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VSSPELL. 284
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C++
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Crusher! £225
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ExacMath £158
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Imagix 4D £2755
Krakatan Lite ( / C + + £695
Krakatau C/O++ £2394
MemCheek £243
Number Class $157
PC-lint for @/C++ 2127
SNMPToolkit C++Bldr £334
SNMPToolkit VC++ £334
Turbo C++ Suite 267
Watcom C/C++ £215
WebKit £370
Windows GE Toolkit £139

WinDK £789
WinDriver for WinCE £1237
WinRT for C/C++ £370

Components
Bar Code Pro
Chant Speech Borland
Chant Speech Ent
Chant Speech K i t
Chant Speech Ree
Chant Speech VStudio £484
Chant Text-to-Speech £90
Charting Tools for Win £169

£165
£484
£969
8242
£150

Code Assist 9182
CodeBase $320
COMM-DRV/LIB 2128
Comm'Tools/DLL 9215
Communications Lib £135
Compression Plus S174
Crystal Reports Pro 2221
dBarcode-32 Pro £89
dbCGAD OCX $ 1 7 7
Distinct Visual Internet £307
Labe l 32 Standard 980
dLabel-32 Professional £116
ExacTicks £130
Fastgraph 2226
Fax Plus £169
Graphics Server 5 £209
Greenleaf CommLib ‐ £235
HighEdit Pro £275
HighSpell £152
VOActiveX Control 230,
ImageLibCorporate £299
ImageManActiveX £320
ImagXpress £524
IntellePret S175
Leadtools Doc Express£1217
Leadtools FlashPix £608
Leadtools Imaging £245
Leadtools Imaging Pro £608
Leadtools JBIG £608
Leadtools M/media £304
Leadtools M/media Pro £727
Leadtools Vector $422
Leadtools Vector Pro $844
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LiveMap £225
MIDI Pack 297
Modern GuardX Dev £292
ModernGuardX Std 2131
Modern TriaIX Std. £131
Multimedia Imaging $ 4 0 4
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PowerTCP FTP 293
PowerTCP Pro 2399
PowerTCP Server 9197
PowerTCP Telnet S134
PowerTCPWinSock £138
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TVicPort 3.0 230
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Database
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PowerBuilder Ent 92575
PowerBuilder Pro £1015
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Total Access S/Book £112

AstCilass Pro 9182
IstClass Std $136
Abbrevia £131
ABG for Delphi S117
ABC for Delphi Pro $189
Advantage DBEDelphi £189

Lahey/Fujitsu Fortran95 Express
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Dream InfoTree #33
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Dream Memo £56
DreamOutBar g 1 6
Dream Tree £16
FlashFiler 2136
InfoPower $149
Memory Sleuth £65
MultLang Suite £599
Orpheus £149
PerfectSizeVCL £70

more
more

InstallAnywhere West £642
JClass JarMaster 2152
JClass Standard Suite £1139
JClass SwingSuite £152
SFCSuite £292
JLOOX £2947
JProbe Goverage Dev $365
JProbe Coverage Pro $ 4 5 6
JProbe Profiler Dev £365
JProbe Profiler Pro £456
JProbe Suite Dev £670
JProbe Suite Pro: 81340
JProbe Thread Dev £365
JProbe Thread Pro £456
JSuite $ 1 9 9
Multilizer Java Pro £248
Multilizer Java Std £144
PowerJ Enterprise £376
SoftModeler Ent e 11 9
SoftModeler Pro 2560
SoftModeler Std 2278
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RaizeComponents If £182
ReportBuilder Pro. £332
ReportPrinter Pro Dev £210
SysTools 29
teeChart Pro £992
TeeTree £86
TopGrid £56

Fortran
Absoft Pro Fortran £473
Absoft ProFortranMP £608
Digital Vis Fortran Std £440
DigitalVis Fortran Pro £586
Lahey Fortran95 Exp 2156
Lahey Fortran95 £409
NAGFortran 77Lib £795
Watcom FORTRAN 77. £295

Java
DevPartnerfor Java £425
EnterpriseBeans Dev £1520
EnterpriseBeansSvr_ £5664
Hands on Java 430
{nstallAnywhere East £2642
InstallAnywhere Expr £329
InstallAnywhere Std £642

To enter. simply go to the
Grey Matter web site and
post a reply to one of this
month’s ThinkTank topi
Every reply wil l go into a
FREE PRIZE DRAW to win over
£1000 worth of software.

ThinkTank
Fujitsu COBOL Pro £278 ERDCommander ‐-£156
Fujitsu COBOL Std £203 ERDGommander Pro $203
PersonalCOBOL 872 FAT32 S24
Personal REXX forWin £135 FormatterOne DVD NT £66
PowerBASIC Console £99 ‐ Greenleaf ViewComm £265
PowerBASIC DLL 6.0 £109 ‐ Hijaak Pro 265

HyperCam £20
Tools HyperSnap-DX 17

Aegis Concurrent 1-5 £346 Image Alchemy PS £269
Aegis Dedicated 1-5 £173 Lynx 97 £69
BoundsChecker $254 MidPoint G/way (5 usr)£191
BugCollector Pro £91 MidPoint Gold (5 usr) £255
BugTrapper Lite $ 3 1 6 MKS Toolkit $318
BugTrapper Pro 2635 Norton AntiVirus £34
CodeWright 6.0 £149 NT Locksmith $ 3 1
CopyControl £483 NTFSDOS Tools £56
Grossware 8051 Studio £746 NTRecover 2118
Crossware 8051W/shop$584 _PartitionMagic £42
DemoShield £355 Sys Commander Deluxe £43
DevPartner Studio £820 _Total Virus Defense (5) £207
Doc-To-Help $ 3 0 5 Uti l i ty Pak £312
Doc-To-Help Pro $468 VirusScan 934
DotHLPProfessional £89 ‐ WinGate Home (3 user) £33
DriverBundle 2729 WinGate Pro (6user) £197
ForeHelp Premier Suite £415 WinZip £29
GP-Nersion $ 1 9 9
Help Magician Pro £185 Visual Basie
HelpBreeze £351 CodeSMART 962
InstallDialogue £130 Crescent Internet TPak £206
InstallfromTheWeb £240 DevPartner for VB $ 4 2 5
InstallShield Express £145 ForeVB 379
InstallShield for WinCE £275 List Pro S148
InstallShield Pro £480 =PDQComm £109
KEDIT for Windows £115 ReSize 842
LicenseMagic £1554 Sax Code Complete £126
Merge 99 Pro £101 SpyWorks Pro £285
MKS Source Integrity $455 Stamina £137
Multi-Edit for Win32 £101 Total VBSourceBook £269
PackageForTheWeb £179 True DBGrid Pro 2219
Passolo $318 True DBList Pro £165
PC-Install £125 VersionStamper 6.0 $165
Protection Plus Pro £295 Windows GE Toolkit £139
PVCS Dimensions £2156 WinRT-VB $127
PVCS Tracker £450
PVCS Version Manager £450 Web
Rational Visual Test. 5 4 5 Agile HTML Editor £49
RFFlow £69 Animation Explosion £50
RoboHELPClassic £294._‐_Art Explosion 125,000 £34
RoboHELP HTML £294 Art Explosion 250,000 £51
RoboHELPOlfice £565 Art Explosion 40,000 $25
SemWare Editor Pro /32$114 Art Explosion 600,000 £68
Simmit! 2299 Art-O-Matic 213
Sourcer w/WinSource £218 Chart FX Internet £460
SPF/SourceEdit £129 ColdFusion App Svr Pro$949
TLIB 2157 ColdFusion Studio £289
TRACK £1665 EasyHelp/Web £160
VERSIONS 2145 FTP Voyager 825
Visible Analyst £1870 GDIdb $ 5 9
Visio Professional £296 GDIdb Professional 2130
Visual SlickEdit £190 GIF Movie Gear 925
Visual SoureeFormat £421 HomeSite 4.0 875
Visual UML Pro $399 HoTMetal. PRO 298,
Wise for Win Installer £497 Ignite £50
Wise InstallBuilder_ £257 _ INSTAbase $ 4 5
Wise InstallMaker £128 | MDaemon Server (5) $ 7 1
Wise InstallManager £1125 NeoTrace 824
Wise InstallMaster £500 RemoteZip £149

SaveForm 959
Training Sawmill Pro 2121

Adobe Pagemill 2VTG $40 __ServerMagic 2935
‘Adobe Photoshop V IG £80 ServerZip 959
HTML 4.0 V IG £80 Sound Forge £300
KPT/Photoshop Filters. 280 Tango App Server £2118

Tango Dev Studio ‐-£300
Utilities VisualWebGrid Ent $299

BarcodeMacrosOffice £89 VisualWebGrid Pro £121
BlueSave $ 6 2 Web Explosion 20,000 $50
CaptureEze Pro $43 WebTrends Analyzer £225
CaptureEze97 £39 WebTrends Ent Suite £990
DriveCopy £20 WebTrends Pro Suite £399

Visual Cafe DB £499:
Visual Cafe Ent £1655
Visual Cafe Pro £185
Visual Cafe Std 266

Microsoft
Macro Assembler £109
MSDN Library £78
MSDNProfessional £445
MSDNUniversal £1529
Office 2000 Dev 2688
Office2000 Dev MOLA £625
Office 2000 Dey Tools £258
Office 2000 Dev U/G. $423
Visual Basic Ent ‘ 8 7 7
Visual Basic Learning £63
‘Visual Basic Pro. £358,
Visual C++ Ent 2872
Visual C++ Pro ‘$367
Visual C++ Std 872
Visual SourceSafe £379
Visual Studiq Ent £1045
Visual Studio Pro £729

Sundry Languages
Fujitsu COBOL Ent ‐ £315

latter's policy to keep prices as low as
identical product cheaper in the
‘oice then let us know and we'll

refund y o u th . F o r full detail
www.greymatter.co.uk/pricepolicy



est text forward
T power and

potential of hypertext
seems to be overlooked
these days. A l l the
attention paid to the
Web and its

incorporation of
multimedia seems to
have eclipsed the
possibilities for
presenting textual
information

electronically.
This point came to

mindwhen I bought Scott
Meyers’ EffectiveC++ CD
(Addison-Wesley, ISBN0-201‑
31015-5). The CD represents the
contents of bothhisEffectiveC++
andMoreEffectiveC++ books,
together wi th some magazine
articles. Iwas impressed. It
wasn’t just the contents ‐ I was
quite familiar with Meyers’ work
and knew what to expect.Rather,
it was the approachtaken to the
organisation of the contents.
There are over 2,000 links on the
CD: within and between the
books,amongthe books andthe
articles,and from the books and
articles to the Internet.Pure
hand-crafted,authorially‑
intendedhyperlinks that help to
coordinate information for the
reader.Essentially,the CD isa
website in itso w nright ‐ the
author has chosento get his
hands di r ty wi th HTML
(Hypertext MarkupLanguage) to
represent hiswork electronically.

It was clear that with this
‘product’ ‐a horrible term, but
this isn’t just a b o o k ‐areal
effort hadbeenmade.The
intentionwas there to present
the material in the most
meaningful way. The constraints
faced would appear to be what
was possible via abrowser-based
interface andthe current stateof
play of HTML itself. (The CD
does require at leastNavigator
4.0 or IE 4.0). As the author
himselfrepeatedly points out in

E X E  s e p t e m b e r  1 9 9 9

the introduction, if he could
possibly have made it better, he
would have. The essentialpoint ‑
andone that reflects the
successful use of hyperlinking‑
is that the final total is greater
than the sum of the parts.

Navigationof the Effective
C++ CD is straightforward, anda
fine-grain of access is possible
because eachparagraph on the
CD has an associated HTML
anchor. With it beingpossible to
integratethe CD with your own
HTMLdocuments, you can
extendthe links of information
in your own way. As wellas a
variety of methodsfor searching,
a neat feature is usingan
intermediatesite to provide
logicallinks to the Internet,

instance,havingreadItem5,Be
w a r y of user-definedconversion
functions, which introduces the
use of proxy classes, it is natural
to j ump straight to item30,Proxy
classes and its example of
implementingtwo-dimensional
arrays. Notal l material canbeso
easily subdivided or lend itselfto
‘supra-organisation’ or the
presentation of ‘meta-views’,call
it what you will. But that doesn’t
mean it was an easy framework
to implement - the result was
achieved ata cost: significantly, it
took Meyers longer to create the
CDthan the two books combined.

Of course, there are other
examples of hyperlinking. From.
the world of literature, I ’drefer
you to GeoffRyman’s playful

The 85 rules to improve your writing
of C++ are chunks of technical
information waiting to beinterlinked.
helping to prevent the breaking
of hard-coded links.

Not quite soimportant, but
sti l l acquiringbrownie-points, is
the configurability available:
there are options to control the
size of images, diagrams, and
files. As muchaspossible,you
are in controlof the
environment.As Meyers says:
‘Call me an anarchist,but when
it comes to accessingtechnical
information, I just don’t believe
that one size fits all.Notone size
window, not one size font, notone
size image,notone sizefile.’ The
simple explanation is
redundancy: for example,each
diagram is stored five times, one
for each size option available.

Of course, the books’ original
contents suited this
organisation.The 85rules to
improveyour wr i t ing of C++ are
chunks of technical information
waiting tobeinterlinked.For

‘Internet novel’ 253, subtitled
Undergroundtheatre
(http://www.ryman-novel.com),
which coincidentally also caught
my eye recently. It’s the story of a
Bakerloo train headingto
Elephantand Castle,where an
unpleasantend awaits. With a
seatingplan for al l the carriages,
you are able to explore at wi l l the
histories and thoughtsand
feelings of the passengers,and
follow the links to uncover the
relationshipsamongthem. The
fact that the first ‘life’ y o u can
explore is that of the sleepy
driver, who has hunghis coat on
the dead-man’s handle,means
that the novel is not relyingon
suspense for its effect. (For those
who are curious, but not
connected, there is 253: Thepr in t
remix ISBN0006550789.)

I a maware that future
developments wi l l inevitably
make our current HTML-based
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technology hopelessly quaint
and outdated. Who knows what
strange hologrammatic or
telekinetic means of absorbing
information lie ahead? My
poin t is that r ight now, wi th the
current state of play, more could
be done, and be done better,
with the presentation of text.
Have wejus t become
complacent? The power of
hyperlinks, and the creation of
multi-dimensional literature
was once regardedas exciting
and a new frontier...

Perhaps I am beingnaive in
what latitude publishers wil l
allow their authors, or what
resources are available to
support the creative
organisation of their work.
Maybe m a n y authors would like
to push at the boundaries of
what is possible in presenting
their material.Perhaps only big
names,such as Scott Meyers,
have the clout to exert the
necessary control. What I do
know is that too often the CD
attached to the back cover of the
(expensive) technical books we
buy remains sealedwith in its
l i t t le plastic folder, or if opened,
then perused only once. It
doesn’t have to be so.

Tam not suggesting the use of
hypertext is applicable in al l
areas (and it is amootpoint
whether I would havebought the
CDwithout havinghandled the
books first). But why not
experiment andexplore the
possibilities.

Asa final note,my init ial
attempts to get hands on the
work failed ‐ a search of local
bookshops revealedonly its
absence. Instead, I bought the CD
over the Internet, which
somehow seems appropriate.The
online bookstore was just
another l ink in the chain of
information. a

Alun Williams
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LEADTOOLS Imaging is an
award-winning toolkit that can

ionalhelp you c rea te prof
imaging solutions at break neck

speed. Simply drop in the award-winnng
ActiveX or VCL control and you have over 600

functions at your fingertips that let you do image
processing, scanning, colour conve rs i on , display, over 2000
special effects, compression, image format (import/export),

print ing, Internet imaging, database imaging, imaging
c ommon dialogs and screen capture.

LEADTOOLS Vector Imaging Suite adds suppor t for 2-D
and 3-D v e c t o r images. 3D images can be rotated along the
3 standard a and painted using different illumination

models. Drawings can be attached to a window for dynamic
viewing. Viewing perspectives can be changed at run t ime .
Optimized drawing code can use OpenGL, DirectX or GDI
functions. Includes 2D and 3D engine with c a m e r a , shades,
lighting, res i ze , r o t a t e , e n u m e r a t e , select object and mo re .
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LEADTOOLS Document Express gi
powerful imaging technology in the Vector Imaging Suite

you all o f the

well a s e x t r aand adds complete multi-media suppor t a
features which have been chosen and optimised to me e t the
specific demands of the document imag i ng market.
Multimedia features include edit mo t i on video, record video
and audio and crea te Internet video conferencing
applications. Document imag i ng features include powerful
annotat ion capabilities, specialised image processing filters,
including despeckle and deskew, and specialised display
filters including favor black and scale to grey, which let you
enhance and "clean up" 1 bit images. LEADTOOLS
Document Express offers ultra fast ro ta t ion rounding o u t a
comprehensive list of features which are all well suited for
document imaging applications.

EXE and Grey Ma t t e r a r e pleased to give you the
opportunity to win aLEADTOOLS Document Express, one
of t w o LEADTOOLS Vector Imaging Suites and o n e of two
LEADTOOLS Imaging Toolki ts, worth ove r £3500 in total.
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sreymatter.« /leadtools



Delphi ‐ now we are five
Delphi 5,the next major release of
Borland’sObject Pascal-basedRAD
tool forWindows, is out in three edi‑
tions: Enterprise, Professional, and
Standard. As well as support for
HTML 4and XML, D e l p h iSis target‑
ed atthe integration ofWindows
with browser clients,
servers, middleware, and back‑

web

end database systems.
IDE enhancements includea

DataModule designer with Tree
and Data Diagram Views of
application data, the support for
project-wide browsing, the use
ofTo-Do lists, and new console
application wizards. There is
remotedebugging fordistributed
development, whether based on
COM or Corba,and multiprocessand
cross-process debugging. For seri‑
ous debugging work with floating
point c o d e ,an FPU View is provided.

H T M L4 support enables the cre‑
ation o fdynamict h i n - c l i e n t sfor the
Web, and Internet Express is

For scalable, transaction-based
applications, there is Midas 3.

For team development, Team‑
Source is anew change management
tool. It builds on existing versioning
engines, such as PVCS,andextends
them with aworkflow model designed
for large distributed teams.

Three tools for one repository
With t h e rise of component-based development ( C B D ) there's a
requirement for tools that can store and manage components.This
includes inter fac ing to a number of various systems, interpret ing
different data formats, and dynamically reflect ing changes when
they happen,al l the whi le supporting an organisation’s development
processes.These are the a r e a s addressed by Adapt ive Framework,
aset of tools for developing and deploying an enterprise-wide repos‑
i tory. As well as managing CBD, version 4.0 sees improved access
controls, a(read-only access)Java web client, enhanced support for
bulk data exchange, automated process generation, and new fea‑
tures for tasks involved in repository implementation.

The product set comprises Adaptive Workshop, Adaptive Enter‑
prise, and Adaptive Web. Adaptive Workshop enables the fo l lowing:
to build a meta model, integrat ing wi th third-party model l ing tools;
to incorporate data held in the repository in the business processes;
to customise user views of information; and to generate automated
processes. T h e Adapt ive Enterprise and Adapt ive Web products
enable the deployment of the Enterprise Repository across the organ‑
isation.This involves:automat ical ly reflecting changes made in the
underlying repository model; to tailor a n y presentation and report‑
ing; and to support sharing of information via the Web.

In version 4.0, anew Process Generator component helps users to
formalise informal processes and automate new or exist ing process‑
es. The idea is to helpcentralisethe role of the repository within Enter‑
prise development, rather than it being an after thought or add-on.

The Adaptive Web component provides new client functionali ty
via a Java applet that c a n be deployed across intranets.
w www.adaptive.com|Workshoppage.htm
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In the realm of database sup‑
port, ADOExpress is included to
provide data access via Microsoft's
ADO and OLE DB technology. To
support ADO, Delphi5 includes IES
a s s h e l l . e x e i s required. And

InterBase Express is includ‑
ed for applications requiring
a low-ma in tenance , small‑
footprint relational database.
The database engine is not
l imited to BDE; it can be
replaced.

Finally, the Borland Trans‑
lation Suite allows for the
quick internationalisation or
localisation of applications.

See http://www.borland.
com|/delphi|/productinfo|featurelist/
for detailed feature matrices.

The Enterprise edition has an
RRP of £1,699, Professional has an
RRP of £499, and Standard has an
RRP of £69. Upgrades start from
£249 for the Professional edition.
w www.borland.com/delphi

Ready for JaCC
The full details are in place for the
ACCU and EXEco-organised JaCC
(Java and C/C++) conference,to be
held at the Oxford Union, Septem‑
ber 15to 18. Speakers include Jim
Coplien, Kevlin Henney, Barbara
Moo, Andy Koenig, Nigel Warren,
and Bertrand Meyer.

Latest news is the addition oftwo
speakers for the initial Platformday.
Phil Harman,aSolaris/Performance
c o n s u l t a n ta tSun,will talk o nSolaris
technology. Simon Horrell,educator
for DevelopMentor, will cover COM
asabetter C++ and COM+/MTSas
a better COM. Other tracks for the
Wednesday comprise: T r i a l s&Tribu‑
lationsof Windows development and
n-tier C++; Taking BorlandC++ &
Corba to Linux;Developingfor thePal‑
mOSand C++ for Palm sizePCsolu‑
tions; andApplication interoperability
and integration, Domains and plat‑
forms, and Real-time Corba.

Other tracks include C++, OOP,
Java, Patterns, Embedded, Games
and General Programming.
w www.exe.co.uk/jacc/ £01719704772
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Microsoft has made Windows NT
embedded 4.0 available to OEMs
building embedded devices.Version
4.0 sees support for headless oper‑
ation (no mouse, keyboard, or dis‑
play), diskless operation (users
operating from read-only media,such
as CDs), and remote management.
There i sbinary c o m p a t i b i l i t ywith the
Win32 API and NT driver model.
www.microsoft.com/embedded

TrollTech’s Qt is aC++ framework
for building GUIs. Version 2.0.1sees
s u p p o r tfor internationalisation,for‑
matted document display, and Ul
themes. For Unix/X11andWindows,
it'sanOOal te rna t i veto the Motif/Xt
and MFC libraries. Qt forms the
basis of the KDE Linux desktop
environment. It costs from $1,550.
www.troll.nojannounce/qt-201.htm/

SourceSur f 1.0 is a web-based
reporting tool for Visual Source‑
Safe. It allows you to access
SourceSafe d a t a b a s e sfrom aweb
browser, enabling you to remotely
monitor progress of a project and
track cross-referenced symbols. It
costs £120 per licence.
www.giant-technologies.com

Borland is invi t ing developers
worldwide to test-drive the beta ver‑
sion of i ts new developer communi‑
ty website. It's intended to provide
aforum for communication with the
company and access to productsand
example code (CodeCentral).
community.borland.com

For e-commerce, IBM has updated
Net.Commerce and C a t a l o g
Architect to V3.2. Continuing the
migration of Net.Commerce to the
Java environment, its Product Advi‑
sor tool usesJavaServer Pagesand
JavaBeans to provide more control
o fpage r e n d e r i n g .The content man‑
agement tool CatalogArchitectV3.2
supports XML.
www.software.ibm.com



Caché 3.1, from InterSystems, is a
post-relationaldatabase and RAD
environment. V3.1 sees enhanced
SQL and object handling features,
simplified database management,
Web deployment capabilities, and
extended platform support. There is
automated synchronisation between
object and relational views of data.
Prices start from £90.
www. intersys.com

MKS has updated i t s Unix-Win‑
dows interoperability products:
Toolkit 6.2, Toolkit Select 6.2, and
NuTCRACKER Professional 4.2.
MKS Toolkit 6.2 sees the introduc‑
tion of a CShell, there is handling of
large files in file and tape utilities,
and e n h a n c e m e n t st o the KornShell.
www.mks.com

Allegro CL 5.0.1, the Lisp devel‑
opment environment, features per‑
formance improvements, support
for international character sets, and
extended platform support (Linux
PPC R4, FreeBSD 3.x, and Alpha
Windows NT 4.0). It includes the
Common Lisp Object System
( C L O S ) .Trial Windows and Linux
versions are freely available.
www.franz.com

Object Domain2.5 is aUML mod‑
elling tool that is implemented in
Java for multi-platform use.There are
standard ($495) and professionaledi‑
tions ($995),the latter of which adds
complete UML and multi-user sup‑
port.V2.5sees round-trip support for
Java, and advanced model search‑
ing with regular exp ress ion support.
www.objectdomain.com

GDPro, the UMLmodelling tool, is
to provide integration with PVCS
ast h e result of analliance between
Advanced Software Technologies
and Merant. The aim is to provide
greater SCM for the versioning of
models. For Windows and Unix.
www.pts.com|static|gdpro.htm/

Tangoing into the new millennium
Aswe briefly previewed last month,
Tango 2000 is the latest version of
Pervasive’s system for designing,
building, and testing database-dri‑
ven web applications. A new visual
development environment includes
COMobject and JavaBeans support,
for dragging and dropping func‑
tionality from outside the Tango
development environment (such
asbusiness-specificcode) direct‑
ly intoapplicationfiles. Other fea‑
tures include the use ofTango
Class Files, the Tango Web
Analyser suite of components,
and an implementation of XML.
Includedwith Tango 2000 is a copy
of the Pervasive.SQL database.

For the visual development envi‑
ronment, Tango d o e s n ' tuse individ‑
ual pages with embedded logic.
Instead, it's designed to visualise
business logic and i t a s s o c i a t e sthis
with the pages generated dynami‑

encing logic defined in JavaScript
or supported object types.”

Tango Class Files allow you to
save Tango Code as objects for
reuse. They are made available
through anO b j e c ttab ‐ just likeother

Visualising Computer Associates
I n akeynote at CA World, Charles Wang restated his vision that the
software ComputerAssociates produces must ‘run a heterogeneous
model that looks as if it is one system’ (ie have no bias towards any
one plat form or OS). For example, this year's conference saw the
introduction of the TNG Enterprise management solution for Linux,
as well as versions for Linux of Master/7 web server management
software and the Ingres II RDBMS.Another ra f t of announcements
concerned the ‘e-nfrastructure’ to support e-business, these includ‑
ed the eTrust secur i ty solution.

The conference sawa b ig push on neugents, the predictive neur‑
al agent technology introduced last year in Unicenter TND. It has
found i t s w a y in to most of CA's products. There are two types of
neugents:unstructured ones, based on patterns and genetic algo‑
rithm searches, and structured ones, based on iterative processes
and neural networks. Neugents have beenappliedto Windows NT,
Unix,and OS/390to predict when systems wi l l godown. For NT, n e u ‑
gents monitor as many as 1,200parameters to predict future events.
Neugents have also been integrated in Jasmine TND (which includes
the Jasmine OO database, a modeller, a builder, and Jasmine Pub‑
l isher) where they offer prediction by valuesand by patterns (espe‑
cially helpful in e-commerce packages).

For the future, Wang sees both bandwidthand computingpower
becoming commodities. He forecasts personalised 3D inter faces
to be a growth area ( C A owns Viewpoint, which did animation for
the movie Antz, and has created a joint venture with MetaCreations
called MetaStream). One impressive demo w a s representing com ‑
plex insurance data stored wi th Jasmine in a 3D v iew of a room
where the quality of the furniture gave an instant visual indication
of the income level.
w www.cai.com

object types, such asCOM and Jav‑
aBeans - ready for dragging and
dropping into Application Files.

The Tango Web Analyser is a
suite of Tango components that
allows real-time monitoring of web‑
site activity. Al l collected data is

stored in a SQL database for
hourly, daily, weekly, and month‑
ly reporting and analysis. A set of
provided Tango Class Files lets
you integrate information col‑
lected via Tango Web Analyser
into web applications.

Finally, there isthe support for
XML: it can be treated as a data
type for manipulation of struc‑
tured data, providing a standard

mechanism for communication. In
fact, Tango Application Files are
saved in an XML format, which
means you can edit or create them
outside the Tango environment.
w  www.pe rvas i ve . com

Serving Java
Support for XML and Java 2,
enhanced SQL functionality, and
improved performanceare the fea‑
tures of ProgressApptivity v3.1, the
Java application server and IDE.

Version 3.1's support for XML
takes the form of Apptivity Smart‑
Adapters, which remove the need
for external XML servers. Inbound
XML data is integrated into local
applications as relational data. For
S Q L ,a‘relaxed SQLparser’ allows
SQLe x p r e s s i o n st o b ecreated with
vendor-specific SQL commands. In
addit ion, parameterised SQL
queries are designed to allow more
p r e c i s eand dynamic data filtering.

There is support for conditional
HTML tags, to help personalisecon‑
tent on web pages. The example
given is a website that tracks the
stock market and uses conditional
HTML tags t om o n i t o rthe time and
inform buyers how much longer the
markets wil l be open. Finally, for
legacy Progress Software 4GL code,
the SmartDataObject enables the
reuse o fb u s i n e s slogic for the Web.

Pricing starts from $10,000.
w www.apptivity.com
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wednesday 15september1999 |
| time | sessions

09.30 Keynote Address CORBA State of the Union, Sean Baker 09.30

Morning Coffee Break i

11.00 Linux/Unix Windows PDA CORBA 11.00
Solaris Trials & Tribulations Developing Application |
Technology ofWindows Applications Interoperability |
Phil Harman Development for the Palm and Integration... |

Ken Jackson Platform Eric Leach
lain Barclay

14.00

14.00 Linux/Unix Windows PDA CORBA
Taking Borland C++ COM asa better C++ for Palm Size | Domains and
& CORBA to Linux C++, COM+/MTS PC Solutions Platforms
Jeremy McGee as a better COM Nick Gratton Chris Sluman

Simon Horrell

Afternoon Coffee Break
14.00

16.00 Linux/Unix Windows PDA CORBA
Cont... from 14.00 _n-tier C++ Leveraging Standards Real-time CORBA

Kieran Mockford in the Development RogerBarnett
of Hard Real-Time
Embedded Systems

Close of Day One

Morning Coffee Break 3 : 7

11.00 Patterns Embedded C++ C++ | 11.30
Organisational Embedded C Introduction to UML. Writing Exception |
Patterns Traps and Pitfalls for C++ Programmers Safe Code
Jim Coplien Chris Hills Mark Collins-Cope Alan Griffiths

14.00
14.00 Patterns Embedded C++ OoP

Substitutability- The CAN Session Introductionto the The Unity of Software
Standard Template
Library

& the Revenge
of the Programmers

Kevin Henney Barbara Moo Bertrand Meyer
16.00

Afternoon Coffee Break

16.00 Patterns Embedded CH o o p |
Cont... from 14.00 Cont... from 14.00 Cont... f rom 14.00 Cont... from 14.00 |

17.30 | Close of Day Two Ce . |

48.00 Evening reception, sponsored by Blackwells |

For further information please contact Jenny Lowe o!
AYA

++ 44 (0) 171
exe.co.uk

sessions

Keynote Address Programming - Traps and Pitfalls,Andy Koenig

Morning Coffee Break

Games C++ Java Programming for
What it takes to be a_ Exploring Objects- Characterising Java non-experts
Games Programmer aC++ Perspective Object Distribution ‐ The Meaning of Code
Jez Sherlock Mark Radford Nigel Warren Jon Jagger

General C++ Internet/C++ Programming for
Programming Recent Ideas A Case Study in non-experts
Cultures of in Generic Building Dynamic Cand C++
Programming Programming Websites Using Open Gotchas for
David Harvey Andy Koenig Source Software Java Programmers

Mike Banahan Francis Glassborow

Afternoon Coffee Break

General C++ Java Programming for
Programming Cont... from 14.00 Managing non-experts
Cont... from 14.00 Connected and Writing Clean Code

complex Objects Francis Glassborow
via Resource Pools

Keynote Address Design - Concepts and Practices, Kevin Henney

Afternoon Coffee Break

Primary Spon:

ACCU ASSOCIATION OFC & C++ USERS

In Partnership With
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Synchronised visual UML modelling
Together/J3 is aJava-based visual
UML modeller that provides ‘simul‑
taneous round-trip engineering’, ie
there is no explicit reverseand for‑
ward engineering because models
and their implementationsareauto‑
matically synchronised.Thetool from
Object International nowhasanadd‑
in that specifically supports IBM's
SanFranciscoApplication Busi‑
nessComponents.CalledTJ-SF,
the add-in will help developers
build business models and gen‑
erate the framework to provide
an infrastructure between busi‑
nessclasses andthe various IBM
SanFrancisco components.

UML1.2support involvesUse
Case, Class, Sequence, Activi‑
ty, Package,Component, Deploy‑
ment, Col laborat ion, and State
d i a g r a m s .The details o fthe models
can be documented via HTML, a
web-based approach that is intend‑
ed to help save a few trees on print‑
ing.The tool's support for round-trip
engineering means that it's always
possible to drop down from the visu‑
al interfaceto the code.

Together/J andTogether/C++are
available intwoeditions: Whiteboard

and Developer. TheWhiteboard Edi‑
tion is intendedfor small-scale Java
or C++ development, and is meant
as an introduction to the Together
range. It features a restricted range
of UML diagrams (Class and Pack‑
age) and the support of simultane‑
ous design-and-codeediting to help
reflect iterative software develop‑

ment. Round-trip engineering is sup‑
ported only in the Java version.

The Developer Editions feature
the range o f UMLd i a g r a m s ,a nopen
API for add-in integrationwith third‑
party development tools, customis‑
abledocumentation generation, and
Rational Rose import and export
capabilities. Round-trip engineer‑
ing is supported for both C++ and
Javain the respective Developer edi‑

Get your user-values modifiedhere
There are two new components from Mabry Software. FTPServ‑
er/X is for the creation of custom FTP servers tha t can run onWin‑
dows 9x and NT. A n d PropertiesList/X providesa l ist box w i th
columns where users can edit program-defined properties or gen ‑
erally edit a range of values.

