sex.’ His voice twitteredwi th

embarrassment. ‘Youknow, gender. It ’sve ry important in most appli‑
cations.’

‘Oh yeah? What about that?’ I pointed.
‘But that says “ha i r colour”.’
‘So you put “Blond” or “Blonde”. What do you guys use for brains

around here?’
“Yes, but... Oh nevermind.What does this field “Pocket” mean?’
‘It’s an enumerated type: Shirt, Jacket, or Hip.’
‘M r Marlowe, I do know what both a pocket and an enumerated

type are. I don’t see the relevance to apersonnel database.’
‘ I f i t ’s a blonde, you’ l l wan t to know which pocket y o u feel her

smile in. ’
‘And the boolean field “Conspicuous”?’
‘Callme cute if you like, but I don’t see how you can describe some‑

one properly if y ou don’t know whether he is as conspicuous as a
tarantula ona slice of angel food.’

He looked at me andsighed. ‘Thanks very much for y o u r time, Mr
Marlowe...’

On the way homeI pulledoff the A12at aThreshers in Whitechapel
and downed a brace of Two Dogs. It didn’t do any good. It only made
me think of the blonde woman, and I never saw her again. a
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er that the se

ForeSight, the new forecasting tool created by PRICE Systems, (featured in the news pages of
.EXE last month) directly addresses the problems of budget overruns, reduced quality and late
projects. ForeSight gives ITteams the tools to create accurate estimates during every phase of
a software project -- from concept development where information about the project is minimal,
through each milestone, generating estimates to complete and comprehensive project files
detailing project size,scope, cost and quality. The result - credible estimates, realistic
expectations, successful projects.

Use ForeSight to estimate the budget, schedule, resource requirements and scope of any type
of software project. Measure the impact of management decisions on your project's schedule,
budget and potential finished quality. ForeSight can help you visualize these questions with a
variety of graphs, charts and interactive strategic management areas where you can calculate
scenarios based on a number of different options.

Solid cost-performance tradeoff analyses are key factors in generating supportable project
estimates. ForeSight gives you the capability to perform these analyses in an easy-to-use
and understand environment. Using the one-button interfacewith Microsoft Project ™ your

project team rapidly creates, reads and updates Project tiles
with accurate schedule and resource information.

ForeSight is your partner ‐ it learns about you and your
organization as you use it, becoming more tuned to what you do
and how you do it each successive time you use the tool. For
more information or to order a copy of ForeSight, please call
01256 760012 or fax 01256 762122 or visit our website at
www.PRICESystems.com. anea ) ™
=> Enquiry No. Au36 ForeSight

~@w h e Power of Control

PRICESystems, PRICE House, Meridian Office Park, Osborn Way, Hook, Hants RG27 9JY.



Onemakessoftware theft
i l legal, the othermakesit

impossible.
If you would rather take the law into your o w n hands, the DESkey range of

products have security designed into the hardware. ASICs and microprocessors
running proprietary algorithms provide real protection. Acomprehensive range of
drivers and ou r software protection utility DESlock, work to bring the highest

level of security with the min imum of effort.

Call today for product information, demonstration units and technical advice.

Don't j u s t Dongle i t ‐DESkey it
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