For FTPServer/X, events no t i f y you r program whena user
requests to downloadafi l e , uploadafi l e , create a d i rec to ry, delete
ad i rec tory,etc. I t c an restrictaccessto directory contents andfiles
ona per-user basis.

The PropertiesList/Xcontrol displaystwo (ormore)columns- one
for the property nameand one or more for an associated value. Prop‑
erties can be strings, valuesselected from a combo box,fonts, colours,
and boolean values. The idea isto let y o u maintainal l user-modifiable
values in one place. Border styles, headers, and background and text
colours of the display can be set through properties.Eachcell can have
its own background and text colour.

The FTPServer/Xcomponent costs $ 1 4 9+shipping and the Prop‑
ertiesList/X component $99 + shipping. A package t ha t includes
FTPServer/X and i t s C++ source code is available for $299, as is the
package including PropertiesList/X and i t s C++ source code. Both
controls come inActiveXControl (OCX)andCOMObject (DLL)forms.
Free demo copies are available f rom the web.
wwww.mabry.com/ftpserv/ w www.mabry.com/proplist/
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t i o n s .Aswell as support for the use
of patterns, Corba Interface Defin‑
ition Files (IDL) can be generated
from m o d e l s .You can create links
betweendiagramsandexternal doc‑
uments through the use of URL‑
hyperlinking.

Another p r o d u c tin the Together
product line isTogether/Enterprise.
With its support for simultaneous
round-trip engineering for both
Java and C++ development, it’s
intended for analysts and pro ‑
grammers building large-scale
applications in multiple lan‑
guages. It supports entity-rela‑
tionship modellingandaccess to
SQL databases.

AcustomisedWhiteboard Edi‑
tion ofTogether/J has been inte‑

grated within the latest Database
and Enterprise editions of Syman‑
tec'sVisual Café.This version wi l l be
known asTu Whiteboard.

The Developer Editions cost
£1,950 and Together/Enterprise
costs £2,950.

Product specs and the free
Whiteboard Editions are available
on the Web.
wwww.togethersoft.com

Tuning TOAD
QuestSoftware’sTOADv6.2 isaTool
for Oracle Application Developers
-a development environment for
PL/SQLp rog ramm ing .This version
sees tuning and debugging options,
and there is support for Oracle8/.

The XpertTuning option makes
observations about a selected SQL
s t a t emen tand the underlying data‑
base environment, then recom‑
mends code changes that should
help to free-up system resources
and generally improve database
pe r f o rmance .ThePL/SQL Debug‑
ger opt ion provides a point-and‑
click way to identify application
errors. You can pinpoint problemat‑
ic areas statement-by-statement to
identify questionable code.

There is optional integrationwith
RevealNet's PL/Formatter. Pricing
starts from £360.
w www.quest.com
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Ut i l i t y+ v2.1, the Java productivity
suite, supports Javadoc author‑
ing/editing and namespaceman‑
a g e m e n t .The release includes a
Utility+ Liteedition that integrates
with Visual Café, VisualAge, and
JBuilder. There's also a standalone
version for those developing with
the JDK and text-based editors.
Pricing starts from $149.
www.woodenchair.com

Document!VB is a tool for creating
HTML-based documentation of
code.The utility from Innovasyscan
automatically createacross-linked,
context sensitive HTML Help file
from VB source codeand comments.
Costing $199, anevaluation version
can bedownloaded from the Web.
www. innovasys.co.uk

TeamStudio Librarian is the latest
addition t otheT e a m S t u d i osuite o f
development tools for LotusNotes
and Domino. It manages a team’s
reuse of code by providing a simple
way to create libraries of sharable
design elements, such as subforms,
agents, and scripts. It works with
Notes R4.x and R5(beta) and costs
$425 per seat.
www.teamstudio.com

There are six ‘starter kits’ of soft‑
ware and supporting materials from
Macmillan Computer Publishing:
VC++6Programming(£40), VB6Pro‑
gramming(£40),CProgramming(3.0)
(£40),JBuilder 1.0(£40),Oracle JDe‑
veloper 1.1(£100),and Website Con‑
struction (£30).
www.macmillansoftware.com

Compute r Manuals i s running a
free books offer through its Online
Bookstore.Everyweek acomputer
tome is chosen to be given away to
the first 10visitors to the site who
register their nameandemails.Titles
are chosen from top-selling subject
areas over the previous months.
computer-manuals.co.uk
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There is to be a formal test and
brand programme for Corba. The
Open Group has developed The
Open Brand Programme for
Corba to help to ensure Corba‑
compliance among vendors and to
guarantee out-of-the-box interop‑
erability of products. Successfully
tested products then receive the
X/Open Corba trademarked logo.
The first recipients of the Open
Brand were Fujitsu's ObjectDirec‑
tor, ThinkOne's Mico 2.2.7, and
AT&T's omniORB2.
www.omg.org

The OMG, aimingto meet a demand
for real-time middleware, hasadopt‑
edthe Real-time Corba 1.0 speci‑
fication. Traditionally, Corba has re‑
lieved the developer of focusing on
the minutiae of network program‑
ming, leaving detailed decisions on
priority and task scheduling to the
Corba implementation. However,
Real-time Corba 1.0 addresses the
need to beable to override these de‑
faults and exert more control over
lower level details.
www.omg.org

Corbaitselfis developing. Features
for version 3.0 include aCorba Com‑
ponent Model, Asynchronous Mes‑
saging, and a Minimum Corba (dis‑
tinct from the Real-time Corba). For
integration with the Internet, there
will be a specification for passing
IIOP through firewalls (aka ‘IOP
proxy’), and Java-to-IDL reverse
mapping will allow the automatic
generation of OMG IDL for distrib‑
uted Java applications.
www.omg.org

Software through Pictures v7.2
Software through Pictures v7.2
(StP) is a multi-user modelling en‑
vironment and software lifecycle
tool. The system from Aonix is de‑
signed to integrate visual model‑
ling into the full application devel‑
opment lifecycle: using a SQL
Server-based repository, it lets you
specify requirements for analysis
and design, automate implementa‑
tion and testing, and d o c u m e n tthe
whole process.The system main‑
tains the consistency of links be‑
tween elements of the project: re‑
quirements, visual models, test
plans, test cases, source code, user
documentation, etc. Aonix empha‑
sise the customisation possible for
StP, particularly support for differ‑
ent development processes.

the following languages: C/C++,
Java, Ada 95, Corba IDL, SQL, and
Forté (reverse engineering is sup‑
ported). Validator/Req, or StP itself,
can be used for requirements mod‑
elling and test-automation. Com‑
patible programming environments

include SNiFF+, MS VC++, Java‑
soft, and ObjectAda. For version
control, acompleted or partial StP
model can be baselined.

Aonix has also released the
Lifecycle Desktop, which provides
you with a process-oriented view of
software lifecycle management. It’s
an adaptable framework to meet
specific development process man‑
dates as IEEE 12207 and DO-178B, or
the Unified Process, providing cus‑
tomisable access to lifecycleactivi‑
ties such as requirements analysis
definition and management, code
generation, and modelling.

StP v7.2 runs on Windows NT,
and the LifeCycle Desktop runs on
Unix and NT.
w www.aonix.com

Orchestrating an embedded revolution?
It’s not often that we write about hardware in E X E .Weare, after all, asoftware developer's magazine. But recently we
got a previewof a new technology which threatens to blur the line between hardware and software permanently.

Embedded Solutions Ltd (ESL), a spin-off joint venture with Oxford University, was set up to develop and exploit
Handel-C, a radical approach to co-design (see Co-design: where hardwareandsoftwaremeet, EXE, December 1995).
The aim of Handel-C is to bring the flexibility and reconfigurability of software to hardware, using Field-Programma‑
ble Gate Array (FPGA) technology. FPGAs contain large numbers of g a t e s‐ as found in microprocessors and RAM
chips ‐ whose logical arrangement can be reprogrammed on the fly. In effect, it’s possible to write and rewrite differ‑
ent circuits onto the FPGA at will.

Handel-C itself is asubset of C that is tailored to doing the job of writing hardware. Programs in Handel-C trans‑
late directly into circuitry on the FPGA. A device using an FPGA doesn't need a microprocessor, or support chips.
Functions like driving a display or taking input can beperformed byhardware written onto the FPGA itself. ESL uses
ademo board consisting of anFPGA and DRAM chip, with some connectors wired direct to the FPGA for video, se‑
rial, and mouse.With just this minuscule platform, they were a b l eto show demos of a boat-racing game, aWindows‑
like GUI,and the fastest version of Conway'sGameof Life that we have seen. Despitethe relatively slow clock speeds
of the FPGA, the total removal of all software layers - OS, drivers, etc ‐ between program and hardware results in
dramatic speed gains. Handel-C also delivers true parallel computing; individual parallel tasks within aHandel-C
program are implemented as separate logic units on the FPGA and run at the same time.

ESL is keen to stress that Handel-C makes it possible for software developers who know nothing whatsoev‑
er about hardware to create hardware implementations using software alone. This creates an easy upgraderoute
for developers to get into the soon-to-be-huge embedded market.

We're sure that you'll be hearing a lot more about FPGAs ‐ and Handel-C ‐ in future. Meanwhile, you can get
your hands on a Handel-C toolkit for £3,500 per seat from ESL direct.
w www.embeddedsol.com

Books received this month
Publisher Title Author I S B N RRP

SSC BASH reference card Arnold Robbins 1-57831-010-5 $4.50
Morgan Kaufmann Evolutionary design by computers Edited by Peter J. Bentley 1-55860-605-X £31.95
Morgan Kaufmann The inside story of interactiveTV David Feinleib 0-12-251570-6 £29.95

and MicrosoftWebTV for Windows
SSC Unix S y s t e mVcommand summary - 1-57831-012-1 $8.00
O'Reilly Visual Basic controls in a nutshell Evan S. Dictor 1-56592-294-8 £15.95
Wrox Press Windows Script Host programmer's reference Dino Esposito 1-861002-65-3 £21.99
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SP SeagateSoftware

Free Software
No Strings
No Catches

Seagate _ E a s y to install and use
Analysis Delivers Immediate Value

a l l the business intelligence basics
for the desktop

ad hoc query, reporting and OLAP
direct links to Microsoft Excel
valuable and helpful sample

i free - no catch

1 . h o eSeagale Easy to deploy, administer
and share corporate information
i links Seagate Analysis users to a

complete enterprise system
access, analyse, report AND share
information v i a customisable portal
or desktop
50 licences free - no catch
used by thousands of c o m p a n i e s worldwide

Go Fetch!
http://www.fetchseagate,com

MAXIMUM
interoperability

between
NT and UNIX

MKS TOOLKIT is the market leading solution addressing
the challenge of enterprise interoperability.
As Global 2000 corporat ions work to bring together heterogeneous UNIX
and Windows N T e n v i r o n m e n t s , industry endorsed MKS Toolkit provides
the one unifying solution offering development teams access to the power
of UNIX on the Windows NT platform.
With MKS Toolkit, corporate IT managers can effectively deploy UNIX
trained staff on new IT systems, and maximise existing investment in UNIX
code and scr ip ts onto Microsoft platforms. MKS Toolkit provides seamless
integration and interoperability between your Windows NTand UNIX
environments.

Downloada demo today from the MKS website
WWW.MKS.COM

PRICING £ 2 7 5 B a a l )

QBS
SOFTWARE

:

0D

Smile
HELPAUTHORING

JUST GOT EASIER

RoboHELP Office is the industry
standard solution for developing
application Help and electronic
documentation systems. With its
exclusive Smart Technology, RoboHELP:
Office can help you develop the best
application Help and documentation
possible, while simplifying and speeding
the process.
Using one source file, RObOHELPgenerates
files for

B U Y
RoboHELP Office
THE INDUSTRY STANDARD IN

HELP AUTHORING

and , as well
a s a n d
RoboHELP provides a powerful native
environment for authoring all Help formats,
including and ‘

and Blue Sky's exclusive cross‑
platform .It also converts existing
documentation files to true Help projects in
minutes. RObOHELP makes it simple to create
printed documentation - like ;

and - directly
from your Help project.

Maker

WISE SOLUTIONS
Wise Solutions offers the e a s i e s t , most powerful tools for creat ing
installations for your Delphi projects. Especially those where you need
to install the BDE. Choose from three different Installation Suites
d e p e n d i n gonthe levelof functionality you need.
InstallMaker™ is the easiest tool to use for fast development of simple
installation routines. Just follow the simple 6-step process and you'll
create a professional setup in minutes. InstallMaker also includes
SmartPatche forc r e a t i n g “thin” installation patches that contain only the
differences between multiple v e r s i o n s of anapplication.
InstallBuilder™is the must-have tool for developers who need advanced
functionality to develop their installation routines. InstallBuilder
includes SmartPatch, fully customizable script editing, integrated, real‑
t i m e debugging, built-in Windows API calling, custom dialog and
graphics c r e a t i o n , and much more!
InstallMaster™ is the ultimate in installation utilities. Designed for the
power user, InstallMaster includes SmartPatch, SetupCapture™, for
“repackaging” your exist ing installations i n t o Wise installations,
WebDeploy™ for creating dynamic Internet/intranet-based installations,
plus al l the funtionality ofInstallBuilder

Low Prices Next Day Delivery
ys Tech Suppot

S E  s L o e w k
QBS Software Limited hd 4
0181 956 8000 100’s of products”Call for yours today



M A Y H E M

Lean-back technology
Digi ta l television almost got started w i t h BSkyB . Now, it’s t r y ing again, and the

gogglebox wi l l never be the same.

we Sky Television first got
started, everybody

understoodwhat it was. There
were adverts on ITV to tell usall
about it (andwhen ITVwouldn’t
show the ads, the news coverage
of the court battlewas almost as
good), there were dishes
appearingon people’s houses
(whichcauseda constant
barrageof condemnation from
peoplewho regarded them as
eyesores, yet saw nothingwrong
with placinga wire aerial on top
of a thatched cottage), and then
there were a few, high-profile
deals, culminating in the
PremierLeaguefootball solus.
Everybody understoodwhat was
on offer ‐ 130channels of
gameshows, mud-wrestling,
Hollywoodmovies, and repeats ‑
and the peoplewho wanted such
stuff were not disappointed.

Now, of course, anyone who
wants quali ty television is
watch ing a l i t t le BBC2 and
Channel 4,pretendingChannel
5never happened, and looking
wistful ly towards the US!
Everyonewho wants high ‑
volume television has already
got a dish, and Sky is now i n a
bit of trouble, because it s t i l l
needs sales, and it ’s not getting
any more.

The powers that be are try ing
to launchdigital television. Sky
hasa digital service, On Digital
is advertising all over the south
of England,andeven the BBC is
makingnoisesabout BBC
Digital.Thecable companies are
turning into telephone
providers, andthe telephone
providers are turning into cable
companies, andsoon you'l l get to
change channel by diall inga
convenient 0898 number.
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Everybody is excitedly talking
digital TV, but unfortunately
nobody is buying.

Nobody is buyingbecause
there’s nothing there to buy.
Fami ly FortunesDigi tal is no
better than the original, and
digital picture quality hardly
improves one’s enjoyment
(unless the picture fades out
altogether). The same goes for
most current programming. The
Beeb(whoused to know quite a
b i tabout good TV ) spent loadson
ads tellingmethat I can interact
with them and that the
adventure starts here, but I have
no ideawhat they want me to tell
them that I can’t usea phoneor a
letter for. In any case, most of the
inhabitants of planet Earthhave
no interest in interactingwith
their telly. They want to flop in
front of it at the endof a hard
day, andwatch something
familiar andundemanding.How
else can you explain ( tak ingjust
one example) the continued
success of TheBil l,compared to
the early death of Cops? Most
people take what they’re given,
and like it ‐ if it were not so,
there’d bea video store on every
corner, insteadof anantenna on
every roof.

Digi ta lTV isn’t selling
because the market for people
who watch telly for a hobby is
now completely saturated, anda
digital set-topbox doesn’t do
anything new. In spite of this, the
HomeOfficewants to switchoff
the analogue signal in ten years,
leavingonly digital still
operating. If they do, you and I
wi l l needa telly, a stack of set-top
boxes,avideo that can’t change
channel at all,anda hefty
subscriptionb i l l everymonth to

decrypt it all. It wi l l cost about
four or five times what ou r
present steam-powered tellies do,
and it won’t work aswell. What
doweget in return? Not
interaction; digi talTV through
the aerial doesn’t work that way.
Not choice; someone has to make
al l these programmes, andwith
more volumeandnotmuchmore
money, only the cheapest and
mostpopular programmes will
get made- that meansno
expensivedrama, no insightful
news,andno experimentalfilms.
Ican’t see that weneeda
technological revolution to make
moregame shows.

Not everyone vegetates in
front of their TV sets. There are
peoplewho likenew technology,
who like the idea of constant
interactionandwant to beheard,
andwho are prepared to take the
initiative for their own
entertainment; they havealready
bought homecomputers and
Internet subscriptions andare
largely happy watchingcult
movies on their DVDplayers. In
general, they are not the people
who bought satellite dishes,and
they are not the peoplewho are
interested in digital TV.On the
other hand, digitalTV is no t
muchuse to a couch potato
either; in a recent test of Internet
access through interactiveTV
(by definition, to non-Internet‑
users), the content had to be
simplified to make it accessible.
Peoplewho were used to seeing
simple and stronggraphics with
few words couldn’t get the hang
of scrolling aroundbody copy
andkeying in text. They
understoodtheNews-showand
theTeletextmodelsof
informationprovision, and( i n

general) hadno use for anything
more. The websites in the tr ial
had to be redesigned to look
more like the News.

It used to scareme that we
may create a class of peoplewho
have noaccess to information.
Now,what scares me is the
opposite. If digi ta l TV is forced
on everyone, alongwithdelivery
systems that make interactiona
possibility, wewill see the
inevitabledumbing-downof the
Internet, if for no other reason
than to sellmore advertising to
payfor theTV infrastructure. I
saw these issuesdescribed, in a
pithy soundbite worthy of the
best of television, asthe
difference between lean-forward
and lean-back technologies. You
lean forward to operate your
computer. You leanback to
operate your telly. Digi ta lTV, in
forcing lean-forwardcontent into
a lean-back device,wi l l either go
broke itself, or wi l l distort the
content to make it fit. Television
wi l l do to the Internetandother
informationnetworks exactly
what it did to popular culture ‑
trivialising real issues into
meaninglessness.

In the short term, digital TV
is completely pointless, because
nobody has any ideawho or what
it’s for. In themedium term, it is
downright dangerous, andwil l
donobody any goodexcept the
manufacturers of set-top boxes.
Longterm, I think it is an
immensepower for good, but
only if it’s allowed its childhood,
andweare all givena chance to
figure out what it is. a

You can call Jules on 01707
662698, or email himat
mayhem@ju les . c i x . co .uk .
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Progress in Limbo
Dear Sir,
About the article byAlex Telford
(Self-selectionof the species? EXE,
July 1999).The point about IQ
etc, and who designs languages.
for whom, is well taken, but it
seems to me that a language
should be designed properly
(hard to define!) ‐ and that’s
unl ikely to happen unless the
designer is highly intell igent.

A b ig issue is what/who/etc a
language is for. There are now
vast numbers of people creating
applications, and I think it’s
inevitable that their abilities and
needs are sovaried that no single
language could besufficient.

Isee many parallels between
maths and languages, which is
to beexpected given my maths
background, but computer
languages seem to me to be
somethingelse besides maths.
They’re also about engineering
and/or architecture and/or ‑
well, the list goes on. I think at
some point you're left w i th
either a very long list o r a
feeling that languages are
something else.

Frommy experience and
study, I ’mconvinced no one
knows howto design a really
good language(certainly I don’t!).
Since the concepts that are useful
are sti l l beingdiscovered (quite a
while ago things likestructured
programming, then object‑
oriented techniques, now
perhaps patterns)this is another
problemfor languagedesigners.

IunderstandC++ was
originally calledC WithClasses,
and was at the time much
simpler. As Alex Telford says, it
was also severely constrained
because computers were sti l l
expensive,quite slow,hadsmall
memories, etc. Stroustrup found
his new language had to compete
with C,andwould nothave a
chance if it produced code which
required too muchmore of
systems than C.Unfortunately,I
think the resultnow is anawful
language,crippledby constraints
that are no longer relevant.
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Notthat I want to defend
C++, or attack Telford
personally,but I don’t think he
should’ve expected C++ to teach
h i m about class design. Plenty of
books (andother resources) do
that (andsome use C++). Sadly,
many w i l l beasawful asbooks
in other fields ‐ but that’s jus t
the way things are.

Alex Telford’s experience
does raise something important,
however. Somehow programmers
should learna great many
concepts, yet manyjust dive in
and pick some up asthey go
along. Frequently they create
dreadful systems. If they carry
on longenough and keep
learning, they improve to the
pointwhere they’re embarrassed
by their early work ‐ and may at
last begood at their craft. Aha!
But is it a craft? Yes, andpar t
maths,part science, par t
engineering(we’vebeenhere
before).

As I said, I don’t wish to
attack Alex Telford, but
programming is non-trivial to
do well and learning the
concepts etc is also non-trivial.
That’s true of many disciplines!
Programming is almost unique
in that people can st i l l enter it
w i t h no qualifications. Quite
which qualifications are
actually worth havingand why
are tough issues...

Operator overloading was in
a number of languages before
C++, but what does that say
about those who don’t know
that and/or haven't used any of
the previous languages? Are
they to blame or what? Is it
their responsibility to learn
about their profession (maybe
it’s a trade!)? We expect doctors
to learn about exist ing drugs
and to keep up with new ones.

A comment on the C example:
the * i n i n t * pSisnota
qualifier on the word i n t . I t i sa
qualifier on ps. Alex’s way of

lookingat it is notjust wrong but
also leads h imto assert that the
two uses of unary* are different,
when actually they’re the same.
The following:
i n t * p S , x ;

means that * p s is an i n t , and x
is also an i n t . That’s consistent
with the unary *s used in the
addition later on.

Despite that, the C syntax for
declarations does confuse people,
especially in complex cases,
which suggests something is
wrong. At the least,we know
almost allof the people have
completely inadequate education
in computing, sodecidingwhat’s
wrong is itselfawkward. (I keep
mentioningtheir lack of
knowledge,but I wo r r y about it
notso muchbecause I think
they’re ignorant in any
pejorative sense asbecause of the
extra problems their ignorance
anddiverse experience and
knowledge create.)

Ritchie (C’s main designer)
himselfadmitted C’s declaration
syntax may be an experiment
that failed!

The point about character
sets is fair, bu t the rea l i t y o f
standards bodies should no t be
overlooked. Chas ‘trigraphs’
even for some things you
probably would think were
uncontroversial ‐ but, asI say,
the reality should not be
overlooked (and it’s harsh). I
have to say that using lots of
extra symbols would add a high
r isk that m a n y people would be
even more confused and/or
unable to cope.

To come back to C++. People
don’t have to use i t ; there are
much nicer languages around ‑
even ones with classes,
automatic memory allocation
and garbage collection, and no
casts. It ’sarguable quite
why/how C++ has taken over.
Clever people making sure it
became a standard is one big

L E T T E R S
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reason, as is good marketing
(and I include the clever name).
Getting another to displace it is
going to beextremely hard.
Java is the on ly obvious
candidate r igh t now, but has
qui te a number of flaws asa
language/system and the
marketing is not exactly ideal.

Maybea really good language
( i fPythonet al don’t qualify)
could becreatedvia the Internet,
butNet projects generally seem
to succeed only if there’s at least
one really committed person
(maybe Alex Telford!). It seems
obvious to methat any new
language should bevery
expressive,not too concise,be
well-defined, have a free portable
implementation,and (ultimately)
have an ANSI/ISO standard.A
lotof keenand happy users are
needed, too! In concrete detail,
the language should beable to be
fast when interpreted,otherwise
many peoplewi l l not use it . It
should provide those features
mentionedearlier (memory
handlingetc). MaybeLimbo
(from BellLabs)would be
suitable? It sounds good, but I’ve
readtoo little about i t .

Anyway, thanks for the
article. This whole subject
seems to bediscussed far too
l i t t le yet is surely of huge
importance. Thanks also for the
references ‐ not that I’ve found
time to look at them yet.
John Skelton
John_Skelton@compuserve.com

I d i d mean t o i m p l y tha t
language designers come
f r o m the t o p band o f
in te l l igence that I defined,
bu t t ha t also a good deal o f
the spec should be to fi t the
requirements of the users
below such a band. A n d I
ag ree there are needs f o r
specialist languages,b u t I
s t i l l t h i n k there is a ‘genera l
purpose’ one, l i k e C++, that
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fits m a n y needs, perhaps not
opt imal ly f o r appl icat ions on
the edges of i t s domain.

In the past, the maths
ingredient has been at the
foundation of languages and
so fam i l i a r as to have become
invisible to the creators. We
have already wai ted too l o n g
to make another ‘s ta te of the
present a r t ’ release of anew
or updated language.

Certainly,  the requirement
for backward compat ib i l i t y
introduces many unfortunate
constraints, b u t I l i k e tha t
core subset of C++ tha t is
logical . I d id look f o r books
on class design and could n o t
fi n d a n y w i t h decent amounts
of C++ code.

John Skeltons’s p o i n t
about h o w programmers
‘ jus t dive i n ’ i s a key p o i n t in
educational methodology.
W i t h my background in
electronic engineer ing I need
frequent recourse to actua l
phys ica l devices c a r r y i n g ou t
my procedures to see the
concept w o r k i n g in the rea l
world. O n l y then does it
‘stick’ h a r d enough in my
g r o w i n g mental model t o act
a s a solid p l a t f o r m f o r the
launch of t he next
abstract ion. Take th is ‘hands
on’ approach a w a y and my
menta l model becomes f r a i l
and volatile.

Of course, the ‘hands on ’
method needs proper
supervision and is v e r y much
n o t ‘ l e a r n i n g o n the job ’ ( a
process encouraged by some
employers t r y i n g to save on
t r a i n i n g expense).

The question of wh ich
aptitudes and qual ificat ions
programmers should possess
is where a research project
could do some good. However,
academic researchers a r e
often loath to commit t o a
fi n a l recommendation. ‘We
need m o r e research’ t h e y cry.
Th is tendency should be
discouraged. P r o g r a m m i n g
languages needto be
designed f o r ease of learn ing ,
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at least the basics; there w i l l
be a cont inuum of levels of
s k i l l requ i red to master the
m o r e abstract concepts.

On the subject of po in ter
declaration what John says is
in K & R a n d is t h e ru le . B u t I
s t i l l t h i n k the ‘word’ * p s is
actual ly pe r fo rm ing two
different operations. In the
declaration it is se t t i ng aside
m e m o r y fo r a poin ter to an
in teger and there is no
m e m o r y yet f o r that in teger
to wh ich it w i l l eventually
po in t . In assignments the
‘word ’ * p s actua l ly does
dereference to m e m o r y where
an in tege r i s stored. When
the p r o g r a m m e r declared * p s
he wanted a pointer so he
could do pointer operations
w i t h i t , eg ps++.

K & R throughout use i n t
* p s , b u t S t r o u s t r u p uses
i n t * ps , and cal ls t he *
used here a ‘dec larat ion
operator ’ a l t h o u g h the ru les
a re the same.

I hope I don’t need lots of
ext ra symbols to avoid the
cur ren t confusing reuse of
characters. Just enough fo r :
‘one character, one job , a n d
the same j o b a l l the time’.

I need a language tha t
al lows m e t o p r o g r a m m y
love ly desktop PC w i t h
truecolor at 1024 by 768 a n d
fast. I need to do fast g raph ic
illustrations of maths
concepts in a device
independent w a y w i t hou t
fi d d l i n g w i t h the innards o f
graphics boards. W i t h a l l i t s
steep l e a r n i n g curve C++
w i t h the MFC has eventual ly
go t me there!

I a m n o t too keen on
in te rp re ted languages - I
need every nanosecond. F o r
example, processing every
p i x e l o f every f rame o f a 9 0
minute fi lm!

I a m glad t h a t w e a g r e e
tha t the subject seems to be
discussed f a r too l i t t l e ; th is
was one of my motivations
f o r w r i t i n g the article.
Alex Telford

Clean Java
Dear Sir,
Alex Telford’s article Self‑
selection of the species?(EXE, July
1999) interestedmebecause my
experience unti l recently was
similar. However, there seems to
bea number of omissions that
givea curiously out-dated
impression. Forexample, the
code example couldbe wri t ten as
Alex Telford required in the
language that Borland(.com?)
carefully hides in Delphi,
although the constraint ‘no
variants allowed’ implies that the
variables s and T cannot
themselves bemultipl ied.

Again hedoes notmention
patterns, but the ‘set of
constructs’ appears to bevery
similar. Except that it seems
totally unrealistic to expect high‑
leveldescriptions to generate a
single representationof the code:
that’s why programmers are stil l
in demand.

Another surpr is ing omission
is Java, which appears to me to
bethe ‘no pointers clean slate’
for which he is asking.

My own doubts started to
crystallise w h e n I r a n out of
paper pr in t ing the draft o f the
new C++ standard. Look ing
through it later I found that
each rule had somany
qualifications that guaranteeing
the interpretation of a single
statement was going to take
hours of w o r k .

Ihave now moved over to
Java because I find the syntax
almost entirely logical- that is,
the number of rule exceptions is
small enough to be manageable.
Cecil Wallis.
cpw@zetnet.co.uk

French butchers
Dear Sir,
‘Plain wrong,’ Huh? (Practical
usergroups, Letters, EXE,
August 1999)

I t h i n k Matthew Jones has
missed the point of my letter.

Hem a y well beright in that
user groups are populated by a

fair cross section of developers
in the IT community and that a
well balanced variety of views
are in evidence butI believe,
however, that it is i l logical to
suggest that all users groups
contain a representative
proportion of the development
community. User groups are
populated by those who have
both the t ime and the
inclination to attend; I have the
inclination but not the time and
I suspect that this does not
make me unique.

What is important is that I
believe my original point
regarding the result of any
survey based on the views of
members of user groups would
re tu rn a bias towards the non
RAD languages st i l l holds true.

His evidence to the contrary
seems to suggest that because
his user group (BUG)presents
information on real-world
applications the user group wi l l
be populated bya real-world
representation of RAD and non‑
RADdevelopers. This is l ike
saying that because Newmarket
has lots of horses the area must
contain some French butchers.

There wi l l always be
exceptions to rules and it would
be naive of us to ignore that but,
in general, I do not believe the
population of user g roups
represents a significant
proportion of the number of IT
developers eligible to attend
and therefore survey results in
those groups would represent
the views of the major i ty o f the
membership no t the majori ty of
the available developers. It is
therefore unsafe to accept the
results of any user group
survey as being representative
of the IT industry.

Incidentally, why is the
standard retort to an
unacceptable comment about a
user group always ‘ t r y going to
such a group’. Maybe attendance
has formed the basis of the
‘unacceptable’ comment.
DavidJohnson,
MD, CopyholdLtd
djohnson@copyhold.co.uk
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n the world of the PC n o t very many people need to delve into the
kernel, but there are times when you have to get close to the hard‑

ware. The most obvious case is where you or y o u r team has produced
some bitof hardware to plug into a PCand therefore needa device dri‑
ver. However,occasionally you may want to perform some sort of cus‑
tom control of existinghardware - effectively displacing the standard
hand l ing contained within y o u r operating system. For example, you
could be working on some networking application that requires less
flexib i l i ty but more efficiency than a general Ethernet stack, and
replacing the existing general purpose stack or scheduling wi th your
own m i g h t beessential. Another example where you m i g h t replace or
augment existing code is i f , say, you want to experiment wi th robot‑
ics by havinga number of actuators and sensors attachedto your PC’s
printer port. A standard printer driver is hardly appropriate here.

Device driver code is very close to operating system kernel code,
and is the most common star t ing point for kernel code wr i t ing : you
can gain a better understandingof the internals of your operating sys‑
tem by wr i t i ng a device driver.

/ * D e f a u l t d y n a m i c a l l o c a t i o n * /
i n t m a j o r = 0 ;
/ * D e f a u l t a d d r e s s * /
u n s i g n e d l o n g b a s e a d d r e s s = 0 x D 0 0 0 0 ;
/ * D e f a u l t i n t e r r u p t l i n e * /
u n s i g n e d i n t i r q = 1 0 ;

s t r u c t fi l e _ o p e r a t i o n s t e s t d r i v e r _ f o p s =

/ * P o p u l a t e o n l y w i t h r o u t i n e s t h a t e x i s t * /
NULL, /* s e e k */
t e s t d r i v e r _ r e a d ,
NULL, /* w r i t e */
NULL, / * r e a d d i r * /
t e s t d r i v e r _ s e l e c t ,
NULL, / * r d o c t h 7
NULL, /* mmap */
t e s t d r i v e r _ o p e n ,
t e s t d r i v e r _ r e l e a s e ,

/ * n o t h i n g m o r e , fi l l w i t h N U L L s * /
yi

t y p e d e f s t r u c t
t

/ * H a r d w a r e a p p e a r s h e r e i n memory map * /
c h a r * mem;
/ * I n t e r r u p t l i n e * /
i n t i r q ;
/ * I s a m e s s a g e r e a d y t o r e a d ? * /
i n t r e a d y ;
/ * K e r n e l m e s s a g e b u f f e r * /
c h a r b u f f e r [ { MESSAGE_SIZE ];
/ * To s u s p e n d o n i f n o d a t a r e a d y * /
s t r u c t w a i t _ q u e u e * r e a d q ;

)  T e s t d r i v e r D e v ;

i n t i n i t _ m o d u l e ( v o i d )
{

i n t r e s ;
y*

R e g i s t e r * n o * s y m b o l t a b l e e x p l i c i t l y s o t h a t n o f u n c t i o n s
o t h e r t h a n t h o s e i n t h e t a b l e w i l l b e e x t e r n a l l y v i s i b l e - t h i s
c a n ' t p o s s i b l y f a i l , s o d o n ' t b o t h e r t o c h e c k . . .
Fk

r e g i s t e r _ s y m t a b ( N U L L ) ;

i f ( ( r e s = r e g i s t e r _ c h r d e v ( m a j o r , " t e s t d r i v e r " ,
& t e s t d r i v e r _ f o p s  )  )  <  0  )

{
p r i n t k ( KERN_INFO

" t e s t d r i v e r : c a n \ ' t g e t m a j o r number\n" ) ;
r e t u r n  r e s ;

2
i f ( m a j o r = = 0 )

m a j o r = r e s ;

memset( & t e s t d r i v e r D e v , 0 , s i z e o f ( t e s t d r i v e r D e v ) ) ;
t es td r i ve rDev.mem = ( c h a r * ) b a s e a d d r e s s ;
t e s t d r i v e r D e v . i r g = i r q ;

r e t u r n  0 ;
}

v o i d c l e a n u p _ m o d u l e ( v o i d )
{

L is t ing 1-M o d u l e loading and unloading.
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Cracking
the kernel

Gavin S m y t h wants to dispel the m y t h that

w r i t i n g kernel code i s a n a r c a n eart,

especia l lywhen a mul t i - task ing operat ing

system is involved. He shows h o w

cracking o f f device drivers can be

straightforward w i th Linux.

Kernel space
In times of yo re , before Windows, l i fe was easy: there was noth ing
between application code and the hardware, so you could do what‑
ever y o u wanted. Under DOS y o u could igno re the r u d i m e n t a r y
device dr iver layer and access any m e m o r y or I / O address w i th
i m p u n i t y ‐ while this did s impl i fy hardware control, i t was rather
l i m i t i n g i n what else y o u could do. Other forces were dr i v ing P C
operat ing systems to become the complex pieces of software they
cu r ren t l y are, and p a r t of that complexity is exhibited in the lay‑
ers placed between application code and the hardware ~ a l l in the
interests of m a k i n g the OS m o r e re l iab le , robus t , and flexible. It is
interesting to note that most small embedded systems, while they
usually have faci l i t ies such as mult i- tasking, s t i l l pe rmi t complete
and direct access to any of the m e m o r y space, mainly because size
and efficiency requirements make anyth ing else imprac t ica l and
too expensive.

Nowadays, i f you have to control some hardware wi th in a PC,
y o u general ly have to wri te a device driver that sits in kernel space
to manage interactions between a prog ram ( i n user space) and the
hardware. In the last such project with which I was involved we
were fortunate in having the option of choosing our operat ing sys‑
tem, and picked Linux f o r reasonsthat included cost ( L i n u x , with‑
out a G U I in the form of the X Window system, r u n s in a lo t less
m e m o r y than Windows NT or 95/98) and ease of w r i t i n g device dri‑
vers. Elaborat ing on that last point : a short period of invest igat ion
showed that to be able to w r i t e a Windows device dr i ve r, you need
the Windows DDK (device d r i ve r k i t ) for whichever flavour of Win‑
dows you are target ing, and probably one or more fat books (such
a s the excellent Systems p r o g r a m m i n gfor Windows 9 5 b y Wal ter

Oney, Microsoft Press, ISBN 1-55615-949-8) since the extensive
9 DDK documentation is not easy to navigate. In addi‑

tion, it looks almost impossible to avoid hav ing to write
at least some assembler (though toolkits such as Vireo’s
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VtoolsD wi l l help) ‐ while not unexpected in device driver wr i t i ng ,
I would s t i l l prefer to steer as clear of assembler as possible. An
even shorter invest igat ion in to equivalent development under
Linux showed that you need,er, no extra tools, and that a sl im book
such as the very readable Linux Device Drivers or L inux Kernel
Internals w i l l suffice. You definitely cannot survive without a book
in this case because there is no equivalent of the DDK documen‑
tation available for Linux (bu t see Further reading). After a couple
of re-reviews to check that I had not missed anything, I concluded
that this real ly was al l you need for Linux - I was almost disap‑
pointed at how easy it a l l appeared to be.

In the rest of this ar t ic le , I w i l l give an overview of the process of
wr i t ing a Linux device driver for an Intel processor-based PC clone,
but the techniques apply equally well to the other supported Linux
architectures. Ratherthan gettingboggeddown in details of realhard‑
ware, I wil l use the example of a hypotheticaldevice withan onboard
‘message’ buffer appearing in the PC’s memory space at a particular
physical address into which the external hardware wil l write blocks
of data. The hardware wil l indicate the availability of data by pul l ing
an in te r rup t l ine when the buffer is ful l .

The driver outline requirements were:
« It must be loaded asa module (so that wecan change it without

rebui lding the ke rne l , or even rebooting). See Kernel bui ld ing
and modules.

. It must ensure only one application can access the device at a
time.

« When the message buffer is ful l , the module interrupts the PC.
« Data is retrieved in fixed size chunks, asquickly after the inter‑

r u p t aspossible, in the order of a few milliseconds ( ie less than
the standard 10mskernel tick period).

I must emphasise that thefourth one is a driver requirement: the appli‑
cation reads the data as required,and this may bea few seconds after
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the device has writ ten i t . This suggests that the interrupt routine
would append messages to an internal queue to be read by the appli‑
cation but, for the purposes of this article, I wi l l forgo the queue and
merely maintaina single kernel space buffer. While Linux is nota real‑
time operating system, it is sufficient for the millisecond timings in
this application. Finally,because pollingmakes littlesense, we needed
to make a r e a d block, but that leads to i ts own problems: however, it
proved to be trivial to implement s e l e c t to make the appli- »
cation programmer’s lifeaseasy asthe device driver writer’s! ‑

Before start ing, you need a capable build environment.
The good news is that most Linux systems already have it
‐GCC and associated tools, along with the kernel sources
(just the header files are essential). Unt i l kernel 2.2 appeared, it was
safest to use GCC version 2.7.2 rather than the current 2.8.1or EGCS
‐ these apparently area bit too clever wi th opt imisat ion and break
some earlier (technically incorrect) kernel code assumptions.

/* T r u e i f t h e device is o p e n */
i n t t e s t d r i v e r _ o p e n e d = 0 ;

i n t t e s t d r i v e r _ o p e n ( s t r u c t i n o d e * i n o d e ,
s t r u c t fi l e * fi l p )

{7*
O n l y one o f t h e s e d e v i c e s , s o w h i n g e i f bad ( n o n - 0 ) m i n o r num‑
b e r .bess

i f ( M I N O R ( i n o d e - > i _ r d e v ) ! = 0 )
r e t u r n -ENODEV;

/ * The d e v i c e c a n b e opened o n l y once * /
i f ( t e s t d r i v e r _ o p e n e d )

r e t u r n - E B U S Y;

i f ( r e q u e s t _ i r q ( t e s t d r i v e r D e v . i r g , i n t e r r u p t _ h a n d l e r ,
0 , “ * t e s t d r i v e r " , & t e s t d r i v e r D e v ) )

p r i n t k ( “ t e s t d r i v e r : c a n \ ' t g e t i r q % i \ n " ,
t e s t d r i v e r D e v . i r g  ) ;

t e s t d r i v e r D e v . i r g  =  0 ;

d r i v e r s t h a n u s i n g t h e s t a t i c s t r u c t u r e d i r e c t l y , and e a s i e r t o
e x t e n d l a t e r .
dt

fi l p - > p r i v a t e _ d a t a = & t e s t d r i v e r D e v ;

/ * Now l a y c l a i m t o t h e d e v i c e * /
t e s t d r i v e r _ o p e n e d  =  1 ;
MOD_INC_USE_COUNT;

r e t u r n  0 ;
d

v o i d t e s t d r i v e r _ r e l e a s e ( s t r u c t i node* i n o d e ,
s t r u c t fi l e * fi l p )

{
Te s t d r i v e r D e v * dev = ( T e s t d r i v e r D e v * ) ( fi l p - > p r i v a t e _ d a t a ) ;

/ * K i l l t h e i n t e r r u p t * /
i f ( d e v - > i r g )
{

f r e e _ i r q ( d e v - > i r g , 0 ) ;
P R I N T K ( “ i n t e r r u p t r e l e a s e d " ) ;

}

t e s t d r i v e r _ o p e n e d  =  0 ;
MOD_DEC_USE_COUNT;

L i s t i ng2 - Opening and clos ing the device.

s t a t i c v o i d i n t e r r u p t _ h a n d l e r ( i n t i r q , v o i d * d e v i d ,
s t r u c t p t _ r e g s * r e g s )

{
Te s t d r i v e r D e v * dev = ( Te s t d r i v e r D e v * ) d e v I d ;

memcpy( d e v - > b u f f e r , dev->mem, MESSAGE_SIZE ) ;

/ * N o w, t e l l t h e a p p . . . * /
w a k e _ u p _ i n t e r r u p t i b l e (  & d e v - > r e a d q  ) ;

L ist ing 3 - The interrupt routine.
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Implementation
Makinga loadablemodulewas my first task,just requiringthe two rou‑
tines in i t _modu le and c leanup_modu le shownin Listing 1 .The first
registers the device, and initialises driver-wide data structures.Reg‑
istering the driver gives it a major number, making it addressable by
application code via this number,andassociates it witha list of driver

i n t t e s t d r i v e r _ r e a d ( s t r u c t i node* i n o d e ,
s t r u c t fi l e * fi l p ,
c h a r * b u f , i n t c o u n t )

Te s t d r i v e r D e v * dev = ( T e s t d r i v e r D e v * )
(  £ i l p - > p r i v a t e _ d a t a  ) ;

i f ( c o u n t < MESSAGE_SIZE )
{

p r i n t k ( " t e s t d r i v e r : r e a d - b u f f e r t o o s m a l l " ) ;
r e t u r n - E I N VA L ;

)

p r i n t k ( “ t e s t d r i v e r : r e a d - n o t h i n g ( & non b l o c k i n g ) " ) ;
r e t u r n - E A G A I N ;

}

/ * B l o c k i n g c a l l , s o g o t o s l e e p u n t i l s o m e t h i n g
h a p p e n s  * /

i n t e r r u p t i b l e _ s l e e p _ o n ( &dev->readq ) ;

/ * G o t a s i g n a l u n r e l a t e d t o r e a d i n g . . . * /
i f ( c u r r e n t - > s i g n a l & ~ c u r r e n t - > b l o c k e d )

r e t u r n -ERESTARTSYS;
}

/ * C o p y t h e d a t a i n t o u s e r s p a c e * /
m e m e p y _ t o f s ( b u f , d e v - > b u f f e r , MESSAGE_SIZE ) ;

r e t u r n MESSAGE_SIZE;

List ing4 - T h e read routine.

s t r u c t f d _ s e t r e a d s e t ;
s t r u c t t i m e v a l t i m e o u t ;

FD_ZERO( & r e a d S e t );
FD_SET( f d l , &readSet ) ;
FD_SET( f d 2 , & r e a d S e t ) ;

t i m e o u t . t v _ s e c = 1 0 ;
t i m e o u t . t v _ u s e c  =  0 ;

i f ( s e l e c t ( FD_SETSIZE, & r e a d S e t , N U L L , N U L L ,
& t imeou t ) > 0 )

{
i f ( F D _ I S S E T ( f d l , & r e a d S e t ) )

/* Read f r o m f d l */
i f ( F D _ I S S E T ( f d 2 , &readSet ) )

/* Read f r o m f d 2 */
}
e l s e

/ * P r o c e s s t imeou t ( o r e r r o r ) * /

L i s t ing 5 - Use of select.

i n t t e s t d r i v e r _ s e l e c t ( s t r u c t i n o d e * i n o d e ,
s t r u c t fi l e * fi l p , i n t mode,
s e l e c t _ t a b l e * t a b l e )

Te s t d r i v e r D e v * d e v = ( T e s t d r i v e r D e v * )
(  £ i l p - > p r i v a t e _ d a t a  ) ;

i f ( mode == SEL_IN )
{

/ * I s t h e r e a n y t h i n g t o r e a d ? * /
i f ( d e v - > r e a d y )

r e t u r n  1 ;

/ * D o n ' t hand le w r i t e o r e x c e p t i o n s , s o a l w a y s r e t u r n
n o t a v a i l a b l e * /

r e t u r n  0 ;

List ing6 - Select within the driver.
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Registeringthe driver
gives it amajor

number,making
it addressable by

application code via this
number, and associates

it with a list of driver function pointers.

function pointers, stored i n the t e s t d r i v e r _ f o p s structure. ( A major
number implies the existence of a minor number ‐ this distinguishes
between several devices of the same type: here, since there is only one
device,only oneminornumber ‐ zero ‐ is necessary.)The very first call,
r e g i s t e r _ s y m t a b , ‘hides’ all the codesymbols s othat w e d o nothavet o
worry about pollutingthe kernelnamespace ‐ without this,any non-sta‑
tic symbols in thecodewould bevisible to allkernelcode. Wegeta bunch
of extrasfor free: ratherbizarrely, the module loadcommand insmodcan
access any static integer or str ing variable. Typically, this is used to let
us configure the driver at load-time by overridingdefault values. In this
case, wecanassigna different major number, interrupt,or baseaddress
(the three variables at the top of Listing 1): for example, insmod t e s t ‑

d r i v e r i r q = 5 overrides the default interrupt levelof 10. Rather lazily,
I assume that the device is present at the correct address and do not
attempt any probing:a ‘real’ driver is likely to involve probing andallo‑
cating I/O portsaswell asspace in the memory map. The cleanup code
for this module merely unregisters the device: in a realdriver it would
also release any resources allocated during initialisation.

When a driver module has been loaded, it must beattached to some
device node - an e n t r y in / d e v ~ for the application to beable to find
it . The old way to do this was to hard code some fixed major number
in the driver, but these days it is recommended to dynamically allo‑
cate one. The problemwith that is determiningwhat numberhas been
allocated: the following two lines w i l l extract the major number by
examining all loaded modules and then create a suitable node:
m a j o r = ‘ c a t / p r o c / d e v i c e s | awk

" \ \ \ \ S 2 = = \ \ " t e s t d r i v e r \ " { p r i n t \ \ $ 1 } " *

m k n o d / d e v / t e s t d r i v e r c $ m a j o r 0
The next two important functions, in L i s t i n g 2, open and close

the driver. When a n application executes f a = o p e n ( " / d e v / t e s t ‑

d r i v e r " , . . . ) , the kernel w i l l work out that i t corresponds t o our
driver because of its major number and, via the file opera‑
tions table i n L is t ing 1 ,execute t e s t d r i v e r _ o p e n . This
function validates that the open is legal ‐-that nothing has
already opened i t , for example - and then attaches the
interrupt handler. (A realdriver wouldalmost certainly
include extra code to enable the external hardware’s interrupt con‑
troller, but I ’ l l ignore that here.)The final argument t o r e q u e s t _ i r g
i s passed directly to the in te r rup t handler, and thus can enable one
routine to distinguish betweenseveral in ter rupt ingsources. In this
case, there is a single source, but I pass the address of the device
structure anyway.The last th ing the open routine does is increment
the module’s usage count, so that it cannot be removed while it is
being used. The close routine, as you would expect, releases the
in te r rup t l ine and decrements the module usage count.
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The testdriver_read
routine is complicated
byanodd-looking loop
to handle blocking
reads and dispose of
unwanted signals.

Readingdata
Havinggotal l that out of theway, it’s time to readsomedata.The basic
idea is that thehardwaretriggers an interrupt routineto read thedata
to an internalbuffer,which is later readby theapplication. The inter‑
rupt routine is shown in L is t ing3.Onejob the interrupt routinemust
do,omitted in this example, is reset the external hardware.Sometimes
this will occur automatically asa sideeffect of the data read,butmore
often, there has to beanexplicit write to some external location.The
PC’s interrupt controller itself must also bereset, but this is handled
automatically by the operating system. After copying the external
data into the driver buffer, any application that might bewait ing for
thedata ismadeavailable tor unbycallingwake_up_ in te r rup t i b le .
Suchanapplicationwill havebeensuspendedand placedon thequeue
b y the t e s t d r i v e r _ r e a d routine (see List ing4). This wi l l have been
invokedby the kernel asa result of the application calling r e a d ( f d ,
b u f f , MESSAGE_S IZE ) .

The t e s t d r i v e r _ r e a d routine i s complicated b y a n odd-look‑
i ng loop to handle blocking readsanddisposeof unwantedsignals.
If no data is availableand the read is non-blocking, as indicatedby
the O_NONBLOCK flag (wh ich would have been specified when the
device was opened), the read returns immediately with a failure
code - e r ro r codes are always negative, while a posit ive re tu rn
value contains the numberof bytes read in to the supplied buffer. If
the read is blocking and there is no data, the application is sus‑
pendedb y i n t e r r u p t i b l e _ s l e e p _ o n , t o b ewoken u p b y the inter‑
> r u p t rout ine as explained above. It is possible for the

read to be awakened by an erroneous signal, hence the
following check that causes the kernel to re-suspend the
task aga i n if necessary. The loop can exi t on ly when
there i s some data t o read: note the m e m c p y _ t o f s call ‑

this copies data from kernel space to user space. In Linux on Intel
processors, the FS segment register points to the user data seg‑
ment, hence the nameof this routineand the associated copy from
user space t o kernel space, m em c p y _ f r o m f s .

Timeouts
There is one problem wi th the driver presented thus far: i f the
device has been opened in blocking-mode and an application calls
r e a d , it can potentially suspend forever if the hardware does not
make any data available. An obvious solution is to insert some
timeout mechanism, bu t where? The first opt ion is wi th in the
application ‐ have a separate thread whose purpose is merely to
suspend for a short interval and k i l l off the main thread (cancelling
the read) if necessary. The disadvantage of this is that the appl i‑
cation writer’s job is complicated by a detail that should real ly be
hidden from view. At the other extreme, the device dr iver could
employ a kernel t imer to effectively per form the same function
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VER = $ ( s h e l l awk - F \ " ' / REL / { p r i n t $ $ 2 ) '
/ u s r / i n c l u d e / 1 l i n u x / v e r s i o n . h )

CFLAGS = - Wa l l - 0 2 -DMODULE -D__KERNEL__

a l l : t e s t d r i v e r . o

i n s t a l l : t e s t d r i v e r . o
i n s t a l l - d / l i b / m o d u l e s / $ ( V ER ) / m i s c /1lib/modules/misc
i n s t a l l - c t e s t d r i v e r . o / l i b / m o d u l e s / $ ( V E R ) /m isc
i n s t a l l -c t e s t d r i v e r . o /lib/modules/misc

c l ean :
- / b i n / r m - f * . 0 c o r e

t e s t d r i v e r . o : t e s t d r i v e r . c t e s t d r i v e r . h t e s t d r i v e r _ i n t e r n a l . h

List ing 7 - driver makefile.

- Kernel buildingand modules
A typical Linux kernel can beviewed as havingtwo types of com‑

ponents: aset of core code that always has tobeaccessible, andother
units, typically device drivers, which donot need tobepresent onevery
Linuxsystem.Ane x a m p l eo fthe first class i s theschedu l e r‐ anoper‑
ating system is not going to beparticularlyusefulw i t h o u tsome notion
of t a s k sand switching between them. Anexample of the second is a
printer driver ‐if you havenoprinter, there islittlepoint inhavingadri‑
ver consuming memory and other resources.Runtime loadable and
unloadable components, known as modules, were introducedas a way
to preventamonolithicLinuxkernelfromgrowingbyhavingto include
s u p p o r tfor all devices.
For standard drivers, you usually have the option of building them

intothekernelor as separatemodules(or notbuildingthemat all). The
only advantage of buildinga driver intothe kernel is that it is available
a ssoon a sthe O Sstarts ‐ you don't need i n s m o d .For new drivers you
also have the option of modifying kernelbuildfi l e sto incorporateyour
driver into the kernel itself or just building it asamodule as | have done
inthis article.
Here 'sabriefs u m m a r yo fthe steps you n e e dt otake t obuildadri‑

ver intothe kernel:
* Place your driver code in an appropriated i r e c t o r y‐ for thedriver

in this article the code will bein /usr/src/linux/drivers/char|test‑
driver (assuming the kernel source has been unpacked into
Jusr|sreflinux).
Createasuitable make file ‐ theeasiestway isto copy one from
anadjacentdirectory (this is called ‘code reuse’).
A d j u s tthe make file above to buildyour newdirectory.
Buildthekernelas normal.

For c o m p l e t e n e s s ,this i show you build aLinux kernel:
e Atthe top-level directory (ie /usr/src/linux) executemake c o n ‑

fi g , whichwill askwhich devicesyouwant to build ‐ thedefault
answers are sufficient inmostcases. (If youhaveX running,you
candomake x c o n fi g , which provides a GUI that i smuch eas‑
ier to use than the command line question and answer mecha‑
nism.)
Next,executemake dependandmake boot.Assuming nothing
went wrong, this produces a compressed kernel boot i m a g ein the
arch|i386|bootdirectory.
Themake modu l e s command will, not surprisingly, build the
modules,andmake modu l e s_ i n s t a l l will copy them to the
appropriate//ibj/modules directories.

For more informationonkernel building, | suggest having alook at
theonlineLinuxdocumentation,seeFurtherreading.
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Linuxdevice drivers,Alessandro Rubini (O'Reilly, ISBN 1-56592-292-1)

This books starts off by explaining what a device driver is, and
describes the interaction between user space and kernel space. It
very quickly gets down to writ ing some code, showing how to use
and create loadable kernel modules. After this, the complexity grad‑
ually increases wi th chapters on: character devices support ing
reads and writes, debugging, IOCTLs, timing and scheduler struc‑
tures, kernel memory management, hardware (yes, it really only does
put in an appearance half way through the book!), interrupt handling,
the kernel daemon, block devices and file |/O, DMA, network dri‑
vers, PC buses, an overview of the kernel source code structure, and
a summary of the changes between 2.0.x kernels and2.1.x. The bulk
of the book is concerned with 2.0 structures and functions, but the
author does take some care that code is portable to 2.1, and hence
2.2 since that has more or less the same internals as 2.1. The book
is easy to read and the copious examples are well explained, though
i t i s difficult at times to understand what the driver is doing without
being able to attach some external hardware to view it. The book
does not include completecode listings, but the full source is avail‑
able at the O'Reilly website.

In summary, this is an extremely good book that brings together vir‑
tually everything you need to get started with device driver writing. For
more advanced work you will have to examine the source, but the tech‑
niques explained here should help you on your way.

Linuxkernel internals, Michael Beck, Harold Béhme, Mirko Dziadzka,
et al. (Addison-Wesley, ISBN 0-201-33143-8)

As suggested by its title, this book is moreatour of the2.0 kernel than
the book above: there is achapter on device drivers, but the authors really
aim to present the internal workings of the operating system. The book
starts with the layoutof the source codefiles and howto build the kernel.
After this, the authors dive straight into the kernel data structures and
the main kernel algorithms. Chapters on memory management,inter
process communication, and filesystems follow, and then there is a dis‑
cussion of device drivers and a brief note on implementing one. The final
chapters include network handling, modules, debugging, and multi‑
processor systems. Abouta third of the book is devoted to appendices
listing system calls, commands related to kernel access, the proc filing
system, and Linux booting. These all read like copies ofman pages, but
they do include examples and it is useful to have them in one place. The
package includes a CD witha (rather old) Slackware distribution.

This book is moredetailed than Linux device drivers and, in myopin‑
ion, not quite as readable. However, if you are more interested in how
the kernelworks than writing adevice driver yourself, Linuxkernelinter‑
nals is highly recommended.

Linux documentation project

The LDP (http://meta/ab.unc.edu/LDP/) contains gems such as The
Linux kernel, The Linux kernelhacker's guide, and The Linux kerne!mod‑
uleprogrammer's guide. These cover a lot of ground but, in myopinion,
are notas readable as the books mentioned above. Other useful online
sources includethe HOWTOs and, of course, the readilyavailable ker‑
nel and driver source code.
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C R A C K I N G  T H E  K E R N E L  F E A T U R E

A third alternative,
for a lazy programmer

like me, is to let the
kernel handle the

timeout itself.

within the driver itself. This has the disadvantage that such timers
are n o t completely t r iv ia l to use. A th i rd alternative, for a lazy pro‑
g r a m m e r l ike me, i s t o let the kernelhandle the timeout itself. The
I / O select mechanism, fami l ia r to Unix coders, can be used here: it
is normal ly used to determine which of several channels is ready
to read ( o r wr i te ) , as shown in L i s t i n g5.The s e l e c t statement w i l l
exit either when there is something to read on file handles f d 1 or
£d2 (o r both), or when the timeout of 10seconds expires. As s e l e c t
returns the number of ready streams, it is easy to check fo r that
latter case.

If only one fi le handle is pended on, it should be obvious that
this is a simple mechanism for the application wr i te r to
use to apply a timeout to a par t i cu la r device: i f s e l e c t
indicates that the device is ready to read, the read can
occur wi thout a n y possibi l i ty of b lock ing . The device
driver side of the select mechanism is n o t much more
complex: see L i s t i n g 6 . The t e s t d r i v e r _ s e l e c t f unc t i on i s
invoked behind the application’s cal l to s e l e c t and (ul t imate ly)
returns a true value whena read is possible. If n o t h i n g is available,
the appl icat ion is suspended, once again on the read queue, but the
operat ing system applies the s e l e c t t imeout wi thout a n y other
work b y the p r o g r a m m e r. The t h i r d and f o u r t h parameters t o
s e l e c t a r e sets of fi le handles to check for write-readiness or
exceptions: as neither of these are handled by th is driver, t e s t ‑
d r i v e r _ s e l e c t always returns false for any test other than read.

Final ly, for completeness, L is t ing 7 contains the m a k e file used
to build the driver. The firs t l ine extracts kernel version informa‑
t ion for the installation process to be able to place the driver mod‑
ule in the correct version-specific directory a few lines later in the
m a k e file. The next l i ne defines two ext ra compile-time symbols
necessary for v i r tua l ly a l l device drivers: MODULEand __KERNEL__.
These affect how some of the Linux header files are processed dif‑
ferently to the usualapplication-mode. A p a r t f rom these, the script
looks very s imi lar to a typical Unix make file.

S imp l i c i t y
Thope I’veshown that s tar t ing to look into the Linux kerneland writ‑
i ng a device driver is not actually very difficult. While it is not triv‑
ial, i t neednot be a job for wizards wi th a maste ry of operatingsystem.
incantations. It is t rue that there are some t r i c k y sections of code
(such as the blocking read loop) but they are few in number, at least
under Linux. Youdo not needextra tools in your programmingtoolkit
and you havea vast wealth of knowledge in the available source code
and books such asLinux device drivers. a

Gavin Smyth is a real-timesoftwareengineer andpart-time Windows
and Linux hacker. He can becontactedat
gavin@beesknees.freeserve.co.uk.
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TECHNIQUES |

The programmer's
favourite

Peter Collinson checks the form of the conspicuous front runners.

had to use Microsoft’s Visual Workshop to create and compile some
Iooefor Windows NT recently. I started to wonder whether people
who are used to that w a y of working get a b i g shock when mov ingonto
a Unix platform,perhaps Linux or one of the BSD systems. Integrated
visual environments are fine things. They are easy to use once you
have understoodthe mindset of the person or group of people who cre‑
ated them. Their drawback is that they h ide the real i ty of the under‑
l y i ng programs that are being invoked and this can often be a bad
th ing ‐ especially when things go wrong.

The press tends to be mystified by the abi l i ty of hundreds ( o r per‑
haps thousands) of people to create, mainta in , and enhance Linux
us ing ‘primit ive development tools’. I chuckle somewhat whenI see
this type of statement in pr in t . These people miss the point. As occa‑
sional usersof many different systems, they want to pick up and to
use something quickly, dash off a few thousand words , and move on.
Well, their t y p e of usage is actual ly unusual. Most computer users, i f
not al l , use their systems frequently enough that they become more
than novice u s e r s , and what may seem fine on a quick exposure can
become a pain when you have to do it again and again every day.

Programming remainsa text creation exercise. I agree that graph‑
icaleditors are used to great effect when creating visual templates for
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GUIs, but in the end, the code is text. Wehaven’t really generatedvisual
models for creating the logic of the code. Yet. People have tried to go
from flowcharts to work ing code, bu t this has n o t been too successful.

The basic tool that y o u need o n a Un ix s y s t e m t o deal w i th text i s

an editor of some form, and there are nowa plethora of them, wi th
some conspicuous f ront runners that y o u shouldfind bundledon your
system. In around 20 years of us ing Unix , I’ve passed through many
editors, and participated in many ‘mine is better than yours’ conver‑
sations. Editors area rel igious topic, so if I manage to l ight your blue
touch paper in this ar t ic le, please j u m p in to that handi ly placed
bucket of sand. Incidental ly, I am ignor ing the set of ‘simple’ GUI‑
based editors that probably lurk on your system ( fo r example, g E d i t
on GNOME or t e x t edit on Suns). These are fine for occasional use,
or occasional users, and you may be happily us ing one of them. You
can do better ‐ but it w i l l take somework.

The fi rs t editor
The first Unix editor was e d , written by Ken Thompson. The Unix Ver‑
sion 7 edition of ed wasa single source file, of about 3,000 lines of C.
The editor or clones of it are still around today on Unix systems, and
l often use the editor to make quick small changes to files.
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T E C H N I Q U E S T H E P R O G R A M M E R ’ S F A V O U R I T E

By the next morning
Bill Joy had the first
version of vi working

Communication w i th the editor is characterised by terseness.
Once you've started ed , you w i l l apparently no t be given any prompt
that says: start typing now.Instead, the cursor w i l l s i t at the start of
an empty l ine wait ing for you to type something. These days, if you
want a prompt, there’s often a program argument that says ‘use this
s t r i n g as a prompt’. However, start ing 20years ago for about three
years, I useded every day, and was pleasedto have the terseness. I was
never bothered wi th the absence of a prompt.

The terseness extended to the e r ro r messages. There were three:
‘?’ (you have done something wrong), ‘??’ ( the search that you started
failed), and ‘TMP’ (I’ve r u n out of space on /tmp for storing my data
buffer). The brev i ty of the e r r o r messages caused huge g r i e f to
novices, but was fine when you used the editor daily.

The editor is a ‘line editor ’; i ts basic un i t of cur rency is the l ine
in the file. You type in commands that are applied to the current
l ine, or range of lines. The general format of acommand is: a pa i r
of l i ne addresses denoting a range, followed bya single letter com‑
mand, possibly fol lowed by some parameters. The command is
applied to a l l the lines in the range. The address p a i r can be abbre‑
viated to a single l ine address, or no address can be given, applying
the command to the current line.

Although the editor is based on lines, the most-used line address
form is a regular expression search. You rarely type in actual line
numbers. For example:
/ f £ r e d / p
w i l l p r i n t the next line containing ‘fred’. The C coding style where
function names are placed at the start of the line:
c h a r  *
g e t s t r i n g ( )

{ i n t p ;
{ * e t e , e r 4 7
sprangfrom the needto find the start of routines. With this format, you
canfind it quickly by typinga regular expression that matchesthe start
of the line (~) and the routine name:
/ * g e t s t r i n g / p
H i t t i n g ‘return’ several times steps you through the file, unfoldingthe
routine down the screen.

Essentially, there are three types of commands in e d . The firs t
set manages files: a l lowing y o u to open a new file (e for edit) , read
a file into the current buffer after the current line (x for read), or
wr i te a file (w for wr i t e ) . Second, there is a set of commands that
operate on the addressed l ine or lines, l ike the famous substitute
command:
s / o l d / n e w /
which replaces the first occurrence of 0 1 d in the l ine by new. Third,
there is a set of commands that allow you to enter newtext either after
the current l ine (a for append), before the current l ine (i for insert),
or replacing the current line (c for change). These commands place
you into text-entry mode and you leave it by typing a single fu l l stop
on the input line.
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The power of ed came from the use of regular expressions for
pa t te rn matching:
1 , $ 8 / * \ ( . * \ ) , \ ( . * \ ) $ / \ 2 - > \ 1 /
This performs the s command on every line in the file (1, $s).The com‑
mand looks for any text (. *) followed by a comma, followed by any text
up to the endof the line($).The backslashedbracketscause the matched
text to bestoredand it can bereinserted into the bufferusingitsposition
in the original regular expression preceded by a backslash. In the exam‑
ple, I recreatedthe line ascolumn two, a space, - > , a space, and then col‑
u m n one. The regular expressionengine is fast, and this is backedup by
intelligent internaldata structures that are usedfor file storage,enabling
the data to be accessed quickly by the program.

If you want to t r y ed , then you need to knowthat q is the command
that quits the editor. It w i l l complain if you’ve changed the file, and
haven’t written it out. Typing g again wil l get you out.

Visual  edi t ing
In the early 80s, B i l l Joy (then at the Univers i ty of California, Berke‑
ley) had been hackingon ed to remove some of the shortcomings for
novicesand hadcreatedan editor that he called e x . George Coulouris
from Queen Mary College, London turned up in California wi th his
own version of ed , called em‐ editor for mortals (wh ich was in wide
use in the UK at the time). This editor had prompts and error mes‑
sages, but more importantly containeda simple lineeditor where you
could use controlkeys to move about the l ine makingchanges in what
we could n o w call a ‘visual’ way. Berkeley had acquired some early
cursor addressed terminals and Joy immediately saw that the idea of
‘visual’ editing could beapplied to the whole screen, and by the next
morn inghad the first version of vi working.

The vi editor is actually two editors in one. You enter ex mode by
typingacolon,andall the edcommands areavailable.The legacyof ed
is always apparent when using v i ; it’s very mucha ‘line’ editor w i th
commands operating on the current line. When you start v i , you are
in ‘visual’ mode, and you w i l l either be looking at a screen containing
the first lines of your file, or you w i l l be showna screen witha tilde
character (~)at the start of each line, marking an empty line.The bot‑
tom line of the screen is used for ex commands. The cursor wi l l j u m p
here to tell you things andto allow you to type commands when you hi t
acolon to enter ex mode, or a / to search fora string.

I f you are edi t inga file, then y o u can move about i t using key‑
strokes. L i k e e d , vi has modes, and y o u star t in what m igh t be
called ‘control’ mode.These days, it ’s usual to have keyboards w i th
a r r o w keys that users expect w i l l move them about the file, and
there are other posi t ioning keys l i ke ‘Page u p ’ that should work.
These keys are interpreted specially by vi and should operate as
expected. Of course, it depends on how y o u r system is configured.
The editor was designed before the appearance of such keyboards
and defines other keys to move about the file. The choice of keys
seems somewhat random, but they are mostly positioned to make it
easy to use the p r o g r a m effectively.

The basicmovementkeysaremove-leftone character (h),mover ight
one character (1), moveup one line(k)and move downone line (5).This
choice probably seems weird unt i l you look at your keyboardandnotice
that these keys are next to each other. My body learnt these keystrokes
by playingRogue, an early text-mode computer game. There are several
keystrokes that allow you to move backwards and forwards by words.
Forexample:wwi l l take you to the start of the next word, e wi l l take you
to the endof the next word, andb will take you backwards to the start of
the last word. I always liked the ‘find-character’ command: f+ wi l l skip
to position the cursor over the next +on the line.
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There are keystrokes that allow you to scroll the screen up and
down: C t r 1 - F takes you forward in the file, c t r 1 - u ( for ‘up’) back.
You can make large jumps by preceding the keystroke with a num‑
ber,so 1 0 hw i l l move ten characters to the left. In fact, a l l commands
can be precededwith a number. This meansG w i l l go to the last l ine
of the file, while 5 0 c w i l l go to line 50.

Hav ingfound the po in t in the file that youwant to change, y o u can
append some text after the character by typing a, or insert some text
in front of the character by typing i. Once you’ve typed one of these
characters, youenter ‘insertmode’where any character that you type
is entered into the buffer. You exit from insert modeby h i t t ing Esc.

Sadly, escape hasbecomea difficult character to h i t easily onmod‑
ern keyboards. It used to beconventionally locatedasthe top left-hand
key in the main block of keys, on the left of the 1 key. It’s reachable
by your l i t t le finger in that position. Nowadays,this key position on
PCkeyboards is conventionally occupied by a backquote ( * ) , the APL
NOT symbol( - ) ,anda vertical b a r (|),while escape is placed just out
of easy reach at the end of the function key block. In the meantime,
they’ve also moved the unmentionable Caps Lock key into aposition
where you are guaranteed to h i t it without wanting to.

I p rog ram around these problems on the X Window system under
Unix by remappingthekeys. I turnoffCapsLock,which I never use,and
Iswapthe escapeandbackquotekeys.Onmy Sunmachine,whichnever
runs anyth ingexcept X, I’vemoved the plastic key tops on the swapped
keys to reflectthe settings thatX delivers for these keys.A l l thesemachi‑
nationsmake it easier to h i t Escwhen I want to leave insertmode.

Insert mode is also entered by the commands that allow you to
insertnewtext asa new lineafter the current line (0)or beforethe cur‑
rent l ine (0). To create a new file, you fire up v i , h i t o, and type away.

It’s often the case that you want to change, replace, or delete some
chunk of text, perhaps a complete word or a section of the line. The
commands that make this happen are usually keystroke combina‑
tions, a c for change or a a for delete followed by amovement com‑
mand specification to expressthe extent of the change. For example,
if you want to delete from the current cursor positionto the next +on
the line, then df + w i l l do that. To delete a word and the trai l ing space
after i t ,use dw. To replacejust theworduse ce (remember that e takes
you to the end of the word). Yo u ’ll find that vi shows you the extent
of the change by placinga ¢$in the last character position.

There are some shortcuts. To change text s ta r t ing at the current
cursor position unti l the end of the line, y ou can type c $ . B u t this
happensa lot, so t yp i ng capital c w i l l ‘do the sensible larger opera‑
tion’, in this case changing the text up to the endof the line. Capital
letters are often usedasa shortcut l ike this. Dobeware that the three
separate versions of vi that I’ve looked at dur ing the preparationof
this article offer different sets of capitalised shortcuts.

Incidentally, if you want to delete a single character under the
cursor, y ou use the xcommand ( l ike using the x character on aman‑
ual typewriter to black out some text). To change a single character
under the cursor, you user (replace) and type the new character ‑
insert mode is no t entered.

One complicated aspect of vi is what we now call cut and paste.
Youcanpick upa sectionof a file us ingthe ‘yank’ command;yy copies
the current l ine (irrespective of where the cursor is on the l ine). You
canpick up 20lines with 2 0 y y . The secondy here can be replaced by
a movement command asbefore, soyou can pick up words and other
linesections.To re-insert the text, youmove to where youwant to add
i t , and use p. To cut, you just delete the characters using the d com‑
mandfollowedby amodifier and the characters that havebeendeleted
are placed into the p buffer ready for re-insertion.
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Most modern versions
of vi dohave the ability
to process and display
several files at the
same time, somy
original main objection has disappeared

This sounds fine, but there are some rough edges. One problem
occurs when the regionyouare cutt ingoccupies severalscreens,and
youwant to check before youk i l l the section of the file. The best solu‑
t ion here is to use the ‘mark line’ command:m is followed bya letter,
for example a, that represents the ‘register ’ used to store that mark.
You can now jump back to that markedplace by typing ' a , and can
delete back to that line by saying d ' a .

My own learningcurve for vi was reduced because if I got stuck,
I could revert to the ex commands. I used vi for some considerable
period, andI st i l l do, on occasion. However, I began to becomedisen‑
chanted w i th it for several reasons. First, I feel that i ts line-based
nature gets in the way of the edit ing. I don’t treat text as a bunch of
lines, I treat it as larger coherent sections: a paragraph or a routine.
Second, I began to want an editor where I could see sections of dif‑
ferent files on the screen at the same time, and where I could move
text easily between them. I suppose, I began to create more complex
programs that consistedof severalfiles, andwanted to lookat the def‑
in i t ionof astructure in aheader file while I waswr i t ing the code that
dealt with it in another source file.

Incidentally,most modern versions of vi do have the ab i l i t y to
process anddisplay severalfiles at the same time,somy originalmain
objection has disappeared. The developments jus t came too late for
me.The strengths of the original vi was that it was fast, fa i r ly small,
andwould therefore load quickly.And I think that onceyouhavemas‑
tered the keystrokes, its support for get t ing the cursor to the r i gh t
place is very good indeed.

Emacs
About 15years ago, I beganto lookat Emacs,whichdoesmuchof what
I felt that Iwanted. However, it was big, b ig, big. I always say ‘ i t took
a standaloneVAX 11/750to run ’ .Wewere gettingaround50peopleon
one of those machines then, and it was not economic to provide me
wi th one just to support an editor. And Emacs has always relied on
us i ng L isp to permi t the user to customise things, and th is didn’t
make for a particularly fast editor.

Several people had come to the same conclusion and created
stripped-down clones. They liked the modeless nature of the editor,
the fact that control actions are specified ei ther by control keys or by
usingcombinations of keystrokes.A keystroke in Emacsnever has a
different meaningdepending on context.

Actually, the keystrokecombinations started l i feas achorded key‑
stroke, using a normal key in combination with a special key on the
keyboard that added an eighth b i t into the normally seven-bit Ascii
coding, the ‘META’ key. However,when the editor wasmovedoff these
terminals onto regular VDUssomemethodwas neededto specify the
‘special’ keystroke, and it became a sequence‘escape’ followed by
another character. Emacs soon ranout of meta characters and used
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“Some say- C L I E N T/ SERVER
C O M P U T I N G I S D E A D

Wesay - L O N G L I V E T H E W E B !

5 B U S I N E S S r e a s o n s t o 5 T E C H N I C A L r e a s o n s t o
m o v e y o u r a p p l i c a t i o n s t o m o v e y o u r a p p l i c a t i o n s t o
t h e W e b w i t h S y b a s e t o o l s . t h e W e b w i t h S y b a s e t o o l s .
1 . E x p a n d y o u r m a r k e t . 1 . P r o v e n t e c h n o l o g y ‐ n o t v a p o u r w a r e .

Moving your applications to web based computing In June, Sybase Enterprise Application Server
gives them a new lease of life enabling access to them (EAServer) was awarded Best Application Server in the
from a wide range of next generation client devices Java Developer Journal Readers Choice Awards.
such as set top boxes, hand held computers and the 2. D e v e l o p in t h e l a n g u a g e of y o u r c h o i c e .
next generation of mobile phones. EAStudio enables developers to work in the language of

2. I n t e g r a t e w i t h e a s e . their choice ‐ Java, JavaScript, HTML, PowerBuilder/
Green field sites are very rare in IT today three-tier PowerScript or a combination of languages. Once
Web based applications are much easier to integrate deployed to EAServer ‐ components developed in any
with legacy applications. language are available across the enterprise.

3 . T h i s i s p r o v e n t e c h n o l o g y 3 . M u l t i p l e c o m p o n e n t m o d e l s s u p p o r t e d .
n o t v a p o u r w a r e . EAServer offers cross-client and cross-component
Three-tier Web based applications built with Sybase support for almost any type of distributed application ‑
technology are already in use at Deutche Bank, those based on CORBA, JavaBeans, Enterprise
Dresdener Bank and over 300 other companies. JavaBeans, PowerBuilder, and COM components, as well

4. R e d u c e d t i m e to m a r k e t = as C++ applications. EAServer providesa single point of
i n c r e a s e d m a r k e t s h a r e . integration for heterogeneous back office systems ‑
Using the three-tier web based architecture, extending your customer's business to the Web.
application development can b ecompleted i nweeks 4 . N o r - i n t r u s i v e t e c h n o l o g y .

rather than years ‐ time to market for new products Because of our commitment to openness and our
can be significantly reduced. strengths in database connectivity and application

5. F r e e d o m a n d i n d e p e n d e n c e f o r connectivity, Sybase technology enables your customers
y o u a n d y o u r c u s t o m e r s .
Sybase technology is completely open and standards
compliant, there is no proprietary lock here. Your
customers are free to choose the database standard,
operating system and client access devices they like
best and still buy your application.

F R E E B U S I N E S S B R I E F I N G
If you would like to learn more about this offering and to
hear what independent industry experts have to say about
the future of application development then come to one of
our independent executive briefings which will be given by
an Analyst from the Meta Group.
They will be held on 28 September, 14 October and
22 October in the Sybase city office near Liverpool Street
station in the heart of London.

To request a ticket send an e-mail to:
r o g e r@ c l i a r i t y - d i s t r i b u t i o n . c o m

to take business applications to the web without
affecting existing systems ‐ stored procedures, CICS,
SAP or MQ Series.

5 . D e v e l o p i n g p e r s o n a l s k i l l s .
Sybase offers developers a wide range of training and
consultancy services to transition current skills into the
skills you will need in the next few years asWeb based
computing becomes the norm.

F R E E 3 0 D A Y T R A I L
To learn more about Sybase Enterprise Application Studio
and moving your application development to a three-tier
web based environment, e-mail your details to:
r o g e r @ c l a r i t y - d i s t r i b u t i o n . c o m
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C t r 1 - x asanother command-introducingcharacter.Modernversions
of Emacs use other characters.

Theother main input characteristic of Emacs is that you can triv‑
ially rebind keystrokes to give them new capabilities perhaps access‑
i n g a new L isp funct ion, or because you simply didn’t l ike that
particular key to mean that particular action.

Emacs has always provided the abi l i ty to edit several files at the
same time, each occupying a buffer that may or may not bevisible on
the screen at any one time. I think that this aspect of i ts interface
attracted many people.

However, it was , and is, b i gand slow. The slowness is ameliorated
by the advent of fast processors, but it’s not l ively when compared
wi th leaner editors. The Emacs introductory text st i l l says some‑
th ing along the lines of ‘Emacs can do so many neat things apart
f rom edit files, and many people star t i t up at the beginning of the
dayand use it as their way to interfacewi th the machine’. Well, you
need to do this because there is a perceptible pause before Emacs
gets i ts act together and allows you to edit files.

Several l ightweight Emacsclones spranginto existence. The front
runners were probably MicroEmacs (o r uemacs, which was a com‑
promise way of spelling wemacs) and Jove (Jonathan’s Own Version
of Emacs). Both offered the Emacs look and feel: the buffers and the
modelessness. Neither used Lisp, so didn’t offer the extensibi l i ty.
MicroEmacs didn’t allow you to rebind keys,but Jove did. Ibecamea
committed Jove user, un t i l qui te recently.

Again my l i fe has altered. I now needa safe way of ed i t i ng the
HTML files generated by some WYSIWYG programs. The i r output
files contain very long lines that defeat Jove, but w i th which Emacs
copes happily (as do most modern versions of v i , it should be said).
And modern Emacs versions fi t rather better into the window envi‑
ronment supported by my workstation r unn i ng X. They support
mouse interaction, and use X widgets to provide action menus.

I decided to pu l land install the most recent version of GNUEmacs
to see what it would do. I a m now a convert. I am st i l l very much on
the learning curve, and often confused. Emacs is somewhat overbur‑
dened by features that are turned on by default. And accidental key‑
strokes can sometimes have an undesirable effect on the file. This is
offset by i ts comprehensive ‘Undo’ fac i l i ty, wh ich allows y o u to
retrieve your previous state easily.

Another feature of note is its abi l i ty to ‘fontify’ files, showing dif‑
ferent semantic sections in different colours.This meansthat you can
detect missing t ra i l ing quotes in programssomewhat more easily
than y o u can w i t h a monochrome editor. Th is feature exists in
Microsoft’s Visual environments, but the difference with Emacs is
that it ’s ageneralpurpose abi l i ty that can bemade to work on a great
many different types of files.

Emacsdoes contain a bunch of stuff that I don’t really want, l ike
theabil i ty to readnews,sendmail, lookat the calendar, run telnet ses‑
sions, play games - the l ist seems somewhat endless. There are things
that I do use, l ike the abi l i ty to compile a program, and examine and
fix any errors by being placed in the r igh t file at the r igh t l ine num‑
ber. Everyone wants different things from the program. Emacswas
perhaps the first ‘visual environment’ allowing developers to have a
single interface to create, debug, and test programs.

You’ll generally find a working version of em a c s on your L inux
or BSD box. I t ’s become a mainstream standard Unix editor. What
you probably won’t find is xemacs, which started l i fe from an older
version of GNU Emacs and has evolved into something that’s per‑
haps better integrated into the XWindow system than GNUEmacs.
I got hold of an RPMpackage for my RedHat L inux box, and man‑
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Xemacs is
considerably prettier
than GNU Emacs, and
makes more use of the
facilities afforded by
the XWindow environment

aged to compile a work ing version for my BSD system. I could not
get it to work properly on my Solaris 2.6 machine, and decided that
I had expended enough time. Xemacs is considerably pret t ie r than
GNU Emacs, and makes more use of the facilities afforded by the X
Window environment.

The online documentation providedby Emacs is fine if y o u know
what you are lookingfor. Documentation is definitely necessary when
the p r og r am supports somany features. However, t r y ing to get an
overview of faci l i t ies as a novice is hard. I resorted to buy ing
O’Reilly’s book on Emacs, mostly to read the generalintroductory
stuff to find out what is possible, and to learn how to tu rn o f f some of
the annoying things that are enabled by default.

Ihaven’t found much space here for an introduction on how to use
Emacs,but it comeswitha tutorial file that demonstrates itsbasic capa‑
bilities and you are advised to read (and use) that. To get out of Emacs
typeC t r 1 - x followedby c t r 1 - c or if your version isX-enabled, thenyou'll
find an exit option in the usualplace in one of the drop-downmenus.

The learningcurve for Emacs is probably much greater than that
for v i , andthe editors are difficult to swap between. If you are want‑
i ngto develop programs then the g r i e f that youw i l l experience in the
in i t ia l stages of learningEmacs w i l l be outweighed by the use that
you w i l l obtain later.

Further information
You can get the latest version of Emacsf rom y o u r nearest GNU
storage fac i l i t y. Incidental ly, by the t ime y o u read this, my
favourite UK site: http://unix.hensa.ac.uk w i l l have transmuted
in to hAttp://www.mirror.ac.uk. There are several vi clones around.
My Linux system comes wi th one called v i m by B ram Moolenaar
(et al) . You should look for n v i by Kei thBostic, who was one of the
or ig ina l Compute rSystem Research Group a t Berkeley and was
largely responsible for commissioning the setof Open Source BSD
ut i l i t ies that suppo r t m a n y of the BSD-based systems that a re
around. However, these two programs should be present on you r
machine. I also note that the latest releaseof the NT 4 Server
Resources K i t f rom Microsoft contains a versionofv i .

You'l l find xemacs at http://www.xemacs.org. | g o t my RPM from
the contributed section at http://www.redhat.com. Jove is FTP-able
fromftp.cs.toronto.edu:/pub/moraes/jove.

M a n y books have basic introductions to e d , v i , and Emacs. I
would cer ta in ly recommend the O’Reil ly book on Emacs: Learn ing
GNUEmacs by Debra Cameron, B i l l Rosenblatt, &Er ic Raymond
( ISBN 1-56592-152-6). a

Peter Collinson is afreelance consultant specialising in Unix.He can
bereachedelectronically at pc@hillside.co.uk, byphoneon 01227
761824, or on the Web at http://www.hillside.co.uk.
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How small is a bit?
Leaving behind theY2K Bug and the problems of this

millennium,we look ahead to the future. Mark

Harman introduces the subject of quantum

computing, possibly the biggest revolution in

comput ing since the invention of the transistor.

ee Moore, the co-founder of Intel, coinedMoore’s Law in the
1970s. This states that the memo r y capacity of a sil icon chip

approximately doubles every 18months. As a direct consequence
of Moore’s Law, the amount of space occupied bya single b i t is also
decreasing, because the overall size of chips remains largely con‑
stant. In 1960 a singlebi t of informat ion typical ly required about
106atoms to represent i t . Today the figure is closer to 107. Assum‑
i n g that this trend continues, then by 2020 we w i l l have reached a
stage where less than one atom is required to storea single b i t of
information.

What happens whenwe reach the one atom per b i t barrier?When
this happenswewil l be forced to enter the world of quantummechan‑
ics: the often baffling butastonishingly successfulworld of sub-atomic
physics. Based upon this new physics, we can implement computers
that may execute exponentially faster than today’sclassical comput‑
ers and require exponentially less storage space in which to do so.
Welcome to the world of quantum computing.

Quantum computing
Quantumcomputers are not l ike ord inary computers.They are built,
not us ing the nineteenth century physics of electro-magnetism, but
the twentieth century physicsof quantummechanics.One of the most
star t l ing aspects of this new physics is that a particle can exist in
many (apparently contradictory) states at the same time. In this ‘many
states in one’ situation, the particle exists in what is called a ‘super‑
position’ of states. In computing terms, it is as if a boolean register
could hold the values t r u e and f a l s e simultaneously. It is because
of this superposition of states that there is the possibility of superfast
and supercompact computers based on the principles of quantum
mechanics. These new quantum computers w i l l outperform today’s
computers to such a degreethat the theoretical foundations of com‑
putationmayneed to be rewritten,andmany existingalgorithmsmay
seem sluggish and inefficient.

When applied to the world of computing, quantum physics has
bewi lder ing but very exci t ing possibilities. No t on ly w i l l we be able
to read 2”different n-bi t numbers in to n bi ts, we shall be able to
process all 2” b i t combinations at once (this is called quantum para‑
llelism).Obviously, if we can store suchan enormous amount of infor‑
mation in sucha small space, many of the rulesof computing that we
have grown comfortable with over the past fif ty years wi l l have to be
abandoned, or at least revised.
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Of course, there is a catch. Al though we can process a l l 2” b i t com‑
binationsat once,weshall only beable to inspect a single answer from
our computation. Worse, we cannot beexactly sure which answer we
wi l l get. There is an uncertainty at the heart of quantumphysics that
weshall have to tameor circumvent in order to beable to exploit the
wonderful potential of this new computing technology. There is also
the problem of interaction between ou r computer and the outside
world: quantum computers are ve r y fragi le. Even an exchange of a
single particle could destroy the entire computation.

Despiteall of these drawbacks, there is a realandgrowinghope that
quantumcomputingmay proveto bea realisticmeansof gaining dra‑
matic improvements in the power of computers that would make
today’s finest machineappear to bea bloated andbor ing vacuum tube
beast,executingwi th the speed of geological plate tectonics.

Currently quantumcomputing is in its infancy. The only quantum
computer that has currently been bui l t is a simple NOT gate. A pro‑
ject is underway to implement a computer capable of fac tor ing the
number 15wi th an expected completion date some time in the yea r
2000. As with the development of classical computation, the theory of
quantum computing is far in advance of the practical development.
This article takesabrief lookat what couldbeachievedwhen the engi‑
neer ing catches up wi th the science.

The shock of quantum cryptography
In 1994 the world was forced to wake up to the potential of quantum
computing, when Peter Shor showed that it was theoretically possi‑
ble for aquantum computational algorithm to crack the world’s most
secure encryption systems. A l l that is required is for the physiciststo
develop the quantum-level hardware.

Shor’s algorithm is by no means the only application of quantum
computing. Algorithms have been developed for more prosaic appli‑
cations, suchasfast,massively paralleldatabase searches. The impor‑
tance o f Shor’s a l g o r i t hm was i ts potent ial impac t on secret and
secure communication, because of i ts impl icat ions for publ ic key
encryption systems.

Publ ic key enc ryp t i on systems fo rm the basis for most o f the
secure communicationswerely upon today. These systems are vital
for privacy and are obviously impor tan t as underp inn ing technol‑
ogy for the growing e-commerce indus t r y. Public key encryption
reliesupon the fact that fac tor ing a largenumber is extremely hard.
Fo r example, in a recent contest it was calculated that to success‑
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f u l l y d e c r y p t a message encrypted w i t h a key 129-digits l o n g it
would take a machine capable of runn inga mi l l ion instructions per
second 5,000 years. If we wai t for a computer to crack an encrypted
message by finding factors, then the information we get m igh t bea
little ou t of date!

Because fac to r ing i s believed to be so hard (even with the most
powerful computer) m a n y peoplefelt completely comfortable send‑
i n g encrypted messages. The factor isat ion of anumber can be
achieved (us i nga litt le number theory) by find ing the period of a
related periodic function. Of course, a l l classical attempts to solve
the problem of fi n d i n g the period of this function t u r n ou t to be as
computationally demanding as the or ig ina l problem of factor ing.
Shor’s algor i thm proposes the use of Fourier transforms and quan‑
tum parallelism to find the function’s period, and it does so expo‑
nen t ia l l y faster than a n y known classical a lgo r i t hm. Secure
communication is no longer sosecure.

Shor’s algori thm has been investigated by s imula t ing i ts execu‑
t ion usinga classical computer. Of course, this takes a lot longer than
it would on a quantum computer, but it provides quantum computer
scientists wi th a technique for analysing the behaviour of the algo‑
r i thm. An implementation of Shor’s a lgor i thm ona real physical
quan tum c o m p u t e r is s t i l l some w a y off. As mentioned, work is
underway to t r y to implement a specialised quantum computer that
wi l l use the algori thm to factor the number 15. If successful, this w i l l
notcause an immediateheadachefor cryptanalysts (who typical rely
on numbers wi th many more digits),but it could signal the beginning
of the end for public key encryption.

Shor’s a lgor i thm presents a w o r r y for those who r e l y on exist‑
i n g approachesto encryption, bu t quantum communication offers
a possible remedy to this problem. Because of the way in which a
quantum-level piece of informat ion cannot be inspected without
d i s t u r b i n g i t , it is possible to imagine ‘quantum communication
channels’ on which it is impossible to eavesdrop. On these secure
quantum channels, even an (unsuccessful) attempt to eavesdrop on
a communication wi l l be detectable by both the sender and rec ip i ‑
ent of the message, m a k i n g spy ing not o n l y impossible bu t also
rather dangerous.

Quantum computers thus offer both a severe headache fo r secure
private communication andthe ultimate solutionto the problem.The
severe headache comes from Shor’s algorithm. The pain relief m a y be
offered by the panacea of quantum communication.
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An experiment
Here is a quantumexperiment that you can t r y at home.Quantum com‑
puters are based on qubits. A qubit exists in a superposition of states
between zero and one, but collapses to a single state, either zero or one,
when measured. It is hard to imagine howa single bit can exist in the
superpositionof states. However, there’s avery simpleexperiment that
y o u can try, which illustrates the key principle of state superposition.
Al l you w i l l need is a strong l ight source (say a powerful torch) and
three polarisation filters (you can get these from a camera shop).

Let’s call the filters A, B, and C, wi th fil ter A polarised horizon‑
tal ly, B polarised at 45°, andC polarised ver t ica l ly. You can achieve
the different angles of polarisation by ho ld ing the filters at different
angles. Photons of l i g h t also have a polarisation, so we can use the
polarisation of the photons to represent a b i t of information. Sup‑
pose we choose to represent b i t value z e r o by horizontal polarisa‑
t ion and b i t value o n e by vertical polarisation. A 45° polarisation
represents a b i t of information that has a 50:50 probabil i ty of be ing
either value z e r o or one; it is somehow both o n e and z e r o at the
same time and in equal measures.

The next step is to shine a beam of l i g h t onto a screen and put
fi l ter A between source and screen. Clearly, you would expect the
l i g h t beam to reduce dramat ical ly, because the incom ing l i g h t pho‑
tons w i l l be in a jumble of randomly selected polarisations, w i th
on ly a very few being exactlyhorizontal. In fact the beam is not dra‑
matical ly reduced, bu t simply halved in in tens i ty. The fi l te r acts
as a measurement of the photons, each of which is in a superposi‑
t i on of polarisation states. In measur ing the i n c o m i n g photon
states, the fil ter collapses these states to either horizontal polari‑
sation (thosewhich pass through and h i t the screen) or vertical
polarisation (those which are reflected by the fil ter and do not h i t
the screen). This situation is il lustrated in F igu re 1.

A briefhistory of quantum
computing

~Quantumcomputation was born in 1982when RichardFeynman,the
NobelPrize winning physicist published an article speculating on the
implications of quantum mechanics onthe world of classical compu‑
tation. Feynman’s inspiredobservations remained mereconjecturefor
three years untilDavid Deutschshowed howaquantum computational

algorithm could berealisedto computea result faster than could be :
achieved usingany possible classical computer. :

Interestin quantum computation increased steadily throughoutthe |
late 1980s and early 1990s until 1994. In November 1994 Peter Shor, at
AT&T Bell labs, published his paper innocuously titled Algorithms for
Quantum Computation: DiscreteLogarithms andFactoring.This paper
shocked and astounded computer scientists around the world. Shor's|
paper contained the algorithm for factoring based onFourier analysis
and quantum parallelism that promised to turn the world of public key _
encryption on its head. ‘

As we approach the millennium, the challengefor quantum com‑
puter scientists is tobuildareal quantum c o m p u t e rand to investigate |
new specialised algorithms (like Shor’s) that exploit this technology.
An additional goal that | have not hadtime to discuss in this article is _
that of providing a more general framework for computing with quan‑
tum mechanics, sothat new specialised algorithms donothaveto

|developed foreach problem. o ‘ oe
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Despite these
uncertainties and
theoretical puzzles, the
equations of quantum

mechanics have been found to be
successful in predicting the outcome of
many an experiment.

We can check that those photons that pass through the filter are
indeedhorizontally polarisedby putt ingfilter Cbetweenfilter Aand
the screen (see Figure2). Filter C is vertically polarised, so it reflects
al l horizontally polarised photons. As we would expect, the addition
of filter C prevents any l ight reaching the screen.

Sofar, it is possible for us to imagine that a l l the incomingphotons
are simply in one of two states: zero-valued (horizontal polarisation)
and one-valued (vert ical polarisation). In this view of the situation,
the polarisation filters simply act l ike conventional filters. Fil ter A
only lets zeros through and filter C only lets ones through. Can you
predict the effect of adding filter B in-betweenA and C?You would
expect it to have no effect. That is, because no l ight can pass through
the sequence of filters A followed by C, none could possibly pass
through the sequence A, B, C. How could the addition of another fil‑
ter increase the amount of l ight that passes through? Tr y i t . Youw i l l
find that inserting filter B betweenA andC increases the amount of
l ight that reaches the screen from nothing to about one eighth of the
or ig ina l l i gh t beam intensity. Clearly, this astounding result cannot
be explained by assuming that the photons coming out of the l igh t
source are either zero-valuedor one-valued. What is going on?

In order to understand the result of the experiment we have to
view the filters asmeasuringdevices that change the state of the pho‑
tons they measure.We also have to th ink in terms of probabilities.
Eachfilter measures the incomingl igh tw i th respect to its ownpolar‑
isation,which we can think of as representinga ‘basis’, with respect
to which the measurement is taken.

F i l te r Ameasures photons w i t h respect to the z e r o basis. It
changes the state of photons that it measures so that those that pass
through have a probabil i ty of being measured as being one-valued
usinga one-basis fil ter (fi l ter C, in ou r case). The probability in this
case is zero ( ie impossible). Therefore, the sequence of filters A fol‑
lowedbyC cuts out all the light.

However, we have n o t said what effect fil ter Ahas on the proba‑
bi l i ty that a photon wil l bemeasured as being 45% polarised (that is
being in the both-zero-and-one state) by filter B. In fact this proba‑
bi l i ty is exactly 50:50, so ha l f the l ight passing through filter A w i l l
pass through filter B. Now filter B has changed the state of photons
so that those that emerge have a 50:50 chance of beingmeasured as
beingone-valuedby a one-basis fil ter (filter C in our case),sohalf the
l ight passing through filter Bnow passes through filter C.The over‑
alleffect of the three filters is therefore that eachhalves the intensity
of the incoming l ight . The situation is illustrated in Figure 3.

It seems that there is no wa y of escaping the fact that photons that
emerge from filter B in this experiment are both in a state of be ing
zero-valued and one-valued w i t h equal probability. They are i n a
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superposition of states. And there seems to beno escape from the con‑
clusionthat the very act of measuringthe photonsforces them to alter
their state, collapsing it in a way that affects future measurements.

We could think about this philosophically. The quan t um theory
throws up very deep questions about the nature of matter, cause and
effect,andmeasurement.Manyeminent scientistshaveworried about
this. Einstein famously remarked that he d id no t believe that ‘God
plays dice w i t h the universe’ (referring to the probabil ist ic nature of
quantummechanics). Comptonnoticedthat one might infer from the
equations of quantum mechanics that an action could precede i ts
cause. However, this philosophising has yet to produce an intuit ive
modelof the predications of quantummechanics. In fact, a unification
of quantum mechanics and Einstein’s equally successful and some‑
what counter-intuitive theory of general relativity remains elusive.

Despite these uncertaintiesandtheoretical puzzles, the equations
of quantummechanics havebeen found to besuccessful in predicting
the outcome of many an experiment like the onewehavejust carried
out wi th the polarisationfilters. There is a prevail ingfeeling that we
should believe in these equations even if we don’t really quite under‑
stand them.

filter A

screen

Figure 1- Sh in ing l igh t througha horizontal ly polar ised filter.

half the l i gh t passes
through filter A

no light
reaches the
screen

filter A filter C

screen

Figure2- Horizontally and vertically polarisedfilters cut out all light.

‘one half of the »one quarter of
l i gh t passes _ | the light
filter A passes filter B

one eighth of
the original
light hits the
screen

filter B filter C screen

Figure 3 - Introducing an extra filter increases the amount of l ight .
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Most random number
generators simply do not
work. They donot
generate tru/y random

numbers. Instead,they generate pseudo‑
random numbers which, for many purposes

are sufficient for our needs, but which in
some cases may produce surprising and
undesirable results.

True randomness
Let’s look at another area for quantum computation: true random‑
ness. You would think that generating random numbers is easy. You
just rely on the system function random (). Generatinga randomnum‑
ber on a computer seems to bea pretty simple problem and, perhaps,
one which is not really that important. This is amisconception on
both counts. Most random number generators simply do not work.
They do not generate truly random numbers. Instead, they generate
pseudo-random numbers which, for m a n y purposes are sufficient for
ou r needs,butwhich in some cases may produce surprising and unde‑
sirable results. For example, the 1960s r a n d u routine for generating
pseudo-random numbers was found to exhib i t a correlat ion that
meant that successive triples of numbers produced by r a n d u can only
occupy equally-spaced planes in 3D space.

Generation of random numbers by computer has been a problem
for some time. On 1June 1957, ERNIE (the Electronic Random Num‑
ber Indicator Equipment)selected the first one poundpremium bond
to receive a large prize in the forerunner of the National Lot tery. Pre‑
mium bonds were designed to encourage the public to save, thereby
reduc ing domestic consumption and i n h i b i t i n g inflation. F o r the
scheme to work, it was crucial that the public believed ERNIE to be
fair in picking random numbers. ERNIE usesthe frequency instabil‑
i t y of a free-running oscillator to select aw inn ing premium bond
number each month. This use of a random physical phenomenon
avoids the problems associated w i th pseudo-randomness in algo‑
r i thms for random number generation.

Generat ing good randomnumbers is important because i t forms
the basis for large-scale statistical simulation used to model com‑
plex, dynamic systems, l ike the e c o n o m y and the weather. Gener‑
a t i n g bad random numbers could bias the results of these
simulations causing inaccuracies.

Furthermore, random numbers are used in one-time pad encryp‑
t ion and in probabilistic algorithms for solving hard problems that
cannot beanswered wi th 100% accuracy in a short time. These prob‑
abil ist ic algor i thms are known as Monte Carlo (guaranteed to be
quick but on ly probably correct)and Las Vegas (guaranteed to be cor‑
rect, but may sometimes take an unacceptably longperiod to execute).
Both Monte Carlo and Las Vegas algorithms r e l y cruc ia l ly on good
random number generation.

On a quantum computation system, generating random numbers
is no t a problem, because the underlying computer relies u p o n the
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most fundamental physical properties of nature that are (according
to the quantum theory) genuinely random.

How to build a quantum computer
Muchof the work on quantum computing is theoretical. Forexample,
Shor’s algorithm has not been implemented on a real quantum com‑
puter, and there is no guarantee that the physical problems of build‑
i n g a computer to factor numbers in t h i s way can be overcome.
However, there are grounds for optimism in work current ly under
investigation using ion trap- and NMR-based(Nuclear Magnetic Res‑
onance)approaches to the realisationof quantum computing.

In an ion trap, radio waves are usedto create a sequence of elec‑
tromagnetic fields that trap ions, creat ing a l inear a r r a y of trapped
ions ‐ a qubi t register, in effect. Each ion can be in a ground state
or an excited state, and changes in state are achieved by fi r i n g pho‑
tons at the ionfroma laser. Iontraps were successfully used in 1995
to implement a simple quantum computational NOT gate, ra is ing

The field of quantum computing is young, but growing fast.There
are a number of places you could look for further information.

General introductions to quantum computing can be found in the
articles stored on the web pages of the Centre for Quantum Comput‑
ing, hosted by Oxford University at http://www.qubit.org.

A short and very readable introduction, which focuses on Deutsch’s
algorithm, is provided by Professor Robin Whitty of South Bank Univer‑
sity. The URL is http://www.sbu.ac.uk/~whittyr/quantum/quantum.html.

The photon polarisationexperiment described in this article is taken
from the article An introduction to quantum computingfor non-physi‑
cists by Eleanor Rieffel and Wolfgang Polak, which is available at
Attp:||xxx.lanl.gov/abs/quant-ph], paper number 9809016.

Bernhard Omer has developed a programming language in which
quantum computing algorithms can be simulated in a 3GL-style nota‑
tion. The system is available for free on any Linux platform and comes
with a manual (in LaTeX and postscript) and an interpreter for QCL
(Quantum Computer L a n g u a g e ) .The URL is hAttp://tph.tuwien.ac.at]
~oemer|qc/index.html.

There are a growing number of textbooks on quantum computing.
Explorations in quantum computing ( ISBN 038794768X) by Colin
Williams and Scott Clearwater, published bySpringer in 1997,contains
atechnical but highly readableaccount ofquantum computing, its appli‑
cations, and i m p l i c a t i o n s .The book comes with aCD-ROM with some
simulations of quantum computational algorithms that you can try
using the Mathematica package, which runs on several platforms
including, PC, Unix, and Macintosh.You do not need to have Mathe‑
matica to use the example simulations, because a reduced ‘viewer’ pro‑
gram is included.

The prize-winning textbook The fabric ofrea l i ty (ISBN 014027541X)
by David Deutsch is a worthwhile purchase. Deutsch invented one of
the first quantum algorithms, helping to illustrate the potential for
quantum computation. His book is an attempt to interweave quantum
physics and quantum computation with Darwinian evolution and Karl
Popper's theory of knowledge.

There's an Internet discussion group based on Deutsch’s book.You
can subscribe by sending an email containing the word s u b s c r i b e to
the email address FOR-request@list.to.
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the hope that i on traps might prove successful as implementation
mechanisms for more advanced devices.

In the NMR-based approach, a property of atomic nuclei called
‘spin’ i s used as the basis fo r s to r ing a qubit. Almost a n y element
(or one of its isotopes) can be made to have a spin. Spins have an
orientation that can exist only in one of several discrete levels.
These levels correspond to the energy levels of the atom and exist
in a superposition of levels un t i l they are measured. If energy is
supplied to the atom ( i n the form of radio waves) then an atom may
move from one ene rgy level to another. This w i l l happenon ly if the
i npu t ene rgy i s a t jus t the r igh t level, and when i t does so, the radio
wave w i l l be absorbed. Us i nga series of radio wave pulses, we can
thus work out which sp in state the atom is i n , and this forms the
basis for measurement in an NMR-based quantum computer.

With both techniques, many problems remain to be solved, and it
is not immediately obvious how the quantum phenomena that they
exploit can beharnessed in the form of effective algorithms. However,
quantum computer scientists are optimistic that the next ten years
may see a breakthrough. After all, even a relatively small quantum
computer could revolutionise publ ic key encryption.

Quantumcomputing is currently in an embryonic state, but since the
m id 1990s interest has dramatically increased because of the theo‑
ret ical development of several algor i thms for superfast database
searches, crack ing hitherto uncrackable codes, and supercompact
storage of data.

eare fast approaching
the one-atom-per-bit

crunch. At this
moment, wewill find

ourselves in the world of quantum
computing whether we like it or not.

The realisation of these dreams is sti l l some wa y o f f , but wecan‑
not rely upon Moore’s Law to double the power of ou r classical com‑
puters every 18months.Weare fast approachingthe one-atom-per-bit
crunch. At this moment, we wi l l find ourselves in the world of quan‑
tum computingwhether we l i ke i t or not. I f current trends continue,
this moment w i l l arrive in approximately 10to 15year’s time. There
is time to prepare andmuch to be gained.

Mark Harman isa lecturer in computer scienceat Goldsmiths’
College, where heworks onp rog rammanipulation and testing using
slicing and transformation. Mark Harman can becontacted byemail
at m.harman@gold.ac.uk, or bypost toMark Harman, Department of
Mathematicaland Computing Sciences, Goldsmiths’College,
University of London, New Cross, LondonSE14 6NW.
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They came bearing class libraries ‐ Francis Glassborow warns of one

place not to look for examples of good professional programming.

|: would seem very reasonable for less experienced programmers to
study code producedby major international software developers that

has hada long lifetime and to emulate the practices they find in i t . It
would also seem very reasonable for companies providingdevelopment
tools for aspecific platformtobuy-inthe relevant librariestosupport the
platform. Compiler implementors m i g h t feel unhappy if they had to
deliberately distort the behaviour of their compiler to support such a
bought-in l ibrary. They might be even less happy if the consequence of
market ing pressure was that the out-of-the-box version of their work
failed to meet the relevant ISOStandard because of the requirements of
a bought-in library.

I think that a good argument could bemade in such circumstances
that the owner of thel ibraryhasanexcessiveandunhealthy domination
of themarketplace.Furthermore,I donot think it unreasonableto expect
such a dominant force to spendtime and resources br ingingtheir prod‑
uct up to scratch. That includes the abi l i ty to compile the code free of
diagnostics ‐ code that fails this test is not of industrialquality.

You can guess what I am wr i t ing about, but let me give you a cou‑
ple of examples before namingnames. What would you think of a pro‑
grammer who wrote code such as the following?
# i f defined SOMETHING

#define m y f u n c t i o n m y f u n c t i o n x
#e lse
#define m y f u n c t i o n m y f u n c t i o n y
#end i f
I would hope that you wouldbehighly critical and want toknow why
the programmer found it necessary to change an identifier in that
way. Even inC it is poo r practice, in C++ it is, in my terms, unac‑
ceptable. It shows no understanding of the concept of scope and the
importance of ensur ing that the preprocessor does not invade local
scopes. I would consider it poor practice even if the preprocessor iden‑
tifier had been spelt in uppercase. Even if the name in question was
relatively long, it leaves code vulnerable.

The correct way to tackle this kind of issue is something like:
# i f d e fi n e d SOMETHING

#include " x . h "
#e lse
# inc lude " y . h "
#end i f
and ensure that the correct version of the l ibrary is linked in. Or pos‑
sibly, in C++, some strategy with overloadingw i l l meet the need. For
example, get the user to write:
myfunct ion(<argument l i s t > , SELECT_TYPE)

and have the following in an appropriate headerfile:
enum X { x } ;

s t r u c t  Y  { y  } ;

# i f defined SOMETHING
#define SELECT_TYPE X ( 0 )

#e lse
#define SELECT_TYPE Y ( 0 )

#endif
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If the original technique only resulted in errors when it changedmy
code, I wouldbeunhappy,but it canresult in silentlychangingthe seman‑
tics of my program. For example, consider:
s t r u c t  X  {

v o i d m y f u n c t i o n (int) ;
v o i d m y f u n c t i o n x ( s h o r t );
v o i d m y f u n c t i o n y ( l o n g ) ; } ;

i n t m a i n ( ) {
X x ;

x . m y f u n c t i o n(2) ;

}
However poor my coding style, I should not find that my code does
three entirely different things depending on factors that I may be
ent i rely unaware of.

Another question: how should y o u provide numbers as labels?
What about: t y p e d e f i n t HANDLE;

Ihopeyour gorge rises at such a proposal. Think of a l l the potential
for harm: t y p e d e f provides no type safety. Worse still, it exposes these
numbers to all the vagaries of arithmetic, somethingthat is entirely
inappropriate in this context. Think how much tidier if you wrote:
enum h a n d l e { fi r s t h a n d l e = 0 ,
Now you cannot do arithmetic on handle values without gett ing some
form of error (at least in C++) because there are no operators on enums
(thework is done by converting implicitly to i n t )andthere is no implicit
conversion from i n t to an e n u m type. Of course, this is only the begin‑
ningof an idea,muchmorecan ‐ andshould‐ bedone topolishthis. B u t
the basics are there and I would expect any respectable C++ (o r for that
matter plain C)programmer to understandthat enum creates type vari‑
antsof thefundamental integral types. Cdoes notgive youquitethe same
protectionthat C++ does but it is going in the right direction.

Where m igh t y o u fi n d examples of such defective code as the
above? Think about it while I give you a couple more clues.

The same implementor whose standard header files do not com‑
pi le if y o u switch o f f the vendor extensions. As these include such
non-extensions asincorrect scope for loop variables, the resultmakes
a fai r ly good compiler str ict ly non-conforming.

The same implementor who calmly injects hundreds of names into
the global namespace without doinganythingto prevent collisions with
the names used by other programmers. Look at commercial libraries
such as Rogue Wave’s and note how its global names are prefixed with
RW.Notperfect,but it shows some sensitivity to the needs of the user. It
also provides some documentation asto where I should look for decla‑
rations and definitions.

While the scope of the loop variable can be fixed by better imple‑
mentors, the other features of MFC actuallyforce others to emulate the
same badhabits. Wherever else you look, do not look at MFC for exam‑
ples of goodprofessionalprogramming.

l a s t h a n d l e = < w h a t e v e r > } ;

Metrowerks Pro 5
Those familiar wi th the development tools from Metrowerks wi l l need
no encouragement from me to check out this new release. If you arenot
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in this group and use C, C++, or Java you should give
this product a look. The standard version is for Win‑
dows (9x and N T ) and the Mac (68K and PPC). It sup‑
ports cross-compilation between these platforms and
mixed-language programming, as well as code gener‑

ation specifically for the AMD K6family. It alsoprovides arather more
elegant version of console programming(WinSIOUXon PCsandSIOUX
on Macs).There areseparately marketedversions for Linuxand Solaris.

Metrowerks has donea lot of work on its Java tools, which I guess
many Java programmersw i l l appreciate,and its C++ is homing in on
the Standard.

Now for the bad news.The documentation is horr ific. Too m a n y
hyperl inks result in ‘Thetopic does no t exist. Pleasecontact your ven‑
dor for an updated help file.’ The documentation stil l refers to prod‑
ucts that no longer exist, such as thei r Pascal development tools.
There is also extensive coverage of Assembler though the IDE does
not appear to support i t .

Finally,I was disappointedthat they are not yet providingany sup‑
port for the almost completed new C Standard.

Onbalance, this is an excellent product marredby some sil ly faults
that I hope Metrowerks w i l l address before its next release.

A caveat and a book
Several months ago I wrote about ideas for including test code with the
class. I should point out that this could support only the lowest level of
testing, ie that the class code itself is tested. There are many other kinds
of test that should beappliedthat do notfit those schemes. Ful lyprofes‑
sional development environments w i l l have far more rigorous test
requirements already in place. And before you ask, I do believe that if
your code can get into a release version (even if only for internal use)
without beingtestedthen you arenotworking in a professionalsoftware
development environment. Which leads to abook...

Most, if notall, readers of this column areprofessionally involved in
programmingor software development. As such, you should be inter‑
ested in testing the results of your work. Weal l know how tedious test‑
ing is and asa result it is often shirked. This is particularly true of
regression testing asevidenced by the number of times old bugs resur‑
face in new releasesof products.

Automating software testing goes a long way to alleviate this prob‑
lem.In this context,Softwaretest automationby Mark Fewster& Dorothy
Graham (ISBN 0-201-33140-3) should be near the top of your reading list.

Last month's problem
What output should the fol lowing short program produce?
#include <stdio.h>
i n t m a i n ( ) {

u n s i g n e d char c ;
u n s i g n e d c h a r x = c ;
uns igned c h a r y = c;
i f ( x = = y ) p u t s ( " s t a b l e " ) ;
e l s e puts ( "uns tab le" ) ;
r e t u r n  0 ;

Some readers m a y have assumed that the above program might
exhibit undefined behaviour because c has never been initialised.
This would be true werec to be of almost a n y other type. However,
there is a special requirement for u n s i g n e d c h a r : a l l possible b i t
patterns must represent valid values. There m a y not be any ‘holes’
or special b i t patterns that result in unusual behaviour. In practice,
this requirement almost certainly means that the other two flavours

of c h a r wi l l behave simi lar ly. Let me emphasise what this means.
Suppose you have an implementation wi th a 9-bit u n s i g n e d c h a r .
The C Standard requires that in such a system, al l possible b i t pat‑
terns must be valid and (I t h i n k ) distinct sothat the values from 0 to
511must a l l bevalid.

One consequence of a fai lure to init ialise an u n s i g n e d c h a r is
that the value is no t predictable and need n o t be stable. At first sight
most programmers w i l l believe that the program must output ‘stable’.

To see why this might not be the case we need to look closely at the
way that an implementation might work wi th the code. First, it might
well choose to keepthe values of all three variables in registers. It could
mark the register used for c asfree for alternative use asthe program‑
m e r has placed no requirement on the value it contains (actually, Ican
see no requirement that it assign storage for c and it might randomly
generate values at compile-time). Even in this simple case, in a multi‑
taskingenvironment the value in the register might change betweenthe
initialisationsof x andy. Asa result,the output from the above program
is unspecified though it mustbe either ‘stable’ or ‘unstable’.

Note that this changes if we replace c h a r by i n t , l o n g , doub le , etc.
Now we have undefined behaviour because in these cases the type is
allowed to have b i t patterns that do not represent a valid value. Some
systems use suchbit-patternsas trap values that indicatesome form of
problem.In addition, the nextversion of Cwi l l requiresupportfor such
things as infinity, which wi l l have their own specialbehaviours.

This month's problem
The fol lowing is the definition of amember function in a book by a
well-known author. The code is part of his implementation of a sim‑
ple str ing class. The class has two data members: p, which is a c h a r
* to handle a dynamic ar ray to hold the string, and l e n , which holds
the current capacity of the s t r i ng object. Read on:
s t r t y p e & s t r t y p e : : o p e r a t o r = ( s t r t y p e & o b ) {

/ / s e e i f more memory is needed

i f ( l e n > o b . l e n ) {

/ / need t o a l l o c a t e more memory
d e l e t e  [ ]  p ;
p = new c h a r [ o b . l e n ] ;

i f ( ' p )  {
c o u t << "A l l oca t i on e r r o r \ n " ;
e x i t ( 1 ) ;

}
l e n = o b . l e n ;

s t r c p y ( p ,  o b . p ) ;
r e t u r n  * t h i s ;

There are so many problems with this code that you are unlikely
to spot them all. However, I encourage you to t r y. Send me y o u r analy‑
sis (include errors, dangerous programming, and poor style); the
author of the best (I get to decide what that m e a n s ) that I have by the
last day of JaCC wi l l receive a copy of Software test automation.

Associationof C/C++ Userssubscriptions:Basic£15, Ful l£25, and
Corporate £80. Full-timestudentsget a 50% discount of the membership
of their choice. Forfurther informationandapplicationforms see
http://www.accu.orgor write toFrancis Glassborow, 64SouthfieldRoad,
Oxford, OX4 1PA, r i ng01865246490, or email editor @accu.org.

J a C C‐ The Java and C/C++ Seminars (15-18September 1999, at the
Oxford Union). See www.accu.org or tel. 0171970 4772for more details.
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Rich and richer f=Se
Mark Smi th shows how you can use the newer, more powerful features of oe =

the Windows rich edi t control that aren't exposed by the VCL.

Beenthe r i ch edit control is awordprocessor inside a con‑
trol. It supports formatt ing of text, indentation, font control, and

the other basic features one expects to see. The underlyingWindows
control is substant ial ly morepowerful than the features exposed by :
Delphi would have you believe, so in this article I ’m going to show
how to use the newer, more powerful features. The Visual Control
L ib rary does an admirablejob of wrappingup theWindows API and
makinga consistent framework out of i t , but over the last few years,
some of the Windows controls wrapped by the VCL have been
enhanced by Microsof t , wi thout Bor land chang i ng the VCL to
expose the new functional i ty.

The firs t , most basic problem wi th the current VCL implementa‑
t ion i s i ts relianceon an old version o f the control, i n r i c h ed32 . d1 l .
I f you look i n theComctrlsun i t , a t the c r e a t e P a r a m s methodo f T c u s ‑
t omR ichEd i t , you can see the DLL namedeclared as a constant. The
Windows API has evolved since this code was written, and the new
versions o f the r i ch edit control are i n r i c h e d i t 2 0 . d 1 l . There was
no change to this in a late beta of Delphi5 so I would expect the story
to be the same in the shipping version.

With Windows and Office 2000 providing r i ch edit three, Borland
should seriously consider revisiting its implementation. In the mean‑
time, the best place for information about the rich edit control is the
MSDN website: http://msdn.microsoft.com/library/sdkdoc/winui/
richedit_9d2rhtm.

Building a new rich edit control
The Delphi class TR i c hEd i t provides access t o the basic function‑
a l i t y of the control. The most conspicuous properties of the control
are: D e f A t t r i b u t e s , S e l A t t r i b u t e s , and P a r a g r a p h . The
D e f a t t r i b u t e s proper ty describes the default font f o rma t t i ng for
the control, whi le S e l a t t r i b u t e s describes the attributes o f the
currently selected text. The P a r a g r a p hproperty gives access to the
non-font characteristics of the current paragraph, such as align‑
ment, indentat ion, and bullet points. There is a lo t that the Delphi
team did not expose in such a convenient manner - the ab i l i t y to
easily embed objects such as hyperl inks or graphics being a case
in point. The largest single omission is the r ichedit OLE interface,
which gives access to a programming interface that allows the r i ch
edit control to take pa r t in object l i n k i n g and embedding, more on
which later.

Theonly way to overcomemany of the limitations in the current
r ichedit control is to create anew one. Weneedto do this sothat we
can specify the name of the DLL that holds the executable code for
the Windows control, as well as specify the name of the Windows
control class that w e need t o subclass: r i c h e d i t 2 0 a . The file
r i c h e d i t 2 . p a s (alongw i th a demonstration program t o show the
new features) is available from EXE OnLine. The first new feature
is the correct hand l i ng of multi-level undo. The VCL implementa‑
t ion only allows you to undo one operation, but jus t deriv ing from
the new r ich edit control class gives us multi-level undo wi thout
doing any further work.
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Using Windows messages
Since the r ich edit control is aWindows control you normally talk to it
by sending Windows messages, most of which are defined in
r i c h e d i t . p a s .Themoststraightforwardway of extendingtherichedit
control is to use the messages that Borland has not already turned into
properties or methods.Mostly these are r ich edit 2 messages. To force
the control to undoan operation, send it amessagewith EM_UNDOasthe
message ID.To redoan operation, sendEM_REDO.Youcancheck to see if
ar ich edit 2 control is able to undo or redo by sending (o r performing)
the EM_CANUNDO and EM_CANREDO messages, as shown in the demo pro‑
gram.Youcanalsoquery the type of operation that thecontrolwi l l undo
or redo‐ typing,copying, etc ‐ sothat it becomeseasy tobuildhintssuch
as‘Undotyping’ or ‘Redopaste’.Youmaynoticethat IusePerformrather
than P o s t M e s s a g eor SendMessage in the exampleapplication.Theuse
of Pe r f o rmbypasses the Windows message queue and goes straight to
the target control’s message handler.There’s no benefit here, but I tend
to prefer it since it feels more likeanormal function call.

Text formatt ing
The Delphi T Te x t Attributes class describes the font for asectionof
text in a rich edit control. There are more characteristics available
now than in the earlier versions of the control, but get t ing hold of
them requiresmore work than wasneeded to get the newundo/redo
functionality. As I mentioned, the most common way to manipulate
the contents o f a r i c h edit control i s through the D e f A t t r i b u t e s ,
S e l A t t r i b u t e s , and P a r a g r a p hproperties.Thefirst two are objects
o f class T Te x t A t t r i b u t e s , while Paragraph i s o f class T P a r a ‑
A t t r i b u t e s . One property o f T Te x t A t t r i b u t e s , C o n s i s t e n t A t ‑

t r i b u t e s , is a set describing the properties of the text in question.
The TR i c h E d i t class hasnot beenupdated t o take account o f the new
text attributes (shadow, emboss, URL ) that the Windows control now
supports. It puzzles me that Borlandhas already translated the more
up to date data structures, in r i c h e d i t . p a s , but did not implement
them. To support the new functionality, we need to make the control
support the new structures. Rather than start f rom scratch, I’ve cre‑
ated a new descendent o f the existing T Te x t A t t r i b u t e s class that
has properties that expose the new functionality.

To set the attributes of some text, you need to fi l l a formatting struc‑
ture wi th the new values, and set a flag to say which parts of the for‑
matt ing to apply. The fo rma t t i ng structure used by the VCL
implementation is TCharFormat , which can bereplacedby TC h a r F o r ‑
mat2A (or T C h a r F o r m a t2 Wi f youareusingUnicode).A t the time o fwrit‑
ing, Ihavenothada lotof successwith someof theenhancedformatting
‐ the underline styles beingan example.This may bedue to their being
implemented in amore recent version of the DLL than I have installed.

Us ing the Richtext OLEinterface
The r ich edit control supports object l i n k i n gandembedding through
an OLE interface, which opensup the r i ch edit control to more than
just text, since you can use the OLE interface to embed objects, doc‑
uments, or evenhyperlinks.Unfortunately,Delphidoesnot ship with
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I R i c h E d i t O L E = i n t e r f a c e ( I U n k n o w n )
f u n c t i o n  G e t C l i e n t S i t e ( o u t  c l i e n t S i t e : I O 0 l e C l i e n t s i t e )

: H R e s u l t ; s t d c a l l ;
f u n c t i o n G e t O b j e c t C o u n t : l o n g i n t ; s t d c a l l ;
f u n c t i o n G e t L i n k C o u n t : l o n g i n t ; s t d c a l l ;
f u n c t i o n G e t O b j e c t ( i o b : l o n g i n t ; v a r r e O b j : T R i c h E d i t O b j e c t ;

fl a g s : l o n g i n t ) : H R e s u l t ; s t d c a l l ;
f u n c t i o n InsertObject ( r e O b j : P R i c h E d i t O b j e c t ) : H R e s u l t ;

s t d c a l l ;
f u n c t i o n C o n v e r t O b j e c t ( i o b : l o n g i n t ; v a r c l s I D : T C L S I D ;

szUserTypeNew: P O l e S t r ) : H R e s u l t ; s t d c a l l ;
f u n c t i o n A c t i v a t e A s ( v a r c l s I d : T C L S I D ; v a r

c l s I d A s : T C L S I D ) : H R e s u l t ; s t d c a l l ;
f u n c t i o n SetHos tNames ( s z C o n t a i n e r A p p : P C h a r ;

s z C o n t a i n e r O b j : P C h a r ) : H R e s u l t ; s t d c a l l ;
f u n c t i o n  S e t L i n k A v a i l a b l e ( i o b : l o n g i n t ;

a v a i l a b l e : b o o l e a n ) : H R e s u l t ; s t d c a l l ;
f u n c t i o n S e t D V A s p e c t(iob:l o n g i n t ; ‘

d v A s p e c t : l o n g i n t ) : H R e s u l t ; s t d c a l l ;
f u n c t i o n H a n d s O f f S t o r a g e ( i o b : l o n g i n t ) : H R e s u l t ; s t d c a l l ;
f u n c t i o n S a v e C o m p l e t e d ( i o b : l o n g i n t ; s t g : I S t o r a g e ) : H R e s u l t ;

s t d e a l l ;
f u n c t i o n I n P l a c e D e a c t i v a t e : H R e s u l t ; s t d c a l l ;
f u n c t i o n C o n t e x t S e n s i t i v e H e l p ( e n t e r M o d e : b o o l e a n ): H R e s u l t ;

s t d c a l l ;
f u n c t i o n G e t C l i p b o a r d D a t a ( v a r c h R g : T C h a r R a n g e ;

r e c o : l o n g i n t ; o u t d a t a O b j : I D a t a O b j e c t ) : H R e s u l t ; s t d c a l l ;
f u n c t i o n I m p o r t D a t a O b j e c t ( d a t a O b j : I D a t a O b j e c t ;

c f : T C l i p F o r m a t ; hMetaPict:HGlobal) :HResult; s t d c a l l ;
e n d ;

List ing 1 - T h e IRichEditOLE interface.

p r o c e d u r e T R i c h E d i t 2 . C r e a t e O b j e c t ( c o n s t C r e a t e I n f o : T C r e a t e I n f o ) ;
v a r

S t o r a g e  :  I S t o r a g e ;
O l e O b j e c t : I O l e O b j e c t ;
O l e S i t e  :  I O l e C l i e n t S i t e ;
R i c h E d i t O b j e c t  :  T R i c h E d i t O b j e c t ;
D a t a : T O l e U I C h a n g e I c o n ;

b e g i n
F R i c h E d i t O l e . G e t C l i e n t S i t e ( O l e S i t e )  ;
F R i c h E d i t 0 l e C a l l b a c k . G e t N e w S t o r a g e ( S t o r a g e ) ;
case C r e a t e I n f o . C r e a t e T y p e o f

c t N e w O b j e c t:
OleCheck ( O l e C r e a t e ( C r e a t e I n f o . C l a s s I D , I O l e O b j e c t ,

OLERENDER_DRAW, n i l , O l e S i t e , S t o r a g e , O l e O b j e c t ) ) ;
c tFromFi le :

O l e C h e c k ( O l e C r e a t e F r o m F i l e (GUID_NULL ,
PWideChar ( C r e a t e I n f o . F i l e N a m e ) , I O l e O b j e c t ,
OLERENDER_DRAW, n i l , O l e S i t e , S t o r a g e , O l e O b j e c t ) ) ;

c t L i n k To F i l e :
OleCheck ( O l e C r e a t e L i n k To F i l e ( P W i d e C h a r (

C r e a t e I n f o . F i l e N a m e ) , I O l e O b j e c t , OLERENDER_DRAW,
n i l , O l e S i t e , S t o r a g e , O l e O b j e c t ) ) ;

c t F r o m D a t a :
OleCheck ( O l e C r e a t e F r o m D a t a ( C r e a t e I n f o . D a t a O b j e c t ,

I O l e O b j e c t , OLERENDER_DRAW, n i l , O l e S i t e , S t o r a g e ,
O l e O b j e c t ) ) ;

c tL inkFromData :
OleCheck ( O l e C r e a t e L i n k F r o m D a t a ( C r e a t e I n f o . D a t a O b j e c t ,

e n d ;
F i l l C h a r ( R i c h E d i t O b j e c t , S i z e O f ( T R i c h E d i t O b j e c t ) , 0 ) ;
R i c h E d i t O b j e c t.cbStruct:=SizeOf ( T R i c h E d i t O b j e c t ) ;
R i c h E d i t O b j e c t .cp:=SelStart;
R i c h E d i t O b j e c t . o l e o b j : = O l e O b j e c t ;
R i c h E d i t O b j e c t .clsid:=Data.clsid;
R i c h E d i t O b j e c t . s t g :
R i c h E d i t O b j e c t . o l e s i t e : = O l e S i t e ;
RichEditObject.sizel.c: 7
RichEditObject. s i z e l . c y : = 0 ;
R i c h E d i t O b j e c t . d w U s e r : = 0 ;

F S e l O b j e c t : = O l e O b j e c t ;
i f C r e a t e I n f o . S h o w A s I c o n t h e n
b e g i n

R i c h E d i t O b j e c t . d v a s p e c t : =DVASPECT_ICON;
F D r a w A s p e c t : =DVASPECT_ICON;

e n d
e l s e
b e g i n

F D r a w a s p e c t : =DVASPECT_CONTENT;
R i c h E d i t O b j e c t .dvaspec t : =DVASPECT_CONTENT;

e n d ;
I f CreateInfo .CreateType=ctNewObject t h e n

R i c h E d i t O b j e c t . d w F l a g s : = R i c h E d i t O b j e c t . d w F l a g s o r $ 0 1 0 ;
O lecheck ( F R i c h E d i t O l e . I n s e r t O b j e c t ( R i c h E d i t O b j e c t ) ) ;

e n d ;

L is t ing 2- Creating a new OLE object.
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an Object Pascaltranslation of the richedit OLE interface,soweneed
to build one. I enjoy converting C++ files to Pascal as much as the
next man, soI was gratefu l to find that the C++ interface, r i c h o l e . h ,
is only 170 lines long. I tried us ing Bob Swart’s HeadConv ut i l i t y
(http://www.drbob42.com) to do the conversion, but it does not han‑
dle interface definitions soI hadto dothejob by hand.The definition
o f I R i c h E d i t O L e that I came u p wi th i s shown i n L is t ing 1 .I t seems
to work, even if I m i g h t have got some of the parameter definitions
sl ight ly wrong.

Once wehave the definition of the OLE interface, the next task is
to get hold of an instance of i t . Wedo this by sending the Windows
message EM_GETOLEINTERFACE to the rich edit control and casting
the LPARAM t o our I R i c h E d i t O L E interface. Af ter this, things get
somewhat more involved. To allow o u r r i ch edit control to hold OLE
objects, we need to allow the control to request resources from the
hostingapplication.

We achieve this by prov id ing the r i ch edit control w i th an object
that implements the [ R i c h E d i t O l e C a l l b a c k interface. This inter‑
face defines several importantmethods,chiefamongthem beingG e t ‑
N e w S t o r a g e , i n which w e create a structuredstorage interfacefor the
r ich edit control to store the embedded objects. Once we have the
structured storage, we can create a new object and then insert it into
ou r control a sshown i n L is t ing2 .The T C r e a t e I n f o structurepassed
a s a parameter t o the procedure i s defined i n O L E C t n r s . p a s and
describes the create type (as in the c a s e statement), class ID,andfile‑
name of the object to be embedded. Once we have called the appro‑
pr iate OLE function t o create the object described i n the c r e a t e I n f o
parameter, we populate a new record structure of type T R i c h E d i t ‑
Object (defined i n r i c h e d i t 2 . p a s ) ,which describes the appearance
of ou r embeddedobject. The demonstration projectalso shows howto
embed URLs in the rich edit control, as wel l as use someevents to
detect when the user selects an URL.

Going further
Ihavedeliberately ignored issues of wide str ings versus Ansi str ings
in this article. The R i c h E d i t 2 class in the sample application uses
Ans i s t r ing functions. These can be changed to the i r wide s t r ing
equivalent if that is what y o u need. Likewise, I havenot looked at fea‑
tures offered in r ich edit 3, since most people are st i l l us ing earlier
versions of MS Office.

Delph i 4 plus one more
The n e w release of D e l p h i should be h i t t i n g the shops about the
same time as this article. I ’ve been playing around w i t h the betas
over the past few months, and it looks l ike Delphi5 is a lo t more
reliable than i ts predecessor was. Of course, Borlandm a y add more
bugs in to the final release, and snafu the entire th ing at the last
minute. I think this is less l i ke ly th is t ime round - John Kaster in
Borland’s Developer Relations has said: ‘Qual i ty is the most impor ‑
tant t h i ng to our developers.’ A n d other Borland staff have indi‑
cated tha t t h e y have management support f o r sh ipp ing a much
better product than Delphi4. Clearly, no release is ever perfect, but
the messages coming out of the new ( n o longer .com) Borland are
promising. Final ly, congratulat ions to Marco C a n t t and Bob Swart ,
w inners o f t h i s year ’s S p i r i t o f De lph i award (h t tp : / /www.bor ‑
land.com/delphi/vote/index.html). a

Mark Smith is a Delphicontractor. You can contact h im by emailing
E xX E msmitha@cix.co.uk, or say hello at a Borland User’s

ONLN € Group meeting. Telephone 01980 630032for BUGdetails.
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JaCC 99 - the sof tware deve loper 's conference
ACCU (the Association of Cand C++ Users) and EXE have put together a u n i q u e
conference for all Java, C and C + + developers o v e r four days at the world-famous
Oxford Union, featuring exper t speakers including Jim Coplien, Kevlin H e n n e y,
Barbara Moo, Andy Koenig, Nigel Warren and Bertrand Meye r. Preferential rates a r e
available for EXE subscribers and ACCU members.
Check the schedule at the link below for the latest updates (two new s e s s i o n s on
Wednesday: Solaris Technology and COM as a better C++, COM+/MTS as 2 better
COM; and a swap of sessions between Friday and Saturday).

> Full conference details...
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Visua l i s i ng  CA
A report from the CA World conference.
O r c h e s t r a t i n g a n embedded revo lu t ion?
Embedded Solutions Ltd (ESL), a spin-off joint venture with Oxford Un ive rs i t y, was
set up to develop and exploit Handel-C, a radical approach to co-design.
> More news.. .

Techniques

WebClasses - e x t r a t u i t i o n
Jon Perkins continues his coverage of the WebClass technology introduced in Visual
Basic 6.0.aecsk Jus o .
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A new sense of security
Lou Grinzo, our new Java columnist, provides a quick peek

at the J D K 1.2 secur i ty features.

sens is one of those topics in computerprogramming that are
never t ru l y done. The best approach is to view it as an on-going

journey, a philosophy even, and not a simple standalone task that we
can do once, cross off our l is t , and then happi ly move on to other
chores. The evolution of Java’s security features are a perfect exam‑
ple of this mindset in action, as Sun has significantly expanded and
improved the security support in JDK 1.2.

This month I ' l lgive you an overview of the new security model,and
provide a simple demonstration of how to use its features to deal with
the mostcommontopic in Java security: controllingaccess to localfiles.

What w a s
Prior to the JDK 1.2,Java’s security was a classic example of violating
Einstein’s observation that we should make things assimple aspossi‑
ble, but no simpler. The ‘sandbox’, as it ’s lovingly called, places very
tight restrictions onapplets,which results in quite good security over‑
all. But it can bevery frustrating for programmers not used to dealing
wi th security issues. M a n y developers want to write applets for use
solely wi th in their company, on a L A N for example, but find that the
sandbox’s restrictions, most notably the inabi l i ty of applets to read
from or write to local files, are a showstopper. By contrast, local appli‑
cations andthe classes they loadfrom local sources, encounter no secu‑
r i t y restrictions whatsoever. Ironical ly enough,this can afford less
protection than is desired. (I ran into exactly this situation some time
back, in fact, in that I had to r u n an application I ’dwritten that loaded
and used classes created by people I didn’t know. I wanted to keep the
alien code in the tightest possible sandbox, but give my own code free
re ign of the system. This was difficult wi th the JDK 1.1, but the new
security features in v1.2 greatly simplified matters.)

The core problem with the v1.1 security was that Sun relied too
heavily on a heuristic: local and signed non-local code was trusted,
while unsigned, non-local code was not. That’s simply paint ing with
too broad a brush for a general purposeprogramminglanguage,even
if you can always determine where code is really being loaded from.

The older security architecture also presented quite a few chal‑
lenges if you wanted to create a custom security policy. The methods
available required a knowledge of the JVM’s call stack, and resulted
in error-prone, fragile code.

What is
Luckily, Sunrealised the shortcomings of the old modelandcompletely
redesigned the security features in JDK 1.2.They created a system that
provides fine-grain control, far easier configuration, and no reliance on
determiningwhether code was localor non-local.The newsystem is also
muchcleaner and more extensible, since it keeps separated those parts
of the design that should be(like the content of the security policy and
the implementation). I can’t begin to give you more thana taste of the
security facilities here,asthey includekeystores,certificates, signed j a r
files, and cryptography extensions. This is an area I ’ l l revisit in future
columns. (See http://java.sun.com/docs/books/tutorial/security1.2/
index.htmlfor Sun’sonline security tutorial.)

E X E s e p t e m b e r 1 9 9 9

F r o m a programmer ’s standpoint, the new architecture is bu i l t
around an object-oriented hierarchy of permissions, which are con‑
trolled via plain-text policy files. These permissions control access to
things likefiles, networkingfacilities, and configuration information.
Perhaps Sun was tired of listening to all the complaints about the a l l
or nothingapproach of the sandbox, because the new system provides
you with a surprising level of control. You’re no t limited to allowing
or p roh ib i t i ng a given Java executable access to localfiles, for exam‑
ple, but you can specify which files in which directories the code can
access, and even the type of access allowed (read, write, execute). In
addition, programmers can createand manage their ownapplication‑
specific permissions if the predefined permissions aren’t sufficient,
much as they can add to Java’s exception hierarchy.

The key to managing permissions is two files: j a v a . p o l i c y and
j a v a . s e c u r i t y . I n a normal installation under Windows, both files
are stored in c:\<jdk_name>\jre\lib\security, where <jdk_name> is
what you would expect ‐ jdk1.2.1, jdk1.2.2, etc. (Note that this file place‑
ment conflicts with Sun’s frequent reminders that these files are
stored in the \lib\security directory under the main JDK directory.)

The j a v a . p o l i c y file contains the normal,base security settings,
and you typically won’t have to w o r r y about changing or even look‑
i ng a t this file. However, j a v a . s e c u r i t y i s more useful for ou r pur ‑
poses, since it contains some settings that affect the behaviour of the
overall security subsystem, including the names of additional policy
files to use. By a d d i n g y o u r own po l i cy fi les , as I ’ l l demonstrate
shortly, you can create a surprisingly flexible configuration, and con‑
trol what you allow individualJava programs (bothapplets and appli‑
cations) to do.

Policy files are just text files that you could create or modify wi th
any editor. That’s definitely no t recommended, though, since the syn‑
tax is fussy enough to make errors more than a possibility. Instead,
you should use Sun’s GUI p o l i c y t o o l program, which i s i n the \b in
directory of your JDK installation.This tool is fa i r ly straightforward
to use, but it does require some careful attention to how you specify
paths, since there is slightly different syntax for specifying whether
you're granting access to l is t the files in a directory, or access to read
the files themselves. See http://java.sun.com/products/jdk/1.2/docs/
guide/security/spec/security-spec.doc3.html for more details.

Doing it
Enough theory - let’s see how this a l l works. You’ll need a v1.2-com‑
pliant JVM installed to work through these examples,of course. (I used
the JDK 1.2.1for Windows.) If your systemdoesn’t havea c:\temp direc‑
tory, create one, and copy the two files f rom th is art ic le ( t e s t ‑
W r i t e . j a v a and t e s t . p o l i c y ) in to i t . O f par t icu lar interest i s
t e s t . p o l i c y , whichI created with the p o l i c y t o o l .The entire file is:
/* AUTOMATICALLY GENERATED ON S u n J u l 18 1 0 : 11 : 0 0 EDT 1999* /
/ * D O NOT E D I T * /

g r a n t codeBase " fi l e : / c : / t e m p " {
permiss ion j a v a . i o . F i l e P e r m i s s i o n " c : \ \ t e m p \ \ * " , " w r i t e " ;

yi
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J A V A A N E W S E N S E O F S E C U R I T Y

This policy file grants the abi l i ty to wri te
to any file in the directory c:\temp to any Java
code that is loaded f rom the local directory
c:\ temp (referred to as the c o d e B a s e above).

The t e s t W r i t e program (see Lis t ing 1 )i s
a minimal Java application that writes a sin‑
gle line of text to two files: c:\temmp\test.txt and

c:\text.txt, in that order. If you compile and r u n this p rogram as you
would any otherJava application, it blissfully creates the output files
and reports success, as expected. I t ’s not v e r y excit ing, but baseline
cases aren’t supposed to be.

Rerun t e s t W r i t e , but tell the J V M t o use a security manager:
C : \ t e m p > j a v a  - D j a v a . s e c u r i t y. m a n a g e r  t e s t Wr i t e
Watch what happens: access is denied. The J V M has used the
security manager, as requested, which restricted t e s t w r i t e from
accessing local files. Th is looks suspiciously l ike our nasty o ld
f r iend, the sandbox.

Next, edit the j a v a . s e c u r i t y fi le for y o u r JDK (c:\jdk1.2.1\jre
\lib\security\java.security on my system),and you ’ l l find a l ine that
looks like:
p o l i c y . u r l . 2 = fi l e : $ { u s e r . h o m e } / . j a v a . p o l i c y
Add a l ine beneath this one that reads:
p o l i c y . u r l . 3  / c : / t e m p / t e s t . p o l i c y
You must use either forward slashes or double backslashes in this
line, to prevent the J V M from parsing the l ine incorrectly, and the
path and filename must point to the t e s t . p o l i c y file above.

Re-run t e s t W r i t e w i th the - D j a v a . s e c u r i t y . m a n a g e r option
as y o u d i d above, and this t ime y o u ' l l see tha t the wr i t e to
c:\temp\test.txt worked, b u t the write to c:\test.txt triggered an excep‑
tion. I f y o u move t e s t W r i t e . c l a s s t o another d i rec tory and r u n
this last test again, it wi l l fa i l on its attempt to wr i te to the firs t file,
which is exactly what we should expect - our policy file specifically
grants the r ight to write to any file in c:\temp, bu t only to Java pro‑
grams r u n from c:\temp. When t e s t w r i t e was r u n froma different
directory, o u r pol icy no longer applied to i t , and it once again felt the
m i g h t y wrath of the sandbox.

I f you want t o r u n t e s t W r i t e and use o u r custom security policy
file, you can avoidedit ing j a v a . s e c u r i t y , a s w e d id above t o add the
p o l i c y . u r l . 3 line. Instead, y o u can specify the policy o n the com‑
mand line, l ike this:
java  -D java .secur i t y.manager

-Djava.security.policy=test.policy testWrite
This w i l lwork exactly asexpected, although it does require a depress‑
i ng amount of typing even by Java’s normal ly verbose standards.

impor t j a v a . i o . * ;
c l a s s testWrite (

p u b l i c s t a t i c v o i d m a i n ( S t r i n g [ ] a r g s )
throws FileNotFoundException, IOExcept ion {
S t r i n g { ] f n = { " c : \ \ t e m p \ \ t e s t . t x t " , " c : \ \ t e s t . t x t " } 7
i n t num_s t r i ngs = 2 ;

f o r ( i n t i = 0 ; i < n u m s t r i n g s ; i + + ) {

}
I e .
s t a t i c v o i d w r i t e F i l e ( S t r i n g f n )

throws Fi leNotFoundExcept ion , I O E x c e p t i o n {
F i l e O u t p u t S t r e a m f o s = new Fi leOutpu tSt ream( fn) ;
OutputStreamWriter osw = new O u t p u t S t r e a m W r i t e r(fos);
o s w . w r i t e ( " T h i s i s a fi l e w r i t t e n b y t e s t W r i t e ! " ) ;
o s w . c l o s e ( ) ;
f o s . c l o s e ( ) ;

L ist ing 1-W r i t i n g a single line of text to t w o files.
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Notice that i n j a v a . s e c u r i t y the p o l i c y . u r l . 2 l ine pointed t o
a file called fi l e : $ { u s e r . h o m e } / . j a v a . p o l i c y . This i s a per-user
pol icy file, and the $ { u s e r . h o m e } i s replaced b y the user’s home
directory. Under Windows, this can be c:\windows, c:\windows\pro‑
files\<username>, or c:\winnt\profiles\ <username>, dependingon the
version of Windows you’re running and whether you're doing so in
single- or multi-user mode.

You could create o r edit . j a v a . p o l i c y (note the leading . ) with the
p o l i c y t o o l ut i l i ty and addour custompolicy t o i t ,and i t would b eused
whenever your Java system useda security manager. Which brings up
yet another interesting wrinkle in our security tapestry: the security
manager is always usedfor applets,whether they’re loadedfroma local
or remote location, but never used for applications unless explicitly
requestedwith the commandlineoptions shownabove.Youcouldargue
that this is just another variation of the local/non-local heuristic, but
since it works somuchbetter, I certainly won’t complain.

Weirdnesses
When you begin experimenting with the n e w JDK 1.2 secur i ty fea‑
tures, you're l ikely to r u n into several issues. In the interest of help‑
i n g to min imise y o u r frustrat ions, here are some of the more
interesting gremlins I’ve found.

The commandlineoption - D j a v a . s e c u r i t y. m a n a g e r mustappear
before the name of your application, or it wi l l be ignored,meaningno
security manager wi l l beused,and you’ll get no notification.

If you r u n a Java application (not applet)and specify a policy file
o n the commandline wi th the - D j a v a . s e c u r i t y . p o l i c y option, but
forget the - D j a v a . s e c u r i t y . m a n a g e r option, then Sun’s JVM w i l l
r u n the p rog ram without a securi ty manager, ignore the policy y o u
wanted it to use, and not report an error.

When testing wi th applets, make sure you use the a p p l e t v i e w e r
program that comes with the JDK. Mostbrowsers today don’t support
JDK 1.2 yet, and therefore won’t use its new security features.

A ho t topic for the future
Don’tbe afraid to experiment with and learnabout Java’s new security
model. Computer security wil l be a hot topic for the foreseeable future,
and beyond, m a k i n g this a worthwhile w a y to invest your time. And
there’s themorepragmatic issueof usingthese toolsproperly ‐ mostpro‑
grammingtasks eitherwork or they failoutright, usually withmorethan
enoughpyrotechnics.But security tools can sometimes fai lsilently,wi th
disastrous consequences, or (almost asbad)be overly strict andprevent
peoplefrom doingthings thatshouldbeallowed. It’sagood ideato know
your way aroundpolicyfiles,permissions,andthe restof Java’s security
plumbingwell in advance of havingto use them on a realproject.

Hello, EXE
You've probably noticed I ’ m the new Java guy at EXE. That’s w h y I
want to take a minute to say hello f rom the wooded wilds of the North
EasternUS, andask you to drop me an email at lou@gizmoDrome.com
about what you'd like to see covered in future instalments of this col‑
umn. There’s no lack of interestingand pertinent things to talk about
in this weird and wonderful world of Java, soI ’dliketo hear your spe‑
cific suggestions and requests. a

L o u Grinzo has been working with and w r i t i n g about desktop
computersfor moreyears than he’llpublicly admit. He’s currently
focusing on cross-platform technologies, inc lud ingJava, L inux , and
XML. His website is http://www.gizmoDrome.comandyou can email
h im at lou@gizmoDrome.com.
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= Jace 99
JaCC 9 9 - the sof tware d e v e l o p e r ' s conference
ACCU (the Association of C and C + + Users) and EXE have put together a u n i q u e
conference for all Java, C and C + + developers o v e r four days at the world-famous
Oxford Union , featuring e x p e r t speakers including Jim Coplien, Kevlin Henney,
Barbara Moo, Andy Koenig, Nigel Warren and Bertrand M e y e r. Preferential rates are
available for EXE subscribers and ACCU members.
Check the schedule at the link below for the latest updates (two new s e s s i o n s on
Wednesday: Solaris Technology and COM as a better C + + , COM+/MTS as a better
COM; and a s w a p of s e s s i o n s between Friday and Saturday).

> Full con fe rence details

= Latest news
¥isua l i s i ng  CA
A repor t from the CA World conference.
O r c h e s t r a t i n g a n embedded revo lu t ion?
Embedded Solutions Ltd (ESL), @spin-off jo in t venture with Oxford Un ivers i t y, was
set up to develop and exploit Handel-C, a radical approach to co-design.
> M o r e n e w s

Gatechniques

WebClasses - e x t r a t u i t i o n
Jon Perkins continues his coverage of the WebClass technology introduced in Visual
Basic 6.0.

> Techn iques = Available n o w

WebClasses - e x t r a t u i t i o n
Jon Perkins continues his coverage of the WebClass technology introduced in Visual
Basic 6.0.
Techniques - July 1999
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FREE - W i n a c o p y of Act iveX Component Su i t e

Techniques - July 1999

WebClasses - extra tu i t i on
Jon Perkins continues his coverage of the WebClass
technology introduced in Visual Basic 6.0.

Las t month I discussed the basics of WebClass technology, notably the
simple Request/Response model that facilitates the passing of
information from client to server and back. This month I am expanding
the top ic to provide deeper coverage of this same i s s u e , and to explain
how a web-based application can re ta in state information. As before, I
will be including fundamental web-development i s s u e s because there are
still many developers who have y e t to make this step in to the brave
new world of the Internet.

i s n ' t  i t
abou t t i m e

Sending client data to t h e server EX = (@)n Li ne?
=.

Web pages are, more often than not , a one-way flow of data. The user
requests a specific page, for which a navigation request is passed to
the server, and then the next page i s sent back down. S o m e t i m e s ,
howeve r, the user needs to send data up to the server, for example to
send in registration details for a newly purchased software product. This
is implemented by sett ing a section of the HTML page with form tags,
specifically <FORM> and </FORM>

y o u discovered

Within this defined r e g i o n exist individual i tems such as text boxes, radio ERSAONLINEb u t t o n s , check boxes, and so on. Two standard components that are
also used are a Submit but ton and a Reset but ton. The Submit but ton
sends the data that has been entered into the form up to a previously
determined URL, while the Reset button initialises the values of each
contro! within the form r e g i o n . A single HTML page can conta in multiple
forms, but each separate form will need to have i t s own Submit but ton.

T h e f a r m t a n c t h e m e a l v e c h a v e 3 c a i n l e n f narameterc t h a t a r e worth

h t t p : / / w w w . e x e . c o . u k
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Visual Basic in Office 2000
Jon Perkins has a look through Microsoft Office 2000 and

t’s been at the back of my mind for a few months to refresh my
knowledge of the implementation of Visual Basic that ships wi th

Microsoft Office.This thought came to the fore again recently when
Iupgradedsome of my machinesto Office 2000. I was aware from pre‑
vious t inker ings with the beta copies of the Office 2000 Developer Edi‑
t ion tools that there were some new add-ins, and that a newerversion
of ADO hadbeenmadeavailable (moreon this later). However, it was
only whenI got around to install ing the Office 2000-specific version of
the MSDNl ib ra r y that I realisedthat I musthave taken my eye off the
ballfor a b i t too long. When I was presentedwi th the setup dialog that
asks me which MSDN components to install, I noticed that Visual
Basic was described asbeingversion 6.1. What new features hadthey
included to warrant the jump from 6.0? Absolutely everything got
installed from this po in t on.

The answer was a disappoint ing ‘not much real ly ’ . Look ing
th rough the MSDN documentation reveals tha t everything is st i l l
referred to as Visual Basic 6.0, inc lud ing the About box fo r the tool
itself. However, once I had managed to dispel the resultant disap‑
pointment at the absence of a new version to play with, I dove head‑
long into the developer areas of the product. I can only assume that
the 6.1 reference was a vestige of an initial market ing decision that
was then reversedbutoverlooked on this particular dialog box. How‑
ever, there are actually some new features that I propose to cover
because they are useful to Office developers, and hopefully we shall
be seeing them included in the next version of the full-blown Visual
Basic product.

N e w tools
There are several n e w tools provided to help the developer. A simple
but effective one is the VBA St r i ng Editor. This add-in removes the
tedium of t r y i ng to spli t large strings into smaller units that con‑
catenate together, which is often done in order to display the whole
s t r ing on the screen and thus prevent any extensive scrol l ing wi th in
the editor. Us ing the tool prevents the problem often encountered
where, for example, ameaty SQL statement can be syntactically
incorrect because of miss ing embedded quote characters. To th is
end, you are presented wi th a simple text box in which you can type
or paste the entire string. The action of pressing the update button
w i l l then break the str ingdown using appropriate concatenation and
line-continuation characters.

A couple of related tools are the VBA Code Commenter andthe VBA
Error Handler. These use predefined templates with macro expansion
facilities to paste standard header code into a single procedure, al l pro‑
cedures wi th in a module, or al l procedures wi th ina project. This is
achieved through the use of template files (with an e h t extension) that
cancontain tokencharacters that areexpandedat paste-time intomean‑
ingful values. For example, $ $ a is expanded into the author’s name.
While this is a useful tool, I find it disappointing that youneedto use an
external editor such asNotepad to construct the template. This might
sound like whinging, but you are providedwith a read-only window in
which you canview the template code, sowhy notallow for editing too?
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discovers... Visual Bas ic 6.1?

Hav ing switched to whinge-mode, I ' l l fol low up w i t h another
one: y o u can’t use these add-ins w i th in the full-blown Visual Basic
because the VBA environment exposes a di fferent extensib i l i ty
l i b ra r y to the Visual Basic 6.0 product. However, if anybody does
become aware of a workaround, then please let me know and I ' l l
post it on my website.

One tool that I real ly do feel we’re overdue is the Code Librar‑
j an , shown in F igure 1.This application acts asa repository for pre‑
exist ing code that can be pasted into your project. Each repository
is contained wi th in an ps file, and new ones can becreated asnec‑
essary. The repository file that is provided wi th the Code Librar‑
j a n contains a whole host of ve ry useful routines. Understandably,
some of these are geared to automat ing Office 2000 objects, but
there are m a n y other categories of code, such as file I / O , sort rou ‑
tines, ADO manipulation, error handling, and encrypt ion, to men‑
t ion a few. Corporate developers who can be sure that the end-users
wi l l alreadyhave Office installed w i l l beable to integrate the Office
Assistant character into their applications, u s i n gthe provided code
asa springboard. The problem that I mentioned wi th the other add‑
ins, namely that y o u can’t load them into the Visual Basic 6.0 envi‑
ronment, isn’t so bad in this case because it is possible to load the
Code Librar ian as a standalone module and transfer the code via
the clipboard.

The Office 2000 Developer Edition also includes version 1.2 of
the HTML Help edi tor environment. Visual Basic 6.0 on ly ships
w i th version 1.1,soit ’s worth copying this over if you’ve got access
to i t , otherwise you ’ l l need to download it f rom the Web. F ina l l y,
the Answer Wizard toolki t allows you to create help topics that tie
in w i th the natural language query fac i l i ty that the Office Assis‑
tant provides.

Figure 1 - T h e Office 2000 Code Librarian ut i l i t y.
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ADO 2.1
Someth ing else that comes along w i t h
Office 2000 is anewer version of the ADO
libraries. Visual Basic 6.0 includes ADO
version 2.0, bu t Office 2000 includes ver‑
sion 2.1 and sowi l l overwrite your ‘older’
files. At the time of wr i t ing, post-2.1 ser‑
vice packs are available from the
Microsoft website at h t tp : / /www.micro

soft.com/data/download2.htm.
A quirk of the Microsoftdistribution strategy ‐I suppose it has its

reasons~ is that the lightweight (ie connection-less) RecordSet com‑
ponents of ADO do not form part of the formal ADO package; new
releases are shipped a long w i t h successive releases of Internet
Explorer. Therefore, if you’ve got IE5 then y o u should already have
ADOR version 2.1(although from my own observations y o u migh t
need t o re-register the m s a d o r 1 5 . d 11file wi th the r e g s v r 3 2 . e x e reg‑
istration ut i l i ty in order to make it appearproperlyin the Visual Basic
References dialog).

Apar t f rom a number o f i m p o r t a n t b u g fixes, ADO has been
extended in severalareas to provide increasedsupport for some of the
underlyingOLE DB providers. Remember that OLE DB is concerned
with providingaccess to some of the morediverse, or at least non-typ‑
ical, forms of data and sothe simplified object layer that is ADO occa‑
sionally needs modification in order to keep up.

One such modification is a tie-in wi th the Microsoft OLE DB
Persistence Provider, which saves and restores data to a file ‐ the
lightweight-RecordSet concept again. A l though this persistence
was already available in ADO 2.0, the faci l i ty n o w exists to save the
data in XML format so that it can be manipulated across Internet ‑
based environments.

Anew Seek method, and an associated I n d e x property, facilitates
fast searches through RecordSetobjects. Once the I n d e xproperty has
been set for the current RecordSet object - assuming that the under‑
l y ingprovider supports indexes ‐ then the Seek methodwi l l make use
of this and move the cursor to the desiredposition (whichcan bejust
before, on, or just after the matching record).

A new service component called the Microsoft Cursor Service for
OLE DB has alsobeen introduced.This faci l i ty attempts to introduce
a greater degree of standardisation a m o n g the under ly ing data
providers b y providingconsistent C u r s o r T y p e , L o c k , and S o r t prop‑
erties regardless of whether they are actually provided.

ADOX library
Furthermore, ADO 2.1 introduces an additional l ib rary that is con‑
cerned with the manipulation of schemas rather than the data held
therein. ADOX, or the Microsoft ADO Extensions for DDL and Secu‑
r i t y to give it its fu l l title, is aset of management objects that facilitate
the modificationof a schema definition in astandardway. Essentially,
as before, it’s an at tempt to provide a uni form means of doing a job
against different backends. Although this shares the same 2.1version
index as the rest of the ADO set, in reali ty this is the first release of
this specific l ibrary and sothe implementation isn’t ascomprehensive
as it presumablywi l l be. By this, I mean that there are a significant
number of backendenvironments that are notproperly supportedyet.
In fact, the only provider that appearsto have a complete implemen‑
tat ion in this release is the Microsoft OLE DB Provider for the
Microsoft Jet DatabaseEngine.The other three that are directly sup‑
ported (Microsoft SQL Server OLE DB Provider, Microsoft OLE DB
Provider for ODBC, and Microsoft OLE DB Provider for Oracle) only

have specific areas of implementation that are documented in the
accompanying r e a d m e file. In very general terms, these limitations
are of the nature of being able to create new tables but for existing
table definition objects to be read-only.

ADOX appears to be encapsulated withina single file, m s a d o x . d l l ,
and should be referenced from Visual Basic as ‘Microsoft ADO Ext.
2.1 for DDL and Secur i ty ’ . In selecting th is entry, y o u w i l l need to
select the main ADO l ibrary too.

The implementation is headed by the C a t a l o g object. This con‑
tains collections of groups, procedures, tables, users, and views, a l l
of which represent the schema of the data source. In order to get a
C a t a l o g object instance up and runn ingyou can either directly cre‑
ate a connection to a data source:
D i m a d o x C a t a l o g A s A D O X . C a t a l o g

S e t a d o x C a t a l o g = N e w A D O X . C a t a l o g
a d o x C a t a l o g . C r e a t e  _

" “ P r o v i d e r = M i c r o s o f t . J e t . O L E D B . 4 . 0 ;  _
D a t a S o u r c e = c : \ M y D o c u m e n t s \ m y d a t a . m d b "

or you can hitch up to an existing ADO connection:
S e t a d o x C a t a l o g . A c t i v e C o n n e c t i o n = adoConn

Hav ing associated the C a t a l o g object to the data source, you can
then per form management( ie non data manipulation) tasks, such as
assigning security permissions to user accounts, creating and delet‑
i n g tables, adding procedures, and so on. Creat ing a new table, for
example, is a case of creating a new table object, adding columns to
i t , and then adding the new table object to the Ta b l e s collection:

' D e fi n e t h e t a b l e o b j e c t
Dim a d o x Ta b l e A s A D O X . Ta b l e
S e t a d o x Ta b l e = N e w A D O X . Ta b l e
a d o x Ta b l e . N a m e  =  " B o o k s "

' Add c o l u m n s t o t h e d e fi n i t i o n
a d o x Ta b l e . C o l u m n s . A p p e n d " B o o k I d " , a d I n t e g e r

a d o x Ta b l e . C o l u m n s . A p p e n d " N a m e " , adVa rWChar, 6 0

' A d d d e fi n i t i o n t o t a b l e s c o l l e c t i o n
a d o x C a t a l o g . Ta b l e s . A p p e n d  a d o x Ta b l e

Th ings to come...
That’s the run-down on version 2.1of the ADO set. Beta versions of
ADO 2.5 are already widely available. For example, they are present
in beta 3 of Windows 2000 ( i n c l u d i n g the l igh twe igh t RecordSet
l ib ra ry and ADOX). This forthcoming release extends the reach of
ADO both towards the Internet and towards the Windows filesys‑
tems. In the case of the former, there is direct support for URL-type
addresses for connection strings. This faci l i ty is added to tie in w i th
the under ly ing OLE DB providers that al ready manipulate URLs.
For example, the OLE DB Provider for Internet Publishingcan work
wi th HTTP addresses. In the case of the Windows filesystems, new
record and stream objects provide the abi l i ty to work wi th filesys‑
tem entities such as files and directories, and email components
such as folders and messages. The s t ream objects al low f o r the
manipulation of b ina ry and textual data. This can either be in the
form of a simple document, or something more complex l ike aCOM
structured document. a

Jon Perkins is afreelance VisualBasicdeveloper a n d aMicrosoft
CertifiedSolution Developer. He is a contr ibut ing author of Advanced
Microsoft VisualBasic 6.0 by The Mandelbrot Set,published by
MicrosoftPress. Contact h im at www.jonperkins.com.
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If your job involves planning a training schedule, selecting courses for your staff or whether you
decide where andwhat training is required, then The EXE Software Training Guide is the one tool you

will need for all your development and IT training needs. O N L I N E
These listings, plus many other services including weekly news updates, are also available on our Web Site.

Place Com

AUTOMATING SOFTWARE TEST ClearCase UNIX Administration, 9/10th Sept, 2, 840 Ascot, RAU
Rational TeamTest v7.1, 13/15thSept, 3, 950 Ascot, RAU ClearCase UNIX Administration, 16/17th Sept, 2, 840 Ascot, RAU
Rational TeamTest v7.1, 11/13thOct, 3, 950 Ascot, RAU ClearCase UNIX Administration, 7/8thOct, 2, 840 Ascot, RAU
Rational TeamTest v7.1, 8/10th Nov, 3, 950 Ascot, RAU ClearCase UNIX Administration, 14/15thOct, 2, 840 Ascot, = RAU
RationalTeamTest v 7.1, 6/8th Dec, 3, 950 Ascot, | RAU ClearCase UNIX Administration, 45th Nov, 2, 840 Ascot, RAU

TestStudio, 15/19thNov, 5, 1850 ‐ Ascot, RAU__ ClearCase UNIX Administration, 18/19th Nov, 2, 840 Ascot, RAU
PerormanceStudio,~ ~ ‐ ~ S ~ C S ~ S ~ S ” : ” ”CYB Oct, 3 ,950--‐Ascot, ~ ~RAU ClearCase UNIX Administration, g/t0th Dec, 2 ,840 Ascot, ©RAU
Automating Software Test, 27/29th Sept,3, 950 Ascot, RAU ClearCase UNIX Administration, 16/17th Dec, 2, 840 Ascot, RAU

ClearCase NT Fundamentals, 20/21st Sept, 2, 840 Ascot, RAU

BUSINESS ENGINEERING ClearCase NT Fundamentals, 25/26th Oct, 2, 840 Ascot, ‐ RAU
Business Engineering, 25th Oct, 1, 600 Ascot, RAU ‐ ClearCase NTFundamentals, 22/23rd Nov, 2, 840 Ascot, RAU

ClearCase NT Fundamentals, 29/30th Nov, 2, 840 Ascot, RAU

CASE/DESIGN ClearCaseNTMetaData, 2nd Sept, 1, 600 Ascot, RAU
Rose98i, 24th Sept, 1, 600 Ascot, RAU ClearCaseNTMetaData, 2thOct, 1, 600 Ascot, RAU

Rose98, istOct, 1, 600 Ascot, ©RAU ClearCase NTMetaData, 24thNov, 1, 600 Ascot, RAU

Rose96i, 2ndOct, 1, 600 Ascot, RAU ClearCase NTMetaData, tstDec, 1, 600 Ascot, RAU
Rose98i, 2oth Oct, 1, 600 Ascot, ‐ RAU ClearCase NTAdministration, 23(24th Sept,2, 840 Ascot, ‐ RAU
Rose98i, 1athNov, 1, 600 Ascot, RAU ClearCase NT Administration, 28/29th Oct, 2, 840 Ascot, ‐ RAU
Rose98i, 2th Nov, 1, 600 Ascot, RAU ClearCase NT Administration, 25/26th Nov,2, 840 Ascot, RAU
Rose98i, 3rd Dec, 1, 600 Ascot, = RAU ClearCase NT Administration, 2/3rd Dec, 2, 840 Ascot, ©RAU
Rose98i, oth Dec, 1 , 6 0 0 Ascot, __RAU ClearCase Multi-site, 28/29th Sept,2, 840 Ascot, RAU

ClearCase Multi-site, 22/23rd Nov, 2, 840 Ascot, RAU
CHANGE REQUEST MANAGEMENT
Project Management,ClearQuest, 20/21st Sept,2, 840 Ascot, RAU DATABASES
Project Management,ClearQuest, ‘e/tgthOct, 2 , 8 4 0 Ascot, __RAU Database Analysis and Design Regularly 3 POA Call QATR
ProjectManagement,ClearQuest, 29/30th Nov, 2, 840 Ascot, = RAU Building aDataWarehouse Regularly 4 POA Call QATR

Microsoft Access Development Regularly 3 POA Call QATR
CLIENT/SERVER IntroductiontoMicrosoft Access Regularly 2 POA Call QATR
Client/Serverand DistributedComputing Regularly 3 POA Call _QATR Programmingwith Microsoft Access Basic Regularly 2 POA Call QATR
Architecture and Design ofEnterpriseSystems Regularly 4 POA Call QATR SOL Language Regularly 2 POA Call QATR
SoftwareTesting Regularly 3 POA Call QATR Microsoft SQL Server and Transact‑
IT Infrastructure ImplementationandManagement Regularly 4 POA Call QATR SQL Programming Regularly 3 POA Call QATR
Architecture and Design of EnterpriseSystems Regularly 4 POA Call QATR Microsoft SQLServer 6.5 Administration Regularly 5 POA Call QATR

Implementing a DatabaseDesign on
CONFIGURATION MANAGEMENT Microsoft SQL Server 6.5 Regularly 5 POA Call QATR
ClearCase UNIX Fundamentals, 6/7th Sept, 2, 840 Ascot, RAU
ClearCase UNIX Fundamentals, 13/14thSept,2, 840 Ascot, RAU GROUPWARE AND OFFICE SYSTEMS
ClearCase UNIX Fundamentals, 4/5th Oct, 2, 840 Ascot, | RAU Lotus Notes/DominoR4.5 Application Development1 Regularly 3 POA Call QATR
ClearCaseUNIX Fundamentals, 11/12thOct, 2, 840 Ascot, RAU LotusNotes/DominoR4.5 Application Development2 Regularly 4 POA Call QATR

ClearCaseUNIX Fundamentals, 12ndNov, 2, 840 Ascot, | RAU Lotus Notes/DominoR4.5Application
ClearCase UNIX Fundamentals, TB/iethNov,2, 840 Ascot, RAU Development3 a n d L o t u s S c r i p t _ ‐ = _Regularly 4 POA Call QATR
ClearCase UNIX.UNIXFundamentals, ~ @[ithDec, 2, 840 Ascot, RAU LotusNotes/DominoR4.5 System Administration Regularly 4 POA Call QATR
ClearCase UNIX Fundamentals, 7a/14th Dec,2, 840 Ascot, RAU LotusNotes/DominoR4.5 SystemAdministration2 Regularly 2 POA Call QATR
ClearCaseUNIXMletaData, 8th Sept, 1, 600 Ascot, RAU Introductionto LotusScript inNotes/Domino Regularly 3 POA Call QATR

ClearCaseUNIXMetaData, ‘sth Sept, 1, 600 Ascot, RAU__ Microsoft ExchangeServer 55 ‑
CiasGase UNIX M&laData; th Oct. 1, 600 Ascot RAU Concepts and Administration Regularly 3 POA Call QATR

Microsoft ExchangeServer 5.5 ‑
ClearCaseUNIXMetaData, 3 t hOct,_1, 600_ Ascot, RAY acimand Implementation Regularly 5 POA Call QATR
ClearCaseUNIXMetaData, 3rdNov, 1, 600 Ascot, RAU SupportingMicrosoft Exchange5.0‑
ClearCase UNIX MetaData, 17thNov, 1, 600 Ascot, RAU CoreTechnologies Regularly 5 POA Call QATR
ClearCase UNIXMetaData, 8thDec, 1, 600 Ascot, =RAU Microsoft ExchangeServer Performance
ClearCaseUNIXMetaData, 15th Dec, 1, 600 Ascot, RAU and Troubleshooting Regularly 2 POA Call QATR
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Course Days Cost Place Company

Groupware Developmentwith
MicrosoftOfficeTechnologies Regularly 5 POA Call QATR
Domino Administration for
Lotus Notes4.6 and the Internet Regularly 2 POA Call QATR
Internet Developmentwith Lotus NotesDomino4.6 = Regularly 3 POA Call QATR
VBA Programmingwith MicrosoftExcel Regularly 4 POA Call QATR

GUI DEVELOPMENT
Application Development using BorlandDelphi V3 Regularly 5 POA Call QATR
Advanced Programmingwith
Visual Basic EnterpriseEdition Regularly 4 POA Call QATR
BuildingObject-Oriented Applications
with PowerBuilderV5 Regularly 3 POA Call QATR
Fast Track to PowerBuilderV5 Regularly 4 POA Call QATR
MicrosoftVisual BasicPrimer Regularly 1 POA Call QATR
Application Development using Visual Basic Regularly 4 POA Call QATR
The Win32 API - Fundamentalsof Creating
GreatWindows GUI Applications Call 5 1200 Call SYNX
The Win32 API - Advanced Techniques inWriting
Windows GUI Applications Call 5 1200 Call SYNX
The Win32 API - Inside the WindowingSystem Call 1 300 Call SYNX
The Win32 API - Inside the Messaging System Call 1 300 Call SYNX
The Win32 API ‐ Insidethe PaintingSystem Call 1 30 Call SYNX
The Win32 API - DialogBoxes: Inside &Out Call 1 300 Call SYNX
The Win32 API - DLLs:BreakingUp&MakingUp Call 1 30 Call SYNX
The Win32 API - InsideGDI: Excellence in Drawing Call 1 300 Call SYNX
The Win 32API - The Clipboard: Making it
really work for you Call 1 300 Call SYNX
The Win32 API - Controls: Making the most of
your application Call 1 300 Call SYNX

INTERNET
Delphi Internet Programming Regularly 2 590 Bristol ©BRKS
Programmingwith JavaScript Regularly 2 POA Call QATR
Creating and ConfiguringaWeb Server
usingMicrosoft Tools Regularly 3 POA Call QATR
Internetworkingwith Microsoft TCP/IP
onWindows NT4 Regularly 5 POA Call QATR
Internet Fundamentals Regularly 3 POA Call QATR
Intranet Design andMigration Regularly 3 POA Call QATR
Internetand IntranetSecurity Regularly 3 POA Call QATR
Building anEffectiveWeb Site Regularly 3 POA Call QATR
NetscapeSuiteSpot Server v3 Regularly 5 POA Call QATR
Internetworkingwith TCP/IP Regularly 4 POA Call QATR
Programmingwith Visual BasicScript Regularly 2 POA Call QATR

LANGUAGES
Advanced C Regularly 4 POA Call QATR
Advanced C++ DevelopmentTechniques Regularly 4 POA Call QATR
C++ for non-C Programmers Regularly 5 POA Call QATR
C++ for CProgrammers Regularly 4 POA Call QATR
C++ Primer Regularly 2 POA Call QATR
CPrimer Regularly 2 POA Call QATR

POA
POA

Call
Call

QATR
QATR

Regularly 4
Regularly 5

Java for non-C Programmers Regularly 5 POA Call QATR
Java Primer Regularly 2 POA Call QATR
dava for C/C++ Programmers Regularly 4 POA Call QATR
MasteringMicrosoftVisual Java J++ Regularly 5 POA Call QATR
DatabaseDevelopment using Symantec Visual Café Regularly 3 POA Call QATR

Course Date Days Cost Place Com

NETWARE
NetWare3Support and Administration Regularly 4 POA Call QATR
IntranetWareSupport and Administration
usingWindows NT Regularly 5 POA Call QATR
IntranetWare: NetWare4.x Administration Regularly 5 POA Call QATR

Regularly

Regularly 2 POA Call QATR
Regularly 2 POA Call QATR
Regularly 4 POA Call QATR

LocalArea Network Implementation&Management Regularly 4 POA Call QATR
Network Primer Regularly 1 POA Call QATR

OBJECT ORIENTED TECHNOLOGY
PracticalObject Oriented Analysis and
DesignUsing UML (Up to 12students) Call 5 7,500 On-site CRaG
E-businessObject Oriented Analysis and
DesignUsing UML (Up to 12students) Call 5 7,500 On-site CRaG
Advanced IBMSmalltalk Regularly 5 1375 London OBJE
Advanced IBMSmalitalk Regularly 5 1375 Southampton OBJE
Advanced IBMSmalltalk Regularly 5 1375 London OBJE
Building Applications us ing

VisualAge for Smalltalk Technology Regularly 5 1375 Southampton OBJE
Building anApplication Server
using VisualAge/Smalltalk Server Regularly 3 895 Southampton OBJE
Building anApplication Server
using VisualAge/Smalltalk Server Regularly 3 895 Southampton OBJE
Introductionto VisualAge Regularly 5 1375 London OBJE
Introductionto VisualAge Regularly 5 1375 Southampton OBJE
Introductionto VisualAge Regularly 5 1375 Southampton OBJE
Introductionto VisualAge Regularly 5 1375 Southampton OBJE
Introductionto VisualAge Regularly 5 1375 London OBJE
Programming in IBMSmalltalk Regularly 5 1375 London OBJE
Programming in IBMSmalltalk Regularly 5 1375 London OBJE
Programming in IBMSmalltalk Regularly 5 1375 Southampton OBJE
VisualAge for Smalltalk Programmers Regularly 5 1375 Southampton OBJE
VisualAge for Smalltalk Programmers. Regularly 5 1375 Southampton OBJE
Round-trip Engineeringwith
Visual Age/Smalltalk UML Designer Call 3 call Southampton OBJE
EnablingPersistencewith
VisualAge/Smalltalk Object Extender Call 3 call Southampton OBJE
MVSSmalltalk: Transaction ManagedObjects Call 3 Call Southampton OBJE
Building&using Java Beans Regularly 2 650 Southampton OBJE
BuildingDistributedApplications with
Visua lAgefor Java Regularly 2 650 Southampton OBJE
Building DistributedApplications with
Visua lAgefor Java Regularly 2 650 ptSouthamon OBJE
Building Applications using VisualAge for Smalltalk Regularly 5 1375 Southampton OBJE
BuildingApplications using VisualAge for Smalltalk Regularly 5 1375 Southampton OBJE
Building Applications using VisualAge for Smalltalk Regularly 5 1375 Southampton OBJE
Team Programming using VisualAge for Smalltalk Regularly 2 650 Southampton OBJE
Team Programming using VisualAge for Smalltalk Regularly 2 650 Southampton OBJE
Team Programming using VisualAge for Smalltalk Regularly 2 650 Southampton OBJE
00 Programmingwith VisualAge for Java Regularly 5 1250 Southampton OBJE
Building Applets &Applications with
VisualAge for Java Regularly 5 1250 Southampton OBJE
Building Applets &Applications with
VisualAge for Java Regularly 5 1250 Southampton OBJE
BuildingApplets &Applications with
VisualAge for Java Regularly 6 1250 Southampton OBJE
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Course Days Cost Place Company

Team Programming using VisualAge for Java Regularly 2 650 Southampton OBJE
Object-Oriented Modellingwith
VisualAge/Smalltalk UML Designer Regularly 4.5 1450 Southampton OBJE
Object-Oriented Modelling with
VisualAge/Smalltalk UML Designer Regularly 4.5 1450 Southampton OBJE
00 Programming with VisualAge for Java Regularly 1250 Southampton OBJE

Regularly 650 Southampton OBJE
1150 Southampton OBJE
1150 Southampton OBJE

Team Programming u s i n g VisualAge for Java
Building TOPLink Enabled Java Applications
Building TOPLink Enabled Java Applications

5
2

Regularly 3
Regularly 3

3Object-Oriented Concepts Analysis &Design Call Call Sothampton OBJE
Object-Oriented Analysis and Design
using the Booch Method Regularly 4 POA Call QATR
Object-Oriented Analysis and Design
using Rumbaugh'sOMT Regularly 5 POA Call QATR
Developing CORBA Applications Regularly 3 POA Call QATR

-( jesign for C++ Development 5 Call
Overview of DistributedObjects Regularly 1 POA Call QATR
Object-Oriented Primer Regularly 1 POA Call QATR
Object-Oriented Software Development Regularly 3 POA Call QATR
Object-Oriented Analysis and Design using
the UnifiedModelling Language Regularly 5 POA Call QATR
Object Oriented Analysis and Design/UML, 13/16th Sept,4, 1450 Ascot, RAU
Object Oriented Analysis and Design/UML, 20/23rd Sept,4, 1450 Ascot, RAU
Object Oriented Analysis and Design/UML, 27/30th Sept,4, 1450 Ascot, RAU
Object Oriented Analysis and Design/UML, 11/14th Oct, 4, 1450 Edinburgh, RAU
Object Oriented Analysis and Design/UML, 11/14th Oct, 4, 1450 +=Ascot, RAU
Object Oriented Analysis and Design/UML, 18/21stOct, 4, 1450 Ascot, RAU
Object Oriented Analysis and Design/UML, 25/28th Oct, 4, 1450 = Ascot, RAU
Object Oriented Analysis and Design/UML, 8/11th Nov, 4, 1450 ‐ Ascot, RAU
Object Oriented Analysis and Design/UML, 15/18th Nov, 4, 1450 Bristol, RAU
Object Oriented Analysis and Design/UML, 22/25th Nov, 4, 1450 = Ascot, RAU
Object Oriented Analysis and Design/UML, 29/2nd Dec, 4, 1450 = Ascot, RAU
Object Oriented Analysis and Design/UML, 6/9th Dec, 4, 1450 Ascot, RAU

PC SUPPORT
Advanced PCSupport Regularly 4 POA Call QATR
PCFundamentals Regularly 3 POA Call QATR
PC Support Regularly 4 POA Call QATR

PROCESS & PROJECT MANAGEMENT
Lifecycle Process,RUPOverview , 31st/1st Sept,2, 840 Ascot, RAU
Lifecycle Process,RUPOverview, 27/28th Sept, 2, 840 Ascot, RAU
Lifecycle Process, RUPOverview, 18/19thOct, 2, 840 Ascot, RAU
Lifecycle Process,RUPOverview, 8/9th Nov, 2, 840 Ascot, RAU
Lifecycle Process,RUPOverview, 9/10th Dec, 2, 840 Ascot, RAU

PROGRAMMING
C++ Builder Fundamentals Regularly 5 1280 Bristol ©BRKS
Delphi Professional Fundamentals Monthly 5 1280 Bristol | BRKS
Delphi Professional Fundamentals Monthly 5 1280 London BRKS
Delphi Database Development Monthly 5 1280 Bristol | BRKS
Delphi Database Development Regularly 5 1280 London BRKS
Delphi Web Application Development, Regularly 5 1280 Bristol BRKS
Delphi Object Programming Regularly 3 790 Bristol BRKS
Delphi DistributedObject Programming Regularly 3 790 Bristol BRKS
Developing Windows NTServer Applications Regularly 5 POA Call QATR
Mastering Web Site Development
using Visual InterDev Regularly 5 POA Call QATR
Win32 Programming Essentials Regularly 5 POA Call QATR
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Course Date Days Cost Place Company

Developing ActiveX Controls and Components Regularly 5 POA Call QATR
Windows Programming in C Regularly 5 POA Call QATR
Windows Programming with Visual C++
and the MFC Library Regularly 5 POA Call QATR
Building Applications with MSTransaction Server Regularly 5 POA Call QATR
Fasttrack Windows NT5 for Developers Regularly 2 POA Call QATR
Windows OLE Programming with the MFC Library Regularly 5 POA Call QATR
Developing OLE/ActiveX Controls
with the MFC Library Regularly 5 POA Call QATR
Windows OLE System Programming Regularly 5 POA Call QATR
Requisite Pro, 16th Sept, 1, 600 Ascot, RAU
Requisite Pro, 14th Oct, 1, 600 Ascot, RAU
Requisite Pro, 11th Nov, 600 Ascot, RAU
Requisite Pro, 9thDec, 1, 600 Ascot, RAU
The Win32 API - Fundamentals of Creating
Great Windows GUI Applications Call 5 1200 Call SYNX
The Win32 API - Advanced Techniques in
Writing Windows GUI Applications Call 5 1200 Call SYNX
The Win32 API - Insidethe Windowing System Call 1 30 Call SYNX
The Win32 API - Insidethe Messaging System Call 1 3 Call SYNX
The Win32 API- Inside the Painting System Call 1 30 Call SYNX
The Win32 API - Dialog Boxes: Inside&Out Call 1 300 Call SYNX
The Win32 API - DLLs: Breaking Up & Making Up Call 1 300 Call SYNX
The Win32 API - InsideGDI: Excellence in Drawing Call 1 300 Call SYNX
The Win 32API - The Clipboard: Making it
really work for you Call 1 3 Call SYNX
The Win32 API - Controls: Making the most
of your application Call 1 300 Call SYNX

PROJECT MANAGEMENT
Managing EnterpriseSoftware Development Projects Regularly 3 POA Call QATR
DSDM Practitioner Regularly 3 POA Call QATR
Project Management Skills Regularly 4 POA Call QATR
Project Management, ClearDDTS, 15/15th Dec, 2, 840 Ascot, RAU

REAL-TIME SYSTEMS
Real-timeObject Oriented Analysis and Design
Using UML (Up to 12students) Call 5 7,500 On-site CRaG
Structured Analysis and Design for
Real-time Systems (Up to 12students) Call 4 6000 On-site CRaG
Rose for Real Time, 4/8th Oct, 5, 1850 Ascot, RAU
Rose for Real Time, 15/19th Nov, 5, 1850 Ascot, = RAU

SOFTWARE DEVELOPMENT
APEX, 13/15th Dec,3, 950 Ascot, = RAU

SYSTEMS ANALYSIS
Requirements Management with Use Cases, 13/15th Sept,3, 950 Ascot, RAU
Requirements Management with UseCases, 11/13th Oct, 3, 950 Ascot, RAU
Requirements Management with UseCases, 8/10th Nov, 3, 950 Ascot, RAU
Requirements Management with Use Cases, 6/6th Dec, 3, 950 Ascot, RAU

WINDOWS API PROGRAMMING
The Win32 API - Fundamentalsof Creatirig
Great Windows GUI Applications Call 5 1200 Call SYNX
The Win32 API - Advanced Techniques in Writing
Windows GUI Applications Call = =5 1200 Call SYNX
The Win32 API - Inside the Windowing System Call 1 300 Call SYNX
The Win32 API - Insidethe Messaging System Call 1 Call SYNX
The Win32 API - Insidethe Painting System Call 1 30 Call SYNX
The Win32 API - Dialog Boxes: Inside& Out Call 1 300 Call = SYNX
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The Win32 API - DLLs: Breaking Up&Making Up Call 1 300 Call SYNX
The Win32 API - InsideGDI: Excellence in Drawing Call 1 300 Call SYNX
The Win 32API~The Clipboard: Making it rally
work for you Call 1 300 Call SYNX
The W i n 3 2API ‐Controls: Making the most of
your application Call 1 300 Call SYNX

WINDOWS NT
Administering Microsoft Windows NT4.x Regularly 3 POA Call QATR
Supporting Windows NT Server 4.x ‑
EnterpriseTechnologies Regularly 5 POA Call QATR
Supporting Windows NT4.x - Core Technologies Regularly 5 POA Call QATR
Supporting Microsoft Systems Management Server Regularly 5 POA Call QATR
Supporting Microsoft SNA Server V4 Regularly 5 POA Call QATR
Windows NT4.¥ Essenfials Regularly 4 POA Call QATR
Windows NT5Essentials Regularly 5 POA Call QATR
Supporting Windows NT4.x Servers Regularly 4 POA Call QATR
Implementing Windows NT5Active Directory Regularly 3 POA Call QATR

UNIX
UNIX Fundamentals Regularly 4 POA Call QATR
UNIX Programming Regularly 5 POA Call QATR
UNIX Systems Administration Regularly 4 POA Call QATR
Mastering UNIX Shell Scripts Regularly 4 POA Call QATR
Solaris Systems Administration Regularly 4 POA Call QATR

COMPANY DETAILS

Key BRKS Brooks Associates
Bismore,
Glos
GL67DG
Tel : 01452 770060
Fax: 01452 770078
Email: admin@brooksassociates.com
Web site: www.brooksassociates.com

Brooks Associates deliver ITconsultancy, software development services and
world class technical training for developers. As anauthorised Inprise/Borland
Education Centre werun acomprehensive programme of public courses at our fully
equipped, air conditioned training centre in the middle of Bristol, andat our city
training centre by the Monument in central London. All our courses are also avail‑
able as closedcompany courses, on-site or at one of our training centres.

Key CRaG CRaG Systems
178 Bath Road,
Thatcham,
Berkshire, RG183HJ
Tel: 01635 873670
Fax: 01635 868557
Email: exelist@cragsystems.co.uk
Web Site: http://www.cragsystems.co.uk

CRaG Systems provides on-site training courses andconsultancy for the object
orientedandstructuredanalysis anddesign ofboth business information andreal‑
time embeddedsystems. The object orientedmethods are basedon the industry
standardsyntax of the UnifiedModelingLanguage (UML). The structuredmethod
is basedon the industry standard Yourdon method with Ward-Mellor real-time
extensions. Stress is placedon the practice of defining requirements and turning
them into an integrated model that can beimplemented in aspecifiedtarget envi‑
ronment. Students spenda largepart of each course creating models of real require‑
ments andsolutions u s i n gasuitable case tool.

Key OBJE, The Object People Limited
Epsilon House, Chilworth Science Park, Southampton, SO167NS
Te l : 01703 769996
Fax: 01703 766066
Email: ukinfo@objectpeople.com Web:
http://www.objectpeople.com/uk/

The Object People have aworld-wide reputation in assistingclients adopt and
make successfulprogress with object technology. Services include: general Java
andSmalltalk Training/Consultancy|Migration. Wealsospecialise in VisualAge and
VisualWorks. In addition, weprovide courses to cover Object-OrientedAnalysis and
Design techniques, as well asObject Technology Management Overviews.

Our consultants/trainers are highly skilled inawide rangeofdevelopment
environments. Wetherefore offer a tailor-made Migration Service to assist
transition to Java or Smalltalk from other OOlanguages or between different
Smalitalk systems.

K e y QA TR QA Training L td
Cecily Hil l Castle, Cirencester, Gloucestershire, GL7 2EF
Email: responsecentre@gatraining.com
Web: http://www.gqatraining.com
Tel no 01285 883388
Fax no 01285 883399

QA Training is widely recognisedasthe premier IT Training company in the UK
andthe largest providerof technical training to IT professionals. Fromover 70
classrooms at 7dedicated training centres aroundthe UK weoffer over 150
programming andsupport courses. Weare major businesspartners andaccredited
trainers of Compaq, Lotus, Microsoft, Novell, Oracle andPowersoft amongst other
key industryplayers. More than that, weactually provide internal training to
companies like Microsofton their own products in advanceof release. This makes
us the first to understandandprovide training andconsultancy on the latest
technologies to our customers.

Key RAU Rational Univers i ty
Kingswood, Kingsride, Ascot, SL5 8AJ
Te l : 01344 295007
Fax : 01344 295001
Email: training-uk@rational.com
Web: www.rational.com/uk

Rational Universityprovidesyou with a unique role-basedandteam-based
curriculum that combines proven software development process andbestpractices
within astructuredprofessionaleducationalcurriculum.

Formore information, including full course descriptions andon-line booking,
pleasesee. Alternatively, callSonia Sims on 01344 295007, or email training‑
uk@rational.com.

Key SYNX Synapt ix L td
160Aztec West, Almondsbury, Bristol BS324TU
Tel: 01454 851563 Fax: 01454 414331
Email: kimwilson@compuserve.com
The WindowsAPIDeveloper TrainingSpecialists

Kim Crouse-Wilson is Technical Directorof Synaptix Inc (USA),probably the
most expert Windows API training company in the world. Kim was formerly
Microsoft'sSenior Trainer andknows the Microsoft Win32SDK backwards
(especially the undocumentedstuff!). She is available in the UKfrom July to
September to improveyour fundamental or advanced Win32APIprogramming. It's
for all ‘C'programmers, andalso for C++ programmers who needbetter GUI than
MFC can offer. Kim's latest GUI creation is MicroProse Inc's300,000-selling game,
‘Magic:The Gathering’. Try this GUI for yourself! Findout why Microsoft, Intel,
Hewlett-Packard, IBM,Novell, Nintendo, Motorola, 3M, Lotusetc all usedKim.
Training at our placeor yours. Fora realboost toyour talent, this is a unique
opportunity.

EXE Software Training Guide, produced by EXE Magazine, Centaur Communications Ltd, St Giles House, 50Poland Street, London W1V 4AX
Te l : 0171970 4000 Fax: 0171970 6741e-mail: advertising@exe.co.uk.

If y o u would l ike to include your Training Listings in our next guide, please call advertising on 0171970 6547.
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ESL is building a team of the brightest and most : You will be involved at all stages of the
talented developers to develop the next generation project cycle from initialconcept through toproduct
Handel-C product usingC++ :

release. Candidates must be able to demonstrate
Flexibility, teamworking and creativity are

trong C++ skills; any knowledge of the following
fundamental to ESL. Working in new, air-conditioned .
offices, supported bythe latest technologies, youwill: Would be advantageous: OOD, MEC, 1509000,

jo in this extremely motivated, informal team. £ compiler development, functional programming

DEVELOPERS £25-45k + BENEFITS »BERKS/OXON BORDER

He changedthe worldby composing in D Minor.

There’s noquestion that with his oratorios, psalms, cantatas and chamber works,
Georg Friedrich Handel did much to change our perception of music.

Now, 300 years on, the name of Handel lives on- asaproduct which, in its way, is just as
revolutionary. Handel-C is anenabler from ESL, arapidly growing software design company
with close links to the University of Oxford. ACASE tool, Handel-C allows asoftware engineer

to target directly programmable logic chips without recourse to hardware description
languages. You won't need us to tell you how exciting and important this is - you've almost

certainly read about it in the trade press.Wecertainly believe it to bealynchpin in the
ongoing history of what matters to usmost - reconfigurablecomputing.

remunera t i



C A R E E R S  &  C O N T R A C T S
EXE b r i n g s y o u t h e c r e a m o f vacanc ies i n t h e d e v e l o p m e n t a n d p r o g r a m m i n g b u s i n e s s .

F o r m o r e i n f o r m a t i o n c o n t a c t A n n a T h r e l f a l l 0171 970 6545 F a x : 0171 970 6741 E m a i l : annat@exe.co.uk

Talented Software Developers will love G.I.S
GIS is one of the most exciting areas of IT. It combines object oriented data management,graphics and spatial data analysis with an ever-increasing focus
on Internet integration. The good news is that many of my clients will forego experience of G.I.S. in favour of solid software development skills in industry‑
standard products such as Visual Basic, Access and Java. The six jobs below represent just a small fraction of the total number of systems development
vacancies currently being handled by Concurrent Appointments.

Access/VB Development Software Engineers
To £28K Home Counties
A degree qualification in Computer Science or similar is the ideal foundation for these newly
released vacancies. Although the client is aG.1.S. vendor, the work is 100%new applications
development, basedon-site and in the office. Technology is leading edge and includes Web‑
based applications, Oracle7, Delphiand other OO tools. To qualify you must have a minimum
12 months experience in one or more of C, C++, VB or Pascal.

c. £30Kplus bonus West London
The brief calls for a graduate with at least 18 months experience of building applications in
MSAccess. You should be fluent in Visual Basic or Visual C++ and most importantly apply
figorous quality standards to your work. You will be joining a “fun” young development team
whose experience will complement your specialist skills. The project is to build a market
leader in analysis and modelling applications for the desktop G.1.S. industry. Afluency in one
or more European languages is highly desirable.

Applications Developer
Visual C++ Software Engineer To£30K West Country

The client is ayoung, dynamic Oracle partner with a very healthy order book!! They are market
leaders in G.I.S. applications software and can offer an experienced software developer the
opportunity to work on one of the most challenging projects around. You must know Oracle
and have fluency in C and/or C++ programming under Windows or Windows NT. Experience
of one specific GIS is not essential although ArcView or Mapinfo would be beneficial.

To £28K+car NHome Counties
Does the opportunity to extend your experience in Windows-based applications development
combined with travel within Europe appeal to you? You will be using your Visual C++ skills
to customise clients GIS software and once established you will handle the more challenging
components of the projects. You must be competent in MSAccess and also ODBC. Fluency
in French and/or German is welcome though not vital.

ArcView/Visual Basic Developers
£Truly negotiable Numerous UKLocations
ArcView is really taking off and this has created several job opportunities. Ifyou are proficient
in a recognised OO language and you have experience of programming in Windows then
they are willing to send you on an ArcView training course!!. Applications vary from local
government to insurance and retail and locations from London, Bristol, Nottingham and
Edinburgh.

Applications Programmers
To £30 Central London
This is afun place to work if you are ahighly motivated young programmer with fluency in C
and Visual Basic under MS-Windows. The client is a young, hugely successful MapInfo
partner able to offer challenging new development work for an extremely wide range of
commercial clients, many of whom are themselves new to GIS.

To apply for one of the advertised vacancies or if you just wish to
havea chat, call Alan Carnell on 01582 712976.

Alternatively you can e-mail your CVto
alan_carnell_2@compuserve.com in total confidence.

All applications will be acknowledged.

27 Field Close, Harpenden,
Herfortdshire ALS 1EP UK.
National Tel: (01582) 712986

Fax: (01582) 764858
Tel: +44 1582 712976
Fax: +44 1582 764858

Concurrent
Appointments
International International

G-Dilla is the world’s leading developer of copy protection and rights management technologies for CD-ROM, DVD and Internet delivered software products.
Used by major companies such as Addison Wesley Longman, Lotus Development, Microsoft, Ordnance Survey and the Financial Times, our innovative
technologies are at the forefront of one of today’s hot application areas - electronic publishing!
Now part of the Macrovision Corporation, the world’s leading developer of copy protection technologies for video, audio and consumer multimedia, we are
accelerating our development of new products to meet the demands of today’s digital revolution. As a result, we have created the following opportunities:

DEVELOPMENT TEAM LEADER
£uok-sok+benefits”
Co rC++, Windows I n t e m a l s ,VxDs, Device Drivers
You will lead a small team in the development of
new functionality for our world-beating software
products. With a background in software product
development using C or C++ ideally under Win32,
you will take a key role in the software
development process as well as mentoring the team
to produce outstanding new software.

SNR SOFTWARE DESIGN ENGINEER
£35ki k e a ”
Cor C++, Windows Intemals,VxDs, Device Drivers
As a talented software designer, you will apply your
strong windows internals experience to a number of
complex projects as part of a small tightly-knit
team. Knowledge of VxDs and NT device drivers
would be useful. An understanding of computer
security techniques would be an advantage.

SNR GUI DESIGNER/DEVELOPER
£ 5 ”
C++, MFC, ATL, COM
With your knowledge of Microsoft toolkits and your flair
for GUI design, you will develop attractive and easy-to‑
use interfaces for our range of products. You should
have strong application development experience using
Visual C++ ideally with MFC and ATL. An understanding
of COM and a knowledge of computer ergonomics and
usability would be an advantage.

Our appetite for continually breaking new ground means that you can look forward to projects that will really challenge you in an informal, flexible
working environment where your contribution will be recognised and rewarded.

c-dill
A Macrovision Company
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To apply, please email your CVto our advising consultant Chris O’Grady at
cdilla@netobjectives.co.uk. Alternatively, write to him at netObjectives Ltd,
POBox 2741, Reading RG18XW. To find out more, call him on 01252 727799‑

www.netobjectives.co.uk

Objectives
Fecruitment for distributed computing



Look no

Developers

Designers
Analyst Programmers

Team Leaders

For the best ehoice in PC developmentcareer opportunities, please contact
Steve Clark at Michael Page Technology on 01718 3 12000.

Fax 0171 8 3 1 7182. e-mail: pedevelopment@michaeipage.com

wonw.michaelpageinet)

Michael Page
T H C H N O L O G Y



OFTWARE ENGINEERING
SOFTWARE ENGINEER
Our client is aworld leader in mobile telecommunications. They
are looking for a software engineer with C and UNIX experience
to join a team of developers working on CSM and UMTS
systems. Various levels o f e xpe r i e n ce will be considered and
opportunities for travel will be available for those candidates
who are interested. Any p r e v i o u s knowledge of telecoms, or low
level programming would be helpful. Relocation and excellent
benefits.
Up to £35K Swindon

Sanderson
email:mail@sanderson-recruitment.co.uk
www.sanderson-recruitment.co.uk

SOFTWARE ENGINEERING
SOFTWARE TEAM LEADERX 2
This largemultinationalgroup islookingfor two software team leaders
to join its telecommunications division. To perform all team leader
functions including setting objectives, performing reviews appraisals,
setting development plans, managing/participating in testing and
documentation aswell asthe full development lifecycle. 5 years of
commercial development experience and some team leading
experience would be ideal although it is emphasised that anyone with
real potential would be appointed
£27K - £35K Bristol

Sanderson
email:mail@sanderson-recruitment.co.uk Baa
www.sanderson-recruitment.co.uk

SOFTWARE ENGINEERING
SOFTWARE ENGINEER
Our client is a world leader in the provis ion of software to the
games console industry. They are looking for aWindows Analyst
Programmer proficient in Visual C++ and using some of the
latest application development kit. Knowledge of COM, Active X
and Atl would be beneficial as would any low level experience
The opportunity for travel to exhibitions and conferences
worldwide exists aswell asacareer that would bring your name
to the forefront of this fast-growing industry

Up to £35K Bristol

Sanderson
email:mailésanderson-recruitment.co.uk
www.sanderson-recruitment.co.uk

SOFTWARE ENGINEERING
VC++ TEAM LEADER
You will have several years experience of VC++, MFC, ATL
including at least | yea r ’s development of NT Multi Threaded
applications in an OOenvironment. Desirable skills include OO
Design knowledge and experience of working in a real time
comms environment. Leading a team of 8, you will have to show
teamworking skills gained as am e m b e rof teams in the past. There
are numerous opportunities in this market leading company.
£35k Wiltshire

Sanderson
email:mail@sanderson-recruitment.co.uk
www.sanderson-recruitment.co.uk

SOFTWARE ENGINEERING
SECURITY CLEARED DEVELOPERS
Towork for asoftware house onaclient site. if you are looking
for very rapid career progression, upper quart i le salary, and a

raining, whilst being flexible
and motivated, then look no further! Skills-sets required include
C/C++/java/VC++ among other development languages, and

refreshing long-term attitude t

securi ty c l e a r a n c e , preferably DY, i s required.

To £40k Gloucestershire

Sanderson
0800 j o b Sanderson

email:mail@sanderson-recruitment.co.uk
www.sanderson-recruitment.co.uk



Weprovide quite simply the best in dynamic
personalisation web solutions through
Dynamo™,our leading Internet Customer
RelationshipManagement product - to major
players such asSony and Sun Microsystems.

ART TECHNOLOGY GROUP

If you want the EXTRA satisfaction that comes
from working with a Net passion ina fast
growing company that strongly believes in
encouraging and rewardingtalent - you're
already above the ORDINARY.

Prove it .
Work for Art Technology Group.
[or go back to the cubicle on Monday]

Experienced, resourceful,
innovative... that’s howwe

describe ourselves - because it’s
what we expect from our team.

Opportunities include:

PreSales Support
Application Development

Project Management
Training

Technical Support

Soif you’ve got good Internet,
OOand related skills,

please e-mail your CVto
isobelr@atg.com or call

Isobel Rimmer on 0973 123954.

Art Technology Group,
Thames Valley Park,Reading

tel: 0118 963 7475
fax: o118 96 %
e e e e e l Dynamo™is cool,
www.atg.com Download it now!



C A R E E R S  &  C O N T R A C T S
EXE b r i n g s y o u t h e cream o f v a c a n c i e s i n t h e d e v e l o p m e n t a n d p r o g r a m m i n g b u s i n e s s .

F o r m o r e i n f o r m a t i o n c o n t a c t A n n a T h r e l f a l l 0171 970 6545 F a x : 0171 970 6741 E m a i l : annat@exe.co.uk

0171 233 6688
68 WARWICK SQUARE
LONDON
SWIV 2AS
FAX: 0171 6602

e-mail: dev @ computerconnect.co.uk

Visual Basic Developers
London/South East
Our clients have built an enviable reputation for delivering leading-edge
solutions to mainly Financial Services blue chip client base. If you have 2+
years exper ience in Visual Basic and you have the ability to pick things up
quickly and adapt easily to new platforms. Then our clients based
London/South East can offer you some exciting opportunities and a
commitment to cross-train you into other areas such as Microsoft SQL
Server, Active Server Pages, etc. Some of these roles will be customer
facing: therefore you will need to have excellent interpersonal skills.
Ref: AA/VB1/EX

Junior VBDevelopers
Kent/Surrey
It's difficult as j u n i o r developer to find a position that offers training
responsibility and career progression. However, we have several clients
offering all the above plus the opportunity to work with leading edge
technologies. All you need to apply is s i x months commercial e x p e r i e n c e of
Visual Basic v e r s i o n s 5/6 with SQL Server 6.5/7 and the desire t o learn
quickly.
Ref: AA/VB2/EX

Microsoft Developers
Middlesex
A superb opportunity has a r i s e n for experienced developers within one of the
leading business solutions providers in the UK. This is the chance to ga in in
depth knowledge in a leading field, the opportunity to get your teeth into a
challenging role of offering full project life cycle exposure. Minimum of 2 years
commercial e x p e r i e n c e of: VB v e r s i o n s 5/6, SQL Server, ActiveX and COM.
Ref: AA/VB3/EX

to £35,000

£18,000-£25,000

c £28,000

PROGRESS Developers
London
Highly dynamic software house with anticipated 100% growth rate next year
seek motivated developers, to jo i n their development team. The successful
person will assist in the development maintenance and support of their
Windows Property Management and Accounting software. Minimum of 12
months commercial Progress 4GL ‐ versions 7/8. Ref: AA/PROG/EX

Delphi Developers £35k-£45k
Oxford
Developers required with at least 2years commercial Delphi e x p e r i e n c e with
a strong understanding of ODBC, SQL Server and Oracle. Fantastic
opportunity for a career motivated developer. Ref: AA/DEL/EX

C++ Analyst Programmers to £40,000
London
This is a fantastic company to work for if you enjoy working in an informal,
flexible but very technically challenging environment! They are looking for
bright candidates with c 2 years’ plus e x p e r i e n c e of developing C++
applications in a UNIX and/or NT environment. You will be developing multi-tier
database solutions, so knowledge of CORBA is desirable. Exposure to
networking technologies such as TCP/IP, Routers an asset. Ref: ME/EXE/0109

00 Developers - Visual C+ +
Surrey
My client specialises in the design & development of computer telephony
applications. They offer an environment that is going to be challenging to those
who enjoy working in a truly object orientated way! Ideally you should have a
m i n i m u m of 2 years’ commercial VC++ with a good understanding of OO and
MFC. You will be working on full OO project life cycles and whilst working in a
team environment, will have plenty of autonomy! Ref: ME/EXE/0209

JAVA Analyst Programmer to £40,000
London
My client is looking for a JAVA developer with a m i n i m u m of 12 months’
commercial experience. Preferably with CORBA and C++ knowledge too, you
will be working on a distributed client/server system with Java clients, C++
server with Corba as the communication infrastructure. Ref: ME/EXE/0309

c £30,000 plus

Very good!

HIGH LEVEL POSITIONS FOR LOW LEVEL PROGRAMMERS

'C' C++, Java, UNIX, NT, MacOS

As one of the worlds leading software developers, our client realises that their most valuable resource is their people. More
importantly they understand that of all their people, none are more important than their software engineers

As a result, they offer a well defined career path for first class software eng ineers who want to r e m a i n just that - the cream
of the development community.

For those who choose this path, the future is bright indeed - with a reputation in thin-client software technology which is
second to none, the challenges offered by palmtop internet, personal communication devices and mobile telephony
integration are r i p e to be tackled

Our brief is simple - we need to communicate with the most capable software eng ineers in the business. We would expect
you to have a good science degree and be able to pass a r igorous technical testing process in 'C’, C++ or Java

On jo in i ng , you will be offered an appropriately attractive salary together with projects which will genuinely move you into
unchartered territory.

To find out more, please contact Mary Hirst on 01923 224481 - alternatively please Email, fax or write, enclosing your CV
to the address below.

InformatiqConsulting Ltd., Gresham House, 53 Clarendon Road,Watford, WD1 1LA. Tel: (01923)224481 Fax: (01923) 224493 Email permanent@informatiq.co.uk
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C A R E E R S & C O N T R A C T S
EXE b r i n g s y o u t h e c r e am o f v a c a n c i e s i n t h e d e v e l o pm e n t a n d p r o g r amm i n g b u s i n e s s .

F o r m o r e i n f o rma t i o n c o n t a c t A n n a Th r e l f a l l 0171 970 6545 F a x : 0171 970 6741 Ema i l : annat@exe.co.uk

In and Around
West Yorkshire

Programmers, Analyst Programmers,
Software Engineers,

Support (NT, Novell, Unix), also
Computer Field Service Engineers.

FOR YOUR NEXT CAREER MOVE
AROUND WEST YORKSHIRE

Telephone: Vincent Atherton on Leeds
(0113) 250 4560

email: airedale@btconnect.com
or write to:

AIREDALE RECRUITMENT
Realtex House, Micklefield Lane,

Rawdon, Leeds LS19 6AX

Airedale Recruitment

. . . 1 sn ' t i t a b o u t t i m e
y o u d i s c o v e r e d E X E O n L i n e ?
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P l e a s e c a l l A n n a T h r e l f a l l o n 0171 970 6545 f o r d e t a i l s

ACTIVEX / JAVA
COMPONENTS

ProtoView UK Ltd
CPL House, Ivy Arch Road,
Worthing, West Sussex BN14 8BX
Tel:01903 538058 Fax:01903538068
more.info@protoview.co.uk
www.protoview.co.uk
ProtoView UKoffers alargeselection of
quality feature richActiveX andJavaBean
components.

APPLICATION
INTEGRATION

Frontec AMT UK
Unit 2,Wallbrook Business Centre
Green La, Hounslow, Middx TW4 6NW
Tel; 0181814 4700 Fax:0181 570 6760
info@frontec-uk.com
www.frontec.com
Cross platformintelligent messaging
solutions for application integrationand
e-commerce. Fullcapabilities for the
WorldWide Web, EDI,SAP R/3, RDBMS,
IBMMQ Series, VANs.

CD REPLICATION
RIDGEWAY PRESS
13Horseshoe Park, Pangbourne,
Berkshire, RGB 7JW.
Tel: 0 1 1 8984 5331Fax: 0 1 1 8984 5186
E-Mail: info@ridgewaypress.co.uk
Short run duplication with ondisk printing
upto full colour. Norun too short. No
deadline too tight. Immediatequotes.
Available withjewel cases andtray cards
digitally printedin full colour. Paperor
PVCsleeves. Printedmailers.

DEVELOPMENT TOOLS
Inprise
8Pavilions, Ruscombe Business Pk
Twyford, Berks RG109NN
Tel: 0118 9320022 Fax: 0118 9320017
Cust Services: 0800 454065
www.inprise.co.uk
Inpriseis the leading providerof
development solutions fromdesktop to
enterprise level. Inprise’saward-winning
tools aresupportedbyanetwork of VARs,
partnersandresellers in the UK.
ComponentSource
30Greyfriars Road
Reading, Berks RG11PE
Tel: +44 (0)1189581111

+44 (0)118958 9999
sales@componentsource.com
info@componentsource.com
www.componentsource.com
Over 1200components canbeunlocked
instantly24hoursaday, via the Internet,
the Website,aprivatedial-up network or
the telephone.
Continuus Software
BracknellBeeches,Old Bracknell
Lane,Bracknell, Berkshire RG127BW
Tel:01344-788100
Fax:01344-788111
ukadmin@continuus.co.uk
Continuus has the leadingenterpriseand
InternetChangeandConfiguration
Managementsolutions for companies
withcomplex developmentenvironments.
CYRANO (UK) Limited
Devon House, Park Street
Slough, Berkshire SL11PX
Tel: 01753 516500
Fax:01753516441
khall@cyrano.com
www.cyrano.com
Leadingdeveloperof automatedsoftware
quality tools for financial,
telecommunica-tions, government,
utilities and other markets.Morethan 1800
customers worldwide.
GigaSoft Inc
696 Lantana, K e l l e r ,TX76248, USA
Tel: 001817 4318470
Fax:0018174319860
Email: info@gigasoft.com
www.gigasoft.com
Graphing|Chartingfunctionality forall
versions of VB, Delphi,VCBuilder,and
others. Downloadademoorevaluation
editionatour website.

Intasoft Ltd
Tresco House, 153Sweetbrier Lane
Exeter EX13DG
Tel: 01392217670
Fax:01392437877
sales@intasoft.co.uk
Intasoftisthe supplierofthepopular
configurationmanagement toolAllChange.
Ourproduct isbackedbyhighquality
support, trainingandconsultancy services.
Popkin Software & Systems
StAlbans House, Portland St
Leamington,Warks, CV325EZ
Tel:01926 450858 Fax:01926 311833
sales@popkin.com
www.popkin.com
PopkinSoftware&Systems isthe
manufacturerandvendor ofSystem
Architect, the market leadingsuite of
Analysis &DesignModelling tools.
Programming R rch Ltd
Glenbrook House, 1/11Molesey Rd
Hersham, Surrey KT124RU
Tel: 01932 888080
Fax:01932 888081
Contact MrJohn Heathcote
ProgrammingResearchLtd(PR:QA)
providearangeofproductsandservices
for improving theefficiency,productivity
andquality ofsoftware development in C,
C++ andFortran.
QBS Software Ltd
11Barley Mow Passage
Chiswick LondonW44PH
Tel: 0181956 8000
Fax:0181956 8010
orders@qbss.co.uk
www.qbss.com
Vast rangeof development products:Next
Day delivery; 90days free support; account
customers welcome.
SELECT SoftwareTools pic
Westmoreland House,80-86 Bath Rd
Cheltenham Glos GL53 7JT
Tel: 01242 229700
Fax:01242 229706
marketinginformation@selectst.com
www.selectst.com
SELECT SoftwareToolsprovidesa
business-drivensolution to companies
adoptingcomponent-baseddevelopment.
Through itsmarket-leadingproductsand
services, SELECTenablesthemodelling,
management andassemblyof enterprise‑
class applicationsfromcomponents.
Superbase Developers Pic
14Regent St,Cambridge CB2 1DB
Tel:0 1 1 8944 8962 Fax:0118 954 0760
Contact: Cathy Rowley
106253.3627@compuserve.com
www.superbase.com
Superbase3.2providesapowerful
development environmentfordata based
applications withmodernfeatures and
graphical2-waydevelopment tools
includingsourcecode generation.
System Science
1-6Bradley's Close,White Lion St
London N19PN
Tel: 0171833 1022 Fax:0171 837 6411
www.SystemScience.co.uk
Sales@SystemScience.co.uk
The UKSpecialist forallSoftware
Development tools, representativesof
Pervasive(Btrieve), InstallShield,RoboHelp
andmanymoreUSvendors.
Take FiveSoftware Ltd
The Surrey Technology Centre
40Occam Rd, Surrey Research Park
Guildford, Surrey, UK
‘Tel: 01483 295050 Fax:01483 295051
Email: info@takefive.co.uk
http://www.takefive.co.uk
TheSourceCodeEngineeringtoolSNiFF+
providesanintegratedcollection ofsource
codeanalysis, browsing, navigation,
comprehension, editing,build, and
configurationmanagementtoolsforC,C++,
FORTRAN,Java,andCORBA IDL
developersonWindowsandUNIX.
VBxtras
1905Powers FerryRoadSte100
Atlanta, GA 30339 USA.
Tel:770-952-6356 Fax:770-952-6388
www.vbxtras.com
TheVBxtras CatalogisTheUltimateSource
o fTools and I n f o r m a t i o nfor the Visual Basic

DeveloperWorldwide. Visit the VBxtras Web
site toget the latestVBinfoor todownload&
buy VBtools instantlyoff our ESD Website.
VBstras hasa30-daymoneyback guarantee
and the lowestpricesanywhere!
ZAC CATALOGS
www.InstantSoftware.com
Hugeselectionof visual andinternet
development tools! Complete technical
information, downloadable demos, on-line
orderingandinstant on-line delivery. 30
day money-back guarantee.

FORTRAN AND C++
Salford Software Ltd
Adelphi House,Adelphi Street,
Salford M36EN
Tel: 0161834 2454
Fax:0161834 2148
Sales@salford-software.com
www.salford.co.uk
Fortrana n dC++ compilers with unique
CHECKMATEswitchablerun-time
diagnostics. Lowcost student editions
available.

HELP SYSTEMS
PeterboroughTechnical
Communication
8Whitewater, Peterborough PE26FB
Tel: 01733 237037
Lo-cai! 0345 419470
Fax:01733 239933
petecom@bcs.org.uk
www.gold.net/petecom/
Creation ofmanuals andon-screen help
systems. Pleasec a l lor e-mail forour free
informationpack.

LIBRARIES
Wintertree Software Inc.
69BeddingtonAve. Nepean,
Ontario, Canada K2J3N4
Tel: 0016138256271
Fax:001613825 5521
sales@wintertree-software.com
www.wintertree-software.com
Spellingchecker andthesaurus
components for C/C++, MFC, Visual
Basic,or Delphiapplications.

MFC LIBRARIES
Hypercube, Inc.
LosAngeles, CA, USA
Tel: +1310 559 2354
Fax: +13105592357
harlan@hcube.com
www.hcube.com
MFCExtensionLibraries. HyperView++:
VBA-like embeddable forms environment.
HyperDraw++: VISIO-like diagramming|
drawing. Freedemos on www.hcube.com.
Buydirectandsave.

MIDDLEWARE
OpenLink Software
Amy Johnson House
15Cherry Orchard Rd
Croydon, Surrey CR96BB
Tel: 01816817701
Fax:01816817702
Contact: www.openlink.co.uk
OpenLink Software is anindustry-leading
developeranddeployer ofsecure, high
performancedatabase connectivity
technology, independentoperating
system, network protocoland underlying
databaseengine.

PUBLISHING
Digital Press
Butterworth-Heinemann,Linacre Hse,
Jordan Hill,Oxford OX28DP
Contact: Sophie Foster,
Product Manager
Tel:01865314456
Fax:01865314572
www.bh.com
sophie.foster@repp.co.uk
LeadingPublisherofbooks forprofessional
programmers and softwareengineers.
Digital Presspublisheshigh-quality, leading
‘edge books ontopics such asMicrosoft
Exchange,Windows NTServer,Intranet
Development,MicrosoftSQLServer, Open
VMS, X-WindowSystems, UNIX,Linux,
LotusNotes,WebServers.

Prentice Hall Europe
Campus 400, Marylands Avenue
Hemel Hempstead, Herts, HP27EZ
Contact: Customer Services
Tel:01442 881891 Fax:01442 882288
ibd_orders@prenhall.co.uk
WearethepublisherofbooksandCD‑
basedtraining materials in allareasof
computing -anddistribute leadingimprints
suchasQUEandSAMS.

RECRUITMENT
LeadPeople Limited
Newstead House, 107 Eastfield Road
Peterborough PE14AU
Tel:01733 315510 Fax:01733 314857
email: admin@LeadPeople.com
www.LeadPeople.com
1.T. Recruitmentspecialists covering
London City, UKandIreland.

SECURITY PRODUCTS
Aladdin Knowledge
Systems UK Ltd
1William St, Windsor, Berks SL4 1BB
Tel: 01753 622266 Fax: 01753 622262
sales@aldn.co.uk www.aks.com
Aladdin is aleadingsupplier ofadvanced
softwaresecurity (HASP)andsmart card
development tools (ASE)forsoftware
developers.
BL Computer Security Ltd
101 Hendon Lane, Finchley,
London N33SH
Tel: 0181 343 0734 Fax: 0181 346 2672
bI@bics.co.uk www.bics.co.uk
Wespecialiseindesign andmanufactureof
computer securityproducts. Anchol, Lure
Booster,Deadlock(Dongles)a n dC.LA.M.P
Alarms
Data Encryption Systems Ltd
Silver Street House,
Silver St,Taunton, SomersetTA13DL
Contact PaulineOrrells
‘Tel:01823 352357 Fax: 01823 352358
www.des.co.uk sales@des.co.uk
DESmanufacturessoftwaresecurity
productsdevelopedas asolution to
softwarepiracy and theft
RainbowTechnologies Ltd
4The Forum, Hanworth Lane
Chertsey, Surrey KT169JX
Tel: 01932579200 Fax:01932570743
sales@uk.rainbow.com
Only Rainbowdelivers leadingedge
technology andISOcertifiedquality for
softwareprotectionandlicense
management.
Sheriff Software
Acudata Limited,Clarendon House
Shenley Road, Borehamwood
H e r t f o r d s h i r e ,WD6 1AG
Tel: 0181 905 2552 Fax:0181 959 8583
sales@sheriff-software.com
www.sheriff-software.com
The Sheriff SDK providessecureand
flexiblecopyprotection without the need
fordongles or royaltypayments. Includes
classes anddemos forVisualC++,Visual
Basic,VisualFoxProand Delphi.

Softlok House, 14Bark Street East
Bolton BL12BQ
Tel: 01204 436000 Fax: 01204 436025
sales@softlok.com
www.softlok.com
Establishedin 1987,Softlok specialise in
softwareprotection, web site
authentication&secure intranetaccess.
Superbase Developers Pic
14Regent St, Cambridge CB2 1DB
Tel:0 1 1 8944 8962 Fax: 0118 9540760
Contact: Cathy Rowley
106253.3627@compuserve.com
www.superbase.com
Superbase3.2offerspowerfuldata
encryptionandanRSA encryption library
with user-definablekeylengthsandbuilt-in
‘emailsupport forsecurecommunications
anddatamanagement.

TRAINING
BrooksAssociates
Bismore,Gloucestershire GL67DG
Tel: +44 (0)1452770060
Fax:+44 (0)1452770078

Email:bbrooks@cix.co.uk
Contact: BobBrooks
Worldclass trainingforDelphi
professionals.
CRaG Systems
178 Bath Road, Thatcham,
Berks RG183HJ
Tel:01635 873670 Fax:01635 868557
exe@cragsystems.co.uk
www.cragsystem.co.uk
CRaGSystemsprovidestrainingand
consultancy for both Object Orientedand
StructuredAnalysis and Designofeither
businessorreal-timesystems. Object
Orientedtechniques follow the Unified
ModelingLanguage(UML)andStructured
techniques the Yourdonmethodwith
Ward-Mellor real-timeextensions.
Database Programmers
Retreat Limited
The Old Fleece, Bisley Street,
Painswick, Stroud, GL66QQ
ContactChristine Shakespeare
Tel:01452 814 303 Fax:0 1 4 5 2813 918
100710.303@compuserve.com
www.dp-retreat.com
DPRisaTraining, Consultingand
DevelopmentCompany offering
scheduled, customised, 1-2-1,on-site
education.Allour courses are basedon
practical, hands-onexercises andweaim
toteachprogrammers to develop
databaseapplications in Delphi, Visual
Basic,Access, Clipper andVO.

L e a r n i n gTree I n t e r n a t i o n a lLtd
Mole Business Park
Leatherhead, Surrey KT227AD
Contact Jan Mott

Trainingfor ITProfessionals,Totally
integratedtrainingsolutions fromthe
worlds finestindependenttraining company.
QA Training
Part of QA Group Ltd, Cecily Hill
Castle, Cirencester, Glos GL72EF
Contact: Customer Service Team
‘Tel: 01285 883388 Fax: 01285 883399
responsecentre@gatraining.com
www.qatraining.com
QATraining is the UK'slargest IT training
company with operations worldwide. We
haveunrivalledexperience in technical IT
training andcontinue to pioneer the
developmentof new courses.
The Object PeopleLimited
EpsilonHouse,
Chilworth SciencePk
Southampton, SO167NS
Tel: 01703 769996 Fax: 01703 766066
ukinfo@objectpeople.com
www.objectpeople.com/uk/
The Object Peoplehaveaworld-wide
reputationinassistingclients adoptand
makesuccessfulprogress with object
technology.
The Windows Developer
Training Specialists
Synaptix Ltd, 160AztecWest,
Almondsbury, Bristol BS324TU
Contact: ColinWilson
Tel: 01454 851563
Fax:01454 414331
Email:colwilson@compuserve.com
KimCrouse-WilsonisperhapsAmerica's
premier Win32 API expert trainer, now in
the UK. For the best training for C
programmers, or C++programmers who
need moreGUIthan MFCcanoffer,
there's nobetter numberto call.
Valtech Ltd
Corinthian House, St Giles Circus,
279Tottenham Court Rd
London W1P 9AA
Tel: +44 (0)171307 2300
Fax: +44 (0)171307 2301
Web: http://www.valtech.com
training@valtech.com
Valtech isaninternationaltrainingand
consultinggroupofferinga wide rangeof
courses, to transfer theexpertise to
develop newmulti-tiersystems.Valtech
hastrained 5000 peoplethroughout Europe
in 1997,andisrecognizedastheEuropean
leader in ObjectTechnologyTransfer.
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Virtual banana republic
A“ you dissatisfied with your lot? Unhappy with the society in which you

are forced to live? Do you believe you could do a better job? Then, my
friend, welcome to Cyber Yugoslavia. One of dozens of virtual countries to
spring up on the Web in recent years, Cyber Yugoslavia (yuga.com), which
will open i ts doors in September, takes the premisejust that little bit fur‑
ther. For when (and if) the count of signed-up citizens reaches five million,
the leaders of CY intend to apply to the UN for recognition as a genuine,
bona-fide country, along with 20square metres of territory ‐- where the
country's servers will live ‐ to call its own.

We reckon the virtual country will be big business in a few years’ time,
especially in the unlikely event that the UN actually decides to recognise
someof them. Perhaps the most appealing aspect of the whole process is
that you - yes, y o u ‐ c a n create a country populated with nothing but peo‑
ple you approve of. And you canbet h e President! Although, to keep peo‑
ple happy, it is common for every citizen of these virtual nations to hold
government posts. Which means you could actually be the Minister for
Silly Walks.

Yes! Yes! Yes!
hich is better? Chocolate, or code? Chances are you can’t make up your
mind, because biochemically they stimulate more or less the same

response in software developers. Which just goes to show whata sad lot we
really are. For years, developers have sat late at night hunched over glowing
screens, lines of exquisitely-handcrafted code painted on their faces in the
reflection from the screen, while letters appear on the display one by one
accompaniedbyt h e soundof a dot-matrix printer... hang on, | think I've been
watching Hackersagain. But no late night coding session would becomplete
without copious quantities of Jolt (or some inferior low-caffeine cola, at a
push) and other comfort foods (some prefer pizza. Me, I'll t a k eabar of Galaxy
any day). And guess what? At least one of them is actually good for you!

Researchers recently discovered that c h o c o l a t e‐ oh Prince of Foods
- contains more catechins than tea or coffee. Which is good, because

Awards special
W: haven't given out any Ctrl-Break gongs for a while (because,

obviously, they weren't funny anymore), but this one just cries out

Yourself in the Foot goes to Microsoft, for the class act of putting
up aWindows 2000 test server (www.windows2000test.com),
inv i t ing the world to come and havea go i f i t thought i t
was suffic ient ly hard, and then blaming the almost
instant crash that followed on thunderstorms in the
Seattle area.

Now, anyone who's spent time in Seattle knows that it rains
there a lot.Thunderstorms are by no means uncommon. So you'd
imagine that Microsoft's servers are forever going up and down with
every mighty lightning bolt that falls to earth. Not so. In fact,
microsoft.com has, to the best of our knowledge, never been com‑
pletely down since t ime immemorial. Might this in fact have been an
excuse? Hmm...
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Extraterritorialisedvirtual countries?
Anyone who's read Neal Stephenson's
excellent Snow Crash (and if you haven't,
we heartily recommend that you do so,
ISBN 0553562614) wil l find that
rather creepily familiar. Mean‑
while, we invite interested soft‑
ware developers to apply for
citizenship in the newly
founded Distributed Republic
of Exedonia. Perks for citizens
include free compilers and SDKs, and a chunk of Noosphere big enough to
let you scratch any itch. We're looking for a flag for our fledgling breakaway
republic, by the way ‐ send designs ona postcard to:

The Great Exedonia Flag Competit ion. EXE Magazine,St Giles
House,50Poland Street, London, W1V 4AX.

The best suggestion will win a prize. Probably.

m eG a l a x y
supposed to
help protect
the body against heart disease and cancer. This has led the researchers
in question to issue the sterling advice that a cup of tea accompanied by
a chocolate biscuit is good for your health. Now, they haven't come out
and actually said that a gallon of cola accompanied by a pack of choco‑
late Hob-Nobs is good for you, but | don’t feel bad about making that
assumption, and neither should you.

We'd like to appeal (again) to the software millionaires out there ‑
please fund some research into proving, once and for all, that a Big Mac
actually helps lower cholesterol. If you're willing to spend enough money,
we're sure it can be proved. Blank cheques to the usual address, please.

This, of course, is not the first time that Microsoft has had pie, sorry,
egg on its face. But it is avery embarrassing and public failure, guaran‑

a teed to e n e r g i s ethe hacker community that the company wanted to chal‑
lenge in the first p l a c e .Toadd i n s u l tto injury, a Linux server running

on PowerMac hardware that the LinuxPPC porters put up as a
response to Microsoft's challenge (crack./inuxppc.org) has
yet to go down, let alone be cracked.

At the time of writing, the Windows 2000 server was back
up and apparently well; Microsoft had either (as they

promised) started filtering the TCP/IP traffic to get rid of denial
of service attacks ‐ which the company specifically said at the start
of the process would not count as a g e n u i n e h a c k- or else the hacker
community had lost interest. Since the server will probably still be
upas you read this, you might like to have a go a t i t yourse l f‐ just

so long as you agree to sell the exclusive rights to your story to us at Ctrl‑
Break. Now, where's that port scanner...
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C T R L - B R E A K ...The all new adventures o f Verity Stob

Time was
Borland has placed early versions of Turbo

Pascal on i t s website, Dan Brickl in is giving

a w a y VisiCalc, the first spreadsheet, f rom

his home page, and you can even pull down

the original Space Invaders ROM, complete

wi th suitable emulator. Ver i ty Stob previews

the next c rop of retro downloads.

DatabaseFOUR (1983, 112 KB zip) and
Database TWENTY THREE (1988, 472 KB zip)
In i ts time the standard in desktop databases, Ashton-under-Lyme
originally launched DatabaseFOUR in 1983. It rapidly achieved success
and wide usage, partly thanks to the company’s legendary market ing
skills (there never was a DatabaseTHREE, the name was just a scam
intended to suggest stability), and partly because nothing else existed.

Ashton-under-Lyme’s bosses always madea virtue of their lack of
programming knowledge and Jaissez faire approach to technical
management, but this proved to be the company’s undoing. The long‑
delayed upgrade f rom DatabaseFOUR-and-one-third plus plus to
DatabaseTWENTYTHREE failed because the 876 programmers hired to
produce it spent most of their timearguingover who shouldget the coffee,
and none at al l doing design, or quality assurance. Not like you at all.

In the end DatabaseTWENTYTHREE shipped in an appal l ing
condition ‐ f o r example, some modules were omittedbecause they could
notbemadeto compile ‐ because i t was thought that the st r ik ing increase
in version numberwould conceal the product’sother deficiencies. In the
event, perhaps surprisingly, nobody was fooled. Nobody, that is, unless
you count the man who went on to buy the company...

Excitingthings to t r y whenyou havedownloadedtheseprograms:Run
up DatabaseFOURandseethemuch-admired‘user-friendly’environment,
ie a fu l l stop wi th a cursor after i t . L is t the contents of the example
Contacts database. Sort the database by Zip code. List its contents again.
Get bored.Quit. What elsedidyou expect from an obsolete database tool?

Run up DatabaseTWENTYTHREE. Admire the BSOD. Reset your
machine. Delete DatabaseTWENTYTHREE.

CB-Basic (1983, 4 K B )
A home-g rown competi tor to the American Gee-Whiz Basic, Cor
Blimey! Basicwas the power in the ROMbehinda str ingof fine British
computers in the early- to mid-eighties. Great machines such as the
Oxford Incompatible80, the I T V2,the Welsh Spaniel, the Smith-Nuttley
Quantum L i m p and the Oxford Incompatible 83Colour Upgrade with
12KB Option Pack /that’s quite enoughfine Bri t ish computers ‐ E d ]all
booted up with CB-Basic’s familiar woT?> prompt.

CB-Basic was most advanced for i t s time. It allowed three-letter
variablenamesinsteadof just two,ashadpreviouslybeenstandardBasic
interpreterpractice.Soonprogramsfeaturingexcitingandclearly-named
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variables such as C AT and D o c joined the legions of programs with less
exciting variable names like ct and Dc. Also, CB-Basic allowed ( i n fact
required)al l its keywords to be entered with single keystrokes.This was
a great boon to a generation of hobbyists who had yet to acquire speedy
typing skills. Instead of having to bash in the word ‘FOR’ as F-O-R, one
simply pressedCtrl-Esc-Fn-#.

Things to try: Type in a p r o g r a m to compute biorhythms, copied out
from any issue of Practical Computing you can find in the loft. Run it .
Enter your date of b i r th and today’s date. The program prints out three
meaningless numbers. Are these the correct meaningless numbers, or
does the p r o g r a m need debugging? N o w remove a l l the spaces and
commentsfrom theprogram.Alsoremovea n y unnecessary linenumbers,
renumber those remaining so that they are consecutive, and shorten
variablenames to one letter.Runthe programagain.Seehowmuchfaster
that is? Iknew you would.

B ig Blue’s Top D o g (1985, 35M B )
Long before we had the loveliness that is Windows, it was discovered
in the top secret Laboratoire Grand Bleu near Winchesterthat it was
theoretically possible to ‘multi-task’ two or even three programs at once
on a single PC. After many years of extensive research, Top Dog was
launched to exploit this theory.

An engineering tr iumph, Top Dog literal ly allowed you to r u nup to
six copies of EDLINat once in 15character by 3linetext mode windows,
plus one copy (o r two or three if you liked!)of the specialTop Dog ‘clock’
application. Bu t a l l th is proved too heady an experience for most
punters, and in due course Top D o gwas superseded by B i gBlue’s own
fine new operating system ‘Two’, which allowed you to r u n up to one
MS-DOS program at a time, rather slowly.

Things to try: Secretly installTop Dogon a colleague’s machine. When
he comes back, say you have just installed the latest Windows 2000 tr ia l
CD. Watch h is face whi le he wrestles w i t h To p D o g under the
misapprehension that it is the latest technology from Redmond.Explain
the joke to him. Have a good laugh together. Stop laughing, suddenly.

Supermarket Adventure (1980, 28K B )
In these days of multi-player shoot-em-ups, youngsters wonder how the
folks of olden times passed away the longevenings after silent television
closed down at 6.00pm. The answer was, of course, that Father plugged
thetelevisionaerial into the Smith-NuttleyQuantumLimp,andthefamily
all gathered roundfor a satisfying game of Supermarket Adventure. To
give youa flavour of the game, I cando no better than reproducea littleof
the dialogue that it produces:
> GO NORTH
v e r i t y , y o u a r e i n a n a i s l e w i t h d o g b i s c u i t s a n d c a t

f o o d
> GET DOG B I S C U I T S

V e r i t y , d o n ' t u n d e r s t a n d ' G E T ' .

> BUY DOG B I S C U I T S

V e r i t y , c a n n o t b u y , n o t a t c h e c k o u t
> GRAB DOG B I S C U I T S

V e r i t y , d o n ' t g r a b i t ' s r u d e !
> DOG B I S C U I T S I N BASKET

V e r i t y , y o u a r e i n a n a i s l e w i t h p e t f o o d
> PUT DOG B I S C U I T S I N BASKET

V e r i t y , d o n ' t u n d e r s t a n d ' P U T '

Things to t r y : Sadly, we found that o u r Smith-Nutt ley Quantum
L imp emulator crashed when we tried to load this game. However, a
modernequivalent is freely available;it’scalled ‘Buyinga Vi rg incheap
day return to Stockport’. Boom-boom. a
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